TRENCHLESS
ASIA

THAILAND

FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING
TECHNIQUES FOR THAILAND'S SOUTHERNMOST POINT

IR. TS. CHENG CHIN KEONG (DANNY)

ST TUNNEL

I i| | | \m www.trenchlessasia.com
O gani ici. ici 5 i i i A i s nsors
i T S J CRF
DE m -

iapartner ¢ TRENCHLESSW®IRIKE



O

STTUNN L

[

’ "“i‘g": =

TRENCHLESS
ASIA 207¢

THAILAND

TRENCHLESS ASIA
10th APRIL 2026, QUEEN SIRIKIT NATIONAL CONVENTION CENTER BANGKOK, THAILAND



FLOOD MITIGATION TUNNEL WITH
MICROTUNNELLING TECHNIQUES FOR
THAILAND'S SOUTHERNMOST POINT

TRENCHLESS
ASIA 2026

THAILAND

ST TUNNZ=L

ereneemin KIAN HOCK

Ir. Ts. C.K. Cheng (Danny)

Managing Director

ST TUNNEL PTE. LTD.

ST TUNNEL (M) SDN. BHD.

ST TUNNEL (THAILAND) CO., LTD.
PT. HARVEST TUNNEL PERKASA

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL

3



_ CE’ TUNN L

FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING
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ChIIenges
* Technical Design & Consideration
» The implementation and Execution

2 Milestone Results

2 Analysis & Improvement
Questions & Answers (Q&A)
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TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR "
ASIA 2026 THAILAND'S SOUTHERNMOST POINT _
THAILAND

PROJECT OVERVIEW ST TUNN=L

®* Project Location

* Purpose of the Project
Overall Scope of the Project
* Project Delivery Organization
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TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR

ASIA 2026 THAILAND'S SOUTHERNMOST POINT . .
Overall Project Location ST TUNN=L
aowenzees KIAN HOCK
e COUNtrY : Thailand B T 4 .
. . gaoN- 1 ; .'"-;r-H:IL:Nn y T:,:l:‘" T...:;\ 0 3ok | gragn Dot
District : Betong, Yala (5°46'25"N 101°3'38"E), A = 78m? W mmmw‘.__é i :
e Southernmost Point of Thailand -

Kedah

£
/_-J Parak
|

e 1200km from Capital of Thailand, Bangkok
e 140km from Yala Provience e e e el

e Connected to Malaysia states of Perak and Kedah. e woger e e
Immigration Border at Bukit Berapit

e Malay word Betung or Betong, meaning "bamboo”
(dendrocalamus asper)

e Population around 63,000 people and Betong town itself
has around 28,000 inhabitants consist of Thai Chinese,
Thai Malay Muslim and Thai Buddhist.

e Economy driven by tourism, agriculture, and cross-
border trade with Malaysia
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ASIA 2026 THAILAND'S SOUTHERNMOST POINT

Work Site Location

Unnamed road (CH.0+562) to (CH.0+218)

e Coordinates : 5°45’58.6”N 101°04°’16.8”E

e Betong City Center next to Betong Mongkolrit
Tunnel

TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THAILAND

0
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wmensio KIAN HOCK

¢ Crossing Betong Municipality Stadium, Betong
National Swimming Pool and Betong Boxing &
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IEIEANgEI%ESS THAILAND'S SOUTHERNMOST POINT m
g Purpose of the Project “ST TUNNZ=L

wmensio KIAN HOCK

Flash flood, Rapid Runoff and Landslide
Water overflowed "Baan Na Yu Muang Mai |

e Water from mountains causes rapid flooding “flash from the mountain " housing estate
floods”, when intense rainfall overwhelms steep
terrain, forcing water down valleys. Materialize within
hours and driven by high-velocity runoff, saturated
soils, and the sudden release of debris-filled water, prmp———
trapping inhabitants and flooding downstream areas. Ingluding the areain (o DL Soi 3 of Samoson Road

he municipal fresh
market, inundating shops and and Sukyang Road

homes

Economic area of

Betong City
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Overall Scope of the Project ST TUNNZL

wmensio KIAN HOCK

Flood Diversion & Mitigation System  NeazBengUuuvtasuioatty eurerfssuuasiuinioy dwandusul o

. .
Improve water management efficiency, address e e e e e

roodlngz anld prevent further flooding in Betong's © et
| =
economic district. 0 A [~
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FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR '
IEFE gH%E 55 THAILAND'S SOUTHERNMOST POINT m
Project Delivery Organization ST TUNN=L

wmensio KIAN HOCK

Ministry of Interior (MOI)
(Owner)

Department of Public Works and Town & Country Planning (DPT)

(Owner’s Representative & PMC) TEAMWORK

GCONSULTANT COMPANY LIMITED
Betong Town

Municipality I Consultants

(Stakeholder) C H A N

Main-Contractor " CONSULTANT CO.LTD.

