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CHECKLIST—TOAIC MATERIALS

1. Is any matorial usod which in small amounts could ba honnlul 1o o porcon i It i
Inhaled or swallowed, or absorbod through or chomically roncts vith the shin?

2. Can tho matoerial affoct tho norvous systam, oct us on gnosthatic, or cause cnncer?
Havo all materials boon checkod 1o dotermine if they are carcinogenic or have any
other adverse characlaristics? Aro tho sources of the inforrmation roliable and uy;-
to-data? X

3. Can any two or moro matarials uvalloblo in the plant react to creata a toxic matarial?
Are such materials soparated? Aro the containors of such materials marked with
warnings agalnst mixing it with eny other matarial which could generate tha
dangerous substance?

4. If workers who might be afHacted or be involved Ia such a situation cannot rend
English, aro the warnings in = langusage they can roed, or are easlly understandabls
logos used?

5. Can doterioration or combustion of any matarial result in a product {or products} -
which could be toxic?

6. Will any process being used in the plant generate carbon monoxide? Is it possibla the
monoxide can leak into an enclosed, occupigd.sgacei e i e A\ e

7. If 8 gas which is toxic is being used in the plant, does it have & vzarning odor? Ara \s AN\,
persons.in the plant knowlodgeable as to what that odor is and v/hatit signifies?

8. Has reliable information boon obtainod to determine if any new substance to be used
is toxic, how toxic it is, what tha offects might bo, the pretautionary measures to bo
taken, and any antidotes or troatmonts?

9. If a toxic material is a gas, has a Throshold Limit Value {TLV) or other rating been
established? Have controls been instituted to ensure that no person is exposed t«
excessiva amounts of the toxicant?

10. If a material Is hazardous in an snclosed space aither by itselfl or In combination wvitls
any othar common mataria!, have the potontial users b.oen warnad and instructed in
the conditions under which it is safe to use? Have jonitorial personnel been warned
against mixing cleanors?

11. Are parsons who must or may have to wear resplratory protective equipment familiar
with its usae and with its limitations?

12. When a porson must work in a closed space whore thore might be a respiratory
hazard, such as in a tank, is the buddy systam used? Doas the man outside the tan«
know his dutios and has he beon informed he Is to perform no other task than to safe-
guard tho parson in the tank?

13. Is the plant medical staff familiar with the types of materials used in the plant whfc:‘
might bo injurious? Aro thay familiar with the charactoristics of each such malang.
the symptomsa which would indicate exposure to the material, and measuros to by
used for treatment? "
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Table 1.3 Type of lnl‘orm.nlior_l Required-on Haozardous Mulerinls - . Wé
’ e S '
v b * Y. S

MName of chemical; other names .
Utces Co e,
General description of hazards.

General description of precadlions

Firefighting methods
Repgulations

Sources of advice on precautions .

Characieristics: evaluate as appropriate under all process conditions

Formula (chemical structure)

Pursity, physical sialc, appearance, other relevant information
QOdour, deteciable concentration, tasie

(\) Physical characteristics:

Molecular weight
Vapour density
Specific gravity
Melling point
Boiling point
Solubility/miscibility
Viscosity
Corrosivity

Contamination factors’(incompatibility), oxidising or reducing agent, dangcrous

W reactions
(_ Flammability information:)

®

®

Flashpoint
" Firc point
Flammablc limits (LEL, UEL)
Ignition temperature
Spontaneous heating
Acceleration rate calorimetry
Diflerential thermal analysis
(DTA)
Impact test
Thermal stability
Lead block test
Explosion propagation with
detonation

Toxicity information:

Toxic hazard rating (see Sax, 1975)

Threshold limit value (TLY)

Maximum allowable concentration (MACQ)

Lethal concentration (LCs)

Lethal dose (LD, (see Dominguez, 1978)

Biological properties
Exposure eflects:
Inhalation
Respiratory irritation
Ingestion
Skin/eye irritation
Radiation information:
Radiation survey
A‘Dha"’\rl:\’n?mn-"'-““"’

¢ . ‘v
. Fa DA% A
,,\\ur*\nu“j‘( v” ()

Particle size 4
Foaming/emulsification characleristics
Critical lemperature/pressure
Expansion coeflicient

Surface tension

Joule-Thompson cflect

‘Caking properties

-

Vapour pressure
Diclectric consiant -
Electrical resistivily

Elecirical group (see BS 229)

