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CHAPTER A-4b
GEOTECHNICAL ANALYSIS

A-4b.1 INTRODUCTION

This Appendix presents the results of the geotechnical evaluation performed for the
Central Industrial District Levee Unit - Missouri (CID-MO). The evaluation started with a
thorough review of existing project documentation, defining existing subsurface conditions along
the entire unit based upon existing subsurface information, and estimation of soil parameters for
the existing levees, the natural blanket and the aquifer materials. Additional subsurface
investigations were performed to better define foundation materials for underseepage and
foundation analyses. The estimated soil parameters are based on geotechnical laboratory testing
data from adjacent projects since data was not readily available for the CID-MO unit. Data was
obtained from the North Kansas City Levee (across MO River), CID-KS Levee (upstream on KS
River), East Bottoms Levee (downstream on MO River), and the Fairfax Jersey Creek Levee
(upstream on MO River). All elevations used in the geotechnical portion of the feasibility
study are NGVD 29 unless otherwise stated.

Geotechnical analysis of the unit consisted mainly of underseepage and foundation
capacity calculations to support Structural Analysis of the shallow footing and pile founded
floodwall for the existing level of flood protection (approximately 500+3).

Underseepage factors of safety were calculated along the entire CID-MO unit. Since all
areas met underseepage criteria, no reliability analysis was performed. Shallow footing and pile
capacities were provided for Structural Analysis.

A-4b.2 LEVEE BACKGROUND INFORMATION
A-4b.2.1 Levee Description

The CID-MO Unit is located in Jackson County, Missouri and extends along the right
bank of the Missouri River from RM 365.7, at the Kansas-Missouri state line and termination of
the CID-KS levee unit (Station 83+01.29), downstream to RM 367.2, near the Grand St. viaduct
(Station 0+00), where the floodwall terminates into high ground upstream of the East Bottoms
levee unit. The CID-MO and CID-KS units are directly connected and there is no hydraulic
separation.

The unit consists of a system of mostly floodwall with some levee segments, stoplog
gaps, pumping plants, drainage structures, riprap and levee toe protection, and surfaced levee
crown and ramps. The greater portion of the area is highly industrialized. These areas are
occupied largely by railroads, wholesale houses, water treatment plants, and manufacturing
plants. The total length of the unit is 8,301 feet or 1.6 miles.

There are many bridges, structures, and utilities within the critical area of the line of
protection. For the purposes of the Geotechnical Analysis, it was assumed that all bridge
foundation elements, structures, and utilities within the levee embankment and critical area of the



foundation blanket material meet all pertinent Corps of Engineers criteria. Henceforth, no
analysis was completed regarding their integrity.

A-4b.2.2 History

The Kansas Citys Flood Control Project, of which the Central Industrial Unit (Missouri
Section) is a part, was authorized by Section 9 of the Flood Control Act approved 22 June 1936,
Public Law 738, 74th Congress, 2d Session, as modified and extended by Section 10 of the
Flood Control Act approved 22 December 1944, Public Law 634, 78th Congress, 2d Session.

Early flood protection works prior to Federal participation consisted of levees and
retaining walls. Federal participation started with the Flood Control Act of 1936, and on 6 March
1946, a contract was awarded for the construction of levees, floodwalls, and appurtenances for
the Central Industrial Unit (Missouri Section). Construction began on 21 March 1946 and was
completed on 9 September 1947. Since that time, improvements have been made to the unit
under other Corps of Engineers' contracts to construct the Broadway and Santa Fe Pumping
Plants, restore the flood protection after the 1951 flood (CID-KS overtopping led to an exit
overtopping and large scour hole near station 80+00 by the stoplog gap), restore riverside slope
protection after the 1951 food, construction of emergency gates and appurtenances, and minor
scour repairs after the 1993 flood. The following discussion describes the existing unit in
additional detail by major features in a downstream direction.

Station 83+01.29 to 80+54.12. This is a floodwall section that is a continuation of the CID-KS
floodwall. This section was constructed on a large pervious fill. There is a buried collector
system that extends from station 78+00 and terminates at Station 5+00 CID-KS to collect
underseepage through the fill.

Station 80+54.12 to 78+00. This section is a levee section with a stoplog gap at station 80+109.

Station 78+00 to 0+00. This section is floodwall section with a landward toe drain. The
floodwall is supported by driven concrete piles with a concrete riverside cut off wall from station
78+00 to the Hannibal Bridge near station 25+25. The floodwall is supported by a shallow
footing bearing on bedrock between station 25+75 and 10+00. The floodwall is supported by a
shallow footing on soil between station 10+00 and 0+00. There are gap structures at stations
70+71, 68+90, 63+15, 14+80, 8+68, 5+24, and 1+53.

Based upon the record drawings, the existing levee sections are homogeneous embankments
constructed of impervious fill.

A-4b.2.3 General Geology of the Region (Missouri River)

The units are near the southern edge of the Dissected Till Plains section of the Central Lowlands
Physiographic Province. The southern limit of glaciation in Missouri is generally considered to
be just south of the Missouri River. During the Pleistocene, both the Nebraskan and Kansas
glaciation crossed Platte County. The topography consists mainly of flat-lying alluvial sediments
of the Missouri River floodplain, bounded by rolling hills comprising the valley walls. Maximum
relief in the area is about 170 feet. The Missouri River alluvium generally ranges from
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approximately 110 to 130 feet in thickness, with the exception of buried stream channels that
may extend into the Marmaton Group. All of the Missouri alluvium lies on shales and siltstones
in the Pleasanton Group of the late Pennsylvanian System. The valley walls are composed of
alternating layer of shales and limestone of the Kansas City Group. Drainage is by means of a
maturely developed dendritic pattern except where it has been altered by human activity.

A-4b.2.4 Subsurface Conditions for CID-MO

Assessments of the subsurface conditions for the project were derived from the Record
Drawings, Design Memorandums and borings made at selected sites during Phase | and Phase |1
of the feasibility study. Typical subsurface conditions for the CID-MO unit consist of a “two
blanket” system. There is an upper blanket with typical thickness of 3-6 feet, underlain by an
upper pervious layer with typical thickness of 8-20 feet, underlain by a lower blanket with
typical thickness of 14-20 feet, underlain by the aquifer with typical thickness of 45-55 feet,
underlain by bedrock. The upper and lower blankets appear to be connected riverward of the
floodwall. Cross sections are located with the underseepage calculations. It is hypothesized
that lower blanket is the natural blanket, and the upper pervious layer and upper blanket were fill
placed to raise the area during commercial development prior to construction of the floodwall.
The floodwall does bear directly on bedrock between approximate stations 10+00 and 25+75.
Groundwater levels are dependent on seasonal changes and are generally equal to the Missouri
River elevation.

A-4b.3 UNDERSEEPAGE ANALYSIS

The Kansas City District method of estimating the hydraulic gradients due to
underseepage is slightly different than the method described in the EM 1110-2-1913. It is based
on the findings made at the Missouri River Division Conference held by the Corps of Engineers
in 1962 in Omaha. The underseepage analysis was based on experience during the flood event in
1952 along the Missouri River. The main differences in the Kansas City District method are:

1. The Kansas City District Method uses permeability ratios (See Table A-4b.1.) related
to differing material types of the blanket material instead of using actual horizontal
and vertical permeabilities.

2. The Kansas City District Method assumes an infinite landside blanket in the analysis.

3. The Kansas City District Method does not use a transformed thickness for the soil
stratum considered as EM 1110-2-1913 allows, instead, a representative permeability
ratio is applied to the overall blanket thickness.

For the underseepage analysis, the entire CID-MO Unit was divided into reaches of
similar protection height, blanket thickness, blanket composition, aquifier thickness, and seepage
entrance conditions. The factor of safety with respect to hydraulic gradient through the natural
blanket was calculated for each of these reaches at the landside toe of the levee section or
floodwall for a series of alternatives. Five alternative analysis methods were used to analyze the



unique foundation conditions at the CID-MO area due to the upper and lower blankets and
buried collector system. The floodwall toe drain was ignored in all analyses.

TABLE A-4b.1
Permeability Ratios for Blanket Material Based on Material Type

Assumed
Blanket Material Permibility
Ratio
SM 100
ML 200-400
ML-CL 400
CL 400-600
CH 800-1000

Analysis Alternative 1 assumes the blanket that is resistant to underseepage forces is
equal to the thickness of the upper and lower blanket thicknesses added together. This analysis,
while the least conservative of all alternatives, is conservative in that it ignores the thickness of
the upper pervious layer in between the two blankets. This analysis is thought to be the most
realistic of alternatives 1-4.

