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File:SCHEDE.XLS

Pagine totali:31

Unita produttiva: [Rilievo effettuato il:

Rilievo effettuato da:

Impianto:

Area:.’ . - - - in qualita di:

Sigla_ m.a”cc_hin'a': s

Manutenzione mec

canica

I punti di regolazione , lubrificazione ¢ manutenzione sono
distanti dalle zone pericolose delle macchine ?
L.a manutenzione ordinaria & eseguita da:
operatore stesso
tecnico specializzato
entrambi a seconda dei casi
Esiste sempre una verifica dell'operato del manutentore ?
Esistono zone di manutenzione di difficile accesso ?
se SI, sono previsti sistemi di accesso (scale, passarelle, ecc.) ?
La manutenzione della macchina ¢ svolto anche da personale esterno ?
Chi pud autorizzare variazioni sostanziali della macchine (specificare) ?

2]
—

NO

La macchina € corredata da un libretto di istruzione ?
se SI, esso & fornito agli operatori ?
se SI, esso in genere contiene informazioni su:
condizioni di utilizzazione previste
descrizione dei posti di lavoro
istruzioni per
messa in funzione
utilizzazione
installazione
montaggio
regolazione
manutenzione
J1a macchina € stata costruita su progetto inetrno allo stabilimento ?

La macchina & stata adattata a specifiche funzioni ?

e I R I I I R I R Dl | el | L S |

ZzZIZhZ2lZ21Z2)1Z|1Z211Z]||Z1Z ZlZ ZNZNZIZ|1Z1Z||Z
elelelelzlelelelelelel 2l i Ellelklelel] 2

16.01

16.02
16.03
16.04
16.05
16.06
16.07
16.08
16.09

16.10
16.16

16.12
16.13
16.14
16.15
16.16
16.17
16.18
16.19
16.20
16.21
16.22

Schedan® 16
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- TABLE 4-1. 'TYPICAL INFORMATION NEEDED FOR "WHAT IF™ TECHNIQUE

I. Process Flow Sheets

1. Operating Conditions
a. Process materials used, including physical properties
b. Process chemistry and thermodynamics

2. Equipment Description

II. Plot Plan
ITI. Preocess and Instrumentation Drawings

1. Controls
a. Continuous monitoring devices
b. Alarms and their function

2. Instrumentation
a. Charts
b. Gauges
c. Monitors

IV. Operations

1. Responsibilities and duties of operating personnel

2. Communications systems

3. Procedures
a. Preventive maintenance
b. Hot work permits
c. Vessel entry
d. Lock-out/Tag out
e. Emergency

3. Define the Team

Teams of two or three members are defined for each identified

investigation area. The team should include:

©1985 AIChE
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Diammonium
Phosphate (DAP)

FIGURE 4-2. CONTINUOUS PROCESS EXAMPLE FOR "WHAT IF" TECHNIQUE

TABLE 4-2. "WHAT IF"™ QUESTIONS

~N O O AW N
*» e & 2 e 8 @

“What If"

Wrong product is delivered instead of phosphoric acid
Phosphoric acid is wrong concentration

Phosphoric acid is contaminated

Valve A is closed or plugged

Too high a proportion of ammonia is supplied to reactor
Vessel agitation stops

Valve € is closed
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What If

Consequence/Hazard

Recommendation

Wrong product is
delivered instead
of phosphoric acid

Phosphoric acid is
wrong concentration

Phosphoric acid is
contaminated

Valve A is closed or
plugged

Too high a proportion of
ammonia is supplied to
reactor

None 1ikely

Ammonia is not used up
and is released to
work area

None likely

Ammonia unreacted,
released to work area

Excess ammonia released
to work area

Verify phosphoric
acid concentration
after filling vat

prior to operation.

Alarm/shutoff of
ammonia (valve B) on
low flow from valve A
into reactor.

Alarm/shutoff of
ammonia (valve B)

on high flow from
valve B into reactor

FIGURE 4-3.

©1985 AIChE
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Table D-1 Failure Mode and Effects Analysis of a Domestic Hot Water System®

Effects on Class Compensating
Failure or Failure Detection provisions
Component error mode other components whole system I II I IV frequency methods and remarks
Pressure Jammed open Increased opera-  Loss of hot X Reasonably Observe at Shut off water supply,
relief tion of tempera- water; greater probable pressure reseal or replace
valve ture sensing cold water relief valve relief valve
controller; gas input; greater
flow due to hot gas consump-
water loss tion
Jammed closed None None X Probable Manual testing Unless combined
w/other component
failure, this failure
has no consequence
Gas valve Jammed open Bummner continues Water tempera- X Reasonably Water at Open hot water faucet
to operaie, ture and pres- probable faucet too to relieve pressure.
pressure relief sure increase; hot; pres- Shut off gas.supply.
valve opens water — steam sure relief Pressure relief valve
valve open compensates.
(observa-
tion)
Jammed closed Burner ceases System fails to X Remote Observe at
to operate produce hot output
water (water
tempera-
ture too low)
Tempera- Fails to react Controller, gas Water tempera- X Remote Observe at Pressure relief valve
ture meas- to tempera- valve, burner ture too high; output compensates.
uring and ture rise continue to water — steam (faucet) Open hot water faucet
comparing above preset function "‘on."" to relieve pressure,
device level Pressure relief Shut off gas supply.
valve opens
Fails to react Controller, gas Water tempera- X Remote Observe at
{0 tempera- valve, burner ture too low output
ture drop continue to (faucet)
below preset function **off"’
level

“From H. E. Lambert, Lawrence Livermore Laboratory Rep. UCID-16238 (1973).




