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Introduction

This operator’s manual contains important safety, operation, and maintenance information for your Akkerman
MicroTunneling System. You must read and understand this manual before you operate and maintain this
equipment. Keep this manual in your Control Container at all times. Additional copies of this manual may be
purchased from the Akkerman Product Support Department, or downloaded from the Akkerman web site at
www.akkerman.com.

The contractor is responsible for the overall safety program on the job site. Use this manual as a part of the
safety program.

The use of second rate parts could affect the efficient performance of the Microtunneling System. ALWAYS
use genuine Akkerman parts.

Understand safety signal words, DANGER, WARNING, CAUTION, SAFETY INSTRUCTIONS, and NOTICE.
When you see these words in this manual or on safety decals mounted on your equipment, follow the safety
message to avoid personal injury and/or property damage.

4, DANGER Indicates an extremely hazardous situation which, if not avoided, WILL result in death

or serious injury.

AWARNING Indicates a potentially hazardous situation which, if not avoided, COULD result in death

or serious injury.

4\ CAUTION Indicates a potentially hazardous situation, which, if not avoided, MAY result in minor or

moderate injury. It may also be used to alert against unsafe practices.

SAFETY
Usually consists of individual messages stating procedures or actions that must be
followed for the safe operation of a product.

NOTICE Identifies potential property damage and important installation, operator, or maintenance
information.
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Microtunneling is a type of “trenchless technology.” It is generally defined as remotely controlled pipejacking
(personnel entry is not required). Microtunneling is an extremely accurate, laser guided method for installing
pipelines in varied soil conditions from flowing soft ground to hard rock. Slurry pressure balanced
microtunneling systems enable installations below the water table or in very wet soil without the need for
dewatering. The basic operation of a microtunneling system consists of: a microtunneling boring machine
(MTBM for piloting the course and excavating the ground. Simultaneously, slurry is pumped to the MTBM,
mixed with the spoil and pumped to the surface for separation. A jacking frame with hydraulic cylinders are
used to advance the MTBM and pipeline.

If you find any errors with this manual or know of ways to improve procedures, please let us know. Mail your
suggestions to: Akkerman Inc, ATTN: Technical Publications, 58256 266th Street, Brownsdale, MN 55918.

Akkerman Inc. reserves the right to improve its product without notice or obligation.
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Safety

BE ALERT FOR SAFETY INFORMATION

When you see this safety alert symbol on your
equipment or in this manual, be alert to the
possibility of personal injury or property damage.

Read all safety information.

Keep safety decals clean and in good condition.
Replace missing or damaged safety decals.

ATTENTION!
BECOME ALERT!
YOUR SAFETY IS INVOLVED!

READ OPERATOR’S MANUAL

m Unsafe operation or maintenance

can cause severe injury or death.

Read and understand the Operator’'s Manual before
operating or servicing this equipment.

Any unauthorized modifications will void the

warranty.

WEAR PROTECTIVE CLOTHING .

Wear OSHA approved protective clothing, such as 4
hard hat, gloves, safety goggles, earmuffs or ear '
plugs, face shield, and steel-toed boots, when —~

operating and servicing this equipment.

Wear reasonably close fitting clothing and remove

jewelry before working on or near this equipment.

This will help prevent the danger of catching them in

moving parts or controls. {Eﬂ
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Safety

LOCKOUT POWER BEFORE SERVICING

~\

m Failure to lockout power before
servicing can cause severe personal injury or death.
LOCKOUT main power supply before servicing.
Electrical repairs must be performed only by a

certified electrician.

HYDRAULIC OIL/FLUIDS UNDER PRESSURE

m Escaping oil or other fluids under

pressure can penetrate your skin causing serious
injury.

Release all pressure before performing maintenance
orrepairs. Never weld near pressurized fluid lines.

DO NOT use your hands to check for leaks. When
searching for leaks, use a piece of wood or
cardboard.

Contact medical help immediately if any oil or fluid
is injected into your skin. A serious infection or
reaction can emerge without proper medical
treatment.

BEWARE OF SUSPENDED LOADS
M Suspended loads may fall and “
cause severe personal injury or death.

If a hydraulic hose from the boom of a crane or
excavator breaks, the boom can fall instantly.

Do not enter area under or around a load.

microtunom 1-2 0104



Safety

KEEP PERSONNEL AWAY FROM MOVING PARTS
m Crushing hazard.

Keep personnel away from inside of jacking frame.

Failure to do so could result in serious personal

injury or death.

UNAUTHORIZED WELDING

m Unauthorized welding can cause

structural failure resulting in possible injury or death.

Do not weld on any structural member. Unauthorized
welding or repair will void the warranty.

REGULARLY CLEAN AND INSPECT EQUIPMENT

SOy i
Remove any grease, oil, or debris buildup to avoid rF || rd
potential injury or equipment damage. [ '% YLl
Inspect equipment for damage. If damaged, repair or e i
replace immediately. -
1 i)
it -
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Safety

PRACTICE SAFE MAINTENANCE

m Unexpected equipment

movement may cause serious personal injury.
LOCKOUT power before performing any maintenance.

Shut down equipment before making repairs,
adjustments, or removing obstructions.

Only trained and qualified personnel should perform
any maintenance or repairs.

Keep the area around the equipment clean and dry
when performing maintenance.

Do not service the machine while it is in motion.

Replace worn or damaged parts. Remove grease,
oil, or debris buildup.

AVOID PINCH POINTS
m Moving parts or the mishandling
of parts can cause severe personal injury.

Keep hands away from moving parts.

Watch your fingers, hands, and legs while
equipment is in operation.

Handle parts carefully to avoid crushing and pinch
point hazards.
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Safety

TEST TUNNEL VENTILATION

m Keep Boring Head and tunnel well

ventilated at all times.

Use an approved air analyzer to detect hazardous
gases and oxygen content.

Before and during the shaft operation, test for
combustible and toxic gases and oxygen deficiency.

If the levels exceed OSHA prescribed levels, leave
tunnel and shaft immediately! Do not activate or
deactivate any electrical or hydraulic devices, since
any sparks could cause an explosion.

Once ALL personnel are out of tunnel/shaft, cut
power from power source.

Gases must be removed before reentering
tunnel/shaft.

HIGH PRESSURE HYDRAULICS

L i .-- ._-. .t- _"-\....-. d | jin -
m The Microtunneling System AR 1 @ ke

contains high pressure hydraulics.

Keep all guards in place.

SLIPPERY WHEN WET

m Slips and falls can cause serious

personal injury.
Ensure firm footing in wet or slippery conditions.

Replace skid-resistant material if it is damaged or
missing to prevent slips and falls.

Remove any buildup of grease, oil, or debris.
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Safety

FIRE PREVENTION

4h CAUTION Fires can cause injury or property

damage.

Keep equipment clean. Remove all debris from
equipment.

Have a fire extinguisher available at all times. Keep
the fire extinguisher fully charged.

NO SMOKING IN SHAFT OR TUNNEL

m Smoking in shaft or tunnel could

cause an explosion if combustible gases are
present.

Do not smoke in shaft or tunnel.

KEEP JOB SITE CLEAN AND ORGANIZED

m Tripping can cause serious

personal injury.

Be sure to keep job site clean and organized.

KEEP AWAY FROM AUGER

ADANGER Contact with rotating auger will

cause severe injury or death.

Keep hands, body, and objects clear of operating
auger.

Do not operate without covers and guards in place.

Lockout power before servicing.
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Safety

PREPARE JACKING FRAME

M Shipping or lifting jacking frame

without ALL four dog blocks engaged into frame,
can cause serous injury or death from sliding thrust
block.

BEFORE disengaging the jacking frame hydraulics,
engage ALL four dog blocks (with the red bolts) into
the jacking frame.

If the four red dog bolts are extended, the dog
blocks are not engaged.

AVOID LASER LIGHT EXPOSURE

4hDANGER Staring into laser light will cause

severe injury.

Do not stare into laser guidance system light beam.
Avoid direct eye exposure.

To avoid possible exposure to radiation in excess of
acceptable emission limits, all repairs to laser must
be performed by the original manufacturer or an
authorized service technician.

RECYCLE WASTE

Follow local, state, federal, and international
regulations when recycling or disposing of waste.
Waste includes fluids/ail, fuel, filters, coolant, and

batteries.
Use leakproof containers when draining fluids/oil. Do

not pour waste on the ground, down a drain, or into
any water source.
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Safety Decals

Keep all safety decals clean and readable. Use soft cloth, water, and a mild soap to clean the decals if they
are too dirty to read. DO NOT clean safety decals with solvent. Solvent can damage them. Replace safety
decals immediately if they are damaged, missing, or hard to read.

Serious injury or property damage can occur if safety instructions are not followed. Contact your Akkerman
Product Support representative for free replacement safety decals.

If a part is replaced that has a safety decal on it, apply a new safety decal to the replacement part. Before
applying a new decal, be sure the surface is clean and dry.
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Safety Decals

MT400 JACKING FRAME
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Safety Decals

WATER COOLING TANK

Suspended load may fall and cause severs personal
injury or death, Do not artar area wndar or arcund a loadd,

Tank MUST be empty belore Nifing tank assembly.

4 Required
NOTICE
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NOTICE

Drrain water to prevent freezing by:
1. Removing cap or hose from 3° albow.

2. Remova drain plugs from BOTH pumps.
3, Campletaly drain water and raplacs plugs,
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Safety Decals

SLURRY FEED PUMP

Mazardous voltage
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Safety Decals

SLURRY RETURN PUMP
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Safety Decals

SLURRY BOOSTER PUMP
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Safety Decals

BENTONITE PUMP
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Terminology

CONTROL CONTAINER

8. Computer/Printer Cabinet

1. 240 Volt MCC System 5.575 Volt MCC System

2.480 Volt MCC System 6. Power Pack 9. Control Panel
3. Oil Cooler Fan 7. Transformer 10. Air Conditioner
4. Bulkhead

MCC - Motor Control Center

3-1 0104
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Terminology

CONTROL CONSOLE & COMPUTER/PRINTER CABINET

microtunom

1. Computer

2. UPS (Uninterruptable Power Supply)
3. Intercom

4. Surge Protector

5. Printer

6. Target Screen

7. Slurry, Main Drive Control Screen

8. Network Control & Camera Screen
9. Emergency Stop

3-2

10. Mouse

11. Keyboard

12. Microphone Controls

13. Steering Controls

14. Microphone

15. Slurry Removal System Controls
16. Cutting Head Controls

17. Jacking Frame Controls
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Terminology

CONTROL CONTAINER BULKHEAD CONNECTIONS

microtunom

1. Ethernet Switch Box

2. Ethernet Communication

3. Head Power

4. Cooling Water Tank

5. Booster Pump Drive

6. 120V GFI Protected Outlets
7. Generator Power

8. Slurry Return Power

9. Slurry Feed Power

3-3

10. Jacking Frame - Retract
11. Jacking Frame - Extend
12. Auxiliary

13.1JS

14. High Flow Return

15. High Pressure Pump

16. MTBM Cutterhead Motor
17. Ground
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Terminology

CONTROL CONTAINER HYDRAULIC POWER PACK

microtunom

1. Reservoir

2. Main Pressure Gauge

3. Oil Cooler Pressure Gauge

4. Qil Fill Cap & Breather

5. Oil Cooler Pressure Filter Assembly
6. Main Pressure Filter Assembly

7. Extend/Retract Valve

8. IJS/Auxiliary Valve

9. Oil Level Sight Gauge

3-4

|~

10. Suction Screen

11. Temperature Gauge

12. Proportional Actuator

13. Oil Cooler Assembly

14. Oil Cooler Pump Suction Valve
15. Main Pump Suction Valve

16. Tank Drain Valve

17. Motor 100 HP
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Terminology

MT400 JACKING FRAME

1. Jacking Frame

2. Ram Extension Arm

3. Thrust Block

4. Slurry Pit Valves

5. Slurry Feed Line

6. Hydraulic Supply & Return Hoses

microtunom

3-5

7.MTBM Cooling Water Line
8. Slurry Return Line
9. Jacking Frame Back Stop
10. Dog Controls
11. Thrust Cylinders
12. Pipe Adapter
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MTBM - SL30
3 5 8
STARTING SECTION 2 4 / /6 7\
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1. Cutter Wheel 16. Motor To Pump Assembly
2. Steering Stroke Sensor 17. Jetting Pump Strainer
3. Gear Reducer 18. High Pressure Jetting
4. Steering Cylinder 19. Submersible Pump
5. Drive Motor 20. Slurry Hoses
6. Slurry Crusher Cone Supply 21. Gas Detector
7. Chamber/Cone Nozzle Hyd. Valve 22. Main Bearing Grease Pump
8. Target Assembly 23. Hydraulic Control Valve
9. Steering Cylinder Control Valve 24, Trailing Section Junction Box
10. Slurry Chamber Supply 25. Alignment Pin
11. Slurry/Nozzle Supply 26. Communication Speaker
12. Slurry Outlet Tube 27. Stabilizer
13. Crushing Cone 28. Slurry Pressure Transducer
14. Maintenance Door 29. Slurry Stop & Bypass Valve
15. Hydraulic Power Pack
microtunom 3-6

Terminology

_____

=1
|
|
[
!
|
1
|
-

0104



Terminology

WATER COOLING TANK

3
\!
A
L
[
1
! 4
I
]
5
1. Polyethylene Storage Tank 5. Supply Outlet
2. Lift Frame 6. Main Cooling Drive Motor Pump Assembly
3. FillCap (For larger hp drive motor, water cooled
4. Main Cooling Drive Motor Pump Assembly booster pump, or gear reducer filtration)
(For 30 hp & 75 hp drive motor)
microtunom 3-7

0104



Terminology

SLURRY FEED PUMP

5
1. Control Box 4. Motor
2. Flow Meter 5. Impeller Pump Assembly
3. Feed Line Outlet 6. Water Inlet Connection

microtunom 3-8 0104



Terminology

SLURRY RETURN PUMP

4. Flow Meter
5. Slurry Line Inlet From Tunnel
6. Pump Assembly

ontrol Box
. Slurry Outlet To Tank

1. Motor
2.C
3

0104
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Terminology

SLURRY BOOSTER PUMP

1. Outlet To Return Pump 4. Power Cable
2. Pump Assembly 5. Motor
3. Inlet From Head

* Not used on SL24 or SL30 MTBMs

microtunom 3-1 0 0104



Terminology

BENTONITE PUMP

%
NN
X Y2
NINEE
NN
NN
N[
o || = 5
6
1. Electric Motor 4. Mixer Door
2. Tank 5. Controls

3. Hydraulic Mixer Drive

microtunom 3-11
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Controls & Instruments

TARGET SCREEN (LEFT MONITOR)
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The target screen shows all critical tunneling data by means of graphical and numeric meter displays.
The Slurry System (A) and Cutter System (B) meter information is represented with bar graphs. The MTBM
operational meter information (C) is represented with numeric values.

Each meter has a menu that allows the operator to set a colored visual alarm if certain specifications are
met or exceeded. Simply click on the meter desired and pull down the menu. Change the limit on the visual
alarm as needed and click OK.

The center area of the target screen (D) shows a graphical representation of: the position of the MTBM
cutter head, target position, and projected cutter head position. The buttons (E) on the bottom of the screen
to turn these graphics on or off. There are also two marker buttons; one is the Operator Resettable Marker
to set the marker on the laser position, and the other button removes the Operator Resettable Marker from
the screen. These buttons make it easier to see how the MTBM is responding to steering.

Location (F) is the Alert Message field and location (G) is the Operational Message field.

The alert messages include the: hydraulic power pack Oil Cooler Filter and Return Filter, Head Hyd Filter
Clogged, Head Hyd Overload, Sub Pump Overload, and Gas Detector Fault.

The operational messages include the: MTBM Motor Heater, Submersion Pump, Jetting Pump, Grease
Pump, Out of Grease, and Gas Level High.

The Steering Cylinder indicator (H) displays the MTBM steering cylinder stroke position in percent and
pressure in PSI for the top, left, and right cylinders.

(continued on next page)
microtunom 4-1 0104



Controls & Instruments

TN POMER T

The MTBM power indicator displays the power to the MTBM, either

on or off.
[MTBM Power OFF
POSITION (IN) =
The laser horizontal and vertical meters, measure the deviations in inches Position (In)
of the laser spot with reference to the center of the target grid. Positive Laser Horizontal 0
vertical deviation indicates that the laser spot is above the center of the :
: ” . >~ S . Laser Vertical 0
target grid and positive horizontal deviation indicates that the laser spot is Attitud
right of the center of the target grid. nude
Roll 0"
ATTITUDE _ _ . Incline Front 0"
Roll indicates the degree of clockwise roll of the MTBM. A negative reading Iricline Back 0°
indicates that the machine has rolled counterclockwise as viewed from the Ll LS .
rear of the MTBM. Incline Target 0
T Horizontal 0°
Incline Front measures the degree of incline from level position for the T Vertical 0°
MTBM front section (in front of the steering band). A positive value
indicates that the front (cutter bit) is higher than the back of the front MTBM Slurry
section. Inlet{psi) 0
i 0
Incline Back measures the degree of incline from level position for the Duﬂe_t{pm}
MTBM front section (behind the steering band). A positive value indicates Miscellaneous
that the front (steering band) is higher than the back of the front section. Head Low PSI ]
Incline Target measures the degree of incline from level position for Head Air Temp ¢
guidance target. A positive value indicates that the front (cutter bit end) of Motor Temp 0
the target is higher than the back (lens) end. Gas Level 0
Alternate Meters
T Horizontal measures the degree of horizontal angle for the guidance 7
target with respect to the laser beam. A positive value indicates that the Stabilizer Pos 0
front (cutter bit) end of the target is more to the right than the back (lens) Motor RPFM 0
end. Frequency 0
T Vertical measures the degree of vertical angle for the guidance target with Plpe Ad"’ance[ﬁ]
respect to the laser beam. A positive value indicates that the front (cutter Total 0
bit) end of the target is higher than the back (lens) end. Rate(ft/hour) 0
i 0
MTBM SLURRY Bt :
The slurry pressure, inlet and outlet, display the slurry pressure in PSI at Flow({%)
the entrance and exit of the starting section. Main Hydr PSI 781
Jack Tons 78
MISCELLANEOUS :
Head Low PSI displays the head low pressure valve oil pressure. ’ Time
This Job Oh 10m
Head Air Temp displays the ambient air temperature of the MTBM starting Total 27¢h 23m

section.
Motor Temp displays the internal temperature of the cutter bit drive motor.

Gas Level displays the % of LEL (Lower Explosive Limit) gas concentration
in the trailing section.

ALTERNATE METERS

The operator can add or change three meters that would be convenient to
have located on the target screen. Click on an alternate meter. In the drop
down menu, select the desired meter. Click OK.

