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January 29, 2025 
File Number: 05.0047339.00 
 
Gravel Pit Solar V, LLC 
575 5th Avenue, 35th Floor 
New York, NY 20027 
 
Attn:  Jon Gravel 
 
Re: Geotechnical Engineering Report 
  Gravel Pit Solar Expansion 
  East Windsor, Connecticut 06016 
 
Dear Mr. Gravel: 
 
In accordance with our agreement signed on August 30, 2024, GZA GeoEnvironmental Inc. (GZA) is 
pleased to present this geotechnical engineering report to Gravel Pit Solar V, LLC. (Client) for the 
above-referenced project.  The objectives of our work were to evaluate subsurface conditions, 
provide laboratory analysis of soils, and develop geotechnical recommendations for the proposed 
ground-mounted solar array foundations and associated site work. 
 
This report is subject to the Limitations outlined in Appendix A.  
 
We appreciate the opportunity to work with you on this project. Please contact Jim Davis, P.E. (860-
462-3016) if you have any questions or require additional information. 
 
Very truly yours, 
 
GZA GEOENVIRONMENTAL, INC. 
 
 
 
 
Martha Harris, E.I.T.         
Assistant Project Manager        

 
 
 
James F. Davis, P.E.       Lawrence F. Johnsen, P.E. 
Associate Principal       Consultant Reviewer 
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1.0 INTRODUCTION 

Our understanding of the project is based on: 
• Discussions with you and the project Team; 
• Online aerial photography; and 
• Site walks to review access and our experience at Gravel Pit Solar. 

 
In addition to our experience, GZA previously prepared the following reports for the original Gravel Pit Solar development.   

 “Gravel Pit Solar Slope Stability Evaluation Memorandum- Rev. 1”, dated March 14, 2022 
 “Geotechnical Data Report, Proposed HDD Bore- Gravel Pit Solar”, dated February 19, 2021 
 “Geotechnical Engineering Report, Gravel Pit Solar”, dated April 13, 2020  

1.1 EXISTING CONDITIONS 

The Site is located in East Windsor, CT and consists of 11 land parcels with a total area of approximately 273 acres. The 
approximate site location is shown on Figure 1 – Site Locus and the parcels are shown on Figures 2 through 4.  The Project 
will be a solar expansion to the existing Gravel Pit Solar Site located on Windsorville Road.  The solar expansion will be to 
the west and south of the existing solar field and will connect to the existing substation constructed as part of the original 
Gravel Pit Solar Site.  The expansion land parcels consist primarily of wooded areas and open tobacco farmland with 
several barns.  An active railroad track is located between the Gravel Pit Solar site and the western proposed expansion 
lots.   The parcels are intersected by Wapping Road, Graham Road, and Miller Road.  Ketch Brook is located between the 
existing Gravel Pit Solar Site and the southern expansion parcels.     

1.2 PROPOSED CONSTRUCTION 

The proposed solar photo-voltaic (PV) development will consist of new solar modules and up to about 1,250 feet of 
Horizontal Directional Drilling (HDD) for underground electrical cables.  The solar panels will be ground-mounted, and we 
understand that short galvanized driven H-piles are the preferred foundation alternatives.  The solar arrays will tie into 
the existing electrical substation located off Windsorville Road. One of the proposed HDD alignments will be under the 
existing rail to connect the western expansion parcels to the existing substation. The second HDD alignment will be below 
Ketch Brook to connect the southern expansion parcels to the existing substation. 

2.0 SUBSURFACE EXPLORATIONS 

GZA performed a subsurface exploration program consisting of 15 test borings (GZ-301 through GZ-313, GZ-310A and GZ-
311A), 3 test pits (PLT-1 through PLT-3), 3 field electrical resistivity tests (ERI-1 through ERI-3), and 6 dynamic cone 
penetrometer tests (DCP-1 through DCP-6).  The location and elevation of the explorations were determined in the field 
by GZA using a handheld GPS unit with sub-meter resolution.  A GZA field representative observed the explorations, 
classified soil samples based on visual-manual observations, and prepared the logs for each exploration. The locations of 
the completed subsurface explorations are presented on Figure 2 through Figure 4. 

