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RAST Tutorial Outline

Background
 Hazard Identification and Risk Analysis (HIRA)
* Anatomy of an Incident
» Bow Tie Model

Incident Case Study — Chlorine Release
* Software orientation
» Process description
* |nput minimum data using HIRA steps
» Compare to CSB results
» RAST versus incident inputs
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Anatomy of an Incident

Hazard

Material or Energy

Impact

Initiating I -
Event

Preventive Safeguards Mitigative Safeguards
People
Property
Business
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Risk Analysis Screening Tool (RAST)

ncident Case Study — Chlorine Release

Goal: To use an incident case study to show some of the decisions a Process
Hazards Analysis (PHA) Team can make when using the RAST software

during their

review.

Open RAST Software
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Latest Revision Date 4/12/22

Welcome to RAST (Risk Analysis Screening Tool).

The RAST software and its iated CHEF d ion were through the collab

efforts of volunteers from member companies of the Center for Chemical Process Safety (CCPS) and
the European Process Safety Centre (EPSC). Special appreciation is extended to the Dow Chemical
Company for donating RAST/CHEF for global use and for providing the resources to help medify the
software and di ion such that ies can tailor the RAST software to meet their company-
specific risk tolerance levels. It is sincerely hoped that companies using RAST and CHEF during their
hazard identification and risks analysis studies will be able to improve their process safety
performance.
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RAST

Risk Analysis Screening Tools (V 4.1)
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Case Study — Chlorine Release

Chlorine Repackaging facility

DPC Process Description

DPC Enterprises, Festus, Missouri USA
Repackages chlorine from rail cars to smaller containers

Chlorine Repackaging operations

Connect chlorine rail cars to unloading station

Transfer liquid chlorine through piping to filling station

Clean and prepare empty cylinders and containers

Fill 150 Ib. (= 70 kg) cylinders and 1-ton (= 910 kg) containers




Case Study — Chlorine Release
Process Description

Unloading Station
3 Chlorine transfer hoses
3.4 m (11 feet) long
2.54 cm (1 inch) diameter

Hoses pressurized /
8 bar (115 psig)

ESD
VALVE VALVE

VALVE
FROM PAD AIR COMPRESSOR FLEXIBLE HOSE, TYP.
TO CHLORINE FILL STATIONS

VALV‘E CHI-ORlNE %Jvnwz
#5 DETECTOR

Step 1 - Identify Equipment
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Start by entering Chlorine Rail Car information

On the Main Menu

* Equipment Identification

Text entry — Chlorine Rail Car

+ Equipment type

Drop down menu - Tank Truck/Rail Car/Tote

» Location

Drop down menu — Outdoors

Case Study — Chlorine Release

RAST
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[Chemical Data Input]

Case Study — Chlorine Release

Latest Rewision Dafe 41222
Go to Revision Log >
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Equipment Location = |0utdoors
Data Entry Status or Notes:
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Save Inputs to
i Table
Sc
Update Scenarios for .
i Loaded |  ReietE

Pool Fire

LOPA Menu > |

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

Chemical Data Input

[Chemical Data Input ]

* Chlorine (drop down menu)
» Weight fraction is 1.0
 Operating
Pressure 8 barg
Temperature 25 °C

Note what happens if

* Operating data is
Pressure 115 psig
Temperature 77 °F

Case Study — Chlorine Release

( Operating Pressure

and Temperature

Saturation Temperature and

Physical State (Liquid)

&

/

~~
RAST allows up to
5 components.

g RAST prepopulates data

User defined option, too

L based on chemical library

20
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[ Main Menu ]

Case Study — Chlorine Release
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Pool Fire Evaluation

LOPA Menu > |

J
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[Equipment Input}

Case Study — Chlorine Release

[
™\ Equipment input Go To Process Condtions Input > |
hlorine Rail Car it R TE TS
Chiorine 36 Car capacity but to Equipment Table il s e
90 m* (17,300 gal) e vl e T
Maximum Allowable Working Pressure (MAWP) [c= EquipmentDescripton |
q jal Car/Tote
26 barg (375 psig)
T~ \quayl\ Piping Parameters
Equipment Vidlume = 17300 ) gal Pipe Length = m
MAWP (gauge) = \ 5 ] psi Piping Vulnerable 1o Damage? 3 |
Ful Vacuum Rated? ~ Agoly Screwed Connection Penalty?
Estmated High Temperature Fadure = [
Estmazed Embrigement Temperature = 7~ N\ C Pump / Agitator Parameters
Nozzie or Pipe Size = LXx 1) in Pump Type = I
Number of Flanges or No; Seal or Containment Type = b/
Material of Re - N
7 = Pumo Aoz A cOnnection type
@ S ki “ » s Lo Enir
Alargest “working” nozzle -t ’ b of “Hose T
A AT DI 80 DK VA \ oo |
2.54 cm (1 inch) - "
TISUS0n Transportation Equij it or Pipin}} Parameters
Insulagon Heat Reduction Facior = E quipment or Piping Connection = Hose
Tracing ?
Estimated Equipment Max Wetfed Area = 76 sqm Olher uipment Parameters
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Case Study — Chlorine Release

[ Main Menu ]

CLEAR EVERYTHING
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Risk Analysis Screening Tools (V 4.1)
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Step 2 Continued
Go to Process Conditions Input

LOPA Menu > | P

tion
Gukdance information |
‘ Insufficient Input Data to Proceed with Analysis, Critical Errors =3
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[Process Conditions Input ]

Case Study — Chlorine Release

<< Go To Main Menu

Save Input to Equipment

put

Table |

Process Conditions Input

Clear nput

Go To Reaction Input >

S (Default 80% or 0.8)

(Rail Car received at 90% full
0.9 Maximum Fill Fraction

ion: | Chicnine Rad Car

Proces

Equipment Type:] Tank Truck/Rad Car'Tore
Location: |Outdoors

The rail cars are only unloa

e
ded such that the maximu fill |

rate is zero
ProcessiOQperating Conditions Summary for Chiorine
Ambient = Operating = 2% ¢
fory Limit (bfank & unimited) = kg Operating P ressure (gauge) = 8 bar
m Physical Stae = iquid

j\ Lmiting [ os Saturation T e = 04 C
Limiting Minimum Fil Fraction =\ Mass = 81592 ]

Maxmum Feed Press (gauge)= | = | bar Gm Contained Mass = 90658 kg

Maximum Feed or Fiow Rale = 0 kg min [/ Inveniory for Reference = 90658 kg

Maximum flowrate to
Rail Car is zero (0)

N

(Only a Rail Car unloading facility

N o
T or Continuous) :7/
Gniabie Atmosphere Maintained? ] /
Potential for Aerosol of

Operating Procedures

bar

kgy/min

bar

Percent of Tme in Operation =
Frequent Tumaround or Ceanout ?
Centraiized Ventiation Shut-Cff Bidg 17
Centraized Veentiation Shut-Off

um Back Fiow Rate = kgymin

Equipment Venisto _ =

[Default Ambient Temperature 25 ° C J,m,,wm_,,,:l:m

Review of Operating Procedures for

Selecte

ftem by.

n

Review Date_
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Case Study — Chlorine Release

EVERYTHING Clear Input
aes “" Gl iopu |
Risk Analysis Screening Tools (V 4.1)
Latest Revision Date 4/12/22
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Chiorine Rail Car

Equipment Type =
Equipment Location =
Data Entry Status or Notes

Tank TruckiRail CarTote
Qutdoors.

PRID Number:

Input Information  tn
Complete

Chemical Data input | [
Equipment Parameter Input D

Process Codices | ‘Q

' Plant Layout Input
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|

Sut-rea ] DPC Enterpi
|

Check Inputs

Save Inp
Equj
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Update Scenarios for
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Case Study — Chlorine Release
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Case Study — Chlorine Release
Two offsite populated areas can be entered:
» Zone
Begins at “Distance to Property Limit”
To “Distance to End of Zone 1”
* Beyond Zone 1
Begins at “Distance to End of Zone 1”
Beyond Zone 1
28
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Case Study — Chlorine Release

Examples of Sparsely populated areas Examples of Moderately populated areas

5E-5 people/m?2 2E-4 people/m? '
Rural homes/farms Residential homes on 1.5E-3 people/m? 3E-3 people/m?
very large plots Typical suburban Mobile Homes (upper
“Beyond Zone 1" residential area end of Moderate)
—————————— ! “Zone 1"

29

Case Study — Chlorine Release

Examples of Densely populated areas

4E-3 people/m? 4E-3 people/m? 5E-3 people/m?

