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Significance to Decision
Making Progress

<« —>

MEANS OF CALIBRATION DECISION CONTEXT TYPE

Nothing new or unusual
Codes and Standards Well understood risks

Established practice

No major stakeholder implications
Verification
Peer Review s%x; Lifecycle implications

Some risk trade-offs/transfers

B Some uncertainty or deviation from

Benchmarking standard or best practice

Significant economic implications

Internal Stakeholder

Consultation Very novel or challenging
Strong stakeholder views and perceptions
C Significant risk trade-offs or risk transfer
External Stakeholder Large uncertainties
Consultation Perceived lowering of safety standards
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Consequence Increasing probability
Severity | People Assets Environ- | Reputation A B C D
rating ment
Has occurred Has Occurred Occurred
in E&P occurred several times a | several times a
industry in operating year in year in location
company operating
compan
0 Zero injury | Zero damage | Zero effect | Zero impact
1 Slight Slight Slight effect | Slight impact Manage for continued
injury damage improvement
2 Minor Minor Minor effect | Limited impact
injury damage
3 Major Local Local effect | Considerable
injury damage impact
4 Single Major Maijor effect | Major national
fatality damage impact
5 Multiple Extensive Massive Major
fatalities damage effect international
impact
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LIKELIHOOD TOP EVENT CONSEQUENCE

(FAULT TREE) (EVENT TREE)

Full escalation giving
largest potential impact

bl falr ol o

Something
goes wrong

R T Ee
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No escalation giving
least potential impact

The identification, design, installation and maintenance
of threat and escalation barriers are HSE Critical Activities

AFREI PR BEFEMARREFRPRRDF VDT AEFF I A

b g i %L % i ISOITS 16901:2015

All rights reserved. No part of this confidential report may be reproduced 5/10/2019
in any form of by any means without written permission from Energywell.




FALARP#1t%

B I

Barriers

High risk hazards

Medium risk hazards
with potential fatalities

Other medium risk haz-
ards

Total number of barriers
from threat to

5 controls + recovery
measures

4 controls + recovery
measures

3 controls + recovery
measures

consequence
Controls 3 controls to be in place 2 controls to be in place 2 controls to be in place
5 : for each identified threat. |for each identified threat. |for each identified threat
(threat)

Alternative: 4 controls

Alternative: 3 controls

Recovery measures

(consequence)

2 recovery measures
required for each identi-
fied consequence.

Alternative: 1 recovery
measure

2 recovery measures
required for each identi-
fied consequence.

Alternative: 1 recovery
measure

1 recovery measure
required for each identi-
fied consequence
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 FRAFTHH R HPSM (i T BOBRY 4 BEF @R kk)
— AIChE CCPS (2016) - Guidelines for Implementing Process Safety Management Systems

— AIChE CCPS (2016) - Guidelines for Integrating Management Systems and Metrics to Improve
Process Safety Performance

— AIChE CCPS (2016) - Guidelines for Asset Integrity Management

— AIChE CCPS (2007) - Guidelines for Risk Based Process Safety

— AIChE CCPS (2011) - Guidelines for auditing process safety management systems
— AIChE CCPS (2012) - Guidelines for Engineering Design for Process Safety

— AIChE CCPS (2013) - Guidelines for Managing Process Safety Risks During Organizational
Change

— AIChE CCPS (2015) Guidelines for Defining Process Safety Competency Requirements
— AIChE CCPS (2018) - Bow ties in risk management - A Concept Book for Process Safety
— AIChE CCPS (2018) - Guidelines for Siting and Layout of Facilities

— AIChE CCPS (2018) - Guidelines for Integrating Process Safety into Engineering Projects

— AIChE CCPS (2018) - Essential Practices for Creating, Strengthening, and Sustaining Process
Safety Culture

— AIChE CCPS (2018) - Dealing with Aging Process Facilities and Infrastructures
— AIChE CCPS (2018) - Recognizing and Responding to Normalization of Deviance
— EIPSM - High level framework for process safety management

— EI PSM - Guidance on meeting expectations of El Process safety management framework
element 1~20
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 Jap US OSHA PSM;2 4.
— p1992& 4= » W R ig 5 ¥ am AT P (No New Rules)
— 29 CFR 1910.119 (d)(3)(i)(F)
— 29 CFR 1910.119 (d)(3)(ll)
« 2 £ RAGAGEP
— 29 CFR 1910.119 (d)(3)(ll)
« TG - A& F KA hF 2
— 29 CFR 1910.119 (J)(4)(l)
. ﬁ HRAGAGEP ¥ 5 # % /i#]:#(Inspections/Tests, I/T)
— 29 CFR 1910.119 (J)(4)(1Il)

o ITeg 54 X
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| US OSHAM **RAGAGEP:% - = f#ff

o % j298 3 £ PSM{-ANSI/ISA-S84.01 % > x4k & 5t
(Safety Instrumented System, SIS)
— & v >2000#
© 3 fep i
— https:/lwww.osha.gov/laws-regs/standardinterpretations/2000-03-23
— 7= F|EC 615114 %

o SEF I ¥ BRI T > 2 S % (Safety Integrated Level, SIL) -
# 5 % > 1 #2(Functional Safety Engineering, FSE) ~ # &t % 2 g 12
(Functional Safety Management, FSM)

