
12 DECEMBER | 2017

Successful wind farms  
start underground
Geogrid technology helps tame tough 
construction conditions while saving  
materials and money.
By David Lipomi

The Great Dismal Swamp 
was once a place “where the 
abundant growth and vege-

tation of nature, sucking up its forc-
es from the humid soil, seems to re-
joice in a savage exuberance, and bid 
defiance to all human efforts either 
to penetrate or subdue.” That was 
according to Harriet Beecher Stowe, 
whose novel, Dred: A Tale of the 
Great Dismal Swamp was published 
in 1856, four years after her aboli-
tionist classic, Uncle Tom’s Cabin.

The original swamp is estimated 
to have covered more than 1 mil-
lion acres from Norfolk, Virginia, 
to Edenton, North Carolina. For a 
long time, it was a refuge for run-
away slaves as well as for panthers, 
bears, and water moccasins. Lat-
er, George Washington created a 
company that attempted to tame 
the muck, and Patrick Henry built 
another to carve canals through 
the swamp’s miserable morass.

Today, much of the Great Dis-
mal Swamp has been drained and 
turned to agricultural purpos-
es. Beneath the ground that once 
was swampland, though, remains 
soggy, peat-f illed soil with high 
groundwater table levels — mak-
ing it an especially diff icult place 
to build a 104-turbine wind farm.

CONSTRUCTION CHALLENGES
Wind farms are often built in re-

mote locations where soil con-
ditions are less than ideal for 
construction. This presents a par-
ticular challenge to the engineer 
or contractor when designing and 
building access roads with heavy 
vehicle traff ic. An even greater 
test occurs in areas where the wind 
turbines are located. Heavy-lifting 
equipment, required to position 
the turbines, exerts high pressures 
on the underlying soft subgrade. 
Geogrid technology is increasing-
ly used in wind-farm development 
to tame tough conditions, to keep 
projects on schedule, and to save 
materials and money. Geogrid, in 
fact, helped to subdue the Great 
Dismal Swamp.

When Avangrid Renewables 
launched its plans to develop the 
f irst utility scale wind farm on 
22,000 acres of leased farmland in 
the former Great Dismal Swamp 
footprint, Lincoln Phillips, the 
company’s regional construction 
manager knew what he was up 
against.

“The Great Dismal Swamp 
lived up to its reputation,” Phillips 
said, referring to the condition of 
the bog-like subsoil. “We needed 
to build nearly 60 miles of access 
roads to support the wind farm, 
and we needed to be sure those 
roads would hold up. We need-
ed more than a moisture barrier; 

we needed something to act as a 
bridge under the road allowing it 
to f lex and f loat.”

USING GEOGRID
The engineering f irm working 
with Avangrid on this project 
specif ied geogrid: stiff polymer 
mesh used to stabilize and improve 
the performance of sub-soils be-
low roads and other types of infra-
structure. 
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The use of geogrid provided sig-
nif icant cost savings.

“Stone is very expensive in East-
ern North Carolina, and we need-
ed a lot of stone for the roads. We 
had to truck or rail it in and then 
take truck loads of it to the job site,” 
Phillips said. “Using geogrid meant 
we didn’t need as much gravel on 

the roads to get the ground stability 
we needed.”

The roads not only had to support 
tremendous heavy vehicle traffic 
during construction, they also had 
to withstand two tropical storms 
and one hurricane. At one point, 
the site experienced 28 inches of 
water in less than a 15-day period.

Geogrid is a stiff polymer mesh used to stabilize and improve the performance of sub-soils 
below roads and other types of infrastructure.
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“Looking at the roads afterward, 
you would have never known we 
had a drop of rain,” Phillips said.

More than a year since comple-
tion, the entire site continues to 
hold up well with no more than 
routine maintenance and no addi-
tional stone required.

The power from Avangrid’s 
North Carolina wind farm already 
has a buyer, Amazon.com, which 
has been investing heavily in sus-
tainable energy solutions. The 
wind farm began delivering power 
in December 2016. Its 104 wind 
turbines produce 208 MW of elec-
tricity — enough energy to pow-
er the equivalent of about 61,000 
U.S. homes each year.