Explosion propertics of dust (see Palmer, 1973)

Drop weight test

Thermal decomposition test
Influence test

Sell acceleration temperature

Card gap test (under confinement)
JANAF

Critical diameter
Pyrophoricily (see Silver, 1967; Stul_l. 1973)

-
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4. | ‘ Safety in Process Plani Design

-
a -

malerials, collision and other impact blows, stumbling, falling, poisoning and

other exposure ellects on personnel.,

Action to deal with first degrec hazards is.mainly" associated with ‘good
enginecring, design and layout, maintenance and ‘operaling. practice. As with
other opevating procedures, this is outside the scope of this: text.. ’

e s
. -

© oo, : ekl 4
e : Collapse, [alling objecls, frogmentation .

High/low/changing temperalure and pressure

Siress concenlrations, siress reversals, vibration, noise

Structural damage or failure, [alling objects, collapse

Electrical shock and thermal ellects, inadvertent aclivation, power
source failure ;

Radiation, inlernal fire, overheated vessel

Failurc of cquipmcntlutilily supply/fame/instrument/compostent

Start-up and shutdown condilion . '

Maintenance, construction snd inspection condition

Process
siale

Environmentnl Eflect of plani on surmundings,odrz}il\agct P0"}llion, transport, wind
and light change, source _n[ ignition/vibration/noise/radio inter-
ference/lire spread/explosion

Effect of surroundings on plant (as above) -

Climate, sun, wind, rain, snow, fce, grit, contaminants, humidity,
ambient conditions :

Acts of Gad, carthyuake, arson, flood, lyphoon, force majeure

Silc layout [aclors, Broups of people, transport features, spoce

limitations, geology, geography
Scecurity

eflects

; K
Table 1.2 Some Potentinl Jlnozards Cda%grits
—_———
EDE_",&Y Process chemicals, fuels, nucleir reactors, .generators, batteries
.source Source of ignition (Figure 1.1), radiv’ [requency encrgy sources,
activators, radiation sources ’ '
Rotating machinery, prime movers, pulverisers, grinders, con-
veyuors, bells, cranes . . * t;g “als\
.o . Pressure containers, moving objects, falling objects - =
\j}.&,.u ()‘Qg' c):) ) ) ' g , . d g J ' [ Low e
~  2Gw) ‘ os” ’ 2 R
Release of . Spillage, leakage, venicd malerial .
malerial _ Exposure effects, loxicily, burns, bruises, biological effects ~ /1 oo\ (o
0 of; Flammability, reactivity, explosiveness, corrosivily and fire- U1
>LI S ; promoling properties of chemicals (see Table 1:.3) :
Wetied surfaces, reduced visibilily, falls, noise, damage’
Dust formation, mist formalion, spray
- = ) . - . : 4 , u'. \ ¥
Fire . Fire, firc spread, fireballs, radialion : ape LY
hazard "5, i Explosion, secondary explosion, domino cffects .Jgsf.;'n\ R\ 5§57
3  Noise, smoke, toxic fumes, exposure effects e
| W &g %
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a7

TABLE 6-3 IGNITION SOURCES OF MAJOR FIRES'

Elcctrical (wiring of motors) 23%
Smoking 1850
Friction (bearings or braken parts) 10%
Overheated matcrials (abnormally high temperatures) 8%
Hot surfaces (hecat from boilers, lamps, ctc.) 7%
Burncr flumes (improper usc of torches, etc.) 7% . '
Combustion sparks (sparks and embers) >>~T 5%
Spontuncous ignition (rubbish, cte.) S o' PRC 4%
Cutting and wclding (sparks, arcs, heal, etc.) ~ 4%
Exposure (fircs jumping into new arcas) i B 3%
Incendiarism (fires maliciously sct) =~ W St 3%
Mcchuanical sparks (grinders, crushers, cte.) 2%
Molien substunces that spills)  Loow 5l 29%
Chemical action (processes not in control) PN
“Static sparks (rclcasc of accumulated cnergy) > R [
Lightning (where lightning rods are not used) &M\G\aﬁ% 19
Misccllancous N8N oouL 194

