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GEOTECHNICAL EXPLORATION 

ADVANCED TREATMENT, GAC 

NKWD FT. THOMAS TREATMENT PLANT 

FT'. THOMAS, KENTUCKY 

1 .O INTRODUCTION 

Presented in this draft report are the results of our geotechnical exploration for the 

proposed Advanced Treatment Granular Activated Carbon (GAC) Building at the 

Northern Kentucky Water District (NKWD) Fort Thomas Treatment Plant. The main 

purpose of this exploration was to determine the general subsurface profile at the site 

and to relate the engineering properties of the soil and bedrock, that is their 

classification, strength and compressibility characteristics, to the proposed building 

foundation design and to site development. The geotechnical work included test 

borings, laboratory testing, engineering analysis, and preparation of this report. 

2.0 PROJECT DESCRIPTION 

The NKWD Fort Thomas Treatment Plant is located near the intersection of US 27 

(Alexandria Pike) with Grandview Avenue in Fort Thomas, Kentucky. Our 

understanding of the proposed site development is based on a site visit, conversations 

with Mr. Nicholas Winnicke, PE of CH2M Hill, and on our review of plans and drawings 

posted to the CH2M Hill Sharepoint site on December 15, 2008 and updated on March 

6,  2009 and April 15, 2009. The proposed facility upgrade includes a new multi-story 

GAC Building with Equalization (EQ) Tanks. Additionally, a pipe discharge structure, a 
flow splitter box, a retaining wall, and associated supply/discharge pipelines and paved 

areas will be constructed as part of the treatment plant improvements. 
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According to plan and section drawings provided by the Designer, the proposed GAC 

with the long dimension oriented roughly north-south. The GAC Building will be 

constructed on an existing terraced hillside east of the existing Laboratory Building and 

south of the existing FlocculatorlClarifier Basin No. 4, as indicated on the Boring Plan, 

Drawing 080978E-1 in the Appendix to this report. Specifically, the southwest corner of 

I 

Building will be a multi-story structure and will occupy a roughly 268 foot x 82 foot area I 
I 

I 

the proposed building will be approximately 37 feet east of the east comer of the 

existing Laboratory Building and the north side of the proposed building will be 

approximately 61.8 feet south of the southwest corner of the existing 

Flocculator/Clarifier Basin No. 4. 

The existing Laboratory Building has a lowest Finished Floor Elevation (FFE) at 

approximately 770.6 feet above Mean Sea Level (MSL), and the FFE of the existing 

Flocculator/Clarifier is at approximately 765.0 feet MSL. The existing 

Flocculator/Clarifier is supported on drilled shafts to bedrock. The drilled shaft 

foundations were used to mitigate the risk of differential settlements of the valley fills 

underlying the Flocculator/Clarifier Basin. The first floor level of the proposed GAC 

Building will include the main lobby, ElectricallHVAC Rooms, Sodium Biosulfite Room, 

and Operations Rooms, and will have a FFE of approximately 784.0 feet above MSL. 

The upper basement level will underly the entire building footprint, and will house eight 

GAC Contactor Vessels, the UV Disinfection Room and the GAC Pumps Room at a 

FFE of approximately 769.0 feet MSL. Maximum exterior wall loads of the upper 

basement level are expected to be on the order of 30 kips per linear foot. The lower 

82 feet with a FFE of approximately 755.0 feet MSL. The south wall of the EQ Tank will 

Additionally, a Pump Well will occupy an area approximately 78 feet x 82 feet on the 

lower basement level. The north wall of the Well will be located flush with the north 

boundary of the building footprint. The FFE of the Pump Well will be at approximately 

745.0 feet MSL. The maximum exterior wall loads for the Pump Well are expected to 

be on the order of 40 kips per linear foot, with maximum interior column loads of about 

500 kips. It is estimated that an excavation up to 65 feet deep will be required to 

I 

basement level will include an EQ Tank occupying a plan area approximately 76 feet x 

be located about 25 feet north of the south boundary of the building footprint. 

I 

I 
I 

I 

I 

I 
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achieve the subgrade elevation for the Pump Well and up to 55 feet deep for the EQ 

Tank. It should be noted that subsequent to drilling operations, the dimensions and 

elevation of the GAC Building were revised by the Design Team. 

According to the site plan provided by the Designer, the northwest corner of the GAC 

Building will encroach on the paved access road leading to the south reservoir. The 

existing pavement will be removed and the new access road will be reconstructed 

slightly to the north to accommodate excavation and construction of the GAC Building, 

Additionally, the existing paved areas between the proposed GAC Building and the 

existing Filter Building will be expanded to provide adequate turn around space for the 

anticipated truck traffic supplying the GAC building. Further, the east portion of the 

existing paved access road and parking lot serving the existing Laboratory Building will 

be removed to accommodate the excavation lay back on the west side of the proposed 

GAC Building. It is our understanding that a portion of this area will be reconstructed as 

a concrete slab to provide truck access to the GAC Building. The proposed paved 

areas in the vicinity of the GAC Building are shown on the Boring Plan, Drawing 

080978E-1 in the Appendix to this report. Additionally, the access road will be widened 

from the security gate to the lower parking lot servicing the existing Laboratory Building 

to accommodate the increase in traffic associated with the site improvements. 

A 48-inch (I.D.) ductile iron UV effluent line will exit the GAC Building on the north side 

and will generally route north, then west to a proposed splitter box located roughly 30 

feet north of the northwest corner of the building. Two 36-inch {I.D.) ductile iron UV 

effluent pipes will extend westward from the splitter box to the existing Filter Building. 

Two 36-inch {I.D.) ductile iron GAC Influent pipes will enter the GAC Building on the 

west side near the northwest corner of the building. A 30-inch (I.D.) ductile iron 

Backwash pipe will exit the west side of the GAC Building about 70 feet south of the 

northwest corner, and will extend along the west side of the Filter Building. A 24-inch 

(I.D.) ductile iron EQ Pump Discharge pipe will exit the GAC Building on the west side 

roughly 180 feet south of the northwest corner of the building, and will extend northward 

along the west side of the building, then eastward along the north side of the building 

and along the south side of the south reservoir to a headwall discharge into the south 
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reservoir. A 48-inch (I.D.) ductile iron pipe will exit the west wall of the GAC building 

about 150 feet south of the northwest corner, and will re-enter the GAC Building about 

20 feet south of the northwest corner. These proposed pipelines are indicated on the 

Boring Plan, Drawing 080978E-1 in the Appendix to this report. 

Additional structures associated with the treatment plant upgrades include: 1) A new 

pipeline discharge headwall will be constructed on the south bank of the south reservoir 

where the EQ Pump Station force main terminates; 2) A proposed flow splitter box, 

expected to be about 20 feet x 27 feet in plan dimension, will have a subgrade elevation 

of approximately 7’66.0 feet MSL, and will be located roughly 30 feet from the northwest 

corner of the proposed GAC Building; 3) A new retaining wall roughly 130 feet in length, 

will be constructed along the slope at the northwest corner of the existing Filter Building; 

and 4) a new retaining wall associated with the entrance road widening between the 

security gate and the lower Laboratory Building parking lot. The structures are shown 

on the Boring Plan, Drawing 080978E-1 in the Appendix to this report. It should be 

noted that these structures were not included in the original scope of work for this 

project and test borings were not advanced at these specific locations. 

3.0 SITE TOPOGRAPHY. DEVELOPMENT HISTORY AND GEOLOGIC 

CONDITIONS 

The project site is located within Campbell County in Northern Kentucky, which is part of 

the Outer Bluegrass Physiographic Region. Hilly, well-dissected upland areas and 

relatively steep-sided stream and river valleys characterize this area. Specifically, the 

GAG Building site slopes upward to the east from the existing upper Laboratory Building 

parking lot at about elevation 782 feet MSL, to the crest of the terraced slope at about 

elevation 813 feet MSL, as shown on the project site plan upon which the Boring Plan, 

Drawing 080978E-1 in the Appendix to this report is based. To the west and south, the 

site slopes downward from the existing parking lot along a terraced hillside down to US 

Highway 27 (Alexandria Pike). The site generally drains to an unnamed creek branch 

across US 27, which empties into Three Mile Creek, which in turn drains into the Licking 

River about 1250 feet to the southwest. 
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The FlTP site is located in a filled drainage valley. The terraced hillside that will be the 

GAC location is on the south valley wall or slope, above the fill. The north valley wall or 

slope is obvious (topographically) opposite the GAC site, north of the Clearwell, Sodium 

Hypochlorite Building and North Clarifier/Flocculator No. 3. The original valley bottom 

extended from U.S. 27 eastward beneath the Filter Building, and then branched into two 

valleys northeastward and southeastward beneath the existing north and south 

reservoirs. Originally, a single, stone-lined reservoir was located in this valley below the 

existing Filter Building and Clarifiers/Flocculators No. 3 and No. 4. The dam for this 

reservoir was west of the Filter Building. As the treatment plant was expanded over the 

years, the two current reservoirddams were built in the branched valleys, the original 

resetvoir and valley down to US. 27 were filled, and the existing structures were 

constructed. The existing Filter Building is founded on footings bearing deep below the 

valley fill and the original reservoir liner. The Clearwell, Clarifiers/Flocculators No. 3 and 

No. 4, the Sodium Hypochlorite Building, the Chemical Building and the Lab Building 

are supported on combinations of spread footings bearing on bedrock and drilled shafts 

extending through valley fill to bedrock. We are not aware of any performance issues 

with the existing buildings. 

Available geologic mapping (Geologic Map of Parts of the Newport and Withamsville 

Quadrangles, KY, USGS, 1973) indicates the project site is underlain by Upper 

Ordovician Age bedrock of the Fairview Formation. The bedrock is noted on the 

Mapping to consist of interbedded shale and limestone. The shale is noted on the Map 

to comprise about 60 percent or more of the total and occurs in beds mostly less than 

ten inches thick. It is described on the Mapping as light bluish gray to medium gray 

(weathering dusky yellow to tight olive gray), laminated to thinly bedded, calcareous, 

silty, and fossil poor. The limestone makes up 40 percent or less of the total, is 

described as medium gray, coarsely crystalline grained and fossil fragmental, in distinct 

beds generally less than eight inches thick, but locally as much as three feet thick. 

Structure contours drawn on the base of the Fairview Formation indicate relatively 

horizontal bedrock bedding, with a bedrock dip to the west of less than 0.5 percent. The 

shale and limestone percentages on the Map are averages over the entire formation 

thicknesses, and local variations from these average percentages do exist. No faults, 

5 



landslide activity, or geologic hazards are noted on the Map within the immediate 

vicinity of the project site. Kentucky Geological Survey Karst Potential Mapping 

indicates that the limestone units in the vicinity of the project site have low to medium 

potential for development of karst features. 

4.0 SUBSURFACE EXPLORATION 

Thelen Associates, Inc. (Thelen) personnel carried out the fieldwork phase of this 

exploration between December 31, 2008 and January 14, 2009. Fourteen (14) test 

borings, numbered 1 through 14, were drilled at the locations shown on the Boring Plan, 

Drawing 080978E-1, in the Appendix to this report. Test Boring 14 was terminated prior 

to the proposed bottom elevation due to the presence of underground utilities. The test 

borings were staked in the field by Thelen personnel, with the locations and surface 

elevations surveyed by personnel from Viox and Viox, Inc. 

The test borings were advanced using a track-mounted drill rig advancing hollow stem 

augers. Standard Penetration Testing using split-spoon samplers was accomplished 

ahead of the augers following the procedures outlined in ASTM D1586. Bedrock coring 

was perfomed in selected test borings using an NXM core barrel per ASTM D2113, 

As each test boring was advanced, the Drilling Technician kept a log of the subsurface 

profile noting the soil and bedrock types and stratifications, groundwater, penetration 

test results, and other pertinent data. Particular attention was given to the textures, 

colors, moisture contents, and consistencies of the materials encountered. 

Representative portions of the split-spoon samples were placed in labeled glass jars. 

All recovered bedrock core samples were placed in labeled plastic rock core boxes. 

Groundwater measurements were made in the boreholes during drilling, at the 

completion of drilling, and at time intervals following the completion of drilling. These 

groundwater measurements are noted at the bottoms of the test boring logs. In 

addition, piezometers were installed in Test Borings 6 and 12 so that groundwater 

measurements could be made after the borehole was backfilled. 
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Test Borings advanced during previous geotechnical explorations performed by Thelen 

in 1987, 1989, 1998, and 1999 at the locations of the existing Sodium Hypochlorite 

Building, FlocculatorlClarifier Basin No. 4, Laboratory Building, and various pipelines 

were used to provide additional information about the subsurface conditions at the 

project site. The locations of selected test borings from these previous explorations are 

shown on the Boring Plan, Drawing 080978E-1, and logs of these test borings are 

included in the Appendix to this report. 

5.0 LABORATORY TESTING AND REVIEW 

The samples from the test borings were examined and visually classified in the 

laboratory by the Project Geotechnical Engineer. Representative samples were 

selected for natural moisture content determinations, Atterberg limits testing, and 

unconfined compression tests on bedrock. Soil classification identifications were 

developed in accordance with the Unified Soil Classification System (USCS). Thelen 

personnel performed laboratory testing in accordance with the applicabte ASTM 

methods for soil and bedrock testing. The results of the testing are included in the 

Tabulation of Laboratory Tests in the Appendix along with the unconfined compressive 

strength test forms. 

Final test boring logs were prepared by the Project Geotechnical Engineer on the basis 

of the visual classification in the laboratory, the laboratory test results and the field logs 

kept by the Drilling Technician. Copies of the final test boring logs made for this project 

are included in the Appendix with a Soil Classification Sheet and a Rock Weathering 

and Strength Classification Sheet, which describe the terms and symbols used on the 

boring logs. Copies of selected test boring logs from previous explorations made by 

Thelen at the FlTP are also provided in the Appendix. 

The dashed lines on the test boring logs indicate an approximate change in soil or 

bedrock strata as estimated between samples. A solid line indicates a change in strata 

occurred within a sample where a more precise measurement could be made. The 

transitions between soil and bedrock types may be abrupt or gradual. 
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Rock Quality Designations (RQD's) were recorded for each bedrock coring run made for 

this project. The RQD is defined as the sum of all pieces of intact core longer than four 

inches in a coring run, divided by the total length of the run. This value is then 

multiplied by one hundred to express the result as a percentage. The RQD provides an 

indication of Rock Mass Quality. RQD values are presented on the Logs of Test Boring 

sheets in the Appendix to this report. Table I included below shows the correlation of 

RQD values with Rock Mass Quality. 

0-25 

Table 1. Relation of RQD to In-Situ Rock Quality* 

Very Poor 

I Good I 75-90 I 

6.0 SUBSURFACE CONDITIONS 

Based on our interpretation of the geologic mapping, the results of test borings and 

laboratory testing, and our previous experience in the immediate area, the FlTP site 

was developed by excavating the terraces on the hillside at the proposed GAC Building 

location, and filling the adjacent drainage valley below the existing Filter Building and 

the two existing reservoir dams. What remains on this terraced slope are thin deposits 

of topsoil and reworked native clays and weathered bedrock (described as fill) over 

isolated thin deposits of undisturbed native clays and then the interbedded shale and 

I imeston e bed rock. 

The topsoil is discontinuous across the site, but where it is present it ranges in thickness 

from 0.2 to 0.7 feet, with an average thickness of about 0.4 feet. The fill material ranges 

from 0.8 to 14.3 feet in thickness, with an average thickness of about 4.2 feet. The fill in 

Test Borings 11 and 13 was thicker (at 13.0 and 14.3 feet, respectively) than what was 
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typically encountered in the remaining test borings. Excluding Test Borings 11 and 13, 

the average thickness of the fill in the remaining test borings is about 2.5 feet. The fill 

generally consists of mixed brown, moist, medium stiff to stiff, locally soft and very stiff 

silty clays with topsoil, rock fragments and floaters, and hairlike roots. Natural moisture 

content testing of jar samples yielded values ranging from 8.3 to 30.0 percent, with an 

average moisture content of 21.2 percent. Four samples of this material classified as 

CL according to the USCS. The samples exhibited liquid limits (LL) of 43, 37, 39, and 

25 percent and plasticity indices (PI) of 12, 17, 18, and 9 percent, respectively. 

Undisturbed native clay soils were encountered below the fill material and above the 

bedrock in Borings 3, 4 and 13 in thicknesses of 2.5, 2.5, and 9.5 feet, respectively. 

These materials generally consisted of brown or bluish green, trace gray, moist, stiff to 

very stiff, locally medium stiff, silty clays or clays, with rock fragments. Natural moisture 

content testing of three jar samples yielded values of 18.4, 31.1, and 22.7 percent. Two 

samples of this material classified as CH and CL according to the USCS. The CH 

sample exhibited a LL of 54 percent and a PI of 21 percent. The CL sample exhibited 

an LL and PI of 42 percent and 21 percent, respectively. 

A bedrock formation consisting of a system of interbedded shale and limestone layers 

was encountered below the fill andlor native soils. As previously noted, the bedrock is a 

system of Ordovician Aged shale and limestone, is relatively horizontally bedded, and 

correlates well with the Fairview Formation on the referenced mapping. Bedrock in the 

Northern Kentucky Area is typically characterized in three basic zones depending upon 

the degree of weathering. The uppermost zone is termed highly to moderately 

weathered interbedded shale and limestone, where the shale portion has virtually 

weathered to a brown silty clay or clay, yet possesses horizontally aligned bedding 

characteristics of the bedrock system and may contain clay seams. The intermediate 

zone is described as moderately to slightly weathered bedrock and is characterized by a 

shale component which is tougher, and generally at lower moisture contents than the 

shale in the highly weathered zone above. The upper and intermediate zones have 

weathered from the third commonly accepted zone; the gray, slightly weathered to 

unweathered, parent interbedded shale and limestone. The limestone beds in all three 
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zones are very strong and relatively unweathered compared to the shale. Because of 

variable weathering and erosion conditions, highly weathered and moderately 

weathered zones may or may not be locally present above the unweathered bedrock 

zone, and slightly weathered to unweathered zones may be underlain by highly to 

moderately weathered zones. 

The top of the highly weathered bedrock zone was encountered in Test Borings 1 

through 13 at depths ranging from 1.0 to 24.0 feet, with an average depth of overburden 

soils of 5.6 feet. It should be noted that the soil overburden depths encountered in Test 

Borings 11 and 13 were 13.0 and 24.0 feet, respectively. These Test Borings were 

located closest to the old valley fill mentioned previously. The average overburden 

depth is approximately 3.3 feet if these borings are not included. Moisture content 

testing on fifteen samples from the shale portion of the highly weathered zone yielded 

values ranging from 10.3 to 17.4 percent, with an average value of about 14 percent. 

Recovered bedrock core samples from Test Borings 3, 5, 8,  and 9 in this layer were 

generally described as brown and/or olive brown trace gray, moist, extremely weak to 

weak, highly to moderately weathered, thin to medium bedded SHALE, interbedded with 

gray trace brown, strong to very strong, slightly weathered to unweathered, fine-to 

coarse-crystalline grained, thin to medium bedded, fossiliferous LIMESTONE. The 

RQD values for the core runs in this layer varied from 0 to 30 percent. This represents 

a Rock Mass Quality of “Very Poor” to “Poor”. 

The top of the intermediate or moderately to slightly weathered zone was encountered 

in Test Borings 1 through 11 at depths ranging from 7.0 to 23.0 feet below the ground 

surface. Moisture content testing on nineteen samples from the shale portion of the 

intermediate zone yielded values ranging from 7.0 and 17.0 percent, with an average 

value of about 11 percent. Seven selected samples of the weathered shale in the 

intermediate zone were subjected to unconfined compressive strength testing, yielding 

values ranging from 50.0 psi to 404.2 psi and averaging about 160.0 psi. Natural dry 

densities for these samples varied from 122.8 pcf to 144.4 pcf, Recovered bedrock 

core samples from Test Borings 2, 3, 5, 6, 8, 9, and 11 in this layer were generally 

described as gray, some brown, moist, extremely weak to weak, moderately weathered 
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to unweathered, thin to medium bedded SHALE, interbedded with gray, trace brown, 

strong to very strong, unweathered, fine-to coarse-crystalline grained, thin to medium 

bedded, fossiliferous LIMESTONE. The RQD values for the core runs in this layer 

varied from 35 to 59 percent. This represents a Rock Mass Quality of "Poor". 

The upper boundary of the parent, slightly weathered to unweathered gray shale and 

limestone bedrock was encountered in Test Borings 3, 5, 6, and 9 below depths ranging 

from 33.0 to 48.0 feet. Moisture content testing on seven samples from the shale 

portion of the parent bedrock yielded values ranging from 4.8 to 10.1 percent, with an 

average value of about 7 percent. Additionally, seven selected samples of the slightjy 

weathered to unweathered shale of the parent bedrock were subjected to unconfined 

compressive strength testing, yielding values ranging from 71.5 psi to 741.7 psi and 

averaging about 340 psi. These shale strengths are on the low-end of the range of 

strengths typically found for shales throughout the Northern Kentucky region. The 

strengths of shales in Northern Kentucky typically range from about 200 psi to more 

than 4,000 psi, and it should be assumed that strengths of shales for this project will be 

throughout this wider range. Natural dry densities for the tested samples varied from 

136.2 pcf to 158.9 pcf. Recovered bedrock core samples from Test Borings 3, 5, 6, 

and 9 in this layer were generally described as gray trace brown, moist, extremely weak 

to weak, slightly weathered to unweathered, thin to medium bedded SHALE, 

interbedded with gray, strong to very strong, unweathered, fine-to coarse-crystalline 

grained, thin to medium bedded, fossiliferous LIMESTONE. The RQD values for the 

core runs in this layer varied from 9 to 52 percent. It should be noted that a piece of 

limestone stuck in the core barrel in one of the runs from Test Boring 3 and 

disintegrated most of the rock within this layer during coring. The RQD values of the 

other test borings within this layer exhibited an average value of about 48 percent, 

which corresponds to a Rock Mass Quality of "Poor". 

The limestone layers in all three tones of the bedrock discussed above are relatively 

unweathered and strong compared to the shale. Ten (IO) setected samples of the 

limestone from all three zones were subjected to unconfined compression testing, 

yielding values ranging from 2,158 psi to 15,505 psi, and averaging 10,357 psi. These 
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strengths are in the lower to middle part of the range of limestone strengths typically 

found in Northern Kentucky. The typical range of limestone strengths is about 2,000 psi 

to 21,000 psi, and it should be assumed that the limestone strengths will be throughout 

this typical range for this project. No indications of karstic solutioning were encountered 

within the bedrock samples collected. 

The United States Geological Survey Map for the project area (USGS Map of Parts of 

the Newpott and Withamsville Quadrangles, KY., 1973) indicates that, on the average 

over the full formation thickness, the Fairview Formation Bedrock is comprised of 60 

percent or more shale and 40 percent or less limestone, with the limestone layers 

generally less than 8 inches thick, but locally as much as 3 feet thick. Local variations 

in the percentage and thickness of limestone layers do exist. For this project, limestone 

percentages and thicknesses were evaluated over core lengths ranging from 2 feet to 

10 feet, most frequently 5 feet. Limestone percentages over these lengths varied from 

18 to 55 percent, and averaged about 37 percent. Limestone layer thicknesses range 

from less than one (1) inch to 12 inches. 

7.0 GROUNDWATER 

Based on our local experience, groundwater seepage can occur at the fill soillnative soil 

interface, at the native soil/bedrock interface, and along limestone layers within the 

bedrock. Groundwater was measured in the piezometer in Test Boring 6 at a depth of 

about 38 feet below ground surface at 90 days after completion of drilling. No 

groundwater was measured in the piezometer in Test Boring 12 during this period. A 

consistent groundwater table was not identified within the test borings, In our opinion, 

isolated seepage zones were encountered, which is typical for the bedrock profile, and 

indicative of the groundwater springs that have periodically been noted on the hillside by 

NKWD personnel. It should be noted that drilling operations were conducted in the 

months of December and January, a regionally wet period. There may be seasonal 

fluctuations of the groundwater table based on temperatures and/or precipitation 

amounts. Individual groundwater readings can be found at the bottoms of the test 

boring logs in the Appendix to this report. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

8.1 General 

Based upon the test borings, a visual examination of the samples, the laboratory tests, 

our understanding of the proposed construction, and our experience as Consulting Soil 

and Foundation Engineers in the Northern Kentucky Area, we have reached the 

conclusions and make the recommendations in this report. 

If conditions are encountered in the field during construction which vary from the facts of 
this report, we recommend that our office be contacted immediately to review the 

changed conditions in the field and make appropriate recommendations. 

The scope of our services did not include any environmental assessment or 

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

the soil, bedrock, surface water, groundwater or air, on or below or around this site. 

We have performed the test borings and laboratory tests for our evaluation of the site 

conditions and for the formulation of the conclusions and recommendations of this 

report. We assume no responsibility for the interpretation or extrapolation of the data by 

others. 

The earthwork recommendations of this report presume that an Engineering Technician 

under the direction of a Registered Professional Engineer will monitor the earthwork 

continuously. We recommend that the Owner contract these services directly with 

Thelen Associates, Inc. 

We recommend that a preconstruction meeting be held at the site with the Owner's 

representative@), the Design Engineer, the Project Structural Engineer, the General 

Contractor, the Excavating Contractor, the Geotechnical Engineer and any other 

interested parties to review the scope and schedule of the proposed earthwork and 

foundation installation, 
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8.2 Subsurface Conditions and Seismicity 

The project site is generally underlain by cohesive fill material, followed by 
discontinuous native clay soils and finally interbedded shale and limestone bedrock. 

The GAC Building will bear in the bedrock. 

I 

Based on the test borings and our interpretation of Kentucky Building Code 2007 Edition 

(KBC 2007) and its approved amendments to date, it is our opinion that the following 

seismic parameters will be applicable for the proposed GAC Building: 

Site Class 
SS 
S1 

B 
0.179g 
0.075g 

Site Class E3 is representative of a subsurface profile predominantly consisting of 

bedrock exhibiting a shear wave velocity (V,) in the range of 2,500 to 5,000 feet per 

second. 

8.3 
8.3. I €xcavafions 

Grading for this project will include a deep excavation into the existing hillside to reach 

subgrade elevation for the GAC Building. Maximum cuts required on the east side of 

the proposed GAC Building are anticipated to be on the order of 65 feet deep, down to 

approximate elevation 742 feet, MSL. Other shallow cuts may be required to achieve 

su bgrade elevation for the proposed parking and/or driveway areas. The excavations 

will extend through thin deposits of fill and native clay soils containing limestone 

fragments and floaters, then through the highly to moderately weathered upper zone of 

the interbedded shale and limestone bedrock, then through the intermediate moderately 

to slightly weathered bedrock zone, and into the slightly weathered to unweathered 

zone of the bedrock. The difficulty of completing excavations in the bedrock will exceed 

the difficulty of excavating in the fill and native overburden soils. Additionally, the 

difficulty of excavating in the bedrock will increase with depth into the bedrock, primarily 

Site Prenaration and Earthwork Ooerations 

, 
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related to the frequency, thickness and strength of the limestone layers in the bedrock 

and the strength and degree of weathering of the shale. 

In our opinion, the excavation through the clayey soils and into the bedrock can be 

made with mechanical excavating equipment, such as (but not limited to) large 

trackhoes with ripping teeth, ramhoes, rock saws and jackhammers. The Contractor 

should select a method of excavating the bedrock that will protect nearby structures and 

infrastructure from vibration damage or other damage that may be caused during 

bedrock excavation. The specifications should require a preconstruction survey of all 

nearby structures and properly to document existing conditions before any excavations 

are made. The specifications should also require vibration monitoring of nearby 

structures as the excavations are made, and adjustments to the excavation methods as 

necessary to maintain vibrations of existing structures below threshold limits for 

structural damage. 

Because of the close proximity of existing structures to the proposed excavation, we 

recommend that blasting not be permitted for this project. 

We recommend that the Contractor be responsible for the stability and safety of all 

excavations, and should exercise all necessary caution to shore, slope, brace or 

otherwise maintain stable and safe excavations to protect workers in the excavations as 

well as people and property adjacent to, above, and upslope of excavations. All 

Federal, State and Local safety regulations should be satisfied. In our opinion, 

temporary excavations in the lowest zone of the bedrock (the unweathered, parent, 

interbedded gray shale and limestone) can be made with vertical cuts; temporary 

excavations in the intermediate moderately to slightly weathered zone of the bedrock 

should be made with slopes of 0.5 horizontal to 1.0 vertical (0.5H:lV) or flatter; 

temporary excavations in the upper highly to moderately weathered zone of the bedrock 

should be made with slopes of 1 H:IV or flatter; and temporary excavations in the native 

clay soils and fill soils should be made with slopes of 2H: 1 V or flatter. 
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Rockfalls and the tumbling of slaked shale to the bottom of the cut are common on cut 

slopes within the interbedded shale and limestone bedrock in the Northern Kentucky 

Area. Therefore, we recommend that the temporary cut slopes for this project be 

draped with a heavy wire mesh (similar to chain link fence material) to reduce the risk of 

damage or injury from rockfalls or slaking. 

It is expected that groundwater seeps may become evident within the bedrock as the 

GAC Building excavation proceeds. Groundwater seeps should be brought to the 

attention of the Project Engineer for evaluation. During the construction of the GAC 

Building, the Contractor should be prepared to collect and dispose of the groundwater in 

order to maintain the base of the excavation in a relatively dry condition prior to backfill 

operations. We recommend that a contingency be included in the construction 

documents for evaluation and remediation of groundwater seeps, After backfilling is 

complete, it is our understanding that groundwater from potential seeps will be collected 

in a drainage system which is discussed in subsequent sections of this report. 

The earthwork for this project consists predominantly of the bedrock excavation; there 

are no substantial structural fills for the project and there is no designated waste fill area 

on or near the project site. Therefore, most of the excavated material will have to be 

hauled off-site for disposal. It will be beneficial to limit the overdig around the structure, 

within the limitations of excavation safety and project constructability, in order to reduce 

the volume of excavation and off-site disposal. 

8.3.2 Structural Fill 

All proposed cut, fill, pavement and development areas at the site should be cleared of 

all building debris and remnants of prior construction. Vegetation and the heavy root 

system (and all topsoil) should be stripped. The vegetation should be wasted off site. 

The asphalt and/or concrete pavement should similarly be stripped and wasted off site. 

The topsoil can be stockpiled for re-use in final grass and landscape areas, if permitted 

by specification. 
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It should be expected that some undercutting, moisture conditioning and recompaction 

of existing low-strength, low-density fill soils, low-strength native cohesive soils, and/or 

building debris associated with the remnants of existing pavements removed during the 

excavation for the GAC Building will be required. If these low-strength materials are 

encountered within the limits of the entrance drives or the proposed parking areas, they 

should be undercut and replaced with compacted and tested cohesive soils. We 

recommend that the contract documents include an item for undercutting of such 

materials as deemed necessary, and their replacement with new compacted and tested 

fill on a per cubic yard of in-place compacted replacement fill basis. 

We recommend that all new fill soils in paved or yard areas consist of on-site, clean, 

low-plasticity, cohesive soils relatively free of topsoil, vegetation, trash, construction or 

demolition debris, organic soils, frozen materials, particles more than 2 inches 

maximum diameter or other deleterious materials. The plasticity index of the fill soils 

should be 24 percent or less. The fill soils may be silty clays from on-site cuts that meet 

these criteria, or the moderately to highly weathered shales from the cuts, provided that 

they are pulverized to a soil-like consistency, meet the previously mentioned plasticity 

requirements, and are moisture-conditioned the same as a soil fill. New fills should be 

placed on the prepared surfaces in shallow horizontal layers, 6 to 8 inches in loose 

thickness. The fill should be compacted to at least 95 percent of the maximum dry 

density determined by the standard Proctor moisture-density test, ASTM 0698. The 

moisture content of the fill at the time of compaction should be maintained within 2 

percent below to 3 percent above the optimum moisture content. Soils within 12 inches 

of pavement subgrade elevation should be moisture conditioned to within two percent of 

the optimum moisture content and compacted to densities not less than 100 percent of 

the standard Proctor maximum dry density, ASTM D698, immediately prior to placing 

the pavement. The subgrade soils should be proofrolled with a fully loaded, single axle 

dump truck in the presence of the Engineer or his representative to determine that the 

soils are firm and non-yielding. Any soft or yielding soils detected by the proofrolling 

should be removed and replaced with compacted and tested fill that is firm, non- 

yielding, and meets the recommended moisture-density criteria. 
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Fill on sloping terrain should be placed and compacted on successive horizontal 

benches that begin at the toe of the fill slope. The horizontal benches should be cut at 

least 2 feet deep below the existing ground surface, and deeper as necessary to satisfy 

the undercut and proofroll recommendations provided above. 

It is very important that good, positive drainage be established around the structures to 

promote the rapid drainage of surface water away from the buildings. Finish grading in 

grass or landscaped areas should be sloped down and away from the structures at 5 

percent for at least 10 feet, and then at least 2 percent thereafter. Storm water falling 

on pavements should be collected in a storm sewer system and properly disposed. 

Additionally, storm water should not be allowed to enter the site from adjacent 

properties, specifically from the east where Southview Avenue terminates above the 

proposed GAC Building site. The stormwater from Southview Avenue should be 

collected and diverted at the beginning of the project, so that it does not flow either into 

the temporary excavation or toward the completed building. 

All areas disturbed during the proposed construction should be seeded, mulched or 

paved as soon as possible after construction so as to minimize surface erosion. During 

construction, straw bales or silt fences should be staked across areas of concentrated 

runoff to minimize the washing of silt onto adjacent properties or into drainage swales. 

Experience has found that the optimum season of the year for earthwork in the Northern 

Kentucky Area is during the months of June through October because of the historically 

more favorable weather conditions during that period. If construction is to be performed 

during the winter or early spring months, care should be taken so that no concrete, 

asphalt, or new fills are placed over frozen or saturated soils. Additionally, frozen or 

saturated soils should not be used for compacted fill or backfill. 

Recommendations for structure and utility backfill for the GAC Building/EQ Tanks and 

associated supply/discharge pipelines are provided in Section 8.5 of this report. 

I 

I 
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8.4 Foundation Recommendations 

The GAG Building will have multiple bearing levels that vary from approximate 

elevations 742 feet to 767 feet along its length. The foundations bearing at these 

elevations are expected to be reinforced concrete mat foundations. The bearing 

materials expected at the various elevations will range from highly weathered shale and 

timestone bedrock, to moderately weathered shale and limestone bedrock, to 

unweathered shale and limestone bedrock. Recommended allowable bearing 

capacities for design under full dead and full live load are shown in Table 2. 

Table 2. Allowable Bearing Capacities of Bedrock 

Limestone Bedrock 

The depths of the weathered zones described in Section 6.0 of this report are illustrated 

on Cross Sections A-A, B-B and C-C (Drawings 080978E-2 through 080978E-4, 

respectively) in the Appendix to this report. Because the thickness of the limestone 

bedrock layers was variable and did not consistently increase with depth below ground 

surface, a relationship between bedrock bearing capacity and RQD is not made. 

The bedrock surface elevation drops across the site in a northerly direction toward the 

previously mentioned buried valley beneath the existing Flocculator/Clarifier Basin No. 

4. It is anticipated that the north end of the GAC Building will bear at roughly elevation 

767 feet, MSL. It is expected that the bedrock surface will be higher than elevation 767 

feet (MSL) at the north end of the proposed Building, and that the required excavations 

will expose the interbedded highly weathered shale and limestone bedrock. However, if 

fill material or native soil overburden is encountered at or below the subgrade elevation 

at this location, we recommend that the foundation excavations be deepened to expose 

bedrock, that horizontal bearing surfaces be prepared on the bedrock in the bottoms of 
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the overexcavations, and that lean concrete be used to backfill the overexcavations up 

to design foundation bearing level, as discussed below. 

We recommend that all bearing surfaces be covered with a thin concrete “mud mat” to 

protect the bedrock from excessive wetting or drying and disturbance related to 

construction of reinforcing steel. The “mud mat” concrete should have a 28-day 

compressive strength of at least 1500 psi. Prior to placing any concrete “mud mat”, 

reinforcing steel or foundation concrete, the bearing surfaces should be cleaned of all 

loose, wet or otherwise disturbed material to expose firm, intact, undisturbed bedrock. 

Intact limestone encountered at subgrade elevations may remain in place provided that 

it can be determined that the limestone has not been disturbed and that the surrounding 

shales have not softened due to prior groundwater seepage. Disturbed pieces of 

limestone and water softened shales should be removed from the bearing surfaces 

before the “mud mat” is placed. We recommend that the bearing surfaces be reviewed 

by the Project Geotechnical Engineer or his representative before the “mud mat” is 
placed to determine that the bearing materials and bearing surfaces are consistent with 

the recommendations in this report and the intent of the design. 

The lower levels of the GAC Building will have multiple transitions between bearing 

levels. The over-excavation of the bedrock at these steps will result in the higher levels 

either partially bearing on backfill in the annular space, or structurally spanning the area. 

We recommend that the excavations be made as small as possible (without affecting 

constructability) in order to minimize the widths of the annular backfill or structural 

spans. The bearing capacity of the annular backfill will always be less than the 

allowable bedrock bearing capacity, unless the over-excavations are backfilled with lean 

concrete. Because of the swell (expansion) potential of the shale portion of the 

bedrock, we recommend that these excavations not be backfilled with undrained 

granular backfill. We recommend that the over-excavations be backfilled with lean 

concrete with a minimum 28-day compressive strength of at least 1500 psi. 

I 

As mentioned above, previous geotechnical explorations for the existing 

FloccuIatorlCtarifier Basin No. 4 and Laboratory Building were conducted by Thelen in 
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1989 and 1998, respectively. Construction drawings provided by the Designer and test 

boring data from the exploration for the Laboratory Building indicates that the reinforced 

concrete building foundations bear on bedrock at about elevation 769 feet, MSL. 

Additionally, it is our understanding that the Flocculator/Ciarifier Basin No. 4 has a floor 

at about elevation 765.0 (MSL), and is supported on a grid pattern of drilled shafts 

bearing on bedrock. In our opinion, the bedrock bearing foundations of these structures 

and the distances from the proposed GAC Building excavations to these existing 

structures allow the excavations to be advanced without the need for shoring or 

underpinning of these two adjacent structures. 

As noted in Section 2.0 of this report, it is our understanding that a proposed Flow 

Splitter Box, expected to be about 20 feet x 27 feet in plan dimension, will be 

constructed roughly 30 feet from the northwest corner of the proposed GAC Building. 

We further understand that this structure is designed to have a subgrade elevation of 

approximately 766.0 feet MSL. Test Boring data from a previous geotechnical 

exploration in 1989 indicates that the surface of the highly weathered shale and thinly 

bedded limestone bedrock ranges between approximate elevations 763.0 and 765.0 

feet (MSL) in the vicinity of the proposed Flow Splitter Box. We recommend that the 

foundations for this structure be deepened to bear within the bedrock at this location to 

minimize potential differential settlement that may be experienced by bearing in the 

overlying variable quality fill materials. Recommended allowable bearing capacities for 

design under full dead and full live load are shown in Table 2. 

