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Executive Summary
As of 2019, Canada has over 840,000 km of pipelines and is no newcomer to pipeline construction. The
engineers in charge of completing these projects deal with a vast array of terrain, all while abiding by top
tier social and environmental policies. This begs the questions: How are these large-scale infrastructure
projects completed? What kinds of considerations are made? What steps are completed before starting
to build a pipeline? Outside of the pipeline industry these answers are not commonly known.
The results from this report answers some of these questions by providing an overview of pipeline
planning and construction, with an additional focus on pipeline crossing methods. The goal of this report
is to provide those with limited knowledge of pipelines a high-level summary of the planning and
construction phase of the pipeline lifecycle (the period of time including design, procurement,
construction, operation and abandonment). The intended audience for this report includes those who are
new to the pipeline industry and those looking for a high-level overview of the pipeline construction
process.
In addition to the report, a tool was developed to aid in pipeline crossing method selection. The tool is
intended to help decide whether to use boring, horizontal directional drilling (HDD), micro-tunneling,
punching/ramming or open trench excavation given a specific obstacle crossing. The tool was made in
such a way as to allow for further enhancement based on the individual needs of the user. The information
used in recommending feasible and preferred crossing methods was compiled using CSA Z662 standards,
web-based reports, consultations with experienced industry professionals, textbooks and a site visit to a
current project. The instructions on how to use the tool, the methodology in selecting the crossing method
and where to access the tool are provided in this report. The crossing method selection tool is intended
to provide a preliminary assessment for pipeline crossing methods.
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Section 1: Introduction
The purpose of this project was to provide:
-

An overview of the pipeline construction process
An overview of pipeline obstacle crossing methods
A simple tool to assist in selecting appropriate obstacle crossing methods

1.1 Project Value to the Oil & Gas Industry
The oil and gas industry represents nearly 11% of the Canadian gross domestic product (GDP) and is a
major pillar in the Canadian economy. Current struggles to stay competitive with oil and gas suppliers in
the United States are putting pressure on infrastructure projects such as pipelines. As Benjamin Dachis,
Director of Policy at the Office of the Premier of Ontario, states, “pipeline delays and constraints are by
far the largest factor in Canadian energy competitiveness” [1]. It is undeniable that current pipeline takeaway capacity represents a major bottleneck to the Canadian oil and gas industry.
This report intentionally focuses on pipeline crossings because they:
-

-

Are a significant environmental concern in any pipeline project
Require legislative and regulatory oversight
o As the Canadian Pipeline Environment Committee states, “(Watercourse) crossings are
common along Canadian pipeline routes. These topics merit focus because of the
associated environmental sensitivities, multiple legislative considerations and complex
design and installation activities” [2]
Are common in Canadian pipeline routes
May require novel technologies that are not widely understood, are continually changing and can
be difficult to deploy in the field
Are a risk to schedule in the pipeline construction process

1.2 Research and Sources
The information gathered in this report has come from a combination of online research, a site visit to the
Enbridge Line 3R replacement project and communications with industry professionals. The contents have
been focused on Canadian pipelines in terms of regulation and planning; however, the technical aspects
of the report apply globally. It was assumed that the industry professionals provided accurate information,
given their extensive background in the field. Wherever possible, information provided was cross
referenced to verify accuracy. Biographies of industry professionals who were involved in the project are
included in Appendix A: Project Consultant Biographies.
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Section 2: An Introduction to Pipeline Planning and Construction
The scope of this construction overview begins after the pipeline project has been accepted. This analysis
also does not focus on commissioning of the pipeline after construction; however, these aspects could be
expanded upon in a future project.
Pipeline planning and construction can be broken down into five main phases: planning, right-of-way
(ROW) preparation, pipe assembly, testing and restoration and additional infrastructure. The following
sections describe the typical processes and considerations encountered during each phase. Where
legislature issued are involved, these were based off Canadian practices. Figure 1 below shows how each
phase is broken down. As is shown, there are often multiple activities happening concurrently as this is
not a strictly “linear” process.

Figure 1: Pipeline Construction Phases
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2.1 Planning
2.1.1 Public Consultation
Having established project feasibility, the general pipeline route will have already been determined as
part of the cost estimation performed when the Front-End Engineering Design (FEED) package was
written. However, the proponent must obtain permission from land owners to be able to stake out precise
routes. During this process, the pipeline company must maintain a log of all public consultations. In this
log, they record any concerns and objections received, the persons involved, and how the concerns or
objection has been handled. Examples of potential objections or concerns include needing crossways for
farm animals during construction, going around heritage sights, or additional compensation for land use
based on loss of earnings [3]. The pipeline company will also be required to obtain permits from regulators
before any construction or preparation can start. Land owners are asked to provide access to enable
sample borings of soil conditions and preliminary survey work including measuring the depths of any
water crossings to be determined. This information allows for generation of preliminary cost estimates. It
is important to note that this consultation phase is extensive and can require years of consultations [4].

2.1.2 Permitting
For projects that do not cross provincial boundaries, the permitting process is handled by the energy
regulator for the jurisdiction in which the proposed construction is taking place (e.g. Alberta Energy
Regulator, B.C. Oil and Gas Commission, etc.). For interprovincial pipelines the National Energy Board
(NEB) is the relevant regulator. Crossing permits need to be obtained for roads, railways, watercourse and
utility lines such as telephone and power cables. If permits are not obtained, then surveyors and
construction crews will be trespassing among other violations [5].