Very closely spaced Multifamily dwellings ~ Multifamily dwellings —
single family dwellings — 2 story apartments ~ multi-story apartments
and duplexes closely spaced

30
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Case Study — Chlorine Release

Site office building 50 m (165 ft.) south of rail car station

~ 5 occupants

Blue Fountain residential mobile home park
(“distance” to property limit)

100 m (330 ft.) southwest (~100 mobile homes)

Goodwin Brothers Construction and
Intermodal Tire Retreading

200 m (660 ft.) to east

15 full-time employees each (30 total)

\~\

y

pawdsnn
/ & Jﬂll

w

,__\ _
Command

Post % \\‘ '
% Gn\dwh!mﬂlus
Canstruction
\\ - ;

W

\

Intarmodal Tire

_ T §ervices

Wil-Mix Conrato
Products &

\
South
Command

e
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Case Study — Chlorine Release

[Input Plant Layout Information ]

Zone 1
The Blue Fountain mobile home park
+ 100 m (330 ft.) to property line
 Extends to 500 m (1,650 ft.) from the
rail car station (Zone 1)
« Population density 0.003 people/m?

Beyond Zone 1
Beyond the mobile home park

* Rural
« Population density 0.0001 people/m?

( Location Information

<< Go To Main Menu

31- ang |oﬁEjgnnrerl Trama

~

o |
Equipment Identfication: {Cricrne Rai Car

Layout Description

Equipment Type: [Tank Truck/E l
Location:
Location Informatief?”_ Occupied Buiding Data
Distance to Property Limit or Fence Line = 100 m Ocoupied Buldng | Name = Site Office
Furthest Distance to Ferce Line (> 100m )= m Distance to Occuped Bidg f orAma= | 50 m

Max Onste Outdoor Fopulation Densty people/m® Elevation of Occ Bidg 1 Ventiation Inket = m
Personnel Routmely in Immedizte Area? Yes Distance to Center of Cccupied Bldg 1 = m

Distance 10 end of Offste Zone 1 d 500 m Occuped Bdg Type =
Offste Population Density within Zone 1 d 0003 | peopleim’ Oecupeed Bigg Vensiaton Fae = changesth
Offsite Population Densty Beyond Zone | 0.0001 | peopleim® Number of Buding Cecupants = 5

Eleﬁw EgesswomWMAvea’ Oce Bidg 2 in Same Wind Direction?

Ocapired Bulding 2 Name =
Distance to Oczupied Bidg 2

avation of Oce Bidg 7 Ventiation inket= |

No
_Goodun Bothersi/intermg

200

m
m

sqm

Consider Dis ot Bund Faire for Vessel Ruptirs” Distance fo Center of Occ Bldg2 = m

Occupied Blsg 2 Type =
Distance to Nearest Fred Equpment = Cocupied Bidg 2 Ventilation Rafe = changesihr
Quaniy of*Cher” kg Nember of ecupants Bidg 2= 0
Y kg
sqm
Sols to Soi Require Remedation?
Enclosed Process Area Data Potentil for Water Cotamiration? |
Encosed Process Vome = | ewm Hgh Population of Facity?
Enclosed Process Vertlation = Note that Env | Seenarios are Exclyded

Mo Enclosed Area Personel =

| changesine
|

32
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Case Study — Chlorine Release

[ Input Plant Layout Information ]

Occupie

d Building 1

Site Office Building
+ Distance 50 m (165 ft.)
* Number of Occupants 5

“Occupied Building” 2

Goodwin and Intermodal
Distance 200 m (660 ft.)
Number of Occupants 30

<< Go To Main Menu

Save Input to Equipment Table |

[Occupied Building Data

~

ot
Equipment ldentification: |Cri

Equipment Type:
Location: [Outdoors |
Location Information N Occupied Buiding Data
Distance to Property Limit or Fence Line = 100 m Occupied Bukdmg | Name = Site Office
Furthest Ditance to Fence Line (> 100m ) = m Distarcs to Occuped Bidg 1 or Ama= | 50 m
Max. Onsie Quidoor Population Densty people/m® Elevation of Occ Bidg 1 Ventiation Inkt = m
Personnel Routinely in Imm edizte Avea? Yes Distance to Canter of Occupeed Bidg 1 = m
Distance 1o end of Offste Zone 1 500 m Occuped Bdg Type =
Ofiie Population DenstywihinZone 1 | 00| peapleim Occugod Bt Version P = rargesihr
CHiste Pogulation Densty Beyead Zone | 0.0001 | peopleim® Number of Buding Cecupants = 5
Effective Egrass from Work Area? Occ Bidg 2 in Same Wind Direction? No
Access for Emengency Senices Ocaupied Bukling 2 Name = G oodwin Bothers/intermg
Degree of Equoment Congestion in Area? Distance to Occupied Blg2 | 200 m
Containment or Dike Surface Aeen = sqm Eevation of Oce Bidy 2 Ventiation inket= | m
Consder Die or Bund Foiire for Vessel Ruptre” Distance fo Center of Oce Bldg2 = m
rei for Cecupied Bldg 2 Type =
Distance to Nearest Fred Equpment = Occupied Bidg 2 Vanbiaton Rate = changesinr
Quansty of "Cher” n kg Nember of Occupants Bidg 2= k]
Quartty of Fammabies n Adacent rea kg
At Conannertor D Surtoe dreo = sqm
Spdis to Sod Require Remediation?
Enclosed Process Area Data Potential for Water Cortamiration?
Enchsed Process Volume = | wm Hgh Population D of Facity?
Enclosed Process Vertiation = | changesinr Nate that E nvironme ntal i Exclyded
Mo_Enclosed Ares Personnel =
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Case Study — Chlorine Release

<< Go To Main Menu

Plant Layout Input

Save Inpy loEquprent Tavle |

T

Equipment Identfication JChorne R\

Equipment Type: [Tank Trick/Rai

Location: |Dutdoces

Location Information

=

Occupied Building Data
\w@"f Name = Site Office

Offsite Fopulation Density within Zone 1
Offsite Population Densty Beyond Zone |
Ef

Disance to Property Limit or Fence Line = 100
Funthest Digance to Fence Line (> 100m }= m
Outdoor Population Densty peapia/r(
ezl Rouinely i Imm ediate Area? Yes
Distance to end of Offste Zone 1 500 m

0003 | peoplel
00001 | peoplei

Save Inputs to Equipment Table
(Blue Macro Button)

~

G oodwin Bothers/Interm

No. Enclosed Area Personnel =

gress from Work Area?
Emenency Senvices Ceaupied Baking 2 Name =
t Congestion in Area? Distance fo Occupied Big 2 m
Containment or Dike Surface Area = sqm Bevation of Occ Bldg 2 Ventilation inket= ] m
Consider Dike or Bund Faure for s sel Ruhure? Distance fo Center of Occ Bldg? = m
5 Cecupied Bidg 2 Type =
Distance to Nearest Fred Equpment = QGccupied Bldg 2 Ventilation Rate = Shangesihr
CQuanttyof” Oher” Rammabiesin Immediate Area kg Number of Occupants Blig 2= 30
Quarity of Flammables in Adjacent Ares ko
g entContarment or Dke Skxe frea= sqm
Avtomal imit spill quantity Inputs.
Spis to S0 Requee Remedation?
Enclosed Process Area Data Potential for Water Cortamiration? |
Enchsed Process Voume = cum High Population Downstream of Facity?
Enclosed Process Vertiation = : changesihr Note that Envi | Scenarios are Exclided

Sends you to the
Equipment Table
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Case Study — Chlorine Release

Input stored in the Equipment Table

Single row contain the equipment information (only one entered for Tutorial)

3 - RAST for CCPS - Rail Car Unloading Exam
Home Insert Farmulas Data Review Wiew Developer Help ‘v Tell me what you want to do
Ad fu
Y H | H ”
: Input Data for an Equipment Item uses an “Equipment Tag
x “ . . . »” .
- “ (the “Equipment Identification” on Main Menu)
<LopAmeny| losd | | upsmssond
- | Gl T S sl >
1 {Tor madlify rérdion, sekeel & ool in ow I be st and hi *Losd Sl
2 ion
Femsonnel Efwssion of Elevanon of
Equipmert Tag Inper: Stas Equizrznt Dasenpron I.Ize‘.l-np:'.r'.’_aa’. Flant Sacton F&D Humiger Equpmen Typa I:Dﬂ::;n Hearest vf‘e:':_?'_
San mivedale | o ea nm. i
Area? Urits
5 - e % v| =y | - = - = =
4 Tl Rai Car I WT0IE 22 05 | Tank Trucza/Fail CarfTele es A
2