Ui 1y Aeudauaui e

Sub-Contractor JV PT-HD —

(Trenchless Pipe“ne) fianssiud Wi- wud

m Sub-Contractor Sub-Contractor

ST TUNN=L (General, Shafts, (Trenching / Open-Cut)

Ty

Tunnelling Specialists Grouting and etc.
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TRENCH LESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
ASIA 2026 THAILAND'S SOUTHERNMOST POINT
5 Challenges — ST TUNNZ=L
GeOIOQicaI Conditions Era | Period | Formation | St"2ligraphic Description
e |ocated along Sankalakhiri Mountain Range (Granitic rocks with
several enclaves of sedimentary/metasedimentary rocks that are 2 s % o = G s, angi o
overlain by Quaternary deposits), the northern section of the g R o R r—
Titiwangsa Range, a mountain range along Peninsular Malaysia. 11| e, ERRHON 5o % s oo
e Silurian-Devonian (SD) sedimentary rocks layer found along the
pipeline elevation and route. Confirming to the findings by The -
Malaysia-Thailand Border Joint Geological Survey Committee P | B e e )
(MT-JGSC, 2009) 3 fesemmgrss] deposted nnear shore
 One critical zone between CH+407.7 to CH+361.2 had been pre- "
identified as the pipeline may be in between non-homogeneous §
strata (Sandstone and Shale) and Soft Ground strata (Silty g |
Sand and Silty Clay) 5
. Betong Fm. Shale, sandstone and phyliite
e Layers of soils and rocks varying from Stiff Hard Clay, Shale, metamorphosed (SD)
Sandstone and Phylite, foliated metamorphic rock with 8 e
compressive strength, UCS up to 80MPa.
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ASIA 2026 THAILAND'S SOUTHERNMOST POINT .
Challenges ST TUNNZL

wrzice KIAN HOCK

TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THAILAND

Geological Conditions

e Non-homogeneous strata (Sandstone and Shale) , Soft Ground strata (Silty Sand and Silty Clay) , Stiff Hard
Clay, Shale, Sandstone and Phylite, foliated metamorphic rock with compressive strength, UCS up to 80MPa.
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ASIA 2026 THAILAND'S SOUTHERNMOST POINT

Challenges
Backfilling Materials

TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THATLAND

ST TUNN L

» KIAN HOCK

e Existing underground backfilling materials such as abandon steel
reinforcement bars, old tyres, steel pipes, PVC materials, debris
and etc.

e Worst-case conditions, pipe jacking in unforeseen and uncontrolled
backfilling ground conditions may lead to major misalignment,
dislocation of TBM or pipe joints, damaged plpes roodlng in the
tunnel, high jacking force and :
ground settlement/collapse.

LESS ASIA 2026, QSNCC BANGKOK THAI D | © 2026 — ST TUNNEL 15



ASIA 2026 THAILAND'S SOUTHERNMOST POINT .

TRENCH LESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
5 Challenges ST TUNNZ=L

wrzice KIAN HOCK

Ecological and Environmental Conditions

e Significant cultural and transit hub on the border with Malaysia

e 24/7 around the clock tourism activities. Daytime (natural
beauty, historical intrigue, or a culinary adventure). Sunset
(lively hub of entertainment), challenges for the works to be
carried out especially during mobilization, demobilization,
transportation and muck-away works.

e Betong Mongkhonrit Tunnel, a prominent tourist attraction
point and the first vehicular tunnel under a mountain in Thailand
within zone of influent

e Tunnelling crossing under these important and historical
landmark:-

% Kanchanapisek Sports Center, also known as Betong Municipal
Stadium, Betong Municipal Park, Betong Municipal Swimming
Pool, Betong Boxing Stadium (buildings and structure imposed
zero settlement requirement)

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL 16



ASIA 2026 THAILAND'S SOUTHERNMOST POINT

TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THATLAND

Challenges ~ ST TUNN=L

KIAN HOCK

Ecological and Environmental Conditions

e Environmental sensitive area such as existing river, ponds,
durian farms, natural forest and critical slope area

e Environmental challenges such as noise, dust, vibration,
settlement, cracks and tilts will significantly impact the
surrounding neighbourhoods, road users, local stakeholders
and tourist

