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1.0 Executive Summary 
The results of our geotechnical study are summarized below. The executive summary should be used in 

conjunction with the body of the report as it details our recommendations.  

PROPOSED CONSTRUCTION AND SITE CONDITIONS SECTION(S) 

Proposed 
Construction 

Installing sheet piling on the upstream sides of the dams; rehabilitating Lake 

Albert spillway, installing a new trapezoidal spillway on the Lake Albert 

embankment. 

2.1 

Surface 
Materials  

4 in. thick asphalt layer and embankment fill at the surface. Sites occupied by 

earthen embankments, timber drop box, timber pedestrian bridge, bituminous 

pavement, vegetation, flashboard controller weir and broad crested reinforced 

concrete weir. 

2.1, 4.2 

Subsoils 

Stratum F – FILL: Sand, little Silt, trace Gravel (6 ft thick in one boring) 

Stratum 1 – Sand, trace Silt (4 ft thick) 

Stratum 2 – Sand, trace Silt, varying amounts of Clay/Organics (5 to 12 ft thick) 

Stratum 3 – Sand, trace Silt, varying amounts of Gravel (borings terminated in 

this layer) 

Stratum 4 – Silt, little Sand (5 to 6 ft thick, interbedded in Stratum 3) 

4.2 

Field Work 8 SPT borings advanced from 40 to 60 ft below the ground surface. 3.1 

 

RECOMMENDATIONS SECTION(S) 

Seismic Site 
Class 

D – a stiff soil profile in accordance with IBC 2018.  5.5 

Lift Thickness 
and 
Compaction 
Requirements 

Fine Grained Soil – 8 to 10 in. thick layers loose measure;  

Granular Soil – 10 to 12 in. thick layers loose measure.  

Foundations 98% (standard Proctor) or 95% (modified Proctor) depending on 

compaction equipment used.  

Pavements 95% (standard Proctor) or 93% (modified Proctor) depending on 

compaction equipment used. 

5.8 

Foundations 
Thickened mat foundation bearing on new fill or Stratum 3 soils, with an 
allowable bearing capacity of 3,000 psf. Alternatively, grouted helical pile 
foundation system or timber piles. 

5.3 

Settlement 
Total and differential settlements anticipated to be less than 1 in. and ½ in., 
respectively. Negligible with the use of pile foundations. 

5.4 

Frost Depth 36 in. below finished exterior grades. 5.3 

Groundwater 

Groundwater encountered at depths of 4 to 6 ft (Elev. 59.5 to Elev. 64.5) in the 
borings. Groundwater should be lowered a minimum of 5 ft below excavation 
depths using a well-point system or temporary shoring and high-capacity 
pumps. 

4.3, 5.7 
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2.0 Introduction 

2.1 Background 

Based on our review of historical records titled, “A Brief History and Overview of Buena Vista Township,” 

dated March 2001, the Collings Lakes area was originally a cranberry bog that was converted into man-made 

lakes in the 1950s, including the project sites, specifically Lake George and Lake Albert. Residential properties 

were constructed surrounding the man-made lakes in the 1950s. Dams were constructed between the water 

bodies, separating the man-made lakes.  

The project sites are located within the Borough of Folsom and the Township of Buena Vista, New Jersey. 

Specifically, the project will encompass the Lake George Dam spillway (Site George) and the Lake Albert Dam 

spillway (Site Albert). Site George is bounded by one to two story residential houses to the north, by Lake 

Albert to the east, by residential houses and undeveloped densely wooded area to the south, and by Lake 

George to the west. Site Albert is bounded by Lake Albert to the north, and by undeveloped densely wooded 

area to the east, south, and west.  

 

Figure 1: Site Location 

Site George consists of an approximately 470 ft long dam with a height of 12 ft, an earthen embankment 

crest approximately 35 ft in width, and a timber drop box structure with two flashboard-controller weirs with 

a total length of 9.4 ft. The timber structure additionally supports a pedestrian bridge. The auxiliary spillway 

immediately north of the drop box consists of a 100 ft long, 25 ft wide bituminous crest. Overhead electrical 

and telecommunications (T/C reportedly unused) lines traverse along the east side of the dam. Additionally, 

steel guardrails (removed prior to the field investigation) traverse along the east and west sides of the earthen 

embankments.  

Site Albert consists of an earthen embankment crest approximately 15 ft in width and a spillway with a broad 

crested reinforced concrete weir 70 ft in width, supported by a 3 in. thick timber pile cutoff wall extending 

downward 23 ft. 12 in. diameter timber pilings support the cut off wall.  

Proposed construction is anticipated to consist of installing sheeting on the upstream sides of both dams, 

rehabilitating the Lake Albert spillway, and installing a new trapezoidal spillway on the Lake Albert 

embankment. 

Lake George 

 

Lake Albert 
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2.2 Objectives  

The objectives of this geotechnical study were to determine subsurface conditions at the project sites, 

evaluate these conditions with respect to the proposed construction, and present our conclusions and 

recommendations regarding:   

 seepage analysis of water flow through embankment and subsurface soils beneath the structure; 

 discussion of factor of safety against piping; 

 slope stability analysis at various cross sections using GSTABL software, identifying localized and 

global stability concerns; 

 estimate the degree of seepage occurring from the lake to the downstream tailwater at normal 

operating conditions within the canal;  

 determine global stability of the dam under normal, maximum pool, and rapid drawdown conditions. 

 foundation design including a discussion of alternate solutions if applicable, allowable bearing 

capacity and anticipated total and differential settlements; 

 Soil Site Class for “general procedure” seismic analysis in accordance with IBC requirements; 

 use and treatment of in-situ material for controlled fill; 

 removal or treatment of objectionable material;  

 groundwater conditions and dewatering; and 

 quality assurance, field-testing and observation during construction. 

3.0 Field and Laboratory Work 

3.1 Field Work 

From the period January 30 to February 2, 2024, eight Standard Penetration Test (SPT) borings were drilled 

by CGC Geoservices, LLC at the approximate locations presented on the Location Plan, TL-1 & TL-2. 

