YV v —3P Bever
ANV -9 Control

ETABL. 1860

ANDERSENS MEK. VERKSTED AS

Bever Control AS (control systems supplier)

Norwegian Innovative Tunnelling Equipment

Singapore Workshop 17-18 feb 2009

Norwegian Method of Tunnelling — Technologies and
Practice
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NORWEGIAN INNOVATIVE TUNNEL EQUIPMENT

Drilling Jumboes
Shotcrete robots
Working platforms
Grouting systems
Special products

Computer control systems
Profile scanning of excavation
Planning and reporting
systems
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AMYV Company

-Privately owned family company since 1860

-Main products within tunnel/mining industry and offshore indu
-~40% of production is export

-Certified through ISO 9001 and 14001

- 11000m2 of modern production facilities including:

-Engineering department
-Machining shop

-Welding and fabrication shop
-Assembly shop

-Electrical shop

-Painting and sandblasting facilities

-Warehouse and shipping

Deliveries to: i
-Scandinavia, Germany, Spain, Italy, France , China, Singapore, Japan, W @
Korea, USA % P
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B3P Bever
—3P Control

*Norwegian contractors introduced the
concept of computer controlled drilling as

—3) Bever
—®) Control a.s~ | early as 1974

X B
= | Shet

*The first AMV computer controlled
jumbo was set in operation in 1979

*Bever Control is the pioneer company
for this technology worldwide

*We have delivered our system to more
than 180 drilling jumbos and has set the
standard for the performance of
computer controlled drilling rigs system
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AMY Total Supplier of Tunneling & Mining Equipment

Recognized Global Supplier

Drilling Jumbos

Shotcrete robots

Grouting Equipment

Working platforms

Auxcilliary Equipment (Service Containers, Cable Reels)

Special Equipment for tunnel & mining industry
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Our Products

AMV 21 SGBC-CC
Highlights includes:

« 3 Boom Jumbo

» Bever Control System

» Cross section up to 11,3mx17m

» Montabert HC110 Dirifters

» 18” Feeders Standard (10”-22” Available)
» Low emission Deutz diesel engine

» Man basket SWL 450 Kg / 700 Kg

Control systems supplier
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—3P Control




Our Products

AMV 2ABC-CC

Highlights includes:

» 2 Boom Jumbo

* Bever Control System

* Cross section up to 8mx13,2m
» Montabert HC110 Drifters

» 18” Feeders Standard (14”-18” Available)
» Low emission Deutz diesel engine

Control systems supplier
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—3P Control




Benefits of AMV CC drilling rigs

Efficient drilling time / Optimizing of drilling pattern
Drillsteel usage

Reduced overbreak

Measurement While Drilling (MWD)

Surveying

OS system and benefits
Service and maintenance
Montabert HC110

Control systems supplier
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Benefits of CC drilling rigs
1. Efficient drilling time / Optimizing of drilling pattern

;]Fileduced no of holes by 10-15 % due to accurate drilling and accurate distance in bottom of
oles

« Longer rounds possible due to more accurate drilling

« Better blasting and direction control reduces amount of rock support
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Benefits of CC drilling rigs
1. Efficient drilling time / Optimizing of drilling pattern

* Best practice and development, less dependent on human factors

*Reduced overbreak by accurate guidance, case study shows reduction from 60
to 30 cm, or typical from 25 to 11% at 35 m2 and 5 m rounds
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Benefits of CC drilling rigs

Drillsteel usage

» Optimized jamming and fault control, reduced steel damage and time saving

» Drifter settings optimised for actual drilling needs improves drilling capasity and
reduce wear of steel and drifter, savings in maintenance and steel consumption

» Experience from Scandinavia shows that it is possible to reduce cost related to
drillsteel by 10% with the use of AMV Jumbo

Antijamming control .
J : Jamming

Feed speed, Feed press, Hammer press

DRILL —
_,f’/ N \ /

COLLAR
Jammed J \
32 45 78 100  par 0.05 m
S 30s N Rota. » 1.0s Hole
/1585 N\ press © [30.0s depth

| .
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Benefits of CC drilling rigs
Navigation / Set-up of AMV Jumbo

«  No marking on face
 Reduced time for positioning of jumbo
«  (Case study shows a typical reduction from 30 minutes to 5 minutes

2 )
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Benefits of CC drilling rigs

MWD (Measurements While Drilling) Benefits

* Reports on drilling efficiency

» Reports on rock conditions a head of face

» Reports on usage of bolts and anchors

* Drill log

» Reports on geometric position of bolts

» Reports on length and position of bolts

« Statistical reports for whole or parts of project
* Reports of overbreak statistics

TOOLS FOR QUALITY ASSURANCE AND INCREASED EFFICIENCY

Control systems supplier

AMV 3P Bever
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Benefits of CC drilling rigs
Planning and production efficiency

» Production planning of geometry and drillpattern gives management better control

of operations

- Automatic report on drilling efficiency and settings as managment tool for optimise

drilling steel and drifter maintenance

ETABL. 1860

Element Low Peg Ho High Peg o

SUMMARY ROUND REPORT 10 1151.89  1385.15
Parsell: Koppstad - Solerod Round length (m} 284,2
Sigm: Jumbao id 21SGBC-CC (11-2404) (11218 BCA 201
Date: 15.12.2004
Comment:
Comment:
Sign:

