
EARTH SCIENCE ENGINEERING, LLC
201 West Dunbar Cave Road

Clarksville, TN  37040
931-645-8008    Fax: 931-645-0180

December 19, 2017

Ms. Sharon Butts, Associate Director
South Western Kentucky Economic Development Council 
2800 Fort Campbell Boulevard
Hopkinsville, KY  42240
sbutts@southwesternky.com

RE: Project New World Development
Pembroke, Christian County, Kentucky
ESE Project No.: 78012

Dear Ms. Butts:

Earth Science Engineering, LLC (ESE) is pleased to submit these subsurface investigation results for
the prospective Project New World Development in Pembroke, Christian County, Kentucky.
These services were performed in general accordance with ESE’s September 27, 2017 e-mail
proposal. Authorization for these services was provided by Ms. Sharon Butts via executed
proposal on that date. Included are the results of the exploration, boring logs, a boring location
plan, and ESE’s preliminary conclusions and recommendations regarding the suitability of the site
for the intended use. 

Background: It is understood a new industrial facility is planned on the following properties in
Christian County, Kentucky:  

 The Garnett farm property.
 The James farm property.
 The Bolinger farm property.
 The Creekland Farms property.  
 The Uzelac trust property. 

It is understood the subject site is a portion of the proposed Project New World presently being
considered for construction. The other portion of the site was investigated previously. Design and
structural information is very preliminary at this time. Preliminary site layout has been provided,
but is understood it is subject to change. A new spur to the CSX Railroad is included in the
project. Structural loading and anticipated site grading (cut and fill) are not known at this time.
Maximum structural loading has been assumed at 150 kips per column and 5.0 kips per foot of wall
for the purpose of this preliminary report.  
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In addition to the proposed building construction, new access driveways and parking areas are
planned. The locations of these areas are preliminary at this time. Although detailed traffic loading
information has not been provided to ESE, it is understood that vehicle loading will be primarily
automobile traffic with bus/truck traffic in designated areas only.

Soil Sampling: As outlined in our proposal, 12 geotechnical soil borings to the point of auger
refusal (bedrock) were performed within the project area. Rock coring was beyond the scope of
services for this investigation.

The approximate boring locations are shown on the attached Boring Location Plan. Waypoints
were obtained for each boring location and are attached to this report. 

The soil borings were performed with ESE’s track-mounted rotary drill rig, Model 6620DT,
manufactured by Geoprobe, Inc.. The borings were advanced with 2.25 inch inside diameter
hollow stem augers.

At preselected intervals throughout the boring depths, soil samples were recovered with a two
inch O.D. split spoon sampler in accordance with the Standard Penetration Test (ASTM D 1586).
The Standard Penetration Test consists of the measurement of the number of blows with a 140
pound hammer that is required to drive the split spoon sampler into the soil.  Each test involves
three 6 inch increments which comprise a total length of 18 inches. The values (blow counts) for
the second and third increments are added together, designating the N-value for the respective
soil sample.

Upon completion of drilling activities, water level observations were made in all borings and then
the borings were back filled with soil cuttings. In the borings where water was encountered,
bentonite was mixed with the soil during backfilling. It should be noted that, over time, the
cuttings may settle and leave a void at the surface, requiring corrective measures by the Client.

Laboratory Testing: The soil samples recovered during the field exploration were transported
to the ESE soils laboratory where they were examined and visually classified by an experienced
laboratory technician under the direction of a registered professional engineer. 

All soil samples were tested for natural moisture content (ASTM D 2216). Seven select samples
were tested for Atterberg limits (ASTM D 4318). 

Additionally, unconfined compressive strengths were determined on several samples with the use
of a RIMAC® field test device. The RIMAC® device consists of a calibrated spring apparatus which
measures ultimate load to axial failure versus overall strain of the sample. 

All laboratory testing results are shown on the attached subsurface exploration logs. It should be
noted that transitions between the soil types can be more gradual than shown on the logs. Those
portions of the soil samples not altered by testing will be retained for 60 days after submittal of
this report, at which time they will be discarded unless ESE is instructed otherwise.