8.5 

After the walls of the GAG Building have been completed and properly braced, the 

structure should be backfilled with approved borrow materials placed and compacted in 

shallow, level layers, 6 to 8 inches in thickness, We recommend that free-draining 

granular backfill with a compacted clay surface cap be used above drain level and lean 

concrete backfill be used below drain level (see discussion in Section 8.6 below). Each 

backfill layer should be compacted to a density not less than 95 percent of the standard 

Proctor maximum dry density (ASTM D698) for clays and granular soils that have a 

well-defined moisture-density relationship, and not less than 75 percent relative density 

Structure and Utilitv Backfill Materials 



(ASTM 04253 and D4254) for granular soils that do not have a well-defined moisture- 

density relationship. All clayey soil materials used as backfill should be moisture 

conditioned to within a range of 2 percent below to 3 percent above the optimum 

moisture content for compaction. The type and weight of compaction equipment should 

be carefully selected so as to achieve the compaction while not overstressing the 

structure walls. 

Normal and recommended utility construction practice is to bed and backfill pipes with 

granular fill to at least 6-inches above the crown of the pipe, and then complete the 

backfilling up to ground surface with well-compacted clay soils. Compaction of trench 

backfill to a moist, firm, dense condition is important for all pipelines. We recommend 

that all pipeline backfill for this project be placed in shallow level layers, 6 to 8 inches in 

thickness, and compacted to densities not less than 95 percent of the standard Proctor 

maximum dry density (ASTM D698). We recommend that pipe trench granular backfill 

be limited to pipe bedding and to 6-inches above the pipe, except where those pipes are 

within free-draining granular backfill for a structure. All granular backfill should be 

compacted to at least 75 percent relative density, per ASTM 04253 and D4254. Under 

no circumstances should any backfill be flushed to obtain compaction. 

The excavations for all utility/pipe trenches must be made in a manner that provides for 

the safety of workers in the excavations and protects existing ground, structures, and 

infrastructure adjacent to the excavations from damage. The excavations should be 

braced, shored, sloped, or otherwise stabilized in a manner that satisfies all safety 

concerns and all federal, state, and local regulations. The responsibility of maintaining 

safe working conditions in the excavations and for protecting ground, structures, and 

infrastructure adjacent to the excavations should be the Contractors. Additionally, the 

Contractor should be responsible for maintaining the stability of all existing utilities 

during the installation of utility/pipelines. 

As noted in Section 4.0 of this report, Test Boring 14 was terminated prior to the 

proposed bottom elevation due to conflicts with existing buried utilities. Test borings 

advanced in 1987 and 1999 at the locations of existing pipelines and the Sodium 
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Hypochlorite Building indicate that the surface of the highly weathered shale and thinly 

bedded limestone bedrock may be encountered below approximate El. 763.0 feet, MSL. 

The locations of selected test borings from these previous explorations are shown on 

the Boring Plan, Drawing 080978E-1, and logs of these test borings are included in the 

Appendix to this report. 

8.6 Lateral Earth Pressures and Buovancv 

The below-grade structure walls should be designed to accommodate lateral earth 

pressures plus all applicable ground surface surcharges (such as slopes up and away 

from the walls and wheel loads of delivery trucks). It is our understanding that the GAC 

Building will be constructed so that interior walls and/or floors will restrict potential wall 

movement, resulting in at-rest earth pressure conditions. We further understand that a 

drainage system will be incorporated into the backfill, with an approximate invert 

elevation of 767.0 feet (MSL), and will drain into the proposed EQ Tank. The drain pipe 

outlet to the EQ Tank should have a backflow prevention valve to prevent flow of water 

from the EQ Tank to the drain system and backfill. The bacMill above the drain invert 

should consist of compacted free-draining granular material with a 2-feet thick clay 

surface cap to prevent surface water infiltration. The backfill below the drain invert level 

should consist of lean concrete. 

Specifically, the drainage system should consist of free-draining granular backfill with 

less than three (3) percent particle sizes passing the No. 200 sieve. The free-draining 

granular backfill should be separated from the compacted clay cap and from the shale 

and limestone bedrock with a non-woven geotextile filter fabric, such as Mirafi 140N, 

specifically designed for filtration. Monitoring wells should be installed to ensure that 

the groundwater level does not exceed the invert elevation of the backfill drain system. 

Assuming a drainage system is provided, and all backfill except the clay cap is granular 

soil, we recommend using an Equivalent Fluid Weight (EW) of 57 pounds per cubic 

foot (pcf) from the ground surface down to the bottom of the drainage system. 
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All foundation walls below the level of the drain system should be backfilled with lean 

concrete with a 28-day compressive strength of at least 1500 psi. Granular backfill 

should not be used as backfill in these areas. We recommend using an EFW of 62.4 

pcf for backfill below the drain system to the bottom of the foundations. However, the 

height of the lifts of lean concrete backfill have to be limited so that the capacity of the 

wall is not exceeded while the fean concrete fill is fluid. 

The structure should be designed to resist buoyant uplift forces, assuming that water 

can build up around the structure to the level of the drain system. The resistance to 

uplift should be provided by a combination of the dead weight of the structure, dead 

weight of any soikoncrete backfill atop foundation projections beyond the structure 

walls, frictional resistance around the perimeter of the structure andor tie-down 

anchors. 

The frictional resistance around the perimeter can be estimated with an ultimate friction 

factor of 0.3 for the select granular backfill above the drain level. An adequate factor of 

safety should be applied to this ultimate friction factor. 

Tie-down anchors with bond zones in the unweathered bedrock beneath the structure 

could be designed for an allowable anchor bond stress of 25 pounds per square inch 

(psi) between the anchor grout and the bedrock, provided the design anchor capacities 

are confirmed by performance and proof-load testing during construction. The 

performance and proof-load testing should be in accordance with Post-Tensioning 

Institute criteria or other approved industry standards. The performance and proof-load 

testing procedures should be clearly outlined in the project specifications. 

8.7 Pavements 

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 CBR or plate load tests after final grading is completed or 

by the correlation of field density tests to laboratory CBR tests. In each case, we 

recommend that the upper 12 inches of subgrade be compacted within 2 percent of 
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optimum moisture content to at least 100 percent of maximum density as determined by 

the standard Proctor moisture-density test, ASTM D698. 

We recommend that if a dumpster will be used at the project site, the dumpster should 

be supported on a concrete slab and the slab should be sized to accommodate the 

loading wheels of the dumpster truck. In addition, pavements servicing dumpsters 

should be designed for the heavier loads associated with the dumpster trucks. 

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 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 feast 6 

inches below the pavement subgrade, and have a longitudinal gradient that causes the 

ditches to drain rapidly and not pond water. If these criteria cannot be met, 

consideration should be given to incorporating edge drains into the pavement design. 

The off-site disposal of the excavated material for this project will result in a larger-than- 

normal amount of construction truck traffic on the existing FTTP access road. This 

should be taken into consideration in the assessment of potential damage to the 

existing road during construction of the GAC Building. 

It should be noted that the proposed widening of the main entrance driveway from the 

security gate to the lower Laboratory Building parking lot, and the associated retaining 

wall, were beyond the scope of services for this exploration and report. We recommend 

that two additional borings be advanced in the area of the proposed widening with 

results and geotechnical recommendations included in an Addendum to this report. 

8.8 Retainina Wall 

As noted in Section 2.0 of this report, a proposed retaining wall roughly 130 feet in 

length will be constructed along the slope below the northwest corner of the existing 

Filter Building and above the existing round Clearwell structure. This retaining wall 
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structure was not included in the scope of work for the exploration and test borings were 

not advanced in this area. Further, no test borings from previous explorations have 

been advanced along the proposed wall location. We recommend that three additional 

test borings be advanced along the location of the retaining wall structure with results 

and geotechnical recommendations included in an Addendum to this report. 

8.9 Pineline Discharqe Structure 

As previously discussed, a new pipeline discharge headwall structure will be 

constructed on the south bank of the south reservoir where the EQ Pump Station force 

main terminates. This structure was not included in the scope of work for this 

exploration and no test borings (current or from previous explorations) have been 

advanced at this location. We recommend one test boring be advanced at the 

proposed structure location with results and geotechnical recommendations provided in 

an Addendum to this report. 

9.0 CLOSURE 

The conclusions and recommendations of this report have been derived by relating the 

general principles of the discipline of Geotechnical Engineering to the proposed 

construction outlined by the Project Characteristics section of this report. Because 

changes in surface, subsutface, climatic, and economic conditions can occur with time 

and location, we recommend for our mutual interest that the use of this report be 

restricted to this specific project. 

Our understanding of the proposed design and construction is based on the documents 

and information provided to us at the time this report was prepared and which are 

referenced in the Project Description section of this report. We recommend that our 

office be retained to review the final design documents, plans, and specifications to 
assess any impact changes, additions or revisions in these documents may have on the 

conclusions and recommendations of this Geotechnical Report. Any changes or 

modifications which are made in the field during the construction phase which alter site 

grading, structure locations, infrastructure or other related site work should also be 

reviewed by our office prior to their implementation. 
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Recommendations have been provided in the various sections of this report. The report 

shall, therefore, be used in its entirety. The Designer should see that all parties have 

the entire report with all possible supplementary information for their respective use and 

that they understand the intent of the contents. This report is not a bidding document 

and shall not be used for that purpose. Anyone reviewing this report must interpret and 

draw conclusions regarding specific construction techniques and methods each 

chooses to use. 
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APPENDIX 

ASFE Report Information 

Tabulation of Laboratory Tests 

Unconfined Compressive Strength Test Forms - Rock 

Test Boring Logs, 080978E 

Test Boring Logs, 87343E, 89079E, 980640E, and 990146E 

Soil Classification Sheet 

Rock Weathering and Strength Classification Sheet 

Boring Plan, Drawing 080978E-1 (In Pocket) 

Cross Sections, Drawings 080978E-2 through 080978E-4 (tn Pocket) 
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Geotechnical Enginee~ing 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 engi- 
neer may not fulfill the needs of 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 your geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it. And no one 
-not evenyou -should apply the 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. 

A Geotechnical Engineering Report Is Based on 
A Unique Set of Project-Specific Factors 
Geotechnical engineers consider a number of unique, project-specific fac- 
tors 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 oth- 
erwise, do not rely on a geotechnical engineering report that was: 

not prepared for yon, 
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: 
0 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, 

elevation, configuration, location, orientation, or weight of the 
proposed structure, 
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 responsibiliiy or liabilily for problems 
that occur bemuse their repoti's do nof consider developments of which 
they were nut informed 

A geotechnical engineering report is based on conditions that existed at 
the time the study was performed. Do not re/y on a geotechnical engineer- 
ingrepoflwhose adequacy may have been affected by: the passage of 
time; by man-made events, such as construction on or adjacent to the site; 
or by natural events, such as floods, earthquakes, or groundwater fluctua- 
tions. Always contact the geotechnical engineer before applying the report 
to determine if it is still reliable, A minor amount of additional testing or 
analysis could prevent major problems. 

Sub8UrfaC11 Conditions Can Change 

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 engi- 
neers 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 construction observation is the 
most effective method of managing the risks associated with unanticipated 
conditions. 

A Report's Recommendations Are Nut Rnal 
Do not overrely on the construction recommendations included in your 
report. Phose recornmenddkm are not final, because geotechnical engi- 
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 



subsurface conditions revealed during construction. The geotechnial 
engineer who developedyour repun' cannot assume responsibility or 
liability for the repon"s ieconimendations if that engineer does nut petform 
cunstructiun ubser vation. 

A Geotechnical Engineering Report Is Subject to 
~ i s i  f l~pre ta t ion  
Other design team members' misinterflretation of geotechnical engineering 
reports has resulted in costly problems, Lower that risk by having your geo- 
technical engineer confer with appropriate members of the design team after 
submitting the report. Also retain your geotechniml engineer to review perti- 
nent elements of the design team's plans and specifications, Contractors can 
also misinterpret a geotechnical engineering report Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

Do Not Redraw the Enginear'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 recugnire 
tbaf separating logs from /he repon' can elevate risk. 

Give Con~actors a ~ o ~ p l e ~  Report and 
Guidance 
Sorrie owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con- 
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors 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 
condud additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. Be sure conirac- 
fofs have su#icienl lime to perform additional study. Only then might you 
be in a position to give contractors the best information available to you, 
while requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. 

~ e ~ ~ o ~ s ~ i l i t y  ~rovisions Closely 
Sorrie clients, design professionals, and contractors do not recognize that 
geotechnical erigineeriny is far less exact than other engineering disci- 
plines. 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' responsi- 
bilities 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. 

mental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform a geoenviron- 
mentalstudy differ significantly from those used to perform a geotechnical 
study, For that reason, a geotechnical engineering report does not usually 
relate any geoenviroriniental findings, conclusions, or recommendations, 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants. Unantic@akd environmental problems have led 
tu numerous project failures" If you have not yet obtained your own geoen- 
vironrnental information, ask your geotechnical consultant for risk man- 
agement guidance. Do not re/y or) an environmental repurf prepared fur 
sameone else. 

in Protessbnal 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 exjvesspurpose of mold prevention, integrated into a com- 
prehensive plan, arid 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, a nurn- 
ber 01 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 servicesper- 
farmed in cunnectiun with the geutechnical engineer's study 
were designed or conducted for the purpose of mold preven- 
tion. Proper implementation of the ncommendatiuns conveyed 
in this report will nut of itself be sufficient tu prevent mold from 
growing in or on the structure involved. 

Rely, on Your ASR-Member Geotechnsial 
Engineer for Additional Assistance ' 

Membership in ASFWHE BESI PEOPLE ON EARTH exposes geotechnical 
engineers to a wide array of risk management techniques that car1 be of 
genuine benefit for everyone involved with a construction project. Confer 
with your ASFE-member geotechnical engineer for more information. 

TIE B E S T  P I D P I E  O W  ELDTH 

8811 Colesville Road/Suite G106, Silver Spring, MU 20910 
Telephone: 3011565-2733 Facsimile: 301/589-2017 

e-mail. info@asfe.org www.asfe.org 

Copyright 2004 by ASFE, lnc. Duplication, repmduction, or copying of this documant, in whole or in part, by any means whatsoeve& is strictly prohibitedt except with ASFEs 
specific wiltten permission. Excerpting, quoling, or othenvise ekTract1ng wording from this document is permined only with the express written permission of ASFE, and only for 

purposes of scholarly research 5r book review. Only members of ASFE may use this document as a compiemenf to or as an element of a geotechnical engineering report. Any other 
lirm. individual, or other entity that so uses this document without being an ASFE member could be commlting negligent or lntenrlonal (fraudulent) mlsrepresentarion. 

llGER06085.OMRP 
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6 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-7408 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK COR€, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FlTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray and Brown moderately weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: Ill 912009 
SAMPLE OBTAINED S Y  Rock Core CONDITION: Undisturbed 

BORINGNO.: 2 SAMPLE NUMBER: RC DEPTH (ft.): 13.5-13.8 

LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT 
I 

AVERAGE DIAMETER (in.) 1.85 
HEIGHT (in.) 3.28 
HEIGHT TO DIAMETER RATIO 1.77 
AVERAGE AREA (sq. ft.) 0.01 87 
VOLUME (cu. ft) 0.0051 
WET WEIGHT (Ibs.) 0.71 
DRY WEIGHT (Ibs.) 0.63 
DRY DENSITY (pd) 122.8 

FAILURE SHAPE WATER CONTENT AFTER SHEAR 
7 CAN NUMBER x8 

PROVING RING NO.: 19901 

DEFORM LOAD 
DIAL DIAL t LOA0 STRAIN STRESS 

REMARKS : 

WET WEIGHT + CAN (Ibs.) 
DRY WEIGHT + CAN (Ibs.) 
WEIGHT WATER (Ibs.) 
WEIGHT CAN (Ibs.) 
WEIGHT SOLID (Ibs.) 
MOISTURE (%) 

TEST TEMPERATURE: 70°F 

I 
i 

/- 
I G 8 1 0 0 0 ~  

6,000 , - ~~ 

V 

0.95 
0.86 
0.08 
0.24 
0.63 
13.1 

I; I 
I 

0.0 1 .o 2.0 3.0 4.0 
Strain (%) 

AVERAGE RATE OF STRAIN TO FAILURE (?Urnin.) 1.5 
STRAIN AT FAILURE (46) 2.7 
UNCONFINED COMPRESSIVE STRENGTH (ks9 9.9 
SHEAR STRENGTH (ksf) 4.9 



LEN ASSOCIATES, INC. www. thelenassoc. corn 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

Geotechnical 0 Testing Engineers Qffkx3 

0 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 859-746-7408 

AVERAGE RATE OF STRAIN TO FAILURE (Ydmin.) 
STRAIN AT FAILURE (%) 
UNCONFINED COMPRESSIVE STRENGTH (ks9 
SHEAR STRENGTH (ksf) 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATUML MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

0.2 
0.6 

748.9 
374.4 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray and Brown slightly weathered limestone 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 2 SAMPLE NUMBER: RC DEPTH (ft.): 21.3-21.8 

DATE: 2/19/2008 
LOAD DIRECTION 90" TO LITHOLOGY 

HElGHT (in.) 4.42 
HEIGHT TO DIAMETER RATIO 2.38 
AVERAGE AREA (sq. ft.) 0.01 88 
VOLCJME (cu. rt.) 0.0069 
WET WEIGHT (lbs.) 1.14 
DRY WEIGHT (Ibs.) 1 . I4  
DRY DENSITY (pcf) 164.6 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
CAN NUMBER LP-7 
WET WEIGHT + CAN (Ibs.) 2.04 
DRY WEIGHT + CAN {lbs.) 2.03 llar WEIGHT SOLID (Ibs.) 1.13 

WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.90 

AVERAGE DIAMETER (in.) I .86 

PROVING RING NO.: QC200 

I I I I 

REMARKS : 



859-746-7408 Cincinnati, Ohio 
Dayton, Ohio 

1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 

UNCONFIMIED COMPRESSIVE STRENGTH OF INT'ACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT Geotechnical Exploration, Advanced Treatment GAC, F T P  
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: O80978E 

SAMPLE DESCRIPTION: Gray trace brwvn moderately weathered shale 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 2 SAMPLE NUMBER: RC DEPTH (ft.): 30.8-31.3 

DATE: 1120f2009 
LOAD DIRECTION 90" TO LITHOLOGY CONDITION: Undisturbed 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.85 - CAN NUMBER KP4 . .  
HEIGHT (in.) 4.36 
HEIGHT TO DIAMETER RATIO 2.36 
AVEWGE AREA (sq. ft.) 0.0487 
VOLUME (cu. ft.) 0.0068 

DRY WEIGHT (tbs.) 0.89 
DRY DENSITY (pcf) 131.8 

WET WEIGHT (Ibs.) 0.99 

WET WEIGHT + CAN (Ibs.) 1.92 
DRY WEIGHT + CAN (Ibs.) 1.82 

WEIGHT CAN (Ibs.) 0.93 
WEIGHT SOLID (Ibs.) 0.89 

WEIGHT WATER (Ibs.) 0.10 

MOISTURE (X) 11.0 

PROVING RING NO.: 19901 TEST TEMPERATURE-70yfF. . 
I 1 I I 

REMARKS : 

18,000 7- -1 T---'.~-I 

16,000 

14,000 

12,000 
% 4 10,000 
8 
6 81000 

6,000 

4,000 

I I 

0.0 1 .o 2.0 3.0 4.0 
Strain (%) 

4VVERAGE RATE OF STRAIN TO FAILURE (%/min.) 1.3 
STRAIN AT FAILURE (%) 2.8 
JNCONFINED COMPRESSIVE STRENGTH (ksf) 16.8 
SHEAR STRENGTH (ksf) 8.4 
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STRAIN 
(%I 
0.0 
0.1 
0.2 
0.3 
0.5 

0.7 
0.8 
0.9 
0.9 

0.6 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CHZM Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAG, FTTP 
LOCATION: Ft. Thomas, Kentucky 

STRESS 
(PS9 

0 
212,102 
457,470 
729,184 

1,005,955 

1,592,496 
2,007,385 
2,219,754 
2.232.794 

I ,309,870 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray unweathered limestone 
BEDROCK FORMATION: Fairview Formation DATE: 1 /20/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 2 SAMPLE NUMBER: RC DEPTH (ff .): 34.1 -34.6 

LOAD DIRECTION 90" TO LITHOLOGY 

1 
4VERAGE RATE OF STRAIN TO FAILURE (%/min.) 
STRAIN AT FAILURE (%) 0.9 
JNCONFINED COMPRESSIVE STRENGTH (ksf) 2,232.8 
SHEAR STRENGTH (ks9 1146.4 ~ 

0.2 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.86 CAN NUMBER A I  2 , .  
HEIGHT (in.) 
HEIGHT TO DIAMETER RATIO 
AVERAGE AREA (sq. ft.) 
VOLUME (cu.ft.) 
WET WEIGHT (Lbs,) 
DRY WEIGHT (Ibs.) 
DRY DENSIN (pcf) 

PROVING RING NO.: QC200 

# 

4.43 
2.39 

0.01 88 
0.0069 

1.13 
1.13 
162.7 

I 

WET WEIGHT + CAN (Ibs.) 1.91 
DRY WEIGHT + CAN (Ibs.) 1.90 
WEIGHT WATER (lbs.) 0.00 
WEIGHT CAN (Ibs.) 0.91 
WEIGHT SOLID (Ibs.) 0.99 
MOISTURE (%) 0.3 

1 TEST TEMPERATURE 70°F 

2,500,000 

2,000,000 

1,500,000 
eL 
5.. 

8 
i? 
;ij 1,000,000 

500,000 

0 

REMARKS : 

http://thelenassoc.com


* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 1 Fax 859-746-7408 

AVERAGE RATE OF STRAIN TO FAILURE (%/min.) 
STFWN AT FAILURE (“3)  
UNCONFINED COMPRESSIVE STRENGTH (ksf) 
SHEAR STRENGTH (ksf) 

www.i%retenassoc.com 

0.2 
0.6 

2,176.8 
1088.4 

Offices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnicai Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray unweathered limestone 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90” TO LITHOLOGY 

BORING NO.: 3 SAMPLE NUMBER: RC DEPTH (ft.): 23.3-23.7 

DATE: 1 /20/2009 

NATURAL UNIT WEIGHT 
AVERAGE DIAMETER (in.) 1.86 
HEIGHT (in.) 4.10 
HEfGHT TO DIAMETER RATIO 2.20 
AVERAGE AREA (sq. ft.) 0.0188 

WET WEIGHT (lbs.) 1.08 
DRY WEIGHT (Ibs.) 1.08 
DRY DENSITY (pc9 168.2 

VOLUME (cu.ft.) 0.0064 

FAILURE SHAPE WATER CONTENT AFTER SHEAR 
CAN NUMBER T l  0 
WET WEIGHT + CAN (Ibs.) 1.89 
DRY WEIGHT + CAN (Ibs.) 1.89 
WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.90 
WEIGHT SOLID (lbs.) 0.99 
MOISTURE (%) 0.1 

PROVING RING NO.: QC200 TEST-TEMPERATURE: 70°F 
- - ~  r DEFORM LOAD 

DIAL DIAL LOAD STRAIN STRESS 

-- - I~- -  

i 
I I I I 1 I 

I 1 I 

t I I I I 

2,000,000 

1,500,000 

1,000,000 

REMARKS : 

http://www.i%retenassoc.com
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25,000 - 

20,000 - 

f 15,000 
U 

t df 10,000 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CHZM Hill 
PROJECT Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

7 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray trace brown moderately weatherd shale 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 3 SAMPLE NUMBER: RC DEPTH (ft.): 29.6-30.2 

DATE: 1120/2009 
LOAD DIRECTION 90" TO LITHOLOGY 

AVERAGE RATE OF STRAIN TO FAILURE (%lrnin.) 

SHEAR STRENGTH (b9 

STRAIN AT FA1 LU RE (Oh)  

UNCONFINED COMPRESSIVE STRENGTH (ks9 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) I .a3 CAN NUMBER KPIO 

I .2 
2.9 
22.3 
11.2 

. I  

HEIGHT (in.) 4.44 
HEIGHT TO DIAMETER RATIO 2.43 
AVERAGE AREA (sq. ft.) 0.0182 
VOLUME (cu. Pt.) 0.0067 
WET WEIGHT (Ibs.) 0.99 
DRY WEIGHT (Ibs.) 0.90 
DRY DENSITY (pcf) 133.5 

WET WEIGHT *. CAN (Ibs.) 1.89 
DRY WEIGHT + CAN (Ibs.) 1.81 

WEIGHT CAN (Ibs.) 0.92 
WEIGHT SOLID (Ibs.) 0.89 

WEIGHT WATER (Ibs.) 0.09 

MOISTURE (%) 9.9 

http://thelenassoc.com
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I 
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UNCONFINED COMPRESSIVE STRENGTH OF iNTACT ROCK CORE, ASTM - D2938 I 

UNIT WEIGHT AND NATURAL MOISTURE 
CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, R 7 P  
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 
BORINGNO.: 3 SAMPLE NUMBER: RC DEPTH (ft.): 35.836.3 
SAMPLE DESCRIPTION: Gray and brown slightly weathered fossiliferous limestone 
BEDROCK FORMATION: Fairview Formation DATE: 1/20/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90' TO LITHOLOGY 

NATURAL UNITWEIGHT 
AVERAGE DIAMETER (in.) 1.86 
HEIGHT (in.) 4.45 

AVERAGE AREA (sq. ft.) 
HEIGHT TO DIAMETER RATIO 2.39 

0.01 89 
VOLUME {cu. R) 0.0070 
WET WEIGHT (Ibs.) 1.16 
DRY WEIGHT (Ibs.) 1.16 
DRY DENSITY (pc9 165.2 

PROVING RING NO.: QC200 

MLURE SHAPE WATER CONTENT AFTER SHEAR 
CAN NUMBER E l  1 
WET WEIGHT + CAN (lbs.) 2.10 
DRY WEIGHT + CAN (Ibs.] 2.09 
WEIGHT WATER (Ibs.) 0.01 
WEIGHT CAN (Ibs.) 0.94 
WEIGHT SOLID (ibs.) 1.15 
MOISTURE (Yo) 0.7 

1 TEST TEMPERATURE: 70°F 
I 

.. _- I 

300,000 

250,000 

200,000 

150,000 

100,000 

50,000 

0 

c R 
CI z v) 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 
Strain (%) 

AVERAGE RATE OF STRAIN TO FAILURE (%/min.) 0.2 
STRAIN AT FAILURE (%) 0.4 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 310.8 
SHEAR STRENGTH (ksf) 155.4 

REMARKS : 



Erlanger, Kentucky 
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Dayton, Ohio 

e 1398 Cox Avenue, Erlanger, Kentucky 41018-1 002 /859-746-9400 / Fax 859-746-7408 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOfSTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTf 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 
BORINGNO.: 3 SAMPLE NUMBER RC DEPTH (ft.): 48.0-48.4 
SAMPLE DESCRIPTION: Gray unweathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1/2012009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.70 I 1 CAN NUMBER AI  0 - .  
HEtGHT(in.) 4.16 
HEIGHT TO DIAMETER RATIO 2.46 
AVERAGE AREA (sq. ft.) 0.01 57 
VOLUME (CUR.) 0.0054 

DRY WEIGHT (Ibs.) 0.66 
DRY DENSITY (pcf) 158.9 

WET WEIGHT (Ibs.) 0.91 

PROVING RiNG NO.: 19901 

WET WEIGHT + CAN (Ibs.) 1 .60 
DRY WEIGHT + CAN (Ibs.) 1.76 
WEIGHT WATER (Ibs.) 0.04 

WEIGHT SOLID (Ibs.) 0.86 
MOISTURE (%) 4.8 

WEIGHT CAN (Ibs.) 0.90 

TEST TEMPERATURE: 70°F - 
120,000 

100,000 

80,000 
s 
p. 
Y 

! 601000 
v1 

40,000 

20,000 

0 
0.0 I .o 2.0 3.0 4.0 

Straln (%) 

AVERAGE RATE OF STRAIN TO FAILURE: (Xlmin.) 0.8 
STRAIN AT FAILURE (%) 3.1 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 106.8 
SHEAR STRENGTH (ksf) 53.4 

REMARKS : 
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UNCONFINED COMPRESSIVE STRENGTH OF lNTACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, F77P 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray trace brown slightly weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1123/2009 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 3 SAMPLE NUMBER: RC DEPTH (ft.): 52.0-52.3 

CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT 
AVERAGE DIAMETER (in.) 1.85 
HEIGHT (in.) 3.09 
HEIGHT TO DIAMETER RATIO 1.67 
AVERAGE AREA (sq. ft.) 0.01 87 
VOLUME(cu. ft.) 0.0048 
WET WEIGHT (Ibs.) 0.72 
DRY WEIGHT (Ibs.) 0.66 
DRY DENSITY (pcf) 136.2 

PROVING RING NO.: 19901 

DEFORM LOAD 
DIAL DIAL LOAD STRAIN STRESS 

4ILURE SHAPE WATER CONTENT AFfER SHEAR 
7 CAN NUMBER KP3 

d WET WEIGHT + CAN (lbs.) 
DRY WEIGHT + CAN (Ibs.) 
WEIGHT WATER (fbs.) 
WEIGHT CAN (Ibs.) 
WEIGHT SOLID (Ibs.) 
MOISTURE (%) 

TEST TEMPERATURE: 70°F- 

12,000 I---i 
.-.,- 1 l___l 

I .65 
I .59 
0.07 
0.93 
0.65 
10.1 

- -  

--1 
'10,000 - . 

8,000 - 
5T 

fl 

n 
'-r 

u) 
4,000 - 

I 

0 -F------ - L 4 - -  L ------I 
0.0 2.0 4.0 6.0 8.0 

Strain (%) 

AVERAGE RATE OF STRAIN TO FAILURE (Yolmin.) 2.3 
STRAIN AT FAILURE: (%) 5.5 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 10.3 
SHEAR STRENGTH 5.1 (ks9 -~ 

REMARKS : 



LE NAssoc~r~s,  INC. 
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* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 

4VERAGE RATE OF STRAIN TO FAILURE (%/min.) 

UNCONFINED COMPRESSIVE STRENGTH (ks9 
SHEAR STRENGTH (ksf) 

STRAIN AT FAILURE (%) 

MANW. thelenassoc.com 
Offices 

Erlanger, Kentucky 

Dayton, Ohio 
859-746-7408 Cincinnati, Ohio 

1.4 
5.4 
7.2 
3.6 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Brown trace gray moderately weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1/23/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90" TO LtTHOLOGY 

BORINGNO.: 5 SAMPLE NUMBER RC DEPTH (ft.): 13.4-14.3 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.80 - CAN NUMBER t25 

. r  

HEIGHT (in.) 4.25 
HEIGHT TO DIAMETER RATIO 2.36 
AVERAGE AREA (sq. ft.) 0.0177 
VOLUME (cu. ft) 0.0063 

L 

WET WEIGHT (Ibs.) 0.91 
DRY WEIGHT (Ibs.) 0.80 
DRY DENSITY (pcf) 127.1 

WET WEIGHT + CAN (Ibs.) 
DRY WEIGHT + CAN (Ibs.) 

1.80 
1.69 

WEIGHT WATER (tbs.) 0.1 1 
WEIGHT CAN (Ibs.) 0.90 
WEIGHT SOLID (Ibs.) 0.79 
MOISTURE (%) 14.4 

4 

DEFORM LOAD I DIAL I DIAL I LOAD ISTRAlNl STRESS1 

REMARKS : 

8,000 F-.- I I I I I 
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Geatechnical Jesting Engineers 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 
Dayton, Ohio 

www. thelenassoc. corn 
Offices 

Ertanger, Kentucky 
859-746-7408 Cincinnati, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 I 

UNIT WEIGHT AND NATURAL MOISTURE 
CLIENT : CHZM Hill 
PROJECT Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray trace brown slightly weathered limestone 
BEDROCK FORMATION: Fairview Formation DATE: 2/2/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 5 SAMPLE NUMBER: RC DEPTH (fl.): 16.2-1 6.7 

LOAD DIRECTION 90" TO LtTHOLOGY 

.I 
NATURAL UNIT WEIGHT 

AVERAGE DIAMETER (in.) 1.85 
HEIGHT (in.) 4.29 
HEIGHT TO DIAMBER RATIO 2.31 
AVERAGE AREA (sq. ft.) 0.01 87 
VOLUME (cu. ft.) 0.0067 
WET WEIGHT (lbs.) 1.13 
DRY WEIGHT (Ibs.) 1.13 
DRY DENSITY (pcf) 168.4 

PROVING RING NO.: QC200 

AILURE SHAPE WATER CONTENT AFTER SHEAR 

2.01 
2.01 

CAN NUMBER t8 
WET WEIGHT + CAN (Ibs.) 
DRY WEIGHT + CAN (Ibs.) 
WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.90 
WEIGHT SOLID (Ibs.) 1.11 
MOISTURE (%) 0.2 

TEST TEMPERATURE: 70°F 

6 
9. 
Y 

v) I 

0.0 0.2 0.4 0.6 0.8 
Strain (%) 

AVERAGE RAT€ OF STRAIN TO FAILURE (%lmin.) 0.2 
STRAIN AT FAILURE (%) 0.6 
UNCONFINED COMPRESSIVE STRENGTH (ks9 1 ,I 19.6 
SHEAR STRENGTH (ksf) 559.8 

REMARKS : 



wwm thelenassnc. corn 

1 1- --1 

4 1398 Cox Avenue, Erlanger, Kentucky 

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

UNCONFINED COMPRESSIVE STRENGTH (ksf) 
SHEAR STRENGTH (ksf) 

STRAIN AT FAILURE ("h) 

41018-1002 / 

1.6 
3.3 
7.2 
3.6 

859-746-9400 

- 

Fax 

Offices 
Erlanger, Kentucky 

Dayton, Ohio 
859-746-7408 Cincinnati, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanmd Treatment GAC, FlTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray and brown moderately weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1/23/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

BORINGNO.: 5 SAMPLE NUMBER RC DEPTH (ft.): 31.6-32.1 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER [in.) 1.85 - CAN NUMBER t6 . .  
HEIGHT (in.) 4.28 
HEIGHT TO DIAMETER RATIO 2.32 
AVERAGE AREA(sq. ft.) 0.01 86 
VOLUME (cu. ft.) 0.0066 
WET WEIGHT (Ibs.) 0.96 
DRY WEIGHT (Ibs.) 0.85 
DRY DENSITY (pcf) 128.3 

PROVING RING NO.: 19901 

-. . 

I 

0.0 1 .o 2.0 3.0 4.0 
Strain (%) 

REMARKS : 



www. thelenassoc. corn 

Offices 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton. Ohio 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 /859-746-9400 / Fax 859-746-7408 

UNCONFINED CQMP RESSIVE STRENGTH OF INTACT RQCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray trace brown slightly weathered limestone 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 5 SAMPLE NUMBER: RC DEPTH (ft.): 34.2-34.7 

DATE: 1/27/2009 
LOAD DIRECTION 90" TO LITHOLOGY CONDITION: Undisturbed 

NATURAL UNIT WEIGHT 
AVERAGE DIAMETER (in.) 1.86 
HEIGHT (in.) 4.28 
HEIGHT TO DIAMETER RATIO 2.30 
AVERAGE AREA (sq. ft.) 0.0189 
VOLUME (cu. ff.)  0.0067 
WET WEIGHT (Ibs.) 1 .I2 
DRY WEIGHT (Ibs.) 1.12 
DRY DENSITY (pcf) 166.3 

PROVING RING NO.: QC200 

FAILURE SHAPE WATER CONTENT AFTER SHEAR 
CAN NUMBER A2 
WET WEIGHT + CAN (Ibs.) 1.96 
DRY WEIGHT + CAN (ibs.) 1.96 
WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.91 
WEIGHT SOLID (ibs.) 1.05 
MOISTURE (%) 0.3 

TEST TEMPERATURE: 70°F 
~ I 

I I i I I 1  
~ 

REMARKS : 

1,600,000 C -..-.I- ,--- 
I 

1,400,000 

1,200.000 4- ------I-- I1 -4 ! 

600,000 -r - - ~ ~ - ~ -  -----I I 

400,000 

0.0 0.2 0.4 0.6 0.8 
Strain (%} 

4VERAGE RATE OF STRAIN TO FAILURE (%lmin.) 0.2 
STRAIN AT FAILURE (%) 0.7 
JNCONFINED COMPRESSIVE STRENGTH (ksf) 1,612.9 
SHEAR STRENGTH (ks9 806.5 



www. the1enassoc.com 

TEST TEMPERATURE: 70°F I 

45,000 I 

40,000 0 

35,000 

30,000 
c 8 25,000 ___--_I 

8 
;; 
p! 20,000 -- ,/ 

____ - 

I 
0.0 1 .o 2.0 3.0 4.0 5.0 

Strain (%) 

-AVERAGE RATE OF S W I N  TO FAILURE (%/min.) I .4 
STRAIN AT FAILURE (%) 4.2 
UNCONFINED COMPRESSIVE STRENGTH {ksf) 41 .I 
SHEAR STRENGTH (ksf) 20.6 

Geotechnical 0 Testing Engineers 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-7002 / 859-746-9400 / Fax 859-746-7408 

Off ices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FlTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 
BORINGNO.: 5 SAMPLE NUMBER: RC DEPTH (ft.): 40.7-41.2 
SAMPLE DESCRIPTION: Gray unweathered shaIe 
BEDROCK FORMATION: Faintiew Formation 
SAMPLE OBTAINED BY: Rock Core 

DATE: 1/23/2009 
LOAD DIRECTION 90" TO LITHOLOGY CONDITION: Undisturbed 

HEIGHT (in.) 
HEIGHT TO DIAMETER RATIO 
AVERAGE AREA (sq. ft.) 
VOLUME (cu. ft) 
WET WEIGHT (Ibs.) 
DRY WEIGHT (Ibs.) 
DRY DENSITY (pc9 

PROVING RING NO.: 19901 

4.30 
2.32 

0.01 87 
0.0067 
1.02 
0.95 
142.0 '1 WET WEIGHT + CAN (Ibs.) 1.91 

DRY WEIGHT t CAN (Ibs.) 1.84 
WEIGHT WATER (Ibs.) 0.07 
WEIGHT CAN (Ibs.) 0.89 
WEIGHT SOLID (tbs.) 0.04 
MOISTURE (%) 7.7 

REMARKS : 

http://the1enassoc.com


ASSOCIATES, INC. 
Geotechnical * Testing Engineers 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-WOO / Fax 859-746-7408 

AVERAGE RATE OF STRAIN TO FAILURE (%/min.) 
STRAIN AT FAILURE (%) 
JNCONFINED COMPRESSIVE STRENGTH (ks9 
SHEAR STRENGTH (ks9 

www.thefenasscc. corn 
Officer 

Erlanger. Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

1.5 
3.0 
16.8 
8.4 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 
BORINGNO.: 5 SAMPLE NUMBER: RC DEPTH (ft.): 44.745.2 
SAMPLE DESCRIPTION: Gray trace brown slightly weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1/23/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT 
AVERAGE DIAMETER (in.) 1.83 
HElGHT (in.) 4.36 
HEIGHT TO DIAMETER RATIO 2.38 
AVERAGE AREA(sq.ft.) 0.0183 
VOLUME (cu. ft) 0.0066 
WET WEtGHT (Ibs.) 0.99 
DRY WEIGHT (lbs.) 0.91 
DRY DENSITY (pcf) 136.8 

PROVING RING NO.: 19901 

I 

I I I I 1 

~ 

REMARKS : 

FAILURE SHWE WATER CONTENT AFTER SHEAR 
CAN NUMBER t8 
WET WEIGHT + CAN (Ibs.) 1.89 
DRY WEIGHT + CAN (Ibs.) I .81 
WEIGHT WATER (Ibs.) 0.09 
WEIGHT CAN (Ibs.) 0.90 
WEIGHT SOLID (Ibs.) 0.91 
MOISTURE (016) 9.5 

TEST TEMPERATURE: 70°F 

18,000 

16,000 

14,000 . 