Analysis Alternative 2 assumes the blanket thickness that is resistant to underseepage
forces is equal to only the upper blanket thickness. This analysis is the most conservative
analysis and ignores the existence of the lower blanket completely.

Analysis Alternative 3 assumes the blanket thickness that is resistant to underseepage
forces is equal to only the upper blanket thickness and used the upper pervious layer as the
aquifer. However, the analysis assumed that the upper and lower blankets are connected by the
seepage cut off wall and/or the riverside tie in, and the hydraulic pressure head was reduced by
25%. This analysis is a conceptual check on the gradient through the upper blanket.

Analysis Alternative 4 assumes the blanket thickness that is resistant to underseepage
forces is equal to only the lower blanket thickness. The upper pervious layer is assumed to have
hydrostatic conditions, and the aquifer is assumed to be surcharged by the river. This analysis is
a conceptual check on the gradient through the lower blanket.

Analysis Alternative 5 is an analysis that was used where the buried collector system
exists where the levee and floodwall was constructed on the large pervious fill. The analysis
assumes that the buried collector system maintains hydrostatic conditions in the upper pervious
layer, and the lower blanket is the resistance to underseepage forces. This analysis is a check on
the gradient through the lower blanket where the buried collector system exists.

Exhibit 1 (Underseepage folder) shows the calculated factor of safety with respect to

hydraulic gradient for the entire CID-MO Levee Unit for all analysis alternative methods with
water at the top of protection. The analysis shows all input parameters used to calculate the
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factor of safety. Supporting documentation consisting of riverside and centerline subsurface
profiles and foundation cross sections are also included. For all alternative analysis methods
except for Alternative 2 indicate the levee will perform well for a top of wall loading. Calculated
factors of safety are generally in excess of 1.6. This is in agreement with observations during the
1993 flood which reported no adverse seepage conditions with water 2-3 feet from the top of
protection. Kansas City District Underseepage Criteria is discussed in the NWK Levee
Underseepage Guidance attachement.

A-4b.4 SOIL STRENGTH PARAMETERS

The required parameters for soils in the CID-MO unit were estimated mainly from the
significant amount of geotechnical laboratory testing data performed for adjacent levee units.
Little information regarding strength parameter development for the CID-MO unit could be
located for this study. Soil information from CID-KS, East Bottoms, Fairfax Jersey Creek, and
North Kansas City levees were used. This information is located in the attached exhibits. A
summary of the soil parameters is provided in Table A-4b.2 below and discussed in the
following paragraphs.

Table A-4b.2 - Geotechnical Design Parameters

Recommended Parameters for Phase 2 Feasibility Study - CID-MO

Drained Shear
Unit Weight (pcf) Strength Undrained Shear Strength*
o

Material Moist | Saturated | ¢' (degrees) (psf) | ¢ (degrees) c (psf)
Embankment 115 120 29 0 0 1000
Fill/Debris” 110 115 20 0 N/A 600
Foundation Blanket’ 110 115 22 0 0 600
Foundation Sand 115 120 30 0 N/A N/A

+Assumed parameters based on weakest perceived material likely to be present
*CH material not included

The blanket materials consist mostly of ML and CL materials, with some discontinuous
layers of CH, SM, and unclassified fill material. The shear strength for the foundation sands was
estimated from standard penetration test data performed in October 2001. The information used
is considered adequate, if not conservative, for this study. These strength parameters were used
in the Structural Analysis for floodwall stability.

A-4b.5 FOUNDATION CAPACITY
A-4b.4.1 Shallow Foundation Capacity

Shallow foundation bearing capacity was calculated using Vesic’s bearing capacity factors for
floodwall founded on soil and provided for structural analysis. Bearing capacity for floodwall
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founded on limestone was estimated using AASHTO HB-17, Table 4.11.4.1.4-1. Shallow
foundation bearing capacity is shown in the attached exhibits. Generally bearing capacity does
not control floodwall stability, as sliding stability is usually more critical. Additional discussion
is located in the Structural Analysis.

A-4b.4.1 Deep Foundation Capacity

Deep foundation capacity was calculated in general accordance with EM 1110-2-2906 Design of
Pile Foundations. Capacity was calculated for drained and undrained conditions, however
drained conditions usually controlled the analysis. Skin friction resistance and tip resistance
were calculated separately and added together to determine total pile axial compression capacity.
Tensile capacity was taken as 70% of the compression skin friction resistance as recommended
in Table 4-5 of EM 1110-2-2906. Earth pressure coefficients for skin resistance of 1.25 for clay
and 2.0 for sand were also obtained from Table 4-5 for a high displacement driven pile. There
was no reduction in soil-pile interaction friction angle. Additionally, the concept of a “critical
depth” for drained analysis was not used even though it is specified in EM 1110-2-2906. This is
because published work and other governmental agencies (FHWA) have determined that the
concept of “critical depth” as stated in EM 1110-2-2906 is overly conservative. There is
evidence that a limiting value of side and tip resistance is appropriate in some cases, but
generally at pile depths greater than what are present at CID-MO.

All the bearing piles at CID-MO are square precast concrete driven piles. However, different
lengths and sizes were used. Lengths varied between 21 and 34 feet and sizes varied between 16
and 18 inches. Additionally, the concrete cut off pile was considered for capacity. The concrete
cut off pile is typically 16 feet long and 10 inches wide.

A summary of calculated pile capacities is shown below in Table A-4b.3. The calculated
capacities are in general agreement with capacity estimates from driving formulas during original
floodwall construction. For further information on pile founded floodwall stability, see the
Structural Analysis.



Table A-4b.3 — Ultimate Pile Capacity summary

Driving
Axial Axial Formula
Pile Pile Axial Tensile Compressive Estimate,
Station Station Size Pile Length | Compressive | Capacity Capacity Construction Monolith
Start Stop (inch) Shape (feet) Capacity (Ib) (Ib) (ton) (ton) Range
22+81.46 | 24+54.76 18 tapered 21 63,184 34,428 32 35 50-53
24+54.76 | 25+38.76 16 straight 25 94,544 47,066 47 40 54-55
25+38.76 | 26+22.76 16 straight 29 117,871 60,583 59 35+ 56-57
26+22.76 | 27+90.76 16 straight 30 110,124 56,280 55 35+ 58-61
cut off
22+81.46 | 27+90.76 10 pile* 16 22,839 9,174 11 -
27+90.76 | 30+42.75 16 straight 34 165,730 93,113 83 50 62-67
30+42.75 | 32+52.76 16 straight 21 87,472 44,990 44 50+ 68-72
cut off
27+90.76 | 30+42.75 10 pile* 16 34,658 7,421 17 -
32+52.76 | 48+06.76 16 straight 21 118,051 67,168 59 35-50 73-109
cut off
32+52.76 | 48+06.76 10 pile* 16 46,675 15,817 23 -
48+06.76 | 60+24.76 18 tapered 21 76,858 45,490 38 35-50 110-138
cut off
48+06.76 | 60+24.76 10 pile* 16 28,969 14,351 14 -
60+24.76 | 73+20.14 18 straight 34 137,963 73,264 69 40-50+ 139-167
73+20.14 | 78+12.22 16 straight 21 67,405 34,166 34 30 168-179
cut off
60+24.76 | 78+12.22 10 pile* 16 20,730 9,401 10 -

*cut off pile capacities are in Ib/ft
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CENWK-ED-GD 28 February 2011

MEMORANDUM for RECORD

SUBJECT: Kansas City District Levee Underseepage Guidelines

1. PURPOSE

This memorandum documents levee underseepage guidelines that Kansas City District (NWK)
will use until updated USACE underseepage guidelines are available. When USACE guidelines
are revised, NWK guidelines will be reviewed and revised if necessary.

The underseepage guidelines will be applied to NWK projects currently in Pre-Construction,
Engineering, and Design (PED) phase. Current PED project details and consequences of failure
are listed in Table 1. Project details were obtained from completed feasibility reports for the
respective projects. The NWK underseepage guidelines will also be used in other NWK PED
and feasibility study projects with similar failure consequences that are not currently planned. If
NWK undertakes a future PED or feasibility study project that has lower failure consequences,
NWK guidance will be developed for those projects at the beginning of the engineering effort in
a Memorandum for Record.

Table 1 Current NWK Projects

et Nominal ”Economic e " Failure -
. Project Frequency of | Damages of Population at Risk | C L
, Syl B : = onsequences

; ; Overtopping |  Failure | L al i .
Topeka Oakland Unit ~300 yr $578 million 7,600 Very High
North Topeka Unit ~300 yr $1.47 billion 8,200 Very High
North Kansas City Unit ~750 yr $3 billion 31,585° Very High
MRLS L-455 ~500 yr $1.43 billion 3,700’ Very High
MRLS R-471-460 ~200 yr $571 million 2,000 Very High

1 — Assumes 2.5 persons per residential and non-residential structure
2 — Residential population and employment population,
3 — Nominal frequency of overtopping is equivalent to the 50% confidence level, or expected value.

