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1.0 INTRODUCTION
1.1 PURPOSE

The purpose of our geotechnical exploration was to explore the subsurface conditions for the expansion
to the City of Sevierville McCroskey Island Wastewater Treatment Plant which is located off McCroskey
Island Road near Sevierville, Tennessee and provide geotechnical recommendations for site preparation
and grading and for design and construction of the foundation systems. Additionally, recommendations

for flexible and rigid pavements are provided.

1.2 PROJECT INFORMATION AND SITE DESCRIPTION

Project information was provided during telephone conversations and email correspondence with Mr.
John Perry, P.E. of Jacobs Engineering Group (Jacobs) dating from May 20, 2021. Included with the email
correspondence was an annotated aerial photo showing the proposed construction and additional
requested boring locations. Also included was an Excel spreadsheet which contained the state plane

coordinates and ground surface elevations for the requested additional borings.

The project is to include an expansion of the existing City of Sevierville McCroskey Island Wastewater
Treatment Plant (WWTP). Figure 1 in Appendix A shows the general area of the site. McCroskey Island is
an island formed by the main branch of the French Broad River to the north and a smaller branch of the

river which flows around the southern border of the island.

The proposed expansion will include the construction of new clarifiers, biological reactor, electrical
buildings, aeriation basin, pump stations, grit chamber and splitter boxes as well as other features.
GEOServices has previously performed geotechnical services at the site as reported in the “Report of
Geotechnical Exploration — McCroskey Island Wastewater Treatment Plant Expansion”, dated February
11, 2011 and the “Addendum to Geotechnical Exploration”, dated May 9, 2017. Recommendations for
undercutting to allow shallow foundation support and deep foundation support were provided in the
previously referenced geotechnical reports. This current report supersedes the recommendations

presented in the previous reports.
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Based on our understanding of the current project information, the proposed structures are to be of cast-
in-place or precast concrete construction. The estimated foundation loads range from 500 to 2,400
pounds per square foot (psf). Table 1 shows the provided foundation loading and bearing elevations for

the proposed construction.

Table 1 — Proposed Expansion Structure Information

Anticipated
Structure Foundation
Type

Estimated Anticipated Bearing | Depth Below
Foundation Loading | Elevation (ft-MSL) 100 Yr Flood

1.5 ksf (slab)
Mat 2.0 ksf (effluent

pump)
A/A Basin Mat 2.3 ksf 865.6 -12.4

876.0 -2.0
868.5 -9.5

Headworks/Grit & Grease
Removal

NRCY Pump Station Mat 2.4 ksf 865.6 -12.4

Biological Reactor No. 2 Mat 1.7 ksf 870.8 -7.2

Clarifier Splitter Box Mat 2.3 ksf 860.8

Secondary Clarifiers 3 & 4 Mat 1.8 ksf 863.5

RAS/WAS Pump Station Mat 0.5 ksf 863.1

RAS/WAS Pump Station Shallow
Canopy Spread
Electrical Building 1 Shallow
Biological Reactor Spread

2.0 ksf Note 1

2.0 ksf 870.0

Effluent Facility Mat 2.4 ksf 862.3

Electrical Building 2 shallow 2.0 ksf 871.0
Spread

Plant Drain Pump Station Mat 1.2 ksf 846.25

Scum Pump Station Mat 2.0 ksf (Note 2) 854.25

Notes: (1) Approximately 2 feet below local grade. (2) Assumed based on previous information. NA — Not
applicable.

The provided information indicates the elevations for the proposed structures range from 876 feet at the

Grit Chamber in the south down to about 846.25 feet for the Plant Drain. Based on the existing site
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elevations and proposed foundation bearing depths, excavations of 2 to 15 feet will typically be required
to reach the foundation bearing elevations. Deeper excavations of up to about 20 to 30 feet appear to be
required in the area of the Scum Pump Station and Plant Drain, respectively. We have assumed
excavations of up to about 10 feet will be required for the new outfall in the northwest. Figure 2 in

Appendix A shows the proposed construction.

Our review of historical aerial images from Google Earth indicates the expansion area generally existed as
agricultural fields with the existing portions of the WWTP to the east until about 2005 when a lay-down area
was constructed in the south. The reviewed images show much of the site remained as agricultural lands with
the exception of fill/spoil placement in the southeast and east-central portions of the site. At the time of the
most recent exploration, the ground surface was covered in gravel and bare earth to the south and grasses
and weeds to the north. It also appeared that some additional uncontrolled fill had been placed in the
southern area of the site. Pits had also been excavated in this area which we understand have been used for

washout of the City of Sevierville vacuum trucks.

1.3 SCOPE OF STUDY

This geotechnical exploration involved a site reconnaissance, field exploration, laboratory testing, and
engineering analysis. The following sections of this report present a discussion of the field exploration,
site conditions, and our conclusions and recommendations. Following the text of this report, Appendix A
presents figures, tables, subsurface profiles and test boring records. The laboratory testing is summarized

in Appendix B.

The scope of our geotechnical engineering services did not include an environmental assessment for
determining 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. Statements in this report or on the
boring logs regarding odors, colors, and unusual or suspicious items or conditions are strictly for

informational purposes.
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2.0 EXPLORATION AND TESTING PROGRAMS

2.1 FIELD EXPLORATION

The site subsurface conditions have been explored by drilling a total of 54 soil test borings. The

approximate locations of the soil test borings are shown on Figure 3 of Appendix A of this report.

The original 30 borings (B-1 through B-30) were located in the field by GEOServices personnel using the
provided drawing. These borings were drilled by a subcontractor during the period from October 29
through November 10, 2010. The original 20 borings were advanced using 3%-inch hollow stem augers

and a CME 750 drill rig.

A second series of three borings (B-31 through B-33) were located in the field by GEOServices personnel
using a handheld GPS unit and a drawing provided by Jacobs. Ground surface elevations for these borings
are not available. These borings were drilled on April 11, 2017 by our subcontractor using a 7822DT

Geoprobe drill rig and 2%-inch hollow stem augers.

The most recent 21 borings (B-134 through B-154) were staked in the field by survey by Jacobs. These
borings were drilled using either a Diedrich D-25 or CME 55 drill rig using 3%-inch hollow stem augers. The

recent borings were drilled by our subcontractor during the period from July 6 through 20, 2021.

Within each boring, Standard Penetration Testing (SPT) and split-spoon sampling were performed. In most
of the borings the sampling was performed on 2%-foot centers in the upper 10 feet and at 5-foot intervals
thereafter. In selected borings of the most recent exploration, the sampling was performed on 2%-foot

centers to the refusal depth.

SPT and split-spoon sampling were performed in general accordance with ASTM D 1586. In split-spoon
sampling, a standard 2-inch O.D. split-spoon sampler is driven into the bottom of the boring with a 140-
pound hammer falling a distance of 30 inches. The number of blows required to advance the sampler the
last 12 inches of the standard 18 inches of total penetration (or second and third 6-inch increments when

sampling 24 inches) is recorded as the SPT resistance N-value. These N-values are indicated on the boring
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logs at the test depth and provide an indication of the consistency of fine-grained soil and relative density

of coarse-grained soil.

Relatively undisturbed samples were obtained from selected borings of the original 2010 exploration in
general accordance with ASTM D 1587. The undisturbed samples were obtained by hydraulically forcing
a section of 3-inch 0.D., 16-gauge steel tubing into the soil. Together with the encased soil, each tube
was carefully removed from the ground, made airtight, and transported to the laboratory. The depths of

undisturbed samples are shown on the appropriate Test Boring Records.

Rock coring was performed in borings B-3, B-16, B-150 and B-154 to explore the auger refusal materials.
The coring was performed using NQ sized diamond coring equipment in general accordance with ASTM D

2113.

Stabilized water level measurements were obtained in selected borings of the current exploration by
placing 1-inch PVC standpipes in the open boreholes. On selected intervals after completion of the
exploration, stabilized groundwater level measurements were recorded. The recorded groundwater

measurements are discussed in the following sections of the report.

Detailed logs for soil test borings can be found in Appendix A. The ground surface elevations on the boring
logs and in this report (where shown) were provided by Jacobs. The depths in this report reference those

that existed at the time of the field exploration.

2.2 SOIL CLASSIFICATION AND LABORATORY TEST PROGRAM

After completion of the field drilling and sampling phase of this project, the soil and rock samples were
returned to our laboratory. The recovered samples were visually-manually classified in general accordance

with the Unified Soil Classification System (USCS — ASTM D 2487) a member of our staff.

Laboratory testing of selected soil samples included natural moisture content (ASTM D 2216), Atterberg
limits (ASTM D 4318) and grain size (ASTM D 6913 and D 1140) tests. Representative undisturbed samples

were subjected to consolidated-undrained triaxial shear strength (ASTM D 4767) and unconfined
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compressive strength (ASTM D 2166) testing. A bulk sample of soil from boring B-24 of the original
exploration was subjected to standard Proctor laboratory compaction (ASTM D 698) and California
Bearing Ratio (CBR) (ASTM D 1883) testing. Selected split-spoon samples were subjected to pH (ASTM G
51), resistivity (ASTM G 187), chloride (ASTM D 512), oxidation-reduction potential (ASTM G 200), and
soluble sulfate testing (ASTM D 516). Samples of bedrock obtained by rock coring were subjected to
unconfined compressive strength (ASTM D 7012) testing. The laboratory test results are discussed in the

following sections of this report and presented in Appendix B.

3.0 SUBSURFACE CONDITIONS

3.1 GEOLOGIC CONDITIONS

The project site lies within the Appalachian Valley and Ridge Physiographic Province of East Tennessee.
This Province is characterized by elongated, northeasterly-trending ridges formed on highly resistant
sandstone and shale. Between ridges, broad valleys and rolling hills are formed primarily on less resistant

limestone, dolomite, and shale.

Published geologic information indicates the site is underlain by bedrock of the Sevier Shale Formation.
This formation generally consists of dark gray to black calcareous shale with minor amounts of limestone.

The Sevier Shale formation typically weathers to produce a thin, silty residual soil.

The boundary between soil and rock is not sharply defined in this geologic setting and there often is a
transitional zone, termed "weathered rock" overlying competent bedrock. Weathering is facilitated by
fractures, joints, and the presence of less resistant rock types. Consequently, the profile of the weathered
rock and hard rock is quite irregular and erratic, even over short horizontal distances. Also, it is not unusual
to find lenses and boulders of hard rock and/or zones of weathered rock within the soil mantle well above

the general bedrock level.

Some portions of the Sevier Shale formation have been documented to be expansive. The expansion
occurs during the weathering of the parent bedrock. During the weathering process pyrite is broken down

in the presence of water and oxygen. One of the end products of the weathering process is gypsum, which
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has a greater volume than the original bedrock volume. The result of the weathering process is expansion
of the rock mass and heave of the rock surface. This expansion can cause serious distress in buildings or

structures bearing in this material

Once the weathering process is complete, there is little risk of expansion. The highest risk is realized when
structures bear on unweathered shale or on fill composed of excavated shale. Therefore, structures
bearing on weathered shale or residual soil from the shale generally have a lower risk of problems due to
expansive shales. We consider that the proposed expansion will have a low risk of problems due to

expansive shale.

The geology of this site has also been influenced by nearby French Broad River. Alluvial soil was

encountered in each of the borings of this exploration.

3.2 SOIL STRATIGRAPHY

The following subsurface description is of a generalized nature to highlight the subsurface stratification
features and material characteristics at the boring locations. The boring logs included in Appendix A of
this report should be reviewed for specific information at each boring location. Information on actual
subsurface conditions exists only at the specific boring locations and is relevant only to the time that this

exploration was performed. Variations may occur and should be expected at the site.

Surficial/Cultivated Soil

Borings B-134, B-136 and B-138 were drilled in a gravel covered area and encountered about 6 inches of
crushed aggregate at the ground surface. The other borings typically encountered 3 to 8 inches of topsoil.
The topsoil layer was occasionally underlain and intermixed with cultivated soils which were encountered
to a maximum depth of about 5.5 feet. Typically, the cultivated soils were present in the upper 1 to 3 feet,
where encountered. Cultivated soils are materials which have been somewhat disturbed and contain

topsoil and trace organic materials as a result of previous agricultural activities at the site.
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Fill Materials

Fill soils were encountered underlying the surficial materials in borings B-27, B-30, B-134 and B-138. Fill is
a material which has been transported and placed by man and machine. The fill was encountered to
depths ranging from approximately 6 to 8 feet below the existing ground surface. Given that the fill was
encountered in the southern and southeastern portion of the site, it is likely material which was placed or

disturbed during previous grading or spoiling of materials at the McCroskey Island WWTP site.

The obtained samples of the fill soil were manually classified as dark brown, orangish brown, tan and gray
lean (lower plasticity) and fat (high plasticity) clay. The fill soils contained some sand, fine roots, gravel,

topsoil and trace organics.

The SPT N-values within the fill materials ranged from 4 to 14 blows per foot (bpf), which indicate soil
consistencies of soft to stiff. We note the presence of the gravel likely inflated the N-values where these
materials were present along the sample interval. Care should be exercised when evaluating the

consistency of the fill from the inflated N-values.

Alluvial Soil

Alluvial soils were encountered underlying the surficial materials and fill in each of the soil test borings.
Alluvial soils are materials which have been deposited by running water, in this case, the French Broad
River. The alluvial soils were classified as varying shades of brown, tan and gray lean clays, silts, silty and
clayey sands, well to poorly graded sands and well to poorly graded gravel. As is common in most alluvial
soil profiles, the soils typically graded from the fine-grained silts and clays to the coarse-grained sandy
soils, gravel and cobbles with increasing depth. The alluvium was micaceous and contained occasional

wood fragments.

The N-values within the fine-grained clays and silts ranged from 0 to 38 bpf. The N-values within the
coarse-grained sands, gravel and cobbles ranged from 0 bpf to 50 blows for 3 inches of penetration. The
N-values of greater than about 20 bpf were likely inflated by the presence of gravel and cobbles, where
present along the sample interval. The fine-grained soils were most commonly of soft to firm consistency

and the coarse-grained soils of very loose to loose relative density.
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Residual Soil

Residual soils were encountered underlying the alluvium in borings B-142 and B-143. Residual soils are
derived from the in-place weathering of the parent bedrock. The residual soils in these two borings were
encountered in thin zones of approximately 3 to 5 feet in thickness at depths of about 10.5 to 15.5 feet below
the existing ground surface. The residual soils were manually classified as varying shades of brown and gray

lean clays with shale fragments and the relict parent shale bedrock bedding pattern.

The N-values within the residual soils ranged from 12 to 39 bpf, which indicates a soil consistency of stiff to

hard.

