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18.1 @Tummmm%ﬂmmﬂgummmmuaEmm 2Ny uaﬂwmmmuﬂﬂﬂmaﬁamaﬂﬂﬂmﬂmmmﬂﬂ 318

E4

ALIDIAVD LAY Aa il

smsTaiidesiuiums aayulns | BV 1.1 BV 1.2 BV 1.3 BV 1.4
1) Deep Well Anode Groundbed X X X X

2) Shallow Well Anode Groundbed X

3) Positive Junction Box X X X X X

4) Transformer Rectifier X X
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18.2 §5UdedpanumIuTIeMIMuIMIaENMs0NUUY (1na15HUDA 1 CP ENGINEERING DESIGN ) 110491090

o Az v A g a YYu Y o a 2 A o o o 1

Muuatiiluanudesmsiosduniadmnssy Tagldgsudsiing Aeds nagnadou iellSuijeszun CP dwsume
1 a @ J @ 1 = AAA Y o 9 ~ o A Y a Yo 9 Y o 9
dawdasut aanan Falunsalinfidedaudalan Rlsngluenasdyvieend13s1sdenien giusudeninoya

v Y v
mauNamdeagUnunie dan. neunnass

18.3 AFudhaiinihiies sudeyameimnssu naznsiadadautszneudien veaszun Cp Tasazdouaueld Uan,
finsafiurounouEy
18.4 fEudhasuiiumsaan dail

18.4.1 741379911 Soil Resistivity, N500ALUUNS 01FAUIU Deep Well Anode Groundbed 11a2 Shallow Well Anode
Groundbed, MMl Backfill, A1390NUUUNS BUAUIY Transformer Rectifier (Laﬂammuﬁ 1CP
ENGINEERING DESIGN ) Tuns@ififidedaudalan f5uindenidoyamaniungusandoayiliuna dan.

18.4.2 ﬁuﬁumi{i’ﬂéaiﬁﬂqﬂnm’fmu Specification 7l an. fiviua WS eifiuAunmnamsmuiaeenuuy Tasldih
ruevoyanune dan. fewihimssage (Muazideanude 18.7)

18.4.3 qmﬂ“ﬂmuazaﬂé@ Deep anode groundbed, Shallow Well Anode, Positive junction box, Negative Junction Box f11
vouwANLTei 18,118 (MUBNATHULT 1BAMIIULT 2 TYPICAL ANODE GROUND-BED INSTALLATION
DETAIL )

18.4.4 §1599A1 Pipe-to-Soil Potentials 11U on 118 instant-off 1NN Test Station 71 IR UHANTZNUIN Anode Aaadalml
Huparenaasaet szozmatszana 61 km. tazal$uds TR output 11n1s AR Criteria A Uan. $viua (510azidea
0 18.9)

18.4.5 MIATINADU-ATINTVIU (310az1B0AT0 18.9)

18.4.6 Project Final Document (ﬂﬂazlaﬂﬂ"ﬁ}@ 18.10)
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18.5 A3y 1981984

18.5.1 ASTM D1248 Polyethylene insulation

18.5.2 ASTM G57 Field Measurement of soil resistivity using the Wenner four electrode method

18.5.3 NACE SP-0169 Standard Practice “Control of External Corrosion on Underground or Submerged Metallic Piping
Systems

18.5.4 NACE SP-0286 Standard Practice “The Electrical Isolation of Cathodically Protected Pipelines”

18.5.5 NACE SP-0572 Standard Practice “Design, Installation, Operation and Maintenance of Impressed Current Deep
Ground Beds”

18.5.6 NACE TM-0497 Test Method “Measurement Techniques Related to Criteria for Cathodic Protection on Underground
or Submerged Metallic Piping Systems”

18.5.7 NACE TM-102 Measurement of Protective Coating Electrical Conductance on Underground Pipelines

18.6 NN 1INITOONLLI (Design criteria)

18.6.1 Ni}'g V31feg00nALLI Deep Anoode Groundbed 130 Shallow Well Anode Groundbed %@ Close hole with surface
casing A1 Parameter‘ﬁ Jan. Mriva (mmaﬂmmuuﬁ 1 CP ENGINEERING DESIGN)

18.6.2 Pipe-to-Soil potential criteria 11 1914N13508NUDY 11A2N15ATIVTLM

Min Max (Drain point)

® P/S on potential (CSE) -0.85V -3.50V
® P/S off potential (CSE) -0.85V -1.20V

18.7 & 7 (Material)

) A Yo Y ) a o "y gy A ) Y

Alerues1A 113 ofs U eIz Ao ues suddgedaiosausemsteasil uaz lduuenaslsznou 1dun Catalog,
Brochures, Data sheet #39 Certificate (o9 1dula lugmnimaesdum) egnnsquazszdesde]i dan. asraaon
TuUMINITFDUNATIA 1AZIIHALDIANATUAIUNOUNILTMNT TV
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18.7.1 Deep Impressed current anode

Quantity and Weight : (18013 LL‘L!‘]J‘ﬁ 1 CP ENGINEERING DESIGN )
Manufacturer : 133 Al

Type : Tubular

Dimension : (180819 Lm‘]fﬁ 1 CP ENGINEERING DESIGN )

Material : Titanium Mixed-Metal Oxide (Ti-MMO)

Anode capacity : (mﬂmmuuﬁ 1 CP ENGINEERING DESIGN)
Consumption rate : (\8NA1F LLM‘U‘ﬁ 1 CP ENGINEERING DESIGN)
Cable : Manufacturer mounts “L]:;Q%Zig]}ﬂﬁﬁ Epoxy caps A

Standard reference : ASTM-B330

18.7.2 Carbonaceous Backfill

Quantity and Weight : (19 ﬂﬁﬁlm”ﬂ‘ﬁ 1 CP ENGINEERING DESIGN)
Manufacturer : Loresco

Type : Calcined fluid petroleum coke breeze

Model : SC-2 3 01igUIN

Current density limitation : (t®N®13 uuuﬁ 1 CP ENGINEERING DESIGN )

Consumption rate : <20 mg / Amp-Year

Carbon particle : JUUIATLHIN 0.1-1.0 mm. (HIINTINAADMNITOALUY LAZANVAIUMY

Density : 875-1300 (kg/m3)

Typical composition : Carbon 99%, Ash 0.1%, Sulfur 0%, Volatile matter < 0.5%

18.7.3 Positive junction box Enclosures

Material : 11 gauge galvanized steel W30 Epoxy coated Aluminum
v k4 H
Explosion proof : Not require (mﬁﬂuﬁum Non-Hazardous area)

Ingress protection (IP) : laigna1 1P66

y 1 1
Other requirement : H1/5zgila ldnesdumiiuasiFaeaiuii, fosaeriune conduit Tnorzdoall sealing compound
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FNSUAUNAYTOLNAY
18.7.4 Shunt
Y v
Anode 1Az branch circuit 92ADIAAAT shunt (Accuracy £1%) LAZITABIN rating NNINZ A
18.7.5 Trimming Resistors
. Y 9 9 ] Y ' ' o A 9 o =R =
Power resister ‘1J51Jﬂ1"lmwm’e)ammuiw&wnwﬁmmmamws Iﬂﬂllﬁﬁ%ﬂ?ll Safety factor Tﬂﬂ%gﬁ@\iﬂTH\m\iﬂﬁi$‘U18
9 A a L%I A @ a d Y = Y Y = [ .

AITNIDUNINAVU LWE]‘ﬂﬂ\1ﬂuﬂ'ﬂilLﬁﬂ‘l/i'lfJ"lI@QQﬂﬂimﬂJNmﬂ\ﬁnﬂﬂTﬁJiﬂu Iﬁﬂ’ﬂ%ﬁﬂ\iilizﬂgﬂ'l\ﬁ]'lﬂ Phenolic panel Hag

Y = A
Qﬂﬂ‘iﬂ!ﬂl1\1lﬂﬂ\1ﬂlﬁh]$ﬁh
18.7.6 Bus bar
Y < . Aa Y o 1o ' Yy a ¥ .
Aouilu Solid copper bar NUHUI al3@n31 3 mm. x 19 mm. LAz ITABIAAAILY Insulating
18.7.7 Phenolic panel
ndJmm'u 4.5 mm Grade XX black
18.7.8 Conductor

(J J

) Y I Ay 9 (= 1 A A A o 1 a 9 =
IUINN nmmzﬂummmwnmmu uazmmzmﬂumaﬂmmammuwmgﬂ FENINNMUAUNYISADIN above

Y
Y o3
ground marker )N 9AKNNAEY H3NNY 10 wATHINTUNI1IATS

® Subsurface electrical cables @ M3V 1) DC positive cable 910 T/R 24 Positive junction box L8 2) Negative cable 311
= .. . ' o ya Y T VA A A o
T/R 99 Negative junction box Lm$@]@ll'lJEN‘VIE]Glﬁﬂ‘L!Tﬂﬂﬁﬁﬁwﬂ@ﬂquuiﬂﬂﬁﬂﬁiﬂuﬂujuﬂ%WEQ
s
Size: 1x35 sqmm. No. of strands 7 Insulation: ¥RUIUTDIYY XLPE Insulate PVC sheathed 9114 IEC 60502
3) AC Power 910 MDB D4T/R
v
Size: 3x35 sqmm. No. of strands 7 Insulation: UAUIUADIFU XLPE Insulate PVC sheathed @13 IEC 60502

® Deep well anode lead wires

Size: 16 sqmm. No. of strands:7 Conductor OD: 3.7 mm
Insulation : primary insulation 11l Halar (ECTFE) 130 Kynar (PVDF)
Outer jacket T Polayethylene Insulation thickness: 5.8 mm.

