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INTRODUCTION

The Fire & Explosion Risk Analysis System is a step-by-step objective evaluation of the realistic fire,

explosion and reactivity potential of process equipment and its contents. The quantitative
measurements used in the system are based on historic loss data and the energy potential of the
material under study. Its purpose is to:

* Quantify the expected damage of potential fire, explosion and reactivity incidents in realistic
terms — normal operating conditions. A Process Hazards Analysis (PHA) method should be
utilized to evaluate abnormal operating conditions.

* |dentify equipment that would be likely to contribute to the creation or escalation of an

incident.

*  Communicate the F&EI risk potential to management in quantitative terms.
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BACKGROUND salbie

First developed at Dow Chemical in 1964 as a risk
evaluation tool for potential fire and explosion in
individual process units.

Over time it has evolved into a comprehensive
index which provides a relative value to the risk
determined.

It is the leading hazard index recognized by the
chemical industry and is an integral part of SABIC’s
Specialties Business Risk Management Overview
process.
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' Manufacturing / Process Unit ‘
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Select Pertinent Process Unit

|

Identify pertinent chemicals and operating conditions
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Determine appropriate Material Factors (MF)

Calculate General Process
Hazards Factor (F1) <

Calculate Special Process Hazards Factor
(F2)
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Determine Process Unit Hazards Factor (F3, F3 = : \

F1x F2)

|

F3 x MF)

Determine Fire &Explosion Index (FEI, FEI =
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PROCESS UNIT DEFINITION

MANUFACTURING UNIT — the entire production facility including chemical processes, mechanical
processes, warehouse, packaging lines, etc. A Manufacturing Unit will consist of several process

units.

PROCESS UNIT — a logical grouping of process equipment or a process train; boundaries are set by
logical termination points such as tanks, pumps, etc. For example, a supply line to a reactor could
be included as part of the reactor but its storage system (pump, tank, etc) might not be, since the
pump is a logical termination point. However, a series of cascading reactors would be considered
as one unit unless there were pumps in between them.

A PERTINENT PROCESS UNIT is one wherein chemicals, which can be involved in a fire or
explosion, are processed.
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INTEGRATED MANUFACTURING FACILITY BLOCK DIAGRAM
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PERTINENT PROCESS UNIT — BLOCK DIAGRAM

Pellet Transfer
& Storage

Monomer A Monomer B Additive C Additive D Additive E
(Solid in Super (Molten Liquid (Solid in (Liquid in (Solid in
Sacks) in Isotainer) Bags) Drums) Bags)
A J
Product
Monome'rA Reactor Polymer Polymgr Melt G
Preparation Isolation Pelletization
Wat *
awer Water
Vent Vapor
- _ Solvent Treatment
Solvent F (Liquid in Isotainer) —— ] Recovery incl Water E7 n
Additive H (Liquid in Drums) ——| Vent Collection | 5 ?rggtme”ni”

*  Break pertinent process unit into nodes

\/

Solvent Purge

e Define how nodes communicate with each other to derive alternative cases
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(F2)
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The Material Factor (MF) is a measure of the intrinsic rate of potential energy release from a fire or
explosion produced by combustion or chemical reaction. Reference data and a methodology for MF
determination are provided in the Guide.

2z

MATERIAL FACTOR DETERMINATION GUIDE

MATERIAL FACTOR TEMP, ADJUSTMENT Ny | St

Enter Ny (St for dusts) and Ng.

If emperature less than 140 °F (60 °C), goto “e.”

If temperature above flash point or if temperature greater
than 140 °F (60 °C), enter 1" under N

If temperature above exotherm start (see paragraph below)
or autoignition, enter “17 under Np.

Add each column, but enter 4 where total is 5.

f. Using “e.” and Table 1, determine Material Factor (MF) and enter on F&EI Form

(page 5) and Manufacturing Unit Risk Analysis Summary (page 7).

Note: 140 °F (60 °C) can be reached in storage due to layering and solar heat.

