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Re:  Geotechnical Engineering Report
Walworth Avenue Development
3100 Walworth Avenue
Cincinnati, Hamilton County, Ohio
Terracon Project No. N1195144

Dear Mr. Meierjohan:

We have completed the Geotechnical Engineering services for proposed development of
Walworth Avenue. This study was performed in general accordance with Terracon Proposal No.
PN1195144 dated February 7, 2019. This report presents the findings of the subsurface exploration
and provides geotechnical recommendations concerning earthwork, pavements and other site
development elements for the proposed development.

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.

Anurupa S. Kumar, EIT
Staff Geotechnical Engineer

Craig M. Davis, PE, CPSCE Ronald S. Lech, PE
Senior Engineer Senior Principal

Terracon Consultants, Inc. 611 Lunken Park Drive  Cincinnati, Ohio 45226
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INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed development to be located west of 3100 Walworth Avenue
in Cincinnati, Hamilton County, Ohio. The purpose of these services is to provide information and
geotechnical engineering recommendations relative to:

s Subsurface soil and rock conditions = Seismic site classification per IBC
o Short-term groundwater conditions s Pavement design and construction
o Site preparation and earthwork s Stormwater control considerations

The geotechnical engineering Scope of Services for this project included the advancement of
eleven (11) test borings to depths ranging from approximately 16.5 to 45.5 feet below existing site
grades.

Maps showing the site and boring locations are shown in the Site Location and Exploration
Plan sections, respectively. The results of the laboratory testing performed on soil samples
obtained from the site during the field exploration are included on the boring logs and as separate
graphs in the Exploration Results section.

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration, our historical geotechnical explorations in the vicinity, and our review of publicly-
available geologic and topographic maps.

i

The project properties (parcels) extend up to about 1,600-feet west of the
current terminus of Walworth Avenue, at 3100 Walworth Avenue in Cincinnati,
Parcel Information Hamilton County, Ohio.

Latitude, Longitude: 39.120957, -84.447031 (approximate)

See Site Location

Responsive m Resourceful @ Reliable 1



Geotechnical Engineering Report 1rerraCDn
e ——_

Walworth Avenue Development = Cincinnati, Hamilton County, Ohio G
May 23, 2019 = Terracon Project No. N1195144 eoReport

Item l Descrlptlon

! Site consists of a wooded hlEIS|de downslope of Columbla Parkway, and the

former Pendleton Railroad Yard. The remnants of several former structures
and the associated pavements are located throughout the property. The site
also contains remnants of a storm sewer system and an active overhead utility
line on wood poles. The flat/bottom area of the site was previously covered
Existing Conditions with brush (primarily honeysuckle), which has since been cleared.

The slope to the north of the property, downslope of Columbia Parkway, is
owned by the Cincinnati Parks Department, and will remain so.

A retaining wall was constructed in 1976 along Columbia Parkway (at the top
of the hillside). The south side of the western end of Walworth Ave. is
suppoded by a concrete retammg waII

Based off the Preliminary Site Plan by Abercromble Assomates Inc. (3/28/18),

‘ the slope north of the proposed new roadway is at an inclination of about 2.5

Existing Topography } to 4 Horizontal to 1 Vertical. The bottom area is relatively flat. Ground surface
ranges in elevation from 518 feet along the railroad tracks to 594 feet along

| Columbia Parkway.

PROJECT DESCRIPTION

Our initial understanding of the project was provided in our proposal and was discussed during
project planning. A period of collaboration has transpired since the project was initiated, and our
final understanding of the project conditions is as follows:

Item 2 Descnptlon

" Prellmlnary Site Plan by Abercrombie & Assocuates Inc dated 3/28/1 8

‘ » Preliminary Grading Plan by Abercrombie & Associates, Inc. dated
2/5/19

= Archive Terracon (H. C. Nutting Company) Geotechnical Borings (1967)

= Terracon Environmental Soil Borings (SB-1 through SB-35) performed

| in September 2018

= Proposed Remediation/ Cut & Fill Plan prepared by Abercrombie &
Associates, Inc. dated 2/20/19

Information Available
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The project includes the extension of Walworth Ave. and utility services about
1600 feet west from the current terminus. The new street will facilitate the
redevelopment of the former Pendleton Railroad Yard into single and muilti-
story building development. Two retaining walls will be required on the north
(upslope) side of new Walworth Ave. to facilitate the grading of the cul-de-sac
and intermediate firetruck turn-around.

The development of the site will be split into two phases. Phase 1 will consist
Project Description of the removal of existing contaminated soils and their replacement with clean
fill. This will be completed to depths ranging from about 2 to 30 below the
current ground surface. Contaminated soils will be hauled off site and
disposed of. The site will be restored to its prior grading at the completion of
Phase 1. Environmental reports have been submitted separately from this
geotechnical report. Phase 2 will consist of the earthwork required to achieve
the grading plan for the development and the installation of utilities, retaining
walls, and pavements.

After completion of the Phase 1 temporary excavations and backfilling, Phase
2 will generally include fill placement (up to about 10 feet) to develop final
grades based on the preliminary grading plan provided. Existing slopes will
Grading/Slopes remain at their existing inclination of 2.5H to 4H:1V. Locally, excavation of up
to 15 feet deep will be required at the two proposed retaining walls. These,
and any other excavations into the existing slopes require review by the
Geotechnical Engineer.

Two retaining walls have been proposed to achieve final grades along the
upslope edge of new Walworth Ave. Wall heights of up to 15 feet are
anticipated. These retaining walls have not been designed at this time but are
planned to have a decorative concrete facing. Retaining wall designs are
beyond the scope of these geotechnical exploration services.

Free-Standing
Retaining Walls

Estimated Start of

Construction Spring/Summer 2019

GEOTECHNICAL CHARACTERIZATION

We have developed a general characterization of the subsurface conditions based upon our
review of the subsurface exploration, laboratory data, geologic setting and our understanding of
the project. This characterization, termed GeoModel, forms the basis of our geotechnical
calculations and evaluation of site preparation and foundation options. Conditions encountered at
each exploration point are indicated on the individual logs. The individual logs can be found in the
Exploration Results section and the GeoModel can be found in the Figures section of this report.

As part of our analyses, we identified the following model layers within the subsurface profile. For
a more detailed view of the model layer depths at each boring location, refer to the GeoModel.
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 Model Layer | Layer Name L R General Descrlptlon o _—7
1 FILL gravel and Iean to fat clay, with cinders, brick and rock fragments,
[l et e AR ‘concrete and coal
2 LEAN TO FAT | trace limestone fragments and sand, olive brown/brown, medlum
! CLAY | stifftohard S
3 SILTY CLAY : brown a_nﬂ_r_ai T_e_c_jmm stlff to stiff -
4 LEAN CLAY | with shale and limestone fragments, ollve graylbrown medium stlf'f
| e il (Colluvium) _! tohad ] -
5 LEAN CLAY with Ilmestone fragments, ollve graylbrown hard
£ (Residuum) 7 7 -
6 | SHALE AND Shale: brown/ brown with gray, highly weathered, extremely weak
R J_! - LIMESTONE | Limestone: gray, strong S
7 . SHALE AND Shale: gray, very weak to weak
. LIMESTONE ' Limestone: gray, strong . -

Colluvial soils are derivative of the weathering of the bedrock surface and the gradual downslope
creep of the overburden soils. Colluvial soils are identified by shale and limestone fragments
derived from the parent bedrock yet in a random orientation. Colluvial soils have a relatively high
internal shear strength. However, the shear strength at the contact with the underlying bedrock is
considerably lower and subject to pore pressures caused by water permeating along the contact
surface.

Residual soils are derived from weathering of the parent bedrock to a cohesive soil and are
characterized by a soil-like consistency with trace bedding planes and horizontally-aligned
limestone fragments indicative of the parent material.

Approximately 15-feet of rock coring was performed at Test Boring B-6, with recovery ranging from
about 25 to 100% and Rock Quality Designation (RQD) ranging from about 0 to 50%. Bedrock
consisted of interbedded shale and limestone, with shale comprising about 61% of the rock matrix.
Shale bedrock encountered was gray, slightly weathered and weak. Limestone bedrock
encountered was light gray, unweathered and strong.

The boreholes were observed while drilling and after completion for the presence and level of
groundwater. The water levels observed in the boreholes can be found on the boring logs in
Exploration Results. However, 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.
Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall, runoff
and other factors not evident at the time the borings were performed. Perched groundwater is often
encountered at the existing fill/natural soil interface, within existing fill, at the overburden soil/bedrock
interface or within seams, bedding planes or fractures within the bedrock. As a result, perched water
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could be encountered during construction. The possibility of groundwater level fluctuations should
be considered when developing the design and construction plans for the project.

GEOTECHNICAL OVERVIEW

The test borings located to the south of the site (Borings B-2, B-3, B-5, B-7, B-8 and B-10)
encountered about 5 to 15 feet of fill overlying native cohesive soils underlain by bedrock
encountered at depths ranging from about 30 to 40 feet below existing site grades. The test borings
located along the north slope of the site (Borings B-1, B-4, B-6 and B-9) encountered about 3.5 to 6
feet of fill, underlain by native cohesive soils and colluvium and then bedrock at depths ranging from
6 to 33.5 feet below existing site grades. The shallow bedrock was observed to consist primarily of
extremely weak to weak shale with moderately strong to strong limestone interbeds.

The development of the site will be split into two phases. Phase 1 will consist of the removal of
existing contaminated soils and their replacement with clean fill. This will be completed to depths
ranging from about 2 to 30 below the current ground surface. Contaminated soils will be hauled
off site and disposed of. The site will be restored to its prior grading at the completion of Phase 1.
Environmental reports have been submitted separately from this geotechnical report. Phase 2 will
consist of the earthwork required to achieve the grading plan for the development and the
installation of utilities, retaining walls, and pavements.

Upon removal of the proposed overburden soil, structural fill (meeting material property
requirements described in the Earthwork section of this report) must be placed to achieve final
site grades. The newly-placed fill will experience consolidation settlement and has been discussed
in this report. Temporary excavations will be required during grading operations. All excavations
should, at a minimum, comply with applicable local, state and federal safety regulations, including
the current Occupational Safety and Health Administration (OSHA) Excavation and Trench Safety
Standards. Excavations should be planned to prevent destabilization of the north hillside and the
adjacent railroad property that borders the development to the south. Where temporary
excavation slopes cannot be established, other support systems such as shoring or shielding may
be required.

The near-surface low to medium plasticity clay could become unstable with typical earthwork and
construction traffic, especially after precipitation events. Effective drainage systems should be
completed early in the construction sequence and maintained after construction to avoid potential
issues. If possible, the grading should be performed during the warmer and drier times of the year.
If grading is performed during the winter months, an increased risk for possible undercutting and
replacement of unstable subgrade will persist. The near-surface soils encountered in the borings,
are not expected to pass proofroll in their current condition. In areas of fills and shallow cuts, these
soils will require undercutting and replacement or stabilization prior to paving. Additional site
preparation recommendations, including subgrade improvement and fill placement, are provided
in the Earthwork section.
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The fill soils encountered in the test borings consisted of uncontrolled fill consisting of concrete,
brick and rock fragments, coal and other inclusions. Due to the variability in the consistency of fill
material the existing fill should be considered unsuitable for building support. Based on the proposed
remediation plan, a portion of the existing fill areas will be undercut and backfilled with structural fill.
If existing fill is encountered at the pavement subgrade level, following proposed remediation, the
existing fill should be undercut such that the subgrade consists of a minimum 2-feet of new
engineered fill. Besides the existing fill, some of the native soils were identified in a medium stiff
condition. These soils should also be undercut and replaced with structural fill to provide building
support. In lieu of removing and replacing these soils, bearing elements of foundations may be
designed to penetrate into the underlying at-least-stiff native soils or bedrock.

The proposed buildings on the individual lots within the development have not yet been prepared.
It is anticipated that these structures will be unique to each lot/builder. Specific recommendations
for the design of building foundations will likely be required by the individual builders on each lot.
The builders will need to abide by Ohio Building Code or engage a firm, other than Terracon, for
any services related to the proposed building structures.

To create a model and determine soil properties for the design of the 2 retaining walls planned
for the development, slope stability analyses of the north slope were performed. The parameters
used in these analyses were based upon new borings performed toward the bottom of the slope
and historical borings performed by HC Nutting (now Terracon) in the upper slope. Copies of the
relevant historical boring logs are included in the Appendix. Any excavations into the existing
slope at this site must be reviewed by the Geotechnical Engineer. Retaining walls should be
designed such that an open-cut is not required. Typical wall types may include a drilled shaft and
lagging wall that may be faced with decorative concrete. See Slope Stability for additional
discussion.

The Pavements section addresses the subgrade parameters to be used in the design of
pavement systems.

The General Comments section provides an understanding of the report limitations.

EARTHWORK

The following sections provide recommendations for use in the preparation of specifications for
the earthwork. These recommendations include critical quality criteria that are necessary to
render the site in the state considered in our geotechnical engineering evaluation for support of
pavements, infrastructure, and general building development.
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Site Preparation

Clearing and grubbing has already been carried out on most of the property to be developed. The
development of the site will be split into two phases. Phase 1 will consist of the removal of existing
contaminated soils and their replacement with clean fill. This will be completed to depths ranging
from about 2 to 30 below the current ground surface. Contaminated soils will be hauled off site
and disposed of. The site will be restored to its prior grading at the completion of Phase 1.
Environmental reports have been submitted separately from this geotechnical report. Phase 2 will
consist of the earthwork required to achieve the grading plan for the development and the
installation of utilities, retaining walls, and pavements.

Prior to placing fill, any remaining existing vegetation and root mat/root bulbs should be removed.
Complete stripping of the topsoil should be performed within the grading limits. Following stripping
of site, specific evaluation should be performed to determine whether remnants of the former
structures (e.g. below-grade walls, slabs and foundations, underground utilities) can be left in
place or removed. In general, these items should be removed in their entirety and replaced with
engineered fill. These items should be evaluated on a case-by-case basis by Terracon in
consideration of proposed structures which may conflict with the presence of existing structural
remnants.

Any existing utilities should be clearly marked in the field prior to construction and specific
information regarding existing utilities (including accurate locations and depths) is very important
to identify potential conflicts with new utilities, future building development, and roadways. Site
preparation should include the relocation of any existing utilities outside of proposed building
footprints. If any existing utilities are to be abandoned in-place, it is recommended that the utilities
be grouted solid. Any existing catch basins, underdrains and septic systems should be completely
removed.

The fill soils encountered in the test borings consisted of uncontrolled fill consisting of concrete,
brick and rock fragments, coal and other inclusions. Due to the variability in the consistency of fill
material the existing fill should be considered unsuitable for building support. Besides the existing
fill, some of the native soils were identified in a medium stiff condition. Based on the proposed
environmental remediation plan, a portion of the existing fill and medium stiff native soils will be
undercut and backfilled with structural fill.

In building areas, plus a 10-feet perimeter, any existing fill or medium stiff native soils should be
undercut and replaced with structural fill to provide building support. In lieu of removing and
replacing these soils, bearing elements of foundations may be designed to penetrate to bear in
the underlying at-least-stiff native soils or bedrock. Typical methods for this purpose include
trenched footings or a foundation system of drilled shafts and grade beams.

The following table indicates the depths of the fill and medium stiff native soil zones.
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B-3 10
B-5 15
B-7 5
B-8 7.5
B-10 16
B-11 7.5

If encountered, any existing fill in proposed pavement areas should be undercut to provide a
minimum 2-feet engineered fill thickness. The bottom of the undercut areas and other subgrade
areas to receive engineered should be proof rolled with multiple passes of a loaded dump truck
(minimum total weight of 20-tons) under the observation of Terracon. Soft, yielding areas should
be isolated and remediated prior to placement of engineered fill. Undercutting in areas that fail a
proofroll may require undercutting to depths greater than the 2 feet mentioned above. Possible
remediation methods could include in-place stabilization with gravel and a geogrid/geotextile,
undercutting and replacement with engineered fill, or chemical stabilization. The appropriate
remediation method will depend on the conditions encountered at that time and location and
should be determined in the field during construction.

