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(RS AEESY RS % OSHA 29 CFR 1910.119
Process Safety Management 14 % 15

- Bx %4 - M TN
Employee Participation M, ecftamcal Integrity
- YRR " MCH A

Hot Work Permit
¢ 2”% i '_g‘ I2‘]’(‘5(‘(‘('
Management of Change

Process Safety Information

o WA ERSH

Process Hazard Analysis « THAEE

© BRAERA Incident Investigation
Operation Procedures o B & E TR

* IR Emergency Planning and
Training Response

o RIETH . M . .
Coiitabin Compliance Audits

- MERE

* FfkAT% 24 & Prestartup Trade Secret

Safety Review
OSHA :Occupational Safety and Health

“ R A 2 M)

Replace the “breakdown” maintenance philosophy with
an on-going equipment integrity philosophy that ensures
that process equipment and instrumentation are
designed, constructed, installed, and maintained to
minimize the risk of hazardous releases.
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©OPressure vessels, storage tanks

BAFEFBE - ER - HBE SR &

©Piping systems (components such as valve)
FRAR(EEFPEE IR~ 2 F g
ORelief and vent systems
BB foptx ik 5
©Emergency shutdown systems
i%i@@’r,ﬁ k-
©Controls( monitoring device ~ sensors -~
alarms,and interlocks)
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©F 3
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API 510

5.1.2.2 The inspection plan is developed from the analysis of
several sources of data. Equipment shall be evaluated based on
present or potential types of damage mechanisms. The
methods and the extent of NDE sggslllccbe evaluated to assure
that the specified techniques can adequately identify the
damage mechanism and the extent and severity of damage.
-Inspection plans shall be reviewed and amended as needed
when variables that may impact damage mechanisms and/or
deterioration rates are identified, such as those contained in
inspection reports or MOC documents.

29

API 570- Inspection plans
Ao B 3B

-Inspection plans shall be reviewed and amended as
needed when variables that may impcpzciséctcdamage
mechanisms (38 1% ##]) and/or deterioration rates are
identified.

-Piping systems shall be evaluated based on present or
possible types of damage mechanisms

-The methods and the extent of NDE shall be evaluated
to assure they can adequately identify the damage
mechanism and the severity of damage

-The inspection plan shall contain the inspection tasks
and schedule required to monitor identified damage

2025/5/14
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MI 2 $.(OSHA# %_& 37)-* + 7

1.Applications

FrEFRSFE RN PR R T 2R W)
(MI% - % &5 B gEiER & o~ & » RBI ~ FMEA ~
RCM ~ LOPA)
2.Written S’%E%dures

ERARE(EE R )
3.Training for process maintenance activities

flir ek T EP R
4.Inspection and testing

# & foibliE(ikdp4F 1 2R #  RAGAGEPS)
5.Equipment deficiencies

WAL (R 2R)
6.Quality assurance

& (1 7 2 )

RBI: Risk Based Inspection
Rz A ERE
B R=k T e XK A B E% R
(likelihood x consequence)
B (RISK)=3% #5 & 2t & (PoF) x4k 244% &% % (CoF)

=K 2T ReMEX R B B g R

XRBRHALE| (B2
. (XK~ it~ IR )
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RBI, as a risk-based approach,
focuses attention specifically on the
equipment and associated damage
mechanisms representing the most
risk to the facility.(RBIZ Fv 38 15 #%
48 B 2 B B R wk)

-RBI provides a better linkage
between the mechanisms that lead
to equipment failure and the
inspection approaches that will
effectively reduce the associated
risks

RBIR # £ 4 § Bk K X X H
BB Foin E ReE B 4T ey 4.

ction

time-based or calendar-based

B A M- E Bl

A B 4% 4k Mt ARBEKXREADREAMBER S8 RTed &b
CpCsucce /:r’L /[‘ﬂ
8 1-3 2-3 X X X 1-3 1-3
ARABT 1-3 3-X 33X 2-3 X X 1-2
RABE R X 1-2 1-2 2-3 X X X
2 kR AR A X 1-2 3X X X X X
RIBIE X 1-3 X X X X X
A 4t X 1-3 1-3 X X X 3X
BER 1-2 1-2 1-2 3X X X X
i 12 X X X X X X
54 1-3 3X 3X X X 12 X
R~+&# 1-3 X X X X 1-2 X
BN X 23 23 23 1-2 X X

cpesuce

=% EA%ME 2=PEAH KM 3=TRAKE X=FHH
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16 06 2008

API 580

-ldentification of the credible damage mechanisms and
failure modes for equipment included in a risk analysis is
essential to the quality and the effectiveness of the risk
analysis.

