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assessmenl, prioritization. and management of risk (issued 30 January 2008 as an implementation

This revision of GP 48-02 includes greater clarity on the applicability of the HAZOP Prouea\
relationship to the CVP. independence of the team leader, ngour and management of the HAZOP

T ﬁ‘EH}g’PI' actice for

These changes were 5o extensive that revisions have not been mdicated in the margin as is normal

Copyright © 2008 BP International Ltd. All nghts reserved.

Thiz document and any data or information penerated frony its nge are classitied, asa
minimum, BP Internal. Distribution is intended for BP authonzed recipients only, The

“nformatron < mrm‘ermmmcwmbpwwmcmmntcdeWMe

agreement or contract under wiuch this document was supplicd to the reciprent's

organization. None of the information contined in this document shattbe disctosed——1-

outside the recipient’s own organization. unless the terms of such agreement or contract

expressiy altow, orunless disclosure is requirsd by

Inrthe event of 1 contlicr between this-document and a relevant faw or reculation; the
relevant Law or regulation shall be followed. If the document creates a higher cbhazauou. it

shatlbe Toltowod as tongas this also achicves foll compliance with the taw or regut
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1. Scope S B

a. The HAZOP technique 1s a structured. qualitative methodology that identifies potential
~—— safety and environmental hazards and-major-operabitity -pmb}mmcvmrscqnenccs— =
considers safeguards, and | generates recommendations. It is applicable to both majos ;

projects and existing operations. This GP describes the expectations for leaders.
deviations/guidewords: team compositions risk rankmg-and proper recordimg of Tindings:
and documentation requircments. _ - R
HAZOP is one of the techniques specificalhy mentioned in some regulations and is S -
aenerally accepted as one of the preferred hazard identification methodologies in
the chemical and petrolerm industries.

HAZOP is a methodology wsed in Design and Operations to provide a rigorous
desimriniegrity assuronce process.— —_— e . —

- HAZOP has-been-identified-as-a-kev-hazard-ideatification-technique-because with-its B
systematic approaclhy, it provides a thorough review and may identipy potential

hazards that the HAZOP team may have not considered before or that may have nol
o previously-resulted-in-ineide nts-itH sy = - —

The HAZOP technique 15 applicable-to: - —

1. Continuous and bateh processes.

|
=

2. Onshore and offshore facilities.
- 3. Control and compuicr systems,

4. Procedures.
¢.  The HAZOP technique 1s applicable to:
1. Major projects as defined by MPep (E&P) and Pep (R&M).

2. Mujor modifications (o an operating facility.

3. Some changes being addressed in an MOC at operﬂtmg facilities. and

4. Revalidation of previous HA?()P\
d. HAZOP is not:

1. An ou,upled building anal\ sis or facility siting :.tud\ (but should include
lesrdm‘atormftheqc Tisks): - S

. - 2 Afire andexplosion-analysis. = = —

3. A Quanutative Risk Assessment (QRA).

4. A means for defining engineering and procedural solutions for sources of hazards

e. HAZ.OP does not normally consider independent double jeopardy events

HAZOP does not normally consider double jeopardy events as heing credible

= events. Howeverclose-scritim: aften frnds that these evernts mav-not-be trly
independent inwhich case the scenario should be considered. Refer o 10.6.¢ jor a n
description of double jeopardy.

. 2. Normative references

" The following referenced documents may'. to the c\Lcnt specified 1n a*uhsn:qucm clauses and normm\ ‘e
annexes. be required for full compliance with this GP

_bp.
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.

Fordated references. only-the- edition-ciled-applics. - - =

——————+ Forundated references.-the latest edition of the referenced document Gnclodingany —
amendments) applies.

BP
~GDP 31-00-01 Assessment. prioritization and management of risk B o R
GP48=03 Taversof Proection Analvsis(TOPAY, .
— 3. Terms and definitions S ! -

Tor the purposes of this GP. the following terms and definifions apply:

BP Opernﬁt;;la—é

BP Strategic Performance Units. Business Units, projects. facilities. sites. and operations.

Cause g — — : B
Event, situation, or condition that results. or could result. directly or indirectly in an accident or

incident. - I - -
Competent

Describes an individual with knowledge and skills deemed acceptable by the EA to perform a task.

Appropriate knowledge and skill may be acquired through training, experience. qualifications, or some
— combinatronof these:—— —

Consequences

toxic material-Consequence deseriptions-may-be-qualitative or-quantitative estimates-of the-effocts of —
an aceident in terms of factors such as health impacts. economic loss, and environmental damage.

—— Design intent : — —

The way a process or system is intended to function. : -

Deviations
— Departurestrom the destgn-intent-A-gutdeword-plus-a parameter equals a-deviation.————— ————

Entity (BP entity or Operating cntity)
Whilst these terms are not used 1n this GP theyv have a specific meaning in OMS. If this GP refers to
BP Operation it should be interpreted as BP Entity or Operating Entity when working to OMS,

Guideword .

Words such as “high™. “low™. and “no”™ that arc applied Lo parameters to create a potential deviation

from the design intent. —

Hazard

Condition or practice with the potential (o cause harm to people. the environment. property. or BP's

reputation. = — e

"~ Hazard identification (HAZID) ' o
— Bramstorming approach used to identity possible hazards: HAZID studies are very-broad-imtheir ——— -
scope, The HAZID is sometimes called a Preliminary Hazard Analysis.

BP-HZN-2179MDL00407781
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— ——— Hazard and operability (HAZOP)
~ Systematic qualitative technique to identify and evaluate process hazards and potentml operating

problems. using a series of guidewords to examine deviations from normal process conditions.

— — Independent protection layer (IPL)

Device. system.-or action that is capable of preventing a postulated accident sequence from proceeding

to a defined. undesirable endpoint An IPL is (1) independent of the event that initiated the accident

sequence and (2) independent of any other [PLs. [PLs are normally identified during laver of

- protection analyses. —

Layer of protection analysis (LOPA)

Method for-evaluating the effectiveness of protection Tavers in reducing the trequency and/or

consequence severity of hazardous events.

—  Major operability problem

——Operatmgcondition that. while not presenting an tmmediate-hazardtsnotdestredMajor™ —

differentiates between those smaller problems that merelv require parameter adjustments vs. those

bavgcr problems. e.g.. those that could result in a significant amount of lost production or damage to

catatyst:

Modification
Changes to existing facilities,

—— Paramcters- T

Operability .

__Ability to operate a facility inside the design envelope and meet business expectations,

Conditions used to define a process. including flow, pressure. temperature, and level. —

Process safety information (PSI)

Compttation of chermical hazard: technology,md-equr documentation needed to manage process
F b4 quIpTIent gepr

safety. .

Risk T -

A-measure-of Joss/-harm-to-people-the-environment. compliance status. Group- reput&&ma -assets-or -
business performance in terms of the product of the probability of an event occurring and the

Safeguard

magnitude of its impact. Throughout this Practice the term “risk™ is used to describe health. safety.
seeurity-environmental - mdﬂpemﬂonaHHSGE&O}ttntiestroci-event\——

Device, svstem. or - action that would likely mturmpt the chain of events follo“ Ing an initiating cause

“or that would mitigate loss event impacts.

- Safé;y instrumentedﬁ f ungtam (SIF)

Safety function with specified integrity level that is necessary to achieve functional safety by putting

using SIS.

proeess-to-g-safe state- or maintaiing it in-a-safe-state-under predefined conditions: SFF-ismplemented -

Safety instrumented system (SIS

——Instrumented svstem used to-implement ene or more SIF. SIS is composed of sensars, logie selvers, —

and tinal control elements. An emergency shutdown system (ESD) is a specific example of an SIS.

HIGHLY CONFIDENTIAL——
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— ~What if analvsis - —
Scenario based hazard evaluation procedure using a brainstorming approach in which typically a team

that includes one or more persons familiar with the subject process asks questions or voices concerns

about what could go wrong. what consequences could ensue, and whether the existing safeguards are
— adequater =

4, Symbeols and abbreviations

— Forthe purposcof this GP. the following symbols and abbireviations apply:

CHAZOP  Control {or computer) HAZ.OP,

I ~__(RR Continuous risk reduction. S . —
Cv Control valve. T . T —
B VP Capital value process. o
. . DCS  Distributed control system ! —
EA “Cngineering authority. ) ) - o
- EDP _ Emergency depressuring, = N ~ S
S E8b Fmergency shutdowrn————— : — e
FEL Front end loading. - o
— ~ HAZID  Hazard identification : - —

HAZOP— Hazard and operabilty (studvy. — e =

HHC  Highly hazardous chemucal
_IIPO  Iligh potential (incident) _ - .

1JE

- ~HP High pressure,

HRVOC  Highly reactive volatile m:g:mic compound (VOC).

HSSE Health, safety. security. and environment.
: "HVAC Heating, ventilation. and air condiﬁoning. S )
M Integrity management. ) - ; _
- PE ~ Independent protectiontaver

LDAR Leak detection and repair.

o LEL Lower explosive lmut, = . -
R 1 T A T ¥l 4 e 1. W
or LAavers or PIOICCUOIN dIdly SIS, = =S S ——

LOTO  Lockout. tagout.

—__bp
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LP Low- pressure. — -
MAWP  Maximum allowable working pressure.
MIA Major incident announcement -
MOC Management of change. a -
MSDS  Material safety data sheet. B - o
'MT-‘vp Major projects commaon process (E&P) .
NPSH Net posifive suction head. o
P&ID i ITpiug and instrumentation diagrmns: 7 ) o a B
Pep Projects common process (R&M).
PFD Process flow diagrams. - o

- PHA Process hazard analysis. . B o
PHSSER  Project HSSE review.
PLC Programmable logic controller. :
PM  Preventive maintenance. R
T PMIT Positive materialy ideatification. o o
B PPE Persoﬁa]fmtecthrg equipment. : :

PSI Process safety information — SO
PSSR Pre start-up safety review: - - -

QA/QC: ] Quality assurunce/Quality control,

~QRA  Quantitative Risk Assessment

RBI Risk based inspection:

RMP Risk management programime,

RV Relief valve —

SCBA  Self contained breathing apparatus,

SIF Safety instrumented function - =
SIC Satety integrity Tevel
SIMOP Stmultaneous operation.

SIS Safety instrumented svstems

TLV Threshiold Timit value:

bp
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Voc Volatile organic compound.

~WWT Wastewater treatment

5. General

—TOR— Temsolrelerence. —- = =

= 54— ‘HAZOP purpose - -
— The purpose of a HAZOP study- s to; B
——a——Identify- the causes-of potential safety and environmental hazards and major operability .
B problems. )

b.  Constder the consequences of these hazards and major operability problems.

. Identify the safeguards provided as hazard prevention or mitigation,

d.  Propose recommendations, as needed. to prevent, control. or mitigate hazards

¢ Provide assistance Lo Tacility management in their elTorts 10 manage risks.

5.2, Management responsibilities

Responsibilities lor projects and operating Cacilities shall be as follows:

~a BP Operation Leader ensures that organization and priorities have been established to

—— 2 Commitment-of competentresotress: = - ————

——ensure that HAZOP studies have: — I
———————L—Appropriate prioritv-and- attention. ————————— —

F—Time for properexecution- - N

major modifications to operating facilities

¢.  BP Operations EA or Project EA ensures that studies for operating facilities comply with

this GP and local regulations. if applicable.

d.  BP Operations EA or Prc)]cv..t EA ensures that HAZOP 1s mu]udsd and functioning as a Lm

aspectof hazard and nisk management processes.

~ closed outin a imely manner.

6. Timing

~ e, BIOperations feader or Project manager ensures that recomnrendations wre resolved and

“Projects = D

4. CVPstage activity describes the tnm I'Tg_:lﬁ'd_i ritentions Tor hazard identification studies I

— Design Safety Guidelines in MPep should be used for selection of proper timing and
npes of reviews for EGP projects.

Design ﬁufen, Guidelines in Pep should be used for selection of proper timing cmd

including HAZOP. - o I

h—DBP-Operations EAcor Project EA-is-responstble-for-execution of HAZOP-for projects-and—— E—

tpes of reviews for REN projects.

b, Hazard identification studies during project development include:

1. First. a high Tevel review. perhaps HAZID, very early in the design development

bp
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The-study-focuses-on-intherently safer design issies I takes placewhen-these-men-be— -

Aot avii

little or no design detail and meay take approximately | d. The results of this early

review could directly influence the basis of design.

2. Second review follows as design details are developed. This may be a HAZID, What

If. or [TAZOP.

This review takes place when P&IDs are available but not near completion. It
—————should-be-earh-enongh to-allowanmy-major-issies-to-be-identified-changes to-be
incorporated into the desivn. and cost impact of recommendations (o be included in
~the project estimate. Ihis also allows LOPA to be held soon enough for the SIS

desigrn-io-besufjiciently-developedso-that-tis-cost-camalso-be-ineludedin-the-project—
estinate.

3. ATIAZOP shall be conducted when the design stage is nearing completion, For the

purposes of this document. it is referred to as the “final design HAZOP®

This provides assurance on the process or system design.,

This review is performed at the end of Define or in the Execute siage.

The design and P&IDs for vendor packages that are rypicalh available iarer rfl;'.l'i.'w

—derailed desigrand-deperding ontining. are likeh o be s*rfb,'ecr 1o e separare
HAZOP review. o =

A consideration for the project team is whether the HAZOP should be one long
contiintons HAZOP session or if the study shounld be conducted in smaller sessions. -

T :‘fcrt’ may /Je bem ﬁrs in phasmg rhe H 4Zf IP sessions to metch the issue timing for

— Recommendations developed in previous reviews should be actioned. tracked_and if

—cantinue to receive focus. =

7ada’1:¢ 55 e.d_gww_{,u&e_a CCLions. cm:manmais;.;ncy:cm'] i B

incomplete, added 1o the recommendations in subsequent reviews. For projects, this
erstires completion before startup, and jor operations, It cnsires recomime ndations

A detailed P&ID review should be conducted before issuing the drawings as “Approved

for HAZOP.™ This should include rh_e following

1. Review of regulatory requirements,

!J

Drawing titles, numbers, tag numbers for equipment. design conditions. ete.

3. Operations review.

Ina pregect, the key to a successfill project HAZOP is strong emphasis by the

project on planning. development. and finalisation of design and P&IDs hefore
executing the project HAZOP. This can be achieved by application of inherently
safer-desigrprineiples-engagement-of operations-expertise-carh-in FEL applyving —

value engineering processes early-on, and conducting 7 thorough P&ID reviews as a

part of P&ID development.

d. When the final design HAZOP has been completed, a MOC process shall be used to

consider-any-changes-made-to-the design on which the HAZOP-was-based—

This-minimises-the-effort required-immimplementing a profect MOC——

¢ Subsequent changes torthe project-as tracked by the MOC process should be the subjectof
a ITAZOD review, B

This is also an opportunity to rev.";e_w_cjyﬂvges to the design resulting from completed -

recommendations i earfier HAZOPs.

HIGHLY CONFIDENTIAL - .

BP-HZN-2179MDL00407786



12 June 2008 GP 48-02
- T - Hazard-and Operability (HAZOP) Study — —

—_— 6.2 Existing facilities — — : —
——a.— Modifications to-existing facilities = — —
1. Theuse of [TAZID. What If, or ITAZOP earlier in a modification should be based on

o o the s1ze and rnmn]e-\m of the modification
S — 2 AHAZOP shall be used to provide assurance on final designs. S -

3 Consideration should be given to whether the HAZOP review should coveronly the S
changes being made to the facility or the entire process.

A review of the entive process is more thorough and there are opportunities to
introchice issies from the opemm:q facility that are outside of the scope of the
— —praject that need-to-he-managed. - —

— —— b: Operating facilities shall-establish-a-schedule for completing or revalidating their HAZOP——— -
based on potential risk and age of the facility. consistent with BP Operation requirements.

Insome countries. regulations may dictate this frequency and the required PHA
methodology. The generally accepted process indusiry practice is a 3 yr cvele for
— —revalidating the HAZOP. Further details o revalidationr are-avaitable-in clawse 14—

o A HAZOP or other process hazard-analysts techmique should be consideredas part of the =:
MOC process so that the hazards associated with those changes can be understood.
documented, mitigated. ind communicated.

The level of process hazard analysis should be appropriate to the complexity and
potential hezards of the change. Not all changes warrant a HAZOP review.