2.1 TEST BORINGS 

The test borings were drilled by SoilTesting, Inc. of Oxford, Connecticut between September and October 2024 using an ATV-
mounted drill rig and hollow-stem augers.  The test borings were advanced to depths ranging from 7.8 to 80 feet.  Split spoon 
soil samples were collected in general accordance with ASTM D1586, the Standard Penetration Test (SPT) at up to 5-foot 
intervals.  Samples were collected with a safety hammer. Test boring logs are presented in Appendix B. 



January 29, 2025 
Gravel Pit Solar Expansion Geotechnical Engineering Report 

05.0047339.00 
 Page | 2 

 
 

An offset test boring was performed at GZ-310 and GZ-311 due to shallow drilling refusal on presumed bedrock.  The offsets 
were designated with an A (I.E. GZ-310A).  The offsets confirmed shallow refusal and a 5-foot core was performed at GZ-311A 
to confirm the presence of bedrock. Photographs of the bedrock core are presented in Appendix C. 

A temporary 1-inch diameter monitoring well was installed at each test boring to collect groundwater measurements, except 
locations GZ-302 through GZ-306 where a permanent monitoring well with a steel standpipe was installed. The temporary 
monitoring wells were removed following the completion of the test boring program.  

2.2 TEST PITS 

The test pits were performed by Horton Electrical Services, LLC on November 23, 2024 using a tracked excavator. The test 
pits were advanced to depths ranging from 7 to 8 feet.  Test pit logs are included in Appendix I. 

2.3 ELECTRICAL RESISTIVITY TESTING 

GZA performed the field electrical resistivity tests with an AEMC Model 6472 resistivity meter using the Wenner Method 
(Four-Point) on September 19 and 20, 2024.  Each test included two sets of resistivity readings performed in an orthogonal 
array pattern with the midpoints at approximately the same locations. The probes were spaced at increments of 5, 10, 15, 
30, 45 and 60 feet using a tape measure. Soil electrical resistivity test results, including electrode probe spacing, a, depth, 
b, and measured resistance, are presented in Appendix D.  

The ambient air temperature during the resistivity surveys was between 60-70°F with partly cloudy conditions. The tests 
were conducted after a minimum 48-hour dry period following recorded precipitation.  Surface water was not observed 
in the test areas.  

2.4 DYNAMIC CONE PENETRATION TESTING 

On October 7, 2024, GZA performed six dynamic cone penetration (DCP) tests with a KESSLER K-100 dynamic cone 
penetrometer. Each test was performed with a 17.6 lb. hammer and advanced to a depth of 4-feet below ground surface, 
or refusal. The results to the DCP testing are presented in Appendix E.  

3.0 LABORATORY TESTING PROGRAM 

Laboratory tests were performed on soil collected from the explorations to confirm the visual-manual classification and 
to assess engineering properties. The laboratory test results are tabulated below and included in Appendix F.  
Geotechnical index testing and corrosivity testing was performed by Thielsch Engineering of Cranston, Rhode Island. 
Thermal resistivity testing was performed by GeoTesting of Acton, Massachusetts. Soil fertility testing was performed by 
UConn Soil Nutrient Analysis Lab of Storrs, Connecticut.   

Geotechnical Index Testing and Results 
 Exploration Sample Depth (ft.) Stratum Percent Passing No. 200 Sieve 

GZ-301 2-4 Alluvial Deposits 30.1 
GZ-302 2-4 Subsoil/Alluvial Dep. 10.6 
GZ-304 0-2 Topsoil/Fill 10.7 
GZ-306 0-2 Subsoil/Alluvial Dep. 16.4 
GZ-308 0-2 Topsoil/Subsoil 28.3 
GZ-309 2-4 Alluvial Deposits 35.9 
GZ-310 2-4 Subsoil/Alluvial Dep. 40.4 
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GZ-312 0-2 Topsoil/Subsoil 20.4 
PLT-1 Grab Sample Alluvial Deposit 6.4 
PLT-2 Grab Sample Alluvial Deposit 17.9 
PLT-3 Grab Sample Alluvial Deposit 18.2 

