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About the lecturer:

Inventor of multiple patents including a new
trenchless technology: Assisted Dynamic
Boring, with more than a decade of
experience in the Trenchless industry.

Leader of PETRA (USA) Research and
Development division and Zilper Trenchless
(LATAM / Colombia).
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“Quien no cambia con el cambio, por lo menos a
la velocidad que cambia el cambio,
el cambio lo cambia.”



presentation
objectives

D—, Make trenchless projects more cost-effective than open cut

S— |ntroducing a new trenchless technology for unstable ground conditions

BS—, Introducing a new trenchless technology for extreme hard rock conditions

By Introducing a new multi-technology platform to increase versatility
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— understanding critical conversion depth

open cut

trenchless
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understanding critical conversion depth

ROAD STRUCTURE
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— understanding critical conversion depth

S A

open cut

— trenchless today

CCD_2023

» depth

08



Why so

important”?




— why so important?

Installing new
underground infrastructure

using open-cut is
messy and costly
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What

Can we do?




— why so messy and costly?

S A

open cut

— trenchless today

- trenchless tomorrow

CCD_20XX

CCD_2023

» depth
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Why so

Expensive today?




— de-risking trenchless projects @D

Imagine the next generation
of trenchless machines @

¥

Multi-geologies
Highly automated
Multi-diameters and precise
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— what is out there?

UNDERGROUND
NEW PIPE INSTALLATION CONSTRUCTION METHODS REHABILITATION &
Inspection Techniques 0
1 | | | |
CONDITION I
GEOLOGICAL SURVEY I LOCATION l ASSESSMENT LOCATION I
Construction Techniques
1 1 | | |
OPEN CUT : TRENCHLESS RENOVATION REPAIR
| =
Traditi . Horizontal Directional I REPLACEMT
raditional Excavation Drilling | |
_ . Non-Structural Structural
Mini & Micro Trenches Plpe Jackmg &
Microtunneling
Cement Mortar Thermop. Close L . . .
Plow ! Auger Boring Liner Fit . SlipLining Joint Repair
Spot Vacuum ' Pipe Ramming Epoxy Liner | SplraIIID);F;/;/ound | Pipe Bursting ' Spot Seal
{ Piercing Tools
Polyurethane Cured In Place . . . Punctual
Hybrid Techniques Liner Pipe | Pipe Reaming Excavation
@@ PETRA " Pilot Tube Method - GBM
Hose Slip Lining | Pipe Extraction . Flood Repair

Source: http://www.istt.com/

Hand Mining
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what is out there?

NEW PIPE

INSTALLATION

UNDERGROUND

CONSTRUCTION METHODS

IISPECHEINECHIIGUES

Construction Techniques

TRENCHLESS

Hybrid Techniques

@ PETRA

Source: http://www.istt.com/

Horizontal Directional
Drilling

Pipe Jacking &
Microtunneling

Auger Boring

Pipe Ramming

Piercing Tools

Pilot Tube Method - GBM

Hand Mining

17



Introducing a new
trenchless technology

Assisted
Dynamic
Boring




assisted dynamic boring

- 510505
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PETRA

Hybrid techniques - ADB

Specifications
6 - 120ML 8" _72"

Common applications

v B

elec & telecom oil & gas




assisted dynamic boring

Un-guided

Pilot Tube Method
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— assisted dynamic boring

Assisted Dynamic Boring

VS.

Conventional Ramming

Static force

Energy lost per impact

Penetration force

time 22




assisted dynamic boring




Introducing a new
trenchless technology



Jet bore ™

PETRA

JET BORE

A proprietary trenchless method that uses a non-
contact cutterhead to excavate bedrock for
installing underground utilities, making it the only
economically viable method for small diameter
pipelines in such conditions.

Specifications

18" - 48" +/- 0.5%

d3d433d ONID9Id
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Jet bore ™
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—  Jetbore ™

The problem of small-
diameter utilities
through rock
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Jet bore ™

The small-diameter
problem in rock

The race against
wear in
microtunneling

Extreme Hard rock

d3d33d ONID2OIad
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Jet bore ™

The small-diameter
problem in rock

The race against
wear in
microtunneling
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Jet bore ™

Impressive initial results

In November 2021, Petra completed a field test of its robot in
extremely hard and abrasive Sioux Quartzite (Minnesota, USA).

This is a lithology normally bored using dynamite.

* Diameter: 25”

* Length: 250”

* Max Penetration Rate: 1.12”/min.

* Steady State Mass/Volume Removal Rate: ~ imperial ton
(1016.05 kg) per hour at 0.723 in/min

* Compressive strength of rock: 44,285 psi (305 MPa)

* Cerchar Abrasivity: 4.2

* Depth: at surface

* Operation: is semi-autonomous (controlled by two operators
remotely from and Ops cabin)

* Set Up: 3days

* Tear Down: 2 days
33

» Utilization: ~6% (as a prototype)



Jet bore ™

A non-contact approach

removes thrust and tool wearing from the equation
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Jet bore ™

We are boring nightmare geologies

® Excels in hard, abrasive rock

(projected 500 ft/day in Quartzite, Basalt, Granite, Dolostone, etc. in

. .
laboratory environments at 16-25” diameters) Tatonite ti5ia Sifistana Ardasiis

® No human required in tunnel

® Minimal moving parts require less down time for part maintenance.

