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Drawing BV 1.1



Underground Route Line HV/LV System
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Underground Route Line Instrument System
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Signal

Service Type Length
Item No. I/E . From to S=Signal Cable Spec Remark
Equipment (m)
P=Power
G=Ground
1 Instrument Pressure Transmitter IPU 801-PT-105 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 18
2 Instrument Pressure Transmitter IPU 802-PT-105 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 16
3 Instrument Pressure Transmitter IPU 803-PT-105 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 15
4 Instrument Temperature Element IPU 801-TE-102 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 19
5 Instrument Temperature Element IPU 802-TE-102 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 17
6 Instrument Temperature Element IPU 803-TE-103 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 16
7 Instrument Pig Signal IPU 801-GO-106 S 1P x 1.5 sg.mm CU, XLPE/OS/SWA/LSZH, 300/500V 18
8 Instrument Pig Signal IPU 802-GO-107 S 1P x 1.5 sg.mm CU, XLPE/OS/SWA/LSZH, 300/500V 16
9 Instrument Pig Signal IPU 803-GO-106 S 1P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 15
10 Instrument Gas Detector Indicator IPU 800-QIA-502 S 1T x 1.5 sg.mm CU, XLPE/OS/SWA/LSZH, 300/500V 20
11 Instrument Shut off Valve IPU 801-HOV-107 S 6P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 21
12 Instrument Shut off Valve IPU 802-HOV-108 S 6P x 1.5 sqg.mm CU, XLPE/OS/SWA/LSZH, 300/500V 20
13 Instrument Shut off Valve IPU 803-HOV-107 S 6P x 1.5 sq.mm CU, XLPE/OS/SWA/LSZH, 300/500V 19
14 Electric MCC MCC Transformer P 3C x 35 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 50
15 Electric Switch'lWugvain9viag T Load Panel 220VAC Switch'lWusginavag I P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 10
16 Electric Consumer Unit lWanas sia. Load Panel 220VAC Consumer Unit lWaans sia. P 3C x 4 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 30
17 Electric SwitchlWugyai19wiav Battery Load Panel 220VAC SwitchlWuavai19viav Battery P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 10
18 Electric Switch ‘lWuasgIvradLiuuad Load Panel 220VAC Switch ‘lWuavainvviaviiuuag P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 50
19 Electric IWsuruaas sin. Load Panel 220VAC IWa&uruaag 510, P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 12
20 Electric TWusIgIIRUINR UV Load Panel 220VAC IWuIRINIRUINR UV P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 56
21 Electric TWusgIIRUINNRIRANT Load Panel 220VAC TWusvsIIRUNNRIRAT P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 12
22 Electric R ENNSR Load Panel 220VAC LeFUaY W P 1C x 2.5 sq.mm CU, THW, 450/750V (3 Cable L+N+G) 11
23 Electric L6iNSU1iav Battery Load Panel 220VAC L6n3uviav Battery P 1C x 2.5 sg.mm CU, THW, 450/750V (3 Cable L+N+G) 11
24 Electric wWsuvatiuuag Load Panel 220VAC wsuadtiuuad P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 50
25 Electric Tuggvviag i 3 aa SwitchlWugvavvias T TWugegI19ravluvi 3 3a P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 15
26 Electric TWugeai19viavg Battery 1 qm SwitchlWugyai191iavy Battery TWugvsi19viag Battery 1 3m P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 5
27 Electric wwiavfuainiavasivih 2 am Switch wa3asilfuainiavasivih [irsasdfuainiaiadini 2 A P 3C x 4 sg.mm CU, 450/750V (L+N+G) 15
28 Electric IWugvaIIWadLAunad 3 3 Switch IWugvaigriadLAuuag TWugvaIIwadLAunaY 3 36 P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 10
29 Electric RTU Distribution Board 24VDC RTU P 2C x 4 sq.mm CU, XLPE/OS/LSZH, 300/500V 12
30 Electric IPU Distribution Board 24VDC IPU P 2C x 4 sq.mm CU, XLPE/OS/LSZH, 300/500V 13
31 Electric Emergency Light a1a15 51a. Distribution Board 24VDC Emergency Light a1a15 51n P 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 40
32 Instrument Alarm Bell ¥iav 51, CO2 Control Panel Alarm Bell viav sda. ) 6P x 1.5 sqg.mm CU, XLPE/OS/SWA/LSZH, 300/500V 30
33 Instrument Alarm Bell ¥iag' 1w CO2 Control Panel Alarm Bell ®ag 1w S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 15
34 Instrument Alarm Bell viav Battery CO2 Control Panel Alarm Bell viav Battery S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 10
35 Instrument Alarm Lamp vaa 1w CO2 Control Panel Alarm Lamp vaa'lwWvi S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 18
36 Instrument Alarm Lamp viav Battery CO2 Control Panel Alarm Lamp viav Battery S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 14
37 Instrument Smoke Detector viav Battery CO2 Control Panel Smoke Detector 1iav Battery S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 10
38 Instrument Smoke Detector ¥ag'lW#h 2 qaa CO2 Control Panel Smoke Detector Wag'lW 2 qm S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 25
39 Instrument Limit Switch dsgamivrinviaelwih  |RTU Limit Switch dszgniatrinviag il S 1P x 1.5 sq.mm FR, LSZH, Shielded, 300/500V 8
40 Instrument fluzamuiandaaniiuviassda.  |RTU fluzamuavdaantiuiiassua. S 3C x 2.5 sq.mm CU, XLPE/SWA/LSZH, 0.6/1 kV 40
41 Electric Switch'lWugvainvriavsla. 3 3a Consumer Unit 1Wa1a1s sua. SwitchlWugva3invriavsa. 3 3a P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 6
42 Electric SwitchlWugyavninainissln. Consumer Unit ‘lWaia1s sda. SwitchlWugvaingninaInssln. P 1C x 2.5 sqg.mm CU, THW, 450/750V (2 Cables L+N) 6
43 Electric LWTUYa9sln. 4 3a Consumer Unit Waia1s sda. LSRN, 4 3@ P 1C x 2.5 sq.mm CU, THW, 450/750V (3 Cable L+N+G) 30
44 Electric TWug9aI9a91ag 4 Im SwitchlWugvai19riassia. 1 TWug9aIneiaglag 4 3a P 1C x 2.5 sg.mm CU, THW, 450/750V (2 Cables L+N) 30
45 Electric TWuggIvviavnin 1 3m SwitchlWugvanviavsa. 2 TWuggI19aInd? 1 3m P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 4
46 Electric Wua9dIneriasiii 1 3m SwitchlWugvanviavsa. 3 uaodingriaciii 1 am P 1C x 2.5 sq.mm CU, THW, 450/750V (2 Cables L+N) 4
47 Electric E1l Ground ]B Main Ground JB E1 Ground JB G 1C x 70 sq.mm THW/750V 40
48 Electric E2 Ground JB Main Ground ]B E2 Ground JB G 1C x 70 sq.mm THW/750V 30
49 Electric E3 Ground 1B Main Ground JB E3 Ground JB G 1C x 70 sq.mm THW/750V 15
50 Electric E4 Ground JB Main Ground JB E4 Ground JB G 1C x 70 sq.mm THW/750V 15
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ELECTRIC CABLE
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6 ES-70.02.21

PTT PUBLIC CO., LTD PAGE: 2 of 20
ENGINEERING STANDARD

REV: 2

ADDENDUM
ltem Section Description
3 APPLICABLE | Added
CODES,... The applicable sections, latest editions and supplements

of the following codes, standards and regulations, unless
modified herein, shall constitute minimum requirements
and form part of this specification:

IEC 60228

IEC 60228A

IEC 60331

IEC 60332-1-2

IEC 60332-3

IEC 60502-2

IEC 60540

IEC 60754

IEC 60811

- Conductors of insulated cables.

- First supplement: Guide to the
dimensional limits of circular conductors.

Fire-resisting characteristics of
electric cables.

- Tests on electric and optical fiber
cables under fire conditions - Part 1-2:
Test for vertical flame propagation for a
single insulated wire or cable - Procedure
for 1 kW pre-mixed flame

- Tests on electric cables under fire
conditions.

- Extruded solid dielectric insulated
power cables for rated voltages from 1 kV
up to 30 kV.

- Test methods for insulation and
sheaths of electric cables and cords
(elastomeric and thermoplastic
compounds).

- Tests on gases evolved during
combustion of electric cables.

- Common test methods for insulating
and sheathing materials of electric
cables.

26/143
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IEC 60815

IEC 60815-2

IEC 61034-1

IEC 61034-2

BS 5308

- Electrical test methods for electrical
cables.

- Partial discharge tests.

- Measurement of Smoke Density of
Cables Burning Under Defined
Conditions - Part 1: Test Apparatus

- Measurement of Smoke Density of
Electric Cables Burning Under Defined
Conditions - Part 2: Test Procedure and
Requirements

- Instrumentation cables.

BS 4066 Part 3- Test on electric cable under fire

BS 5467

BS 6004

BS 6360

BS 6469

BS 6387

BS 6622

conditions:

Method of classification of flame
propagation characteristics of bunched
cables.

- Cables with thermosetting insulation
for electricity supply for rated voltages up
to and including 1900/3300 V.

- PVC insulated cables (non-armoured)
for electric power and lighting.

- Conductors in insulated cables and
cords.

- Methods of test for insulation and
sheaths of electric cables.

- Performance requirements for cables
required to maintain circuit integrity
under fire conditions.

- Cables with extruded -cross-linked
polyethylene or ethylene-propylene
rubber insulation for rated voltages from
3600/6600 V up to 19000/33000 V.

277143
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ENGINEERING STANDARD
REV: 2

BS 6746 - PVC insulation and sheath of electric
cables.

Any conflict between this specification and referenced
documents shall be brought to the attention of the
Company in writing for resolution. In general, the order of
precedence is:

e Thai national laws, statutory and local
authority regulations.

e This specification.

e Referenced codes and standards.

Compliance with this specification does not relieve the
Contractor of the responsibility of supplying cables of
proper design and construction and full suitability for all
the specified operating conditions.

6.1.2.1

Medium

Correct
Voltage... Core |dentification: Blown, Black, Gray
6.1.2.2 | Low Correct
Voltage... Core Identification: Blown, Black, Gray
Added
For battery application, conductor shall be fine strands of
high quality plain copper wire without steel wire armoured.
6.1.24 Flre_ Correct
Resistance

Cables

Core ldentification: Blown, Black, Gray

28/143
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ELECTRIC CABLE (‘5 ES-70.02.21

SPECIFICATION PTT PUBLIC CO., LTD PAGE: 5 of 20

ENGINEERING STANDARD
REV: 2

1. SCOPE

This specification defines the minimum requirements for the design, manufacture,
inspection, testing, packing and shipping of Electrical and Instrumentation Cables
for the PTT Project hereinafter referred to as the Plant.

Plant electrical cables are categorized as follows:

o Medium voltage (33 kV, 22 kV, 11 kV and 6.9 kV) power cables.
o Low voltage (380/220 Vac, 125 Vdc, 24 Vdc) power and lighting cables.

. Control cables.
. Fire resistant cables.
o Grounding cables.

Plant instrumentation cables are categorized as follows:

o Signal cables for general instrumentation.

o Signal cables for fire and gas detection service and Plant communication.
o Cables for instrumentation power signals.

o Cables for fire and general alarm protection service.

o Thermocouple cables.

o Computer and data transmission cables.

2. DEFINITIONS

Company : PTT (PTT Public Company Limited)

Contractor : The party that carries out all or part of the EPCC contract.

Purchaser : Company or Contractor as specified in the covering letter of
the inquiry document.

Vendor : Manufacturer/Supplier/Vendor is the party that manufactures
or supplies equipment and services to perform the duties
specified by the Purchaser.

3. APPLICABLE CODES, STANDARDS AND REGULATIONS

The applicable sections, latest editions and supplements of the following codes,
standards and regulations, unless modified herein, shall constitute minimum
requirements and form part of this specification:

29/143
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ENGINEERING STANDARD

REV: 2

IEC 60228

IEC 60228A

IEC 60331

IEC 60332-1-2

IEC 60332-3

IEC 60502-2

IEC 60540

IEC 60754

IEC 60811

IEC 60815

IEC 60815-2

IEC 61034-1

IEC 61034-2

BS 5308

BS 4066 Part 3

Conductors of insulated cables.

First supplement: Guide to the dimensional limits of
circular conductors.

Fire-resisting characteristics of electric cables.

Tests on electric and optical fiber cables under fire
conditions - Part 1-2: Test for vertical flame propagation
for a single insulated wire or cable - Procedure for 1 kW
pre-mixed flame

Tests on electric cables under fire conditions.

Extruded solid dielectric insulated power cables for
rated voltages from 1 kV up to 30 kV.

Test methods for insulation and sheaths of electric
cables and cords (elastomeric and thermoplastic

compounds).

Tests on gases evolved during combustion of electric
cables.

Common test methods for insulating and sheathing
materials of electric cables.

Electrical test methods for electrical cables.
Partial discharge tests.

Measurement of Smoke Density of Cables Burning
Under Defined Conditions - Part 1: Test Apparatus

Measurement of Smoke Density of Electric Cables
Burning Under Defined Conditions - Part 2: Test
Procedure and Requirements

Instrumentation cables.
Test on electric cable under fire conditions:

Method of classification of flame propagation
characteristics of bunched cables.

30
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ELECTRIC CABLE (‘5 ES-70.02.21

SPECIFICATION

PTT PUBLIC CO., LTD PAGE: 7 of 20
ENGINEERING STANDARD
REV: 2

BS 5467 - Cables with thermosetting insulation for electricity
supply for rated voltages up to and including 1900/3300
V.

BS 6004 - PVC insulated cables (non-armoured) for electric power
and lighting.

BS 6360 - Conductors in insulated cables and cords.

BS 6469 - Methods of test for insulation and sheaths of electric
cables.

BS 6387 - Performance requirements for cables required to

maintain circuit integrity under fire conditions.

BS 6622 - Cables with extruded cross-linked polyethylene or
ethylene-propylene rubber insulation for rated voltages
from 3600/6600 V up to 19000/33000 V.

BS 6746 - PVC insulation and sheath of electric cables.

Any conflict between this specification and referenced documents shall be brought
to the attention of the Company in writing for resolution. In general, the order of
precedence is:

e Thai national laws, statutory and local authority regulations.
e This specification.
e Referenced codes and standards.
Compliance with this specification does not relieve the Contractor of the

responsibility of supplying cables of proper design and construction and full
suitability for all the specified operating conditions.

4. DESIGN DATA

4.1. Environmental Conditions

The electrical cables shall be suitable for use in the site environmental conditions
as detailed in ‘Basis of Design’.

31/143
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ENGINEERING STANDARD
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Electrical cables shall be protected against the adverse effects of temperature,
ultra-violet radiation from sunlight, high humidity, dust, salt-laden air,
hydrocarbons and corrosive industrial substances.

Electrical cables laid direct buried in ground or laid in sand-filled concrete
trenches shall have their sheath impregnated with an anti-termite repellent such
as copper napthanate or provided with suitable alternative anti-termite protection.

5. MATERIAL AND DESIGN

Materials shall be new and of high quality. Cables offered must be of current proven
design. Prototype materials and designs are not acceptable.

6. TECHNICAL REQUIREMENTS

6.1. Electrical Cables

6.1.1.

General Requirements
All Plant electrical cables shall have:

e flame retardant characteristics with an oxygen index of not less than 30
and temperature index of not less than 300 °C, and

* an oversheath that is sunlight resistant and oil/hydrocarbon resistant.

e a minimum service life of 20 years continuously carrying full load
current.

Flame retardant cables shall comply with IEC 60332 Part 3 Category A (or
BS 4066 Part 3 Category A) incorporating specially formulated PVC
compounds for insulation, bedding, inner sheath and oversheath.

All Plant power, control and lighting cables shall be suitably filled,
substantially compact and circular in construction with extruded bedding
and non-hygroscopic interstitial fillers to minimize the use of compound
barrier cable glands in hazardous areas.

Cable armour shall be galvanized steel wire armour (SWA) for multi-core
cables and non-magnetic aluminium wire armour (AWA) for single core
cables. Galvanized steel wire braid (SWB) armour shall be used for multi-
core lighting cables for conductor sizes up to 16 mm2 where flexibility of
bending of the cables is required.
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Multi-core electrical cables shall be used in preference to single core cables.
However single core cables may be used for practical or economic reasons,
e.g. generator and transformer secondary cables or in case of high current
ratings where two parallel multi core cables of the largest cross section
permitted would not suffice.

For inverter or variable speed drive application, symmetrical conductor
cable with braid copper screening such as NYCWY (symmetrical
construction) or HELUKABEL TOPFLEX®.

For grounding application, overheath color of cables shall be green with
yellow stripe.

6.1.2. Construction

6.1.2.1. Medium Voltage (33 kV, 22 kV, 11 kV and 6.9 kV) Power Cables

Medium voltage power cables are used:

e To connect the stator winding terminals of the gas turbine driven generators
to the switchboard busbars (using single core cables).

e To connect the power system neutral (generator star-point) to ground
through a grounding resistor (using single core cables).

e To connect the secondary winding terminals of the power transformers to
the switchboard busbars (using single core cables).

e To connect the power system neutral (transformer star-point) to ground
through a grounding resistor (using single core cables).

e As feeder cables to medium voltage motors, power transformers and
medium voltage power factor correction capacitors.
Medium voltage three core cables shall have a minimum cross-sectional area of

25 mm2 and a maximum cross-sectional area of 240 mm?2.