Flammability +

Reactivity +

Operating Temperature

Reactivity or Instability
Liguids & Gases NFPA a.
Flammability or 325M | Ng=0 | Na=1 | Ng=2 | Ng=3
Combustibility! or 49 b.
Non-combustible? Np=0 1 14 24 29 c.
F.P.>200°F(>933°C) | Np=1 4 14 24 29 d_
F.P, > 100 °F (> 37.8 °C) Np=2 10 14 24 29
<200 °F(£93.3°0) €.
FP.273°F (2228 °C) Neg=3 16 16 24 29
< 100 "F (< 37.8 °C) or
FP.<73°F(<228°C) &
BP. > 100 °F (> 37.8 °C)
FP.<T3°F (<228°C)& | Np=4 21 21 24 29 40
B.P. < 100 °F (< 37.8 °C)
Combustible Dust or Mist?
St-1 (Kg <200 bar m/sec) 16 16 24 29 40
St-2 (Kg, = 201-300 bar m/sec) 21 21 24 29 40
5t-3 (Kg, > 300 bar m/sec) 24 24 24 29 40
Combustible Solids
Dense > 40 mm thick? Ne=1 4 14 24 29 40
< 40 mm thick$ Nr=2 10 14 24 29 40
Foam, fiber, powder, etc.! | Np=3 16 16 24 29 40
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MATERIAL FACTOR EXAMPLE - TOLUENE
Toluene MATERIAL FACTOR DET
NFPAH/F/R 2/3/0
Flashpoint, (°F / °C) 40/ 4 Liquids & Gases | NFPA
Boiling Point (°F / °C) 231/111 P el A | 2
Combustibility! or 49
AIT (°F / °C) 896 /480 Non-combustible? Ng=0 1
Operating T & P (°F / psig) 250/ 20 FP>20°FG933°0 | Noo1 2
MATERIAL FACTOR TEMP, ADJUSTMENT Nr | St | Ng FP.>100°F(>37.8°C) | Ng=2 10
<200 °F(£93.3°C) w—
a. Enter Ng (St for dusts) and Ng. 3 0 XL T 16ﬁ\
b. If temperature less than 140 °F (60 °C), go to “e.” ‘ <100 °F (< 37.8 °C) or il |
c. [If temperature above flash point or if temperature greater FP.<73°F(<228°C) &
than 140 °F (60 °C), enter “1” under N, 1 BP. > 100 °F (2 37.8 °C) N\
d. If temperature above exotherm start (sce paragraph below) 0 FP.<73°F(«228°C)& | Ng=4 ( 21 ’
or autoignition, enter “1” under Ng. B.P. < 100 °F (< 37.8 °C)
e. Add cach column, but enter 4 where total is 5. 4 0 Combustible Dust or Mist?
f.  Using “e.” and Table 1, determine Material Factor (MF) and enter on F&EI Form St-1 (Ksi < 200 bar m/sec) 16
(page 5) and Manufacturing Unit Risk Analysis Summary (page 7). St-2 (Ks; = 201-300 bar m/sec) 21
Note: 140 °F (60 °C) can be reached in storage due o layering and solar heat. St-3 (Ks: > 300 bar m/sec) 24
Combustible Soiids
Adjustment for Operating T & P increases Material Densc > 40 mm thid:‘ Ne=1 4
Open < 40 mm thick Np=2 10
Factor from 16 to 21. Foul Bow, powet ¢ | Nosa 26
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Bisphenol A (BPA)

NFPAH/Kst/R 3/3/0
Flashpoint, (°F / °C) 405 / 207

Boiling Point (°F / °C) 865/ 361

AIT (°F / °C) 750/ 399
Operating T & P (°F / psig) 140/ 3

MATERIAL FACTOR TEMP, ADJUSTMENT
a. Enter Ng (St for dusts) and Ng.

b. Iftemperature less than 140 °F (60 °C), go to “e.”

c. If temperature above flash point or if temperature greater
than 140 °F (60 °C), enter “1” under N

d. If temperature above exotherm start (see paragraph below) :
or autoignition, enter “1” under Ng.

e. Add cach column, but enter 4 where total is 5.

f. Using “e.” and Table 1, determine Material Factor (MF) and émer on F&EI Form
(page 5) and Manufacturing Unit Risk Analysis Summary (page 7).

Note: 140 °F (60 °C) can be reached in storage due to layering and solar heat.

Adjustment for Operating T & P not required Material

Factor unchanged at 24

L A s ——

MATERIAL FACTOR DETY
Liquids & Gases NFPA
Flammability or 325M Ng=0
Combustibility! or 49
Non-combustible? Np = 1
F.P. > 200 °F (> 93.3 °C} Np=1 4
FP.>100°F (>37.8°C) | Np=2 10
< 200 °F (< 93,3 °C)
FP.273°F(2228°0C) Ng=3 16
< 100 "F(< 37.8 °C) or
FP.<73°F(<228°C) &
BP, = 100 °F (= 37.8 °C)
FP.<73°%F («228°C)& | Np=4 21
B.P. < 100 °F (< 37.8 °C)
Combustible Dust or Mist3
St-1 (Kg, < 200 bar m/sec) 16

