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Botts Road and Andrews Road
Kansas City, Missouri
TSi Project No. 02007076.00

Dear Mr. Cargill:

TSi Engineering, Inc. (TSi) has completed the authorized subsurface investigation and
geotechnical engineering evaluation for the referenced project and is pleased to submit
three copies of the report of our findings to Lutjen, Inc. (Lutjen). The purpose of our
work was to determine subsurface conditions at specific exploration locations and to
gather data on which to prepare geotechnical recommendations for the design and
construction of the proposed roads. This report describes the exploration procedures
used, exhibits the data obtained, and presents our evaluations and recommendations
relative to the geotechnical engineering aspects of the project.

We appreciate the opportunity to assist you with this project. If you have any
questions or if we may be of further service to you, please call us.

Respectfully submitted,
TSI ENGINEERING, INC.
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SUBSURFACE INVESTIGATION AND
GEOTECHNICAL ENGINEERING EVALUATION
BOTTS ROAD AND ANDREWS ROAD
KANsSAS CITy, MISSOURI

1.0 Score OF WORK

This report summarizes the results of a geotechnical study performed for the planned extension of
Botts Road and realignment of Andrews Road, south of Missouri Highway 150 in southern
Kansas City, Missouri. The study was performed in general accordance with TS1’s proposal to
Lutjen dated July 26, 2007. Based on TSi’s understanding of the project, the following items
have been identified for inclusion in this study report.

« Subsurface conditions at boring locations

« Laboratory test results

» The influence of groundwater on the project
« General excavation considerations

» Fill subgrade preparation

. Fill and backfill materials, placement, and compaction
« Treatment of existing fill
« Remediation and use of expansive soils

« Stability of the side slopes in cut and fill areas

« Subgrade preparation for pavements

. Use of standard pavements sections or recommended use of alternatives where poor
subsurface conditions make standard pavement sections inappropriate

e Seismic site class

1 oo




2.0 SITE AND PROJECT DESCRIPTIONS

The following project understanding is based on plans provided by and discussions with Lutjen
and site reconnaissance by a geotechnical engineer / geologist from TSi. The general location of
the project site is shown on the Vicinity Map, Figure 1 in Appendix A. The Site and Boring
Location Plan, Figure 2 in Appendix A, provides a more detailed plan of the project area.

We understand that the project will consist of constructing Botts Road south of Missouri
Highway 150 for a distance of approximately 3,000 feet. The south end of the new road will
intersect with existing Andrews Road. The project will also consist of constructing Andrews
Road extending from the southern portion of the new Botts Road eastward for approximately
2,500 feet, then northward to intersect with Missouri Highway 150. The new portion of the road
will be approximately 4,000 feet long. The existing Andrews Road is a two-lane road without
curbs or storm drains. Improvements will include installation of storm drains along the road
alignments.

The land along the proposed roads will be developed as an industrial park. TSi is preparing a
separate geotechnical report to address this planned development.

Current grading plans call for less than 5 feet of cut or fill over the majority of the proposed road
alignments. However, cuts as deep as 10 feet are planned at the north ends of the proposed Botts
Road and Andrews Road alignments, where they will intersect with Missouri Highway 150. Fills
as deep as 20 feet are planned in lower elevation areas along the southern / western half of the
proposed Andrews Road alignment.

The planned road alignments do not cross any significant creeks. Therefore, no bridges or large
cross-road drainage structures will be needed for these roads. Some smaller culverts are planned
for drainage crossings under the new roads. It is not anticipated that retaining walls will be
included in the road project.

The property where the project is located is part of the Richards Gebaur Air Force Base. This
base was closed in the 1980’s. Many abandoned runways, taxiways, services roads, and buildings
are present throughout the area. The proposed alignment of Botts Road crosses one runway and
one taxiway. The runways and taxiways will be demolished as part of the overall redevelopment
of the base.

In general, the topography of the area consists of rolling hills. There is approximately 70 feet of
relief across the site. The highest elevation area of the site is a ridgeline that runs northeast to
southwest crossing the proposed Botts Road alignment approximately 1,000 feet south of
Missouri Highway 150. An abandoned taxiway and runway run along this ridge. The lowest
elevation area is in the southeast corner of the site.

The majority of the ground surface in the project area is grasslands with a few scattered trees.
There are a few areas that are more densely wooded. An abandoned railroad embankment that is
approximately 2 to 5 feet tall runs along the south property line. A large area with concrete and




other rubble is present just east of the point where Botts Road will intersect Missouri Highway
150. This fill area does not appear to extend onto the road right-of-way.

There are several groundwater monitoring wells present in the project area. It is likely that these
wells are monitoring environmental issues related to the operation of the base. The scope of work
for this report does not include any environmental analysis or testing.

Limestone bedrock outcrops are visible in road cuts for Missouri Highway 150 along the north
edge of the site. Several other natural limestone outcrops are visible throughout the site.

Underground limestone mining is being planned by Hunt Midwest / Martin Marietta for the site.
They will be mining the Bethany Falls Limestone formation, which is approximately 150 feet
below current grades. Evaluating the stability of the planned mines and the impact of the mines
on the proposed roads is not within the scope of this report.




3.0 FIELD EXPLORATION AND LABORATORY TESTING

3.1 FIELD EXPLORATION

Between August 29, 2007 and September 6, 2007, TSi conducted an exploration program at the
project site consisting of 16 test borings, designated as Borings BH-1 to BH-16. The logs from
this exploration are included in Appendix B. The approximate locations of the borings are
indicated on the Site and Boring Location Plan, Figure 2 in Appendix A. Additional borings (BH-
17 to BH-69) were completed on the adjacent land where an industrial park is planned. The logs
of these other borings are not included with this report.

The borings were drilled using a CME 55 truck-mounted drill rig to advance flight auger drilling
tools. The boring locations were selected by representatives of TSi and were surveyed and staked
by Lutjen prior to our starting the TSi field work. Elevations shown on the boring logs were
determined by surveyors from Lutjen.

