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FROM THE GROUND UP 

GEOTECHNICAL EXPLORATION 
AMPT BELLARD STATION 
BOWLING GREEN, OHIO 

December 3, 2020 | Geotechnology Project No. J037068.01 

1.0 INTRODUCTION 
Geotechnology, Inc. (Geotechnology) prepared this geotechnical exploration report for POWER 

Engineers, Inc. for the AMPT Bellard Station project that will be located southeast of the 

intersection of Bishop Road (Highway 208) and Brim Road (Highway 98) in Bowling Green, Ohio. 

The purposes of the geotechnical exploration were: to evaluate the general subsurface profile at 

the site and the engineering properties of the soils and bedrock; and to develop recommendations 

for the geotechnical aspects of the design and construction of the substation, as defined in our 

proposal. Our scope of services included a site reconnaissance, a Wenner resistivity survey, 

geotechnical borings, laboratory testing, engineering analyses, and preparation of this report.  

2.0 PROJECT INFORMATION 
The following project information was derived from: 

 The Site Plan, titled “Soil Boring Location Map”, which was prepared by POWER 

Engineers, Inc. (POWER), dated September 21, 2020, and received electronically on 

September 21, 2020; and 

 Correspondence with POWER. 

The project will involve a 4.71-acre site that is located at the southeast corner of the intersection 

of Bishop Road and Brim Road1 and will include the construction of a new substation. We 

understand that a combination of shallow and deep foundations are being considered to support 

equipment and the proposed structures; however, loads have not been provided. Based on 

previous experience, we anticipate that concentrated and strip foundation loads for proposed 

structures may be as much as 150 kips and 3 kips per linear foot (klf), respectively, and that the 

axial loads for deep foundations will likely be 40 kips or less per deep foundation element. 

Site grading will likely involve cuts and fills up to a couple of feet across the site, including stripping 

and new fill as required. At this time grading plans have not been provided. 

                                                

1 For the purposes of this report, Brim Road is assumed to be oriented in a north-south direction. 
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3.0 SITE CONDITIONS 
The site location and regional topography of the area are shown on the Site Location Plan 

included in Appendix B. 

Currently, the site is a relatively level, agricultural field, with approximately 2 feet of relief from 

east to west with the ground surface varying from El. 675 on the east side to El. 673 on the west 

side2. Currently, the site drains slightly to the west; however, Brim Road is approximately 2 to 3 

feet above the elevation of the field, preventing water from draining across the roadway, but 

available topography does not indicate a north/south drainage path. The field currently shows 

minor ruts from the tractor used during the harvest. 

 

Figure 1. View of agricultural field from Brim Road, roughly 200 feet south of Bishop Road. 

4.0 WENNER RESISTIVITY SURVEY 
Electrical resistivity surveying is a surface geophysical technique used to determine the apparent 

resistivity of the subsurface. The method involves inducing current into the subsurface with two 

current electrodes and measuring the resulting ground voltage using two potential electrodes. 

Resistivity values are calculated using the field measurements and electrode geometry. For this 

project, we used the Wenner resistivity array, which involves placing the two potential electrodes 

between the two current electrodes on a straight survey line. For each measurement, the 

distances between adjacent electrodes are the same and referred to as the “A” spacing. The A 

                                                

2 The elevations in this report are referenced to North American Vertical Datum of 1988 (NAVD 88) in units 
of feet, unless noted otherwise. 
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spacing is increased by equally increasing the distance between all electrodes. The line is 

expanded by centering about the mid-point of the survey line. The electrical field and 

corresponding measurements attain greater depths with greater A spacings. Wenner array 

apparent resistivity values in ohm-feet are calculated using the following equation: 

Resistivity = 2(A Spacing)(Resistance) 

Wenner resistivity data generally illustrates the inverse of the subsurface conductivity of a site as 

it relates to cathodic protection and electrical grounding. Typical data is depicted as a smooth 

curve that changes based on the calculated resistance for each A spacing. 

Wenner resistivity surveying was performed at two locations labeled as Wenner Arrays 1A and 

1B on Sheet 2, the Exploration Plan presented in Appendix B. The data were collected using an 

Advanced Geosciences, Inc. SuperSting-R8 earth resistivity meter using A spacings of 2, 4, 6, 8, 

10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, and 230 feet. However, data were not collected at an 

A spacing of 230 feet for Wenner Array 1B due to suspected interference with a powerline or a 

buried utility. Recorded resistance data and calculated apparent resistivity values are presented 

in Appendix D.  

5.0 SUBSURFACE EXPLORATION 
The subsurface exploration consisted of six borings (numbered B-2 through B-7). Originally, 

Boring B-1 was planned on the west side of Brim Road, located roughly across from Boring B-2; 

however, permission was unable to be obtained to drill this boring. The six boring locations were 

selected by POWER and were staked in the field by us using a handheld Trimble Geo7X GPS 

unit. The locations of the borings are shown on our Exploration Plan, which is included in Appendix 

B. 

The borings were drilled between November 4 and 6, 2020 with a track-mounted drill rig 

advancing 3.25-inch-inside-diameter (I.D.) hollow-stem augers, as indicated on the boring logs 

presented in Appendix C. Sampling of the overburden soils and bedrock was accomplished ahead 

of the augers at the depths indicated on the boring logs, with either a 2-inch-outside-diameter 

(O.D.) split-barrel sampler or 3-inch-O.D., thin-walled Shelby tube sampler in general accordance 

with the procedures outlined by ASTM D1586 and ASTM D1587, respectively. Standard 

Penetration Tests (SPTs) were performed with the split-barrel sampler to obtain the standard 

penetration resistance or N-value3 of the sampled material. Each boring was extended into the 

bedrock by rock coring with an NQ rock core bit affixed to a double-tube core barrel in general 

                                                

3 The standard penetration resistance, or N-value, is defined as the number of blows required to drive the 
split-barrel sampler 12 inches with a 140-pound hammer falling 30 inches. Since the split-barrel sampler 
is driven 18 inches or until refusal, the blows for the first 6 inches are for seating the sampler, and the 
number of blows for the final 12 inches is the N-value, which is reported as blows per foot (or bpf). 
Additionally, “refusal” of the split-barrel sampler occurs when the sampler is driven less than 6 inches 
with 50 blows of the hammer. 
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accordance with the procedures outlined by ASTM D2113. Photographs of the recovered rock 

core samples are included in Appendix C. 

As each boring was advanced, the Drilling Foreman kept a field log of the subsurface profile noting 

the soil and bedrock types and stratifications, groundwater, SPT results, and other pertinent data. 

Observations for groundwater were made in the borings during drilling, before introducing core 

water for rock coring, and at the completion of drilling. Each boring was backfilled immediately. 

Representative portions of the split-barrel samples were placed in sealed plastic bags and/or 

glass jars with lids to preserve the in-situ moisture contents of the samples. The Shelby tubes 

were capped and taped at their ends to preserve the in-situ moisture contents and densities of 

the samples, and the tubes were transported and stored in an upright position. The recovered 

rock core samples were placed in waxed cardboard core boxes. The bags, glass jars, Shelby 

tubes, and core boxes were marked and labeled in the field for identification when returned to our 

laboratory.  

6.0 LABORATORY REVIEW AND TESTING 
Upon completion of the fieldwork, the samples recovered from the borings were transported to 

our Soil Mechanics Laboratory, where they were visually reviewed and classified by the Project 

Geotechnical Engineer. 

Laboratory testing was performed on selected soil and rock samples to estimate engineering and 

index properties. Laboratory testing of the selected soil samples included various combinations 

of the following tests: moisture content, Atterberg limits, gradation (particle-size) analyses, 

standard Proctor, and unconfined compression. Moisture content and uniaxial compression 

testing were also performed on selected rock core samples. The results of these tests are 

summarized in the Tabulation of Laboratory Tests in Appendix E, along with the corresponding 

laboratory test forms.  

The boring logs, which are included in Appendix C, were prepared by the Project Geotechnical 

Engineer on the basis of the field logs, the visual classification of the soil and bedrock samples in 

the laboratory, and the laboratory test results. Soil and Rock Classification Sheets are also 

included in Appendix C, which describe the terms and symbols used on the boring logs. The 

dashed lines on the boring logs indicate an approximate change in strata as estimated between 

samples, whereas a solid line indicates that the change in strata occurred within a sample where 

a more precise measurement could be made. Furthermore, the transition between strata can be 

abrupt or gradual.  

7.0 SUBSURFACE CONDITIONS 

7.1 Stratification 
Generally, the existing ground surface was underlain by topsoil and cultivated topsoil followed by 

native soils, generally consisting of glacial till and glaciolacustrine soils, and then the bedrock 
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consisting of dolomite. Occasionally, eolian soils were encountered near the ground surface 

above the glacial till. More specific descriptions of the subsurface strata are provided below, and 

the boring logs containing detailed material descriptions are located in Appendix C. 

7.1.1 Topsoil/Cultivated Topsoil  

Topsoil and cultivated topsoil were encountered at the ground surface in each of the borings. The 

combined thickness of the topsoil/cultivated topsoil was generally 3 to 5.5 feet thick, except on 

the east side of the site, where the topsoil thinned out to approximately 1 to 1.5 feet. The surficial 

4 to 9 inches of the topsoil were noted to contain more roots. An organic content on this zone of 

topsoil was measure to be 4.0 percent. An organic content of the deeper cultivated topsoil was 

measured to be 2.4 percent. Below the surficial zone containing more roots, the cultivated topsoil 

was generally described as dark brown, brown, and gray, medium stiff to very stiffy, sandy lean 

clay with topsoil and trace roots, except in Boring B-7 where the cultivated topsoil was described 

as a loose silty sand. 

The moisture content of eight samples of the cultivated topsoil varied from 14 to 21 percent. Table 

1 summarizes the results of Atterberg limits tests and a particle-size analysis on two samples of 

the cultivated topsoil. Two relatively undisturbed samples were selected for unconfined 

compressive strength testing and yielded dry unit weights of 102.9 and 105.0 pounds per cubic 

foot (pcf) and unconfined compressive strengths of 1,690 and 4,650 pounds per square foot (psf). 

A standard Proctor test on a sample of the cultivated topsoil yielded a maximum dry density (unit 

weight) of 110.8 pcf and an optimum moisture content of 16.5 percent. 

Table 1. Atterberg limits and particle-size analysis results of the cultivated topsoil. 

Boring 
No. 

Sample 
No. 

Depth 
(ft.) LL-PL-PIa 

Gravel-
sized 
(%) 

Sand- 
sized 
(%) 

Silt- 
sized 
(%) 

Clay- 
sized 
(%) 

USCS 
Classification 

B-2 Bag 0.0-4.5 45-21-24 - - - - CL 

B-5 ST-3 3.6-4.1 41-23-18 0.3 32.7 26.0 41.0 CL 
a LL-PL-PI are the liquid limit, plastic limit, and plasticity index in units of percent. 

 

7.1.2 Eolian Soils 

Eolian soils are windblown sedimentary soils that are believed to be associated with previous 

glaciations, and generally consist of silt- or fine-sand-sized particles. Eolian soils were 

encountered beneath the topsoil at a depth of 0.8 feet in Boring B-6. The eolian soils in this boring 

were described as orange-brown, moist, loose silty sand with trace roots. 

7.1.3 Glacial Soils 

Glacial soils (or glacial till) are soils that have been deposited, transported, or reworked in place 

by the advancement or retreat of a glacier across the area. Glacial gouge is a type of glacial till 

that typically refers to till that involves the glacier “gouging” into the underlying bedrock and mixing 

the “gouged” bedrock with the other soils and debris that are being transported by the 
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advancement of the glacier. In general, the glacial gouge at this site includes a mixture of dolomite 

fragments, which may be sub-angular or sub-rounded by the gouging process, with silts and 

sands. 

Glacial soils were encountered beneath the topsoil/cultivated topsoil or eolian soil deposits at 

depths of 1.5 to 5.5 feet in each of the borings. The cohesive glacial soils in these borings were 

generally described as brown or gray, moist, stiff to hard, lean clay with varying amounts of sand 

and gravel or gray, stiff, sandy silty clay with fine gravel. The cohesionless glacial gouge samples 

(which were encountered in Borings B-2 and B-3 on the west side of the site) were generally 

described as gray, moist to very moist dense to very dense fine to coarse sand with varying 

amounts of gravel, silt, clay, and rock fragments. The results of laboratory testing on the glacial 

till/gouge are presented in Table 2. Four samples of the glacial till classified as CL soils according 

to the Unified Soil Classification System (USCS), and one sample classified as a CL-ML soil. 

Table 2. Summary of laboratory test results of the glacial soils. 

 
Samples 
Tested Minimum Maximum  

Moisture Content (%) 15 8.3 17.0 

Dry Unit Weight (pcf) 2 107.1 125.8 

Atterberg Limits 
Liquid Limit (%) 

5 

20 42 

Plastic Limit (%) 15 22 

Plasticity Index (%) 5 20 

Particle-Size 
Analysis 

Gravel-Sized (%) 

5 

0.3 4.7 

Sand-Sized (%) 18.4 33.3 

Silt-Sized (%) 28.1 38.5 

Clay-Sized (%) 24.4 49.3 

Standard Proctor  
Maximum Dry 
Density (pcf) 

1 
118.6 

Optimum Moisture 
Content (%) 12.6 

Unconfined Compressive Strength (psf) 2 5,640 11,100 

 

7.1.4 Lacustrine/ Glacial Till Soils 

Lacustrine (or lakebed) soils are sedimentary soils that are deposited in quiescent lakes, which 

produce fine horizontal laminations that are characteristic of these soils. The lacustrine soils at 

this site were likely deposited in proglacial lakes (sometimes referred to as glaciolacustrine soils) 

as evidenced by the gravel dropstones in the samples, which were likely deposited as glacier-

derived icebergs melted in the lake. Following the original deposition of the lacustrine soils, they 

were overridden as the glacier readvanced to the south, which distorted the laminations and 

generally over-consolidated the lacustrine soils. Lacustrine soils were encountered beneath the 

glacial till at depths of 12 to 13 feet in Borings B-2 through B-5. With the exception of Boring B-2, 

the lacustrine soils in these borings were described as grayish brown, moist to very moist, stiff to 
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hard, lean clay with gravel dropstones and distorted laminations. In Boring B-2, the lacustrine 

soils were very moist to wet and soft. 

Table 3 summarizes the laboratory tests results of the lacustrine soils. Two of the samples 

classified as CL soils according to the USCS. 

Table 3. Summary of laboratory test results of the lacustrine soils. 

 
Samples 
Tested Minimum Maximum  

Moisture Content (%) 4 16.7 26.0 

Atterberg Limits 
Liquid Limit (%) 

2 

29 36 

Plastic Limit (%) 19 19 

Plasticity Index (%) 10 17 

 

7.1.5 Bedrock 

The overburden soils at the site are underlain by bedrock consisting of dolomite. Bedrock was 

encountered at depths of 18.2 to 26.3 feet below the ground surface in each of the borings. 

According to the bedrock geology map of the Bowling Green North, Ohio Quadrangle (Larsen 

1994), the bedrock underlying the overburden soils belongs to the Lockport Dolomite Formation. 

Per Shrake et al. (2011), the Lockport Dolomite is described as shades of white to medium gray 

in color, finely to coarsely crystalline with vuggy porosity, and fossiliferous. The formation is noted 

to be medium to massively bedded and varies from 30 to 300 feet thick.  

In each of the borings, the bedrock was cored 10 feet. The rock quality designation (RQD)4 values 

ranged from 60 to 100 percent, and were 90 percent on average. The dolomite from the recovered 

rock core was predominantly described as weathered to slightly weathered, finely to coarsely 

crystalline, medium to massively bedded, and vuggy with stylolites present throughout. Four 

samples of the bedrock were subjected to uniaxial compressive tests, yielding dry unit weights 

ranging from 153.8 to 165.3 pcf and uniaxial compressive strengths ranging from 3,380 to 10,000 

pounds per square inch (psi), identifying the samples as ranging from weak to strong.  