Total Boom 1 Boowm 2 Room 3
Started 29.10.04 20:44 01.01.000:00 01.01.000:00 01.01.00 0:00
Ended 1512041851 1512.04 18:51 1512041826 1512041544
Round Time (hours:min} 206:28 200:08 17417 206:28
Periode length (days:hours) 14 1851 141826 141844
Hormal drilling (hours) 74:06 65:06 71:35
Slowjammed drilling 1250 1758 1341
Insert rods 0:00 0:00 000
Clean/other time 26:00 19:44 27.49
Move 8710 7148 9121
Ho of holes G644 2242 223 217
Drilled {meter) 304607 10683,2 31609 106166
Penetration rate (mmin} 227 21 214 230
Hammes pressure (bar) 124 125 1149
F eed pressure (bar) 6O 57 56
Rotation pressure (bar} 70 68 74
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Benefits of CC drilling rigs

Bever Team Reporting
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*Mapping the face .
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log

Penetration rate logging
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Benefits of CC drilling r
Bever Team Reporting

igs

Starty
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Endx.
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By7/000 411
By7/001 1597
By/003 517
BY7001 566
By7003 757
897005 166

EndY

[m]

-190351 2
-19031 ,196
-19030 039
-19027 513
- 19026 534
- 19025 542

EndZ

[m]

233127
234 519
237,778
237 212
238 295

238 42

Printingdate: J0030525 14:52 Bolt log Troductian date : 20021026 06 20
iScalell:llIli : : . : : . : : . : : . : :
SRR A ST N N R
________________ AT SN VAN S TP N SN N S S

L e LT A v —
———————————————— R R S Starti Starty
................ "\_Ch"*i [m] [rm]
________________ :____E___‘?,__i___:r___'________h____i__ a97002 352 -19028 35
e |\ 897002835 19029422

: R A 507004 769 19028 616
"""""""" E""""E"'?'-7{55"""‘"""""' a97003 401 -19026 B04
f-edoncboonbe S| B07004,512| 19026037
L e Eem e e e e R agfnna?m -19025 469
N
R s A N A
/el Sttt Sttt i s it St et St o it el it ik Sl Sttt st i
i PE se o N
et =t Sdeood la | Lmpih | ifumbe:
ety T com [

T 4

AMV

ETABL. 1860

Automatic record from
drilling of bolt holes
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Benefits of CC drilling rigs
Survey / Profile Scanning

Computer
Win XP

Scanning Time 5 minutes on a
90m2 5m length

AMV

ETABL. 1860

Joystick
controller

Scanner with Win CE
realtime controller
inside

Control systems supplier
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Benefits of CC drilling rigs

Survey / Profile Scanning

» Operator will get direct control of overbreak
» Can be used for marking on the face

» Contour documentation with no surveyor presence
» Accurate underbreak control-scan grid ¢/c 25¢cm (select by operator)

3788.50
~3789.00
73789.50 :
73790.00

"3790.50 f
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Outside contour length=19.83 m

" “[Estimated outside contour=19.9 is extrapolated to re
- - -the grayed limits. These limits can be set by using [!---
' Iclicking right mouse button.
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—Contour
Area 91.01 m2
Length: 2108 m
Flaor: 16.13 m
Add: 0.00 m
Camber: 372 deg
—Outside contour:
Area 8.07 m2
Length: 1983 m
Ave: 041 m
Geo: 0.40 5.57 m2
—Estimated
Area 81 m2
Length: 199 m
Meas: 99.6 %
—Inside contour
Area; 0.05 m2
Length: 1.17 m
Lye: 0.04 m
Cursor:
r Peg no; IBLI0 m
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Benefits of CC drilling rigs

AMV- Bever Control Advantages

» Well proven computer system, Ms Windows Embedded XP/CE operating systems
used since 2000 — Mobile 15 inch touch screen computer, easy to upgrade and is a
platform for the future

 Project planning system, integrated design and reporting system

» Several navigation methods (laser, profiler, total station)

» Many features beyond competitors (operation, complex geometry, logging)

* Failure detection system

« USB stick or LAN transfer of rig data

«Can be delivered with any desired language (Spanish, English, Korean, Chinese etc..)

Control systems supplier

AMV 3P Bever
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Benefits of CC drilling rigs

Competitor Advantages of AMV
» Best component quality selected

« Stable boom design, with several features which enhances accuracy
» Well protected, easy maintenance of components

» High power capacity is standard

» Montabert drifters-excellent performance low cost pr drillmeter

« Small companies dedicated to top support and customer attention

» Low total cost with regards to maintenance and use of drillsteel

* Availability ~95 % experience from national and international projects

Control systems supplier

AMV 3P Bever
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Maintenance

. Easy accesible for maintenance
. All Planned Maintenance Schedules, Maintenance Manuals and

Spare Parts Manuals can be called up on the Service P.C. touch

screen. Extensive equipment logs and fault finding facilities are B e WA
H * Low battery voltage, power batter
avallable * Low czmpr:ter b:geryp?/olgg: ==