2.1.3 Surveying & Staking
While the permitting phase is ongoing, the company can begin surveying land for the final route selection.
As noted earlier, this activity requires consultation and approval of the land owners and obtaining leases
to build on private property. The Surface Rights Board (SRB) provides the final answer for any disputes
between the land owner and the pipeline corporation. The SRB arbitrates disagreements to ensure
pipeline corporation is paying fair market value for the land that the proponent is seeking temporary
access to pass through. The SRB also settles additional disputes regarding any excessive property damage
left after construction is complete, any outstanding or unpaid right of entry costs, as well as any cases
where the land owner is requesting that right of entry be denied for the pipeline corporation [6]. Pipeline
operators rarely acquire ownership of the land, rather paying a fee granting right of entry. With the
permission of the land owner, soil samples are taken for analysis to understand the geotechnical
properties. This analysis gives information on data such as hydraulic load capabilities (e.g. will the ground
be able to withstand the weight of the on-line pipeline) as well as other environmental properties.
To complete the surveying process, both in person and digital surveying of the land is conducted. To
compliment the physical surveying, frameworks such as Geographic Information System (GIS) can be used.
GIS systems integrate several layers of data such as environmental conditions, geology, geohazards and
the ownership of land. The compilation of these layers of data into a singular system makes the surveying
process more efficient [7].
Boundaries of all locations where construction will be taking place are flagged. This includes staking the
extent of the ROW. Deviations or access roads connecting to the right of way are assigned and numbered
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as shooflies. Shooflies are associated with specific sections of pipe, allowing workers to navigate the vast
lengths of pipe more easily. This process helps locate where exactly to string out specific lengths of pipe.
It is essential to locate and record potentially problematic sections of pipe should material or weld quality
issues emerge during the operational life of the pipeline.

2.2 Right-of-Way Preparation
Once permissions have been granted and the route has been finalized, the “Access, Strip and Grade” crew
can prepare the land for pipeline construction. The main tasks include preparing the ROW for safe and
efficient operation, building access roads, clearing staging areas and removing and preserving the
construction footprint topsoil for replacement after construction is complete. The ROW comprises a strip
of land of varying widths that may contain one or more pipelines that allows workers access for inspection,
maintenance, testing purposes, or to respond to an emergency. The ROW identifies where certain
activities are prohibited for safety reasons to protect the public, the environment and the integrity of the
pipeline [8]. The image below outlines the construction footprint and the various sub-designations for
pipeline construction. The construction footprint encompasses the entire disturbed land for the project.
This is sub-divided into the storage side (excavated subsoil) and the work side (where work such as welding
and stringing takes place, and all traffic moves). The permanent ROW is comprised of the trench and its
excavated subsoil that is preserved as well as the area where the pipe will be strung.

Figure 2: Overview of the Right-of-Way Layout and Construction Footprint [9]

2.2.1 Staging Area and Road Construction
The first step in construction includes building the access roads to reach the staging areas where
equipment and materials are stored. These roads are often one-way and connect to existing public routes
where possible. The size of the staging area is dependent on the equipment needed at that site. Often,
the access roads are built as part of the construction footprint. In some cases, such as in wetlands, rough
stone gravel must be laid to improve traction and is reinforced with large timber matting [4]. This matting
is removed once construction is complete. The staging and road construction phases occur in parallel with
the clearing cutting stage, as the access roads and storage areas require clearing and grading.
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2.2.2 Clear Cutting and Trenching
The ROW area must be clear cut to remove any
trees, stumps or scrub. This process is usually
completed by bulldozer which can clear
vegetation and level the ground to ensure trucks
and equipment are stable. A trench is then
excavated along the chosen pipeline path. When
digging/trenching, the subsoil removed from the
trench is stored separately from topsoil that was
removed from the construction footprint. This
two-step process helps the reclamation efforts
which aim to minimize change in the
environment, which is a regulatory requirement.
When trenching in straight lines at average depths
with minimal obstacles, trenching machines are
the most efficient method and can work three to
four times as fast as an excavator. The two
primary types of trenching machines are chain
trenchers shown in Figure 3 and wheel trenchers
shown in Figure 4. Excavators and backhoes are
more versatile and suitable for trenching in more
variable terrain [10]. The trenching method
depends on the ground conditions and the
trenching distance. For example, for smaller
distances and in mountainous or rocky areas the
use of the trencher would be impractical [4].

Figure 4: Chain Trenching Machine [31]

Figure 3: Wheel Trenching Machine [40]
An alternative to trenching that can be used in
more sensitive areas is hydro vacuuming. Hydro
vacuuming is used in areas which require careful extraction such as crossing utility lines. This process is
done in small sections as it is not economically viable along long open routes. The process consists of
removing or moving ground with pressurized water. An air conveyance or vacuum is then used to transfer
the soil or debris to a debris tank [11].

Trenching is in general the most economic method of sub terrain pipeline installation, however other
methods of trench and trenchless pipeline installation are used when there are barriers along the ROW.
See Section 3: Crossing Method Overview for a description of alternate methods.

2.2.3 Erosion Prevention
Temporary erosion measures are put in place for safety purposes. Different methods are used depending
on the ROW allotment and soil type but commonly, walls supporting the trench sides are used to prevent
it from collapsing, or a shallower angled trench is used. Generally, softer soils require more erosion
prevention measures. Specific pipe sections can also require additional measures. For instance, if a trench
needs reinforcement because of construction on a hill side, foam or sandbags may be used to mitigate
water flow and erosion within the trench.
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2.3 Pipe Assembly
Once the ROW is prepared, the pipe can be strung along the route next to where the trench will be located.
Here they are bent (if needed), welded and lowered into the trench.