Fill Material Types

It is our understanding that the fill materials for both phases of the development will be obtained
from an approved borrow site. Terracon has evaluated and reported on one identified potential
borrow site located near the intersection of Interstate 74 and Ohio State Route 128 in Hamilton
County, Ohio. A copy of this report is included in the Appendix.

Fill required to achieve design grade should be consist of “structural” fill since it will be relied upon
for support of infrastructure and future building development. Structural fill is generally described
as material used below, or within 10 feet of structures, pavements or constructed slopes. We
recommend the use of a uniform compaction specification due to the scale of the development.
Earthen materials used for structural fill should meet the following material property requirements:

 SoilType’ | Giagefficaion | o AccoptableParameters
Lean clay CL (LL<40) : Al locations and elevations
Moderately plastic clay | CL (40<LL<50) > 3 feet below pavement subgrade
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Well graded granular | GW? | All locations and elevations

On-site soils and
weathered bedrock

? | The existing on-site soils, typically described as lean clay,
. are suitable for use as engineered fill. Medium plasticity
| | clay should not be used within 3 feet of subgrade beneath
Varies | building/pavement areas. Moisture conditioning and some

| culling of excavated soils should be anticipated. The

‘ suitability of all excavated soils should be evaluated in the
1 | field during construction.

1. New engineered fill should consist of approved materials that are free of organic matter and debris
and have a maximum particle size of 6 inches. Frozen material should not be used. Fill should not be
placed on a frozen subgrade. A sample of each material type should be submitted to Terracon for
evaluation.

2. Similar to ODOT Item 304 stone or crushed limestone aggregate or granular material such as sand,

Shale and limestone materials can be used as structural fill. However, the following special
measures should be implemented:

]

Brown and gray shale should not be intermixed.

Soil should not be mixed with gray shale but can be mixed with brown shale.

Large rock fragments or limestone slabs having a thickness greater than 6 inches in any
dimension, should be removed from the layer to be compacted, or broken down in-place
before being incorporated in to the compacted lift. No solid fragment greater than 6 inches
in any dimension should be placed in the fill. All rock pieces should be well distributed in
the mass and "nesting" should be avoided. Stones or rock fragments larger than 4 inches
in their greatest dimension should be prohibited in the top 6 inches of the final subgrade.
Water should be added to each layer as required to obtain a moisture content of the soil
or shale portion of the fill to within a range of optimum moisture content to +4% for any
shale fill (and +/-2% for soils). The addition of water is necessary to facilitate compaction,
but also accelerate the slaking and breakdown in the case of shales. Water should be
added utilizing a spray bar on a truck or other approved method to produce uniform
application. The water should be uniformly incorporated throughout the entire layer's
thickness. Note that it has been our experience to observe that gray shale will require
comparatively more water to condition the lift than brown weathered shale.

All structural fill, including soil and shale materials, should be placed in loose lifts not
exceeding 8 inches in thickness. Compaction should be accomplished as outlined in this
report.

Where shale materials are included in the structural fill, both vibratory and static tamping
foot rollers having a minimum weight of 50,000 Ibs. should be utilized.
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s Due to occasional difficulty in performing field density tests due to limestone fragment
influences, proof-rolling the compacted lifts may be necessary in some cases to observe
stability and confirm compaction, in lieu of moisture-density testing.

Fill Compaction Requirements

Structural and general fill should meet the following compaction requirements.

It

Maximum Lift compaction equipment is used

Thickness 6-inches in loose thickness when hand-guided equipment (i.e. jumping
jack or plate compactor) is used

Minimum

Compaction s 98% of max. below foundations and within 2-feet of finished pavement

Requirements " 2 subgrade

Water Content a Low plasticity cohesive: -2% to +3% of optimum

Range * g Granular: -3% to +3% of optimum / workable moisture levels

1. Maximum density and optimum water content as determined by the standard Proctor test (ASTM D 698).

2. If the granular material is a coarse sand or gravel, or of a uniform size, or has a low fines content,
compaction comparison to relative density may be more appropriate. In this case, granular materials should
be compacted to at least 70% relative density (ASTM D 4253 and D 4254).

All materials to be used as engineered fill should be tested in the laboratory to determine their
suitability and compaction characteristics.

Grading and Drainage

Effective site drainage is important to satisfactory long-term perfomance of buildings and
pavements. Final surrounding grades should be sloped away from these items to prevent the
ponding of water and should be maintained throughout its lifespan. Water retained next to
buildings can result in soil movements greater than those discussed in this report. Greater
movements can result in unacceptable differential floor slab and/or foundation movements,
cracked slabs and walls, and roof leaks. Effective site drainage is also important during construction
to reduce the potential for undercuts associated with ponding of water in excavations and on
approved subgrades.

Where the bedrock surface is exposed in cut subgrade areas, it should be examined for drainage
characteristics and careful crowning of the subgrade is important to avoid low spots that can trap
water and soften the subgrade. Fill placed on benches that intercept the overburden soil/bedrock
interface, and those that extend into the bedrock, should be evaluated to determine if ground water
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seepage exists. Where ground water is encountered in fill areas, temporary drainage will be
required. Depending upon the depth and location of the groundwater, permanent drainage may be
required to prevent the build-up of groundwater pressures.

Earthwork Construction Considerations

It is anticipated that variable excavation depths are planned across the site to establish the design
subgrades. The feasibility of performing open-cut excavations with laid-back slopes will depend
on several factors and requires specific evaluation. Excavations/trenches deeper than 20 feet
should be designed by a registered engineer. Temporary excavation support systems, where
required, should be installed prior to making excavations. Trenches at the base of and parallel to
slopes should limited to sections of 30 feet or less and backfilled prior to excavating the adjacent
sections. All backfill should be compacted to specifications.

All trench excavations should be made with sufficient working space to permit construction including
backfill placement and compaction. If utility trenches are backfilled with relatively clean granular
material, they should be capped with at least 18 inches of cohesive fill in non-pavement areas to
reduce the infiltration and conveyance of surface water through the trench backfill.

Temporary excavations will be required during grading operations. The excavation/site contractor
is responsible for designing and constructing stable, temporary excavations and should shore,
slope or bench the sides of the excavations as required, to maintain stability of both the excavation
sides and bottom. The design of the excavation support system should not only take into account
the forces, but also tolerable displacement as specified in the project documents. All excavations
should, at a minimum, comply with applicable local, state and federal safety regulations, including
the current Occupational Safety and Health Administration (OSHA) Excavation and Trench Safety
Standards. The soils encountered in the test borings generally appear to classify as OSHA Type
B. However, OSHA Type C are also likely to be present due to the presence of uncontrolled fill
and the groundwater table. The final determination of the soil type should be made by the
contractor's competent person and be based upon the conditions that exist at that time and
location.

Any subgrades to receive fill and which are steeper than 5H:1V should be benched to allow for
placement of the fill on relatively horizontal surfaces and to key in the new fill into existing soils. The
minimum width of the bench, typically 4 to 8-feet, should be sufficient to accommodate construction
equipment.

Placement of new embankment fill will cause settlement. These settlements will occur as a result
of consolidation of bearing materials upon which the fill is placed, as well as compression of the
embankment material. The degree of fill-induced settlement will vary depending on existing
overburden thickness and characteristics, new fill type and thickness, moisture content, etc. Fill-
induced settlements are estimated to be about % to 1 inch per 10 feet of fill placed. Some of this
settlement should occur during fill placement, but additional settlement will likely occur after
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topping out the fill. It is recommended that some form(s) of instrumentation monitoring be
performed to observe total and time-rate of fill-induced settlement.

A permanent slope of 3H:1V or flatter is recommended within the stiff overburden and engineered-
fill soils at the site. This will also allow the areas to be mowed/maintained.

Upon completion of filling and grading, care should be taken to maintain the subgrade moisture
content prior to construction of buildings and pavements. Although the exposed subgrade may be
relatively stable upon initial exposure, unstable subgrade conditions could develop during general
construction operations, particularly if the soils are wetted and/or subjected to repetitive construction
traffic. The use of light construction equipment would aid in reducing subgrade disturbance. Should
unstable subgrade conditions develop, stabilization measures will be required. The appropriate
remediation measure(s) will depend on conditions exposed during construction and requires field
evaluation.

It is recommended that all exposed earth slopes be immediately seeded upon the completion of
earthwork in the area to provide protection against erosion. Seeded slopes should be protected
with erosion control mats until the vegetation is established.

Terracon should be retained during the construction phase of the project to observe earthwork
and to perform necessary tests and observations during subgrade preparation; proof-rolling;
placement and compaction of controlled compacted fills; backfilling of excavations into the
completed subgrade, and just prior to construction of pavements.

Construction site safety is the sole responsibility of the contractor who controls the means,
methods, and sequencing of construction operations. Under no circumstances shall the
information provided herein be interpreted to mean Terracon is assuming responsibility for
construction site safety, or the contractor's activities. Such responsibility shall neither be implied
nor inferred.

Construction Observation and Testing

The earthwork efforts should be monitored under the direction of the Geotechnical Engineer.
Monitoring should include documentation of adequate removal of vegetation and topsoil, proof-
rolling and mitigation of areas delineated by the proof-roll to require mitigation.

Each lift of compacted fill should be tested, evaluated, and reworked as necessary until approved
by the Geotechnical Engineer prior to placement of additional lifts. Each lift of fill should be tested
for density and water content at a frequency of at least one test for 5,000 square feet in pavement
areas and 2,500 feet in building areas. One density and water content test for every 50 linear feet
of compacted utility trench backfill.

In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
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continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.

STORMWATER MANAGEMENT

Based on the provided site plan, one new detention basin, up to 6 feet deep, is planned at the east
end of the site. It is anticipated that clay soils will be encountered at the proposed detention basin
bottom elevation. Based on the short-term groundwater observations made during the drilling of our
test borings, we do not anticipate significant seepage within the detention basin excavation.
However, seepage could vary seasonally. The civil engineer should determine the dimensions,
bearing level, and composition of the retaining wall for correlate to the proposed grading of the
detention basin such that the retaining wall is not impacted. We recommend an inclination of no
steeper than 5H:1V between the grade at the base of the wall to the bottom of the detention basin.
Any fill placed to build the detention basin should consist of cohesive soils and comply with the
Compaction Requirements recommendations specified in section Site Preparation.

Ground water springs were observed on the slope above the site. These springs may produce
continual water seepage or may be seasonal. A collection system should be established at the
toe of the slope to reduce the potential for sheet flow of water over the roadway and/or the
saturation of the subgrade.

PAVEMENTS

Subgrade Preparation

The subgrade for the pavements will consist of imported fill material as well as native cohesive soils.
On most project sites, site grading is accomplished relatively early in the construction phase.
Excavations are made to subgrade elevations and fill (as needed) is placed and compacted in a
uniform manner. However, as construction proceeds, excavations for utilities and other purposes
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, uncompacted soils to prevent ponding. As a result, the pavement subgrades,
initially prepared early in the project, may be unsuitable and should be carefully evaluated as the
time for pavement construction approaches.

The native soils include low to high plasticity soils. Where exposed at subgrade level, these soil
types are easily disturbed/softened by very few traffic loadings and/or by precipitation and
groundwater seepage. These soils may require undercutting and replacement or stabilization prior
to paving. We recommend the moisture content and density of the top 8 inches of the subgrade be
evaluated and the pavement subgrades (in soil areas) be proof-rolled prior to commencement of
paving operations. Areas not in compliance with the required ranges of moisture or density should
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be moisture conditioned and recompacted. Areas where unsuitable conditions are located should
be repaired by removing and replacing the materials with properly-compacted fill.

After proof-rolling and repairing subgrade deficiencies, the entire subgrade should be scarified and
developed as recommended in Earthwork section of this report to provide a uniform subgrade for
pavement construction. If a significant precipitation event occurs after the evaluation or if the surface
becomes disturbed, the subgrade should be reviewed by qualified geotechnical personnel
immediately prior to paving. The subgrade should be in its finished form at the time of the final
review.

Design Considerations

We anticipate that traffic loads will be produced primarily by automobile traffic and some delivery
and trash removal trucks. The thickness of pavements subjected to heavy truck traffic should be
determined using expected traffic volumes, vehicle types, and vehicle loads and should be in
accordance with local, city or county ordinances.

For pavement subgrades prepared in accordance with our recommendations in this report, we
recommend a California Bearing Ratio (CBR) value of 3 be used for design of flexible asphalt
concrete pavements at the site. CBR testing is recommended during construction to confirm the
design value. A modulus of subgrade reaction value of 100 pounds per cubic inch (pci) is
recommended for design of rigid concrete pavement sections, if any.

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 subgrade soils or long-term settlement of undocumented fills left in-place. Thus, the
pavement section may be adequate from a structural standpoint, yet still experience cracking and
deformation due to shrink/swell/settlement related movement of the subgrade.

Pavement performance is affected by its surroundings. n addition to providing preventive
maintenance, the civil engineer should consider the following recommendations in the design and
layout of pavements:

Final grade adjacent to roadways should slope down from pavement edges at a minimum 2%.
The subgrade and the pavement surface should have a minimum % inch per foot slope to
promote proper surface drainage.
Install pavement drainage surrounding areas anticipated for frequent wetting.
Install joint sealant and seal cracks immediately.
Seal all landscaped areas in, or adjacent to pavements to reduce moisture migration to
subgrade soils.

o Place compacted, low permeability backfill against the exterior side of curb and gutter.
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a Place curb/gutter directly on clay subgrade soils rather than on unbound granular base course
materials.

Pavement Drainage

Effective pavement drainage is important to satisfactory long-term performance of pavements.
Pavements should be sloped to provide rapid drainage of surface water. Water allowed to pond on
or adjacent to the pavements could saturate the subgrade and contribute to premature pavement
deterioration. In addition, the pavement subgrade should be graded to provide positive drainage
within the granular base section. Appropriate sub-drainage or connection to a suitable daylight outlet
should be provided to remove water from the granular subbase. In our experience, pavement
failures are more often caused by poor drainage than inadequate section thickness.

Pavement Maintenance

Periodic preventive maintenance should be planned and provided for through an on-going
pavement management program. Preventive maintenance activities are intended to slow the rate
of pavement deterioration, and to preserve the pavement investment. Preventive maintenance
consists of both localized maintenance (e.g., crack and joint sealing and patching) and global
maintenance (e.g., surface sealing). Preventive maintenance is usually the first priority when
implementing a planned pavement maintenance program and provides the highest return on
investment for pavements. Prior to implementing any maintenance, additional engineering
observation is recommended to determine the type and extent of preventive maintenance. Even
with periodic maintenance, some movements and related cracking may still occur and repairs may
be required.

SLOPE STABILITY

Mechanics of Stability

Slope stability analyses take into consideration material strength, the orientation of layers, water
(piezometric) pressures, surcharge loads, and the slope geometry. Mathematical computations
are performed using computer-assisted simulations to calculate a Factor of Safety (FS). Minor
changes to slope geometry, surface water flow and/or groundwater levels could result in slope
instability. Reasonable FS values are dependent upon the confidence in the parameters utilized
in the analyses performed, among other factors related to the project.

