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Geotechnical Considerations Appendix K

1. Purpose

This appendix presents specific geotechnical study relevant to the project and future anticipated
geotechnical analysis/design. Geotechnical data was secured from various sources related to the project
site location in general and previous site related projects. SCI Engineering, INC. obtained soil borings,
with laboratory analysis and interpretation.

2. Project Features

Key features of the project include design and construction of new water control structures and a new
pump station, construction of setback with exterior berm degrade, restore historic meanders, and
reforestation. These features are designed to protect and/or enhance wetland and floodplain habitat.

3. Location

The project features are located in Pool 25 of the Mississippi River along the right descending bank
between river miles (RM) 261.1 and 263.8, adjacent to the town of Annada in Pike County, Missouri. The
description of the potential feasible project features are described in Section 3.2 and the location are
depicted in Figure 6 of the main report.

4. Physiography

The project area is located entirely in bottomland composed of alluvium. The soils on the project area
are found on 0-2% slope and are occasionally to frequently flooded. Soils at Clarence Cannon National
Wildlife Refuge (CCNWR) are Holocene alluvial deposits predominantly of the Chequest-Dockery-Carlow
association (Figure 15 of main report). Blackoar and Dockery silt loams, Chequest silty clay loams, and
Carlow silty clays compose most soils on CCNWR and their distribution reflects slight differences in
elevation and distance from the Mississippi (Love 1997). These silt and clay deposits range in thickness
from 20-30 feet above older sand and gravel deposits deposited during glacial outwash periods. Some
small sand inclusions occur within the silt and clay deposits; these are usually less than 10 feet deep.
The bedrock beneath CCNWR consists of shale and limestone of the Maquoketa Shale deposited in the
Ordovician period (Willman and Frye 1970, Willman et al. 1975). Approximately 100-120 feet of
Quaternary sediments overlie this bedrock (Piskin and Bergstrom 1975, MDC 1973).

5. Subsurface Exploration

A geotechnical study site investigation was performed on June 30, 2009 by SCI Engineering, INC. The
geotechnical report site investigation is attached at the end of this appendix, and indicated that the
borrow areas consist of high plastic clays classified CH. These soils are suitable for use as embankment
fill. Five hand-augured (HA) borings designated HA-13 through 17 and one conventional boring,
designated B-2 were augured or drilled within the vicinity of proposed site improvements. HA 13 and 15
and boring B-2 were drilled within the North unit area, HA 14 and 17 in the South unit area and HA 16 in
the River unit area.

The HA’s and boring B-2 were advanced to a depth of 6.0’ and 17.0’, respectively and samples were

obtained at 1.0’ (HA) and 2.5’ — 5.0’ (B-2) intervals in the fine-grained blanket. Split-spoon samples were
recovered using a 2” outside-diameter, split-barrel sampler, driven by an automatic hammer. No Shelby
tube samples were recovered, however, hand penetrometer test were performed value varies from 4 to
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6 KSF within the first 12.0’ and 1.0 KSF at 14.0’. The boring locations and boring logs are shown as
attachments within this appendix.

In conjunction with the geotechnical study site investigation performed by SCI Engineering, INC the
Clarence Cannon National Wildlife Refuge office secured what it seems to be part of an exploration
subsurface program done by GEI Consultant INC. The subsurface program data received from the
Clarence Cannon National Wildlife Refuge office are not complete. The borings location with the
exception of boring B-113, geotech report and some boring logs were not provided, however, the
exploration was drilled within the Clarence Cannon National Wildlife Refuge area, and were consistent
with the information collected by SCI Engineering, INC. The subsurface exploration, which includes
boring logs, is bound within this appendix section.

6. Laboratory Testing

In order to determine selected engineering properties, the following laboratory tests were performed
on selected samples recovered from the borings:

e Visual descriptions by color and texture of each sample

e Natural moisture content of each cohesive sample

e Hand penetrometer determinations of the approximate compressive strength of cohesive
samples

e Atterberg Limits test on all cohesive samples

e Grain size analyses of all coarse grained samples

Laboratory testing results are indicated on the boring profiles within the appendix.

7. Stratigraphy

The subsurface profile of the project area consists of medium stiff high plastic clay with trace organics.
Medium stiff to stiff high plastic clay with varying amounts of sand was encountered below depth of 17
feet, where medium dense sand (SP) was encountered to the depths of boring termination, at 20 feet.
The soils are typically brown and grey, medium to fine sands below brown and grey fat and lean clays
and silts, with occasional interbedded silt and sand lenses within the fine-grained blanket soils. Fat clays
were generally found between approximate elevations 443’ and 426’ NGVD. Auger refusal was not
obtained, however, borings drilled in the Ted Shanks Conservation Area, which is located on similar soils
upstream in Pool 24, refusal was observed at a depth of 92.5 feet below grade (assumed on intact
bedrock), at elevation 361.3' NGVD.

8. Hydrologic Soil Group

Using Natural Resource Conservation Service data, the soils within the Clarence Cannon National
Wildlife Refuge area was broken down into either Hydrologic Soil Group C or D. The definitions of these
groups are listed below.

Group C soils have low infiltration rates when thoroughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils with moderately fine to fine texture. These soils
have a low rate of water transmission (0.05-0.15 in/hr).

Group D soils have high runoff potential. They have very low infiltration rates when thoroughly wetted
and consist chiefly of clay soils with a high swelling potential, soils with a permanent high water table,
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soils with a claypan or clay layer at or near the surface, and shallow soils over nearly impervious
material. These soils have a very low rate of water transmission (0-0.05 in/hr).

CH classified material is considered to be impervious and are typically found in very poorly drained areas
which are occasionally flooded.

9. Anticipated Future Geotechnical/Construction Considerations

In order to complete the geotechnical analyses/design of the project features/structures, it is necessary
to assign geotechnical design parameters to the foundation and embankment materials. The design
parameters include soil shear strength parameters, unit weights and compressibility. The development
of the geotechnical design parameters is based upon soil descriptions, standard penetration (N) values,
sieve analyses, unit weight, moisture content, and pocket penetrometer and unconfined compressive
strength testing. Additional geotechnical exploration and testing will be warranted at structural
locations to provide information for the final design of critical structures/features.

Although the boring and HA information indicates that the dewatering effort should not be significant
for the relatively shallow excavations and structures, in the event dewatering is required, dewatering
methods will need to be investigated for applicability to the project.

Design allowable bearing capacity for the new pump station structure. These types of structure are
usually founded on driven piles to support the structural load and to increase the bearing capacity.

Additional geotechnical exploration and testing will be required along the proposed setback alignment
to support completion of an underseepage analyses along this embankment. This analysis should ensure
that the project can function with the design water levels and differential heads in place without
creating excess vertical gradients through the surficial fine-grained blanket.

Approval for the borrow area designations by the Geotechnical engineer. Borrow areas must be
monitored during construction to ensure that all borrowed soil is suitable for berm and setback
construction and are in compliance with the general restrictions stipulated by the Geotechnical
engineer.

Prior to placement of any grade-raise fill, all vegetation should be stripped from the surface of the
proposed embankment alignments to a minimum depth of 6 inches, and should be either disposed of
off-site or stockpiled for reuse as turfing material following grading activities. Prior to fill placement for
new embankment construction, the newly stripped foundation soils should be verified to be stable
under the applied loads of construction traffic. Any areas that exhibit excessive rutting or pumping
should be over excavated of soft or disturbed materials, and the spoils should be moisture conditioned
and recompacted to at least 90% of the material’s standard Proctor density (ASTM D698) within the
range of optimum moisture -2% to +4%.

Fill soils should be placed in maximum 8 inch loose lifts and compacted by not less than four complete
coverages of a tamper-type roller or crawler-type tractor, or by not less than two complete coverages of
a rubber-tired roller. The sheep feet shall be 7 to 9 inches in clear projection from the cylindrical surface
of the roller and shall have a face area of not less than 5 nor more than 10 square inches. The weight of
the roller when fully loaded shall not be less than 4,000 pounds per linear foot of drum length and when
empty shall not be more than 2,500 pounds per foot of drum length.
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After embankments have been constructed to finished grades, the slopes and crowns should be seeded

and turfed. If the spoils from stripping surface vegetation are stockpiled, they may be incorporated into
the upper 6 inches of embankment fill to aid in returfing. It is permissible for the spoils to be tracked for
compaction by an acceptable crawler-type tractor, with no compaction requirement for the upper 6

inches of turfing fill. Turfing is the only vegetation permitted on the embankments (as an erosion control
measure
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CONSULTANTS IN DEVELOPMENT,
DESIGN AND CONSTRUCTION

June 30, 2009

Mr, Eric Held

Ducks Unlimited

201 North Belle, Room 109
Shawnee, Oklahoma 74801

RE:  Geolechnical Report
Ducks Unlimited — B.K. Leach and Clarence Cannon Borrow Areas
Lincoln and Pike Counties, Missouri
SCI No. 2009-0198.10

Dear Mr. Held:

At your request, SCI Engineering, Inc. (SCI) performed a geotechnical study at the referenced sites.
The purpose of our geotechnical services was to explore the subsurface conditions and develop design
and construction recommendations for the earth-related phases of the project. Our services were provided
in general accordance with our proposals dated March 30, and June 9, 2009,

SITE AND PROJECT DESCRIPTION

Borrow areas are planned for sites located within the B.K. Leach Conservation Area in Lincoln County,
Missouri and the Clarence Cannon National Wildlife Refuge in Pike County, Missouri. Both sites are
located within the Mississippi River floodplain. The location of the sites is shown on USGS Topographic
Maps enclosed as Figures 1 and 2, Ficinity and Topographic Map. We understand that approximately
1%z feet of material will be removed from the sites to create a wetland. The sites are comprised of
relatively level farm fields. A pump station is planned along the riverside toe of the levee at the B.K
Leach location. Additionally, a Blue Handle Structure, consisting of a 60-inch reinforced concrete pipe
(RCP), gate and headwall, is planned for the Clarence Cannon location. The areas of the proposed
construction are shown on the Site Plans, Figures 3 and 4,

We have not reviewed, nor are we aware of, any previous studies on this specific site, by SCI or others,
that would affect the preparation of this report.

SUBSURFACE EXPLORATION

Seventeen hand-augered borings, designated HA-1 through HA-17, and two conventional borings,
designated B-1 and B-2 were augered or drilled at the approximate locations shown on the Site Plans.
These locations were selected and surveyed by Ducks Unlimited. Approximate ground surface elevations
at the borings are interpolated from the most recent USGS map, dated 1993. Detailed information
regarding the nature and thickness of the soils encountered, and the results of the field sampling and
laboratory testing are shown on the enclosed Hand Auger and Boring Logs. A Hand Auger and Boring
Log Legend and Nomenclature Sheet, to aid with interpretation of the logs, is also enclosed. Drilling was
delayed due to high river levels and flooding of the fields.