An engineer from TSi directed the exploration procedures in the field, maintained a field log of
the conditions encountered in the borings, and collected and classified the samples recovered.
Split-spoon and Shelby tube samples were recovered from the borings. Split-spoon samples were
recovered using a 2-inch outside-diameter, split-barrel sampler, driven by an automatic hammer,
in accordance with ASTM D 1586. Three inch diameter Shelby tube samples were obtained in
accordance with ASTM D 1587. The Shelby tube samples were preserved by sealing the entire
sample in the tube. The split-spoon samples were placed in sealed plastic bags for later testing in
the laboratory. The borings were backfilled with the auger cuttings. The sampling sequence for
each boring is summarized on the Logs of Boring in Appendix B of this report.

Borings BH-8 and BH-16 were advanced beneath auger refusal, and the underlying rock was
sampled using NX-size diamond-bit rock coring methods. The rock core recovered was placed in
cardboard boxes and taken to the laboratory for examination. Percent recovery and Rock Quality
Designation (RQD) were calculated for each run of rock core and are noted on the boring logs.
RQD is the percent of the total length of rock cored that consists of sound pieces that are a
minimum of 4.0 inches in length. RQD is a general indication of the integrity of the in-situ rock
mass. Based on RQD, rock quality can be described as excellent (90 to 100), good (75 to 90),
fair (50 to 75), poor (25 to 50), or very poor (0 to 25). Coring was also used to advance Boring
BH-3. However, after the first core run in this boring was completed it was discovered that the
hard material that had been encountered was concrete rubble, so the boring was stopped after that
first core run.

The results of the field tests and measurements were recorded on field logs and appropriate data
sheets. Those data sheets and logs contain information concerning the exploration methods,
samples attempted and recovered, indications of the presence of various subsurface materials, and
the observation of groundwater. The field logs and data sheets contain the field engineer’s
interpretations of the conditions between samples, based on the performance of the exploration
equipment and the cuttings brought to the surface. The final logs included in this report are based

on the field logs, supplemented by the results of laboratory testing of soil samples.
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3.2 LABORATORY TESTING

A laboratory testing program was conducted by TSi to determine selected engineering properties
of the obtained soil and rock samples. The results of the individual tests are presented on the
Boring Logs in Appendix B. The following laboratory tests were performed on the samples
recovered from the borings:

visual descriptions by color and texture of each sample (ASTM 2488);

natural moisture content of fine-grained samples (ASTM D 2216);

Atterberg limits test on selected cohesive samples (ASTM D 4318);

unit weight of selected undisturbed samples (ASTM D 2166);

unconfined compressive strength of selected undisturbed samples (ASTM D 2166); and
hand penetrometer determinations of the approximate compressive strength of cohesive
samples.

The results of the laboratory tests are summarized on the boring logs. The analysis and
conclusions contained in this report are based on field and laboratory test results and on the
interpretations of the subsurface conditions as reported on the logs. Only data pertinent to the
objectives of this report have been included on the logs; therefore, these logs should not be used
for other purposes.




4.0 SUBSURFACE CONDITIONS

Details of the subsurface conditions encountered at the boring locations are shown on the logs in
Appendix B. A subsurface profile along the proposed alignment of Botts Road is provided on
Figure 3 in Appendix A. A subsurface profile along the proposed alignment of Andrews Road is
provided on Figure 4. The general subsurface conditions encountered and their pertinent
engineering characteristics are described in the following paragraphs. Conditions represented by
the borings should be considered applicable only at these locations on the dates shown; the
reported conditions may be different at other locations or at other times.

4.1 REGIONAL GEOLOGY

The higher elevation areas in this region of southern Jackson County, Missouri, are mantled with
a thin (typically 2 to 6 feet thick) stratum of wind-deposited loess soils. These lean clays and silts
were deposited after the most recent period of glacial activity north of this region and are thicker
near the Missouri River. In some areas the lean clays and silts have been modified by weathering
to become fat clays. In lower elevation areas along drainage swales and creek valleys the loess
has been eroded away subsequent to its deposition.

The loess is typically underlain by a thin stratum of residual fat clay soils that have been derived
from the in-place weathering of the underlying limestone, shale, and sandstone bedrock. These
residual clays typically exhibit a very stiff to hard consistency.

Bedrock strata encountered in the project area are a part of the Pennsylvanian System, Missourian
Series, Kansas City Group. The geologic units with this Group are alternating limestones and
shales in cyclic sequence. Sandstone occurs infrequently.

4.2 GENERALIZED SUBSURFACE PROFILE

Existing fill material was encountered at the ground surface in Boring BH-3. The fill consists of
brown fat clay mixed with limestone pieces and concrete rubble. Boring BH-3 was terminated at
a depth of 8.0 feet in this existing fill. There is likely existing fill elsewhere on the site in areas that
were graded during construction of the air force base. However, existing fill was only
encountered in Boring BH-3 for this project.

Below the organic soil at the ground surface, Borings BH-2, BH-4, BH-5, BH-6, BH-7, BH-10,
BH-13, and BH-16 encountered a thin stratum of brown lean clay (CL, in accordance with the
Unified Soil Classification System). This lean clay continues to a depth of 1 to 2 feet in these
borings. It appears to be a well developed “B Horizon” in the soil profile. A “B Horizon” soil is
a darker brown clay soil immediately below the “topsoil.” It typically appears similar to topsoil
and often has a high organic content. In tests completed on samples from other borings on the
adjacent site, this B Horizon had an organic content of 7.7 and 8.9 percent. Soils with an organic

content greater than 5.0 percent are typically classified as organic soils and are stripped from

areas that are to be developed.
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In all borings except BH-3 and BH-12, natural brown clay soils are present below the organic soil
at the ground surface. In most borings, the clay soils are fat clays (CH) with a stiff to hard
consistency. In Borings BH-11, BH-14, and BH-15, the more shallow portion of the clay soils
are lean (CL) with a stiff consistency. The horizontal and vertical extent of these lean clays can
not be well established based on the data available from the borings. The lean clay soils are likely
a thin, intermittent mantle of loess soils at the ground surface as discussed above in the Regional
Geology section of this report. Laboratory testing on samples of the lean and fat clay soil
measured a Liquid Limit of 39 to 74, a Plasticity Index of 16 to 53, and an unconfined
compressive strength of 0.84 to 3.02 tons per square foot (tsf). Moisture contents range from 14
to 29%. Dry unit weights vary from 97 to 113 pounds per cubic foot. Standard penetration test
N values range from 5 to 21. This clay soil continued to the termination depths of Borings BH-1,
BH-9, and BH-14 at depths 0£9.0 to 15.0 feet.