Geometric Analysis Results

Slope stability analyses were performed for an upslope-downslope cross-section through Borings
B-9 and B-10 (west end of site) and Borings B-1 and B-2 (east end of site). These locations were
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selected due to their proximity to the proposed retaining walls. Historical borings performed by
HC Nutting (now Terracon) that were performed in 1967 were also used to determine stratigraphy.
Copies of the historical logs are included in the Exploration Results. Surface topography was
obtained from the Preliminary Grading Plan (by Abercrombie). Parameters for the analyses were
derived from our exploratory borings, experience, and laboratory tests. Stability analyses were
conducted using the computer program Slope/W Version 8.16 developed by Geo-Slope
International.

Our stability analyses presume that the retaining wall that exists along the south edge of Columbia
Parkway has been designed to fully retain the upslope soils and will continue to do so for the life
of the project. Analysis of this existing wall is beyond our scope of services.

Unstable or Potentially Unstable Slopes

Based on the results of our field investigation, laboratory testing program, and geotechnical
analysis, development of the site is considered feasible from a geotechnical viewpoint provided
the conclusions and considerations provided herein are incorporated into the design and
construction of the project.

The stability of the slopes at the cross-section locations were analyzed based on the provided
topography, proposed grading, soil properties derived from our geotechnical exploration,
laboratory test results and our experience with similar soil conditions. Soil and bedrock properties
used in the analyses are shown below:

I
1
£
Fill 120 50 18
Upper Lean Clay 125 50 18
Lower Lean Ciay 1 130 200 22
Lower Lean Clay 2 125 100 20
Gray Shale (Bedrock) Impenetrable by failure surface

The slope stability results are included in the Slope Stability Analyses section of this report.
Based on the analyses, the calculated FS for the critical surfaces identified in each section is
shown below. These factors of safety indicate a marginally-stable slope which is common for the
slopes along Columbia Parkway. The installation of properly designed retaining walls and the
placement of fill at the toe of the slope will not negatively impact the stability of the slope. However,
the stability of the undisturbed existing slope, upslope of the wall, will continue to have a low FS.
At the west end of the site, where the factor of safety is marginal, site grades will be raised, thus
providing a buttress to the slope. We recommend that the existing slope not be disturbed,
denuded or otherwise manipulated beyond the grading limits as this may create a condition of
instability.
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: Minimum Calculated Factor-of-Safety for Slopes
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Surficial Slope Stability

Surface instability was observed on the slopes to the north of the proposed improvements during
our site visits. These consisted of shallow surface sloughing and groundwater seepage. Minor
areas of erosion by surface runoff were observed. Surficial slope instability typically impacts the
upper 2 to3 feet +/- of the subsurface profile, predominantly during extended wet periods. Regular
maintenance should be anticipated to identify and address changes in natural drainage patterns,
creating potential for soil creep or erosion near the project. No new source of water onto the slope,
such as irrigation of lawns or landscaping, should be created by the new development.

LATERAL EARTH PRESSURES

Design Parameters

Earth pressures will be influenced by structural design of the walls, conditions of wall restraint,
methods of construction and/or compaction and the strength of the materials being restrained.
For preliminary retaining wall designs, the following table of parameters has been provided. Final
design values will depend upon the wall system to be used. The final design parameters will be
established by the design engineer in consultation with Terracon. Two wall restraint conditions
are shown in the diagram below. Active earth pressure is commonly used for design of free-
standing cantilever retaining walls and assumes wall movement. The “at-rest” condition assumes
no wall movement and is commonly used walls restrained at the top. The recommended design
lateral earth pressures do not include a factor of safety and do not provide for possible hydrostatic
pressure on the walls (unless stated).
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For active pressure movement

S = Surcharge —* #—(0.002 H to 0.004 H)
EI ] For at-rest pressure
£~ - No Movement Assumed
Horizontal
Finished
Grade

Horizontal
Finished Grade

3
Retaining Wall

Lateral Earth Pressure Design Parameters

h : 2 2, 4
Earth Pressure Coefficient for SurS arg;‘aﬂv Effective Fluid Pressures (psf) 448
st : - Pressure S
______ concen Dacll Vo p1 (psf) Unsaturated © | Submerged =
Active (Ka) | 041 041 | (50)H | (85)H
At-Rest (Ko) i 0.58 (0.58)S \ ~(7TO)H | (95)H
Passive (Kp) | 246 : - o @H | (08H

1

For active earth pressure, wall must rotate about base, with top lateral movements 0.002 H to 0.004 H,
where H is wall height. For passive earth pressure, wall must move horizontally to mobilize resistance.

Uniform, horizontal backfill, rendering a maximum unit weight of 120 pcf.

Uniform surcharge, where S is surcharge pressure.

No safety factor is included in these values.

“Submerged” conditions are recommended when drainage behind walls is not incorporated into the design.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations 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.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
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absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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Geotechnical Engineering Report
Walworth Avenue Development a Cincinnati, Hamilton County, Ohio '||i2rracon

e U
May 23, 2019 & Terracon Project No. N1195144 GeoReport

EXPLORATION AND TESTING PROCEDURES

Field Exploration

]

| WNumberofBorings - |  Boring Depth'feet) Ao
3 16.9 to 33.8 Property)
6 30.4t0454 Within limits of development area
1 16.9 Cul-de-sac
1 30.8 Western detention basin

Boring Layout and Elevations: Terracon personnel provided the boring layout. Coordinates
were obtained with a handheld GPS unit (estimated horizontal and vertical accuracy of about +1
feet).

Subsurface Exploration Procedures: We advanced the borings with a track-mounted rotary drill
rig using continuous hollow-stem flight augers. Generally, four samples were obtained in the upper
10 feet of each boring and at intervals of 5 feet thereafter. In the split-barrel sampling procedure, a
standard 2-inch outer-diameter split-barrel sampling spoon was driven into the ground by a
140-pound automatic hammer falling a distance of 30 inches. The number of blows required to
advance the sampling spoon the last 12 inches of a normal 18-inch penetration is recorded as the
Standard Penetration Test (SPT) resistance value. The SPT resistance values, also referred to as
N-values, are indicated on the boring logs at the test depths. We observed and recorded
groundwater levels during drilling and sampling. All borings were backfilled with auger cuttings
after their completion. Upon encountering bedrock, a sample was typically collected by over-
driving the split-spoon sampler. At Boring B-6, about 15-feet of rock coring using a NQ rock core
barrel was performed.

The sampling depths, penetration distances, and other sampling information was recorded on the
field boring logs. The samples were placed in appropriate containers and taken to our soil laboratory
for testing and classification by a Geotechnical Engineer. Our exploration team prepared field
boring logs as part of the drilling operations. These field logs included visual classifications of the
materials encountered during drilling and our interpretation of the subsurface conditions between
samples. Final boring logs were prepared from the field logs. The final boring logs represent the
Geotechnical Engineer's interpretation of the field logs and include modifications based on
observations and tests of the samples in our laboratory.

Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil and rock strata, as necessary, for this project.

Responsive o Resourceful = Reliable EXPLORATION AND TESTING PROCEDURES 1 of 2



Geotechnical Engineering Report
Walworth Avenue Development a Cincinnati, Hamilton County, Ohio 1rerracon

P
May 23, 2019 u Terracon Project No. N1195144 GeoRepor t

Procedural standards noted below are for reference to methodology in general. In some cases,
variations to methods were applied because of local practice or professional judgment. Standards
noted below include reference to other, related standards. Such references are not necessarily
applicable to describe the specific test performed.

ASTM D2216 Standard Test Methods for Laboratory Determination of Water (Moisture)

Content of Soil and Rock by Mass
o ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of

Soils
ASTM D7263 Standard Test Methods for laboratory Determination of Density (Unit
Weight) of Soil Specimens

The laboratory testing program included examination of soil samples by an engineer. Based on
the material's texture and plasticity, we described and classified the soil samples in accordance
with the Unified Soil Classification System. Rock classification was conducted using locally-
accepted practices for engineering purposes. Boring log rock classification was determined using
the attached Description of Rock Properties.

Responsive e Resourceful m Reliable EXPLORATION AND TESTING PROCEDURES 2 of 2



SITE LOCATION AND EXPLORATION PLANS

Contents:

Site Location Plan
Exploration Plan

Note: All attachments are one page unless noted above.
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SITE LOCATION
Walworth Avenue Development = Cincinnati, Hamilton County, Ohio ——
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EXPLORATION PLAN

Walworth Avenue Development = Cincinnati, Hamilton County, Ohio
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BORING LOG NO. B-1

Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
é 8 LOCATION See Exploration Plan = dg w f - x ag 5 - & ATI‘UEMEI_I?_ERGI
-l - (7] = (8
3 Q |Latitude: 30.120518" Longitude: -84.445853" E @5 E § @g g g_ﬁj %ﬁ(?_; e gg
> ~>1Z
g 3 8 |BE § 3 o g |&% 8§Z P28 | Len
el g Suface Elev. 5304 (Ft) [ & |£2 L e g §8§ g|°g
DEPTH ELEVATION (Ft) °
, trace root hairs and
limestone fragments, clive brown with light _
gray mottling, hard (Colluvium) (continued)
- 1-3-11
0 N=14
30
5 506, ]
INTERBEDDED SHALE AND 100 50/3" 15

LIMESTONE
Shale: gray, very weak
imestane: gray, strong

Boring Terminated at 33.75 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continugus-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

Notes:

WATER LEVEL OBSERVATIONS

X7 Water observed at 23.5' during drilling

NV Water observed at 18' after drilling

THIS BORING LOG IS NOT VALID [F SEPARATED FROM ORIGINAL REPORT, GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

Tlerracon

611 Lunken Park Dr
Cincinnati, OH

Boring Started: 04-29-2019

Boring Completed: 04-29-2019

Drill Rig: Geoprobe

Driller. P, Pattison

Project No.: N1185144




BORING LOG NO. B-2

Page 1 of2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
] Cincinnati, OH
é 8 LOCATION See Exploration Plan - m,g w f _ > a% 5 3 :‘5‘ ATII:ENRB;rgRGl
] 0wy = ~
5| © |Latitude: 38.120084° Longitude: -84.446125° < @5 5 § S g 9@ EAE e z>
al & E gzlg| 3 =171 g e g2zl x5
ol & sutscalev:s123 ) | 8 |28/ 2 | T < [33E| 8|°%
e  OEE ELEVATION (Ft) <
% ElLL - GRAVEL, black and gra
RN oy o7 | 68
R = N=12
o%
XX
R i
2280 ] 510
%%77]  EILL-LEAN CLAY , trace sand, petroleum _ 294
o odor and bedding planes, brown with dark 67 N=7
R brown -
0%
KRS
1R 5—
o 100 3-24
poX - N=6
RS
R
'0.0 -
'323‘ 7.5 505!
Y FlLL - CLAYEY GRAVEL , .
::‘ % black and gray 1" 7-10-50/3"
XA
O:J;" _
59
Keli0.0 5025 40
LEAN CLAY (CL), trace iron oxide stains, 7-8-11 4.5+
with shale and limestone fragments, brown | 100 N=19 (I:IP)
/ and gray, very stiff to hard
| / 15+
- 100 13-10-13 4.5+
/ — N=23 (HP)
2 /
% 20
% 1 Y| 05
25.0 4875 op_|

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Notes:

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Bamrel Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS
N7_  Water observed at 0.5' during drilling

N/ Water observed at 0.5' after drilling

THIS BORING LOG IS NOT VALID [F SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

1lerracon

611 Lunken Park Dr
Cincinnati, OH

IBon'ng Started: 03-26-2019

IBon'ng Completed: 03-26-2019

IDIi!l Rig: D-80

Driller: A. Moore

Iiject No.: N1185144




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B-2

Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
x| © |LOCATION See Exploration Plan ol w i ATTERBERG|
g 9 ee Exploration Plar 3 G‘J% o < - E 82\% ;‘E |_€ LIMITS
z| A . R ' il =1 ol - ae = S (28| |52
= | 9 |Latitude: 39.120084" Longitude: -84.446125 S|y | W o a 22 Ewh|Ez | 5
3|2 E|gz|2 |3 =1 g |82 (8Ez|<E 2T | wein
gl & oo(zE2| g o ® |2* |25E(>3 |8
o| & Surface Elev.: 5123 (FL) | B ég Z|& T kS 23E| 8 g
DEPTH ELEVATION (Ft.)
IL L), trace gravel, brown to
: =l ; ' 3-4-5 1.25
gray, medium stiff to stiff | 100 N=Q (HP) 24
3 30—
3-4-5 1.0
| 100 N=9 (HP) 23
135.0 477.5 |
| LEANCLAY (c1), with Tmestone as = r
fragments, brown with gray, stiff | 100 N=14 (HP) 26
2
2o 4725
7 ERBEDD E AND a 56 |  22-50/5"
_ L 1409 | IMESTONE 471.5
Shale: gray, very weak
imestone: gray, strong
Boring Terminated at 40.9 Feet

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Testing Procedures fora
description of field and laboratory procedures
used and additional data (If any).

See Supporting Info ion for explanation of
symbols and abbreviations,

Notes:

WATER LEVEL OBSERVATIONS

N7 Water observed at 0.5' during drilling

N/ Water observed at 0.5' after drilling

Tlerracon

611 Lunken Park Dr
Cincinnati, OH

Boring Started: 03-26-2019

Boring Completed: 03-26-2019

Drill Rig: D-80

Driller: A. Moore

Project No.: N1185144




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B-3

Page 1 of 2
PROJECT: Walworth Avenue Development CLIENT: I(E:?st'En:‘lt p%/ﬁlopers LLC
ncinnati,
SITE: Walworth Avenue
Cincinnati, OH
@ 8 LOCATION See Exploration Plan = =2 wle - > ol¥% g ATrLfNFI{I'BI’SRG
219 I 1 g [222|Z|E8
3| |uatitude: 30.120455" Longitude: -84.446705" z (35|l g ES 2 g gz ﬁf-; WE (S
2l g B |EE[2]8 =H g |8%|g85|sk 22 | LLpLe
gl g Sutscs Elev: 5185 () | & 22| 2 | o 2 23E|° 3 g
__|DEPTH ELEVATION (Ft)
g7~ FILL - LEAN CLAY , with root hairs and 2.2.3
o coal, brown with gray i 87 N=5
2 i
X% 2.5 516|
FILL - GRAVEL,, with coal, black - 7.9-9
100
N=18
1 0 5135 g AV4
EILL - FAT CLAY , with black sand veins 19-18-5
and limestone fragments, brown and gray _ 67 N=23 52-24-28
7 100 1,‘?;?’ g
<Aoo 508.5
. , with shale and 10 7-0-9 4.0
limestone fragments, trace fossils, brown a 100 N=18 (HP) 19
with gray, very stiff to hard
/ - with iron oxide concretions @ 15' to 25' 15 100 6-9-12 4.5;, 17 | 8
/ - =21 (HP)
2 ?
20
6-9-14 4.5+
/ - 100 N=23 (HP)
7250 4935 55 |

Stratification lines are approximate. [n-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Bael Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Tesling Procedures for a
description of field and laberatory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

Notes:

WATER LEVEL OBSERVATIONS

N7 Water abserved at §' during drilling

No water observed after drilling

1lerracon

611 Lunken Park Or
Cincinnati, OH

|Boring Started: 03-26-2019

Boring Completed: 03-27-2019

Drill Rig: D-90

Drilter: A. Moore

Project No.: N1185144




BORING LOG NO. B-3 Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End pevelopers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
ERBERG|
& | © |LOCATION See Exploration Plan a2lw| o > lawsg| = ATlrJEMRr?_g G
o = |ugle]| T = z |[@22] &| -8 F——
>l 3 g |2 t > o o 20 @ SlEg
S| g |Latituce: 30.120455" Longitudo: -84.446795° z [2%|a| & Eo g 5@ ERE| e | 3
g g fEu fiz 2|8 %ﬁ g |82|38% st 0 | weup
Sl Suteco Elev: S185 () | B |2 2 | [ < |33E|°8 g
DEPTH _ ELEVATION (Ft)
vzy SILTY CLAY {C1 -ML), with iron oxide
/f 7z concretions, reddish brown, medium stiff to _ 100 ?\]4:”'3 (:{g) 20
% stiff
/ -
%%
7 —
Z
7 _
“ 2 /]30.0 488.5 30+
¥z LEAN CLAY (CL), with limestone 417-14
o / fragments, gray trace brown, hard | 100 N=31 10
f / 35.0 483.5( 35—
NTERB El D w
| 1359 | IMESTONE 4825| &7 35-50/
Shale: gray, very weak
{_imestone: gray, strong
Boring Terminated at 35.9 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: + i Notes:
3.25-inch Continucus-Flight Hollow-Stem Augers ggfcﬁ,?ﬁm}"ﬁlﬁng&ﬁi‘ﬁ'&%ﬁ?ﬂﬁiﬂ?
2-inch Split-Barrel Sampler used and additional data (If any).
See Suppoiting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS Boring Started: 03-26-2019 Bering Completed: 03-27-2019
N7 Water observed at 5' during drilling erracon
No water observed after drilling [Orit Rig: D-90 Drilter: A Moore
611 Lunken Park Dr
Cincinnati, OH Project No.: N1185144

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5122119




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B4

Page 1of 1
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
ATTERBERG
5 8 LOCATION See Exploration Flan — |z % E = - E o g E s g LIMITS
z| 3 AIHE G . |Bo|98z|. S 58
3| 2 |Latitude: 39.12122° Longitude: -84.447241° = (B & =i B EE |E9E| B |22
S - E x3|14)| 2 =] = g=|1Z2hel E =
w| o & |uEk|g| B =1 2 o |GFz|<E |25 PL-
a é i} = % o I.IJ'&J EE: 8:[ UEW gz g-—— LL-PL-PI1
% & Approximate Surface Elev.: 548 (Ft.) +/- | O §§ = o [ra < = 8 E 8 E
DEPTH ELEVATION (Ft.)
cw s ES T
EILL - LEAN CLAY , trace root hairs, —
limestone fragments and silt lenses, olive 0-1-3 4.0
1 brown . = N=4 (HP)
“as 544.5+/- N
LEAN CLAY (CL), with limestone _ 100 10-50/2" 4.0 19
fragments and silt lenses, olive brown, very \(HP)
4 stiff to hard (Colluvium) -
v7/16.0 542+/-] _
s LEAN CLAY, with limestone fragments, 13-16-26
77| brown, hard (Residuum) i 100) “Nz42 14
— 10-14-20
100 e 15
5 N=34
10
13.5 5345+ |
INTERBEDDED SHALE AND _ 33 50/3" 8
LIMESTONE
I Shale: gray, very weak 15—
Limestone: gray, strong
- - -
| .
[ |
18.8 529+/- @
100 50/4 Fi
Boring Terminated at 18.8 Feet 0

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

See Exploration and Tesling Procedures for a Notes:
descriptlion of field and laboratory procedures
used and additional data (If any).

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Supperting Infarmation for explanation of
symbols and abbreviations,

WATER LEVEL OBSERVATIONS

No water observed during drilling
No water observed after drilling

Boring Started: 05-01-2019

Boring Completed: 05-01-2019

1lerracon

Drill Rig: Geoprobe

Driller; P, Pattison

611 Lunken Park Dr
Cincinnati, OH

Project No.: N1185144




BORING LOG NO. B-5

Page 1 of 2
PROJECT: Walworth Avenue Development CLIENT: (E:?stiEnd Dec\’ﬁlopers LLC
ncinnati,
SITE: Walworth Avenue
Cincinnati, OH
@ | o [LOCATION See Exploration Plan a2 w | o > |owg| = ATFMRral'gRG
£ S g EO& > ) g _ |45 §=g—‘
§ Q |Latitude: 39.120735" Longtude: -84.447539° 'é" EE . § K5 2 5@ £ {ﬁg |ﬂ_§§ Ze
o
B| g . & Eﬁ 3 8 Eg ¢ |S%|323 §§ 28| weLel
9| & Sutece Elew: S168(F) | & |1 2 | i T 3 (33E|°8 S
DEPTH ELEVATION (Ft.)
Zlio 516) | 56 oﬁg'g
LL- , with limestone -W
fragments, trace roots, black and brown |
- 33 3-50/2"
5.0 5120 g |
FILL - CL AYEY GRAVEL, , with limestone 6 50/1"
fragments, gray and black |
EAVA
1 7.5 500.5
FILL - FAT CLAY , with roots, limestone _ 5-4-4
fragments, petroleum odor and wood chips, 100 N=8
black and brown |
fg10.0 507
FILL - LEAN CLAY , with petroleum odor, 104 336
dark gray with black _ 100 N=9 46
A\V4
‘% .
/ —
15.0 502
T with shale and limestone 15 10-11-17 4.25
fragments, brown with gray, very stiff _ 100 N=28 (';",) 63-25-38
20.0 497,
2 with iron oxide 20 8-1417 3§
concretions, reddish brown with gray, stiff to _ 100 N=31 (H'P)
/ very stiff

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Bamrel Sampler

WATER LEVEL OBSERVATIONS

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting information for explanation of
symbols and abbreviations.

Notes:

N7 Water observed at 12" during drilling

NV Water observed at 7' afiter drilling

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

1lerracon

611 Lunken Park Dr
Cincinnati, OH

|Boring Started: 03-26-2019

Boring Completed: 03-26-2019

Drill Rig: D-90

Driller: A. Moore

Project No.: N1185144




BORING LOG NO. B-5

Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
@ [ O [LOCATION See Exploration Plar @ w i ATTERBERG
wl 3 e Exploration Fla = dg el = g z 82@ gl s LIMITS
z| 2 E |ZE|r| & Bz . |9« |28z|x-|ES
4| £ |Latitude: 38.120735° Longilude: -84.447539° |2« E w =) g 2 E ChRF|W e % =
ol 3 E (52|23 Q2 S |&o |8E2|2E |35
o & 5 whlel S oW '3 QT U%UJ SZ |x= | LL-PL-PI
S| & Suface Elev. 5168 (Ft) | & |£2 g m i 2 S3E| 8 oL
DEPTH ELEVATION (Ft.) °©
/ , with iron oxide
concretions, reddish brown with gray, stiff to _ 100 :;:'1_3 JH-’I;’s)
very stiff (continued)
2
130.0 487,
1 SITY.CLAY (LML), with Imestone 307 P o
fragments, brown, medium stiff _ 100 N=12 (H'P)
3
135.0 482 ap |
LEAN CLAY, with silt lenses, limestone 5.4.8
fragments and iron oxide stains, brown, very | 100 N=12
stiff /
2
|40.0
l 477 40—
[ Shale: brown and gray, very weak
Limestone: gray, strong _
61 ]
I
l 45.0 472 45—
7 [ 1454 INTERBEDDED SHALE AND 4715 28 50/5"
LIMESTONE
Shale: gray, very weak
imestone: gray, strong
Boring Terminated at 45.4 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures for a Notes:

3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

description of field and laboi'alofy brocedures
used and additional data (If any).

See Supporting Infarmation for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS

N7 Water observed at 12" during drilling

N/ Water observed at 7' after drilling

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

1lerracon

611 Lunken Park Dr
Cincinnati, OH

Boring Started: 03-26-2019

Boring Completed: 03-26-2019

Drill Rig: D-20

Driller: A. Moore

Project No.: N1185144




BORING LOG NO. B-6

Page 10f 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
x| © |LOCATION See txploration Flan 29| w we A'I'I'ERB%RG
ﬂ 9 { E gg % f Ew % Q%S mi D:E LIMIT
§ Q  [Latitude: 39.121678° Longitude: -84 448529° = EE:E p é ES g EE gﬁé i3 g%’
s w
g2 | s |E2l25| 2E £ |8t |BEg|3z|EQ| wr
gl & Approximate Surface Elev.: 545 (FL) +/- | © g‘é’ g u o < |3 8‘% 8°=
DEPTH ELEVATION (Ft.)
544 5+/,]
LEAN CLAY (CL), trace root hairs and —
limestone fragments, olive brown with light - 1-2-4 1.0
gray mottling, medium stiff l N=6 (HP)
2 5415+ N )
LEAN c[_Ax_ (CL), trace root hairs, oli_ve | 5.4-6 3.75
brown with light gray mottling, very stiff 100 N=10 (HP)
5 —
539+/- |
INTERBEDDED SHALE AND -
LIMESTONE _ 2| Wie 11
| Shale: brown with gray, highly weathered,
- — extremely weak |
— Limestone: gray, strong
o — = 11-18-32
N 100 N=50 12
l p—
[ Ti3s 531.5+1- N
ALE AND - 90 22-50/3" 6
LIMESTONE
l Shale: gray, very weak
16
- — Limestone: gray, strong
- — n 90 | 30-43-50/3" 14
17.0 528+/- _
ERBEDDED
LIMESTONE -
Shale (61%): gray, slightly weathered,
- — laminated, weak |
s Limestone (39%): gray, slightly weathered, 83 43
= fossiliferous with iron staining, strong
| - vertical fracture in limestone layer at 17.7' 20
|
2 - —
25 0
- 25—

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:

Boring backfilled with auger cuttings upon completion.

See Exploration ar
3.25-inch Continuous-Flight Hollow-Stem Augers ot
2-inch Split-Barrel Sampler e o
See Supp
Abandonment Method: symbols a

on and Testing Procedu
f field and laboratory procedures
used and additional data (If any).

orting Information for explanation of
nd abbreviations.

ures for a Notes:

WATER LEVEL OBSERVATIONS

No water observed during drilling
No water observed after drilling

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

1lerracon

611 Lunken Park Dr
Cincinnati, OH

Boring Started: 04-30-2019

Boring Completed: 04-30-2019

Drill Rig: Geoprobe

Driller: P. Pattison

Project No.: N1185144




BORING LOG NO. B-6

Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
ATTERBERG
xploration Plar L = =z
% % LOCATION See Exploralion Plan g QJS g ° o % B%E L LIMITS
S| o |Latitude: 39.121678° Longitude: -84.448529° L H‘f( : i wh é 'E‘-“”? §$E 55 g;:
Ak Elggl2 (3| 9B S |E2|3E2|2E|zE
8| & : _ G |Ed|E| 3 il B |g% |32 3g |&Z | weur
9| & Approximate Surface Elev.: 545 (FL) +- | o 3 z| 8 i < |3 SE 8 2
DEPTH ELEVATION (Ft.)
INTERBEDDED SHALE AND
LIMESTONE =
ale b): gray, slightly weathered,
I Shale (61%) lightl thered
- laminated, weak N
— Limestone (39%): gray, slightly weathered,
= =1 fossiliferous with iron staining, strong a
- | (continued)
- extremely weak shale at 27.8' |
I 100 50
30
32.0 513+/ a
Boring Terminated at 32 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures for a Notes:

3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

description of field and laboratory procedures
used and additional data (If any).

See Supporting Infarmation for explanation of
symbols and abbreviations.

WATER LEVEL OBSERVATIONS

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

No water observed during drilling
No water observed after drilling

Tlerracon

611 Lunken Park Dr
Cincinnati, OH

Boring Started: 04-30-2019

Boring Completed: 04-30-2019

Drill Rig: Geoprobe

Driller: P. Pattison

Project No.: N1185144




BORING LOG NO. B-7

Boring backfilled with auger cuttings upon completion.

Page 10f2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
] 8 LOCATION See Exploration Plan 2 2 wl o _ E QW s 2| AI'ILMERSSRG
x| S = (88 > E o B22| | .S—
5| o |Latitude: 39.121281° Longitude: -84.448792° E |g E E § we g 28 E8E ﬁ 5|22
2| E |24 o7 s |2z |3x2|%E |25
a 3 & [EE[L 8 T & of (8¢5 2Z EQ LL-PL-PI
ol Surface Elev.: 517.6(Ft) | & gg z| 8 © kS 35E178 g
. DEPTH ELEVATION (Ft.)
£ EILL - SANDY GRAVEL , with cinders and
P\ o 4-4-45
::2: q coal, black to dark gray _ 100 N=49
B J
1 »,:, 2.5 518}
PSS EILL - FAT CLAY , with cinders, coal and ]
EE% limestone fragments, brown and gray 100 ,%Zf‘z 29
7 ]
SYs.0 5128 g _|
7 silt Ienses, 5-7-10
/ shale/limestone fragments and iron oxide _ 100 N=17 24
/ concretions, brown, very stiff to hard
/ . 00| T3O10 23
/ I
10
v i 00| &1L 21 49-22-27
15.0 _502.5|
2 / with shale and 159 14-14-19
limestone fragments, trace fossils and iron | 100 N=33
oxide stains, brown with gray, very stiff to
- hard -
/ 20.0 497.5)
V7] LEANCIAY{CL) vrace on oxde 207 10710
concretions, dark brown with gray, very stiff _ 100 N=17
/ to hard
/ 25.0 4925 op_
Stratification lines are approxmate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: i i Notes:
3.26-inch Continuous-Flight Hollow-Stem Augers msﬁfﬂ}‘},lﬁ"gnmwmﬁéﬁﬁiiﬂ2
2-inch Split-Barrel Sampler used and additional data (If any).
See Supporting Information for explanation of
Abandonment Methad: symbols and abbreviations.

WATER LEVEL OBSERVATIONS

N7 Water observed at 9.5' during drilling

V. Water observed at 33 after drilling

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

611 Lunken Park Dr

Boring Started: 03-27-2019

Boring Completed: 03-27-2019

Tlerracon o=

|Driller: A. Moore

Cincinnati, OH Project No.: N1185144




BORING LOG NO. B-7 Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
ATTERBERG)
é 8 LOCATION See Exploration Plan 42 w| o _ . owg| = s nﬁmns
e} = o > nn S B
S| @ |Latitude: 30.121281° Longitude: -84.448702° g EE Elg [ g |28 |E4F T e
z| £ E [zS|u| ¥ o3 g |82 |zRe| &R |2k
o 3 o (uE g 8 oY © of 8;5 ;g 5‘2 LL-PL-PI
gl g SwicoElev: 5176 (1) | B |81 2 | T < |33E| 8[°%
DEPTH ELEVATION (Ft.)
, with fossils and .
limestone fragments, brown with gray, hard _ 67 7-7-50/
2 30
7-9-10
. 109 N=19
BAVA
/ 35.0 482.5
35— "
) 5.5 INTERBEDDED SHALE AND 482 67 32-50
Shale: gray, very weak
imestone: gray, strong
Boring Terminated at 35.75 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures fora | Notes:
3.25-inch Continuous-Flight Hollow-Stem Augers description of field and laboratory procedures
2Z-inch Split-Barre| Sampler used and additional data (If any;.y
See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS |Boring Started: 03-27-2019 Boring Completed: 03-27-2019
N7 Water observed at 9.5' during drilling erra con
N/ Water observed at 33' after drilling Drll Rig: D-%0 Driller: A. Moore
611 Lunken Park Or
Cincinnati, OH Project No.: N1185144

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19




BORING LOG NO. B-8 Page 10f2

PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH

SITE: Walworth Avenue
Cincinnati, OH

x| © |LOCATION See Exploration Plan 22w wg| = A‘I'I'UEAF:I_I}ERG
HE z B2 5| e E_ (852 2|g
E Q |Latitude: 39.12161° Longitude: -84 449527 = |uE|E § By g s g £ ﬁ’% E &[5
E g % it £(8 aa g |6%|3E3 $E (X8| weer
gl s Surface Elev.: 5189 (Ft) | & §§ HE: 3 2" |2 3E| 8 oy
DEPTH ELEVATION (Ft.)
- with cinders, brick 10-8-6
fragments, asphalt fragments, mortar and _ 100 N=14
coal, brown and black
— 10-8-6
%1 N=14
5 —
i w00 &3
0‘ -
o/ 7183 511.8
/ with limestone _ 466 45
/ fragments, trace iron oxide stains and silt 100 N=12 (I-iP) 23 | 104
lenses, brown to reddish brown, very stiff to _
‘ / hard
/ 107 8-10 425
4-8- .
- 1001 N=t8 (HP) 20
/ 15— -
6-7-1 4.5+
2 é . 1001 N=7 (HP)
/ 209 8-10 4.5
7- 5+
- 100 N=19 (HP)
25—
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: i i Notes:
3.25-inch Continuous-Flight Hoilow-Stem Augers ggﬁj,’;‘,}f{ a;;%lﬁ’ngnzﬁzt&%aﬁ;?ymmdumres Lc:;sa
2-inch Split-Bamrel Sampler used and additional data (If any).
See Supporting Infarmation for explanation of
Abandonment Method: symbols and abbreviations.