Weathered Rock

Weathered rock was encountered in several of the borings at depths ranging from approximately 10 to
20 feet below the existing ground surface. These depths correspond to elevations ranging from about
853.5 to 863.0 feet MSL. The weathered rock was broken down by the split-spoon sampler to become
varying shades of brown and gray shale fragments with occasional lean clay. The SPT N-values within the

weathered rock interval ranged from 28 bpf to 50 blows for no penetration.

Auger Refusal

Auger refusal was encountered in each of the borings of this exploration. Refusal is a designation applied
to materials that cannot be penetrated by the power auger used to drill the borings. The auger refusal
depths ranged from about 8.3 to 29.3 feet below the existing ground surface. These depths correspond
to elevations ranging from approximately 842.7 to 861.6 feet MSL. Auger refusal could indicate dense

zones of alluvial gravel and cobbles or less weathered shale bedrock.

Where auger refusal occurred after penetrating an overlying zone of weathered shale or was confirmed
to be the result of shale bedrock by rock coring, the auger refusal depths ranged from 17.9 to 29.3 feet
below the existing ground surface. These depths correspond to elevations of 842.7 to 857.5 feet MSL.
These values likely more accurately represent the auger refusal depths which occurred as a result of

encountering less weathered shale bedrock.
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Bedrock

Rock coring was performed to explore the refusal materials in borings B-3, B-16, B-150 and B-154. The
recovered rock core consisted of shale, which was described as varying shades of gray, slightly to highly
fractured, moderately to slightly weathered and moderately hard to hard. The recovered core was
observed to be thin to medium bedded with an estimated dip angle ranging from approximately near
horizontal to 85 degrees. The rock core samples exhibited a slight reaction to a 10 percent solution of

hydrochloric acid. Photographs of the recovered rock core samples are provided in Appendix A.

The percent core recovery is the ratio of the sample length obtained to the depth drilled, expressed as a
percentage. The rock quality designation (RQD) is obtained by summing the length of core recovered,
including only the pieces of core that are 4 inches or longer (for NQ size core), divided by the total length

drilled. The percent core recovery and RQD are related to the soundness and continuity of the bedrock.

The recovery values for rock cored ranged from 38 to 99 percent, while the RQD values ranged from 0 to
84 percent, respectively. Generally, the rock may be described as very poor to good quality based on
published correlations using the RQD values. We note that while the recovery values were less than 100
percent, this does not imply the presence of open voids or cavities within the bedrock. The core recovery
loss was likely related to loss of materials from zones of more highly weathered, thinly bedded and friable

zones of the shale bedrock.

Groundwater

Groundwater was encountered in the majority of the borings at the time of drilling at depths ranging from
2 to 19.7 feet below the existing ground surface. The water level measured in the borings after at least
24-hours ranged from 4.1 to 15.1 feet below the existing ground surface. These depths correspond to

elevations ranging from 859.6 to 869.6 feet MSL.

We installed 1-inch PVC standpipes in borings B-134, B-139, B-140, B-143, B-145, B-146, B-149 and B-151
to facilitate stabilized groundwater level measurements. Groundwater was measured in these borings at
depths ranging from approximately 6.0 to 11.5 feet below the existing ground surface after 24 hours.

These depths correspond to elevations of approximately 864.1 to 869.6 feet MSL.
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The groundwater in the PVC standpipes was measured on July 29 and August 10, 2021. The water levels
between the first and second readings varied from +0.2 to -0.3 feet as shown in Table 2 below. The
stabilized groundwater levels for the borings in which the PVC standpipes were installed are based on the
final readings taken on August 10. The groundwater measurements obtained from the borings where the
standpipes were installed are thought to be more representative of the stabilized groundwater levels at

the site (over the period of time when the readings were taken).

Groundwater levels may fluctuate due to seasonal changes in precipitation amounts, construction
activities in the area, and/or the level of nearby water features. We note that groundwater levels may
fluctuate with seasonal and rainfall variations and with changes in the water level in adjacent features,
such as the nearby French Broad River. Normally, the highest groundwater levels occur in late winter and
spring and the lowest levels occur in late summer and fall. The groundwater information presented in this
report is the information that was collected at the time of our field activities. We note that the month of
July was relatively dry with about 2.6 inches of rainfall in the area, versus a normal monthly total of more
than 5 inches. As of the final reading on August 10, 2.3 inches of rainfall had been recorded in the area

versus a normal monthly total to date of about 1.4 inches.

Table 2 — PVC Standpipe Water Level Measurements

GW Elevation

GW Depth
(7/29)

(7/29)

GW Depth
(8/10)

GW Elevation
(8/10)

Variation Between
Readings

11.7

864.8

11.5

865.0

0.2

8.9

865.0

9.2

864.7

-0.3

10.6

864.6

10.8

864.4

-0.2

6.2

869.4

6.0

869.6

0.2

6.9

864.9

7.2

864.6

-0.3

8.2

864.4

8.5

864.1

-0.3

10.6

864.5

10.7

864.4

-0.1

7.3

864.0

7.2

864.1

0.1

GW — Groundwater. Depths in feet, elevations in feet MSL.
Generally, the stabilized groundwater elevation at the time of the exploration was at or below an elevation

of approximately 865.5 feet MSL. The exceptions were borings B-136 (A/A Basin), B-137 (New Outfall), B-
142 and B-143 (RAS/WAS Pump Station) where the groundwater level ranged from 865.9 to 869.4 feet
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MSL.

Table I-1 in Appendix A provides a summary of the subsurface conditions encountered in the soil test

borings.

3.3 LABORATORY TEST RESULTS

This section describes the laboratory testing program and summarizes the test results. The laboratory
tests were performed on the split-soon, relatively undisturbed Shelby tube, and bulk soil samples obtained
during drilling and sampling. Laboratory testing was also performed on rock core samples obtained during
the drilling. The following sections provide a short discussion of the general types of testing conducted
and a review of the test results. Table II-2 in Appendix B provides a summary of the laboratory test results.

Selected test reports are also provided in Appendix B.

3.3.1 Index Properties

Natural moisture contents, liquid limit, plastic limit, and plasticity index tests (collectively referred to
herein as Atterberg limits); and grain size tests were performed on selected split-spoon, bulk and relatively
undisturbed Shelby tube samples. These tests were used to confirm our visual-manual classifications and

classify the soil samples using the USCS system.

The natural moisture contents of the soils tested ranged from 4.1 to 79.3 percent. The lower natural
moisture content values of less than about 12 percent likely represent samples which contained gravel or

cobble fragments in the alluvial soils or shale fragments in the residual soils.

Where the samples were not classified as non-plastic, the liquid limits for the soil samples tested ranged
from 22 to 44 percent, the plastic limits ranged from 13 to 23 percent and the plasticity indices ranged
from 5 to 24 percent. Grain size testing of the selected samples indicated 12.2 to 85.6 percent of the soil
particles passed the No. 200 size sieve. The tested soils were classified as lean clays (CL), silty clays (CL-

ML), silts (ML), clayey sands (SC) and silty sands (SM) in accordance with the USCS.
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3.3.2 Unit Weight
Unit weight testing of selected undisturbed (Shelby tube) samples from borings B-1, B-8, and B-18
indicated moist unit weight values of the alluvial soils ranging from 111.8 to 123.2 pounds per cubic foot

(pcf). The testing was performed in general accordance with ASTM D 7263.

3.3.3 Unconfined Compressive Strength of Soil

Three unconfined compressive strength tests (ASTM D 2166) were performed on relatively undisturbed
soil samples of the alluvium from depths of 4 to 6 feet, 10 to 11 feet and 8 to 10 feet in borings B-1, B-8
and B-12, respectively. The results of the unconfined compressive strength tests indicated that the tested
samples had unconfined compressive strengths ranging from 0.58 to 0.96 kips per square foot (ksf). The

unconfined compressive strength test reports are found in Appendix B.

3.3.4 Standard Proctor Compaction

A standard Proctor laboratory moisture-density test (ASTM D 698) was conducted on a bulk sample of
primarily alluvial soil obtained from the upper approximately 10 feet in boring B-24. The results of the
testing indicated the soil had a maximum dry density of 109.8 pcf at the corresponding optimum moisture
content of 16.8 percent. The sample had a nature moisture content of 20.7 percent, indicating the

material was about 4 percent wet of the optimum moisture content.

3.3.5 California Bearing Ratio

A California Bearing Ratio (CBR) test (ASTM D 1883) was performed on a bulk sample of primarily alluvial
soil from the upper approximately 10 feet of boring B-24. Three specimens were first remolded to
approximately 95 to 100 percent of the ASTM D 698 maximum dry density near the optimum moisture
content. The samples were then soaked tested in accordance with the standard test method. The results
of the testing indicated a CBR value of about 4.9 for material compacted to 98 percent of the standard

Proctor maximum dry density.

3.3.6 Triaxial Shear Strength
A consolidated-undrained triaxial shear strength test (ASTM D 4767) was performed on a relatively
undisturbed soil sample of alluvial soil from a depth of 8 to 10 feet in boring B-18. The laboratory test

indicated a total stress (undrained) friction angle of about 24 degrees and a cohesion of 0.97 ksf. The
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effective stress friction angle for the sample tested was about 29 degrees and the cohesion was 0.63 ksf.

3.3.7 Soil Corrosivity

Spilt-spoon samples from borings B-137, B-138, B-141 and B-149 were selected for soil corrosivity testing.
Given the amount of sample required to perform the tests, two spilt-spoon samples were combined for
each test. The testing included the determination of pH (ASTM G 51), resistivity (ASTM G 187), chloride
ion (ASTM D 512), sulfate ion concentration (ASTM D 516) and Redox potential (ASTM G 200). The results
of these tests are used to evaluate the aggressiveness (corrosivity) of the subsurface environment with
respect to buried materials such as concrete and steel. The test results indicated that the samples had pH
values varying from 6.7 to 6.9 and resistivity values from 1,800 to 8,500 ohm-centimeters (ohm-cm).
Chloride ion concentrations varied from 12.7 to 45.0 parts per million (ppm). The sulfate ion
concentrations varied from 8.2 to 46.0 ppm. The redox potential of the samples tested ranged from 190.4

to 234.2 millivolts.

3.3.8 Unconfined Compressive Strength of Rock

The unconfined compressive strength and unit weight testing (ASTM D 7012) was conducted on samples
obtained from the rock coring. Two unconfined compressive strength tests were performed on rock core
samples of shale bedrock from Borings B-150 and B-154. The unconfined compressive strength of the
selected samples was 3,574 and 2,487 pounds per square inch (psi). The unit weight of the rock core
specimens ranged from 166.5 to 167.7 pounds per cubic foot (pcf), respectively. The samples tested were

of the relatively intact portion of the obtained rock core.

4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 SITE ASSESSMENT

Based on the results of our geotechnical exploration, it is our opinion that the site is generally adaptable
for the proposed construction. However, certain challenges are present which will affect development of
the site. These challenges include the presence of thick topsoil and upper cultivated soils, lower
consistency/relative density fill and alluvial soils and the presence of shallow groundwater. There also

exists the possibility of encountering weathered rock or bedrock in deeper excavations. Finally, the
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proposed construction may require excavations near existing structures.

4.1.1 Topsoil and Cultivated Soil

A relatively thick surficial topsoil layer and cultivated soils were encountered in the soil test borings which
will present challenges during grading. The depth of topsoil in the borings often ranged up to about 8
inches and the depth of cultivated soil ranged from about 1 to 5.5 feet. Undercutting and replacement of
cultivated soil should be anticipated, especially where firm to soft materials are present and the upper
topsoil and cultivated soil has not been removed during excavation to reach the proposed finished grade

or foundation bearing elevation.

We note that the need for undercutting should be based on proofrolling of exposed subgrades by the
geotechnical engineer, or his designated represented. Care should be taken during the initial site
preparation so that excessive amounts of alluvial soils (which are organically stained dark brown) are not
removed. As discussed later herein, it is recommended that earthwork grading be performed during the

time of the year where the drying potential is higher to reduce the potential for excessive undercutting.

Given the presence of the cultivated soil in the soil test borings, we recommend careful observation and
testing at the time of construction. Testing of the soils exposed in shallow foundation excavations as well
as proofrolling of the soils at the subgrade elevation is discussed in this report. Undercutting and
replacement to correct foundation and subgrade support conditions will be required where soft or loose
soils are encountered at the subgrade or foundation bearing elevation. The project budget should include

an allowance for this undercutting and replacement.

Cultivated soils can be sensitive to changes in moisture content and are typically difficult to dry to the
recommended range of moisture contents for compaction during periods of wet weather. If site grading
is performed during periods of low drying potential, traditionally November through March, then it should

be anticipated that remediation of the upper site soils will be required.

4.1.2 Lower Consistency/Relative Density Existing Fill and Alluvial Soils
Fill soils were encountered underlying the surficial materials in borings B-27, B-30, B-134 and B-138 to

depths ranging from 6 to 8 feet below the existing ground surface. The existing fill soil was commonly of
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lower consistency and contained deleterious materials.

Itis not likely given the composition and consistency of the fill that the material was placed in a controlled
(engineered) manner. We do not recommend relying on the uncontrolled fill for direct shallow foundation
support of the proposed construction. We recommend that the uncontrolled fill be completely undercut
from the proposed structural areas during mass grading (if not already removed by grading to reach
proposed finished grade). The undercutting to remove the fill should extend laterally at least 10 feet

beyond structural footprints.

Soft and loose alluvial soils were encountered in the majority of the borings of this exploration. As is
common in most alluvial soil profiles, the soils typically graded from the fine-grained silts and clays to the
coarse-grained sandy soils, gravel and cobbles. These alluvial soils are typically of lower strength and
higher compressibility as they have never been consolidated by pressures in excess of the present
overburden. Recommendations are provided herein for overexcavation and replacement to improve
shallow foundation bearing conditions, soil improvement using rammed aggregate piers or the use of
deep foundations where the structures are proposed to bear in the alluvium. Partial undercutting and

replacement may be considered for lightly-loaded structures bearing nearer the existing ground surface.

Support correction measures will be required to form a stable subgrade where the soft or loose alluvial
soils are exposed at the proposed subgrade elevation. On previous projects, subgrade stabilization has
been accomplished by limited undercutting and replacement, the use of a biaxial geogrid, by tracking
surge stone into the exposed subgrade materials or combinations thereof. Given the conditions
encountered in the borings, we recommend the project budget include an allowance for subgrade

stabilization across the site.

4.1.3 Shallow Groundwater

The water level measured in the borings after at least 24-hours ranged from 4.1 to 15.1 feet below the
existing ground surface. These depths correspond to elevations ranging from 859.6 to 869.6 feet MSL.
Groundwater was measured in eight selected borings where 1-inch PVC standpipes were installed at
depths ranging from approximately 6.0 to 11.5 feet below the existing ground surface after 24 hours.