Corrosivity Testing 
Summary of Laboratory Corrosion Testing 

Exploration GZ-302 GZ-308 GZ-311 
Sample Depth 5-9 ft 5-9 ft 0-4 ft 

Stratum Alluvial Deposits Subsoil/Fill/ 
Alluvial Deposit 

Topsoil/Subsoil/ 
Alluvial Deposit 

Sulfate 14 mg/kg 27 mg/kg 21 mg/kg 
Sulfide <0.5 mg/kg <0.5 mg/kg <0.5 mg/kg 

Chloride <5 mg/kg <5 mg/kg <5 mg/kg 
Redox Potential 278.1 mv 229.5 mv 256.3 mv 

pH 6.7 6.8 6.6 
Electrical Resistivity 

(saturated) 
78,000 ohm-cm 43,000 ohm-cm 81,300 ohm-cm 

Thermal Resistivity Testing 
Summary of Thermal Resistivity Testing 

 PLT-1 PLT-2 PLT-3 
Sample Interval (ft) 1 to 4 
Stratum Subsoil/Alluvial Deposit 
Thermal Resistivity Point 1 (°K-cm/W) 347 300 268 
Moisture Content 0% 0% 0% 
Thermal Resistivity Point 2 (°K-cm/W) 63 61 57 
Moisture Content 4.6% 7.1% 7.7% 
Thermal Resistivity Point 3 (°K-cm/W) 45 47 51 
Moisture Content 13.5% 17% 14.3% 

Soil Fertility Testing 
Summary of Fertility Testing 

 GZ-301 GZ-302 ERI-1 
Sample Depth 0’-2’ 0’-2’ 0’-2’ 
Stratum Topsoil/Subsoil Topsoil/Subsoil Topsoil/Subsoil 
Calcium (lbs/acre) 245 116 212 
Magnesium (lbs/acre) 48 45 64 
Phosphorus (lbs/acre) 16 12 9 
Potassium (lbs/acre) 71 55 36 

Summary of Textural Analysis Testing 
Sand (%) 49.8 53.8 58.2 
Silt (%) 43.8 37.8 37.4 
Clay (%) 6.4 8.4 5.4 
Organic Matter (%) 1.9 1.3 0.4 
USDA Classification Sandy Loam Sandy Loam Sandy Loam 
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4.0 SUBSURFACE CONDITIONS 

The subsurface conditions at the Site located east of Wapping Road and Miller Road are mapped as Glacial Till.  The Site 
west of Wapping Road is mapped as either Sand, Sand and Gravel, or Sand and Gravel over Sand.  The conditions 
encountered in the explorations were generally consistent with the mapped geology.  The depths and elevations of 
encountered strata are summarized on Table 1. Refer to the exploration logs in the appendices for specific soil 
descriptions.   

4.1 EAST OF MILLER ROAD AND WAPPING ROAD 

TOPSOIL/SUBSOIL – About 2 to 3.3 feet of Topsoil/Subsoil was encountered at the ground surface. Topsoil/subsoil 
generally consisted of Silt with up to 50 percent fine sand or fine sand with up to 35 percent silt.  SPT N-values ranged 
from 4 to 18, indicating a loose to medium dense relative density.   

ALLUVIAL DEPOSITS – Naturally-deposited alluvial deposits below the topsoil/subsoil ranged from about 2- to 6.5-feet 
thick when fully penetrated.  GZ-312 terminated in the Alluvial Deposits and the stratum was at least 13-feet thick.  Alluvial 
Deposits generally consisted of fine to medium sand with up to 50 percent gravel and up to 35 percent silt.  SPT N-values 
ranged from 22 to greater than 50, indicating a medium dense to very dense relative density.  

GLACIAL TILL – Naturally-deposited glacial till was encountered below the alluvial deposits at each of the test borings, 
except GZ-312.  Glacial Till varied from 1- to at least 2.5-feet thick.  Glacial till generally consisted of fine to coarse sand 
with 30 to 50 percent gravel and up to 25 percent silt.  SPT N-values were greater than 50, indicating a very dense relative 
density.  

BEDROCK – Refusal on inferred bedrock was encountered in each of the test borings, except GZ-312.  A 5-foot long, NX 
size bedrock core was performed at GZ-311A to confirm the presence of bedrock.  The bedrock core consisted of Arkose 
(sandstone and siltstone) with a recovery of 97% and rock quality designation of 52%.  

4.2 WEST OF WAPPING ROAD 

TOPSOIL/SUBSOIL – Topsoil/Subsoil at the ground surface ranged from about 0.5 to 5.5 feet thick.  Topsoil/subsoil 
generally consisted of silt with up to 50 percent fine sand or fine sand with up to 35 percent silt. SPT N-values ranged from 
15 to 28, indicating a medium dense relative density.   

