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1. GENERAL

1.1 Micro-tunneling is one method of construction of buried pipelines which does not
involve excavation of trench from ground surface. It shall involve excavation using\a
remotely guided computer controlled tunnel boring machine (TBM) and the t
installation of pipes by jacking.

1.2 Micro-tunneling work shall be undertaken by a specialist subcopftragtor, ¥, be
approved by the Engineer, who can demonstrate a history g mpI ion of

similar work in the Gulf region.

1.3 The Contractor shall provide all necessary geotechni ion to the specialist
subcontractor.

1.4 All references to the contractor in the followin in this section of the
specification shall be deemed to includg the i bcontractor.

1.5 Any lengths of pipe indicated i
constructed by micro-tunneling at no
the Engineer. The Contractor willT
indicated to be constructed b

2. SURVEY &

ecord ground levels prior to commencement of shaft sinking
eliable bench marks and references stations shall be established.
shall be agreed with the engineer. Four reference stations shall be
shaft. Levels shall be taken along the center of the pipeline and the
ers and 10 meters each side of the pipeline at 15 meter intervals between

do tsto be congructed “in trench” may be
itional cost, subject to the approval in writing of
mitted to construct in trench any pipelines
neling.

2.2 In Case of any adjacent structuresto the tunneling works the Contractor shall carry
out asurvey on all buildings and structures located within the zone of influence shall be
taken to be a distance in plan from the center line of the works equal to the depth to invert
of that part of the works below ground level.
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2.3 Levels shall be taken and recorded on all of the above points at daily intervals during
micro-tunneling works, again one week before issue of a completion certificate, and
finally at the end of the maintenance period.

2.4 Asbuilt survey for each micro-tunnel drive shall be taken at the end of each digve.

E The Contractor is responsible for the protection of the Works and adjoining properties.
It shall be the responsibility of the Contractor to determine what additional 0se
specified above are required to be recorded by condition surveysto sdti

Contractor’s obligation.

2.5The Contractor shall submit a method statement for setti
alignment of the tunnels and shafts for agreement by the
commencement of work. Adequate opportunity for check
shall be given to the Engineer.

2.6Details of all setting out readings and calculati oﬁa be maintained at the site and
be set out in aclear and orderly fashion to alow, fopease™of checking.

H The Contractor shall provide al nec yfinés and levels together with all necessary
equipment to enable the worksto be ¢ ucted.t@'the required tolerances. The setting
out lines and levels shall be careful and where necessary replaced,
throughout the period for which th red.

2.7 The primary setting out | be used for the main control of the excavation ,
tunnel lining and shafts, ingliding€hecking and recording of the * as-built” position of
thelining at intervals.

3SUBMITTALS
3.1 The Cont @ | submit the following:

ription and specification of pipes and design calculations.

ils of proposed manufacturer of pipes with relevant literature and details of

's Quality control system.

¢) Description of tunneling equipment, relevant literature.

d) Details of the specialist subcontractor’ s qualifications and experience in micro-
tunneling together with project references including the client’s name and current contact
details.

e) Detailed curriculum vitae of the proposed tunneling machine operator including details
relevant experience in Gulf countries and the Middle East.
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f) Plan at 1: 50 scale showing working plant positions, spoil removal facilities, materials
storage facilities, launch and reception shafts, fencing, offices, discharge lines, ground
water removal facilities ,etc.

g) Working program, including anticipated production rates.
h) Anticipated jacking loads.
i) Structural design of thrust walls.

]) Detailed method statement for spoil disposal.
k) Bentonite injection system details.

I) Groundwater control details including launching seal details.
m) Detailed method statement for disposal of ground water arfsSing icrostunneling

works.
n) Detailed method statement for all other aspects of micr@:tunneling works.
0) Where appropriate for the size of machine propgsed, d an access into the

tunnel and tunnel boring machine.
p) Details of safety measures.
) Details of records and machine protocols to submitted.

e nneling works until he gets the
e issions.
r

3.3As part of the Contractor’ s tepderip inary details of pipes, equipment, program,
all be submitted together with details f the

3.2 The Contractor shall not comm
Engineer’ s written approval of the

4. SHAFTS REQUI

4.1 Dimensio

rking Q\all be designed to withstand the force applied by the main jacking
station and of |adequate dimensionsto fully cater for the underground installation of all

assem urry pumping equipment and guidance system. Consideration must also be
given to safe access and working space for the pit bottom crew.

The design of the shaft base shall incorporate the requirements of a thrust block for the
jacking frame to bear upon and atunnel launching eye and sealing ring through which the
TBM islaunched. The design of these structures will depend on the type of ground and
jacking pressures envisaged. They are normally considered to be temporary structures,
being removed on completion of the drive, but consideration may be given to
incorporating them in the permanent works wherever possible.
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Requirements for launching the TBM assembly, which may comprise multiple units of
varying length, shall also be taken into consideration when deciding upon the overall size
of the shaft base.