The construction of armoured single core medium voltage power cables shall
be as follows:

Standards : IEC 60502 or BS 6622.

Voltage : Uo/U (Um) rms = 18/30 (36) kV rms
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for 33 kV power system or

Uo/U (Um) rms = 12/20 (24) kV rms
for 22 kV power system or

Uo/U (Um) rms = 8.7/15 (17.5) kV rms
for 11 kV power system or

Uo/U (Um) rms = 6/10 (12) kV rms
for 6.9 kV power system.

Uo is the rated power frequency voltage between conductor and metallic screen,
for which the cable is designed,

U is the rated power frequency voltage between conductors, for which the cable
is designed, and

Um is the maximum value of the “highest system voltage” for which the
equipment may

be used.

Conductor : Plain annealed high conductivity copper circular
stranded to IEC 60228 Class 2.

Conductor screen : Extruded semi-conducting XLPE layer.

Insulation : Extruded cross-linked polyethylene (XLPE) to BS
5469.

Insulation screen : Extruded semi-conducting XLPE layer with semi-
conducting tape and overlapping copper tape
screen over the core.

Inner (separation) sheath : Extruded layer of flame retardant black
PVC compound with oxygen index not
less than 30, temperature index not less
than 300 °C and complying with Class ST2
of IEC 60502.

Armour : Single layer of round non-magnetic aluminium

wires.
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Oversheath

Oversheath Colour
Conductor screen,

Flame retardant PVC complying with ST2 of IEC
60502.

Red.

insulation and insulation screen shall be extruded

simultaneously in one operation using the triple extrusion process. The
insulation layer shall be distinguishable and easily strippable from the semi-
conducting layers without the need for special tools or heat sources.

The construction of armoured three cores medium voltage power cables shall

be as follows:
Standards

Voltage

Conductor

Conductor screen
Insulation

Insulation screen

Core identification

IEC 60502 or BS 6622.

Uo/U (Um) rms = 18/30 (36) kV rms
for 33 kV power system or

Uo/U (Um) rms = 12/20 (24) kV rms
for 22 kV power system or

Uo/U (Um) rms = 8.7/15 (17.5) kV rms
for 11 kV power system or

Uo/U (Um) rms = 6/10(12) kV rms
for 6.9 kV power system.

Plain annealed high conductivity copper circular
stranded to |IEC 60228 Class 2.

Extruded semi-conducting XLPE layer.

Extruded XLPE to BS 5469.

Extruded semi-conducting XLPE layer with semi-
conducting tape and overlapping copper tape

screen over the core.

Blown, Black, Gray

The three power cores shall be laid up with non-hygroscopic fillers in round
shape and a suitable binder tape shall be applied helically over the cabled cores.

Inner sheath (bedding) :

Extruded layer of flame retardant black PVC
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compound with oxygen index not less than 30,
temperature index not less than 300 °C and
complying with Class ST2 of IEC 60502.

Armour : Single layer of galvanized round steel
wires.

Oversheath : Flame retardant PVC complying with ST2
of IEC 60502.

Oversheath Colour : Red.

Conductor screen, insulation and insulation screen shall be extruded
simultaneously in one operation using the triple extrusion process. The
insulation layer shall be distinguishable and easily strippable from the semi-
conducting layers without the need for special tools or heat sources.

6.1.2.2. Low Voltage Power and Lighting Cables

Low voltage power and lighting cables, both single and multi-core, comprise the
bulk of the Plant cables.

Single core construction shall be used for large power cables (240 mm2 and
above, e.g., transformer secondary cables).

Generally single core cables installed in the Plant shall be armoured with non-
magnetic aluminium wires. Single core low voltage cables may be non-
armoured where they are installed in locations (e.g. in substation buildings)
where the risk of mechanical damage is minimal.

The construction of armoured single core low voltage power cables shall be as

follows:
Standards : IEC 60502 or BS 5467
Voltage : Uo/U rms = 0.6/1 kV rms where

Uo is the nominal voltage between conductor(s) and ground, and
U is the nominal voltage between phase conductors.
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Conductor : Plain annealed high conductivity copper
stranded to IEC 60228 Class 2 (circular up
to 16 mm2 and shaped stranded for 25
mm2 and above).

Insulation : Extruded cross-linked polyethylene
(XLPE) to BS 5469.

Bedding : Extruded layer of flame retardant black
PVC compound with oxygen index not
less than 30, temperature index not less
than 300 °C and complying with Class ST2
of IEC 60502.

Armour : Single layer of round non-magnetic
aluminium wires.

Oversheath : Flame retardant PVC complying with ST2
of IEC 60502.
Oversheath Colour : Black

The construction of armoured multi-core low voltage power cables shall be as

follows:

Standards : IEC 60502 or BS 5467

Voltage : 0.6/1 kV

Conductor : Plain annealed high conductivity copper
stranded to IEC 60228 Class 2 (circular up
to 16 mm2 and shaped stranded for 25
mm2 and above).

Insulation : Extruded cross-linked polyethylene

(XLPE) to BS 5469.

Core identification

Phase conductors : Blown, Black, and Gray for cables with or
without neutral conductor.

Neutral conductor : Black.

Protective conductor : Green with yellow stripe
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(for all cable)

The required number of cores shall be laid up with non-hygroscopic fillers in
round shape and a suitable tape may be applied helically over the cabled cores.

Inner sheath (bedding) : Extruded layer of flame retardant black
PVC compound with oxygen index not
less than 30, temperature index not less

than 300 °C.

Armour : Single layer of galvanized round steel
wires.

Oversheath : Flame retardant PVC complying with ST2
of IEC 60502.

Oversheath Colour : Black.

For battery application, conductor shall be fine strands of high quality plain
copper wire without steel wire armoured.

Color identification for single phase load (such as lighting load) shall be black
for phase conductor and white for neutral conductor.

Color identification for dc application (such as battery) shall be red for positive
polarity and white for negative polarity.

6.1.2.3. Control Cables

Standard : IEC 60502 or BS 5467
Voltage : 0.6/1 kV
Conductor : Plain annealed high conductivity stranded

copper complying with IEC 60228 Class 2

Insulation : Extruded cross-linked polyethylene
(XLPE) to BS 5469

Protective conductor : Green with yellow stripe
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Control conductors : Black with Numbers on cores, from 1 up
to number of total control cores

Protective conductor : Green with yellow stripe
The required number of cores shall be laid up with non-hygroscopic fillers in

round shape and a suitable tape may be applied helically over the cabled cores.

Inner sheath (bedding) : Extruded layer of flame retardant black
PVC compound with oxygen index not
less than 30, temperature index not less

than 300 °C.

Armour : Single layer of round galvanized steel
wires

Oversheath : Flame retardant PVC complying with ST2
of IEC 60502.

Oversheath Colour : Black

6.1.2.4. Fire Resistant Cables

Fire resistant cables shall be 0.6/1 kV grade, multi-core, stranded copper
conductor, insulated with a fire-resistant layer of mica glass tape applied
helically with the mica in contact with the conductor, steel wire armoured (SWA)
or steel wire braided (SWB), PVC oversheathed. Cable construction shall be to
IEC 60502 and IEC 60331 or BS 6387. Oversheath colour shall be orange.

This cable type shall be used for supplying emergency lighting luminaires and
for other vital circuits in the Plant and buildings supplied from the AC and DC
uninterruptible power supply systems.

The construction of armoured multi-core low voltage fire resistant cables shall
be as follows:

Standards : IEC 60502, IEC 60331 and BS 6387
Category B
Voltage : 0.6/1 kV
39/143
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Conductor

Insulation

Fire resistant barrier

Core identification
Phase conductors
Neutral conductor

Protective conductor
(where specified)

Plain annealed high conductivity copper
stranded to IEC 60228 Class 2 (circular up
to 16 mm2 and shaped stranded for 25
mm2 and above).

Extruded cross-linked polyethylene
(XLPE) to BS 5469.

Layer of mica-glass tape applied helically
with the mica in contact with the
conductor. Cable must withstand a
temperature of 750 °C for 3 hours (IEC
60331 or BS 6387 Category B test
method).

Blown, Black, and Gray for cables with or
without neutral conductor.

Black.

Green with yellow stripe

The required number of cores shall be laid up with non-hygroscopic fillers in
round shape and a suitable tape may be applied helically over the cabled cores.

Inner sheath (bedding)

Armour

Oversheath

Oversheath Colour

6.1.2.5. Grounding Cables

Extruded layer of flame retardant black
PVC compound with oxygen index not
less than 30, temperature index not less
than 300 °C.

Single layer of galvanized round steel
wires.

Flame retardant PVC complying with ST2
of IEC 60502.

Orange.

40
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Standard : BS 6004.
Voltage : 450/750V.
Conductor : Plain annealed high conductivity stranded

copper complying with IEC 60228 Class 2.

Insulation : Extruded polyvinyl chloride (PVC).

Insulation Colour : Green with yellow stripe.

7. CABLE MARKING, DRUMMING AND PACKING

7.1. Cable Marking

The oversheath of each cable shall be marked to allow clear legibility of cable data
as follows:

Manufacturer’'s name and year of manufacture.

Voltage grade.

Cable type.

Number of cores and core size.

IEC/BS (if cable fully complies with the applicable standard).
Length marking at every metre.

7.2. Cable Drum Marking

Each cable drum shall be marked with a permanently-attached stainless steel
label showing the following information:

Company’s project name

Contractor’s purchase requisition number.

Manufacturer's name.

Manufacturer’s job number.

Manufacturer's works name where the cable has been manufactured.
Drum size.

Drum number.

Cable type.

Voltage grade.
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Number of cores and core size.
Exact cable length on drum (m).
Weight of cable (net weight in kg).
Weight of cable drum (kg).

Total weight (gross weight in kg).

For the medium voltage cables, an additional permanently-attached stainless
steel label shall indicate the motor/panel tag numbers that the respective supply
cables on the drum are assigned to.

7.3. Drumming and Packing

All drum cables shall be continuous without splices. Low voltage cables with size
above 50 mm2 and all medium voltage and high voltage cables shall be coiled on
drums in detailed specified lengths.

Cable ends shall be sealed with heat-shrunk end cap immediately after testing to
protect the cables from ingress of moisture.

Cables shall be shipped on non-returnable steel or wooden drums of robust
construction and fully lagged with wooden battens or covered to avoid any damage
to the cables during transportation, storage and handling. Packing life shall be a
minimum of 6 months. The clearance from the perimeter of the drum flange to the
outermost layer of cable shall be at least 50 mm or one cable diameter, whichever
is larger.

8. QUALITY ASSURANCE

8.1. General

The Vendor shall operate a quality system satisfying the provisions of ISO 9001 or
agreed equivalent standard, commensurate with the goods and services provided.

8.2. Inspections During Manufacturing
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The Company reserves the right to carry out at least one inspection during
manufacturing.

8.3. Factory Tests

The Company will witness factory tests when the electrical cables have been
manufactured and are in “ready for dispatch” condition.

8.3.1.

Factory Tests For Electrical Cables

All tests including but not limited to the following tests as per the relevant
IEC/BS standards shall be performed on each cable. Test certificates shall
be submitted to the Company.

8.3.1.1. Inspections

Visual inspection for concentricity, dimension checks and cable
marking, etc.

8.3.1.2. Routine Tests

Spark tests on conductor insulation and oversheath.
Conductor resistance measurements.

Partial discharge tests (for medium voltage cables only).

High voltage tests on completed cable (at 50 Hz for 5 minutes).
Continuity tests for conductor and screen.

8.3.1.3. Special Tests

Conductor examination by inspection and measurement for compliance to
IEC 60228 (or BS 6360).

Check on thickness of insulation, inner (separation) sheath, braid and
armoring wires, sheath, etc.

Voltage test on medium voltage cables (at 50 Hz for 4 hours).

Hot set test for XLPE insulation and sheath.

Fire resistance tests to IEC 60331 or BS 6387 type B.
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8.3.1.4. Type Tests

Electrical, for medium voltage cables as per Table 5 of IEC 60502.
Non-electrical, as per Table 6 of IEC 60502 including flame retardant tests to
IEC 60332 Part 3 Category A (or BS 4066 Part 3 Category A).

9. DOCUMENTATION

9.1. Documentation Required With Vendor’s Bid

The following documents shall be supplied with the Vendor’s bid:

Manufacturers’ technical brochures.

Cable specification, description, technical data and applicable standards.
Documentary evidence that type tests have been performed at the
Manufacturers’ works or at a recognized testing authority to very that all
cable designs offered can perform to the design standards.

Cross-sectional view of each cable type showing the material construction
and dimensions.

Manufacturers’ standard quality assurance and quality control procedures.
References for oil and gas, petrochemical and industrial projects.
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ADDENDUM
Addendums of each section are shown as follows:
ltem Section Description
SECTION | Instrumentation Cables Corrected
6.1 ... suitable for a 20 years' service life.
SECTION | Signal Cables for General | Corrected
6.1.1 Instrumentation BS 6360 Conductor

IEC 60228 Conductor of Insulated Cables

SECTION | Signal Cables for General | Corrected
6.1.1 Instrumentation Conductors Anneal Copper Wires according to
Class 1 or 2 - 5 of BS 6360 IEC 60228

SECTION | Signal Cables for General | Corrected

6.1.1 Instrumentation Chemical & moisture - PE/AL/PE Tape
longtitude bonded

SECTION | Fiber Optic Cables Corrected

6.1.8 Generally, fiber optic cables shall be single

mode, the multi-mode shell be subject to

approve by owner. widely—dsed—in—multimoede
blo_| . cal o

required 5.pee'“ea“e“l " easel_ o "eedl " I”gl'le.'

SECTION Ill | Scope Added
1.0 This  specification defines the minimum

requirements for the design, manufacture,
inspection, testing. packing and shipping of 0.6
KV armoured cables with shield.
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SECTION | INSTRUMENT CABLE

1. SCOPE

This specification defines the minimum requirements for the design,
manufacture, inspection, testing. packing and shipping of Instrumentation
Cables.

Plant instrumentation cables are categorized as follows:

Signal cables for general instrumentation.

Signal cables for Foundation Fieldbus

Signal cables for fire and gas detection service and Plant communication.
Cables for instrumentation power signals.

Cables for fire and general alarm protection service.

Thermocouple cables.

Computer and data transmission cables.

Fiber optic cables.

Grounding cables

2. DEFINITIONS

Company : PTT (PTT Public Company Limited)

Contractor : The party that carries out all or part of the EPCC
contract.

Purchaser : Company or Contractor as specified in the covering letter
of the inquiry document.

Vendor : Manufacturer/Supplier/Vendor is the party that
manufactures or supplies equipment and services to
perform the duties specified by the Purchaser.

3. APPLICABLE CODES, STANDARDS AND REGULATIONS

The applicable sections, latest editions and supplements of the following codes,
standards and regulations, unless modified herein, shall constitute minimum
requirements and form part of this specification:
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IEC 60228 Conductors of insulated cables.

IEC 60228A First supplement: Guide to the dimensional limits of
circular conductors.

IEC 60331 Fire-resisting characteristics of electric cables.

IEC 60332 Tests on electric cables under fire conditions.

Part 3

IEC 60502 Extruded solid dielectric insulated power cables for rated
voltages from 1 kV up to 30 kV.

IEC 60540 Test methods for insulation and sheaths of electric
cables and cords (elastomeric and thermoplastic
compounds).

IEC 60754 Tests on gases evolved during combustion of electric
cables.

IEC 60811 Common test methods for insulating and sheathing
materials of electric cables.

IEC 60815 Electrical test methods for electrical cables.

IEC 60815-2 Partial discharge tests.

Part 2

BS 5308 Instrumentation cables.

BS 4066 Test on electric cable under fire conditions:

Part 3 Method of classification of flame propagation
characteristics of bunched cables.

BS 5467 Cables with thermosetting insulation for electricity supply
for rated voltages up to and including 1900/3300 V.

BS 6004 PVC insulated cables (non-armoured) for electric power
and lighting.

BS 6360 Conductors in insulated cables and cords.
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BS 6469 - Methods of test for insulation and sheaths of electric
cables.
BS 6387 - Performance requirements for cables required to
maintain circuit integrity under fire conditions.
BS 6622 - Cables with extruded cross-linked polyethylene or
ethylene-propylene rubber insulation for rated voltages
from 3600/6600 V up to 19000/33000 V.
BS 6746 - PVC insulation and sheath of electric cables.

Any conflict between this specification and referenced documents shall be
brought to the attention of the Company in writing for resolution. In general, the
order of precedence is:

e Thai national laws, statutory and local authority regulations.
e This specification.
e Referenced codes and standards.

Compliance with this specification does not relieve the Contractor of the

responsibility of supplying cables of proper design and construction and full
suitability for all the specified operating conditions.

DESIGN DATA
Environmental Conditions

The electrical cables shall be suitable for use in the site environmental
conditions as detailed in ‘Basis of Design’.

MATERIALS AND DESIGN

Materials shall be new and of high quality. Cables offered must be of current
proven design. Prototype materials and designs are not acceptable.
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6. TECHNICAL REQUIREMENTS
6.1 Instrumentation Cables

All instrumentation cables shall be suitable for outdoor tropical service in a salt-
laden environment gas process plant, with heavy rains, intense sunlight and
high ambient temperature and up to 100% relative humidity. All instrumentation
cables shall be oil, moisture, UV resistant, anti-termite, anti-vermin and flame
retardant and shall be suitable for a 20 years’ service life.

