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Section 1 General Project Information

1.1 Project Location

This project is located in Arkansas on the right descending bank of the St. Francis River from Mile 17/14+00
to 28/25+00. The overall project length is approximately 11 miles and is located south of Piggott, AR
and west of Kennett, MO along the Missouri and Arkansas border. Figure 1 is a project location map.
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* Caruth

igure 1. Project Location Map

1.2 Project Description

The project described herein provides for the maintenance of authorized facilities for the protection
against headwater floods of the St. Francis River by means of a levee system. Major maintenance is a
Federal responsibility. This project provides protection to numerous transportation systems, agricultural
areas, lightly populated urban areas, and industries which are subject to flooding from the project flood.

1.3 Project Purpose

The purpose of this project is to reduce flood risk, flood damages, and flood protection costs resulting
from flood events on the St. Francis River.
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The project will bring the existing infrastructure into compliance with current Engineering Manuals
(EMs) and Engineering Regulations (ERs). The project will also provide the Levee District with
infrastructure that will receive passing grades on future inspections and will be more easily
maintainable.

1.4 Project Authorization
Work within this project is authorized by the Flood Control Act of 15 May 1928, as amended.

1.5 Local Interests

The St. Francis Drainage District of Clay and Greene Counties, Arkansas is the local sponsor for this
segment of levee. Local interests are responsible for minor maintenance. The name, address, and
telephone number for the Point of Contact (POC) with the local sponsor is provided below:

St. Francis Drainage District of Clay and Greene Counties, Arkansas
Mr. Vance Whaley - (870) 598-4825
141 North 2" Avenue
Piggott, AR 72454

Section 2 Project Features

2.1 Overview of the Project

The objective of this project is to mitigate against future seepage issues occurring at the landside levee
toe and within the adjacent landside ditches during the design 100-yr flood event. The current design
solution is to build seepage berms in areas where seepage calculations indicated unacceptable conditions
at the landside levee toe. In areas of the project the seepage berm construction will fill in existing ditches,
and new ditches will be constructed approximately 10 feet to the landside of the berms. In areas where a
seepage berm is not required but the existing ditches do not comply with seepage design requirements,
the existing ditches will be filled in and moved out in line with the new ditches beyond the seepage berms.
Large portions of the new ditches also do not comply with the seepage criteria for unfiltered ditches. To
help mitigate the potential seepage issues in the bottom of the new ditches, an inverted filter system will
be constructed to mitigate transport of fines from the natural soils in the bottom of the ditches. The
inverted filter will consist of a nonwoven geotextile fabric and two gradations of gravel. Specific details of
the seepage analyses are provided in the Geotechnical Report in Appendix B.

2.2 Purpose and Scope

This Design Documentation Report (DDR) presents the essential data, assumptions, criteria, and computations
for developing the construction documents for the project.

Section 3 Design Development

3.1 Project History and Investigations

The northern mile of the project area was previously evaluated for underseepage in 2004. This 2004
seepage study recommended a total of 274 relief wells be constructed between Levee Miles 8/8+00 to
17/54+40. Due to concerns over the functionality of the relief wells because of the thin blanket, a test
reach of approximately 50 relief wells was constructed from approximately LM 15/52+00 to 17/10+00.
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3.2 Construction Site Access

Access to the site will generally be from Hwy 90 with the contractor mainly traversing the project site
using the gravel road on the levee crown. The contractor may also be able to access the northern
portion of the site using Clay County Road 528 and access the southern portion using Greene County
Road 807. The contractor will be required to utilize appropriate traffic control measures to protect the
construction workers at all times of construction.

3.3 Value Engineering

A VE study was conducted by the district the week of 15 April 2019. Several cost savings proposals were
developed for consideration, which included reconfiguring the small berm at the top bank of the new
ditches and steepening the side slopes of the ditches and small berm. The PDT evaluated these
proposals and determined the proposals were not implementable due to previous agreements with the
levee district for the small berm configuration and based on standard design practice for long term
stability and maintenance of slope configurations. The VE report is attached in Appendix D.

Section4 Hydrology and Hydraulics

4.1 Introduction

The hydraulic design predominately focused on designing new ditches to provide equivalent drainage to
the adjacent cultivated fields. Detailed information related to the hydraulic and hydrologic design of the
project can be found in Appendix A. The hydraulic design effort involves collaboration with Geotechnical
and Civil Sections to minimize the ditch depths.

Section 5 Geotechnical Engineering

5.1 Introduction

The main geotechnical design considerations for this project included the determination of the
geological/geotechnical conditions and evaluation of seepage measures to mitigate areas that did not
comply with design requirements. Detailed information related to the geotechnical design criteria,
design cases, and other information related to geotechnical design can be found in Appendix B.

Section 6 Civil Engineering

Detailed information related to the civil design of the project can be found in Appendix C.

Section 7  Structural Engineering
NA

Section 8 Mechanical Engineering
NA
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Section 9 Environmental Considerations

9.1 Introduction

Areas of existing ditches will be filled and associated woody vegetation will be removed for the
construction of the new seepage berm and ditches for this project. The vast majority of the areas to be
filled consist of cultivated fields. The borrow pits for this project are not finalized at this point; however,
it appears likely that most of the borrow soils will come from the adjacent channel cleanout project on
the St. Francis River (Below Hwy 90 Channel Cleanout). Other potential borrow sources are under
consideration but have not been finalized at this point.

The Environmental Branch will be conducting an Environmental Assessment (EA) for this project to
determine mitigation needs, NEPA compliance, and cultural resource requirements or issues. The EA is
not complete at this point in time.

9.2 Mitigation

Due to the planned construction activities, there will be mitigation required for this project. The extent
of mitigation required will be determined as part of the EA, which is still under development.

9.3 NEPA Compliance

All NEPA requirements will be coordinated, as indicated in the EA.

9.4 Cultural Resources

Appropriate actions will be taken in regards to any cultural resource issues indicated in the EA.

Section 10 Constructability

10.1 Ditch Construction

The new ditches will require excavation prior to seepage berm construction. The new ditch construction
will include placement of the inverted filter and also construction of the silt berm. Once the new ditches
are constructed, the seepage berm may be constructed, which includes filling of the existing ditches.

10.2 Fill Placement

Acceptabile fill soils consist of sands, silts, or clays. Prior to any fill placement, the areas will be stripped
of vegetation and topsoil and then scarified to a minimum depth of 6 inches. The scarified subgrade will
be compacted using semi-compaction effort prior to placing new fill soils. The new fill soils will be placed
in approximately 12-inch uncompacted lifts and then compacted in place using semi-compaction efforts
using multiple passes in orthogonal directions of a tracked piece of construction equipment. The striped
topsoil will be placed over the new fill soils and seeded with an appropriate seasonal seed mixture.

Section 11 Project Delivery Team

The Project Delivery Team (PDT) is an inclusive term that is meant to include all parties involved in the
design, review, and approval of the products produced by a definable work effort; this includes USACE
personnel, non-federal sponsor personnel, and in some instances key stakeholders. The members

assigned have extensive professional and technical experience in their assigned areas of responsibility.




Below Piggott Design Documentation Report

Seepage Study

11.1 Project Delivery Team
Table 1: Project Delivery Team

Project Delivery Team

Name District/Org Discipline/Role Phone Email
Mark . .
CEMVM-0OD-O | Project Manager 901-544-3482 mark.b.mazzone@usace.army.mil
Mazzone
Technical Lead-
James Evans | CEMVM-EC-G Geotechnical 901-544-3921 james.m.evans@usace.army.mil
Engineer
Jon CEMVM-EC-D Civil Engineer 901-544-3479 jon.e.korneliussen@usace.army.mil

Korneliussen

Holly Enlow | CEMVM-EC-H Hydraulic Engineer | 901-544-0664 holly.k.enlow@usace.army.mil

Kevin Pigott EE'\SVN_PDC_ Environmental 901-544-4309 kevin.r.pigott@usace.army.mil
CEMVN-PDC-
Pam Lieb UDC Archaeologist 901-544-0710 pamela.d.lieb@usace.army.mil

11.2 District Quality Control (DQC) Review

The DQC Review commenced on 06 March 2019. A total of 38 comments were received from the
reviewers. The comments have been evaluated by the PDT and backchecked by the reviewers. The
reviewers have closed all comments. A DQC Certification letter is located in Appendix E.

11.3 Biddability Constructability Operability Environmental and Sustainability (BCOES) Review

The first BCOES review commenced on 01 May 2019. A total of 60 comments were received from the
reviewers. The comments have been evaluated by the PDT and backchecked by the reviewers. The
reviewers have closed all comments.

A second BCOES review commenced on 05 July 2019 after this project was combined with the Below
Highway 90 Cleanout Project for construction purposes. The Plans and DDR for each project remain
independent of each other, with the Specs being combined for construction and bidding purposes. A
total of 112 comments were received from the reviewers. The comments have been evaluated by the
PDT and backchecked by the reviewers. The reviewers have closed all comments.
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11.4 Agency Technical Review (ATR)

The ATR review for the combined projects formally began on 09 September 2019 with a kickoff meeting.
Updated documents for review were provided on 24 September 2019. A total of 111 comments were
received from the reviewers. The comments have been evaluated by the PDT, and the reviewers are
currently backchecking the evaluations.




DDR - Appendix A
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Appendix A: Hydrology and Hydraulics
Design & Criteria

A.l1l. Introduction

The St. Francis River right bank levee from Mile 17/0+00 to Mile 27/40+00 has a history of seepage
issues that have become a risk to the integrity of the levee. Approximately, 7.5 miles of seepage berm is
proposed along 10.5 miles of levee to ensure levee safety and reduce the likelihood of sand boils. The

primary land use in the area is for agricultural production and many fields are graded to drain to existing
drainage ditches that run along the toe of the levee.

Location

US Army Corps |
Memphis District

Missouri Kentuckyl-

Tennessee

Arkansas

Mississippi

Figure A.1. Map showing location of Below Piggott Seepage Remediation
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A.1.1. Design Guidance and Reference
All design, guidance, regulations, and project references are listed below:

US Army Corps of Engineers, Memphis District, General Design Memo No. 104 Flood Control, Mississippi
River and Tributaries, St. Francis Basin; Upper St. Francis River

MVM H&H Branch, Hydraulic Note-007, Small Ditch Design
USDA NRCS:

National Engineering Handbook-Part 650 Engineering Field Handbook, Chapter 14 Water Management
(Drainage)

NEH Section 16 Drainage of Agricultural Land, Chapter 5, Open Ditches for Drainage —Design,
Construction and Maintenance

NRCS MO-14-1 Drainage Runoff Curves

TX-SCS (1985) Engineering Technical Note No. 210-18-TX8, Guide to Determine Instantaneous Peak Flow
For Flatland Areas

A.1.2. Project Management Summary and Constraints

Local landowners have requested that ditches be replaced along the toe of the levee to reduce impacts
to productive farm land. Geotechnical engineering has requested that ditches running next to the levee
be as shallow as possible to reduce further seepage issues.

A.1.3. Description of Problem and H&H Goals

The primary land use in the area is for agricultural production and many fields are graded to drain to
existing drainage ditches that run along the toe of the levee. These ditches will be covered by the
seepage berm impacting drainage for approximately 900 acres adjacent to the levee. The primary H&H
goals are to evaluate drainage areas and design the new ditches to drain the areas impacted by the
seepage berm.

