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ACRONYMS/ABBREVIATIONS

Acronyms/Abbreviations Definition

uPa microPascal

dB decibel

dBA A-weighted decibel

dBL linear decibel

C-I Commercial-Industrial

CTG combustion turbine generator

HRSG heat recovery steam generator

Hz Hertz

ISO International Organization for Standardization

Leq equivalent sound level

Lw sound power level

LP sound pressure level

ML monitoring location

OPSB Ohio Power Siting Board

the Project Oregon Energy Center

the Project Site a 30-acre property, located off Parkway Road in the City of Oregon, Lucas

County, Ohio, on which the Oregon Energy Center is proposed

STC Sound Transmission Class

STG steam turbine generator

Tetra Tech Tetra Tech, Inc.

USEPA United States Environmental Protection Agency

UTM Universal Transverse Mercator
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1.0 INTRODUCTION

Tetra Tech, Inc. (Tetra Tech) has prepared this noise impact assessment for the proposed Oregon Energy Center

(the Project) to support an application to the Ohio Power Siting Board (OPSB) by Clean Energy Future o Oregon,

LLC. The Project is proposed on approximately 30 acres located off Parkway Road in the City of Oregon, Lucas

County, Ohio (the Project Site). The Project will have a nominal net capacity of 955 megawatts, utilizing two

Siemens SCC6-8000H combustion turbine generators (CTGs). As a combined cycle power plant, the exhaust heat

of the CTG is used in the heat recovery steam generator (HRSG) to produce steam to generate additional energy

in a steam turbine generator (STG). A wet mechanical draft cooling tower is proposed in the southeast section of

the Project Site. Other ancillary equipment includes transformers, circulating water pumps, gas compressors, and

lube oil packages.

This report provides: a discussion of the Project setting; descriptions of the noise metrics used throughout the report;

applicable noise standards and regulations; the results of the ambient sound measurement program; predicted

noise levels associated with Project construction; and predicted noise levels from full-load normal operation of

Project equipment. Although mitigation measures are identified that demonstrate the Project is capable of meeting

the reflected sound levels, final design may incorporate different mitigation measures in order to achieve the same

general objective as demonstrated in this assessment.

A discussion of the Project setting, typical sound metrics, and regulatory standards is provided below. Section 2

addresses ambient sound level conditions, while Sections 3 and 4 address construction and operational sound

projections, respectively. References are provided in Section 5.

1.1 PROJECT SETTING

The Project Site is located off of Parkway Road, east of North Lallendorf Road and north of Corduroy Road, in the

City of Oregon, Lucas County, Ohio. The Project Site is a square-shaped parcel encompassing an area of

approximately 30 acres located within an Commercial-Industrial (C-I) zoned area of the City of Oregon. The Project

Site is situated within the Cedar Point Development Park, in an area designated for development, according to the

City of Oregon 2025 Master Plan. An existing rail line extends along the northern boundary of the Project Site. The

area to the west is also zoned as C-I, with a shipping center and two medical manufacturing and distribution centers

located on the east side of North Lallendorf Road. The Project Site is bounded to the east and south by agricultural

land use.

The two closest residences are located approximately 0.24 mile south and 0.3 mile southeast of the Project Site.

Three residential homes are located approximately 0.33 mile east of the Project Site, and more distant residential

neighborhoods exist in all directions from the Project Site. Scattered commercial zones lie along the major

roadways. The nearest school and hospital are located approximately 1.3 mile southeast and 3.0 miles southwest

of the Project Site, respectively. Figure 1 provides an overview of the Project Site and surrounding area.

1.2 ACOUSTIC METRICS AND TERMINOLOGY

All sounds originate with a source, whether it is a human voice, motor vehicles on a roadway or a combustion

turbine. Energy is required to produce sound and this sound energy is transmitted through the air in the form of

sound waves o tiny, quick oscillations of pressure just above and just below atmospheric pressure. These

oscillations, or sound pressures, impinge on the ear, creating the sound we hear. A sound source is defined by a

sound power level %QRRbUfYQdUT pEwq&, which is independent of any external factors. By definition, sound power is

the rate at which acoustical energy is radiated outward and is expressed in units of watts.

A source sound power level cannot be measured directly. It is calculated from measurements of sound intensity or

sound pressure at a given distance from the source outside the acoustic and geometric near-field. A sound pressure
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level %QRRbUfYQdUT pEPq& is a measure of the sound wave fluctuation at a given receiver location, and can be obtained

through the use of a microphone or calculated from information about the source sound power level and the

surrounding environment. The LP in decibels (dB) is the logarithm of the ratio of the sound pressure of the source

to the reference sound pressure of 20 microPacSQ\c %uIQ&( ]e\dY`\YUT Ri .,*1 The range of sound pressures that

SQ^ RU TUdUSdUT Ri Q `Ubc_^ gYdX ^_b]Q\ XUQbY^W Yc fUbi gYTU( bQ^WY^W Vb_] QR_ed ., uIQ V_b fUbi VQY^d c_e^Tc Qd

dXU dXbUcX_\T _V XUQbY^W( d_ ^UQb\i -, ]Y\\Y_^ uIQ V_b UhdbU]U\i \_eT c_e^Tc such as a jet during take-off at a distance

of 300 feet.

Broadband sound includes sound energy summed across the entire audible frequency spectrum. In addition to

broadband sound pressure levels, analysis of the various frequency components of the sound spectrum can be

completed to determine tonal characteristics. The unit of frequency is Hertz (Hz), measuring the cycles per second

of the sound pressure waves. Typically the frequency analysis examines 11 octave bands ranging from 16 Hz (low)

to 16,000 Hz (high). Since the human ear does not perceive every frequency with equal loudness, spectrally-

varying sounds are often adjusted with a weighting filter. The A-weighted filter is applied to compensate for the

frequency response of the human auditory system, and is represented in A-weighted decibels (dBA).

Sound can be measured, modeled, and presented in various formats, with the most common metric being the

equivalent sound level (Leq). The equivalent sound level has been shown to provide both an effective and uniform

method for comparing time-varying sound levels and is widely used in acoustic assessments in the State of Ohio.

Estimates of noise sources and outdoor acoustic environments, and the comparison of relative loudness are

presented in Table 1. Table 2 presents additional reference information on terminology used in the report.

Vcdng!2/! NR!cpf!Tgncvkxg!Nqwfpguu!qh!V{rkecn!Pqkug!Uqwtegu!cpf!Ceqwuvke!Gpxktqpogpvu!

Noise Source or Activity Sound Level
(dBA)

Subjective
Impression

Vacuum cleaner (10 feet) 70 Moderate

Passenger car at 65 miles per hour (25 feet) 65

Large store air-conditioning unit (20 feet) 60

Light auto traffic (100 feet) 50 Quiet

Quiet rural residential area with no activity 45

Bedroom or quiet living room; Bird calls 40 Faint

Typical wilderness area 35

Quiet library, soft whisper (15 feet) 30 Very quiet

Wilderness with no wind or animal activity 25 Extremely quiet

High-quality recording studio 20

Acoustic test chamber 10 Just audible

0 Threshold of hearing

Adapted from: Kurze and Beranek (1988)

1 The sound pressure level (Lp) in dB corresponding to a sound pressure (p) is given by the following equation:
Lp = 20 log10 ( p / pref);

Where:
` 8 dXU c_e^T `bUccebU Y^ uIQ7 Q^T
`bUV 8 dXU bUVUbU^SU c_e^T `bUccebU _V ., uIQ*
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Vcdng!3/! Ceqwuvke!Vgtou!cpf!Fghkpkvkqpu!

Term Definition

Noise Typically defined as unwanted sound. This word adds the subjective response of humans to the

physical phenomenon of sound. It is commonly used when negative effects on people are

known to occur.

Sound Pressure Level

(LP)

Pressure fluctuations in a medium. Sound pressure is measured in dB referenced to 20 µPa,

the approximate threshold of human perception to sound at 1,000 Hz.

Sound Power Level

(Lw)

The total acoustic power of a noise source measured in dB referenced to picowatts (one trillionth

of a watt). Noise specifications are provided by equipment manufacturers as sound power as it

is independent of the environment in which it is located. A sound level meter does not directly

measure sound power.

Equivalent Sound

Level (Leq)

The Leq is the continuous equivalent sound level, defined as the single sound pressure level that,

if constant over the stated measurement period, would contain the same sound energy as the

actual monitored sound that is fluctuating in level over the measurement period.

A-Weighted Decibel

(dBA)

Environmental sound is typically composed of acoustic energy across all frequencies. To

compensate for the auditory frequency response of the human ear, an

A-weighting filter is commonly used for describing environmental sound levels. Sound levels

that are A-weighted are presented as dBA in this report.

Unweighted Decibels

(dBL)

Unweighted sound levels are referred to as linear. Linear decibels are used to determine a

c_e^Trc d_^Q\Ydi Q^T d_ U^WY^UUb c_\edY_^c d_ bUTuce or control noise as techniques are different

for low and high frequency noise. Sound levels that are linear are presented as dBL in this

report.

Propagation and

Attenuation

Propagation is the decrease in amplitude of an acoustic signal due to geometric spreading

losses with increased distance from the source. Additional sound attenuation factors include air

absorption, terrain effects, sound interaction with the ground, diffraction of sound around objects

and topographical features, foliage, and meteorological conditions including wind velocity,

temperature, humidity, and atmospheric conditions.

Octave Bands The audible range of humans spans from 20 to 20,000 Hz and is typically divided into center

frequencies ranging from 31 to 8,000 Hz.

Broadband Noise Noise which covers a wide range of frequencies within the audible spectrum, i.e., 200 to 2,000

Hz.

Frequency (Hz) The rate of oscillation of a sound, measured in units of Hz or kilohertz. One hundred Hz is a rate

of one hundred times (or cycles) per second. The frequency of a sound is the property

perceived as pitch: a low-frequency sound (such as a bass note) oscillates at a relatively slow

rate, and a high-frequency sound (such as a treble note) oscillates at a relatively high rate. For

comparative purposes, the lowest note on a full range piano is approximately 32 Hz and middle

C is 261 Hz.

1.3 NOISE LEVEL REQUIREMENTS AND GUIDELINES

Ohio Administrative Code §4906-4-08(A)(3)(a) through (e) define requirements for the assessment of noise that

must be addressed during the permitting process for electric power generating facilities, including preconstruction

background noise measurements taken under both day and nighttime conditions (addressed in Section 2.0);



Oregon Energy Center Sound Survey and Analysis Report

5

construction noise levels (addressed in Section 3.0); operational noise levels (addressed in Section 4.0); the

location of noise-sensitive areas within one mile (addressed in Section 1.1); and a description of equipment and

procedures to mitigate the effects of noise emissions during both construction and operation (addressed in Section

3.3 and 4.3, respectively). The OPSB does not define quantifiable sound limits either absolute or relative to existing

conditions( Red edY\YjUc Y^V_b]QdY_^ bUWQbTY^W Q VQSY\Ydirc cUddY^W Q^T c_e^T WU^UbQdY_^ d_ evaluate the acceptability

of projected sound levels.

Although the OPSB approval supersedes local requirements, consideration is also given to local standards. Section

531.14 of the Oregon Codified Ordinance limits fixed noise sources, and prohibits exceedances of specific limits at

the affected property boundary (Table 3).

Vcdng!4/! Ekv{!qh!Qtgiqp!Hkzgf!Uqwteg!Uqwpf!Nkokvu!

Zoning Districta Time Period Sound Level (dBA, Leq
b)

R-1, R-2 10:00 pm o 7:00 am 55

7:00 am o 10:00 pm 60

R-3, R-4 10:00 pm o 7:00 am 60

7:00 am o 10:00 pm 65

C-1, C-2, C-3 10:00 pm o 7:00 am 65

7:00 am o 10:00 pm 70

M-1 Anytime 70

M-2, C-Ic Anytime 75

aNote that agricultural districts have no sound level standards, although sound levels at residences within agriculturally zoned parcels are
assumed to be required to meet the R-1 standards.
bMetric was not specified in the ordinances. However, Leq gQc cU\USdUT RQcUT _^ dXU _bTY^Q^SUrc ^_YcU ]Uasurement requirements.
cM-2 standards are applicable within the C-I zone, as was confirmed during the permitting for the Oregon Clean Energy Center.
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2.0 EXISTING SOUND ENVIRONMENT

An ambient sound level measurement program was conducted in the vicinity of the Project Site on behalf of the

Oregon Clean Energy Center, proposed in 2012 on property northwest of the Project Site, on October 16 to October

31, 2012. Due to the proximity and relatively recent nature of this previous measurement program o as well as

concerns that updated measurements taken while active construction is ongoing, related to the aforementioned

Oregon Clean Energy Center, may not be reflective of true ambient conditions o the prior ambient measurement

program has been utilized for the purpose of characterizing the existing acoustic environment.

Type 1 (precision) sound level measurement equipment were used to conduct a combination of short-term and

long-term measurements. Short-term, attended sound measurements were performed at four monitoring locations

(MLs) at nearby residential properties, which represent the most proximate sensitive receptors. The MLs are

considered representative of potentially noise-sensitive land uses in the vicinity of the Project Site. Measurements

of 15 minutes (minimum) in duration were made at each ML for daytime periods during a typical weekday. In

addition, two long-term measurements (two weeks) were conducted to further document variation within the

surrounding area. The MLs are mapped on Figure 1.

Tables 4 and 5 provide a summary of the measured ambient sound levels at the short-term MLs and a two-week

average at the long-term ML.

Vcdng!5/! Uqwpf!Ogcuwtgogpv!Tguwnvu!X!Ngs!Uqwpf!Ngxgnu!

Measurement Location

Time
Period

Leq

Sound
Level
(dBA)

ML

Type Coordinates
(Universal Transverse

Mercator [UTM] Zone 17N,
meters)

Distance and
Direction from the

nearest Project Site
Boundary

Easting Northing

ML-1 Short-term 296142 4616389 0.64 mile NW Day 63

ML-2 Short-term 298263 4616426 0.81 mile NE Day 53

ML-3 Short-term 297615 4614839 0.38 mile SE Day 53

ML-4 Short-term 295346 4614821 0.98 mile SW Day 64

ML-5 Long-term 296217 4615783 0.40 mile WNW
Day 56

Night 55

ML-6 Long-term 296949 4615830 0.11 mile N
Day 52

Night 51

! !
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3.0 PROJECT CONSTRUCTION

Construction of the Project is expected to be typical of other power generating facilities in terms of schedule,

equipment, and activities. Construction is anticipated to require approximately 32 months. Nighttime construction

will be limited; however, activities may occur 6 days per week, 10 hours per day. Certain activities, such as

foundation pours, cannot be stopped until the task is completed, which may continue into the nighttime period. As

required, a night shift may be implemented to maintain schedule or complete a continuous task; coordination with

local authorities and notifications to neighbors will occur prior to implementation. The last 3 to 4 months of

construction will include commissioning and startup activities, which may occur up to 24 hours a day, 7 days a

week.

3.1 NOISE CALCULATION METHODOLOGY

Acoustic emission levels for activities associated with Project construction were based upon typical ranges of energy

equivalent noise levels at construction sites, as documented by the United States Environmental Protection Agency

(USEPA) %NL>I9 -53-& Q^T dXU NL>I9rc p<_^cdbeSdY_^ G_YcU <_^db_\ MUSX^_\_Wi B^YdYQdYfUcq %NL>I9 -54,&* The

USEPA methodology distinguishes between type of construction and construction phase.

Using those energy equivalent noise levels as input to a basic propagation model, construction noise levels were

calculated at the nearest Project Site boundary and the four short-term MLs (MLs 1 o 4). The basic model assumed

spherical wave divergence from a point source located at the acoustic center of the Project Site. Furthermore, the

model conservatively assumed that all pieces of construction equipment associated with an activity would operate

simultaneously for the duration of that activity. An additional level of conservatism was built into the construction

noise model by excluding potential shielding effects due to intervening structures and buildings along the

propagation path from the Project Site to receiver locations.

3.2 PROJECTED NOISE LEVELS DURING CONSTRUCTION

Table 4 summarizes the projected noise levels due to Project construction, organized into the following five broad

work activities:

1. Site clearing and grading;

2. Placement of major structural concrete foundations;

3. Erection of building structural steel;

4. Installation of mechanical and electrical equipment; and

5. Commissioning and testing of equipment.

Based on sound propagation calculations, construction sound levels are predicted to range from 43 to 57 dBA at

the four short-term MLs (MLs 1 o 4), which represent nearby sensitive receptors. Periodically, sound levels may

be higher or lower than those presented in Table 5; however, the overall sound levels should generally be lower

due the trend toward quieter construction equipment in the intervening decades since these data were developed.

As shown in Table 5, the highest projected sound level from construction-related activity is expected to occur at

ML-3, during activities associated with excavation and Project commissioning.
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Vcdng!6/! Rtqlgevgf!Eqpuvtwevkqp!Pqkug!Ngxgnu!d{!Rjcug!)fDC*!

Construction Phase
Construction
Noise Level

50 feet

Closest
Property

Line
ML-1 ML-2 ML-3 ML-4

Phase 1: Site clearing and grading 86 67 50 47 54 45

Phase 2: Excavation and placement of
major structural concrete foundations

89 70 53 51 57 49

Phase 3: Erection of building structural
steel

85 66 49 46 53 44

Phase 4: Installation of mechanical and
electrical equipment

83 65 47 45 51 43

Phase 5: Equipment installation,
commissioning and testing

89 71 53 51 57 49

Reasonable efforts will be made to minimize the impact of noise resulting from construction activities at proximate

noise sensitive areas through the use of noise mitigation. Because of the temporary nature of the construction

noise, no adverse or long-term effects are expected. !

3.3 CONSTRUCTION NOISE MITIGATION

Since construction machines operate intermittently, and the types of machines in use at the Project Site will change

with the phase of construction, noise emitted during construction will be mobile and highly variable, making it

challenging to control. The construction management protocols will include the following noise mitigation measures

to minimize noise impacts:

' Maintain S_^cdbeSdY_^ d__\c Q^T UaeY`]U^d Y^ W__T _`UbQdY^W _bTUb QSS_bTY^W d_ ]Q^eVQSdebUbcr

specifications;

' Limit use of major excavating and earth moving machinery to daytime hours;

' To the extent practicable, schedule construction activity during normal working hours on weekdays when

higher sound levels are typically present, and are found acceptable (some limited activities, such as

concrete pours, will be required to occur continuously until completion);

' Equip internal combustion engines used for any purpose on the job or related to the job with a properly

operating muffler that is free from rust, holes, and leaks;

' ?_b S_^cdbeSdY_^ TUfYSUc dXQd edY\YjU Y^dUb^Q\ S_]RecdY_^ U^WY^Uc( U^cebU dXU U^WY^Urc X_ecY^W T__bc QbU

kept closed, and install noise-insulating material mounted on the engine housing consistent with

]Q^eVQSdebUbcr WeYTU\Y^Uc( YV `_ccYR\U;

' Limit possible evening shift work to low noise activities such as welding, wire pulling and other similar lower-

noise activities, together with appropriate material handling equipment;

' Utilize the Complaint Resolution Procedure, provided as Appendix A, to address any noise complaints

received from residents; and

' Communicate with neighbors prior to conducting specific loud noise activities such as steam blows.
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4.0 OPERATIONAL NOISE

This section describes: the model utilized for the assessment; input assumptions used to calculate noise levels

due to dXU Ib_ZUSdrc normal operation; a conceptual noise mitigation strategy; and the results of the noise impact

analysis.

4.1 NOISE PREDICTION MODEL

The Cadna-A® computer noise model was used to calculate sound pressure levels from the operation of the Project

equipment in the vicinity of the Project Site. An industry standard, Cadna-A® was developed by DataKustik GmbH

to provide an estimate of sound levels at distances from sources of known emission. It is used by acousticians and

acoustic engineers due to the capability to accurately describe noise emission and propagation from complex

facilities consisting of various equipment types like the Project and in most cases yields conservative results of

operational noise levels in the surrounding community.

The current International Organization for Standardization (ISO) standard for outdoor sound propagation, ISO 9613

Part 2 o p9ddU^eQdY_^ _V Sound during Propagation OedT__bc(q gQc ecUT gYdXY^ <QT^Q-A® (ISO 1996). The method

described in this standard calculates sound attenuation under weather conditions that are favorable for sound

propagation, such as for downwind propagation or atmospheric inversion, conditions which are typically considered

worst-case. The calculation of sound propagation from source to receiver locations consists of full octave band

sound frequency algorithms, which incorporate the following physical effects:

' Geometric spreading wave divergence;

' Reflection from surfaces;

' Atmospheric absorption at 10 degrees Celsius and 70 percent relative humidity;

' Screening by topography and obstacles;

' The effects of terrain features including relative elevations of noise sources;

' Sound power levels from stationary and mobile sources;

' The locations of noise-sensitive land use types;

' Intervening objects, including buildings and barrier walls to the extent included in the design;

' Ground effects due to areas of pavement and unpaved ground;

' Sound power at multiple frequencies;

' Source directivity factors;

' Multiple noise sources and source type (point, area, and/or line); and

' Averaging predicted sound levels over a given time period.

Cadna-A® allows for three basic types of sound sources to be introduced into the model: point, line, and area

sources. Each noise-radiating element was modeled based on its noise emission pattern. Point sources were

programmed for concentrated small dimension sources such as building ventilation fans that radiate sound

hemispherically. Line sources are used for linear-shaped sources such as ducts and pipelines. Larger dimensional

sources such as the HRSGs and building walls were modeled as area sources. Noise walls, equipment enclosures,

stacks and plant equipment were modeled as solid structures as diffracted paths around and over structures tend

to reduce computed noise levels. The interaction between sound sources and structures was taken into account

with reflection loss. The storage tanks were modeled as obstacles impeding noise propagation. The reflective
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characteristic of the structure is quantified by its reflection loss, which is typically defined as smooth façade from

which the reflected sound energy is 2 dB less than the incident sound energy.

Off-site topography was obtained using the publically available United States Geological Survey digital elevation

data. A default ground attenuation factor of 0.5 was assumed for off-site sound propagation over acoustically

p]YhUTq Wb_e^T* 9 Wb_e^T QddU^eQdY_^ VQSd_b _V ,*, V_b a reflective surface was assumed for paved on-site areas.

The output from Cadna-A® includes tabular sound level results at selected receiver locations and colored noise

contour maps (isopleths) that show areas of equal and similar sound levels.

4.2 INPUT TO THE NOISE PREDICTION MODEL

The Project general arrangement was reviewed and directly imported into the acoustic model so that on-site

equipment could be easily identified; buildings and structures could be added; and sound emission data could be

assigned to sources as appropriate.

The primary noise sources during base load operation are the wet cooling tower, STG, CTGs, main step-up

transformers, air inlet face and filter housing, the exhaust stacks, and HRSGs. Reference Lw input to Cadna-A® were

provided by equipment manufacturers, based on information contained in reference documents, or developed using

empirical methods. The source levels used in the predictive modeling are based on estimated Lw that are generally

deemed to be conservative. The projected operational noise levels are based on vendor-supplied Lw data for the major

sources of equipment including the power generation package. Table 6 summarizes the equipment Lw data used as

inputs to the initial modeling analysis that includes only mitigation inherent in the design.

Sound reduction benefits result from much of the Project being enclosed within buildings. The following elements

are internal to the turbine building: the lube oil packages; control oil supply packages; CTG enclosures; gas turbine

generators; STG; vacuum pump set; and condenser. A transmission loss rating was incorporated for the wall and

roof assemblies, rollup doors, and louvers of the Turbine Building based on the proposed construction materials.

The transmission loss assumed for the Turbine Building elements are summarized in Table 7.

Vcdng!7/! Oqfgngf!Qevcxg!Dcpf!Ny!hqt!Oclqt!Rkgegu!qh!Rtqlgev!Gswkrogpv!

Sound Source
Lw (by Octave Band Frequency dBL)

Broadband
Level

31.5 63 125 250 500 1k 2k 4k 8k dBA

CTG Inlet Filter House o
Overhead o Pulse Self-
cleaning Filter + Evaporative
Cooler o Each CTG

118 109 104 94 79 88 71 88 95 97

CTG Inlet Duct Wall Radiated
o Lagged o Each CTG

109 104 103 92 86 100 85 86 91 101

CTG Enclosure Walls1 98 101 86 81 77 82 83 86 82 91

CTG Enclosure Air Inlet Vents
o Each CTG

94 101 86 91 90 90 93 93 93 99

CTG Enclosure Air Discharge
Vents o Each CTG

95 102 90 88 85 92 94 95 95 101

Generator for Gas Turbine o
Each CTG

122 122 123 115 102 103 97 96 99 111
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Sound Source
Lw (by Octave Band Frequency dBL)

Broadband
Level

31.5 63 125 250 500 1k 2k 4k 8k dBA

Unenclosed Lube Oil
Package o Each CTG1 99 102 100 100 100 100 101 98 91 106

Control Oil Supply Package o
Each CTG1 110 103 95 100 99 98 94 93 89 103

Exhaust Diffuser & Expansion
Joint o Each CTG

129 126 111 109 106 104 102 96 73 110

Steam Turbine o w/o
Generator1 --- 115 116 111 110 105 106 106 100 113

Generator for Steam Turbine
o Hydrogen-cooled1 117 123 120 112 113 109 113 111 108 118

Unenclosed Lube Oil
Package o STG1 --- 110 102 105 102 101 98 98 94 106

Control Oil Supply Package -
STG1 --- 109 103 105 104 105 100 99 96 109

Boiler Feed Water Pump o
Each

104 110 108 102 103 112 110 106 96 116

HRSG Transition Duct o Each
HRSG

120 125 109 105 101 99 99 95 74 106

HRSG Body o Each HRSG 115 119 103 98 93 90 87 82 61 98

HRSG Stack Walls o Each
HRSG

106 107 94 85 81 80 66 53 27 86

HRSG Stack Exit Without
Directivity o Without Stack
Silencer o Each HRSG

117 117 117 115 117 111 95 89 68 116

HRSG Duct Burner Gas
Piping o Unlagged

107 113 115 107 97 99 103 104 101 110

Selective Catalytic Reduction
Ammonia Skid o Each

96 103 99 96 97 97 95 92 87 101

Vacuum Pump Set1 --- 107 103 100 100 98 97 96 89 104

Condenser o during base
load operation1 --- 117 116 112 111 106 106 102 95 113

Main Transformers 104 110 112 107 107 101 96 91 84 107

Auxiliary Transformers 67 67 71 68 74 66 56 51 45 72

Fuel Gas Compressors2 88 84 89 88 86 89 89 87 82 95

Cooling Tower 121 123 121 118 114 113 111 112 110 119

Demineralized Water Pump 88 82 82 85 92 95 96 92 84 101
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Sound Source
Lw (by Octave Band Frequency dBL)

Broadband
Level

31.5 63 125 250 500 1k 2k 4k 8k dBA

Condensate Recirculation
Pump o Each

92 106 101 99 99 98 98 93 91 104

Main Circulating Water Pump
o Each

102 102 99 97 98 102 93 90 81 104

Auxiliary Boiler and Steam
Superheater

102 102 101 99 96 93 90 87 94 99

1 Equipment located within the Turbine Building
2 Located within a partial enclosure

Vcdng!8/! Pqkug!Ngxgn!Tgfwevkqpu!hqt!Fkhhgtgpv!V{rgu!qh!Eqpuvtwevkqp!cpf!Ceqwuvkecn!Vtgcvogpvu!

Type of Construction or Acoustical
Treatment

Modeled Noise Level Reductions by Octave Band Center
Frequency (dBL)

STCRating

31.5 63 125 250 500 1,000 2,000 4,000 8,000

Roof and Wall Construction 14 18 22 27 31 31 25 52 50 27

Roll Up Door 7 9 12 16 20 21 19 20 19 20

Louver 2 4 8 14 16 13 11 10 8 13

!

Figure 2 shows the Project equipment layout based on Fluor Drawing No. CEFO-PP-5-01 Rev G11 dated March

14, 2017.

!
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4.3 NOISE CONTROL MEASURES

The Project will incorporate design features to minimize potential noise impacts on the surrounding community.

Sound resulting from normal operation of the Project will be minimized through design measures both inherent in

the equipment and added for additional attenuation. In addition to the inherent design measures of the Project

(such as the location of major equipment enclosed within a building), in order to demonstrate that compliant sound

levels can be achieved by the Project, noise mitigation will be incorporated into the boiler feed water pumps that

will reduce the overall Lw to 108 dBA, equivalent to an LP of 97 dBA at 3 feet.

Whenever practical, equipment will include sound attenuation to meet the Occupational Safety and Health

Administration nearfield sound levels. Hearing protection will be mandatory in any areas where this is not practical.

The treatments with the acoustic performance as outlined above relate to the dominant noise sources. The specific

mitigation measures were incorporated into inputs reflected in Tables 6 and 7; however, final design may

incorporate different mitigation measures in order to achieve the same objective as demonstrated in this

assessment.

4.4 NOISE PREDICTION MODEL RESULTS

Broadband (dBA) sound pressure levels were calculated for expected normal Project operation assuming that all

components identified previously are operating continuously and concurrently at the representative manufacturer-

rated sound levels as well as incorporating noise reduction measures identified in Section 4.3. The sound energy

was then summed to determine the equivalent continuous A-weighted downwind sound pressure level at a point of

reception. Sound contour plots displaying broadband (dBA) sound levels presented as color-coded isopleths are

provided in Figure 3. The noise contours are graphical representations of the noise associated with full operation

of all the equipment operating at one time and show how operational noise would be distributed over the surrounding

area within a 1-mile radius of the Project Site. The contour lines shown are analogous to elevation contours on a

topographic map, i.e., the noise contours are continuous lines of equal noise level around some source, or sources,

of noise. Figure 3 also shows the ambient sound monitoring locations, representative of proximate noise sensitive,

that were used to assess potential noise impacts.

As shown on Figure 3, consistent with tXU <Ydi _V HbUW_^rc j_^Y^W cdQ^TQbT V_b Q <-I district, received sound levels

Vb_] dXU Ib_ZUSd QbU \Ucc dXQ^ 31 T;9 Qd UQSX _V dXU Ib_ZUSd LYdUrc R_e^TQbYUc* Table 8 shows the projected exterior

sound levels resulting from full, normal operation of the Project at the four short-term MLs.

Vcdng!9/! Ceqwuvke!Oqfgnkpi!Tguwnvu!Uwooct{!

Monitoring
Location

Assumed Ambient
Nighttime Sound

Level (dBA)a

Received Sound Level
(dBA)

Total Sound Level
(Ambient + Project),

(dBA)
Change (dBA)

ML-1 51 44 52 +1

ML-2 51 44 52 +1

ML-3 51 50 54 +3

ML-4 51 42 52 +1

aThe lower nighttime value was selected from the two long-term ambient measurement locations.
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As shown in Table 8, the predicted sound levels at all four of the short-term MLs do not exceed the most stringent

nighttime noise limit of 55 dBA. Figure 3 illustrates that, even at the two closest residential receptors, Project sound

level impacts are also less than 55 dBA. An additional assessment was completed for these two residences to

determine the cumulative effect of the Project with the recently constructed Oregon Clean Energy Center (Table 9).

Vcdng!;/! Ewowncvkxg!Oqfgnkpi!Cuuguuogpv!

Nearest
Residential
Locations

Assumed Ambient
Nighttime Sound

Level (dBA)

Received
Project Sound

Level (dBA)

Received Oregon
Clean Energy Center
Sound Level (dBA)

Received Sound from
Combined Project and
Oregon Clean Energy

Center (dBA)

R-1 51 53 47 54

R-2 51 54 48 55

As shown in Table 9, even with both facilities operating, the 55 dBA more stringent residential requirement can be

met.

!
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1.0 INTRODUCTION

This procedure defines the requirements and process for management of complaints received during the

construction, startup, and commissioning of the Oregon Energy Center (the Project). In all cases, Project

representatives will work to resolve or mitigate any issues with those who submit a complaint. During the

construction, startup, and commissioning period, the Engineering, Procurement, and Construction (EPC) contractor,

Fluor Corporation (Fluor), will be in control of this process, and will provide monthly reports to Clean Energy Future

– Oregon, LLC (the Owner) and to the Ohio Power Siting Board (OPSB).

Fluor is committed to reducing employee and subcontractor exposure to high noise levels during construction,

commissioning, and initial operation, and will comply with applicable Occupational Safety and Health Administration

(OSHA) standards. Fluor is also committed to compliance with OPSB requirements associated with noise and other

activities.

During construction, the selected EPC contractor will manage the noise complaint resolution process; however,

following substantial completion and commercial operation, the Owner will take control of this process.

2.0 NOISE COMPLAINT PROCESS

Throughout the construction, startup, and commissioning of the Project, Fluor will document, investigate, evaluate,

and attempt to resolve all Project"related noise complaints. Fluor will:

" Use the Noise Complaint Resolution Form (provided in the appendix), or a functionally equivalent procedure

acceptable to the OPSB, to document and respond to each noise complaint;

" Attempt to contact the person(s) making the noise complaint within 24 hours, or 72 hours if the complaint

is made over the weekend;

" Conduct an investigation to determine the source of noise related to the complaint;

" Take all feasible measures to reduce the noise at its source, if the noise is Project-related; and

" Submit a report documenting the complaint and the actions taken. The report will summarize the complaint,

including final results of noise reduction efforts, if applicable. If possible, a signed statement by the

complainant stating the issue is resolved will be included. The reports will be filed and maintained by the

Fluor Site Manager documenting the resolution of the complaint.

2.1 Noise Restrictions

General construction activities will be limited to the following times:

" Monday through Friday: 7:00 a.m. to 7:00 p.m. or until dusk when sunset occurs after 7:00 p.m.

" Weekends and holidays: 7:00 a.m. to 7:00 p.m.

Construction activities that do not involve noise increases above ambient levels at sensitive receptors are permitted

outside of the hours listed above.

Impact pile driving and hoe ram operations, if required, will be limited to the hours between 10:00 a.m. to 5:00 p.m.,

Monday through Friday.

During the high"pressure steam blow process, steam blow piping will be equipped with a temporary silencer that

quiets the noise of steam blows.
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Haul trucks and other engine"powered equipment will be equipped with adequate mufflers. Haul trucks will be

operated in accordance with posted speed limits. Truck engine exhaust brake use will be limited to emergencies.

2.2 Noise Complaint Procedural Steps

2.2.1 INITIAL CONSTRUCTION NOTIFICATION

At least 10 days prior to the start of ground disturbance, Fluor, or the appropriate EPC contractor, will notify all

residents within 1 mile of the site and 0.5 mile of the linear facilities, by mail or other effective means, of the

commencement of Project construction. Fluor will concurrently establish a telephone number for use by the public

to report any undesirable noise conditions associated with the construction and operation of the Project, and will

include that telephone number in the above notice. Since the telephone is not staffed 24 hours a day, an automatic

answering feature, with date and time stamp recording capability will receive calls when the phone is unattended.

During construction, this telephone number will be posted at the Project site in a manner visible to passersby. The

Owner will be notified of such initial construction activities in parallel with the resident notifications.

2.2.2 BLASTING NOTIFICATION

It is not anticipated that blasting activities will occur in association with construction of the Project. However, if

blasting is required, Fluor will notify all residents within 1,000 feet of the blasting site, and shall make the notification

available to other area residents in an appropriate manner at least 30 days prior to the proposed blasting. The

notification may be in the form of letters to the area residences, telephone calls, fliers, or other effective means.

The Owner will also be notified of such activities in parallel with the resident notifications. Blasting will be

undertaken in accordance with an OPSB-approved blasting plan submitted 30 days prior to the blasting event.

2.2.3 STEAM BLOW NOTIFICATION

At least 10 days prior to the first steam blow(s), Fluor will notify all residents within 1 mile of the site of the planned

steam blow activity, and shall make the notification available to other area residents in an appropriate manner.

The notification may be in the form of letters to the area residences, telephone calls, fliers, or other effective means.

The notification will include a description of the purpose and nature of the steam blow(s), the proposed schedule,

and the explanation that it is a one-time operation and not part of normal plant operations. The Owner will also be

notified of such activities in parallel with the resident notifications.

3.0 MISCELLANEOUS COMPLAINT PROCESS

Similar to the noise complaint process described in Section 2.0, Fluor will document, investigate, evaluate, and

attempt to resolve any other Project"related complaints (e.g., traffic, etc.). Fluor will:

" Use the General Complaint Resolution Form (provided in the appendix to this report), or a functionally

equivalent procedure acceptable to the OPSB, to document and respond to each general complaint;

" Attempt to contact the person(s) making the complaint within 24 hours, or 72 hours if the complaint is made

over the weekend;

" Conduct an investigation to determine the cause related to the complaint;

" Take all feasible measures to reduce or prevent the recurrence of the complaint; and

" Submit a report documenting the complaint and the actions taken. The report will include summary of the

complaint, including final results of mitigation efforts, if applicable. If possible, a statement signed by the

complainant, stating that the problem is resolved to the complainant’s satisfaction, will be included.

The reports will be filed and maintained by the Fluor Site Manager documenting the resolution of the complaint.
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Oregon Energy Center

Noise Complaint Resolution Form

Noise Complaint Log Number: ____________

Complainant’s name and address:

Phone number/email:

Date complaint received: _____________

Time complaint received: _____________

Date complainant first contacted: ___________

Nature of noise complaint:

Definition of problem after investigation:

Initial noise levels at 3 feet from noise source: ____ dBA

Initial noise levels at complainant’s property: ____ dBA

Final noise levels at 3 feet from noise source: ____ dBA

Final noise levels at complainant’s property: ____ dBA

Date: ____________

Date: ____________

Date: ____________

Date: ____________

Description of measures taken:

Complainant’s signature: _____________________________________

Date: ____________

This information is certified to be correct:

Site Manager’s Signature Date: ____________

(Attach additional pages and supporting documentation, as required.)



Oregon Energy Center

General Complaint Resolution Form

General Complaint Log Number: ____________

Complainant’s name and address:

Phone number/email:

Date complaint received: _____________

Time complaint received: _____________

Date complainant first contacted: ___________

Nature of complaint:

Definition of problem after investigation:

Description of corrective measures taken:

Complainant’s signature: _____________________________________ Date: ____________

This information is certified to be correct:

Site Manager’s Signature Date: ____________

(Attach additional pages and supporting documentation, as required.)
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Executive Summary

This report uses standard methods and models employed in economic analysis to document the

economic impacts in Lucas County, as well as the state of Ohio, resulting from the construction and

operation of the Oregon Energy Center (OEC) in the City of Oregon, Lucas County, Ohio. The report

profiles the characteristics and recent performance of the regional economy and it analyzes the regional

availability of industry and labor inputs required to construct the OEC.

