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Re: Preliminary Geotechnical Engineering Report
Discovery Ridge — Certified Site Program
lots 2,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17 and 18
Columbia, Missouri
Terracon Project Number: 09105094.1

Dear Mr. Huss

Terracon Consultants, Inc. (Terracon) has completed the preliminary geotechnical engineering
services for the above referenced project. This study was performed in general accordance
with our proposal number D0910226 dated December 15, 2010 and our Supplemental Change
Order dated February 2, 2011. This report presents the findings of the subsurface exploration
and provides preliminary geotechnical recommendations concerning earthwork and the design
and construction of foundations, floor slabs and pavements for the proposed project.

We appreciate the opportunity to be of service to you on this project. If you have any questions
concerning this report, or if we may be of further service, please contact us.

Sincerely,
Terracon Consultants, Inc.

.
Qﬂ«lm m L

( /jamie M. Klein, P.E.
Staff Geotechnical Engineer
Missouri: PE 2009001099

éric H. Lidholm, l/f’vg

Senior Principal
Office Manager
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EXECUTIVE SUMMARY

A preliminary geotechnical investigation has been performed for the proposed certified site which
consists of Lots 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 and 18 of the Discovery Ridge
Research Park in southeastern Columbia, Missouri. Nine (9) borings, designated B-1 through B-9,
were performed to depths of approximately 13 to 20 feet below the existing ground surface at the
subject site.

Based on the information obtained from our subsurface exploration, the site can be developed for
future construction. The following geotechnical considerations were identified:

n Typical lightly loaded commercial buildings may be supported on shallow footings
bearing on stiff to very stiff native clay or on compacted structural fill.

n Assuming proper site preparation and any necessary subgrade repair, total and
differential settlement should be within anticipated client/owner specifications.

[ Existing fill was encountered in Borings B-3 and B-4, however we understand that this
material was placed as part of mass grading during mid to late 2008. At that time,
Terracon was onsite to observe and test the density and moisture during placement of
engineered fill material.

N Based on the USGS map, it appears that a pond may have been located in the vicinity of
lot 16 and that the existing pond located north of the Radil Facility previously extended west
onto a portion of Lot 2. We recommend these areas be thoroughly investigated during the
final geotechnical investigation for each respective lot. "

] The near-surface soils are active and prone to volume change with variations in moisture
content. For this reason, a low volume change zone (LVC) is typically constructed beneath

at-grade, grade-supported floor slabs. Depending on final grading plans, construction of
the LVC may require overexcavation within future building pads.

n On-site soils appear suitable for use as compacted structural fill; however, if they do not
meet the low plasticity fill criteria, they should not be utilized for LVC material.

m The 2006/2009 International Building Code (IBC), Table 1613.5.2 seismic site
classification for this site is C

n The Modified Mercalli Intensity Scale for seismic events for Boone County is VII.

Reliable m Responsive m Convenient = Innovative i




Preliminary Geotechnical Engineering Report 1r ; o
Discovery Ridge — Certified Site Program Eﬂ'aCDn
Lots 2, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17 and 18 m Columbia, Missouri

February 17, 2011 m Terracon Project No. 09105094.1.1

EXECUTIVE SUMMARY (continued)

N Close monitoring of the construction operations discussed herein will be critical in
achieving the design subgrade support. We recommend that Terracon be retained to
monitor this portion of the work.

This summary should be used in conjunction with the entire report for design purposes. It
should be recognized that details were not included or fully developed in this section, and the
report must be read in its entirety for a comprehensive understanding of the items contained
herein. The section titted GENERAL COMMENTS should be read for an understanding of the
report limitations.  Although this report discusses design parameters, these parameters are
preliminary. This preliminary report is not intended to be relied upon for final design.
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PRELIMINARY GEOTECHNICAL ENGINEERING REPORT
DISCOVERY RIDGE - CERTIFIED SITE PROGRAM
LOTS 2,5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17 and 18
COLUMBIA, MISSOURI

Terracon Project No. 09105094.1
February 17, 2011

1.0 INTRODUCTION

A preliminary geotechnical engineering report has been completed for the proposed certified which
consists of Lots 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 and 18 of Discovery Ridge Research
Park in Columbia, Missouri. Nine (9) borings, designated B-1 through B-9, were performed to
depths of approximately 13 to 20 feet below the existing ground surface at the subject site. Logs of
the borings along with a site location map, USGS map, geologic map and boring location diagram
are included in Appendix A of this report.