"Accident Preventian Manual for Indusirial Operations (Chicagos:
National Safcty Ceuncil, 1974).
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Table 6
Ignition sources of fires (1996-2004)

sasema

Type
' Percentage
I. Children carelessness Yy |
2. Arson _wA2s OF ey 20'2 ;
3. Smoking 14‘7 :
4."Electrical wiring and equipment 12‘5 ;
5. Carelessness > P\, 7 9
6. Gas leak 5: 5 l
7. Heaters 17 l
8. Friction 0.9 :
9. Car accident 0.8 p
10. Cutting and welding sparks 0.7 :
I'l. Spontaneous ignition 0.2 '
[2. Negligence > ;. 0.2
[3. Miscellaneous 2.6 ;
100% {
Table 3
Causes of home fires in 2003
Type of ignition source Percentage of occurrence - s
Electrical wiring und equipment 21.8 ¢
Children carelessness 215
Gas leak 17
Arson . 14.7
o P Negligence s\t l';;
Heuters 5
Sinoking 1.6

Othery 1.2
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s PN S P 4+ Fires ond Explosions Chop. 6

158 \A.' ’»\’ L'\'_\ o
6-2 DISTINCTION BETWEEN FIRES AND EXPLOSIONS (ot PN T a0 KL 5
‘I'he major distinction between fires and explosions is tjgg:ﬁgt!p__g( cnerpy releasc. o

Firesqulease encrgy slowly; while ciplqsiqns,télcusc”cncrgy very rnpi’t{}y, typically -

on the order of microseconds. Fites cun also result from explosions an explosions 7 o7 7T

can result from [ires. ) e e e
A good example of how the energy releuse rate affects the consequences of an

Laccident is a standard automabile tire. The compressed air within the tire contains

cnergy. 11 the energy is releunscd slawly through the nozzle, the tire is harmlessly de-

flated. I the tire ruptures suddenly and all of the energy within the compressed tirc ‘

releases rapidly, the result is n dangerous explosion. = «r

—_— f })\

6.3 DEFINITIONS > ©\27
Some of the commonly used definitions related 10 fires and cxplosions arc given

below, o ) . - e . T o
oo Qs Fuall poe P 6@ SR, TEYp @ 2y ol 5uS) 3 0 g
(Combustion or Fird: Combustion or fire is a chemical reaction in which u substance
combincs with an oxidant and releascs encrgy. Part of the encrgy relecased is used to

sustain the reaction.

lgnition: Ignition of a flammable mixture may be caused by a flammable mixture
coming in contact with a source of ignition with sufficient energy or the gas reach-

ing a tcmperatuic high enough to cause the gas 10 autoignite. o oy i

-’y

< ¥ @i ilieS 4
* Autoiginion. lemperature (AIT): A fixed temperature above which a lammable. D

]

mixture is capable ol extracting cnough energy [rom The environmenl to scll-ignite.

W 70 EFlash Point.(FP): The [lash puint of a liquid is the lowest temperature at which it

. glves of f cnough vapor to form an ignitable mixture with air. Al the TTash point, the

07 yapor will burn (but oaly brieflydinadequite vapor is produced 1o maintain combus-
Ly tion. The Tlush point chw:&%

‘I'here are several different experimentul methods used (o determine flash

g ‘P points. Lach method produces n somewlhit different value, The two most com-

5 & 7" —monly used ‘methods are’open cup und closed cup, depending on the physical con-

o

B W, figuration of the experimental cquipment. The vpen cup flash point is a [ew
Q\v;“ K degrees higher then the closed cup.
e Tl Tl § ' :
( Fire Poing: The fire puint is the lowest tempernture ut which a vapor above a liguid

will continug_to burn vnce ignited; the fire polnt temperature is highet than the
flash point.

Flanunability Limits (LFL and UFL): Vapor-air mixtuies will only ignite and burn
over u well-specilied runpe of compositions. The mixtuie will not burn when the

composition is lower than the lower flanmable limit (LFL)L the mixtuie is oo kean
for_combustion. I'he mixture is ilso nut combustible when the composition is teo

e oy M Y fanae I 880 ',%\}‘& o @ &P

\up Np X
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Sec. 6-3 Delinitlons 159

ammuble limit (UFL). A mixture is

rich: that is, when it is nhove the upper M1

[ammable only when the composition is between the LFL and the UFL. Com- ».
monly used units are volume percent fucl (purcent of fuel plus air). <
lower explosive limit (LEL) nnd upper explosive limil (UEL) are uscd inter- ’
changeably with LFL and UFL. >
~,

- . . . . . £ I3 8.
Explosion: An explosion is a rapid expansion of guscs resulting in a rapidly moving 3
m—— - . ' . Pl
pressure or shock wave, Fhe expansion can be mechanical (via the sudden rupture >
of a pressurized vessel) or it can be the result of a rapid chemical reaction. Explo- s -
sion damage is caused by the pressure or shock wave. .