2.3.1 Bending and Stringing
The pipe is bent to fit the topography of the land. Larger radius
bends can be performed on-site and are known as cold bends.
Higher radius bends may need to undergo induction bending.
These are hot bends and must be completed off-site at specialty
places. Pipe is “strung” beside the trench (or where the trench will
be) in preparation for the welding team. Pipe segments remain
elevated above the ground on wooden or plastic skids [12].
Figure 5: Typical Stringing Assembly with
Bent Pipes on Wooden Skids [32]

2.3.2 Welding
Prior to welding, the pipe is pre-heated. Once preheated, an internal welding head unit, referred to
as the “gooseneck” or “goose” slides into the pipe
and completes an internal weld (the root pass). In
cases of larger diameter pipe, an automated
welding practice may be used. In this case, an
external rotary unit referred to as a “bug”
completes the first external pass (the hot pass) [13].
The four steps that follow are completed manually
in a series of crane-held welding “shacks”. There
are welds are referred to as the following:
1. Root Pass
2. Hot Pass
3. Fill Pass (dependent on the thickness of the
pipe there can be several fill passes)
4. Cap Pass

Figure 6: Continuous Welding Process

The weld quality is then inspected by a technician who moves along the line looking to ensure the proper
weld thickness has been achieved (these are the girth welds). If any discrepancies are found a welding
unit is brought back in to repair the girth weld. The welding process is then further verified using nondestructive testing (NDT). The unit coats the girth weld with water to cool the weld allowing the NDT to
take place. The NDT is completed in sequence with the welding shacks to ensure they are close by if they
need to come back and repair any defects [13].
Valves are installed near the end of or after completion of the welding process. All valves are tested off
site in their manufacturing facility. Small sections of pipe are often welded to the valve in the fabrication
shop, so that in-field welds are made pipe-to-pipe and not pipe-to-valve. Mainline “block” valves are used
for isolating pipe sections that require maintenance.
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2.3.3 Lowering-In & Backfilling
The pipe is lowered into the trench using sidebooms (crane-like machines that grab the pipe on both ends)
which lift and lower the attached segments of pipeline. The length of pipeline and spacing of sidebooms
are calculated to minimize the longitudinal bending stress on the pipe and hence the axial stress across
the girth weld. The stability of the sidebooms is ensured using counterweights.
An emerging technology used to maintain the safety of workers during the lowering process is the use of
load moment indicators on the sidebooms. These sensors report if the sideboom is being overloaded. An
overloaded sideboom may need to drop the pipeline which could damage it, worse the sideboom could
tip over which could result in injury or death to the operator [14].
The pipeline trench is backfilled with soil in the reverse order of how it was excavated to keep the layering
and composition (of the soil) the same as it was originally [15].
Soft soil of consistent particle size may be used to surround and protect the pipe, this process is called
padding. This soft soil is often extracted from the excavated soil by using a padding machine which sifts
out large rocks that could potentially damage the pipe. In some situations, sandbags or polystyrene foam
is used instead of soil [16]. Alternatively, suitable backfill may be imported to the worksite.

2.3.4 Crossing Construction
A variety of crossing methods can be used when watercourses, roads, railroads, utility lines, landmarks
(i.e. First Nations landmarks) etc. are encountered. See Section 3: Crossing Method Overview for a
detailed overview of crossings methods and their respective requirements.

2.4 Testing and Restoration
2.4.1 Testing
Before completing the build phase, the pipe requires a hydrostatic test. This two-phase test is for integrity
as well as strength and leaks. The first phase consists of a four-hour strength test where water is pumped
into the lines and pressurized above the maximum operating pressure (MOP) of the pipeline. The pipe is
then held for another four hours to test for leaks. If the pressure drops or does not rise to the expected
range, there may be a leak in the line. The leaks can be found by locating the released water along the
pipe. Sometimes an odorant may be placed within the lines during testing. Leaks can then be identified
via pressure drops and found via dogs which search the line for the release of odorant. Permitting is
required to draw large volumes of water from nearby water sources for the test. Upon test completion,
the line is dried using polystyrene pigs to push out the bulk of the water and then air compressors pump
dry air or nitrogen into the line ensuring moisture levels are lowered. In some cases, methanol or biocide
can be pumped into the pipe to dry the pipe and prevent microbial growth. If any failures occur and repairs
are made, the pipe then must be re-tested to ensure the issue has been resolved before commissioning.

2.5 Additional Infrastructure
Aside from the pipeline, there are other infrastructure components that must be completed.
Compressor/pump stations are installed to ensure the proper pressure is maintained within the pipe.
Metering stations are installed to measure the flow rate along the pipeline [4]. While this Infrastructure
is an essential part of all transport pipelines, they are not the focus of this report.
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Section 3: Crossing Method Overview
3.1 Trenchless Crossings
Trenchless crossing methods are used when the pipeline ROW encounters an obstacle which is not
feasible to open trench for environmental, regulatory and/or logistical reasons. There are four general
categories of trenchless crossing methods; conventional boring, horizontal directional drilling (HDD),
micro-tunneling and punching/ramming. This section provides a description of each method as well as
their advantages and limitations.

3.1.1 Boring
Boring, commonly referred to as Horizontal Auger Boring (HAB) is a trenchless pipe installation method
used to excavate horizontal boreholes by rotating an auger with a connected cutting head. The auger and
cutting head are usually located inside a steel production pipe or casing to provide borehole support and
allow pipe installation on first pass. The excavated soil is moved towards the back of the installed pipe by
the rotation of the spiral auger inside the borehole and the soil is disposed of accordingly. The main types
of HAB setup include cradle boring and track boring. Track boring has the auger boring machine placed on

Figure 7: Track Boring Machine

Figure 8: Cradle Boring Machine

a track much like a railcar and is moved back and forth along the track. Cradle boring has the auger boring
machine on the inlet trench bottom with the pipe supported by cables hung from pipeline booms. Cradle
boring requires a jacking lug to be securely installed in the borehole entrance embankment. A steel cable
was used as the jacking lug in Figure 8 above. For HAB, trenches are dug at the inlet (where the machine
is placed) and outlet of the crossing. See Figure 7 and Figure 8 for samples of the two types of boring
machine setups [17] [18]. The best applicable conditions for HAB are summarized below in Table 1.
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Table 1: Horizontal Auger Boring Conditions [19]