The purpose of these services is to provide information and preliminary geotechnical
engineering recommendations relative to:

= subsurface soil conditions & foundation design and construction
= groundwater conditions ' m floor slab design and construction
= earthwork ®  seismic considerations

u

pavements
It is important to note that this preliminary geotechnical engineering report is not meant to
provide final design recommendations. Once final development plans are available, a final

geotechnical investigation should be performed for site and structure-specific geotechnical
recommendations.

20 PROJECT INFORMATION

21  Project Description

. ITEM L I ~_ DESCRIPTION

Site layout See Appendix A, Exhibit A-4: Boring Location Diagram

The project will include future development of approximately 90
Structures acres of vacant land. Finalized specific building or site layout details
were unknown at the time this report was prepared.

Reliable m Responsive m Convenient m Innovative . 1




Preliminary Geotechnical Engineering Report 1r e o
Discovery Ridge — Certified Site Program erracon
Lots 2,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17 and 18 m Columbia, Missouri

February 17, 2011 m Terracon Project No. 09105094.1.1

ITEM

DESCRIPTION .

i

Grading

Site grading information was not available at the time that this report
was prepared. However for the purpose and scope of this report,
we have assumed that local cuts and/or fills required for
development will be limited to approximately 10 feet.

Additionally, we understand that mass grading was performed in mid
to late 2008 in the vicinity of the existing Radil Facility and ABC
Laboratories building. At that time, Terracon was onsite to observe
and test the placement of engineered fill material.

Cut and fill slopes

No steeper than 3H:1V (Horizontal to Vertical) (a‘ssumed)

2.2 Site Location and Description

ITEM

DESCRIPTION

Location

The proposed project site consists of Lots 2, 5, 6, 7 8, 9, 10, 11, 12,
13, 14, 15, 16, 17 and 18 of Discovery Ridge Research Park in
Columbia, Missouri.

Existing improvements

The lots are vacant with the exception. of Lot 5 which is developed
with a storage building.

Current ground cover

Generally grass covered, however portions of the site in the vicinify
of Lot 16 were cultivated fields.

Existing topography

In general, slightly to moderately sloped downward towards the
south and west.

3.0 SUBSURFACE CONDITIONS

3.1 Geology

Most of the upland area is covered by a thin loess blanket and glacial drift. Highly plastic clays
that exhibit volume change with variations in moisture are commonly encountered near the

ground surface.

Based on the 2003 Geologic Map of Missouri, Missouri Department of Natural Resources,
bedrock at this site consists primarily of the Pennsylvanian aged Cherokee Group (Pc), the
Pennsylvanian aged Marmaton Group (Pm), and the Mississippian aged Burlington formation
(Mo). The Cherokee Group is predominantly shale with minor amounts of carbonates and
sandstone. This group contains most of the mineable coal beds in Missouri. The Marmaton
Group consists of a succession of shale, limestone, clay, and coal beds.

Reliable m Responsive m Convenient m Innovative 2
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The Burlington formation is characteristically a white to gray, medium to coarsely crystalline,
medium to coarsely crinoidal, chert free to sparsely cherty limestone. Solution features,
including caves and sinkholes, are commonly present in this formation. No caves or sinkholes
are known to exist, or are published to exist, within approximately 1 mile of this project site.
However several areas of known karst activity are present west and southwest of the project
site.

It is difficult to predict future sinkhole activity. Sinkholes and caves in this area are in various
stages of development and can appear at any time. Site grading and drainage may alter site
conditions and could possibly cause sinkholes in areas that have no history of this activity.

