A CASE FOR WIND

FARM CONSTRUCTION

An in-depth review of the construction
phase of'the Wild Horse wind farm
project reveals a unique approach

that led to a successful outcome
N Y
for everyone involved. "«
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THIS PAPER PRESENTS A GENERAL INTEREST con-
struction topic and introduces the unique techniques
used to manage and construct a wind turbine elec-
tricity farm that was completed in 2006. Although
many construction and management issues associat-
ed with other types of construction projects are com-
mon to these facilities, the design and construction
of a wind power project is relatively new and unique.
By gathering information through a series of person-
nel interviews and job site visits, special coverage is
given to the contracting system, foundation design
and construction, civil construction, tower and tur-
bine erection, and electrical distribution system.
Similar to a case study, the paper also presents dif-
ficulties encountered during construction and how
these challenges were overcome through continued
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cooperation, communication, and teamwork by the
construction professionals delivering the project.

INTRODUCTION

Wind power has been in use for centuries, and it has
become the leading mechanically-based source of re-
newable energy (Dodge, 2006). Since the 1970s large
interconnected wind-driven turbines and generators
have been constructed in “farms” to generate elec-
tricity. Recently these farms have become enormous,
using large wind turbines, blades, and towers. While
some of the design, management, and construction
issues associated with other types of construction
projects are common to these facilities, large wind
farm construction of a magnitude presented in this
paper is relatively new and offers unique challenges.



This paper presents the results of a series of
interviews and job site visits to a large wind farm
under construction. The objective of the paper is
to present a general interest topic to construction
educators. Additionally, in a case study format sug-
gested by Kardos and Smith (1979), the paper iden-
tifies the challenges encountered on the project and
how these challenges were overcome.

PROJECT OVERVIEW

The Wild Horse project is owned by a public utility
company, and it is located on approximately 9,000
acres of shrub-steppe land about 140 miles east of
Seattle, Washington. The project is a 229-mega-
watt capacity wind-powered electrical generating
facility with 127 wind turbines. The generators are

connected through underground cables to a central
electrical substation, which in turn delivers power
to the main power grid. To provide access to each
tower, over 32 miles of roads were constructed. Civil
construction began in September of 2005, and the
380 million dollar project had 100 percent of the gen-
eration capacity commissioned by the end of Novem-
ber 2006.

PROJECT ORGANIZATION
The project was financed and managed by a public
utility company, referred to as the owner in this paper.
The utility company provided overall project man-
agement from an owner’s perspective, and all of the
construction work was contracted to private firms.
Figure 1 shows the major contracts between the own-
er, prime contractors, and major subcontractors.
Owner: The owner contracted with two major
organizations, the tower/turbine supplier, and a de-
veloper to manage the majority of the construction
contracts. The owner also contracted separately to
construct portions of the work that were familiar to
the owner, such as power line construction. The own-
er was also responsible for the major planning of the
project, including obtaining a State Environmental
Policy Act (SEPA) permit. SEPA is a state policy that
requires state and local agencies to consider the likely
environmental impacts before approving proposed
project. Additionally, the owner provided on-site
project management, quality control, and documen-
tation during construction of the project.
Tower/Turbine Supplier: The towers and turbines
were designed and manufactured by a firm from
Denmark. Towers are made of steel and were con-
structed in three sections totaling 221 feet in height.
They were manufactured in Vietnam, and each tower
is topped by a 1.8-megawatt nacelle weighing 75 tons.
The nacelle houses the turbine, gearbox, transform-
ers, generator, and mechanical and control devices.
Each nacelle is driven by three 129-foot long blades
that can vary their pitch and are designed to produce
power from wind ranging in velocity from about four
mph to a cut-out speed of 25 mph. The tower/turbine
supplier subcontracted the erection of the towers, na-
celles, blades, and initial commissioning, but was re-
sponsible for the final commissioning of these items.
Developer: The owner contracted with a “develop-
er” for most of the construction work. The developer
acted as a “Construction Manager (CM) at risk,” with
a Guaranteed Maximum Price (GMP), GMP-CM
type of contract (Mincks and Johnson, 2004). The
title of developer originated because the developer
initially proposed the wind farm, but later sold the
project to the utility company once it was approved
for construction. The contract between the owner
and developer was negotiated but the developer used
lump-sum bid contracts to buy out the remainder
of the construction work. The developer has also
become the balance-of-plant contractor, securing a
contract with the owner to continue to operate and
maintain the wind farm.
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PROJECT CONSTRUCTION

Roads and Quarries: The 34-foot wide roadbed was
designed and constructed to accommodate the width
and weight of a 31-foot wide crane and included a
16-foot wide compacted crushed rock surface for ve-
hicle travel. Because of the size of the cranes, the road
design also limited vertical grade, vertical curves, and
side slope of the travel surface.

