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GEO-TECHNOLOGY ASSOCIATES, INC.

GEOTECHNICAL AND
ENVIRONMENTAL CONSULTANTS

July 8,2014
Orr Partners
11180 Sunrise Valley Drive, Suite 300
Reston, Virginia 20191
Attn:  Mr. Grid Gremi
Re: Report of Preliminary Geotechnical Exploration

The Village at Forest Brooke
Harford County, Maryland

Gentlemen:

In accordance with our agreement, Geo-Technology Associates, Inc. (GTA) has performed a
preliminary geotechnical exploration for the proposed Village at Forest Brooke site located in Harford
County, Maryland. The exploration consisted of performing Standard Penetration Test (SPT) borings at
13 locations, evaluating the recovered materials to identify their engineering characteristics, and
performing limited laboratory soil testing.  The results of the geotechnical exploration and
recommendations regarding design and construction of the proposed improvements are included in the
attached Report.

GTA appreciates the opportunity to have been of assistance to you on this project. Should you
have any questions or require any additional information, please contact our office at (410) 515-9446.

Sincerely,
Professional Certification. | hereby certify that these documents o
were prepared or approved by me, and that | am a duly licensed GEO TECHNOLOGY ASSOCIATES’ INC'
professional engineer under the laws of the State of Maryland.
License No.: 33973, Expiration Date: 07/14/2015.
. OF MAg, “,

Erid J. Kussman
Project Scientist
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Thomas M. Wirth, P.E.
Vice President
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REPORT OF PRELIMINARY
GEOTECHNICAL EXPLORATION

THE VILLAGE AT FOREST BROOKE

HARFORD COUNTY, MARYLAND
JULY 8,2014

INTRODUCTION

This Report presents the results of the preliminary geotechnical exploration performed
for the Village at Forest Brooke site located in Harford County, Maryland. In conjunction with
this exploration, Geo-Technology Associates, Inc. (GTA) was provided with the Preliminary Site
Plan (Plan) prepared by Morris & Ritchie Associates, Inc. (MRA), dated May 28, 2014. The
Plan depicts existing and proposed grades as well as the location of the proposed buildings,
pavement areas, retaining walls, and stormwater management (SWM) facilities. Based on the

plans and our conversations, GTA understands that the site will be developed for residential use.

To facilitate the design of the proposed site improvements, GTA was retained to perform
a preliminary geotechnical exploration at the project site. The scope of this study included a
field exploration, laboratory testing, and engineering analysis as described in our Proposal for
Preliminary Geotechnical Exploration, dated June 4, 2014. The results and recommendations |

regarding design and construction of the proposed site improvements are included in this Report.

SITE CONDITIONS

The site is located east of the intersection of Bush Chapel Road and Kretlow Drive in the
Aberdeen area of Harford County, Maryland, The proposed development site is bounded by
Bush Chapel Road and Kretlow Drive to the west, Schofield Road to the north, a mature heavily
wooded area to the east, and Woodland Green Way to the south. At the time of the investigation,
the majority of the site consisted of mature woods, with light underbrush in the low areas of the

site. The southern portion of the site consisted of non-tidal wetlands,

The topography of the site is generally gently sloping, with drainage gene;*ally directed to
the southwestern portion of the site. Site topography depicted on the Plan indicates that the

ground surface clevations range from a high of approximately elevation (EL) 150 in the
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northwestern corner of the site, to a low of approximately (EL) 110 along the southern boundary
of the site. The United States Geological Survey (USGS) Topographic Quadrangle Map
(Aberdeen, Marylénd) for the site vicinity depicts similar topographic conditions as those
indicated by MRA. A Topographic Map for the site and vicinity, based on the United States
Geological Survey (USGS) Topographic Quadrangle Map (Aberdeen, Maryland, Photo revised
2011), is attached hereto as Figure 2 within Appendix A.

RELEVANT GEOLOGY
According to the Geologic Map of Harford County (Map), dated August 1968 and

published by the Maryland Geological Survey in coordination with the United States Geological
Survey, the site vicinity is situated within the transition zone between the Atlantic Coastal Plain
and the Piedmont Physiographic provinces, a boundary commonly referred to as the Fall Line or
Fall Zone. The Fall Zone in this area is characterized by a relatively thin capping of Coastal Plain
soils over residual soils and the rocks of the Piedmont. Coastal Plain soils are sedimentary in
nature, generally deposited in an alluvial marine environment during periods of fluctuating sea
levels resulting in stratified deposits. The Piedmont is characterized by strongly folded and
faulted metamorphic rock and the residual soils derived from the in-situ decomposition of the

parent bedrock.

The Coastal Plain deposits located near the site are identified on the Map as the Potomac
Group, consisting of interlayered sand, silt, and clay. The sand in this group is typically white to
light gray with orange brown staining and is predominately quartz sand. This group also
contains thick lenses of dark gray lignitic silty clay and bright red and yellow clay. The
Piedmont rocks are identified on the Map as the Mettagabbro and Amphibolite. The residual
soils derived from the weathering of the bedrock typically consist of silt and silty sand, with

some clay. It is common in this Formatioq that the granular percentages increase with depth.

The Soil Survey of Harford County, published by the United States Department of
Agriculture (USDA) Soil Conservation Service in 1975, indicates the soils underlying the site

consist of Fallsington, Beltsville, and Sassafras series. Please refer to the aforementioned
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publications for more detailed information. A description of each soil type is provided in the

following table:

Deep, pdorly drained, nearly level soils on.upl.and. interfluvial flats of the Coastal
Fallsington Series | Plain. Available moisture capacity is high, and is moderately permeable, but the
water table is scasonally at or near the surface.

Nearly level to moderately sloping, moderately well-drained soils on the uplands
Beltsville Series of the Coastal Plain. Available moisture capacity is moderate, and is slowly
permeable, but they are frequently wet in spring.

Deep, well-drained, gently to steeply sloping soils on undulating uplands of the
Sassafras Series Coastal Plain. Available moisture capacity is moderate to high, and is moderately

permeable.

SUBSURFACE EXPLORATION

The subsurface conditions at the site were evaluated by performing 13 Standard
Penetration Test (SPT) borings throughout the site, designated B-1 through B-13. The
explorations were performed during the period of June 16 through 26, 2014. The exploration
locations were selected and field located by a GTA engineer using Global Positioning System
(GPS), and are depicted on Figure I, Exploration Location Plan, attached to this Report in
Appendix A.

The 13 test borings were advanced to the final depths using a Timberjack 820A mounted
B-57 drill rig, equipped with 3Y-inch hollow-stem augers. Standard Penetration Tests were
conducted in the boreholes, with four tests performed within the upper 10 feet of drilling and at
5-foot intervals thereafter. Standard Penetration Testing involves driving a 2-inch outside
diameter (O.D.), 1%-inch inside diameter (L.D.) split-spoon sampler into the soil a distance of
24 inches using a 140-pound hammer free-falling 30 inches. The number of blows required to
drive the sampler through the middle 12 inches of penetration is termed the SPT N-value and is
indicated for each test interval on the test boring logs, The SPT N-values are reported as the
number of blows per foot (bpf) of sampler penetration. A sample was collected at each SPT
location from the split barrel sampler. GTA’s drilling subcontractor employed a manual hammer

to perform the SPT,
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Soil samples recovered from the explorations were returned to GTA’s laboratory in
Abingdon, Maryland for limited laboratory testing. Soil descriptions and group classifications
provided on the logs are made by GTA’s geologist in general accordance with the procedures as
described in ASTM D2488 (ASTM International’s version of the Unified Soil Classification
System [USCS]). The results of the laboratory testing were used to aid in the identification and
classification of the soils. Attached to this Report are the Notes for Exploration Logs that
provides a brief explanation of the soil descriptions and other information contained on the logs.
The ground surface elevations at the exploration locations indicated within this Report were
interpolated from the site topography shown on the Plan prepared by MRA. As such, elevations,
as well as transitions in soil strata indicated on the exploration logs, should be considered

approximate, The exploration logs are presented in Appendix B attached to this Report.

