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Risk Management for PX Plant Through Revalidation of Process
Hazard Analysis

Jong Woo Lim" - In Sung Woo"

"Department of Safety Engineering, Incheon National University

Abstract

Process Hazard Analysis(PHA)

have been performed for a

risk management of process

(petrochemical) industry for nearly 50 years. There are many PHA methods for application in the
process industry, Hazop Study method has been recognized as a good method used typically in most of
phase of process plant. And also there was inconvenient opinion that Hazop Study is too resource (man

power, time etc.) consuming comparing its result performance (a quality of recommendations) for a

good operating and existing plant.

In this study, two types of PHA method — checklist and K—PSR — were performed respectively for a
new para—xylene (PX)plant and 30 year old PX plant. Past history and experience of incident, operation,
maintenance and so on are very important in PHA by those two methods. The higher effectiveness
were realized in PHA by a checklist and K—PSR Method than prior Hazop study. And also some
suggestions including PHA cycle determination, RBPS application, Follow—up plan of PHA result etc.

were proposed about PHA improvement measures for a best risk management.
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[Figure 1] Typical Uses for Hazard Evaluation
Techniques

2 d9es HT s B2 AAFeR £ Fol
AN Para—Xylene 37345 o=z sto] $133H]

]
=

2291 AL ARE B S
Hlg Seld AnHoR SYsHs el o) AT

J
A

H7F el Para—Xylene 3742 935k= 3Alol
wEh 2o oE ofy] @] 3oE FHdE] QA
v Mk o2 [Figure 2] ¢ 2o] 745 o] Aok

Toluene

Para-Xylene
(PX)

Para-Xylene
Adsorption

Xylene Separation Unit

Rich Off Gas

Isomerization
Unit

H2

Mixed

Xylene
—_— X)_'Iene. Raffinate
Fractionation
Unit

Heavy
Aromatic
—>

Benzene
Rich

Xylene Mix
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Deviation Causes C Safeguargs R

No Flow Pump failure No flow to Oxygen | FC4001 low flow alarmm; 4| Update P&ID to show high &
Stripper (5/4/5) Oxygen Stipper low level low alarms to DCS system
alarm; Standby Pump
No Flow |Block valves closed No flow to Oxygen | Oprating procedures; FC4001 | 4| NAR
Stripper low flow alarm
No Flow Control valve(FC- No flow 1o Oxygen | By-pass valve used in 4[NAR
4001 failclosed Stripper emergency
No Flow [Biind flang left in the fine [No flow o Oxygen | FC4001 low flow alarm; 4[NAR
Stripper Oxygen Stipper low level
alarm
No Flow Strainer plugged No flow 1o Oxygen | FC-4001 low flow alarm, 1[NAR
Stripper Oxygen Stripper low level
alam
No Flow Pipeline plugged No flow 1o Oxygen | FC4001 low flow alarmm; 3[NAR
downstream of pumps [ Stripper and Possible | Oxygen stripper low level
cavitation (5/1/1) alarm; In-ine strainers;

Operation procedures

No Flow Burst Pipe No flow to Oxygen | Low flow alarm 3[NAR
Stripper

More Flow Both pumps are running | Overfling of Oxygen | Figh flow alarm n FC- 4001 4[NAR
Stripper (5/5/5) FIC-4001 control loop; Regular

patrol; Discharge valve
normally closed on stand-by
pump; High level alam in
Oxygen Stripper

More Flow Failure of FIC-4001 control | Overfling of Oxygen | High level alarm in Oxygen 4[NAR
Stripper (5/4/5) Stripper; TI-4006
More Flow By-pass valve open Overfiling of Oxygen | (Same as abobe); Operating 4[NAR
Stripper (5/5/5) procedures for manual by-pass
valve
Higher Temperature | Failure of TIC4007 loop | Unstable operation in_| None 3] Consider the install of @
Oxygen stripper (52/2) separate Tl on the inlet of

