NORTH DESOTO FEASABILITY STUDY
DESOTO COUNTY, MISSISSIPPI
GENERAL RECOMMENDATIONS REPORT

Prepared By:
US Army Corps of Engineers - Memphis District

Geotechnical Branch

April 2022



North Desoto Feasibility Study Geotechnical Report July 2022

Table of Contents

g 1o o [V o (o] o H PSP PP PP PPPPRRPPTP 3
[ TS o] Tz I =T [ g To [ PP PP TPPPRPPR 3
Design and Desigh RecommeNndations..............iiiiiiiiiiiiiiiii et e e e 5
Proposed CONSIIUCLION .........cooiiiiiiiiiee ettt et e e eeeeeeeaaaeees 6
Geotechnical Design RecommendationsS.............uuuiuuiiiiiiiiiiiiiiiiiii e 8
Channel Widening Design and Construction Considerations ...........cccoooooiiiiiiiiiiiiiiieeieenn 8
Detention Basin Design and Construction Considerations .................evvvvvviiiviiiiiiiviniiiiiinninnn, 9
Levee Design and Construction Considerations..............ccuoooiiiiiiiiiieieee e 10
Floodwall Design and Construction Considerations ...........cccccuiiiiiiiiiieieeeiiiieeeeeee e 11
General REPOIM SUMMAIY .....uuuuiiiiiiiii e e e e e nnnes 12
Appendix A : Geotechnical APPENdiX..........ccooiiiiiiiiiii e 13

List of Figures

Figure 1 Cowpen Creek Historical Boring Locations ...............ccccooeiiiiiieeeeeeeee, 4
Figure 2 Horn Lake Creek HiStoriC BOMNGS ........uuiiiiiiiiiiiiiiie et 5
Figure 3 Typical Channel Improvement Section...............cccccc e, 6
Figure 4 Floodwall and Levee LayOuUt...........oocuuiiiiiiiiiiiiiiee et e e 7
Figure 5 Proposed Levee Typical SECHON ..........uuiiiiiiiiiiiiiiei et 7
Figure 6 Proposed Floodwall Typical Section.............cccoooiiiiiiii 8
Figure 7 EM 1110-2-1913 Table 1-1 . it 10

List of Tables

Table 1 General REPOrt SUMMAIY ......coooiiiiiiiiii e 12



North Desoto Feasibility Study Geotechnical Report July 2022

Introduction

This study is being conducted due to flood damages experienced in Desoto County, MS. The flooding issues
are occurring in short durations due to inadequate channel capacity throughout the town and the
overtopping of top banks. It has been documented that the overtopping of the top banks of the drainage
channels throughout Desoto County is causing damage to private homes and municipality properties.
Physical indications of these damages can be seen from the water marks left on homes and buildings in
areas of relatively proximity to these drainage channels. The purpose of this study is to identify the
remediation needs of this area and then to conduct an economic study to determine the Benefit to Cost
ratio to see if it is reasonable to perform design and construction work for these areas and to identify risks
and construction considerations for the design phases of this project.

Historical Borings

Due to this being a study and not a design build project, there were no borings drilled, as the alternatives
proposed here are for feasibility purposes. Two different sources were used to try and determine general
geologic information in the areas of proposed construction for this project. The first is to use the NRCS web-
soil survey. This information is presented in Appendix A for each site. The second source is historic boring
information that came from previous channel cleanouts and borings found near bridges in the cow pen
detention area. The Historical borings that were found in the cow pen detention area and along Horn Lake
Creek were taken between 1975 and 1979. Refer to Figures 1 and 2 below to see the approximate locations
of historic borings we have in these areas.
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Cowpen Creek Historical Boring Location Map g
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Figure 1 cow pen Creek Historical Boring Locations

The historical borings found in the cow pen Creek indicated that lean clays can be expected to be
encountered along with some silts. This tends to have some conflict as the NRCS web-soil survey indicates
silty loams to be mostly present in these areas. Based on the provided information, it is possible that the
excavated material from the cow pen detention sites can serve as the fill material for the proposed levee
section in this project. However, a full geotechnical investigation needs to be performed to verify the
materials, and it is possible the sponsor will have to provide a borrow pit for the levee if the materials found
in this area do not meet the material requirements for the levee. Refer to Appendix A for more detailed
figures and information regarding the historical boring logs and NRCS maps.
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Horn Lake Cleanout Historical Borings
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Figure 2 Horn Lake Creek Historic Borings