Boring backfilled with auger cuttings upon completion.

WATER LEVEL OBSERVATIONS Boring Started: 03-27-2019 Boring Completed: 03-28-2019

N7 Water observed at 34’ during drilling -Irerracon
Drill Rig: 0-90 Drilter: A. Moore

No water observed after drilling 611 Lunken Park Dr

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

Cincinnati, OH Project No.: N1185144




BORING LOG NO. B-8 Page 2 of 2

PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH

SITE: Walworth Avenue
Cincinnati, OH

x | @ |LOCATION Seet:xpl @ w o ATTERBERG,
ea Exploralir — —_ —_
k: - |[g8lEg| - ¢ |gLE| 8| gl
3| 2 |La ; L |@8|Z| & @ 2 |S¢|28z|ec|ES
&.J-:’ Latitude: 39.12161° Longitude: -84.449527° ‘é’ —<|w g = 5: a 'E )] c._z‘mG '_LE = % -
= x> o Pa © Iz
8l g WE1EE e g |8%|325|3E (& | wae
o - = o
| & Surface Elev. 5189 (FL) | O gg z|2 m < |33E| 8 g
DEPTH _ ELEVATION (Ft.)
| LEAN CLAY (CL), with limestone T A5+
fragments, trace iron oxide stains and silt _ 100 gf{? (H?;)
lenses, brown to reddish brown, very stiff to
hard (continued) |
2
489 a1 |
INTERBEDDED SHALE AND
D o 12-12-20
E. | 100 N=32
] Shale: gray with brown, very weak
. Limestone: gray, strong |
6L |
VA
l 35.0 484
711 354 INTERBEDDED SHALE AND 3 357 24 S0
Shale: gray, very weak
imestone: gray, strong
Boring Terminated at 35.4 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures for a Notes:
3.25-inch Qontmuous—Fllghl Hollow-Stem Augers description of field and laboratory procedures
2-inch Split-Barrel Sampler used and additional data (If any).
See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS Boring Started: 03-27-2019 Boring Completed: 03-28-2019
N7 Waler observed at 34" during drilling e r ra co n
No water observed after drilling Bl g: D00 Bils:Ac Moore
611 Lunken Park Dr
Cincinnati, OH Project No.: N1185144

THIS BORING LOG IS NOT VALIO IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19




BORING LOG NO. B-9 e

PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH

SITE: Walworth Avenue
Cincinnati, OH
E| & |LOCATION See Exploration Plan 22|wl o - > loes| 2| & AT[IIEI\I}I_I?_ERG
> =3 iy > 9 5 1) [vd w== = =
3| o |Latitude: 39.122191° Longitude: -84.45006° L |gE E x BE 2 |2g|E ﬁ{?_; gt 2 =
- = =
&l % E|E2|Z| 3 =1 g %“‘ SEZ|SE |28 | weLe
AR SufaceElev. 5203 (Ft) | 8 [22| 2| & D 2* (23| |8
ol & urface Elev.: 529.3 (Ft) | o £8 HE: b g 38(% g %
DEPTH ELEVATION (Ft.)
: FILL - LEAN CLAY | trace limestone
fragments, gray = s
2-3-3 2.25
- i N=6 (HP)
- 3-5-6
100 N=11
5 ]
523.5 _
LEAN CLAY (CL), trace limestone 5.8-32
fragments, brown, hard | 53 N=40 17
= 10-11-15
; 33 N=26 20
10+
1135 516 n
1 ERBEDDED SHALE AND i 10|  255003" 16
— — LIMESTONE :
| Shale: gray, very weak 15—
7| p— Limestone: gray, strong
: i i
—Tles . 100|  17-5005 10
Boring Terminated at 16.9 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Mgthod: . See Exploration and Testing Procedures for a Notes:
3.25-inch Continuous-Flight Hollow-Stem Augers description of field and laboratory procedures
2-inch Split-Barrel Sampler used and additional data (If any).
See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS Boring Started: 04-28-2018 Boring Completed: 04-30-2019
No water observed during drilling e rra co n
o Drill Rig: Geoprobe Driller: P. Pattison
observed after drillin
HRAIIRLER v g 611 Lunken Park Dr
Cincinnati, OH Project No.: N1185144

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B-10

Page 1 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
E © |LOCATION See Exploration Plan _ d% g-J = . - Qgﬁ = @ E
| 3 z |28lEl 2 ge . |8=|28Z|S|E2
é Q | Latiude: 39.121851" Longitude: -84.450252" E S<|w| g =3 = 37} ik wz |5 =
g % Surface Elev.: 520.6 (Ft.) =] g‘;’é u<'.| g T Z % SE 8 a g
DEPTH ELEVATION (Ft.}
L - LAY , with cinder and 2.6-3
77| bricks, black to brown i 67 N0
iivdl
“|2.5 518
FILL - FAT CLAY , with cinders, roots and | 113
bricks, gray and brown 67 =4
1
5 —
3-2-3
N 100 Ne
513 N
M, with limestone | 2-3-3 1.75
fragments, iron oxide stains and silt lenses, 100 N=6 (HP) 18
brown and gray, medium stiff to very stiff |
1S 2-5-3 2.0
i 100 N=8 (HP) 27
2 =
15—
4-5-8 275
. 100 N=11 (HP) 24
500.5
LEAN CLAY (CL), with limestone 20- 11-19-28
fragments, light brown, hard (Residuum) | 100 N=47 12
5
25.0 4955 op_

Stratification lines are approximate. In-situ, the transition may be gradual.

Hammer Type: Automatic

Advancement Method:
3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

WATER LEVEL OBSERVATIONS

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

See Exple sting F
description of ﬁeld and Iaboralory procedures
used and additional data (If any).

See S

wration

ng Inforr
symbols and abbre\nalxons

== fora Notes:

n for explanation of

N7 Water observed at 2' during drilling

No water observed after drilling

1lerracon

611 Lunken Park Dr

Cincil

Boring Started: 03-28-2019

Boring Completed: 03-28-2019

Drill Rig: D-90

Driller: A. Moore

nnali, OH Project No.: N1185144




THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B-10 .
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
x 8 LOCATION See Exploration Plan _ rﬁg wi o _ 5 awg| = - "”L.ESESRG
z| 2 g g2|7 |z a Sc|22z| x| 58
3| o |Latitude: 39.121861° Longitude: -84.450252° =gl b= el I S & 2% |ToE| ek | 3
d T F_: 2|3 2 Oa a é; ZxQ EE >-I
g % & |wE g 2 oy 2 oF S%UZ_, = uD:Q LL-PL-PI
of & Surface Elev.: 5206 (Ft) | & g% R T < |33E|°8 g
DEPTH ELEVATION (Ft.)
[ INTERBEDDED SHALE AND 19-33-25
— - LIMESTONE . 33 i
: [ Shale: gray, very weak N=58
| p— Limestone: gray, strong |
- ]
T304 400] 30 7 505"
Boring Terminated at 30.4 Feet
Stratification lines are approximate. In-situ, the transition may be gradual, Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures fora | Motes:
3.25-inch _Conhnuous-thht Hollow-Stem Augers description of field and laboratory procedures
2-inch Split-Barrel Sampler used and additional data (If any).
See Supporting Infarmation for explanation of
Abandenment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS Boring Started: 03-26-2019 Boring Completed: 03-28-2019
N7 Water observed at 2' during drilling e r ra co n
No water observed after drilling Dol Plg: D80 b ilfihiisiold
611 Lunken Park Dr
Cincinnati, OH Project No.: N1185144




THIS BORING LOG IS NOT VALID [F SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

BORING LOG NO. B-11 page 1 f2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
& 8 LOCATION See Exploration Plan - @ wio - > |a wg +| < MTL%?PI’ERG‘
> < o > » w2l Bl B— 1
é O |Latitude: 39.122158° Longitude: -84 450700" ey éﬁ E é @g g 2 g|E ax E g §§
8 g E é-ﬁ% § 3 22 & g% ,_%,g% SE |28 | Lee
ol Surface Elev.: 533.7 (Ft) | © ég 2 o s g gsg g |cg
DEPTH ELEVATION (Ft)
kXY, EILL - LEAN TO FAT CLAY , with cinders,
:E:% brick fragments and coal, trace organic odor ] 56 if:?
.:.:% and silt lenses, gray with brown
B>
DO
E:E% 7 100 67
1 &S/ N=13
7 -
/ 5
R / 7
R3S 5-5-5 4.25
%02% | 100 =10 (HP) 25 62-27-35
w7
2/ 180 5265 |
/ LEAN CLAY (CL}, with silt lenses, brown
with gray, very stiff to hard _
100 9-Z—1 0 4.5+ 20
N=17 (HP)
107 5-10-8 4.5
o » +
- 100 N=18 (HP) 17
, 15
- rock fragments encountered @ 15 7129 4.5+
2 . 100 N=21 (HP)
20+
4-16-12 4.5+
/ - 100 N=28 (HP)
25.0 5085 5 |
Stratification lines are approximate. In-sity, the transition may be gradual. Hammer Type: Automatic
Advancement Method: See Exploration and Testing Procedures for a Notes:
3.25-inch Continuous-Flight Hollow-Stem Augers description of field and laboratory procedures
2-inch Split-Barrel Sampler used and additiona) data (If any).
See Supporting Information for explanation of
Abandonment Method: symbols and abbreviations.
Boring backfilled with auger cuttings upon completion.
WATER LEVEL OBSERVATIONS |Boring Started: 03-28-2019  |Boring Completed: 03-28-2019
No water observed during drilling e rra c o n
ore Diill Rig: D-90 Driller: A. Moore
No water observed after drilling €11 Lunken Park Dr
Cincinnati, OH |Project No.: N1185144




BORING LOG NO. B-11

3.25-inch Continuous-Flight Hollow-Stem Augers
2-inch Split-Barrel Sampler

description of field and laboratory procedures
used and additional data (If any).

See Supporting Infor for explanation of

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

symbols and abbreviations.

Page 2 of 2
PROJECT: Walworth Avenue Development CLIENT: East End Developers LLC
Cincinnati, OH
SITE: Walworth Avenue
Cincinnati, OH
- . ATIERBERG
ﬁﬁ g LOCATION See Explaration Plan _ é% lnz_s ;‘: Sw E 81.|2J E = }_"E LIMITS
) = 7] ~lEs8
3| © |Latitude: 39.122158° Longitude: -84.450709° = |WE E 5 L 2 £E |E0E|E5 |22
z| I £ |z5(u]3 o2 5 |82 |zke|kE |2k
5| 3 & |EE[Z)8 Y ¢ | Q% (825|SZ (g2 | wee
a9l % Surface Elev.: 533.7 (FL) | & §§ z g b 2 %85 g g
DEPTH ELEVATION (Ft.)
v LEAN CLAY (CL), with limestone 3-5-9 45+
fragments, light brown, hard (Residuum) | 67 N=14 (HP)
5
00 5035 41 |
|- I SH. - 67 | 35-50/3"
—| LIMESTONE
Shale: gray, very weak
imestone: gray, strong
Boring Terminated at 30.75 Feet
Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type: Automatic
Advancement Melhod: See Exploration and Testing Procadures fora | Notes:

WATER LEVEL OBSERVATIONS

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT. GEO SMART LOG-NO WELL N1185144 WALWORTH AVENUE D.GPJ MODELLAYER.GPJ 5/22/19

No water observed during drilling
No water observed after drilling

Boring Started: 03-28-2019

Boring Completed: 03-28-2019

Tlerracon o=

Driller: A, Moore

611 Lunken Park Dr

Cincinnati, OH Project No.: N1185144
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20 AIRPORT ROAD
orm Ho. 201682 THE H. C. NUTTING COMPANY SINCINNATI 26, GHIO
TESTING ENGINEERS ANp SOILS CONSULTANTS 12-7-67 3h
o : ' . Order N0.99.998 Page 1 o 2
LOG OF BORING
DATE STARTED 8-26~67 __ sampter-Tvpe_S:8-  pia _2"0.D. waren Erev. immeniaTe___Nome _ cyjent: _City of Clpcionati, Ohio ___
DATE COMPLETED 8-24-67 CASING: LENGTH HSA DA 2.25"1.D. ' ,eren Ho.,gg*fille&o,m: Columbia Parkwag, Proj.#ZlS: .
A, : Iy, us Avenue to
SORING No.__OL __ STATION AND OFFser 150109, 135'Rt. of Baseline SURFACE ELEV, __306.3 Aspasia Street
saume | sto.feL | % Physical Characteristics
ELEV. DEPTH No. o0 REC. ODESCRIPTION % % 3 % % SHTL
_ l cs | res | enyloay ! to t oo . CLASS
S60.3 § © : — - _WC | CIASS
—1 -7 - 397 ITopsoil, brown clay with rock, (FILL) v
557.8 2 L 8-6-7 12 Jl:gﬂt —’Stiff Y > . 1s
—— - w |Brown and clay,trace limestone -7-
555.3 4 2 fp-9-6 14 frag-ents,ﬁ;ﬂx.) molst - stiff d 4 3 32 541 45122 |15 |A-7-6
& _ o |Brown and gray clay with limestoae T
3 10-9-7 8 P to,ashes and cinders, (FILL) 22 | 2 2 21 53| 50126 |16 |A-7-6
B_ jmoist - stiff .
§ 264-15-16| 14" |do do . do Visdal
550.3 | ;o _ ‘
—i 5 14-14-14] 12" |Brown CLAY and limestone fragments, 64 |0 |5 7 14| 33116 |15 |a-2-6
12 ~ |moist - very stiff : . .
w_| 6 14-12-16] 8" ldo do do Visdal
545.3 . : )
|16 ¢ 7 12-16-22| 8" [Browm CLAY with limestone fragments, 1% |7 3 26 so| 46|24 |16 |a-7-6
542.8 — |moise -~ very stiff
;...Ag— :
8 20-30-42| 12 |Brown highly weathered SHALE with 28 |6 |3 |25 | 38} &1{20 |15 {A-7-6
540.3 | op ., jlimestone fragments, moist - hard
9 140-60 12* [Brown and gray weathered SHALE ViSITal
22 .
24
535.3 .
26 10 |60-66 12 |Gray SHALE with thin layers of Visdal
|28
|30 , :
11 |80-106 | 10"|do do do Visdal




o e H. C. NUTTING COMPANY A A 26 oo '