Changes to process units or facilities for which a HAZOP has been completed may
— - choose to conducr o TTAZOP onalFetanges: thirs leeping the TTAZOP stidy——— A
N ) evergreen and leading to an efficient revalidation.

7. Terms of reference for HAZOP

o 71.  General _—
. a A TORshallbe:
I S - 1. Developed for each study- - -

S 2. Subject to formal agreement bcmccu_thc.BP_(lpc;JUmL\lmdcmdclcuam andthe —
I-L’_\ZOP study leader before the study commences.

b. A tvpical HAZOP TOR document should include:
1. Objectives,

. 2 Scope
-3 Methodology including parameters and deviationstobeused. ~ =
. 4 Personnel rwllniml I()_;uj,ml_l_],ht;mcd,ﬁ]gﬂ . - — =

and deliverables. e - _ B

6. Report recipient — S
= — 7. Dastribution-list. = - =
— -~ 8 Reference documents(e.g.. HAZID, P&IDs. ete. . e

_— : - ¢ The TOR should-also-identify and be forwarded to-the BE Operations EA-or Project EA———— - -
responsible for the hazard and risk management at that facility or on that project )

bp
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——————The formality-of-the TOR-should-be-appropriare to-the HAZOP - For-a projeci—it-men: — =
be a detailed plan. For a minor change. it conld be a brief statement addressing the
above points.

d.  The principal recipient of the study report should be identified as part of the scope and
- objectives 1n the TOR. o -

 Developing the TOR helps ensire a consistent understanding of the HAZOP ' o
— techiiqueand-its-appheation-will-be-established among HAZOP leader. project site —
mancigenent. and HAZOP team.

— - 72 Study scope——————————— — — — =
— d——Thestudy-scope-shat-he-clearlystated-in-the TOR-— —_— = — —

———This-is-important so-that-neeessary-information-can-be-gathered eond-an-aecurate—
prediction of the siudy time can be made.

- b.  The scope of the HAZOP study for projects and existing operatmn_\ shall include:

o B 1. Process and utility svstems including Vendor packages. If Vendor packages are not
available at the time of the HAZOP. they should be the \le]:.’:bt of a later HAZOP
o — whendetals are avarlable: = ————

2. Normal and sbnormal operationat modese-g startup: shutdown, emergency -
shutdown. and special or abnormal operations, e.g.. pigging. regeneration. flushing.

fety/heatthand-envirommental hazard-consequences: —_—————————

— Thestudy-may afsoinchde privilege to-operate and-equipment damage-business
— ) valie lost consequences.

4. Major operability problems.

_ 3. The boundaries of the review, particularly if the overall HAZOP program involves
multiple reviews and interfaces.

6. Comidcration of human fuctorv.

Ifissues are fc.’cffr.rﬁe:f a fa/l(m up himan fucror'.s’ cmcrhm may provide greater
definition of hazards. — .

7. Consideration of Tacilitv siting issues.

Aseparate faciliny siting stuch: shonld be condircred 1o evaluare occupied biilding - -
— = J"IfT'flJ'rJ'\‘

— 8. Areview of applicable process safety incidents that have occurred in the subject
facility and in the facilities that have the same process design in BP and industry. if
information is available.

¢ When modifications to an operating facility are being studied. the TOR shall clearly
indicate whether the HAZOP is to be limited fo the modifications only or apphcd tothe o
= ———whole faciliy

identified and reviewed

Particular attention .simwia’ be paid to tie-ins to operating facility and recognize that
the impact could extend upstream and downstream of the tie-in.

bp
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——8. Team composition e — S
81.  HAZOP study leader o
a.  Each HAZOP study shall have a leader |ul~o referred to as facilitator or cha.lrmm} who is
o ) independent. — o

b, The ITAZOI leader shall be approved by the Bl Operations EA or Project EA.

The HAZOP leader may be selected by a contractor on a project: however. approval
of the HAZOP-leader-is-a-BP-responsibility—— —_— S

———— ¢ The nawre ofindependenceshould-be-as follows.— - - — —
— I For projects-theteadershonttd-be-independent of the projeet ——————————— ———= -
———— —2— Formajor modifications. the-leadershould-be-independent-of-the modification project ——

team.

3. For operating facilities. the leader should be mdependent of the subject process unit,
4. For a HAZOP in support of an MOC, the leader should be independent of the subject
process unil or plant ares impacted by the change,

d.  The leader shall meet the requirements of 8.1, g and be able to plan and lead the HAZOP
- studv through ity TmmMQES'c'OITs[stetltm BPexpectattons, —

The BP Operation should consider maintaining a list of competent HAZOF leaclers.

e. If posmble the HAZOP leader ﬁhould have experience in the ty pc of facility bemﬁ
rﬂ\_ﬂ\\ CU. o . -

{7 TheLeadershaltimplement the methodology and the requirements of this CP—— s
o AHAZOP leader shall have — —_— . o

I Attended o HAZOP Teudership training course (BP internal HAZOP teader course or
~ recognised industry available and aceredited HAZOP leader training course) that
provides instruction on preparing. leading. dlld douumcutmg a HAZOP. as well as on

the HAZOP technique itself. [ -

Participated as a HAZOP team member on previous HAZOPs
3. Acted as scribe for HAZOP sessions under the leadership of a competent HAZOP -

PSS - ]I“ 'Ilil"l
— - 4 Co-lead HAZOP sessions under the supervision of a competent HAZOP leader either —
acting as seribe or participating as a team member.
h. HAZ.( OP leader should be responsible for

e 1. Advising project/site leadership of 1ssues that could affect the integrity of the study —
~ and working with leadership to ensure an effective resolution.

2

Bemg alert to time pressures and ensure that the quality. thoroughness. or m[egnt\ of
the review is not compromised.

Advising project/site leadership of the need to delay/postpone the study until issues

- -affecting-the-integrity of the HAZOP can be resolvedSuch-issues-can include: — —
— a}—Inadequate experience/enpertise-or makeup-of the HAZ OP-team for-an effective — —
Teview,

by  Core HAZOP team member roles as agreed in the TOR are not in attendance.

¢} Team fatigue.

d)  Required PSI is inaccurate or not available,
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—The authority of the HAZOP leader should-be-defined-inthe TOR-and-agreed 1o — e
hefore initiating the HAZOP.
1. The HAZOP leader should have experience in other PHA or m.k assessment techniques

such as consequences analysis, reliability analysis, and QRA. that may be recommended to
further address hazards identified by the TTAZOD team. '

- 1. The HAZOP Icader should be familiar with LOPA requirements and should ensure that
———information required-to-perform-a LOPA is-discussed-and-captured-in the HAZOP —
worksheets,

—_— - 8.2 HAZOP- study scribe — - e

#——HAZOP-working sessions forstudies taking more-thun-a-few-hoursshould-be documented ——
by a scribe (also referred to as recorder or secretary).

This leaves the other team members free to concentrate on the details of the sfmh

withaut the added birden of ‘completing the log sheers.

b.  The scribe should be trained m the use of the soflware used o record the study . have good
— typmg and summartsation skitts: and-be familiar with HAZ OP-process and-termimotogres —_—
used. S S .

A seribe who is lacking skills in these areas causes the process to be less efficient
and leads 1o poor documentation of the study. An inadequate seribe could be the
bottleneck for the study, slowing down pace of the team to the speed of recording.

Successful and efficient seribes are often engineers early in their carcer. The scribe
- — posttroncarralsobensed as a-development opportmminy for firimre HAZOP Jeaders—— = =
and to provide an appreciation for process safety engineering. o - -

A seribe who is net familiarith the design of the chemical and petrolenm industny -

ar does not have good skills in seribing caises an inefficient study as the leader cmd
- team are distracted by providing muich direction (o the scribe.

¢t Thescibe should be capable of structuring recommendations/actions 1o a clear and
— understandable way._ — =

d. The scribe should work with the leader to ensure all parameters and deviations are e =
addressed. unmitigated consequences are fully documented. and recommendations are
clearly worded

8.3. Selection of the I-IAZOF study team

The quality of the HAZOP is depwrdenr upen the knowledge and h‘re experience af
“team members imvofved. Therefore, selection of Team members is critical for
sticcessful HAZOP.

~a. The HAZOP Teader shall sclect and appoint competent HAZOP tcam members based on
— ——theirexperience-of the type and scale of the HAZOP being conducted. —
— b The TORfor the HAZOP shall-identify-the team-members and-define those thatare

considered the core HAZOP team members who will be present for the HAZOP sessions
~ to be held,

¢ Adequate BP representation shall be included on the HAZOP team.

This varies between HAZOPs. Contractors are typically used to supplement the
HAZOP tean |t is a BP-acconntebititn-to-providea-quality HAZOP:
— —d. Technical-expertiseof the HAZOP team includes the following—————— e —

—= — F—Core HAZOP teamshatbmelude with the followmg-engineermg-and operatmg —
expertise:

m o o - ) Page 15057 i
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a)—Understanding ol und-experience-wilh-the Process/fucilitv-design-and-process—— =
mtent.

This should cover process safery and mey be the process or facility engineer
depending on the engineering contracior practices and rerminology. For chemical
I processes. this would be someone familiar with process chemistiy. I -

b)

Understanding of and expericnec with the equipment. design [imits, materials of - B o
constructionand-condition-of equipment being reviewed.

For-existing-operations—this-meay-be the unit mechanical or process-engineeror—
1o r g

both. I'or projects. this may be the mechanical engineer depending on the BP 7 B
project team and the engineering contractor's practices and terminology.

¢) Understanding of and experience with the day to day operations. o - -

For existing operations. this mary be the unir process enginecr, operating engineer,
A T & P & eng

—— —oruamoperations technicionFor projects—this mome-be the profect operations—— —
o Fepreseqtative or a senior operating person who is familiar with the process being - -
considered,
i 3

2 Other technical expertise should include. as warranted: - 7 -

a)  Instrument or controls - control and shutdown hardware and logic.

Tor nrost projects, the safery shutdown system knowledge is critical to the HAZOP
and this incividual should be present. Typically the lead instrument engineer is the
—mostknowledgeable i thisarea-Thisisatso important as the HAZOP feedsimothe———
. QP A SIL determination.

— by Corrosion and matenials.

= ¢} Maintenance - instrumentation and/or mechanical. - o
— - ~dy  Mechanical i

_ ¢} Inspection

£y Technical representative for licensed technologies and/or Vendor package.
- g)  Other diseiplines asrequired
e Affiliations (representation) should be considered:

1. Representative from the project team (projects).
2

Representative familiar with the site operations

-
. |

Cold eves - Representative of senior level with significant experience in simular - -
process/facility that is not familiar with the specific process/facility to be studied.

~The inclusion of senior level persons. with significant experience_from outside of the B
Jacility has been found 1o add value by highlighting differemt design and operating
practices and assist in identifving potential damage or deterioration modes during
IR GIin reviews.

4 Representative for Vendordesign-(includes package units and extemnal supplied — —
- - technology Vendors).

lendor representation may be required to address intellectual property or other
specific issues related o the Tendor design. For projects. it is also advanrageons ro
— bring expertise from-other-similar focitities-This-allows HAZOPteam-to-captitre
N . problems that can occirr during various stages of process operations.
o ) _ &

The team should be as small as possible for each review session. preferably no larger than
10 people,
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— S — Selecting ream-menrhers-thar represent-more-than-one rechnical expertise or —
affiliation helps to limit tean size.

If contractors are used as team members. care should be taken to ensire that
adequare BP operational expertise s included in the studh. The contracror should
 not be torally responsible for providing the BT expertise.

One way to limit the size of the HAZOP team on a large project is to restrict the
—specralist or Tendor-representatroes-to-onh-those-davs-ond-er sessions-that-requive ———— —
their participation.

g The core team should not be changed during the HAZOP stud\ and thc other team
members should not be changed irequentl\ during the study.

———— — 9 Implementation : —

9.1. Planning and preparation

a.  HAZOP cost and schedule should be inc luded in pr0|eat planning and e\1~.tmg plant
budgeting. E———— =
- —b—Avaitability of information and key tearmn members required should be considered in—— =
_ B _development of HAZOP schedule.

¢.  Before commencing the study. the HAZOP leader and BP Operation leader or delegate
i should plan and prepare for the study. which should include the following,

_ 1. Development of a formal schedule showing times and durations of the study sessions

and dates on which draft and final reports are to be submitted to the various
—recipients The schedute shioufd take ntoraceount the time reguired Tora B -
- ~ comprehensive review and the needs of the HAZOP team.

= The H1ZOP mecting should not last more than 6 lw per day to maintain the guality

of the HAZOP and avoid team jarigue. If the HAZOP lasts more than 6 fir per dm'

‘the tean may get tired. and ¢ ﬁ”cm ¢ Drainstorming may not be possiblc, - B

- dddizionally. the leader may beve daily followup and preparation work for the nexe
dey 1o accomplish.

2. List of documents to be m.ludet.l in the rev I_t‘._\\_ : 1_1.10111du1 g drawing and document

numbers and revision numbers and dates. A list of typical documents required for a
- o HAZOP-study-is givenin clause 9.2 - -

3——Identitication of materials and supplies for an-effective review.—— ———— — -

—Iris-bestio-provide-every perserrinthe HAZOIPream-with-a-copy-of the-drawings to———— -
be reviewed. The leader or scribe maintains the master set for inclusion in the
- report,

- . - Itis also helpfil 1o p}'c)wde a copy aw from GDP 31- 00 01 to cach
team member.,

This also includes required dranvings and documentation, record sheets, compiter
aids for recording profectionscreens;stattonery—hightight- markers, and cheeklists.——

= —Atispreferable forthestude-feader-to-identif-stidy-nodes-before-the-sesstonto— e
allow for the most productive use of the team’s time.

o - S 4. If different operational modes are being covered, the corresponding operating
procedures should be available and referenced. In some cases. the different

operationat modes maybe defmed - design-documentation. P&IPs orsupplemented

. — by simplified PFDs.

bp
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—For project._operaring procedures-may-have-notyer-heen-developed.— —

Recommendations from the HAZOP can reference items that may be developed in

.U=

Juture operating procedires.

For operating facilities not undergoing major modifications. documentation should

reflect the “as built™ facility before the ITAZOP commences. o o

6.

——members.or the facility to-be reviewed,

——Ifthesnh-invelves-crireview of an-existing facility-or-one-being-modificd-by-a

‘Study location should be sclected based on location of dcmgn information. tcam

If practical.-a site toir should-be-crranged-for-operating facilities.

project, the study can be located near the site to provide easy access io the site for

addressing questions that may arise during the siudy.

Consideration can be given 1o locate the study offsite so thar the HAZOP team can

Jocrs 1ts fullattentiononthe review-and-not-be-suhject to-the distractions and -~
disturbances of an operating facility or engineering office.

7. The study room should be of sufficient size to comfortably accommodate the study

team and any specialist advisors with enough working tuble spice [or placing copies

Page 180of 57

of P&IDs for each team member: = — B
7 ) 9.2. Drawings and information required
- a.  BP Operations EA or Project EA shall cnsure that PSI is accurate and up to date betore
starting the HAZOP on an operating facility.
B HAZOP qr:ai:‘g' is affected by the accuracy of PSL I nacerrate P&IDs. informenion
- on process eqiripmentmarerls af constraction:erewith resulr i addiriona tome——————
required and could lead the HAZOP team 1o flawed conclusions. o
B b, BP Operations EA or Project EA shall ensure that P&IDs for project HAZOPs have been S
approved [or HAZOP. confirming that the P&IDs have been sufficiently Llc:\ eloped and
i reviewed and the design finalised for an effective review,
P&IDs are the focal point of the HAZOP study. A single large set for a masier and o
o smallerindiidual sets (43 or AL x I7) for team members are recpmmended.
HAZOP leader may use the large drenvings in selecting a node (with colour
-  marking) and hang them on the wall during the HAZOP for casy fean viewing. -
¢ Documentation for a HAZOP study shall include the following as applicable:
) Itis not necessary o supphy eoch member of the HAZOF study team with all of the
— ————following documeniation. These-doctments-ean-instead-be-made casily-available for——
reference.
— I P&Ds - e
— a)— Vendor packages-if within the scope of the HAZOB. SR —
— -b)— Pipmg class specifications——— — - —
¢} Materials of construction.—
-2 PFDs— — — —
= ar—Heat-and material balances— : - —
br—Inventoryv.——— —
¢} Safe upper and-Jower operating limits. operating-envelopes——— —
————thsincludes process-designand-operating conditions-and-process contaminants—————
- B te.g.. H-S waier, chiorides. ammonia, vic. ).
bp. = .
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»

Previous HAZTD, What T, HAZOP _or TOPA reports. - —

=

Control.-alamm.-and-tnp infommation —

a)  Alarm and trip settings.

b)  Control system philosophy and deseripfion.

