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Trenchless Construction Methods
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Trenchless

» Horizontal directional drilling
= Microtunnelling

= Direct Pipe

» Pipe Ramming

= Auger Boring
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Horizontal Directional Drilling

Three to four step installation process

= Pilot Bore
= Reaming Passes

= Swab Pass M
= Product Pipe Installation MOTT M
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Horizontal Directional Drilling

1.D.1. Pilot Hole
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Managing and Controlling Drllllng Fdes

* Dirilling fluids are lazy

» Follows path of least resistance
* Loss of drilling fluids

— Formation losses

— Fracturing losses

— Increased risk with:
» Shallow earth cover
» Excessive mud weights
* Improper bore cleaning

» Highest probability during pilot bore

and initial reaming pass MACDONALD

Managing and Controlling Drilling Fluids
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Drilling Fluid Returns
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Drilling Fluid Returns
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Drilling Fluid Returns
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids

Drill

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole
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Managing and Controlling Drilling Fluids

1.D.1. Pilot Hole

Drill Pipe R R
..-"::: - S
=
:: \ D .. —
slurry Flow  ~ _ n T

S - e = -

MOTT M

MACDONMNALD

Drill and Intersect Method
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Drill and Intersect Method Advantages

» Allows for installation of
conductor casing on
each end of the HDD
installation

 Significantly reduced
drilling fluid pressures

 May reduce installation

risks M
MOTT M

MACDONMNALD

Drill and Intersect Method
Additional Requirements
« Water demands at

both ends of the
alignment

 Large staging areas on
both ends of alignment |

» Risk of sharp bends at
intersection

* Requires experienced
contractor and
personnel
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Geotechnical Risks

Sands & silts:

— Typically no concerns

— Very loose soils

Clays:

— High plasticity “sticky” clay
can be problematic

— Soft clays

Gravels, cobbles and boulders = -

— Particles > %-inch accumulate in bottom of bore

— Steering response may be poor, impacting

alignment
— Excessive drilling fluid losses M
— Tendency for over-mining, excessive settle
and sinkholes A M

MACDONMNALD

Geotechnical Based Installation Risks

» Soil conditions
— Density/consistency

— Gravel and cobble
compositions

— Bore stability / Raveling
— Dirilling fluid management
— Swelling tendencies

» Bedrock conditions
— Rock quality designation
— Joints / fractures
— Strength
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Geotechnical Risks - Gravels and Cobbles

« Bore collapse EEE s

* Poor steering control
e Loss of drilling fluid

* Unable to transport
cuttings from bore

Gravels Fine Grained Soil
Mitigate risks by:
» Locating installation in favorable soils M
» Use of starter casing(s) M
MOTT

+ Different construction method MACDONALD

Geotechnical Risks - Gravels and Cobbles

« Starter / Conductor casing

M
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Geotechnical Risks - Gravels and Cobbles

« Starter / Conductor casing

Geotechnical Risks - Gravels and Cobbles

« Starter / Conductor casing
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ELEVATIONS IN FEET

Chemung River Crossing
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ELEVATIONS IN FEET

Boulders
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Pipe and Coating Damage
Cobbles/Boulders/Fractured Bedrock

Geotechnical Risks

* Very soft soils
— Poor steering control
* Risk of over-bending the pipe
* Drilling outside of easement
— Low bearing capacity
* Thrust block concerns

— Increased risk of fluids
loss and hydraulic fracturing

* Less soil strength to resist
drilling fluid pressures
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Geotechnical Risks

Rock

 Weathered, jointed,
and/or fractured bedrock:

— Increased fluid losses

— Inability to maintain
bore stability

— Steering difficulties
* High unconfined compressive
strength (>25,000 psi):
— Decreased productivity
— Steering limitations
 Magnetic rock
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Geotechnical Risks — Fractured Bedrock

e Inadvertent returns
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Bending Radius Issues
Increased Stresses on Tooling

o Steerlng ISSUGS — CUFVG radlus ISSUGS
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Topography Risks
High Elevation Differences

 Elevation differential [
— Entry vs. exit
— Drilling strategy
— Bore instability
 Drilling fluid
management
* Dry bore in sands