Project New World Development - Pembroke, Christian County, KY
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Subsurface Description: Based on drill crew observations, 12 or more inches of topsoil were
noted at the surface of each boring. 

The soils encountered in the borings generally consist of brownish red and reddish brown with
occasional brown, tan and gray colored clays. Generally, low plasticity silty clays are present in the
upper portions of the borings with moderate to high plasticity clays below. High plasticity clays are
present at the surface in borings N-16, N-17, and N-22. 

The soils encountered at the site are classified as CL (low plasticity silty clay), CL-CH (moderate
plasticity clay), and CH (high plasticity clay). 

VERY SOFT, SOFT, and/or marginal strength (firm) soils were encountered each of the borings as
noted in the table below. Auger refusal was encountered in each of the borings as noted in the
table below. 

28.0 feetUpper 3 feet3 to 22 feetN-24
17.3 feetUpper 5.5 feet-N-23

30.1 feetUpper 5.5 feet, 8 to 12 feet, & 17
to 27 feet

27 to 30.1 feetN-22
9.9 feet-Upper 3 feet & 5.5 to 9.9 feetN-21
11.5 feet-Upper 8 feetN-20
24.5 feet5.5 to 12 feetUpper 5.5 feet & 12 to 24.5 feetN-19
23.8 feet3 to 8 feetUpper 3 feet & 17 to 23.8 feetN-18
27.8 feet3 to 5.5 feetUpper 3 feet & 22 to 27.8 feetN-17
21.0 feet-Upper 8 feet & 17 to 21 feetN-16
13.6 feet3 to 5.5 feetUpper 3 feetN-15
18.9 feet3 to 8 feetUpper 3 feetN-14
23.6 feet3 to 12 feetUpper 3 feet & 12 to 23.6 feetN-13

Refusal DepthDepth of Marginal (firm) SoilsDepth of VERY SOFT and SOFT SoilsBoring

During drilling, free water was encountered at the following borings as noted:

2’ at completion of drillingN-21
3’ at completion of drillingN-20

10’ while drilling, 4.5’ at completionN-19
Depth Water EncounteredBoring

The remaining borings (N-13 through N-18 and N-22 through N-24) were free of water while
drilling and dry at completion of drilling. 

A possible void was noted by the drill crew while drilling and sampling from 19 to 21 feet at
boring N-18. Several sampling attempts resulted in no sample recovery at borings N-17, N-20, and
N-22.

Project New World Development - Pembroke, Christian County, KY
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Conclusions: 

Sinkholes Bedrock in the general project area is susceptible to solutioning and sinkhole formation.
Known as karst terrain, the bedrock is often very pinnacled and can be very weathered at the
bedrock surface. Sinkholes typically occur due to collapse of subsoil caused by fluctuating
groundwater levels in the bedrock and/or near the soil-bedrock interface. Groundwater can be
influenced by a multitude of factors including precipitation variations and changes in surface
drainage patterns. In many instances, modifications to surface drainage patterns at one site can
affect subsurface drainage conditions at other properties. There are many publications about
sinkholes and karst terrain. One excellent publication with numerous photographs and diagrams is
Building on Sinkholes by George F. Sowers.

It is noted that, due to the characteristics of karst terrain, the risk of future sinkhole development
is an inherent risk builders and owners assume when building in the general project area. This risk
can be effectively eliminated through the use of structural slabs and foundations supported on
micro piles which have been grouted into competent bedrock or caissons socketed into
previously explored and verified sound bedrock. Other measures, including grouting programs can
be effective in reducing future sinkhole risk. Such foundations and techniques are expensive and
are typically cost-prohibitive for many developments. Therefore, Owners are often willing to
tolerate this potential risk.

Review of available USGS topographical mapping indicates at least nine closed depressions (likely
sinkholes) are present throughout the explored area. A copy of the USGS topographical map is
attached.

A possible void was encountered from approximately 19 to 21 feet in boring N-18. Several
sampling attempts resulted in no sample recovery at borings N-17, N-20, and N-22. Deeper VERY
SOFT and SOFT soils were encountered in 7 of the 12 borings. These factors indicate the site is at
potentially elevated risk for sinkhole development. 