-The RBI team should consult with a corrosion specialist to
define the equipment damage mechanisms, damage
modes (optional), and potential failure modes.

36
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Damage Mechanisms

Damage Mode cresece
The physical manifestation®g -~ of damage
(e.g. wall thinning, pitting, cracking, rupture).

Failure Mode
The manner of failure. For RBI, the facil!c‘sll!;? of concern is
loss of containment of pressurized equipment items.
Examples of failure modes are small hole, crack, and
rupture.
a) pinhole leak,
b) small to moderate leak,
¢) large leak,
d) ductile rupture,

e) brittle fracture

AE K FERE— SRR AHHRME R
» $RAE80°C > B E45IRIE -

1.damage mechanism :corrosion under insulation
2.damage mode : localized corrosion

3.failure modes
-Generalized corrosion : large burst
-localized corrosion :a pinhole type leak.

2025/5/14
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a) General and localized metal loss:34 £) % 5 3} 4 /& 48 42Ok )
1)sulfidation and high-temperature H2S/H2 corrosion—refer to API 571, Sections 4.4.2
and 5.1.1.5 and API 939-C; % ;2 i b Ji§ 4%
2) oxidation—refer to API 571, Section 4.4.1;% % A4t
3)microbiologically induced corrosion—refer to API 571, Section 4.3.8;4m i J& £&
4)naphthenic acid corrosion—refer to API 571, Section 5.1.1.73% %% & & £,
5)erosion/erosion-corrosion—refer to API 571, Section 4.2.147¢ £k
6)galvanic corrosion—refer to API 571, Section 4.3.1;4a JL R J& £
7)atmospheric corrosion—refer to API 571, Section 4.3.2; K f /K £k
8)corrosion under insulation (CUI)—refer to API SCff,s‘chction 433808 B T JE £x
9)cooling water corrosion—refer to API 571, Section 4.3.4;4%p /K J&§ £%
10)boiler water condensate corrosion—refer to API 571, Section 4.3.5;
11) soil corrosion—refer to API 571, Section 4.3.9; £ 3% J& £&
12) ammonium bisulfide and chloride corrosion—refer to API 571, Sections 5.1.1.2 and
5.1.1.3;&11b 4% v ﬁ.'ftﬁ!)f}rgﬁ
13) carbon dioxide corrosion—refer to API 571, Section 4.3.6 — #A 1t 5% J& £k

B S <.1.

b) Surface connected cracking:

A@EEZ HaRENNRIILE)

1)mechanical fatigue cracking—refer to API 571, Section 4.2.16;

2) thermal fatigue cracking—refer to API 571, Section 4.2.9;

3)caustic stress corrosion cracking—refer to API 571, Section 4.5.3;

4)polythionic stress corrosion cracking—refer to API 571, Section
5.1.2.1;

5)sulfide stress corrosion cracking—refer to API 571, Section 5.1.2.3;

6)chloride stress corrosion cracking—referatcélﬁcPI 571, Section 4.5.1.

CPCSUCC

CPOSECC

2025/5/14
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¢) Subsurface cracking: %k & @ % &
1) hydrogen induced cracking—refer to API 571, Section 4.4.2;

2)wet hydrogen sulfide cracking—refer to API 571, Section
3123

L A516-60

d)High-temperature microfissuring/microvoid formation and
eventual macrocracking

BETHARMELUILE  BEHEHREE

1)high-temperature hydrogen attack—refer to API 941,
Section 6;

2) creep/stress rupture—refer to AP1 571, Section 4.2.8.

creep/stress rupture

high-temperature hydrogen attack

e 27

Vol string
- CPCSUCC

See # mmesisesk

2025/5/14
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€) Metallurgical changes: /5 4 2% (48 W3 & %4 2 4h)
1) graphitization—refer to API 571, Section 4.2.1;

2) temper embrittlement—refer to API 571, Section 4.2.3;
3) hydrogen embrittlement—refer to API 571, Sectlon 4 5 6
4)885 °F (475 °C) Embrittlement g==" L
5) Sigma Phase Embrittlement

f) Blistering: #2 &
1) hydrogen bllstenng—refer to API 571 Section 5.1.2.3.