12,000 s 4 10,000 
# 

4'000 2,000 ~'--t-I 
I I I O F  I 4 



- 1IL/ * 1398 Cox Avenue, Erlanger, Kentucky 

AVERAGE RATE OF STRAIN TO FAILURE (OMrnin.) 
STRAIN AT FAILURE (%) 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 
SHEAR STRENGTH (ksf) 

41018- 

1.1 
3.1 
13.9 
6.9 

- 

,1002 859-746-9400 

- 
1 Fax 859-746-7408 

www. ihelenassoc. corn 
Offices 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FlTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 
EORINGNO.: 5 SAMPLE NUMBER: RC DEPTH (ft.): 46.1-46.5 
SAMPLE DESCRIPTION: Gray slightly weahtered shale 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY Rock Core CONDITION: Undisturbed 

DATE: 1/23/2009 
LOAD DIRECTION 90" TO LITHOLOGY 

REMARKS : 



1 Geotechnical * Testing Engineers 

4VERAGE RATE OF STRAIN TO FAILURE (%/min.) 
STRAIN AT FAILURE (%) 
JNCONFINED COMPRESSIVE STRENGTH (ksf) 
SHEAR STRENGTH (ksf) 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 

0.1 
0.6 

1,972.8 
986.4 

www. theIenassoc.com 
Qffices 

Erlanger, Kentucky 

Dayton, Ohio 
859-746-7408 Cincinnati, Ohio , 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTWRE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray unweathered limestone 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 6 SAMPLE NUMBER: RC DEPTH (ft.): 54.3-54.7 

DATE: 1/27/2009 
LOAD DIRECTION 90" TO LITHO CONDITION: Undisturbed OG 

NATURAL UNIT WEIGHT FA1 LU RE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.] 1.86 I CAN NUMBER tti 
HEIGHT (in.) 4.17 
HEIGHT TO DIAMETER RATIO 2.24 
AVERAGE AREN (sq. R) 0.0189 
VOLUME (cu. ft.) 0.0066 
WET WEIGHT (Ibs.) t.11 
DRY WEIGHT (Ibs.) I . I O  
DRY DENSITY (pcf) 168.4 

PROVING RING NO.: QC200 

I 

~ 

~ 

REMARKS : 

WET WEIGHT + CAN (Ibs.) 1.94 
DRY WEIGHT .I. CAN (Ibs.) I .94 
WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.9 1 

MOISTURE (Yo) 0.1 
WEIGHT SOLID (Ibs.) I .03 

TEST TEMPERATURE: 70°F u 

http://theIenassoc.com
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Qff ices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 52938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FlTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray unweathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1/23/2009 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 6 SAMPLE NUMBER: RC DEPTH (ft.): 55.5-56.0 

CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

NATUWL UNIT WEIGHT 
AVERAGE DIAMETER (in.) I .84 
HEIGHT (in.) 4.29 
HEIGHT TO DIAMETER RATIO 2.32 
AVERAGEAREA(sq.f€.) 0.0185 
VOLUME(cu. ft.) 0.0066 
WET WEIGHT (Ibs.) 1.03 
DRY WEIGHT (Ibs.) 0.97 
DRY DENSITY (pcf) 146.4 

FAILURE SHAPE WATER CONTENT AFTER SHEAR 
CAN NUMBER a1 3 
WET WEIGHT + CAN (Ibs.) 1.89 
DRY WEIGHT + CAN (Ibs.) 1.83 
WEIGHT WATER (ibs.) 0.06 
WEIGHT CAN (Ibs.) 0.89 
WEIGHT SOLID (Ibs.) 0.94 
MOISTURE (%) 6.3 

PROVING RING NO.: 19901 TEST TEMPERATURE: 70°F 
I I I 

I I I I I J 

6 n u 

# !! 

120,000 

100,000 

80,000 

60,000 

40,000 

20,000 

0 
0.0 1 .O 2.0 3.0 4.0 

Strain ('36) 

AVERAGE RATE OF STRAIN TO FAllURE (Ydmin.) 0.7 
STRAIN AT FAILURE (%) 3.0 
UNCONFINED COMPRESSIVE STRENGTH (ks9 98.0 
SHEAR STRENGTH (ks9 49,O 

REMARKS : 
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DEFORM 
DIAL 

I 
I 

www. thelenassoc.com 

QffiQ3 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOAD 
DIAL LOAD STRAIN 

UNCONFINIED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

40,000 . _  - - 

35,000 

30,000 -~~ 

25,000 - a 
@ 20,000 . 

_- . - - -  
c 

I__ __ 

W 

t 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray trace brown slightly weathered shale 
BEDROCK FORMATION: Fairview Formation DATE: 1 /23L?009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed LOAD DIRECTION 90" TO LITHOLOGY 

BORINGNO.: 8 SAMPLE NUMBER: RC DEPTH (ft): 24.2-24.9 

AVERAGE RATE OF STRAlN TO FAILURE (Klmin.) 
STRAIN AT FAILURE e!) 
SHEAR STRENGTH (ks9 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.84 m CAN NUMBER t24 

0.8 
3.2 
33.4 
16.7 

. .  
HEIGHT (in.) 4.41 
HEIGHT TO DIAMETER RAT10 2.39 

0.01 85 
VOLUME (cu. ft.) 0.0068 
WET WEIGHT (Ibs.) 1.05 
DRY WEIGHT (Ibs.) 0.98 
DRY DENSITY (pcf) 144.4 

AVERAGE AREA (sq. ft.) 

I I I I 

STRESS 

0 
(PS9 - 
6,496 
10,003 
13,119 
15,457 
17,794 
20,132 
22,080 
24,417 
26,755 
28,703 
31,040 
32,599 
32,988 
33,378 

1, 
WET WEIGHT + CAN (Ibs.) I .94 
DRY WEIGHT t CAN (Ibs.} 1.87 
WEIGHT WATER (Ibs.) 0.07 

WEIGHT SOLID (lbs.) 0.97 
WEIGHT CAN (Ibs.) 0.90 

MOISTURE (%) 7.0 

- __ - - - TEST TEMPERATURE: 70'F 

REMARKS : 

http://thelenassoc.com
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4VERAGE RATE OF STRAIN TO FAILURE (%/min.) 
STRAIN AT FAILURE (%) 
JNCONFINED COMPRESSIVE STRENGTH (ks9 
SHEAR STRENGTH (ksf) 

- 1398 Cox Avenue, Erlanger, Kentucky 4101 8-1002 I 859-746-9400 I Fax 

0.2 
0.5 

1,581.4 
790.7 

859-746-7408 

Qffices 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - D2938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NIJMBER 080978E 

SAMPLE DESCRIPTION: Gray trace brown slightly weathered limesotne 
BEDROCK FORMATION: Fairview Formation DATE: 1 /27/2009 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 8 SAMPLE NUMBER RC DEPTH (fi.): 26.5-27.0 

LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.86 m CAN NUMBER kpl . .  
HEIGHT (in.) 4.23 
HEIGHT TO DIAMETER RATIO 2.27 

0.01 89 
VOLUME (cu. R) 0.0067 
AVERAGE AREA (sq. ft .) 

WET WEIGHT (Ibs.) 1.13 
DRY WEIGHT (Ibs.) 1.12 
DRY DENSITY (pcf) 169.0 

PROVING RING NO.: QC200 
I I I 1 I 

t I I I 1 1 
I I I I I 1 
REMARKS : 

WET WEIGHT + CAN (Ibs.) 1 :91 
DRY WEIGHT f CAN (Ibs.) 1.91 
WEIGHT WATER (Ibs.) 0.00 
WEIGHT CAN (Ibs.) 0.93 
WEIGHT SOLID (Ibs.) 0.97 
MOISTURE (%) 0.2 

TEST TEMPLWTURE: 70°F 

-1 ----l---l 1,800,000 

,600,000 

,400,000 

,200,000 

,000,000 

800,000 

600,000 

400,000 



Geotechnical * Testing Engineers Offices 

* 1398 Cox Avenue, Erlanger, Kentucky 41 018-1002 1859-746-9400 / Fax 859-746-7408 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

DEFORM LOAD 
DIAL DIAL LOAD STRAIN 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, FTTP 
LOCATION: Ft. Thomas, Kentucky 

STRESS 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray slightly weathered shale 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core 

BORINGNO.: 9 SAMPLE NUMBER RC DEPTH (ft): 13.6-14.0 

DATE: 1/23/2009 
LOAD DIRECTION 90" TO LITHOLOGY CONDITION: Undisturbed 

AVERAGE RATE OF STRAIN TO FAILURE (Ydmin.) 
STRAIN AT FAILURE (%) 
UNCONFINED COMPRESSIVE STRENGTH (ksf) 
SHEAR STRENGTH (h9 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVEWGE DIAMETER (in.) 1.83 CAN NUMBER a2 

1.85 HEIGHT (in.\ 4.14 WET WEIGHT + CAN (ibs.) 

0.2 
0.7 

589 
29.1 

.- - 
HEIGHT ~TO'DIAMETER RATIO 2.26 
AVERAGE AREA (sq. ft.) 0.0183 
VOLUME (cu. R) 0.0063 
WET WEIGHT (Ibs.) 0.95 
DRY WEIGHT (Ibs.) 0.88 
DRY DENSITY (pcf) 139.3 

DRY WEIGHT + CAN 4bs.j 1.78 
WEIGHT WATER (Ibs.) 0.07 

WEIGHT SOLID (Ibs.) 0.87 
WEIGHT CAN (Ibs.) 0.91 

MOISTURE (%) 7.9 

~ TEST TEMPEE-TJJRE: 70°F 

REMARKS : 
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INC. 
Geotechnical * Testing Engineers 

f -- * 1398 Cox Avenue, Erlanger, Kentucky41018-1002 859-746-9400 f 

- 

Fax 

www. theienassoc.com 

Offices 
Erlanger, Kentucky 

Dayton. Ohio 
859-746-7408 Cincinnati, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 02938 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, R T P  
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray little brown moderately weathered shale 
BEDROCK FORMATION: Fairview Formation 
SAMPLE OBTAINED BY: Rock Core CONDITION: Undisturbed 

BORINGNO.: 9 SAMPLE NUMBER: RC DEPTH (ft.): 33.4-33.9 

DATE: 1/23/2009 
LOAD DIRECTION 90" TO LITHOLOGY 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.86 CAN NUMBER t4 . .  
HEIGHT (in.) 4.25 
HEIGHT TO DIAMETER RATIO 2.28 
AVERAGE AREA (sq. ft.) 0.01 89 
VOLUME(cu. ft.) 0.0067 
WET WEIGHT (Ibs.) 0.98 
DRY WEIGHT (Ibs.) 0.87 
DRY DENSITY (pcf) 130.5 

PROVING RING NO.: 19901 
L 

WET WEIGHT + CAN (Ibs.) 
DRY WEIGHT + CAN (Ibs.) 

1.90 
I .79 

WEIGHT WATER (Ibs.) 0.1 1 
WEIGHT CAN (Ibs.) 0.92 
WEIGHT SOLID (Ibs.) 0.87 
MOISTURE (%) 12.5 

- - - - - - - TEST TEMPERATURE 70°F _I 

16,000 

14,000 

12,000 - 

qz- 10,000 
n on - _- 

_ _ _  3 6,000 

I -~ 

I 

2.0 4.0 6.0 8.0 
Strain (X) 

0.0 

AVERAGE RATE OF STRAIN TO FAILURE (%/rnin.) 1.4 
STRAIN AT FAILURE (%) 6.6 
UNCONFINED COMPRESSIVE STRENGTH (ks9 13.6 
SHEAR STRENGTH (ks9 6.8 

REMARKS : 

http://theienassoc.com
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I 

www.thelenassoc.com' 
Offices 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 1 

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE, ASTM - 02938 I 

CLIENT : CH2M Hill I 

UNIT WEIGHT AND NATURAL MOISTURE 

PROJECT: Geotechnical Exploration, Advanced Treatment GAC, R-TP 
LOCATION: Ft. Thomas, Kentucky 

PROJECT NUMBER: 080978E 

SAMPLE DESCRIPTION: Gray unweathered shale 
BEDROCK FORMATION: Fainriew Formation 
SAMPLE OBTAINED BY Rock Core 

I 

I 

BORINGNO.: 9 SAMPLE NUMBER: RC DEPTH {ft.): 48.3-48.8 I 

DATE: If23/2009 
LOAD DIRECTION 90" TO LITHOLOGY CONDITION: Undisturbed 

NATURAL UNIT WEIGHT FAILURE SHAPE WATER CONTENT AFTER SHEAR 
AVERAGE DIAMETER (in.) 1.85 CAN NUMBER kP1 
HEIGHT (in.) 
HEIGHT TO DIAMETER RATIO 
AVERAGE AREA (sq. ft.) 
VOLUME (cu. ft.) 
WET WEIGHT (Ibs.) 
DRY WEIGHT (Ibs.) 
DRY DENSITY (pc9 

PROVING RING NO.: 19901 

~~ 

4.27 
2.31 
0.01 87 
0.0067 
1.05 
0.99 
I 48.9 

STRAIN I I  STRESS 

WET WEIGHT + CAN (Ibs.) 1 .-98 
DRY WEIGHT + CAN fibs.) 1.92 
WEIGHT WATER (Ibs.) 0.06 
WEIGHT CAN (Ibs.) 0.93 
WEIGHT SOLID (Ibs.) 0.99 
MOISTURE (%) 5.6 

TEST TEMPERA-TURE: 70°F , 

I I I 

REMARKS : 

I I 1 



Ceotechnical Testing Engineers 
'cL.llc- d 1398 Cox Avenue I Erlanger, Kentucky 4101 8-1002 I 859-746-9400 I Fax 859-746-9408 

0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 I Fax 513-825-4756 
m. thelenassoc.com 

LOG OF TEST BORING 
CLIEM: CH2M Hill BORING # : 1 
PROJECT: Geotechnical ExDloration, Advanced Treatment GAG-FTTP. Ft. Thomas, Kentuckv JOB # : 080978E 
LOCATION OF BORING: AS shown on Borino Plan, Drawincr 080978E-1 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

Mixed brown trace gray moist medium stiff FILL, silty clay, 
trace topsoil and hairlike roots. - - 
lnterbedded brown moist extremely weak highly weathered 
SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

lnterbedded gray, trace brown moist extremely weak 
moderately weathered SHALE and gray strong to very 
strong LIMESTONE (bedrock). 

Bottom of test boring at 15.4 feet. 

SAMPLE 

1 I1 13 

5013 

1615015" 

3/33/20 

5013" 

1 8/31 15014" 

5014" 

- 
No. - 
I 

2 

3 

4 

5 

6 

7 

~ 

Ret. 
nchw 

17 

2 

11 

17 

3 

16 

4 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. 

Surf. Elev, 793.7 ft. HammerDrop 30 in. Rock Core Dia. 1 in. 

Rate Started 4/9/09 Pipe Size O.D. 2 in. Boring Method 3-114" HSA 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FiRST N O T E D N a n e k  
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION - A f t .  
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F T E R 6 d a y a A R .  
L - LOST RC - ROCKCORE BACKFILLED 6 d8yS 

Foreman JS I TD-2 
Engineer LJC 
Date Completed 1 /9@9 

BORING METHOD 
HSA - HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 
DC - DRIVING CASING 
MD - MUDDRILLING 

STANDARD PENETRATION TEST -DRIVING 2" 0.0. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://thelenassoc.com


d 1398 Cox Avenue I Erlanger, Kentucky 41 01 8-1 002 I 859-746-9400 / Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

LOG OF TEST BORING 
www. tfieienassoc.com 

CLIENT: CH2M Hill BORING #: 2 (1 Of 2 )  
PROJECT Geotechnical Exploration. Advanced Treatment G A G - m P .  Ft. Thomas. Kentucky - JOB # : 080978E 

LOCATION OF BORING: AS shown on Borina Plan, Drawina 080978E-1 

(feet) 
ELW. 

792.0 
791.8 

790.0 

782.5 

781 .0 

779.0 - 

774.0 

769.0 

764.0 

Cond 6~awsl~' 

1 1  11212 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 
TOPSOIL (2-X inches) 

Mixed brown moist medium stiff FILL, sltty clay, trace hairlike roots, 
shale and limestone fragments. 

lnterbedded brown moist extremely weak highly weathered SHALE 
and gray strong b very strong LIMESTONE (bedrock). 

2 
Interbedded brown some gray moist very weak 
SHALE and gray strong lo very strong LIMESTONE (bedrock). 

lnterbedded brown moist extremely weak to week moderately 
weathered thin lo medium bedded SHALE, and gray trace brown 
strong to very strong slightly weathered fine to coarse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 7 to 5-inch beds, and comprises 49.0% of thls 
interval, assuming the unrecovered core to be shale. This interval 
contains occasional sofl clay seams (5 ?-inch thlckness). (Faitview 
Formation Bedrock) 

Interbedded bmwn moist extremely weak to weak moderately to 
slightly weathered thin to medlum bedded SHALE, and gray trace 
brown strong to very strong slightly weathered fine to coarse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 1 to 4-inch beds, and comprises 42.0% of this 
interval. This interval contalns occasional soft clay seams (s I-inch 
thickness). (Fairview Formation Bedrock) 

lnterbedded brown, little gray moist extremely weak to weak 
moderately weathered to unweathered thin to medlum bedded SHALE, 
and gray trace brown strong to very strong unweathered fine to coarse 
crystalline grained thin lo medlum bedded fossiliferous LIMESTONE. 
The limestone occurs in 1 to 5-inch beds, and comprises 30.0% of this 
interval. This interval contalns occaslonal SOH clay seams (5 1 -inch 
thickness). (Fairview Formation Bedrock) / 

Interbedded gray, trace brown strong to very strong unweathered fine 
to coarse crystalline grained thin to medium bedded fossiliferous 
LIMESTONE, and brown little gray moist extremely weak to weak 
moderatley weathered to unweathered thin to medium bedded SHALE. 
The llmestone occurs in 1 to G-&inch beds, and comprises 
55% of this interval, assumlng the unrecovered core to be shale. This 
interval contains occasional soft clay seams (i; 1-inch thickness). 
(Fairview Formation Bedrock) 

- # 

7 SCALE SAMPLE 

5 

10 
3215016" 

RQD= 21 % 

RQD = 25% 
15 

RQD = 42% 20 

5012" 

5013" 

2 I /50/6" 

RQD 

RQD 

= 23% 

= 63% 

Datum MSL Hammer Wt. 140 lbs. Hole Diameter - 8 in. 

Surf. Elev. 792.0 ft. HammerDrop 30 in. Rock Core Dia. I_ 1-718 in. 

Date Started 4/9/09 Plpe Size 0.D. 2 in. Boring Method 3-1/4" HSA 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH 
D - DISINTEGRATED OS - DRIVEN SPLIT SPOON FIRST N O T E D ~ L , A .  
1 ~ INTACT PT - PRESSED SHEL5Y TUBE AT COMPLETION core b!&L R. 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F T E R I d a y s  9.4 R 
1 - LOST RC - ROCKCORE BACKFILLED 7 days 

- 
No. 

1A 
1B 

2 

- 

3 

4 

5 
6 

7 

8 

9 

10 
- 
JS I TD-2 Foreman 

Engineer LJC 
Date Completed 1/9/09 

BORING METHOD 
HSA I HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 
DC - DRIVINGCASING 
MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" 0.D. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT HADE AT 6" INTERVALS 

http://tfieienassoc.com
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d 1398 Cox Avenue I Erlanger, Kentucky 41 01 8-1002 I 859-746-9400 I Fax 859-746-9408 
Q 2140Waycross Road / Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

www. thelenassoc.com 

SOIL DESCRIPTION 
COLOR, MOISNRE, DENSITY, PLASTICITT, SIZE, PROPORTIONS , 

LOG OF TEST BOFUNG 
CLIENT: CH2M Hill BORING # : 2 (2 Of 2 )  
PROJECT: Geotechnical Exploration, Advanced Treatment GAC-FTTP, Ft. Thomas, Kentucky JOB t~ : 080978E 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-1 

7 5 4 0  

ELEV. 

762.0 

759.0 

1-inch lhickness). ( Fairview Formation Bedrock) 

SAMPLE 

RQD = 63% 

RQD = 29% 

- 
No. - 
I O  

11 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JS / TD-2 
surf. Eiev. 792.0 it. HammerDrop 30 in. Rock Core Dia. 1-718 in. Engineer LJC 
Date Started 1 /9/09 Pipe Size 0.D. 2 in. Boring Method 3-114" HsA Dale Completed 1/9/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINPEGRATED 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION Core Water R CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTERLday-9.4. DC - DRlVlNGCASlNG 
L - LOST RC - ROCKCORE BACKFILLED 7 

OS - DRIVEN SPLIT SPOON FIRST NOTED C a r e f t .  HSA - HOLLOW STEM AUGERS 

days MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 14W HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://thelenassoc.com


1 Geotechnical 0 Testing Engineers 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE - 
TOPSOIL ( 2 4  inches) 

d 1398 Cox Avenue I Erlanger, Kentucky 4101 8-1 002 I 859-746-9400 / Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 / 513-825-4350 I Fax 513-825-4756 

www,thelenassoc. corn 
LOG OF msr BORING 

CLIENT: CH2M Hill BORING # : 3 (1 of 2) 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC-FTTP. Ft. Thomas, Kentucky JOB # : 080978E 

SAMPLE STRATA DEPTH 
DEPTH SCALE 
(w m t )  

Cond Blowa16- 
0.2 --- 

z ; I  21214 

LOCATION 

ELEV. 

802.4 
802.2 

800.4 

-797.9 

795.4 -- 

790.4 

787,4 

784.4 

779.4 

774.4 

Mixed brown moist medium stlff FILL, silty clay, trace hairlike roots and 
limestone fragments. 

Mixed brown moist stiff FILL, silty clay. some limestone and shale 
fragments and limestone floaters. 

Brown moist very stiff CLAY, little limestone fragments and shale floaters 
_. d 

4.5 

Interbedded brown moist very weak moderately weathered SHALE and 
gray strong to very strong LIMESTONE (bedrock), 

Interbedded bmwn to olive browri and gray moist very weak moderately 
weathered SHALE and gray strong to very strong LIMESTONE 

Interbedded bmwn moist extremely weak to weak moderately to slightly 
weathered thin to medium bedded SHALE and gray strong to very strong 
slightly weathered medium to coarse crystalline grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in to 3-inch 
beds, and comprises 42.4 percant of this interval, assuming the 
unrecovered core to be shale. This interval contains occasional soft clay 
seams (5 I-inch thickness). Vertical fracture from 16.0 to 16.4 feet 
(Fairview Formation Bedrock) 

I - 

Jbedrock). 
12.0 

15.0 

\ 
interbedded bmwn, trace gray moist extremely weak to weak, highly to 
moderately weathered thin to medium bedded SHALE, and gray trace 
brown strong to very strong slightly weathered to unweathered fine to 
coarse crystalline grained ti in to medium bedded fossiliferous 
LIMESTONE. The limestone occurs in 1 to Binch beds, and comprises 
40.8% of thls interval, assuming the unrecovered core to be shale. This 
interval contains occasional soft clay seams (5  1-Inch thlckness). 
Vertical fractures from 18.5 to 1B,9 feet and 19.4 to 19.7 feet, (Fairview 
Formation Bedrock) 

lnterbedded bmwn and gray moist extremely weak to weak moderately 
to slightly weathered thin to medium bedded SHALE and gray trace 
brown strong to very strong unweathered fine to coarse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in I to 8inch beds, and compdses 48.8% of thls 
interval, assuming the unrecovered core to be shale This interval 
contains occasional soft clay seams [ S  I-inch thlckness). Vertical 
fractures from 24.1 to 24.2 feet and 26.9 to 27.0 feet. (Fairview 
Formation Bedrock) 

18.0 - 

23.0 - 

28.0 - 

- 

51911 0 

~ 5 ~ 10/10/9 

911 4/33 

2415016 

16i5015“ 

15 

RQD = 15% 

RQD = 9% 20 

RQD = 17% 
25 

RQD = 43% 
v u  

- 
No. 

1A 
18 

2 

___. 

3 

4 

5 

6 

7 

8 

9 

10 
- 

- 
W p C  

DS 
- 

DS 

DS 

DS 

DS 

DS 

RC 

RC 

RC 

RC 
- 

- 
Ret. 

Inches 

18 
- 

3 

15 

12 

11 

5 

28 4 

48 4 

% 

4 60 

- 
Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JS i TD-2 
Surf. Elev. 802.4 ft. HammsrDrop 30 in. Rock Core Dia. 1-718 in. Engineer WC 
Date Started 1/5/09 Pipe Size 0.D. 2 in. Boring Method 3-114” HSA Date Completed 1/6/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINlEGRATED DS . DRIVEN SPLIT SPOON FIRST NOTED core Water fl. HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION core water fl. 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F T E R a a y s  Blocked @ 1 4 . 8 ~ .  DC - DRlVfNGCASlNG 
L - LOST RC - ROCKCORE BACKFILLED days MD - MUDDRILLING 

CFA - CONTINUOUS FLIGHT AUGERS 

STANDARD PENETRATION TEST - DRIVING 2” 0.1). SAMPLER 1‘ WITH 140# HAMMER FALLING 30“; COUNT MADE AT 6” INTERVALS 



Geotechnical * Testing Engineers 

d 1398 Cox Avenue I Erlanger, Kentucky 4101 8-1 002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-271 9 I 51 3-825-4350 I Fax 513-825-4756 

www. thelenassoc.com 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING # : 3 (2 Of 2) 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC-FTTP, Ft. Thomas, Kentucky JOB # : 080978E 
LOCATION OF BORING: AS shown on Boring Plan, Drawing 080978E-1 

65- - - - - 

ELEV. 

722.4 

769.4 

764.4 

754.4 

744.4 

738.4 

SOIL DESCRtPTlON 
COLOR, MOISTURE, DENSIN, PLASTICITY. SIZE, PROPORTIONS 

Interbedded gray some brown moist very weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE and gray 
trace brown strong to very slrong unweathered fine to coarse 
crystalline grained medium bedded LIMESTONE. The limestone 
omurs In 2 to %inch beds, and coprises 45.8% of this interval. This 
interval contains occasional soft clay seams (5 1-inch thickness). 
Vertical fracture from 28.7 to 28.9 feet. (Fairview Formation Bedrock) / 
Interbedded brown and gray moist extremely weak to weak moderalely 
to sllghlly weathered thin to medium bedded SHALE and gray strong to 
very strong unweathered fine to coarse crystalline grained thin to 
medium bedded LIMESTONE. The limestone occurs in% to 6-inch 
beds, and comprises 39.6% of this interval. This interval contalns 
occasional soft clay seams (I. I-inch thickness). Vertical fracture from 
33.3 to 33.4 feet. (Fairview Formation Bedrock) 1 
interbedded gray some brown moist very weak to weak slightly 
weathered lo unweathered thin to medium bedded SHALE, and gray 
very strong unweathered fine to coarse crystalline grained thin to 
medium bedded LIMESTONE. The limestone occurs in 1 to 12-inch 
beds, and comprises 29.2% of &Is interval, assuming the unrecovered 
core to be shale. This interval contains occasional soft clay seams (5 
i-inch thickness). Vertical fracture from 38.4 to 38.9 feet. (Fairview 
Formatlon Bedrock) 

\ Interbedded gray, trace brown moist very weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray 
very strong unweathered fine to coarse crystalline grained thin to 
medium bedded LIMESTONE. The limestone occurs in & to '7-inch 
beds, and comprises 32.7% of this interval, assuming the unrecovered 
core to be shale. (Fairview Formation Bedrock) 

\ Interbedded gray moist very weak to weak slighUy weathered thin to 
medlum bedded SHALE, some gray very strong unweathered fine to 
coarse crystalline grained thin to medium bedded LIMESTONE. The 
limestone occurs in 1 to 4-inch beds and comprises 25 7% of this 
interval, assuming the unrecovered core to be shale. (Fairview 
Formalion Bedrock) 

Note: Limestone fragment stuck in core barrel ground up the majority 
of shale in this interval / 

Bottom of test boring at 64.0 feet 

SAMPLE DEPTH 
GCALE -- 

No. - 
10 

11 

12 

13 

14 

I 

rY P - 
RC 

RC 

RC 

RC 

RC 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JS I TD-2 
Surf. Elev. 802.4 ft. HammerDrop 30 in. Rock Core Dia. 1-718 in. Engineer LJC 
Date Started 1/5/09 Pipe Sire 0.D. 2 in. Boring Method 3-114'' Date Completed 115109 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - OlSlNlEGRATED OS - DRIVEN SPLIT SWON FIRST NOTED Core Water ft. HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION core Water ft. CFA - CONTINUOUS FLIGM AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLlGKT AUGER A F T E R u a y s  Blocked llil14.8n. DC - DRIVING CASING 
L - LOST RC - ROCKCORE BACKFILLED 9 days MI) - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" 0.0. SAMPLER 1' WITH I4wC HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://thelenassoc.com


Geotechnical * Testing Engineers 

d 1398 Cox Avenue I Erlanger, Kentucky 4101 8-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2 I1 9 I 51 3-825-4350 I Fax 513-825-4756 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING#: 4 (1 Of 2) 
PROJECT: Geotechnical Exdoration. Advanced Treatment GAC-FTTP. Ft. Thomas. Kentuckv JOB # : 080978E 

wwwtbelenassoc. corn 

I 

LOCATION OF BORING: AS shown on Borincl Plan. DraWirlcl 080978E-1 

No. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

ELEV. 

809.3 Type 

DS 15 

DS 18 

DS 

DS 

DS 

DS 8 

OS 12 

DS 2 

DS 17 

DS 5 

DS 11 

809.0 TOPSOIL (4 inches) 

;TRAT/ 
DEPTH 
(fwt) 

0.3 

2.0 

- 
- 

4.5 - 

7.0 - 

9.5 - 

12.0 - 
14.0 - 

17.0 - 

4 9.5 - 

- 28.0 

807.3 

804.8 

802.3 

799.8 

797.3 

795.3 

792.3 

789.8 

781.3 

.- 
SAMPLE DEPTH 

SCALE 

Mixed brown, trace gray moist medium stiff FILL, silty clay, 
trace topsoil, hairlike roots, shale fragments. 

Mixed brown, trace gray moist stiff FILL, silty clay, little shale 
fragments and iron oxide stains. 

Brown, trace gray moist very stiff FILL, shaie (floater). 

Brown, trace gray moist very stiff SILTY CLAY, some shale 
fragments and iron oxide stains. 

lnterbedded brown, trace gray moist extremely weak highly 
weathered SHALE and gray strong to very strong 
LIMESTONE (bedrock). 

lnterbedded brown, trace gray moist extremely weak highly 
weathered SHALE and brown, trace gray strong to very 
strong weathered LIMESTONE (bedrock). 

Interbedded brown, trace gray moist very weak moderately 
weathered SHALE and gray, trace brown strong to very 
strong LIMESTONE (bedrock). 

Interbedded brown moist very weak moderately weathered 
SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

lnterbedded gray, trace brown moist very weak moderately 
weathered SHALE and gray strong to very strong 
LIMESTONE (bedrock). 

/ 

+ 

L 

d 

JS/TD-2 - Datum MSL Hammer Wt. 140 Ibs. Hole Diameter a in. Foreman 

Surf Elev 809.3 ft. HammerDrop 30 in. Rock Core Dia. I in. Engineer WC 
1 

Dale Started 12/31/08 Pipe Size 0 . D .  2 in. Boring Method - 3114" HSA Date Completed 12/31/08 

SAMPLE CONDlTlONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
I 

I 
D - DlSfNTEGRATED DS - DRIVEN SPLIT SPOON FIRST N O T E D , N ~ ~ ~ ~ .  HSA - HOLLOW STEM AUGERS I 
I - INTACT PT - PRESSED SHELBY TUBE ATCOMPLETION Dy ff. CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F l E R A f i d a y s A ,  n. DC - DRlVlNGCASlNG 
L - Losr RC - ROCKCORE BACKFILLED 16 days MD - MUD DRILLING 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 14W HAMMER FALUNG 30"; COUNT MADE AT 6" IHTERVALS 



L d 1398 COX Avenue I Erlanger, Kentucky 4101 8-1 002 I 859-746-9400 I Fax 859-746-9408 
0 214OWaycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 I Fax 513-825-4756 

w w .  thelenassoc.com 
LOG OF TEST BORING 

CLIENT: CH2M Hill BORING # : 4 (2 Of 2) 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC-mP,  Ft. Thomas, Kentucky JOB # : 080978E 
L o c m o N  OF BORING: As shown on Boring Plan, Drawing 080978E-1 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

Interbedded brown, trace olive brown moist very weak 
moderately weathered SHALE and gray strong to very 
strong LIMESTONE (bedrock). 

__. - --- 

Interbedded brown and gray moist very weak slightly 
weathered SHALE and gray slightly weathered strong 
LIMESTONE (bedrock). 

Bottom of Test Boring at 45,l feet. 

SAMPLE 

BlOWSt6" 

5016 

5016" 

5015" 

50/1" 

- 
No. - 
12 

13 

14 

15 

- 
Ret. 
nchee 

.6 
- 

6 

5 

1" 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter __ 8 In. Foreman JS I TD-2 
Surf. Elev. 809.3 fl. HammerDrop 30 in. Rock Core Dia. I In. Engineer LJC 
Date Started 1213 1/08 Pipe Size 0.D. 2 in. Boring Method 3-1/4" HSA Date Completed 12131/08 

SAMPLE CONDlTIONS SAMPLE TYPE GROUNDWATEX DEPTH BOWNG METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED None - t i .  HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION Drv fi. CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTlNUOUS FLIGHT AUGER A F T E R L d a y  17.6 ft. DC - DRlVlNGCASlNG 
L - LOST RC - ROCK CORE BACKFILLED ' '6 days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 1- HAMMER FALLING 30"; COUNT MADE AT 6"lNTERVALS 

http://thelenassoc.com


Geotechnical e Testing Engineers 
d 1398 Cox Avenue / Erlanger, Kentucky 41018-1002 I 859-746-9400 I Fax 859-746-9408 
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LOG OF TEST BORING 
www.theienassoc.com 

CLIEKT: CH2M Hill BORING # : 5 (1 Of 2) 
PROJECT: Geotechnical Exuioration, Advanced Treatment GACFTTP.  Ft. Thomas. Kentuckv JOB # : 080978E 

LOCATION OF BORINO: AS shown on BOrinCl Plan, Drawino 080978E-I 

(fwc) 

- 
Z 
- 

5 

E L N .  

792.9 

790.9 

787.4 

779.9 

774.9 

769.9 

764.9 

Cond Blowsl6" 

Z I  2/2/5 

I 1 9 / 5 0 / 6  

1 

SOIL DESCRIPllON 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

Mo. 

1 

2 

3 

4 

5 

6 

7 

8 

~ ~ 

SURFACE 
Mixed brown and gray moist medium stiff FILL, silty clay, limestone, 
and shale, trace topsoil and hairlike mots. 

Interbedded brown some gray moist extremely weak highly 
weathered SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

_.__ 

TYP 

DS 

D5 

DE 

RC 

RC 

RC 

RC 

R( 

\ Interbedded brown moist extremely weak to very weak highly to 
moderately weathered thin to medium bedded SHALE, and gray 
trace brown medium to very strong slightly weathered to 
unweathered fine to coarse crystalline grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in to 
7-inch beds, and comprises 36.6% of this interval, assuming the 
unrecovered core to be shale. Vertical fractures from 6.1 to 6.4 feet; 
7.4 to 7.8 feet; and 8.6 to 9.0 feet. This interval contains occasional 
soft ciav seams ( 5  1-inch thickness). (Fairview Formation Bedrock) 

Interbedded brown, trace gray moist extremely weak to very weak \ 
moderately to slightly weathered thin to medium bedded SHALE, and 
gray medium to very strong slightly unweathered medium to coarse 
crystalline grained thin to medium bedded fossiliferous LIMESTONE. 
The limestone occurs in 1 to Binch beds, and comprises 44,2 % of 
this interval, assuming the unrecovered core to be shale. (Fairview 
Formation Bedrock) 

Interbedded gray and brown moist extremely weak to weak 
moderately to slightly weathered thin to medium bedded SHALE, 
some gray very strong unweathered fine to coarse crystalline grained 
thin to medium bedded fossiliferous LIMESTONE. This limestone 
occurs in 1 to 10-inch beds, and comprises 35.0 % of this interval, 
assuming the unrecovered core to be shale. This interval contains 
occasional soft clay seams ( 5  1 -inch thickness). Vertical fracture 
from 20.8 to 21 .O feet. (Fairview Formation Bedrock) 

\ 

Interbedded gray, trace brown very strong unweathered fine to 
coarse crystalline grained thin to medium bedded fossiliferous 
LIMESTONE, and brown and gray moist extremely weak to weak 
moderately to slightly weathered thin to medium bedded SHALE. 
The limestone occurs in 1 to 8-inch beds, and comprises 52.1 % of 
this interval, assuming the unrecovered core to be shale. This 
interval contalns occasional soff clay seams ( 5  I-inch thickness). 
Vertical fracture from 25.0 to 25.1 feet. (Fairview Formation Bedrock) / 

- 
TRATP 
JEPTH 

0.0 - 
2.0 .-. 

5.5 - 

13.0 - 

18.0 - 

23.0 - 

- 28.0 

- 

SCALE I SAMPLE 

5016" 

RQD = 15% 

RQD = 74% 

RQD = 56% 

- 
Ret. 
nches - 
17 

12 

4 

% 

54 4 

% 

59 4 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JSITD-2 __ 
Surf. Elev. 792.9 ft. HammerDrop 30 in. Rock Core Dla. - 1-718 in. Engineer LJC 
Date Star&ed 111 1/09 - Pipe Size 0.D. 2 in. Boring Method 3-114" HSA Oate Completed ?/I 2/09 

SAMPLE CONDlTIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SWON FIRST NOTED core Water fl. HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETlON.SU&!&Lft. CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A f T E R L d a y t & w d & U L H .  DC - DRIVINGCASING 
L - LOST RC - ROCK CORE BACKFILLED 4 days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" 0.0. SAMPLER I' WITH 14W HAMMER FALLING 30": COUNT MADE AT 6" INTERVALS 

http://www.theienassoc.com


L E N A s s o c ~ ~ ~  ~Nc. 
Geotechnical * Testing Engineers 

d 1398 Cox Avenue I Erlanger, Kentucky 41018-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohia 45240-2719 I 513-825-4350 I Fax 513-825-4756 

www. thelenassoc. corn 
LOG OF TEST BORING 

PROJECT: Geotechnical Exoloration, Advanced Treatment GAC-FTTP, Ft. Thomas, Kentucky JOB # : 080978E 
CLIENT: CH2M Hill BORING # :-- 5 (2 Of 2) 

LOCATION OF BORING: AS shown on BOringl Plan, Drawing 080978E-? 

ELEV. 

