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PROJECT OVERVIEW

Project Location

The project site is locateat the ntersection of Deaver Road and Lancaster Pike in East Drumore
Township, Lancaster County, Pennyslvania. The project site is located at the southeastern corner
of this intersection. The site is currently occupied byuliivated agricultural field. The site also
contans a barn and residential housing at the northwest corner of the site.

Scope of Work

The conclusions and recommendations contained in this reportased bn field subsurface
exploration, laboratortestng, and review of available geologic and/or geotechnical data

Our subsurface explations consisted af2 soi boringsacross the siteBorings B1 through B

12 were located in the vicinity of thergposedsolar panels. Borings &, B-4 and B11 were
scheduled to extend to a depth of 20 feet below the existing ground surface or auger refusal,
which ever is less. The remaining borings were scheduled to extend to a depth of 15 feet or auger
refusal, vihich ever is less. During the subsurface exploration, auger refusal was encoontered
four of the borings at depths ranging from 7.5 feet to 18.7 feet below the ground surface.

The boring l@atons were located in the ftklby a representative oECS by ape and
measurement from existing site featueeanapproximation of proposetie boring locations

The results of the subsurface exploragwagram albng with the Boring Location Diagraand
labaratorytestng resultsare ncluded within the appelix of this report.

Proposed Construction

Based on our information, we understand that the proppsegct will consist of the
constructn of a new Solar Electric Generation Farm to be located on an existing 89.2 acre farm
on Deaver Road and Lancad®dte in East Drumore Township, Lancaster County, Pennsylvania

It is our understanding that the project will consist of several fields or arrays of solar panels.
These will be used to collect and generate electricity which will then be trangmitkedcurrent

high power system located along the northern portion of the property. The panels will be
supported byelical piers and will primarily function as anchtw resst uplft pressure from wind

loads. It s likely that various other small foundat/pads will be constructed throughout the site

to support vaous transmission elements and equipment. Final site plans have not been made
available at this time therefore our recommendations are provided as general guidelines to assist
the design tearm the design and planning of the site.
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Purposes of Subsurface Exploration

The purposes of this subsurface exploration were to explore the soil and groundwater conditions
at the site and to developreliminary engineering recommendations to guide desand
constructbn of the project. We accomplished these purposes by:

Performng a site reconnaissance to observe and evaluate the existing site conditions.
Drilling borings to explore the subsurface soil and groundwater conditions,

Performing laboatory tests on selected representative soil samples from the borings
to evaliate pertient engineering properties, and

4. Analyzing te field and laboratory data to develop appropriate engineering
reconmendations.
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EXPLORATION PROCEDUR ES

Subsurface Explaation Procedures

The soil borings were performed witloth an alterran vehicle (ATV) andruck mounted auger

drill rigs. Both rgs utilized continuous flight, hollow stem augers to advance the boreholes.
Drilling fluid was not usedduring the soil dtling at each boring locatioan Each boring was
backfilled with the spoils generated during the drilling process.

Representative soil samples were obtained by means of the split barrel sampling procedure in
accordance with ASTM Specification-I586. Inthis procedure, a 2 inch O.D., sgharrel
sampler is driven into the soil a distance of 18 inches by a 140 pound hammer falling 30 inches.
The number of blows required to drive the sampler through-iach2interval is termed the
Standard Penetration 3te(SPT) value and is indicated for each sample on the boring logs. This
value can be used as a qualitative indication of the in place relative density of cohesionless soils.
In a less reliable way, it also indicates the consistency of cohesive sdils. indicaion is
gualitative, since many factors can significantly affect the standard penetration resistance value
and prevent a direct correlation between drill crews, drill rigs, drilling procedures, and hammer
rod-sampler assemblies.

A field log of the soils encountered in the borings was maintained by the drill crew. After
recovery each sample was removed from the sampler and visually classified. Representative
portions of each sample were then sealed and brought to our laboratory for furtlaér visu
examinaibn and laboratory testing.

Laboratory Testing Program

Representative soil samples were selected and tested in our laboratory to check field classification
and to determe pertinent engineering properties. The laboratory testing progrardadawisual
classifiations moisture conteh tests, grainsize distributionand Atterberg limits testingo

confirm field classificabns and determine the engineering propertiéshe encountered soil

strata.

The encountered soils were classiftetthe basis of texture and plasticity in accordance with the
Unified Soil Classification SystefuSCS) The group sybds for each soil type are indicated in
parentheses following the soil descriptions on the boring logs. A brief explaogti@enUnified

Soi Classificaion System is incdded with this report. The geotechniealgineer grouped the
various soil types into the major zones noted on the boring logs. The stratification lines
designating the interfaces between earth materials on the baygarid profiles are approximate;

in situ, the transitions may be gradual.
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The soil samples will be retained in our laboratory for a period of 60 days, after which, they will
be discarded unless other instructions are received as to their dispo3itierresults of the
labaratorytestng are included in the Appendix of this report.
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EXPLORATION RESULTS

Site Conditions

The project site is located at the intersection of Deaver Road and Lancaster Pike in East Drumore
Township, Lancaster County, Penmwgslia. The project site is located at the southeastern corner

of this intersection. The site is currently occupied by a cultivated dtgnialfield. The site also
consists ofn occupied barn and residence located omdinhweserncorner of the site

Regional Geology

According to theAtlas of Preliminary Geologic Quadrangle Maps of Pennsylvania, Wakefield
Quadrangle, 1978, the prajct site is underlain by th&issahickonFormation. TheWissahickon
Formation consists of interbedded chloriteuscovie netagraywacke and fingrained chlorite
muscovite schist.

Soils Mapping

We reviewed the soils mapping of the project site as provided by the United States Department of
Agriculture (USDA) forLancasterCounty The soi types on the proposed pmgt site were
identifiedas mapping unstChester Silt Loam (CbD0 to 3% slopesChester Silt Loam (CbE)

3 to 8% slopes, Chester Silt Loam (CbE§ to 15% slopes, and Glenelg Silt Loam (GHI§ to

15% slopes

According to the USDA soils mapping tl@hester St Loam (CbA, ChesterSit Loam (CbB),
and Chester Silt Loam (CbCynponens consist of0 to 3% slopes3 to 8% sbpes and 8 to 15%
slopes, respectivelyThe parent material consisisresiduum weathered from mica schigepth

to bedrockis approximately72 to 99inches. The natural drainage class is well drained. Water
movement in the most restrictive layer is moderately high to Higis soil is not flooded or
ponded.

The Chester Glenelg Silt Loam (GbGCpnponentconsists of 8 to 15% gh@s The parent
material consist®f residuum weathered from mica schifepth tobedrockis approximately60

to 120inches. The natural drainage class is well drained. Water movement in the most restrictive
layer is maeratey high © high.This soilis na flooded or ponded.

We have included a map indicating the various mapped soils in the Appendix of this report.

