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Risk Analysis Screening Tool (RAST)

Case Study - Phillips Petroleum Company

Explosion and Fire
Pasadena, Texas
October 23, 1989

This is an illustrative example and does not reflect a thorough or complete study.
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Case Study - Phillips Petroleum
s Hazard Identification and Risk Analysis (HIRA) Study
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Begin by Identifying the Equipment or Activity. RAST uses the operation of a specific equipment item
containing a specific chemical or chemical mixture to define the activity. Entries include chemical data,

equipment design information, operating conditions, and plant layout.
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Process Description

High-density polyethylene (HDPE) production occurred
inside two process units at the site (Plant 4 and Plant 5).
The process circulated through an arrangement of 30-inch
diameter pipes mounted vertically in 150-foot ftall,
continuous, ring-like structures called “loop” reactors. Six
loop reactors were operating in Plant 5. The loop reactors
contained the catalytic reaction process that manufactured
HDPE, starting with diluting ethylene in an isobutane
solvent feed.

Case Study - Phillips Petroleum

Loop Reactor

Feed

8" Ball Valves

Settling
Legs

Takeoff

Valves Flash Gas

Flash Tank

High Density Polyethylene
(HDPE) Recovery
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Case Study - Phillips Petroleum

Process Description

LOOP
Hydrogen and hexene were also added to REACTOR
adjust final product qualities for a specified f\ _)'\ _
product. Thus, the gas mixture in the loop 150 ft.. tall 600 psi
reactqr was flammable and' easily ignitaple, 30” Diameter 200 °F
especially at the reaction’s operating
conditions: 600 psi (4,100 kPa) and Mass Fraction Feed
180°F-230°F (82°C-110°C). The catalyst Ethylene (0.060)
accelerated the conversion rate of ethylene Isobutane (0.930)
monomer polymerization into the larger Hydrogen (0.0001)
and heavier HDPE molecules. As the Hexene (0.010) ] |
reaction product gained mass in the loop CATALYST \/%/
reactor, it eventually became heavy
; ; PUMP

enough to drop out of the circulating e m
reaction mixture through settling legs at the
bottom of one of the loops. 8" Ball Valves (6)

The Process Conditions for the Loop Reactor Slide - 4
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Case Study - Phillips Petroleum
Process Description

Six settling legs were attached to the bottom of each loop reactor. Each settling leg consisted of a flanged, 8-inch
diameter pipe connected to an air-operated, tight-shutoff, 8-inch ball valve. Beyond this ball valve was an 8-foot length
run of straight pipe where the reaction product called polyethylene “fluff,” collected. The 8-inch ball valves were to remain
open during production. This configuration allowed polyethylene fluff to drop into the settling legs.

Below the settling leg was a
takeoff valve where the fluff
would pass on its way into the
flash tank. The settling legs
were the interface between the
high-pressure (loop reactor)
and low-pressure (flash tank)

Loop Reactor

Ball Valve Operation

LIVE PROCESS
STREAM

process sections. The intent of | P v | 8 ff.long \ * *
) ne “fluff" . \
loop reactor operation was to cyethylene W Seffiing Legs 3,
deliver polyethylene fluff into N EEEa & e
the flash tank, where it was g% B% 3% g%ﬂ Takeoff e
removed and later pelletized. Valves % M
Air actuated
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Risk Analysis Screening Tool (RAST)
SR Case Study - Phillips Petroleum
On the Main Menu worksheet, enter the equipment identification as the Loop Reactor, equipment type as
Reactor and location as Outdoors.
CLEAR EVERYTHING M" Clear Input
IN WORKBOOK
Risk Analysis Screening Tools (V 3)
Latest Revision Date 3/19/20
Go to Revision Log >
Import from Previous Study  Import from RAST File
Merge Data from Another Study into this Study  werge Data from Another File
Updale Previously Saved Information  Go to Equipment Table >
Accass LOPA Workbook from Scenario Results  Go To Scenario Results > . o
Update Notes and Comments for Entire Workbook ¢ to Workbook Notes > Enter EqU'Dment |dentmca"0n,
Equipment Type and Location
Select Default Units: English Units | S Units {Study File \Risk Analysis Screening Tool V3 - Phillips 3.xlsm [ )
Session Dale: | 3/20/2020 [RasT ! -
| Select from pull-down menus
Equipment Identification = |Loop Reactor l =
Type =VesselTank - =
Location = |OQutdoors J
Data Entry Status or Notes: |
Slide - 6




2022-03-25

ANAIHE Techn bay Allancs

Risk Analysis Screening Tool (RAST)

Center for Chemical Proce ss Safety

On the Main Menu worksheet, select the Input
Information buttons to add the minimum data for
RAST to run its calculations.