The Rock Classification Sheet, which is included in Appendix C, describes the varying degrees 

of weathering along with the rock strength descriptions that are used on the appended boring 

logs. 

                                                

4 The rock quality designation (RQD) is defined as the percentage of rock core pieces recovered in lengths 
longer than 4 inches for the specified interval. 
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7.2 Groundwater Conditions 
As mentioned in Section 4.0, groundwater observations were made in the borings during drilling, 

before introducing core water for rock coring, and at the completion of drilling. These 

measurements are documented on the boring logs in Appendix C.  

In general, groundwater was encountered in the cohesionless glacial gouge soils in Borings B-2 

and B-3 at a depth of 20 feet. 

Based on the groundwater observations and our local experience, groundwater seepage is 

anticipated along the overburden soil/bedrock interface, and in the saturated zones of native soils 

that are within the perched groundwater zones, or that are below the groundwater table. Locally 

concentrated flow may occur due to saturated layers of native soils (particularly the cohesionless 

glacial gouge soils) or along fractures in the bedrock. Additionally, groundwater levels and 

seepage amounts are expected to vary with time, location, season of the year, and amounts of 

precipitation. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 
Based on our engineering reconnaissance of the site, the borings, the visual examination of the 

recovered samples, the laboratory test results, our understanding of the proposed project, our 

engineering analyses, and our experience as Geotechnical Engineers in Ohio, we have reached 

the conclusions and make the following recommendations of this report. 

8.1 Wenner Resistivity Survey Results 
Based on the Wenner resistivity surveying discussed in Section 4.0 and presented in Appendix 

D, the resistivity values for this project generally appear geologically reasonable, except for data 

collected at A spacings of 10, 40, and 50 feet on Wenner Array 1A, and at 4 and 70 feet on 

Wenner Array 1B. The calculated resistivity values at these locations are anomalous compared 

to the trend of overall resistivity values collected at other A spacings. These anomalous data 

points appear as outliers that may have resulted by placing one of the electrodes near a 

conductive or energized underground object such as a utility. In our opinion, the resistivity values 

for Wenner Arrays 1A and 1B should be evaluated by referring to the trend of the overall curve 

and not the values at the anomalous data points.  

8.2 Excavation Support 
Excavation support should be the responsibility of the Contractor. Excavation support should be 

designed and implemented such that excavations are adequately ventilated and braced, shored, 

and/or sloped in order to protect and ensure the safety of workers within and near the excavations 

and to protect adjacent ground, slopes, structures, and infrastructure. Federal, state, and local 

safety regulations should be satisfied. The analyses, discussions, conclusions, and 

recommendations throughout this report are not to be interpreted as pre-engineering compliance 

with any safety regulation. 
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8.3 Site Preparation and Earthwork 
As stated in Section 2.0, we anticipate that earthwork for this project will involve cuts and fills up 

to a couple of feet. 

The initial preparation of the site for grading should include the removal of vegetation, heavy root 

systems, and topsoil from the proposed cut, fill, pavement, and structure areas. The topsoil may 

be stockpiled for future use in landscaped areas, if permitted by specification, whereas the 

vegetation, including the heavy root systems, should be disposed of off site in accordance with 

applicable regulations.  

Following clearing the site of the existing vegetation and topsoil, we recommend that low-density, 

very soft to medium stiff soils that exist within the proposed structure, pavement, and fill areas be 

undercut to expose stiff to very stiff native clayey soils. Low-density soils are considered to be 

compressible and unsuitable to support compacted and tested fills, pavements, or foundations.  

After the above operations and making the required excavations in the cut areas, the exposed 

subgrade should be thoroughly proofrolled using a heavily loaded piece of equipment (e.g., a 

tandem-axle dump truck with a gross weight of at least 40,000 pounds) under the review of the 

Project Geotechnical Engineer, or a representative thereof. Soft or yielding soils observed during 

the proofrolling should be undercut to stiff non-yielding cohesive soils or medium dense to dense 

well-graded cohesionless soils.  

Where undercuts are performed, the excavations should be backfilled with new compacted fill 

satisfying the material and compaction requirements presented in this section. The undercut soils 

may be reused provided that they conform to the recommendations contained in this report 

regarding acceptable fill materials. We recommend that the Contract Documents include a bid 

item for the recommended undercutting, as deemed necessary, and their replacement with new 

compacted and tested fill on a “per cubic yard of in-place compacted fill” basis.  

Experience indicates that the overburden soils can be excavated with conventional earthwork 

construction equipment (i.e., dozers, hoes, loaders, scrapers, etc.). 

Fill materials should consist of approved on-site, non-organic, clayey soils, or approved borrow 

material that are relatively free of topsoil, vegetation, trash, construction or demolition debris, 

frozen materials, particles over 6 inches in maximum dimension, or other deleterious materials. 

Based on its organic contents, the cultivated topsoil below the root mass may be incorporated 

into the fill provided that it is mixed with clean clay soils in a 1:1 volumetric ratio. 

The fill should be placed in shallow level lifts (or layers), 6 to 8 inches in loose thickness. Each lift 

should be moisture-conditioned to within the acceptable moisture content range provided in Table 

4, and compacted with a sheepsfoot roller or self-propelled compactor to at least the minimum 

percent compaction indicated in the same table. Moisture-conditioning may include: aeration and 

drying of wetter soils; wetting drier soils; and/or thoroughly mixing wetter and drier soils into a 
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uniform mixture. Based on the standard Proctor and moisture content testing, we anticipate that 

the soil will require drying of the soils for compaction. 

Table 4. Percent compaction and moisture-conditioning requirements for fill and backfill. 

Area 
Minimum Percent 

Compactiona,b 
Acceptable Moisture 

Content Rangec 
Structurald 98% of SPMDD -2% to +3% of OMC 

Non-structural 95% of SPMDD ±3% of OMC 

Floor slab subgrade 98% of SPMDD 0% to +3% of OMC 

Pavement subgrade ≤ 12 inches below 
subgrade 

100% of SPMDD 0% to +2% of OMC 

a SPMDD = standard Proctor maximum dry density determined from ASTM D698. 
b For granular soils that do not exhibit a well-defined moisture-density relationship, refer to Table 6 for 

minimum relative density requirements. 
c OMC = optimum moisture content determined from ASTM D698. 
d Structural fill and backfill for foundations are defined as fill and backfill located within the zones of 

influence of structures. The zone of influence of a structure is defined as the area below the footprint 
of the structure and 2H:1V outward and downward projections from the bearing elevation of the 
structure. 

 

Groundwater is not expected to have a significant adverse effect on the proposed earthwork 

construction; however, the Contractor must be prepared to remove seepage that accumulates in 

excavations, on fill surfaces, or at subgrade levels.  

Maintaining the moisture content of bearing and subgrade soils within the acceptable range 

provided in Table 4 is very important during and after construction for the proposed structures. 

The clayey bearing and subgrade soils should not be allowed to become excessively wet or dried 

during or after construction, and measures should be taken to prevent water from ponding on 

these soils and to prevent these soils from desiccating during dry weather.  

Positive drainage should be established around the proposed structure to promote the rapid 

drainage of surface water away from the structure and to prevent the ponding of water adjacent 

to the structure. Finish grading in grass and landscaped areas should be sloped down and away 

from the structure at 10 percent for at least 10 feet, and then at a gradient of at least 2 percent 

beyond the initial 10 feet from the structure. Proposed pavements should drain away from the 

structure at a minimum of 2 percent. The final grades should direct the surface water to storm 

water collection systems. 

Deep-rooted vegetation should not be planted within 1.5 times their projected mature foliage 

radius from foundations, as the roots of such vegetation can extract moisture from plastic and 

low-plastic soils alike, causing them to shrink, which can potentially create foundation settlement 

issues. Additionally, smaller bushes or flowerbeds adjacent to proposed structures should not be 

watered by ponding water in the beds where the bushes or flowers may be growing, which could 

lead to swelling of the foundation soils and heave. 
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We recommend that the earthwork operations be carried out during the drier season of the year 

and that a sufficient gradient be maintained at the ground surface to prevent ponding of surface 

water. In our experience, the weather conditions are historically more favorable for earthwork 

during the months of May through October in Ohio. Regardless of the time of year, asphalt, 

concrete, or fill should not be placed over frozen or saturated soils, and frozen or saturated soils 

should not be used as compacted fill or backfill. 

Best management practices (BMPs) should be implemented to reduce the effects of erosion and 

the siltation of adjacent properties. Upon completion of earthwork, disturbed areas should be 

stabilized. It is also recommended that riprap and/or suitable armoring be used at the outlets of 

storm sewers and headwalls to reduce flow velocities and protect against erosion. 

8.4 Seismic Site Classification 
Based on the borings and our interpretation of the 2018 International Building Code (2018 IBC), 

it is our opinion that Site Class C is applicable for this project site. 

8.5 Foundation Design and Construction 

8.5.1 Shallow Foundations 

Based on the assumed maximum foundation loads discussed in Section 2.0 (i.e., 150-kip 

concentrated loads and 3-klf strip loads) shallow foundations (i.e., spread footings, column pads, 

or mat foundations) may bear in new compacted and tested fill or the stiff to hard native glacial 

soils. The shallow foundations may be proportioned for a maximum net allowable bearing 

pressure of 3,000 psf, full dead and full live load. We recommend that the minimum lateral 

dimensions for continuous wall footings and isolated column footings be at least 18 and 24 inches, 

respectively. 

Footings should bear at least 36 inches below the proposed grade for protection from frost 

penetration. Additionally, the foundation bearing elevations should not be located higher than a 

relationship of 2H:1V above proposed adjacent foundations or the inverts of nearby existing or 

proposed utilities that parallel or nearly parallel the foundations, without a site-specific evaluation 

of the conditions by the Project Geotechnical Engineer. 

Where shallow foundations will be subjected to lateral loads, resistance to overturning and sliding 

may be evaluated using the parameters provided in Table 5. Furthermore, lateral resistance to 

sliding may be provided by a combination of friction and passive resistance; however, passive 

resistance should be ignored above the frost penetration depth of 36 inches. It also should be 

noted that the passive resistance parameters assume a level ground surface. If proposed grading 

will result in the ground sloping down and away from the foundation in the area of passive 

resistance, we should be contacted to provide site-specific parameters. 
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Table 5. Design parameters for laterally loaded shallow foundations. 

Soil unit weight,  (pcf) 125 

Internal angle of friction,  (°) 28 

Cohesion, c (psf) 0 

Ultimate coefficient of static friction, μult 
0.35 for concrete cast on stiff in-situ 

clayey soils 

Ultimate passive resistance, σp (psf)a 2,000 
a Passive resistance may be considered where concrete is cast against free-standing vertical faces of 

stiff glacial soils; however, passive resistance should be ignored in the upper 36 inches below 
proposed grade due to seasonal variations in moisture and frost penetration. If the ground is sloping 
down and away from the foundation in the area of passive resistance, we should be contacted to 
provide site-specific recommendations. 

 

We recommend that shallow foundation excavations be cut to neat lines and grades so that 

concrete may be placed directly against the banks of the excavations without forming. Loose, soft, 

wet, frozen, or otherwise disturbed materials should be removed from the bearing surfaces of the 

foundations prior to the placement of reinforcing steel and concrete. If a crusted or saturated 

surface develops at the bearing surface for a foundation, we recommend that it be skimmed to 

expose a fresh surface before reinforcing steel and concrete are placed. Foundation concrete 

should be placed the same day as the excavation is made to prevent saturation or desiccation of 

the bearing surfaces. 

Concrete mud mats may be placed over the bearing surfaces to protect the bearing materials 

from desiccation or softening via saturation. If concrete mud mats are utilized, the concrete should 

have a minimum compressive strength of 1,500 psi and a minimum thickness of 3 inches. The 

excavated bearing surface should be lowered at least the thickness of the mud mat, and the top 

of the mud mat should be at or below the design bearing elevation of the foundation. Prior to the 

placement of the concrete mud mat, the bearing surfaces should be cleaned of loose, soft, wet, 

frozen, or otherwise disturbed material.  

Water should not be allowed to pond on top of either bearing soils or bedrock within footing 

excavations, or on or around completed footings, in order to reduce potential softening or swelling 

of the bearing materials. 

We recommend that foundation steps have a maximum height of 2 feet and a corresponding 

minimum length of 4 feet. Reinforcing steel and concrete should remain continuous through the 

foundation steps. 

We recommend that foundation excavations be reviewed by the Project Geotechnical Engineer, 

or a representative thereof, prior to placing concrete in order to confirm that the bearing materials 

and surfaces are consistent with the design recommendations of this report. 
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8.5.2 Drilled Shaft Foundations 

Based on the soil profile, we recommend cast-in-place reinforced concrete drilled shafts where 

deep foundations are needed. Axial resistance for the drilled shafts may be provided by either: 

(1) side resistance only for drilled shafts bearing in the overburden soils; or (2) a combination of 

end resistance and side resistance for drilled shafts bearing in bedrock, ignoring the component 

of the side resistance within the overburden soils. The idealized soil profile provided in Appendix 

F provides the recommended values for allowable end and side resistance for the different 

subsurface layers. We recommend that drilled shafts bear at least 3 times the shaft diameter 

below the ground surface and grade beams, where applicable. 

We recommend that the minimum center-to-center spacing of the drilled shafts be 3 times their 

diameter, unless group effects are accounted for in their axial design.  

Where drilled shafts will be supporting lateral loads, the drilled shafts should be designed using a 

p-y approach. The idealized soil profile provided in Appendix F provides the p-y parameters for 

the different subsurface layers. 

Similar to the discussion in Section 8.5.1 on passive resistance for shallow foundations, lateral 

resistance for deep foundations should be ignored above the frost line (i.e., above a depth of 36 

inches from the ground surface).  

Where the spacing of laterally loaded deep foundations will be close enough that their areas of 

resistance overlap, we recommend that an appropriate p-multiplier be applied in the analyses to 

account for the overlap and reduction in lateral resistance. For piles spaced closer than 3.75 times 

the pile diameter or width and where the direction of pile spacing will be perpendicular to the load 

direction, we recommend that the p-multiplier (pm) be defined by the empirical relationship 

presented in Reese et al. (2006): 

pm = 0.64(S/D)0.34 ≤ 1.0 

where S is the pile spacing and D is the pile diameter or width. For piles where the direction of 

pile spacing will be parallel to the load direction, the p-multipliers should be per Table 10.7.2.4-1 

from the AASHTO LRFD Bridge Design Specifications (AASHTO 2017).  

The drilled shaft excavations should be made straight and plumb with level bottoms, using dry 

construction methods. Loose, soft, wet, or otherwise disturbed materials should be removed from 

the bearing surfaces to expose the design end bearing materials before the reinforcing steel and 

concrete are placed. Concrete should not be placed through more than 3 inches of water in the 

bottom of any shaft, and the rate of inflow of groundwater should be less than 12 inches per hour, 

unless wet construction methods are implemented. We recommend that each drilled shaft 

excavation be reviewed by the Project Geotechnical Engineer, or a representative thereof, to 

confirm that the soil and bedrock conditions encountered within the drilled shaft are consistent 

with those encountered in the borings and with the design recommendations of this report. 
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It should be noted that drilled shafts extending into the dolomite bedrock will likely require core 

barrels and/or full-faced rotary tools to advance the drilled shaft. 

Due to the localized cohesionless soils and groundwater that were encountered above the 

bedrock surface (e.g., Borings B-2 and B-3), full-depth temporary casing from the ground surface 

to the top of bedrock may be needed to control groundwater and/or caving overburden soils. We 

recommend that the Contract Documents include a bid item for casing shafts as recommended 

by the Project Geotechnical Engineer, or the representative thereof, on a “cost per cased shaft” 

basis. 

Bottoms of grade beams should extend 36 inches below proposed exterior grades. Similar to the 

shallow foundations, grade beams between drilled shafts should be excavated to neat lines and 

grades so that concrete may be placed directly against the banks of the excavations without 

forming. If the excavation becomes desiccated prior to placement of concrete, the sides and 

bottoms of the excavation should be trimmed to expose fresh, moist soils to reduce the potential 

of the desiccated soils absorbing water and swelling, resulting in uplift pressures on the grade 

beams. 