- Right electrical cabinet open

- Left electrical cabinet open

- Low air temperature, compressor unloaded
- Low level, shank lubricant

- Low fuel level

- PLC distributed I/O fault




Montabert HCI 10

Hi Frequent Drifter 32Kw (~70 Hz)

Only drifter with hydraulic reversed percussion
Average penetration rate between 3,5-5 m/min
No maintenance intervals

Test machine run 700Hrs with no maintenance
Low cost on total drill steel consumption

Borsynk (m/min) [(-4.3,2.4) (-4.6,2.5) D--0.8]

[ L e ]
I
[ 111 I
M e e e — —
A S 1
03 ----=--- 4-—----- -:
[ . S, f-—--—- -
olH---—--- f-—----- -:
oaa - —- I|- ——————— B
1
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Our Products

Shotcrete robots

Highlights includes:

« Shotcreting capacity up to 25m2 pr/hour
» Max height of spraying 18 m
» Max side reach of 16m
» Handles all types of shotcrete incl steel fibre additjg
* Fully enclosed air conditioned operators cabin
» Can be delivered as:

- Electrical driven

- Diesel driven

- Combination diesel/electric
* Low rebound rate < 7 %
*RC Controlled _ o f
High Quality Compressor Y . % L
 Auto- add system
 Takes into account the highest HSE regulations

Control systems supplier
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Our Products
AMYV 6400 Shotcrete robot

[FRL

P
Control systems supplier
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Our Products
AMYV 7450 Shotcrete Robot




Highlights includes:

*High mobility
*Easy maintenance on chassis world wide
*Possiblity for electric/diesel driven
*Can-Bus System

*Radio Control of chassis/work platform

Wide range of alternatives

« 8,5m Working platform

* 10,5m Working platform

 17,5m Working platform

» Multi purpose working platforms with drilling equipment

Control systems supplier

3P Bever
—3P Control
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Our Products o2 s

AMV Working platform
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Our Products

AMV Grouting Rig

Highlights:

 High Capacity Injection Unit
» Two seperate mixing lines
 Three simultaneous injection pumps
» Complete logging functionality (Vc Number, Quantity, Hole)
« Coverage area of tunnels betweenT8 to T12,5

» Radio Controlled Palfinger Crane

» Mixer Equipped with weigh cells for accurate recipe

* Designed for easy cleaning and maintenance

Control systems supplier

3P Bever
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Our Products
AMV Grouting Rig System Overviewfs ”

Automatic control of: = = ="

» Weighing and blending
» Mixer Start/Stop

* Blender start stop

* Injection pump stop
*Dosing accelerator fluid

L Silo

Blender

L T

Q

) [
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Our Products
AMV Grouting Rig

Complete logging functionality (Vc Number, Quantity,
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Our Products

AMV Guardrail Installation Rig
Highlights:

* Built on standard chassis

 High mobility

* High Efficiency Montabert HC90

» Can-Bus

* RC Controlled for one man operation
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Our Products

AMV Other Tunnel/Mining Equipment

Cable Reel

Service Container
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Special Products

Control systems supplier
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Computer controlled
installation of bolting for roof
support, accuracy 3-5 cm
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Control systems supplier

AMYV Bolting rig for roof support
AMV T3 Bever
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Mobile scanner, selfcontained unit




More details on:

Machine control systems

Planning and reporting systems

Project management

Control systems supplier
AMV D Bever
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Bever machine control
3- generation computer controlled drilling and scanning

3P Bever
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Drill guidance system and Profile
scanning from drilling rig

Control systems supplier
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Bever Win 3D
Profiler in
operation

RN

it}




Navigation — setup of drilling machine

Tunnel laser
Totalstasjon (Trimble)

Profiler (Bever)



Jumbo navigation with Bever
Profiler 2000

Machine
drilling jumbo

~~

oo fastpunkt,\/\j\N
kontrollpunkt



Trimble Navigation — New method




Trimble totalstasjon




Navigation on operators display
shows feed and jJumbo position




Bever Control — machine control
tunneling and mining

complex projects




Novapoint Tunnel — Bever

dataflow from design to construction

Design client
and consults

Novapoint
Tunnel
3D model
of tunnel

__ EE
ANV

ETABL. 1860

Construction
company on
site

Bever Team
“ Office ﬁ Machine control

VAN

Construction
work under
ground

Bever Win2000

pplier
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Nova Point Tunnel (CAD system for road design)

vine L e N
.:"""‘"“‘ e
Tunnel mOdel ot . T e e
' S e, =i | e o Design program
Storage for maintenance =5 = =28

(NVDB)

e

o | N - - : A
3D-visualization (VR) —_— J*”—"‘:';];'g"»[; Drawings
D @D &) @D @D & (- w2 -

Survey equipment 0 hirol systems supplier
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Nova Point Tunnel (CAD system for road design)

These companies and institutions have contributed to the project:

—3) Bever >
VIANOVA -9 Control £ AAS-JAKOBSEN
InnOL}FI.SJO:I
Statens vegvesen NORGE

| addition to the companies/institutions above the following companies participate in
the reference group:

E™ IS Norconsult 4

| .
Control systems supplier

mvw 3P Bever
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k
Nova Point Tunnel (CAD system for road design) 2% T

o/ e
4 I B

=10l x]

