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Morbut Solar
1241 University Avenue
Rochester, Mew York 14607

Attention: #r. Dan Huntington, Business Development Manager

Reference: N5F - Enfield-Solar Array
Applegate Road South, Enfield, New York
Gaotechnical Evaluation, 4640.0

Dear Mr. Huntington:

This letter report summarizes our gectechnical evaluation for the referenced project. The 25 mW solar array
will be located on a 249 acre percel south of Meckienburg Road In Enfield, New York. The racking system
type has yet to be determined. We base this report on our review of U.5.G.5. topographic mapping, Mational
Resource Conservation Service mapping, soll boring exploration; field and lzboratory testing; and
consultation with the design weam. Marbut Solar retained Foundation Design, P.C. to perform the servicas
outlined in our August 14, 2020 Geatechnical Sendes Proposal P458E.0. \We intend this report for exclusive
use on this project,

The Enfield Solar Arrey will be located southeast of the Applegate Road South and Mecklenourg Road
intersection in Enficld, New York. We understand that the 25mW array will be canstructed on roughly 125
acres of the 249 acre parcel. A Geners! Location Plan, on 2019 US5.G.5. topographic mapping, is attached
ta this report. Open farm fields with plented corn with intermixed hedge rows and tree-covered palches
occupy the parcel. Existing solar panels are currently to the northeast of the site, with & remote-controlled
airplane runway to the east of the site. Residential housing linos Macklenburg Road to the north.

Wo completed soil borings B20-1 through B20-19 between October 2 and October 7, 2020 to assess the
subsurface conditions on the parcel. Target Drilling provided a CME-75 truck-mountad drill rig equipped with

468 Sager Drve, Rochester, NY 14607 » Tal: 585 458-NRZL » Fax: GHE 458-3323 « foundaticndesignpe.carm



o
Design, P.C.

SEIL = BIOMICK = FIOUNIVARER

Morbut Solar
October 26, 2020

Page 2

an auto hammer for the SPT soll sampling, They advanced the soil borings using hollow stem auger casings,
recovering split spoon soll samples in accordance with ASTM D-1586 continuously to 10 feet and at five foot
intervals after that to auger refusal or a 15 foot depth, whichever was shallower. Due to the shallow bedrock
at boring B20-12, five feat of NX size rock core was recoverad in accordance with ASTM D-2113. The soll
borings terminated at depths between B.2 to 15.0 feet below grade, A Boring Location Pan and the soll
boring logs are enclosed. m—

Upon completion of the fieldwork, we salected representative soll samples for laboratory testing, The testing
program consisted of three pH determinations, three lab resistivity tests, three soluble chlorides tests, three
soluble sulfates tests, six sieve analysis, and six moisture content tests. The test results are discussed below,
The |aboratory reports are enclosed,

We encountered a subsurface profile consisting of surface topsoll, glacial till, then shale bedrock. Where
definable fram the underlying soll, the surface topsoll ranges from four to twelve Inches thick, The upper
soil consists of silty sand/sandy siit with gravel and day, Tested samples classify as a SM or ML in the Unified
Soil Classification System,

The till transitions to @ moderately to highly weathered shale bedrock within fifteen feet of the surface. The
shale rock has weathered to the point of a sofl consistency in most locations. Solid, more intact rock, while
over eight fest below grade across most of the parcel, was encountered as shallow as three feet deep at soil
boring B20-12. We recovered NX size rock core at soll boring B20-12, recovering 95 percent of the five foot
core run. The RQD measurement, an indication of the rock quality was 24 percent or poor quality, Geologic
mapping indicates that the bedrock is of the Enfield and Kattel Formations of the Sonyea Group. These
formations consist of sandstone, shale, and siltstone,

s part of this evaluation, we performed laboratory testing to assess the corrosive environment on-site. This
testing consisted of soluble chloride concentrations, soluble sulfates concentrations, pH determinations, and
lab resistivity testing. Table No. 1 below summarizes the test results. Chioride and sulfate levels ware very
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low. The pH value is close to neutral. The NRSC soll mapping indicates a high potential exists for the soils
to present a corrosive environment for steel, However, based on the site-specific testing, we conclude that
the on-site soil presents a low potential for a corrosive environment to develap.