Foundations Based on the field and laboratory test results, it appears that the site is generally
suitable for the intended use in consideration of the anticipated construction; provided the Owner
is prepared to remediate the VERY SOFT and SOFT soil conditions discussed earlier in this
report. It should be anticipated that a good portion of the site, depending on yet to be finalized
site layout and grading requirements, may require undercutting for successful grading
performance. 

The site soils, particularly those that are more silty, are sensitive to changes in moisture. If site
grading is performed during the wet season or after significant rainfall, additional undercutting may
be necessary. In general, the need for undercutting activities is reduced if site grading is performed
during the dry season. Likewise, more undercutting can be expected if grading is performed during
periods of wet weather (typically November through May).

Project New World Development - Pembroke, Christian County, KY
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Preliminary Recommendations: Based on the information obtained from the soil borings
performed at the site, the following preliminary recommendations are provided. As is the case of
all construction projects, actual subsurface conditions can differ from that indicated by soil borings
or other investigative methods during grading and foundation construction. If such different
conditions become apparent, ESE should be notified so that our recommendations can be
reviewed and revised, if necessary. 

Due to the preliminary nature of this project, ESE should be consulted during the design process
and after more definitive design information is available. At that time, additional subsurface
investigation may be recommended.

Sinkhole Risk The risk for sinkhole development is ultimately the Owner’s to accept. As discussed,
based on the USGS topographic mapping and the data obtained from the soil borings, it appears as
though the site is at potentially elevated risk for sinkhole development. If sinkhole related
conditions are discovered at the site they will require sinkhole remediation or plugging in
accordance with State of Kentucky guidelines. 

The risk for future sinkhole development difficulties can be reduced, but not eliminated, by
following the recommended steps:
 
v Careful design planning on the part of the Owners and project designers.

v Thoroughly investigating site subsurface conditions for the presence of soils that are potentially
indicative of sinkhole conditions. Additional subsurface exploration is highly recommended at
this site once site design is more assembled.

v Adequately draining developments so that water is not allowed to pond at the ongoing
construction project and at the site when construction is complete. 

v Providing adequate roof drainage on the finished structure.

v Limiting deeper excavations where possible (as in the case of subsurface storm water
detention, manholes, etc.).

v Maintaining a sinkhole endorsement on insurance policies for buildings and other
improvements. (We would also recommend earthquake coverage on all insurance policies).

Treatment of on-site sinkholes should be performed in accordance with applicable State and
Federal regulations. If voids or dropouts are discovered during site grading, ESE should be
contacted for evaluation and recommendations regarding sinkhole repair. 

Project New World Development - Pembroke, Christian County, KY
ESE Project: 78012
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Foundations Based on the borings, shallow foundations constructed on the stiff or stronger site
soils and/or compacted structural fill can be utilized. Foundations should be designed to bear at a
minimum depth of 24 inches below exterior grade for frost protection. Interior footings may bear
at depths of 18 inches provided the bearing soil is not disturbed by construction traffic.

Foundations bearing on the stiff or stronger existing soils (Not the VERY SOFT, SOFT, and lower
strength soils as shown in the table on Page 3) or compacted engineered fill can be preliminarily
designed not to exceed the following:

525 psfAllowable side adhesion
0.35Friction coefficient  (between soil and concrete)

1,200 psfMaximum allowable passive resistance

2,100 psfStrip (dead load and design live load)
2,500 psfColumns (dead load and design live load)

Allowable Bearing Capacity

The values in the above table include a safety factor of 3 for allowable bearing capacity and a safety
factor of 2 for allowable passive resistance. A safety factor of 1.5 has been applied to side
adhesion.

The allowable bearing capacity values include dead load and design live load considerations. The
top 18 inches, due to the potential for disturbance during construction, should be neglected when
calculating passive resistance and side adhesion. All foundations should be sized and design by
structural analysis. In order to reduce the potential for differential settlements, it is recommended
that, as practically possible, all column footings be designed at the same allowable column bearing
pressure and all wall footings be designed at the same allowable wall bearing pressure. 