2. BACKGROUND

U.S. Army Corps of Engineers (USACE) underseepage design guidelines are being revised.
Current USACE guidelines are contained in Engineer Manual (EM) 1110-2-1913 Design and
Construction of Levees, 30 April 2000. New underseepage guidelines superseding many of the
recommendations in EM 1110-2-1913 were published in Engineer Technical Letter (ETL) 1110-
2-569 Design Guidance for Levee Underseepage, 1 May 2005. ETL 1110-2-569 stated that it
would be rescinded when EM 1110-2-1913 was revised. EM 1110-2-1913 has not been revised
but the ETL officially expired in May 2010. A draft version of revised EM 1110-2-1913,
Appendix C - Design of Seepage Berms was issued for USACE internal review in October 2006
but has not been finalized. EC 1110-2-6067 USACE Process for the National Flood Insurance



CENWK ED-GD
SUBJECT: Kansas City District Levee Underseepage Guidelines

Program (NFIP) Levee System Evaluation, 31 August 2010, states expired ETL 1110-2-569
should be used as a guide to evaluate levee structures and is current USACE policy instead of the
requirements in the current EM 1110-2-1913.

Some USACE districts have been establishing local underseepage guidelines based on current,
expired, and draft USACE underseepage guidelines. For example, the New Orleans Hurricane
and Storm Damage Risk Reduction System (HSDRSS) guidelines in use by New Orleans
District (MVO) were presented at the Geotechnical and Materials Community of Practice (CoP)
Meeting in St. Louis in August 2010. In this memorandum, NWK is establishing underseepage
guidelines for district use.

3. COMPARISON OF USACE AND NWK UNDERSEEPAGE GUIDELINES

There have been significant variations between current, recently expired, and draft USACE
underseepage guidelines and historical NWK practice. The proposed NWK underseepage
guidelines simplify and standardize underseepage guidelines for design and analysis of levees
and floodwalls. NWK-proposed underseepage guidelines are based on an adequate subsurface
exploration being performed to have a high confidence in the blanket thickness in accordance
with standard engineering practice and published USACE guidelines. The general requirement
in ETL 1110-2-569 is three borings (landside toe, riverside toe, and levee crest) every 1,000 feet,
supplemented where appropriate with geophysical investigation. The subsurface investigation
guidance in ETL 1110-2-569 will be considered the absolute minimum investigation required,
and will typically be surpassed.

EM 1110-2-1913 states that the net head on a levee for gradient calculations is usually based on
the “design water surface” elevation but is sometimes based on the top of levee (p. B-3). The
“design water surface” is defined as the design or project flood stage, or the top of levee minus
the freeboard allowance (typically 2 to 3 feet). In ETL 1110-2-569 water elevation
recommendations for gradient calculations are not given, indicating the guidelines in EM 1110-
2-1913 are still applicable. In Draft Appendix C, EM 1110-2-1913 the water elevation for
gradient calculations is based on water at the top of levee or at the elevation of 100, 250, or 500—
year frequency flood events based on consequences of failure. NWK traditional methodology
checked gradient factor of safety (FS;) with water at the design water surface and at the top of
levee. The current proposed NWK underseepage guidelines standardize all calculations to a
water elevation equal to the design top of levee elevation, excluding overbuild.

The following tables show the underseepage recommendations in current, expired, and draft
USACE publications, traditional NWK guidelines, and proposed NWK guidelines.
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A comparison of underseepage guidelines at the levee landside toe is shown in Table 2. One of
the largest evolutions in underseepage guidelines has been from an exit gradient check to a FS;
check. This change was made because the critical gradient is variable with blanket unit weight.
Having a check based on exit gradient meant that FS; was variable for different soil types. Other
changes have been proposed to change the design water loading and to take into account
consequences of failure and flood frequency. The NWK guidelines for FS; at the levee toe were
developed to generally align with ETL 1110-2-569 requirements, which imply a FS; of 1.6 is
desired. The guidelines in Draft EM 1110-2-1913 are not well understood for very high failure
consequence levees. It is not clear if levees with a higher frequency of overtopping are intended
to be designed to a higher FS;, or if the intent is to check FS; at less than extreme loading
conditions. Regardless of the interpretation of Draft EM 1110-2-1913, NWK considers the FS;
guidelines recommended in ETL 1110-2-569 appropriate for very high consequence levees for
the extreme loading condition. The recommended FS; of 1.6 in Table 2 will apply to the landside
levee toe for all circumstances; whether the natural landside blanket, underseepage berms, relief
wells, or other features are providing underseepage protection. When relief wells are used, the
recommended FS; will be met at all points in between relief wells.

Table 2 Underseepage Guidelines at Levee Landside Toe

Consequences

Gradient Low High Very High
through FSi=1.1,
cohesive Gradient FSi=2.0,100 yr water at
bianket < 0.8 frequency event levee top _

) through v FSi= 1.6, water
evaluation cohesive and FS; = at levee top
<0.3 new blanket < 0.5 FS.=13 | FS =16 FSi=1.8, 250 yr 1.5, design
seepage : e o frequency event water

control surface
FSi=1.6, 500 yr
frequency event

A comparison of underseepage guidelines at underseepage berm toes is shown in Tables 3a
through 3c. Again, the largest evolution has been from a gradient check to a FS; check. Other
changes have been proposed to take into account confidence in design parameters and ratio of
levee height and berm width. The NWK guidelines were developed to generally align with the
guidelines in Draft EM 1110-2-1913. NWK agrees that reducing the minimum FS; at berm toes
as distance from the levee toe increases is a sound approach. This approach considers that
failure risk is reduced as the distance from the levee increases. However, the NWK guidelines
specify the recommended FS; at berm toes with distance from the levee toe regardless of levee

3
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height. Specifying FS; by distance from the levee toe simplifies the design process and removes
unique situations of short height levees with high failure consequences having relatively low
factors of safety close to the levee toe. The guidelines can be linearly interpolated for
intermediate distances. For typical levee heights between 10 and 20 feet, the NWK guidelines
generally meet or exceed the recommendations in Draft EM 1110-2-1913.

The recommended FS; in Table 3¢ will also apply to other features landward of the levee where
underseepage may be a concern. The recommended FS; will apply to features such as interior
drainage ditches, localized depressions, pits, or any other feature landward of the levee toe. The
recommended FS1 will apply whether the natural landside blanket or underseepage control
measures are providing underseepage protection at the feature location.

A comparison of underseepage berm width, thickness, and overbuild guidelines is shown in
Table 4. These guidelines have not changed significantly with evolving criteria. The NWK
guidelines simplify the guidelines with the intent that FS; will control designs instead of arbitrary
minimum or maximum recommendations.

Table 3a Underseepage Guidelines at Underseepage Berm Toe

FSi = 1.1 for Urban
Gradient through Not Levees and FS; =
cohesive blanket addressed, 0.8 for Agricultural
<0.8 use EM Levees, water at
design water surface
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Table 3b Underseepage Guidelines at Underseepage Berm Toe

Berm deth/Levee

Berm Width/Levee Berm Width/Levee Berm Width/Levee Height
Height < 4 Height < 8 Height < 12 <16
High | Y | Low | High | Y8 | Low | High | Yo | Low | Hign | Ver
High High High High
FSi = FS; = FSi = FSi = FS = FS; = FS. = FS; = FS = FSg = FSi=
1.30 1.50 1.1 1.15 1.30 0.95 1.00 1.10 0.9 0.90 0.90

*based on obtaining adequate subsurface information for small uncertainty in design parameters; document also

shows recommended FS; for large uncertainty

Table 3¢ Underseepage Guidelines at Underseepage Berm Toe

Distance From Landside levee Toe (ft)

100*

200

300

400

500+

FSi=15

FS =14

FS =13

FSi=1.2

FSi=1.1

"*100 feet is the proposed minimum berm width from the landside levee toe

Table 4 Underseepage Berm Width, Thickness, and Overbuild Guidelines

- C,u‘r‘ré'nt"
1110-2-1 91
| April 2000
150 feet Height Height NA 100 feet
Use caution -
o . No Limit, FS;
when limiting No Limit o
400 feet berm width to Specified NA gwdgl;n;setm ust
300-400 feet
5 feet 5 feet 5 feet NA 5 feet
2 feet 2 feet 2 feet NA 2 feet
Calculate 25% if no
25% cﬁ]al(f;:gLastg“ZZ?;% based on NA consolidation
° Theo Consolidation data available, or
Y Theory as calculated
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with
consolidation
data

Minimum 1 %
Generally 1V Generally 1V Not away from levee
on 50H or NA on 50H or for 100 ft, graded
steeper steeper away from levee

at all distances.