35

Case Study — Chlorine Release

- = RAST for CCPS - Rail Car Unloading Example - Excel

Home Insert Page Layout Farmulas Data Review Wiew Developer Help ‘v Tell me what you want to do

To retrieve Information
Select (click) any cell in the row

—}_;—-t E g H P
M ia Clia Bl Tl o to Equipment Input &
Fhoe &" Selected ant Chiarine Rail Car Glear Equpmen atie | —
-

-
3
i
=
7
i
z
2

&
:
i__
7
&
i

Equipment |dentificafic |

\‘\1 Femonnel [ [Elevaion of
Equipmert Tag Inper Szus Equizrznt Dasenpron mﬁ:ﬁ;'ar FI(Then_
3 -] - : | Load Selected (Blue Macro Button)
4 Tl Rai Car I WTIE 2205
2

[ Sends you to Main Menu J
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Case Study — Chlorine Release

RAST

Risk Analysis Screening Tools (V 4.1)
Latest Revision Date 4/12/22

Go to Revision Log >
Import fom Previous Saidy  Import from RAST File

[ Main Menu ] “ana|

Clear input |

p
Tutorial Check:

Does “Chlorine Rail Car”

Merge Data from Ancher Sudy inothis Sudy  Merge Data from Another Fie]
Update Previously Saved Informason
Access LOPA Workbook from Scenario Resuls  Go To Scenario Results >
Update: Notes and Commens br Entre Workbook  Go to Workbook Notes >
Select Defaut Unis. Engish Units _s:im_lanym

Session Date: | 2022-10-28 | Paricpanss: [T5C Parcpans

Show up in “Equipment Identification”?

]
]

Go to Equipment Tablé

Equipment ion = [Chiorine Rail Car 2
Equipment Type = | Tank Truck/Rail CarTote
Equipment Location = Qutdoors
Data Entry Status or Notes
Sub-Area: [ i
P&ID Number:
Input Information 1 Evaluations and Reports

Complte
Chemical Data input | [ Fie & E

Chemical

Check Inputs | nrx[

Save Inputs to
Equipment Table
Scenario
Update Scenarios for
i Loaded Retief EfMuent o
Fire Evaluation

LOPA Menu > |

Hazards & Consequences

Input Data Sufficient to Proceed with Analysis ‘ 37

-

Step 3 - Develop Scenarios

Process Hazards Analysis (PHA)
Hazards and Operability Study (HAZOP)

>

Select Identify Develop Analyze Estimate Analyze '"’F"“‘“_' :- Sustain I
:xlm:: .“C:EPI:L‘:;S Scenarios C F Risk e I dsfor |
Analyzed - ¢ [ > {pﬁ? 2 & «,Vif — E > g e -_>| m:z:;uf |
I
o | B [
1 & 2 > 3 In 4 . . . :
\ - RAST Helps Identify Scenarios _'
7‘ Based on materials, processing conditions
Historical \and potential types of equipment failure
Incidents ,
Equipment
38
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Case Study — Chlorine Release

CLEAR EVERYTHING “" Clear input
IN WORKBOOK #

s Risk Analysis Screening Tools (V 4.1)
Main Menu [ oon i
Go to Revision Log >
Import #om Previous Saidy  Import from RAST File
Merge Data from Anoher Sudy inohis Sudy  Merge Data from Another File
Updaie: Previously Saved Inbrmaion  Go to Equipment Table >
Access LOPA Workbook from Scenaro Resuls  Go To Scenario Results >
Update Notes and Commens for Ensre Workbeok  Go to Workbook Notes >
Select Defaul Unis: English Units | SI Units |Study File: |RAST Sobware Workshop Nov TSC.xism

Session Date: |_2022-10-28 | Parigpans: [TSC Paricpans ]

Equipment Identification = [Chiorine Rail Car
Equipment Type = {Tank TruckiRail CarTote
Equipment Location = Qutdoors Step 3

Data Entry Status or Notes. A o .
T — Go to Scenario Identification

Sub-Area:
P&ID Number:
Input Information 1 Evaluations and Reports

Complete
Chemical Data input | [ i | Fire & Explosion Index / [

Chemical Exposure Index

Equipment Parameter Input D

Save Inputs to
Process Condions nput | [ Equipment Table '

Scenario iderfiication

ettt JED e Sconaios tor | -
i Loaded Retel e Streening |

Reaction Input and Evaluation

LOPA Menu > | _Poo Fie Evaoton |

| Input Data Sufficient to Proceed with Analysis ‘ 39

Case Study — Chlorine Release
Suggested Scenarios for Rail Car

<< G0 To Main Menu | Scenarios from the RAST Library 6o To Scenario Resuts > _ |
Exaluation Nods: Moda Dssign intant Summany: =y
3
Update List Update Input this worksheet
Plant Section = DPC Enterprises Chome RaiCars a ‘ote cortaning Ohiorne that operdtes a2t 2 E pd e
Create User Equipmert Type =Tank Truck/Rol CanTote  Cand B bar The arimam alowsbie woking pressure of| 7 il |e E 1H g .
e Equipment Tag = Chiorine Ral Car 3 Ao sabs 0 Igisin, z 2 i . i g g E i E Clear Input this Worksheet ‘
(% H
B|E HEEE
= .| 4 sg% 5§§E§E Sive Input to Ecuipmmant Tabia
e . g HiH
LOPA Wenu Filiers. o o NOT ool Wevvg ot o acsion bt o ctiipecss |88 412 |3{ & || ¥\ {5
RAST contains a —
Scenario Type | Scenario Of + | Inkiating Evert Descriptic= LossEvent Outcome o e - = Existing Safeguanis. Recommendations et

Library of potential - - SEEEECEE e
. incident scenarios) ] PP delel 1o |

GasketFaee

Ful Sae moe Size Lok

Sgrts S |
99 Reviews for Feasibility

Gray rows (screened out) ~ === = —_ J

Frcessne mom it rem
e

s 2 G P ressine Does

Wokirg Srmasue of Reliet Set Sty L renrae Mot et

40
s citoep Faive | 7Hire Lol ncicnion we:
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Case Study — Chlorine Release
Suggested Scenarios for the Rail Car

Consult With Your Tutorial Neighbor:

. Review the suggested list of scenarios. Do these represent what you
would expect for a rail car during unloading operation?

. Are there scenarios that have been “screened out” (shown in gray) that
should be considered?

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

Case Study — Chlorine Release
Suggested Scenarios for the Rail Car

In an Actual HIRA, the next step for the PHA Team includes:

Identify additional scenarios using a hazards evaluation technique
(such as HAZOP, What If/Checklist, etc.).

Enter the additional scenarios into RAST as a “User Scenario”

21



Additional Scenarios can

be added by using

“Create User Scenario”

Case Study — Chlorine Release
Suggested Scenarios for Rail Car

A Select “Yes” for
= e e - JHE ilils Further Analysis
=5 Caqvement Tog = e Rt G HH § i ;g : g 1 E
') ntiaing Event (Cavert hﬁﬁ\nhdw\ Loss Event Outcome B S e RE\ &"‘ ::x:.;
primo Camis S Y
vt — Mot | s etn ( PHA Team ]g
Adds or Removes
kgl Ll e | s tacisiroie | foesrbacan | S=iepE L Potential Scenarios J
SPCE mitninitaop Falve. Failre 'Level incication w: 43
Step 4 - Analyze Consequences
Weather
Population
! 1 =y
Select Identify Develop Analyze Estimate Analyze Implement | sustasin 1
Equipment or Chemical Scenarios C F Risk ds for |
Activity to be « | andProcess - - - ~ | Safeguardsas __>| Life Cydeof
Analyzed 7] Hazards > % rg & > % rd ] Needed I Facility
9 - B | i
gy ! I
o l
A 5 > I
1 q 2 : >3 J 4 > 5 > 6 | iz .
NS 4 N \ RAST uses -
Congestion & \Source and Dispersion Modeling
Confinement ,,
Vulnerability
44
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Case Study — Chlorine Release

CLEAR EVERYTHING “,T Clear input
IN WORKBOOK #

Risk Analysis Screening Tools (V 4.1)
Latest Revision Date 4/12/22

Go to Revision Log >
Import #om Previous Saidy  Import from RAST File
Merge Data from Anoher Sudy inohis Sudy  Merge Data from Another File
Updaie: Previously Saved Inbrmaion  Go to Equipment Table >
Access LOPA Workbook from Scenario Resuls  Go To Scenario Results >
Update Notes and Commens for Endre Workbeok  Go to Workbook Notes >
Select Default Unis: English Units _snﬂs_,m;une. RAST Sotware Workshop Nov TSC.xism

Session Date: [_2022-10-28 | Paricpans. [T5C Parcpans ]

[ Main Menu ]

Equipment ification = |Chlorine Rail Car
Equipment Type = {Tank TruckiRail CarTote

Equipment Location = Qutdoors

Data Entry Status or Notes:
e Secton o Su-rea
PaoNmoer [ ]
Input Information 1 Evaluations and

Complte
Chemical Data input | [ Check Inpints
Equipment Parameter Input D ’
Save Inputs to Hazards & Corg ce
psons inpot | [ Equipment Table \ﬁ P4
B it §

= Update Scenarios for
i Loaded Rskef EMfuent Scroening |

LOPA Menu > | Pool Fite Evaluation

Input Data Sufficient to Proceed with Analysis

Step 4

Go to Hazards and Consequences

45

Case Study — Chlorine Release
Consequence Analysis

Scroll right to CONSEQUENCE SUMMARY

[
untire Modeled as .

conseouence s Deault

RAST Version 4.2
ail CariTote; Chlorine

Detag:
i Failure.