St-2 (Kg, = 201-300 bar m/sec)

St-3 (Kg, > 300 bar m/sec)

Combustible Solids
Dense > 40 mm thick4 NF =1 4
Open < 40 mm thick® Np=2 10
Foam, fiber, powder, etc.f | Ng=3 16

10
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F1 GENERAL PROCESS HAZARD DEFINITION

General Process Hazards (F1) — factors that play a primary role in determining the magnitude of a loss
incident. These have played large roles in loss incidents. Their relative contribution has been
quantified into terms known as penalty factors. If the factor or condition is not present, then the
penalty factor is zero.

* Exothermic Chemical Reactions, range from 0.3 to 1.25

* Endothermic Chemical Reactions, range from 0.2 to 0.4

e Material Handling & Transfer, range from 0.25 to 1.05

* Enclosed or Indoor Units, range from 0.25 to 0.9

* Access (for emergency equipment), range from 0.2 to 0.35

* Drainage and Spill Control, range from 0.25 to 0.5

The penalty factors are to be applied for the most hazardous normal operating conditions that might
occur for the Material Factor assigned to the Pertinent Process Unit being analyzed. Only evaluate one
hazard at a time. Example - if the MF is based on a flammable liquid, penalties for presence of a
combustible dust are not taken. Execute new / alternative scenarios as needed.

12



F1 PENALTY FACTOR EXAMPLES

Al

Exothermic Chemical Reactions

Take this penalty only if the Process Unit in question is a reactor in which a chemical reaction takes
place. The reactivity hazard of the material being evaluated is inherent in the Material Factor.

1. B. Endothermic Processes

2.
e.
f.

3 CR!
reac
Exa
a.

4 PAl
read

. Material Handling and Transfer

This item is evaluated with regard to the potential for fire involving the pertinent Process Unit during
the handling, transfer and warehousing of malerials.

1.

2.

Any loading or unloading operation involving Class I flammables or 1L.PG-type materials where

transfer lines are connected and disconnected receives a penalty of 0.50.

Where the introduction of air during manual addition of some ingredients into centrifuges, batch

reactors or baich mixers may creaie a flammability or reactivity hazard, a penalty of 0.50 is

applicd. Note: These penaltics apply whether or not the equipment vapor space is inerted.

Ranges of penalties based on material fire hazards are applied to warehouse storage or yard

storage of various items.

a. A penalty of 0.85 is applied for Nr = 3 or 4 flammable liquids or gases. This category
includes drums, cylinders, portable flexible containers and aeroscl cans.

b. A penalty of 0.65 is applied for Ng = 3 combustible solids as identified in Table 1, page 13.

c. A penalty of 0.40 is applied for Ng = 2 combustible solids as identified in Table 1.

d. A penalty of 0.25 is taken for combustible liquids (closed cup flash point above 100 °F
(37.8 °C) and below 140 °F (60 °C)).

If any of the above are stored on racks without in-rack sprinklers, add 0.20 to the penalty. This

area of consideration is not for normal storage tanks.

13



F1 SCORING EXAMPLE —

SOLID/LIQUID REACTION IN SOLVENT

Catalyzed reaction of non-volatile organic compounds in solvent at its normal BP

MF

21

21

Base factor = 16; adjustment for
operating temperature above flash point

1. General Process Hazards

Penalty Factor

Penalty Factor

Penalty Factor

Range Used Used

Base Factor 1 1 1

A. Exothermic Chemical Reactions 0.3-1.25 0.3 0.3 penalty assessed for mildly exothermic

B. Endothermic Processes 0.2-04 0 0

C. Material Handling and Transfer 0.25-1.05 0 0 no penalty - toluene storage (dry)
considered an in-process vessel

D. Enclosed or Indoor Process Units 0.25-0.9 0 0.45 some cases incur penalty as process
assumed to be in enclosed space but with
adequate ventilation