Soil Conditions

Topsol measuring3 to 4 inches was encountered éach boring While only 3 to 4 nches of
topsol was encounteredhese fields have formerly been used as cultivated crops. Therefore, we
anticipate that the upper 12 inches of soil, the Oplow zoneO, will contain higher percentages of
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organic materials that will make them less desirable for use as structui¢lblv the topsadj

natural soils consisting of a soft to stiff CLAY (CL) with varying amounts of silt, fine gravel,
sand, and mica was encounteradborings B1 through B5, B-11 and B12. This strata
contnued to depths ranging from 1.5 to 6.5 in boringsé Brough B5, B-7 and B11 and
contnued to the auger refusal depth of 8.0 feet below the ground surface in bd2ngBE2low

this CLAY strata, a firm to very dense Sandy SILT (ML/SM) with varying amounts of clay, fine
gravel, rock fragments and micaasv encountered in borings1B B-2, B-5, and B11 and
contnued to the auger refusal/termination depths ranging from 10.5 feet to 20 feet. Below the
CLAY in borings B3 and B4, a medium dense to very dense fine SAND (SP) with varying
amaunts of fine to radium gravel, rock fragments, silt, and mica was encountered to a depth of
4.0 feet in boring B! and to the auger refusal depth of 14.8 feet in borig Below the SAND

in boring B-4, a stif fine Sandy CLAY (CL/SC) with trace amounts of mica was entared. At

a depth of 6.5 feet, this Sandy CLAY transitioned to a very dense fine SAND (SP) with fine to
medium gravel and trace amounts of silt and continued to the auger refusal depth of 18.7 feet.
Below the topsolil in boring B, a soft to radium stiffhighly plasic CLAY (CH) with silt, fine

sand, gravel and trace amounts of mica was encountered to a depth of 6.5 feet. Below this CLAY,
a firm to medium dense Sandy SILT (ML/SM) with fine to medium gravel and trace amounts of
clay and rock fragments wascountered and continued to the termination depth of 15.0 feet.

Below the topsoil in borirgB-9 and B10, a soft to radium stiff Silly CLAY (CL/ML) with fine

gravel and varying amounts of mica was encountered to depths of 6.5 and 4.0 feet, respectively.
Below this Silty CLAY in boring B9, a very dense Sandy Gravel (GP/SP) with rock fragments
was encountered and continued to the auger refusal depth of 8.8 feet. Below the Silty CLAY in
boring B-10, a firm to medium dense fine Sandy SILT (ML/SM) witkefio nedium gravel and

trace amunts of mica and rock fragments was encountered to the termination depth of 15.0 feet.

Below the topsoil in boring 8, a medium stiff Sandy CLAY (CL/SC) with fine gravel was
encountered to a depth of 4.0 feet. Below shiata, a radium dense to very dense fine SAND
(SP) wth trace amunts of clay, mica and rock fragments was encountered and continued to the
auger refusal depth of 14.9 feet.

Groundwater Observations

Groundwater seepagwas not encountered inany d the borings during our subsurface
exploration Observations for groundwater were made during sampling and upon completion of
the drilling operations at each boring locatioin auger drilling operations, water is not
introduced mto the boreholesduring soil drilling and the groundwater position can often be
deternned by doserving water flowing into or out of the boreholes. Furthermore, visual
observation of the soil samples retrieved during the auger drilling exploration can often be used in
evaluating thgroundwater conditions.

The highest groundwater observations are normally encountered in late winter and early spring,
and our current groundwater observations are expected to be lower than the seasonal maximum
water table. Variations in the locationtbé long-termwater table may also occur as a result of
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changes in precipitation, evaporation, surface water runoff, and other factors not immediately
apparent at thertie d this exploration.

Based on the absemof consistentyroundwater seepage inethorings,we do not expect that
groundwater will present constructon difficulties beyond the normal conditiorfer the
constructon portion of this project.

For excavations that terminasovethe groundwater table, we anticipate that an aggressive
sump pi and pumping operation will be sufficient for dewatering the bottoms of the excavations.
Also, adequate site drainage away from opecavationwill also minimize e impact of water
during construction and work areas
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ANALYSIS AND RECOMME NDATIONS

Our reconmendations presented in this report are based on our understanding of the project, the
assumptions that we have stated in this report, the results of our subsurface exploration and
labaratory testng and our experience in geotechnical engineeriligour assumptions or our
understanding of the proposed project are not correct we should be notified so that we may alter
our recomrmendations as required.

Rock Excavation

Based on our subsurface exploratamd site reconnaissance, the bedrock surfagevaryacross

the site. The bedrock is expected to be shallow osdh#&hern portins of thesite and drop off

moving north While it is na expected that bedrock will be encountered in themtyaof the site
excavating,it is possible that rock piacles will be encounteredicreased effort should be
anticipated to achieve grades below the auger refusal noted on our logs. In a mass grading
operaton, large excavation equipment andgsntooth rppers will havesuccess at ripping and
removing the ack. However,n a trench application, depths below our refusal will only be able

to be achieved through blasting and/or hoe ramming. It is anticipated theigéf scale
excavations below the auger refusal depths noted on our logs are requiredy bidistre
necessary.

If the shot rock is proposed to be reused as structural fill, supporting either buildings or
pavement, it ishould be reduced to workable siz&sy rock excavated from the site and used as
earthwork fill should have a welradedgrain size distribution with rock and soil particles ranging

from clay or silt sizgparticles to a maximum size ofiiches in diametr with 2 inch thick plates in

the building pad and 6 inch diameter and 4 inch plate in the parking/travelways. Plargges

than this should be decomposetlby mechanical compaction equipment to achieve the desired
grain size distribution. A minimum uniformity coefficient of 6 should be used to identify the
proper graa size distribution and the samples should havenanom o 20% passing the #200

sieve and 50% passing the #40 sieve. Variations from these recommendations should be
approved by the geotechnical engineer in the field, at the time the samples are prepared.

Subgrade Preparation and Earthwork Operations

The subgrade preparatigrior to fll placement ground mprovements or proofrollinghould
consist of stripping all vegetation, rootmat, topsOjav zoneGind any other soft or unsuitable
material from theareas of the proposed solar pareisl any ppposed pavement areadhis
includes any undocumented fill that may be encounte¥éd.recommend the earthwork clearing
be extended a minimum of 10 feet beypnoposed structuremits.

After strpping to the desired grade, and prior to fill placem#re stpped surface should be
observed by an experienced geotechnical engineer or his authorized representative. Proofrolling
using a loaded dump truck, having an axle weight of at least 10 tons, may be used at this time to
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aid in idenifying localized soft or unsuitable material which should be removed. Any soft or
unsuitable materials encountered during this proofrolling should be removed and replaced with an
approved backfill compacted to the criteria given below.

The preparation of fill subgrad, as well as proposstfucturesubgrades should be observed on

a full-time basis by a representative of the geotechnical engineer to document that all unsuitable
materials have been removed and that the subgrade is suitable for support of the proposed
constructon and/or engineered fill placement.

Fill Placement

Fill materials should consist of an approved material, classified as ML, CL, SM, SP, SC or SM,
free of organic matter and debris, rocks greater than 6 inches in diameter, and have arhiguid Li
and Plasticity Index less than 40 and 20, respectivgty.CH materials should be allowed to be
placed as structural fillt shoutl be noted that one boring; B encountered CH materials to a
depth of 6.5 feet. These materials should not be rexssstlucturaill.

Unacceptable fill materials include topsoil, organic materials (OH, OL) and plastic silts and clays
(CH, MH). All such materials removed during grading operations should be either stockpiled for
later use in landscape fills, or placdadapproved disposal areas either on site or off site.