The process is systematic and it is helpful to define the terms that

are used:
a. STUDY NODES- T! on piping and instrumentation
¥ n I 2 -t are AV R inv o1 1 ""_\,il el
drawings and procedures) at wiici o 255 parameters are investigated fo:
deviations.
4-35

b. INTENTION- The intention defines how the plant is expected to
operate in the absence of deviations at the study nodes. This can take a
number of forms and can either be descriptive or diagrammatic; e.g.,
flowsheets, 1ine diagrams, P&IDs.

c. DEVIATIONS- These are departures from the intention which are
discovered by systematically applying the guide words (e.g., "more pressure").

d. CAUSES- These are the reasons why deviations might occur. Once
a deviation has been shown to have a credible cause, it can be treated as a
meaningful deviation. These causes can be hardware failures, human errors, an
unanticipated process state (e.g., change of composition), external
disruptions (e.g., loss of power), etc. '

e. CONSEQUENCES- These are the results of the deviations should
they occur (e.g., release of toxic materials). Trivial! consequences, relative
to the study objective, are dropped.

f. GUIDE WORDS- These are simple words which are used to qualify or
quantify the intention in order to guide and stimulate the brainstorming pro-
cess and so discover deviations. The guide words shown in Table 4-3 are the
ones most often used in a HazOp; some organizations nave made this list speci-
fic to their operations, to guide the team more guickly to the areas where
they have previously found problems. Each guide word is applied to the pro-
cess variables at the point in the plant (study nodej which is being examined.
For example:

Guide Words Parameter Deviation
NO & FLOW====- NO FLOW
MORE & PRESSURI HIGH PRESSURE
AS WELL AS & ONE PHASE----  TWO PHASE
OTHER THAN & OPERATION----  MAINTENANCE

These guide words are applicable to both the more general parameters (e.g.,

react, transfer) and the more specific parameters (e.g., pressure,
©1985 AIChE P
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TABLE 4-3. HAZOP GUIDE WORDS AND ME/NHIKGS
Guide Hords Meaning
No Negation of the Design Intent
Less Quantitative Decrease
More Quantitative Increase
Part Of Qualitative Decrease
As Well As Qualitative Increase
Reverse Logical Opposite of the
Intent
Other Than Complete Substitution

temperature). With the general parameters, meaningful deviations are usually
generated for each guide word. Moreover, it is not unusual to have more than
one deviation from the application of one guide word. For example, “"more
reaction" could mean either than a reaction takes place at a faster rate, or
that a greater quantity of product results.

With the specific parameters, some modification of the guide words
may be necessary. In addition, it is not unusual to find that some potential
deviations are eliminated by physical limitation. For example, if the design
intention of a pressure or temperature is being considered, the guide words
"more" or "less" may be the only possibilities.

There are other useful modifications to guide words such as:

© SOONER or LATER for OTHER THAN when considering time
e WHERE ELSE for OTHER THAN when considering position, sources, or
destination

¢ HIGHER and LOWER for MORE and LESS when considering elevations,
temperatures, or pressures.

©1985 AIChE
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the proper autnority to the study an cnsure that the study is
(utuscd.  Also, even though the genera! oujec.ive is to identify hazards and
operability problems, the team should focus on the underlying purpose or reason
Tor the <tudy. Examples of recsons vor a study might ba to:

Check tne satety of a design

Decide whether and where to build

Develop a list of questions to ask a supplier
Check operating/safety procedures

Improve the safety of an existing facility

Verify that safety instrumentation is reacting to best
parameters.

It is also important to define what specific consegquences are to be

considered:
° Employee safety (in plant or neighboring research center)
e Loss of plant or equipment '
) Loss of production (lose competitive edge in market)
(] Liability
° Insurability
9 Public safety
) Environmental impacts.

For example, a HazOp might be conducted to determine where to build a plant to
have the minimal impact on public safety. In this case, the HazOp should focus
on deviations which result in off-site hazards.

2. Select the Team. Ideally, the team consists of five to seven

members, although a smaller team could be sufficient for a smaller plant. If
the team is too large, the group approach Tails. On the other hand, if the
aroup is too small, it may lack the breadth of knowledge needed to assure
~cmoleteness.  The team leader should have experience in leading a HazQp. The

the team shoule perts in are

SIC

[al]

8 rt %o the plant operation.
xample, a team might include:

Martis
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only complete record of tne discussions and the reasoning benind the recorded
findings, and it can be invalueble Tater in the plant Tife when the plant is
madified, or i1 an event occurs which is the result of a deviation.