E. Access 0.2-0.35 0 0
partial penalty to be taken as design of

F. Drainage and Spill Control 0.25-0.5 0.25 0.25 drainage a critical factor and design not
yet finalized

General Process Hazards Factor (F,) 1.55 2

14



F1 SCORING EXAMPLE —
NITRATION REACTION

Reaction of non-volatile organic in pure nitric acid at lower than ambient T

| | | | MF 24

1. General Process Hazards Penalty Factor Penalty Factor
Range Used

Base Factor 1 1
A. Exothermic Chemical Reactions 0.3-1.25 1.0
B. Endothermic Processes 0.2-04 0
C. Material Handling and Transfer 0.25-1.05 0
D. Enclosed or Indoor Process Units 0.25-0.9 0
E. Access 0.2-0.35 0
F. Drainage and Spill Control gal or cu. M 0.25-0.5 0
General Process Hazards Factor (F) 2

set by reactivity of materials

not typical nitration as organic concentration
is only 10%; nitric acts as solvent as well as
heat sink - the penalty factor could be 0.5
per guideline but 1.0 used as conservative

penalty does not apply - no connections
considered in the 'tank farm'

this penalty is applied for flammable
materials; penalty for reactive materials is
encompassed by the MF

penalty does not apply - combustible not
flammable; operating temperature below

15
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F2 SPECIAL PROCESS HAZARDS DEFINITION

Special Process Hazards (F2) — factors that contribute primarily to the probability of a loss incident. They
consist of specific process conditions that have shown themselves to be major causes of fire and
explosions. Application is done in similar manner to F1.

. Toxic Materials, range from 0.2 to 0.8

. Sub-Atmospheric Pressure, penalty factor = 0.5

. Operation in or near Flammable Range, range from 0.3 to 0.8
. Dust Explosion, range from 0.25 to 2

. Relief Pressure, range from graph

. Low Temperature, range from 0.2 to 0.3

. Quantity of Flammable / Unstable Material, range from graph
. Corrosion and Erosion, range from 0.1 to 0.75

. Leakage — Joints and Packing, range from 0.1 to 1.5

. Use of Fired Equipment, range from graph

. Hot Oil Exchange System, range from 0.15 to 1.15

. Rotating Equipment, penalty factor = 0.5



F2 PENALTY FACTOR EXAMPLES

A. ‘Toxic Material(s)

Thoroughly read and

Toxic materials can complicate the response of emergency personnel, thereby reducing their ability to d
investigate or mitigate damage during an incident. Use 0.20 x Ny as the penaity. For mixtures, use re-rea

the componer § | egkage — Joints and Packing
%;;{ei;t}]:?ot;e; Gaskets, seals of joints or shafts and packing can be sources of leaks of flammable or combustible
assistance in « materials, particularly where thermal and pressure cycling occurs. A penalty factor should be selected

according to the design of the Process Unit under study and the material being used in the process.
Listed below The following penalties should be applied:

= 0 ME s .
Na orc 1. Where the [ L. Rotating Equipment
Nyg =1 Mf 0.10. This section recognizes the hazard exposure of Process Uniis incorporating large pieces of rotating
inc 2. For process equipment. Although formulas have not been developed for evaluating all types and sizes of rotating
Ny = 2 M the penaity equipment, there is statistical evidence indicating that pumps and compressors beyond a certain size
sib 3. For process are likely to contribute to a loss incident.
N = 3 ﬁa 4 If the mater _ _ _ N
"= the intermittent A penaliy of §.50 is applied to Process Units that utilize or are:
Nm = 4 M penalty is ( 1. A compressor in excess of 600 hp.
5. Forany Pro . A pump in excess of 75 hp.
2" m:i' 1%352 1.50. 3. Agitators (mixers) and circulating pumps in which failure could create a process exotherm due to
onal loss.

lack of cooling from interrupted mixing or circulation of coclant or due to interrupted and
resumed mixing,
Aobl 4. Other large high speed rotating equipment with a significant loss history; for example, centrifuges.
pply
Once all of the special process hazards have been evaluated, a calculation is 10 be made of the sum of the
base factor and all penalty factors applied in this section. The total is to be entered in the box labeled
“Special Process Hazards Factor (F,)” on the F&FEI Form, page 5.

consistently

18



F2 PENALTY FACTOR EXAMPLES, CONTINUED
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F2 SCORING EXAMPLE —
SOLID/LIQUID REACTION IN SOLVENT

2. Special Process HazarBsase Factor 1 1 1

A. Toxic Materials 0.2-0.8 0.4 0.4 Toluene Nh = 2

B. Sub-Atmospheric Pressure (<500 mi] 0.5 0 0 does not apply

C. Operation in or near Flammable Range _ Inerted

1. Tank Farm Storage Flammable Liqui 0.5 0 0

2. Process Upset or Purge Failure 0.3 0.3 0.3 System under constant nitrogen pressure
and operating above toluene flash point