6.1.1 Signal Cables for General Instrumentation
Cables for low level 4-20 mA signals to/from field transmitters, control valve
positioners, mV level signals from proximity and vibration sensors, electronic
level binary status signals for general field instrumentation, including interpanel
signals, shall be of the type described in this section.

Cables shall be 300/500 V comply to

STANDARD APPLICABLE

BS 5308-1 Design Guideline

IEC 60228 Conductor of Insulated Cables

IEC 60332-1 Flame Retardant

IEC 60332-3C Fire Retardant on Bunched Cables (If required)

BS1442 Specification for Galvanized mild steel wire for
Armouring Cables

IEC 60754 Halogen free properties

IEC 61034 Low smoke emission

Detailed specification shall be as below:

Conductors Anneal Copper Wires according to Class 1 or 2 - 5 of
IEC 60228

Insulation XLPE in accordance with IEC 60502

Pairs Twisted

Assembly Concentric Layers
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Overall Screen Aluminium / Polyester tape 0.024 mm in electrical

contact with tinned annealed copper wires of a total
section of 0.5 mm? polyester tape 0.023 mm

Bedding LSOH thermoplastic compound
Chemical & moisture PE/AL/PE Tape longitude bonded

Protecting material Extrude PE Sheath
Extrude modified polyamide jacket

Bedding LSOH thermoplastic compound
Armour Galvanized Steel wire comply with BS 1442
Outer Sheath LSOH thermoplastic compound, colour is blue for I.S.

cables, black otherwise.

Core Identification Number Black / White for pairs.
Number Black / White / Red for triples.

6.1.2 Signal Cables for Foundation Fieldbus

The foundation Fieldbus cable should be according to IEC 61158-1

Rating 300V
Temperature -40~70°C (Mounting Temperature not under 5°C)
Material outer jacket : PVC or PE
Insulation XLPE
Conductor 2x 0.8 mm2 (2/18 AWG)
Stranded bare copper twisted pair with Armour
(if required)
DC resistance <42.8 Q/m
Rated current 13.6 A

Nominal impedance 888 Q at 1 MHz.
Nominal capacitance conductor to conductor 56.4+6.5 pF/m
conductor to shield 91.8+9.8 pF/m
Nominal inductance  0.48 pyH/m
Attenuation <2.5dB/km at 38.4 kHz
Shield Aluminum foil (100% coverage)
0.5 mm? (20 AWG), stranded tinned copper
0.8 mm? (18 AWG), stranded bare copper twisted pair
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Bending Radii >120 mm
6.1.3 Signal Cables for Fire and Gas Detection Service and Plant

Communication

Cables for low level 4-20 mA signals to/from flame and gas detectors, mA level
signals from smoke detectors, manual break-glass stations, fire protection
service field transmitters, electronic level binary status signals for fire alarms,
telephones, loudspeakers, visual warning lights including inter fire and gas panel
signals and inter communication panel signals shall be of the type described in
this section.

Cables shall be 300/500 V comply to

STANDARD APPLICABLE

BS 5308-1 Design Guideline

BS 6234 Specification for polyethylene insulation and sheath of
electric cable

IEC 60332-1 Flame Retardant

IEC 60332-3C Fire Retardant on Bunched Cables

BS1442 Specification for Galvanized mild steel wire for
Armouring Cables

IEC 60754-1, 2 Halogen free properties

IEC 61034-1,2 Low smoke emission

Detailed specification shall be as below:

Conductors Anneal Copper Wires according to Class 1 or 2 or 5 of
BS 602281.0 or 1.5 mm?2.0.5 mm? cores may be used for
telephones.

Fire barrier Mica/glass tape

Insulation XLPE in accordance with IEC 60502

Pairs Twisted

Identification pairs Black, white numbered
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Assembly Concentric Layers
Overall Screen Aluminums / Polyester tape 0.024 mm in electrical

6.1.4

6.1.5

6.1.6

contact with tinned annealed copper wires of a total
section of 0.5 mm? polyester tape 0.023 mm

Bedding LSOH compound

Armour Galvanized Steel wire comply with BS 1442

Outer Sheath LSOH compound, colour is blue for I.S. cables, black
otherwise.

Core Identification Number Black / White for pairs.
Number Black / White / Red for triples.

Cables for Instrumentation Power Signals

Cables for instrumentation 24 V DC power signals for solenoid valves, control
relays, etc. shall be as per Section 6.1.1 Core sizes shall be 2.5 mm? or 4.0
mm?, as required to minimize voltage drop to less than 10 % of nominal applied
voltage over long cable runs.

Cables for Fire and General Alarm Protection Service

Cables for fire and gas and general alarm system power signals for fire
protection solenoid valves, control relays and strobe lamps, etc. shall be as per
Section 6.1.1 Core sizes shall be 2.5 mm? or 4.0 mm?, as required to minimize
voltage drop to less than 10% of nominal applied voltage over long cable runs.

Thermocouple Cables

Thermocouple extension cables shall be flame retardant to IEC 60332 Part 3,
Cat. A and shall generally be as follows:

STANDARD APPLICABLE

BS 5308-1 Design Guideline
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BS1442 Specification for Galvanized mild steel wire for

Armouring Cables

IEC 60332-1 Flame Retardant

IEC 60332-3C Fire Retardant on Bunched Cables (if required)

IEC 60754-1, 2 Halogen free properties

IEC 61034-1,2 Low smoke emission

Thermocouple extension cables shall be flame retardant to IEC 60332 Part 3,
Cat. A and shall generally be as follows:

Conductors
Insulation
Pairs

Identification pairs

Individual screen

Assembly

Overall Screen

Bedding
Armour

Outer Sheath

Core Identification

wassni XX ES-60.10 Specification for Instrumentation Cables Rev02

Solid alloy conductor
XLPE
Twisted

Numbered pairs and colour code according to ANSI MC
96.1

Aluminium / Polyester tape 0.024 mm in electrical
contact with tinned annealed copper wires of a total
section of 0.5 mm? polyester tape 0.023 mm

Concentric Layers

Aluminium / Polyester tape 0.024 mm in electrical
contact with tinned annealed copper wires of a total
section of 0.5 mm? polyester tape 0.023 mm

LSOH thermoplastic compound

Galvanized Steel wire comply with BS 1442

LSOH thermoplastic compound, colour is blue for I.S.
cables, green otherwise.

Number Black / White for pairs.
Number Black / White / Red for triples.
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6.1.7 Computer and Data Transmission Cables

6.1.8

Cables for digital data transmission between computers / electronics systems for
outdoor or hazardous area service shall be flame retardant to IEC 60332 Part 3,
Cat. A, and fire resistant to IEC 60331. The data transmission cables shall have
minimum armour and cable oversheath requirement as below:

Armour : Steel Wire Armoured / Braid
Sheath : LSOH thermoplastic compound

Electrical properties of computer and data transmission cables shall be
determined by Contractor in detailed design phase.

Fiber Optic Cables

Fiber optic cables selection shall be considered according to the purpose of use
and application.

Generally, fiber optic cables shall be single mode, the multi-mode shell be
subject to approve by owner.

Step index multimode was the first fiber design but is too slow for most
uses, due to the dispersion caused by the different path lengths of the
various modes. Step index fiber is rare - only Plastic Optical Fiber (POF)
uses a step index design today.

Graded index multimode fiber uses variations in the composition of the
glass in the core to compensate for the different path lengths of the modes. It
offers hundreds of times more bandwidth than step index fiber - up to about 2
GHz.

Single mode fiber shrinks the core down so small that the light can only
travel in one ray. This increases the bandwidth to almost infinity - but it's
practically limited to about 100,000 GHz.
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Fiber types and optical performances

Core/cladding

Attenuation

Bandwidth

| Application/Note

Multi-mode Graded-Index

@850 /1300 nm

@850 /1300 nm

50/ 125 micron 3/1dB/km 500 / 500 MHz-km Laser-rated for GbE
LANs

50 / 125 micron 3/1dB/km 2000/ 500 MHz-km Optimized for 850 nm
VCSELs

62.5/ 125 micron 3 /1 dB/km 160 / 500 MHz-km Most common LAN

fiber

Single Mode

@1310/ 1550 nm

0-9 / 125 micron

0.4 /0.25 dB/km

~100 TeraHz

Talco / CATV / long
high-speed LANs

Multi-mode Step-Index

@850 nm @850 nm
200 / 240 micron 4-6 dB/km 50 MHz-km Slow LANs and Links
POF (Plastic Optical Fiber)
@850 nm @850 nm
1 mm. ~1 dB/km ~5 MHz-km Short Links and Cars

STANDARD APPLICABLE

IEC 60794-1 Optical Fiber Cables
IEC 60332-1 Flame Retardant

IEC 60332-3C

IEC 60754-1, 2 Halogen free properties
IEC 61034-1, 2 Low smoke emission

1. Outdoor cable
Loose-Tube cables are typically used for outside-plant installation in

aerial, duct and direct buries.
Armored loose-tube cables are preferably required if it's suitable with
application.

Indoor cable

Fire Retardant on Bunched Cables (if required)

Single-fiber_tight-buffered cables are used as pigtails, patch cords and

jumpers to terminate loose-tube cables directly into opto-electronic
transmitters, receivers and other active and passive components.

wassni XX ES-60.10 Specification for Instrumentation Cables Rev02
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Multi-fiber tight-buffered cables are primarily used for alternative routing
and handling flexibility and ease within buildings.

3. Moisture Barrier
Fiber optic outdoor cables shall consist of water blocking material, water
blocking ring, moisture barrier sheath or other method which is applicable
in order to form moisture protection.

4. Jacketing / Sheathing
Sheath shall be LSOH thermoplastic compound.

6.1.9 Grounding Cables

All Grounding cables shall be a single core cable and be as per Section 6.1.1
Core sizes shall be 2.5 mm? for grounding of instrumentation devices, which not
grounded by instrument cable, otherwise, such as for grounding of main
equipment, system ground, etc., core sizes shall be in accordance with IEC-
60364-5-54 earthing arrangement and protective.

The insulation color of grounding wire shall always be as followings.

Safety Ground: green-yellow

Shield Ground: solid green

DCS Ground : dark blue

IS Ground blue-yellow
7. CABLE MARKING, DRUMMING AND PACKING
7.1 Cable Marking

The oversheath of each cable shall be marked to allow clear legibility of cable
data as follows:

Manufacturer’'s name and year of manufacture.

Voltage grade.

Cable type.

Number of cores and core size.

IEC/BS (if cable fully complies with the applicable standard).
Length marking at every metre.
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7.2 Cable Drum Marking

Each cable drum shall be marked with a permanently attached stainless steel
label showing the following information:

Company’s project name

Contractor’s purchase requisition number.
Manufacturer’'s name.

Manufacturer’s job number.
Manufacturer’'s works name where the cable has been manufactured.
Drum size.

Drum number.

Cable type.

Voltage grade.

Number of cores and core size.

Exact cable length on drum (m).

Weight of cable (net weight in kg).

Weight of cable drum (kg).

Total weight (gross weight in kg).

7.3 Drumming And Packing

All drum cables shall be continuous without splices. Instrument cables shall be
coiled on drums in detailed specified lengths.

Cable ends shall be sealed with heat-shrunk end cap immediately after testing
to protect the cables from ingress of moisture.

Cables shall be shipped on non-returnable steel or wooden drums of robust
construction and fully lagged with wooden battens or covered to avoid any
damage to the cables during transportation, storage and handling. Packing life
shall be a minimum of 6 months. The clearance from the perimeter of the drum
flange to the outermost layer of cable shall be at least 50 mm or one cable
diameter, whichever is larger.
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8.2

QUALITY ASSURANCE
General

The Vendor shall operate a quality system satisfying the provisions of ISO 9001
or agreed equivalent standard, commensurate with the goods and services
provided.

Inspections During Manufacturing

The Company reserves the right to carry out at least one inspection during
manufacturing.

DOCUMENTATION
Documentation Required with Vendor’s Bid

The following documents shall be supplied with the Vendor’s bid:

e Manufacturers’ technical brochures.

e Cable specification, description, technical data and applicable standards.

e Documentary evidence that type tests have been performed at the
Manufacturers’ works or at a recognized testing authority to very that all

cable designs offered can perform to the design standards.

e Cross-sectional view of each cable type showing the material construction
and dimensions.

e Manufacturers’ standard quality assurance and quality control procedures.

e References for oil and gas, petrochemical and industrial projects.

END OF SECTION
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SECTION Il 0.6/1 KV ARMORED CABLE

1. SCOPE

This specification defines the minimum requirements for the design,
manufacture, inspection, testing. packing and shipping of 0.6/1 kV armoured
cables.

This specification covers 0.6/1kV copper conductor, cross-linked poly-ethylene
(XLPE) insulated, PVC inner covering, galvanized steel wire armored and
LSOH oversheathed power cables mainly in accordance with IEC 60502.

This insulation is recommended for operation at maximum rated conductor
temperature 90 degree C.

The flame retardant class shall comply with IEC 60332-1 Part 1.

2. DEFINITIONS

Company : PTT (PTT Public Company Limited)

Contractor : The party that carries out all or part of the EPCC
contract.

Purchaser : Company or Contractor as specified in the covering letter
of the inquiry document.

Vendor : Manufacturer/Supplier/Vendor is the party that
manufactures or supplies equipment and services to
perform the duties specified by the Purchaser.

3. APPLICABLE CODES, STANDARDS AND REGULATIONS

The applicable sections, latest editions and supplements of the following codes,
standards and regulations, unless modified herein, shall constitute minimum
requirements and form part of this specification:

IEC 60228 Conductors of Insulated Cables.

IEC 60502 Extruded Solid Dielectric Insulated Power Cable for
Rated Voltage from 1 kV up to 30 kV.
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IEC 60332-1 Flame Retardant
IEC 60332-3C Fire Retardant on Bunched Cables (If required)
BS1442 Specification for Galvanized mild steel wire for
Armouring Cables

IEC 60754 Halogen free properties
IEC 61034 Low smoke emission

6.1

Any conflict between this specification and referenced documents shall be
brought to the attention of the Company in writing for resolution. In general, the
order of precedence is:

e Thai national laws, statutory and local authority regulations.
e This specification.
e Referenced codes and standards.

Compliance with this specification does not relieve the Contractor of the
responsibility of supplying cables of proper design and construction and full
suitability for all the specified operating conditions.

DESIGN DATA

Environmental Conditions

The electrical cables shall be suitable for use in the site environmental
conditions as detailed in ‘Basis of Design’.

MATERIALS AND DESIGN

Materials shall be new and of high quality. Cables offered must be of current

proven design. Prototype materials and designs are not acceptable.

TECHNICAL REQUIREMENTS
Conductor

The conductor shall be round, circular stranded conductor of plain annealed
copper wires in accordance with IEC 60228.
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6.2 Insulation

The insulation shall be of cross-linked polyethylene (XLPE).

The average thickness shall be not less than the value given in the attached
table.

The minimum thickness at any point shall be not less than 90% of the specified
value by more than 0.1 mm.

6.3 Core Identification

Each core shall be identified by the colored tape over the conductor and the
colors shall be in accordance with followings.

2Core : Black, White

6.4 Cabling of Cores

The required number of cores shall be cabled with suitable fillers in round shape
and a suitable tape shall be applied over the cabled cores.

6.5 Inner Covering
The inner covering shall be an extruded layer of black PVC compound.
6.6 Armour
The armor shall consist of single layer of galvanized steel round wire.
A suitable binder tape may be applied over it.
6.7 Over Sheath
The over sheath shall be an extruded layer of black LSOH thermoplastic

compound, flame-retardant.
Additives for UV resistant, anti-rodent and anti-termite are a must.
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7. CABLE MARKING, DRUMMING AND PACKING
7.1 Cable Marking

The over-sheath of each cable shall be marked to allow clear legibility of cable
data as follows:

Manufacturer’'s name and year of manufacture.

Voltage grade.

Cable type.

Number of cores and core size.

IEC/BS (if cable fully complies with the applicable standard).
Length marking at every metre.

7.2 Cable Drum Marking

Each cable drum shall be marked with a permanently attached stainless steel
label showing the following information:

e Company’s project name

e Contractor’s purchase requisition number.
e Manufacturer’s name.

e Manufacturer’s job number.

e Manufacturer’s works name where the cable has been manufactured.
e Drum size.

e Drum number.

Cable type.

Voltage grade.

Number of cores and core size.

Exact cable length on drum (m).

Weight of cable (net weight in kg).

Weight of cable drum (kg).

Total weight (gross weight in kg).

For the medium voltage cables, an additional permanently attached stainless
steel label shall indicate the motor/panel tag numbers that the respective supply
cables on the drum are assigned to.
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7.3

8.1

8.2

8.3

8.3.1

Drumming and Packing

All drum cables shall be continuous without splices. Low voltage cables with
size above 50 mm? and all medium voltage and high voltage cables shall be
coiled on drums in detailed specified lengths.

Cable ends shall be sealed with heat-shrunk end cap immediately after testing
to protect the cables from ingress of moisture.

Cables shall be shipped on non-returnable steel or wooden drums of robust
construction and fully lagged with wooden battens or covered to avoid any
damage to the cables during transportation, storage and handling. Packing life
shall be a minimum of 6 months. The clearance from the perimeter of the drum
flange to the outermost layer of cable shall be at least 50 mm or one cable
diameter, whichever is larger.

QUALITY ASSURANCE
General

The Vendor shall operate a quality system satisfying the provisions of ISO 9001
or agreed equivalent standard, commensurate with the goods and services
provided.

Inspections during Manufacturing

The Company reserves the right to carry out at least one inspection during
manufacturing.