— AR L
- 29 CFR 1910.119 (d)(3)

- 29 CFR 1910.119 (f)(1)(iv)
- 29 CFR 1910.119 (j)

AEPBLBRE BEFEMABCRFLPHERGF R 7LEHwT 2 @

I
PR SRl R A e
All rights reserved. No part of this confidential report may be reproduced 5/10/2019
in any form of by any means without written permission from Energywell.



" RAGAGEP:r#&?

« PSM+& % & 5z | % »2/+ i (Performance) | &
— BT 3 pd R UHFPSMeL %R'b‘_
~ B3 FEmEm A PSMF % i sxlbh i &

w # P - & R (Demonstration)r: ?
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_ i e @i 41 & f 4 RAGAGEP & #7 4L E # i * ¢

RAGAGEPﬂ,;rs* i # o

— R i * R (TR 425 FRAGAGEPL i *

- US OSHA} = j2# RAGAGEP %+ 7

— US OSHA: RAGAGEP in Process Safety Management
Enforcement 5/11/2016

» https://www.osha.gov/laws-regs/standardinterpretations/2015-
06-05-0
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o ¥ A ,J‘l-l«f\:"r’i higz= ﬁ"fr H i “'FL% g 7 ERET EAheH K}J I 2
¢ (National Fire Protection Association, NFPA):
NFPA 101% &% > f{-NFPA70F & § R4 %

° B4

— ASME B&PV Code

— NFPA-70 / NFPA 85/86 / NFPA 101
— NEC

- IBC

— etc.
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' US OSHA PSM RAGAGEP: 5]+

o 1+ WS 4
7 B
L

— s s B8 1 4257 14 ¢ (American Society of
Mechanical Engineers, ASME)%;ﬁ AN o
(American National Standards Institute, ANSI) =4 & & &

c FITEBERERAERZF > FRRPIEE(ARA AL R)r FR2F & R

PRABANSHesE i & & S R AP W P 5L 8 RiL

iDL E e~ R TR

L@ # b+ ¢ $ZASME B31.3 %W 42 ¢ %ﬂ*ﬁ,%«fr]}] - Ry oy

(International Institute of Ammonia Refrigeration, lIAR)

— ANSI/IIAR 2-2008 - B B & #4504 5k Sedmk & ~ K3 fed X
¢ PEEB EREPN X R LY (FRAGAGEPH % &

o B

— NFPA 30

— API RP 752
— llIAR-2
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— k% > T2 B&(Shallnot) ; -~ " # } (Prohibited) | # g iz

R AR R T RL S Ak
— ek B3 BT R p e w3k * SRAGAGEP * o Mk
& 7 & (Shall not) | #& & > US OSHA#-1 T 2 4 417
— 1235 US OSHA#R 3% = p (CPL 02-00-159, 1/10/2015) % 3
EP iR AR
c BAKFPEBRRBPENED > N2 VRIAZZFR ORI b
R 431 29 TR
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"3.¥ 31 % PSM RAGAGEPit #./7 5

* 29 CFR 1910.119 (d)
- {42 % > 37 # (Process Safety Information, PSI)

- et AR AT

+ 29 CFR 1910.119 (j)
— 1+ = |+ (Mechanical Integrity, Ml)
= (i)(1) 47t & et & AeRIE(IT) S 2 4o
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¢ T ARG R
— (d)(3)(i)(F)
o # 42k % ©# £ RAGAGEP#~ #
— (d)(3)(ii)
o 2t * 4L & (Out-of-use Standards)Z :3 X HEZ >
TR~
— (d)(3)(iii)

© BAEVIEE F 3 F % PSIgq
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- BRAEY A MO AR 3
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— PG R B AT
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oo B RBFEE T R ERR W Rkt ‘f’a—% ﬁﬁ‘/? |33 >
Z e NiFE T
— (d)(3)(iii)
- RAGAGEP~™ g ex g
— ASMER =R+ 5 B% > thiic(d 2 { F g & ~ A2 i a "E K)
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LN 2016)
A% R %2 2RAGAGEPM /it /= » Z P|US OSHAZ it & &%
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% L 7RAGAGEP#]+

