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ABSTRACT

This paper highlights a large and highly complex secondary containment geomembrane installation as part
of a major crude oil terminal pipeline infrastructure project on the Westcoast of British Columbia, Canada.
This was a challenging geomembrane containment project designed to provide critical environmental
containment for 14 new large above ground crude oil tanks, providing an expanded 26 tank farm storage
facility. The site also required the installation of geomembrane lined fire suppression and storm water
treatment ponds. The project is located in a highly environmental sensitive urban area of the metropolitan
Vancouver region. The project included the manufacturing and installation of a high-performance polyolefin
alloy geomembrane material and a geocomposite drainage product installed in 14 separate earth and
concrete constructed berm areas. The north wall section of the tank farm containment area had a vertical
sprayed shotcrete wall facing which required a spray applied polymer membrane be installed onto a
geotextile substrate material. To allow for electrical leak detection of the vertical wall sections, the spray
applied polymer membrane was used in conjunction with a newly developed conductive non-woven
geotextile substrate material. This allowed electrical leak detection testing to be performed on the total area
of the spray applied membrane. During installation, the electrical leak location testing was found to be very
effective and holes up to 0.8mm (0.031”) were detected and repaired by the lining contractor. The spray
applied geomembrane also needed to be mechanically attached to the 1.0mm (40 mil) geomembrane
requiring a mechanical connection termination point be installed. The tank farm also had a number of
mechanical structures and steel piping requiring detailed pipe penetrations and connections to the liner
system. This paper discusses the various construction and installation challenges faced and the use of
innovative new geosynthetic materials and project management planning required to address these
challenges.
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1 PROJECT SCOPE

This was a large-scale secondary containment
project which included the expansion of 14 new
crude oil storage tanks and supporting mechanical
infrastructure. The 14 new tanks provided an
additional 3.6 million barrels of oil storage in
addition to the existing 12 tanks. The completed
terminal now operates with 26 tanks with an overall
storage capacity of 5.6 million barrels. The
Burnaby Terminal is located in Burnaby, British
Columbia a city of approximately 275,000 people
and considered part of the metropolitan Vancouver
region. The terminal is operated by Trans
Mountain Pipelines and is a major distribution point
for crude oil and refined petroleum products. The
Burnaby terminal services local refineries and

retailers including the Sumas terminal as well as
the Westridge Marine Terminal which provides
export of oil abroad. The Sumas terminal located
east of Abbotsford, British Columbia and its
pipeline intersects the main Trans Mountain
expansion pipeline providing export expansion into
parts of the western United States. The Burnaby
terminal is the end point of the recently expanded
610mm (24”) crude oil pipeline system which
originates 1,150kms (715 miles) east in Edmonton,
Alberta, Canada. The pipeline construction
included twinning of the existing single 610mm
pipeline increasing the capacity from 300,000
barrels per day to 890,000 barrels per day. This
increased capacity will allow Canada to increase
exports of oil to the United States and new
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international markets. The transmountain pipeline
is recognized as a major Canadian infrastructure
project and is currently owned by the Canadian
Federal government.

Fig. 1. Aerial view of the Transmountain Burnab Terminal
project site.

|

erial view of the Transmountain Burnaby Terminal
project site connection to Westridge Marine Terminal.

The Burnaby terminal is situated on a
mountainside within the scenic City of Burnaby. It
is in close proximity to urban communities, parks,
waterways and wildlife. Before the new tanks could
be constructed, a significant amount of site
preparation was required including subgrade
excavation, site clearing, reconfiguration of
roadways and removal of existing underground
utilities. An important site monitoring systems for
soil and water quality was also installed.

Based on various performance criteria including
mechanical properties, chemical resistance and
endurance properties, the final material selected
was Enviro Liner® 6000. Enviro Liner® 6000
(Geomembrane) is a monolithic polyolefin alloy
material which blends both LLDPE and HDPE
balancing the performance advantages of both
polymers. The material provides very good
chemical resistance, tensile elongation and
multiaxial properties. It is also a highly stabilized
material as a result of an advanced UV and
antioxidant package. The material includes a
minimum of 2000 minutes of high-pressure
oxidative induction time (HP OIT) specification as
per test method ASTM D5985. In terms of
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endurance  properties, its oven ageing
performance at 85°C specifies a percentage of HP
OIT of over 90% retained after 90 days of heat
aging in accordance with ASTM D3895 and
D5885. The geomembrane formulation also had
prior liquid immersion and vapor transmission
testing performed to various hydrocarbons
including crude oil showing very good chemical
resistance and very low vapor diffusion rates.
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Fig. 3. Installation of liner on berm wall and under tank pad.
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Fig. 4. Installation of geocomposite on slope ab
textured liner.
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The project required the construction of the
berm and containment floor area for each of the 14
new crude oil tanks with a designed holding
capacity of 110% of the tank’s storage volume.
This required a robust secondary geomembrane
system be designed and installed in each of the 14
tank containment areas. Under each tank required
a 1.00mm (40 mil) thick geomembrane be installed
and mechanically attached to the inside concrete
tank ring berm. A 540 grams/m? (gsm) (16 oz.)
non-woven textile was installed as a protective
underlay and a 340gsm (10 o0z.) non-woven
geotextile cushion fabric was installed above the
geomembrane. The outside tank containment floor
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was lined with the same 1.00mm geomembrane.
A double sided non-woven geocomposite drainage
net was installed above the 1.00mm
geomembrane and the 340gsm non-woven
geotextile cushion fabric was installed below the
liner. The floor containment area geomembrane
was mechanically attached to the outside of the
tank concrete ring. Each of the 14 tanks had a
doubled lined sump for liquid collection and
leakage monitoring installed in the floor
containment region. The perimeter berm included
a 203mm (8”) thick concrete slab and was lined
with a 1.50mm (60 mil) doubled sided textured
geomembrane. The doubled sided 1.50mm berm
liner was thermally wedge and extrusion welded at
the toe of the berm to the 1.00mm floor
geomembrane. Each of the 14 tanks had an
average of 23 pipe penetrations that required
mechanical attachment and welding of the
geomembrane.
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Fig. 5. Mechanical anchorage of liner and composite. 14
tanks had a total of 325 pipe penetrations in the tank floor
and berm walls.