Table No. 1 - Corrosion Test Results
Boring Lab Resistivity pH Soluble Chiorides Soluble Sulfates
Location {ohm-cm}) {mg/L) {mg/L)
B20-2 5-1 5,000 6.4 H |
B20-11 5-1 6,100 15 13 33
BI0-19 5-1 5,700 7.4 FE] 13
Critenia for Patential Corrosive Evwironment:
pH < 5.5 Chlarides = 500 mgfL
Besistivity < 5,000 ohim-cm SLilfates =& 000 mafL

Based on the above, we make the following specific recommendations:

1.

3.

Clear and grub the solar array area. If re-grading Is reguired, remove the surface topsall prior to
starting the grading operations. The contractor should provide a loaded ten-wheel truck or similar
heavy construction equipment for the proof-rofling. Rework or replace as directed areas that rut,
weave, quake, or are othenwise deemed unsuitable prior to starting the filling operations.

The near surface on-site soils are silty, will tend to be moisture sensitive, and are frost susceptible.
If planning to reuse the on-site soil as structural fill, plan for the earthwork/utility backfilling to be
performed during the drier summer months, Place and moisture condition structural fill to within two
percent of optimum molsture, Compact structural fill to at least 95 percent of maximum dry density
as determined by the Standard Proctor method, ASTM D-698. Place fill in loose lifts not exceeding
twelve inches thick. Maintain good surface drainage.

We understand that the preferred foundation system would consist of the light-weight steel 1-beams
{(W5x7) or C-channel (GC 5 x 6), It is our opinion that this type of system is viable for most of the
soll conditions expectad. Due to the dense soll conditions on the east side of the site, pre-augering
of 25 to 40 percent of the piles should be expected. The racking system design should account for
frost action.

For preliminary estimating, assume the soil properties outlined in Table No. 2 below. We recommend
performing uplift and lateral load tests to confirm that the required design resistance is developed
and that production piles be installed using equipment and methods similar as those used during the
test plle installation process.
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Table No. 2- Soil Properties
Soil Propar Upper Thres Fest Desper Sail Canditions
Linit Waadght [Miist) 125 pof 140 pof
Friction Anght ane 360
| Cohasion _S0pst 0 pst
Linit Skin Frictian 155 s00pstfft
__ Vertical Subgrade Modulys 20 psfin 200 psifin

Where load testing is performed, remove the test pile on completion. Backfill the test pits excavated
for the pile extraction with the on-site native soll, placed in loose lifts not exceeding 12-inches In
thickness, and compacted with at least four passes of an excavator mounted hoe-pack or walk-behind
vibratory plate tamper of simifar size as a Wacker-Nuesen WP1550AW per [ift on backfill installed.
Slope the surface of the backfill to shed water away from the test pit location,

Due to the shallow, Intact bedrock conditlons encountered at soil boring B20-12, we suggest avaiding
this area with the array, if possible. The current design has limited construction in this area. If more
definition of the shallow bedrock condition s required, we suggest performing 2 series of auger
probes using hollow stem augers to define where the intact bedrock is within eight feet of the surface.
Alternatively, plan to use a ballasted foundation in this area. A ballasted system could be developed
soveral ways:

. Vertical posts could be connected horizontally at the base, forming a continuous beam. The
base beam could be set at-grade, using concrete blocks, paving stones or another
weight/ballast to hold down the array.

. Vertical posts could be connected horizontally at the base, farming a continuous beam, The
base beam could be set below-grade, using poured concrete as weight/ballast to hold down
the amay.

. Large concrete pads (mat foundations) could be cast supporting two or more vertical posts,
using the mass of the concrete pad to hold down the amay.

