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This study begins by Identifying the Equipment or Activity for the analysis. We will use
the operation of a specific equipment item containing a specific chemical or chemical mixture
to define the activity, such as the operation of a storage tank, a reactor, or a piping network,
etc. Inputs include chemical data, equipment design information, operating conditions, and
plant layout.
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Q)PSW Case Study - BP Texas City

Chemical Hazard Engineering Fundamentals — Case Studies

Process Description

The ISOM unit provided higher octane components for unleaded gasoline (petrol),
consisting of four sections: an Ultrafiner desulfurizer, a Penex reactor, a vapor recovery /
liquid recycle unit, and a raffinate splitter. At the BP Texas City refinery, the ISOM unit
converted straight-chain normal pentane and hexane into branched-chain isopentane and
isohexane for gasoline blending and chemical feedstocks.

This study focuses on the raffinate splitter section where a hydrocarbon mixture is
separated into light and heavy components. About 40 percent of the raffinate feed was
recovered as light raffinate (primarily pentane/hexane). The remaining raffinate feed was
recovered as heavy raffinate. The raffinate splitter section could process up to 45,000
barrels per day (approximately 1,300 gallons/minute) of raffinate feed.

This is an illustrative example and does not reflect a thorough or complete study.
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Chemical Hazard Engineering Fundamentals — Case Studies

Q:PSM, Case Study - BP Texas City

The process equipment in the
raffinate splitter section
consisted of a feed surge
drum, a distillation tower, a
furnace with two heating
sections (one used as a
reboiler for heating the
bottoms of the tower and the
other preheating the feed), air-
cooled fin fan condensers, an
overhead reflux drum,
pumps,and heat exchangers.
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Process Description

Raffinate Splitter Tower System of the ISOM Unit
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%PSW Case Study - BP Texas City
Process Description

Liquid raffinate feed was pumped into the raffinate splitter tower near the tower’s midpoint.
An automatic flow control valve adjusted the feed rate. The feed was pre-heated by a heat
exchanger using heavy raffinate product and again in the preheat section of the reboiler
furnace, which used refinery fuel gas. Heavy raffinate was pumped from the bottom of the
raffinate splitter tower and circulated through the reboiler furnace, where it was heated and
then returned below the bottom tray. Heavy raffinate product was also taken off as a side
stream at the discharge of the circulation pump and sent to storage. The flow of this side
stream was controlled by a level control.

Light raffinate vapors flowed overhead, was condensed by air-cooled fin fan condensers,
and then deposited into a reflux drum. Liquid from the reflux drum was then pumped back
into the raffinate splitter tower above the top tray.
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<., Case Study — BP Texas City
Hazard Identification and Risk Analysis (HIRA) Study
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The scope of this presentation is focused on the Raffinate Column. Since
this evaluation is from an Incident Investigation, the Frequency Evaluation
and Risk Analysis will not be addressed - the incident has already occurred
and the weak protection layers already known. Thus, a “worst case”
consequence that might be evaluated during risk analysis is addressed.
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Raffinate Composition

Raffinate splitter column simplified composition model (Fisher, 2006)

ANAIHE Techn bay Allancs
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Compound Weight Fraction
n-pentane 0.0383 —_ . . .
Z-methyl butane 00253 For entry into CHEF, the mixture is
n-hexane 0.1519 simplified to:
2-methyl pentane 0.2950 006 n-pentane
il sl - 0.45 n-hexane (including isohexane)
n-octane 0.1300 0.31 n'heptane
- 0.0409
i 0.18 n-octane
Heavies as n-decane 0.0104 -_—
Total 1.0000 — 1.00 Total

Typical Raffinate composition per Refinery Explosion
and Fire, CSB Report No. 2005-04-I-TX page 259

March 24, 2022

At the time of the incident, it was the
normal federate of 55 kg/sec.
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A composition (weight fraction):
0.06 n-pentane
0.45 n-hexane
0.31 n-heptane
0.18 n-octane