CpPCsucce
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4R B
(Corrosion loop » Corrosion circuit)
API 570
piping circuit
A section of piping that is exposed to a process
environment of similar corrosivity or expected damage
mechanisms and is of similar C(Pféuscfgn conditions and
construction material.
NOTE 1 Complex process units or piping systems are
divided into piping circuits to manage the necessary
inspections,calculations, and recordkeeping.
NOTE 2 When establishing the boundary of a particular
piping circuit, the inspector may also size it to provide a
practical package for recordkeeping and performing field
inspection.

- It is suggested that a “true” corrosion loop should be a
grouping were the degradation mechanism is "likely"
to be the same i.e.

© Material of Construction,

©Process fluid (similar stream properties),

©Temperature (roughly, or at least within the damage
mechanisms susceptibility thresholds),

©Pressure (if the damage mechanism/s of concern is/are
reliant upon pressure), and

© Velocity (again (if the damage mechanism of concern is
reliant upon velocity).

2025/5/14

23



&2 34
- BRARET N F
- BRARET N F

& 4 7% B

AR o HHELfeA 52 i

240 2

1E 1k

4 fo i 10 P 48 )
k2 B L SR BT

3
cg
3

B RA T T8
A7 F C ¥ SR 4

SHARES LRMEVSIDERES | LOO A S K4l | MID TOPH i S48 | MID BIM S i S 418 | S-S (VSIN SIS
W am am =) » 3041
137-235C/W2S, S 40-55T /28, * 7-160T/S 163-248T/S 218-309C/S 230-360C/S
" TRV eI e SERIA L AR
TRATEER | o mmke 0, A8k Aemmse (SEATHOORGE SZLLAMORE | pa) ta. 2078
Py b Ain

2025/5/14

24



JGERFRIE 2 3%

1AL TIHZRLE > TR FEF > AHELER -

2.EREBHRZBEBRS > REXREHRERD KK
DR HHRER M -

345 B AR P RARM F B E

4.8 B 2 B 4 & (RBI) 34 % 3 7T s 1 (likelihood) 3 2 &)
RIR-REEARD] ~ BARRE - BRZEMR - ABHEKX -

5.4% LA 22 31 J§ 4% F ft(corrosion manual)

6.Z2EHZTFE-ALNEY ~ MALEEE - 321t
& 12 DA B3 33 4E 7 MR F (Integrity Of Window >
IOW) -

T35 R AR TR B

ER ST

am A8 T35 R AR R SR
N HCI » H2S » NH3

3 =M 40~160°C P
@ 0B 8§ 6/ D0 50 AL A%/ CUI(0.127munly) Wet H2S ::"‘n
HCI >
2
T

114~160C FG HFA[j H2S

MR A/CUL0.127mnvy) Il)): 24 (OFF_ Ga? 4T

LES 03 Ay £

D704
P711D705
E701

E702

o IRk
L]
22 | 0.5%S
8027
¥1 4 & £:(0.03mm/y)

. | 253C
K(O.5%%9) 2 a4t
(0.05mmvy)

p707 E705 CR. O11, ES81
0—.—“;3 E7 43

EP

LDA%S) s
P708 CR. 01 BS54 ES82 *m
ps £710 2%s

o l\ -
M P705 380

F701

LPS iy 2527
| T W — @A imavs) | naa
¥ o H i AR p70s E705 E701 70% (0.08mnv/y)
Ps 827i ._'_. e S PP I
3-5%S R.C (3.5%S) it I!:“ #0050 R 2%
380C P710 ek
4% #A6(0.38mmy) 35%S
_  —J 8277
i A AL(0.38mmvy)

2025/5/14

25



Dead-legs

-The corrosion rate in dead-legs can vary significantly from
adjacent active piping.