Factory Tests

The Company will witness factory tests when the electrical cables have been
manufactured and are in “ready for dispatch” condition.

Factory Tests for Electrical Cables

All tests including but not limited to the following tests as per the relevant
IEC/BS standards shall be performed on each cable. Test certificates shall be
submitted to the Company.
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8.3.1.1 Inspections

e Visual inspection for concentricity, dimension checks and cable marking, etc.

8.3.1.2 Routine Tests

Spark tests on conductor insulation and oversheath.
Conductor resistance measurements.

Partial discharge tests (for medium voltage cables only).

High voltage tests on completed cable (at 50 Hz for 5 minutes).
Continuity tests for conductor and screen.

8.3.1.3  Special Tests

e Conductor examination by inspection and measurement for compliance to
IEC 60228 (or BS 6360).

e Check on thickness of insulation, inner (separation) sheath, braid and
armoring wires, sheath, etc.

e Voltage test on medium voltage cables (at 50 Hz for 4 hours).

e Hot set test for XLPE insulation and sheath.

e Fire resistance tests to IEC 60331 or BS 6387 type B.

8.3.1.4 Type Tests

e Electrical, for medium voltage cables as per Table 5 of IEC 60502.

9. DOCUMENTATION
9.1 Documentation Required with Vendor’s Bid

The following documents shall be supplied with the Vendor’s bid:
e Manufacturers’ technical brochures.

e Cable specification, description, technical data and applicable standards.
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e Documentary evidence that type tests have been performed at the
Manufacturers’ works or at a recognized testing authority to very that all
cable designs offered can perform to the design standards.

e Cross-sectional view of each cable type showing the material construction
and dimensions.

e Manufacturers’ standard quality assurance and quality control procedures.

e References for oil and gas, petrochemical and industrial projects.

END OF SECTION
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SECTION Il 0.6/1 KV ARMORED CABLE WITH SHIELD

1. SCOPE

This specification defines the minimum requirements for the design,
manufacture, inspection, testing. packing and shipping of 0.6 kV armoured
cables with shield.

This specification covers 600V PVC insulated, twisted, individual and common
aluminum laminated polyester tape shielded, PVC separation sheathed, steel
wire armoured, LSOH over-sheathed control.

This insulation is recommended for operation at maximum rated conductor
temperature 70 degree C.

The flame retardant class shall comply with IEC 60332-1 Part 1.

2. DEFINITIONS

Company : PTT (PTT Public Company Limited)

Contractor : The party that carries out all or part of the EPCC
contract.

Purchaser : Company or Contractor as specified in the covering letter
of the inquiry document.

Vendor : Manufacturer/Supplier/Vendor is the party that
manufactures or supplies equipment and services to
perform the duties specified by the Purchaser.

3. APPLICABLE CODES, STANDARDS AND REGULATIONS

The applicable sections, latest editions and supplements of the following codes,
standards and regulations, unless modified herein, shall constitute minimum
requirements and form part of this specification:

IEC 60228 Conductors of Insulated Cables.

IEC 60502 Extruded Solid Dielectric Insulated Power Cable for
Rated Voltage from 1 kV up to 30 kV.

IEC 60332-1 Flame Retardant
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IEC 60332-3C Fire Retardant on Bunched Cables (If required)
BS1442 Specification for Galvanized mild steel wire for
Armouring Cables

IEC 60754 Halogen free properties
IEC 61034 Low smoke emission

6.1

Any conflict between this specification and referenced documents shall be
brought to the attention of the Company in writing for resolution. In general, the
order of precedence is:

e Thai national laws, statutory and local authority regulations.
e This specification.
e Referenced codes and standards.

Compliance with this specification does not relieve the Contractor of the
responsibility of supplying cables of proper design and construction and full
suitability for all the specified operating conditions.

DESIGN DATA

Environmental Conditions

The electrical cables shall be suitable for use in the site environmental
conditions as detailed in ‘Basis of Design’.

MATERIALS AND DESIGN

Materials shall be new and of high quality. Cables offered must be of current
proven design. Prototype materials and designs are not acceptable.
TECHNICAL REQUIREMENTS

Conductor

The conductor shall be a plain annealed circular stranded copper conductors
complying with IEC 60228.
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6.2 Insulation

6.3

6.4

6.5

6.6

6.7

The insulation shall be extruded layer of PVC complying with international
standard.

A suitable separator tape may be applied over the conductor.
Pair/Triad

Two core/Triad (Black and White, Red) shall be twisted together to form a pair
(triad).

In case of 1pair, Triad, a suitable tape shall be applied helically over the cabled
core with suitable fillers.

Individual Shield

An aluminum-laminated plastic tape of the thickness about 0.02 mm shall be
applied over the pair.

A tinned copper wire (0.5 mm?, 7stranded) shall be inserted throughout the
length, to contact with the aluminum side of this tape, for electrical grounding.

Assembly of Pair

The required number of shielded pair (triad) shall be cabled with fillers in round
shape and a suitable tape shall be applied helically over the cabled pair (triad).

Common Shield

An aluminum-laminated plastic tape of the thickness about 0.05 mm shall be
applied over the assembled pair. A tinned copper wire (0.5 mm?,7stranded) shall
be inserted throughout the length, to contact with the aluminum side of this tape,
for electrical grounding.

Identification

The pairs (Triads) shall be identified by printed white color numbers on the black
insulation and black color numbers on the white (red) insulation and the intervals
between adjacent numbers shall not exceed 30 mm.
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6.8 Separation sheath

6.9

6.10

7.1

7.2

The separation sheath shall be an extruded layer of black PVC compound.

The minimum thickness at any point shall be not less than 80% of the specified
value by more than 0.2 mm.

Armour

The armour shall consist of single layer of galvanized steel wires.
A suitable binder tape may be applied over it.

Over Sheath

The over sheath shall be an extruded layer of black LSOH thermoplastic
compound, flame-retardant.
Additives for UV resistant, anti-rodent and anti-termite are a must.

CABLE MARKING, DRUMMING AND PACKING
Cable Marking

The over-sheath of each cable shall be marked to allow clear legibility of cable
data as follows:

Manufacturer’'s name and year of manufacture.

Voltage grade.

Cable type.

Number of cores and core size.

IEC/BS (if cable fully complies with the applicable standard).
Length marking at every metre.

Cable Drum Marking

Each cable drum shall be marked with a permanently-attached stainless steel
label showing the following information:

e Company’s project name

e Contractor’s purchase requisition number.
e Manufacturer’s name.
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7.3

8.1

Manufacturer’s job number.
Manufacturer’s works name where the cable has been manufactured.
Drum size.

Drum number.

Cable type.

Voltage grade.

Number of cores and core size.
Exact cable length on drum (m).
Weight of cable (net weight in kg).
Weight of cable drum (kg).

Total weight (gross weight in kg).

For the medium voltage cables, an additional permanently-attached stainless
steel label shall indicate the motor/panel tag numbers that the respective supply
cables on the drum are assigned to.

Drumming and Packing

All drum cables shall be continuous without splices. Low voltage cables with
size above 50 mm? and all medium voltage and high voltage cables shall be
coiled on drums in detailed specified lengths.

Cable ends shall be sealed with heat-shrunk end cap immediately after testing
to protect the cables from ingress of moisture.

Cables shall be shipped on non-returnable steel or wooden drums of robust
construction and fully lagged with wooden battens or covered to avoid any
damage to the cables during transportation, storage and handling. Packing life
shall be a minimum of 6 months. The clearance from the perimeter of the drum
flange to the outermost layer of cable shall be at least 50 mm or one cable
diameter, whichever is larger.

QUALITY ASSURANCE
General

The Vendor shall operate a quality system satisfying the provisions of ISO 9001
or agreed equivalent standard, commensurate with the goods and services
provided.
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8.2

8.3

8.3.1

8.3.1.1

8.3.1.2

8.3.1.3

Inspections during Manufacturing

The Company reserves the right to carry out at least one inspection during
manufacturing.

Factory Tests

The Company will witness factory tests when the electrical cables have been
manufactured and are in “ready for dispatch” condition.

Factory Tests for Electrical Cables

All tests including but not limited to the following tests as per the relevant
IEC/BS standards shall be performed on each cable. Test certificates shall be
submitted to the Company.

Inspections

e Visual inspection for concentricity, dimension checks and cable marking, etc.

Routine Tests

e Spark tests on conductor insulation and oversheath.

e Conductor resistance measurements.

e Partial discharge tests (for medium voltage cables only).

e High voltage tests on completed cable (at 50 Hz for 5 minutes).
e Continuity tests for conductor and screen.

Special Tests

e Conductor examination by inspection and measurement for compliance to
IEC 60228 (or BS 6360).

e Check on thickness of insulation, inner (separation) sheath, braid and
armoring wires, sheath, etc.

e Voltage test on medium voltage cables (at 50 Hz for 4 hours).

e Hot set test for XLPE insulation and sheath.

e Fire resistance tests to IEC 60331 or BS 6387 type B.
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8.3.1.4 Type Tests

Electrical, for medium voltage cables as per Table 5 of IEC 60502.

9. DOCUMENTATION

9.1 Documentation Required with Vendor’s Bid

The following documents shall be supplied with the Vendor’s bid:

Manufacturers’ technical brochures.

Cable specification, description, technical data and applicable standards.
Documentary evidence that type tests have been performed at the
Manufacturers’ works or at a recognized testing authority to very that all

cable designs offered can perform to the design standards.

Cross-sectional view of each cable type showing the material construction
and dimensions.

Manufacturers’ standard quality assurance and quality control procedures.

References for oil and gas, petrochemical and industrial projects.

END OF SECTION
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SECTION IV 0.6 KV ARMORED CABLE

1. SCOPE
This specification defines the minimum requirements for the design,
manufacture, inspection, testing. packing and shipping of 0.6 kV armoured
cables.

This specification covers 600V PVC insulated, PVC inner covered, single wire
armoured and LSOH over-sheathed control cables.

This insulation is recommended for operation at maximum continuous
conductor temperature 70 degree C.

The flame retardant class shall comply with IEC 60332-1 Part 1.

2. DEFINITIONS

Company : PTT (PTT Public Company Limited)

Contractor : The party that carries out all or part of the EPCC
contract.

Purchaser : Company or Contractor as specified in the covering letter
of the inquiry document.

Vendor : Manufacturer/Supplier/Vendor is the party that
manufactures or supplies equipment and services to
perform the duties specified by the Purchaser.

3. APPLICABLE CODES, STANDARDS AND REGULATIONS

The applicable sections, latest editions and supplements of the following codes,
standards and regulations, unless modified herein, shall constitute minimum
requirements and form part of this specification:

IEC 60228 Conductors of Insulated Cables.

IEC 60502 Extruded Solid Dielectric Insulated Power Cable for
Rated Voltage from 1 kV up to 30 kV.

IEC 60332-1 Flame Retardant
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IEC 60332-3C Fire Retardant on Bunched Cables (If required)
BS1442 Specification for Galvanized mild steel wire for
Armouring Cables

IEC 60754 Halogen free properties
IEC 61034 Low smoke emission

6.1

Any conflict between this specification and referenced documents shall be
brought to the attention of the Company in writing for resolution. In general, the
order of precedence is:

e Thai national laws, statutory and local authority regulations.
e This specification.
e Referenced codes and standards.

Compliance with this specification does not relieve the Contractor of the
responsibility of supplying cables of proper design and construction and full
suitability for all the specified operating conditions.

DESIGN DATA

Environmental Conditions

The electrical cables shall be suitable for use in the site environmental
conditions as detailed in ‘Basis of Design’.

MATERIALS AND DESIGN

Materials shall be new and of high quality. Cables offered must be of current

proven design. Prototype materials and designs are not acceptable.

TECHNICAL REQUIREMENTS
Conductor

The conductor shall be a plain annealed circular stranded copper conductors
complying with IEC 60228.
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6.2 Insulation
The insulation shall be extruded layer of PVC complying with international
standard.
A suitable separator tape may be applied over the conductor.
6.3 Core identification
The individual cores shall be identified by the following.
2 Cores: Red, Black
3 Cores and above: to be identified by white numbers on the black insulations
6.4 Assembly
The required number of core shall be assembled together with, suitable filler if
necessary; to form the compact circular form and a suitable binder tape may be
applied helically over the cabled cores.
6.5 Inner covering
The inner covering shall be an extruded layer of black PVC compound.
6.6 Armour
The armour shall consist of single layer of galvanized steel wires.
A suitable binder tape may be applied over it.
6.7 Over Sheath
The over sheath shall be an extruded layer of black LSOH thermoplastic
compound, flame-retardant.
Additives for UV resistant, anti-rodent and anti-termite are a must.
7. CABLE MARKING, DRUMMING AND PACKING
7.1 Cable Marking

The over-sheath of each cable shall be marked to allow clear legibility of cable
data as follows:
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e Manufacturer’'s name and year of manufacture.
e Voltage grade.
e Cable type.
e Number of cores and core size.
e |EC/BS (if cable fully complies with the applicable standard).
e Length marking at every metre.

7.2 Cable Drum Marking

Each cable drum shall be marked with a permanently-attached stainless steel
label showing the following information:

Company’s project name

Contractor’s purchase requisition number.
Manufacturer's name.

Manufacturer’s job number.
Manufacturer’'s works name where the cable has been manufactured.
Drum size.

Drum number.

Cable type.

Voltage grade.

e Number of cores and core size.

e Exact cable length on drum (m).

e Weight of cable (net weight in kg).

e Weight of cable drum (kg).

e Total weight (gross weight in kg).

For the medium voltage cables, an additional permanently-attached stainless
steel label shall indicate the motor/panel tag numbers that the respective supply
cables on the drum are assigned to.

7.3 Drumming and Packing

All drum cables shall be continuous without splices. Low voltage cables with
size above 50 mm? and all medium voltage and high voltage cables shall be
coiled on drums in detailed specified lengths.

Cable ends shall be sealed with heat-shrunk end cap immediately after testing
to protect the cables from ingress of moisture.
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8.2

8.3

8.3.1

8.3.1.1

8.3.1.2

Cables shall be shipped on non-returnable steel or wooden drums of robust
construction and fully lagged with wooden battens or covered to avoid any
damage to the cables during transportation, storage and handling. Packing life
shall be a minimum of 6 months. The clearance from the perimeter of the drum
flange to the outermost layer of cable shall be at least 50 mm or one cable
diameter, whichever is larger.

QUALITY ASSURANCE
General

The Vendor shall operate a quality system satisfying the provisions of ISO 9001
or agreed equivalent standard, commensurate with the goods and services
provided.

Inspections during Manufacturing

The Company reserves the right to carry out at least one inspection during
manufacturing.

Factory Tests

The Company will witness factory tests when the electrical cables have been
manufactured and are in “ready for dispatch” condition.

Factory Tests for Electrical Cables

All tests including but not limited to the following tests as per the relevant
IEC/BS standards shall be performed on each cable. Test certificates shall be
submitted to the Company.

Inspections

e Visual inspection for concentricity, dimension checks and cable marking, etc.

Routine Tests

Spark tests on conductor insulation and oversheath.
Conductor resistance measurements.

Partial discharge tests (for medium voltage cables only).

High voltage tests on completed cable (at 50 Hz for 5 minutes).
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Continuity tests for conductor and screen.

8.3.1.3  Special Tests

Conductor examination by inspection and measurement for compliance to
IEC 60228 (or BS 6360).

Check on thickness of insulation, inner (separation) sheath, braid and
armoring wires, sheath, etc.

Voltage test on medium voltage cables (at 50 Hz for 4 hours).

Hot set test for XLPE insulation and sheath.

Fire resistance tests to IEC 60331 or BS 6387 type B.

8.3.1.4 Type Tests

Electrical, for medium voltage cables as per Table 5 of IEC 60502.

9. DOCUMENTATION

9.1 Documentation Required with Vendor’s Bid

The following documents shall be supplied with the Vendor’s bid:

Manufacturers’ technical brochures.

Cable specification, description, technical data and applicable standards.
Documentary evidence that type tests have been performed at the
Manufacturers’ works or at a recognized testing authority to very that all

cable designs offered can perform to the design standards.

Cross-sectional view of each cable type showing the material construction
and dimensions.

Manufacturers’ standard quality assurance and quality control procedures.
References for oil and gas, petrochemical and industrial projects.

END OF SECTION
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Attachment

Thickness of Insulation (for Item 6.2)

Conductor size (Sq.mm.) Thickness of Insulation (mm.)

2.5 0.7
4 0.7
0.7

10 0.7
16 0.7
25 0.9
35 0.9
50 1.0
70 11
95 11
120 1.2
150 14
185 1.6
240 1.7
300 1.8
400 2.0
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RAYONG GSP'S BRAND LIST

General Requirement

Contractor shall follow the requirements based on the following understandings.

1. Contractor shall select vendors, for any equipment, who comply with the specifications and

other requirements of the Contract form this brand List.

2. This vendors list covers the major equipment and materials supplied by Contractor and include

auxiliary equipment and/or materials supplied by the package vendor(s). The package vendors,
which are also subject to PTTs approval, shall select brand in accordance with this brand list and

considering compliance with the specifications and other requirements of Contract.

3. Revision of brand list when necessary will be possible in the course of job execution but is subject

to PTT’s approval.

4. For equipment and materials other than categories not listed in the vendor list, Contractor shall

select the vendor(s) considering compliance with the specifications and other requirements of

the Contract.

5. Goods, equipment and material shall be manufactured s assembled in the country and by the

manufacturer specified hereinafter.
6. Manufactured Factory in Thailand shall be considered as primary supplier.

