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PROCEDURE HDD BENTONITE FRAC-OUT

1. Bentonite Handling Systems

A sump will be excavated at the entry point from where the returns will be pumped directly into the mud
cleaning system and holding tanks. The stored fluid will again be pumped through the drill string back into the
borehole, therefore providing a closed loop circuit for the drilling fluid.

Once reaming commences, returns will be generated at the exit point. Mud pit will be excavated allowing
some storage capacity before the mud is pumped back to the recycling system.

Cuttings and excess drilling fluid will be stored in excavated site before being removed by dump truck to
the dump site.

During pullback, drilling fluid in the borehole will be displaced as the pipeline is inserted. This fluid will
be stored temporarily at either ends of the crossing.

2. Bentonite Frac-Out

The drill bit location will be monitored on the surface at regular intervals during pilot hole drilling.
Sandbags will be stored on site where they can be easily and quickly brought to the frac-out point. Monitoring
personnel will be equipped with radios for instant communication with the driller.
In the event of bentonite frac-out;

- Report immediately to driller

- Slow down or stop drilling if necessary

- Contain the bentonite with sandbags / excavated material

- Recover the bentonite by pumping to the nearest entry or exit pit

- If a line cannot be established to the mud pits, vacuum truck will be utilized

- Discharge the bentonite into the entry / exit pits for recycling

- Upon completion of the crossing, drilling fluid and cuttings to be removed

- Signs/barriers to be erected and flagmen deployed in the event frac-out on roads
In the event of bentonite frac-out in the River;

- Monitor frac-out for 4 hours to determine if the drilling mud congeals. (Bentonite will usually harden,
effectively sealing the frac-out location)

- Execute next appropriate action among the following:

1. If drilling mud congeals, take no other action that would potentially suspend sediments in the
water column.
2. If drilling mud does not congeal, erect isolation/containment environment.

3. Cleaning, Spoil Separation, and Disposal

During the drilling of the borehole, cuttings will be produced. The cuttings will be carried back through
the hole by the drilling fluids to the mud pit assuming that the returns are kept. The mud is pumped from a sump
below ground level into the recycling system. The mud pit will be temporarily fenced to prevent people from
falling into the pit.

The level of drilling fluid in the mud pit will be monitored during drilling operations. The driller, mudman,
and rig hands will be able to monitor the level of the drilling fluid in the mud pit. The mudman will keep the
circulating drilling fluid system in balance and control the rate of pumping from the mud pit to the drilling fluid
recycling system. Supervisor assesses the separation of spoil from the equipment and the flow rates into the
mud tanks. Experience the machinery and mud management allows supervisor to determine the overall balance
of the drilling fluid system.

Project Title Reroute Fuel Pipeline on Overlapping Area of Airport Rail Link (RFPT)
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4. Disposal of Mud

Cuttings shall be disposed to dump site. Waste drilling fluid after the completion of HDD operations will
be disposed to dump site.
Reaming and pullback process;

- Backhoe and seal dump truck will standby

- Use backhoe for cutting waste soil and mud that remains from recycle process to seal dump truck
during reaming and pullback

- Carrying waste drilling fluid to disposal pits
In the event of bentonite frac-out;

- Vacuum truck will standby

- Sign, barriers frac-out area

- Vacuum truck remove mud out from frac-out area

- Carrying waste drilling fluid to disposal pits

5. Transportation
- Specially modified dump truck will be used to transport waste mud
- Dump truck will be inspected to ensure that no mud escapes during transportations

Project Title Reroute Fuel Pipeline on Overlapping Area of Airport Rail Link (RFPT)
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6. Emergency Bentonite frac out Plan

Emergency Bentonite frac out Team
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Emergency Bentonite frac out Team
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7. Attachment

7.1 Appendix 1 MSDS of Bentonite
A SAFETY DATA SHEET
VAVAY

1. Identification of the substance or mixture and of the supplier

1.1 GHS product identifier APl 13 A SEC-11 (OCMA)
1.2 Other means of identification
CAS number 1302-78-9
1.3 and on the use of substances or mixtures
Recommended use Net available.
Recommended restrictions Workers (and your customers or users in the case of resale) should be informed of the potential
dust and resp crystaline silica as well as their potential hazards.
Appropriate training in the proper use and handling of this material should be provided as required
under applicable regulations.
1.4 Supplier's details
Man ufacturer
Company name AMCOL International (Thailand) Limited, an MTI Company
Address Siam Eastam Industrial Park
B0/15 Moo 3
Mabyangpom
Pluakdaeng Rayong 21140
Thailand
Telephone General Information +B6 38018875
Website www.amecol.com
E-mall safetydata@mineralstech.com
Contact person Not available.
1.5 Emergency phone number
Asia Pacific 1 760 476 3960
2. Hazards identification
2.1 GHS classification of sub or mixture, and national or regional information
Physical hazards Not classified.
Health hazards Net classified.