-The inspector should monitor wall thickness on selected
dead-legs, including both tCPP1C§UC§tagnant end and at the
connection to an active line.

-water can collect in dead-legs that can freeze in colder
environments resulting in pipe rupture

-For such systems, extensive inspection coverage using such
techniques as UT scanning and profile RT may be
necessary in order to locate the area where dew-point or
ammonium-salt corrosion is occurring.

51

wERE

M| EHBSGE % ALR A& ¥ EIFoH ik R P A E I FIR
A WA BA B /45 22 3R A
F |1VS0URTA | 1ubfkh |LBBEE—SARMEUR | K22 5 %8

(£8 | #o-E551- |#eh it & | RBP4 S iwisnE

%A% | E521-D503 | &4 RAk(K | 2. CULPIAR: ATLIZS (£

%) 2.V501- FARNFAS | T 80) ik R (278
P503-E502- | #:4) SLE)
V501(™) | 2E502- | RESHCE i se sk dr4nim
3.D503- VEOTA s mpsd s
D504-C501- | CUIR A8 LREBEER
E522-5905 A 4. ¥ 4% 4%, VENT, DRAIN
4.D505- PN EAT) P b
P511-E513- 4 & 5 5w 3R UTE
E514-E515- E—?im(tﬁ-i’éﬁ#"”él&
E516-V505 i)

5. BN B RRE,
LA IR, B B £k, 3F 8 A

A

2025/5/14

26



WEEE
AHTRL, K54 H BRI T bt

Lk

0wt A E:9 .T:me ©~ _» 8.5~8.6mm
R #2364 : 3. Onm Vol P
£ "
6.8~9.2mm
f -
~ 12 -7
Pl b/ I T 7
1 - - = 8.3-8.7mm
8.4~9MM o= = -
&
L2 45-90mm ,/
9.1~ 92n|n?—bn“.&
’
/
]
5.0~7.5mm
FTHHEASR

e EBLAR T35 JE A 2R 35

mﬁ.&ﬂ‘il%ﬁ B IR 2B A

TRLEEH
170:296C /129C
162. Skg/ca2 AR E oy
7 R de(.a.l-mnnm
> L’ i
cresuce oy ’ TS -
quench gasH
TP AL = |
FG ﬁ 20800 1 o/c ] 60-1807
RI: 800, 1 162, She/cn2
O suce GONIZ
(34 L]
N — o103 LS
& Fnamcme x5 AR
J! 8 360°C
I SH—°( Lod 1/0:192-164kg/ca
oIL [ = 273, 550 & 12,
oy [ R
..T B P5:I5(15wpy) * PASCL
Tz
\ H =
[ PSS ?
;
- 191 g suce ?
24 y
o Neana uaz TOOVS 5k B 05 L4
VO:. ."I.!i 402°C
[ 157.5kg/em2
A/BCD 1.7-3.5%S & % 11
To F22/90955/3475S + 82188
E9103 TEIE.DB, - PASCC.OSCC
TRPAR/GR, [y eeen AR e RASUBE
n . : M._'{ Pl AHARRELR
Ul -t At 44 el 1) (3 in

2025/5/14

27



SR AR HERERA WEFE BABE

RS RO 220-00bremiiS | L s HERIREHPTE [ HES
(REFPHAHAIER | HRRTTE b
H ESE K EpE |2 TR RS R
fe R epesvec

3 FAY B GBE

4, SR

R e )
%

20.04.2006

API5S70/API 574
process mixing point

-Mixing points are locations in a process piping system where two or
more streams meet.

-The difference in streams may be composition, temperature or any
other parameter that may cause deterioration and may require
additional design considerations, operating limits, inspection
and/or process monitoring.

-Mixing points can be subject to accelerated damage either from
corrosion or mechanical mechanisms (€.g. thermal fatigue).

-The inspector, unit process engineer, and corrosion engineer will
typically review PFDs to identify susceptible process mixing points
and define the extent of the mix point circuit
wmE R~ A2 A2 LR R kT A2 65 B F AR AR LAZ B (PFD)4& 5]
HRRRSE LXK HRSBEBZ E

-Mixing points identified as such, may be treated as separate inspection
circuits, and these areas may need to be inspected differently, using
special techniques, different scope, and at more frequent intervals
when compared to the inspection plan for the parent/contributing piping
stream(s).
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% ALk 4% 31

-RIE B 169K B8 0 MRS Eih ~ R~ BUE R
fo SR F

B A I ) #) 2 160kg/em? » $4F 8 % # 2360~400 °C

-H b — 1R E 460~70 °Cz 47t R RS B4 0 M A
4R e A

- 1R F A H 3 B 321 R 4548

A 360~400 °C
160kg/cm?