-|-4 —Library Filz _@l E"'l o

T55! T855 T1 1 5 C\Program Files\\ViaMova“Movapoint’16.30% Tunnel Template' . Tunnel ProfileLibrary 01 xml ]
T7,T9.5, T12.9 -

—Library Prafiles

Train tunnel Select Profle g|E Qe gl

General parametric profile Bamplel
ion | e — |
Cross section library / =
¢
0z
,F}f:"f @:\1,_1
w R
/ 5 Chainageno 6220
B £ £ 0K Cancel | Help |

gt = ns supplier
AMV = Bever

_‘., COIltl‘Ol




Nova Point Tunnel (CAD system for road design)

The following tunnel elements can be
modelled by Novapoint Tunnel v. 1.0
Inner profile
Perimeter
Free vehicle clearance
Pavements
Theoretical base and designed base
Attachment bolts

ontrol systems supplier
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Nova Point Tunnel (CAD system for road design)

Perimeter

The perimeter is defined by:

User specified offset from the
inner profile

Parametric section connected to
road surface edge lines

Theoretical and designed base

— Penmeter Type

¥ Distance from inner tunnel profile

™ Parametric perimeter

— Parameterz

Distance to Inner Profile [m] I'l4

| .
Control systems supplier
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Nova Point Tunnel (CAD system for road design)

Base

There are two different base definitions:
Theoretical base (the contractual base)
Designed base (the contractors operational plan)

Theoretical base always follows the road bed from
the road model

There are three different methods to define the design base: J
As theoretical base [ e -

Follows closed drainage from the road model \_Lf//
User defined

| .
Control systems supplier

NVIV 3P Bever
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Bever Team Office 3

Welcome to Bever Team  *°0]
Select action:

() Create a new project

() Manage an existing project {name, loga)

() Design tunnel geometry {center line, contour)

() Design tunnel production data face, laser, ficed point, drillplan)
() View as built geometry {profiler, total station)

() View as built production {drill log)

Cument database:  Atlanterhavet
Curmrent project: Default

ems supplier

Bever
Control




Planning of geometry

Geometry and Production Planing : Default

| ! Submit to database ,_30pen nSave - |Geumeh’y L4 ‘ = Report ‘ 4 Settings = ‘ ‘? Help

North-East |

4 x Pel - Up

Pel - Camber

Contur rx

d 2y

Tunnel: defualt-0 o
Name Type

* v

Center line
-Points
-VIPS

Cross
section/contour:

-Points
-NPT
-From file
-From HB
21

-CAD
-Angles
-XML



Line show in Google Earth

E® Virtual Earth

2 Road Aerdal Bird'=
-A.

-
=l




Line and contours from NPT

Geometry and Production Planing : @kern

i | & Submit to datsbase [ Open [ save - | [ Geometry - | Bl Report | 35 settings ~ | B Help

North - East 4 b x |LPel-Up g2t
S
-&"\-u.
i
‘“EH‘\
hﬁ“m_h
Pel - Camber q o

- __/f__

/

/
| testtxt - Notisblokk [l ]
Eil Rediger Format Vis Hjelp
Fra pel Til pel Dos. venstre Dos. hoyre Arsak -
11855. 000 12370.000 -2.5 2.5 Groft: Definert
11860. 000 11870.000 -2.5 2.5 Veg: Dosering
12033. 000 12043.000 -2.5 2.5 veg: Bredde
12033. 000 12033.000 -2.5 2.5 veg: antall lag
12067. 000 12077.000 -2.5 2.5 veg: Bredde
12077.000 12077.000 -2.5 2.5 veg: antall lag |=
12138. 000 12148.000 -2.5 2.5 veg: Bredde
12138. 000 12138.000 -2.5 2.5 veg: antall lag
12172.000 12182.000 -2.5 2.5 Veg: Bredde
# 12182.000 12182.000 -2.5 2.5 veg: antall lag
i 12370.000 12370.000 -2.5 2.5 Veg: Bredde
¢ <
4 »
Vips: Default
Vips model
Structure |C:\Documents and Settings\Karsten\Mine ¢| [ Browse... ] I Line... ]

Camber left 1.1 3 Info...

= Tunnels | vips | [] contur
——




Define a contour

at - | ¥} Undo ‘

>

 Name on layers

1 : , , » Several types of input
RANEREEREE - vHEBRCLNEREEERERN « Camber on/off

‘ ’ ’ ’ « Colour

..........................................

{

EEl Define names for contour layers

Layer Z - Veggelement || Layer 3 - \itte ” Layer 4 - Kjareboks \! Layer 5 - Vifte H Layerﬁi

Layer index Mame |ls2 camber Wault color

| B Teoretisk spreng...