Environmental hazards Not classified.
2.2 GHS label elements

Hazard symbol(s) Neone.
Signal word Nena.
Hazard ) The sub doas not meet the criteria for classification
Precautionary statement(s)
Prevention Keep out of reach of children. Read label before use.
Response If medical advice is needed, have product container or label at hand.
Storage Store away from incompatible materials.
Disposal Dispose of waste and residues in with local authori

2.3 Other hazards which donot  None known.
resultin GHS classification

Supplemental information 100% of the sub consists of p {s) of unknown acute dermal toxicity.
3. Composition/information on ingredients
3.1 Substance
CAS number and other ~ Concentration or
Chemical identity Commeon name and synonym unique identifiers concentration range
Bentonite 1302-78-9 100
Constituents
CAS number and other Concentration or
Chemical identity Common name and synonym unique identifiers concentration range
QUARTZ CRYSTALLINE SILICA, QUARTZ 14808-60-T <=8
SILICA (QUARTZ)
Matenal name: API 13A SEC-11 (OCMA) SOS THAILAND:
5425 Version # 35 lssuedalo. 28-Aprk2022  Revision dale. 28-Apni-2022 1/86
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Constituents
CAS number and other Concentration or
Chemical identity Common name and synonym unique identifiers concentration range
CRISTOBALITE 14484-46-1 =32

*Designates that a specific chemical lderlllty andior percentage of composition has been withheld as a trade secrat.
| Exposure Limits for constituents are listed in Section 8.

4. First-aid measures
4.1 Description of first-aid measures

Inhalation Move to fresh air. Call a physician if symptoms develop or persist,
Skin contact Wash off with soap and water. Get medical attention if irritation develops and persists.
Eye contact Do not rub eyes. Rinse with water. Get medical attention if imitation develops and persists,
ingestion Rinse mouth. Get medical attention if symptoms occur,

4.2 Most Important Dusts may imitate the respiratory tract, skin and eyes.

symptoms/effects, acute and

delayed

4.3 Indication of immediate Treat symptomatically.

medical considerations and

Important specific treatment

that should be performed

General advice Ensure that medical personnel are awara of the ial(s) involved, and take hons to
protect themselves.

5. Fire-fighting measures

5.1 Prohibited extinguishing media and sultable extinguishing media
Suitable extinguishing Water fog. Foam. Dry chemical powder. Carbon dioxide (CO2).

media
Unsuitable extinguishing Do not use water jet as an extinguisher, as this will spread the fire.
media
5.2 Specific hazards arising During fire, gases hazardous to health may be formed.
from chemicals
5.3 Special protective Material can be slippery when wet
equipment and precautions for
fire-fighters
Fire fighting Move containers from fire area if you can do so without risk.
equipmenvinstructions
General fire hazards No unusual fire or explosion hazards noted.
Specific methods Use dard firefighting proced and ider the hazards of other involved materials.
6. Accidental release measures
0 1 Personal precautions, Keep unnecessary personnel away. Material can be slippery when wet. Wear appropriate
and and clothing during clean-up. For personal protection, see section 8 of the
amrgancy procedures SDS.
6.2 Envi i Avoid disch into drains, water courses or onto the ground,

6.3 Methods and mmrluls for  Avoid the generation of dusts during clean-up. Callect dust using a vacuum dleaner equipped with
containment and cleaning up  HEPA filter. Stop the flow of material, if this is without risk.

Large Spills: Wet down with water and dike for later disposal. Shovel the material into waste
container. Following product recovery, flush area with water,

Small Spills: Sweep up or vacuum up spillage and collect in suitable container for disposal. For
waste disposal, see saction 13 of the SDS.