The construction and operation of the proposed Oregon Energy Center will have significant

positive economic impacts on the City of Oregon and the larger Lucas County and Toledo metropolitan

statistical area (MSA). During the construction phase and the first 40 years of its operation, the OEC will

result in a combined $1.88 billion in economic activity, payments for local services, and payments to local

governments and school districts in Lucas County. This level of economic activity does not include the

impact of purchasing local gas transportation services or the purchase of natural gas from Ohio resources,

which would be incremental economic activity to those presented in this study.

Economic impacts include direct spending associated with the construction phase and the

operations and maintenance phases of the project; indirect impacts from businesses making purchases of

local supplies and services; and induced impacts from workers spending the wages locally that they have

earned directly or indirectly from project construction and operations. Construction of the OEC is

estimated to generate $542.7 million in total economic activity in the State of Ohio, and an average of over

1,100 jobs during each year of the construction period. Once operational, the OEC will result in over $30

million annually in new business activity in a wide variety of industries in the Lucas County region. In

addition to the significant dollar impacts of the construction and operation of the facility, the proposed

project results in a number of other benefits to the region and state: (1) the addition of new natural gas-

fired generation capacity in Ohio to replace retiring aging coal-fired generation capacity; (2) new

opportunities for economic development in Lucas County through new infrastructure development and

new revenue for municipal utilities; and (3) new economic development opportunities that result from

construction-related and annual operations and maintenance spending, as backward linkages (suppliers - to

construction and operations and maintenance activities) and forward linkages (users of electricity, gas,

water, sewer) take advantage of project spending, demand, and any infrastructure (electricity, water, sewer,

etc.) that result from the project; (4) diversification of the local economy, away from the automotive

sector; and (5) a large and long-term infusion of revenue to support the local school and city services,

helping to make Oregon a more attractive location for individuals and families.
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Other Key Findings of Project Impacts Include

" Of the approximately $842 million of project construction and development costs, $314

million of direct expenditures to construct the OEC will be made in the Lucas County region.

" Construction of the project will support a total of 862 jobs in Lucas County, on average1, in

each year of the two-and-one-half-year construction phase, including an estimated 384 in the

construction industry.

" Construction of the Oregon Energy Center will create or support, on average, another 272 jobs

in Ohio, but outside of Lucas County, in each year of the construction phase. In total, the OEC

will create or support an average of 1,134 jobs in the State of Ohio during each year of the

construction phase.

" Construction of the Oregon Energy Center will increase the forecasted rate of job growth in

the larger Toledo metropolitan are by as much as 30 percent.

" An estimated $185.3 million in labor income (or $74.1 million on an annualized basis) will be

earned in Lucas County as a result of the construction of the OEC and its secondary and

tertiary multiplier impacts. Across Ohio, another $36.3 million ($14.5 million on an

annualized basis) in labor income will be earned.

" Purchase of local water supplies and wastewater services will result in local payments of

approximately $2.5 million annually.

" Construction of the OEC and the economic activity it generates will produce $16.2 million in

additional state and local tax revenues (not including property taxes) during the construction

phase. This includes approximately $2.3 million in taxes to the City of Oregon as a result of

the wages paid to workers on the project during the construction phase.

" Once operational, the OEC will employ approximately 19-22 full-time workers and have

impacts that result in an additional 33 jobs in the Lucas County region. Average annual wages

of these jobs will be significantly higher than the current regional average.

" Annual labor income will increase by $4.6 million in Lucas County and by an additional $1.1

million in other parts of Ohio as a result of annual OEC operations.

" The operation of the OEC will generate economic activity throughout Ohio that will increase

state and local (non-property tax) revenues by $5.2 million annually, including the City of

1 As of this analysis, the exact timing of construction expenditures over the expected construction period was not available.
Construction impacts were annualized by dividing total impacts by 2.5 to convert to an average annual basis.
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Oregon’s 2.25 percent tax on wages paid and on corporate income.

" Payments of $1.5 million by the OEC instead of property taxes to the City of Oregon and its

school district will be equal to 39 percent of the local revenue received by the school district in

2015.2

" During the construction phase and first 40 years of operations of the facility, the OEC is

expected to contribute to the Lucas County region about $1.88 billion in economic activity,

payments for services, and tax payments to support local schools and services.

2 According to the Ohio Department of Taxation the Oregon School District raised $3,884,372 from property taxes in
2015. File SD1CY15 downloaded at:
http://www.tax.ohio.gov/tax_analysis/tax_data_series/school_district_data/publications_tds_school/SD1CY15.aspx
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I. Introduction

Clean Energy Future – Oregon, LLC (CEFO) is proposing to construct the Oregon Energy Center

(OEC), a 955 megawatt natural gas-fired combined cycle electric generating facility adjacent to the

existing Oregon Clean Energy Center (scheduled to begin operation in May 2017) in the City of Oregon,

Lucas County, Ohio. The facility will use clean-burning natural gas to generate electricity and will employ

state-of-the-art environmental technology to control emissions from the facility. The project will supply

needed electricity to a region that has, or will soon experience, the closure of several coal-fired power

plants in Ohio, Indiana, and Michigan. At the same time, it will provide an economic and fiscal stimulus to

the City of Oregon, the Lucas County and Toledo metropolitan region.

This report was prepared with full independence from CEFO. The report takes no position on

matters of policy and holds no conflicts of interest that prevent it from providing objective analysis to the

Oregon Energy Center, or the citizens of Ohio. The purpose of the report is to provide an independent

analysis of data that will inform elected and appointed officials and members of the public who are

interested in the economic and fiscal impacts of the project. All analyses in this study employ standard

Table 2
Summary of Annual Impacts of the

Operations and Maintenance Phase of
Oregon Energy Center

(2016 $Millions)

Totals

Output Lucas County $30.2

Other Ohio Counties $3.8

Jobs Lucas County 54

Other Ohio Counties 37

Labor
Income

Lucas County
$4.6

Other Ohio Counties $1.1

Table 1
Summary of Annual Impacts of the

Construction Phase of the
Oregon Energy Center

(2016 $Millions)

Totals
Output Lucas County $188.4

Other Ohio Counties $28.7

Jobs Lucas County
862

Other Ohio Counties 272

Labor
Income

Lucas County

$74.1

Other Ohio Counties $14.5
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economic methods and models widely used by economists and extensively reviewed in academic journals.

All data used in the construction of models and in calculating impacts (with the exception of facility

construction and operating cost data) is publicly available from federal and state government agencies.

CEFO supplied data on construction, operation and maintenance expenditures, as well as the labor required

to operate the facility on an annual basis. CEFO was provided an opportunity to suggest corrections to the

description of the project and its operations or other aspects of the project and to correct material errors in

the description or details of project expenditures or other errors of fact; however, the company had no role

in calculating economic impacts outlined in the report and was not given an opportunity to edit any of the

results of the impact analyses.

Results of this analysis indicate that the construction and operation of the OEC will provide

substantial economic benefits to Lucas County, increase economic activity in other Ohio counties as well,

and generate millions of dollars of revenue for state and local government.

II. The Regional Economy

Understanding the full impacts of the proposed OEC requires documenting economic and fiscal

impacts as well as evaluating the project’s impacts within the context of the local and regional economies.

Lucas County, along with Fulton and Wood Counties, form the Toledo metropolitan statistical area

(MSA).3 In analyzing impacts of the OEC we consider only those that occur in Lucas County as local

impacts. However, the three counties that comprise the MSA are linked economically as determined by

commuting patterns and where more detailed or current economic, demographic, or labor force data is

available at the MSA level it is presented in this report. The Toledo MSA regional economy is

characterized by the following strengths and weaknesses.

Strengths

" A well-developed manufacturing infrastructure and a strategic location that facilitates exports

and access to inputs needed by industries in the region.

" Growing healthcare industry that serves an area greater than the Toledo MSA.

" Concentration of higher educational institutions that provide access to “talent.”

" Business costs that are about 15% below the U.S. average.

" Living costs about 14% below the U.S. average.

3 Metropolitan statistical areas are regions formed by one or more counties with at least one central city with a population of at
least 50,000.
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Weaknesses

" Population decline as a result of elevated and persistent out-migration.

" High-tech employment concentration that is half the U.S. average.

" Lower levels of workforce educational attainment challenge the region’s ability to capture

growth in technology and advanced manufacturing industries.

" Above average employment volatility – concentration in cyclical industries.

Lucas County and the Toledo MSA have experienced mixed economic performance over the past

decade and more. Table 3 summarizes the relative performance of the Lucas County among all 88 counties

in Ohio on some key measures of economic health in recent years. The concentration of automobile-related

manufacturing employment and the resurgence of that industry following the last recession produced

strong manufacturing gains in Lucas County in recent years and have helped the county recover from the

deep effects of the last recession. It has also helped the County’s per capita income ranking. However, on

important population and demographic metrics, as well as total non-agricultural employment growth, the

County lags a majority of counties in Ohio.

Table 3
Lucas County

Rank Among 88 Ohio Counties on Key Economic Metrics
Lucas

County
Rank Ohio

Population Growth (2010-2015) -1.6% 60 2.3%
Proj. Pop. Growth (2015 to 2020) -2.6% 64 0.3%
Per capita Income (PCI) 2014 $40,702 22 $42,236
Change in PCI 2009-2014 18.6% NA 18.9%
Employment Growth (2008-2014) -2.0% 58 0.3%
Manuf. Emp. Growth (2008-2014) 4.7% 18 -7.4%
Unemployment Rate 2015
(Note: Rank is Low to High) 5.3% 39 4.9%
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Slower Employment Growth

By early 2016 the Toledo MSA economy had regained all of the jobs it lost during the “great

recession” but has struggled since (Figure 2). Payroll employment has fallen in three of the last four

months and so far in 2016 is up half as much as in the first nine months in 2015. The manufacturing sector

has shifted course, with industry payrolls declining after rising steadily in 2015. Pent-up demand for

automobiles nationally has been mostly satisfied, and auto manufacturing payrolls are no longer rising.

Steelmakers have been hurt by low-cost steel imports from Asia, which are driving local producers to cut

operating costs by laying off workers.

Average hourly earnings are down slightly over the year compared with modest gains nationally,

indicating a still-loose job market. Manufacturing will be more of a drag on the economy than in recent

years as producers of heavy machinery and steel cut workers and automakers proceed with greater caution.

Declining business investment spending is having an impact on machine tools produced in the region as is

falling international demand. Toledo exports fell by more than 15% in 2015, weighing heavily on

manufacturing and the regional economy.
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Exports account for about 12% of gross metro product, placing Toledo in the top quintile of metro

areas for export dependence. Even with new tariffs on Chinese steel, steelmakers are concerned that

inexpensive steel imports will flood in from new sources.

On the upside, General Motor’s powertrain plant in West Toledo, already the largest transmissions

plant in North America by output and employment, is considering whether to proceed with a major

expansion of its facilities next year. Auto parts maker Dana Corp. is building a new axle plant that will

supply the new locally produced Jeep Wrangler. Still, although automakers and their suppliers are

investing heavily in the Toledo MSA, job gains will be smaller than in recent years. Production will rise

more slowly, and automation at factories will reduce the need for labor.
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The impact of the automobile industry on the Toledo MSA extends beyond direct employment in

the industry and ripples throughout the regional economy. Figure 4 shows the strong relationship between

annual automobile and light truck production and overall employment growth in the region. Our analysis

suggests that total employment in the Toledo MSA responds to changes in

total U.S. automobile and light truck production. For every one percent annual change in the volume of

U.S. automobile production there is a 0.42 percent change in total employment in the Toledo MSA in the

following year. For light trucks (including SUVs and trucks under 10,000 lbs.) there is a 0.76 percent

change in employment the year following the increase/decrease in production. With Chrysler making

some of its Jeep products (SUVs) in the region the stronger relationship between light truck production and

total employment is expected.

Table 4
Automobile and Automobile Parts Manufacturing Emp. In The Toledo MSA

2011 2012 2013 2014 2015 Chg. 2011-15
Motor Vehicle Parts
Manufacturing 5,421 6,115 6,922 7,728 8,170 50.7%
Motor Vehicle
Manufacturing 2,194 2,713 3,748 5,358 5,693 159.5%

Total 7,615 8,828 10,670 13,086 13,863 82.0%

Source: U.S. Bureau of Labor Statistics
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Despite a declining population that curbs healthcare’s long-term prospects in the region; several

hospital expansions will boost industry employment over the next few years. Top employer ProMedica

Health Systems is building a 13-story patient care tower that will increase employment of physicians,

nurses and healthcare technicians. Mercy Health Partners is increasing the number of nurses and surgeons

it employs to satisfy rising patient demand from surrounding areas.

The region faces several challenges to long-term growth. The rate of educational attainment in the

region is the lowest of Ohio’s six major metro areas (Figure 5), and consequently the ability to nurture

growth in knowledge-based industries will be hindered by a dearth of talent. In general, industries in Ohio

and across the country that are the fastest growing tend to employ higher percentages of individuals with at

least an associate’s degree. Regardless of the strength of the regional economy at the time, construction of

the OEC would provide a much-needed boost to the region’s economic performance over several years.

At the same time, declining population and migration trends preclude the role of consumer services in

propelling the economy.
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Population Decline and Out-Migration

Slow population growth constrains the growth of the labor force, restrains employment, and limits

the ability of the regional economy to grow. Population decline and demographic composition present

significant challenges to the Lucas County regional economy. Population growth is both a result of and a

driver for, sustained economic growth. Expanding employment opportunities is vital to attracting and

retaining key demographic groups (younger workers, college graduates, etc.) that increase the vitality and

dynamism of the region over the longer term. The Office of Research in the Ohio Development Services

Agency projects that between 2015 and 2025 the population of Lucas County will shrink by 2.2 percent.

Population growth can occur in three ways: as a result of natural increase (more people born than

die in a region), net international migration (more people moving into a region from another country than

move out of the region to another country), and net domestic migration (more people moving into a region

from another location in the U.S. than leaving for another U.S. location). Ohio has been characterized in

recent decades by slow population growth and a dramatic loss of residents through net domestic migration.

Net out-migration is the best indicator of how individuals view the economic prospects of a region. Lucas

County had more than 17,000 more people move out of the county between 2010 and 2015 than moved in

according to the U.S. Census Bureau (Figure 6).4 International net migration added about 2,100

4 U.S. Census Bureau, “Population, Population Change, and Estimated Components of Population Change: April 1,
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individuals to the county’s population during the same time period.

Looking ahead, the Ohio Development Services Agency projects that Lucas County will

experience net out migration of just over 21,000 between 2015 and 2025. Individuals with higher

educational attainment have the most economic opportunities and are the most mobile members of society

and net out migration typically reduces the quality and skill level of a region’s workforce. The projections

of high levels of out migration from Lucas County were produced prior to the region regaining the jobs it

lost during the recession and much higher levels of annual job growth in the region than forecast by state

agencies, an important caveat because migration is largely an economic phenomenon. Nevertheless, out

migration at some level is expected to continue.

Two specific challenges facing the region are related: an image of a region in decline, with old-

technology, that will disappear as U.S. manufacturing declines, and a region where there is limited

opportunity for younger, skilled workers (in all industries) with higher-levels of educational attainment.

Access to the Great Lakes, natural amenities, and a relatively lower cost of living are attractive assets,

especially for younger, more mobile, and high-skill individuals and families, that can help overcome those

challenges. Cultural amenities are also important to younger, skilled and mobile individuals. A strong

regional commitment by businesses in the area, however, will be required to develop cultural resources, in

an era of government fiscal restraint. The OEC is just one event that can demonstrate a changing industrial

2010 to July 1, 2015,” file - (NST-EST2015-alldata).
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and environmental era for the region, one that is about using newer, more sophisticated, and cleaner

technologies. Industries in the region should look reinforce that evolution in the region by expressing their

efforts and commitment to more advanced and cleaner technologies.

The region would also benefit from greater integration of its higher-education institutions into its

marketing image and development efforts. This is occurring in alternative, clean and advanced energy

industries but university connections in more industries are needed. There is no more important reputation

for a region to develop than that of being one that is constantly learning, adapting, evolving, and capable of

capturing or adopting the latest technologies, industries, and practices. Regional businesses that stress

their workforce’s commitment and opportunities for learning, as well as connections to universities can

help the region develop that reputation.

The Housing Market

Slow population growth and out-migration decrease the number of households in a region and the

need for housing units. Slow rates of population and job growth in Lucas County and the Toledo MSA

have resulted in slow home price appreciation in the county and the MSA. The Federal Housing Finance

Agency (FHFA) calculates price indices for all MSAs in the nation. Figure 7 shows how slow population

and job growth in Ohio and Toledo MSA have hurt home price appreciation relative to national averages.

Until the region increases employment opportunities and stanches population decline and/or
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otherwise becomes more attractive to potential movers from other regions (because of increased job

opportunities in the region or nearby regions, and/or through increases in the amenity appeal of the region),

home price appreciation will continue to lag appreciation rates the for the state of Ohio and the nation.

Slow home price appreciation, or depreciation, affects homeowners’ financial well-being and

reduces their ability and willingness to spend, further reducing economic activity in the region. The

positive side is that lower home prices in the region contribute to a lower overall cost of living in the

region than in the U.S. as a whole. The relative cost of living in the Toledo MSA is estimated to be just 86

percent of the U.S. average, which is largely a result of lower housing costs. Housing prices in Lucas

County and the entire Toledo MSA vary greatly by community, however. Currently, the City of Oregon

has among the lower housing costs in region and in the county (Figure 8).

III. The Regional Supply of Industry and Labor Inputs

The size of the local and regional job impacts from the Oregon Energy Center is dependent on the

level of participation by the region’s businesses, and workers are among the contractors and suppliers to the

project. Clean Energy Future –Oregon is committed to using as much local content as possible during both

the construction and operating phases of the project. For the construction phase, this report relies on a

breakdown of capital cost estimates provided by CEFO. In some cases, such as with the natural gas-fired

turbines used to generate electricity, it is clear that local content (and even state content) is not available,
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and those goods or services must be obtained from outside the region and perhaps from outside the state.

In other cases, some or all of a required good or service in the construction phase is available locally. In

those cases examining local industry and labor supply, as well as local purchase coefficients, guides our

estimates of local content.

In general, the construction industry serves local and regional markets and, when possible, materials

used on construction are sourced locally to minimize transportation costs. Construction of an electric power

plant requires some specialty labor unlikely to be available within the region but also many construction

trades and laborers used in a variety of different types of construction projects. The regional job impacts of

the OEC will be a function of the supply and availability of local contractors and workers with capabilities

required to complete the project. To determine the potential for the proposed project to use regional and in-

state businesses, we:

# Examined data on the number of businesses and current employment levels in the

region for key industries that can serve or provide inputs to the electric power

construction industry.

# Reviewed labor market data for Lucas County on the current availability of workers

in occupations in industries used in the construction of electric power facilities,

transmission lines, and supporting infrastructure.

# Where information on the availability of local suppliers was not available or was

unclear, we used local purchase coefficients (that describes the portion of local

demand for a good or service that is met by local firms) derived from an economic

model of the region to estimate the local content used in the construction of the OEC.

Industry Availability

The construction industry in Lucas County shrank by 27 percent during the recent recession, but,

construction employment increased by 11 percent between the third quarter of 2015 and the third quarter

of 2016 in the Toledo MSA. This report does not attempt to document all of the business and industries

that will work on the construction of the OEC, however, we can reasonably estimate the volume of project

construction expenditures that will go to regional businesses based in part on the information supplied by

CEFO and their construction managers, and with a thorough review of the industrial structure (mix and

size of industries) of the region.

With about 8,700 construction industry employees in Lucas County, the region has a substantial

and diversified construction industry, suggesting that the region will capture a significant portion of the
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OEC’s construction expenditures. In addition, the region has a number of businesses and industries that

support the electric-power generating, natural gas pipeline other energy-related industries. The capabilities,

skills, and workforces in these industries are many of the same that would be utilized in the construction,

operation, and maintenance of the OEC.

Table 4
Number of Construction and Manufacturing & Service Firms Located in the

Toledo MSA that Participate in Power Plant Construction
(Partial Industry List Only)

NAICS* Industry Description
Lucas

County
Wood

County Total

2362 Nonresidential building construction 37 12 49

237
Heavy and civil engineering
construction 35 11 46

2371 Utility system construction 19 6 25

237130
Power and communication line and
related structures construction 5 1 6

23810
Poured concrete foundation and
structure contractors 20 7 27

23812
Structural steel and precast concrete
contractors 3 2 5

23814 Masonry contractors 24 7 31
2382 Building equipment contractors 186 57 263
23820 Painting contractors 39 10 49
23891 Site preparation contractors 28 15 43

3273
Cement and concrete product
manufacturing 10 3 13

3323
Architectural and structural metals
manufacturing 11 8 19

4247
Petroleum and petroleum products
merchant wholesalers 6 3 9

532412 Heavy construction equipment rental 4 2 6
561612 Security services 14 2 16

*NAICS = North American Industrial Classification System
Source: U.S. Census Bureau, Counties Business Patterns in Ohio, 2014.

Table 4 presents a partial listing of some the types of construction and manufacturing firms that

are most likely to work on power plant construction projects, along with the number of firms in those

industries that are located in the two county region. The table is not an exhaustive listing of industries that

will work on the project, but it does provide some indication of the availability of key industries in the

region. As the table shows that for most key industries, the region has a sufficient supply of and the

regional economy is well positioned to capture much of the project-related construction expenditures.
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Availability of Workers

At 5.0 the unemployment rate5 in Lucas County is the 36th highest among Ohio’s 88 counties and

just above the statewide rate of 4.9 percent.6 Examining the most recent data on occupational employment

available from the Ohio Bureau of Labor Market Information shows there a substantial supply of job

seekers in the Toledo MSA, in occupations that would be employed in the construction of the OEC.

Estimated Number of Engineering and Construction Workers in
Key Occupations in the Toledo MSA

Occupation Toledo MSA
Brickmasons and Blockmasons 193
Cement Masons and Concrete Finishers 440

Construction Laborers 1,550
Construction Managers 600
Electricians 1,220
Electric Power Line Installers 150
Plumber, Pipefitters, Pipelayers and Steamfitters 630
Structural Iron and Steel Workers 200
Structural Metal Fabricators and Fitters 220
Heavy Equipment Mechanics 240
Welders,Cutters,Solderers,Brazers 650
Operating Engineers and Construction Equipment
Operators 790

Source: Ohio Department of Labor

Table 5 presents only a sample of the occupations that would be hired by contractors to work on

the OEC, but it does highlight the large supply of workers in some occupations other than the construction

that are skilled and available for hire by project contractors. The occupational supply in Table 5 does not

include “latent workers” who may be temporarily working in other industries outside of construction

because of economic conditions, or those who have left the labor force because of a lack of demand for

their skills. It is advisable to look beyond the current construction industry and occupational employment

numbers in assessing the supply of potential workers.

5 As of October 2016
6 Not seasonally adjusted rate as of October 2016
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IV. Economic Impacts

Defining the impact area is critical for impact analysis as a larger economic region will capture

more multiplier transactions than a single county alone. Therefore, it is crucial to this assessment that

supplies and labor are distinguished by those that would come directly from the Lucas County Region,

those that would come from the rest of Ohio, and those that “leak away” from our analysis boundary.

This economic impact analysis depicts the direct spending effects and “multiplier” effects

associated with the construction phase and annual operation and maintenance (“O&M”) activities (on-

going) associated with the Oregon Energy Center. Three types of spending effects will result from the

construction and operation of the OEC: 1.) spending effects resulting from hiring and spending at the OEC

itself (direct effects); 2.) purchasing of supplies (business-to-business spending) needed to construct or

operate the OEC (indirect effects); and 3.) spending resulting from the wages and salaries earned by those

constructing or operating the facility and by those working at suppliers (induced). Total economic impacts

are the combined direct, indirect, and induced effects and typically stated in terms dollars of output, dollars

of labor income, and employment. Direct spending effects are identified from the OEC’s preliminary

construction and annual operating budgets for the proposed facility. These budgets provide estimated labor

and materials expenditures to support construction and continuing operations.

The indirect and induced effects are estimated using IMPLAN input-output models for the

combined Lucas County Region and the State of Ohio. These multipliers trace the indirect and induced

impacts and are generated from industry relationships in the Lucas County Region and the State of Ohio.

The models are calibrated to depict region-specific industry-by-industry purchasing patterns (for the

indirect effects) and consumer purchasing patterns (for the induced effects). The indirect and induced

multipliers for each industry estimate how much additional activity is created through the “local” portion

of direct spending in a given industry.

The impacts for the Lucas County region are derived from local purchases in the two counties and

the multiplier effects in that regional economy while the impacts for the State of Ohio are derived from the

sum of impacts in the Lucas Region and the impacts resulting from purchases in the remainder of Ohio.

The key to gauging the overall impact of the facility is the identification of how much of the spending will

be local content. Project costs and details of the engineering, procurement, and construction phase were

obtained from Clean Energy Future – Oregon, along with estimates of the estimates of the volume of total
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project costs that would be expenditures in the local (Lucas County) economy. The estimated volume of

OEC construction expenditure in the local economy was modified based on the structure (the size and mix

of specific industries in the Lucas County regional economy) and the capacity of those industries to supply

the volume of goods and services required for construction of the OEC. We estimate that 37 percent of

direct project expenditures will occur in the Lucas County region.7 Recent electricity generating facility

construction in the region has increased the industry and labor resources in the region capable of supplying

goods and services to the project.

In analyzing the Oregon Energy Center’s impact on Lucas County and the State of Ohio, we

estimate that approximately $313.8 million of the $842.8 million of project construction-related

expenditures will occur in the Lucas County region. Expenditures for specialized equipment and

machinery used in the generation and transmission of power (gas turbines are typically the largest single

category of expenditures of these projects), as well as project financing, some engineering, design,

financing and other project costs, will not be captured by businesses in the Lucas County region or the

state of Ohio. Some expenditures related to the project that are excluded from our analysis may, in fact,

benefit the region or the State of Ohio, but without some level of certainty, conservatively, we have

excluded the impacts of the expenditures from our assessment of project impacts.

Table 6 presents the impacts of the project on both an annual and total impact basis. In addition to

the direct spending required to produce a dollar amount of a given product or service, economic impacts

occur as a result of “indirect” purchases that businesses, organizations, and government make among one

another in the study region with their revenue from direct spending. For example, a direct expenditure for

OEC construction that goes to a construction firm that specializes in site preparation may result in indirect

expenditures in the region to a business that rents heavy equipment. Induced spending includes the

purchases made by individuals and households within the region as a result of the income they earn from

the businesses and organizations in response to the direct and indirect spending in the region.

7 This percentage reflects the exclusion of the costs of manufactured power block components, turbines, boilers, and
equipment to transform and transmit electricity, but includes costs for construction labor and materials and equipment
available locally.
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Table 6
Impact of OEC Construction

(Millions of 2016 Dollars)

Lucas County Annual Total Output

Direct $125.5 $313.8

Indirect $24.7 $61.8

Induced $38.1 $95.3

Total $188.4 $470.9

Other Ohio Counties $28.7 $71.8

Total Impacts
in Ohio $217.1 $542.7

Our analysis indicates that the $313.8 million in direct construction project expenditures, occurring

over an approximately two-and-one-half-year period will result in total output of $542.7 million in the

state of Ohio, of which $470.9 million will occur within Lucas County.8 Another $71.8 million will occur

in other areas of Ohio beyond Lucas County. Construction phase impacts will be spread over the two-and-

one-half-year construction phase of the project.

The annual operations of the OEC will result in an

increase in regional economic activity of $30.2 million per year

and will have another $3.8 million per year impact throughout

the rest of Ohio, and do not include estimates of the impacts

from natural gas purchases that will be used to generate

electricity. The impacts that occur as a result of the operation of

the OEC will occur annually and will increase over time. The

annual impact of operations is presented in Table 7.

8 We report impacts on both an annualized basis (total impacts / construction period in yrs.). These annual estimates assume that
construction expenditures are divided equally in each month during construction. In reality, expenditures will not be evenly
divided and impacts will vary over the construction period but still equal the aggregate or total project impacts.

Table 7
Annual Impact of
OEC Operations

(Millions of 2016 Dollars)
Lucas County Total

Direct $25.3
Indirect $1.7
Induced $3.1

Total $30.2

Other Ohio Counties $3.8

Total Impacts
in Ohio

$34.0
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V. Job Impacts

An average of 384 construction industry and construction industry-related jobs will be supported

as a result of direct project expenditures in each year of the construction phase. The full impact across

Ohio will be an average of 1,134 jobs, each year during the construction phase.

This estimate of construction employment impacts is derived using standard methodologies with

input-output models. The dollar value of the project’s construction expenditures occurring in the region is

divided by the average productivity (the value of what each worker produces in one year) of workers

employed in non-residential construction industries

(commercial, industrial, and utility structures) in the region. Data

used in calculating the average productivity of construction

workers is reported by the U.S. Census Bureau’s “Census of

Construction Industries” for Ohio. Data on industry earnings and

employment at the county level is used to calculate the

productivity of construction workers in the region and is reported

by the U.S. Bureau of Economic Analysis (BEA) of the

Department of Commerce.

With a base estimate of the number of construction

industry employment needed to construct the OEC, we adjusted

original job estimates, which include both full and part-time

employment, to full-time equivalent jobs. Our model-based estimates of the employment impacts of the

construction phase, adjusted to reflect full-time equivalent jobs, are presented in Table 8.

Clean Energy Future –Oregon has initially estimated annual construction jobs would peak at over

600 during the construction phase, but the number of on-site construction workers will vary during the

construction phase. Our estimate is that an average of 384 full-time jobs in construction industries will be

supported annually during the project’s construction phase but will be much higher at times during

construction. The productivity, practices, and staffing patterns of individual companies differ, and our

estimates are based on standard measures of the annual number of hours typically worked in construction

industries. Our employment estimates are based on industry averages and are not specific to any individual

company; thus, they may differ from the job estimates of any individual construction or construction

management company. The job estimates in this report are developed independently from CEFO and will

not match CEFO or its construction manager’s estimates. We believe, however, they represent an

Table 8
Job Impacts of OEC Construction
(Annualized Average Each Year of

Construction Phase)
Lucas County Annual
Direct 384
Indirect 153
Induced 325

Total 862

Other Ohio Counties 272

Total Impacts
in Ohio

1,134
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empirically sound and conservative estimate of the employment impacts of the construction phase of the

project.

In addition to the direct construction employment impacts from project expenditures, the indirect

and induced expenditures related to the project will support another 477 jobs annually in the region.

Finally, another 272 jobs will be created outside of Lucas County region but within other areas of Ohio for

a total job impact of 1,134 jobs in each year of the construction phase of the OEC.

Once constructed, the facility is expected to require approximately 19-22 permanent, higher-wage,

full-time jobs to operate (for this analysis we assume a total of 21). In addition, another 11 indirect jobs

will result from spending by the OEC on goods and services in the region. Induced jobs created in the

region as a result of the operation of the facility and the income earned from the direct and indirect

employment impacts will add another 22 jobs, for a total annual impact of 54 jobs in the region.

Finally, 3736 jobs will be created or “leak” from the region to other areas of Ohio as a result of

OEC annual operations. Total job impacts in Ohio resulting from annual OEC operations are estimated to

be 91. Figure 9 presents total annual job impacts from the OEC’s operations. The job impacts in Lucas

County resulting from the OEC will create jobs in a number of well-paying industries and increase demand

for labor, especially skilled labor, in the county.

Table 9
Job Impacts of OEC

Operations & Maintenance

Lucas County Annual
Direct 21

Indirect 11
Induced 22

Total 54

Other Ohio Counties 37

Total Impacts
in Ohio

91
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VI. Impacts on the Forecast of Regional Employment Growth

The impact of the construction phase of the OEC should be considered within the context of the

future expected employment growth in the region. The Ohio Department of Job and Family Services,

Bureau of Labor Market Information projects average annual employment growth in the Toledo MSA of

about 0.67% between 2016 and 2022, or over 2,000 jobs per year. In large part due to increases in

automobile and automobile parts production, the Toledo MSA has far exceed those projections, adding

between 3,400 and 5,900 jobs since 2011. Using a proprietary econometric model of the Toledo MSA, we

developed our own forecast of employment growth for the region. As noted, one key variable is the level

of automobile production in the U.S. which is expected to decelerate from high levels of recent years. Our

baseline forecast for employment growth in the Toledo MSA is employment is presented in Figure 9.

Importantly, we believe the construction of the OEC will begin at a time when our forecasts suggest a

slowdown in hiring in the Toledo MSA. Figure 9 shows that construction of the Oregon Energy Center is

expected to increase the employment forecast for the Toledo MSA by as much as 30%, over job growth in

the absence of the OEC.
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VII. Labor Income Impacts

The direct, indirect, and induced employment impacts resulting from the construction of the OEC

will increase labor income in Lucas County by $185.3 million during the construction phase. In addition,

indirect and induced employment impacts from construction that leak out of the county but which remain

in Ohio will increase labor income in other regions of Ohio by $36.3 million, for a total labor income

impact from OEC construction of $221.6 million in Ohio. Table 10 presents the impact of the OEC

construction on labor income in Ohio.

The annual operating impacts of the OEC will have a lasting impact on the region. Once fully

operational, the OEC is expected to employ approximately 19-22 workers at the facility. The labor income

impacts of the OEC operations are presented in Table 11. The total direct, indirect, and induced income

impacts (including all non-wage salary and benefits) in the region are estimated to be $4.6 million per

year, with another $1.1 million per year of labor income increases occurring in other Ohio counties, for a

total impact of $5.7 million per year in 2016 dollars.

Table 11
Annual Labor Income Impacts From OEC

Ongoing Operations
(Millions of 2016 Dollars)

Lucas County Annual
Direct $3.1
Indirect $0.6
Induced $0.9

Total $4.6

Other Ohio Counties $1.1.1

Total Impacts
in Ohio

$5.7

Table 10
Labor Income Impacts of

OEC Construction
(Millions of 2016 Dollars)

Lucas County Annual Total
Direct $51.8 $129.5

Indirect $9.1 $22.8

Induced $13.2 $33.0

Total $74.1 $185.3

Other Ohio Counties $12.1 $36.3

Total Impacts
in Ohio $86.2 $221.6
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VIII. Tax Impacts

Data available with the IMPLAN model includes information on non-market monetary flows

between households and government and between businesses and governments. These flows are in the

form of tax payments. Project spending and the total economic activity that results can be used to estimate

payments that will be made to governments as a result of changes in economic activity in a region.

This information can then be applied to the information on non-market monetary flows in the

region (a social accounts matrix or SAM) to derive an estimate of the revenue impact on various levels of

government due to changes in economic activity.9 The data used to construct these flows comes from the

federal government’s “Annual Survey of Government Finances.”

Based on the overall volume of increased economic activity in the region and the State of Ohio

resulting from both the construction and operation of the Oregon Energy Center, a certain level of tax

revenue can be expected to be generated. The level and type of tax revenue that will be generated are a

function of the revenue structure and tax rates of the state and local government. Using ratios derived from

the U.S. Census Bureau’s “Census of Government Finances” reports for Ohio and its local governments,

along with measures of the overall level of economic activity in the state and region (gross state product

and gross regional product) from the U.S. Department of Commerce, Bureau of Economic Analysis, we

can estimate the amount of state and local tax revenue and sources likely to be generated by the increase in

economic activity resulting from the construction and operation of the OEC. These are not estimates of the

taxes contractors and companies constructing the facility will pay, or the taxes the Oregon Energy Center

will pay when the facility begins operating.

9 A brief description of the methodology used to estimate tax impacts (“Using Social Accounts to Estimate Tax Impacts”) is
available at www.implan.com
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In addition to large employment and

income impacts from construction and

operation, the OEC will also yield millions of

dollars of tax revenue. The construction phase

is expected to yield approximately $16.2

million as a result of the direct construction

activity, the indirect effects on other

businesses in Ohio, and the income earned

and the expenditures of Ohio residents who

benefit from the project. The timing of these

tax revenues will depend on the schedule of

construction activities, but the total of $16.2

million will be spread over the entire

construction period and for a short time

following its completion (Table 12).

The economic impacts that occur outside of Lucas County but within the State of Ohio are

included with Lucas County impacts for purposes of the tax analysis. Income tax payments by individuals

will be the largest source of new revenues, with a total of $7.7 million paid over the construction period,

including approximately $2 million in taxes to the City of Oregon from the city’s 2.25 percent tax on the

wages earned within the City. Sales taxes of $5.5 million will also increase substantially as a result of the

construction of the OEC.

The economic activity created by the annual operations of the OEC, as well as the indirect and

induced economic activity that results from the OEC, will increase state and local government revenue by

an estimated $5.2 million annually, including $1.5 million in sales taxes, and approximately $2.7 million

to the City of Oregon as a result of its 2.25 percent tax on wages as well as its 2.25 percent tax on the

profits of businesses located in the city. Potential property tax impacts from the ongoing operations of the

OEC facility are not included in these estimates.

Valuation of utility property is a complex and difficult process and beyond the scope of this report.

It is our understanding that the Oregon Energy Center, LLC has proposed payment in lieu of taxes of $1.5

million. According to the Ohio Department of Taxation, the City of Oregon collected $34.5 million in

Table 12

Tax Impacts of the Oregon Energy Center

Construction Phase

(2016 Dollars)

Corporate Taxes $698,209

Indirect Bus Tax: Motor Vehicle License $119,324

Indirect Bus Tax: Other Taxes $1,077,568

Indirect Bus Tax: Non-Tax Fees/Charges $85,835

Indirect Bus Tax: Sales Tax $5,484,739

Indirect Bus Tax: Severance Tax $4,424

Personal Income Tax $7,686,178

Personal Tax: Motor Vehicle License $190,225

Personal Tax: Non-Taxes Fees/Charges $802,336

Personal Tax: Property Taxes $71,884

Total $16,220,722
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local taxes in 2016. This means that the proposed payment in lieu of property tax of $1.5 million, along

with revenue from the city’s tax on wages and profits earned within the city would represent about a 12

percent increase in revenues for the city.