3. Always in Flammable Range 0.8 0 0

D. Dust Explosion (See Table 3) 0.25-2.0 0 0

E. Presssure (Fig 2) Operating Pressure 5 psig 0.1 0.1 assumes new vessel will be at least rated

Relief Setting 75 psig for 75 psig

F. Low Temperature | 0.2-0.3 0 0

G. Quantity of Flammable/Unstable Material Quantity all vessels in system can communicate

(Ib, see cells to right) 133000 133000 with each other - reactors_ tp wash v_essel

Hc = share common bottoms piping; gravity

17.3* 10"3 BTU/Ib drain from reactors to wash vessel

1. Liquids or Gases in Process (Fig 3) 2.0 2.0

2. Liquids or Gases in Storage (Fig 4) 0 0

3. Combustible Solids in Storage, Dust 0 0

in Process

H. Corrosion and Erosion 0.1-0.75 0.1 0.1 some corrosion has occurred in vessel
head space and vapor lines - mechanism
is understood and material of construction
altered to mitigate

I. Leakage - Joints and Packing 0.1-1.50 0.1 0.1 no pumps but each vessel equipped with
agitator with shaft seal

J. Use of Fired Equipment 0 0

K. Hot Oil Heat Exchange System 0.15-1.15 0 0

L. Rotating Equipment 0.5 0 0

Special Process Hazard Factor (F,) 4.0 4.0

20



F2 SCORING EXAMPLE —
NITRATION REACTION

2. Special Process Hazards | Base Factor 1 1
A. Toxic Materials 0.2-0.8 0.8
B. Sub-Atmospheric Pressure (<500 mm Hg) 0.5 0
C. Operation in or near Flammable Range _ Not inerted

1. Tank Farm Storage Flammable Liquids 0.5 0
2. Process Upset or Purge Failure 0.3 0

3. Always in Flammable Range 0.8 0
D. Dust Explosion (See Table 3) 0.25-2.0 0
E. Presssure (Fig 2) Operating Pressure 0 psig Relief Setting 5.9
psig 0.11
F. Low Temperature | 0.2-03 0
G. Quantity of Flammable/Unstable Material ~ Quantity 15000 Ib

Hc = 8500 BTU/Ib

1. Liquids or Gases in Process (Fig 3) 0.22

2. Liquids or Gases in Storage (Fig 4) 0

3. Combustible Solids in Storage, Dust in Process

(Fig 5) 0

H. Corrosion and Erosion 0.1-0.75 0.1
|. Leakage - Joints and Packing 0.1-1.50 0.3
J. Use of Fired Equipment 0
K. Hot Oil Heat Exchange System 0.15-1.15 0
L. Rotating Equipment 0.5 0
Special Process Hazard Factor (F5) 2.5

penalty does not apply

penalty does not apply - upset condition
cannot result in temperatures greater than
flashpoint of organics present

surge tank pressure rating - 5.9 psig;
nitration reactor - 7.8 psig

basis - volume of nitration reactors (3) plus
storage tank

the NF is 1 or less. So this may not be a fire
risk..

wet nitric acid, not much corrosion since the
beginning of the reactors
penalty for 'frequent' leakage applied

21
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Classification: General Business Use

FIRE & EXPLOSION INDEX SUMMARY SHEET
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DN

operational
state

Quantify F1

Hazards

Calculate F3

FIRE & EXPLOSION INDEX

[“AREA T GOUNTRY DIVISION LGCATION ]’m‘re
SITE TURING UNIT PROCESS UNIT
PREPARED BY: APPROVED BY: BUILDING

REVIEWED BY: (Management)

REVIEWED BY: (Technology Cantar)

REVIEWED BY: (Safsty & Loss Prevention)