8.6 Utility Construction 
We anticipate that select granular backfill will be used as pipe bedding and pipe zone backfill for 

the utilities. We recommend that the granular backfill be limited to the pipe bedding and minimum 

required pipe/utility cover. The remainder of the utility trenches should be backfilled with flowable 

fill or compacted clayey soils up to design subgrade elevation to reduce the potential for water 

collecting in these trenches and being absorbed by the surrounding clays.  

Granular bedding and backfill that exhibits a well-defined moisture-density relationship should be 

compacted and moisture-conditioned per the requirements presented in Table 4; otherwise, the 

granular material should be compacted to at least the minimum relative densities indicated in 

Table 6.  

Utility trench backfill should be placed in 6- to 8-inch thick lifts with each lift compacted to at least 

the specified degree of compaction. Under no circumstances should the backfill be flushed in an 

attempt to obtain compaction.  

If flowable fill is used, it should have a design strength of at least 30 psi for stability and not greater 

than 100 psi for future excavatability. 

Prior to placing the bedding and utilities within the utility trench, soft, saturated, and compressible 

material should be removed from the bottom of the trench, exposing moist stiff soils or undisturbed 

bedrock. 
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Table 6. Relative density compaction requirements for granular fill and backfill. 

Area Minimum Relative Densitya,b 
Structuralc 80%  

Non-structural 75% 

Floor slab and pavement subbase 80% 
a Relative density evaluated on the basis of the maximum and minimum index densities determined 

from ASTM D4253 and D4254, respectively. 
b For granular soils that exhibit a well-defined moisture-density relationship, refer to Table 4 on page 

10 for minimum percent compaction and moisture-conditioning requirements. 
c Structural fill and backfill for foundations are defined as fill and backfill located within the zones of 

influence of structures. The zone of influence of a structure is defined as the area below the footprint 
of the structure and 2H:1V outward and downward projections from the bearing elevation of the 
structure. 

 

8.7 Floor Slab 
We anticipate that the floor slabs for the buildings will be designed as slab-on-grade concrete. 

The concrete floor slab thicknesses should be designed based on the native or compacted and 

tested, stiff soils at this site providing a modulus of subgrade reaction (k) of 125 pounds per cubic 

inch (pci). 

We recommend that the floor slab be underlain by a minimum 4-inch-thick subbase layer of 

dense-graded aggregate (DGA, also referred to as ODOT 304) to serve as a capillary break and 

reduce the potential for groundwater rising beneath and into the floor slab from the clayey 

subgrade via capillary action. The DGA subbase should be compacted per the requirements 

presented in Table 4. Immediately prior to placement of the granular base, we recommend that 

the top 8 inches of clayey floor slab subgrade be compacted and moisture-conditioned per the 

requirements presented in Table 4. 

Additionally, we recommend that a vapor retarder/barrier be provided between the floor slab and 

the subbase where moisture-sensitive floor coverings will be applied to the floors, where moisture-

sensitive products/packaging will be stored in direct contact with the floors, and where the 

humidity of the enclosed space is a concern. The effects of the vapor barrier on curling of the 

concrete floor slab should be considered in the mix design and placement of the concrete floor 

slab. 

Care should be taken during slab-on-grade construction to not allow the subgrade to become 

desiccated or saturated. Additionally, consideration should be given to the timing of construction 

relative to the time of year and weather. If the slab construction is performed during relatively cold 

and wet weather, the use of lime- or cement-treatment of the subgrade may be beneficial to 

maintain progress during construction; otherwise, the subgrade is likely to be weakened by 

softening from saturation by rain and/or snow, leading to delays in reworking the subgrade to 

prepare it back to its pre-softened condition. A cost-benefit analysis may need to be performed to 

evaluate the need for lime- or cement-treatment. 
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It is recommended that control joints be provided within the concrete slab-on-grade floors. These 

joints should be sealed to mitigate surface water infiltration until the building is enclosed. We 

recommend that the floor slab be structurally separated from walls, columns, footings, and 

penetrations to allow independent movement of the floor. 

8.8 Pavement Design and Construction 
Pavements for this project should be designed in accordance with expected axle loads, frequency 

of loading, and the properties of the subgrade. The subgrade properties should be evaluated by 

field California Bearing Ratio (CBR) or plate load tests after final grading is completed, or by the 

correlation of field density tests to laboratory CBR tests.  

Proposed pavement subgrades should be proofrolled with a heavily loaded piece of equipment 

(e.g., a tandem-axle dump truck with a gross weight of at least 40,000 pounds) under the review 

of the Project Geotechnical Engineer, or representative thereof. Soft or yielding soils observed 

during the proofroll should be undercut to stiff, non-yielding soils; however, the depth of undercut 

below subgrade may be limited to 3 feet in light-duty traffic areas and 4 feet in heavy-duty traffic 

areas. The undercut should be backfilled with new compacted fill satisfying the material and 

compaction requirements presented in Section 8.3. We recommend that the Contract Documents 

include an item for undercutting unsuitable soils and replacing them with new compacted and 

tested fill on a “per cubic yard of compacted replacement fill” basis.  

In lieu of undercutting soft or yielding soils to the maximum undercut depths specified above (i.e., 

3 feet for light-duty traffic and 4 feet for heavy-duty traffic), the subgrade may be stabilized using 

a biaxial or triaxial geogrid (e.g., Tensar BX-1200 or TriAx TX160 or equivalent) and at least 12 

inches of compacted crushed stone. We recommend that the thickness of undercut and 

compacted crushed stone be field-evaluated based on the conditions encountered during 

construction and using a test section. This alternative should also be considered if weather, other 

site conditions, or the project schedule make earthwork activities with clayey soils impractical.  

Prior to the placement of pavement or aggregate base, where provided, we recommend that the 

top 8 inches of clayey subgrade be scarified and recompacted per the requirements presented in 

Table 4. 

If the proposed pavement section includes an aggregate base, we recommend that caution be 

exercised so that the proposed aggregate base does not become saturated during or after 

construction. Water trapped in the aggregate base is capable of freezing, causing it to expand 

within the voids it occupies. Consequently, ice lenses may form and potentially heave the 

pavement. Furthermore, the thawing process can soften underlying cohesive subgrades, which 

reduces the pavement support provided by the subgrade, giving rise to “pumping” of the 

pavements under loads. Preferably, the aggregate base should be a free-draining material with 

provisions for draining the base through a system of underdrains. 

Surface drainage should be directed away from the edges of proposed or existing pavements so 

that water does not pond next to pavements or flow onto pavements from unpaved areas. Such 



Geotechnical Exploration 
AMPT Bellard Station | Bowling Green, Ohio 
December 3, 2020 | Geotechnology Project No. J037068.01 

 

 

  17 
FROM THE GROUND UP 

ponding or flow can cause deterioration of pavement subgrades and premature failure of 

pavements. If drainage ditches are used to intercept surface water before it reaches the 

pavements, the ditches should have an invert at least 6 inches below the pavement subgrade, 

and have a sufficient longitudinal gradient to rapidly drain the ditches and prevent ponding of 

water. In those areas where exterior grades do not fully slope away from the edges of the 

proposed pavement, we recommend that edge drains be installed along the perimeter of the 

pavement. 

If dumpsters are utilized at the project site, we recommend that the dumpster be supported on 

concrete slabs and that the slabs be sized to accommodate the loading wheels of the dumpster 

truck. The access lane to the dumpster should also be designed for the heavier wheel loads 

associated with dumpster trucks. 

9.0 RECOMMENDED ADDITIONAL SERVICES 
The conclusions and recommendations given in this report are based on: Geotechnology’s 

understanding of the proposed design and construction, as outlined in this report; site 

observations; interpretation of the exploration data; and our experience. Since the intent of the 

design recommendations is best understood by Geotechnology, we recommend that 

Geotechnology be included in the final design and construction process, and be retained to review 

the project plans and specifications to confirm that the recommendations given in this report have 

been correctly implemented. We recommend that Geotechnology be retained to participate in 

prebid and preconstruction conferences to reduce the risk of misinterpretation of the conclusions 

and recommendations in this report relative to the proposed construction of the subject project. 

Since actual subsurface conditions between boring locations may vary from those encountered 

in the borings, our design recommendations are subject to adjustment in the field based on the 

subsurface conditions encountered during construction. Therefore, we recommend that 

Geotechnology be retained to provide construction observation services as a continuation of the 

design process to confirm the recommendations in this report and to revise them accordingly to 

accommodate differing subsurface conditions. Construction observation is intended to enhance 

compliance with project plans and specifications. It is not insurance, nor does it constitute a 

warranty or guarantee of any type. Regardless of construction observation, contractors, suppliers, 

and others are solely responsible for the quality of their work and for adhering to plans and 

specifications. 

10.0 LIMITATIONS 
This report has been prepared on behalf of, and for the exclusive use of, POWER Engineers, Inc. 

for specific application to the named project as described herein. If this report is provided to other 

parties, it should be provided in its entirety with all supplementary information. In addition, 

POWER Engineers, Inc. should make it clear that the information is provided for factual data only, 

and not as a warranty of subsurface conditions presented in this report.  
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Geotechnology has attempted to conduct the services reported herein in a manner consistent 

with that level of care and skill ordinarily exercised by members of the profession currently 

practicing in the same locality and under similar conditions. The recommendations and 

conclusions contained in this report are professional opinions. The report is not a bidding 

document and should not be used for that purpose. 

Our scope for this phase of the project did not include any environmental assessment or 

investigation for the presence or absence of wetlands or hazardous or toxic materials in the soil, 

surface water, groundwater, or air, on or below or around this site. Our scope did not include an 

assessment of the effects of flooding and erosion of creeks or waterways adjacent to or on the 

project site. 

The analyses, conclusions, and recommendations contained in this report are based on the data 

obtained from the subsurface exploration. The field exploration methods used indicate subsurface 

conditions only at the specific locations where samples were obtained, only at the time they were 

obtained, and only to the depths penetrated. Consequently, subsurface conditions may vary 

gradually, abruptly, and/or nonlinearly between sample locations and/or intervals.  

The conclusions or recommendations presented in this report should not be used without 

Geotechnology’s review and assessment if the nature, design, or location of the facilities is 

changed, if there is a substantial lapse in time between the submittal of this report and the start 

of work at the site, or if there is a substantial interruption or delay during work at the site. If changes 

are contemplated or delays occur, Geotechnology must be allowed to review them to assess their 

impact on the findings, conclusions, and/or design recommendations given in this report. 

Geotechnology will not be responsible for any claims, damages, or liability associated with any 

other party’s interpretations of the subsurface data or with reuse of the subsurface data or 

engineering analyses in this report.  

The recommendations included in this report have been based in part on assumptions about 

variations in site stratigraphy that may be evaluated further during earthwork and foundation 

construction. Geotechnology should be retained to perform construction observation and continue 

its geotechnical engineering service using observational methods. Geotechnology cannot 

assume liability for the adequacy of its recommendations when they are used in the field without 

Geotechnology being retained to observe construction. 

A copy of "Important Information about This Geotechnical-Engineering Report" that is published 

by the Geotechnical Business Council (GBC) of the Geoprofessional Business Association (GBA) 

is included in Appendix A for your review. The publication discusses some other limitations, as 

well as ways to manage risk associated with subsurface conditions.  
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APPENDIX A – IMPORTANT INFORMATION ABOUT THIS GEOTECHNICAL-ENGINEERING 
REPORT 



Geotechnical-Engineering Report

Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the 
specific needs of their clients. A geotechnical-engineering 
study conducted for a civil engineer may not fulfill the needs of 
a constructor  — a construction contractor — or even another 
civil engineer. Because each geotechnical- engineering study 
is unique, each geotechnical-engineering report is unique, 
prepared solely for the client. No one except you should rely on 
this geotechnical-engineering report without first conferring 
with the geotechnical engineer who prepared it. And no one 
 — not even you — should apply this report for any purpose or 
project except the one originally contemplated.

Read the Full Report
Serious problems have occurred because those relying on  
a geotechnical-engineering report did not read it all. Do  
not rely on an executive summary. Do not read selected 
elements only.

Geotechnical Engineers Base Each Report on  
a Unique Set of Project-Specific Factors
Geotechnical engineers consider many unique, project-specific 
factors when establishing the scope of a study. Typical factors 
include: the client’s goals, objectives, and risk-management 
preferences; the general nature of the structure involved, its 
size, and configuration; the location of the structure on the 
site; and other planned or existing site improvements, such as 
access roads, parking lots, and underground utilities. Unless 
the geotechnical engineer who conducted the study specifically 
indicates otherwise, do not rely on a geotechnical-engineering 
report that was:
• not prepared for you;
• not prepared for your project;
• not prepared for the specific site explored; or
• completed before important project changes were made.

Typical changes that can erode the reliability of an existing 
geotechnical-engineering report include those that affect: 
• the function of the proposed structure, as when it’s changed 

from a parking garage to an office building, or from a light-
industrial plant to a refrigerated warehouse;

• the elevation, configuration, location, orientation, or weight 
of the proposed structure;

• the composition of the design team; or
• project ownership.

As a general rule, always inform your geotechnical engineer 
of project changes—even minor ones—and request an 

assessment of their impact. Geotechnical engineers cannot 
accept responsibility or liability for problems that occur because 
their reports do not consider developments of which they were 
not informed.

Subsurface Conditions Can Change
A geotechnical-engineering report is based on conditions that 
existed at the time the geotechnical engineer performed the 
study. Do not rely on a geotechnical-engineering report whose 
adequacy may have been affected by: the passage of time; 
man-made events, such as construction on or adjacent to the 
site; or natural events, such as floods, droughts, earthquakes, 
or groundwater fluctuations. Contact the geotechnical engineer 
before applying this report to determine if it is still reliable. A 
minor amount of additional testing or analysis could prevent 
major problems.

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

A Report’s Recommendations Are Not Final
Do not overrely on the confirmation-dependent 
recommendations included in your report. Confirmation-
dependent recommendations are not final, because 
geotechnical engineers develop them principally from 
judgment and opinion. Geotechnical engineers can finalize 
their recommendations only by observing actual subsurface 
conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume 
responsibility or liability for the report’s confirmation-dependent 
recommendations if that engineer does not perform the 
geotechnical-construction observation required to confirm the 
recommendations’ applicability.

A Geotechnical-Engineering Report Is Subject 
to Misinterpretation
Other design-team members’ misinterpretation of 
geotechnical-engineering reports has resulted in costly 

Important Information about This

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

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.



problems. Confront that risk by having your geo technical 
engineer confer with appropriate members of the design team 
after submitting the report. Also retain your geotechnical 
engineer to review pertinent elements of the design team’s 
plans and specifications. Constructors can also misinterpret 
a geotechnical-engineering report. Confront that risk by 
having your geotechnical engineer participate in prebid and 
preconstruction conferences, and by providing geotechnical 
construction observation.

Do Not Redraw the Engineer’s Logs
Geotechnical engineers prepare final boring and testing logs 
based upon their interpretation of field logs and laboratory 
data. To prevent errors or omissions, the logs included in a 
geotechnical-engineering report should never be redrawn 
for inclusion in architectural or other design drawings. Only 
photographic or electronic reproduction is acceptable, but 
recognize that separating logs from the report can elevate risk.

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

Read Responsibility Provisions Closely
Some clients, design professionals, and constructors fail to 
recognize that geotechnical engineering is far less exact than 
other engineering disciplines. This lack of understanding 
has created unrealistic expectations that have led to 
disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include 
a variety of explanatory provisions in their reports. Sometimes 
labeled “limitations,” many of these provisions indicate where 
geotechnical engineers’ responsibilities begin and end, to help 

others recognize their own responsibilities and risks. Read 
these provisions closely. Ask questions. Your geotechnical 
engineer should respond fully and frankly.

Environmental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform 
an environmental study differ significantly from those used to 
perform a geotechnical study. For that reason, a geotechnical-
engineering report does not usually relate any environmental 
findings, conclusions, or recommendations; e.g., about 
the likelihood of encountering underground storage tanks 
or regulated contaminants. Unanticipated environmental 
problems have led to numerous project failures. If you have not 
yet obtained your own environmental information,  
ask your geotechnical consultant for risk-management 
guidance. Do not rely on an environmental report prepared for 
someone else.