R 3F 45

-5k BT RE kB AE % B #uRk 4 % % (Thermal Fatigue)

API STAR R E XETRABARYE  BATRARMT
ARETEEM A BE £ R EI4) CoA Loy BARA
Bk B ER > APl STILIRM &8 E #16488110°C ~
165°CHy » B Le 2k % P A8

-k K R E B HAPIS5T0 class 1

Table 4—Mix Point Thermal Fatigue Screening Criteria

Flow Medium Delta Temp (°F)
Main Pipe Secondary Pipe Ferritic Stainless
Gas Gas cpesice 450 300
Liquid Liquid 450 300
Liquid Gas 450 300
Gas Liquid 275 125
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RV S

(Corrosion Under Insulation, CUI)
BEER
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-In today’s operating environment, it is not enough to
base future inspection plans only on prior
recorded/known history of equipment condition.

ARAE DA AT Z 3% A K DL 3T sk S 4o B 3 R 3R RoAR A3t
E AL

-A fundamental understanding of the process/operating
required in order to establish and maintain an inspection
program that yields the highest probabilityof detecting
potential damage.

Ry —EARSBLBAGREREZRAE H
U/ REREARERIBGRINZEART BRLAN

-A fundamental step is to frequently rationalize and align
the developed degradation knowledge base of the
materials of construction with the operation of the
equipment, its inspection history, measured

corrosion rates and known industrff)s;‘c(;‘blems.
—EEAATBRARBELEHRTHEE XAHRE - REE L
FEAZRBRERARCATENGRE > HORERZIRAE
o K RATEOEAE

With the move to risk based inspection programs, it is
even more vital to identify and track process information
that validates or might cause changes to existing
inspection plans.
MEHRRARNRENE > RAHERREH Fo L IR
LABRE 2 8 B BRA 4 A3t &)
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Inspection plans generally assume that the next
inspection interval (calculated based on prior damage
rates from past operating experience) are scheduled on
the basis of what is already known and £redictable about

csucc

equipment degradation from previous inspections.
—RRAGFERBERT —EAREMNRARE B EE
Pr 4@ B st 2 48 45 38 ) o B ) 2 PR A o IAAT
W E Z & hofo T R &9 38 55 4 H

Inspection plans are typically based on historic damage
mechanisms and trends and are not generally designed to
look for unanticipated damage resulting from process
variability and upsets.

WA ERVREI AR LBGRFAFEYE  — KRR
PR ERDERE AR LM EBRT R FA GRS

-Inspection plans should be dynamic and account for
changing process conditions and current equipment
condition.

WAGTER G G > o RBEAAE AR B ATRBERRL
A W

Without a set of effective and_complete IOW’s and
feedback loop into the inspection planning process,
inspections might need to be scheduled on a more
frequent time-based interval just to look for anything
that might potentially occur from process variability.
Bho R A — @A P T EZIOWH B HRE FARE S
TRETHRTEHREAFIUFHALAEZIRER
3o DBMBERARU YL BEEEZEME -
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Pressure equipment is generally fabricated from the most

economical materials of construction to meet specific

design criteria based on the intended operation and

process conditions. The operating process conditions

should then be controlled within preset limits (IOW’s) in

order to avoid wunacceptable const_ructmn material

degradation and achieve the desired ‘economic design life

of the assets.