RENAICO WIND FARM
Travel directly south almost 5,000 
miles from Elizabeth City on 
North America’s Atlantic coast, 
and you come to the Pacif ic Coast 
of Chile. Two hours inland from 
that shore is the tiny town of Re-
naico in the Araucania Region of 
Chile. For most of this farming 
town’s existence, its predominant 
geographic feature was the brown 
Renaico River, which bisects the 
area from east to west. For the 
past year, though, the landscape 
has a new highlight: It is now dot-
ted with 44 100-meter wind tur-
bines spread over 2,965 acres. Enel 
Green Power, part of the multi-na-
tional energy company Enel, com-
pleted this 305 GWh wind farm in 
2016. It wasn’t easy.

When building began in 2015, 
it was immediately evident that 
the region’s silt and soft clay soils 
would challenge the stability of 
the wind farm’s access roads, inter-
nal roads, working platforms, and 
turbine foundations. To complete 

On wind-farm construction sites, geogrids are most commonly used to reduce the required 
aggregate thickness for unpaved haul roads constructed to provide access to individual 
turbine locations.

Wind farms are often built in remote 
locations where soil conditions are less than 
ideal for construction.
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construction in a limited time 
frame and with ground deforma-
tion and shear strength restric-
tions, the construction and engi-
neering teams chose to stabilize 
the ground using geogrid. 

More than 10.56 miles (17 kilo-
meters) of internal roads were built 
between the turbines that make 
up the wind farm. In addition, 44 
temporary working platforms were 
built to support the crane during 
the installation of the wind tur-
bines. Geogrids reinforced both 
the roads and crane pads, result-
ing in signif icant savings in costly 
imported granular f ill and assur-
ing soil quality uniformity to en-
sure subgrade performance. The 
Renaico wind farm is now fully 
operational and has inspired the 
creation of other wind-energy de-
velopments in the region. Geogrid 
is now being used to support sev-
eral of those installations as well.

REDUCING AGGREGATE  
THICKNESS
On wind-farm construction sites, 
geogrids are most commonly used 
to reduce the required aggregate 
thickness for unpaved haul roads 
constructed to provide access to in-
dividual turbine locations. When 
geogrid is placed at the bottom 
of an aggregate layer, the aggre-
gate particles partially penetrate 
through the apertures of the geog-
rid. This causes confinement of 
the aggregate and stiffening of the 
road structure. By incorporating 
geogrids, a mechanically stabi-
lized layer is created for the haul/
access roads and unpaved working 

areas. Construction cost savings of 
up to 50 percent can be realized in 
the amount of aggregate required. 
Lower aggregate requirements re-
sult in less excavated material to be 
taken away from the site, and less 
aggregate to be imported, placed, 
and compacted. 

In addition to road structures, 
geogrids also can be used to reduce 
the required aggregate thickness at 
crane platform locations. The loca-
tions where turbine components are 
unloaded and lifted into position 
often present the greatest challenge 
to avoiding subgrade failure. In 
these areas, multiple layers of geog-

rids can be used to strengthen the 
aggregate section. The stiffened ag-
gregate results in an enhanced load 
distribution beneath the large static 
and dynamic loads imposed by the 
lifting equipment. This increases 
the factor of safety against a bear-
ing capacity failure in the subgrade.

The U.S. Department of Energy’s 
website, energy.gov, states that the 
United State’s total wind capacity is 
projected to be 113.43 GW across 
36 states by 2020. That’s an increase 
of 52.31 GW since 2013. It is no 
wonder that major geogrid manu-
facturers are increasing their pro-
duction capacity. 

When Enel Green Power built its wind farm in Renaico, Chile, geogrid was used to stabilize the 
ground in order to complete construction in a limited time frame. 

David Lipomi is Industry Manager — Energy and Commercial for Tensar International Corporation, the 
company that patented the first geogrid technology. Lipomi has worked with Tensar for the past 10 
years. He earned a Bachelor’s of Science, Civil Engineering and an MBA from Penn State University and 
lives in the greater Pittsburgh area.
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Offshore wind farm installation vessels 
have come a long way, keep evolving
Knowledge from the oil and gas sector has helped the wind industry 
prepare for offshore construction.
By Ajay Suda

With the installation of the 
first operational wind 
farm by Deepwater Wind 

off the coast of Rhode Island and the 
promise of the U.S. offshore wind 
market, there is a scramble to provide 
the assets necessary to transport and 
install offshore wind turbines.

The available assets in Europe 
may not be suitable for the 8- and 
10-MW turbines being contem-
plated. Moreover they have to com-
ply with the Jones Act. The Deep-
water Wind project was handled by 
shuttle vessels transporting to the 
location where the installer vessel 
was stationed. This is expensive, 
ungainly, and not suitable for large-
scale installations. The obvious 
solution is to look to the oil and gas 
sector for answers, which is ready 
and available, especially given the 
current state of affairs.