Specified

*Not addressed - Sarﬁe as EM 1110-2-1913, April 2000

4. CONCLUSION

The NWK underseepage guidelines are intended to be realistically conservative, practical, and
easy to implement. They were developed to generally satisfy the intent of recent USACE
underseepage guidelines and provide standardized guidance for NWK. As always, the use of
engineering judgment is recommended for each individual project. The Kansas City District will
use these underseepage guidelines until updated general USACE guidance is available.
Development of this memorandum was coordinated with NWD (Y. Rhee, S. Fink) through a
series of phone calls and emails in January and February 2011. Additionally, limited
coordination with HQUSACE (J. Koester) and ERDC (K. Klaus) was performed via email

avm, PE

Chief, Geotechnical Branch
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Elevation

760

750

740

730

720

710

700

690

680

670

660
30+00

SAND or

32+50

35+00

37+50

40+00

CID-MO CENTERLINE SUBSURFACE PROFILE

42+50 45+00 47+50

50+00

52450

55+00

57+50

60+00



CID-MO CENTERLINE SUBSURFACE PROFILE
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75+00

Station (CID-MO)




Elevation

760

750

740

730

720

710

700

690

680

670

660

CID-MO RIVERSIDE SUBSURFACE PROFILE

=——TOP OF LS GROUND SURFACE
< BOTTOM OF DEBRIS
- BOTTOM OF BLANKET
BOTTOM OF SAND
—e—TOP OF LEVEE (1981 O&M MANUAL)
+ TOP OF BLANKET
TOP OF SAND

2+50 5+00 7+50 10+00 12+50 15+00 17+50 20+00 22+50 25+00 27+50

30+00



Elevation

CID-MO RIVERSIDE SUBSURFACE PROFILE

760

750

740

730

720

710

700
——TOP OF LS GROUND SURFACE

< BOTTOM OF DEBRIS
= BOTTOM OF BLANKET
BOTTOM OF SAND
—e—TOP OF LEVEE (1981 O&M MANUAL)
+ TOP OF BLANKET
TOP OF SAND

690

680

670

660
30+00 32+50 35+00 37+50 40+00 42+50 45+00 47+50 50+00 52+50 55+00 57+50 60+00



Elevation

CID-MO RIVERSIDE SUBSURFACE PROFILE

760
750
740
730
720
710
700

——TOP OF LS GROUND SURFACE
690 © BOTTOM OF DEBRIS

- BOTTOM OF BLANKET

680 BOTTOM OF SAND

—e—TOP OF LEVEE (1981 O&M MANUAL)
670 + TOP OF BLANKET

TOP OF SAND

660

60+00 62+50 65+00 67+50 70+00 72+50 75+00 77+50 80+00 82+50 85+00 87+50 90+00
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2/27/2012

Assumptions used for underseepage calculations:

1. Semi-pervious blanket both on the river side and landward side
2. Landward side blanket of infinite extent
3. If an underseepage blanket exists, 1/2 of the width is included in the levee width L,

Factors used in underseepage calculations:

k; = horizontal permeability of the pervious foundation
k,, = vertical permeability of the blanket, river side

k, = vertical permeability of the blanket, landward side
Z,, = thickness of the blanket, river side

Z,o = thickness of the blanket under the levee

Z, = thickness of the blanket, landward side

d = thickness of pervious foundation
H = Net head on levee
L, = distance to river from riverside levee toe

L, = base width of levee and berms

L; = length of blanket beyond landside levee toe

¢, = factor used in calculations for river side

¢, = factor used in calculations for landward side

X, = distance from effective seepage entry to riverside levee toe

X5 = distance from landside levee toe to effective seepage exit

h, = head at base of blanket, landward levee toe, measured above the ground surface, feet
i, = computed hydraulic gradient at landside levee toe

i = critical hydraulic gradient

vp = bouyant unit weight of blanket soils

Yw = unit weight of water

h, = pressure head at base of blanket measured above the ground surface
x = distance from levee toe, positive indicates landward

Equations: for calculations with bluff as seepage block:
Cr = (Knr/KiZordl)™ lo = ho/2y
Xz = 1/ (¢, tanh (¢, L3)
0= (Kokiznd) " e = Tovu
x; = tanh(c,L,)/c, hy = H((X3/(X,+L,+X3)) for calculations with a seepage block at entrance
X3 = 1/¢, h, = h,e™ ¢, = (Kpi/Kizp,d) " zbr = block thickness

d = upper aquifer thickness
X1 = 1/(c, tanh (cL,))

L1= distance to seepage block



CID-MO Levee Kansas City Phase 2 Feasibility

Saturday, August 08, 2009

Revised:

Levee Foundation Information - EXISTING CONDITIONS, Water to Top of Levee

Blanket Unit Weight =
Rubble Fill Unit Weight =

115.0 pcf (saturated)
115.0 pcf (saturated)

DRAFT

Station

Top of
Levee
Elevation
(msl)

River Si

ide

Ground
Elevation

(msl)

Land Side

Ground

Elevation
(msl)

River Blanket
Bottom
Elevation
(msl)

Land Blanket
Bottom
Elevation

Top of
Blanket
Elevation
(msl)

Top of
Bedrock
Elevation

(msl)

Driving
Head (ft)
H

Permeability Ratio

Impervious Blanket Thickness (ft)

River Side | Land Side
KifKor Kilkpi

River Side Levee
Zor Zpo Zpl

Land Side

Pervious
Blanket
Thickness (ft)
d

Seepage Length (ft)

River Side
Ll

Levee
LZ

Land Side

Ls

Factor

Effective See]

page Length (ft)

S

C

River Side

X1

Land Side
X3

Head at
Toe (ft)
ho

Computed
Hydraulic
Gradient

lo

Critical
Hydraulic
Gradient

le

Factor of
Safety for
Piping
(icfio)

Remarks

0+00 to 10+00

758.0

750

752

711

725

749

710

6.0

300 300

39 31.5

24

15

100

15

1000

0.002387

0.003043

98

329

4.46

0.19

0.84

4.53

10+00 to 22+50

758.5

750

750

715

floodwall
sitting on
bedrock

750

735

8.5

300 300

w
@

#VALUE!

#VALUE!

#VALUE!

100

15

1000

#VALUE!

#VALUE!

#VALUE!

#VALUE!

#VALUE!

#VALUE!

0.84

#VALUE!

floodwall is bearing directly on bedrock and there is a toe drain at the landward
edge of the floodwall. A line of creep analysis, or similar, will have to be performed
if the uplift along the floodwall is needed.

22+50 to 27+50

759.0

750

752

716

710

742

700

7.0

300 300

34 33

32

10

100

15

1000

0.003131

0.003227

97

310

5.14

0.16

0.84

5.24

27+50 to 32+50 - Assumption 1

759.3

750

752

716

710

735

690

7.3

300 300

34 29.5

25

20

100

15

1000

0.002214

0.002582

98

387

5.61

0.22

0.84

3.76

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

27+50 to 32+50 - Assumption 2

759.3

750

752

716

740

748

690

7.3

300 300

50

50

15

1000

0.003651

0.002887

49

346

6.11

0.76

0.84

1.10

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

27+50 to 32+50 - Assumption 3

759.3

750

752

716

740

748

690

5.4

300 300

14

50

15

1000

0.006901

0.005455

437

183

1.57

0.20

0.84

4.30

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 25%
in the upper sand. This calculation checks the gradient through the upper blanket.

27+50 to 32+50 - Assumption 4

759.3

750

752

716

710

722

690

7.3

300 300

34 23

12

20

100

15

1000

0.002214

0.003727

98

268

5.10

0.42

0.84

1.98

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

32+50 to 37+50 - Assumption 1

759.4

750

752

720

710

730

665

7.4

300 300

30 25

20

45

100

15

1000

0.001571

0.001925

99

520

6.07

0.30

0.84

278

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

32+50 to 37+50 - Assumption 2

759.4

750

752

720

745

752

665

7.4

300 300

30 18.5

80

50

15

1000

0.001179

0.002440

50

410

6.39

0.91

0.84

0.92

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

32+50 to 37+50 - Assumption 3

759.4

750

752

720

745

752

665

5.5!

300 300

22

50

15

1000

0.005505

0.004652

677

215

1.32

0.19

0.84

4.48

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 25%
in the upper sand. This calculation checks the gradient through the upper blanket.