The operating pressure was

25 psig (172 kPa gauge) and
the operating temperature of
112 C was estimated as the
saturation temperature or
temperature such that the
estimated vapor pressure
matches the operating pressure
for a boiling liquid.
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Case Study - BP Texas City
Chemical Hazards Worksheet

Shurkein EMICAL HA CHEMICAL MXTURE INPUT INFO
nputs for one or more chemical components must be entered In shaded “yel ke Data Valve s nofused
Process Inputs:
Temperature, T Note that Weig it Fraction, Moleculer Weight and Vapor Pressure data, in addition

Physical State of Contents [ Liquid | to physical State of Contents, must be entered to estimate Vapor Compos tion
NFPA Hazard Ratings (Table Values)

Secondlig Mol WiData Mol Whlnput Mol e for

Chemical inputs:  Lab Name oyt Name ME TR e T Ees G Aamnabity  Stabiity
Pentane 046 [ 7 7215 2 4
Hexane - 048 L 862 82 2 3
Heptane 031 4 1002 1 3
Octane N 048 Nae 1423 2 3
1

| until the estimated vapor
pressure matches the
operating pressure.

Up to 5 chemicals with the
associated weight fraction may
be added to create a mixture.
_ Mixtures are assumed ‘ideal’.

The chemical property inputs for the various worksheets are
estimated from this composition at the appropriate temperature

R Temperature is adjusted
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Chemical Hazards Worksheet
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T R o o1 PONT v" An estimated mixture flashpoint of -48 C
(the minimum of any component) and
emical Name Mol Fract Vapor . R
— It} _ estimated lower flammable limit of 1.15
Pentane 0.15581 The Minimum Flash Point for any . . . .
Hoare osiese . volume % indicates a potentially high
Octne 003813 flammability hazard.
Ty /LFL =] 0.87180
e 0 v v' An estimated ERPG-2 of >2,000 ppm would
oee s o MATED ITURE ERPG 2and ERPGS indicate a low to moderate toxicity hazard.
0se adjuste per equation 3-1 and mixture per equation J-. .
The NFPA Health Ratings for these
xposure Duration of i . . . .
. ot B gy ML materials range from 1 to 2 also indicating a
Pentane 32500.0 0.00001 190000.0 0.00000 |0W to moderate hazard,
Hexane 2900.0 0.00020 8600.0 0.00007
Heptane 800.0 0.00019 4900.0 0.00003 .
odane 350 000009 50000 000001 v' There may be other hazards to consider
e oo L om0 | such as thermal radiation due to a
ERPG-2yiire = 1/(Z yi/ERPG-2) =|__200561 | ppmv  ERPG-3yiuee =|_ 919607 | ppmv .
it e dero et e o ey maximum process temperature greater than

60 t0 80 C.
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Case Study - BP Texas City
Hazard Identification and Risk Analysis (HIRA) Study
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Partial List of Hazard Scenarios per CHEF Example Scenarios

Scenario or
Hazard Category

Parameter/ Deviation

Applicable Equipment

Initiating Events
(Partial List)

Loss Event*

Incident Outcome

Mechanical Integrity
Fatlure - Large

Flow-Loss of Containment

Al - fo address Residual Falures.

Residual Failure

Very Large Hole Sze Leak

Flammable Release
Toxic Release
Chemical Exposure

Mechanical Infegrty

Flow-Loss of Containment

Al - 10 address Residual Failures

Residual Failure

Very Small Hole Size Leak

Flammable Release
Toxic Release

Failure - Small
Chemical Exposure
Flammable Release
Overflow Release

Overfill, Overflow, or Level-High Level Conirol Fasure Toxic Release
Backfiow Flow-Backfiow AR Liquid Containing Equipment Procedure Fadure (Human Ermor) EE““"’""" Dermage Physical Explosion

Business Loss
Overfow - Flooding o Adsorber/Scrubber Level Control Faslure Overflow Release Toxic RB:’:GM
Plagging Level-High Drstilabon Pressure Control Failure Equipment Damage Physiosl Explosion

" F I F
‘apor Quench low Confrol Faiure Equipment Ruplure Bus: o
. Drum/BC Handling =

FrynelDamege or Flow-Loss of Containment Piping Procedure Faslure (Human Emor) Full-Bore Leak Fimatie ieieess

Puncture Pump™ Toxc Release

March 24, 2022
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Suggested Scenarios for Raffinate Column

WORKING WITH YOUR EVALUATION TEAM:

O Review the suggested list of scenarios. Do these represent what you
would expect for a distillation column?