7. For all Mechanical, Electrical and Instrument Equipment, PTT shall receive official written

confirmation from the Original Vendor for the available of «After Sale Service by Local (Thai)
authorized Dealers/Distributors~. With such a written confirmation, the Original Vendor certifies
that its authorized local dealer/distributor has fully agreed to provide the complete ranges of

commissioning and after sale services to PTT and also know well all of information and status

relevant to this Project.

8. Contractor shall neglect “Vendors” recommended by Licensor and shall use PTT Vendor List as

mandatory.

*=Temporary List (See note 9,
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9. The source of all plate, pipe and fittings used in the fabrication of Pressure Vessels, Heat

Exchangers or Pressure Piping Systems shall be subject to PTT approval. Only mills that can

demonstrate supply of quality materials shall be use for the project.

10. “Temporary List *)” is the Equipment which qualified through “document and technical
review phase” and must have report from Maintenance or Manufacturing Plant Audit
Report to ensure that equipment have qualified with PTT-GSP standard and practices to
go through. This report must have within 3 years otherwise this brand will stay in

temporary list or remove from list is upon decision of Engineering department manager

11. «Alternative Brand List ¢+ is the Equipment which PTT may consider the equivalent

specification and quality as stated brand in this document however the alternative

brand shall be subject to PTT approval.

12. For process technology designed by Licensor, Contractor shall select equipment,
machine or material that comply with the specifications and other requirements of the
Contract from this brand List while Contractor and Licensor still guarantee the same

performance.

*=Temporary List (See note 9,

84 /143
86/ 145



RAYONG GAS SEPARATION PAGE: 4 OF 47
PLANT BRAND LIST DATE: 30 Nov 21
Rev.14
TABLE OF CONTENT
1. Safety and Fire Fighting Equipment
1.1.  Control and Supervisory system 9
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2.4.  Vessel internal 11
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3.16. Mechanical seal 16
3.17. Rotating Accessories 16
4. Electrical
4.1. Local Break Switch 18
4.2. Power Transformer 18
4.3. HV.Switchgear 18
4.4. LV.Switchgear, Motor Control Center and LN. Main Distribution Board 18
4.5. Busducting 18
4.6. Reactive Power Compensation Capacitor 19
4.7. Miniature Circuit Breaker 19
4.8. Wound Rotor Induction Motor/ Liquid Rheostat 19
4.9. Synchronous Motor 19
4.10. Electric Induction Motor 19
4.11. Synchronous Generator 19
4.12. Emergency Generator Unit 20
4.13. Motor Actuator (MOV) 20
4.14. Electric Heater 20
4.15. Electronic Soft Starter LV, MV 20
4.16. Vary Speed Drive (VSD) for MV. Motor 20
4.17. Vary Speed Drive(VSD) for LV. Motor 20
4.18. UPS and D.C. Charger Unit 21
4.19. Seal Lead Acid Maintenance Free Batteries 21
4.20. Closed Circuit Television (CCTV) 21
4.21. Public Address System (PUAS) 21
4.22. Telephone (Explosion proof) 21
4.23. Local Control Station 21
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*=Temporary List (See note 9,
86 /143

88/145



RAYONG GAS SEPARATION PAGE: 6 OF 47
PLANT BRAND LIST DATE: 30 Nov 21
Rev.14
4.35. Ring main Unit 22 kV 23
4.36. CSCS (Computer based Substation Control System) 23
4.37. PABX 24
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4.41. MV, HV Cable Termination kits/ Splicing kits 24
4.42. Lightning and Grounding System 24
4.43. Cathodic Protection System 24
4.44. Main Distribution Board 24
5. Control & Instrument
5.1. Distributed Control System (DCS) 25
5.2. PLC 25
5.3. Machine Monitoring system 25
5.4. SCADA 25
5.5. HIPPS 25
5.6. Instrument Control Cabinet 25
5.7. IS Barrier 25
5.8. Power conditioner, Field Terminal for Foundation Fieldbus 26
5.9. Surge Protection 26
5.10. Field Instrument 26
5.11. Control Valve 29
5.12. Solenoid Valve 31
5.13. Actuator for Automation ON-OFF Valves 31
5.14. Actuator for AOV Valve 31
5.15. Positioner for Control Valve 31
5.16. Partial Stroke Device for Automation ON-OFF Valves 31
5.17. Analyzers 31
5.18. Instrument Air Filter Regulator 31
5.19. Analyzer House 33
5.20. Flame Scanner 33
5.21. Terminal 33
5.22. Explosion proof equipment Junction box, Local control station, etc) 33
5.23. Push button, bulb, relay and accessories 34
5.24. Instrument tube, valve, fitting, Sampling equipment and accessories 34
5.25. Manifold Valves 34
5.26. Instrument Cable 34
5.27. Foundation Fieldbus Cable 34
5.28. Fiber Optic Cables and accessories 34
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5.29. Power Supply Converter 34

5.30. Fiscal Gas Metering for Feed/Sale Gas 35

6. Manual Valve
Carbon Steel Valve for Hydrocarbon Service (Gate/Globe/Check Valve) 36

6.1.
6.2.
6.3.
6.4.

6.5.
6.6.
6.7.
6.8.
6.9.

6.10.
6.11.
6.12.
6.13.
6.14.
6.15.

Carbon Steel Valve for Non-Hydrocarbon (Gate/Globe/Check Valve) 36

Stainless Steel Valve for Hydrocarbon Service (Gate/Globe/Check Valve) 36

Stainless Steel Valve for Non-Hydrocarbon Service (Gate/Globe/Check)y 36

Cryogenic Valve

Hot Qil Service Valve

Ball Valves

Butterfly Valves

Forged Valve (Gate/Globe/Check)

Safety & Relief Valve
Non-Slamming Check Valve
Low Delta P Check Valve
Diaphragm valve

Valve interlock, lock open, Lock close
Automatic Recirculation Valve(Free Flow Check Valve)

7. Piping/Fitting and Piping Miscellaneous

7.1.
7.2.
7.3.
7.4.
7.5.
40
7.6.
7.7.
7.8.
7.9.

7.10.
7.11.
7.12.
7.13.

Carbon Steel Pipe
Stainless Steel Pipe
Flange and Fitting
GRP Piping

Spiral wound & wound & another gasket

Ring joint type Gasket
Static Mixer

Bolts and Nuts

Spring hanger/Support
Strainer

Steam trap

Expansion Joint for Piping
Pipe Wrapping

8. Package Equipment

8.1.
8.2.
8.3.
8.4.

Elevated Flare package
Waste Heat Recovery Unit (Hot Qil)

Heat Recovery Steam Generator
Fire Heater
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8.5. Incinerator/Thermal Oxidizer 42
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8.13. Adsorbent, Molecular Sieve, Consumables 43
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8.16. Ultra-Filtration Membrane (UF) Unit 45
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8.18. Degassing Liquids Membrane Unit (Advanced Dissolved Gas Control) 45
9. Licensor
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9.4. Future C2+ Components Extraction from LNG 45
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10.5. Grating 46
10.6. Hot dip Galvanized Conduit 46
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10.9. Painting for Piping, Structure and building 46
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1. Safety and Fire Fighting Equipment
1.1. Control and Supervisory system

1.1.1. Fire Alarm and Fire Fighting (Building)

- Kidde Fenwal USA

- Notifier USA

- Simplex Grinell USA
1.1.2. Combustible Gas and Toxic Gas Detection System

- Det-Tronics (SIL 2 Compliance) USA

- Allen Bradley (SIL 2 Compliance) USA
1.1.3. Fire Fighting Process (Water Deluge System)

- Det-Tronics (SIL 2 Compliance) USA

- Allen Bradley (SIL 2 Compliance) USA.

1.2. Fire Alarm and Fire Fighting equipment
1.2.1. Cylinder, Sensor, Nozzle, Pull Box, Electric Control Head

- Kidde USA.

- Fike USA.

- Ansul USA
1.2.2. Portable Fire extinguisher

- Kidde USA

- Ansul USA

- Badger USA.
1.2.3. Wheeled Fire extinguisher

- Kidde USA

- Ansul USA

- Badger US.A
1.2.4. Foam equipment

- Angus UK.

- Ansul USA.

- National Foam USA
1.2.5. Deluge Valve

- Viking USA

- CLA-VAL USA

- Bermad ISRAEL

*=Temporary List (See note 9,
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1.2.6. Water power oscillating monitor
Chemguard USA
Angus UK
Ansul USA
1.2.7. Heat Detector
- Notifier USA
- Kidde USA.
- Simplex USA.
1.2.8. Smoke Detector
Notifier USA.
Kidde USA
Simplex USA
1.3. Flame Detector
- DetTronic USA
- General Monitors USA.
- Honeywell U.S.A.
1.4. Gas Detector
- DetTronic USA
- Dragger USA
- General Monitors USA
- Honeywell U.S.A.
1.5. Safety Shower and Eye Washer
- Nippon Encon Manufacturing Japan
- Bradley USA.
- Pratt USA
+~ Temporary List (See note 9,
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2. Static Equipment
2.1. Column

- By Contractor (See General Requirement)
2.2. Pressure Vessel, Absorbers& Treaters
- By Contractor (See General Requirement)
2.3. Filter, Separator & Coalescer for Hydrocarbon Service
2.3.1. Hydrocarbon Service

- Pall Corp. USA
- Fuji Filter Mfg. Japan
- PECO USA.
- Burgess Manning USA.
- Parker Japan
2.3.2. Non-Hydrocarbon Service
Pall Corp. USA.
Fuji Filter Mfg. Japan
PECO USA
Burgess Manning USA.
Parker Japan

2.3.3. End Closure for Filter and Separator
- PECO “safelok~ USA

- GD engineering “Bandlok” UK.

2.4. Vessel internal
2.4.1. Column tray/ Distributor/Packing

Koch Glitsch
Sulzer Chemtech

Sulzer GTC Technology

US.Altaly
USA

International

- Hanbal Masstech Korea

- GTI Solution Korea
2.4.2. Demister -wire mesh pad type

- KOCH-OTTO YORK USA

- Sulzer Chemtech USA.

2.5. Spherical Tanks
- By Contractor (See General Requirement)

2.6. Cylindrical Tank
- By Contractor (See General Requirement)

*=Temporary List (See note 9,
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2.7. Tank floating cover
- Vaconodome Germany
- Motherwell Naylor UK.
- Varec USA
- CBI USA.
- Korea Float Co. Korea

2.8. Shell & Tube Heat Exchanger
- By Contractor (See General Requirement)

2.9. Air Cooled Heat Exchanger
- Hudson USA.
- Smithco International
- GEA Reiney USA
- S&T Corporation Korea
- Korean Heat Exchanger Korea
- Sewon Cellontech Korea
- Chart Industrial USA.
- Jord International
- Hamon International
- Kelvion International
- Bronswerk International

2.10. Air Cooled Heat Exchanger Fan
- Moore USA
- Hudson USA
- Cofimco International

Air Cooler belt drive
- Optibelt Germany
- Gates USA
Air Cooled Heat Exchanger Fan (FRP High Performance Type) **

- Hudson (Tuf-Lite Ill and above) USA

2.11. Brazed Aluminium Heat Exchanger (Cold box)
- Linde Akiengesellschaft Germany
- Sumitomo Precision Product. Co,, Ltd. Japan
- Chart Industries USA.
- Kobelco Japan
- Fives France.

«- Temporary List (See note 9,
93 /143

95/145



RAYONG GAS SEPARATION PAGE: 13 OF 47
PLANT BRAND LIST DATE: 30 Nov 21

Rev.14

2.12. Plate Heat Exchanger (PFHE)+*

- Alfa Laval Sweden
2.13. Printed Circuit Heat Exchanger (PCHE)*+
- Heatric (Meggitt) UK

2.14. Liquid/Liquid Amine Separation Filter=*
- Transcend USA

*=Temporary List (See note 9,
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3. Rotating Equipment
3.1. Gas Turbine
- Siemens UK /USA
- Solar Turbine USA
- GE USA
3.2. Centrifugal Compressor
- Mann Turbo (Sulzen Switzerland
- Dresser Rand USA.
- Cooper USA
- Nuovo Pignone International
- MHI Japan
- Siemens Compressor Germany
- Hitachi Compressor Japan
3.3. Integrally Geared Centrifugal Compressor
- Mann Turbo Sulzer) Switzerland
- Kobelco Steel Japan
- Siemens Germany
3.4. Turbo Expander
- GE Rotoflow USA.
- Atlas Copco (Mafi-trench) USA
3.5. Centrifugal Air Compressor & Air dryer package
- Ingersoll Rand USA
- Atlas Copco Belgium
- Kobelco Steel Japan
- Hitachi Compressor Japan
3.6. Blower & Fan (exclude fan for ACHE)
- Chicago Blower USA
- Northern Blower USA.
- Aeromeccanica stranich USA.
- Boldrocchi Italy
- RUwWU Germany
3.7. Vertical Inline Compressor
- Sundyne USA
- Nikkiso Japan

*=Temporary List (See note 9,
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3.8. Process Screw Compressor

3.9. Variable Speed Hydraulic Drive Gear-Torque converter

3.10. Gear box

Mycom
Atlas Copco

Kobelco Steel

Voith

Allen

Renk
Philadelphia Gear

Flender

3.11. Diesel engine

Cummins
Detroit Diesel

Daihatsu
Kubota

3.12. Centrifugal Pump
3.12.1. Non-API Pump

Ingersoll Dresser Pumps

Marushishi
Shin Nippon
Flowserve
Ebara Corp.

Sulzer
Gould
Grundfos (Water only)

Durco Pump

3.12.2. APl Pump

*=Temporary List (See note 9,

Shin Nippon
Sulzer

Gould

Niigata Worthington

USA
USA

Japan

Germany

UKk

Germany
USA

France

USA
USA
Japan
Japan

USA
Japan
Japan
International
Japan
International
International

International

International

Japan
U.S.A/Europe
U.S.A/Korea

USA
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3.12.3. Lean Amine Pump & Turbine
- Ingersoll Dresser Pumps Japan
- Sulzer US.A/Germany
- Shin Nippon Japan
- Niigata Worthington USA
3.12.4. Fire pump package

- Sterling USA
- Peerless USA.
- Fairbanks Nijhuis USA.

3.13. Vertical Inline Pump
- Sundyne USA.
- Nikkiso Japan

3.14. Positive Displacement Pump
- Milton Roy USA
- Nikkiso Co. Japan
- Sakura Seisakusho Japan
- Marushishi Japan

Equipment Lube oil Pump (screw type pump)

- IMO USA.
- Allweiler Germany
- Kosaka Japan

3.15. Dry Gas Seal
- Flowserve International
- John Crane International

3.16. Mechanical seal

Nippon-Pillar
John Crane
Flowserve
Eagle Bergman

3.17. Rotating Accessories

3.17.1. Rolling element Bearing

*=Temporary List (See note 9,

SKF

FAG
NSK

Japan

International
International
International

USA

Germany
Japan
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3.17.2. Bearing (for Air Cooled Heat Exchanger Fan)

- SKF
-  Dodge
- FAG
- NSK

3.17.3. Tube & Fitting (Mechanical)

3.17.4.

3.17.5.

3.17.6.

*=Temporary List (See note 9,

- Swagelok
- Parker

Coupling and Guard
- Thomas Rexnord

- Flexibox

- Kopflex

For Gas Turbine

- Kopflex

- Goodrich

- Ameridrives (Zurn)
Lube Qil Filter

- Pall

- Indufil

Air inlet filter for Gas Turbine (HEPA) *x
- Freudenberg

- American Air Filter

USA
USA.

Germany
Japan

USA
USA

USA
UK.
USA.

USA.
USA
USA

USA.
Netherland

Germany
Turkey
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4. Electrical

4.1. Local Break Switch

LKE
Siemens

4.2. Power Transformer

Ekarat Engineering
Tira Thai

Toshiba Corp

ABB

4.3. HV.Switchgear

4.3.1.

4.3.2.

115 kV, 33 kV and 22 kV Switchgear
Mitsubishi Electric Corp.

11 kV.And 6.9 kV Switchgear
Mitsubishi Electric Corp.

Toshiba Corp.
ABB

Siemens
Alstom
AREVA

Toshiba Corp.

ABB
Siemens

Netherlands
Germany

Thailand
Thailand
Japan

Thailand

Japan
Japan
Sweden
Germany
France
Germany

Japan
Japan
Sweden
Germany

4.4. LV.Switchgear, Motor Control Center and LN. Main Distribution Board

4.5. Bus ducting

4.5.1.

*=Temporary List (See note 9,

Schneider

Mitsubishi Electric Corp.

Toshiba Corp.

Siemens
Meidensha Corp.
ABB

Cast Resin type

Isobusbar (Vilfer Electric)

Betobar
Toshiba Corp.

Mitsubishi Electric

France
Japan
Japan
Germany
Japan

International

Spain
Belgium
Japan

Japan
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4.5.2. Sandwich type

The Furugawa Electric Co.

Powerduct
Toshiba Corp.

Mitsubishi Electric

4.6. Reactive Power Compensation Capacitor

Nichicon Capacitor

MKS Technology

ABB

Merlin Gerlin (Schneider)

4.7. Miniature Circuit Breaker

4.8. Wound Rotor Induction Motor/ Liquid Rheostat

Mitsubishi
ABB

SIEMENS
Schneider

Eaton

TMEIC (TOSHIBA / Mitsubishi)

Siemens
Fuji electric

4.9. Synchronous Motor

General Electric (GE)
ABB
Siemens

TMIEC (TOSHIBA / Mitsubishi)

4.10. Electric Induction Motor

Fuji Electric

Mitsubishi Electric Corp.
Toshiba Corp.