Project Parameter
Pipe Diameter

Drive Length
Soil Conditions

Pipe Installation Rate

Workspace Requirements

Ideal HAB Parameter Ranges
The typical pipe diameter that can be installed with HAB is 203.3 mm to
914.4 mm (8 inches to 36 inches), with the maximum applicable
diameter being 1524 mm (60 inches).
The typical drive length of HAB projects is 30 m to 180 m (100 ft to 600
ft) with a maximum of 270 m (900 ft).
HAB is best used in firm sandy clays. Running sands and soils or
groundwater will cause issues when employing HAB. HAB also has
difficulty with bedrock and boulders or cobble that are greater than one
third of the installed pipe diameter.
Once set-up, a typical pipe installation rate is 12 m to 18 m (40 ft to 60
ft) each 8-hour shift, depending on the soil conditions and pipe
diameter.
22 m by 45 m (75 ft by 150 ft) surface area.

3.1.1.1 Advantages and Limitations of Boring Technology
A major advantage for using boring technology is that the pipe casing or production pipe is installed as
excavation progresses minimizing the risk of borehole cave-in and is more time efficient. Boring is also
capable of being employed for a wide variety of firm soil types.
A major limitation when using boring technology is the risk of failure when excavating running sands,
unstable soils, or when groundwater is encountered as these conditions may cause surface craters that
can damage roads and railways. Furthermore, caution must be taken when setting up the bore pit to
ensure an accurate initial setup as the accuracy of this method is limited.

3.1.2 Horizontal Directional Drilling
Horizontal Directional Drilling (HDD) can be used in cohesive soils and stable bedrock and consists of three
phases illustrated in Figure 9; pilot hole excavation, reaming and pullback [20].
Horizontal directional drilling is a multi-step process. In the first step a pilot hole of approximately five
inches in diameter is drilled along the centerline of the proposed path. The second step is the widening of
the hole diameter by reaming to accommodate the pipeline. As the reamer is pulled back through the
hole, the pipe is pulled through with the reamer. Unlike boring, trenches at the inlet or outlet are not
required. Pipe segments are lifted to alleviate stress on the pipe, itself, during installation. This method
creates an unsupported borehole that requires pressurized mud slurries to keep the borehole open. HDD
also has a low environmental impact on the crossing site. HDD requires an adequate work area to
accommodate the drill pad on site. The main difference between boring and HDD is the maximum length
of employable crossing [20]. HDD is typically used for longer trenchless crossings; the maximum distance
crossing distance is dependent on pipe diameter. The longest HDD of a 36-inch pipeline is 2.75 km when
Enbridge completed a drilling project under the Mississippi river [21]. The best applicable conditions for
HDD are summarized below in Table 2.
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Table 2: Horizontal Directional Drilling Conditions [19]

Project Parameter
Pipe Diameter

Drive Length
Soil Conditions

Pipe Installation Rate
Workspace Requirements

Ideal HDD Parameter Ranges
The typical pipe diameter that can be installed with HDD is 304.8 mm to
1219.2 mm (12 inches to 48 inches), with the maximum applicable
diameter being 1524 mm (60 inches).
The typical drive length of HDD projects is 300 m (1000 ft) with a
maximum of 1830 m (6000 ft).
HDD is best used in firm sandy clays. Gravels and cobbles pose problems
for HDD. HDD has difficulty with bedrock and boulders or cobble that
are greater than one third of the installed pipe diameter. HDD has
problems going from a softer soil into a rock as this causes skipping of
the drill head.
Once set-up, a typical pipe installation rate is 180 m (600 ft) of pipe per
day, assuming a sufficiently staffed crew and 8-hour shift.
120 m by 60 m (400 ft by 200 ft) surface area.

3.1.2.1 Advantages and Limitations of HDD
The advantage of using HDD trenchless technology is the ability to steer the drill head, allowing it to be
navigated around obstacles. Furthermore, the set-up time for this crossing method is relatively short as
drive and reception pits are not needed because the equipment can launch from the surface. Lastly, the
achievable drive length is the greatest of other trenchless methods.
Since HDD uses a drilling fluid, the disposal of slurry mixed soil cutting adds another variable to consider.
The slurry needs to be disposed of appropriately according to the local agencies and landfill owners.
Another limitation is the possibility of ground movement. When using a pressured fluid there is risk of
weakening the subsurface soil structure. Therefore, care must be taken when drilling under roadways and
railways.

Figure 9: Three Phases of HDD [33]
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3.1.3 Micro-tunnelling
Micro-tunnelling is a construction method which uses a remotely controlled micro-tunnel boring machine
and a pipe jacking system to install pipes in a single pass. The pipe is launched horizontally from an entry
shaft and received at a reception shaft which are excavated before tunneling as illustrated in Figure 10.