Representative soil samples were obtained in general accordance with ASTM D 1586 methods. The boring 

locations were selected and established in the field by Pennoni personnel.  Appendix A includes the boring 

logs and the Location Plan, Drawing No. TL-1 & TL-2.  

Our M. Arkan, PE directed the field work; our T. Hall, EIT, provided full-time observation and logging of the 

test borings. 

3.2 Laboratory Work 

The soil samples collected during our field study were delivered to our laboratory for testing. Table 1 below 

summarizes the geotechnical laboratory program.  

Table 1: Geotechnical Laboratory Program 

TEST ASTM NO. NUMBER OF TESTS 

Moisture Content D 2216 5 

Sieve Analysis D 422 5 

Plasticity Index (Limits) D 4318 2 

Unit Weight D 7263 1 

Unconfined Compression D 2166 1 

Organic Content, Loss on Ignition D 2974 1 

Appendix B includes the laboratory testing results and a list of testing procedures. 
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4.0 Subsurface Characteristics 

4.1 Geology 

The project site is located within the Inner Coastal Plain Physiographic Province of New Jersey, which is 

characterized by relatively loose sedimentary materials, relatively flat terrain, underlain by sands and gravels 

of Cretaceous origin (about 100,000,000 years old) with meandering rivers which drain to Raritan or the 

Delaware River.  The Inner Coastal Plain has been eroded down to older sediments richer and finer, such as 

clay and silts.  The topography of this area can be characterized by rolling lowlands.  Available geologic data 

shows that the site is underlain by the Cohansey Formation, consisting of fine to coarsely grained sand, 

locally gravelly. The formation is interbedded with discrete beds of clay or silty clay, thin- to thick-bedded, 

massive to finely laminated, dark gray. Dark gray beds commonly contain carbonized wood fragments.  

4.2 Subsoils 

Test Borings B-3 and B-4 revealed an approximately 4 in. thick asphalt layer at the surface. A Fill layer was 

observed below the surface layer in boring B-3, with a thickness of 6 ft. The underlying subsoils, including the 

fill, have been grouped into five principal strata based on their engineering properties and our interpretation 

of their origin. Brief strata descriptions are presented in Table 2. 

Table 2: Strata Descriptions 

STRATUM THICKNESS (FT) DESCRIPTION 

F 6.0 
FILL: Brown to black fine to medium to coarse SAND, little Silt, 

trace fine Gravel; loose 

1 4.0 
Brown to gray fine to medium SAND, trace Silt; very loose to 

medium dense 

2 5.0 – 12.0 

Brown to tan to gray to black fine to medium to coarse SAND, trace 

Silt, with varying amounts of Clay and Organics; very loose/very 

soft to loose/medium stiff 

3 -- 

Multicolored fine to medium to coarse SAND, trace Silt, with 

varying amounts of fine to coarse Gravel and occasional Clay 

pocket; loose to very dense 

4 5.0 – 6.0 
Dark gray SILT, little fine to medium Sand; stiff; interbedded in 

Stratum 3 

Notes:  Stratum F only encountered in B-3. Stratum 1 not encountered in B-3. 

All borings terminated in Stratum 3. Stratum 4 observed as interbedded in Stratum 3 in B-1A 

and B-2A. 

4.3 Groundwater 

Observations for groundwater were made in the borings during and prior to the addition of water for the 

performance of drilling operations. Evidence of groundwater was encountered in the borings at depths 

varying between 4 and 6 ft below the ground surface (Elev. 59.5 to Elev. 64.5). These observations are for the 

times and locations noted and may not be indicative of seasonal or daily fluctuations. Seasonal variations 

on the order of several feet should be anticipated. Variations in the groundwater level are anticipated to 

fluctuate based on the water level of Lake George and Lake Albert. 
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5.0 Analysis and Recommendations 

5.1 Stability Analysis 

Table 3 summarizes the water levels assumed for separate cases analyzed in the stability analysis. The table 

includes water elevations upstream and downstream of the existing dam and anticipated head differential 

between them. For our seepage analysis, normal pool conditions were used. 

Table 3: Estimated Water Elevations 

DESIGN SCENARIO 
ESTIMATED UPSTREAM HEADWATER ELEVATION (FT) 

LAKE GEORGE LAKE ALBERT 

Normal Pool 66.6 63.7 

Maximum Storage Pool 71.0 66.0 

Maximum Surcharge Pool 71.5 66.5 

Rapid Drawdown from 

Max. Storage Pool 

71.0 – Before Drawdown 

58.0 – After Drawdown 

66.0 – Before Drawdown 

55.5 – After Drawdown 

Rapid Drawdown from 

Max. Surcharge Pool 

71.5 – Before Drawdown 

58.0 – After Drawdown 

66.5 – Before Drawdown 

55.5 – After Drawdown 

Pennoni utilized Gregory Geotechnical’s GEOSTASE® software to perform our slope stability analyses. 

GEOSTASE® is a 2-D limit equilibrium slope stability analysis software program. Our analyses are based on 

the topography provided in the project site drawings, soil parameters, stratigraphy depths/thicknesses, and 

groundwater elevations based on the borings performed as part of this study, and water surface elevations 

based on normal pool, maximum storage pool, and maximum surcharge (overtopping) pool of the dam. The 

groundwater observations encountered in the geotechnical field exploration were assumed to be made 

during “normal pool” conditions. The cross-sections where global stability was performed were chosen within 

earthen embankment areas of the dam as indicated in the Location Plan, TL-1 & TL-2. 

The purpose of a slope stability analysis is to provide an estimation of the slope stability based on the existing 

topography and loading conditions resulting in the estimation of a minimum factor of safety against slope 

failure. A factor of safety greater than one (> 1.0) generally indicates stability even if only marginally so and 

a factor of safety less than one (< 1.0) indicates an unstable slope condition. General design practice 

considers a minimum “long term” factor of safety of 1.5 and a “short term” (e.g., during construction, etc.) of 

1.3. For the purpose of this discussion, slope failure is categorized in two types: veneer failure or global 

failure. Veneer failure occurs in a relatively “thin” zone near the slope’s surface as opposed to global failure 

which encompasses a greater percentage of the slope. 