762.9 

759.9 

754.9 -- 

749.9 

744.9 

739.9 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

Interbedded gray and brown moist very weak to weak moderately to 
slightly weathered thin to medium bedded SHALE, and gray strong to 
very strong slightly weathered to unweathered medium to coarse 
crystalline grained thin to medium bedded fossiliferous LIMESTONE. 
The limestone occurs in x to 4-inch beds, and comprises 42.9% of 
this interval. Vertical fracture from 29.8 to 30.0 feet. (Fairview 
Formation Bedrock) 

Interbedded gray some brown moist very weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray 
strong slightly weathered to unweathered medium to coarse 
crystalline grained thin to medium bedded fossiliferous LIMESTONE.. 
The limestone occurs in ?$ to 5-inch beds, and comprises 23.3 % of 
this interval, assuming the unrecovered core to be shale. (Fairview 
Formation Bedrock) I 
Interbedded gray some brown moist very weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray, 
trace brown strong to very strong slightly weathered to unweathered 
fine to coarse crystalline grained thin to medium bedded fossiliferous 
LIMESTONE. The limestone occurs in 
comprises 28.3% of this interval. (Fairview Formatlon Bedrock). 

Interbedded gray, trace brown moist very weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray, 
trace brown strong to very strong slightly weathered to unweahered 
medium to coarse crystalline grained thin to medium bedded 
fossiliferous LIMESTONE. The limestone occurs in 1 to &inch beds, 
and comprises 28.3% of this interval. (Fairview Formalion Bedrock) 

Interbedded gray, trace brown very weak to weak slightly weathered 
to unweathered thin to medium bedded SHALE, some gray, trace 
brown strong to very strong unweathered medium coarse aystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 1 to &&inch beds, and comprises 31.3 % of this 
interval. (Fairview Formation Bedrock) 

to 3-Inch beds, and 

Bottom of test boring at 53.0 feet 

33.0 - 

- 38.0 

43.0 - 

- 48.0 

53.0 - 

SAMPLE 
DEPTH 
SCALE 
(fW 
30 C o d  Blw~sl6" 

RQD = 56% 

RQD = 53% 

RQD = 35% 

RQD = 56% 

RQD = 50% 

Datum MSL Hammer W t  140 Ibs. Hole Dlameter 8 in. 
Surf. Elev. 792.9 ft HammerDrop 30 in. Rock Core Dia. 1-718 in. 
Date Started 114 7/09 Pipe Size 0.D. 2 in. Boring Method 3-1/4" HSA 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED core water fl 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION core Water R, 
U - UNDISTURBED CA " CONTINUOUS FLIGHT AUGER A m E R d a y s X p s L & l & f t  
L ~ LOST RC - ROCK CORE 3ACKFlLLED days 

- 
NO - 

% 

9 

10 

11 

12 

- 
Ret. 

Inches - 

Foreman JS I TD-2 
Engineer LJC 
Date Completed 1/11/09 

BORING METHOD 
HSA - HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 
DC - DRlVlNGCASlNG 
MR - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MARE AT 6" INTERVALS 



Geotechnical * Testing Engineers 
d 1398 Cox Avenue 1 Erlanger, Kentucky 4101 8-1002 i 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 I fax 513-825-4756 

www. thelenassoc.com 

LOG OF TEST BORING 
CLIENT CH2M Hill BORING #: 6 (1 of 2) 
PROJECT: Geotechnical Exaloration. Advanced Treatment GAC-FTTP. Ft. Thomas. Kentucky JOB # : 080978E 
LOCATION OF BORING: AS shown on Borina Plan. Drawinu 080978E-1 

ELEV. 

805.4 
805.2 

803.4 

795.9 

793.4 

788.4 

783.4 

778.4 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICIN, SIZE, PROPORTIONS 

SURFACE 
TOPSOIL (2-yZ inches) 

Mixed brown, trace gray moist medium stiff FILL, sifty day, some 
limestone and shale fragments, limestone floaters, tram hairlike roots - (W. 
Interbdded brown, trace gray extremely weak highly weathered 
SHALE and gray strong to very strong LIMESTONE (bedrock). 
lnteredded Drown moist extremely to very wealc moaeratery weathered 
thin to medium bedded SHALE, and gray trace brown strong to very 
stmng slightly weathered to unweathered fine to warse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 1 to 5-inch beds, and comprises 47.2% of this 
interval, assuming the unrecovered core to be shale. This interval 
contains occasional soft clay seams (< I-inch thickness). (Fairview 
Formation Bedrock) 

lnterbedded brown and gray moist extremely to very weak moderately 
lo slightly weathered thin to medium bedded SHALE, and gray trace 
brown strong lo very strong unweathered fine to coarse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 1 to Sin& beds, and comprises 26.7% of this 
interval, assuming h e  unrecovered core to be shale. This interval 
contains occasional sofl clay seams (I I-inch thickness). Fractured 

9.5 

12.0 , 

zone from 12.3 to 12.7 feet- (Fairview Formation Bedrock) 1 17.0 
I 

lnterbedded brown, some gray moist extremely weak to weak 
moderately weathered thin to medium bedded SHALE, and gray little 
brown strong to very s h n g  unweathered fine to coarse crystalilne 
grained thln to medium bedded fossiliferous LIMESTONE. The 
limestone occurs In X to 5-inch beds, and comprises 44.2% of this 
interval, assuming the unrecovered core to be shale. This Interval 
contains occasional soft clay seams (2 I-inch thickness). Vertical 
fractures from 17.6 to 17.7 feet and 18.2 lo 28.3 feet. {Fairview 
Formation Bedrock) 

lnterbedded gray and brown moist extremely weak to weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray 
trace brown strong to very strong unweathered fine to coarse 
crystalline grained thin to medium bedded fossiliferous LIMESTONE. 
The limestone occurs in I to 5-&-inch beds, and comprises 35 8% of 
#is interval, assuming the unrecovered core to be shale. This intewal 
contains occasional soft clay seams (2 I-inch thickness), Fractured 
zone from 23.3 to 23.5 feet. (Fairview Formation Bedrock) 

22.0 

27 .O 

5016" 
RQD = 28% 

RQD = 80% 

RQD = 52% 

RQD = 20% 

RQD = 58% 

1 11 19 

17150/5" 

20/24/50/3" 

19/50i6 

- 
No. 

1A 
18 

2 

- 

3 

4 

5 
6 

7 

a 

9 

IO 

- 
ryw - 
DS 

DS 

DS 

DS 

DS 
RC 

RC 

RC 

RC 

RC 

_. 

- 
Ret. 
nches - 
18 

18 

18 

18 

12 

% 

4 59 

57 4 

% 

Datum MSL Hammer Wt. 1 40 Ibs. Hole Diameter 8 in. 

Surf Elev. 805.4 ft. Hammer Drop 30 ,In. Rock Core Dia. 1-718 in. 

Date Started 1 n/og Pipe Size O.D. 2 In. Boring Method 3-114" HSA 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH 
0 - DISINTEGRATED DS ~ DRIVEN SPLIT SPOON FIRST NOTED core Water tt. 
I * INTACT PT - PRESSEDSHELBYTUBE AT COMPLETlON.CoreWaterft. 
U - UNDISTURBED CA - CONTlNUOUS FLIGHT AUGER AFlERALdays&,ft 
L - LOST RC - ROCKCORE BACKFILLED 7 days 

Foreman JS 1 TD-2 
Engineer LJC 
Date Completed 1/8/09 

BORING METHOD 
HSA - HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 
DC - DRNINGCASING 
MD - MUDDRlLLlNG 

STANDARD PENETRATION TEST - DRIVING 2" 0.0. SAMPLER 1' WITH 14M HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://thelenassoc.com


- _  .-rr Geotechnical Testing Engineers -* d 1398 Cox Avenue I Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 I Fax 513-825-4756 

www.thelenassoc.com 
LOG OF TEST BORING 

CLIENT: CHZM Hill BORING # : 6 (2 of 2) 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC-FTTP, Ft. Thomas, Kentucky JOB # : 080978E 
LOCATION OF BORING: AS shown on Boring Plan, Drawing 080978E-1 

ELEV. 

775.4 

773.4 

768.4 

763.4 

758.4 

753.4 

748.4 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICfTY, SIZE, PROPORTIONS 

Interbedded gray, some brown moist extremely weak lo weak moderately 
lo sllghtly weathered thin b medium bedded SHALE, and gray little brown 
strong to very strong unweathered fine to coarse crystalline grained thin to 
madlum bedded fossiliferous LIMESTONE. Limestone occurs in 1 to 5- 8 
-inch beds, and comprises 36.0% of this interval. This interval contelns 
occasional sofl clay seams ( S  I-inch thickness). Vertical fracture from 
28.8 to ZU.0 feel. (Fairview Formation Bedrod0 

32.0 - 

Interbedded gray, trace brown strong lo very strong unweathered fine b 
m i s e  crystallie grained thin to medium bedded fossilifeiws 
LIMESTONE and brown and gray, trew olive brown moist exlremely to 
very weak moderately weathered to unweathered thln to medium bedded 
SHALE. The limestone occum in & to 5-Inch beds, and comprises 52.5 % 
of lhis interval. This interval contains occasional so8 clay seams ( S I-inch 
thickness). (Fairview Formatron Bedrock) 

Interbedded gray, some brown moist extremely weak to weak moderately 
to sllgMly weathered lhin to medium bedded SHALE. and gray trace brown 
strong to very strong slightly weathered to unweathered fine lo  m r s e  
crystalline grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs in 1 to &&-inch beds, and comprises 47.5% of this 
interval, This inlerval contains occasional son clay seams ( 5 I-inch 
thickness). (Fairview Formation Bedrock) 

37.0 

42.0 

lntertwdded gray, some brown moist extremely weak to weak slightly 
weathered lhin to medium bedded SHALE, and gray littie brown very 
strong unweathered Rne to coarse crystalllne grained thin to medlum 
bedded fossiliferous LIMESTONE. The limestone occurs in )cl to 9-inch 
beds, and comprises 42.9% of this interval, assuming the unrecovered 
core to be shale. Vertical fracture from 44.8 to 45.5 feet. (Falrvlew 
Formalion Bedrock1 n 47.0 - 

SAMPLE 
1_ 

No. - 
10 

11 

12 

13 

14 

15 

__I 

Datum 805.4 HammerWt. 140 Ibs. Hole Diameter 8 in. 
surf. Elev. 804.0 fk HarnmerDrop 30 in. Rock Core Dia. 1-718 In. 

Date Started InloQ Pipe Size 0.D. 2 in. Boring Method 3-1/4" HSA 

SAMPLE CONDiTlONS SAMPLE TYPE GROUNDWATER DEPTH 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED Weter fl. 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION Water 8. 
U - UNDISTUREED CA - CONTINUOUS FLIGKF AUGER AFTERLday-R. 
L - LOST RC - ROCKCORE BACKFILLED 7 h Y S  

JS I TD-2 Foreman - 
Englneer LJC 
Dale Compleled 1/8/09 

BORING METHOD 
HSA - HOLLOW STEM AUGERS 
CFA - COM"INU0US FLIGHT AUGERS 
DC - DRIVINGCASING 
MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRlVlNG 2" O.D. SAMPLER 1'WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://www.thelenassoc.com


d 1398 Cox Avenue I Erlanger, Kentucky 41 01 8-1 002 f 859-746-9400 l Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 / 513-825-4350 I Fax 513-825-4756 

www, thelenassoc. corn 

LOG OF TEST BO 
CLIENT: CH2M Hill BORING # : 7 
PROJECT: Geotechnical Exploration. Advanced Treatment GAC-FT-TP, Ft. Thomas, Kentucky J08 # : 080978E 
LOCATION OF BORING: AS shown on Borinq Plan, Drawina 080978E-1 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICTTY, SIZE, PROPORTlONS 

SURFACE 

ELEV. 

813.9 

813.5 TOPSOIL (5 inches) 2 
Mixed brown, trace gray moist medium stiff FILL, silty clay 

limestone and shale fragments. 

Brown, trace gray moist extremely weak highly weathered 
SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

lnterbedded gray and olive brown moist extremely weak 
highly weathered SHALE and gray strong to very strong 
LIMESTONE (bedrock). - 801.9 

Interbedded brown, trace gray moist very weak moderately 
weathered SHALE and gray strong to very strong 
LIMESTONE (bedrock). 

I Bottom of test boring at 15.4 feet. 

7 SCALE SAMPLE 

z r  1 1214 
- 
1 1 8/5013” 
_. 

5 
z I 23/43/20 
- 
T: I 41140150 
- 

10 
1 I 31/33/5014” 
_. 

1’ 5013- 

4 
15 

Z I  5015” 
- - - - - - 

20- 
_. - - - - - 
I - 

- 
NO. - 
1A 
16 

2 

3 

4 

5 

6 

7 

- 
Ret. 
nches 

17 
_I 

6 

12 

15 

16 

3 

5 

JS I TD-2 Datum MSL Hammer Wt 140 Ibs. Hole Diameter 8 in. Foreman 

Surf. Elev. 813.9 ff. HarnrnerDrop 30 in. Rock Core Dia. -* in. Engineer LJC 
Date Started 115109 Pipe Size 0.D. 2 in. Boring Method 3-114” HSA Date Completed 1/5/09 

SAMPLE CONDITKONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINEGRATED 
I I INTACT PT - PRESSED SHELBY TUBE AT COMPLETlON,-fl CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDlSTUR8ED CA - CONTINUOUS FLIGHT AUGER A F T E R A L d e y S L f t .  DC - DRlVlNGCASlNG 

DS - DRIVEN SPLIT SPOON FIRST NOTED .Nons& HSA - HOLLOW STEM AUGERS 

L - LOST RC - ROCKCORE BACKFILLED 10 -days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2” O.D. SAMPLER 7’ WITH 1W HAMMER FALLING 30”; COUNT MADE AT 6” INTERVALS 

1 



LE NASSOC~ATES. INC. 
Ceotechnical * Testing Engineers 

d 1398 Cox Avenue I €danger, Kentucky 4101 8-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 f 513-825-4350 I Fax 513-825-4756 

www. the/enassoc.com 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING # : 8 
PROJECT: Geotechnical ExDloration, Advanced Treatment GAC-FTTP. Ft. Thomas, Kentuckv JOB # : 080978E 
LOCATION OF BORING: As shown on Borina Plan. Drawina 080978E-1 

ELEV. 

780.6 
779.9 

778.6 

776.1 

774.6 

768.6 

763.6 

758.6 

753.6 - 

"-- 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 
TOPSOIL (8 inches) 
Mixed brown same gray moist medium stwf FILL, sftty clay, shale and 
timestone fragments and floaters, trace hairlike roots. 

Mixed brown, trace gray moist stiff FILL, silty clay, shale. and brlck, trace 
topsoil and hairiike mots. 

interbedded brown some gray moist ex!remety weak highly weathered 
SHALE and gray strong to very strong LIMESTONE (bedrock). 

- L 

- 

Interbedded brown, trace gray molst extremely to weak highly to 
moderately weathered thin to medium bedded SHALE and gray strong to 
very strong slightly weathered to unweathered fine to coats8 crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The limestone 
occum in 1 lo 6-)$ inch beds, and comprises 43.1 % of this interval, 
assuming the unrecovered core to be shale. Thls interval contalns 
occasional soft clay seams (s 1 -inch thickness). Vertical fracture from 6.2 
to 6.4 feet. (Fairview Formation Bedrock) 

Interbedded brown to olive brown. some gray moist extremely to very 
week highly to moderately weathered thin to medium bedded SHALE, and 
gray trace light brown strong to very strong slightly weathered to 
unweethered line to watse crystalline grained thin to medium bedded 
fossiiiferous LIMESTONE. The limestone occurs in & to 2-& inch beds, and 
comprises 20% of this interval assuming the unrecovered core lo be shale. 
This interval contains occasional soft day seams ( S 1 -inch thickness).. 
Vertical fractures from 12.0 lo 12.1 feet and 12.3 to 12.4 feet. (Fairview 
Formation Bedrock) / 
Interbedded gray end brown moist extremely weak to weak moderaleiy 
weathered thin to medium bedded SHALE and gray strong to very strong 
unweathered fine to coam crystalline grained thin to medium bedded 
fossiliferous LIMESTONE. The limestone occurs as lenses to 7-inch beds 
and comprises 47.5% of this interval, assuming the unrecovered core to be 
shale. This interval contains occasional soft clay seams ( 5 l i nch  
thickness). Vertical fractures from 19.2 lo 19.3 feet and 21.5 to 21.7 feel. 
(Fairview Formation Bedrock) 

interbedded gray, trace brown moist extremeiy to very weak moderately 
weethered to unweathered thin to medium bedded SHALE, and gray very 
strong slightly weathered to unweathered fine to coarse uystailine grained 
thin to medium bedded fossiliferous LIMESTONE. The limestone occurs In 
& to 7inch beds, and comprises 34.2 Yo of this interval. Thls interval 
contalns occasional soft clay seam (s  1-inch thickness). (Fairview 1 . .  
Formation Bedrock) 1 

BoHom of test boring at 27.0 feet. 

- 
BRAT4 
DEPTH 
(f.4 

0.7 

2.0 
- 
7 

4.5 

6.0 

- 
- 

12.0 - 

17.0 - 

22.0 - 

27.0 - 

- 

SAMPLE IEPTH 
jCALE 

RQD = 0% 

RQD = 60% 

RQD = 58% 

- 
NO. - 
1A 
1B 

2 

3 

4 

5 

6 

7 

- 

- 
rr )w 

DS 
- 

DS 

DS 

RC 

RC 

RC 

RC 

- 

- 
Ret. 
nchesj 

16 
- 

4 

12 

66 4 

% 

% 

60 4 

JS I TD-2 Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman 

Surf. Elev. 780.6 ft. HammerDrop 30 in. Rock Core Dia. 1-718 In. Engineer LJC 
Date Started 1 /I 3/09 Pipe Size O.D. 2 in. Boring Method 3-1/4" HSA Date Completed 1/13/09 

SAMPLE CONDlTiONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED core Water R. HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION A & E % E L . R  CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS RIGHT AUGER AFTERLLdaysSa!&&!3Al. DC - DRIVINGCASING 
L - LOST RC - ROCKCORE BACKFILLED 2 days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRlVtNG 2" O.D. SAMPLER I ' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://the/enassoc.com


d 1398 Cox Avenue I Erlanger, Kentucky 41018-1002 I 859-746-9400 / Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 / 513-825-4350 I Fax 513-825-4756 
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LOG OF TEST BORING 
CLIENT: CH2M Hill BORING #: 9 (1 of 2 )  

PROJECT Geotechnical Exdoration, Advanced Treatment GAC-FTTP. Ft. Thomas, Kentuckv JOB # : 080978E 

LOCATION OF BORING AS shown on Boring Plan. Drawha 080978E-1 

ELEV. 

794.1 
793.7 

792,l 

788.6 

781 .I 

776.1 

771 .I 

766.1 

- ____ ~~ 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICW, SIZE, PROPORTlONS 

SURFACE TOPSOIL (5 inches) 

Mixed brown, trace gray moist stiff FILL, silty clay, trace limestone 
and shale fragments. 

Interbedded brown, trace gray moist extremely weak highly 
weathered SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

Interbedded brown, trace gray moist extremely weak highly to 
moderately weathered thin to medium bedded SHALE, and gray 
trace light brown very stmng slightly weathered to unweathered fine 
to coarse crystalline grained thin to medium bedded fossilifemus 
LIMESTONE. The limestone occurs in to 4-inch beds and 
comprises 18.1 % of this interval, assuming the unrecovered core lo 
be shale. This interval contains occasional soff day seams ( 5 1 -inch 
thickness}. (Fairview formation Bedrock) 

f 

2 - 

- # 

\ Interbedded gray and brown moist extremely to very weak 
moderately weathered to slightly weathered thin to medium bedded 
SHALE, some gray trace light brown very strong slightly weathered 
to unweathered fine to coarse crystalline grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in )$to 
3-inch beds and comprises 33.3 % of this interval, assuming the 
unrecovered core to be shale. This interval contains occasional sofl 
clay seams (5 l-inch thickness). (Fairview Formation Bedrock) 

Interbedded gray and brown moist extremely to very weak 
moderately to slightly weathered thin to medium bedded SHALE 
some gray very strong unweathered fine to coarse crystalline grained 
thin to medium bedded fossiliferous LIMESTONE. The limestone 
occurs in 1 to 4-y2 inch beds and comprises 28.8% of this interval, 
assuming the unrecovered core to be shale. This interval coritains 
occasional soft clay seams ( 5  I-inch thickness). Vertical fracture 
from 18.6 to 18.8 feet. (Fairview Formation Bedrock) 

/ 

/ 
Inlerbedded brown, little gray moist extremely to very weak 
moderately to slightly weathered thin to medium bedded SHALE, and 
gray very strong unweathered fine to coarse crystalline grained thin 
to medium bedded fossiliferous LIMESTONE. The limestone occurs 
in I-% lo 7-inch beds, and comprises 47.9 % of this interval, assuming 
the unrecovered core to be shale. This interval contains occasional 
soft clay seams (< I-inch thickness). (Fairview Formation Bedrock) 

SAMPLE ) E m  
3cALE 

5016" 

RQD = 0% 

RQD = 15% 

RQD = 33% 

RQD = 42% 

RQD = 38% 

_I 

NO. - 
?A 
16 

2 

3 

4 

5 

6 

7 

8 
- 

I 

F Y P  

DS 
- 

DS 

DS 

RC 

RC 

RC 

RC 

RC 
- 

Datum MSL Hammer Wt. 7 40 Ibs. Hole Diameter 8 In. Foreman JS I TD-2 
Surf. Elev. 794.1 ft. Hammer Drop 30 in. Rock Core Dia. 1-718 in Engineer WC 
Date Started 1 /I 2/09 Pipe Size _I 0.D. 2 -In. Boring Method 3-M" HSA Date Completed 1/12/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORRYG METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED core Water pt, HSA - noLLOw STEM AUGERS 
I - INTACT PT - PRESSEDSHELBYTUBE AT COMPLETION.-!ft CFA - CONTINUOUS FLIGHT AUGERS 
IJ - UNDISTURBED CA - COMINUOUS FLIGHT AUGER A F T E R U a y s _ C a v e d 6 3 . g f t ,  DC - DRNINGCASING 
L - LOST RC - ROCKCORE BACKFILLED 3 --days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" 0.1). SAMPLER 1' WITH I40# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



Geotechnical * Testing Engineers 

d 1398 Cox Avenue / Erlanger, Kentucky 4101 8-1 002 / 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

LOG OF TEST BOFUNG 

PROJECT: Geotechnical Exploration, Advanced Treatment GAC-FIP,  Ft. Thomas, Kentucky JOB # : 080978E 

www,the/enassoc,  corn 

CLIENT: CH2M Hill BORING # : 9 (2 O f  2) 

LOCATION OF BORING: AS shown on Boring P h ,  Drawing 080978E-1 

ELEV. 

764.1 

761 .I 

756. I 

751 .I 

746.1 

741 .I 

736.1 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

Interbedded gray and brown moist extremely to very weak moderately 
to slightly weathered thin to medium bedded SHALE, and gray very 
strong unweathered fine to coarse crystalline grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in 1 to 6-Inch 
beds, and comprises 42.5% of this interval, assumlng the unrecovered 
core to be shale. This interval contains occasional soft clay seams (I 
l-inch thickness). (Fairview Formatlon Bedrock) / 
Interbedded gray little brown moist extremely to very weak moderately 
to slightty weathered thln to medium bedded SHALE, and gray very 
strong unweathered fine to coarse crystalline grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in % to 9-inch 
beds, and comprises 33.3% of this interval. (Fairview Formatlon 
Bedrock) / 
lnterbedded gray moist extremely to very weak slightly weathered to 
unweathered thln to medium bedded occasionally fosslltferous SHALE, 
and gray very strong unweathered fine to coarse crystalline grained 
thin to medium bedded fossiliferous LIMESTONE. The limestone 
occurs in 3/4 to $%-inch beds, and comprises 35.6% of this Interval. 
(Falrview Formation Bedrock) 

Interbedded gray moist extremely to very weak slightly weathered to 
unweathered thin to medium bedded occasionally fossiliferous 
SHALE. and gray very strong unweathered fine to coarse crystalline 
grained thin to medium bedded fossiliferous LIMESTONE. The 
limestone occurs inx to 4-)(2-lnch beds and comprises 27.1 % of thls 
Interval. (Fairview Formation Bedrock) / 
lnterbedded gray, trace brown moist extremely to very weak slightly 
weathered to unweathered thin to medium bedded SHALE, and gray 
very strong unweathered fine to coarse crystalline grained thln to 
medium bedded fossiliferous LIMESTONE. The limestone occurs in 1.- 
E to Sinch beds and comprlses 27.5% of this interval. (Fairview 
Formation Bedrock) / 

Interbedded gray moist very weak to weak unweathered thin to 
medium bedded fossiliferous SHALE, some gray very strong 
unweathered fine to coarse crystalline grained thin to medium bedded 
fossiliferous LIMESTONE. The llmestone occurs in 1 to 4-X-lnch beds, 
and comprises 26.7% of this interval. Vertical fractures from 53,O to 
53.2 feet and 57.0 to 57.2 feet. # 

Bottom of test borings at 58.0 feet, 

33.0 - 

38.0 - 

43.0 

40.0 - 

53.0 - 

58.0 - 

SAMPLE JEPTH 
SCALE 

3o 
(f4 

Cond Blawsl8" 

RQD = 38% 

RQD = 79% 

40 

45 

50 

RQD = 65% 

RQD = 27% 

RQD = 66% 

RQD = 50% 

- 
No. 
_I 

a 

9 

70 

11 

12 

13 

__I 

FYP - 
RC 

RC 

RC 

RC 

RC 

RC 

- 
Reo. 
nchea: - 

Datum MSL HammerWt. 140 Ibs. Hole Diameter a in. Foreman JS I TD-2 
Surf. Elev. 794.1 ft. HammerDrop 30 in. Rock Core Dia. 1-718 in. Engineer LJC 
Date Started 111 2/09 Pipe S i  0.D. 2 in. Boring Method 3-114" Date Completed 711 2/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED core Water fL HSA - HOLLOW STEM AUGERS 
1 ~ INTACT PT - PRESSED SHELBY TUSE AT COMPLETION Core Water it. CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AfTER-days ft. DC - DRlVlNGCASlNG 
L - LOST RC - ROCKCORE BACKFILLED days MD - MUDDRILLING 

STANDARD PENETRATION TEST -DRIVING 2" O.U. SAMPLER 1' WITH 14W HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



d 1398 Cox Avenue I Erlanger, Kentucky 4101 8- DO2 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

LOG OF TEST BORING 
www. thelenassoc,com 

CLIENT: CH2M Hill BORING # : 10 I 

PROJECT: Geotechnical Exdoration, Advanced Treatment GAC-FTTP. Ft. Thomas. Kentuckv JOB # : 080978E 
LocAnoN OF BORING: As shown on Borina Plan, Drawinu 080978E-1 

ELEV. 

804.1 

803.4 

802.1 

797.1 

793.1 

SAMPLE STRATA DfPTH 
DEPTH SCALE SOIL DESCRIPTION 

COLOR, MOISTURE, DENSITY, PLASTICITY, SEE, PROP DRTlONS (tee!) (w 
0.0 

, 0.7 , 

2.0 ' - 1B 

Cond B14wslfl" No. Type 

Z I  11214 1A DS 18 
SURFACE - 

TOPSOIL (8% inches) 

Mixed brown, trace gray moist medium stiff FILL, silty clay, 
trace limestone and shale fragments, trace topsoil. 1 I 17/24/39 2 DS 17 

Interbedded brown moist extremely weak highly weathered 

SHALE and gray strong to very strong LIMESTONE 1 1  8616" 3 DS 6 (bedrock). 

- 
5 

7.0 . - 
1 1  5016" 4 DS 6 
- lriterbedded gray, some brown moist extremely weak 

moderately weathemd SHALE and gray strong to very 
strong LIMESTONE (bedrock). 10 

11.0 I I 31/50/6' 5 DS 11 
Bottom of test boring at 11 .O feet. I 

I_ - - - - 
15- - 

_. - - - - - - - 
20- - 

- - - - - - - - 
25- _. - - 

_. - 
_1 

_. 
_. 

"1 
Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JS / TD-2 
Surf. Elev. 804.1 ft, HammerDrop 30 in. Rock Core Dia. - in. Engineer LJC 
Date Started 1 /I 319 Pipe See 0.0.2 in. Boring Method 3-114" HSA Date Completed 1/13/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLITSPOON FIRST N O T E D N a n e R .  HSA - HOLLOW STEM AUGERS 
I - INTACT PI - PRESSED SHELBY TUBE AT COMPLETION A f t .  CFA - CONTINUOUS FLIGHT AUGERS 
IJ - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTERLday-fl. DC - DRlVlNGCASlNG 
L - LOST RC - ROCKCORE BACKFILLED 2 days MD - MUDDRILLING 

STANUARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER I' WITH I40# HAMMER FALLING 30"; COUNT MADE AT 6" tNTERVALS 



LE NMSOCIATES, INC. 
Geotechnical * Testing Engineers 
d 1398 Cox Avenue / Erlanger, Kentucky 41018-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-271 9 I 513-825-4350 I Fax 513-825-4756 

www,the/enassoc, corn 

LOG OF TEST BORING 

PROJECT: Geotechnical Exoloration. Advanced Treatment GAG-FTP. Ft. Thomas, Kentuckv JOB # : oao978~ 
CLIENT: CH2M Hill BORING # : 1 1  

LOCATION OF BORING: AS shown on Borina Plan. Drawino 080978E-1 

ELEV. 

815.7 

806.2 

802.7 

800.7 

798.2 

793.2 

788.2 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

Mixed brown, some gray moist medium stiff FILL, silty clay, some 
limestone and shale fragments, trace topsoil and hairlike roots 
(CL). 

Mixed brown and gray moist s t i i  FILL, silty clay, shale and 
limestone, trace topsoil and hairlike roots (CL). 

- 

Interbedded brown and gray moist extremely weak highly 
weathered SHALE and gray strong LIMESTONE (bedrock). 

lnterbedded gmy moist extremely to very weak moderately 
weathered thin bedded SHALE and gray very strong unweathered 
medium to coarse crystalllne grained thin to medium bedded 
fossiliferous LIMESTONE. The limestone occurs in 1 to 4-inch 
beds, and comprises 47.5% of this interval. assuming the 
unrecovered care to be shale. This interval contains occasional 
soft clay seams. (I I-inch thickness). (Fairview Formation 
Bedrock) 

Interbedded gray little brown moist extremely to very weak 
moderately to slightly weathered thin to medium bedded SHALE, 
and gray, trace brown strong to very strong slightly weathered to 
unweathered fine to coarse crystalllne grained thin to medium 
bedded fossiliferous LIMESTONE. The limestone occurs in & to 
5-inch beds and comprises 28.8% of this interval, assuming the 
unrecovered care to be shale. This interval contains occasional 
soft clay seams (s I- inch thickness). (Faiwiew Formation 
Bedrock) 

Interbedded gray some brown moist very weak to weak 
moderately w e a t h e d  thin to medium bedded SHALE, some gray 
very strong unweathered fine to coarse crystalline grained thin to 
medium bedded fossitferous LIMESTONE. The limestone occurs 
in& to 6-inch beds and comprises 33.8% of this interval. This 
interval contains occasional soft clay seams (I 1-inch thickness). 
Vertical f r a c t m  from 23.8 to 24.0 feet. (Fairview Formation 
Bedrock) 

\ 

\ 

Bottom of test boring at 27.5 feet. 

- 
kTRATA 
DEPTH 
(fW 
0.0 - 

9.5 - 

13.0 - 

15.0 - 

17.5 - 

22.5 - 

27.5 - 

SAMPLE 
DEPTH 
SCALE I 

Datum MSL Hammer Wt. - 140 Ibs. Hole Diameter 8 in. 

Surf. Elev, 815.7 ft, HammerDrop 30 in. Rock Core Dia. 1-718 in. 

Date Started 111 3/09 Pipe Slze O.D. 2 in. Boring Method 3-114” HSA 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRSTNOTED Corewater ft 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION-fi. 
U - UNDISTURBED CA - CONTINUOUS F’LIGHT AUGER A F E R - i ? - d a y s m f l  
L - LOST RC ROCKCORE BACKFILLED 2 days 

a11 011 3 

71616 

71518 

- 
NO. 
CI 

I 

2 

3 

4 

5 

6A 
66 

7 

8 

9 

- 

Ret. 
ype (Inches] 

IS 16 

IS 18 

IS 18 

IS 3 

IS 18 

IS i a  

tc 2z 

c 5& 

Foreman JS I TD-2 
Engineer LJC 
Date Compteted 1 11 3/09 

BORING METHOD 
HSA - HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 
DC - DRlVlNGCASlNG 
MD - MUDDRILLING 

STANDARD PENETRATION TEST -DRIVING 2” O.D. SAMPLER I’ WITH ?40# HAMMER FALLING 30”; COUNT MADE AT 6” INTERVALS 



Geotechnical Testing Engineers 

d 1398 Cox Avenue I Erlanger, Kentucky 41018-1002 1 859-746-9400 I Fax 859-746-9408 
0 2140Waycross Road I Cincinnati, Ohio 45240-2719 / 513-825-4350 I Fax 513-825-4756 

www,thdenassoc.com 

LOG OF TEST BORING 
CLIENT: CHZM Hill BORING # : 12 
PROJECT: Geotechnical Exdoration. Advanced Treatment GAC-FTTP. Ft. Thomas. Kentucky - JOB # : 080978E 
LOCATION OF BORING: AS shown on BOrinCl Plan. Drawing 080978E-1 

ELEV. 

782.8 

782.6 

781.8 

772.8 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PUSSTICITY, SRE, PROPORTiONS 

SURFACE 

TOPSOIL (2-& inches) 1 
Mixed brown moist stiff FILL, silty clay, trace topsoil and 
hairlike roots. 

_. 

lnterbedded brown moist extremely weak highly weathered 
SHALE and gray strong to very strong LIMESTONE 
(bedrock). 

Bottom of test boring at 10.0 feet. 

Note: Piezometer installed to 10 feet depth prior to backfill. 

SAMPLE 

EIowd6" -- 
21311 0 

3415016" 

5016" 

5013" 

- 
No. 

1A 
I B  
IC 
2 

__I 

3 

4 

- 
Rsc. 
nches 

18 
- 

I 1  

6 

3 

Datum MSL Hammer Wt. I 40 Ibs. Hole Diameter 8 In. Foreman JS / TD-2 
Surf. Elev. 782.8 f!. Hammer Drop 30 In. Rock Core Dia. I_ in. Engineer LJC 
Date Started 711 1/09 Pipe Size O.D. 2 In, Boring Method 3-114" HSA Date Completed 111 1/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLITSPOON FIRST NOTED.-Noneft. HSA * HOLLOW STEM AUGERS 
I - INTACT PT ~ PRESSED SHELBY TUBE 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F T E R A L d a y A R .  DC - DRIVINGCASING 

AT COMPLETION-R. CFA - CONIiNUOUS FLIGHT AUGERS 

L - LOST RC - ROCKCORE BACKFILLED 4 days MD - MUDDRILLING 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://www,thdenassoc.com


THELENAssocims, -..-- ~Nc. 
Geotechnical Testing Engineers 

d 1398 Cox Avenue I Erlanger, Kentucky 4101 8-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road I Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

e 
www. theienassoc.com 

LOG OF TEST BOFUNG 

PROJECT Geotechnical Exploration, Advanced Treatment GAG-FTTP. Ft. Thomas. Kentuckv JOB # : 080978~ 
BORING # : 13 

G 
CLIENT: CH2M Hill 

LOCATION OF BORING: As shown on BOrinQ Plan. Drawina 080978E-1 

ELEV. 

777.9 

777.7 

773.2 

770.9 

763.2 

760.7 

758.2 

753.9 

746.9 - 

STRATA SOIL DESCRIPTION 
COLOR, MObTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

TOPSOIL (2-% inches) 

Mixed brown, trace gray moist medium stiff to stiff FILL, silty 
clay with limestone floaters, trace limestone and shale 
fragments, trace hairlike roots. 

Mixed brown, trace gray moist soft FILL, silty clay, trace 
limestone and shale fragments, trace hairlike mots. 

- 

_. 

4.5 - 

7.0 - 

Mixed brown, trace gray moist stiff FILL, silty clay, shale and 
limestone floaters (CL). 

- -----I- 
Brown, trace gray moist medium stiff SILTY CLAY, some 
shale fragments. 

Bluish green, some brown moist stiff SILTY CLAY with 
randomly oriented shale and limestone fragments (CL). 

- 

- 
Brown, trace gray moist stiff SILTY CLAY with randomly 
oriented shate and limestone fragments. 

17.0 - 

19.5 -- 

- 24.0 

lnterbedded brown moist extremely weak highly to 
moderately weathered SHALE and gray strong to very 
strong LIMESTONE (bedrock). 

f 

Bottom of test boring at 31 .O feet, 

31 .O - 

DEPTH I SAMPLE 

BlowsW” 

2/4/15 

31413 

21216 

22/14/4 

51313 

46/14/14 

41414 

61314 

31314 

lole: Scale Chang 

12135116 

29/50/6” 

- 
No. 
- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

- 

- 
rY pr 

DS 
- 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

_I 

- 
Ret. 

lnchaej 

18 
- 

18 

18 

12 

6 

8 

16 

18 

18 

12 

7 

- 
Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 8 in. Foreman JS I TD-2 
surf. Elev 777.9 H. HammerDrop 30 in. Rock Core Dia. I in. Engineer LJC 
Date Started 1 /I 4/09 Pipe Size _- 0.D. 2 .in. Boring Method 3-114” HSA Date Completed ?/14/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED OS - DRIVEN SPLIT SPOON FIRST N O T E D N o n a f t .  HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT C O M P L F T l O N A f t .  CFA - CONTINUOUS FLIGHT AUGERS 

L - LOST RC - ROCKCORE BACKFILLED 16.5 hE. MD - MUDDRILLING 
DC - DRlVlNGCASlNG U - UNDISTURBED CA CONTINUOUS FLIGHT AUGER AFTERlftfihrs. A f t ,  

STANDARD PENETRATION TEST -DRIVING 2” 0.0. SAMPLER 1’ WITH 14W HAMMER FALLING 30“; COUNT MADE AT 8” INTERVALS 

http://theienassoc.com


d 1398 Cox Avenue I Erlanger, Kentucky 41018-1002 I 859-746-9400 I Fax 859-746-9408 
0 2140 Waycross Road 1 Cincinnati, Ohio 45240-2719 I 513-825-4350 / Fax 513-825-4756 

LOG OF TEST BOFUNG 
www. thelenassoc. cum 

CLIENT: CH2M Hill BORING # : 14 
PROJECT: Geotechnical ExRloratlon. Advanced Treatment GAG-FTTP, Ft. Thomas. Kentuckv JOB # : 080978E 
LOCATION OF BORING: AS Shown On Borina Plan. Drawina 080978E-1 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICW, SIZE, PROPORTIONS 

SURFACE 

ASPHALT PAVEMENT 

Mixed brown moist medium stiff FILL, silty clay, limestone 
and shale gravel, trace asphaltic concrete pieces. 

Mixed brown and gray moist loose FILL, fine to medium 
coarse sand, trace limestone gravel. 

- 

Bottom of test boring at 7.0 feet. 