4.2 Verticality

4.3 Water Tightness

The construction of the working shaft shall be by
ingress in the shaft bottom hence ensuring securit all
equipment during tunnelling activities. @:‘« dab
shaft walls shall be collected and di an.adéquate sump in the shaft bottom for
removal by submersible pump tot
The provision of headwork’s shall be

seeping or flowing into the shafto
4.4 Filling of Voids

Any overbreak or lossef encountered during sinking of the working shaft shall be
recorded and wher, iate be backfilled / grouted as work proceeds to ensure no

voidsremain i inity of the jacking zone.

4.5 Sfaft oéacking Requirements

Priorto work/commencing on the construction of the working shaft due consideration
shall of the space requirements for pipe jacking from the shaft bottom. This shall
in particular include all requirements for the safe launching of the tunnelling machine
assembly and for safe working of the operating crew. The shaft invert shall be cast a
such level and in such manner asto facilitate the installation and operational needs of the
jacking frame and ancillary equipment to be installed in the shaft bottom.

A sump pit shall be incorporated in the shaft bottom for the installation of submersible
pumping equipment. The size of the sump shall be adequate for the depth of the shaft and

ingress volume of water in addition to any requirements for pumping during jacking
operations and shall include the facility of a standby pump.
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S PIPES

5.1 General

a) This specification covers design, material requirements, dimensions, insp
factory testing of a composite GRP-concrete sewer pipe and joints, in nopfialidiameters
of 1200, 1400,1600,1800,2000 and 2200mm pipes for the use of undergre avi
sewer applications, buried by micro-tunnelling method of installatio

b) The manufacturer of jacking pipeswill be required to show :
* Third party certified quality assurance and control programme to 9000
» Compliance with the British and other relevant Sandards g materials, mixing

and placing, curing and storing of pipe constitue

d) The manufacturer’s premises and methods'shall be open to inspection by the Engineer

for the purpose of checking the qdalttyyof ynanufacture. The Contractor shall ensure that
all necessary assistance is proya % e Engineer on each visit.

e) Jacking pipes shall bef pr concrete, designed and manufactured to meet the
requirements of:

desig resist all loads and damage from the construction process, including crushing
of the material due to load transfer at the joint. The proof-design shall be carried out
using adesign procedure in common use in Europe and around the world , such as ATV
rules and standards A 161: static calculation of driven pipes, DVGW Specification GW
312: Static computation of driving pipes, etc. and using ,wherever applicable, published
codes and standards.

g) The concrete surround shall be designed to withstand the maximum jacking force. The
design shall also ensure the GRP is not subjected to forces during installation
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h) Aswell asthe construction loads, the jacking pipes shall be designed to withstand the
external loads and hydrostatic water pressure.
i) Pipes shall be factory tested.

5.2 Nominal Diameter

The Nominal diameter (ND) indicated on the contract drawings and doc

mean the inside diameter (1D) of the GRP inner pipe.

C Jacking pipe wall thickness shall be determined by the Contract nction of
the following:

» Maximum Jacking forces.

* Length of drive.

*» Dead and live loads and hydrostatic pressure.

* Designed jacking forces at maximum angular d ion.

*» Dead and live loads and hydrostatic pressure.

* Pipe stiffness requirements.

» Handling and positioning of pipe. \6

5.3 Class of jacking pipes \
a) All pipes shall be manufacturéd®ya Stpplier approved by the engineer. The process

of manufacture may be by,ee gal or vertical casting subject to submission and
approval by the Engin [I'prpes shall be cast with a minimum of 3 grout holes of
minimum dimensio Each hole shall have provision for taking a steel
connector for lu tion during jacking operations; such provision being cast
in.

b) Pipessha %‘e ned to withstand the maximum axial thrust with a factor of safety
paged on the full effective areas of the joint surface and the ultimate

mpr%sl e strength of the pipe material. For reinforced concrete pipes the full

tivearea at the joint shall be used in accordance with the BS.

¢) The Minimum Jacking pipes strength class 120 according to BS 5911- 1:2002.

d) The concrete shall be of minimum characteristic compressive strength of 50 MPa
determined in accordance with 1SO 4012.

e) Reinforced concrete pipe joints shall be flexible consisting of a fixed stainless steel
Grade 316S11 or S31 collar with an EPDM or other elastomeric seal (rubber ring)
complying with BS 2494, such approved material shall be incorporated in each pipe
joint, including joints between pipes and interjacks / TBM. The design of the seal
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shall be commensurate with the detailing of the pipe joint. Seals may be fitted either
at the place of manufacture or on site prior to placing of the pipe below ground. In
either case the seals shall be fitted in accordance with the manufacturer’ s instructions.
Seals shall be inspected for damage by the surface crew immediately prior to pipe use
and any damaged seals replaced. Pipe seals shall be suitably Iubricated with a soap
solution or other such compound in the pit bottom immediately prior to closing the
joint with the jacking frame. The collar shall be a fixed steel band, at least Gmm thick.