Purchase of Local Government Services

The OEC will also make payments to the City of Oregon as a result of its on-going need to

purchase: raw water; treated potable water; and wastewater collection/treatment services. Purchase of these

services will generate significant revenue that can be made available to provide system upgrades to water

utilities and water treatment systems that can attract and support new development. The value of the new

utility revenue based on current rates is expected to be approximately $2.5 million annually.

IX. Conclusions

The Oregon Energy Center in Oregon, Ohio, will lead to significant increases in jobs, output, and

income in the City of Oregon, Lucas County, the Toledo metropolitan statistical area and other portions of

Ohio. During the construction phase and first 40 years of operations of the facility, the OEC is expected to

contribute to the Lucas County region about $1.88 billion in economic activity, payments for services, and

tax payments to support local schools and services.

The impact from construction activity will substantially increase regional growth during the

approximately two and one-half year construction phase. Construction of the OEC will support the

addition of 862 jobs and $74.1 million in annual labor income in each year of construction. Another 272

jobs and $12.1 million of income will be earned annually in other regions of the State of Ohio during

construction from the construction of the facility. The OEC will increase projected job growth in the

Toledo MSA by as much as 30 percent during the construction phase of the project.

Once constructed, the operation of the facility will employ 19-22 people directly in high-skill and

high-wage jobs and generate indirect and induced regional economic activity (economic multipliers) that

will result in the addition of more than 33 jobs in Lucas County and another 37 jobs in other counties in

Ohio. In total, the annual operations of the OEC will result in 101 jobs and increase labor income by $5.7

million in Lucas County and the State of Ohio.

The increased economic activity in The City of Oregon, in Lucas County, and in Ohio in response

to the OEC will result in estimated annual tax revenues of $16.2 million during the construction phase of

the project and $5.2 million annually once the facility begins operation. Finally, by stimulating well-
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paying jobs during construction and over the longer-term of its operation, the OEC helps provide a key

ingredient needed for a stronger and more diversified regional economy: a stable base of well-paying jobs

that can help attract skilled individuals and businesses to service and sell to them.
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Appendix A: Defining the Study Region

Selecting a geographic area for analysis is a critical aspect of any economic impact study. Depending on

how the area of study is defined, economic impacts will be included or excluded from the calculation of

project impacts. Defining a large area for study will capture a larger portion of the economic impacts of a

project, while a small geographic area captures a more limited portion of economic impacts.

The availability of economic data influences the selection of a geographic area for study. For

geographic areas smaller than the state level, except major cities, the richest and most complete economic

data required to calculate economic impacts accurately is available at the county or metropolitan statistical

area (MSA) level. In general, it is best to choose the smallest area for study as is feasible in order to avoid

overstating the economic impacts of a project.

This report uses Lucas County as the primary region for analysis of project impacts. The City of

Oregon and Lucas County are part of a larger economic region known as the Toledo metropolitan

statistical area (MSA) that also includes Mercer County in Pennsylvania. Mercer Counties, PA was not

included in our economic model. Using an economic model that incorporates additional, surrounding

counties in our analysis would result in more of the overall economic activity associated with the project

falling within the study region.
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Where appropriate, we include characteristics and performance of the larger Toledo MSA to put

the impact of the OEC into a larger economic context and to take advantage of additional economic data

that is available at the MSA level but not at the county level. Construction industries serve primarily local

markets and, by definition, on-site construction activity must occur in Lucas County and the Toledo MSA.

However, a significant portion of Project expenditures for equipment, materials, and specialized

services will go to firms outside of the Lucas County and Toledo MSA. In addition, some of the “indirect”

(business to business) and “induced” (spending by individuals with the income earned from working on

the project), or so called “multiplier” impacts will “leak” from, or occur outside, the Lucas County region.

This report only counts economic impacts that occur in Lucas County in our estimates of “local” impacts

but includes a separate measure of impacts that occur occurs outside the region that will be captured within

the remainder of the state.
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Appendix B: Methodology

This study uses an input-output (I/O) methodology to determine the economic and fiscal impacts

of the project on the regional economy. Input-output models trace the linkages of inter-industry purchases

and output within a given county, region, state, or country. These models use information on the inputs

required for all industries in order to produce a dollar of output for a specified industry, and the models

provide information on how much of the required inputs from industries can be supplied locally within the

study area.

In addition to the direct spending required to produce a dollar amount of a given product or

service, economic impacts occur as a result of “indirect” purchases that businesses, organizations, and

government make among one another in the study region with their revenue from direct spending. Induced

spending includes the purchases made by individuals and households within the study area as a result of

the income they receive from the businesses and organizations in response to the direct and indirect sales

in the region. Input-output models yield “multipliers” that are used to calculate the total direct, indirect,

and induced effect on jobs, income, and output resulting from a dollar of spending on goods and services

in the study area. The “IMPLAN” input-output model developed by the U.S. government and the

University of Minnesota (available from the Minnesota IMPLAN Group, Inc.) was used in this analysis to

calculate economic impacts.10

The IMPLAN model was chosen because of its ability to construct a model using data unique to

Lucas County while maintaining rich detail on impacts for hundreds of industry sectors. In addition to

being widely used in the regional economic analysis, the model and its methodology have been extensively

reviewed in professional and economic journals. Data from the U.S. Bureau of Economic Analysis, U.S.

Census Bureau, and other sources, along with the IMPLAN model, were used to determine the inter-

industry transactions in the region required for calculating the impact of the Oregon Energy Center project.

Analytical results are reported for the economic measures of greatest interest to policy makers, elected and

appointed officials, and the general public. Impacts were modeled for both the construction and operating

phase of the project. Project impacts were modeled first for Lucas County. A second analysis was

performed by modeling project expenditures in the entire state of Ohio. This analysis was used to

determine the additional economic impacts that will occur outside of Lucas County, but that remain within

the state of Ohio.

Substantial additional impacts will also occur outside of the state of Ohio (as a result of

manufacture and purchase of the industrial machinery and equipment used for the generation of power at

10. A description of the IMPLAN model and technical references is available to readers at www.Implan.com.
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the OEC, as a result of the manufacturing of construction machinery, or as some business revenues or

wage and salary income earned as a result of the project is spent outside of the state of Ohio).

Because the City of Oregon’s economy is small and less self-sufficient than either the Lucas

County, Toledo MSA, or U.S. economies, more of the labor, goods, and services required to construct and

operate the OEC must be purchased or imported from surrounding regions and beyond and as indirect and

induced economic impacts “leak” from the region and are captured by other regions in the state or the

nation. “Leakage” of the economic impacts to outside the region occurs for several reasons. These reasons

include the inability of the region to supply the needed products and services required by the project

because wages and salaries are paid to residents outside of the region or because income earned as a result

of the project is used to make purchases outside of the region.

Timing and Location of Impacts

Input-output models calculate the total economic impacts associated with a project, but

determining the timing of project impacts requires a timetable of project expenditures. The Oregon Energy

Center is expected to take approximately two and one-half years to construct. The developers of the OEC

provided a listing of project expenditures but a “construction draw” schedule (breakdown of expenditures

by time period) was not available at the time of this analysis; thus, our report does not include a detailed

estimate of the timing of the construction impacts over the two-year construction period.

Rather, the report calculates total economic impacts and also reports them on an annualized basis

by dividing total project impacts by 2.5 (the expected length of the construction phase in years). This

method assumes that construction expenditures are distributed equally across each year of the construction

phase and is one way to allocate impacts over multiple time periods. In reality, however, expenditures will

“peak” during the middle of the construction phase.
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EXECUTIVE SUMMARY

This geotechnical subsurface investigation report has been prepared for the Oregon Energy
Project, a proposed gas-fired electrical generating plant to be constructed in Oregon, Ohio. This
investigation included 13 test borings, 4 Cone Penetration Test (CPT) soundings, 3 downhole
seismic CPT (SCPT) soundings, 5 test pits, 5 field electrical resistivity tests, and one field
percolation test, laboratory testing, and engineering evaluations for foundations for the proposed
facility.

1. The project site is located in Oregon, Ohio, at the easterly end of Parkway Road, northeast of
the intersection of North Lallendorf Road and Corduroy Road in Oregon, Ohio. The site is
approximately 30 acres in size, with a generally rectangular shaped footprint encompassing
roughly 1,200 feet by 1,100 feet. The site consists of agricultural fields. The site is bordered
by a Norfolk Southern Railroad (NSRR) spur line to the north, agricultural fields east and
south as well as a wooded area to the east, and commercial development to the west. Johlin
Ditch is located near the northwest corner of the site.

2. The surface materials consisted of topsoil. Based on the results of our field and laboratory
tests, the subsoils encountered underlying the topsoil can generally be characterized by five
predominantly cohesive soil strata overlying the bedrock:

Stratum I x Yf mhh]j y[jmklz dYq]j g^ dY[mkljaf] kgadk+

Stratum II x an underlying lacustrine layer, generally at or below the groundwater table.
Stratum III x a zone of wave-planed till transitioning to consolidated till.
Stratum IV x a consolidated (younger) till deposit, overlying
Stratum V x Y `a_`dq [gfkgda\Yl]\ %y`Yj\hYfz& ladd \]hgkal YZgn] l`] Z]\jg[c+

3. Shallow foundations and mats may be designed utilizing allowable bearing pressures ranging
from 1,000 to 2,000 pounds per square foot (psf), provided total settlement as reported in
Section 5.1.1 of this report is tolerable. The bearing materials should be field-verified as
being native lean clay (CL) having a minimum unconfined compressive strength of 1,500 psf,
or properly placed and compacted new engineered fill. If the calculated total settlement
indicated above is beyond design tolerances, consideration may be given to pre-loading the
structure areas (if construction schedule allows) to induce settlement, soil modification (such
as GeoPier® Rammed Aggregate Piers, which are proprietary systems), or deep foundations.
Deep foundation recommendations are provided in Section 5.2.

4. For mat foundation design, we recommend a subgrade modulus (k) of 65 pounds per cubic
inch (pci). For large-width (B greater than 10 feet) mat design, where the mat influence of
strain will extend well into the Stratum II (and possibly Stratum III) clays, we recommend a
subgrade modulus (k) of 50 pci.
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5. Where heavily loaded structures are planned, or where building and equipment settlement
tolerances are exceeded using shallow spread foundations, it is likely that foundations will
need to consist of a deep foundation system. Pile foundations are considered to be a feasible
deep foundation system for this site. Piling may consist of cast-in-place (CIP) concrete piles
with driven pipe shells, driven H-piles, or augered, cast-in-place grout piles (auger-cast piles,
ACPs).

6. Based on our DRIVEN analyses, H-pile and CIP pile capacities are provided for piles driven
l`jgm_` l`] mhh]j n]jq kla^^ hgjlagf g^ l`] OljYlme R y`Yj\hYfz dYq]j lg ^]l[` af l`]

underlying hard cohesive soils.

7. Our calculations indicate that a 14-inch diameter ACP pile could develop allowable design
loads on the order of 50 to 55 tons, for piles augered approximately 10 feet into the
Stratum V hardpan (5 feet through the upper transitional very stiff portion of the hardpan and
an additional 5 feet into very hard material). Similarly, a 16-inch diameter ACP would be
expected to develop allowable capacities on the order of 60 to 65 tons with 10 feet
embedment into the hardpan.

8. Based on the SPT N-values determined for the overburden soils at the site and consideration
of rock below 73 feet, the average SPT Nch-value for the overall profile was calculated to be
approximately 10 blows per foot (bpf). This average SPT Nch-value less than 15 bpf is
af\a[Ylan] g^ Oal] ?dYkk A) yOg^l Ogad Ljg^ad])z af Y[[gj\Yf[] oal` =O?A 4-10 Table 20.3-1
criteria.

9. Based on the unconfined compressive strengths determined for the overburden soils at the
site, the average undrained shear strength (su) was calculated to be approximately
1,100 pounds per square foot (psf). Using the su-method, based on ASCE 7-10 Table 20.3-1
criteria, the average undrained shear strength narrowly falls between 1,000 psf and 2,000 psf,
af\a[Ylan] g^ Y Oal] ?dYkk @ ykla^^ kgadz \]ka_fYlagf+

10. The weighted average shear wave velocity for the entire profile was calculated to be
approximately 980 fps. A weighted average shear wave velocity greater than 600 fps and less
than 1,200 fps is indicative of Site Class D.

11. Based on the SCPT evaluation, with consideration of the undrained shear strength evaluation,
we recommend the project site be modeled using Seismic Site Class D.

12. Based on the results of the laboratory testing and visual classifications, we recommend a
subgrade CBR value of 3 percent for flexible pavement design for the Group A-7-6 or better
soils. This CBR value is based on subgrade compacted to at least 100 percent of the
maximum dry density as determined by ASTM D 698 (Standard Proctor) or verified as stable
through proof rolling.
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13. For properly prepared subgrade soils, a modulus of subgrade reaction (k) of 100 pounds per
cubic inch (pci) may be used for rigid pavement design. This section should consist of a
minimum of 6 inches of reinforced, air-entrained concrete with a minimum compressive
strength of 3,500 pounds per square inch (psi) underlain by a minimum of 6 inches of a
dense-graded aggregate base such as ODOT Item 304. The pavement section should be
supported on subgrade compacted to at least 100 percent of the maximum dry density as
determined by ASTM D 698 (Standard Proctor) or verified as stable through proof rolling.

14. Based on all of the test data, it is our opinion that there is low to moderate corrosion potential
for underground ductile iron pipe. In any case, if underground ductile iron pipe is planned for
this project, it may be prudent to provide corrosion protection, or alternately, consideration
should be given to other types of piping.

15. Prior to proceeding with construction operations, all vegetation, root systems, and other
deleterious non-soil materials should be stripped from the proposed construction area.
Suitable topsoil stripped from the construction areas may be stockpiled for later use in
landscaped areas.

16. El ak gmj ghafagf l`Yl yfgjeYdz dgf_-term groundwater levels will be generally encountered at
depths of approximately 8 feet or deeper, corresponding to approximate Elev. 580 or lower.
It is our experience that adequate control of groundwater seepage, perched water, or surface
water run-off into shallow excavations should be achievable by minor dewatering systems,
such as pumping from prepared sumps.

This executive summary highlights our evaluations and recommendations and should only be
utilized in conjunction with the accompanying report, including the detailed findings,
conclusions, and qualifications presented herein.
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1.0 INTRODUCTION

This geotechnical subsurface investigation report has been prepared for the proposed Oregon

Energy Project, which will consist of a gas-fired electrical generating plant, to be constructed in

Oregon, Ohio. The site is approximately 30 acres in size, with a rectangular shaped footprint

encompassing roughly 1,200 feet by 1,100 feet of mostly agricultural land. The general location

of the project site is identified on the attached Site Location Map (Plate 1.0).

This study was performed in accordance with TTL Proposal No. 14837.01/02, dated

November 4, 2016, and authorized via Fluor Constructors International, Inc. (Fluor) Contract

No. C3FA-00-K002, dated November 21, 2016.

The purpose of this investigation was to evaluate the subsurface conditions relative to the design

and construction of foundations, floor slabs, below-grade walls, pavements, and a retention pond

for the proposed facility. To accomplish this, 13 test borings, 4 Cone Penetration Test (CPT)

soundings, 3 downhole seismic CPT soundings, 5 test pits, 5 field resistivity tests, 1 field

percolation test, laboratory soil testing, and a geotechnical engineering evaluation of the field and

laboratory test results were performed. Data from previous geotechnical subsurface

investigations performed by TTL for the nearby Oregon Clean Energy Center (TTL Project

Nos. 9697.01, 10817.01, and 11828.01) were also reviewed.

This report summarizes our understanding of the proposed construction, describes the

investigative and testing procedures, presents the findings, discusses our evaluations and

conclusions, and provides our geotechnical design recommendations for development of the

proposed facility. This report includes:

+ A description of the subsurface soil, rock, and groundwater conditions

encountered in the borings.

+ Design and construction recommendations for foundations, floor slabs, below-

grade walls, pavements, and a retention pond for the proposed project.

+ Recommendations concerning soil-, rock-, and groundwater-related construction

procedures such as site preparation and earthwork.

The scope of this study did not include an environmental assessment of the subsurface materials

or any evaluation of potential wetlands.
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2.0 SCOPE OF EXPLORATION AND INVESTIGATIVE PROCEDURES

The field work performed for this subsurface investigation included 13 test borings, 4 Cone

Penetration Test (CPT) soundings, 3 downhole seismic CPT (SCPT) soundings, 5 test pits,

5 field electrical resistivity tests, and 1 field percolation test performed during the period from

November 30, 2016 through January 5, 2017.

Test Borings BH-01 through BH-13, CPT Soundings CPT-01 through CPT-04, as well as SCPT

Soundings SCPT-11, SCPT-12, and SCPT-13 with downhole seismic testing, were located in the

general area of the proposed structures and roadways for the electrical generating facility. There

o]j] fg ?LP gj O?LP \]ka_fYlagfk y--2z l`jgm_` y-.-)z jYl`]j ]fme]jYlagf ^gj l`] O?PT

kgmf\af_k oYk klYjl]\ Yl y-..z lg ^mjl`]j \a^^]j]flaYl] ^jge l`] ?LP kgmf\af_k+ Test Pits TP-01

through TP-05 were performed along the proposed roadways. Field Percolation Test PT-01 was

located in the proposed retention pond.

Field electrical resistivity tests ERTR-01 through ERTR-05 were performed across the site.

Sampling for laboratory thermal resistivity testing was performed within borings advanced at the

central locations of ERTR-01 through ERTR-05, as requested by Fluor.

The test locations were staked in the field by TTL in accordance with the northing and easting

coordinates indicated on the provided yGeotechnical Investigation Location Plan,z dated

November 21, 2016. Locations of the field tests, along with the preliminary conceptual site

layout plan, are shown on the attached Test Boring and Exploration Plan (Plate 2.0). Ground

surface elevations at the field test locations were interpolated to the nearest ½-foot based on

topographic contours shown on l`] y@jY^l Pghg_jYh`a[ Yf\ Hg[Ylagf Omjn]qz hj]hYj]\ Zq P`]

Mannik & Smith Group, Inc., dated December 7, 2016. Coordinates, ground surface elevations,

as well as termination depths and elevations for the field tests are summarized in Table 2.0. The

coordinates presented in the table represent the as-performed locations of the field tests. Depths

at which Shelby tube samples were obtained in borings are also summarized in the following

table.
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Table 2.0 Field Test Location and Depth Data

Location
Number

Northing Easting

Ground
Surface

Elevation
(feet)

Termination
Depth
(feet)

Termination
Elevation

(feet)

Shelby Tube
Sample Interval

Depth
(feet)

BH-01 729738.774 1711978.176 588.0 60 528.0 6 to 8
BH-02 729786.327 1712350.613 587.5 60 527.5 36 to 38
BH-03 729588.807 1711979.196 588.0 60 528.0 -
BH-04 729635.694 1712352.238 587.5 60 527.5 21 to 23 and 41 to 43
BH-05 729610.985 1712142.171 588.0 60 528.0 11 to 13
BH-06 729481.662 1712288.979 588.0 60 528.0 16 to 18
BH-07 729648.821 1712514.623 587.0 60 527.0 26 to 28
BH-08 729256.590 1712073.910 588.0 60 528.0 36 to 38
BH-09 729841.489 1712518.844 587.0 60 527.0 16 to 18
BH-10 729273.774 1712285.159 588.0 60 528.0 6 to 8
BH-11 729792.139 1712198.440 588.0 60 528.0 51 to 53
BH-12 729634.664 1712200.939 588.0 78.1(1) 509.9 31 to 33
BH-13 729456.257 1712202.423 588.0 60 528.0 21 to 23

ERTR-01 729779.105 1712302.960 587.5 10 577.5 5 to 7 and 8 to 10
ERTR-02 729678.431 1712094.532 588.0 10 578.0 4 to 6 and 8 to 10
ERTR-03 729475.404 1712086.083 588.0 10 578.0 3 to 5 and 8 to 10
ERTR-04 729502.382 1712324.646 588.0 9 579.0 1 to 3 and 7 to 9
ERTR-05 729594.318 1712471.586 587.0 9 578.0 2 to 4 and 7 to 9

TP-01 729136.635 1711907.232 588.0 6 582.0 -
TP-02 729710.133 1711911.526 588.0 6 582.0 -
TP-03 729441.941 1711916.207 588.0 6 582.0 -
TP-04 729400.652 1712258.419 588.0 6 582.0 -
TP-05 729737.139 1712650.263 586.5 6 580.5 -

CPT-01 729104.786 1711907.604 588.0 63.2 524.8 -
CPT-02 729310.892 1712330.333 588.0 53.5 534.5 -
CPT-03 729472.714 1712487.061 587.5 60.0 527.5 -
CPT-04 729633.885 1712642.301 587.0 58.4 528.6 -

SCPT-11 729791.955 1712193.806 588.0 60.0 528.0 -
SCPT-12 729632.23 1712207.471 588.0 60.0 528.0 -
SCPT-13 729456.035 1712199.117 588.0 60.0 528.0 -

PT-01 729985.133 1711986.526 588.0 5 583.0
(1)Includes 5 feet of rock coring.

2.1 Test Borings

The test borings were performed in general accordance with geotechnical investigative

procedures outlined in ASTM Standards D 1452 and D 5434. The test borings performed during

this investigation were drilled with an ATV-mounted rotary drilling rig utilizing 3¼-inch inside

diameter hollow-stem augers. Upon completion of drilling, the boreholes were sealed using

cement-bentonite grout.
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During auger advancement, split-spoon (SS) soil samples were generally collected at 2½-foot

intervals to a depth of 10 feet below existing grade, and at 5-foot intervals thereafter. The

samples were sealed in jars and transported to our laboratory for further classification and testing.

Split-spoon samples were obtained by the Standard Penetration Test (SPT) Method (ASTM D

1586), which consists of driving a 2-inch outside diameter split-barrel sampler into the soil with

a 140-pound weight falling freely through a distance of 30 inches. The sampler was generally

driven in three successive 6-inch increments with the number of blows per increment being

recorded. The sum of the number of blows required to advance the sampler the second and third

6-inch increments is termed the Standard Penetration Resistance (N-value) and is presented on

the Logs of Test Borings attached to this report.

Thirteen Shelby tube samples, designated ST on the Logs of Test Borings, were obtained from

the borings at selected depths within the subsurface profile, as shown in Table 2.0. The Shelby

tube samples were obtained by hydraulically advancing a 3-inch diameter, thin-walled sampler

approximately 24 inches beyond the hollow-stem auger into relatively undisturbed soil in

accordance with ASTM D 1587. The Shelby tubes were then extracted from the subsoils, and the

ends were capped and sealed. These samples were transported to our laboratory where they were

extruded, classified, and tested.

Upon auger refusal in Boring BH-12, the boring was advanced via rock core methods. Rock

coring was completed using an NQ2 diamond-bit core barrel and coring techniques in general

accordance with ASTM D 2113. One 5-foot core run was performed. Recovery of the core is

expressed as the percentage ratio of the recovered rock length to the total length of the core run.

The Rock Quality Designation (RQD) is the percentage ratio of the summed length of rock pieces

4 inches in length and greater to the total length of the run. The rock core sample is designated as

yN?z gf l`] Hg_ g^ P]kl >gjaf_+

2.2 CPT Soundings

Seven CPT soundings were performed in accordance with ASTM D 5778 utilizing a 20-ton

enclosed track rig. The CPT soundings were performed by ConeTec, Inc. on December 23, 2016

and January 5, 2017, under the direction of a TTL geotechnical engineer. Soundings data,

including tip resistance, sleeve friction, and dynamic pore pressure, were recorded at

5 centimeter (2-inch) intervals. In CPT soundings SCPT-11, SCPT-12, and SCPT-13, shear wave

velocity tests were performed at test intervals of 5 feet in accordance with ASTM D 7400. The

CPT soundings were generally extended to the planned termination depth of approximately

60 feet below existing grades. Soundings CPT-02 and CPT-04 encountered refusal at depths of



Proposed Oregon Energy Project March 2017
TTL Project No. 14837.01 Page 5

53½ feet and 58½ feet, respectively. Since the borings were extended to a depth of 60 feet, and

the only boring extended deeper encountered bedrock at a depth of approximately 73 feet,

Soundings CPT-02 and CPT-04 did not likely encounter bedrock. All of the soundings are

interpreted to have been terminated in soil. Therefore, shear wave velocity test results from the

SCPT soundings are representative of the overburden soil conditions, without consideration of

the underlying bedrock at the site. The CPT test results are presented in the attached ConeTec

Site Investigation Results report, dated January 9, 2017.

2.3 Test Pits

Five test pits, designated as TP-01 through TP-05, were excavated throughout the project site,

generally along roadways. The test pits were excavated and backfilled (with dynamic

compaction) by Geddis Paving and Excavating, Inc., on December 5, 2016, under the direction of

a TTL geotechnical engineer. The test pits were excavated with a Yanmar (track) excavator using

a 2-foot wide bucket. A TTL geotechnical engineer prepared field logs of the encountered

conditions and obtained hand penetrometer readings along the sidewalls of the test pits as well as

from relatively undisturbed portions of the excavation spoils (at depths greater than 4 feet) for

estimation of unconfined compressive strength. Bulk samples (BS) were obtained in five-gallon

plastic buckets from depths of 1 to 3 feet and 3 to 6 feet in each test pit. All samples were

transported to our laboratory where they were further examined and designated for selected

testing. The conditions encountered in the test pits are presented on the Logs of Test Pits attached

to this report.

2.4 Field Electrical Resistivity Tests and Sampling for Thermal Resistivity Tests

Field electrical resistivity tests were located in the field by TTL and performed by CTL under

direction of TTL. Electrical soil resistivity testing was conducted in the field at five locations

(designated ERTR) in accordance with ASTM G 57 using the Wenner 4-pin soil resistivity

method. Each survey, or transect, generally included two intersecting perpendicular lines with

tests performed at multiple spacings along each line taken about a centerline point at each test

location, typically at east-west and north-south alignments.

Results of the field electrical resistivity tests are presented in the attached CTL Soil Electrical

Resistivity Report, dated December 16, 2016.

Sampling for laboratory thermal resistivity tests was performed at the requested center points of

the field electrical resistivity survey in the borings designated Borings ERTR-01 through

ERTR-05.
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The ERTR sample borings were performed in general accordance with geotechnical investigative

procedures outlined in ASTM Standards D 1452 and D 5434. The ERTR sample borings

performed during this investigation were drilled with an ATV-mounted rotary drilling rig

utilizing 3¼-inch inside diameter hollow-stem augers. Upon completion of drilling, the boreholes

were sealed using cement-bentonite grout.

Ten Shelby tube samples, designated ST on the Logs of Borings, were obtained from the ERTR

sampling boreholes at selected depths within the subsurface profile, as shown in Table 2.0. The

Shelby tube samples were obtained by hydraulically advancing a 3-inch diameter, thin-walled

sampler approximately 24 inches beyond the hollow-stem auger into relatively undisturbed soil

in accordance with ASTM D 1587. The Shelby tubes were then extracted from the subsoils, and

the ends were capped and sealed. These samples were transported to our laboratory where they

were extruded, classified, and tested.

Bulk samples (BS) were obtained in five-gallon plastic buckets from auger cuttings produced

from depths of approximately 3 to 8 feet in each ERTR borehole. All samples were transported

to our laboratory where they were further examined and selected samples were designated for

testing.

2.5 Field Percolation Test

This subsurface investigation included one field percolation test, designated PT-01, which was

performed by TTL on December 13, 2016. The percolation test site was located in the field in the

general area of the proposed retention pond by TTL, based on direction from Fluor. The test

location was prepared on December 12, 2016 by TTL using an ATV-mounted drill rig and

approximately 7-inch outside diameter hollow-stem augers. The bottom of the percolation test

hole was extended to a depth of 5 feet below existing grade. The sides and bottom of the

percolation test hole were scarified, the borehole was filled with water to a depth of 3½ feet

below existing grade to saturate the subsoils overnight. The water level only dropped 0.1 inch

gn]jfa_`l+ P`]j]^gj]) l`] oYl]j af l`] Zgj]`gd] oYk ZYad]\ lg Y \]hl` g^ 1{-0z Z]dgo ]paklaf_

grade (9 inches above the bottom of the percolation test hole) to initiate the test on December 13,

2016. Results of the percolation test are presented in Section 4.8.
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2.6 Laboratory Testing

All samples of the subsoils were visually or manually classified using soil designations per the

Unified Soil Classification System (USCS) in general accordance with ASTM D 2487

and D 2488. In addition, moisture content testing (ASTM D 2216) was performed on

approximately two-thirds of the recovered samples from the test borings. Atterberg limits tests

(ASTM D 4318) and particle size analyses (ASTM D 422) were performed on selected samples

to determine soil classification and index properties. These test results are presented on the Logs

of Test Borings, Tabulation of Test Data sheets, and Grain Size Distribution sheets attached to

this report.

Selected intact cohesive samples were tested for dry density determinations and unconfined

compressive strength tests by the constant rate of strain method (ASTM D 2166). Unconfined

compressive strength estimates were obtained for the remaining intact cohesive samples using a

calibrated hand penetrometer. These test results are presented on the Logs of Test Borings and

Tabulation of Test Data sheets attached to this report.

An unconfined compressive strength test (ASTM D 7102, Method C) was performed on a

representative specimen from the recovered rock. The results are included in the Tabulation of

Test Data sheets attached to this report.

Additional laboratory testing is summarized in Table 2.6. These test results are presented on the

One-Dimensional Consolidation Test Data sheets, Unconsolidated-Undrained (UU) Triaxial

Compressive Strength Test Data sheets, Standard Proctor Moisture-Density Relationship Curves,

and CTL Laboratory Soil Corrosion Testing Report in Appendix A. The results for the chemical

tests (pH, oxidation-reduction potential, chloride content, and sulfate content) are presented in

Section 5.8 y?gjjgkagf ?gfka\]jYlagfk+z
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Table 2.6 Additional Laboratory Testing

Test Description
ASTM

Designation
Boring and

Sample Numbers
Depth
(feet)

One-dimensional consolidation ASTM D 2435 BH-12 (ST-1) 31 to 33

Unconsolidated-undrained
triaxial compressive strength

ASTM D 2850

BH-04 (ST-1 and ST-2) 1

BH-05 (ST-1) 3

BH-06 (ST-1) 1

BH-07 (ST-1) 1

BH-09 (ST-1) 1

BH-10 (ST-1) 1

BH-11 (ST-1) 2

BH-12 (ST-1) 4

BH-13 (ST-1) 1

21 to 23 and 41 to 43
11 to 13
16 to 18
26 to 28
16 to 18

6 to 8
51 to 53
31 to 33
21 to 23

Standard Proctor
moisture-density relationship

ASTM D 698
ERTR-02 (BS-1)

TP-01 (BS-1)
3 to 8
1 to 3

pH ASTM D 4792

ERTR-02 (ST-2)
ERTR-03 (ST-1)
ERTR-04 (ST-1)

8 to 10
3 to 5
1 to 3

Oxidation-Reduction Potential ASTM D 1498
Chloride Content ASTM D 512
Sulfate Content ASTM C 1580
Thermal Resistivity IEEE 442-1981

1One-point UU test performed using a confining pressure approximately equal to the overburden
pressure at the sample interval.
2Two-point UU test performed using confining pressures equal to approximately 1 and 1½ times
the overburden pressure at the sample interval.
3Two-point UU test performed using confining pressures equal to ½ and 1 times the overburden
pressure at the sample interval.
4Three-point UU test performed using confining pressures equal to ½, 1, and 1½ times the
overburden pressure at the sample interval.

2.7 Exploration and Investigative Procedures (General)

Soil and rock conditions encountered in the test borings, field resistivity test borings, and test pits

are presented in the attached logs, along with information related to sample data, SPT results (for

the test borings), observed water conditions , as well as laboratory test data pertaining to soil

classification, moisture content, unconfined compressive strength, and index properties. It should

be noted that these logs have been prepared on the basis of laboratory classification and testing as

well as field logs of the encountered soils. The conditions indicated for the CPT soundings and

percolation test borehole are based solely on field-obtained data.

Experience indicates that the actual subsoil conditions at a site could vary from those generalized

on the basis of test borings, CPT soundings, and test pits made at specific locations. Therefore, it

is essential that a geotechnical engineer be retained to provide soil engineering services during

the site preparation, excavation, and foundation phases of the proposed project. This is to

observe compliance with the design concepts, specifications, and recommendations, and to allow

design changes in the event subsurface conditions differ from those anticipated prior to the start

of construction.
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3.0 PROPOSED CONSTRUCTION

It is our understanding that the proposed project consists of design and construction of a natural

gas-fired, electrical generating facility to be constructed in Oregon, Ohio. The site is located at

the easterly end of Parkway Road, south of the Norfolk Southern Railroad, and north of

Corduroy Road in Oregon, Ohio. The approximate site coordinates are 41.664087°N latitude,

83.437939°W longitude. The site is approximately 30 acres in size, with a rectangular shaped

footprint encompassing roughly 1,200 feet by 1,100 feet of mostly agricultural land.

Grades across the site are generally level at approximate Elev. 588, sloping down to approximate

Elev. 586 in the northeast corner. We understand that the planned site elevation will be

approximate Elev. 591 within the main plant area, generally requiring approximately 3½ to 4 feet

of fill to level the site after stripping of topsoil.

The electric-generating plant is tentatively planned to consist of two gas (combustion) turbine

_]f]jYlgjk %?PC{k&) log `]Yl j][gn]jq kl]Ye _]f]jYlgjk %DNOC{k&) gf] kl]Ye lmrbine generator

(STG), 10 cell cooling tower, electrical transformers, switch yard, combination

administration/control and warehouse building, power distribution center and other associated

mechanical and electrical equipment to produce approximately 940 MW of electricity.

Preliminary structure and equipment loads for the cooling towers and tanks were provided by

Fluor, and the remaining equipment was estimated using shipment weights relative to anticipated

foundation size, or estimated based on our experience with similar types of projects.

Estimated foundation sizes and bearing pressures for the various structures are summarized in the

following table.

Table 3.0 Structure Foundation Information

Structure

Estimated Load and Pressure Ranges
Approximate

Foundation Area
(Mat Thickness)

Structural Load
(Structure + Foundation)

(kips)

Approximate
Bearing Pressure

(ksf)

Combustion Turbine Generator (each)
380 sf

(6 feet thick)
4,730 to 7,100 1.4 to 2.1

Steam Turbine Generator (STG)
2,840 sf

(6 feet thick)
3,400 1.2

STG Condenser (each)
1,050 sf

(6 feet thick)
2,310 2.2

Heat Recovery Steam Generator
(HRSG) (each)

6,700 sf
(5 feet thick)

13,400 2.0

HRSG Stack (each)
710 sf

(3 feet thick)
640 to 1,420 0.9 to 2.0

Cooling Tower Area
30,295 sf

(3 feet thick)
15,150 0.5

Water/Chemical Storage Tanks
640 to 1,020 sf
(3 feet thick)

1,800 to 3,365 2.8 to 3.3

Admin Building - - 2.5
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Based on the soil conditions and anticipated foundation loading, we expect that facility structures

will be supported on a combination of deep foundations, mats, and shallow footings. Based on

our past experience with similar power plants, we anticipate that foundation slabs and mats may

vary in thickness from 2 to 6 feet.
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4.0 GENERAL SITE AND SUBSURFACE CONDITIONS

4.1 Geology and Published Soils Information

4.1.1 Regional Geology

Published geologic maps from the Ohio Department of Natural Resources (ODNR) indicate that

the project site is located in the Maumee Lake Plains Physiographic Region of the Huron-Erie

Lake Plains Section. Within this region, specifically in proximity to Lake Erie, the upper profile

geology includes predominantly Pleistocene-age silts and clays that were lake-laid (lacustrine)

sediments, deposited in historic glacial lakes following retreat and melting of glacial ice. The

lacustrine soils are underlain by glacial till deposits, underlain by sedimentary bedrock.

The lacustrine soils consist of predominantly silty clays and lean clays, and often exhibit

alternating thin layers of interbedded silts and clays known as varves. Varved soils are

characteristic of lacustrine deposits, and the thin layering is typically attributed to seasonal or

other cyclic variations of sedimentation in the lake waters. In addition, thin sand seams and

partings may be encountered. Due to present day water levels that are receded compared to

historic glacial lake levels, the upper portion of the lacustrine soils generally exhibit lower

fYlmjYd oYl]j [gfl]flk Yf\ kge]o`Yl `a_`]j mf\jYaf]\ k`]Yj klj]f_l`k Ykkg[aYl]\ oal` Y y[jmklz

layer that overlies the deposits that are now at or below the groundwater table. At the project site,

the total thickness of the lacustrine deposits is estimated to be on the order of 13½ to 18½ feet

below existing grades, before encountering the till.

The glacial till, also referred to as moraine, was deposited by the advance and retreat of glacial

ice. Due to the weight of the ice mass, the till deposits are moderately to highly over-

consolidated, that is, the existing soil deposits have experienced a previous vertical stress

significantly higher than the present effective vertical stress due to the remaining overlying soil

strata in the profile. The till often exhibits two distinct layers, a younger layer comprised of

predominantly fine-grained soils (silts and clays) with some sand and fine gravel, and an older

layer comprised of a heterogeneous mixture of clays, sands and gravels. In some locations,

particularly near Lake Erie, the upper portion of the younger till zone has been subjected to post-

glacial deposition activity due to wave action associated with lake waters or stream flows from

_dY[aYd e]dl oYl]jk+ P`ak rgf] ak g^l]f j]^]jj]\ lg Yk yoYn]-hdYf]\z gj yj]-ogjc]\z ladd) Yf\ eYq

exhibit lower compactness/consistency and/or higher moisture contents than the underlying

consolidated till.
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P`] gd\]j) n]jq [gehY[l ladd ak [geegfdq j]^]jj]\ lg Yk y`Yj\hYf+z >gl` l`] qgmf_]j Yf\ gd\]j

till layers can contain cobbles and/or boulders deposited in the till soil matrix, but in the Oregon

area, the prevalence of cobbles and boulders is typically greater in the deeper, older till deposits.

Additionally, seams of granular soils may be encountered within glacial tills. These granular

seams may or may not be water bearing.