¢) Interlock/trip activation and response descriptions.

d)  Shutdown matrices (cause and effect diagrams).

¢) ESD system functions.

5. Pressure relief. flare. vent. and depressuring information

~a) Relief valve data sheets

by Scenarios considered for sizing of the devices.

¢)  Flare/disposal systems design and sizing information, including comprehensive

———histof common failure-scenarios (h.e - power fallure} and effects-enflare foadings—
and flare sy stem backpressure.

6. Changes 1o design since the last HAZ.OP or PHA.

7. Operating procedures (startup. operating. shut down, emergency). (required for a

procedural HAZOP ).

8. Previous process safety accident/ incident/ near miss reports.

9. Process description and process chemistry .

10, Facility plot plan/Unit lavout drawings.

Addintional documentation for a HAZOP srudy should include the following as applicable’

1. Corrosion control guidelines and corrosion & materials diagrams.

2. EDP svstem functions.

P

3. Pump and sompressor operating curves and dead head pressures.

4. Instrumentation data sheets, including control valves. orifices. throttling valves and

regulators,

|

Valve capacities - parﬁcaﬂarl_\' important for gas breakthrough.

6 Fire protection design philosophy and basis

7. Inspection and testing results. maintenance records, operational history. and current

condition of process equipment

This may include inspection testing proceduies and plans, inspection

dreneings skerches. inspection darabase vecords carrasion rate informarion: .

8 General arrangement and-elevation drawings, including etectrical area classifieation————
and drainage. _

Y. Vessel inventories i . ~

_10._ Operations and maintenance philosophy document. — —

—11. Commissioning procedures. =

12 Maintenance procedures. ) B
15 MSDSs. —

Page 19 of 57 -
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14— Previous risk-assessmentTn-particularany-consequence modelling thathas been-
completed should be available to the HAZOP team to assess the consequences of

identified causes.

15, Electrical loop diagrams.

16, Process sequence. [or hatch operations.

17, Ventilation system design.

18. Design codes and stamdards employed.

9.3. —Execution of the study —
9.3.1. “Before the study o o N
T a. Before the study begins. the Teader should provide an oricntation to the team o cnsurc that
——everybody is at the same point of knowledge with respect to- the study, including: = -
- L Study objectives and expectations. -
2 HAZOP-methodelogy- -
— 3 Ground rules Tor the study-and-expectations-of team-members.
b.—A-review-of the-factlity layout should be-included - This may be achieved-using a-model— —
plot plans. or a plant walk through,
9.3.2. HAZOP recording o B - -

Recording in tull

I The HAZOP study shall be recorded in full.

2. Thelogsheets shall include:

a)  Documentation ol The nodes descripton.

b) Node design intent.

¢) Deviation.

~ dy Applicablc causcs,

e) Consequences taken to the end-effect.

£y Safeguards for significant consequences.

2)  Risk ranking,

h) Recommendations.

1) Relevant hazards identified by the team.

If i deviation is reviewed but the team does not identify amv canses for the deviation.

the “no feasible canse identified in this node ™ or “not applicable to this node™
—shoiild-be-docmented-in-the log sheer-Dociimenting this-allows persons-reviewing——

the study 1o identify that the deviation was considered.

As previous process safety incidents are reviewed the incidents and the team

discussion should be fully recorded in the Iog sfrac.m o provide documentation ﬂmr a

— b Recording by-exeeption shaltnot be-acoeptable:—

'I}TUT‘E?HQ‘/’I_I’[’VR"TT was-condieted: —= N

—Imthe past-some teams have saved time-hy recarding orlvthose deviations thar——————
resulted in a recommendation. his is not aceeptable becaise there is no

docimentation of the dependence of safeguards, and it is impassible to revalidate or
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— . review-the-discussions-made - the HAZOP team. It does-notprovide-an-anditable ==
trail of the HAZOP and a record of whether the deviation was considered.

¢c.  HAZOP software

— L HAZQOP software provides a svstematic method for recording the stndyand -~ —
generating log sheets and other information for the HAZOP report.

2. HAZOP software should provide capability to follow the formalised sequence
detailed in 10 - S

Annex B shows ypical HAZOP log sheets wath the required information. Soine
- - leaders-and seribes-men prefer-io-use-a-spreadshecr-or-wriring program-for-short— —_—

stidies.

~d. For studies recorded using HAZOP software. an electronic copy of recordings should be
retaned with the project or facility hazard analysis documentation.

In some cases. it may be necessary o transfer the Sfile into a Word or PDF formm so
— that it TWLTG'TILV(TCFL’EWHB‘TUPPW‘WT:;TDW fﬁ?‘fﬁ[ﬁf’*mfhr‘um —

— < The HAZOP feader shalt-be-accountable for clearly marking up thenodes on the HAZOP—————— =
_ master P&IDs and including these drawings with the HAZOP report.

Typically the node marking is done with coloured highlighters. It is very helpfidl for

the leader or scribe to mark on the drawings the mimber of each recommendation

close to the relevant point on the P&ID. This mav be done outside review sessions.

{rishesrtamark the recommendatiomrmmrhers o the drawings ai the end-of the——— = =

- ) study sinice during the course of the study recommendations may he combined,
added. or deleted.

f. The HAZOP leader shall ensure that names, expertise of team members and participazts.

- and attendance for cach HAZOP session are documented for thie HAZOP record: The
_ ~competency of the leader should also be documented. -~

— Typically. the HAZOP scribe records the attendance for each session

— The HAZOP team is responsible for the quality. accuraey, and completeness of the
HAZOP woikshees. Afier the final HAZOP review session. HAZOP log sheels
shauld be issued in drafi form to the Client Project Representative or operating site
—~ — — representative.lt-is-advisable-to print the log sheets-ar the-end-of every day to-allow—— -
the entries to be checked over. It usually Jalls on the leader to do this and then any
corrections (clarity, accuracy. and logic) can be discussed with the team bejore
— —moving ontothe-hext-day s work. = — — — -

— ——————bsimgsafiware forvecording HAZOPs provides capahilin io projeetthe-PEdisplay
80 that ufl the team members tincluding the ieader) can review the log sheets as they
are recorded. However, it is important that the leader keep the team focused on the
HAZOP as opposed to gremmar, spelling. ere. Outside information is often used to

— = . ——eamplete the-log sheets-or-answer-team-questions: This-can-inetnde-informetion S

from the results of detailed consequence analvses. PRI analyses. ouside
calcilations from team members. ete. If appropriate, this cutside information shonld

- — hereferencedrithirrthetog sheets forthe benefit-of futmre reviewers s canbe——— -

veiluable jor futire NoC work or safeny stiudies.

_ g The leader should ensure that the HAZOP recommendutions are clear and complete and
that there 1s HAZOP team consensus on recommendations. including revisions made

‘outside the review sessions. wtﬂrthe?{wption‘of'min'orgrmmmfrcnfcorrectron‘s.‘&‘ome — —
S —considerations for writing recommendations are.

1. Wnritten to be standalone (understandable without the benefit of the worksheets)

m, ) = Page 21 of 57 R
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. Amewellwritten recommendation-contains the-three W =Thar There and Wi tadd e E—
relie o valve downstream of positive displacement pimp P-101 to prevent casing
overpressure in the event of accidental shur-in.).

2. Wntten so that recommendations are accomplishable and have a clear point of
’ closure,

Some recommendations mey be unresolved at the time of a particilar review
— —SesSton-Rd-aeam-member(s)-ma-be-gnen-an- actiofto-followup-ouside of the —

session. The whole team should review the final recomnierdation arising from these

items at a later session.

h.  If the team can not reach consensus on a recommendation. the HAZOP leader shall be the
= finat-sarbiter — : —

9.4, ~ HAZOP report
“a. The HAZOP leader shall be responsible for issuing the HAZOP report

The HAZOP repart serves as the permanent record of the HAZOP stndy and is nsed

— — — by peoplz thatwere ot a part af the HAZOP team.: Overtime; the HAZOPreportis =

the only indicator of the gualin: and completeness of the HAZOP study, and sernves
as « record of the team’s ditigence. It is important that the HAZOP Leader and team
B T Tierve the arrention to detdil o ensire clarinyand aecnreaeyof the log steets and

report.
- ) b——Study documents. inchidimg master copies-of colour marked P&IDs and theefectronic— =
: _ ITAZOP worksheets shall be collected and archived for future reference. The respensibility
for domng this rests with:

1. The project tcam who should hand over study documents to client or asset. or

2. The person m an existi ng asset w ho coordinates HAZOP documentation

In case the P&IDs are archived eleciranically, care should {w teken 10 refain rﬂn’
colour mark up of the dravv 1118, -

¢ HAZOP documentation (includmg mitial and revised reports) shall be retained for the life
of the process facilitv. This report should be prepared and filed in accordance with local -
document control proccdurm

HAZOP dacumentation should be retained so that it is av m/c.'b/e for reference in
MNOC and revalidation.

- The study should note or inclide in the file additional documents that were used in
— - the-stidy. This-provides-c-basisfor fiire review-and-an-indieation-of which-version——
aof certain documents were reviewed.

d——Altheconclusion of the study, the report should be formallyissued by the HAZOP team S _
leader and addressed to the principal recipient in TOR

e A HAZOP report should include following sections:

1. Main report

a)  BP Operations leader to receive the report.

b)  Executive summary.

)  Introduction defming the scope of study.

d)  Process or system deseription and design intent.

¢)  Methodology including guidewords used.
f)  HAZOP team members and their roles.

bp__
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_— ) Recommenddion summary- = - — -
= ———h) References (list of P&IDs and other data-used). - . —
1} Distribution list.

- 2. Appendices
a)  TORfor the HAZOP study,
o b) HAZOP log sheets.

¢)  List of recommendations from the study.

B i ~d)  Team attendance for each session.

e) Colour marked P&IDs with node numbers
1) Human factors and facility siting 1ssues (checklists used or other related studies).
g)  Risk matrix from Appendix 1, 2. and 3 of the GDP 31-00-01.

o

h)  Any mncidents considered.
1) MoCs reviewed or P&ID change logs.

j)  Information that was referenced in the log sheets or used extensively by the
team:. - - N

This can inchide calenlarions. detailed consequence analyses. or ather usefitl
iformation-compited jor-or diring the- HAZOP-that-weuld-he-usefitl-reference —
material for fitture MoC or safety 1ssies.

It may be beneficial to produce an annex to the filll report that contains only those
autidewords causes consequence discussions that resulted in recommendations. It

_——== ——mmyafsobobencficial to sort the recommendations-byvriskranfangif applicatte to——— —
aive pricrities on reecommendations.

95 Followup - — -

= — o Recommendations shatl be addressed 1 o timelymanner and-tracked wmtit closure To
achieve this. each recommendation should be assigned to a responsible party with a target
completion date for follow-up

b, Technical reasons for recommendation resolution including suggestion of a different
action, or rejection. shallbe clearly stated in writing. A formmal record should be keptor—
- such decisions which can be accessed in the fature tf required. B
—— ¢ If recommendation and actions cannot be agreed with the project or BP Operation to the S
satistaction of the HAZOP leader then the Project EA or BP Operations EA shall be
informed. The EA shall attempt to get resolution with the Project Manager or BP
T - Operation leader but ii"ttﬁﬁ(nijrpﬁs’s’iBl’e"the‘E‘ﬁﬁ‘ﬂT‘r‘ﬁE}:‘ﬂfe"i;qsue’m*uﬁigﬁérm'unt‘iT ——' -
—— —_agreemenl s reached wath the BP Operation leader. E S —

e e o ~d Forprojects. the Project ma.n.l,__mhallﬁnxmcMmccal;cuonnncndalmmw:&addrﬁ\.\ml ——— S
n an approprate timescale as dictated by project sc,hedule

The PHSSER teams will review and audit action progress at various stages of CTP
i accordeance with GP4S=01. as well as the compliance of the HAZOP strategy and
processwith this GP. M —

— - Llompletion-of recommendations-shoutd-alsa consider-the amount-of work-wvoled
- in completing the tasks. Adnunistrative and dociumentation recommendations should
R be completed in a reasonably short period while recommendations reqiiring o a
— extensive enginceting and-instaltation-during wnit-downtime-men-requirevearsto— —

complete.
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— e BP Operations leader shall ensure that-agreed-actions-are-folowed through toan————————
appropriate conclusion. A person should be nominated to do this and instructed to report

formally at regular intervals while the action remains outstanding.

£ A full audit tral of responses and actions completed in respect of each recommendation
shall be maintained for the Tife of the Tacility. )

Report recommendations. Project or Asset NManagement responses. and supporting

———documentarion should-idealh:-be-recordedn-arecords-system—whichwill permit —
ready retrieval, status reporting, progress chasing, and independent andit. The
supporting documentetion should include appropricite reports, memos. drawi ings,

—————and-othercotmmunications-demonstrating that-the-recommendeations-arising-from——— S
the HAZOP lave been carried out or atherwise resolved.

g BP Operations EA or Project EA should ensure that an effective means of tracking
recommendations is in place and accomplishes the following:

—

Tracks the status of open action items.

_[u'l

Records the action item closure and approval by project or site authority {(approved

~actiontesponse sheets should be retamed with the log sheets). — —

3 Includes or references documentation requirements. =

4 Tracks the transfer of actron rtenis berween delivery teams (72 project to - . T
Commissioning).

To facititare firireveviews and wse of material for traimmg prrposes: s wsefil1f ——
B the lag sheets are updated to e actial actions raken when the

recommendations are cf o.sed out.

To assist in this activity, project teams or jacility teams may choose to use a
P J

separate HAZOP Recommerdation Action Tracking systei.

—=5: Pﬁ)\"iﬁc’ﬂbf';i"ci:infm]i:l'tion‘cif‘c‘{)‘[ﬁp‘l’:ﬁt’fﬁn_ﬁfcﬁfaﬁngh_\' ficld=verification for

_ operating facilities. —

b, Relevant recommendations and actions from HAZOP reports and related study documents
shall be communicated to members of the BP workforee whe may be affected by them,

Local law may impose additional commimication requirements. incliding a

requirement to make the risk assessment accessible to persons who work with or o
wear-the-studied visk.—————— —

i For operating facilities-an- MOC procoss-shall-be followed for approved-changes resulting —
from HAZOP recommendations.

MOC ensures that emplovees are advised on changes to procednres and or
equipment and any relevant training provided at the time of change. It also guards

agamnst the resolution of the recommendation inadvertently introducing a new risk. a

10. HAZOP methodology

10.1. General ' —

The HAZOP study shall follow the sequence illustrated in Fi gure |.

A HAZOP study is a structured methodology for hazard identification. It is an

T imvestigationrtechniqite that s designed to-imspire imaginative thinking for—— o —
brainstorming) by a team of experts io identify hazards and major operational

problems while examining a process or facilin: in o thorough and systematic

HEcrier. — N .
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A-HAZOP study - involes a systematic.methodical exammation-of-design-documents = -

that describe the facility. The study is performed by a multidiscipline team and the

team focuses on potential deviations from design intent by using guidewords.

Figirre 1 shows the sequence of a rvpical HAZOP sndh.

. Figure 1 - HAZOP sequence S I

> Select node and identify on master drawing (10.2)

—t Define design intent (10.3) g : ER—

- S — - ,i S =

Select process parameters (10.4)

' R

Select guideword (10.5)
— — Guideword+Parameter = Deviation —= = S

v

Identify possible causes (10.6)

}

—|dentify consequences (10.7) | S ——

v
Evaluate-event consequence severity-andcause — | - -
likelihood and determmine the risk ranking (10.9)

v

Identify safeguards provided to reduce

—likelihood-orseverity {1908y = .

v

N Make recommendation if required (10,10 [ - N
T

! — I S .