5.4 Reinforcing Steel

a) Thereinforcing steel shall be grade 500 and shall comply Wlt
where appropriate with BS 4482, 4483. No €lliptical rei II n
allowed in any circular pipe.

b) Reinforcement shall be obtained from a certified Auth reinforcing steel
Quality Assurance approved supplier and the Camtractor shall provide copies of the

manufacturer’s certificates of test results relatl the steel reinforcement to be
supplied.

c) Stee reinforcement shall be cut @rdance with BS 8110 Part 1. Cold
bending shall be used.

5.5 Concrete

a) The jacking pipe concret Iy with BS EN 206-1:2000 /BS 8500.

b) Materials and con e manufacture of jacking pipes shall comply with the

following Standar

|. Cement BS ED , BS 146; BS 4027

1. Aggr @- 2620
1. MAXi er BSEN 1008
V. Admixtures BS EN 934-2

iti S3892-1;BS 6699

¢) Thejacking pipe’'s concrete shall pose low slump values, in the order of 30-50mm.
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5.6 GRP Inner Pipe

a) The GRP internal liner shall have adesign life of 100 years when used forgravity
flow applications.

b) Pipesshall have spigot and socket joints . The joints shall make a
connection when the external concrete pipe surrounds are in thei ,
after jacking. The GRP joints shall be able to withstand an @l léter pressure

of 4 bars.
5.7 Packing M aterial

An 18mm thick Medium Density Fibreboard (M DFjypacker shall be fitted to the socket
face of each pipe prior to the pipe being used in the iel, The packer, comprising

several segmentsto form the 360% annulus, | Be firmly glued to the socket end and in
such manner asto be 15mm inset fromghe i 0S0

e pipe. These packers may be
fitted on ether at the factory or on Sit€ ould be noted that in wet weather
conditions suitable protection mayk in cases of lengthy exposures.

5.8 Damaged Pipes

in the casting and handl Ikig pr in the factory shall not be permitted on site. Repairs
to cast pipes, either indhe y or on site shall be confined to minor cosmetic repairs
only. All repairs ject to the approval of the Engineer and carried out to an
approved procedure. pipes identified as being unfit for use in the tunnel shall either
be remoyed f d destroyed or clearly marked and quarantined for later
insp ble repair.

No damaged pipes shall_be germittedto be used in the permanent works. Pipes damaged

nly be lifted on site using a cast in lifting hole and/or a purpose made lifting
device. Such device shall be fully tested and carry relevant certification. Pipes shall be
stored in an orderly fashion in a designated area, not more than three pipes high and on
purpose made timber supports.

5.10 Jacking

Pipes shall be power lowered by crane or gantry down the working shaft and set on a
purpose made cradle comprising the base of the jacking frame assembly. The cradle shall
have been set trueto line and level prior to commencement of the jacking and secured to
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the shaft bottom. The thrust wall assembly behind the jacking frame shall also be set a
right angles to the line of drive to ensure that no misalignment occurs a the pipe joint on
closure. The lifting device shall be removed from the pipe prior to the joint being closed
and jacking of the pipeline recommenced. The lifting hole shall be sealed with a pgecas
concrete plug and rapid setting mortar prior to the hole location passing through the eye

limited to 50% of the design load (or similar as agreed) whereupon an i
shall be installed.

6 Jacking Equipment General

6.1 ReferencelList

The method to be employed for micro tunneling
aslurry TBM to suit the ground conditions and gr ater pressure.

All tunneling machines for pipe jacking shall St with adequate safety margins for
the anticipated duty , designed and t comply with all safety standards. The
machine shall be capable of excav , contralling and negotiating the envisaged
ground conditions.

6.2 Project Specification Mi @eling

The external diameter ofithe t ling machine shall be designed to produce minimum
! y clearance for the proper construction of the works.

2 selected by the Contractor using

emonstrate by means of the provision of the TBM manufacturer
prating the suitability of the proposed TBM and experience relevant to

a. For all tunnelling systems manufactured in the last 5 years

b. For all slurry type equipment of outside diameters from 1.80m to 4.00m, without any
restriction on year of manufacture.

The Contractor shall be responsible for the quality of materials used to present within the
tunneling machine and shall ensure that all materials used or present are adequate for the
task they are to perform.
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6.3TBM

In order to optimize face support during excavation and minimize possible groun
settlement a Slurry mode tunnelling machine shall be used incorporating finer
of the face support pressure.

The tunnelling equipment shall be capable of excavation in hard rock co

slurry system, interjack system, pipe lubrication and main jacking st all constitute
a complete tunnelling system designed and manufactured spectfica

50mm / minute.