In Borings BH-2, BH-4 to BH-8, BH-10 to BH-13, BH-15, and BH-16, interbedded limestone,
shale, and sandstone bedrock was encountered below the clay soils at depths ranging from 0.3 to
14.0 feet below the current ground surface. Borings BH-2, BH-4, BH-5, BH-6, BH-7, and BH-
11 encountered auger refusal on hard bedrock at depths of 1.8 to 12.0 feet after penetrating 0.0 to
0.1 feet into the rock. These borings were terminated at auger refusal.

Borings BH-8, BH-10, BH-12, BH-13, BH-15, and BH-16 were continued into the bedrock using
auger methods or coring methods. Interbedded shale, limestone, and sandstone were
encountered. The rock varies considerably in hardness and weathering in the borings. The N-
values in the shale ranged from 15 to greater than 50. Where the rock was cored in Borings BH-8
and BH-16, RQD values ranged from 14 to 100. The interbedded limestone, shale, and sandstone

bedrock continued to the termination depths of these six borings at depths 0f 9.2 to 20.0 feet.

The limestone unit encountered in higher elevation areas of the site (Borings BH-4 to BH-7) is the
Argentine Limestone Member of the Wyandotte Formation. This thick limestone unit is visible in
the cuts along Missouri Highway 150 along the north side of the project site. It is also visible in
numerous natural rock outcrops in the higher elevation areas of the site. Based on field
observations and the conditions encountered in the borings, the bottom of this limestone unit
appears to vary across the site between elevations 1031 and 1021 feet. The shale and sandstone
units encountered in lower elevation borings (Borings BH-2, BH-8, BH-10 to BH-13, BH-15, and
BH-16) appear to be from the Lane Shale and Chanute Shale Formations. The thinner Raytown
Limestone is present between these two shale units.

4.3 GROUNDWATER

Groundwater was not observed during drilling of the borings. In some nearby borings for the
planned industrial park, groundwater was noted to be perched above the top of bedrock. The
presence or absence of groundwater at a particular location does not necessarily mean that
groundwater will be present or absent at that location at other times. Seasonal variations and
other unknown considerations could cause fluctuations in water levels and the presence of water
in the soils. During rainy seasons, it is likely that some groundwater is perched above the top of
bedrock and within joints in the limestone and sandstone units.

g

¥=




5.0 ENGINEERING ASSESSMENTS AND RECOMMENDATIONS
5.1 SiTE GRADING

As discussed above, the site has a well developed “B Horizon”. This term means that the soil
immediately below the topsoil is organic and is dark brown like topsoil. Most of our boring logs
indicate this layer as a dark brown lean clay from a depth of 0.5 to approximately 1.5 feet.
Laboratory tests on this “B Horizon” indicate that it has a relatively high organic content. The
impact of this condition is that it will be necessary to strip more than the usual amount of organic
soil from the ground surface when preparing the site. We recommend that grading plans be based
on most of the site requiring 15 inches of stripping.

5.2 SLOPE STABILITY

Final grading plans should limit cut and fill slopes to no steeper than 3 Horizontal to 1 Vertical
(3H:1V). Slopes steeper than 3H:1V may also be stable, but should be analyzed on a case-by-
case basis and would be harder to maintain. Cut slopes in bedrock can be steeper, but should be
evaluated on a case-by-case basis depending on the height of the cut, type of bedrock, and
condition of the bedrock. In general, grading should be designed to prevent surface water from
collecting at the top of slopes and to avoid concentrated flow over the slopes that would increase
the potential for erosion.

5.3 FILL SETTLEMENT

As mentioned previously, deeper fills are planned along the western portion of the proposed
Andrews Road alignment. The materials below these fills will be stiff clays and shale bedrock.
Settlement of these deeper fills may be on the order of several inches, but most of the settlement
should occur rapidly as the fill is placed. No delays in construction schedules, special design
considerations, or settlement monitoring in the field are recommended for this deeper fill section.

5.4 SWELLING CLAY/SHALE CONSIDERATIONS

High plasticity fat clays and shale will be exposed during grading throughout the site. The fat
clays and shale are of concern with regard to their potential for volume change. This concern
applies to these materials whether they are in their natural condition or used as fill material. These
materials tend to swell when they absorb water and shrink when they dry out. Potential
detrimental effects for development of the site include heaving, settlement, and differential
movements of pavements and other structures constructed directly over these materials.

Some relatively simple design and construction considerations are recommended that will help to
maintain the natural moisture contents of the fat clays and shale. Avoiding conditions that could
result in excessive wetting or drying of these materials will reduce their potential for volume
change. The following design and construction precautions are recommended.




1. Shale material should not be used as fill or backfill material in the upper 2 feet of pavement
areas or within 5 feet of the final grade of a fill slope.

2. Fat clay or shale used as fill should be placed and compacted wet of its optimum moisture
contents, as discussed later in this report.

3. Consideration should be given to stabilizing fat clay soils in pavement subgrades using Class C
fly ash or hydrated lime in order to provide a harder and more durable subgrade that is less
prone to seasonal shrink/swell.

4. Positive surface drainage should be provided during and after construction to prevent ponding
of water on, or adjacent to, pavements.