Jacket: HMWPE (Black) Jacket Thickness: 1.65 — 2.3 mm.
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18.7.9 Transformer Rectifier

Rated 50V/30A/50Hz

Air cooled

Weatherproof to NEMA 3R

Stainless Steel, perforated screens Front and side opening doors for easy maintenance

Manufacturer : lllii Al

v

18.8 N13AANY (Installation)

o 1 @ <3 4 o J Yo 9 Y a oa Y
MIMIUAN 9 IUNTENIUETTUYsaiaNdaglssasnved Uan. gsudeezasnlfinaumelamsaiugueuaves
Arns e 1d5umsFusealiding1 NACE CP Level 2 wioifionin Tagaztiminauniuguaiu dan. qua, asrvaendn
? X - : :
Funile wazidlu 1oy Specification, Applicable Plans, Codes 182 Standards 5319ame1deu lvdue vos an. Tasld
$19891Y Typical anode ground bed drawing

18.8.1 M3IAAAY Impressed current deep anode beds 1A Close hole with surface casing (NACE SP-0572)

2 o . o PR A o ' Yy a & ¥ v &
®  NITINUITR (Storage of material) m@uazqﬂﬂsmmwmmumﬂ%’slumsﬂaain/mm i]zﬂ@flgﬂi]ﬂl,ﬂﬂll’ﬂu

v
@ ~

Yo o = < (! @ j’ a A A 9 ' A
aﬂymw“lmumiﬂmﬂummmﬂmmﬂuamm ’JNﬂ@QiHSZﬂUWMﬂu N1TDD/INADUYNY Anode TEHINTADIUN

3 o A

v v
munuaounaaasdesilfiosnge tazdeelim1i Anode electrical cable insulation 1HAAMMIFEW Y 13011

@

A o 9
aanszan 1y

q

A = = 5w . Y Y q ' ' v
® LUDITUNITIATIUNITOYITU Anode hole, Anode Loading @]E]\illﬁﬂ\ﬂ‘l’i TJCV'I‘VI. NINUNBDUAINYUN
18.8.2 Deep anode drilling hole

. i o s v v ' Y . A Aax A A o v A A
® Pilot hole /Test pit a0 3 m. %8&‘01$H1Lﬂuﬁ)u@'ﬂLtiﬂﬂ@uiﬂﬂi‘lﬁ Hand drill #3935N1TDUNHVIETY NITNUFUUIND

9 1o oA A 1A . '
Tl ndumisnyanquil 13l Underground utility structure Tafu190g
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® Inactive Lenght : Surface casing Tagld PVC ﬁz&'uvhg{u{fﬂmwhﬁ'u 200 mm. (8”) L8 Inactive hole volume wAod
Y v
9N Backfill 820 Native soil 19gauun Iasliivaesesoimasiuunilszana 1-2 m aenniumuuudostiade

' 9
Cement grout Taef vent pipe ANAUNIID Flood elevation

] J 1 I
® Active Lenght : Active column Taeld Steel casing ﬁgﬁ’umﬁuﬂﬂmaﬂizmm 200 mm. (8”) 281915091 Steel
9 [
casing Eﬂi]i]ZEJTJWHﬂ‘]Jﬂ'ﬂiJﬁﬂ‘Vl\ﬁ’iiJﬂ"UE)\ﬂJ@ c’fﬁué”umamwmmmsﬁl;mmz 1lag Active hole volume ﬁ]%ﬂg’l}ﬁ)\igﬂ
I
Backfill 728 Coke breeze 1¥1fi1

a A Ay ¥ 9 A Yy Y A Y A Y Y o o w
L4 Lﬁyﬂullﬂgﬂu‘]ﬂqﬂﬂWﬂﬂﬁﬂﬂ Nlﬁu’i)i1ﬂ'ﬁ/ii’E]I?JTUi]Nll“I(T‘L!Tﬂ%8@]@\1“[!1!818&@31!'][11]?']1%@

U

v

Yo Y A Qld' = 9 [ d‘ a g’/ a oa ]
e AdsudnnnihnasasuaNuizsuIesuazanulasanyluaaiunlgianuniluvazlfinaurasvazrgann

= ¥
Tasfigaiuguauves dan. iludasrnaeudnass

18.8.3 MIUUNATMWNNTIAING (Geological log)

Yo Y v v = Aa ' ' = A &

Q‘E‘U%1Q%$ﬁﬂﬁﬂuﬂﬂﬁﬂ1W‘V]N‘ﬁimﬁﬂ811u5$1’i31\1ﬂ15614ﬂ‘1/!ﬂ‘] 5 m. ARDAYINANNANVDINQUNYA HIVSUTAN subsurface
v v

material UQZYUAULNAS VU

18.8.4 Resistance log

9 [

E Y @ &R 1 v v . A4 Y o oA = L.
AIVINADIIALUASUUNNAIANNATUNIUNN 5 m. AY Soil box Lwa‘mg"lmzumgmummmzamnfcmmmu Individual

D.

[

[} I~} a o 1 ' o 1 1
anode f)EJ'Nll'iﬂﬁ”lll Uan. 2enNTAR NIV Actual anode iﬁﬂﬂﬂélﬁﬂﬂiWﬂ?ﬁ%@ﬁiﬂ%N NOUNITNINIT Anode
loading

18.8.5 Deep anode groundbed installation

' 9
= a o

® Deep groundbed 92152no1 11878 Anode NignanasaAIwan Ideonuun1d dumiiaves Anode uaazdusy

gnimuannmsesnuuy Usznounudeyai ldnnmsdasinnudiumiugs e

U

o ] @ I 1 l ] ] I~
®  92@9911 Anode leads 00n1NTIURETETATE T T TAe Tuve wag luudluaa Tesdeenstvaeuanuen
Y04 lead TAeNUa189049 Anode lead Hiazouant 0113828 Lead cable 3zdoalinnundounisanarivoioany

Aanudanu 1JeunRA9N Backfill sediment

QSHEF-GSP-20-010-006 tuulasudemuuaiamaumamsuseuy Smart Procurement&nbsp; 18 /48

20/52




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
Rev.2

arulgiamsuazingednuszuune
SAP PR No.1120019879

Jd o J a
HIWTUTITU IUNTLITY

Hand A
A4 9
IZUVNIATIIUNNYIVD
| (I ] ] ] ]
Quality Safety Health Environment Lab Energy

' v '
L4 ﬂ@u°I/I‘DgﬂﬂGNﬂgﬁgllﬂﬂ3Jfﬂ3G]i'JEUﬁ@ﬂﬂ’)]uﬁmﬁ@ﬂﬂNqV\lﬁWﬂ"lﬂ anode end 5\11]?31861]@\1 lead cable %3&]}6\1@]3’3‘0
P 1 (= o I Y I = 9
ﬁ@‘]Jﬂ?]fJfT"IfJG]TJTﬂH’JNSU'EN’d"IfJUlNiﬁ@EJGD'W?@] LLazmﬁa‘ummtﬂuﬂu’sumﬂclmﬂu”lﬂmummgm TINOIADY
o 1 YA o ] Y 1 A 1 Y A I o v 2 A
§$'Nllllah/iLﬁﬂﬂ?ﬂmﬂ!gﬂ'lﬂ'liﬂﬂﬂuaﬁﬁqu “H'lll@l@“l/iiE]“]iE]llLMS?JI@]?J"U%C‘IENHJﬁﬂulﬂuﬂuclﬁlllﬂ1uu (Iﬁﬂﬂﬁ]ﬂ]u

1 Y1 Yo Y
GRICERITGRZESIERR))

I Y 4 o o oA as A Y a o A Y
L4 ﬂﬂﬁﬂﬂﬂﬁ?ulﬂuﬂu’)uﬂ’)ﬂlﬂiﬂﬂ Mega-Ohm meter mu'iszLmﬂumammwiiwmgwammwuﬂ LWE)G],WNHGlﬂ

Muuegluaniwauysel

1 § v A ° . I @ 4 [
® Anode vzgnudouas ) lunquiaglfiFonyse Taesidouniil ¥uih lead wire Wudundoudro Anode lin

' A Y I J o @ 1
oIAININIIRUZIBzINE vie 1R uginsaldmiurdouainqu

9 v
® Anode, Anode centering device Ll1¥ Anode support vzisznouaanilu bore hole a8 anode nﬂm%@’]’mmmmu
@191 1Az Cable NNIFUADIAA Tag marker VU8 TU Positive junction box NTMIBIAUNATINUAUKNUIVDS