Oxygen Stripper block valves
around TV-4007

Higher Temperature | Less flow feed stock Unstable operation of | TITR-4007; Highllow temp 4[NAR
Oxygen Siripper alarm from TIC4007
(51212)

[Figure 3] Typical Work Sheet of Hazop Method
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3. Checklist 94&A A=F7}

3.1 Checklist 87} &5 718

H AgollA Checklist 913/3%7F Al ARSEE
Checklist = 107 Issue &5 (Categories) = 7}
7} AXRE AAoln 10 7 o] AL 9FAT I}
st HA Tl 18948 9 d o 2 W ¥

g APA GJde Hhdsto] A3 E it <Table 1> ol
Checklist 10 7] Issue &9 Al&E-& YeERYSITE

<Table 1> Issue categories to be reviewed
in Checklist PHA

Z,
o)

Issue Categories

Prior Results of Hazard Analysis

Incident History

Management of Change

Inspection & Maintenance History

Process Safety & Reliability Issue

Work Procedure Review

Audit Results by Internal/External Body

Employee Competency

OO0 ||| Ol =W N+

Regulation / Standard Compliance

—
(]

Process Risk

[Figure 4]

(Categories

Sheet) 9] A&

=
)

H7F Al AREEE 1070 Issue &5
Checklist H7} 7154
Bke Foba UERd Zlo|t}

(Work

1 " Issues .
PHAMethod - Unit or |~ ;01,46 Unsolved Action | Problem and Action Status ““S"™°| Recommendations |Remarks
(Year) | Process No.
Items)
Tncident Title | 10cldent Lessons Learned | Problem and Action Scenario )
Descriptions y Recommendations | Remarks
(Year) (Include Action Items) Status No.
(Include Cause) |
3 Key s Problem and Present Existing Scenario| .
Process Changs, Change Descriptions Status Sl No. Recommendations | Remarks
MOC Related o Problem and Present Existing Scenario| q
Work Work Descriptions Status Safeguard No. Recommendations | Remarks
Inspection Facility Inspection History Problem and Action Status Sc;n:m Recommendations | Remarks
Meintenance Facility |y, inscnance History | Problem and Action Status 1% Recommendations | Remarks
(Repeated or key Items) No.
eimenaice oli-end Key Change Problem and Action Status M| Recommendations |Remarks
Procedures No.
Proges; .Sa(ety & Descriptions Problem and Action Status e Recommendations | Remarks
Reliability Issue No.
Frocess S_afety Descriptions Problem and Action Status Scenario Recommendations | Remarks
Suggestions No.
El Work Procedures | peviow Contents Problem and Present Status | "] Recommendations [Remarks
(Title & Process) No.
Audit/Inspection | Issues and B A S | Rt R
(Work Date) No.
Employee .
Scenario| 5
Competency & Problem and Present Status Yo. Recommendations | Remarks
Mindset .
Regulations/ A . Scenario| .
Revision History Problem and Action Status Recommendations | Remarks
Standards No.

[Figure 4] Review Checklist for

Issue Categories
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A2 A

2’ o) thgt H7} A3 71= Work Sheet o]t}

Problem and

Scena.

Inspection Facility Inspection History Action Status No. Recommendations |Remark
. - . Temporary Patching Repair
02 Stripper Condenser  Piping Elbow Erosion / ;. . _
(AT-EO103) Outlet Corrosion and Leak(3/2) 20 2iing Material Change | 4-1
(In Next Overhaul)
. . . Temporary Plugging Repair
02 Stripper Condenser [Tube Erosion/Corrosion _
(AT-E0105) Tube and Leak (5/23) and Tube Bundle Change | 4-2
In Next Overhaul)
Maintenance Facility q o Problem and Scena. .
(ieriaslon ey ) Maintenance History Action Status No. Recommendations |Remark
0 After Trouble Cause
. Analysis, Make
Chamh?zé naggg Probe g:;l;'zzr Sample Probe Damaged Probe Change 4-3  Action Plan
8 including Probe
Type Change
Annuber Flowmeter  [Flowmeter Hole Plugging ;qi::r:f; Change and 44
(FT-0023) and Shaft Bending (In Next Overhau)
Maintenance Policy and Problem and Scena. .
e Key Change Action Status No. Recommendations |Remark
Facility Classification LevelNo Change. No Issue. 4-5
Maintenance Procedure [No Change. No Issue. 4-6