YVeooelement

-5,003 |

S0l |

z.ass'g 1 3 Vifte

Fiereboks
Vifte

O & & E & E

ETABL. 1860




il Geometry and Production Planing : Tansbergpakken

‘ ) Submit to datahase ﬁ[]pen E Save + ‘Producﬁen v |E Repart | . Settings ~ ‘ ? Help |
[pel-up 1 x|

North- East |

L « Control point
v,  Peg definition

|PeI-Camher
f® Laser control
\ Enter a poirt in the laser line {m)
| \; MNarth 142647 577  |&
East -16687,1%4 |2
Contur 1 X| L||:I 51 E'D :

Dieviation (m)

North -0.006 v
- East -0.005 5
Up 0,006 5
¢ l a@
| Laser: Vestre |gp 1% |
Name Pel from Pelto AtLaserNorth AtLaserEast AtLaserUp AtFacehorth AtFaceEast AtFacelp
2100,000 2300,000 142694,569 -16649,830 142619,432 -16549,659 Cortral J

i Face /Lasa|f' Foirt |

E Drillplan |




Fixed points

Geometry and Production Planing : Tensbergpakken EH@E |
| ! Subrmit to database jOpen ESENE - | Production - ||§| Report | 3¢ Settings = | ? Help
North - East 4 b x |LPel-Up q NeW
= | Type
» * Alarm
Pel - Camber o ox * DeSC”ptlon

» Pegnr. / distance from
CL

N
[ %

Point: Vestre lgp X
MName MNorth East Up Type Alarm Description |

> 142633,420 | -18085,775 2,500 |Polygon... | None ¥ Polypunkt
1010b 142627,738 | -18070,786 2,923 | Polygon... » |None b )
0K 945 142798,726 | -17719,694 5,873 OV kum... ' [Normal | OVervanns... |

— Face | A Laser F Pu::int|

g Drillplan




Drill Pattern design

Drillplan - Pabudt, VESTRE L@P-tung sikring-senket kutt

| Summar}d Drill plan Ilgnitor Igﬁ'rtorgroups Charge
! [ElHoles online + | 3 Delete | ElReport ~ | $m Measure |[1.000 J
i @add | O apply | i 1 J.E | § ~
by bk
| 1P R R o 7t ;
Haole type |Cordur v| ! e ' . 4 o !
I ! ¢ N
Hole depth {m) [5.150 -~ | ___________________ i e e bttt . G0 O - .
g ' - " v ! g o
Loolout {m) |3.13: ~ | :f\‘ i .f\:
= ) : T
Lookout method ito 3 | f\. . . + " - t/\
: .y : e
Wanted distance ot [ gy v i ! AN
W . PR i “ 3 " ! 4 . L Y
Wanted distance {m) [0.880 = | r_‘ : dp—]
Atchived collar {m) 0.856 :| :F't El Y O 8 1 i o R ¢ *E "_
Achived bottom ) [0.933 | TR e 4 e : i * b A T
: - ey & T ETETRURTATR TR TR T
B0 P, 0 5O, AUV SO W) WD U SO
Distance to ling 0.000 -~ T J ' )
_ i | ' 1.1 ' '
Digplacement start {m) |:.13: A| y | _—
Right {m}) Up {m}) Lookout {m) Length {m) Direction {deg) Holetype A
» -5.149 0.209 0.400 5,150 -20.854 | Cortur b
-5,372 0617 0,400 5,150 -5,804 | Contur b .
ms supplier
-5,458 1,468 0,400 5,150 -0.532 | Cortur e
-5.405 2,322 0.400 5.150 7.540 | Contur ~ Bever
-5,214 3,155 0,400 5,150 16,813 | Cortur A
-4.850 3.947 0.400 5.150 27,503 | Contur ||z ‘ OntrOI







Automatic drill pattern

Drillplan - test

(%]
_Summarj,'. Doll plan i_l_gn'rtor || lgnitor groups || Charge |
i [l Automatic ~ | % Delete | [ElReport ~ | §m Measure |[1.000
i [lRead || Edt |(2)Generate | i i i ~
| U |
Parametars fDriIIpIan “ :
Pel i
Ruundlengih -_____-_-_JI___ e T e Ty T e
e, e
) -
e -—
= D E F G H al
______ % 1 Parametes for: Drillplan
™\ 2
! 3
F : All Distance Down left Down right  [Higth first Hole Distance Haole Comments
measures in outside comer cormer hole on distance from wall to Jdistance
Right m) Up im) Lockaut (m) Length {m} meters contour contour over jcontour first hole in  Jbottom
4 bottam bottom
5 d1 dz2 d3 d4 da d6 d7
6 |Start of hole Row 1 0.15 0.00 0.00 0,50 0.90 1.25 1.25]Contour 1
7 Row 2 -1.00 0.00 0.00 0.70 1,50 0.00 0.00fContour 2
B8 Row 3 -2.30 -0.50 -0.50 0.70 1,50 0.00 0.00fContour 3
9 |End of hole  Row 1 0.55 0.50 0.50 1.00 0.90 1.24 1.28)Contour 1
10 Row 2 -0.65 0.00 0.00 0.70 1,50 0.00 0.00fContour 2
1 Row 3 -2.00 -0.50 -0.50 0.70 1,50 0.00 0.00fContour 3
12
13 L3 o
14 ——_ °
15 s T~ °
16 > C .
17
18 o -
19 dl
20 H
31 dl:a d4
2 \a a3
23 e o T



| Summary | Dl plan | lanier | Ignitor groups | Cherge |

i 30 View: Delay ~ | % Delete | ElReport

Select method [0 3

Type Norel LP v

Ignitor name Delay {ms)
NOLPEO
NOLP55
NOLPS0
NOLP45
NOLP40
NOLP35
NOLP30
NOLP25
NOLP20
NOLP18
NOLP16
NOLP14
NOLP12
NOLPT1
NOLP10
NOLP3
NOLP2
NOLPT
NOLPE
NOLPS
NOLP4
NOLP3
NOLPZ
NOLP1
NOLPD