Up to 10x faster than conventional

Schist Sandstone Gabbro

® Non-contact method eliminates cutterhead tool wear & no need for

reaction forces/large infrastructure

® Can shape the bore, allowing for a tighter turning radius, variable

diameter, small overall footprint ] ) ]
Quartzite Granite Gneiss Daolostone

® Spallated spoils are easier to handle & process

(No muck, no additional cutting fluids)

Diorite Diabase

Basalt
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Jet bore ™
We have tested many other rock types successfully

Red Granite Basalt White Granite

o Origin: Colorado, USA

Advance rate:
0.68 in/min (19 inch dia)
0.35in/min (30 inch dia)

Excavation rate:
TBD in3/min

UCS: 28,000 PSI

Origin: Minnesota, USA

Advance rate:

8 in/min (4.5 inch dia)
1.3 in/min (16 inch dia)
0.74 in/min (26 inch dia)

Excavation rate:
125.3in3/min

UCS: 44,000 PSI

Origin: Idaho, USA

Advance rate:
2.2 in/min (18 inch dia)

Excavation rate:
TBD in3/min

UCS: ~15,000-20,000 PSI

Dolostone

Origin: Wisconsin, USA
Advance rate:
11.2 in/min (4 inch dia)

2.1in/min (20 inch dia)

Excavation rate:
197 in3/min

UCS: ~8,000-12,000 PSI

Origin: Minnesota, USA
Advance rate:
5.5in/min (4.5 inch dia)

0.5 in/min (32 inch dia)

Excavation rate:
49.3 in3/min

UCS: 22,000 PSI

Biotite Gneiss

Origin: Colorado, USA

Advance rate:
4.1 in/min (6 inch dia)

Excavation rate:
113.0in3/min

UCS: ~15,000-25,000 PSI
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The all-geology

problem




— Solving the all-geology problem @@
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Basalt Quartzite
Mud & Swamp

| Extreme
Very soft soil hard rock



— allin one

Introducing the first
multiplatform ever

Al
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— allin one

PILOT TUBE

AUGER BORING

ASSISTED DYNAMIC BORING
[ Jan

Six trenchless methodologies,
one package

Al

d3d433d ONID9Id
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all in one

Pilot Bore

Piloting, the process of creating a small diameter borehole using a guidance
system and steerable drill head, can be utilized to accurately establish the path
and depth of installation before pulling a final product pipe (such as High-
Density Polyethylene (HDPE) pipes) through the pilot borehole via the pilot
pullback technique.

Power Sources Specifications
Diameters
(@) Z 4.5
Grid Renewable
Diesel <7 Max Drive
300+ feet
Accuracy
+/- 0.05%
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all in one

Auger Boring

Auger and Guided Boring is a trenchless method that combines the use of a
piloting system with Auger boring, which involves jacking a casing pipe into the
ground while helical augers rotate to remove the excavated spoil.

Power Sources Specifications
=g Diameters
@ 127 - 48"
Grid Renewable
Diesel <7 Max Drive
400 feet
Accuracy

+/-0.06% - 0.5%
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all in one

Assisted Dynamic Boring (ADB)

Assisted Dynamic Boring is our proprietary trenchless method that combines
hydraulic force and high-frequency percussive impacts to install underground
utilities with significantly increased penetration force.

Power Sources Specifications
=g Diameters
@ 8" —48”
Grid Renewable
Diesel <7 Max Drive
300+ feet
Accuracy

+/-0.05% - 1%
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all in one

Pilot Pullback

Piloting, the process of creating a small diameter borehole using a guidance
system and steerable drill head, can be utilized to accurately establish the path
and depth of installation before pulling a final product pipe (such as High-

Density Polyethylene (HDPE) pipes) through the pilot borehole via the pilot
pullback technique.

Power Sources Specifications

Diameters
@ i 6" - 147

Grid Renewable
Diesel <7 Max Drive
300+ feet
Accuracy
+/- 0.05%
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all in one

Pipe Bursting

Pipe rehabilitation is a trenchless method of rehabilitating existing pipelines

using various techniques such as slip lining and pipe bursting to improve their =]
structural integrity and extend their service life without the need for extensive m
excavation. L.

Power Sources Specifications

=t Diameters
©) Yo
Grid Renewable

Diesel <7 Max Drive
300+ feet
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allin one

Jet Bore

Jet Boring is a proprietary trenchless method that uses a non-contact
cutterhead to excavate bedrock for installing underground utilities, making it the
only economically viable method for small diameter pipelines in such conditions.

Power Sources Specifications

=t Diameters
B 18" — 48"

Diesel Renewable
Diesel <7 Max Drive
100 feet
Accuracy
+/- 0.5%
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all in one
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Questions?




A PETRA COMPANY

www.Zilpertrenchless.com www.Petra.cc Roberto.Zillante@petra.cc