6.4 Shield

distortion.

The shield provides a housing for ms required to support the excavation. A

stone crusher shall be included in the exgavatton chamber behind the cutting wheel.

The shield shall be equipped with’stesing’jacks and such beads, ploughs and copy cutters
% gnment of the pipes.In machines where man

as may be required for adjustiagth
access to the pressure ¢ is possible, unless otherwise agreed with the Engineer ,
they shall be replaceabl@fromWithin the chamber.

7. PROJECT@@ATION MICRO-TUNNELLING

A pressure b shall be incorporated to provide a compressed air system for face
pressure regulation along with a compressed airlock system to allow for man access to
the ion chamber under compressed air.

ricant injection points shall be provided within the shield in order to provide
immediate ground support when necessary.

7.1 Cutting Whese
The shield shall be equipped with a hard rock cutting wheel equipped with disc cutters.
The design of the cutter head shall incorporate the facility to replace the disc cutters with

soft ground picks to cope with any cohesive ground. The wheel shall be capable of
excavation in either direction of rotation for correction of machine roll.
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The cutting wheel / shield configuration should allow for sufficient lateral overcut to
allow the negotiation of the curves in the tunnel alignment without introducing excessive
over excavation to the tunnel invert. All cutting tools shall be changeable from the rear of
the cutterwheel.

7.2 Cutting Wheel Drive

The pressure control system shall automatically
face at al periods when the machine is advancing,
such that the pressure can be adjusted to suit ¢
maintained at all times within + 10% of the r

7.3 Airlock Systems \

The shield shall incorporate airlock systemsin accordance with EN 12110.
Work in compressed air. shalhicompty with section 401 of the 2000 edition of the
specification for tunnellilig pr by the British Tunnelling Society and Institution of
Civil Engineering allgwin to the cutter wheel for maintenance by ateam of 3
persons under co ir conditions. The system should also allow for the possible
entry of medic in the case of emergency.

in the required pressure on the
n standlng Control shall be

7.4 Jacking System - TBM

The self shall be capable of transmitting the required cutter head thrust forces
from the pipe jack to the face.

The shield shall incorporate a telescopic section at the rear end to enable constant
thrusting on the face during excavating in rock conditions. Under such conditions
advancing the shield by direct shoving from the jacking rig or interjacks shall not be
permitted.

Page 11 of 26




STANDARD SPECIFICATION Page 12 of 26

OMAN WASTEWATER : Document Number Date of issue Rev
SERVICES COMPANY saoc

PRJ - SS- 02 -08 4/6/2008 01

8. PROJECT SPECIFICATION MICRO-TUNNELLING
8.1 Slurry System

The excavation and disposal arrangements shall be capable of dealing with the ge
of materials expected. Generally the disposal system shall accommodate ials
produced by the tunnelling machine..

System incorporated into durry machines shall be provided with mga rately
controlling and adjusting the density and viscosity of the m S ﬁ@m to the pressure
chamber and introducing additives where required. Pipewgrk, pumpsand separation plant
shall be designed to accommodate the maximum rate of a@lvance at)which the machine
will be progressed. The separation plant shall be sych that ent of the nature and
volume of excavated material can be made.
Slurry feed and return pumps shall be supplied co %

systems linked to the operators console in the shie
8.2 Bentonite I njection

An automatic bentonite injection sy%gl e provided for lubrication of the annular

gpace around the pipeline. It shalfall@w programmed and controlled injection of

bentonite at 15m centres alongyt % jack and through ports in the tunnelling machine.
e pro

The control of the syste) b grammable and operatable from the TBM operator
control station. K

8.3 TBM OperatasCo | Station

TheTB op ontrol station shall include controls and monitorsfor al main
functyons of t BM including but not limited to: -

Wheel Speed of rotation

ection of rotation

Drive operating pressure

Steering Cylinder Operating Pressure

Stroke

Slurry Circuit Position indication for all valves (feed, discharge and bypass)
Slurry Pumps Flowmeters for discharge and feed pumps

Slurry discharge pump speed of rotation

Slurry feed pump speed of rotation

Slurry pressure at cutting head

ith their necessary control
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Main Jacking Station Operating pressure

Remote pendant for jacking rig operation outside control container
Interjack station operation

Telescopic section Operating pressure

Variable advance speed

Automatic Bentonite Lubrication System
Injection pressure
Injection volume

Injection sequence O

General All equipment start and stop controls

Emergency stop control

Hydraulic oil temperature — container

Auto Shut Down Oil temperature too hig

Oil level too low

Oil cooler trip

- Supply voltage incorrect @
8.4 Data L ogging \(x

All main operational data shall bg'logged Bn an industrial standard computer. Where
applicable this function can ut by the guidance system computer. Asa
minimum the following shallybe continuously recorded: -
Total drive length g&