Repeat for each guideword applicable to parameter

|

+ - — — ===

= -~ Repeat for each parameterfor the node —f————— ———
|

B - ] - —

Repe{t for each node in the study scope

162 Selecting nodes =

Nodesize-andcomplexin:is o topic-of meh-debateNodes that are very-smedtstct— —
as a single process line, often lead to longer study times as each guide word

combination shoiild be recorded more times. Large nodes. such as multiple process

—tines and equipment items, confirse the applicationaf the-gridewords and if ot —————— —

: ~ BP-HZN-2179MDL00407800
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== ———properh-managed-conld lead ro-overlooking hazards-Selecting-a-propernode size
and gitiding the team through the node is crucial for success of HAZOP study.

a. Nodes should be selected by the HAZOP Leader. but team members may also provide their
input.

b, Toensure that the design intentions sof each node can be casily and dc:.zr]\ understood. the
nodes should be sclected by function.

This GP does not intend to prescribe exact node size. Such a decision’is left up to the
— —AHAZOP leader-and-team-members—Several juctors-influence-size-and-complexin of —
a node incliding leader and team experience, hazards of the process. and

mmp/‘eur} of the control system.

i

The following criteria should be c,om]dered n belegtmg the appropriate transition to the
———nextnode B e

1 Changeindesgnmtent - S

2 Changeimstate te g fromr bquidtovapoury. =

3 Major pieces of cquipment,— = —

4. There could-be confuston over which prece of process equipment 1s-bemg discussed—— =
(e.g. if the deviation is more flow and there are multiple lines in the node. there may
be confusion over which line is being discussed).

If nodes are selected with multiple lines. the leader should ensire that team
members are together and thinking about the same line. This can be done by the
- o leader-systematicathy griding the teant to review one line ara time:

o === d. "B'rfferearoper atingn‘odés T . o - -

1. If a node has more than one designrcondition oroperating node (e g normal—

o I . production and in-situ molecular sieve regeneration). each operating mode/operation B
condition shall be considered (1.e . each of the nodes should be repeated Lor lhc

~ different operating modes/operating conditions). -

2. The different operating modes should be clearly documented in the HAZOP log sheet
andeeport.

= — e e Parallel trains — i S I

S —— 1 Parallel traims may be reviewed independently orone traim may bereviewed and the —
next train may be reviewed based on the first.

2. If the later approach is taken, the trains shall be compared mn detcul to ensure that any

~ differences in control. instrumentation, piping arrangement. and equipment design is
1dentified and considered.

10.3.  Design intention -

HAZOP study addresses hazard and ope;uh;hn problems cansed by deviation Jronm

design intent.

a. At the beginning of the HAZOP a thorough briefing on des‘{m and of operannn should be

———provided as follows:
— - 1. For anew facthty —by-someone knowledgeable about- design——— — —

— = 2—Teranoperating facility - by someone knowledgeable about design and operations— ———

— e TFhis-intent can be reviewed as the study-of each-new-system is-started———— -~ ——

—Nomaband-abnomral operating conditions—as-wetas transient-conditions. and-operating
modes shall be assessed.

S m - ) ~ Page6ofs7
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— ¢ The-designintlentdefines-how-d-componentorsystems-expecled o operate and the

d.

purpose of the system. This includes the design flow. temperature. pressure. level. and
other relevant details.

The design intent of each parameter should be established, documented. and understood by
- team members.

The design intent (or design operating conditions) of the study node are usually
~cvenlable-in the materral-balance sheet. The process-engineeror-other-team-menber
should be faomiliar wiih the design intent of the process.

Design intent includes the design flow, temperature, pressure. level, and other

relevant details such as composition.

Process parameters

Process parameters should be selected and reviewed in tum for e'tch node. Flow. temperature,

— be sclected asapplicable to the process:

- 10.5. Guidewords and deviation

pressure. level. and reaction (if applicable) should be considered. Additional p'lr ameters should

—Theappiicationrof additional parameters depends onthe type-of process being—
considered (continous, batch, procedure). the equipment in the process, and the
Process intent.

Using only the common process parameters may not fully identify all process
hazards. Application of additional parameters is necessary to ensure that the full
—range of hazards is covered i the-strdy-Some-examplesof other parameters are:

Viscosity ———————————Composition——— ~—lgnitiof s
= Utility system failure - Sampling + Maintenance
< Abnormal operation  + Human factor + Safety - -

« Instrumentation _+ Electrcity

HAZOP-method-constders-deviations from-the-destgn-intent-by-combining
uidewords with parameters Imrﬂ!mg ina possible deviation from d&m{n hitent.

For example if guidew c;wd No s combined with the pammen’r “Flow ™ the
resnliing deviation s —

\UJ .'Ul'l

a.—Gudewords should be selected-and-applied in turn to-cach parameter. At a mmmmum:——
more, less, no, reverse, part of. as well as, and other than shall be considered.
Table 1 shows how these guidewords should be applied 1o process parameiers to
develop deviations traditionally used in HAZOPs.

Table 1 - Example deviation matrix for continuous process

Guideword
Parameters — ——— - her - -
More Less No Reverse Part of As well as C;:l;:r
Wrang
e Baerrar— — Ri Y ; - | direction | B
Flow More flow Less flow No flow REverss Wrong ratio | Contamination
] —= flow (reverse |
flow)
Pressure | High pressure | Lowpressure | Vacuum B — —
High Low = —
et temperature temperature
Level High Tevel Low level No level - o
= —= e 1+ No | Reverse | e \AfoRg—| — —
Reaction High reaction Low reaction fadetion veadlion Side reaction reaction
bp _ . _— . -
M Page 27 of 57
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——The processfor-selection-of the- paramerers-and guidewords-should he-documented

in the HAZOP report. The HAZOP leader and team should exercise caution in the

“selection of guideword and parameter combinations because it conld set the scope
of the IIAZOP and place a limit on the tvpes of hazards which could be identified.

Alistof tvpical guidewords and descriptions applicable to continioits process

——HAZOP iy available in Anwex A Table A LA more-extensnelistof-deviations used—— ——

in chemical and petrofenm industiy is also available in Annex o, Table 4.2 with

* detail description.

Alist of tvpical deviations and descriptions applicable to interiock and control
——systemis-available-in-dmex A Table L3 As-interlocks-cre-cneonntered-in-a—
HAZOP, these guidewords can supplement the review by providing a better analysis

of the inierlock function, its ability to achieve design intent, limitations, porwrf.w!

——effectsomthe process and recovery from trip-of the interfock : —

*h‘Prmcﬁ-vparmTrctf:rwnd gmdem‘m:lv (and-hence deviations)y shoutd-beapphedtoeach —

_ process node. as appropriate. If no issues are found. it should be documented that the

dev mtmn was considered, but there were no issues of concern.

¢.  Different guideword/parameter deviations may be used for nonprocess facilities.
~10.6.  Causes S . S
a.  All potential causes should be established for each deviation from intention considered.
b There may-hemuttipte causes foreach deviatron. In such case. each cause should be-hsted———
_ separately. - y o o _ -
. P — ¢, Causes can be due to a range of events. Some examples are human error, equipment
failure, process upset. or external event.
For emn:'p/e a control valve conlid fail closed because of himan error, loss of
T S O instriment air or electrical signal, actitator failire. ete, Siniilar W a block vatve
S . B — adjacent to the conirol valve could be inadvertently closed due to human error. Al =
of these causes have the same affecr. Macked flow. The imporrant point is thar this
- - information is included so that the carrect initiating freqgrency can be used in
— uihwz;uuuf i75) r.rl"_u),s__ - —
e —. 'S Causes should be specifically-defined using the properequipment. instrumentation. and
L piping tags. o ]
e.  Multiple-cause events bhd.[] bu oonaldcrud if they are the result of a common modu 1.'111
or a process dependency.
o N “Donble jeopardy™ events are not tpically inchided in the HAZOP studies. Doble
Jeopardy events are multiple independent events occtirring at the same time and
— ———causing-a-hazardons-sitnation (.2 alevel-control failire-on-one-towerthat-causes
- i B liguids overhead and a level control failure on another tower aiso cansing liguids to
the same overhead sysiem if the sysiem is not expected to handle figuids, from both
- ————— = ——towersh If the canses-are-indepevident—they-are-considered-dowble jeopeardy—In -
) - - determining if the causes arve independent. careful considerarion should be given 1o -
comimon mode failures and process dependencies.
IWhen encontering potential cases of “dowble jeopardy ", the team should consider
= — = —theseverityof the consequences. There may-he cases fmmwiichtheconsequences are —
. ~sosevere and unacceptable thar action is needed. even if the likelihood of the
“dewble jeopardy ” event is very low.
f  The cause is identified within the node being studied. However. the result].nrT consequence
I - may oceur throughout the process. B B
bp s -
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Holding the-caise-to-within-the-node-and-identifving consequences ourside the node

is the typical approach. An alternative HAZOP methodology is 1o identify

consequences within the node and then 1o identify causes for each conseqirence
inside and outside of the node. Both approaches can be acceptable and are driven

I BP-Operations-practices. The leader-and HAZOP team-should ensure that the.
selected methodology is consistent with client expectations and. once adopied. is

applied consistently throughout the study for thoroughness.

g If'the node starts from a batiery limit. deviations from upstream and downstream shall also

Hazard and Operability (HAZOP) Study

considered ———

= ———be-considered:

———Feorexample-<node-at the front end-of the process-boundary-limits-shonld consider

upstream deviations, or a node at the back end of where the HAZOP ends for the

process should consider downstream deviations. This approach is also cmp.’.cable to

“deviations i processtitities towhichranode is tied—— - E—

— —Tthe HAZOPveview of major-modifications and equipment changes. poteatial———
effects from deviations upstream and downstream of the change shonld be

considered since causes outside the scope of the change may not be evaluated as o
parrofthe sy o

h. Same cause under multiple deviations

I There are opportunitics to dentify the same cause under multiple deviations.

2. Aslong as the consequences and safeguards are tully defined and documented. there

e — Isnorequirement todocument details for the same cause ineach of the deviations:

T I A.n*e&'amp"le:’Wouid’be"a'va’[ve‘cfosmg‘cmﬂﬁ'remlrm‘11'0‘110\7&' or a change in pressure
orlevel. - —
—Jtisimportant that the HAZOP team documents the review of the deviation. however

if recommendations are made under another deviation, the HA47Z0P team. should
state that “No new issies ™ are identified.

i.  LOPA

I, TIAZOP 1s typically used as the basis for LOPA.

There are other hazard identification and risk analvsis techniqies that may be used
— tofeed into-LOPA i the-majorin-ofinstances. HAZOP fbmwhe basis-The —
remainder of the document is written from the point of view of using the HAZOP as

the inpul. -

2. Causes identified in the HAZOP can be used as an iniliating event in LOPA.

3. All causes (including failure mode) shall be identified and clearly stated,

This saves effort in preparation of LOPA.

- The cause should not he a restatement of deviations or consequences

-~ 10.7.  Consequences — -

S ————a—The leader shall-challenge HAZOP team members-to-identify-all potential practical s
consequences of each cause. especially the potential for harm to people and the

environment

In some cases. that might he considering the worst consequence and lower
e —Hiketifoodwtitfetrrothercases—itmight-be-the more-tikeh-brt-less-cotseqrenticod— -
ouicome.

b.  The discussion should consider the unmiligated consequences - those consequences
without giving any credit to the safeguards (assuming all safeguards faily Safeguards are

discusscd and documented inthe nest stepr————— —————— ——

= ——— b —

Page29ors7
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Tt-man-be-beneficial-to-consult-am:-dispersion-modelling or visk-assessment if————
aveilable, to fully understand the range of potential consequences.

c.  Consequences shall be taken to be anything that affects:
—— 1 Health and safetv of BP workers, contractors. and offsite populations. —

2. The environment = . — -~

— 3‘.}?311\,113?9 10 np.:-rfm:- o o o

== = anlshould-be aken-to be any thing that allects equipment damage and -business-value lost. S —

- GDP-3L-00-01 provides-cdditional guidance-in-this-area. R —
LOPA — —
I—Conscquences-identified in the HTAZOP-are-also-important inputs for LOPA. — =

— - - GPAS-03 recommends-performing LOP-A-for-the-consequence categories D thionsh —
F as shown on the risk matrix in GDP 31-00-01, Appendices 1. 2. and 3.

2. The HAZOP team should think through scenarios of events to final outcome
assuming that safeguards fail and douument them clearly in the log sheet m(.ludum
—severty categories. -

— The HAZOP teanr shorid take-care tmrestimatag the conseqnence tevel s this——— ——

information will feed into LOPA. underestimation of the consequence may lead to

inadequate layers of protection managing the risk, Overestimation can lead to more

lavers of protection being applied than are warranted which, over the lifecvele,

e resultsimincreased cost o inspection. and TR CIance requireme s, ————

— & Consequence rankmgs shatl not be modified by the HTAZOP team-after the teamand leader
have reached a consensus on the ranking, without the concurrence and authority of the -
HAZ.OP Leam.

=5

10.8. Safeguards ) e

a__In the nextstep the team should identify the engineered system (as defined in the P&IDs
and other enginecring information) and admimistrative controls (such as operator responsc
T T to alarms) that can prevent or mitigate the hazard:

~ b The team should also consider whether operability is impured if any deviations oceuror
—whether design could be improved to give the operator better information or facilities to. S
prevent/control/mitigate the hazard.

Principal safeguards (engineering and .}d.lJJlletl'.Jtl'\e controls) >h.111 be recorded in the
HAZOP Tog Sheel referencing the appropriate equipment lags.

¢

d.  Typical safeguards (or protection layers) that prevent or minimise consequences and
) likelihoods are described 1n Figure 2. This develops information reqqued foraLOPA
= — —evaluation. S

= . - —— Reliel valves should be listed as saleguards only alter it has been confimmed that the relief -
valve size and st pressure are sufficient for the conscquence being considered.

This can be accomplished either through review of data on the P&IDs or relief
device data sheets.

f I operating procedures are identified as the primary safeguard pre\ enting/mitigating a

— ———————————safety consequence; the HAZOP-team-shall- -
— I Ensure-writtenprocedures-address the cause/consequenee identified and the —— —

appropriate action described in the safeguard, and
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—Forexample operating procedures contain operating-instenetions-abowtpressire
limits. temperatitre ranges. )’fow rates. what to do when an upset condition occurs.

what alarms and instrirments are pertinent if an upset condirion occurs. and other
subjects.

This does not mean that the cause consequence needs to be copied fron the HAZOP
o-Hhe operiiig procedinies. — S ——

— 2 Determine-whether the operators-have time-and capability 1o carry-out-the procedures.— e —

or

3. Make a recommendation in the HAZOP log sheet to mnduut areview of the

procedures prior o stmup

Figure 2 - Examples of safeg uards (protection layers)

Community emergency response \

/ Plant-emergency- responsa% — e — .

. Deluge systems, Fire sprinklers, \
- - - Toxic gas detection—and-Alarms - —

— —— / Barmades_a,kesi\ b — . —

- / Pressure relief valves \ | o -
— Rupture disks S - —

= Criticatalarms —\\ S -

N - ( Safety instrumental systems ) -

\
Basw process control systems

Process design

The safegiards shown in Figure 2 are also considered in LOPA. However, unlike

HAZOP, LOPA considers nm", IPLs as safeguards in assessing cc.rpuhr/m to redice
—rish. — = =

10.9.  Riskranking

a.  Risk ranking of safety/health. environmental. and privilege to operate risks shall be
inchaded-in-the FAZOP-and use the risk meten H-GRP-31-00-1 - Appendices + 2o and 53— —

—— b—Risk-ranking of equipment damage/business value fost risks may-be-ineluded-in the ———— —
HAZOP If they are included, the ranking should be based on the risk matrix in

GDP 31-00-01. Appendices 1. 2, and 3.

Risk rm.',’mwai.”m the project team to screen :dermf ed hazards and assign

— prioviiies. - - = [
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¢ Consequence severily-of an-event should be determined bused-on-Leam —

experience/judgement or consequence analysis results available to the study team. The

consequence severity should be determined without considering available safeguards.

In some cases. rthe eonseqirences are esmrmred wanritarively by specialists onrside
p —_—

of the HAZOD teani meetngs.