— BB HEHENBRFRERZGS  ERARERE

Z &R AR SHHRBGTAE  RERBESRK

ZEHARXZIOWRFI A > @ & &M HARNZS

IR B FAEAMEZRFMZFF -

-J&§ #2453 F (Corrosion Allowance * CA):3mm

-3t F 304

) EHIL— A S BARM AT 3RAF 0 SRR R AR R AN
3mm/30F=0.1mm/F

A properly structured, efficient, and effective inspection
program depends on IOW]’s being established and
implemented to improve inspection planning and to avoid
unanticipated impacts on pressure equipment integrity.
—EEHEE > B KR E T RRATOW e
R I FoPAT » AR ERAGT EARE L H AR AT TR
MZBE
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BETEERE
Integrity Operating Window
(I0Ow)

API 584 % %
IOW > integrity operating window
Established limits for process variables (parameters) that can
affect the integrity of the equipmer(llf(si‘f the process operation
deviates from the established limits for a predetermined
length of time.
Ry 2B (SN RFME » BB ILRFME —BRRALHF
SEELE 2 I8 Rk AT

BEZEERE
Integrity Operating Window
(I0wW)

IOW process parameters that may influence the mechanical
integrity or reliability of the equipment fall into two categories,
chemical and physical. The parameters noted below are not all

inclusive, but provide examples of the potential process parameters
CPCSUCC

that may need IOW’s established in order to control

degradation rates and/or avoid the onset on new damage

mechanisms that might eventually lead to breaches of
containment.

HEBBRTERERTEEZIOWS 5 m R
BIEIL S oI M

IOW SR I B R A TEN RS LR EUARE £
A A5 AeHE B mEBAKRERR
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PETY Y

4.1.2 Physical (mechanical, operational) parameters are
those that are not chemical in nature, but include all
other aspects of a process design that are vital to
maintaining control within established design parameters.
Examples of physical parameters include: various
pressure and temperatures such_as_design, operating,
partial pressures, dew points, dry points, heating and
cooling rates, delta pressure, etc. In addition, there are
flow rates, injection rates, inhibitor dosage, amperage
levels for contactors, slurry contents, hydrogen flux,
vibration limits, corrosion probe measurements, etc.
IO TR SUPE BES S 18

R RS B R - BB~ FEB -~ o B Ao Frid 5
LR AE L ER FHANE - ELE T
$] & ~ KA EF E R FREAF 239

[ el = 3
Chemical parameters are those that relate to the
chemistry and fluid content of the process. Examples of
chemical parameters include: pH, water content, acid gas
loading, sulfur content, salt content, NH4HS content,
NH3 content, TAN, acid strengt% amine strength,
inhibitor concentration, chloride contamination levels,
0xygen content,etc.
“5@%&#%&“5&?#%@9?%?&’?#Mh
fig‘% TAN ﬁ& {" ‘5*5{" ’/;Jwé‘!ﬁd//%)i : ] //%)i‘
§FER-— 2(* Az F 23%)
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Typically IOW’s address issues that involve process
variables that, when not adequately monitored or
controlled, can impact the likelihood and rates of
damage mechanisms, which may result in a loss of
containment.

IOWZ ENERBR S B AARBEERNRIES > €BF
BPHBRPZTREPRETREEBANAZHING -
Operation within the preset limits should result in
predictable and reasonably low rates of degradation.
BELARRZMRHFA > %16k R BE T RR 046K

Operation outside the IOW limits could result in
unanticipated damage, accelerated damage and potential

CPCSU

. . GC .
equipment failure from one or more damage mechanisms.

BAELAIOWRFIS » B ERAAYMZEG - wRBEH R
BB — A% % ERGHRE > BAEZBRK
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= S %
High Temperature Hydrogen Attack
(HTHA)
L3R 45 AR B o 3 4
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There sometimes is a misunderstanding regarding the
differences between the design conditions stamped on the
nameplate of the equipment and the actual process
operating limits of the equipment based on damage
mechanisms.

-JE B 0 B AR EARGE MR AR AR B RN R G MR Rt
HERERRAERMIFGZR > AREELRM

The mechanical design limits for pressure and temperature
per ASME Code construction stamped on the vessel may
be much higher than the operating limits established for
materials of construction degradation resistance. This
difference is one of the many reasons that IOW’s are
beneficial.