130 Polnt West Boulevard, St. Charles, Missouri 63301 ¢ phone 636-947-8200 * fax 636-949-8269 « www.sclengineering.com

SCI ENGINEERING, INC.
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Mr. Eric Held 2 June 30, 2009
Ducks Unlimited SCI No. 2009-0198.10

B.K. Leach Conservation Area

This site is divided into two portions which are the Sherman Tract in the west and the Old Area in the
east. Nine hand-augered borings, HA-1 through HA-9, as well as B-1 were drilled within the Old Area.
Alternating layers of high plastic clay (CH in accordance with the Unified Soil Classification System and
ASTM D 2487), low plastic silty clay (CL), silt (ML), and sand (SC, SM) were encountered. In B-4, B-5,
B-7, and B-8 high plastic clay was present to a depth of 3 feet below the proposed borrow area grade.

The pump station boring, B-1, encountered existing fill material consisting of soft low plastic silty clay to
a depth of 3 feet. Soft to medium stiff high plastic clay was encountered below the fill to a depth of
8 feet, where very loose to loose sand was encountered to the depth of boring termination, at 15 feet.
Borings HA-10 through HA-12 were drilled within the Sherman Tract and encountered high plastic clay
from the ground surface to the terminating depths of the hand augers, at 6 feet. As an exception, sand
(SP) was encountered at a depth of 4% feet in HA-10.

Based on the Soil Survey of Lincoln County, Missouri, issued in March 1990, the site soils consist of the
Portage clay, Carlow silty clay loam, and the Kampville silt loam. The soils are typically dark gray to
brown mottled clay and silt or silty clay loam. These soils are typically found in very poorly drained to
somewhat poorly drained areas which are occasionally flooded. In general, the soils encountered in our
borings and the information known about the site were consistent with the soil survey information.

Groundwater was observed at depths of 2 to 3% feet during the exploration within the Old Area, with the
exception of HA-6, where groundwater was not observed and B-1, where groundwater was observed at a
depth of 8 feet. Groundwater was observed in the Sherman Tract at depths of 5 feet in HA-10 and
5% feet in HA-12, Groundwater will likely be encountered during excavation. It should be noted that the
groundwater level is subject to seasonal and climatic variations, and other factors; and may be present at
different locations and depths in the future. Groundwater will likely correlate fo the levels within the
Mississippi River

Clarence Cannon National Wildlife Refuge

Borings HA-13 through HA-17, as well as B-2 were drilled at this site. The hand augers encountered
high plastic ¢lay (CH) from the ground surface to their terminating depth at 6 feet. The Blue Handle
Structure boring, B-2, encountered 3 feet of existing fill that was associated with the roadway and berm.
The fill material consisted of medium stiff high plastic clay with trace organics. Medium stiff to stiff high
plastic clay with varying amounts of sand was encountered below the fill to a depth of 17 feet, where
medium dense sand (SP) was encountered to the depths of boring termination, at 20 feet.

Based on the Soil Survey of Pike County, Missouri, issued in July 1997, the site soils consist of the
Chequest silty clay loam and Carlow silty clay. The soils are typically dark gray to brownish gray
mottled firm clay to friable silty clay loam. These soils are typically found in very poorly drained arcas
which are occasionally flooded. In general, the soils encountered and the information known about the
site were consistent with the soil survey information.

Groundwater was not observed in the shallow hand-augered borings; however, it was observed at a depth
of 14 feet in B-2. We do not anticipate that groundwater will be encountered during excavation for the
borrow areas; however, it may be encountered during the excavation for the Blue Handle Structure,
depending on its depth.
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Mr. Eric Held 3 June 30, 2009
Ducks Unlimited SCI No. 2009-0198.10

DISCUSSION AND RECOMMENDATIONS
Borrow Excavation

Based on the results of our exploration, it appears that the high plastic materials that comprise the existing
floodplain within the B.K. Leach — Sherman Tract and the Clarence Cannon site are appropriate for
containment of the water when the area is flooded. However, pervious soils were encountered near the
proposed borrow area grade in the B.K. Leach — Old Area. In this area, it may be necessary to excavate
and replace the pervious soils with high plastic clay, possibly from the Sherman Tract, to a depth of 3 feet
below the proposed borrow area grade. We typically recommend at least 3 feet of high plastic clay for
undisturbed clay liners where water bodies are created. A liner of this thickness reduces the possibility
that animals, such as muskrats and crawdads, burrow through the liner and create internal drainage issues.
Secondly, the potential for inclusion of sandy layers from the inherent variation of flood plain deposits is
less likely. As an alternative, and if the risk is acceptable to the owner, a lesser amount of high plastic
clay, not less than 18 inches, could be acceptable, understanding that there is a possibility of drainage
from the burrowing animals. It should be noted, however, the overexcavation may not be feasible unless
performed during a drier time of the year due to the shallow depth of groundwater,

Within questionable areas, such as the Old Area, SCI should be retained to probe the soils, after cutting,
to observe the depth of high plastic clay; these holes should be backfilled with bentonite slurry to ensure
the retention of water after the area is flooded. Where the clay thickness is less than the design value, the
pervious soils should be undercut and replaced with high plastic clay from the cut areas. The replacement
clay should be compacted in accordance with our recommendations below.

Site Development

Replacement fill for the borrow areas, should be placed in maximum 8-inch-thick loose lifts and
mechanically compacted to at least 90 percent of its modified Proctor maximum dry density
(ASTM D 1557). We recommend that any fill placed have a liquid limit greater than 50 and a plasticity
index greater than 20 in order to hold water when the area is flooded.

Soft soils will be encountered for this site. It is likely that soft materials extend to a depth of several feet
beneath the bottom of the proposed excavation. Based on our experience, clay soils can be excavated
with conventional scrapers down to about 4 feet above the groundwater table. Challengers, or low
pressure ground equipment can typically excavate within about 2 feet of the water table. At this point, a
trackhoe, working from a bench at an elevation a few feet above the groundwater level, can start at one
end of the proposed flooded area and excavate down to the planned bed, digging progressively from one
end to the other. Based on our knowledge of the site, it appears that a trackhoe working from a bench will
be required within the B.K. Leach - Old Area, while scrapers may be feasible for the other sites.

Pump Station and Blue Handle Structure

Excavation below the water table is likely for both the pump station and the Blue Handle structure,
depending on their depths; therefore, we anticipate that soft soils will be encountered and that pumping of
groundwaler or dewatering will be required. Additionally, these conditions could lead to instability of the
excavations. Temporary shoring may be needed to maintain a stable excavation.
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Mr. BricHeld 4 June 30, 2009
Ducks Unlimited SCI No. 2009-0198.10

Excavation Bracing Requirements

In the Federal Register, Volume 54, No. 209 (October 1989), the United States Department of Labor,
Occupational Safety and Health Administration (OSHA) amended its "Construction Standards for
Excavations, 29 CFR, Part 1926, Subpart P." This document was issued to provide for the safety of
workers entering excavations, including utility trenches, basements, footmgs, and others. All operations
should be performed under the supervision of qualified site personnel in accordance with OSHA
regulations. ;

LIMITATIONS | I

The recommendatlons provided herein are for the exclusive use of our chent It is imperative that SCI be
contacted by any third-party interests to evaluate the applicabilify of this report relative to use by anyone
other than our c]icfllt Our recommendations are specific only to the project described, and are not meant
to supercede more stringent requirements of local ordinances. They are based on subsurface information
obtained at seventeen specific widely-spaced, hand-augered boring locations and two conventional
borings within the project area; our understanding of the project; and geotechnical engineering practice
consistent with the:standard of care. No other warranty is expressed or implied. SCI should be contacted
if conditions encountered are not consistent with those described.

We appreciate the opportunity to have worked with you on this project. If you have any questions
or if we can be of further assistance, please call,

!“"""‘u
.LQ- i‘ ?f.ﬁ{s&gé" .
Ca K ot '& ’a,‘

Respectfully,

SCI ENGINEERING, INC.

Timdtly J. Barrett, B.I Markj{"f{%s PE.
Staff Engineer President
TIB/MAH/rah

Enclosures

Figures 1 and 2 - Vicinity and Topographic Maps
Figures 3 and 4 - Site Plans

Boring Log Legend and Nomenclature

Boring Logs

Hand Auger Log Legend and Nomenclature
Hand Auger Logs

Two additional col:;ies submitted.
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FROJECT NAME [General Notes/Leqend N
DUCK UNLIMITED - B.K. LEACH USGS TOPOGRAPHIC MAP
= BORROW AREAS ANNADA, MISSOURI-ILLINOIS QUADRANGLE
PIKE COUNTY, MISSOURI Ftl w E
VICINITY AND TOPOGRAFHIC MAP s
= SCALE  |"= 2000’
DRAWNBY DKM DATE JOB NUMBER [FIGURE 1 |
CHECKED BY _ TJB 07/2009 | 2009-0198.10 |MICROSOFT STREETS AND TRIPS 2007 I
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IR é = PROJECT NAME General Notes/Legend

m 5 = & DUCK UNLIMITED - B.K. LEACH @ INDICATES APPROXIMATE SOIL BORING LOCATION
S |85 - BORROW AREAS @ INDICATES APPROXIMATE HAND AUGER LOCATIONS
§ = Z PIKE COUNTY, MISSOURI AERIAL PHOTOGRAPH OBTAINED FROM
2 |8 e bnpeifearth.gasgle com/

= 8 DIMENSIONS AND LOCATIONS ARE APPROXIMATE; ACTUAL MAY VARY. DRAWING
m SITE PLAN SHALL NOT BE USED QUTSIDE THE CONTEXT OF THE REPORT FOR WHICH IT WAS
GENERATED.
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BORING LOG LEGEND AND NOMENCLATURE

Depth is in feet below ground surface. Elevation is in feet mean sea level, site datum, or as otherwise noted.

Sample Type

S8 Split-spoon sample, disturbed, obtained by driving a 2-inch-O.D. split-spoon sampler (ASTM D 1586).

NX  Diamond core bit, nominal 2-inch-diameter rock sample (ASTM D 2113),

ST  Thin-walled (Shelby) tube sample, relatively undisturbed, obtained by pushing a 3-inch-diameter,
tube (ASTM D 1587).

CS  Continuous sample tube system, relatively undisturbed, obtained by split-barrel sampler in conjunction
with auger advancement.

SV Shear vane, ficld fest to determine strength of cohesive soil by pushing or driving a 2-inch-diameter
vane, and then shearing by torquing soil in existing and remolded states (ASTM D 2573).