SUBSURFACE CONDITIONS

In agreement with the published geology, the explorations encountered soils associated
with the Potomac Group throughout the depths of drilling. No soils associated with the
Piedmont Physiographic Providence were encountered during our exploratioh. Topsoil was
encountered at cach SPT boring with thicknesses ranging from 3 to 5 inches, averaging

approximately 4 inches,

Below the topsoil, the borings encountered iriterlayered granular and cohesive sediments
of the Potomac Formation. The granular soils were classified as Silty SAND (SM), Clayey
SAND (SC), and Silty, Clayey SAND (SC-SM) with subordinate amounts of gravel. The SPT
N-values for the granular soils ranged from 9 to 44 bpf, averaging approximately 22 bpf,
indicating that the majority of the granular sediments are in a medium dense condition. The fine-
grained soils were classified as Lean CLAY (CL), Fat CLAY (CH), and SILT (ML). The SPT
N-values for the fine-grained soils ranged from 2 to 35 bpf, averaging approximately 16 bpf,

indicating that the majority of the fine-grained sediments were very stiff,

Soft and loose soil conditions were encountered throughout the site. The majority of the
soft/loose conditions were encountered near the existing ground surface. The loose conditions

encountered in granular soils are typically associated with a low confining pressure at the surface
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as the split spoon is advanced. Isolated layers of loose granular soils were also encountered at
greater depths. Loose conditions are also often encountered in granular soils at the approximate
groundwater elevation. This condition is often induced by the drilling process and does not

necessarily indicate that the in-situ soils are loose,

Water measurements were generally performed during drilling, at the completion of
drilling, and approximately 24 to 72 hours after the completion. Water was encountered within
six of the borings at depths ranging from 2.5 to 13.0 ft bgs. A summary of the water levels and
cave-in depths is included in the table below. It should be noted that cave-in depths may be at or
near groundwater levels as the sidewalls slough into the explorations. Fluctuations in
groundwater levels by as much as 2 to 3 feet may occur due to variations in rainfall, evaporation,
construction activity, surface runoff, and other site-specific factors, Perched groundwater
conditions can also develop in this geology as water becomes “trapped” in granular layers above

a less permeable fine-grained layer.

SUMMARY OF WATER AND CAVE-IN DEPTHS

ndC
None Dry /4.0
None Dry /3.5 30/35 EL 124
None . Dry /3.6 Dry/3.5 -
13.0 5.8/84 50/60 EL 134
None Dry/3.0 25/3.0 EL 130
B-6 None Dry/5.6 Dry/5.5 -
B-7 13.0 Dry/ 5.0 Dry /5.0 EL 138
B-8 None Dry /5.0 Dry /5.0 -
B-9 None Dry/ 6.8 4.5/6.5 EL 112
B-10 8.0 28/6.1 BOC EL 121
B-11 None Dry/1.8 Dry/ 1.0 -
B-12 None Dry/5.8 Dry/5.5 -
B-13 None Dry /4.7 Dry/4.5 --

BOC = Backfilled on completion

LABORATORY TESTING

Selected samples obtained from the borings were tested for grain size analysis, Atterberg
limits, and natural moisture contents. The laboratory test reports are included in Appendix C. A

summary of the test resulis are as follows:
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SUMMARY OF GRAIN SIZE AND LIMIT TESTING

EXPLORATION | DEPTH ~ uscs PASSING uo. | MM [ LL | P1
NO. {ft.) | CLASSIFICATION '_200 o (%) | (%) | (Yo

, Clayey SAND with
B-1 4-6 aravel (SC) 341 13.8 | 28 13

i e Silty, Clayey SAND
B-7 8-10 (SC-5M) 475 162 | 19 4

, Sandy Fat CLAY
B-10 13-15 (CH) 62.9 32.8 69 51
NMC = Natural Moisture Content LL = Liquid Limit P1 = Plasticity Index

CONCLUSIONS AND RECOMMENDATIONS

Based upon the results of this study, it is our opinion that construction of the proposed

improvements are feasible, given that the following recommendations are observed, and that the
standard level of care is maintained during construction. However, it is anticipated that certain
findings of the investigati.on will complicate construction and escalate the cost of the
development. The findings inciude wet, moderately- to highly-plastic soils, and shallow
groundwater. Discussions of these issues, as well as general site development issues, are

included in the following paragraphs.,

Site Preparations

Clearing, grubbing, and the stripping of organic surface soils should be performed in
advance of any grading operations. The proposed building, pavement, and SWM areas should
then be proofiolled to locate any soft or loose areas on the fill subgrade. Soft subgrade soils
were encountered during drilling within the central and southern portions of the site. Soils
identified as being unsuitable or unstable should be undercut to a stable stratum and backfilled
with controlled, compacted fill, or chemically stabilized in place as discussed in the Earthwork

section below,

The topsoil throughout the site generally ranged from approximately 3 to 5 inches in
thickness. Mildly organic subsoil as well as roots from the mature tree growth may extend to
depths exceeding 12 inches. The stripping thickness will depend on topsoil development, season
of construction, and contractor care. Due to these variables, GTA recommends an average

stripping thickness of 8 inches for the purposes of site design to develop a balanced grading plan.
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The removal of organics, proofrolling, undercutting of any unsuitable or unstable material, and
placement of controlled, compacted fill should be observed by the Geotechnical Engineer or their

qualified representative.

Earthworl

Based on the referenced plan, site grading will require excavations and fills of as much as
12 and 8 feet, respectively, to achieve the proposed subgrade clevations for the buildings,
pavement areas, retaining walls, and SWM facilities. Our observations and the results of the
laboratory testing indicate that the majority of the on-site soils will be wet of their optimum
moisture content (OMC) for compaction. The granular soils may be dried by aeration until the
moisture content is reduced to compactable ranges. The majority of the soils encountered on site
generally consisted of fine-grained, cohesive soils (CL, CH, and ML) and will likely comprise a
significant proportion of the fill material used in arcas of the site. These soils retain their

moisture and are difficult to dry by aeration, even during the summer months.

Based on our experiences, the predominately wet cohesive soils encountered throughout
the site may be slow to dry by aeration, even during the summer months. As such, the structural
fills may need to be dried with quicklime, lime kiln dust, or Portland cement in order to achicve
compaction and reduce the risk of settlements. The use of chemicals to modify the on-site soils
may reduce construction costs by utilizing the on-site materials rather than removing the wet,
plastic soils and replacing them with suitable imported soils. Additionally, due to the time
associated with aerating the soils, the use of chemicals to dry the soils may accelerate the

construction process.

It should be noted that chemically modified soils may not be used during SWM
construction. As such, GTA recommends that the dry, on-site soils be initially reserved to
complete the construction of the SWM embankments. The remaining dry soils available for use

as fill may then be utilized to grade the building pads, retaining walls, and pavement arcas.

Structural fills should be constructed in maximum 8-inch-thick loose lifts and be

compacted to the following specifications:
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COMPACTION SPECIFICATIONS

Structure / Fill Location -Cunipacﬁon / Moisture Specification

97% of ASTM D1557 MDD

Within the top 1-foot of pavement subgrade Moisture: = 3% of OMC

Below foundations & floor slabs,

. 92% of ASTM D1557 MDD
F}lls below 1 foot of pavement subgrades, Moisture: + 3% of OMC
Fill slopes
95% of ASTM D698 MDD
Fills in SWM Fagcility areas Moisture: 0 to 5% above OMC

Due to the limited quantity of dry soil on site, GTA recommends considering alternative
compaction methods only within the pavement arcas similar to those used by Baltimore and
Harford Counties. These methods include placing the soil as fill without extensive drying efforts
and compacting it in 8-inch-thick loose lifts to the maximum effort of the compaction equipment.
Once the fills are complete, the fills within the pavement areas are given 60 days to settle prior to

placing the asphalt pavements.

Structural fill should be {ree of vegetation, topsoil, frozen material, muck, organic matter,
and other degradable materials, and have no individual particles exceeding 6 inches in any
dimension. Based on the Plan, the majority of the site will be stripped of topsoil to an average

depth of approximately 8 inches to accommodate the building pads and pavement arcas.

Off-site borrow, if required, should meet USCS designation SM, SP, SW, GP, GM, or
GW, and be approved by the geotechnical engineer. Consideration of off-site borrow meeting
USCS classifications of ML and CL would be made based on the location and depth at which

these materials are to be placed.

New fills constructed on slopes steeper than 5H:1V (horizontal to vertical) should be
keyed into existing slopes to protect the stability of the embankment. All fill slopes steeper than
SH:1V should be placed as structural fill. The grading contractor should provide positive

drainage at all times during earthwork activities.
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Water was encountered at six boring locations during and after drilling in the lower areas
of the site. Based on the location and depth at which water was encountered, it is unlikely that
water will affect site grading activities except possibly for the deeper excavations required in the
SWM areas along the southern boundary of the site. Should water be encountered along the face
or toe of excavated slopes, seepage control measures such as blanket drains or chimney drains
may be necessary to control the flow of water and maintain stability within the slopes. During
grading operations, surface grades should be maintained to prevent pooling or ponding of water

and direct surface runoff to the proper sediment control or SWM facilities.