A.2. Background Information

The St. Francis River flowline in the project area is authorized by GDM 104 Flood Control, Mississippi
River and Tributaries St. Francis Basin-Upper St. Francis (USACE, 1964). Further frequency analysis was
completed for the 2009 Levee System Certification to determine flowlines for other frequency events.

Table A.1. gives the flowline values from 2009 Levee System Evaluation Report was provided to the
Geotechnical Engineering Branch to be used in the seepage analysis.
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Table A.1 Project Design Flood flowline for the project area

1% Annual Chance
River Mile Levee Mile Exceedance Flowline
(ft)
147.20 18 271.3
146.20 19 269.7
145.40 20 268.5
144.94 20/17+00 268.5
144.92 20/18+00 267.7
143.65 21 265.6
142.65 22 264.9
141.65 23 263.7
140.55 24 262.1
140.00 24/24+50 2614
139.40 25 260.6
138.30 26 258.4
136.75 27 256.9
135.60 28 255.5
135.00 28/25+50 255.0

A.3. Hydrology

Based on design recommendations from the Geotechnical Engineer, existing ditches that will be
impacted by the seepage berm were identified. Areas that drain to the impacted ditches were

determined using 1-m LiDAR obtained for the St. Francis basin in 2016 and based on conversations with

the local landowners. Six ditches were identified to be replaced. Several iterations of drainage layout

were discussed with the PDT and the local levee board. Ultimately, it was determined to keep the same

drainage layout and move the ditches to the toe of the berm. See Figure A.2 for drainage layout.
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BELOW PIGGOTT OVERALL DRAINAGE PLAN

~ 7 =

Figure A.2.Overall drainage plan for Below Piggott Seepage remediation
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A.3.1. Methodology

Design discharges for agricultural ditches are generally based on an average removal rate for a 24 hour
period rather than a peak flow (Figure A.3) and based on the area to be drained. The Cypress Creek
equation is often used for design capacity of drainage ditches in the St. Francis Basin.

The Cypress Creek equation is as follows:
Q =CcM*
Where
Q = Flowrate (cfs)
C = Coefficient from NRCS drainage curve
M = Drainage area in square miles
x = Cypress creek exponent, typically 5/6

A coefficient (C) of 45-75 is typically used for the drainage design in Memphis District. NRCS
recommends C=45 for cultivated land in the region. Drainage curves used for the Missouri Bootheel,
which is across the St. Francis River from the project area, were obtained from Missouri NRCS (Figure
A.4). The curve indicated “Good Agricultural Drainage” corresponds with recommendations from the
National NRCS guidance and the typical values used by the Memphis District. Therefore, this curve was
selected to be used in the hydrologic analysis for this project.

Duration of Overbank Flow

€ Instantaneous Peak

Inflow
Hydrograph_z" \
Drainage Ditch Capacity
/. / Based on "Removal" Rate
7

DURATION OF FLOW

DISCHARGE

Figure A.3. Relationship between peak flow and average removal rate typically used for drainage ditch
capacity (From TX-SCS 1985).
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March 1980

Missouri Bootheel.

EFM Notice MO-11
Figure A.4. Drainage curves obtained from Missouri NRCS typically used for drainage design in the
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The Cypress Creek equation was used for determining discharges for all ditches except Ditch 3. Ditch 3
runs along Arkansas Hwy 90. AR DOT requires roadside ditches to be able to convey the 25-year storm
event. The rational method was used to compute the associated runoff from various design storms in
Ditch 3. The rational method estimates a design discharge for a small watershed, typically less than 90
acres.

In the rational method, the associated peak runoff is computed using the following equation:
Q=Cx*ix*A

Q = Design discharge (cfs)

C = Runoff coefficient (dimensionless) indicates the amount of runoff generated by a watershed

i = Design rainfall intensity (in/hr) or the average rainfall intensity for a particular length of time (the
time of concentration)

A = Watershed drainage area

A.3.2. Results

Drainage areas for each impacted ditch are shown in Figures A.5-A.10 and Table A.2.

W —= Existing Ditches
) == Existing Ditches (o be filled)
== ProposedDitches20180823

Figure A.5. Drainage area for Ditch 1

A-7
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== Existing Difches
== Eyisting Ditches (to be filled)
== ProposedDitches20180823

] e

== Existing Ditches
=¥e= Existing Ditches (to be filled)
=—f= ProposedDitches20180823

[ Bem

e | evee

D Drainage Area
- % g 7 T

Figure A.7. Drainage area for Ditch 3
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== Existing Ditches
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Figure A.9. Drainage area for Ditch 5
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J =i~ ProposedDitches20160823

-

| evee

I:l DOrainage Area

Figure A.10. Drainage area for Ditch 6

Table A.2. Drainage area for each proposed ditch.

Drainage
Area
Ditch # (Acres)
1 87
2 46
3 7
4 250
5 236
6 244

The rational equation runoff coefficient, C, was determined using Module 206 D — Peak Discharge
document from the NRCS. According to the USDA web soil survey, the soil texture is silt loam. LiDAR
data confirmed that the topography for the subarea is flat. According to the table below, the runoff
coefficient is 0.3 given the topography and soil texture of the subarea.

Table A.3. NRCS Runoff Coefficient, C, for various soil textures and topographies.

Soil Texture
Pasture Open Sandy Loam Clay and Silt Loam Tight Clay
Flat (0-5% slope) 0.10 0.30 0.44
Rolling (5-10% slope) 0.16 0.36 0.55
Hilly (10-30% slope) 0.22 0.42 0.60

A-10
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The design rainfall intensity was determined using the point precipitation frequency estimates published
in the National Oceanic and Atmospheric Administration’s (NOAA) Atlas 14. The point precipitation
frequency estimates for Rector, Arkansas were used. In the rational method, the intensity is selected for
the same duration as the time of concentration.

The time of concentration was calculated using the TR-55 method. The Natural Resources Conservation
Service WinTR-55 Watershed Hydrology computer model version 1.00.10 was used to compute the time
of concentration, t;, and the inputs are provided in the table below.

Table A.4. Time of Concentration (T¢) Input into WinTR-55

Sub Area Flow Type Length (ft) Slope (ft/ft) Manning’s n
Ditch 3 Sheet 40 0.25 0.15
Shallow 1000 0.0014 Unpaved
Concentrated
Channel 800 0.001 0.04

The slopes were determined from the LiDAR data. A Manning’s n was selected based off of the WinTR-
55 recommended n value for the subarea’s surface. Satellite imagery confirmed a high n value for the
subarea. The time of concentration, t., for the subarea is 0.63 hours or 38 minutes.

As there are no estimates for a 38-minute rainfall event, the intensity estimates for a 30-minute
precipitation event were chosen. The table below provides the rainfall intensity estimates for a 30-
minute storm event.

Table A.5. NOAA Atlas 14, Volume 8, Version 2 Point Precipitation Frequency Estimates for a 30-min event

Return Interval Rainfall Intensity (in/hr)
25-yr 4.14
100-yr 5.20

The associated runoff for the 4% and 1% chance exceedance events (25-yr and 100-yr storm events)
using the rational method is provided below for the Ditch 3 drainage area is shown in Table A.2. Note
that the 1% flood has a 1 in 100 chance of being exceeded in an given year and the 4% flood hasa 1 in
25 chance of being exceeded in any given year.

Table A.6. Rainfall runoff in Ditch 5 for various design storms

% Chance Runoff from Subarea 1
Exceedance
4% 9.3
1% 11.7

Design discharges from the Cypress Creek equation and rational method are shown in Table A.7. These
design discharges were used to size the proposed ditches in Section A.4.
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Table A.7. Total runoff from drainage area used as design discharge for each ditch.

Approx. Levee Station Drainage Area  Design Discharge
Ditch # Start End (Acres) (cfs)
1 17/51+00 18/30+00 87 9.4
2 18/30+00 18/39+00 46 5.0
3 19/46+00 20/14+450 7 9.3*
4 20/40+00 22/20+00 250 20.5
5 23/04+00 24/26+00 236 19.9
6 24/48+00 27/20+00 244 20.0

*Determined using rational method rather than Cypress Creek

A.4. Hydraulics
A.4.1. Methodology

Design discharges in Table A.7 and channel slopes obtained from the Civil Design PDT member were
used to size the proposed ditches. Each drainage area was divided into multiple subareas and ditch
segments were designed based on increasing flow. Initial normal depths were calculated using Bentley
Culvertmaster. A Manning’s n of 0.04 was assumed. The ditches were designed under the assumption
that they will be maintained by the sponsor to prevent brush growth. A minimum of 6” of freeboard was
added to the normal depth. HEC-RAS version 5.0.5 was used to develop steady flow water surface
profile for each ditch under design flow conditions. HEC-GeoRAS was used to cut cross-sections from the
terrain and the channel modification tool was used to project the design cross-section along the slope.
Culverts are needed in Ditches 1 and 6 to allow flow under a levee access ramp. The steady flow HEC-
RAS was used to size the culverts. A normal depth downstream boundary conditions were used for each
steady flow analysis.

A.4.2. Results

All sections of all ditches should be trapezoidal or triangular in shape with a bottom with of b (ft) and 3:1
side slopes. A minimum depth of d (ft) was calculated for each section. Note this value includes 0.5 ft of
freeboard. Recommended dimensions are shown in Table X. Steady flow profiles from HEC-RAS can be
found in Section A.7.

Figure A.11. Trapezoidal channel cross-section.

A-12



Below Piggott
Seepage Remediation

Design Documentation Report

Table A.8. Recommended Channel Dimensions.

Channel Bottom Width Min.
Approx. Levee Station Discharge Slope (b) Depth (d)
Ditch  Segment
No. No. Start End (cfs) (ft/ft) (ft) (ft)
1 1 17/51+00 18/01+50 5 0.0006 3 1.5
2 18/03+00 18/08+00 7.6 0.0006 4 1.5
3 18/08+00 18/21+00 12.3 0.0006 4 2
30” CMP
18/17+90 18/18+50 12.3 Culvert
4 18/24+00 18/30+00 13.6 0.0013 6 2
1 18/30+00 18/39+00 5 0.001 2 1.5
1 20/40+00 20/60+00 1.7 0.0013 0 1.5
2 20/60+00 21/04+00 34 0.0013 3 1.5
3 21/04+00 21/40+00 4.7 0.0002 3
4 21/40+00 22/10+00 12.6 0.00088 6
5 22/10+00 22/20+00 19.5 0.00088 10
5 1 23/04+00 23/16+00 1.74 0.0011 0 1.5
2 23/16+00 23/26+00 3.5 0.0011 1.5
3 23/26+00 23/44+00 13.9 0.00046 2
4 23/44+00 23/50+00 14.8 0.00046 2
5 23/50+00 24/12+00 18.8 0.00046 10 2
6 24/12+00 24/26+00 19.9 0.00046 12 2
6 1 24/48+00 24/52+00 0.9 0.0016 0 1.5
2 24/52+00 25/14+00 4.4 0.00038 5 1.5
3 25/14+00 25/30+00 7.4 0.00052 6
4 25/30+00 26/8+10 8.5 0.00032 6
2x 24" CMP
5 26/8+10 26/12+50 10.9 0.0002 culvert
6 26/12+50 26/34+00 13.3 0.0006 8
7 26/34+00 27/20+00 14.7 0.0006 8
8 27/20+00 27/25+00 20 0.0006 *k *ok

**Tie into existing ditch

A.4.3. Ditch 3

Design of a v-ditch for Ditch 3 was coordinated with the Geotechnical and Civil design PDT members, as
well as engineers from Arkansas Department of Transportation (ARDOT). This ditch requires fill to meet

seepage requirements. The left side slope was ~7.5:1 and the right side slope was 3:1. The 25-yr and
100-yr discharge were checked using HEC-RAS to meet ARDOT’s requirements. See figure below for 25-

yr and 100-yr water surface profiles.
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A.5. Erosion Protection

A rock drop structure will be needed for Ditch 3 to reach existing grade. A 20:1 drop was suggested by
the PDT for this structure. Bentley Flowmaster was used to determine the velocity on the in the rock
chute. A maximum velocity of 5.2 ft/s was determined for the 25-yr event using Flowmaster. The size of
stone was determined based on geotechnical recommendations for the inverted filter. The size of stone
was checked using Isbash’s eqn:

V2
720G -1
C = Isbash constant
D = Median diameter of spherical stone or rock. Also known as D50 (ft)
g = Acceleration due to gravity, 32.2 ft/s?
S = Specific gravity of stone or rock
V = Water velocity approaching the riprap (ft/s)

The Isbash constant is 0.86 and 1.20 for high and low turbulence, respectively. The specific weight of
stone was assumed to be 2.65.