BS  Bag sample, disturbed, oblained from cuttings.

Recovery is expressed as a ratio of the length recovered to the tofal length pushed, driven, cored.

Blows Numbers indicate blows per 6 inches of split-spoon sampler penetration when driven with a 140-
pound hammer falling freely 30 inches. The number of total blows obtained for the second and third
G-inch increments is the N value (Standard Penetration Test or SPT) in blows per foot (ASTM D
1586). Practical refusal is considered to be 50 or more blows without achicving 6 inches of
penetration, and is expressed as a ratio of 50 to actual penetration, e.g., 50/2 (50 blows for 2 inches).

For analysis, the N value is used when obtained by a cathead and rope system. When obtained by an
automatic hammer, the N value may be increased by a factor of 1.3

Vane Shear Strength is expressed as the peak strength (existing state) / the residual strength (remolded
state).

Description indicates soil constituents and other classification characteristics (ASTM D 2488) and the Unified Soil
Classification (ASTM D 2487). Secondary soil constituents (expressed as a percentage) are described as follows:

Trace 0to 10
Some 1010 35
By Modifier 35t0 50

Stratigraphic Breaks may be observed or interpreted, and are indicated by a dashed line. Transition between
described materials may be gradual.

Laboratory Test Results
- Natural moisture content (ASTM D 2216) in percent.
- Dry density in pounds per cubic foot (pef).
- Hand penetrometer value of apparently intact cohesive sample in kips per square foot (ksf),
- Unconfined compressive strength (ASTM D 2166) in kips per square foot (ksf).
- Liquid and Plastic Limits (ASTM I» 4318) in percent.

RQD (Rock Quality Designation) is the ratio between the total length of core segments 4 inches or more in length
and the total length of core drilled. RQD (expressed as a percentage) indicates insitu rock quality as follows:

Excellent 90 to 100
Good 75 to 90
Fair 50to 75
Poor 25to 50
Very Poor 0to25

SCI ENGINEERING, INC,
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER _____ B-1
LOCATION Lincoln and Pike Counties, Missour SHEET 1 of I
— DRILLER Midwest Drilling, Inc. HAMMER _ Automatic  PROJECT NO. __ 2008-0198.10
EQUIPMENT CME-750 w/CFA ELEVATION __ 435+ DATE DRILLED 06/07/09
SAMPLE . LABORATORY TEST RESULTS
o =
= = = i A g (= g
= o = = =
= e = DESCRIPTION 2 ¥ ud > E 2zl |k | 3
E|B|y |l g s [FREk5g285(205| 2 28] &
] = D8 . (UNIFIED SOIL CLASSIFICATION) é TR = 5 4zl 2 (=]
BI1s|E|[B38| a8 o |25 C’LU“"IEVO&Z S |92 E
z o o w|2g o b 228 g (2 &
[i4 u 8 @ 5 8 E 3
FILL: Gray and brown, low plastic, clay, trace
fine sand
| I ; L
11 |ss 2 23 15 I
] : S
3 AT B e ST T — - 432
CLAY (CH): Erownish gray, high plastic, clay /
- 2 -
2 | 88 2 40 15
1 3 /
- " / - 429
6 ; /
3 |ss 3 34 30 |
| ) 7,
T " EAND (5P Brown and gray, finesand |, . . .
9 L - 428
4 | 88 1 26
B | 2
12 N - 423
] 3
5|85 4 25
3]
15 Boring lenminated at 15 feel. 420
18 — 417
WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING
80 __ ft WHILEDRILLING
. ft ___ HRSAFTERDRILLING
f __ DAYS AFTER DRILLING
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BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER B-2
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of i
f—1 DRILLER Midwest Drilling, Inc. HAMMER __Aulomatic _ PROJECT NO. 2009-0198.10
EQUIPMENT CME-750 w/CFA ELEVATION 443% DATE DRILLED 08/20/09
SAMPLE g LABORATORY TEST RESULTS
= o £
= o x| L =} [
S le & = DESCRIPTION T |2y > m g%g SIE | 8
E|m|¥|Y¥E SLE & [ZRE=EsI2Z<TaE| = (0% E
| = DE| O {UNIFIED SOIL CLASSIFICATION) 5 |5 "-TJI‘J x23Z28izdo] o [Fo} £
a 5 [ o= | 28 o |®l= DEVI =0aZ| 5 |92
2|78 e wiesl & "L T|0% g 8 13|
0|~ 0 e 8el = |*
FILL: Brown, high plastic clay, trace organics 3
1 N 3 I
3
5 [
| 1 55 4 25 5.0 L 441
] 5
ex | CLAY (CH). Brovmish gray, high plastic / i
- 3 b=
2 | ss 3 / 30 4.0
B I 5 / L 438
64— 3 Becomes brown and gray / [
|3 |ss 5 26 5.0 I
5 /
o _ / ~ 435
p 3 Some fine sand /
4 | 85 4 23 6.0
] 5 / I
i / - 432
12—] I AT T R P B = = = e e — A -
SANDY CLAY (CH): Brown and gray, high / -
plastic, sand is fine
| 3 - 429
5|88 5 23 1.0
15— — 5 -
I~ SANG (@Y. Bioim and giay e~ -4
18— -
- 3 -
8 | 38 5
7
Boring tarminated at 20 feet,
WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING
14.0 _ ft WHILE DRILLING
ft ___ HRS AFTER DRILLING
ft __ DAYS AFTER DRILLING
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HAND AUGER LOG

LEGEND AND NOMENCLATURE

Items shown in Hand Auger Logs refer to the following:
(Where shown in parenthesis, sampling and testing were performed in general accordance with applicable ASTM

standard methods or practices.)

1. Depth - Depth below ground surface (feet).

2. Field Sample/Test - Types designated by letters.

DT - Drive tube sample, relatively undisturbed, obtained by driving 2-inch diameter,
thin-walled tube (ASTM D 2937).

BS - Bag sample, disturbed.

JS - Jar sample, disturbed.

FP - Pocket penetrometer: approximation of shear strength of unconfirmed compression

fest (ksf—kips per square foof).

sV - Shear vane field test to measure strength of cohesive soil by pushing or driving a 19 ar
33 mm diameter vane, and then shearing by torquing soil in existing and remolded
states (ASTM D 4648).
Vane Shear - Bhear strength of soil expressed as the peak strength (existing state/residential strength
Strength (remolded state)
3, Description - Deseription according to the Unified Soil Classification: Description indicates soil

constituents and other classification characteristics (ASTM D 2488). A line indicates

approximate location of stratigraphic change between soil types and the transition
may

be gradual.

4. Laboratory Test Results

- Natural moisture content (ASTM D 2216).

- Dry density in pounds per cubic foot (pcf).

- Unconfined compressive strength (ASTM D 2166) in kips per square foot (ksf).
- Liquid limit (ASTM D 4318) in percent.

- Plastic limit (ASTM D 4318) in percent.

SCIHENGINEERING, INC.

USACE | Geotechnical Considerations Appendix K
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BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-1
LOCATION Lincoln and Pike Counties, Missouri SHEET ___ 1 of 1
DRILLER SCI Engineering Inc. HAMMER nfa PROJECT NO. 2008-0198.10
EQUIPMENT Hand Auger ___ ELEVATION __ 435+ DATE DRILLED 06/04/09
SAMPLE s LABORATORY TEST RESULTS
= o w = €
= [3] | a =
€l % = DESCRIPTION 2 |ZuE & YzS| S|k | B
z [Hly|&-| ¢ 2% Eolos (28| 2 oyl E
S: m =>E = 5 = bt ] S|Z6 SlswE = = 3
el e E OE| O% (UNIFIED SOIL CLASSIFICATION) i {65 x> gl En: gzl o |ED
g3 oE| H% 6 (2ISECDHTESI8E S 122 @
= ] = w o S=4l g =)
o wl=0 = |28 = |z i
w| O E =131 ’:7;
SILTY CLAY (CL): Brownish gray, low plastic /"
1 bl zﬁff 21
| 2 R | CLAY (CH): Gray, Wigh plastie ; 30
3 Foa 33
HA ////
3 / - 432
IR LY " SIT () Gray, lowiplasie 2 |
5 [ HA | SILTY CLAY (CL): Gray, low plasiic, race sand // 33
& A 4 31
[ 429
Boring terminated at 6 feel.

9 - 428
12~ - 423
15+ — 420
18- 417

WATER LEVEL; REMARKS:
o NONEOBSERVED WHILE DRILLING
2.0 ft WHILE DRILLING
o ft ___ HRSAFTERDRILLING
ft ___ DAYS AFTER DRILLING
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BORING LOG

—
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Bomrow Areas  BORING NUMBER HA-2
LOCATION Lincoln and Pike Counties, Missour SHEET ___1 of 2 [HP—
— DRILLER SCI Engineering Inc. HAMMER ___n/a PROJECTNO. ___ 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 435¢  DATE DRILLED 06/04/09
SAMPLE Of LABORATORY TEST RESULTS
g o || o N £
e A DESCRIPTION I |z & & pe=l S |E | 8
ElE|g|%E] 55 % |ERElx55285[E05 2 Rl &
& |2 e 2 (UNIFIED SOIL CLASSIFIGATION) 2 |3 BRE2B|ZR8[zR0| o (KO
8 [3|F|8%| 28 & |=REISgEE=I3Eg| 5 (32| &
- z - =0 z |Z5K| € i
alI= o @ 5851 7 |*
CLAY (CH}: Gray, high plastic /
TR / 2z
/ I
2 I'mR| |~ SITY CLAY (L) Gray, lowplasfic ™~~~ //// e
g fed ] b O 13
HA SILT (ML}: gray, low plaslic
o] © HEA (ML): gray, low p | 5
4 A [~ SILTV GLAY {CLY Brownish gray, low plastic / *
| Ry ? * !
8 | 35 14
5 L HA | % 7 -~
Boring lerminaled at B feel. i
9] - 426
124 - 423
15 - 420
18— — 417
WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
ft ___ HRS AFTER DRILLING
ft ___ DAYS AFTER DRILLING