Q1 Are there scenarios missing? (Possibly similar scenarios with different
Initiating Events)

Q1 Utilize an Appropriate Hazard Evaluation Technique (HAZOP, What If, etc.)
to capture additional scenarios.
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Case Study - BP Texas City
Hazard Identification and Risk Analysis (HIRA) Study
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€PS. Case Study - BP Texas City
Site Layout
Several Wooden trailers are |Ocated Blowdown Drum Satellite Control Room Raffinate Splitter
approximately 200 m from the
. . . Trailer Area ULTRA ARUIATICE !
Raffinate Splitter housing 20 people. Sucen e fensiey
The trailers are “low strength” Room
construction. In addition, the process
area appears to be relatively “flow”
equipment congestion.
The Blowdown Drum receives the Catayst — | ™ HE SRS B
discharge from the Raffinate Splitter | ™**"***
relief devices is located 50 m from the
wooden trailers and vents at an
elevation of 36 m.
March 24, 2022 ApprOXimately 500 m Slide - 14
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Use a Specified Release rate equal o
feed rate of 55 kg/sec for Overfill at So urce M Y

the Release Temperature of 112 C

SIEP1. SkectTumolBelms | SpectsoRats |
Reiease mputs onevwe ey
Hoks Sizs. 0
Coesicnycs =

Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City

Enzpn s

dels Worksheet - Consequences

LIQUID RELEASE - ESTIMATED FLASH FRACTION

LIQUID RELEASE - ESTIMATED POOL EVAPORATION

Flash Fraction (equation 11-19), Fv=Cs (T-Tg)/ AHy = (257) (112-749)/(323)

e[ 0295 | Initial Fraction Vapor =

LIQUID RELEASE - ESTIMATED AEROSOL FRACTION

Heat pputRam, §

Process mpus:
Reease Temperaire, T
Regase Pressure {gauge), Pu- P2

e

Chemical Properties at

[17236852 ]
1

Kiwaz

e Selected Liquid Release Rate,L= 55 | kysec

Flashing Fluid Density, p'=1/[Fv/ py+(1-Fv)/ p]=

Column Release .

2 gaze kgm®
L]
Liquid or Two-Phase Release Velocity (equation 11-5), vy =1.27L/[d” ¢ p']=
: cxsna or vy=1524[1000 (Py-P,)/p'+ 981 **=

Temperature of 112C -

Pryscaisie
MoRCadr Weight Mw
L Te

Vavor pressue P
Lo Densay, A

Ligud Heatcapacty €2
e of VporzIion, A an

SERL i Biari |

EqupmentLocon
EquipmentWosme, Ve
Estmana Comaned Mass

Lo Heignt wanm Equpment 1
DREQATED Leove Bk His Diel
LeERaion Bove Surce,

March 24, 2022 ‘

Leave Elevation Blank for now as Discharge was to a
Blowdown Tank which then Overflowed to the Atmosphere

127(55)/[(0.087)%2(061) (577)]=[__263 | misec

Estimated Droplet Diameter (equation 11-21), d; =170 (1-Fy)  v;* =
170(1-0295)/ 2632 =] 0472

Liquid Spray Distance (equation 11-4),s = vst= 045 v;sh'? =

045(2634) (1)05=[__ 19 |m -or- [ 389 |t

rang Aerosol Temperature (equation 11-23):
= {796 Nos Us Tano [p (1 Fv]]'Cs
Aerosol Temperature