Form N £30—16-59
TESTING ENGINEERS arp SOILS CONSULTANTS 12-7-67 jh
LOG Of Order No.99.998, Page 2 of 2
oATE STARTED__ B-26-67 _ shwmemtvee S:S: o 270-D-  water eLev. MMEDATERORS______ cuenT: City of Cincinnati, Ghio
oaTE comPLETED_ 824757 casing: LewoTi BSA  oi2.25"L.D.  AFTER noRsktilled, . kcv: Colurbia Parkway, Proj.#2138
. . BAM 50-24.91, Collins Avenue to
BORING Mo.___O1 ___ STATION AND OFFSET. 150409, 135'Rt. of Baseline  gyRrFacE ELEV. 506.3 Aspagia Street
samme | so.rEn | % L Physical Characteristics
mev. | DEPTH No. [ REC, DESCAIPTION % % % % % STL |
=" a6 | 5t es fosurloav] vp b P | owe | cuass
wie—hes 54 ]Gtay SHALE with thin layers of Visdal
‘ " [1imestone - : :
|38
€.
5 13 120-132 | 9" jdo do do Visdal
+‘
514.0 14 }130-138 | 12"{do do do visyal

Boring Completed

phibbb bk
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rorm No. 53016.58 THE H. C. NUTTING COMPANY 4120 AIRFORT ROAD

CINCINNATI 28, OHIO

TESTING ENGINEERS anp SOILS CONSULTANTS 8-1-67 3h
L0G OF BORING
N 2-1/87L.D.
DATE STARTED__ 5=25-67 SAMPLER: TYPE __ 55 Dia. 2"0D.  \aTER ELEV. IMMEDIATE__N9B€ ___ cuenT: City of Cincinnati, Ohio
DA< COMPLETED3-25-67 CASING: LENGTH . HSA __ pia, 3.5"L.D. AFTER wours Packfilled, ;. Columbia Parkway, Proj.#2138
HAM 50-24,91, Collins Ave.to
gowiNG No._H=65 _ STATION AND oFFseT_161125, 50'Rt.of Baseline SURFACE ELEV. 3¢9.1 Agpasia St.
H SAMPLE | STD. PEN. | % Physical Characteristics
] CLEV. DEPTH No. o) REC, DESCRIPTION % % % % % SHTL
bt age. | cs. | Fs. | sr ] ctar | vk pi. | we. | class
g' 6.6 12 11 6-8-10 | 10"| Cinders and Clay, (FILL) visdal
N « | Dark brown clay, trace cinders,(FILL) |, 2 5 35 5
!".;Ll L4 2 6-8-11 15 woist - medium stiff .. 36 2 24 | 28 | A-7-4
.ol —
| b 3 7.9-14 | 16"|Brown CLAY, moist - stiff o |6 |7 41| 46 |49 | 24 | 26 | A-7-6
: 8 |
: 4 g8-8-12 | 18"|do do vielal
| 389.1 |10 |
i 12 — 13 13-18-22| 10"|Brown highly weathered SHALE, molst - 36 | 8 6 16| 36 [ 35| 15| 18 | A-6a
38 : very stiff :
% | 6 17-19-33| 8" | Brown highly weathered SHALE and visdal
LIMESTONE, moist - very stiff
16 7 19-31-41| 10"| 4o "do do 35 |6 |3 20| 35 | 36| 14| 15 | A-6a
8 27-35-30| 16"| Brown and gray weathered SHALE Visygal
559, { 20
msmm'
557 .6 N — R-1 81% fgaai],iﬁiggus leétone!iointed approx.
2 25 to 3072 limeatone in % to 4 pleces.
4 | R-2 Layvered gray SHALE ,medium tough to_to il
554.1 23 2 1% angegrai,g,fozgiltf,efgus ﬂmest%ne, 2 ugh .
= 26 gpleces and 2 :
: Boring Completed
28|
30 |
327 |
34|
+AS A MUTUAL PROTECTION TO CLIENTS, THE PUSLIO, AND OURSELVES, ALL REFORTA ARE SUBMITTED AS THE

CONFIDENTIAL PROPERTY OF GLIINTS, AND AUTHORIZATION FOR PUBLICATION OF STATENMENTE. CONCLUBIONS,
QR EXTRACTS FROM OR REGARDING GUR REPOENTS I8 RESERVED PEINDING QUR WAITTRN APPROYAL. '*




4120 AIRPORT ROAD

Form No. S30—16.50 THE H. C. NUTTING COMPANY CINCINNATI 26, OHIO
TESTING ENGINEERS aNnp SOILS CONSULTANTS 8-1-67 $h-
LOG OF BORING
NXM 2-1 '8"10 None City of Cinci
DATE STARTED 5-31-67 __ SAMPLER: TYPE _SS oA 2"0.D.  wATER ELEV. IMMEDIATE 2 °0¢___ cuent: C1ty Of Cincinnati, Ohio
DATE COMPLETED__5=31-67  cAsiNG: LENGTH. HSA  pia 2:25°1.D. AFTER noubgckfilled  ecr: Columbia Parkway, Proi.#2138
. . 1.0, . 0‘2 . 3 O ns ve.to
SORING No.__ 00 STATION AND orrser 161125, 145‘ Rt.of Baseline SURFACE ELEV. 0466 , Aspasia Street '
¢ sampLE | sTo. PN, | % Physical Characteristics
i ELEV. DEFTH No. ™) REC. DESCRIPTION % ¥ % £ % SHIL |
: S ] age | ¢35 ES suy | c1av | v ) | we | ciass
8466 o
EYCr | 1A 2-2 14" Black clay, some cinders, (FILL) mo%gg;_lﬁ_, Visual
! 2 porp, clay v estone ragment§,
144 1 1B 2 (FILL) molst - mwedium stiff 3 I3 |3 30| 55| 45| 22| 20 | A-7-6
! — rown CLAY with limestone fragments
42,1 4 12 4-5-6 | * e Ltf esc a J 2% |6 |a 17 | 49 | 49| 26 | 22 | A-7-6
s |3 8-13-50 | 15" [Brown highly weathered SHALE and lime- 13 5 2 2 e
%39.6 stone fragments, moist - very stiff 81 32 411 20| 16 | A 7-6
8 &  113-30 12" Brown weathered SHALE with limestone Visupl
S fragments, woist- hard
10 . .
5 27-33-30 18" lag do do VisuLl
%34 .6 12 A '
] ayered brown weathered SHALE, jointed,
14 soft and gray fossiliferous limestone
R-1 : 7’02' jointed, iron oxide stained, two 1"
330.6 16 ieces - .
ayered brown weathered SHALE,trace of
i8 ray shale in the bottom 3", jointed,soft
B2 85% to medium tough agd gray f:ssilifeﬁ_ns
— | &= limestone, jointed in the lower ha )
525 .6 20 E;Eg:z. "ed 23% limestone in %" to 75"
(3 . e 2 - -
22 ayéred gray SHALE,medium tough to tough
nd gray fossiliferous limestone,jointed
24 B-3 F‘oo‘; ad '§rog oxide stained, approx,lfvi
. limestone in %" to 5" pieces.
520.6 26 ] ‘ '
28_ Bo:iné Completed
* Augetr Sample
30 ’
32
34

- =TT AMA M‘W'W’GM"DII PURLIC, aim DURIELVED, ALL REIPORTY ANR"
CONTIDENTIAL PROFERTY OF GLIENTS, ARD AUTHORIZATION FOR PUBLICATION GOF WYATEMEN
OR EXTRADTS FROM OR RIGABGING QUR FWPONTS IS RATARAVEE PENDING OUR WAITTEN APPROVAL, *




SLOPE STABILITY ANALYSES

Contents:

Results of Slope Stability Analyses (2 pages)

Note: All attachments are one page unless noted above.



Color | Name Unit Cohesion' | Phi'

Weight | (psf) )
(pcf)
. Fill 120 50 18 |Retaining w:|a||

LeanClay |125 50 18

1143

Lean Clay-Il | 130 200 22 FS=.1 14

[
]

- D Lean clay-lll | 125 100 20 e
B

Historical Boring HCN-65 N

Shale Impenetrable

Elevation

— 0
— =0
=
~ o

ey = — =0

w0 = — a0
- ~ an0

= “ w0 w0 L - w W " 120 30 140 150 00 170 "0 " o no = m 2 =0 = an =0 =0 X0 no k- ™ 30 %0 a1 o =0 X0 a0
Distance

Cross Section with Borings B-1 and B-2

Elevation

Terracon Project Number : N1185144

Project Name : Walworth Avenue Development

Cross Section with Borings B-1 and B-2
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SUPPORTING INFORMATION

Contents:

General Notes

Unified Soil Classification System

Description of Rock Properties

Geotechnical Engineering Report for Walworth Development — Borrow Sites (25 pages)

Note: All attachments are one page unless noted above.



GENERAL NOTES

Tlerracon

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS o ————
GeoReport
SAMPLING WATER LEVEL FIELD TESTS
- N Standard Penetration Test
7 WaterInitially Resistance (Blows/Ft.)
Encountered
Water Level After a (HP) Hand Penetrometer
Standard ¥ :
[I Rock Core mPenetration Spacified Perlod of Tiink
Tesk _W_  Water Level After (T) Torvane
a Specified Period of Time
M Split Spoon Water levels indicated on the soil boring logs are (DCP)  Dynamic Cone Penetrometer
the levels measured in the borehcle at the times
indicated. Groundwater level variations will occur | uUcC Unconfined Compressive
over time. In low permeability sails, accurate Strength
determination of groundwater levels is not
possible with short term water level (PID)  Photo-lonization Detector
observations.
(OVA) Organic Vapor Analyzer

DESCRIPTIVE SOIL CLASSIFICATION

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their
dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils
have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic,
and silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents
may be added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are
defined on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

LOCATION AND ELEVATION NOTES

Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The
accuracy of such devices is variable. Surface elevation data annotated with +/- indicates that no actual topographical
survey was conducted to confirm the surface elevation. Instead, the surface elevation was approximately determined from

topographic maps of the area.

STRENGTH TERMS
RELATIVE DENSITY OF COARSE-GRAINED SOILS CONSISTENCY OF FINE-GRAINED SOILS
f : (50% or more passing the No. 200 sieve.)
Densit&(hgrgnﬂrlﬁgesdo;{; ?E&%:%og;%é%%ﬁ;‘g?sm o Consistency determined by laboratory shear strength testing, field visual-manual
procedures or standard penetration resistance
Descriptive Term Standard Penetration or Descriptive Term | Unconfined Compressive Strength | Standard Penetration or
(Density) N-Value (Consistency) Qu, (tsf) N-Value
B Blows/Ft. Blows/Ft.
Very Loose 0-3 Very Soft less than 0.25 0-1
Loose 4-9 Soft 0.25t0 0.50 2-4
Medium Dense 10-29 Medium Stiff 0.50 to 1.00 4-8
Dense 30-50 Stiff 1.00 to 2.00 8-15
Very Dense > 50 Very Stiff 2.00to 4.00 15-30
Hard >4.00 >30
RELATIVE PROPORTIONS OF SAND AND GRAVEL RELATIVE PROPORTIONS OF FINES
Descriptive Term(s) of Percent of Descriptive Term(s) of Percent of
other constituents Dry Weight other constituents Dry Weight
Trace <15 Trace <5
With 15-29 With 5-12
Modifier >30 Modifier >12
GRAIN SIZE TERMINOLOGY PLASTICITY DESCRIPTION
Major Component of Sample Particle Size Term Plasticity Index
Boulders Over 12 in. (300 mm) Non-plastic B 0
o .99,'39!55_. B 12in.to 3in. (300m@ to 75mm) B ) Low 1-10
B Gravel B 3in. to #4 sieve (75mm to 4.75 mm) Medium 11-30
Sand #4 to #200 sieve (4.75mm ta 0.075mm ! High B 30
Silt or Clay Passing #200 sieve (0.075mm)




Tlerracon

UNIFIED SOIL CLASSIFICATION SYSTEM A onBPonnrl
GeoReport
R A R R Soil Classification
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests © | Group G -
Symbol roup Name
Clean Gravels: Cuz4and1<Cc<3E GW We]|_g|aded gravel F
ﬁ;?;‘iL’;n 50% of Less than 5% fines® | Cu < 4 and/or [Cc<1 or Cc>3.0] & GP | Poorly graded gravel ¥
fracti : T =
Coarse-Grained Soils: More than 12% fines © | Fines classify as CL or CH GC | Clayey gravel F: G, H
More than 50% retained
on No. 200 sieve Clean Sands: Cu26and1<Cc<3E SW | Well-graded sand !
?gg)ds: ) Less than 5% fines® | Cu < 6 and/or [Ce<1 aor Ce>3.0] E SP | Poorly graded sand '
b or more of coarse B .
fraction passes No. 4 Sarids Wit Fipas: Fines classify as ML or MH SM _| Silty sand & H. 1
sieve =
More than 12% fines ® | Fines classify as CL or CH SC | Clayey sand G: Hs |
| . Pl> 7 and plots on or above “A” CL |Lean clay ¥ L M
norganic: ;
Silts and Clays: | Pl < 4 or plots below “A” line ¥ ML | silt* L. ™
Liquid limit less than 50 Liquid limit - oven dried Organic clay ¥ L M, N
: : il Organic: 0.75 oL
Eéﬂz-gr;':;dpswa e g Liquid limit - not dried | Organic silt % L, M, 0
No. 200 sieve ——— Pl plots on or above “A” line CH |Fatclay®. L™
Silts and Clays: ) Pl plots below “A” line MH | Elastic Silt*: L. M
Liquid limit 50 or more Liguid limit - oven dried i K, L,M,P
Organic: lqu! I I : - <0.75 OH Organic clay
R Liquid limit - not dried Organic silt ¥ L, M. @
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
A Based on the material passing the 3-inch (75-mm) sieve. HIf fines are organic, add “with organic fines” to group name.
B f field sample contained cobbles or boulders, or both, add “with cobbles ! If soil contains > 15% gravel, add “with gravel” to group name.
or boulders, or both” to group name. J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
C Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded % If soil contains 15 to 29% plus No. 200, add “with sand” or “with
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly [y isbesar] inant.
graded gravel with silt, GP-GC poorly graded gravel with clay. " grav.e g 1.c ever If predominant. .
D Sands with 5 to 12% fines require dual symbols: SW-SM well-graded ”5:{:‘2 C..Otn;alpjuz :ri][;r/:l;)lus No. 200 predominantly sand, add
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded | 5210 © SrouP name. ,
sand with silt, SP-SC poorly graded sand with C]ay. | If soil contains > 30% plus No. 200, predomlnantly graVEI, add
5 “gravelly” to group name,
(D30 ) NPl = 4 and plots on or above “A” line.
ECu=De/Dyy Cc= D xD OP| < 4 or plots below “A” line.
10 €0 P Pl plots on or above “A” line.
F If soil contains > 15% sand, add ‘with sand” to group name. 2P| plots below “A” line.
GIf fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

For classification of fine-gra'ined
soils and fine-grained fraction

50 —of coarse-grained soils

Equation of “A” - line
Horizontal at Pl=4 to LL=25.5.