FAATERIALS IN PROCESS UNIT

\

. DESSGH —_ STARTUP —, NORMAL OPERATION — SHUTDOWN

STATE OF OPERATION

55‘6 MATERIAL{S) FOR MATERIAL FACTOR

MATERIAL FAC‘I’OH (g Isﬂs ! or ’ppsndbss A or B) Note

when unit tomp over 140 °F (80 °C)
1. General Process Hazards Penalty Fac- | Penalty Fac-
tor Range tor Used(1)
Base Factor 400t Ao eBb LBt bR e RaEREER R ch Lo escmns o Asbmbre b amesesemsned 1.00 1.00
A. Exothermic Chemical Reactions 0.30t01.25
B. Er ic P 0.20 t0 0.40
C. Material Handling and Transfer 0.2510 1.05
D. Enclesed or Indoor Process Units 0.2510 0.90
E. Access 0.20 t0 0.35
F. Drainage and Spill Contro| gal orcu.m.| 0.2510 0.50
General Process Hazards Factor (Fy) .
2. Special Process Hazards
Base Factor ... 1.00 1.00
A, Toxic Material(s) 0.20 to 0.80
B. Sub-Atmospheric Pressure (< 500 mm Hg) 0.50
C. Op ion In or Near Fi; Range ____ Inerted ____ Not lnerted
1. __Tank Farms Storage Flammable Liquids 0.50
2. Process Upset or Purge Failure 0.30
3. Always in Flammable Range 0.80
D. Dust Explosion (See Table 3) 0.2510 2.00
E. Pressure {See Figura 2) Operating Pressure psig orkPa gauge
Relief Setting psig or kPa gauge
F. Low Temperature 0.20 to 0.30
G. Quantity of Flammable/Unstable Material: Quantity b or kg
Hg = BTU/b or kealrkg
1. Liquids or Gases in Process (See Figure 3)
2. Liquids or Gases in Storage (See Figure 4)
3. _Combustible Solids in Storage, Dust in Process (See Figure 5)
H. Corrosion and Erosion 01010 0.75
| Leakage — Joints and Packing 0.10to 1.50
J. _Use of Fired Equipment (See Figure 6)
K. _Hot Oil Heat Exchange System (See Table 5) 0.15t0 1.15
L. _Rotating Equipment 0.50

Special Process Hazards Factor (F2) .

Process Unit Hazards Factor (F1 x F2) = F3

Fire and Explosion index (F3 x MF = F&EI)

(1) For no penalty use 0.00.

Digitize form to
suit your needs

Input Material
Factor

Quantify F2
Hazards

Calculate F&EI

23



Classification: General Business Use

QUALIFYING STATEMENTS

Application of Penalty Factors (F1 & F2) — The DOW F&EI guide should be carefully read and routinely
referenced when determining Material Factors (MF) and applying Penalty Factors (F1 & F2). Good
engineering judgement is a pre-requisite!

The DOW F&EI guide pertains to fire & explosion scenarios. Take care to avoid misapplying penalties.
Ensure that the storage or release of a chemical will actually contribute to an event. For example,
handling of a (non-flammable) nitric acid + organic mixture will likely not incur F2 Hazard penalties
related to the Relief Pressure, Corrosion / Erosion or Leakage, since a release in and of itself might not

lead to an event or assist in the continuation of an event. Although the presence of nitric acid would not
be welcome, the Toxic Material F2 penalty is sufficient.

Chemicals which pose a hygiene hazard are handled via the DOW Chemical Exposure Index (CEl) guide.

For example, the hazard associated with a release of NOx containing vapor may more aptly assessed by
use of the CEl.

RENMENRFR - IF IN DNIIRT RFAN THF ~AI1IIDE NANF MNRFE TINMFI
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CATEGORIZING THE F&EI RESULT

F&EI INDEX RANGE DEGREE OF COMPANY CLASS COMPANY PHA
JAVALN D) METHOD

1-60 Light Checklist
61 - 96 Moderate C SWIFT
97 -127 Intermediate B HAZOP or SWIFT
128 - 158 Heavy
A HAZOP
159 - up Severe

PHA — Process Hazards Analysis, which is a systematic effort to identify and analyze hazards
associated with the processing or handling of hazardous materials. Several methods are used in
industry.

HAZOP - Hazard and Operability Study, wherein a complex process is broken down into nodes and
then examined by a multi-functional team using standardized guidewords to surface hazard and
operability concerns.

SWIFT — Structured What If Technique, similar to HAZOP but using standardized questions to
surface hazard concerns.

>> Class A processes should be redesigned to achieve B rating or not used.
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F&EI LOSS CONTROL CREDITS

Industrially proven loss control features have been shown to prevent incidents and/or reduce the
likelihood / magnitude of an incident. (It is assumed that the process unit is designed per good
engineering practice with use of recognized fabrication codes.)

There are 3 categories of loss control features.