THE LIFTBOAT
The Wind Farm Installation Ves-
sel ’s (WTIV) mission closely re-
sembles that of a liftboat. Lift-
boats have been the workhorse of 
the offshore oil and gas industry 
from their very inception in south 
Louisiana. They were literal-
ly boats on legs, hence the name. 
The U.S. Coast Guard still looks 
at them as boats. 

Earlier liftboats were small, with 
limited ability to withstand offshore 
environments (70- and 100-knot 
winds). Over the years, they grew 
in size to where they are veritable 
Mobile Offshore Units (MOU’s). 
Owners have increasingly asked for 

The liftboat Al Ghweifat was built from A.K. Suda’s model SUDA 265-L3T.  
(Courtesy: A.K. Suda)
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their large liftboats to be MOU compliant or at the 
very least “MOU ready.” Some have even put drill-
ing equipment onboard and become Mobile Offshore 
Drilling Units (MODU’s).

Offshore wind farm EPCI (Engineering Procure-
ment Construction and Installation) companies need 
an agile platform that can carry heavy loads. The 
liftboat is the easiest fit. However, some significant 
changes have to be made:

Number of legs. Earlier liftboats were three-legged. 
They were wider than their four-legged descendants. 
The beam was close to the length. No serious attempt 
could be made at having a decent hull form. One of the 
first attempts made at some sort of a hull form was on 
the vessel now called the Al Ghweifat, in operation in 
the UAE. For the most part, liftboats were unwieldy 
and awkward. That was acceptable. Although they 
were self-propelled, they moved relatively infrequent-
ly. Three-leg vessels use ballast for preload. That makes 
the process longer. 

WTIV’s move, on average, every two days or less. 
They have to be quick to deploy and quick to move. 
The four-legged option allows both in a complemen-

tary way. Four legs allow for quick preloading using 
the weight of the vessel, and the four legs allow for an 
opportunity to build in a hull form.

High Variable Dead Load (VDL). The oil and gas 
liftboats carried a maximum 2,000 tons of VDL; some 
a little higher. That VDL would be sufficient for only 
one of the modern wind turbines. Studies show a min-
imum four-turbine capacity is possible and ideal for 
the U.S. market given the port restrictions. For that, 
VDL has to increase more than three-fold. However, 
water depths and leg length are generally lower than 
those needed for oil exploration. That complements the 
high load. For example, the larger WTIVs would have 
leg lengths in the 300-foot range, whereas the largest 
liftboat has a leg length of 450 feet. (See photograph). 

Efficient Hull Forms. European liftboats origi-
nated from jackups. They had relatively high depth at 
more than 20 feet and boxy hull forms. For a jackup, 
that was understandable, since jackups seldom moved 
(were towed). Over the years, hull form was added to 
meet the demands of the wind industry in particular. 
The spud cans were relatively small due to the hard 
soil, unlike the Gulf of Mexico.

The liftboat Teras Fortress 2 built from model SUDA 450-L3T, is the world’s largest liftboat. (Courtesy: A.K. Suda)

http://windsystemsmag.com
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BARGE HULLS
Across the pond in the U.S., barge 
hulls were used by adding propul-
sion and legs. These were a little 
better for propulsion and maneu-
vering but not for carrying capacity. 
The smaller ones had large footings 
called pads instead of spud cans. 
These hung out of the hull like oars, 
further hurting the propulsion and 
steering characteristics of the ves-
sel. Overall, these were not suited 
for efficient hull forms.

In order to get a WTIV hull 
form, it is necessary to have a high 
depth hull, which also works well 
for the higher carrying capacity.

Cranes. The traditional liftboat 
for the oil and gas industry rarely 
carried more than a 500T crane 
capacity. The booms are relative-
ly short, about a 150- to 200-foot 
range. WTIVs require larger crane 
capacity in terms of load and reach.

The installation function of 
the operation requires heavy lifts, 
where heavy loads are in the 300- 
to 400-feet height. This makes for 
a large crane. The maintenance 
and repair functions do not require 
such high capacities but require 
long booms nonetheless.

CRANE CAPACITY
The crane capacity requires mul-
tiple considerations. Turbine in-
stallation, maintenance, and repair 
(IMR) require the lowest capacity 
and longest reach, relatively. All 
the above activities yield about 50 
percent vessel utilization in most 
cases. Financial considerations 
might require the design build 
in another activity for the vessel, 

which is foundation installation. 
This activity requires the highest 
load carrying but a relatively short 
reach. Crane selection envelope 
should include all these scenarios.