Bedrock in the project area is broadly eYhh]\ gf l`] yC]gdg_a[ IYh g^ K`agz Yk OadmjaYf-age

Monroe limestone. Specific to the project site, the uppermost carbonate rock formation is

mapped as Greenfield dolomite. Bedrock across the site is generally expected at depths on the

order of 75 to 85 feet below existing grades. One boring completed for this investigation was

extended to auger refusal on bedrock, which was encountered at a depth of approximately 73 feet

below existing grade (approximate Elev. 515).

4.1.2 Generalized Near-Surface Soil Conditions

The USDA Natural Resources Conservation Service (NRCS) Web Soil Survey indicates that the

near-surface soils at the project site are mapped as Latty silty clay soils, Fulton silty clay loam

soils as well as Toledo silty clay, all of which were formed in clayey lacustrine sediment.

The Latty and Toledo soils formed in the lake plains, in nearly level terrain, and are considered

very poorly drained with very low to low permeability. The soil survey indicates that seasonally

high water tables at undeveloped sites in these soils can occur at the ground surface (i.e., subject

to temporary ponding) down to 1 foot below the ground surface, typically during the winter and

early spring (January to April).

The Fulton silty clay loam soils constitute a minor portion of the project site area. These soils

were formed generally in areas of very slight rises (0 to 2 percent slopes) in the lake plain, but are

still considered nearly level terrain. The Fulton soils are considered somewhat well drained, but

with very low permeability and slow runoff. Seasonally high water tables in Fulton silty clay

loam soils at undeveloped sites can occur as shallow as 6 inches to 1½ feet below the ground

surface, typically during the months of December through May.

Table 4.1.2 presents a summary of soil properties and characteristics published in the USDA Soil

Conservation Service (SCS) ySoil Survey of Lucas County, Ohioz.
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Table 4.1.2. Summary of Soil Properties and Characteristics from SCS Soil Survey

Soil Series
Depth

below Surface
(inches)

Surface Runoff
Coefficient Potential

Frost Action
Shrink-Swell

PotentialK factor
T factor

Kw Kf

Latty silty clay
(Lc)

0 to 7 0.24 0.24

5 Moderate High
7 to 24 0.28 0.28

24 to 37 0.28 0.28
37 to 67 0.32 0.32
67 to 80 0.37 0.37

Toledo silty clay
(To)

0 to 9 0.28 0.28
5 Moderate High9 to 34 0.32 0.32

34 to 80 0.28 0.28

Fulton silty clay loam
(FuA)

0 to 9 0.37 0.37

5 Moderate

Moderate
9 to 32 0.28 0.28

High32 to 39 0.32 0.32
39 to 60 0.37 0.37

The factors above were developed particularly for agricultural evaluations, but may provide a

barometer of potential soil erosion, which was requested as part of the geotechnical subsurface

investigation report. Soil erodibility factors (Kw) and (Kf) quantify soil detachment by runoff

and raindrop impact. These erodibility factors are indexes used to predict the long-term average

soil loss from sheet and rill erosion under crop systems and conservation techniques. Factor Kw

applies to the whole soil and factor Kf applies only to the fine-earth (less than 2.0 mm) fraction.

Other factors being equal, the higher the value, the more susceptible the soil is to sheet and rill

erosion by water.

The T factor is an estimate of the maximum average annual rate of soil erosion by wind and/or

water that can occur without affecting crop productivity over a sustained period. The rate is in

tons per acre per year.

Potential for frost action involves freezing and thawing of soil moisture. Frost action can damage

roads, buildings, and other structures. The mapped site soils are indicated to exhibit moderate

potential for frost action, which is typical of cohesive soils.

Shrink-swell potential involves the shrinking of soil when dry and the swelling when wet. For

the majority of the mapped near-surface soils at this site, the shrink-swell potential is generally

high.
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4.2 General Site Conditions

The project site is located in Oregon, Ohio, at the easterly end of Parkway Road, northeast of the

intersection of North Lallendorf Road and Corduroy Road in Oregon, Ohio. The site is

approximately 30 acres in size, with a generally rectangular shaped footprint encompassing

roughly 1,200 feet by 1,100 feet. The site consists of agricultural fields. The site is bordered by a

Norfolk Southern Railroad (NSRR) spur line to the north, agricultural fields east and south, a

wooded area to the east, and commercial development to the west. Johlin Ditch is located near

the northwest corner of the site.

Grades across the site are generally level at approximate Elev. 588, sloping down to approximate

Elev. 586 in the northeast corner. Ground surface elevations at the boring locations were on the

order of Elevs. 587 to 588.

The surface materials encountered in the borings consisted of topsoil, ranging from 8 to

10 inches in thickness.

4.3 Encountered Subsurface Conditions

4.3.1 General Soil and Rock Conditions

Based on the results of our field and laboratory tests, the subsoils encountered underlying the

topsoil can generally be characterized by five predominantly cohesive soil strata overlying

bedrock:

Stratum I x Yf mhh]j y[jmklz dYq]j g^ dY[mkljaf] kgadk+

Stratum II x an underlying lacustrine layer, generally at or below the groundwater table.

Stratum III x a zone of wave-planed till transitioning to consolidated till.

Stratum IV x a consolidated (younger) till deposit, overlying

Stratum V x Y `a_`dq [gfkgda\Yl]\ %y`Yj\hYfz& ladd \]hgkal YZgn] l`] Z]\jg[c+

These strata have been interpreted based on broad geological depositional patterns, as well as soil

texture, moisture contents, dry unit weights, unconfined compressive strengths, unconsolidated-

undrained (UU) triaxial compressive strength test results, and SPT N-values recorded in the

borings. It should be noted that the demarcations between cohesive soil strata can be transitional

with respect to strength and moisture conditions, particularly where there are influences of

fluctuating groundwater conditions, and depositional changes between the lacustrine soils,

transitional till, and underlying parent till zones.
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Descriptions of soil characteristics and properties for each of the generalized strata are provided

in the following paragraphs.

Stratum I consists of medium stiff to stiff cohesive lacustrine deposits encountered underlying

the topsoil to depths generally ranging from 6 to 9½ feet below existing grade (Elevs. 581± to

579±). These soils consisted of lean clay (CL) with varying amounts of sand. SPT N-values

ranged from 6 to 12 blows per foot (bpf). Unconfined compressive strengths generally varied

from 1,595 to 4,000 pounds per square foot (psf). Moisture contents in these soils ranged from

24 to 30 percent.

Stratum II consists of predominantly soft to medium stiff cohesive lacustrine deposits

encountered underlying Stratum I to depths generally ranging from 13½ to 18½ feet below

existing grade (Elevs. 575± to 569±). The Stratum II soils consisted of lean clay (CL) with

varying amounts of sand. SPT N-values generally ranged from 3 to 8 bpf. Unconfined

compressive strengths generally ranged from 500 to 2,500 psf. Moisture contents in these soils

ranged from 21 to 34 percent.

A one-inch sand seam consisting of poorly graded sand (SP) was encountered in BH-12 at a

depth of 13½ feet (Elev. 575±), located at the interface of the Stratum II lacustrine soils with the

underlying Stratum III transitional (wave-planed) glacial till deposits. Sand seams, even much

thinner than 1 inch, are typical of lacustrine soils, although they are often difficult to discern

within recovered soil samples. A thin zone of sand was also encountered in CPT Sounding

SCPT-12 at a depth of approximately 11 feet (Elev. 577±), as well as in occasional test borings

and CPT soundings performed for the Oregon Clean Energy Center (TTL Project Nos. 10817.01

and 11828.01) just north of the project site.

Stratum III consists of predominantly soft to medium stiff cohesive soils, interpreted as

transitional glacial till deposits, underlying Stratum II to depths ranging from 33½ to 39 feet

(Elevs. 555± to 549±). The Stratum III soils consisted of lean clay (CL) with sand and trace

gravel. SPT N-values generally ranged from 0 bpf (advancement of the split-spoon sampler

18 inches under the weight of the SPT hammer) to 8 bpf. Unconfined compressive strengths,

from hand penetrometers and constant rate of strain tests in the laboratory, generally ranged from

500 to 2,000 psf. Moisture contents generally ranged from 15 to 20 percent. In general, the SPT

results and unconfined compressive strengths of the Stratum III soils are similar to those of the

overlying Stratum II soils. However, the moisture contents are generally lower in Stratum III

compared to Stratum II. Along with the presence of a coarse sand and fine gravel fraction, this is

an indicator that the Stratum III soils are comprised of yj]ogjc]\z gj oYn]-planed glacial till that
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was deposited at lower natural moisture contents than the overlying lacustrine deposits, with

reduced strength due to wave action [gehYj]\ lg l`] mf\]jdqaf_ yaflY[lz [gfkgda\Yted glacial till.

Stratum IV consists of predominantly stiff cohesive glacial till deposits underlying Stratum III

and extending to depths ranging from 51½ to 58½ feet below existing grade (Elevs. 535± to

529±). The Stratum IV cohesive soils consisted of lean clay (CL) with varying amounts of sand

and trace gravel. SPT N-values generally ranged from 7 to 15 bpf, with the lower end of this

range indicating borderline medium stiff to stiff consistency. Unconfined compressive strengths

generally ranged from 2,000 to 4,000 psf. Moisture contents generally ranged from 13 to

21 percent.

Stratum V consists of predominantly hard glacial till soils, commonly referred to y`Yj\hYf,z

underlying the Stratum IV soils. Stratum V was encountered in Boring BH-12 to auger refusal on

bedrock at a depth of 73.1 feet (Elev. 515±). The remaining borings were terminated at a depth of

60 feet within Stratum V. The Stratum V cohesive soils consisted of lean clay (CL) with sand

and trace gravel and/or dolomite fragments. SPT N-values typically ranged from 18 bpf to

51 bpf. SPT N-values ranging from 18 to 27 bpf, indicating very stiff consistency, were

determined for the uppermost sample obtained from this stratum in approximately two-thirds of

the borings. Unconfined compressive strengths generally ranged from 6,025 to 11,660 psf.

Moisture contents generally ranged from 11 to 17 percent.

Upon encountering auger refusal at a depth of 73.1 feet (Elev. 515±), Boring BH-12 was

advanced via rock core methods. Dolomite bedrock was encountered to boring termination at a

depth of 78.1 feet, corresponding to Elev. 510(±). An unconfined compressive strength of

18,510 pounds per square inch (psi) was determined for the tested specimen from 74.5 to

74.9 feet (Elev. 514±), indicating very strong and very hard rock. An RQD of 88 percent for the

core indicates the apparent rock mass quality (within the zone of exploration) can generally

described as good.

A summary of the generalized subsurface conditions encountered in the borings during this

investigation is provided in the following table:
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Table 4.3.1. Generalized Subsurface Conditions

Stratum
Generalized

Soil
Description

Strength
or

Consistency

Range of
Stratum
Bottom
Depths
Below

Existing
Grade (feet)
[Elevation

Range]

Typical
Range of

SPT
N-values

(bpf)

General Range
of

Unconfined
Compressive

Strength
(psf)

General
Range

of
Moisture
Content

(%)

I
Lacustrine

y?jmklz

Medium Stiff
to Stiff

6 to 9½
[581 to 579]

6 to 12 1,595 to 4,000 24 to 30

II Lacustrine
Soft to

Medium Stiff
13½ to 18½
[575 to 569]

3 to 8 500 to 2,500 21 to 34

III
Reworked

Glacial Till
Soft to

Medium Stiff
33½ to 39

[555 to 549]
0 to 8 500 to 2,000 15 to 20

IV
Consolidated
Glacial Till

Stiff
51½ to 58½
[535 to 529]

7 to 15 2,000 to 4,000 13 to 21

V Hardpan Hard
73±

[515±]
18 to 51 6,025 to 11,660 11 to 17

Dolomite Bedrock Very Strong N/A x 18,510 psi x

Additional descriptions of the stratigraphy encountered in the borings are presented on the

attached Logs of Test Borings. Additionally, a generalized subsurface section is attached as

Plate 3.0.

4.3.2 Laboratory Test Results

Results of the index property tests used to classify the soils are summarized in Table 4.3.2.A.

This table is generally organized by sample depth. The Grain Size Distribution curves for these

tests are also attached to this report, grouped by interpreted stratum.
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Table 4.3.2.A Index Property Tests

Boring No.

(Sample No.)

Sample

Depth

(feet)

Approximate

Sample

Elevation

(feet)
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t

%
C
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BH-13 (SS-1) 1 to 2½ 587 to 586 I 0 6 20 74 48 25 23 28 CL

TP-01 (BS-1) 1 to 3 587 to 585 I 0 3 22 75 49 24 25 - CL

TP-02 (BS-1) 1 to 3 587 to 585 I 0 4 21 75 47 22 25 - CL

TP-03 (BS-1) 1 to 3 587 to 585 I 0 3 22 75 49 26 23 - CL

ERTR-02 (BS-1) 3 to 8 585 to 580 I 0 3 33 64 40 21 19 - CL

BH-10 (ST-1) 6 to 8 582 to 580 I Not Tested 41 23 18 30 CL

BH-12 (SS-4) 8½ to 10 580 to 578 II Not Tested 32 18 14 22 CL

BH-05 (ST-1 top) 11 to 12 577 to 576 II 1 9 34 56 26 18 8 18 CL

BH-08 (SS-5) 13½ to 15 575 to 573 II Not Tested 34 18 16 34 CL

BH-05
(ST-1 bottom)

12 to 13 576 to 575 III 4 24 21 51 27 16 11 17 CL

BH-06 (ST-1) 16 to 18 572 to 570 III Not Tested 27 18 9 18 CL

BH-09 (ST-1) 16 to 18 571 to 569 III Not Tested 27 18 9 16 CL

BH-04 (ST-1) 21 to 23 567 to 565 III Not Tested 24 15 9 17 CL

BH-13 (ST-1) 21 to 23 567 to 565 III Not Tested 27 17 10 19 CL

BH-07 (ST-1) 26 to 28 561 to 559 III Not Tested 26 17 9 17 CL

BH-12 (ST-1) 31 to 33 557 to 555 III 3 21 28 48 29 18 11 17 CL

BH-08 (ST-1) 36½ to 37 552 to 551 IV 6 37 26 31 26 16 10 11 CL

BH-04 (ST-2) 41 to 43 547 to 545 IV Not Tested 29 20 9 15 CL

BH-11 (ST-1) 51 to 53 537 to 535 IV 4 23 26 47 25 15 10 14 CL

BH-05 (SS-13) 53½ to 55 535 to 533 V Not Tested 29 17 12 14 CL

Standard Proctor laboratory compaction tests (ASTM D 698) were performed on bulk samples

from ERTR-02 and TP-01 to evaluate moisture-density relationships for potential on-site borrow

materials. The results of these tests are presented on the Moisture-Density Relationship Curve

sheets, attached to this report, and are summarized in Table 4.3.2.B.

Table 4.3.2.B. Standard Proctor Moisture-Density Test Results

Test Pit
(Sample)

Sample
Depth
(feet)

Approximate
Sample

Elevation
(feet)

Stratum

Liquid
Limit/

Plasticity
Index

Percent
Passing No.
200 Sieve

(%)

USCS
Class.

Maximum
Dry

Density
(pcf)

Optimum
Moisture
Content

(%)
ERTR-02

(BS-1)
3 to 8 585 to 580 I 40 / 19 97 CL 102.5 21.3

TP-01 (BS-1) 1 to 3 587 to 585 I 49 / 25 97 CL 99.2 23.7
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Unconsolidated-undrained (UU) triaxial compressive strength tests (ASTM D 2850) were

performed on selected Shelby tube samples to evaluate the undrained shear strength of the upper

profile soils. As summarized in Table 2.6, tests that included two test specimens included

confining pressures generally over a range of stresses equal to approximately 1 and 1½ times the

calculated effective vertical stress at the mid-point of the Shelby tube samples. One-point

UU tests were performed on specimens using a confining pressure approximately equal to the

calculated effective vertical stress at the midpoint of the Shelby tube sample. The results of these

tests, with the corresponding Mohr circle strength envelopes, are attached to this report, and are

summarized in Table 4.3.2.C.

Table 4.3.2.C. Unconsolidated-Undrained (UU) Triaxial Compressive Strength Test Results

Boring
(Sample)

Sample
Depth
(feet)

Approximate
Sample

Elevation
(feet)

Stratum

Undrained
Shear

Strength, c
(psf)

Liquid
Limit/

Plasticity
Index

Percent
Passing
No. 200

Sieve
(%)

Moisture
Content

(%)

Void
Ratio,

eo

(%)

BH-04
(ST-1)

21 to 23 567 to 565 III 880 24 / 9
Not

Tested
17 0.48

BH-04
(ST-2)

41 to 43 547 to 545 IV 1,500 29 / 9
Not

Tested
15 0.45

BH-05
(ST-. y=z)

11 to 11½
577 to 576

II 860 27 / 11 90 18 0.47

BH-05
(ST-. y>z)

11½ to 12 II 1,125 Not Tested 19 0.50

BH-06
(ST-1)

16 to 18 572 to 570 III 1,010 27 / 9
Not

Tested
18 0.50

BH-07
(ST-1)

26 to 28 561 to 559 III 880 26 / 9
Not

Tested
17 0.50

BH-09
(ST-1)

16 to 18 571 to 569 III 720 27 / 9
Not

Tested
16 0.45

BH-10
(ST-1)

6 to 8 582 to 580 I 820 41 / 18
Not

Tested
30 0.87

BH-11
(ST-1)

51 to 53 537 to 535 IV 2,130 25 / 10 73 14 0.42

BH-12
(ST-1)

31 to 33 557 to 555 III 1,340 29 / 11 76 17 0.51

BH-13
(ST-1)

21 to 23 567 to 565 III 750 27 / 10
Not

Tested
19 0.57

A one-dimensional consolidation test (ASTM D 2435) was performed on a sample from Boring

BH-12 (ST-1). This test was performed to evaluate compressibility properties of the native soils

and estimate potential settlement under proposed foundation loading. The results of this test are

presented on the attached Void Ratio Versus Log Pressure Curve, and are summarized in Table

4.3.2.D.
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Table 4.3.2.D. One-Dimensional Consolidation Test Results

Boring
Number
(Sample)

Sample
Depth
(feet)

Approximate
Sample

Elevation
(feet)

Interpreted
Stratum

Cc / Cr

Estimated
Previous

Consolidation
Pressure, pc

(psf)

LL /
PI

Percent
Passing
No. 200

Sieve
(%)

USCS
Class.

BH-12

(ST-1)
31 to 33 557 to 555 III 0.12 / 0.027 6,400 29 / 11 76 CL

4.4 Groundwater Conditions

Groundwater was initially encountered during drilling in 20 of the 30 investigation holes (test

borings, ERTR borings, test pits, resistivity sample holes, and CPT soundings), at depths

generally ranging from 5½ to 14 feet below existing grade (Elevs. 582± to 574±). Upon

completion of drilling operations, groundwater was observed in 13 of the holes at depths

generally ranging from 6 to 26 feet (Elevs. 582± to 530±). The groundwater conditions

encountered in the borings are summarized in Table 4.4.
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Table 4.4. Summary of Groundwater Level Observations During Field Activities

Boring
Number

Ground
Surface

Elevation
(feet)

Groundwater
Initially Encountered

During Drilling

Groundwater Observed Upon
Completion of Drilling

Depth
(feet)

Elevation
(feet)

Depth
(feet)

Elevation
(feet)

BH-01 588.0 14 574 N.E. --
BH-02 587.5 N.E. -- N.E. --
BH-03 588.0 31 557 N.E. --
BH-04 587.5 N.E. -- N.E. --
BH-05 588.0 39 549 23 565
BH-06 588.0 N.E. -- N.E. --
BH-07 587.0 0.8 586.2 N.E. --
BH-08 588.0 8½ 579.5 58 530
BH-09 587.0 28 559 N.E. --
BH-10 588.0 N.E. -- N.E. --
BH-11 588.0 N.E. -- N.E. --
BH-12 588.0 14 574 26 562
BH-13 588.0 12 576 N.E. --

ERTR-01 587.5 8 579.5 8 579.5
ERTR-02 588.0 N.E. -- N.E. --
ERTR-03 588.0 N.E. -- N.E. --
ERTR-04 588.0 N.E. -- N.E. --
ERTR-05 587.0 8 579 8 579

TP-01 588.0 N.E. -- N.E. --
TP-02 588.0 6 582 6
TP-03 588.0 5½ 582.5 N.E. --
TP-04 588.0 N.E. -- N.E. --
TP-05 586.5 5 581.5 N.E. --

CPT-01 588.0 8 580 8 580
CPT-02 588.0 8 580 8 580
CPT-03 587.5 8 580 8 580
CPT-04 587.0 8 579 8 579

SCPT-11 588.0 8 580 8 580
SCPT-12 588.0 8 580 8 580
SCPT-13 588.0 8 580 8 580

N.E. x Not Encountered.

It should be noted that the borings were drilled and backfilled within the same day. As such,

stabilized water levels may not have occurred over this limited time period. Instrumentation was

not installed to observe long-term groundwater levels.

Based on the soil characteristics and groundwater conditions encountered in the borings, it is our

ghafagf l`Yl yfgjeYdz dgf_-term groundwater levels will be generally encountered at depths of

approximately 8 feet or greater below existing grades, corresponding to approximate Elev. 580 or

lower. These levels correspond to elevations several feet above the level of nearby Lake Erie, and

it is expected that there is a small gradient of shallow groundwater flow trending from the project

site in the general direction of the lake. Some localized influence on groundwater levels can also
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be expected due to the presence of Johlin Ditch and the retention pond west of the northwest

corner of the site. It should be noted that groundwater elevations can fluctuate with seasonal and

climatic influences. Therefore, the groundwater conditions may vary at different times of the year

from those encountered during this investigation.

4.5 CPT Results

As part of the CPT sounding data interpretation, the Soil Behavior Type (SBT) was determined

using correlations from Robertson (1990, yOgad ?dYkka^a[Ylagf Qkaf_ l`] ?gf] L]f]ljYlagf P]kl)z

Canadian Geotechnical Journal, Volume 27), which incorporate CPT measurements of cone

resistance versus friction ratio. This correlation can help identify zones of sensitive (or soft)

materials versus zones of very stiff materials, but may not necessarily make a distinction

regarding grain size. Based on SBT characterization, the soil profile was described as generally

consisting of cohesive (predominantly fine-grained) soils with varying mixtures of clay and silt,

with occasional zones indicated as silt/sandy silt (yellow coloration in the attached CPT

diagrams). Based on the conditions encountered in the test borings, the silt and clay soil types

would likely be classified as predominantly lean clay (CL), while the sand soil types may be

classified as silty sand (SM), in accordance with the Unified Soil Classification System (USCS).

In each of the soundings) rgf]k g^ yk]fkalan] ^af]kz were indicated from approximately 13 to

29 feet below existing grade. These zones correspond to soils with both comparatively low cone

resistance values as well as low friction ratios. From a USCS designation overview, however, the

sensitive fines do not appear to be markedly different soil types, although they may be

characterized by lower strength. The top of the hardpan glacial till, encountered at depths ranging

from approximately 58 to 60 feet in Soundings CPT-01, CPT-04, SCPT-11, and SCPT-13, was

af\a[Yl]\ lg `Yn] Yf O>P g^ ykla^^ ^af]-_jYaf]\z kgad+

Based on groundwater conditions encountered in nearby test borings, a relative ground water

table was estimated for the CPT boring data reduction at a depth of 8 feet in each of the borings.

A pore pressure dissipation test was performed at a depth of approximately 63 feet in CPT

sounding CPT-01. The pore pressure was measured in feet of head. The maximum pore pressure

determined from Sounding CPT-01 was approximately 513 feet. The pore pressure dissipated to

approximately half the initial pressure within 5 minutes.

Results of the seismic shear wave velocity tests indicate a generally increasing trend with depth.

The average results of the shear wave velocity tests are summarized in the following table.
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Table 4.5. Summary Profile of Average Shear Wave Velocity
Approximate Zone of Shear

Wave
Test Locations

Interpreted
Correlating Stratum

Average
Shear Wave Velocity, Vs

(fps)
0 to 10 feet I 380

10 to 20 feet II 640
20 to 40 feet III 775
40 to 55 feet IV 1,045
55 to 60 feet

(Stratum extends to 73± feet)*
V 1,220

*Note: Average shear wave velocity for Stratum V glacial till was calculated based on
shear wave velocity data obtained in the upper zone of y`Yj\hYfz prior to SCPT
termination at depths on the order of 60 feet, but the Stratum V y`Yj\hYfz extends to
approximately 73± feet to top of bedrock (based on BH-12).

It should be noted that the shear wave values in the above table are representative of only the

overburden soils at the indicated test depths.

4.6 Electrical Resistivity Test Results

Electrical Resistivity testing was conducted in the field at five locations identified on the Test

Boring and Exploration Plan as ERTR-01 through ERTR-05. At each location, tests were

performed using array multiple spacings of the test probes, requested at yYz spacings of 1 foot,

3 feet, 10 feet, 25 feet, 50 feet, and 100 feet. The tests were performed along two lines oriented

perpendicular to one another, in a generally east-west and north-south alignment. Resistivity data

from each test spacing are summarized in Table 4.6.

Table 4.6. Soil Resistivity Test Measurements

Test Location Resistivity (ohm-cm) at Probe Array @agXeiT_ nTo (feet)

nTo 6 1 nTo 6 3 nTo 610 nTo 6 25 nTo6 1, nTo 6 -,,

ERTR-01
N-S 4,385 2,894 2,605 3,303 4,350 6,930

W-E 2,961 2,714 2,689 3,163 4,348 6,770

ERTR-02
N-S 2,471 2,823 2,739 3,243 4,695 7,772

W-E 2,524 2,711 2,662 2,359 4,666 7,920

ERTR-03
N-S 2,255 2,493 2,498 3,489 4,916 8,059

W-E 2,899 1,959 2,692 3,608 4,987 8,452

ERTR-04
N-S 2,534 2,209 2,578 3,458 4,872 7,882

W-E 3,061 2,191 2,667 3,498 4,773 7,739

ERTR-05
N-S 3,361 1,993 2,572 3,249 4,457 7,115

W-E 2,204 2,356 2,618 3,246 4,480 7,393
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In general, the testing yielded consistent resistivity measurements throughout the site. For the

tested locations and selected probe spacings, resistivity values were found to generally range

from 1,959 ohm-cm to 4,987 ohm-cm, although higher values ranging from 6,770 ohm-cm to

8,452 ohm-cm were determined for spacings of 100 feet.

4.7 Thermal Resistivity Test Results

Shelby tube samples were obtained from the ERTR borings for potential thermal resistivity

testing at varying depths. Thermal resistivity was on the order of 55 to 65 C-cm/W at initial

(in-situ) moisture contents, and increased with drying of the tested samples. The results from the

thermal resistivity testing are presented in the attached CTL Laboratory Soil Testing Report in

Appendix B.

4.8 Field Percolation Test Results

This subsurface investigation included one percolation test, designated PT-01, which was

performed by TTL on December 13, 2016. The percolation test site was located in the field in the

general area of the proposed retention pond by TTL, based on direction from Fluor. The test

location was prepared on December 12, 2016 by TTL using an ATV-mounted drill rig and

approximately 7-inch outside diameter hollow-stem augers. The bottom of the percolation test

hole was extended to a depth of 5 feet below existing grade.

The percolation test hole encountered brown lean clay (CL) with trace sand underlying surface

materials consisting of approximately 9 inches of topsoil.

The sides and bottom of the percolation test hole were scarified, the borehole was filled with

water to a depth of 3½ feet below existing grade to saturate the subsoils overnight. The water

level only dropped 0.1 inch overnight. Therefore, the water in the borehole was bailed to a depth

g^ 1{-0z Z]dgo ]paklaf_ _jY\] %6 inches above the bottom of the percolation test hole) to initiate

the test on December 13, 2016. During the percolation test, readings were made every

30 minutes. Results of the percolation test are attached to this report in Attachment A.

Percolation Test PT-01 was performed for 1½ hours. Over this period, there was no discernible

percolation into the subsoils. Based on the 0.1 inch water level drop during the overnight soaking

period of approximately 14 hours and 20 minutes, we estimate a percolation rate of 8900 minutes

per inch, which is equivalent to permeability on the order of 0.007 inches per hour.
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The USDA Natural Resources Conservation Service (NRCS) Web Soil Survey indicates that the

near-surface soils in the vicinity of the proposed retention pond are mapped generally as Latty

silty clay soils (Lc) and Fulton silty clay loam soils (FuA). These soils were formed in clayey

lacustrine sediment. The Latty silty clay soils are considered very poorly drained, while the

Fulton silty clay loam soils are considered somewhat well drained, each with very low to

moderately low permeability. For comparison to field percolation test results, ranges of

permeability values published for the upper profile soils are summarized in the following table.

Table 4.8 Permeability Values from Soil Survey

Soil Series
Depth

(inches)
USCS Soil Type

Permeability
(inches per hour)

Latty silty
clay
(Lc)

0 to 7 Fat Clay, Fat Silt

0.0014 to 0.014
7 to 24

Fat Clay
24 to 37
37 to 67 Fat Clay, Lean Clay
67 to 80 Lean Clay v0.0014

Fulton silty
clay loam

(FuA)

0 to 9 Lean Clay, Silt 0.6 to 2.0
9 to 32

Fat Clay, Lean Clay 0.06 to 0.2
32 to 39
39 to 60 Fat Clay, Lean Clay 0.01 to 0.2

The PT-01 test results reflect permeability near the lower-end of the range of permeability

indicated for the clays at the site. In any case, the on-site cohesive soils are considered relatively

impermeable with relatively high percolation rates.

4.9 Average Stratum Properties

This section provides a summary of average soil properties based on the interpreted strata

boundaries at the site. As indicated previously, the demarcation between strata may be

transitional within the boring profile based on strength and moisture content, and depths of the

strata also vary somewhat between borings. Depending on the intended use of the geotechnical

data and the sensitivity of a particular design analysis, review of location-specific or structure-

specific boring and soil property data may be warranted.

Based on the subsurface conditions encountered in the borings, as well as the laboratory testing

performed for this investigation, average stratum properties have been calculated or estimated, as

summarized in Table 4.9.
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Table 4.9. Average Stratum Properties

Stratum I Stratum II Stratum III Stratum IV Stratum V

SPT N-value (bpf) 8 4 5 9 32

Moisture Content (%) 27 27 19 16 14

Liquid Limit 46 31 27 27 29

Plasticity Index 22 13 10 10 12

Total Unit Weight (pcf) 119 127 130 132 136

Dry Density (pcf) 93 102 110 114 119

Estimated Effective Friction Angle,
p degrees)

26 28 30 31 34

Cohesion, c (psf) 1,000 500 850 1,500 4,500

Compression Index, Cc 0.32 0.20 0.12 0.16 0.17

Recompression Index, Cr 0.027 0.045 0.022 0.016 0.014

Estimated Preconsolidation Pressure, Pc (psf) 5,100 5,400 6,400 10,100 28,700

Void Ratio, eo 0.87 0.74 0.43 0.43 0.44

Values for compression index, recompression index, and preconsolidation pressure were estimated using Atterberg
limits and moisture content correlations for strata where one-dimensional consolidation tests were not performed
(Strata I, IV and V), as well as comprehensive one-dimensional consolidation test data from the adjacent Oregon
Clean Energy Center project (TTL Project No. 10817.01, for Stratum II).

It should be noted that simplification or reduction of the soad hjgh]jla]k lg Y lYZmdYl]\ yYn]jY_]z

value does not fully capture the range of all data and the associated variance from boring to

boring. Design professionals utilizing the boring and laboratory test data from this investigation

should consider the factor(s) of safety associated with the design methodology and structure, as

well as the applicability of a particular geotechnical parameter within the context of the

analytical equations or software applications. In conjunction with factor of safety, evaluations of

bearing capacity, settlement, or other soil strength analyses should consider parametric sensitivity

to variations in soil properties associated with geologic processes.

With respect to soil shear strength, and in consideration of the types of structures and facilities

associated with this project, it is anticipated that the critical loading conditions will be governed

Zq yaee]\aYl]z klj]kk]k gj ]f\-of-construction loading. For these conditions, the critical soil

behavior is expected to be undrain]\ dgY\af_) gj ylglYd klj]kkz klj]f_l` hYjYe]l]jk Ykkg[aYl]\

with the undrained shear strength (Su) or cohesion (c) of the predominantly clay soils at the site.

The lowest strength soils are associated with the Stratum II and III layers, for which the

laboratory testing program was focused as part of this investigation. This testing included

unconsolidated-undrained (UU) triaxial compressive strength, supplemented with unconfined

compressive strength testing on selected samples.
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Long-term loading conditiofk) gj y]^^][lan] klj]kkz klj]f_l` hYjYe]l]jk) Yj] fgl ]ph][l]\ lg

govern geotechnical design conditions. Within this context and the scope of this investigation,

consolidated-mf\jYaf]\ %?Q{& triaxial testing was not performed to determine y]^^][lan]z ^ja[tion

angles (({& g^ l`] kgadk Yl l`] kal]+ Aklaeat]\ y]^^][lan]z ^ja[lagf Yf_d]s indicated above are

provided for general evaluations, based on published correlations with index properties and our

local experience with similar lacustrine and glacial soils such as encountered at this site. If final

design analyses indicate that effective-stress soil parameters are critical and sensitive to structure

foundation evaluation, additional analysis or testing should be considered.
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5.0 DESIGN RECOMMENDATIONS

The following evaluations and recommendations are based on our understanding of the proposed

construction and the data obtained during our field investigation. If the project information or

location as outlined should differ or change significantly, a review of these recommendations

should be made by TTL.

We understand that final design structural loads, foundation types and sizes, and bearing

depths/elevations are still to be developed, and additional geotechnical engineering analysis may

be needed in conjunction with the structural engineering development for the project.

5.1 Shallow Spread Foundations

5.1.1 Structure Foundations

It is our understanding that final grades within the main plant area are planned to be

approximately Elev. 591. At a minimum frost penetration depth of 3 feet, we estimate that

building foundations will bear at approximately Elev. 588. Based on existing ground surface

elevations on the order of Elev. 588 to 587, as well as required stripping the topsoil to depths of

approximately 8 to 12 inches, it is anticipated that shallow foundations will bear at or near the

top of the Stratum I medium stiff to stiff cohesive lacustrine soils, or on new engineered fill

utilized to achieve design grades after stripping of topsoil. Based on the borings, the Stratum I

cohesive soils are generally suitable for the support for lightly to moderately loaded building

foundations, but it should be noted this stratum forms a thin y[jmklz gn]j l`] dgo]j-strength,

more compressible Stratum II soils. Heavy loads that result in large footings or mat foundations

with large footprint loading, even with modest bearing pressures, are subject to reduced ultimate

bearing capacity due to a two-layered strength profile and/or a reduced allowable bearing

pressure due to settlement considerations.

Because foundations are expected to bear on both engineered fill used to raise grades

during construction and native clay soils, we strongly recommend that the bearing capacity

at the bottom of all footing excavations be checked by a TTL geotechnical engineer or

qualified representative. The presence of our engineer will help facilitate the timely

remediation of unsuitable soils. If the results of hand penetrometer or other strength tests indicate

the exposed soil conditions are not favorable for the design bearing pressure, it may be necessary

to increase the footing size to accommodate the lower bearing strengths, or to over-excavate and

backfill with engineered fill.
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Where necessary, over-excavation should extend through unsuitable materials. Where unsuitable

native materials are encountered, the over-excavation should extend below the design bearing

elevation until suitable bearing soils are encountered, although extensive over-excavation is not

expected based on the soil conditions encountered in the borings. However, over-excavation

should not extend greater than approximately 8 feet below existing grades (approximate

Elev. 580), since additional over-excavation would likely extend into the lower-strength

Stratum II cohesive soils. In this case, widening footings and using a lower bearing pressure

would be required for shallow spread foundations. Where over-excavation is required, the base

of the over-excavation should be widened one foot for every foot of depth, and centered along

the foundation alignment. The over-excavated areas should be backfilled with dense-graded

aggregate, placed in maximum 8 inch loose lifts, and compacted to not less than 100 percent of

the maximum dry density as determined by ASTM D 698 (Standard Proctor). Alternately, the

over-excavated areas could be backfilled with lean concrete or other flowable controlled-density

fill with a minimum compressive strength of 300 psi.

It should be noted that the following recommendations for bearing capacity were based on

YfYdqk]k eg\]d]\ mkaf_ I]q]j`g^ Yf\ DYffY{k log-dYq]j Z]Yjaf_ [YhY[alq ^gjemdYk) P]jrY_`a{k

bearing capacity factors, and a nominal Factor of Safety (FoS) of 3. For transient loads due to

oaf\ gj k]akea[ [gf\alagfk) Y .,0 af[j]Yk] gj ygn]jklj]kkz af l`] Yllowable bearing pressure can

be safely assumed without jeopardizing bearing capacity factors of safety or creating excessive

settlement. Settlement evaluations considered Boussinesq stress distribution beneath the

foundation.

Mat foundations are often designed using a gross allowable bearing pressure. Structures

including the Heat Recovery Steam Generator (HRSG) Stack, the Cooling Towers, and the

Water/Chemical storage tanks are anticipated to bear at a minimum frost penetration depth of

3 feet below finished grade (approximate Elev. 588). For these structures, where there will be

little to no overburden soil removal to install these foundations, a gross allowable bearing

pressure of 1,000 psf may be utilized for design. The mat for the HRSG is anticipated to bear at a

depth of 5 feet below finished grade (approximate Elev. 586), for which a gross allowable

bearing pressure of 1,200 psf may be utilized for design. Structures including the Combustion

Turbine Generator (CTG), the Steam Turbine Generator (STG), and the STG condenser are

anticipated to bear at a depth of 6 feet below finished grade (approximate Elev. 585), for which a

slightly lower gross allowable bearing pressure of 1,150 psf may be utilized for design, since the

foundation is slightly closer in proximity to the lower-strength Stratum II cohesive soils,

provided settlement discussed below is tolerable. In all cases, suitable bearing should be field-

verified as having a minimum unconfined compressive strength of 2,000 psf, or properly placed
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and compacted new engineered fill. Additionally, consideration should be given to settlement as

discussed below. Although calculated settlement was typically greater than 1 inch for these

structures, it is our experience that such settlement is often tolerable when using mat foundations,

provided the mat foundations are rigid enough to avoid significant differential settlement.