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

Rely, on Your GBC-Member Geotechnical Engineer 
for Additional Assistance
Membership in the Geotechnical Business Council of the 
Geoprofessional Business Association exposes geotechnical 
engineers to a wide array of risk-confrontation techniques 
that can be of genuine benefit for everyone involved with 
a construction project. Confer with you GBC-Member 
geotechnical engineer for more information.

8811 Colesville Road/Suite G106, Silver Spring, MD  20910
Telephone: 301/565-2733    Facsimile: 301/589-2017

e-mail: info@geoprofessional.org    www.geoprofessional.org
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by any means whatsoever, is strictly prohibited, except with GBA’s specific written permission. Excerpting, quoting, or otherwise extracting wording from this document  
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this document as a complement to or as an element of a geotechnical-engineering report. Any other firm, individual, or other entity that so uses this document without  

being a GBA member could be commiting negligent or intentional (fraudulent) misrepresentation.



Geotechnical Exploration 
AMPT Bellard Station | Bowling Green, Ohio 
December 3, 2020 | Geotechnology Project No. J037068.01 

 

 

 
FROM THE GROUND UP 

APPENDIX B – PLANS 

Site Location Plan, Sheet No. 1 

Exploration Plan, Sheet No. 2 







Geotechnical Exploration 
AMPT Bellard Station | Bowling Green, Ohio 
December 3, 2020 | Geotechnology Project No. J037068.01 

 

 

 
FROM THE GROUND UP 

APPENDIX C – BORING INFORMATION 

Boring Logs 

Soil Classification Sheet 

Rock Classification Sheet 

Rock Core Photographs 
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TOPSOIL (6 inches)

Brown and dark brown moist stiff to very stiff sandy LEAN CLAY with
topsoil and trace roots (cultivated topsoil). (CL)

Mottled gray and brown moist stiff to very stiff fine sandy LEAN CLAY,
trace gravel (glacial till). (CL)

Brown moist very stiff to hard sandy LEAN CLAY with gravel (glacial till).

Gray very moist to wet soft LEAN CLAY with distorted laminations
(lacustrine/glacial till). (CL)

Gray very moist dense to very dense silty fine to medium SAND with
gravel, rock fragments (glacial gouge).

Gray weathered DOLOMITE (bedrock).

Light to medium gray and white slightly weathered medium strong to
strong DOLOMITE. Dolomite is finely to coarsely crystalline, medium to
massively bedded and vuggy. Stylolites present throughout the rock core
at irregular intervals. (Lockport Dolomite)

Bottom of test boring at 36.5 feet.
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/4/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/4/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

673.8

Rock Core Diameter: 1.875 in.Surface Elevation: 673.8 ft.

ELEV.

S
am

p
le

N
u

m
b

er

S
am

p
le

C
o

n
d

it
io

n

COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION
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Split-Spoon Sample
Shelby Tube
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TOPSOIL (6 inches)
Brown, trace gray moist stiff to very stiff sandy LEAN CLAY with topsoil
and trace roots (cultivated topsoil).

Brown, gray, and trace dark brown moist stiff to very stiff sandy LEAN
CLAY with trace roots (possible cultivated topsoil).

Mottled brown and gray moist very stiff to hard sandy LEAN CLAY with
gravel (glacial till).  (CL)

-7.5 to 7.9 feet: Dark brown and gray, moist hard sandy LEAN CLAY
with trace gravel. (Paleosol)
- 10 feet: Heavy oxide staining.

Grayish brown moist hard LEAN CLAY with gravel dropstones and
distorted laminations (lacustrine/glacial till).

Gray moist dense silty fine to coarse SAND with gravel, rock fragments,
little clay (glacial gouge).

Medium gray and white weathered medium strong dissolution-pitted
DOLOMITE. Dolomite is finely to coarsely crystalline, medium bedded
and vuggy. (Lockport Dolomite)

Light to medium gray and white slightly weathered medium strong to
strong DOLOMITE. Dolomite is finely to coarsely crystalline, medium
bedded and vuggy. Stylolites present throughout the rock core at
irregular intervals. (Lockport Dolomite)

QU= 6,330 psi (911.5 ksf)

Bottom of test boring at 34.0 feet.
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/4/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/4/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

673.8

Rock Core Diameter: 1.875 in.Surface Elevation: 673.8 ft.
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COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION

Hammer Weight:  140 lb.

Hammer Drop:  30 in.

PC
CA
SS
ST
RC

Pipe Size:  2 in. O.D.

Hole Diameter:  6 in.

Pavement Core
Continuous Flight Auger
Split-Spoon Sample
Shelby Tube
Rock Core

HP
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TOPSOIL (36 inches)

Brown, little gray moist hard sandy LEAN CLAY with gravel (glacial till).

Grayish brown moist hard sandy LEAN CLAY with trace gravel (glacial
till).

Grayish brown moist to very moist stiff to very stiff LEAN CLAY with
gravel dropstones and distorted laminations (lacustrine/glacial till).  (CL)

Light to medium gray and white slightly weathered medium strong to
strong DOLOMITE. Dolomite is finely to coarsely crystalline, medium to
thick bedded and vuggy. Stylolites present throughout the rock core at
irregular intervals. (Lockport Dolomite)

QU= 10,000 psi (1440 ksf)

Light gray and white slightly weathered weak to medium strong
DOLOMITE. Dolomite is finely to coarsely crystalline, medium bedded
and very vuggy. (Lockport Dolomite).

QU= 3,380 psi (486.7 ksf)

Bottom of test boring at 32.3 feet.
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/5/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/5/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

672.8

Rock Core Diameter: 1.875 in.Surface Elevation: 672.8 ft.
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COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION

Hammer Weight:  140 lb.

Hammer Drop:  30 in.

PC
CA
SS
ST
RC

Pipe Size:  2 in. O.D.

Hole Diameter:  6 in.

Pavement Core
Continuous Flight Auger
Split-Spoon Sample
Shelby Tube
Rock Core

HP
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TOPSOIL (8 inches)

Dark brown and brown moist medium stiff to very stiff sandy LEAN
CLAY with trace roots (cultivated topsoil).

Dark gray to black moist very stiff sandy LEAN CLAY with organic odor
(cultivated topsoil). (CL)

Mottled brown and gray moist very stiff to hard sandy LEAN CLAY with
fine gravel (glacial till).

Grayish brown moist hard sandy LEAN CLAY with trace gravel (glacial
till).  (CL)

Grayish brown moist to very moist stiff LEAN CLAY with trace gravel
dropstones, distorted laminations (lacustrine/glacial till).

Light to medium gray and white slightly weathered medium strong to
very strong DOLOMITE. Dolomite is finely to coarsely crystalline,
medium to massively bedded and vuggy. Stylolites present throughout
the rock core at irregular intervals. (Lockport Dolomite)

Bottom of test boring at 28.2 feet.

1.0

4.5

4.5

4.5

4.5

4.5

2.0

Strata
Depth
(feet)

Foreman: D. Caudill

BORING #: B-5

PROJECT #: J037068.01

LOG OF TEST BORING

S
am

p
le

T
yp

e

D
I
U
L

Hollow Stem Augers
Continuous Flight Augers
Driving Casing
Mud Drilling

=
=
=
=

HSA
CFA
DC
MD

GROUNDWATER DEPTH

Bowling Green, Ohio PAGE #: 1 of 1

Engineer: Joseph D. Hauber

=
=
=
=
=

First Noted None

After --

Disintegrated
Intact
Undisturbed
Lost

=
=
=
=

Depth
Scale
(feet) (%)0.0

Recovery

(in.)

PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/5/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/5/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

673.2

Rock Core Diameter: 1.875 in.Surface Elevation: 673.2 ft.
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COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION

Hammer Weight:  140 lb.

Hammer Drop:  30 in.

PC
CA
SS
ST
RC

Pipe Size:  2 in. O.D.

Hole Diameter:  6 in.

Pavement Core
Continuous Flight Auger
Split-Spoon Sample
Shelby Tube
Rock Core
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TOPSOIL (9 inches)
Orange-brown moist loose silty SAND, trace roots (eolian).

Mottled brown, trace gray moist very stiff to hard sandy LEAN CLAY with
gravel (glacial till).  (CL)

Grayish brown moist hard LEAN CLAY with trace sand and gravel
(glacial till).

Light to medium gray and white slightly weathered medium strong to
strong DOLOMITE. Dolomite is finely to coarsely crystalline medium
bedded and very vuggy with large vuggs. Vuggs are being infilled with
quartz. Stylolites present throughout the rock core at irregular intervals.
(Lockport Dolomite)

QU= 5,960 psi (858.2 ksf)

Bottom of test boring at 31.4 feet.
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/5/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/5/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

675.2

Rock Core Diameter: 1.875 in.Surface Elevation: 675.2 ft.
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COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION

Hammer Weight:  140 lb.

Hammer Drop:  30 in.

PC
CA
SS
ST
RC

Pipe Size:  2 in. O.D.

Hole Diameter:  6 in.
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Split-Spoon Sample
Shelby Tube
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TOPSOIL (4 inches)
Dark brown and orange-brown moist loose silty SAND with trace
organics (cultivated topsoil).

Brown, trace gray moist very stiff sandy LEAN CLAY with trace gravel
and occasional sand lenses (glacial till).  (CL)

Brown, trace gray moist hard sandy LEAN CLAY with trace gravel
(glacial till).
-8.0 to 8.3: Brown moist silty SAND seam.

Grayish brown moist very stiff to hard sandy LEAN CLAY with trace
gravel (glacial till).

Gray moist stiff sandy SILTY CLAY with fine gravel (glacial till). (CL-ML)

Light to medium gray and white slightly weathered medium strong to
strong DOLOMITE. Dolomite is finely to coarsely crystalline, medium
bedded and vuggy. Stylolites present throughout the rock core at
irregular intervals. (Lockport Dolomite)

Bottom of test boring at 36.3 feet.
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 11/6/2020

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water

Backfilled Immediately

Date Started: 11/6/2020

Drill Rig: CME 550

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

674.8

Rock Core Diameter: 1.875 in.Surface Elevation: 674.8 ft.
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COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS
DESCRIPTION

Hammer Weight:  140 lb.

Hammer Drop:  30 in.

PC
CA
SS
ST
RC

Pipe Size:  2 in. O.D.

Hole Diameter:  6 in.

Pavement Core
Continuous Flight Auger
Split-Spoon Sample
Shelby Tube
Rock Core

HP
(tsf)
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FROM THE GROUND UP 

 
SOIL CLASSIFICATION SHEET 

 
NON COHESIVE SOILS 

(Silt, Sand, Gravel and Combinations) 
 

 
Density Particle Size Identification 
Very Loose -   4 blows/ft. or less Boulders - 8 inch diameter or more 
Loose -   5 to 10 blows/ft. Cobbles - 3 to 8 inch diameter 
Medium Dense - 11 to 30 blows/ft. Gravel - Coarse - 3/4 to 3 inches 
Dense - 31 to 50 blows/ft.  - Fine - 3/16 to 3/4 inches 
Very Dense - 51 blows/ft. or more 
  Sand - Coarse - 2mm to 5mm 
      (dia. of pencil lead) 
Relative Properties  - Medium - 0.45mm to 2mm 
Descriptive Term  Percent     (dia. of broom straw) 
Trace    1 – 10  - Fine - 0.075mm to 0.45mm 
Little  11 – 20     (dia. of human hair) 
Some  21 – 35 Silt   - 0.005mm to 0.075mm 
And  36 – 50     (Cannot see particles) 
 

 
COHESIVE SOILS 

(Clay, Silt and Combinations) 
 

      Unconfined Compressive 
Consistency   Field Identification    Strength (tons/sq. ft.) 
Very Soft Easily penetrated several inches by fist    Less than 0.25 
Soft Easily penetrated several inches by thumb    0.25 – 0.5 
Medium Stiff Can be penetrated several inches by thumb with moderate effort 0.5 – 1.0 
Stiff Readily indented by thumb but penetrated only with great effort  1.0 – 2.0 
Very Stiff Readily indented by thumbnail    2.0 – 4.0 
Hard Indented with difficulty by thumbnail    Over 4.0 
 
 
Classification on logs are made by visual inspection. 
 
Standard Penetration Test – Driving a 2.0” O.D., 1 3/8” I.D., sampler a distance of 1.0 foot into undisturbed soil with a 
140 pound hammer free falling a distance of 30 inches.  It is customary to drive the spoon 6 inches to seat into 
undisturbed soil, then perform the test.  The number of hammer blows for seating the spoon and making the tests are 
recorded for each 6 inches of penetration on the drill log (Example – 6/8/9).  The standard penetration test results can 
be obtained by adding the last two figures (i.e. 8+9=17 blows/ft.).  Refusal is defined as greater than 50 blows for 6 
inches or less penetration.   
 
Strata Changes – In the column “Soil Descriptions” on the drill log, the horizontal lines represent strata changes.  A 
solid line (⎯⎯⎯⎯⎯) represents an actually observed change; a dashed line (⎯ ⎯ ⎯ ⎯) represents an estimated 
change. 
 
Groundwater observations were made at the times indicated.  Porosity of soil strata, weather conditions, site 
topography, etc., may cause changes in the water levels indicated on the logs. 



 

 

   
FROM THE GROUND UP 

 
ROCK CLASSIFICATION SHEET 

 
ROCK WEATHERING 

 
Descriptions Field Identification 
Unweathered No visible sign of rock material weathering, perhaps slight discoloration on major 

discontinuity surfaces. 
 

Weathered Discoloration indicates weathering of rock material and discontinuity surfaces.  All the 
rock material may be discolored by weathering and may be somewhat weaker 
externally than it its fresh condition. 
 

Highly Weathered Less than half of the rock material is decomposed and/or disintegrated to a soil.  
Fresh or discolored rock is present either as a discontinuous framework or as 
corestones. 
 

Residual Soil All rock material is decomposed and/or disintegrated to soil.  The original mass 
structure is still largely intact with bedding planes visible, and the soil has not been 
significantly transported. 

 
 

 
ROCK STRENGTH 

Descriptions Field Identification 

Uniaxial 
Compressive 
Strength (psi) 

Extremely Weak Indented by thumbnail 
 

40-150 

Very Weak Crumbles under firm blows with point of geological hammer, can be peeled 
by a pocket knife. 
 

150-700 

Weak Can be peeled by a pocket knife with difficulty, shallow indentations made 
by firm blow with point of geological hammer. 
 

700-4,000 

Medium Strong Cannot be scraped or peeled with a pocket knife, specimen can be 
fractured with a single blow of a geological hammer. 
 

4,000-7,000 

Strong Specimen requires more than one blow of a geological hammer to fracture. 
 

7,000-15,000 

Very Strong Specimen requires many blows with a geological hammer to fracture. 
 

15,000-36,000 

Extremely Strong Specimen can only be chipped with geological hammer. >36,000 
 
 

BEDDING 
 

Descriptive Term Bed Thickness 
Massive > 4 ft. 

Thick 2 to 4 ft. 
Medium 2 in. to 2 ft. 

Thin < 2 in. 
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FROM THE GROUND UP 

 

Rock Core Photograph 1. Boring B-2, Core Runs RC-11 and RC-12 (26.5 to 36.5 feet deep). 

 

Rock Core Photograph 2. Boring B-3, Core Runs RC-10 and RC-11 (24.0 to 34.0 feet deep). 
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FROM THE GROUND UP 

 

Rock Core Photograph 3. Boring B-4, Core Runs RC-10 and RC-11 (22.3 to 32.3 feet deep). 

 

Rock Core Photograph 4. Boring B-5, Core Runs RC-9 and RC-10 (18.2 to 28.2 feet deep). 



Geotechnical Exploration 
AMPT Bellard Station | Bowling Green, Ohio 
December 3, 2020 | Geotechnology Project No. J037068.01 

 

 

 
FROM THE GROUND UP 

 

Rock Core Photograph 5. Boring B-6, Core Runs RC-10 and RC-11 (21.4 to 31.4 feet deep). 