FILL – Existing fill was encountered below the topsoil/subsoil at test borings GZ-303 (OW), GZ-304 (OW), and GZ-308. The 
thickness of the fill ranged from 1.5- to 13-feet-thick. The existing fill generally consisted of fine to coarse sand with up to 
40 percent gravel, and up to 35 percent silt. SPT N-values ranged from 12 to 74, indicating a medium dense to very dense 
relative density.   

ALLUVIAL DEPOSITS – Naturally-deposited alluvial deposits were encountered below the Topsoil/Subsoil and the Fill at 
each of the test borings.  The naturally deposited alluvial deposits were not fully penetrated and ranged from a minimum 
of 15- to 79.5-feet-thick.  Alluvial Deposits generally consisted of either fine to medium sand with up to 50 percent gravel 
and up to 20 percent silt or fine sand with up to 35 percent silt. SPT N-values ranged from 6 to 110, indicating a loose to 
very dense relative density.   
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4.3 GROUNDWATER 

Groundwater was attempted to be measured in each of the explorations during drilling and in the temporary/permanent 
monitoring wells.  However, groundwater was only encountered at GZ-302 through GZ-306.  Groundwater depths ranged 
from about 8 to 41 feet, corresponding to El. 110.5 to 125 feet. Note that groundwater observations may not represent 
stabilized groundwater conditions. Fluctuations in groundwater levels may occur due to variations in season, rainfall, site 
features and other factors different from those existing at the time of the explorations and measurements.   

5.0 PILE LOAD TESTING 

Pile load testing was performed in three areas of the Site (PLT-1 through PLT-3) by Horton Electrical Services, LLC. of 
Canton, Connecticut between November 8 and 27, 2024.  Two W6x9 piles were installed at each location, one to about 6 
feet of embedment and one to about 10 feet of embedment.  At PLT-3, the deeper pile encountered refusal and was only 
installed to about 8.5 feet.  The piles were installed with a Vermeer PD-10 using a percussion hammer.  The installation 
depths, approximate installation time, and terminate stratum are tabulated below. 

PLT Test Area Pile Embedment Length Installation Time (minutes) Termination Stratum 
1 6 feet 1:55 Alluvial 
1 10 feet 0-6’: 1:40     6-10’: 1:45 Alluvial 
2 6 feet 4:15 Alluvial 
2 10 feet 0-6’: 4:15     6-10’: 5:05 Alluvial 
3 6 feet 22:45 Weathered Bedrock 
3 8.5 feet 39:50 Weathered Bedrock 

Each pile was tested in tension and laterally.  Deflection was measured with dial gages and a survey level with a scale.  
Applied load was measured with an electronic load cell.  Load was applied with a piece of equipment and a chain fall.  
Tension tests loaded the piles to 1 inch deflection or 20,000 pounds, whichever was greater.  Lateral tests loaded the piles 
to 1 inch deflection or 3,000 pounds in the strong direction of the pile, whichever was greater.  The lateral load was applied 
approximately 4’ 9” above the ground and deflection was measured about 6 inches from the ground.  The 6-foot 
embedment pile at PLT-1 test area was also loaded in compression.  The compression test was loaded to 12 kips, or 1 inch 
deflection, whichever was greater.   

GZA personnel were onsite during installation and documented the load testing.  The load test results are tabulated below 
and a load-deflection curve is provided for each loading type in Appendix H.  If the pile deflected greater than 1 inch, the 
load resulting in 1 inch of deflection is tabulated below.  However, the pile may have been loaded higher.  Refer to the 
figures in Appendix H for maximum loads and deflections. 

PLT 
Test 
Area 

Pile 
Embedment 

Length 

Tension Load / 
Deflection 

Lateral Load / 
Deflection 

Compression 
Load / Deflection 

Load Testing Notes 

1 6 feet 10.6 kips / 1” 3 kips / 1” 11.3 kips / 0.9” Pile loaded to 12.5 kips in 
tension but deflection was 
greater than 3 inches 