These depths correspond to elevations of approximately 864.1 to 869.6 feet MSL.
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Generally, the stabilized groundwater elevation at the time of the exploration was at or below an elevation
of approximately 865.5 feet MSL. The exceptions were borings B-136 (AA Basin), B-137 (New Outfall), B-
142 and B-143 (RAS/WAS Pump Station) where the groundwater level ranged from 865.9 to 869.4 feet

MSL. We understand the design 100-year flood elevation for the site is at an elevation of 878 feet MSL.

Based on our understanding of the project information, groundwater is likely to be encountered above
the foundation bearing elevation for the A/A Basin, NRCY Pump Station, Clarifier Splitter Box, Secondary
Clarifiers, RAS/WAS Pump Station, Effluent Facility, Plant Drain, Scum Pump Station and new outfall
structures. Additionally, undercut excavations to reach the recommended bearing materials are below
the groundwater levels for the above structures and may also be for the Electrical Building No. 2. Perched

waters may be encountered at more shallow elevations.

Control of the groundwater during construction will require, at minimum, pumping from cased sumps
located outside the vertical projection of the foundation. Where pumping from sumps is not sufficient to
dewater the excavation, the installation of temporary well points may be required. The proposed
structures which are located below the groundwater level should be designed to resist the hydrostatic
and buoyant forces which will develop. Section 5.0 provides the anticipated need for dewatering for each

of the individual structures.

4.1.4 Excavation Difficulty

Weathered rock was encountered in several of the borings at depths ranging from approximately 10 to
20 feet below the existing ground surface. These depths correspond to elevations ranging from about
853.5 to 863.0 feet MSL. The auger refusal depths ranged from about 8.3 to 29.3 feet below the existing
ground surface. These depths correspond to elevations ranging from approximately 842.7 to 861.6 feet

MSL.

Based on our understanding of the project information, the weathered rock and refusal materials were
encountered above the proposed foundation bearing elevation or subgrade elevation in the area of the
proposed Plant Drain, Scum Pump Station, and along the new outfall (assuming the new outfall will require

an excavation of at least 10 feet below existing ground surface).
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Where excavations extend to depths where weathered rock or auger refusal was encountered, then
excavation difficulty should be anticipated. The removal of weathered rock or rock in confined excavations,
such as for foundations or utilities, can often be extremely difficult. At this site, excavations through dense
gravel or cobble zones may also present some excavation difficulty. Recommendations regarding excavation

difficulty for each structure are provided in Section 5.0 of this report.

4.1.5 Construction Near Existing Structures

The proposed structures of the expansion will be constructed in areas near existing structures of the WWTP.
Under no circumstances should the materials supporting the existing structures foundations, slabs or
roadways be disturbed without a plan previously approved by the structural engineer. This includes
disturbances which may occur during undercutting to improve foundation or subgrade support conditions or
deep foundation installation. Underpinning of the existing structures or shoring may be required where the

proposed excavations are to encroach on the supporting materials.

4.2 SITE PREPARATION RECOMMENDATIONS

4.2.1 Subgrade
Utilities to be abandoned should be completely removed and their trenches backfilled using structural soil

fill. If utilities are to remain in use, they should be rerouted outside of the proposed building areas.

Site stripping within the proposed construction areas (building and pavement) should include the removal
of vegetation, topsoil, rock fragments greater than 6 inches, asphalt, gravel, concrete, and other debris.
While construction debris was not noted in the borings, the previous episodes of development may have
buried pockets of these materials in unexplored locations of the site which should be completely undercut
and removed, if encountered. The stripping operations should extend a minimum of 5 feet beyond the
limits of proposed pavement areas and 10 feet beyond building footprints. These areas should be
observed by a geotechnical engineer upon grading to confirm the recommendations in this report are

followed.

Care should be taken by the contractor when working adjacent to existing buildings and roadways. We

recommend backfilling excavations adjacent the existing foundations as soon as possible after establishing
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proposed grades. When undercutting unsuitable materials or constructing new foundations, we
recommend the contractor work in short segments as to not compromise the existing walls, foundations,
or pavement sections. Typically, these segments should be less than 8 feet; however, the structural
engineer should determine the maximum segment length based on their assessment of the structural
integrity of the structure. In addition, the contractor should not undercut more than 2 feet in areas near
the existing structures without a representative of the geotechnical engineer present unless the area is

shored, and the design team is agreement with the plan.

After the completion of stripping operations and excavation to reach the planned subgrade elevation, we
recommend that the subgrade be proofrolled with a fully-loaded, tandem-axle dump truck or other
pneumatic-tired construction equipment of similar weight. Areas to receive structural soil fill should also
be proofrolled prior to the placement of new fill. The geotechnical engineer or his representative should

observe the proofrolling.

Proofrolling should not be performed in low-lying areas having a near surface groundwater level. In such
areas, any temporary surface and groundwater control and evaluation of required removal of soft/loose
soils should be based upon a program of test excavations and specific geotechnical analysis. Site

preparation in such low areas will initially require control of surface and groundwater.

Given the presence of uncontrolled fill and soft/loose alluvium, it is likely measures will be required to
improve subgrade support. Alternatives to improve subgrades may consist of undercutting and
replacement, the use of a biaxial geogrid, tracking surge stone into soft soil, or combinations thereof.
Generally, subgrade improvement for pavement areas consists of undercutting and replacing a minimum
of 2 feet below the subgrade elevation with structural soil fill or compacted dense graded aggregate. The
depth of undercutting should be determined based upon observations and tests performed at the time of
construction. Given the conditions encountered in the borings, we recommend the project budget include

an allowance for subgrade stabilization.

Deep foundation support is recommended for some of the proposed new structures. It has been our
experience that the heavy equipment used for deep foundation construction can often lead to significant

deterioration of subgrades. The use of No. 2 stone, or equivalent, tracked across the subgrade in areas
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where the heavy equipment will operate has been successful in limiting the subgrade disturbance on
previous projects. It should be anticipated that additional stone may need to be placed as construction

progresses in areas where subgrade distress is observed.

4.2.2 Structural Soil Fill

If variably weathered shale or other degradable rock materials are to be used as engineered fill, it is imperative
this material be reduced to a soil/gravel gradation during compaction. If the material size is not adequately
reduced, it may subsequently degrade when exposed to water causing losses in soil volume and strength that
could adversely effect the proposed structure. Given the potential for degradation and subsequent volume
and strength loss of these materials, we recommend weathered shale or other degradable rock materials not

be used as fill below the groundwater level.

Material considered suitable for use as structural fill should be clean soil free of organics and other deleterious
material, containing no rock fragments greater than 6 inches in dimension. Preferably, structural soil fill
material should have a standard Proctor maximum dry density of 90 pounds per cubic foot (pcf), or greater,
and a PI value of 35 percent, or less. The material to be used as structural fill should be tested by the

geotechnical engineer to confirm that it meets the project requirements before being placed.

Based on the testing performed for this exploration, the alluvial soils appear suitable for reuse as new fill;
however, they appear wetter than soil’s optimum moisture content and spreading and discing to dry the
materials will likely be required to reach the range of moisture contents recommended for compaction. We

do not anticipate that the upper cultivated soils and existing fill will be suitable for reuse as new fill.

Structural fill should be placed in loose, horizontal lifts not exceeding 8 inches in thickness. Each lift should be
compacted to at least 98 percent of the soil’s maximum dry density per the standard Proctor method (ASTM
D 698) and within the range of minus (-) 2 percent to plus (+) 3 percent of the optimum moisture content.
Each lift should be tested by geotechnical personnel to confirm that the contractors’ method is capable of
achieving the project requirements before placing subsequent lifts. Areas which have become soft or frozen

should be removed before additional structural fill is placed.
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4.2.3 Dense Graded Aggregate

Dense graded aggregate (DGA) fill may be used as backfill in undercut excavations and in utility trench
excavations. The DGA used for this section should be Type A and Grading D or E in accordance with Section
903.05 of the Tennessee Department of Transportation (TDOT) specifications. The DGA should be placed
in loose, horizontal lifts not exceeding 8 inches in loose thickness. Each lift should be compacted to at
least 98 percent of maximum dry density per the standard Proctor method (ASTM D 698). Each lift should
be compacted, tested by geotechnical personnel and approved before placing subsequent lifts. The in-
pace density of the DGA material is commonly tested locally using a nuclear density gauge per ASTM D

6938 (sometimes using the “backscatter” method).

4.2.4 No. 2 Stone (Surge Stone)

The use of No. 2 stone (or surge stone) may be used as backfill or tracked into loose/soft subgrade soils
to improve support conditions. The No. 2 stone is a nominal 1% to 2% inch particle size crushed durable
aggregate. The Tennessee Department of Transportation (TDOT) Standard Specifications for Road and
Bridge Construction, Section 709 recommends sodium sulfate soundness testing of proposed stone

materials to verify durability.

We recommend the No. 2 stone be placed in maximum 6-inch lifts and compacted by several passes of a
heavy roller. Proofrolling using a loaded tandem-axle dump truck or other approved equipment is
recommended to verify compaction of the No. 2 stone. Areas which exhibit excessive pumping, rutting or

deflection should be scarified and recompacted.

We recommend the maximum thickness of the No. 2 stone be limited to a maximum thickness of 1-foot
unless the material is fully enclosed by a geotechnical filter fabric or choked using progressively finer sized

crushed aggregates.

4.3 SHALLOW FOUNDATION RECOMMENDATIONS

4.3.1 Shallow Foundations
Shallow foundation support may be considered for some of the structures of the proposed WWTP expansion.

Given the presence of the existing fill and soft/loose alluvium, undercutting and replacement will be required
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to improve foundation support to allow shallow foundation support for most of the structures where shallow
foundation support is possible. Section 5.0 provides recommendations for each of the structures and the
recommended approximate range of undercut depths. The undercut excavations should be backfilled using

dense graded aggregate compacted as recommended in Section 4.2.3.

Where the undercut does not extend to the underlying stiff residuum or weathered shale, it will be required
to extend the foundation undercut laterally beyond the perimeter of the foundation. In this case, the
undercut excavation should extend laterally beyond the footing perimeter for a minimum distance equal to
one-half the depth of the undercut below the foundation bearing elevation. The excavation may then be

backfilled using compacted dense graded aggregate.

Even if design loads would allow smaller sizes, we recommend that continuous (wall) foundations be a
minimum of 18 inches wide and isolated spread foundations be a minimum of 24 inches wide to reduce the
possibility of a localized punching shear failure. The estimated maximum frost penetration depth for the site
is 12 inches; however, exterior foundations should be designed to bear at least 18 inches below finished
exterior grade to develop the design bearing pressure, provide a protective embedment and to protect

against frost heave.

The available lateral capacity of shallow foundations includes a soil lateral pressure and coefficient of friction.
Footings will be embedded in material similar to those described as Class 5 by the International Building Code.
Where footings are cast neat against the sides of excavations, an allowable lateral bearing pressure of 100
psf per foot depth below natural grade may be used in computations. Resistance to lateral sliding may be
evaluated using a friction factor of 0.45 where the foundation bearing material consists of compacted dense
graded aggregate or weathered shale. Where foundations bear in the alluvial soils, a friction factor of 0.35
may be used. An increase of one-third in the allowable lateral capacity may be considered for transient load

combinations, including wind or earthquake, unless otherwise restricted by design code provisions.

Uplift resistance will be required where hydrostatic (buoyant) pressures are developed on structures located
below the groundwater level. The stabilized groundwater levels measured in the borings at the time of the
exploration for each of the expansion structures are provided in Section 5.0. For shallow or mat foundations,

the uplift pressures may be resisted by increasing the width of the foundation beyond the vertical walls of the
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structure and including the weight of the soil above the foundation extension. The estimate may include the
soil directly above the foundation extension plus the soil included within a line from the outside edge of the
top of the foundation extension projected upward to the ground surface at a 30 degree angle from the

vertical. Rock anchors, as discussed in Section 4.6, may also be considered to provide uplift resistance.

Estimated settlements are provided for each of the structures supported using shallow and mat foundations
in Section 5.0. Westergaard stress distribution theory was utilized to model stresses in the materials
underlying the foundation induced by the provided applied foundation pressures. Calculated settlements
were based on elastic theory. Young's modulus (Es) values for the subsurface materials were based on
published and previously developed correlations with standard penetration resistance values obtained in soils
similar to those encountered at this site. Given the recommended foundation alternatives, it is not anticipated

that consolidation settlement of fine-grained soils will be a significant concern for the proposed construction.

GEOServices should be retained to perform foundation subgrade observations at the time of construction to
confirm that the recommendations provided in this report are consistent with actual site conditions. A
dynamic cone penetrometer (DCP) is commonly utilized to provide information that is compared to the data
obtained in this geotechnical report. Where unacceptable materials are encountered, the material should be

remediated at the geotechnical engineer's direction.

4.3.2 Slabs-on-Grade

For slab-on-grade construction, the site should be prepared as described in the following sections of this
report. We recommend that the subgrade be topped with a minimum 4-inch thick layer of dense-graded
aggregate to act as a capillary moisture block. The subgrade should be proofrolled and observed by our

geotechnical personnel prior to the placement of dense-graded aggregate.

Given the presence of uncontrolled fill and soft/loose alluvial soil, it is likely measures will be required to
correct subgrade support conditions. Alternatives to improve subgrades may consist of undercutting and

replacement, the use of a biaxial geogrid, tracking surge stone into soft soil, or combinations thereof.

The modulus of subgrade reaction values in Table 3 are provided for slab-on-grade design. These values are

for small diameter loads (i.e., a one foot by one foot plate) and should be adjusted for wider loaded areas.
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Table 3 — Modulus of Subgrade Reaction Values

Material USCS Group Symbol Modulus of Subgrade Reaction(pci)

Stiff Soil or Structural Soil Fill CL, SC, SM 125
| Dense Graded Aggregate Fill - 200 |

Notes: 1: A thickness of at least 3 feet of this material must be present below the subgrade elevation
for the use of this value.

The above values for modulus of subgrade reaction can be related to more widely loaded slabs by the

following:
2
For Sand Subgrades: k =k (%)
For Clay Subgrades: k= ky (%)
where, k = modulus of subgrade reaction for the more widely loaded area (pci)

k1 = modulus of subgrade reaction for 1 foot by 1 foot plate (pci) (Table 3)

B = width of loaded slab (feet)

The above relationships are provided for evaluation of soil supported concrete slabs and should not be used
to determine modulus of subgrade reaction values for mat foundations. Modulus values for mat foundations
based upon the provided foundation design information and estimated settlements and are provided in

Section 5.0 for each structure.