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL 17



TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
ASIA 2026 THAILAND'S SOUTHERNMOST POINT
THAILAND

Challenges
Climate & Weather Conditions

e Tropical rainforest climate, characterized by warm
temperatures, high humidity, and heavy, year-round
rainfall. Heavy rainfall due to the monsoon trough during
the month of October to March, similar to Malaysia’s
Northeast Monsoon. Average of 2262mm of rainfall per
annum.

e Landslide had occurs during construction at both the
jacking and receiving pits.

e Flash flood in year 2024 and recent flooding in Hatyal

YO
ST TUNN L

= KIAN HOCK

Provience.
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RENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR

ISIA 2026 THAILAND'S SOUTHERNMOST POINT
THATLAND Challenges

Cross Border Logistics, Temporary Importation and Permits

Temporary Importation Permit (6 month in advance)

Construction during year end (Peak Tourist Period and Chinese New Year
Roadban)

37 trucks movement within 7 trips spreading within a period of 3 weeks
(Mobilization) and 5 trips within 2 weeks (Demobilization)

Winding and tight Roads from Pengkalan Hulu, Perak to Bukit Berapit
then to Betong

Dimensions and weight compliance to the regulation, traffic condition
at the Malaysia-Thai border and access through the city of Betong

Complex, high-risk endeavors that often lead to significant project
delays and cost overruns. These projects require transporting highly
specialized, oversized machinery (such as Tunnel Boring Machines -
TBMs) and materials across multiple jurisdictions, demanding
rigorous coordination, adherence to local regulations, and precise
documentation.

ST TUNNZ=L
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ASIA 2026 THAILAND'S SOUTHERNMOST POINT

Challenges

TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THATLAND

Public Acceptance

e The 273-meter Betong Mongkhonrit Tunnel
in Betong, Thailand, opened on January 1,
2001 after several years of construction. The
tunnel was construction by Drill and Blast
method which impose some impacts to the
surroundings and residents of Betong. By
then, public acceptance are borne to became
one of the challenges for the flood diversion
pipeline works especially it is at the close
vicinity of the existing vehicular tunnel.

JLUIALUAVLIAAGNE

TOFR MOMNCGHK EL:
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TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
ASIA 2026 THAILAND'S SOUTHERNMOST POINT
_ THAILAND

Challenges

Other Challenges

Existing Underground and above ground utilities (Risk of settlements,
disruptions of services, permits, relocation timeline and etc)

Limited access and working area for heavy lifting works (Tandem Heavy Lifting
involving SIMOPS of 2 cranes are required for the TBM launching works)

Security & Access (In front of entertainment area, business centre, major
tourist attraction spots, public toilets and etc.)

High Traffic Flow (Congested area with high traffic flow around the clock, Road
closure due to festive seasons, city events and etc.)

Logistics, Supplies and Material Procurement (Limited resources, spare parts,
consumable, Fuel and etc. for the new technology machinery such as TBM)

Contractual Challenges such as working schedule (Tight working program to
complete the works by 6 months)

Contractual Challenges such as construction tolerances (Installation to be
within the allowable vertical tolerance of +/-25mm & horizontal +/-50mm only)

ST TUNN=L

wwrensie KIAN HOCK
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FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR OO
IEFE%EI%ESS THAILAND'S SOUTHERNMOST POINT
THAILAND "

(] -
Fact & Figures ST TUNNZL
DN2100 (ID2100mm/OD2500mm) Pipe Jacking Work By Microtunnelling Works Along Ch.0+562 To Ch.0+218
Jobsite location :  5°45°58.6”N 101°04°16.8”E (Unnamed road Pit Construction Method and Dimensions:
next to Betong Mongkolrit Tunnel) Starting Pit, 9.5m(L) x 5Sm(W) x 5.2m(D) — Cast-In Situ Method
Start Pipeline : CH. 0+562.00m  StartIL. : 272.000 Arrival Pit, 7.0m(L) x 4m(W) x 4.2m(D) —Sheet Pilling Method
End Pipeline : CH. 0+218.00m  EndIL.: 277.000

Tunnel Length:  344.00m

Tunnel Profile and Gradient :

Horizontal Section

H1, Straight oo (CH+562.00 - CH+504.62) L=57.382m

H2, Curve R=2000m (CH+504.62 - CH+242.75) L=261.865m
H3, Straight oo (CH+242.75 - CH+218.00) L= 24.750m
Vertical Section

V, Straight 1:69 (+1.45%) (CH+562 - CH+218) L=344.00m

SIDE VIEW BACK VIEW [—.