1 10 feet 20 kips/ 0.6” 4.6 kips / 1” --- Pile twisted during lateral test 
2 6 feet 20 kips / 0.5” 4.3 kips / 1” ---  
2 10 feet 20 kips / 0.3” 5 kips / 1” ---  
3 6 feet 20 kips / 0.7” 4.6 kips / 1” --- Bent plastically during lateral  
3 8.5 feet 20 kips / 0.4” 4.9 kips / 1” --- Bent plastically during lateral 
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The 10-foot pile at PLT-1 area twisted at 4.6 kips during the load testing, limiting the allowable load on the pile and 
deflection measurements.  The 6- and 8.5-foot pile at PLT-3 area deflected plastically at about 4.6 and 4.9 kips respectively, 
and the load test was terminated.  Following the load test program, the piles were removed, and a test pit was excavated 
nearby to depths of 7 to 8 feet. Test pit logs are presented in Appendix I. 

6.0 RECOMMENDATIONS FOR DESIGN 

The subsurface conditions generally consisted of topsoil/subsoil overlying natural alluvial deposits or glacial till.  Fill was 
encountered at one exploration, GZ-308.  The proposed PV arrays can be supported on either deep foundations or ballast 
block foundations founded on/in the alluvial deposits or glacial till.  If deep foundations are selected, shallow refusal may 
be encountered east of Wapping Road where glacial till and bedrock ranged from 5 to 9 feet. 

6.1 PILE FOUNDATIONS 

GZA’s load testing program consisted of W6x9 piles advanced with a percussion hammer.  Preliminary design parameters 
for pile design are summarized in the table below based on the load test results.  We recommend additional pile load 
testing during construction to confirm the design values based on the contractor’s installation equipment and methods.  
Separate pile load testing should be performed east and west of Wapping Road where the bearing layer is anticipated to 
be glacial till/rock and alluvial deposits, respectively.  

Design Parameter 
Preliminary Design Value- W6x9 Piles 

Topsoil/Subsoil Alluvial Deposits Glacial Till  
Allowable Side Friction  25 psf 350 psf 500 psf 
Allowable End Bearing 0 psf 3,000 psf 6,000 psf 
Friction Angle 28⁰ 32⁰ 36⁰ 
Total Unit Weight 115 pcf 125 pcf 135 pcf 
Lateral Soil Modulus 
above groundwater 15 pci 90 pci 225 pci 

Lateral Soil Modulus 
above groundwater Not Applicable  60 pci 125 pci 

The allowable side friction assumes a factor of safety of 2 based on performance of production pile load testing and a 
maximum deflection of 1 inch at ultimate load.  End bearing assumes a factor of safety of 2.  We do not recommend 
assuming a plugged pile tip when calculating the end bearing resistance.  Capacity in the freeze-thaw zone should be 
neglected, see the Frost section for more information.  

Qualcorr Engineering performed a corrosivity analysis of the soils for steel foundations.  Qualcorr’s report is included in 
Appendix G.  The report indicates the soils were non-aggressive for buried steel and bare steel would have a design life of 
approximately 35 years.  The average rate of corrosion was reported between 0.35 and 1 mils per year. Qualcorr 
recommended installation of at least four corrosion monitoring probes to confirm corrosion rates are within acceptable 
levels and recommended design of a discrete cathodic protection system to protect piles located within 25 feet of copper 
grounding electrodes.  

Piles east of Wapping Road have the potential for shallow refusal on glacial till and bedrock and should be accounted for 
in the pile design.  Ground screw foundations should be considered east of Wapping Road as ground screws can sometimes 
penetrate bouldery soil better than driven piles installed with a lightweight hammer.  Cobbles and boulders were 
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encountered in the alluvial deposits and should be anticipated in the glacial till.  Due to the potential for shallow 
embedment, we recommend the design-build contractor include a contingency plan for piles that cannot be installed to 
design depth in their submittal.  

We recommend that the structural engineer perform calculations to check the piles for shear and moment capacity before 
installation.  GZA can provide a lateral load evaluation to assess pile embedment depths once actual loads are known, if 
requested.  

6.2 BALLAST BLOCK FOUNDATIONS 

Ballast block foundations are an alternative to deep foundations for support of the PV array.  We recommend stripping 
topsoil from the block foundation footprint and not supporting the foundations on topsoil.  Our experience has been the 
ballast blocks are relatively limited in size and embedment.  Due to the limited embedment, potential differential 
deflections for ballast block foundations are on the order of 1 to 2 inches with frost. 