In the past, three-legged vessels 
with relatively long legs and short 
booms have been used with limited 
success for IMR. One example of 
such a vessel is the Titan II. It has 
two leg-encircling cranes, each 200 
tons. The booms were 120 feet and 
160 feet. The shorter one was used 
for the heavier items and the oth-
er for blades, etc. The high air gaps 
were the only concern, not to men-
tion the time required to preload.

The Titan II could only carry 
one 3.6 MW turbine at a time.

The knowledge gained from 
the oil and gas industry can easi-
ly be employed to develop highly 
eff icient wind-turbine installa-
tion vessels. The next generation 
of WTIVs promises to be a sea 
change from the technology being 
used to date.

Combining the mission-require-
ments experience gained from Eu-
rope with the engineering experi-
ence of the birthplace of liftboats 
worldwide is a reliable promise 
that this aspect of the industry is 
in good hands. 

Ajay Suda is president of A.K. Suda, Inc., a firm of naval architects and marine engineers that provides 
design and engineering services to the maritime industry. Suda holds a B.Tech in Naval Architecture 
and Marine Engineering from the Indian Institute of Technology and an M.S.E in Naval Architecture and 
Marine Engineering from the University of Michigan. The firm, under Suda’s guidance, has designed 
the four largest liftboats in the world and has designed the first U.S. Jones Act compliant WTIV. (Photo 
courtesy: Cheryl Gerber Photography)

The next generation of WTIVs promises to be a sea change from the technology being used to 
date. (Courtesy: A.K. Suda)
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A proper balancing act
Securing tools in elevated work environments can prevent catastrophic 
injury, serious property damage, and lost productivity.
By John Tremblay and John Martell

If you’re involved in wind power or an-
other endeavor with elevated work, you 
likely already know that a dropped ob-

ject prevention pro-
gram is important. 
Some might say: 
“The first step is ad-
mitting you have an 
opportunity.” Once 
acknowledged, the 
bigger question is: “How do we get there?”

According to the Bureau of Labor Sta-
tistics, 519 people were killed in work-re-
lated incidents due to contact with objects 
or equipment in 2015, and of that figure, 
247 were killed when workers were struck 
by falling objects. Additionally, OSHA re-
ports that, on average, more than 50,000 
people a year are 
“struck by falling 
objects,” and that’s 
just the number of 
reported incidents. 

Just how danger-
ous can a dropped 
tool be? According 
to Dropped Object 
Prevention Scheme 
(DROPS), an ob-
ject that weighs less 
than three pounds 
dropped from a 
height of 30 feet can 
be fatal. 

Beyond personal 
injury and death, there are many other rea-
sons to secure tools.

A dropped tool can damage equipment, as 
well as nearby vehicles. And a dropped ob-
ject can affect productivity. Anyone who has 
had to do a bonus climb can testify to that. 
Significant costs — both obvious and hidden 
— can add up in the absence of an effective 
drop-prevention program.
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As the Labor statistics 
show, tools and equipment 
are still being dropped de-
spite the availability of teth-
ering devices. Why is that? 

The fact that there are no 
specific regulations causes 
confusion, and the result is 
wide variation across drop 
prevention programs.

So what’s a reasonable 
guideline? A simple “Gold-
en Rule” to follow is: When 
performing elevated work re-
quiring fall protection, tools 
and other objects should also 
be secured. 

If a worker loses his grip on 
a hammer while 30 feet in the 
air, the greatest concern is for 
personnel and equipment be-
low. Fall protection is about 
me. Drop prevention is about 
everyone else.

A poignant example of this 
happened in 2014 when a 
one-pound tape measure fell 
from a worker on a high-rise 
construction project in New 
Jersey. As it fell, the object 
ricocheted off the steel and 
struck and killed a wallboard 
delivery person exiting a vehi-
cle. Since the tape did not fall 
straight to the ground, there’s 
a question as to whether a 
hard hat would have provided 
any protection.

Once this Golden Rule has 
been embraced, things should 
be pretty simple, right? Not 
necessarily. The concept is 
simple, but getting there 
isn’t easy. Numerous hur-
dles often remain.