The onsite materials may be reused as engineered fill provided that they do not contain organics,
or foregn debris, are not highly plastic, and conform to the criteria outlined alBe@use of

the maleratey fine-grained and cohesive content of the near surface soils across the project site,
it is recommended that the earthwork operations be performed during the warmer and dryer (i.e.
late spring, summer, early fall) periods of the year. Iretlent that the earthwork operats are
accomplished during the cooler and wetter periods of the year or even during the warmer periods
where rainfall has occurred, delays, and/or additional costs should be anticipated. The reduction
of sol moisture andstabilization of the soilsnaybe accomplished by a combination of mechanical
manipulation and/or the use of chemical additives such as quicklime, Portland cement and/or other
related products to reduce the moisture content of the soils and permizegiabiland
conpacton. It shoull be noted that the application of agricultural lime would not be suitable for
this application. Other alternatives would be to undercut any excessively moist materials to firm
subgrade and replace them with approveditenand/or offsite fill materials.

Moisture adjustment is anticipated to be required to condition the suitabite omaterial before

its placement in new structural fill areas. Any materials not considered to be suitable for reuse in
structuralareasshould either be disposed of -sfte or stockged for later use as fill material in

green areas away from any site slopes.

This site is underlain by micaceous silts and clays. These materials are highly moisture and
disturbance sensitive. Structufiis constructed of these pgs of materials can quickly degrade

if constructon traffic is allowed to conintue over approved fill. Therefore, we recommend that
once fills have been placed, construction traffic should be limited. This also apaesfical
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pavement areas. Gravel drivaad/or asphalt pavements should not be completed until the
majarity of construcion is completed. If construction traffic is allowed to traverse pavements and
gravel drives, reconstruction of damaged areas sheutiected.

Fill materials should be placed in lifts not exceeding 8 inches in loose thickness and moisture
conditioned to within +/2 percentage points of the optimum moisture content. Fill soils should
be compacted to a minimum of 95% of the maximusndnsity obtained in accordance with
ASTM Specification D698, Standard Proctor Method. The expanded footprint of the proposed
solar panelshould be well defined, including the limits of fill zones at the time of fill placement.
Grade controshould 2 mainained throughout the fill placement operations.

It is not expected that for general grading, import materials will be requirsvever, if
required, a ample of any proposed borrow materials should be submitted to the Geotechnical
Engineer of Rcord atéast five days prior to importing the material to the site for appropriate lab
testhg to deternme if the material meets the criteria outlined above.

All fill o peratons should be observed on a ftilne basis by a qualified soils technician to
deternine the minimum cepaction requirements are being met. A minimum of one compaction
test per 2,500 square foot area should be tested in each lift placed. The elevation and location of
the tests should be clearly identified at the time of fill pizeet

Conmpacton equipment suitable to the soil type used as fill should be selected to compact the fill.
Theoretcally, any equipment type can be used as long as the required density is achieved. ldeally,
a steel drum roller would be most efficient Sealing the surface soils. All areas receiving fill
should be graded to facilitate positive drainage away from the building pad and pavement areas of
any free water associated with precipitation and surfaceffun

Fill materials should not be placesh frozen soils. All frozen soils should be removed prior to
contnuation of fill operations. All frosheaved soils should be removed prior to placement of fill,
stone, concrete, or asphalt. Soil bridgiifigs within the expanded building limits shdwot be
usedasexcessive settlement of the structures will likely occur.

Building Foundations

Based on the subsurface soil conditions, amicipate that building foundations can be
supported on shallow spread foundations. Provided that thenmemadations contained in this
report are statly adhered, the foundations bearing on natural soils may be designed for a net
allowable bearing capacity @,500psf. This design bearing pressure is considered the minimum
for the site. Since final buildiyipad layouts have not been provided, we can not provide more
detaled foundation recommendations. Once final plans have been developed we can provide
additional recommendation based on proposed grading and anticipated foundation bearing
elevations. Baskon our subsurface exploration, it is likely that final bearing capacities could
range from 2,500 psf to as high as 10,000 psf for foundations bearing on the highly weathered
schist.
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The net allowable soil bearing pressure refers to that pressure wdychentransmitted to the
foundation bearing soils in excess of the final minimum surrounding overburden pressure. During
constructn, the bearing capacity at the final footing excavation should be observed in the field by
the geotechnical engineer, oshauthorzed representative to document that the in situ bearing
capacity at the bottom of each footing excavation is adequate for the design loads and meets or
exceeds the design bearing pressure.

It shoutl be noted that foatgs bearing within naturallgccurrng soils may require localized
Ostepping down O or over excavation of the footings in order to achieve the recommended soil
bearing pressure due to potential variations in the soil support characteristics. All footing
installaions should be obsexd on a full time basis by a representative of the geotechnical
engineer, or his authorized representative.

Any fill placed witin the building areas should be placed in accordance with the
reconmendations provided in the section entitled Fill Placement.

As further precaution with regard to moisture content variations in the soils supporting exterior
footings, we recommend that finished grades in the areas of the footings be relatively impervious
and should slope downward and away from the structure.

On the basis of design assumptions outlined in this report, settlement of the structure is expected
to be within tolerance for thstructuresregardéss of foundation system utilized. For foundation
designs based on any of our recommended options, sttt up to 1 inch, with differential
settements on the order of chelf this amant are anticipated. These settlement values are
based on our engineering experience with these materials and the anticipated structural loading,
and are a guide to thérgcturalengineer with his/her desighinal loading and foundation plans
should be provided so that we may verify these settlement estimates.

We recommend that continuous footings have a minimum width of 1.5 feet and that isolated
column footings have aminimum laeral dimension of 2.5 feet. The minimum dimensions
reconmended above help reduce the possibility of foundation bearing failure and excessive
settement due to local shear or "punching” action. In addition, footings should be placed at a
depthto provde adequate frost cover proteati Therefore, we recommend footings in heated
areas be placed at a minimum depth of 2 feet below the finished grade, and perimeter footings
subject to climatic variations be located at a minimum depth of 3.0dket finished grade.

Exposure to the environment may weaken the materials at the footing bearing level if the
foundation excavations remain open for too long a time. Therefore, foundation concrete should
be placed the same day that excavations are niffe bearing materials are softened by surface
water ntrusion or exposure, the softened materials must be removed from the foundation
excavation bottom immediately prior to placement of concrete.
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All continuous loaebearing wall foundations shoute suitably reinforced. To provide continuity

and to reduce the effects of differential settlements, the longitudinal reinforcing steel should be
extended into any column footings situated along the wall footings and the foundations should be
constructedas a continuous unit through monolithic concrete placement to the extent practical.
The reinforcing steel also should be continuous through the building corners. Where top and
bottomsteel is included in the continuous wall foundations, a minimum fottingness of 12

inches should be provided. Prior to the placement of any foundation concrete, the steel
reinforcement should be observed to document that the bars are properly sized and positioned in
accordance with the foundation plans and specification

Helical Piles

Based on our subsurface exploration, the use of helical piles to support the proposed panels
appears feasible. However, it is our understanding that field load testing will be performed to
confirm this. ltis likely that installation bhelical piles below our auger refusal depths will not be
possble. We have provided a soileBign Parameter<Chart in the Appendix that outlines our
recommended values to be used when designing the helical pile system near each boring location.