The Horn Lake Creek historical borings indicate upper bank silts underlain by interbedded clays and
coarse-grained soils. The NRCS web-soil survey indicates the area below boring 8-U-79 which is proposed
floodwall and levee to be predominately silty loams, which seems to be in relative agreeance with boring
8-U-79 itself. Refer to Geotechnical Appendix A to see these historical borings and the NRCS web-soil
survey map for these areas.

No historical boring logs were found for the Lateral D and Rocky Creek detention sites, however the NRCS
web-soil surveys for both sites are included in Appendix A.

Design and Design Recommendations

No official Geotechnical design recommendations were able to be provided as current borings were not
taken. However, some general “minimally acceptable” recommendations have been provided in areas in
which work is being proposed. These recommendations are to determine a relative feasibility level of this
project. Additionally, based on the historic borings for areas of work where channel widening and/or
detention basin excavation is being performed, it is estimated there will be some appropriate fine-grained
materials excavated that could be used to perform a considerable amount of the new levee construction,
however if upon further geotechnical investigation it is discovered that the excavated material is
unsuitable, a borrow source will need to be identified to complete this project.
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Proposed Construction
The PDT is proposing construction at a few different areas for this feasibility study, for which a description
of each is provided below.

- 4,500 linear feet of channel widening which includes increasing the bottom width of the channel, grading
the side slopes to a minimum 3H:1V, and placing approximately 21,200 tons of riprap on the toe and five
feet up the bank of the channel. See Figure 3 below to see a typical section of the proposed channel
widening and improvement.

_—TURF REINFORCING MAT (TYP) EXISTING GRADE—.

EXCAVATION GRADE—,

—_— T T

40'

T _2' R200 RIPRAP OVER
6" BEDDING STONE

Figure 3 Typical Channel Improvement Section

- In 4 locations (cow pen Creek North, cow pen Creek South, Lateral D Detention, and Rocky Creek
Detention) it is being recommend that detention basins be dug out to reduce the peak flows that are
causing flood damages in specific areas. Each detention basin is recommended to meet a minimum 3H:1V
side slope recommendation. Refer to sections 2.6.2 through 2.6.5 in Appendix | for typical sections and full
descriptions of these detention features.

- Constructing a 3,000 linear foot levee and floodwall system designed to protect structures on the left
bank of Horn Lake Creek up-stream of Goodman Rd. Refer to Figure 4 below for an overview of this Levee-
Floodwall system.
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Figure 4 Floodwall and Levee Layout

The levee will range in height between 5’-7" on average, require minimum 3H:1V side slopes, have a 12-
foot crown and require approximately 14,000 cy of fill for construction. Refer to Figure 5 below to see a
typical detail of the proposed levee section.
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Figure 5 Proposed Levee Typical Section

The proposed floodwall will have a stem thickness of 18”, have a total height of 5" tall (3.5” of which extends
above ground), and rest on an 8 wide foundation. The floodwall is expected to be 525’ in length and require
300 cubic yards of concrete to be constructed. Refer to Figure 6 below to see a typical section of the
floodwall.
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Figure 6 Proposed Floodwall Typical Section

Geotechnical Design Recommendations

All preliminary design recommendations for each proposed measure of this project are based on available
historical information and past design experiences. All design recommendations should only be used at a
feasibility level and a full geotechnical investigation and design procedure needs to occur before any
construction occurs on this project.