Note: Test boring terminated due to presence of 
underground utilities. 

t E P M  
WALE SAMPLE 

BlowSlG" 

7/50/5" 

7i9/9 

51212 

- 
No. - 
1 

2 

3 

- 
ReC. 
nchas - 
5 

7 

6 

Datum MSL Hammer Wt. 1 40 Ibs. Hole Diameter a in. Foreman JS I TD-2 
Surf. Elev. 777.3 ft. Hammer Drop 30 in. Rock Core Dia. - in. Engineer WC 
Date Started 1/14/09 Pipe Size O.D. 2 in. Boring Method 3-114" HSA Date Completed 1/14/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUNDWATER DEPTH BORING METHOD 
D - DISINTEGRATED 
I - INTACT PT - PRESSED SHELBY TUBE 
U - UNDlSrURBED CA - CONTINUOUS FLIGHT AUGER AFT'ERSLLhrs. A f t  DC - DRlVtNGCASlNG 
L - LOST RC - ROCKCORE BACKFILLED 15.5 h s .  MD - MUDDRILLING 

OS - DRIVEN SPLIT SPOON FIRST NOTED ,--ft. 
AT C O M P L E T I O N - A f t ,  

HSA - HOLLOW STEM AUGERS 
CFA - CONTINUOUS FLIGHT AUGERS 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 1W HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



CiVIL ENGINEERS 

6. I .  Thelen & Associates, Inc. 
5 16 Enterprise DrivelCovington, Kentucky 4 ?017/606-34 I -  1322 

LOG OF TEST BORING 

4 BORING * Kenton County Water D i s t r i c t  
PROJECT Geotechnical  Exp lo ra t ion ,  F t .  Thomas Water Treatment P l a n t ,  Ft.  Thomas, 

/Kent uc k v 
87343~ - LOCATION OF BORING As shown On Drawing 8/343t 1 

o o l i v e  brown m o i s t  s o f t  weather 
n d  t h i n l y  bedded LIMESTONE (bedr 

d 

)_I 

_. Bottom o f  t e s t  b o r i n g  a t  22.2 f e e t .  
_. 

I - 
_I 2 5 ~  

1 

2 

31 
3E 

4 

5 

6 

7 

8A 
80 

9 

10 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

- 



~ 

I 

ClV lL  fNClNEERS 

G. j .  Thelen & Associates, Inc. 
516 Enterprise DrivelCowrngton, Kentucky 4 IO 171606-34 I -  1322 

LO6 OF TEST BORING 

203 C ~ ~ E N T  Kenton County Water District BORING # 

PROJEC~ Geotechnical Exploration, Phase I1 Clarifier/Flocculator, Ft. Thomas, X)Br 89079E 
LOCATION OF BORING As shown on Drawing 89079E-1 /Kentucky 

SOIL OESCRIPTION STRA. 
DEPTH COLOR. MOISTURE. DENSITY, PLASTICIN, SIZE, PROPORTlONS ELEV. 

779-  9 SURFACE 

Brownmoist s t i f f  FILL, silty clay and shale 

rown moist medium s t i f f  FILL, 
l e  with limestone floaters.  

d brown moist stiff FILI,, shale 

Olive brown and brown, trace gray moist s o f t  
weathered W E  and thinly bedded LIMESTONE 

Gray moist soft SHALE and thinly bedded 
LIME STONE I bedrock) 

\ I  
\I Refusal and bottom of t e s t  boring at 25.4 feet. 

* Badfi l led by dozer before f i n a l  water 
reading made. 23.: 

~ 

16/10/9 

2/3/4 
5 

5/7/10 

5/ 45/3 2 
10 

5014" 

20 

25 

- 
No. - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

_. 

Datum USGS HamrnerWt. 140 Lbs. HoleDimeter r;?? Foreman Mw 
Surf. Elw. Ft. HmrnerDrop 30 In. Rock Core Die. Engineer 
Dat.Staned 4/14/89 Plpa Sir. -- O.D. 2 In. Boriq M e z h d  - Date Cornpletd 4/14/89 
SAMPLE CONDITIONS SAMPLER MPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLITSPOON HSA - Hollow Stern Augers 

CFA - Continous Flight Augers 

MD - Mud Drilling 

FIRST NOTED + FT. 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION & FT. 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 24 HRS * FT. DC - Driving Cesine 
L - LOST RC - ROCKCORE BACKF I LL ED HRS. 

* S T A N n A R n  PFNFTRATlnN TFCT - DRIVING 7"nn SAMPLER 1 ' W l T H  140 Jt HAMMER FALLING 30".COUNT MADE AT 6"INTERVALS 



ClVlL ENCJNEf Rs 

G. 1. Thelen & Associates, Inc. 
5 16 Enterprise DrivclCovingfon, Kenrocky 4 10 l7/606-34 1- 1322 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY. PLASTICIN. S1LE. PROPORTIONS E LEV. 

LOG OF TEST BORING 

STRA. DEPTH SAMPL 
DEPTH SCALE Condl Blow6/6" 

204 CLIENT Kenton County Water District BORING U 
PROJECT Geotechnical Exploration, Phase I1 Clarifier/Flocculator, Ft. Thomas, x)BI 89079E 
LOCATION OF BORING AS shorn OII Drawiw 89079E-1 /Kentucky 

No. 

1 

2 

3 

4 

S C A  

6 

7 

8 

9 

10 
11 

12 

-- 
Wm 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

aman, 
DS 
DS 
DS 
DS 

d ~ a y  with shale fragments l i ~ ~ s t m e  
floaters and wet sand and gravel. 

Brown, trace olive brown and gray moist 
soft highly weathered W U  and 
y bedded LIMESTONE (bedrock). 

Brown to olive brown and gray moist soft 
weathered SHALE arid thinly bedded 
LIMESTONE (bedrock). 

oist s o f t  S W E  azld thinly be 

I Refusal and bottom of t e s t  boring a t  28.0 feet. 1 

- 
Rae. 

13" 

- 

Y 

L6" 

16" 

16" 

8" 

12" 

e 
6" 
6' 
6" 

6" 

- 
Datum USGS Hunmsr wt. 140 ~ b r .  ~ o i e ~ i r m a i l r  5" Foreman JM 
Surf. Elw. 7 7 8 * 0  F:. Hammer Drop 30 In. Rock Cow Din. En@insrr 
DateStanad 4/20/89 Pipr Sire o o D * z  In. BorinpMmthod D m  Compkcd 4/20/89 
SAMPLE CONDITIONS SAMPLER TYPE GROUND WAT 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED 
I - lNTACT 

L - LOST RC - ROCKCORE 

l w v  
CFA , 

BORtNO METHOD 
HSA - H d l O W  StOm Augers 
CFA - Canrimus Flighr Augers 
DC - Driving Caring 
MD - Mud Drilling 

%T;T. 
AT COMPLETION I- FT. 

BACKFILLED HRS. 

PT - PRESSED SHELBY TUBE 
U - UNDISTURBED CA - CONTfNUOUS FLIGHT AUGER AFTER 7 HR 



I 

CIVIL ENGINEERS 

, 

G. ). Thelen & Associates, Inc. 
5 16 Enterprise DrivelCovington, Kentucky 4 10 171606-34 I -  1322 

OF TEST BORING 

BORING# 301 Kenton Cou~lty Water District CLIENT 
PROJECT Geotechnical Exploration, Proposed Chlorine Building, F t .  Thomas Treat- JOB# 89079E 
LOCATlON OF BORING As shorn on Drawing 89079E-3 / meri t  Plant. F t .  Thomas. Kentucky 

SO1 L DESCRIPTION 1 STRA. 
DEPTH COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

FILL, gravel. 
- -- 

Mixed brown moist very s t i f f  FILL, s i l t y  
clay, trace topsoil and limestone fragments. 

Mixed brawn slightly moist to  moist  very 
stiff FILL, silty clay with brown shale 

- 

- f r a p m t s .  

Mixed brown and gray slightly moist t o  
moist  very s t i f f  t o  s t i f f  FILL, s i l t y  
clay and shale with limestone floaters.  

SANDSTONE Liner. 

Brown moist very dense FILL, silty f ine 
to  coarse sand and gravel. 

Brown moist very sof t  highly weathered 
SHALE and M y  bedded LIMES'I'm with 
clay seams fbedrock) (. 

Brown moist sof t  weathered SHALE and thinly 
bedded LIMESTONE (bedrock). 

21.0 

Bottm of test boring a t  21.0 feet .  

Note: A Shelby tube sample was obtained 
i n  an offset hole from 1.0 to  2.0 
feet. Recovery was 8 inches. 

20/30/41 

41/6!' 

25/50/6" 

- 
VPf 

S 

-. 

S 

S 

S 

S 

S 

S 

S 

S 

--i 
3ec 

6" I 
- 

5" I 

4' l 

21' 

6" 

I 

5' 
I 
I 

8'' 

I 

6' 

2' 

JM 
?wv Foreman Datum IJSS Hammer I t  140 Hole Diameter 

Surf.Elsv. 779-4 Ft. HammsrDrop 3O 'Pn": Rock Core Dia. Engineer 
Date Compkted 

5' l 

Dote Started 5/ 26/89 Pipe Size . .  In. Borirg Method CFA 5/26/89 
SAMPLE CONDITIONS SAMPLER TYPE GROUND WAT R DEPTH 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRSTNOTED "Tie FT. 
I - INTACT PT - PRESSED SHELBY TUBE 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER RS 

AT COMPLETIO= FT. 

BACKFILLED 'mer 2 s .  - 
L - LOST RC - ROCKCORE 

-- - 

BORING METHOD 
HSA - Hollow Stem Augers 
CFA - Continous Flight Augers 
DC - Driving Caring 
MD - Mud Drilling 

. -  - _ _ - _ _ . . . I )  - 



CIVIL ENGINEERS 

. Thefen & Associates, Inc. 
d 516 Enterpriss Drive/ Covington, Kentucky 41017-7595/ 606-341-1322 /Fax 606-341-0832 

1310 Kemper Meadow Drive, Suite 600 1 Forest Park, Ohio 45240-1651 / 513&?5-4350/ Fax 513-825-4756 

/69.8 

769.3 

767.5 

765.3 

756.8 

754-3 

LOG OF TEST BORING 
.BOCIHG #A . .  cum-r Sa-t 

P R O J ~  Geof;gGhnir;ol F W .  la- Ft. 
m n w  OF ~ I N C :  As shown on 9fl0640F _. 1 

Jae- 
. .  

SURFACE 

TOPSOIL 

Mixed brown dry very stiff FILL, silty clay 
with limestone fragments and floaters. 

Mixed brown moist soft to medium stiff 
FILL, silty clay and shale with limestone 
fragments and floaters. 

Brown moist very soft highly weathemd 
SHALE and thinly bedded LIMESTONE 
(bedrock). 

3 
Olive brawn, trace gray moist soft 
weathered SHALE and thinly bedded 
LIMESTONE (bedrock). 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PUSTICITY, SIZE, PROPORTIONS - - - -  . - 

Na 

1A 
18 

- 

2 

3 

4 

5 

6 

7 

- 
R.a 

mhr  

13 
- 

7 

12 

12 

6 

12 

6 

Datum MSL Hammer Wt. 140 Iba. Hole Dimmeter 5 in. F m a n  JM 
Sutf. Elsv. 769.8 ft. Hammer Drop 30 in. Rotk CWS Dia. in. Engineer W/JSN 
Dab Started 9/11/98 Pipa S i  O.D. 2 in. Baring Mahod CFA D a t a  Camplstsd 9/11/98 

BhlDlg(xumrmN8 - m- 6BOIJND W A m  M!Fl'Z EOXN@ -OD 
D- DISINTEGRATED DS - DRIVEN SPW SPOON FIRST NOTED 2.5 ft. H a -  H O W  STEM AUGERS 
I - INrM PT - PRESSED SHUBY TUBE AT C O M P L E T l b ~ f L  CFA- COKnNUOUS NGHT AUGERS u - UNDISTURBED CA - CONTINUOUS RleKl WGER AFTER 24 hm D a DC - DRMNG CASING 
L -  WST RC - ROCK CORE BAcKrrmE6-- i4-m MD - MUD DRILLING 
STANDARD PENEIRATION TEST - DRMNG 2- O.D. SAMPtER 1' WITH 1401 HAMMER FAUING 30: COUNT MADE AT 6- INT€RVAIS 



I 

CIVIL fNGtNEERS 

G. I .  Thelen & Associates,, lnc, 
@f 516 Enterprise Drive/Covington, Kentucky 41017-1595/ 606.341-1322 / Fax 608-341-0832 
S I  1310 Kernper Meadow Dnw, Suite 600/ Forest Park, Ohio 45240-1651 / 573-825-4350 / F a x  513-825-4756 

LOG QF TEST BORING 

ELEV. 
76 i.6 

767.2 

765.6 

352.1 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PUSTICI'iY, SUE, PROPORnONS 

SURFACE 

TOPSOIL 

Mixed brown and gray dry dense FILL, 
limestone fragments, some shale. 

Brown moist very soft highfy weathered 
SHALE and thinly bedded LIMESTONE 
(bedrock). 

1 - 

- 
Brown ta alive brown, trace gray moist 
soft weathered SHALE and thinly bedded 
LIMESTONE (bedrock). 

Bottom of test boring at 15.5 feet. 

SAUPLE 

10/30/6" 

22/6" 

30/6' 

50/5' 

35/30/3" 

50/r 

50/6" 

Datum MSL Hammer W. 140 Ibor. Hole Diameter 5 in. Fr#anan JM 
in. Engineer TWV/JSN Surf. Elw. 767.2 ft. Hemmer Dmp 30 in. Rack Cora Die. 

Dah f&Wbd 9/11/Q8 PipS Sb!S 0.0. 2 in. 6orlng Mathod CFA D a t e  brnptatsd Q/l 1 /98 
aAuPrJ$ Cmmm335 BIuIpLE:m 6IWUMD UA!I'ER JlEpTB ROEING MHWOD 
D - OISINTEGRATED DS - D R M N  SPLIT SPOON FIRST NMED None ft. HSA- H O W  ! E M  AUGERS 
1 - INTAM PT - PRESSED SHEBY TUBE AT COMPlmbN w ft. #A- CONTfNUOUS N O M  AUGERS u- UNDIS'IURBED CA - CONTINUOUS NGHT AUGER #PIER 24 hm D ft DC - DRMNG CASING 
L -  LOST RC - ROCK CORE EMCKFILLED %4*ra. MI) - MUD MILUNG 
STANMRD PENmUTlON Tm - DRIVING 1" O.D. SAMPLER 1' Wrm HAMMW FALUNG 30D: COUNT W E  AT 6' INlERVALs 



CIVIL ENGINE&RS 

6. /. ?'helm &( Associates, Inc. 
d 516 Enierpriss Drive / Covhgton, Kentucky 41017-1595 / 606-947-1322 /Fax 608-341-0832 
CI 1310 Kemper Meadow D&e, Sui& 800 /Forest Park, Ohio 45240-1651 /513-825-4350/Fax 573-825-4756 

LOG OF TEST BORING 
NarUlan, Ken- W& Se- 

pmum-n. lob~&nr Ruhhng,, Ft. 
EORNG i- 

. .  
J6e- 

. .  
- 

c u m  

LocATloN OF BORINC: h on Dmaa 980640E 1 

SOIL DESCRIPTION 
COLOR, MOlSlUIIE, DENSITY, PUSTICITY, SIZE, PROPCIRTIONS 

SURFACE 

TOPS0 IL / 
Mixed brawn dry stiff FILL, silty clay and 
shale with limestone fragments and 
floaters. 

Brown slightly moist, very stiff CMY with 
limestone fragments and floaters. 

1 - 

/ 
Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE 
(bed rock). 

Brown to olive brown moist soft weathered 
SHALE and thinly bedded LIMESTONE 
(bed rock). 

/ 

Bottom of test boring at 25.3 feet. 

-r /0 

7/14/17 

35/45/8' 

W/6' 

- 
No. - 
M 
2 

3 

4 

5 

6 

7 

0 

B 

10 

- 

- 
R.s, 

nahw 

14 
- 

10 

12 

6 

3 

4 

6 

5 

12 

3 

_._I 

Datum MSL Hammer Wt. 140 Ibs. Hale Diameter 5 in. Fomman JM 
Surf. Elw. 781.4 ft Hammer Dmp 30 in. Rock Cora Dia. in. Enginssr TWV/JSN 
Data Startad 9/12/98 Pip siw O.D. 2 in. 8ortng Method CFA Data  Camplatsd 9/12/88 
HAWm COMIITIQNB BIuLpLlcTyplzl GBOUND WA!KB DEPTH R- YFLgbb 
D - DISlHlEGRATED DS - DWVPI SPLJT SPOON FIRST IWl'ED Nana ft. HSA- HOUOW SlEU CJJ- 
I - INTACT PT - PRESSED SHELBY TUBE AT c o M P t E n 6 N N f t .  CFA- CONTINUOUS M K T  AUGERS u - UNDISTURBED CA - CONTlNUOUS WGHT AUGER AFTER 
L -  msf RC - ROCK CORE WKFl D 5 hm. MD - MUD OlilLLING 
STANDARD PENERATION T€ST - DRMNG 2" 0.0. WPLER 1' WllH 140# HAMMER F U N G  30.; COUNT W E  AT 6- IHIERVALS 

hn. Drv ft DC - DRMNG CASING + 



ClVll ENGINEERS 

G. ). Thefen 24 Associates, Inc. 
d 5 1 6  Enterprise Drive/ Covington, Kentudry41#17-1595/606-341-13~/ Fax 606-341-0332 
U 1310 Kernper Meadow Drive, Suiie 600 /Forest Pa& Ohio 45240-3651 /513-825-4350 /Fax 513.8254756 

LOG OF TICST BORING 
No- Water Sar?JiCact  WRING #- * .  c u m  

Jo9 #- 
PROJEC% G-al F- . .  R. m a w  
U3CA"loN OF B6RIffi Aa -0640F - 1 

E m .  

703.1 

782. I 

781.1 

773.1 

757.6 - 

SOIL PESCWPnbW 
WWR. UOISNREm DEHSITYm PuSnClfym SIZE. PROPORTIONS 

SURFACE 

Light bmwn, dry very stiff SILW CLAY with 
limestone fragments, trace hairlike roots. 

Brown dry very soft highly weathered 
SHALE and thinly bedded LIMESTONE 
(bedrock). - 
Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE: A bed rock). 

Brown to olive brown, trace gray moist 
soft weathered SHALE and thinly baddsd 
LIMESTONE: (bedrock). 

Bottom of teat boring at 25.5 feet. 
50/6" 

- 
Na. 

IA 
IS 

- 

2 

3 

4 

5 

8 

7 

a 

B 

10 

- 

R# 

14 

e 

6 

3 

5 

5 

8 

6 

6 

9 

6 

- 
Baturn MSL Hammar Wt. 140 Iba. Hole Marnstsr 5 in. Forunan JM 
Surf. Elw. 783.1 ft Hammar Dmp 30 In. Rack Cara Dia. in. Engineer W / J S N  
Date Startsd 9\12\98 pips Shs 0.D. 2 In. Bortnq Method CFA ~ o t n  cornpfeted 9/12/98 
afAKm!!- ~ T y m z  GROUMl WAPICB DW5 BORUUG l5"EOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST m 15.3 ft. HSA-HOLLDWSIEMAUGERS 
I - INTACT PT - PRESSED SHELBY TUBE AT COUPLEllN-R CFA- CONTINUOUS FLIGHT AUGERS 
U- UNDI!SURBED CA - CONnNUWS FUGHT AUGER AFTER 7.5 him D R DC - DRMNG CASING L -  LOST RC - ROCK CORE BAC- ?hLfta. MD - MUD DRILLING 
STANIIIW) PENElR4TlON - DRMNG 2' OD. SlUllPLER 1' WITH ld HAMMER FAUING 3a\ CWlNT MADE AT 6' INTERVALS 



ClVll ENGINEERS 

e 1. Thelen & Associates, Inc, 
d516 Enterprise Drive i Covingfon, Kentucky 41OT7-7BS/606ii'41-l3~ /Fax 608-3414832 
n 1310 Kemper Meadow Drive, Suite 6#/Fom$t Park, Ohio 45240-1657 /573-825-4350 /Fax 513-825-4756 

UEVm 
7-A 9 

LOG OF TEST BORING 
c u m  No- Senrice D i d  BORlNO fL 
PIWJECI': G e o w l F w  
UICA'IION OF WHN& 

JD0 #- 
. .  

-6MF _. 1 

SOIL DESCRIPVON 
COLOR, MDISNREi DENSTTY, PUSTICITYi SIZE, PROPORnONS 

/ tu./ 

770.4 

768.2 

766.9 

SURFACE 

TOPSOIL 

Mixed brown dry very stiff to hand F J L  clay 
and shale with limestone fragments and 

Mixed dark gray to bluish gray moist 
medium stiff FILL, topsoil and clay with 
limestone fmgmenta.(CH) 

Brown moist very soft highly weathered 
SHALE and thinly bedded UME5TONE 

fhater8. -l 4 
(bed rock). 

Bottom of test boring at 5.5 feet. 

3/15/15/5" 

9/11/12 

jO/6" 

Doturn MSL Hammer W. IrK) Iba. Hole Diamstsr 5 in. Famrnan JM 
Surf. asV. 770.7 ft. Hammer Drop 30 in. Reek COB Dim. in. Engineer TWV/JSN 
M a  Started 9/12/90 Pipa Size O.D. 2 in. BarSng MbVled CFA Dutn Camplatad 9/12/98 
IldypLE CONDITION6 SAMPLETYPE 6ROUMD WATER E m G  =D 
D - DlSlNTEGRATm DS - DRJVEN SPW SPOON flRST NOTED None ft. HSA- H O U O W ~ A U G E R S  
I - INACT PT - PRESSED SHELW TUBE AT COMPLmCRJ w ff. CFA- CONTlNUOUS N G H T  AUGazS 
U - UNDtSTURBEII CA - CONTlNUOUS N G H T  AUGER R DC - DRMNG CASING 
L -  LOST RC - ROCK CORE ra, MD - MUD DRILUNG 
STANMRD PENEIRATION TEST - DRMNG 2- D.D. SMPLER 1' WFM HAMMER FALUNG 30"; COUNT MADE AT 6' 1 W A I . S  



CIVIL €NGINf HERS 

G. 1, Thelen & Associates, Inc, 
Qf 516 Enterprise Dnve I Covinglon, Keniucky 4101 7-1585 /806-34f-l322/Fm 6067341-O83r? 

1310 Kempef Meadow Drive, Suite 6Do/Forest Park, Ohio 45240-1651 /513-825-4350/ Fax 513-825-4756 

LOG OF TEST EORINTG 
EORfNG f6 

. .  
UIW- Water ServiceDlstnct 

Jo8 f- 
. .  PRoJEm 

UIcAnoN OF KIRINC;: A8 ahpvrn on Drawino 980640F - 1 

SOIL DESCWPIION 

SURFACE 
COLOR, UOISNRE, DENSI'W, PLMTIC1TI, SIZE, PROPORTIONS 

'776.6 

776.1 TOPSOIL 

Mixed brown dry very stiff FILL, silty clay with 
limestone fragments, concrete fragments, 

Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE 

Bottom of test boring at  8.0 feet. 

28/50/6' 

aatum MSL Hammsr wt 140 Iba. Hole Diameter 5 in. Fwsman JM 
Surf. El#. 776.6 ft. Hammer Drop 30 in. Rock Cam Ob. in. Ehglnesr TWV/JSN 
Dak, Started 9/12/98 Plps Slzo O.D. 2 in. bring ~sth~ id  CFA Data Completed 9/12/98 

8AMPU comma 8 6 y p z E m  6BOUND VA'EE D W I X  BORR46 -OD - DISIN'IEGRA~ DS - DRIVEN S W  SWON RRST NOTED Not18 tt. W- HOLLDWSEMALJGERS - INTACT PT - PRmED SHELBY TUBE AT COMPLEilONDnR CFA- CONnNUOUS FLIGHT AUGERS 
ft. DC-DRMNGUISING 

P u - UNDISNRBED CA - CONllNUOUS NGHT AUGER M E R  1 2 hm. 
L -  Losf RC - ROCK CORE BK: & 7E-m. MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRMNG 2. O.D. SAMPLER 1' WlH 1rX)IF HAMMER F U N C  30"; COUNT MADE AT 6' IHmiVMS 



ClVIl ENGINEERS 

Thelen & Associates, Inc. 
d S l 6  Enterprise Drive / Covington, Kentucky 41#17-15$?5 / 606-347-7322 /Fax 6064474832 
El 1370 Kemper Meadow Drive, Suite 600 1 Forest Park, Ohio 45240 1651 / 573-825-4350 / Fax 513-825-4756 

LOG OF TEST BORING 
ern IQatuky Wpfer Service M n c t  BORING #- 

. .  c u m  . .  
P - m  Ff. 
LOCATION OF BORING: - on m a  98064F 1 

ELEV. 

ZBZE 
782.5 

781.3 

779.8 - 

SOIL DE!SCRIPTION 
COLOR, UOISIURE. DENSITY, PLASTICITY. SIZE. PROPORTIONS 

WRFME 

TOPS0 I L 

Mixed brown moist stiff FI& silty clay, 

Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE 
(bedrock). 

- trace roots 1 

Bottom of test boring at 3.5 feet. 

W P L E  

Datum MSL Hammer Wt. 140 Ibe. Hole Uiimoter 5 kr. Fomman JM 
Surf. Rev. 703.3 ft. Hammer Drop 30 in. Rock Com Dia. in. Engineer W / J S N  
Date Started 9/12/98 Pips Si D.D. 2 in. ~ a r ~ n g   sth had CFA b Cornplatad Q/l2/98 
6AMFu mNDmom BuPmTXPE GROUH4 W m  DEP'I¶ BOm0 HWEOD 
D - DISIKIEGRATED DS - DRIVEN SPUT SPOON FIRST NOTEU Nema ft. HSA- HOLLOW SlEU AUGERS 

u - UNDISTURBED CA - CONTlNUOUS FLIGHT' AUGER AFTER 2 hn. Drv ft. DC - DRMNG CASING 
1 - INT'Am PT - PR€SSETl SHELBY TUBE AT C O M P L E I 1 6 F I F I f t .  CFA- CONTINUWS N G H T  AUGERS 
L -  LOST RC - ROCK MIRE EAGICFILLED 2 hm. YD - MUD DRILLING 
STANDARD PENETRATlON TEST - DRMNG 2. O.D. SAMPLER 1' WITH 14Of HAMMER FMUNG 30"; COUM W E  AT 6- INTERVALS 



CIVIL ENGINEERS 

C.  J. Thefen hi Associates, Inc. 
d 516 €nierp&e Drfve/Covington, Kentucky 470i7-15Q5/606-34?-1322/FaK 606-341-0832 
El 1310 Kemper Meadow Drive, Suite 600 /Forest Park, Ohio 45240-1651 /513-8254350/Fax 513425-4756 

LOG QF TEST BORING 
c u m  N o v r  S e m  BORlN6 #- 

JOB #- 
I .  

P R O J r n r n  
m n w  OF BORINO: As shpwn on D m  980640F - 1 

Ew- 

779.1 

778.4 

777. I 

775.1 

SOIL DESCRlPnON 
C U R ,  UOlsIZIwE, DENSllY, PuIsIICTrll. SIZE, PROPORTIONS 

SURFACE 

Light brown, dry very stiff FlU, topsoil and 
silty clay with roots and gravel (fill). 

Brown dry very stiff SILW CLAY with shale 
fragments, trace hairlike mota. 

Brown moist stiff SILTY CLAY with bedding 

Brown moist very soft highly weathered 

planes and limestone floaters. (CL) 

SHALE and thinly bedded UMESTONE - 
(bed rock). 773.6 

1 Bottom of test boring at 5.5 feet. 

IEF7H 
luLE 
tnt 

SAMPLE 

1/16/21 

!6/10/W 

6/6" 

Datum MSL Hammer WL 140 Iba. Hala Diamstw 5 in. Foramsw JM 

Dats Startad 9/12/98 Pips Size O.D. 2 in. brfrq Uathod CFA ~ c r t a  @rnpktwi 9/12/98 
gdllpldb w m m  S A H F I a ~  MOUND WATER DEPTH B0B.W. ylrpBoD 

Surf. Elw. 779.1 ffi H a m m e r  amp 30 in. Rack Cum Dia. In. Engineer IWV/JSN 

- DISINTEGRAm Ix; - DRIVEN SPLIT SPOON FlRST NQTED N ~ n e  ft. HSA- H O W  STEM AUGERS - lKTAcT PT - PRESSED SHWY TUBE AT COMPlm6N N ft. WA- COHnNUOUS FLIGHT AUGERS 
ft DC - DRMNG M I N G  

P 
t -  LOST RC - ROCK CORE w m r h m i  brv hm. - MUD DRtlliNG 
U - UNDI!5lLiR8ED CA - CONTINUOUS FLIGHT AUGEJ;I ARFR 1 

S'MRD PENElRATlON TEST - DWVlNG 2" O.D. SAMPLER 1' WlTH 14of HAMMER FUUNG 307 COUNT W E  AT 6" INl€WALS 



ClVlL ENGINEERS 

Thelen Le Associates, Inc. 2 516 Enterprise Drive / Covlngton, Kentucky 4?Of7-l595/606341-i3~? /Fax 606-341-0832 
Cl 1310 Kemper Meadow Drive, Suite 600 /Forest Perk, Ohio 45240-1651 /515-825-4350 / Fax 513-825-6756 

LOG OF TEST BORING 
KHlNO f,L . .  cum- 8 

As shoyy~ on 
JLle - . .  

P R O J ~ ~  lab- Ft. ihprrras. &X&J.& 
LCICAT~OJU OF Born% D6064OF I 1 
-- - 

SOIL DESCRIPTION 
COU)R, UWSIIIWE, DENSITY, PUSIICITY, SIZE, PROPORTIONS 

SURFACE 

E w =  
703.7 

TOPSOIL 783.2 

702.4 

1 Mixed brown and gray dry stiff FILL, silty 
clay with limestone fragments. 

, Brown moist very soft highly weotherad 
SHALE and thinly bedded LIMESTONE 
(bedrock). i 

1 Bottom of test baring at  3.0 feet. 

SAMPLE 
Blan/(l' 

1/10/25 

iQ/6' 

Datum MSL Hammr Wt. 140 Ibs. Hala Diimetsr 5 in. Foman JM 
Surf. Elav. 783.7 ft. Hammer Drop 30 in. Rack Cots Dia. in. Ehglnsar W/JSN 
Dots Startad 9/12/98 Pips Size O.D. 2 in. Bofing Method CFA D a b  Completed 9/12/98 

HAHPm CONmnoNa M M P L E m  GROUND UATJIE DEFTR RORIW HIHHOD 
D- DISINTEGRATED DS - DRRlEN SPLfT SPOON ft. HSA- H O W  STEM AUGERS 
I - INTACT u - UNDISTURBED 
L -  Um 

PT - PRESSED SHELEY TUBE 
CA - CONnNUOUS FuGtlT AUGm 
RC - ROCK CORE 

- DRMNG CASING 

S T A N M D  PhlEFRA'TK3N TEST - DRMNG 2' O.D. SAMPLER I' WITH 140# HAMMER FALLING 30" COUNT M E  AT 6" INlERVALS 
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Cl 2 140 Waycross Road/Cincinnari, Ohio 45240-271 9/513-825-4350/Fax 5 7 3-8.75-4756 

LOG OF TEST BORING 

ELEV. 

777.0 

777.5 

776.9 

760.3 

759.3 

755.8 

748.3 

747.3 - 

~ -- 

SOIL DESCRIPTION 
COLOR. MOISTURE. DENSKY. PLAsLlCITY. SIZE. PROPORTIONS 

SURFACE 

i ASPHALT. - 

BASE, dense graded aggregate. 

Mixed brown and gray moist medium stiff to 
stiff FILL, silty clay and pulverized shale with 
intact shale and limestone fragments and 
floaters, trace sand (CL). 

Brown and gray wet very dense FILL, -7 clayey 
sand and gravel with pieces of crushed 
limestone (possible remnant of old reservoir 
liner). 

Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE 

Olive brown, trace gray moist soft weathered 
SHACE and thinly bedded LIMESTONE: 
(bedrock). 

LIMESTONE (bedrock). 

- 

- - 

- (bedrock). 

Gray moist soft SHALE and thinly 
_. 

\ Split spoon refusal and bottom of 
test boring a t  30.5 feet. 

35/5" 

50/6" 

10/11/8 

19/21/11 

25/50/6" 

30/50/6" 

40/25/2" 

NOTE: Sca 
50/5' 

- 
No - 
I A  
1B 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

C 
13 

14 

15 

- 
rYIJ 

DS 

- 

DS 

LIS 

PT 

Ds 

PT 

DS 

DS 

DS 

DS 

DS 

DS 

3n 
DS 

DS 

Ds 

15 

16 

13 

7 

2 

7 

3 

4 

14 

6 

12 

8 

! 

5 

5 

5 

Datum MSL Hammer Wt. 140 Iba. Hole Diameter 5 In. Foreman JM 

Data Started 4/10/99 Pipe Size O.D. 2 in. Boring Method CFA Data Completed 4/10/99 
S M P M  eomrrIo?w -LE TYPE GROUND WATMR DBPTE BORING YFPHOD 

Surf. Uav. 777.8 f t  Hammer Drop 30 in. Rock Core Dk. in. Engineer Twv 

D - DISINTEGRATED DS - DRIVEN SPUT SPOON FIRST NOTED 17.5 ft. HSA- HOLLOW STEN AUGERS 

u- UNDISTURBED CA - CONTINUOUS NCHT AUGER AFTER hm. DC - DRMNG W I N G  
L -  LOST RC - ROCK CORE B A C K F I W ~ ~ I ! :  MD - MUD DRILLING 

I - INTA(=T PT - PRfiSSED SHELBY TUBE AT COUPLERON N ft. CFA- CONTINUOUS N G H T  AUGERS 
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LOG OF TEST BORING 
Nod- Water Service Dtstrict BORING fa . .  

JOB #- 
. .  

_I 

@ 
w m  
PROJECT: Geotewcal  F-on. Prooosed S o u c h l o r i t e  B W  Ft. M a s ,  Kv. 
LocATIoN OF ~ H G :  As shown an Drawina 990146F 1 

E m .  

778.8 

778.5 - 
778.0 

766.8 

764.3 - 

750.3 - 
757.8 

753.5 - 

SOIL DESCRIPTION 

SURFACE 

COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

ASPHALT. 

BASE, crushed limestone. 

Mixed brown, trace gray moist, locally 
slightly moist stiff FILL, silty clay and 
pulverized share with intact shole and 
limestone fragments and limestone 
floaters. 

Mixed brown moist soft FILL, silty clay 
and pulverized shale with limestone 
fragments and floaters (CL). 

Mixed brown, trace gray moist stiff FILL, 
silty clay, pulverized shale and 
unpulverized shale with limestone floaters. 

SANDSTONE LINER. 

2 

Brown moist soft weathered SHALE and 
thinly bedded LIMESTONE (bedrock). 

Bottom of test boring at 25.3 feet. 

SAMPLE JEPTH 
SCALE 
fwt . 

Cond Mour/S" 

10 

15 

20 

15 

- 
No. 

1 

2 

3 

- 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

- 
Lp 

CA 
DS 

PT 

DS 

- 

PT 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

DS 

R.0. e 
6 

10 

14 

6 

2 

6 

6 

13 

15 

1.5 

12 

2 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 5 in. Foreman JM 

Date Started 4/10/99 Pipe Sire 0.0. 2 in. Boring Method CFA oats bmptsted 4/10/99 

SAMPm CONDITION8 SAMPLE TYPE GROUND UATER DEPTH EOIUNG -OD 
D- DISIN'IEGRATED 
I - INTAM PT - PRESSED S H E W  TUBE 
U - UNDISTURBED CA - CONTINUOUS NGHT AUGER AFlER hm. ft. DC - DRMNG CASING 
L -  LOST RC - ROCK CORE B A C K r a h c s .  MD - MUD DRlUlNG 
SFUJDARD PENETRATION TEST - DRMNG 2' 0.D. SAMPLER 1' Wmr 140# HAMMER F W N G  30"; COUNT MADE AT 6" I N ' E f W ~  

Surf. Elev. 778.8 ft. Hammer Dmp 30 in. Rock Con, Dia. in. Engineer 7wv 

FIRST NOTED N o s  ft. HSA-HOLLOW STEMAUGERS 
AT C O U P L E n b e f t .  CFA- CONTINUOUS NGHT AUGERS 

DS - DRIVEN S M  SPOON 



Geotechnical Testing Engineers 
0 1398 Cox Avenue, Erlanger, Kentucky 

SOIL CLASSIFICATION SHEET 

NON COHESIVE SOILS 
(Silt, Sand, Gravel and Combinations) 

Relative ProDerties 
Descriptive Term Percent 
Trace 
Little 
Some 
And 

1-10 
11 -20 
21 - 35 
36 - 50 

101 8-1002 1859. .746-9400 / Fax 859-746-9408 

Density 
Very Loose - 5 blowdft. or less 
Loose - 6 to 10 blowslft. 

Dense - 31 to 50 blowslft. 
Medium Dense 

Very Dense 

- I 1  to 30 blowslft. 

- 51 blowsm. or more 

www. fheIenassoc.com , -. I 

offices I 
Erlenger, Kentucky 

Cincinnati, ~ h i i -  
Dayton, Ohio 

Particle Size Identification 
Bouldem - 8 inch diameter or more 
Cobbles - 3 to 8 Inch dlameter 
Gravel - Coarse - 314 to 3 inches - Fine - 3/16 to 314 inches 

Sand - Coarse - Zmmto5mm 
(dia. of pencil lead) - Medium - 0.45mm to 2mm 
(dia. of broom straw) 

- Fine - O.075mm to 0.45mm 
(dia. of human hair} 

Silt - 0.005mm to 0.075mm 
(Cannot see particles) 

COHESIVE SOILS 
(Clay, Silt and Combinations) 

Unconfined Compressive 
Consistency Field Identification Strensth ftonslsa. ft.1 
Very Soft Easily penetrated several inches by flst 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 1.0 - 2.0 
Very Stiff Readily indented by thumbnail 2.0 - 4.0 
Hard Indented with difficulty by thumbnail Over 4.0 

Readily indented by thumb but penetrated only with great effort 

Classification on logs are made by visual inspection. 

Standard Penetration Test - Driving a 2.0” O.D., 1 318” 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 
undlsturbed soil, then perform the test. The number of hammer blows for seating the spoon and making the test8 are 
recorded for each 6 inches of penetration on the drill log (Example - 6lW9). The standard penetration test results can 
be obtained by adding the last two figures (i.e. 8+9=17 blowslft.). Refusal is defined as greater than 50 blows for 6 
inches or less penetration. 

Strata Chanaes - 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. 

http://fheIenassoc.com
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Geotechnical 0 Testing Engineers 

1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 359-746-9400 f Fax 859-746-9408 

Descriptions 

Unweathered 

Slightly Weathered 

Rock Weathedng and Strength Classification Sheet 

Rock Weatherlng 

Moderately Weathered 

Highly to Extremely Weathered 

Residual Soil 

Descriptions 

Extremely Weak 

Very Weak 

Weak 

Medium Strong 

Strong 

Very Strong 

Extremely Strong 

www. theienassoc. corn 
Officer 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton. Ohio 

Field Identification 

No visible sign of rock material weathering, perhaps slight discoloration on major 
discontinuity surfaces. 

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. 

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

All rock material is decomposed and/or disintegrated to soil. The original mass structure 
is still largely intact. 

All rock material is converted to soil. The mass structure and material fabric are 
destroyed. There is a large change in volume, but the soil has not been significantly 
transported. 