Excavaion Slopes and Support

For tenporary cuts or excavations, side slopes as steep as 1.5H:1V (Horizontal:Vertical) are
possible in the natural soils observed at this site. Fortkmngstability, slopes should be no
steeper than 3H:1V in either naturallser fill soils. Any proposed slopes steeper than 3H:1V
should be reviewed by the geotechnical engineer. All temporary and permanent slopes should be
aggressively protected, such as by seeding and mulching as soon as possible after placement, to
preven from sloughing and erosion. If slopes steeper that the 3H:1V are needed, we should be
contacted to perforra global stability analysis of the slope, prior to construction. Also, once the
final building layait and grading plan is completed we shouldali®ved to revew the plans to
deternine if global stabiliy of the slopes adjacent to the building will be a concern.

Seismic Design Considerations

In accordance with Table 1615.1.1 of the 2000 International Building Code (IBC), Sit8Glassld
be uilized for seismic analysis. This classification is based on the subsurface conditions encountered
during our exploration and on our knowledge of the local geology.

Construction Considerations

Exposure to the environment may weaken the soils abtted bearing level if the foundation
excavations remain open for too long a time. Therefore, foundation concrete should be placed the
same day that excavations are dug. If the bearing soils are softened by surface water intrusion or
exposure, the softed soils must be removed from the foundation excavation bottom immediately
prior to phcement of concrete. If the excavation must remain open overnight, or if rainfall
becomes imminentvhile the bearing soils are exposed, weoramend that a 10 3 inch thick
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"mud mat" of "lean" concrete be placed on the bearing soils before the placement of reinforcing
steel.

The surficial soils contain fines which are considered highly erodible. The Contractor should
provide and maintain good site drainage duringhestk operatins to help maintain the
integrity of the surficial soils. All erosion and sedimentation shall be controlled in accordance
with sound engineering practice and current County requirements.

In a dry and undisturbed state, the majority of ik a& the site will provide good subgrade
support for fill placement and construction operations. However, when wet, this soil will degrade
quickly with disturbance from contractor operations. Therefore, good site drainage should be
maintained during edhwork operatns which would help maintain the integrity of the soil.

The surface of the site should be kept properly graded in order to enhance drainage of the surface
water awayfrom the proposed building areas during the construction phase. Werecdrthat
an attempt be made to enhance the natural drainage without interrupting its pattern.

Swales ad other draiage featuresrossing the site are likely to be soft and may require shallow
undercuttng. In addition, it is anticipated that shallowgted water will be encountered along
these drainages.

Closing

We recommend that the construction activities be monitored by a qualified geotechnical
engineering firm to provide the necessary overview, to check the suitability of the subgrade soils
for supportng the footings and to monitor earthwork operations. We would be most pleased to
provide these services.
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Unified Soil Classification System (ASTM D-2487)

Group .
Major Divisions Symbols Typlcal Names Laboratory Classification Crtera; °
_ . . ,
@ Well-graded gravels, gravel-sand mixtures, <, - AL 2
@ v.,g"! E—’: GwW ! Httle or no fines, b 3 Cyy = Dgo/Dyo greater than 4; G = (Dyo) Dyg X Do between 1 and 3
5 & g ] 5 2 .
i N 0
gal 8o j k:d
] Pooriy-graded gravels, gravel-sand mixtures, g 3
« W " ‘o
=l é 3] E GP & 18 0r ag fines o Nol haeting all gradation requirements for GW
NEgw & E
HELE 3 i
el e®) & w @ !
|98t 5 . 2 a4y U
2 s -5" é 8 [l Y l . Silly gravels, gravel-sand-silt mixtures ,g @ 8. E,,“’ Allerb;:g::"ml;ss:;:::: 4A fine . .
‘;f 25ls ﬁ‘g"‘ $o % Z 8 - Above "A" ling with P.1, between
2| 8183 & 4 g O 4 and 7 are borderfine cases requiring
2§ 21485 2o g G8E the use of dual symbols
asl = 188 6C | Clayey Gravels, gravei-sanc-clay mixtures 4 & 5 = B| Alerberg Limits below A" ' :
v G & ayey Gravels, gravet-sanc-clay mixtures c 8 B3 d| Inewith P, greaterthan 7
§5 < ' 85
§ 8, | a8 sw | Welkgraded 31‘:‘:; gr’.i‘;e"' sands, file 3 “5’ Cu = Dao/Dyo greater than 6; C, = (D3g)Dy X Dy belween 1 and 3
SE| 5ol B% , g3 - :
s 29 LR o &
2 E'a £ e
k| ¢l 8o . ; 2
= oal OB Paory-graded sands, gravelly sands, |[g E i .
g g 1 5 sp litlie of o fines X § tg " r\{utmeetlng all gradation rgqulremenls-for sw
HEEM 588 : '
SlG52 " Ja @8 - E T
21983 45 d 3 E:’; 8 g £ Atterberg fimits abova "A* )
< (22 |sml— Silty sands, sand-siit mixtures £ 5 g 2 =l T o:-gp L loss than 4 . ) .
£3589 : g & o8 ’ Linils plotting in hatchéd zone with P
WE|ZBE a O & E g af- between 4 and 7 are borderine cases
- gdladZ RSV EE requiring the use of dual symbots
= 8 £ - na 4
=~ a T8¢ Claysy sands, sand-clay mixtures E 2 g 8 g g| Allerberg fimits above "A
a 5 ey sands, v m @ §_ n % = & linewilh P.I. greater than 7
< 883" ,
: Inorganic sills and very fine sands,
5 ML rack flour, siity or clayey fine sands,
" bt or clayey silis with slight plasticity - -
%g =
T 215" Inorganiz clays of jow to medium Plasticity Chart
& g i cL plasticity, gravelly days..sandy clays, 60 . _ .
v wE slity clays, lean dlays /
4 &g ,
a g‘ g v A
8 o Organle silts and organic 3ilty clays of §o : /
. = oL E .
g low plasticity CH /
- | s 40 = yra
35 ¥
) MH Inorganie siits, micaceous or dlatomaceous =
E E 5 fine sandy or sllty solls, elastlc slits & 3af A3
5 e ' 2 & oHand Mu
v ® a < .;%.. i oA
| E¢ e i ap -
w ﬂé ] % CH Inorganle clays of high plasticlty, fat clays EL / |
o Ne
c e A .
G qa% A1 / R
i 2% L i
& 95 LT ML and
£ & oH - | Crganicclays of mediiim to high phasticity, G:L l .'_)" Q- ki . .
& < organlc silts G 10.20 30 a0 50 6 70 80 90 100
= - . Liquid finit’
b
g
3~
583 Ft Peal and other highly organie solls
T g’ & .

* Division of GM and SM groups Into subdivisions of d and u are for roads and airfields only, Subdfvision Is base
used when L L. is greater than 28;

L.Lis 28 orless and the P, Is 6 or less; the suffix u is

" ®Borderine classificafions, used for solls possessing the characteristics of
GW-GC, well-graded gravel-sand mixture with clay binder.

two groups, are designated by combinations of group symbols. For example:

From Winterkom arid Fang, 1975

d on Atterberg limits; sufix d used when



REFERENCE NOTES FOR BORING LOGS
Drilling Sampling Symbels:

SS  Split Spoon Sampler ST Shelby Tube Sampler
RC Rock Core, NX, BX, AX PM Pressuremeter

DC  Dutch Cone Penetrometer RD Rock Bit Drilling

BS  Bulk Sample of Cuttings PA Power Auger (no sample)
HAS Hollow Stem Auger WS Wash Sample

Correlation of Penetration Resistances to Soil Properties:

Standard Penetration (Blows/Ft) refers to the blows per foot of a 140 1b. Hammer falling
-30 inches on a 2-inch OD split spoon sampler, as specified in ASTM D-1586. The blow

count is commonly referred to as the N value.