For the drop structure at Ditch 3:

B 5.22
©2%32.2% (1.2)2(2.65—1)

Dsy =017 ft = 2.1"
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A.5.1. Methodology
A.5.2. Results

A.6. Design Recommendations

Design Recommendations for each ditch are found in Table A.8. The culvert in ditch 6 should be double
barrel 24” CMP. A potato berm should be built along the top of bank on the field side of the drainage
ditches to reduce siltation. NRCS pipe drops will be sized to allow for drainage through the potato berm.

A.7. Plates
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Figure A.12. Water surface profile for Ditch 1
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Figure A.13. Water surface profile for Ditch 4
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Figure A.14. Water surface profile for Ditch 5
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Figure A.15. Water surface profile for Ditch 6. Ditch 6 drains to an abandoned borrow pit that is along
the toe of the levee. This borrow pit has significant capacity to receive the water from Ditch 6.
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1.

Below Piggott, Arkansas
St. Francis River
Seepage Study
Levee Miles 17/14+00 to 28/25+00

Introduction. The purpose of this report is to estimate seepage potential due to the
design flood loading and provide recommendations for seepage control measures along
approximately 11 miles of the St. Francis River between Levee Miles 17/14+00 to
28/25+00. The study area is located south of Piggott, AR and west of Kennett, MO on
the western, right descending St. Francis River Levee. The site location map is included
in Appendix A.

The seepage study was performed using design procedures presented in DIVR 1110-1-
400, Change 2 dated 12 December 1998 and EM 1110-2-1913 dated 30 April 2000.
These regulations provides the guidelines and procedures for design of the landside
seepage berms and are based on design recommendations presented in WES TM No, 3-
424, “Investigation of Underseepage and It’s Control, Lower Mississippi River Levees”
October 1956.

Geology. The study area is located on braided relict alluvial fan deposits. The surface
material within the braided relict deposits generally consists of approximately 5 to 10
feet of clay with occasional layers of fine sand and silt. In the first 5 miles of the study
area fine grained soils were not observed at the surface in several reaches. The
Geologic Map for the study area is included in Appendix A.

Site Investigation. a. Borings. Borings were taken to determine specific soil
stratification and characteristics pertinent to the seepage study. The boring program for
this portion of the study area consisted of 262 general borings taken in 2010 and 2011
and 16 borings taken in 1999. Borings were spaced at 500-ft intervals landside and
riverside of the levee and at 1,500-ft intervals along the centerline of the levee.
Landside and riverside borings were drilled to a depth of 30 feet and the centerline
borings were drilled to a depth of 45 feet. A total of 38 Tertiary borings were drilled in
2011 on the landside at approximate 1,500-ft intervals, and 1 Tertiary boring drilled in
1999 was utilized. Borings provided information related to the soil stratification landside
and riverside of the levee, continuity of the soil stratification from the landside to the




riverside and the levee soil composition. Boring logs are presented in Appendix B. The
boring location plan sheets are presented in Appendix B.

b. Soil Profile. Landside and riverside soil profiles are presented in Appendix C. These
profiles were plotted to clearly define soil stratification and continuity of the
stratification both parallel and perpendicular to the levee. As can be seen on the
profiles, the landside and riverside blankets are not continuous for large portions of the
study area.

c. Cross Sections. Levee cross sections were surveyed between levee miles 17/14+00
and 18/0+00 in 2018 and between levee miles 18/0+00 and 28/25+00 in 2011. The
sections were taken perpendicular to the levee and were spaced approximately every
500 feet along the centerline of the levee. Average landside and riverside elevations
obtained from the sections were used to estimate the blanket thicknesses and to
determine the differential pressure heads used in the design procedure. Additional
features such as borrow pits and landside ditches were also located and defined by the
survey data. The survey cross sections are presented in Appendix D.

Seepage History. Seepage history for the study area was obtained from flood fight
reports written after major high water events on the Upper St. Francis River in 2011,
2015, and 2017. These reports indicate the following specific concentrated seepage
issues:

Location
Year (Levee Mile) Seepage Issue Noted
2011 18/15+50 Sand boil located 60 feet from levee toe

2011 18/35+00 Multiple boils in seepage ditch 20 feet from levee toe
2011 19/37+00 Two medium sand boils in heavy seepage area

2011 19/38+60 Three medium sand boils at levee toe

2011 19/41+75 Three medium sand boils at levee toe

2011 21/6+50 Medium sand boils in landside ditch

2011 21/39+50 Medium sand boils in landside ditch

2011 22/8+00 Pin boils at the levee toe

2011 24/28+20 Single sand boil at levee toe
2015 18/34+00 Medium sand boil in landside ditch

2017 18/34+00 Multiple pin boils in landside ditch
2017 19/37+50 Medium sand boil at levee toe
2017 21/3+15 Pin boil at levee toe

2017 23/49+60 Pin boils at levee toe
2017 24/24+30 Pin boils at levee toe



The seepage issues in 2011 occurred during river elevations slightly greater than the
100-year flood event. The seepage issues noted in 2015 occurred during a flood slightly
less than the 10-year event, and the issues noted in 2017 occurred during a flood
approximately equal to the 100-year flood event.

Existing Seepage Control Measures. There are no existing seepage control measures for
this study item; however, a stretch of test relief wells were installed in 2009 which
terminate at the northern (upstream) extent of this underseepage study.

Seepage Analysis and Design. a. General. Design manuals EM 1110-2-1913 and DIVR
1110-1-400 were used to determine the levee seepage potential. The individual
analyses were conducted at 500-foot intervals in line with the survey section and soil
test borings intervals. The analyses were performed based on St. Francis River flooding
associated with the 100-year flood event elevation as determined by the Hydraulic and
Hydrology Branch. This flood event is in the range of 5-6 feet below the levee crown.
The following notations were used in the seepage analyses and seepage berm design.

Zor = Effective thickness of riverside top stratum

Kor = Vertical permeability of riverside top stratum

X1 = Effective length of riverside blanket

L1 = Distance from the riverside levee toe to the riverbank

Lo = Base width of the levee

S = Distance from landside levee toe to effective source of seepage entry
H = Total net head on levee

Zny = Effective thickness of landside top stratum

Kot = Vertical permeability of landside top stratum

Ki = Permeability of pervious substratum (See Plate 3)

D = Thickness of pervious substratum

X3 = Distance from landside toe of levee to effective seepage exit

Z: = Critical thickness of landside top stratum

ho = Net head above tailwater beneath top stratum at landside toe of levee
io = Upward gradient at landside toe of levee

Xsp = Design or required width of landside seepage berm (semi-pervious)

t = Design or required thickness of landside seepage berm at levee toe

h: = Net head above tailwater beneath top stratum at landside toe of levee
it = Upward gradient at toe of berm

The results are presented in Appendix E, and they indicated that seepage remediation
measures are required over a large percentage of the project length.



Several types of control for excessive seepage were considered which included riverside
blankets, impervious cutoff wall, relief wells, and seepage berms. Riverside blankets
were not considered practical due to the adverse environmental effects and the close
proximity to the St. Francis River. An impervious cutoff wall was not considered feasible
or economical due to the extreme depth to the base of the aquifer. Relief wells were
not considered economical because of the low landside heads which would require
dropping the well discharge elevations below the ground surface in order to provide
enough pressure head to drive artesian flow. The relief wells would also have to be very
closely spaced to provide the required head dissipation. A test section of relief wells
were constructed from approximately Levee Mile 15/52+00 to Levee Mile 17/14+00
(approximately 1.3-miles in length), and the landside and riverside soil conditions are
quite similar to those in this study area. The cost of the test reach of relief wells was in
excess of $2 million compared to an estimated cost for landside berms of $1.3 million.
The above discussion of the various alternatives indicates that the remedial measures
typically utilized (riverside blanket, cutoff wall, and relief wells) are poor solutions based
on environmental, cost, and constructability issues. As a result, the best alternative for
seepage control was determined to be landside seepage berms.

b. Seepage Berms. The seepage berms were designed using criteria set forth in EM
1110-2-1913 and DIVR 1110-1-400, Change 2. The seepage berms were designed as
semi-pervious berms with an allowable gradients varying from 0.3 at the levee toe and
increasing linearly to an allowable gradient of 0.8 at a distance of 150 feet from the
levee toe. The potential influence of seepage entrance and exit conditions from
adjacent reaches were considered in each analysis by comparing the hypotenuse
distance [based on the leg X; or X5 distances of adjacent reaches and the analyses reach
lengths of 500’ (square root of the sum of the squares)] to the actual calculated X; and
X3 distances for the design reach. A minimum berm section of 150 feet width and 5 feet
thickness at the levee toe was generally used for this project; however, at three
locations the berm width and/or thickness were reduced to sections less than this
typical minimum berm section (but still meeting the allowable gradients at levee toe
and berm toe) in order to avoid costly modifications to existing roadways at Hwy 90,
CCR-528, and GCR-807.

The final determination of the need for berms was based on factors which included:
levee toe gradient for existing conditions greater than 0.5, areas with gradients at the
levee toe less than 0.5 but identified as having boil activity in previous flood events,
seepage flow under the levee (Qs) exceeding 200 gpm per 100 feet of levee, and/or
extending berms for continuity reasons through relatively short segments (~1,000 feet)
that passed all of these criteria. Table 1 in Appendix E contains a summary of the
recommended areas and dimensions of all proposed berms. The following table defines
the limits of each segment of seepage berm. The ends of the berm segments were



extended 100 feet beyond the theoretical 500-ft design reach segment in order to
transition into soil conditions which did not warrant the need for a seepage berm.

Seepage
Berm Begin End Approximate
Segment Station Station Length (ft)
1 17/13+10 | 21/5+00 21,033
2 21/28+00 | 22/38+00 6,205
3 23/13+25 | 23/50+25 3,700
4 24/15+00 | 25/29+00 6,699
5 25/47+00 | 26/31+00 3,704
6 27/26+00 | 27/33+00 700
42,041

c. Landside Ditches. Landside ditches evaluated for this project consisted of both
existing ditches and also proposed ditches required in association with construction of
the proposed seepage berms. The ditches were evaluated for conditions where the
water levels in the ditches were dry, full, and half full. Due to the anticipated backwater
in the ditch network associated with the design flood event in association with the
relatively poor drainage in the general area, the final ditch designs were based on the
ditches being half full.