I

Deviation from line

I operator to add comments to the protocol
All of the above figures shall be available as atabular printed record and deviation from
line and level as graphical printed record.
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9. Guidance System (including L ong Distance and Curved Pipe acking
Applications)

9.1 General
In mechanical tunnel driving, it is vitally important to have a permanent chec

position of the tunnel-boring machine (TBM) with respect to the design
(DTA) to dlow corrective action to be taken well in advance of any d

prevent the TBM drifting out of tolerance.
In pipe jacking, it is essential to avoid sudden changes in direCti w i

easeo

greater hydraulic forces to overcome the incr
precisely to the DTA, the aim must be to keep any/0
An appropriate laser guidance system, including
ahead of the face, will be installed on t nneII'
display to show the position, orientati
The display should be positioned t

all times.

In the case of long distance o pej acking however, there is one fundamental
u

difference in the supply. of the guidance information to the machine operator. Thisisthe

achine operator to have aclear view at

positioning of the laser tn a stable position once the machine has advanced to a
point where the laser 0 longer activate the Target from the start shaft. At this
point the laser ref be positioned within the moving pipe. As soon asthe laser
reference is no stable position it is necessary to accommodate this fact.
Control surv: | be taken in static situations. This absolute measurement shall be
appli ce of the machine in the dynamic situation where the hydraulic

for varying geological conditions cause short-term anomalies in the position

s of the pipeline and components within it.
9.2 References

Reference shall be made to contract documents for required accuracy and tolerances and
other matters affecting the operation of the system.
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9.3Technical Aspects

The tunnelling system shall be designed to maintain a clear space for the guidance system
and laser beam, irrespective of shield / TBM orientation.

The guidance system, including cabling and connectors, shall be robust. It shall be
capable of sustained, safe operation within the onerous environmental conditio

tunnel under construction, where dust, water, high humidity, varying quali oW
supply, sustained vibration and repeated shocks are to be expected.

The guidance system shall be self-checking, with redundancy in components,
and shall generate and record appropriate status messages f i remotely or

locally interrogated and to alert the operator to fault condifions im ely they occur.
Loss of primary power to the guidance system in the tun result in data loss,
which would prevent the system self-starting on r fmary power supply.
During forward movement of the shield or TBM, theguidance system shall provide asa
minimum the following real-time data for the shie % BM, with reference to the
designed tunnel alignment at the machine head: -

Station (chainage)

Horizontal / line displacem

Vertical / level / grade displacement
Left or right lead / yaw

Overhang or look-up /i

Main axis rotati

This information sh &med in numerical and graphical form, refreshed every 20

seconds or faster. historical tendency diagram for analysis of machine steering
characteristic

The sy, s’@e an accuracy of at least + 50mm over a self-referenced jacking
rangé of 100m:

Thedata shalllbe presented on displays at the Machine Operators position and if required
ices’on surface of the Contractor and the Owner’s Representative. Facilitiesto
download data dectronically (for further transmission) and for paper printout,
independently of the current display, shall be provided.

Data shall be recorded in a medium unaffected by primary power loss in a store of
sufficient capacity to hold the entire tunnels production records.
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9.4 Procedural Aspects

The operation of the guidance system shall be a specific feature of the Contractor’s
Quality Plan. This should clearly address: -

Definition of responsibility and authority of personnel maintaining and operatifg t
guidance system.

Intervals between manual checking of data produced by the guidance sys
Intervals at which control surveys are to be carried out, based upon tunrie
of advance and tolerance requirements, but not greater than 100m.

Detection and correction of trends to non-conformance, (r g @ m data

storage)

It shall be clearly stated that the guidance system must operational
whenever the shield or TBM isadvancing.

The guidance system shall permit the followin S -

Input of machine and project paramet

Standard geometric elements of tunnel n d subsequent computation of
alignment data for gationsat 1m i als.

Fully computed Designed Tunnel Alighment/data

Input of initial survey data, contr, ata and reference line data, clearly recording

each input for future referenc

Automatic determination offfarg sition and orientation with respect to the laser
reference.

Control of the motorj eodolite, capable of continuously maintaining its
operation during t advance of the pipeline

Verification of lase nce position in the advancing pipeline with Manual or
Automatic initiation of the survey measurement cycle.

Automatic measurement of the pipe advance.

10. Interjacks

10.1 Design of Interjacks

Interjack stations shall be designed to provide sufficient jacking force to overcome the
frictional resistance to pipe motion over the distance between them.

Interjack stations shall have a capacity enough to overcome the envisaged forces during
the tunnelling operation. The seal shall be adjustable to exclude the ingress of ground
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water and bentonite and shall be capable of withstanding working pressures in excess of
4bar.
The envisaged number of intermediate jacking stations shall be agreed in advance of the

commencement of jacking operation. At least one intermediate jacking assembly ghall be
available at the start of pipe jack unless otherwise agreed.