7. Handling and storage

7.1 Precautions for safe i dust ion and lation. Provide iate exhaust ilation at places
handling, use and storage where dust is formed. Practice good housekeeping.

7.2 Conditions for safe Store in tightly closed iner. Store in a well d place. Keap cut of the reach of children.
storage, Including any Store away from incompatible materials (see Section 10 of the SDS).

incompatibilities

8. Exposure controls/personal protection
8.1 Control parameters

Occup il exp limits  Noexp limits noted for ingredient(s ).

Biological limit values No biclogical exposure imits noted for the ingredient(s).
Material name: AP1 13 A SEC-11 {OCMA) SDS THAILAND
5425 Version & 35 lssue date 28-Apnk2022  Revision dale: 28-Apnl-2022 216

Project Title . Reroute Fuel Pipeline on Overlapping Area of Airport Rail Link (RFPT)




PMC-CSC / CONTRACTOR

X &9

Document No.
‘ PT o - v ol RFPT-PR-X-2022.01-200-033
=

us6N vududadunne vain

Project Title

Revision 0
INDEX BENTONITE MANAGEMENT PROCEDURE Page No. : 10 of 25
8.2 Appropriate engineering If material is ground, cut, or used in any cperation which may generate dusts, use appropriate local
controls exhaust ventilation to keep axposures balow the recommended exposure limits.

8,3 Personal protective measures

Eyelface protection

Skin protection
Hand protection

Other
Respiratory protection
Thermal hazards

General hygiene
considerations

Applicable for industrial settings only. Wear safety glasses with side shields (or goggles).

Applicable for industrial settings only. Wear appropriate chemical resistant gloves.
Applicable for industrial settings only.

Applicable for industrial settings only. Wear respirator with dust filter,

Wear appropriate thermal proteciive clothing, when necessary.

Always observe good personal hygiene measures, such as washing after handling the material
and bafore eating, drinking, and'or smoking. Routinely wash work clothing and protective
equipment to remave contaminants,

9. Physical and chemical properties

9.1 Appearance
Physical state Solid,
Form Granular. or Powder,
Color Various.
9.2 Odor Not available.
9.3 Odor threshold limit Not applicable.
9.4 pH 8-105
9.5 Melting pointi/freezing point > B42 °F (> 450 °C)/ Not applicable.
9.6 Initial bolling point and Net applicable.
boiling range
9.7 Flash point Net applicable.
9.8 Evaporation rate Not available.
9.9 Flammabllity (solid, gas) Not available,
9.10 Upper/i y or explosive limits
Flammability limit - lower  Not appicable.
%)
Flammability limit - upper Net applicable.
(%)
Explosive limit - lower (%)  Not available.
Explosive limit - upper (%) Not available.
9.11 Vapor pressure Not applicable.
9.12 Vapor density Net applicable.
9.13 Relative density 2.6 glem?
9.14 Solubllity(ies)
Solubility (water) < 0.9 mgil
9,15 Partition coefficient: Mot applicable.
n-octanoliwater
0.16 Autc-ignition temperature  Not applicable.
9,17 Decomposition > 932 °F (> 500 °C)
temperature
9,18 Viscosity Not applicable.
Viscosity temperature Not applicable.
Other information
Bulk density 0.9- 1.4 glem®
Explosive limit Mot applicable.
Explosive properties Not explosive.
Explosivity Not applicable.
Flame extension Not applicable,
Flammability Mot applicable.
Flammabllity {flash back) Nt applicable,
Flammability (Heat of Not applicable.
combustion)
Flammability (Train fire) Mot applicable.
Material namea: APl 13 A SEC-11 (OCMA) S0S THALAND
5425 Vession # 35 lssue date 28-April-2022 Revision date: 28-Apnil-2022 3/8
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Flash point class Mot flammable
Molecular formula UVCB Substance
Molecular weight Mot applicable.
Oxidizing properties Not oxidizing.
Percent volatile 0%
Specific gravity Mot applicable.
voc 0%

10. Stability and reactivity

104 Reactivity The product is stable and non-reactive under normal conditions of use, storage and transport.

Project Title -

10.2 Chemical stability

10.3 Possibility of hazardous
reactions

10.4 Conditions to avoid

10.5 Incompatible materials

10.6 Hazardous decomposition
products

Material is stable under normal condifions.
No dangerous reaction known under conditions of normal use.