Excavations for the ballasted foundations should frost impacts on the foundations. One approach
would be to remove the overburden soil and any weathered/decomposed shale rock down to a frost-
free 42-inch depth. A non-frost susceptible N.¥.5.0.0.7. subbase material could be placed as backfill
under the foundations to raise grade to the bottom of the new foundation/concrete pad, Another
approach would be to install Type VII rigid XPS Insuftation board under/around the foundations.
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We recommend using an allowable bearing pressure of 5,000 psf on new structurally compact fill
material (see Paragraph 2. above for compaction requirements) and 10,000 If bearing directly on
rock. The pressures are both in bearing and overturning loads when designing the spread footings.
The footings should be at least 24-inches square (minimum to develop the allowable bearing

pressure),

It is our opinion that the use of light-weight steel screw piles are a viable foundation option. A
Krinner Ground Screw type-system may require pre-drilling to create a pilot hole in order to penetrate
into the dense native soll/weathered rock. We paint out that materfal couid wedge under the screw
helix as the soil heaves/thaws, resulting in small amounts of differential movement developing. These
small amounts of differential movement over time could compound and impact performance.

Due to the dense soil conditions, it is our opinion that light-weight helical piles are not a viable
foundation option. The helical plles would prove difficult to install in the compact/dense soll
conditions expected and penetration depths would be limited.

The testing indicates that solls present a low potential for a corrosive soll environment, We feel that
Corrasion protection measures are not nessecary for the sito.

Based an the weather values from the nesarby Tthaca Comell Univeristy Station (elev. 960}, we
recommend designing the solar array based an mean annual temperature of 46.1°F, and the Air
Freezing Index Return Periods (°F-Days) tabulated below:

Tabla Mo. 3 — Air Freezing Index Returnh Periods (“F-Days)
5-Year 10-Year 20-Year
1042 1143 1223

Based on these Air Freeze values and assuming a clear, turf surface condition, we recommend using
7 site specific frost depth of 42 inches below the surface in assessing soil ad-freeze velues and Frost
uplift forces, For the on-site soils, we recommend using an ad-freeze value of 32 psi for the silty
loam sail within the frost zona.

Construct the transformer pad and other support equipment ch mat foundations, We recemmend
placing at lzast 12-inches of granular material under the mat slebs, NY.5.0.0.T. Ttems 304.12
{crusher-run stone) or 304.14 {crushed [em Mo, 4 gravel) mests this criterion.  Rework and re-
compact the underlying native soil to structural fll standards outlined in Paragraph No. 2 above pricr
to ‘nstalling the stone base course. Design te met foundations based on 2 uncorrected Modulus of
Subgrade Resction, Ky, of 175 psifin at the bottom of slaby/top of stone; the structural engineer
should adjust this subgrade value for the size of the mat.
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Frost may heave the pad, patentially separating pipe conduit at joints, To protect the pad, we
suggest 1.) undercutting the pad to a 42-inch depth and backfilling with a non-frost susceptible
material such crusher-run stone or crushed Ttem No. 4 gravel or 2.) installing a high density insulation
board under the pad. Under the insultation approach, extend the board horizontally 42-inches in
each direction beyond the edge of the pad. Cover the board with a minimum of six inches of soil.
If insulation board Is used, we suggest using a 2-inch thick, Type IV, V, VI or VII XPS board.

7. The NYS Building Code identifies various selsmic design criteria for this project, We identify the site
as having a Site Classification of C (Dense Soil and Soft Rock). Based on ASCE 7-16 guidelines and
using a Risk Category IV, we recommend using the following seismic design parameters.

Table No. 4 — Seismic Design Parameters
Spectral Response Acceleration Soil Factors __Design Spectral Res Acceleration
S 5 Sus Sy SD, SO,
0.120g 0.045g 0.156g ), (g [I.lﬂ"lg 00455

8, Perform the trenching and excavating work In accordance with NYS Building Code and OSHA safety
standards. The contractor is responsible for determining what measures are required to meet these
standards. Under no circumstances should slopes be steeper than 1 horizontal on 1 vertical. It is
our opinion that the foundation and utility excavation work can be achieved with ‘normal’ excavating
equipment capable of achieving the desired depths, except for where the shallow rock was
encountered at B20-12. 1f grades are required to be cut in this area, a hoe ram may be required to
achieve grades that are deeper than three feet below grade, Remowve water that accumulates in
open Excavations using sumps and pumps.