Structural design of the wall and footings should be performed by a structural engineer and should
meet local building code requirements. All excavations should follow applicable OSHA trenching
and excavation guidelines.

Due to the potential for isolated soft soil zones at the site, it is recommended that all footing
excavations be observed by a representative of the Project Geotechnical Engineer to verify the
condition of the bearing soils. Any unstable pockets within the footings should be excavated to a
depth and extent determined by the Engineer and back filled with Engineer recommended
compacted structural fill, gravel, or concrete.

If it is necessary to leave footings open overnight, they should be covered and the ground surface
along the sides of the footings sloped away from the inside of the footing excavation. Footings
should not be placed in standing water or on frozen ground. The bearing surface of the footings
should be cleaned of loose soil which may have been disturbed during excavation or sloughed
during reinforcing steel placement.

Project New World Development - Pembroke, Christian County, KY
ESE Project: 78012
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Grading Based on drill crew estimates of 12 or more inches of topsoil present at the borings,
topsoil stripping of at least 18 inches should be budgeted for the project. Additional stripping will
likely be necessary in isolated areas, particularly the lower elevation portions of the site.

The location of any underground utilities in the project area should be verified. The top nine
inches of exposed subgrade, after cutting to desired subgrade elevation and/or before placement
of fill, should be scarified and recompacted to the compaction requirements outlined in the table
below*.

As discussed, considerable over excavation and replacement (undercutting) of the VERY SOFT,
SOFT, and possibly the marginal strength (firm) soils represented by the borings is expected. The
depth and extent of undercutting will depend upon the final location of the building and
drive/parking areas along with design grading. Once this information is available, ESE should be
retained to review the information and provide more definitive undercut recommendations at that
time.

Before placement of any structural fill and prior to foundation construction, the entire building
area (and drive/parking areas) should be proof rolled as practically possible with a fully loaded
rubber tired dump truck under the direction and observation of a representative of the project
Geotechnical Engineer. Based on these observations, it may become necessary to excavate several
shallow back hoe test pits for additional observations or perform localized undercutting in which
unsuitable soils are excavated from the subgrade and replaced with compacted structural fill.

It is recommended that structural fill be placed in nine inch or thinner loose lifts and be
compacted to no less than the following percentages shown below of the Standard Proctor
maximum dry density (ASTM D 698) at moisture contents within two percent (+ or -) of the
optimum value.

85Landscaping and other non essential areas

95Top 9” of existing subgrade beneath buildings, pavements,
and exterior concrete (scarify & compact)*

95**Beneath Pavements and exterior concrete
95**Beneath Buildings (foundations and slabs)

Minimum Compaction, %Area

** should be increased to 98% in structural areas where fill depths exceed six feet in thickness.

Structural fill should be free of organic or other deleterious materials and have a maximum
particle size less than four inches. Fine-grained structural fill obtained from off-site sources should
have a PI between 15 and 28. Variations of the structural fill properties may be permitted after
review and approval by ESE.

Project New World Development - Pembroke, Christian County, KY
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The on-site soils which are free of any debris or organics, and with plasticity indices less than 29,
may be used as structural fill at the discretion of the Geotechnical Engineer. Generally, reddish
soils can be expected to perform better than brownish silty soils.  Due to the moisture contents
of these soils being slightly higher than what would typically be the soils' optimum moisture
content(s), aeration and/or additional compactive effort of the excavated soils will likely be
required before the recommended compaction can be achieved.

Due to their silt concentration, the near surface soils are sensitive to changes in moisture. The
low plasticity silty clays can experience significant strength loss with only a marginal increase in
moisture content. If site grading is performed during the wet season or after significant rainfall,
some undercutting may be necessary. In general, the need for undercutting activities is reduced if
site grading is performed during the dry season. Likewise, more undercutting can be expected if
grading is performed during periods of wet weather (typically November through May).

Seismic Site Class In order to determine seismic site class, ESE performed shear wave testing at the
site via a refraction microtremor (referred to as ReMi). 