Existing landside ditches are generally located within 50 to 100 feet of the toe of the
existing levee for large portions of the study extent. The seepage potential at these
existing ditches was determined based on the existing site conditions. Most of the
existing ditches will be filled in with the construction of the proposed seepage berms,
and new ditches will be constructed beyond the berm toe. In stretches were seepage
berms are not required the existing ditches will be filled in and new ditches constructed
further away from the levee toe in line with the ditches of adjacent areas with berms.
This will maintain a straight ditch line and reduce potential risk of seepage issues. The
top bank of the new ditches will be located 10 feet from the toe of the proposed
seepage berms for maintenance considerations. The proposed ditches have been
designed by the Hydraulic and Hydrology Branch, and these ditches will be maintained
as shallow as possible and still provide adequate drainage as required. The results of the
seepage analyses of the ditches are provided in Appendix E.

The analyses for the existing and proposed ditches indicated some areas will have
excessive gradients at the ditch bottom level. These ditches could be moved further
away from the levee such that an acceptable gradient is achieved; however, this would



require moving the ditches an excessive and undesirable distance from the levee.
Alternatively, it is recommended that the ditches be relocated to be in line with the
berm toe (approximately 170 feet from the landside levee toe) and an inverted filter
system be constructed in the ditch bottom, where required, to manage the seepage
flow exiting into the base of the ditches. The inverted filter will mitigate the transport of
finer natural soil particles due to the upward flow of seepage water into the ditch
bottoms.

The inverted filter will consist of a base layer of non-woven geotextile filter fabric
overlain by two layers of graded stone. The base filter fabric was designed for soil
retention and permeability performance in accordance with design procedures in
“Designing with Geosynthetics” by Robert M. Koerner and are provided in Appendix E.
The filter fabric will contact silty sand, silt, and clay soils and must be properly designed
for retention of these soils during flood events. Based on various design procedures, the
Apparent Opening Size (AOS) of 0.18mm (#80 sieve) of the Mirafi 180N (or equal) will
adequately retain the clay, silt, and silty sand soils. The permeability of the filter was
checked against the worst case seepage flow condition based on all reaches requiring a
ditch. This analysis indicated the Mirafi 180N will provide more than enough flow
capacity. The filter fabric will be overlain by a minimum 6-inch layer of #57 stone
overlain by a 9-inch layer of #1 surge stone (gradations below). The two gravel layers
have very high flow capacities relative to the filter fabric and as such are mainly
intended to provide confinement and protection of the filter fabric and allow ease of
flow of water passing through the filter fabric. The use of #1 surge stone as the upper
layer will also allow for ease of maintenance vehicles traversing the ditches as necessary
to maintain the ditch section and control vegetation growth.

#1 Surge Stone #57 Stone
US Sieve | Percent US Sieve | Percent
Size Passing Size Passing
4" 100 1.5" 100
3.5" 90-100 1" 95-100
2.5" 25-60 0.5" 25-60
1.5" 0-15 #4 0-10
0.75" 0-5 #8 0-5

The landside ditch which begins at approximately Levee Mile 27/23+00 extends for
several miles beyond the southern project limit is a borrow pit for the existing levee.
Virtually all the surficial clay (blanket) soils have been excavated in this borrow pit
leaving the underlying sands exposed. In reaches where no blanket soils remain in the



pit, Bligh’s Creep Ratio calculations were performed and the results indicated
acceptable values for any gradation of sand. Several design reaches appeared to still
have some blanket soils in the bottom of this borrow pit, and seepage analyses in these
reaches do not meet the gradient design criteria. Internal discussions of the MVM
Geotechnical Branch concluded that remedial measures will not be provided for this
borrow pit at this time due to: the Bligh’s CR results, the length of the borrow pit which
extends well beyond this study limits, the borrow pit usually being full of water during
flood events, and seepage issues have not been observed in past floods (to the extent
possible in a ditch full of water). This area will be monitored during future flood events
for any emergency remedial actions needed during the flood fight operations and any
potential recommended permanent remedial actions for the entire borrow pit in this
project reach and beyond.

The existing ditch at CCR-528 also appears to have little if any blanket soils remaining in
the ditch bottom. Bligh’s Creep Ratio calculations indicate acceptable values for all
gradations of sand. The inverted filter is not required in this ditch.

d. Through Seepage. It should be noted that several reaches of the levee embankment
are composed of silty sand. In these reaches the elevation of the flow line used in the
analysis is only 3-5 feet above the elevation of the proposed berm where it ties into the
levee embankment. Because of this minimal head difference, the phreatic line will
remain within or at the seepage berm and levee embankment and through seepage
should not be an issue. Also, no reports of through seepage were documented in
previous flood fight reports (See paragraph 4).

e. Design Recommendations. It is recommended that the landside seepage berms be
constructed as indicated in Table 1.

Environmental Impacts. Construction of a landside berm would require that suitable
soils be obtained from off-site borrow areas. In addition, landside berms would require
the removal of areas of hardwood trees. The Environmental Assessment report should
be reviewed for more specific information related to this project.




Appendix A



Site Location Map — Below Piggott Seepage Study
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© CONDENWSED SOIL DATA WORK SHEET SOIL LABORATORY

"~ Sive: - Location: _
'l:)lf SO T77, BArll Beepore 3Tt s .
Date of Horing: Date Recefvéd: Date/ Classified: Type of Boring: Elevation of Top: Hole No.:
9124 % 2599 S5 18 - PR-99
W = Hater Content in 7, of Dry Weight L.L. = Liquid Limit ¥ = Angle of Internal Friction
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—

0.3

¢ = Cohesion in Tons/Sq. Fr.
P.L. = Plastic Limit ¥d = Dry Density ia Lbs./Cu. Ft.
U. S, STANDARD SIEVE 3" 3/4m 4 10- 40 200
COBBLES GRAVEL . SAND FINES
Course § Fine Course { Medium | Fine (Clay or Silt)
GRAIN SIZE CLa /4" 4. 76mm 2,0rm 0.42mm 0.074cxn
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_ CONDENSED SOIL DATA WORK SHEET SOIL LABORATORY
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*—Site: : Location: .
o T 7. Ark 5.::%%%32 S Tutly ) - ,
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$lad]aq 53 139 - PR-99
W = Water Content in 7 of Dry Weight L.L. = Liquid Limit @ = Angle of Internal Friction
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Cohesion in Tons/Sq. Ft.

) P.L. = Plastic Limit Td = Dry Density in Lbs./Cu. Ft.
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W = Water Content in 7 of Dry Weight L.L. = Liquid Limit @ = Angle of Internal Frictlion
¢ = Cohesion in Tons/Sq. Fr.
) P.L. = Plastic Limit Td = Dry Density in Lbs./Cu, Ft.
U. S. STARDARD SIEVE 3" 3/4n 4 10- 40 200
COBBLES GRAVEL SAND FIRES
Course } Fine Course { Medium § Fine {Clay or Silt)
GRAIN SIZE I 3/a4m 4, 76mm 2, 0mm 0.42mm 0.074mm
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Site: . ' Location: .
Prsso TT, frkl  Acepose S Tucdy , |
Date of Horing: | Date Recef{véd: Date’ Classified: Type of Boring: Elevation of Top: liole No. :
9-52.99 $S [9¢-PR-99
W = Hater Content In 7, of Dry Weight L.L. = Liquid Limit @ = Apngle of Intermal Friction
: ¢ = Cohesion in Tons/Sq. Ft.
, : P.L.. = Plastic Limit d = Dry Density {in Lbs./Cu, Ft.
U. S. STARDARD SIEVE 3" 3/an 4 T 10- 40 200
COBBLES GRAVEL . SAND FIRES
Course ) . Fine Course |  Medium |  Fine (Clay or Siit)
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a2 Feet Laboratory Classification | Feet W] L.LJ PL.] @ c Yd| Sand Remarks
a 0.0 WHTER_@ 0.0 Pl23l99
1 oo [ sm\ﬂq‘ sl Mois ] mL | X A Able © 4.9°  ¢[23)%9
: K mUA__@ i0.0'
K 3_,.5“4:0—13? lean c\ﬁlel Mais) & MEd al 21 34 ¥
5.6 1, '
' . - '.,""J D = 0,157
3 le:s -2%0 %R Q.m—. Sﬁnc‘l, we | X {10
4 |95 s00 @Q s? L4
5|13~ s 1 & 4 -1 9
—_ l D w0 = 0.14640
& |16 - 1253 fac sﬂncisﬂ\. X g [~ N
7 [?’QOJB{‘. Wu—:cj. SB‘{'\(‘I‘ sl ¢ pd ) }1- 4] - Db
20. '
L1 Form 23A

Rev 11 Aug 58



© CONDENSED S50IL DATA WORK SHEET SO1L. LABORATORY
Site: : ' Location:
PIS’ 92 7-77; gr i 5:‘%{ 3 Tl 5 _
Date of gé'fing: Date Recelvéd: Date’ Classified: Type of Boring: Elevation of Top: Hlole No.:
5o s ’sS [91-PR-99
W = Hater Content in 7, of Dry Weight L.L. = Liquid Limit ¢ = Angle of Intermal Friction
¢ = Cohesion in Tons/Sq. Ft.
) P.L. = Plastic Limit Yd = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3¢ KY2AL 4 10~ 40 200
COBBLES GRAVEL - SAND FINES
Course ) Fine Course { Mediuwm {  Fine {Clay or Silt)
GRAIN SIZE -3 /4" 4, 76mm 2. Omm 0.4Z2mm 0.074mm '
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" CONDENSED SOIL DATA WORK SHEEET SOIL LABORATORY
Site: Location:
Pleso TT, fArk Bcepose STl _ s .
Date of Boring: | Date Recefvéd: Date Classified: Type of Boring: Elevation of Top: liole No,:
£-12-92 S | 192 -PR-9%
W = Water Content in 7, of Dry Welight L.L. = Liquid Limfit # = Angle of Internal Friction
¢ = Cohesion in Tons/Sq. Ft.
o P.L. = Plastic Limit 7d = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3" 3/4m 4 10- 40 200
COBBLES GRAVEL . SAND FIHES
' Course } Fine Course { Med{um | Fine (Clay or Silt)
GRAIN SIZE L 3/an 4, 76mm 2 .0mm 0.42mm 0.074mm
- . Depth : Strata
a2 Feet Laboratory Classification Feet Wi LL} PL} O ¢ | 7d|sand Remarks
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CONDENSED SOIL DATA WORK SEEET SOIL LABORATORY
T Site: P 7 '4 ¥4 P Location:
195¢ 2 r = g te . 1 .
Date of ﬁ’é’l"ing: ’ Date Recefvﬁ: Date’ Classified: Type_of Boring: Elevation of Top: ltole No.:
¥-19-99 53 193 - PR-97
W = Water Content in 7 of Dry Weight L.L. = Liquid Limit # = Angle of Internal Friction
¢ = Cohesion in Tons/Sq. Ft.
] P.L. = Plastic Limit «#d = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE v KYEAL 4 19- 40 200
COBBLES GRAVEL - SARD FIHES
Course } Fine Course ] Med ium } Fine {Clay or Silt)
GRAIN SIZE T kFIAY 4, 76mm 2, 0mn 0.42mm 0.0740men
- Depth Strata
a2 Feet Laboratory Classification Feet w|LL] PL} ® c Yd ] Sand Remarks
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COMDENSED SOIL UATA WORK SEEET SOIL LABORATORY
T Site: . Location:
PJ‘M:’DT?” Ark  Seepgse S7Tédy 2 _
Date of Hoting: Date Receivded? Daté Classified: Type of Boring: Elevation of Top: Hole No.:
1t/ 4/99 Hox /?z:t;wt, 55 /94 PR-9¢
W = Water Content in 7 of Dry HWeight L.L. = Liquid Limit @ = Angle of Internmal Friction
¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit ¥d = Dry Density f{a Lbs./Cu, FC.
U. S. STANDARD SIEVE » /4 4 10- 40 200
COBBLES GRAVEL SAND FINES
Course |} Fine Course | Medium } Fine {Clay or Silt)
GRAIN SIZE R 374" 4, 76mm 2, Omm 0.42mm 0.G740mm
S, Depth - Strata
22 Feet Laboratory Classification Feet W | L.L} PL| 8 c Y d ] Sand Remarks
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© CONDENSED SOIL DATA

WORK SHEET S50IL LABORATORY
Site: . Location:
fDIS'S‘D 7—7-1, Bkl B eepooe STl N ,
Date of Horing: Date Rece{véd: Date/ Classified: Type of Bering: Elevation of Top: fHole No.:
/d'}?'?? 2‘20"?&_??