Keap away from hnal hot surfaces, sparks open flames and other ignition sources. Avoid
temperatures g the P P e. Contact with incompatible materials.

Strong oxidizing agents.
No hazardous decomposition products are known.

11. Toxicological information
11.1 Information on Iikely routes of exposure

Inhalation
Skin contact
Eye contact
Ingestion

11.2 Ssymptoms related to
physical, chemical and
toxicological characteristics
11.3 Delayed and immediate
effects, including chronic
effects from short- and
long-term exposure

11.4 Numerical values of toxicity

Acute toxicity
Product

Dust may irritate respiratory system.

Dust or powder may irritate the skin.

Dust may iritate the eyes.

Expected to be a low ingestion hazard.

Dusts may imitate the respiratory tract, skin and eyes.

Not available.

Not known,
Species Test Results

Bentonite (CAS 1302-T8-9)
Acute
Inhalation
Dust
LCSs0
Oral
Dust
LDS0

Rat >5.27 mgll, 4 hr OECD 436

Rat > 2000 mykg OECD 425

Skin corr

Serlous eye damage/eye
irritation

p y or skin
Respiratory sensitization
Skin sensitization

Germ cell mutagenicity

Carcinogenicity

Reproductive toxicity

F ged skin contact may cause temporary irritation.
Direct contact with eyes may cause temporary iritation.

Not a respiratory sensitizer.
This product is not expected to causa skin sensitization.

No data available to indicate produd or any components present at greater than 0.1% are
mutagenic or genofoxic.
In June 2003, SCOEL (the EU Scientific Ci i on O ional Limits) cuded
that the main effect in humans of the inhalation of respirable wsﬂlr\e slhca dust is silicosis.
"Thera is iant information fo that the relative risk of lung cancer is increased in
persons with silicosss (and, apparently, not in employees without silicosis exposed to silica dust in
quarries and in the ceramic industry). Therefore, preventing the onset of silicosis will also reduce
the cancer risk...” (SCOEL SUM Doc 84-final, June 2003) According to the current state of the ar,
wetkst pl'oledm agamsl sllicosis can be i ly assured by ing the existing

limits. O i , to respirable dust and respirabl
o‘ysballma sxb:a should be monitored and contrelled.

This product is not axp d to causa reprod or | affects.

Material name: AP1 13 A SEC-11 (OCMA) 508 THNLAND
5425 Version #: 35  Issue dale: 28-Apil2022  Revision date: 28-Apnl-2022 4/6
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Specific target organ toxicity -  Not classified.
single exposure
Specific target organ toxicity -  Not classified.
repeated exposure

Aspiration hazard

Not an aspiration hazard,

12. Ecological information

12.1 Ecological toxicity

The product is not classified as environmentally hazardous. However, this does not exclude the
possibility that large or frequent spills can have a harmiul or damaging effect on the environment.

PMC-CSC + CONTRACTOR Document No.
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Product Species Test Results
Bentanite (CAS 1302-78-9)
Aquatic
Algae EC50 Freshwater algae > 100 mg/l, 72 hours
Crustacea ECS0 Coon stripe shrimp (Pandalus danas)  24.8 mg/l, 96 hours
Daphnia = 100 mg/l, 48 hours
Dungeness or edible crab (Cancer 81.6 mg/l, 6 hours
magister)
Fish LC50 Freshwater fish 16000 mg/, 96 hours
Marine water fish 2800 - 3200 mg/, 24 hours
Acute
Fish LC50 Rainbow trout,donaldsen trout 18000 mg/l, 96 hours
{Oncorhynchus mykiss)
12.2 Persistence and No data is available on the degradability of this subst
degradability
12.3Bi I Nodata
12.4 Mobllity in soil Ne data available.

12.5 Other adverse effects

No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation
potential, endocrine disruption, global warming potential) are expected from this component.

13. Disposal considerations

Disposal instructions

Lecal disposal regulations
Waste from residues / unused
products

Contaminated packaging

14. Transport information
ADR

Collect and raclaim or dispose in sealed containers at licensed waste disposal site.
Dispose in accordance with all applicable regulations.