To allow erection of the towers, a crane pad was
constructed near each tower site using small dozers.
The soil was primarily hard fractured basalt that re-
quired ripping, but there

is 14 feet in diameter, and the inside CMP is 10 feet
in diameter. After excavation, a rough-terrain crane
was used to lift and set the outside CMP in the hole.
The CMP was then stabilized using concrete gravity
blocks and cables and then backfilled on the outside
with a 300 psi compressive strength cement-based
slurry. Post-tensioning for each concrete foundation
“ring” was provided by a “bolt cage” consisting of 120
high-strength bolts. Because the bolts serve as the
post-tensioning mechanism, all but the ends of the
bolts were encased in a greased sleeve. The cage was

assembled in an upright

were also areas of soft com-

pressible silt that required Owner

position by a crew who
first fitted the tops of

use of geo-textile fabric.
Two on-site quarries were
centrally located. Portable
crushers were used to pro-
duce 1 % inch minus and

Tower/Turbine
Supplier

the bolts into a steel ring
template that matched
the bolt pattern in the
base of the towers.

The bolt cage was then

% inch minus basalt aggre-

gate, which was later used
both to make concrete at

the mobile concrete batch

Roads | i Foundations | lifted from the founda-

— - tion hole by a crane and
[Environmentall U/GUtities | || Substations | the bottom steel embed-
[ Power Lines | — Buildings | ment ring was perma-

plant, and as a final surfac-
ing for the roads. With the
exception of a portion of
the concrete sand, all of the
aggregates for the project
were provided by the on-
site quarries.

Foundations: The tow-
ers are supported by a cast-
in-place, post-tensioned,
two-foot thick concrete
“ring” ranging from 25 to
32 feet in length. A drill
core sample was taken at
the center of each founda-
tion location to aid in the
preparation of a geotech-
nical report. Each tower
foundation was located in
the field using Global Posi-
tioning System (GPS) tech-
nology. Since drilling and
blasting was required for
most foundation locations,
a drilling crew drilled the
rock to a depth of two feet
beyond the design depth of
the foundations. Drilling proceeded at the rate of two
to three foundations per day, followed by blasting of
four to five foundations per day. An excavating crew
followed the blasting crew using an extended-boom
excavator ranging in size from a Caterpillar (CAT)
320 to a CAT 365. Foundation excavation continued
at the rate of one and one-half to two foundation
holes per day.

Each tower foundation consists of a post-tensioned
high-strength concrete ring formed by two Corru-
gated Metal Pipe (CMP) forms. The outside CMP
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Fig. 1: Project organization.

Fig. 2: Lowering assembled bolt cage.

nently attached, with a
nut on each rod beneath
the ring. Next, the inner
CMP was lowered into

the foundation hole, fol-

lowed by the bolt cage,
as shown in fig. 2. This
assembly was then cen-
tered between the two

CMPs and cribbed to the

proper elevation.

The center of theinside
CMP was then backfilled
using the foundation
excavation spoils. This
material served primarily
as ballast for the foun-
dation and compaction
was not necessary. Next,
formwork for a 12-inch
thick reinforced concrete
floor was constructed on
top of the foundation.
In a monolithic pour,
the concrete foundation
ring and tower floor was
placed and vibrated, uti-
lizing concrete with a 5,000 psi compressive strength.
Approximately 12 of the foundations were located in
areas of poor soil and required a square reinforced
concrete “collar” four to five feet thick and four feet
below grade, as shown in fig. 3. Tower sections were
later bolted to each foundation, with one ring of bolts
on the outside and one ring on the inside. Bolts were
tensioned in a specified sequence to provide the pre-
stressing force for the concrete foundations and to
permanently anchor each tower base section.

Tower; Nacelle, and Blade Erector: The erector



was a US.-based firm that subcontracted with the
tower/turbine supplier to erect the towers, nacelles,
and blades, and to transport these large and heavy
items from the port to the job site. The erector also
prepared, installed, and pre-commissioned the in-
ternal components of each nacelle. The erector used
two cranes: a 359-ton wheel-mounted crane, and a
550-ton crawler crane. Additional support equip-
ment such as rough terrain forklifts, small wheel-
mounted cranes, and maintenance vehicles were also
employed. Prior to beginning work, this contractor
had to plan and execute a major mobilization effort
that involved 43 tractor-trailer loads of equipment.