Review of the US Army Corps of Engineers Engineering and Design Manual titled, “Slope Stability: 1110-2- 

1902,” 2003 edition indicated the following analysis conditions and recommended minimum factors of safety 

(FS) for the design of slopes for embankment dams: 

• Normal Pool Elevation – Downstream Slope (Min. FS of 1.5) 

• Maximum Storage Pool Elevation – Downstream Slope (Min. FS of 1.5) 

• Maximum Surcharge Pool (Overtopping) Elevation – Downstream Slope (Min. FS of 1.4) 

• Rapid Drawdown from Maximum Storage Pool Elevation – Upstream Slope (Min. FS of 1.3) 
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• Rapid Drawdown from Maximum Surcharge Pool (Overtopping) Elevation – Upstream Slope (Min. 

FS of 1.1) 

The results of the analyses and approximate locations where the cross-sections were selected and modeled 

as part of the slope stability analysis are attached herein. A summary of the results from the analyses 

performed on the referenced cross sections based on the upstream water surface elevation is provided in 

Table 4. 

Table 4: Stability Results 

CONDITION CROSS-SECTION 

MINIMUM FACTOR 

OF SAFETY 

ANALYZED (FS) 

MINIMUM FACTOR 

OF SAFETY 

REQUIRED (FS) * 

Normal Pool – Downstream 

Slope 

Lake George 2.3 
1.5 

Lake Albert 3.7 

Maximum Storage Pool – 

Downstream Slope 

Lake George 2.1 
1.5 

Lake Albert 3.7 

Maximum Surcharge Pool 

(Overtopping) – Downstream 

Slope 

Lake George 2.1 
1.4 

Lake Albert 3.7 

Rapid Drawdown from Max. 

Storage Pool – Upstream Slope 

Lake George 1.4 
1.3 

Lake Albert 1.4 

Rapid Drawdown from Max. 

Surcharge Pool (Overtopping) – 

Upstream Face 

Lake George 1.4 
1.1 

Lake Albert 1.2 

* Minimum factor of safety required is based on recommendation provided in US Army Corps of 

Engineers Engineering and Design manual titled, “Slope Stability: 1110-2-1902,” 2003 Edition. 

The factor of safety analyzed for all conditions was observed to meet or exceed the recommended minimum 

factor of safety required. Review of the failure surfaces for the analyses producing the minimum factor of 

safety for each condition generally indicate the failure surfaces are more global than a veneer (i.e. surface) 

failure. Calculations for each condition are attached to this report. 

5.2 Seepage Analysis 

A seepage analysis to estimate the factor of safety against piping was conducted at two cross sections 

through Site George (one at the southern embankment, one at the bituminous pavement auxiliary spillway) 

and at two cross sections through Site Albert (one at the northern embankment and one at the spillway). The 

approximate locations are shown on TL-1 & TL-2. The factor of safety with respect to the exit gradient at the 

toe of the drainage path is generally defined as the ratio of the critical gradient to the estimated exit gradient. 

Based on published information from the United States Department of Interior Bureau of Reclamation, a 

minimum factor of safety against piping of 3.0 should be considered. The cross-sections analyzed estimated 

a minimum factor of safety greater than 3.0 for the existing embankments and spillways. The analysis results 

are presented in Table 5. 
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Table 5: Seepage Analysis Results 

CROSS SECTION ANALYZED ANALYZED FACTOR OF SAFETY MINIMUM FACTOR OF SAFETY 

Lake George Embankment 7.7 3.0 

Lake George Auxiliary 

Spillway 
5.5 3.0 

Lake Albert Embankment 4.8 3.0 

Lake Albert Spillway 5.1 3.0 

5.3 Foundations  

Currently, proposed construction is anticipated to consist of installing sheeting on the upstream sides of 

both dams, rehabilitating the Lake Albert spillway, and installing a new trapezoidal spillway on the Lake Albert 

embankment. Factors effecting foundation construction and behavior for this project consist of very loose 

to loose subsurface soil to depths of 9 to 16 ft below the ground surface (Elev. 50.5 to Elev. 59.5) and the 

shallow groundwater table (Elev. 59.5 to Elev. 64.5). 

The following are recommendations for foundation systems based on our evaluation of these factors and 

our experience. Typically, shallow foundations consisting of isolated spread footings and continuous strip 

foundations provide a practical and economical solution for support of structures. However, when 

subsurface conditions cannot provide adequate bearing capacity or result in undesirable settlement 

estimates, other foundation options are considered. Foundations considered for the proposed structure 

include a thickened reinforced concrete mat at the base of proposed structures and grouted helical piers, for 

support of structures and hydrostatic uplift resistance. The subgrades of all foundations exposed to freezing 

temperatures during construction and/or the life of the structure should be established at least 3 ft below 

the adjacent exposed grades or otherwise protected against frost action.   

5.3.1. THICKENED REINFORCED CONCRETE SLAB MAT FOUNDATION  

Potential structures can be founded on a 3 ft thickened reinforced concrete mat founded on medium dense 

to dense Stratum 3 soils. We estimate a maximum net allowable bearing capacity of approximately 3,000 psf 

for foundations bearing within the Stratum 3 medium dense to dense Sand, embedded 10 to 16 feet below 

existing grade. We recommend that the foundation be designed to counterbalance the uplift pressure of the 

groundwater and that proposed structures be secured to the foundation. Based on published information 

from the United States Army Corps of Engineers, a factor of safety against uplift ranges on the order of 1.3 

to 1.5 for design considerations.  

