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ABSTRACT

The Aeolus — Jim Bridger Transmission Line Project is located in southern Wyoming, home to some of the
largest coal seams in the world. Coal seams present unique challenges to underground construction, as they
are at high risk of coal-seam fires and do not provide a reliable bearing stratum. Accurate identification of
these hazards was essential for reliable design and successful construction of foundations on this project;
however, environmental restrictions and other protections created short time frames to access several sites.
Coupled with a firm construction deadline, this meant that a comprehensive geotechnical investigation prior
to construction would not be possible. This paper presents the project as a case study, and details how an
Engineer-Procure-Construct (EPC) contracting format supported by a comprehensive Quality Assurance
(QA) program provided a solution to the defined challenges. It describes the initial design process using
incomplete geotechnical data and explains how the developed QA program verified design assumptions
and reduced geotechnical risk through early identification of geologic conditions during construction.
Specific examples will be given, and industry implications will be discussed.
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INTRODUCTION

Long linear infrastructure projects like those found in the electric power industry present unique challenges
to the design and construction of deep foundations. A single alignment can traverse hundreds of miles and
encompass a diverse range of subsurface conditions. Comprehensive pre-construction geotechnical
investigation programs may be unfeasible due to economic and regulatory factors, resulting in these
programs being implemented simultaneous to foundation construction. In these instances, a proactive and
dynamic QA plan can be instrumental to the success of an EPC contracting format, and add substantial
value to the project. It allows foundation designs to be adjusted to accommodate changes in conditions
while minimizing or eliminating associated construction downtime.

Paired with a collaborative EPC team, the comprehensive QA plan developed for the Aelous - Jim Bridger
Transmission Line Project played a pivotal role in the identification of unanticipated or problematic
subsurface conditions, and ultimate on-time completion of construction.

PROJECT CHALLENGES

The project consisted of a new high-voltage electric transmission line in southern Wyoming. The
approximately 138-mile line includes both 500 kV and 345 kV sections, and a total of 551 structures. 518
of the structures are four-legged lattice steel towers supported on drilled shaft foundations, and 33 are a
combination of direct-embedded H-frame poles and drilled shaft supported three-pole structures.
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Figure 1. Aeolus - Jim Bridger Alignment Map

Challenging subsurface conditions in the area played a pivotal role in structuring the EPC contract and were
a major factor in foundation design. As the largest producer of coal in the United States, Wyoming is home
to some of the largest coal seams in the world. Coal seams present unique challenges to underground
construction as they are at risk of coal-seam fires and do not provide a reliable bearing stratum. When coal
is encountered, foundations should ideally be extended beyond coal material and into a competent bearing
stratum.

A geotechnical investigation was commissioned prior to construction, but was limited in scope. As is
common in the electric power industry, several structure sites were subject to biological variance
restrictions and were not accessible prior to the planned April 2019 construction start. Delaying construction
to conduct a supplemental investigation was not an option as foundation work was required to be complete
before the first major snowfall. Given the large scope of work and somewhat unpredictable end date, it was
determined that any subsequent geotechnical data would need to be obtained during construction.



EPC: TRANSFERRING RISK

Under a traditional design-bid-build contracting format, the limited geotechnical information and increased
potential for encountering subsurface challenges on this project would have presented a high-risk situation
for the owner. A foundation design package would have been released to bid, and the owner would have
taken on responsibility for the adequacy of the designs. Any changes in conditions encountered during
construction would have resulted in change orders with the potential to delay construction and increase
costs.

Under a lump sum EPC contract, the risk on this project was effectively transferred to the selected EPC
team, including the Engineer and Contractor, which assumed responsibility for developed designs and
pricing.

DESIGN APPROACH

The Owner provided preliminary foundation design takeoffs at the bid level and the EPC team performed
engineering analyses to identify potential areas of risk and opportunity. Design profiles were developed
from provided geotechnical data, which included 118 soil borings. Field and lab test data gathered from the
soil borings were evaluated to determine suitable strength and stiffness correlations for soil and bedrock on
the project. A geologic desktop study was then performed, focusing on the various surficial and bedrock
geology mapped along the alignment. The desktop study was key to establishing a range of potential
geotechnical conditions at sites where geotechnical data was sparse, and to identifying locations where coal
was probable.