40 — then PI=0.73 (LL-20)

Equation of “U” - line
Vertical at LL=16 ta PI=7,
30 then PI=0.9 (LL-8)

PLASTICITY INDEX (PI)

ML or OL

40

LIQUID LIMIT (LL)

50 60 70 80 920

100

110
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DESCRIPTION OF ROCK PROPERTIES 'GeoReparti
e st v ditsien e b _ WEATHERING ORI A QIO A B 5, R s 0 Ay
Term Description
Unweathered No visible sign of rock material weathering, perhaps slight discoloration on major dlscontlnuxty surfaces.
Slightly Discoloration indicates weathering of rock material and dlscontan|ly surfaces. All the rock material may be
weathered discolored by weathering and may be somewhat weaker externally than in its fresh conditon. B
Moderately Less than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or discolored rock is
weathered present either as a continuous framework or as corestones. 3
Highly More than half of the rock material is decomposed and/or dls:ntegrated to a soil. Fresh or discolored rock is
weathered present either as a discontinuous framework or as corestones. - S
3:2:?:;?? All rock material is decomposed and/or disintegrated to soil. The original mass structure is still largely intact.
Residual soil \ All rock material is converted to soil. The mass structure and material fabric are destrbi/éd -Therémlsﬁéa'gieiwi
ST | change in volume, but the soil has not been significantly transported.
STRENGTH OR HARDNESS T g oy o I i
L [ R S | Uniaxial Compressive
RN v el el S e Sl | Strength, psi (MPa)
Extremely weak Indented by thumbnail o - ~40-150 (0.3-1) -
Crumbles under firm blows with point of geological hammer, can be : |
Very weak peeled by a pocket knife - 150-700 (1-5) )
Weak rock Can be peeled by a pocket knife with dlfflculty. shallow indentations 700-4,000 (5-30)

made by firm blow with point of geological hammer

Cannot be scraped or peeled with a pocket knlfe specimen can be
fractured with single firm blow of geological hammer

Medium strong 4,000-7,000 (30- 50)

Strong rock fSrgstclzJirr';?? requires more than one blow of geological hammer to 7,000-15,000 (50- 100)
Very strong Specimen requires many biows of geologlcafhammer tofracture it 15,000-36,000 (100—250)
Extremely strong Specimen can oniy be chlpped with geological Hammer >36,000 (>250)
_ DISCONTINUITY DESCRIPTION SRR i
~ Fracture S Spacmg (Joints, Faults, Other Fractures) ~ Bedding Spacmg (May Include Fohatlon or Banding)
Description A §P?P.'ﬂ§,u______ < ___A Description i Spacing
Extremely close 1 < %in (<19 mm) | Laminated ? <%in (<12 mm)
Very close . %in- 2-1/2in (19 - 60 mrrT_ - -\.l-ég_thin o ‘ Y2in=2in (12 - 50 mm)
Close | 2-1/2in—8in (60— 200 mm) | ~ Thin | 2in=1ft (50 - 300 mm)
Moderate | 8in-2ft (200-600mm) Medium | 1ft.-3.(300-900mm)
Wide | 2ft-6f(600mm-20m)  Thick | 3ft-10ft.(900mm-3m)
Very Wide f - 6ft.-20ft (20-6m) i Massive >10ft. (3 m)

Discontinuity Orientation (Angle): Measure the angle of dlscontlnwty relative to a plane perpendlcular to the longitudinal axis of the
core. (For most cases, the core axis is vertical; therefore, the plane perpendicular to the core axis is horizontal.) For example, a
_horizontal bedding plane would have a 0-degree angle.

ROCK QUALITY DESIGNATION (RQD)

Descriptlon e b e s et p e aae s e ROD Malue (%)
- Very Poor . I_ ' 0-25
~ poor - 25-s0
o Fair S | 50-75 o -
~ Good - ' 75-90
Excellent | 90-100

1. The combined Iength of all sound and intact core segmerits equal to or greater than 4 inches in length, expressed as a
percentage of the total core run length.

Reference: U.S. Department of Transportation, Federal H:ghway Admlmstratlon Publication No FHWA-NHI-10-034, December 2009
Technical Manual for Design and Construction of Road Tunnels — Civil Elements
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East End Developers LLC GeoReport
4010 N. Bend Road Suite 301

Cincinnati, Ohio 45211

Attn:  Mr. Ralph Meierjohan
P: (513) 662-3111
E: ralphm@meierjohanbuildinggroup.com

Re:  Geotechnical Engineering Report
Walworth Development - Borrow Sites
6896 Harrison Avenue & 6025 Ohio SR-128
Cincinnati, Hamilton County, Ohio
Terracon Project No. N1195144

Dear Mr. Meierjohan:

We have completed the Geotechnical Engineering services for the two borrow sites considered
for the proposed earthwork at the Walworth Avenue development. This study was performed in
general accordance with Terracon Proposal No. PN1195144. This report presents the findings of
the test pit explorations at the borrow sites and provides geotechnical recommendations concerning
the proposed excavations and the suitability of the use of the cut-soils for the proposed earthwork
as part of the development.

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.

e oD IR~

Craig M. Davis, PE, CPSCE Ronald S. Lech, PE
Senior Engineer Geotechnical Department Manager

Terracon Consultants, Inc. 611 Lunken Park Drive  Cincinnati, Ohio 45226
P (513) 321 5816 F (513) 321 0294  terracon.com

Environmental 3] Facilities 33] Geotechnical 8 Materials
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Geotechnical Engineering Report
Walworth Development - Borrow Sites
6896 Harrison Avenue & 6025 Ohio SR-128

Cincinnati, Hamilton County, Ohio

Terracon Project No. N1195144
April 25, 2019

INTRODUCTION

This report presents the results of our subsurface exploration and geotechnical engineering
services performed for the proposed Walworth Development borrow sites to be located at 6896
Harrison Avenue & 6025 Ohio SR-128 in Cincinnati, Hamilton County, Ohio. The purpose of these
services is to provide information and geotechnical engineering recommendations relative to:

Subsurface soil and rock conditions
v Site preparation and earthwork
Suitability for the reuse of the cut-soils as fill

The geotechnical engineering Scope of Services for this project included the observation of test
pits excavated at each site, laboratory testing of the recovered samples and engineering
analyses.

Maps showing the site and test pit locations are shown in the Site Location and Exploration
Plan sections, respectively. The results of the laboratory testing performed on the soil samples
obtained from the site during the field exploration as separate tables/graphs in the Exploration
Results section.

SITE CONDITIONS

The following description of site conditions is derived from our site visit in association with the
field exploration and our review of publicly-available geologic and topographic maps.

The borrow site properties (parcels) are located at 6896 Harrison Avenue &
6025 Ohio SR-128 in the vicinity of Miamitown, Cincinnati, Hamilton County,
Parcel Information Ohio. The OH-128 site is proposed to be graded into 2 primary terraces. Our
study was limited to the proposed upper terrace.

See Site Location

[ Mem | - " Description

Responsive m Resourceful m Reliable 1
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s Harrison Avenue Site: Consists of a partly-wooded hillside with the

remnants of several building structures and the associated pavements.
Existing Conditions OH-128 Site: Consists of an agricultural field with a grass/weed cover
and perimeter fence. Site appears to have been subject to past
cutting/earthwork.

o Harrison Ave. Site: Site grades are at elevations ranging from about
566 feet to 610 feet above mean sea level. Slopes are at inclinations
that are locally as steep as 2.7 horizontal to 1 vertical (2.7H:1V), but

Existing Topography generally flatter than about 4H:1V.
(from site plans s OH-128 Site: Site grades are at elevations ranging from about 540 feet
provided) to 700 feet above mean sea level. The grades of the upper terrace (to

which this study was limited) range from about El. 620 to 690. Slopes
are at inclinations that are locally as steep as about 2.4H:1V, but
generally flatter than about 3H:1V.

PROJECT DESCRIPTION

Our initial understanding of this portion of the Walworth Development project was based upon
conversations with our client and the project civil engineer, Abercrombie & Associates, Inc.
(Abercrombie). We were provided with the Grading Plans for the Harrison Ave. site, dated 4/22/19
and the OH-128 site, dated 3/29/19. The project, as it pertains to the aforementioned sites,
consists of performing excavations for the purposes of developing suitable borrow materials for
use as fill at the Walworth Development project site located at the eastern terminus of Walworth
Avenue in the East End, Cincinnati, Ohio.

Test pits at each site were completed on April 14, 2019 by the property owner, Mr. Dave House,
and/or his contractor. Test pit locations were established prior to the field work to provide uniform
coverage of proposed cut areas, as depicted on the Grading Plans. The test pits were relatively
logged by Terracon’s field geologist, then backfilled. Grab samples were obtained from each
test pit for further evaluation, classification and laboratory testing to determine the compaction
properties of the soils and/or bedrock. These tests were performed on representative samples
to determine natural moisture content, Atterberg limits, and standard Proctor moisture-density
relationships.

Our services were limited to the assessment of the suitability of the soils encountered in the test
pits for use as fill at the Walworth Development. Erosion and sediment control measures have
been designed by Abercrombie and depicted on the Grading Plan sets. Our services did not
include the evaluation of the global stability of the subject properties and adjacent properties or
evaluation/recommendations for redevelopment of the sites or building construction. Additional
geotechnical exploration and engineering analyses would be required for those purposes.

Responsive @ Resourceful m Reliable 2
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The General Comments section provides an understanding of the report limitations.

GEOTECHNICAL CHARACTERIZATION

We have developed a general characterization of the subsurface conditions based upon our
review of the subsurface exploration, laboratory data, geologic setting and our understanding of
the project. Conditions encountered at each test pit and lab test results can be found in the
Exploration Results section. Groundwater was not encountered in any of the test pits during the
short duration that they were left exposed.

Harrison Ave. Site: The soil profile consists of overburden soils consisting of topsoil and lean
clay underlain bedrock, an interbedded system of Ordovician Age shale and limestone.
Comparisons of bedrock elevation in the test pits to the geologic column of the Cincinnati area
indicate the bedrock categorizes as the Southgate and McMicken Members of the Kope
Formation. See Test Pit Observations - Harrison Ave. Site in Exploration Results section for
conditions encountered at each test pit.

OH-128 Site: The soil profile consists of overburden soils consisting of topsoil and lean clay
underlain by bedrock, an interbedded system of Ordovician Age shale and limestone.
Comparisons of bedrock elevation in the test pits to the geologic column of the Cincinnati area
indicate the bedrock categorizes as the McMicken Member of the Kope Formation (lower zone)
to the Mt. Hope Member of the Fairview Formation (upper zone). The contact between these
formations is generally assumed at around El. 660. See Test Pit Observations - OH-128. Site
in Exploration Results section for conditions encountered at each test pit.

EARTHWORK

Earthwork at the borrow sites is anticipated to include clearing and grubbing and excavations to
proposed grades. The placement of fill is not proposed at either borrow site. Prior to excavating
soils for borrow and transport to the Walworth Development, existing vegetation and root mat
should be removed. The topsoil identified in the test pits is based upon coloration of soil observed
in test pits. In general, the upper 4-inches of the topsoil in lawn/grass areas is not suitable as a
borrow material and should be removed from the site. This depth may be deeper in wooded areas
due to the more pervasive roots of trees and brush. Beneath the organic-laden zone, the dark
brown soils can be excavated and mixed with other soils for use as borrow.

Excessively wet or dry material should either be moisture conditioned or mixed with other drier
soils on site prior to transport to the Walworth Development. The on-site clay soils and the
weathered zones of the bedrock (brown to olive brown in color) can generally be directly
excavated and used as fill/borrow.

Responsive s Resourceful m Reliable 3
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Past experience has shown that the interbedded shale and limestone bedrock on-site can typically
be excavated by conventional means. Successful excavation procedures on past projects have
included the use of large track-mounted hydraulic backhoe equipment with occasional use of a
dozer equipped with a single-tooth ripper. A "hoe ram" and rock saws can also be utilized for
penetrating larger limestone layers and to assist in shaping the side walls. The thickness and
distribution of hard limestone layers can impact the level of difficulty in excavation.

The composite fill material obtained from cuts at the borrow sites should have a liquid limit less
than 50% and a plasticity index less than 24 (typical for USCS Soil Class of CL). Based upon the
laboratory test results, some mixing of the borrow soils will be required. This commonly occurs as
part of most top-down excavation procedures. The moisture content should be adjusted to within
+/-2% of its optimum moisture content, as determined by the standard Proctor method, ASTM D
698. This may be done at either the borrow site or when the fill is placed at the Walworth
Development. Rock fragments larger than 6 inches in their greatest dimension should be
prohibited from the borrow material since it would impede placement and compaction at the
Walworth Development. Some shale or shale/soil mixtures will likely occur.

Brown and gray shale should not be intermixed. Soil should not be mixed with gray shale but can
be mixed with brown shale. All rock pieces should be well distributed in the mass and "nesting"
should be avoided. Water should be added to each layer as required to obtain a moisture content
of the soil or shale portion of the fill to within a range of optimum moisture content to +4% for any
shale fill and +/-2% for soil fill. The addition of water is necessary to facilitate compaction, but also
accelerate the slaking and breakdown in the case of shales. The water should be uniformly
incorporated throughout the entire layer's thickness. Note that it has been our experience to
observe that gray shale will require comparatively more water to condition the lift than brown
weathered shale. Wherever gray shale is used for structural fill, it should be confined to levels at
least 4-feet below final grade.

Earthwork Construction Considerations

As a minimum, excavations should be performed in accordance with OSHA 29 CFR, Part 1926,
Subpart P, “Excavations” and its appendices, and in accordance with any applicable local, and/or
state regulations.

Construction site safety is the sole responsibility of the contractor who controls the means,
methods, and sequencing of construction operations. Under no circumstances shall the
information provided herein be interpreted to mean Terracon is assuming responsibility for
construction site safety, or the contractor's activities; such responsibility shall neither be implied
nor inferred.

Surface instability was not observed on the slopes adjacent to the proposed borrow areas during
our site visit on April 14, 2019. Minor areas of erosion were observed. Sufrficial slope instability
typically impacts the upper 3 to 5 feet of the subsurface profile, predominantly during extended
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wet periods. Regular maintenance should be anticipated to identify and address changes in
natural drainage creating potential for soil creep or erosion near the grading limits. This includes
replacing or replanting trees and grasses, as necessary, and grading the slope to reduce soil
creep and erosion. [f future surficial slope erosion occurs near the crest of slopes, we recommend
the slope face be restored as soon as practical.

Slopes should be re-vegetated as soon as possible after grading and protected from erosion until
vegetation is established. Slope planting should consist of ground cover, shrubs, and trees
possessing deep, dense root structures that require minimum irrigation. It is the responsibility of
the property owner to maintain such planting.

The proposed finished slopes at both borrow sites are planned at 3H:1V or flatter. Slopes of this
inclination are deemed stable for the cohesive soil profile encountered by the test pits. It was
beyond the scope of our services at the borrow sites to evaluate the global stability of the borrow
sites or adjacent properties. Even minor changes to slope geometry, surface water flow and/or
groundwater levels could result in slope instability, particularly if preordained/historical failure
surfaces exist. Therefore, the borrow sites should be monitored for signs of instability during and
after the proposed earthwork, particularly until the erosion protection measures are in place and
vegetation is established. Any indications of slope instability, such as tension cracks, sloughing,
or toe bulges will require additional geotechnical investigation and analyses. In most cases, slope
instability is corrected by means of a retaining wall.

Construction Observation and Testing

The earthwork efforts should be monitored under the direction of the Geotechnical Engineer.
Monitoring should include documentation of adequate removal of vegetation and topsoil and the
condition and/or preparation of borrow materials.

The borrow site excavations should be evaluated under the direction of the Geotechnical
Engineer. If unanticipated conditions are encountered, the Geotechnical Engineer should
prescribe mitigation options.

In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
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The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our Geotechnical Scope of Services does not include either specifically or by implication any
environmental, ecological or biological assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. Other studies may be performed alongside the
geotechnical study and will be issued under sperate cover.

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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SITE LOCATION AND EXPLORATION PLANS

Contents:

Site Location Plans (2 pages)
Exploration Plans (2 pages)

Note: All attachments are one page unless noted above.
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EXPLORATION RESULTS

Contents:

Test Pit Observations (2 pages)
Test Pit Lab Results
Moisture Density Relationship (2 pages)

Note: All attachments are one page unless noted above.