Example

Consider, as a simple example, the continuous process shown in
Figure 4-6. In this process, the phosphoric acid and ammonia are mixed, and a
non-hazardous product, diammonium phosphate (DAP), results if the reaction of
ammonia is complete. If too little phosphoric acid is added, the reaction is
incomplete, and ammonia is produced. Too little ammonia available to the
reactor results in a safe but undesirable product. The HazOp team is assigned
to investigate "Personnel Hazards from the Reaction".

I_' 1 Ac;d Study Node 1
Ammonia Study LI/

Node 2|\

¢ Study Node 3

- e
‘o, - ot me I
- e =y em -

AL

01iammonium
Phosphate (DAP)

FIGURE 4-6. CONTINUOUS PROCESS EXAMPLE FOR HAZOP TECHNIQUE

The team leader starts with a study node and applies the guide words
to the process parameters. Thus, for study node 1:

I. NO
a. NO & FLOW --- no flow at study node 1
b. Consequences: excess ammonia in reactor and release to

work area

©1985 AIChE



C. Causes
-= valve A fail
== phosphoric acid supply exhausted
plug in pipe, pipe ruptures
d. Suggested action: automatic closure of valve B on
loss of flow from phosphoric acid supply.
b, LESS
a. LESS & FLOW --- reduced flow at study node 1
b. Consequences: excess ammonia in reactor and release
to work area. Amount released is related to quantitative
reduction in supply. Team member assigned to calculate
toxicity level versus flow reduction.
c. Causes:
-- valve A partially closed
-- partial plug or leak in pipe
d. Suggested action: automatic closure of valve B based
on reduced flow in pipe from phosphoric acid supply. Set
point dependent on toxicity versus reduced flow
calculations.
ITI. MORE
MORE & FLOW --- increased flow at study neode 1
Consequences: excess phosphoric acid degrades
product but presents no hazard to workplace.
IV. PART OF
a. PART OF & FLOW --- decreased concentration of phospheric
acid at study node 1
b. Consequences: see II.b (low flow conseguences)
Gs Causes
-- vendor delivers wrong material or concentration
-- earror in charging phosphoric acid supply tank
d. Suggested Actien: Add check of phosphoric acid supply

tank concentration after charging procedures

€1985 AIChE
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v. AS WELL AS
a. AS WELL AS & FLOW - increase concentration of
phosphoric acid

(not a realistic consideration since highest available
concentration used to charge supply).

VI. REVERSE

a. REVERSE & FLOW --- reverse flow at study nede 1
| b. Consequences
Gw Causes: no reasonable mechanism for reverse flow.

| VII. OTHER THAN _ ;
| a. OTHER THAN & FLOW --- material other than phosphoric :
acid in line A
b. Consequences: Depends on substitution; team member
assigned to test potential substitutions based on avail-
ability of other materials at site and similarity in
appearance
L. Causes:

-- wrong delivery from vendor
-- wrong material chosen from plant warehouse
d. Recommended Action: Plant procedures to provide check on

material chosen before charging phosphoric acid supply
tank.

This process then continues by choosing other process parameters and cembining
them with the guide words.

HazOp Variations

1. Knowledge-Based HazOp

The knowledge-based HazOp is a specialization of the Guide-Word
in which the guide words are replaced by the team's and leader's know

©1985 AIChE
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Hazard Identification Analysis (HAZID)

Example Worksheet

Scenario Domain Cause Hazard Effect/ Consequence C|F|R
Latency P
Time N
1 2 3 4 5 1 2 3 4 6
EXTREMELY VERY
UNLIKELY UNLIKELY UNLIKELY POSSIBLE PROBABLE SIGNIFICANT SERIOUS SEVERE MAJOR SERIOUS




Hazard Domains to consider during HAZID

Hazard Domain Cause
Energy Electricity
Heat

Mechanical force

Electromagnetic fields

Moving parts

Suspended masses

Pressure and vessel rupture

Vibration

Chemical Spills

Toxic substances or by-products

Fire / Explosion Inflammable gases

Liquid or solid fuels

Oxygen enriched environment




Analisi funzionale

In questa analisi si identificano le principali funzioni realizzate dall'impianto e piu in generale sul
sito. Ciascuna funzione principale sard poi scomposta in funzioni elementari necessarie al fine di
assolvere quella principale.

L'identificazione dei pericoli esaminera le funzioni elementari al fine di evidenziarne le possibili
deviazioni.

Tabella 1: Esempio di analisi funzionale

CODICE FUNZIONE
1% Produzione calore
1.1 Fornitura combustibile
18151 Controllo pressione combustibile
152 Combustione
153 Servizi ausiliari alle macchine
2. Produzione Energia elettrica

Identificazione dei pericoli mediante HAZID
L'identificazione dei pericoli viene realizzata analizzando le funzioni elementari (quelle di piu basso
livello) emerse dall'analisi funzionale. Per ciascuna di queste funzioni si determineranno le possibili
deviazioni, le cause che le generano (guasti, errori umani, eventi esterni), gli effetti ai fini della
sicurezza e della produttivita.

Operativamente, 1'analisi viene condotta riempiendo le tabelle HAZID di cui si riporta la struttura in
Tabella 2.