Select from:
Chemical Data
Equipment Parameters
Process Conditions

\_Plant Layout

Incomplete minimum data entered
(none at this point), RAST will notrun

Case Study - Phillips Petroleum

Loop Reactor

Type=

Vessel/Tank

Location =

Outdoors

Data Entry Status or Notes:

Plant Section or Sub-Area; |

Input Information
Conpkte
Chemical Data Input D
Equipment Parameter Input | [ |
Process Conditions Input D
Plant Layout nput D
Reaction Input and Evaluation

Input Guidance Information |

P&ID Number:

Evaluations and Reports

Fire & Explosion Index /

Check Inputs | Chemical Exposure Index
Save Inputs fo | _Hazards & Consequences |
Equipment Table
Scenario Identiication
Update Scenarios for
Loaded Relief Effluent Screening [
LOPA Menu > | Paol Fire Evaluation

Insufficient Input Data to Proceed with Analysis, Critical Errors = 17

Slide - 7
AnAEhE Tachne bay Allance
Risk Analysis Screening Tool (RAST)
Sel Case Study - Phillips Petroleum
On the Chemical Data worksheet, select Ethylene as “Key Chemical Select Ethylene
from pull-down list
<< Go To Main Menu Chemical Data Input Go To Equipment Input
Enter New Chemical Save Al input b Equlpment Table o) Go To Process Condtions >
Go To Plant Layout »
Loop Reactor Operating T = C
Typs:‘ [Vessel Tank Operating Pressure (gege) = bar
Location; | Outdoors Saturation T 00 c
/ Physical State = Liquid
Key Ghlmicaf:ﬁhylsns « Reference:
Chemical Comments: ‘
Reg. Ageney Considers Toxic?
Chemicals (e first chemical listed is the key’ | Wt Fraction | Second Liq | Wt Fraction Relative Molecular ERPG-2 ERPG-3 LFL (vol %
chemical Feed Phase Vapor Volatility Weight (ppm) {ppm) el %)
Ethylene 2805 6600 40000 27
Sum= 000 Vapor Mixture Properties: 00
Slide - 8
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Center for Chemical Proce ss Safety

On the Chemical Data worksheet, enter the chemical mixture that The operating pressure Saturation temperature
represents the hazards of the reactor’s contents. entered as an “average” entered as Operating
Temperature

The representative composition

within the reactor

; Y. << Go To Main Menu D GaToEq
used (weight fraction): B pham el Dats N\ [ s roed
0.060 ethylene _EnterNew Chemical | Save AllIput to Equipment Table | Cesriow | \\\\ Lﬁwmmw |
0930 ISObUtane 1\l:)oi) R:aclfr Operating Temperature = Z‘OIT‘ F N
Type: |VesselTanl Operating Pressure (gauge) =| 800 i
0.0001 hydrogen Lun’i{::; Outdoors Catuaion T =[ 2085 p;
Physical State = Liquid N
0.0099 hexene Key Chemical: TEthylene | Reference: p— \
' ' . Chemical Comments: Change units using
The operating pressure is 600 psig R . Pull-down menus
and the Operatlng temperature IS Ch!miula{rhe!a‘rsun.emidﬁisxdismehy‘ WtFraction | Second Lig | WtFraction Relative Molecular ERPG-2 ERPG-3 LFL fvol %)
200 F such that the physical state T — T 0 O 0
is “liquid” (essentially a boiling l’—:;:,:‘;:: T G T e T T
|IQUId InSIde the |OO|3 reactor) |Hetene.1- 0.010 0.001 0.1291 84.18 500 5000 12
4 - Sum= 1o I Vapor Mixure Properties: 40.1 16469 84449 21
Select other chemicals
from pull-down list Feed Wt. Fraction
mustsumto 1.0 slide -9
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On the Chemical Data worksheet:

Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

<< Go To Main Menu Chemical Data Input B0 To Equipment inpul >
,jﬂﬂ%l—’—s ~————=Save All Input to Equipment Table ‘ Clear Input 5010 ToeRs CORCRONG
Save all input to — Go To Piani Layout >
i Loop Reaclor Operating Temperature = 200 {3 -
Equipment Table ‘ Type:VesselTark Operatng Pressure gage) 600 =
Location: | Outdoors Saturation T = 2065 F
Physical State = Liquid
Key Chemical: JEthylene | Reference:
Chemical Comments: |
Reg. Agency Considers Toxic?|
Chemicals (the first chemical fisted is the key' | Wt Fraction | SecondLiq | WtFraction | Relative Molecular ERPG-2 ERPG-3 LFL fvol%)
chemical) Feed Phase Vapor Volatility Weight ppm) (ppm]
Ethylene 0.060 0393 10.0830 2805 6600 40000 27
0.930 0605 1.0000 58.1 800 4000 16
0.000 0.001 18.1575 202 230000 400000 40
0010 0.001 01291 84.16 500 5000 12
Sum= 1.00 Vapor Mixture Properties. 40.1 16469 84449 21
Slide - 10
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e e Case Study - Phillips Petroleum
Enter the equipment parameters on U Riai TCiﬁffénfﬁideiﬂﬂﬂgﬁm
. GoTo Chamical Dala Save Input to Equipment Table
Equipment Data worksheet. maximum allowable
Pl T  working pressure (MAWP)
Location: | Outdoors
The Loop Reactor consists of four 30 in EqupmentParameters i o \
diameter loops 150 ft. tall. It has a total ATE Gy - Setting leg and ballvalve
volume of roughly 3240 cu. ft, a botnlicind . dlameter of 8 inches
y . . Es d High Tt Failure = c
maximum allowable working pressure A .
H H « » H Num:eurzt?)JleF:rz :jrﬁiﬂ-mas = — "
near 660 psig, pipe (‘nozzle”) diameter Material of C
of 8 in., an estimated wetted surface EquipmentMass = : kg
H Infernal Corrosive or Stress Cracking Pofental?
area Of 2590 Sq ft7 an eStImated Susceptible to Vibration Fatigue?
elevation from take-off valve to surface W P et
(ground) of 20 ft.., and the “drain valve” siontion R on foder=
diameter of 8 in (the take-off valve || (i i s T i Change units using
diameter). EuprmniClosknb buts= 1 " - | Pull-down menus
Slide - 11

Risk Analysis Screening Tool (RAST)

WPSM Case Study - Phillips Petroleum / :
Changed Inventory
Enter the operating _<<Go To Main Menu | Fiooess Conditions lnput Limitto Lb units. -

» Go To Chemical Data Save Input fo Equipment Tabie | cearnpu  MaximumFeed |
conditions on the Process e ~ | Rateof0Lb/min

Conditions worksheet.

Identification: | Loop Reactor | Procs” rption
i Type: |VesselTank |
. Location: | Outdoors |
Assume an ambient
Process/Operating iti Summary for Ethylene
temperatu re Of 70 F Ambient Temperature = werating Temperature = 200 \ F
Inventory Limit (blank is uniimited) = kg Operating Pressure (gauge) = 600 | psi
Since the contents of the Liquid Head within Equipment, Ah = m Physical State = Liquid
. Limiting Maximum Fill Fraction = Saturation Temperature = 208.5 F
loop reactor are at 600 psi, Limiting Miioum Fil Fraction = Contained Mass = 31143 P
~ H Maximum Feed Press (gauge) = bar Maximum Contained Mass = 38929 kg
use the reported 2 min Maximum Feed or Flow Rate = 0 Lbimin Inventory for Reference = 38920 kg
release duration and a Maximum Feed Temperature = c
. Type of Feed (Batch or Continuous)
zero Ib./min feed rate Non-gnitable Atmosphers Maintained?
. . Potential for Aerosol or Mist? Operating Procedures
(delnventoned before more Pad Gas Name = Percant of Time in Operation = |Gr=alerthin 10%
Max Pad Gas Pressure (gauge)= bar Frequent Turnaround or Cleanout? Yes
feed ente I‘ed) . Maximurm Pad Gas Rate = Kg/min Centralized Ventilaion Shut-Off Bidg 17
. Downstream Pressure (gauge) = bar Cenfralized Ventilation Shut-Off Bidg 2?
The percent Of Operatmg Maximum Back Flow Rate = kg/min
. . Equipment Venis to . =
time is > 10% and there
are frequent Cleanouts to