32+50 to 37+50 - Assumption 4

759.4

750

752

720

710

724

665

7.4

300 300

30 22

14

45

100

15

1000

0.001571

0.002300

99

435

5.86

0.84

2.01

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

37+50 to 41+00 - Assumption 1

759.4

750

752

721

709

733

665

7.4

300 300

29 26.5

24

44!

100

15

1000

0.001616

0.001777

99

563

6.19

0.26

0.84

3.27

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

37+50 to 41+00 - Assumption 2

759.4

750

752

721

746

752

665

7.4

300 300

29 17.5

81

50

15

1000

0.001191

0.002619

50

382

6.36

1.06

0.84

0.80

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

37+50 to 41+00 - Assumption 3

759.4

750

752

721

746

752

665

5.6!

300 300

20

50

15

1000

0.007454

0.005270

377

190

1.82

0.30

0.84

2.78

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 25%
in the upper sand. This calculation checks the gradient through the upper blanket.

37+50 to 41+00 - Assumption 4

759.4

750

752

721

709

727

665

7.4

300 300

29 235

18

44!

100

15

1000

0.001616

0.002052

99

487

6.03

0.33

0.84

2.52

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.




Station

Top of
Levee
Elevation
(msl)

River Side
Ground
Elevation

(msl)

Land Side

Ground

Elevation
(msl)

River Blanket
Bottom
Elevation
(msl)

Land Blanket
Bottom
Elevation

Top of
Blanket
Elevation
(msl)

Top of
Bedrock
Elevation

(msl)

Driving
Head (ft)
H

Permeability Ratio

Impervious Blanket Thickness (ft)

River Side | Land Side
KifKor Kilkpi

River Side Levee
Zor Zpo Zpl

Land Side

Pervious
Blanket
Thickness (ft)
d

Seepage Length (ft)

River Side
Ll

Levee
LZ

Land Side

Ls

Factor

Effective See|

page Length (ft)

&

C

River Side

X1

Land Side
X3

Head at
Toe (ft)

hy

Computed
Hydraulic
Gradient

lo

Critical
Hydraulic
Gradient

le

Factor of
Safety for
Piping
(icfio)

Remarks

41+00 to 46+00 - Assumption 1

759.5

750

752

722

712

734

665

7.5

300 300

28 25

22

47

100

15

1000

0.001592

0.001795

99

557

6.22

0.28

0.84

2.98

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

41+00 to 46+00 - Assumption 2

759.5

750

752

722

746

752

665

7.5

300 300

28 17

81

50

15

1000

0.001212

0.002619

50

382

6.41

1.07

0.84

0.79

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

41+00 to 46+00 - Assumption 3

759.5

750

752

722

746

752

665

5.6

300 300

16

50

15

1000

0.006455

0.005893

497

170

1.40

0.23

0.84

3.61

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 25%
in the upper sand. This calculation checks the gradient through the upper blanket.

41+00 to 46+00 - Assumption 4

759.5

750

752

722

709

725

665

7.5

300 300

28 22

16

44

100

15

1000

0.001645

0.002176

99

460

6.01

0.38

0.84

2.24

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

46+00 to 50+00 - Assumption 1

759.6

750

752

718

713

733

665

7.6

300 300

32 26

20

48

100

15

1000

0.001473

0.001863

99

537

6.27

0.31

0.84

2.69

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

46+00 to 50+00 - Assumption 2

759.6

750

752

718

746

752

665

7.6

300 300

32 19

81

50

15

1000

0.001134

0.002619

50

382

6.50

1.08

0.84

0.78

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

46+00 to 50+00 - Assumption 3

759.6

750

752

718

746

752

665

300 300

18

50

15

1000

0.006086

0.005556

557

180

1.37

0.84

3.70

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 25%
in the upper sand. This calculation checks the gradient through the upper blanket.

46+00 to 50+00 - Assumption 4

759.6

750

752

718

713

729

665

7.6

300 300

32 24!

16

48

100

15

1000

0.001473

0.002083

99

480

6.14

0.38

0.84

2.20

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

50+00 to 52+50 - Assumption 1

759.7

750

750

715

712

736

665

9.6!

300 300

35 29.5

24

47

100

15

1000

0.001423

0.001719

99

582

8.06

0.34/

0.84

251

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

50+00 to 52+50 - Assumption 2

759.7

750

750

715

745

750

665

9.6!

300 300

35 20

80

50

15

1000

0.001091

0.002887

50

346

8.13

1.63

0.84

0.52

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

50+00 to 52+50 - Assumption 3

759.7

750

750

715

745

750

665

4.8

300 300

14

50

15

1000

0.006901

0.006901

437

145

1.17

0.23

0.84

3.60

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

50+00 to 52+50 - Assumption 4

759.7

750

750

715

712

731

665

9.6!

300 300

35 27

19

47

100

15

1000

0.001423

0.001932

99

518

7.90

0.42

0.84

2.03

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

52+50 to 55+00 - Assumption 1

759.7

750

750

715

711.5

738.5

665

300 300

35 31

27

46.5

100

15

1000

0.001431

0.001629

99

614

8.18

0.30

0.84

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

52+50 to 55+00 - Assumption 2

759.7

750

750

715

744

750

665

300 300

35 20.5

79

50

15

1000

0.001098

0.002652

50

377

8.27

1.38

0.84

0.61

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

52+50 to 55+00 - Assumption 3

759.7

750

750

715

744

750

665

4.9

300 300

10

50

15

1000

0.008165

0.007454

316

134

0.84

3.62

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

52+50 to 55+00 - Assumption 4

759.7

750

750

715

711.5

732.5

9.7

300 300

35 28

21

100

15

1000

0.001431

0.001848

99

541

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.
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River Side

Ly

Levee
LZ

Land Side

Ls

Factor

Effective See|

page Length (ft)
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55+00 to 57+50 - Assumption 1

759.8

750

750

7145

711

737.5

665

9.8

300 300

35.5 31

26.5

46

100

1000

0.001429

0.001654

99

605

8.24

0.31

0.84

2.

I

1

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

55+00 to 57+50 - Assumption 2

759.8

750

750

7145

745

750

665

9.8

300 300

35.5 20.25

80

50

15

1000

0.001083

0.002887

50

346

8.25

1.65

0.84

0.51

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

55+00 to 57+50 - Assumption 3

759.8

750

750

7145

745

750

665

4.9

300 300

12

50

15

1000

0.007454

0.007454

377

134

1.25

0.25

0.84

3.37

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

55+00 to 57+50 - Assumption 4

759.8

750

750

714.5

711

732.5

665

9.8

300 300

35.5 28.5

21.5

46

100

15

1000

0.001429

0.001836

99

545

8.10

0.38

0.84

2.24]

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

57+50 to 62+50 - Assumption 1

760.0

750

748

715

714

736

665

12.0

300 300

35 28.5

22

49

100

15

1000

0.001394

0.001758

99

569

9.99

0.45

0.84

1.86

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

57+50 to 62+50 - Assumption 2

760.0

750

748

715

745

748

665

12.0

300 300

35 19

80

50

15

1000

0.001091

0.003727

50

268

9.66

3.22

0.84

0.26

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

57+50 to 62+50 - Assumption 3

760.0

750

748

715

745

748

665

6.0!

300 300

12

50

15

1000

0.007454

0.009623

377

104

1.26

0.42

0.84

2.01

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

57+50 to 62+50 - Assumption 4

760.0

750

748

715

714

733

665

12.0

300 300

35 27

19

49

100

15

1000

0.001394

0.001892

99

528

9.87

0.52

0.84

1.62

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

62+50 to 65+00 - Assumption 1

760.0

750

748

717

712

738

665

300 300

33 29.5

26

47

100

15

1000

0.001466

0.001652

99

605

10.09

0.39

0.84

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

62+50 to 65+00 - Assumption 2

760.0

750

748

717

744

748

665

300 300

33 18.5

79

50

15

1000

0.001131

0.003248

50

308

9.91

0.84

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

62+50 to 65+00 - Assumption 3

760.0

750

748

717

744

748

665

6.0!

300 300

50

15

1000

0.009129

0.010206

256

98

1.59

0.84

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

62+50 to 65+00 - Assumption 4

760.0

750

748

717

712

734

300 300

33 275

22

47

100

15

1000

0.001466

0.001795

99

557

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

65+00 to 67+50 - Assumption 1

760.0

750

750

715

709

742

665

10.0

300 300

35 34

33

44!