In-place density testing by sand come or nuclear method should be conducted on
structural fills to verify that the compaction achieved meets the specifications herein. Structural
fill construction should be observed and tested by a soils technician on a full-time basis, under

the supervision of a Geotechnical Engineer as required by the International Building Code,

Subsurface Utilities

GTA anticipates that the utilities will consist of gravity sewer, water, storm drain,
electric, and telecommunications conduits 'ﬁrimarily within the pavement arcas. The natural soils
are considered suitable for support of below grade utilities; however, a 6-inch-thick granular
bedding layer is generally required to provide uniform support, as diétated by site conditions and
as required by local code. The granular bedding may also aid in providing localized dewatering
at the site. If during utility installation unsuitable soils incapable of providing adequate support
are encountered at the bottom of the utility trench excavation, these soils should be

over-excavated to suitable soils and replaced with approved bedding materials.

Water was encountered at six of the exploration locations at depths as shallow as 2.5 ft
bgs and will likely be encountered during utility installation. Problems associated with
groundwater include seepage into the excavation, partial loss of stability, and sloughing of soils.
Due to the potential for collapse of unsupported excavation in the more granular materials
observed at greater depths, utility contractors should provide adequate earth support and
dewatering systems in utility trench excavations as groundwater wilt likely be encountered and

perched water conditions may develop. Water within utility excavations may be reduced at the
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time of construction through the use of “sump and pump” dewatering techniques. It should be
noted that where cohesionless (granular) soils are encountered below the groundwater table,
there is the potential for a “running sand” condition to be encountered. These conditions will

require dewatering through the use of closely spaced well points.

It is recommended that placement and compaction of the soils be performed as specified
in the Earthwork section of this Report. The results of the laboratory tests indicate that the
moisture contents of the native, predominately cohesive, soils encountered throughout the site
will generally have elevated moisture contents and will likely require drying or chemical
treatment prior to placement and compaction within the trench. If drying of the soils is required,
the excavated soils should be spread in thin layers and aerated by discing to within 3 percentage
points of the optimum moisture cdntent. Seitlement and instability are likely if the on-site soils
are used as backfill at moisture levels more than 3 percentage points above optimum moisture
content. Due to the project schedule, GTA recommends that all fill material that requires drying

be chemically treated with lime to maintain the project schedule,

Due to the extensive drying efforts likely required to achieve compaction, GTA
recommends considering alternate compaction methods as discussed in the Egrthwork section of
this report. This utility trench backfill method permits the use of on-site soils as trench backfill
material despite their wet condition. Upon completion of all utility installation, the trenches
must be allowed to sit for 60 days to permit the trenches to settle and stabilize. Pending a proof-
roll of the pavement subgrade soils, construction of the soil-cement or pavement section may
proceed following the 60 day period. The City of Aberdeen should approve alternative

compaction procedures within their utility casements.

Foundation Recommendations

Based on the planned construction, our assumptions, and results of the subsurface
investigation, it appears the structures can be supported on shallow spread footings. For the
assumed loading conditions, a design net allowable bearing capacity of 2,500 pounds per square
foot (psf) is feasible for footings bearing on suitable natural soils and controfled compacted fill

or stifffmedium dense original soils.

10
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Soft/loose soils were encountered at near-surface elevations throughout the site. If
unsuitable conditions are encountered during the foundation excavation process, these materials
should be removed and replaced with open-graded stone or lean-mix concrete as depicted in
Figure 3 — Footing Subgrade Modification Detail. The decision to perform the over-excavation

procedures should be made by the Geotechnical Engineer or their designated representative.

Standard footing details should prove acceptable for this project. Minimum widths for
wall footings of 24 inches and column footings of 36 inches are recommended when design
based on the above bearing pressures results in a more narrow footing, Exterior footings should
be founded a minimum of 30 inches below final exterior grade to provide protection from frost
action. Interior foundations in heated portions of the structure may be established at depths
below the floor slabs equal to the minimum footing thickness. Although soft soils were
encountered at greater depths in some areas of the site, GTA’s analysis indicates a maximum
settlement on the order of 1-inch total and %-inch differential can be anticipated based upon on
maximum wall loads of SkIf and maximum column loads of 100 kips. However, actual
settlements will depend on the actual loads, depth of footings, the soils encountered, and the
thickness of structural fills. GTA requests the opportunity to review the architectural and

structural plans, as well as the loading information prior to finalizing the foundation design,

The IBC specifies that a detailed foundation bearing surface evaluation be performed for
each footing excavation during construction. The foundation bearing surface evaluations should
be performed using a combination of visual observations, hand-rod probing, and Dynamic Cone
Penetrometer (DCP) testing by a Geotechnical Engineer or their designated representative. A
detailed geotechnical exploration may be warranted for the structures subsequent to mass grading

and after review of the loading information and structural plans.

Floor Design
Based on the results of the investigation, it is anticipated that floor slabs can be designed

as concrete slabs on grade. All subgrades for support of the slabs should be observed to evaluate

stability prior to the placement of the drainage layer and concrete. It is recommended that design
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of the floor slabs be based on a subgrade modulus of 100 pounds per square inch per inch (psi/in)

if founded on untreated, native soils.

If the slabs are to be founded on moderately- to highly-plastic soils, the subgrade must be
protected from becoming dried out or saturated. It is recommended that if the slab subgrade
consists of moderately plastic, cohesive soils, then these materials be placed, compacted, and
maintained at moisture levels of approximately 2 to 4 percentage points above optimum levels
prior to constructing the slab section. High-plastic soils, if encountered, should be removed and
replaced with granular soils or chemically stabilized in place.  If the slabs are founded on
chemically-stabilized soils, the design of the floor slabs may be based on a subgrade modulus of
200 psifin.

GTA recommends that the concrete floor slab supported on grade be founded on a
minimum  6-inch-thick, layer of AASHTO M43, Size No. 57 aggregate covered with
polyethylene vapor barrier. The aggregate layer will interrupt the rise of capillary moisture
through the slab as well as provide drainage for the slab subgrade. The slabs may bear on wall
projections, but they should be jointed so that the foundation walls can settle independently from
the slab.

Construction activities and exposure to the environment often cause deterioration of slab
subgrades.  Therefore, we recommend that the slab subgrade soils be evaluated by a
representative of the Geotechnical Engineer immediately prior to stone and concrete placement.
This evaluation may include a combination of visual observations, proofrolling, hand-rod
probing, and ficld density tests to confirm that the subgrade soils have been prepared properly. If
soft or loose soils are encountered, recommendations for remedial measures should be provided

by the Geotechnical Engineer at the time of construction.

Pavement Design

The pavement section is designed based on anticipated subgrade conditions and traffic.
Following grading activities, the exposed native soils that will provide support for new

pavements consist of predominantly fine-grained and cohesive soils. Based on the Iaboratdry

12
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testing, and our experience with similar soils, the on-site clayey soils compacted to at least

95 percent Modified Proctor MDD may exhibit a CBR value of less than 5 percent.

Details on the traffic volumes and vehicles distributions were not available at the time
this Report was prepared. Therefore, analyses of the flexible pavement section is based upon our
experience with similar projects and the assumed traffic of 140,000 equivalent single-axle load
(ESALs) applications over a design period of 20 years. The assumed traffic included a variety of
vehicle types including passenger vehicles and single- to multi-axle trucks, but does not include
vehicle loads associated with construction traffic. If higher traffic volumes are anticipated for the
site, then additional analysis will be necessary to develop a suitable flexible pavement section.
The recommended preliminary flexible pavement section placed on a subgrade with an assumed

CBR value of 3 percent.