Total settlements at the center of large structures (for a variety of sizes of structures including the

Water Storage Tanks with an approximately 30-foot diameter footprint, CTG with mat

foundations on the order of 45 feet by 105 feet, the STG with mat foundations on the order of

30 feet by 100 feet, the cooling towers with mat foundations on the order of 560 feet by 54 feet,

and the HRSG with mat foundations on the order of 50 feet by 130 feet) were calculated to be on

the order of:

+ 1 to 1½ inches for structures bearing at Elev. 585,

+ 1¼ to 1¾ inches for the HRSG mat bearing at Elev. 586, and

+ 1½ to 2½ inches for structures bearing at Elev. 588.

For the deeper bearing structures, settlement was calculated using the net pressure increase on the

soils based on the gross allowable bearing pressure minus the existing overburden pressure

associated with the soil removal for installation of the foundations. As such, slightly less

settlement was calculated for similar size foundations and similar gross allowable bearing

pressures as the foundation depth below existing grade increased.

If the calculated total settlement indicated above is beyond design tolerances, consideration may

be given to pre-loading the structure areas (if construction schedule allows) to induce settlement,

soil modification (such as GeoPier® Rammed Aggregate Piers, which are proprietary systems),

or deep foundations. Deep foundation recommendations are provided in Section 5.2.

Following the satisfactory completion of the site preparation and footing excavation inspections

outlined in this report, lightly loaded structures may be supported on conventional shallow

foundation systems consisting of wall (strip) and/or column (square) footings. Shallow

foundations may be designed utilizing an allowable bearing pressure of 2,000 pounds per square

foot (psf). Since site grades will be raised approximately 3 feet such that foundations bear at the

approximate original ground surface elevation, the allowable bearing pressure should not be

considered a net allowable pressure. The weight of the footings, backfill over the footings, and

floor slabs should be included in the structural loads for dimensioning footings. Suitable bearing

should be field-verified by confirming the foundation bearing materials consist of native

cohesive soils having a minimum unconfined compressive strength of 2,000 psf, or properly

placed and compacted new engineered fill.
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Utilizing the above recommended allowable bearing pressure of 2,000 psf, and proper foundation

inspection techniques, our evaluations indicate total settlement should not exceed 1 inch for wall

loads up to 4,500 pounds per lineal foot and column loads up to 50 kips.

Even for smaller structures (i.e., transformers or heavier building columns) with a footprint of

approximately 10 feet by 10 feet bearing at Elev. 588, total settlement at the center of the

foundation was calculated to be on the order of 1 to 1½ inches using a slightly reduced gross

allowable bearing pressure of 1,500 psf.

A friction factor of 0.35 may be utilized along the base of the footing to calculate sliding

resistance.

All exterior footings and footings in unheated areas should be constructed at a minimum frost

penetration depth of 3 feet below finished exterior grades. Interior footings for heated buildings

may bear at a convenient depth below the floor slab, provided they are located on engineered fill

materials or native cohesive soils having an unconfined compressive strength of 2,000 psf or

greater. Wall (strip) footings should be at least 18 inches wide and column (square) footings

should be at least 30 inches square, regardless of the resulting bearing pressures.

Differential settlement for relatively flexible foundations should be on the order of ½ to ¾ of the

total settlement. Differential settlement from center to edge of mat foundations, as well as any

slope toward the center of the mat, will also depend on the rigidity of the mat.

The geotechnical specifications request discussion of the performance of hydro-tests relative to

the anticipated settlement and rebound, as well as differential settlement. Performance of

hydro-tests are considered live loading of the tanks, and, as stated above, any differential

settlement would depend on the rigidity of the mat foundation. It is expected that some

settlement will be incurred due to the dead load of the tank and foundation placed during

construction. Some additional settlement will occur with application of sustained live loads, such

as performing hydro-tests. To achieve settlement such that additional settlement is negligible,

sustained load would need to remain for a period of time on the order of a month due to the

on-site cohesive soils. It may be prudent to install settlement hubs to monitor the magnitude and

rate of settlement if tanks and connections are particularly sensitive to post-construction

settlement after hydro-testing. Negligible rebound would be anticipated with the removal of the

hydro-testing load.



Proposed Oregon Energy Project March 2017
TTL Project No. 14837.01 Page 32

5.1.2 Mat Foundations

It is anticipated that the power block structures, transformers, and auxiliary equipment will bear

on shallow mat foundations or slab-type foundations. These foundations should bear at least

3 feet below final grade (minimum depth for frost penetration protection). Allowable bearing

pressure and settlement recommendations for mat foundations were presented in Section 5.1.1.

Generally, mat foundations are designed using a modulus of subgrade reaction (k). In addition,

mat foundations are typically designed using finite element method (FEM) analyses or similar

methodologies that allow for evaluations of contact pressure, deflection, shear and bending

moment for structural reinforcement determinations, and thickness/rigidity considerations. For

mat foundation design, we recommend a subgrade modulus (k) of 65 pounds per cubic inch (pci).

For large-width (B greater than 10 feet) mat design, where the mat influence of strain will extend

well into the Stratum II (and possibly Stratum III) clays, we recommend a subgrade modulus (k)

of 50 pci. Heavily loaded mat foundations should also be checked for settlement based on actual

size and working pressures under dead load and sustained live loading.

The modulus of subgrade reaction value indicated above is based on a unit k-value (kv1 or ks1)

assuming an equivalent 1-foot by 1-foot plate load test. Depending on the method of analysis

used to model the mat, a correction or adaptation is typically made to the kv1 modulus value

based on the width and shape of the loaded area, as well as whether the bearing soils are sands or

clays. Care should be taken by the structural designer to understand whether the analytical input

requires the kv1 or ks1 modulus value based on a 1-foot by 1-foot plate, or the modulus of

subgrade reaction (ks), sometimes identified as kb, which is a corrected value based on

foundation width B. For foundations bearing on clays, ks for a full-sized footing or mat is equal

to kv1/B, regardless of length to width ratio (ks calculations consider the length to width ratio for

foundations bearing on sand, which is not anticipated for this project). For a mat foundation, this

B may not be the entire width of the mat, but the effective width of where the mat is acted upon

by line loads or point loads spaced a distance B apart. For typical mat design that does not have

uniform load intensity, the point loads or line loads and the associated shear and moment

distribution in the mat will result in zones where deflection is at or near zero, and the effective

oa\l` [Yf Z] lYc]f Yk l`] \aklYf[] Z]lo]]f l`]k] rgf]k g^ yr]jg \]^d][lagf+z P`ak ak nYda\ Yk dgf_

as the contact pressures associated with the areas of concentrated loads are less than ½ of the

ultimate bearing capacity of the soil, the latter of which is independent of foundation width. For

the anticipated design loads associated with the equipment for the proposed development, our

calculations indicate this contact pressure criterion will be met (i.e., less than ½ of the ultimate

bearing capacity of the soil).
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We recommend that the design of the mat consider what is the actual effective width B of the

foundation, but in no case incorporate a ks or kb value less than 10 pci. The design should also

consider that the contact pressure is not likely to be uniform within all areas of the mat, and

deflection may not be uniform unless the mat is indeed a rigid structural element.

With respect to determination of ks, it is difficult for the geotechnical engineer to determine

accurate elastic design parameters for the soil as applicable to structural mat design (i.e., Es, p, or

ks). It is our experience that bending moments and computed soil pressures are usually not very

sensitive to kv1 values or kb values because the structural member (concrete mat) stiffness or

rigidity is generally much greater than the soil stiffness as measured by k of the subgrade.

Regarding subgrade stiffness and mat design, the American Concrete Institute (ACI) recognizes

that the structural designer and geotechnical engineer may do a parametric study, varying the

value of ks over a range of one-half the furnished value up to five times this value. The results of

the parametric study should be reviewed by the geotechnical engineer during the course of the

design. If no satisfactory solution is found, then adjustments in the development concept may be

appropriate. Adjustments to the mat design may include enlarging the mat in plan or deepening

the mat base to reduce the net applied pressure. Such adjustments should be made with the

concurrence of the geotechnical engineer. During the final design stage, TTL would be pleased to

review analyses and coordinate such efforts with the structural engineer.

5.1.3 Dynamic Shear Modulus

For rotating or vibrating machinery, it may be necessary to consider dynamic loading and the

dynamic shear modulus (Gmax) of the soil. For each stratum, Gmax was calculated based on

published correlations using soil properties developed from our geotechnical investigation. The

correlations used for this analysis are based on the equation developed from research by Hardin

Yf\ @jf]na[`) Yf\ \]lYad]\ af l`] l]pl y@]ka_f g^ Oljm[lmj]k Yf\ Bgmf\Ylagfk ^gj RaZjYlaf_

IY[`af]kz Zq Omj]k` ?+ =jqY) Ia[`Y]d S+ K{J]add) Yf\ C]gj_] Laf[mk) Yk ^gddgok7

Gmax (psi) = 1230 (OCR)k (*{o)
0.5, where

e = void ratio,

OCR = overconsolidation ratio,

*{o = effective octahedral normal stress (psi), and

k = plasticity constant.

(2.973 x e)2

(1+e)
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The plasticity constant (k) is obtained from correlations with the plasticity index of the soil. The

effective octahedral normal stress (*{o) is determined from the following equation.

*{o = 0.333 *{v (1+2Ko), where

*{v = effective normal stress, and

Ko = at-rest lateral earth pressure coefficient.

The value of Ko for the overconsolidated clays at this site was determined from published

relationships using the OCR and the plasticity index of the soil.

Additionally, the dynamic shear wave modulus (Gmax) of the soils was evaluated using the results

of SCPT shear wave velocity measurements.

Gmax (psi) = � vs
2

� ; eYkk \]fkalq %\]fkalq \ana\]\ Zq l`] _jYnalq [gfklYfl&) Yf\

vs = measured shear wave velocity value.

The soil properties used to obtain the dynamic shear modulus and the calculated values of Gmax

are presented in the following table:

Table 5.1.3. Summary of Soil Properties for Determination of Gmax

Stratum

I II III IV V

Approximate Elevation (feet) 588 to 581 581 to 574 574 to 550 550 to 532 532 to 515

Approximate Depth of Midpoint of Stratum

Below Existing Grade (feet)
4 11 26 47 64

Effective Normal Stress (psf) 465 1,195 2,215 3,605 4,855

At-Rest Lateral Earth Pressure Coefficient, Ko 1.59 1.07 0.85 0.82 1.19

Effective Octahedral Normal Stress (psf) 645 1,250 1,990 3,170 5,465

Plasticity Index, PI 22 13 10 10 12

Plasticity Constant, k 0.19 0.12 0.09 0.09 0.11

Void Ratio, eo 0.87 0.74 0.43 0.43 0.44

Shear Modulus determined using vs, Gmax (psi) 3,895 11,495 16,855 30,645 43,370

Dynamic Shear Modulus, Gmax (psi) 9,670 12,445 22,770 28,630 41,035
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The strata demarcations indicated above were characterized from the data obtained from the field

and laboratory testing including moisture contents, unconfined compressive strengths, and dry

densities. Based on these data, strata demarcations are not necessarily abrupt, but were found to

transition slightly from boring to boring. Therefore, the approximate elevations for the strata

should be considered an average representation of the profile. The elevation of the bottom of

Stratum V was assigned based on the auger refusal elevation from Boring BH-12.

In as much as effective stresses increase with depth, the calculated dynamic shear moduli will

change slightly with depth, even within the same stratum. In the tabulation presented above,

stresses used to calculate the dynamic shear modulus for each stratum were calculated for the

midpoint that stratum. Therefore, the dynamic shear moduli presented above should be

considered average values for each stratum. Likewise, the estimated overconsolidation ratios

presented in this table are considered the average values for the stratum.

To model the dynamic equipment foundations bearing on the cohesive soils encountered at this

kal]) Lgakkgf{k jYlag [Yf Z] lYc]f Yk -+00+

5.2 Deep Foundations

Where heavily loaded structures are planned, or where building and equipment settlement

tolerances are exceeded using shallow spread foundations, it is likely that foundations will need

to consist of a deep foundation system. Pile foundations are considered to be a feasible deep

foundation system for this site. Piling may consist of cast-in-place (CIP) concrete piles with

driven pipe shells, driven H-piles, or augered, cast-in-place grout piles (auger-cast piles, ACPs).

Based on the relatively low strengths associated with the upper portion of the clay profile at the

site, all of these pile types are expected to extend through Strata I, II, and III before engaging

sufficient capacity for even moderate loads. Depending on foundation configurations and loads,

it is likely that heavy loads will require piling to extend through the Stratum IV predominantly

stiff glacial till (which was approximately 15 to 20 feet thick) to y^]l[`z gj Y[`a]n] \]ka_f

capacity with the added end-bearing presence of the highly consgda\Yl]\ _dY[aYd ladd y`Yj\hYfz

layer (Stratum V).

5.2.1 Driven Piles

In general for this soil profile, a cast-in-place (CIP) concrete pile installed using a driven closed-

end pipe or shell ogmd\ Z] ]ph][l]\ lg y^]l[`z ima[c]j %Yl k`Yddgo]j \]hl`& l`Yf an H-pile with a

similar capacity. Depending on pile type, diameter/size, and embedment depth, a variety of



Proposed Oregon Energy Project March 2017
TTL Project No. 14837.01 Page 36

allowable design capacities should be achievable, ranging from 40 tons to over 100 tons per

individual pile. It should be noted that the Ohio Building Code (OBC) requires that design pile

capacities in excess of 40 tons be confirmed by load testing (by static and/or dynamic methods).

In the absence of final design loads and pile sizes, it is our opinion that economical pile driving

and associated capacities would likely be achieved at depths on the order of 55 to 60 feet below

existing grade. @janaf_ \]]h]j aflg l`] OljYlme R y`Yj\hYfz ak fgl Yfla[ahYled to be economical.

Pile resistance analyses for driven piles were performed for typical subsurface conditions using

Federal Highway Administration (FHWA) pile analysis software DRIVEN. In the DRIVEN

analyses, adhesion for cohesive soils was modeled using the Tomlinson method (1979). Based on

PPH ]ph]ja]f[]) l`] dgo]j hjg^ad] y`Yj\hYfz dYq]j ak better modeled by treating these soils as an

BDS= y[g`]kagfd]kkz kgad Zq Ykka_faf_ Yf ]^^][lan] afl]jfYd Yf_d] g^ ^ja[lagf %({) to this layer

based on the SPT N-values determined in the borings, based on the Peck, Hanson, and

Thornburn method (1974). For our analyses, the upper transitional very stiff portion of the

hardpan layer was modeled using a ( value of 32 degrees, based on an average SPT N-value of

220 bpf. The underlying very hard portion of the hardpan layer was modeled using a ( value of

35 degrees, based on an average SPT N-value of 34 bpf for the hardpan.

Consideration was given to 12-inch and 16-inch diameter cast-in-place (CIP) concrete piles with

driven pipe shells. For the CIP piles, allowable capacity was initially evaluated based on the

maximum YddgoYZd] klj]kk g^ -+00^{c) o`]j] ^{c is the 28-\Yq klj]f_l` g^ l`] [gf[j]l]+ =f ^{c of

4,000 pounds per square inch (psi) was utilized for our evaluations. DRIVEN analyses indicated

required driving through the upper approximately 5 feet transitional very stiff portion of

y`Yj\hYfz and an additional 8 to 12 feet into the very hard portion of the hardpan, which is not

considered economical. Therefore, capacities were evaluated for piles driven to extend only

through the upper approximately 5 feet of the trYfkalagf n]jq kla^^ hgjlagf g^ l`] y`Yj\hYfz lg

bear at the top of the very hard portion. The recommended minimum tip bearing elevations (top

of hardpan), and allowable design capacities are presented in Table 5.2.1. The allowable

capacities included a factor of safety of 2 applied to the ultimate capacity determined by the

DRIVEN analyses.

H-pile capacities were initially evaluated using the OBC maximum allowable stress of 0.35Fy,

where Fy is the yield strength of the steel. An Fy of 50 kips per square inch (ksi) was utilized for

our evaluations. Based on the results of our DRIVEN analysis, H-piles would theoretically

require driving more than 10 feet l`jgm_` l`] OljYlme R y`Yj\hYfz lg Y[`a]n] YddgoYZd]

capacities based on OBC maximum allowable stress. Such driving through hardpan is anticipated

to be uneconomical. As an alternative, we considered lower allowable capacities historically used
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by the Ohio Department of Transportation (ODOT) based on allowable stress design (at 0.25Fy),

namely HP 10x42 piles (55 tons) and HP 14x73 piles (95 tons). As with the CIP piles,

recommended minimum tip bearing elevations for the H-piles were determined from DRIVEN

analyses that included a factor of safety of 2, assuming load tests will be performed.

The estimated allowable single-pile capacities, as well as the corresponding estimated pile

lengths and recommended minimum tip bearing elevations, for selected CIP piles and H-piles are

summarized in the following table.

Table 5.2.1. Summary of Driven Pile Types and Estimated Capacities

Pile Type

Estimated
Allowable

Single-Pile Capacity
(tons)

Estimated
Pile Length

Based on
Top of Pile at

Elev. 588
(feet)

Recommended
Minimum Tip

Bearing Elevation
(feet)

12-inch CIP Pile 60 60 to 65 530
16-inch CIP Pile 95 60 to 65 530

HP 10x42 55 60 to 65 530
HP 14x73 95 60 to 65 530

All pile capacities and lengths indicated above are based on theoretical calculations of ultimate capacities and
would require substantiation of factor of safety by pile load tests.

Our DRIVEN analyses for both the H-piles and CIP piles are based on piles extending to the top

of the very hard portion of the hardpan layer at approximately Elev. 530. It should be noted that

ODOT typically adds 5 feet to the estimated pile length to develop pile order lengths on the

foundation plans to allow for some contingency in the budget and variable field conditions.

Based on variable depths of the encountered hardpan, we have similarly indicated an estimated

5-foot range of pile lengths for preliminary design evaluations.

The occurrence of cobbles or boulders within the subsoils is not uncommon in the glacial till for

this region. These conditions could complicate pile-driving operations and possibly damage some

piles. If piles are observed to meet refusal at depths less than expected based on top of fractured

bedrock identified by auger refusal in the borings, boulder obstruction may be indicated. For an

isolated occurrence, one or more replacement piles could be driven with relatively little

additional cost or pile cap re-design. If persistent boulder conditions are indicated, a static pile

load test should be performed as discussed in Section 5.2.4.
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5.2.2 Auger-Cast Piles

As an alternative to driven pipe piles or H-piles, auger-cast piles (ACPs) are considered to be a

viable foundation system for this project. Depending on required pile capacities, ACPs of

14-inch to 16-inch diameter could be used for moderate loads. Larger diameter ACPs could also

be utilized for higher capacity pile loads. Our calculations indicate that a 14-inch diameter ACP

pile could develop allowable design loads on the order of 50 to 55 tons, for piles augered

approximately 10 feet into the Stratum V hardpan (5 feet through the upper transitional very stiff

portion of the hardpan and an additional 5 feet into very hard material). Similarly, a 16-inch

diameter ACP would be expected to develop allowable capacities on the order of 60 to 65 tons

with 10 feet embedment into hardpan. Actual allowable design capacities would depend on

confirmation by static load tests with a minimum factor of safety of 2 applied to the calculated

ultimate capacity of each pile.

It should be noted that actual capacities of the auger-cast piles are dependent on proper

installation methods, with a reasonable standard of care and quality control exercised during pile

construction. Augers shall be withdrawn in a steady and continuous manner, and grout shall be

pumped uniformly and continuously with sufficient pressure head to offset hydrostatic and lateral

earth pressures to avoid necking or soil intrusions in the pile. Grout volumes shall be determined

for each pile to assure that the placed grout is equal to or greater than 115 percent of the

l`]gj]la[Yd yf]Yl-daf]z ngdme] [Yd[mdYl]\ ^gj l`] \]ka_f \aYe]l]j Yf\ d]f_lh of pile.

If the installation of grout is interrupted in any pile or a loss of grout pressure occurs, the pile

shall be re-drilled to 5 feet below the elevation of the tip of the auger when grouting operations

were interrupted in order to re-establish a continuous pile column. Based on the Ohio Building

Code, auger cast-in-place piles shall not be installed within 6 pile diameters center-to-center of

any pile with grout less than 12 hours old. If tight spacing is utilized for this project, adjacent

piles should not be installed the same day, and this will require some planning of staggered

installation of piles from day to day. Closer spacings should be feasible if adequate time for

initial grout set is allocated in the construction schedule, but these configurations would require

Y\\alagfYd YfYdqk]k lg ]nYdmYl] y_jgmh ]^^][lz Yf\ l`] j]\m[]\ [YhY[alq g^ l`] gn]jYdd had] [Yh

with respect to the sum of the capacities of individual piles.

5.2.3 Pile Lateral Load Evaluations

Based on an assumed ½-inch deflection at the top of the piles for a free head condition and a

fixed head condition, lateral load-deflection evaluations were performed by TTL using Ensoft
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LPILE software. Soil conditions were modeled using the recommended design parameters

presented below. While this investigation encountered rock at a depth of approximately 73 feet

(Elev. 515±), our deep foundation analyses considered piles only to the top of the hardpan layer

to avoid extensive driving/drilling in the hardpan, which would be uneconomical. Therefore,

rock was not included in our lateral load-deflection analysis. The soil was modeled based on the

conditions encountered in Boring BH-11, where the soft to medium stiff Stratum II soils were

shallowest.

Table 5.2.3. Subsurface Conditions and Recommended Lateral Load-Deflection Parameters

Depth
(feet)

Approximate
Elevation

(feet)

Generalized
Layer Description

Approximate
Total Unit

Weight
(pcf)

Average
Undrained

Shear
Strength,

Su
(psf)

Strain at
50%

Maximum
Stress, 50

0 to 3½ 588 to 584.5
Stratum I

Predominantly Stiff
Lacustrine Soils

125 1,000 0.007

3½ to 9 584.5 to 579
Stratum II

Soft to Medium Stiff
Lacustrine Soils

130 500 0.020

9 to 39 580 to 549
Stratum III

Soft to Medium Stiff
Transitional Till Soils

130 850 0.010

39 to 53½ 549 to 524.5
Stratum IV

Predominantly Stiff
Till Soils

130 1,500 0.007

53½ to 58½ 524.5 to 529.5
Stratum V Very Stiff
Transitional Top of

Hardpan
135 2,500 0.005

58½ to 73 529.5 to 515
Stratum V
Hardpan

135 4,500 0.005

The top of pile/bottom of footing was modeled at the minimum required depth for protection

from frost penetration of Elev. 588 based on the indicated finished grade of Elev. 591. The

yfgjeYdz _jgmf\oYl]j d]n]d oYk eg\]d]\ Yl Ad]n+ 580. Therefore, submerged unit weights were

utilized for our analyses below this elevation.

The driven pile foundation units were modeled as 12-inch and 16-inch diameter CIP concrete

piles with driven pipe shells, as well as HP10x42 and HP14x73 H-piles, bearing at a depth of

approximately 58 feet based on the depth to top of hard portion of hardpan in Boring BH-11. The

auger cast pile foundation units were modeled as 14-inch and 16-inch diameter piles, bearing at a

depth of approximately 68 feet, based on bearing 10 feet into the hardpan in Boring BH-11. A

modulus of elasticity of approximately 3,605,000 pounds per square inch (psi) was utilized for

our analyses based on the concrete alone. Our analyses included the maximum allowable axial

loads based on each pile type.
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For our evaluations, the piles were modeled using free-head and fixed-head conditions.

Deflection at the top of the pile head was modeled at ½-inch to evaluate associated bending

moment and shear within the foundation element.

Results of LPILE analyses are summarized in the table below, and LPILE output for each

analysis is attached to this report in Attachment C.

Table 5.2.2.B. LPILE Results

Analysis Model

Calculated
Deflection at
Top of Shaft

(inch)

Magnitude and Location
Below Top of Shaft of

Maximum Bending Moment

Magnitude and Location
Below Top of Shaft of

Maximum Shear

CIP Concrete Piles with Driven Pipe Shells
12-inch CIP to 58.5 feet (Free)

60 Ton Axial Load
0.5 22.5 ft-kips at 5.3 feet 8.9 kips at 0 feet

12-inch CIP to 58.5 feet
(Fixed)

60 Ton Axial Load
0.5 -59.3 ft-kips at 0 feet 17.0 kips at 0 feet

16-inch CIP to 58.5 feet (Free)
95 Ton Axial Load

0.5 44.3 ft-kips at 7.0 feet 13.4 kips at 0 feet

16-inch CIP to 58.5 feet
(Fixed)

95 Ton Axial Load
0.5 -119 ft-kips at 0 feet 26.4 kips at 0 feet

H-Piles
HP 10x42 to 58.5 feet (Free)

55 Ton Axial Load
0.5 28.3 ft-kips at 6.4 feet 9.6 kips at 0 feet

HP 10x42 to 58.5 feet (Fixed)
55 Ton Axial Load

0.5 -75.8 ft-kips at 0 feet 18.7 kips at 0 feet

HP 14x73 to 58.5 feet (Free)
95 Ton Axial Load

0.5 62.5 ft-kips at 8.8 feet 15.4 kips at 0 feet

HP 14x73 to 58.5 feet (Fixed)
95 Ton Axial Load

0.5 -166 ft-kips at 0 feet 31.2 kips at 0 feet

ACP Piles
14-inch ACP to 63.5 feet (Free)

55 Ton Axial Load
0.5 32.1 ft-kips at 6.4 feet 11.5 kips at 0 feet

14-inch ACP to 63.5 feet
(Fixed)

55 Ton Axial Load
0.5 -86.8 ft-kips at 0 feet 22.0 kips at 0 feet

16-inch ACP to 63.5 feet (Free)
65 Ton Axial Load

0.5 44.2 ft-kips at 7.0 feet 13.9 kips at 0 feet

16-inch ACP to 63.5 feet
(Fixed)

65 Ton Axial Load
0.5 -120 ft-kips at 0 feet 27.0 kips at 0 feet

The magnitude and location of the maximum bending moment and maximum shear in the

foundation indicated by the LPILE analyses are summarized in the previous table. The structural

engineer should confirm that the diameter and cross-section of the shaft, along with the steel

reinforcement, will be adequate for the maximum shear and bending moment, or if a larger shaft

is needed for the structural capacity of the foundations.
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5.2.4 Pile Load Tests

For economical pile utilization, it is typically desired to utilize a factor of safety of 2 in either

compression or uplift. This will require verification of design capacity to be substantiated by

field load tests. It should be also noted that the Ohio Building Code (OBC) requires load tests for

any piles with allowable compressive load above 40 tons and, in the case of driven piles, the

OBC also requires wave equation analysis to evaluate stresses during driving. For compressive

dgY\k) klYla[ dgY\ l]klk k`gmd\ Z] h]j^gje]\ af Y[[gj\Yf[] oal` =OPI @ ..10) yOlYf\Yj\ Test

I]l`g\ ^gj Lad]k Qf\]j OlYla[ =paYd ?gehj]kkan] HgY\+z Such tests would be required for auger-

cast piles. For driven piles, dynamic load tests may be performed using a pile driving analyzer, in

Y[[gj\Yf[] oal` =OPI @ 1612) yOlYf\Yj\ P]kl I]l`g\ ^gj Digh-Strain Dynamic Testing of

Lad]k+z @qfYea[ dgY\ l]klaf_ ak ima[c]j Yf\ d]kk ]ph]fkan] l`Yl klYla[ dgY\ l]klaf_) Yf\ `Yk

become the more prevalent test method for driven piles.

For a project of this magnitude, it may be worthwhile to develop and execute a pre-construction

test pile program. Such a program would be used to evaluate length, diameter, and capacity of

several piles or pile types to verify or refine design assumptions, thereby allowing for design

modifications or optimizations to economize the production pile installation for the project.

Depending on pile type, order lead time, and overall construction schedule, the test program may

need to occur well in advance of the production pile schedule. This would be particularly true of

H-piles or steel pipe for CIP piling. For auger-cast piles, lead time is typically reduced, but an

allowance must be made for a window at the beginning of pile installation for grout cure

(strength development) and static load tests.

5.3 Seismic Design Considerations

We have reviewed seismic design parameters in accordance with American Society of Civil

Engineers (ASCE) 7-10 criteria. It should be noted that the ASCE seismic site characterization is

based on the upper 100 feet of the geologic profile. Boring BH-12 was extended to auger refusal

on bedrock at a depth on the order of 73 feet below existing grade. Dolomite rock was then cored

to a depth of approximately 78 feet in that boring. Bedrock below a depth of 73 feet was

modeled using an SPT N-value of 100 blows per foot (bpf).

Based on the SPT N-values determined for the overburden soils at the site and consideration of

an SPT N-value of 100 bpf for rock below 73 feet, the average SPT Nch-value for the overall

profile was calculated to be approximately 10 bpf. This average SPT Nch-value less than 15 bpf is
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indicative of Site Class E) ySoft Soil Profile)z af Y[[gj\Yf[] oal` ASCE 7-10 Table 20.3-1

criteria.

The ASCE 7-10 criteria for the su-method (for cohesive soil layers with a plasticity index

PI > 20) are based on site characterization using undrained shear strengths determined by

ASTM D 2166 or D 2850. Strengths determined from ASTM D 2166 and D 2850 methods were

supplemented with unconfined compressive strengths determined using a hand penetrometer.

Based on the unconfined compressive strengths determined for the overburden soils at the site,

the average undrained shear strength (su) was calculated to be approximately 1,100 pounds per

square foot (psf). Using the su-method, based on ASCE 7-10 Table 20.3-1 criteria, the average

undrained shear strength narrowly falls between 1,000 psf and 2,000 psf, indicative of a Site

Class D yktiff kgadz \]ka_fYlagf.

Seismic Site Class was also evaluated using the seismic shear wave velocity measurements (vs)

method. SCPT soundings were performed that included shear wave velocity tests at intervals of

5 feet to cone tip refusal at depths on the order of 60 feet, at or slightly into the top of the Stratum

V hardpan layer. Based on the SCPT soundings, average shear wave velocity (vs) for each of the

soil strata are summarized in Table 4.5. Our evaluation considered a relatively conservative vs

value of 2,500 feet per second (fps) for the underlying approximately 27 feet of bedrock. The

weighted average shear wave velocity for the entire profile was calculated to be approximately

980 fps. A weighted average shear wave velocity greater than 600 fps and less than 1,200 fps is

indicative of Site Class D.

Based on the SCPT evaluation, with consideration of the undrained shear strength evaluation, we

recommend the project site be modeled using Seismic Site Class D.

Mapped spectral accelerations, based on interpolation from ASCE 7-10 Section 11.4.1

Figures 22-1 and 22-2, were determined as follows:

+ Ss (mapped spectral acceleration for short periods) = 0.12g, and

+ S1 (mapped spectral acceleration for 1-sec period) = 0.054g, where acceleration is expressed

as a ratio of gravitational acceleration (g).

Using these mapped spectral accelerations, the site coefficients and response accelerations were

determined based on ASCE 7-10 Section 11.4.2 for Site Class D, as follows:
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Table 5.1.3.A. Site Coefficients/Spectral Response Acceleration Parameters Site Class D

Fa (site coefficient as defined in Table 11.4-1) 1.6

Fv (site coefficient as defined in Table 11.4-2) 2.4

SMS (maximum considered earthquake spectral response acceleration for short

periods): SMS = FaSs

0.20

SM1 (maximum considered earthquake spectral response acceleration for

1-second period): SM1 = FvS1

0.13

SDS (5 percent damped design spectral response acceleration at short periods): SDS =

2/3 SMS

0.13

SD1 (5 percent damped design spectral response acceleration at 1-second period):

SD1 = 2/3 SM1

0.086

These parameters may be used by the structural engineer to develop the design response

spectrum in accordance with ASCE 7-10 Section 11.4.5, along with the fundamental period

of vibration (T, in seconds) of the structure(s). Based on the response accelerations determined

for the site location, and the criteria provided in ASCE 7-10 Tables 11.6-1 and 11.6-2 for

Occupancy Category III, a Seismic Design Category B would apply for a Site Class D

designation. Because this design category falls below the more critical Seismic Design

Categories C through F, additional evaluations are not required regarding slope instability,

liquefaction, differential settlement (seismic hazard), and surface displacement due to faulting.

5.4 Below-Grade Walls

For below-grade walls that are restrained from rotation and are considered rigid and

non-yielding, lateral earth pressures should be assumed for at-rest conditions. An at-rest lateral

earth pressure coefficient (ko) of 0.50 should be used along with a soil unit weight of 130 pounds

per cubic foot (pcf) in determining the lateral pressure acting on the walls. Alternatively, an

equivalent fluid weight of 65 pcf may be used for at-rest design. For below-grade walls that are

not restrained at the top of the wall (e.g., free-standing retaining walls), an active lateral earth

pressure coefficient (ka) of 0.35 may be used for design. Alternatively, an equivalent fluid weight

of 45 pcf may be used for the active case. These values are based on using the on-site clays to

backfill the major portion of the excavation area. If lower lateral earth pressures are preferred for

structural design considerations, a select granular backfill material should be specified, and earth

pressure coefficients can be adjusted accordingly.

It was requested that a passive earth pressure coefficient be provided for use in design. We are

not privy to the design methods/assumptions for the proposed project structures at this time. It
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should be noted that appreciable deflection may be required to mobilize ^mdd yj]kaklYf[]z g^

passive earth pressures. Passive earth pressures could be applied to structures that are constructed

with concrete poured in intimate contact with firm native soils, or rigorously backfilled and

[gehY[l]\ oal` ]f_af]]j]\ y[gfljgdd]\z ^add+ In any case, a passive earth pressure (kp) of 3.0

would be applicable for the encountered cohesive soils.

The above values assume total soil unit weights and a drained condition in the backfill behind the

below-grade walls. These values do not include hydrostatic pressures, which may act on the

backfilled structure if drainage is not provided. If design and construction do not incorporate

backfill drainage and a sump/pump system, then the walls should be designed for full hydrostatic

pressure. If drainage is not provided, and hydrostatic pressures are included, then the submerged

or effective unit weights of the soils should be used for lateral earth pressure design below the

groundwater table. This value should be taken as 70 pcf for the on-site clays; lower values could

be utilized if granular backfill soils are used. However, the hydrostatic pressure due to the

groundwater (unit weight of 62.4 pcf) must then be added to the earth pressure component to

evaluate the lateral pressure on these walls.

5.5 Subgrades

5.5.1 Existing Subgrade

The subgrades that would result upon the satisfactory completion of the site preparation as

described in Section 6.1 of this report are considered generally suitable for support of the

proposed floor slabs and pavements. Based on field and laboratory data developed during this

investigation, the subgrade soils are anticipated to consist of predominantly native cohesive soils

or new engineered fill utilized to achieve design grades. It is presumed that the fill materials

would consist of regraded cohesive site soils.

Laboratory analyses as well as visual descriptions of the upper soil profile indicate that the

cohesive subgrade soils may be generally classified as Group A-7-6 clays in accordance with the

Ohio Department of Transportation (ODOT) system of soil classification. These cohesive soils

are considered fair to poor as subgrade materials because they have low permeabilities and a high

percentage of silt and clay particles, which makes them susceptible to moisture, frost penetration,

and frost heave.
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At the time of this investigation, the moisture contents of the upper 2½ feet of the soil profile

generally ranged from 24 to 29 percent. Moisture-density relationship tests (by Standard Proctor,

ASTM D 698) performed on bulk samples obtained from 3 to 8 feet in Boring ERTR-02 (BS-1)

and from 1 to 3 feet in Test Pit TP-01 (BS-1) indicated optimum moisture contents of

21.3 percent and 23.7 percent, respectively. As such, the moisture contents of the subgrade soils

are estimated to vary from near to significantly above the expected optimum moisture content for

these soils. Therefore, remedial action is likely to be required to adjust the moisture contents of

the existing materials and achieve proper compaction of the subgrade.

Additionally, the samples tested for Atterberg limits and particle size analysis from the Stratum I

soils exhibited liquid limits that fell just below 50, which is the borderline between fat clay (CH)

and lean clay (CL) classification in accordance with USCS criteria. It should be noted that lean

clays (CL) with liquid limits greater than 40 percent, which tend to be moisture sensitive,

are anticipated at subgrade elevations throughout the site. Care and diligence will be

required to ensure that these clay soils do not undergo a significant change in moisture

content during construction. Otherwise, additional undercut and replacement with new

engineered fill may be required due to unstable subgrade conditions.

5.5.2 Modified Subgrade

Although not anticipated to be prevalent, if soils are dry of optimum, water should be uniformly

mixed into the subgrade. More likely to be encountered at this site are soils that are wet of

optimum. Where soils wet of optimum are encountered, lowering the moisture content by

scarification and aeration (discing and exposure to sun and wind) may be required. However, this

may not be feasible if construction occurs during wet seasonal conditions. Very moist to wet

kgadk oadd yhmehz mf\]j l`] gh]jYlagf g^ `]Ynq ]imahe]fl) j]kmdlaf_ af \]]h jmllaf_ Yf\ h]j`Yhk

rendering the operation of grading and paving equipment difficult or impossible.

Therefore, other methods of subgrade modification may be required in areas of high moisture

content. Modification may be achieved by undercutting and replacement with granular subbase

(possibly in combination with a geotextile separation layer or geogrid reinforcement), mixing

stone into the subgrade or treating the subgrade with lime or cement. The method of subgrade

modification should be determined at the time of construction (See Section 6.1, y?gfkljm[lagf

Recommendations - Oal] Yf\ OmZ_jY\] Lj]hYjYlagfz&+
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5.6 Floor Slab Design

Except when structural slabs or mats are utilized, it is recommended that all building floor slabs

be yfloating)z that is, fully ground supported and not structurally connected to walls or

foundations. This is to minimize the possibility of cracking and displacement of the floor slabs

because of differential movements between the slab and the foundation. Such movements could

be detrimental to the slabs if they were rigidly connected to the foundations. There may be

certain areas in which it will be difficult, or impractical, to construct the slab floating. In such

areas, it may be necessary to increase the slab thickness and reinforcement to prevent the

foundation from cracking the slab and settling independently.