Channel Widening Design and Construction Considerations

Future design phases of this project as it pertains to slope stability evaluations of the channel widening
portion of this project need to follow the design procedures outlined in EM 1110-2-1902 subsection 1-6 at
a minimum. These design procedures are shown below (steps a-k).

a. Explore and sample foundation and borrow sources. EM 1110-1-1804 provides methods and
procedures that address these issues.

b. Characterize the soil strength (see Appendix D). This usually involves testing representative samples
as described in EM 1110-2-1906. The selection of representative samples for testing requires much care.

c. Establish the 2-D idealization of the cross section, including the surface geometry and the subsurface
boundaries between the various materials.

d. Establish the seepage and groundwater conditions in the cross section as measured or as predicted
for the design load conditions. EM 1110-2-1901 describes methods to establishing seepage conditions
through analysis and field measurements.

e. Select loading conditions for analysis (see Chapter 2).

f. Select trial slip surfaces and compute factors of safety using Spencer's method. In some cases, it may
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be adequate to compute factors of safety using the Simplified Bishop Method or the force equilibrium
method

(Including the Modified Swedish Method) with a constant side force (Appendix C). Appendix F provides
example problems and calculations for the simplified Bishop and Modified Swedish Procedures.

|Il

g. Repeat step f above until the “critical” slip surface has been located. The critical slip surface is the

one that has the lowest factor of safety and which, therefore, represents the most likely failure mechanism.
Steps f and g are automated in most slope stability computer programs, but several different starting points
and search criteria should be used to ensure that the critical slip surface has been located accurately.

h. Compare the computed factor of safety with experienced-based criteria (see Chapter 3).

Return to any of the items above, and repeat the process through step h, until a satisfactory design has
been achieved. When the analysis has been completed, the following steps (not part of this manual)
complete the design process:

i. The specifications should be written consistent with the design assumptions.

j. The design assumptions should be verified during construction. This may require repeating steps b, c,
d, f, g, and h and modifying the design if conditions are found that do not match the design assumptions.
k. Following construction, the performance of the completed structure should be monitored. Actual

piezometric surfaces based on pore water pressure measurements should be compared with those
assumed

during design (part d above) to determine if the embankment meets safe stability standards.

The main point of concern that stands out regarding the current channel widening recommendations is the
existing materials which appear to line the upper 5-10" of the channel banks. These silty materials could
pose challenges during the engineering design phase, in terms of meeting corps factor of safety standards.
However, as this design is generally increasing the factor of safety within the channels by laying the side
banks back on a gentler slope than is existing and using rip rap and turf reinforcing mat for stabilization,
the risk of increased design cost for this project can be assumed to be low.

Detention Basin Design and Construction Considerations

Future design phases of this project as it pertains to slope stability evaluations of the channel widening
portion of this project need to follow the design procedures outlined in EM 1110-2-1902 subsection 1-6 at
a minimum. These detailed design procedures can be found under the Channel Widening and Construction
Considerations of this report. Additional construction considerations that need to be considered for the

9
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detention basin construction phase of this project is the potential need for repeated unwatering while
excavating the detention basin, as well as the projected potential of having to increase the side slopes of
the detention basins based on the expected subsurface materials that the PDT has found.

Levee Design and Construction Considerations

Future design phases of this project as it pertains to levee design and construction will need to follow at
minimum the requirements listed in Table 1-1 of EM 1110-2-1913. Refer to Figure 7 below to see Table 1-
1 from EM 1110-2-1913.

Table 1-1
Major and Minimum Requirements

Step  Procedure

1 Conduct geological study hased on a therough review of available data including analysis of aerial photographs. Initiate
preliminary subsurface explorations.

2 Analyze preliminary exploration data and from this analysis establish preliminary scil profiles, borrow locations, and
embankment sections.

3 Initiate final exploration to provide:
a. Additional information on soil profiles.
b Undisturbed strengths of foundation materials.
c. More detailed information on borrow areas and other required excavations.

4 Using the information obtained in Step 3:
a. Determine hoth embankment and foundation soil parameters and refine preliminary sections where needed, noting all
possible problem areas.
b. Compute rough quantities of suitable material and refine borrow area locations.

i Divide the entire levee into reaches of similar foundation conditions, embankment height, and fill material and assign a
fypical trial section to each reach.

] Analyze each trial section as needed for:
a. Underseepage and through seepage.
b. Slope stability.
c. Seftlement.
d. Trafficability of the levee surface.

7 Design special treatment to preclude any problems as determined from Step 6. Determine surfacing requirements for the
levee hased on its expected future use.

8 Based on the results of Step 7, establish final sections for each reach.
] Compute final quantities needed; determine final borrow area locations.
10 Design embankment slope protection.