Siemens

ABB

WEG

4.11. Synchronous Generator

*=Temporary List (See note 9,

Siemens
ABB

Japan
Malaysia
Japan

Japan

Japan
Germany
International
France

Japan
International

International
International

USA

Japan
Germany
Japan

Canada

Switzerland
Germany

Japan

Japan

Japan
Japan/Australia
Germany
Finland

Brazil

Germany
Sweden/ Netherland
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4.12. Emergency Generator Unit
- Cummins USA
- Detroit Diesel USA
- Daihatsu Japan
- Kubota Japan
- HIMOINSA Europe
- Taiyo Electric Mfg. Co,, Ltd. Japan
4.13. Motor Actuator (MOV)
-  AUMA Germany
- Rotork UKk
- Bernard+ France
4.14. Electric Heater
- Bartec Germany
- Elmess-Elektrogeratebau Germany
- Chromalox USA/MUK
- Watlow USA
4.15. Electronic Soft Starter LV, MV
- Solcon Israel
- ABB Switzerland
- Siemens Germany

Toshiba / TMIEC

4.16. Vary Speed Drive (VSD) for MV. Motor

ABB
Siemens
Toshiba / TMIEC

4.17. Vary Speed Drive (VSD) for LV. Motor

*=Temporary List (See note 9,

Siemens
Toshiba
Schneider

Danfoss
Fuji Electric
ABB

Japan /Australia

Switzerland
Germany
Japan /Australia

Germany
Japan
Europe

Denmark
Japan
Finland
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4.18. UPS and D.C. Charger Unit
- Yuasa Corp. Japan
- Saft Germany
- Gutor Switzerland
- Borri Italy
- Statron Switzerland
- AEG Germany
4.19. Seal Lead Acid Maintenance Free Batteries
- Yuasa Japan
- GNB USA
- Sornenschein Germany
- Exide Germany
- Hoppecke Germany
- Fiamm Italy
4.20. Closed Circuit Television (CCTV)
- Pelco USA.
- Videotech USA
- Auvigilon USA
- AXIS Sweden
4.21. Public Address System (PUAS)
- Gai-tronic USA
- Comtrol USA
- Industronic Germany
- Guardian Telecom USA.
4.22. Telephone (Explosion proof)
- Fernsig (Resistel) Germany
- Gai-tronic USA
- Comtrol USA.
- Guardian Telecom USA
4.23. Local Control Station
- ldec lzumi Corp. Japan
- Mori Denki Electric Japan
- Togami Electric Japan
- O-Z/GEDNEY USA.
- Crouse-Hinds USA.
- Bartec Germany
+~ Temporary List (See note 9,
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- Warom China
4.24. Explosion proof type Lighting Fixture, Round Box, Lighting Panel

- Shimada Electric Japan

- Miyaki Electric Japan

- Bartec Germany

- Mori Denki Electric Mfg Japan

- Killark Germany

- O-Z/GEDNEY USA.

- Crouse-Hinds USA

- Warom China

- Alloy Thailand
4.25. Explosion proof type Junction Box (JB)

- Bartec Germany

- Stahl Germany

- Alloy Thailand

- Warom China

- Mori denki Electric Mfg. Japan

- Crouse Hinds USA

- CEAG Germany
4.26. Explosion Proof Plug & Receptacle

- Miyaki Electric Japan

- Ito Denki Japan

- Mori Denki Japan

- Appleton USA

- Warom China
4.27. Indoor Lighting Fixture, Bulb, Switch, etc.

- Philips Thailand

- Sylvania Thailand

- National/Panasonic Thailand

- Lamptan Thailand
4.28. Medium and High Volt Cable above 1000V)

- Fujikura Electric Co,, Ltd. Japan

- Thai Yazaki Electric Wire Co,, Ltd. Thailand

- Phelps Dodge Thailand

- MCI Draka Israel

- Bangkok Cable Thailand

*= Temporary List (See note 9,
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4.29.

4.30.

4.31.

4.32.

4.33.

4.34.

4.35.

4.36.

Low Volt Cable
- Fujikura Electric Co,, Ltd.
- Thai Yazaki Electric Wire Co,, Ltd.
- Pheldge Dodge
- MCI Draka
- Bangkok Cable
- CTW Charoong Thai Wire & Cable
Split-type air conditioners
- Mitsubishi electric
- Daikin
- Trane
- Carrier
Split-type air conditioners (Explosion Proof)
- Warom
- MARC
Ethernet Switch
- Cisco
- Hirschmann
Fiber Optic Converter
- Cisco
- Hirschmann

Protective Relay
- ABB
- SIEMENS
- GE
- Refer to SWGR Vendor 4.3, 4.4)

Ring main Unit 22 kV
- ABB
- SCHNEIDER

CSCS (Computer-based Substation Control System)

- Mitsubishi Electric Corp.
- Toshiba Corp.

- ABB
- Siemen
- Schneider

*=Temporary List (See note 9,

International
Thailand

Thailand
Thailand
Thailand
Thailand

Japan/Thailand
Japan/Thailand
US.A/Thailand
US.A/Thailand

China
USA.

International
Germany

International
Germany

Germany
Germany
U.S.A/Europe

International
International

Japan
Japan
Europe

Europe
Europe
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4.37. PABX
- NEC Japan
- CIsco USA.
4.38. IP Phone
- NEC Japan
- CISCO USA
- Guardian Telecom USA
4.39. Generator Protection Relay
- Refer to Generator Vendor (4.11)
- Basler USA
4.40. NGR
- ABB International
- Siemens International

4.41. MV, HV Cable Termination kits /Splicing kits

4.42. Lightning and Grounding System

4.43. Cathodic Protection System

4.43.1.

4.43.2.

Transformer / Rectifier

Toshiba Corp.

Raychem
Sudkabel
Kabeldon

Kumwell

DEHN

Universal

Corrpro

Wilson & Walton

CP Tech

Insulation Joint

RMA
Prochind

Zunt
Nuovagiungas
Galperti

4.44. Main Distribution Board

*=Temporary List (See note 9,

TIC
Mantra

Japan

International
International
International

Thailand
Germany

USA.
UKk
USA
Malaysia

Germany
Italy
Italy
Italy
Italy

Thailand
Thailand
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5. Control & Instrument
Distributed Control System (DCS)

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

- Yokogawa Electric Corp. International

PLC
5.2.1. PLC (Programmable Logic Control) General Application
- Allen Bradley USA
5.2.2. PLC (Programmable Logic Control) for Package
- Allen Bradley (SIL2 Compliance) USA
- Triconex (SIL 2 Compliance) USA
5.2.3. PLC (Programmable Logic Control) Shutdown System (Safety PLC)
- Yokogawa (Prosafe RS) International
- Triconex USA
5.2.4. PLC (Programmable Logic Control) for Electrical Control & Supervisory,
C&S
- Allen Bradley (SIL 2 Compliance) USA
- ABB International
- Siemens Germany
5.2.5. PLC (Anti-Surge Controller)
- Ccc USA
5.2.6. PLC (Programmable Logic Control) for Boiler/WHRU/Fire Heater
- Yokogawa Prosafe RS (SIL 3 Compliance) Japan
- Triconex (SIL 3 Compliance) USA
Machine Monitoring system
- G.E.Bently Nevada USA.
SCADA
- Atos Origin France
- Yokogawa International
HIPPS
- Mokveld Netherland
- Yokogawa Japan

Instrument Control Cabinet

IS Barrier

*=Temporary List (See note 9,

Rittal

Pepperl + Fuchs
MTL

International

USA.
USA

106
108

143
145



RAYONG GAS SEPARATION

PAGE: 26 OF 47

PLANT BRAND LIST DATE: 30 Nov 21
Rev.14
5.8. Power conditioner, Field Terminal for Foundation Fieldbus
- Pepperl +Fuchs USA
- MTL USA.
5.9. Surge Protection
- Pepperl + Fuchs USA
- MTL USA
- Phoenix Contact US.A,Germany

5.10. Field Inst

rument

5.10.1. Pressure Transmitter, Diff Pressure Transmitter, Temperature

5.10.2.

5.10.3.

5.10.4.

5.10.5.

5.10.6.

5.10.7.

*=Temporary List (See note 9,

Transmitter
- Rosemount
- Yokogawa

Turbine Flow Meter & P.D. Meter
- Oval Engineering Co., Ltd.

- Brooks Instrument Co., Ltd

- Instromet
- Daniel

- ltron

Variable Area Flow Meter (Rotametern)
- Tokyo Keiso Co,, Ltd.

- Brooks Instrument Co,, Ltd.

- Yokogawa
Flow Orifice

- SAMIL

- Rosemount

- Daniel
Annubar & Pitot Tube
- Rosemount

Mass Flow Meter - Coriolis

- Rosemount

- Oval

- Endress+Hauser

- Yokogawa
Ultrasonic Flow Meter
- Rosemount

- Yokogawa

- Endress+Hauser

International
International

Japan
USA

Holland
USA.

Italy

Japan
USA.

International

Korea
USA.

U.S.A.

International

International
Japan
Germany

International

USA.

International
Germany
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5.10.8. Magnetic Flow Meter
- Rosemount

- Yokogawa

- Endress+Hauser
5.10.9. Flare Gas Flow Meter

- GE Panametrics

- Sick

5.10.10. Displacement Type Level Instrument

- KTEK

- Tokyo Keiso
- Azbil

- Magnetrol

5.10.11. Radar Type Level Instrument

- Endress + Hauser

- Tokyo Keiso
- Rosemount
- Vega

- Magnetrol

5.10.12. Differential Pressure Type Level Instrument

- Rosemount

- Yokogawa
5.10.13. Tank Level System

- Rosemount/SAAB
5.10.14. Pressure Switch

- Nagano Keiki Seisakusho Ltd.

- WIKA
- SOR

- Ashcoft

- Dywer

5.10.15. Level Switch (Magnetic type)

- Tokyo Keiso Co,, Ltd.
- Magnetrol
- SOR

*=Temporary List (See note 9,

USA

International
Germany

USA

Germany

USA.

Japan
Japan
U.K./U.S.A.

Germany

Japan
International
Germany
UK/USA.

International
Japan/Thailand

UK

Japan

Germany
USA

USA
USA.

Japan
UK/USA.
USA
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5.10.16. Pressure Gauge
- Ashcorft
- WISE
- WIKA
- Nagano Keiki Seisakusho Ltd.

- Baumer
5.10.17. Temperature Gauge
- Nagano Keiki Seisakusho Ltd.
- Ashcroft
- Ruger
- WIKA
- WISE
5.10.18. Level Gauge (Transparent type and Reflect type)
- Bunka Boueki
- Samil
- Nihon Klingage
5.10.19. Level Gauge (Magnetic type)
- Bunka Boueki
- Tokyo Keiso Co,, Ltd.
- WIKA
- Nihon Klingage
5.10.20. Thermo-elements Assembly with Thermowell
- Rosemount
- Okazaki Mfg. Co,, Ltd.
- Ruger
- Yamari
- Wika

- Thermo Electric
- WISE

*=Temporary List (See note 9,

USA
Korea
International
Japan

International

Japan

USA.
Switzerland
International
Korea

Japan
Korea
Japan

Japan
Japan
Germany
Japan

International
Japan
Switzerland
Japan

USA

Netherlands
Korea
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5.11. Control Valve

5.11.1. Globe Valve
General Service

- Fisher USA.

- Masoneilan USA

- Ca International

- Weir UK.

- ValTek USA.

- Samson Europe

- Azbil Japan
Severe Service / Anti Surge Control Valve

- CCl (Model: Drag) USA

- Fisher (Model: Whisper Flo) USA

- Masoneilan (Model: V-log) USA

- Mokveld (Model: RZD-R) Netherland

- Samsonx Germany
5.11.2. Butterfly Valve

- Vanessa Italy

- Tricentric UK

- Tomoe Valve Japan

- Unicom Korea

- Fisher USA

- Samson Europe
5.11.3. Diaphragm Valve

- NDV Japan
5.11.4. Ball Valve

- Becker USA

- Metso Finland
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5.11.5. Automation ON-OFF Valve

Ball Valve
- Cooper Cameron USA
- KTM Japan
- Perar Italy
- Metso Finland
- Starline* Italy
- Bohmer= Germany

Metal Seat Class 6

- Argus Germany
- Cooper Cameron USA

- Petrovalves Italy

- Valvtechnologies U.S.A.

Butterfly Valve

- Vanessa USA

- Tricentric UK

- Tomoe Valve Japan/Korea
- Unicom Korea

Tank Flush Bottom Valve
- Friatec Germany

5.11.6. KV valve for Molecular Sieve Application

- Cooper Cameron (ORBIT) USA

- Petrovalves Italy

- Valvtechnologies USA
5.11.7. Self-Actuating Regulating Valve (Pressure Control Valve)

- Fisher USA

- Masoneilan US.A/apan

- Intromet Germany

5.11.8. Self-Actuating Regulating Valve (Temperature Control Valve)
- AMOT USA

*=Temporary List (See note 9,
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5.12. Solenoid Valve
- ASCO USA
- Versa USA
5.13. Actuator for Automation ON-OFF Valves
- Bettis USA
- Ledeen Italy
- Rotork England
- Flowbus Korea
5.14. Actuator for AOV Valve
- Oval Korea
5.15. Positioner for Control Valve
- Fisher USA.
- Masoneilan USA. /Japan
- Metso Finland
- Samsonx Germany
- Azbil Japan
5.16. Partial Stroke Device for Automation ON-OFF Valves
- Fisher USA
- Masoneilan US.A./Japan
5.17. Instrument Air Filter Regulator
- SMC USA
- Fisher USA
- Parker USA
- Masoneilan US.A./Japan
5.18. Analyzers
5.18.1. Online Gas Chromatography
- Yokogawa Electric Corp. Japan
- ABB USA
- Daniel USA.
5.18.2. Moisture Analyzer
High range >1 ppm)
- Michell UK.
- Bartec Germany
- Yokogawa Electric Corp. Japan
- SpectraSensor USA
*= Temporary List (See note 9,
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Low range <=1 ppm)

5.18.3. Continuous Emission Monitoring (C.E.M,)

SpectraSensor

Siemens
Yokogawa
ABB

THERMOFISHER SCIENTIFIC

5.18.4. H2S Analyzer

Yokogawa
ABB
SpectraSensor

5.18.5. Mercury Analyzer

Mercury Instrument
PSA

5.18.6. CO2 Analyzer

Sick maihark
Yokogawa
ABB

Servomax

5.18.7. RVP Analyzer

ORB
ERALYTICS

5.18.8. 02 Analyzer for stack (TDL)

Yokogawa
ABB
Mettler Toledo

5.18.9. pH Meter

Yokogawa
Rosemount
Mettler Toledo

5.18.10. Conductivity Meter

*=Temporary List (See note 9,

Yokogawa
Rosemount
Mettler Toledo

USA

Germany
International
Germany

USA

International
Germany
USA.

Germany
England

Germany
International
Germany
England

USA

Austria

Japan
Germany
USA

International
International
USA.

International
International
USA
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5.18.11. Turbidity
- Yokogawa International
- Rosemount International
- ABB Germany
5.18.12. Dissolve Oxygen
- ABB Germany
- Yokogawa International
- Mettler Toledo USA
5.18.13. Calorimeters (Wobbe Index)
- Delta Instrument USA
- Xentaur USA.
- Hobre Netherland
5.18.14.  Pressure Regulator for Analyzer
- Parker USA.
- GO USA.
- Swagelok USA
5.19. Analyzer House
- CAE Singapore
- Yokogawa Electric corp. Japan
- ABB Germany
5.20. Flame Scanner
- Honeywell Japan
- Fire-eye USA
- Coen USA.
- Zeeco proflame USA
5.21. Terminal
- Weidmuller Germany
- Entrelec Germany
- Phoenix contact Germany
5.22. Explosion proof equipment dJunction box, Local control station, etc)
- Shimada Electric Japan
- Bartec Germany
- Stahl Germany
- Weimuller Germany
- Rose Singapore
*=Temporary List (See note 9,
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5.23. Push button, bulb, relay and accessories

5.25. Manifold Valves

5.26. Instrument Cable

5.27. Foundation Fieldbus Cable

5.28. Fiber Optic Cables and accessories

Idec lzumi Japan
Omron Japan
Telemecanique France
ABB Europe

5.24. Instrument tube, valve, fitting, Sampling equipment and accessories
Swagelok USA
Parker USA.
WHITEY USA.
Parker USA
Rosemount International
Schneider Germany
Hitachi Cable Japan
Thai Yazaki Electric Wire Co., Ltd. Thailand
MCI Draka Thailand
Bangkok Cable Thailand
Wilson Thailand
Phelps Dodge Thailand
LAPP Cable* Italy
Fujikura International
Belden USA.
ABB Germany
MCI Draka Thailand
Optical Cable Corporation USA
Belden USA.
AMP USA.
FiberTek USA.
Fujikura Japan/Thailand

5.29. Power Supply Converter

*=Temporary List (See note 9,

Phoenix Contact
PULS
Weidmuller

International
Germany
Germany

115/143
117 /145



RAYONG GAS SEPARATION

PLANT BRAND LIST

PAGE: 35 OF 47

DATE: 30 Nov 21

Rev.14

5.30. Fiscal Gas Metering for Feed/Sale Gas

Ultrasonic Meter

Cameron (Model:CALDON 380Ci or better)

Sick (Model: FLOWSIC600-XT Forte or better)
Krohne (Model: Altosonic V12 or better)
Elster-Instromet (Model:Qmax Series or better)
Daniel (Model: 3418 or better)

Online Gas Chromatography

Emerson (Model: 500 Series)

ABB (Model: NGC 8206)

Gas Sampler /Sampling probe

Welker (Model: IRA)
Genie (Model: 702)

Moisture Analysure

Spectra Sensor (Model:SS2000)

Ametek (Model:5100 or 5100HD)

Flow conditioner

Emerson
CPA

Flow Computer

Emerson

Spiriit (by ABB Model: Flow-X)

Volume Corrector

*=Temporary List (See note 9,

Elster-Instromet (Model: EK280)

Itron

USA

Germany
Germany
Germany

Romania

USA.
USA.