- d. Event likelihood

1. Likelthood of event should be determined considering available safeguards

2. Not all safeguards listed can be credited in determining the likelihood.

3. Approach suggested in GP 48-03 should be used in determining event likelihood.

The risks as plotted on the risk matrix shall be resolved in accordance with the associated

e,
— —endorsement levels-as-defined in- GDP31-00-01-Appendiees1. 2~
10.10. Recommendations . -
a A recommendation shall be made if’ the team judges that any of the following are true:.
1. Engineered systems and administrative wntrols are unlikely to prevent or sufficiently
N _ 4]1‘]‘[&3“1':6 aroonsequence: = —
— — 2. Amoperability concern ts sufficiently-severe that it requires-attention— =
3. There is a shortfall in compliance with a regulation or BP standard.
Recommendations can be design changes, procediral changes, or issies requiring
- - — Sirtherstudy—Therecommendeation needs to-hemnderstandabie—concise—crred-
- unambiguous. elearly address the idemified hazard, and be effectively completed,
o B b.  Recommendations should meet the following, . -
. - - - 1. Stand alone. such that it is understandable without benefit of the log sheets. -
B Sometimes recommendations are placed on an action list._not accompanied by the
appropriate deviation. cause. consequence information. The person responsible for
. closig the recommendation needs 1o firtlyirnderstoned the hazard.
27 Beable to be accomplished = have aclear point of closure: =
37 Beunderstandable, concise, and unambiguous:
- Tncluding equipment piping TRSIFIMEAGION RARies oF mmthers ean aid T ihe elariy
- se ——F the recommendation. - B
< 4 Beclearly worded to address the identified hozard
5. Be thorough (identitying the reason for the recommendation and clearly
- = _communicating the intentions of the HAZOP leam). S
- — . Soumetimes recommendations are placed on i action list. not accompanicd by
appropriate deviation, cause, consequence information. The person responsible jor
closing the reeommendation needs to_fillly inderstand the hazard.
o - ¢ The HAZOP team should focus on addressing hazards and not try fo design the sohufion to
—problems identified. If the team is not.certain how to prevent or mitigate the hazards, the
team should recommend a further study to determine the resolution.
- The purpase of the HAZOFP is to identify hazards, not 1o engineer solutions.
Reconmendations calling for further review should be avoided if such reviews cun
- - be readily-accomplished-by-the-HALOP team and-are-within-its-chearter— ——
d—Recommendations shall not-be modified without the coneurrence and authority of the
) HAZOP leam. -
S, bp
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— —The-leader can-usevarioustechiiques for-ensieing thar the team has reached -
COMSENSHS.

10.11. Human factors and facility siting

7 710.117.1. Human factors

a. The team should pay particular attention to human factors in dentification of causes of
undesired consequences. o )

b Human Gactors should be adiressed in-a number o wiys. incliling:

I As potential for causing the hazard. such as:

a)  Improper operafion of valves.

b)  Incorrect or inadequate actions through the confrol systen.

¢)  Incorrect response to an alarm.

d)  Operability 1ssnes such as mstrument visibility. access. or confusing

— mformation.——

2 Fimtations o operator response shoukd be-considered — —
a}—HAZOP nopnally-gives little credit for operator intervention-particularly if the —
hazard 1s sigmticant and occurs rapidly.
——b)Alarms may be discounted-on the understanding that they only providean

opportunity for the operator to take corrective action before the subsequent
exceutive action shutdown or relicf valve operation. cte.

Alarm management system aids the operations staff in discriminating between the
= - mportances of various alarms. - ——— B

- 3—Operability-issues should be considered - - oo

= ) Use of guidewerds-sueh-as-operabrhty-or- maintenanee problems prompt——————— —_——
consideration of issucs of access. instrument visibility, cte. With the

instrumentation guideword, the team can consider human factor issues such as

- — confusig mformation: atarnr overload: and madequate instrumentation.

Aseparate gindevword -nmarn factors. may-also-bewsed.—— ————————— ===

- by——Scparate reviews of atarm management, control Toom ergonomics: manual ——
o _ ~ handling/lifting, etc. issues may be justified but outside the scope of a HAZOP
study,

¢)  The team should consider the puténtial for:

1. Human error if manual control is necessary to correel deviations,

- ii. The provision of critical information and alarms to operators 1f deviations
oceur, and

iii. The ability of operators to mntervene if deviations occur.

d)  Consideration should be given to the potential for operability problems to
“become hazards if unsafe practices are necessan to overcome the problems. D

4. Human factors can be taken into wnis'ﬁfe?ﬁt'ﬁn’ih’[h?:’assessm’enﬁ)'fﬁife"guﬁrds andin -
o developing HAZOP recommendations_whether administrative controls are sufficient
or if an engineered solution 1s warranted.

¢. A separate analysis of human factors may be warranted if the HAZOP shows that there are
significant risks associated with human factors that cannot be properly addressed in the
- HAZOP — = == ———

- m o Page 33 0f 57 .
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_10.41.2.  Facilitysiting ~ S

—a. Theteam should consider facility siting with respect to potential hazards impacting
personnel.

— The ream should consider the relarive location and proxunin: of perscnnel
(including control rooms, offices, and living quarters) to hazardous inventories.
Hfammable materials to Tgnition Sources. and hazards 1o other hazards. Additional

— aspects 10 he /Annci/ipngg’mimggpgu:d in Annex 4_Table 4.4, o N S

_— Siting is-ercritical fuctor for-managing rishks and hios-a predominant-influence on-ihe — —
outeome of major accident visk assessments required by GP 48-30,

An option to considering facility siting as part of the HAZOP of cach unit is to
conduct a study of the entire pfrmr Jocused on jacilin wmg using a HAZOP formar.

—TfHs-comtd—————————— B S
= = o —LExamtne-few-pot entict-incicdents-contld-impact-the plarit-and-sirraunding— —— —
£ ()l??l???f”in'

e Discuss how plant operating and energency response pcmmnmi will react to the
initial leaf or spill.

o Examine planr policies on shelter-in-place versis evaciarion of plant personnel!

- —jrom specific locations. i : B

o Discuss plant resources for dealing with ihe emergeney, e.g. fire waler spstem,
Joam or deluge systems. bunding (diking), and other comeainment measures.

e Evaluare the interaction benveen plant and communin: emergency responders,
e.g. mutnal aid programs, fire fighters, police. etc.

o Derermiie the acceptabilin: of locaring oecipied taildings T or near process
facilities. . i : o ———

e dApplication of local regulations jor addressing occupied buildings in or near
process facilines.

A siting guideword list is included in the appendix.

b. A more detailed facility siting study should be conducted to ensure that eccupied buildings
are not Tocated near potential hazards unless they are 'a'deqwmélrpmrected‘{'blusr'resfstm\ I DR
— firerated_toxic shelter etey R -

— laeilinv citing studies are conducted using GP 44-30, GP 44-31, and GP 44-3

11. HAZOP of batch/sequential operations

4. Batch/sequential operations should be 1dentified before HAZOP studies commence as the
= ——application of guidewords/deviations to batch operation svstems 1s more complex than B
their application to continucus svstems/operations.

b. Standard or non-standard operations

1. Examples nclude any standard or nonstandard operation. suuh as startup prouedures
nonstandard routing of flows. and the Taunching and receiving of pipeline pigs

. Such operations have historically been one of the main causes of major incidents,

3. Thorough review of such operations is one of the key areas in (he understanding and
-management-of human factors inrelation-to-majer hazards.
— ¢ HAZOP of a bateh process normelly requires the simultaneous application of guidewords -
_to both the procedural step involved and the associated process and equipment used for the
step. The HAZOP is m fact normally driven by a review of the procedural steps with the
— — P&ID review resutting as-anatural consequence of thrs process:

bp
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—d——The HAZOP T eader should: . S B
= 1 Planand develop a batch/sequential operations HAZOP process.————— N

2. Structure appropriately for operation/system to be reviewed.

3. Coach thc team on the proecss to be used.

¢, Some components of batch HAZOP techniques are as follows:

I Review of the physical Tocation of the operation and relevant engineering
— cquipmentlinstruments, - S R

— - 2 Consideration-of-the nature and proximity of neighbouring facility/operationsand— =
oceupied areas (people at risk).

3. Selection of a set of guidewords based on the llbt for sequential Qperatlons
supplemented by r_he main process deviations of “flow™, “temperature™, “pressure”.
— — ——efe: apprapn.ﬂc{o—ﬂle—na&rreot the-operation(referto Table 2y —————— — —

— Dyprcal process-deviations-aretisted-inztnnex - Table 4.2 and-hatefrprocess - —— —

deviations are listed in Table 2

4. Documenting the procedure/operation and P&IDs being reviewed and the overall
intention of the procedure/operation (or subsection of procedure).

o7

Review of operating procedures to spectfically identify key sfcps in the batch
operation. systems used, and their required state, valve positions, and process/utilities
———mterfaces These shoutd-be mrarked up o the P&ID-as appropriate——— s —

—— Smggest thataseparate P&ID -hewised to-marfcup cachrseqremial-stepsothatitis————
clear to the team the current status of equipment for that step.

6. Definition of the design intention for each step. including intended condition of the
relevant equipment on P&IDs and/or layoul drawings,

For L\Um’ph’ colowred dises can be placed an vakves to show positions (green for

apen. orange Jor i posil il Fed for elosed). 1f items are being moved during S

_ . the batch process. “models” should be used on the lavour dravvings. (e.g.. railcars
should be shown with counters or cm'orrred hlocks).

The leader should pay close atrention 1o design intent and how thar (/e:..'gn intent

changes for specific parts of the process through the sequence of baich steps. and
. - Lahe-that-inio-considerationin-the-determination-of nodes. 1t is conceivable that o SR
specifie node can have multiple design intents across the batel sequence and at
times may be inactive. For each of those states, the node should be reviewed nsing
the-buatchrguidewords—and-take-into-eonsideration-the effects-of time.equipment - — -
state. and the range of potential failires.

- Having defined the design-intention.application of the selected set of guidewordsto .
wdentify deviations and potential hazards This should include the inherent hazards of

the step as described/intended.

8 Consideration of existing safeguards referring, as necessary. to cause and effect

— = 9 Completing-the HAZOP of the P&ID for seettons not covered by the reviewof the = =
procedures,

o f.  Table 2 presents an example of a deviation matrix applicable to batch/sequential
operations.

£ “Guideword and deviations in Table 2 may be used to HAZOP;quential operations
o {procedures) supplemented by selection of guidewords appropriateto the nature of the ——— D
_ _operations and scope of the HAZOP.
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— b Guidewords-in-gshullinclude use of the-main-process parameter guidewords (relaing o -
flow, pressure. temperature. level, and composition) on associated facility sections

(HAZOP nodes) at appropriate steps in the procedure.

For sequential operations, it is appropriate fo document the overall design intention
/ P nprop,

of the procechire or subsection of a large procedure and, in addition. to consider the
———————————design-inent-and-inherent-hazards-of each-step-of the-operation-before-considering

deviarions from the intention.

— —Table 2 - Example deviation matrix-used in batch/sequencial operations. R =

Parameter Guideword | Examples of potential problems

—— ~ | Design intention of the step (what it ismeanttodo?) —

N - Inherant hazards of the step

no deviation from the intention.

Inherent hazards and operability problems with the step even if thereis |

I step

Step not done, handover problems, split responsibilities, unclear
Sequence | Omitted roles/responsibilities.

Memory lapse, distractions, excessive workload.

Checks not made or incomplete.

Step or intention only partially completed or delayed.
Incomplete | Lack of clearinformation/indication that step-intention-achieved. S -

Valve open or closed in error prior to/during step.

Lack of clear labelling.
Valve errors

~Valve closure/opening incomplete or valve passing/blocked. B -
— Incomplele or incorrect valve status list in procedure.

Too short/long | Operation completed too slowly or too quickly,

— - | Wrong-action—|

following-completion-of previous-st
Too late/early - bl

| preceding steps.

Insufficient or excessive delay before moving on to the next step or

Communication delay/error between other parties responsible for

———|-Step-done-out-of sequence— —

precedmg steps.

Wrong order Communication delay/error between other parties responsible for

wrong pump or closing the wrong valve, etc.

— T incorrectactionsubstituted for the correct action. (e.g., starting the ——|— ==

Procedure ambiguity, plant lzbelling defactive.

e = —| Pooraccess. lighting: time pressure fatigue.

| Extra action | Anothar action completed, as well as the action intended.

—SIMCPs.

Any other simultaneous activity that may have an |mpact onthe overall

safety of the operations.

————— 12, HAZOP of control and computer systems —————

a.

Control systems. \ULh as pmgr.lmm.]ble e[eutrmm, Sy stcm:. duc to then‘ mhcrent ﬂe\lbllm

and mmprc\lt}

_simultancous process. d;\muona_LIIAZOI’¢m«i_\,r.mu,u:, ho\\ .c.on.tro]..].nd.mmpuh:r e

systems can fuil and consequences of deviation from desipn intent.

The traditional HAZOP does not address issues associated with the control sysiem.

h

The HAZOP leader of a computer or control HAZOP should have an additional

competency to those Iisted for traditional ITAZOP team leaders which 1s experience in

controlorsystems HAZOPs—— —

- ———¢——The response-of the amtml--systcm—k}mie»iaxionnr4he1m{en¢ial--cause—of—a—de\:jation——b_\'farr — —

control system should be factored mto the HAZOP.
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—_ d—Based on-the 1y pes-and complexity-of the-control-systems-within the scope of the HAZOP.
a decision shall be made as to whether the traditional HAZOP adequately addresses control

svstem issues or whether a control system HAZOP (a.k a. CHAZOP) or other types of

studies are necessary.

For traditional HAZOPs, substannial knowledge of the control svsien is necded in
— ————order-to-identifi-potential-control-sysiem-induced secondary-deviations-in-response
o the original, primary deviation QOften, o traditional HAZOP can be augmented by
adding a review of the IO cards of a computer based control system. dssuming the
— ——————common mode failire-of amp-single-ecrd-fatingthe-potnts-on- that eard-ean-he— —
reviewed to defermine if uny resulting multiple simuliencous process deviations
would create a safery or environmental hazard.

¢.  The list of typical guidewords and deviations available in Annex A Table A.3 may be used
- —toaddress mteﬂnc-k—nrl—mmrcﬂ-ﬂems - =

13. Linkage to LOPA — S

I ~a. If the current HAZOP conforms to this GP; HAZOP shall form a basisfor LOPA———
o B LOPAT s applied to the hazard. not to the cairse. I LOPATiris iecessary (o consider
a hazard first and then consider all caiuses related to the hazard from refated nodes. -
LOPA is npically condicred immediarely following a HAZOP, but in some cases is
conditcted in conjunction w mfa HAZOP.

GP48-03 provides r«.qr.’m’fm nts on LOPA. Tr‘w ey m}‘ormcrrfon nee dm’ Jor LOPA
o Sron HAZOP is as follows:

-~ Process deviation and initiating caise.

T — e Consequence and severity caregory:

—_— ———e—Sgfegards. - —— — —

FOPA reliesanthe-restitaf FAZOP-for-hazards and associated-initieting-eanses—fr———
is tmportant that alf hazards and initiating causes are captred during HAZOP.,

b, The team shall identifv the scenarios that are consequence categories D through F on the
risk matrix in GDP 31-00-01, Appendices 1. 2. and 3 for evaluation in a LOPA.

¢. Thekey key participants in HAZOP should also partic 1pate in LOPA per team member
— - **dcscnphon defined in GP=48-03.— - D -
. ———————— —d——The HAZOP leader should be famtlrar with-the information required to-conduct a LOPA———
and should ensure that the information is discussed and captured on the log sheets.
If a different ieam is wsed in LOPA. the LOPA ream should spend some time 1o ger
famidiar with the process and discuss the same hazards already addressed in the
HAZOP sty

- 14 HAZOPrevalidation o B

The intent of HAZOP revalidation is to confirm that the HAZOP condhcred
- previously s consistent witi and accurarely reflects the hazards of the current
z}_?l‘a{‘[) sS4 o e S - _

a ; a— HAZOP revalidation shall be done by updating and revalidating the previous HAZOPor o
by conducting a new HAZOP (redo) or a wmhm.xtmn of the two approaches. which are
defined as to]](m 5 A

[ Update and revalidate
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= )} Muodily- and/or supplement the previous HAZOP-as uppropaateto-address : —
changes and mcidents Et..ll‘i‘ ¢ ocewrred smee the previous HAZOP and _ -

confinm that the previous HAZOP accurately reflects the hazards of the process
and that adequate controls are in place to manage these hazards.

b)  This effort may also melude upgrading the previous [TAZOT for specific
- deficiencies-orweaknesses that should have been addressed-as partof the —
previous HAZOP

In this case preferably the elecironic version of the ewrf!mga of the prewczy;_____

HAZOP are still available and usuable. Recommendations from previous HAZOP
- e ———cen-be-deteted-or-modified. — — -—

— 2—RedoPerform a-completely new HAZOP-as it it
— Some stnations conld-ocenr-inwhich the HAZOPshonld be redone-becanse-of ——— =
Jactors such as significant changes in a number of nodes, poor information
available previoushe, inadeguate documentation, eic.
b, If significant changes have taken place since the previous HAZOP. a new HAZOP of the
— — process or tacility (redo) should be completed: I there have not been significant changes —

or there is confidence that changes have been subject to an effective MOC process, it may
he sufficient to review the old study. the changes documented in MOC, changes to the PSI

to update and revalidate the [TAZOP. B o -

¢ The respensible person nominated at an operating facility shall consider the following
- B ~questions to determine if a fultnew HAZOP should be conducted: A

T I. Diddwprevious HAZOP use methodology consistent with this GP? - T

e T 20 Did the previous HAZ.OP reportrecord the studyinfult such that the hazards canbe
- identified. even if no recommendations weremade? I —

I _ ~ 3. Relevant to management of change: have potential hazards been assessed_ updates —
made to the last HAZOP as appropriate, and changes to P&IDs md other PSI madc as
— - T appropriate? - -
a ~ 4 Tlave potential lessons Iearned from previous ineidents and near misses since the Tast
= HAZOP beenconsidered? - B N
— — d—Ifthe-answer 15 “No™ to any of the questionsin-c.the HAZOP shall be redone rather than
- revalidated.