(continued on next page)
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Controls & Instruments

L EEE

PIPE ADVANCE (FT)
Total displays the total linear feet that have passed the pipe length wheel IHTB M Power OFF
counter.
o . Position (In)
Rate (ft/hour) measures the jacking frame advancement rate in feet per 3
hour. Laser Horizontal 0
Laser Vertical 0
Pipe Count displays the number of pipe that have been installed. Aftitude
DO
Flow (%) displays the main jacking pump flow rate. ) a
Incline Front 0
Main Hydr PSI displays the extension pressure of the main jacking Incline Back 0°
cylinders. Incline Target 0°
0 [ID
Jack Tons displays the calculated tons of thrust that is being applied to the . Hc-nz:antal 0°
pipe by the jacking frame. T Vertical
MTEM Slurry
TIME ; 0
This Job displays the total job time in hours and minutes. Inlet{psi)
Outlet{psi) 0
Total displays the total number of computer hours used. Miscellaneous
Head Low PSI 0
Head Air Temp 0
Motor Temp 0
Gas Level 0
Alternate Meters
Stabilizer Pos 0
Motor RPM 0
Frequency 0
Pipe Advance(ft)
Total 0
Rate(ft’hour) 0
Pipe Count 0
Flow{%:) 0
Main Hydr PSI 781
Jack Tons 78
Time
. This Job Oh 10m
(continued on next page)
Total 27h 23m
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The bottom portion of the target screen allow you to post a note and set the roll and jacking ton parameters.

Post a Note (A)
Click this button to type a short note. Click POST button to save this note on the database. This note will be
generated on a report providing the note was posted within the date and time parameters of the report.

Set Roll (B) . Roll _[O]
The positive and negative roll parameters — Positive Ball—
communicate to the system if the positive or
negative roll exceed these degree parameters, to ] 10 ﬁ degres
shut down the main drive motor (rotation) and the |
main hydraulic pump (jacking). Ten percent positive ~ Megative Fal
and negative roll is the default. —
Adjust the Positive Roll and Negative Roll by [ 10 degree
clicking the up and down arrows or by simply typing
in the number.

Cancel

Set Jack Tons (C)

The jacking cylinder diameter and number of Wikt =
cylinders value fields are used to properly calculate
the jacking tonnage during the jacking process. The ! 2 ﬁ i

calculated Jack Tons is displayed on the target
screen under the Pipe Advance(ft) heading.

— Murnber of Colinders- 1

Adjust the Diameter of the jacking cylinders in i—xj

inches by clicking the up and down arrows or by
Cancel |

simply typing in the number. Adjust the Number of
Cylinders by clicking the up and down arrows or by
simply typing in the number.
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CONTROL SCREEN (RIGHT MONITOR)

o Lowdvody - Abkresiaw T

T 3 r .

L O |

The control screen is a touch screen. The controls can be activated with your finger or by using the mouse.
Most of these controls on this screen are normally controlled from the console.

IJS AND MISCELLANEOUS CONTROLS

Feed Pump: controls the start and stop of the feed pump. When the feed pump is stopped, the return and
booster pumps will automatically stop. The slider adjusts the speed of the feed pump.

The feed pump is normally controlled with the Feed Pump control on the console.

Booster Pump: controls the start and stop of the booster pump. The slider adjusts the speed of the pump.
The booster pump is normally controlled with the Booster Pump control on the console.

Return Pump: controls the start and stop of the return pump. The slider adjusts the speed of the pump.
The return pump is normally controlled with the Return Pump control on the console.

Main Hydraulic controls the start and stop of the main hydraulic pump The oil cooler recirculating hydraulic
pump, and the cooling fan automatically start when the main hydraulic pump is started.
The Pit Box PSI displays the main hydraulic pump oil pressure.

Oil Cooler: controls the start and stop of the oil cooler recirculating hydraulic pump. The cooling fan
automatically starts when the oil cooler pump is started.

Head Cooling: controls the start and stop of the head cooling pump. The head cooling pump automatically
starts when the cutter head is rotating. The Pressure displays cooling hydraulic pump pressure. The cooling
pump draws clean water from the MTBM water cooling tank. This water is pumped through a valve on the
jacking frame and through the tunnel into the water jacket surrounding the electric drive motor. Heater water
is then expelled past the front lip seals into the slurry water.

(continued on next page)
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RIGHT SCREEN - 1JS AND MISCELLANEOUS (continued)
Stabilizer: controls the extend and retract of the stabilizer cylinder or dirt

wing. Continuing to hold down the extend or retract buttons will cause the -esarmza L
stabilizer cylinder to extend or retract further. Sl Wsbvm Sinlnctinn
The Position percentage and the cylinder pressure is displayed. ﬁ ¥ Pioea
P N e ar i
Jetting Pump: controls the start, auto and stop of the high pressure Dpu CIECMCTC.
jetting pump. Select Auto to run the jetting pump automatically with the ! -
MTBM drive motor. The “Jetting Pump” message will appear on the N
operational message area on the target screen when the jetting pump is = | i | Erfjend
operating. Joting Pump . C m
Predilan 2
IJS Valve Selections: controls the specific IJS cylinder section. Refer to L
Using Intermediate Jacking Stations (1JS) in the Operation section. ﬂ ﬁ -

Transducers: this feature is not used at this time.

HYDRAULIC HEAD CONTROLS

All hydraulic head control functions work automatically when the steering
cylinders, bypass valve, stop valve, cutting nozzles, or stabilizer are
activated.

Low P51 Yakee
P gl &
[T

Head Hydraulic: controls the start and stop of the head hydraulic pump

1] SFH
in the middle or trailing section. | - -

Low PSI Valve: open or close the low pressure valve that controls the Hoad Hydrmsio
bypass valve, stop valve, cutting nozzles, or stabilizer. The Pressure =] | - m
reading displays the valve oil pressure in PSI.

High P51 Wahe
High PSI Valve: open or close the high pressure valve that controls the “u,,—_:'

steering cylinders. The Pressure reading displays the valve oil pressure in ¥ e
PSI. - o | [ —

SLURRY FLOW
The Cutting Valve, Stop Valve, and Bypass Valve are normally controlled
from the console.

Cutting Valve: open or close the cutting nozzle valve. Hold the buttons
down to vary the valve opening. The Position reading displays the position of =
the valve in percent.

Opening this valve will close the slurry chamber valve by the same amount.
Closing this valve will open the slurry chamber valve by the same amount.

Stop Valve: open or close the slurry stop valve. The stop valve is either fully
open or fully closed. The Position will display the valve position in percent;
0% (closed) or 100% (open).

Bypass Valve: open or close the slurry bypass valve. In sequence mode the
bypass valve will either be fully open or fully closed. The Position will display
the valve position in percent; 0% (closed) or 100% (open). In manual mode
the valve position can be varied depending on operator. The Position will
display the valve position in percent.

Mode: Sequence mode is the default.

Select Sequence to operate the stop valve and bypass valve in opposite
positions. When the stop valve is open, the bypass valve is closed and vice
versa.

Select Manual to operate the stop valve and bypass valve independently of
each other. Keep in mind, using this operation requires close monitoring of
the slurry. Otherwise if both valves are closed, high pressure buildup in the
slurry lines could cause the slurry lines to burst.

(continued on next page)
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Controls & Instruments
RIGHT SCREEN -HEAD DRIVE CONTROLS

Submersion Pump: controls the start, auto, and stop modes of the
submersion pump located in the middle or trailing section. Press
Start button to run the submersion pump continuously. Press Stop
button to stop the pump. Press Auto button to allow the pump to be
controlled by the water level float switch in the MTBM. The
“Submersion Pump” message will display in the operational message
area of the target screen. The Auto mode is the default position.

Head Drive: displays the drive motor current, voltage, and RPM.

Drive Controls: control the drive motor cutter head rotation (left,
stop, right) which is normally controlled from the console. The slider
controls the cutting head rotation speed.

Grease Pump: turns the grease pump in the trailing section on or off.
The grease pump works automatically when the drive motor (cutter
head rotation) is running. In this mode the grease pump is on for 12
seconds, then off for 48 seconds. When the grease pump is refilled,
start the grease pump manually to purge air from the grease lines.
Stop the pump when grease comes out the lip seal. The “Grease
Pump” message will display in the operational message area of the
target screen.

Motor Heater: turns the MTBM main drive motor heater on or off. The
“MTBM Motor Heater” message will display in the operational
message area of the target screen.

Lights: turns the MTBM lights on or off.

microtunom
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Controls & Instruments

INDICATOR SCREEN (TOP MONITOR)

The indicator screen displays the status of the Network/Power, 240V MCC, 480V MCC, and the 575V MCC
monitors. This screen also displays the log messages, the additional meter pressures and temperatures,
and the MTBM camera and floating camera (launch shaft) views.
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SLURRY REMOVAL SYSTEM CONTROLS

FEED PUMP

The Feed Pump control (A) adjusts the speed of the
feed pump from 0 to 100%. When the control is
turned counterclockwise (CCW), the pump will stop
when it reaches 0 as shown on the target screen.
When the control is turned clockwise (CW), the
pump will start.

NOTICE The return and booster (if used)

pumps will automatically stop when the feed pump
is stopped.

RETURN PUMP

The Return Pump control (B) adjusts the speed of
the return pump from 0 to 100%. When the control is
turned counterclockwise (CCW) position, the pump
will stop when the flow reaches 0, as shown on the
target screen. When the control is turned clockwise
(CW), the pump will start.

BOOSTER PUMP

The Booster Pump control (C) adjusts the speed of
the booster pump (if used) from 0 to 100%. When
the control is turned counterclockwise (CCW), the
pump will stop when the torque reaches 0. When the
control is turned clockwise (CW), the pump will
start.

CUTTING NOZZLE

The Cutting Nozzle buttons (D) will open and close
slurry flow to the cutting face. Opening this valve
will close the slurry chamber valve by the same
amount. Closing this valve will open the slurry
chamber valve by the same amount. The open
button will light when the valve is partially open. The
close button will light when the valve is fully closed.

SLURRY STOP

The Slurry Stop buttons (E) will open or close slurry
flow to the slurry chamber and cutting face. The
open button will light when the valve is open. The
close button will light when the valve is closed. In
sequence mode, the stop valve and bypass valve
work in opposite positions.

SLURRY BYPASS

The Slurry Bypass buttons (F) open or close the
bypass valve that directs slurry flow from the feed
line to the return line without entering the MTBM.
The open button will light when the valve is fully
open. The close button will light when the valve is
fully closed. In sequence mode, the stop valve and
bypass valve work in opposite positions.

microtunom 4-9
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STEERING CONTROLS

Depress extend or retract buttons to control the
steering cylinders. Continuing to hold down a
cylinder button will cause the cylinder to extend or
retract further.

A -Top Cylinder Controls
B - Left Cylinder Controls
C - Right Cylinder Controls

Steering Cylinders

You can monitor the cylinder position in percent and 0 psi

pressure at the cylinder with the steering cylinder 0 =

indicator on the target screen.
0 psi 0 psi
0z 0z

EMERGENCY STOP

Push IN Emergency Stop button (D) to stop all
electrical and hydraulic bulkhead connections and
components, excluding the 120V GFI protected
outlets.

The button will light when it is pushed in.

This button must be pushed in to restart operation.

KEYBOARD & MOUSE CONTROLS

Use the keyboard (E) to enter information.

MOUSE
The mouse (F) controls the computer screen pointer
and select functions on all three monitors.

The left and right black switches represent the left
and right mouse buttons.

The round button, located between the left and right
buttons is pressure and direction sensitive. To move
the pointer in a direction, push the button in that
direction. To move the pointer faster, push on the
button harder.

If you cannot find the pointer on any of the monitors,
touch the right monitor (touch screen) with your
finger and the pointer will appear at that spot.
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CUTTING HEAD CONTROLS

The cutting head controls regulate the speed and
direction of the cutting head rotation (drive motor)
on the MTBM.

LEFT

The left button (A) starts turning the MTBM drive
motor CCW (as viewed from back) and
automatically starts the drive motor cooling pump.
The left button will light when the drive motor starts
CCW rotation.

STOP

The stop button (B) stops the MTBM drive motor
and the drive motor cooling pump. The stop button
will light when the drive motor is stopped.

RIGHT
The right button (C) starts turning the MTBM drive
motor CW (as viewed from back) and automatically Cutter System
starts the drive motor cooling pump. The right button
will light when the drive motor starts the CW Cutting Head Speed
rotation. | 0%
1] 100
CUTTER HEAD SPEED Cutting Head Torque
The cutter head speed control (D) regulates the | 0 %
speed of the MTBM drive motor from 0 to 100%. 1] 150
The cutting head speed and torque can be Cutting Head Meters

monitored from the target screen. On Target Screen
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Controls & Instruments

JACKING FRAME CONTROLS

The jacking frame controls select the jacking
function and regulate the oil flow to the jacking
frame thrust cylinders, and intermediate jacking
stations.

To use these controls, the Main Hydraulic Pump
must be started. Click or touch the main hydraulic
Start button (A) on the right screen.

HYDRAULIC PUMP FLOW

The hydraulic pump flow control (B) regulates the
hydraulic flow to the jacking frame or IJS functions
as selected on the selector switch (C).

SELECTOR SWITCH FUNCTIONS

STOP

Stops flow to the jacking cylinders. To enable other
hydraulic functions, the switch must be in STOP
position.

EXTEND
Turns the jacking cylinder extend valve ON.

RETRACT

This will retract the jacking cylinders. Cylinders
should be fully retracted whenever possible to
maintain cylinder timing.

1JS

Provides hydraulic flow to the intermediate jacking
valve bank. The valve sections are selected from
the right screen.

AUX
Used for auxiliary functions such as a winch.

microtunom
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HYDRAULIC POWER PACK OIL RESERVOIR

The hydraulic reservoir in the control container
includes an oil level sight gauge (A) and temperature
gauge (B).

The hydraulic oil temperature should not exceed 125
degrees F.

Remove the fill cap (C) to fill the hydraulic reservoir.

MTBM HEAD OIL RESERVOIR

The hydraulic reservoir in the MTBM middle section
or trailing section (depending on the MTBM model)
includes an oil level sight gauge (D) and temperature
gauge (E).

The hydraulic oil temperature should not exceed 125
degrees F.

Remove the fill cap (F) to fill the hydraulic reservaoir.
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GAS DETECTOR

ADANGER /¥ gas detection system

installed in the MTBM monitors only combustible
gas levels. Monitoring of gas levels is the
responsibility of the contractor . This includes the
accumulation of combustible and toxic gases, and
depletion of oxygen. The contractor must keep the
tunnel ventilated with fresh air.

The gas detection system (A) installed in the
microtunneling boring machine CANNOT be the only
methane or other combustible monitoring system.
The gas concentration must be checked by other
portable detectors to inspect the tunnel at the
beginning of each shift to determine that the tunnel
is gas free before any tunnel equipment is energized
or personnel are allowed to enter the tunnel. The
contractor is responsible for providing air analyzers
to detect hazardous gases or oxygen deficiency on
the job and in the tunnel at all times.

The gas detector is monitored by the control system
as follows:

1. The “Gas Detector Fault” message will appear in
the alert messages area (B) on the target screen
when there is a problem with the gas detector
Sensor.

2. The “Gas Level High” message will appear in the
operational messages area (C) on the target
screen when the gas level at the gas detector
reads 25% LEL (Lower Explosive Limit) or higher.

3. When the system detects a gas level reading of
25% LEL but less than 50% LEL, the horn in the
pit will sound intermittently.

4. When the system detects a gas level reading of
50% LEL or higher, the horn in the pit will sound
constantly.

5. The gas level % of LEL reading (D) at the gas
detector is displayed on the target screen.
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CAMERAS

There are two cameras for viewing the target in the
MTBM and launch shaft. The camera windows will
be displayed in the upper monitor.

MTBM Target Camera (A) E
Double click the Machine Camera icon to
display the camera window (B).

There is no panning or tilting with this camera.

The screen image can be resized by dragging a
corner of the window to one of three pre-set window
sizes.

Launch Shaft or Floater Camera (C) m
1. Double click the Pit Camera icon to
display the camera window (D) and controls.

2. Pan/Tilt (left, right, up, and down) can be
performed using the software controls (see below)
or by clicking the mouse on the image to center
that area of the image. For example, if you want
to pan left, click the mouse on the left side of the
camera screen. The area you clicked will now be
at the center of the screen.

Camera Controls: Click on the controls (E) to pan
left or right, and tilt up or down. Click the scan side
to side arrow button (F) to automatically pan the

camera left, right, and back to center position. Click e
the up and down arrow button (G) to automatically tilt the camera up, down, and back to center position.

Brightness (H): Click +, -, or Std (Standard) to control the image brightness.

Resolution (1): Click the desired image resolution. An * will appear next to the selected resolution.
Large Image - 640 x 480 Medium Image - 320 x 240 Small Image - 160 x 120

Image Quality (J): Click the desired image quality. An * will appear next to the selected quality.
Favor Quality - Best image quality
Standard - Standard image quality
Favor Motion - Good image quality

Image Size (K): Click the desired image size.

(continued on next page)
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Controls & Instruments

3. Pre-program eight positions using the camera
software as follows:

a. Use the pan and tilt controls (A) to set your preset
view.

b. Click Program button (B).

c. Click desired numbered button (C) for preset view.

d. Typein a preset name (D).

e. Click Save (E).

f. When you move the cursor over the numbered
preset buttons, the preset name will appear.

g. Click any of the preset buttons to recall the preset
view.
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COMMUNICATIONS (INTERCOM) SYSTEM

MTBM Micro. Volume (A)
Adjust the volume of the sound coming from the
MTBM into the control container.

Volume in MTBM (B)
Adjust the volume of the MTBM speaker to hear the
control container console operator.

Push To Talk (C)
Depress this button for the console operator to
speak to person in the MTBM.

The intercom power system must be on (D) and the
appropriate channel program (E) must be on.
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Controls & Instruments

MAIN DISCONNECT

m Hazardous voltage. Disconnect

and lock out power from source before servicing.

With generator power connected to bulkhead
connectors, and the Green Phase Relay OK (A) light
ON, flip the main disconnect switch (B) UP to the
ON position.

DO NOT flip the main disconnect on if the Red
Phase Relay Tripped (C) lightis on. The red light
indicates that the generator phase power is installed
incorrectly. Disconnect and lock out ALL power
before attempting to reverse the two generator
power leads.

OPERATOR CONTROL DISCONNECTS

m Hazardous voltage. Disconnect

and lock out power from source before servicing.

The power to the feed pump, return pump, boring
drive motor, booster pump and head power must be
turned on before using the device.

With the main power on and the operator control
disconnects (D) off, the green lights (E) will
illuminate indicating there is no power at the
bulkhead connector device(s).