S3 ¥ BuoerR

W = Hater Content in 7 of Dry Weight L.L. = Liquid Limit f = Angle of Internal Friction
: ¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit 7d = Dry Density ia Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3" 3/4m 4 10- 40 200
COBBLES GRAVEL . SAND FIRES
. Course ) Fine Course I MHedium [ Fine (Clay or Silt)
GRAIN SIZE CLan /e &, 76mn 2, 0mm 0.42mm 0.074mm '
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~ CONDENSED SOIL DATA WORK SHEET SOIL LABORATORY

Site: . Location: )
PIsse 77, ek 4ecepose S Tucly . |
Date of HBoring: ~ Date Re;efvéﬁ: Date/ Classified; Type of Boring: Elevation of Top: Hole No.:
10]i8-19/99 535 ¢ Auger 221-P0-99
W = Water Content Iin 7 of Dry Weight L.L. = Liquid Limft J ® = Angle of Internal Friction
: ¢ = Cohesion in Tons/Sq. Ft.
, P.L. = Plastic Limit Yd = Dry Density ia Lbs./Cu. Ft.
U. S, STARDARD SIEVE 3 /4" 4 10- 40 200
COBBLES = GRAVEL . SAND : FINES
Course } Fine Course ] Medium i Fine {Clay or S5ilt)
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SOIL LABORATORY

" Site:

o PrecoTT Arl. Seep

Date of B6Ying:

Date Recei¥ed:

Ay

Location:

b ]

Date Classified:

Hole No.:

Rev 11 Aug 58

Type of Boring: Elevation of Top:
[0/27,2.8,49, 11/3/99 . Box ey, 5, RAR _PT-52
W = Water Content in 7 of Dry Weight L.L. = Liquid Limit ¥ # = Angle of Internal Friction
¢ = Cohesion in Tons/Sq. Ft.
. P.L. = Plastic Limit 7d = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3 3/4m 4 10- 40 200
COBBLES GRAVEL SAND FIRES
Course Fine Course 1 Medium | Fine (Clay or Silt)
GRAIN SIZE 3» 3/4" 4 . 76mm 2.0mm 0.42mm 0.0750m .
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2135 401 Bp D&S&w\ st E\Q\&\NP\RB 87 ML 2
4.0
3les5=20] Br Fine Sand] nﬁ\u Dip =0, jeb5"
¢ )95 -we Do R
4 195 [0 <P it i
. o bﬁﬂ G\ﬂuﬁwﬁwnw
_Slz0-i1e5) Bre £i1n <= ha&&k&* 1L 3,33
. y N EFT
mm =125} Br. Fine .%&%&. \.nm s:\,ﬂ 23,4
L1291 Form 23A /5.0




~ CONDENSED SOIL DATA WORK SUEET 50IL LABORATORY
-_-Site: Location:
Fisse 7T frk 2
Date of ﬁ'éjrtng: Date Received: Date Classiffied: Type of Boring: Elevation of Top: Hole No.:
A3d PT 22
W = Hater Content in 7, of Dry Weight L.L. = Liquid Limit ¥ = Angle of Internal Friction
¢ = Cohesion in Tons/S$q. Ft.
P.L. = Plastic Limit Yd = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3 3/ 4 10- 40 200
COBBLES GRAVEL SARD FIRES
Course } Fine Course }  Medium § Fine (Clay or silt)
GRAIN SI1ZE i 3/4 4. 76mm 2., Dwom 0.42rmm 0.074mm
~ . Depth Strata
a2 Feet Laboratory Classification Feet Wl LL]| pPL 9 c Td} Sand Remarks
:: fw> :
. Dicc o jga ¢
2105 | Bee _Fine ;sona& 66{7) S2&,7
8i1g-ass Do 2R3V,
_ o Ljo=0; {998
qugg-go,\s" G _med. To Fine_sand 5P Dot )™
Lro= & 1957
10]39=40.51 Gr. el soncf 8,8, 6
. ) D= ©,/65°8
1495257 Gro Fine sand P, 70,1/
. Lrozor i a ¢
59 o 1 & Pine  Seuc/ ST 14,20
L Form 23A 1550
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CONDENSED SOIL DATA

WORK SHEET

SOIL LABORATORY

Site:_

PiscoT T Ari:

Location:

b

Date of BorYﬁ%: Date Recelved: Date Classified: Type of Boring: Elevation of Top: Hole No.:
_ 28 P7 s
W = Water Content in 7 of Dry Weight L.L. = Liquid Limit @ = Angle of Intermal Friction
‘ ¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit ¥d = Dry Density ia Lbs./Cu. Ft.
U. S. STANDARD SIEVE 3" 3/4n 4 10- 40 200
COBBLES ' GRAVEL SAND FINES
Course ) Fine Course i Medium i{ Fine (Clay or Siit)
GRAIN SIZE A /4" 4, 76mm 2. 0m 0.42mm 0.0740am
S Depth Strata
g2 Feet Laboratory Classification Feet W LL| PL| @ c 7Y d | Sand Remarks
t: &0
j31eg-20.51 €r. Line sand Cbs) . - 8, /2,14
g ) Lioe 60 76,33
1¢399-805Y En. Fine Sauct ;Sa-/L i 3,29
(5] 89-%900 Do sP 38,20
+ f D{g::' [+ 16:9.7
16199-99:5) 8r. Fine sapcl se 6o
- o= %47
/7 Vteg~los") Gr.  med, Lquel Sé/ ‘8,80, 24
a% D= 2503
IBlig - 1805l G pmed  sand, $ 7 1976, 2.2
IS0

LM Form 23A
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€

* COMDENSED S5CIL DATA WORK SHEET SOIL LABORATORY
Site: . Location:
. PlsgeTT L prk . .
Date of Boring: Date Received: Date-Classifled:’ Type of Horing: Elevation of Top: Hole No.:
KA PT 79
W = Water Content in 7 of Ury Weight L.L. = Liquid Limite @ = Angle of Internal Friction
¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit ¥d = Dry Density im Lbs,/Cu. Ft.
U. S. STANDARD SIEVE 3" 3/4 4 10- 40 200
COBBLES GRAVEL SAND FIRES
Course } Fine Course ] Medium | Fine (Clay or 5ilt)
GRAIN SIZE 3 3/4" 4, 76mm 2, Ome 0.42mm 0.074%cm
ot Depth Strata
a2 Feet Laboratory Classification Feet WiLL} PLY] @ ¢ Yd|] Sand Remarks
- 6.0 .
D16 =2 . Sl
; L Q’OEC)a I 9 Q:J‘—-
- P
404139~ (400l Ep._mecl To Fine sand 54{' 3 £3, ¢ o
. Lio= Oc g )55
Jg) 1145~ isesl Ep. é-’_pa:b"f,//;r 5&275/_’; s&f 957 38,48
' 590
dAVST ~jgeno] Gp. <, D‘y 5%473_10] &/a;/. _saL_ - 35,54
M
LM Form 23A /&0 ©
Rev 11 Aug 58




" CONDENSED SOIL DATA _ WORK SHEET S50IL LABORATORY

T Site: . ‘ Location: .
£ o . Seepocce SThA N .
Date of ing: Date Received: Daté Classified: Type of Boring: Elevation of Top: Hole No.:
1Hl8/99 Bex Augery $5 28 3 PR P
W = HWater Content 1in 7 of Dry Weight L.L. = Liquid Limit ¢ Angle of Intermal Friction

W

¢ = Cohesion in Tons/S$q. Ft.

P.L. = Plastic Limit Yd = Dry Density in Lbs./Cu. Ft.
U. S. STANDARD SIEVE 3" 3/4m 4 10- 40 200
COBBLES : GRAVEL SAND FINES
Course } Fine Course } Medium }  Fine {(Clay or Silt)
GRAIN SIZE kL 374" 4, 76mm 2.00m 0.42mm 0.07%mm
- Depth - Strata _
82 Feel Laboratory Classification Feet Wl LL} PL}] ® c Td)] Sand Remarks
- o.0 Dt [6:0
(oo § Br. s/1Fr Sondbiiv)/zla, persT ' ¥ Dex?h 7B Walor 80
g i 4 ra
' sm ey Toble &b
& 3.5- 40 i B S X
Y2
3les-2e |Br. Fine Sendd, we? _z Dioz0, /1640
41 G5 /o5 Do .4
) SP
< 113- 1457 Do A 3,54
- . ' . Dion & /627
6li-179" | By, £ine 54495_&% 3,5,7
o= o, 1G/0
ig-ses | Ere  med soud soT z e i?

EW-NCe
LMY Form 23A
Rev 11 Aug 58
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CONDENSED SOIL DATA WORK SHEET SOIL LABORATORY
T Site: . ' Location:
PI‘H’OTT Ark S-ef’%_;___fﬂ% 5 .
Date of §5¥1ng: Date Received: Daté Classified: Type of Boring: Elevation of Top: liole No. :
111 8/99 Bex fuger) 55 44 Pi 99
W = Water Content in 7 of Dry Weight L.L. = Liquid Limit # = Angle of Internal Friction
¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plaatic Limit 7d = Dry Density ian Lbs./Cu. Ft.
U. S. STANDARD SIEVE 3" 3/4m 4 10- 40 ' 200
COBBLES ' GRAVEL SAND FIHES
Course ) Fine Course i Medium { Fine {(Clay or Silt)
GRAIN SIZE n 374" 4. 76mm 2.0mm 0.42mm 0.0750m
= Depth - Strata .
g'g Feet Laboratory Classification Feet Wi LL{ PL| @ ¢ 7 d|{ Sand Remarks
-4 0.0 Qi (010
{ Josfo Bws)ﬁ’;y san) @/ e;/f% molisT I Dea7h B gty —
.5 waler 7Tafle
&is.s. 40 Br. leon &/a%; MeisT ¢ med cL 18 1 20 | i3
lo. O
3les-22 L Ree Fine :34'/%/3 S277 X Doz o. /1665
4| G5~ Do 57 y.d
Sl3- 145 p2) 4 & 83,03
- ' . : Lyo=o,/6d!
elb-i75" | Bpe Fine gﬁme/, sl 4 ‘20280 1%
71 ig-aes Do X 3,5 8
26.3
L1 Form 2JA



C

CONDENSED SOIL DATA WORK SHEET SOIl. LABORATORY
'.—"Sil:e: . Location:
Psgéo 77 _Ark  Seepgse 7oty ) .
Date of ing: Date Recel ed? Daté Classified: Type of Boring: Elevation of Top: Hole No.:
A1]8,9/29 Box Fyrr_ %< QLS _PL GG
W = Hater Content in 7. of Dry Weight L.L. = Liquid Limit ® = Angle of Internal Friction

C

([

Cohesion in Tons/Sq. Ft.