Vapor Pressure at Aerosol Temp, P*

Aerosol Fraction (equation 11-22), Fy = 0.043 v, Mw?* P'h" /[ p" T (1-Fv) =
it 0.043 (2634 '2 (86 )'213 (78.684 ) (1M/2 /[ 577 ( 27315+ 65.97 ) (1-0295) ]
- Fos

' Total Airborne

Release Duration, t = Inventory /L= /55

Estimated Liquid Rate to Pool, L'=L (1-Fv) (1-F;
55(1-0295) (1-0332) <

017_] kalsec

Pool Temperature (equation 11-26):
To={T'L'Cs * Ao (S + Ugna Thw - o AHy )} (L' Cs * Ugna Ao}
Pool Temperature T, C (2842K)
Vapor Pressure at Pool Temp, P =| kPa
Daytime with Wind Speed ( an.ﬂan = 3 misec

Evaporation Rate (equation 11-27),m, = 0.0021 Mw? " P*%/ T,

0.0021(86 Y203 (3078 (11.726) (27315 + 11.05 ) = [_0.003983 | kglsec m?

Estimated Max Pool Area (equation 11-24), Ao =L'/[p /(1001 ) + my /2] =
or (Inventory - Iital Vapor) 100/ p, for Equipment Rupmrs
259017 /(5771{100 (3600) ) + 0.003983 /2] =

=(0003983) (7210) =[_259017_| kglsec

limited to pool fill rate

Pool Evaporation = my As

LIQUID RELEASE - ESTIMATED AIRBORNE QUANTITY

Liquid Release - Airborne Quantity =L[Fv+Fo(1- Fv)]cmpAV
55[0295+0.332 (1-0295) ] + 259017 = kgisec-or- [ 7260 |mimin

Liquid Release - Airborne 0 /my for Equipment Rupture

il Vapor/ Total Vaporor0+ /b < 001, Use Maximum Poo Eloraton Rato

kgisec-or- [ Jmmn
»
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Rate of 55 kg/sec with

a liquid pool of 7210 m2 after 1 hour

ANAIHE Techn bay Allancs

Center for Chemical Proce ss Safety

=]

Chemical Hazard Engineering Fundamentals — Case Studies

Case Study - BP Texas City
Vapor Dispersions Worksheet - Consequences

Use a Flashing Liquid Release =2

with Averaging Time Correction i
for Flammable Evaluation

e T PR ey 1o

ot ek & ypialz (1L L ER7 ER3 5 1T L
Masinum Conemton 3t
e e | — ity

Chemical Properties at
Blowdown Tank Release
Temperature of 74.9C
(estimated normal boiling point)

P et
ty Eren e

Vapor Rate from Source

:,: m— | — [

10"/

Test for Plume vers:

Fo> (s st ntanecus Mod

Coenzraion
SeoaDsdr
e

J (QIMw)I(uX? 2
rxn

il Wodelat Dispersion Conditions: (equation 12-24)

t= Q"1 Q for Cantiruous or 2(02) [0° T axs /(Mar )]

Model of 55 kg/sec.

Erclonas roem S sVt fve

sarariws G e

for3 Sped Cass D
Mawmum Conparerton 2
Outdser Vapor Release i

PRER———

pro—

Distance to Concentration of
Interest (lower flammable

- “-{ " limityis 215 m atthe defautt

wind speed of 3 m/sec and
Class D Stability

equating Pufiand P

(Equations 1225, 12:27)