1. ITEMS:
: i 1 Aboveground Safety/Safety Instrumentation Pipelines (49 CFR-
Hoters ISR oSN PRing fres Storage Tanks Relief Valves FHgs and Controls 186-199)
2. DESIGN OR CONSTRUCTIQN CODES:
ASME B16.34 APl 12B (=MES VARIOUS ISA B314
ASME | ASME VI ASME B31.1 AP 600. AP| 850 ASME IV API 610 STANDARDS 831.8
/ / 1EV : :
ASME IV DIV.1&2 ASME B31.3 AP| 609 API620 AASFI’\:EE;»UIEI}I API 574-676 AND RP 551 AP 1104
3. INSPECTION, REPAIR, ALTERATION, RERATING, OR FITNESS FOR SERVICE CODES:
NBEIC
API 570 API 598 API 653 NBIC API RP683 ISAIMFG
NBIG iE: :;g AP1 579 API RP591 API 579 APIRP 576 MFG STDS STANDARDS AREERSIC
4. "SUPPORT" OR "REFERENCED" CODES OR PUBLICATIONS:
API 651
ASME II, ABCD ASME I, ABCD ASME Il, ABCD APl 652 INSTRUMENT
ASME V ASME V ASME V APIRP 574 APl 2016 ASME PTC-25 MFG ENGINEER'S
ASME VI & VI ASME IX ASME IX ASME V/ APl 2207 API 627 STANDAEDS HANDBOOK ASME V
ASME IX API RP 572 APIRP 574 ASME IX APIRP 575 ASME YV AWS D145 MFG ASME X
APIRP 573 APIIRE II ASME B16.5 ASME V ASME IX ' STANDAﬁDS
SNT-TC-1A ENT-TC-1A SNT-TC-1A ASME IX
ENT-TC-1A
ATHOLBRE T EETEMABEC IR LPRP G R FLEHFT 3 @ .
s ﬁwwﬁép 1 d Source: Oneok Partners 54
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% L c9RAGAGEP |+ (%)

o deB R REE 18 % Su(BMS) L F R (T3 AR

1.1 Fuel block valves proved closed v 4 4 v
1.2 Absence of flame proved v v v v
1.3.1  Pre-purge flow proved 4 v v v
1.3.2 Pre-purge timer complete v 4 v v
14 Air proved at low fire rate v v v
1.5 Fuel pressure in correct range v v v
1.6 Pilot flame detected within time v v v

1.7 Main fuel set at low fire position v v v

1.8 Main flame detected within time v v v

1.9.1  Post purge flow proved v

1.9.2 Post purge timer complete v

1.10.1 Adequate process level v

1.10.2 Adequate process flow v

ATHISEBRA ) REFTEMARERF AP RN U2PLLFTIE g4 rce: Oneok Partners

I
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" % 2 :RAGAGEPH|+ (%)

o BMSEL /% § IR i 4% 2 54K 3
e Nerae e e

2.1 Loss of flame v
o Loss of combustion air v 4 4 v
2 Low furnace pressure v
2.4 High furnace pressure v v
2.5 Low fuel pressure v v v

2.5.1 Low fuel pressure — at pilot v v v
252 Low fuel pressure — at main burner v 4
2.6 High fuel pressure v v v

2.6.1  High fuel pressure — at pilot v v v
2.6.2 High fuel pressure — at main burner v v
2.7.1  Loss of atomizing medium v 4 v N/A
2.7.2 Heated oil — Low temp/High visc v 4 N/A
2.7.3  High heated oil temperature v v N/A

AFRLE PR BEFEMARCEFLPHES T 2 PAEFT 2@ gource: Oneok Partners
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(%)

* BMS a4,

Loss of actuating energy
Power failure
Emergency Shutdown

Low (water) level

=

Excess (steam) pressure
Excess (water) temperature
Low process flow

High furnace discharge temp
High skin temperature

R 2% > B

INFPA S5 | NFPA 86  S84-TRS | API 556
v v v v

v
v

v

B \ N\ .
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Gk 4 B i % 2 ¥ B (FSM)
LU

A} /H H;

— & > ¥ 12 % %(SMS) 56; PE_IEE. :%(Validation) 2 & /3 £
— & > %3234 (SMP) — # iy % 2325 (FSA)
— % > hékat i (SIF)+ ¥ - % %*i-t'i’ﬁ? 2 5 IQA/QC % &

o SIF:SILY| 2 /fie § A 47825 14 2 — T aERLES

© EEFERIE TR RFRAAALES
+ LOPAX #5425 I4F %

— % > & £32.4:(SRS)

— k7P| 425 (Proof-test
Procedure)/ z_#f ¢ *5 35 2.
— SISZ */&fasF2 ~ 2172 B

— SIL=:# (Verification):*+ & #2 & / # % i $(FRACAS)# % &
ﬁl’
e ~ FSMk i /47 4

— %)% B](C&E Diagram)
— P&IDs ~ SIS:& {8 [§]

- @R - SIS RS
— FHERT 2R

— FAT/SAT#& 5 3% 2

— FSM MOC#2. & | & -2 i £ 47
— DR k4
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