Towers, nacelles, and blades were manufactured
overseas and transported by ship to Portland, Or-
egon, where they were unloaded and moved by truck
to the site. Once each nacelle was

W e
Fig. 3: Pumping concrete
foundation in soft soil.

collar around completed

on site, the blade hub, which con-
tains the blade connection points,
controllers and bearings, was con-
nected to the nacelle in a marshal-
ling yard, as shown in fig. 4.

Each tower base section could
be set in winds up to 30 mph,
while other components could not
be set if the wind speed exceeded
22 mph. The upper two sections
were initially lifted in a horizontal
position. Then, as each section was
raised, it was turned upright, using
special rigging, and then set on the
previous tower section. Tower
sections were bolted together
from inside the tower. Base and
center tower sections were set by
the wheel-mounted crane, but the
larger crawler crane was used to
lift and install the upper tower sec-
tions and nacelles. Figure 5 shows
the wheel-mounted crane with
the tower base section installed,
but installation of the center tower

section has been delayed due to -
high winds.
Electrical Distribution: The .

main electrical substation for the
wind farm was constructed at a lo-
cation central to a majority of the
towers. This substation steps up
the incoming power (34,500 volts)
from each tower to match voltage
in the power grid and is connect-
ed to the grid through overhead
high-voltage transmission lines.
Each wind tower is connected
through underground wires to
the main substation. To reduce
heat buildup due to a combina-
tion of the high voltage and high
ambient temperature of the site
in the summer, the underground

Harnessing Wind Energy.
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power of wind. We have what it takes to support
the fast emerging business of wind energy:

» Diversified manufacturing base and supply
chain networks

Strategic location with access to markets
Multimodal transportation - rail, road and water
* Highly experienced workforce

» Proactive regional and municipal government

think niagara. think original.

ORIGINAL THINKERS-I!

ORIGINAL INNOVATORS.

See us at Booth #1028 at CANWEA 2009
or visit www.niagaracanada.com

garacanada.com

windsystemsmag.com 51



power distribution system had to be very carefully
designed and constructed. The design called for a
deep trench and backfill of bedding sand to ensure
heat buildup would not damage the cables or reduce
their design life. Additionally, in parallel but separate
trenches, fiber optic control and monitoring cables
were installed between each tower and the main
control building located at the entrance to the wind
farm. A large chain trenching
machine was used to excavate
these trenches, as shown in fig.
6. All underground splice boxes
for these cables were located us-
ing GPS technology and recorded
on a master as-built set of prints
and logs.

CASE STUDY

Project Management Challenges:
The contract between the owner
and the tower/turbine supplier
had an unusual force majeure, or
act of God, clause. The contract
allowed a maximum of 13 days
to be considered in the project
schedule as a force majeure de-

lay. This type of clause entitles

the contractor to a contract time

extension, but not monetary

compensation (Collier, 2001). If
weather-related delays exceeded

the 13-day limit, the contract re-

quired the owner to reimburse

the contractor for additional

expenses incurred. The contract

was structured in this manner

to share the risk of high wind

days that could have potentially

caused delays during the tower/

turbine erection process.

One of the major challenges
of this project from an owner’s
perspective was obtaining the
SEPA permit. Since most of the
towers were located on public
land, the owner worked with
seven different public agencies
to ensure compliance with com-
plex environmental regulations.
Additionally, the construction
of the wind farm in an environmentally sensitive
area, and the effects of transporting large equipment
and heavy loads, had to be considered. The owner
faced some risk challenges due to the relatively tight
schedule, which required completing the project be-
fore January 1, 2007 in order to receive favorable tax
credits. Also, the relatively remote location and large
site resulted in resource delivery and allocation chal-
lenges.

The tower/turbine supplier was very successful on
this project, primarily because of the seasoned per-
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Fig. 4: Assembly of nacelle in
marshalling yard.

Fig. 5: Erecting tower base with
wheel-mounted crane.

sonnel this contractor was able to bring to the proj-
ect. These people were experienced in wind farm
construction, having recently completed a similar
project. They also were capable of repairing damaged
wind turbine blades on site. Due to their diligence,
minimal punch list items were discovered during
commissioning. They also hired a wind tower erec-
tor who was open to suggestions to increase erection
efficiency. Teamwork between
the developer’s subcontractors
appeared to be a major factor
in the success of this project.
This spirit of cooperation was
prevalent throughout the proj-
ect, primarily as a result of on-
going communication between
all parties involved. Although
one of the major subcontrac-
tors is normally a competitor
to the developer, this competi-
tive spirit fostered efficiencies
instead of creating tension.