Tabella 2: Tabella HAZID

Funzione Funzione Fase Pericolo/De | Cause | Conseguenze | F | D | R | Salvaguar | Raccomanda
principale | elementare | Operativa v. di die zioni
Funzione esistenti

Gli indici di Frequenza (F), Danno (D) e Rischio (R) saranno stimati sulla base di una valutazione
qualitativa che deriva dall'esperienza dell'analista e degli operatori di impianto, con riferimento alla
classificazione qui oltre riportata.

Tabella 3: Classificazione per Frequenza

FREQUENZA
F Periodo di ritorno / Frequenza Annuale
1 Estremamente improbabile, non atteso nella vita del sistema
2 Remoto: non dovrebbe accadere nella vita del sistema
3 Poco probabile: atteso al pili una volta nella vita del sistema
4 Probabile: atteso poche volte nella vita del sistema
5 Inatteso: atteso piu volte nella vita del sistema




Tabella 4: Classificazione per Danno

DANNO
D Entita Descrizione del danno
1 | Trascurabile Nessun danno alle persone, funzioni di sicurezza completamente disponibili
2 | Minore Danni lievi alle persone e/o perdita parziale delle funzioni di sicurezza
3 | Severo Danni gravi alle persone e/o perdita completa delle funzioni di sicurezza

Decessi tra il personale di impianto e/o perdita completa delle funzioni di

4 | Critico ;
sicurezza

Elevato numero di decessi, anche tra la popolazione esterna e distruzione

> |(Catistrohict dell'impianto.

Nell'associare le stime di Frequenza e Danno ai singoli eventi si procede con le seguenti ipotesi:

e per le funzioni operative:
la frequenza si stima con riferimento alla causa di maggior frequenza in grado di generare la
deviazione della funzione stessa;
il danno viene stimato nell'ipotesi che le salvaguardie presenti intervengano correttamente.

e per le funzioni di protezione/sicurezza:
la frequenza si stima considerando 1'accadimento contemporaneo dei due eventi qui oltre

indicati:
1) la frequenza relativa alla causa di maggior frequenza che fa perdere la funzione di

protezione/sicurezza e contemporaneamente,
2) l'intervento di un'anomalia nel processo che richieda l'intervento della funzione di

protezione/sicurezza stessa.

il danno viene stimato tenendo conto che la funzione di protezione/sicurezza non ¢ disponibile.



PRt

150 Hazard identification and safety audit

refined. The fourth edition is directed towards simpli-
fying the index calculation.

The fourth edition contains, in addition, an ¢valua-
tion of the Maximum Probable Property Damage
(MPPD), which is determined from the Fire and
ExplosionIndex (F & El).Italsointroducesa Toxicity
Index (TI) whxch is determined separalcly

MPPD is shown in Figure 8.5.

The Guide is intended to apply only to process
conditions and not to auxiliary units such as fired
heaters, power generating plants, plant water systems,
control roomsand office buildings, butitcan beapplied
to bench-scale laboratories and pilot plants.

The F & Elis delerruned separatclv for the 1€ several

d .. units [ [the procc... - - < siates
e it

ol £ spei A d for cah,alc.tmz, tie L S ZIlard

DIVISION OF PLANT

INTO “"UNITS" -
L
GENERAL
PROCESS
/ HAZARDS >
MATERIAL DETERMINATION OF FIRE
FACTOR _— s AND EXPLOSION INDEX
SPECIAL
PROCESS
HAZARDS |——»
F&EI .
TOXICITY
HAZARD -
MPPD FATTOR CALCULATION OF BASIC
I MPPD TOXICITY
INDEX
INSURABLE
VALUE
FOR UNIT
PREVENTIVE AND
PROTECTIVE
CALCULATION OF ACTUAL
MPPD <4—— | FEATURES
REDUCTION
. ACTUAL
MPPD

Figure 8.5 Procedure for calculating Fire and Explosion
Index and Maximum Probable Property Damage (Dow
Chemical Company, 1976)
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‘A “unit” is defined as a part of a plant that can be
eadily and locally characterised as a separate
entity. Generally a “unit” consists of a segment of
‘the overall process. In some instances, it may con-
7 sist of a portion of a plant that is separated from the
“remainder by distance or by fire and/or barrier
“walls. In others, it may be an area in which a par-

ticular hazard exists.”

In evaluating tank farms the storage of individual
jtems should be treated separately. In cvaluating
plants handling combustible dusts the ai-ision of the
plant into units demands particular care.

The F & EI is a number which indicates the fire
" and/or explosion hazard of the particular unit. The
TActors which are used 1 calculating this fndex are
i (1) material Factor;
: (2) General Process Hazards:
. (3) Special Process Hazards.

" The Material Factor (MF)isa measure of the energy
" potential of the most hazardous material or mixture of
. materials present in the unit in sufficient quantity
actually to present the hazard. The MF is a number in
the range from 1 to 40 and is determined using only

Ha:zard indices 151

N
two properties,/the flammability and the reactivit_.l
For substantes for which there 1s an NFPA fire
rating N¢ and reactivity rating N, the MF is obtained
from these as follows:

Material Factor

N, 0 I 2 3 4
N B
0 0 = 24 29 40
! 4 e 24 29 40
2 10 i 24 29 40
3 16 16 24 29 40
4 21 21 24 29 40

Thus forethylene ~zide with Ny = 4, N, = 3, MF =29.