(Wina Speea for instantaneous

-] -

-

EIevatlon of Blowdown stack is 36 m but release will

March 24, 2022

be assumed ground elevation for a flashing liquid

Slide - 16

2022-03-24



AAAAAAAAAAAAAAAAAAAA Chemical Hazard Engineering Fundamentals — Case Studies

€ps. Vapor Cloud Explosion
Simple Modeling Approach within CHEF and RAST

The entire vapor cloud is considered 4.
a single Potential Explosion Site with

epicenter at the center of the «“’& : :
YO A\

fIammabIe cloud (0.5 X, ). | Wind

An single overall level of congestion Direction '

and confinement for the entire cloud Vapor Cloud ‘

s used. g ‘—>

Wind direction is assumed toward  Release ‘ | |
. . . ‘ Locat|on / Explosion

greatest population or building with | EXpIOSIOn ‘ Distance

highest occupancy. Epicenter

Methodology is described in the CHEF Guide

March 24, 2022 Slide - 17
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%PSW Site Layout
Congestion or Obstacle Dens:ty Categories
The method described in 5

Low - Only 1-2 layers of obstacles.
| One can easily walk through the area
relatively unimpeded.

CHEF is limited to
consideration of the entire
cloud volume as a single
Potential Explosion Site
(PES) at an overall or
average category of
process equipment
congestion. This technique
does not account for small
localized areas of higher

Medium - 2-4 layers of obstacles.
One can walk through an area, but it
is cumbersome to do so.

High - Many layers of repeated
obstacles. One could not possibly
congestion where blast walk through the area and little light
overpressure will be higher. penetrates the congestion .

March 24, 2022 Slide - 18
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study - BP Texas City

rksheet - Consequences

BAKER-STREHLOW-TANG N

Estimated Distance to 1 psi k
Blast Overpressure is 298 m
and Estimated Overpressure

Use Vapor Cloud Explosionand . Voo Cloud Exloson fbasedon 3 at 50 m Distance of Interest
Distance of Interest as 50 m from & S s eron Clody Brploston basedon s is 3.2 psi
Release Point to Project Trailers -somsres.x L] = Fuel  Obstacle Density or Congestion
ArEg 2. - e Reactivity Low Medium High 35 for Low-
s S B | wgn [ 05 | o1 [ 1 ] A Reactivty and
ponsisbemin | o Low-Medium [ 0.35 05 1
Fracton Logia vl (« Sipernees),
i Frot uring Deprecsasizaion,
srEBa o Flammable Cloud Volume (equation 13-4), Vc = 2440 Q Xr/ (d u Mw f ©=2440Q"/ (® Mw Cir )=
f ; ; e el e i 2440 (55) (215)/[2(3) (86) (1.16 30000
Chemical Properties at e e —T— Elﬁim Distance to Explosion Epicenter, X ge= 0.5 X171 = 05(2 107.5
Blowdown Tank Release o S T Potential Explosion Site Volume limited to 7 cum

Temperature of 74.9 C
_ (estimated normal boiling point)

on Energy (equation 13-3), Qc = 3500 Ves =

3500(30000) = K

Scaled Overpressure at 1 psi = 0.068

Scaled Distance, R=X/(2Q¢/Po)*=[__15 |

Distance to1 psi =R (2 Q¢ /Py)"

Note: P, = 101.3 kPa
Baker-Strehlow-Tang Overpressure Curves

Vapor NoECHr VYag, e
s Liguiz Densty P
Loweer Piamabie Limi, LFL \u%
== ]

Enter Distance to LFL from e +XEE:zs7s
; i ; s 15[2(105000000)/ 101.31M/3+107.5= | 2978 m/( | %
Vapor Dispersion estmale,  messmssnee el
vapor rate and “low degree e From Graph, Scaled Distance, R = ( X- Xee) / (2Qz /Py) = 1
of congestion s (50-107.5)/[2(105000000)/ 10131M3=]  0.01

Scaled Overpressure = 0.22

Overpressure at 50 m =| 3.2psi or| 22.3kPa

ScaledDisanee, R X (20 1P
Distance of Interest is less than the distance from leak source o explosion epicenter

March 24, 2022 Slide - 19
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Consequence Analysis

A simplification when estimating risk is - ~
choosing a wind direction toward the

Center for Chemical Process Safety ) .
CHEF estimated maximum 298 m
1 psi overpressure distance from
release point assuming “low”
equipment congestion.