USACE | Geotechnical Considerations Appendix K K-17



[l

LOCATION Lincoln and Pike Counties, Missouri

BORING LOG

SHEET _ 1 of __ 1

— DRILLER SC| Engineering Inc. HAMMER nfa . PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION 435+¢ DATE DRILLED 06/04/09
SAMPLE S LAEORATORY TEST RESULTS
e = o = E
£ o F wo|asa
gl N G- DESCRIPTION 2 |2 b |2 % e | B
E |8 |w| | g5 & £, E_|a2_[28x| = oi| &
o [2(a|3E| B g Pzl>e5|ZoR EUE = g
W f\—- (o 5= 95 (UNIFIED SOIL CLASSIFICATION) QE EzalZxd Zrdl O |0
B2 |F|g%| ad ¢ ko585 EE 88| 3 42| &
w|= Q| z |ZoE| 5 |& o
a| o @ |5 3l =
CLAY (CH) Brown and gray, high plastic /
ey / 22
? ] % a3t
1 " CLAYEY SAND (SCJ. Brown and gray, fine. Low A i
3 & plastic, clay v j 23
¥ ™ STV CLAY (L) Biownish gray, low plastc, 492
4 MR {race fine sand 34
] " SICT (ML): Brown and Gray, frace fine sand i
5 '] 33
N ¢ K 33
-+ Boring terminated at 6 feel. 429
9- — 426
12 - 423
15— — 420
18- — 417
WATER LEVEL: REMARKS:
MOME OBSERVED WHILE DRILLING
30 ft WHILE DRILLING
ft ____ HRSAFTER DRILLING
ft ___ DAYSAFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-4
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
Se— DRILLER SCI Engineering Inc. HAMMER nia PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __435:+  DATEDRILLED ____ 06/04/09
SAMPLE o LABORATORY TEST RESULTS
= g
£ %] = E ol Bl = =
gl & = DESCRIPTION 2 |2 > 2=l S £ | B
Blw 8| 28 & |28 Edaz |E8E| 5 S| E
oo | £ © § ElR= E 65|20 E = E <
w = ?_- oc (s {UNIFIED SOIL CLASSIFICATION) L eyl GZalLE 2 =] o
413 oS | 28 6 |EBESHEHEE<az| 5 |42 &
= ] oe w22 o o |osl| g ]
4 w |= 8 Z |20 == i
» o oh
CLAY (CH): Gray, high plastic
Y ’ // 2
LA N
T Becomes brownish gray P
| % = / # !
3 e 29
HA /
s P / - 432
4 f—
| s N // 2 i
SILTY CLAY (CL/ICH): Brawnlzh gray, medium /
5 | A | plastic / 33 45 | 22
7 Trace fine sand / i
6 [T - STE R === 34
HA SILT (ML) Brown [T
6 Boring fenminated at 6 feel. 420
9 -~ 426
12 — 423
15 - 420
18— — 417
WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING
20 ft WHILEDRILUING
ft ___ HRSAFTER DRILLING
ft ____ DAYS AFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-5
LOCATION Lincoln and Pike Counties, Missourd SHEET 1 of 1
— DRILLER SCl Engineering Inc. HAMMER n/a . PROJECTNO, ___2009-0198.10
EQUIFMENT Hand Auger ELEVATION 435+ DATE DRILLED 06/04/09
SAMPLE S LABORATORY TEST RESULTS
= i = £ |aw g g
g ] =2 & z
gl z . DESCRIPTION F |%[u > b gt S E [ §
E|B|w|lz| g5 S |Zlolz5elo5g8E| S (28| &
g | = E 9E| 8% {UNIFIED SOIL CLASSIFICATION) EEfR2g22% 246 o |E8
o | 3 a=| 48 ) mal‘om‘—'gb—-l“”gnz > a2 E
zZ i o2 wi@s & =Wl g
74 wi=0 = 25 E 5 |a ]
w| © o |20k
o
SAND (SP): Brown and gray s
THA | T 3
2 [~ CLAY [CH): Grayiah brown, high plastic 7 a0 |
3 M 30
HA
3 / - 432
4 R / 2
T 28
Y Tmemesnd %
] SIUTY CLAY {CL): Grayish brown, low plastic
3] Al / 3

& —— 429

= Boring terminaled at 6 fest,

9 — 426
12— - 423
15+ — 420
18— — 417

WATER LEVEL: REMARKS:
NOMNE OBSERVED WHILE DRILLING
35 ft WHILE DRILLING
ST .t ___ HRSAFTERDRILLING
ft ___ DAYS AFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORINGNUMBER __ HA6
LOCATION Lincoln and Pike Counties, Missouri SHEET ___ 1 of 1
— DRILLER SCl Engineering Ing. HAMMER nfa PROJECT NO. 2008-0198.10
EQUIPMENT Hand Auger ELEVATION __ 4352 DATE DRILLED 06/04/09
SAMPLE 6 LABORATORY TEST RESULTS
- o ], 2 f lowgl - £
= g E e DESCRIPTION ¥ E B = b (253 = |E. |
E 8|y Y| 85 5 |2 Bsx5s2as50E 2 (28| &
| 2| ~|2 21 Oy {UNIFIED SOIL CLASSIFICATION) Wl E Szalzpllgel| 2 Ko &
a | 3 o= =. 5] = Frif b E =0az| 5 g =
= 7] R w (S a oW 5 -1
@ W= 8 z |20 El 5 | i}
w &r O
A" Topscil i VL
1 R CLAY [CH): Brown, high plastic— // 28 |
5 N N A 2“
SILTY CLAY (CL): Brovm, fow plastic -
S [T #
32 ™ SICTY CLAY (LML) Grayish Brown, iow a2
4 E] plastic, frace sand, high plastic seam 28
5 E 29 27 7
7 | SICTY SAND (SMJ: Brown, fine. Low plastic, ciay |/ i
6 e : 30
= | B
5 Bofing terminaled L 6 feat, 429
e - 426
12 - 423
15 - 420
18- — 417
WATER LEVEL: REMARKS:
X NOWE OBSERVED WHILE DRILLING
ft WHILE DRILLING
ft ___ HRS AFTER DRILLING
ft ___ DAYS AFTER DRILLING
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=, BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA7
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
= DRILLER SCi Engineering Inc. HAMMER nia PROJECT NO, 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 435+ DATE DRILLED 06/05/09 e
SAMPLE & LABORATORY TEST RESULTS
= & [sws g
. 3] ) =9
= & = DESCRIPTION 2|2 ye | b (LB Elk | 3
E W | w —_ g £ o L5 _|n= _|Z26T 5 |o Eﬁ E
Elo|8|5E © S A b e Ll i 2 E
e | 2 55| B¢ (UNIFIED SOIL CLASSIFICATION) uEnELRSLEIZH0l o (8
4 15| |3E| 28 o M_FDM“’IE”SQZ S |22 o
= i} o2 w|QZ & =W 5 |3 =
4 w = 8 z |Z0f| 5 |8 i
w E Om
_‘ 2_‘TOP_90ﬂ ______________ 1L 1l
1 CLAY [CH: Browm, Hgh plastic, t7ace roots 7 30
7 No reals / i
2 AR 29
3 A | / 20
3 | - 432
4 A [~ SANDY CLAY (GHY. Brown and gray, figh cH
= plastic. Fine sand u
5 A | 32
6 [Fx] a8
v Boring terminated at 8 feet, e
9 - 428
12~ — 423
151 - 420
18 — 417
WATER LEVEL: REMARKS:
X NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
___ ft ___ HRSAFTERDRILLING
ft ___ DAYS AFTER DRILLING
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BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER ___ HA-8
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of A
——] DRILLER SCI Engineering Ine. HAMMER nfa PRQJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 435+ DATE DRILLED 06/05/09
SAMPLE g LABORATORY TEST RESULTS
2 [ €
5 3 o |¥|,8 RN =
s | % = DESCRIPTION ES < r Ya>| = E o
i£ W | w|Ww=| L& [ SELEla= _|FAEl 5 (651 E
Ela|8|5E| 2o 3 FZlzaglzo gzl Ehl <
B |S|z|8:| 85 (UNIFIED SOIL CLASSIFICATION) u fen HE = g g 8l o [Eo
413 oS | 48 o | & SEIOh= gEzl 5 (22| @
=4 1 oS w(@2Z B8 o=l 5 =
4 w|= 8 z |Z2G6&| 5 |& [}
7] u |2pkl -
i w
ntTopsol T/
1 A CLAY {GH): Gray, high plastic 7 24
2 g / 3
3 I : 33
HA Becomas grayish brown
3 e v / - 432
4 A / 33
1. 01 v // i
5 I'mA SANOY SIT (WL Brown and gray, Tow plzste. || [ 27
1 Fine sand - -
S Ma] 28
e Boring terminated at 6 foat. 429
g I 428
12 I 423
15 — 420
18-} - 417
WATER LEVEL: REM:ARKS:
NONE OBSERVED WHILE DRILLING
20 f WHILE DRILLING
- ft ___ HRSAFTER DRILLING
ft ___ DAYS AFTER DRILLING
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PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-O
LOCATION Lincoln and Pike Counties, Missour : SHEET 1 of 1
— DRILLER SCI Engineering Inc. HAMMER nfa___ PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 435+  DATE DRILLED 06/05/09
SAMPLE 5 LABORATORY TEST RESULTS
= 14 fromt g
E o = N |g
E |, % - DESCRIPTION I AT =2l E X | 3
E |8 |ulle| S 3 |El2Elx55(25520E| 2 (88| &
i 12|z |38 p {UNIFIED SOIL CLASSIFICATION) 5 |BlG0x2%225|2806] o [Ea| =
A 5 o=| S48 o |EFEECL-TE=8az| 5 %Z ﬁ
= e @2 w (Q o Lol g
74 w29 Z 20K = |o i
w| O [T =T 51 E -
o
CLAY (CH); Brown, high plastic /
Ay / s
2 [ / o
3 ] -
3- / — 432
4 [HA |~ SANDY CLAY (CLY: Graylsh brown, low plastic. 7 28
T Fine sand / B
i S [TA] 2 i
Bhbmd | FErRmRmm e morma e — é 30
HA SILT (ML): Brown and gray, low plastic, some | r ] | |
6 \fing sand Y 429
Boring tarminalad at 6 faet.