Figure 10: Micro-Tunneling Schematic [34]

This method consists of lowering new segments into the entry shaft, then simultaneously jacking and
tunneling the pipe until another segment can be loaded into the jacking system. This produces a supported
borehole which is useful when tunneling through soil prone to subsidence. The spoil (soil that is excavated
during tunneling) is removed from the tunnel through pipes that are run inside the pipe segments back to
the jacking system, and then disposed to surface containment. This method is more costly than HDD and
is used for crossings that do not exceed 1.8 km in length [20]. However, it has an advantage over HDD in
that multiple pipes, cables, etc. can be placed in a single larger diameter tunnel so the cost can be shared
over several projects. The best applicable conditions for micro-tunneling are summarized in Table 3.
Table 3: Micro-Tunneling Conditions [19]

Project Parameter
Pipe Diameter

Drive Length

Soil Conditions

Pipe Installation Rate
Workspace Requirements

Ideal Micro-tunneling Parameter Ranges
The typical pipe diameter that can be installed using micro-tunneling is
609.6 mm to 1219.2 mm (24 inches to 48 inches), with the maximum
applicable diameter being 3454.4 mm (136 inches) and the minimum
254 mm (10 inches).
The typical drive length of micro-tunneling projects depends on the
system being used (slurry vs. auger), but the range is 60 m to 460 m (200
ft to 1500 ft).
Micro-tunneling is best used in sands, clays. Micro-tunneling can be
used for rock and boulders, but the boulders need to be one third the
diameter of the pipe.
Once set-up, a typical pipe installation rate is 9 m to 18 m (30 ft to 60 ft)
a day, assuming a sufficiently staffed crew and 8-hour shift.
15 m by 46 m (40 ft by 150 ft) surface area.
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3.1.3.1 Advantages and Limitations of Micro-tunneling
Micro-tunneling is applicable in difficult ground conditions and can be employed at great depths without
drastically raising the cost. Workers do not need to enter the trenches or borehole. The product pipe can
be installed directly without the need of a separate, stronger casing.
The major limitations for the micro-tunneling trenchless technology are the high capital cost of
equipment, the limited applicability in soils with large boulders or other obstacles of size greater than one
third of the pipe diameter and the inability to install flexible conduits like PVC pipe.

3.1.4 Punching/Ramming
Punching and ramming is used to install casing under various crossing types. A trench is dug out for a
pneumatic hammer to be installed on a set of rails as seen in Figure 11.

Figure 11: Pneumatic Hammer on Rails [35]

Once setup is complete, one segment of casing is put in front of the hammer and is punched or rammed
underneath the crossing area as seen in Figure 12. Punching/ramming can be performed as closed-face
or open-face. The closed-face method involves welding a cone shaped head to the leading pipe to
penetrate and compress the soil as the pipe is rammed forward. The open-face method keeps the lead
pipe open without a head creating a cookie cutter effect. The open-face method allows the soil to remain
in place and prevent compaction which could potentially damage overhead railways and roads. For large
diameter pipes as used in the oil and gas industry, the open-faced method is usually employed.
After one casing segment is fully installed, a second segment is put through and so on until the entire
crossing length has casing. After the length of the crossing has casing, the dirt inside of it is removed so
that the pipe can be installed [22]. This method is able to accommodate large diameter pipelines, up to
3.5 m , but has a shorter crossing length compared to other trenchless methods of 50 m [18] [22]. The
best applicable conditions for punching/ramming are summarized below in Table 4.
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Table 4: Punching and Ramming Conditions [19]

Project Parameter
Pipe Diameter

Drive Length
Soil Conditions

Pipe Installation Rate
Workspace Requirements

Ideal Punching and Ramming Parameter Ranges
The typical pipe diameter that can be installed using punching and
ramming is 101.6 mm to 1524 mm (4 inches to 60 inches), with the
maximum applicable diameter being 3048 mm (120 inches).
The typical drive length of punching or ramming projects is 60 m (200 ft)
with a maximum of 120 m (400 ft).
Punching and ramming can be used in groundwater conditions, however
sand in combination with groundwater poses a problem, as well as bed
rock.
Once set-up, a typical pipe installation rate is 50 mm to 254 mm (2
inches to 10 inches) per minute.
The length of the insertion pit should be 3 m (10 ft) plus the pipe section
length. The pit should be 3 m (10 ft) wide with 1 m (3 ft) clearance on
either side for machine, pit depth at least 1.2 m (4 ft). The drive shaft
work area should be 3.6 by 18.3 m (12 by 60 ft).

3.1.4.1 Advantages and Limitations of Punching/Ramming
The pipe ramming trenchless method is economical as a single size of pipe ramming tool can install a wide
variety of pipe lengths and diameters. Some of the major limitations for the pipe ramming method include
the risk of pipe deflections due to large boulders or obstacles, the high noise levels, or large soil
disturbances to above ground roads or rails due to a blockage at the end of the installed pipe.

Figure 12: Ramming Schematic [35]

3.2 Trenched Crossings
Trenched crossings are often the most economic crossing method but are often not feasible due to
environmental, regulatory and logistical issues. For obstacles such as roads, railways and large bodies of
water, trenchless methods are preferred or mandated by regulatory or stakeholder commitments.
Trenched methods usually affect the watercourse bed and banks and due to their greater environmental
impact and are most commonly used for narrower watercourse crossings. Trenched crossings can be
performed using either “wet methods” or “isolated methods” outlined below.

3.2.1 Wet Methods
Wet crossing methods generally have the highest environmental impact due to sediment release during
trenching and backfilling of the stream, however these effects are usually temporary and recovery from
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pre-construction conditions are usually evident after a year [23]. While dry or trenchless methods are
successful at minimizing sediment release, these methods are not always feasible or may pose a risk of
failure in certain crossings [24].
3.2.1.1 Bucket/Wheel
A bucket and wheel trencher is a machine typically used in dry
creeks and has a wheel at the back of the machine that consists of
multiple buckets that pick up soil from the area to be removed. This
method is limited to a maximum depth of 1 m with a low flow rate
and a fine-grained substrate. The bucket and wheel trencher is ideal
for smaller diameter pipes [17] [25]. Since excavated material is
released in stream, this method results in high sediment levels.
Figure 13: Bucket and Wheel Trencher [36]