. . .. . J1 J
highest population. This is quite
i i i ULTRA—
reasonable in a Risk Analysis where ™ GHEF estmated 215 m

the wind direction is unknown. distance to LFL concentration

" using default 3 m/sec wind

In the actual incident, the wind direction speed and class D

was toward the southeast rather than & f‘.;‘ atmospheric stability
west toward the wooden trailers. i =) .

i o “Tﬁm[ Release Point—
Wind Direction represents a key Vo B Blowdown Stack

S e |

difference between estimates for Risk " |/ ; ey ,
Analysis versus Incident Investigation. ~ “ s ’L" T Theexplosion

y 9 : ’T\ \ I 3 g' % ,H ~/_ epicenteris selected as
Blast overpressure at the wooden TN VAN = 4 L0 ™ the center of LFL cloud
trailers would likely have been higher if IQERORT NO. 2005-04--TX , US Chemlcgl‘Safety Board,
the wind direction was foward the ~ (Figure H-2 Blast Overpressure Map
trailers. S~ =" Side - 20

2022-03-24
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Consequence Analysis -

Impact Estimation

Use Outdoor Release Location STEP3. Enter Plant Layout nforntion
‘ pEm pre
and VapOr Cloud EXp|OS|0n stance to Property Limit or Offsite Population (Fence Line) |
Fraction of Offsite Population Outdoors

\ Fraction of time for Night Weather
ONSITE MPACTASS:.. 'PUTINFORNATION T
L

Fequied Iputs e\ "Yelav'

Release Locion|  Outcoor s o 84
Scenario Outeome | Vapor Goud Explosion |

-1 il s 11

Occupled Buiding Typo [ Lowstengn |
Fraction of Impact Area Containing Occupied Buildings | |
Maximum Number of Occupants in Occupied Building | 20 |

Catonis Enter Low Strength

=

| Building with 20 Occupants

OUTDOOR FLAMMABLE IMPACT

Flash Fire
Distance to 1/2 LFL of 327 m Exceeds 3 m Threshold for Severe Impact.
Impact Area (Equation 14-1), = 0.3 XuuspeLr.”
2

(

process areas.

Enclosed Process Area Volume, Vo
Maximum Number of Personnel within Enclosed Process Area

=03(327)2=[ 3 P
Flash Fire Personnel Seriously Impacted, N = Impact Area times
Population Density plus Personnelin Immediate Area

N=(32078.7 sqm ) 0.0002 peoplelsq m + 1 = [ 7.416

Vapor Cloud Explosion (VCE)

Total Airbore Release of Unlimited Kg Exceeds 100 Kg Thresold for Vapor Cloud Explosion

Overpressure at Nearest Wall of 3.2 psi Exceeds 1.3 psi Thresold for Building Damage

Impactto Occupied Buiding (Figure 14.11), Vulnerabilty =

Number of Buiding Occupants Severely Impacted = Vulnerabilty times

Total Buitting Occupants =

N=0905(20)=[_184_]

STER2 Sect
=
Chenrical Norre [ ]
(Lo Iput Vi Blark o aonegt Chemeal it Tatls Ve ‘STEP 4 - Enter Hazard Distances
Sransayss s s gt Vo _ gt Units
L T Concentration at Distance to Fence Line or Public
Pt Py o e e Concentration at Distance to Occupied Building
G Explosion Overpressure at Distance to Occupied Building
Explosion Overpressure at Center of Occupied Building. 32
o Distance to 1 psi Overpe=sure
© .y Distance m
Distance to Multple of -~ ciammable Limit] 327 | - m
Distance toLCy Cone - Daytime Conditions ] m
Distance toLC _ation - Nighttime Conditions] m
Demral Disto~ ~oncentration - Daytime Conditions m
Does Process Temperature Represert a Tharmal Hazard? - <1 Concentration - Nighttime Conditions] m
Dtiane lmsiey - Distance to Severe Blast Impact m
‘Rellse o EXpORUIE Duration eais w4 i b m
Total Aitborme Quantty, Aks | )

. Copponteation.