[Figure 5] Checklist Work Sheet of One Review
Category 'Inspection & Maintenance History'

[Figure 6] & A F7} A3= ook A3t A8+
ojty. 7t A¥} AAE AIARE i 3ol A
E e AH 22 Afs FHs] 225 dRs)

Al =

Issue
Categories

Summery of PHA Results
(Recommendations)

Prior Results of
Hazard Analysis

To Follow—up of Recommendation
and Carry—out Quantitative Risk Assessment.

2 Incidents

Case

To share incident case from other Similar Process
(No Incidents after Start—up of Process)

Management of
Change

To Apply a Proper Method for Process Change.
(Most of Change use Checklist Method for PHA.

Inspection &
4 Maintenance
History

To Review Chamber Analyzer Probe Damage
and Flow Transmitter Hole Plugging

To Process Noise Protection for Vent Gas Compressor.
To Review a Suggestion about PSM Improvement
from Field Employees

Process Safety &
Reliability Issue

To Revise Operation/Work Procedure

6 Work Procedure
according to PSM Requirement

Review

7 éu?:t}ienmlﬂti Need to Maintain Good Follow—up Status

v -nternal o for Recommendations of Audit.

External Body

s Employee No Change in Shift Organization, Training Program

Competency and PPE Management Policy
9 ReSgulatlons/ Good Practice for Compliance on Safety Regulations

tandard
. and Standards

Compliance

10 Process Risk No Major Process Change and No Risk Change

[Figure 6] Summery of Checklist PHA Results
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g rlo
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A el Al == X%eke= W7 7154
(Work Sheet) 3= 9] wt} 2zzol 24 93 9ol

& wEe] 9% 47 Yol 7k YRoE EPH
14 AH717F 3 EQITE <Table 2> o ¥ 179
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<Table 2> Issue categories to be reviewed in
K—PSR PHA

Issue Categories

K—PSR 4 Hazard Factors
Prior Results of Hazard Analysis

Incident History

Management of Change

Q|| WD+

Employee Concern Point
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[Figure 71 & 37} A AHE¥ K-PSR 7] 4 7l
Ao A AE o] F3+E Work Sheet 9F21S H

o £k

Company / Plant

Process/System D=2/
Node p
No. Node
Description P&ID No.
Causes & Problem/ Scena.| Action to be
oz Consequences | Concern | S2feguards | FL| IR PG ™ " o sidered
Corrosion,
Erosion
Leak &
Loss of Punture
i Rupture
Opening

Mis—Operation
Others
Flammables
Existed
Ignition
Source
Others
Temp.
Pressure

Fire &
Explosion

Process

Trouble Ll

Level
Others
Falling,
Contact,
Human . Burn,
Injury oxication,
Asphyxiation
etc.

(*) FI: Frequency Index, CI: Consequence Index, RI: Risk Index, Scena. No. : Scenario Number