remove settling leg logs. Slide - 12




2022-03-25

ANAIHE Techn bay Allancs

Center for Chemical Proce ss Safety

Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

<Go To Equipment Input
‘quipment Identification: |Loop Reaclor ( : .
On the Plant Layout worksheet, Type: [VesselTank 1 CF?a”nge units using ——————
. Location: [Outdoors ) ull-down menus
data entered is based on ~300 ft. - =
—
i H Location Occupied Building Data
and pOPUIatllon der']SIty 0f00035 Distance to Property Limit or Fence Line = 300 ft Occupied Building 1 Name = Reactor Develop Bldg.
peOp|e/mA2 in the Immedlate, Furthest Distance to Fence Line ( > 9144 m ) = m Distance to Occupied Bldg 1 or Area = 250 ft
. . Max. Onsite Qutdoor Population Density 0.0035 Elevation of Occ Bldg 1 Ventilation Inlet = m
highly congested area at the time : :
Personnel Routinely in Immediate Area? Yes Distance to Center of Occupied Bldg 1 = m
of the incident. The Deve|opment Distance o end of Offsite Zone 1 m Occupied Bidg Type =
Reactor bUIIdlng made of typlCﬂ' Offsite Population Density within Zone 1 3 Occupied Bidg Ventilation Rate = changes/hr
) Offsite Population Density Beyond Zone 1 ? Number of Building Occupants = 1
ConstrUCtion iS ~250 ft aWay and Effective Egress from Work Area? Occ Bldg 2 in Same Wind Direction? Yes
. ’ : Access for Emergency Services? Occeupied Building 2 Name = Administration Building
ContalnS 1 Person . Degree of Equipment Congestion in Area? High Distance to Occupied Bldg 2 2620 ft
Containment or Dike Surface Area = sqm FElevation of Occ Bldg 2 Ventilation Inlet = m
H : HPH H Consider Dike o Bund Falure for Vessel Rupture? Distance fo Center of Occ Bldg2 = m
The administration bUIldlng IS one Credit Fire Heat Adsorption for Drainage/ndirect? Oceupied Bldg 2 Type =
ha|f m||e (2 620 ft) aWay and Distance lo Nearest Fired Equipment = Occupied Bldg 2 Ventilation Rate = changes/hr
. ! Quantity of *Other” Flammables in Immediate Area kg Number of Occupants Bldg 2 = 40
contains 40 People. Quanty of Flammables in Adjacent Area kg
Adjacent Containment or Dike Suriace Area = sqm
Automated EBVSs to limit spill quantity?
Slide - 13
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Risk Analysis Screening Tool (RAST)
R it Case Study - Phillips Petroleum
Equipment Identification = |Loop Reactor All Min. |npUtS satisfied.
i Type = VesselTank P
Equi Location =10 g e
Data Entry Status or Notes:
Plant Section or Sub-Area: | y ]
P&DNumber [ 7
Input Information i ; Evaluatic’
ot Input data sufficient to
_ChenicslData lnput | D, Check Inputs e proceed with analysis
Save Inputs to Hazaid37 ) Afces
Process Conditions input | [ Equipment Table
Sc _itification
Plant Layout input | [ 5
. . . Update Scenarios for
At this point, every “Minimum : Equipment Loaded |/ <ot Effuent Screening
| # box on the Main Menu Reaction Input and Evaluation
npu -
hp fi - " Input Guidance Information LOPA Menu > /j{ Pool Fire Evaluation
should be filled in (“green”) = = 7
‘ Input Data Sufficient to Proceed with Analysis |
Slide - 14
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Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

Center for Chemical Proce ss Safety

Save Inputs to Equipment Table

4 and Reports

~Fire & Explosion Index /
” " Chemical Exposure Index

Identification =

Type =

Location =

Data Entry Status or Notes:

Loop Reactor
VesselTank
Outdoors

Plant Section or Sub-Area. |

P&ID Number:
Input Information

Compkete
Chemical Data Input i

M Data already exists for this equipment tag in table.
Are you sure you want to overwrite inputs?

Click OK to overwrite data.

Check Inputs |

Equipment Parameter input | [T Y s
Save Inpuhtb/ Hazards & Consequences o .
Process Conditions input | [B] Equipment Table N
Scenario Identification
Plant Layout input | [ Uptate Soevaroa for

Relief Effluent Screening
Pool Fire Evaluation

Equipment Loaded

LOPA Menu >

Input Data Sufficient to Proceed with Analysis

Reaction Input and Evaluation FOI' L00p Reactor noKn

Input Guidance Information

Slide - 15
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Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

Center for Chemical Proce ss Safety

The Equipment worksheet will open. All Input Information will be stored in the Equipment Table in a single row
identified by a unique Equipment Identification or Tag.

I 7 , Equipment Loaded ) o Ea it
< LOPA Menu s;igdeﬁ: uﬁmn:::;:gr [ Up:tl:ES:si::“r:):‘lm l P Clasr Equipment Table to Equipment Input >
Go To Scenario Results >
o moddfy informasion, select a cell in row © be updated and Seleceed” buzon
uipment Identification
: T
Loop Reactor is the o o
“Equipment Loaded” erS00 | Etevation of| l
Equipment T Inpist Stzs Date e S (1D Number Equipment T sty |y ey || Seerest
= ook Saved e Immediate Work Arez | |
Work Area
Area? Unis
- | v v v v - v - v
Loop Reackr | 3202020 12:02] VesselTank Yes m
Click on “Load Selected”
)
Input Data for an Equipment Item
stored in one row by Equipment Tag
Slide - 16
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Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

Screenshot of Scenario List suggested by the potential scenarios in the RAST Library.
Focus on the “Loss Event” column "Drain or Vent Leak.”