The fire and reactivity ratings and MFs of selected
chemicals are given in Table 8.5.

For substances for which there is no NFPA classifi-
cation the following method is applied. For flammabi-
lity rating use is made of the flash point or of the factor
He,. This latter factor is calculated by muliiplying thé
heat of combustion (kcal/mol) by the vapour pressure
at 80°F (aum), taking a vapour pressure of 1.0 for
materials boiling below 80°F. For reactivity rating

Table 8.8 Dow Fire and Explosion Index: Material Factors for selected chemicals (Dow Chemical Company, 1976)

Heat of combustion'? N FPA classification Material
AH health fire reactivity Factor
(BTU/b) N, N, N, MF
Acetone 12300 { 3 0 16
Acetylene 20700 I 3 3 29
Ammonia 8000 3 1 0 4
Benzene 17500 2 3 0 16
Butane 19 700 [ 4 0 21
Carbon disulphide 6100 2 3 0 16
Carbon monoxide 4300 2 4 0 2
Cyclohexane 18 700 1 3 0 16
R Ethane 20400 ! 4 4] 21
. Ethylene 20800 ] 4 2 24
Ethylene dichloride 4600 2 3 0 16
Ethylene oxide 11700 2 4 3 29
Hydrogen 51600 0 4 0 21
Methane 21 500 i 4 0 21
Propane 19900 i 4 0 21
Propylene 19700 i 4 1 21
Styrene 17400 2 3 2 24
Toluene 17400 2 3 0 16
Viayl chloride 8000 2 3 1 21

The following are oxidizing materials which have been assigned Material Factor values based on N_or, where no N is

available, an arbitrary vnlue_ has been assigned :

Nh
Ammonium nitrate 2
Chlorine “ 3
Oxygen

4

N, N MF
0 3

(a), This is the net heat of combustion, which is the valuc obtained when the water formed is considered to be in the vapour state.
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use is made of the decomposition temperature 7,
which is computed from chemical structure thermal
data. The relations applied are

Flash point  H., - N¢ Ta N,
(°F) (K)

NOlE <iu™? 0 <830 0
- 200 107°-06 1and 830-935 i
100-200 0.6-10 2 935-1010 2
0-107 10-150 3 1010-1080 3
<0 > 150 4 > 1080 4

The Guide gives the following example of this
method. For propylene oxide

Molecular weight 53

Flash point < —20°F
Vapour pressure (27°C) S66mmHg
Heat of combustion 13200BTU/Ib
Decomposition temperature 675°C

Then
Flash point «< —20°F N¢=14

H., =316
Ta = 948K Ne=12

Hence

Material Factor = 24

In about a third of cases this method will differ from
the NFPA ratinz b one unit, but this is not to 5.
considered significant.

The MF for dusts is determined by a_separaic

method. The approach is based on the cxplosion

séverity of the ducr as determined by the Burcau of

Mines method. This explosion severity is the product
of the maximum pressure and maximum rate of pres-
sure rise in the test relative-to those of Pittsburgh
coal dust. For the latter dust
Maximum pressurc = 90 psi
Maximum rate of pressure rise = 2300psi/s

This dust is assigned the following MF

Material Factor = 10

The MF for another dust is obtained by scaling up
from that for Pittsburgh coal dust.

Rmax = Maximum rate of pressure rise

psi/s (kg/cm?s)
Prax = Maximum pressure
psi (xg’cm? )}

(Pma-, Y A max > L ME 10 = Material

90 2300 factor |
|
\\
£ - 2
AN
<F 30163 -
95 J:g N\ \\ \\
100}7.0 ig \‘
T N
11047.7 : :\ X \\ A\ N
R VHEANERNEA N
_ H X N N
12018.43 10 N

5
~
©
=

13 15 17 19 21 23

25 27 29 31 33 35 37 39 41 42

Material factor

Figure 8.6 Dow Fire and Explosion Index: Material
Factor for combustible dusts (Dow Chemical Company,

1976) . '
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© The Guide gives the following example. For alpha
cellulose

Maximum pressure = 117 psi
Maximum rate of pressure rise = 8000 psi/s

Hence

17 000
—_—— A —a= X
90 2300

Material racior = 10 = 45.2

Alternatively, it is considered adequate to use the
MT obtained from Figure 8.4,

This MF siiould be used only for dusts in process.
For dusts in storage the heat of combustion method
should be used.

_The tieneral Process Hazards (GPH) and Special

Wﬁ_@ﬁ}i}_a <en_110_zccount as
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evaluating the process exposurc level for toxicity
hazard. It is defined as

T (P +S
T = o (—mo_) (8.8.2)

where Ty is the factor for the most hazardous material
o ie process that s procent i oan appreciable
quantity. with the lowest Threshold Limit Value
(TLV): P the total GPH penalties used; and S the
total SPH penalties used.

The T, factor is obtained from the NFPA health
rating Ny, as follows:

penaltics which are applied to the Material Facior

100 + GPH y 1060 + SPH
100

F&EI:MFX(

[\'fh 7;,
0 0
1 50
100 2 125
3 250
(88.1) 4 325

The penalties applicable to GPHs are shown in
Table 8.9 and the penaltics applicable to SPHs are
shown in Table 8.10.