\

Chlorine Rail Car Rail Car Containing Chlorine :

CONSEQUENCE SUMMARY

HAZARD SUMMARY
RAST Version 4.1 Date: 2022-10-28 RAST Version 4.1
for Process Unit: Tank Truck/Rail Car/Tote; L— Loss Event for: Tank Truck/Rail Car/Tote; Chlorine Full Bore Pioe or Nozzie Leak

Date: 2022-10-28

for
p= | Confirm: Loss Event for B & fj;“‘:j:f’"""‘”‘”’f"”‘j“
. . . orne Quanti umi - W 'y dmmediate Aréd
Tank/Truck/Rail Car Tote; Chlorine Rail Car e %0 Facter _Pratatitte
Containing Chlorine
Select Scenario from dropdown menu:
Full Bore Pipe or Nozzle Leak
(the “worst” Consequence for a total hose failure)
46
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Case Study — Chlorine Release
Consequence Analysis

Scroll down to Dispersion Summary Section
» Default Atmospheric Stability D

Loss Event for: Tank Truck/Rail Car/Tote; Chlorine
Rail Car Containing Chlorine :

CONSEQUENCE SUMMARY
RAST Version 4.1

Date: 2022-10-28

Full Bore Pipe or Nozzie Leak

* Default 3 m/sec wind speed
* ERPG-2 distance at 10 km (6.5 miles)

o

Summary (

T

Max Distance to Es®i
Max Distance 1o Flash Fire Impactor 0.5 LFL, m

i i heric Stability Class D with 3 mises wind except as note
"Max Distance 1o Time-Scaled ERPG-2, m 10375.0
Max I)sawoeao Time-Scaled ERPG-3, m 36421

e (e L5 L ethality for LEF westher, m
icenTason, m 501.3

Potential Toxic

Maximum Ground Elevation Concentraion, ppm 1000000.0 Impact within
Concentragon at Distance 0 Fence Line, ppm 12635.5 Occupied Building
Concenrasion at Distance o Unrestnicied Work Area, ppm 1000000.0 {Indoor Con¢ >
Concentraion wathin Occupied Bidg 1, ppm 17204 2
Concentrasion within Occupied Bidg 2, ppm 1765.8
Concentration wathin Enclosed Process Area, ppm
. . Enciosed Process Area wiVenSiagion, pom
ERPG-1 - Temporary, non-disabling effects threshold.
ERPG-2 - Disabling (escape impairment) threshold
ERPG-3 - Life-threatening effects threshold
47

Case Study — Chlorine Release
Consequence Analysis

Loss Event for: Tank Truck/Rail Car/Tote; Chlorine
Rail Car Containing Chlorine :

CONSEQUENCE SUMMARY
RAST Version 4.1

Date: 2022-10-28

Full Bose Pipe or Nozzie Leak

Scroll down to Incident Outcome Section

« Offsite Toxic Impact potential: 80 people

* Building 1 Toxic Impact potential: 5 people
 Building 2 Toxic Impact potential: 27 people

o Impacl based on Distance to LC 50

nnsne FlashFire Impacl based on Distance to U 5 LFL Concentration of 0 m

Chemical Exposure based on Dermal of Thermal Hazards and Spray Distance of 14

Equipment Rupture Direct Blast Impact based on Distance tc

Onsite Thermal Rad: based on Distan Fireball
Neamber of Potaniial Severe Towiz. W;LA ﬂ# e S-Qpaqaka

Paople Impacted
ﬁn
[ & ]
NA

Incident Outcome and Consequence Summanr LOPA Tolerable
Impact As r Exceeds Frequency Factors
Threshold  Estimated Number of

NA

of (EE

M : o for Bunding 2: Gpeaple and

Environmental Impact:

48
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l M RAST estimated number of severely impacted

At the time of the incident

»  Wind direction away from mobile home park

* Most residents were at work

+ Wind direction wafted away from nearby
businesses

+ Onsite office building and nearby occupied
businesses personnel evacuated quickly

From the actual incident

* No fatalities

* 63 people sought medical attention

» Hundreds sheltered in place for up to four hours/

people (Wind in the “worst” direction)

* 5onsite

27 for the offsite occupied businesses
80 in the mobile home park

49

L

At time incident (changed RAST Defaults)

Case Study — Chlorine Release
Consequence Analysis

Considering assumptions, “good” agreement with CSB

Vapor release rate of 2 kg/sec due to flow restrictor
Actual 2 m/sec wind speed
ERPG-2 distance is estimated at 7.2 km (4.5 miles)

Vapor release rate: 2 kg/sec
2 m /sec wind speed
ERPG-2 distance is estimated at 6 km (3.6 miles)

50
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Case Study — Chlorine Release
Consequence Analysis

3.6 mile radius to
ERPG-2 concentration |

4 N

Release Point -
Rail Spot # 3

Actual
Wind Direction
of
Incident

7“ 51

Case Study — Chlorine Release
Consequence Analysis

“Worst”
Wind Direction

Used in

RAST

52




Case Study — Chlorine Release
Consequence Analysis

RAST selects wind direction toward the highest
population (a “worst” case)

Risk Analysis assumption
The wind direction is unknown
1) Southwest toward the mobile home park
2) Directly toward the nearby businesses

Actual incident conditions :
The wind direction is known ' i
Toward the east-southeast -~ S e

-~ N { R ;,:;;m ” |

Wind Direction represents a key difference between estimates for
a Risk Analysis versus an Incident Investigation.

53
Case Study — Chlorine Release
CLEAR EVERYTHING “" Clear input
- _I"""m Risk Analysis Screening Tools (V 4.1) ==
[ Main Menu ] eorasins
===
Merge Daia from Ancher Sudy it tis Sudy  Merge Data from Another File

Updaie: Previously Saved Inbrmaion  Go to Equipment Table >
Agpess LOPA Workbook from Scenano Resuls  Go To Scenario Results >
Update Noies and Comments for Entre Workbook  Go to Workbook Notes >
Select Defaul Unis: English Units | SI Units | Study File: |RAST Sotware Worl Nov TSC xism

Session Date: | 2022-10-28 | Panicpanss: [TSC Paricpans ]
Equipment Identification = [Chiorine Rall Car
Equipment Type = Tank Truck/Rail CarTote
Equipment Location = | Qutdoors . . .
R Go to Scenario Identification
Su-Area | [ ;
PRID Number:
Input Information o Evaluations and Reports
Comete
Chemical Data Input Check Inpints | \FRR S Excen s )

Equipment Parameter Input @
Save Inputs to s Sy
Process Condiions Input Equipment Table '
scnsosotlnion| )

Plant Layout input | [I] 5 P4
ayouip | goto Sconarios for Ny |
i S kel ENuenT Screeni
Reaction Input and Evaluation = L led =
Inpud Gislance Information | LOPA Menu > | Pool Fire Evaluation

| Input Data Sufficient to Proceed with Analysis ‘ 54
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Case Study — Chlorine Release
Suggested Scenarios for Rail Car

<< GoTo Main Menu i i T—— GoTo Scanio Resurs > |
Update List Ff 8 — 3 i
Prat St Potential Outcome and i (e Inpue this worksneet |
Create User Equpment 1| s v s Qi & §2|®
n| | s Tolerable Frequency Factors ey el |1 11 AHE ! HiE I Worksheet|
) ) iy HEHHEHHHEEH
= 0is low risk Eii%gigigig Savefhout to Equipmert Table
. Wecianca | i i 5 L3
LOPA Menu Eitters: . . . . for Session Date or Participants N3 | 5 | B| 8|6 | | ¥| & ]
- — 6 is higher risk, needs more protection layers | : i
ScenarioType | ScenarioC\__ it Outcome 1 ) o =1~ || Existing Sakeguards Anslysis
B I e Tl R IR e s ) (NPT s st 1 O I
o=t
Tl B el e et s I s L AR
ronser = = = 2 ey s e e s
-
e | e | S TR e e
r N
b ordemen et >‘*“;‘; sl | MO | sty e o | Fonceatrom ton S st | Furon e sm e [RTtesms sl | ||
.
~——
et et gt o2 . o o vapem s
= \ e ey T
3 r Tiggenng megens
- . e
Piping or Equipment Leak, Full Bore
| | Zw | Faae otLevel maczon |