140

15

1000

0.001471

0.001515

138

660

8.12

0.25

0.84

3.43

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

65+00 to 67+50 - Assumption 2

760.0

750

750

715

744

750

665

10.0

300 300

35 20.5

79

100

15

1000

0.001098

0.002652

100

377

7.67

1.28

0.84

0.66

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

65+00 to 67+50 - Assumption 3

760.0

750

750

715

744

750

665

5.0!

300 300

100

15

1000

0.009759

0.008909

136

112

2.13

0.35

0.84

2.38

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

65+00 to 67+50 - Assumption 4

760.0

750

750

715

709

736

665

10.0

300 300

35 31

27

44!

140

15

1000

0.001471

0.001675

138

597

7.96

0.29

0.84

2.86

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.
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&
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67+50 to 71+00 - Assumption 1

760.0

750

750

719

706

743

665

10.0:

300

300

31

34

37

41

140

15

1000

0.001619

0.001482

138

675

8.15

0.22

0.84

3.82

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

67+50 to 71+00 - Assumption 2

760.0

750

750

719

744

750

665

10.0:

300

300

31

185

79

100

15

1000

0.001167

0.002652

100

377

7.67

1.28

0.84

0.66

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

67+50 to 71+00 - Assumption 3

760.0

750

750

719

744

750

665

5.0

300

300

5.5

10

100

15

1000

0.008165

0.007454

182

134

2.03

0.34

0.84

2.50

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

67+50 to 71+00 - Assumption 4

760.0

750

750

719

706

737

665

10.0

300

300

31

31

31

41

140

15

1000

0.001619

0.001619

138

617

8.02

0.26

0.84

3.26

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

71+00 to 75+00 - Assumption 1

760.0

750

750

738

704

729

665

10.0

300

300

12

18.5

25

39

140

15

1000

0.002669

0.001849

134

541

7.84

0.31

0.84

2.69

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This is the LEAST conservative approach

71+00 to 75+00 - Assumption 2

760.0

750

750

738

740

750

665

10.0

300

300

12

11

10

75

100

15

1000

0.001925

0.002108

99

474

8.07

0.81

0.84

1.05

Only the upper blanket thickness was used to compute Zbl and FSi. This assumes
that the riverside does not have an impervious layer over the middle sand and/or the|
concrete sheetpile cutoff wall does not provide a cut off between the river and the
middle sand. This is the MOST conservative approach

71+00 to 75+00 - Assumption 3

760.0

750

750

738

740

750

665

7.5!

300

300

7.5

10

20

100

15

1000

0.005774

0.004082

333

245

3.10

0.31

0.84

2.72

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand that
is used to calculate x1. the concrete sheetpile cutoff wall reduces the head by 50%
in the upper sand since it is a full cut off. This calculation checks the gradient
through the upper blanket.

71+00 to 75+00 - Assumption 4

760.0

750

750

719

704

718

665

10.0

300

300

31

225

14

39

140

15

1000

0.001660

0.002471

138

405

7.26

0.52

0.84

1.62

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand. This calculation checks the gradient through the lower blanket.
Assumes hydrostatic conditions in the upper sand.

75+00 to 78+00 - Assumption 5

760.0

750

750

749

704

720

665

10.0

300

300

8.5

16

39

75

1000

0.009245

0.002311

433

8.52

0.53

0.84

1.58

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does have an impervious layer over the middle sand and/or the
concrete sheetpile cutoff wall provides a satisfactory cut off between the river and
the middle sand to make pressures in the upper sand hydrostatic. This calculation
checks the gradient through the lower blanket. Assumes hydrostatic conditions in
the upper sand.

78+00 to 80+00 - Assumption 5

760.0

750

750

749

726

665

300

300

13

25

36

75

1000

0.009623

0.001925

520

8.74

0.35

0.84

241

Only the lower blanket thickness was used to compute Zbl and FSi. A large
impervious section cuts off the middle sand. Also, the buried collector system
maintains the pressure in the sand landward at hydrostatic. This is the likely
scenario for this section.

80+00 to 82+50 - Assumption 5

760.0

750

750

749

703

726

665

10.0:

300

300

12

23

38

75

1000

0.009366

0.001953

512

8.72

0.38

0.84

2.22

Only the lower blanket thickness was used to compute Zbl and FSi. A large
impervious section cuts off the middle sand. Also, the buried collector system
maintains the pressure in the sand landward at hydrostatic. This is the likely
scenario for this section.

82+50 to 85+00 - Assumption 5

761.0

750

750

749

711

728

665

11.0

300

300

17

46

75

1000

0.008513

0.002065

484

9.53

0.56

0.84

1.50

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed
that the riverside does not have an impervious layer over the middle sand but the
buried collector system maintains the pressure in the sand landward at hydrostatic.
This is the likely scenario for this section.

85+00 to 87+50 - Assumption 5

761.0

750

753

749

717

730

665

8.0

300

300

13

52

75

1000

0.008006

0.002221

450

6.86

0.84

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does not have an impervious layer over the middle sand but the
buried collector system maintains the pressure in the sand landward at hydrostatic.
This is the likely scenario for this section.

87+50 to 89+00 - Assumption 5

761.0

750

754

749

725

733

665

7.0!

300

300

4.5

60

75

1000

0.007454

0.002635

379

5.84

0.73

0.84

1.15

Only the lower blanket thickness was used to compute Zbl and FSi. It was assumed|
that the riverside does not have an impervious layer over the middle sand but the
buried collector system maintains the pressure in the sand landward at hydrostatic.
This is the likely scenario for this section.




Summary of Calculated Drained Ultimate Design Pile Capacities, CID-MO Unit

Station Start | Station Stop | Pile Size, inches | Pile Shape | Pile Length, feet| Axial Compressive Capacity, Ibs | Axial Tensile Capacity, Ibs
22+81.46 24+54.76 18 tapered 21 63,184 34,428
24+54.76 25+38.76 16 straight 25 94,544 47,066
25+38.76 26+22.76 16 straight 29 117,871 60,583
26+22.76 27+90.76 16 straight 30 110,124 56,280
22+81.46 27+90.76 10 cut off pile* 16 22,839 9,174
27+90.76 30+42.75 16 straight 34 165,730 93,113
30+42.75 32+52.76 16 straight 21 87,472 44,990
27+90.76 30+42.75 10 cut off pile* 16 34,658 7,421
32+52.76 48+06.76 16 straight 21 118,051 67,168
32+52.76 48+06.76 10 cut off pile* 16 46,675 15,817
48+06.76 60+24.76 18 tapered 21 76,858 45,490
48+06.76 60+24.76 10 cut off pile* 16 28,969 14,351
60+24.76 73+20.14 18 straight 34 137,963 73,264
73+20.14 78+12.22 16 straight 21 67,405 34,166
60+24.76 78+12.22 10 cut off pile* 16 20,730 9,401

*cut off pile capacities are in Ib/ft

CALCULATED BY GLEN BELLEW
PEER REVIEWED BY SCOTT LOEHR ON AUGUST 25, 2009 and SEPTEMBER 01, 2011




CAPACITIES BEFORE 09/01/11 REVISIONS WHERE "K" AND FRICTION FACTORS INCREASED TO REMOVE EXCESS CONSEF

Axial Compressive Capacity, Ibs | Axial Tensile Capacity, Ibs
49,062 24,543 29% 40%
75,328 33,552 26% 40%
93,021 43,188 27% 40%
87,040 40,121 27% 40%
19,076 6,540 20% 40%
111,013 54,811 49% 70%
59,247 25,233 48% 78%
29,896 5,291 16% 40%
64,439 29,639 83% 127%
32,322 6,973 44% 127%
46,000 24,080 67% 89%
18,316 6,894 58% 108%
101,867 47,997 35% 53%
48,018 20,609 40% 66%
14,860 5,292 40% 78%

41% 69%
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Subject: Peer Review of Central Industrial District — MO, Geotechnical Pile Capacmes
Date: August 25, 2009

Responses by Glen M Bellew (GMB), 08/26/09

1. The subject project information provided included as built drawings, soils
characterization along the floodwall profile, underseepage calculations, and hand
calculations for determining the ultimate capacities of the existing floodwall pile and
concrete cutoff wall.

GMB — Noted.

2. The data presented did not provide any boring information. It is assumed that all
available data was reviewed including the 2001 boring taken to obtain SPT blow counts
for some reaches of the floodwall, at eh pump plants and at the floodwall gaps. The
technical documentation should include a discussion of the available data used for the
assessment.

GMB — Boring information was obtained from the “as-built” drawings, the 2001
borings, and some additional 2009 borings. This information will be provided and
discussed in the technical documentation for the analysis.