Where bearing directly on Stratum 3 soils is not feasible, deep foundations (discussed below) or ground 

improvement such as performing a soil exchange will be necessary. With a soil exchange, we recommend 

performing the exchange to the medium dense to dense Stratum 3 soils. The width of the excavation at the 

bottom should be equal to the footing width plus 1 ft for every 1 ft of depth excavated below the footing 

bottom. All exposed subgrades should be thoroughly densified using vibratory compaction equipment. The 

excavated fill should be replaced with suitable load-bearing structural fill (modified NJDOT I-5 or recycled 

concrete of similar gradation) placed in layers and compacted as outlined in Section 5.8 Earthwork. Prior to 

placement of new fills for the soil exchange, the exposed foundation subgrades should be densified and 

checked by a qualified representative of the geotechnical engineer. Soft/loose or otherwise unstable areas 

should be further undercut as directed in the field. Assuming this approach is followed, spread footings can 

be designed for a net allowable soil bearing capacity up to 3,000 psf. It should be noted that if this option is 

chosen, the SOE design must account for the additional depth to be excavated. 
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5.3.2. GROUTED HELICAL PILE FOUNDATION SYSTEM  

Due to the soft/loose soils disclosed by our exploration that extend to depths on the order of 16 ft below the 

embankment ground surface (Elev. 50.5 to Elev. 59.5), a helical pile system bearing in the medium dense 

Stratum 3 sand is recommended for this project. This option is considered feasible to resist uplift pressures 

induced on potential structures by groundwater pressure. We recommend that the foundations be designed 

to counterbalance the uplift pressure of the groundwater and that the proposed structures be secured to the 

pile caps. 

The subgrade of all pile caps exposed to freezing temperatures during construction and/or the life of the 

structure, should be established at least 36 in. below adjacent exposed grades or otherwise protected against 

frost action.   

General 

The grouted helical pile is a deep foundation system that employs the use of a grout column that encases 

the shaft of a standard helical pile anchor to utilize both skin friction resistance and end bearing resistance 

to develop the capacity of the pile. Grouted helical piles are installed to depths that will provide adequate 

individual allowable support based on the proposed loading.  The drilled helical piles consist of a steel shaft 

(lead section) to which one or more helices are attached.  Helical piles are rotated into the competent soils 

while an axial load is applied to the shaft. After the lead section is installed, displacement plates with 

subsequent extensions are installed. Flowable grout is pumped during the installation procedure to encase 

the shaft as the extensions are added until a termination depth is achieved.  The design bearing capacity is 

confirmed by measuring the torque applied to the shaft by the installation equipment as well as static load 

testing.  The helical piles are embedded in the pile caps, or attached to foundations with brackets or other 

structural elements, and the structure’s loads are transferred to competent soils at an appropriate depth 

through the helical piles. Helical piles typically develop little lateral resistance; lateral resistance can be 

improved by providing battered piles, as necessary up to 30 degrees from vertical.  This drilling technique 

also offers the advantage of resulting in low noise and vibration, and fewer spoils as compared to other deep 

foundation options. Grouted helical piles provide an increase in the buckling resistance of the pile (as 

compared to non-grouted helical piles), as the pile slenderness ratio is inherently large due to the length of 

the pile and the relatively small cross-sectional area of the pile. The encasement of the steel shaft with grout 

also provides a benefit against corrosive resistance from the soil.  

This type of foundation system is typically bid as a performance specification as opposed to a prescriptive 

specification.  For a performance specification, the desired capacity and other foundation requirements are 

prescribed. The contractor and their engineer then design the foundation to meet the desired requirements.  

As helical piles typically involve proprietary systems and the contractors who install these often employ 

engineers, this type of specifications can lead to more economical foundation system. For these reasons, 

this foundation system is considered a practical solution for the proposed structure.    

Design 

Based on our analyses, an 8 in./10 in./12 in. triple-helix helical pile system with a minimum 6.0 in. diameter 

grout column installed to a depth of approximately 26 to 28 ft below the existing grades and embedded 

approximately 10 ft in the medium dense Stratum 3, will develop allowable capacities in compression and 

tension of 20 and 15 kips per unit, respectively, with a more than adequate factor of safety against failure (FS 

= 2.0 in compression and 3.0 in tension). We recommend that each helical pile unit consist of a 2.0 in. solid 

steel square shaft (SS200), with an 8 in. diameter bottom plate (helix) at the pile tip, a 10 in. diameter helix 

located at least 24 inches above the lower one, and a 12 in. diameter helix located at least 30 inches above 

the 10 in. diameter helix, with each helix welded to the shaft. In addition to the allowable compression and 
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tension (uplift) capacities, an allowable lateral load capacity of 2 kips per pile may be used in design 

corresponding to a maximum horizontal displacement at the pile top of 0.5 in. Batter piles, if required, should 

be designed for a minimum batter, but in no case steeper than 1 horizontal to 5 vertical. The helical piles 

should be spaced a minimum of 3 times the largest helix diameter to prevent reduction in capacity due to 

group effects. 

We recommend that the contract require the installer to perform a minimum of one static load test in 

accordance with ASTM D-1143 to verify the as-constructed pile capacity. The static load test is to be 

performed on a non-production pile to confirm the capacity. The installer should produce a submittal that is 

signed and sealed by a registered professional engineer in the State of New Jersey, which documents that 

their proposed helical pile system meets the project specifications.   

We recommend that the installation of the helical piles be carried out in the full-time presence of a qualified 

representative of the Geotechnical Engineer. 

5.3.3. TIMBER PILES  

Based on our analyses, CCA treated timber piles can be used to support the proposed construction. The 

timber piles should penetrate through the loose Strata 1 and 2 and develop their vertical compression 

capacity by a combination of skin friction and end bearing in the medium dense sands of Stratum 3. The 

timber piles should conform to ASTM 25-99 and AWPA C3-03 Specifications and should have minimum tip 

and butt diameters of 8 and 12 in., respectively. Our static analyses indicate that CCA treated timber piles 

penetrating 25 to 30 ft below the existing ground surface will develop an allowable working load capacity of 

13 tons per pile.  

In addition to the allowable vertical compression capacity, an allowable tension (uplift) capacity of 4 tons per 

pile and an allowable lateral load capacity of 1 ton per pile may be used in design.  Batter piles, if required, 

should be designed for a minimum batter, but in no case steeper than 1 horizontal to 4 vertical.   

All piles should be driven within the following maximum tolerances: 

• Location:  4 in. from the location indicated after initial driving, and 6 inches after pile driving is completed, 

• Plumb:  Maintain 1 in. in 10 ft from the vertical, or a maximum of 4 inches measured when the pile is above 

ground in leads, 

• Batter Angle:  Maximum 1 in. in 10 ft from required angle, measured when pile is above ground in leads. 