Dispose of in accordance with local regulations. Emgty containers or liners may retain some
product residues. This materal and its container must be disposed of in a safe manner (see:
Disposal instructions).

Since emptied containers may retain product residue, follow label wamings even after container is
emptied. Empty containers should be taken to an approved waste handling site for recycling or

disposal.

Mot regulated as dangercus goods.

1ATA

Not regulated as dangerous goods.

IMDG

Not regulated as dangerous goods.
14.7 Transport in bulk according Not applicable.

to Annex |l of MARPOL 73/78
and the |IBEC Code

15. Regulatory information

Safety, health and env

specific for the substance or mixture

Hazardous substances in the work place (DLPW Notification Re: List of H d [+ Is, Royal Gazette, Vol. 130
Part 185 Ngor, issued December 20, B.E.2556 (2013))

RESPIRABLE DUST (CAS SEQ250)

Thailand. Explosive Substances & Precursars (Ministry of Defense Notification Re: Arms Subject to Imports License)

Not regulated,
Thailand. Rep I (Notification of Ministry of Industry Re: Bases respecting report of quantity
of 5 under Dep of I Works, B.E. 2547)

Not regulated.

Material name: API 13 A SEC-11 (DCMA)
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516

International Inventories
Country(s) or region
Australia
Canada
Canada
China
Europe

Europe
Japan

Korea

New Zealand
Philippines

Taiwan
United States & Puerto Rico

Inventory name On inventory (yesino)*
Australian Inventory of Industrial Chemicals (AICIS) Yes
Domestic Substances List (DSL) Yes
Neon-Domestic Substances List (NDSL) No
Inventory of Existing Chemical Substances in China {IECSC) Yes
European Inventory of Existing Commercial Chemical Yes
Substances (EINECS)

European List of Notified Chemical Substances (ELINCS) No
Inventory of Existing and New Chemical Substances (ENCS) No
Existing Chemicals List (ECL) Yes
New Zealand Inventory Yes
Philippine Inventory of Chemicals and Chemical Substances Yes
(PICCS)

Taiwan Chemical Substance Inventory (TCSI) Yes
Toxic Substances Control Act (TSCA) Inventory Yes

A ~Yes® indicates that all components of this product comply with the inventory requirements administered by the goveming country(s)
A"Mo” indicates that one or more components of the product are nol listed or exemplt from Isting on the nventory administered by the governing

country(s)

16. Other information, including date of preparation or last revision

Issue date
Revision date
Version #
Disclaimer

Revision infermation

28-April-2022
28-April-2022
35

AMCOL International (Thailand) Limited, an MTI Company cannot anticipate all conditions under
which this information and its product, or the products of other manufacturers in combination with
its product, may be used. Itis the user's rasponsibility to ensure safe conditions for handling,
storage and disposal of the product, and to assume liability for loss, injury, damage or expense
due to improper use. The information in the sheet was written based on the best knowledge and
experience currently available. The information provided in this Safety Data Sheet is correct to the
best of our knowledge, information and belief at the date of its publication. The manufacturer
expressly does not make any representations, waranties, or guarantees as fo its accuracy,
reliability or completeness nor assumes any liability, for its use. It is the user's responsibility to
werify the suitability and compl of such inf for each particular use. The information
given is designed only as a gui for safe handling, use, storage, transportation,
disposal and release and is not to ba considerad a warranty or quality specification. The
information relates only to the specific material designated and may not be valid for such material
used in combination with any other materials or in any process, unless specified in the text.
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Bentonite and Mixer Usage
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Bentonite Handling Systems

A sump will be excavated at the entry point from where the returns will be pumped directly into
the mud cleaning system and holding tanks. The stored fluid will again be pumped through the drill
string back into the borehole, therefore providing a closed loop circuit for the drilling fluid.

Once reaming commences, returns will be generated at the exit point. Mud pit will be
excavated allowing some storage capacity before the mud is pumped back to the recycling system.

Cuttings and excess drilling fluid will be stored in excavated site before being removed by dump
truck to the dump site.

During pullback, drilling fluid in the borehole will be displaced as the pipeline is inserted. This
fluid will be stored temporarily at either ends of the crossing.

Bentonite Frac-Out

The drill bit location will be monitored on the surface at regular intervals during pilot hole
drilling. Sandbags will be stored on site where they can be easily and quickly brought to the frac-out
point. Monitoring personnel will be equipped with radios for instant communication with the driller.