The Toxicity Index is included for the purpose of

Values of Ny for selecied chemicals are given in Table
8.8. In some cases the TLV of a material is not

Table 8.9 Dow Fire and Explosion Index: penalties for General Process Hazards (Dow Chemical Company, 1976)

A Exothermic reactions:

I Hydrogenation, hydrolysis, aromatization. isomerization, sulphonation and neutralization = 309, penalty

2 Alkylation, amination by ammonolysis, condensation,

w2

Halogenation = 75% penalty

4 Nitration = 125%, penalty

B Endothermic reactions:

oxidation'” and polymerization = 50 %, penalty

Calcination, electrolysis, pyrolysis and cracking = 209, penalty

C Material handling and transfer:

1 Loading and unloading of Class I flammable liquids or LPG (flash point less than 100°F) = 509; penalty

2 Use of centrifuges, batch mixing in open containers, multiplicity of reactions in same equipment = 50%; penaity

3 Processing combustible dusts: grinding, blending, bagging. filiers or drying = 50 % penalty

4 Indoor warehousing and storage:

Class Il combustible liquids = 259, penalty
Combustible solids = 75 % penalty

Class I flammable liquids = 100% penalty

D Enclosed process units:

Processing flammable liquids or gases or location of dust collectors in buildings = 309 penalty

(a), In oxidation reactions involving vigorous oxidizing agents such as chlorates. perchlorates, permanganates, hypochlorous acid and salts, sodium chlorite, chlorine

dioxide, nitric acid, inorganic peroxides or nitrogen tetroxide = 1003 penaliy.

Bt
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Table 8.10 Dow Fire and Explosion Indcx: penalties for Special Process Hazards (Dow Chemical Company, 1976)

A Processtemperature:

I Apply penalty when process or handiing conditions are above flash point of material = 25%, penalty

2 Apply penalty when above conditions are in excess of boiling point =609 penalty

3 Materials such as hexane, fuel oi] #1 and carbon disulphide have low autoignition temperaturcs and can be
ignited on hot steam lines = 75% penalty
B Low pressure;

No penalty is required for processes that operate ot atmospheric or sub-atmospheric pressure o that air leaking into
the system will not create a hazard. Example: Vecuum distillation of glycols, chilorine compression.
{  When air feaking into the system could create 2 hazard. apply a 50% pcnah\ Example: Handling pyrophoric

materials, diolefins with hazard of peroxide formation and (,alalyaed polymerization; |, 3-butadiene wuh air forms
explosive peroxides

2 Hydrogen-collection systems require a2 50 % penalty. No penalty if not collected

3 Any vacuum distillation at less than 500 mmHg should be penalized 757 if air or contaminants leaking i into the
system could create a hazard

B (]
i C Operation in or near flammable range:
gl
) 1 Storage of Class I flammable liquids requires a penality of 50% for outdoor tanks (flash point below 100°F
g o8 (37.8°C))
i
: 2 For processes that operate close to the flammable limits or where it is necessary to use instrumentation and/or
nitrogen or air purge to stay outside the explosive limits use a 75% penalty. Examples: Oxidation of toluene to
: benzoic acid, rubber dissolving, direct oxidation in ethylene oxide process £
3 For processes that generally operate in the flammable range, use a 100% penalty. Examples: Ethylene oxide G

distillation or storage

Lt

D Dust explosion hazard: ;
Transferring combustible dusts by air to silos, hoppers or dust collectors is a potential exposure for an explosion.
Good bonding and grounding of the transfer system are a must to minimize the exposure. However, this does not
assure that an ignition source will not be available

13 The penalty factor is based on the energy potential of the dust—maximum rate of pressure rise (psi/s). As the
i energy potential goes up, the required penalty factor increases

The maximum rate of pressure rise in psi/s and maximum pressure are used to evaluate a hazardous condition.
The following table is a guide for determining the potential exposure based on the maximum rate of pressure rise:

PENALTY CHART

n e 8T P ——————— -

Rating Maximum pressure rise Penalty Particle size Tyler mesh
(psifs) (%) (gm) size thru
Very weak 500 or less 5 175 + 60-80
Weak 500-1300 10 150-175 80-100
g Moderate 1300-2000 20 100-150 100-150
’ Strong 2000-2600 40 75-100 150-200
" Severe 2600 up 80 Less than 75 200 +

i The particle sizes shown along with their respective mesh sizes are from Harimann bomb tests of various dusts. [t

: is not to be assumed that all dusts of these particle sizes will develop the maximum pressure rise indicated. Generally
dust particles > 150 pm will not develop pressure in excess of 1300 psi/s, while particle sizes < 150 pm are much
more likely to develop pressure up to 3500 psi/s

11 Two factors are important in assigning a hazard range for dusts: (I) the particle size, and (2) energy of dusts to be
evaluated (maxrmum rate of pressure rise)

q ! The 1976 revised NFPA 68, Vol. 14, Explosion Venting Guide has established three clas.scs of dusts according to
3 [ maximum rate of pressure rise as follows: ST-1 up to 7300 psi/s (513 kg/cm? s); ST-2 7300+22 000 psi/s
d (513-154738 kg/cmI s); ST-3 above 22 000 psi/s (1547.8 kg/cm? s). A required vent area guide for each dust . :
class is shown in the Standard. It should be recogmzed that 90% of all dusts do not exceed the 7300 psi/s rate of SR
A pressure l'lsc £ N
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1y, 1976)