A. Non-Cohesive Soils (Silt, Sand, Gravel and Combinations)
Density Relative Properties

Under 3 blows/f2. Very Loose Adjective Form 36% to 49%
4to 6 blows/ft. Loose With 21%to 35%
7 to 10 blows/ft. Firm Some 11% to 20%
11 to 30 blows/ft. Medium Dense Trace 1% to 10%
31 to 50 blows/ft. Dense

51 to 80 blows/ft. Very Dense

Over 80 blows/ft. Extremely Dense

Particle Size Identification

Boulders 8 inches or larger

Cobbles 3 to 8 inches

Gravel Coarse 1 to 3 inches
Medium % to 1 inch
Fine Y4 to Y2 inch

Sand - Coarse 2.00mm to % inch (dia. of lead pencil) -
Medium 0.42 to 2.00mm (dia. of broom straw)
Fine 0.074 to 0.42mm (dia. of human hair)

Silt and Clay 0.0 to 0.074mm (particles cannot be seen)

Cohesive Soils (Clay, Silt, and Combinations)

Unconfined
Comp. Strength
Blows/Ft Consistency Opfisf) Degree of Plasticity Plasticity Index

Under 4 Very Soft Under 0.25 None to Slight
4to05 Soft 0.25-0.49 Slight

0-4
57
610 10 Med. Stiff 0.50-0.99 Medium 8-22
0

11to 15 Stiff 1.00-1.99 High to Very High ver 22
16 t0 30 Very Stiff 2.00-3.00
31 to 50 Hard 4.00-8.00

Over 51. Very Hard Over 8.00

‘Water Level Measurement Symbols

WL  Water Level BCR Before Casing Removal

WS While Sampling ACR After Casing Removal

WD While Drilling WCI  Wet Cave-In

DCI  Dry Cave-In

The water levels are those water levels actually measured in the borehole at the times
indicated by the symbol. The measurements are relatively reliable when augering, without
adding fluids, in a granular soil. In clay and plastic silts, the accurate determination of
water levels may require several days for the water level to stabilize. In such cases,
additional methods of measurement are generally applied:




DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT
LANDCORE Engineering

IOB # BORING #
18.1950 B-1

SHEET
1 o 1

PROJECT NAME
Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER
TONS/FT. 3

Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %

X @ A

o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E

E 1=|%8 B e ROCK QUALITY DESIGNATION & RECOVERY

w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v

5| B =

a E & STANDARD PENETRATION

g g g g SURFACE ELEVATION ; E ® BLOWS,/F.

0 w | o 10 20 30 40 50+
1 |ss|18]1a [\ Topsoil Depth 3 B 5 (23 ' '
] CLAY, With Silt and Fine [ : :

Gravel, Trace Fine Sand, Brown — : :
12 |ss|18|13 to Orangish Brown, Moist, Soft — 22 (8-9-13)°
to Stiff, (CL) - :

. \ /HTE ,

Fine Sandy SILT, With Clay and B - : ;
—]3(SS|18|18 Fine to Medium Gravel, Trace — 16 (6'7':9)
Rock Fragments and Mica, [ : :
— Orangish Brown, Medium Dense, —
- (ML/SM) — : :
] 4 |SS|18]|19 [ 21 (6-10-11)

10— — : :
— 5 |ss|18]|18 - 26 (13-13-13)

15— - L
— 6 [ss|18|18 - 22 (8-10-12)

—] END OF BORING @ 20.0° —
25 -
30— F—'—+—-— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH © 7.0

IwL

RIG T—6 FOREMAN S Breach

DRILLING METHOD 2 1/4” HSA

JSchaffer(01/06/2010 00:38:29 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT

LANDCORE Engineering

IOB #

18.1950

BORING #
B-2

SHEET

1 o 1

PROJECT NAME

Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION -O- CAHBRATET%NPSE/ﬁTgom
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X A
o & | . |DESCRIPTION OF MATERIAL ENGLISH UNITS |y £
E lal®lg @ & | ROCK QUAUITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
5| 5 o=
a E & STANDARD PENETRATION
g g > g SURFACE ELEVATION E; 2 ® D T
0 oo 10 20 30 40 6O+
1 |ss|18]16 [\ Topsoil Depth 4 AN E 6 29 : :
] CLAY, With Fine Sand, Gravel [ : :
and Silt, Brown to QOrangish — : :
]2 |ss|18|18| Brown, Moist, Soft to Stiff, [ 7 (2-3-4)
CL - :
= N /ITE
Sandy SILT, With Fine to Medium = : :
—]3(SS|18|18 Gravel, Trace Mica, Clay and — 15 ("'5'1:0)
Rock Fragments, Orangish Brown, [ : :
— Moist, Medium Dense, (ML/SM) —
—] 4 |ss|18]|18 ~ 23:(6-10-13)
10— — : :
— 5 |ss|18]|18 — 22 (5-8-19)°
15— ~ : :
—] END OF BORING ©® 15.0° ~
20— :
25 -
30— F—'—+—-— —
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH @ §

IwL

mG T—6

FOREMAN S Breach

DRILLING METHOD 2 1/4” HSA

JSchaffer(01/06/2010 08: 47:50 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT
LANDCORE Engineering

IOB #

18.1950

BORING #
B-3

SHEET
1 o 1

PROJECT NAME
Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER
TONS/FT. 3

Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E 1=|%8 i ©| BOCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B B =
a =
g g g g SURFACE ELEVATION ; E ® STANDASI?O%}QIE'I‘TRATIDN
0 w (oo 10 20 30 40 6O+
1 |ss|18] 11 [\ Topsoil Depth 3 N 5 @23 ' '
] CLAY, With Silt, Trace Rock [ \ :
Fragments, Orangish Brown, — : :
]2 |ss|18|18| Maist, Soft to Stiff, (CL) [ 17 (5-9-8)
5 — Fine SAND, With Fine to Medium '
Gravel, Trace Rock Fragments : :
—]3(SS|18|18 and Silt, Dark Orangish Brown, 14 (-6-8)
Moist, Very Dense, (gSP) :
— 4 |ss|18|14 23 (6-9-14)
10 ] : :
s |ss|18]|15 - (o1-32-50/30Q) L
15 — : :
- END OF BORING @ 14.8’ —
20— :
25 -
30—+ —'"—+—— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH © 7.0

IwL

mG T—6

FOREMAN S Breach

DRILLING METHOD 2 1/4” HSA

JSchaffer(01/06/2010 10:0213 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT

LANDCORE Engineering

IOB #

18.1950

BORING #
B—4

SHEET

PROJECT NAME

Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER

. . TONS/FT. 3
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E 1=l®|E i ©| ROCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B K
a g 3
g g g g SURFACE ELEVATION ; E ® STANDASEO%}‘IIETTRATIDN
0 v (o | @ 10 20 30 40 B0+
_— 1 /ssl18]12 \TOPSO" Depfh 4 4 (Z—Z—Z)E : : :
] CLAY, With Silt, Trace Fine : :
Gravel, Brown, Moist, Soft, : :
a2 |ss|i8|18]\(CL) : 14 (5-6-8)
5 — Fine SAND, Trace Mica and Silt, {: — '
Orangish Brown, Moist, Medium 2\ B : :
] 3|ss|18|18| | pense, (SP) N 020 (e-5-11)
] Fine Sandy CLAY, Trace Mica, .
—] Orangish Brown, Molst, Stiff,
_ (cL/sc) : :
14 (SS|18]|18 (40-31-42)1X) 73
10— Fine SAND, With Fine Medium : :
] Gravel, Trace Silt, Dark
- Orangish Brown, Moist, Very
] Dense, (SP)
—] 5 |ss|18]|18 (12-30-3 62
15— : :
6 [SS[P[P [ (50/2-)369%
20— AUGER REFUSAL @ 18.7’ [ : :
25 -
30— —+—"—+—- —
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH @ 1(Q
Yw RIG T—6 FOREMAN S, Breach |DRILING METHOD 2 {/4” HSA

JSchaffer(01/06/2010 0:55:54 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT
LANDCORE Engineering

IOB # BORING #
18.1950 B-5

SHEET
1 o 1

PROJECT NAME
Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER
TONS/FT. 3

Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E AN i ©| BOCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B =R
a g 3
g g g g SURFACE ELEVATION ; E ® STANDASEO%}‘IIETTRATIDN
0 w|n| @ 10 20 30 40 50+
] 1 (SS|18(18 [ CLAY, With Fine Gravel, Sand [ 6 (z-3-3)
7 and Silt, Trace Rock Fragments, — - :
Orangish Brown, Molst, Soft to | : :
]2 |ss|i18|18| Medium Stiff, (CL) ~ 21 (6-10-11)
- Fine Sandy SILT, With Fine = :
5 Medium Gravel and Mica, Trace [~
—] 3|SS|18|153| Clay and Rock Fragments, Dark u
Orangish Brown, Moist, Medium [~
_ Dense to Very Dense, (ML/SM) [
14 ([ss|18(18 [
10— —
ds5ss[9 [ _ (38-50/5)180) 22
15— AUGER REFUSAL @ 13.9’ - : :
20— :
25 -
30— —+—"—+—- -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH © 7.5

IwL

mG T—6

FOREMAN S Breach

DRILLING METHOD 2 1/4” HSA

JSchafier(01/06/2010 08:52 41 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT

LANDCORE Engineering

IOB #
18.1950

BORING #
B-6

PROJECT NAME

Lancaster Solar Farm

ARCHITECT-ENGINEER

SHEET L ———
1 oF E S
c LLC

MID-ATLANTIC

SITE LOCATION -O- CAHBRATET%NPSE/ﬁTgom
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E 1=|%8 i ©| BOCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
5| 5 o=
a E & STANDARD PENETRATION
g g 5 g SURFACE ELEVATION ; E ® BLOWS,/F.
0 w|n| @ 10 20 30 40 50+
1 |ss|18]10 [\ Topsoil Depth 3 /R 7@y
] Sandy CLAY, With Fine Gravel, SN : :
Orangish Brown, Medium Stiff, ;} — : :
]2 |ss|i18|16| (CL/SC) S — @) 10 (7-5-5)
5 — Fine SAND, Trace Clay, Mica and — '
Rock Fragments, Dark Orangish - : :
—]3(SS|18]|16 Brown, Moist, Medium Dense to 11 (‘:7"6'5) :
Very Dense, (SP) : : :
— 4 |ss|18|14 :R23:(-10-13)
10— : : :
]S |SS|16 |16 (18-23-50/4")] %
15— — : :
— END OF BORING @ 14.9’ —
20— :
25 -
30— —+—"—+—- -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/29/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 29 /og CAVE IN DEPTH © §.5

IwL

RIG

FOREMAN S Breach

DRILLING METHOD 2 1/4” HSA

JSchaffer(01/06/2010 10:10:43 am)



CLIENT IOB # BORING # SHEET I—
LANDCORE Engineering 18.1950 B-7 1 oF 1 Ec
PROJECT NAME ARCHITECT-ENGINEER LLC
Lancaster Solar Farm MID-ATLANTIC
SITE LOCATION -O- CAHBRATET%NPSE/ﬁTgom
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o & | .. | DESCRIPTION OF MATERIAL ENGLISH UNITS |y E
E ] W > é B = ROCK QUALITY DESIGNATION & RECOVERY
E gk & E BOTTOM OF CASING ) LOSS OF CIRCULATION E E zggnxjoy valls _songé%—1 00%
E >
a g g g g SURFACE ELEVATION ] E ® STmMSEO%%ET@ATIDN
O @ @ | n 10 20 30 40 50+
1 |ss|18|12 [\ Topsoil Depth 4” /\a: 5z
— Highly Plastic CLAY, With Silt \: : :
and Fine Sand, Trace Fine \— : :
12 (ss|18|16 Gravel and Mica, Brown to \: 7 (3-3-4)
Orangish Brown, Moist, Soft to \— :
5 Medium Stiff, (CH) \: :
3 |ss|8|1e N 7 (-4
Sandy SILT, With Fine to Medium M : :
7 Gravel, Trace Clay and Rock [
Fragments, Orangish Brown, — : :
—] 4 |ss|18|14| Moist, Firm to Medium Dense, — 7 (3-3-4)
10— (ML/SM) - U
—| 5 |[ss|18|14 - 21 (fo-t0-11)
15 - -
— END OF BORING @ 15.0° ~
20 -
25 -
30— ——"—+—-— -

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL

YW Dry WS OR @D | BORING STARTED 12/30/09

gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 30 /og CAVE IN DEPTH © 8 5

DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

Iw RG CME45C ForeMAN M, Ballew |DRILLING METHOD 2 {/4” HSA

JSchaffer(01/06/2010 08:22:32 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT

LANDCORE Engineering

IOB #
18.1950

BORING #
B-8

SHEET

PROJECT NAME

Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER

. . TONS/FT. ?
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E AN i ©| BOCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B g =
a g 3
g g g g SURFACE ELEVATION s E ® STANDASI?O%}QIE'I‘?RATIDN
0 “ || @ 10 20 30 40 6O+
1 |ss|18 |14\ Topsoil Depth 4 /% ~ 6>y
— CLAY, With Silt and Fine [ : :
Gravel, Orangish Brown, Moist, — : :
] 2 [ss|18|14| Soft to Medium Stiff, (CL) [ 9 (“-5-9)
5 Silty Fine SAND, With Fine to - : :
_ Medium Gravel and Mica, Trace = : :
3 [SS|1812] Rock Fragments, Dark Orangish 2l 23 (s-11-12)
] Brown, Moist, Medium Dense, H I : :
i N\SM/ML) /T
-] AUGER REFUSAL @ 7.5 —
10— —
15— -
20— :
25 -
30— ——"—+—— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/30/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 30 /og CAVE IN DEPTH © 4.0