After the piles penetrate through the loose Strata 1 and 2 soils, they should be driven to develop the 

recommended allowable capacity of 13 tons per pile. The installation of timber piles to develop the 

recommended pile capacities should be done in accordance with a suitable dynamic formula, such as the 

Wave Equation, Modified Engineering News Formula, etc.  Approved equipment, including a hammer having 

a rated energy of at least 15,000 ft lbs, should be employed to drive the piles. Prior to the installation of the 

production piles, at least six “drive test piles” or “indicator piles” should be installed over the project site, at 

locations to be selected by the Geotechnical Engineer to determine the pile driving characteristics and the 

required pile lengths more accurately.   

We recommend dynamic load testing (ASTM D4945) for this project in lieu of a static load test.  We 

recommend that piles be instrumented and monitored by a Pile Driving Analyzer (PDA) during the installation 

of “indicator piles”.  The indicator piles should be monitored continuously by PDA, during initial drive and 

restrike.  The indicator test piles can be at product pile locations. 
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All pile installation, including the drive test piles, should be carried out in the full-time presence of a qualified 

representative of the Geotechnical Engineer who should evaluate and correlate the driving data and depth of 

penetration of each pile with the results of the drive test piles, our static analyses, and the boring log data. 

The Geotechnical Engineer's representative should ensure that the tip of each pile is located satisfactorily in 

the Stratum 3 soils, and that the required driving resistance of each pile is attained. 

5.4 Settlement 

Settlement of a soil mass is a function of the characteristics of the supporting soils (type of soil, void ratio, 

pre-consolidation, etc.), the thickness of the layer(s), and the stresses imposed on the soils by an applied 

load (fill, shallow foundations, floor slab, etc.). The stresses affecting subsoils generally decrease with 

increasing depth and are variable based on the magnitude and area of applied loading.  

Provided that the recommendations discussed herein are followed, it is expected that total and differential 

settlements will be less than 1 in. and ½ in., respectively. With the use of the pile foundations as 

recommended, it is expected that total and differential settlements will be negligible. Detrimental post-

construction settlements are not expected if the recommendations presented herein are followed. 

5.5 Seismic Site Classification 

The borings disclosed subsurface conditions generally described according to the 2018 International 

Building Code (IBC), New Jersey Edition, section 1613.3.2 referencing ASCE 7, Chapter 20 as having a soil-

profile corresponding to Site Class D – Stiff soil profile. Site class determination is based on the properties 

of the upper 100 ft of the ground surface. The borings performed herein were advanced to a maximum depth 

of 60 ft. Values beyond 60 ft were estimated based on our local experience in this area. 

5.6 Lateral Earth Pressure Parameters 

The soil parameters presented in Table 6 can be used to estimate lateral earth pressures on below grade 

structures and temporary shoring. If the top of the structure is restrained from movement, thereby preventing 

the mobilization of active soil pressures, the structure should be designed using the at-rest pressure 

coefficient, ko. 

The earth pressure coefficients are based on the assumption of vertical walls, horizontal backfill, no 

surcharges, no wall friction, and a safety factor of 1.0. Hydrostatic pressures associated with seepage must 

also be considered in the design. Depending on the type of retention system selected, active or at-rest 

coefficients should be used in the earth retention system design. 
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Table 6: Lateral Earth Pressure Parameters 

PARAMETER 
FILL / 

STRATUM 1 
STRATUM 2 STRATUM 3 

ENGINEERED FILL 

(NJDOT I-5, or similar) 

Unit Weight, pcf 120 115 130 135 

Buoyant Unit 

Weight, pcf 
58 53 68 73 

Angle of Internal 

Friction, degrees 
28 26 34 38 

Cohesion, psf 0 0 0 0 

Friction Factor 

(concrete) 
0.34 0.31 0.42 0.47 

ka 0.36 0.39 0.28 0.24 

ko 0.53 0.56 0.44 0.38 

kp 2.77 2.56 3.54 4.20 

Excavations during subgrade preparation and foundation construction should be in accordance with 

Occupational Safety and Health Administration (OSHA) regulations. If site restrictions prevent excavations 

from being adequately sloped, the use of temporary shoring should be expected. 

If the contractor is responsible for the design of temporary or permanent retaining structures, then the 

contract documents should clearly require that a competent registered engineer perform the design and that 

satisfactory earth support is solely the contractor’s responsibility. Furthermore, the contract documents 

should require the contractor to notify the engineer immediately if differing or unforeseen subsurface 

conditions are encountered during construction. 

5.7 Groundwater and Surface Water Management 

The groundwater observations made in the borings suggest that free-standing groundwater is anticipated in 

excavations for the proposed construction. We recommend that the groundwater be lowered to a minimum 

of 5 feet below excavation depths during construction using a well point system or temporary shoring and 

high-capacity pumps to reduce the potential for the groundwater table to degrade the foundation subgrades. 

The contractor shall obtain the required State and Local permits associated with groundwater 

withdrawal/well points and discharge the groundwater in accordance with the applicable permit conditions. 

The temporary lowering of the groundwater table should be performed during and after foundation 

construction and fill placement.  

The foundation excavations should not be used as a detention basin or sump. During construction, surface 

runoff should be prevented from entering the excavations by creating soil berms or diversion swales along 

the perimeter if the excavation is expected to be open for a long period of time. Where ponding does occur, 

the water should be pumped immediately, and grades should then be established to prevent further ponding. 

The shallow subsurface material is considered susceptible to damage from moisture and construction 

traffic. Therefore, precipitation and other water should not be permitted from accumulating on the exposed 

subgrade and construction traffic should be minimized over exposed subgrade. 
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5.8 Earthwork 

Prior to construction, all topsoil, vegetation, concrete, and asphalt pavement must be removed from within 

the proposed area of construction. Any existing utilities located within the proposed construction area should 

be abandoned and relocated outside the proposed footprint. Any existing utility line abandoned in-place 

should be grouted, or the line should be removed and the trench appropriately backfilled.  