Process Control Factor (C1) — total equals all applicable factors multiplied together

Emergency Power (maintain essential services) 0.98

Cooling (abnormal operation) 0.97 t0 0.99
Explosion Control (suppression) 0.84
Explosion Control (deflagration containment) 0.98
Emergency Shutdown (redundant system) 0.98

Emergency Shutdown (large equipment monitoring) 0.96 to 0.99
Distributed Control system (degree of control) 0.93 t0 0.99

Inert Gas 0.94 to 0.96
Operating Instructions (scorecard) 0.91 to 0.99
Reactive Chemical review (scope and breadth) 0.91to 0.98
Process Hazards Analysis (style employed) 0.91to0 0.98

C1 Range (all factors multipled except explosion control) - 0.6 to 0.85

26



C1 LOSS CONTROL FACTOR EXAMPLES

Cperating Instructions/Procedures — 0.91 to 0.99

f%dcquatc written op_crat_ing instructions and/or a fully documented operating discipline arc an

m’::;’; g:'“a;f;na‘;i‘mi S5 ¢ Other Process Hazard Analysis - 091 to 0.98
1. Startup-0.5 .
2. Routine shutdown — 0.5 Several other process hazard analysis tools can be used in addition to the F&E! evaluation. These
3. Normal operating conditions - include Quaniitative Risk Assessments (QRA), Detailed Comsequence Analysis, Fault Tree
4.  Tumdown operating condition ANalysis, Hazard and Operability (HAZOP) Studies, Failure Modes and Effects Analysis
5.  Standby running conditions (u (FMEA), Environmental, Health, Safety, and Loss Prevention Reviews, “What If” Studies, Check
6. Uprated operating conditions ( 148t Evaluations and Management of Change Reviews.

7

8

9

Restarting shortly after a shuii The credit factors to be used for this area are as follows:

Restarting plant from a post-nt - Qugngitative Risk Assessment (QRA) 0.91
o0 Maintenance procedures (Worl  Degailed Consequence Analysis - .93
" f'{:zfgfeﬂci’ shutdown - 1.5 gayit Tree Analysis 9.93
: ufacturing unit equipment  ypo o g0 g Operability (HAZOP) Studies 8.94

12.  Foreseeable abnormal fault sit : ;
Failure Modes and Effects Analysis (FMEA) .94
To obtain a credit factor, add all the Environmcntal.l Health, Safety, and Loss Prevention Reviews 8.96
The total pos by« WhatIf” Studies 0.96
points are represented by ™ cyeck List Evaluations 3.98
Management of Change Review 0.3

If all conditions have been covered, |

When any of these process hazard risk analysis programs are done on a regular part of operations,
As an alternative, it may be determirthe full credit factor is to be used. If these analyses are only done on an occasional basis, a higher
best represents the completeness anc factor is to be used based on good engineering judgment. For full credit, the resulis should be
shared with employees as is appropriate.
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C2 & C3 LOSS CONTROL FACTORS

Material Isolation Factor (C2) —

Remote Control Valves (for isolation) 0.96-0.98

Dump / Blowdown 0.96 — 0.98
Drainage (away from process) 0.91-0.97
Interlocking (chemical reactivity, burners) 0.98

C2 Range (all factors credited and multiplied) — 0.82 to 0.92

Fire Protection Correction Factor (C3) —

Leak Detection (methods and degree of response) 0.94-0.98
Structural Steel (fireproofing or water cooling) 0.95-0.98
Fire Water Supply (pressure, quantity, supply method) 0.94-0.97
Special Systems (per listing) 0.91

Sprinkler Systems (per type and coverage area) 0.74-0.97
Water Curtain (mitigate vapor cloud ignition) 0.97 -0.98
Foam (method dependent) 0.92 -0.97
Hand Extinguishers / Monitor Guns 0.93-0.98
Cable Protection (per method employed) 0.94-0.98

C3 Range (only Leak, Steel, Firewater, Sprinkler at 0.84, and Cable) — 0.65 to 0.88



C2 & C3 LOSS CONTROL FACTOR EXAMPLES

Drainage - 0.91 to 0.97 Sprinkler Systems - (.74 to 0.97

To remove a large spill from ¢ . .

siope of at least 2% (1% on Dcm.gc systems receive a credit factor of 0.97. A deluge system (open head) gets the minimum

assuming that 100% of the con credit because such systems have many components, any one of which could fail completely or

released plus 1 hr of deluge/spr Partially, producing a negative effect on the operation and effectiveness of the system. Also the

tor of 6.91. deluge system is used in combination with other loss control features on relatively hazardous unit
operations so its individual benefit is Jess.