<< Go To Main Menu Suggested Scenarios from the RAST Librai
—— Node Design Intent Summary:

Evaluation Node:

TORETaRE TTRqUECY

Go To Scenario Resulfs >

Update List segmpsict o B cvloiot = Sl =
i Plant Secion = Chiorine Rai Car s 3 Tank Truck/Ral CanToss consining Chiorine tatoperates 2125 | /e msan natectorcte i HP 3 L Update Input this worksheot
1 = nd 8 bar. T wme & 17300 oal wan m W a pressure of Seansno Lonmenis. 2 2|5|=2
Crogte User Equipment Type = Vesse¥Tank Cand 8 bar, meyrz.n;z. 17300 gal wih a maximum afowabie working pressure of St Teamserd | 8|8 g z ] E gle E'n' Pty s e
Scenario ‘Equipment Tag = Loop Reactor 375 psi. The maximum feed of fow rate is 0 kg/min revsen e o e | 2] 8| % 5 Z— = % 3 £ 2 put thi
Fenctudng fom sk | 8| B g HEEEE
s fs anpvepiate =g 5|2l g = B
Session Date: | 3202020 Session Participants I RAST Administrator .‘;‘s '; § 2 ; 5 E § g g Save rn‘r\uI to Equipment Table
LOPA Menu Fitters: HEHEHEEHEEHE \
= . Parameters o J Initiating Event \ Further
Scenario Type Scenario Comments _ aid Doviatl = Initiating Event (Cay ' D ption = Loss Event Qutcome = o o pi e (= Existing Sategua, \\ ‘Recommendations Analysis
Drain or Wenk Valve left " . \
Human Failure Action | Operstor leaves Drain or Chemical Expasure, Flash \
D"”"’D‘;:"“’""‘ “”";{“““"“9‘“"9““‘” E'x":””’ more than onoe per Vert Open following Drainor Vent Leak Fire or Fireball, Vapor G \ Ve
" i e ek quarter unloadingor clean-out Cloud Explosion \
~ |
Flash Fire or Firebal, —
: Yapar e Yent T2 | Vapor i Expoon Select“Yes'for |
Cherrical compn. : «
Fxcessive Heatlnput | vaporzes upon s, iian| VEF2mendngmore |-k of Flammable hateria Further Analysis Then “Save to
sl D High or Material above ts Flash
ire Expasure | such that no liguid pool is detaled evaluation | e 8 Sbove s Flas . »
farmed e ’ Equipment Table
. . Equipment uplure at | Flash Fire or Fireball, 8 i \_ )
This suggested scenario Fire Condtions | Equipmen Explosion
applies to this case study
T

Slide - 17
Risk Analysis Screening Tool (RAST)
. Case Study - Phillips Petroleum
Once saved to Equipment Table, return to Main Menu for results by selecting
Equipment Input, then Main Menu.
< LOPA Menu Sell:clﬂdnd “g;;';,f:;‘":;:j,’;’| O | LmEmn L Clear Equipmient Tabie
| To moddy information, select 2 call in row 1 be updated and hit "Load Seleced” busion
I | Equipment Identification %
‘ Personnel Elovation & Elevason of|
EqupmentTag Input St Equipment Descripton D”S‘;‘;Lﬁ Pant Secio- #ID Number Equipment Type 'Tm Nearest w:?::a
Chay | Wk
Loop Reackr - . ; > d] . : Vessel/Tank . Yes . . m .
( ) << Go To Main Menu Equipment Input
Select Equipment Input <Goo chery e Save Input to Equipment Table | L G
y ‘l“e‘m Loop Reaclor
Equij Type:|Vessel Tank
Location: | Outdoors
Select Main Menu
Slide - 18
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From the Main Menu worksheet:

Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

Equipment Identification =

Loop Reactor

Type=

VesselTank

Location =

Outdoors -

Data Entry Status or Notes:

Plant Section or Sub-Area: |

P&ID Number.

Input information Min
compkre

Chemical Data Input | []

Equipment Parameter Input D

Process Conditions Input | [

Plant Layout input | [

Reaction Input and Evaluation

Evaluations and Reports

Fire & Explosion Index /
Chemical Exposure Index

Check Inputs I

Save Inputs to
Equipment Table

Hazards & Consequences. ]

Update S jos fo |
B e nosan” | ot sovenn  Evaluated Hazards and

T sesrezeieas' B Consequences
I Input Data Sufficient to Proceed with Analysis |
Slide - 19
Risk Analysis Screening Tool (RAST)
. Case Study - Phillips Petroleum
From the Consequence Summary worksheet Selact Full Bore Pipe

(scroll down).