3.2 Typical Profile

Based on the results of the borings, subsurface conditions on the project site can be generalized
as follows:

, Approximate Depth to . .. . Y
Stratum Bottom of Stratum (feet) Material Description Consistency/Density
Surface 021005 Topsonl_: br.own, fnable.and contained N/A

significant organic matter
310 12 Existing Fill * consisting of lean clay
1 . 18 and lean to fat clay with Very stiff to hard
(Borings B-3 & B-4 only) varying amounts of sand and gravel
2 3to12 Lean clay, lean to fat clay and fat clay Stiff to very stiff
Undetermined: Borings B-1 .
3 terminated within this stratum ry 9 . N . Stiff to hard
possible cobbles (visually classified as
at the planned depth of lacial drift)
approximately 20 feet 9
Undetermined: Borings B-6 Caused split spoon
4 and B-7 terminated within Limestone sampler refusal and
this stratum. auger refusal

Note 1: The existing fill material was placed in mid to late 2008. Terracon provided onsite observation
and moisture/density testing during the placement of fill material.

The upper soil encountered in the borings generally consisted of lean to fat clay and fat clay
which was of moderate to high plasticity, and had the following measured liquid limits, plastic
limits, and plasticity indices:

Reliable m Responsive m Convenient a Innovative 3
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Tlerracon

Sample Location Depth (feet) Liquid Limit (%) | Plastic Limit (%) |Plasticity Index (%);
Boring B-1 3-5 43 15 28
Boring B-3 1-3 41 16 25
Boring B-5 1-3 31 21 10
Boring B-9 1-3 44 21 23

Conditions encountered at each boring location are indicated on the individual boring logs.
Stratification boundaries on the boring logs represent the approximate location of changes in
soil types; in situ, the transition between materials may be gradual. Details for each of the
borings can be found on the boring logs in Appendix A of this report.

3.3 Groundwater

The boreholes were observed while drilling and after completion for the presence and level of
groundwater. Groundwater was observed at in Borings B-5 and B-6 at depths of approximately
12 to 18.5 feet. Groundwater was not observed in the remaining borings during drilling or for the
short amount of time the borings were allowed to remain open following drilling completion.
However, this does not necessarily mean that stable groundwater levels were observed in Borings
B-5 and B-6, or that the remaining borings were terminated above groundwater.

Due to the low permeability of the soils encountered in the borings, a relatively long period of time
may be necessary for a groundwater level to develop and stabilize in a borehole in these materials.
Long term observations in piezometers or observation wells sealed from the influence of surface
water are often required to define groundwater levels in materials of this type.

Pockets, lenses, and stringers of sand -are sometimes encountered in the glacial soils found in
the vicinity of the referenced project. These sand pockets are normally discontinuous and often
contain water of variable quality and quantity. These sand pockets may be encountered during
foundation excavation. This possibility should be considered when developing design and
construction plans and specifications for the project.

Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff,
proximity to existing ponds, and other factors not evident at the time the borings were
performed. In addition, perched water can develop over low permeability soil strata. Therefore,
groundwater levels during construction or at other times in the life of the structure may be higher
or lower than the levels indicated on the boring logs. The possibility of groundwater level
fluctuations should be considered when developing the design and construction plans for the
project.
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4.0 SITE SUITABILITY AND PRELIMINARY FINDINGS AND
RECOMMENDATIONS

4.1 Geotechnical Considerations

The borings performed for this project generally encountered native lean to fat clay and fat clay
underlain by glacial drift. Existing fill was encountered in Borings B-3 and B-4 to depths of 3 to 12
feet, and limestone bedrock was encountered in Borings B-6 and B-7 at depths of approximately
17 and 12.5 feet, respectively. Depending on final site grading plans, we anticipate that either the
native clay or compacted structural fill will form the subgrade for future building foundations and
floor slabs.

Based on the USGS map, it appears that a pond may have been located in the vicinity of lot 16.
Further, based on aerial photography the existing pond located north of the Radil Facility previously
extended southwest onto a portion of Lot 2. We recommend these areas be thoroughly
investigated during the final geotechnical investigation for each respective lot.

Performance of foundations depends on many factors including, but not limited to, the depth of
footings, amounts of cuts or fill, bearing material, and foundation loads. Structural loads, final
grades, and other design details should be provided when available. Although this report
discusses design parameters, these parameters are preliminary. This preliminary report is not
intended to be relied upon for final design. We recommend a more detailed study be performed-
when specific project details are known, and/or possibly following completion of general site
grading.