¢ view: Delay ~ | X pelete | ElRreport ~

Select method e 3

Type Gruppe 3 M5 -

| S

Drillplan - test

| Summary | Dl plan |

| Ignitor || Ianitor groups | Charge |

Connected to

i ¥ Delete |[ElReport

* [gnitor
* |gnitor groups
» Charge planning

Selzct method Line

Combination

O A Kortur 1
O B Kontur 2
O C: Stross Oppe
@ D: Stross Opps red
O E Stross Nede
O F: Siross Nede red
O GKu

O H:Ligg




Project trasferred to
drilling machine

—‘ TIf: +4732858960 BO1: Velg prosjekt / delprosjekt
-, B ev er Fax: +4732858961
mai evercontrol.com
. C OntI"Ol www bevercontrol.com ) .
_ _ Aktivt prosjekt :
AMV (11045 BCA 22.10)

Bulid: Oct 21 2005 11:06:15 2005.11.17 18:42:13
Plan til Drill status: Ok

F4: ASSURTJERN
Plan til profiler Ok

Default

F5: Synkroniser F6: Las ut
O:Laser 1 (12100 -)(3005.000) _ .

= E

F27: Naviger




Drilling machine setup at peg no
3005 in a twin tube higway




Contour at peg no 3005 shows up on
the drilling machine display and contour




Drillplan is automatic created to adapt
to expantion and curve in the tunnel




Drill logs includes all detailed
iInformation about the drilling process

El Drillpattern |5ing|e hole | Multi hole | Development | Drillpattern 3D | Pr ¢ [»] ® | ‘

373300

753,00

373500

273800

2743500

574750

AT N

=

rHound details

Pegno (1)
3751 /00

Holetext:
{home)

Dirillpla:
Careber (deg):
372

Dirill divection:
Decreasing




Profil Drill-logs nitche at peg no 20/6692

1| Borrmonster |Bolt | Enkelt hull| Flere hull | Utvikling | Bormenster 3D | Lineer | Ansettflate | Li¢[»| |

A

668348
668761
%92.10
669679
£701.779

670654

&710777

rSalve detaljer

Pel {m})
H692.104

Hulltelst:
{ingemn)

Borrplan:

Dosering (deg):
-1.72

Borretning:
Minkende

Antall synlige hull:
169

Lengde synlige hull
758898

Areal beregn. grense (m):
-5.00

Areal anzett (m2):

0.00

Areal salvebunn (m2):
0.00

Areal kontur (mZ):

95.94




Bolt log

Pridinzdate: 20030605 14:52 Prochactan date : 20021006 0223

Scale L llIl

[ 1 ' '
1___T___r___l'___l___'i___'I___T___r___l'______'i___'l___T___r___i'___l___'i_
1

Bolting recording
from drilling

BBFDDE FEE‘I

- 19025 ,459

L e :r’: : i
J———*———'-———:————:———-:———4———1———:——-‘—':———————-'———4' ————————————————————
FRR S S S L‘""‘“ _____ Startx Start ¥ StantZ Endx. End EndzZ
O NS S S [m] [m] [m] [m] [rn] [m]
P R f‘/} ______ .| 897002352 1902835 231923 897000411 190312 233127
: T 997002635 -19029422 232938 897001197 -19031,196 234519
"""""" cobore St BoTO04 TED. 10028616 235425 BO7O03417 -19030089 237778
i AT e | BEPO03 401 190126 604 23481 897001966 19027 513 237,212
R ST T 897004512 -19026,037 235482 897003787 -19026534 238,298
____________ : 2355 997005,166 -19025 542 238,42

______________________________________________________________________

-4 15 -0 ' 4
g 4.5 & .57 4
rFouod daola
Sdeoad lo | Lmph | iMumber
Fpma [m) bbbl 1Z1 G35 |44
02 LBl Loog bd 0 0o o
Towl mabls 151655 |44
Halamu:
[om=]
T 5

Automatic record from
drilling of bolt holes




Surface map
shows overbreak
and bolting
pattern on a 30
meters tunnel
section

8,670.000

Control systems supplier

3P Bever
—3P Control

ETABL. 1860



Element Low Peg Ho High Peg Ho
SUMMARY ROUND REPORT 10 1151.89 138515
Parsell: Koppstad - Solerad Round length (mj) 284,2
Sigm: 0 Jumbo id MSGBC-CC {12404 (11213 BCA 20,1
D ate: 15422004
Comment: 0
Drill report
Comment:
from
St a n d a rd Total Hoow T Boowm 2 Hoom 3
Started 291004 20:44 01 .01 .00 ;00 0.0 .00 0;00 01 .01 .00 ;00
Ended 151204 18:51 151204 18:51 1512041326 1512041844
b | a St rO n d Round Time (hours:ming 206:28 200:08 174:17 206: 28
u Periode length (davs:hours) 14 1851 141826 141544
Hormal drilling fhoursy 7408 6:3:06 7135
n n Slowjammed drilling 12:50 17:33 1544
Insert rods 0:00 0:00 0:00
r I I n g Clean/other time 26:00 19:44 2745
Move g0 7148 91:
Ho of holes GE44 2242 223 217
Drilled {meter) 304807 106832 MEDS 10B1E6E
Penetration rate (m/minp 227 2,21 214 2,30
Hamimer pressure (bar) 124 125 119
F eed pressure (bar) G0 57 56
Rotation pressure (bar) 0 B3 74