5. Deep-rooted trees or shrubs planted for landscaping purposes should be kept a distance of one
mature height away from the pavements or other structures to prevent their roots from
withdrawing excessive moisture from the underlying clay or shale.

6. Excessive watering of grass or shrubs adjacent to the pavements should be avoided.

These considerations should be incorporated into the site grading and development plans for the
project. In addition, individual pavement areas should be observed during construction to
determine the specific soil conditions that exist at that location and the most prudent approach for
mitigating any swelling soil concerns.

5.5 PAVEMENT DESIGN

Based on the general character of the on-site subsurface conditions and assuming a properly
prepared subgrade, a California Bearing Ratio (CBR) value of 3 is considered appropriate for use
in designing the flexible pavement sections for cut and fill areas of the site. Rigid pavement
design can be based on a modulus of subgrade reaction (k) of 100 pci for the subgrade. These
values for rigid and flexible pavement design are based on the requirement that the pavement
subgrade is prepared in accordance with the recommendations provided in this report. On this
basis, it is suitable to use standard City of Kansas City, Missouri pavement sections for the
project.

Shale bedrock may be encountered at the planned pavement subgrade within some cut areas.
Where highly weathered to weathered shale is encountered at pavement subgrade and the
pavement section does not include a crushed rock sub-base, the subgrade should be scarified to a
depth of 8 inches, moisture conditioned, and recompacted prior to placement of the pavement
section. Support of pavements directly on relatively unweathered, moderately hard to hard shale
bedrock is not recommended. Where less weathered shale is encountered, the subgrade should be
undercut a minimum of 8 inches below pavement subgrade and brought up to grade with
controlled structural fill. The fill should be placed as recommended in this report.




Intact limestone bedrock will be present in some areas of the project after grading is completed.
For full depth asphaltic concrete pavements it is recommended that a granular cushion with a
minimum thickness of 4 inches be used between the pavement and limestone subgrade. The
granular section is recommended to provide a uniform base over the irregular limestone surface
and to facilitate compaction of the asphaltic concrete section. It is recommended that the granular
cushion extend a minimum distance of 10 feet into soil subgrade areas to provide a transition from
rock-supported to soil-supported pavements.

5.6 SEISMICITY

Based on the general soil characteristics and the depth to bedrock, as determined by field and
laboratory tests, the project area is designated as Site Class C in accordance with the
“Recommended LRFD Guidelines for the Seismic Design of Highway Bridges” published by the
Applied Technology Council. In cut areas where shallow bedrock (more shallow than 10 feet
below final grades) is present, a Site Class of B could be used. The soils at the site are not
considered to be susceptible to liquefaction or to substantial settlement or loss in strength when
subject to the design earthquake loading.
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6.0 SITE PREPARATION AND EXCAVATION CONSIDERATIONS

6.1 SUBGRADE PREPARATION

Construction areas should be stripped of existing pavement, organic soil, and any deleterious
materials prior to site excavation and grading. Tree stumps and root balls should also be
removed. Care should be taken during stripping to prevent excessive disturbance of the
underlying soil. After removal of these materials, and where further excavation is not required, the
exposed subgrade should be proofrolled. Proofrolling is accomplished by passing over the
subgrade with proper compaction equipment and observing the subgrade for pockets of
excessively soft, wet, disturbed, or otherwise unsuitable soils. Any unacceptable materials thus
found should be excavated and either recompacted or replaced with new structural fill.

There is some existing fill in the proposed road alignments. Fill encountered in the borings
contained concrete rubble and other unsuitable materials. There is likely existing fill elsewhere on
the site in areas that were graded during construction of the Air Force base. Wherever that
existing fill will remain below the new road alignment, its materials and consistency should be
evaluated by digging test pits prior to placement of new fill or construction of the new pavements.
Any unsuitable existing fill, such as concrete rubble, should be removed.

Prior to placing fill or pavements in any area, the subgrade should be scarified to a depth of about
6 inches, the moisture content adjusted to near its optimum moisture content, and the subgrade
recompacted in accordance with recommendations made in subsequent sections of this report.
The recommended proofrolling and/or scarification and recompaction may be waived if, in the
opinion of a geotechnical engineer, this procedure would be detrimental or unnecessary.
Following satisfactory preparation of the subgrade, controlled fill material may be placed.

Where fill is being placed on slopes steeper than SH:1V, the existing slopes should be benched as
fill placement progresses. These benches should be vertically stepped no more than 2 feet. This
procedure would key the fill into the original slopes and will facilitate compaction of the fill.
Where limestone bedrock outcrops are present in fill areas, it may be necessary to install
subsurface drainage measures to intercept and divert groundwater flow from the limestone
outcrop so that future seepage will not saturate and weaken the fill.

6.2 EXCAVATIONS

The clay soils can be excavated using conventional earth moving equipment and methods. It is
probable that the weathered upper portion of the shale units can be excavated using conventional
scrapers or scrapers with a push dozer in the stiffer shale, but will likely require ripping with a D-9
dozer, or equivalent, with depth. The majority of the shale can probably be ripped regardless of
depth and loaded into trucks or scrapers. It is possible that the weathered surface of the
limestone can also be ripped and excavated, but probably to a depth of not more than 1 to 2 feet,
depending on the degree of interbedding with shale. With depth, the limestone will likely require
a pneumatic hammer or blasting to excavate. The most suitable means to excavate the bedrock
materials should be determined in the field during site grading.
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Trenching, excavating, and bracing should be performed in accordance with OSHA (Occupational
Safety and Health Administration) regulations and other applicable regulatory agencies. In
accordance with the OSHA excavation standards, the soil at the site is considered Type B, which
requires a side slope for excavations of not steeper than 1H:1V. However, worker safety and
classification of the excavation soil is the responsibility of the contractor. Also according to
OSHA requirements, any excavation extending to a depth of more than 20 feet must be designed
by a registered professional engineer. An excavation retention system, such as soldier pile and
lagging or sheet piling, may be used as an alternate to sloping back the sides of trench
excavations.