Rock Strenath 

Field Identification 

Indented by thumbnail 

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

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

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

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

Specimen requires many blows with a geological 
fracture. 

Specimen can only be chipped with geological hammer 

hammer to 

Strength (psi*] 

40-1 50 

150-700 

700-4000 

4000-7000 

7000-1 5,000 

15,000-36,000 

>36,000 

"Approximate range of uniaxial compressive strength 
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CH2M Hill 
300 E. Business Way, Suite 400 
Cincinnati, Ohio 45241 

Attn: Mr. Nicholas Winnike, P.E. 
Re: Geotechnical Exploration 

Advanced Treatment, GAC 
Additional Site Improvements 
Ft. Thomas, Kentucky 

Ladies and Gentlemen: 

We are pleased to submit to you the attached Report of Geotechnical Exploration 

for the above referenced project. The report includes a description of the 

proposed project site, a description of the test boring and laboratory testing 

programs, as well as conclusions and geotechnical recommendations. The report 

was prepared in accordance with our Proposal-Agreement KZ9149 dated July 31 , 

2009 and our Revised Proposal-Agreement No. K29163, dated August 14,2009. 

We have included in the Appendix to this report a reprint of “Important Information 

About your Geotechnical Engineering Report” published by ASFE, Professional 

Firms Practicing in the Geosciences, which our firm would like to introduce to you 

at this time. 



We appreciate the opportunity to provide our geotechnical services for this project. 
Should you have any questions regarding our conclusions and recommendations, 

or if we may be of further assistance to you, please do not hesitate to contact us. 

Copies submitted: 5 - Client 
1 - HDR Engineering, Inc. 
1 - Freeland Harris 
I - Northern Kentucky Water District 
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GEOTECHNICAL EXPLORATION 

ADVANCED TREATMENT, GAC 

ADDITIONAL SITE IMPROVEMENTS 

FT. THOMAS, KENTUCKY 

1 .O INTRODUCTION 

Presented in this report are the results of our geotechnical exploration for Additional Site 

Improvements proposed for the Advanced Treatment Granular Activated Carbon (GAC) 

project at the Northern Kentucky Water District (NKWD) Fort Thomas Treatment Plant. 

This additional work was conducted to supplement the information , analyses, and 

recommendations presented in the previous Report of Geotechnical Exploration for the 

Advanced Treatment GAG Building dated July 22, 2009. The additional geotechnical 

this report for the proposed additional site improvements. 

I 

work included test borings, laboratory testing, engineering analysis, and preparation of I 

2.0 PROJECT DESCRIPTION 

The NKWD Fort Thomas Treatment Plant is located near the intersection of US 27 
(Alexandria Pike) with Grandview Avenue in Fort Thomas, Kentucky. Our 

understanding of the proposed site improvements is based on a site visit, conversations 

with Mr. Nicholas Winnike, PE of CH2M Hill, a sketch of structure locations provided by 

2009), and on our review of plans and drawings posted to the CH2M Hill Sharepoint site 

treatment plant upgrade include: I) the entrance road will be widened between the 

I 

HDR, Inc. (HDR) of Lexington, Kentucky on July 30, 2009 {updated on September 28, 

on September 2, 2009, The proposed additional improvements associated with the 

existing security gate and the lower parking lot servicing the existing Laboratory 

I 

I 

I 

I 

I 
I 

I 



Building; 2) a new retaining wall, roughly I30 feet in length, will be considered along the 

slope between the northwest corner of the existing Filter Building and existing round 

Clearwell structure; 3) a new pipeline discharge headwall will be constructed on the 

south bank of the south reservoir where the EQ Pump Station force main terminates; 4) 

several valve vaulVsplitter box structures will be constructed at various locations on the 

site; and 5) due to the expected increase in construction related vehicle traffic through 

the FT-TP main gate entrance, it has been proposed that overflow traffic and some light 

construction traffic be allowed to use the north and south reservoir perimeter roads for 

access to the facility. The condition of the existing pavements and subgrade materials 

along this section of roadway will be evaluated for this purpose. 

Specifically, the entrance road to the plant will be widened to accommodate additional 

traffic associated with construction of the plant improvements noted above. The 

widening wilt begin roughly 40 feet past the entrance gate and terminate at the parking 

lot servicing the lower Laboratory Building. The existing pavement will be widened a 

maximum of approximately 20 feet and is depicted on the General Site Plan provided by 

the Designer and shown on the Boring Plan Detail, Drawing 080978E-6, included in the 

Appendix to this report. The existing slope from the laboratory building to the existing 

drainage swale at the edge of the pavement has a maximum slope geometry of 
approximately 2.6 Horizontal to 1 Vertical (2.6H:IV). It is our understanding that a 

storm sewer system will be installed on the inside radius of the pavement to handle 

stormwater runoff that previously was directed to the swale. Cuts on the order of 3 feet 

will be required to achieve the proposed grade. The maximum proposed slope 

geometry will be about 2.7H:lV at the transition from the undisturbed existing slope to 

the cut area. The proposed slopes will become flatter as the entrance road approaches 

the lower Laboratory Building parking area. 

A roughly 130 foot long retaining wall was originally proposed to be constructed on the 

hillside between the existing Filter Building and the round Clearwell. Subsequent to the 

field exploration program, the wall was eliminated from the design. The current plan 

sketches provided by HDR indicate that a 36-inch diameter GAC Influent Pipe will be 

constructed along the hillside, however, no change in grade is indicated. 

2 



Three circular concrete valve vault structures will be constructed north of the existing 

Filter Building. The structures, noted as Valve Vaults I through 3, will be approximately 

I O ,  8,  and 8 feet in diameter with inverts at about elevations 762, 764, and 763 feet, 

respectively. Additionally, a structure roughly 14-feet square in plan dimension (shown 

as Valve Vault 4 on the Boring Plan) will be located about 15 feet south of the existing 

Filter Building with a finished floor at about elevation 759 feet. Also, a proposed Splitter 

Box, expected to be about 15 x 20 feet in plan dimension, will be located roughly 25 feet 

from the northwest corner of the proposed GAC Building, and will have a subgrade 

elevation of approximately 766.0 feet. These structures are identified on plan view 

sketches provided by WDR, dated September 28, 2009, and their locations are shown 

on the Boring Plan Detail, Drawing 080978E-6 included in the Appendix to this report. 

I 

I 

I 

The EQ Discharge Headwall Structure indicated above will contain a 24-inch diameter 

ductile iron discharge pipe and will be approximately 15 x I 5  feet in plan area. It will 

be located on the south side of the South Reservoir about 200 feet from the reservoir 

earthen dam, and will bear at approximate elevation 795 feet. 

Finally, the existing asphalt pavement perimeter road around the north and south 

reservoirs currently handles very limited traffic, on the order of one car or pickup truck 

per day. It has been proposed to allow passenger cars, light pickup trucks and 

potentially forklifts andlor front-end loaders to use this road as alternative access to the 

plant; or to a potential lay down area during construction of the plant facilities. Gated 

access points exist at the end of the loop roads for both the north and south reservoirs. 

The existing road is, excluding the areas across the earthen reservoir dams, roughly 

of the pavement and subgrade have been evaluated to determine the potential damage 

caused by the increase in traffic. The North and South Reservoir Perimeter Roads are 

shown on the Boring Plan, Drawing 080978E-5 included in the Appendix to this report. 

I 4,700 feet in length and varies in width from about 1 I to 12 feet. The current conditions I 

I 

I 
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3.0 SITE TOPOGRAPHY, DEVELOPMENT HISTORY AND GEOLOGIC 

CONDITIONS 

The project site is located within Campbell County in Northern Kentucky, which is part of 

the Outer Bluegrass Physiographic Region. Hilly, well-dissected upland areas and 

relatively steep-sided stream and river valleys characterize this area. The site generally 

drains to an unnamed creek branch across US 27, which empties into Three Mile 

Creek, which in turn drains into the Licking River about 1250 feet to the southwest. 

The F V P  site is located in a filled drainage valley. The terraced hillside that will be the 

GAC Building location is on the south valley wall or slope, above the fill. The north 

valley wall or slope is obvious (topographically) opposite the GAC site, north of the 

Clearwell, Sodium Hypochlorite Building and North ClarifierlFlocculator No. 3. The 

original valley bottom extended from U.S. 27 eastward beneath the Filter Building, and 

then branched into two valleys northeastward and southeastward beneath the existing 

north and south reservoirs. Originally, a single, stone-lined reservoir was located in this 

valley below the existing Filter Building and Clarifiers/Flocculators No. 3 and No. 4. The 

dam for this reservoir was west of the Filter Building. As the treatment plant was 

expanded over the years, the two current reseNoirs/dams were built in the branched 

valleys, the original reservoir and valley down to U.S. 27 were filled, and the existing 

structures were constructed. A reservoir access road runs along the perimeter of each 

reservoir with crossings along the crest of each earthen dam. The road consists of an 

asphalt pavement roughly I 2  feet in width. The existing Filter Building is founded on 

footings bearing deep below the valley filt and the original reservoir liner. The Cleatwell, 

Clarifiers/Flocculators No. 3 and No, 4, the Sodium Hypochlorite Building, the Chemical 

Building and the Lab Building are supported on combinations of spread footings bearing 

on bedrock and drilled shafts extending through valley fill to bedrock. We are not aware 

of any performance issues with the existing buildings. 

Available geologic mapping (Geologic Map of Parts of the Newport and Withamsville 

Quadrangles, KY, USGS, 1973) indicates the project site is underlain by Upper 

Ordovician Age bedrock of the Fairview Formation. The bedrock is noted on the 

Mapping to consist of interbedded shale and limestone. The shale is noted on the Map 
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to comprise about 60 percent or more of the total and occurs in beds mostly less than 

ten inches thick. It is described on the Mapping as light bluish gray to medium gray 

(weathering dusky yellow to light olive gray), laminated to thinly bedded, calcareous, 

silty, and fossil poor. The limestone makes up 40 percent or less of the total, is 
described as medium gray, coarsely crystalline grained and fossil fragmental, in distinct 

beds generally less than eight inches thick, but locally as much as three feet thick. 

Structure contours drawn on the base of the Fairview Formation indicate relatively 

horizontal bedrock bedding, with a bedrock dip to the west of less than 0.5 percent. The 

shale and limestone percentages on the Map are averages over the entire formation 

thicknesses, and local variations from these average percentages do exist. No faults, 

landslide activity, or geologic hazards are noted on the Map within the immediate 

vicinity of the project site. Kentucky Geological Survey Karst Potential Mapping 

indicates that the limestone units in the vicinity of the project site have low to medium 

potential for development of karst features. 

4.0 SUBSURFACE EXPLORATION 

Thelen Associates, Inc. (Thelen) personnel carried out the fieldwork phase of this 

exploration between August 14, 2009 and August 25, 2009. Eighteen (1 8) test borings, 

numbered I001 through 1018, were drilled at the locations shown on the Boring Plans, 

Drawings 080978E-5 and 080978E-6, in the Appendix to this report. The test borings 

were staked in the field by Thelen personnel, with the locations and surface elevations 

determined from existing benchmarks established by the Designer. 

The test borings were advanced using track- and truck-mounted drill rigs advancing 

continuous flight and hollow stem augers. Standard Penetration Testing using split- 

spoon samplers was accomplished ahead of the augers following the procedures 

outlined in ASTM D1586. In addition, one (I) undisturbed sample was obtained using a 

3-inch O.D. thin walled, Shelby tube sampler hydraulically pushed into the soils using 

the drill rig per ASTM 01587. Thin walled asphalt core samples were obtained using a 

6-inch hollow bit advanced using the drill rig. 
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As each test boring was advanced, the Drilling Technician kept a log of the subsurface 

profile noting the pavement, soil and bedrock types and stratifications, groundwater, 

penetration test results, and other pertinent data. Particular attention was given to the 

textures, colors, moisture contents, and consistencies of the materials encountered, 

Prior to transportation to our materials testing facility, representative portions of the split- 

spoon samples were placed in labeled glass jars, the ends of the Shelby tube were 

capped and taped to preserve the in situ moisture content and density of the 

undisturbed sample, and the asphalt core samples were labeled and wrapped in plastic. 

The Logs of Test Borings are included in the Appendix to this report. 

Groundwater measurements were made in the boreholes during drilling, at the 

completion of drilling, and at time intervals following the completion of drilling. These 

groundwater measurements are noted at the bottoms of the test boring logs. 

Test Borings advanced during previous geotechnical explorations performed by Thelen 

in 1987, 1989, 1998, and 1999 at various locations on the plant site were used to 

provide additional information about the subsurface conditions. The locations of 

selected test borings from these previous explorations are shown on the Boring Plan 

Detail, Drawing 080978E-6, and logs of these test borings are included in the Appendix 

to this report. 

5.0 LABORATORY TESTING AND REVIEW 

The samples from the test borings were examined and visually classified in the 

laboratory by the Project Geotechnical Engineer, Representative samples were 

selected for natural moisture content determinations, Atterberg limits testing, and an 

unconfined compression test on soil. Soil classification identifications were developed 

in accordance with the Unified Soil Classification System (USCS). Thelen personnel 

performed laboratory testing in accordance with the applicable ASTM methods for soil 

testing. The results of the testing are included in the Tabulation of Laboratory Tests in 

the Appendix along with the unconfined compressive strength test form. 
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Final test boring logs were prepared by the Project Geotechnical Engineer on the basis 

of the visual classification in the laboratory, the laboratory test results and the field logs 

kept by the Drilling Technician. Copies of the final test boring logs made for this project 

are included in the Appendix with a Soil Classification Sheet, which describes the terms 

and symbols used on the boring logs. Copies of selected test boring logs from previous 

explorations made by Thelen at the F I r P  are also provided in the Appendix. 

The dashed lines on the test boring logs indicate an approximate change in soil or 

bedrock strata as estimated between samples. A solid line indicates a change in strata 

occurred within a sample where a more precise measurement could be made. The 

transitions between soil and bedrock types may be abrupt or gradual. 

6.0 SUBSURFACE/SITE CONDITIONS 

6.1 General 

Based on our interpretation of the geologic mapping, the results of test borings and 

laboratory testing, and our previous experience in the immediate area, the FTTP site 

was developed by excavating the terraces on the surrounding hillsides, and filling the 

adjacent drainage valley below the existing Filter Building and the two existing reservoir 

dams. What remains on these terraced slopes are thin deposits of topsoil and reworked 

native clays and weathered bedrock (described as fill) over isolated thin deposits of 

undisturbed native clays and then the interbedded shale and limestone bedrock. What 

exists in the valley between the terraced slopes is relatively deep fill comprised of mixed 

clays and shales with limestone floaters, Over thin native clay deposits and then the 

bed rock. 

Test Borings were advanced in three areas to supplement existing subsurface 

information required to provide recommendations for the improvements noted in Section 

2.0 of this report: I) the pavement expansion from the Entrance Gate to the lower 

Laboratory Building parking lot; 2) the hillside between the existing Filter Building and 

the round Clearwell structure; and 3) the North and South Reservoir perimeter 

roadways. 



6.2 Entrance Gate Pavement Expansion 

Test Borings 1001 and 1002 were advanced between the Entrance Gate and the lower 

Parking Lot serving the existing Laboratory Building and are shown on the Boring Plan 

Detail, Drawing 080978E-6, included in the Appendix to this report. Test Boring 1001 

was located within the roadway near the existing security gate. Asphalt overlying 

concrete was encountered below the ground surface in thicknesses of 6- and 7-inches, 

respectively. Fill material approximately 1.5 feet in thickness was encountered below 

the concrete and consisted of mixed brown, moist, loose, fine to coarse clayey sand, 

with trace gravel. Natural moisture content testing of one (1) jar sample of the fill 

material yielded a value of 14.7 percent. 

A 4-inch layer of topsoil was encountered directly below the ground surface in Test 

Boring 1002, located near the toe of the grassy hillside below the existing Laboratory 

Building. Fill material approximately 1.7 feet in thickness was encountered below the 

topsoil and was described as mixed brown, moist, stiff, silty clay, with some limestone 

and shale fragments. Natural moisture content testing of one (I) jar sample yielded a 

moisture content value of 18.6 percent. 

A bedrock formation consisting of a system of interbedded shale and limestone layers 

was encountered be!ow the fill materials in both test borings. As previously noted, the 

bedrock is a system of Ordovician Aged shale and limestone, is relatively horizontally 

bedded, and correlates well with the Fairview Formation on the referenced mapping. 

Bedrock in the Northern Kentucky Area is typically characterized in three basic zones 

depending upon the degree of weathering. The uppermost zone is termed highly to 

moderately weathered interbedded shale and limestone, where the shale portion has 

virtually weathered to a brown silty clay or clay, yet possesses horizontally aligned 

bedding characteristics of the bedrock system and may contain clay seams. The 

intermediate zone is described as moderately to slightly weathered bedrock and is 

characterized by a shale component that is tougher, and generally at lower moisture 

contents than the shale in the highly weathered zone above. The upper and 

intermediate zones have weathered from the third commonly accepted zone; the gray, 

slightly weathered to unweathered, parent interbedded shale and limestone. The 
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limestone beds in all three zones are very strong and relatively unweathered compared 

to the shale. Because of variable weathering and erosion conditions, highly weathered 

and moderately weathered zones may or may not be locally present above the 

unweathered bedrock zone, and slightly weathered to unweathered zones may be 

underlain by highly to moderately weathered zones. , 

The top of the intermediate or moderately to slightly weathered bedrock zone was 

encountered in Test Borings 1001 and 1002 below the fill layer. Moisture content 

testing on three (3) jar samples from the shale portion of the bedrock yielded values of 

9.9, 1 I .8 and 11.8 percent. 

6.3 

Based on preliminary plans provided by the Designer at the time of the field exploration, 

Test Borings 1003 through 1005 were advanced in the general location of a proposed 

130-foot long retaining wall, and are shown on the Boring Plan Detail, Drawing 

080978E-6, included in the Appendix to this report. It is our understanding that 

subsequent to the field exploration program, the proposed retaining wall was removed 

from the design and the existing slope (with geometry approximately 2.5H: IV) will 

remain. The Boring Logs are included in the Appendix to this report. 

Hillside between Filter Buildinrr and Clearwell 

A topsoil layer was encountered directly below the ground surface in Test Borings I004 

and 1005 in thicknesses of 4- and 6-inches1 respectively. Fill materials were 

encountered below the topsoil in Test Borings 1003, 1004, and 1005 in thicknesses of 

approximately 43.0, 39.7, and 16.5 feet, respectively. The material generally consisted 

of mixed brown and gray, moist to very moist, soft to stiff silty clay with shale and 

limestone floaters and fragments. Zones of mixed brown and gray, wet, loose, coarse 

sand and gravel (pea gravel) were noted in Test Borings 1004 and 1005. Natural 

moisture content testing on fourteen (14) jar samples yielded values ranging from 10.5 

percent to 24.6 percent, with an average value of about 19 percent. One undisturbed 

sample obtained between the depths of 3.0 to 5.0 feet in Test Boring 1004 classified as 

CL according to the USCS and exhibited a natural moisture content of 18.1 percent, a 

liquid limit (LL) of 45 percent, and a plasticity index (PI) of I 9  percent. Unconfined 
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compressive strength testing of the sample yielded a strength value of 6,220 pounds 

per square foot (ps9 and a natural dry density of 11 3.0 pounds per cubic foot (pd). 

An undisturbed soil material described as gray and blue-green, moist, medium stiff clay 

(lakebed clay) was encountered in Test Boring 1003 below the fill layer and above the 

top of the bedrock in a thickness of approximately 5.5 feet. One natural moisture 

content test yielded a value of 19.9 percent. 

A native soil material, silty clay with shale fragments, was encountered below the fill 

material and above the top of bedrock in Test Boring 1005 in a thickness of 
approximately 2.5 feet. One natural moisture content test yielded a value of 16.6 

percent. 

The top of the intermediate or moderately to slightly weathered bedrock zone was 

encountered in Test Borings 1003 through 1005 at depths of approximately 48.5, 40.0, 

and 19.5 feet, respectively. Moisture content testing on three (3) jar samples from the 

shale portion of the bedrock yielded values of 31.4, 8.7, and 14.3 percent. 

6.4 Valve Vau WSplitter BoxlEQ Discharae Headwall Structure 

No additional test borings were advanced in the areas of Valve Vaults 1 through 3 for 

this exploration due to the presence of numerous existing utility pipelines and the 

availability of information from nearby test borings advanced during previous 

explorations. Test Boring 4 from a subsurface exploration performed in 1987 was 

located less than 20 feet to the north of the proposed Valve Vault 3 location. This 

information was used along with the information from Test Boring 1005 to provide an 

indication of the subsurface conditions at the noted valve vault locations. In general, the 

ground surface is underlain by topsoil and medium stiff to stiff silty clay fill material 

overlying the interbedded shale and limestone bedrock. As noted in the previous 

section of this report, the bedrock was noted to be approximately 19.5 feet below the 

ground surface (approximate El. 753.9) in Test Boring 1005. The bedrock was noted to 

be approximately 15.0 feet below the ground surface (approximate El. 763.0) at the Test 

Boring 4 location (Thelen Project No. 87343). 
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The location of Valve Vault 4 is between Test Boring 301, advanced during a 

geotechnical exploration for the proposed Chorine Building in 1989 (Thelen Project No, 

89079), and Test Boring 13 advanced during the geotechnical exploration for the GAG 

Building in 2008. The information from these test borings indicates that the ground 

surface is underlain by silty clay or granular fill materials of variable consistency, 

overlying undisturbed native colluvial silty clay or interbedded shale and limestone 

bedrock. Remnants of the sandstone liner from the abandoned reservoir were detected 

at approximately 10.0 feet below ground surface in Test Boring 301. The bedrock 

surface was noted at approximately 10.5 feet below the ground surface (approximate El. 

768.9) in Test Boring 301 and at approximately 24.0 feet below the ground surface 

(approximate El. 753.9) in Test Boring 13. 

The proposed Splitter Box is located between Test Boring 204, advanced during the 

geotechnical exploration for the proposed ClarifierlFlocculator in 1989 (Thelen Project 

No. 89079E), and Test Boring 8 advanced during the geotechnical exploration for the 

GAG Building in 2008. Based on information from Test Borings 204 and 8, the bedrock 

surface varies from approximately 14.5 to 4.5 feet below the ground surface 

(approximate elevations 763.5 and 776.1), respectively. Medium stiff to stiff silty clay fill 

materials were encountered below the ground surface to the top of the interbedded 

shale and limestone bedrock. Remnants of the sandstone liner noted above were 

detected at approximately 9.5 feet below ground surface in Test Boring 204. 

Test Boring 1007 was advanced within the asphalt roadway at the approximate location 

of the EQ Discharge Headwall Structure. The pavement and subsurface material 

encountered are discussed in Section 6.5 of this report. The interbedded shale and 

limestone bedrock surface was encountered in this boring at approximately 1.9 feet 

below ground surface (approximate El. 803.1). 

6.5 
Test Borings 1006 through 1018 were advanced within the asphalt pavement along the 

perimeter road around the North and South Reservoirs and are depicted on the Boring 

Plan, Drawing O80978E-5, included in the Appendix to this report. These borings were 

North and South Reservoir Perimeter Roads 

I 
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performed in order to determine the condition of the existing asphalt pavement and 

subgrade for the reservoir road. Six-inch diameter thin walled core samples of the 

asphalt pavement section were obtained at each test boring location. 

The core samples obtained in Test Borings 1006 through 1018 ranged in thickness from 

approximately 2-inches (0.2 feet) to 8-inches (0.7 feet), with an average thickness of 

approximately 4 1/2 -inches (0.4 feet). During the site reconnaissance at the project site, 

the roadway surface exhibited longitudinal cracking and displacement at several 

locations along the pavement edges. Moderate alligator and stress cracking was 

evident on the pavement surface along the entire alignment. 

The pavement subgrade generally consisted of fill materials that were described as 

mixed brown, moist, medium stiff to very stiff, silty clay with shale and limestone 

fragments and occasional floaters. The pavement subgrade in Test Boring 1007 

consisted of mixed brown, slightly moist, loose to medium dense sand and gravel. We 

interpret this material to be utility backfill from a nearby pipe pointed out by facility 

personnel during the drilling. Moisture content testing of seventeen (17) jar samples of 

the cohesive fill materials yielded results ranging from 5.9 to 25.1 percent, with an 

average moisture content of about 14 percent. 

Medium stiff to very stiff undisturbed native soil materials or moderately to highly 

weathered interbedded shale and limestone bedrock were encountered below the fill in 

Test Borings 1012, 1015, and 1016 at depths of 0.8, 1.8, and 1.8 feet, respectively. The 

native soils were encountered directly below the asphalt pavement in Test Boring 1010, 

The native soils were generally described as brown, moist, silty clay with shale and 

limestone fragments. Moisture content testing on five (5) representative jar samples 

yielded results ranging from 19.5 to 28.1 percent, with an average moisture content 

value of about 24 percent. 

The surface of the moderately to highly weathered interbedded shale and limestone 

bedrock was encountered below the fill in Test Borings 1006, 1007, and 1008 at depths 
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of 1.7, I .9, and 1.3 feet, respectively. Moisture content testing on three (3) jar samples 

yielded moisture content values of 16.9, 18.7, and 19.2 percent. 

7.0 GROUNDWATER 

Based on our local experience, groundwater seepage can occur at the f i l l  soihative soil 

interface, at the native soil/bedrock interface, and along limestone layers within the 

bedrock. Groundwater was measured in test boring 1001 at 5.9 feet below ground 

surface during the drilling process, and at 4.8 feet approximately 23 hours after the 

completion of drilling. Additionally, groundwater was noted in Test Boring 1004 at 

approximately 30.0 feet below ground surface during drilling, 31.4 feet at the completion 

of drilling, and 29.5 feet about 29 hours after the completion of drilling. A consistent 

groundwater table was not identified within the test borings. In our opinion, isolated 

seepage zones were encountered, which is typical for the bedrock profile, and indicative 

of the groundwater springs that have periodically been noted by NKWD personnel. 

There may be seasonal fluctuations of the groundwater table based on temperatures 

andtor precipitation amounts. Individual groundwater readings can be found at the 

bottoms of the test boring logs in the Appendix to this report. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

8.1 General 
Based upon the test borings, a visual examination of the samples, the laboratory tests, 

our understanding of the proposed construction, and our experience as Consulting Soil 

and Foundation Engineers in the Northern Kentucky Area, we have reached the 

conclusions and make the recommendations in this report. 

If conditions are encountered in the field during construction that vary from the facts of 

this report, we recommend that our offme be contacted immediately to review the 

changed conditions in the field and make appropriate recommendations. 

The scope of our services did not include any environmental assessment or 

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

the soil, bedrock, surface water, groundwater or air, on or below or around this site. 
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We have performed the test borings and laboratory tests for our evaluation of the site 

conditions and for the formulation of the conclusions and recommendations of this 

report. We assume no responsibility for the interpretation or extrapolation of the data by 

others. 

The earthwork recommendations of this report presume that an Engineering Technician 

under the direction of a Registered Professional Engineer will monitor the earthwork 

continuously. We recommend that the Owner contract these services directly with 

Thelen Associates, Inc. 

We recommend that a preconstruction meeting be held at the site with the Owner's 

representative(s), the Design Engineer, the Project Structural Engineer, the General 

Contractor, the Excavating Contractor, the Geotechnical Engineer and any other 

interested parties to review the scope and schedule of the proposed earthwork and 

foundation installation. 

8.2 Entrance Gate Pavement Expansion 

As noted previously, it is our understanding that cuts of up to about 3 feet will be 

required to achieve grade on the proposed slope from the laboratory building to the 

edge of the widened pavement. These excavations will extend through thin deposits of 

stiff to very stiff fill materials and into the moderately to slightly weathered interbedded 

shale and limestone bedrock. We anticipate that conventional track-mounted 

excavation equipment will be able to readily excavate the existing fill and bedrock 

materials in this area. Small fills of up to 1 foot will be required to achieve grade at the 

bottom of the slope closest to the entrance gate. 

The proposed cut and fill areas in this area should be cleared of all existing trees and/or 

vegetation. The vegetation and heavy root system (and all topsoil) should be stripped. 

The vegetation should be wasted off site. The topsoil can be stockpiled for re-use in 

grassy or landscaped areas. 
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After clearing and stripping operations are complete, we recommend that areas to be 

considered for new pavements of any kind should be proofrolled with a heavily loaded 

piece of equipment under review of the Project Geotechnical Engineer or his 

representative. Any soft or yielding surfaces detected during the proofroll should be 

undercut to firm, non-yielding soils or bedrock. The bottom of all undercuts and other 

approved subgrade surfaces should then be compacted to at least 95 percent of the 

standard Proctor maximum dry density, ASTM D698, prior to filling. 

The contract documents should be clear about payment to the Contractor regarding 

undercuts. If undercutting is not part of the lump sum base bid, then the contract should 

include the unit prices for those items, and arrangements should be made for 

documenting the volume of undercuts during construction. 

The existing clean, clayey fill soils or moderately to highly weathered shale and 

limestone bedrock should be suitable for use as new compacted fills. If off-site borrow 

soils are to be used as a source of fill material, they should be reviewed by the Project 

Geotechnical Engineer or his representative prior to their use. All fill soils should be 

relatively free of topsoil, construction or demolition debris, asphalt, trash, or other 

deleterious materials. 

We recommend that all new fill soils in paved or yard areas consist of on-site, clean, 

low-plasticity, cohesive soils relatively f ree  of topsoil, vegetation, trash, construction or 
demolition debris, organic soils, frozen materials, particles more than 2 inches 

maximum diameter or other deleterious materials. The plasticity index of the fill soils 

should be 24 percent or less. The fill soils may be silty clays from on-site cuts that meet 

these criteria, or the moderately to highly weathered shales from the cuts, provided that 

they are pulverized to a soil-like consistency, meet the previously mentioned plasticity 

requirements, and are moisture-conditioned the same as a soil fill. New fills should be 

placed on the prepared surfaces in shallow horizontal layers, 6 to 8 inches in loose 

thickness. The fill should be compacted to at least 95 percent of the maximum dry 

density determined by the standard Proctor moisture-density test, ASTM D698. The 

moisture content of the fill at the time of compaction should be maintained within 2 
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percent below to 3 percent above the optimum moisture content. Soils within 12 inches 

of pavement subgrade elevation should be moisture conditioned to within two percent of 

the optimum moisture content and compacted to densities not less than I00  percent of 

the standard Proctor maximum dry density, ASTM D698, immediately prior to placing 

the pavement. 

Fill on sloping terrain should be placed and compacted on successive horizontal 

benches that begin at the toe of the fill slope. The horizontal benches should be cut at 

least 2 feet deep below the existing ground surface, and deeper as necessary to satisfy 

the undercut and proofroll recommendations provided above. 

We recommend that edge drains be incorporated into the pavement design as shown 

on the Edge Drain Detail, Drawing 080978E-7, included the Appendix to this report. 

All areas disturbed during the proposed construction should be seeded, mulched or 

paved as soon as practical after construction so as to minimize surface erosion. During 

construction, straw bales or silt fences should be staked across areas of concentrated 

runoff to minimize the washing of silt onto adjacent properties, drainage swales, or 

storm sewers. 

Experience has found that the optimum season of the year for earthwork in the Northern 

Kentucky Area is during the months of June through October because of the historically 

more favorable weather conditions during that period. If construction is to be performed 

during the winter or early spring months, care should be taken so that no concrete, 

asphalt, or new fills are placed over frozen or saturated soils. Additionally, frozen or 

saturated soils should not be used for compacted fill or backfill. 

8.3 
As noted in Section 2.0 of this report, the preliminary designs available prior to the field 

exploration indicated that a proposed retaining wall, roughly 130 feet in length, was to 

be constructed on the hillside between the existing Filter Building and the round covered 

Clearwell structure. This structure was eliminated with subsequent design revisions and 

Hillside between Filter Building and Clearwell 

16 



we understand that the existing slope geometry will not change. It is our understanding 

that a 36-inch diameter ductile iron GAC Influent Pipe will be constructed along this 

slope about 30 feet from and parallel to the existing Filter Building. The existing slope 

geometry is approximately 2.5H:lV. We did not observe any scarps, soil creep, ground 

cracking, or other signs of instability during the site reconnaissance. 

The proposed pipeline can be installed through this sloping area in a stable manner, 

provided that measures are taken to support the slope and trench while the pipe is 

installed, and provided that the trench backfill is placed as a structural fill so that the 

ground is restored to a condition equal to, or better than currently exists. We 

recommend that the pipeline backfill consist of controlled low-strength concrete 

(flowable fill) exhibiting a 28-day compressive strength between 30 and 100 pounds per 

square inch (psi). Further, we recommend that the flowable fill be limited to 6-inches 

above the pipe, and completion of the backfill up to the ground surface should use well 

compacted lean clay soils. 

We recommend that the Contractor be responsible for providing trench support along 

the length of the hillside during utility construction to maintain the stability of the slope. 

Structure and utility backfilling recommendations are provided in Section 8.6 of this 

report. 

8.4 

In our opinion, the valve vaults and the splitter box can be supported on reinforced 

concrete mat foundations bearing on the medium stiff to stiff existing fill soils, stiff native 

clays, or bedrock. If soft fill soils or soft native soils are encountered at mat foundation 

bearing level, these soft soils should be removed to expose medium stiff to stiff fill soils, 

stiff native soils or bedrock, and replaced with lean concrete exhibiting a 28-day 

compressive strength of at least 1500 psi. The mat foundations can be designed for a 

maximum allowable bearing capacity of 2000 pounds per square foot (psf). The 

weights of the valve vaults and splitter box are expected to be less than the weight of 

soil that is excavated to construct them, so settlements of the valve vaults and splitter 

box are expected to be very small. 

Valve VaultsISplitaer Box! EQ Discharge Headwall Structure 
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It is our understanding that the foundations for the EQ Discharge t-feadwall Structure will 

bear at approximate elevation 795.0 feet. We recommend that the foundation for this 

headwall bear on the bedrock. It should be noted that the ground surface slopes down 

from the roadway toward the reservoir bottom. We anticipate that the foundation 

excavation will encounter bedrock closer to the reservoir road; however, fill materials 

may be encountered in the foundation excavation farthest from the road. These fill 

materials should be undercut to the top of the underlying shale and limestone bedrock 

and replaced with 1500 psi lean concrete as noted above. 

We recommend that all bearing surfaces be covered with a thin concrete "mud mat" to 

protect the soils and bedrock from excessive wetting or drying and disturbance related 

to construction of reinforcing steel. The "mud mat" concrete should have a 28-day 

compressive strength of at least 1500 psi. Prior to placing any concrete "mud mat", 

reinforcing steel or foundation concrete, the bearing surfaces should be cleaned of all 

loose, wet or otherwise disturbed material to expose firm, intact, medium stiff to stiff soil 

or bedrock. Intact limestone encountered at subgrade elevations may remain in place 

provided that it can be determined that the limestone has not been disturbed and that 

the surrounding shales have not softened due to prior groundwater seepage. Disturbed 

pieces of limestone and water softened soils and shales should be removed from the 

bearing surfaces before the "mud mat" is placed. We recommend that the bearing 

surfaces be reviewed by the Project Geotechnical Engineer or his representative before 

the "mud mat" is placed to determine that the bearing materials and bearing surfaces 

are consistent with the recommendations in this report and the intent of the design. 

In our opinion, the excavations through the clayey soils and into the bedrock (as 

needed) can be made with traditional track mounted excavating equipment. The 

Contractor should select a method of excavation that will protect nearby structures and 

infrastructure from vibration damage or other damage that may be caused during 

excavation. 

We recommend that the Contractor be responsible for the stability and safety of all 

excavations, and should exercise all necessary caution to shore, slope, brace or 
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otherwise maintain stable and safe excavations to protect workers in the excavations as 

well as people and property adjacent to, above, and upslope of excavations. All 
Federal, State and Local safety regulations should be satisfied. 

As noted above, all areas disturbed during the proposed construction should be seeded, 

mulched or paved as soon as practical after construction so as to minimize surface 

erosion. During construction, straw bales or silt fences should be staked across areas 

of concentrated runoff to minimize the washing of silt onto adjacent properties, drainage 

swales, or storm sewers. 

8.5 

As noted in Section 2.0 of this report, the construction of the proposed GAC Suilding 

and associated structure and pipeline construction will result in increased traffic on the 

main access road from Alexandria Pike. The Design Team has proposed allowing 

passenger cars and light pickup trucks as well as fork trucks and/or front-end loaders 

use of this road as an alternative access to the plant and to potential lay down areas 

during construction of the plant facilities. The existing asphalt pavement perimeter 

roads around the north and south reservoirs currently handle very limited traffic, on the 

order of one car or pickup truck per day. Gated access points exist at the end of the 

loop roads for both the north and south reservoirs. The existing roads roughly total 

4,700 feet in length, excluding the areas across the earthen reservoir dams, and vary in 

width from about 11 to 12 feet. The current conditions of the pavement and subgrade 

have been evaluated to determine the potential damage caused by the increase in 

traffic. The North and South Reservoir Perimeter Roads are shown on the Boring Plan, 

Drawing 080978E-5 included in the Appendix to this report. 

North and South Reservoir Perimeter Roads 

It is our understanding that daily traffic consisting of about 80 passenger car and pickup 

truck vehicle trips as well as an occasional fork truck or front-end loader may utilize the 

roadway each day, seven days per week during the construction period. We further 

understand that the construction period will be approximately two years. To determine 

the ability of the existing pavement to handle the increase in traffic, we must first 
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determine the accumulated number of 18-kip single axle load applications, defined as 

Equivalent Axle Loads (EAL’s) for the roadways in question. 

For modeling purposes, we estimated front and rear 2-kip single axle loads for 

passenger cars. For unloaded (non construction) pickup trucks, we estimated 2-kip 

single axle loads for the front and 4-kip single axle loads for the rear. For loaded 

pneumatic rubber tired fork truck or front-end loaders we estimated 18-kip single axle 

loads for the front and 12-kip single axle loads for the rear. 

Pavement design analyses in this report used the Pavement Analysis Software program 

(version 3.0, 1988) developed by Mr. Thomas P. Hartman and based on the American 

Association of State Highway and Transportation Officials (AASHTO) “Guide for the 

Design of Pavement Structures” manual (1986). Based on the results of the field 

exploration, we have estimated a California Bearing Ratio (CBR) value of 3 for the stiff 

silty ctay subgrade materials. The subgrade resilient modulus (M,) of this material is 

related to the CBR and is estimated to be approximately 4500 psi. 

The selected design thickness (T,) of the existing pavement is approximately 3.5 

inches, and the existing pavement has some longitudinal, alligator and stress cracking. 