AASMER GERA BRI B EHOBRBRET R TRES

NG SR ERE - S EZERIOWH T S 4F
RERZ— o
&7 % B 8t Foh

ESICN METAL TEMP. 56 ° C
RADIOGRAPH SHELL SPOT HEAD FULL
|JOINT EFFICIENCY  SHELL 85% HEAD 100%
POSTWELD HEAT TREAT NO
—>|MAX. ALL WORKING PRESS. 6 KG/CM'G ©299 'C
[HYDROSTATIC TEST PRESS. 7.97  KG/CM'G
| PNEUVATIC TEST PRESSURE ---  KG/CVM'G
| INSULATION THICKNESS 40(HOT) MM by
[FREPROOFING - MM
[SPEC. GRAVITY OF CONTENT AT OPER. CONDTON 0.917
[PAINTING PER CTCI SPECIFICATION XL10-0000-01
[ANCHOR BOLTS / SETTING BOLTS NO/YES
[SUDING PLATE / SHIM PLATE NO/NO
[CNS GATEGORY F-kas ASME U -

J 10}

[::] CERTIFIED BY: KOCH HEAT TRANSFER COMPANY, (P
| SHELLSIDE TUBESIDE
w ‘ MAWP 697  PSIG MAWP 697  PSIG
RT 2 Nl a4 F AT 464
J MAEWP o PSIG MAEWP = PSIC
AT - f AT -
MDMT -20 ¥F MOMT -20 F
AT 697 PSIG AT __ 697  PSG
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IOW R % ¥ & 5 = #a
-Informational IOW level(IIL)(3R & % IOW 4% 4&)
-critical IOW level (Bf42MHIOW % 4)

-standard IOW level(4Z & HIOW % &)

M s& £ fRAlarms K%

Critical Limit High (¥%gilule occurs quickly

Ale ts@ T) ;fgz‘F_]—_F& Failure occurs with sustained
Standard Level High Operations 3 8k 324 ® 8 4 kX%

B A% bR i :
Target Range high notifications

Stable b » CPCSUCC

[’;“ BA%-&

n/\ Reliable, Target — Optimal Safe to Operate
r

L

/

Profitable ¥ Indefinitely

#& % ~ 9 § Target Range Low SR 2EHE
N E & 8 4% F )& _notifications

— Standard Level Low Failure occurs with sustained
Operating TR Alerts(% ;<) Operations3¥ SR 3R 1F € 8 4 KK
Window Critical Limit Low Failure occurs quickly

BYERE Mie TR Alarms(CE4R) BB XK

In order to operate any process unit, a set of operating
ranges and limits needs to be established for key process
variables, to achieve the desired results (i.e. product
within specification, safe operation, reliability, etc.).
BEEMUE AEHRAMILERGILELRE  £2
B THEEFEAHLZURSBE T RFRBPR
1

IOW?’s are a specific subset of these key operating limits
that focus only on maintaining the integrity or reliability
of process equipment.

IOWR —HEF@ast EERENGAUBRHBEI Y
MR EE
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s - AR
Short Term Overheating -StresscRunture

FBy 3 38 B B BAEAK —
SR AKXE R - . o

— i #3 BB R hy .
KERREODBEEMBEE 8" g
kﬁi ° gw CPCSUCC =
BEZRE KA i ”

300 500 700 900 1100 1300

1

b - CPESUCC

"o

"
&

Figure 416 - 1C1-0.5Mo boile superheater tube In 700 psig stearm service that faled due to
onrheating,

ERBHELTH TR/BIMABEEFTRE &
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PRE-ALARM
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o
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: BRIGEH S AMEETRELARARHMNE
#wE B FEIRAR HLAEF500°C

B WA o4 e

WEBE

2025/5/14

45



-~ HEBHET ABIRRIL

91

2012487 68 F 43:50
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2012 -8 B 6 B F & 3:50 £ B Auv ¥ Chevron 2 3
RICHMOND ¥ h B Em R a A ISR EABRER
RGBHFELBR REABERNMBOASKEIZI—HKETLE
AR HHETEAR 0 BERAEEE - RE ~ £
BHROBREBAREEREBETEBE T AL 25

.ifZI%iL 6 K%ﬁ'z#@(Hot zone) ﬁ{i;}l.&%%\@
%i%%'&&ﬁ ’ ﬁﬁiﬂi"]‘#ﬁ'ﬁﬁﬁﬁﬁ.’fbé‘% » I
BHEHXRAAHARE