Case Study — Chlorine Release
Suggested Scenarios for Rail Car

Go To Scenario Resuls > J

s aalen et Potenbal Uulcoms | Tolrabs Frequancy
K]
Update List Update Input this worksheet
Flart Section = DPC Ererprses Chicnne Rai Car's a Tank Tnck/Ral CarTote containing Chionne that cperates at 25| g A Lz i ‘
Create Us Equbment Type = Tank Truck/Ral Ca'Tte C and 8 bar. The vaume is 17300 gl with a maxmum alowabie working pressure of| @ 2
Soomitn | | EwmenTag= N et i e nmeint (11 HIEHE ?,. 5 g i Clear Input this Workshest
Scenario Outcome Rt HH :
Il u HHHH ! 1 5 HF g R Save Input to Equipment Table
LOPA Menu Filters: H H IOT be reparted. M ! i Ses: Date or ici) B|5|E(2]|6 RE|E|E
Off-site Toxic Release - 6 I = o
ScenarioType Scenario Comny . . lent Descriptic Loss Event  _ Outcome V1 oL L] L) Existing Safeguaras Recommendations |, 1 C
On-site Toxic release - 6 N
e mamenen | 2SI kTox|c Infiltration - 6 J\ roncon e sz [o e remme, s el |||
oo e prracar it il IR o i e o .
N\
i | ot | i (weap o e ofe] |
it
= N
SessmenlE KuTes Mecanca owse | e = g i B % fossie Touc sewame, onsie Tk N
gy ot | oweatignisatng Hose Faiwe | - Faiure of Hose tom tgwe.et 48 Bore Fiole Size Lea) e o 5|s 5 ) =
.
|
Excessive Hea mput- +e0t | No Hexng Medn Tempene w3 Crefa wr Tiggenny rceens
Trnskr nomd el Nothlet
e
st INIC 25 Reguome aure g e
ks
Falure ofLevel nacaon W




Step 6 — Analyze Risk

Chemicals Operating PHA, Weather Ignition Risk
Handled Conditions HAZOP Source Protection )
Equation

Populat|on

\ / Layers

V- N ¥/ / — i

Fo——-—

Select Identify Develop Analyze Estimate Analyze Implement | sustain 1

Equipment or ‘Chemical Scenarios Ci Risk |
Activity to be « | and Process

Analyzed Cd Hazards

;s *%
OO

U gl
K b 4 A k\ A A K /
| , Human
Historical Congestion & Reliability

Confinement .
Equipment %

Plant Equipment Incidents Equipment Vulnerabiliy
Integrity Failures Failure Rate 57 |

%
!

Layout  Specs

Risk Screening Estimates using RAST

( \f Y H_l

[ ——

Select Identify Develop Analyze Estimate Analyze Implement | sustain I

Equipment or Chemical Scenarios [« q Freq y Risk Additional Safeguards for |

Activity to be « | and Process = . Safeguards as Life Cyde of
Analyzed r g Hazards _D %? r g & _|> rg —b Needed >| Facility
=

&" ka E E Sielic =

D J > onr®go — |
3 - 1 B

Consequence (C) - The Impact

Risk =F xC

Frequency (F) — The Likelihood

58




Risk Analysis Screening Tool (RAST)
Case Study — Chlorine Release

Takeaway:

Arisk analysis anticipates the event
An incident investigation uses information from the event |-

RAST

Suggested a hose failure as one of many scenarios
Recognized that an off-site toxic impact could be feasible
Estimated a conservative number of people severely impacted

59

Risk Analysis Screening Tool (RAST)
Case Study — Chlorine Release

A key question is “Could the outcome of the chlorine release been much
worse had the wind conditions been different?”

60
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Did we meet our goal?

Use an Incident Case Study to show decisions a Process Hazards Analysis

(PHA) Team can make when using the RAST software during their review

Other Questions?

2

61
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Center for Chemical Proce ss Safety

March 24, 2022

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Risk Analysis Screening Tools (RAST)
Case Study — Chlorine Repackaging

e~

¥

S3L1¥N0D)

(IALAH AS

a
DPC Enterprises — Chorine Release
Festus, Missouri
August 14, 2002 Siide -1

AAAAAAAAAAAAAAAAAAAA

Center for Chemical Proce ss Safety

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study — Chlorine Rail Car
Hazard Identification and Risk Analysis (HIRA) Study

What are the What can go How Bad H:_:? ?:t;n Is the Risk
Hazards? Wrong? could it Be? g Tolerable?
Happen?

be Analyzed as Needed | of Facility I

il - Pl R 2 P T > 3 > e
of o Pl [HE1Gy [T 4 (]2 %

L——ﬂ

Identify Identify Identify l Manage ]
Equipment Chemical Develop Analyze Estimate Analyze Additional l Barriers
or Activity to andProcess Scenarios Consequences Frequency Risk Safeguards. for Life Cycle |

We begin the study by Identifying the Equipment or Activity for which we intend to perform
an analysis. RAST uses the operation of a specific equipment item containing a specific
chemical or chemical mixture to define the activity. For example, the operation of a storage
tank, a reactor, a piping network, etc. Inputs are chemical data, equipment design
information, operating conditions, and plant layout.

March 24, 2022

Slide - 2
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Risk Analysis Screening Tools (RAST) Overview / Demonstration

AAAAAAAAAAAAAAAAAAAA

Q)PSW Case Study - Chlorine Repackaging

Process Description

We have been asked to perform a HIRA study of a chlorine repackaging facility. The DPC Enterprises
facility in Festus Missouri repackages chlorine from railcars into smaller containers. DPC captures
chlorine vented from these operations in one of two caustic scrubbers that also produce household
bleach for sale as a byproduct.

The chlorine repackaging operation involves the following:
+ Connecting a 90-ton (180,000 pounds) chlorine tank car to one of three unloading stations.
* Transferring liquid chlorine from the tank car through the process piping system to filling stations.
* Loading the filled 150-pound cylinders and 1-ton containers onto trucks for distribution.
* Cleaning and preparing empty cylinders and containers for reuse.
In addition to repackaging chlorine, the Festus facility also runs a continuous bleach manufacturing
process. We will start with the chlorine railcar unloading operation

This is an illustrative example and does not reflect a thorough or complete study.

March 24, 2022 Slide - 3
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Risk Analysis Screening Tools (RAST) Overview / Demonstration

AAAAAAAAAAAAAAAAAAAA

%PSM Case Study - Chlorine Repackaging
Process Description

Tank cars are brought into the facility through a ©)
rail spur along the northwest comer of the site. A o e ™
storage area located on the eastem side of the | %/ e ] '
repackaging building contains several bulk o Lo ol YV =
storage tanks of sodium hydroxide (caustic soda), R |- | ‘ﬁgg‘"w |

iy~ i SO ‘ .

bleach, and wastewater. The three chlorine tank
car unloading stations are located along the :
northern side of the repackaging building. R —

[

I

BREAK

| .nu. m_

Pad air is used to help push the liquid chlorine
out of the tank car into the plant piping. An o,
eduction pipe is used to unload liquid material. It
is a long steel pipe attached to the liquid valve T
and extends to the bottom of the tank car.

March 24, 2022 Slide - 4
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Center for Chemical Proce ss Safety

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study - Chlorine Repackaging

Process Description
Each unloading station is equipped with three chlorine transfer hoses, each approximately 11 feet in
length and 1 inch in diameter. The chlorine system is designed to shut off accidental releases
utilizing chlorine detectors and automatic air-actuated ball valves. These valves may be activated
either automatically or manually by pressing one of several Emergency Shut Dow buttons located
throughout the facility. Hoses remain pressurized to approximately 8 bar (115 psig) throughout
normal operations although flow is stopped during breaks and lunch.

[ ﬁ.__.f,._"ﬁ_,ﬁ}miw

March 24, 2022 Slide - 5
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Risk Analysis Screening Tools (RAST) Overview / Demonstration

Risk Analysis Screening Tools (RAST)
Case Study - Chlorine Repackaging

AAAAAAAAAAAAAAAAAAAA

Center for Chemical Proce ss Safety

We will start by entering information for chlorine rail car. At some point, we may decide to
include other equipment associated with the facility in the study.