Anode (Tag1# No.1 Aedwmiisaega)

. I 1 | ll Y 9 9 v Y g a
® Vent pipe [Humo PVC vina 17 1iluedatios taging Slot mudnanazynvodne laaligimedningan 90o tag
a 1 I ' = v g
umumﬁ’wﬂnmm 30x5 mm., 1'3}1!58831’“\111533J1m 100-150 mm. L"].IUGH'N"]Liﬂ\?ﬂulﬂullﬂ'J@]i\?@]a@ﬂﬂ'JnJEJW'J

UYBIFI Active column 18 Vent pipe 9zAHOUAUAIIA
18.8.6 Backfill

v v ' Y v F

e Fuulandasuirhliing Electrolytic discharge 310 Anode LAY (@mzﬁﬂﬁ’mqmm Anodes AHAY) ILYNN1IA

¢ 1 { a {
TABM3 Flashing nguiue NIz aze1n nguyaudnzi@u Petroleum Coke Slurry luifSumaiiimngau
T4 Pump guasly1d 1dszauauanidoan1sHIUNIG Temporary filled pipe (111% vent pipe) 1d11avelvian
4 [ $ a 3}.1 o U $ a . 1 J ]

AZNOUINONIIUTZADNURYZI 91N1IUITINITATINTOVI Coke Breeze MANTU Active Volume 1auysainse |l
#1134 NACE SP 0572
A a & Y I Y o I P L) A ) [ a &

® 1{i091UAAAY Anode 1Az Backfill 1dua39 desrhmainuginisinas 1idnsnuazdugdmsuauaaasosnain

9 ! 9
mnquﬂﬁ’wm fl]1ﬂuu°ﬁ1ﬂﬁIITUigﬂﬂiﬂﬂﬂﬁlﬂaﬂﬂinmué}]m Cement Grout W%}ﬂlmiﬁi?i]ﬁﬂﬂﬂ’ﬂllgﬂél}ﬁ)ﬂ

QSHEF-GSP-20-010-006 1y uos udlomuuadavdumaInius ey Smart Procurement&nbsp; 19 /48




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
Rev.2

Jd o J a
HIWTUTITU IUNTLITY
SAP PR No.1120019879

arulgiamsuazingednuszuune

Hand A
A4 9
IZUVNIATIIUNNYIVD
| (I ] ] ] ]
Quality Safety Health Environment Lab Energy

o o [

v H v
Foufon YpaNQUBNATY Anode lead wire UAAIdUIZADI1HNY Anode Junction box 1A Vent pipe ATUWUT AL
v v
Anfa'13981991931% Flood elevation 910111115 TA groundbed resistance to earth Taa1% AC resistance meter 1187

I 1 o
uiiniludeyadaliny dan,
a g}/ Y o
18.8.7 NM1391A6N Cable U1NUTransformer Rectifier

g 9 ot . . o
o gunna i diudeezdesasouauneaiu i@ v uTransformer-Rectifier Operation AnonauglnIal
1 { o & ) @ a ¥ a . . 1
a1e 9 Nutudmsuauaaaufuaie, Conduits, Cables 11az Splice Boxes 11AZ1ZADIATINADUAIOA1GATINUI
s ) =2 9 o 19 9 ° ' i Y N Y
yosae luliseetgasauidessz i i lddemevazsiimsvdouaingu vinaeen hinewae Taorzdos
{ I v I 1 1 o @ g I 4
naswdudulwimmiu (asdoduamldsevedsuin nawmniuldnadounnuiunuiuaienso Mega-
o o A an A Y a o A Y o ] ' £ 1A
Ohm meter ANFZAVLTIAUNI 0AWADN I5sudraatvua e ldiulvimuauegluanwauysal vinwudl
o Y Y ax . . A ad A = A
mMeF13a RO UIUYDIAI0AISIT Resin Spices 1 KV H30ID1gUIREIDOU
Y H v
® M3AAAY DC/AC Cable Underground defitauldaumnnidu, Cables 11azn15aoa19 9 (Connection) 9ZADIAAAIAN
o d g _ o y 2
NINTMsnaaIis susoundd (Final grade) 081361 80-100 cm. Wi ou3osa1enny HDPE Conduit 91014
1N1IN13209 Concrete Slab, Warning Tape, Sand backfill, Warning Tape (a2 Cable Route Marker (1109 10 m. A00OA

da 4 A y
HUITY LLE]%ﬂﬂﬂhﬂWiLﬂﬂﬂuVlﬁﬂNm@\‘]ﬁWﬂ) PNNIN

QSHEF-GSP-20-010-006 suuesudomvuaiamaumamsusTUY Smart Procurement&nbsp; 20/ 48

22/52




UsEN Uan. 9100 (NH1rY)
PTT Public Company Limited

O

Y o
VDNV UA
(Terms Of Reference: TOR)

4 @ o ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

o o

SEVRIEER UATAI : 31 WBMAY 2567
Rev.2

Jd o J a
HIWTUTITU IUNTLITY
SAP PR No.1120019879

NUBNUNTAN :
arulgiamsuazingednuszuune

Hanfas
FLUUIATTIUANITD
[ O O O O O
Quality Safety Health Environment Lab Energy
PAVEMENT
CABLE ROUTE MARKER (LV)"
CROUND LEVEL (C.L) B
(FINISHED SURFACE)
T - L.‘r—l P "
- U .
a4 . 2 " v n
. . - SOIL (NATIVE) BACKFILL
* 15 ;4

MIN. DEPTH

(SEE DWG.NO. UG-6-001)

UG. CABLE™

4 . . =
’ . - £
. . *
-
M %E;;;;/A |
i 1 5 { 10 [}
. RN

WARNING SIGN STRIP (TAPE MARKER)”

SLOPE (AS SUITABLE IN PRACTICE)"

CONCRETE SLABY

SAND BACKFILL”

COMPACT SanD”

E4 v
HUYLYE NMIAAANLAZNATOD Transformer-Rectifier 211ABINNIT Backfill Y94 Anode groundbed tazmMsauaen

v Y x
Merteauduaia Tasminagevilazilmnila1di1mng cable Tanududnimaldedsdeiion (5u yaneuiu,

H 9 9
ae T lutimsaaluvsenanew), dudie, aemelagndesazgnyaanuidesns sauddnasis ldgndesaie

18.9 NSATIVADU-ATIVF VI (Commissioning)

o A a & Y < S A a CAN] A Y o ay
AUUUNMTAAAIULAUT I LLa%ﬂﬂﬁ@UQﬂﬂim Lwawqau’mﬂu"lﬂmumzuslwuamwuﬂu

18.9.1 MINATOUANNAINITO TUNTIYNTZUAVOS Anode mu‘ﬁ"lﬁjaammu

] ' H v 4 v
18.9.2 M Engineering Survey ooy Energize {1a¢ Adjust 3811 Cathodic protection ﬁﬂ’ivﬂ’;ﬂﬁuﬂluﬂNUﬂU’izuuwﬁ

®gIAY 521UVIZYN Energize 1O Polarize Pipelines 1987 Instant-off Potential 1fig1iy CSE Ao10g 1143 -1,200 mV

QSHEF-GSP-20-010-006 tuulasudemuuaiamaumamsuseuy Smart Procurement&nbsp;

21/48
23/52




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
Rev.2

Jd o J a
HIWTUTITU IUNTLITY
SAP PR No.1120019879

arulgiamsuazingednuszuune

Hand A
A4 9
IZUVNIATIIUNNYIVD
| (I ] ] ] ]
Quality Safety Health Environment Lab Energy

(Maximum) 18 -850 mV (Minimum) 8814137013 Pipe to Soil Potential o100z danunaaitadu e Hieue
S5 o5 U1 (NACE liidnd1 Level 3) asdoaitauna, SinseruazIddounzihieiinadsulya Level of
Protection 1n8d01031180619a2180a VAN, F1uoUAYBINT Survey Sdai Wueeratos

18.9.3 M3LUNN LAy Setting ATd M5 Transformer Rectifier Current & Voltage (i’mﬁﬂ Anode current u@iaxé"u, Resistor
setting and wattage, Shut types Lmz’e‘%uq)

18.9.4 d133981 Pipe to Soil Potentials 1111 ‘ON’ a2 “Instant OFF NN Test Station 71185 UHANTENLIIN Anode 71 1]AR
Falmaitl Tae1% Current Interrupter 1131 T/R AiiWansznURanuandoua i wazafufin Potential #1ee) Taold
Synchronized high input impedance digital voltmeter ({0 Data logger unit (9911 94199139 Transformer Rectifier Unit
Interrupters 1)