Figure 7 EM 1110-2-1913 Table 1-1

Due to the low height of the levee to be built, the 3H:1V recommendation comes from the practical
considerations outlined in EM 1110-2-1913 under chapter 6 section 6-1 subsections (a) and (3).
Additionally, it is recommended that this new levee be comprised of compacted clay materials.

Settlement- While settlement has not been fully analyzed, based on boring subsurface conditions
approximately 1,000 linear feet north of the floodwall and the proposed height of the levee, the expected
settlement of the levee is likely less than 6 inches. It should be noted that this number could increase if

10
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worse than expected sub-surface conditions are found during the sub-surface investigation phase of this
project.

Under seepage- Based on the few historical borings available in this area, the likelihood of under-seepage
being a major factor in the final design is considered relatively low. However, it is impossible to guess the
soil conditions under the proposed levee alignment, and a thorough under-seepage evaluation should be
performed as part of the design.

Erosion Protection -Due to the low velocities of the out of bank flows that the levee is expected to
experience and the short durations of the floods in this area, erosion problems are not a concern for the
levee portion project.

Materials- Verifying adequate suitable levee building materials from the excavated detention sites is one
of the biggest risks for this portion of the project. The NRCS web soil survey indicates predominately silty
materials existing throughout all areas of the projects; however, we have borings which suggest adequate
lean clay materials might be available from the cow pen Creek detention area. This will need to be
verified during the subsurface investigation phase of this project, and if it is found to not have adequate
levee construction materials, a borrow source with appropriate materials will have to be identified.

Floodwall Design and Construction Considerations

Future design phases of this project as it pertains to Geotechnical design of the floodwall portion of this
project need to follow the design procedures outlined in EC 1110-2-6066. This EC details load conditions
for which the water needs to be evaluated and all the stability cases for which the wall needs to be
evaluated at for each loading conditions. These loading conditions included usual, unusual, and extreme
flood cases and the stability failure modes include (section 6-2 Failure modes) general failure, deep-seated
(global) failure, rotational failure, and seepage. Due to the nature of how small the proposed T-wall is, there
appears to be little risk in (assuming appropriate erosion protection and foundation material) the general,
rotational, or global failure stability analysis of the floodwall. Additionally, the risk of seepage issues should
be minimal over the floodwall section of this project as there is a small hydraulic head present at the
floodwall as well as there is a substantial expanse of concrete on the backside of the floodwall which greatly
reduces the risk of developing seepage problems regardless of the subsurface.

The two main design risk considerations are the suitability of the foundation the floodwall will be
constructed on (inadequate bearing capacity) and the erosion potential of the channel bank which can
impact the stability of the floodwall if eroded to the toe of the floodwall. Based on the nearest boring from
the historical Horn Lake Cleanout plans (8-U-79) it is expected for the upper bank where the floodwall will
be constructed to consist of 5-8” of silt underlain by 10 plus feet of lean clay. No strength data for the silt
material is available, however the lean clay material is shown to have an average shear strength in the
medium to stiff range. The foundation material will need to be classified and lab tested to verify its
suitability during the design phase of this project.

11
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General Report Summary

The table below contains general future design guidance project risks and concerns from a geotechnical
standpoint that were highlighted throughout this report.

Geotechnical Report July 2022

Table 1 General Report Summary

Project Element

EM/EC for Design Phase
Reference

Risks/Concerns based on available information

Channel
Widening

EM 1110-2-1902

1. Upper bank stability

Detention Basin

EM 1110-2-1902

Side slope stability

Construction

Excavation Accounting for potential continuous
unwatering depending on weather and
groundwater conditions.

Levee EM 1110-2-1913 Expected low excessive settlement risk

Expected low seepage issue risks
Expected low erosion potential concerns

W e

Moderate concern for suitable borrow
materials to construct levee without borrow

pit.

Floodwall
Construction

EC 1110-2-6066

1. Erosion potential on stream bank could impact
stability of floodwall long term if no erosion
protection buffers are put in place due to
location of floodwall in proximity to edge of
channel bank.

2. Risk of having to replace foundation material
with suitable material.

12
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Appendix A : Geotechnical Appendix
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Historical Borings & NRCS Web-soil information
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