P.L. = Plastic Limit ¥d = Dry Deusity in Lbs./Cu. Ft.
U. S. STARDARD SIEVE K 4H 10- 40 200
COBBLES GRAVEL SAND FIRES
Course Fine Course l Medfum } Fine (Clay or Siit)
GRAIN SIZE 3 3/4 4. 76mm 2.0mm 0.421mm 0.074mmm
- . Depth . Strata _
82 Feet Laboratory Classification Feet W{LL| PL}| 8 < Td| Sand Remarks
2
- o:0 Dag! 1610
‘ T U/ BreG
| 1o 1 Br < Ity send) lb’/z;/g;g melsT X DsaTh 7 Wolor /0.0
, /s es
£m Ualer Toble 5.0
Sis.seg0l B silly seacf
e 1>
3es-20 | Bre Fine SendmeisT X Dio =0, 1543
4| G5 /oo Bm 'Flri:; 7o r“ﬂfaﬁ W.mo/sf X 248 T =f3 e
sP
[y ab S’o, I‘-é.—?
slis-14:5) Br fine éiﬂég__ﬁﬂz— 2L : ZE=V I3
_ Dje= & 2.0 4¢
(23 WIANL) 8ps Mcgﬂ ' sandd, SJ ,Z 5 8,10
71 ig-30:5° Po X 19,23
1184 Form 23A S
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'. CONDENSED SOIL DATA WORK SEEET SOIL LABORATORY
T Slte: . Location:
Plssoe 77 Ark _ Secpose STidy 5
Date of Bdting: Date Recelided? Daté Classified: Type of Boring: Elevation of Top: Hole No.:
1/9199 Box Auyger S5 226 PLTG
¥ = Water Content in % of Dry Weight L.L. = Liquid Lim{t = Angle of Iatermal Friction
, c = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit 7d = Dry Density in Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3" 3/a4n 4 10- 40 200
COBBLES GRAVEL SAND FIRES
Course Fine Course } Medium { Fine (Clay or Silt)
GRAIN SIZE i 3/4" 4, 76mm 2.0mm 0.42mm 0.074mm
S5 Depth - Strata ‘ .
&2 Feet  Laboratory Classification Feet ¥ {LL{]PL| ® c Td| Sand Remarks
@ 0.0 Pad 160
: .. ) H19/59
(lows-pe | Br. siit, w2/ c/a;; metsT )4 05a7t % Wolor ponc
' , o, HIFIPY
s ML Waler Table SO
Llzsego| Br. o117, wf d:«/g%;_ wmeisT oL/
S.S
3 eSs-2e | Br. Fine 66/}7641 m?{?[. X P = o./570
4155~ Do X
4153 ! S;)
sli3- 1457 Do 4 Gy 11y 19
A Rje =&, ,?6”4-
elie-175 \Be. _med 7o fe <ond L 33 8,70
71 jo-g6.8° Bp- ‘F“f)'ﬂ To jﬂ%p’f? f)ﬂ”// 2 e, /101
208
L Form 23A
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* CONDENSED SOIL DATA WORK SHEET SOIL LABORATORY

T Site: . : Location:
Pjiqo 7 Ark Segﬂ_d%{_:__f S , .
Date of BOring: Date Recelded? Daté Classified: Type of Boring: Elevation of Top: Hole No.:
119/99 Bex fyser S5 28 7L GS
W = Water Content in 7, of Dry Weight L.L. = Liquid Limit g = Angle of Intermal Friction
¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit Td = Dry Density io Lbs./Cu. Ft.
U. S. STARDARD SIEVE 3" 3/4m 4 10- 20 200
- COBBLES GRAVEL SAND FINRES
Course } Fine Course } Med fum ] Fine (Clay or Silt)
GRAIN SIZE RN 3/4v 4, 76mm 2., 0mm 0.42mm 0.074mux
- . Depth - Strata . :
a2 Feet Laboratory Classiffcation | Feet W!LL] P.L.}] # c Yd| Sand Remarks
- oo it 10:©
| o120 | Bn. 24 /t\l -.5&%166 /ﬁQ[éT Lo X Qa7 % oty
3D : Wlaler Tedle —
dlzs- 40 B & S 2T | | lle
&0
3 eSS -Fe Be- f%htb éﬁznaﬂmuaﬁ7L )4 : Do o ) 545
4| 5.5 o Po )4
SP
S )13~ 14:57] Pe _ _,X L0335
| ' . Pie s o, 9743
eli-175} Br. med L qnet) 6@% X 3,514
91 ig-g6s Be X G 1S
Qog
LI Form 23A
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¢

CONDENSED SOIL UATA WORK SHEET SOIL LABORATORY
Site: . Location:
Pj‘i«’o?"?" Ark Se?%_g___ﬁﬂfé/ 5 :
Date of Bdring: Date Receided: Daté Classified: Type of Boring: Elevation of Top: llole No.:
1116/%% Box Rurr S5 228 PLZY
W = Water Content in 7 of Dry HWeight L.L. = Liquid Limit @ = Angle of Intermal Frictionm
¢ = Cohesion in Tons/Sq. Ft.
P.L. = Plastic Limit 7d = Dry Density in Lbs./Cu. Ft.
U. S. STANDARD SIEVE 3" 3/4" 4 10- 40 | 200
COBBLES GRAVEL SAND FIRES
Course } Fine Course | Medium | Fine (Clay or Siit)
GRAIN SIZE £ j/em 4, 76mm 2.0om 0.42mm 0.074mm
= Depth . Strata
g'g Feet Laboratory Classification Feet W {LL|] PL| 8 c T d} Sand Remarks
“ &40 Lt 1218
[ low-po | Br. s/ /K < a1 w/ z/f;« sm L X D.aTh o ooy =
310 Waler Toble ~
Llgs.qol Bp. s /7‘} c;/z%g, oxy morsl amedd | i |J4 1 46 | /8
&id
3les-20 V| Br Fine sond w-ﬂL_ L o=, /858
4‘ G =D DO x
' sP
<l3- 145 Do X ileid
+ D["’T‘ o, f700
6l/-1725" 1 Gr Fine S&ﬂ/LSﬂf 4 S48
71 ig-90.87 R4 SN/
e,y
118 Form 23A
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Boring Designation

001-BPR-10

Below Piggott - West Bank SFB Seepage Study

. HORIZONTAL

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

001-BPR-10 N 13,180,234.4 E 2,489,826.7 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND V\/'/-\S-I—TEAT?TED 255.5 géZO?/I/I:L(F)ETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 1. DATE BORING ©9/20M0 i 9/2010
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 261.5
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
Wl o =) g Laboratory -
Eev |pepTH| Z (S5 N, | B |AB CLASSIFISATI.OIIII OF MATERIAL >RI/E°C s Lo 28 o | 1o lzges §ﬁ o5 | REMARKS
=z m i (Description) 8 SATSITEl o —l S |38 |ad '2:; 2o
B A 22 Silt (ML) Tan, very stiff, 15.9 i
- 12 Oxidized 100| 1 R
2585 [ 3.0 [
B 18 20 Silty Clay (CL-ML) Tan, very 18| 5 |86 i
- 10 stiff 100| 2 R
256.0 [ 5.5 [
A 4 184" -] -
L g .~ 4 Poorly-graded Sand (SP) Gray 4 R
- 9 . { & Brown, Fine 100| 3 -
B 140 2071 *{ Poorly-graded Sand (SP) Gray 29| 20180 E
- 10 .*{ & Brown, Fine 100| 4 R
B 6 (20t -] Poorly-graded Sand (SP) Gray, i
- 191 1.-]Fine 100| 5 [
B 10 . B
B 4129} - Poorly-graded Sand (SP) Gray, i
- 141 1.+ ] Fine 100| 6 [
B 15 . B
B 10(28¢ -, Poorly-graded Sand (SP) Gray, i
- 1B 1.7 Fine 100| 7 [
B 13 . B
B 6 (25}, -] Poorly-graded Sand (SP) Gray, i
- 121 1.+ ] Fine 100| 8 [
B 13 . B
R 151 231 ,-, Poorly-graded Sand (SP) Gray, i
- 12 .~ { Fine, Lignite Fragments 100 9 -
B 16|34+t -, Poorly-graded Sand (SP) Gray, i
B 181 - { Medium 100, 10 _
B 1994+t -, Poorly-graded Sand (SP) Gray, i
- 22| 1.7 { Medium 100, 11 i
R ;8 351, - Poorly-graded Sand (SP) Gray, i
2315 [ 30.0 15 Fine 100| 12 R

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling

SPK FORM 1836-A
FEB 2012

Boring Designation

001-BPR-10 SHEET 1 of 1
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Below Piggott - West Bank SFB Seepage Study

. HORIZONTAL

Boring Designation _ 002-BPR-10
DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

002-BPR-10 N 13,179,786.6 E 2,489,604.9 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND V\/'/-\S-I—TIEAl_\I’:{TED 256.0 géL?A/;ISETED
VERTICAL : VERTICAL : : :
[ INCLINED 5 15 DATE BORING © 91910 i1 911910
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 262.0
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
22 = % AB CLASSIFICATION OF MATERIAL <Zj raboraton 2
ELEV | DEPTH % E g N; % I (Description) >R|/£C g_ X % o\"g X § = = g % 53 g G § G (] 9 REMARKS
@ @ 4 P 3 sl a|7iE| e el e -
i ° i
B 8 22 Silty Sand (SM) Red, Fine, i
- Rootlets 100{ 1 R
B 12 o [
B 2 15| = || silty Sand (SM) Red, Fine 19 i
L 7 100| 2 R
256.5i_ 5.5 ; [
L g 12 / Clayey Sand (SC) Red, Fine i
L 6 ’} 100 3 R
R 209 % Clayey Sand (SC) Red, Fine i
- 3 v 100 4 [
251.5 [~10.5 %, R
R g 151, Poorly-graded Sand (SP) Gray, 4 i
- 7 . { Fine 100| 5 -
C g 141 *{ Poorly-graded Sand (SP) 1981|0165 B
- 8 . * { Brown, Fine 100| 6 R
R 2 7 1.*{ Poorly-graded Sand (SP) i
- 3 . * { Brown, Fine 100{ 7 R
R 8 191+ Poorly-graded Sand (SP) i
- . * { Brown, Fine 100| 8 R
B 10 . B
R g 161, -1 Poorly-graded Sand (SP) i
- 8 . { Brown, Fine, Lignite Fragments [100| 9 -
R 2871, Poorly-graded Sand (SP) Gray, i
- 2 .* | Fine 100[ 10 [
B 9 (42t -] Poorly-graded Sand (SP) Gray, i
- 18 1.7 { Medium 100, 11 i
R gg 661, -] Poorly-graded Sand (SP) Gray, i
2320 I 30.0 36 - Fine, Lignite Fragments 100 12 -