A risk assessment was conducted at locations where risk and uncertainty were identified in the subsurface
conditions. This was intended to capture the impacts geotechnical variability might have on the foundation
design. Where coal was expected to be encountered, foundations were designed to satisfy strength and
service requirements considering a strength of coal material that was reduced from what was reported in
the project-specific geotechnical reports. If coal seams were encountered in construction, the excavation
would need to be extended to a minimum of one foot beyond the coal seam to provide sufficient bearing
capacity in competent material.

Foundation designs are often developed irrespective of tooling and construction approaches used by the
awarded foundation constructor. Early collaboration within the EPC team identified the Contractor’s
preferred tooling sizes and construction approaches for unstable excavations or when encountered soil
conditions varied from the design expectations. This information directly influenced the design approach,
and final foundation designs were developed with mobility and adjustability in mind. This type of forward
thinking is a major benefit of the EPC structure, as it enables the Contractor to shape foundation designs
with construction efficiencies in mind.

Early review of Owner standards and project requirements allowed the EPC team to identify prescriptive
requirements which could have major impacts on construction productivity. One such instance was an initial
requirement to place concrete within 12 hours of foundation excavation. Due to the remoteness of many
foundation locations, it was likely that excavations at a given structure site may not have concrete available
until the following day. Collaboration with the Owner resulted in relaxing the timeline to 24 hours, with
engineering inspection required for any excavations that did not meet this specification. This modification
resulted in more efficient construction planning, reducing risk to the EPC team and the overall construction
schedule.

The final design package consisted of drilled shafts 3 to 5 feet in diameter and up to 46 feet deep to support
lattice tower; drilled shafts 7 to 9 feet in diameter and up to 22.5 feet deep to support tubular steel pole



structures; and direct-embedded pole excavations 5 feet in diameter and up to 21.5 feet deep. Geotechnical
strength was evaluated utilizing a Load and Resistance Factor Design (LRFD) approach. Performance was
evaluated at factored loads and allowed for a maximum total deflection of four percent of the foundation
diameter, a maximum total rotation of one degree, and a maximum vertical settlement of one inch. Drilled
shaft reinforcing steel was designed in accordance with ACI 318-14 and ACI 336.3R-14.

MITIGATING RISK THROUGH QA

Foundation designs allowed for flexibility based on conditions encountered in the field; the success of
which hinged on the development and implementation of a robust, proactive QA program. Licensed,
professional geologists with prior foundation construction oversight experience would be onsite to oversee
the Contractor’s Quality Control (QC) program, verify encountered geotechnical conditions against the
design assumptions, and assist in anticipating and facilitating required design changes. The program was
tailored to allow for real-time design support throughout construction with little to no delay, and was
accomplished by establishing an interactive network between the Owner, Engineer, Contractor and QA/QC
team.

The risk assessment performed during the initial design phase provided the Engineer with an understanding
of the impact, in general terms, that specific changes in geotechnical conditions could have on foundation
designs. This allowed the EPC team to prepare for a much broader range of possibilities, and substantially
streamlined the construction process. Communication and transparency between all project members were
vital to identifying and classifying subsurface conditions, managing expectations, and executing any design
adjustments in a timely manner.
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Figure 2. Typical Hole Conditions

As a proactive measure to avoid schedule delays, the QA program was also heavily intertwined with the
supplemental geotechnical investigation. Sites were given priority based on planned construction schedules
and deductions made from analyses at previous sites. As an example, if a coal seam was encountered at a
site, the team could review the size and orientation, and conclude with some accuracy whether that
particular coal seam would impact subsequent sites. The western portion of the project featured fairly flat
topography and allowed for a simple analysis of coal seam behavior, whereas the eastern portion featured
more undulation, requiring more involved and subjective projections. Sites that were suspected to be



impacted by encountered coal seams could be prioritized for additional geotechnical data, allowing any
required design changes to be made prior to construction instead of during.

Information from historical aerial images and mine data was also considered. As an example, coal mining
was particularly prevalent near the eastern portion of the alignment and further review of the data revealed
several areas of concern at or near structure locations. One site in particular rested directly on top of an
overburden pile from strip mining in the early 1900°s. As shown in Figure 3, aerial images from the 1990’s
show the overburden much more clearly than recent images, where the site has been covered in vegetation.
The analysis allowed the team to identify a potentially problematic area ahead of construction. This site
was prioritized in the supplemental geotechnical program, and the acquired data allowed Engineering to
make the necessary design adjustments to accommodate the unconsolidated and uncontrolled overburden.
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Figure 3. Aerial Images Showing Structure on Overburden Pile