Fig. 6. Mechanical anchorage of liner and composite. 14
tanks had a total of 325 pipe penetrations in the tank floor
and berm walls.
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In all 14 new tank areas, the north wall of the
containment area faced the mountain and had
between an 8m to 10m (26’ to 33’) sloped and
vertical shotcrete wall. Due to the height and
complexity of the wall configuration which included
multiple mechanical penetrations, each of the 14
tank areas required a two component polyurethane
/ polyurea elastomer 1.50mm liner be spray
applied as an impermeable barrier to the vertical
wall. The spray applied process required a
non-woven geotextile be used as a backside
substrate allowing for proper adhesion of the
sprayed polymer. During the design phase, it was
decided that this section needed an electrical leak
location survey of the spray applied liner. As
standard non-woven geotextiles do not have
conductive properties, a special new conductive
270gsm (8 o0z.) geotextile product (GeoVolt®) was
proposed as an option for the substrate material
(Sati & Martin). After initial trials of the spray
applied material and electrical leak testing were
performed, the conductive geotextile was
approved and used as the substrate material.
During installation, the electrical leak spark testing
was found to be very effective detecting small
holes up to 0.8mm (0.031”). A micrometer was
used for testing the spray applied polymer to verify
the coating thickness. The 1.00mm floor area and
1.50mm berm geomembranes had to be
connected and sealed to the north shotcrete wall.
This required a challenging mechanical attachment
of the geomembrane materials to the multilayer
spray applied liner. At the bottom of shotcrete wall
there was a smooth trowel strip installed so that
the polyurea could be folded up from behind the
wall. The connection at the front of the wall was a
combination of neoprene gasket, polyurea and
then 1.00mm or 1.50mm geomembrane liner. This
was done with mechanical bolt anchors spaced
every 150mm (6”) with a 50mm (2”) galvanized
batten bar for compression. All anchors were then
torqued to 9.0kg (20 Ibs.) for proper compression
as per project specifications. A special elastomeric
sealant was applied to top of batten bar and was
not allowed to be backfilled until it was cured for 7
days.

The shotcrete wall areas required a total of
13,255m? (143,523 ft?) of 1.50mm spray applied
polymer, conductive 270gsm geotextile and
340gsm non-woven fabric installed. The shotcrete
wall areas also included over 8,500 penetrations
that required the spray applied liner to be
mechanically sealed.
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Fig. 7. installation of spray applied polymer on shotcrete
wall.
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Fig. 9. Mechanical connection to bottom floor liner.
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Fig. 10. Spray applied polymer including sealing to
hundreds of penetrations.
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Fig. 11. Spray applied polymer to the Fire Retention Pond
north vertical wall section.

All geomembrane field seams of the 1.00mm,
1.50mm and 2.00mm geomembranes were
performed using thermal wedge welding. Surface
repairs including T-welds, patches and cap strips
were extrusion welded. All wedge and extrusion
welding were performed in compliance to GRI GM
19a (GM19) for seam strength. Field seams
needed to meet the manufacturers specifications
for peel and shear strength properties.
Destructive seam testing in peel and shear was
performed on site as part of the standard
construction quality control as well as by a third
party geosynthetic testing company.
Non-destructive testing to determine the integrity of
extrusion welds, patches, and T-seams were
vacuum box tested. Electrical leak spark testing
was performed on the spray applied polymer walls
on all 14 tank north slopes. Non-destructive
testing was performed in accordance with ASTM
D4437/D4437M-16(2018). There were approx. 325
pipe penetrations in the tank floor and berm area
ranging from 430mm to 610mm (17" - 24”) that
required pipe boots be installed and inspected.
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In addition to the 14 new tanks, the project
included an 8,000kL (2.1 million gallon) fire water
pond and pumphouse located at the upper region
of terminal.  This required 2,200m? (23,673 ft?) of
2.00mm (80 mil) double sided geomembrane on
the floor and slopes of the pond. The firewater
retention pond also had a 10m (32 ft) high north
shotcrete vertical wall which needed the same
spray applied liner and electrical leak detection
and mechanical attached to the 2.00mm mil
geomembrane. This area proved to be very
challenging to line and required design changes.