6.3 SUBGRADE PROTECTION

Construction areas should be properly drained in order to reduce or prevent surface runoff from
collecting on the exposed subgrade. Any ponded water on the exposed subgrade should be
removed immediately. Temporary storm water swales and collection areas may be required to
control surface water flow into low areas of the site.

To prevent unnecessary disturbance of the subgrade soils, heavy construction vehicles should be
restricted from traveling through the finished subgrade. If areas of disturbed subgrade develop,
they should be properly repaired in accordance with the recommendations in this report.

In some areas, the pavement subgrade will consist of the lean clay soils or fill consisting of lean
clay. These soils can be easily disturbed by construction traffic. In any area where these lean clay
soils are present at the pavement subgrade, it may be necessary to stabilize the lean clay with
“Class C” fly ash or lime to limit such disturbance, especially during wet weather. Use of a
stabilized subgrade would also provide for a more durable pavement, less prone to damage from
seasonal shrink and swell of the clay soils. More detailed recommendations for use of a fly ash or
lime stabilized pavement subgrade can be provided, if desired.

High plasticity clays and shale that form the pavement subgrade should not be exposed to hot
weather drying conditions for significant periods of time, but should be covered or treated to
prevent excessive drying. If these materials are exposed at pavement locations and are allowed to
dry out prior to placement of new fill or pavements, there is a consequent increased potential for
substantial swell during the life of the pavement or structure.

6.4 FILL AND BACKFILL MATERIALS

In general, structural fill within the proposed road alignments should consist of clay soils or well-
graded granular soils with a maximum particle size of 2 inches. Fill materials from off-site sources
should be approved prior to their use. Soil with decayable material such as wood, metal, or
vegetation is not acceptable.

No limestone fragments should be incorporated in structural fill that is less than 2 feet below final
subgrade in paved areas. At depths of 2 to 8 feet below final pavement subgrades, limestone fragments
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with a maximum dimension of 8.0 inches could be included in the fill. Deeper than 8.0 feet below final
pavement subgrades, larger limestone fragments less than 3 feet in maximum overall dimension could
be incorporated into the fill. The rock fill should contain a sufficient amount of clay and smaller rock
fragment sizes to fill voids between fragments. The fill should be placed in a manner that will allow
compaction of the clay around and between the limestone fragments. Normally, a minimum of six
passes of heavy construction equipment, such as a D-8 tracked bulldozer or equivalent, provides
adequate compaction of mixed rock and soil fills. Placement and compaction of rock fill should be
closely observed on a full time basis by an experienced engineering technician, since normal
compaction control testing is not possible with rock fills.

We understand that it is planned to crush the concrete material from the runways and taxiways on the
site. The concrete will be crushed to a well graded material with a maximum particle size of 3.0 inches.
This crushed concrete material could be used as structural fill throughout the site. Larger fragments of
recycled concrete could be placed in a similar manner to limestone fill, as discussed above.

Harder, less weathered shale that will be excavated in some areas of the site can be used for fill in
the lower portion of deep fill sections of the pavement and landscape areas. Shale material should
not be used as fill or backfill material in the upper 2 feet of pavement areas or within 5 feet of the
final grade of a fill slope. The use of the unweathered shale would require substantial effort to
prepare the material for placement as structural fill. Harder, less weathered shale requires
moisture conditioning and higher compactive effort to process it into suitable fill material. It must
be broken down by repeated passes by heavy, tracked construction equipment to a maximum 2-
inch size with sufficient fines to completely fill void spaces between the larger particles. The
contractor should add as much water as possible to the shale material. It may be advantageous to
mix the less weathered shale with the more highly weathered shale materials to facilitate moisture
conditioning and compaction. Placement and compaction of shale fill should be closely observed
by an experienced engineering technician, since normal compaction control testing is not possible
with rock fills.

Much of the soil on the site will require the addition of moisture prior to compaction. This should
be performed in a controlled manner using a tank truck with a spray bar, and the moistened soil
should be thoroughly blended with a disk or pulverizer to produce a uniform moisture content.
Repeated passages of the equipment may be required to achieve a uniform moisture content. Fat
clays should be compacted wet of their optimum moisture content. If fill is placed during the
winter season, fill materials should be carefully observed to see that no ice or frozen soils are

placed as fill or remain in the base materials upon which fill is placed.

Some of the on-site soil may require moisture reduction prior to compaction. During warm
weather, moisture reduction can generally be accomplished by disking, or otherwise aerating the
soil. When air-drying is not possible, a moisture-reducing chemical additive, such as lime or Class
C fly ash, could be used as a drying agent.
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6.5 FILL AND BACKFILL PLACEMENT

Cohesive fill should be compacted to a dry density of at least 95% of the standard Proctor
maximum dry density (ASTM D 698) of the soil. Fill material that will be covered by more than
10 feet of additional fill should be compacted to at least 97% of that criterion. Granular material,
such as crushed limestone, placed for pavement support, should be compacted to at least 95% of
the standard Proctor maximum dry density. The moisture content of lean clay or granular fill at
the time of compaction should generally be within +3% of the optimum moisture content of the
material as determined by the standard Proctor compaction test. Fat clay material should be
placed and maintained at a moisture content ranging from 0 to 4% wet of the optimum. Open-
graded granular material used for drainage backfill should be compacted to at least 60% of the
relative density of the material (ASTM D 4253 and D 4254). Fill should be placed in loose lifts
not in excess of 8.0 inches thick, and compacted to the aforementioned criterion. However, it
may be necessary to place fill in thinner lifts to achieve the recommended compaction when using
small hand-operated equipment.

Fill containing a substantial amount of rock fragments may be difficult or impossible to
quantitatively test for compaction using conventional field testing equipment and methods. If this
condition occurs, a compaction procedure will need to be established by TSi to determine the
maximum lift thickness and necessary number of passes with the compaction equipment.