3. The profiles provided did not shown the depth to which the piles were founded for the
general reaches identified in the analyses. The spread footing versus pile foundation
would be helpful for future reviews. Even of the piles are at a constant depth future
documentation illustrations should assure that a note or a market is shown on the profiles. -

GMB — the profiles were developed for an underseepage analysis and were subsequently
used for the pile capacity analysis. The length of each driven pile for the entire CID-MO
Sfloodwall was provided on the “as-built” drawings. The elevation of the pile cap was
also provided on the “as-built” drawings. From the information provided, the elevations
of the pile top and bottom can be obtained. In light of the information available, the pile
depths will not be shown on the profile.

4. During review of the calculations provided, the reviewer assumes this package is to
support the development of the existing conditions (EC) assessment. The following
comments are related to this assumption:

a. For an EC assessment, the soil parameters appear to be on the conservative side
of the expected mean values. If using for design use — the parameters appear acceptable.
If for an EC condition, the use of a low phi angle yields a very low value for the Nq
values used for end bearing. Minor variations in phi will yield considerable increases in
the Nq and end bearing resistance capacity. No calculations are shown to consider the
variations in the expected soils parameters and resultant variations in the Qult.



GMB — The analysis provided was for a “design” ultimate capacity of the existing
condition. These “design” values will be used by ED-DS to calculate a factor of safety
for the piles. If any areas have low factors of safety under “design” conditions, a
reliability analysis will be performed for those areas. For a reliability analysis of the
existing conditions, an “expected” or “mean” ultimate pile capacity will be provided
(considering a slightly higher strength as Reviewer stated) in the weak areas, and that
ultimate pile capacity will be varied in accordance with the values provided in ETL 1110-
2-561.

b. If for an EC assessment, the use of the EM and the limiting critical depth that
truncated the effective overburden has been questioned by the District in the past during
the development of Qult for Fairfax. I believe the critical depth was implemented in the
FHWA design critical by Dr. O’Neil after a directive by the FHWA and the Corps also
adopted it for DESIGN purposes. If the EC truly utilizes all available resistance with
depth, the total effective overburden pressure should be utilized. The reality of a critical
depth has been questioned by Dr. Kulhawy of Cornell, Dr. Duncan of Virginia Tech and
other at ER-DC. ITR reviewer may question NWK on the use of the D..

GMB — You are correct that the limiting critical depth does not appear to be very highly
regarded by most people anymore. The FHWA manual from 1998 actually specifies to
use no limiting values of side friction or bearing resistance for effective stress analysis.
Other literature specifies to use a limiting value (but not related to only pile diameter),
but it only comes into play at depths greater than what we have here. The calculations

- were revised to include no limits on side friction or bearing resistance for the effective
stress analysis. This increased the pile capacities slightly in those reaches where the pile
was longer than the previously calculated critical depth.

c. The use of one of 4 sets of underseepage pressures assumptions needs to be
documented. If the rationale is conservative for design reasons, that is easy to
understand. But using one or the other for EC does not incorporate the variability of the
potential changes in the foundations pressures due to the presence of highly variable
layering. The assessment should address the selection of assumption 3 for the upper
sands and assumption 4 for the lower sands.

GMB — Assumptions I and 2 represent an absolute best case and an absolute worst case
with respect to underseepage. Assumption 1 is fairly realistic, but is probably
overconservative. Assumption 2 is not really feasible, but is just a lower bound solution..
Assumptions 3 and 4 are considered to best represent the underseepage characteristics of
the foundation at CID-MO and were therefore used in the pile capacity calculations.

5. The final documentation of the capacities should identify the meaning of the values in
terms of a representation of a conservative design value or for use as an expected mean
values for EC report. If the intent of this assessment is for providing conservation design
values for structural use in assessing the future condition need for the Central Industrial
District - MO, the calculations appear to have adequately used the EM guidance
requirements to provide a geotechnical recommendation that is reasonable.



GMB — the capacities will be documented as” design ultimate capacities” when they are
provided to ED-DS. However, they do not represent “‘conservative design” values, but
simply “design” values. There is always some inherent conservatism in “design” values,
and certainly there is some inherent conservatism in the calculated pile capacities. But I
do not believe there is evidence of excess conservatism that it is deemed noteworthy to

call the capacities “conservative” design values.

6. If you have any question please contact Scott Loehr at 816-389-3601.

gL
cott Loe .E.

Geotechnical Engineer
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CID-MO Levee Kansas City Phase 2 Feasibility

Saturday, August 08, 2009

Revised:

Levee Foundation Information - EXISTING CONDITIONS, Water to Top of Levee

Blanket Unit Weight =
Rubble Fill Unit Weight =

115.0 pcf (saturated)
115.0 pcf (saturated)

DRAFT

Station

Top of
Levee
Elevation
(msl)

River Side
Ground
Elevation

(msl)

Land Side

Ground

Elevation
(msl)

River Blanket
Bottom
Elevation
(msl)

Land Blanket
Bottom
Elevation

Top of
Blanket
Elevation
(msl)

Top of
Bedrock
Elevation

(msl)

Driving
Head (ft)
H

Permeability Ratio

Impervious Blanket Thickness (ft)

River Side
KilKor

Land Side
KilKp,

River Side
Zor

Levee
Zbo

Land Side
Zpl

Pervious
Blanket
Thickness (ft)
d

See

page Length (ft)

River Side
Ly

Levee
LZ

Land Side

Ls

Factor

Effective See

page Length (ft)

C

<

River Side
X1

Land Side
X3

Head at
Toe (ft)
N,

Computed
Hydraulic
Gradient

lo

Critical
Hydraulic
Gradient

I,
c

Factor of
Safety for
Piping
(icfio)

Remarks

0+00 to 10+00

758.0

750!

752

711

725

749

710

6.0

300

300

39

315

24

15

100

15

1000

0.002387|

0.003043|

98

329

4.46]

0.19]

0.84/

4.53]

10+00 to 22+50

758.5

750!

750!

715

floodwall
sitting on
bedrock

750

735

8.5

300

300

w

5

#VALUE!

#VALUE!

#VALUE!

100

15

1000

#VALUE!

#VALUE!

#VALUE!

#VALUE!

#VALUE!

#VALUE!

0.84

#VALUE!

[floodwall is bearing directly on bedrock and there is a toe drain at the landward
edge of the floodwall. A line of creep analysis, or similar, will have to be
performed if the uplift along the floodwall is needed.

22+50 to 27+50

759.0

750!

752

716

710,

742

700

7.0

300

300

34

33

32

10

100

15

1000

0.003131

0.003227|

97

310,

5.14

0.16

0.84

5.24

27+50 to 32+50 - Assumption 1

759.3

750!

752

716

710,

735

690

7.3

300

300

34

29.5

25

20

100

15

1000

0.002214|

0.002582]

98

387

5.61

0.22]

0.84/

3.76

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

27+50 to 32+50 - Assumption 2

759.3

750!

752

716

740

748

690

7.3

300

300

6.5

50

50

15

1000

0.003651

0.002887|

49

346

6.11

0.76

0.84

1.10

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

27+50 to 32+50 - Assumption 3

759.3

750!

752

716

740

748

690

5.4]

300

300

6.5

14

50

15

1000

0.006901|

0.005455|

437

183

1.57

0.20

0.84

4.30]

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 25% in the upper sand. This calculation checks the gradient through the upper
blanket.

27+50 to 32+50 - Assumption 4

759.3

750!

752

716

710,

722

690

7.3

300

300

34

23

12

20

100

15

1000

0.002214|

0.003727|

98

268

5.10

0.42

0.84

1.98

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

32+50 to 37+50 - Assumption 1

759.4

750!

752

720

710,

730

665

7.4

300

300

30

25

20

45

100

15

1000

0.001571]

0.001925

99

520!

6.07

0.30

0.84

2.78

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

32+50 to 37+50 - Assumption 2

759.4

750!

752

720

745

752

665

7.4

300

300

30

18.5

80

50

15

1000

0.001179|

0.002440|

50

410

6.39

0.91

0.84

0.92

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

32+50 to 37+50 - Assumption 3

759.4

750!

752

720

745

752

665

5.5

300

300

22

50

15

1000

0.005505

0.004652]

677

215

1.32

0.19

0.84

4.48]

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 25% in the upper sand. This calculation checks the gradient through the upper
blanket.

32+50 to 37+50 - Assumption 4

759.4

750

752

720

710

724

665

7.4

300

300

30

22

14

45

100

15

1000

0.001571

0.002300

99

435

5.86

0.42]

0.84/

2.01]

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

37+50 to 41+00 - Assumption 1

759.4

750

752

721

709

733

665

7.4

300

300

29

26.5

24

44,

100

15

1000

0.001616

0.001777,

99

563

6.19]

0.26

0.84

3.27]

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

37+50 to 41+00 - Assumption 2

759.4

750

752

721

746

752

665

7.4

300

300

29

17.5

81

50

15

1000

0.001191

0.002619

50

382

6.36]

1.06]

0.84/

0.80!