Exposed subgrades should be thoroughly proof-rolled in the presence of a representative from Pennoni. 

Where space is limited subgrade soils should be manually probed in an attempt to disclose unstable surface 

areas. Any unstable surface areas (soft, yielding, etc.) found should be stabilized by excavating and replacing 

those soils with suitable soil that is adequately compacted. This can be accomplished by properly adjusting 

the moisture content of the subgrade soils and compacting them, or by other methods (placing a geotextile 

and stone layer, etc. or soil exchange).  

Our experience indicates that the clean/inert and granular portions of the near surface soils can be reused 

for earthwork construction, provided it is free of deleterious material (i.e. organics, ash and cinders, etc.), 

debris larger than 3 in. in its greatest dimension, and there are no environmental concerns associated with 

the soils. Laboratory testing indicates that the near surface soils consist of up to 20% of fine-grained 

(silts/clays) material, with a moisture content of up to 59%. These types of soils are sensitive to moisture 

and may require wetting or drying prior to compaction. Additionally, drying “wet” soil is difficult during wet 

periods and during lower temperatures. Therefore, depending on the season that the earthwork operations 

are taking place, adjusting the moisture content of these on-site soils before use in any compacted fills 

and/or subgrade preparation may be required. Provisions for importing structural fill should be included in 

the contract documents. Proper compaction equipment and placing soil in thinner layers should be 

considered when preparing earthwork schedules. 

Imported fill should be selected from suitable borrow sources and be approved by the Geotechnical Engineer 

well in advance of fill construction.  Granular fill should consist of well-graded material meeting the 

classification characteristics of GW, GP, GM, GC, SW, SP, SM, or a combination of those listed with not more 

than 20 percent passing the No. 200 sieve and have a plasticity index not greater than 8 percent, conforming 

to an overall gradation similar to NJDOT I-5. Crushed aggregate such as AASHTO #57 stone should be 

considered for fill placement below groundwater levels. Other gradations can be considered based on 

laboratory testing and at the discretion of the Geotechnical Engineer. 

Fine grained and granular fills should be placed in layers not exceeding 8 to 10 in. and 10 to 12 in. loose 

thickness, respectively. This criterion might be adjusted by the geotechnical engineer in the field depending 

on the conditions present at the time of construction, on the compaction equipment used, and on the fill 

materials selected. Table 7 below presents the compaction requirements. 

Table 7: Compaction Requirements 

FILLS SUPPORTING 
STANDARD PROCTOR  

(ASTM D698) 

MODIFIED PROCTOR 

(ASTM D1557) 

Foundations 98% 95% 

Pavements 95% 93% 

Fills should be compacted to ASTM D 698 percentages of the laboratory determined maximum dry density 

when small, hand-operated compaction equipment is used, and to ASTM D 1557 percentages of the 

laboratory determined maximum dry density, when self-propelled, heavy-duty construction equipment is 

used. Fills should extend a minimum of 5 ft beyond the exterior edge of a loaded area and have side slopes 

not steeper than 2 horizontal to 1 vertical. 
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Specifications should indicate that the percentage of maximum dry density attained in the field is not the only 

criteria to be used for assessing fill compaction. Observation of the behavior of the fill under the loads of 

construction equipment should also be used. If the test results indicate that the percentage of compaction is 

being achieved, but the soil mass is moving under the equipment, placement of additional fill should not be 

continued until the movement is stabilized. Otherwise, settlement of the fill may occur. 

5.9 Existing Utilities  

As mentioned above, any existing utilities located within the proposed construction areas should be 

abandoned and relocated outside the proposed structure footprint. Any existing utility line abandoned in-

place should be grouted or the line should be removed from the trench and appropriately backfilled. 

6.0 Recommendations for Further Geotechnical Services 
Our experience on numerous construction projects is that the interests of the project team are best served by 

retaining the Geotechnical Engineer to provide construction observations during earthwork and foundation 

construction operations. To determine if soils, other materials, and ground water conditions encountered during 

construction are similar to those encountered in the borings, and that they have comparable engineering 

properties or influences on the design of the structure, we recommend that Pennoni should provide field 

observation services during excavation; preparation of foundation subgrades; and installation/construction of 

foundations. Pennoni’s Geotechnical Technology should review specifications for earthwork and foundation 

design/construction when they are prepared. 

7.0 Limitations 
This work has been done in accordance with our authorized scope of work and in accordance with generally 

accepted professional practice in the fields of geotechnical and foundation engineering. This warranty is in lieu 

of all other warranties either expressed or implied. Our conclusions and recommendations are based on the data 

revealed by this exploration. We are not responsible for any conclusions or opinions drawn from the data included 

herein, other than those specifically stated, nor are the recommendations presented in this report intended for 

direct use as construction specifications. This report is intended for use with regard to the specific project 

described herein; any changes in loads, structures, or locations should be brought to our attention so that we may 

determine how they may affect our conclusions. An attempt has been made to provide for normal contingencies, 

but the possibility remains that unexpected conditions may be encountered during construction. If this should 

occur, or if additional or contradictory data are revealed in the future, we should be notified so that modifications 

to this report can be made, if necessary. If we do not review relevant construction documents and witness the 

relevant construction operations, then we cannot be responsible for any problems that may result from 

misinterpretation or misunderstanding of this report or failure to comply with our recommendations. our virtual 

executive summary should be used for informational purposes only and should not be used for construction 

related purposes. 
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4" ASPHALT
FILL: Brown F/M/C SAND, little Silt, trace fine
Gravel
FILL: Black to brown F/M/C SAND, little Silt

Brown to tan F/M SAND, trace Silt

Dark gray to brown F/M/C SAND, little Silt (NP),
trace fine Gravel
Dark gray to dark brown F/M SAND, trace Silt,
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Wet

Trace organic odor

Organic odor

68.2

62.5

54.5

28.5

0.3

6.0

14.0

40.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 1/31/24 COMPLETED 1/31/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Eugene Blemings / Eric Blemings

GROUND ELEVATION 68.5' NAVD 1988

DURING DRILLING 6.0' / Elev 62.5'

AT END OF DRILLING 4.0' / Elev 64.5'

AFTER DRILLING 4.0' / Elev 64.5'

NOTES:
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TEST BORING B-3
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A

1

2

3

4" ASPHALT
Orange to tan brown F/M SAND, trace Silt
Light gray F/M SAND, trace Silt

Light gray F/M SAND, trace Silt

Brownish gray F/M SAND, trace Silt

Brown F/M SAND, trace Silt

Brown F/M/C SAND, trace fine Gravel

Dark brown to multicolored M/C/F SAND, little F/C
Gravel

Grayish brown F/M/C SAND, little F/C Gravel

Brown F/M/C SAND, trace Silt

Borehole terminated at 40.0 feet.