For the Loop Reactor, select Full Bore Pipe or

Nozzle Leak as the Loss Event drop down
menu. Note that a Vapor Cloud Explosion was
listed as a potential Incident Outcome with

RAST’s maximum value at 2.4 x 107 k -
[Explosion Summary:

With the release point at the bottom of the

or Nozzle Leak

Ethvlene :

Loss Eventfor: VessellTank; Loop Reactor Containing

CONSEQUENCE SUMMARY
RAST Version 3 Date: 3/20/2020

Full Bore P\peur/Nume Leak =

Explosion Summary:

Probability of Ignition (POI)

Loop Reactor, the distance to 1 psi
overpressure is estimated at 2,215 ft. (675 m)
and the distance >10 psi overpressure is within
250 ft. (the distance selected for Building 1).

VCE or Building Explosion Energy, kcal 24E+07

\'CEchw\d.mg Explosion Distance to 1 psi Overpressure, m 674.2 Potential Explosion
Maximum Distance to LFL Concentration, m 987 . e 4
Blast Overpressure at Center of Occupied Building 1, psi >10 psi P |o C.WUPIM
Blast Overpressure at Center of Occupied Building 2, psi 08 Buiding
Distance to Severe Thermal Radiation Impact, m

Rupture Explosion Energy, kcal Probability of Explosion (POX)
Distance to Direct Blast Impact (10 psi), m

Maximum Fragment Range, m

Rupture Distance to 1 psi Overpressure, m

Rupture Overpressure at Center of Occupied Building 1, psi 00

Rupture Overpressure at Center of Occupied Building 2, psi 00

Slide - 20
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CONSEQUENCE SUMMARY
Scroll down the RAST Verson Dsle 3202020
Loss Event for; VesselTank; Loop Reactor Containing Full Bore Pipe or Nezzi Leak
Consequence Summary Ethyione: Er e s g
worksheet.
L Incident Outcome and Consequence Summary: LOPA Tolerable
Impact Assessment with Personnel routinely in the immediate Exceeds Treshoid Frequency Factors Based
area Ceia Estimated Number of
Pecple Impacted
. O Toucc Impact based on Towe Irigration Meod and 9144 m s Fence Line Yes
Incident OUtcome and Orse T Impact based on Dstance t LC-5) Conceriaton of 0 m No | Na |
Consequence Su mmary Outdoor Toxic Exposure Duration 113 sec:
\ Orste Flsch Fre Imgacs bssad on Ditance 05 LFL Concararston o 186 1 5
Chemical Exposire baced on Dermal or Thermal Hazands and Spray Distence of 1 m 4

Risk Analysis Screening Tool (RAST)
Case Study - Phillips Petroleum

Equipment Ruptare Direct Blast Impact based on Distance 1o 10 psi
Number of Serious | i niadiom
|mpacts OUtSide, >20 r/,_’ Number of Potential Serious Flash Fire/Firebal Impacts Onsite: >20 people

Number of Potential Serious Toxic Impasts Onsite: 0 people

‘Occupied Buikiings Noted as in the Same Wind Directon

Occupied Building Toxic Impact No

( . Vi "
Number of Serious |mpaCtS \\ Number of Potential Serious impacts for Buikiing 2 0 pacple

For Bu"dlng 1’ one OCCUpant Number of Potential Serious Impacts for Buikiing 2 0 peaple
at t|me of exp|OS|On 1 psi Blast Overpressure Distance exceeds the Fance Line, Consider additional Offsite Impacts

Number of Potential Serious impacts for Buikding 1: 0 people

: Occupied Building Impact from Vaper Cloud Explosion Yes lIl

Number of Potential Serious Impacts for Building 1. 1 people

Occupied Building Physical Explosion Impact No

Number of Potential Senious impacts for Buikding 1: 0 people
Number of Potential Serious impacts for Buikiing 2 0 peaple

Environmental Impact II'

Slide - 21
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RAST Results Comparison

e Gt P Sk Case Study - Phillips Petroleum
Incident Impact
« 23 fatalities
(22 within 250 ft.. of the loop reactor)

» >300 injuries

» Estimated 85,000 Ibs were released and ignited
within 2 min

+ Blast force was estimated at 2.4 tons of TNT
(another study estimated 24 tons)

 Vapor Cloud Explosion (VCE) registered 3.5
magnitude on the Richter scale

Significant property damage

Slide - 22
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RAST Results Comparison
e Gt P Sk Case Study - Phillips Petroleum
Incident Impact RAST Estimate
« 23 fatalities * > 20 Seriously Impacted
(22 within 250 ft.. of the loop reactor)

+ 85,000 Ibs were released * 68,700 Ibs Airborne Release
* Ignited within 2 min * Release Duration at 1.88 min
» Blast force was estimated at 2.4 tons of » Blast force was estimated at 2.4E7 kcal

TNT (another study estimated 24 tons) (maximum limit in RAST) which equals

24 tons of TNT

The following slides describe a feasible scenario for what may have happened that day.