 

Rock Core Photograph 6. Boring B-7, Core Runs RC-11 and RC-12 (26.3 to 36.3 feet deep). 
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FROM THE GROUND UP 

APPENDIX D – FIELD RESISTIVITY DATA  

Wenner Resistivity Survey 



Survey No. 
and 

Location
Orientation "A" Spacing    

(ft)

Apparent 
Resistivity 

(Ω-f)

Resistance 
(mΩ)

Current 
(mA)

2 32 3 382

4 37 1459 451

6 39 1042 297

8 42 839 485

10 7 106 472

20 180 2860 464

30 203 1079 358

40 -313 -1245 310

50 -808 -2572 226

60 367 974 170

70 417 948 191

80 461 917 237

90 510 902 250

100 549 874 249

200 706 562 267

230 592 414 347

Survey No. 
and 

Location
Orientation "A" Spacing    

(ft)

Apparent 
Resistivity 

(Ω-f)

Resistance 
(mΩ)

Current 
(mA)

2 100 7922 386

4 112 4474 393

6 45 1199 386

8 54 1080 376

10 60 958 442

20 154 1226 392

30 209 1111 430

40 262 1044 381

50 314 999 397

60 361 958 363

70 192 436 388

80 445 884 394

90 578 846 437

100 511 813 407

200 664 529 502

Wenner 
Array 1A      

(RS 1 to RS 
5)

Wenner 
Array 1B   

(RS 2 to RS 
4)

Northwest- 
Southeast

Northeast-
Southwest

AMPT Bellard Station - Resistivity Survey

DESCRIPTION:   

Geotechnology, Inc.

Time Printed:  2:19 PM

PROJECT NO.:  J037068.01

CLIENT:  POWER Engineers

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, Ohio

Date Printed:  12/3/2020
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FROM THE GROUND UP 

APPENDIX E – LABORATORY TEST DATA 

Tabulation of Laboratory Tests 

Particle-Size Analysis Test Forms 

Soil Unconfined Compressive Strength Test Forms 

Rock Uniaxial Compressive Strength Test Forms 

Standard Proctor Test Forms 

  



AMPT BELLARD STATION

BOWLING GREEN, OHIO

J037068.01

From To LL PL PI Gravel Sand Silt Clay
B-2 BAG 0.0 4.5 19.0 45 21 24 CL 110.8 16.5

B-2 SS-2 1.5 3.0 19.9

B-2 SS-5 6.0 7.5 14.3

B-2 SS-8 15.0 16.5 16.7 29 19 10 CL

B-3 SS-1 0.0 1.5 20.1 2.4

B-3 SS-3 3.0 4.5 21.0

B-3 ST-6 7.5 8.0 17.0 42 22 20 0.3 19.7 30.7 49.3 CL

B-3 SS-8 15.0 16.5 17.4

B-3 SS-9 20.0 21.5 9.4

B-3 RC-11 26.5 27.0 0.2 165.3 6,330

B-4 SS-3 3.0 4.5 12.2

B-4 SS-5 6.0 7.5 12.2

B-4 SS-7 9.0 10.5 12.6

B-4 SS-9 19.0 20.5 21.7 36 19 17 CL

B-4 RC-10 22.7 23.2 0.1 159.1 10,000

B-4 RC-11 30.8 31.3 0.2 153.8 3,380

B-5 SS-1 0.0 1.5 19.9 4.0

B-5 ST-2 1.5 2.1 21.4 102.9 1,690

B-5 ST-2 2.1 3.5 16.5

B-5 ST-3 3.6 4.1 19.8 105.0 41 23 18 0.3 32.7 26.0 41.0 CL 4,650

B-5 SS-7 9.0 10.5 12.9 33 17 16 2.9 18.4 32.1 46.6 CL

B-5 SS-8 14.0 15.5 26.0

B-6 BAG 0.0 4.5 26 16 10 3.5 33.3 28.1 35.1 CL 118.6 12.6

B-6 ST-2 1.8 2.3 15.5 107.1 5,640

B-6 ST-2 2.1 3.5 8.3

B-6 SS-4 4.5 6.0 14.8

B-6 SS-6 7.5 9.0 15.4

B-6 SS-8 14.0 15.5 13.7

B-6 RC-11 25.9 26.4 1.0 154.8 5,960

B-7 SS-1 0.0 1.5 14.3

B-7 SS-3 3.0 4.5 15.9 29 18 11 3.0 22.2 32.3 42.5 CL

B-7 ST-6 8.4 8.9 12.6 125.8 11,100

B-7 SS-8 14.0 15.5 11.6

B-7 SS-10 24.0 25.5 13.9 20 15 5 4.7 32.4 38.5 24.4 CL-ML

USCS 
Classification

Uniaxial 
Compressive 
Strength (psi)

Maximum Dry 
Density (pcf)

Standard ProctorUnconfined 
Compressive 
Strength (psf)

Optimum Moisture 
Content (%)

Atterberg 
Limits (%)

Gradation Analysis         
(%)

Organic 
Content 

(%)
Sample 

No. 

Moisture 
Content      

(%)
Depth (ft.)

TABULATION OF LABORATORY TESTS

Boring 
No.

Dry Unit 
Weight      

(pcf)

PAGE 1 OF 1



Coarse 
Sand (%)

Fine   Sand 
(%)

4.3 15.4

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/24/2020

Depth (ft.): 7.5 - 8.0Boring No.: B-3 Sample No.: ST-6

Group Index

42

Gravel (%)

0.3

Sand (%) Silt (%)

30.7

Sample Description:
Dark brown and gray, moist hard sandy LEAN CLAY 
with trace gravel. (Paleosol)

USCS

CL

LL

Clay  (%)

49.3

PL PI WC (%)

22 20 17.0

19.7Sample Location:

Sample Description:

Dark brown and gray, moist hard sandy LEAN CLAY 
with trace gravel. (Paleosol)

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

7.2 25.5

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/24/2020

Depth (ft.): 3.6 - 4.1Boring No.: B-5 Sample No.: ST-3

Group Index

41

Gravel (%)

0.3

Sand (%) Silt (%)

26.0

Sample Description:
Dark gray to black moist very stiff sandy LEAN CLAY 
with organic odor (cultivated topsoil)

USCS

CL

LL

Clay  (%)

41.0

PL PI WC (%)

23 18 19.8

32.7Sample Location:

Sample Description:

Dark gray to black moist very stiff sandy LEAN CLAY 
with organic odor (cultivated topsoil)

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

5.4 13.0

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/25/2020

Depth (ft.): 9.0 - 10.5Boring No.: B-5 Sample No.: SS-7

Group Index

33

Gravel (%)

2.9

Sand (%) Silt (%)

32.1

Sample Description:
Grayish brown moist hard sandy LEAN CLAY with trace 
gravel  (glacial till).

USCS

CL

LL

Clay  (%)

46.6

PL PI WC (%)

17 16 12.9

18.4Sample Location:

Sample Description:

Grayish brown moist hard sandy LEAN CLAY with trace 
gravel  (glacial till).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

5.1 28.2

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/25/2020

Depth (ft.): 0.0 - 4.5Boring No.: B-6 Sample No.: BAG

Group Index

26

Gravel (%)

3.5

Sand (%) Silt (%)

28.1

Sample Description:
Brown, moist sandy LEAN CLAY with gravel (glacial till).

USCS

CL

LL

Clay  (%)

35.1

PL PI WC (%)

16 10

33.3Sample Location:

Sample Description:

Brown, moist sandy LEAN CLAY with gravel (glacial till).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

6.3 15.9

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/25/2020

Depth (ft.): 3.0 - 4.5Boring No.: B-7 Sample No.: SS-3

Group Index

29

Gravel (%)

3.0

Sand (%) Silt (%)

32.3

Sample Description:
Brown, trace gray moist very stiff sandy LEAN CLAY 
with trace gravel and occasional sand lenses (glacial 
till).

USCS

CL

LL

Clay  (%)

42.5

PL PI WC (%)

18 11 15.9

22.2Sample Location:

Sample Description:

Brown, trace gray moist very stiff sandy LEAN CLAY 
with trace gravel and occasional sand lenses (glacial 
till).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

9.2 23.1

PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

11/25/2020

Depth (ft.): 24.0 - 25.5Boring No.: B-7 Sample No.: SS-10

Group Index

20

Gravel (%)

4.8

Sand (%) Silt (%)

38.5

Sample Description:
Gray moist stiff sandy SILTY CLAY with fine gravel 
(glacial till).

USCS

CL-ML

LL

Clay  (%)

24.4

PL PI WC (%)

15 5 13.9

32.3Sample Location:

Sample Description:

Gray moist stiff sandy SILTY CLAY with fine gravel 
(glacial till).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



CLIENT :  POWER Engineers, Inc.
PROJECT NO.:  J037068.01
PROJECT:  AMPT Bellard Station
LOCATION:  Bowling Green, OH

BORING NO.:  B-5 SAMPLE NO.:  ST-2 DEPTH (ft.):  1.5-2.1
SAMPLE OBTAINED BY:  Shelby Tube CONDITION:  Undisturbed
SAMPLE DESCRIPTION:

LIQUID LIMIT (%):  PLASTIC LIMIT (%):  PLASTICITY INDEX (%):  USCS:  
GRAVEL (%):  SAND (%):  SILT (%):  CLAY (%):  
SPECIFIC GRAVITY OF SOLIDS:  2.75 (Assumed) LOAD CELL NO.:  1059

2.81 1.1
5.55 2.7
1.98 3.0
124.9 1,690
102.9 UNDRAINED SHEAR STRENGTH, su (psf): 845
0.67 SENSITIVITY, St: -
21.4
88

 

 

REMARKS :

*Moisture content determined after shear from entire sample.

SAMPLE DATA FAILURE DATA

FAILURE SHAPES

DRY UNIT WEIGHT (pcf):

HEIGHT TO DIAMETER RATIO:
UNCONFINED COMPRESSIVE STRENGTH, qu (psf):
TIME TO FAILURE (min.):

DEGREE OF SATURATION (%):

WET UNIT WEIGHT (pcf):

VOID RATIO:
MOISTURE CONTENT (%)*:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

DIAMETER (in.):
HEIGHT (in.):

Dark brown and brown moist medium stiff sandy LEAN CLAY with trace roots (cultivated topsoil)

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

DATE:  11/18/2020

AXIAL STRAIN AT FAILURE (%):

ASTM D2166
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CLIENT :  POWER Engineers, Inc.
PROJECT NO.:  J037068.01
PROJECT:  AMPT Bellard Station
LOCATION:  Bowling Green, OH

BORING NO.:  B-5 SAMPLE NO.:  ST-3 DEPTH (ft.):  3.6-4.1
SAMPLE OBTAINED BY:  Shelby Tube CONDITION:  Undisturbed
SAMPLE DESCRIPTION:

LIQUID LIMIT (%):  41 PLASTIC LIMIT (%):  23 PLASTICITY INDEX (%):  18 USCS:  CL
GRAVEL (%):  0.3 SAND (%):  32.7 SILT (%):  26.0 CLAY (%):  41.0
SPECIFIC GRAVITY OF SOLIDS:  2.75 (Assumed) LOAD CELL NO.:  1059

2.85 1.1
5.54 11.3
1.94 12.4
125.8 4,650
105.0 UNDRAINED SHEAR STRENGTH, su (psf): 2,325
0.63 SENSITIVITY, St: -
19.8
86

 

 

REMARKS :

*Moisture content determined after shear from entire sample.

Break between cultivated topsoil and glacial till at 3.9 feet.

MOISTURE CONTENT (%)*:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

DIAMETER (in.):
HEIGHT (in.):

Dark gray to black moist very stiff sandy LEAN CLAY with organic odor (cultivated topsoil)

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

DATE:  11/18/2020

AXIAL STRAIN AT FAILURE (%):

ASTM D2166

SAMPLE DATA FAILURE DATA

FAILURE SHAPES

DRY UNIT WEIGHT (pcf):

HEIGHT TO DIAMETER RATIO:
UNCONFINED COMPRESSIVE STRENGTH, qu (psf):
TIME TO FAILURE (min.):

DEGREE OF SATURATION (%):

WET UNIT WEIGHT (pcf):

VOID RATIO:
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CLIENT :  POWER Engineers, Inc.
PROJECT NO.:  J037068.01
PROJECT:  AMPT Bellard Station
LOCATION:  Bowling Green, OH

BORING NO.:  B-6 SAMPLE NO.:  ST-2 DEPTH (ft.):  1.8-2.3
SAMPLE OBTAINED BY:  Shelby Tube CONDITION:  Undisturbed
SAMPLE DESCRIPTION:

LIQUID LIMIT (%):  PLASTIC LIMIT (%):  PLASTICITY INDEX (%):  USCS:  
GRAVEL (%):  SAND (%):  SILT (%):  CLAY (%):  
SPECIFIC GRAVITY OF SOLIDS:  2.75 (Assumed) LOAD CELL NO.:  1059

2.85 1.1
5.54 2.3
1.95 2.5
123.6 5,640
107.1 UNDRAINED SHEAR STRENGTH, su (psf): 2,820
0.60 SENSITIVITY, St: -
15.5
70

 

 

REMARKS :

*Moisture content determined after shear from entire sample.

SAMPLE DATA FAILURE DATA

FAILURE SHAPES

DRY UNIT WEIGHT (pcf):

HEIGHT TO DIAMETER RATIO:
UNCONFINED COMPRESSIVE STRENGTH, qu (psf):
TIME TO FAILURE (min.):

DEGREE OF SATURATION (%):

WET UNIT WEIGHT (pcf):

VOID RATIO:
MOISTURE CONTENT (%)*:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

DIAMETER (in.):
HEIGHT (in.):

Mottled brown, trace gray moist very stiff sandy LEAN CLAY with gravel (glacial till)

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

DATE:  11/18/2020

AXIAL STRAIN AT FAILURE (%):

ASTM D2166
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CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-7 SAMPLE NO.:  ST-6 DEPTH (ft.):  8.4-8.9

SAMPLE OBTAINED BY:  Shelby Tube CONDITION:  Undisturbed

SAMPLE DESCRIPTION:

LIQUID LIMIT (%):  PLASTIC LIMIT (%):  PLASTICITY INDEX (%):  USCS:  

GRAVEL (%):  SAND (%):  SILT (%):  CLAY (%):  

SPECIFIC GRAVITY OF SOLIDS:  2.75 (Assumed) LOAD CELL NO.:  1059

2.86 1.1
5.56 7.7
1.95 8.3
141.6 11,100
125.8 UNDRAINED SHEAR STRENGTH, su (psf): 5,550
0.36 SENSITIVITY, St: -
12.6

95

 

 

REMARKS :

*Moisture content determined after shear from sample cuttings.

MOISTURE CONTENT (%)*:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

DIAMETER (in.):

HEIGHT (in.):

Brown, trace gray moist hard sandy LEAN CLAY with trace gravel (glacial till).

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

DATE:  11/18/2020

AXIAL STRAIN AT FAILURE (%):

ASTM D2166

SAMPLE DATA FAILURE DATA

FAILURE SHAPES

DRY UNIT WEIGHT (pcf):

HEIGHT TO DIAMETER RATIO:

UNCONFINED COMPRESSIVE STRENGTH, qu (psf):

TIME TO FAILURE (min.):

DEGREE OF SATURATION (%):

WET UNIT WEIGHT (pcf):

VOID RATIO:
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CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-3 SAMPLE NO.:  RC-11 DEPTH (ft.):  26.5-27.0

SAMPLE DESCRIPTION:   Light to medium gray and white slightly weathered medium strong DOLOMITE.