Examination of the boring logs indicates a range of soil-moisture conditions are present at this

site. At the time of drilling, some of the soils at various depths are at moisture levels above their
measured plastic limit. Typically, soil with moisture levels above their measured plastic limit may

be prone to rutting, pumping, and can develop into unstable subgrade conditions during general

construction operations.

Moderately to highly plastic, lean to fat clay and fat clay soils were present on site. Such soils are
commonly referred to as “expansive” or “swelling” soils because they expand or swell as their
moisture contents increase. However, these soils also “contract” or “shrink” as their moisture -
levels decrease. Footings, floor slabs, and pavements supported on expansive soils ‘will move
upward and downward and such movements will result in distortion, possibly causing cracking or
structural damage to structures. For this reason, a low volume change zone will likely be
required beneath at-grade floor slabs. We recommend that additional laboratory testing be
performed during the final geotechnical exploration to better evaluate the expansive nature of
these soils.

Reliable m Responsive m Convenient m Innovative 5
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We recommend that the exposed subgrade be thoroughly evaluated after stripping of any
topsoil and creation of all cut areas, but prior to the start of any fill operations. We recommend
that the geotechnical engineer be retained to evaluate the bearing material for the foundations
and floor slab subgrade soils. Subsurface conditions, as identified by the field and laboratory
testing programs, have been reviewed and evaluated with respect to the proposed development
plans known to us at this time.

4.2 Earthwork

The widely spaced preliminary borings typically encountered stiff to hard lean to fat clay and fat
clay. Shallow bedrock, karst features, or extensive pervious deposits of water-bearing sand that
could impact site development did not appear to be present based on the preliminary site and
subsurface information gathered at this time.

Based on the subsurface conditions encountered in the widely spaced borings, the site soils are
suitable for future development. Additional borings should be completed so that each site can be
adequately characterized and recommendations can be more fully developed to assist and guide
future mass grading.

Recommendations will need to be developed for site preparation and proof-rolling operations as
well as construction of cut and structural fill operations. In our opinion, full-time testing and
observation should be employed during mass grading to evaluate compliance with project
earthwork recommendations and requirements. If site grading results in relatively thick structural
fills, settlement and cut/fill slope stability may need to be evaluated.

4.3 Foundations

Shallow foundations could be used to support lightly loaded commercial structures provided the
footings are supported by suitable material (stiff to hard native clay or compacted structural fill).
Depending on the design footing elevation and bearing material (native clay or newly placed
compacted structural fill), allowable bearing pressures would likely be in the range of 1,000 psf to
3,000 psf. Due to the presence of clay soils, shallow foundations are typically soil-formed in the
general vicinity of this site. Further testing at the individual structure locations should be
performed to determine the appropriate bearing capacity for structural support.

Heavier loads, which could cause excessive settlement, are normally supported by shallow
foundations which are supported, in turn, by aggregate-pier intermediate foundations or by drilled
piers. Pier drilling through the native soils is not expected to become difficult based upon the
material encountered within the borings; however, the drilled pier contractor should be prepared
should sandy zones or large boulders be encountered. These materials, although not

Reliable m Responsive m Convenient m Innovative
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encountered in our borings, can sometimes be encountered in the glacial soils that are present in
the vicinity of this site when drilling pier holes which are much larger in diameter than the bore
holes.

Design
Footing Level

Excavation Level 4 S Excavation Level &
- Sl ' = L
Lean Concrete Backfill Overexcavation / Backfill

NOTE: Excavations in sketches shown vertical for convenience. Excavations should be sloped as necessary for safety.