Due to the likelihood of fine-grained soils (i.e., clays and silts) being used as structural fill in the construction
area, the floor slab subgrade should not be allowed to dry during construction. If these soils become dry and
are exposed to free moisture, they can swell and crack the slab. For this reason, we recommend that soils
beneath mat foundations, floor slabs, and pavements be compacted and maintained throughout construction
at their optimum moisture content or slightly above. The subgrade should be retested just prior to placing

granular base material.
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4.4 SOIL IMPROVEMENT (RAMMED AGGREGATE PIERS)

Rammed aggregate piers may be considered to improve the soft/loose alluvial soil to allow shallow
foundation support of selected structures and reduce the requirement for undercutting and replacement
or deep foundations. Rammed aggregate piers for soil improvement will also allow the use of a higher

allowable foundation bearing pressure.

Rammed aggregate piers are constructed by initially drilling a hole of predetermined diameter to a
predetermined design depth. This system may also be installed in certain soils by driving a mandrel to the
design depth which would reduce soil cuttings associated with the drilled installation method. If the
rammed aggregate piers extend to depth below the level where water was encountered in the soil test

borings, the mandrel driven system or temporary casing may be required to allow pier construction.

The design pier depths will be determined by the rammed aggregate pier designer. Once the required
hole depthis achieved, the excavation is backfilled in lifts generally 18 to 24 inches thick with dense graded
aggregate stone, or approved alternative. Upon completion of backfilling, dynamic cone penetrometer
(DCP) testing is often performed to confirm adequate compaction of the backfill material. GEOServices
should review the rammed aggregate pier design to confirm the appropriate design parameters are used.
Additionally, at least one modulus test should be performed on a sacrificial pier to insure the designed

piers will perform satisfactorily. GEOServices should observe the modulus test.

An allowable bearing pressure of 3,000 psf may be initially considered where shallow foundations are to
be supported on soils improved using rammed aggregate piers. The actual design bearing pressure will be
developed by the aggregate pier designer. Where rammed aggregate piers are installed, we recommend
a friction coefficient of 0.45 be utilized to resist sliding friction. The values for allowable bearing pressure
and frictional resistance should be confirmed and approved by the selected rammed aggregate pier

designer.

We recommend the rammed aggregate piers be designed to control total settlements to less than 1 inch
and differential settlements of less than 2 inch. GEOServices should be retained to observe and document

the installation of the rammed aggregate piers so that the recommendations provided in this report are
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properly implemented in the field.

4.5 DEEP FOUNDATION RECOMMENDATIONS

4.5.1 Driven H-Piles

Driven H-piles bearing on bedrock may be considered for foundation support of selected structures. We
recommend that the pile load capacity be calculated using an allowable tip stress of 8 kips per square inch
(ksi) for piles bearing on shale bedrock with cast steel tip protection. We note the 8 ksi tip stress is based on
the geotechnical capacity of the shale materials and not the steel pile. Table 4 provides a table of typical

allowable capacities for several different driven piles.

Table 4 - Allowable Pile Capacities (50 ksi steel)

Pile Section Allowable Load (Kips)
HP-10x42 100
I HP-12x53 120 |
l HP-14x73 170 ]

It is recommended that the H-piles have a minimum embedment of at least 10 feet. Where the recommended
pile penetration cannot be achieved without exceeding the refusal criteria, other penetration aids such as
predrilling will be required to reach the required depth. Where oversized predrilled pile holes are required
such that all four corners of the H-pile are not in immediate contact with the surrounding soil, then lateral
pile stability should be restored by filling the spaces between the pile and the sides of the hole using approved
clean sand. Piles installed in preformed holes should be driven to the recommended refusal criteria at the
recommended minimum tip elevation (and after the clean sand has been placed, if required) once predrilling

has been completed.

We recommend an uplift capacity of the pile weight plus the weight of the pile cap be utilized for design.
Additionally, because the underlying bedrock is expected to have a sloping or irregular surface, and to assist
in the penetration of gravel, cobble and weathered rock zones, we recommend that the piles be equipped

with driving points or shoes to protect the pile from damage during driving. We recommend that the points
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consist of HP-77600 “hard bite” points as manufactured by the Associated Pile & Fitting Corporation, or

equivalent.

Lateral pile analysis was beyond our current scope of services. Where required, the lateral loading capacity
may be evaluated using the computer program LPILE, by Ensoft, Inc. The values provided in Table 5 may be
considered when performing lateral loading analysis for the piles. The values in Table 5 are provided to
represent the typical soil profile based on the borings and laboratory testing of this exploration. The
appropriate material type used in the analyses must be selected and confirmed based on the structural

location and materials anticipated to be encountered along the length of the pile.

Table 5 — LPILE Parameters

LPILE Soil Type v @
(pcf) | (degrees)
Alluvium ML,CL, SC Silt (c-@ soil) 58 24
Alluvium SM,SW,SP Sand 58 30
Shale Strong Rock 100 -

Soil / Rock Type

Notes:

y - Effective or submerged unit weight &€ so-Soil strain parameter

@ - Angle of internal friction k —subgrade modulus constant

Su - Undrained shear strength Uc — Unconfined compressive strength

The values in Table 5 above assume the soils along the length of the pile are submerged. Once the actual pile
layout and design loads are determined, GEOServices can be retained to work with the designer and perform
lateral analysis to confirm that the lateral pile deflections will be acceptable. If requested, we will provide a
proposal for these services. If battered piles are used, the maximum batter should be limited to 1 horizontal

to 4 vertical.

We expect that any settlement associated with the piles will be elastic settlement within the pile itself.

Maximum total and differential settlements area expected to be less than one-half of an inch.

No reduction in pile load capacity is necessary for end bearing piles installed in groups. A minimum spacing

of four times the pile diameter is recommended between adjacent piles. All foundation piles should be

installed by specialty contractors having experience in the installation of piles in conditions such as those at
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this site. Installation shall be by the continuous driving of the pile section to virtual refusal. Virtual refusal, for
the purposes of this project, may be defined as a driving resistance of 20 blows per inch, or equivalent
resistances for increments less than an inch (e.g., 5 blows per quarter-inch). The number of blows required

for refusal may be adjusted based on the evaluation of the driving conditions.

Installation of the piles should be accomplished using a well-operating, effective mechanical driver of any
acceptable design, except a drop hammer. Typically, diesel hammers are well suited for this application. The
hammer should have a rated energy of 45 kip-feet, or less, and a ram weight in the range of one-third to three
times the weight of the typical pile to be driven on the project. The pile and hammer should be capable of
being supported in a set of fixed driving leads of sufficient size and capacity to accommodate the hammer

and pile.

We recommend a comprehensive load testing program be completed which verifies the uplift and
compression capacities of each pile type utilized. Alternatively, the actual combination of pile, hammer,
driving criteria, and site conditions may be assessed by the Pile Driving Analyzer® (PDA) at the beginning of
construction. PDA is a dynamic pile test method used to verify pile axial capacity that takes place during
driving through the use of strain gauges and accelerometers mounted to the pile. The extents and location of

the test program should be coordinated through the construction manager and the design team.

The installation of each pile should be observed by the geotechnical engineer, or a staff professional working

under the direction of the geotechnical engineer. The installation observations should include the following:

e Keeping a record of pile installation and driving procedure.

e Verify that the piles are installed to the proper driving resistance and to a depth indicative of the
intended bearing stratum.

e Generally confirm that the pile driving equipment is operating as anticipated.

e Confirm from visual appearance that the piles are not damaged during installation and inspecting the
piles prior to installation for detective workmanship. The geotechnical engineer should review all
driving records prior to pile cap construction.

4.5.2 Micropiles
A deep-foundation support alternative consisting of micropiles may also be considered for support of the

selected features of the expansion. Micropiles are installed by drilling a steel pipe (i.e., casing) to the
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underlying bedrock. The hole is then extended, without casing, through competent bedrock creating a
socket (the pile bond length). Once the appropriate socket is penetrated (a function of rock quality and
design bond strength), a steel reinforcing bar is centered in the casing which extends from the bottom of
the socket to the pile cut-off length. Finally, the entire cased length is filled with grout using the tremie

method.

Construction techniques and methods associated with micropiles are very flexible and may vary from this
general description in some ways. However, given the subsurface conditions encountered and our
experience with projects in the geologic setting, we recommend all piles be cased. Using uncased piles

could result in collapse (or necking) of the drilled section, resulting in an unsatisfactory pile.

The casing used for the design of micropiles is typically 5 to 9-inch diameter steel that meets ASTM
standards (ASTM A 252), and which has a typical yield strength on the order of 80 kips per square inch
(ksi). GEOServices recommends an allowable bond strength of 50 psi between the grout and bedrock
along the socket in hard, continuous shale bedrock. This bond strength may be used when evaluating the

compressive and tensile capacity of the micropiles.

The refusal depths, where confirmed to be the result of more competent shale bedrock, were somewhat
variable and ranged from about 18 to 29 feet. Therefore, the project budget should include contingencies
for such variances during construction. Contingencies should also be included for weathered rock or soil
seam penetration which will be required to reach the competent bedrock where the micropile socket will
be formed. Up to 10 feet of weathered rock penetration to reach the hard, continuous shale bedrock

could be required based on the borings of this exploration.

The rock socket lengths may be taken as the length of pile installed in hard, continuous bedrock. Fractured,
friable, or otherwise unsuitable rock encountered during the installation should not be included in the
required rock socket lengths. Only horizontally continuous bedrock layers 18 inches in thickness or greater
should be utilized as contributing to the required rock socket length provided that the rock socket is

terminated in a hard, continuous bedrock layer that is a minimum of 5 feet thick.

Allowable axial capacities of micropiles will vary depending on the size of the selected pile and the
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applicable design standards. Axial capacities will need to be reduced accordingly for cases involving lateral
loading or bending of the micropiles. We expect that settlement associated with the piles will be elastic
settlement within the pile itself. Maximum total and differential settlements are expected to be less than
one-quarter of inch. We recommend the pile capacity be confirmed by the performance of load tests on
a representative number of micropiles. The extents and location of the test program should be coordinated

through the construction manager and the design team.

Micropiles are often installed successfully in this geologic setting for foundation support. We suggest that
the design and construction of micropiles be performed by a contractor specializing in this type of
construction with experience in this geologic setting. Once the final design plans have been prepared, we
request the opportunity to review the design plans to confirm that our recommendations have been
properly implemented. The design recommendations contained herein are contingent upon observation

and testing of the pile installation procedures in the field at the time of construction by GEOServices.

4.6 ROCK ANCHORS

The structural design may require engaging uplift resistance from the underlying bedrock. This may
include rock anchors, which generally consist of drilling a hole into underlying bedrock within the
foundation footprint, filling with grout, then inserting a reinforcing bar which will be integrated with the
foundation reinforcing steel. The design of rock dowels or anchors, including diameter, bond length, and
reinforcing bar size is typically completed by the structural engineer. We recommend an ultimate grout
to rock bond strength of 50 psi within the underlying hard, continuous shale bedrock. Uplift capacity
should consider the sum of individual anchor capacity and the group capacity of the anchor system based
upon the total weight of the soil/rock mass. Uplift capacity in the overlying overburden soil and

weathered rock should be neglected.

Typical design of rock anchors may include a 1%-inch diameter Diwydag steel reinforcement bar within an
approximate 4-inch diameter borehole. A minimum bond length of 5 feet installed into hard, continuous
shale bedrock is recommended. The bond length or bar size may be increased as needed for additional
capacity, subject to the designer. The rock anchor should include a free length above the bond zone to

prevent punching failure of the bedrock. The free length may be evaluated considering a cone of rock
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above the bond zone having a total weight equal to, or greater than, the design anchor load. The rock
cone may be sized considering a radius equal to the free length and a bedrock unit weight of 165 pcf. The

steel reinforcing bar should be bonded to the rock using an epoxy or cementitious non-shrink grout.

We recommend the installation of test anchors and in-situ load testing once the excavation has achieved
the proposed bearing elevation for anchors. Given the presence of variable materials, we recommend the
client perform anchor testing at a frequency and method developed by the design team. This testing may
allow for value-engineering of rock anchors, which may result in a project cost or labor savings. We

recommend the client and design team confer to determine if this would be of benefit to the project.

It is beyond our scope of work for this project to perform the design or analysis of rock anchors. We have
included discussion of anchor types for consideration by the design team. The number of anchors will
depend on several factors, including the size, spacing, loading, design assumptions and method, and
orientation. In general, we do not recommend the use of mechanical anchors as capacity is only derived
from the rock mass pullout capacity and shear strength of the rock, which may lead to an unnecessary
increase in the foundation size. Bonded anchors will also generate tensile capacity from bond zone within
the rock mass, such that an increase in capacity may be derived from increasing the bond length instead

of the foundation area.

The presence of water during construction may complicate bonded anchors and may require additional
testing or dewatering during construction for successful installation. The bars should not be grouted with
standing water in the holes. Also, dust from drilling should be cleaned from the sides of the hole and the
bottom using a brush and extension tube with an air compressor. GEOServices should be retained to

observe and document the installation of the anchors.

4.7 SEISMIC DESIGN CRITERIA

In accordance with the International Building Code (IBC), 2012 edition, we are providing the following

seismic design information. After evaluating the SPT N-value data from the soil test borings and proposed

changes to the site, it was determined that the subsurface conditions at the site most closely matched the
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description for “Seismic Site Class D” or “Stiff Soil Profile”. Table 6 provides the spectral response

accelerations for both short and 1-second periods, which may be used for design.

Table 6 — Seismic Design Parameters

Structure

McCroskey Island WWTP Expansion

The short and 1-second period values indicate the structure should be assigned a Seismic Design Category
“C” using the published information. The provided values are based on the results of our field exploration and

considering the structures will be designed utilizing a Risk Category lIl.

4.8 PAVEMENT DESIGN RECOMMENDATIONS

Following site preparation as previously recommended, the pavement areas can likely be grade supported on
properly compacted structural soil fill or suitable residual soil materials. We anticipate undercutting and
replacement, or some other subgrade stabilization alternative will be required to improve subgrade support

conditions at this site.

4.8.1 Flexible Pavement Design

AASHTO flexible pavement design methods have been utilized for pavement recommendations. Our
recommendations are based on the assumptions that the subgrade has been properly prepared as
described previously which will require subgrade stabilization to improve support conditions at this site.
Based on our experience with similar developments, we recommend the light and heavy-duty flexible

pavement sections shown in Table 7.
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Table 7 - Flexible Pavement Recommendations

Pavement Materials Light-Duty (inches) Heavy-Duty (inches)

Bituminous Asphalt Surface Mix 1.5 1.5

Bituminous Asphalt Base Mix 2.0 3.0

Compacted Crushed Aggregate Base 6.0 8.0

For reference, the light-duty section is expected to support approximately 55,000 18-kip Equivalent Single
Axle Loads (ESAL) over a period of 20 years, while the heavy-duty section is expected to support 300,000
ESAL over the same period. We recommend the light-duty section only be used in areas where semi-

tractor trailer or other loaded truck traffic is not anticipated.