An Asphalt Institute conversion factor (Cf) of 0.8, based on the type and condition of the 

existing pavement, was used to determine the effective design thickness (ET,) of the 

existing pavement as shown below: 

Where: 

Effective Thickness of Existing Pavement = ET, = 2.8 inches 

Thickness of Existing Pavement = T, = 3.5 inches 

Conversion Factor = Cf = 0.8 

The pavement Structural Number (SN) was determined using the effective pavement 

thickness as well as the layer and drainage coefficients as follows: 
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SN = ai x Cd x ET, 

Where: 

SN = Structural Number = 1 . I2  

ai = Layer Coefficient = 0.4 

Cd = Drainage Coefficient = 1.0 

Additional parameters used in the pavement evaluation are the initial and terminal 

serviceability (Pi and Pt, respectively), which are based on a numerical rating of the 

existing pavement condition and the condition of the pavement at the end of its design 

life prior to resurfacing. Other parameters used are the Reliability (R) and Overall 

Deviation (D). Values for these parameters used are shown below: 

Pi = Initial Serviceability = 3.5 

Pt = Terminal Serviceabillty = 2.0 

R = Reliability = 65 (low priority, local, urban street) 

D = Overall Deviation = 0.45 (flexible pavement) 

The use of these design parameters yields a capacity of 1,200 EAL’s. Based on the 

traffic mix and wheel loads noted above, the existing pavement can service 60 

passenger car trips and 20 pickup truck trips per day for 20 years with reasonable and 

normal maintenance, but the addition of as little as two (2) fork truck trips per day during 

the 2 year construction period would take the existing pavement to its terminal 

serviceability, and would necessitate overlays or repairs for the pavement to provide 

service for the normal passenger cars and light trucks during the years following the 

GAG Building construction. In our opinion, there are two options available to the Design 

Team for the reservoir perimeter roads: 

option 7 

Use the perimeter roads to handle overflow passenger car and light pickup truck (but no 

construction vehicle) traffic for the 2-year construction period, and then have the 
I 
I 
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pavement remain structurally serviceable for normal passenger car and light pickup 

truck traffic to the end of a 20-year design life with normal and reasonable maintenance. 

option 2 

Using the perimeter roads to handle overflow passenger car and pickup truck traffic plus 

front-end loaderlfork-truck traffic during the construction period will require an asphalt 

overlay of between 1 and 2 inches, depending on the type and frequency of traffic 

anticipated. For example: If a I-inch asphalt pavement overlay is added to the existing 

pavement, it would increase the design capacity to roughly 6,000 EAL’s, allowing up to 

6 front-end loaderlfork truck trips per day during the two (2) year construction period. 

These trips would be in addition to the 80-passenger car and pickup truck trips daily. If 

a 2-inch asphalt overlay were added, it would allow for up to 20 front-end loaderlfork 

truck trips per day during the two (2) year construction period. 

It should be noted that the existing pavement was only 2 inches thick in one (I) of the 

thirteen (1 3) borings (TB #I 009) made around the reservoirs. This one “thin” pavement 

section did not warrant assuming that the existing pavement was only 2 inches thick in 

the analysis of the pavement, but it does indicate that there are isolated “thin” pavement 

sections that may fail under the discussed traffic, and will require localized repairs. 

It also should be noted that this pavement analysis did not include the pavement across 

the dams. This analysis assumes that traffic across the dams will be prohibited. The 

dams and their pavements are being evaluated in a separate study, and will be reported 

under separate cover. 

8.6 

All foundation excavations within the areas described in this report should be backfilled 

with compacted and tested lean clay fill with a plasticity index of 24 or less, or with lean 

concrete backfill with a minimum 28-day compressive strength of 1,500 psi. Clay 

backfill layers should be placed in shallow level layers, 6 to 8 inches in thickness, and 

compacted to a density not less than 95 percent of the standard Proctor maximum dry 

density (ASTM 0698). All clayey soil materials used as backfill should be moisture 

Structure and Utility Backfill Materials 
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conditioned to within a range of 2 percent below to 3 percent above the optimum 

moisture content for compaction. The type and weight of compaction equipment should 

be carefully selected so as to achieve the compaction while not overstressing structure 

walls, If a drainage system will be used, we recommend that free-draining granular 

backfill with a compacted clay surface cap be used above the drain level and lean 

concrete backfill be used below drain level. 

Normal and recommended utility construction practice is to bed and backfill pipes with 

granular fill to at least &inches above the crown of the pipe, and then complete the 

backfilling up to ground surface with well-compacted clay soils. Compaction of trench 

backfill to a moist, firm, dense condition is important for all pipelines. We recommend 

that all pipeline backfill for this project be placed in shallow level layers, 6 to 8 inches in 

thickness, and compacted to densities not less than 95 percent of the standard Proctor 

maximum dry density (ASTM D698). We recommend that pipe trench granular backfill 

be limited to pipe bedding and to &inches above the pipe, except where those pipes are 

within free-draining granular backfill for a structure. All granular backfill should be 

compacted to at least 75 percent relative density, per ASTM 04253 and D4254. Under 

no circumstances should any backfill be flushed to obtain compaction, 

The excavations for all utilityfpipe trenches must be made in a manner that provides for 

the safety of workers in the excavations and protects existing ground, structures, and 

infrastructure adjacent to the excavations from damage. The excavations should be 

braced, shored, sloped, or otherwise stabilized in a manner that satisfies all safety 

concerns and all federal, state, and local regulations. The responsibility of maintaining 

safe working conditions in the excavations and for protecting ground, structures, and 

infrastructure adjacent to the excavations should be the Contractors. Additionally, the 

Contractor should be responsible for maintaining the stability of all existing utilities 

during the installation of utility/pipelines. 

8.7 

The below-grade structure walls should be designed to accommodate at-rest 

earth pressures plus all applicable ground surface surcharges. The magnitude 

Lateral Earth Pressures and Buovancv 

lateral 

of the 
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lateral earth and water pressures will depend on the type of backfill material, and 

whether or not a drainage system with a permanent drainage outlet is provided around 

the below-grade portions of the structures. 

The lowest design lateral earth pressures will result if a drainage system is provided 

around the structures. If a drainage system is utilized, the system should consist of a 

minimum 12-inch wide zone of free-draining granular backfill with less than three (3) 

percent particle sizes passing the No. 200 sieve. The free-draining granular backfill 

should be separated from the compacted clay cap and from the shale and limestone 

bedrock with a non-woven geotextile filter fabric, such as Mirafi 140N, specifically 

designed for filtration. The drainage system should have a perforated drainpipe with a 

permanent outlet. 

The recommended design lateral earth pressures depend on whether or not a drainage 

system is provided. If a drainage system is provided, we recommend using a drained 

Equivalent Fluid Weight (EFW) of 57 pounds per cubic foot (pc9 from the ground 

surFace down to the bottom of the drainage system. All foundation walls below the level 

of the drain system should be backfilled with lean concrete as noted in Section 8.6 

above. Granular backfill should not be used as backfill in these areas. We recommend 

using an undrained EFW of 62.4 pcf for backfill to the bottom of the foundations. 

However, the height of the lifts of lean concrete backfill should be limited so that the 

capacity of the wall is not exceeded while the lean concrete fill is fluid. We recommend 

that the below-grade walls with no drainage system be designed using an undrained 

ERN of 100 pcf from the ground surface down to the bottom of the foundation. It should 

be noted that these EFW values provided are for the "at-rest" condition, and assume the 

tops of the structure walls are restrained and are not free to deflect. Additionally, please 

note that the undrained EFW values include fluid pressure. 

The structure should be designed to resist buoyant uplift forces, assuming that water 

can build up around the structure to the level of the drain system. The resistance to 

uplift should be provided by a combination of the dead weight of the structure, dead 

weight of any soil/concrete backfill atop foundation projections beyond the structure 
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walls, frictional resistance around the perimeter of the structure and/or tie-down 

anchors. 

The frictional resistance around the perimeter can be estimated with an ultimate friction 

factor of 0.3 for select granular backfill above any drain level and an ultimate adhesion 

factor of 500 psf for clayey soil backfill if a drain is not used. An adequate factor of 

safety should be applied to this ultimate friction factorladhesion value. 

Tie-down anchors with bond zones in the unweathered bedrock beneath the structure 

could be designed for an allowable anchor bond stress of 25 pounds per square inch 

(psi) between the anchor grout and the bedrock, provided the design anchor capacities 

are confirmed by performance and proof-load testing during construction. The 

performance and proof-load testing should be in accordance with Post-Tensioning 

Institute criteria or other approved industry standards. The performance and proof-load 

testing procedures should be clearly outlined in the project specifications. 

8.8 Pavements 

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 CBR or plate load tests after final grading is completed or 

by the correlation of field density tests to laboratory CBR tests. In each case, we 

recommend that the upper 12 inches of subgrade be compacted within 2 percent of 

optimum moisture content to at least 100 percent of maximum density as determined by 

the standard Proctor moisture-density test, ASTM D698. 

We recommend that if a dumpster will be used at the project site, the dumpster should 

be supported on a concrete slab and the slab should be sized to accommodate the 

loading wheels of the dumpster truck. In addition, pavements servicing dumpsters 

should be designed for the heavier loads associated with the dumpster trucks. 

I 

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 
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unpaved areas. Such 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 longitudinal gradient that causes the 

ditches to drain rapidly and not pond water. If these criteria cannot be met, 

consideration should be given to incorporating edge drains into the pavement design. 

The off-site disposal of the excavated material for this project will result in a larger-than- 

normal amount of construction truck traffic on the existing FTTP access road. This 

should be taken into consideration in the assessment of potential damage to the 

existing road during construction of the GAC Building. 

9.0 CLOSURE 

The conclusions and recommendations of this report have been derived by relating the 

general principles of the discipline of Geotechnical Engineering to the proposed 

construction outlined by the Project Characteristics section of this report. Because 

changes in surface, subsurface, climatic, and economic conditions can occur with time 

and location, we recommend for our mutual interest that the use of this report be 

restricted to this specific project. 

Our understanding of the proposed design and construction is based on the documents 

and information provided to us at the time this report was prepared and which are 

referenced in the Project Description section of this report. We recommend that our 

office be retained to review the final design documents, plans, and specifications to 

assess any impact changes, additions or revisions in these documents may have on the 

conclusions and recommendations of this Geotechnical Report. Any changes or 

modifications that are made in the field during the construction phase, which alter site 

grading, structure locations, infrastructure or other related site work should also be 

reviewed by our office prior to their implementation. 

Recommendations have been provided in the various sections of this report. The report 

shall, therefore, be used in its entirety. The Designer should see that all parties have 
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the entire report with all possible supplementary information for their respective use and 

that they understand the intent of the contents. This report is not a bidding document 

and shall not be used for that purpose. Anyone reviewing this report must interpret and 

draw conclusions regarding specific construction techniques and methods each 

chooses to use. 
I 
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APPENDIX 

ASFE Report Information 

Tabulation of Laboratory Tests 

Unconfined Compressive Strength Test Form - Soil 

Test Boring Logs, 080978E 

Test Boring Logs, 87343E, 89079E, 980640E, and 990146E 

Soil Classification Sheet 

Rock Weathering and Strength Classification Sheet 

Edge Drain Detail, Drawing 080978E-7 

Boring Plan, Drawing 08097815-5 (In Pocket) 

Boring Plan Detail, Drawing 080978E-6 (In Pocket) 
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Geotechnical Services Are Perfwlmed for 
Specilic Purposes, Persons, and P r e c t s  
Geotechnical engineers structure their sewices to meet the specific needs of 
their clients. A geotechnical engineering study conducted for a civil engi- 
neer may not fulfill the needs of a construction contractor or even another 
civil engineer. Because each geotechnical engineering study is unique, each 
geotechnical engineering report is unique, prepared soMyfor the client. No 
one except you should rely on your geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it. And no one 
- not even you - should apply the report for any purpose or project 
except the one originally contemplated. 

wead ort 
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. 

A Qteotechnical Engineering Re o r t  Is Based on 
A ullque Set of Pr@ct-Spe dtp c Factors 
Geotechnical engineers consider a number of unique, project-specific fac- 
tors when establishing the scope of a study. Typical factors include: the 
client's goals, objectives, and risk management preferences; the general 
riature 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 oth- 
erwise, do not rely on a geotechnical engineering report that was: 

not prepared for you, 
a not prepared for your project, 

not prepared for the specific site explored, or 
0 completed before important project changes were made. 

Typical changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
0 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, 

0 elevation, configuration, location, orientation, or weight of the 
proposed structure, 
composition of the design team, or 

0 project ownership. 

As a general rule, always inform your geotechnical engineer of project 
changes-even minor ones--and request an assessnient of their impact 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their reports do nul consider develupmenLs of which 
they wre  not informed. 

A geotechnical engineering report is based on conditions that existed at 
the time the study was performed. Do not rekun a geofechnical engineer- 
ing @portwhose adequacy may have been affected by: the passage of 
time; by man-made events, such as construction on or adjacent to the site; 
or by natural events, such as floods, earthquakes, or groundwater fluctua- 
tions. Always contact the geotechnical engineer before applying the report 
to determine if it is still reliable. A minor amount of additional testing or 
analysis could prevent major problems. 

Most Geotechnical Fiin ings Are Proti! 
Opirriona 
Site exploration identifies subsurface conditions only at those points where 
subsurface tests are conducted OJ samples are taken. Geotechnical engi- 
neers 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 diff er-sometimes significantly- 
from those indicated in your report Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most efiective method of managing the risks associated with unanticipated 
conditions. 

A Report's R ~ ~ ~ e n d a ~ o n s  Rre lviot Final 
Do not overrely on the construction recornmendations included in your 
report. Those recommendations are not final, because geotechnical enyi- 
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 



f l  

subsurface conditions revealed during construction. The geotechnical 
engineer who deveioped your report cannot assume responsibilify or 
liabiiify for the report's recommendations if that engineer does not perform 
conslruction obsenlatiofl. 

A Geotwhnical En 
Misinterprmon 
Other design team members' misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your geo- 
technical engineer confer with appropriate members of the design team afler 
submitting the report. Also retain your geotechnical engineer to review perti- 
nent elements of the design team's plans and specifications. Contractors can 
also misinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

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 
thaf separathg logs from the report can elevate risk. 

Do Not Redraw the mineer's logs 

We Gonlractors a Complete Report and 
Guidance 
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con- 
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors 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 repolt (a modest fee may be required) andlor to 
conduct additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. &sure confrac- 
tors havesufficientlimeto perform additional study. Only then might you 
be in a position to give contractors 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 contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci- 
plines. This lack of understanding has created unrealistic expectations that 

have led to disappaintments, 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' responsi- 
bilities begin and end, to help others recognize their own responsibilities 
and risks. Read these provisions dose& Ask questions. Your geotechnical 
engineer should respond fully and frankly, 

The equipment, iechniques, and personnel used to perform a geuenvirun- 
menlalstudy differ significantly from those used to perform a geofechniwl 
study. For that reason, a geotechnical engineering report does not usually 
relate any geoenvironmental findings, conclusions, or recommendations; 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants, Unanticipated environmenial problems have led 
to numerous projecthikfres. If you have not yet obtained your own geoen- 
vironmental information, ask your geotechnical consultant for risk man- 
agement guidance. Do nul rely on an environmental report prepared for 
someone else. 

Geoenvironmental Concerns Are Not Covered 

ObtW Professional A~~i8ttinCe To Deal wiU~ 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 com- 
prehensive pian, 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, a num- 
ber of 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 &e services per- 
formed in connection with the geotechnical enginm's study 
were designed or conducted for &e purpose of mold prewen- 
fion. Proper implementation of the fecummendafions conveyed 
in fhis report will not of itself be sufficienf to prevent mold from 
growing in or on the stnrcture involved. 

Rely: on Your AWE-Member GPnrtechncial 
Engineer for Additional Assistance 
Membership in ASFEFHE BEST PEOPLE ON EARTH exposes geotechnical 
engineers to a wide array of risk management techniques that can be of 
genuine benefit for everyone involved with a construction project. Confer 
with your ASFE-member geotechnical engineer for more information. 

T t t  B E S T  P E I I F l E  B N  E I l T N  

8811 Colesville RoadiSuite G106, Silver Spring, MD 20910 
Telephone: 301/565-2733 Facsimile" 301/569-2017 

e-mail. info@asfe.org w.asfe.org 

Copyright 2004 by ASFE, Inc Duplication, reproduction, or copying of this document, in who/e or in pari, by any means whatsoever; is strictly prohibited, except Wth ASFE's 
specific wrlften permission. Excerpting, quoting, or otherwise Mracting wonling from this document is permitted on& with the express written permission of ASE, and only for 

purposes of scholarly research or book review. Only members of ASFE may use this document as a complement fo or as an element of a geotechnical engineering report Any other 
f im,  indindud, or other entity that so uses this document without being an ASE member could be commiting negligent or intentional (fraudulent) misrepresentation. 
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Geotechnical * Testing Engineers 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-9408 

www. thelenassoc.com 

-. Offices - 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOIL, ASTM - D2166 
UNIT WEIGHT AND NATURAL MOISTURE 

CLIENT : CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment GAC, R T P  Addendum 1 
LOCATION: Fort thomas, Kentucky 

PROJECT NUMBER: 080978E 
BORING NO.: 1004 SAMPLE NUMBER PT-2 DEPTH {ft.): 3.5-3.6 

SAMPLE DESCRIPTION: Mixed brown trace gray moist stiff to very stlff FILL, silty clay, soime shale and limestone floaters 

SAMPLE OBTAINED BY: Shelby Tube CONDITION: Undisturbed DATE: 911 1MO09 

NATURAL UNIT WEIGHT 
AVERAGE DIAMETER (in.) 
HEIGHT (in.) 
HEIGHT TO DIAMETER RATIO 
AVERAGEAREA{sq.ft.) 

WET WEIGHT (lbs.) 
DRY WEIGHT (Ibs.) 
DRY DENSITY (pcf) 

VOLUME (cu. ft.) 

- 
2.83 
5.23 
I .85 

0.0437 
0.0791 
2.54 
2.15 
113.0 

PROVING RING NO.: 22714 

FAILURE SHAPE WATER CONTENT AFTER SHEAR - CAN NUMBER A-1 2 
WET WEIGHT + CAN (Ibs.) 3.45 
DRY WEIGHT + CAN (Ibs.) 3.06 
WEIGHT WATER (Ibs.) 0.39 

WEIGHT SOLID (Ibs.) 2.15 
MOISTURE (56) 18.1 

WEIGHT CAN (lbs.) 0.91 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 
Sfraln (%) 

WERAGE R A E  OF STRAIN TO FAILURE (%/rnin.) 

JNCONFINED COMPRESSNE STRENGTH (psf) 6,220 
;HEAR STRENGTH (psf) 3,110 

1.0 
$TRAIN AT FAILURE (%) 9.1 

REMARKS : 

http://thelenassoc.com
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Geotechnical * Testing Engineers Offices 

0 1398 Cox Avenue, Erlanger, Kentucky 4101 8-1002 / 859-746-9400 / Fax 859-746-9408 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

ELEV. 

753.2 

752.7 

752.1 

750.6 

746.2 

744.2 

I-- 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING# loo' 

I 

PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: AS shown or1 Boring Plan, Drawing 080978E-5 

# 080978E 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSFY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

I ASPHALT (6 inches) 

Mixed brown moist loose FILL, fine to coarse clayey sand, 

CONCRETE (7 inches) 

trace gravel. 

lnterbedded brown to olive brown and gray moist soft 
weathered SHALE and gray hard LIMESTONE (bedrock). 1 
lnterbedded gray, trace brown moist soft moderately 
weathred SHALE and gray hard LIMESTONE (bedrock). 

Bottom of test boring at 9.0 feet. 

3 - - 

- 

Notes: I. AuQered through concrete 

prior to final water reading. 
2. Surface water from rain event entered boring 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

Surf. Elev. 753.2 - ft. HammerDrop 30 in. Rock Core Dia. 

Date Started 8/19/09 Pipe Size 0.D. 2 in Boring Method 

- 
iTRATA 
3EPTH 
lee( 

0.5 xi 
2.6 - 

7.0 

9.0 

- 

- 

1EfTH 
SCALE SAMPLE 

ElWSlG' 

21413 

711 2/19 

19/23/50 

I 5/39/81 

- 
No. 
__. 

1 

2 

3 

4 

- 
YPe 
c_ 

IS 

IS 

IS 

IS 

Rec. 
Iches - 

9 

16 

18 

15 

JS I TD-2 8 in. Foreman I 

_- in. Engineer LJC I 

3-114" HSA Date Completed 8/19/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD I 

D -DISINTEGRATED US ~ DRIVEN SPLIT SPOON FIRST NOTED 
1 -INTACT PT - PRESSED SHELBY TUBE u -UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 73 h6.  
L -LOST RC -ROCKCORE BACKFILLED 73 h r s .  MD - MUD DRILLING 

ft. 

ft. DC -DRIVING CASING 

HSA - HOLLOW STEM AUGERS 
AT COMPLETION ft. CFA - CONTINUOUS FLIGHT AUGERS 

1 * I 
STANDARD PENETRATION TEST - DRIVING 2" 0.D SAMPLER 1' WITH 140# HAMMER FALLING 30'; COUNT MADE AT6" INTERVALS 

http://theienassoc.com
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Geotechnical 0 Testing Engineers Offices 

0 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-9408 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING # ‘ Oo2 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

# 080978E 

ELEV. 

763.7 

763.4 

761.7 

752.7 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

TOPSOIL (4 inches) / 
Mixed brown moist stiff FILL, silty clay, some limestone and 
shale fragments. - 

lnterbedded brown moist soft moderately weathered SHALE 
and gray hard LIMESTONE (bedrock). 

Bottom of test boring at 1 1 .O feet. 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

Surf. Elev. 763.7 ft. HamrnerDrop 30 in. Rock Core Dia. 

Date Started 8/19/09 Pipe Size O.D. 2 in. BorlngMethocl 

- 
TRATA 
EPTH 
f d  

0.3 

2.0 

- 
- 

11.0 - 

SAMPLE 
IEPTH 

BIOWS/B” 

3/4/4 

5013” 

36l5016” 

3315016” 

2617216” 

- 
YO. - 
IA 
IB 

2 

3 

4 

5 

Rec. 
?ches 

15 
- 

3 

I 

10 

12 

8 in. Foreman JS / TD-2 -___ 
-- in Engineer LJC 

3-1 14” HSA Date Completed 811 9/09 

BORING METHOD SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH 
5 - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE 
U - UNDISTURBED 
L -LOST RC -ROCKCORE 
STANDARD PENETRATION TEST - DRlVlNG 2’ OD, SAMPLER 1’ WITH 140# HAMMER FALLING 30’: COUNT MADE AT 6” INTERVALS 

CA -CONTINUOUS FLIGHT AUGER 

http://www.ihe/enassoc.com
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Cond 

1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I fax  859-746-9408 

BlowdG' 

Offices 
Erlanger, Kentucky 
Cincinnati, Ohio 1 

Dayton, Ohio I , 

LOG OF TEST BOFUNG 
I 

CLIENT: CH2M Hill BOXING # IOo3 Of *) 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky JOB # 080978E 
LOCATION OF BORING: A s  shown on Boring Plan, Drawing 080978E-5 

ELW. 

776.6 

774.6 

772.1 

769.6 

748.6 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

Mixed brown moist medium stiff FILL, clay, same topsoil, 
trace fine to coarse sand and gravel and hairlike roots. 
Gasoline smell noted. ~ - 
Mixed brown moist medium stiff FILL, silty clay, with 
limestone gravel, trace shale fragments. 

Mixed brown, trace gray moist stiff FILL, silty clay, trace 
shale and limestone fragments and topsoil. 

d 
1 

- 

- 

Mixed brown moist stiff FILL, silty clay, some fine to coarse 
sand, shale and limestone fragments. 

- --- -..I__ 
Mixed brown, trace green and gray moist stiff FILL, clay, 
trace topsoil and gravel. 

Datum MSL Hemmer Wl. 140 Ibs. Hole Diameter 

Surf. Elev. 776.6 fl. HammerOrop 30 in. Rack Cow Dia. 

Date Started 811 8/09 Pipe Si 0.D. 2 in. Boring Method 

- 
TRATA 
)EPTH 
feet 

0.0 

2.0 

- 
- 

4.5 - 

7.0 - 

28.U - 

11112 

51316 

41414 

51414 

61311 7 

241915 

41212 

711 216 

21413 

I 1/26/23 

- 
No. - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 
Y P  - 
3s 

IS 

3s 

IS 

2s 

3 s  

DS 

DS 

DS 

DS 

_I 

- 
R9C 
lCheS - 

a 

10 

17 

10 

9 

9 

16 

7 

4 

7 

- 
JS I TD-2 8 in. Foreman 

-- in. Engineer LJC I 

3-1iq HSA Dab Completed 811 8109 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
DS - DRIVEN SPLIT SPOON 

CA - CONTINUOUS FLIGHT AUGER AFTER 17 hffi DC - DRIVING CASING 

FIRST NOEO HSA - HOLLOW STEM AUGERS 
AT C O M P L E T l 6 ~ ~ ~ :  

BACKFILLED MD - MUD DRILLING 

CFA - CONTINUOUS FLIGHT AUGERS 
D - DISINTEGRATED 
I -INTACT PT - PRESSED SHELBY TUBE 
U - UNDISTURBED 
L -LOST RC -ROCKCORE 
STANDARD PENETRATION TEST ~ DRIVING 2' 0.0. SAMPLER 1' WITH 140# HAMMER FALLING 30'; COUNT MADE AT 6" INTERVALS 

I 



INC. www. thelenassoc. corn 
Geotechnical * Testing Engineers Off ices 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 
Kentucky 41018-1002 / 859-746-9400 I Fax 859-746-9408 

LOG OF TEST BORING 
BORING # IOo3 (2 Of 2, CLIENT: CH2M Hill 

PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky JOB # 080978E 
LOCATION OF BORING: AS shown on Boring Plan, Drawing 080978E-5 

€LEV. 

733.6 

728.1 

725.6 - 

___ - 
SOIL DESCRIPTION 

COLOR, MOISTURE, DENSITY, PLASTICIN, SIZE, PROPORTIONS 

~~ 

Mixed brown, trace green and gray moist stiff FILL, clay, 
trace topsoil and gravel. 

- -- 

Gray and blue-green moist medium stiff CLAY 

lnterbedded gray moist soft slightly weathered SHALE and 
gray hard LIMESTONE (bedrock). 

Bottom of test boring at 51 .O feet. 

SAMPLE 

31516 

31617 

41518 

21213 

29/!54/6" 

I 

No. 
I 

11 

12 

13 

14 

15 

- 
YW - 
DS 

DS 

DS 

DS 

DS 

Rec. 
nches - 
'18 

18 

18 

18 

12 

Datum MSL Hammer Wl. 140 Ibs. Hole Diameter 

Surf. Elev. 776.6 n. HammerDrop 30 in. Rock Core Dla. 

Dale Started 811 8/09 Pipe Size 0.D. 2 in. Boring Method 

8 In Foreman JS I TD-2 
- in Engineer LJC 

3-1 14" HSA Date Completed 811 8/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLPT SPOON FlRST NOTED None ft. HSA - HOLLOW STEM AUGERS 

U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 17 hm. JL. f l .  DC - DRNING CASING 
I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETION Dry n. CFA - CONTINUOUS FLlGHT AUGERS 

L *LOST RC - ROCK CORE BACKFILLED 17 hrs. MD - MUD DRILLING 

STANDARD PENETRATION TEST - DRIVING 2" 0 D. SAMPLER 1'WITH 14Wf HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



www. thelenassoc.corr 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-9408 

Off ices 
Erlanger, Kentucky 

Dayton, Ohio 

I 

Cincinnati, Ohio , 

LOG OF TEST BORING 
CLIENT: CHZM Hill BORING # ' Oo4 Of *) I 

PROJECT: Geotechriical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: &shown on Boring Plan, Drawing 080978E-5 

080978E 

. _  ~ 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameler 8 in. Foreman JS I TD-2 I 

Surf. Elev. 768.6 ft. HamrnerDrop 30 in. Rock Core Dia. - - in. Engineer LJC 
Date Started 8/18/09 Pipe S i e  0.D. 2 in. Boring Method 3-1/4" HSA Date Completed 8/18/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORlNG METHOD 

I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETIO& :: CFA - CONTINUOUS FLIGHT AUGERS 

L -LOST RC - ROCK CORE BACKFILLED 29 hrs. MD -MUDDRILLING 

I 
D - DISINTEGRATED DS I DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 

u ~ UNDISTURBED CA -CONTINUOUS FLIGHT AUGER AFTER 39 hm. 7Cl5 ft. DC - DRIVING CASING 

1 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 14W HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



- e * 1398 Cox Avenue, Erlanger, Kentucky 41 01 8-1 002 / 859-746-9400 I 

- 
Fax 859-746-9408 

www. thelenassoc.com 
Offices 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

LOG OF TEST BORING 

CLIENT: CH2M Hill BORING # loo4 (2 Of 2, 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

ELEV. 

735.6 

728.6 

723.1 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PuSsnciTy, SIZE, PROPORTIONS 

Mixed brown and gray wet loose FILL, coarse sand and 
gravel. trace silty clay (pea gravel). 

Mixed brown very moist soft FILL, silty clay, with fine to 
coarse sand, trace gravel. 

Interbedded gray moist soft slightly weathered SHALE and 
gray hard LIMESTONE (bedrock). 

Bottom of test boring at 45.5 feet. 

Datum MSL Hammer Wt. 140 Ibs, Hole Diameter 

Surf. Elev. 768.6 ft. HarnrnerDrop 30 in. Rock Core Dia. 

Date Started 8/16/09 Pipe Size 0.D. 2 in. Boring Method 

iTRATA 
3EPTH 
fee( 

33.0 - 

40.0 - 

SAMPLE 

BlOWs/6" 

21212 

31213 

5O/ln 

5016" 

- 
NO. - 
11 

12 

13 

14 

- 
Ret. 

xhes - 
7 

18 

1 

3 

8 in. Foreman JS I TD-2 
-- in. Engineer LJC 

3-1/4" HSA Date Completed 8/18/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED 30 ft. HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETION 31.4 ft. CFA CONTINUOUS FLIGHT AUGERS 
U -UNDISTURBED CA CONTINUOUS FLJGHTAUGER AFTER 29 hffi. 7 R  5 fl. DC - DRIVING CASING 
L -LOST RC ROCK CORE BACKFILLED 79 hE. MD -MUDDRILLING 
STANDARD PENETRATION TEST DRIVING 2' 0.D SAMPLER 1' WITH 140# HAMMER FALLING 30'; COUNT MADE AT 6" INTERVALS 

http://thelenassoc.com


ASSOCIATES, INC. 
Geotechnical 9 Testing Engineers 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 

BlowdB' 

21313 

3147 

11212 

4/50/3" 

31313 

31416 

41517 

8110112 

12/18/21 

~ r w w .  ttielenassor.com j 
Offices 

Erlanger, Kentucky 
1859-746-9400 / Fax 859-746-9408 Cincinnati, Ohio I 

Dayton, Ohio j 

No. 

1A 
18 

2 

3 

4 

5 

6 

7 

8 

9 

LUG OF TEST BORING 
CLIENT: CH2M Hill BORING# loo5 
PROJECT Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft, Thomas, Kentucky JOB 

LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 
080978E 

Type in;;& 

DS 18 

DS 18 

DS 4 

DS 4 

DS 18 

DS 18 

DS 18 

DS 18 

DS 18 

DS 6 

DS 8 

STPAT8 
DEPlH 
feet 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPOWIONS ELEV. 

773.4 

772.9 TOPSOIL (6 inches) 
SURFACE 0.5 - 

Mixed brown and gray moist very stiff FILL, silty clay, with 
limestone fragments, trace fine to coarse sand. 

4.5 - 768.9 

Mixed brown and gray moist loose FILL, coarse sand and 
gravel (pea gravel). 766.4 

brown moist stiff to very stiff FILL, silty clay, with 

brown and gray moist medium stiff FILL, silty clay, 

shale and limestone fragments, some pea gravel. 
763.9 

21 /50/3" 

81/50/3" 

trace gravel. 
761.4 .I 

1 0 

11 

Mixed brown and blue-gray moist stiff FILL, silty clay, with 
shale fragments. 

17.0 

Brown, trace gray moist stiff SILTY CLAY, with shale 

19.5 

Interbedded brown moist soft moderately weathered SHALE 
and gray hard LlMESTONE {bedrock). 

Bottom of test boring at 25.8 feet. 

DEPTH 
SCALE SAMPLE 

Datum MSL Hammer W t  140 Ibs. Hole Diameter 8 in Foreman LW I TD-2 I 

Surf. Elev 773.4 fl. HammerDrop 30 in Rock Care Dla -- in. Engineer LJC 
Date Started 8/14/09 Pipe Size 0.D. 2 in. Boring Method 3-114" HSA Date Completed 8/14/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD I 
D -DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA -HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE u - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 2 h 6 .  Dr?, ft. DC - DRIVING CASING 
L -LOST RC -ROCKCORE BACKFILLED 3 hm MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" 0 D. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6' INERVALS 

I 

http://ttielenassor.com


N As so c s, i N C. 
Geotechnical 0 Testing Engineers 

0 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 I859-746-9400 I Fax 

www. theienassoc. corn 

859-746-9408 

Offices 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

LOG OF TEST BORING 
CLIENT CH2M Hill BORING# loo6 
PROJECT: Geotechnical Exploration, Advanced Treatment 1rnprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

ELEV. 

802.6 

802.3 

800.9 - 
799.3 - 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

YY. \. I."... 
ASPHALT (3 )$ inches) / 
Mixed brown moist stiff FILL, silty clay, with limestone 
floaters. 

Bottom of test boring at 3.3 feet. 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

TRATP 
EPTH 
feel 

0.3 

1.7 

3.3 

- 
- 
- 

SAMPLE 

BIowS18" 

24/37/25 

1911 7123 

- 
NO. - 
1 

2 

- 
Ret. 

nches 

18 

18 

5 in. Foreman BR I D-6 
Surf. Elev. 802.6 fl. HamrnerDrop 30 in. Rock Core Dia. - In Englneer LJC 
Date Started 8/25/09 Pipe Size 0.D. 2 in. Boring Method CFA Date Compleled 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D -DISINTEGRATED DS -DRIVEN SPLIT SPOON FIRST NOTED N o m  n. HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETION ft. CFA - CONTINUOUS FLIGHT AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER -- 
L -LOST RC -ROCK CORE BACKFILLED I hts. MD - MUD DRILLING 
STANDARD PENETRATtON TEST - DRIVING 2" O.D. SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

hrs. - ft. DC -DRlVlNGCASlNG 



I 

w.the/enassoc.com 1 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

Geotechnical * Testing Engineers Qffices 

1398 Cox Avenue, Erlanger, Kentucky 4101 8-1 002 1859-746-9400 I Fax 859-746-9408 

LOG OF TEST BORING 

CLIENT: CH2M Hill BORING # loo' 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Irnprov., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

ELEV. 

805.0 

804.3 ASPHALT (8 inches) / 
/ Mixed brown slightly moist loose to medium dense FILL, 

I 

803.7 I sand and gravel (base). 

Bottom of test boring at 5.9 feet. 

Datum MSL Hammer Wt. 140 ibs. Hole Diameter 

Surf. Elev. 805.0 A. HammerDmp 30 In. Rock Core Dia. 

Date Started 8125109 Pipe Size 0.D. 2 in. Boring Method 

SCALE 
feel 

SAMPLE 

ElloWslG" - 

711 2143 

21/29/56 

31 15015" 

.__I 

NO. -- 
1A 
16 
I C  
2 

3 

-- 
Ret. 

nches 

18 

14 

11 

5 in. Foreman BR 1 D-6 
-- in. Engineer LJC 
CFA Date Compleled 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 
1 -INTACT PT - PRESSED SHELBY TUBE u I UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - hn. -- ft. DC - DRIVING CASING 
L -LOST RC - ROCK CORE BACKFILLED hm. WID -MUDDRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 14W HAMMER FALLING 30'; COUNT MADE AT 6" INTERVALS 

http://w.the/enassoc.com


1 E NAssocims, iNC. 
Geotechnical 0 Testing Engineers 
e 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-9408 

www.ihelenassoc. corn 
-- Mfices - 

Erlanger, Kentucky 
Cincinnati, Ohia 

Dayton, Ohia 

ELEV. 

LOG OF TEST BORING 
CLIENT: CHZM Hill BORING# loo8 
PROJECT: Geotechnical Exploration, Advanced Treatment 1rnprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING As shown on Boring Plan, Drawing 080978E-5 

080978E 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

804.7 

803.7 

I SURFACE 
805.0 I 

ASPHALT (4 inches) 

Mixed brown moist medium stiff FILL, silty clay, with 
limestone floaters. 

802.2 
lnterbedded brown moist sofl highly weathered SHALE and 
gray hard LIMESTONE (bedrock). 

Bottom of test boring at 2.8 feet. 

- 
IRAT,! 
IEPTH 
feel 

0.3 
1.3 

2.8 

- 
- 
- 

feel 
SAMPLE 

Blowd6" 

1 311 411 6 
1 115016" 

- 
No 
_. 

1 

2 

18 

12 

Datum MSL Hammer W t  140 Ibs. Hole Diameter 5 in. Foreman BR I D-6 
Surf. Elev. 805.0 ft. HammerDrop 30 in. RockCore Die. I in. Engineer LJC 
Date Started 8125109 Pipe S i e  0.D. 2 in. Boring Method CFA Date Completed 8125109 

SAMPLE CONDITlONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED None ft. HSA ~ HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETION Dv ft. CFA - CONTINUOUS FLIGHT AUGERS u - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - hm. - A. DC - DRIVING CASING 
L -LOST RC - ROCK CORE BACKFILLED 1 hr;. MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 14Mt HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 



www. thelenassoc. corrri 

ELW. 

805.0 

* 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

i 859-746-9400 I Fax 

804.8 

I Offices 
Erlanger, Kentucky 

Dayton, Ohio 
859-746-9408 Cincinnati, Ohio , 

1 

ASPHALT (2 inches) 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING # 1009 I 

PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Irnprov., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

# 080978E 

Mixed brown moist stiff FILL, silty clay, with sha 
limestone fragments, trace brick fragments. 

Mixed brown moist very stiff FILL, silty clay, with shale and 

Datum MSL Hammer Wt. 140 Ibs. Hale Diameter 

Surf. Elav. 805.0 ft. HammerDmp 30 in. Rock Core Dia. 

Date Started 8/25/09 Pipe Sire 0.D. 2 in. Boring Method 

- 
iTRATA 
IEPTH 
feet 

0.2 

1.6 

3.2 

- 
_.__ 

- 

SAMPLE 

Blows/G* 

11/14/14 

7/12/14 

- 
Ret. 

iches 

18 

12 

I 
5 in. Foreman BR / D-6 
w- in. Engineer LJC 

CFA Date Comple!ed 8/25/09 

SAMPLE CONDlTlONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA I HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE u - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - hm. - fl. DC - DRIVING CASING 
L -LOST RC -ROCKCORE BACKFILLED 1 hm. MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1' WITH 140# HAMMER FALLING 30": COUNT MADE AT 8" INTERVALS 

I 



.I 
Geotechnical * Testing Engineers 

801.6 

- e * 1398 Cox Avenue, Erlanger, Kentucky 

Brown moist stiff to very stiff SILTY CLAY, with limestone 
and shale fragments, trace oxide stains. 

Bottom of test boring at 3.3 feet. 

4101 8-1 002 859-746-9400 Fax 859-746-9408 

www. thelenassocsorn 

Offices 
Erlanger. Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING# lolo 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS ELEV. 1 

SURFACE 804.9 

ASPHALT (3 & Inches) 804.6 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

Surf. Elev. 804.9 ft. HammerOmp 30 in. Rock Core Dia. 