In the event of bentonite frac-out;
e  Report immediately to driller
Slow down or stop drilling if necessary
Contain the bentonite with sandbags / excavated material
Recover the bentonite by pumping to the nearest entry or exit pit
If a line cannot be established to the mud pits, vacuum truck will be utilized
Discharge the bentonite into the entry / exit pits for recycling
Upon completion of the crossing, drilling fluid and cuttings to be removed.
Signs / barriers to be erected and flagmen deployed in the event frac-out on roads

In the event of bentonite frac-out in the River;
e Monitor frac-out for 4 hours to determine if the drilling mud congeals. (Bentonite will usually
harden, effectively sealing the frac-out location).
e  Execute next appropriate action among the following:
e If drilling mud congeals, take no other action that would potentially suspend sediments in
the water column.
e If drilling mud does not congeal, erect isolation/containment environment.

Cleaning, Spoil Separation, and Disposal

During the drilling of the borehole, cuttings will be produced. The cuttings will be carried back
through the hole by the drilling fluids to the mud pit assuming that the returns are kept. The mud is
pumped from a sump below ground level into the recycling system. The mud pit will be temporarily
fenced to prevent people from falling into the pit.

The level of drilling fluid in the mud pit will be monitored during drilling operations. The driller,
mudman, and rig hands will be able to monitor the level of the drilling fluid in the mud pit. The
mudman will keep the circulating drilling fluid system in balance and control the rate of pumping from
the mud pit to the drilling fluid recycling system. Supervisor assesses the separation of spoil from the
equipment and the flow rates into the mud tanks. Experience the machinery and mud management
allows supervisor to determine the overall balance of the drilling fluid system.

Disposal of Mud

Cuttings shall be disposed to dump site. Waste drilling fluid after the completion of HDD
operations will be disposed to dump site.

Reaming and pullback process

e  Backhoe and seal dump truck will standby

e Use backhoe for cutting waste soil and mud that remains from recycle process to seal dump
truck during reaming and pullback
e  Carrying waste drilling fluid to disposal pits

In the event of bentonite frac-out

e Vacuum truck will standby

e Sign, barriers frac-out area

e Vacuum truck remove mud out from frac-out area

e Carrying waste drilling fluid to disposal pits
Transportation

e  Specially modified dump truck will be used to transport waste mud

e Dump truck will be inspected to ensure that no mud escapes during transportations
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OWNERSHIP ‘ EXAT | SRT
JURISDICTION KHET RATCHATHEW, BANGKOK
LAND USE OPEN AREA | EXAT-RAMA VI RD. ‘ OPEN AREA
X l PL5 KP.0+540.750 I [ SEE DETAIL DWG. NO.
N 1,521,534.526 \’L/ REPT-D3-2022.01-200-112
| P £ 664,842,372 ! PL6 KP.0+612.409
el FeT |7 wwmare (o =790'0" RT J NE 1655?7'%93&5 /
14" (L | BORING2 EXIT KP. 04540750 | it
A - o~
K. 2¢660 OF EXISTNG RAILWAY £ | | BORING2 ENTRY
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1. Introduction

Underground Investigation Company Limited has been appointed by CCS Corporation Co., Ltd.
to provide an underground utility survey at Re-route fuel pipeline on overlapping area of airport rail
link project (RFPT) KP 0+150 to KP 0+255, Kampheangphet 2 Road, Chatuchak, Bangkok. The fieldwork
was conducted on May 14, 2022. Electromagnetic detector equipment and ground penetrating radar
(GPR) were used in the underground utility survey. The underground utility survey location is presented

in Figure 1.

Figure 1 Underground utility survey location

2. Underground utility survey by Ground Penetrating Radar (GPR)
2.1 Methodology

GPR uses high-frequency (usually polarized) radio waves, usually in the range 10 MHz to 2.6
GHz. A GPR transmitter emits electromagnetic energy into the ground. When the energy encounters a
buried object or a boundary between materials having different permittivity, it may be reflected or
refracted or scattered back to the surface. A receiving antenna can then record the variations in the
return signal.