We recommend a base stone equivalent to a Type A and Grading D in accordance with Section 903.05 of
the TDOT specifications. The bituminous asphalt pavement should be Grading "E" as per Section 411 for
the surface mix and Grading “BM” as per section 307 for the binder mix. Compaction requirements for
the crushed aggregate base and the bituminous asphalt pavement should generally follow TDOT

specifications.

4.8.2 Rigid Pavement Design

AASHTO rigid pavement design methods have been utilized for the rigid pavement recommendations. In
areas where large trucks will traverse, we recommend the use of a concrete pavement section. Our
recommendations are based on the assumptions that the subgrade has been properly prepared. Based

on our experience with similar developments, we recommend the following rigid pavement section:

Table 8 - Rigid Pavement Recommendations

Pavement Materials Light-Duty (inches) Heavy-Duty (inches)

4,000 psi Type | Concrete 6.0 8.0

Compacted Crushed Aggregate Base 4.0 6.0

Concrete should be reinforced with welded wire fabric or reinforcing bars to assist in controlling cracking

from drying shrinkage and thermal changes. Sawed or formed control joints should be included for each
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150 square feet of area or less (12 feet by 12 feet). Saw cuts should not cut through the welded wire fabric

or reinforcing steel and dowels should be utilized at formed and/or cold joints.

4.8.3 General
Our recommendations are based upon the assumption that the subgrade has been properly prepared as
described in previous sections and that if used, off-site soil borrow to be used to backfill to the final

subgrade meets the requirements of the structural fill section.

The paved areas should be constructed with positive drainage to direct water off-site and to minimize
surface water seeping into the pavement subgrade. The subgrade should have a minimum slope of 1
percent. In down grade areas, the basestone should extend through the slope to allow water entering the
basestone to exit. For rigid pavements, water-tight seals should also be provided at formed construction

and expansion joints.

4.9 LATERAL EARTH PRESSURES

For the design of cast-in-place retaining walls, we have provided equivalent fluid pressures for three
backfill conditions for cantilever-type walls. These are 1) active earth pressure for granular backfill (No.
57 stone), 2) at-rest earth pressure for granular backfill and 3) at-rest earth pressures for fine-grained soil.
The No. 57 stone is anticipated to have a moist unit weight of approximately 110 pounds per cubic foot
(pcf), while the fine-grained soil is anticipated to have a moist unit weight of 120 pcf. The angle of internal

friction for the No. 57 stone is estimated as 34 degrees and for the fine-grained soil as 24 degrees.

The equivalent fluid pressures provided have assumed a level backfill and a wall with a vertical face. The
designer should confirm other aspects of retaining wall design, including an evaluation of local and global

stability, with respect to the proposed walls and site design.

The provided parameters should not be used for the design of other wall types. Alternative wall types
such as mechanically stabilized earth (MSE), soldier pile or others should be designed by a specialty
contractor or proprietary wall manufacturer. No other information has been provided at this time

regarding the use of retaining walls.
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Condition 1 - The active earth pressure for granular backfill will result in an equivalent fluid pressure of
35 pcf. If the granular backfill is to develop active earth pressure conditions, walls must be flexible and/or
free to rotate or translate at the top approximately one inch laterally for every 20 feet of wall height. If

saturated, the equivalent fluid pressure for Condition 1 would be 77 pcf.

Condition 2 - The at-rest earth pressure for granular backfill will result in an equivalent fluid pressure of
50 pcf. For retaining walls that will not rotate or translate, such as building walls or other walls rigidly
connected to structures, at-rest conditions will develop. If saturated, the equivalent fluid pressure for

Condition 2 would be 90 pcf.

Condition 3 - Walls which are backfilled with or constructed to retain the site soils which include fine-
grained clays and silts, are recommended to be designed considering the at-rest pressure whether
restrained or not. The fine-grained materials will creep over time which will produce additional lateral
pressures on the wall. We recommend an equivalent fluid pressure of 72 pcf used for this condition. If

saturated, the equivalent fluid pressure for Condition 3 would be 105 pcf.

In all cases, forces from any expected surcharge loading including sloping backfill should be added to the
equivalent fluid pressures. The walls should be properly drained to remove water and prevent the buildup
of hydrostatic pressures or hydrostatic pressure should be added to the design pressure as recommended

for the saturated equivalent pressures provided above.

The wedge of clean aggregate backfill should have a minimum width of 1 foot at the base of the wall or
the width of the footing heel, whichever is greater, and increase in width a minimum of 0.6 feet per foot
of wall height. The aggregate should be fully encapsulated with a properly designed geotextile (filter
fabric) to prevent migration of the adjacent soils into the aggregate. Aggregate placed behind the retaining
wall should be placed in accordance with the compaction recommendations of this report. However, we
caution that operating compaction equipment directly behind the wall can create lateral earth pressures
far in excess of those recommended for design. Therefore, we recommend using hand operated, smaller

compaction equipment in non-vibratory modes within 5 feet of the front of the wall.
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For rigid, cast-in-place concrete walls, an ultimate friction factor of 0.35 between foundation concrete and
the bearing soils may be used when evaluating friction. Also, an ultimate passive earth pressure resistance
of well-compacted soil fill can be approximated by a uniformly acting resistance of 1,000 psf. However, to
limit deformation when relying on passive strength, we recommend using a minimum safety factor of 3.0

applied to the ultimate passive resistance value.

4.10 CORROSION POTENTIAL

The water soluble sulfate content of the soil samples selected for laboratory testing varied from less than
10 to 46 parts per million (ppm) which indicates a negligible (SO) sulfate exposure. Based on the results of

our laboratory testing, a review of the Design and Control of Concrete Mixtures published by the Portland

Cement Association (PCA), and our experience, sulfate resistant cement will not be required for concrete

embedded in soils similar to those tested at this site.

The soil chloride contents of the test samples ranged from about 13 to 45 ppm. Laboratory resistivity
revealed soil resistivity values which ranged from 1,800 to 8,500 ohm-cm. Laboratory testing also
indicated soil pH values ranging from 6.7 to 6.9. The Redox potential of the samples ranged from 190.4 to

234.2 millivolts. Negative sulfide reaction was present.

Based on the results of our laboratory testing, a review of published literature, and our experience, we
believe the on-site soils have a low potential for corrosion of unprotected steel. The results of the testing
performed when evaluated using the Cast Iron Pipe Research Association (CIPRA) 10-point scale revealed

values of 1 to 9 for each sample, which indicates the soils tested are not corrosive to cast iron pipe.

5.0 INDIVIDUAL STRUCTURE RECOMMENDATIONS

The following sections provide recommendations for the individual components of the proposed WWTP
expansion. The anticipated foundation support system, dewatering and potential for encountering
materials which will be difficult to excavate are discussed. Table 9 provides a summary of the foundation
recommendations for each of the structures. The information presented in Table 9 is based on the

provided foundation bearing elevations and loading information in Table 1.

36|Page



Report of Geotechnical Exploration

McCroskey Island WWTP Expansion / Sevierville, Tennessee

GEOServices Project No. 21-21717
November 1, 2021

Table 9 — Summary Foundation Support Recommendations

Structure

Foundation Type - Net
Allowable Bearing Pressure

Estimated Maximum Undercut
Depth/Elevation

Headworks Grit & Grease
Removal

Mat — 2 ksf

3 ft/Elevation 873 (As Required)

A/A Basin

Mat — 2.3 ksf or
Deep (Section 4.5) or Soil
Improvement (Section 4.4)

5 ft/Elevation 861

NRCY Pump Station

Mat — 2.4 ksf or
Deep (Section 4.5) or Soil
Improvement (Section 4.4)

5 ft/Elevation 861

Biological Reactor No. 2

Mat — 1.7 ksf or
Deep (Section 4.5) or Soil
Improvement (Section 4.4)

6 to 11 ft/Elevation 860 to 864.5

Clarifier Splitter Box

Mat — 2.3 ksf

3 ft/Elevation 858 (As Required)

Secondary Clarifiers 3 & 4

Mat — 1.8 ksf or
Micropiles (Section 4.5)

10 ft/Elevation 853.5

RAS/WAS Pump Station

Mat — 0.5 ksf

3 ft/Elevation 860.5

RAS/WAS Pump Station Canopy

Shallow Spread — 2 ksf

3 ft/Elevation 873 (As Required)

Electrical Building No. 1

Shallow Spread — 2 ksf

3 ft/Elevation 867

Effluent Facility

Mat — 2.4 ksf

4 ft/Elevation 858.2

Electrical Building No. 2

Shallow Spread — 2 ksf

7 ft/Elevation 864 (As Required)

Plant Drain Pump Station

Mat — 1.2 ksf

Bears in Shale Bedrock

Scum Pump Station

Mat — 2.0 ksf

5.1 HEADWORKS GRIT AND GREASE REMOVAL

2 ft/Elevation 852.3

The proposed approximately 40 by 10 foot Grit Chamber is to be supported by a mat foundation which

exerts a pressure of about 1,500 psf on the bearing materials. The associated Effluent Sump is to exert a

maximum pressure of about 2,000 psf on the bearing materials. The Grit Chamber is to have a planned

foundation bearing elevation of 876 feet MSL, while the Effluent Sump is to have a bearing elevation of

868.5 feet MSL. Based on the provided top of ground boring elevations, the existing site grades in the area

of the grit chamber range from about 876 to 877 feet MSL. Excavations of approximately 1-foot will be

required to reach the foundation bearing elevation for the Grit Chamber with excavations of up to about

9 feet for the Effluent Sump.

We understand the existing foundations are in-place for much of the proposed construction at the

Headworks Grit and Grease Removal expansion. New mat foundations for the proposed additional may
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be required in areas adjacent the existing structure. We recommend the new mat foundations be
designed considering a net allowable bearing pressure of 2,000 psf. If soft or loose soils are exposed at
the foundation bearing elevation, then undercutting and replacement will be required to improve
foundation support conditions. A maximum undercut depth of about 3 feet is anticipated, where required.
The undercutting should extend laterally beyond the foundation perimeter as discussed in Section 4.3.1.
Care should be taken to not disturb the foundation support materials of the existing headworks during

undercutting, as previously discussed.

We estimate maximum total and differential settlements for the additions to the headworks to be less
than three-quarters of inch and one-half of an inch, respectively, considering an applied pressure of 2,000
psf bearing on approved and tested materials. We note the total settlement of the new foundations will

be differential settlement relative to the existing structures.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 18 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation
of about 40 by 10 feet, an applied pressure of 2,000 psf and estimated settlement of three-quarters of an

inch.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 876 to 868.5 feel MSL, it is not anticipated that excavation difficulty will be a significant

concern for the structure.

The stabilized groundwater level in the boring drilled in this area was at about 11.6 feet below the existing
ground surface. Based on the provided top of ground boring elevations, this indicates the stabilized
groundwater level in the area was at an elevation of about 865.4 feet during the period when the borings
were drilled, and water levels measured. Considering the proposed foundation bearing elevation of 876
to 868.5 feel MSL, significant dewatering is not anticipated for this structure. The contractor should
maintain the site to provide positive drainage and prevent waters from flowing into open excavations as

discussed later herein.
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5.2 A/A BASIN (BIOLOGICAL SPLITTER-TRAIN NO. 1)

The AA Basin is to have plan dimensions of approximately 95 by 95 feet and is to be supported by a mat
foundation which exerts a pressure of about 2,300 psf on the bearing materials. The structure is to have
a planned foundation bearing elevation of 865.6 feet MSL. Based on the provided top of ground boring
elevations, the existing site grades in the area range from about 875 to 876.5 feet MSL. Excavations of

approximately 9.5 to 11 feet will be required to reach the foundation bearing elevation.

Based on the borings drilled in the area, soft and loose alluvial soils will generally be exposed at the
foundation bearing elevation. These soft and loose alluvial soils are underlain by medium dense sandy
soils with gravel and cobbles. We recommend the soft and loose materials be undercut to the underlying
medium dense alluvium and the excavation brought back to grade using compacted dense graded
aggregate. Based on the borings of this exploration, undercut depths to reach the medium dense alluvium
may range from about 3 to 5 feet (below the foundation bearing elevation). The undercutting should

extend laterally beyond the foundation perimeter for a minimum distance of 5 feet.

The A/A Basin foundations supported by bearing on excavations undercut to the medium dense alluvium
and backfilled using compacted dense graded aggregate may be designed considering a net allowable
bearing pressure of 2,300 psf. We estimate maximum total and differential settlements for the
foundations to be approximately 2 inches and % of an inch, respectively, considering an applied pressure

of 2,300 psf bearing on undercut excavations as recommended.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 8 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 95 by 95 feet, an applied pressure of 2,300 psf and estimated settlement of 2 inches.

If the aforementioned settlements are deemed excessive or if required to resist uplift, the structure may
also be supported using deep foundations. Recommendations for both H-piles and micropiles were
provided in the previous sections of this report which may be considered for the structure. Where

encountered, the depth to weathered rock was at a depth of about 20 feet (elevation 856 feet MSL) in
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this area. Where confirmed to be the result of less weathered shale, the depth to auger refusal was about
24.5 feet (elevation 851.5 feet MSL). The H-piles should be driven to virtual refusal in the weathered rock

and shale bedrock and the micropile sockets formed in the shale bedrock.

As an alternative to deep foundations, rammed aggregate piers may also be considered to allow shallow
foundation support of the AA Basin. Recommendations for rammed aggregate piers were provided in
Section 4.4 of this report. We recommend the designer/constructor of the rammed aggregate piers be
provided with the information presented herein for design of the system and to evaluate the installation

of the piers at this site.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 865.6 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure.

The stabilized groundwater level in the borings drilled in the area of the AA Basin ranged from about 8.5
to 11.5 feet below the existing ground surface. Based on the provided top of ground boring elevations,
the stabilized groundwater level in the area was at an elevation of about 864.6 to 866.6 feet MSL during
the period when the borings were drilled, and water levels measured. Considering that the proposed
foundation bearing elevation of 865.6 feet MSL, dewatering for construction of the AA Basin will be
required. Additionally, the structures should be designed to resist the hydrostatic and buoyant forces

which will develop.

5.3 NRCY PUMP STATION

The proposed NRCY Pump Station is to be supported using a shallow mat foundation which exerts a
pressure of about 2,400 psf on the bearing materials. The structure is to have a planned foundation
bearing elevation of about 865.6 feet MSL. Based on the provided top of ground boring elevations, the
existing site grades in the area of this structure range from about 876 to 878 feet MSL. Excavations of

approximately 10.5 to 12.5 feet will be required to reach the foundation bearing elevation.