FLEXIBLE PAVEMENT SPECIFICATIONS

Compacted Layer Thickness (Inches)
Pavement Materials
Roads Parking
Hot-Mix Asphalt Surface Course - 9.5 mm* 1.5 1.5
Hot-Mix Asphalt Base Course - 12.5 mm* 3.0 2.5
Aggregate Base (CR-6) . 10.0 7.0

Notes:
* Compaction: Level 1 (50 Gyrations), Binder Type: PG64-22

In order to support the anticipated construction traffic, and as an alternative to removing
and replacing the unsuitable cohesive soils at the pavement subgrade, GTA recommends
considering chemically treating the pavement subgrade with Portland cement to increase the
subgrade strength and reduce the soil’s plasticity and swell potential. Prior testing on
cement-treated soils has yielded CBR values on the order of 50 to more than 200 percent. GTA

proposes the following pavement sections founded on a cement-stabilized subgrade:
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CEMENT STABILIZED FLEXIBLE PAVEMENT SPECIFICATIONS

Compacted Layer Thickness (Inches)
Pavement Materials
Roads Parking
Hot-Mix Asphalt Surface Course - 9.5 mm* 1.5 1.5
Hot-Mix Asphalt Base Course - 12.5 mm* 2.5 2.0
Aggregate Base (CR-6) 4.0 4.5
Cement-Stabilized Subgrade (CBR > 50) 12.0 12.0

Notes:
* Compaction: Level 1 (50 Gyrations), Binder Type: PG64-22

The total pavement thicknesses of 8 inches matches the height of the curb face for
constructability purposes. GTA recommends that the subgrade be stabilized prior to curb
installation. Additional laboratory testing should be performed prior to pavement construction to
determine the appropriate proportions of soil, cement, and water to achieve the required CBR
within the subgrade soil. Cement stabilized pavement sections are also more capable of
supporting construction traffic without premature deterioration. Prior to the new pavement
construction, the subgrade should be reviewed by the Geotechnical Engineer to evaluate design

parameters and proof-rolled with a loaded tandem-axle dump truck to evaluate stability.

The above-stated pavement section assumes that the subgrade soils and aggregate base
course materials have been uniformly compacted to 97 percent of Modified Proctor MDD. We
recommend that testing be performed to evaluate soil plasticity and CBR values prior to the

construction to verify that the subgrade materials meet the CBR requirements mentioned above.

It is recommended that the Compaction Level and the Binder Type for Superpave
materials be indicated on the drawings or in project specifications. The pavement materials and
construction should be in accordance with the current Standard Specifications for Construction
and Materials of the Maryland Department of Transportation, State Highway Administration
(MSHA).

Rigid pavements will be used for the loading areas or dumpster pads that support heavy

concentrated static or wheel loads. To provide uniform support beneath a rigid pavement, a
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minimum 6-inch-thick layer of MSHA graded aggregate base should be utilized. For preliminary
planning purposes, and based on the anticipated pavement subgrade soils, a minimum 6-inch-
thick rigid pavement should be used. It should be noted that the rigid pavement should be
comprised of air-entrained Portland cement concrete with compressive strength of 4,200 pounds
per square inch (psi), as specified for Mix No. 7 in Table 902 A of the MSHA Standard
Specifications for Construction and Materials. The rigid pavement should be reinforced with 6x6
welded wire fabric sized according to American Concrete Institute (ACI) standards.
Construction joints should be spaced according to ACI 360 standards, but not exceed 15 feet.

Subgrades for rigid pavement should be prepared as stated earlier in this section.

The engineering properties of the pavement subgrades soil can be significantly affected
by water. In areas where near-surface water conditions are encountered, underdrains should be
constructed to protect the pavement subgrade from the effects of water. The underdrains should
be constructed behind and parallel to the curb with a slope of at least 1 percent to discharge into

nearby storm drain structures.

Stormwater Management Facilities

The Plan indicates that stormwater will be managed by at least four quantity management
facilities in the northeastern and southern portions of the site. Excavations and fills of up to 10
feet are anticipated within the SWM facilities in order to excavate the basins and construct the

embanliments.

GTA anticipates that the SWM facility will be designed in accordance with the latest
version of the Natural Resources Conservation Service (NRCS), Maryland Code 378 — Pond
Standards and Specifications (MD Code 378). MD Code 378 specifications indicate that the
moisture content for all fills should be within 2 percentage points of optimum; however,
published references, standard practice, and our experience indicate that moisture contents
between 0 and 5 percentage points above optimum are better suited for placement and
compaction of cut-off trench and impervious core. Embankment fill beyond the cut-off trench
and core should be within 2 percentage points of optimum. The results of laboratory testing

indicate that the majority of the on-site soils will be above the working range of optimum.
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Drying of soils, wet of their approved compaction range, should be performed in accordance

with the Earthwork section of this Report.

Due to the cohesive soils, GTA recommends that all slopes be designed with a geomeiry
no steeper than 3H:1V in areas that could be affected by water. Slopes constructed steeper than
this geometry will be unstable in areas of high groundwater and are susceptible to erosion and
sloughing. The earthwork contractor should anticipate excavation activities will be performed as
water is infiltrating into the excavation, especially as the excavations increase in depth. We
recommend that the completed facility be stabilized and covered with vegetation as quickly as

possible to reduce the potential for erosion.

Construction of the cut-off trench and impervious core for the facilities will require low
permeable material (Unified Classification SC, CH or CL). Suitable material for use in
constructing these elements was encountered throughout the site, however, these soils will likely
be wet of their OMC for compaction. Prior to construction of the SWM facility, GTA
recommends excavating test pits to more accurately define the location and quantity of the
clayey soils, as well as their ability to be excavated without being contaminated with granular
soils.

Groundwater will likely be encountered during the excavation of the SWM facilities
throughout the site and should be managed as previously discussed in the Earthwork section of
this Report, Once the design nears completion, GTA should be provided the opportunity to

review the plans and details to evaluate if the geotechnical considerations have been addressed.

Additional Worlk

GTA understands that the site design was underway at the time this report was prepared.
An additional geotechnical exploration should be considered for the final building design, and
will likely be required for SWM facilities. As an additional service, GTA also recommends that
testing be performed to determine the chemical application rate to modify/stabilize the on-site

soil to be used as fill in structural areas.
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LIMITATIONS

This Report, including all supporting exploration logs, field data, field notes, laboratory
test data, calculations, estimates, and other documents prepared by GTA in connection with this
project, has been prepared for the exclusive use of Orr Partners, pursuant to the agreement
between GTA and Orr Partners, dated June 4, 2014, and in accordan_ce with generally accepted
engineering practice. All terms and conditions set forth in the Agreement and the General
Provisions attached thereto are incorporated herein by reference. No warranty, express or
implied, is given herein. Use and reproduction of this Report by any other person without the
expressed written permission of GTA and Orr Partners is unauthorized and such use is at the sole

risk of the user,

The analysis and recommendations contained in this Report are based on the data
obtained from limited observation and testing of the encountered soils. Explorations indicate soil
conditions only at specific locations and times, and only to the depths penetrated. They do not
necessarily reflect strata variations that may exist between the exploration locations.
Consequently, the analysis and recommendations must be considered preliminary until the
subsurface conditions can be confirmed by direct observation at the time of construction. If
variations in subsurface conditions from those described are noted during construction,

recommendations in this Report may need to be re-evaluated.

In the event that any changes in the nature, design, or location of the facilities are
planned, the conclusions and recommendations contained in this Report should not be considered
valid unless the changes are reviewed and conclusions of this Report are verified in writing.
GTA is not responsible for any claims, damages, or liability associated with interpretation of
subsurface data or reuse of the subsurface data or engineering analysis without the expressed

written authorization of GTA.
The scope of our services for this geotechnical exploration did not include any

environmental assessment or investigation for the presence or absence of hazardous or toxic

materials in the soil, surface water, groundwater, or air on, below, or around this site. Any
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statements in this Report or on the logs regarding odors, unusual, or suspicious items or

conditions observed are strictly for the information of our Client.

This Report and the attached logs are instruments of service. If certain conditions or
items are noted during our investigation, GTA may be required by prevailing statutes to notify
and provide information to regulatory or enforcement agencies. GTA will notify our Client

should a required disclosure condition exist.

140988 GEO-TECHNOLOGY ASSOCIATES, INC.

kx&di END OF REPORT #%#%%
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orfant Information About Your

Geotechinical Engineering Report

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.

Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects

their clients. A geotechnical engineering study conducted for a civil engi-
neer may not fulfill the needs of a construction contractor or even anather
civil engineer. Because each geotechnical engineering study is unique, each
geotechnical engineering repart is unique, prepared sofely for the client. No
one except you should rely on your geotechnical engineering report without
first conferring with the geotechnical engineer who prepared it. And no one
— not even you — should apply the report for any purpose or projact
except the one ariginally contemplated.

Read the Full Report

Serious problems have occurred because those relying on a gectechnical
Do not read selected elements only.

A Geotechnical Engineering Report Is Based on

A Unique Set of Project-Specific Factors
Geotechnical engineers consider a number of unigue, project-specific fac-
tors when establishing the scope of a study. Typical factors include: the
client's goals, objectives, and risk management preferences; the general
nature of the structure involved, its size, and configuration; the location of
the structure on the site; and other planned or existing site improverments,
such as access roads, parking lots, and underground utilities. Unless the
geotechnical engineer who conducted the study specifically indicates oth-
erwise, do not rely on a geotechnical engineering report that was:

= not prepared for you,

= not prepared for your project,

» not prepared for the specific site explored, or

»  completed before important project changes were made.