18.9.5 M3IAM Foreign Line Potential NONTINADUATTUAIU (CP Interference)

18.10 Project final document
Yo 9 9 1 I A [ o 9 @ o
Arudnnazdesaeseauilune Inewienwdangy Tugiuuy Hard copy 1191 1 90 (Auntiuuazduu) naz
I I J o 1 v 4 o
Electronic Files 111 Flash Drive (1u Flash Drive azdouiluldniivaige) Fuilovmdnizdesilsznouse
18.10.1 Ui (Introduction) N1521J31082188AVDY Project LAZUHUIIL
9 = o @ oA a 3’;
18.10.2 foyalumsesnuuy, srwazideamsfuim uaziag-guUnsainldlunmsaaas (BOM)
Y Vv
18.10.3 Yuaow / wuy / doya Tumsaadauaznaaou

18.10.4 Eﬁ%]%;lﬁ UWUAY Cathodic Protection, (8% drawing GiNG]

® 111V Plot plan I NI ARG 1QU anode, Positive & Negative Junction box, TR, i}ﬂ‘ﬁ@im%@u (Exothermic well

[ 1 U a [ 4 a o
/ Pin blazing) NUNDETINANNUN uagszywna GPS

v s
* LYUNUEANITIVASIDIAVOINITAAAT Ground bed, structure connection, schematic diagrams, connection diagram (As

built Drawing)

' { @ o A g ]
18.10.5 Yoyaa1eq 1 1dsausau1d wiourunsl dstidlusdrnios

QSHEF-GSP-20-010-006 tuuvlasudomvuasan@uaiany$us 1 Smart Procurement&nbsp; 29 /48

24/52




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
Rev.2

arulgiamsuazingednuszuune
SAP PR No.1120019879

Jd o J a
HIWTUTITU IUNTLITY

Hand A
A4 9
IZUVNIATIIUNNYIVD
| (I ] ] ] ]
Quality Safety Health Environment Lab Energy

® Pipe to soil potentials (on and instant-off) 114 Test post N5

El

® T/R Voltage and currents, Tap setting

®  Anode current & resistance JUABZ IV
® Soil resistance @ anode depth

®  ANNNNEIAINGT (Geological log)

® HNAaN1T Commissioning & Testing

9 9
®  AMNUAAINITAANININUA

9

® Bill of Material (BOM) ¥0491n3ainiaviua

9 9 o ° o o o o . . = Yo [
18.10.6 Aoa g1, douuzihlumsud lv uazdwmgihlumsihgeSnutesiu Tae Corrosion Engineer #41a5unssuseq
3 yd Y . .
910 NACE (5879190011 Cathodic Protection (CP3)

@ 1 @ 1 1 a 1 @ 3 4 o A
= Tag310011 (R1U519) Aanandesdld dan. inrsanneu masnnnuuduade) ene dan. sglidenugiiuim
a < ' v 9 v A (Y A A9 ' Y Y £ 1 9 CA= y &
@urn Yanawiudniade lnudsesuie ludamunsotidoyaluasudiu udrvedesisauntivanysaiudnasanile

Y 1 ~ o Y I 9 j’ Y A 1 g‘/ ] Yy A A
HaNEHa : Joyan1s 9 A dan. Jam i ithudeyaiiesduiomsauesiaunniu liansaldgrduietdaniszany

v
v v Y

Sudnreuvenld Aniudiauesinnied5utenzdeensiraeuToyan1n q AIeA1BI NOUITUBTIATUNTIZHITUD

12 @ @ 0o < < Y
s eRsunzdessulszrumadissvesnu i lawiagusyasdues dan.

® LVVYI® Drawing UHUTY

1PAATUULN 1 CP ENGINEERING DESIGN

QSHEF-GSP-20-010-006 ¢ wurlesudemmuaiamauma msuszuy Smart Procurement&nbsp;

[NO RN}

(™)
N
[NSe)




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
o J a Rev.2 1 A wa o @ '
HIWTUTITU IUNTLITY ﬁ"J‘L!’IJ&]‘]J@]ﬂ'lﬁ!,mmﬂiq\ﬁﬂ}l'lﬁgﬂ‘ﬂ‘ﬂ@
SAP PR No.1120019879 o J,
WNafINUN
A4 9
IZUVNIATIIUNNYIVD
| (I (I ] ] ]
Quality Safety Health Environment Lab Energy

1NT3ULT 2 TYPICAL ANODE GROUND-BED INSTALLATION DETAIL
lenesULLT 3 G‘imwﬂwﬂﬁﬂg’aqﬂﬂm‘f

1NE3LT 4 TYPICAL JUNCTION BOX DETAIL

N ﬁuu‘uﬁ 5 Pin brazing inatallation detail

OAFITUUUN 6 TYPICAL RECTIFIER WITH FENCING INSTALLATION DETAIL

Y o d’
19. Yamriuaey 9
o A oA D) Yy ¥ =2 A ' Yy I a Ay A Yy ¥ A
anwsuAarou linsailag duisazendesrstaimsiau linswdomanssaagviedeyannamdsduess To
o [
i laqvenululd
[ 1Y = d' % 4 1 3}; 1 o Y o =R =K a o Jo A
1. MIVUEIIAN,@151A1,AT99039UNTAI AZAITAN 9 TINWIUMHULVUA TIADIFAUIDIMINNNET NI
9 9 [ Y a 9 < Qy cs' A 1 = a a 1 d'
wndeu Tasazded line liinamsnndu, i1 lva, feTesamuseniase dase loars, leide, esiy ifuninasgiui
AYUUIBAMHUA
a o A 1 A Y o 9 9 2] a A dy A A ' Y
2. wannundaweunzdeuininlylu Tswsnmasssumnaszend vseneluiun dan. viseednelanmsaiuny
Aa oA 1 4 ) 2.’,
M31/159971% (Operational Control) Y84 Yan. vzdoaliTeRlsznouvouomUande (Asbestos) ¥3 01T 18F U
To Tosuvo9u5581MAAINITZ A EPA: THE CLEAN AIR ACT SEC.602
1 A 9 v I =] o w A A a a Y v Y
3. MSVUDY, MIAADUIE, MIIANY, MIIAUUNN LazmMImIaveudeinavnnangsulagneldnisiadivves
(2] a a gj.: a oA 4 a ] o
T59UeNMBTITUFIATLED ﬁ’mé’nawumumiﬂg‘ummﬁmmimuﬂnmﬂmmg%ﬂmﬂnszmummam MI¥OVIIF
nazveudeduaTIedninaIu Amdemnua IS0 14001 TuiSeeusensniugunsilHiiaaiu (Operational Control)

9 @ 1

A o oa A qu o a A4 g o Y o oA
4. wandmaindwou e ldauluTswenmasssumaszees Minerdesnums lwasnuedaliivdnny 1
s 1y A oA Y Yo o @ o Y a ~
AN AR VO9TZUVUTUR NS WipgUnTalous szdeslasumssusesmsizrdanasnunnguaa Taelily
Certificate H3DHIITDTUTOINNNIATFIUGATINNTTUHT OGN
Y 9 1 a v A 9 1Y 4 [ = Y 1 A [ 9
5. faaweudpduasuMIEAIANNTUAAY UAUMTOYS NENAIY Saudeldanuswleny dan. Tunsld
WaIuoeNLTEaNTA N
o X A4 Yy o o o Y o o a Y o ' P o
6. Tumsdageinerdeenuszuumtamsnanudevansuaglnamsszdums ldndanudaweuniouny
4 .
ielszneunIng sy

QSHEF-GSP-20-010-006 tuuvlasudomvuasan@uaiany$us 1 Smart Procurement&nbsp; 24 /48

26/52




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
o J a Rev.2 1 A wa o @ '
HIWTUTITU IUNTLITY ﬁ"J‘L!’IJ&]‘]J@]ﬂ'lﬁ!,mmﬂiq\ﬁﬂ}l'lﬁgﬂ‘ﬂ‘ﬂ@
SAP PR No.1120019879 o J,
WNafINUN
A4 9
IZUVNIATIIUNNYIVD
| (I (I ] ] ]
Quality Safety Health Environment Lab Energy