Based on the boring B-18 drilled in the area, soft and loose alluvial soils will be exposed at the foundation
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bearing elevation. These soft and loose alluvial soils appear to be underlain by medium dense sandy soils
with cobbles. We recommend the soft and loose materials be undercut to the underlying medium dense
alluvium and the excavation brought back to grade using compacted dense graded aggregate. Based on
the borings of this exploration, undercut depths to reach the medium dense alluvium may range up to
about 5 feet (below the foundation bearing elevation). The undercutting should extend laterally beyond

the foundation perimeter for a minimum distance of 5 feet.

The NRCY Pump Station foundations supported by bearing on excavations undercut to the medium dense
alluvium and backfilled using compacted dense graded aggregate may be designed considering a net
allowable bearing pressure of 2,400 psf. We estimate maximum total and differential settlements for the
foundations to be approximately 1% inches and % of an inch, respectively, considering an applied pressure

of 2,400 psf bearing on undercut excavations as recommended.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 11 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

with an applied pressure of 2,400 psf and estimated settlement of 1% inches.

If the above settlements are deemed excessive or if undercutting in close proximity to the existing
structures is not practical, then deep foundation support of the NRCY Pump Station is recommended.
Micropiles are the recommended deep foundation alternative for this structure since the depth to
weathered rock and shale bedrock appears highly variable in this area and considering the possibility of
H-piles refusing at less than the recommended minimum length of 10 feet. Where encountered, the depth
to weathered rock ranged from 15 to 17 feet (elevation 859.5 to 861.0 feet MSL) in this area. The depth
to auger refusal ranged from 18.5 to 27 feet (elevation 849.0 to 857.3 feet MSL). The micropile socket

should be formed in the shale bedrock.

As an alternative to deep foundations, rammed aggregate piers may also be considered to allow shallow
foundation support of the NRCY Pump Station. Recommendations for rammed aggregate piers were
provided in Section 4.4 of this report. We recommend the designer/constructor of the rammed aggregate

piers be provided with the information presented herein for design of the system and to evaluate the
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installation of the piers at this site.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 865.6 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure.

The stabilized groundwater level in the borings drilled in the area of the NRCY Pump Station ranged from
about 10.6 to 12.9 feet below the existing ground surface. Based on the provided top of ground boring
elevations, the stabilized groundwater level in the area was at an elevation of about 864.3 to 865.9 feet
MSL during the period when the borings were drilled, and water levels measured. Considering that the
proposed foundation bearing elevation of 865.6 feet MSL, dewatering for construction of the NRCY Pump
Station will be required. Additionally, the structure should be designed to resist the hydrostatic and

buoyant forces which will develop.

5.4 BIOLOGICAL REACTOR NO. 2

The proposed Biological Reactor No. 2 is to be supported using a mat foundation which exerts a pressure
of about 1,700 psf. The structure is to have a planned foundation bearing elevation of 870.8 feet MSL.
Based on the provided top of ground boring elevations, the existing site grades in the area of this structure
range from about 878 to 873 feet MSL. Excavations of approximately 2.5 to 7.5 feet will be required to

reach the foundation bearing elevation.

Based on the borings drilled in the area, soft and loose alluvial soils will be exposed at the foundation
bearing elevation. These soft and loose alluvial soils appear to be underlain by medium dense sandy soils
with cobbles. We recommend the soft and loose materials be undercut to the underlying medium dense
alluvium and the excavation brought back to grade using compacted dense graded aggregate. Based on
the borings of this exploration, undercut depths to reach the medium dense alluvium may range from 6
to 11 feet (below the foundation bearing elevation). The undercutting should extend laterally beyond the

foundation perimeter for a minimum distance of 5 feet.

The Biological Reactor foundations supported by bearing on excavations undercut to the medium dense
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alluvium and backfilled using compacted dense graded aggregate may be designed considering a net
allowable bearing pressure of 2,000 psf. We estimate maximum total and differential settlements for the
foundations to be approximately 1% inches and % of an inch, respectively, considering an applied pressure

of 1,700 psf bearing on undercut excavations as recommended.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 9 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

with an applied pressure of 1,700 psf and estimated settlement of 1% inches.

If the above settlements are deemed excessive, the Biological Reactor No.2 may be supported using a
system of deep foundations. Recommendations for both H-piles and micropiles were provided in the
previous sections of this report which may be considered for the structure. Where encountered, the depth
to weathered rock ranged from 15 to 17 feet (elevation 856.6 to 861 feet MSL) in this area. Where
confirmed to be the result of less weathered shale, the depth to auger refusal ranged from 18.5 to 27 feet
(elevation 849.0 to 855.1 feet MSL). The average depth to auger refusal in these borings was 22 feet which
corresponds to an elevation of about 852.7 feet MSL. The H-piles should be driven to virtual refusal in the

weathered rock and shale bedrock and the micropile sockets formed in the shale bedrock.

As an alternative to deep foundations, rammed aggregate piers may also be considered to allow shallow
foundation support of the Biological Reactor No. 2. Recommendations for rammed aggregate piers were
provided in Section 4.4 of this report. We recommend the designer/constructor of the rammed aggregate
piers be provided with the information presented herein for design of the system and to evaluate the

installation of the piers at this site.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 870.8 feet, it is not anticipated that excavation difficulty will be a significant concern for the

Biological Reactor No. 2 structure.

The stabilized groundwater level in the borings drilled in this area ranged from about 9.2 to 15.1 feet

below the existing ground surface. Based on the provided top of ground boring elevations, this indicates
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the stabilized groundwater level in the area was at an elevation of about 861.7 to 865.1 feet during the
period when the borings were drilled, and water levels measured. Considering the proposed foundation
bearing elevation of 870.8 feet and recommended undercutting and replacement, groundwater control
will be required during construction. Recommendations for groundwater control are provided later
herein. The contractor should maintain the site to provide positive drainage and prevent waters from

flowing into open excavations as discussed later herein.

5.5 CLARIFER SPLITTER BOX

The proposed approximately 25 x 25 foot clarifier splitter box is to be supported by a mat foundation
which exerts a pressure of about 2,300 psf on the bearing materials. The structure is to have a planned
foundation bearing elevation of about 860.8 feet MSL. Based on the provided top of ground boring
elevations, the existing site grades in the area of the clarifiers range from about 873 to 875 feet MSL.

Excavations of approximately 12 to 14 feet will be required to reach the foundation bearing elevation.

Based on the borings drilled in the area, medium dense sands with cobbles will generally be exposed at
and below the foundation bearing elevation. The Clarifier Splitter Box foundation supported by bearing
on medium dense alluvial soils may be designed considering a net allowable bearing pressure of 2,300
psf. We estimate maximum total and differential settlements for the foundation to be less than
approximately one inch and one-half of an inch, respectively, considering an applied pressure of 2,300 psf
bearing on medium dense alluvial soil. We note that some undercutting and replacement could be

required if soft or loose alluvium is encountered at the foundation bearing elevation.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 16 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 25 x 25 feet, an applied pressure of 2,300 psf and estimated settlement of one inch.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 860.8 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure.
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The stabilized groundwater level in the borings drilled in this area ranged from about 11.6 to 11.7 feet
below the existing ground surface. Based on the provided top of ground boring elevations, this indicates
the stabilized groundwater level in the area was at an elevation of about 861.9 to 863.0 feet during the
period when the borings were drilled, and water levels measured. Considering that the proposed
foundation bearing elevation of 860.8 feet MSL, dewatering for construction of the Clarifier Splitter Box
will be required. Additionally, the structure should be designed to resist the hydrostatic and buoyant

forces which will develop.

5.6 SECONDARY CLARIFERS NO. 3 AND 4

The proposed two 150-foot diameter clarifiers are to be supported using shallow mat foundations which
exert a pressure of about 1,800 psf on the bearing materials. The structures are to have a planned
foundation bearing elevation of about 863.5 feet MSL. Based on the provided top of ground boring
elevations, the existing site grades in the area of the clarifiers range from about 872 to 875 feet MSL.

Excavations of approximately 8.5 to 11.5 feet will be required to reach the foundation bearing elevation.

Based on the borings drilled in the area, alluvial sands, gravel and cobbles will be exposed at the
foundation bearing elevation of the clarifiers. We recommend that in order to reduce the potential for
excessive differential settlements, the alluvial materials be undercut to the underlying weathered shale
and the excavation brought back to grade using compacted dense graded aggregate. Based on the borings
of this exploration, undercut depths to reach the weathered shale may range from about 2 to 10 feet
(below the foundation bearing elevation). The undercutting should extend laterally beyond the

foundation perimeter for a minimum distance of 5 feet.

The clarifier foundations supported by bearing on weathered shale or dense graded aggregate may be
designed considering a net allowable bearing pressure of 2,000 psf. We estimate maximum total and
differential settlements for the clarifier foundations to be approximately one-half of an inch, considering

an applied pressure of 1,800 psf bearing on weathered shale or compacted dense graded aggregate.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a

modulus of subgrade reaction value of 25 pounds per cubic inch (pci) may be considered for the
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computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 150 feet in diameter, an applied pressure of 1,800 psf and estimated settlement of one-half of an inch.

Alternatively, if the depth of undercut is deemed too great, or for the purposes of resisting uplift,
micropiles may also be considered for support of the proposed clarifiers. Recommendations for micropiles
were provided in Section 4.5 of this report which may be considered for the structure. Given the depth to
weathered rock and auger refusal, it is thought H-piles may refuse at depths less than the recommended

10 foot minimum for this structure, requiring predrilling.

The depth to weathered rock ranged from 10 to 20 feet in the borings drilled in the area of the proposed
clarifiers. These depths correspond to elevations of 853.5 to 862.5 feet MSL. Where confirmed to be the
result of less weathered shale, the depth to auger refusal ranged from 17.9 to 29.3 feet (elevation 842.7

to 854.1 feet MSL). The micropile sockets should be formed in the shale bedrock.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 863.5 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structures.

The stabilized groundwater level in the borings drilled in the area of the clarifiers ranged from about 7.2
to 12.3 feet below the existing ground surface. Based on the provided top of ground boring elevations,
the stabilized groundwater level in the area of the clarifiers was at an elevation of about 860.5 to 864.7
feet during the period when the borings were drilled, and water levels measured. Considering that the
proposed foundation bearing elevation of 863.5 feet, dewatering for construction of the clarifiers will be
required. Additionally, the structures should be designed to resist the hydrostatic and buoyant forces

which will develop.

5.7 RAS/WAS PUMP STATION

The RAS/WAS Pump Station is to have plan dimensions of approximately 75 by 25 feet and is to be
supported by a shallow mat foundation which exerts a pressure of about 500 psf on the bearing materials.

The structure is to have a planned foundation bearing elevation of about 863.1 feet MSL. Based on the
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provided top of ground boring elevations, the existing site grades in the area range from about 875 to 877
feet MSL. Excavations of approximately 12 to 14 feet will be required to reach the foundation bearing

elevation.

Based on the borings drilled in the area, alluvial sands, gravel and cobbles will be exposed at the
foundation bearing elevation of the RAS/WAS Pump Station. We recommend that in order to reduce the
potential for excessive differential settlements, the alluvial materials be undercut to the underlying stiff
lean clay residual soil and the excavation brought back to grade using compacted dense graded aggregate.
Based on the borings of this exploration, undercut depths to reach the stiff residual soils may range up to
about 3 feet (below the foundation bearing elevation). The undercutting should extend laterally beyond

the foundation perimeter for a minimum distance of 5 feet.

The RAS/WAS Pump Station foundation supported by bearing on dense graded aggregate and underlain
by stiff residuum may be designed considering a net allowable bearing pressure of 1,000 psf. We estimate
maximum total and differential settlements for the foundation to be approximately one-half of an inch,

considering an applied pressure of 500 psf bearing undercut as recommended.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 7 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 75 x 20 feet, an applied pressure of 500 psf and estimated settlement of one-half of an inch.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 863.1 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure.

The stabilized groundwater level in the borings drilled in the area of the RAS/WAS Pump Station ranged
from about 6.0 to 10.6 feet below the existing ground surface. Based on the provided top of ground boring
elevations, the stabilized groundwater level in the area of the RAS/WAS Pump Station was at an elevation
of about 866 to 869.6 feet MSL during the period when the borings were drilled, and water levels

measured. Considering that the proposed foundation bearing elevation of 863.1 feet MSL, dewatering for
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construction of the RAS/WAS Pump Station will be required. Additionally, the structure should be
designed to resist the hydrostatic and buoyant forces which will develop. Based upon the provided
structural loading information, micropiles may be required to resist uplift pressures. Recommendations

for micropiles were provided in Section 4.5.

5.8 RAS/WAS PUMP STATION CANOPY

The RAS/WAS Pump Station is to be covered by a pre-engineered metal canopy structure. This structure
is to be supported by shallow spread foundations which are anticipated to be relatively lightly-loaded
(maximum individual column foundation loads of less than 25 kips). The foundations are to bear at
nominal depths below the existing ground surface (subject to the foundation embedment requirements

of Section 4.3.1).

We recommend the new canopy foundations be designed considering a net allowable bearing pressure
of 2,000 psf. If soft or loose soils are exposed at the foundation bearing elevation, then undercutting and
replacement will be required to improve foundation support conditions. A maximum undercut depth of
about 3 feet is anticipated, where required. The undercutting should extend laterally beyond the
foundation perimeter as discussed in Section 4.3.1. We note that the canopy foundations may bear in the
backfill materials placed to bring the RAS/WAS Pump Station excavation back to finished grade. The

backfill should be compacted as recommended herein.
We estimate maximum total and differential settlements for the canopy foundations to be less than one
inch and one-half of an inch, respectively, considering an applied pressure of 2,000 psf bearing on

approved and tested materials.

It is not anticipated that excavation difficulty or dewatering will be a significant project concern for the

canopy structure.

5.9 ELECTRICAL BUILDING NO. 1 (BIOLOGICAL REACTOR ELECTRICAL BUILDING)

Electrical Building No. 1 is to have plan dimensions of approximately 55 by 25 feet. This structure is to be
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supported by shallow spread foundations which are anticipated to be relatively lightly-loaded (maximum
continuous wall foundation loads of less than 3 kips per linear foot). The foundations are to bear at
nominal depths below the existing ground surface (subject to the foundation embedment requirements

of Section 4.3.1).