With the main power on and the operator control
disconnects on, the red lights (F) will illuminate
indicating there is power at the bulkhead connector
device(s).
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Controls & Instruments

NOTES
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Pre-Start Inspection

AWARNING Do not operate this equipment until you read, study, and understand this manual. A daily

inspection of the equipment must be performed to prevent severe personal injury or death and equipment
damage.

The contractor is fully responsible for the safety of all personnel on the job site. Check with the contractor
that all site preparation requirements are in place. Be sure to comply with all OSHA regulations, such as: an
active safety program is in practice, a confined space permit (if needed) is issued, personal protective
equipment is being worn; flammable, combustible, and hazardous materials are properly stored; and a
lockout/tagout procedure is in place.

Use the following checklist ¥ as a guide for your daily pre-start inspection.

1. Use "ONE-CALL" notification to check for buried utility lines prior to tunneling.

2. Check the excavated launch and reception pits or shafts for proper shoring or bracing to
prevent slides or cave-ins.

3. Thoroughly clean equipment of mud and dirt.

4. Check condition of personal protective equipment. Replace equipment if defective.

5. Contractor is responsible for all personnel to wear proper protective equipment on the
job site.

6. Remove combustible or flammable materials from equipment. Store materials properly.

7. Test Emergency Stop button for proper operation at the start of each shift.

8. Test air monitoring and ventilation detectors for proper operation.

9. Thoroughly inspect all equipment for damage. Repair or replace before operating.

10. Be sure all covers and guards are in place before operation.

11. Check for loose or missing hardware. Replace damaged or missing hardware.

12. Check for worn, loose, or damaged wire connections. Repair or replace wiring.

13. Tighten loose clamps or fittings.

14. Check wire harnesses for frayed or worn insulation or wires. Replace damaged or worn
harnesses.

15. Check for fluid leaks. Repair leak or replace components.

16. Keep job site clean and organized.

17. Perform all lubrication and maintenance procedures. Refer to Section 9, Periodic
Maintenance.

18. Test each function and control to ensure correct operation.

19. Check hydraulic hoses and lines for leaks, wear and/or damage. Replace any defective
hoses and/or lines.
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Operation

OPERATING GUIDELINES

m Do not operate this equipment until you read, study, and understand this manual. Failure

to
1.

o o b~ W N

~

do so, could result in severe personal injury or death.

Before operating, read and understand the Safety, Pre-Start Inspection, Operation and Maintenance
sections.

. Do not operate this equipment while under the influence of alcohol, drugs, or medication.
. Follow all Federal, State, and Local safety regulations and procedures.

. Be sure OSHA prescribed safety protective equipment is being worn by all personnel.

. Be sure the area is safe for operation. Keep worksite clean and orderly.

.NEVER operate equipment if it has been engulfed with water. Contact your Akkerman Product Support

representative for proper procedures on how to restore equipment for operation.

. Have a fully charged fire extinguisher on the job site at all times.

. Before operating, inspect all equipment and repair equipment problems. Check hoses for cuts or bulges.

Replace worn or damaged hoses.

9. Be sure the excavated launch and reception shafts are properly shored or braced to prevent slides or cave-ins.

10.
11.

12.
13.
14.
15.

16.
17.

Test air monitoring and ventilation detectors for proper operation. Never enter a tunnel without detectors.

A fully trained and qualified signal person must direct the excavator or cane operator when lifting and
lowering equipment into the launch or reception shafts.

Never walk or work under any part of the excavator or crane and suspended loads.
Test each function and control to make sure they work properly.
Lock out electrical power at the source (generator) before servicing electrical components.

Do not make any modifications to any Akkerman products. Doing so could cause structural failure and
will void the warranty.

Check shields and guards. All must be in place and undamaged.

Test the Emergency Stop circuit for proper operation at the start of each shift.

18. Before starting equipment, walk completely around all machines and equipment. Let all job site personnel that you

19
20.

21.

22.

23.

24.

are starting up the equipment. Do not start until all unauthorized personnel are clear of the equipment.

. Start the equipment from the control container operator’s station only.

After start-up, observe all gauges, controls and warning devices to assure they are functioning properly
and their readings are within the operating range.

Never leave the operator’s station without first releasing hydraulic pressure, performing daily system
shutdown, and disconnecting the main power supply.

Lock out the main disconnect and attach a DO NOT OPERATE tag or similar warning tag to the main
power disconnect before performing maintenance.

If adjustments must be made with the equipment running, always work as a 2-person team with one
person in the operator’s station while the other works on the machine.

Never operate jetting pump or cooling pumps without fresh water supply.

25. Check cable for continuity and shorting before each use. Do not pull or strain cables; doing so will result in damage.
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Operation - System Overview

SYSTEM OVERVIEW

INFORMATION &
CONTROL SYSTEM_K
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Microtunneling Boring Machine

The purpose of the MTBM is to excavate material at the cutter face and guide (steer) the pipe through the
ground. The MTBM is split in half (thirds on small diameter MTBMs) to minimize the size of launch shaft
required. The front half of the MTBM is called the starting section. The starting section performs the excavation
and steering. The second half of the MTBM is the trailing section. The trailing section features a small on-board
hydraulic power pack, control system for the MTBM, camera, submersible pump, and stabilizer wing (dirt wing).
Larger diameter MTBMs may also include a slurry booster pump in the trailing section.

MTBM diameters may range in sizes from approximately 24 inches through 90 inches outer pipe diameter.
Ground conditions can range from dry to saturated with water, fine-grained to gravel, and loose soil to soft rock.
Although consistent ground conditions work the best, the MTBM will cut through layers of different types of sail.
The machine will also tolerate soft rocks that are up to 1/3 the diameter of the machine.

Slurry Circulation System

The slurry circulation system removes spoil from the cutter face. This is accomplished by pumping clean slurry
water to the MTBM, mixing spoil and slurry using valve controlled slurry paths in the MTBM, and pumping the
slurry to the surface for separation.

The slurry system can consist of a slurry tank, feed pump, MTBM slurry valves, booster pump, and return
pump. Mechanical slurry separation systems have been used successfully instead of settling tanks where
needed. Variable Frequency Drives (VFDs) are commonly used on pumps to adjust the flow and pressure of the
slurry for the ground conditions encountered.

Pipe Jacking System
The pipe jacking system (jacking frame and optional intermediate jacking) provide the horizontal thrust to push
the MTBM and pipe through the ground.

There are several sizes of microtunneling jacking frames that are available. Each jacking frame has optional
extensions available to optimize the jacking shaft size for the length of pipe used. The jacking frame can
develop jacking forces of 300, 400, or 800 tons depending on model used. Each frame comes with a bulkhead
to mount valves for slurry, bentonite and drive-motor cooling water. This simplifies turning off the fluids for
disconnecting the lines when installing another pipe. An optional electrical box which contains connections for
the wheel counter, laser power, jacking stop switch, and MTBM methane system warning system can also be
provided.

Information and Control System

The information and control system monitors all inputs such as targeting data, pressures, temperatures,
positions, speeds, torques, and flows, and reports them to the operator. The control system also operates all
outputs including valves, motors, pumps, etc.

The control container contains the control console, power distribution, hydraulic power and VVFDs for the slurry
pumps and the MTBM drive motor. It also has a bulkhead panel for the electrical and hydraulic connections.
The control console has a computer that interfaces to the operator and controls the machine operations. Data is
logged on the projects’s progress and reports can be printed for contractor or engineering firm records.
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Operation - Recommended Tools & Equipment/ Site Planning

RECOMMENDED TOOLS & EQUIPMENT

Below is a list of tools and equipment for most complex technical construction operations. Financial resources
and equipment availability are as much of a deciding factor as immediate job site requirements in determining
what items should be on hand. This list contains many items, some of which may only be needed in special
situations.

1. Safety equipment, first-aid kit, fire extinguishers, and stokes-type stretcher.
2. Any other required safety gear, such as air monitoring or gas detection systems.
3. Ventilation fan(s) and ducting.
4. Communications equipment and good quality flashlights.
5. Generator sized for the project’s power requirements including an adequate fuel supply for the generator’s
minimum period of operation.
6. A crane sized to project requirements.
7. Adequate pumping capacity for launch and reception shaft sump, and process water overflow, potential
storm event inflow, trash pump, and hoses.
8. Adequate job site lighting, crew safety vests, and traffic control devices/signage, and barricades.
9. Washdown hose and spray nozzle.
10. Measuring and surveying equipment; including sight level or theodolite, laser levels, plumb-bobs, string
lines and 100’ tape measure.
11. Secure tool and equipment storage.
12. Rubber-tired front-end loader with bucket and forks.
13. Skidsteer loader.
14. Shovels, rakes, and brooms.
15. Bullfloat and trowels.
16. Concrete bucket, tremie hose and hopper.
17. Carpentry tools including circular saw, sawzall, extension cords, and cordless drill w/bits, and basic hand
tools.
18. Hammer drill and masonry bits, small “rivet buster” type jackhammer, chisels.
19. Sledgehammer(s), pry and crowbars of all sizes, spud wrenches, and pick-bars.
20. Various sizes hydraulic bottle jack(s), railroad or house type jacks, portapower hydraulic jack cylinder kit.
21. Log chains, shackles and clevis’.
22. Chain or cable-type “come-alongs.”
23. Arc welder and cutting torch rigs, eye shields and required protective gear.
24. Disc and mini-disc grinders, and extra discs.
25. Mechanic’s tools, including but not limited to; wrenches, sockets, allen wrenches, torque wrenches, pliers,
screwdrivers, hammers, etc.
26. Grease gun.
27. Electrician’s tools, including test meters, voltage indicator, ground fault indicator, and specialty hand tools.
28. Pipe wrenches, water pump pliers, pump packing removal kit.

SITE PLANNING

It is important to carefully review the site and make sure that it is arranged in the most effective manner
possible. Here is a list of equipment and site considerations that are typically needed for a microtunneling
project.

Equipment:

-MTBM - Jacking Frame - Control Container

- Slurry Separation System - Slurry Pumps (Feed & Return) - Drive Motor Cooling Water Tank
-Crane - Fork Lift - Storage Container With Tools

- Portable Toilet - Portable Welders - Generator Or Power Source

- High Pressure Jetting Pump - Small Generator - Slurry Reversing or Bypass Valves
- Pipe Lubrication Pump - Spoil Removal Truck

Other site considerations:

- Spoil Removal Truck Access - Pipe Unloading area - Fresh Water Supply
- Launch Shaft Size - Hose Interconnections - Electrical Interconnections
- Walkways - Pipe Staging Area - Jacking Shaft Access Area

- Any Traffic or Other Physical Restraints
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Operation - Site Preparation

SITE PREPARATION

1. The contractor is fully responsible for the design and construction of the OSHA required launch and
reception shafts. For setup and installation drawings specific to the project, pipe size and shoring type,
contact the Akkerman Sales Department.

2. After the soil analysis, pit layout design, and survey are complete, excavate the launch and reception
shafts. Be sure the shafts will be well drained and use proper shoring or bracing in accordance with your
local, state, and federal regulations.

3. Construct a shaft floor with a solid base suitable for the weight of the jacking system and pipe. Consult
your civil and structural engineers for your shaft floor requirements.

4. Place steel plates on the jacking shaft floor for supporting the base of the jacking frame, MTBM, and
pipe.

5. Construct a concrete thrust block to withstand the applied load. A structural engineer must be consulted
on the design of this block. Space must be provided for the mounting of the laser behind the jacking
frame.

6. Lower the jacking frame into launch shaft. The frame elevation can be adjusted to grade by the jacks on
the bottom of the frame. Be sure there is at least 6 inches between the front of the jacking rails and
where the launch seal will be located.

7. Connect the jacking frame hydraulic hoses, electrical cables and pit box. Cover sharp corners to prevent
damage to the cables and hoses.

8. Construct a mount for the laser. It must be mounted behind the jacking frame and isolated from any
thrust forces. The laser mount must not be attached to any part in the shaft that may move when forces
are applied.

9. Lower the return pump into launch shaft. The return pump should be mounted as close as possible to the
jacking frame so the booster pump (not used with 24” and 30” MTBMs) does not have to generate
excessive horse power. Be sure to allow for hose swing as the thrust ring travels on the jacking frame.

10. Place the control container on a firm, level surface a safe distance from the launch shaft. It should be
located so the bottom of the launch shaft is seen from the window in the control container.

11. Place the generator or main power source as far away from the control container as possible. This will
reduce the noise to the operator and make it easier to communicate with the launch and reception
personnel.

12. Place the slurry tank(s) on a firm, level surface close to the control container and a safe distance from
the launch shaft. Allow for drain water to flow away from launch shaft.

13. Place the feed pump near, or mount onto the slurry tank and make hose connections.
14. Connect the cooling pump, jetting pump and the lubrication system to the pit manifold.

15. Connect the high pressure jetting pump feed hose and drive motor cooling hose to the drive motor
cooling tank.

16. Connect the cooling pump and jetting pump to the bulkhead on control container.
17. Install the launch shaft seal and casing in the front of the launch shaft.

18. Lower the MTBM front section on the jacking frame and ensure alignment of the laser with the center of
the target.
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Operation - Site Preparation / Checkout Equipment Prior To Start-Up

19. Place the MTBM mid (if applicable) and trailing sections near the launch shaft.

20. Connect all electrical cables and hoses including the MTBM front, mid, and trailing sections.

21. Connect the 150 ft starter hoses and cable between the MTBM starting, mid, and trailing sections.

22. Perform system start-up. Refer to System Start-Up in this section.

23. After system start-up, test the feed, return, and booster pumps for proper rotation.

24. Test the jacking frame, cycle the cylinders several times to purge air from the lines and check for leaks.

25. Retract steering cylinders to the full retracted position and note readings, extend to full extend position
and note readings.

26. Extend or retract steering cylinders to mid stroke position.

CHECKOUT EQUIPMENT PRIOR TO START-UP

1. Fill the grease pump in the MTBM.

2. Fill the drive motor cooling tank with fresh water.

3. Check the MTBM hydraulic power pack oil level. Add oil if necessary.
4. Check the MTBM main drive bearing oil level.

5. Check the MTBM gear reducer oil level.

6. Test the MTBM submersible pump float switch.

7. Check the container power pack hydraulic oil level,

8. Fill the slurry tank(s) with water.

9. Check the full load amperage setting from boring head starter, booster pump starter, boring head VFD,
and if applicable, the booster pump VFD.
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Operation - System Start-Up

SYSTEM START-UP

1. With main disconnect in control container OFF,
hook up generator to generator power connectors
(A) on bulkhead.

2. With the generator power ON and all control
container disconnect switches OFF, check the
phase relay lights (see inset). If the green Phase
Relay OK light is ON, flip the main disconnect
switch up to the ON position.

NOTICE If the red Phase Relay Tripped

(see inset) light is ON, the generator phase power is
installed incorrectly. Reverse two generator power
leads, such as the red and black leads, on
bulkhead. Disconnect all power before attempting to
rework the generator power.

3. Flip other disconnects to the ON position as
needed.

4. Open the computer/printer cabinet. Turn ON surge
protector.

(continued on next page)
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Operation - System Start-Up

5. Turn ON UPS.

6. Turn ON intercom system.

7. Turn ON computer. (Gain access to computer
power switch by flipping door down.) It will take a
few minutes for the computer system to boot up.

8. Once the CTRL + ALT + DEL window appears,
depress the CTRL + ALT + DEL keys on the
keyboard.

(continued on next page)
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Operation - System Start-Up

9. When the logon window appears, type “akkerman”
in the user name field and leave the password
field blank. This logon can be changed if desired.

10. Click OK.

11. The MT Control Selector window appears. Select
your MTBM head size and click OK.

12. After program loads, you must also load the
camera devices. Double click Head Camera icon
and Pit Camera icon from the desktop. These
windows will appear on the right monitor.

13. To properly calculate and display the jacking
tons for the jacking frame being used, click the
“Set Jack Tons” button (A) and enter the jacking
frame cylinder diameter and the number of
cylinders on the jacking frame. Click OK.
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Operation - MTBM Launch Sequence

MTBM LAUNCH SEQUENCE

1. Starting section must be placed on jacking frame (refer to Site Preparation in this section).

2. With the Slurry Flow system in the default mode of Sequence, press the OPEN button on the Slurry
Bypass control. In the Sequence mode, the operation for the bypass and stop valves will be automatic.

For example, press OPEN button on Slurry Bypass will automatically CLOSE the stop valves. Press OPEN
button on SLURRY STOP will automatically CLOSE the slurry bypass valve.

3. On the control panel, start the Feed Pump, Booster Pump (if used in the circuit), and Return Pump by
turning the controller clockwise.

- Set flow rates to low (approx 100 GPM) and check for leaks.

- Verify that the slurry lines are open and the separation equipment is working properly. Continue to
run the pumps at a low rate.

- Feed flow should equal return flow at this time. Refer to the target screen (left monitor) Slurry
System meters.

4. Lubricate the launch shaft seal.
5. Start hydraulic pump.

5. Start jacking by turning the selector switch to EXTEND and turn the Hydraulic Pump Flow control to the
right to control the pump rate about 25%.

6. Slowly push the MTBM cutter face through the launch shaft seal. Be careful not to damage the seal and
to ensure proper equipment alignment.

7. Continue advancing the jacking frame until the cutter face is in contact with the ground. Pressure will rise.
- Stop jacking if pressure rises quickly.

- With the steering cylinders in the half stroke position, write down the readings on all the
inclinometers and target position. The laser should be centered on the target.

- Make sure the pipe count is set to 0 and on manual until the first pipe is on the jacking frame,
then set to automatic and set the count to 1.

- The jacking length should also be set to 0 and set to manual until the pipe advancement wheel is
in position then set to automatic and set the length to the total length of the MTBM.

8. Press the Slurry Stop OPEN button. The valves automatically sequence to stop valves open and bypass
valve closed.

- Keep close attention on the launch shaft seal. Water leaks should be kept to a minimum.
9. Set the cutting head speed at about 10%. Press Cutting Head button to LEFT or RIGHT.
- After the cutter head has started rotation, increase speed to about 80%.

- The high pressure jetting pump should be turned OFF while jacking front section.

(continued on next page)
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Operation - MTBM Launch Sequence

10. Slowly increase the slurry feed and return pump speeds. As the MTBM is pushed into the ground,
launch shaft seal leakage will occur at the steering joint and access covers. Adjust feed and return
pump flows to prevent getting too much flow or slurry pressure at this time.

11. Refer to Advancing the MTBM in this section, to jack the entire MTBM front section into the ground,
removing the lifting eyes and installing hole plugs as the MTBM is pushed in.

12. Refer to Pipe Change in this section to place the mid and trailing sections in the jacking frame.
- Exchange the 6 pin 150’ TBM starter cable with a 9.5’ or 5.5’ cable as needed.