4 o A @ I a £ a @ VoA [
7. o ldmsdutiumssanuduluawmasgiu usn.soor dan. avudnslumsiasandadondalunguin 1d5y
1 A v o A v 7
NI1TTVIININTIIU UIN.L001 ﬁ%'E)Ni)ﬁlTVILlﬁﬂQﬂ"J"Illial\1llusluﬂTiﬂ"lluu\ﬂuﬂﬁJiﬂﬁiﬁ"lu NIN.8001 Taolivianinaei lums

v Y o 2
naaIA NN UaIae 1Tl

[

7.1 daswen/ds ummyndes aivayulding ldussomiwugngiluoy

Y Yo VoY 1Y ' o 1y 1A °
7.2 Qﬁ\m’E)U/Q‘J‘]JmNT%’NWﬂ\ﬁ]"IfJi"ﬂilNLLﬂ$ﬂ1916‘]_lLﬁ’l‘L!ﬂ151’]101uqﬂuﬂﬂﬂ31ﬁﬂ§]ﬁh18ﬂ1ﬂuﬂ
Y Yo 1 Y ] o A o Yy A Aa wag Y Y 1 v 9 Y
7.3 @mmu/@i‘umuw’smm‘luﬂsz‘mmimaauuﬁuuiwuﬂmaaﬂﬂgmiwumsmwm 16A1919M T N
v A 4 1 4 4 a 1 J I a [}
qIaaAnNIs LﬁENﬁﬂﬁlﬂ’)?ﬂllﬁﬂﬁﬁﬁ@\u%ﬂ%1ﬁ IV FEUY NISAIATTA AOIUMNNTENTE M 1WUFNTIAHNIN LLEW%J

v o d‘

Y
Ne 'LlﬂTi1’]N11!11!8\13J”ﬁ]”lﬂﬂﬁWﬂﬁﬂ%ﬂﬁﬂl%ﬂlﬂ%qﬂ’J

@ [}

Y Yo 1 Y ] o A @ YA 1 a A o Y] <3
7.4 W?Nll@U/@iﬂlﬂﬂ?‘]ﬂﬁﬁﬁ]ﬁ‘lllﬂ5$‘1/11ﬂ1§1’iiE]’c’f‘uUﬁi;!uslﬂllﬂﬁﬁ\ﬂwthiNﬂw ﬁ]@]cli] UIDNTEMNTUIAVYLUY

u U
Y =

hiegnde saudadinasmstesiulildinalimsarsazitiamans Tasmsuaasesndlemiya Mnemsduanig
A an A 19 Y= v an v a A A 'y
me wi38mM3oula uaz liliimsasInygndnTaedsmsintuaeunioandidng
91 Yo I X a o A Qo ' ' ~ o
7.5 gaawe /i ummnyndes i ldgningauhauiiuduansregunmuasememuiinguineiivua
91 Yo 1 Y A Y [ s @ Y o A Y
7.6 HENUOV/HT UIMNNFIADINNATMIAIUAINIaeadee el uazamwaden Tumsianie 1
winnulfianuedilasass nazdaldlatadmsminauauingruuenssaudmiua 13
a o o w 1 o < { o J
7.7 U5t dan. $rna @) hifiuTewemivayuldldussnuaniiogaini 183
7.8 faawen/gi Uiy ndes fiianu nszsiygagunsows s 2541 azpiiuiud luiuay saudeanguan
A A4 9 A q9 Y o Y o v
voue Mherdeuiie Iiaeandesnudemmuamuinasgiunssanulng
Y Yo 4 Y 4 a a o o v A v o a
7.9 {ENNOU/HT UM 1Y T5auenmMasisuma U3E dan 910 (uman) naunsalanuduiuiniegsne

v Y A a A Y v A 1 93 a Aa o o w
AUAFIWOUS 109U IUNINTTUNADITUAAFOUAD 1SUENMETTIUIIA UTHN an.ana (Wn1ruY)

o a ~ Y Y VY o , 9y Yo Y o 1 AZyy
8. T3 auenMa535umATZe0aliszuUMItams Janagardimsdaen minganelaldsunamsianadininnag 3
4] a o @ < a o 4
TsaenmMasssumaszeesazinisdomonlddiimi uazezsusn Bidudoyalumsiseiumadinlsz sl dmn
(BN} a Yy o A a = Yy 9 a
Tirunanmsilsziiuganilszsnil szgnenidnesnninnziboudiived 15 auenmMasssumAzes
9. g ame /s umunzdelfiaawilsemansuaiaanmsuazquasesanuinernumseusunuasaie Tagez

FOITAETINBNETHANTIUATSUTDIMIMIUMTBUTUHANAATAIUANVIaBANY D139 BazamnuIndon lums

@9 u
Yy 9

o I v A o 9 o ya 9 a ua 2] Y o '
maustuszezangu 6 "]f'ﬂll\? ﬁTﬂ‘i‘Uﬁ'ﬂi]%HﬂlﬂﬂgUﬁﬂ]uiuiiﬂuﬂﬂﬂ?“ﬁ"l 9.32903 Iﬂﬂiﬁﬂ1ﬂ15ﬁﬂl@ﬂﬁ15ﬂ15

QSHEF-GSP-20-010-006 tuuvlasudomvuasan@uaiany$us 1 Smart Procurement&nbsp;




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
o J a Rev.2 1 A wa o @ '
HIWTUTITU IUNTLITY ﬁ"J‘L!’IJ&]‘]J@]ﬂ'lﬁ!,mmﬂiq\ﬁﬂ}l'lﬁgﬂ‘ﬂ‘ﬂ@
SAP PR No.1120019879 o J,
WNafINUN
A4 9
IZUVNIATIIUNNYIVD
| (I (I ] ] ]
Quality Safety Health Environment Lab Energy

=

Susesnananldundniuguanvseduszanunuvesnuiiondeyanssusesdsnaniiuinaaluszuy Access
H o A Y < ' [ 1A ua [l aa
Control Aua Jui 1 fueou 2556 1uduly mndaawev/mdsumaun lidfiidawliegluganitives dan. lums

ansanlfidlfianululswenmaa v.52009 Huudazasally

20. pganuilaeaseiahil

v ¥

Y o 2y awva o U g Y (A va A Ao a 94 a ) X a
Fommuandesl i dmFvnrinau uesdUfiRnulununsviareuves Isauenmasssnnaszess viemealuiui
Uan. vieedmaldmsniugunsUfiRau (Operational Control) o Uan.
a oA Y a oA 1A ' o d' d' ! [
1. mafianudesiidawgiie nazinasgu lunsgrhlanfiidesnedunsie
1 9
2. desarnaeuamwanulasans Tuusnanlianuneuaienaunnnss

o

Yo o o Ay v A A a wa s A a g . A
3. ITYINTUADNAVUYTTIHIDHAIUANUNIUNUN LWBINAJUALYIA, !,Wiﬂﬂ'ﬁmlﬂ@ﬂlﬂﬂlﬂu@ﬂﬂlﬁﬂ (Near miss), 1 11D

£}

<
WULHUNIT

v

o A s ' Y a
N527 WIoanWMsalne19ne 1ina UAINA

a

A A

A o 9 1ad A 9 o & v A Aa 19 ¥ ~ = 9
4. anwihau deslilidweunde ldvsonuanusuilu uazdaaaniiogiiiluszitoniendos
A A A o ¢ £ Yo vy ¥ o ' an
5. 1A30ailp, 1AS099N3, gUlnsal wazeumruzdesldsumsavasuaunse uazldlingauniuauedlagnis
A A o = v Yo o o A g o A
naziiionamssigadenie i waudiauiyrvs edauguaunswnui
Y (Yt = A o v 3 yu g A 13
6. msld, Ysuuas, nfasunilas viegeuuauginsila q desnszihlaedlinihmmniu
AA (a wa Y 1 @ Y t&‘ Y U 4 [ - ci’ [
7. nsaimlfiaauluwa Tsenu deaudsmesanudodeuvue uazdealdglnssitfesiussduynnaiugiu ou
1 a o 1 A o a o e 4 v o 4 @ { @
1aun viwaniisfe wiuaisne wagsounisse saungUnsal desnunsdiuyanadugadnsuzauilasuuasgiu
A o -4 dy AA Y a Y U d’l =) Yy
aufngruemrua NN AN UVABINTAIDANMIHAR (CCR) AosauldiTonyue1 5IuDINuNIIE1IAY
Y ' @ Y A A =2 A ] = Y 9 1 o A (A wa
8. Yuaumswiu udngs nieemveslium wieeglueimsiiuan uaziwneendeauiuaasananlinau
TuuaTsaau
Y 3 o Y A a a d’Q dy d'
9. vwanaouiui wie@wenanaannyianAangruie luyniufives Uan,
= o ] o da A A a cﬁ‘ A n Yo 9 o Y 1
10. miniimsanasuiimiwddu viedwwesnriiavelan.sonusniiui Iae lildsueynna danasuazdesgnas

U QU

AUtHUAAMNNY Y

QSHEF-GSP-20-010-006 tuulasudemuuaiamaumamsuseuy Smart Procurement&nbsp; 26/ 48

28 /52




‘ V3t dan. 100 @nvy) Tosmua
PTT Public Company Limited (Terms Of Reference: TOR)

4 @ [ . ' a o J a
1599 : 991915D13952 V1 Cathodic Protection Y895z DUNDHAANUNNIIIAAY

' ]
o o

Taiilag : Juiidari : 31 waum AN 2567 WUeUNIAI ;
Rev.2

arulgiamsuazingednuszuune
SAP PR No.1120019879

Jd o J a
HIWTUTITU IUNTLITY

Hand A
A4 9
IZUVNIATIIUNNYIVD
| (I ] ] ] ]
Quality Safety Health Environment Lab Energy

k4

1. Fwguyys vie nszshmslagiineliadszmell Tuwalsanu weniSnaeas uazueniiuiin 185 veuana
12, UfiRammmunnidu, ngazdeu asesmnethufon uazsuusiheduaiinia

13, MTNOTUIINUL, 193D 38UH, gunsal lvih, ndesniegl uazQﬂﬂiafﬁm%fi@Slﬁ'sﬁﬂﬂizﬂwllwrﬁ'ﬂmwiiwm #o4
1§5uMsasnanm nazeentaseuanounnass

14, matmuaanuFuwimuz neluwaTseaulinu 20 nu/aw. tazuemuaTsaamTimu 40 nu/aw.