If the PV array can tolerate differential movements (both settlement and heave), the ballast blocks can be supported on 
subsoil at the Site.  For a minimum 2-foot-wide block and 12 inches of embedment, we recommend an allowable bearing 
capacity of 1,500 psf for subsoil.   

To reduce risk of settlement and heave, the subsoil can be removed and the ballast block foundations can be supported 
on natural alluvial deposits.  If fill is required between the alluvial deposits and footing, Sand-Gravel Fill, Structural Fill, or 
on-site Alluvial Deposits should be used.  Removal of subsoil should include the footing zone of influence, which is a line 
extending one foot outside the edge of block and down at a 1 horizontal to 1 vertical.  For an embedment of at least 12 
inches and a block with minimum dimensions of least 2 feet, we recommend an allowable bearing capacity of 2,500 psf.   

Lateral loads on the ballast blocks can be resisted by friction at the base. The ultimate friction coefficient for precast 
concrete blocks against subsoil is 0.3 and for alluvial deposits is 0.35.   

The ballast block subgrade soils should be proof-compacted with multiple passes of a drum roller (with a minimum 
dynamic force of 5,000 pounds per foot of drum width) or plate compactor (with a minimum weight of 400 pounds) under 
the observation of the Geotechnical Engineer.  Any weak or unstable areas identified should be overexcavated and 
replaced with compacted Sand-Gravel Fill or onsite alluvial deposits.  If silty subgrades soften during proof-compaction, 
vibrations should not be used during proof compaction.  

6.3 FROST 

The estimated frost depth at the Site based on a 25-year return period Air Freezing Index (AFI) is 2.5 feet.  The frost depth 
will impart uplift loading on deep foundations which should be accounted for in design.  The soils within the frost depth 
should be neglected when analyzing the pile capacity for uplift and or compression.   

6.4 SEISMIC SITE CLASS 

The on-site soils are not susceptible to liquefaction during the IBC design earthquake.  In accordance with IBC 2021, the 
site west of Wapping Road may be classified as Site Class D and east of Wapping Road may be classified as Site Class C.  
The 2022 Connecticut State Building Code indicates the site’s design response spectra can be constructed using the 
following coefficients: 
 
SS = 0.177G  S1 = 0.055g 
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 where: 
• SS is the spectral acceleration coefficient at 0.2-sec period and not corrected for Site Class 
• S1 is the spectral acceleration coefficient at 1.0-sec period and not corrected for Site Class 

6.5 PERMANENT UNPAVED SITE ACCESS ROADWAYS 

Based on our experience with similar sites, we understand that post-construction temporary site access roads typically fall 
into two categories, Fire Truck Access and Pickup Truck Access.  GZA’s recommended design section for each category is 
summarized below. 

Access Road Type Finish Course Type / Thickness Base Course Type / Thickness 
Fire Truck Access Dense-Graded Crushed Stone / 4” Sand-Gravel Fill / 12” 
Pickup Truck Access Dense-Graded Crushed Stone / 4” Sand-Gravel Fill / 10” 

Fire truck access assumes H-20 loading and use on the order of 2 times per year.  Pickup truck access assumes use on the 
order of once per month.    

Topsoil should be removed prior to fill placement for the access roads.  The road subgrade soils should be proof-compacted 
with multiple passes of a drum roller (with a minimum dynamic force of 5,000 pounds per foot of drum width) under the 
observation of the Geotechnical Engineer.  Any weak or unstable areas identified should be overexcavated and replaced 
with compacted Sand-Gravel Fill or onsite alluvial deposits.  If silty subgrades soften during proof-compaction, vibrations 
should not be used during proof compaction.   

6.6 EQUIPMENT PADS 

We recommend a base course below the equipment pads of at least 18 inches of ¾-inch crushed stone wrapped in non-
woven filter fabric (Mirafi 140N or similar). The filter fabric should envelop the crushed stone.  The 18-inch-thick base 
course should be supported on either naturally-deposited alluvial deposits, or at least 2 feet of Granular Fill overlying 
subsoil or fill.  Excavation for the equipment pad area should extend to at least 2 feet outside the edge of the equipment 
pads and be performed with a smooth-edged bucket to reduce the potential for disturbance to the excavated subgrade.  
Finish grades along the perimeter of the pads should be sloped to direct surface water away from the pads.   