-Remove MTBM hydraulic starter hoses, reconnect lines.
- Connect slurry return lines to the slurry booster pump (if applicable).

- While jacking the mid or trailing sections, the high pressure jetting pump may be used if shaft seal
leakage does not occur.

13. Advance the section.
14. Install the pipe length indicator (wheel counter) and set length reading to the entire MTBM length.
15. Refer to Pipe Change in this section, to place the first pipe in the jacking frame.

- When connecting the pipe make sure the O-ring seals are not damaged.

- The first pipe needs to have slurry hose assemblies used instead of steel slurry lines.

16. Install subsequent pipe.
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Operation - Advancing The MTBM / To Pause Tunneling

ADVANCING THE MTBM

To begin tunnel excavation:

1. With the slurry stop valves closed and bypass valve open, start the slurry feed pump, booster pump (if
used), and return pump. Too much slurry flow will cause over excavation.

- The slurry feed and return flow is a balancing act. Too much flow will cause too much pressure at
the boring head.

- Over excavation is possible and also water leaking past the over cut and launch shaft seal or
slurry water leakage to the surface. Too little flow will not transport the cuttings back from the head.

2. Press Slurry Stop OPEN button.

3. Press Cutting Head LEFT or RIGHT button and set cutting head speed - 90 % is a good operating point.
Reduce jacking speed to reduce torque. Watch forces.

- The cutter head works equally well in both directions.

- Watch for machine roll. If it exceeds 5 degrees, reverse the cutting head rotation. Extending the
stabilizer cylinder (dirt wing) will help minimize roll, though jacking forces will increase slightly.

- Cutter head rotation can be reversed without pressing cutting head STOP button.
- Operate cutter head at high speeds in stable ground, lower speeds in unstable ground.

4. Advance jacking frame forward by pressing selecting EXTEND on selector switch and setting a hydraulic
flow rate with Hydraulic Pump Flow control.

TO PAUSE TUNNELING

1. Move Selector Switch to STOP.
2. Press Cutting Head button to STOP.
3. Press Slurry Bypass OPEN button. Be sure slurry valves have cycled. Operator should NEVER leave

operator station with tunneling machine running
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Operation - Controlling Slurry

CONTROLLING SLURRY

I. SLURRY FLOW

1. Stay within the flow rates specified below.

If return flow falls below minimum, solids may e
settle out and clog the slurry line. If the flows ol

rise above maximum, excessive over cutting ]
at the face may occur.

)
Slurry Flows:
Pipe Size (in.) Minimum GPM Maximum GPM
2 80 110
3 200 300
4 300 450
5 500 700
6 700 1000

2. Typically the slurry booster pump is set at a speed higher than the return pump. The return pump is
normally operated slightly faster than the feed pump. Slurry pump speeds vary with soil condition. A
starting point would be to increase the pump speeds until the booster pump torque is at about 90%.

3. Use Cutting Nozzle OPEN button to direct more water to the face and less water to the chamber of the
MTBM in clays. Use Cutting Nozzle CLOSED button to direct more of the water to the slurry chamber
and less water to the cutting nozzle in sands.

4. Operate the machine so that the slurry outlet pressure is less than 5 psi above the ground water
pressure. In MTBMs that have the slurry outlet pressure transducer mounted between the slurry chamber
and the stop valve, the ground water pressure is measured by shutting off the slurry pumps, closing the
stop valve and reading the slurry outlet pressure. The water table should provide a pressure of about 1/2
psi per foot. Therefore, multiply the psi times 2 to get the height of the water table above the machine.
This is a check to see if the reading is reasonable.

5. Slurry flows and pressures vary for different machines and for different ground conditions. It is the
responsibility of the operator to determine, through experience, the operating parameters for the machine
in specific soil conditions.

Il. SLURRY BYPASS

Switch to slurry bypass when:

* Tunneling is halted for more than 5 seconds.

* Return flow is difficult to maintain at levels near the feed flow while tunneling; bypass for at least 30
seconds. This is due to excessive material in the return lines.

» End of pipe; bypass at least 30 seconds.

* Beginning of pipe to check for leaks before starting cutter head or jacking.

1. Move Selector Switch to STOP.

2. Press Cutting Head rotation STOP button.

3. Press Slurry Bypass OPEN button. Slurry stop valves will close since slurry flow mode in is sequence.
4. Operate slurry feed pump, booster pump (if used), and return pump at normal operating flows.

NOTICE If after 30 seconds the feed flow and return flow have not returned to normal values, then
the slurry lines are clogged. See lll. Clearing Clogged Slurry Lines in this section.

(continued on next page)
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Operation - Controlling Slurry
lll. CLEARING CLOGGED SLURRY LINES

The slurry lines are clogged if using the slurry bypass procedure does not result in normal flow rates after
approximately 30 seconds.

A restriction in the head has occurred if switching to bypass brings slurry flows back to normal and normal
operation results in low return flow. Also, the inlet pressure will be high, the outlet pressure low and little
return flow when slurry stop valves are open. Operate the slurry in bypass long enough to clear any cuttings
out of the return lines. While this is being done, operate the chamber valve to 100%, then sequence the
stop/bypass and watch inlet pressure. If inlet pressure does not rise, operate the jetting nozzles to 100%
and note if the slurry pressure rises. When the source of the pressure is found, reverse slurry flow will be
required (see IV. Reverse Slurry Flow in this section).

A restriction in the return lines will cause inlet and outlet pressures to be high when the bypass is open.
First stop all the pumps and shut off ball valves (slurry) in the jacking shaft. Then disconnect slurry hoses
in the launch shaft at the trunk lines, connect them together, open ball valves and try cleaning the lines with
the feed and return pumps (do not operate the booster pump at this time). If this does not clean the lines,
then check the feed and return hoses for lodged obstacles.

If the restriction is not in the hose external to the tunnel, the restriction must be in the return trunk line.
Reconnect the hoses to the trunk lines, try flushing in bypass. If this does not clear the restriction, reverse
flush the trunk lines with the bypass valve open.

IV. REVERSE SLURRY FLOW IN MTBM

Reverse slurry flow to flush out the crushing chamber, slurry chamber, and MTBM slurry lines. Reverse
slurry flow must be performed when:

« Slurry bypass and cleaning clogged slurry line procedures have failed to achieve high flow rates.

* High flow rates are achieved in slurry bypass, but return flow rate is low during tunneling (slurry chamber,
crushing chamber, or slurry lines between bypass valve and slurry chamber are clogged).

1. Stop jacking frame advancement and cutter head rotation, and open the slurry bypass valve. Since the
slurry flow mode is in sequence, the slurry stope valves will close.

2. Stop the slurry return pump, booster pump, and feed pump.
3. Close the two slurry return ball valve handles on the jacking frame.
4. Disconnect both slurry hoses from the bottom of the slurry valves on the jacking frame.

5. Reconnect slurry hoses to opposite slurry valve on the jacking frame (swap connections). A male-male
and female-female pipe adapter will be needed.

6. Open the two slurry valves on the jacking frame.
7. Start the feed pump and return pump and set flow rates to normal operation. Do not start booster pump.

8. Allow slurry lines to flush for no more than 30 seconds.

» Open the chamber or jetting valve, whichever valve was found to be clogged to about 75%.

« If lines are clogged at this point, cycle the feed and return pump controls on and off several times with
bypass valve open in order to pressure shock the restriction loose.

9. Press Slurry Stop OPEN button.

* The crushing chamber and slurry chamber are now being flushed.

» Minimize time that the slurry stop valves are open. Since jacking does not occur, any material excavated
by the slurry water will form cavities in front of the MTBM.

10. Reconnect the slurry lines to their normal operating position and resume normal operation when the
restriction has been cleared.

(continued on next page)
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Operation - Controlling Slurry / Cutter Head Operation
V. USING ABOVE GROUND BYPASS VALVE
This is typically done during a pipe change when using a mechanical slurry separation system which allows
the slurry system to continue cleaning. If slurry separation is accomplished using a settlement tank, this
procedure would normally not be required.
1. Press Cutting Head STOP button.
2. Move Selector Switch to STOP position.
3. Stop the slurry return pump, booster pump (if used), and feed pump.
4. Open the slurry above ground bypass valve.
5. Close the shaft slurry stop valves on the jacking frame.
6. Start the feed pump. DO NOT start the booster or return pumps. The flow path does from the settlement

tank to the feed pump, followed by the slurry feed flow metered and the above ground bypass, then
return flow meter and back to the settlement tank.

CUTTER HEAD OPERATION

1. Jacking flow rates can be increased until the

drive torque is between 80% and 100%. Ninety , 1 ‘*T'-'E;"'}
percent is a good operating point. Reduce " - .-_-'~’}T' ::‘E:;!;:} .
jacking speed to reduce torque. __rj_"“_,;‘i:-b_c_;_;_-_-l

2. The cutter head works equally well in both T - . Tj . ﬂ*&“ ,_Jn-i ":" ™ .
directions. ii;'} - \J ¥ _...l‘i-:l" g

3. Watch for machine roll. If it exceeds 5 degrees,
reverse the cutting head rotation. Extending
the stabilizer cylinder (dirt wing) will help
minimize roll, however, jacking forces will
increase slightly.

4. Cutter head rotation can be reversed without pressing Cutting Head STOP button.

5. Operate cutter head at high speeds in stable ground, lower speeds in unstable ground.
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Operation - Releasing A Seized Cutting Face

RELEASING A SEIZED CUTTING FACE

1. Retract the main jacking cylinders slightly to -, ""y'}:':
. . '\_\. | _‘-|l.—_ i
release the jacking pressure. - e | A
- f rr:'“\"‘»,f‘t > I:’::F'x
2. Move Selector Switch to STOP position. __ ,].]1 e e
LY My Wl |
3. Onright screen, press Main Hydraulic STOP ij'l] o \J Eﬁ_‘ :.:a. o -,
button. ] ="

4. Start the slurry feed pump, booster pump (if
used), and return pump.

5. Press Slurry Stop OPEN button.
6. Onright screen, press Jetting Pump AUTO position.

7. Reverse rotation several times by pressing Cutting Head LEFT and RIGHT buttons.
If unsuccessful, press Cutting Head STOP button and press Slurry Bypass OPEN button.

8. Make note of top, left, and right steering cylinder positions (on target screen).

9. Press the Top Cylinder, Left Cylinder, and Right Cylinder EXTEND buttons until the cylinders are fully
extended.

10. Press the Top Cylinder, Left Cylinder, and Right Cylinder RETRACT buttons until the cylinders are fully
retracted.

11. Press the Slurry Stop OPEN button.
12. Reverse cutter head rotation by pressing the Cutting Head LEFT and RIGHT buttons several times.
« If cutter head becomes free, return steering cylinders to their previous positions while cutter head is
rotating.

* If unsuccessful, press Cutting Head STOP button and Slurry Bypass OPEN button and repeat steps 4
through 12.
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Operation - Jacking Operation Guidelines

JACKING OPERATION GUIDELINES

=

1. Never exceed maximum jacking thrust rating of the pipe. Consult pipe manufacturer to obtain this rating.

2. Use lower jacking pressures and lowest cutting head torque possible (below 100%), while maintaining
high production rates.

3. Increase main pump rate (Hydraulic Pump Flow control) to increase cutter head torque, jacking speed
and jacking pressure.

4. Decrease main pump rate to decrease cutter head torque, jacking speed and jacking pressure.

5. Maintaining proper grade and alignment of the tunnel to ensure low jacking pressure.

6. Using lubrication (bentonite/polymer) may in certain ground conditions, lower jacking pressure.

7. Do not allow steering pressures to rise above 3000 PSI for soft ground. Reduce advancement rate,

increase cutting nozzle flow (increase feed pump speed) or increase cutter head rotation speed to reduce
pressure.
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Operation - Operating Jacking Frame

OPERATING MT-340, MT-400, MT-460, AND MT-866 JACKING FRAME

1. Turn Selector Switch to STOP position and on right
screen, press Main Hydraulic START button. The
oil cooler will automatically start.

2. Turn Selector Switch in RETRACT position. Fully
retract the jacking frame cylinders each time
RETRACT is selected. This will allow the locking
blocks to engage into the pockets as far forward as
possible in the thrust ring locking guide and ensure
locking guide cylinder timing. —

3 Set the Hydraulic Pump Flow control to 50% to
start jacking cylinder retraction. Turn Selector
Switch to STOP when jacking cylinders are fully
retracted.

-

4. By communicating with jacking shaft worker, ensure that all position locking blocks (dogs) align with
pockets of an equal relationship on either side of the frame.

5. Turn Selector Switch to EXTEND to start forward thrust and use the Hydraulic Pump Flow control to set
speed rate.

* Refer to Jacking Operation Guidelines to help determine a proper hydraulic flow rate.

» Monitor jacking pressures. If pressures approach 50% of the system capacity, intermediate jacking
stations may be required. Refer to Using Intermediate Jacking Stations (1JS) in this section.

« Jacking may be paused by pressing the Main Hydraulic STOP button, or by turning the Selector Switch to
STOP position.

6. Once the jacking cylinders have reached full extension:
a. Turn the Selector Switch to STOP position.
b. Press Cutting Head STOP button.
c. Press Slurry Bypass OPEN button.

7. Repeat steps 2 through 6 for the entire length of the pipe and the locking ring is at the end of the jacking
frame.

8. To retract the locking ring, release thrust pressure by turning the Selector Switch to RETRACT position
and set flow rate to 50%. Turn the Selector Switch to STOP position when retraction is completed,
release and pin position locks and turn the Selector Switch to AUX position to provide flow to the locking
ring travel valve. The manual valve on the jacking frame is then used to travel the locking ring to the
back of the jacking frame. Use caution when retracting the locking ring away from the pipe joint to
prevent pipe damage.

9. Press Main Hydraulic STOP button.

10. Remove the pins from the position locks, install pipe (per Pipe Change in this section), and repeat the
above procedures.
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Operation - Using Intermediate Jacking Stations (IJS) / Steering Guidelines & Operation

USING INTERMEDIATE JACKING STATIONS (IJS)

Intermediate jacking stations (1JS) are hydraulic rams place between pipe joints at intervals throughout the
tunnel and are installed when the thrust pressure approaches 50% of the system capacity or as a planned
jacking safety factor. The cylinders distribute the pipe jacking thrust to the pipeline, reducing thrust loading
on the pipe at the jacking frame. A steel housing or band fits around the joint of the pipe to prevent the
intrusion of ground. This component is not recoverable. Cylinders are installed within the housing, between
the pipe joints during pipe change, and are extended to thrust the pipe line forward.

1. Turn Selector Switch to STOP.

2. On IJS Valve Selection on right screen, click 1.

3. Start slurry feed pump, booster pump (if used), and return pump.

4. Press Main Hydraulic START button.

5. Press Slurry Stop OPEN button.

6. Press Cutting Head LEFT or RIGHT button and set cutting head speed.

7. Turn Selector Switch to 1JS. Use Hydraulic Pump Flow control to set flow rate.

8. When the IJS rams are fully extended, turn Selector Switch to STOP position.

9. Pause tunneling (refer to Pause Tunneling in this section) and stop the feed pump.

10. On IJS Valve Selection, click 2.

11. Repeat steps 3 through 9.

12. Set the IJS Valve Selection screen to the next highest number.

13. Repeat procedure until all intermediate jacking stations have been extended.

14. Reset IJS Valve Selection to None.

15. Extend jacking frame.

16. Repeat the above procedures after installing a new pipe.

STEERING GUIDELINES & OPERATION
Steering Cylinders

1. Steering should be carefully executed with small corrections made 0 psi
over many feet. 0 =

2. Watch the inclinometers to get an idea of their values for a straight 0 psi 0 psi
run and set the pointers on the side of the target. 0 % 0z

3. To steer up, extend the right and left cylinders the same amount or retract the top cylinder.
4. To steer right, extend the left cylinder and then the top cylinder half the amount of the left.
5. To steer left, extend the right cylinder and then the top cylinder half the amount of the right.

6. To steer down, extend the top cylinder or retract the bottom cylinders.
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Operation - Pipe Change

PIPE CHANGE

M Suspended loads may fall and cause severe

injury or death. Do not allow anyone to enter area under or around “

a suspended load.
1. Press STOP on Cutting Head control.
2. Perform slurry bypass:

- Turn selector switch to STOP.

- Press OPEN button on by pass valve. Slurry stop valves will
close in sequence mode.

- Operate slurry feed pump, booster pump (if used), and return pump at normal operating flows.

- If after 30 seconds the feed flow and return flow have not returned to normal values, then the
slurry lines are clogged and will require clearing.

3. Turn the slurry return pump, booster pump (if used), and feed pump controls to 0.

4. Turn OFF disconnects in the control container for the slurry pumps, boring head, head power, and tunnel
light.

5. Close the slurry, cooling water, bentonite (if used), and high pressure jetting valves on the jacking frame
manifold.

6. Disconnect all the hoses and cables going into the pipe being jacked.
- Make sure all the cables and hose connections are in a clean, dry location and out of the way of
the next pipe.

7. Retract jacking frame.

8. Lower the next pipe into position and lubricate the
sealing ring.

9. Clean connections and connect slurry lines between
the pipes.

10. Install cables and hoses through the new pipe.
11. Clean connections and connect cables and hoses.

12. Open the slurry, cooling water, bentonite, and high
pressure jetting valves on the jacking frame.

13. Slowly advance the new pipe until it is seated in position.

14. Turn ON disconnects for the slurry pumps, boring head, head power, and tunnel light.

15. Turn the slurry feed pump, booster pump (if used), and return pump output controls to the right.
- Check slurry lines for leaks and the separation system for proper operation.

16. Repeat installation for subsequent pipe.
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Operation - High Pressure Jetting Pump Operation / Daily Shut Down

HIGH PRESSURE JETTING PUMP OPERATION

The high pressure jetting pump can increase production in clays and other
sticky material. The pump should not be used in other ground conditions
except to be turned on periodically to keep the nozzles clean.

The jetting pump controls are located on the control screen:

1. The START button will start the high pressure jetting pump and will remain
on until the STOP button is pressed. The message “Jetting Pump” will .
appear on the target screen operational message window to indicate that ~Jetting Pump——
the jetting pump is on.

2. The AUTO button will energize the high pressure jetting pump only when
the cutting head LEFT or RIGHT button is selected. The message “Jetting
Pump” will appear on the target screen operational message window to Start | Alita | -

indicate that the jetting pump is on.

3. The STOP button will shut the high pressure jetting pump off.

The high pressure jetting pump and drive motor cooling pump automatically
turn off if the water tank level drops below minimum.

DAILY SHUT DOWN

1. Stop jacking frame extension by turning the
Selector Switch to STOP position and turn off the
MTBM drive motor by pressing the Cutting Head
STOP button.