Locating utility lines and structures generally uses an electronic locator that transmits a radio
signal down a metallic cable, pipe or tracer wire. A receiver detects the radio signal emitted on the
line and enables the locator to determine the location. Electronic locating is the best way to quickly
and accurately locate and identify buried utility lines. There are however instances where a utility line
is unlocatable due to the line being non-metallic. This is where GPR can be useful as it does not
require the line to be metallic. GPR can be the only way to locate non-metallic lines without
randomly potholing. As the GPR scans while rolling along the ground it shows the ground layers and
voids. Conduits show up as voids which look like inverted "U"s which are called hyperbolas.

The penetration achieved with GPR depends primarily on the electrical conductivity of the
subsurface materials (the water, and the underlying sediments and rock), and the GPR antenna
frequency used. Lower frequencies penetrate deeper, but a lower resolution image is obtained than
would be with higher frequencies. Radio-frequency electromagnetic pulses are transmitted into the
subsurface and are reflected back to the surface at boundaries where there is a change in dielectric

permittivity, as presented in Figure 2

Antenna
Ground Surface

Figure 2 Ground Penetrating Radar Survey



The GPR method provides a rapid means of non-intrusive data collection. The system is most
commonly moved along the surface at a consistent pace as data are collected continuously along
profiles. The depth at which a feature can be imaged is largely dependent on subsurface material type
(resistive versus conductive). With prior knowledge of expected subsurface materials and clearly
defined objectives, an experienced operator can optimize data collection parameters to compensate
for less than ideal geologic environments.

2.2 GPR Equipment

MALA Easy Locator GPR system operates with 500 MHz frequency shielded antenna was use in

the underground utility survey. This system is well adapted for delineating features such as utilities and

USTs in cluttered urban environments. GPR device used is presented in Figure 3

Battery box
Control unit

Figure 3 MALA Easy Locator

3. Underground utility survey by Electromagnetic Locating (EM)

This underground utility locating technique has become almost universal. Its main shortcoming
is that it will not locate non-metallic lines such as plastic pipes. However, utilities taking the small
amount of trouble to lay tracer wires with plastic pipes are not affected by this shortcoming. The
technology has a large number of advantages. There are two main techniques of underground utility

locating by electromagnetic locating include active methods and passive method.

3.1 Active Method

This method uses of artificially generated signal by an external source (use of transmitter). The
transmitter used for direct connection or for induction to active signal to a conductor using a clamp.
Active signal application requires the use of a signal transmitter designed to produce from battery

power an a.c. voltage of known frequency and applying it to the target buried conductors.

® Direct connection
The output AC voltage from the signal generator is connected directly to the pipe or cable at
an access point such as a valve, meter or end of the conductor, and the circuit is completed by a

connection to a stake or other ground connection point.

Figure 4 Direct connect method.

The signal will be detectable along the line over a distance dependent upon the type and size
of the line and soil conditions. The presence of insulated pipe joints will of course significantly reduce
or inhibit the signal, while the choice of frequency will also have an important influence. Note also
that any lines sharing a common ground point with the connected line will also carry the same signal
to a greater or lesser extent, depending largely on how well coupled to ground they are.

® |nduction

The rectangular coil in a signal transmitter fed with the output AC voltage sets up a magnetic
field through the coil, returning through the earth below. A conductor AB lying parallel to the coil is
linked by this field, and therefore has a voltage induced in it. If the conductor is oriented across the
coil in position CD there will be no linkage and no voltage. Correct section of coil with target
conductor is therefore essential, and the field will be concentrated in a narrow band below the coil.
Laying the coil horizontal produces a much less localized field spread, useful for ‘blanket’ signal

application, but there is no coupling to a line directly below the coil.

Figure 5 Signal Induction method.



It should be noted that the signal current induced will depend upon how well grounded the
line is, on the frequency used, and also on the absence or presence of insulated pipe joints. In
general, a frequency of 8kHz or higher will be found effective for induction, but the higher the
frequency the more easily will the signal be coupled into other adjacent lines. Where more than one
line is linked by the transmitter field, the one with the best grounding will generally carry the strongest
signal. Sometimes induction is the only way of applying an active signal to a line, but it is not as
effective as direct connect method. Lines may be adjacent and more than one line will receive the
signal; it is not often possible to be certain about the identity of the line to which the signal has been

applied and the signal is not as strong as when applied by the other techniques.