The recommended allowable bearing pressures for equipment pads is 2,500 pounds per square foot (psf).   The subgrade 
below either the crushed stone or Granular Fill should be proof compacted with multiple passes of a drum roller (with a 
minimum dynamic force of 5,000 pounds per foot of drum width) under the observation of the Geotechnical 
Engineer.  Any weak or unstable areas identified should be overexcavated and replaced with compacted Sand-Gravel Fill 
or onsite alluvial deposits.  If silty subgrades soften during proof-compaction, vibrations should not be used during proof 
compaction.   

Based on our experience with similar projects, we understand conduit entering equipment pad areas typically require 
excavation up to 3 feet below finished grade.  Backfill over the conduits should consist of either compacted Granular Fill 
or onsite Alluvial Deposits, provided the material does not damage the conduit or inhibit the intended use, or backfilled 
as otherwise recommended by the conduit manufacturer. The backfill should be compacted to at least 92 percent of the 
maximum dry density as determined by ASTM Test D1557, Method C.   

Subgrade preparations for backfilling, equipment support slabs, and access roads should be conducted in such a way as 
to minimize disturbance, particularly if silty soils are encountered at subgrade level. Care must be taken to slope all 
working surfaces to facilitate and control surface water. Appropriate dewatering/surface water control procedures should 
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be implemented prior to performing final excavation to subgrade and proof-compaction. Subgrades should be protected 
from frost and fill should not be placed over frozen soil. 

6.7 RECOMMENDED FILL GRADATIONS 

Sand-Gravel (Gravel) should consist of inert material comprised of hard, durable stone (not crushed concrete) and coarse 
sand, free from trash, ice, snow, tree stumps, roots, organic materials, and other deleterious matter, and conform to the 
following gradation: 

Sieve Size     Percent Passing  
(ASTM D422)   By Weight 
2-inch     100 
½-inch     50-85 
No. 4     40-75 
No. 40     10-35 
No. 200     0-8 

Dense-Graded Crushed Stone should consist of angular fragments of hard, durable crushed rock (not crushed concrete), 
free from a detrimental quantity of thin, flat, elongated pieces or be durable crushed gravel stone obtained by artificial 
crushing of gravel, cobbles, boulders or fieldstone. The crushed stone should be free from trash, ice, snow, tree stumps, 
roots, organic materials, and other deleterious matter.  Dense-Graded Crushed Stone should conform to the following 
gradation: 

Sieve Size     Percent Passing  
(ASTM D422)   By Weight 
2-inch     95-100 
¾-inch     50-75 
¼-inch     25-45 
No. 40     5-20 
No. 100     2-12 

Structural Fill (Granular Fill) should be free from trash, ice, snow, tree stumps, roots, organic materials, and other 
deleterious matter.  Structural Fill should conform to the following gradation requirements: 

Sieve Size    Percent Passing 
(ASTM D422)   By Weight 
3-inch     100 
No. 10     30-95 
No. 40     10-70 
No. 200      0-15 

3/4-inch Crushed Stone should consist of angular fragments of hard, durable crushed rock (not crushed concrete), free 
from a detrimental quantity of thin, flat, elongated pieces or shall be durable crushed gravel stone obtained by artificial 
crushing of gravel boulders or fieldstone. The crushed stone should be free from trash, ice, snow, tree stumps, roots, 
organic materials, and other deleterious matter. Crushed Stone should conform to the following gradation: 
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Sieve Size    Percent Passing 
(ASTM D422)   By Weight 
 1-inch     100 
3/4-inch    90-100 
1/2-inch    10-50 
3/8 inch    0-20 
No. 4     0-5 

6.8 RE-USE OF ON-SITE SOILS 

Excavated materials are anticipated to consist of topsoil/subsoil, fill, and alluvial deposits.  Topsoil/subsoil and fill are not 
anticipated to meet the recommended gradations above and are not recommended for reuse as such.  The existing fill 
can be used to grade the Site following processing, culling, and /or crushing boulders, concrete and cobbles.  We 
recommend limiting the maximum particle size to 8 inches.   

Based on our Site observations and the gradation test results, some of the Alluvial Deposits may meet the gradations of 
Sand-Gravel Fill and Structural Fill.   

7.0 CLOSING 

We trust the information presented herein is sufficient for your use.  We have enjoyed working with you on this project 
and look forward to assisting you on future projects.  Please call us with any questions. 

 

 