6.6 GROUNDWATER CONSIDERATIONS
Groundwater was not encountered in borings. However, water could be perched at other times,

locations, and depths across the site. It is anticipated that any groundwater encountered in
excavations could be handled by shallow swales and a sump and pump arrangement.




7.0 CONSTRUCTION OBSERVATION AND TESTING

It is recommended that TSi be retained during construction to perform testing and observation
services for the following items:

e observation of the exposed soil or existing fill after stripping of existing pavement and
topsoil, during scarification, compaction, and proofrolling;
placement and compaction of fill, pavement sub-base, and backfill materials; and
placement and quality assurance testing of pavement material.

These quality assurance services should help to verify the design assumptions and maintain
construction procedures in accordance with the project plans, specifications, and good
engineering practice.
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8.0 REPORT LIMITATIONS

This geotechnical report has been prepared for the exclusive use of Lutjen for the specific
application to the subject project. The information and recommendations contained in this report
have been made in accordance with generally accepted geotechnical engineering practices; no
other warranties are implied or expressed.

The assessments and recommendations submitted in this report are based in part upon the data
obtained from the borings. The nature and extent of variations between the borings may not be
evident at this time. Ifvariations appear evident at a later date, it may be necessary to re-evaluate
the recommendations of this report.

We emphasize that this report was prepared for design purposes only and may not be sufficient to
prepare an accurate construction bid. Contractors reviewing this report should acknowledge that
the information and recommendations contained herein are for design purposes.

If conditions at the site have changed due to natural causes or other operations, this report should
be reviewed by TSi to determine the applicability of the analysis and recommendations
considering the changed conditions. The report should also be reviewed by TSi if changes occur
in the road locations, traffic, elevations, grading and site development plans, or the project
concepts.

TSirequests the opportunity to review the final plans and specifications for the project prior to
construction to verify that the recommendations in this report are properly interpreted and
incorporated in the design and construction documents. If TSi is not accorded the opportunity to
make this recommended review, we can assume no responsibility for the misinterpretation of our
recommendations.




APPENDIX A

Figure 1. Vicinity Map

Figure 2. Site and Boring Location Plan
Figure 3. Subsurface Profile — Botts Road
Figure 4. Subsurface Profile — Andrews Road

Figure 5. Subsurface Profile Key
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KEY TO GRAPHIC SYMBOLS

% Fat CLAY (CH)

<+ Poorly-graded SAND (SP)
S sitty sanp (sm) =

A Clayey SAND (SC)

Core Loss

Shaley SILTSTONE

Argiliaceous SHALE

S8 FILL . ‘ Poorly-graded GRAVEL (GP) SHALE
7 -
¥ . . [ i
% Lean Clay (CL) “ T Silty GRAVEL (GM) T LIMESTONE
ST (ML) _:: Organic lean CLAY (OL) == ggfg:ZeéLﬁEéL?ﬁg/

Silty SHALE

KEY TO TEST DATA

Standard Penetration Resistance (No. of Blows
of a 140-Ib. Hammer Dropping 30-in. Required
to Drive a 2-in. O.D. Split Spoon per 6-inch

increment or Indicated Depth.

2,34

e

Unit Dry Weight in Pounds per Cubic Foot ———m-g7

Groundwater Level Observed During Drilling ——s—s;

Rock Core Recovery in % ———m=97

/{85

Natural Water Content in %
\\ I, \\

% 2?—(—0"21)

Shear Strength in Tons Per Square Foot
from Unconfined Compression Test

Strata Break; See Detailed L.og of Boring

for Description

Y Delayed Groundwater Level

Rock Quality Designation (RQD)

*R.Q.D. Denotes Modified Core Recovery
Percentage in Which Only Pieces
of Sound Core Over 4 inches
Long are Counted as Recovery.

 CaRPBELL PLATA
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KEY TO SUBSURFACE PROFILES
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Boring Logs
Boring Log Notes

Unified Soil Classification System
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LOG OF BORING NO. BH-1 Geotechnical & Environmental Engineerin \
Proiect D iotion: Geb 1600 Genessee Street, Suite 960
roject Description: Gebaur/ B.otts Road Kansas City, Missouri 64102 T
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX T, .
Surface El.: 989.0 . L
Location: See Site and Boring £3 P £ |3 3
s o . I o - o - = [N
S8 % (3 Location Plan > a ,§§ SU_ @g‘w gt s|E|E 2
=lgl e |2 o BOlguls £ =
£El B % s | 2|28|52125(88 (3| 5| 8|8
2 » 7)) |4 3] D D [ LT o] k=3 e 0
& © “EEEIE (57| % e
- O £
MATERIAL DESCRIPTION ks @
'¥7 Brown, lean CLAY (CL), with grass
] roots
/ Brown, fat CLAY (CH)
- 5
$8-1 / 17 5 |4.50 14
I % 2
5 é
ST-2 é 96 1.75(042| 97 |26 | 64 | 19 | 45
§8-3 / 67 3 1175 25
! 7 | :
Boring terminated at 9.0 ft.
i
5— —
3
oL
8
Sf-20~1
g
S
z
% -
&
of
)
o
E_/:) et
Q
ol-25
3f Completion Depth: 9.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
£l Date Boring Started: 9/6/07 ' auto SPT.
2| Date Boring Completed:  9/6/07 Groundwater not encountered during drilling.
9| Engineer/Geologist: J. Schaeffer
| Project No.: 02007076.00

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.