Important Dates & Figures:

e Launching Ceremony on 17/11/2025
e TBM Break-out on 22/11/2025

e TBM Break-in on 8/1/2026 [

e Total 39 Drilling Days o

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND



ASlA 2026 THAILAND'S SOUTHERNMOST POINT

Fact & Figures

- DN2100 (ID2100mm/OD2500mm) Pipe Jacking Work By
' : Mlcrotunnelllng Works AIong Ch.0+562 To Ch.0+218
: B =R

TRENCH LEssFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THAILAND

TEre
MAMLRNE I
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ST TUNNZ=L

AN B

Tunnel Plan & Profile

Betong Tourns
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FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
IE'EANgEI%ESS THAILAND'S SOUTHERNMOST POINT

Fact & Figures

DN2100 (ID2100mm/OD2500mm) Pipe Jacking Work By Microtunnelling Works Along Ch.0+562 To Ch.0+218
S| Summary & Geological Profile

. ST TUNN=L

wmensio KIAN HOCK

THAILAND

Chainage Pipeline SI Report
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TECHNICAL DESIGN &
CONSIDERATION

FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING
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TRENCHLES SFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR :
ASIA 2026 THAILAND'S SOUTHERNMOST POINT
THAILAND

PROJECT OVERVIEW ST TUNN=L

®* QHSSE Compliances

~* Sustainable & Creative Construction
®* Monitoring & Controls

* Mitigation & Contingency Plans

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL 27
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ASIA 2026 THAILAND'S SOUTHERNMOST POINT il [

TUNNEL INSTALLATION

TRENCH LESSFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR :L'_u
THAILAND ; . 11

* Selection of Installation Methodology
®* What is Microtunnelling?

®* The Site Setup

* Techniques to be Applied

* Equipment — Design & Criteria
®* Pipe Design & Allocation Plan
* Engineering Calculations
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FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR :
IEIEANgEI%Ess THAILAND'S SOUTHERNMOST POINT @
THAILAND

TUNNEL INSTALLATION METHOD ST TUNNZL

Selection of Installation Methodology

Drilling between 5.0m to 35.0m below ground level and Hydrostatic
between 0.3 to 2.5 bar;

Actual Geological & Soil Properties (Shale, Sandstone, Silt & Stiff
Clay)

A system that does not alter the delicate lithostratigraphic and
hydrogeological balance.

To prevent any disruption to the inhabitant, buildings, utilities and
environment .

Settlement Proof & Non-Disrupted Method (NDM)

Product Pipe Design, Material and Installation methodology
Effective, engineering sound and could fit in the'construction period
Working environment & Climate

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL



FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR :
II;FRI%BI%ES& THAILAND'S SOUTHERNMOST POINT m
THAILAND .

TUNNEL INSTALLATION METHOD ST TUNN=L

What is Microtunnelling?

e Trenchless Construction Techniques

e Roads don't need to be dug up or
cordoned off and traffic congestion is
minimized

e Earth shifting or construction site traffic
(trucks) kept to @ minimum

e Minimum inconvenience to inhabitants
from dirt and noise

e No danger to historic buildings

e Existing underground utilites and
buildings not subject to subsidence

e Groundwater lowering required only at
certain spots resulting in minimum
environmental impact

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND
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== TUNNEL INSTALLATION METHOD ST TUNNZL
The Site Setup

1] Lifting Machinery
Pipes

Control Container
Main Jacking Station
Launching Seal Ring
Tunnel Boring Machine
Separation Plant

NS g AW N
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Techniques Applied
e Totally sealed jacking shaft and receiving shaft
with In-Situ Caisson and Steel Sheet Piling Method

e Gyro Navigation Guidance System for Long
Curvature Drive

e Emergency seal system

e Automatic and Redundant Spoil Separation Plant
e 360° Pan & Tilt Wireless Tunnel Surveillance

e 4G/5G Wireless Internet Data Access in Tunnel

e CCTV Monitoring and Communication System

e Slurry Mixture to maintain Hydrostatic Pressure at
the TBM Bulkhead ad Lubricate the Cutting‘Tools

e Automatic Lubrication System to continuously
monitor, control and lubricate the overcuts

TRENCHLESS ASIA 2026, QSNCC BANGKOK THAILAND | © 2026 — ST TUNNEL 32



FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR :
IEIEANgH%ESS THAILAND'S SOUTHERNMOST POINT @
THAILAND

TUNNEL INSTALLATION METHOD ST TUNN=L
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Equipment - Design & Criteria

Tunnel Boring Machine (Slurry Pressurized TBM)

NININITNE

Herrenknecht AVN1800TB w/ Ext Kit OD2500
Torque (424Nm — 554Nm)
Cutting Wheel Rev. (0-5.1 / 0-11.7rev/min)

Steering Power per Cylinder at 450bar (1145kN
Push/636kN Pull)

Main Motor Power Capacity (315kW)
Feed Line (DN150) / Slurry Line (DN150)
TBM OD 2535 mm , TBM Length 13.91m

1| "7 ST TUNNEL|

| e

: - anaerit
oscuny3innac: V'
me ypCKIND $rETHOY A

.
TBM Welg ht 66000kg 5| ft ground, mived ground and hard reck conditiors by use of
differ whespls [Full face excavation).
m Most
® Highl

= Different (v im systermns to suit different ground canditians
W High pressure watsr system far aperation in cohesive sail.