Responsive g Resourceful @ Reliable



TEST PIT OBSERVATIONS - HARRISON AVENUE SITE

Walworth Development — Borrow Sites m Cincinnati, Hamilton County, Ohio

April 25, 2019 o Terracon Project No. N1185144

Tlerracon
GeoReport

?EST PITID | LATITUDE (Est.) | LONGITUDE (Est.) | SAMPLE TYPE |DEPTH DESCRIPTION MODIFIERS CONSISTENCY
TP 39.12 11.93" N 84.40'20.23" W |Jar Only 0-1 Tops oil
1-8 Brown Lean Clay With Limestone Fragments and Some Sand)|Stiff to Very Stiff
8 Gray Shale With Limestone Layers Very Weak
TP-2 39.12 9.40" N 84.40°'19.34" W |Jar & Bucket  [0-7 Topsoil N/A
16 Brown to Gray Lean Clay With Limestone Fragments Stiff
6 Gray Shale With Limestone Layers Very Weak
TP3 39.12°10.93" N 84.40°21.30"W |N/A 0-1.5' Topsoil
15-8 Brown Lean Clay With Limestone Fragments and Some Sand|Stiff to Very Stiff
8 Brown Shale With Limestone Layers Very Weak
TP4 39.12 849" N 84.40'1891"W |N/A 0.1 Tops ail N/A
1-8 Brown Lean Clay With Limestone Fragments Stiff to Very Stiff
g Brown Shale With Limestone Layers Very Weak
TP.5 39.12 768" N 84.40°'20.25" W  |Jar & Bucket 01 Topsail N/A
-7 |Brown Lean Clay With Limestone Fragments and Some Sand|Stiff to Very Stiff
78 Gray Shale With Limestone Layers Very Weak
TP6 N/A N/A N/A N/A Not performed at the request of
property owner
TP 39.12 70" N 84.40°1847°W |N/A 0-1 Topsoil N/A
1-6 Brown Lean Clay With Limestone Fragments and Some SandjStiff to Very Stiff
6 Gray Shale With Limestone Layers Very Weak
| X 39.1Z 591" N 84.4020.63" W |Jar Only 0-1 Topsail N/A
1-7 Brown to Gray Lean Clay With Limestone Fragments Stiff to Very Stiff
T Gray Shale With Limestone Layers Very Weak

_— e e e e e




TEST PIT OBSERVATIONS - OH-128 SITE

Tlerracon

_ Hos m Cingd . . . e ———
S faion G, o GeoReport
TESTPITID | LATITUDE (Est.) | LONGITUDE (Est.) | SAMPLE TYPE [DEPTH DESCRIPTION MODIFIERS CONSISTENCY
TP-001 39.1271866"N | 84425826"W |Jar Only 0-1 Topsoil WA
18 Brown Lean Clay With Limestone Fragments and Some Sand)Stiff
g Brown & Gray Shale With Limestone Layers Very Weak
TP-002 39.12°17.02"N 84.42 58.09°W |Jar Only 0-1' Topsail N/A
17 Brown Lean Clay With Limestone Fragments Stiffto Very Stiff
785 Brown Shale With Limestene Layers Very Weak
TP-003 39.12 16.68"N 8442 5522° W |Jar & Bucket |0-0.5 Topsail N/A
0.5-1.58 Brown Lean Clay Stiff
1.5 Brown Lean to Fat Clay With Limestone Fragments Medium Siiff
4-8 Brown Shale With Limestone Layers Very Weak
TP-004 3912 17.78"N 8442 5394°W |N/A 0-1 Topsail N/A
1-7.5 FILL- Brown/Gray Lean Clay With Gravel and Cobbles
71.5-9 Brown Lean to Fat Clay With Limestone Fragments and Some SandMedium Stiff
910 Brown Lean Clay With Limestone Fragments Medium Stiff to Stiff
10 Brown Shale With Limestone Layers Very Weak
TP-005 NA N/A N/A N/A Not performed at the request of
proparty owner
TP-006 3912 1443"N 8442 54 85" W |Jar & Bucket  [0-1 Topsail N/A
155 FILL-Brown/Gray Lean to Fat Clay Medium Siiff
5.5-10' Brown with Gray Lean Clay Stiffto Very Stiff
10 Gray Shale Very Weak
l— — —_— e ——————————




TEST PIT LAB RESULTS 1|'erracon

Walworth D - itesm Cinci i i i —— i
Aot 25,2015 o Termcon Project No, N1gs 188 GeoReport
TESTPITID | SAMPLE TYPE|  DEPTH WATER | MAXIMUM DRY | OPTIMUM WATER
CONTENT DENSITY CONTENT
(%) (pcf) (%)
SR 128 SITE | TP-001 JAR 5 29
TP-002 JAR T 29
TP-003 JAR T 23
TP-003 BULK 0-2 106.4 17
TP-006 JAR & 25
TESTPITID | SAMPLE TYPE| _ DEPTH WATER | MAXIMUM DRY | OPTIMUM WATER
CONTENT DENSITY CONTENT
(%) (pcf) (%)
HARRSION SITE| 17— JAR 3.5 26
P2 JAR & 21
TP-2 BULK 6-7 108.5 18.7
TP-5 JAR 5 20
TP-8 JAR 5 23




MOISTURE-DENSITY RELATIONSHIP

LABORATORY TESTS ARE NOT VALID IF SEPARATED FROM ORIGINAL REPORT. COMPACTION - V2 N1185144 WALWORTH AVENUE D.GPJ TERRACON_DATATEMPLATE.GDT 4/24/19
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MOISTURE-DENSITY RELATIONSHIP
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GENERAL NOTES

Tlerracon

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS e
GeoReport
SAMPLING WATER LEVEL FIELD TESTS
- N Standard Penetration Test
N7 Water Initially Resistance (Blows/Ft.)
Encountered
Water Level After a (HP) Hand Penetrometer
Standard l 7 . 3
|]Roc:k Core NPeneiration Spechfisd Pariod of Time
Test W_ Water Level After m Torvane
a Specified Period of Time
V- .
M Split Speon Water levels indicated on the soil boring logs are | (°CF)  Dynamic Cone Penotrometer
the levels measured in the borehole at the times
indicated. Groundwater level variations will occur | UC Unconfined Compressive
over time. In low permeability soils, accurate Strength
determination of groundwater levels is not
possible with short term water level (PID)  Photo-lonization Detector
observations.
(OVA) Organic Vapor Analyzer

DESCRIPTIVE SOIL CLASSIFICATION

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their
dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils
have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic,
and silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents
may be added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are
defined on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

LOCATION AND ELEVATION NOTES

Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The
accuracy of such devices is variable. Surface elevation data annotated with +/- indicates that no actual topographical
survey was conducted to confirm the surface elevation. Instead, the surface elevation was approximately determined from
topographic maps of the area.

STRENGTH TERMS
RELATIVE DENSITY OF COARSE-GRAINED SOILS CONSISTENCY OF FINE-GRAINED SOILS
- : 50% or more passing the No. 200 sieve.)
(More than 50% retained on No. 200 sieve.) 5 (& : :
- : : p Consistency determined by laboratory shear strength testing, field visual-manual
Density determined by Standard Penetration Resistance D JUires of standard penatalion resstance
Descriptive Term Standard Penetration or Descriptive Term | Unconfined Compressive Strength | Standard Penetration or
(Density) N-Value (Consistency) Qu, (tsf) N-Value
Blows/Ft. - - Blows/Ft. ]
Very Loose 0-3 Very Soft less than 0.25 0-1
Loose 4-9 Soft 0.251t0 0.50 2-4
Medium Dense 10-29 Medium Stiff 0.50 to 1.00 4-8
Dense 30-50 Stiff 1.00 to 2.00 8-15
Very Dense >50 Very Stiff 2.00to 4.00 15-30
Hard > 4,00 > 30

RELATIVE PROPORTIONS OF SAND AND GRAVEL

RELATIVE PROPORTIONS OF FINES

Descriptive Term(s) of Percent of Descriptive Term(s) of Percent of
other constituents Dry Weight other constituents Dry Weight
Trace <15 Trace <5
With 15-29 With 5-12
Modifier >30 Modifier >12
GRAIN SIZE TERMINOLOGY PLASTICITY DESCRIPTION
Major Component of Sample Particle Size Term Plasticity Index
L Boulders B 791\_1_91(_12 in. (300 mm) ~ Non-plastic 0
) Cobbles 12 in. to 3 in. (300mm to 75mm) - Low B 1-10 -
N Gravel 3in. to #4 sieve (75mm to 4.75 mm) ) Medium 11-30
| Sand | #410#200 sieve (4.75mm to 0.075mm High >3 i
Silt or Clay Passing #200 sieve (0.075mm)




Tlerracon

UNIFIED SOIL CLASSIFICATION SYSTEM ’G"ém

Soil Classification

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests * | Group
B
Symbol Group Name
1‘ i Cloan Grivils: |Cuz4and1<Cc<3E GW | Well-graded gravel F
I i Less than 5% fines© | Cu < 4 andjor [Ce<1 or Cc>3.0]€ | GP | Poorly graded gravel ¥
coarse fraction - " - .
etainad or INo. 4 sieve | Gravels with Fines: Fines classify as ML or MH GM |silty gravel F: 6,4
Coarse-Grained Soils: More than 12% fines © | Fines classify as CL or CH GC | Clayey gravel 7+ & H
More than 50% retained ——m————————————— T s
on No. 200 sieve Clean Sands: Cu>6and1<Cc<3F | SW | Well-graded sand'
ggo?d;: N—— Less than 5% fines® | Cu < 6 and/or [Cc<1 or Cc>3.0] = SP | Poorly graded sand !
o T arse | SRR e— e —
fraction passes No. 4 s s Fines classify as ML or MH SM | Silty sand & H. !
Sieva Sands with Fines: — LSS
i More than 12% fines ® | Fines classify as CL or CH SC | Clayey sand G 1!
) I o . ~ |PI>7and plots on or above A" | CL Lean clay % L M
norganic: e — -
Silts and Clays: | ____|Pl<4orplots below “A” line ¥ | ML silt® Lom
Liquid limit less than 50 Liquid limit - oven dried ’ Organic clay ¥ L M, N
i i il Organic: 075 | OL =
No.°200 sievep saiE Pl plots on or above "A” line | CH Fat clay % L M
Silts and Clays: o Pl plots below “A” line MH | Elastic Silt* tL.m
Liquid limit 50 or more Liquid limit - oven dried i K, L, M,P
Organic: s : <075 | on [2r@anicclay S
R Liquid limit - not dried Organic silt L. M, @
Highly organic soils: i Primarily organic matter, dark in color, and organic odor PT Peat ) )
A Based on the material passing the 3-inch (75-mm) sieve. HIf fines are organic, add “with organic fines” to group name.
21f field sample contained cobbles or boulders, or both, add “with cobbles ! If soil contains = 15% gravel, add “with gravel” to group name.

or boulders, or both” to group name. J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
C Gravels with 5 to 12% fines require dual symbols: GW-GM well-graded | ¥If soil contains 15 to 29% plus No. 200, add “with sand” or “with
gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.
D Sands with 5 to 12% fines require dual symbols: SW-SM well-graded ‘

gravel,” whichever is predominant.
L If soil contains = 30% plus No. 200 predominantly sand, add

A : “sandy” to group name.
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded : : :
sand with silt. SP-SC poori-ggraded sand with cls.:.\y. poorly 9 MIf soil contains > 30% plus No. 200, predominantly gravel, add
' 5 “gravelly” to group name.
(Dao ) NPJ > 4 and plots on or above “A” line.
ECu=Dg/Dypw Cc= D D 9Pl < 4 or plots below “A” line.
10 X Peo P PI plots on or above “A” line.
F If soil contains > 15% sand, add ‘with sand” to group name. APl plots below “A” line.
_ ‘f’iﬁﬂﬂl_a_sﬁfy as CL-ML, use dual symbol GC-GM, or SC-SM.
60 T T

: :
For classification of fine-grained
soils and fine-grained fraction

50 — of coarse-grained soils

Equation of “A” - line
Horizontal at Pl=4 to LL=25.5.
40 — then PI=0.73 (LL-20)

Equation of “U” - line
Vertical at LL=16 to PI=7,
30 — thenPI=0.9 (LL-8)

PLASTICITY INDEX (PI)

00— —— | A = .{ = . S, S T
" MH or OH !
10 & S =
7 e
4= | ML orOL
o - -k i 1 & - 1 i I .
0 10 16 20 30 40 50 60 70 80 90 100 10

LIQUID LIMIT (LL)
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DESCRIPTION O ER Ao Ponnrt
\ F ROCK PROPERTIES GeoReport.
g G g T G Tk ~ WEATHERING :
Term Description
Unweathered No visible sign of rock material weathering, perhaps slight discoloration on major discontinuity surfaces.
Slightly Discoloration indicates weathering of rock material and discontinuity surfaces. All the rock material may be
_weathered | discolored by weathering and may be somewhat weaker externally than in its fresh condition. )
Moderately | Less than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or discolored rock i is
~weathered | present either as a continuous framework or as corestones. -
Highly . More than half of the rock material is decomposed and/or disintegrated to a soil. Fresh or discolored rock is
~weathered ___‘___p.(_e_se_.m either as a discontinuous framework or as corestones. o
32::::5?? All rock material is decomposed and/or disintegrated to soil. The original mass structure is still largely intact.
Residual soil ‘ All rock material is converted to soil. The mass structure and material fabric are destroyed. There is a large
) ) | change in volume, but the soil has not been significantly transported. S
Rty ~ STRENGTHORHARDNESS B 1
Descnptlon Field Identification Uniaxial Compresswe

Strength, psi (MPa)

Extremely weak

Very weak

Indented by thumbnail

| 40-150 (0.3-1)

Crumbles under firm blows with point of geological hammer, can be

peeled by a pocket knife

150-700 (1-5)

Weak rock

Medium strong

Strong rock

Can be peeled by a pocket knife with difficulty, shallow indentations
made by firm blow with point of geological hammer
Cannot be scraped or peeled with a pocket knlfe spemmen can be
fractured with single firm blow of geological hammer

Specimen requires more than one blow of geologlcal hammer to

fracture it

Very strong

Extremely strong

\ Specumen can only be ch:pped with g_eo_!o_glcal hammer
DISCONTINUITY DESCRIPTION

700-4,000 (5-30)

4,000-7,000 (30 50)

7,000—1 5,000 (50-100)

15,000-36,000 (100-250)

>36,000 (>250)

: _I-;ra_cﬂe_ Saeaﬁg__(JJnts__Fa_u_lté _()Yﬂer Fractures) - Bedding Spacmg (TVTaJ Include F Follatlon or Banaa_n_g_)“
 Description_ _ " spacing " T Pescription™ T Spacing &
Extremely close <%in (€19 mm) 'Laminated ‘/z in (<12 mrn)
Very close %in-2-1/2in(19-60mm)  Verythin Y% in—2in (12 - 50 mm)
) Close | 21/2in-8in (60-200 mm) Thin 2in -1 ft. (50 — 300 mm)
Moderate | 8in—21t (200 - 600 mm) Medium ~ 1ft.—3f.(300-900 mm)
B Wide | 2ft.—6ft (600 mm—2.0m) ~ Thick | 3ft-10ft (900 mm-3m)
~ VeryWide | Bft-20ft(20-6m) Massive >10ft. (3m)

Dlscontlnwtv Orientation (Anq_) Measure the angle of dlscontlnuity relative to a plane perpendlcular to the longitudinal axis of the

core. (For most cases, the core axis is vertical; therefore, the plane perpendicular to the core axis is horizontal.) For example, a
horizontal bedding plane would have a 0-degree angle.

ROCK QUALITY DESIGNATION (RQD)

~ Description f i RQD Value (%) e o i
Very Poor 3 0-25 B
- ___ o Poor . 7;7__ . 77725—50 7777777 . -
I Fair B 1 . 50-75 i
. Good | . 75-%0 )
Excellent ‘ ' 90 - 100

| The combined Iength of all sound and intact core segments equal to or greater than 4 inches in length, expressed asa
percentage of the total core run length.

Reference:

U.S. Department of Transpoﬂatson Federal Highway Administration, Publication No FHWA-NHI-10-034, December 2009

Technical Manual for Design and Construction of Road Tunnels — Civil Elements