BEDROCK FORMATION:  Lockport Dolomite

LOAD DIRECTION:  90° to Lithology TEST TEMPERATURE (°F):  

COMPRESSION APPARATUS.:  Forney QC-200-08

1.85 0.6
4.70 1.5
2.5 1.0

165.6 UNIAXIAL COMPRESSIVE STRENGTH, qu (ksf): 912.0
165.3 UNIAXIAL COMPRESSIVE STRENGTH, qu (psi): 6,330.0

0.2

 

 

REMARKS :

UNIAXIAL COMPRESSIVE STRENGTH OF INTACT ROCK CORE

DIAMETER (in.):

HEIGHT (in.):

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

SAMPLE DATA FAILURE DATA

DATE:  11/25/2020

ASTM D7012 - METHOD C

TIME TO FAILURE (min.):

AXIAL STRAIN AT FAILURE (%):HEIGHT TO DIAMETER RATIO:

DRY UNIT WEIGHT (pcf):

MOISTURE CONTENT (%):

WET UNIT WEIGHT (pcf):

FAILURE SHAPES

FRONT VIEW RIGHT SIDE VIEWLEFT SIDE VIEW BACK VIEW
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CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-4 SAMPLE NO.:  RC-10 DEPTH (ft.):  22.7-23.2

SAMPLE DESCRIPTION:   Light to medium gray and white slightly weathered strong DOLOMITE

BEDROCK FORMATION:  Lockport Dolomite

LOAD DIRECTION:  90° to Lithology TEST TEMPERATURE (°F):  

COMPRESSION APPARATUS.:  Forney QC-200-08

1.86 0.2
4.57 1.5
2.5 0.3

159.2 UNIAXIAL COMPRESSIVE STRENGTH, qu (ksf): 1,440.0
159.1 UNIAXIAL COMPRESSIVE STRENGTH, qu (psi): 10,000.0

0.1

 

 

REMARKS :

AXIAL STRAIN AT FAILURE (%):HEIGHT TO DIAMETER RATIO:

DRY UNIT WEIGHT (pcf):

MOISTURE CONTENT (%):

WET UNIT WEIGHT (pcf):

FAILURE SHAPES

UNIAXIAL COMPRESSIVE STRENGTH OF INTACT ROCK CORE

DIAMETER (in.):

HEIGHT (in.):

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

SAMPLE DATA FAILURE DATA

DATE:  11/25/2020

ASTM D7012 - METHOD C

TIME TO FAILURE (min.):

FRONT VIEW RIGHT SIDE VIEWLEFT SIDE VIEW BACK VIEW
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CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-4 SAMPLE NO.:  RC-11 DEPTH (ft.):  30.8-31.3

SAMPLE DESCRIPTION:   Light gray and white slightly weathered weak DOLOMITE.

BEDROCK FORMATION:  Lockport Dolomite

LOAD DIRECTION:  90° to Lithology TEST TEMPERATURE (°F):  

COMPRESSION APPARATUS.:  Forney QC-200-08

1.86 0.1
4.66 1.0
2.5 0.1

154.1 UNIAXIAL COMPRESSIVE STRENGTH, qu (ksf): 487.0
153.8 UNIAXIAL COMPRESSIVE STRENGTH, qu (psi): 3,380.0

0.2

 

 

REMARKS :

UNIAXIAL COMPRESSIVE STRENGTH OF INTACT ROCK CORE

DIAMETER (in.):

HEIGHT (in.):

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

SAMPLE DATA FAILURE DATA

DATE:  11/25/2020

ASTM D7012 - METHOD C

TIME TO FAILURE (min.):

AXIAL STRAIN AT FAILURE (%):HEIGHT TO DIAMETER RATIO:

DRY UNIT WEIGHT (pcf):

MOISTURE CONTENT (%):

WET UNIT WEIGHT (pcf):

FAILURE SHAPES

FRONT VIEW RIGHT SIDE VIEWLEFT SIDE VIEW BACK VIEW
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CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-6 SAMPLE NO.:  RC-11 DEPTH (ft.):  25.9-26.4

SAMPLE DESCRIPTION:  Light to medium gray and white slightly weathered medium strong DOLOMITE.

BEDROCK FORMATION:  Lockport Dolomite

LOAD DIRECTION:  90° to Lithology TEST TEMPERATURE (°F):  

COMPRESSION APPARATUS.:  Forney QC-200-08

1.86 0.1
5.28 2.0
2.8 0.2

156.4 UNIAXIAL COMPRESSIVE STRENGTH, qu (ksf): 858.0
154.8 UNIAXIAL COMPRESSIVE STRENGTH, qu (psi): 5,960.0

1.0

 

 

REMARKS :

UNIAXIAL COMPRESSIVE STRENGTH OF INTACT ROCK CORE

DIAMETER (in.):

HEIGHT (in.):

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

SAMPLE DATA FAILURE DATA

DATE:  11/25/2020

ASTM D7012 - METHOD C

TIME TO FAILURE (min.):

AXIAL STRAIN AT FAILURE (%):HEIGHT TO DIAMETER RATIO:

DRY UNIT WEIGHT (pcf):

MOISTURE CONTENT (%):

WET UNIT WEIGHT (pcf):

FAILURE SHAPES

FRONT VIEW RIGHT SIDE VIEWLEFT SIDE VIEW BACK VIEW
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Client:

Project:

Sample Obtained From:

Sample Description:

Maximum Dry Density (pcf):

Project No.:

Date:

Depth (ft.):

In Situ Moisture Content:

USCSLL PIPL

Optimum Moisture Content:110.8

POWER Engineers, Inc.

AMPT Bellard Station, Bowling Green, OH

Boring: B- 2

Brown, dark brown, and gray sandy LEAN CLAY 
with topsoil and trace gravel

16.5% -

45 21 24 CL

J037068.01

11/25/2020

0.0 - 4.5

STANDARD PROCTOR MOISTURE DENSITY TEST, ASTM D698, METHOD A

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Client:

Project:

Sample Obtained From:

Sample Description:

Maximum Dry Density (pcf):

Project No.:

Date:

Depth (ft.):

In Situ Moisture Content:

USCSLL PIPL

Optimum Moisture Content:118.6

POWER Engineers, Inc.

AMPT Bellard Station, Bowling Green, OH

Boring: B- 6

Mottled brown, trace gray sandy LEAN CLAY with 
gravel

12.5% -

26 16 10 CL

J037068.01

11/25/2020

0.0 - 4.5

STANDARD PROCTOR MOISTURE DENSITY TEST, ASTM D698, METHOD A

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com
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FROM THE GROUND UP 

APPENDIX F – IDEALIZED SOIL PROFILE 



 

 
CLIENT: POWER Engineers, Inc. 
PROJECT NO.: J037068.01 
PROJECT: AMPT Bellard Station 
PROJECT LOCATION: Bowling Green, Kentucky 
 

IDEALIZED SOIL & BEDROCK PROFILE 
PARAMETERS FOR AXIAL AND LATERAL LOAD ANALYSES 

Depth 
(ft.)  

0.0 Ground Surface 

13.0 

Stiff to hard cohesive soils (stiff clay model): 
Lateral Parameters 

 = 125 pcf ’ = 62.6 pcf 

c = 1,500 psf 50 = 0.007 
Axial Parameters 

qs,all = 275 psf qp,all = N/A 

18.0 

Soft clay (Soft clay model): 
Lateral Parameters 

 = 115 pcf ’ = 52.6 pcf 

c = 375 psf 50 = 0.02 
k = 20 pci for submerged conditions and 25 pci above groundwater table 
Axial Parameters 
qs,all = 75 psf qp,all = N/A 

26.5 

Dense cohesionless soils (Reese sand model): 
Lateral Parameters 

 = 120 pcf ’ = 57.6 pcf 

 = 34° 
k = 100 pci for submerged conditions and 150 pci above groundwater table 
Axial Parameters 
qs,all = 275 psf qp,all = N/A 

# 

Dolomite bedrock (strong rock model): 
Lateral Parameters 

 = 155 pcf 
qu = 3,000 psi 
Axial Parameters 
qs,all = 3,000 psf qp,all = 100,000 psf 

Symbol Definition: 

 = Unit weight 

’ = Effective unit weight 
c = Cohesion 

 = Friction angle 

50 = Strain at 50% of unconfined compressive 
strength 

k = Initial horizontal modulus of subgrade reaction  
qu = Uniaxial compressive strength 
qs,all = Allowable side resistance 
qp,all = Allowable end/tip resistance 

Notes: 

 Axial side resistance should be ignored in the upper 5 feet of the profile. Where drilled shafts are 
bedrock bearing, axial resistance in the overburden soils should be ignored. 

 Laterally loaded deep foundations should be designed using the p-y approach using the above-
provided parameters. 

 Lateral resistance should be ignored in the upper 3 feet of the profile due to frost. 

 Appropriate reduction factors (p-multipliers) should be included in the analyses that account for pile 
width/diameter and pile spacing. 

 Assume static groundwater table is at 18 feet below grade feet. Groundwater table may be higher for 
flood conditions, and should be accounted for as determined.  

 Submerged (effective) unit weights should be used below the groundwater table to account for 
effective stresses in the analyses. 
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January 26, 2021 
 
Tom Gill, PEl 
POWER Engineers, Inc. 
11733 Chesterdale Road 
Cincinnati, Ohio 45246 
 
Re: Geotechnical Exploration - Addendum No. 1 

AMPT Bellard Station 
Bowling Green, Ohio 
Geotechnology Project No. J037068.01 

 
 
Dear Mr. Gill: 

Included herewith is Addendum No. 1 to our December 3, 2020 Geotechnical Exploration Report 

for the AMPT Bellard Substation project in Bowling Green, Ohio (December 2020 Report). This 

addendum documents: (1) the results of Boring B-1, which was drilled under a separate 

mobilization since property permission was not provided until December 22, 2020 for this specific 

boring; and (2) the information regarding potential borrow materials stockpiled off of Venture Drive 

in Bowling Green, Ohio. Our services were performed in general accordance with our June 22, 

2020 Proposal P037068.01, the General Services Agreement (Document “HLY 007-10235”) 

dated September 1, 2020, and Change Order No. CO-1, which was dated January 7, 2021, and 

authorized via signature on January 22, 2021. 

This addendum is supplemental to, and is to be used in conjunction with our December 2020 

Report; therefore, project information, analyses, appendices, etc., from this report are not 

reproduced in this addendum.  

1.0 ADDITIONAL BORING INFORMATION FOR TRANSMISSION POLE 
Based on discussions with POWER Engineers, Inc. (POWER), we understand that that a 

transmission pole is planned to be located southwest of the intersection of Bishop Road and Brim 

Road at the approximate location of Boring B-1, as shown on the Boring Plan included in Appendix 

A of this addendum. The location of the pole (and therefore the new boring) was marked in the 

field by Bauman Land Survey. The log for the new boring describing the subsurface conditions is 

included in Appendix A along with the lab testing results, which included moisture contents and 

an unconfined compressive strength test. 

Appendix CIncluded in Appendix B is the idealized soil profile that we recommend be used for the 

transmission pole at Boring B-1. For ease of reference, Appendix B also includes the 

recommended idealized soil profile for the substation on the east side of Brim Road, which was 

originally provided in our December 2020 Report. 
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FROM THE GROUND UP 

APPENDIX A – BORING INFORMATION 

Revised Exploration Plan, Sheet No. 2 

Boring Log for B-1 

Rock Core Photograph 

Tabulation of Laboratory Tests for Boring B-1 

Soil Unconfined Compressive Strength Test Form  
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PROJECT: AMPT Bellard Station

LOCATION OF BORING: As shown on Boring Plan, Sheet No. 1

Datum: NAVD 88

BORING METHOD SAMPLE TYPE

Date Completed: 1/11/2021

SAMPLE CONDITIONS

Boring Method: HSA-3.25

At Completion Core Water at 2.0 ft.

Backfilled Immediately

Date Started: 1/11/2021

Drill Rig: CME 550 BD-1

SPT*
Blows/6"

Rock Core
RQD (%)

CLIENT: POWER Engineers, Inc.

* SPT = Standard Penetration Test - Driving 2" O.D. Sampler 18'' with 140-Pound Hammer Falling 30"; Count Made at 6" Intervals

672.0

Rock Core Diameter: 1.875 in.Surface Elevation: 672.0 ft.
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FROM THE GROUND UP 

 

Rock Core Photograph 1. Boring B-1, Core Runs RC-11 and RC-12 (26.5 to 36.5 feet deep). 



AMPT BELLARD STATION

BOWLING GREEN, OHIO

J037068.01

From To
B-1 SS-2 1.5 3.0 20.9

B-1 SS-4 5.0 6.5 34.1

B-1 SS-5B 7.5 8.0 13.9

B-1 SS-7 9.5 10.5 14.6 127.1 15,600

B-1 SS-10 20.0 21.5 12.1

Dry Unit 
Weight      

(pcf)

TABULATION OF LABORATORY TESTS ON BORING B-1

Sample 
No. 

Moisture 
Content      

(%)
Depth (ft.)Boring 

No.

Unconfined 
Compressive 
Strength (psf)

PAGE 1 OF 1



CLIENT :  POWER Engineers, Inc.

PROJECT NO.:  J037068.01

PROJECT:  AMPT Bellard Station

LOCATION:  Bowling Green, OH

BORING NO.:  B-1 SAMPLE NO.:  SS-7 DEPTH (ft.):  9.5-10.0

SAMPLE OBTAINED BY:  Shelby Tube CONDITION:  Undisturbed

SAMPLE DESCRIPTION:

LIQUID LIMIT (%):  PLASTIC LIMIT (%):  PLASTICITY INDEX (%):  USCS:  

GRAVEL (%):  SAND (%):  SILT (%):  CLAY (%):  

SPECIFIC GRAVITY OF SOLIDS:  2.75 (Assumed) LOAD CELL NO.:  1059

2.84 0.6
5.55 2.3
1.95 1.4
143.5 15,600
127.1 UNDRAINED SHEAR STRENGTH, su (psf): 7,800
0.35 SENSITIVITY, St: -
12.9

100

 

 

REMARKS :

*Moisture content determined after shear from sample cuttings.

SAMPLE DATA FAILURE DATA

FAILURE SHAPES

DRY UNIT WEIGHT (pcf):

HEIGHT TO DIAMETER RATIO:

UNCONFINED COMPRESSIVE STRENGTH, qu (psf):

TIME TO FAILURE (min.):

DEGREE OF SATURATION (%):

WET UNIT WEIGHT (pcf):

VOID RATIO:

MOISTURE CONTENT (%)*:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

DIAMETER (in.):

HEIGHT (in.):

Brownish gray moist very stiff sandy LEAN CLAY, trace gravel (glacial till).

AVERAGE RATE OF AXIAL STRAIN TO FAILURE (%/min.):

DATE:  1/19/2021

AXIAL STRAIN AT FAILURE (%):

ASTM D2166
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FROM THE GROUND UP 

APPENDIX B – IDEALIZED SOIL PROFILES 



 

 
CLIENT: POWER Engineers, Inc. 
PROJECT NO.: J037068.01 
PROJECT: AMPT Bellard Station 
PROJECT LOCATION: Bowling Green, Ohio 
 

IDEALIZED SOIL & BEDROCK PROFILE 
PARAMETERS FOR AXIAL AND LATERAL LOAD ANALYSES  

FOR SUBSTATION SITE EAST OF BRIM ROAD 
Depth 

(ft.)  

0.0 Ground Surface 

13.0 

Stiff to hard cohesive soils (stiff clay model): 
Lateral Parameters 

 = 125 pcf ’ = 62.6 pcf 

c = 1,500 psf 50 = 0.007 
Axial Parameters 
qs,all = 275 psf qp,all = N/A 

18.0 

Soft clay (Soft clay model): 
Lateral Parameters 

 = 115 pcf ’ = 52.6 pcf 

c = 375 psf 50 = 0.02 
k = 20 pci for submerged conditions and 25 pci above groundwater table 
Axial Parameters 
qs,all = 75 psf qp,all = N/A 

26.5 

Dense cohesionless soils (Reese sand model): 
Lateral Parameters 

 = 120 pcf ’ = 57.6 pcf 

 = 34° 
k = 100 pci for submerged conditions and 150 pci above groundwater table 
Axial Parameters 
qs,all = 275 psf qp,all = N/A 

# 

Dolomite bedrock (strong rock model): 
Lateral Parameters 

 = 155 pcf 
qu = 3,000 psi 
Axial Parameters 
qs,all = 3,000 psf qp,all = 100,000 psf 

Symbol Definition: 

 = Unit weight 

’ = Effective unit weight 
c = Cohesion 

 = Friction angle 

50 = Strain at 50% of unconfined compressive 
strength 

k = Initial horizontal modulus of subgrade reaction  
qu = Uniaxial compressive strength 
qs,all = Allowable side resistance 
qp,all = Allowable end/tip resistance 

Notes: 

 Axial side resistance should be ignored in the upper 5 feet of the profile. Where drilled shafts are 
bedrock bearing, axial resistance in the overburden soils should be ignored. 