3.2.1.2 Dragline
In pipeline construction, dragline is a method where a bucket is
attached to a cable and it is pulled through the watercourse to
remove its contents. The dragline method is ideal for water
crossings of moderate depths between 10 m and 20 m with soft
substrate [23]. This method requires a longer construction time
and moderately expensive equipment. This method has little
effect on the flow of the stream but results in moderate levels of
sediment release over an extended construction period [25].
Figure 14: Dragline Crane [37]

Figure 15: Dragline Schematic [17]

3.2.1.3 Dredging
Dredging relocates contents of water crossings with a suction and pump. This method results in minimal
sediment release and can be used in deep watercourses. This method is limited to use in softer substrate
and is used where there is a concern for sediment release, as this method results in low sediment release.
This method reduces environmental impact but requires expensive equipment and a longer construction
time [17] [25].
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3.2.1.4 Backhoe
The use of backhoes for wet trenching allows for fast construction at a relatively low cost, but also releases
a significant amount of sediment into the watercourse [23]. The maximum depth is between 1 and 1.5 m
however, there is no limit on the width of the crossing [17] [25].

3.2.2 Isolated Methods
Isolated methods minimize the likelihood of sediment related impact but require greater infrastructure
and construction time. The three primary methods of isolated watercourse crossings include; dam and
pump, flume and diversion.
3.2.2.1 Dam and Pump
The dam and pump method consists of construction of an upstream dam, then a pump is used to displace
water through a hose downstream from a construction site as seen in Figure 16. This method is ideal for
streams with low flow rates of less than 1 m3/s and that are of high concern for sediment release. The
pump presents a barrier to fish movement across the crossing. The use of specialized equipment results
in a moderately high cost [17].

Figure 16: Dam and Pump Watercourse Crossing [17]

3.2.2.2 Flume
A flume consists of blocking upstream flow and diverting water flow through a small pipe as seen in Figure
17. This method is generally used in streams where fish movement and sediment release are a concern.
Flow rate is typically 2-3 m3/s with a maximum of 20 m3/s [17].

Figure 17: Flume Watercourse Crossing [17]

3.2.2.3 Diversion
This method diverts streamflow from an existing channel to an alternate channel using rockfill or sheet
piling to divert flow. This method is generally used when the flow rate is too high for dam and pump or
flume methods. It is ideal if an alternate channel already exists since construction of completely new
channel will significantly raise costs [17].
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3.2.2.4 Coffer Dam
A coffer dam is an impermeable enclosure which is pumped dry allowing dry construction within a
watercourse. A coffer dam is typically built 2/3 of the distance into the watercourse and approximately
half of the pipe is installed. The first coffer dam is then taken down and re-installed on the opposite side
of the watercourse where the remaining pipe is installed [17]. This method is relatively expensive as it
requires the construction of two temporary dams at minimum. This method does have the benefit of
minimizing sediment release and impact on fish.

Figure 18: Coffer Dam Watercourse Crossing [39]
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Section 4: Crossing Method Selection Tool
The crossing method selection tool is a score-based tool that can be used to rank crossing methods for a
given ROW obstacle. The user enters information about the ROW obstacle, for example, crossing type
(road, railway, etc.), soil characteristics and length of crossing. Each crossing method initially has a score
of zero and based on the user entered information, the two crossing methods with the highest scores are
displayed along with CSA Z662 guidelines for the recommended crossing methods. The scoring for crossing
methods is accomplished using the data in Table 5 (an example of the scoring process is outlined in Table
7).
The crossing method selection tool was implemented in Microsoft Excel as a Macro unit using Microsoft
Visual Basic for Applications. The Excel file provides a graphical user interface that allows a user to enter
the information about the ROW obstacle to be crossed and provides the outputted ranking and list of
applicable CSA Z662 guidelines. Microsoft Excel was selected as it is simple, easy to modify and a widely
used Windows based program. A step-by-step guide on how to use the tool can be found in Appendix C:
Standalone User Guide.
Section 4.1 Scoring Matrix explains in more detail the matrix used to score crossing methods. Section 4.2
Scoring Logic and Example provides an example of how the crossing methods are scored and ranked based
on the user inputted data.

4.1 Scoring Matrix
There are five input criteria that may be entered by the user that is used to score and rank each crossing
method. The input criteria are compared to suitable ranges, conditions, or characteristics for each crossing
method. A matrix is shown below that summarizes the information for each of the crossing methods. The
inputs include obstacle, crossing length, pipe diameter, soil type and environmental sensitivity.
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Table 5: Matrix Outlining Acceptable Tolerances and Conditions for the Crossing Methods

ROW Obstacle Characteristics (Entered by User)

Crossing Methods to be Scored
Conventional
Boring
[19]
All

Microtunneling
[19]
All
Clay, sand,
groundwater,
gravel.

Punching/
Ramming
[19]
All
Soft clays,
dry sands,
gravel,
boulders.

Boulders,
bedrock.

Wet sands,
bedrock, and
firm clay.

Clay, sand,
groundwater,
gravel.
Bedrock,
boulders,
soft into hard
soil
constituents
and vice
versa.

Obstacle

Open Trench
[26]
Watercourse

HDD
[19]
All

Suitable
Ground
Conditions

Clay,
groundwater,
gravel.

Unsuitable
Ground
Conditions
Typical Drive
Length Range
Allowable Drive
Length Range
Typical
Diameter
Range
Allowable
Diameter
Range
Environmental
Sensitivity
Curved Paths

Sand,
bedrock,
boulders.

Clays, dry
sands, gravel,
small cobble.
Wet sands,
soil with
significant
gravels,
bedrock and
large
boulders.