IwL

re CME45C ForEMAN Bqallew

DRILLING METHOD 3 1/4” HSA

JSchafier(01/06/2010 08:25:51 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT IOB # BORING # SHEET I—
LANDCORE Engineering 18.1950 B-9 1 oF 1 Ec
PROJECT NAME ARCHITECT-ENGINEER LLC
]
Lancaster Solar Farm MID-ATLANTIC
SITE LOCATION -O- CAHBRATET%NPSE/ﬁTgom
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o & | .. | DESCRIPTION OF MATERIAL ENGLISH UNITS |y E
E ] W > é B = ROCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B B =
a =
g g g g SURFACE ELEVATION s g ® STANDARD %}ﬁmﬂm
O @ “ 2 10 20 30 40 50+
1 |ss|18 |18\ Topsoil Depth 4 /TINE 8 (48 ' '
] Silty CLAY, With Fine Gravel, [ ' :
Trace Mica, Brown to Orangish — : :
2 |ss|18|18| Brown, Moist, Medium Stiff, [ 12 (4-5-7)
(CL/ML) n :
5 — : :
_13|SS|18)18 [ 4 (7-5-5):
Sandy GRAVEL, With Rock : : :
] Fragments, Brown, Molst, Very [
7SSt 3L Dense, (GP/SP) — _53(1
10— AUGER REFUSAL @ 8.8’ ~
15— -
20— :
25 -
30— ——"—+—-— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/30/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 30 /og CAVE IN DEPTH © 4.5
Yw RG CME45C ForeMaN M, Ballew |DRILLING METHOD 2 {/4” HSA

JSchaffner



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT IOB # BORING # SHEET I—
LANDCORE Engineering 18.1950 B—10 1 oF 1 Ec
PROJECT NAME ARCHITECT-ENGINEER LLC
Lancaster Solar Farm MID-ATLANTIC
SITE LOCATION -O- CAHBRATET%NPSE/ﬁTgom
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o & | .. | DESCRIPTION OF MATERIAL ENGLISH UNITS |y E
E ] W > E B = ROCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
B B =
a =
g g g g SURFACE ELEVATION s g ® STmMSEO%y]ET@ATIDN
O @ “ 2 10 20 30 40 50+
1 |ss|18 |18\ Topsoil Depth 4 /TINE e ' '
] Silty CLAY, With Fine Gravel, [ : :
Brown to Orangish Brown, Moist, — : :
]2 |ss|18|18| Soft, (CL/ML) [ 6 (2-3-3)
5 — Fine Sandy SILT, With Fine to — : :
Medium Gravel, Trace Rock — : :
—]3|sS|8|18 Fragments and Mica, Qrangish — Q10 (-5-5)
Brown to Brown, Moist, Firm to [ :
— Medium Dense, (ML/SM) —
—] 4 |ss|18|18 [~ )19 (10-9-10)
10— ~ : : :
—| 5 |ss|i8|18 - 17 (10-4-8)
15— - L
— END OF BORING @ 15.0° ~
20— :
25 -
30— ——"—+—-— -

THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL

YW Dry

WS OR @ | BORING STARTED

12,/30,/09

¥wipce)Dry  ¥wi(ace) Dry

BORING COMPLETED 12 / 30 / 09

CAVE IN DEPTH @ 80

IwL

R CME45C rForeMaN M, Ballew

DRILLING METHOD 2 1/4” HSA

JSchaffer(01/06/2010 08:20:37 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT
LANDCORE Engineering

IOB #

18.1950

BORING #

B—-11

SHEET

PROJECT NAME
Lancaster Solar Farm

ARCHITECT-ENGINEER

A

c LLC

MID-ATLANTIC

SITE LOCATION

—(O— CALIBRATED PENETROMETER

. . TONS/FT.
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o g _. | DESCRIPTION OF MATERIAL ENGLISH UNITS n E
E AN B e ROCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
5| B =
a B 7
g g g g SURFACE ELEVATION ; E @ STANDASEO%}‘IIE{RATIDN
0 w | o 10 20 30 40 50+
1 |ss|18 |18\ Topsoil Depth 4 AN E 6 (259 ' '
] CLAY, With Silt and Fine [ : :
Gravel, Trace Rock Fragments, — : :
12 |ss|18|13 Orangish Brown, Moist, Soft to — 9 (5-4-9)
Stiff, (CL) — :
5 — : :
_13]|SS|18]18 [~ :18 (5—9—9)
Sandy Fine SILT, With Clay, — : :
] Fine to Medium Gravel and Mica, [
Trace Rock Fragments, Dark — : :
—_1 4 [ss|18]12 Orangish Brown, Moist, Very [ (21-29-38YX) 67
10 Dense, (ML/SM) - : :
B AUGER REFUSAL @ 10.5’ -
15— -
20— :
25 -
30— F—'—+—-— -
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/30/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 30 /og CAVE IN DEPTH © 5.5

m mG T—6

FOREMAN M, Ballew

DRILLING METHOD 2 1/4” HSA

JSchafier(01/06/2010 0:3:52 am)



DKK (01-06-10) DKK (01-06—10) DKK (01-08-10) DKK (01-06-10) DKK (01-08-10) DKK (01-08-10) DKK (01—08—10) DKK (01-12-10) DKK (01—12-10) DKK (01-12-10)

CLIENT JOB # BORING # SHEET E—
LANDCORE Engineering 18.1950 B—12 1 oF 1 Ec
PROJECT NAME ARCHITECT—ENGINEER LLC
|
Lancaster Solar Farm MID-ATLANTIC
SITE LOCATION O CAHBRAT%](JJNI;E/IET%OMEIER
Lancaster Pike & Deaver Rd, Quarryville, PA 1 2 3 4 5+
PLASTIC WATER LIQUID
LIMIT % CONTENT % LIMIT %
X @ A
o & | .. | DESCRIPTION OF MATERIAL ENGLISH UNITS |y E
E ] W > é E =2 ROCK QUALITY DESIGNATION & RECOVERY
w [2|E|EB E BOTTOM OF CASING ) LOSS OF CIRCULATION <] é I il v
5| 5 o=
a E & STANDARD PENETRATION
g g > g SURFACE ELEVATION s g ® D PENE
O v “ & 10 20 30 40 50+
1 |ss|18]1a [\ Topsoil Depth 3 N 5 (2-2-3) : :
| CLAY, With Silt and Fine [~ : :
Gravel, Trace Mica, Brown to — : :
12 |ss|18|13 Orangish Brown, Moist, Soft to — 9 (3-4-9)
Medium Stiff, (CL) o :
5 — : :
713 |ss|18]|18 - 1 (5-5-6) -
— AUGER REFUSAL @ 8.0’ -
10— —
15— -
20— :
25 -
30— ——'"—+—— —
THE STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL TYPES IN-SITU THE TRANSITION MAY BE GRADUAL
YW. Dry WS oR @ | BORING STARTED 12/30/09
gm.{BCR)Dry Ywi(acr) Dry BORING COMPLETED 12 / 30 /og CAVE IN DEPTH © 4.0
Yw RG CME45C ForeMaN M, Ballew |DRILLING METHOD 2 {/4” HSA

JSchafier(01/06/2010 0:15:33 am)