¢. For alarge facility. the view may be tlmt large parts of the facility do not require a new

HAZOP. but there may be some units/sy stems which should [have 3 new HAZOP (e.g.
— ~becuuse of the numher—el'—uhanges— inherent hazards. etey. -

£ If the decision is taken to revalidate. refer to Annex C. Table C.1 for suggested discussion
————topies-for the revalidation—A-review of the previous HAZOP Jog sheets-should consider —-

— S ——— —+——Refreshing knowledge and understanding of hazards-and safeguards-and-verifying —
that they are still valid

2. Checking for additional hazards not identified in the previous HAZOP.

3. Any change in knowledge or circumstances that might affect the conclusions
prev 1ou-,l\ reached regarding the adequacy of the existing safeguards.

4, Combining any major modification HAZOPs or change management HAZOPs into
= === themum HAZOP-of the umt-or-facrhty- - - =——t

— - - g Therevaldationexercise shatl be conducted by a team-with-the same level of expertiseas———
15 required for a complete new HAZOP. The difference is that the study length may be
significantly shortened and revalidation hd: limited ability to identify new hazards.
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Belore commencing the study-—the-followingdata-shall be-available: -

]

2.

Previous HAZOP (including drawings used)-and action item close documents.

Record of MOCs (and associated [IAZOD reviews) completed since the previous
HAZQP

Ll

r‘np\.' of current as built P&IDs

Record of process related incidents-and near misses since the previous HAZOP and. B

actions taken following the incident investigation. Incident data that occurred in

3

similar operations should also be available,

Resolution of previous HAZOP recommendations.

Before commencing the study. documentation and information in 9.2 should be available:

The team should document the revalidation in report form and forward the report to

persons responstble for site- document control-at the site for-sterage-of thisreport. ————————

oo Page 39 of 57 "
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— AnnexA

Guidé&ords a

(Info

nd deviations for HAZOP

Table A1 - Guidewords for continuous process HAZOP _

— | Guidewords ~Description————————— —— Remark-
| Mereof | Quantitative increase of any | These refer to quantities + relevant physical properties, such as flow
relevant physical property. rates and temperatures, as well as activities, such as “Heat" and
= S— — | "Reaction”, o = (AR
Less of | Quantitative decrease of any o
o - relevant physical property.
— ——{No;not-or—|-Complete-negotiation-of the —No-part-of intentions is achieved and-nothing-else -happens—
nong design intention.
a o - As well as Qualitative increase of any Design and operating intentions are achieved together with some
S — relevant physical property. | additional activity _ B
Part of Qualitative decrease of any Only some of the intentions are achieved and some are not.
S I relevant physical property. = -
— | Reverse Logical-opposite-of intention. | Mostly applicable to activities. For example, reverse flow or chemical |
reaction. Can alse be applied to substances (e.g., “Position” instead of
- — | “Antidote™ or D" instead-of "L opticalisomers. =
Qther than Complete substitution. No part of original intention is achieved. Something quite different
happens.
B - Table A.2 - Deviations for process HAZOP
— = Deviation——— —— Causes —— — —
B B More flow | Bypassvalve open Waorn or deleted restriction Large leak .
Increased pumping capacity orifice plates Wrong valve open
o N - Operation of pumps in paralle]  Crossconnection of systems Wrang lineup or misdirected
_ E— | Reduced delivery head— Control faults_ . flow o
Change in fluid density Control valve trim changed Slug flow
- Exckid ngr tube leaks - Control valve fails open Water hammer I
—— — S — Burst-pipe Increased flow-from-upstream
process
- [ Less flow Line restriction ~ Fouling of vessels, lines, Inadvertently throttlad valve
— — |Filter-fouled ~valves. or orifice plates Incorrectvalve sizing———
B B | Defective pumps Density or viscosity change§ ~ Wrong lineup -
Competing pump heads and Surging
flows
o - _No flow Blockvalveclosed ~ Equipment failure (control Isolation in error —
Wrong lineup valve, isclation valve, pump, Power failure
—— — — ———vessel-instrumentation; etc.)- T e
Slip blind installed ool Gl s Plugged line
- — —Hncorrectly instalied check QN valve fal's Cose —
valve Incorrect pressure differential
o | Reverse flow fu’lalfunctioning‘ omitted, wrang  Siphon effect Wreng lineup or misdirected
———— - B ———— 'erif d]md“-"@h‘es’t'(n"teuthatghcorrect cifferential pressure—— oW ——
check valves are not usually In line spare equipment
= —— 1-bubble-tight or-positive shutoff— Two way flow i 3 p z =
devices) Emergency venting Connections to utilities (water,
— = N flush-systems, etc.)-
S ) | Misdirected Valve open in error or passing allowing material to be routed to an unintended location
flow - B - B
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| Inadequate guality control

Explosive mixtures

Deviation ——————Causes =
| Wrong | Humaneror  Line restriction _ Defective pumps -
percentage Malfunction of control valves Filter fouled Fouling of vessels, lines,
valves, or arifice plates
— [ Contamination | Leaking valves —— impropermixing- Wrongadditives or catalysts—
COmMPOSItIon | | eaking exchangertubes  Ingress of air, water, or rust__ Catalyst poisons I
Changes to feedstack Identify nitrogen interfaces to Preparation for shutdown and
| Stream composition iz ~startup operations
. |_Stream-contaminants Inadvertent mixing. Solvent flushing

Phase inversion

Process control upset reaction
——-intermediates —
Byproducts

____(especially services, blanket

Interconnected systems

systems)

——Towertray-damage ——

“Sphere rollover

Wrong material | Human error

Leaking exchanger tubes

Stream composition

o Leaking valves —__ Changesto feedstock _Stream contaminants
—-High-prassure—-Design pressures Inadequate-or defective ———Failure-of sjector/aductor——
Specification of pipes, vessels, isolation procedures far relief system

N fittings, and instruments valves ~ More reaction

Pressure range for-abnormal
operations

Leakage from interconnected

Thermal overpressure
Positive displacement pumps
Control valves failed (closed or
open)

Pressure testing

—Plugged-pressure tap —
Obstructed relief

Excessive heating

—|-temperature L ampientconditions
| Fouled or failed exchanger

tntermat-fires—
__Reaction control failures

o ey e e ey Sorargerpmten (-
— Gas breakthrough (inadequate——SP2re-pump ———— ———— S —
venting)
| Low préssure/ Cooling Comﬁrésa suction line Biockage of blanket gas
—[vacilm —[ Condensation ‘Undetected leakage ~Failure of vacuum relief
| Gasdissolving.in liquid Vessel drainage procedure  Inadequate NPSH

Restricted pump

| High Fire situation - Heater control failure Decoking -

~Heats-of reaction— 4
Mixing, reactor hot spots,

tubes

1 — | Cooling-water faiture—————

_Air cooler malfunction
Defective control

Heating medium leak into
process
Heat tracing
Regeneration

decompeosition, or runaway
—reaction,absorption, or
solution.

Burn pratection

Leak——
Drain valve left open

————Faulty tevelmeasurement

Incorrect calibration

: foee e - ______Abnormal operations.
Low Cold weather operations Fouled or failed exchanger Joule/Thompson effect
| temperature | Ambient conditions fubes ~ Endcthermic reaction -
Reducing pressure Loss of heating Control failure
= = _ —Depressuring liguefiedgas — =
High level Outlet isolatad or blocked Filling operations Interface level control
T Inflow greater than outflow Liquid In vapour lines Phase inversion R
Controffaiture ~ Vessetoverflow ~ Slugflow
S Faulty level measurement Deactivated level alarm Condensation =
Incorrect calibration Inadequate time to respond
Low level/ Inlet flow stops Control valve malfunction Plugged instrumenttaps
no level

inadequate-residence-time
Inadequate mixing, excessive

Two phase flow

Outflow greater than inflow

—Gas inliquicHines

heating

| High reaction
[runaway
reaction)

Virong reactant mix
High temperature

_Incompatible chemical

Side reactions

BP-HZN-2179MDL00407816



12 June 2008

GP 46-02
~ Hazard and Operability (HAZOP) Study

——'—"Be'viatiun - B GWSCE — ] -
e Low reaction/ | Wrong reactant mix Insufficient catalyst Channelling L -
no reaction Low temperature
(incomplete
reaction) o
Reverse Wrong reactant mix Insufficient catalyst Channelling
B reaction Low temperature i 5 ==
- —Side-reaction— | Wrong reactantmix——Insufficient-catalyst ~ Channelling - +—
) Low temperature )
Wrong reaction | Wrong reactant mix Insufficient catalyst Channelling
—— | Low temperature _ o
Excessiv | Agitator set at wrong speed = — = =
mixing
| Poor/no Mixing | Agitator set at wrong speed Agitator blade drops off Poor mixing D
— | Drive stops Coupling failure —Nao baffles —
- Relief Design basis for relief: How is overpressure protection provided?
Relief for process Effect of debottleneck onrelief  Relief composition (e.g., two
— ———({normal/abnormal-fire, —— —capability —— ———— ——phase-flow)—
o startup/shutdown conditions)  |nstrumentation/SIS to reduce  Maximum liquid rate vs. design |
What is the controlling relief load capacity
+{— | scenario? — Typeofreliefdevice-and — Tower liquid overfill —
3 == pe- 1qd
Changes affecting relieving reliability Relief for reactive chemicals
requirements (insulation Atmospheric relief valves ; i
Materials of construction
— removal-CV-change. new ~(discharge focation, plume————_— _~ ===
| connections, etc.) path, dispersion modelling, risk _Hea!‘gtgg_lnfftemperature of -
Backpressure on reliefvalve  associated with discharge) THpAt-CIaKRe:
R | vs. design RV set pressure vs. MAWP
Path for relief protection and can it be impaired? -
B Blocked path/relief valves Plugging/buildup in relief ~~ Failure of administrative o
| Restricted-infet/outiet fines- system (hydrates, ice, weep_controls —
holes plugged, liquid buildup,
=} —loss of heat tracing.etc.)— —
- ] - Preventive maintenance: inspectiontesting results B
Isolation philosophy Is a spare relief valve needed Location of relief device
— toachieve thetesting interval? — -
IS | Other - = - _
Envircnmental implications Near miss incidents Rupture dlSkS under RVs -
- Frequency of relief valve use  Stress on RV inlet/outlet piping jare?surz b:m:eigdvtang‘ ;y o
- - , f ) i _rupture disk checl o identi
Rehefdewce—exposed to— Vibration-of piping/headers rupture disk leakage?
abnormal operating
B | temperature orpressure - - B -
Rupture/leak Hazards
= Toxicgas —Potential RMP worst case or alternate release scenario
Fire/explosion patential - impact on personnel/communltyfenwronment!surrnundmgs
= S B pessiie ——(major-accident risk-potentiat)- —= -
g pressiie lmpac’c on occupled bmldmgsfnearby trallers
= = Temperature R I -
B i _| Local vs. offsite impact -
Cetaction
1 Methods - Visibility Video monitors o
— 1 ——— | Timerequired—————— Odourthresholds — —Routine-checks =
S R Fire and gas detectors/alarms -
Mitigation
by
"D o T - - Page 4Zof 57
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— ————1—Deviation ————————————Causes ——— = —— =
—_—— =— Methods available _ Containment methods ~ Inventory reduction - .
Isolation points Emergency operations in spill Emergency shutdown
Duration of leak area arrangements
Proceduresitraining —— =
. _ = Protective systems - —
Turret coverage Firefighting strategy Emergency showers/eyewash
- o - Fire crew availability/response  Required response ) ~ stations o
- B | fime — Alarms Location of SCBA . S
- Deluge system Evacuation procedures Emergency training -
Prevention: See equipment integrity for root cause elimination
- N Instrumentation | Critical Instrumentation Alarm and trip testing Failure mode of control valve T
- . I NeedforsSls————— Sﬁmmntteﬂingi e or final control element = —
SIL frequencies Out of range failure mode vs.
o a - mgy— o ~ Confusing alarms T"?f‘:?oss'b'etc’:"m 1
— o ~Locationotinstraments ~ Fire protection _lLackofdocumentation .
R Lack of instrumentation _ Panelarangementand  Computercontrol )
; location Mechanical and PLC interlocks
Information/alarm overload - )
— e i i —Aute/manual-facility-and —PLC failure-mode-andits —
ns rumerlw response time hummarn sror effects
o o i nterve :n“ taiolible--for operator ‘Sample devices Bypassad interlocks -
Set points of alarms and trips Failure made of transmitter Defeated alarms
- Chemical Undefined chemical Chemical interaction matrix ~ Chemical storage excess |
— | -hazards. | stahility/reactivity. {nadvertent mixing Phase inventory S—
Unique hazards of chemicals change Different fire protection needed
D | and methods of control, Phase sepérﬁiﬁ' I forchemical o
I . - reactive chemicals ~ Flammability Effect of heat tracing =
Instability/decomposition, such Toxici Disposal
— — (-as-ethylene-decomposition———— Loxcity e e
) Health effects Phase inversion
. L o Runaway reactions e P o - o
PR : MSDS information Azeotropic boundary
Initiating mechanism ot 5 ; .
— Detection-of leaks Compatibility with chemicalsin | N
drainage/sewer systems
* E—— - | Physical Properties™— = ===
— e _ —| Vapour pressure . Particle size _ Freezingtemperature
Saturation points of chemicals  Settling of solids Fouling or plating
| Solubility Sublimation ~Viscosity )
- — -Crystatiisation- = e —== -
—_— | Equipment | Results of equipment __Temporary fixes (clamps,  Injection/mix points —
integrity inspection and testing plugs, etc.) Soilfair interfaces
Fitness for service Identify dead legs Buried piping
~ | Corrosion/failure mechanisms ) - - __ ) o
—— = —Internal/external corrosion Fluid-vetocities— ———— Stagnant/low-points———
- N Corrosion under insulation Vibration o _ Failure of tank or basin liners
Emobrittlement Stress Integrity of flanged Joints
T o Stress corrosion cracking Fatigue - N Structural damage R
S | Subtle composition change —_Small bore pipe —Abandoned or out of service
Possible contaminants Equipment operating outside equipment
o o - (chlorides, HiS, water, - acceptable Timits Mothballing techniques i
- | ammonia, etc. ————\Nater hammer/surging  Conditionof gratingand [
Erosion handrails
o - L | Prevention_ B -
bp . —
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—Peviation ———Cause = =] =—
- Appropriateness of Do inspection and test plans  Underground piping protection . S

specifications/materials of address the potential damage  gjeaning/testing/monitoring of
construction mechanisms? equipment, such as piping,

| Compatibility with process— Are inspection/testing texchangers, | =
conditiens and process fluids techniques specified likely to flexible hoses

- = ~Adequacy of inspection/testing nd expecteddamage? ————gapwyertical equipment |
o frequency and procedures RBI ) ls equipment designed for |

Has all equipment been PMI Construction QA/QC inspection?