2. Open the MTBM bypass valve by pressing Slurry 2
Bypass OPEN button and close the stop valves by =t
pressing Slurry Stop CLOSE button. 1 ) 1 ! =15
3. Flush water through the lines until clear.

4. Shut off the slurry pumps by turning the Feed Pump control CCW until it is stopped. The booster pump
and return pump will automatically shut off when the feed pump is shut off.

5. Close the valves on the manifold at the jacking frame and supply tanks (if used).
6. Generate and print a report (refer to Using The Report Generator in this section).
7. Turn off head power.

8. Shut off all disconnects.

9. Shutdown the computer.

10. Shut off main power disconnect or turn off the main power source.
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Operation - Using The Report Generator

USING THE REPORT GENERATOR

1. Double click the Report Generator icon on
desktop.

[Zeneratar

2. In the Report Generator window, the left column
“Available Columns:” is a list of all the data

variables (54) available for your report. The right Sooew Lo [
column “Report Columns” is a list of the data ot T ot R
variables you selected for your report. e S BT
sl Tiast brvwrell
. E’:: Taages Ll I_ m
3. To select the variables for your report, do one of e e = _i |
the following: EE E"r:::: Fm | J
a. Double click the variables in the Available Column el o N e
that you want to appear on your report. The sl - - ﬂ
selected variables will now appear in the Report :ﬁé’fﬂ_l E
Column. pma- it

b. Or select the desired variables in the Available
Column (use the Ctrl button to select multiple
variables), then click the right arrow to add the
selected columns to the Report Column.

If you have a variable in the Report Column that is
not needed, select the variable and click the left
arrow. This will remove the selected variable from
the Report Column.

4. If necessary, reprioritize the variables in the
Report Column, by selecting a variable and
clicking the up or down Priority arrows. The top
variable will appear on the left hand column of the
report.

(continued on next page)
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Operation - Using The Report Generator

5. Modify the date and time parameters. Modify — Repart Parameters
parameters by either clicking the month, day, Eront o
year, hour, or minute fields and type in the desired [ 03/06/03 0335 =5
number, or click one of the fields and use the up Tor 112/08/m3 08:02 j
and down arrows to change the numbers. :

— Time nterwal

6. Modify the Time Interval by either selecting the 2 :II o
field and typing in the desired time (2 through 20  #lData
minutes), or clicking the up or down arrows. The
default time is 2 minutes. -

= Coy ﬁ

Data is logged every 15 seconds. " HTML Priority

If you click the All Data box, the report will ignore «—Il I_» i

the time interval and print the report for all logged

data within your selected date and time parameters.

7. Select your desired report format.

DS @A A NES e R KA S
The CSV (Comma Separated Value) selectionis a e = o nLe e Bl E, §a EE -
spread sheet program format and will openin 3 ¥ :

Microsoft Excel. Ty I

The HTML (Hyper Text Mark Up Language) selection
is a web browser program format and will open in UL
Microsoft Internet Explorer. - Rl

8. Click Execute button. The report is generated and
will automatically open your CSV or HTML CSV Format In Excel
program in the right monitor.

N B e Pl ek

9. Save or print your report from the program. If a N L F LT T] T
print out of the report is needed, confirm that the e —
printer is on and that paper is loaded into the T T AT i T T TS S

paper tray. Print your report from the program.

HTML Format In Internet Explorer
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Operation - Transducer Calibration

TRANSDUCER CALIBRATION

Transducer calibration is performed at the factory and should not be required in the field. There are cases
when adjustments to the linear transducers may require calibration. If the stop valve, bypass valve, steering
cylinders, stabilizer or cutting nozzle valves are repaired or replaced, the components will require
recalibration so the steering cylinder or valve positions will be properly monitored. The calibration is
performed through the Kepware Server software. This software collects and rewrites data to and from the
device components and is then communicated to the operator in the control container.

1. Double click KEPServerEx icon to start the
calibration program.

2. The left hand column displays the devices that are
communicated with the Kepware software.

3. Click the desired component that requires
calibration. The right column will display the
components of the device.

4. Double click the component that requires
calibration. This will display the Tag Properties
window.

5. In the Tag Properties window. Click the Scaling tab.

6. Click the None button (A).

LL*1 11+ I You may want to record the Raw

Value Range and Scaled Value Range settings in
case you need to reinput these values.

7. Click OK.

8. Close the Kepware program.
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Operation - Transducer Calibration

=i

= = 5 E i
o = om = &
o == =
9. Restart Kepware. AL = 2 E
E i E
10. Click Quick Client icon (A). 5 =3 £ &
= = § E i
o 1 E ©
- : =

11. Click on device on left column. =4
12. Operate device and record the low and upper : EE E
limits of the device. Use the Calibration program = = s
to assist in gathering the calibration data (see = o=
Supplementary Editor Programs in this section). = = e
13. Close Quick Client. = = =4
B e T e o UE— aSim
'||.li-:l1 =T . EN 1.8
e =
“ =
14. Click on device. ;gf =
K-
15. Double click component to display the Tag ;5 - =
Property window. E— E
16. Click the Scaling tab. CETIIT—— k]
Bestand B |

17. Click Linear.

. Flin Wik Fovgs Gt " s g
18. Input the Raw Value Range data you recorded in
step 12. Do i wicad Dusigs e =
Heghy |3 Hgh hwm D
19. In the Scaled Value Range:  Em 7 —

a. Select Data type: Word for integer (whole

number) or Double for floating point -
b. Input your High and Low values. Linear
transducers are measured from 0 to 100%.
20. Click Apply. [ ] erm | Eiw

21. Click OK.

22. Restart Kepware. The device is now calibrated.
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Operation - Supplementary Editor Programs

SUPPLEMENTARY EDITOR PROGRAMS

There are five supplementary editor programs that determine the metering and monitoring of the MTBM
devices. The programs consist of constant values and dynamic variables.

The constant values are factory set and should not be changed since they are the value characteristics of
the machine make-up and design. The constant values are loaded into the program at system start-up when
you select the size of your MTBM in the MT Control Selector window. If the constant values are changed,
erroneous data will be calculated, resulting in improper monitoring of the MTBM position.

The dynamic variables, are variables that can be changed by the operator to help in the visual metering and

monitoring of the MTBM.

1. Front Editor E

This editor is used to calculate the
position of the cutting head during
the tunneling operation. Most of the
fields in this editor contain constant
values such as steering stroke, head
drive size. etc. These are items that
should not be changed since they
are the design specifications of the
MTBM. Below are the dynamic
variables in this editor.

a. Projection Distance (A): distance
that is projected on the target screen
which is based on the current path of
the MTBM. The default distance is
120 inches or 10 feet. If you desire to
change this distance, type in the new
value or use the up and down arrows.
Then click the Validate button.

b. Steering Cylinder Calibration
Data (B): if recalibration is required,
the new data (from the Calibration
program) must be entered in the
appropriate fields and then click the
Validate button.

c. Grease Pump Timer (C): The
default timer settings are 12 seconds

on and 48 seconds off. At this time,
these values cannot be changed.

(continued on the next page)
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Operation - Supplementary Editor Programs

2. Console Editor m

This editor allows you to change the console
dynamic variable ranges and meter values. The
meter values are visible on the target screen.

a. Bypass, Cutting, and Stop Position:
indicates the percentage of which the valve
positions are considered fully open or fully
closed.

b. Stop Pressure: pressure at which the stop
valve is open or closed.

c. Time for Stop/Bypass: the time it takes to
recycle the stop or bypass valve. If the stop or
bypass valve does not open or close in the
allotted time, a message in the log window on
the indicator screen will appear indicating that
the valves did not open or close.

d. Meter Maximum Value: specifies the meter
values on the target screen.

e. Head Camera IP address: identifier for the

camera in the MTBM. Each device has a unique

IP address, therefore, if the existing camera is
replaced, a new IP address will be required.

f. Time for duration of one job: click this box to
reset the “This Job” timer to 0.

3. Misc Editor E

T |- |

This editor provides the value to calculate the pipe advance rate.

a. Machine Length: this is a factory set constant value of the actual

length of the MTBM.

b. Update Rate Interval: this is the time interval in milliseconds to
refresh the “Rate(ft/hour)” data on the target screen. One second

equals 1,000 milliseconds.

(continued on the next page)
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Operation - Supplementary Editor Programs

4. Test30 H

This program is used for the maintenance and repair of the MTBM digital inputs and outputs, and analog
inputs. The 30 in Test30, represents the size of the MTBM being used. This number will change depending
on the size of your MTBM.

| W, Akksiman A4 sch el

(continued on the next page)
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Operation - Supplementary Editor Programs

5. Calibration30 ﬂ

This program is used to gather the calibration data for the steering cylinders and the stop valve, bypass
valve, cutting valve, and stabilizer wing. The upper and lower limits must be entered into the Kepware Server
program so the cylinder or valve positioning will be scaled properly. The steering cylinders low and high

limits must also be entered into the Front Editor program.

The 30 in Calibration30, represents the size of the MTBM being used. This number will change depending on
the size of your MTBM.

a. Stop Valve, Bypass Valve, Cutting Valve, and Stabilizer. hold the open or closed button until the Head
Hydraulic Low PSI rises quickly. Once the pressure rises, release the button to automatically place the
value in the low or high limit value field. The value in the Low and High Limit field will be the values used for
recalibration. The low limit is the closed position of the valve; the upper limit is the open position of the
valve. The Position Value is the raw data received while running the device.

b. Steering Cylinders - Left, Top, and Right: hold the extend or retract button until the Head Hydraulic High
PSI rises quickly. Once the pressure rises, release the button to automatically place the value in the low or
high limit value field. The value in the Low and High Limit field will be the values used for recalibration. The
low limit is the retract position of the cylinder; the upper limit is the extend position of the cylinder. The
Position Value is the raw data received while running the device.

£ Akkerman Calibration |_ O} x|
~Stop Valye |  Bypass Valve [ Cutting Valye —— Stabilizer ———
Open | Open Cloze Open Cloze Open Cloze

Fozition Y alue:

Lo Limnit:

Upper Limit:

Pozition Y alue: I
Lo Lirnit: I

—
—
—

Pozition W alue: I
Lo Limnit: I

Upper Limit: I

Upper Limit: I

Pozition W alue:

Lo Limnit:

pper Limit:

—
—
—

-Left Steering

Extend

Retract

Head Hydraulic Low P5I: I

-Top Steering

Extend

Pozition W alue:

Lo Lirnit:

pper Limit:

—
—
—

Retract

Poszition % alue:
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—
—
—

-Right Steering—————

Extend Retract

Pozition ' alue:
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1]
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Exit

.
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Transporting

TRANSPORTING GUIDELINES

AWARNING Suspended load may fall and

cause severe personal injury or death.

Do not enter area under or around a load.

AWARNING Shipping or lifting jacking frame
without ALL four dog blocks engaged into frame,
can cause serious injury or death from sliding thrust
block.

BEFORE disengaging the jacking frame hydraulics,
engage ALL four dog blocks (with red bolts) into the
jacking frame. If the four red bolts are extended, the
dog blocks are not engaged.

1. Know the local, state, and federal transportation
regulations.

2. Obtain required permits for transporting.

3. Remove any obstacles from the trailer floor.

4. Clean debris from equipment.

5. Load and unload on level ground.

6. If lifting equipment with a hoist or other lifting
device, the equipment lifting eyes and sling must
be inspected for damage before lifting. If
damaged, replace.

7. Securely fasten equipment to trailer floor.

8. Secure all loose items in control container.

9. Observe the lifting instructions on the following
pages.
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Transporting - Lifting Instructions

LIFTING INSTRUCTIONS
1-3/8” SHACKLE

1. Control Container 13.5TON
WORKING
CAPACITY

- Container weight, with no auxiliary gear is
24,000 Ibs. (10,886 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62 m) long.

- Container must lift freely. If it is stuck to the
ground, it must be broken loose prior to lifting.

- Container lifting eyes and sling must be inspected
prior to each lift. Any damage must be repaired
prior to lifting.

- All container doors must be closed before lifting.

2. Jacking Frame

- Base frame with thrust block (dogs engaged) must
be picked up individually; with no extensions.

- Frame weight, with no auxiliary gear is
27,200 Ibs. (59,965 kg).

- Lifting with a crane requires a four part sling with
legs a minimum of 25 ft. (7.62 m) long.

- Frame must lift freely. If it is stuck to the ground, it
must be broken loose prior to lifting.

- Frame lifting eyes and sling must be inspected
prior to each lift. Any damage must be repaired
prior to lifting.

- Lifting eyes must be tightened snugly against
threaded insert before lifting.

3. Cooling Water Tank
- Tank frame MUST be picked up empty.

- Frame weight, with no auxiliary gear is

2,200 Ibs. (998 kg). 77‘1/ T
4 i

- Lifting with a crane requires a two part sling with
legs a minimum of 4 ft. (1.22 m) long.

- Tank frame must lift freely. If it is stuck to the T
ground, it must be broken loose prior to lifting.

- Tank frame lifting eyes and sling must be | |
inspected prior to each lift. Any damage must be L
repaired prior to lifting.

(continued on next page)
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Transporting - Lifting Instructions

4. MTBM Sections - SL30
- Each MTBM sections must be picked up individually.
- MTBM front section weight is 9,000 Ibs. (4,082 kg).

- MTBM middle section weight is 3,000 Ibs. (1,361 kg).

- MTBM trailing section weight is 3,000 Ibs. (1,361 kg).

- Lifting with a crane requires a two part sling with legs
a minimum of 6 ft. (1.83 m) long.

- Before lifting section, it must lift freely. If it is stuck to
the ground, it must be broken loose prior to lifting.

- Frame lifting eyes and sling must be inspected prior to
each lift. Any damage must be repaired prior to lifting.

- Lifting eyes must be tightened snugly against
threaded insert before lifting.
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Lubricants

Use of inferior lubricants can affect the efficient performance of your 5000 Jacking
System. Always use high quality lubricants as specified in this section.

Refer to the Periodic Maintenance section for proper lubrication quantity, maintenance intervals, and
procedures.

HYDRAULIC POWER PACK RESERVOIR LUBRICANT

e~

The power pack reservoir is filled with ISO-VG-46
20W Premium Hydraulic/Turbine Oil.

Use an API GL-1/GL-2 or equivalent when adding or
changing lubricant.

A LSl If you change to a different oil,

use a reputable oil supplier to meet or exceed the
ISO-VG-46 20W or API GL-1/GL-2 oil specification.
Do not mix oil manufacturers or grades.

MTBM HYDRAULIC RESERVOIR LUBRICANT

The MTBM hydraulic reservoir is filled with Tellus®
Plus Oil 32, a premium AW hydraulic oil.

Use Tellus® Plus Oil 32 or equivalent when adding or
changing lubricant.
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Lubrication

GREASE

The lubrication points are greased with Mobilgrease®
XHP222 Premium Lubricating Grease.

The XHP222 grease is a multi-purpose, high
performance, high temperature, lithium grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the lubrication
points.

DRIVE GEAR BOX

The MTBM drive gear box (A) is filled with Mobil SHC
630 Synthetic Bearing and Gear QOil.

Use Mobil SHC 630 or equivalent when adding or
changing lubricant.

LLeRRIE I The Mobil SHC 630 Synthetic

Bearing and Gear oil is a synthetic oil specifically
designed for this application. If you change to a
different oil, use a reputable oil supplier to meet or
exceed the Mobil SHC 630 oil specification. Do not
mix oil manufacturers or grades.

DRIVE MOTOR COOLING PUMPS

The drive motor cooling pumps, located on the cooling
tank, are filled with 10W-30 motor oil.

Use a high quality 10W-30 motor oil when adding or
changing lubricant.

Main Cooling Drive Motor Pump Assembly For 30 HP
& 75 HP Drive Motor
Oil capacity is 1.0 US quart (0.95 L).

Main Cooling Drive Motor Pump Assembly For Larger
HP Drive Motor, Water Cooled Booster Pump, or Gear
Reducer Filtration

Oil capacity is 1.1 US quart (1.05 L).
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Lubrication

DRIVE BEARING CAVITY

The MTBM bearing cavity (A) is filled with Mobil SHC A Cavity
630 Synthetic Bearing and Gear Oil.

Use Mobil SHC 630 or equivalent when adding or
changing lubricant.

2 ‘QII

1 =
J;:
| | . a |
The Mobil SHC 630 Synthetic E _]I|
] ._#

Bearing and Gear oil is a synthetic oil specifically "_!_

designed for this application. If you change to a -"':;1‘ -.-_I
different oil, use a reputable oil supplier to meet or
exceed the Mobil SHC 630 oil specification. Do not
mix oil manufacturers or grades.

Cavity

GREASE PUMP

The grease pump (B) is lubricated with Mobilgrease®
XHP222 Premium Lubricating Grease.

The XHP222 grease is a multi-purpose, high
performance, high temperature, lithium grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when refilling grease pump.

SLURRY PUMP LUBRICANT

The feed, return, and booster pumps are lubricated
with Mobilgrease® XHP222 Premium Lubricating
Grease.

The XHP222 grease is a multi-purpose, high
performance, high temperature, lithium grease.

Use Mobilgrease® XHP222 Premium Lubricating
Grease or equivalent when lubricating the lubrication
points.
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Lubrication

MTBM ACCESS COVER THREAD LUBRICANT

The MTBM access cover threads are lubricated with
Lubriplate No. 1200-2 extreme pressure heavy-duty
lubricant.

Use a high quality marine wheel bearing grease
when lubricating the access cover threads.

STORING LUBRICANTS

Your equipment can operate at maximum performance
only if clean lubricants are used. Use clean containers
to handle all lubricants.

Lubricants should be stored in an area protected from
dust, moisture, and other contaminates.
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Periodic Maintenance

m Review the Safety section in this manual before performing maintenance. Failure to do
S0, could cause severe injury or death.

Maintenance and repairs must only be performed by a qualified service technician.

LUBRICATION & MAINTENANCE INTERVALS

The requirements for lubrication and maintenance
are shown on the maintenance charts in this
section.

Intervals of maintenance are based on normal
operating conditions. If operating under more difficult
conditions, use a shorter time interval between
maintenance.

Use the Total Time meter (A) on the target screen to
help determine proper maintenance intervals.

LOCKOUT POWER BEFORE SERVICING

m Severe personal injury or death

can result from unexpected pump unit start-up or
machine movement.

LOCKOUT power before attempting to make repairs
or adjustments to this equipment, unless otherwise
indicated. Proper lockout will prevent accidents and
save lives. Performing the lockout will also prevent
the equipment from moving or operating
unexpectedly.

AVOID PINCH POINTS

m Moving parts or the mishandling

of parts can cause severe personal injury.
Keep hands away from moving parts.