Slide - 23

s ol Case Study - Phillips Petroleum

Supply Air LI RAST Results Comparison

Maintenance As Written

Steps when unplugging settling leg
1) Close the 8” Ball Valve (Indicator reads closed)

8 feet _ i 2) Disconnect the 8” Ball Valve actuator air supply
and discharge hoses

3) Lock the 8" Valve stem in its closed position
4) Remove the takeoff valve
5) Manually pull the log out

Takeoff

Valves
Slide - 24
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RAST Results Comparison
Case Study - Phillips Petroleum

Settling Leg
with Log
fragment

Maintenance Issue Day of Incident

Cannot reach Log fragment

and then manually pull the log out

Slide - 25

RAST Results Comparison
Case Study - Phillips Petroleum

Findings after the explosion

1. The 8" Ball Valve stem was unlocked

2. The actuator air supply and discharge hose connections
were reconnected in reverse

3. The 8" Ball Valve will malfunction open if the air supply is
connected in reverse

Note: 3)'s data was obtained during the investigation
afterwards.

Slide - 26
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Plug

, Reactor at 600 psi

Open 8” Valve

Takeoff valve removed
(open to atmosphere)

RAST Results Comparison
Case Study - Phillips Petroleum

Feasible conclusion due to findings
» Plug pushed out due to reactor pressure
* Nothing to stop flow from reactor

» Entire contents of reactor released outdoors
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RAST Results Comparison

Case Study - Phillips Petroleum

Property Damage Table (NFPA)

Overpressure (psi) Building Damage
0.15 Typical pressure for glass failure
1-2 Failure of wood siding; partial demolition
>10 Probable total destruction
>30 Steel towers blown down

RAST Estimates for the Vapor Cloud Explosion (VCE)

Significant property damage within 250 ft.. 250 ft.. (75 m)

Distance Overpressure
1/2 Mile (800 m) 0.8 psi
> 10 psi
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14



2022-03-25

ANAIHE Techn bay Allancs

RAST Results Comparison
Case Study - Phillips Petroleum

Center for Chemical Proce ss Safety

Overpressures Estimated by RAST

for Vapor Cloud Explosion Ll

&

Administration Building’ - i
|
1/2 mile (800 m) 7 |
7’ '~
/ 51 KN
/ Pasadena
Site Plan
/
! o]
£:!
I i s’:.]
| i
I @ % Reactor Location ]
! N
\ [ Slide - 29
RAST Results Comparison
. Case Study - Phillips Petroleum
Physical Damage
Reactors at Center
250 ft.. Radius
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15



2022-03-25

ANAIHE Techn bay Allancs

RAST Results Comparison
pr e t——" Case Study - Phillips Petroleum

Physical Damage

View from South to North

Listing tower at 14 degrees out of plumb
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RAST Results Comparison
pr e t——" Case Study - Phillips Petroleum

Physical Damage

Administration

Building

% mile away
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What if the data had been entered

Risk Analysis Screening Tool (RAST)
“Normal Operations” Study - Phillips Petroleum