 Laterally loaded deep foundations should be designed using the p-y approach using the above-
provided parameters. 

 Lateral resistance should be ignored in the upper 3 feet of the profile due to frost. 

 Appropriate reduction factors (p-multipliers) should be included in the analyses that account for pile 
width/diameter and pile spacing. 

 Assume static groundwater table is at 18 feet below grade feet. Groundwater table may be higher for 
flood conditions, and should be accounted for as determined.  

 Submerged (effective) unit weights should be used below the groundwater table to account for 
effective stresses in the analyses.  



 

 
CLIENT: POWER Engineers, Inc. 
PROJECT NO.: J037068.01 
PROJECT: AMPT Bellard Station 
PROJECT LOCATION: Bowling Green, Ohio 
 

IDEALIZED SOIL & BEDROCK PROFILE 
PARAMETERS FOR AXIAL AND LATERAL LOAD ANALYSES  

FOR BORING B-1 (WEST OF BRIM ROAD) 
Depth (ft.)  

0.0 Ground Surface 

7.5 

Soft clay (Soft clay model): 
Lateral Parameters 

 = 115 pcf ’ = 52.6 pcf 

c = 500 psf 50 = 0.02 
Axial Parameters 
qs,all = 75 psf qp,all = N/A 

18.0 

Very stiff to hard cohesive soils (stiff clay model): 
Lateral Parameters 

 = 130 pcf ’ = 67.6 pcf 

c = 3,000 psf 50 = 0.005 
Axial Parameters 
qs,all = 275 psf qp,all = N/A 

28.0 

Medium dense cohesionless soils (Reese sand model): 
Lateral Parameters 

 = 110 pcf ’ = 47.6 pcf 

 = 32° 
k = 60 pci for submerged conditions and 90 pci above groundwater table 
Axial Parameters 
qs,all = 275 psf qp,all = N/A 

# 

Dolomite bedrock (strong rock model): 
Lateral Parameters 

 = 155 pcf 
qu = 3,000 psi 
Axial Parameters 
qs,all = 3,000 psf qp,all = 100,000 psf 

Symbol Definition: 

 = Unit weight 

’ = Effective unit weight 
c = Cohesion 

 = Friction angle 

50 = Strain at 50% of unconfined compressive 
strength 

k = Initial horizontal modulus of subgrade reaction  
qu = Uniaxial compressive strength 
qs,all = Allowable side resistance 
qp,all = Allowable end/tip resistance 

Notes: 

 Axial side resistance should be ignored in the upper 5 feet of the profile. Where drilled shafts are 
bedrock bearing, axial resistance in the overburden soils should be ignored. 

 Laterally loaded deep foundations should be designed using the p-y approach using the above-
provided parameters. 

 Lateral resistance should be ignored in the upper 3 feet of the profile due to frost. 

 Appropriate reduction factors (p-multipliers) should be included in the analyses that account for pile 
width/diameter and pile spacing. 

 Assume static groundwater table is at 18 feet below grade feet. Groundwater table may be higher for 
flood conditions, and should be accounted for as determined.  

 Submerged (effective) unit weights should be used below the groundwater table to account for 
effective stresses in the analyses. 
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FROM THE GROUND UP 

APPENDIX C – VENTURE DRIVE STOCKPILE INFORMATION 

Venture Drive Stockpile Location Plan 

Sketch of Test Pit Dimensions 

Tabulation of Laboratory Tests on Stockpile Materials 

Particle-Size Analysis Test Forms 

Standard Proctor Test Forms



J037068.01 
Venture Drive Stockpiles 
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AMPT BELLARD STATION

BOWLING GREEN, OHIO

J037068.01

From To LL PL PI Gravel Sand

TP-1 Bag 1 0.0 1.5 19.4 2.3 34 20 14 1.5 23.0 CL 113.5 14.6

TP-2 Bag 2 0.0 1.5 19.3 2.1 31 17 14 0.2 22.7 CL 112.7 15.1

TP-4 Bag 4 0.0 1.5 21.8 3.3 34 20 14 0.4 26.4 CL 108.5 15.0

75.5

77.1

73.2

South Stockpile

North Stockpile

Silt & Clay

Standard Proctor
Maximum Dry 
Density (pcf)

Optimum Moisture 
Content (%)

USCS 
Classification

Organic 
Content 

(%)

Atterberg Limits 
(%) Gradation Analysis        (%)

Moisture 
Content      

(%)

TABULATION OF LABORATORY TESTS ON STOCKPILE MATERIALS

Boring 
No.

Sample 
No. 

Depth (ft.)

PAGE 1 OF 1



Coarse 
Sand (%)

Fine   Sand 
(%)

4.6 18.4

Silt & Clay  (%)

75.5

SIEVE ANALYSIS OF AGGREGATES ASTM C-136

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

01/20/2021

Depth (ft.): 0.0 - 1.5Boring No.: TP-1 Sample No.: Bag 1

Group Index

34

Gravel (%)

1.5

Sand (%)

Sample Description:
Brown moist sandy LEAN CLAY, trace gravel (South 
Stockpile at Venture Drive).

USCS

CL

LL PL PI WC (%)

20 14 19.4

23.0Sample Location:

Sample Description:

Brown moist sandy LEAN CLAY, trace gravel (South 
Stockpile at Venture Drive).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

4.2 18.5

Silt & Clay  (%)

77.1

SIEVE ANALYSIS OF AGGREGATES ASTM C-136

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

01/20/2021

Depth (ft.): 0.0 - 1.5Boring No.: TP-2 Sample No.: Bag 2

Group Index

31

Gravel (%)

0.2

Sand (%)

Sample Description:
Brown moist sandy LEAN CLAY (South Stockpile at 
Venture Drive).

USCS

CL

LL PL PI WC (%)

17 14 19.3

22.7Sample Location:

Sample Description:

Brown moist sandy LEAN CLAY (South Stockpile at 
Venture Drive).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Coarse 
Sand (%)

Fine   Sand 
(%)

3.0 23.4

Silt & Clay  (%)

73.2

SIEVE ANALYSIS OF AGGREGATES ASTM C-136

Client:

Project:

Project No.:

Date:

POWER Engineers, Inc.

Geotechnical Exploration, AMPT Bellard Station, Bowling Green, OH

J037068.01

01/20/2021

Depth (ft.): 0.0 - 1.5Boring No.: TP-4 Sample No.: Bag 4

Group Index

34

Gravel (%)

0.4

Sand (%)

Sample Description:
Dark brown moist sandy LEAN CLAY with topsoil, trace 
organic odor (North Stockpile at Venture Drive).

USCS

CL

LL PL PI WC (%)

20 14 21.8

26.4Sample Location:

Sample Description:

Dark brown moist sandy LEAN CLAY with topsoil, trace 
organic odor (North Stockpile at Venture Drive).

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Client:

Project:

Sample Obtained From:

Sample Description:

Maximum Dry Density (pcf):

Project No.:

Date:

Depth (ft.):

In Situ Moisture Content:

USCSLL PIPL

Optimum Moisture Content:113.5

POWER Engineers, Inc.

AMPT Bellard Station, Bowling Green, OH

TP-1 South Stockpile at Venture Drive

Brown moist sandy LEAN CLAY, trace gravel.

14.6% 19.4%

34 20 14 CL

J037068.01

1/20/2021

0.0 - 1.5

STANDARD PROCTOR MOISTURE DENSITY TEST, ASTM D698, METHOD A

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Client:

Project:

Sample Obtained From:

Sample Description:

Maximum Dry Density (pcf):

Project No.:

Date:

Depth (ft.):

In Situ Moisture Content:

USCSLL PIPL

Optimum Moisture Content:112.8

POWER Engineers, Inc.

AMPT Bellard Station, Bowling Green, OH

TP-2 South Stockpile at Venture Drive

Brown moist sandy LEAN CLAY.

15.0% 19.3%

31 17 14 CL

J037068.01

1/20/2021

0.0 - 1.5

STANDARD PROCTOR MOISTURE DENSITY TEST, ASTM D698, METHOD A

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com



Client:

Project:

Sample Obtained From:

Sample Description:

Maximum Dry Density (pcf):

Project No.:

Date:

Depth (ft.):

In Situ Moisture Content:

USCSLL PIPL

Optimum Moisture Content:108.5

POWER Engineers, Inc.

AMPT Bellard Station, Bowling Green, OH

TP-4 North Stockpile at Ventura Drive

Dark brown moist sandy LEAN CLAY with topsoil, 
trace organic odor.

15.0% 21.8%

34 20 14 CL

J037068.01

1/20/2021

0.0 - 1.5

STANDARD PROCTOR MOISTURE DENSITY TEST, ASTM D698, METHOD A

1398 Cox Avenue, Erlanger | Kentucky 41018
(859) 746-9400 | Fax: (859) 746-9408 | geotechnology.com
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1.0 EXECUTIVE SUMMARY 
AMP Transmission, LLC (AMPT) requested that POWER Engineers, Inc. (POWER) analyze the noise 
from the proposed Bellard Substation within the City of Bowling Green, Ohio to ensure the installation 
and operation complies with Bowling Green Noise Ordinances.  The substation will include a single 
138/69/12 kilovolt (kV) autotransformer that will be the primary continuous noise producing 
equipment.   
 
POWER’s engineering service for this study was to measure the existing ambient noise levels and 
predict noise levels at the future site.  Measurements were taken along an external perimeter of the site.  
Modeling was used to calculate the contribution from the transformers and predict the total sound levels 
at the property line and sensitive areas. 
 
Based upon the predicted noise levels during continuous operation of the new transformer, POWER 
does not expect the use of noise mitigation techniques will be necessary to meet the local compliance 
criteria for the substation.  The maximum predicted noise produced from the new transformer, at the 
edge of the property line, is 50.3 A-weighted decibels [dB(A)] and is below the maximum nighttime 
compliance limit of 55 dB(A). 
 

2.0 OVERVIEW / NOISE DISCUSSION  
Noise is defined as unwanted sound. It may be continuous (constant noise and decibel level), steady 
(constant noise with a fluctuating decibel level), impulsive (having a peak of short duration), 
stationary (occurring from a fixed source), intermittent (occurring at the same rate), or transient 
(occurring at a different rate). Noise levels are quantified using units of decibels. The A-weighted 
scale, reported in A-weighted decibels (dB(A)), most effectively approximates the human ear’s 
response to sounds. 
 
Audible noise (AN) from a transformer originates principally in the transformer core and transmits 
through the outer shell where it radiates as airborne noise.  This emitted noise is focused mostly 
horizontally due to the configuration of the internal core and coils, with majority of the sound located 
roughly at 1/3 of the height of the transformer.   
 
Concern about noise is related to negative impacts on humans and animals. Human response to noise 
is commonly expressed as an annoyance and the level of annoyance may be affected by the intensity 
of the noise, its frequency (pitch), its duration of exposure and/or its recurrence. Ambient noise is the 
total noise in an environment and usually comprises sounds from many sources. Typical ranges of 
audible sound levels for some common sources of noise are presented in Table 1. 
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TABLE 1: TYPICAL RANGE OF AUDIBLE NOISE FROM VARIOUS SOURCES 

SOURCE MEASURED SOUND LEVEL 

Loud Automobile Horn 110 to 120 dB(A) 

Inside Motor Bus 80 to 90 dB(A) 

Average Traffic on Street Corner 70 to 80 dB(A) 

Conversational Speech 60 to 70 dB(A) 

Typical Business Office 50 to 60 dB(A) 

Living Room, Suburban Area 40 to 50 dB(A) 

Library 30 to 40 dB(A) 

Bedroom at Night 20 to 30 dB(A) 

Source: U.S. EPA. 1974. Information on Levels of Environmental Noise Requisite to Protect the Public Health and Welfare with an 

Adequate Margin of Safety 

 
Measuring the background ambient noise in a given area can help identify the likelihood of complaints.  
If an area has a background noise level that would already be considered noisy, the addition of a new 
noise source would not be expected to add any additional complaints.  The audible noise from substation 
noise sources, specifically transformers are composed of two components:  

 A broad band (random) component characterized as having high frequency content (different 
from more common environmental noises). 

 Pure tone (hum) components, most noticeably second and fourth harmonics of the power 
frequency are superimposed on the broad band noise.  

 
Changes in audible noise levels are typically described in statistical terms. For example, the L90 sound 
level is the noise level exceeded 90 percent of the time. This value is used to establish the ambient 
conditions as the additional 10 percent is typically noise associated with external instances such as 
traffic or other non-continuous noise sources.  It is also common to evaluate sound levels over time.  
 
Audible noise which is generated by a substation decreases with distance from the substation. Each 
transformer is considered a separate noise source. Overall, the attenuation of noise from the substation 
is approximately 3-6 dB per doubling of the distance from a location.  
 
An individual’s perception of a sound pressure level has been documented to estimate an individual’s 
reaction to a change in noise. The Table 2 provides a means for criteria for predicting this reaction.   
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TABLE 2: PERCEPTION OF SOUND LEVEL CHANGE 

Change dB(A) Human Perception of Sound 

2-3 Barely perceptible 

5 Readily noticeable 

10 Doubling or “halving” of the loudness of sound 

20 “Dramatic Change” 

40 Difference between a faintly audible sound and a very 
loud sound 

Source: Bolt, Beranek and Newman, Inc., Fundamentals and Abatement of Highway Traffic Noise, Report No, PB-222-
703, June 1973 

2.1 Compliance Limits 
Compliance limits are based upon the governing authority.  While most states invoke a noise regulation 
it can be superseded in a more restrictive nature by the local authority or it may be adopted. This 
discussion identifies the controlling noise regulations that are applicable to the specific site and are 
considered in the analysis. 

2.1.1 State Noise Criteria 
The State of Ohio does not set specific noise regulations for non-government-controlled land.    

2.1.2 Site Specific Noise Criteria 1  
The City of Bowling Green Ordinances Title XIII: Chapter 132.13 Noise Control 2 is an Ordinance 
which addresses noise control for the city per zoning districts.  The council of the City of Bowling 
Green ordains in Section C and D: 
 

(C) Noise from persons or stationary noise sources in residential zoning districts or 
affecting residential or institutional property.  No person during the hours from 
11:00 p.m. to 7:00 a.m. Monday through Saturday or anytime on Sunday shall 
create or cause to be emitted from his or her person, or from any stationary noise 
source, any noise which causes or results in a noise level equal to, or exceeding, 55 
dBA measured at any lot line of any lot located in any residential zoning district or 
in residential or institutional use elsewhere.  
 
(D) Noise from persons or stationary noise sources in commercial and industrial 
zoning districts.  No person during the hours from 11:00 p.m. to 7:00 a.m. Monday 
through Saturday or anytime on Sunday shall create or cause to be emitted from his 
or her person, or from any stationary noise source, any noise which causes or 
results in a noise level equal to, or exceeding, 60 dBA measured at any lot line of 
any lot located in any commercial zoning district other than a lot in a residential or 

 
1 
http://library.amlegal.com/nxt/gateway.dll/Ohio/bowling/cityofbowlinggreenohiocodeofordinances?f=templates
$fn=default.htm$3.0$vid=amlegal:bowlinggreen_oh 
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institutional use, or 80 dBA measured at any lot line of any lot located in any 
industrial zoning district other than a lot in a residential or institutional use. 

 
The Bellard Substation is zoned as commercial property (M-3 Business Park) while the properties 
located directly north is zoned residential (R-2 Single family Residential).  Therefore, this analysis 
used the 60 dB(A) for the property line analysis.  The residential limit of 55 dB(A) was reviewed at 
the closest residential property. 