LOG OF BORING NO. BH-2

Geotechnical & Environmental Engineerin
1600 Genessee Street, Suite 960

»

Project Description: Gebaur/ B.otts Road Kansas City, Missouri 64102 T
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX T, .
Surface El.: 1004.1 ol = U
. . . o2 il X x
- « | 2 Location: See Site and Boring ® cGlg |[veld |gl=]=|8
218 5 |2 Location Plan > o |86]|8, |EB|2= |2 | £ £l E
£18] B |5 219 |55|28|82128 |3 2|2| %
glo| o |8 g 528750 68 (S| B 2| %
[a) [72] 3 [ 0 I - @ L2 i 0
o 14 ezlz SIE |87 || &
Lla D = o
MATERIAL DESCRIPTION B @
>%7 Brown, lean CLAY (CL), with grass
] % roots
7/ _Brown leanCLAY(CL) _______ ¥
] / Brown, fat CLAY (CH)
- / 4
$5-1 / 61 5 |4.50 16
7
- %
B / - trace limestone pieces above 6.0 2
| §8-2 / ft. 100 4 |3.00 27
/ - 0.25" limestone lens at 7.0 . 6
B ST-3 é 104 2.00 22

- Boring terminated at 8.8 ft.

KC LOG WITH LAB_BOTTS ROAD GEBAUR 02007076.00.GPJ 10/18/07

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.

()205mpletion Depth: 8.80 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Date Boring Started: 8/29/07 auto SPT.

Date Boring Completed: ~ 8/29/07 Groundwater not encountered during drilling.
Engineer/Geologist: J. Schaeffer Sampler refusal at 8.8 ft.

Project No.: 02007076.00 Augerrefusal at 8.8




LOG OF BORING NO. BH-3 Geotechnical & Environmental Engineerin \
Proiect D iption: G B 1600 Genessee Street, Suite 960
roject Description: Gebaur/ .otts Road Kansas City, Missouri 64102 =i
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX T, o]
Surface El.: 1027.5 ol b
L tion: 8 i i 2 % ’(2 = B x
5.1 & || Locaton: ee Site and Boring < cSIE g€l €12 | €|
218 o [d Location Plan >| o |80l |E2|2« | EL &Il £
> a = o o, | ® @ = 2
£l5 & |5 |2 |28\ 8P 2515810 | 38| ¢
812 9 |§ e Sals Psl=" |8| 5|8 8
B 815 | §15 |2 o
MATERIAL DESCRIPTION o @
¥4 Brown, lean CLAY (CL), with grass
] roots
Brown, fat CLAY (CH), trace
] limestone pieces (FILL) 3
§5-1 1 7 |4.50
i 6
5 ] - 45" piece of portland cement
concrete below 4.5 ft.
_
- Boring terminated at 8.0 ft.
I
|
on 4
of ]
5
gl-20]
2
9
3 -
g
&
8
9
3
[v4
ok -
3 25
&l Completion Depth: 8.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
£! Date Boring Started: 9/6/07 auto SPT.
Z| Date Boring Completed:  9/6/07 Groundwater not encountered during drilling.
9f Engineer/Geologist: J. Schaeffer Auger refusal at 4.5 ft. Boring continued to 8.0 ft. in depth
g Project No.: 0200707600 L12inn pnring_mefhndq

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.




KC LOG WITH LAB_BOTTS ROAD GEBAUR 02007076.00.GPJ _10/18/07

LOG OF BORING NO. BH-4 Geotechnical & Environmental Engineerin \
. e 1600 Genessee Street, Suite 960
Project Description: Gebaur/ Botts Road Kansas City, Missouri 64102 TSi
Kansas City, MO {816) 283-3838 (816) 283-3938 FAX TG, ind.
Surface El.: 10424 ol = i
Location: See Site and Boring £s _Elg |3 5
s o . = £Clg |ve|D P A
g8 % |3 Location Plan > | o |S0|8, |8818= |2 | £ 5 E
£1E| B |5 ¢ o |5s|tB|E2138 (8 2|28
[ & 3] c SIS S oS
ol § | 8 b dHtt [5iE=1l51 8| 8| 3
° © ¢ 282 |"BIE |8 || &
O g £ 2 o
MATERIAL DESCRIPTION ez @
%4 Brown, lean CLAY (CL), with grass
| roots /
_Brown,leanCLAY (CL) _____ __ J
| % Brown, fat CLAY (CH)
$5-1 / 44 7 | NA 19
7 7
| /
i 7/
] Boring terminated at 6.0 ft.
_10_
|
_15._
I
|20
25 - - . . .
Completion Depth: 6.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Date Boring Started: 8/29/07 auto SPT.
Date Boring Completed: 3/289/g7 - Groundwater not encountered during drilling.
Engineer/Geologist: . ochaetrer Auqer refusal at 6.0 ft.
Project No. 02007076.00 g

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.




KCLOG WITH LAB BOTTS ROAD GEBAUR 02007076.00.GPJ_10/18/07

LOG OF BORING NO. BH-5 Geotechnical & Environmental Engineerin \
. . 1600 Genessee Street, Suite 960
Project Description: Gebaur/ Botts Road Kansas City, Missouri 64102 i
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX TS, aod.
Surface El.: 1046.1 ol 5 L
o | Location: See Site and Boring %’ g Flg (% = | B
% : X cSlE s |€ | =
;. 8| 3 3 Location Plan NPNEHEN 2% o s E|E g
> O 2 [ Sl @ L] = 2
21558 5|2 |225P|25 |22 (S | B |58
Ll o |8 ) Sl DoiS= 5] 8] 8@
- © i pzl2 (T§|E (8|28
2la LD 2 o
MATERIAL DESCRIPTION N
Se4  Brown, lean CLAY (CL), with grass
] roots
x sst Y/ Brown, leanCLAY(CL) _____ __ J] 4 2 | NA
_— Brown, fat CLAY (CH), with
X limestone pieces
I \ Limestone, weathered |
Boring terminated at 1.8 ft.

L]

| — 5 —

I

L

..10_

S

15

. -

]

=~ ol

-

—25 - - - ; - " -
Completion Depth: 1.80 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Date Boring Started: 9/4/07 auto SPT.

Date Boring Completed: ?MSIOI: . Groundwater not encountered during drilling.
Engineer/Geologist: . schaerlrer Sampler refusal at 1.8 ft.
Project No.: 02007076.00 P

In situations, the transition may be gradual.