5-5-7

5-4-3-3

3-2-1-1

1-1-1-1

2-4-7-9

3-3-5-8

11-12-15-17

4-8-10-12

5-11-15-16

6-11-14-22

17-45-50/4

26-24-29-35

17-19-25-23

14-20-21-24

16
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24
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S-13

S-14

Moist at bottom

Wet

68.2

64.5

57.5

28.5

0.3

4.0

11.0

40.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 1/31/24 COMPLETED 1/31/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Eugene Blemings / Eric Blemings

GROUND ELEVATION 68.5' NAVD 1988

DURING DRILLING 4.0' / Elev 64.5'

AT END OF DRILLING 4.0' / Elev 64.5'

AFTER DRILLING 4.0' / Elev 64.5'

NOTES:

TEST BORING LOG
TEST BORING B-4
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1

2

3

4

3

Tan to brown F/M SAND, trace fine Gravel

Gray F/M SAND, trace Silt

Grayish brown F/M SAND, trace Silt

Brown to gray F/M/C SAND, trace Silt

Multicolored C/M/F SAND, little fine Gravel

Dark gray SILT (elastic), little F/M Sand

Brown F/M/C SAND and dark gray CLAY

Brown F/M/C SAND, trace Silt

Borehole terminated at 40.0 feet.

1-1-3-4

3-6-5-5

4-2-2-1

1-1-2-3

3-4-5-8

8-8-8-9

5-6-8-10

5-4-4-5

6-5-5-7

5-9-10-11

4-5-4-5

5-6-6-8

8-18-25-20
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S-13

Wet

61.5

56.5

36.5

31.5

25.5

4.0

9.0

29.0

34.0

40.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 1/30/24 COMPLETED 1/30/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Eugene Blemings / Eric Blemings

GROUND ELEVATION 65.5' NAVD 1988

DURING DRILLING 6.0' / Elev 59.5'

AT END OF DRILLING 6.0' / Elev 59.5'

AFTER DRILLING 6.0' / Elev 59.5'

NOTES:

TEST BORING LOG
TEST BORING B-1A
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1

2

3

4

3

Brown to orange F/M SAND, trace Silt

Light to dark gray F/M SAND, trace Silt

Brown F/M SAND, trace Silt

Brown F/M/C SAND, trace Silt

Brown to tan to gray F/M SAND, trace Silt

Multicolored M/C/F SAND, some C/F Gravel

Dark gray SILT (elastic), little F/M Sand

Orange to reddish brown F/M/C SAND, trace Silt

Borehole terminated at 40.0 feet.

1-2-4-6

5-7-6-6

1-2-2-1

1-2-2-2

2-2-6-7

5-5-7-8

6-8-10-11

4-4-3-4

3-3-7-8

7-7-8-9

6-4-5-8

5-4-6-5

4-7-12-18

4-12-21-27

20
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8
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18

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

S-12

S-13

S-14

Wet

61.5

55.5

36.5

30.5

25.5

4.0

10.0

29.0

35.0

40.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 1/30/24 COMPLETED 1/30/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Eugene Blemings / Eric Blemings

GROUND ELEVATION 65.5' NAVD 1988

DURING DRILLING 6.0' / Elev 59.5'

AT END OF DRILLING 6.0' / Elev 59.5'

AFTER DRILLING 6.0' / Elev 59.5'

NOTES:

TEST BORING LOG
TEST BORING B-2A
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1

2

3

Brown to tan to gray F/M SAND, trace Silt

Brown F/M SAND, trace Silt

Orange to tannish brown F/M SAND, some white
Clay

Black ORGANIC CLAYEY SILT, some fine Sand
Gray F/M/C SAND, little Silt, trace fine Gravel

Gray F/M/C SAND, trace Silt

Grayish brown to dark brown M/C/F SAND, some
F/C Gravel

Reddish brown F/M/C SAND, trace Silt

Tannish brown F/M SAND, trace Silt

Borehole terminated at 40.0 feet.

1-1-2-1

2-3-3-3

2-2-1-1

1-1-1-2

1/12-1/12

WOH/24

1-1-1-2

1-2-3-5

8-6-7-11

11-17-19-21

17-30-45-47

12-16-27-24

15-24-33-46

16

15
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18

15

12

12

16
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10

20

18

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

S-12

S-13

Damp

wet

Trace organic odor

61.5

50.5

25.5

4.0

15.0

40.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 2/2/24 COMPLETED 2/2/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Jay Blemings / Adrian Martinez

GROUND ELEVATION 65.5' NAVD 1988

DURING DRILLING 4.0' / Elev 61.5'

AT END OF DRILLING 4.0' / Elev 61.5'

AFTER DRILLING 4.0' / Elev 61.5'

NOTES:

TEST BORING LOG
TEST BORING B-3A
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1

2

3

Brown to tan to gray F/M SAND, trace Silt

Orangish brown F/M SAND, trace Silt

Orangish brown F/M SAND, trace Clay

Brown F/M SAND, trace Silt

Gray F/M SAND, trace Organics

Dark brown to multicolored M/C/F SAND, little F/C
Gravel

Gray to multicolored C/M/F SAND, some F/C
Gravel

Brown F/M/C SAND, trace Silt

1-1-4-4

5-4-5-5

3-3-3-3

2-2-6-6

4-4-3-2

1-1/18

WOH/24

1/24

4-3-4-4

4-9-13-13

10-15-15-15

12-19-17-24

9-14-18-20

20
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4

2
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20
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8
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S-10