9 — 426
12 - 423
15— - 420
18 - 417

WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING

__30 ft WHILE DRILLING
ft ___ HRSAFTER DRILLING
ft ___ DAYS AFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-10
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
— DRILLER SCI Engineering Inc. HAMMER nfa_____ PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION 435+ DATE DRILLED 06/05/09
SAMPLE - LABORATORY TEST RESULTS
2 % & g o g
= o 3| =
£le & = DESCRIPTION 2 (B > | B2 el |3
E |8 |y |z 25 g §g§>6c05¢E§E 5 9% &
i} = ﬁ 0 O {UNIFIED SOIL CLASSIFICATION) é &] W E-j g z & g BZyw| o (EO
L =] oS | 28 o SEIBG = E“OEZ 35 g’z e
= i} R wl(2Z & Qs & u ]
[ w|= 8 z |g 8 gl 5|8 [}
7 i B
CLAY (CH): Browmish gray, high plastic, lrace /
1 T roofs 38
LW .
No roots
2 I'Fa] / EL
3 / 24
3= / - 432
4 IT [~ SANDY CLAY (CH): Brown and gray, Righ. [+ 57 18
9 plastic. Fine sand ¥ 3
5 WA ~SAND (5P Brown, e 17
6 A A I
G Boring teminated at 6 feel. - 429
8- — 428
12+ - 423
15— — 420
18- - 417
WATER LEVEL: REMARKS:
—_____ NONEOBSERVED WHILE DRILLING
5.0 ft WHILE DRILLING
f ____ HRSAFTER DRILLING
_ f ___ DAYSAFTERDRILLING
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=, BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-11
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
F—— DRILLER SCI Engineering Inc. HAMMER n/a PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION ___435+ DATE DRILLED 0&/04/09
SAMPLE 2 LABORATORY TEST RESULTS
o .
£ o |2l 4 i wg =
g & = DESCRIPTION - A > | Q%; ElE | B
ElE |y e 23 % |5 PEix5g(e55(E8E| 2 20| &
i | 27|38 ] 8% (UNIFIED SOIL CLASSIFICATION) Wlppe=g Iz £ize0| o % gl 2
L o =2 o= a o i o =) =
2 g=| 88 wOz 8"l |g28| 3 i
[ L‘;,J =0 ﬁ 385 5 jo
o
CLAY (CH): Brown and gray, high plastic /
LY / o
- I_I :
2 'K / a2
3 el 31
HA Becom /
3 - / - 432
4 HA_ Becomes brownish gray / 27 o0 | 55
5 [A] / 28
8 o 23
N A
6 Boring lenminated at & feel. - 429
9 - 426
12 - 423
15 - 420
184 - 417
WATER LEVEL: REMARKS:
_____ X___. NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
ft ___ HRS AFTER DRILLING
ft ___ DAYS AFTER DRILLING
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= BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORINGNUMBER ___ HA-12
LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
E— DRILLER SCI Engineering Inc. ____ HAMMER nia PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 435+ DATEDRILLED ___ 06/08/08
SAMPLE " LABORATORY TEST RESULTS
= ® - €
£ o (=i, 9 gLE E z
z | 2 DESCRIPTION T (glgd » |G B2s| S |E.| 8
E 8|y 4z 23 2 |3REx5s(285(50E] 2 28] &
| = be| O (UNIFIED SOIL CLASSIFICATION) g |@ aUE=a8 E mg Ze Q| 2 5o =
a S| ¥ |o& = g (=(=5E i B Qazl 3 %’E
z i} o2 w2 =] Q=W g -
@ w|= 8 2 |= ofE| 5 o m
w E Ow
CLAY (CH): Brown and , high plaslic
P {CH) gray, high pl ? -
| HA | |
2 _H.\l}_ i / 30
1 Trace sand / 0 i
Py —
HA
aH / - 422
4 I / 24
S [FA] / - |
8 IMA A 27
s 429
Boring terminated at 6 feet.

9 - 426
12— — 423
15— - 420

g -
157 - 417
WATER LEVEL: REMARKS:
NONE OBSERVED WHILE DRILLING
55 _ ft WHILE DRILLING
ft ___ HRSAFTERDRILLING
ft ____ DAYS AFTER DRILLING
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= BORING LOG

PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-13

LOCATION Lincoln and Pike Counties, Missouri SHEET 1 of 1
——] DRILLER SC! Enaineering Inc. HAMMER nfa PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 440+ _ DATE DRILLED 06/05/02
SAMPLE s LABORATORY TEST RESULTS
2 [ g P g
k) 0 L by @l =
> e b = DESCRIPTION £ (ZwE r & ga Sl 2(E. | 8
E By k] g8 JH AR
i /5|7 |%&]| 8% (UNIFIED SOIL CLASSIFICATION) 2 |BGEz2E Exg 32 2 el &
a |2 9= Ha o Sz|" W TETIeLE| 2 §Z-
= F = BiEg ° | Y 23K 8|7 |
-1 ls] @ :»815 =
CLAY (CH}): Gray, high plastic /
Iy / a8
| HA |
2 [ / -
4 - 438
s 3 m / a7
Ny / 38
5 ImA Becomes brovnish gray / %
_ — 435
| ° [ A il
= Bering terminaled at 6 feet.
4 - 432
g-
B - 429
12 -
- - 426
15 R
. |- 423
18 L
WATER LEVEL: REMARKS:
X NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
ft ___ HRSAFTER DRILLING
— ft ___ DAYSAFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Areas  BORING NUMBER HA-14
LOCATION Lincoln and Pike Counties, Missouri SHEET ___1 of 1
—iJ DRILLER SCI Englingering Inc. HAMMER nia PROJECT NO. ___2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 440+ __ DATE DRILLED _0B/05/09
SAMPLE s LABORATORY TEST RESULTS
z ™ = g
g o |x| & w oy o
= |w & 0T DESGRIPTION To(ZRY - | b (233 = £ | 8
AR % |5Ealogi25sE85 2 28| &
oW | = E 8}; 9% {UNIFIED SOIL CLASSIFICATION) ) uUlpplE=a<glgeel 2 ho 2
s |2 <l a8 o |=[55°E=ET|8%d 3 (3%
2 g =2 mizgl = | 2 [ZBz({ S|z | ®
wm| © E =k E -t
CLAY (CH}): Brown, high plastic
T A ) 7 43
— -
2 e 42
HA Becomnes gra:
N ok / - 438
3 e 44
HA /
. | HA | / |
4 A Becomes brownish gray / 42
5 o 40
HA |
- / |- 435
S b-—-—
| 8 [ A %
o Boring terminated at 6 fest.
& - 432
9 N
. - 420
12| -
| - 426
15— B
E - 423
18— L
WATER LEVEL: REMARKS:
X NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
ft ___ HRSAFTER DRILLING
ft ____ DAYS AFTER DRILLING
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= BORING LOG
PROJECT Ducks Unlimited - B.K. L each/Clarance Cannon Borrow Areas  BORING NUMBER HA-16 |
LOCATION Lincoln and Pike Counties, Misseuri SHEET __ 1 of 1
—i DRILLER SCI Engineering Inc. HAMMER nla PROJECT NO. 2009-0198.10
EQUIPMENT Hand Auger ELEVATION __ 440+ _ DATE DRILLED 06/05/09
SAMPLE S LABORATORY TEST RESULTS
- = E g L=y g
= (4] L4 by [a] -
g o DESCRIPTION F |z|wd > 22l £l | B
E Wlw | We| 25 5 §EE>-—-C“:'E1:E""E - 8| E
£| Bw a5|20F|5W = <
B [2|¢F |82 3% (UNIFIED SOIL CLASSIFICATION) 2 |BGEx2EZ22|2K0| o o €
o |3 o= | A8 3 5E CESEESIBEZ| 5 Z| W
= & = wiedl = |'Z 1228 3 37| &
w| O i :8;5 i
CLAY {CH}; Gray, high plastic /
=Y / 39
2 [ / 0
1 - 438
3 ] / o
3 L
4 A / 3
5 o / 39
4 — - 435
B S
. A A 40 85 | 53
Boring terminated at & feat.
E - 432
a9 L
1 -~ 429
12~ -
1 - 426
15 L
E — 423
18 =
WATER LEVEL: REMARKS:
X NONE OBSERVED WHILE DRILLING
P ft WHILEDRILLING
. R __ HRSAFTERDRILLING
f ___ DAYS AFTER DRILLING
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PROJECT Ducks Unlimited - B.K. Leach/Clarence Cannon Borrow Arcas  BORING NUMBER HA-16
LOCATION Linceln and Pike Counties, Missouri : SHEET 1 of 1
— DRILLER SCI Engineering Inc. HAMMER nia PROJECT NO. ___ 2008-0198.10
EQUIPMENT Hand Auger ELEVATION 440 DATE DRILLED 06/05/09
SAMPLE | LABORATORY TEST RESULTS
= o £
£ o |%|,3 ald G = =
Sl z = DESCRIPTION £ BT » G z= S (E | 8
E 8|y Y| 22 g |2RExEelezolE0E| 5 (oK &
B |28 |88| 8% (UNIFIED SOIL CLASSIFICATION} 2 |G|GEE2%22%|2¢0| o |EB|
S|F|8E| 28 & |=[2E[CGEEE=GEZ| 5 |22 E
212|787 =8 wiegl & |Th 1228 3 |27 4
[5] -
7] H‘.l 26k
CLAY (GH): Gray, Figh plastic Py
1 Fan / 43
| HA |
2 s
HA /
/ 438
3 b / a7 71 | 43
a4 | /
4 / 47
5 oo / 40
1 - 435
6 TR A 36
5 Boring terminated at 6 feet.
R 432
9- L
- — 429
12 =
- - 425
15 o
. - 423
18 =
WATER LEVEL: REMARKS:
X NOMNE OBSERVED WHILE DRILLING
ft WHILE DRILLING
- ft ___ HRSAFTER DRILLING
ft __ DAYS AFTER DRILLING
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= BORING LOG

PROJECT Ducks Unlimited - B.K, Leach/Clarence Cannon Borrow Areas _ BORING NUMBER HA-17

LOCATION Lincoln and Pike Countles, Missouri SHEET ____ 1 of 1
= DRILLER SCI Englngering Inc. _ HAMMER ___ n/a PROJECT NO. ___ 2009-0198.10
EQUIPMENT Hand Auger ELEVATION 440+ DATE DRILLED 06/058/09
SAMPLE o LABORATORY TEST RESULTS
Z 3 g
g o |x o¥F -
i g | ue DESCRIBTION £ |2 W > & w %5 S|t | 8
E |G| w E . < o 5e o2 -|zaEl I oy E
Ela |l £| ZEo Ed Pz>B%|255EWk 2 E
i [2|F|Be| 9% (UNIFIED SOIL CLASSIFICATION) WlpbEz 8 gm 21Zgv| o |Ea
g 15 8&| a8 6 |2|8E0FSEE=0F= 5 2z @
= o oe w22 & i 54l g =
zr s G |58 £l = . i
o
CLAY (CH): Gray, high plastlc
! [ER] // 4
2 ol 39
HA /
. / - 438
3 39
| ? / _
4 A / 39
5 [F] / 3
4 1 / - 435
Y 4 %
9 Boring lerminaled at 6 fesl.
. - 432
9 L
- - 429
12— E
- - 425
15 -
- — 423
18- -
WATER LEVEL: REMARKS:
X NONE OBSERVED WHILE DRILLING
ft WHILE DRILLING
_ ft ___ HRSAFTER DRILLING
ft ___ DAYS AFTER DRILLING
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IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL REPORT

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.
While yon cannot eliminate all such risks, you can manage them, The following suggestions and

observations are offered to help.