Watch your fingers, hands, and legs while
equipment is in operation.

Handle parts carefully to avoid crushing and pinch
point hazards.
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Periodic Maintenance - Start Of Tunneling Project

MAINTENANCE CHARTS

START OF TUNNELING PROJECT

ITEM

COMPONENT SERVICE REQUIREMENT MATERIAL
1. | Drive Seals Inspect Seal Mating Surface
2.. | Flow Meters Inspect Linings & Electrodes
3.* | Cables Inspect Pin/Socket Prior To | Clean & Dry As Necessary
Mating
*Not Shown

microtunom
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Periodic Maintenance - Prior To Each Drive Launch

PRIOR TO EACH DRIVE LAUNCH

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
1. | Target Clean Use mild, abrasive-free cleaning
solution and scratch free cloth
2. | Steering Cylinders | Calibrate Linear Transducers | Stroke reading: 0 to 100% each cyl.
3. | Grease Pump Fill Fill with new grease. Mobil XHP222
4. |MTBM Front Sect. | Test Seal Flushing Test for grease flow.
5. | MTBM Front Sect. | Inspect Jetting Nozzles Clean and inspect.
6. | MTBM Front Sect. | Rasp Bar Clearance 1/4” or less
7. | MTBM Front Sect. | Inspect Cutter Teeth & Repair or replace as necessary.
Surfaces
8. | SlurryHoses Inspect Replace if cracks/wear visible.
9. | Submersible Pump | Test Operation
10. | Coupling Sleeve & | Inspect/Lubricate Replace if damaged.
O-rings
11. | Steering Joint Clean/Lubricate Check for leaks and seal wear.
12. | Submersible Pump | Check Float Operation Clean water inlet holes.
13. | Submersible Pump | Check pump shut off delay| More delay for down grade bores
14. | Slurry Cntl. Valves | Check Operation & Pressure | 1,000 psi max. for operating.
15. | Hyd. Pump Reservoir] Check Qil Level Fill as necessary.
16. | Hydraulic Pump Check Relief Settings High and low pressure
17. | Camera (In MTBM)| Test Operation & orientation.
(Continued on next page)
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Periodic Maintenance - Prior To Each Drive Launch

PRIOR TO EACH DRIVE LAUNCH

29. | Steering Valve

30. | Stabilizer Valve

31. | Jetting Pump
32. | Flow Meters

33.* [ Cables

Threads
Check Operation

Check Operation

Clean Strainer
Compare Readings

Inspect Outer Jacket

Extend & retract-verify that each

will hold pressure. Verify on

screen values agree with cyl
position.

Extend & retract-verify that

it will hold pressure.

SL30 - located in middle sect.

While running above ground
bypass.

Replace if damaged.

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL
18. [ Camera (In Shaft) Test Control Functions (notshown)
19. | Audio Controls Test Operation & Control
20. [ Inclinometers Verify Incline Use digital level & calibrate if
a. Front b. Back necessary.
21. | Target Check Roll Incline Roll Right (+); Roll Left (-)
22. | Gas Detector Test Operation See Gas Detection Manual
23. | Slurry Pumps Inspect For Wear Impellers, vortex rings.
24. | Slurry Pumps Check Shaft Seals Replace if damaged/worn.
25. [ Jacking Frame Check Dog, Winch, & Adjust as necessary.
MT400 Gripper Operation
26. | Control System Verify Motor Rotation & All electric motors.
Phase Monitor
27. |Lights Test Lamp Operation SL30-Middle section.
28. | MTBM Sections Lubricate Access Cover Marine Wheel

Bearing Grease

*Not Shown

microtunom
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Periodic Maintenance - Daily Or Every 10 Hours Of Operation

-

DAILY OR EVERY 10 HOURS OF OPERATION 89
ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
1. | Gas Detector Check display reading
& check fault message.
2. | Slurry Hoses Inspect Banding Clamps | If damaged/worn, replace.
3. | Slurry Pumps Flush & Drain In freezing weather.
4. |Jacking Frame Clean Remove all build up.
5. | Jacking Frame Clean & Lubricate Frame

Slide Rails& Travel Ring Assy.

6. |Jacking Frame Inspect Locking Blocks (Dogs) Repair or replace.
7. | Jacking Frame Lubricate Locking Blocks (Dogs) Lt. Wt. Motor Oil
8. | Water Cool. Pumps | Check Oil Level 10W30 Motor Ol
9. | Water Cool. Pumps | Flush & Drain In freezing weather.
10.* [ Jetting Pump Flush & Drain In freezing weather.
11.* | Jetting Pump Check Belt Tension
12.* | Jetting Pump Check Gear Box Oill
13. | Control System Backup Database
* Not Shown
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Periodic Maintenance - Weekly Or Every 50 Hours Of Operation

WEEKLY OR EVERY 50 HOURS OF OPERATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL

1. [ Slurry Pump Lubricate Lip Seals See Slurry Manuals Mobil XHP222
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Periodic Maintenance - After First 100 Hours, Then Every 1000 Hours Thereafter

AFTER FIRST 100 HOURS, THEN EVERY 1000 HOURS THEREAFTER

ITEM

COMPONENT SERVICE

REQUIREMENT

MATERIAL

Water Cool. Pumps | Drain & Fill

a. Small Pump - 1.0 US qt.
b. Large Pump-1.1 US qt.

10W30 Motor Oil

microtunom
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Periodic Maintenance - Monthly Or Every 250 Hours Of Operation

MONTHLY OR EVERY 250 HOURS OF OPERATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL

1. | Slurry Pumps Lubricate Bearings See Slurry Pump Manuals Mobil XHP222
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Periodic Maintenance - Every 1000 Hours Of Operation

EVERY 1000 HOURS OF OPERATION

ITEM [ COMPONENT SERVICE REQUIREMENT MATERIAL
1. | Water Cool. Pumps | Drain & Fill a. Small Pump - 1.0 US qt. 10W30 Motor Oil
b. Large Pump-1.1 USqt.
2. | Hyd. PowerPack Drain &Fill 300-350 gal. capacity ISO-VG46 20W
Reservoir
9-9 0104
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Periodic Maintenance - Completion Of Each Drive

COMPLETION OF EACH DRIVE

ITEM | COMPONENT SERVICE REQUIREMENT MATERIAL

1. | Target Remove from MTBM Keep in storage box.
2. | Drive Seals Inspect For Water & Grease | Cuitter bit, lip seal retaining ring, &

lip seals. Flush water flushing ports

If seals are cracked/worn, replace.
3. | GearReducer Drain & Fill Fill with new oil. Mobil SHC 630
4. | Drive Bearings Drain & Fill Fill with new oil. Mobil SHC 630
5. | Drive Motor Drain & Flush Water jacket. Fill with RV

anti-freeze in freezing weather.
6. | Slurry Pumps Lubricate See Slurry Pump Manuals. Mobil XHP222
7. | Cyl. Base End Pins| Lubricate Lubricate until grease is forced out. | Mobil XHP222
8. | Cyl. Rod End Pins | Lubricate Lubricate until grease is forced out. | Mobil XHP222
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Periodic Maintenance - Pre Launch Check List

MAINTENANCE CHECK LISTS

Use these maintenance check lists to identify system function procedures and maintenance for your
pre launch, end of bore, and MTBM service requirements. Copy the check lists in this section. Once the
maintenance/service is complete, check off, initial, and date each maintenance/service item, and file the
copy as a record of maintenance.

Pre Launch
Check List

Comiracior Draie

Head Deamcder Bome Length

re ol Lavnch Prosject Plimme

| Check | Operion [ Inivial [ Due |

o

MEBETM service shest
= Autach b this pre Buneh reeord

Initial System Settings

Check Targer Sceeen for amy “ Adjunstment” valses ledl Tooan a prevess
bore, Recond these: TH & TV

& [ this is the first bore for this AETR 07 all adjustments

w0 the next bare 1% 3 contimution witl sone MTHM lene
adpestments or if adjestment valoes are known (reconded from a
previsis job) for METM enter them

Check all alarm sctings an fargel screcn

- Add alarms i new svslam

a f Leilnmes are i appogeale T mischine dizn neler, jacking
Irmimne, condilsgns, ¢ie, ke changes

= Hecord sellings

Sei values for todal Feet Jacked and Pipe Mumbcr

Check sciting of Pipe Location wersus Laser Spot Location

e Laser Spot (red). Spod is loser location and cross hairs ane center
of machin:

Lz Light Test push button 10 1esi panel lights

Jacking Svstem

Check power pack reservorr hvdrmhe ol level = i contaner
Pl b sl B connecied 1o aperale fraine
E-5top o P Box amest be pulled out for JF b extend

With hoses descommeciad Trom mbding venly or sel pressong meliel™ s

s Wil szlecior swikch an EXTERLY aperyie pomp o 25%, Mow rle
Targed screen and pavge should be at 8k PS] - Extend only P3|

1ofs 40202
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Periodic Maintenance - Pre Launch Check List

Loop Jacking frame hose - connect quick couplers together

o Operate pump at 100% Mow = o emove air from drop hoses
Tacking frame

e Lubricale frame

= Check “dop” operation & gnpper opemiin

#  Extend jacking cylinders oud

»  Qperaie winch - forward and reverse

Opemic frame in exiend

L]

Opemic frame i retrct

Tesl jacking shafl audio - connecied al container

Check swheel counter opersion connegied on pit box

Check site comermis) video Feedback

Cvele jacking Frame

o Clheck “swing” of slurry hoses (Tull of water), cobles, e
#  Pinch points

«  Abrasion probloms

VFD [ Drives

Check settings of Boring Diove VFD

o [ ihe previeus job used a different horse power drive - drive
settings need 1o be changed

= Alsp change healer setling on contactor for borng drive

Oipemie cutting wheel

«  Mobe actual mdation dircction agrees with push bation

Mote o load tonque Tor drve:

Venly operation and proper ridation of Booster puomp
o Cleck gt slow motation spead

Venly operation and proper redation of Feed punp

e Check ot slow rotation speed

Verily operation and proper rdation of Betum puing
¢ Check ot slow rotation speed

Retum puimg service done

o WVorlex noge and mipeller checked

Submersible Pump

Wake sure pump is plugged in
Check vent hose is in place with check vabve located high in machine
Make cenain no contaminaiion is plugging iniake holes

Steering System

Venly steenng operation in extend and retmct
= Top

2ofs 040202
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Periodic Maintenance - Pre Launch Check List

«  Lefi

o Righi

Record steering position feed back on target screen
= Top Extended Hetmgled

= Lol Extended Retracted

+ Righi Extended Retrscted

Calibmie stecning cylinder linear outpais il necessary

Lighting

Both Lighis i maddle section (SL24 & 30 only i or irling section (all
ailer MTEMs) should twm on with Head Power in condainer

MBTM Camera / Audic

Verily videp signal is operming from TEM

Check operation of MTEM Speaker™icrophione

Tem perature sensors

Vernly hend temp s luncliomng properly ol arget screen

Verly drive modor iemp is funciioning properly al iargel scroecn
o Check all windings on Additional Meter Screen

Incline Feedback

Use electronic level to compan: with inclines displayed an tanger
ECICEN

o Check inclings with no mll - raise maching with lifting eves
o Check proper scaling and values through aboul 3 degrees

Verily calibration of targel incling

Verily calibration of Back incling

Venly calibeation of frodal incline

Venly that back and target inclines display same sign and valee as
i lies chage

Venly calibration of moll incline

& Llse 55 langing from lifting eves as O motational angle
= Roll chockwise is positive = viewed Trom rea

Roll counter clockwise is negative - viewed from rear

Jofs

040202
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Periodic Maintenance - Pre Launch Check List

Flushing

Mesd procedures 1o be done with MTEM hanging from crane - befor
pushing through scal. Note:  IF there is no room on frame (o conmec
slurmy & etc._hoses with maching on crane do next steps on surfice

Flush cooling water prior to connecting hose o starting section
o Check cooling pressure in additional meter screen < 8 psi
* _ Make cerlaim waler s comang oul front

Slarry Walves

s Flush water through by pass hose on jacking frame pror o lunch
and retwm water to separmiken plan before connecting o MBTM -
purpose is to flush any contamination out of feed hoses that could

el couphil in shurmy noezkes

With slorry pumps an check feed and retum pressure on targsd screcn
o Pressun: should be the same 03 psi

Cvcle the stop valve/bvpass valve in manual and sequence operdion

Operate ChamberMNozzle valve - meter and lighted push buitons
should be in agrecmen

o Chick slurmy Now oot nozeles only with 1005 nozzle positon
#  Check slummy flow out chamber only with 100%% nozzle position

Flush HP jetting prior io connecting (o staring section

s« Operpie HP jening

s Culting nowde pressung on target screen should agree with
pressure gange on HP jening pumgp

Final Guidance Check

Record grade of bong
Diircction (+ or -} of grade

Comven grade in % 1o degrees:

o Purpose is to gel “ballpark”™ agrecment of actual grade and incling
vilmes

Exagmple: %= 01 Do Staid Progmmsd Accessones2 Coloulalor

Mo i Wiew™ select “Boemific” Eoter = 01" push "INV tian

“TAN". Angle in degrees is displaved: “ 57297 degrees

Operuie steening cylinders o equal siroke positions

Center and level MTBM with jacking frane - Maching on line and
graie

Check horteonial and verical position of Laser
&  Roecord lser position:

Recornd inclines:

4 af 5

Or202
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Periodic Maintenance - Pre Launch Check List

IF I3 IT

Werily horzontal angle feedback

s Hecond TH

o Angle machine o lefi - TH should decrease invalue

e Angle machine io nght - TH should increase in value

Venly verial angle feedback

¢ Record TV

o Siger machine down = T shookd increase in valug

s Siger maching up = TV should decrepse in value

Lubricaie launch scal

I Eneh rails are being used:

e  Measure distance maching noeds 1o be jacked past the scal for the
culting bit o clear the rils

#  Mark MBTM with ihis valuc

a  Push drive inig seal wiwil ki is clear of launch rails = 10 mark

*  MBTM should be sitling on launch rails - with steering even

Miake comuin MTEM is centered in lannch casing

e 5 material being loonched i is relatvely hard add Jef = nght
“kickers” for launch

RBecord guidance feed back information again while sifting on Lwnch

riils:

H Position W' Position

IF 1B IT

TH Anghe TV Angle -

»  Compare these values with ones recorded winle METM was on
CIANE

Final Checks

Befone starting boring head drinve

e Check specd setting of drive

s[5 ihe HP jetting = Auto” swilch on? This is trpically off during
lauincls

Set slurry chamber / nozde valve 1o initial seiting for liunch

Sed Din Wing 1o Retracted position

Sof S 040202
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Periodic Maintenance - End Or Bore Check List

End of Bore
Check List
Contracion Ikt
Head Diameter Bore Length
Date of TEM Recover Project Mame

Before MTEM 15 Disconnected

Check | Operation Initizl Dt
Retract dirt wing
Feiract stecring rams o 0% siroke on Lefi and Right and 0 Top
St ol head power
After MTBM Recovery
Remove fargel and slore in case
Mote any oil in TEM - should be able w smell gear lube
Check for source of any water leaks
o Walcr marks froan access doors
*  Dripping lillings
Clean chamber
o Power wash with frond of head clevated and stop valves open
*  Removing cutting wheel can aid in cleaning chamber
If freezing weather is anikcipated do cold weather service on TBM
o Drpain and Mush Cooling system with BRY amifmeee
#  Dirain and Nush HP Jetting sysicm with BY antifrecze
®  Deain shoery valves
If frecring wenther is anticipated do cold weather service on surface
LOuipment
#  Dirain cooling tank
e Dirain and flush cooling pump with RY anifrecec
e Drain and Mush HP Jetting pumg with BY antifregee
#  [Drain slorry Now melers
Drrain sample of final drive oil and cleck for waler'contamination
» I service is 1o be done soon this step can be skipped
Equipment Inspection List
1 of 2 040202
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Periodic Maintenance - End Or Bore Check List

Equipment Repair List
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Periodic Maintenance - MTBM Service Check List

MBTM Service
Check List

Comraciorn Drate
Head Dhamter Previous Bone Length
Dt of last service FProject Mame

Make pddifional notes and list pans installed on back of shest

Drive / Seals Service

Check | Openmition Initial

Dialc

Renmwne cutting wheel
o Afier cop screw s removed LR wheel and check for spline “play™
«  Clean splings

Check visually for spline wear

Rempve lip seal puard ring

Mot condition of rotating and stationary crushing bars

Mot condition or damage to imtake hales:

Mobe condition of hard facing on cutting wheel and cone

Mote condition of culting iools:

Mot replacement:

Dirain and inspect planetary gear box il

& MNobe condaminaiion in oil;

*  Note amount of gear lube removed Trom gear box - compare o
spec

Fill planciary gear box with proper amowm of gear lube - 203 full

Drrarinn aoed inspect final drive gear lube

e Girease inoil indicates damapged mechanical scals, waler indicalcs
abammiged lip scals and mechanical seals

#  Mote comamination in oil:

»  Note amount of gear lube removed from final drive - compare 1o
EpaC

Final drive filled with proper amount of gear lube - 272 full

Check condition of lip seals or wear groove in sigllie nng

Motz no load torque and amp dmaw of drive:

Puamnp grease past hp seals

&« Mot comditeon of greasc passing scals

*  Water and comtamination in grease can indicae danaged lip seals
or worn stellie ring

| of 6

(0202
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Periodic Maintenance - MTBM Service Check List

Pump grease on left hose side and right side hose individually
e Force pump OR 1o pamp grease or use 8 grease gun
#  Relepse force on pump when done

Check condifion of grease pumgs canridge

» A wom cartridge will not pumgp under pressung

«  Opemic pomp under pressure - use gange and 250 psi relef valve
assembly

Fill canister with greasc

o ook over Gl |- Take node of bleed hole at end of canister for
averfilling protection, Pump housing can be damaged from oo
much pressuns

# [ new greasc camisier parge air and refill

Check operaton of low grease pannp swilch
& Swiich is 1o be wired N when canister is full

Cooling System Service

Remove chegk vahegs and T asscmblics

Flush motor and gear box with garden hose - increased flow
= Flush both directions ool clean discharge

Remove all adapiers and fittings from check valves
e Clean check valves

s Mok conditon of check valves:

#  Moig spring force on check - is 50 psi:

Flush emch lose independently

o Lefswde bose 1o front - discharge in frond of lip scals, lef side

= Right side hose wo from - discharge in front of lip seals, nght side
»  Bwvpass hose 1o slurmy inpul

Assemble conling sysicm plumbing per schenuatic
o Note check valve Mow direction during assemibly
o Test svsfem, Check for leaks amd proper flow oal front and by pass