15, winaml Fumulsys nazdfumndansndeudiiumseusungamnlasaseiitews iR aunely

Y Yo 1 Y A ? A A
HJG]ISNTH uazsﬂm'lmumivmmuaﬂnuaﬂﬂag 1 A3 UI9NN 6 1ABDU

QSHEF-GSP-20-010-006 suuesudomvuaiamaumamsusTUY Smart Procurement&nbsp; 27/ 48
29/52




PTT PROJECT NO.:

AREA CODE. :

CONTRACT NO.:

JOB NO.:

PTT PUBLIC COMPANY LIMITED

RETROFIT OF CATHODIC PROTECTION SYSTEM

FOR PTT GSP PROJECT

BY INSTALLATION ANODE GROUND-BED
AND/OR TRANSFORMER RECTIFIER

CATHODIC PROTECTION ENGINEERING DESIGN

Rev.A

REVIEW STAMP

(Not required if issue for Information)

|:| E:Work may proceed
|:| F:Work may proceed. Submit Final Document

D G :Revise and Resubmit. Work may proceed
subject to incorporation of changes indicated

|:| H :Revise and Resubmit. Work may not proceed

El | : Review not required. Work may proceed

THIS REVIEW DOES NOT RELIEVE THE CONTRACTOR OF ITS
RESPONSBILTY FOR ERRORS AND FOR ALL ITS OTHER OBLIGATIONS
UNDER THE CONTRACT

NAME

SIGNATURE DATE

Rev.

Date

ISSUE DESCRIPTION

SIGNATURE

(For Approval / For Construction INITIATOR

SUPV / ENG DEPT QA PM

For As-Built & Final Doc. / For Information) CHECKED

REVEWED CONCURRED PASSED APPROVED

A

11-4-2024

Issue for Review

CONTRACTOR

28/48

30/52




CATHODIC PROTECTION
‘ ENGINEERING DESIGN

Doc. No.

Rev. A

Date: 11 Apr 2024

Page 2 of 10

CONTENTS

INTRODUCTION
11 SCOPE
1.2 PROTECTION CRITERIA
1.3 DESIGN ACCEPTANCE CRITERIA
14 CODES AND STANDARDS
15 DEFINITION

SYSTEM DESCRIPTION
2.1 TEST FACILITIES
2.2 ELECTRICAL ISOLATION
2.3 TRANSFORMER RECTIFIER UNITS

CALCULATION STATEMENT
3.1 DESIGN PARAMETER
3.2 CALCULATION

29 /48

31/52




O

Doc. No.

CATHODIC PROTECTION Rev. A Date: 11 Apr 2024

ENGINEERING DESIGN
Page 3 of 10

INTRODUCTION

PTT Public Company Limited, hereafter referred to as “PTT” or “Owner”, is undertaking of
the Retrofit of cathodic protection system for PTT GSP Project.

11

1.2

13

1.4

SCOPE

This document details the calculation and installation methods utilized to derive the
design of the permanent cathodic protection system for retrofit of cathodic protection
system for PTT GSP Project by installation deep well anode ground-bed, transformer
rectifier, positive junction box, and negative junction box at BV.

For @4” PTT NGL, @8” PTT Cz and §10” PTT LPG length 61 km.

PROTECTION CRITERIA

For the ICCP system that design for underground- coated pipeline in natural soil are
attain “ON” potential more negative than -850 mV with respect to Copper/ Copper
Sulfate reference electrode (CSE) at location which does not have hazardous levels
of “induced” or “picked up” AC voltage record. The internationally recognized safety
criteria being the AC voltage levels less than 15 VAC at all test stations, underground
insulation flange and aboveground appurtenances. Refer NACE Standard onshore.

DESIGN ACCEPTANCE CRITERIA

The following design criteria are applied to this design:-

Cathodic Protection System

Vi)

A minimum polarized potential on buried steel piping of -0.850 volts with respect
to a standard saturated copper/copper sulfate reference electrode.

The maximum “OFF” potential shall be less than - 1. 200 volts with respect to a
standard saturated copper/copper sulfate reference electrode.

The maximum “ON” potential shall be less than -3.00 volts with respect to a
standard saturated copper/copper sulfate reference electrode.

Where necessary, especially within station facilities, other criteria for protection
as detailed in NACE SP 0169-2007 may be evaluated during commissioning,
however the maximum “ON” and “OFF” potentials as described above shall not
be exceeded.

For earth potential calculations the maximum allowable voltage shift at the
pipeline shall be 3.00V.

For design purposes the natural/native pipe to soil potential shall be -0.4 volts to
-0.5 volts with respect to a standard saturated copper/ copper sulfate reference
electrode.

CODES AND STANDARDS

The cathodic corrosion protection systems shall comply with the following codes and
standards in addition to the applicable codes, standards, laws and ordinances of local
authorities having jurisdiction. In case of a conflict, the more stringent requirements
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15

shall prevail and only the latest editions of the codes and standards currently available
shall be utilized.

SP-COR-GS-022-Rev 0 Corrosion General Specification
American Society for Testing Materials (ASTM)

- D 1248 Polyethylene Insulation

- B418 Cast and Wrought Galvanic Zinc Anodes (Type II)

- Gb57 Field Measurement of Soil Resistivity Using the Wenner Four
Electrode Method

- M752 Tubular Mixed Metal Oxide

British Standard Institute (BSI)
- BSI,BS 7361: Part 1 Code of Practice for Land and Marine Applications.
International Electrotechnical Commission (IEC)

- IEC 60502 Power cables with extruded insulation
Institute of Electrical and Electronics Engineers (IEEE)

- IEEE 80 ERTA Guide for Safety in AC Substation Grounding
NACE International

SP 0169 Recommended Practice “Control of External Corrosion on
Underground of Submerged Metallic Piping Systems”

- SP 0177 Recommended Practice “Mitigation of Alternating Current and
Lightning Effects on Metallic Structures and Corrosion Control
Systems”

- SP 0572 Recommended Practice “Design, Installation, Operation and
Maintenance of Impressed Current Deep Ground Beds”

- SP 0286 Recommended Practice “The Electrical Isolation of Cathodically
Protected Pipelines”

- TM 0497 Test Method “Measurement Techniques Related to Criteria for
Cathodic Protection on Underground or Submersed Metallic Piping

Systems”
DEFINITION
OWNER means PTT Public Company Limited (PTT)
DOH means Department of Highways
BV means Block Valve Station
CP means Cathodic Protection
DC means Direct Current
AC means  Alternating Current
CSE means Copper/Copper Sulfate Reference Electrode
I/F means Insulation Flange
P/S means  Pipe to Soil Potential
TP means Test Post or Test Station
ICCP means Impressed Current Cathodic Protection

T/R means Transformer Rectifier

31/48
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GB means  Anode Ground bed
PJB means  Positive Junction Box or Anode Junction Box
NJB means  Negative Junction Box
U/G means  Underground
A/G means  Aboveground

HVAC means  High Voltage Alternative Current/
HVDC means  High Voltage Direct Current

EIA means Environmental Impact Assessment
HDD means  Horizontal Directional Drilling
ROW means  Right of Way

SYSTEM DESCRIPTION

The impressed current cathodic protection for the buried pipeline, shall to provide the current
from some outside power source may be impressed on the pipeline by using ground-bed and
a power source. The most common power source is the rectifier. This device converts
alternating current (AC) electric power to low-voltage direct current (DC) power. Rectifiers
usually are provided with the means for varying the DC voltage, in small increments, over a
reasonable wide range. Although the maximum output voltage may be less than 10 V or close
to 100 V, most pipeline rectifiers operate in the range between 10 and 50 V and can be
obtained with maximum current output ranging from less than 10 A to several hundred
amperes. This serves to illustrate the flexibility in choice of power source capacity available
to the corrosion engineer when planning an impressed current cathodic protection system.
The test station located at an appropriate position along the pipeline. Cables shall be
terminated to a common header which in turn shall be connected to the pipeline via above
ground test stations spaced at intervals along the entire length of the pipeline.

2.1 TEST FACILITIES

Test facilities shall be distributed along the pipeline in accordance with the
requirements.

A detailed schedule of test facilities is contained in the document entitled: ‘Cathodic
Protection Test Post Schedule’.

2.2 ELECTRICAL ISOLATION

It is important that, there are no other additional buried metallic structures attached to
the proposed pipeline that shall allow the protective cathodic protection current to drain
to, thus impairing the performance of the galvanic system. Therefore the pipeline shall
be fitted with inline electrical isolating devices at pipeline terminations and at some
block valve installations. All isolating devices shall be installed in parallel with a suitable
and rated solid state DC de-coupler device.