We recommend the Electrical Building No. 1 foundations be designed considering a net allowable bearing
pressure of 2,000 psf. If soft or loose soils are exposed at the foundation bearing elevation, then
undercutting and replacement will be required to improve foundation support conditions. A maximum
undercut depth of about 3 feet is anticipated, where required. The undercutting should extend laterally

beyond the foundation perimeter as discussed in Section 4.3.1.

We estimate maximum total and differential settlements for the foundations to be less than one inch and
one-half of an inch, respectively, considering an applied pressure of 2,000 psf bearing on approved and

tested materials.

This structure is to have a foundation bearing elevation of about 870 feet MSL and excavations of 3to 5
feet will likely be required. It is not anticipated that excavation difficulty or dewatering will be a significant

project concern for the canopy.

5.10 EFFLUENT FACILITY (UV/POST/WS3)

The Effluent Facility structure is to have plan dimensions of approximately 75 by 75 feet and is to be
supported by a shallow mat foundation which exerts a pressure of about 2,400 psf on the bearing
materials. The structure is to have a planned foundation bearing elevation of about 862.3 feet MSL. Based
on the provided top of ground boring elevations, the existing site grades in the area range from about 871
to 876 feet MSL. Excavations of approximately 8 to 14 feet will be required to reach the foundation bearing

elevation.

Based on the borings drilled in the area, very loose to loose alluvium will be exposed at the foundation
bearing elevation. We recommend that in order to reduce the potential for excessive differential

settlements, the alluvial materials be undercut to the underlying weathered shale and the excavation
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brought back to grade using compacted dense graded aggregate. Based on the borings of this exploration,
undercut depths to reach the weathered shale may range up to about 4 feet (below the foundation
bearing elevation). The undercutting should extend laterally beyond the foundation perimeter for a

minimum distance of 5 feet.

The Effluent Facility foundation supported by bearing on dense graded aggregate and underlain by
weathered shale may be designed considering a net allowable bearing pressure of 2,400 psf. We estimate
maximum total and differential settlements for the foundation to be approximately one-half of an inch,

considering an applied pressure of 2,400 psf bearing on compacted dense graded aggregate.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 33 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 75 x 75 feet, an applied pressure of 2,400 psf and estimated settlement of one-half of an inch.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 862.3 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure; however, some weathered shale may be encountered.

The stabilized groundwater level in the borings drilled in the area of the RAS/WAS Pump Station ranged
from about 7.2 to 11 feet below the existing ground surface. Based on the provided top of ground boring
elevations, the stabilized groundwater level in the area was at an elevation of about 864 to 865.2 feet
MSL during the period when the borings were drilled, and water levels measured. Considering that the
proposed foundation bearing elevation of 862.3 feet MSL, dewatering for construction of the Effluent
Facility structure will be required. Additionally, the structure should be designed to resist the hydrostatic

and buoyant forces which will develop.

5.11 ELECTRICAL BUILDING NO. 2

The No. 2 Electrical Building is to have plan dimensions of approximately 20 by 15 feet and is to be

supported by shallow spread foundations. This structure is anticipated to be relatively lightly-loaded
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(maximum continuous wall foundation loads of less than 3 kips per linear foot). The foundations are to
bear at nominal depths below the existing ground surface (subject to the foundation embedment

requirements of Section 4.3.1).

The structure is to have a planned foundation bearing elevation of about 871 feet MSL. Based on the
provided top of ground boring elevations, the existing site grades in the area are at about 876 feet MSL

and excavations of approximately 5 feet will be required to reach the foundation bearing elevation.

We recommend the Electrical Building No. 2 foundations be designed considering a net allowable bearing
pressure of 2,000 psf. If soft or loose soils are exposed at the foundation bearing elevation, then
undercutting and replacement will be required to improve foundation support conditions. A maximum
undercut depth of about 7 feet is anticipated, where required. The undercutting should extend laterally

beyond the foundation perimeter as discussed in Section 4.3.1.

We estimate maximum total and differential settlements for the Electrical Building No. 2 foundations to
be less than one inch and one-half of an inch, respectively, considering an applied pressure of 2,000 psf

bearing on approved and tested materials.

Given that the depth to weathered rock and refusal materials is below the proposed bottom of foundation
elevation of 871 feet, it is not anticipated that excavation difficulty will be a significant concern for the

structure.

The stabilized groundwater level in the boring drilled in the area of Electrical Building No. 2 was about
11.6 feet below the existing ground surface. Based on the provided top of ground boring elevations, the
stabilized groundwater level in the area was at an elevation of about 864.6 feet MSL during the period
when the borings were drilled, and water levels measured. While the foundation bearing elevation of 871
feet is above the apparent groundwater level, some dewatering could be required for the undercutting to

improve foundation support conditions.

51| Page



Report of Geotechnical Exploration GEOServices Project No. 21-21717
McCroskey Island WWTP Expansion / Sevierville, Tennessee November 1, 2021

5.12 PLANT DRAIN PUMP STATION

The Plant Drain Pump Station is to have plan dimensions of approximately 30 by 15 feet and is to be
supported by a mat foundation which exerts a pressure of about 1,200 psf on the bearing materials. The
structure is to have a planned foundation bearing elevation of about 846.25 feet MSL. Based on the
provided top of ground boring elevations, the existing site grades in the area are at about 876 feet MSL.
Excavations of approximately 30 feet will be required to reach the foundation bearing elevation. Based

on the borings drilled in the area, shale bedrock will be exposed at the foundation bearing elevation.

The Plant Drain foundation supported by bearing on shale bedrock may be designed considering a net
allowable bearing pressure of 3,000 psf. We estimate maximum total and differential settlements for the
foundation to be approximately less than one-quarter of an inch, considering an applied pressure of 1,200

psf bearing on the shale bedrock.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 32 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 30 by 15 feet, an applied pressure of 1,200 psf and estimated settlement one-quarter of an inch.

The depth to weathered rock at the Plant Drain was about 15 feet which corresponds to an elevation of
about 861 feet MSL. Auger refusal was encountered at a depth of about 23.5 feet (elevation 852.2 feet
MSL). Given that weathered rock and auger refusal was encountered at an elevation greater than the
proposed foundation bearing elevation, it should be anticipated that materials which will be difficult to

excavate will be encountered.

The stabilized groundwater level in a boring drilled near the Plant Drain was measured at about 11.6 feet
below the existing ground surface. Based on the provided top of ground boring elevations, the stabilized
groundwater level in the area of the Plant Drain was at an elevation of about 865.4 feet MSL during the
period when the borings were drilled, and water levels measured. Considering that the proposed
foundation bearing elevation of 846.25 feet, dewatering for construction of the Plant Drain will be

required. Additionally, the structure should be designed to resist the hydrostatic and buoyant forces which
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will develop.

5.13 SCUM PUMP STATION

The Scum Pump Station is to have plan dimensions of less than about 20 by 20 feet and is to be supported
by a shallow mat foundation which exerts an assumed pressure of about 2,000 psf on the bearing
materials. The structure is to have a planned foundation bearing elevation of about 854.25 feet MSL.
Based on the provided top of ground boring elevations, the existing site grades in the area range from
about 872 to 874 feet MSL. Excavations of up to 20 feet will be required to reach the foundation bearing

elevation.

Based on the borings drilled in the area, alluvial sands, gravel and cobbles and weathered shale will be
exposed at the foundation bearing elevation of the Scum Pump Station. We recommend that in order to
reduce the potential for excessive differential settlements, the alluvial materials be undercut to the
underlying weathered shale and the excavation brought back to grade using compacted dense graded
aggregate. Based on the borings of this exploration, undercut depths to reach the weathered shale may
range up to about 2 feet (below the foundation bearing elevation). The undercutting should extend

laterally beyond the foundation perimeter for a minimum distance of 5 feet.

The Scum Pump Station foundation supported by bearing on weathered shale or dense graded aggregate
may be designed considering a net allowable bearing pressure of 3,000 psf. We estimate maximum total
and differential settlements for the foundation to be less than one-half of an inch, considering an applied

pressure of 2,000 psf bearing on weathered shale or compacted dense graded aggregate.

Considering a "beam on elastic subgrade" or Winkler approach in design of foundation reinforcing, a
modulus of subgrade reaction value of 28 pounds per cubic inch (pci) may be considered for the
computation of soil resistance to mat deflection. This value was estimated considering a mat foundation

of 20 x 20 feet, an applied pressure of 2,000 psf and estimated settlement of one-half of an inch.

The depth to weathered rock ranged from 10 to 20 feet in the borings drilled in the area of the proposed

Scum Pump Station. These depths correspond to elevations of 853.5 to 862.0 feet MSL. Where confirmed
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to be the result of less weathered shale, the depth to auger refusal ranged from 18.3 to 24.6 feet
(elevation 848.9 to 853.7 feet MSL). Given that weathered rock was encountered at an elevation greater
than the proposed foundation bearing elevation of 854.25 feet MSL, it should be anticipated that

materials which will be difficult to excavate will be encountered.

The stabilized groundwater level in the borings drilled in the area of the Scum Pump Station ranged from
about 9.9 to 11.6 feet below the existing ground surface. Based on the provided top of ground boring
elevations, the stabilized groundwater level in the area was at an elevation of about 862.1 feet MSL during
the period when the borings were drilled, and water levels measured. Considering that the proposed
foundation bearing elevation of 854.25 feet, dewatering for construction of the Scum Pump Station will
be required. Additionally, the structure should be designed to resist the hydrostatic and buoyant forces

which will develop.

5.14 NEW OUTFALL

Auger refusal was encountered at depths ranging from about 8.3 to 12.5 feet below the existing ground
surface in the borings drilled along the new outfall alignment (corresponding to elevations of about 857.6
to 860.5 feet MSL). Assuming a maximum excavation depth of about 10 feet, it should be anticipated that

materials which will be difficult to excavate will be encountered.

The stabilized groundwater level the borings drilled along the new outfall alignment was measured at
depths ranging from 4.1 to 8.5 feet below the existing ground surface. Based on the provided top of
ground boring elevations, the stabilized groundwater level along the outfall alignment ranged from 859.6
to 867.4 feet MSL during the period when the borings were drilled, and water levels measured. Assuming

a maximum excavation depth of about 10 feet for the outfall, dewatering will be required.
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6.0 CONSTRUCTION CONSIDERATIONS

6.1 FOUNDATION CONSTRUCTION

Foundation excavations should be opened, the subgrade evaluated, remedial work performed (if required),
and concrete placed in an expeditious manner. Exposure to weather often reduces foundation support
capabilities, thus necessitating remedial measures prior to concrete placement. It is also important that
proper surface drainage be maintained both during construction (especially in terms of maintaining dry
footing trenches) and after construction. Soil backfill for footings should be placed in accordance with the

recommendations for structural fill presented herein.

The amount of reinforcing steel required for large mat foundations will likely require several days to tie before
foundation concrete can be placed. We recommend protection of the bearing surface by placement of a 2 to
4-inch thick "mud-mat" of "lean" (2,000 psi) concrete on the bearing soils before the placement of reinforcing

steel.

6.2 EXCAVATIONS

6.2.1 Excavation Difficulty

The borings of this exploration encountered zones of weathered shale which were underlain by less
weathered shale bedrock materials. The weathered shale was encountered at depths ranging from
approximately 10 to 20 feet below the existing ground surface. These depths correspond to elevations
ranging from about 853.5 to 863.0 feet MSL. The auger refusal depths ranged from about 8.3 to 29.3 feet
below the existing ground surface. These depths correspond to elevations ranging from approximately

842.7 to 861.6 feet MSL.

Where excavations extend to depths where weathered rock or auger refusal was encountered in the
borings, then excavation difficulty should be anticipated. Weathered rock and bedrock generally
correspond to materials which require difficult excavation methods such as ripping, chipping (by track-
mounted hydraulic hammers) or blasting for removal. Given the confined nature of the proposed

excavations at this site, the use of pneumatic hammers may be required. The use of heavy-excavation
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equipment at a minimum will also be required for excavations in zones of dense gravel and cobbles. The
removal of dense zones of gravel, cobbles, or weathered rock or rock in confined excavations, such as for

foundations or utilities, can often be extremely difficult.

We note that excavation equipment varies, and field refusal conditions may vary. Generally, the
weathering process is erratic and variations in the rock profile can occur in small lateral distances. It is
therefore possible that weathered rock or bedrock may be encountered at more shallow depths in areas

between the borings of this exploration.

Based on our understanding of the project information, the weathered rock and refusal materials were
typically encountered above the proposed foundation bearing elevation or subgrade elevation in the area
of the Plant Drain, Scum Pump Station, and along the new outfall (assuming the new outfall to require an
excavation of at least 10 feet below existing ground surface). The owner should include an allowance for

excavation difficulty in the project budget.

6.2.2 OSHA Soil Types

The excavations for the proposed WWTP expansion are anticipated to be made in existing fill, soft/loose
alluvial soil, weathered shale and shale bedrock. Based on the laboratory strength testing and anticipated
seepage conditions, the soil overburden at the site may be considered OSHA Type C soil. The underlying

weathered shale which is free of seepage may be considered Type A soil.

The above soil types may be used to determine the permissible excavation slopes using OSHA guidelines. We
note that excavations of greater than 20 feet must be designed by a registered professional engineer. Where
unstable materials are encountered, the excavation slopes should be flattened to a less steep inclination or
trench boxes, or shields required. We note that the actual classification of the soil should be made by the
OHSA Competent Person, usually a representative of the contractor, based upon the conditions observed at
the time of construction. A portable instrument, such as a pocket penetrometer, may be used to obtain
information regarding the soil consistency as excavation progresses. OSHA requires that the excavations be
observed daily, after rain or water intrusion or any occurrence that could have changed the excavation

conditions by the contractor’s competent person.
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Excavations should be sloped or shored in accordance with local, state, and federal regulations, including
OSHA (29 CFR Part 1926) excavation safety standards. The contractor is usually solely responsible for site
safety. This information is provided only as a service, and under no circumstances should GEOServices be

assumed responsible for construction site safety.

6.2.3 Shoring

Where sloping of excavations is not able to be performed due to site constraints or in areas of unstable
materials, then shoring systems will likely be required. Trench boxes and shields are often used for this
purpose and will likely be required at this site. Trench boxes, shields or other protective systems should be

used and installed in accordance with the manufactures recommendations and OSHA requirements.

The use of pile and lagging or soil nail systems may also be considered. The use of sheet piling is not likely
applicable at this site given the presence of dense gravel, cobbles, weathered shale and bedrock which would

prevent the sheets from being driven to the necessary depths.

Soil nailing is a method of excavation support which is constructed in stages. Each stage consists of an
approximately four to five-foot vertical excavation, followed by application of reinforced shotcrete and
placement of soil nails. This sequence is repeated in stages to achieve the total depth of excavation required.
Soil nails are used to create a mass of soil which then behaves as a gravity retaining wall to resist the earth
pressures. Soil nails do not generally extend as far back into the soil behind the face of the wall as tie-backs;
however, care must still be exercised to avoid existing foundations and utilities. The soil nail excavation

systems are typically designed and constructed by geotechnical specialty contactors.