USA.
Great Britain and

Northern Ireland

USA
USA

USA.
CANADA

USA.
Netherlands

Germany

France/Germany
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6. Manual Valve

6.1. Carbon steel valve for Hydrocarbon (Gate/Globe/ Check Valve)
- Kitz Corporation (Kitazawa Valve) Japan/China
-  POYAM Spain
- Walworth Mexico
- PK Korea
- Valvosider= Italy

6.2. Carbon steel valve for Non-Hydrocarbon (Gate/Globe/ Check Valve)
- Kitz Corporation (Kitazawa Valve) Japan/China
- POYAM Spain
- Walworth Mexico
- PK Korea
- Takamisawa (TKM)* japan
- Valvosider* Italy

6.3. Stainless steel Valve for Hydrocarbon (Gate/Globe/ Check Valve)
- Kitz Corporation (Kitazawa Valve) Japan/China
-  POYAM Spain
- Walworth Mexico

6.4. Stainless steel Valve for Non-Hydrocarbon (Gate/Globe/ Check Valve)
- Kitz Corporation (Kitazawa) Japan/China
- POYAM Spain
- Walworth Mexico

6.5. Cryogenic Valve
- Kitz Corporation (Kitazawa Valve) Japan/China
- POYAM Spain

6.6. Hot Oil service Valve

6.6.1. Bellow Seal Valve for 12> and below

- SWI Korea
- PK Korea
- Lazaro ltuarte Italy

6.7. Ball Valve
- Grove US.A /taly
- Cooper Cameron USA.
- Kitamura Valve Mfg. Co,, Ltd. Japan

+~ Temporary List (See note 9,
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- Perar Italy
- Metso Finland
-  PBV US.A/Czech (MSA)
-  RMA Germany
- Bohmer= Germany
- Kitz Corporation (Kitazawa)* Japan
- LVF+ Italy
6.8. Butterfly Valve
- Vanessa USA.
- Tricentric UK.
- Tomoe Valve Japan
- Linde Germany
- Unicom Korea
6.9. Forge Valve
6.9.1 Forged Valve for Hydrocarbon Service
- Shoritsu Seisakusho Co,, Ltd. Japan
- Takamisawa (TKM) japan
- Henry Vogt Machine CO. USA.
- lIshin Korea
- DSI USA.
- Bonny forge Italy
- OMB Italy
- LVF+ Italy
6.9.2 Forged Valve for Amine Service (Full Bore Integral Flange)
- OMB Italy
- Henry Vogt Machine CO. USA.
- lIshin Korea
- Bonny forge Italy
6.10. Safety & Relief Valve
- Fukui Japan
- Crosby /Anderson-Greenwood USA
- Consolidated USA
- Farris USA
- Nakatiki Japan

*=Temporary List (See note 9,
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6.11. Non-Slamming Check Valve

- SPC Process Equipment USA.
- WEIR UK
- NOREVA U.K/Germany

6.12. Low Delta P Check Valve

- Goodwin U.K/Korea

- SPC Process Equipment USA

- Weir UK

- Peach Korea

- Stockham Australia/UK.

6.13. Diaphram valve
- NDV Japan
- Crane Saunders UK.

6.14. Valve interlock, lock open, Lock close

- Castel U.K/Netherland

- SmithFlow Control UK.

- Netherlocks International
6.15. Automatic Recirculation Valve (Free Flow Check Valve)

- Schroedahl-ARAPP Germany

*=Temporary List (See note 9,
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7. Piping/FFitting and Piping Miscellaneous
7.1. Carbon Steel Pipe
Original Country
- Japan
- Korea
- West Europe
- North USA.

- South Africa

7.2. Stainless Steel Pipe
Original Country
- Japan
- Korea
- West Europe
- North USA.
7.3. Flange and Fitting
7.3.1. Carbon Steel
Original country
- Japan
- Korea
- West Europe
- North USA.

- South Africa
- Thailand
7.3.2. Stainless Steel
Original country
- Japan
- Korea
- West Europe
- North USA.
- South Africa
- Thailand
7.4. GRP Piping
- Fiberbond
- Smith Fibercast

- Ameron

- Future Pipe Industries

- Sarplast

*=Temporary List (See note 9,
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7.5. Spiral wound & wound & another gasket
- Garlock USA.
- Klinger International
- Flexitallic International
- Valqua Japan/Thailand
- Pillar Japan
- Tombo International
- Jeil E&S Korea
- Lamons International
- Masterpac Thailand
- Thai Express Thailand
7.6. Ringjoint type Gasket
- Flexitallic International
- Valqua Japan/Thailand
- Jeil E&S Korea
- Masterpac Thailand
7.7. Static Mixer
- Sulzer chemtech USA.
- Hado Korea
- Lighting Korea
7.8. Bolts and Nuts
- By Contractor (See General Requirement)
7.9. Spring hanger/Support
- NHK Spring Co,, Ltd. Japan
- Sanwa Tekki Corp. Japan
- Mitsubishi Steel Mfg. Co,, Ltd. Japan
- Liseg Germany
7.10. Strainer
- By Contractor (See General Requirement)
7.11. Steam trap
- TLV Japan
- Spirax Sarco Korea
- Yarway International
- Armstrong USA
7.12. Expansion Joint for Piping
- Senior flexonics
*=Temporary List (See note 9,
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7.13. Pipe Wrapping
- Nitto Japan
- Belzona U.K.

*=Temporary List (See note 9,

122/ 143
124/ 145



RAYONG GAS SEPARATION

PAGE:42 OF 47

PLANT BRAND LIST DATE: 30 Nov 21
Rev.14
8. Package Equipment
8.1. Elevated Flare package
- John Zink USA
- Callidus USA
8.1.1. Enclosed Ground Flare Package
- John Zink USA.
- Zeeco USA.
- Callidus USA
- GBA ltaly
8.2. Waste Heat Recovery Unit (Hot Qil)
- Foster Wheeler UK.
- Onquest Canada
- Heurtey Petrochem France
8.2.1. Duct Burner
- John Zink USA.
- Stork Netherland
- Five France
- Dejong Netherland
8.3. Heat Recovery Steam Generator
- Foster Wheeler UK.
- John zink USA
- Nippon Furnace Kogyo Kaisha, LTD. Japan
- MHI Japan
- Born Canada
- PCC Sterling Limited UK.
- CMI
8.4. Fire Heater
- Born Canada
- Tulsa Heater USA
8.5. Incinerator/Thermal Oxidizer
- Foster Wheeler UKk
- John Zink USA
8.6. Demin Water System /Sand Filter System
- Organo Corporation Japan
- Daekum Korea
+~ Temporary List (See note 9,
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8.7.

8.8.

8.9.

8.10.

8.11.

8.12.

8.13.

Anti-Foam Doasing System
- Hansu
- Zi-Techasia Solutions Ltd.
- Zuelling Industrial
Methanol Injection System
- Hansu
- Vikoma
- Zi-Techasia Solutions Ltd.
- Zuelling Industrial
Electric Overhead Traveling Crane/Hoist
- Kone cranes
- Demag/MHE Demag
- Showa Crane
- Namsung (Crane)/Stall (Hoist)
HVAC system
- Trane
- Daikin
- Mitsubishi
- York

Centralized greasing system
- Lincoln

Oil mist lubrication system
- LSC

Adsorbent, Molecular Sieve, Consumables

Korea
Thailand

Thailand

Korea
UK.

Thailand
Thailand

Finland/France
Germany/Thailand
Japan

Korea/Germany

International
International

International

International

Germany

USA

8.13.1. Mercury Adsorbent for Gas Mercury Removal Unit (MRU)

- UOP
- Johnson Matthey JM)

- Axens

USA
UK.

France

8.13.2. Mercury Adsorbent for Liquid Mercury Removal Unit (Liquid MRU)

- UOP
- Johnson Matthey M)

- Axens

8.13.3. Molecular Sieves for Gas Dehydration Unit

- uUoP
- BASF

*=Temporary List (See note 9,

USA
UK.

France

USA.

Germany
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8.13.4. Molecular Sieves for Liquid Dehydration Unit=
UoP USA
8.13.5. Coal-Based Activated Carbon
- Carbot Corporation USA
- Calgon Carbon USA.
- Jacobi Sweden
8.13.6. Coconut-Based Activated Carbon
- Carbot Corporation (Norit) USA
- Calgon Carbon (Calgon) USA
- Jacobi Carbon (Jacobi) Sweden
8.13.7. Hot Oil
- PTT Thailand
8.13.8. Lubricant for Pump
- PTT Thailand
8.13.9. Chemical treatment for Tempered Cooling Water
- Nalco International
- Zi-Techasia Solutions Ltd. Thailand
- Zuelling Industrial Thailand
8.13.10.  SCR Catalyst
- Cometech USA/Germany
- Hitachi Zosen Japan
- Umicore Denmark/USA.
- Shell Netherland
- BASF Germany
- JGC&CC USA.
8.14. Regenerative Thermal Oxidizer (RTO)and Scrubber System
- ANGUIL USA
- Ship & Shore USA
- Daeyang Environment Korea
- KC Cottrell Korea
- Donau Carbon Technologies (DCT) Italy
- DURR Germany
*=Temporary List (See note 9,
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8.15. Wastewater Volume Reduction System
- ECO-TECHNO Italy
- TIALOC China
- Gradiant USA
- J&Y international LLC USA
- ALFA LAVAL France
- Veolia France
- Pillar SEA Germany
8.16. Ultrafiltration Membrane (UF) Unit
- Asahi Japan
-  TORAY Japan
8.17. Reverse Osmosis Membrane (RO) Unit
- DOW (Filmtec) USA.
- TORAY Japan
8.18. Degassing Liquids Membrane Unit (Advanced Dissolved Gas Controly+
- 3M (Liqui-Cel) USA.
9. Licensor
9.1. Acid Gas Removal Unit (AGRU)
- BASF Germany
- UOP USA
9.2. Ethane Treatment Unit ETU)
- BASF Germany
- UOP USA
9.3. Ethane Recovery Unit (ERU)
- UOP ORTLOFF USA
- LUMMUS USA
9.4. Future C2+ Components Extraction from LNG
- UOP ORTLOFF USA
*=Temporary List (See note 9,
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10. Miscellaneous
10.1. Plasma/LCD/LED Monitor
- Panasonic Japan
- Sony Japan
- Sharp Japan
- Samsung Korea/Thailand
- LG Korea/Thailand
- Dell International
10.2. Desktop Computer (Server, Workstation)
- Dell Korea/Thailand
- HP Korea/Thailand
10.3. Laptop Computer
- Dell Korea/Thailand
- HP Korea/Thailand
10.4. Printer
- HP International
- Canon International
- Ricoh International
10.5. Grating
- Webforge (Thailand) Ltd. Thailand
- Siam Steel Gratings Co,, Ltd. Thailand
10.6. Hot dip Galvanized Conduit
- Abso Thailand
- Matsushita Thailand
- Arrowpipe Thailand
10.7. Cable Gland
- Hawke International
- CMP UK.
- Peppers UK
10.8. Cable Transit Equipment
- Roxtec Sweden
10.9. Painting for Piping, Structure and building
- Chukoku International
- Jotun International
- Dimet International
- International International
*=Temporary List (See note 9,
127 /143

129/ 145



RAYONG GAS SEPARATION

PAGE: 47 OF 47

PLANT BRAND LIST DATE. 30 Nov 21
Rev.14
10.10. Mineral Qil ie. Lube oil, Transformer Oil
- PTT Thailand
10.11. Synthetic Oil
- PTT Thailand
10.12. PVC Pipe and fittings*+
- Thai Pipe Industry Co,, Ltd. Thailand
10.13. HDPE Pipe and fittings=
- Thai Pipe Industry Co,, Ltd. Thailand
10.14. Electrical /Instrument Cable tray, Cable ladder
- TIC Thailand
- SMC Thailand

*=Temporary List (See note 9,
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1.0 SCOPE

2.0

2.1

2.2

3.0

3.1

ES-60.06 Instrument Installation Specification

This specification describes the practices that shall be employed and the
standards of workmanship that will be required for the installation of
instrumentation.

SPECIFICATIONS STANDARDS AND CODES
Specifications

The following specifications are applicable:

ES-60.01 Instrumentation General Specification

Standards and Codes

The Installation shall generally be in accordance with APl recommended
practices and ISA standards:

API RP 540 Electrical Installations in Petroleum Processing Plants
ANSI/NFPA 70 Wiring Practices
NEC Wiring Practices

ANSI/ISA-RP12.6 Wiring Practices for Hazardous (Classified) locations,
Instrumentation, Part 1: Intrinsic safety
BS6121 part 1 Mechanical cable glands

Control of Substances Hazardous to Health (COSHH) regulations
GENERAL REQUIREMENTS
General

The detailed range of instrument installation activities, together with Bills of
Quantities and applicable drawings will be defined in the Sub-Contract
Requisition.

Quality Assurance, Inspection and Testing shall be undertaken in accordance
with Installation CONTRACTOR's Quality Assurance System / Quality Plan,
requirements of the PROJECT SPECIFICATION and referenced International
Codes and Standards.

Instruments and/or materials shall be purchased from the list of approved
VENDORSs, as supplied in the PROJECT SPECIFICATION.

Attention shall be given during construction to the protection of equipment
against general construction site hazards and in particular the protection of
equipment from the weather. Instruments and panels that cannot be installed
upon delivery should be housed in a properly constructed and temperature
controlled store, protected from dust and damp. Throughout the construction
period, instruments that are not provided with housings shall be protected by
covering with heavy duty plastic bags or where necessary by applying more
robust protection.

130/ 143
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4.0 INSTRUMENT LOCATION AND SUPPORT

4.1 General

Instruments shall be located in accordance with the detail drawings and with
due regard to accessibility and maintenance activities. Vents, drains and filling
points shall be sited to minimise the impingement of process fluids on
instrument equipment and cables.

Care shall be taken to ensure that no passageways or access to equipment are
obstructed. Instruments shall be clear of drainage points for condensate, water
and process fluids from adjacent equipment. Instruments shall be located
away from potential fire risks, spillage areas, hot environments, and sources of
radiation. Indicating instruments shall be orientated to permit viewing from
walkways or platforms. Instruments shall be accessible for adjustment or
maintenance without the use of ladders or staging, except as defined in
paragraph 4.2.1.

Instrumentation requiring operator access shall be mounted at a height of
1400mm from grade or platform. Other instrumentation shall also be mounted
at 1400mm from grade or platform.

The only permitted exception to the above is for DP level transmitters where
the preferred installation is level with the bottom vessel connection and as such
may be less than 1400mm above platforms. Direct connected devices such as
level switches, displacers, thermowells, etc., have their elevations fixed by their
respective process connections.

Where field indicators are specified in association with blind transmitters, the
field indicator shall be located so as to be visible from the associated control
valve or final element, unless otherwise noted on the P & | diagrams or
instrument location plans.

When installing instruments, allowance shall be made where necessary for any
tracing, insulation and housings which may be required.

A clearance of not less than 300mm is required between any hot surface
(temperature in excess of 65°C) and any plastic air tubing, instrument process
piping, or analyser sample system tubing.

No instrument support shall be welded to a vessel, pipe or any other equipment
containing process fluids. The only exception to this shall be for instrument
supports/brackets installed by vessel fabricator at his works as part of the
vessel dressing.

With the exception of pressure gauges no instrument shall be installed such
that it depends for support or rigidity on the impulse piping.

Pressure gauges shall be installed such that their blowout protectors are not
obstructed. Protectors shall face away from the operator. The minimum
clearance between blowout disc and a nearby obstruction shall be 25mm.

Handrails shall not be used for mounting or supporting instruments, nor shall
any instrument or support be located within 150mm of the top handrail.
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Special attention shall be paid to the mounting of instruments with filled
systems and capillaries. Capillary tubing shall be adequately supported and
protected against mechanical damage and shall be run independently of all
other lines. Extra lengths of capillary shall be coiled up at the instrument end,
with a minimum bending radius of 125mm.

Instruments fitted with direct mounted manifolds shall be supported by the
manifold and not by the instrument.

Instrument field supports, junction box frames, etc shall be prepared and
finished in accordance with detail drawings. Minor brackets and supports of
mild steel construction shall be galvanised.

All instrument equipment shall be mounted and supported such that it is free
from vibration and misalignment.

All protective finishes shall be in accordance with Engineering Standard ES-92-
06. CONTRACTOR will be continuously monitored to ensure correct
techniques are followed.

All local panels, JB frames, etc shall be levelled using shims as required.
Where equipment is mounted at grade, the supports shall be grouted such that
any water is shed.

4.2 Instrument Accessibility

42.1 General

All instrument equipment shall be accessible for servicing from floor level,
walkways, permanent ladders or platforms. Orifice plates, thermocouples and
other in-line devices may be accessed by temporary means if they are less
than 4m above floor level. Above 4m they shall be provided with permanent
access.