B Froviding highly effective cone crushe,

W Equipped with hoewy duty keng 15fe main Dearing and lugh borgue cortral drive,

‘M an g KO n S u b” = D rag on Of Wea lth o
Golden Dragon in Feng Shui and Chinese mythology, which symbolizes
powerful financial abundance, harvest, and prosperity ol i i SO

W All machines comgatii b to UM 5. Guidance System,

= Hydraulle power pack in contml contalner. usable fe a certain range of dlametens.
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TUNNEL INSTALLATION METHOD ST TUNN=L
Equipment — Design & Criteria & 5 ——

Cutting Wheel Design
e Rock Ground with Cutting Tools (Max 200 MPa) w/ HF Plates
Raumers with TCI ( 4 pairs — 18 nos.)

Center Cutter — MonoBloc Special Disc 305mm ( 4 nos.)
Gauge Cutter — MonoBloc Special Discs 305mm ( 3 nos.)
Face Cutter — DoubleBloc Special Discs 305mm ( 7 nos.)
~Scraper Bits with TCI 140mm (8 nos.)

drawn without crusher arms

pZ
7

=i

N

) -
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TUNNEL INSTALLATION METHOD
Equipment — Design & Criteria

THAILAND

e Cutting Tools Replacement (Back Loading Design)

e

- ;_';--’_ T LLmr TN el , TR L A T p— e ;_;.

ST TUNN=ZL

wrzice KIAN HOCK
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Equipment — Design & Criteria o  + 2 3 & 5 &

ST TUNN=L
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8 9 10 1 12 13 14
R S H T o S TN ST S T M F e T N STl £ S8 AW U T uTH W Os PuS TE A el Pre srealdeis pialis TR e poadsivenanailing
e Qvercuts and TBM Joint view straight direction
Engineering + + 7 +
| |
g e oo | ||ae s | ||ein | || | s
= T | || [ v = e = T =l 1 w =1
2 g w |[@f e |l 2 || 2 w|||e I -«» 2
3 b S ® 5 S| s
1 1 t
shield machine can 1 machine can 2 girlock can 1 girlock can 2 product pipe
m.n. required overcut | 2.2 mm | 1,0 mm l 35 mm 3.8 mm 3.8 mm | 3,8 mm
overcut with new discs | 46 mm 51 mm 56 mm &1 mm 61 mm 83 mm
(cufting-8 2545mm)
view with R1000m curve
0.4 L 03 O o
T .n
' |
1Y
sl DO ) el o i s £
o — P, Rl | N o 1) [N
g T ||* & ™| || | || -] 8 2|
(-] B - §
| s | 8
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Equipment — Design & Criteria

e Control & Operation |
e Full Digital Visualization = T o

bar (EHD o

295
bar Jictivie Intcrjack
. 7. = i 3852 [
T | | o - | ol ol o] of o ofiEE of
‘ m mm/min @] ko vImT xN Last rot. BOEM T3l nnmm Intesjack k.nku
BN 22040 B X — | 1.
o
0,001 B1.0
| { 232

e Automatic Data Logging and Control System ::

g
1.2%

bar
mm

mm

; bat mih
Target Artic. joint @ Cutting head &:‘5 L- ain
3 1 :
. & a har
90 y
I 37 CUNE B
L] B4
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Warning! Pressure altitude sensor at limit range
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Equipment - Design & Criteria

TRENCH LESSFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THAILAND >

TUNN=L

wmensio KIAN HOCK

3 st P10
[t Inskde 12120

e Automatic Spoil Handling System — 5 Stage
System o
Stage 1 - Coarse Sieve (50mm)

Stage 2 - Desander (100um)
Stage 3 - Desilter (60jum)
Stage 4 — Micro Desilter (25um)

O 0000

Stage 5 - Decanter (Up to 5um)

Maximum Flow Capacity — 500m?/h
e Mud Handling , MVF up to 80+sec
e SC<3% —
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Equipment — Design & Criteria W= N -