Flush cooling ling in frailing seciion

If cold is anticipated blow out water and fush with BV antifresre

High Pressure Jetting System

Bemove noexles and checks vabgs inspect

e Mo noezle wear

s Comtarmdmation in check valves

#  Oring im check valve - it can be partially popped ot

Clean check valves
o Pobe any replaced

Clean jetting nozzles
s Paobe any replaced

Flush jetiing lincs one ai & fime

Install check valves, oring and noeeles
#  DOperle jeiting, checking for leaks

Remove sirainer element and clean

Flush HP petting ling in trailing section

2ot6
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Periodic Maintenance - MTBM Service Check List

I cold weather is anticipated blow out waler and fuash with BY
antifreese

Cutting Wheel Service

Inseall lip seal puard ring wills reiraction screws in place

Install new drve cone g on stelbie nng - lubncate

Cutting wheel installation:
o Clesin mating splines
#  Lubricate splines with gpresse

Lift cutting wheel, nofing “play™ or spline clearance;
o Do ihis with cap screw emoned

Torque culting wheel cap screw

Operate culling wheel

¢ Mobe aciual mdation direction agrees wilh push bution
«  Moie clearance from back of wheel to maching

o Proper cleamnes 15 LR inch# 116 anch

Mobe no logd torgue Tor drive

Imstall cemter b

Electric Inspection

Viswally inspect condition af junction boxes

Check pims and key waws on conmecions

Condition of cables

Tighien all comeciors on electne box and junclion boxes

Mode condition of sl

Motz wider. condensimion or corrosion damage in electric bax:

Submersible Pump Service

Flomowe puump from casing
#  Clean puing casing / sucticn hides

Run pumip in wader 10 venly rolation
s Place in water deep enoueh 1o cover suction inlgt

Check Dlow and pressure of pump cutpad
¢  hserve full Now with no restriction
*  Restnct oulled and check pressum

Remove Moal from Meat swilch asscmbly and clean

Wen Dy NMoat switch operation of subimersible pumg = Heg Mo ems
O LT

Remove and clean pump discharge boses and check valve

Adrvent / chieck hwse assembly
o Inspect and clean hose

#  Test check valve opemiion
«  Check tlai fidtings are tight

Jofo

040202
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Periodic Maintenance - MTBM Service Check List

Hydraulic Pump Service

Mote oil level of hydraulic meservoir - 0l if needed
o I level is low Look for hydmulic keaks
Mate comcition of all hydrabic hoses and quick fiimgs:

Farce on Low PSI

s Mol gauge reading of low pressurne

& Aqdyost oy pressure relich o 2000 pe
*  Relepse Foroes

Fare on High P51

« Mot pange reading of high pressur:

o Adjust high pressong reliel o 7500 pai
*  Relensy Foroes

Slurry Valves Service

Operate valves with console

e Mobe any “playT in pivel pomts o acluator motaton:
e [Mobe il valves fully open and close

»  Mote position feedback on console

I Stop - apen and closed lighi
h Bvpass - open and closed hight
33 ChamberMozede - open and closed light

Dreviation from ongingl calibration values may mdicate:

Pivol podnt wear

Meclanecal acjustmient an thread on end of oy linder

Comamination in valve limiling operation

Mechanical: Seat, ball, bushing, etc. wear or Tailure

Mew hyvdrmle cvlinder

Stop Valve

[oes hydraolic pump cyvele off and on in open or chsed positions
af the siop valve

# ® ¥ # =

Dart Wing

Mote concition of blude:

Clean and Iubniciie

Operate dirt wing extended and retmcted

»  NOlE Operalen o6 corsole

#_ [Fone or both lights do ool work check feed back or calibration
hake conain blade retracis all the way

dof 6 040202
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Periodic Maintenance - MTBM Service Check List

o Retmcied light will come on when retracted 10 original calibration
o Observe amount of blade extended From skin when retrmcied
Check pressure required o extend and retract blade

Pressure Transducers

Extend steering cylinders undil hydrmaulic fow passes over relief -
menntain push buttions m extend

Record pressures;

#  High pressure - additional meter screen

o Top pressure - addibonal meter screen and largel scmeen

o Lell pressure - additsona] meler screen and trget screen

e Righi pressune - additional meder screen and target screen

Relepse extend push buttons than record pressure of check vabves afier
sever] minntes o venly PO clsecks are mamiaining pressune:
L Top Fight

Extend dirt wing until hydranhic Now passes over rehel = maintain
puesh bitgons in exicnd

Recond pressures:

w  Low prssure - additoaal meler screen

= D wing pressore = addiional meler screen

Cutting nowele pressore transducer should agree with pressung gange

on HP jeting pomp and Targel screen

#  Can test with cooling pump - sdapier and gauge assemibly

Cooling pressure transducer should agree with pressure gange on

cooling pump - additional meder screen

e I no pressung gange is available the trransdwcer needs 1o be
removed and installed in a test fixiure where up 1o 300 psi can be
appleed 1o the transdwcer - shop air is sufficiem

Remove slumy inlet and ootlet pressure imnsducers and test wiidh

culibratiom fixtune

Pressure up w0 no meee than M0 pei with shop air

Record feedback at target screen and gange readings at 10, 30 and 50

[si

s Slorry inded pressane

= Slorry ouiled pressine

Sofé D20
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Periodic Maintenance - MTBM Service Check List

Booster Pump

Note condition of voriex ring
s Mok il replaced

Motz condition of impeller:
» Mok il replaced

Motz condition of stuffing box:
o Plate wear behind impeller
e Mobe il eplaced

Maote condition of mechanical seals;
o Any leakage ol siufTing box
=  Moie il eplaced

Pump grease to fitting at bearing cover

Check condition and level of gil in shafl housing

Wernly proper rotation of boosier pamp

Crrain booster pump if cold weather is anticipated

Bentonite System

Freimone Bentonie imdezles and'or check valves and clean

Flush all benloniie poris and hoses

Conicl svatei aind test for opesation £ leaks

Additional Check Points

Cins: Detector

o Check feedback with calibrstion gus

e« Mot valoes at additienal meter screen agrecs with gas detecion
o Fit box horn shoubd souwmd @ 25% gas

Ol filier indicaor
o Check operiion while retraciing sieering rams and dint wing a1
SAME 1ime

Clieck conditron of inner tube on slumy hoses = especially retarm

Inspect condition of machine scaling bells and spigois
e (-ring grooves

& Micks or gaages

#  Flai spois - damage from dropping

Heplace ma:lune onng senls

Check victaulic mibber seals

Inspect condition of wogue bolis
e  Thread damage
e Age nois insialled

On 727 TBM check gear oil circulation fow and pressure on the gear
b

[f modor is equipped with comect voliage motor heater vernfy it is
funcltiomng properly

e  Turn modor heater switch 0N

= Moior igmperature should rise

s Turn motor heater switch “OFF”

bol 6
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Periodic Maintenance

NOTES
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Storage

PREPARING FOR STORAGE

NOTICE Follow the lubrication and maintenance requirements in the Periodic Maintenance section.

1

2.

3.

4

10.

11.

- Repair worn or damaged parts.

Wash all equipment thoroughly.

Lubricate all grease points. Grease threads on bolts used for adjustments.

. Drain and fill gear reducer and drive bearing cavity. Add Mobil SHC 630 or equivalent.
. Retract all hydraulic cylinders if possible. If not, coat exposed cylinder rods with a corrosion preventive.
. Repaint equipment where necessary.

. Drain hydraulic oil, flush oil reservoir, change hydraulic filters, and refill hydraulic reservoir. Check for

leaks.

. Wipe up lube spills. Dispose of rags and trash properly.

. If possible, store equipment under cover and out of the weather in a ventilated area.

Remove guidance target and place it in the storage box.

Refer to your Slurry Pump and Motor manuals for long term pump and motor storage.

REMOVING FROM STORAGE

NOTICE Follow the lubrication and maintenance requirements in the Periodic Maintenance section.

1.

2

3.

8.

9.

Clean equipment thoroughly.

. Check to make sure all decals including safety decals are clean and readable.

Check condition of wires and cables. Repair or replace as necessary.

. Check gear reducer and drive bearing cavity oil level. Add Mobil SHC630 oil as needed.

. Remove the cylinder corrosion preventive from the cylinder rods if it is not compatible with hydraulic oil or

seal materials.

. Check for leaks. Repair or replace as necessary.

. Check power pack hydraulic oil level. If fluid is low, check for leaks and add oil as required. See Power

Pack Oil Reservoir Lubricant in Lubricants section.
Check condition of all hoses and connections. Tighten, repair or replace with new as needed.

Before operating, cycle hydraulic functions several times to purge air from the hydraulic system.

10. Review this Operator’s Manual.
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Troubleshooting

SL30 FRONT SECTION SCHEMATICS
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Front Section
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Troubleshooting - SL30 Middle Section

SL30 MIDDLE SECTION SCHEMATICS
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Middle Section
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Troubleshooting - SL30 Trailing Section

SL30 TRAILING SECTION SCHEMATICS
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Troubleshooting - SL30 Trailing Section
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Troubleshooting - SL30 Trailing Section
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Troubleshooting - SL30 Trailing Section
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Troubleshooting - SL30 Trailing Section
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Troubleshooting - SL30 Trailing Section
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Troubleshooting - Motor Control Center

MOTOR CONTROL CENTER (MCC) SCHEMATICS

The Motor Control Center (MCC) is made of standardized vertical sections consisting of totally enclosed,
dead front, free standing structures bolted together. These sections support and house control units, a
common bus bar for distributing power to the control units, and a network of wire trough and conductor
entrance areas to accommodate outgoing load and control wires.

Use the illustration below to locate the control units that are referenced in the MCC electrical schematics on
the following pages.
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Troubleshooting - Motor Control Center - Component Information
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Troubleshooting - Motor Control Center - Booster Pump

e B LT T DL ) e
fla

TR TTRR
i
(=2}

f

E‘ ..':'422
i 5 LRl S T . u
; ' - 12 12
P E [ - 23
o 8
I E an
: TELTn a il
i |=I|=|Il|ﬂ. 1 J|I|I|I|I.I.'|l I| I |

microtunom 11 -2 7 0104



Troubleshooting - Motor Control Center - Booster Pump
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Troubleshooting - Motor Control Center - Return Pump
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Troubleshooting - Motor Control Center - Return Pump
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Troubleshooting - Motor Control Center - Feed Pump
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Troubleshooting - Motor Control Center - Feed Pump
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Troubleshooting - Motor Control Center - Water Jetting Pump
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Troubleshooting - Motor Control Center - 480V 12VDC Power Supply
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Troubleshooting - Motor Control Center - 480V Extender Power
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Troubleshooting - Motor Control Center - 240V Feeder XFMR
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GENERAL CONTROL BOX SCHEMATICS
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CONTAINER AUDIO SCHEMATICS
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Troubleshooting - Container Audio
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Specifications

CONTROL CONTAINER

Weight:
With No Aucxiliary Gear: 24,000 Ibs. (10,886 kg)

WATER COOLING TANK

Weight (EMPty) w.ovvvvvrrrvvooroo 2,200 Ibs. (998 kg) /#"'_
Tank Capacity ...........c.ccc...... 1,685 gal (6,378 L) / jil'
i
-1 | |

Larger Drive Motor Pump Assembly

1Y/ [o) (o] RPN 3 HP (2.2 kW)
RPM L. 1,740
Pump

Maximum GPM Capacity ....... 6 gpm (22.7 L/min)
Delivery @ Max. Pressure
.......................................... 292 revs/gal (78 revs/L)

I.
| B

Smaller Drive Motor Pump Assembly
1Y o] (o] R 1/2 HP (0.37 kW)
L | 1,725
Pump
Maximum GPM Capacity ...... 1.8 gpm (6.8 L/min)

Max. Inlet Pressure............... 250 psi (1,724 kPa) Delivery @ Max. Pressure
Oil Capacity ....ccoeevveeeeeennnen. 1.1USqt (1.05L) oo 972 revs/gal (258 revs/L)
Max. Inlet Pressure .............. 250 psi (1,724 kPa)
Oil Capacity .....ccccceeeeeeeeeeaaannn. 1.0US qt(0.95L)
microtunom 12-1 0104




MTBM SL30
Weight:

Starting Section With Cutter Head & Coupling Sleeve: 9,000 Ibs. (4,082 kg)

— 30.00 STEERING JINT

Specifications

120,00 ETARTIMNG TECTTIN LERGTH

FRINT WIEW - STARTIMG SECTION

MICEOTUNNEL ING HORING

T0.00 ONTEL SECTIN ——=
175 IMEERT LEWLTH—= =

B HITE - W (ME

FEAE WIEY - STAETIMG SECTION

MACHIME — XTAETIMG ZECTIOM
Min HTEK: STARTING SELTIN HTBH DRIVE Slurry Un-Hrd
Pipe | Fipe |Length vt. Paok Torgue| Speed | Pipe Bore | Booster
Model | 0. [.0D. |UInches) | (Ibs) | HP. | (Fi-Lbs) cEpn: (Inches? | Pump
SL30 A0.00 | 8.0 120.00 g, 000 =] G0, 800 0-12] 3.0-4.0 KO
(continued on next page)
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Weight:
Middle Section With Coupling Sleeve: 3,000 Ibs. (1,361 kg)

= -~ -k

Weight:

Specifications

Trailing Section With Pipe Adapter: 3,000 Ibs. (1,361 kg)

microtunom
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Specifications

MT400 JACKING FRAME

Weight:
Jacking Frame With Locking Ring & Pipe Adapter; Maximum Pipe Diameter ............. 60in. (1,524 mm)
Without Extension: .............. 27,260 Ibs. (12,365 kg)
Distance Between Locking (dogs) ... 36in. (76 mm)
Total Thrust Capacity .............. 400 ton @ 9,000 psi
MYERMN PIFE ACKING SYSTEH IO KL TN I IICES (NESS MTRD
WODEL - MT400 (FRONT VIEW) '
4200
A
SF
WILYER
nn
LOCKTHG
.00 &IH
STATIONARY . LT
PR N
HEIHT é
.75 | | 35
TF [F o 40,75
LASER FEARE
[FEH MG = |
® THRET
o LIKE
| sw |

‘ 70,00 STATINGY FRAE BASE TWER WIDTH ———= \ |
05,00 STATIONARY FRME BASE (LTTER YIO™

(continued on next page)
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Specifications

AKKERMAN PTFE JACKTMG FRAME AL HESTOE IN TNCHES IMLETS MTED
MIEL - MT400 (SI0E VIEW)

15,50 Tn. (13 Ft, - .50 In. ] Frone Estended Lengih
TH00 T 19 Fb. - 6 b Lacking Ring Rewmant
Pipe Adkpter Ring ———
" 0.0
Tt
~— .00 Lock Position — e
.0 Siroke [yl inder Yalwe
5 Ploces
I_r'l| T
|m|: 1] e = 2 =
2 11|~ b i [ s R e A o
|l .0
|| i Pish
o Ikd \ - Bleck
|¢|J— I 4 Heigh
" =4
||_E||_i" .? I:I L] I:It J:I a D- 110600
|
k2@ a3 a1 73 =&

152,00 (120 F. - 8.0 In. ) Biekionory Frene Bese Length

(continued on next page)
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Specifications
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Specifications

SLURRY FEED PUMP

WEIGHE oo 2,000 Ibs. (907 kg)

Size (width x length x depth) ...... 47 x 78 x44.5in.
(1,194 x 1,981 x 1,130 mm)

MOLOT e 75 HP (56 kW)

Maximum GPM (capacity limit does not consider
suction line velocity):

AX3XI3 oo, 750 gpm (2,839 L/min)
BXAX14 ... 1100 gpm (4,163 L/min)

SLURRY RETURN PUMP

Weight ..., 2,000 Ibs. (907 kg)
Size (width x length x depth) ...... 32x 83 x44.5in.

(2,108 x 813 x 1,130 mm)
MOLOF ... 60 HP (44.7 kW)

Maximum GPM (capacity limit does not consider
suction line velocity):

AX3IXAS i 750 gpm (2,839 L/min)
SXAX14 o 1100 gpm (4,163 L/min)

SLURRY BOOSTER PUMP

Weight ..., 2,000 Ibs. (907 kg)
Size (width x length x depth) ........ 25x85 x25in.

(635 x 2,159 x 635 mm)
1Y (o] (o] SR 60 HP (44.7 kW)

Maximum GPM (capacity limit does not consider
suction line velocity):

AX3XI3 o, 750 gpm (2,839 L/min)
5X4AX14 ... 1100 gpm (4,163 L/min)

microtunom 12-7
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Identification Numbers

Model and serial numbers are required when ordering parts or requesting service information. Record your
model and serial numbers below.

CONTROL CONTAINER (A)

Model Number

Serial Number

MTBM (B)

Model Number

Serial Number

TARGET (C)

Model Number

Serial Number

""%""\-\.. T,
|I % '?'\_‘J" i:‘{}.
JACKING FRAME (D) / -_Eﬁ“-w_;.-f"“,".;;'*" N
Model Number D | R?;-,._H mt;,}“‘x
Serial Number s "‘ ':T{H 2

WATER COOLING TANK (E)

Model Number

Serial Number

BENTONITE PUMP (F)

Model Number

Serial Number

microtunom 13-1 0104



Material Safety Data Sheets

The Federal Occupational, Safety, and Health Administration (OSHA) Standard 29 CFR 1910.1200, require
that specific material safety data sheets (MSDS) be available to employees before operating this equipment.
This may include information on substances contained in this equipment such as hydraulic fluid and gear
lubricant.

Akkerman Inc. will provide, at no cost, MSDS which apply to its product line. Simply contact your
Akkerman Product Support representative for a copy.