10 to 75 m

30 to 180 m

60 to 460 m

30 to 90 m

100 to 500 m

10 to 900 m

30 to 270 m

60 to 460 m

30 to 120 m

50 to 1830 m

Versatile

203.3 to
914.4 mm

609.6 to
1219.2 mm

101.6 mm to
1524 mm

304.8 to
1219.2 mm

Versatile

203.3 to
1524 mm

254 to
3454.4 mm

101.6 mm to
3048 mm

304.8 to
1524 mm

Low
Yes

High
No

High
Yes

High
No

High
Yes

4.2 Scoring Logic and Example
Using the data in Table 6, potential crossing methods can be scored and ranked based on their applicability
to the crossing data entered by the user. The following example shows how the tool logic works given the
user inputs in Table 6. Explanations on scoring each ROW obstacle characteristic are given in Section 4.2.1
Obstacle Scoring through 4.2.4 Environmental Sensitivity.
Table 6: User Input Data Used for Example

Input Criteria
Obstacle
Crossing Length
Pipe Diameter
Soil Conditions
Enviro Sensitivity

User Input
Railway
100 m
610 mm
Boulder, Gravel, Sand
High
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Table 7: Scoring for Each Crossing Method Based on the User Inputted Data Shown in Table 6

Crossing Methods to be Scored

ROW Obstacle Characteristics (Entered by User)

Open Trench

Obstacle

X
Ideal for
Watercourse
Crossings.

Ground
Conditions

X

Pipe Diameter

X

Crossing
Length

X

Environmental
Sensitivity
Total Score:
Rank:

X
X
5

Conventional
Boring
0
Applicable
for all
obstacle
types, no
score
assigned.
0
+1 dry sand
+1 gravel
-2 boulders
3
+3 610 mm
lies within
typical
Diameter
range.

Microtunneling
0
Applicable
for all
obstacle
types, no
score
assigned.
2
+1 dry sand
+1 gravel
0 boulders
marginal
3
+3 610 mm
lies within
typical
Diameter
range.

3
+3 100 m lies
within typical
drive length
range.
0
Applicable
for high
Sensitivity,
no score
assigned.
6
3

3
+3 100 m lies
within typical
drive length
range.
0
Applicable
for high
Sensitivity,
no score
assigned.
8
1

Punching/
Ramming
0
Applicable
for all
obstacle
types, no
score
assigned.

HDD
0
Applicable for
all obstacle
types, no
score
assigned.

3
+1 dry sand
+1 gravel
+1 boulders
3
+3 610 mm
lies within
typical
Diameter
range.
2
+1 100 m lies
outside
typical but is
within
allowable
drive length
range.
0
Applicable
for high
Sensitivity,
no score
assigned.
7
2

0
+1 dry sand
+1 gravel
-2 boulders
3
+3 610 mm
lies within
typical
Diameter
range.

3
+3 100 m lies
within typical
drive length
range.
0
Applicable for
high
Sensitivity,
no score
assigned.
6
3

As seen in the example scoring in Table 7, the two crossing methods that would be recommended for the
crossing explained by the user entered data are micro-tunneling and punching/ramming. These two
crossing methods had the highest score and are returned when the data is entered.

4.2.1 Obstacle Scoring
The obstacle type is significant when referencing relevant CSA Z662 guidelines, as certain construction
guidelines are specific for each obstacle type (railway, road, etc.). For scoring purposes, the obstacle type
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will eliminate the open trench method if watercourse is not selected as it is ideal for watercourse
crossings.

4.2.2 Ground Condition Scoring
If the ground soil constituents that are selected by the user are present in the row for that method’s
suitable ground conditions as seen in Table 5, the method will be get a point added to its score. However,
if the selected soil constituents are unsuitable, two points are subtracted. In cases where the soil
constituent is in neither row of Table 5, no points are added or deducted. This occurs when the method
could be used with certain soil constituents under special circumstance as explained in Section 3: Crossing
Method Overview. If a certain combination of soil constituents is unsuitable, two points are also deducted
from the total score for that method.

4.2.3 Crossing Length and Pipe Diameter Scoring
If the value entered for these two inputs lies within the typical ranges defined by Table 5 a method, three
points are added to the method’s overall score. If, however, the inputs lie outside of the typical range but
within the allowable range defined by Table 5 for the crossing method, a single point is added to the total
score of that method. If the user inputted length or diameter lies outside both of these ranges, the method
is eliminated from the scoring.

4.2.4 Environmental Sensitivity
If the method aligns with the user inputted sensitivity of the crossing area the method has no points
deducted from its total score. If the method does not align with the crossing area’s sensitivity to
construction activity, the method has five points deducted from its total score.

4.3 Input Limitations
Countless variables factor into the choosing of a crossing method. This crossing method selection tool
focuses on five of the most influential crossing characteristics but is far from an exhaustive analysis. The
crossing method selection tool does not account for variables which were difficult to score quantitatively
using an algorithm. Specifically, the availability of specialized construction equipment such as HDD and
micro-tunneling rigs in remote areas would have a major effect on crossing method selection.
Additionally, the tool does not account for the possibility of multiple obstacles in proximity where using
the same crossing method would be more efficient due to the principle of economies of scale.

4.4 Output Limitations
The major limitation in output criteria is the lack of costing data for selected crossing methods. The
crossing method selection tool uses relative cost information to select the best methods since accurate
costing information for each method was not easily accessible. The relative costs of crossing methods may
not scale across all crossing lengths. It was assumed that roads and railways needed to be functional
during construction, therefore, only trenchless technologies serve as feasible outputs.
The tool outputs relevant construction recommendations based on the CSA Z662 oil and gas pipeline
standards. The NEB enforces these standards for any pipeline which crosses international borders or
provincial boundaries, however, provincial regulations also apply. Many large diameter pipelines such as
Enbridge’s Line 3, TransCanada’s Keystone and Keystone XL cross the border, therefore both American
and Canadian regulations should be considered during construction.
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4.5 Decision Logic Map
A general process map for the logic that the tool follows can be seen in Figure 19.