[Figure 7] Review Work Sheet for K—PSR

4.2 K-PSR 7} Y& ¢ Az}

A8 H 7= 57l Issues(Table 2 &FX)o| sl
Holom, 7 Az A3 sidoe] destriar vy
Abedell sl darkade]l A ESATE  [Figure 8]
B7F Al F2E Y HAE F7F (Study Node) &
shtel HE 1t st HE A3E 7153 Work
Sheet YF--o|t},

flo rlr o2

Causes & Problemy Scena. | Action to be
ez C Concern Sty R No. | considered
Bcn Rotary Valve Erosion Rotary Valve Teflon seat [Filter Series 2045 271
Eruslon‘ by Contaminant Damage PDI-0102/01024
PX 0f Spec.
Press, Increase P-0109 Dischage Press. [PSV-01104/B 20218 2-2
L& by onig Decr
Punture :} et
il Close
Lossof P-0109AB Double seal pump 20218 23
Contginment Rupture  [Seal Rupture FIC-0153 (Min. flow)
Opening  [HS-01064 Selector Switchtype [ 2| 2| 3 | 2-5 [Install Switch
Mis-  [Mis-operation cover
| Operation |Close
Others | No Findings
Fie & Flamm_h]:} P-01094/B Double sealoump | 212 { 3 | 2-6
Explosin Ignition _|No Findings
Others _|No Fmdmés
TV-0163 /A Fail Desorbent Function T1-0105 203 4| 27
Temp, Decrease.
P Of Spee.
Pressire Dome Press Increase PSV-0103 2028 28
Process |by PV-0119 Fail Close
Trouble Flow FV-0110 Fail close Process Shut down Track By-passunder [ 2 | 3| 4 | 2-9
Procedure
Level P4103AR/BR Trip Desorbent drum LI-0104 2023|211
Level Decrease LAL-0104
Others _[No Findings
i ME-0104A/B 2| 3| ¢ | 2-13 [Review Cage
" Falling ~ |No Ladder Cage Installation
5 Durn Clgring)
ng Clean

[Figure 8] Review Result Work Sheet for One
Study Node of K—PSR PHA
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m ol
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ekl
IF

o

yul

[ssue Summery of PHA Results
Categories (Recommendations)
K-PSR Hardware Improvement : 24 Items

1 Worksheet Procedure Revision : 2 Items
(4 Hazards Factor) | P&ID Up—date : 2 Items

Prior Results of

2 Hazard Analysis Nossues.

3 | Incident History | To Review 2 Items out of Lessons Learned in detail

4 Management of | To Confirm Status of One Item Conditionally Approved
Change (No Issues in 80 Items)

5 Employee To Review 4 Items in detail

Concern Point

To Reflect 9 Items on Work Site and Procedures

[Figure 9] Summery of K—PSR PHA Results
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miles

3
miles
[-7] greater than 750 ppm (ERPG-3)
greater than 150 ppm (ERPG-2)
[] greater than 25 ppm (ERPG-1)
— — wind direction confidence lines

[Figure 10] General Example of Effect Zone

Diagram for Consequence Analysis
5.4 YJF=TNE T A%

PSM(Process Safety Management, 373rdsa])
o xRl wlselA= ol 2000¢d] FREFE 9
AT Ak (RBPS, Risk Based
Process Safety) 7} A=A ow AA FH¥ 1 Qrh
RBPS 9] 207 &% 24 T 1 7] 2491 9357}
of thsf &M Fx A (Key Principles), 8 &%
= (Essential Features), A% Ad &5 (Work
Activities), A2 7/1HEF (Ways to Improve),
A7 FAEEs 49 S T Metrics), B95 A
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<Table 3> Risk Based Process Safety Metrics for
Process Hazard Analysis (PHA)

No. Metrics
1 Number of PHA that are Overdue
2 Number of Audit Findings for PHA
3 Number of Qualified PHA Leader,
Scribes, and Participants
4 Number of PHA Scheduled
5 PHA Technique Used
Percentage of Recommendations for
6 Administrative Controls, Engineered
Controls, and Inherently Safer
Alternatives
7 Number of Recommendations per Study
or per Year
g Number of Recommendations Unsolved
by Their Due Date
9 Percentage of Repeated
Recommendations
10 Average Time Corrective Actions
Require for Completion
1 Percentage of Recommendations
Rejected by Management
12 Residual Risks
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6. 42
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