The foundation drawing set included soil profile descriptions that represented the conditions assumed at
each structure location. This provided the Contractor and the QA personnel a quick reference during
construction as to assumptions made during design. QA made observations onsite and relayed any change
in conditions to Engineering in real-time. The Contractor knew immediately when design alterations were
required to meet encountered conditions, and updated designs were often released within a few hours of
change notification. Differing from past programs, which tried to classify subsurface material extracted
from the excavations in too much detail, the EPC team focused this program on the behavior of the
excavation as it was being drilled. With a rock auger of this size, it was difficult to gain much from analyzing
the cuttings produced. Instead, the program focused on monitoring and analyzing the shape and
characteristics of the excavation (i.e. sidewall sloughing, swelling, and overall stability) and performance
of the drilling equipment. This method of characterization contributed immensely to consistency across the
project and is a major step toward standardizing a QA program for future endeavors.

CONSTRUCTION

Design alterations resulting from a change in conditions included eleven sites where the encountered soil
profile did not match what was anticipated; four unexpected coal seams; two coal seams that were larger
than anticipated; and one instance of unexpected groundwater. Two of the most extreme examples will be
described as Site A and Site B.

At Site A, a large unexpected coal seam was identified by QA personnel and communicated to Engineering.
The thickness, orientation, and depth of the seam varied at each of the four lattice tower legs, and the
foundation designs were analyzed separately.



Original drilled shaft designs at all four legs were to be 3 feet in diameter and 15 feet deep. At leg one, the
coal seam extended from 7 to 14.5 feet below the ground surface, and the design was required to be extended
1.5 feet to an embedment depth of 16.5 feet. At leg two, the coal seam extended from 6.5 feet to 13 feet
below the ground surface, and the design was required to be extended 1 foot to an embedment depth of 16
feet. At legs three and four, a 4- to 5-foot coal seam was encountered at depths of 17.5 feet and 18.5 feet
respectively. Analysis of the shafts at these legs showed sufficient geotechnical resistance when the shaft
was extended to one foot below the bottom of the coal seam, per the project requirements.

Figure 4. Coal Encountered During Drilling

The analysis at Site A was conducted during construction, with information continuously flowing between
QA and Engineering. QA monitored drilling activities, characterized auger cuttings, and communicated
pertinent data to Engineering. Engineering then assigned suitable geotechnical strength parameters to
bearing material and provided QA with direction on how to proceed. For each leg, engineering instruction
was efficiently turned around within two hours of receiving QA data to ensure construction schedules
remained on track.

At Site B, the encountered soils did not match the assigned soil profile. QA personnel classified them as
loose silty sands, which did not meet the required soil profile for very dense, non-cohesive soils. These
conditions were fairly consistent between the four tower legs at this location. The pre-construction design,
anticipating very dense material to depth, specified a 3-foot diameter shaft embedded 15 feet below the
ground surface.

Figure 5. Encountering Loose Silty Sands While Drilling



The change in condition was identified, characterized, and communicated to Engineering. Engineering
provided a response within the hour, specifying that the shaft be extended 6 feet to a total embedment depth
of 21 feet. Drilling continued until unanticipated fresh, strong quartzite was encountered at a depth of 20
feet. Once again, the change was identified, characterized, and communicated to Engineering. A second
redesign was efficiently developed factoring in the tooling and materials the Contractor had readily
available. The shaft diameter was ultimately increased to 3.5 feet. This change allowed for a 20-foot shaft
depth, eliminating the need to drill further through the quartzite while still meeting required capacities.

Foundation construction began in April of 2019 and was successfully completed in mid-December, before
the area received its first major snowfall.

Figure 6. Tower Erection on Completed Foundation

SUMMARY

The Aeolus — Jim Bridger Project demonstrates the cost and schedule benefits a proactive and interactive
QA program can provide to foundation design and construction under an EPC contracting format. It allowed
for preliminary designs to be developed and construction to begin despite limited geotechnical data in an
area known for subsurface hazards. It provided insight into when and where additional data should be
collected in advance of construction, and guidance when conditions encountered during construction did
not match those anticipated. The program extended from design to construction and facilitated seamless
interaction between the EPC team, leading to the ultimate on-time completion of the alignment.

Though this type of program is heavily reliant on the structure and increased communication of an EPC
contract, the electric power and other industries are seeing an increasing number of these types of
arrangements. Firm project deadlines coupled with access restrictions and variable subsurface conditions
are demanding more integration between design and construction, which opens the door for preemptive,
collaborative QA programs.
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