9. Due to the on-site surface silty soll, we suggest budgeting for the following minimum pavement
sactions for your access roadway, If N.Y.5.D.0.T. Item 304,12 (crusher-run stone) subbase material
is usad, the subbase thickness may be decreased to 9-inches thick. Thicken this section as needed
if used as the construction haul road for the material deliveries expected.

Tahle No. 5 —Pavement Section
1.0 Crushed (tem 4 Gravel Subbase NYSDOT Them 304,14
Geogrid Tensar T-130
Sulbgrade Approved Prool Roll

10,  Establish site drainage to keep water from ponding. Ponding water will result in more significant
frost heave developing during the winter months and may impact rack performance in areas nearby.
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Attached is a Geoscience Business Council paper entited fmpartant Information about your Geotechnical
Engineering Report. It describes how we Intend this report to be used. We will continue to work
cooperatively with you, other project principals, and interested parties to achieve win/win solutions that
benafit all,

This concludes our geotechnical consultation services; call If you have questions or if you require additional
design information. Forward a copy of the near final plans and specifications for our review and comment.
It has been a pleasure to work with you on this project and we look forward to hearing from you again in

the future,
Very truly yours,
FOUN ND + P.C.

1/
D. Netzband, P.E., P.G.

Vice President
Enc.
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SOIL DESCRIPTIONS

COHESIVE SOIL NON-COHESIVE SOIL
Very fine grained solls. Plastic solls that Soils composed of silt, sand and gravel, showing no
can be rolled into a thin thread iF maolst. cohesion or very slight cobiesion
Clays and silty clays show coheslon.
DESCRIPTION  STP -BLOWS/FOOT DESCRIPTION STP —-BLOWS/FOOT
Very Saoft 0-2 Loose 0-10
Soft 35 Frmn 11-25
Maediurm 6-15 Compact 26-40
SLiff 16-25 Dense 41-50
Hard 26 or mare Very Dense 51 ar more
SOIL COMPOSITION DESCRIPTION ESTIMATED PERCENTAGE
and 50
SEHTHE 30-4%
litthe 11-29
trace 0-10

MOISTURE CONDITIONS  Dry, Damp, Moist, Wet, Saturated

Groundisater measured in the Borng or test pit may not have reached eguilibium

SOIL STRATA: TERM DESCRIPTION
layer Sail deposit more than 6" Lhick
53AM Sail deposit less than 4" thick
parting S0l deposit less than 1/8" thick
vaned Horizontal uniform lavers or seams ol soil
GRAIM SIZE
MATERIAL SIEVE SIZE
Boulder Larger than 12 inches
Cobble Finches bo 12 inches
Gravel - ooarse 1 inck ta 3 inches
- meadium FHBinchto 1inch
- fine Mo, 4 ba 3/8 inch
Sand - oosrse Mo, 10 to Be, 4
- medium Mo, 40 to Me, 10
- fine Mo, 200 Lo Mo, 490
Silk and Clay Less than Mo, 200
Standard Penstration Test: The number of blows required to drive a split spoon sampler into the soil with a 140

cplit Spoon Sampler:

Refusal:

Core Recovery (%)

ROD (4 )

paurdd hammer dropped 30 inches, The number of blows required for each &-inches of
penetration is rocorded. The atal nember of blows required for the second and thind 6
inches of penetration is termed the penetration reslstance, or e "N valua,

Typically a 2-font long, 2-inch diameter hollow st2el tube that breaks apart or splits in twn
dawin the tube length.

Depth i the bonng where more than 100 Blows por S-inches are reedad 1o advance the
sarmple spoan.

Ihe total length of rock core recovered divided by the kotal core run,

Fock CQuality Designation — the tztal length of all the plieces of the rack care largar Lhan
dinches dividaed by the total length of the rock core run.