ST TUNNZ=L

wmenere KIAN HOCK

Automatic Lubrication System (Installed every 12-15m)
3 sets of Injection Pump for 3 lines (TBM & Tunnel1&2)
1 set of automatic mixing unit & 1 unit of venturi mixer
Programmable Sequence (Time / Volume)
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o KIAN HOC|

Lubrication & Face Support Fluid Mix Design

Lubrication Slurry (Target MFV:120+sec / Qtr), Formulation per 1m3 of mixture
e Mix up water : EC<0.8-1ms/cm

e Mix up water : PH >9.5

e Soda Ash : Solvay-L = 1kg

e Bentonite : Bentonil = CF 65 - 70 kg

e Polymer: SC VIS GSTP =1.5-2kg

Front Face Stabilization Slurry (Target MFV:50+sec / Qtr), Formulation per 1m3 of
mixture

e Mix up water : EC<0.8-1ms/cm

Mix up water : PH >9.5

Soda Ash : Solvay-L = 1kg

Bentonite : Bentonil - CF = 50 kg

Polymer : SC VIS GSTP = 0.75 kg
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Equipment - Design & Criteria

RENCH LESSFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR

Measurement wheel

Reference module

North-seeking

Gyro compass |

. Altitude sensor |
Hose line

GNS-P Gyro Navigation System

e Guidance System
% GNS-P with ELS Target
Py=pixgxh, (Straight & Curve Section)

Altitude sensor |

Py =pxgxh;

Ah=|P; - Py|/|h; - hy |
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Equipment — Design & Criteria ~

¢ [ntegrated Intermediate Jacking System (Installed every 120m)
e 14 nos. of 700mm stroke Cylinder (Max Capacity 1020tons)
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oL

TUNNEL INSTALLATION METHOD ST TUNN=L

Pipes — Design & Criteria

¢ Pipes (Joints, Dimension, Concrete Properties, sealing system,

collars, allowable jacking force, reinforcement and etc.

Effuctve Lusgh300em

LONGITUDIRAL - BECTION

= KIAN HOC|

Specification

Type : Concrete Reinforcement Jacking Pipe
Pipe ID/OD (2100mm / 2500mm)

Unit Weight (4.8tons/m)

Class : 2.5Z

Work Proof Load : 184kN/m

Concrete Strength : 50MPa

Standards : BS-5911 Part 120

External MS Steel Collar (10mm)

Pressure Transfer Ring : Packer Ring
Allowable Jacking Force : 6261kN
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FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
IEIEANgEI%ESS THAILAND'S SOUTHERNMOST POINT

TUNNEL INSTALLATION METHOD

THAILAND

Pipes Al

location Plan

Project |

COMMUNITY LANDSCAPE INPADVEMENT AROUND BETOND CONMUNITY FROJECT - DAEN0 (0 00MMIDD2500MN) FIPE JACKING WORK 81
MCAOTUNNELLING WORKS ALONG GHO+382 TO CHOvHA

ST TUNN=

wmensio KIAN HOCK

Pipe Allocation Plan € L0 - S—-

TEK. GOV ST TURHEL (THALIND) £, LTD.

Locatia :[8 nuu Smeasmedda s 7By Yai Thakend] TypeotOnv | Curve R=3020 | Date | 10112078

TEM 1D :[A (AVN1A00TE R+ EXT2100) - N2 150M F-F Length | 330463 | Rew | []

9 W M 7 13 M 15 7 8 1
EOEd EIE B3 EIE

A A0 lUBA ST STD LUBA TD STD LUBA STD 4 LEA

L84 LUBA L84 LBL ST
L L L L L

W Mm MR M ME. MR M W AW

Type Description L (m) Qty Length
AVN Jacking machine 7519 1 7.52
STD Normal pipe 3.015 73 22010

1JS

Lubrication Injection Pipe (Typ1)

3.015

38

114.57

|JS Stroke 700mm fully collapsed

4.145

8.29

Total length (m)

350.47

T [T
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TUNNEL INSTALLATION METHOD
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THAILAND >
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wmenere KIAN HOCK

Engineering Design and Calculations
¢ Theoretical Horizontal Jacking Force & Face Pressure Calculations (Sample only)
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TRENCHLESS THAILAND'S SOUTHERNMOST POINT
THAILAND

ASIA 2026
TUNNEL INSTALLATION METHOD

Engineering Design and Calculations

e Theoretical Ground Settlement Calculation (Sample Only)
e Theoretical Friction Force (Sample Only)