One the Main Menu, enter the equipment identification as the Chlorine Rail Car, equipment
type as Tank Truck/Rail Car/Tote and location as Outdoors.

Chemical Data - RAST requires a chemical or chemical mixture that is representative of the
hazards. RAST does not perform time-dependent or location-dependent composition
changes (such as within a reactor or distillation column). In this example, we will merely
enter chlorine as the chemical.

March 24, 2022 Slide - 6
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%PSW Risk Analysis Screening Tools (RAST)

Begin by entering
information on the

Main Menu worksheet.
Start with the Chlorine

Rail Car.

March 24, 2022

N WOAKEH

Risk Analysis Screening Tools (V4.1)
Latest Fevision Dite 20822
Goto ReviionLog >

imeot from Prénious Study
Merge Datafrom Anohes Sudy rto tisStudy  Merge Gt fom Acoter Fie

Faport fom RAST Fiie

Undate Prevously Saved Informaion Go'to £

Accss LOPA Woribook fom ScenarioResuls.  GoTo
Update Notes and Comments e EntreWaktook  Go'to

Saact Defaur Uniks: ErgisnLris | S1Unis Stuay Fie: [

uuuuuuuu

Case Study - Chlorine Repackaging

Sessn Dae: [ ] partopants [

Eouioment Tvoe= [Tank Truck/Ral CarToe

Equipmrent L oeation = |Out
Daia Entry Status or Notes:|

Plant Section or Sub-Arear
|

PAID Niumber
Input information e
s

|
Equprerprarees s | )
pmsessconstars rou | [
]

Check inputs

Save Inputs to

Equipment Table

c Update Scenarios for
aton | Equipment Loaded

LOPA Menu >

hput Data Sufiicient to Proceed with Analysis

Enter Equipment Identification,
Equipment Type and Location

Slide - 7
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%PSM Case Study - Chlorine Repackaging

The chemical name is
entered as chlorine and the
weight fraction as 1.0

The operating pressure was
entered as 8 barg and the
operating temperature is
entered at 25 C. That that
units may be changed such
as an operating pressure of
115 psig and operating
temperature of 77 F.

March 24, 2022

~ Chemical Data

Chemical Data lnput

2o i

Locsen

R oo Comees £ I
T

Key Chemicat
Chemical Ca mment: :

Charic et shonka et e oy | WhFractas | Second s | ThFactan | Febve | Nelmslar
vt Pt | Vasse

Vobsity | Wewt
100 Tost

Vamelretemer

Mirture Properties

Pid

The operating pressure
and temperature

- Saturation temperature is

displayed and physical
state as “liquid”

RAST allows up to 5
components.

Chemical details may
be shown or hidden

Slide - 8
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Center for Chemical Proce ss Safety

A chorine rail car contains a
maximum of 82000 kg chlorine
(90 m3 or 17300 gal). The
maximum allowable working
pressure is 26 barg or 375 psig.
Liquid connections are 1 inch.

March 24, 2022

| Soie Irpit b Equprert Tabie

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study - Chlorine Repackaging
Equipment Inpu

e

[crome s 10
e e —|
LocRbon

Foe gm =
B Vurete B Damsor

1
]
WA 5 = s H
[

- T

S COrSTE 0 Tyt
o Suniey
Pump Azemanee Sacn e

e Tasge P S
Qe igaces
e ook Come -
amoe o i R Sxran o Copd B
Cooms Toraw Aw s sqm toCemeet
Coura Oversi U x e ez 3109 2in $H8 W Dvcaion B Rlele”
PN Rear

ba asal saaifig

apdige

Warring Coeming Pressure Creans an Reief S Sessure

The equipment volume
and maximum allowable
working pressure

A largest “working” nozzle
of 1 inch is entered

A connection type of “Hose”

is also entered.

Slide -9
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Center for Chemical Proce ss Safety

The maximum flowrate to the
railcar is zero as railcars are
only unloaded at this facility.

A 0.9 maximum fill fraction is
entered as the rail car is

received approximately 90% full

(versus the default 80% if the
entry is blank).

The default ambient
temperature of 25 C has been

assumed (based on no entry for

ambient temperature).

March 24, 2022
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Case Study - Chlorine Repackaging

Process Conditions

<< Go To Main Menu

it Input

Process Conditions Input

Save Input to Equipment Table ‘ Clear input

Go To A

ification: | Chicrine Rad Car ] Process i
Equipment Im'?ar\k Truck/Rad Car'Tote I The rail cars are only unloaded such that the maximum fill
Location: |Outdoors rate is zero
ProcessiO perating Conditions Summary for Chlorine
Ambient = Operating £ 2 &
Inventory Limit (bfank & unimited) = kg Operating P ressure (gauge) = 8 bar
Liquid Head within Equipment, Ah = m Physical State = Liquid
Limiting Maximum Fill Fraction = 09 Saturation = 304 c
Limiting Minimum Fiil Fraction = Contained Mass = 1 81582 kg
Maxmum Feed Press (gauge) = bar Maxmum Contained Mass = 90658 ig
Maximum Feed or Fiow Rate = 0 kg min Inventory for Reference = 90658 ig
Maxmum Feed = c
Type of Feed (Baich or Continuous)
Nen-ignitable Atm os phere M aintained?
Potertial for Aerosolor Mist? Operating Procedures
Pad Gas Name = Percent of Tme in Operation =
Max Pad Gas Pressure (gauge)= bar Frequent Tumaround or Ceanout ?
Maxmum Pad Gas Rate = kg/min Ceniraiized Ventiation Shut-Off Bidg 1?
Downsiream Pressure (gauge) = bar Ceniraized Ventiation Shui-Cff Bidg 22
Mayim um Back Fiow Rate = kg/min
Equipment Ventsto _ = Review of Operaling Procedures for
Selecte ltem by Review Date_
[ ]

Uss Tioe-based Rekase for Equpment Rptre? | | Jsec

Slide - 10
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%PSW Case Study - Chlorine Repackaging
Site Layou

In addition to the site office building 50 m
south of the rail car station (~ 5 occupants),
various businesses and residential areas
surround the DPC Festus facility:

« Blue Fountain residential mobile home _ : .l _ :
park, consisting of about 100 homes, is ol N ,, P eica
approximately 100 m southwest. /A o » KT N\

+ Goodwin Brothers Construction and
Intermodal Tire Retreading are located
about 100 to 200 m to the east, separated
from DPC by Highway 61. Each business

\

Wil-Mix Contrate

has about 18 full-time employees. AL 7 Produc s
* |Interstate 55 is located less than 0.5 mile - / a5 e .\‘..
to the east Prox matel e Command \

March 24, 2022 e - Slide - 11
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Case Study - Chlorine Repackaging

RAST allows for entry of two offsite Site LayOUt

populated areas referred to as Zone 1 Examples of Sparsely populated areas
and beyond Zone 1. Zone 1 begins at
the “Distance to Property Limit”
extends to “Distance to End of Zone 1”
on the Plant Layout worksheet.

Center for Chemical Proce ss Safety

A free software program, MARPLOT
(from the US EPA), may be used to
determine population density in the
United State. Outside the US or

where data is not available from 5E-5 people/m? 2E-'4 pe.oplelm2
MARPLOQT, the following pictures give Rural homes/farms Residential homes
an idea of offsite population density. on very large plots

2022-03-24
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Center for Chemical Proce ss Safety

Examples of Moderately populated areas

I‘.t: “.j.; N 3
1.5E-3 people/m? 3E-4 people/m?
Typical suburban Mobile Homes (upper

residential area end of Moderate)

March 24, 2022

Site Layout

Examples of Densely populated areas

T e

4E-3 people/m?
Very closely spaced

single family dwellings

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study - Chlorine Repackaging

4E-3 people/m?

Multifamily dwellings
— 2 story apartments

and duplexes

5E-3 people/m?
Multifamily dwellings —
multi-story apartments
closely spaced

Slide - 13
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Center for Chemical Proce ss Safety

The Blue Fountain mobile home park
(noted as Zone 1) is located adjacent to
the DPC property and extends to
approximately 500 m from the rail car
station. The population density is higher

than a typical residential area at roughly
0.003 people/m2. The region beyond
the mobile home park (in the same wind
direction) denoted as beyond Zone 1 is
rural with a very low population density

(maybe 0.00005 people/m2).

The site office and offsite businesses

are entered as occupied buildings.