Geotechnical Services Are Performed for Specific
Purposes, Persons, and Projects

Geotechnical engineers structure their services to meet the
specific needs of their clients. A geotechnical study
conducted for a civil engineer may not fulfill the needs of a
construction fractor or even civil engineer.
Because each geotechnical study is umique, each
geotechnical report is unique, prepared sofely for the client.
No one except you should rely on your peotechnical report
without first conferring with the geotechnical engineer who
prepared it. And no one—not even you—should apply the
report for any purpose or project except the one originally
contemplated.

Read the Full Report

Serious problems have oceurred becauss those relying on a
geotechnical report did not read it all. Do not rely on an
executive summary. Do not read selected elements only,

A Geotechnical Report Is Based on a Unique Set
of Project-specific Factors

Geotechnical engineers consider a number of unique
project-specific factors when establishing the scope of a
study.  Typical factors include the client's goals,
objectives, and risk management preferences; the general
nature of the struclure involved, its size, and ils
configuration; the location of the structure on the site; and
other planned or existing site improvements, such as access
roads, parking lots, and underground utilities. Unless the
geotechnical engineer who conducted the study specifically
indicates otherwise, do not rely on a geotechnical report
that was:

*  not prepared for you,

*  not prepared for your project,

+  not prepared for the specific site explored, or

*  completed before important project changes were

made,

Typical changes that can erode the reliability of an existing
geotechnical report include those that affect the;
*  function and character of the proposed structure,
e clevation, configuration, location, orientation, or
loading of the proposed structure,
*  composition of the design team, or
*  project ownership.

As a general rule, aflways inform your pgeotechnical
engineer of project changes—even miner ones—and
request an assessment of their impact,  Geotechnical
engineers cannot accept responsibility or liability for
problems that eccur because their reports do not consider
developments af which they were not informed.

Subsurface Conditions Can Change

A geotechnical report is based on conditions that existed at
the time the study was performed, Do not rely on a
geotechnical report whose adequacy may have been
affected by the passage of time; by man-made events, such
as o ion on or to the site; or by natural
evenis, such as floods, earthquakes, or groundwater
fluctuations. 4hways contact the geotechnical engineer
before applying the report to determine if it is still reliable.
A minor amount of additional testing or analysis could
prevent major problems.

Most Geotechnical Fi
Opinions

Ii £5 Are Professi 1

Site exploration identifies subsurface conditions onfy at
those points where subsurface tesls are conducted or
samples are taken. Geofechnical engineers review field
and laboratory data and then apply their professional
judgment to render an opinion about subsurface conditions
throughout the site. Actual subsurface conditions may
differ—sometimes significantly—from those indicated in
your report. Retaining the pgeotechnical engineer who
developed your report to provide construction observation
is the most effective way of managing the risks associated
with unanticipated conditions.

A Report's Recommendations Are Nof Final

Do not overrely on the construction recommendations
included in your report.  Those recommendations are not
final, because geotechnical engineers develop them
principally from judgment and opinion. Geotechnical
engineers can finalize their recommendations only by
observing actual subsurface conditions revealed during
construction.  The geotechnical engineer who developed
Yyour report cannot assume responsibility or Hability for the
report's recommendations if that engineer does not
perform construction observation.
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A Geotechnical Report is Subject to
Misinterpretation

Other design team members’ misinterpretation of
geotechnical reports has resulted in costly problems.
Lower that risk by having your geotechnical engineer
confer with appropriate members of the design team after
submitting the report.  Also retain your geotechnical
engineer to review pertinent elements of the design team’s

information available to you, while requiring them to at
least share some of the financial responsibilities stemming
from unanticipated conditions.

Read Responsibility Provisions Closely

Some clients, design prof Is, and s do not

recognize that geotechnical engineering is far less exact
than other engineering disciplines.  This Jack of

plans and specifications. Contractars can also misinterpret
a geotechnical report. Reduce that risk by having your
geotechnical  engineer participate in  prebid and
preconstruction conferences, and by providing construction
observation.

Do Not Redraw the Engineer’s Logs

Geotechnical engineers prepare final boring and testing
logs based upon their interpretation of field logs and
laboratory data. To prevent errors or omissions, the logs
included in a geotechnical report should never be redrawn
for inclusion in architectural or other design drawings,
Only photographic or electronic reproduction is accepiable,
but recognize that separating logs from the report can
elevate risk,

Give Contractors a Complete Report and
Guidance

Some owners and design professionals mistakenly believe
they can make contractors liable for unanticipated
subsurface conditions by limiting what they provide for bid
preparation.  To help prevent costly problems, give
contractors the complete geotechnical report, but preface it
with a clearly written letter of transmittal. Tn that letter,
advise contractors that the report was not prepared for
purposes of bid development and that the report’s accuracy
is limited; encourage them to confer with the peotechnical
engineer who prepared the report (a modest fee may be
required) andfor to conduct additional study to obtain the
specific types of information they need or prefer. A prebid
conference can also be valuable. Be sure contractors have
sufficient time 1o perform additional study. Only then
might you be in a position fo give contractors the best

derstanding has d listi p i that
have led to disappointments, ¢laims, and disputes. To help
reduce such risks, geotechnical engineers commonly
include a variety of explanatory provisions in their reports.
Sometimes labeled “limitations,” many of these provisions
indicate where geotechnical engineers responsibilities
begin and end, to help others recognize their own
responsibilities and risks. Read these provisions elosely.
Ask questions. Your geotechnical engineer should respond
fully and frankly,

Geoenvironmental Concerns Are Not Covered

The equipment, techniques, and personnel used to perform
a geoenvironmental study differ significantly from those
used to perform a geotechnical study, For that reason, a
geotechnical  report  docs  not  usvally relate  any
geoenvi tal findings, conclusi or
recommendations; eg, about the likelihood of
encountering underground storage tanks or regulated
contaminants. Unanficipated environmental problems have
led to nmumerous profect failures. If you have not yet
obtained your own geoenvironmental information, ask your
geotechnical consultant for risk management guidance. Do
not rely on an environmental report prepared for someone
else.

Rely on Your Geotechnical Engineer for
Additional Assistance

Membership in ASFE exposes geotechnical engineers to a
wide array of risk management technigques that can be of
genuine benefit for everyone involved with a construction
project,  Confer with your ASFE-member peotechnical
engineer for more information.

The preceding paragraphs are based on information provided by ASFE,

ASFE

8811 Colesville Road, Suife G106
Silver Spring, Maryland 20910
Telephone 301-565-2733  Facsimile 301-589-2017
Email info@asfe.org  www.asfe.org
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APPENDIX
DETAILED SOILS BORING LOGS [
LABORATORY TEST DATA [
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£ U.S. FISH AND WILDLIFE NG PUMP HOUSE
ok ‘: SERVICE CLARENCE CANNON N.W.R.
&
8|2 GEI Consultants, Inc. PROJECT NO., 94099 MAY 1994 |FIGURE 17
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GROUND ELEVATION (NavD) omeeee sy 1 DC O
amounowaren e [2°8°  pare 5} “jqq Loagen sv__IKTS  voraL oerTHiFm26:0 Jpa. | o
EL. DEPTH SAMPLE Qo
TYPE [BCOWSTPRNTREC | REMARKS E‘g‘ SOIL AND ROCK DESCAIPTIONS
FT. FT. °u"o. :EIH IN. | IN. =
el o
L ] S-1n LeaN CAY! HOMOGENEDUS ]
L 1 MepioM T Low PUASTICTY w10/ 5
L ] FinE oAND, STIFF, ROOTS wood -]
" \ | Preces N ToP PART of SamPE, ]
. - -5 [ | BRowNJGRAY, SLL MoIST, (D) R
o g-1176  |jg | 1% N —
N 6 60 X @f = 275 J;Sf o
N \ 4
- p Q- LEAN SAadY cudy: HOMOGENEOUS 3
- ] MeD. ™ Low PhsTICITY, VO] FINE —
" [ | skD MEDILM STFF TO 4TIFF, ]
C 5 45 S et Jarny, Sti. MOIST. @ £y 4
:!O 2.0 qq 1% 12 b . f5 'b{ =
- | .0 NI X
~ A
. W0 et | N V-1t LEAN CLKY L SIMILKR TO $-2
L : 27 127 = . - "
[ U1 |PUsH 1 \\ (_CL) .
- lu-25 ] -
- 15 2 B | §-3: LeAN CLAY . SIMILAR TO S-27
r S31% N s R —
= 2 158 MEDIUM STIFF, (_C L) E
= y S (QP = [0 N
L N | 5o 1 Leaw mamvy dAy SIMILKR TO $-11
C MepwM sTIFF, (eb) 3
B 11-5 N Qe =10 te -
L. 0 i i P ]
[ §=4 2 18118 o
C 210 \\ G-F SiLTY SAND! FImE mHEDIUH:
o | | 5AND,ROUNDED =~ 12 7o~ Alor -
- n M pwsTie  FenES, <5, FINE 7]
B M | GravEL, v. Lo0SC TO LOOSE, BROWN,
L 245 g 5 weT, (su- -‘SM) ]
:‘25 552 |18 |18 Rab SKS / i
-8. 0‘5 : 260 U{E%Ea 'fﬁ -
" 10 o
BLOWS PER & - 40 LB KAMMER FULLINS 30 TG DAVE WOTES:
A 1O1MCO IMLIT SPOON JARPLIR
porroemuros Lawmicr sunmoncone et | |, CME 850 TRACK RiG sy 94099
ROO-LINGTH OF SN CORES SANNINTH CRD.K | ) ORSERVATION WELL INSTALED | pare prosEcT
T LS - COTINREAS ¢ OE! Consultants.Inc.
gcmmnn [T ]