Typical changes that can erode the reliability of an existing geotechnical

engineering report include those that affect:

= the function of the proposed structure, as when it's changed from a
parking garage to an office building, or from a light industrial plant
o a refrigerated warehouse,

Sy

The following information is provided to help you manage your risks.

Geotechnical engineers structure their services to meet the specific needs of

engineering report did not read it all. Do not rely on an executive summary.

» elevation, configuration, location, orientation, or weight of the
proposed structure,

* composition of the design team, or

*  project ownership.

As a general rule, always inform your geotechnical engineer of project
changes—even minor ones—and request an assessment of their impact.
Geotechnical engineers cannat accept responsibility or liability for problems
that occur because their reports da not consider developments of which
they were not informed.

Subsurface Conditions Can Change

A geotechnical engineering report is based on conditions that existed at
the time the study was performed. Do not rely on a geotechnical engineer-
ing report whose adequacy may have been affected by: the passage of
time; by man-made events, such as consiruction on or adjacent to the site;
or by natural events, such as floods, earthquakes, or groundwater fluctue-
tions. Always contact the geotechnical engineer before applying the report
to determine if it is still reliable. A minor amount of additional testing or
analysis could prevent major problems.

Most Geotechnical Findings Are Professional
Opinions

Site exploration identifies subsurface conditions only at those paints where
subsurface tests are conducted or samples are taken. Geotechnical engi-
neers review field and laboratory data and then apply their professional
Judgment to render an opinion about subsurface conditions throughout the
site. Actual subsurface conditions may differ—somelimes significantly—
from those indicated in your report. Retaining the geotechnical engineer
who developed your report Lo provide construction observation is the
most effective method of managing the risks associated with unanticipated
conditions.

A Report's Recommendations Are Not Final

Do not overrely on the construction recommendations included in your
report. Those recemmendations are not final, because geatechnical engi-
neers develop them principally from judgment and apinion. Geatechnical
engineers can finalize their recommendations only by observing actual
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Cubsurface conditions revealed during construction. The geotechnical
engineer who developed your report cannot assume responsibility or
liability for the report’s recommendations if that engineer does not perform
construclion observation.

A Geotechnical Engineering Report Is Subject to
Misinterpretation

Other design team members' misinterpretation of geotechnical engineering
reports has resulted in costly problems. Lower that risk by having your geo-
technical engineer confer with appropriate members of the design team after
submitting the report. Also retain your geotechnical engineer to review perti-
nent elements of the design team's plans and specifications. Contractars can
also misinterpret a geotechnical engineering report. Reduce that risk by
having your geotechnical engineer participate in prebid and preconstruction
conferences, and by providing construction observation.

Do Not Redraw the Engineer's Logs

Geatechnical engineers prepare final boring and testing logs based upon
their interpretaticn of field logs and laboratory data. To prevent errors or
omissions, the logs included in a geotechnical engineering report should
never be redrawn for inclusion in architectural or other design drawings.
Only photographic or electronic reproduction is acceptable, but recagnize
that separating logs from the report can elevate risk.

Give Contractors a Complete Report and
Guidance

Some owners and design professionals mistakenly believe they can make
contractars liable for unanticipated subsurface conditions by limiting what
they provide for bid preparation. To help prevent costly problems, give con-
tractors the complete geotechnical engineering report, but preface it with a
clearly written letter of transmittal. In that letter, advise contractors that the
report was not prepared for purposes of bid development and that the
report's accuracy is limited; encourage them to confer with the geotechnical
engineer who prepared the report (a modest fee may be required) and/or to
conduct additional study to obtain the specific types of information they
nead or prefer. A prebid conference can also be valuable. Be sure conirac-
tors have sufficient time to perform additional study. Only then might you
be in a position to give contractors the best information available to you,
while requiring them (o at least share some of the financial responsibilities
stemming from unanticipated conditions.

Read Responsibility Provisions Closely

Some clients, design professionals, and contractors do not recognize that
geotechnical engineering is far less exact than other engineering disci-
plines. This lack of understanding has created unrealistic expectations that

e

have led to disappointments, claims, and disputes. To help reduce the risk
of such outcomes, geotechnical engineers commonly include a variety of
explanatory provisions in their reports. Sometimes labeled “limitations”
many of these provisions indicate where geotechnical engineers' responsi-
bilities begin and end, to help others recognize their own responsibilities
and risks. Read these provisions closely. Ask questions. Your geotechnical
engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The equipment, techniques, and personnel used to perform a gecenviron-
mental study differ significantly from those used Lo perform a geatechnical
study. For thal reason, a geotechnical engineering report does not usually
relate any geoenvironmental findings, conclusions, or recommendations;
&.0., about the likelihood of encountering underground storage tanks or
requlated contaminants. Unanticipated environmental problems have led
to numerous project failures. IF you have not yet obtained your own geoen-
vironmental information, ask your geotechnical consultant for risk man-
agement quidance. Do not rely on an environmental report prepared for
someone élse,

Obtain Professional Assistance To Deal with Mold
Diverse strategies can be applied during building design, construction,
operation, and maintenance Lo prevent significant amounts of mold from
growing on indoor surfaces. To be effective, all such strategies should be
devised for the express purpose of mold prevention, integrated into a com-
prehensive plan, and executed with diligent oversight by a professional
mold prevention consultant. Because just a small amount of water or
moisture can lead to the development of severe mold infestations, a num-
ber of mold prevention strategies focus on keeping building surfaces dry.
While groundwater, water infiltration, and similar issues may have been
addressed as part of the geotechnical engineering study whose findings
are conveyed in this repart, the geotechnical engineer in charge of this
project is not @ mold prevention consultant; none of the services per-
formed in connection with the geotechnical engineer’s study
were designed or conducted for the purpose of mold preven-
tion. Proper implementation of the recommendations conveyed
in this report will not of itself be sufficient to prevent mold
from growing in or on the structure involved.

Rely, on Your ASFE-Member Geotechncial
Engineer for Additional Assistance

Membership in ASFE/The Best People on Earth exposes geotechnical
engineers to a wide array of risk management techniques that can be of
genuine benefit for everyone involved with a construction project. Confer
with you ASFE-member geotechnical engineer for more information.

o

ASFE

The Best People on Earth

8811 Colesville Road/Suite G106, Silver Spring, MD 20910

Telephone: 301/565-2733

Facsimile: 301/589-2017

e-mail: info@asfe.org  www.asfe.org

Copyright 2004 by ASFE, Inc. Dupfication, repraduction, or copying of this document, in wiiole er in part, by any means whatsoever, is strictly prohibited, except with ASFE's
specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission of ASFE, and only for
purposes of scholarly research or book review. Only members of ASFE may use this document as a complement to or as an element of a geotechnical engineering report. Any other
firm, individual, or other entity that so uses this document without being an ASFE member could be commiting negligent or intentional (fraudulent) misrepresentation.
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NOTES FOR EXPLORATION LOGS

KEY TO USCS TERMINOLOGY AND GRAPHIC SYMBOLS
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LOG OF BORING NO. B1

Sheet 1 of 1

Dy X Dy X

Xz
WATER LEVEL (ft): =

PRCJECT: The Village at Forest Brooke
PRCJECT NO.: 140988 DATE; __6/1814 6/20/14
PROJECT LOCATION: Harford County, Maryland CAVED (fty: 4.4 4.0
DATE STARTED: 6/18/2014 WATER ENCOUNTERED DURING DRILLING (fty None
DATE COMPLETED: 6/18/2014 GROUND SURFACE ELEVATION: 134
DRILLING CONTRACTCOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING MIETHOD: Split-Spoon CHECKED BY: E. Kussman
— 0n —
~ & £ 1 & | 4
we|w g w w £ z £ 25
cdlaz k| ze |8|81z|8|Ed
$313h/35) 32 S| = B35
wZ|wl v § @ % > E W 6w
[i4 m ]
DESCRIPTION REMARKS
1340{ O 7ThC Brown, moist, medium stiff, SILT Topsoll = 3 inches

§1/(00( 10 3-4-3-2 7

§2|20( 18 | 581013 | 18 3

Brown, moist, very stiff, SILT

130.0

53|40 12 | 391312 | 22

Orange, moist, medium dense, Clayey SAND with gravel

126.0

S54 180 12 | 5-4-13-20 | 17

8-5 (13.0] 24 | 9101315 | 23

Gray/ brown, moist, medium dense, Silty SAND

Brown, maist, medium dense, Silty SAND

118.0

18 _|

Boring Terminated at 15 feet

NOTES: Elevaticns and locations are approximate.
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LOG OF BORING NO. B-1