If drainage conditions are good '

equipment, a credit factor of 0./ Credit factors for wet pipe or dry pipe systems used in indoor manufacturing areas and ware-
houses are calculated as follows:

;‘E) Firé Water éupply - 0'94; N — o

" Design Credit Factor
When the delivery pressur | o300 hape m/ft2 Ipm/m? Wet Pi Dry Pi
sy delivery pressure is less thi pancy L PR bl o Fy Fipe

dr Light 0.15-0.20 6.11-8.15 0.87 0.87
recA plant’s supply of fire fi ‘
wedemand for a pcrigd of fou Omlmary 0.21-0.34 8.56-13.8 0.81 8.84
I:hE . : o
tazard operations. IS 1§ Hazard >0.35 > 14.3 0.74 0.81
Unless the fire waier suppl — e e

of normal clcctricr scrvioc‘: Wet and dry pipe sprinkler systems (closed head) are 99.9%-plus reliable, with very few of the
factor can be applied. A di variables encountered with deluge valves, which are subject to failure.
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POSSIBLE FINAL F&EI OUTPUT — T AT
RISK ANALYSIS SUMMARY

The guideline provides methodology to estimate monetary losses due to equipment damage and
business interruption. This information can then be rolled up into a “Process Unit Risk Summary”.

These methods are beyond the scope of this tutorial as most use an alternative means for these
purposes.

PROCESS UNIT RISK ANALYSIS SUMMARY

1. Fire & Explosion Index (F&EI......................... {See Front)

2. Radius of EXPOSUIS...cvuiivriiesiciisemsanenniesniins (Figure 7) ' ftorm
3. Area Of EXDOSUI...covueeresicereisissssonsssessssisissiscssensssnssssansnns ft® or m?

4. Value of Arga of EXPOSUIB........ccoveorcmemmeereecienecrnmcemsar s issscssssssissssnesssssesssssssssnsssssnesecss | MM

5. Damage Factor .. (F|gure 8)

6. Base Maximum Probable Pmperly Damaga (Base MPPD) [4 X 5] -.coiiiiinicnininncnininiinn SMM

7. Loss Control Cradit Factor.........c.everrsssennen. (S68 ADOVE)

8. Actual Maximum Probable Property Damage — {(Actual MPPD) [6 X 7] ...ccciiviomnnnnnnnn | SMM
9. Maximum Probable Days Outage - (MPDO)......(Figure 9) days

10. Business Inermuplion — (BI) ... SMM __-_mi

The Loss Control Factor (item 7) is the product of the three individual loss control factors (C1, C2, C3).

It could reasonably range from 0.35 to 0.75 depending on the breadth and scope of loss measures
taken.
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DISCLAIMER

DISCLAIMER: THE MATERIALS, PRODUCTS AND SERVICES OF SAUDI BASIC INDUSTRIES CORPORATION (SABIC) OR ITS SUBSIDIARIES OR AFFILIATES (“SELLER”) ARE SOLD SUBJECT TO
SELLER’S STANDARD CONDITIONS OF SALE, WHICH ARE AVAILABLE UPON REQUEST. INFORMATION AND RECOMMENDATIONS CONTAINED IN THIS DOCUMENT ARE GIVEN IN
GOOD FAITH. HOWEVER, SELLER MAKES NO EXPRESS OR IMPLIED REPRESENTATION, WARRANTY OR GUARANTEE (i) THAT ANY RESULTS DESCRIBED IN THIS DOCUMENT WILL BE
OBTAINED UNDER END-USE CONDITIONS, OR (ii) AS TO THE EFFECTIVENESS OR SAFETY OF ANY DESIGN OR APPLICATION INCORPORATING SELLER’S MATERIALS, PRODUCTS,
SERVICES OR RECOMMENDATIONS. UNLESS OTHERWISE PROVIDED IN SELLER’S STANDARD CONDITIONS OF SALE, SELLER SHALL NOT BE RESPONSIBLE FOR ANY LOSS RESULTING
FROM ANY USE OF ITS MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS DESCRIBED IN THIS DOCUMENT. Each user is responsible for making its own determination as to
the suitability of Seller’s materials, products, services or recommendations for the user’s particular use through appropriate end-use and other testing and analysis. Nothing in any
document or oral statement shall be deemed to alter or waive any provision of Seller’s Standard Conditions of Sale or this Disclaimer, unless it is specifically agreed to in a writing
signed by Seller. Statements by Seller concerning a possible use of any material, product, service or design do not, are not intended to, and should not be construed to grant any
license under any patent or other intellectual property right of Seller or as a recommendation for the use of any material, product, service or design in a manner that infringes any

patent or other intellectual property right.

SABIC and brands marked with ™ are trademarks of SABIC or its subsidiaries or affiliates, unless otherwise noted.
© 2023 Saudi Basic Industries Corporation (SABIC). All Rights Reserved.

Any brands, products or services of other companies referenced in this document are the trademarks, service marks and/or trade names of their respective holders.
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