3.2 Passive Method

Passive method using the signal that occurs naturally on a buried conductor and this method
provides an indication only that services are present underground. These are naturally present in many
conductors without any action by the user. Obvious examples are power cables which carry currents
as part of their normal duty. Less obvious perhaps is the fact that the earth is full of power system
return currents, which will tend to flow along the convenient paths of lower resistance provided by
metal pipes and cable sheaths. Even less obvious are radio frequency currents resulting from long
wave radio transmissions which penetrate the ground and again flow along buried pipes and cables,
whether electrically live or dead. Passive signals therefore enable conductors to be located, but not
identified, because the same signals may appear on any conductor.
3.3 Electromagnetic Locating Equipment

Electromagnetic detection method are mainly use for locating underground metallic material
such as steel pipe, electrical cable, etc. Locating equipment are presented in Figure 6 and Figure 7

respectively.

Figure 6 Electromegnetic Transmitter Radiodetection TX-3

Figure 7 Electromegnetic Receiver Radiodetection RD4000

4. Underground utility survey result

The result is presented in Figure 8.

e if / !

Figure 8 Underground utility survey result



A total of 11 sections of ground penetrating radar survey were performed to cover the
proposed construction site and vicinity area, as presented in Figure 8. Radargrams of each section are
as follow;

4.1 Section A radargram.

The total distance of section A is 10 m, and the penetration depth of GPR is 8 meters. Drainage

pipe, Fuel pipe, and PTT gas pipeline were detected at the depth of 1.50 m as presented in Figure 9.

Figure 9 Section A (0 - 10 m)
4.2 Section B radargram.
The total distance of section B is 8 m, and the penetration depth of GPR is 8 meters. Drainage
pipe, Fuel pipe, and PTT gas pipeline were detected at the depth of 1.50 m, 1.2 m, and 1.2 m

respectively as presented in Figure 10.

E ]
Figure 10 Section B (0 - 8 m)

4.3 Section C radargram.
The total distance of section C is 7 m, and the penetration depth of GPR is 8 meters. Drainage
manhole with an approximate depth of 5.5 meters and fuel pipe with a depth of 1.2 meters were

detected as presented in Figure 11.

Figure 11 Section C (0 - 7 m)
4.4 Section D radargram.
The total distance of section D is 8 m, and the penetration depth of GPR is 8 meters. Drainage
pipe and fuel pipe were detected at the depth of 1.0 m and 1.2 m respectively as presented in Figure

12.

Figure 12 Section D (0 - 8 m)



4.5 Section E radargram.
The total distance of section E is 9 m, and the penetration depth of GPR is 8 meters. Drainage
pipe and fuel pipe were detected at the depth of 1.0 m and 1.2 m respectively as presented in Figure

13.

Figure 13 Section E (0 - 9 m)
4.6 Section F radargram.
The total distance of section F is 9 m, and the penetration depth of GPR is 8 meters. Drainage
pipe and fuel pipe were detected at the depth of 1.0 m and 1.2 m respectively as presented in Figure
14.

Figure 14 Section F-F’ (0 - 40 m)

4.7 Section G radargram.
The total distance of section G is 8 m, and the penetration depth of GPR is 8 meters. Drainage

pipe was detected at the depth of 1.0 m as presented in Figure 15.

Figure 15 Section G (0 — 8 m)
4.8 Section H radargram.
The total distance of section H is 7 m, and the penetration depth of GPR is 8 meters. Drainage

pipe was detected at the depth of 1.0 m as presented in Figure 16.

Figure 16 Section H (0 — 7 m)

10



4.9 Section | radargram. 4.11 Section K radargram.
The total distance of section | is 6 m, and the penetration depth of GPR is 8 meters. Drainage The total distance of section K is 6 m, and the penetration depth of GPR is 8 meters. Drainage

pipe was detected at the depth of 1.0 m as presented in Figure 17. pipe was detected at the depth of 1.0 m as presented in Figure 19.

Figure 17 Section | (0 - 6 m)

4.10 Section J radargram.

The total distance of section J is 6 m, and the penetration depth of GPR is 8 meters. Drainage
Figure 19 Section K (0 — 6 m)

pipe was detected at the depth of 1.0 m as presented in Figure 18.

Figure 18 Section J (0 - 6 m)
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