To ensure a prompt response to your MSDS request, include your return address (including zip or postal
code) and the equipment’s model numbers and serial numbers with your request.

microtunom 14-1 0104



Warranty

Akkerman Inc. warrants that all equipment manufactured by it be free from defects due to workmanship or
material under normal use and service for a period of 90 days. This warranty does not apply to normal wear

items such as cutter teeth, filters, etc. Akkerman Inc. does not warrant the fitness of its equipment for a
particular purpose or application.

microtunom 1 5-1 0104



Index

A

Advancing The MTBM ... 6-11  Daily ShutDOwn ........cccoviiiiiiiiiieeeece e, 6-20

Alert Messages ........cceeeeeeiiiiieeee e 4-1  Detector,Gas ......ccccocvveeiiieiiiiee e 4-14

Alternate Meters ... 4-2 Disconnect, Main ..........cccociiiiiiiiiiieeen 4-18

Attitude ..o 4-2 Disconnects, Operator Control .............ccccee...... 4-18

Auger, KeEep AWaY ........ccociiiiiiieieiieeeeeeea e 1-6  Drive Bearing Cavity Lubrication ....................... 8-3

Avoid Pinch Points ..........ccccooi, 9-1  Drive Controls ........coocveeveeeiiiiieee e 4-7

Drive Gear Box Lubricant ...........cccccooviiiieenennns 8-2

B Drive Motor Cooling Pumps Lubrication.............. 82

Bearing Cavity, Drive Lubrication....................... 8-3

Bentonite Pump Identification Number ............. 13-1 E

Bentonite Pump ... 3-11  Editor Programs, Supplementary ...................... 6-25

Booster Pump Controls .............ccccooiiiiiiieeeen. 4-5 Calibration ...........cceeeeeeeiiiiiiiicceee 6-28

Bypass Valve ..., 4-6 CONSOIE ..eoveieiiiieee e, 6-26

Front ... 6-25

C MISC o 6-26

Calibration ... 6-28 TSt e 6-27

Calibration, Transducer ............ccoeeeeeeveveeeeeennnn. 6-23 Electrical Schematics ........ccccoeeeveeeiiiiiiiiiininnne. 11-1

CamEras .........eeeeeiiiiiiieeeee e 4-15 Emergency StOp ...ccccvveeveeiiiiiiiee e 4-10

Change, PIpe .....oooiiiiiiiieeieee 6-19 End Of Bore Check List .......ccccoeeveveeeiiviieninnnnnee. 9-16

Charts, Maintenance ..........cccccccoeeeiiiiiiiiiiieee. 9-2 Equipment & Tools, Recommended ................... 6-3

Checkout Equipment ..........ccccoiiiiiiis 6-5 Equipment,

Check Lists, Maintenance..............cccceeeeeeennn... 9-11 ChecCKoUt .......coveiiiiiee e, 6-5
End Of Bore .......ooooiiiieeeeeeeeee 9-16 Clean & INSPECt ......coevviiiiiiiieiiiiee e 1-3
MTBM Service ........ccoceeeiiiiiiiieeeeeeeeeee 9-18
PreLaunch ... 9-11 F

Clean & Inspect Equipment...............ccoociees 1-3  Fault, Gas Detector .........cccccovviiieeeiiiiiiiieeeee 4-14

Clean JOb Site .........eeeiiiiiiiiiiiiiie, 1-6  Feed Pump Controls ...........cccceevviiiiiineniiieen. 4-5

Clothing, Wear Protective ...............coooeiiiees 1-1  FirePrevention.......cccccooooiiiiiiiiiiiieeeeeee, 1-6

Communications System ...........ccccceviiiiinnenn. 4-17 FloaterCamera ........cccccovcvvieinieeciiieee e 4-15

Console EAIOr .......ooiiiiiiii B6-26  FIOW (%) vveeeieeeeiiieeee e 4-3

Contents ... i Fluids UnderPressure..........cccccooviieniiiiiinnennn. 1-2

Control Container Identification Number ........... 13-1  Frame, Prepare Jacking ...........ccoooiiiiiiiiiiinnns 1-7

Control Disconnects, Operator .............ccccuu...... 4-18 FrontEditor .......cccoooeviiiiiii 6-25

Control SCreen .........eeeeiiiiiiiiiiiieieeeeee 4-5

Controlling SIUITY ......cooviiiiiiiiie e 6-12 G
Clearing Clogged Lines ...........cccceeeevninnenn. 6-13 GasDetector.......ccccoceviiiiiiiii e 4-14
Reverse Flow INnMTBM ..........cccooiiieeeeen. 6-13 GasDetectorFault ..........cccceveviiiiiiiie. 4-14
Slurry Bypass ......ccooovviiiieiiiiiiieee 6-12  Gaslevel ... 4-2
SIUrrY FIOW o 6-12 GaslLevelHigh ......cccccoviiiiiiiie, 4-14
Using Above Ground Bypass Valve ........... 6-14 GearBox Drive Lubricant ............cccccoviiiiiienene 8-2

Controls & Instruments ................cco i, N € (== RS 8-2

Controls Grease PUMP ... 8-3
CuttingHead ..o 4-11  Grease PUMP .....cccoovieieiiieeeec e 4-7
Jacking Frame ........ccccoooi 4-12  Guidelines
Keyboard ...........oooiiiiiieeeeeee e 4-10 Jacking Operation ............ccccooooeeieeiecccnnnns 6-16
MOUSE ..o 4-10 Operating ...cccoveeeeeeeeeeeieeeeeeeee e 6-1
Slurry Removal System ...........ccccceeeinnnenn. 4-9 Steering & Operation ...........cccceeeeiveeennne. 6-18
Steering ....eeeeeeeeieiieieie s 4-10 Transporting .......vvvveeeeeeiiiiieeeee e 7-1

Cooling Pump Drive Motor Lubrication .............. 8-2

Cutter Head Operation .............coooeeiiiiiiiiinnees 6-14 H

Cutting Face, Releasing A Seized .................... 6-15 Head AirTemp ......cccceeviiiiiiiiiieeeee e 4-2

Cutting Head Controls ...........ccccooiiiiieieninninnen. 4-11  Head CooliNg......c.ceeiimrieiiiie e 4-5

CuttingValve .........ooeeeiiiiii e 4-6  HeadDriVe .........cccvvieiiiiiiiiiie e 4-7

Head Hydraulic.............oovviiiiiiiiiiie, 4-6
Head LOWPSI ..., 4-2
Head Oil Reservoir, MTBM ...........cccccevviiiiennnn. 4-13
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H (continued) L (continued)
High Pressure Hydraulics ..............cccceveviivinnnenn. 1-5 LaserVertical .......cooeeveviiiiiiiiiiiiiiiiiceee 4-2
High Pressure Jetting Pump Operation ............ 6-20 Launch Sequence, MTBM.......ccccccvvvvieveeeenennnn. 6-9
HighPSIValve ... 4-6  LeftMONitor.......ccevvvviiiiiiieeeeeeeeeee e, 4-1
High, GasLevel ...........ccccooiiiiiiiiieee 4-14  Lifting INStructions .........cccccevveeeeiiiiiiiiicccnns 7-2
HydraulicHead Controls................cccccccviivinnnns 4-6 Light Exposure, Laser ........ccccveeeeveeeeieeeeeeeeeeenn, 1-7
Hydraulic Oil/Fluids Under Pressure................... 1-2  LightS e 4-7
Hydraulic Power Pack Oil Reservoir ................. 4-13 Linear TransducCer ............ccoeeeeceenrvnriirieeeeeeeeean 6-23
Hydraulic Power Pack Reservoir Lubricant ........ 8-1 Loads, Suspended .............coooeeininiiiiieeeeeee, 1-2
Hydraulics, High Pressure .............ccoocoiivinnnne. 1-5 Lockout Power Before Servicing.................. 1-2, 91
Low PSIValVe .......ccoooiiiiiiiiiiiiiiee e 4-6
| Lubricants
Identification Numbers .............ccccoooiiie 1341 Drive Gear BoX .......cceeeveeviiiiiieeeeiiiiiieeeene 8-2
Bentonite Pump ..o, 13-1 Hydraulic Power Pack Reservoir ................. 8-1
Control Container ..........ccccceveeveiiieeeeeenee 13-1 MTBM Access COVEF .......coccvveeeeeeiiiineeennn. 8-4
Jacking Frame .........ooevvvveiiii, 13-1 MTBM Hydraulic Reservoir ......................... 8-1
MTBM ..o 13-1 SIUy PUMP e, 8-3
Target ... 13-1 ] (oo o U, 8-4
Water Cooling Tank ...............cooeveecinnnnnnns 13-1  Lubrication & Maintenance Intervals ................. 9-1
IJS & Miscellaneous Controls ...........ccccceeeeenneee 4-5 Lubrication
IJS Valve Selections ........cccccvvvvveeeieiiiieeieeeeeeee, 46 Drive Bearing Cavity ........ccceveeeiviieieeeenennnn. 8-3
IS, USING coiiiiiiiieeieeeeereeeee e 6-18 Drive Motor Cooling Pumps ........cccccceee..... 8-2
Incline
BacCK ...coiiiiiiiiii 4-2 M
Front ..o 4-2  Main Disconnect .........ccceeeeiiiiiiiiie e 4-18
Target ..o 4-2 Main Hydr PSI ..., 4-3
SCIrEEN ...ttt 4-8 Main Hydraulic Controls ..........ccccccvvviiiieeeennnnnn. 4-5
Information & Control System ..........cccceeveeeeee.... 6-2 Maintenance & Lubrication Intervals ................. 9-1
Inspect & Clean Equipment.........ccccccveveeeeeenn. 1-3  Maintenance Charts .........ccccccoeeeeeiiiiiiieccccnns 9-2
Inspection, Pre-Start ..........ccccoovvivieeeevieneeneeeen. 5-1 After First 100 Hours, Every 1000 Thereafter .... 9-7
Instructions, Lifting ......ccccccvmviiiiiiiiiiiieeee, 7-2 Completion Of Each Drive ...........ccccvveeeee. 9-10
Control Container .............ccccccecenrvviiiieeeeeen. 7-2 Daily Or Every 10 Hours .....vevveeevveeieceeee, 9-5
CoolingWaterTank..............ccooecinnivinnnnnne. 7-2 Every 1000 HOUrS .........cvvviiiiiiiiieieeeeeeeeee, 9-9
JackingFrame ........cccccceeiiiiiii, 7-2 Monthly Or Every 250 Hours....................... 9-8
MTBM SL30 ...oeeveieiiiiiiieee e 7-3 Prior To Each Drive Launch.................. 9-3,9-4
Instruments & Controls .........ccceveveevevieeeeeeennnnn. 4-1 Start Of Tunneling Project ..............ccceuue. 9-2
Intercom System ..o 4-17 Weekly Or Every 50 Hours ................cc...... 9-6
Intermediate Jacking Stations, Using ............... 6-18 Maintenance Check Lists ........cceevvvvivieiieeennnnnn. 9-11
Intervals, Lubrication & Maintenance ................ 9-1 ENd Of BOre .....cooevviiiiiiiiiiiieiceceee 9-16
INtrodUCHION ... i MTBM Service .......cccoeeveiviiiiiieeeeiiiieen, 9-18
PreLaunch ... 9-11
J Maintenance, PeriodiC ............cccccceeeiiiiieenennns 9-1
JACK TONS ... 4-3 Maintenance, Practice Safe ..............ccccceee. 1-4
Jacking Frame Manual Mode .........cooeeviiiiiiiiicceee e 4-6
Controls .....oveveeeeiiiieiieeiee e, 4-12 Material Safety Data Sheets ...........ccccvvvveeeeeen. 14-1
Identification Number ..................c..ooeen. 13-1  Messages, Alert ..., 4-1
Operation .........ccceveeeeeeieeiieeeecccceee 6-17 Messages, Operational .........ccccccevveeveeeiiiiinnnnn. 4-1
Prepare ..o 1-7  MeterDisplays ......ccccccovviiiiiiiiieieiiiieeeeeeeeeeeee, 4-1
Jacking Operation Guidelines........................... 6-16  Microtunneling Boring Machine ........................ 6-2
Jetting PUmp ..o 4-6 MisC Editor .....cccovveiiiiiei 6-26
Jetting Pump Operation ........ccccccevvviieieeeennn. 6-20 Miscellaneous .........cccoeeveieiiiiiiiiiiceie e 4-2
Job Site, Clean .......cccccoveviiiiii e, 1-6  Mode, Manual ............ccooeeiiiiiiiiiiee e 4-6
Mode, SequENCE ............cooeeeeeieeeeeee e 4-6
K Monitor, Right ...........ooooriii e, 4-5
Kepware SErver ..........ccccooeeeeeieeeeecceeeeeee 6-23 MotorHeater ..........cceeeeiiiiiiii e 4-7
Keyboard Controls ...............ccoeeeinniiiiieieeeeee, 4-10  MOtOrTEeMP cooveeeeeeeee e 4-2
Mouse CONtrolS ........occuveeeeieiiiiiiieee e 4-10
L Moving Parts, Keep Personnel Away ................. 1-3
Laser Horizontal ............cccooooiiiiiiiiiiieeeee 4-2
Laser Light EXposure ............cccoececvvvvrvveeeeeennnn. 1-7
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M (continued) R (continued)

MTBM Report Generator, USING ......c.cooovvvieeeeniiiiieenenn. 6-21
Access Cover Thread Lubricant .................. 8-4 Reservoir, Head Oil, MTBM ... 4-13
AdVanNCINg .....ccccciiiiiieee e, 6-11 Reservoir, Hydraulic Power Pack ...................... 4-13
Head Oil Reservoir.........ccccccvvvviieeeeeeeennnnnn. 4-13  Right MONItor.......cooiiiiiiiiiiee e 4-5
Hydraulic Reservoir Lubricant ..................... 8-1 ROIl e 4-2
Identification Number ..............ccccooiiene. 13-1
Launch Sequence ..........cccccoeevvveeeeeeccnnnenn.. 6-9 S
MicroVolume .........ccccociiiiiiieieeeeee e, 4-17  Safety .o 1-1
POWEN ..., 4-2 SafetyDecals .....oooooeiiiiiiee e 2-1
Service Check List ........ccoeeeeeiiiiiniiiiiiiinnn, 9-18 Bentonite Pump ... 2-7
SIUIMTY e 4-2 Control Container ..............ccccciiiiiiiiiiieeeee. 2-1

MT400 Jacking Frame ...........cccccceeiiinienenn. 2-2

o Slurry Booster Pump .........cccoviiieeeeiinninnen, 26

Ol COOIET ...ttt 4-5 Slurry Feed Pump ... 24

Operating Guidelings ..........cccccceeeeeeiiiiiiiiiei, 6-1 Slurry Return Pump ... 2-5

Operating Jacking Frame ...............cccccccvnnnnnne 6-17 Safety Decals (continued)

OPEration ............eeeeeeeeieiiiiiiieeeee e 6-1 Water Cooling Tank ............cccooeiiiiiiiiiiinnns 2-3
CutterHead .......coovvvvveieiiiiiiiici, 6-14 Safety Information .............oooi i 1-1
Jacking Guidelines ...............cooeeiiiinnnnns 6-16 Schematics, Electrical ............ccccco. 11-1
Jetting Pump ..o, 6-20 Screen
Steering Guidelines ...............cee oo, 6-18 CoNtrol ... 4-5

Operational Messages .......ccccceeeeeeeeiiiiiiiccecns 4-1 Indicator ........oooiiie e 4-8

Operator Control Disconnects ..............ccccuuuee 4-18 Target ..o 4-1

Operator's Manual,Read ................ccccccnnrnnnnnns 1-1  SequenceMode ..........cccoiiiiiiiiiiieeee e 4-6

Overview, SYstem .........coeeveiiiiiiiieeiiecceee, 6-2 Sequence, Launch, MTBM..............cccccoeiiiii. 6-9

Server, KEPWare ........cccceeeeeieeeiiiiiieiicceeee e 6-23

P Service, MTBM, Check List ..........cccccvveeennnee. 9-18

Parts, Moving, Keep Personnel Away ................ 1-3  SetJack ToNS ...cooooiiiiieeeeee e 4-4

Pause Tunneling ...........ccccoooeeeiieicccceeee 6-11 SetROll ... 4-4

Periodic Maintenance ............ccccoceeeeviiiiieeeeenns 9-1 ShaftCamera ..., 4-15

Pinch Points, Avoid .........cccccoviiiiieeeeee, 1-4,9-1  ShutDown, Daily .......cccceeoeiiiiiieiiciieee e 6-20

Pipe Advance (FT) .......ccoooeiiiiiiiieee 4-3  SitePlanning ..o 6-3

Pipe Change ........ccccveeeeeiiiiiiiee 6-19 Site Preparation ...........cccoo i 6-4

Pipe Count .....coovviiiiiiiii 4-3  SlipperyWhenWet ... 1-5

Pipe Jacking System ...........ccccoiiiiiiiiiieieeeee, 6-2  Slurry

Planning, Site ... 6-3 Booster Pump ... 3-10

Position (IN) ...oeeeeieieeieeeeee e 4-2 Circulation System ..., 6-2

POStANOLE ..o, 4-4 Feed PUmMpP ... 3-8

Power Pack, Hydraulic Reservoir....................... 4-13 FIOW oo 4-6

Power, LOCKOUL ..........ccvvvviiiieeieeeeeeeeeeeeee, 1-2 Pump Lubricant .............cccci 8-3

Power, Lockout Before Servicing ..........cccccvvveee. 9-1 Removal System Controls ............cccccceeee.. 4-9

Practice Safe Maintenance ..............ccccccevvvvene.. 1-4 Return Pump ..o 3-9

Preparation, Site ..............ccooe i 6-4 Controlling ....cceeveeeeeeeeeieeieieeeee 6-12

Preparing For Storage ..........ccooceeveviiviveieeeeee, 10-1  Smoking, NO ..o 1-6

Pressure, High, Hydraulics.............cccccccviiinnnne. 1-5 Specifications ........cccoooiii 12-1

Pre Launch Check List ...........occooeiiiiiiiiennnn. 9-11 Control Container ..............ooooiiiiiiiiiiiieeeee. 12-1

Pre-Start Inspection ...............oooe e, 5-1 MT400 Jacking Frame ...........cccccccieeeennen. 12-4

Programs, Supplementary Editor ...................... 6-25 MTBM SL30 ..o 12-2

Pump, Grease .......ccccceeeeeeeieei e 8-3 Slurry Booster Pump ... 12-7

Pump, Submersion .............cccoceciiiiiiiieeeeee, 4-7 Slurry Feed Pump ..., 12-7

PushToTalK ......covvveeeeeeeiiiiiireeeeeeee 4-17 Slurry Return Pump ..., 12-7

Water Cooling Tank ..........c.ccoeeiiiiiiieneinnns 12-1

R Stabilizer ... 4-6

Rate (f/Nr) ..oeeeeeeeeeeeeeee e, 4-3  Start-Up System ... 6-6

Read Operator’s Manual ..............ccccccvvvvieveeenen.n. 1-1  Steering Controls ..........ccccociiiiiiieieiiiiiiie 4-10

Recommended Tools & Equipment .................... 6-3 Steering Cylinder Indicator .....................coeoe. 4-1

RecycleWaste ..........cccccoooiiiiiiiiice 1-7  Steering Guidelines & Operation ...................... 6-18

Releasing A Seized Cutting Face .................... 6-15 StopValVe ..o 4-6

Removing From Storage ...........ccccocvviivivieeennen. 10-1  Stop, EmMergency ........ccccoeeiiiiiiiiiiiiieeeee 4-10
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S (continued) T (continued)

S (0] =T [ SRR 10-1 ThiSJOb ..o, 4-3
Preparing For ..o 10-1 [Time 4-3
Removing From ...........ccoociiiiiiiiieceeeeee, 10-1 -

Storing Lubricants ..........ccccceiiiii, 8-4 [Total 4-3
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