March 24, 2022

Site Layout

Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study - Chlorine Repackaging

<< GoTa Main Menu Plant Layout Input
S en Save Input to Equipment Table | Clax Input I
G < | )
Equipment ldentfication: {Criorne Ral Ca [ i Ot 1
Equipment Type: |Task Truck/Ral CanTote ‘ [
Location:
Location Information Occupied Building Data
Distance to Property Limit or Fence Line = 100 m Occupied Buiding 1 Name = Site Office
Futhest Distance to Fence Line (> 100m ) = m Distance to Occupied Bldg 1 or Area = 50 m
Max. Onste Outdoor Fopulation Densty people/m? Elevation of Ooc Bidg 1 Ventigtion Inket = m
Personnel Routmely in Immedizte Area? Yes Distance to Center of Occupied Bldg 1 = m
Distance 10 end of Offsze Zone 1 4 m Occuped Bdg Type =
Offste Population Density within Zone 1 0.003 peopleim’® Occupied Bidg Venslaicn Fare = changes!

Offste Population Densty Beyond Zone 1
Effective f

: 00001 | peopleim’

ergency Senvices?
Degres of Equipment Congestion in Area?

Numbar of Buldng Occupants =

5

Oce Bidg 2 in Same Wind Direction?

Ocarpied Buikding 2 Name =

No
G oodwin Bothers/Intermd

MNo_Enclosed Area Parscnnel =

Distance to Occupied Bldg 2 200 m

Containment or Dike Surface Aeea = sqm Elevation of Oce Blog 2 Ventiation inket = m

Consider Dia o1 Burd ¥ e for Vessel Ruptrs” Distance fo Center of Cec Bldg2 = m

for Ceetpiad Bidg 2 Type =
Distance to Nearest Fred Equpment = Occupied Bldg 2 Ventiletion Rate = changesihr
Quansty " Oher” ™ Number of Gecupants Bidg 2= 0
kg
sqm
Spils to Sod Require Remediation?
Enclosed Process Area Data Potenial for Water Comtamnaton?
Encosed Process Vidime = | wm High Population D of Facky?
Enclosed Frocess Vertiation = | erangeane Mote that Fnvi Scenari Exchyded
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EPS. Risk Analysis Screening Tools (RAST)
Case Study - Chlorine Repackaging

Select Save Inputs to Equipment Table (blue macro button). All Input Information

will be stored in the Equipment Table in a single row identified by a unique Equipment
Identification or Tag.

Retrieve Information for an Equipment

Item by selecting any cell in the desired
row and entering Load Selected -

RAST for CCPS - Ral

A R [ E i G H | J
: Equipmant Loaded
Load Upina Scanariss for | Uputa ] Comer Eqyagenent Taie
SLOPAMenu | o end Equpmnt Lonied 4L Equipment | Chicring Radl Car oo s e T
1 {To modidy niomation, sedect a cel n row io be updated and hit “Load Selecied” bution
2 Exgeipmnant |destFication
Persamel |_ Elevwation of
T b L sty |
o Ingul Lt ‘i o
pmen Tag gt cuipment Descrpkon Fian 0 P " ipment Ty
Equpment Tag rgut Stabis Equipment Descipkon v art Bech NI Wi Equipmert Type Wt e
s
4 = = =
Chigmne Rai Car WAANG 22065 Tank TrckRal CanToks ILE& {ul

Input Data for an Equipment Item

March 24, 2022 stored in one row by Equipment Tag

Slide - 15
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€PS. Risk Analysis Screening Tools (RAST)
Risk Matrix

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.

For this case study, the Risk Matrix

(right) has been used. The Human
Harm criteria is based on an estimated
number of people severely impacted
(severe injury including fatality).

March 24, 2022
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Case Study - Chlorine Repackaging
ail Car

Updte Input this morkshest

Center for Chemical Proce ss Safety

Once Inputs are
Entered use “Update
Input this Worksheet”

|

to Save

Additional Scenarios
are Added using
“Create User Scenario”

entered on the Main Menu
N

s 7 ) : Analysis Team captures which
: // Scenarios warrant more
: gt (e e e e szl [ Detailed Evaluation (Layers of
Evaluation Date(s) and // Protection Anal(ysié,)

Participant Names are // ) PP NN UUSRRRNY O s ~=\
A P stran =

V- s Analysis Team captures
T e T = Existing Safeguards and
Draft Design Intent B Recommendations for
Statement for updating |~ \_ Scenarios dentified
by the Evaluation Team)

Note that Mechanical Integrity (Residual Failures) have been excluded for the listing based on entering “Yes” to
March 24, 2022 “Exclude MI Scenarios?” on the LOPA Menu worksheet. slide - 17
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€PsS. Case Study - Chlorine Repackaging
Suggested Scenarios for the Rail Car

WORKING WITH YOUR EVALUATION TEAM:

O Review the suggested list of scenarios. Do these represent what you
would expect for a rail car during unloading operation?

O Are there scenarios that have been “screened out” (shown in gray) that
should be considered?

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

O Do you agree with the “worst” Consequence (Tolerable Frequency
Factor) for the scenario listed?

March 24, 2022 Slide - 18
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%PSM Case Study - Chlorine Repackaging
Suggested Scenarios for the Rail Car

WORKING WITH YOUR EVALUATION TEAM:

Q1 Utilize an Appropriate Hazard Evaluation Technique (HAZOP, What If, etc.)
to capture additional scenarios.

Q Capture existing Safeguards and Recommendations for each Scenario.
Note the Dates and Names of participants in the Study.

U Select which Scenarios warrant more detailed Risk Evaluation (such as
Layers of Protection Analysis).

March 24, 2022 Slide - 19
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Case Study - Chlorine Repackaging
Consequence Analysis

CONSEQUENCE SUMMARY
1

Center for Chemical Proce ss Safety

For the Rail Car, select Full Bore Pipe
or Nozzle Leak as the Loss Event. This
provides a “worst” Consequence for a
total hose failure.

The distance to ERPG-2 is estimated in
RAST to be nearly 10000 m or 6.5
miles. Adjusting for the actual 2 m/sec
wind speed at the time of the incident,
and a vapor rate of 2 kg/sec due to flow
restrictor, the distance to ERPG-2 would
have been estimated at 4.5 miles which
is in good agreement to CPB modeling
of 3.7 miles.

The leak rate estimated by CSB was
approximately 2 kg/sec, somewhat less
than a full bore “flashing liquid” failure..

The actual wind speed was nearly 2
m/sec. Wind speed, atmospheric
stability, and surface roughness are
Administrative Parameters that may be
adjusted on hidden worksheets.

March 24, 2022 Slide - 20
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Case Study - Chlorine Repackaging
Consequence Analysis

Center for Chemical Proce ss Safety

The estimated number of severely

impacted people (potential fatalities) is 5 i e The estimated number of people
onsite and 27 for the offsite occupied “m n lssezgﬁ:;,’ l'g‘;iﬁﬁé';;Zer;srg::;'gl e
businesses or 80 in the trailer park for Mo et i remmaenos~ “WOrSt” case assuming no effective
wind in the “worst” direction. Fortunately e T —— evasive actions or effectve safeguards.
the wind was away from the trailer park el =

(and most residents were at work rather | wemommmermeiemn, | wniemer

than home) and not directly toward nearby P

businesses. Onsite personnel within the et :

site office and nearby occupied s e e .

businesses were able to evacuate quickly. | it —

e ot ier, poroveromy | TR oo e
fatalities but 63 people sought medical Il s s o Oz ot within the occupied buildings is
attention and hundreds sheltered in place | eeemasemre L v = l e

for up to four hours. N ~
March 24, 2022 Slide - 21
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%PSW Case Study - Chlorine Repackaging
Consequence Analysis

> § fx.v S 5. _ 3.6 mile radius to

ERPG-2 concentration

A simplification in RAST is wind
direction toward the highest population. ;
This is quite reasonable in Risk Analysi/s/

where the wind direction is unknown. / \ | Release Point—

/ :

In the actual incident, the wind direction \\ Rail Spot#3
was toward the east southeast rather \
than southwest toward the trailen park or Estimated Cloud
directly toward the nearby busin,bsses. (e T
Wind Direction represents a keyl "
difference between estimates fok Risk
Analysis versus Incident Investigation. " | Wing

\ AT TR RS e - / Directjy,

REPORT NO. 2002-04-1-MO , US Chemical Safety Board / n
March 24, 2022 figure 6. Aerial view of DPC Festus facility and surrounding area./ Slide - 22
L
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LY Case Study - Chlorine Repackaging
Risk Analysis / Layers of Protection Analysis (LOPA)