— Key-holing of drill pipe
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Typical HDD Drill Site Operation

Typical HDD Dirill Site Operation
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Typical HDD Pullback Operation
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Microtunnelling

MOTT
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Bentonite Lubrication

Small Overcut: 0.5 to 0.75 inches (12 to 19 mm) on the radius

22
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Machidng_ au».n’h / Jacking Shaft
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Machine Retrieval

MOTT M
MACDOMALD
Microtunnel
One Pass versus Two Pass
One Pass Installation Two Pass Installation

» Jacking pipe serves as a

= Jacking pipe serves as the casing pipe

carrier pipe to convey flows
= Carrier pipe installed
within cas

MOTT
MACDONMNALD
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Application to Energy Pipelines

 To date, microtunneling has seen very limited
application to energy pipelines

— Two pass system required
— Holes in pipe for lubrication
— Fabrication of pipe strirn / shafts

-
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Geotechnical Risks - Soils

Sandes, silts and clay:
— Typically no concerns
— Very loose or soft soils
» Bearing capacity issues
* Machine may sink / steering difficulties
Clays:
— High plasticity “sticky” clay
can be problematic
Gravels, cobbles and boulders
— Stalling out of machine
— Tendency for over-mining, excessive settlements and
sinkholes
— Excessive abrasion wear on machine M

Wood M
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Geotechnical Risks - Bedrock

 Weathered, jointed,
and/or fractured bedrock:

— Steering difficulties
— Excess wear

» High unconfined compressive
strength (25,000 psi):
— Limited application
— Excess wear
— Cutter replacements M M
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Direct Pipe

M
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Direct Pipe

Launsh pit with Pipe Thrustar
3

~

Thruster Clamping Device

Gripper pads
= Circumferential grippers

= Clamp inserts matched to gas pipeline
diameter

Grip demonstration tests
= Full grip pressure
= Full forward thrust
No coating damage observed
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Shallow Launch
Thrust Block and Frame Setup

Designed for horizontal and vertical loading
Forces depend on entry angle and thrust force
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Pipe Thruster

M
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Bentonite Lubrication Plant: Connected to Seal
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Bentonite Lubrication System

Separate lubrication supply lines Launch Seal / Overcut
Overcut 2 - 6 inches on radius ‘_ Injection
tE'I'IfUI'I te Emucﬂ
Lubrication ] | @
Pl Fovercut | I § B ——— |
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Direct Pipe®- Machine
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Navigation/Guidance System

Water level hose

Measuring wheel

Altitude reference device

Horizontal orientation: (+/- centimeters)
via continuous gyro compass

Vertical orientation : (+/- millimeters - centimeters)
via hydrostatic water leveling system

Altitude sensors M
MOTT M
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Geotechnical Risks

« Similar to microtunneling
e Removal of machine
— Collapse of ground

« Abrasive ground
— Excessive damage to coatings

M
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Conductor Casing Installation
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Potential Excessive Wear
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Auger Boring (Jack and Bore)
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Small Boring Unit — Bedrock Installations
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In Good Water-tight Ground...

M
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Geotechnical Risks

e Fill materials

» Gravels, cobbles and boulders
— Passage through auger flights
 Bedrock
— Excessive wear on cutters
 Groundwater
— Dewatering of pits required
— Dewatering along alignment (?) M
— Dewatering of watercourse (?) M
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Pipe Ramming

Hose to Pneumatic Tool i
Compressor " } New Pipe
-f, T : L
Air Hose
g ~ Bearing Stand

L
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Geotechnical Risks

Fill materials

Hard / dense ground

Boulders

— Passage into casing pipe
Bedrock

— Advancement not possible
Groundwater

— Dewatering of pits required

— Dewatering along alignment (?)
— Dewatering of watercourse (?)
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Ssummary

 Not all trenchless methods are the same

e Limitations of each construction method must
be fully understood

» Need to understand risks associated with each
specific crossing
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Questions?

Glenn Duyvestyn, Ph.D., P.E., P.Eng
glenn.duyvestyn@mottmac.com
216.978.2435 M
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