10.2 Operation of Interjacks

Hydraulic power to operate the interjack stations shall be provided by ks
situated in both the TBM and in the launch shaft. In order t i %:- lengths and
subsequent power losses, the forward interjacks shall be fed from the TBM powerpack
and the rear interjacks, from the shaft powerpack.

10.3 Closure of Interjack

Nders and seal assemblies shall

d treated with epoxy paint and the
adjdstable interjack sealing systems shall
and within the tunnel.

be removed. The exposed steelwork shall be 5[-‘ ed o
pipes shall be closed to eliminate th
be manufactured to facilitate easy

11. Main Jacking Station Q

11.1Main Jacking Station/8on ion

The main jacking stati & of robust construction, and comprise athrust ring and
cylinders fixed firmly t kwall and dliderails.

11.2 Main Ja m tion Operation

Thefthrust ring only shall be used for advancing pipes. A local control shall be provided
it bottom for use by the shaft bottom crew during pipe extensions only. During
ce the main jacking station is controlled from the TBM operators console.
Cylinder pressures are available to the operator at all times.

The Contractor shall limit the jacking load applied to pipelines such that damage to them
isavoided. The jacking load shall be transferred to the pipes through athrust ring, which
shall be sufficiently rigid to ensure even distribution of the load. The Contractor shall be
responsible for deciding whether intermediate jacking stations are required but as a 14
general rule they shall be installed where jacking forces are approaching 67% of the
maximum allowable forces.
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The Contractor shall maintain site records of jacking loads, line and level measurements,
the distance moved and the relationship between them. Copies of all records shall be
provided to the Engineer’ s representative within 48 hours of Jacking.

Aninterlock arrangement shall exist to transfer control between the operator's congole
and the shaft, whereby only the operator in ownership of the control can make the
transfer at the time.

12. Slurry System Q

12.1 Slurry System Design O

The slurry system shall be designed to be capable of functioning with bentonite slurry
where required as a support medium. The slurry circuit sh igned for a minimum
flow rate that is capable to transport all the excavat@d material during the tunnelling
machine advancing.The slurry circuit shall incl =w~ eters on both feed and
discharge lines.

Automatic valves shall be included at the sh pio
operator in the event of burst syste

The separation plant shall be sized tOMe 25%. over capacity to account for any possible
flow surges within the slurry circuit.

allow for immediate closure by the

12.2 Slurry System Oper ati

All controls and indicat@¥s fo ing the slurry system shall be available at the TBM
operator's console. ep system shall be installed to allow direct communication
between the TBM and t aration plant.

ent shall include an automatic bentonite injection system to enable both the
lubrication of the pipe wall and the support of loose ground to be maintained. The system
shall be such that the annulus around the pipe is kept full of lubricant at dl times
including periods of downtime.

Lubrication holes shall be threaded to enable plugs to be screwed into the socket and to
withstand external pressure. A non-return valve shall be fitted where opening a
lubrication hole would permit ground loss. upon completion of grouting the plugs shall be
covered with a material similar to that of the jacking pipes.
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All formed holes in the GRP inner pipe shall be repaired on completion of the installation
of the pipe by skilled craftsmen in accordance with the GRP pipe manufacturer’s
recommendations.

Documentation shall be provided of the successful use of the proposed system on,gther
pipejacking projects.

Injection of bentonite shall be at a minimum of three points spaced equally aro e
pipe wall and at centres not exceeding 15m along the pipe line.

The frequency and duration of injection at any given point shall be pro le
controlled from the TBM operator's console. The point of operatio ressure
shall be displayed to the operator.

13.2 Bentonite Lubrication System - Operation

The system shall be used continuously whilst pip ance is taking place.

On completion of the drive it is not intended to di lubricant, which shall remain
as the permanent void filler around the pipeline, T ends of the pipeline will be
secured with cement grout to prevent dis@ of bentonite lubricant around the
pipeline.

14. Work in Compressed Air \

14.1 General Requirements

Provisions shall be madgon t nnelling machine to facilitate entry into the face of the

machine under comp, p for inspections and maintenance. These provisions shall
comply in al resp b all relevant statutory regulations governing work in
compressed air ks and other equipment fitted to the machine shall comply with
the requireme

All nd.personnel necessary to perform such interventions for inspection or
maifitenance shall be available throughout the pipejacking operations.

The r shall submit details of the compressed air ingtallation for the Engineer’s

approval®aong with details of the qualification and previous experience of lock
attendants, medical lock attendants, compressor attendants and supervisory staff.

The installed capacity of the compressed air supply plant to be provided shall be agreed
with the Engineer after inspection of the available site investigation information.

In highly permeable ground where air losses might be excessive, arrangements shall be
made to inject athick bentonite slurry into the face prior to an intervention to form a cake
on the exposed face in order to limit air loss.
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14.2 Compressed Air Plant

The air compressors may be powered from the mains electricity supply or fro
generators, or may be diesel powered.
capacity

In all cases a standby capacity of at least 50% shall be provided and this

shall be powered by an independent power source.