ANAIHE Techn bay Allancs

L3 B c e} E |1 a o CJ CK O OM N COCP QDR CS CT U oY oW fe oY (=3 oA
Eundarest Lot
i e « Equipmest Table | LOPA Worksbuuts | [ outacss i
e
m— N, e [ oo R
: M ARRHHRIHE
- - Pl 5 33 3142|428 e 24
F Crmafl | Exnpremt Ty P— ok Lo v e £ £\ 4 (2(3 E 2 i el ploial ot B il B TR S e
[ o EIE H 3 £z Andpin L ke
; \ P18 005|513 5)9)3
[} 121 Chiome Ral Cx |Fiping or Equipmend Leak - Full Bors %ﬂuoscury | OF-5e Tanc Refeasa | 5 13 1 13 5 [HghTFAFL] Yes Taol 2 IBI0IE 1411 Haw
1 AED ] Chlame Rz i Laak - Full Boes L1} \QFL‘!HV | On-Sdle Toaic Ralesse 5 5 1 L] L] + Tool K 80018 1491 Haw
14 H Chiaine Rad Car | Fiping or Equipment Laak - Full Bore ! Bord \Fl'.!lfr | Toodc intkratian ] L3 1 8 5 [HghTFaP| - 2 380018 1411 Haw
\ * Select Loss Event Piping or
< Back to Scenario Results | Expang A1 | Colspse au] Scenari-definition Equipment - Full Bore with
G St - e mlnmsmz Frequency Factor - = . . .
| | i ko erecta || TN i 51| | Eringiou. ;nmdenmutcomoe of :)ff-Sl)te Toxic
or analysis in LOPA (“Yes”), then
New ’
T TP oo, e i G s . select LOPA Worksheet
’;a:z‘;wwimﬂ:’mmmrfmﬁ;e‘::é Mmm:’:;:‘;;&'ﬁ%, h
. g y LA et St . Conceriraion (HD2 of 3530mvnch | P of Hose fom fsgue et
s e g e e O % X | cremeds Disree o fe e Linec 100 :
R Bk ™ e potental e SevertyLevelS _ e L
s The initial Initiating Event description
o it . may be modified by the study team to
Frd] Tolerable Frequency Factor § Unloading/L cading Hose Failure e
3 3 3 T 5 more clearly describe what happened

March 24, 2022 Slide - 23
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LY Case Study - Chlorine Repackaging
Risk Analysis / Layers of Protection Analysis (LOPA)

<Back to Scenario Resuts | Expanc Al | Cotapse An Scenario Definition
Prowction: | Scanade ] Description of Undesired Consequence "Offl:'::”:_z':‘f;‘f";’:?"" Iitiating Event Probability of Ignition Probsbifty-of Exposurs: | Tie st Risk o Other
Gap Cross Ref > Possible PLs | " and basiy forcalousions)  +| > Humen Ermor_| + (Presence Factor) +| Enabling Factor
The hose & leak checked
New pror © each use such fata
Tank TruckiRal CarTote, Chlarne Rai Car,is involved Sk Mpst Ayt
8% This incdent could resultin an 0f-5: proprize. 2000 hours use
in & Piping or Equipment Leak - Ful| Bore event -
. ata Disiance o ERPG2 rof g tniemabon oF8TED
resuling n 3 Full Bore Hole Size Leak with , ey e
A 7 Concenraton (HD2) of 3430 m which Faiure of Hose from faigue et hours or 23%oftme. As e
subsequert 19800 kg aibome release of Chiorine & S % 2 iy
hstrumented g : exceeds Distance to the Fence Line of 100 gre et gk i Wkelythe
an abome releass ra of 390 kg min ! . 3
Protecion m with the pownta br Severty Leweld trailer park, gre ater han
Credts 40%of resid ents are not
Taken hame during repackaging
|PL Status? —>| operation_Toml@actor04
Safety " o " USER DEFINED Enabling
Maslysis Tolerable Frequency Factor 6 Unloading/Loading Hose Failure Faclora
1 6 1 ] 1] 1

Atime at risk enabling condlition of the leak occurring only during a 2000 hour operation per 8760
hour year may be appropriate if the hoses are checked daily for leaks. A conditional modifier for
personnel presence to represent that most trailer park occupants are not present during weekdays
may also be appropriate. The combination of these factors could reduce the scenario frequency or
severity of consequences by a factor of 10 depending on company specific protocol.

March 24, 2022 Slide - 24
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AAAAAAAAAAAAAAAAAAAA

%PSW Case Study - Chlorine Repackaging
Risk Analysis / Layers of Protection Analysis (LOPA)

[ e Ao

BPCS Control or BPCS Control or 315 Function A S8 Functon B Notes / Comments Issues to Resobve
Human Response | Humon Resporse B o | Pressure Relief Device SRPS 1 SRPS2 SRPS 3
toklam __* 3 3 L1

Qperaor eponds  aufible Chlorine detectors close
alam fom chone deBC0S s mated blodk vahe s vhen
2 5ppmand doses a manual e conce reaion reachess 10

85812

1 2

The existing safequards may not have been sulfficient for managing this scenario to a tolerable risk
level. The chlorine sensor system is shared between the BPCS alarm and a SIL-2 SIS interlock but
may not have been designed to this level of reliability. The block valves could be operated manually

or via an emergency shutdown “button” but may be the same values for both the BPCS and the SIL-2
SIS and not be sufficiently reliable. Finally, the Excess Flow Valve may not effective as it addresses
leaks less than 15000 Ib/hour for which there remains a significant consequence Severity.

March 24, 2022 Slide - 25
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AAAAAAAAAAAAAAAAAAAA

%PSW Risk Analysis Screening Tools (RAST)
Case Study - Chlorine Repackaging

Risk Analysis and Incident Investigation often use similar methods to better
understand the scenario. Risk Analysis “anticipates” what could go wrong and what
the “worst” potential 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 Chlorine Rail Car, RAST did suggest hose failure as one of many scenarios
to consider. RAST also recognized that an Off-Site Toxic Impact could be a
feasible Incident Outcome for this loss event. RAST was conservative in estimating
the number of people severely impacted as actual wind direction was not toward
the highest population. A key question is “Could the consequences been much
worse if wind and other conditions would have been different?”

March 24, 2022 Slide - 26
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Center for Chemical Proce ss Safety

Questions?

March 24, 2022 Slide - 27
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Purdue Process Safety and Assurance Center (P2SAC) Spring 2023 Conference
May 8, 2023

Tutorial on the "Risk Analysis Screening Tool (RAST)"

The Risk Analysis Screening Tool (RAST) can be used to estimate the risk of a scenario, such as a
scenario that is proposed during a Process Hazards Analysis (PHA). The RAST software uses the
Hazard Identification and Risk Analysis (HIRA) approach to identify the hazards, propose loss of
containment scenarios, estimate the potential impact, estimate the potential frequency, and
then evaluate the risk of the scenario.

The purpose of the tutorial is to have each person use RAST on a case study of a loss of
containment incident to better understand what information is needed and where this
information is entered into the software.

Each participant must download the RAST software (Version 4.2, Issued February 15, 2023) on
to their laptop before the session.
https://www.aiche.org/ccps/resources/tools/risk-analysis-screening-tool-rast-and-chemical-
hazard-engineering-fundamentals-chef/download-and-install

We will be using the 5" Case Study: Chlorine Release DPC Enterprises.
https://www.aiche.org/ccps/resources/tools/risk-analysis-screening-tool-rast-and-chemical-
hazard-engineering-fundamentals-chef/case-studies

References include:
1) The RAST User Manual V4.2
https://www.aiche.org/ccps/resources/tools/risk-analysis-screening-tool-rast-and-
chemical-hazard-engineering-fundamentals-chef/rast-user-and-chef-manuals

2) The US Chemical Safety and Hazards Investigation Board (CSB) report on the
Chlorine release in Festus, Missouri US (DPC Enterprises Festus Chlorine Release
2003)
https://www.csb.gov/dpc-enterprises-festus-chlorine-release/

A news station’s helicopter view of the release can be seen in the CSB’s
Emergency Preparedness video (Festus images from 7:10 to 8:08; on YouTube)
https://www.youtube.com/watch?v=R2Ez7lkjg1Y&t=429s
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The Steps in The Risk Analysis Screening Tool (RAST) Gorke el s

What can go Wrong? How to Sustain?

What are the Hazards? How Bad Could it Be? Is the Risk Tolerable?

How Often Might it Happen?

v 1

- = = .-

Select Identify Develop Analyze Estimate

Equipment or Chemical Scenarios Consequences Frequency Safeguards for |
Activity to be and Process

I
I
| .
Analyzed Hazards —P saf:zz:l:: * -r>l m:aiIIIIEOf I
I
I
|

Analyze Implement | |  sustain !

Risk Additional

(=] l"r

ifr %‘.’ II 9} I‘E = o