Shifting culture is always 
challenging. Asking tech-
nicians or craft persons to 
change the way they work 
is often the greatest obsta-
cle. This resistance typical-
ly comes from the fact that 

CONSTRUCTION & TRANSPORTATION

The tool on the left is called a bull pin. 
Bull pins are often employed during 
construction to align through holes in 
steel. Non-engineered solutions are 
typically damaged significantly with 
every use as the pin is pounded into the 
steel, while the improved, stainless steel 
shackle system is extremely durable 
and uses friction to allow positioning 
of the shackle away from the striking 
head. The wedge on the right uses a 
similar shackle solution that replaces the 
questionable practice of welding a nut 
or washer to the side for attachment of 
a lanyard. Both of these systems were 
developed through significant field trial 
and are thoroughly tested and certified. 
(Courtesy: Snap-on)

The Iron Worker’s Spud Module is a next-level solution. Engineered tools, including fixed and adjust-
able spud wrenches along with a sleever bar, are matched with appropriate lanyards to facilitate the 
work, and mounted in a holder, called a scabbard, that mounts on a climbing harness or work belt.  
This module is a single SKU and is delivered fully assembled and ready for work. (Courtesy: Snap-on)

http://windsystemsmag.com
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John Tremblay is power generation & utility market segment manager with Snap-on Industrial.  In 
his 29th year with Snap-on, he has held various positions in sales, sales management, and business 
development. In his current role, Tremblay leads business development, marketing, and sales of 
products and programs designed to support generation and delivery of electricity. He holds a Bachelor 
of Science Degree in Industrial Engineering from Western New England University and an MBA from the 
UMASS Isenberg School of Management.

John Martell has held various roles within Snap-on over a 30-year career as salesman, sales manager, marketing 
manager, product manager, and trainer. Martell is a co-author and instructor of college level certificate curriculum in 
Dropped Object Prevention offered by Technical and Community Colleges through the National Coalition of Certification 
Centers. He has spoken to many groups about drop prevention including the annual conference of the American Wind 
Energy Association. 

tethering systems tend to inhibit 
tool use and can signif icantly re-
duce productivity. Tools come in 
many shapes and sizes, so the pro-
cess of determining how to secure 
each one is critical. 

Purchasing tools and then adding 
attachment points involves complex-
ity and cost including: procurement 
logistics, inventory of multiple com-
ponents, lag time from delivery to 
deployment, assembly time and as-
sociated training, regular inspection 
of attachment points for degradation, 
and rework. After all these steps, the 
final product is frequently rejected 
by the end-user, and everything de-
scribed above is before you choose 
which lanyard is most appropriate for 
the type of work being done.

The good news is there are best 
practices for maintaining safety 
and productivity while working at 
height. Some of those include:

Engineered attachment points: 
These help maintain tool func-
tionality and productivity of the 
tradespeople who use them. They 
are also drop tested to ensure safety 
and reliability. 

Independent tethering: Most 
drops happen during the process of 
transferring tools between hands 
or onto a lanyard. Minimizing 
these actions reduces the chance 
of a drop. This practice also facili-
tates single hand-tool retrieval, al-
lowing one hand to remain free and 
maintain “three points of contact” 
— two feet and one hand always 
free to secure the worker.

Modularity: Using modules — 
in which the tool, lanyard, and hol-
ster are predetermined, optimized 
for use together, and preassembled 
— gives the user f lexibility to per-
sonalize where the modules are 
worn while maintaining the integ-
rity of the safety system. Modules 
are preassembled and eliminate tri-
al and error in the f ield.

Turnkey systems: Designing 
and assembling complete drop-pre-
vention systems for specif ic types 
of work provides a turnkey, single 
line item that comes out of the box 
ready for work. 

Standardization: Predetermined 
modules and turnkey kits help 
standardize work. Think of the 

productivity gain if technicians or 
craft workers could move from one 
site to the next and have the same 
tooling in place. 

Proper training: Training may 
be the most important compo-
nent of a sustainable program. At 
minimum, a thorough orientation 
should be considered for all em-
ployees and subcontractors. High-
er-level train-the-trainer certif ica-
tion curriculum is also available. 

An example that brings all facets 
of this topic together is craftwork 
during construction. With high-cost 
and schedule-driven environments, 
construction projects can’t afford in-
efficiencies. The fast pace and type 
of work also lend themselves to dan-
gerous situations. In many cases, 
drop-prevention programs involve 
significant resources; however, they 
ultimately reduce productivity with 
only incremental safety enhance-
ment. Safety and simplicity are crit-
ical. Turnkey solutions, as shown, 
reduce investment of resources, pro-
vide robust safety systems, and de-
liver out-of-the-box, ready-for-work 
solutions. 

Asking technicians or craft persons 
to change the way they work is 

often the greatest obstacle.




