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Risk Analysis Screening Tools (RAST) Overview / Demonstration

Case Study — Chlorine Rail Car
Hazard Identification and Risk Analysis (HIRA) Study
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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.
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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.
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%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
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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.
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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
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Risk Analysis Screening Tools (RAST)
Case Study - Chlorine Repackaging
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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.
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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.
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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
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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.
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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
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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.
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Case Study - Chlorine Repackaging
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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.
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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).
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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
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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 \
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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
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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
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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
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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.
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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
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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.
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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
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LY Case Study - Chlorine Repackaging
Risk Analysis / Layers of Protection Analysis (LOPA)
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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
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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.
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%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.
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%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?”
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Questions?

March 24, 2022 Slide - 27

14