For properly prepared subgrade soils, a modulus of subgrade reaction (k) of 100 pounds per

cubic inch (pci) may be used for general building floor slab design. It should be noted that this

k-value is based on comparatively small concentrated loads such as vehicle tires and storage rack

posts where punching shear and flexural stress are the controlling design considerations for the

slab. It does not apply to floors with heavily loaded areas such as stacked rolls and coils or

distributed loads over large storage areas where negative moment in unloaded areas and

differential settlement are likely to be controlling design considerations. For these latter

conditions, the k-value may need to be reduced based on the effective width B of the loading

conditions on the slab.

It is also recommended that floor slabs be supported on a minimum 6-inch layer of granular

material such as sand and gravel or crushed stone. This is to help distribute concentrated loads

and to provide a more uniform subgrade support beneath the slab.

5.7 Pavement Design

5.7.1 Flexible (Asphalt) Pavement Design

Based on the results of the laboratory testing and visual classifications, we recommend a

subgrade CBR value of 3 percent for flexible pavement design for the Group A-7-6 or better

soils. This CBR value is based on subgrade compacted to at least 100 percent of the maximum

dry density as determined by ASTM D 698 (Standard Proctor) or verified as stable through proof

rolling.

It should be noted that we are not privy to the design traffic loads or intended design life. The

subgrade support recommendations indicated herein should be reviewed by the site engineer in

conjunction with the design traffic criteria to determine the required pavement sections. In any
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case, we recommend the light-duty pavement cross-section consist of at least 3 inches of asphalt

underlain by 6 inches of aggregate base for even the lightest-duty pavements based on our

experience regarding environmental exposure and reasonable serviceability. For the same reason,

we recommend the heavy-duty pavement cross-section consist of at least 4 inches of asphalt

underlain by 8 inches of aggregate base.

All paving operations should conform to Ohio Department of Transportation (ODOT)

specifications. The pavement and subgrade preparation procedures outlined in this report should

result in a reasonably workable and satisfactory pavement. It should be recognized, however, that

all flexible pavements need repairs or overlays from time to time as a result of progressive

yielding under repeated traffic loads for a prolonged period of time, as well as exposure to

weather conditions.

5.7.2 Rigid (Concrete) Pavement Design

For properly prepared subgrade soils, a modulus of subgrade reaction (k) of 100 pounds per

cubic inch (pci) may be used for rigid pavement design. A concrete pavement section is

recommended in the loading-unloading areas, areas of repetitive turning, site exit and entrance

aprons, and trash enclosure areas (including where the truck parks while servicing the container).

This section should consist of a minimum of 6 inches of reinforced, air-entrained concrete with a

minimum compressive strength of 3,500 pounds per square inch (psi) underlain by a minimum of

6 inches of a dense-graded aggregate base such as ODOT Item 304. The pavement section should

be supported on subgrade compacted to at least 100 percent of the maximum dry density as

determined by ASTM D 698 (Standard Proctor) or verified as stable through proof rolling.

5.7.3 Pavement Drainage

Based on the poorly drained nature of the cohesive subgrade soils, it is anticipated that surface

water infiltration may collect in the granular pavement base course. Without adequate drainage,

water will remain in the base for extended periods of time, creating localized wet, soft pockets.

The presence of these pockets will increase the likelihood that pavement failures (cracking,

potholes, etc.) will develop. Drainage features may include grading the subgrade surface to slope

downward to the outside edge of pavement and/or providing longitudinal edge drains connected

lg klgje k]o]jk gj gl`]j gmld]lk+ = kqkl]e g^ y^af_]j \jYafk# k`gmd\ Ydkg Z] afklYdd]\ f]Yj Yfq

catch basins within the pavement areas to collect surface water infiltration, thus reducing the

possibility of freeze-thaw effects on the pavement.
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We also recommend that proof rolling, placement of aggregate base, and placement of asphalt or

concrete be performed within as short a time period as possible. Exposure of aggregate base to

rain, snow, or freezing conditions may lead to deterioration of the subgrade (due to excessive

moisture conditions) and to difficulties in achieving the required compaction.

5.8 Corrosion Considerations

Soil samples from ERTR-02 (ST-2), ERTR-03 (ST-1), and ERTR-04 (ST-1) were tested for

corrosivity characteristics which included pH, oxidation-reduction potential (redox potential),

chloride content, sulfate content, and thermal resistivity. The results of the corrosivity tests are

summarized as follows:

Table 5.8. Soil Corrosivity

Boring /
Sample Number

Sample
Depth
(feet)

Approximate
Sample

Elevation
(feet)

Soil Type pH
Redox

Potential
(mV)

Chlorides
(mg/kg)

Sulfates
(mg/kg)

ERTR-02 (ST-2) 8 to 10 580 to 578 Lean Clay (CL) 8.2 137 2.8 <2
ERTR-03 (ST-1) 3 to 5 585 to 583 Lean Clay (CL) 7.9 263 4.4 <2
ERTR-04 (ST-1) 1 to 3 587 to 585 Lean Clay (CL) 7.2 288 5.0 29.8

The range of pH for the tested soil samples is characterized as neutral to moderately alkaline soil

reaction by the USDA Soil Conservation Service, and indicates low potential for corrosion.

The chloride content for the tested samples ranged from 2.8 to 5.0 mg/kg (ppm).

The sulfate content for the tested samples ranged from less than 2 mg/kg (ppm) to approximately

30 mg/kg. P`] =e]ja[Yf ?gf[j]l] Efklalml] %=?E& af y>mad\af_ ?g\] N]imaj]e]flk ^gj Structural

Concrete (ACI 318-11& Yf\ ?gee]flYjqz af\a[Yl]k gfdq yeg\]jYl]z kmd^Yl] ]phgkmj] for

concrete starting at concentrations above 150 ppm. For sulfate test results well below this

threshold, it does not appear that special cement types for sulfate exposure are warranted.

Based on the composite of the data from the tested samples, it is our opinion that the on-site soils

do not represent a significant corrosion risk to buried structural concrete or underground utilities,

although this assessment is based on a few tested samples.

Based on research data published by The Ductile Iron Pipe Research Association (DIPRA), the

pH and redox potential results presented in the above table would indicate little to no

contribution to corrosion in underground ductile iron pipe. In addition, areas of poor drainage or

continuously wet soils are considered to be a negative factor for ductile iron pipe installation. We

expect these conditions could prevail for piping at this site.
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Field electrical resistivity results are presented in Section 4.6. Field resistivity results generally

ranged from 1,959 ohm-cm to 4,987 ohm-cm, although higher values ranging from 6,770 ohm-

cm to 8,452 ohm-cm were determined for spacings of 100 feet. It should be noted that soil

resistivity values less than 3,000 ohm-cm are considered to be a negative factor contributing to

potential for corrosion in underground ductile iron pipe, with resistivity values less than

2,100 ohm-cm being particularly indicative of high potential for corrosion in ductile iron pipe.

Results for the tested locations from this site fall below 3,000 ohm-cm Yl yYz khY[af_k d]kk l`Yf

10 feet. In addition, ductile iron pipe installed in areas of poor drainage or continuously wet soils

is considered to be a negative factor. We expect these conditions could prevail for piping at this

site.

Based on all of the test data, it is our opinion that there is low to moderate corrosion potential for

underground ductile iron pipe. In any case, if underground ductile iron pipe is planned for this

project, it may be prudent to provide corrosion protection, or alternately, consideration should be

given to other types of piping. It is our experience in northwest Ohio that corrosivity is not

problematic for steel HP or steel pipe piling, and special precautions are not normally utilized.

5.9 Retention Pond

The cohesive soils encountered at the site are expected to have a low permeability that is generally

favorable for retention pond design. Results of the field percolation test and permeabilityassociated

with mapped soils at the site are presented in Section 4.8. The percolation test PT-01 test results

indicate permeability of approximately 0.007 inches per hour, near the lower-end of the range of

permeability for the mapped Latty silty clay and Fulton silty clay loam soils at the site.

We are not privy to the overall pond design criteria, including the expected ynormalz pool level

(if any) or the duration of retained water in the pond. IYafl]fYf[] g^ Y yfgjeYdz hggd) a^ j]imaj]\)

will depend on collected runoff, natural water table conditions, seepage losses, and evaporation.

Typically, ponds constructed in a lean clay profile will maintain a suitable water balance except

during periods of drought. If sand seams gj gl`]j rgf]k g^ yd]Ycqz kgadk Yj] ]f[gmfl]j]\ \mjaf_

excavation, it may be necessary to add cohesive materials as a clay liner on the bottom and sides of

the pond if a maintained ynormalz pool is desired.

In general, materials for the embankments and liner of the retention pond should contain at least

2- h]j[]fl y^af]kz %kadl Yf\ [dYq eYl]jaYd hYkkaf_ l`] Jg+ /-- ka]n]&) and exhibit a liquid limit not

exceeding 50.
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It is recommended that permanent pond slopes be constructed no steeper than 3 horizontal to

1 vertical (3H:1V). All fill should be placed and compacted as outlined in Section 6.0,

yConstruction Recommendations.z All slopes should have erosion protection, such as vegetated

topsoil, riprap, and/or man-made materials. Seeding of the exterior slopes should be completed as

soon as possible after construction is complete.

5.10 Groundwater Control and Drainage

Based on the soil characteristics and groundwater conditions encountered in the borings, it is our

ghafagf l`Yl yfgjeYdz dgf_-term groundwater levels will be generally encountered at depths of

approximately 8 feet or deeper, corresponding to approximate Elev. 580 or lower. If construction

does not occur during a particularly wet period, adequate control of groundwater seepage into

shallow excavations should be achievable by minor dewatering systems, such as pumping from

prepared sumps. If excavations encounter sand seams below the groundwater table, such as

encountered at approximate Elevs. 575 and 577 in Boring BH-12 and Sounding SCPT-12,

respectively, additional pumping or methods for groundwater cut-off (sheet piling) may be

required in addition to pumping from prepared sumps.

If excessive seepage is experienced, other means of groundwater control may be required. TTL

should be notified if such conditions are encountered to evaluate whether other dewatering

methods are needed.

5.11 Excavations and Slopes

The sides of temporary excavations for building foundations, utility installations, and other

construction should be adequately sloped to provide stable sides and safe working conditions.

Otherwise, the excavation must be properly braced against lateral movements. In any case,

applicable Occupational Safety and Health Administration (OSHA) safety standards must be

followed.

Based on the conditions encountered in the test borings, shallow excavations may encounter soils

that include the following OSHA designations:
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+ Type A soils (cohesive soils with unconfined compressive strengths of 3,000 psf or

greater);

+ Type B soils (cohesive soils with unconfined compressive strengths greater than

1,000 psf but less than 3,000 psf); and

+ Type C soils (cohesive soils with unconfined compressive strengths less than 1,000

psf).

For temporary excavations in Type A, B, and C soils, side slopes must be no steeper than

¾ horizontal to 1 vertical (¾H:1V), 1H:1V, and 1½H:1V, respectively. Excavations below the

groundwater table (perhaps 8 feet, or greater) are likely to encounter minor seepage or yo]]haf_z

that will likely designate soils as OSHA Type C in deeper open-cut excavations. In all situations

where a higher strength soil is underlain by a lower strength soil and the excavation extends into

the lower strength soil, the slope of the entire excavation is governed by that required by the

lower strength soil. Flatter slopes may be required if lower strength soils or adverse seepage

conditions are encountered during construction.

For permanent excavations and fill slopes, we recommend that grades be no steeper than 3H:1V

without a more extensive geotechnical evaluation of the proposed construction plans and

intended design conditions.
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6.0 CONSTRUCTION RECOMMENDATIONS

6.1 Site and Subgrade Preparation

Prior to proceeding with construction operations, all vegetation, root systems, and other

deleterious non-soil materials should be stripped from the proposed construction area. Suitable

topsoil stripped from the construction areas may be stockpiled for later use in landscaped areas. It

is important to note that topsoil thicknesses referenced in the borings may vary across the site,

particularly due to the agricultural land use associated with the site. Typically, soils with more

than 5 percent organics are not recommended as subgrade soils in structure and pavement areas,

Zml \Yjc [gdgj]\ kgadk `Ynaf_ l`] Yhh]YjYf[] g^ lghkgad oal` gfdq ljY[] yjggl `Yajkz eYq fgl

f][]kkYjadq j]imaj] kljahhaf_+ Bgj l`]k] yljYfkalagfYdz kgadk) l`] Y[lmYd egaklmj] [gfl]fl Yf\

subgrade stability under proof-rolling operations is more critical than the color in determination

of the amount of stripping or subgrade undercut. The actual amount of required stripping should

be determined in the field by a TTL engineer or qualified representative.

Upon completion of the stripping and clearing operations, the areas intended to support new fill,

pavements, floor slabs, and foundations should be carefully inspected by a geotechnical engineer.

At that time, the engineer may require proof rolling of the clayey subgrade utilizing a 20- to

30-ton loaded truck or other pneumatic-tired vehicle of similar size and weight. The vehicle

should make a sufficient number of passes in each of two perpendicular directions covering the

proposed development area, with additional passes as necessary to achieve required compaction

and/or subgrade stabilization.

The purpose of proof-rolling the cohesive subgrade soils is to locate any soft, weak, or

excessively wet soils present at the time of construction. Any unsuitable materials observed

during the inspection and proof-rolling operations should be undercut and replaced with

compacted fill or stabilized in-place utilizing conventional remedial measures. Once the site has

been proof rolled, inspected, and stabilized, the proof-rolled area should not be allowed to remain

exposed to wet conditions.

The results of the proof-rolling and inspection operations will be partially dependent on

construction operations, the moisture content of the soil, and the weather conditions prevalent at

the time. If pumping or rutting is encountered and difficulty is experienced in the operation of

construction equipment, TTL should be notified to determine which method of subgrade

modification may be best suited for the conditions encountered. At that time, we may

recommend that a small test area be used to determine the necessary depth of undercutting and

stone replacement to achieve a stable subgrade condition.
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6.2 Fill

Material for engineered fill or backfill required to establish design grades may consist of any

non-organic soils having a maximum dry density as determined by the Standard Proctor (ASTM

D 698) of 90 pounds per cubic foot (pcf) or greater. On-site soils that are free of debris, organic

matter, excessive moisture, contamination, and rock or stone fragments larger than 3 inches in

diameter may be used as engineered fill materials. However, these soils may be wet of optimum,

especially during seasonally wet weather, and could require scarification and aeration activities

to allow use in engineered fills.

Moisture-density relationship tests (by Standard Proctor, ASTM D 698) performed on bulk

samples obtained from 3 to 8 feet in Boring ERTR-02 (BS-1) and from 1 to 3 feet in Test Pit

TP-01 (BS-1) indicated optimum moisture contents of 21.3 percent and 23.7 percent,

respectively. Moisture contents of the soils in the upper soil profile that may be excavated for

installation of foundations and utilities are estimated to vary from near to significantly above the

expected optimum moisture content for these soils.

Fill should be placed in uniform layers not more than 8 inches thick and adequately keyed into

stripped and scarified soils. All fill within the areas of buildings and structures, as well as

pavement subgrades, should be compacted to not less than 100 percent of the maximum dry

density as determined by ASTM D 698 (Standard Proctor). In nonstructural areas outside the

buildings and structures, the fill should be compacted to not less than 95 percent of the same

standard. It is our experience that these compaction standards are readily achievable using typical

construction equipment, provided the subgrade soils and new fill materials exhibit moisture

contents within 3 percent of optimum, and soft soils are removed and replaced with new

engineered fill.

The on-site soils consist of cohesive soils. For this type of soil, a sheepsfoot roller will provide

the most effective compaction. The contractor should be prepared to use a vibratory, smooth-

drum roller for compaction of new granular engineered fill materials. In narrow utility or footing

excavations, the on-site cohesive soils may be difficult to compact; therefore, a clean granular

material may be required in these areas.

Scarified subgrade soils and all fill material should be within 3 percent of the optimum moisture

content to facilitate compaction. Furthermore, fill material should not be frozen or placed on a

frozen base. It is recommended that all earthwork and site preparation activities be conducted

under adequate specifications and properly monitored in the field by a qualified geotechnical

testing firm.
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6.3 Foundation Excavations

As mentioned previously, shallow foundations used to support the structures should have a

detailed footing inspection performed in each mat, spread, or column foundation excavation.

These inspections should be performed by a TTL geotechnical engineer or qualified

representative to verify that the exposed materials are similar to those encountered in the borings

and are capable of supporting the design bearing pressures.

We recommend that the foundation excavations be concreted as soon as practical after they are

excavated, and that water not be allowed to pond in any excavation. If it is necessary to leave the

bearing surface open for any extended period of time, we recommend that a thin mat of lean

concrete be placed over the bottom of the excavation to minimize damage to the surface from

weather or construction. Foundation concrete should not be placed on frozen or saturated

subgrade.
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7.0 QUALIFICATION OF RECOMMENDATIONS

Our evaluation of foundation design and construction conditions has been based on our

understanding of the site and project information and the data obtained during our subsurface

investigation. The general subsurface conditions were based on interpretation of the subsurface

data at specific boring locations. Regardless of the thoroughness of a subsurface investigation,

there is the possibility that conditions between borings will differ from those at the boring

locations, that conditions are not as anticipated by the designers, or that the construction process

has altered the soil conditions. Therefore, experienced geotechnical engineers should observe

earthwork and foundation construction to confirm that the conditions anticipated in design are

noted. Otherwise, TTL assumes no responsibility for construction compliance with the design

concepts, specifications, or recommendations.

The design recommendations in this report have been developed on the basis of the previously

described project characteristics and subsurface conditions. If project criteria or locations change,

a qualified geotechnical engineer should be permitted to determine whether the recommendations

must be modified.

The nature and extent of variations between the borings may not become evident until the course

of construction. If such variations are encountered, it will be necessary to reevaluate the

recommendations of this report after on-site observations of the conditions.

Our professional services have been performed, our findings derived, and our recommendations

prepared in accordance with generally accepted geotechnical engineering principles and

practices. This warranty is in lieu of all other warranties either expressed or implied. TTL is not

responsible for the conclusions, opinions, or recommendations of others based on this data.
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14837.01 leg Oregon Energy Project

Notes:

1. Exploratory test borings were drilled during the period from November 30 through December
12, 2016, using 3¼-inch inside diameter hollow-stem augers. Test pits were executed on
December 5, 2016, using a track-mounted backhoe.

2. These logs are subject to the limitations, conclusions, and recommendations in the report and
should not be interpreted separate from the report.

3. The test locations were staked in the field by TTL in accordance with the northing and easting
coordinates indicated on the provLGHG \8HRVHFKQLFDO 9QXHUVLJDVLRQ ;RFDVLRQ ?ODQ'] GDVHG

November 21, 2016. Ground surface elevations at the field test locations were interpolated to
the nearest ½-IRRV EDUHG RQ VRSRJTDSKLF FRQVRWTU UKRYQ RQ VKH \6TDIV BRSRJTDSKLF DQG

;RFDVLRQ AWTXH[] STHSDred by The Mannik & Smith Group, Inc., dated December 7, 2016.

4. Unconfined Compressive Strength (tsf):
NR = No Recovery
NI = Not Intact
UU = Unconsolidated-Undrained Triaxial Test
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7DC9 E9C9HF5H>DC H9GH

HSP NZYP [PYP_]L_TZY _P^_^ "7EH`# L]P NZYO`N_PO `^TYR LY TY_PR]L_PO PWPN_]ZYTN [TPeZNZYP [PYP_]ZXP_P]

LYO OL_L LN\`T^T_TZY ^d^_PX XLY`QLN_`]PO Md 5OL]L Gd^_PX^ A_O& ZQ FTNSXZYO% 6]T_T^S 7ZW`XMTL% 7LYLOL&

7ZYPHPNk^ [TPeZNZYP [PYP_]ZXP_P]^ L]P NZX[]P^^TZY _d[P OP^TRY^ TY bSTNS _SP _T[ LYO Q]TN_TZY ^WPPaP

WZLO NPWW^ L]P TYOP[PYOPY_ LYO SLaP ^P[L]L_P WZLO NL[LNT_TP^& HSP [TPeZNZYP^ `^P ^_]LTY RL`RPO WZLO NPWW^

QZ] _T[ LYO ^WPPaP Q]TN_TZY LYO L ^_]LTY RL`RPO OTL[S]LRX _d[P _]LY^O`NP] QZ] ]PNZ]OTYR [Z]P []P^^`]P&

HSP [TPeZNZYP^ LW^Z SLaP L [WL_TY`X ]P^T^_TaP _PX[P]L_`]P OPaTNP "FH8# QZ] XZYT_Z]TYR _SP _PX[P]L_`]P

ZQ _SP ^PY^Z]^% LY LNNPWP]ZXP_P] _d[P O`LW LcT^ TYNWTYZXP_P] LYO L RPZ[SZYP ^PY^Z] QZ] ]PNZ]OTYR ^PT^XTN

^TRYLW^& 5WW ^TRYLW^ L]P LX[WTQTPO OZbY SZWP bT_STY _SP NZYP MZOd LYO _SP LYLWZR ^TRYLW^ L]P ^PY_ _Z _SP

^`]QLNP _S]Z`RS L ^STPWOPO NLMWP&

7ZYPHPN [PYP_]ZXP_P]^ L]P XLY`QLN_`]PO bT_S aL]TZ`^ _T[% Q]TN_TZY LYO [Z]P []P^^`]P NL[LNT_TP^ TY MZ_S

)( NX* LYO )- NX* _T[ ML^P L]PL NZYQTR`]L_TZY^ TY Z]OP] _Z XLcTXTeP ^TRYLW ]P^ZW`_TZY QZ] aL]TZ`^ ^ZTW

NZYOT_TZY^& HSP )- NX* [PYP_]ZXP_P]^ OZ YZ_ ]P\`T]P Q]TN_TZY ]PO`NP]^ L^ _SPd SLaP L OTLXP_P] WL]RP]

_SLY _SP OP[WZdXPY_ ]ZO^& HSP )( NX* [TPeZNZYP^ `^P L Q]TN_TZY ]PO`NP] NZY^T^_TYR ZQ L ]ZO LOL[_P]

Pc_PY^TZY MPSTYO _SP XLTY NZYP MZOd bT_S LY PYWL]RPO N]Z^^ ^PN_TZYLW L]PL "_d[TNLWWd ,, XX OTLXP_P]

ZaP] L WPYR_S ZQ +* XX bT_S _L[P]PO WPLOTYR LYO _]LTWTYR PORP^# WZNL_PO L_ L OT^_LYNP ZQ -0- XX LMZaP

_SP NZYP _T[&

HSP [PYP_]ZXP_P]^ L]P OP^TRYPO bT_S P\`LW PYO L]PL Q]TN_TZY ^WPPaP^% L YP_ PYO L]PL ]L_TZ ZQ (&0 LYO NZYP

_T[^ bT_S L .( OPR]PP L[Pc LYRWP&

5WW 7ZYPHPN [TPeZNZYP^ NLY ]PNZ]O [Z]P []P^^`]P L_ aL]TZ`^ WZNL_TZY^& IYWP^^ Z_SP]bT^P YZ_PO% _SP [Z]P

[]P^^`]P QTW_P] T^ WZNL_PO OT]PN_Wd MPSTYO _SP NZYP _T[ TY _SP l`*m [Z^T_TZY "5GHB Hd[P *#& HSP QTW_P] T^ . XX

_STNV% XLOP ZQ [Z]Z`^ [WL^_TN "[ZWdP_SdWPYP# SLaTYR LY LaP]LRP [Z]P ^TeP ZQ )*- XTN]ZY^ "1(").( XTN]ZY^#&

HSP Q`YN_TZY ZQ _SP QTW_P] T^ _Z LWWZb ]L[TO XZaPXPY_^ ZQ Pc_]PXPWd ^XLWW aZW`XP^ ZQ bL_P] YPPOPO _Z

LN_TaL_P _SP []P^^`]P _]LY^O`NP] bSTWP []PaPY_TYR ^ZTW TYR]P^^ Z] MWZNVLRP&

HSP [TPeZNZYP [PYP_]ZXP_P]^ L]P XLY`QLN_`]PO bT_S OTXPY^TZY^% _ZWP]LYNP^ LYO ^PY^Z] NSL]LN_P]T^_TN^

_SL_ L]P TY RPYP]LW LNNZ]OLYNP bT_S _SP N`]]PY_ 5GHB 8-//0 ^_LYOL]O& 7ZYPHPNk^ NLWTM]L_TZY N]T_P]TL LW^Z

XPP_ Z] PcNPPO _SZ^P ZQ _SP N`]]PY_ 5GHB 8-//0 ^_LYOL]O& 5Y TWW`^_]L_TZY ZQ _SP [TPeZNZYP [PYP_]ZXP_P]

T^ []P^PY_PO TY ;TR`]P 7EH`&
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;TR`]P 7EH`& ETPeZNZYP EPYP_]ZXP_P] ")- NX*#

HSP 7ZYPHPN OL_L LN\`T^T_TZY ^d^_PX^ NZY^T^_ ZQ L KTYOZb^ ML^PO NZX[`_P] LYO L ^TRYLW NZYOT_TZYP] LYO

[ZbP] ^`[[Wd TY_P]QLNP MZc bT_S L ). MT_ "Z] R]PL_P]# LYLWZR _Z OTRT_LW "5'8# NZYaP]_P]& HSP OL_L T^

]PNZ]OPO L_ QTcPO OP[_S TYN]PXPY_^ `^TYR L OP[_S bSPPW L__LNSPO _Z _SP [`^S NdWTYOP]^ Z] Md `^TYR L ^[]TYR

WZLOPO ]`MMP] OP[_S bSPPW _SL_ T^ SPWO LRLTY^_ _SP NZYP ]ZO^& HSP _d[TNLW ]PNZ]OTYR TY_P]aLW^ L]P PT_SP]

*&- NX Z] -&( NX OP[PYOTYR ZY []ZUPN_ ]P\`T]PXPY_^3 N`^_ZX ]PNZ]OTYR TY_P]aLW^ L]P [Z^^TMWP& HSP ^d^_PX

OT^[WLd^ _SP 7EH` OL_L TY ]PLW _TXP LYO ]PNZ]O^ _SP QZWWZbTYR [L]LXP_P]^ _Z L ^_Z]LRP XPOTL O`]TYR

[PYP_]L_TZY2

" 8P[_S

" IYNZ]]PN_PO _T[ ]P^T^_LYNP "\N#

" GWPPaP Q]TN_TZY "Q^#

" 8dYLXTN [Z]P []P^^`]P "`#

" 5OOT_TZYLW ^PY^Z]^ ^`NS L^ ]P^T^_TaT_d% [L^^TaP RLXXL% `W_]L aTZWP_ TYO`NPO QW`Z]P^NPYNP% TQ

L[[WTNLMWP

5WW _P^_TYR T^ [P]QZ]XPO TY LNNZ]OLYNP _Z 7ZYPHPNk^ 7EH Z[P]L_TYR []ZNPO`]P^ bSTNS L]P TY RPYP]LW

LNNZ]OLYNP bT_S _SP N`]]PY_ 5GHB 8-//0 ^_LYOL]O&
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E]TZ] _Z _SP ^_L]_ ZQ L 7EH` ^Z`YOTYR L ^`T_LMWP NZYP T^ ^PWPN_PO% _SP NZYP LYO OL_L LN\`T^T_TZY ^d^_PX L]P

[ZbP]PO ZY% _SP [Z]P []P^^`]P ^d^_PX T^ ^L_`]L_PO bT_S PT_SP] RWdNP]TY Z] ^TWTNZYP ZTW LYO _SP ML^PWTYP

]PLOTYR^ L]P ]PNZ]OPO bT_S _SP NZYP SLYRTYR Q]PPWd TY L aP]_TNLW [Z^T_TZY&

HSP 7EH` T^ NZYO`N_PO L_ L ^_PLOd ]L_P ZQ * NX'^% bT_STY LNNP[_LMWP _ZWP]LYNP^& Hd[TNLWWd ZYP XP_P] WPYR_S

]ZO^ bT_S LY Z`_P] OTLXP_P] ZQ )&- TYNSP^ L]P LOOPO _Z LOaLYNP _SP NZYP _Z _SP ^Z`YOTYR _P]XTYL_TZY

OP[_S& 5Q_P] NZYP ]P_]LN_TZY QTYLW ML^PWTYP^ L]P ]PNZ]OPO&

5OOT_TZYLW TYQZ]XL_TZY [P]_LTYTYR _Z 7ZYPHPNk^ NZYP [PYP_]L_TZY _P^_TYR []ZNPO`]P^2

" 9LNS QTW_P] T^ ^L_`]L_PO TY ^TWTNZYP ZTW Z] RWdNP]TY `YOP] aLN``X []P^^`]P []TZ] _Z `^P

" FPNZ]OPO ML^PWTYP^ L]P NSPNVPO bT_S LY TYOP[PYOPY_ X`W_T"XP_P]

" 6L^PWTYP ]PLOTYR^ L]P NZX[L]PO _Z []PaTZ`^ ]PLOTYR^

" GZ`YOTYR^ L]P _P]XTYL_PO L_ _SP NWTPY_k^ _L]RP_ OP[_S Z] L_ L OP[_S bSP]P LY ZM^_]`N_TZY T^

PYNZ`Y_P]PO% PcNP^^TaP ]ZO QWPc ZNN`]^% PcNP^^TaP TYNWTYL_TZY ZNN`]^% P\`T[XPY_ OLXLRP T^ WTVPWd

_Z _LVP [WLNP% Z] L OLYRP]Z`^ bZ]VTYR PYaT]ZYXPY_ L]T^P^

" 8TQQP]PYNP^ MP_bPPY TYT_TLW LYO QTYLW ML^PWTYP^ L]P NLWN`WL_PO _Z PY^`]P eP]Z WZLO ZQQ^P_^ SLaP YZ_

ZNN`]]PO LYO _Z PY^`]P NZX[WTLYNP bT_S 5GHB ^_LYOL]O^

HSP TY_P][]P_L_TZY ZQ [TPeZNZYP OL_L QZ] _ST^ ]P[Z]_ T^ ML^PO ZY _SP NZ]]PN_PO _T[ ]P^T^_LYNP "\_#% ^WPPaP

Q]TN_TZY "Q^# LYO [Z]P bL_P] []P^^`]P "`#& HSP TY_P][]P_L_TZY ZQ ^ZTW _d[P T^ ML^PO ZY _SP NZ]]PWL_TZY^

OPaPWZ[PO Md FZMP]_^ZY ")11(# LYO FZMP]_^ZY "*((1#& >_ ^SZ`WO MP YZ_PO _SL_ T_ T^ YZ_ LWbLd^ [Z^^TMWP _Z

LNN`]L_PWd TOPY_TQd L ^ZTW _d[P ML^PO ZY _SP^P [L]LXP_P]^& >Y _SP^P ^T_`L_TZY^% Pc[P]TPYNP% U`ORXPY_ LYO

LY L^^P^^XPY_ ZQ Z_SP] [L]LXP_P]^ XLd MP `^PO _Z TYQP] ^ZTW MPSLaTZ] _d[P&

HSP ]PNZ]OPO _T[ ]P^T^_LYNP "\N# T^ _SP _Z_LW QZ]NP LN_TYR ZY _SP [TPeZNZYP _T[ OTaTOPO Md T_^ ML^P L]PL& HSP

_T[ ]P^T^_LYNP T^ NZ]]PN_PO QZ] [Z]P []P^^`]P PQQPN_^ LYO _P]XPO NZ]]PN_PO _T[ ]P^T^_LYNP "\_# LNNZ]OTYR _Z

_SP QZWWZbTYR Pc[]P^^TZY []P^PY_PO TY FZMP]_^ZY P_ LW% )10.2

\_ 4 \N $ ")"L# n `*

bSP]P2 \_ T^ _SP NZ]]PN_PO _T[ ]P^T^_LYNP

\N T^ _SP ]PNZ]OPO _T[ ]P^T^_LYNP

`* T^ _SP ]PNZ]OPO OdYLXTN [Z]P []P^^`]P MPSTYO _SP _T[ "`* [Z^T_TZY#

L T^ _SP CP_ 5]PL FL_TZ QZ] _SP [TPeZNZYP "(&0 QZ] 7ZYPHPN []ZMP^#

HSP ^WPPaP Q]TN_TZY "Q^# T^ _SP Q]TN_TZYLW QZ]NP ZY _SP ^WPPaP OTaTOPO Md T_^ ^`]QLNP L]PL& 5^ LWW 7ZYPHPN

[TPeZNZYP^ SLaP P\`LW PYO L]PL Q]TN_TZY ^WPPaP^% [Z]P []P^^`]P NZ]]PN_TZY^ _Z _SP ^WPPaP OL_L L]P YZ_

]P\`T]PO&

HSP OdYLXTN [Z]P []P^^`]P "`# T^ L XPL^`]P ZQ _SP [Z]P []P^^`]P^ RPYP]L_PO O`]TYR NZYP [PYP_]L_TZY& HZ

]PNZ]O P\`TWTM]T`X [Z]P []P^^`]P% _SP [PYP_]L_TZY X`^_ MP ^_Z[[PO _Z LWWZb _SP OdYLXTN [Z]P []P^^`]P^

_Z ^_LMTWTeP& HSP ]L_P L_ bSTNS _ST^ ZNN`]^ T^ []POZXTYLY_Wd L Q`YN_TZY ZQ _SP [P]XPLMTWT_d ZQ _SP ^ZTW LYO

_SP OTLXP_P] ZQ _SP NZYP&

HSP Q]TN_TZY ]L_TZ "FQ# T^ L NLWN`WL_PO [L]LXP_P]& >_ T^ OPQTYPO L^ _SP ]L_TZ ZQ ^WPPaP Q]TN_TZY _Z _SP _T[

]P^T^_LYNP Pc[]P^^PO L^ L [P]NPY_LRP& <PYP]LWWd% ^L_`]L_PO NZSP^TaP ^ZTW^ SLaP WZb _T[ ]P^T^_LYNP% STRS
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Q]TN_TZY ]L_TZ^ LYO RPYP]L_P WL]RP PcNP^^ [Z]P bL_P] []P^^`]P^& 7ZSP^TZYWP^^ ^ZTW^ SLaP STRSP] _T[

]P^T^_LYNP^% WZbP] Q]TN_TZY ]L_TZ^ LYO OZ YZ_ RPYP]L_P ^TRYTQTNLY_ PcNP^^ [Z]P bL_P] []P^^`]P&

5 ^`XXL]d ZQ _SP 7EH` ^Z`YOTYR^ LWZYR bT_S _P^_ OP_LTW^ LYO TYOTaTO`LW [WZ_^ L]P []ZaTOPO TY _SP

L[[PYOTNP^& 5 ^P_ ZQ TY_P][]P_L_TZY QTWP^ bP]P RPYP]L_PO QZ] PLNS ^Z`YOTYR ML^PO ZY [`MWT^SPO

NZ]]PWL_TZY^ LYO L]P []ZaTOPO TY 9cNPW QZ]XL_ TY _SP OL_L ]PWPL^P QZWOP]& >YQZ]XL_TZY ]PRL]OTYR _SP

TY_P][]P_L_TZY XP_SZO^ `^PO T^ TYNW`OPO TY LY L[[PYOTc&

;Z] LOOT_TZYLW TYQZ]XL_TZY ZY 7EH` TY_P][]P_L_TZY^% ]PQP] _Z FZMP]_^ZY P_ LW& ")10.#% A`YYP P_ LW& ")11/#%

FZMP]_^ZY "*((1#% BLdYP "*()+% *(),# LYO BLdYP LYO EP`NSPY "*()*#&

FPQP]PYNP^

5GHB 8-//0")*% *()*% !G_LYOL]O HP^_ BP_SZO QZ] EP]QZ]XTYR 9WPN_]ZYTN ;]TN_TZY 7ZYP LYO ETPeZNZYP

EPYP_]L_TZY HP^_TYR ZQ GZTW^!% 5GHB% KP^_ 7ZY^SZSZNVPY% IG&

A`YYP% H&% FZMP]_^ZY% E&@& LYO EZbPWW% ?& ?& B&% )11/% l7ZYP EPYP_]L_TZY HP^_TYR TY <PZ_PNSYTNLW

E]LN_TNPm% 6WLNVTP 5NLOPXTN LYO E]ZQP^^TZYLW&

BLdYP% E&K&% *()+% l9aLW`L_TYR dTPWO ^_]P^^ ZQ ^ZTW^ Q]ZX WLMZ]L_Z]d NZY^ZWTOL_TZY LYO TY"^T_` NZYP

[PYP_]L_TZY _P^_^m% GZ`YO <PZ_PNSYTNLW FP^PL]NS _Z E]LN_TNP "=ZW_e JZW`XP# <GE *+(% 5G79% FP^_ZY'J52

,(.",*(&

BLdYP% E&K& LYO EP`NSPY% ?&% *()*% lIYT_ bPTRS_ _]PYO^ bT_S NZYP ]P^T^_LYNP TY ^ZQ_ _Z QT]X NWLd^m%

<PZ_PNSYTNLW LYO <PZ[Sd^TNLW GT_P 7SL]LN_P]TeL_TZY "! JZW& ) "E]ZN& >G7",% EP]YLXM`NZ#% 7F7 E]P^^%

AZYOZY2 1(+"1)(&

BLdYP% E&K&% *(),% l>Y_P][]P_L_TZY ZQ RPZ_PNSYTNLW [L]LXP_P]^ Q]ZX ^PT^XTN [TPeZNZYP _P^_^m% 7EHk),

@PdYZ_P 5OO]P^^% AL^ JPRL^% CJ% BLd *(),&

FZMP]_^ZY% E&@&% 7LX[LYPWWL% F&<&% <TWWP^[TP% 8& LYO <]PTR% ?&% )10.% lI^P ZQ ETPeZXP_P] 7ZYP 8L_Lm%

E]ZNPPOTYR^ ZQ >YGT_` 0.% 5G79 G[PNTLW_d 7ZYQP]PYNP% 6WLNV^M`]R% JT]RTYTL&

FZMP]_^ZY% E&@&% )11(% lGZTW 7WL^^TQTNL_TZY I^TYR _SP 7ZYP EPYP_]L_TZY HP^_m% 7LYLOTLY <PZ_PNSYTNLW

?Z`]YLW% JZW`XP */2 )-)")-0&

FZMP]_^ZY% E&@&% *((1% l>Y_P][]P_L_TZY ZQ NZYP [PYP_]L_TZY _P^_^ o L `YTQTPO L[[]ZLNSm% 7LYLOTLY

<PZ_PNSYTNLW ?Z`]YLW% JZW`XP ,.2 )++/")+--&
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CNKGX ]G\K \KRUIOZ_ ZKYZOTM OY VKXLUXSKJ OT IUTP[TIZOUT ]OZN ZNK VOK`UIUTK VKTKZXGZOUT ZKYZ !C4AD[" OT