Table 8.10—continued
e N

Opcralmg pressure:

My Operating pressures above atmospheric pressure require a penalty, which will increase as lhc opcralmi' pressure
increases. For a pressure range up to 3000 psig (210 kg/cm?) a factor is 1o be used as indicated in Figure 8.7¢a)
For processes abave 3000 psig, the design is outside the range of standard codes, and lens ring joints, cone seals or

d ca- ™ equivalent closnres must b«‘ used in flange design. Pressures from 3000 psig to 10000 psig are penalized 100%; above

13000 psig .- 150%. (Penaltics are not applicable to extrusion or moulding cperations?

The penalty ¢ n Figure 3.7(a) is for flammable and combustible liquids and must be corrected for ather materials
as follows:

oy

air leaking into 1 Highly viscous marerials such as tars, bitumen, heavy lubricating or hydraulic oils and asphalts—multiply penalty
by 0.70 '

» pyrophoric —

e with air forms 2 Compressed gases—multiply penalty by 1.2

3 Liquefied lammable gases—multiply penalty by 1.3

caking into, the ;
Low temperature:
I For processes that utilize carbon steel construction and operate between 50 and —20°F add 30%

ow 100°F 2 For processes that operate below —20°F add 50%,

The purpose is to make allowance for presumed brittleness of ordinary carbon steel. If it is known that the

itation and/or . o . .
temperature of the steel is above the transition temperature, the penalty is not required

1 of toluene 1o

ylene oxide i~ - G Quantity of lammable material (Figures 8.7 and &.7¢):
e = I In Process (Figure 8.7b)

- The purpose of this penalty is to recognize the additional cxposure to a process unit as quanuties of lammables
or an explosion, .. increase
er, this does not v . - . :
To obtain penalty, muitiply pounds of material x BTU per pound to arrive at total BTUs
sifs). As the Enter Figure 8.7(b) at corresponding BT Us, go up to curve and across to % penalty

Use quantity of material in largest process vessel or train of process vessels connected together. Shutofl valves
which can be actuated from a remote location can be considered to reduce the exposure by half the total volume.

»us condition. 1 e aclu T ; ) i
Combustible liquids do not receive a penalty unless process temperature is above flash point of material

of pr;.ss,;re rise:
2 In Storage (Figure 8.7¢)

ler mesh When flammable and combustible liquids are in storage, there is a lower level of exposure. This is directly related
e thru to the flash point and boiling point of the specific material. Identification of flammable and combustible liquids
‘JT are as follows:
0-100 Class I (flammable) = flash point below 100°C (37.8°C) and vapour pressure not exceeding 40 psia at 100°F
3150 Class II {combustible) = flash point at or above 100°F and below 140°F {60°C)
0-200 : Class IIIA (combustible) = flash point at or above 140°C and below 200°F (93.4°C)
0+ Class I11B {(combustible) = flash point at or above 200°F

various dusts. /¢ IS There is no penalty required for Class IIIA and IIIB materials in storage

cated. Generally

) jum are much . The penalty arrived at in this section relates to the total BTUs available in any one tank and is in addition to other

penalties that have been apphed
_There are three curves in Figure 8.7(c): C for Class Il combustible liquids, B for Class I flammable liquids and A for
materials with a vapour pressure in excess of 40 psia at 100°F (37.8°C), which includes liquefied gases
.. The penalty is based on the total BTUs in any single storage vessel. To obtain penalty, multiply pounds of material x
psi/s - BTU/fib to get total BTUs. Enter Figure 8.7(c) at corresponding BTUs, go up to curve which represents material and
ach dust _.read across for % penalty

00 psi/s rate of . : . Examples: 100M gal styrene = 100M X 7.5 %X 174M = 13 x 10° = 86%, penalty
100M gal diethyl benzene = 100M x 7.5 X I8M = 13.5% 10° = 57% penalty (comtinued or page 158)

2y of dusts to be:

.s according to
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-Table 8.10—continued

3 Combustible solids

Figure 8.7(d) provideé an approach to obtaining a penalty factor for handling, processing and storage of
combustible solids. There is a variable range of densities per cubic foot and BTUs per pound of solids, for

example:

1b/fe® BTU/ib
Magnesium 109 10 600
Paper 538 7500
Wood 38-48 7500
Polycthylene 32 20100
Mecthocel®, cellulose ethers 25 6300

The curves were developed to account for total pounds in storage or process and the BTUs available

To determine the penalty, it is necessary to calculate the number of pounds of material involved. The total pounds
are then correlated to the proper BTU curve

A = 12M BTU/1b and over
B = under 12M BTU/1b

Example: 150M ft* of urethane is 270M 1b. Enter chart at 270M and go up to curve A'(sincc BTU per Ib of
urethane is more than 12M, penalty for this quantity is 40%)

H Corrosion and erosion hazards:

These factors should be assessed both from internal and external corrosion. Some areas to consider are: influence of
minor impurities in the process fluid on corrosion; external corrosion from breakdown in paint; resistant linings
(plastics, brick, etc.) exposure to breakdown at seams, joints or pinholes. Apply the following penalties:

1 Corrosion rate less than 0.5 mm/year with risk of pitting or tocal erosion = 10%, N

2 Corrosion rate over 0.5 mm and less than 1 mm/year = 209, -
3 Corrosion rate over 1 mmy/year = 50%,
J Leakage—joints and packing:

Gaskets, sealing of joints or shafts and packing can be a source of leaks particularly where thermal and pressure

cycling occurs. A penalty factor should be selected according to the design and materials chosen for these items as

follows:

1 No penalty required for welded joints and bellows assemblies or double mechanical seals for pumps

2 Pump and gland seals likely to give some leakages of a minor nature = 10%

3 Processes known to give regular leakage problems on pumps and flange joints = 20%,

4 Process fluids penetrating in nature, abrasive slurries which cause continuous problems of sealing = 40%
consistent with the N, rating and where this is so the Units are classified according to the value of the
following guide is used to calculate the T, factor: F & El. The following classification is used:

add to Ty, factor F & EI Degree of hazard
TLV < 5ppm 125 1-50 Light
Sppm < TLV £ 50 ppm 75 51-81 . Moderate
50ppm < TLV < 100 ppm 50 82-107 Intermediate
) - 108-133 Heavy Fi;
The Guide gives a number of examples of the deter- 134 YP Severe l‘co::
mination of the F & EI and the Toxicity Index. Figure - -
8.8 shows one of these examples for ethane and pro- As already stated, the object of the F & EI is to
pancm_thc furnace/quench unit of a light hydrocarbon provide guidance on the degree of fire protection
processing plant. required. The fire protection features recommended in
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FIRE AND EXPLOSION INDEX <> s GaTe

LOCANION Kg muvEEn
ke -
oo =~ — - Gt T T
LH.C. FURNACE [ RUENCH ]
SAATERIALS AND PROCESS
TS
. ETHANE , PROPANE
CTatacysTs Tosivs
1,MATERIAL FACTOR (SEE TAELE I, 11 OR APFENDIX A) — C2 He 27
PENALTY PENALTY
2. GENERAL PROCESS HAZARDS (SEE TABLE 1) % USED
A. EXOTHEAMIC REACTIONS |
8. ENDOTHEAMIC REAC TIONS 20 20 |
C.MATERIAL HANDLING, & TRANSFER i
D. ENCLOSED PROCESS UNITS 30
ADD PERCENTAGES USED A-D FOR G P.H. TOTAL 20 |
i
100+ G2 H. TOTAL + 100} X MATERIAL FACTOR « SUB FACTCRNO. 1 25.2 Il
i
3, SPECIAL PROCESS HAZARDS (SEE TABLE 1V} '
A PROCESS TEMPERATURES [USE ONLY ONE)
1. ABOVE FLASH POINT 25
2. ABOVE BOILING POINT 60
3. ABOVE AUTOIGNITION 78 75~
B, LOW PRESSURE (ATMOSPHERIC/SUB-ATMOSPHEAICT
1. HAZARD OF PEAOXIDE FORMATION £0
2, HYOROGEN COLLECTION SYSTEMS (NO FENALTY IF VENTED) 50
3, VACUUM DISTILLATION AT LESS THAN 500 meHg. 75 |
C.OPERATION IN OR NEAR FLAMMABLE RANGE |
1. STORAGE OF FLAMMAGBLE LIQUIDS & LPG's-OUTDCCRS 50 |
2. AELIANCE OF INSTRUMENTATION AND/OR NITROGEN OR AIR PURGE TO 78
STAY QUT OF FLAMMABLE RANGE
3, ALWAYS IN FLAMMABLE RANGE 100
0, DUST EXPLOSION HAZARD (SEE PENALTY CRART!
E.OPERATING PRESSURE (SEE FIGURE 2) <48 <% ]
F,LOW TEMPERATURE \
1. BETWEEN 50° AND-20°F (10° T0-28 89¢C) 39 i
' 2.BELOW — 20°F {-28 8°C) 50 ]
G, QUANTITY OF FLAMMABLE MATERIAL
1, IN PROCESS-LIQUIDS OR GASES ISEE FIGURE 3) 5} %)
2. )N STORAGE-LIQUIOS OR GASES ISEE FIGURE 4)
3. COMBUSTIBLE SOLIOS IN STORAGE ISEE FIGURE 51
H, CORROSION AND EROSION 20 20
J. LEAKAGE — JOINTS AND PACKING 10 70
ADD PERCENTAGES USEO A-) FOR S.P.H. 213
1100 » SP.H, TOTAL = 100) X SUB FACTOR NO, 1 = F & E INDEX 78,9
4. TOXICITY INDEX (SEE APPENDIX C) Low/
T +3
T eigd x (%) - TOXICITY Humo;ﬂ—ﬁﬂw—g‘ig——*oo Joo = I 7.76

Figure 8.8 Dow Fire and Explosion Index: assessment
- form showing illustrative calculation (Dow Chemical
Company, 1976)