- evaluated to determine-ifit ——camgdic protection ~~ Testing of emergency B o
needs an inspection and test arrangement equipment
plan? Carrosion inhibitors

Ignition Static eletricity B ___
—_— Earthing{grounding————Splash filling of vessels Temporary-earthing——
- - arrangements Insulated strainers and valve (grounding) for -
o | Insulated vessels/equipment components loadingfunioading -

-Low-conductance-fiuids————Dust-generation-and handiing— M for sarthing (grounding) —

Hodas systems
Open flames
o Flares Filot lights - Fired heaters o
| Other sources———— -
Location of vehicles Loss of purge to panels Hot work permits
- | Vehicle traffic Lightning - People in area N B
Vehicle entry Hot surfaces Nonintrinsically safe equipment
~ | Electrical classifications Hot work/welding B | -
B —— Flammability — . _ =
B Auto ignition Flash point Fire triangle
l.]pper and lower flammability Metal fires - _ - o
| limits i ==
Service failure | Failure of -
Instrument air Hydraulic power Contamination of instrument
T Steam Water orother ~airnitrogen- — ==
Y [S— | Nitrogen _ Power loss/blips/failure modes  Telecommunications - ~
Cooling water Trip delay for power failure Heating and ventilating
——— — systems——————— = =
- - DCS system -
Failure Viruses Backup
Lossofview _Reliability ey -
——Protection systems — = 1 -
Deluge systems Firewater Emergency dump
Hydrocarbon detectors Foam Previous failures

HIGHLY CONFIDENTIAL *
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Hazard and Operability (HAZOP) Study

Deviation—— € -
Abnormal VWhat are the potential abnormal operations and is system designed for it? - -
operation Extended operations Fire Cperation of common spares
Purging Turnarounds Loading/unloading of trucks or
B Flushing ~ Off shift operations i aifcars - T N
Removalofsolids— Shitchange — Spills/spill containment_ S —
. Contaminants Flaring Erihion glanst I
Water or air, etc. Bypassed safety devices Bypassing procedures
- “Startup Bypassed equipment/controls — YVorkarounds————— .
— - s | Normalshutdown  Time (sequence) Using extraordinary effort ) o
Emergency shutdown Startup following emergency Extended shift schedules
N Operations under emergency ~ shutdown - Previcus incidents and near | -
- | conditions Regeneration misses - | =
Severe weather condttions Decoking Use of contractors
B Spills - Filter changeis o Written procedures (accurate, - o
- updated, followed) B
Sampling Is sampling required? Sampling apparatus Diagnosis of result
o ~ | Online vs. manual sampling Environmental, compliance Industrial hygiene (personnel
—_— . — . |s..the_sam.p[i.gg_devica.and points - == e — axposure/ m,‘mm)i . .
location appropriate? Spill and leakage monitoring PPE required
T o Is sample return point ‘Sampling procedure Sample disposal o o o
EPPFOtFIJFIEE;.‘ for abnormal Time for analysis result Operator intervention
— - S o?era i ——___ Calibration of automatic Process changes because of | —
_E‘SRE%ENSETP"”Q (hot/cold, samplers sample result
I ———— - ThgRAO plesSies oS R BT T & thers an inspection and fest |
- _ | Hazards of gaging tanks/silos  representative sample ~ plan to ensure the integrity of |
Purpose of sample sample cylinders?
— | Maintenance “Preparation B - — -
—_— | I | Verify equipment can be properly isolated and prepared for maintenance. including: e —
Isolation philesophy Drying Hot bolting
Drainage ~ Opening linas ~ Equipment LOTO procedures, - )
S - ———Purging-— Blinding———— ~including isolation lists =
Cleaning Risk of metal or packing fires

General issues

- Work required an operating
equipment
vessels with hazardous

| atmosphere)
Rescue plans

- (live”, "hot”. "active”) ______ preventive maintenance

~Confined space {entry into—

Procedures (verbal, written}

—\ent-discharges near work— -
~ Predictive maintenance areas - 7
Accessibility Contractors
“Training ————————Nitrogen-asphyxiation risks

Control of work permits Golden Rules enforcement

-+Equipment-installation/demolition— S

_ | Hotandcoldtaps

Pressure testing

Pneumatic ;ie_s__sure testing Pile driving B
Overhead lifting

| Sparing philosophy

————-installed/noninstalled spare——Modified specification —Catalogue of spares —
| equipment Storage of spares Testrunning of spare
Availability of spares B equipment
b
i = =  Paged50of57 -
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- - . Hazard and Operabifity (HAZOP) Study

s Deviation - — Causes ——————————— — —=
_ | Equipment | Accesstolocalfield  Fire protectionsystems ~ Location of occupied buildings | -
siting instrumentation Location of breathing air vs. process hazards
Accessibility to equipment and  apparatus Entry into flare exclusion zone

—— ———{———valves (maintenance hindered | gcation-of LELs and/or toxic——Locationaccessibility of |
from accessing equipment (i.e..  gas detectors and adequacy of  emergency isolation valves

o SRR e 10 yaes neededto T coverage Need for litingheavy | o
e = . __ﬁ] ai?it‘ena‘r?ce‘? ——Location of nearast emergency equipment over process lines -

shower and eye bath i
I - = _| Equipment spacing — ‘“'T"“"f_'y't“ g smmissior Tripping hazards. o
standards/codes applied — Location of vents and émission  pjacement of trailers

B sources vs. people
| Escape routes

- —— } Previous— | Incidencesatsimilarprocesses - - - B
incidents HIPOs/MIAS

- I | Review of any previous incident with having potential for catastrophic consequences, including near o
mi . - :

Undocumented incidents

VWere hazards addressed by the incident investigation?
— : —f{————Were recommendations from the incident investigation resolved/implemented? +
Were root cause(s) of the incident resolved?
Human factors | Interfaces with process

o | Ability to read or confusion with Aulo restart ~ Confusionoverinformationon | T
gmal i1'1s.trum«‘:~|ntf.1tinnE el Gaging operations rcnoaﬁsuat;rr?"f;egzérerf& too
onsistency (layout, labelling, ians] i £
o - B R | operation asét=ony. instrument'gw g?:xj;ii:;s::bemng_ displays?) ___ o -
. : spans,ete) e _Methods for detecting process. -
Actions during an emergency Sa‘l:;f'o" on operation of problems, failures, status
T T Automatic vs. manual control —Feedbeckunciengesmede—|
- — — | Human capabilities = = = == E— =
— = | Potentially hazardous tasks ~~ Complextasks Adequate tools forjob
Fitness for task Ergonomics Confined wark space
o ] - | Infrequenttasks Experience levels ~ Inadequate lighting L
—- — - Opportunity for operator-errors— Competency-— Night work——— —
Physical work environment Unclear responsibilities

Administrative controls
~Changes affecting procedures  Procedures extending across Administrative vs_engineered

S S S | or safe work practices _shift — safeguards S
Confusion over procedures Variances from written Trainin,
S — e —— s— - — procedures - = e
S | Environmental | Potential sources and impact of environmental incident or excursion (range of operations, weather, |
etc.)
Solids
—— —————— —— [ Fitter elements —Catalysts — — —_——
R B | Spent chemicals Residues .
Liquids
- I Scil contamination Pickling fluids Collection/disposition of -
— = — [ tnderground piping feaks —Discharge-and drain points - drained fluids and final —
-~ - | | Falled tank or basin liners Hestinatisn B
Air emissions: {(gases and particulates)
o o - | Flaing ~ Point source ~ Odours a N
== — — | Fugitive——————\Vents———————————— ——Atmosphericrelief— —

Mitigation
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— ——————————————————= - ~ Hazard ana Operabifity (HAZOP) Study

E——ss ——— | Deviation—|——— - Causes — ——— ——
- _ _| Proper disposition/treating Reclamation Scrubbing/adsorption I
Storage of chemicals and spill Recycle/recovery options Options for reducing
containment/abatement Methods to reduce flaring greenhouse gas emission
- 7 | requirements — - Equipment specifications ——
— ! | Waste treatment
Compatibility with WWT or Discharges to waste treatment (different chemicals, creation of or
~ | alternate treatment methods™ changesto solid waste streams, process wastes, increases in —
- - - Excessive water usage loading or increases in concentrations, pH, etc.) |
Surface water
T = | Other _

— | Contingency plans for handling —Impact of Spill Prevention, Control, and Countermeasure (SPCC),

leaks or spills from equipment  Oil Pollution Act of 1990 (OPA90), Resource Canservation and

— Recovery-Act{RCRA), Comprehensive Environmental Response. |-
Compensation, and Liability Act [Superfund] (CERCLA)

Noise to community
e ‘[ Designchange — —

VVhat is the potential effecton  Capacity creep vs. permit limit_ Does equipment need to be
permits for air or water (i.e., included in VOC monitoring?
— - - NO/SONOC/HRVOC — e E— - — —
generation and applicable

— — | pemitfimits)p ——————— =

Safety Unique situation or unrecognised hazard

| Status of written operating and maintenance procedures (available, accurate, updated, followed)
Accuracy of PS|

| Hazards created by others and contingency plans - (adjacent storage areas/process plants)
—_— ———-Compliance with-local/national regulations-and codes—————— ———s
Location of safety showers/eye wash (10 s access)

Housekeeping in dust environments
| Industrial hygiene

| Firewater disposal

I - 1 PPE -~ MsDs Antidotes/decontamination
Neise levels Health map Liting (back injury)
o T | TLVs of proé;ss materials and  First aid/imedical resources/ ) R
— ———-methods-of detection— — supplies —
- . Security
Monitoring Entrance control
- I ____ | Vulnerability - DCS security. etc. B o

~ Table A3 -Deviation for interlock and control system

| Deviation | = . ____Deseription —

Nao interlock Causes
y = What hazard does the interlock address?’
_| Does the interlock address all causes of hazard?

Consequences
— ==l -~ | Determine-consequences-ifinterlock failed to-activate-or-if there-were-no interlock. —

Safeguards o ) )
Identify all other safeguards. layers of protection that either prevent of mitigate hazard

- ——— = ————Recommendations S = — —

Formulate a recommendation if the safety Integrity level required by the process has not been
determined. B o I ——

Rank the recommendation based on severity of the consequences and its Likelihood without benefit

of the interlock.

o ,I?p = — — Page 47 of 57 o
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—— |___Deviation—

—————————————————Description—

_Interlock input

Review input to interlock

Other inputs needed
Inputs from other interlocks or mstruments

Purpose of input
Does input adequately detect hazard/concern?

Can input cause trips without a hazard? Bypassed/malfunctioning inputs ]

— | Interlock—— |- Review-output-of interlock —
- output _Purpose of output N Are unnecessary actions taken?
Does output adequataly deenergise Are required actions missing?
1 — | hazardfconcem? - Required output to other interlocks
-~ | Interlock Review-impacton-process— ~
activation Does activation create a hazard (upstream or Equipment still operating
- | downstream with pressure, tempsrature, level.  poes the interlock cause the process st taltan
S — _flow, reaction)? = safe state?- —— -
Does activation damage equipment, foul What are the effects of interlock activation and
= ~ | process, or cause extensive problems? are they acceptable?
- Venting _ = = = |
Reset of Automatic reset Staxtup bypasses
- | Interlock™ Component reset Fails to reset - -
~ | Purpose not— [ Bypassed— - Cardfailures—— = i
o B achieved Inadequate testing/maintenance __Insufficient redundancy
Operator fails to reactivate Switching of interlock inputs/cutputs
Mechanical, electrical. or signal transmission
e . | failures (see detailed fist in-Annex-A) = —]
B | Lackof | Required operatorintervention. Operator does not have clear and immediate

information for

Adequate warning of impending activation? access to pertinent process variable data

S [ PPe | Operator does not know if nteriock has Algarithms may be too complicated for operator -
activated or control [oop failed to understand the relationship between variables |
Operator cannot tell why interlock has activated _ Alarm status to interlock status not clear
| Erroneous | The team should discuss what happens if an interiock operates when it is not suppased to do so
activation | (e g ifitis supposed to be activated by high temperature what if it activates ata lower

-lowerratio- than-intended?)

temperature? If it is activated by the ratio between two flows gomg too high, what if it activates at a

Consider equipment failures

Wiring malfunctions

~Adverse effect/

Can any other interlock or loop malfunction in such a way as to cause the Toop under consideration

other loop to malfunction?
Inadvertent Can the operator easily identify this circumstance (e.g., normal level shomng on analogue process
alarm [ variable but separate discrete alam-activates)? =

Operator fails

Define actions required by operators I

to act

Why the operator might not respond to incorrect operation of Interiock or control loop

| the process that has alarmed

Too many alarms go off at the same tima
Alarms are acknowledged without operator looking at the display screens associated with the part of

Operator might not understand procedures or may have rorgotten system knowledge
| Procedures may not cover all circumstances that can cause the alarm to be activated

Multiple inputs to single PCS atarm-or-alarm located remotely- orat a-separate panel

__| Wrong

The team discusses why the operators may fail to respond correctly

operator action

Operator misjudges system state Incorrectly times task actions

IHncerrectly recalls response strategies

Misuse procedure ~ Misuse controls
—Resets-controlier- mode-incorrectly
Misreads displayed data

Page 48 of
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Deviation — — Description —_— e —
| Incorrect | Ifthe interlock requires multiple steps, are they in the right sequence (e.g., if the interfock shuts B -
sequence down the facility, can it be dangerous if some actions happen in the wrong order?)?

Can the sequence be monitored step by step for verification?
———————Canstop-hold-points be-imptemented for troubleshooting ifneeded?————— |
P | Time delaytoo | Programmed delays? - Response to interlock {automatic or operator) not quick enough to achieve

lang desired effect
| Time delay too | Notenoughtime for operator to evaluate alternatives T - .
- B | short
Service failure | Does interlock fail safe? Instrument air Is there redundancy?
T ~ | Impactof service failures — Power - Is an uninterruptible power | o
_— Signal Can cperator shut down blind?  SUpply needed? e
Recovery What steps and sequence are necessary to recover from the interlock trip? Resets? Reoovery tlme'?
- Consequential damage? I
— —————————-Abnormal [ Interlock operation-during-startup -shutdown— e — = e =
operations  Special proceduras

Fire (or other emergency)
| Restoration of program - B s
| Downloading =

How do you test the interlock (is online testmg reanredT}')
'| Evacuation of control room

What are out of range values for interlock, and does it cover potential range of abnormal
- | operations?

o R ———— __ Table A4 - Deviation for facility siting

__Deviation Description -
—————— Occupied buildings or——{-Is-the-construction design-adequate-given-the-hazards-of the-operation? Is the building —
high manned areas within a blast/fire/smoke/toxic zone?

What is the size of potential events/affects of ventilation/wind conditions?
———— —————— {f this-information-is not known. a more quantitative-analysisisrequired. —

| Response to event Can persennel respond appropriately in an emergency? Does the facility have the
following?

Means of communication during emergency = o i -
Alarms SR

Assigned responsibilities

Evacuation procedures

— dentified-safe-havens and muster points- B —

Escape routes

Visible wind sock

Multiple exits

Trained personnal ————————— ———"—

Signs and directions S

Emergency power

Procedurs for total abandonment

— ——Accessto medical-facilities —— ——= -

Emergency responders

Have drills for emergency response been conducted? How often? Are the Ieammgs from
— = — | the-drills communicated to-persennel? s =

HIGHLY CONFIDENTIAL ' T . BP-HZN-2179MDL00407824
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o Be‘fia.i\lll B o _7whn7777 R —— B =
Profective equipment | Is the following equipment available if required? o o |

Fresh breathing air
Escape air packs
Scott air packs
—_— = - — | Isthere a shutdown system?- s itautomatically-activated? " S
Is there a fire suppression system, sprinklers, extinguishers, etc.?

Fresh air intake Are fresh air intakes located to minimise contaminants and toxic gases? Isthere an
— —— | [-automatic shutdown-of the HVAC system-in-the event-of afelease? — — — -
- Housekeeping Is housekeeping at the site good? -

Is equipment stored in appropriate places?

o T IAre exits and walkways cleared of debris?
= —|-Containment | Inthe event of a liquid release, can the release be contained? Does containment consider ==
the following?