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling

SPK FORM 1836-A
FEB 2012

Boring Designation

002-BPR-10 SHEET 1 of 1
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Boring Designation

003-BPR-10

Below Piggott - West Bank SFB Seepage Study

. HORIZONTAL

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

003-BPR-10 N 13,179,339.0 E 2,489,382.3 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E %F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEARI’:{TED 257.3 gélfﬂlgliTED
VERTICAL : VERTICAL : : :
[ INCLINED 5 15 DATE BORING © 91910 i1 911910
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 263.8
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
Wl o =) . g Laboratory -
etev |oeptH| 2 25 N, | 8 |AB CLASSIFICATION OF MATERIAL A Z 2 g o [l |cl2e|2q] bal oa| REMARKS
=z m i (Description) & [78P SITEl o 4|12 =2|3s|ad E:; 2o
B 6 16 Silt (ML) Brown, very stiff, 116 i
- 10 Oxidized, Fine 100| 1 B
260.8 [ 3.0 [
B 2 11| 21| silty Sand (SM) Brown, 12 i
- 6 Oxidized, Fine 100| 2 B
2583 [ 55 o B
A 4 2 101+ Poorly-graded Sand (SP) 49| 10192 .
- 6 . *{ Brown, Fine 100{ 3 R
255.8 [ 8.0 c ] [
R % 9 1 iHl Poorly-graded Sand with Silt 5 i
- S .{thl (SP-SM) Brown & Gray, Fine 100| 4 -
253.3 [ 10.5 . [
R g 18"+ Poorly-graded Sand (SP) Brown i
- 10 .*{ & Gray, Fine 100{ 5 R
R g 141+ Poorly-graded Sand (SP) Brown i
- 9 .*{ & Gray, Fine 100| 6 R
R g 161+ 1 Poorly-graded Sand (SP) i
- 10 . *{ Brown, Fine 100{ 7 R
R g 151 .+ Poorly-graded Sand (SP) i
- 10 . *{ Brown, Fine 100| 8 R
243.3 [ 20.5 (R B
R 8 201 i Poorly-graded Sand with Silt i
- 1 -[til (SP-SM) Gray, Fine 100 9 -
240.8 [ 23.0 . B
B 7 (23t Poorly-graded Sand (SP) Gray, i
B 191 1.+ ] Medium 100 10 -
B 13 . B
B 7 (241 -] Poorly-graded Sand (SP) Gray, i
B 190 1.+ {Fine 100 11 -
B 14 . B
R 12 281 -] Poorly-graded Sand (SP) Gray, i
233.8 I 30.0 14 . Medium 100{ 12 R

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling

SPK FORM 1836-A
FEB 2012

Boring Designation

003-BPR-10 SHEET 1 of 1
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Below Piggott - West Bank SFB Seepage Study

Boring Designation _ 004-BPR-10
DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

004-BPR-10 N 13,178,890.9 E 2,489,161.4 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEAiTED 256.1 gélfﬂlgliTED
VERTICAL : VERTICAL : : :
[ INCLINED 5 15 DATE BORING © 91910 i1 911910
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 261.6
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
2 2= 2 AB CLASSIFICATION OF MATERIAL <Zj raboraton 2
FLEV'| DEPTH % E 3 Nl e T (Description) >RI{:QC £ |« 2 °\°§ ES gl ¢ =N EE £% §ﬁ UE REMARKS
S |m u p 8 57 a|TE| o ae|as| 52| T
B 19 13 Silt (ML) Brown & Gray, stiff, 1.2 i
L 7 Fine 100{ 1 -
258.6 [ 3.0 [
B z 7 Silty Clay (CL-ML) Gray, 2|7 |177 -
- 4 medium, Fine 100| 2 B
256.1¥ 5.5 [
C g 10}, *{ Poorly-graded Sand (SP) 0 99| 0 0.194 X
- 4 . * { Brown, Fine 100{ 3 R
R :13 9 1. *{ Poorly-graded Sand (SP) i
- 6 . *{ Brown, Fine 100| 4 R
R g 151, Poorly-graded Sand (SP) Gray, i
- 9 .*{ Fine 100| 5 -
R ? 16, - Poorly-graded Sand (SP) Gray, i
- 9 .*{ Fine 100| 6 -
B 7 (18t -] Poorly-graded Sand (SP) Gray, i
- S| 1.7{Fine 100| 7 [
B 3 (15¢, -] Poorly-graded Sand (SP) Gray, i
- &| 1.7{Fine 100| 8 [
B 11(39¢, -, Poorly-graded Sand (SP) Gray, i
B 21 .- {Fine 100, 9 .
B 20 . B
B 12|34+t -, Poorly-graded Sand (SP) Gray, i
- 21 1.7 {Fine 100, 10 i
B 19 . B
B 13(26¢, -, Poorly-graded Sand (SP) Gray, i
- 131 1.+ {Fine 100 11 i
B 13 . B
R %g 651, -] Poorly-graded Sand (SP) Gray, i
2316 I 30.0 35 - Fine, Lignite Fragments 100 12 -

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Boring Designation _ 005-BPR-10

Below Piggott - West Bank SFB Seepage Study

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

005-BPR-10 N 13,178,442.2 E 2,488,940.4 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEARI’:{TED 255.9 gél?A/SISETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 15 DATE BORING © 91910 i1 911910
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 260.9
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
Wl o =) . g Laboratory -
ELEV |DEPTH % E o N | 3 |AB CLASSIFICATIQN OF MATERIAL: >RI/EOC e \og .2l § ° -lolzs re g =l o5 REMARKS
=z m i (Description) & [78P SITEl o 4|12 =2|3s|ad E:; 2o
i ° i
B 8 |14 Silty Sand (SM) Red, Fine i
C g 100 1 s
[
2579 [ 3.0 [
R g 121 Ml Poorly-graded Sand with Silt 8 i
v 7 il (SP-SM) Brown & Red, Fine 100f 2 B
25547 5.5 . [
R g 121+ Poorly-graded Sand (SP) 2 i
- 7 . *{ Brown, Fine 100{ 3 R
B ;‘1‘ 351, *{ Poorly-graded Sand (SP) o0 |9o8| 2 0157 -
- . *{ Brown, Fine 100| 4 R
o 14 . =
R 170 171, Poorly-graded Sand (SP) i
- . * { Brown, Fine 100{ 5 R
B 10 . B
R ? 171 .+ Poorly-graded Sand (SP) i
- . *{ Brown, Fine 100| 6 R
B 10 . B
R S 18, - Poorly-graded Sand (SP) i
- 9 . *{ Brown, Fine 100{ 7 R
B 3(10¢, -] Poorly-graded Sand (SP) Gray, i
- 2| 1.7{Fine 100| 8 [
R g 8 1. " { Poorly-graded Sand (SP) i
- 6 . * { Brown, Fine 100{ 9 R
B 10141, -, Poorly-graded Sand (SP) Gray, i
- - {Fine 100, 10 i
R lg 30T, -, Poorly-graded Sand (SP) Gray, i
- 18 .~ { Medium, Lignite Fragments 100{ 11 -
R :132 461 -] Poorly-graded Sand (SP) Gray, i
2309 I 30.0 28 % Medium 100| 12 R

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Boring Designation

006-BPR-10

Below Piggott - West Bank SFB Seepage Study

. HORIZONTAL

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

006-BPR-10 N 13,177,989.6 E 2,488,713.7 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E %F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND V\/'/-\S-I—TIEAl_\I’:{TED 260.5 gél?ﬂlgliTED
VERTICAL : VERTICAL : : :
(] INCLINED 5 15 DATE BORING © 91910 i1 911910
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 266.5
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
22 = % AB CLASSIFICATION OF MATERIAL <Zj raboraton 2
ELEV | DEPTH %L: E L‘o)' N § | (Description) >RI{:QC g B % °\°§ ES § S |dla g %§ £ g §§ UE REMARKS
o @ W % o1 1 a oS (a= S = =
B 419 Silt (ML) Brown, stiff 8.4 -
- g 100| 1 [
B 2 6 Silt (ML) Brown & Gray, & 26| 3 |176 -
- 4 Mottled, medium, Oxidized 100f 2 R
261.0 [ 55 [
Y 144" o -
L g .Ilifl Poorly-graded Sand with Silt 7 R
- 9 .l (SP-SM) Brown, Fine 100{ 3 [
R % 111 Ml Poorly-graded Sand with Silt 8 i
- 6 il (SP-SM) Brown, Fine 100| 4 [
256.0 [ 10.5 . [
B 2 111 .+ Poorly-graded Sand (SP) 3|96 10213 i
- 6 . *{ Brown, Fine 100{ 5 R
R 191 201, Poorly-graded Sand (SP) Brown i
- 11 .*{ & Gray, Fine 100| 6 R
251.0 [ 15.5 (R [
R g 8 1.1l Poorly-graded Sand with Silt i
- 5 .1l (SP-SM) Brown, Fine 100{ 7 [
248.5 [ 18.0 . [
R g 8 1. *{ Poorly-graded Sand (SP) i
- 5 . *{ Brown, Fine 100| 8 R
R g 7 1.*{ Poorly-graded Sand (SP) i
- 4 . *{ Brown, Fine 100{ 9 R
R 31671, Poorly-graded Sand (SP) Gray, i
- g .* | Fine 100[ 10 [
R lg 371.*{ Poorly-graded Sand (SP) i
- 19 . *{ Brown, Medium 100 11 R
R ‘1‘2 281 -] Poorly-graded Sand (SP) i
236.5 I 30.0 14 - Brown, Medium 100 12 -

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Boring Designation

007-BPR-10

Below Piggott - West Bank SFB Seepage Study

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. HORIZONTAL

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER

: LOCATION COORDINATES
007-BPR-10 :

N 13,177,571.0 E 2,488,423.0

11. MANUFACTURER'S DESIGNATION OF DRILL

CME 45

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEARI’:{TED 258.9 géL?A/;ISETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 1. DATE BORING © 91810 i 91810
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 266.9
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
22 = % AB CLASSIFICATION OF MATERIAL g raboraton 2
ELEV | DEPTH % E g N; % I (Description) >R|/£C g_ X % o\"g X § = = g % 53 g G § G (] 9 REMARKS
@ @ 4 P 3 sl a|7iE| e el e -
i ° i
L 6|21 Silty Sand (SM) Brown, Fine R
C 7 100 1 s
B 14 o [
B 8 126| o || sjlty Sand (SM) Brown, Fine 23 i
C 10 100 2 s
16

2614 [ 55 o B
R 190 171 .+ Poorly-graded Sand (SP) i
- 8 . *{ Brown, Fine 100 3 R

258.9y 8.0 c ] [
B 3 15| = || silty Sand (SM) Brown, Fine 17 i
L 6 100| 4 R

256.4 [ 10.5 2 B
B 181 22t .+ | Poorly-graded Sand (SP) 0l99| 00172 -
- 1 . * { Brown, Fine 100 5 R
C ]g 29¢ ,* | Poorly-graded Sand (SP) 0 99| 1 |0.169 -
- 16 . * { Brown, Fine 100| 6 R
R S 151, Poorly-graded Sand (SP) Gray i
- 6 .*{ & Brown, Fine 100| 7 R
R 9 151+ Poorly-graded Sand (SP) i
- 8 . * { Brown, Fine 100| 8 R
B lg 331, Poorly-graded Sand (SP) Gray, B
- 20 . *{ Fine, Lignite Fragments 100 9 B
B 9 (26}, - Poorly-graded Sand (SP) Gray, i
B 131 .- {Fine 100, 10 _
R ; 41,0 Poorly-graded Sand (SP) Gray, i
- 5 . { Fine, Lignite Fragments 100{ 11 -
R ; 41,0 Poorly-graded Sand (SP) Gray, i