Date Started 8/25/09 Pipe She 0.D. 2 In. Borlng Method 

- 
ilRATA 
DEPTH 
feet 

0.3 - 

3.3 - 

SAMPLE 

BlowslB" 

23/14/10 

61619 

- 
No. - 
1 

2 

5 in. Foreman BR / D-6 
-- in. Engineer LJC 

CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DlStNTEGRATEO DS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE u -UNDISTURBED CA -CONTINUOUS FLIGHT AUGER AFTER - hffi. - ft. DC - DRIVING CASING 
L -LOST RC - ROCK CORE BACKFILLED I hs.  MD -MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2' O.D. SAMPLER 1'WlTH 140# HAMMER FALLING 30"; COUNT MADE AT 6' INTERVALS 



I 

ATES, INC. www.thelenassoc.com I 

Geotechnical * Testing Engineers 

a 1398 Cox Avenue, Erlangcr, Kentucky 41018-1002 1859-746-9400 I Fax 859-746-9408 

Off ices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOG OF TEST BORING 

BORING# CLIENT: CH2M Hill 
PROJECT: Geotechnical Exploration, Advanced Treatment Improv.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORINQ: As shown on Boring Plan, Drawing 080978E-5 

# 080978E 

ELEV. 

804.7 

804.2 

802.7 

801.2 
P 

SOIL DESCWPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

ASPHALT (7 inches) 

Mixed brown moist medium stiff FILL, silty clay and crushed 
limestone (base). 

Mixed brown moist stiff FILL, silty clay, with limestone 
fragments. 

Bottom of test boring at 3.5 feet. 

Datum MSL Hammer WI. 140 Ibs. Hole Diameter 

Surf. Elev 804.7 ft. HammerDrop 30 in. RockCoreDia. 

Date Started 8/25/09 Pipe Sue 0.0. 2 in. Boring Method 

- 
>TRATP 
DEPTH 
feet 

0.6 

2.0 

3.5 

- 
- 
- 

SAMPLE 

51715 

511 1 124 

- 
No. 
_. 

1 

2 

- 
Ret. 

nches 

6 

6 

5 in. Foreman BR / D-6 
- in. Engineer LJC 

CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 

1 -INTACT P I  - PRESSED SHELBY TUBE AT COMPLETl6-e :: CFA - CONTINUOUS FLIGHT AUGERS 
D - DISINTEGRATED OS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 

u - UNDISTURBED CA . CONTINUOUS FLIGHT AUGER AFTER - hm, -- ft. DC I DRIVING CASING 
L -LOST RC - ROCK CORE BACKFILLED ' hm. MD "MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1'WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://www.thelenassoc.com


LENASSOCIATES, INC. www.thelenassoc. corn 
Geotechnical 0 Testing Engineers Offices 

1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / fax 859-746-9408 
Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CHZM Hill BORING # ‘ *’ * 
PROJECT: Geotechnlcal Exploration, Advanced Treatment 1mprov.-Additional lmprov., Ft. Thomas, Kentucky 
LOCATION OF BORING: AS shown on Boring Plan, Drawing 080978E-5 

080978E 

Datum MSL Hammer Wf. 140 Ibs. Hole Diameter 5 in Foreman BR I D-6 
Surf. Eiev. 804.7 - H HammerDrop 30 in, Rock Core Dia. - in Engineer LJC 
Date Started 8/25/09 Pipe Size 0.D.  2 in. Boring Method CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLlT SPOON FIRST NOTED wfi. HSA - HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHELBY TU5E AT COMPLETION RIV R. CFA - CONTINUOUS FLIGHT AUGERS u -UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - DC - DRIVING CASING 
L -LOST RC -ROCKCORE BACKFILLED MD - MUD DRILLING 

STANDARD PENETRATION TEST - DRIVING 2” O.D. SAMPLER 1‘ WITH 140# HAMMER FALLING 30”: COUNT MADE AT 6“ INTERVALS 



www. thelenassoc. corn I 
-- Offices 

Erlanger, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio 

- ASSOCIATES, I 
Geotechnical * Testing Engineers 

0 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 / Fax 859-746-9408 
I 

LOG OF TEST BORING 
CLIENT CH2M Hill BORING # O1 I 

PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv.. Ft. Thomas, Kentucky JOB 

LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 
080978E 

SOIL DESCRIPTION 
mELN.ICOLDR, MOISTURE, DENSW, PLASTICITY, SIZE, PROPORTIONS 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

Surf. Elev. 804.8 -ft. HammerDrop 30 in. Rock Core Dia. 

Dale Started 8/25/09 - Pipe Sire 0.D. 2 in. Boring Method 

- 
TF'ATP 
IEPTH 
feel 

0.4 - 

2.9 - 

SAMPLE 

BIawd6" 

26/50/6" 

1611 5/16 

IEWH 
SCALE 
feel - 

Cond Ret. 

6 

2 

5 in. Foreman BR I D-6 ---- 
- in. Engineer LJC 

CFA Date Completed 8125109 

SAMPLE CONDITIONS SAMPLE W E  GROUND WATER DEPTH BORING METHOD 
I 

D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE u - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - hn. - ft. DC - DRIVING CASING 
L -LOST RC - ROCK CORE BACKFILLED 1 hm. MD - MUD DRILLING 

STANDARD PENETRATION TEST - DRIVING 2' 0.0 SAMPLER 1' WITH 140# HAMMER FALLING 30"; COUNT MADE AT 6' INTERVALS 

, 



www thelenassoc.com 

* 1398 Cox Avenue, Erlanger, Kentucky 41Ol8-1002 / 859-746-9400 J Fax 859-746-9408 

Off ices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CH2M Hill I________BORING # 1014 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

SOIL DESCRIPTION SAMPLE 

BlowdG’ 

818J8 

414l7 

- 
NO. - 
1 

2 

- 
Ret. 

nches 

18 

3 

Datum MSL Hammer WI. 140 Ibs. Hole Diameter 5 in. Foreman BR/D-6 I_ 

Surf. Elev. 804.7 R. HarnmerDrop 30 in. Rock Core Dia. - in. Engineer LJC 
Date Started 8125109 Pipe Size 0.0.2 in BoringMeVlod CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
- DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 

I -INTACT PT - PRESSEO SHELBY TUBE u - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER - hE, -- R. DC -DRlVINGCASlNG 
L -LOST RC -ROCKCORE BACKFILLED I hm. MD - MUD DRILLING 
STANDARD PENETRATION TEST- DRIVING 2” 0.0. SAMPLER 1’ WITH 140# HAMMER FALLING 30”; COUNT MADE AT 6“ INTERVALS 

http://thelenassoc.com


ASSOCIATES, 1 www.thelenassoc.com' 
Geotechniral * Testing Engineers Off ices 

Erlanger, Kentucky 
Cincinnati, Ohio 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 1 Fax 859-746-9408 

Dayton, Ohio , 

ELEV 

LOG OF TEST BORING 

I CLIENT: CH2M Hill -- BORING# 

PROJECT: Geotechnicaf Exploration, Advanced Treatment tmprov.-Additional Improv., Ft. Thomas, Kentucky JOB # 080978E 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

SOIL DESCRIPTION 
COLOR. MOISTURE, DENSITY, PLASTICITY. SIZE, PROPORTIONS 

;GALE 
feet 

I 

- 
Cond 

- 
TRATA 
W T H  
feet 

0.5 

I .8 

3.5 

- 
- 
- 

SAMPLE 

BlowslG" 

1511 2/8 

31516 

- 
RW. 
iches 

6 

18 

Datum MSL Hammer Wl. 140 Ibs. Hole Diameter 

Surf. Elev 805.0 ft. HarnmerDmp 30 in. Rock Cora Dla. 

Date Started 8125109 Pipe Size 0.D.  2 In. Boring Method 

5 in. Foreman BR 1 D-6 
- in. Engineer LJC 

! 

CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
~ DISINTEGRATED DS - DRNEN SPLIT SPOON FIRST NOTED HSA - HOLLOW STEM AUGERS 

I - INTACT PT - PRESSED SHELBY TUBE u - UNDiSTURBED CA -CONTINUOUS FLIGHT AUGER AFTER - hm, - 
L -LOST RC - ROCK CORE BACKFILLED 1 hm. MD - MUD DRILLING 

STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1'WITH 14## HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

n DC -DRIVINGCASING 



1 E N ASSOCIATES, INC. 
Geotechnical Testing Engineers 

6 1398 Cox Avenue, Erlanger, Kentucky 41018-1002 1859-746-9400 / Fax 859-746-9408 

ELEV. 

804.6 

804.3 

802.8 

801 -5 

www.fhelenassoc.com 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

ASPHALT (3 & inches) 

Mixed brown moist stiff FILL, silty clay, with crushed 
limestone (base). 

Brown moist medium stiff SILTY CLAY, with oxide stains. 

Bottom of test boring at 3.3 feet. 

Offices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CH2M Hill BORING# 
PROJECT: Geotechnical Exploration, Advanced Treatment 1rnprov.-Additional Improv., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

080978E 

Datum MSL Hammer Wt 140 Ibs. Hole Diameter 

Surf. Elev 804.6 R. HammerDrop 30 in. Rock Cow Dia. 

Dale Started 8/25/09 Pipe Size 0.D. 2 in. Boring Method 

3TRATP 
DEPTH 
feet 

0.3 

1.8 

3.3 

- 
- 
- 

SAMPLE 

1 6/16/5 

41616 

- 
No. - 
1 

2 

- 
Ret, 

nches - 
7 

12 

5 in. Foreman BR I D-6 
- in. Engineer LJC 

CFA Date Completed 8/25/09 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 

I -INTACT PT - PRESSED SHELBY TUBE AT COMPLETION '*F CFA - CONTINUOUS FLIGHT AUGERS 

L -LOST RC - ROCK CORE BACKFILLED 1 hrs. MD - MUD DRILLING 

D - DISINTEGRATED 

u ~ UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER h ~ .  - H. DC - DRIVINGCASING 

DS - DRIVEN SPLIT SPOON FIRST NOTED __ HSA - HOLLOW STEM AUGERS 

STANDARD PENETRATlON TEST - DRIVING 2" 0 D. SAMPLER 1'WITH 14wC HAMMER FALLING 30"; COUNT MADE AT 6" INTERVALS 

http://www.fhelenassoc.com


* 1398 Cox Avenue, Manger, Kentucky 4101 8-1002 1859-746-9400 I Fax 859-746-9408 

LOG OF TEST BORING 
CLIENT:. CH2M Hill BORING# 

I 
I PROJECT: Geotechnical Exploration, Advanced Treatment Improv.-Additional Improv., Ft. Thomas, Kentucky 080978E c__. 

LOCATION OF BORING: AS shown on Boring Plan, Drawing 080978E-5 

SOIL DESCRIPTION 
OLOR MOISTURE 

boring at 3.5 feet. 

I 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 

Surf. Elev. 804.5 ft. HammerDmp 30 in. Rock Core Dia. 

Dale Started 8/25/09 Pipe Size 0.D. 2 in. Boring Method 

SAMPLE 

BIOWs/8' 

17/12/16 

61819 

- 
No. - 
1 

2 

- 
Ret. 

iches 

18 

18 

5 in. Foreman BR 1 D-6 
__ in Englneer LJC 

CFA _.- Date Completed 8/25/09 -_ 
I SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 

L) - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED None ft. HSA - HOLLOW STEM AUGERS 
I -INTACT PT - PRESSED SHELBY TUBE ATCOMPLETION Dry ft. CFA - CONTINUOUS FLIGHT AUGERS 
u - UNDISTURBED CA -CONTINUOUS FLIGHT AUGER AFTER - hffi. -- R. DC -DRlVlNGCASlNG 
L -LOST RC -ROCK CORE BACKFILLED 1 hrs. MD - MUD DRILLING I 

STANDARD PENETRATION TEST - DRIVING 2" O.D, SAMPLER 1' WITH 140# HAMMER FALLING 30': COUNT MADE AT 6" INTERVALS 



1 E NAsSOCIATES, INC. 
Geotechnical Testing Engineers 

1398 Cox Avenue, Erlanger, Kentucky 41018-1002 / 859-746-9400 I Fax 859-746-9408 

www. thelenassoc. corn 

Offices 
Erlanger, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

LOG OF TEST BORING 
CLIENT: CHZM Hill BORING# 
PROJECT: Geotechnical Exploration, Advanced Treatment 1mprov.-Additional Jmprov., Ft. Thomas, Kentucky 
LOCATION OF BORING: As shown on Boring Plan, Drawing 080978E-5 

# 080978E 

STRATA DEPTH 
SOIL DESCRIPTION DEPTH SCALE SAMPLE 

feel feet ELN.  COLOR, MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS I I 

Mixed brown moist stiff FILL, silty clay, with crushed 
792.0 limestone (base). 

5 I I Bottom of test boring at 2.0 feet. 

cond BlOWdB' 
SURFACE 0.3 - 794.0 

793.7 ASPHALT (4 inches) - 1 14/13/50 1 
2.0 I ,  5012" 2 

- 
Ret. 

nches - 
3 
1 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 5 in. Foreman BR 1 D-6 
Surf, Elev. 794.0 A. HamrnerDrop 30 In. Rock Core Dia. - in. Engineer LJC 
Date Started 8/25/09 Pipe Size - 0.D. 2 in. Boring Method CFA Date Completed 8125109 

SAMPLE CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED HSA -HOLLOW STEM AUGERS 

U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER -- hrs. - ft. DC -DRlVlNGCASlNG 
I -INTACT PT - PRESSED SHELBY TUBE A t  C O M P L E T i O j l i  :: CFA - CoNTiNuOus FLiGHT AUGERS 

L -LOST RC - ROCK CORE BACKFILLED 1 hrs. MD - MUD DRILLING 
STANDARD PENETRATION TEST - DRIVING 2" O.D. SAMPLER 1'WlTH 14% HAMMER FALLING 30*, COUNT MADE AT 6" INTERVALS 



C f V l l  ENGINEERS 

G. /. Thelen & Associates, h c .  
5 16 Enterprise DrivelCovington, Kentucky 4 10 17l606-34 1-1322 

I 

I 

4 
BORING # 

CL,ENT Kenton County Water D i s t r i c t  
PROJECT Geotechnical Exploration, F t .  Thomas Water Treatment Plant, Pt .  Thomas, x)B ,, 87343E 

/ Kent uc k.y LOCATIONOFBORtNG As shovln on Drawing 8f34Sk - I 
1 

Mixed brown and gray moist  medium s t i f f  FILL, 
s i l t y  clay and shale with l imestone f l o a t e r s .  (CL) 

own t o  dark brown m o i s t  medium s 

t race gray moist  very soft highly 

- - - 
_I Bottom of t e s t  bor ing a t  22.2 feet .  
_I - - - 

3/10/18 

9/8/7 

15 
I 7/18/50 rl I l t l l  

- 
Na 
_I 

1 

2 

3 A  
3B 

1- 

5 

5 

7 

3A 
8B 

9 

10 

Datum USGS HmnmWt. 140 Lbz HolrDirn.ar 5" F o r m  MW 
Surf.EIw. 778*o Ft. HrnmorDmp 30 In. Rock Con Dir. Er@wu TWV 
D l l t * s t w t d 9 / 7 / 8 7  PiprSirr 0.D- 2 In. hriwpMrt)tod CFA h t e w d  9TTQ7 1 

SAMPLE CONDITIONS SAMPLER w e  
I) - DISINTEGRATED 05 - DRIVEN SPLIT SPOON F IflST NOTED rone FT. HSA - Hollow S t m  Augers 

U - UNDISTURBED CA -- CONTINUOUS FLfGHT AUGER AFTER DC - DrlvingCasing 
L - LOST RC - ROCKCORE BACKFILLED YMer ZS, MD - Mud Drilling 

QROUWDHU RDECTH BOR I N 5  METHO 

CFA - Continous Flight Auger6 
I 

I - INTACT PT - PRESSED SHELBY TUBE AT C O M P L E T I O X .  FT. 

rnrrr inAan neh&c?aATtnni  VCCI n m i w b h i e  n m c a i m i  ea .'tuiTu r i n  u U A ~ ~ U ~ D  C A I  s I ~ I C  m - w . , - r w l n m h a t , n c  AT CWINTCOWAI c 



CI\'IL ENCINff US 

C;. 1. Thelen & Associates, lnc. 
5 ?ti Enterprise DrivelCovington, Kenlucky 4 10171606-34 ;r- 1322 

- 
I - 

LOG OF TEST BORING 

FILL, shale and s i l t y  clay, trace limestone 
768.5 floaters. 

204 
Geotechnical FxTloration, Phase II Clarifier/Flocculator, F t .  Thomas. JbB ,,, 89079E 

cLIENf Kenton CounW Nater District BORING @ 

~ R O J E C ~  
LOCATION OF BORING AS Shtrccn on DTZW~JIE 89079E-1 /Kentucky 

-P 

1 I 

SOIL DESCRIPTION 
COLOR, MOISTURE, DENSITY, P W I C I T Y ,  SIZE, PROPORTIONS I ELEX* 1 

I 

3/2/5 

SURFACE 

Mixed dark brown and brown moist medium 

Mixed brown moist stiff FILL, silty clay, 
4773.5 1 clay and shale w i t h  limestone floaters.  

I 

3 I sAM)STONELINER. 
767.5 

Mixed brown moist sof t  t o  medium stiff FILL, 
Clay with shale fragments, linmtone 
floaters and wet sand and gravel. 

Brown, trace olive brown and gray moist 
very soft  highly weathered SHALE and 
thinly bedded LlMEsTONE (bedrock). 

weathered SHALE and thinly bedded 

Gray moist soft  SHALE and thinly bedded 
LIMESTONE (bedrock). 

t o  olive brown and gray mist s 

~ - - Refusal and bottom of test boring a t  28.0 feet. - 
- - - 

STRA. 
>EPTH 

1.3 
7 

4.5 - 

9.5 
10.5 
- - 
14.5 - 

DEPTH SAMPL 

low 

35 1 

__I 

No 
I 

I 

2 

3 

4 

5 

6 

7 

B 

c 
9 
LO 
11 
12 

I 

Wpr 

DS 

_I 

DS 

DS 

DS 

CA 

DS 

DS 

DS 

as 
DS 
DS 
DS 

- 

- 
Ret. 

13" 

- 

9' ' 

16" 

16" 

16" 

8" 

12" 

B 
6" 
6" 
5" 

5" 

- 
D8tum USGS HunmrWt. 140 Lbt. HolrDiametw 51 1 Foreman JM 

'Iwv Surf. Elw. 7789 Ft. Hunmer  Drop -JO In. RackCora Die. Enpineor 
Date~unwi 41 2W89 Pipr Skr O.D.2 ~ n .  b r i r p m o d  h t r  Comptoud 

SAMPLE CONDlTlONS SAMPLER TYPE QROUNO WAT 
D - DlSlNTEGRATED DS - DRIVEN SPLIT SPOON FIRST NOTED 
I - INTACT PT - PRESSED SHELBY TUBE AT COMPLETION ,T)nt. FT. CFA - Continous Flight AuOerr 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 7 HR 
L -  LOST RC - ROCKCORE 

U'A , 4/20/89 
W R I N G  METWOO 

HSA - tioilow Stern Augers 

DC - Driving Casing 
MD - Mud Drilling 7D"V fT* 

BACKFILLED HRS. 
'STANDARD PENETRATION TEST - DRIVING 3''nnSAMPl.FR 3 ' W l t U  ?Ah a MAMMER EA1 I INC ?A". r n i r h l T M A n E  A T  f i " 1 N T G R V A L  'Z 

http://3''nnSAMPl.FR


CIVIL ENGINEERS 

G. ). Thelen & Associates, Inc. 
I 

5 16 Enterprise DrivelCovington, Kentucky 4 1017/606-34 I -  !322 

I 
BORtNGr 301 Kenton County Water District 

CLIENT 
PROJECT Geotechnical Exp loration, Proposed Chlorine Building, F t .  Thomas Treat- 
~ O C A T ~ O N  OF BORING AS Shawn On DraWillR 89079E-3 

89079E 
/ ment Plant ,  Ft .  Thomas. Kentucky 

SOIL DESCRIPTION 
COLOR. MOISTURE, DENSITY, PLASTICITY, SIZE, PROPORTIONS 

SURFACE 

FILL, gravel. 
- _ _ _ ~  

Mixed brown moist very stiff FILL, silty - clay, trace topsoil and limestone fragments. 

Mixed brown slightly moist to moist very 
stiff FILL, silty clay with brown shale - frapments. 

Mixed bruwn and gray slightly moist t o  
moist very s t i f f  t o  stiff FILL, s i l t y  
clay and shale w i t h  limestone floaters.  

8.5 

10.0 

SANDSTONE Liner. 

Brown moist v e r y  dense FILL, s i l t y  f ine  
t o  coarse sand and gravel. 

Brown moist very sof t  highly weathered 
SHALE and thinly bedded LIMESTONE with 
clav seams Ibedrock) . 
B m  moist sof t  weathered SHALE and thinly 
bedded Ll3ESmNE (bedrock). 

21.0 

Bottom of t e s t  boring at  21.0 feet. 

Note: A Shelby tube sample was obtained 
in an offset hole from 1.0 to  2.0 
feet .  Recovery was 8 inches. 

JM - Datum USGS Hammer Wt. I4O Lbo. Hole Diemeter 5" Foremen 
Surf.Eku. 779b4 Ft. HmmerDrop 0 In. Rock Core Dia. Engineer 
Date Started 5/26/89 Pip. Sire . .  In. Boriw Method D@teCompletad b/26/89 
SAMPLE CONDITIONS M P L E R  TYPE GROUND WAT R DEPTH BORING METHOD 
D - DISINTEGRATED DS - DRIVEN SPLIT SPOON FIRSTNOTED 'One FT. HSA - Hollow Stern Augers 
I - INTACT 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFTER 
L - LOST RC - ROCKCORE 

PT - PRESSED SHELBY TUBE AT COMPLETIO= FT. 

M e r  FT. BACKFILLED -- HAS. 

CFA - Continout Flight Augers 
oc - DrivingCeeing 
MD - Mud Drllling 

I 
* C T A N n A R n  P F N F T R A T I n N  TFff - n P I V I N C :  .I*'nn CAMPI ER 1 ' W I T W  tAn a UAMMFR E A 1  I INC. ?n''-f'nl INT M A n F  bT R ' ' I N T F R V A S  



ClVlf ENGINEERS 

. Thelen & Associates, Inc. 
d 516 Enterprise Drive/ Covington, Kenfucky 41017-1595 /606-347-1322 I Fax 6V6-341-4832 
0 1310 Kernper Meadow Dnw, Suite 600/ Forest Park, Ohio 45240-1651 /513-825-4350 / Fax 513-825-4756 

ELEL 

7159.0 

969.3 

LOG OF TEST BORING 
Northern lQ,&&y Water %~‘ce mid 

Geo-al F W  Ft. I h o m a s . k y  
,BORING #A 

JOB #- 

. .  
WENR . .  
LOC4llffl OF ROMNC: AB s w  on D&a 980640F - 1 

SOIL DESCRIPnON 

SURFACE 

COLOR. MOISTURE, DENSITY, PUsnaTy, SIZE, PROPOKTIONS 

TOPSOIL 

T56.8 

754-3 

765.3 

Olive brown, trace gray moist soft 
weathered SHALE and thinly bedded 
LIMESTONE (bedrock). 

Bottom of test boring at 15.5 

Mixed brown dry very stiff FILL, silty clay 
with limestone fragments and floaters. 

Mixed brown moist soft to medium stiff 
FILL, silty clay and shale with limestone 
fragments and floaters. 

- 

- 
Brown moist very soft highly weathered 
SHALE and thinly bedded LIMESTONE 
(bedrock). 

SAMPLE 

I 0/14/21 

v7/9 

K1/50/6’ 

55/50/6” 

5tJ/6” 

58/50/ 6 ’ 

S/6’ 

- 
IJO. 

IA 
IB  

- 

2 

3 

4 

5 

6 

7 

- 
ROE. 
lchn 

13 

- 

7 

12 

12 

6 

12 

6 

Datum MSL Hammar Wt. 140 Ibs. Hale Diameter 5 in. Foreman JM 
surf. EI~V. 769.8 ft. Hammar ~ r o p  30 in. Rock Cam Dia. in. Engineer NW/JSN 
Date Startad 9/11 /98 Pips Sirs O.D. 2 in. Baring Mathad CFA D& Campleiad Q/I 1 /sa 
aAMPm wNDITIoN8 - m> GBOUND WATER DEpTBl BORING METHOD 
D - DISIKTEGRATED DS - DRIVEN SPLIT SPOON FlRSf NOED 2.5 ft. H a -  H O W  STEM AUGERS 
f - I N ”  PT - PRESSED S H W  NEE AT COMPLETIbN DIY ft. CFA- CONlJNUOUS FLIGHF AUGERS 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER AFER 24 hm. D ft. DC - DRMNG CASING 
L- LOST RC - ROCK CORE BACKFILLED 2-m. MD - MUD DRILLING 
STUJlYIRD PENETRATlON TEST - DRMNG 2’ O.D. SAMpLaz 1‘ WITH la# HAMMER FALLING 30.: COUNT MADE AT 6’ INTERVALS 



ClVlL ENGIN&ERS 

G.  J. Thelen hi Associates, Inc. 
& 516 Enterprise Drive 1 Covington, Kentucky 41017-1595/ 606-341-1322 /Fax 606-341-0832 
0 1310 Kemper Meadow Drive, Suite 6001 Forest Park, Ohio 45240-1651 /51%825-4350 /Fax 573-825-4756 

Datum MSL Hamrnsr Wt. 140 Ibs. Hole Diameter 5 in. Fomrnan JM 
Surf. Elm. 767.2 R. Harnmtlr Dmp 30 in. Rock cM6 Dta. in. Engineer TWV/JSN 
Data Started 9/11/98 Pipe Siza O.D. 2 in. krfng Method CFA ~ a t a  Complstsd 9/1 I /Q8 
SAMmE CO-NS nuP3ZTYPE GROUND WATER DEFPH BORING MZTHOD 
D - DEIWRATED DS - DRIVEN SPLIT SPOON FlRST NOTED Nono ft. HSA- H O W  STEM WGERS 
I - INTACT PT - PRESSED SHElBY TUBE AT C Q M P L R I 6 N ~ f t .  #A- COHnNUDUS N G H T  AUGERS u- UNDISTURBED CA - CONTINUOUS FUGHT AUGER ARa;z 24 hm. Dw ft DC - DRMNG CASING 
L -  LOST RC - ROCK CORE BACKFILLED 24 hn. MD - MUD DRILLING 
SFANWD PENETRATON TEST - DRMNG 2" 0.0, SAMPLER 1' WITH la HAMMER FALLING 30"; COUNT W E  AT 6' INTERVALS 



CiVlf ENGINEERS 

Thelen & Associates, Inc. 
2 5 %  ERferpriSe Drlve / Covington, Kentucky 41077-1585 / 606-341-f3E / F a x  606-341-0832 
0 1310 Kernper Meadow Drive. SuHe 600 /Forest Park, Ohio 45240-1651 / 513-825-4350 /Fax 513-825-4756 

LOG OF TEST' EORING 
Northern K W  Water Service Wnct RORINO #- 

. .  cuerr: 
J00 -. Pmm Geote-on. lab- . .  R. 

m n m  OF mmNc As & on Dmwina Q80640F - 1 

SOIL DESCRlPnON 

SURFACE 
COLOR, YOISTURE, DENSITY, PusI1CITY. SIZE. PROPORTIONS 

770.7 

770.4 TOPSOIL 

Mixed brown dry very stiff to hard FILL., clay 
and shale with limestone fragments and 

Mixed dark gray to bluish gray moist 
medium stiff FILL, topsoil and clay with 
limestone fragmante.(Ct.l) 

768.2 floaters. 

766.9 

I Brown moist very soft highly weathered I WALE and thinly bedded LIMESONE 

Bottom of test boring at 5.5 feet. 

3/11/12 

50/6' 

U# 
mhw 

16 
- 

14 

6 

Datum MSL Hummer Wt. 140 Ibe. Hole Diameter 5 fn. Foramon JM 
Surf. Elev. 770.7 ft. Hummer Drop 30 in. Rock Cars Dia. In. Engfnasr TWV/JSN 
D a t e  Started 9/12/98 P i p s  Sirs O.D. 2 In. bdnq Method CFA Data Completed 9/12/98 
Buu[pLE CONDITIONB EAMFx4Em GROUND WAEB DEPTH ElORING lE"EOD 
D- DISINEGRATED DS - DRWEN SPUT SPOON FIRST NOTED None ft. H!X- HOLLOW STEM AUGERS 
1 - INTACT PT - PRESSED SHELW TUBE AT COMPLRlON RW ft. CFA- CONTINUOUS N G H T  WGERS 
U - UNDIS'WRBEO CA - CONTINUOUS N G H T  AUGER AFTER hm. ft,. Dc - DRMNG CASING 
L -  LOST RC - ROCK CORE w m u  D S h m .  MD - MUD DRlLLlNG 
STANDARD PENElRATlON TEST - DRMNG 2' O.D. SAMPLER 1' WITH 1401 HAMMER FALLING 30': WUNT W E  AT 6' INTERVALS 



C. J. Thelen &Associates, Inc. 
0 516 Enterprise Drive/Covington, Kentucky 4 7017-3595/606-34 7-?322/Fax 606-341-0832 

2 7 40 Waycross Road/Cincinnati, Ohio 45240-271 9/513-825-4350/Fax 5 13-825-4756 

LOG OF TIEST BORING 

776.9 

BORING #a * .  cum Water Service m t  
PffAIEcT; Geotec- P r o o o m m  Hypochiof- Ft. Thomps. Kv. 
LOCATlON OF BORING: 

JOB #Al%m&fL . .  
shown on O r a m  990146F - 1 

W E ,  dense graded aggregate. 

SOIL DESCRIPTION I I COLOR, MOISTURE. OENSW. PLASTICIM. SIZE. PROPORTIONS 

I SURFACE C 777.8 I 

Mixed brown and gray moist medium stiff to 
stiff FILL, silty clay and pulverized shale with 
intact shale and limestone fragments and 
floaters, trace sand (CL). 

759.3 L 755.8 

Brown and gray wet very dense FILL, clayey 
sand and gravel with pieces of crushed 
limestone (possibie remnant of old reservoir 
I i ne r) . - 
Brown moist very soft highly weathered 
SHALE and thinly bedded UMESTONE 
(bedrock). 

Olive brown, troce gray moist soft weathered 
SHALE and thinly bedded UMESTONE 
(bed rock) . 
Gray moist soft SHALE and thinly bedded 
LIMESTONE (bedrock). 

\ 

7 .__ 

-7 
- 

Split spoon refusal and bottom of 
test boring at 30.5 feet. 

- 
%?RATA 
DEPTH 
fnt  

0.3 
E 

17.5 
- 18.5 
- 

22.0 

29.5 
30.5 

- 

SAMPLE D E P M  
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:: 
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5 

Datum MSL Hammer Wt. 140 Ibs. Hole Diameter 5 in. foreman JM 
Surf. Elev. 777.8 ft. Hammer Drop 30 in. Rock Core Dia. in. Engineer w 
Date Started 4/10/99 Pipe Site O.D. 2 in. Boring Method CFA Date Completed 4/10/99 

SAMPLR CONDITIONS SAMPLE TYPE GROUND WATER DEPTH BORING METHOD 
D -  DISINTEGRATED OS - DRIVEN SPUT SPOON 
I - lwm PT - PRESSED SHELBY TUBE 
U - UNDISTURBED CA - CONTINUOUS FLIGHT AUGER A F M R  hm. fl. DC - DRIVING CASING 

eraunarm n m n n a m n u  ~ccr r  __ nonmie n n CALIDI II'P 1. ulilu i u \ Y  ubuucn r A i  I IW zn". mi IUT uAnt AT R* I ~ A I  c 

I 

FIRST NOTED ft. HSA- HOLLOW STEM AUGERS 
AT COMPI€IIO&fi, CFA- CONTINUOUS FLIGHT AUGERS , 

L -  LOST RC - ROCK CORE E W K F I L L E D ~ h r s .  MD - MUD DRIWNC I 



G. J. Thelen & Associates, Inc. 
0 576 Enterprise Drive/Covington, Kentucky 47017-1595/606-341-1322/Fax 606-,341-08.32 

E W .  
778.8 

778.5 

778.0 

766.8 

764.3 

758.3 

757.8 

753.5 - 

SOIL DESCRIPTION 
COLOR. MOISTURE. DENSITY. PuISTICTr(. SIZE. PROPORTIONS 

.~ 

SURFACE 

ASPHALT. 

BASE, crushed limestone. i 
Mixed brown, trace gray moist, locally 
slightly moist stiff FILL, silty clay and 
pulverized shale with intact shale and 
limestone fragments and limestone 
floaters, 

Mixed brown moist soft FILL, silty clay 
and pulverized shale with limestone 
fragments and floaters (CL). 

Mixed brown, trace gray moist stiff FILL, 
silty clay, pulverized shale and 
unpulverized shale with limestone floaters. 

SANDSTONE LINER. 

_. 

L - 

7 - 

Brown moist soft weathered SHALE and 
thinly bedded LIMESTONE {bedrock). 

Bottom of test boring a t  25.3 feet. 

SAMPI Ern 
ECALE 

I 

5 ~ 

9/35/4" 

10/19/9 

1 5/30/45/3' 

50/Y 

- 
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RW. 
'nchrr - 
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14 
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6 
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13 

15 

1.5 

12 

2 

- 
Doturn MSL Hammer Wt. 140 Ibs. Hole Diameter 5 In. Foreman JM 
Surf. Elev. 778.8 ft. Hammer Drop 30 in. Rock Core Dia. in. Engineer Twv 
Date Started 4/10/99 Pipe Slzs O.D. 2 in. Boring Method CFA Oate Completed 411 0/99 
SAYpLg commolw aMPm TYPE GROUND UATEH DEPTH BORINC METHOD 
D - DISINTEGRATED DS - DRNEN SPUT SPOON RRST NOTED None ft. HSA- HOLLOW STEM AUGERS 
I - INTACT PT - PRESSED SHElBY TUBE AT COMPLETION DN ft. CFA- CONnNUOUS NGHT AUGERS 
U- UNDISTURBED CA - COMlNUOUS FLIGHT AUGER AfTER hm. ft DC - DRMNG CASING 
L -  LOST RC - ROCK CORE B A C K F I U € D I m m e d . h ~ .  MD - MUD DRILLING 
cTi)rlnmn arurmnnnu TCCT - naenuh ?tn n n C A L ~ D I  rra 4 '  umu i inll  UAULI~D CAI I IM~Z zn% PniiuT udnr AT L?" I ~ L I T C W A I  c 
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Geotechnical Testing Engineers 
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Offices , 
Erlanger. Kentucky 

Lexington, Kentucky 
Cincinnati, Ohio 

Dayton, Ohio I 

SOIL CLASSIFICATION SHEET 

NON COHESIVE SOILS 
(Silt, Sand, Gravel and Combinations) 

Density 
Very Loose - 5 blows/ft. or less 

Medium Dense 
Loose - 6 to 10 blowslft. 

Dense - 31 to 50 blowslft. 
- 11 to 30 blowslft 

Particle Size Identification 
Boulders - 8 inch diameter or more 
Cobbles - 3 to 8 inch diameter 
Gravel - Coarse - 314 to 3 inches - Fine - 3/16 to 314 inches 

Very Dense - 51 blowsfft. or more 
Sand - Coarse - 

Relative Properties 
Descriptive Term Percent 
Trace 1-10 
Little I 1  -20 
Some 21 - 35 
And 36 - 50 

- Medium - 
- Fine 

Silt 

2mm to 5mm 
(dia. of pencil lead) 
0.45mm to 2mm 
(dia. of broom straw) 
0.075mm to 0.45mm 
(dia. of human hair) 
0.005mm to 0.075mm 
(Cannot see particles) 

COHESIVE SOILS 
(Clay, Silt and Combinations) 

Unconfined Compressive 
Consistency Field Identification Strength ftonslss. ft.1 
Very Soft Easily penetrated several inches by fist Less than 0.25 I 

soft Easily penetrated several inches by thumb 0.25 - 0.5 
Medium Stiff 0.5 - I .O 
Stiff 1.0 - 2.0 
Very Stiff Readily indented by thumbnail 2.0 - 4.0 I 

Hard Indented with difficulty by thumbnail Over 4.0 

Can be penetrated several inches by thumb with moderate effort 
Readily indented by thumb but penetrated only with great effort 

Classification on logs are made by visual inspection. 

Standard Penetration Test - Driving a 2.0” O.D., 1 318” 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 I 

recorded for each 6 inches of penetration on the drill log (Example - 61819). The standard penetration test results can 
be obtained by adding the last two figures (i.e. 8+9=17 blowsm). Refusal is defined as greater than 50 blows for 6 
inches or less penetration. i 

I I 

Strata Chanaes - 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. 

I 

I 

Groundwater observations were made at the times indicated. 
topography, etc., may cause changes in the water levels indicated on the logs. 

Porosity of soil strata, weather conditions, site 

http://www.fbelenassoc.com


* -  

4 ~THELEN ASSOCIATES. INC. 
Geotechnical Testing Engineers - -  - 
e 1398 Cox Avenue, Erlanger, Kentucky 

Descriptions 

Unweathered 

Slightly Weathered 

Descriptions 

Extremely Weak 

Very Weak 

Weak 

01 0-1 002 1859-746-9400 I 

Rock Weathering and Strength Classification Sheet 

Rock Weathering 

Moderately Weathered 

Highly to Extremely Weathered 

Residual Soil 

Medium Strong 

Strong 

Very Strong 

Extremely Strong 

\ 

- 

Fax 859-746-9408 

www.thelenassoc. corn 
offices 

Eriangsr, Kentucky 
Lexington, Kentucky 

Cincinnati, Ohio 
Dayton, Ohio 

Field Identification 

No visible sign of rock material weathering, perhaps slight discoloration on major 
discontinuity surfaces. 

Discotoration 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. 

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. 

All rock material is decomposed andlor disintegrated to soil. The original mass structure 
is still largely intact. 

All rock material is converted to soil. The mass structure and material fabric are 
destroyed. There is a large change in volume, but the soil has not been significantly 
transported. 

Rock Strength 

Field Identification Strength bsi'k 

Indented by thumbnail 40-1 50 

Crumbles under firm blows with point of geological hammer, can be 150-700 
peeled by a pocket knife. 

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

7004000 

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

4000-7000 

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

7000-15,000 

Specimen requires many blows with a geological hammer to 15,000-36,000 
fracture. 

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

*Approximate range of unlaxial compressive strength 



CONCRETE CUR6 

COMPACTED CLAY CAP, 95% ASTM 0688. RESTORED 
TO PROPOSED GRADES NEW PAVEMENT 

CRUSHED STONE SUeEASE 

MlRAR 140 NOR EQUIVALENT FILTER FABRIC 
COMPACTED CLAY SUBGRADE 

4' 0 RIGID PERFORATED PVC EDGE 
DRAIN PIPE, OUTLET INTO CATCH 
BASIN 

PROPOSED STORM SEWER PIPE WHERE NO STORM 
SEWER PIPE IS PROPOSED, CONSTRUCT EDGE DFWN 
PER THIS DETAIL wIrtiouT THE STORM SEWER PIPE 

w= TRENCH WIDTH. IT MINIMUM WHERE 4' D l k  
PERFORATED DRAIN PIPE ONLY, W H  NO 
STORM SEWER STORM PIPE DIAMETERPLUS2 
FEET W E R E  STORM SEWER IS PROPOSED. 

D = TRENCH DEPTH BELOW SUBGRADE. 18" MINIMUM 
WHERE NO STORM S E M R  IS PROPOSED. 
STORM SEWER DEPTH WHERE STORM SEWER IS 
PROPOSED 

EDGE DRAIN DETAIL 
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