Sheet 1 of 1




LOG OF BORING NO. B-2

Sheet 1 of 1

. N AF w
PROJECT: The Village at Forest Brooke WATERLEVEL () = Dry = 3.0 =
PROJECT NO.: 140988 DATE: 61814 6/20/14
PROJECT LGCATION: Harford County, Maryland CAVED (f): 3.5 3.5
DATE STARTED: 6/18/2014 WATER ENCOUNTERED DURING DRILLING (%) None
DATE COMPLETED: 6/18/2014 GROUND SURFACE ELEVATION: 124
DRILLING CONTRACTOR: MDA Drilling, inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
- B O -
WELe Wy Wi §1 88 4|32
fwazan Lo g < T G IE@
== |=F| 34 =3 51 E q [gg
< 3|« & < B < = =} s E'.l = >
Bz Gl o g 7] 5 = I u G
w
® DESCRIPTION REMARKS
1240 7 @r Brown, moist, medium stiff, Lean CGLAY Topsoil = 4 inches

§-1(00] 12 3-2-3-3

8-2|20| 24 10121518 | 27 3

Gray, brown, moist, very stiff, Lean CLAY

5-3(4.0| 24 | 810-17-25 | 27

Same

.”H

6 —
| QOrange/ brown, moist, very stiff, Lean CLAY

S-4 (80| 24 | 7111417 | 25 9

12+

111.0 % . .
CH / Purple, moist, very stiff, Fat CLAY
5-5 [13.06] 24 | 7-10-10-18 | 20 1 %
- 109.0( 15 Z . .
Baoring Terminated at 15 feet
18

NOTES: Elevations and locations are approximate.
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LOG OF BORING NO. B-3

Sheet 1 of 1

PROJECT: The Village at Forest Brooke ‘ WATERLEVEL (f): — Dry X by ¥
PROJECT NO.: 140988 DATE: __6M18M14 6/20114
PROJECT LOCATION: Harford County, Maryland CAVED (ft): 3.6 3.5
DATE STARTED: 6/18/2014 WATER ENCOUNTERED DURING DRILLING {ft) None
DATE COMPLETED: 6/18/2014 GROUND SURFACE ELEVATION: 147
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-67
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
— ul —
-~ & 2 -~ €| ~
e ; o 9 o
sh|2EgF| ze || B |%|alEE
25|53 |=d =5 Sl E|F|8|&E
5|xa|za| =2 A - I O - R =
W Z W a w 8 w 9 = H o Bw
1A w
° DESCRIPTION REMARKS
1470] 0 Dark brown, moist, soft, SILT Topsoil = 4 inches
5100 8 1-2-2-9 4 1
145.0 - - - -
Orange, moist, madium dense, Siity SAND with gravel
S2|20( 10 | 4101317 | 23 3
i Same
S-3 (401 10 2-6-6-8 12 : b
6 -]
1 Light brown, moist, medium dense, Silty SAND
S-4(180( 16 | 5111113 | 22 9
12 -
i Same
8-5 |13.0 20 | 6-13-14-18 | 27 R
132.0] 15 Boring Terminated at 15 feet
18 _|
NOTES: Elevations and locations are approximate.
I perellseiinval LOG OF BORING NO. B-3
| e I - Il .
;ﬁ 3445-A Box Hill Sorperate Center Drive
Abingdon, MD 21008 Sheet 1 of 1




LOG OF BORING NO. B-4

Sheet 1 of 1

s
PROJECT: The Village at Forest Brooke WATERLEVEL () = 58 < 50 ¥
PRCJECT NO.: 140988 DATE; . 6M7/14 §18/14
PROJECT LOGATION: Harford County, Maryland CAVED (ft): 8.4 6.0
DATE STARTED: 6/17/2014 WATER ENCOUNTERED DURING CRILLING () 13.0
DATE COMPLETED: 6/17/2014 GROUND SURFACE ELEVATION: 134
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
) B S O -
(L7 R S TTIE) TTRN w2 £ ot ) (S
afigz|aE ze (2|8 Z!8lEB
== 2 =5 =5 o [;:‘ = %] é =
53|55|58 B2 | S |&|° &5
“|1“a|”2 5 z | fa} o
4 I}
" DESCRIPTION REMARKS
1340| 7 cL Brown, wei, soft, Lean CLAY Topsal = 3 inches
S1,00] 6 2-1-1-2 2 1
] Orangish brown, maoist, medium stiff, Lean CLAY
§-2 20| 24 3-3-4-8 7 3
1 Orangish brown, moist, very stiff, Lean CLAY
S.3[40| 24 | 681013 | 18 1 La
b P8
6 — -
i Gray/ orangish brown, moist, stiff, Lean CLAY
S-4(80( 20 3-6-8-8 14 9
12
121.0 - - L
Brown, wet, medium dense, Sifty SAND
S5-5 (13.0) 18 | 3-7-12-14 19 b
“(1en) 15 Boring Terminated at 15 feet
18
NOTES: Elevations and locations are approximate.
R raonanhOLOCY LOG OF BORING NO. B-4
|~ 3445-A Box Hill Corporate Center Drive )
ﬁ Abingdon, MD 21009 Sheet 1 of 1




LOG OF BORING NO. B-5

Sheet 1 of 1

PROJECT: The Village at Forast Brooke WATER LEVEL (ft): Dy = 25 ¥
PROJECT NG.: 140988 DATE: _ 6M16/14 6/20/14
PROJECT LOGATION: Harford County, Maryiand CAVED {fi): 3.0 3.0
DATE STARTED: 6/18/2014 WATER ENCOUNTERED DURING DRILLING (ft) None
DATE COMPLETED: 6/18/2014 GROUND SURFACE ELEVATION: 130
ORILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo

DRILLER: D. Addison
DRILLING METHOD: HSA

EQUIPMENT: B-57
LOGGED BY: E. Powell

SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
- e —
g F S E .
W fw gt w w = z £ ez
sl|iz|af| ze |§:2 z|8lz2
== (=F(sY =5 B s 73] =
T5(%al%3 44 = £ 5 |3|&gs
wz|uil v 3 7] & b i W G n
[i4 o w
CESCRIPTION REMARKS
1300 O TmC Brown, moist, soft, SILT Topsoil = 4 inches
S1|00]| 8 1-2-3-8 5 y
128.0 Light brown, moist to wet, Siity SAND -
S-2|120]| 24 | 381012 | 18 3 )
| Same
§-3|4.0]( 18 2-7-7-5 14 1
6 —
122.0 a3 : .
CL Orange, moist, very stiff, Lean CLAY
S4|80] 12 | 3-810-10 | 18 9
12 -
Crange, moist, stiff, Lean CLAY
-5 |13.0| 14 | 3-3-10-8 13
15.0) 15 Boring Terminated at 15 feet
18 |
NCTES: Elevations and locations are approximate.
] -
e e GEO-TECHNOLOGY LOG OF BORING NO. B-5
=T Y ASSOCIATES, INC.
T
Vf/ 3445-A Box Hill Corporate Genter Drive
’-’F’ Abingdon, MD 21008 Sheet 1 of 1




LOG OF BORING NO. B-6

Sheet 1 of 1

PROJECT: The Village at Forest Brooke WATER LEVEL (ft): Y py Toy ¥
PROJECT NO.: 140988 DATE: 681714 6/18/14
PROJECT LOCATION: Harford County, Maryland CAVED {(ft): 5.6 5.5
DATE STARTED: 6/17/2014 WATER ENCOUNTERED DURING DRILLING () None
DATE COMPLETED: €/17/2014 GROUND SURFACE ELEVATION: 133
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo

DRILLER: D. Addison
DRILLING METHOD:; HSA
SAMPLING METHOD: Split-Spoon

EQUIPMENT: B-57
LOGGED BY: E. Powell
CHECKED BY: E. Kussman

S5-1100]( 10 4-5-8-15 13

gravel
S-2(20[ 24 115-21-23-25 | 44 3

Orange, moist, dense, Silty SAND

S5-3 |40 24 | 21-20-23-18 | 43

o E I R <
dElEcdg| 42 || B | %338
DESCRIPTION REMARKS
1330/ O Brown, dry to moist, medium densa, Silty SAND Topsoil = 3 inches