To address silt and erosion run off control from
the site, the project also included a 20,000kL (5.3
million gallon) stormwater retention pond at the
bottom section of the property. This required
9,030m? (97,200 ft?) of a 2.00mm doubled sided
textured geomembrane be installed and tested.

Fig. 13. Wedge welding on panel on berm wall.
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Fig. 14. Mechanical anchorage to a concrete structure.

2 PROJECT CHALLENGES

From the beginning stages of the
geomembrane installation, the crews faced
numerous daily challenges. These included

COVID, inclement weather, engineering design
changes, site congestion, safety and the need to
meet strict environmental conditions. To address
the various project challenges, required that we
provide a very experienced and capable project
management and construction team.

2.1 Engineering Design Changes

One of the main challenges was the many
required project redesigns in the tank farm area.
The redesigns were primarily focused on polyurea
connection of the 2.00mm geomembrane at the
bottom of the north shotcrete wall. A new concrete
chamfer was poured at the bottom of wall where
special chemical anchors were installed every
76mm (3”) on center. A new special polymer
transition strip was used to make the transition
from geomembrane to the spray applied polymer.
This allowed us to encapsulate the anchors and
create a more natural transition between materials.
Spark test and water puddle testing was then
completed before final commissioning.

2.2 Traffic & Site Congestion

On a daily basis throughout the 4-year
installation, our crews had to work in and around
many other contractors and subtrades including
mechanical, electrical, civil construction, welders,
steel tank erection crews and inspectors. This
resulted in our installation crews frequently having
access to smaller 9m to 12m (30’ - 40’) sections of
approved subgrade areas for installation of the
geomembrane and spray applied polymer in
different sections of the tank farm. With heavy
traffic demands on single lane roads and daily road
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closures resulting from weather and site
congestion, we frequently had up to one hour
traffic delays on a daily basis. These constant
project delays had a serious impact on the overall
project schedule and planning.

2.3 Weather

The Vancouver region is well known for its very
wet inclement weather conditions during the winter
and spring months. Rain and snow between
October and April typically range between 90mm
to 255mm (4’-10") per month. Based on the tight
project schedule, during rain events our crews
needed to continue to work. This often required the
use of portable tarpaulin structures be constructed
for geomembrane welding and spraying of polymer
coatings. The project was also impacted by some
large snow events where the overall site was shut
down completely until the snow removal and
melting was completed. Both heavy rain and snow
events caused flooding on site washing out
sections of dikes and prepared subgrade. With the
site located on the side of a mountain, erosion and
sediment from these weather events caused site
disruptions and delays. Our crews were also
required regularly to dewater areas by pumps.

2.4 Safety

As this was an operating midstream oil storage
terminal, our employees required Hydrogen Sulfide
H>S Alive training when working in live designated
regions of the tanks and the use of fire-retardant
coveralls. Our spray applied crew needed to be in
full face mask while being supplied fresh air from a
compressor when spraying. As our crews were
working in elevated vertical wall regions, they
required fall arrest safety training for arial work
platforms. Wet inclement weather conditions
during the late fall and winter months made
conditions dangerous for slips and falls. Safe work
practices and safety awareness was a strict priority
on site. Our crews met daily in special toolbox
meetings to discuss safety concerns and safe work
practices.

As the installation took place during COVID,
strict COVID protocols were enforced including
daily health questionnaires, masking in common
work areas and vehicles and regular COVID
testing. Our crews were isolated in the same hotel
and employees needed to be immunized and
tested when cycling between time off and their
return to site.

2.5 Environmental Challenges

Based on the terminal being situated near a
number of urban residential communities which
included parks and forests, the project
encountered numerous environmental sensitivities
that needed to be addressed during construction.
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These included dust management, noise and light
mitigation, odor control, wildlife migration and
stormwater management. Multiple areas on site
had bird nesting issues which created daily delays
due to road closures or traffic being redirected in
the proximity of the nesting areas. During the
firewater pond installation, we were shut down for
2 months due to a bird nesting in and around our
equipment. This impacted overall important
scheduling and sequencing of construction and
delayed our entire schedule.

3 CONCLUSION

This was a large, complex and highly
challenging environmental containment project.
The geomembrane installation phase of the project
commenced in July 2020 and was completed in
August 2024. Two tank floor and berm areas were
completed in mid-2024. While the project faced
constant challenges and scheduling changes
related to weather, redesigns, environmental
sensitivities, the construction and installation of the
geomembrane consistently maintained a very high
standard of quality control and safety. The success
of the project is contributed to the high level of
project management and planning involved and
the excellent teamwork of a very experienced
construction crew. The project success is also
contributed to the good communications and
professional working relationship between all
stakeholders involved. The incorporation of new
innovative geosynthetic materials including the
selection of a higher performance geomembrane,
conductive geotextile, electrical leak location
technology and adaption of installation best
practices also contributed to the success of
meeting the challenges of this project. Layfield
worked approximately 109,000 hours with no loss
time injury.
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