2.3 TRANSFORMER RECTIFIER UNITS (TRU)
Transformer-rectifier unit shall be air cooled, manually output controlled via tapping

links and suitable for outdoor installation. The TRU shall be powered by single phase
220 VAC, 50Hz AC.

32/48
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The TRU shall be sized to provide a DC output current 100% over and above the design
required protective DC Current output and as a minimum be DC output rated at 30A —
50V

The TRU installation shall be equipped with transducers so that current & voltage output
and pipeline pipe to soil potential may be monitored using an external shunt and
permanent copper/copper sulphate reference electrode.

All Ground-beds associated with the TRU installation shall be located either within or
immediately adjacent to the pipeline metering station. A location has been identified
based on the results of a soil resistivity survey conducted over the entire length of the
pipeline route and at associated pipeline facilities. A nominal ground-bed output of 20
ADC and a maximum ground-bed resistance to earth of less than 1 Q to determine
ground-bed configuration and to ensure necessary separation distances are
maintained due to the subsequent earth potential rise at the pipeline and other buried
metallic structures.

The results of the soil resistivity survey are contained in the section entitled ‘ Soil
Resistivity Survey Data Report’.

Due to the inherent low average soil resistivity and uniform layer soil conditions along
the pipeline route and at metering stations the cathodic protection system shall
incorporate a shallow well anode ground-beds which maximize ground-beds
performance.

Deep well ground-beds shall consist of a cased vertical bore hole @ 219 mm contain
the mixed metal oxide tubular titanium substrate anodes with center connected
individual 16 mm2 Kynar or Halar/ HMWPE jacket cable tails, installed vertically and
centered in a column of Loresco Type SC-2 calcined petroleum coke breeze backfill or
equivalent.

3. CALCULATION STATEMENT
3.1 DESIGN PARAMETER

The following are the design parameters applied to the impressed current cathodic
protection system:

Description Data
Type of system Impressed Current (ICCP)
Type of protection External Protection
Type of ground-bed Deep well (30-50 m)
Shallow well (10 m)
Active length of ground-bed 18-24 m (Deep well)
2 m (Shallow well)
Type of anode MMO Tube Anode
Capacity of anode (Ca) 7.40 Amp/30 years
(11.1 Amp/20 years)
Dimension of anode g1"x1m.
Dimension of ground-bed @ 0.219 x 50 m. (Deep well)

33/48
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3.2

@ 0.219 x 10 m. (Shallow well)

Utilization factor (U) 0.8

Design life (Y) 30 years

Soil resistivity (p) Q-cm (refer to soil test report)
Type of coating 3LPE

Coating breakdown (CB) 0.25%

Current density for coated pipe (Id1) 0.3 mA/m?

Current density for bare pipe (Idz) 20 mA/m?

CALCULATION
3.2.1 Surface area (Sp)
Sp = T[dl
=(n x 0.1143 x 61000)+(m x 0.2191 x 61000)+(n x 0.2731 x 61000)
= 116227.9454 m?
3.2.2 Current Required (1)
I = (SP X Idl) + (Sp X CB X IdZ)
=(116227.9454 x 0.0003) + (116227.9454 x 0.0025 x 0.020)
=40.6798 A
3.2.3 Current Required from site record (1)
I = Current in use X Future Factor
=(25+2+8)x13
=16.2500 A

Then we use current required 40.6798 A for this design

3.2.4 Number of anode (Nc)

= 40.6798 / (7.40 x 0.80)
= 6.8716 anodes

Number of anode recommend = 36 anodes for 5 rectifiers

3.2.5 Groundbed Resistance (Ry, Rym)

_0.00159p 8L
Ry, = T [ln(d) 1] for deep well anode ground bed

__0.00159p % _ E
Ryy = m [ln(d) 1+ 5 In 0.656N] for shallow well anode ground bed

When
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Groundbed Resistance (Q) for deep well anode ground bed
Groundbed Resistance (Q) for shallow well anode ground bed
Resistivity of soil (Q-cm)

Active length of anode ground-bed

Diameter of Anode column (0.219 m)

Number of groundbed

Rv
Rvm
p

L

d

N

S Anode spacing

Location | p(ohm-cm) | L(m) [N| S(m) Ry (ohm) Rvm (0hm)
anuaulng 99,048 24 |1 - 37.9005 -
BVvi1.1 16,541 2 6 6 ) 97392
BV1.2 33,390 24 1 - 12.7766 -
BV1.3 32,553 18 1 - 15.7812 -
BV1.4 21,946 24 1 - 8.3976 -

3.2.6 Cable resistance Calculations (Rc)

Anode cable resistance is 0.00115 Q/m for #6 AWG cable

The total cable length = 50 Meters (approximation)

The total cable length = cable for hole depth + cable above ground length to
transformer rectifier.

The cable resistance therefore is; 50 x 0.00115 = 0.0575 Q

Assuming negative/positive cable, cable is 35 mm? wiring resistance =

0.000524 Q/m

The total cable length = 100 Meters (approximation)

The negative/positive cable resistance therefore is; 100 x 0.000524 = 0.0524 Q
3.2.7 Total Circuit Resistance R+

Rr = (Rv or Rum) + Rc

Location | Ry (ohm) | Rym (ohm | Ry (ohm) | Rdesign (Ohm)
aayulns | 37.9005 - 38.0104 5
BV1.1 . 9.7392 9.8491 98941
BV1.2 12.7766 - 12.8865 5
BV1.3 8.3976 - 85075 10
BV1.4 - 5.1464 5.2563 5

3.2.8 Transformer Rectifier Output
The transformer rectifier output requirement can be calculated as follows:
Id 21

Ud 2 (Rdesign X I)

35/48
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Where:
| = Total required current (40.6798/5 = 8.1360 A)
Ruesign = Resistance for this design (Q)
: Resign Rectifier Output Rectifier Rate
Location | ohm) [ 1d(A) | Ud (V) | Id(A) | Ud (V)

aouayulng 5 8.8140 | 44.0698 20 50
BV1.1 98941 8.8140 34.6772 30 50
BVv1.2 5 8.8140 44.0698 100 100
BV1.3 10 8.8140 88.1395 30 50
BV1.4 5 8.8140 44,0698 50 100

3.2.9 Coke breeze SC-2

Active ground-bed =n d?L /4 =xm?3
When SC-2 density = 1,188 kg/m? and shipping weight per bag = 22 kg.
Then require backfill = 1,188 x N x Volume of active groundbed=y kg.

Location | d(m) | L(m) | N| SC-2(kg)
acusyulng | 0219 | 24 | 1| 1074.9279
BV1.1 0.219 2 6 317.1846
BV1.2 0.219 24 1| 1074.9279
BV1.3 0.219 18 1 806.1959
BV1.4 0.219 24 1 1074.9279

3.2.10 Earth Voltage Rise (Potential Shift) Calculation
Any calculation of ground-bed effect on structure potentials (voltage shift) is
only theoretical and actual potential shifts caused by current generated should
be obtained by field testing.

For the theoretical calculation of voltage rises likely to be encountered we have
used a calculation given by John Morgan in his book ‘Cathodic Protection’

second edition.
Ip L++/(L% +x?)
Vire = In
’ 2L X

Where
Vyxre = Vvoltage rise in earth with respect to remote earth at a distance “x”
from the anode
I = current discharged from anode (A)
p = soil resistivity (Q.m)
L = length of anode (m)
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X = distance from the anode groundbed (m)

Location | p (ohm-m) | L (m) | ldgischarge (M) | X (M) | Vyre (V)
AUANUING 990.48 24 6.7800 360 2.9663
BV1.1 164.51 2 6.7800 60 2.9577
BV1.2 333.90 24 6.7800 120 2.9824
BV1.3 325,53 18 6.7800 120 2.9160
BV1.4 219.46 24 6.7800 80 29171

This value indicates that if a metallic structure from this anode ground bed, it would
be subjected to potential volume between that point and remote earth. This is the
driving voltage that would produce a stray current to the structure.
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16 mm? XLPE b 6"
] CABLE
S MMO ANODE 6000 6000 6000 6000 6000
dda | / COKE BREEZE BACKFILL GBI GB2 GBS GB4 GBS GB6
A O /
N = / ZINC CANISTER ¢ 6~ ANODE GROUNDBED
CANISTER ANODE DETAIL
IMPRESSED CURRENT CATHODIC PROTECTION SYSTEM
FOR BV 1.1
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Break Concrete wiauauaninszay 50 m.
wuane Positive Under Ground an PJIB s TR 65 m.
szezieszndne ugn Anode fs PJB 4 m.

Deep Well Anode Ground Bed 50 m.
fnss PJB lwii/3eneau PJB A
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wuane Positive Under Ground ann PJB 29 TR 30 m.
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300 120, 10 — RUBBER ZFAL

STAINLESS NAMEPLATE  ALUMINIUM JUNCTION BOX /
150 x 150 mm. ALUMINUM COVER PLATE

A a .

