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PSR

1. KM H8rR bR >50ppmw -

2. ZKHHEY pH {E<4 » H KM Z 48h LY >=1ppmw -

3. ZKHHEY pH {E>7.6 » H/KM Z S LR E>=1ppmw » H /KA Z s b4
>=20ppmw

4. AN WiAEESEE> 0.3 kPa absolute (0,05 psia) ©
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and Fein wet environment
#its‘x’mfiﬁi)

. Reaction H,S
(ﬁ,ﬂﬁiﬁl:b‘ﬁéﬁm

——FeS +

Atomic Hydrogen (BFHRAR) is ) A
related to SSC/HIC mechanism Cathode (X ) Anode

|
Mechanism of SSC/HIC and Prevention Methods
for these cracking (SSC/HICOREEBAILRE)

will be explained in next sessions.
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nvironment

Sour Service E

uction (- A EDH P TS

« H,S, CO, and H,0 included in crude oil and feed gas

. pHis low (acidic) because HS and/or €O, are dissolved. (ff5pH. AetiRse)
. Chioride is dissolved in Produced Water (stmositt)

« (€O, environment is called as Sweet service compared with Sour service)

Quite different environment

. 0il & Gas Prod

. Petroleum Refining Environment (GMERI S M)
« H,S is chemically generated during the refine| ' (
_ ry process (JUZ ARl &%
- Thermal cracking of Sulfides in crude oil e
- Hydrogen cracking of Sulfides
* pHis not low due to NH, (Neutralizati
i : ation, Hydrogen crackin itri
: prZ ,ﬁﬂPH (Tffﬂﬁﬂd)xﬁ/)ﬂﬁ%{t%wmikﬁbbh ERY S 1’0)? Of‘NlmdeS)
also a critical factor (7 ALt {E) i

3

[E
N

R b SRR R TR O PR A A Y 7 5

Gas Industries

Environments 1N oil and

| d Natural
petroleum, Petrochemlcal an itu
e e _ Materials for Use in H,S-containing

Gas Production —

| Gas Industries

hemical and Natura
Cracking In

s Resistant to Sulfide Stress
fining Environment —

NACE TM0177 Laboratory Testing of Metals for Resistance to Sulfide Stress
Cracking and Stress Corrosion Cracking in H,S Environments

petroleum, Petroc
_ Metallic Materia
Corrosive Petroleum Re

NACE MR0103/1S01 7945

Evaluation of Pipeline and Pressure Vessel Steels for Resistance
to Hydrogen-Induced Cracking

NACE TM0284

NACE SP0472 Edethkqu a?cé C%ntrols to Prevent In-Service Environmental
racking of Carbon Steel Weldments i i
S Pl ts in Corrosive Petroleum
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IRET S B+ K+ EDK

1L Base Metal PR A F5 222 -

EMRIZ SN TR - EREREA/NTL 225 HBW -

PRI EERAH B AT G LU T HZE: B & (Carbon Equivalent, CE)<0.43 » V<0.02
wit% > Nb<0.02 wt% > V+Nb<0.03 wt% -

PRI MORLOVEE T 2 /) 620°C DL ERYSEEREE - BAPR B BRI <248
HV10 - $£3EH5 <200 HBW -

TEFER HIC HIAPREEER 7 - B SR B0 RN E 2 AT JIS 20 ASTM Ay L L -
H R 2 AR pIREHTET HIC RYSiHR - EE21F NACE fyffdE ot » IR H AR THES
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steel plate (HHICHR)
by JIS and ASTM

y NACE Standards :
. Client and Licensor often require to apply HIC resistant steel

(for both Ol & Gas production and Petroleum Refining)
. HIC resistance is evaluated by NACE TM0284
Example of Client’s requirement on chemical contents

(25 SIBOERH)

HIC resistant
. NOT defined
. NOT defined b

) P Ca Treatment

- 0.035max.  0.035 max.