Orangish brown, dry to moist, dense, Silty SAND with

6 —
Orange, moist, medium dense, Silty SAND
S4|80( 18 | 2-5-10-13 | 15 9
12+
1200 Orange, moist, very stiff, Fat CLAY
S5-5 |13.0] 24 | 2-5-10-13 | 15 1
118.0| 15 Boring Terminated at 15 feet
18 |

NCTES: Elevations and locations are approximate,

GEC-TECHNOLOGY
] E;g ASSOCIATES, INC.
|’

| .
W 3445-A Box Hill Corporate Center Drive
Abingdon, MD 21009

LOG OF BORING NO. B-6

Sheet 1 of 1




LOG OF BORING NO. B-7 Sheet 1 of 1

. k74 v 4
PROJECT: The Village at Forest Brooke WATERLEVEL (f): = Dry =+ Dry x=
PROJECT NO.: 140988 DATE: __6M7/114 6Mait4
PROJECT LOCATION: Harford County, Maryland CAVED (ft): 5.0 5.0
DATE STARTED: 6/1M7/2014 WATER ENCOUNTERED DURING DRILLING () 13.0
DATE COMPLETED: 6/17/2014 GROUND SURFACE ELEVATION: 138
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKFD BY: E. Kussman
- B O -
W |l w = = £ o
znzzzE| ze |[E12|z|8|58
S5\ 5K =Y = B | E w (5=
25 xa32 <€ 2| £ | g 3|25
“z eQ9s “8 z | U | o o®
& o o
DESCRIPTION REMARKS
1380| 9L Light brown, moist, medium stiff, Lean CLAY Topsoil = 4 inches
S5-1100( 24 2-2-4-3 4] R
1 No Recovery
§2|20| 0 | 7-9-13-16 | 22 3~
1340 Brown, moist, dense, Clayey SAND
S-3 (40| 24 ; 7-14-21-25 | 35
13201 6 Light brown, maist, very stiff, Lean CLAY with sand
54 (60| 6 [14-14-16-17| 30 1
$30.0 (AT - ——
SC- [th1¥] Brown, moist, very stiff, Silly, Clayey SAND
SM ELrl
S5180| 18 | 881415 | 22 9 AT
T
by
otk
2afgH
12tk
gk«
Wb
g [V
125.0 Brown, wet, loose, Siity SAND =
S-6 |13.0] 8 2-4-5-7 9 1
123.0| 15 Boring Terminated at 15 feet
18

NOTES: Elevations and locations are approximate.

e GEO-TECHNOLOGY

3445-A Box Hill Gorporate Genter Driva

Abingdon, MD 21009 Sheet 1 af 1
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LOG OF BORING NO. B-8

Sheet 1 of 1

X7
PROJECT: The Village at Forest Brooke WATER LEVEL ¢ty = Dry T oy T
PROJECT NO.: 140988 DATE: _ 6/26M14 6127114
PROJECT LOCATION: Harford County, Maryland CAVED (f): 5.0 5.0
DATE STARTED: 6/26/2014 WATER ENCOUNTERED DURING DRILLING () None
DATE COMPLETED: 6/26/2014 GROUND SURFACE ELEVATION: 129

DRILLING CONTRACTOR: MDA Drilling, Inc.
DRILLER: D. Addison
DRILLING METHOD; HSA
SAMPLING METHOD: Split-Spoon

DATUM: Topo
EQUIPMENT: B-57
LOGGED BY; E. Powell
CHECKED BY: E. Kussman

o E A -
W fw g w g ES z = Q4
ealar|ak| ze || 8 |z|8|E8
331361250 32 | 2| B | & |8 [5s
@2|b wleog Iy Sl & |y x5
¥ 3 i
DESCRIPTION REMARKS
120.0{ O Tan, molst, stif, SILT with gravel Topsoil = 4 inches
81|00 15| 7-7-8-10 15
1 Brown, moist, very stiff, SILT
82120 10 [ 8-9-10-15 | 19 3-
125.0 CL Brown, muoist, very stiff, Lean CLAY
5-3(40] 18 | 11-11-12-18 | 23 1
6 —
1 Dark brown, moist, very stiff, Lean CLAY
S-4|80{ 24 [11-14-16-18 | 30 9
12~
116.0 - - -
Brown, moist, medium dense, Silty SAND
S5 (13.0 20 8-7-7-8 14 1
114.01 15 Boring Terminated at 15 feet
18 _|
NOTES: Elevations and locations are approximate.
e Tora  GEO-TECHNOLOGY
— . LOG OF BORING NO. B-8
EEE¥:W  ASSOCIATES, ING.
[ 3445-A Box Hill Corporate Center Drive
ﬂ Ablncdon, MD 21008 Sheet 1 of 1




LOG OF BORING NO. B-9

WATER LEVEL (fy: = Dry ¥

Sheet 1 of 1

L 45 X

PROJECT: The Village at Forest Brooke
PROJECT NO.: 140988 DATE: _ 8/28M14 6/2714
PROJECT LOCATION: Harford County, Maryland CAVED (ft): 6.8 6.5
DATE STARTED: 6/18/2014 WATER ENCOUNTERED DURING DRILLING {fy None
DATE COMPLETED: 6/26/2014 GROUND SURFACE ELEVATICN: 112
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D, Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
— w —
| £ 2 -~ £ -
wwe| we w e & = =z O
aflzz|2f| zZe 81 8| |88
E5|3F|=Y =5 5| B h |g=
35123035 32 2|5 |E|%)3
E R 8 7] 9 = i = mwn
[ i
- DESCRIPTION REMARKS
120, 9T Dark brown, moist, meidum stiff, SILT Topsail = 3 inches
S5-1100] 18 2-2-3-4 5 1
110.0 n - -
CL Brown, maist, medium stiff, Lean CLAY
S5.2(20) 18 2-5-3-5 a 3
| Brown, moist, very stiff, Lean CLAY r
S3/40]| 8 10-9-11-13 | 20
6 —
104.0 - "
Brown/ gray, moist, medium dense, Clayey SAND
S4 |80 18 [14-15-1212| 27 9
12 -
- Brown, moist, medium dense, Clayey SAND with gravel
S-5 |13.01 15 | 8-8-11-11 20 1
87.0) 15 Baring Terminated at 15 feet
18 _|
NCTES: Elevations and locations are approximate.
ﬁ GEO-TECHNOLOGY
3 ) L.OG OF BORING NO. B-9
4= & ASSOCIATES, INC.
[~ 3445-A Box Hill Corporate Gentar Drive
/_/f/ Abingdon, MD 21009 Sheet 1 of 1




LOG OF BORING NO. B-10

Sheet 1 of 1

X
PROJECT: The Village at Forest Brooke WATER LEVEL () = 2.8 ¥ BOC ¥
PROJECT NO.: 140988 DATE: _ 6M1T/14
PROJECT LOCATION: Harford County, Maryland CAVED (it): 6.1
DATE STARTED: 6/17/2014 WATER ENCOUNTERED DURING DRILLING (i) 8.0
DATE COMPLETED: 6/17/2014 GROUND SURFACE ELEVATION: 121
DRILLING CONTRAGTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D. Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: _Split-Spoon CHECKED BY: E. Kussman
— L) —
we |w gl wS 5 £ S|z O
w gl w i} & z £ o
a8|zz ik| Fa 2/ 8| £| 8|8
5|3al23| 22 2l x|k |2|32
wy [74] w w g
DESCRIPTION REMARKS
1210 ®7J¢r Light brown, moist, soft, Lean CLAY Topsoll = 4 inches
S$1(00! 24 | 14124 | 3 :

QOrangish brown, moist, very stiff, Lean CLAY with gravel

vz
Sz (20| 8 | 2-7-10-11 | 17 34 =
i Orangish brown/ gray, moist, stiff, Lean CLAY
S-3 (40| 24 3-7-7-8 14 1
6;
\vd
13.0 Orange, wet, loose, Silty SAND =
S-4 (80| 20 2-4-5-B 10
108.0 . .
CH y Brown/ purple, moist to wat, stiff, Sandy Fat CLAY
s-5 [130| 24 | 4568 | 11 : %
106.0| 15 Z,

Boring Terminated at 15 fest

18 ]

NOTES: Elevations and locations are approximate. BOC = Backfilled on completion.

GEOQO-TECHNOLOGY
ASSOCIATES, INC.