— PHENOLIC PANEL

o / ALUMINIUM JUNCTION BOX o o o o o offr— 14" THK COPPER BAR STRAP
3 =
§ ©| |© e (e,
([ [ | 1ol lo o lo[Sct— SHUNT 0.001 0
f 1 o |o o |o
MOISTURE SEAL INSIDE CONDUIT WITH Do e CoNPUT W — S00x300x120
PUTTY OR SILICONE
PUTTY OR SILICONE - ALUMINUM: BOX
B -
S S \ ‘ q < ANODE LEAD CABLES
N N ”
——— ¢ 2" IMC CONDUIT HDG. 4 2" IMC CONDUIT HDG. T

_i POSITIVE CABLE TORECTIFIER

POSITIVE JUNCTION BOX

\ ANGLE STEEL SUPPORT HDG. ANGLE STEEL SUPPORT HDG.

FILE NAME :

73
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L 50x50x3.2 L 50x50x3.2
3 s KN 3 KN
[ i QO fa ]
= M \
SOEI)\ISORI-_;FES(I;(())Url;I][r)T/]\TION 300 et CONCRETE FOUNDATION 300
) 4 x 500 x 300 mm.
5 o =5— 300x300x120
PHENOLIC PANEL ALUMINUM BOX
500 300 L S J
» 0 0 1"} THK COPPER BAR STRAP
?gg'NLEfgoNAMEPLATE LINKING CABLE &——0
X mm. SIDE_VIEW )
] D) o |l [o—[— SHUNT 0.001 Q
a / ALUMINIUM JUNCTION BOX NEGATIVE CABLE TO RECTIFIER — O lol lol lo I
O
ik 50 PROTECTED PIPE CABLE LINE EPEX PROTECTED PIPE CABLE LINE RC630
B J 11 PROTECTED PIPE CABLE LINE GNNK
\ =) (-]
1 N
CABLE PERMANENR NYLON
MOISTURE SEAL INSIDE CONDUIT WITH MARKING TAG
PUTTY OR SILICONE
N
AN SOLDER RING TYPE NEGATIVE_JUNCTION BOX
= CONNECTION
™ 6 2" IMC CONDUIT HDG. ABBREVATIONS NUMBER
\ \ CABLE IDENTIFICATION
ANGLE STEEL SUPPORT HDG. NOTE
_ 50x50x3.2 PIPE (INCHES)
AN#XX — ANODE NO.
3 Cpe '&\C/x\ TRP — TRANSFORMER RECTIFIER POSITIVE CABLE
g \ TRN — TRANSFORMER RECTIFIER NEGATIVE CABLE
N
CONCRETE FOUNDATION 300
x 500 x 300 mm.
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CLEAN THE METAL TO A BRIGHT FINISH

STEP 1

THE CABLE AND LUG ARE BRAZED T E PIPE

ADJUST AS Zmomm.mkﬂ<

STEP 4

TEST THE CONNECTION

STEP 5

PIN BRAZING
DETAILS

INSTALLATION

—‘I LOAD THE GUN WITH PIN

LOAD THE GUN WITH FERRULE

INSTRUCTION :

1. Operation of the surface

- The area of connection onto the pipeline (or other metal substrate) has clean bright
metal finish.

— If necessary, the surface encompassing shall be degreased before any grinding
operation.

— To prevent the cleaned metal surface re—oxidizing, we recommended that pin brazing
must take place as soon as possible after surface preparation, i.e. not more than 5
minutes delay.

2. Loading the pin into the brazing gun

Load the gun with a brazing pin and ceramic ferrule individually by hand. Ensure that
they are both back fully inserted and tight with the palm of your hand.

DO NOT STRAIGHTEN THE KINKED AND OF THE PIN FUSE WIRE

The legs of the pin holder must be adjusted as necessary to ensure the firm grip of the
pin while maintaining concentricity with the ferrule holder.

3. Adjustment of brazing gun

Before connecting the earth device to the steel,
follows:

Hold the cable lug or stinger flat on the steel surface (for direct pin connection). Insert
a loaded brazing pin into the hold in the lug and press the gun/ferrule against the
surface of the lug evenly overcoming the internal spring. Turn the ferrule holder until the
white adjustment indicator tube is flush with the gun’s rear face. The brazing gun should
now be correctly set.

When using threaded brazing pins, i.e. M8 brazing pin, the ceramic ferrule must be flat
against the steel surface when checking the white adjustment indicator tube.

adjust the brazing pin “Lift Height”as

4, Braze

When pin brazing onto a coated pipeline, then sufficient coating needs to be removed in

order to accommodate both the earth device and area of the pin braze, this world be a

minimum of 14 cm x 4 cm using the standard earth device. If the earth device is placed
on a separate earth point on the pipe then the area required at the pin braze point will
be a minimum of 4 cm x 4 cm.

KEEP THE TRIGGER DEPRESSED UNTIL THE BRAZE IS COMPLETE

- After about 2 seconds the fuse wire should rupture,
arc will extinguish and the pin or stud will be shot forward into the molten filler.

- In the event of a fuse not rupturing after the normal time, the gun must be
withdrawn completely from the work, keeping the trigger depressed.

- After the fuse has ruptured, the gun must be held in place for a further 3
seconds to allow the braze to set.

- Remove the gun by pulling straight off the pipe or substrate in line with the

brazed pin, then break out the ferrule if this is remaining in the ferrule holder. This

can be achieved by levering against a suitable edge. Beware, it may be hot.
- Hold the gun in a vertical position then depress the ejector button to expel the
remaining fuse wire. Catch the wire in your hand to ensure it has been ejected.

5. Testing a completed bond

- Threaded pin attachments should be tested by a torque device. For an M8 pin the
torque device should be set to 10 Nm. The treated will fail at 25 Nm so do not use

disconnecting the circuit. The
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AF1ANISARTIATATIAN (BOQ)

TAsan1s PTT GSP 4Rdn91l5u1lgs Deepwell Anode uag T/IR fiBvE13

@Ry AU TG Uy FIAARRUIY 49

1.1 Deep well material

111 |Steel Pipe (Miawfind 8 inch, 817 6 m., Wu1 4.5 mm.) 3 iy
112 |PVC Pipe (PVC 8 inch, 879 4 m., wu1 5.4 mm.) 3 1y
113 [Vent Pipe (PVC 1inch, 877 4 m., U1 2 mm.) B 14U ===
114 [uUa Anode groundbed (Cement Grout 50x40x50 ¢m.) G 14U
12 |MMO Anode 6 wia
1.3 [Carbonaceous Backil e =y ‘1_000 nn
1.4 [New Positive Junction Box 1M
1.4.1  [Aluminium Junction Box 300x300x120 mm 1 NAY
142 |IMC Conduil HDG 2" & 1 m 1 iy
143 |Angle Steel Support HDG 50x50 mm. 717 1.3 m 2.8
14.4 Concrele Foundation 300x500x300 mm 140
145 |Slainless Nameplate Aluminium 150x150 mm. 1 UKy
146 |Rubber Zeal 1 welu
1.4.7  |Phenolic Panel 300x300 mm. Wu1 1 cm. 1 U
1.4.8 |Solid Copper Bus Bar 1190
1498 |RShunt 6 10

1.5 |Subsurface electrical Cables

1.5 Positive Junction Box to T/R 351,
152  |Negative to T/R 304,
1.53 |AC Power supply cable for T/R 70 M,
154 |HDPE Conduit 135 M.
155 |Concrete Slab (wu1 5 cm., nfina 35 em., 471 1 m.) 135 4.
156 |Cable Route Marker 14 7w

1.6 |CP Transformer Rectifier (Existing 50V 30A)

1.6.1 CP Transformer Reclifier (Existing 50V 30A) 18

162 |Fencing with Roof and foundation 190

1.7 Installation and Excavated Deep Well Anode Groundbed 30 m.

171 |Aus (man-hour) ... man-hour

: : .
172 |eesiionAreadinaililuau

18 |Installation Positive Junction Box and Postive Cable

1.81  |A9Us4 (man-hour) man-hour

182  |wreadlanAiaednsn il

1.9 |installation Negative Junction Box and Negative Cable

191 [Ausa (man-hour) ... man-hour

T AT
192 |iATositonsreedniililuau

110 |Installation CP Transformer Reclifier and Fencing with Roof/ AC Power Cable

1.10.1 [A7uga (man-hour) ... man-hour

1102 [irasitandiaadnenliluau

1.1 Excavated Negative Cable

1.11.1 |[A7U5a (man-hour) ... man-hour

1.11.2 |wreailonAtaadnai iheu

112 |Pin Blazing Negative Cable and Repair Coaling

1,12.1 |A1114 (man-hour) ... man-hour

1.12.2 [iAraaitenAroedntililuanu

143 [A7us Test commissioning

1.13.1 |A7u3 (man-hour) ... man-hour

1.13.2 [iArositanAieadnaililuau

114 |Avdnibiung Report

115  [Other

o
#aANUSIHNIEY
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