Enter Blast Overpressure at i Enter Distance to Fral
Distance to Center of Occupied

Mearch 24,2022 Byjilding from Explosion Worksheet

concentration (0.5 in this example) for Flash
Fire Impact from Vapor Dispersion Worksheet

Total Personnel Severely Impacted = Flash Fire + Occupants Impacted = 2552_|

Estimate of 18 fatalities within the Occupied
- . Building and an additional 7 outdoors from
Flash Fire at default population density

ction of LFL
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Case Study - BP

Chemical Hazard Engineering Fundamentals — Case Studies

Texas City

Hazard Identification and Risk Analysis (HIRA) Study

How Bad

What are the What can go

ow Often

might it Is the Risk

? ? i ?
Hazards? Wrong? could it Be Happen? Tolerable?
e |
Select Identify Develop Analyze Estimate Analyze Implement Sustain ||
Equipmentor Chemical Seanavios c Jency Risk Additional I berformance
Activily to be and Process Safeguards as . |
mravied [~ “tacarss — — — e N Bl

Pl e

0y )

&
¢4

ooelf

Eu =

| =2

1r
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PS
—— Case Study - BP Texas City
Risk Analysis / Layers of Protection Analysis (LOPA)

Initiating Event — either Basic Level Control System failure (instrument was not
indicating the correct level) or Human Performance Failure as “operators routinely
deviated from written procedures maintaining a high liquid level during startup to
minimize the potential for costly damage to the fired heaters”. From the CCPS Book,
Layers of Protection Analysis, a frequency of 0.1 per year may be appropriate.

Loss Event — Overfill of the Raffinate Splitter Column to the Blowdown Tank with
subsequent release of flammable material to the atmosphere.

Incident Outcome and Consequence - Vapor Cloud Explosion resulting in greater
than 10 potential fatalities.

March 24, 2022 Slide - 23
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ANAIHE Techn bay Allancs

Risk Matrix
Risk Analysis Screening Tool (RAST)

To understand the Consequence
Severity and Tolerable Frequency, the
values for key Study Parameters and a
Risk Matrix may be viewed on the
Workbook Notes worksheet. These
values may be updated on hidden
worksheets and should reflect the
company’s specific risk criteria.

Center for Chemical Proce ss Safety

For this case study, the Risk Matrix i
(right) has been used. The Human
Harm criteria is based on an estimated
number of people severely impacted
(severe injury including fatality).
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City

Risk Analysis / Layers of Protection Analysis (LOPA)

Conditional Modifier — the probability of ignition for an unknown source assuming
“good “ ignition controls

PR AT

-
3

ya
/4.

.1}
S o SR

UK HSE Research Report 226, Development of a method for the
determination of on-site ignition probabilities (2004)

Cloud Area ~ 0.3 (235 m)? = 16568 m? = 1.66 hectares
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CCPS, Guidelines for Determining the

Probability of Ignition of a Released
Flammable Mass, (2014)

A reasonable probability
of ignition for this case
may be 0.1t0 0.15 as
the process area is
likely electrically
classified with “good
controls”.
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Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City

Risk Analysis / Layers of Protection Analysis (LOPA)

