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Prepare for the unexpected.
Projects sites may have safety risks:
= Underground storage tanks (USTs)
= Spills or chemicals

= Snakes, insects or animals that bite




Agenda

= Reimagined Site Characterization: A Holistic Approach
Phillip Sinclair

= Remote Research: Subsurface Environmental &
Geotechnical Data

Travis Kassebaum, P.E.

= Rapid Data Acquisition: Screening Tools

Phillip Sinclair

= Realized Results: Data-Powered Field Exploration

Levi Denton, P.E.; Vic Donald, P.E.; Mike Hagemeister, P.E.
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Reimagined Site
Characterization
A Holistic Approach




Where Do I Start?

TOOLS

RESULTS

i ferracon

Predict

GOALS

Visualize



Where Do I Start?

Pivvot/Stagel
Soil borings/Split-spoons
Monitoring Wells
PIDs
Soil-gas probes
SPT/CPT/Shelby
Trenches/Test Pits
Seismic Testing
Resistivity/Conductivity
GPR
NDG/DCP
Maturity Logging
DFT
Compression Tests
Rebound Hammer
Moisture Meter
LiDAR/Photogrammetry
Crack Gauges
Roof Corer
Smoke Pencils

Soil Types
Depth to Rock
Groundwater Table
Dynamic Soil Properties
Seismic Site Class
Subsurface Contamination
Concrete Strength
Bearing Capacity
Rock Rippability/Quality
Slope Stability
Liquefaction Potential
Well Head/UST Locations
Buried Artifacts
Unmarked Graves
Rebar cover/layout
Concrete Strength
Fill Material/Extents
Insulation Type/Thickness
Pile Integrity

i ferracon

Site Selection
Building Design
Risk Mitigation
Construction
Asset Management

Predict

Visualize



i ferracon

Terracon’s Role

Tools Advisor
‘\

Predict Visualize
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Let’'s Get Practical

Site Selection Phase

Predict Explore Visualize
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Let’'s Get Practical Contractor

Site Visit
Soil Types
Borings Groundwater Table
. SPT-Blow Counts Site Selection
Lab Testing Grain Size

Moisture Content
Shear Strength

Disciplines Involved: Geotechnical (GEO), Exploration (EXP), Laboratory (LAB)

Predict : Visualize
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Let’'s Get Practical Consultant

Foundation Design Sggsl
Depth to Rock Seismic Testing Sl_te_SeIectlc_)n
Earthwork Plan Building Design
. CPT . : O
Bearing Pressures : Limited Risk Mitigation
Test Pits
Settlement :
Lab Testing

Disciplines Involved: GEO, EXP, LAB, Remote Research (RR), Geophysics (GPX)

Predict : Visualize
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Let’'s Get Practical Advisor

Design Parameters
Depth to Rock
Groundwater Table

Abandoned Wells Pivvot/Stagel
Site Selection Burn Pits Drone LIiDAR/MAG
Building Design Karst Potential GPR
Risk Mitigation Subsurface Seismic Testing
Construction Contamination CPT/Borings
Asset Management Permitting Test Pits
ReqUirementS Lab Testing

Remediation Plans
Buried Foundations
Monitoring Programs

Disciplines Involved: GEO, EXP, LAB, RR, GPX, Environmental (ENV), Materials (MAT), Facilities (FAC)

Predict : Visualize
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Start with the End in Mind
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Predict : Visualize



Remote Research

Subsurface Environmental
& Geotechnical Data
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\ pivvot

ocation with context.

Identify usable land options and eliminate red flags in minutes

Predict



What is Pivvot?

Pivvot is Terracon’s interactive
georeferenced platform that pulls land,
social, and environmental data from
hundreds of verified sources into a visual
format.

Our professionals use it to help you
quickly understand site constraints and
opportunities in minutes for better
planning and decision-making throughout
your project’s lifecycle.

Predict

i ferracon
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Pivvot Includes

Software-as-a-Service (Saas) platform which:

« Streamlines siting, suitability analysis, and
permitting with location intelligence

« Significantly reduces project schedules by
over 50% and saves money

 Adds situational context to asset
information

« Empowers clients to navigate regulatory
compliance and reduce operational risk

Predict
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STAGETY

Data-driven, expert opinion of site risks to learn more
and refine your search without on-site investigation

Predict
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Area F{eprésented: SSURGO Soil Series Riverhead
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GROUNDWATER

MATERIAL DESCRIPTION

|1 SILTY SAND (SM)

[} loose to medium dense

1 SILTY SAND (SM)

| [:{ medium dense

POORLY GRADED SAND (5P)
medium dense to dense

"~ End of Expectzd Lithology at 50 feet

Area Represented: SSURGO Soil Series Wiota
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MATERIAL DESCRIPTION

LEAN CLAY (CL
medium stiff to stiff

;)| POORLY GRADED SAND (SP)

lomse to medium dense

LEAMN CLAY (CL

stiff to very stiff

End of Expected Lithology at 50 feet
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Stagel Features

« A top-level summary of anticipated geotechnical, subsurface
environmental, cultural, wetlands/waters, and federal
protected species conditions and constraints.