Project Construction Chal-
lenges: The project got off to a
slow start in the spring of 2006,
due to unusually wet weather.
Although located in what is es-
sentially a desert, the area had
-}i deep winter snow and under-
: ground water that created wet
El soil problems. This caused a
delay in the construction of the
roads. The mobilized founda-
tion subcontractor pulled off
the site for a few weeks, and
the tower erector did not mo-
bilize until later than was origi-
nally planned. After favorable
weather allowed the soils to
dry, construction of the roads
proceeded in a timely manner.
Other subcontractors were
then able to make up lost time
by properly managing their
crews and equipment.

One of the challenges dur-
ing foundation construction
was avoiding over-excavation
for each round foundation in
the blasted, basalt rock. Since
this was accomplished using large excavators with
extended booms, the operators were not able to see
the bottom of the holes, and any over-excavation
resulted in extra slurry backfill around the out-
side of the CMP forms. Another challenge was the
transportation of the 30-foot long CMP foundation
forms. Their large size meant that only two CMP
forms could be transported over public highways on
one truck. This resulted in 127 deliveries. Another
issue that became apparent during the construction
process was that the embedment ring located on the
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bottom of each bolt cage needed to be washed clean
of any backfill spoils for the post-tensioning process
to work properly.

The erection contractor used a Just-In-Time (JIT)
delivery system to maximize production and make
use of a limited lay-down area. JIT delivery of com-
ponents allowed for an efficient production sched-
ule; however when a delay at the site occurred it
caused a potential backlog of tower sections, either
at the site or on the docks, where the contractor was
exposed to extensive site storage charges. The spe-
cialized rigging, as shown in fig. 5, allowed the use of
only one crane to lift and tilt the tower sections. This
also minimized the effects of wind on lifting equip-
ment. Additionally, work started as early in the day
as possible to avoid afternoon winds.

Because of the dispersed location along ridges,
the towers were installed in groups based on their

Fig. 6: Maintaining the chain trenching machine.

location. The erection process consisted of first
setting the tower base and center sections using
the more mobile wheel-mounted crane. Next, the
larger crawler crane hoisted the top tower section,
followed by the nacelle and then each of the three
blades, before moving to another tower. Due to the
crawler crane’s slow travel speed, it was moved from
one group of towers to the next during the night.
The use of modern and relatively new cranes, com-
bined with a maintenance staff that had ready ac-
cess to crane replacement parts delivered by air,
kept downtimes of the two main lift cranes to a
minimum.

The nacelles were extremely heavy and had to
be transported to the site on special trucks. Nacelle
construction was completed in the field, because the
nacelle with the hub and its components attached
was too heavy to be transported on public highways.
By establishing an on-site marshalling yard and de-
veloping an efficient assembly operation, this pro-
cess did not hamper the progress of the project.

One of the major challenges of building the elec-
trical and control cabling distribution system was
excavating in the basalt rock. Basalt is hard and ho-
mogeneous, and therefore is a difficult type of rock
to excavate. The power distribution subcontrac-
tor employed two large Vermeer chain trenchers

capable of excavating a two-foot wide trench to a
depth of 10 feet. Due to the hardness of the basalt,
cutting teeth had to be replaced frequently on these
machines, sometimes after only 30 minutes of op-
eration. Because of unanticipated trencher break-
downs, the power distribution subcontractor had
to mobilize an additional trencher, and had to work
overtime to complete this portion of the project in
a timely manner.

CONCLUSION

The Wild Horse wind farm is a unique and large-
scale construction project. The uniqueness is the
result of the remote, scattered distribution of the
towers, specialized foundations, and large heavy-lift
items located in a windy environment. This project
required the owner, designers, and contractors to
work together and to maintain constant communi-
cation and a spirit of cooperation to keep
the project on schedule. Risk sharing
clauses in the contract, a Just-In-Time
delivery system for the major compo-
nents, experienced personnel, and on-
site repair capabilities also contributed
to the project’s success. As a result, the
project was completed on time to take
advantage of tax credits available for this
type of power production. It was also
very successful from a safety standpoint.
With the blasting, deep excavation, and
heavy lifting there was the potential for
a catastrophic accident, yet the only lost
time on the project was the result of lim-
ited minor injuries. The owner provided
on-site management, daily observation, and quality
monitoring, and was very satisfied with the com-
pleted project. A
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