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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: 

• Visual descriptions by color and texture of each sample 
• Natural moisture content of each cohesive sample 
• Hand penetrometer determinations of the approximate compressive strength of cohesive 

samples 
• Atterberg Limits test on all cohesive samples 
• 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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