0.20 max.  0.0020 max. 0.010 max. Required*

*) Not required if S < 0

HIC resistant CS plate ;

& 5 51k HIC SR 574

. T —HIZIE
J77 L o P (HppmiA—5— DL EHA T
i e S (2)sp L AT
[*) Center-segregation (3)#JWEE’$UW;%HEQ1§
MnS, (Nb,TI)(C,N Lj-:sauf_ﬂﬁﬁ”ﬁ]
>—BRERMTHBE

| Tkeda - Tetsu-to-Hagane (1984)

Steel making technologies of sour resistant line pipes

(1) Pure and clean steel
Reduction in P and S contents (P<100, <
= | ik -s( pp;:j 10ppm, Ca treatment)
Red_uchon in C and Mn contents / Soft reduction
(3) Uniform microstructure
Thermo-Mechanical Control Process
»%M'w*wu(m SR

. eappeiie A
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3.2 AH4EEERHE M (0il Country Tubular Goods, OCTG) 1}
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P 5 H SRR S A R B RS SR fE » RIMT RV H SR A B (R B 4R
i S s PR LS b S SR AV ERS - PRIE ISR i A 7 S I #4(Oil CountryTubular
Goods, OCTG)yA4#:} 158 FH B3 i 2 LA Al I R EE 2

OCTG MBI 5 8 55— Fyaz LIH AT — 8L o7 BE - mTDAA] 20kPa 77
K& - B ALY 7 BRECHY 20kPa - RPN FREE(E FHEIG <5 - (SH FIBREM RN AT « £E 7] DA
(S FHBRSMEAITER T » 85— 2 Ryaz I AIRRAL &Y BETE - ZEtR L @iy 73 BE &% 0.3kPa 17
5 Non-sour HYERET - W] DUBE RV —fiehiesl] © (HiEhifbany T BAE i 0.3kPa » HIJSEE
FIFEE R AL AR - & — S ALhRAY T BE S 20kPa » FRE(l FEI& B8 - [N Ry il =i
FERY S ERRATA KGR pH (BT SR S Bl Bt EE E3 et - B Al Sl (58 TR
BATLLIY Rtk ~ CEAEN SRS ~ Wk EHCE- AR SR S5 6 (17 Cr) LLUR ik EE R A 5
#(13Cr) » HARHUEERHIRE ST AT AT ARIEK - 205 & bl 'y 48 FHERER ] LUK IR L &y
FRELHEA RS AT RS - OCTG AR FHRY AL 7 - BT LAVRERISE BV i
PRI 53 SR AR T B8 S5 8 (13Cr) P B —4RIVAORHE B SEAHR 858 5 ZR1 B Al H A
S ] TE AT R B 5 Wl S - A S 75 B0 (17 Cor) ARl (1 2 ik -
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SMC2786 (16%Mo)
> 0.1bar (10kPa) s <204°C SM2050 (11%Mo)
<177°C SM2550 (6°%Mo) oy
SM2535 (3%Mo)
m SM2242 (32%Mo)
SM25CRW
— < 250° SM25CR .
“> 0.2 bar (20kPa) <0.1bar (10kPa) T
<200°C SM22CR
Martensitic-
SM17CRS Ferritic Stalnless
<0.03bar (3kPa) Steel
<180°C SM13CRS
Martensitic
SM13CRM (*Note) Stalnless Steel

:
£
:

A
-
g
[g]

SM13CR (*Note)

Sour Service
Sour service

m > 0.003bar (0.3kPa)

Sour Service & Carbon Steel

High Collapse

High Collapse,

High Strength Non Sour
<0.003bar (0.3kPa) Carbon Steel

7 BRI NE % OCTG Ak RN A
(e 5HE OCTG ARy A& B I BRI AR ELEACE - A1 8 > HTLASEHRR
HH RS £ 50 (13Cr) B AT AN G 5l (22Cr) Y A 8 AR R B e AR F] AR SR BT 2 1%
E IR E RO S 68 P R - E R 5 8 (L7 Cr)HYBRER > A DI 8RR -

Material Cost Index

L]

L]

4

' . I
,  mm

C5 13Cr 154r 17Cr 220r 250 2535 f Alloy 28

Lead time 4 to & months 12 to 20 months

Figure 1: Indicative cost difference of the various OCTG steel grades

8 %fd OCTG kA R [ B A L
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H AL 2 T %7 CUL Z 35107

JBAbRY 2y 5] Dr. Nakahara 2832 7 —{pWt5ess » 8 H £ Management of Corrosion
Under Insulation (CUI) in Japan-iZ 58 Fh&iat 9 & H ASHYE TRz > 3 3 2L NDE #5251 6000
BB G4 CUl SRR IR T N E R E R e - 0 H AR
A ~ R E0 R SR e R R M 1T 0 AT - o DT AIE 9 -

Objectives of this study-2

ll. The applicability of the neutron moisture meter and thermo
camera for CUI inspection
i. About 6,000 points data measured by the neutron moisture meter and
CUl inspection were gathered from 9 chemical companies in JPIA.
ii. About 1,000 points data measured by the thermo-camera and CUI
inspection were gathered by the same companies.
iii. The applicability of these measurement for CU| estimation was

analyzed.