~
Ind dent Protection Lay IPLs|
Scenario Number: Equipment Identification: Scenario Title: [ e ot o Cevers (pLY)
High shutling off heat to
BPC. 1E-01
Raffinate Column Overfill Scenario during Startup the column reboiler
Date: e ior Blowdown Tank High Level Alarm with 1E01
- Procedure Close Manual Valves on Feeds
gt o Frequency Raffinate Column High Level Alarm with y
Description| Erobabilk per year) SF | Automated Shut Off of Heat and Feeds e
Pressure Relief Device
Consequence Description/ Column Overfill resuting in flammable Other Protection Layers Restricted Access near lsom Unit during 1E01
Categor release to the atmosphere and vapor (must justify Startup and Operation
egory cloud explosion (Non-IPLs)
Risk Tolerance Criteria
tential ft tter than 10 fatalii X
(Cotogory of raquency) | |77t Torgreater tan 10 fatites 1.E-06
WA ailure of Level Control Loop or Human
(t ical;afr uency) Performance Failure for filling the colmn 1E-01
o equency) above level reading during startup
Enabling Condition or
Event
Conditional Modifiers (if applicable) Total PFD for all IPLs 1.E-04
Frequency of Mitigated Consequence 1.E-06
Probabilty of Ignition 1E-01
Risk Tolerance Criteria Met? (yes/no) Yes
Probability of Personnel in Affected Area
Ensure all Protections noted are tandard:
Actions Required to Meet e
Probability of Fatal Injury L
ty jury ey e bR:i\”r;c\\empovavy occupied buildings to beyond the 05 psi blast contour unless a blast resisten]
Others
o Notes Meets Tolerable Criteria for On-site Personnel.
Frequency of Unmitigated Consequence 1.E-02
References (link to
originating hazard review,
PFD, P&ID, etc.)
March 24, 2022 LOPA Analysis (and Team Slide - 26
Members)
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Center for Chemical Proce 5o

Safety

Chemical Hazard Engineering Fundamentals — Case Studies

Case Study — BP Texas City
Frequency Evaluation Worksheet

The existing safeguards were close
to sufficient for managing this - — UM —
scenario to a tolerable risk level el ool Pl Pt [ et
had they been adequately roerr [ o, (A, (oAl o, [N i, (S 2, [N -
maintained and some actions SPLE EVENT TREE g T,
automated rather rely only on Wyl S— et S
operator response to an alarm. In T — —— ™
addition to those listed in the LOPA il [ oo |07
worksheet, several other alarms - Prre——
existed (such as high pressure) that e o P
may have contributed to reducing wtowror ——=4
the overall scenario frequency if the %09 -
potential for column overfill would S
have been recognized.
Slide - 27
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@PS ™ Case Study - BP Texas City

Center for Chemical Process Safety
Sustaining Performance
Whatarethe ~ Whatcango  How Bad might it Is the Risk
Hazards? Wrong? could it Be? Happen? Tolerable?
e
Select Identify Develop Analyze Estimate Analyze Implement Sustain |
E‘:""i:ii“‘e'::: a::;iz:‘r.lvf.:lss Scenarios Consequences Frequency Risk Sa|&r>\;:;r(ls ol 1 per . I
A;n‘:l:':ell Hazards [P > & > —> =P needea [Pl l":;l::ifi‘;‘vlel
&= 1 —
af’| & Wl gh E B (2| B!
L] 1
=00 ¢ 1 = -

The existing safeguards were sufficient for managing this scenario to a tolerable risk level
had they been adequately maintained and some actions automated rather rely only on
operator response to an alarm. In addition to those listed in the LOPA worksheet, several
other alarms existed (such as high pressure) that may have contributed to reducing the
overall scenario frequency if the potential for column overfill had been recognized.
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PS. CHEF and RAST Estimates

Case Study — BP Texas City

Risk Analysis and Incident Investigation often use similar methods to better understand
the scenario. Risk Analysis “anticipates” what could go wrong and what the potential
‘worst” consequences may be. For Incident Investigation, the Incident Outcome and
Consequences are known in addition to the actual weather conditions and wind direction.

For the Raffinate Splitter, RAST did suggest column overfill as one of many scenarios to
consider. RAST also recognized that a Vapor Cloud Explosion could be a feasible
Incident Outcome for an Overfill loss event. RAST was conservative in estimating blast
damage as actual wind direction was not toward the wooden trailers. However, the
“order of magnitude” estimate of consequences seems reasonable. The estimated
number of people severely impacted in RAST was higher than the actual incident (25
versus 15 fatalities and 66 seriously injured).

Q\: aaaaaaaaaaaaaaaaaa Chemical Hazard Engineering Fundamentals - Case Studies
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