ReMi provides an effective and efficient means to estimate shear wave velocity profiles and
provide site-specific NEHRP and IBC Vs30 soil classification data. Testing is performed at the
ground surface utilizing ambient seismic “noise” such as nearby roadways and foot traffic. It can be
conducted in seismically noisy areas such as construction zones and urban environments. The data
acquisition consists of setting up a linear array of geophones and recording ambient seismic
“noise”. A shear-wave dispersion curve is derived and used to model subsurface shear-wave
velocity. The effective depth of investigation is related to the length of the geophone array and the
frequency response of the measurement system. More information can be found at:
www.optimsoftware.com/index.php/seisopt-remi-by-optim-software  .

ReMi testing results indicate the site can be classified as seismic site class C. The ReMi test results
are attached to this report.

Slabs Based on the soil encountered at the boring locations and our past experience, a subgrade
modulus no greater than 100 pci should be preliminarily used for soil-supported slab design. It is
recommended that a layer of crushed stone (no. 57 or similar) be placed beneath the
soil-supported floor slab to enhance drainage and provide a uniform bearing surface for the floor
slab concrete. 

The thickness of the crushed stone layer is dependent upon the anticipated slab loading conditions
and preference of the structural designer. However, ESE recommends that the layer be no less
than four inches in thickness. Polyethylene sheeting should be placed beneath the floor slab to act
as a moisture vapor retarder. The floor slab should have an adequate number of expansion joints
and, where practical, should not be rigidly connected to foundations, walls, or columns.

Project New World Development - Pembroke, Christian County, KY
ESE Project: 78012
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Slopes Fill slopes should be designed for a 3H:1V or flatter slope angle unless a site specific slope
stability analysis is performed. Fill should extend horizontally a minimum of four feet (or 3 x the
adjacent wall footing width, whichever is greater) beyond the building/structure perimeter prior to
sloping downward. Measures should be incorporated into project design to limit erosion of slopes;
including adequate piping and structures for roof and/or pavement drainage.

Pavement Recommendations: Pavements for the project will be designed for automobile
traffic with truck traffic in designated areas only. In the project area, both asphalt concrete and
Portland cement concrete pavements are used successfully. Asphalt pavements typically have a
lower initial cost than concrete but require more routine maintenance over the life of the asphalt
pavement and, depending upon factors such as the contractor's expertise and weather, can be
more difficult to control during construction.

When parking and drive areas are proof rolled, it may become apparent that undercutting of soils
observed to deflect and rut under the load of the dump truck will be necessary for successful use
of the design pavement sections. The actual depth of undercutting, if necessary, will be dependent
upon the condition of the soils at the time and the thickness of structural fill (if any) necessary to
achieve design subgrade.

Particular attention should be paid to the VERY SOFT, SOFT, and lower strength soils as shown in
the table on Page 3. These soils, due to their low strengths, are not anticipated to be suitable for
structural fill placement. Removal of these soils and replacement with engineered soil fill
(undercutting) will likely be necessary for successful performance of the drive/parking subgrades. 

In entrance and exit ways, loading areas, trash dumpster areas, tight turn areas, docks, and any
other high traffic areas, the use of Portland cement concrete pavements is recommended. The
concrete pavements should be sufficiently large enough to cover the area beneath the front
wheels of the vehicle, particularly in trash dumpster area(s). 

In the following sections, recommendations for both asphalt concrete and Portland cement
pavements are presented:

Asphalt Pavements  Based on the soils encountered at the site, assumed traffic conditions, and past
experience, the following minimum pavement section is provided for regular duty asphalt paving
(automobiles only - no trucks):

9 inches
Compacted fill or subgrade:
(95% Standard Proctor)

6 inches
Dense graded aggregate:
(95% Standard Proctor)

2 inchesAsphalt binder course:

1 inchWearing surface:

Project New World Development - Pembroke, Christian County, KY
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In any areas expected to receive more frequent passes and truck traffic, the following is
recommended:

9 inches
Compacted fill or subgrade:
(95% Standard Proctor)

12 inches
Dense graded aggregate:
(95% Standard Proctor)

4 inchesAsphalt binder course:

2 inchesWearing surface:

Concrete Pavements The following minimum section is provided for regular duty concrete paving
(automobiles only):

9 inches
Compacted fill or subgrade:
(95% Standard Proctor)

5 inches
Dense graded aggregate:
(95% Standard Proctor)

4 inchesPortland cement concrete:

In areas to be frequented by trucks and designated for heavier traffic (including trucks), the regular
duty concrete section above should be increased to:

9 inches
Compacted fill or subgrade:
(95% Standard Proctor)

6 inches
Dense graded aggregate:
(95% Standard Proctor)

8 inchesPortland cement concrete:

Pedestrian walks can be constructed as shown:

9 inches
Compacted subgrade
(95% Standard Proctor)

4 inchesPortland cement concrete:
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Design and Construction All paving, regardless of asphalt or concrete should conform to applicable
sections of the Kentucky Standard Specifications for Road and Bridge Construction. Dense Graded
Aggregate (DGA) as defined by Section 805 of the Kentucky Standard Specifications for Road and
Bridge Construction may be used as aggregate base course. 

Only asphalt with Kentucky Department of Transportation approved mix designs should be
utilized. These typically include the following properties:

Asphalt BinderWearing Surface

3-7 percentVoids Total Mix:3-5 percentVoids Total Mix:
3-7 percentPercent Asphalt:4-8 percentPercent Asphalt:
1,000 lb.Marshall Stability:1,200 lb.Marshall Stability:

Concrete paving should be designed to attain a minimum compressive strength of 4000 psi at 28
days and be air entrained sufficiently (usually 4 to 6 percent) to improve durability. Concrete
should be placed at slumps that will allow it to attain the recommended minimum strength.
Additionally, concrete pavements should be designed with adequate reinforcing steel and joint
spacing to prevent potential cracking and provide proper load distribution. As a minimum, wire
mesh or fiber mesh should be utilized. In areas where heavy traffic is expected and other areas
where trucks will turn sharply back and forth (such as loading docks and dumpster pads),
reinforcement consisting of No. 4 bars on 14 inches centers should be used as reinforcement.

Proper drainage to eliminate water ponding in the pavement area is essential to long term
pavement performance. Both the pavement surface and soil subgrade should be adequately sloped
to prevent water from ponding on the pavement or ponding on the soil subgrade beneath the
subgrade. Adequate drainage relief should be incorporated into the design to remove water from
beneath the pavement area. In some cases, subsurface drains may be necessary. 

Thicker pavement sections would reduce the potential for pavement cracking and deformation
and may be required depending on the actual traffic loading conditions (or local building code
requirements).

Closure The findings presented in this report are derived from the soils encountered in the
borings and information provided by representatives of the South Western Kentucky Economic
Development Council. Should conditions during site development and construction activities differ
from those discussed in this report, ESE should be contacted so that our recommendations can be
reviewed and revised, if necessary.

Due to the preliminary nature of this project, ESE should be consulted during the design process
and after more definitive design information is available. At that time, additional subsurface
investigation may be recommended.

All reports, drawings, specifications, computer files, field data, notes, and other documents and
instruments prepared by ESE in the performance of this study are considered as instruments of
service and remain the property of ESE. ESE retains all common law, statutory, and other reserved
rights, including the copyright thereto.
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This report may be distributed and relied upon by the South Western Kentucky Economic
Development Council. Reliance on the information and conclusions in this report by any other
person or entity is not authorized without the written consent of Earth Science Engineering, LLC.
Thank you for this opportunity to assist you with this project.

If you have any questions concerning these findings or if ESE may be of further service in any
manner, please do not hesitate to call 931-645-8008 or e-mail alice@eseng.us.

Respectfully submitted,

EARTH SCIENCE ENGINEERING, LLC

SLM/WRK/CKC/af

Attachments: USGS Topographical Map (1 page)
Site Photographs (4 pages)
ReMi Results (1 page)
Boring Location Plan (1 page)
Boring Waypoints (1 page)
Subsurface Exploration Log Key (1 page)
Subsurface Exploration Logs (12 pages)
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