Depth of liquid pool

— — Wave affect — —
Secandary containment
Drainage and sewers in containment area
Location of ignition sources
_Method of isolationandcleanup _ _ i —
Drainage/sewers Have the drains and sewers considered the following?
Spill velume versus dralnage capacity (including deluge and fire fighting water)
Drainage direction - ) ' -
Slope—— - — — ——— —
Spills inte ditches
Drainage destination
Method of cleanup
— —_— ~| lgnition- ————-Are-there-policies and-procedures-in-place-to-contral hot work and-ignition-sources? Does it | —~
include static electricity, vehicles, hot work permits, cameras, etc.?
| Are known fixed ignition sources (heaters. etc.) beyond the range of credible releases?
— Fire-protection——— |- Has-a fire-and-explosion-assessment been completed?— — — —
Is passive protection in good condition?
Is there a fire fighting strategy?
o o - | Are personnel trained? Are drills conducted? - o o
= — | Is the equipment maintained and inspected? - ~ -

Effect on surroundings Has a review been conducted that considers the potential onsite footprints from different
S hazards, including explosions, fires. and foxic releases? -

~ ——|-Does the review consider knockon-effects to other equipment? — ——
Are there appropriate detection systems with alarms?

B Is this information communicated to employees and used during drills?

Effect on other areas Has a review bean conducted that considers potential offsite impacts from the site?

o - - ~ | Have the community and mutual aid responders been made aware of potential-hazards ——
and what to do in the event of an emergency?

- B N T ‘Page 500f 57
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~Hazard and Operability (HAZOP) Study—

Annex C N

{Informative)

Discussion topics for HAZOP revalidation

Table C.1 - Discussion topics for HAZOP revalidation

Topic

Points for Team Discussion

Process hazards

Hazards of the process and effectiveness of control

Flammability
Vet

Health effects

—asethylene decompesition  petection ofleaks—

MSDS information

|_stability/reactivity

| Undefined chemical

Reactive chemicals

—Inadvertent-mixing—
____ Phase change

Instability/decomposition, such

Runaway reactions

Phase separation

Chemical storage excess

Initiating mechanism

—Different fire protection———

inventory

needed for chemical

| Disposal

i-Phase-inversion————
| Azeatropic boundary

Effect of heat tracing

Compatibility with chemicals in drainage/sewer sysgms
Physical properties

Vapour pressure

| Saturation points of chemicals _Sublimation

Settling of solids

Cross connection of systems
(high/low pressure interfaces.

Nz to process interfaces, air to

S I B Solubility Fauling or plating process connections. Nj to
Crystallisation Viscosity instrument air)
—— Particle size: = = -
—_ = | Rupture/leak | Hazards . R _ - e
Toxicity Temperature Potential RMP worst case or
- h o Fire/explosion potential Potential offsite impact alternate release scenario
- S L { High-pressure— — = Impact on surroundings
. Detection
Methods Visibility Video monitors
Time required - Odour thresholds Routine checks
——————s = Detectors — = —
N Mitigation
Methods available Containment methods Procedurestraining
- I ~ | Isolation points ~ Emergency operationsin spill Inventory reduction
S - — — | Duration of leak- — area - i
Protective systems
| Turret coverage Firefighting strategy Evacuation procedures
Fire crew availability Required response Emergency showers/eyewash
— - Deluge system —— Alamns — ——stations— A
- - - Location of SCBA
Prevention
- ] | Root cause elimination Mechanical stress Defectidentification
— Materials of construction— Overhead lifting procedures. Inspection-methods
- - Maintenance/mechanical Overpressure protection
integrity procedures ~ -
——— | Environmental- Potential sources forenvironmental incident or excursion——— —
- _ o | Sclids
Filter elements Catalysts Residues
N I Spent chemicals — B *’ -
_— _— Liquids - - — — — — |-
_ - _bp — — — — n _ :
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| Soil contamination ~ Pickling fluids — Collection/disposition of o o
Underground piping leaks Discharge and drain points drained fluids and final
e e 797 = pp__g_ 9 P destination- SN —

Failed tank or basin liners

Air emissions (gasses and particulates)

— ———Flaring- ——Pointsource——————————Atmosphericrelief ——— —_——
- o | Fugitive - Vents - Changes to greenhouse gas -
emissions
—— ____Mﬁyﬂﬁull == = — = = | - o T
. | Proper disposition/treating  Methods to reduce flaring  Options for reducing o
Reclamation Scrubbing/adsorption greenhouse gas emission
o o Recycle/recovery options - ) — Equipment specifications - o
——\Waste treatment — = = — —
o ! - | Compatibilty with WWT or alternate treatment  Discharges to waste treatment (different -
methods chemicals, creation of or changes to solid
S S | Excessive waterusage -~ wasle streams._process wastes_increasesin |
loading or increases in concentrations, pH,
S e S ] - s
Other

Contingency plans for handling leaks or spills from equlpment
| Impact of SPCC, OPA90, RCRA, CERCLA, etc.
— ———memmm —————-Besignchange — — - —

What is the potential effect on permits (air or Does equipment nead to be included in VOC
water, i.e.. NO,/SQO,/VOC/HRVOC generailon maonitoring?

T - ~[andapplicable permit timits)? — R -
- _ | Capacity creep vs. permit limit -~ pdoursource——————— [
o o | Previous | Does a system exist for effective and timely closeout of all PHA/HAZ OP recommendations? B

recommendations | Does the system mc\ude means of venfymgthatthe recommendation was cornpleted or
B . — — ———{-dismissed?-If so, - how? — —
| Ifa recommendation was rejected, is there sound evidence as to why? Does the hazard still
exist?

—— = —| Ate there any rejected recommendations that the revalidationteam-believes-should not have =
been, and wants to reissue?

Did the action taken based on the recommendation require any further safety review? Was it

done? _

Effect of revisions | Overview of changes made since the last t HAZOP from the perspective of the system as a whole,
- o N | versus the individual changes.

— e —————|-Is there a system for MOC? Does the.system Include identifying the need for a HAZOP?

Were there any revisions that required engineered changes? If so. was a HAZOP completed for
the revision?

-— ! Were-there-any-changes-to-an-alarm or safety system?-1f so, was a HAZCOP required-and —
completed if necessary?

Did any of the changes require medifying the operating conditions outsu:!e 1he operatmg range’? If
— B — 1 sorwasa HAZOP or safety review conducted? = 0 -

 Did any of the change require a modification to the chemistry of the process? Did the change(s)
require modification to the timing or sequencmg of the operatlons? If so, was a HAZOP
N completed? —

Did any of the changes reguire modifications to the maintenance procedures orschedule? Does
- the change affect safety or the environment?

— - Have process conditions or fluid compositions changed gradually over time without an MOC or -
safety review being performed?

“Change in staffing level
. L — Operator experience - - — — —
Changes to safeguards
Chaﬁgeé to equipment reliability

e '—'——' | Changes to safeoroperating limits e =———=— -
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Previous | Were there any incidents or near misses since the last HAZ OP? If so, was there a thorough_ - o
incidents investigation, and was the pertinent information shared with those involved in operatmg and
— - maintaining the process?- e — —_ e — —
Were there any incidents from outside the facility (other BP facilities or industry) from which
learnings could be applied to the process undergoing HAZOP revalidation?
Did any changes take place as a result of the incident investigation? If so, was the MOC - T
- - procedure followed? Was a HAZOP completed if necessary? o
PHA quality Are there any known causes of process incidents that wers not adequately cnvered in the
— — I -baseline PHAs? Have-afl-causes beenconsidered? - —
_| Are there any engineering or administrative controls and their relationships that were not fully
discussed in the baseline study? Are there any ccnsequencesthat were not fully developed in the |
— {-baseline - S - -
Were safeguards valid and fully documentzd? - ) -
Gaps in PHA documentation
— — | Equipment previously not teviewed - - —
_ | _Facility siting | Plant siting . _ — . - -
Blast overpressure Evacuation plans Site specific natural hazards
- Spacing criteria Fire suppression equipment Damage due to vehicle impact | -
= - Design-andlocationof Reliability-of-criticat-buitding— Emergency vehicle-access——|—
portable and permanent __equipment ) Control of motor vehicle -
occupied buildings Toxic releases access
= — | Changestobuilding e Unauthorised-access ———
occupancy Equipment setbacks Buried equipment
. . | Extermalevents  Equpmentspacing ldentficaton I .
| EgressToutes Containment Electrical area classification
= L Segregated sewersystems. ———— Surface drainage —
Equipment siting
Access to local field instrumentation Location of nearest emergency shower and
o - - | Accessibility to equipment and valves ~eyebath I o
S S | (maintenance blocked from accessing ~Location of vents and emissicn sources vs.
equipment, access to valves needed to people
= — | prepare-equipment-for maintenance) Location/accessibility of emergency isolation —
Equipment spacing standards/codes applied valves N -
Fire protection systems Need for lifting heavy equipment over process
| ~ | Location of breathing alr apparatus ——fines- : ==
R B B | Location of LELs and/or toxic gas detectors _1Tipping hazards .
and adequacy of coverage
- “Human factors _Interfaces with process ) ] B -
— —|-Ability to_read-or confusion —Clarity of signs/labelling— Confusion over informationon
with local instrumentation Communications computer systems (2.g., too
| Capabilty to detect hazardous  confusion on operation of ‘many alarms?.incorrect- - -
situations valves displays?)
Actions during an emergenc Methods for detecting process
—— 9.80 BMEIGENCY. Feedback on-changes made problems, failures, status,
Automatic vs. manual control  ajarm priarities established
Human capabllities
o | Potentially hazardous tasks Complex tasks ~Adequate tools for job o
= Fitness fortask Experiencelevels ~ Confined work space
B Infrequent tasks Competency Inadequate lighting
Opportunity for operator errors ~ Unclear responsibilities Night work -
—|_Physical-work-environment— — —
_ B | Administrative controls B B
Changes affecting procedures  Procedures extending across  Administrative vs. engineered
N - B Torsafe work practices —shift— — safeguards ==
. s Confusion over procedures Variances from written Training S .
procedures
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N Relief | Design basis for relief: How is relief protection provided? -
Relief for process (nermal/abnormal - fire, Relief composition (e.g., two phase flow)
o | startuprshutdown conditions) "~ Reliaf for reactive chemicals o -
Validity of controlling scenario Materials of construction
- Backpressure on relief valve vs. design — Temperature of rupture-disks—— S e
Changes affecting relief requirements, suchas  gyrrent MAWP vs. RV set pressure
— | Insulation removat, CV change, new Masrim asid ra Tiauid rat desian o *
connections, increased flow Er’f'm”mr"clu'ﬁ Fatevs: design capacity -
Backpressure on relief valve vs. design anerﬂqm.d c\‘.ﬁerﬁn“ . )
— Effect of debottlenecic onrelief capability ——.mospheric discharge (discharge location. —
) . L plume path. dispersion modelling, risks
| Type of relief device and reliability associated with discharge) E— =
- ] | Path for rellef protection and can it be impaired?
Blocked path/relief valves Plugging/buildup in relief system
o N o | Restricted inlet/outlet lines ______Failure of administrative controls _ [ N
- —— —{-Preventive- maintenance: inspection/testing results — — —
- B Isolation philosophy o § S
Is a spare relief valve needed to achieve the testing interval?
T ‘| _Location of relief device ~ - -
- — - {-Other — — — - -
B Environmental implications Near miss incidents Vibration of piping/headers |
Frequency of relief valve use Stress on RV inlet/outlet rupture disks under RV's - is
Relief device exposed to piping the pressuredt?eMeen the RV
—_— ~ — abnormal operating—————— R and rupture disk checked to
temperature or p;gssure identify rupture disk leakage?
| Cperating | Are there any incidents of operational problems or difficulties with existing equipment? o
|-experience. —|-Have there-been-any-recent significant changes in-operating philosophy? S H——
B B Workarounds using extraordinary effort ) B
Have there been improvements to the control strategy for the equipment under discussion?
- . | Abnormal operating conditions experienced? ' =
— — ‘ = Unexplained events (not fully understood) =s —— - -
Safety systems Effectiveness/reliability of Shutdown systems Capability to detect/prevent
- = safety systems Analysers tower overfill o
= — = . ——-Bypassed-or disabled safety ~ Firefighting equipment——— Documentationand —
systems procedures
— S ) S B i ____Hydrocarbon detectors R I
Spurious trips =2 Critical instrumentation
Safety system training
- — — | Interlocks — = — Needforsls ==
. 4 SIL -
Is any control loop, interlock, device, sensor, or alarm that:
=i [ 1) Isthe primary or only means of detecting an excursion of the process outside the limits defined | ===
by the PSI (design pressures, temperatures, inventories, etc.)
| 2 Failure of the instrument/devise contributes to substantial, uncontrolled, or catastrophic release
of an HHC.
R — 3}-Failure-of this- instrument/device-affects-operability-of any system-(scrubbers, flares, surge, or-
overflow tanks, etc.) designed to provide for a controlled release of an HHC.
o T | 4 Failure of this instrumentidevice affects operability of any system (fixed fire suppression, B
— = ___ _ sprinklers, deluges, water spray, monitor guns, etc.) designed to mitigate effects of an_ s -
uncontrolled release of an HHC.
== - ___| 5) Is designated as “critical" using additional critetia-as defined by the plant — ==
B P8I | Is.all PS| accurate and up to _Corrosivity. — _Electrical classification _
date for the systern? Maximum intended inventory ~ Ventilation design for area
- | Safe upper andlowerTimits Any reactivity or toxi city ~buildings o
. S A — | Consequences of deviation ~ concerns with chemicalsin ~ PFD N -
MSDS information ales Material and energy balances
e P&ID updates ~ ~ I
— _ = b .
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Operating \Written procedures (accurate, updated, followed?). e.g. .

procedures - Are there procedures for all modes of plant operation?

) - Do the procedures contain all the information required? If not, where is the information? | -
- Are those documents also certified annually to be current and accurate?
— ——-Have procedures-been-assessed-forhazards? - — —~ - —

Training/awareness of emergency procedures

Equipment Changes to equipment Are inspectionsftests/PMs up Identify dead legs
[ integrity— integrity —todate?—— — T Injection/mix points .
o Results of inspectionsand ~ Piping corrosion problems Sollair interfaces | S
:stsu*p S Crﬁ"':am;;e;f;srﬁg fixes Buried piping
— ——{Hs-equipment it-for———fclamps;- ;-etc:) _—— = — ——— —
sefvice”? Threaded connections
) Corrosion/ failure mechanisms -
= : — — [ internallexternal corrosion—— Fatigue Equipment operating outside—|— —_—
| _Corrosion under insulation  Small bore pipe acckptable lifmits I .
Embrittlement Are actual corrosion ratesas ~ Deviations f”’g integrity
- S S ——— o - pperatingen - — S
Stress corrosion cracking expected? reiopes
o , Erosion—_Anydeviations from expected  YVater hammer S R -~
. ) corrosion rates? Stagnant/low points
Fluid velocities o ! Lo
- . — e Any incidences of unexpected—Failure of tank or basinfiners ——— B
Vibration damage? Inteqi ot
_ —Siress ntegrity of flanged joints | ——
Prevention
— — |- Appropriatenessof ___________ Are the inspectionitesting_Safety critical equipment | s
specifications/materials of techniques specified likely to Is equipment designed for
- | construction — ~find the-expected damage? —jrgpaction? - -
- SRR e
A ; Construction QA/QC equipment,
- ] ~Potentiat contaminants— WMathballing technigues Incidences of integrity failures | - =
B | [ehiofides, Hes. wateh  camsaispmscion ~ onsimilar equipment o .
P ) Lu:) dliontesti arrangement HIPOs
R S . . . 5 ng e e — o
quacy ot Inspe S4ng Corrosion inhibitors MIAs

frequency and procedures

Has all equipment been ——Underground piping-protection—Incidenttables — | —
evaluated to determine if it Integrity of grounding systems  Failure databases
needs an inspection and test  Cleaning/testing/monitoring of  Handbooks

- S - |plen? ————equipment, such-aspiping.—— gTpg———————— | (— -
Do the inspection and test vessels. heat exchangers, GNs
A R - | plans address the potential flexible hoses' - - B T -
. damage mechanisms? -
Maintainability Is equipment safe for Working on live equipment Inaccessibility
T o maintenance? ———————Capahility (LOTO) Confined work areas i
Hazardous tasks Waorkarounds Preventing metalfitanium fires
S - LOTO (isolation and capability Tasks requiring extraordinary  Control of work —
to verify zero energy) effort i ‘ o -
- Generalsafety | General safety concerns - Panel purges Changes to fire protection
Control and location of ignition — Changes in reliability of  Systems R =
sources utilities or services Change in sampling location
B — I - Equipment elactrical T ~ orprocedures -
classification
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