« Tables of detailed considerations prepared and reviewed
by local and national Terracon subject matter experts
(engineers, environmental planners, ecologists, biologists,
cultural resource practitioners).

« A Smart Work Plan with recommended next steps to confirm findings
and expedite your project development.

« An interactive, online platform, Compass, with filtering tools and additional .
GIS layers to customize and view data in real time. ‘\.\

Predict
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Real Project Study

Predict
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Real Project Study




Rapid Data Acquisition

Screen the Site
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What Does it Mean, to Screen?

Collecting surface to subsurface data with minimal to no destruction required.

Transient Electromagnetism (TEM)

Frequency Domain Electromagnetic Induction (FDEMI)
Electrical Resistivity (ER)

Seismic Refraction (SR)

Multi-Channel Analysis of Surface Waves (MASW)
Magnetometer (MAG)

Ground Penetrating Radar (GPR)

Ultrasonic Pulse Velocity (UPV)
Profometer And so much morel!
Light Detection and Ranging (LiDAR)

Interferometric Synthetic Aperture Radar (InSAR)

Photogrammetry

DroneMAG

DroneEM

Sub-bottom Profiling A
Bathymetry '\. |
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To Screen or Not to Screen
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(RIS &t ARy

On/In water Uhder br‘idgeé Confined spaces Limited drill rig access

Explore
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Safe
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Real Project Study - Continued

Inverted Resistivity Section
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Real Project Study - Continued
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Realized Results
Data-Powered Field Exploration




Proper Methods

Choose methods based on knowledge of
expected/predicted conditions:

« Standard Penetration Testing (SPT)
- but not just SPT

« Cone Penetration Testing (CPT)

* Pressuremeter Testing (PMT)

« Dilatometer Testing (DMT)

* Vane Shear Testing
 Measurement While Drilling (MWD)
« Additional Geophysics

« Environmental- High Resolution Site
Characterization (HRSC) tools

i ferracon
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Proper Methods

Choose methods based on knowledge of
expected/predicted conditions:

« Standard Penetration Testing (SPT)
- but not just SPT

« Cone Penetration Testing (CPT)

* Pressuremeter Testing (PMT)

* Dilatometer Testing (DMT)

* Vane Shear Testing
 Measurement While Drilling (MWD)
« Additional Geophysics

- Environmental- High Resolution Site
Characterization (HRSC) tools
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Typical CPT Sounding Log

CPT Completed: &/16/2023

D{nf[:;:h Tip Itas(i;t':-;ncu, a Slem{:;:;tion, 5, Frictiu? q:;:u'o, F, P"“’E‘r uy szi‘?é%??g%he DFfQT

Note the detail in the data
identifying the layering of
the soils and capturing the
variation of the soil profile.

See Exploration and Testing Pracedures for a description of Mield
and laboratory procedures used and additional data, if any.

See Supporting Information for explanation of symbals and
abbreviations.

Notes

Test Locatlon: Sae Exploration #an

CPT Equipment

CPT Rig: #521

Operator: R. Bauer

Auger anchors used as resction fares

CPT sensor callbration reports avallable upon request
Probe No. 5226 with net area ratio of .86

U, pore pressure transducer lecation

Manufactured by Geotech A.B.

Tip and sleeve areas of 10 cm” and 150 cm®

Ring friction reducer with ©.0. of 1.9685 In

Water Level Observation Mormalized Soil Behavior Type
(Robertson 1950}
& 41 ft measured water depth Wl sersitive, fine grained

{used in normalizations and corelations) 2 Oraanic ssls - clay
= oy - sty clay o clay

¢4 Sitt moctures - dayey silk ko sity day
5 Sand mixtures - Silty sand 1o sandy it
& Sands - cesn sand o siity sand y
7 Granvaly sand to densa sand y

= very st sand to clavey sand

Wl very s fine grained

Facilities | Environmental | Geotechnical | Materials \
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CPT Sounding, Data Redacted

CPT Completed: 6/16/2023

Material
Depth Tip Resistance, q, Sleeve Friction, f, Friction Ratio, F, Pore Pressure, u; Description 0|
(ft) (tsf) (tsf) (%) (tsh) Normalized CPT (o)
© Dissipation Test Soll Behavior Type
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See Exploration and Testing Frocedures for a description of flald CPT Equipment Water Level Observation Mormalized Soll Behavier Typa

and |aboratory procedures used and additional data, if any.