Lancaster Solar Farm Project
ECS Project No.: 18.1950
Soil Design Parameters

Internal . : .
Boring No.| Strata Depth US.CS. Angle of Cohesion | Unit Weight
Classfication - ) (psf) (Ibs/cf)
Friction (¢,)

B-1 0-4' CL 26 0 110
4-20' ML/SM 30 0 115

B-2 0-4' CL 26 0 110
4-15' ML/SM 32 0 118

B-3 0-4' CL 26 0 110
4-14.8' SP 33 0 120

B-4 0-1.5' CL 26 0 110
1.5-4' SP 30 0 115

4-6.5' CL/SC 30 0 115

6.5-18.7" SP 34 0 125

B-5 0-4' CL 26 0 110
4-13.9' ML/SM 30 0 115

B-6 0-4' CL/SC 26 0 110
4-14.9' SP 30 0 115

B-7 0-6.5' CL 15 500 105
6.5-15' ML/SM 28 0 112

B-8 0-4' CL 26 0 110
4-7.5' SM/ML 30 0 115

B-9 0-6.5' CL/ML 28 0 112
6.5-8.8' GP/SP 34 0 125

B-10 0-4' CL/ML 26 0 110
4-15' ML/SM 28 0 112

B-11 0-6.5' CL 26 0 110
6.5-10.5' ML/SM 30 0 115

B-12 0-8' CL 26 0 110
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ECS MID-ATLANTIC, LLC.
York, Pennsylvania
Laboratory Testing Summary
Date: 12-Jan-10

Project Number:  18.1950 Project Name: Lancaster Solar Farm
Project Engineer: DKK Principal Engineer: WDF Summary By: DKK
Moisture Percent Opti
: ; . ptimum
Boring | Sample | Depth f o0 Soil Description L | pL| i [PBSSING Maximum | - e Other
Number | Number (feet) 0 No. 200 | Dry Density CBR
(%) Sieve Content
(pcf)
(%)

B-1 S-1 0-1.5 26.5 ]O.Brn. CLAY (CL) 35| 19 16

B-2 S-2 2.5-4 32.2 |Brn. To O. Brn. CLAY (CL)

B-3 S-3 5-6.5 355 |O.Brn. CLAY (CL)

B-4 S-3 5-6.5 30.9 |O. Brn. Sandy CLAY (CL/SC)

B-5 S-1 0-1.5 24.2 |0.Brn. CLAY (CL)

B-6 S-2 2.5-4 27.5 ]O. Brn. Sandy CLAY (CL/SC)

B-7 S-2 25.4 310 Brn. To O. Brn. Highly Plastic CLAY 56 | 24 | 32

(CH)
B-8 S-1 0-1.5 24.2 |0.Brn. CLAY (CL)
O. Brn. To Brn. Silty SAND

B-10 S-3 5-6.5 215 (SMIML) 32.1

B-11 S-3 5-6.5 25.2 |O.Brn. CLAY (CL)
Summary Key:
SA = See Attached LL= Liquid Limit Hyd = Hydrometer UCS = Unconfined Compression Soil
S = Standard Proctor PL= Plastic Limit Con = Consolidation UCR = Unconfined Compression Rock
M= Modified Proctor PI= Plasticity Index DS = Direct Shear LS = Lime Stabilization
V = Virginia Test Method GS = Specific Gravity CS = Cement Stabilization

OC = Organic Content




80

70
A" LINE:|/
T 60 v
>
i CH or OH
i o ] v
< 50 %
>
= /
O
= /
%)
< 40 /
o MH or OH:l
E_ or OL ] /
30 /7
20 v
] /
10 /
CL-ML
ML or OL
o & L
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT, LL
BORING/ WATER
SAMPLE DEPTH TEST CONTENT
No. (feet) SYMBOL DESCRIPTION (%) LL | PL | PI
B-7/S-2 2.5-4.0 O. Brn. Highly Plastic CLAY (CH) 31.0 56 | 24 | 32
B-1/S-1 0-1.5 O. Brn. CLAY (CL) 26.5 35| 19 16
A - - R
X - - R
O - - -
° - R R
<> - - -
Project: Lancaster Solar Farm ECS Mid-Atlantic, LLC.
Project No.: 18.1950 York, Pennsylvania
Date: Jan 12,2010 Plasticity Chart




COBBLE GRAVEL SAND SILT OR CLAY
COARSE FINE COARSE MEDIUM FINE
U.S. STANDARD SIEVE U.S. STANDARD SIEVE NUMBERS HYDROMETER
OPENING IN INCHES
3" 1.5" 3/4" 3/8" 4 10 20 40 60 100 200
100.0 m ‘ i
90.0 - o f
| N | !
80.0 |- N A |
) ! |
3 700 i | \\[ |
3 60.0 : S§ i
2 : | NN |
» 500 1 ; ;
z | | T |
® 400 : o
© ‘ ; U
P : ! =
s 30.0 : ‘
ul ! | |
€ 200 {f | |
- 1 | |
10.0 11 : i
0.0 ! | |
100 10 1 0.1 0.01 0.001
PARTICLE SIZE IN MILLIMETERS
BORING/ DEPTH
SAMPLE (FEET) SYMBOL LL Pl DESCRIPTION
B-10/S-3 5-6.5 [ O. Brn. To Brn. Silty SAND (SM/ML)
/ ]
/ A
/ A
Project: Lancaster Solar Farm ECS Mid-Atlantic, LLC.
Project No.: 18.1950 York, Pennsylvania
Date: 12-Jan-10 Grain Size Analysis
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| N\ Zero Air Voids Curve
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10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Moisture Content (%)
Sample No. B-1 Natural Moisture Content
Street Percent Passing No. 200 Sieve
Station Percent Retained on No. 4 Sieve 0
Liquid Limit (LL) Percent Retained on 3/4" Sieve 0
Plastic Limit (PL) Maximum Dry Density (pcf) 106.5
Plasticity Index (P1) Optimum Moisture Content (%) 17.5
Liquidity Index (LI) Corr. Maximum Dry Density (pcf) 106.8
- Orangish Brown Sandy CLAY . . o
Description with Silt and Gravel Corr. Optimum Moisture Content (%) 17.4
Classification CL/SC
Specific Gravity 2.70 Test Method: B
Test Standard D-698
Project Name: Lancaster Solar Farm ECS MID-ATLANTIC, LLC
Project No.: 1950 York, PA
Date: 12-Jan-10 Moisture-Density Relationship Curve
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AN Zero Air Voids Curve
| | | |
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Moisture Content (%)
Sample No. B-8 Natural Moisture Content
Street Percent Passing No. 200 Sieve
Station Percent Retained on No. 4 Sieve 0
Liquid Limit (LL) Percent Retained on 3/4" Sieve 0.9
Plastic Limit (PL) Maximum Dry Density (pcf) 101.9
Plasticity Index (P1) Optimum Moisture Content (%) 20.7
Liquidity Index (LI) Corr. Maximum Dry Density (pcf) 102.7
- Orangish Brown Sandy CLAY . . o
Description with Silt and Gravel Corr. Optimum Moisture Content (%) 20.3
Classification CL/SC
Specific Gravity 2.70 Test Method: B
Test Standard D-698

Project Name:
Project No.:
Date:

Lancaster Solar Farm

1950
12-Jan-10

York, PA

ECS MID-ATLANTIC, LLC

Moisture-Density Relationship Curve
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