NDE for CUl inspection e
planed CUI ( o nalyze both

inspection

9 JEALEHY CUl &iat53 M 7774

IIMTEERANE 11 R > (e raE R rh s R 38 4 CUl R E R - ZRIMIGAFE
B ARENE SR CUl BUBR A P— 1k - SRRl 3828 CUl B B T e
PRI (TR o 5 ek BE AR FEE ) S8 A U BSR OAT - FE B SRAVEN 0 v] AR I B E A RI=HY

%

5

By E e AT > HROREEAEH - FEEEREAVESY - IISEReE AR A R A I ek

5

o3 HR B EEE - AEERERE sy ISR a B A S s R B R e 1h - H

TSR -
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Eoad CUl BeRAEIRIE 80~120C iz - HIEHAIE 40~80°C » BHERAZE 175CLLE >
FHIL AT DUE B R API 581 Frés T HU-R [EDEE AV el a] DI SR A ] -

API 581 (& {RICOR EHE & 7y (HEA ARty CUlRE M thA FA (] -

API FraTERYBSSIAT Lty CUIl 83 420 &8 Fy-12~175°C - {HZ B bR
BAERE En A ATREsR A+ (HEE I A M b RS - R F i
— S HEEE -

& 12 JEALRHY CUl st o thahR-A [ER i B sk 4 CUl BRE 3 Ah

DB A (AT A A B 1 5 B

A E b B {E ey A. Al-Sahari 283 Water wall tubes failures under localized

attack in high-pressure boiler FyBTFE#H & - ZKiEE HILIRE B R IC= BRI E - T
BNHKSAENEGA S RS WA B USIniRaHSEE - KB DMIVE M - Bt
K E R Z E R =R - RILEY e KK EIRE B - fEIEHEEAVERET - K
e B ENG PR —EBEREEN=8/tuEirEE - m LIV asEE R ahcE - 8
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77 Ry S OHRE A B A T8 » TEEFRMZGS THIH - SiEEs
[ - A A RE ISR M TSR HE - RS AN F A — g e i 4 A0 /KR B ErY
Zf) > NItEERE SRS A2 HEE -

SABCE R AR 27 4 > $RA Bunker-C Oil Burner fABEss » AR 1E
B P A = - ERENE RN - FRENREN TR - &M
WA R E AR RUR R B E B > KB ISR 1% S EE 14 LU OETEPTEAL
BRAMRIWESR S  BRERMNEEZE 15 -

Table 1. Technical Information of Boiler Specifications.

Boiler type Non-reheat
pressurized radiant boiler
Rate Capacity 109.7 kg/s
Temperature 525 °C.
Pressure 85 bar
Tubes Alloy SA210 A1 grade

13 BB EEERIESE

Figure 1. Location of Ruptured Tubes (Red Arrow) in left sidewall tubes (south to the
burners).
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Figure 3. a) Bulging of tube # 22 b) internal heavy deposits of tube # 22 c) pin hole of tube # 26
d) pin holes of tube # 27.
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(NaFePO4)wi L ¥ 2 .o » WilE] 16 -
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Figure 6. XRD spectrum of deposit collected from internal surface of tubes 22 (left) & 27 (right).

16 B RU/KHEEHYE PR i éi iR
XRD Y53 Arét REEUR /K & P E (AR B (RRAVER S - (NI e Sy
HEACE: > S SIE A E RTHIPR AR i R R R > B/ KE &R K 100 ppb -
KIEFEEIEAE 20ppb > 554 EEFE hydrazine (RS B #1246 20ppb » 11> 20~100ppb

ZIEEE 26 F - SEE e KA E S R E&AERE AifraT —EiifH]
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Figure 10. Cupper carry over within narrow area of tube 26 & Underdeposit corrosion pit
initiation on tube 27 at water side.
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