VEIMAKREY  Hordh AR EMII® 184 8
IRARERIIMAELRARERME  — BRNE
ENBEIMARKY > HESSL mﬁ%?%%kﬁ’
CIRFIRE > 565 B T8 sk
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KK EAERKERFZATFRFEB N RICHMONDM & >
HEER AR KCWS)E A3 fo k3R > g E11:124
MR KEFRFA%L A JIS000/HLERRE &

$oF R A AR B
B R ©

CRRRAEREE 0 A P20A4E

FHE IR GBS A8E A » CallOSHAFR] H #v F # 48
rsﬂzmﬁﬁﬁ»x&s%&%'ﬁ%ﬁﬁ  R—BELEL -

BEAARERRAGHFL
MR BEREREEHSK

® X — & B A £ B R (leak)

YHE,sE4A0E 0 BEBEEE
T omE @*ﬁnfé%iaﬂi
£ RRE AR E B
HirmBRER ’*%imﬁ
(rupture) > 3] FHREIE K £

% B # % 8 5 {t (sulfidation)

Because of the smooth, large,
relatively uniformly-F 7§ A $¢ £ 48
% ¥ 4 M & e corroded surface
produced by sulfidation, it can lead
to rupture type failure rather than a
localized or pintﬁ(obllétleak.
mEAMICELESG AT BK 48
HHYHReikdm €FRHER
A GHIR - @R B IARRK
StFLAR -

ipe. Note the
That resulted n 3 Sizasble Pupture
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R B AR Z WSS F) R

Identfy matenal leaking . . ..
- Steam, Water, Hydro¢ >e
- Size / Location / Ac /a‘ lﬁﬁﬂzﬁ Fﬂ
- Temperature

WARNING: Do not remove insulation if source of leak and failure
mechanism are not well understood.
BEABRRBUARXBMB KT DN RZN » AR ERR
(1) Doesit pose animmediate dangerto safety, health or the environment?

Consideracute toxicity, vapor cloud forming, potential exits, above auto
Ianitinn tamnaratira and nareannal aynaeiira CPCRMRCSCC

ML RRERAT AL I ARG ESHMN - RAEVA - Ht AR
(2) Canthe leak be safelyisolated or safely mitigated? <*“**™"*"

Remote isolation valves/equipmentis available to secure leak without
exposina personnelto unacceolable nsk even if the leak cets worse
Q)% T A AR A X A $I(M — R B AL » LT84 M BT RIS R AL R)

(3) Canunit continue to operate with leak/systemisolated?
Consider if bvpasses or alternative routinas/mitiaations are available.
(3) MR TF 42 A SAAAPOM » I8 F TR (5 EBYPASSH LR F R)
(4) Is the worst case failure mechanismunderstood (pin hole vs. generalized
thinninq)? cpcsucc
R EZHBMMET THOHLENHRE)
(5) Are youin doubt that we can safely continue to operate the unit or safely
secure the leak?

4

(=
=
S
0O
=
3
T
n

GHEAFHTHERE DR RRTDLERA LI

AP REH/HZAE

REBBREHFLRR
FFIRBEE - LR~ 44 - BE4 - Bypass ~ 154 - £i%)

9.3 Investigation of Leaks

On-stream piping leaks in process units can occur for various
reasons. Those who investigate the leak may be particularly at risk
to the consequence associated with release of the process fluid. A
site may want to create a general safety procedure to be followed
during a piping leak investigation. A further precaution is to hold a
safety review before any leak investigation. The review would
consider the state of a piping system in terms of pressure,
temperature, remaining inventory of process fluids, potential
damage mechanisms and similar factors.

BRAEXEHEIAF  BEANARRE - REZE/RA -RTFTAL
BAREAL - REAFUHERTRETRE  BRARSEERA

2025/5/14

49



2025/5/14

The safety review team should define:

a “hot zone” around the leak site, and establish PPE and
additional firefighting equipment requirements to
perform work inside this zone; & 3r 4 & (hot zone) > £ 3k
& P & B 18 A By 33Xt SABUH B IR

The safety review team must™be careful making

assumptions about the leak’s cause. Incidents have

occurred where investigative personnel assumed they knew
the cause of a small leak on an operating line and were
caught unprepared when the leak suddenly became quite

large.
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