USACE | Geotechnical Considerations Appendix K K-41




DATE START fﬂHiSHﬂB/qu ! 5‘/31@4

aoriNG LocaTioN Cl. CANNON N R. 8110
QROUND ELEVATION {NGVD) omuen sy C 1 PEO
anounowaren L. A% oate 5/3/94% _ Losaro ey 15 toraL oertuirm_21:Qpa. 1 oF |
£L. | DEPTH SAMPLE ©
—TTY-P?FWS PORREC| REMARKS (28 SOIL AND ROCK DESCRIPTIONS
and | PER ==
FT. FT. | wo. | 81N 1§ IN S
-’ ~J5-|: LEAN CLAY: HOMDGENEOUS, 1
[ | wepiom pLastiermy, < S/ Fiwe
[ N SAND, MED. &TIFF To STiFF, dam’l.:
[ o, MoisT.  (ev) i
- e N - 15 ts -4
- we' N ®pel { .
s EELS E
[ 58 B | . s -
F a1l i 18 “JUe1 LEAR CY -
- : 7 h | SIMILAR TO S/, (cL) e
_ d E
n 80 ]
. ™ a9 AY » HOMOGENEOUS, 4
L Y- | PUSHI LT 27 J -2 LEAM CL Y oat” on, .
C Mgp. To Low PLASTIENTY, -
L 10 , : ]
- - 55> N fys #6NT, MEDIOM STIFF, GRAY
§ -2 13 1% 118 - \\ St . pMo1sT. QCL> :
— L @r: 15 +5T .
L N -
- 3 n
C 7 5. L CLAYEY 4iLT : HOMDGENEOUS ]
19 AN Low PIASTICITY , 28/ AHE T wrgviomt
L e.3 1 55 / SpAND RouNDED, COARSING WITH g
" “, H i . - ’ . L i
L 4 il 170 / DEPTH | MED. &TIFF, GRRT | WET (<L A1) .
C A g-u: sty SN MOSTL MEDWM ]
o ‘| aanD, ROUNTED, 2)- e/, Low Pubsnent -
-0 / FINES, v 107, it GRMEL , ROUNDEP,
. eyl l1e |18 s |l MAY Yy INCH, MEDIVM DENSE, GRAYTD -
- : 220 V4 BROWN , WET: (sM) b
- a-51 SILTY 2aND SiMILAR TO Sey ]
- / 5™ 3
(o) E
t 155 5
C 5%, |is |2 vl ;
- L n7.0 6,061 -
- 3o ..
Wow A v L e Tmin [T
P EN~ PIMETRATION LINGTH OF SAuPLIR OR cong wammel | 1. C ME 50 TRACK RIG . 5/3}&“‘. qyu 044
R C- RECOVERY LENETH OF 3AmPLE g .
we0-Luwer ”;’T'z:mbammcm.% o . BoRING BACKFILLED WiTH |oare e
;“’ wane 3:.:::;:‘:::- SkND. @GE‘[ Consu'lt:'n_u.lnc.
qrRouURCATER . £ I

USACE | Geotechnical Considerations Appendix K

K-42



BOAING LocATION CLARENLE CANNDN HWhoare start /FNISH 5;'03-;"‘“‘!; 5/0?—‘,"‘7"’ a3
GROUND ELEVATION (NGVD) omLLED By SENTRAL 11LINOIS DRILING

onounowaten L. 10: 9 oare 5}-'11‘!‘!4 Looaeo sv__KTS  toraL oepte(rm 260 1pa | or |

. | oepTh SAMPLE M
TYPE [GLOWS|PIN]FEC| REMARKS |38 SOIL AND ROCK DESCRIPTIONS
r | e (938 Ll g
=] ™ .
N S |1 FAT SANDY cUY! HOMDGENE oUS,
v AMEDIv T HiEH PL.&B','”C'TY) :
N | 10-18/ FINE SAND, MEDIUM -
L | snfF, GRAY SLIGHTLY MOIST,
7 5 N ‘ (.CH) Qp=10 'tsF -
5 We| s, | 8|16 2 3
2 , :

o N G- 2 FAT SANDY cAY: HOMDGLENEDUS, 7
|| meorv T H16H PLASTICITY |o-zo/‘:
N FinE sAND, MEDIOM STIEF, GRAY - 4
= o _ -
s 35 N sugrTiy moisT. (<H) 4
1o s § 5 % -]
SYRNIE NETERCER r
o : .
P\ 3
S-3 1 par 34~y €Ay SIMULAR TO S-24
I i -
QTN (eH)  Qpz OB Isf )
= -2 N -
15 Is-3 3, (8|18 N p-i1: FAT sanpy eyt SIMILAR TO 527

60 N e &p - 139 158

LIS 1 v 0 L B (L L L LA B L LN B LA B L L B LA B LI

] S. 4t LEAN UMY L HOMOGENEOUS

low ™ MEDIUM pasTic 1Tl <15
FINE SAND, MED. STIFF, GRAY, SLI.

20:0 \J MosT. G.L—) -
| ®p: 129 212 E
‘N ) i
‘ | g5 Lean mamdy ey
2.5 N HoMGGE’*-’EU”’, L‘ON. ) i
25 55 ?‘13 12 [1€ N | o MeD. PLASTLEITY wgol, FINE =
2% 6.08. | SAND, MEp STIFF, GRAY, MoIsT. -
(CL) 7
Qp = 015 éaf -
30 .
u.m_rﬁ_l'-_mur:;?uuuw‘mm. NOTES:
numr::&;rmo::sﬁh’.::;w::mm 1. LME 850 T.P..’cd:\ g, 5/2[‘]’;_' 94094
R LI OF SOND CORCS 3.1h./LDWTH COmED, % 2, WATER AT 127, aie preT
A ikhes  UF-FIXED METON 3. OBSERYATION WELL GEl Consultantat
T UG- GITERRERE " INSTRLLED, Q onsu __n- Jne.

USACE | Geotechnical Considerations Appendix K

K-43




p———

6 o1 62 S've 0'92-5've (10) Aet Apuesg uea SS eLg

2 2 IS g'62 STEL-0LL (RO} Ae1D Apues 24 N giig

se LL 25 Z'Ie 09L-S'¥L (H0) AeiD Apueg jed €S eLig

zr Ll 65 gze 09sY (HO) Aei0 Apues 184 IS £Lig

02 61 6E 92 09-SY (10) Aej uea s chig

i ee 55 Zve SLELGLL (HO) AeiD Apues e t-n LLig

1 64 yio] 9’52 S0L-0'6 (10) Ae1D Apues uea s Lhrg

9 65 52 - 0'LL-SGL (IW-10) WS AaherD £S oLLg

6l [k or §Le 0250t (10) Al uea) Zs oLg

gl 12 St 9'0e Sz01-0'8 (10) Aey uean N oLig

0z =] 8 8E Lve 0LSS (10) AelQ uesn LS oLig

dN = & - 0'92-5'v2 (Ws-ms) pues Alis S-S 601€

€e €2 oy 0'6e 01256} (19} AeiD Apueg uean) 8 6018

et £2 ge 122 SZrL-02l (10} Ae| uea kN 60kd

i St L€ 0'1g 0456 (19) Aej0 Apueg uea] 2s 6018

dN - . - 0°12-56L (Ws-Ms) pues S goLg

62 2 £S 9'€e STYL-0eh (HO) Ae10 1ed N soig
102 (10} AejQ fipues uea 8019

(%) uspuo uojidiosagd sjdwes ColeoN
e [BIN)E e ‘|- eloyasag

SINILNOD HILVM TVHNLYN ANV SLININ DHIEHILLY - €70 319VL

39N434 I41TATIM TYNOLLYN NONNVI JONIHVIO

103rodd S3LLTIDV4 1S3IMAIN SmdsSn

SATdNVS TTI0S

K-44

USACE | Geotechnical Considerations Appendix K




[ poer Aopy

T Mon 6 L3200,

.U\.\.Nu _.Hb..(_\h\\.h wcmw HW\W

| 2000LE pyy
i oavavies ‘@rrgy
LaAvw D \.\L_kah rad ONIED P20I3XT2 Dorpagg ALy AN psey S
o 17 LW aindin
%N_ ol aor 06 o8 oL 09 oS o og 0oz ol 0
] b °
A yd
ol P \\ ol
A /)
an
02 - Toa— 02
os iiw\vi\. : \| — —oe
M I\{l . \\\\ I [—
{o2-711)€20=z1d 3ANNM-V
o¥ S \N PSS A S S Y - ov
. (8-11) 60 =1d 3NIT-nN :
] ‘Rl 1 1 1 1 L 1 1
\
\ \ 11
06 P d 7 0s 00% ©00¥ 00f ©0OZ OO °,
v n “Y
\N]I. S [N (E—— L —
09 \\\ ] N \\\N, oot
\\ 09 o= \\h 14
aox
.\\ \\. pd
oL : o vd
0zi o ool 06 08 oL 09 os t v on oot

ALIotisvyd

' x3aN!

ld

K-45

USACE | Geotechnical Considerations Appendix K



120 3dNOId v661 "AVIN 660¥6 LO3rodd
o'l - .56l HNOSSIN
¥-s/e018

IAUND 3ZIS NIVHD

YMN NONNVO 3ONIHVID

*ou| ‘sjueynsucd A9 ¢

OUVHO100 'H3ANIA
J01AH3S 341107M ANV HSId 'S

1HOIIM A8 ¥3ISHVOD LN3DYW3d

] ¥i
_ AV12 YO LIS t LHL vadan 5318802 _
SHILIAITIUW 3ZIS  NIVYO
1000 $00'0 100 $00 10 s ol 005
ool “ 0
06 i ; i ol
4 H v
o8 t / : oz
| m
oL _. os
\ :
h
09 ; -ob
[]
os \ os
=i e
or - __ : ; o3
(WS-MS) ANVS i '
] i
o8 ] : | oL
1 1} L}
! 1 m }
0z m ' N . ! 08
H I\ i :
m : i
01 ; /// r 06
; )N i I
0 i, } et f ool

HILINWOYAAH

[ L L i1 1
OM O OL 0G OV OF OZ Sibl OB 8 b € o % ¥
SHIANON 3A3IS QHVANVLS ‘SN

S3HONI NI BNIN2JO 2A31S QUVANVLS "S1

K-46

JHOIZM A8 Y¥3NIZ IN3IDH3d

USACE | Geotechnical Considerations Appendix K




: i 61 'AYW 6606 1LO3rOHd .
220 3HNOId +6 ouj ‘'sjueyNsuo) 139 P
09 - SFb IHNOSSIN :
6-5/8018 OUVYHOT0D 'H3IANIA
3IAHUND 3ZIS NIVHD HMN NONNVD JONIHYIO 3DIAHIS 34IMTTIM ANY HSId SN
_ Av1d WO 111§ GHve TIAVED $378802 _
SHILIWITUN 3IZIS NIvHo
1000 S00°0 10°0 S00 10 50 S ol 0s o0l 005
oo il ._ " 0
; 1
06 - ///» _ " ol
08 ! y.ﬂl 02
o r“ '
oL M. / ot
Q A :
2 ” \ :
= o9 =11 =111 -0b
Le] ! _r 1
o | '
B | :
& oS ) 0§
m ' .
a ] ! i
o 1 H [
< 0Ob 1 ' 09
£ (ds) anvs A !
- \ ﬁ
.mu_ Ot ' + 1 0L
: ! A ;
0z i t \ ! d o8
ol C 06
0 “ } 4 L t —+ 1 M 1 M M b 1
002 OM 001 OL 0S Ob O OZ 91bl 018 9 b € o & w | wt cr o oot
H3ILIWOHAAH SHIENNN JAIIS CUVANVLS ‘SN SIHONE NI DNINIJO JA3IS QHVANYIS 'S