3445-A Box Hilt Corperate CGenter Drive
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Sheet 1 of 1




LOG OF BORING NO. B-11

Sheet 1 of 1

PROJECT: The Village at Forest Brooke WATER LEVEL (ft): Yoy EFpoy ¥
PROJECT NO.: 140988 DATE: __6/26/14 6/27/14
PROJECT LOCATION: Harford County, Maryland CAVED (it): 1.8 1.0
DATE STARTED: 6/26/2014 WATER ENCOUNTERED DURING DRILLING () None
DATE COMPLETED: 6/26/2014 GROUND SURFACE ELEVATION: 117
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo

CRILLER: D. Addison
DRILLING METHOD: HSA
SAMPLING METHOD: Split-Spoon

EQUIPMENT: B-57
LOGGED BY: E. Powell
CHECKED BY: E. Kussman

S§-1100] 20 3-3-4-8 7

Tan/ gray, maist, stiff, L.ean CLAY

52120 22 4-5-6-10 i 34

Tan/ gray, moist, very stiff, Lean CLAY

5-3 | 40| 18 | 7-8-10-17 | 18

| £ N R i
W | w w2 2 z = o
EmEr|Ezk Le F P S
=3 55|35y =5 5| E o %2
S EIb Y e T2 a2 3| H| 2 e
wz(og 8 9 z w (=] o
& @ i
DESCRIPTION REMARKS
170l %7 e Tan, moist, medium stiff, Lean CLAY Topseil = 5 inches

6_
Brown, moist, stiff, Lean CLAY
s4(80| 22| 690811 | 17 9-
12
104.0 CH 7 Purple, moist, hard, Fat CLAY
s-5 [13.0| 24 |11-15-20.28 | 35 %
%
10201 15 Boring Terminated at 15 feet
18#

NOTES: Elevations and locations are approximate.

B GEO-TECHNOLOGY
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LOG OF BORING NO. B-12

Shest 1 of 1

- X7 w
PROJECT: The Village at Forest Brooke WATER LEVEL (f): == Dry = Dry =
PROJECT NC.: 140988 DATE: _ 612614 6127114
PROJECT LOCATION: Harford County, Maryland CAVED (ft): 5.8 5.5
DATE STARTED: 6/26/2014 WATER ENCOUNTERED DURING DRILLING (f) None
DATE COMPLETED: 6/26/2014 GROUND SURFACE ELEVATION: 125
DRILLING CONTRACTOR: MDA Drilling, Inc. DATUM: Topo
DRILLER: D, Addison EQUIPMENT: B-57
DRILLING METHOD: HSA LOGGED BY: E. Powell
SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
— wn —
-~ £ 2 | €| -
w e (W] o w2 £ - & o
sBlizdE de |1|El:|gfsE
[=)
351Zal22| 22 sl =838
wnZ|wn o w 8 [73] 9 = ”_.J o W
79 w
i DESCRIPTION REMARKS
1250 0T Brown, dry to moist, stiff, SILT Topsoil = 4 inches

S-i(00] 18 3-4-8-9 12

5-2 20| 20 | 9-11-16-18 | 27 3

S-3 | 4.0 16 | 4-12-20-22 | 32

Brown, dry t0 maist, very stiff, SILT

Brown/ gray, moist, hard, SILT

17.0 Tan, moist, dense, Silty SAND with gravel
S-4 (80| 22 | 16-19-22-15 1 41 9
12
Tan, moist, medium dense, Silty SAND
S-5 |13.0{ 22 | 811-12-12 | 23
0.0\ 15 Boring Terminated at 15 feet
18

NOTES: Elevations and locations are approximate.

= GEO-TECHNOLOGY
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PROJECT:
PROJECT NO.:
PROJECT LLOCATION:

DATE STARTED:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLER:

DRILLING METHCD:

LOG OF BORING NO. B-13

Sheet 1 of 1

The Village at Forest Brooke WATER LEVEL (f): = Dry  + bry ¥
140988 DATE: 6/26/14 6127114
Harford County, Maryland CAVED (f): 4.7 45
8/26/2014 WATER ENCOUNTERED DURING DRILLING () None
6/26/2014 GROUND SURFACE ELEVATION: 120

MDA Drilling, Inc. DATUM: Topo

D. Addison EQUIPMENT: B-57
HSA LOGGED BY: E. Powell

SAMPLING METHOD: Split-Spoon CHECKED BY: E. Kussman
—_ o1 —
- & & | £ =
uglugu| wg | &) 2|2 |2g
omid E o5 Lo = g E ¢ e
EHEINEE b 8| B & |3=
5|l <g Z 2 =1 g & 3|25
nzZ|u H 7] 8 w3 > i uw [ R
)
& ]
° DESCRIPTION REMARKS
1200 O &L Red, moist, scit, Lean CLAY Topsoil = 4.5
inches
S-1(00) 18 2-2-2-4 4 :
1180 ML Red, moist, very stiff, SILT
§-2 20| 18 | 510-11-12 | 21 3
i Same
§-3 (40| 18 | 5-10-10-10 | 20 1
6 —]
120 CL Gray, maist, very stiff, Lean CLAY
S-4 |80 24 [11-11-11-11| 22 9
12
107.0 - - - -
White/ gray, moist, medium dense, Silly SAND
-6 {13.0| 2¢ | 7-7-10-10 | 17
105.9) 15 Boring Terminated at 15 feet
8.
NOTES: Elevations and locations are approximate.
GEO-TECHNOLOGY
E&s ¥ ASSOCIATES, ING. LOG OF BORING NO. B-13
g 3445-A Box HN Corporate Center Drive
ﬂ Abingdon, MD 21009 Sheet 1 of 1




APPENDIX C
LABORATORY DATA



Particle Size Distribution Report
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Checked By: T. Wirth

Tested By: E. Kussman



Particle Size Distribution Report

_ —
= |
] <
IS —
i F - 2
o
o3 oy S
. s = a
= S S
< ~ ¥
z i al | ! ) =2 .
- g |un = o ol ] e
[ = - £ - = ©— 0 < r
B - s = |F a ano 8
-2 = z
[=] < -« I
: $
-
- 5 W B~ - =iz
8= Ex 85 22 @
.. a = 5 2° E= .
- R o = 2 % 7 g
Q “ T Blwor 9 =
00z#E== Te—rpTeer IO EET = G EEEE ENC o et DEry == - 1 | = = 3, SXBs S <
e g g 3 = 82 CQand o g
T e R Hr LG S - = g @l 7 < &
I -
\\\\\\\\\\\\ T () 3] ey RSV ) (N Rt S NP [ 1K= e th
ooi et g2 g = 2 g
L - - - | of .,.rn.u;% ! g
e e e e RRGLTE EEPEEE CERPEY PR B : Rz S8 ] =
- - m g ) w B
S SO A U NSNS N Wy v N —_— ; £ n e It nw B =
Ot s = = w 5w
] wz 2 LoL 8 SE
———— - — il =
oER Nio| g ] ! Soe O £t I
[ ) S S ) e SR R Py gty [y vy g WIS~ 2w f=a] o oo = g, o
, - 2 ge EE 4
< |= ] >
& SE g
oL . £ 8 8
_ _ Ll D5 ©
I - B [ S = o |
N . 3 ~ = oo o
B e ey Sy Sy Ul IUpUNR R S FNPUSURPN NP [N RN Qu. O
n = )
| < N 2z
glo| | = -
S S T e e S e ) = gp= ) N ! F
R R e s (et EEE T o - - - - - - oo m A %
> | —
RTIE" S VRN FUpppey Spuyepep NeyRp g I R R H [ -] [ S R I ...m Om o
” o 1| B : |92 ¢
Moo T I B i I R o @ fat Oy £2
SVE77 SRR Sy SRR NS SO Sy S RN R N Blgl |¥ W Zm 82
O e et SLLEE CEEEe wrras - 83 o . T °=
wz A B e L ] 3 O« Eo
- | d = Em WM
L S ey Spm—m—— ey e e s e ey s I - L Fa &%
—— i —e W ppglecoasaon 5w 5 <3
=4 O Flodaaolg < = h O w g
= E|SS338FS E ¥7|Ha g2
L= R - R TIIE R -- SRR CEEE w E QE |0« 332
k] me
o i - — - - — = a.m
[+
% o g 05
LS| |w oo s o=
w -
= o NEERSESR S go | iy
o a < =] o o =] o =] o [=] =N | R R TR o 4yt " eq | h ;
=} @ @ ~ @ s} <+ ® & - 0 S5 | b
=,
oo Mﬁv
721 7,] _
HANIH INJONId hud

"BIEFA PUE ZL2ed '9lced 2evQ lerd ;epnpul ABW pawionsd SIONEONeds WISy

Checked By: T. Wirth

Tested By: E. Kussman