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

37+50 to 41+00 - Assumption 3

759.4

750

752

721

746

752

665

5.6

300

300

4.5

20

50

15

1000

0.007454

0.005270

377

190

1.82]

0.30!

0.84/

2.78]

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 25% in the upper sand. This calculation checks the gradient through the upper
blanket.

37+50 to 41+00 - Assumption 4

759.4

750!

752

721

709

727

665

7.4

300

300

29

23.5

18

44

100

15

1000

0.001616|

0.002052]

99

487

6.03

0.33]

0.84/

2.52

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

41+00 to 46+00 - Assumption 1

759.5

750!

752

722

712

734

665

7.5

300

300

28

25

22

47

100

15

1000

0.001592]

0.001795

99

557

6.22

0.28

0.84

2.98

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach




41+00 to 46+00 - Assumption 2

759.5

750!

752

722

746

752

665

7.5

300

300

28

17

81

50

15

1000

0.001212]

0.002619|

50

382

6.41

1.07

0.84

0.79

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

41+00 to 46+00 - Assumption 3

759.5

750!

752

722

746

752

665

5.6

300

300

5.5

16

50

15

1000

0.006455|

0.005893|

497

170,

1.40

0.23

0.84

3.61

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 25% in the upper sand. This calculation checks the gradient through the upper
blanket.

41+00 to 46+00 - Assumption 4

759.5

750!

752

722

709

725

665

7.5

300

300

28

22

16

44,

100

15

1000

0.001645|

0.002176|

99

460

6.01

0.38

0.84

2.24

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

46+00 to 50+00 - Assumption 1

759.6!

750!

752

718

713

733

665

7.6

300

300

32

26

20

48

100

15

1000

0.001473|

0.001863|

99

537

6.27

0.31

0.84

2.69

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

46+00 to 50+00 - Assumption 2

759.6!

750!

752

718

746

752

665

7.6

300

300

32

19

81

50

15

1000

0.001134]

0.002619|

50

382

6.50

1.08

0.84

0.78

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

46+00 to 50+00 - Assumption 3

759.6!

750!

752

718|

746

752

665

5.7

300

300

55

18

50

15

1000

0.006086|

0.005556

557

180!

1.37

0.23

0.84

3.70

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 25% in the upper sand. This calculation checks the gradient through the upper
blanket.

46+00 to 50+00 - Assumption 4

759.6!

750!

752

718

713

729

665

7.6

300

300

32

24

16

48

100

15

1000

0.001473|

0.002083|

99

480

6.14

0.38

0.84

2.20

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

50+00 to 52+50 - Assumption 1

759.7

750!

750!

715]

712

736

665

9.6

300

300

35

29.5

24

47

100

15

1000

0.001423|

0.001719|

99

582

8.06

0.34

0.84

2.51

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

50+00 to 52+50 - Assumption 2

759.7

750!

750!

715

745

750

665

9.6

300

300

35

20

80

50

15

1000

0.001091|

0.002887|

50

346

8.13

1.63

0.84

0.52

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

50+00 to 52+50 - Assumption 3

759.7

750!

750!

715]

745

750

665

4.8

300

300

14|

50

15

1000

0.006901|

0.006901|

437

145

1.17

0.23

0.84

3.60

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
gradient through the upper blanket.

50+00 to 52+50 - Assumption 4

759.7

750!

750!

715]

712

731

665

9.6

300

300

35

27

19

47

100

15

1000

0.001423|

0.001932]

99

518

7.90

0.42

0.84

2.03

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

52+50 to 55+00 - Assumption 1

759.7

750!

750!

715]

7115

738.5

665

9.7

300

300

35

31

27

46.5

100

15

1000

0.001431]

0.001629|

99

614

8.18

0.30

0.84

2.78

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

52+50 to 55+00 - Assumption 2

759.7

750!

750!

715]

744

750

665

9.7

300

300

35

20.5

79

50

15

1000

0.001098|

0.002652]

50

377,

8.27

1.38

0.84

0.61

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

52+50 to 55+00 - Assumption 3

759.7

750!

750!

715]

744

750

665

4.9

300

300

5.5

10|

50

15

1000

0.008165|

0.007454

316,

134

1.40

0.23

0.84

3.62

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
gradient through the upper blanket.

52+50 to 55+00 - Assumption 4

759.7

750!

750!

715]

7115

732.5

665

9.7

300

300

35

28

21

46.5

100

15

1000

0.001431]

0.001848|

99

541

8.01

0.38

0.84

2.21

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

55+00 to 57+50 - Assumption 1

759.8

750!

750!

714.5

711

737.5

665

9.8

300

300

35.5

31

26.5

46

100

15

1000

0.001429|

0.001654|

99

605!

8.24

0.31

0.84

2.71

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach




55+00 to 57+50 - Assumption 2

o

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

55+00 to 57+50 - Assumption 3

w

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
|gradient through the upper blanket.

55+00 to 57+50 - Assumption 4

Ny

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

57+50 to 62+50 - Assumption 1

)

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

57+50 to 62+50 - Assumption 2

N

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

57+50 to 62+50 - Assumption 3

o

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
gradient through the upper blanket.

57+50 to 62+50 - Assumption 4

o

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

62+50 to 65+00 - Assumption 1

e

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

62+50 to 65+00 - Assumption 2

w

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

62+50 to 65+00 - Assumption 3

e

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
gradient through the upper blanket.

62+50 to 65+00 - Assumption 4

I

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

65+00 to 67+50 - Assumption 1

S

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

65+00 to 67+50 - Assumption 2

o

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

65+00 to 67+50 - Assumption 3

w

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
gradient through the upper blanket.

65+00 to 67+50 - Assumption 4

Y

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

67+50 to 71+00 - Assumption 1

©

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach




67+50 to 71+00 - Assumption 2

o

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

67+50 to 71+00 - Assumption 3

o

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
|gradient through the upper blanket.

67+50 to 71+00 - Assumption 4

N

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

71+00 to 75+00 - Assumption 1

o

Lower and upper blanket thickness added together to compute Zbl and FSi. This
assumes that the riverside has an impervious layer over the middle sand and/or
the concrete sheetpile cutoff wall provides a satisfactory cut off between the river
and the middle sand. This is the LEAST conservative approach

71+00 to 75+00 - Assumption 2

=

Only the upper blanket thickness was used to compute Zbl and FSi. This
assumes that the riverside does not have an impervious layer over the middle
sand and/or the concrete sheetpile cutoff wall does not provide a cut off between
the river and the middle sand. This is the MOST conservative approach

71+00 to 75+00 - Assumption 3

by

Only the upper blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
that is used to calculate x1. the concrete sheetpile cutoff wall reduces the head
by 50% in the upper sand since it is a full cut off. This calculation checks the
|gradient through the upper blanket.

71+00 to 75+00 - Assumption 4

o

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand. This calculation checks the gradient through the
lower blanket. Assumes hydrostatic conditions in the upper sand.

75+00 to 78+00 - Assumption 5

o

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does have an impervious layer over the middle sand
and/or the concrete sheetpile cutoff wall provides a satisfactory cut off between
the river and the middle sand to make pressures in the upper sand hydrostatic.
This calculation checks the gradient through the lower blanket. Assumes
hydrostatic conditions in the upper sand.

78+00 to 80+00 - Assumption 5

»

Only the lower blanket thickness was used to compute Zbl and FSi. A large
impervious section cuts off the middle sand. Also, the buried collector system
maintains the pressure in the sand landward at hydrostatic. This is the likely
scenario for this section.

80+00 to 82+50 - Assumption 5

N

Only the lower blanket thickness was used to compute Zbl and FSi. A large
impervious section cuts off the middle sand. Also, the buried collector system
maintains the pressure in the sand landward at hydrostatic. This is the likely
scenario for this section.

82+50 to 85+00 - Assumption 5

o

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does not have an impervious layer over the middle
sand but the buried collector system maintains the pressure in the sand landward
at hydrostatic. This is the likely scenario for this section.

85+00 to 87+50 - Assumption 5

o

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does not have an impervious layer over the middle
sand but the buried collector system maintains the pressure in the sand landward
at hydrostatic. This is the likely scenario for this section.

87+50 to 89+00 - Assumption 5

[N

Only the lower blanket thickness was used to compute Zbl and FSi. It was
assumed that the riverside does not have an impervious layer over the middle
sand but the buried collector system maintains the pressure in the sand landward
at hydrostatic. This is the likely scenario for this section.
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