All essential parts of the compressed air system, including pipelin INgeompressed
air to the face, shall be duplicated. All pipework, valves, g ' 3t be protected

the pit bottom jacking arrangement they shall also be protécted from entrapment. In the

interrupting the air supply.
A safety valve shall be fitted to free air side of the
machine. This safety valve shall be set to reliev
pressure and shall be of adequate size tg mat
COMpressors.

Prior to any work in compressed ai%
14.3 Airlocks
Any airlock fitted to the tunfellin hine shall beat least 1.5 meters diameter. The air
lock should be d&dgn% re vessel, subjected to a hydraulic test and issued with
: ¥
east 700 millimetres by 700 millimetres. Doors should
the air pressure but the door opening to the front of the
should also be able to be locked shut whilst persons are being
2 lock.
uld be comprised of two chambersto allow access into the working
of emergency.
essures above one bar the lock should be fitted with seating for the persons
being decompressed.
Where the working pressure is above 0.7 bar a medical lock shall be provided which shall

be manned by a medical lock attendant whenever work in compressed air isin progress
and for twenty four hours afterwards.

bulkhead of the tunnelling
Jthally above the working
inStalled capacity of the air

ould be tested to working pressure.
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14.4 Air Quality

If necessary the quality of the compressed air supplied to the working chamber | be
improved by coolers and filters to ensure compliance with the specified requirements.
The supply of compressed air to the working chamber shall be sufficient to

the level of any contaminant shall not exceed 10% of the short term exp el when
measured at atmospheric pressure.

Air quality should be monitored at least once per day.

14.5 M edical Supervision

The contractor shall appoint a registered medical
air work to advise on decompression methods to
health relating to the work in compressed air.
All employees will be medically examined pri towvorkthg in compressed air.
Records will kept of all medical exami atlo d detalls of each compressed air
exposure including working pressur ime, decompression procedures, €tc..
No person shall be allowed to wor air if the contractor has reason to
suspect that person is under the influ of drink or drugs such that his capacity is
impaired.

actitio ienced in compressed
petadopted and on all other aspects of

14.6 Operational Requir ts

the compressed air working chamber alone.
dant shall be on duty at the free air side of the air lock at all

No one shall be allowed t

practlcable no combustible material shall be taken into the air locks and or the
working chamber.

The use of burning or welding equipment should be strictly limited and shall be subject to
a permit to work system.

Fire extinguishers shall be provided in the air locks and the working chamber whenever
work in compressed air isin progress.
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15. Jacking operations

15.1Temporary Works

The Contractor shall be responsible for the design and integrity of all temporary warks
associated with the pipejacking operation including those required in the sh

He shall submit for approval full details of all designsrelating to such w ludi
any checks required under the contract by independent engineers.

15.2 Alignment

Pipejacking shall be carried out in any material encount true tofline and level. The
Contractor shall provide such continuous supervision as is y to maintain

accuracy of line and level.
The position of the internal face of any pipe shall

Contract by more than the following permissible d
to the pipeline.

Line 75mm \
Level 50mm
Backfalls shall be avoideQ

15.3 Misalignment Cokr

iate from that detailed in the
Dhs in order to ensure no distress

The contractor shall I posals for realignment of the pipegjack in the event, for
whatever reason, ag parameters are exceeded. Such proposals shall be based on
the principal ofssiiki new driveline as opposed to working with offsets from the
original drive @ order to ensure agradual recovery.

16.1 Previous Experience

Key personnel, including Site Manager, Tunnel Foreman, Shift bosses, Surveyor and
Engineering staff shall have had appropriate previous experience in pipe jacking work.
Details shall be submitted for approval prior to appointed personnel taking up positions
on site.

TBM operators shall have a proven track record of a minimum of two years experience in
driving similar TBMsin similar ground conditions.
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16.2 Jacking crews
Key operatives in each jacking crew shall have appropriate prior experience including

documented evidence in their ability to supervise and train the jacking crew in all aspects
of the jacking operation.

16.3 Training
Appropriate on site training shall be provided to al locally employ: ers
including ageneral induction on site safety.

17. Working Hours

17.1 Shift Work

The contractor shall make proposals for shift w % acking operations subject to
any local environmental requirements. \Wher rictions on night or Friday work or any
other such time related restrictions e tor shall ensure that all reasonable
provision is made for preventing a e f the line during such periods of standing.
This may include the provision of additi@nal acoustic enclosures and the like such asto
allow minimal periods of worki ing the restricted hours.