ST TUNN=ZL

wrzice KIAN HOCK

sec.A-A P sec.B-B

Settlement [mm]
i

Distance from cenire kine [m]

fiIII | .|

sec.C-C it sec.D-D T
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TRENCHLESSFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR .
AS'A 2026 THAILAND'S SOUTHERNMOST POINT m

L X QHSSE COMPLIANCES “ST TUNN=L
HSSE Equipment — Design & Criteria (Above Ground) — Master Control Room & TBM Operator Room

e 360° Pan & Tilt QHD CCTV Surveillance (Online IP Camera with Live View through the internet)
e Communication System
e 4G/5G Wireless WIFI Data Access throughout entire Jobsite
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HSSE Equipment — Design & Criteria (Shaft, In Tunnel)

360° Pan & Tilt QHD CCTV Surveillance (Online IP Camera with Live View through the internet)
Communication System

4G/5G Wireless WIFI Data Access throughout entire tunnel until TBM

Automatic Gas Detector and Monitoring System in TBM

DC Power Tunnel Lighting with Emergency Lighting (Battery Recharged)

NVR
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HSSE Equipment — Design & Criteria

ELSA & SCABA units

Tunnel Portable Stretchers
Gas Detectors & Automatic System in TBM
PPE & Trainings (Civil Defense)

i

% 'f\i l! \l ‘“‘\ b
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TRENCHLESSFLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
THAILAND

MTBM Sustainability and Environmental Compliances

e Ecological and biodegradable MTBM consumable products

e Since 2007 STTM has taken a path to gradually move on the MTBM consumable products from mineral
hydraulic fluids to eco-friendly hydraulic fluids, then followed by grease and coolant. The main environmental
benefits of these oils and grease are biodegradability, low eco-toxicity, and the reduction of CO2. The
employment of eco-friendly fluids ensures a lower environmental impact in case of spills into terrestrial and
aquatic environments. All ST TUNNEL GROUP’s Herrenknecht MTBM uses only environmentally-friendly oils
and grease as follows:

Type Section of Use in MTBM Brand Model / Title shell Naturelle
— HF-E 46
Hydraulic Fluig | A hvdraulic circuit, pumps, tanks, Shell Naturelle HF-E 68
cylinders, motors and etc -
Grease All bearing, moving joints, articulation Fuchs Plantogel 2N
segments, connection and etc i i &
ing circui olie )
Coolant All heat exchanger, cooling circuit, HWL Davor Lubricants Cassida FM Coolant _ orgihe w
water hoses

*Afbeelding ter illustratie *For illustration purposes only
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Ecological and biodegradable Pipe Jacking/Construction Lubrification products

e The use of specialty drilling fluids for pipe jacking is critical to the success of all trenchless projects. Only by considering
the right rheological properties at an early stage of the project, the bentonite-based drilling mud can fulfil its functions.
Utilizing the right polymers and bentonites for pipe jacking that provide essential lubrication and stabilization of the
tunnel face when a slurry shield is used. To achieve a successful application of both these elements (drilling fluid for
lubrication as well as stabilisation of tunnel face), a good understanding from the construction team is absolutely
necessary. ST TUNNEL GROUP collaborates with Siam Minerals whom provides technical assistance alongside drilling
fluids for pipe jacking projects to help and understand the trenchless project better and get the right and desired
solution. All ST TUNNEL GROUP’s pipe jacking and microtunnelling jobsites and projects uses only environmentally-
friendly bentonites, polymers and additives as follows: -

Rheological Properties

Brand

Model / Title

MSDS & TDS

@e

S

L

Viscosity (Plastic Viscosity),

- . Water Retention (Filtration Siam Tixobent Series
TT U NN=L Bentonites Loss); Stability (Water Minerals (Natural Clay only)
S. Dissociation Ratio)
ﬁam 1 Polymers Thixotropy (Thixotropic Value) Misnlzgls SlmBSaezsl';ezn(l\)//\;ater
lnera S Enhancer or retarder to the . GELBOOST, CEM
Siam
Additives type of Lubrification products Minerals CONTROL &

above

BMS500

minerals.com/drilling-
fluids-pipe-jacking
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TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR . Y
AS|A 2026 THAILAND'S SOUTHERNMOST POINT .
g MONITORING & CONTROLS ~"ST TUNN=L
Instrumentation & Monitoring (Settlement  Survey & Control Measurement
& On Ground Movement ) — By Others (Tunnel Installation) £\
e Surface Settlement Points  Network Survey E
* Inclinometer e Periodical Tunnel §
e Piezometer (Every 50-m)
e Tiltmeter
e Miniprism

Jacking Force (Tunnel Installation)
e Real time pressure between |JS

Lubrication & Slurry (Tunnel Installation)