UXJKX ZU IURRKIZ OTZKX\GR \KRUIOZOKY$ 7UX YUSK VXUPKIZY YKOYSOI IUSVXKYYOUT ]G\K !EV" \KRUIOZ_ OY GRYU

JKZKXSOTKJ$

4UTKDKIaY VOK`UIUTK VKTKZXUSKZKXY GXK SGT[LGIZ[XKJ ]OZN G NUXO`UTZGRR_ GIZO\K MKUVNUTK !(. NKXZ`" ZNGZ

OY XOMOJR_ SU[TZKJ OT ZNK HUJ_ UL ZNK IUTK VKTKZXUSKZKX# &$( SKZKXY HKNOTJ ZNK IUTK ZOV$

CNKGX ]G\KY GXK Z_VOIGRR_ MKTKXGZKJ H_ [YOTM GT OSVGIZ NGSSKX NUXO`UTZGRR_ YZXOQOTM G HKGS ZNGZ OY NKRJ

OT VRGIK H_ G TUXSGR RUGJ$ 9T YUSK OTYZGTIKY GT G[MKX YU[XIK UX GT OSHKJJKJ OSV[RYO\K YU[XIK SG_HK

[YKJ LUX HUZN YNKGX ]G\KY GTJ IUSVXKYYOUT ]G\KY$ DNK NGSSKX GTJ HKGS GIZ GY G IUTZGIZ ZXOMMKX ZNGZ

ZXOMMKXY ZNK XKIUXJOTM UL ZNK YKOYSOI ]G\K ZXGIKY$ 7UX OSV[RYO\K JK\OIKY GT GIIKRKXUSKZKX ZXOMMKX SG_ HK

[YKJ$ DNK ZXGIKY GXK XKIUXJKJ [YOTM GT [V"NURK OTZKMXGZKJ JOMOZGR UYIORRUYIUVK ]NOIN OY VGXZ UL ZNK C4AD[

JGZG GIW[OYOZOUT Y_YZKS$ 2T ORR[YZXGZOUT UL ZNK YNKGX ]G\K ZKYZOTM IUTLOM[XGZOUT OY VXKYKTZKJ OT 7OM[XK

C4AD["'$

7OM[XK C4AD["'$ 9RR[YZXGZOUT UL ZNK C4AD[ Y_YZKS

2RR ZKYZOTM OY VKXLUXSKJ OT GIIUXJGTIK ZU 4UTKDKIaY C4AD[ UVKXGZOTM VXUIKJ[XKY$

AXOUX ZU ZNK YZGXZ UL G C4AD[ YU[TJOTM# ZNK VXUIKJ[XKY JKYIXOHKJ OT ZNK 4UTK AKTKZXGZOUT DKYZ YKIZOUT GXK

LURRU]KJ$ 9T GJJOZOUT# ZNK GIZO\K G^OY UL ZNK MKUVNUTK OY GROMTKJ VGXGRRKR ZU ZNK HKGS !UX YU[XIK" GTJ ZNK

NUXO`UTZGR ULLYKZ HKZ]KKT ZNK IUTK GTJ ZNK YU[XIK OY SKGY[XKJ GTJ XKIUXJKJ$

AXOUX ZU XKIUXJOTM YKOYSOI ]G\KY GZ KGIN ZKYZ JKVZN# IUTK VKTKZXGZOUT OY YZUVVKJ GTJ ZNK XUJY GXK

JKIU[VRKJ LXUS ZNK XOM ZU G\UOJ ZXGTYSOYYOUT UL XOM KTKXM_ JU]T ZNK XUJY$ >[RZOVRK ]G\K ZXGIKY GXK

XKIUXJKJ LUX W[GROZ_ IUTZXUR V[XVUYKY$ 2LZKX XK\OK]OTM ]G\K ZXGIKY LUX IUTYOYZKTI_ ZNK IUTK OY V[YNKJ ZU

ZNK TK^Z ZKYZ JKVZN !Z_VOIGRR_ UTK SKZKX OTZKX\GRY UX GY XKW[KYZKJ H_ ZNK IROKTZ"$ 7OM[XK C4AD["( VXKYKTZY

GT ORR[YZXGZOUT UL G C4AD[ ZKYZ$
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7UX GJJOZOUTGR OTLUXSGZOUT UT YKOYSOI IUTK VKTKZXGZOUT ZKYZOTM XKLKX ZU BUHKXZYUT KZ$GR$ !'/.,"$

7OM[XK C4AD["($ 9RR[YZXGZOUT UL G YKOYSOI IUTK VKTKZXGZOUT ZKYZ

4GRI[RGZOUT UL ZNK OTZKX\GR \KRUIOZOKY GXK VKXLUXSKJ H_ \OY[GRR_ VOIQOTM G IUSSUT LKGZ[XK !K$M$ ZNK LOXYZ

INGXGIZKXOYZOI VKGQ# ZXU[MN# UX IXUYYU\KX" UT GRR UL ZNK XKIUXJKJ ]G\K YKZY GTJ ZGQOTM ZNK JOLLKXKTIK OT XG_

VGZN JO\OJKJ H_ ZNK ZOSK JOLLKXKTIK HKZ]KKT Y[HYKW[KTZ LKGZ[XKY$ BG_ VGZN OY JKLOTKJ GY ZNK YZXGOMNZ ROTK

JOYZGTIK LXUS ZNK YKOYSOI YU[XIK ZU ZNK MKUVNUTK# GIIU[TZOTM LUX HKGS ULLYKZ# YU[XIK JKVZN GTJ

MKUVNUTK ULLYKZ LXUS ZNK IUTK ZOV$

DNK G\KXGMK YNKGX ]G\K \KRUIOZ_ ZU G JKVZN UL '&& LKKZ !)& SKZKXY" !%#*" NGY HKKT IGRI[RGZKJ GTJ VXU\OJKJ

LUX GRR GVVROIGHRK YU[TJOTMY [YOTM ZNK LURRU]OTM KW[GZOUT VXKYKTZKJ OT 2C46# (&'&$

%#* +
" $(

)
('&

"
$(

%*(

)
('&

]NKXK0 %#* 1 G\KXGMK YNKGX ]G\K \KRUIOZ_ LZ%Y !S%Y"

$( 1 ZNK ZNOIQTKYY UL GT_ RG_KX HKZ]KKT & GTJ '&& LZ !)& S"

%*( 1 ZNK YNKGX ]G\K \KRUIOZ_ OT LZ%Y !S%Y"

" $(
)
('& 1 '&& LZ !)& S"

2\KXGMK YNKGX ]G\K \KRUIOZ_# %#* OY GRYU XKLKXKTIKJ ZU EY'&& UX EY)&$

DNK RG_KX ZXG\KR ZOSKY XKLKXY ZU ZNK ZXG\KR ZOSKY VXUVGMGZOTM OT ZNK \KXZOIGR JOXKIZOUT# TUZ ZNK SKGY[XKJ

ZXG\KR ZOSKY LXUS GT ULLYKZ YU[XIK$

DGH[RGX XKY[RZY GTJ C4AD[ VRUZY GXK VXKYKTZKJ OT ZNK XKRK\GTZ GVVKTJO^$
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BKLKXKTIKY

2SKXOIGT CUIOKZ_ UL 4O\OR 6TMOTKKXY !2C46"# (&'&# b>OTOS[S 5KYOMT =UGJY LUX 3[ORJOTMY GTJ @ZNKX

CZX[IZ[XKYc# CZGTJGXJ 2C46%C69 -"'&# 2SKXOIGT CUIOKZ_ UL 4O\OR 6TMOTKKXY# 9C3? /-."&"-.**"'&.+"'#

BKYZUT# EOXMOTOG$

BUHKXZYUT# A$<$# 4GSVGTKRRG# B$8$# 8ORRKYVOK 5 GTJ BOIK# 2$# '/.,# bCKOYSOI 4AD ZU >KGY[XK 9T"COZ[ CNKGX

FG\K EKRUIOZ_c# ;U[XTGR UL 8KUZKINTOIGR 6TMOTKKXOTM 2C46# EUR$ ''(# ?U$ .0 -/'".&)$



EDF9 EF9GGIF9 8>GG>E5H>DC H9GH

HTQ OZYQ [QYQ_]M_UZY _Q^_ U^ TMW_QP M_ ^[QOURUO PQ[_T^ _Z OM]]d Z`_ [Z]Q []Q^^`]Q PU^^U[M_UZY #EE8$ _Q^_^&

^TZbY UY ;US`]Q EE8"*' ;Z] QMOT PU^^U[M_UZY _Q^_ _TQ OZYQ MYP ]ZP^ M]Q PQOZ`[WQP R]ZX _TQ ]US MYP _TQ

PM_M MO\`U^U_UZY ^d^_QX XQM^`]Q^ MYP ]QOZ]P^ _TQ aM]UM_UZY ZR _TQ [Z]Q []Q^^`]Q #`$ bU_T _UXQ #_$'

;US`]Q EE8"*' EZ]Q []Q^^`]Q PU^^U[M_UZY _Q^_ ^Q_`[
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Project No.: 14837.01 Client: Fluor Constructors International, Inc.

Test Location No.: PT-01 Driller/Tester: TB/AO

Method of Excavation: Drill Rig 6" Augers 8" Augers Post-hole Digger Other: 3¼" I.D. HSA

Test Hole Depth: 5 feet (To bottom of hole, not top of gravel)

Test Hole Diameter: 7 inches

Soil Description: Moist Brown LEAN CLAY w/Trace Sand

Excavation/Saturation Date: 12/12/2016 Date Tested: 12/13/2016

Time required for 12 inches of saturation water to seep away:
· Greater than 10 minutes, clayey soil test method – 30-minute readings.
· Less than or equal to 10 minutes, one of the following:

Time required for 6 inches of water to seep away:
· Greater than 10 minutes, sandy soil test method – 10-minute readings.
· Less than or equal to 10 minutes, sandy soil test method – Readings after 1-inch drop in water level.

Percolation
Rate

Start Finish Start Finish (inches) (percent)

1 12/12/16 5:00 PM 12/13/16 7:50 AM 890 3'-6" 3'-6
1
/10" 0.1 8900 –

2 12/13/16 7:50 AM 12/13/16 8:20 AM 30 4'-3" 4'-3" 0 – N/A
3 12/13/16 8:20 AM 12/13/16 8:50 AM 30 4'-3" 4'-3" 0 – 0
4 12/13/16 8:50 AM 12/13/16 9:20 AM 30 4'-3" 4'-3" 0 – 0

Continue until three consecutive percolation rates vary by no more than 20 percent.

For example,

TTL ASSOCIATES, INC.

FIELD PERCOLATION TEST

(minutes per
inch)

Difference
in Depth to

Water
Below

Reference

Variance in
Percolation
Rate from
Previous

Run

Run No.
Clock Time

Depth to Water
Below Ground Surface

Elapsed
Time

(minutes)
(nearest 1/16 inch)



C
O

R
E

P
H

O
T

O
L

O
G

-
B

O
R

IN
G

B
H

-1
2

P
ro

je
ct

:
P

ro
p

os
ed

O
re

g
on

E
n

er
g

y
P

ro
je

ct
C

or
e

R
u

n
D

ep
th

(f
t.

)
E

le
va

ti
on

(f
t.

)
P

ro
je

ct
L

oc
at

io
n

:
O

re
g

on
,

O
h

io
R

C
-1

7
3

.1
to

7
8.

1
5

1
4

.9
to

5
09

.9
T

T
L

P
ro

je
ct

N
o.

:
1

4
8

3
7.

0
1

C
or

e
D

at
e:

D
ec

em
be

r
9

,
2

0
1

6
L

og
P

re
p

ar
ed

b
y:

K
D

C

B
eg

in
R

C
-1

U
n

co
n

fi
n

ed
C

om
pr

es
si

ve
S

tr
en

gt
h

T
es

t
S

p
ec

im
en

E
n

d
R

C
-1





P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
o

f
1

5

B
H

-0
1

S
S

-1
1.

0-
2.

5
8

24
.1

*3
,5

00

S
S

-2
3.

5-
5.

0
8

26
.3

*4
,5

00

S
T

-1
6.

0-
8.

0
25

.9
99

.9
3,

34
0

S
S

-3
8.

5-
10

.0
5

27
.7

*1
,5

00

S
S

-4
13

.5
-1

5.
0

3
32

.9
*5

00

S
S

-5
18

.5
-2

0.
0

5
19

.8
*1

,0
00

S
S

-6
23

.5
-2

5.
0

3
*5

00

S
S

-7
28

.5
-3

0.
0

5
18

.8
10

8.
3

89
0

S
S

-8
33

.5
-3

5.
0

7
*1

,5
00

S
S

-9
38

.5
-4

0.
0

9
17

.4
11

8.
2

2,
12

0

S
S

-1
0

43
.5

-4
5.

0
10

*2
,0

00

S
S

-1
1

48
.5

-5
0.

0
11

13
.2

*3
,0

00

S
S

-1
2

53
.5

-5
5.

0
20

14
.3

*7
,0

00

S
S

-1
3

58
.5

-6
0.

0
31

12
.8

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

2
o

f
1

5

B
H

-0
2

S
S

-1
1.

0-
2.

5
6

24
.9

*4
,0

00

S
S

-2
3.

5-
5.

0
10

*4
,0

00

S
S

-3
6.

0-
7.

5
8

27
.2

*4
,0

00

S
S

-4
8.

5-
10

.0
4

29
.6

*2
,0

00

S
S

-5
13

.5
-1

5.
0

3
*1

,0
00

S
S

-6
18

.5
-2

0.
0

5
18

.5
*1

,0
00

S
S

-7
23

.5
-2

5.
0

2
*5

00

S
S

-8
28

.5
-3

0.
0

8
24

.2
*1

,0
00

S
T

-1
31

.0
-3

3.
0

S
S

-9
33

.0
-3

5.
0

7
17

.5
*1

,0
00

S
T

-2
36

.0
-3

8.
0

18
.4

11
0.

1
2,

89
5

S
S

-1
0

38
.5

-4
0.

0
8

19
.0

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
9

17
.3

11
0.

3
2,

37
0

S
S

-1
2

48
.5

-5
0.

0
12

13
.4

*4
,0

00

S
S

-1
3

53
.5

-5
5.

0
7

*8
,0

00

S
S

-1
4

58
.5

-6
0.

0
51

14
.6

11
8.

2
11

,6
60



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

3
o

f
1

5

B
H

-0
3

S
S

-1
1.

0-
2.

5
8

26
.3

*4
,0

00

S
S

-2
3.

5-
5.

0
6

25
.9

94
.9

3,
14

5

S
S

-3
6.

0-
7.

5
9

27
.3

*2
,0

00

S
S

-4
8.

5-
10

.0
5

26
.8

*1
,5

00

S
S

-5
13

.5
-1

5.
0

3
19

.2
*1

,0
00

S
S

-6
18

.5
-2

0.
0

5
19

.0
10

3.
0

S
S

-7
23

.5
-2

5.
0

7
*1

,0
00

S
S

-8
28

.5
-3

0.
0

5
19

.2
*1

,0
00

S
S

-9
33

.5
-3

5.
0

8
19

.2
*1

,0
00

S
S

-1
0

38
.5

-4
0.

0
8

20
.6

*1
,5

00

S
S

-1
1

43
.5

-4
5.

0
9

13
.5

*3
,0

00

S
S

-1
2

48
.5

-5
0.

0
9

*2
,0

00

S
S

-1
3

53
.5

-5
5.

0
15

14
.4

*4
,0

00

S
S

-1
4

58
.5

-6
0.

0
32

15
.4

*8
,0

00



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

4
o

f
1

5

B
H

-0
4

S
S

-1
1.

0-
2.

5
7

26
.6

*4
,0

00

S
S

-2
3.

5-
5.

0
6

*2
,0

00

S
S

-3
6.

0-
7.

5
9

28
.7

91
.1

1,
89

5

S
S

-4
8.

5-
10

.0
5

*1
,5

00

S
S

-5
13

.5
-1

5.
0

5
17

.1
*1

,0
00

S
S

-6
18

.5
-2

0.
0

4
*1

,0
00

S
T

-1
21

.0
-2

3.
0

17
.3

11
6.

1
U

U
24

15
9

S
S

-7
23

.5
-2

5.
0

5
19

.0
*1

,0
00

S
S

-8
28

.5
-3

0.
0

6
*1

,0
00

S
S

-9
33

.5
-3

5.
0

6
18

.4
*2

,0
00

S
S

-1
0

38
.5

-4
0.

0
8

16
.9

*2
,5

00

S
T

-2
41

.0
-4

3.
0

14
.9

11
8.

4
U

U
29

20
9

S
S

-1
1

43
.5

-4
5.

0
10

*2
,0

00

S
S

-1
2

48
.5

-5
0.

0
8

15
.6

10
6.

2

S
S

-1
3

53
.5

-5
5.

0
18

12
.3

11
9.

0
6,

77
5

S
S

-1
4

58
.5

-6
0.

0
32

16
.1

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

5
o

f
1

5

B
H

-0
5

S
S

-1
1.

0-
2.

5
10

26
.1

*3
,5

00

S
S

-2
3.

5-
5.

0
5

25
.9

*4
,5

00

S
S

-3
6.

0-
7.

5
8

24
.8

98
.6

2,
23

5

S
S

-4
8.

5-
10

.0
3

22
.8

*2
,0

00

S
T

-1
11

.0
-1

2.
0

17
.6

11
6.

5
U

U
1

1
3

5
34

56
27

16
11

C
L

12
.0

-1
3.

0
17

.0
11

6.
1

*7
,0

00
4

5
6

13
21

51
26

18
8

C
L

S
S

-5
13

.5
-1

5.
0

5
18

.0
*1

,0
00

S
S

-6
18

.5
-2

0.
0

0
*<

50
0

S
S

-7
23

.5
-2

5.
0

0
18

.9
*5

00

S
S

-8
28

.5
-3

0.
0

7
*1

,0
00

S
S

-9
33

.5
-3

5.
0

6
17

.3
10

6.
3

1,
65

0

S
S

-1
0

38
.5

-4
0.

0
6

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
7

15
.8

*3
,0

00

S
S

-1
2

48
.5

-5
0.

0
6

*2
,0

00

S
S

-1
3

53
.5

-5
5.

0
20

13
.9

12
0.

6
8,

96
0

29
17

12

S
S

-1
4

58
.5

-6
0.

0
47

15
.9

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

6
o

f
1

5

B
H

-0
6

S
S

-1
1.

0-
2.

5
10

24
.5

*5
,0

00

S
S

-2
3.

5-
5.

0
8

25
.5

*2
,0

00

S
S

-3
6.

0-
7.

5
12

27
.5

*2
,5

00

S
S

-4
8.

5-
10

.0
5

27
.7

*2
,0

00

S
S

-5
13

.5
-1

5.
0

9
15

.4
*3

,0
00

S
T

-1
16

.0
-1

8.
0

18
.1

11
4.

1
U

U
27

18
9

S
S

-6
18

.5
-2

0.
0

3
*1

,0
00

S
S

-7
23

.5
-2

5.
0

6
20

.2
*1

,0
00

S
S

-8
28

.5
-3

0.
0

5
*1

,5
00

S
S

-9
33

.5
-3

5.
0

5
21

.3
*1

,5
00

S
S

-1
0

38
.5

-4
0.

0
8

17
.8

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
8

16
.0

10
6.

8
1,

38
5

S
S

-1
2

48
.5

-5
0.

0
8

14
.8

*2
,0

00

S
S

-1
3

53
.5

-5
5.

0
22

13
.0

11
5.

9
5,

42
5

S
S

-1
4

58
.5

-6
0.

0
32

17
.2

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

7
o

f
1

5

B
H

-0
7

S
S

-1
1.

0-
2.

5
9

24
.0

*3
,0

00

S
S

-2
3.

5-
5.

0
8

24
.4

94
.8

3,
57

0

S
S

-3
6.

0-
7.

5
4

25
.7

*2
,0

00

S
S

-4
8.

5-
10

.0
3

33
.0

99
.0

39
0

S
S

-5
13

.5
-1

5.
0

3
20

.7
*5

00

S
S

-6
18

.5
-2

0.
0

5
19

.7
*1

,0
00

S
S

-7
23

.5
-2

5.
0

5
18

.9
*1

,0
00

S
T

-1
26

.0
-2

8.
0

16
.6

11
4.

7
U

U
26

17
9

S
S

-8
28

.5
-3

0.
0

3
*1

,5
00

S
S

-9
33

.5
-3

5.
0

7
17

.8
*2

,0
00

S
S

-1
0

38
.5

-4
0.

0
8

31
.4

S
S

-1
1

43
.5

-4
5.

0
9

20
.8

10
9.

5
1,

50
5

S
S

-1
2

48
.5

-5
0.

0
8

*1
,0

00

S
S

-1
3

53
.5

-5
5.

0
8

*1
,5

00

S
S

-1
4

58
.5

-6
0.

0
34

11
.3

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

8
o

f
1

5

B
H

-0
8

S
S

-1
1.

0-
2.

5
9

27
.2

*3
,0

00

S
S

-2
3.

5-
5.

0
7

*3
,0

00

S
S

-3
6.

0-
7.

5
10

29
.6

89
.1

1,
59

5

S
S

-4
8.

5-
10

.0
3

28
.6

*5
00

S
S

-5
13

.5
-1

5.
0

1
33

.8
*5

00
34

18
16

S
S

-6
18

.5
-2

0.
0

4
*5

00

S
S

-7
23

.5
-2

5.
0

4
19

.8
10

2.
7

S
S

-8
28

.5
-3

0.
0

6
18

.8
*5

00

S
S

-9
33

.5
-3

5.
0

12
*4

,0
00

S
T

-1

36
.0

-3
6.

5
*5

,0
00

36
.5

-3
7.

0
11

.1
6

10
15

12
26

31
26

16
10

C
L

37
.0

-3
8.

0
16

.6
11

5.
9

3,
10

0

S
S

-1
0

38
.5

-4
0.

0
9

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
10

26
.7

S
S

-1
2

48
.5

-5
0.

0
12

14
.1

11
4.

4

S
S

-1
3

43
.5

-5
5.

0
14

16
.4

*3
,5

00

S
S

-1
4

58
.5

-6
0.

0
32

12
.7

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

9
o

f
1

5

B
H

-0
9

S
S

-1
1.

0-
2.

5
9

24
.4

*3
,0

00

S
S

-2
3.

5-
5.

0
7

*3
,0

00

S
S

-3
6.

0-
7.

5
9

25
.0

*4
,0

00

S
S

-4
8.

5-
10

.0
6

23
.8

10
3.

2
2,

14
0

S
S

-5
13

.5
-1

5.
0

2
25

.1
*5

00

S
T

-1
16

.0
-1

8.
0

16
.1

11
8.

5
U

U
27

18
9

S
S

-6
18

.5
-2

0.
0

4
20

.8
*5

00

S
S

-7
23

.5
-2

5.
0

3
*5

00

S
S

-8
28

.5
-3

0.
0

5
18

.6
*1

,0
00

S
S

-9
33

.5
-3

5.
0

7
*1

,5
00

S
S

-1
0

38
.5

-4
0.

0
9

19
.2

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
8

*1
,5

00

S
S

-1
2

48
.5

-5
0.

0
7

14
.9

11
1.

4
1,

11
0

S
S

-1
3

53
.5

-5
5.

0
27

12
.3

12
3.

1
6,

47
0

S
S

-1
4

58
.5

-6
0.

0
26

12
.6

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
0

o
f

1
5

B
H

-1
0

S
S

-1
1.

0-
2.

5
8

26
.3

*3
,5

00

S
S

-2
3.

5-
5.

0
7

*4
,0

00

S
T

-1
6.

0-
8.

0
30

.5
91

.9
U

U
41

23
18

S
S

-3
8.

5-
10

.0
4

25
.1

*2
,5

00

S
S

-4
13

.5
-1

5.
0

2
*1

,0
00

S
S

-5
18

.5
-2

0.
0

0
*5

00

S
S

-6
23

.5
-2

5.
0

4
19

.1
10

7.
2

S
S

-7
28

.5
-3

0.
0

6
15

.8
*1

,5
00

S
S

-8
33

.5
-3

5.
0

13
17

.5
*2

,0
00

S
S

-9
38

.5
-4

0.
0

13
*2

,5
00

S
S

-1
0

43
.5

-4
5.

0
11

13
.8

11
6.

7
2,

86
5

S
S

-1
1

48
.5

-5
0.

0
9

14
.4

*2
,5

00

S
S

-1
2

53
.5

-5
5.

0
19

15
.9

11
3.

5
6,

77
0

S
S

-1
3

58
.5

-6
0.

0
33

14
.7

*8
,0

00



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
1

o
f

1
5

B
H

-1
1

S
S

-1
1.

0-
2.

5
9

28
.9

*3
,0

00

S
S

-2
3.

5-
5.

0
5

26
.7

*4
,0

00

S
S

-3
6.

0-
7.

5
8

*3
,0

00

S
S

-4
8.

5-
10

.0
7

18
.7

10
8.

0

S
S

-5
13

.5
-1

5.
0

5
18

.7
*1

,0
00

S
S

-6
18

.5
-2

0.
0

2
19

.5
*5

00

S
S

-7
23

.5
-2

5.
0

5

S
S

-8
28

.5
-3

0.
0

6
19

.1
*1

,0
00

S
S

-9
33

.5
-3

5.
0

5
*1

,0
00

S
S

-1
0

38
.5

-4
0.

0
10

13
.6

12
0.

7
2,

89
0

S
S

-1
1

43
.5

-4
5.

0
8

*3
,0

00

S
S

-1
2

48
.5

-5
0.

0
10

13
.7

*4
,5

00

S
T

-1
51

.0
-5

3.
0

13
.6

12
2.

2
U

U
4

3
5

15
26

47
25

15
10

C
L

S
S

-1
3

53
.5

-5
5.

0
20

13
.5

11
6.

5
8,

61
5

S
S

-1
4

58
.5

-6
0.

0
81

8.
0

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
2

o
f

1
5

B
H

-1
2

S
S

-1
1.

0-
2.

5
8

28
.2

*3
,0

00

S
S

-2
3.

5-
5.

0
8

27
.9

*5
,0

00

S
S

-3
6.

0-
7.

5
10

*3
,0

00

S
S

-4
8.

5-
10

.0
6

22
.3

*2
,0

00
32

18
14

S
S

-5
13

.5
-1

5.
0

5
19

.1
*1

,0
00

S
S

-6
18

.5
-2

0.
0

5
*1

,0
00

S
S

-7
23

.5
-2

5.
0

3
19

.5
*5

00

S
S

-8
28

.5
-3

0.
0

6
18

.5
*1

,5
00

S
T

-1
31

.0
-3

3.
0

17
.4

11
1.

9
U

U
3

3
6

12
28

48
29

18
11

C
L

S
S

-9
33

.5
-3

5.
0

7
17

.9
*3

,0
00

S
S

-1
0

38
.5

-4
0.

0
9

16
.5

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
10

*4
,0

00

S
S

-1
2

48
.5

-5
0.

0
12

13
.6

11
7.

7

S
S

-1
3

53
.5

-5
5.

0
14

15
.0

11
5.

3
4,

48
0

S
S

-1
4

58
.5

-6
0.

0
31

17
.3

11
4.

3
7,

56
5

S
S

-1
5

63
.5

-6
5.

0
39

13
.1

*9
,0

00
+

S
S

-1
6

68
.5

-7
0.

0
50

*9
,0

00
+



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
3

o
f

1
5

B
H

-1
2

S
S

-1
7

72
.5

-7
3.

1
S

S
R

*9
,0

00
+

R
C

-1
73

.1
-7

8.
1

A
T

74
.5

T
O

74
.9

F
E

E
T

B
H

-1
3

S
S

-1
1.

0-
2.

5
9

27
.8

*3
,5

00
0

2
1

3
20

74
48

25
23

C
L

S
S

-2
3.

5-
5.

0
7

25
.8

92
.5

3,
16

5

S
S

-3
6.

0-
7.

5
9

*3
,5

00

S
S

-4
8.

5-
10

.0
3

29
.4

*1
,0

00

S
S

-5
13

.5
-1

5.
0

6
16

.8
*2

,0
00

S
S

-6
18

.5
-2

0.
0

2
*5

00

S
T

-1
21

.0
-2

3.
0

18
.9

10
8.

9
U

U
27

17
10

S
S

-7
23

.5
-2

5.
0

4
*1

,0
00

S
S

-8
28

.5
-3

0.
0

6
*1

,5
00

S
S

-9
33

.5
-3

5.
0

6
18

.1
*1

,5
00

S
S

-1
0

38
.5

-4
0.

0
9

18
.8

*2
,0

00

S
S

-1
1

43
.5

-4
5.

0
8

14
.5

11
4.

0
1,

53
5

S
S

-1
2

48
.5

-5
0.

0
7

*2
,0

00

S
S

-1
3

53
.5

-5
5.

0
18

15
.6

11
9.

4
6,

02
5



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
4

o
f

1
5

B
H

-1
3

S
S

-1
4

58
.5

-6
0.

0
30

14
.1

*9
,0

00
+

E
R

T
R

-0
1

S
T

-1
5.

0-
7.

0

S
T

-2
8.

0-
10

.0
26

.6
97

.2

E
R

T
R

-0
2

B
S

-1
3.

0-
8.

0
0

0
0

3
33

64
40

21
19

C
L

S
T

-1
4.

0-
6.

0

S
T

-2
8.

0-
10

.0

E
R

T
R

-0
3

S
T

-1
3.

0-
5.

0
26

.9
96

.3

S
T

-2
8.

0-
10

.0

E
R

T
-0

4
S

T
-1

1.
0-

3.
0

26
.0

96
.6

S
T

-2
7.

0-
9.

0

E
R

T
R

-0
5

S
T

-1
2.

0-
4.

0

S
T

-2
7.

0-
9.

0



P
R

O
JE

C
T

:P
ro

po
se

d
O

re
go

n
E

ne
rg

y
P

ro
je

ct
,O

re
go

n,
O

hi
o

T
T

L
A

ss
oc

ia
te

s,
In

c.
P

R
O

JE
C

T
N

O
:1

48
37

.0
1

T
A

B
U

L
A

T
IO

N
O

F
T

E
S

T
D

A
T

A

BoringNumber

SampleNumber

SampleIntervalDepth
(Feet)

StandardPenetration

(BlowsperFoot)

NaturalMoistureContent
(%ofDryWeight)

In-PlaceDryDensity

(PoundsperCubicFoot)

UnconfinedCompressive
Strength
(PoundsperSquareFoot)

P
ar

ti
cl

e
S

iz
e

D
is

tr
ib

ut
io

n
(%

)
A

tt
er

be
rg

L
im

it
s

(%
)

UnifiedSoilClassification

Gravel

CoarseSand

MediumSand

FineSand

Silt

Clay

LiquidLimit

PlasticLimit

PlasticityIndex

S
S

R
:

S
pl

it
-S

po
on

R
ef

us
al

U
U

:
U

nc
on

so
li

da
te

d-
U

nd
ra

in
ed

T
ri

ax
ia

l
T

es
t

*U
nc

on
fi

ne
d

co
m

pr
es

si
ve

st
re

ng
th

de
ri

ve
d

fr
om

a
ca

li
br

at
ed

ha
nd

pe
ne

tr
om

et
er

14
83

7.
01

tb
lP

ro
po

se
d

O
re

go
n

E
ne

rg
y

P
ro

je
ct

O
re

go
n

O
hi

o
S

he
et

1
5

o
f

1
5

T
P

-0
1

B
S

-1
1.

0-
3.

0
0

0
0

3
22

75
49

24
25

C
L

T
P

-0
2

B
S

-1
1.

0-
3.

0
0

0
0

4
21

75
47

22
25

C
L

T
P

-0
3

B
S

-1
1.

0-
3.

0
0

0
0

3
22

75
49

26
23

C
L



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

PI Cc

25

21

48

40

CuLL PL

23

19

COBBLES
GRAVEL

1.0

3.0

4.75

2

P
E

R
C

E
N

T
F

IN
E

R
B

Y
W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

1.0

3.0

LEAN CLAY (CL)

LEAN CLAY (CL)

Specimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.002

0.004

20.2

33.3

BH-13

ERTR-02

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

0.0

0.0

6.1

2.5

73.6

64.2

3 100

BH-13

ERTR-02

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

USCS Classification

CLIENT Fluor Constructors International, Inc.

PROJECT NUMBER 14837.01

PROJECT NAME Proposed Oregon Energy Project

PROJECT LOCATION Oregon, OH

G
R

A
IN

S
IZ

E
1

4
8

3
7

.0
1

.G
P

J
G

IN
T

U
S

L
A

B
.G

D
T

2
/2

/1
7

TTL Associates, Inc.
1915 N 12th Street
Toledo, Ohio 43624
Telephone: 419-324-2222
Fax: 419-241-1808

GRAIN SIZE DISTRIBUTION
Stratum I



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

PI Cc

24

22

26

49

47

49

CuLL PL

25

25

23

COBBLES
GRAVEL

1.0

1.0

1.0

2

4.75

2

P
E

R
C

E
N

T
F

IN
E

R
B

Y
W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

1.0

1.0

1.0

LEAN CLAY (CL)

LEAN CLAY (CL)

LEAN CLAY (CL)

Specimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.002

0.002

0.002

22.4

21.3

21.8

TP-01

TP-02

TP-03

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

0.0

0.0

0.0

2.8

3.9

3.4

74.8

74.8

74.8

3 100

TP-01

TP-02

TP-03

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

USCS Classification

CLIENT Fluor Constructors International, Inc.

PROJECT NUMBER 14837.01

PROJECT NAME Proposed Oregon Energy Project

PROJECT LOCATION Oregon, OH

G
R

A
IN

S
IZ

E
1

4
8

3
7

.0
1

.G
P

J
G

IN
T

U
S

L
A

B
.G

D
T

2
/2

/1
7

TTL Associates, Inc.
1915 N 12th Street
Toledo, Ohio 43624
Telephone: 419-324-2222
Fax: 419-241-1808

GRAIN SIZE DISTRIBUTION
Stratum I



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

PI Cc

1627

CuLL PL

11

COBBLES
GRAVEL

11.0

12.5

P
E

R
C

E
N

T
F

IN
E

R
B

Y
W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

11.0

LEAN CLAY (CL)

Specimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.006 33.9

BH-05

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

0.001 0.7 9.3 56.1

3 100

BH-05

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

USCS Classification

CLIENT Fluor Constructors International, Inc.

PROJECT NUMBER 14837.01

PROJECT NAME Proposed Oregon Energy Project

PROJECT LOCATION Oregon, OH

G
R

A
IN

S
IZ

E
1

4
8

3
7

.0
1

.G
P

J
G

IN
T

U
S

L
A

B
.G

D
T

2
/2

7
/1

7
TTL Associates, Inc.
1915 N 12th Street
Toledo, Ohio 43624
Telephone: 419-324-2222
Fax: 419-241-1808

GRAIN SIZE DISTRIBUTION
Stratum II



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

PI Cc

18

18

26

29

CuLL PL

8

11

COBBLES
GRAVEL

12.0

31.0

25

19

P
E

R
C

E
N

T
F

IN
E

R
B

Y
W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

12.0

31.0

LEAN CLAY with SAND (CL)

LEAN CLAY with SAND (CL)

Specimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.01

0.012

21.3

28.0

BH-05

BH-12

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

0.002

4.5

3.0

23.4

21.3

50.8

47.7

3 100

BH-05

BH-12

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

USCS Classification

CLIENT Fluor Constructors International, Inc.

PROJECT NUMBER 14837.01

PROJECT NAME Proposed Oregon Energy Project

PROJECT LOCATION Oregon, OH

G
R

A
IN

S
IZ

E
1

4
8

3
7

.0
1

.G
P

J
G

IN
T

U
S

L
A

B
.G

D
T

2
/2

7
/1

7
TTL Associates, Inc.
1915 N 12th Street
Toledo, Ohio 43624
Telephone: 419-324-2222
Fax: 419-241-1808

GRAIN SIZE DISTRIBUTION
Stratum III



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

PI Cc

16

15

26

25

CuLL PL

10

10

COBBLES
GRAVEL

36.5

51.0

19

12.5

P
E

R
C

E
N

T
F

IN
E

R
B

Y
W

E
IG

H
T

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

36.5

51.0

SANDY LEAN CLAY (CL)

LEAN CLAY with SAND (CL)

Specimen Identification

Specimen Identification D100 D60 D30 D10 %Gravel

0.127

0.013

25.8

25.8

BH-08

BH-11

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

0.005

0.002

6.2

3.5

37.1

23.5

30.9

47.2

3 100

BH-08

BH-11

24 16 301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

USCS Classification

CLIENT Fluor Constructors International, Inc.