K-47

LHOI3M A8 H3NIJ LN3IDH3d

USACE | Geotechnical Considerations Appendix K




£20 3UNOld _ 661 "AVIN 660¥6 103r0Hd o,
i ouj ‘spueNsuo) 139 @
002 - §¥2 IHNOSSIW
5-5/6018 OQVHOTOO ‘H3ANIA
3AHND 32IS NIVHD HMN NONNYD JONIHY1D SOIAHSS 34ITGTIM ONY HSId 'S
I FIE] [ niGIn  [35avool 3N ] 358v00 |
2
_ Av12 WO 17IS _ S i T ! $37880
SY3ILINITUA  3ZIS  NIVHO
1000 5000 100 so0 10 c0 ' g ol os ool 00§
oot _ ; Y 0
i m
06 AN i " ol
08 ./// : ot
0 / h
m oL i 0%
a \ L
m
z / ' !
- 09 H \ ' or
o i !
> M
5 0s / 05
m Ll .
o Y +
m 1 " H
- 0ObF r t 1 09
£ (WS-MS) ANVS ALTIS \ ! " !
m \ ! '
@ ' r
m o]} ' i " oL
' Py : '
L H h H A
02 ] 1 N H 1 o8
u_ 1IN “ m
) 1 N ; K
at : i 06
m \ a. It
0 | it L -ttt =114 i [s]s]]
00Z OV OO OL 05 O¥ OE 0Z 9Ibi 018 9 ¥ € & % % ! ¥t &7 ¢

YILAWOHOAH

SHIANNN 3AJIS CQHVANYLS SN

SIHONI N1 ONIN3JO 3A3IS QUVANVLS ‘SN

LHOIZM A8 H3INI4 LNIDH3d

K-48

USACE | Geotechnical Considerations Appendix K




¥'20 IHNDId v661 ‘AYIN 660¥6 103rOHd . .
ouj ‘syueynsuo) |39 ¢
021 - 501 1HNOSSIW
z-s/oLid 0avYHON00 "H3ANIA ..
3AHND 3Z!S NIVHD HAMN NONNVO FON3HVIO JDIAHAS I4IA UM GNY HSIH SN
| EITIE] | WNIG3IN__ | 3Suvod] ETTE] [ 35uv0d |
_ AV1D w0 LIS _ STV t L | s3n8s0 _
SH3LINITTIA 3ZIS NIvHO
1000 5000 100 SO0 10 50 1 5 ol 0s ool 00%
o H " -0
il - A SO DU I I
! )
06 ; “ ol
08 | ! . _ 02
- m _ m m
m oz ; " n : og
ﬂ — i | H H
z T " : !
N S : ' o
(9] / 1
<] = 4
= N
T
n 05 A + oS
> N * i
® N i .
< OF + p 09
]
m “ ! !
rM oE /A/l ; m oL
I avo |\ : ! : !
oz N 1 t ] o8
A : : :
AN
ol AEH 06
\! :
T !
0 1§ PR g L Ly L UL L “ ool
002 OW OO0l OL 05 OP O 02 9Pl GI8 9 ¢ & & ¥ % 1 L T € v ¢

HILIWOHOAH SHIANNN 3AIIS GHVANYLS ‘SN SIHONI NI BNIN3JO 3A31S OUVANVLS ‘SN

K-49

LHSI3IM A8 H3NIJ LN3DOM3d

USACE | Geotechnical Considerations Appendix K




-ou| ‘spueynsuo 139 o

J0IAY3S 34INATHM GNY HSIH SN

0avHO100 ‘"3ANIA

§'¢0 3HN9Id Pe6L "AVIN 660%5 LOArOHd
0Ly - SS) IHNOSSIN
€-s/0119
JAHND JZIS NIVHD HMN NONNYD 3ONIHVTO

LHOIIM AB H3ISYVOD LN3DYH3d

[ _3NiJ I PINIGAN ] 3suv0D] ELTE] [ 35avod__|
_ AVI12 WO 1OIS t —TVE I EETUTT { $3718802
SH3LIWITTUIW  3ZIS  HNIVHD
1000 5000 10°0 SO0 10 50 | G ot 05 00l 005
ool T ' o
i :
06 g ¥ ol
—] m .
oe ~d] 4 oz
N q
- J __. .
oL N i o€
09 \ ; —{==H === ov
N\ | "
0% ' os
L H
N H : H
PO PE— M 3 1 09
(W-10) LUS AJAVID | N " m
— N{ : :
o€ N _" | oL
| ! 1
02 ABILN i m ; 08
: ¥ i
ol ._ AR " 06
: Rn ¢ H
H . 1 i
h L L 1 1 11 1 1 ' H L L I
() t 1 1 1 T —t 1 1 T T Sl | ) T ) [a10]}
00Z OV ODI 0L OG O O O2 Sivl OIB 9 F € % % % | R €r ¢

H3ILIWOHOAH

SHIANNN 3A3IS QUVANYLS SN

SIHIM N OHINALO 3A3IS CHVANVIS ‘SN

LHOI3M AB ¥3Nid LN3DOH3d

K-50

USACE | Geotechnical Considerations Appendix K




- ; 660r6 LO3rOHd ‘
620 3dnOld BOEK IR “ou] ‘sjuBNSU0Y 139 P
091 - 51 IHNOSSIN
£-s/eLig 0avd0o100 "W3ANIA.
3AHND 3ZIS NIVHD HMN NONNVD JONIHY10 3DIAY3S F4I1ATM ANY HSI4 SN
3N | WNIG3IN__ [ 3SHVOD] 3INE__ | 358v00 |
_ Av12 wo LS _ Ve — s | s39e00 _
SHNIALINITUW 3ZIS NIVHO
1000 S00°0 100 SO0 10 50 | S ol 0s oo 005
oot | 7 o
—|Li- H
| .
06 : ._ ot
08 | e 0z
] .“| _
o '
oo 1= 0%
0 H
M ]
-4 H @
= o9 . ob
2 ™~ —
> Jﬂ/
@ 0% | 0S5
m Y i !
s -l " i “
m ™ \ ¥ -
=< 0Ov 1 \ H a9
M "N, : ! m _
ip N[ (HO) AVIO AGNYS Lvd : i i
x O0f ! v ! Y i oL
= ™ : ; H H
1 ¥ 3 =|-}1
N ! ! !
0z _ ~— : : “ 08
t s T
; ™ H 3
o1 _" g m m 06
: mon i 1
0 1 1 1 N T T 3 N N | N ! m i
1 } { } t +—4 T T L] L T 1 T T 1 o0l
OCZ OMIOOI OL 05 Ob O OZ 9Ibl CI8 9 ¥ € w ¥y & I tiz cr 9
H3ILINONOAH SUIAWNN JATIS GHYANYLS ‘SN SIHONI M OHINIHO 2AIS GHVANVIS ‘SN

K-51

LH9I3M AB H3NIJ LN3IOH3d

USACE | Geotechnical Considerations Appendix K




01720 3UNDI 661 'AYN 660P6 LO3NOHd
09 -SYe IHNOSSIN
S-s/€iid
IAYND JZIS NIVHD HMN NONNYD SON3EYIO

"ouy ‘siueynsuo 139 O

OavHOTI0O 'U3AN3A
S0IAHIS 3410 TM GNY HSIA SN

IHOIIM A8 ¥3IS¥VOD LN3DH3d

AMaSA__[350v00
_ AVI2 WO LIS __ ~dHLd _E:_m 3N_1ax __ ELIE] Ju..,_,_.ucmmzqou “_ $318802 ﬁ
SHILAWITUW 3IZIS  NIVu9
1000 S00'0 1070 $00 10 §0 I 5 ol os ool 00S
oot : 0
06 S ol
o8 ! i oz
oL ..,,/ ; j os
N ! i
09 i : ov
1 i\
m | i
05 : ' d oS
N m !
b : i 09
© (1) Avi0 AGNVS [ R m
1
N ' $
ot ; oL
1 I
HE m
0z ! N ¢ ! d o8
! I :
! N m
o . /.f “. 06
: . 4 .m
o | L i M 1 L L g | - U, 1 i
t —t— L] | t— =1 T T 1 ool
00ZObI 00l OL 05 Ob OE OZ 9t 018 9 ¥ € oL ¥ % 1t T v 7
n

HILIMOMUAH

SHIAHNN 3A3IS GUYANYLS 'S

A

SIHINL M BHINILD 3ANS QUVONVIS 'SN

1HOI3M AE H3INId LN3DH3d

K-52

USACE | Geotechnical Considerations Appendix K




Jsd — aunssald 0
JHNSS3Idd 901

¢ 00°S

09'¥ 0z'¥ 08¢ 0¥ 09°Z 0ZZ
ov'v 00°¥ 09°¢ 0Z°¢ 08°Z 0v°Z 002
00962 oorm_
L rw!.r.!..!!..r.!!.!n.urmw—.
0821 r/fjfrllf..r o0¥
c/ :fm/
N\ ™~ o]
b
o
[~
5 00Bl |oog
B
/omm_,
/oow
el ooy 00T gy
KATJ:J.,__ :

l-n STZL-Z1le 8018

V1Vd 1S31 NOILVYAITOSNOD

059°0

0040

0SL°0

o080

0580

006°0

0S6°0

ooo°L

0S0"1

@ Ollvy QIOoA

K-53

USACE | Geotechnical Considerations Appendix K



09°'¥ oy

or'v

ooy

08¢

jsd — a4anssald O
FUNSSIAd 901

or'g 00°¢
09°¢ 0Z'e 08'C

09°¢ 0g°e
or'Z

00'¢

00952

[0]0)4°]

N

]

\

N

qﬁmm

N

o]0} }

0B8S'0

009°0

02970

0¥9°0
099°0
089°0
00L°0
0ZL°0
orL'0
09470

LA

08470

0080

1-n .ST6L-L1© £1 18

V1vd 1S31 NOILVAITOSNO

| 028°0
| 0¥8'0
098'0

2 QILVY QIOA

K-54

USACE | Geotechnical Considerations Appendix K



	Geotechnical Considerations Appendix K
	1. Purpose
	2. Project Features
	3. Location
	4. Physiography
	5. Subsurface Exploration
	6. Laboratory Testing
	7. Stratigraphy
	8. Hydrologic Soil Group
	9. Anticipated Future Geotechnical/Construction Considerations