17.2 Continuous Workin

Generally continuousaaor all be mandatory in the event that the jacking pressures
exceed 70% of thegnai ing station capacity.
17.3Tunnel

Thefinstallatian of all tunnel services shall be progressively carried out asthe work

: ices shall be supported on purpose made brackets bolted to the pipe wall.
Electr es shall be hung on the opposite side of the pipes to any water lines. Slurry
lines may be mounted on blocks in the invert to facilitate access in case of blockage or
leakage. On pipejacks larger than 2metre internal diameter and longer than 100metres a
450mm gauge track, or similar such devise, shall be provided to facilitate movement of
men and equipment in the tunnel . Care shall be taken not to damage the pipes during the
installation and handling of servicesin the tunnel. All fixings shall subsequently be
removed and the holes plugged with a suitable mortar.
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18. Safety and Environment
18.1 Regulations

The contractor shall carry out all worksto the requirements outlined in all currgnt
appropriate Regulations, Codes of Practice.
opnient

The following recognized documents shall form the basis for guidance
of the safety plan and site procedures: -

BS 6164 Safety in Tunnelling (Code of Practice)
Guide to best practice for the installation of pipejacks and microtunnels

18.2 Safety Procedure

The contractor shall develop a safety plan to enconpas aspects of safety and
environmental requirements prior to commencegment,of £he work. This plan shall be a
working document and be subject to inu@iew throughout the period of the

contract.
18.3 Selection of Pipgacking EquiN{

The method of pipejacking pment shall be selected to control groundwater
and water table movement damage to adjacent roads, utilities and structures.
All machinery, includin ' all be suitable for quiet and efficient operation and
shall be installed an to an acceptable safety standard.

=

18.4 Safety ¢

A sitg’safety ﬁ shall be instigated on site prior to work commencing and be
devéloped throughout the course of construction. The culture will comprise of the use of
key ageptent tools by the site management (and outlined in the site safety plan) in
edu e site operatives in all aspects of best safety practice and awvareness in their
work

18.5 Induction

An induction session shall be given to all operatives and staff irrespective of their
discipline and experience. This should, in particular outline al local requirements relating
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to the contract, actions to be taken in event of emergencies, and an overview of the site
and its personnel. The content of the induction may be varied to suit the recipients.

18.6 Job descriptions
Each operative shall receive training, together with any appropriate examination
documentation, to ensure he is completely aware of the requirements of each of his
job and the hazards which are inherent in its execution.

The contractor shall produce a risk/hazard analysis of the k the pejacking
operation and utilise the results of the analysis in reducingfsuch ri al remain to a
minimum. Such hazards shall be communicated to workefs through induction, tool box
talks and the like.

18.7 Risk/hazard analysis

18.8 Tool box talks

to each operative on aweekly basis, T given at the place of work when

The contractor shall ensure that a minimggum m X talks are given by supervisors
practical. Content of such talks sha% with the site manager and a record kept of

all talks given and attendees.
18.9 Plant
Appropriate training an |on shall be given to all operators of plant. This shall be

carried out only by staff competent in the use and hazards associated with the
particular item of @emed

19. Surface ap

Wher ical the whole of the working area for each working shaft shall be enclosed
by a secure fence or hoarding, 2metres high. Watchmen shall be employed during times
when work is not in progress. Adequate lighting and warning notices shall be provided
around the site. Suitable drainage and desilting tanks shall be provided to cater both
with surface and underground water. The shaft top shall be secured with a robust barrier
around its perimeter to a height of 1.2metres minimum.

Jacking pipes shall be stored clear of water and excavated material and shall not be used
for storing plant and equipment.
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19.2 Electrical Equipment

All electrical equipment shall be appropriately IP rated for its intended underground use.
It shall be ingtalled and maintained by a suitably qualified electrician.

19.3 Lighting
Tunnels requiring man access, even on an occasional basis, shall be adequate
110v lighting. Naked lights shall not be used below ground.

19.4 Ventilation

where work is being carried out. When work is being car
be situated locally in the tunnel not more than 5metres fro ation of the work.

19.5 Air Quality

following: -

less than 0.5% carbon dioxide cont Y e
not less than 20% oxygen content by vi

no more than 0.25 milligrams/c f respirable dust
no more than 0.25 milligram re of respirable quartz

total concentration of infl not to exceed 25% of the lower explosive limit of
the mixture by volume ifgair.

In addition to providing air as describ: abo@ ity of the air shall comply with the

abl

19.6 Tunnel Entr
No pers@n sh lowed to enter the pipejack without the authority of the supervisor.
19.7.Gas Detection

The ¢ or shall provide at least one automatic gas detector a each working shaft
location. Continuous monitoring shall take place during working periods.

19.8 Underground Evacuation

The Contractor shall develop and implement a plan for immediate underground
evacuation in the event that the presence of toxic / inflammable gas is identified in the
excavation or if the particular gas requirements to do meet with those identified in 6.4f.
In such case the Contractor shall identify and take appropriate action to rectify such
hazard prior to allowing work to recommence.
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