Marsh Viscosity

Sand Content
Density

Filtration

Reology & Kugelharfe



TRENCHLESS FLOOD MITIGATION TUNNEL WITH MICROTUNNELLING TECHNIQUES FOR
ASIA 2026 THAILAND'S SOUTHERNMOST POINT
L) MONITORING & CONTROLS ’ST TUNN=L
Big Data Collection And Online View Tunnel Management
* Collection of Drilling / Tunnelling / Lubrication Datas |82 e
e Online Real time View through Herrenknecht CONNECTED APP B || USER
e Online Tunnel Management 5 "e
169'”. A i i ul i E
o
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i STATISTICAL RESULTS

Progress (Plan Vs Actual)

ST TUNN=L

wmensio KIAN HOCK
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THAILAND'S SOUTHERNMOST POINT

STATISTICAL RESULTS

~ PROJECT PROGRESS DATA & ANALYSIS

NOTICE TO PROCEED

ST TUNN=L

wmensio KIAN HOCK

Maintenance Duration (4.0 WD
QHSSE Non-Conformance (0

ITEM DATA UNIT CONTRACT ACTUAL REMARKS DIFF %

il DURATION OF WORKS (CD) 180 135 AHEAD -45 -25.0%
2 WORKING DAYS (WD) 152 125 AHEAD -27 -17.8%
3 MOBILIZATION (WD) 15 10 AHEAD -5 -33.3%
4 DEMOBIZATION (WD) 16 10 AHEAD -6 -37.5%
5 SETTING UP (WD) 18 30 DELAY 12 66.7%
6 PIPE JACKING (WD) 56 39 AHEAD -17 -30.4%
74 DOWNTIME DUE TO OTHERS (WD) 0 vs Actual 0.0%
8 DOWNTIME DUE TO OBSTRUCTION (WD) 2.5 vs Actual 2.0%
9 DOWNTIME DUE TO QHSSE NON-COM. (WD) 4 vs Actual 3.2%
10 |DOWNTIME DUE TO STTT (WD) 1 vs Actual 0.8%
11 |MAINTENANCE (WD) 4 vs Actual 3.2%
12 |AV. DAILY PRODUCTION m/d 6.37 10.12 Higher 158.8%
13 |HIGHEST PRODUCTION m 16.25 vs. Av. Prod 160.6%
14 |AV. ADVANCEMENT RATE mm/min 12.5
15 |HIGHEST ADVANCEMENT RATE mm/min 50.5 vs. Av. Adv 404.0%
16 |DURATION TO DRILL THROUGH ROCK (WD) 20
17 |CUTTER REPLACEMENT DURATION (WD) 0 N/A
18 |TOTAL CUTTER REPLACED set 0 N/A

List of Downtime

Downtime Duration (7.5 WD)

(Backfilling Material)
(Cracks at IUS no.2)

)
)
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STATISTICAL RESULTS ~ST TUNNZ=L

Benefits and Savings

Advantages of trenchless installation techniques - Microtunnelling

With the extend of high sophisticated and technologies, longer and more challenging curvature pipeline could be
installed under variable and critical ground conditions.

THATLAND

Minimal impact on the environment due to:
e minimal surface disruption, no deterioration of existing ground water level, lower emissions.
e minimal impact on the existing infrastructure, therefore; applicability in high density urban areas,

e 1o disturbance of tourism, impact on existing underground utilities. TH E M I LESTON E REco RD

Cost saving and time impact
e saving on additional requirement for intermediate shafts Planned, 180 days
e saving on mobilization and demobilization from intermediate shafts Actual, 135 days

e permits, detours, loss of business opportunity and etc. Ahead
Construction Standards .__\
e less risk of settlements, higher seismic safety -

e achievable construction tolerances
e value engineering and higher production rates
e much controlled and systematical work sequence

Health, Safety and Environmental
e Minimized traffic congestions , road accidents and needs of detour or sophisticated traffic management
e  Minimized truck and muck disposal
e Lower emissions
e Low vibration and noise impact
Minimal efforts for the reinstatement of site after finishing the installation.
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Ir. Ts. C.K. Cheng (Danny)

Managing Director
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‘T. HARVEST TUNNEL PERKA!

FLOOD MITIGATION TUNNEL WITH MICROTUNNEELING
TECHNIQUES FOR THAILAND'S SOUTHERNMOST POINT

TRENCHLESS
ASIA

THAILAND

10th APRIL 2026, QUEEN SIRIKIT NATIONAL o . .
CONVENTION CENTER BANGKOK, THAILAND .
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