S-11

S-12

S-13

Wet

Trace organic odor

62.0

50.0

27.0

4.0

16.0

39.0

DRILLING METHOD Hollow Stem Auger

DRILLING CONTRACTOR CGC Geoservices, LLC

DATE STARTED 2/2/24 COMPLETED 2/2/24

 WATER ENCOUNTERED:

CHECKED BY M. ArkanLOGGED BY T. Hall

DRILLER / HELPER Jay Blemings / Adrian Martinez

GROUND ELEVATION 66.0' NAVD 1988

DURING DRILLING 4.0' / Elev 62.0'

AT END OF DRILLING 4.0' / Elev 62.0'

AFTER DRILLING 4.0' / Elev 62.0'

NOTES:

(Continued Next Page)
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3

Tan to brown F/M SAND, trace Silt

Brown F/M/C SAND, trace Silt

Borehole terminated at 60.0 feet.

22-34-41-40

10-24-32-37
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29-37-41-39
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Appendix B: 

Laboratory Data 
  



SUMMARY OF LABORATORY DATA
SHEAR STRENGTH

B-2 S-13 34-36' 1 79 17.3

B-3 S-6 10-12' SM 6 81 NP NP NP NP 25.8

B-1A S-11 29-31' MH 0 17 51 32 19 0.5 41.1 2.58 77.3 1.15 92 29 15.5

S-3 4-6' 0 80 21.8
S-8 14-16' 3 83 59.0 11.7

DRAWN BY: DATE: PROJECT: JOB No.:

CHECKED BY: DATE: LOCATION: TABLE No.:
5/20/2024 Lake George/Lake Albert, Williamstown, NJ
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LIQUID AND PLASTIC LIMITS TEST REPORT
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Dashed line indicates the approximate

upper limit boundary for natural soils
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SOIL DATA

SYMBOL SOURCE

NATURAL

USCS
SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY

NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

PENNONI ASSOCIATES INC.

Client:

Project:

Project No.: Figure

Collings Lake Civic Association

Dam Safety Engineering

CLCAX-23002.02 A-1

B-1A S-11 29-31' 41.1 32 51 19 MH



Tested By: MB Checked By: JTR

Particle Size Distribution Report
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SOIL DATA

SOURCE
SAMPLE DEPTH

Material Description USCS
NO. (ft.)

PENNONI ASSOCIATES INC.

Client:

Project:

Project No.: Figure

Collings Lake Civic Association

Dam Safety Engineering

CLCAX-23002.02 S-1

B-2 S-13 34-36' F/M/C Sand, Some Silt/Clay, Trace Fine Gravel



Tested By: MB Checked By: JTR

Particle Size Distribution Report
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SOIL DATA

SOURCE
SAMPLE DEPTH

Material Description USCS
NO. (ft.)

PENNONI ASSOCIATES INC.

Client:

Project:

Project No.: Figure

Collings Lake Civic Association

Dam Safety Engineering

CLCAX-23002.02 S-2

B-3 S-6 10-12' F/M/C Sand, Little Silt/Clay, Trace Fine Gravel SM



Tested By: MB Checked By: JTR

Particle Size Distribution Report
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SOURCE
SAMPLE DEPTH

Material Description USCS
NO. (ft.)

PENNONI ASSOCIATES INC.

Client:

Project:

Project No.: Figure

Collings Lake Civic Association

Dam Safety Engineering

CLCAX-23002.02 S-3

B-1A S-11 29-31' Silt/Clay, Little F/M Sand MH



Tested By: MB Checked By: JTR
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0 0 3 2 27 54 14

SOIL DATA

SOURCE
SAMPLE DEPTH

Material Description USCS
NO. (ft.)

PENNONI ASSOCIATES INC.

Client:

Project:

Project No.: Figure

Collings Lake Civic Association

Dam Safety Engineering

CLCAX-23002.02 S-4

B-3A S-3 4-6' F/M Sand, Some Silt/Clay

B-3A S-8 14-16' F/M/C Sand, Little Silt/Clay, Little Fine Gravel





 

 

Appendix C: 

Standard Symbols 
 

 

  



STANDARD SYMBOLS 
 

 

B Width of footing 

 

c cohesion 

 

cv coefficient of consolidation 

 

Cc compression index 

 

C coefficient of secondary compression 

 

C3 swelling index 

 

Cu uniformity coefficient (D60/D10) 

 

CBR California Bearing Ratio 

 

Df depth of foundation 

 

Dp diameter of grain corresponding to 

percentage p on grain size curve 

 

D10 effective grain size 

 

E modulus of linear deformation  

 

Es         Young’s Modulus 

 

e void ratio 

 

Fs factor of safety 

 

G specific gravity 

 

h hydraulic head 

 

H stratum thickness 

 

i hydraulic gradient 

 

IL liquidity index 

 

IP plasticity index 

 

k coefficient of permeability 

 

kh coefficient of horizontal subgrade  

 reaction 

 

kv coefficient of vertical subgrade                               

reaction 

 

l length of footing 

 

n porosity 

P deviator stress 

 

Pc estimated probable preconsolidation 

pressure 

  

Po existing overburden pressure  

 

qa  allowable soil bearing pressure  

 

Q triaxial compression test unconsolidated 

and undrained 

 

Qc triaxial compression test consolidated 

and undrained 

  

S triaxial compression test consolidated 

and drained 

 

Sr degree of saturation 

 pore-water pressure 

U degree of consolidation 

Uc unconfined compression test 

wf moisture content at end of test 

wl liquid limit 

wn natural moisture content 

wp plastic limit 

 unit weight 

d dry unit weight 

b submerged unit weight 

 unit linear strain 

f unit linear strain at failure 

 normal stress 

1 major principal stress 

3 minor principal stress  

 shear stress 

 angle of internal friction 

ka coefficient of active pressure 

kp coefficient of passive pressure 

 friction angle 

tan   friction factor 

 



 

 

Appendix D: 

Analyzed Cross-Sections 
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