CPT Rig: #521
See Supporting Infarmation for explanation of symbels and
abbreviations.

Operator: R, Bavar

Auger anchors used as reaction force
Notes CFT sensor callbration reports avallable upon request
Test Location: Sae Exploration Flan Proba No. 5226 with net arca ratia of 86

U pore pressure transducer location

Manufactured by Geotech AB.
Tip and sleeve areas of 10 em® and 150 cm®
Ring friction reducer with 0.0 of 1.9685 in

{usad in mo

{Robertsan 1990}

¥ 41 ft measured water depth l: sersttive, fine grained

rimelizations and correlations) .‘1 Ceganic sals - clay

Wl oy - silby clay ta clay
¢ sitt mixtures - clayey silt to sty clay
anc mixtures - silty sand o sandy sit
& Sands - dean sand b silty sad
7 Grawslly sand to dense sand
e very st sand ta clayey sand
W5 very st fine grained

Facilitias | Environmaental | Geotechnical | Materials

CPT data has been removed
and only plotted as collected
with SPT sampling on 5-foot
centers.

Reduced data diminishes the
ability to identify soil profile
discrete layering and strength
variations.
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Comparing CPT & SPT Profiles

CPT Completed: 6/16/2023

Material Material

Depth Tip Resistance, q, Sleeve Friction, f, Friction Ratio, F, NDDr'n’-';:l'l':';‘ni':{;T Depth Ngfm";’ilzzggl'q Depth
(ft) (tsf) (tsf) (%) Sail Behaviar Type  (1t) Soll Behavior Type (T8

1231485678 12345678
W - N S

This side-by-side comparison
shows the benefits of CPT's
continuous sampling profile
and the ability to identify
discrete layering leading to a
better understanding of the
subsurface conditions and soil
strength parameters.
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See Exploration and Testing Procedures for a description of field CPT Equipment Water Level Observation Mormalized Sol| Behavior Type
and labaratony procedires Used and additional data, if any. s {Robertsan 1990)
i:
See Supporting Information for explanation of symbaols and BT O ¥ 41 f measured water depth [l sensivve, fine grained
i ) vator: R, Bauer . - ) o I

abbreviations - {used in normelizations end correlations) 7 ©ganic sois - clay

Auger anchors used as reaction force £ ([Epe CE @ D
Notes .

CPT sensor callbration reports avallable upon request

. -4 Sl mintures - claysy silt to siky day - L -1 -
Test Location: Sea Exploration HMa Frobe Mo. 5226 with net area ratio of &6 5 Sand mixtures - siity sand o sandy it SOI I Stra tl fl Cat IO n

U, pore pressure transducsr locatian 6 Sans - clean sand to silty sand 2 -
Manufactured by Geotech AB. 7 Gravally sand to dene sand Ba S ed O n S PT ] \
Tip and sleeve areas of 10 cm® and 150 em® .u wery stiff sand to clayey ssnd . |
Ring friction reducer with 0.0. of 1.9685 in W= very som fine grainea sa m p | I n g d ata . \

Facilities | Environmental | Geotechnical | Materials




Data Enriched?

Borehole
L 272044
Machine
3126GT-2
Drilling Bit
Core bit

i ferracon

Explore withus

Project

US 74A Gerton Highway 3in

Creation date
011772025

Ending date
01/17/2025
Drilling Duration

Drilling Bit Diameter | 1 h31 min 27 s

Drilling parameters
Starting Position GPS location (lat, lon)

165t 354575424 -82.3010712
Ending Position GPS altitude
35853 ft 16725 ft

Length Inclination X
2003 ft /

Depth Elev. EVR AS (fymin) TP (pai)  TQ(psi) TPAF(bH  HP (psi} TQAT RSP (mpm)  IP(psi) IF (gal/min)
(f)  (ft) (Iaf=Fr)
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i ferracon

Typical 50' boring

SPT borings yields 12 "N Values"
CPT sounding yields 600+ data sets

MWD will continuously measure the
torque, crowd, water pressure, insertion rate

Friction Ratio, F,

" Sleeve Friction, f,
(tsf) (%)

Enriched with
geophysics data

— the complete

picture.




Realized Results

No guessing or broad interpretation
between sample points

Even though its more data, it's
collected faster and more safely:

o Enables broader site coverage

o Reduced risk with Geophysics to
understand variability spatially
between intrusive testing locations

Apply the best tool for the job

More accurate and repeatable
Vibrant Visualization

i ferracon

Visualize



Please type your questions into the Q&A feature at the top of your screen.

Jacob Spinsby

National Manager,
Geophysical Services

(303) 454-5213
Jacob.Spinsby@terracon.com

Levi Denton

National Manager, Geotechnical
Site Characterization Services

(919) 436-2950

Levi.Denton@terracon.com
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