Drilling speed at peg no 3663
Indicates variations in geology — for

Dl Drillpattern 3D | Profiler 3D | Linear | Collar surface Linear surface | <] .l |

3661.00 Lo
3661.50

266200 [0S e

366250 | R




Drill parameters logger (drilling speed )

Pel (m)
2044 64 T074.400
Parameter:
Borsynlk (mmin)
7049 48
l |
_ﬂ54.13 i
T059.01
T063.93
1]
T0469.50
T074.40
=]
»




Geology interpretation from drilling log
(Rockma analisys)

Rock strength
Rockma Analysis
limeston-blue
slate-green|
diabase-yellow

a0
.--"":L-.;
G’ilﬁ A e
,:I,'i N e AN g §
=1 '_lII - i
fﬁ e strength

L T T T T
- Bow R BV o m @ : _':
I~ T E
I T
a




Profil scanning — at peg no 20/6675

"""":_,_Tu_rlnPruf v.2.4.1x - TplProf.bpp
Data PRediger Profil  Eksport  Tekstbokser  Wis  Hielp

SRR & FAae R

2076631.00 R,
P & ¢ L 8 F s o omos 24 o8 5B o2oE | —Kontur
s S S g A= I T e Areal 75.68 m2
[ 2016691.50 Lengde 22.00 m
Sale 12.50 m
Dosering -1.72 deg
| 20/6652.00 Valgt lag 2
—Utenfor kontur
[ 20/6692.50 Areal 2573 m2
Lengde 21.59 m
(3. smutt 1.19 m
0/6693.00 (Geo over.0.5( 25.73 m2
Std. avvik 0.20 m
[ 20/6693.50 —Estunert
Areal 26,2 m2
Lengde 220 m
" 20/6694.00 Milt 98.1 %




Contour scanned using Bever 3D
Profiler and trasferred to NPT




New Development %'L

Bever Profiler on a shotcrete robot

Shotcrete
surface to
scan

Bever Profiler
mounted on

shotcrete
5.0l Bi— W//
L/t 7
"J Bever

) COIItI‘Ol




New Development

Bever Profiler on a shotcrete robot

Reports generated

Bakfra

F12: Start

Enkelt punt ved pel=1235 432
Tykkelse 70 mm
Avstand kontur 233 mm

Ovenfra: Sprut tykkelse F12: Start
v
0.10
0.05
0.00
Enkeltpukt ved pel= 1234 52: Oversikt pel: 1230 til1240:
Tykkelse 75 mm Tykkelse gj snitt 70 mm
Avstand kontur: 254 mm Tykkelse min/maks 60 /85 mm
Side/Hoyde 3.45/521 m Mengde totalt 6.85 m3

ETABL. 1860

Control systems supplier

3P Bever
—3P Control




Operator
environment
IN the test
case

2009/2/18 82



Our scanner in the test case

2009/2/18



PROFILE SCANNING BEFORE AND
- AFTER SHOTCRETE

""""
! ! o K onl 1 . , ,

----------------------------------------------------------------------

__________________________________________________________________________
................................................
_______________

O U SRR St SR PUPUPRY IOURRRRI S
.............
-----------------------------------------------

______

""""""""""""""""""""""""""""

_______________________________________________

2009/2/18



Shotcrete scanning

Punk! typer som vizes | Linjefarge

E‘ Itzprendgt
E Sprut 1
E Balter 1

E Buolter 2

: Avstand mellom punkter av tyfie: [Etter sprut 1),[Etter sprut 2]
| ) ; 1
.................... W\ ot T e Wl i0dl 0 ] AN
[1590.00 1 ] b
&
[10/1581.00 ~ ~
—Kontur-
Areal 7575 m2
[ 101581 50 Lengde 2201 m h g 5
Sile 1250 m | ;
Dosering 1.72 deg ' ; ;
[ 10/1582.00 Valgtlag 2 ! g ! |
/ (Utenfor kontur : 3 '
[ 10158250 Areal 2,66 m2 ' : |
Lengde “otm | bl . et S S T WPTY | SRS, Bk L) .
Gj.snitt 019 m [1580.00 .
[ 10/1583.00 R / Geo over.0.00 2.66 m2 : :
X / Std. avvik 0.04 m ' ' i
(1011583 50 7 K Estimert : ‘
AN Areal 27 m i | |
Lengde 140 m ' ! ' |
[10/1584.00 Milt 100.0 %
rInnenfor kontur——— He7n.o0 Ty [ttt et i e [
(101158450 Areal 900 sm2, . ! !
Lengde 0.00 m ! : '
}H/ Gj.snitt 0.00 m
[ 10/1585.00 N Earteo




2009/2/1

Shotcrete thickness control method
2X2M GRID 25 POINTS
once every 250 m3 concrete

86



SHOTCRETE THICKNESS IS AN IMPORTANT
PARAMETER OF QUALITY

TO DAYS THICKNESS control

IN NORWAY—- ONLY 3 % IS NORMALLY
CHECKED

Method is drill test holes manually



Test results from spraying layer 1 —
2cm — problems due to deformations in
lining

Avstand mellom punkter av type: [For sprut 1),[Etter sprut 1]

n580.00

n575.00

0.05%

0.00

20097218



Test results from spraying layer 2 — 3.7cm — no
deformation problem

‘ I

2009/2/18



Test results from spraying layer 3 — 1.9 cm

Avstand mellom punkter av type: [Etter sprut 1),[Etter sprut 3]

[1590.00

[1585.00

......................................................................................................