422 Access from a Platform

To be accessible from a platform the location must satisfy the following:

a) The equipment shall be located on, next to, or above a platform.

b) When the equipment is located next to a platform, the centre of the
operating mechanism shall not be more than 0.5m outside the
handrail and not more than 1.5m nor less than 150mm above the
platform.

c) When the equipment is located above a platform, the top of the
mechanism shall be not more than 2.1m nor less than 150mm above
the platform.

423 Access from a permanent ladder

To be accessible from a permanent ladder the equipment shall not be more
than 1m from the centreline of the ladder.

5.0 INSTRUMENT PROCESS PIPING AND TUBING
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51 General

All instrument process piping, fitting and tubing shall be 316 stainless steel as
a minimum. Actual material specification shall be in accordance with the project
piping material specification. All valve \fittings and tubing shall be “Swagelock”.

All impulse lines shall be run with a slope of not less than 1:12. The slope shall
be down from the tapping point for liquid, steam and condensibles and up from
the tapping point for gases in accordance with detail drawings.

Vents shall be sited at the highest point of the installation and drains at the
lowest.

Impulse lines shall be kept as short as possible consistent with good practice
and accessibility.

Joints made in adjoining tubing lines shall be located such that the joints are
not adjacent at the same level.

Tubing shall not sag. Adequate support shall be provided.

Tubing shall be run with minimum number of changes of direction consistent
with good practice and neat appearance.

Tubing or piping shall not be supported from handrails.

Tubing shall not be supported from process lines except by agreement with the
site engineer.

Steel piping shall be jointed with approved fittings as specified on the drawings.
Where practicable, pulled bends shall be used in preference to fittings.

Due regard shall be given to hot service installation that is subject to
contraction, to ensure that sufficient flexibility is allowed.

Stainless steel pipes or tubes shall not be located where, in the event of a fire,
there is a possibility of molten zinc falling onto the stainless steel from
associated galvanised structures, zinc chromate paint, etc. This is necessary
to eliminate the dangers caused by zinc embrittlement of stainless steel.

Stainless steel tubing with compression fittings shall be installed as specified by
the fittings manufacturer. This shall include, but not be limited to, the following:-

- Proper cutting of the tube. Only approved cutting tools shall be used.
- Proper installation of the ferrules.

- Checking that the tube is round and free from burrs and distortions.

- Correct level of tightening of fittings without over-tightening.

6.0 INSTRUMENT AIR PIPING

6.1 General
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The location of the main instrument air headers and the take off points shall be
as shown on the drawings.

Instrument air manifolds will normally be used in areas of high user density.
Where instrument density is low, spider type air header should be used.

Air supply headers shall be sized as follows:

1-5 users - 2" NB
6-20 users - 1" NB

All branch take-offs shall be from the top of the header.

All take-offs from the main air header shall have an isolation valve. Take-offs
shall be spaced at 10m intervals along headers and sub-headers.

The detailed routing of all sub header pipework shall be responsibility of the
Installation CONTRACTOR.

CONTRACTOR shall ensure that drain legs are supplied at each low point of
the installation.

7.0 INSTRUMENT AIR SIGNAL TUBING
7.1 General

Tubing shall be jointed only with approved compression fittings compatible with
the tube material. All tubing shall, as a minimum be of 2" or 2" 316 stainless
steel. All fittings shall be “Swagelock”.

Where required, a minimum amount of liquid sealant may be used. Care must
be taken to ensure that there is no intrusion of sealant into the line. PTFE tape
shall not be used.

All tubing shall be cleaned by blowing through with filtered air before
connecting to instruments.

Sufficient slack shall be allowed in all air tubing to avoid strain on the
instrument connections. Connections to instruments shall have sufficient
flexibility to facilitate disconnection. All control valves and vessel mounted
transmitters shall have an extra 150mm diameter loop in their air tubings for
maximum flexibility.

8.0 PIPING AND TUBING SUPPORTS
8.1 General

Tubing shall not be fastened directly to process lines or other process
equipment. Vibrating structures and equipment shall be avoided.
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One or two single pipes or tubes may be supported by dedicated heavy duty
channel section if other support is not available.

The length of unsupported tubing to final destination (such as control valve or
transmitter) for single tubes shall not exceed 0.5m.

Tubing shall be fastened to support at regular intervals with non corrosive
fixings to prevent sagging, or misalignment.

Where three or more single tubes are run parallel to each other, galvanised
mild steel cable tray, as used for instrument cables, shall be used for support.

Care shall be taken to avoid stainless steel tubing coming into direct contact
with galvanised supports.

9.0 INSTRUMENT CABLING

9.1 General
Instrument cabling shall be installed in such a manner that the design
requirements for the contract in terms of safety, reliability, access, etc are
realised. The main points of the design philosophy are given below and all

installation methods shall take account of this philosophy.

9.2 Design Philosophy

9.2.1 All outdoor cables shall be armoured. All cables shall be supplied as specified
in agreed project cable specification.

9.2.2 Multicore cables shall be sized such that they contain a minimum of 20% spare
conductors at the completion of contract design

9.2.3 Junction boxes shall be dedicated to one signal category only.

9.24 Intrinsically safe circuits and non-intrinsically safe circuits shall not be contained
within the same cable or marshalled in the same junction box.

9.25 Earthing shall be as shown in the "Instrument Earthing Philosophy" drawing.
This drawing gives details of all earthing required and incorporates the
following general principles:-

i) All equipment containing an electrical signal or power supply shall be
earthed for personnel safety reasons and for minimising electrical
interference. This includes enclosures, cable, cable tray and conduit.

i) Cable screens shall be electrically continuous throughout the cable
run and shall be earthed at one point only. This point is normally the
panel reference bar of the panel or cabinet to which the cable is
connected. It is always shown on the detailed drawings.

iii) The design of the earthing system shall avoid the creation of earth
loops caused by duplication of earthing paths. Particular attention
shall be paid to the isolation of panel reference bars within panels
and cabinets and their final earthing to a point of zero potential.
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9.2.6 All cabling shall be protected against mechanical damage, chemicals and heat.
In general, underground cabling and cabling run on ladder rack and tray will
meet these requirements if installed in accordance with the Contract drawings
and provided attention is paid to detail routing.

9.3 Field Cable and Junction Box Numbering

9.3.1 The number of every cable and junction box is shown on the detail drawings.

9.3.2 Main cable numbers shall consist of a prefix defining the signal category
followed by a sequential number.

9.3.3 Main junction box number is derived from the main cable number prefixed JB.

9.34 Secondary multicores (ie. multicores between the main JB and secondary JB)
are derived from the main cable number with a suffix letter.

9.35 Secondary junction box number is derived from the secondary multicore
number prefixed JB.

9.3.6 Secondary cable number from JB to individual instrument is derived from the
main cable number with a 2 digit suffix corresponding to the pair number in the
main cable, or by the instrument tag number.

9.3.7 The system described above is modified slightly when 2 main cables are run to
the main junction box. In this case the main cables are suffixed A & B. Any
secondary multicores carry a further suffix. Secondary cables are numbered as
though the 2 main multicores were one larger cable.

9.3.8 Cable numbers other than those connected to JBs use the system described
above for main cable numbers (paragraph 9.3.2) but the sequential number is
taken from a different series.

9.4 Control Room Cable and Junction Box Numbering

9.4.1 Control room cables are numbered as described in paragraph 9.3.2. using a
separate series of sequential numbers.

9.4.2 Junction box numbers (where required) are derived as described in paragraph
9.3.3.
9.4.3 The secondary cable numbering system (see paragraph 9.3.6) is not used in

control rooms.

95 Cable Separation

9.5.1 Main cable routes are shown on detail drawings and these take account of the
segregation requirements. These requirements are given below and must be
adhered to for all cable routes not detailed elsewhere.
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9.5.2 Instrument cables shall be routed separately from electrical power cables. The
physical separation of signal and power cables on parallel runs shall be as
below:
Power Wiring Minimum
Capacity Separation (mm)
125V or 10A 250
250V or 50A 500
440V or 200A 750
3.3KV or 500A 1250
11KV up or 80O0A 4000

9.5.3 Crossovers that bring signal and power cables into close proximity shall be
made at right angles. The minimum separation at the point of crossover is
250mm.

9.5.4 The requirements described above may be relaxed at entries to instruments
and panels.

9.55 Instrument cables carrying more than 10 amps shall be treated as power
cables.

9.5.6 Instrument power cables, above 115VAC should not be run with instrument
signal cables.

9.5.7 On tray routes instrument power cables shall be run on separate tray.

9.5.8 Instrument signals are divided into different categories and these categories
shall be grouped together.

9.5.9 I.S. and non-l.S. cables may be run together in the same tray but shall be
separated into different bundles.

9.6 Cable Installation

9.6.1 All cables from control buildings to junction boxes, from junction boxes to

individual instruments, and other cables, shall be supported by a suitable cable
support system. Ladder rack shall be used for the larger routes and cable tray
for the smaller (below approx 200mm width). The main cable rack routes shall
run on the top level of the pipe racks, shall be hot dipped galvanised steel and
be furnished with covers.

9.6.2 The following general requirements are applicable to all above ground cable
installations:

Ladder rack and cable tray shall be heavy duty, galvanised mild steel. They
shall incorporate return flanges for personnel and cable protection and
additional strength. They shall be equally suitable for use in the field or in
buildings.

Ladder rack shall be capable of spanning a 6 metre length if necessary and
must be capable of supporting a point load of 100Kg at mid-span over a 5 span
continuous run, in addition to the calculated distributed load. Tray shall be
capable of spanning a 2 metre length unsupported. Longer lengths of tray may
be braced using longitudinal channel section.

ES-60.06 Instrument Installation Specification 137/ 143

139/ 145



O

INSTRUMENT ES-60.06
INSTALLATION PTT PUBLIC CO., LTD PAGE: 10 OF 13
SPECIFICATION ENGINEERING STANDARD REV: 01

Supports for ladder rack and tray shall be supplied by the ladder rack or tray
manufacturer and shall be adjustable for ease of installation. All supports and
jointing fittings shall be heavy duty, mild steel galvanised. Unprotected
supports shall be painted prior to cable installation.

Supports for ladder rack and tray shall be fixed to suitable structural steel or
concrete, before the application of any fireproofing. Welding is the preferred
method of fixing to structural steel. Galvanising shall be repaired after welding.
Supports shall not be welded to vessels or pipework.

Where site fabricated bends are used, they shall conform to the minimum
bending radius recommended by the cable manufacturer.

Cables may be stacked 2 high (max) on ladder and tray installations. Spare
capacity should be provided on all installations (1 additional cable or 20% of
total number, whichever is greater).

Tray and ladder routes shall avoid obstructions, hot surfaces, vibrations and
areas of high ambient temperature. Minimum clearance from hot surface
(above 65°C) shall be 300mm. The route shall not run beneath parallel runs of
process piping and shall not block walkways or access to equipment.

Routes which cross walkways shall provide a minimum headroom of 2 metres.
Routes which cross roads or areas requiring vehicular access shall provide a
minimum headroom of 5.5 metres.

Where routes pass through the floor of a structure, mechanical protection in the
form of a metal sleeve or kickplate shall be provided. This shall project a
minimum of 75mm above floor level.

Cable tray should only be cut along a line of metal i.e. not through the
perforations. Holes cut in tray for the passage of cables shall be bushed or
lined to avoid cable damage.

Individual cable runs near to the final termination point, such as an individual
instrument, should be run in galvanised mild steel angle or proprietary channel
section. Closed conduit shall not be used.

Cable separation (see paragraph 9.5) shall be maintained in above ground
cable installations. This may require the use of separate trays for different
signal groups. Instrument power cables shall not be run on the same tray as
signal cables.

9.7 Cable Installation Inside Buildings

9.7.1 Cables within control rooms will normally be routed underfloor. Where cables
are routed above the floor they shall be in trunking or conduit.

9.7.2 The following general requirements are applicable to cable routes inside
buildings.
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Underfloor cables shall be installed on ladder rack and cable tray. The general
requirements for above ground installations in the field are applicable.

Above floor routes of trunking and cable tray should also be installed in
accordance with these general requirements. Flexible conduit may be used for
runs from main trunking to final termination point. Trunking shall be provided
with drain holes in areas where condensation may be experienced.

Conduit shall be free from burrs and shall be fitted with locknuts, bushes and
ferrules at termination points. Conduit shall be neatly run and adequately
supported. PVC conduit shall avoid equipment operating at elevated

temperatures.
9.8 Fire Hazards
9.8.1 All cables shall be supplied with a fire resistant outer sheath.
9.8.2 Where an unavoidable fire hazard exists the complete cable installation shall

be protected by enclosing in a thermal insulating material. The extent of
protection will be shown on the detail drawings.

9.9 Cable Entry to Buildings

9.9.1 Cable entry to all buildings is via a proprietary cable transit system.
9.9.2 Building penetrations shall be sealed after installation of cables.
9.10 Cable Installation - General

9.10.1 Cables shall only be terminated in instruments, junction boxes or other
approved equipment. No intermediate cable joints are permitted.

9.10.2 Where cables are pulled prior to installation of package units, modules, etc,
care shall be taken to ensure that cables are adequately protected.

9.10.3 When installing cables the radius of all bends shall exceed the minimum
bending radius specified by the cable manufacturer.

9.10.4 Instrument cables shall not be run on the same tray as instrument piping and
tubing.

9.10.5 Installation, terminating, jointing and testing of fibre-optic and co-axial cabling
shall be strictly in accordance with the manufacturer’s instructions.

9.10.6  Above ground cables shall be fixed using pre-formed saddles or PVC covered
stainless steel strapping. PVC cable ties shall not be used. Cables shall be
fixed at approximately 250mm intervals in vertical runs and 500mm intervals on
horizontal runs.

9.10.7 Cables connected to instruments shall be installed with a loop of cable to
provide sufficient slack for re-making the cable connection if the instrument is
removed and to allow for removing the instrument without electrical
disconnection.

9.11 Cable Glanding
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9.11.1  All cables in the field shall be glanded with correctly certified cable glands in
accordance with the hazardous area classification.

9.11.2 Cable glands are not normally required for cables in equipment rooms of
buildings, but may be required at other locations within buildings.

9.11.3 The following general requirements are applicable to all gland installations:-
Cable glands shall comply with BS6121 part 1.
All gland installations shall maintain the IP rating of the associated equipment.

The gland thread shall match that of the associated equipment wherever
possible. The use of thread adaptors shall be minimised.

Cable glands in the field shall be protected by fitting PCP shrouds.

9.11.4  All glands shall be fitted in the bottom of equipment located in the field. Side
entry is permitted but top gland plates shall not be used.

9.11.5 Particular attention shall be given to the manufacturers installation instructions
to ensure that the gland installation does not detract from the ingress protection
rating of the enclosure onto which it is installed.

9.12 Cable and JB Marking

9.12.1  Every instrument cable and junction box is allocated a number. These
numbers shall be marked on the cables and junction boxes.

9.12.2 Cables shall be marked at the entry point to each cabinet, junction box,
instrument or other equipment item and on both sides of transit entries into
buildings. All cables inside buildings shall be marked including control network
cables. Cables shall be marked using a suitable plastic marker and carrier
system.

9.12.3  Junction boxes shall be identified by means of an engraved label. Normal
background colour shall be white.

For junction boxes on shutdown service the background colour shall be red and
a further label shall be fitted stating "This box contains trip circuits".

For intrinsically safe junction boxes the background colour shall be blue and a
further label shall be fitted stating "This box contains I.S. circuits".

9.13 Wiring Terminations

9.13.1 Wiring terminations shall be in accordance with the following general
requirements:

All terminals shall be screw clamp type where the screw is not in direct contact
with the wire. Terminals may incorporate test sockets if necessary. Power
supply terminals and all terminals with voltages over 50V shall be fitted with
protective covers and warning labels. Power supply terminals shall be fitted
with partitions between adjacent terminals.
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Solid conductors shall not be fitted with crimped connections. Stranded
conductors shall be crimped using a crimp that also grips the insulation of the
conductor. The termination end of the crimp shall be suitable for the terminal to
which it is connected. All crimping shall be carried out using the crimp
manufacturer's approved tool.

Normally only one conductor shall be terminated in each terminal. Common
connections shall be made as far as possible using the terminal manufacturer's
standard bridging arrangement. Where connection of 2 wires into one terminal
is unavoidable, two flat-bladed crimps shall be used. Two wires shall not be
crimped in one crimp sleeve and two round-pin type crimps shall not be
screwed into one terminal.

Sufficient slack wire shall be left looped at terminals to allow for re-making of
terminations.

All spare cores in multicore cables shall be terminated. Sufficient terminals
shall be fitted in all equipment to facilitate this.

Conductors shall be ferruled with the number of the terminal to which they are
connected.

10.0 LABELS

10.1 Every item of instrument equipment for which an identification reference is
allocated shall be provided with an engraved label. This label will be in addition
to any manufacturer's wired-on tags or nameplates.

10.2 Labels will normally be engraved plastic. Dimensions, sizes, colours,
engraving details and method of fixing shall be as determined by the contract
drawings or as agreed with the site engineer. Information for labels (ie. tag
number and service) is as given in the contract drawings.

10.3 Labels for individual instruments shall be fitted adjacent to the instrument such
that the label remains in place if the instrument is removed. Labels for other
equipment shall normally be fitted on the equipment.

10.4 Further Labels shall be provided as required on detail drawings or as agreed
with the site engineer. These will include, but may not be limited to, the
following:

Warning Labels Instructions
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