to 0.0002 (“normal” operations) % G4 To Main Marnms Plant Layout Input Go To Reaction Input
instead Of 00035 people/mA2 < Go To Chemical Data Save Input to Equipment Table ‘ Cloar Inpal e xneeecondiions
i T ' Defaultis 0.0002
(day Of InCIdent Wlth many people uipment Identification: |Loop Reactor |
in the area at the time of the s Jvessoi Tk J
Location: |Outdoors |
release). The Development
g 1 . . 1 Location >~ Occupied Building Data
ReaCtor BU|Id| ng Stl" Contal ns Distance to Property Limit or Fence Line = 300 ft Jccupied Building 1 Name = Reactor Develop Bidg.
n 1 Furthest Distance to Fence Line (> 9144 m ) = m ) Distance to Occupied Bidg 1 or Area = 250 ft
Pe.rsgn and the AdmmIStratlon Max. Onsite Outdoor Population Density 0.0002 pmplm’mz - Elevation of Occ Bidg 1 Ventilation [nlet = m
Bulldlng 2 Stl" Contalns 40 PeOple, Personnel Routinely in Immediate Area? Yes Distance to Center of Occupied Bldg 1 = m
Distance to end of Ofisite Zone 1 m Occupied Bldg Type =
Offsite Population Density within Zone 1 Ocoupied Bidg Venilation Rate = changesthr
Offsite Population Density Beyond Zone 1 pggph[m‘ Number of Building Occupants = 1
Effective Egress from Work Area? Occ Bidg 2 in Same Wind Direction? Yes
Access for Emergency Services? Occupied Building 2 Name = Administration Building
m Degree of Equi C in Area? High Distance to Oceupied Bldg 2 2620 ft
outdoors at a specific time pe Containment or Dike Surface Area = sqm Elevation of Occ Bldg 2 Inlet = m
. P i per Consider Dike of Bund Falure for Vessel Rupure? Distance fo Center of Occ Bldg2 = m
total facility area during normal Credit Fire Heat Adsorption for Drainage/indirect? Occupied Bidg 2 Type =
operation including operations, Distance to Nearest Fired Equipment = Occupied Bldg 2 Rate =
maintenance personnel ete Quantity of *Other* Flammables in Immediate Area kg Number of Occupanis Bldg 2 = 40
. o Quantity of Flammables in Adjacent Area kg
Typical values would be in the Adacent Contanmentor Dike Surice Area = sqm
range of 0.0001 to 0.001 people/m’ spll gua
Slide - 33
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Risk Analysis Screening Tool (RAST)
Genter for Chemical Process Safety " . ’” oy
Normal Operations” Study - Phillips Petroleum
On the COnsequence CONSEQUENCE SUMMARY
RAST Version 3 Date: 320/2020
Summary worksheet. B bR Lte R Canishitg Full Bore Pipeor Nozze Leak |-
wiene :
Incident Outcome and Consequence Summary: LOPA Tolerable
I~ Impact Assessment with Personnel routinely in the immediate Excesds Tiesnols Frequency Factors Based
area Creia Estimated Number of
- (Ofiie Tosi Impct basd on Toxic Insgration Method and 91,4 m i Fence Line Yes People Impacied
Incident Outcome and e T o T
Outdoor Toxic Exposure Duration 113 sec
\_ Consequence Summary Orsie Flash Fie lmgact based on Distnce 0 0.5 LFL Concerraton of 166 m 5
Chemical Exposure based on Dermal or Themal Hazards and Spray Distance of I m 4
. Equpment Rupaure Direc BlastImpact based on Disiance o 10 psi
Number of Serious v e Rt bt D o Frh
: Number of Potential Seious Toxe Impacts Onsite: O people
Impacts Outside drops to e e
Occupied Buldings Noted as in the Same Wind Direction
\_ 2 peOp/ e J/ Occupied Building Toxic Impact No
Ve Nomber of Potential Serious Impacts for Buiiing 1. 0 people
) \\ Numbsr of Pfential Serious Impacis for Buiking 2 0 pecphe
Numbel' Of Senous |mpaCtS Qccupied Building Impact from Vapor Cloud Explosion Yes |I|
A ; Number of Potentia Serious Impacts for Buikding . 1 peopie
For Building 1 stays same at i B o
1 ers O n 1 psi Blast Overpressure Distance excesds the Fance Line, Consider additional Offsite Impacts
\_ p Qccupied Building Physical Explosion Impact No
Number of Potential Serious impacts for Buikiing 1: 0 peaple
Number of Potential Serious Impacts for Buikling 2 0 people
Environmental Impact
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RAST Estimate For Day of Incident

RAST Case Study - Phillips Petroleum
Conclusion

RAST Estimate For Normal Operations

* > 20 Seriously Impacted » > 2 Seriously Impacted
* 1in Building 1 Seriously Impacted * 1in Building 1 Seriously Impacted
+ Tolerable Frequency Factor at 6 » Tolerable Frequency Factor at 5

The Tolerable Frequency Factor (TFF)
is the number of Independent
Protection Layers (IPLs) needed to
reduce the Risk to a tolerable level.

lock-out controls in place.

The TFF has been reduced by 1 (an order of
magnitude reduction in Risk) with non-
essential people removed from the area

and with no changes to the administrative
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are the hazards?

RAST Case Study - Phillips Petroleum
Conclusion

How often
might it happen?

How bad
could it be?

What
can go Wrong?

Is the risk tolerable?

v 1
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Although RAST was not available in 1989, had a PHA Team compared the risk during normal
operations (TFF = 5) and the risk associated with many people in the area as the
maintenance was being performed (TFF = 6), more protection layers would have probably
been added with fewer people nearby during maintenance to help reduce the likelihood and
severity—the risk—of a release.

Slide - 36

18