Soldier piles are either installed with pile driving equipment or are set in pre-excavated holes and then
concreted in place. At this site, the piles would likely be installed in pre-drilled holes using percussion drilling
to penetrate the gravel, cobble, weathered shale and rock materials. The most common soldier piles are
rolled steel sections, normally wide flange or bearing piles. Temporary lagging typically consists of wood while
more permanent lagging may consist of precast concrete or shotcrete. The lagging can either bear directly
against the soil side (back side) of the front flange of the soldier pile or it can be wedged to make more
intimate contact with the soil and thus reduce associated lateral displacement. The lagging is installed as the

excavation is made. Given the depth of proposed excavation at this site, it may be possible to design the
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soldier pile and lagging as a cantilever system without tiebacks; however, this will likely result in additional
lateral movement of the wall. As with soil nailing, pile and lagging excavation support systems are typically

designed and constructed by geotechnical specialty contactors.

6.3 MOISTURE SENSITIVE SOILS

The upper plastic fine-grained soils encountered at this site will be sensitive to disturbances caused by
construction traffic and changes in moisture content. During wet weather periods, increases in the moisture
content of the soil can cause significant reduction in the soil strength and support capabilities. Construction
traffic patterns should be varied to prevent the degradation of previously stable subgrade. In addition, the
soils at this site which become wet may be slow to dry and thus significantly retard the progress of grading
and compaction activities. We caution if site grading is performed during the wet weather season; increases

in the undercut volumes should be expected.

Further for site fills, methods such as dicing and allowing the material to dry will be required to meet the
required compaction recommendations. It will, therefore, be advantageous to perform earthwork and
foundation construction activities during dry weather. However, November through March is typically the

difficult grading period due to the limited drying conditions which exist.

6.4 DRAINAGE AND SURFACE WATER CONCERNS

To reduce the potential for additional undercut, water should not be allowed to collect in the foundation
excavations, on floor slab areas, or on prepared subgrades of the construction area either during or after

construction.

Undercut or excavated areas should be sloped toward one corner to facilitate removal of collected rainwater,
subsurface water, or surface runoff. Positive site surface drainage should be provided to reduce infiltration of
surface water around the perimeter of the structures and beneath the floor slab. The grades should be sloped
away from structures and surface drainage should be collected and discharged such that water is not

permitted to infiltrate the backfill and floor slab areas of the structures. Surface water runoff should be
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prevented from running down into excavations by constructing berms or ditches to collect and transport

surface waters away from the excavation (subject to OSHA requirements).

6.5 DEWATERING AND HYDROSTATIC PRESSURES

6.5.1 General

The water level measured in the borings after at least 24-hours ranged from 4.1 to 15.1 feet below the
existing ground surface. These depths correspond to elevations ranging from 858.4 to 869.4 feet MSL.
Groundwater was measured in eight selected borings where 1-inch PVC standpipes were installed at
depths ranging from approximately 6.0 to 11.5 feet below the existing ground surface after 24 hours.

These depths correspond to elevations of approximately 864.1 to 869.4 feet MSL.

Generally, the stabilized groundwater elevation at the time of the exploration was at or below an elevation
of approximately 865.5 feet MSL. The exception were borings B-136 (AA Basin), B-137 (New Qutfall), B-
142 and B-143 (RAS/WAS Pump Station) where the groundwater level ranged from 865.9 to 869.4 feet

MSL. The design 100-year flood elevation is 878 feet MSL based on the provided information.

Based on our understanding of the project information, groundwater is likely to be encountered above
the foundation bearing elevation for the A/A Basin, NRCY Pump Station, Clarifier Splitter Box, Secondary
Clarifiers, RAS/WAS Pump Station, Effluent Facility, Plant Drain, Scum Pump Station and New outfall
structures. Additionally, undercut excavations to reach the recommended bearing materials are likely be
below the groundwater levels for the above structures and may also be encountered during undercutting

for the Electrical Building No. 2. Perched waters may be encountered at more shallow elevations.

6.5.2 Construction Dewatering

Typically, a temporary drawdown of groundwater encroaching on excavations can be achieved by digging
sump pits in the underlying soil, installing a sump casing, and continuously pumping water out of the
excavation. The sumps should be gravel-lined and cased. We recommend the sump pits be located outside
the vertical projection of proposed foundations. The number of sump pits and their depth will depend on
the actual soil and groundwater conditions encountered. Deeper sumps may be required if the depth of

water in the excavation cannot be maintained to less than 2 inches for temporary dewatering purposes.
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Should heavy seepage occur, or should there be evidence of soil particle migration, such as silting of the
sump, then the geotechnical engineer should be contacted. Waters removed by pumping should be

diverted to an approved outfall away from the construction area.

Deeper excavations will expose highly permeable, water-bearing, alluvial soils, sands and gravels and the
proposed excavation sides will also include zones of these materials, which are very susceptible to erosion
from surface water and water-bearing strata within the soil overburden. We anticipate a dewatering
system consisting of temporary well points will be required to control ground water during construction
if a temporary drawdown of groundwater cannot be achieved by pumping from a series of sumps. The
design of a temporary well point dewatering system based on a detailed study of ground water was
beyond the scope of this report. The dewatering system should incorporate provisions to control

subsurface erosion due to ground water flow.

6.6.3 Hydrostatic/Buoyant Forces

The portions of the structures located below the groundwater level will be required to resist the hydrostatic
and buoyant forces which will develop. Section 5.0 provides a discussion of the groundwater level with
respect to each of the individual structures. The previous sections of this report have included
recommendations for shallow foundations, deep foundations and rock anchors that may be used to help

resist the uplift forces which will develop.

7.0 LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical engineering practice for
specific application to this project. This report is for our geotechnical work only, and no environmental
assessment efforts have been performed. The conclusions and recommendations contained in this report are
based upon applicable standards of our practice in this geographic area at the time this report was prepared.

No other warranty, express or implied, is made.

The analyses and recommendations submitted herein are based, in part, upon the data obtained from the
exploration. The nature and extent of variations between the borings will not become evident until

construction. We recommend that GEOServices be retained to observe the project construction in the field.
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GEOServices cannot accept responsibility for conditions which deviate from those described in this report if
not retained to perform construction observation and testing. If variations appear evident, then we will re-
evaluate the recommendations of this report. In the event that any changes in the nature, design, or location
of the structures are planned, the conclusions and recommendations contained in this report will not be
considered valid unless the changes are reviewed, and conclusions modified or verified in writing. Also, if the
scope of the project should change significantly from that described herein, these recommendations may

need to be re-evaluated.
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Table I-1

Boring Summary
McCroskey IsIand WWTP Expansion GEOQServices, LLC, Geotechnical and Materials Engineers
GEOServices Project 21-21717

Ground Foundation . . Stabilized Stabilized Weathered Auger Auger
. . Surficial Weathered
Boring Structure Surface Bearing . Groundwater  Groundwater Shale Refusal Refusal
. . Material . Shale Depth . .
Elevation Elevation Depth Elevation Elevation Depth Elevation
Biological
B-1 Reactor 873 870.0 30-in Cult. 112 861.8 15.0 858.0 21.4 851.6
Electrical Bld
B-2 Clarifier 872 860.0 NE 11.0 861.0 10.0 862.0 17.9 854.1
B-3 Clarifier 872 860.0 30-in Cult. - - 15.0 857.0 29.3 842.7
B-4 Clarifier 872 860.0 12-in Cult. 9.9 862.1 10.0 862.0 183 853.7
B-5 Clarifier 872 860.0 30-in Cult. - ; 15.0 857.0 206 851.4
B-6 Clarifier 872 860.0 12-in Cult. 106 861.4 10.0 862.0 198 852.2
B-7 Clarifier 8725 860.0 12-in Cult. 11.0 861.5 10.0 862.5 205 852.0
B-8 Clarifier 873.5 860.0 30-in Cult. - - 20.0 853.5 27.0 846.5
B-9 Biological 878 870.0 | 12-inCult. 15.1 862.9 NE . 228 | 8552
Reactor
B-10 Biological 876 870.0 12-in Cult. 12.0 864.0 NE ; 18.1 857.9
Reactor
p11 | Diological 876 870.0 | 30-inCult. 11.1 864.9 15.0 861.0 225 | 8535
Reactor
B-12 Biological 874 870.0 30-in Cult. 9.6 864.4 15.0 859.0 215 852.5
Reactor
p-13 | Biolosical 874 870.0 | 60-in Cult. 10.4 863.6 15.0 859.0 219 | 8521
Reactor
B-14 Biological 874.5 870.0 30-in Cult. 10.7 863.8 15.0 859.5 205 854.0
Reactor
B-15 AA Basin 876 866.8 30-in Cult. - ; NE ; 23.0 853.0
(Area)
B-16 Biological 876 870.0 12-in Cult. 10.9 865.1 15.0 861.0 27.0 849.0
Reactor (Area)
B-17 Biological 876 870.0 12-in Cult. 11.7 864.3 15.0 861.0 26.5 849.5
Reactor (Area)
p-1g | Biolosical 878 870.0 | 30-inCult. 12.9 865.1 NE . 215 | 8565
Reactor (Area)
B-19 | Clarifier (Area) 875 860.0 30-in Cult. 10.3 864.7 15.0 860.0 215 853.5
B-20 | Clarifier (Area) | 8745 860.0 30-in Cult. 10.9 863.6 15.0 859.5 225 852.0




Table I-1

Boring Summary
McCroskey IsIand WWTP Expansion GEOQServices, LLC, Geotechnical and Materials Engineers
GEOServices Project 21-21717

Ground Foundation .. Stabilized Stabilized Weathered Auger Auger
. . Surficial Weathered
Boring Structure Surface Bearing . Groundwater  Groundwater Shale Refusal Refusal
. . Material . Shale Depth . .
Elevation Elevation Depth Elevation Elevation Depth Elevation
B-21 SCLSJ:\a/It:Dounmp 873.5 856.0 | 30-in Cult. 11.6 861.9 20.0 853.5 246 | 8489
B-22 Clarifier 873.5 860.0 30-in Cult. 11.6 861.9 - - 16.1 857.4
B-23 Clarifier 874 860.0 12-in Cult. 10.1 863.9 15.0 859.0 22.3 851.7
B-24 A&E::)'” 876 866.8 | 30-inCult. 11.4 864.6 20.0 856.0 245 | 8515
Chlorine
B-25 Contact 876.5 - 6-in Topsoil - - 15.0 861.5 24.0 852.5
Chamber
Chlorine
B-26 Contact 878 - 6-in Topsoil - - 15.0 863.0 20.5 857.5
Chamber
B-27 Plant Drain 876 848.0 6-in Topsoil - - 15.0 861.0 23.5 852.5
B-28 standby 877 - 5-in Cult. 11.6 865.4 15.0 862.0 205 | 8565
Generator
B-29 Grit Chamber 876.5 876.0 5-in Topsoil - - 15.0 861.5 19.5 857.0
B30 | O /?r‘:;nber 875 876.0 5-in Topsoil 95 865.5 NE ; 17.0 858.0
Biological . .
B-31 Reactor (Area) - 870.0 8-in Topsoil - - NE - 134 -
B-32 AA Basin - 866.8 8-in Topsoil - ; NE ; 16.4 ;
(Area)
B-33 AA Basin - 866.8 | 8-in Topsoil - - NE - 13.0 -
(Area)
B-134 AA Basin 876.5 866.8 6-in Gravel 115 865.1 NE - 18.3 858.2
B-135 New Outfall 868.8 858.8 36-in Cult. 4.1 864.7 NE - 8.3 860.5
B-136 AA Basin 875.1 866.8 6-in Gravel 8.5 866.6 NE - 16.5 858.6
B-137 New Outfall 872.3 862.3 4-in Topsoil 49 867.4 NE - 12.5 859.8
p-13g | Diologica 873.2 870.0 | 6-in Gravel 115 861.7 NE . 150 | 8582
Reactor #2
B-139 Biological 873.9 870.0 3-in Topsoil 9.2 864.7 NE ; 18.0 855.9
Reactor #2




Table I-1

Boring Summary

McCroskey Island WWTP Expansion
GEOServices Project 21-21717

GEOQServices, LLC, Geotechnical and Materials Engineers

Ground  Foundation .. Stabilized Stabilized Weathered Auger Auger
. . Surficial Weathered
Boring Structure Surface Bearing . Groundwater  Groundwater Shale Refusal Refusal
. . Material . Shale Depth . .
Elevation Elevation Depth Elevation Elevation Depth Elevation
Biological
B-140 Reactor 875.2 870.0 36-in Cult. 10.8 864.4 NE - 17.5 857.7
Electrical Bld
Biological
B-141 Reactor 874.7 870.0 5-in Topsoil 11.7 863.0 NE - 17.0 857.7
Electrical Bld
B-142 RAS/WA.S 876.5 863.3 36-in Cult. 10.6 865.9 17.0 859.5 19.2 857.3
Pump Station
B-143 RAS/WA.S 875.6 863.3 NE 6.0 869.6 15.5 860.1 18.5 857.1
Pump Station
B-144 New Outfall 868.1 858.1 4-in Topsoil 8.5 859.6 NE - 10.5 857.6
B-145 Clarifier 871.8 860.0 4-in Topsoil 7.2 864.6 NE - 10.8 861.0
B-146 Clarifier 872.6 860.0 66-in Cult. 8.5 864.1 NE - 13.0 859.6
B-147 Clarifier 872.9 860.0 5-in Topsoil 9.5 863.4 NE - 16.0 856.9
B-148 Clarifier 872.8 860.0 5-in Topsoil 11.3 861.5 NE - 13.0 859.8
B-149 Clarifier 875.1 860.0 36-in Cult. 10.7 864.4 NE - 13.5 861.6
B-150 UV/POST/W3 876.2 864.0 6-in Topsoil 11.0 865.2 18.0 858.2 20.0 856.2
B-151 UV/POST/W3 871.3 864.0 3-in Topsoil 7.2 864.1 NE - 10.5 860.8
p-152 |  Flectrical 876.2 871.0 | 6-in Topsoil 11.6 864.6 NE . 175 | 8587
Building
B-153 Clarifier 872.8 860.0 8-in Topsoil 12.3 860.5 NE - 13.0 859.8
p.154 | Diological 873.6 870.0 36-in Cult. 10.8 862.8 17.0 856.6 185 855.1
Reactor #2

Depths in feet, elevations in feet MSL. NE — Not encountered


































































































































































































































































































































