PROJECT NUMBER 14837.01

PROJECT NAME Proposed Oregon Energy Project

PROJECT LOCATION Oregon, OH

G
R

A
IN

S
IZ

E
1

4
8

3
7

.0
1

.G
P

J
G

IN
T

U
S

L
A

B
.G

D
T

2
/2

/1
7

TTL Associates, Inc.
1915 N 12th Street
Toledo, Ohio 43624
Telephone: 419-324-2222
Fax: 419-241-1808

GRAIN SIZE DISTRIBUTION
Stratum IV



Project Number: 14837.01 Receiving Report No.: Date: 12/27/16
Project: Oregon Energy Project

Oregon, Ohio

Soil Description: Brown LEAN CLAY w/Trace Sand (CL)
Source: Site Material - ERTR-02 BS-1 (3 to 8 feet)
Type of Test: ASTM D 698 Method "A" (Standard Proctor)

102.5 pcf 21.3 %
Maximum Dry Density Optimum Moisture Content

MOISTURE-DENSITY RELATIONSHIP DATA
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Project Number: 14837.01 Receiving Report No.: Date: 12/28/16
Project: Oregon Energy Project

Oregon, Ohio

Soil Description: Brown LEAN CLAY w/Trace Sand (CL)
Source: Site Material - TP-01 BS-1 (1 to 3 feet)
Type of Test: ASTM D 698 Method "A" (Standard Proctor)

99.2 pcf 23.7 %
Maximum Dry Density Optimum Moisture Content

MOISTURE-DENSITY RELATIONSHIP DATA
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TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.90 - -

Sample ID: BH-CEFO-04 ST-1 Init. Specimen Diameter (in.) 2.80 - -

Sample Interval: 21.0 to 23.0 feet Init. Moisture Content* (%) 17.3 - -

Init. Dry Unit Weight (pcf) 116.0 - -

Liquid Limit: 24 Init. Void Ratio 0.48 - -

Plastic Limit: 15 Init. Degree of Saturation (%) 100 - -

Plasticity Index: 9 Minor Principal Stress (psi) 14.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 12.2 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 26.2 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 - -

C = 6.1 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/9/2016

Client: Fluor Constructors International, Inc. File: 14837BH-04ST-1

Sample ID: BH-CEFO-04 ST-1 Depth: 21.0 to 23.0 feet

TTL Project No.: 14837.01 Specimen ID: "D" (22.5 to 23.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.8 in. Initial Dry Unit Weight of Sample: 116.0 pcf

Area: 6.158 in^2 Initial Moisture Content: 17.3 %

Length: 5.90 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.48 Initial Degree of Saturation: 100 %

Chamber Pressure: 14 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.158 0.0

0.010 0.002 2.0 1.4 6.168 0.2

0.020 0.003 3.5 2.4 6.178 0.4

0.030 0.005 5.5 3.8 6.189 0.6

0.040 0.007 7.5 5.1 6.200 0.8

0.050 0.008 10.0 6.9 6.210 1.1

0.075 0.013 15.5 10.6 6.237 1.7

0.100 0.017 22.0 15.1 6.264 2.4

0.125 0.021 29.5 20.2 6.291 3.2

0.150 0.025 36.5 25.0 6.318 4.0

0.175 0.030 45.0 30.9 6.346 4.9

0.200 0.034 51.5 35.3 6.374 5.5

0.250 0.042 63.0 43.2 6.430 6.7

0.300 0.051 73.0 50.1 6.487 7.7

0.350 0.059 82.5 56.6 6.546 8.6

0.400 0.068 89.5 61.4 6.605 9.3

0.450 0.076 95.0 65.2 6.666 9.8

0.500 0.085 101.5 69.6 6.728 10.3

0.550 0.093 106.0 72.7 6.791 10.7

0.600 0.102 110.5 75.8 6.855 11.1

0.650 0.110 114.5 78.5 6.920 11.4

0.700 0.119 118.0 80.9 6.986 11.6

0.750 0.127 121.5 83.3 7.054 11.8

0.800 0.136 124.5 85.4 7.123 12.0

0.850 0.144 127.0 87.1 7.194 12.1

0.885 0.150 129.0 88.5 7.244 12.2

RESULTS

Maximum Deviator Stress 12.2 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.61 - -

Sample ID: BH-CEFO-04 ST-2 Init. Specimen Diameter (in.) 2.88 - -

Sample Interval: 41.0 to 43.0 feet Init. Moisture Content* (%) 14.9 - -

Init. Dry Unit Weight (pcf) 118.6 - -

Liquid Limit: 29 Init. Void Ratio 0.45 - -

Plastic Limit: 20 Init. Degree of Saturation (%) 92 - -

Plasticity Index: 9 Minor Principal Stress (psi) 23.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 20.8 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 43.8 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 - -

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

C = 10.4 psi, Phi = 0.0 deg
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/9/2016

Client: Fluor Constructors International, Inc. File: 14837BH-04ST-2

Sample ID: BH-CEFO-04 ST-2 Depth: 41.0 to 43.0 feet

TTL Project No.: 14837.01 Specimen ID: "A" (41.0 to 41.5 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.88 in. Initial Dry Unit Weight of Sample: 118.6 pcf

Area: 6.514 in^2 Initial Moisture Content: 14.9 %

Length: 5.61 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.45 Initial Degree of Saturation: 92 %

Chamber Pressure: 23 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.514 0.0

0.010 0.002 2.0 1.4 6.526 0.2

0.020 0.004 4.5 3.1 6.538 0.5

0.030 0.005 9.0 6.2 6.549 0.9

0.040 0.007 12.5 8.6 6.561 1.3

0.050 0.009 16.5 11.3 6.573 1.7

0.075 0.013 25.5 17.5 6.603 2.6

0.100 0.018 35.0 24.0 6.633 3.6

0.125 0.022 43.0 29.5 6.663 4.4

0.150 0.027 52.0 35.7 6.693 5.3

0.175 0.031 61.5 42.2 6.724 6.3

0.200 0.036 70.5 48.4 6.755 7.2

0.250 0.045 88.0 60.4 6.818 8.9

0.300 0.053 104.5 71.7 6.882 10.4

0.350 0.062 120.0 82.3 6.948 11.8

0.400 0.071 133.5 91.6 7.015 13.1

0.450 0.080 147.5 101.2 7.083 14.3

0.500 0.089 160.0 109.8 7.152 15.3

0.550 0.098 172.0 118.0 7.222 16.3

0.600 0.107 184.0 126.2 7.295 17.3

0.650 0.116 195.0 133.8 7.368 18.2

0.700 0.125 206.0 141.3 7.443 19.0

0.750 0.134 215.0 147.5 7.520 19.6

0.800 0.143 225.0 154.4 7.598 20.3

0.842 0.150 232.5 159.5 7.665 20.8

RESULTS

Maximum Deviator Stress 20.8 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.88 6.12 -

Sample ID: BH-CEFO-05 ST-1 Init. Specimen Diameter (in.) 2.84 2.84 -

Sample Interval: 11.0 to 13.0 feet Init. Moisture Content* (%) 17.6 18.5 -

Init. Dry Unit Weight (pcf) 116.5 114.4 -

Liquid Limit: 27 Init. Void Ratio 0.47 0.50 -

Plastic Limit: 16 Init. Degree of Saturation (%) 103 102 -

Plasticity Index: 11 Minor Principal Stress (psi) 5.2 10.8 -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 12.0 15.7 -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 17.2 26.5 -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 5.6 -

C = 6.0 psi, Phi = 0.0 deg

Specimen "B" from 11.5 to 12.0'

C = 7.8 psi, Phi = 0.0 deg

Specimen "A" from 11.0 to 11.5'

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description:
Brown/Gray LEAN CLAY w/Trace Sand and Gravel
(CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/14/2016

Client: Fluor Constructors International, Inc. File: 14837BH-05ST-1

Sample ID: BH-CEFO-05 ST-1 Depth: 11.0 to 13.0 feet

TTL Project No.: 14837.01 Specimen ID: "A" (11.0 to 11.5 feet)

SAMPLE PROPERTIES

Visual Description: Brown/Gray LEAN CLAY w/Trace Sand and Gravel (CL)

Diameter: 2.84 in. Initial Dry Unit Weight of Sample: 116.5 pcf

Area: 6.335 in^2 Initial Moisture Content: 17.6 %

Length: 5.88 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.47 Initial Degree of Saturation: 103 %

Chamber Pressure: 5.2 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.335 0.0

0.010 0.002 1.0 0.7 6.345 0.1

0.020 0.003 2.5 1.7 6.356 0.3

0.030 0.005 4.5 3.1 6.367 0.5

0.040 0.007 6.5 4.5 6.378 0.7

0.050 0.009 8.0 5.5 6.389 0.9

0.075 0.013 14.5 9.9 6.417 1.6

0.100 0.017 21.0 14.4 6.444 2.2

0.125 0.021 27.5 18.9 6.472 2.9

0.150 0.026 35.0 24.0 6.501 3.7

0.175 0.030 42.0 28.8 6.529 4.4

0.200 0.034 49.5 34.0 6.558 5.2

0.250 0.043 61.5 42.2 6.616 6.4

0.300 0.051 70.5 48.4 6.675 7.2

0.350 0.060 78.5 53.9 6.736 8.0

0.400 0.068 86.0 59.0 6.797 8.7

0.450 0.077 92.5 63.5 6.860 9.3

0.500 0.085 99.0 67.9 6.923 9.8

0.550 0.094 103.5 71.0 6.988 10.2

0.600 0.102 109.0 74.8 7.055 10.6

0.650 0.111 112.5 77.2 7.122 10.8

0.700 0.119 117.0 80.3 7.191 11.2

0.750 0.128 121.5 83.3 7.261 11.5

0.800 0.136 124.5 85.4 7.332 11.6

0.850 0.145 127.0 87.1 7.405 11.8

0.882 0.150 130.0 89.2 7.453 12.0

RESULTS

Maximum Deviator Stress 12.0 psi

Sketch of Tested Specimen



UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/14/2016

Client: Fluor Constructors International, Inc. File: 14837BH-05ST-1

Sample ID: BH-CEFO-05 ST-1 Depth: 11.0 to 13.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (11.5 to 12.0 feet)

SAMPLE PROPERTIES

Visual Description: Brown/Gray LEAN CLAY w/Trace Sand and Gravel (CL)

Diameter: 2.84 in. Initial Dry Unit Weight of Sample: 114.4 pcf

Area: 6.335 in^2 Initial Moisture Content: 18.5 %

Length: 6.12 Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.50 Initial Degree of Saturation: 102 %

Chamber Pressure: 10.8 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.335 0.0

0.010 0.002 2.0 1.4 6.345 0.2

0.020 0.003 4.5 3.1 6.355 0.5

0.030 0.005 8.0 5.5 6.366 0.9

0.040 0.007 12.0 8.2 6.376 1.3

0.050 0.008 15.5 10.6 6.387 1.7

0.075 0.012 25.5 17.5 6.413 2.7

0.100 0.016 39.0 26.8 6.440 4.2

0.125 0.020 52.0 35.7 6.467 5.5

0.150 0.025 69.5 47.7 6.494 7.3

0.175 0.029 83.0 56.9 6.521 8.7

0.200 0.033 97.0 66.5 6.549 10.2

0.250 0.041 122.5 84.0 6.604 12.7

0.300 0.049 143.5 98.4 6.661 14.8

0.343 0.056 153.5 105.3 6.711 15.7

RESULTS

Maximum Deviator Stress 15.7 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.80 - -

Sample ID: BH-CEFO-06 ST-1 Init. Specimen Diameter (in.) 2.82 - -

Sample Interval: 16.0 to 18.0 feet Init. Moisture Content* (%) 18.1 - -

Init. Dry Unit Weight (pcf) 114.0 - -

Liquid Limit: 27 Init. Void Ratio 0.50 - -

Plastic Limit: 18 Init. Degree of Saturation (%) 99 - -

Plasticity Index: 9 Minor Principal Stress (psi) 14.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 14.1 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 28.1 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 - -

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description:
Brown/Gray LEAN CLAY w/Sand and Trace Gravel
(CL)

C = 7.0 psi, Phi = 0.0 deg
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/9/2016

Client: Fluor Constructors International, Inc. File: 14837BH-06ST-1

Sample ID: BH-CEFO-06 ST-1 Depth: 16.0 to 18.0 feet

TTL Project No.: 14837.01 Specimen ID: "C" (17.0 to 17.5 feet)

SAMPLE PROPERTIES

Visual Description: Brown/Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.82 in. Initial Dry Unit Weight of Sample: 114.0 pcf

Area: 6.246 in^2 Initial Moisture Content: 18.1 %

Length: 5.80 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.50 Initial Degree of Saturation: 99 %

Chamber Pressure: 14 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.246 0.0

0.010 0.002 2.5 1.7 6.257 0.3

0.020 0.003 6.5 4.5 6.267 0.7

0.030 0.005 10.0 6.9 6.278 1.1

0.040 0.007 14.0 9.6 6.289 1.5

0.050 0.009 17.5 12.0 6.300 1.9

0.075 0.013 30.0 20.6 6.328 3.3

0.100 0.017 45.0 30.9 6.355 4.9

0.125 0.022 60.5 41.5 6.383 6.5

0.150 0.026 75.0 51.5 6.412 8.0

0.175 0.030 86.0 59.0 6.440 9.2

0.200 0.034 95.0 65.2 6.469 10.1

0.250 0.043 107.0 73.4 6.527 11.2

0.300 0.052 114.5 78.5 6.586 11.9

0.350 0.060 120.5 82.7 6.647 12.4

0.400 0.069 125.5 86.1 6.708 12.8

0.450 0.078 130.0 89.2 6.771 13.2

0.500 0.086 133.5 91.6 6.835 13.4

0.550 0.095 136.5 93.6 6.900 13.6

0.600 0.103 139.0 95.4 6.966 13.7

0.650 0.112 142.0 97.4 7.034 13.8

0.700 0.121 144.5 99.1 7.103 14.0

0.750 0.129 146.5 100.5 7.173 14.0

0.800 0.138 148.0 101.5 7.245 14.0

0.850 0.147 150.0 102.9 7.318 14.1

0.870 0.150 151.0 103.6 7.348 14.1

RESULTS

Maximum Deviator Stress 14.1 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.78 - -

Sample ID: BH-CEFO-07 ST-1 Init. Specimen Diameter (in.) 2.84 - -

Sample Interval: 26.0 to 28.0 feet Init. Moisture Content* (%) 16.6 - -

Init. Dry Unit Weight (pcf) 114.5 - -

Liquid Limit: 26 Init. Void Ratio 0.50 - -

Plastic Limit: 17 Init. Degree of Saturation (%) 91 - -

Plasticity Index: 9 Minor Principal Stress (psi) 18.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 12.1 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 30.1 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 - -

C = 6.1 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/7/2016

Client: Fluor Constructors International, Inc. File: 14837BH-09ST-1

Sample ID: BH-CEFO-07 ST-1 Depth: 26.0 to 28.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (16.5 to 17.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.84 in. Initial Dry Unit Weight of Sample: 114.5 pcf

Area: 6.335 in^2 Initial Moisture Content: 16.6 %

Length: 5.78 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.50 Initial Degree of Saturation: 91 %

Chamber Pressure: 18 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.335 0.0

0.010 0.002 2.5 1.7 6.346 0.3

0.020 0.003 5.5 3.8 6.357 0.6

0.030 0.005 8.0 5.5 6.368 0.9

0.040 0.007 12.0 8.2 6.379 1.3

0.050 0.009 14.5 9.9 6.390 1.6

0.075 0.013 21.0 14.4 6.418 2.2

0.100 0.017 29.0 19.9 6.446 3.1

0.125 0.022 36.5 25.0 6.475 3.9

0.150 0.026 45.0 30.9 6.503 4.7

0.175 0.030 53.0 36.4 6.532 5.6

0.200 0.035 58.5 40.1 6.562 6.1

0.250 0.043 70.5 48.4 6.621 7.3

0.300 0.052 78.5 53.9 6.681 8.1

0.350 0.061 87.0 59.7 6.743 8.9

0.400 0.069 92.5 63.5 6.806 9.3

0.450 0.078 99.0 67.9 6.870 9.9

0.500 0.087 103.5 71.0 6.935 10.2

0.550 0.095 108.0 74.1 7.001 10.6

0.600 0.104 112.5 77.2 7.068 10.9

0.650 0.112 116.0 79.6 7.137 11.1

0.700 0.121 120.0 82.3 7.208 11.4

0.750 0.130 123.5 84.7 7.279 11.6

0.800 0.138 126.5 86.8 7.352 11.8

0.850 0.147 129.0 88.5 7.427 11.9

0.867 0.150 131.5 90.2 7.453 12.1

RESULTS

Maximum Deviator Stress 12.1 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.82 - -

Sample ID: BH-CEFO-09 ST-1 Init. Specimen Diameter (in.) 2.82 - -

Sample Interval: 16.0 to 18.0 feet Init. Moisture Content* (%) 16.1 - -

Init. Dry Unit Weight (pcf) 118.4 - -

Liquid Limit: 27 Init. Void Ratio 0.45 - -

Plastic Limit: 18 Init. Degree of Saturation (%) 99 - -

Plasticity Index: 9 Minor Principal Stress (psi) 14.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 10.0 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 24.0 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 12.0 - -

C = 5.0 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/7/2016

Client: Fluor Constructors International, Inc. File: 14837BH-09ST-1

Sample ID: BH-CEFO-09 ST-1 Depth: 16.0 to 18.0 feet

TTL Project No.: 14837.01 Specimen ID: "C" (17.0 to 17.5 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.82 in. Initial Dry Unit Weight of Sample: 118.4 pcf

Area: 6.246 in^2 Initial Moisture Content: 16.1 %

Length: 5.82 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.45 Initial Degree of Saturation: 99 %

Chamber Pressure: 14 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.246 0.0

0.010 0.002 3.5 2.4 6.257 0.4

0.020 0.003 7.5 5.1 6.267 0.8

0.030 0.005 11.0 7.5 6.278 1.2

0.040 0.007 14.5 9.9 6.289 1.6

0.050 0.009 18.5 12.7 6.300 2.0

0.075 0.013 27.5 18.9 6.327 3.0

0.100 0.017 36.5 25.0 6.355 3.9

0.125 0.021 44.0 30.2 6.383 4.7

0.150 0.026 51.5 35.3 6.411 5.5

0.175 0.030 57.5 39.4 6.439 6.1

0.200 0.034 62.0 42.5 6.468 6.6

0.250 0.043 70.5 48.4 6.526 7.4

0.300 0.052 78.0 53.5 6.585 8.1

0.350 0.060 83.0 56.9 6.645 8.6

0.400 0.069 88.0 60.4 6.707 9.0

0.450 0.077 93.5 64.1 6.769 9.5

0.500 0.086 96.0 65.9 6.833 9.6

0.550 0.095 98.0 67.2 6.898 9.7

0.600 0.103 100.0 68.6 6.964 9.9

0.650 0.112 101.5 69.6 7.031 9.9

0.700 0.120 103.0 70.7 7.100 10.0

0.750 0.129 104.0 71.3 7.170 10.0

0.800 0.137 105.0 72.0 7.241 9.9

0.850 0.146 105.5 72.4 7.314 9.9

0.873 0.150 105.5 72.4 7.348 9.8

RESULTS

Maximum Deviator Stress 10.0 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 6.12 - -

Sample ID: BH-CEFO-10 ST-1 Init. Specimen Diameter (in.) 2.84 - -

Sample Interval: 6.0 to 8.0 feet Init. Moisture Content* (%) 30.5 - -

Init. Dry Unit Weight (pcf) 91.8 - -

Liquid Limit: 41 Init. Void Ratio 0.87 - -

Plastic Limit: 23 Init. Degree of Saturation (%) 96 - -

Plasticity Index: 18 Minor Principal Stress (psi) 6.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 11.4 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 17.4 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 8.2 - -

C = 5.7 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description:
Gray/Brown LEAN CLAY w/Sand and Trace Iron
Oxide Stain Seam (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/9/2016

Client: Fluor Constructors International, Inc. File: 14837BH-10ST-1

Sample ID: BH-CEFO-10 ST-1 Depth: 6.0 to 8.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (6.5 to 7.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray/Brown LEAN CLAY w/Sand and Trace Iron Oxide Stain Seam (CL)

Diameter: 2.84 in. Initial Dry Unit Weight of Sample: 91.8 pcf

Area: 6.335 in^2 Initial Moisture Content: 30.5 %

Length: 6.12 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.87 Initial Degree of Saturation: 96 %

Chamber Pressure: 6 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.335 0.0

0.010 0.002 2.0 1.4 6.345 0.2

0.020 0.003 4.5 3.1 6.355 0.5

0.030 0.005 7.5 5.1 6.366 0.8

0.040 0.007 10.0 6.9 6.376 1.1

0.050 0.008 14.0 9.6 6.387 1.5

0.075 0.012 22.0 15.1 6.413 2.4

0.100 0.016 30.0 20.6 6.440 3.2

0.125 0.020 39.5 27.1 6.467 4.2

0.150 0.025 49.5 34.0 6.494 5.2

0.175 0.029 58.5 40.1 6.521 6.2

0.200 0.033 68.0 46.6 6.549 7.1

0.250 0.041 80.5 55.2 6.604 8.4

0.300 0.049 91.5 62.8 6.661 9.4

0.350 0.057 100.5 68.9 6.719 10.3

0.400 0.065 107.0 73.4 6.778 10.8

0.450 0.074 111.5 76.5 6.837 11.2

0.500 0.082 114.5 78.5 6.898 11.4

0.550 0.090 115.5 79.2 6.960 11.4

0.569 0.093 115.5 79.2 6.984 11.3

RESULTS

Maximum Deviator Stress 11.4 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.80 5.65 -

Sample ID: BH-CEFO-11 ST-1 Init. Specimen Diameter (in.) 2.78 2.78 -

Sample Interval: 51.0 to 53.0 feet Init. Moisture Content* (%) 13.6 14.4 -

Init. Dry Unit Weight (pcf) 122.1 119.1 -

Liquid Limit: 25 Init. Void Ratio 0.40 0.44 -

Plastic Limit: 15 Init. Degree of Saturation (%) 92 90 -

Plasticity Index: 10 Minor Principal Stress (psi) 28.0 42.0 -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 28.6 30.7 -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 56.6 72.7 -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 15.0 -

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

C = 14.8 psi, Phi = 0.0 deg
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/5/2016

Client: Fluor Constructors International, Inc. File: 14837BH-11ST-1

Sample ID: BH-CEFO-11 ST-1 Depth: 51.0 to 53.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (51.5 to 52.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.78 in. Initial Dry Unit Weight of Sample: 122.1 pcf

Area: 6.070 in^2 Initial Moisture Content: 13.6 %

Length: 5.80 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.40 Initial Degree of Saturation: 92 %

Chamber Pressure: 28 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.070 0.0

0.010 0.002 8.0 5.5 6.080 0.9

0.020 0.003 14.0 9.6 6.091 1.6

0.030 0.005 18.5 12.7 6.101 2.1

0.040 0.007 23.0 15.8 6.112 2.6

0.050 0.009 25.5 17.5 6.123 2.9

0.075 0.013 35.0 24.0 6.149 3.9

0.100 0.017 44.0 30.2 6.176 4.9

0.125 0.022 51.5 35.3 6.204 5.7

0.150 0.026 58.5 40.1 6.231 6.4

0.175 0.030 66.0 45.3 6.259 7.2

0.200 0.034 73.0 50.1 6.287 8.0

0.250 0.043 89.0 61.1 6.343 9.6

0.300 0.052 104.5 71.7 6.401 11.2

0.350 0.060 120.5 82.7 6.460 12.8

0.400 0.069 138.0 94.7 6.519 14.5

0.450 0.078 155.5 106.7 6.580 16.2

0.500 0.086 173.0 118.7 6.642 17.9

0.550 0.095 191.0 131.0 6.706 19.5

0.600 0.103 208.5 143.0 6.770 21.1

0.650 0.112 226.0 155.0 6.836 22.7

0.700 0.121 242.5 166.4 6.903 24.1

0.750 0.129 259.0 177.7 6.971 25.5

0.800 0.138 275.5 189.0 7.041 26.8

0.850 0.147 291.0 199.6 7.112 28.1

0.870 0.150 297.5 204.1 7.141 28.6

RESULTS

Maximum Deviator Stress 28.6 psi

Sketch of Tested Specimen



UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/5/2016

Client: Fluor Constructors International, Inc. File: 14837BH-11ST-1

Sample ID: BH-CEFO-11 ST-1 Depth: 51.0 to 53.0 feet

TTL Project No.: 14837.01 Specimen ID: "C" (52.0 to 52.5 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.78 in. Initial Dry Unit Weight of Sample: 119.1 pcf

Area: 6.070 in^2 Initial Moisture Content: 14.4 %

Length: 5.65 Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.44 Initial Degree of Saturation: 90 %

Chamber Pressure: 42 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.070 0.0

0.010 0.002 5.5 3.8 6.081 0.6

0.020 0.004 10.0 6.9 6.091 1.1

0.030 0.005 14.0 9.6 6.102 1.6

0.040 0.007 17.5 12.0 6.113 2.0

0.050 0.009 19.0 13.0 6.124 2.1

0.075 0.013 26.5 18.2 6.152 3.0

0.100 0.018 32.0 22.0 6.179 3.6

0.125 0.022 40.0 27.4 6.207 4.4

0.150 0.027 48.5 33.3 6.235 5.3

0.175 0.031 58.5 40.1 6.264 6.4

0.200 0.035 65.0 44.6 6.293 7.1

0.250 0.044 80.5 55.2 6.351 8.7

0.300 0.053 92.5 63.5 6.410 9.9

0.350 0.062 113.5 77.9 6.471 12.0

0.400 0.071 133.5 91.6 6.532 14.0

0.450 0.080 153.0 105.0 6.595 15.9

0.500 0.088 172.0 118.0 6.659 17.7

0.550 0.097 192.0 131.7 6.724 19.6

0.600 0.106 214.0 146.8 6.791 21.6

0.650 0.115 239.0 164.0 6.859 23.9

0.700 0.124 257.0 176.3 6.928 25.4

0.750 0.133 279.0 191.4 6.999 27.3

0.800 0.142 299.0 205.1 7.071 29.0

0.848 0.150 319.5 219.2 7.142 30.7

RESULTS

Maximum Deviator Stress 30.7 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.90 5.90 5.88

Sample ID: BH-CEFO-12 ST-1 Init. Specimen Diameter (in.) 2.88 2.88 2.88

Sample Interval: 31.0 to 33.0 feet Init. Moisture Content* (%) 17.4 17.2 17.9

Init. Dry Unit Weight (pcf) 112.0 112.6 110.0

Liquid Limit: 29 Init. Void Ratio 0.50 0.49 0.53

Plastic Limit: 18 Init. Degree of Saturation (%) 94 94 92

Plasticity Index: 11 Minor Principal Stress (psi) 11.0 22.0 33.0

Specific Gravity: 2.69 Deviator Stress at Failure (psi) 19.0 19.3 17.7

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 30.0 41.3 50.7

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 15.0 15.0

C = 9.3 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/13/2016

Client: Fluor Constructors International, Inc. File: 14837BH-12ST-1

Sample ID: BH-CEFO-12 ST-1 Depth: 31.0 to 33.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (31.5 to 32.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.88 in. Initial Dry Unit Weight of Sample: 112.0 pcf

Area: 6.514 in^2 Initial Moisture Content: 17.4 %

Length: 5.90 in. Specific Gravity: 2.69

Initial Void Ratio: 0.50 Initial Degree of Saturation: 94 %

Chamber Pressure: 11 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.514 0.0

0.010 0.002 2.0 1.4 6.525 0.2

0.020 0.003 4.5 3.1 6.537 0.5

0.030 0.005 8.0 5.5 6.548 0.8

0.040 0.007 11.0 7.5 6.559 1.2

0.050 0.008 14.5 9.9 6.570 1.5

0.075 0.013 24.0 16.5 6.598 2.5

0.100 0.017 35.0 24.0 6.627 3.6

0.125 0.021 45.5 31.2 6.655 4.7

0.150 0.025 57.5 39.4 6.684 5.9

0.175 0.030 69.5 47.7 6.714 7.1

0.200 0.034 81.5 55.9 6.743 8.3

0.250 0.042 98.0 67.2 6.803 9.9

0.300 0.051 113.5 77.9 6.863 11.3

0.350 0.059 126.5 86.8 6.925 12.5

0.400 0.068 138.0 94.7 6.988 13.5

0.450 0.076 149.0 102.2 7.052 14.5

0.500 0.085 158.5 108.7 7.118 15.3

0.550 0.093 166.5 114.2 7.184 15.9

0.600 0.102 174.5 119.7 7.252 16.5

0.650 0.110 182.0 124.9 7.321 17.1

0.700 0.119 189.5 130.0 7.391 17.6

0.750 0.127 196.0 134.5 7.463 18.0

0.800 0.136 202.0 138.6 7.536 18.4

0.850 0.144 208.5 143.0 7.611 18.8

0.885 0.150 212.0 145.4 7.664 19.0

RESULTS

Maximum Deviator Stress 19.0 psi

Sketch of Tested Specimen



UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/13/2016

Client: Fluor Constructors International, Inc. File: 14837BH-12ST-1

Sample ID: BH-CEFO-12 ST-1 Depth: 31.0 to 33.0 feet

TTL Project No.: 14837.01 Specimen ID: "C" (32.0 to 32.5 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.88 in. Initial Dry Unit Weight of Sample: 112.6 pcf

Area: 6.514 in^2 Initial Moisture Content: 17.2 %

Length: 5.90 Specific Gravity: 2.69

Initial Void Ratio: 0.49 Initial Degree of Saturation: 94 %

Chamber Pressure: 22 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.514 0.0

0.010 0.002 2.0 1.4 6.525 0.2

0.020 0.003 3.5 2.4 6.537 0.4

0.030 0.005 6.5 4.5 6.548 0.7

0.040 0.007 8.0 5.5 6.559 0.8

0.050 0.008 11.0 7.5 6.570 1.1

0.075 0.013 18.0 12.3 6.598 1.9

0.100 0.017 25.5 17.5 6.627 2.6

0.125 0.021 35.5 24.4 6.655 3.7

0.150 0.025 47.5 32.6 6.684 4.9

0.175 0.030 60.5 41.5 6.714 6.2

0.200 0.034 68.5 47.0 6.743 7.0

0.250 0.042 89.0 61.1 6.803 9.0

0.300 0.051 106.0 72.7 6.863 10.6

0.350 0.059 120.0 82.3 6.925 11.9

0.400 0.068 133.5 91.6 6.988 13.1

0.450 0.076 145.0 99.5 7.052 14.1

0.500 0.085 155.5 106.7 7.118 15.0

0.550 0.093 167.5 114.9 7.184 16.0

0.600 0.102 174.5 119.7 7.252 16.5

0.650 0.110 183.0 125.5 7.321 17.1

0.700 0.119 190.5 130.7 7.391 17.7

0.750 0.127 198.5 136.2 7.463 18.2

0.800 0.136 205.0 140.6 7.536 18.7

0.850 0.144 211.5 145.1 7.611 19.1

0.885 0.150 216.0 148.2 7.664 19.3

RESULTS

Maximum Deviator Stress 19.3 psi

Sketch of Tested Specimen



UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/13/2016

Client: Fluor Constructors International, Inc. File: 14837BH-12ST-1

Sample ID: BH-CEFO-12 ST-1 Depth: 31.0 to 33.0 feet

TTL Project No.: 14837.01 Specimen ID: "D" (32.5 - 33.0 Feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.88 in. Initial Dry Unit Weight of Sample: 110.0 pcf

Area: 6.514 in^2 Initial Moisture Content: 17.9 %

Length: 5.88 in. Specific Gravity: 2.69

Initial Void Ratio: 0.53 Initial Degree of Saturation: 92 %

Chamber Pressure: 33 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.514 0.0

0.010 0.002 6.5 4.5 6.526 0.7

0.020 0.003 11.5 7.9 6.537 1.2

0.030 0.005 14.5 9.9 6.548 1.5

0.040 0.007 17.5 12.0 6.559 1.8

0.050 0.009 21.0 14.4 6.570 2.2

0.075 0.013 29.0 19.9 6.599 3.0

0.100 0.017 39.5 27.1 6.627 4.1

0.125 0.021 48.5 33.3 6.656 5.0

0.150 0.026 57.5 39.4 6.685 5.9

0.175 0.030 66.5 45.6 6.714 6.8

0.200 0.034 75.0 51.5 6.744 7.6

0.250 0.043 90.5 62.1 6.804 9.1

0.300 0.051 103.5 71.0 6.865 10.3

0.350 0.060 114.5 78.5 6.927 11.3

0.400 0.068 125.5 86.1 6.990 12.3

0.450 0.077 134.5 92.3 7.054 13.1

0.500 0.085 143.5 98.4 7.120 13.8

0.550 0.094 151.0 103.6 7.187 14.4

0.600 0.102 157.5 108.0 7.255 14.9

0.650 0.111 165.0 113.2 7.324 15.5

0.700 0.119 173.0 118.7 7.395 16.0

0.750 0.128 180.0 123.5 7.467 16.5

0.800 0.136 186.5 127.9 7.540 17.0

0.850 0.145 192.5 132.1 7.615 17.3

0.882 0.150 198.0 135.8 7.664 17.7

RESULTS

Maximum Deviator Stress 17.7 psi

Sketch of Tested Specimen



TTL Project No.: 14837.01 Symbol

Project: Proposed Oregon Energy Project Init. Specimen Height (in.) 5.78 - -

Sample ID: BH-CEFO-13 ST-1 Init. Specimen Diameter (in.) 2.88 - -

Sample Interval: 21.0 to 23.0 feet Init. Moisture Content* (%) 18.9 - -

Init. Dry Unit Weight (pcf) 109.1 - -

Liquid Limit: 27 Init. Void Ratio 0.57 - -

Plastic Limit: 17 Init. Degree of Saturation (%) 90 - -

Plasticity Index: 10 Minor Principal Stress (psi) 16.0 - -

Specific Gravity: 2.75 (Assumed) Deviator Stress at Failure (psi) 10.5 - -

Rate of Strain: 0.03 Inches per Minute Major Principal Stress (psi) 26.5 - -

Failure Criteria: Peak Deviator Stress or Deviator Stress at 15% Axial Strain Axial Strain at Failure (%) 15.0 - -

C = 5.2 psi, Phi = 0.0 deg

Unconsolidated - Undrained Triaxial Shear Strength Test
ASTM D 2850

General Sample Data Triaxial Specimen Data

Soil Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)
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UNCONSOLIDATED, UNDRAINED COMPRESSIVE STRENGTH

OF COHESIVE SOILS IN TRIAXIAL COMPRESSION (ASTM D 2850)

Project: Proposed Oregon Energy Project Date: 12/9/2016

Client: Fluor Constructors International, Inc. File: 14837BH-13ST-1

Sample ID: BH-CEFO-13 ST-1 Depth: 21.0 to 23.0 feet

TTL Project No.: 14837.01 Specimen ID: "B" (21.5 to 22.0 feet)

SAMPLE PROPERTIES

Visual Description: Gray LEAN CLAY w/Sand and Trace Gravel (CL)

Diameter: 2.88 in. Initial Dry Unit Weight of Sample: 109.1 pcf

Area: 6.514 in^2 Initial Moisture Content: 18.9 %

Length: 5.78 in. Specific Gravity (assumed): 2.75

Initial Void Ratio: 0.57 Initial Degree of Saturation: 90 %

Chamber Pressure: 16 psi Proving Ring Number: 1155-12-13322

STRESS-STRAIN DATA

Speciman Vertical Proving Piston Corrected Deviator

Deformation Strain Ring Load Area Stress

(in) Reading (lbs) (in^2) (psi)

0.000 0.000 0.0 0.0 6.514 0.0

0.010 0.002 4.5 3.1 6.526 0.5

0.020 0.003 10.0 6.9 6.537 1.0

0.030 0.005 14.5 9.9 6.548 1.5

0.040 0.007 20.5 14.1 6.560 2.1

0.050 0.009 26.5 18.2 6.571 2.8

0.075 0.013 43.0 29.5 6.600 4.5

0.100 0.017 55.0 37.7 6.629 5.7

0.125 0.022 65.0 44.6 6.658 6.7

0.150 0.026 73.0 50.1 6.688 7.5

0.175 0.030 78.0 53.5 6.718 8.0

0.200 0.035 82.5 56.6 6.748 8.4

0.250 0.043 89.0 61.1 6.809 9.0

0.300 0.052 93.5 64.1 6.871 9.3

0.350 0.061 96.0 65.9 6.934 9.5

0.400 0.069 99.0 67.9 6.999 9.7

0.450 0.078 101.5 69.6 7.064 9.9

0.500 0.087 104.5 71.7 7.131 10.1

0.550 0.095 106.5 73.1 7.199 10.1

0.600 0.104 108.0 74.1 7.269 10.2

0.650 0.112 110.0 75.5 7.340 10.3

0.700 0.121 111.5 76.5 7.412 10.3

0.750 0.130 113.5 77.9 7.486 10.4

0.800 0.138 114.5 78.5 7.561 10.4

0.850 0.147 116.0 79.6 7.638 10.4

0.867 0.150 117.0 80.3 7.664 10.5

RESULTS

Maximum Deviator Stress 10.5 psi

Sketch of Tested Specimen



Project No.: 14837.01
Date: 12/12/2016
Client: Fluor Constructors International, Inc.
Project: Proposed Oregon Energy Project

Oregon, OH
Boring No.: BH-CEFO-12
Sample No.: ST-1
Depth: 31.0 to 33.0 feet

Initial H= 1.008 inches

Pressure Final Initial Average
tsf Height Height DH H e t50 Ave P Cv (in2/s) Cv (ft2/d)

0.25 0.96480 1.00800 0.04320 0.9864 0.372 0.125 #DIV/0! #DIV/0!
0.5 0.95730 0.96480 0.05070 0.9611 0.362 0.375 #DIV/0! #DIV/0!
1 0.94705 0.95730 0.06095 0.9522 0.347 0.75 #DIV/0! #DIV/0!
2 0.93470 0.94705 0.07330 0.9409 0.330 1.5 #DIV/0! #DIV/0!
4 0.91730 0.93470 0.09070 0.9260 0.305 3 #DIV/0! #DIV/0!
8 0.89840 0.91730 0.10960 0.9079 0.278 6 #DIV/0! #DIV/0!
16 0.87325 0.89840 0.13475 0.8858 0.242 12 #DIV/0! #DIV/0!
4 0.87960 0.87325 0.12840 0.8764 0.251 10
1 0.89180 0.87960 0.11620 0.8857 0.269 2.5

0.25 0.90730 0.89180 0.10070 0.8996 0.291 0.625

Estimated Cc: 0.119
Estimated Cr: 0.027

Soil Description: Gray LEAN CLAY with Sand and Trace Gravel (CL)
Specific Gravity: 2.69
Liquid Limit: 29
Plastic Limit: 18
Plasticity Index: 11

Initial Water Content: 17.2 % Final Water Content: 15.6 %
Inital Dry Density: 117.0 pcf Final Dry Density: 130.0 pcf
Initial Void Ratio: 0.434 Final Void Ratio: 0.291
Initial Degree of Saturation: 106.6 % Final Degree of Saturation: 144.4 %

Estimated Preconsolidation Pressure: 3.2 tsf

The sample for the test was trimmed from a Shelby tube sample using a cutting shoe. Test Method B was used with the specimen
inundated during testing. Coefficients of consolidation were computed by log of time method.
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