The stratification lines represent approximate strata boundaries.




LOG OF BORING NO. BH-6

Geotechnical & Environmental Engineerin

1600 Genessee Street, Suite 960

»

P

Project Description: Gebaur/ B_otts Road Kansas City, Missouri 64102 i
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX TS, ind.
Surface El.:  1049.7 ol b
. . . o1& il I S x
- o | Location: See Site and Boring 2 cBlE locld |2|l=|=2]8
A Location Plan > |, |85 _gﬁ,ge E|E|E|E
|8 2 |2 | g £ 85Ee123|8|=2|2e|®
2|5 5|38 gl |8ReFIBE|IS5 (|| 5|8 |$
a|?] 2 |5 $ el Ps|= |83 |2 8
o i 518 | 215 |3 e
MATERIAL DESCRIPTION o @
>4 Brown, lean CLAY (CL), with grass
B roots j
| Brown, lean CLAY(CL) _______ J 4
i $8-1 / Brown, fat CLAY (CH), with 17 6 [4.00 17
] / limestone pieces 6
] Boring terminated at 3.5 ft.
.-5..
-
10
-
- ]
r -
o -
-4
sl
%
gh-20
H
g—- —_
&
o~ =1
Ol
[i4
E_ —
8 25
4| Completion Depth: 3.50 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Zl Date Boring Started: 9/4/07 auto SPT.
2| Date Boring Completed:  9/4/07 Groundwater not encountered during drilling.
3| Engineer/Geologist: J. Schaeffer Auger refusal at 3.5 ft.
ol Project No.: 02007076.00 Qffset 10 ft. East

The stratification lines represent approximate strata boundaries.

In situations, the transition may be gradual.




LOG OF BORING NO. BH-7 Geotechnical & Environmental Engineerin \
. T 1600 Genessee Street, Suite 960
Project Description: Gebaur/ Botts Road Kansas City, Missouri 64102 Ti
Kansas City, MO (816) 283-3838 (816) 283-3938 FAX T, i,
Surface El.. 1051.6 v L
Location: See Site and Bori 28 LBz |3 i
- o | Location: See Site and Boring < c6le (veld (2| =|=21]8
e8| % —E Location Plan > | 4 %5 1 %*é, ga é § E 2
- =% B K> @ Eo| 2 = 9 =3 2
815 5 |5 5|2 (22578525 1(3 5|8 |8
@ | w %) S @ O o Do =15 K=y o 1]
“ ° e a8l T§lE |§|° |28
ol - ) = o
MATERIAL DESCRIPTION o= @
>7> Brown, lean CLAY (CL), with grass
| % roots
74/ _Brown,leanCLAY(CL) ___ __ __ 3 12
| | A | SS1 Brown, fat CLAY (CH), with 33 30 | NA
/ limestone pieces 50/3
I A Boring terminated at 3.0 ft.
f— 5 -
._10._.
5-— ]
@
o
z
9
St-20-
©
S
g -
z
=] p—
&
&
o
g
& —
g
25 . . « » . . -
3| Completion Depth: 3.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
g
£| Date Boring Started: 9/6/07 auto SPT.
§ gate Bori/rég C'ompleted: 3/?3/0; ff Groundwater not encountered during drilling.
9| Engineer/Geologist: . wchaetrer Auger refusal at 3.0 ft.
9| Project No. 02007076.00 9

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.




LOG OF BORING NO. BH-8

Project Description: Gebaur/ Botts Road
Kansas City, MO

Geotechnical & Environmental Engineerin

1600 Genessee Street, Suite 960
Kansas City, Missouri 64102
(816) 283-3838 (816) 283-3938 FAX

g

=

ehgineeting, ind.

Surface El..  1034.5 ol s i <
. . N Q= = o >
Location: See Site and Boring o 5|2 NG || == @
s o ® cQl & Tolo o
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MATERIAL DESCRIPTION T
>x7| Brown, lean CLAY (CL), with grass
| ] % roots
7 Brown, fat CLAY (CH), with
| % limestone pieces
S5-1 / 6 7 | NA
4
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Tan, shaley CLAY (CH), with
[ intermixed shale lenses
ss2 -l LIMESTONE, gray, hard, with 56 so/5"| 250 15
intermixed shale lenses
- 10 I
| SHALE, gray, moderately hard,
RUN1 slightly weathered. 100} 88
i %] SANDSTONE, gray, hard,
.7l calcareous, with intermixed shale
B <. seams
15 x
RUN2L—  LIMESTONE, gray, hard with 100 | 100
L %\.]___intermixed shale seams
-1 SANDSTONE, gray, hard,
= *.-| calcareous, with intermixed shale
| seams
§— RUN3 [ - 100 | 100
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g’_ Boring terminated at 1.0 ft.
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3 Cc?mpletion Depth: 19.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Z] Date Boring Started: 9/5/07 auto SPT.
2| Date Boring Clompfefed'- 3/58/% . Groundwater not encountered during drilling.
Q] Engineer/Geo ogist: . ochaener Auger refusa’ at 9.0 ft.
ol Project No.: 02007076.00 g

The stratification lines represent approximate strata boundaries.
In situations, the transition may be gradual.
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MATERIAL DESCRIPTION @rr v
7#7  Brown, lean CLAY (CL), with grass
e /) _roots
// Brown, fat CLAY (CH) 5
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Boring terminated at 15.0 ft.
}_ —
....20..
|
_Czc?mpletion Depth: 15.00 Remarks: Boring drilled with CME 55 using solid stem fingerbit and
Date Boring Started: 9/6/07 auto SPT.
Date Boring Completed: ~ 9/6/07 Groundwater not encountered during drilling.
Engineer/Geologist: J. Schaeffer
Project No.: 02007076.00

KC LOG WITHLAB BOTTS ROAD GEBAUR 02007076.00.GPJ_10/18/07

In situations, the transition may be gradual.

The stratification lines represent approximate strata boundaries.