Figure 19: Sample Tool Logic Process Map
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Section 5: Conclusions
It was found that building a pipeline is a comprehensive process but can be broken down into a series of
generic steps, as was done in this report. Although this report does not provide an exhaustive overview
analysis of pipeline construction, it provides a compact resource for new professionals entering the oil
and gas industry.
While most of the construction process follows a set pattern of steps, a lot more variability is introduced
when a pipeline route reaches a crossing. The crossing method selection tool was designed to capture the
logic and thought process behind choosing a pipeline crossing method and quantify the decision. The tool
was made to be easily expanded upon.

5.1 Report Limitations
Pipeline construction projects are massive undertakings which require a high level of expertise built over
years of experience. This report relies heavily on certain published resources, mainly due to time
constraints on this project. These resources include but are not limited to the “Best Available
Technologies” report by the National Energy Board, “The Life Cycle of Pipeline Watercourse Crossings in
Canada” by the Canadian Pipeline Environment Committee and the “Pipeline Performance Summary” by
the B.C. Oil and Gas Commission. The sources provided in the references provide a good starting point for
further research on this topic.

5.2 Suggestions for Further Work
The pipeline industry is innovative and construction methods are constantly advancing. Laws and
standards which regulate pipeline construction could change. While the scoring criteria may be outdated
within the span of a few years, the logic behind the tool is robust and easily adaptable. New crossing
methods can be added as inputs and weighted for crossing conditions.
Major pipeline companies employ experts with decades of industry experience to make crossing decisions.
Generally, plans for pipeline crossings are made by engineers who rely on experience and knowledge to
make the best decision. In the case of this tool, it is difficult to gauge industry response to its usefulness
since it offers a novel approach to the decision-making process. After being used in industry, the tool
should be adapted to better fit the needs of someone who has to make crossing decisions. This can be
done with the help of experienced engineers.
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Appendix A: Project Consultant Biographies
We would like to acknowledge industry professionals who have helped with the content and editing of
this report. Biographies of these individuals are included below.
Alan Murray
Alan Murray retired from the National Energy Board as Chief Engineer, having previously held a number
of senior management positions with a large pipeline operating company in North America with
responsibilities for System Planning, Construction, Maintenance and Procurement functions. His fifty
years of experience spans research, design and development in pipelines and offshore structures. He was
the founding chairman of the ASME Pipeline Systems Division and is the co-author of the three text books
“Pipeline Design and Construction – A Practical Approach”, Pipeline Integrity Assurance and Guide to the
ASME Boilers and Pressure Vessel Code. He is the author /co-author of sixty-five published papers on a
variety of engineering topics. Alan is an adjunct professor at the University of Calgary and has given
courses on Pipeline Design and Construction and Pipeline Integrity Assessment throughout the world. He
holds a doctorate in Civil Engineering from the Queen’s University of Belfast where was also a member of
Faculty and is a Fellow of the ASME, and a Member of the Institution of Mechanical Engineers. He is a
registered Professional Engineer in Alberta. His research interests include renewable energy, pipeline
integrity and material science.
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Appendix B: CSA Z662 Standards for Pipeline Crossings
A complete summary of the CSA Z662 guidelines that are referenced in this report and are used in the
Macro are summarized in Table 8. The CSA Z662 section is listed as well as the regulation that is relevant
to the team’s project. These standards were pulled from the document approved in July 2016.
Table 8: CSA Z662 Guidelines

Regulation Topic
CSA Z662 Section
Required Excavation Depth 4.11, 4.11.2, 4.11.3, 4.12.2.1
Uncased Road Crossings

4.12.3.1, 4.3, 4.3.11.2

Uncased Railway crossings

4.12.3.2, 4.3, 4.10, 4.3.11.2

Regulation
See Table 4.9 on page 118of the
CSA Z662 document.
See page 119 of the CSA Z 662
document.
See page 120 of the CSA Z 662
document.

Least
Nominal
Wall 4.12.3.1, 4.12.3.3, 15.3.5
Thickness for Railway and
Road Crossings
Cased Crossings
4.12.3.3

See Table 4.10 on page 120 of
the CSA Z662 document.

Water Crossings

4.12.4

Crossing General

4.12.1.3

See Page 122 of the CSA Z662
document.
See page 119 of the CSA Z662
document.

See page 122 of the CSA Z662
document.
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Appendix C: Standalone User Guide
When opening the Excel tool, be sure to click on “Enable Macros”, otherwise the tool will not work.
The main tab of the Excel sheet is laid out as shown in the screenshot in Figure 20. The “Start Here” button
opens the user form for input entry. The clear button is used to erase the previous input data before
starting with a new set of input criteria.

Figure 20: Excel Tool Interface

C.1 Adding Input Criteria
Boxes outlined in red show where to click or input criteria for each step.
Step 1: Click on “Start Here”.

Figure 21: Using the Excel Tool, Step 1
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Step 2: Enter input criteria: Obstacle Type, Crossing Length, Pipe Diameter, Soil Conditions and
Environmental Sensitivity.

Figure 22: Using the Excel Tool, Step 2

Step 3: Click on “Enter”.

Figure 23: Using the Excel Tool, Step 3
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C.2 Interpreting the Results
After the input data is entered, the top two results will appear on the Excel tool interface. Additionally, a
summary of the input criteria will be shown on the left-hand side of the screen and relevant CSA Z662
guidelines will be shown below the information summary, if relevant. Figure 24 shows how the outputted
results will appear.

Figure 24: Using the Excel Tool, Results
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