236.9 I 30.0 5 - Fine, Lignite Fragments 100 12 -

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Boring Designation

008-BPR-10

Below Piggott - West Bank SFB Seepage Study

. HORIZONTAL

DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

008-BPR-10 N 13,177,175.3 E 2,488,116.9 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E %F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEAT?TED 258.1 gél?A/SISETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 1. DATE BORING © 91810 i 91810
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 264.1
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
22 = % AB CLASSIFICATION OF MATERIALS % <Zj raboraton
o L % K} » — 2 —
ELEV | DEPTH 2 E e N § (Description) >REC g | & °\°§ =2 2 |4z g %“g £ g| $F| o2 REMARKS
o @ W % o1 1 a oS (a= S = =
B 8 31 Silt (ML) Brown, very stiff, 1.9 i
- 23 Oxidized, Fine 100{ 1 -
261.1 [ 3.0 [
B 19 37| ¢ || silty Sand (SM) Brown, 25 i
- 18 Oxidized, Fine 100| 2 B
L ° [
¥ 8 10 ; : -
L 4 Silty Sand (SM) Gray, Fine R
L 5 ° 100 3 R
256.1 [ 8.0 [
R g 13 .1l Poorly-graded Sand with Silt 5 i
- 7 .l (SP-SM) Brown, Fine 100| 4 [
253.6 [ 10.5 . [
B % 8 1. Poorly-graded Sand (SP) 2 (9| 2 |0.169 i
- 5 . *{ Brown, Fine 100 5 R
R % 6 1. { Poorly-graded Sand (SP) i
- 3 . * { Brown, Fine 100| 6 R
R 160 22} | Poorly-graded Sand (SP) Brown i
- 12 .*{ & Gray, Fine 100{ 7 R
R 172 241 | Poorly-graded Sand (SP) i
- 12 . *{ Brown, Medium 100 8 R
B 41291 - Poorly-graded Sand (SP) Gray, i
- 131 1.+ ] Fine 100[ 9 [
B 16 . B
B 9 (30¢t, -, Poorly-graded Sand (SP) Gray, i
B 131 1.+ ] Medium 100 10 -
B 17 . B
B 10(39¢, -, Poorly-graded Sand (SP) Gray, i
B 70 1.-{Fine 100 11 _
— 22 A =
R %? 431, Poorly-graded Sand (SP) Gray, i
234.1 [ 30.0 22 - Medium 100| 12 B

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Boring Designation

009-BPR-10

DIVISION

DRILLING LOG

Mississippi Valley Division (MVD)

INSTALLATION
Memphis District (CEMVM)

SHEET 1
OF 1 SHEETS

1. PROJECT
Below Piggott - West Bank SFB Seepage Study

9. COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER

. LOCATION COORDINATES
009-BPR-10 :

N 13,176,757.3 E 2,487,811.1

11. MANUFACTURER'S DESIGNATION OF DRILL

CME 45

3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND V\/'/-\S-I—TIEAl_\I’:{TED 256.5 géL?A/;ISETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 15 DATE BORING © 91810 i 91810
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 264.5
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
2 2= 2 AB CLASSIFICATION OF MATERIALS % g raboraton 2
ELEV |DEPTH| & |Ew| N, | B T PRl 2 |8l 2.3 _ clea| 52| .| REMARK
% u—olg f @ (Description) REC E °\°g =g °\°§ 3|z |¢g §§ g:‘é g:‘é cg s
i ° i
B 6 |24 Silty Sand (SM) Brown, Fine 18 i
C 12 100 1 s
B 12 o [
B 2 16| = || silty Sand (SM) Brown, Fine 39 i
L 8 100| 2 R
259.0 [ 55 o B
C g 10}, *{ Poorly-graded Sand (SP) 1198 10152 E
- 5 . *{ Brown, Fine 100{ 3 R
A 4 - [
R g 7 1.*{ Poorly-graded Sand (SP) i
- 2 . *{ Brown, Fine 100| 4 R
R g 101, *J Poorly-graded Sand (SP) i
- 5 . *{ Brown, Fine 100{ 5 R
R i 101, - Poorly-graded Sand (SP) Gray i
- 6 . { & Brown, Fine 100| 6 -
R 2 101, Poorly-graded Sand (SP) Gray i
- 6 . " { & Brown, Fine 100{ 7 R
R g 141, -1 Poorly-graded Sand (SP) i
- 8 . *{ Brown, Fine 100| 8 R
R 8 171 .+ Poorly-graded Sand (SP) i
- 8 . * { Brown, Fine 100{ 9 R
R % 14r, - Poorly-graded Sand (SP) Gray i
- 8 . *{ & Brown, Fine 100{ 10 R
R 172 241 -] Poorly-graded Sand (SP) Gray, i
- 15 . { Fine, Traces, Lignite Fragments {100 11 -
R 173 30T, -, Poorly-graded Sand (SP) Gray, i
2345 I 30.0 17 - Fine, Lignite Fragments 100 12 -

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Below Piggott - West Bank SFB Seepage Study

Boring Designation _ 010-BPR-10
DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

010-BPR-10 N 13,176,362.7 E 2,487,518.9 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E %F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND V\/'/-\S-I—TIEAl_\I’:{TED 257.5 gél?A/SISETED
VERTICAL : VERTICAL : : :
[ INCLINED 5 15 DATE BORING © 91810 i 91810
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 263.5
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
- 18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
2 2= 2 AB CLASSIFICATION OF MATERIALS ¢ g 5 raboraton 2
ELEV |DEPTH| £ |3w N, | B T Deseriot ’RI{:“C e 1828 2 |2ls]ol25|es §ﬁ % | REMARKS
=z m i (Description) 8 SATSITEl o —l S |38 |ad '2:; 2o
B 5124 Silt (ML) Brown, very stiff 10.1 B
C 9 100 1 s
B A 21 Silt (ML) Brown, very stiff 23 55 i
L 1 100| 2 R
258.0 | 55 [
Y 13 : -
L g ®1| Silty Sand (SM) Gray & Brown, B
- 7 Fine 100 3 R
n ° [
R % 10 Silty Sand (SM) Brown & Gray, i
- 7 || Fine, Lignite Fragments 100 4 i
253.0 [ 10.5 [
R 160 201 i Poorly-graded Sand with Silt 5 i
- 10 .l (SP-SM) Gray & Brown, Fine 100| 5 -
250.5 ["13.0 . [
B 4111 -] Poorly-graded Sand (SP) Gray, 0|99 1]0.166 i
- 21 [--{Fine 100| 6 [
R 18 25¢ -, Poorly-graded Sand (SP) Gray, i
- 13 . { Fine, Lignite Fragments 100 7 B
B 5(15¢, -] Poorly-graded Sand (SP) Gray, i
- Z| 1.7{Fine 100| 8 [
R g 17, Poorly-graded Sand (SP) Gray, i
- Py . { Fine, Lignite Fragments 100 9 -
B 14261 -, Poorly-graded Sand (SP) Gray, i
B 120t - [ Fine 100 10 -
B 14 . B
B 9 (25}, - Poorly-graded Sand (SP) Gray, i
B 12 1. [ Fine 100 11 -
B 13 . B
R 18 201, -] Poorly-graded Sand (SP) Gray, i
2335 [ 30.0 10 - Fine 100{ 12 R

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling

SPK FORM 1836-A
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Below Piggott - West Bank SFB Seepage Study

Boring Designation _ 011-BPR-10
DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphis District (CEMVM) OF 1 SHEETS
1. PROJECT 9. COORDINATE SYSTEM

. HORIZONTAL . VERTICAL

10. SIZE AND TYPE OF BIT: 2.25" ID

2. HOLE NUMBER . LOCATION COORDINATES

11. MANUFACTURER'S DESIGNATION OF DRILL

011-BPR-10 N 13,175,949.7 E 2,487,209.1 CME 45
3. DRILLING AGENCY 12. TOTAL SAMPLES : DISTURBED UNDISTURBED
Tri-State Testing Services, Inc. 12 : 12 : 0
4. &A'\&E (l))F ?tRILLER 13. TOTAL NUMBER CORE BOXES 0
. Roperts
5. |%?ECTION OF BORING : DEG FROM : BEARING 14. ELEVATION GROUND W'/-\STTEAR}’:{TED 257.4 gélIA/;ISETED
VERTICAL : VERTICAL : : :
(] INCLINED 5 15 DATE BORING L 9n7nMo i 9M7M0
6. THICKNESS OF OVERBURDEN 16. ELEVATION TOP OF BORING 2634
7 DEPTH DRILLED INTO ROCK 17. TOTAL CORE RECOVERY FOR BORING N/A
18. SIGNATURE AND TITLE OF INSPECTOR
8. TOTAL DEPTH OF BORING 30.0 Lab Supervisor
2 2= 2 AB CLASSIFICATION OF MATERIAL g raboraton 2
ELEV | DEPTH % E g N; % I (Description) >R|/£C g_ X % o\"g X § = = g % 53 g G § G (] 9 REMARKS
@ @ 4 P 3 sl a|7iE| e el e -
i ° i
B 8 |22 Silty Sand (SM) Brown, Fine 20 i
- ]g 100| 1 [
— o —
B 4 10| = | silty Sand (SM) Brown, Fine 15 i
L 6 100| 2 R
2579 [ 55 o B
Y 104" . -
L g .Ilifl Poorly-graded Sand with Silt 0|94 6 [0.102 i
- 4 .1l (SP-SM) Brown, Fine 100{ 3 [
2554 [ 8.0 . [
R 1 8 1. " { Poorly-graded Sand (SP) i
- 4 . *{ Brown, Fine 100| 4 R
R g 161, *J Poorly-graded Sand (SP) i
- 8 . * { Brown, Fine 100{ 5 R
R 190 17, Poorly-graded Sand (SP) Gray i
- 8 . { & Brown, Fine 100| 6 -
R g 191, Poorly-graded Sand (SP) Gray i
- 11 .*{ & Brown, Fine 100{ 7 R
R g 12r - Poorly-graded Sand (SP) Gray i
- 9 . " { & Brown, Fine 100| 8
R 8 191, Poorly-graded Sand (SP) Gray i
- 10 . { & Brown, Fine 100 9
R g 101, Poorly-graded Sand (SP) Gray, i
- 5 . { Fine, Lignite Fragments 100 10
B 10(34¢1, -, Poorly-graded Sand (SP) Gray, i
B 21 1.7 {Fine 100 11 i
B 19 .
R 175 31t -, Poorly-graded Sand (SP) Gray, i
2334 [ 30.0 16 - Fine 100| 12 R

contractor before use.

ACE 1836-A (DRILLING LOG) - MVM RANDY E-9-536 USACE_BELOW PIGGOTT FINAL.GPJ GINT TEMPLATE.GDT 4/17/19

Note: The SPT N-value is a field value and uncorrected. Autohammer correction values should be verified by the drilling
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Below Piggott - West Bank SFB Seepage Study

Boring Designation _ 012-BPR-10
DIVISION INSTALLATION SHEET 1
DRILLING LOG | \ississippi Valley Division (MVD)| Memphi