[575.00




tion drilling

injec

Drill plan —

+ Tegnerute - 335.T
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INJECTION DRILLING -LOG

EI Drillpattern |Sing|e hole | Multi hole | Development | Drillpattern 3D | Linear | Collar surface | Line 4 [ »] LI

282.00 oot
N S S S S SR S S rEound detals
INJEKSJONSKJERM | KURVE
Pegno (m)
293.00 296600
Holetext:
Sequence number
29500
Dnillplan:
’95.50 Camber (deg):
4.59
Dinll direction:
257 50 Decreasing

Humber of wisible holes
40

20300
Length wisible holes
T36.440

304.50

30550




ing

drill

El Drillpattern |5inglf: hult:l Multi hult:' Df:vf:lupmt:ntl Drillpattern 3D| Pr 4 I "’l 'l |

Ion

i

injec

Drill log —

Dinll direction:
Decreasing

FEonnd details
Pegno (1)
2705000

=

- -+ - =

2621.00
2621.00
2621.00
265200
262500
701,00
270500




EXAMPLE FROM LOG ON INJECTION DRILLING

Fenetration (mfmin) [(5.4.7.4005.5,14.5) [:-0.9] Wiater prss. (bar) [(5.4.7 . 40,05.5,14.5) 0:-0.9]

penetration rate percussion
pressure

feed pressure

. water pressure
rotation

pressure waterflow




ing — see

drill

Ion

{

injec

Linear cut —

hole distribution also Iin curves

o

- Tr-a° -
1 I
S

1

1

-—-7 -
1
- =1
1
1

| Development | Drillpattern 3D | Profiler 30 Linear |Collars 4| »]| =] |

B L R
1

1
——+—-|——|!—4l—

S
1

Multi hole

=]

S661.00




B1000 Peg 3540 %nehela

(Bever Team Prints)

Barsynk (mfmin) [(-2.3,1.13,(-8.8,1.1) x-0.7]

3550.50
3551.00
3551.50
%52.00
3552.50

3553.00

Ik T
| ~ )
[ ﬂlz:fﬂl-
s |
.I "y ! ' uqu.F.FF"'I‘*"I
i w gy Nitfg
15T TN - l. TI:III-..,".'T III.J
nyog - lII | W iy
1 [ LR S iF T o |I|| [}
e e s I R 1
P R
ot et | O N o
TR
1 i all
it

Drilling data injection . ol

i,
Pty TG R,
1 BRI
Epg H‘JF B
s e AL
In . . by } =i
AT L ettt II = |._I -I’q'. “_I 5y I|
T l-|||||| :I |:I [ ||JI ll
L ramn 1] -

Drilling rate

Rotation torque




GEOLOGY MAPPING
(OSLO)

Rock strength
Rockma Analysis
limeston-blue
slate-green
diabase-yellow

strength




DRILL LOG - STATISTICS FOR A
PERIODE OF TIME OR TUNNEL

FANIATILI

bae 2000403 2040 P €riod report selected

pv eV

Source Peg Total Mormal drilling Total Length Eound length
Drill log 10/3691.000 00:00 206,84 20,68
Drill log 10/3691.000 a0:00 36359 21.39
Drill log 10/3692.000 a0:00 341.26 24 38
Drill log 10/3705.000 o000 TH8.57 24.47
Drill log 10/3705.000 o000 496,22 24 51
Drill log 10/3719.000 o000 296.01 2277
Drill log 10/3719.000 00:00 35143 16.73
Drill log 10/37F33.000 00:00 14.13 14.13
Drill log 10/3733.000 a0:00 417,80 23.21
Dnill log 10/3733.000 IR 252,52 22.96
Drill log 10/3733.000 o000 23204 2321
Drill log 10/3747 500 o000 T26.59 24 22
Dirill log 10/3761.300 o000 T16.93 2313
Drill log 10/37F76.700 00:00 5427 27.14
a0:00 522822



BERGER

The Multi service Group.  BILFINGER

References
- LEMCON
‘BOLIDEN
i :';.:ENTDDE NCC AN nestd
CONSTRUCCIONES Y
CONTRATAS, S.A.
|
Y
) N ..-1_;
‘HURTH CAPE ScanMining
== MINERALS
== SembCorp
— ¥ Construction

/7
CAVOSA DBRASY PROYECTOS 5A
Control systems supplier

3P Bever
—3P Control

. |
ETABL. 1860




Thank you for your attention!

company@amv-as.no
www.amv-as.no

mail@bevercontrol.com
www.bevercontrol.com

| .
Control systems supplier

AMV 3P Bever

) COIltl‘Ol