2.2 Construction Noise  
As stated above, the local City of Bowling Green Noise ordinances are limited to the nighttime hours 
and all-day Sunday.  Construction is slated to run from September 2021 until the in-service date in 
May of 2022 during daytime hours.  During this duration construction of the substation will be 
limited to daytime hours Monday through Saturday 7:00 am to 11:00 pm.  Therefore, no noise 
violations are anticipated during the construction phase of this project.  
 

2.2.1 Substation Tie Line Construction 
Table 3 identifies the types of equipment to be used for each tie line activity during the construction 
sequence and provides a range of typical sound levels from the equipment. The typical sound levels 
were calculated at a distance of 50 feet from the source.  To show the impact on the nearest 
residential building these reported values have been extrapolated for noise levels at the approximate 
distance to provide a conservative estimate at the residences.  
 
Noise is assumed to be generated by several pieces of equipment at various locations within the right-
of-way (ROW), as appropriate for each phase of construction. As shown in Table 3, the noise impacts 
from construction activities depends on the construction equipment used for each phase and the 
specific activity. These levels range from 80 dB(A) to 98 dB(A) at a distance of 50 feet from the 
construction activity. The closest residence to the Tie Line construction is approximately 300 feet 
away from the tie line as identified with a red box shown in Figure 1 on the next page.  At a distance 
of 300 feet the typical sound levels of construction noise experienced at any given residence will be 
sporadic and of limited duration.  They are anticipated to have little to no effect on residential areas as 
they fall in the range of a typical street corner with average traffic referenced in Table 1.  
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Figure 1: Closest Residential Property  

 
TABLE 3: TIE LINE TYPICAL CONSTRUCTION SOUND LEVELS 

Description of 
Activity 

Types of Equipment 
Typical Sound 

Levels at 50 
Feet (dB(A)) 

Estimated Sound 
Levels (dB(A)) at 

Closest Residence 
along Transmission 

Line Project 

Vegetation Removal 
and ROW Mowing 

 Grapple trucks 
 Bulldozers 
 Track-mounted mowers 
 Motorized tree shears 
 Log forwarders 
 Chippers 
 Chain saws 
 Box trailers 

84 to 98 72 to 86 

Erosion/Sediment 
Controls and Access 
Road Improvements 

and Maintenance 

 Dump trucks 
 Bulldozers, excavators, backhoes 
 Graders 
 Forwarders 
 10-wheel trucks with grapples 
 Cranes 

80 to 93 68 to 81 

Removal and Disposal 
of Existing 

Transmission Line 
Components 

 Cranes 
 Flatbed trucks 
 Pullers with take-up reel 
 Excavators 

80 to 90 68 to 78 

Installation of 
Foundations and 

Structures 

 Backhoes and excavators 
 Rock drills mounted on excavators 
 Cluster drills with truck mounted 

compressors 

80 to 90 68 to 78 
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TABLE 3: TIE LINE TYPICAL CONSTRUCTION SOUND LEVELS 

Description of 
Activity 

Types of Equipment 
Typical Sound 

Levels at 50 
Feet (dB(A)) 

Estimated Sound 
Levels (dB(A)) at 

Closest Residence 
along Transmission 

Line Project 
 Concrete trucks 
 Cranes 
 Aerial lift equipment 
 Tractor trailers 

Conductor and Shield 
Wire Installation 

 Puller-tensioners 
 Conductor reel stands 
 Cranes 
 Bucket trucks 
 Flatbed trucks 

80 to 93 68 to 81 

Restoration of the 
ROW 

 Bulldozers 
 Excavators 
 Tractor-mounted York rakes 
 Straw blowers 
 Hydro-seeders   

80 to 90 68 to 78 

Source: U.S. Department of Transportation Federal Highway. Construction Equipment Noise Levels and Ranges, Construction Noise Handbook, August 
2006. 

2.2.2 Bellard Substation Construction 
Table 4 identifies the types of equipment to be used for the substation activity during the construction 
sequence and provides a range of typical sound levels from the equipment. The Bellard Substation is 
surrounded by farmland and a residential area with the nearest residential home located 
approximately 100 feet away from the substation property line as identified with a red box and yellow 
line shown in Figure 1.  Construction generated noise during the daytime area is anticipated to 
increase the existing ambient noise [60 dB(A)] in the vicinity of the station as shown in Table 4. This 
increase to the sound levels experienced at any given residence will be sporadic and of limited 
duration but will be perceived as a doubling of the ambient noise as shown in Table 2 with an 
increase of over 10 dB(A). 
 

TABLE 4: SUBSTATION TYPICAL CONSTRUCTION SOUND LEVELS 

Description of 
Activity Types of Equipment 

Typical Sound 
Levels at 50 
Feet (dB(A)) 

Estimated Sound Levels 
(dB(A)) at Closest 

Residence to Bellard 
Substation 

Installation of 
Foundations and 

Structures 

 Backhoes and excavators 
 Rock drills mounted on excavators 
 Cluster drills with truck mounted 

compressors 
 Concrete trucks 
 Cranes 
 Aerial lift equipment 
 Tractor trailers 

80 to 90 74 to 84 

Source: U.S. Department of Transportation Federal Highway. Construction Equipment Noise Levels and Ranges, Construction Noise Handbook, August 
2006. 
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3.0 EXISTING NOISE LEVELS 
POWER performed measurements to document the existing ambient conditions at and surrounding the 
proposed site, pre-construction.  These ambient conditions were used for comparison with the predicted 
noise expected from the operation of the substation. 
 

3.1 Test Procedures  
Ambient noise measurements were taken at the Bellard Substation per the provided means and methods 
document “151-4839_New_Bellard_AN_Measurements_Rev-A.pdf” issued November 3, 2020.  All 
Measurements were preformed using the Larson Davis SoundTrack 831 sound level meters. The 
standard windscreen recommended and provided by the manufacturer was placed over the microphone 
to minimize the effect of wind during the measurements. The sound level meter was calibrated using 
the provided Larson Davis CAL200 Precision Acoustic Calibrator before and after the measurements 
at each test site at 114 dB(A), and the device reported error level was recorded. If the reported error 
was greater than one decibel after the measurements, the measurements were declared invalid and were 
re-measured. 
 
Measurements were made with the sound level meter placed on a tripod at a height of approximately 
1.5 meters (m) (5 feet) per IEEE Standard 656-1992. The use of five feet provides an approximate 
location of an individual’s ear. A separate log file was created on the sound level meter for each test 
location. File names and corresponding test locations were recorded during the test. All data was 
downloaded into a laptop computer and analyzed statistically. The records included results from each 
octave band from 8 Hz to 16 kHz.  
 
General notes about each test location, including general noise observations, weather conditions, exact 
location (via GPS), time of measurement, and other pertinent facts were recorded at each site.  
 

3.2 Test Locations  
Six test locations along the property line were identified for measurements to be performed, these are 
locations P1-P6.   As the substation is intended to operate continuously, 60-minute measurements were 
performed at each location during daytime operation (defined as 7:00 am to 11:00 pm) and nighttime 
operation (defined as 11:00 pm to 7:00 am).  Figure 2 on the next page identifies the locations where 
measurements were taken.  
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Figure 2: Ambient Test Locations 

Notes about testing: 

 Noise from routine train traffic was observed and noted during the entire survey time frame. 

 Noise from small light aircraft was observed and noted during the daytime portion of the survey 

 During nighttime testing, contribution from factory operation to the south was noted.  

 Weather conditions – no inclement weather was encountered during testing.  
 

3.3 Ambient Test L90 Sound Pressures dB(A) 
Testing was conducted between Monday, November 9, 2020 and Tuesday, November 10, 2020 in 
which time both daytime and nighttime noise levels were obtained for each location.  A continuous 60-
minute survey was recorded for each sample from which statistical data was compiled.   
 
From each test location, the statistical L90 value was recorded to serve as the base level of ambient noise 
for that survey point. Table 5 contains points that are along the AMPT property line. 
 

TABLE 5: AMBIENT SOUND PRESSURE LEVEL L90 

dB(A), PROPERTY LINE OF SUBSTATION 

LOCATION P1 P2 P3 P4 P5 P6 

Day 60.2 60.1 59.4 49.3 61.4 61.3 

Night 51.3 55.0 53.8 46.1 47.1 46.8 
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4.0 ANALYSIS METHODOLOGY 
The noise assessment of a substation under operating conditions requires these basic steps: 

 Determine the applicable standards specific to the site. 

 Characterizing the ambient noise present in the area. 

 Develop a representative model of the new noise sources inside the substation. 

 Analyzing the predicted sound pressure levels per the identified criteria.  
 
The following sections generally discuss the methodology of each step. Where required, additional 
notes about the application of this methodology are included with the results in Section 5.0. 

4.1 Sound Power Ratings for Existing Noise Sources 
Sound power is the acoustic energy emitted by a source of sound and is an absolute value not affected 
by environmental conditions.  Measured values only provide sound pressure levels, which is the 
pressure disturbance in the atmosphere influenced by both the source sound power and surrounding 
environmental conditions. Therefore, the sound power rating value is used in modeling for predictive 
analysis to account for variations in the environmental conditions that may or may not be present at the 
site.   

4.2 Substation Noise Modeling  
The acoustic modeling for this analysis was performed using the DataKustik GmbH, CadnaA 
(Computer Aided Noise Abatement) software package, version 2021 MR1.183.  Noise propagation 
characteristics in this software package are based upon ISO 9613 “Acoustics – Attenuation of sound 
during propagation outdoors –Part 1: Calculation of the absorption of sound by the atmosphere and 
Part 2: General method of calculation. 

4.2.1 Environmental Impacts 
CadnaA assumes the standard based prediction detailed in ISO 9613. Temperature, humidity, wind, 
terrain, barriers and vegetation all play a key factor in the absorption and propagation.  As such, CadnaA 
allows for manipulation of these to mimic the area of interest.  While the standard provides direction 
for adverse effects on wind, slight downwind that can represent most conditions with a gentle breeze 
of 1 to 5 m/s, other factors should be manipulated for the specific site or conservatism. Analysis of the 
Bellard Substation area did not include manipulations of wind for any case as there was no significant 
wind measured at any of the locations while surveying ambient noise, and no prevailing wind direction 
was observed during the testing period.  

4.2.2 Noise Sources 
All transformers are modeled as vertical area sources to represent the sound producing surface. This 
analysis at AMPT Bellard Substation only considers the power transformer as noise sources. Auxiliary 
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transformers or air conditioning units on control buildings are not considered. All noise sources are 
modeled with the calculated sound power rating (Lw).  
 
The software requires the noise source be described by the sound power level (PWL), which is the is 
the amount of energy generated from a sound source, without influence from the surroundings. PWL 
values for the transformer source was established based on the transformer specification to ensure the 
manufacturer’s guarantee that the noise from the equipment as delivered shall not exceed maximum 
sound level limit of 82 dB(A) when measured at a distance of 1 m from the equipment when in service. 
Using receivers in the CadnaA model for testing, PWL values were increased until the 82 dB(A) limit 
was reached.  This value was applied to the transformer for use when checking to present the maximum 
anticipated noise in the prediction.  

4.2.3 Noise Receptors 
Measurement locations are determined as required for the site based on noise ordinance requirements 
and sensitive receptors. Typical locations can include, but are not limited to fence lines, property line, 
residential and commercial buildings. The height placement of the receptors is modeled at 1.5 m (~4.9 
ft) to approximate the height of an individual’s ear.  

4.3 Summation of Noise Levels  

To combine the results from the ambient noise survey at the Bellard Substation site with the results of 
the model, the noise from new sources in each case modeled was added to the L90 noise level at each 
test location to produce a sum representative of the predicted future noise level for each case. Both the 
L90 values and model results are expressed in terms of decibels which are not summed using linear 
arithmetic methods, rather they are summed logarithmically after converting the values into units of 
pressure, in this case Pascals. Once summed together they can be expressed as one result and expressed 
again in terms of decibels.  
 
The formulas below were used to combine the L90 values with the values calculated for each case by 
the model and produce the predicted results.  
 
Converting sound pressure in dB to pascals is done by: 

 𝐿𝑝 20 log   is the basis for solving in terms of p, where:  𝑝  𝑝0 ∗ 10  

   where: 
  Lp = Sound pressure level in dB (L90) 

p = measured pressure in Pa 
p0 = reference pressure (.00002 Pa) 

 
Summing sound pressures in pascals and returning to decibels is done by: 
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𝐿 𝑑𝐵 10 log
𝑝1
𝑝0

𝑝2
𝑝0

 

5.0 MODELING SPECIFICS AND RESULTS 

5.1 Model Inputs 
To develop a detailed propagation model that represents the area of analysis, the following details where 
used to update the CadnaA software. 
 
ISO 9613 standard parameters were used for this analysis.  Below is a list of project specific 
assumptions: 

 Terrain absolute elevations were obtained from Google Earth and elevations of the receptors 
and substation equipment were modeled relative to the absolute elevations.  

 Ground attenuation – 1.0 inside and outside the substation 
o For the area outside the substation, which is mostly field land, a ground attenuation of 

1.0 was used to account for the absorption from the ground suitable for vegetation. 

5.2 Cases 
 Case 1 – The new transformer installed and operating at maximum load. 

5.3 Results 
Results produced for each case from the model shows the contribution at each testing location.  This 
data shows independent sound pressures in dB(A) from the equipment, the measured ambient 
conditions before they are summed, the noise after summation, as well as the perceived increase.  The 
maximum continuous noise at each receptor location as well as the radiation pattern is shown in 
Appendix B in Figure 3. 
 

TABLE 6: SOUND PRESSURE RESULTS dB(A), PROPERTY LINE OF SUBSTATION 

LOCATION P1 P2 P3 P4 P5 P6 Compliance 
Limit  

Maximum 
Transformer 

Operation 
44.3 46.3 46.0 50.3 45.4 45.5 60.0 

Ambient  
Day L90 

60.2 60.1 59.4 49.3 61.4 61.3 N/A 

Ambient Night 
L90 

51.3 55.0 53.8 46.1 47.1 46.8 60.0 

Predicted 
Ambient Noise 

Night 
52.1 55.5 54.5 51.7 49.4 49.3 60.0 

Predicted 
Increase Above 

Ambient 
0.8 0.5 0.6 5.6 2.3 2.4 N/A 
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The operation of the transformer is calculated to be below the compliance limit of 60 dB(A) for 
maximum continuous operation with a maximum of 50.3 dB(A) predicted at the property line.   
 
The perceived noise at the property line is highly susceptible to the ambient conditions due to 
summation of the noises.  The largest increase of perceived noise in dB(A) along the property line will 
occur at location P4 under ambient nighttime conditions. This is equal to a 5.6 dB(A) increase from the 
transformer.  
 

5.4 Continuous Operation Compliance Results 
The sound level calculated around the substation perimeter (P1-P6), as a result of the transformer were 
all significantly below the 60 dB(A) limit.  Sound levels with the inclusion of the ambient noise are 
predicted to also be below the 60 dB(A) limit for Commercial areas.  While the sound produced from 
the transformer meets the ordinance compliance the actual transformer noise may still be audible due 
to it occurring on very specific frequencies. 

6.0 CONCLUSION 
The continuous operating condition of the substation is not expected to exceed the limits imposed by 
the local ordinance established by the City of Bowling Green for maximum operating conditions. The 
areas that show the largest increase in sound pressure from the new sources are to the south of the 
substation as the transformer is located closer to the property line at this location.  
 
Construction noise for the tie line and the substation is anticipated to increase the ambient noise at a 
perceived value of over double.  However, the typical sound levels of construction noise experienced 
at any given residence will be sporadic and of limited duration.  They are anticipated to have little 
effect on residential areas as they fall in the range of a typical street corner with average traffic or 
sitting on a public bus as referenced in Table 1.  
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APPENDIX A – REFERENCE DRAWINGS 
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APPENDIX B – CONTINUOUS NOISE– CONTOUR MAP 
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Figure 3: Calculated Noise Contour at Maximum Operation 
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