4.4 Seismic Considerations

Method Used Site Classification

Modified Mercalli Intensity Scale ' Vil 2

1. Missouri State Emergency Management Agency; P.O. Box 116; Jefferson City, MO 65102
2. See Appendix C, Exhibit C-4 for Projected Earthquake Intensities (Modified Mercalli Scale)

Code Used Site Classification

2006/2009 International Building Code (IBC) G’

1. In general accordance with the 2006/2009 International Building Code, Table 1613.5.2.

2. The 2006/2009 International Building Code requires a site soil profile determination extending a
depth of 100 feet for seismic site classification. The current scope requested does not include the
required 100 foot soil profile determination. Borings for this report extended to a maximum depth of
approximately 20 feet and this seismic site class assignment considers that shale or limestone
bedrock is present within approximately 30 feet of the ground surface and continues below the
maximum depth of the subsurface exploration. Additional exploration to greater depths could be
considered to confirm the conditions below the current depth of exploration. Alternatively, a
geophysical exploration could be utilized in order to attempt to justify a more favorable seismic site
class.
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4.5 Floor Slabs

Many of the clay soils in this locale have the potential to increase or decrease in volume with
variations in moisture content. Soil having high plasticity characteristics (i.e., fat clay) generally
has a greater potential for moisture related volume change than less plastic materials such as
lean clay. In addition, swell potential is generally greater in material with a high dry unit weight
and low initial moisture content. However, even low plasticity soils can swell significantly if their
moisture levels are initially low.

Because of the moderate to high shrink-swell potential of the lean to fat clay and fat clay soil
encountered in the borings, a low volume change layer will likely be required below at-grade
floor slabs. This layer typically varies from 12 to 36 inches in thickness. The on-site lean to fat
clay and fat clay soils encountered in the borings performed for this report are typically not
suitable for use as low volume change material; however, on-site materials may exist which
would meet the low volume change material criteria. Further testing at the individual structure
locations should be performed to determine the required low volume change layer thickness.

4.6 Pavements

On most project sites, the site grading is accomplished relatively early in the construction phase.
Fills are placed and compacted in a uniform manner. However, as construction proceeds,
excavations are made into these areas, rainfall and surface water saturates some areas, heavy
traffic from concrete trucks and other delivery vehicles disturbs the subgrade and many surface
irregularities are filled in with loose soils to improve trafficability temporarily. As a result, the
pavement subgrades, initially prepared early in the project, should be carefully evaluated as the
time for pavement construction approaches.

Pavement thickness can be determined using AASHTO, Asphalt Institute and/or other methods if
specific wheel loads, axle configurations, frequencies, and desired pavement life are provided.
Pavement design methods are intended to provide structural sections with adequate thickness
over a particular subgrade such that wheel loads are reduced to a level the subgrade can support.
The support characteristics of the subgrade for pavement design do not account for shrink/swell
movements of an expansive clay subgrade such as the soils encountered on this project. Thus,
the pavement may be adequate from a structural standpoint, yet still experience cracking and
deformation due to shrink/swell related movement of the subgrade.

Expansive soils are present at this site. It is important to minimize moisture changes in the
subgrade both during construction and during the life of the pavement to reduce shrink/swell

movements.
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5.0 GENERAL COMMENTS

Terracon should be retained to review the final design plans and specifications so comments
can be made regarding interpretation and implementation of our geotechnical recommendations
in the design and specifications. Terracon also should be retained to provide observation and
testing services during grading, excavation, foundation construction and other earth-related
construction phases of the project. :

The preliminary analysis and preliminary recommendations presented in this report are based
upon the data obtained from the borings performed at the indicated locations and from other
information discussed in this preliminary report. This preliminary report does not reflect
variations that may occur between borings, across the site, or due to the modifying effects of
construction or weather. The nature and extent of such variations may not become evident until
during or after construction. If variations appear, we should be immediately notified so that
further evaluation and supplemental recommendations can be provided.

The scope of services for this project does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or
prevention of pollutants, hazardous materials or conditions. If the owner is concerned about the
potential for such contamination or pollution, other studies should be undertaken.

This report has been prepared for the exclusive use of our client for specific application to the
project discussed and has been prepared in accordance with generally accepted geotechnical
engineering practices. No warranties, either express or implied, are intended or made. Site
safety, excavation support, and dewatering requirements are the responsibility of others. In the
event that changes in the nature, design, or location of the project as outlined in this report are
planned, the conclusions and recommendations contained in this preliminary report shall not be
considered valid unless Terracon reviews the changes and either verifies or modifies the
conclusions of this report in writing.
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