1 vessel containing *

Meehanical explosion: An explosion due to the sudden fuilure of ¢
wgh pressure, nonreactive gas.  tensil st

swuwfio) Deflugration; An explosion with o resulting shock wave moving al s ecd less then

the speed of sound in the unreacted medium)

3&%!«& e

Y

b

IS(NCD) Detonation: An explosion with resulting shock wuve moving it a(sawllcr
than the speed of sound in the unrcacted mcdium)

Confined explosion: An cxplosion occurring within a vessel or a building. These
are most common and usually result in injury to the building inhabitants and cxten-

sive (lamage.

.‘

\

Ao d
&

w
&4

N _Unconfined cxplosion: Unconlined explosions occur in the open. This type of ex-
\9}) N - plosion is usually e result of o Mlammable gas spill. The gas is dispersed and mixed
N S with atir until it comes in contact with an ignition sourcce Uncanfined explosions
© are rarer than confined explosions since the explosive material is frcquently diluted
below the LFL by wind dispersion. These cxplosions are ver destructive since

larpe quantities of gas angl lurge arcas are frequently involved. { fico cadcagn ca.H:) -3

Baoiling liquid expanding vapor explosion (BLEVE): A BLEVE occurs if a vesscl
cmperature above ils atmaspheric-pressure

rupturcs which cantains a Tiqud a a t
hailing point. The subsequenl BLEVE is the explosive vaparization of @ large fric-

Pf“Gﬁ‘; tion of the vessel canteatsg possibly followed by cambustion or explosion of the va-
4 parized olond if it is comhustible. This type of explosion occuis when an external
y {ive heats the contents of n tunk af volatile material. As the ank contents heat, the
P PRk wapar pressure of the liquic) within the tank increases and the tank’s structural in-
: tegrity is reduced due 1o the heating. I the tunk ruptures the hot liquid volatilizes

cxplasively.

€ (strein) : : S : L TN
Dust explasion: This explosion results from the rapid combustion of\finc)solid par-
inls jmmuggmuMLmﬂnﬁ such as ivon and aluminum)
—— ihSSebth

ticles. Many solid mater
. hceome very [ fammaible when reduced to o fine powder, E=——
ol L

e S

T

1
By SRLEE

RIS, P

ve maving through a gas. A shock wave in apen air is

Shock waye: A Pressurc wav
the combined shack wave und wind is called ;Q;um;

[ollsved by a strang wind;
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Hazards Identification 309

Symtem

Description

|

Itazard

ld.ntirication

]

Scenario

ldentification

i ‘ q
| ! 1
: Accident Accidant |
‘1 Probability Connsgquaences :
l [ il :

L]

| | '
1 Risk {

| Determination \

| |

Risk

and/or

Hazard

Modify
Accnptancn? Design

Build and/or

Operate Syatem

Figure 10-1 The haznrds identification und risk assessment procedure,
(Adapted Trom Guidelines for Hazurds Evaluation Procedures, American lnsthute
of Chemical Engincers, Now Yk, 1985, p. 1-2.)

mined. This is followed by a concurrent study of hoth the probability and the conse-
quences of an accident. This information is assembled into a linal risk asscssment.
I the risk is acceptable, then the study is complete and the process is operated. If

the risk is unacceptable, then the system must be modified and the procedure is

restarted.
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53
. e L7
234 Designs to Prevent Fires and Explosions m

TABLE 7-8 FIRE PROTECTION FOR CHEMICAL PLANTS'

oo
a—

Closed Heud Arca Systerns for small storage urcas, luboratorics, control rooms, and small pilot
plants.

(a) 0.25 gpm/ft® of floor urca over an arca of 3000 (1 for “nurmal hydrocarbons such as, hex-
ane, cthanol, tolucne, clc.

(b) 0.35 gpm/ft° of floor arca over an arca of 3000 (* for reactive hydrocarbons, such as
styrcne, butadicne, cthylenc oxide, etc. i

(c) For arcas greater than 3000 [1? the system is designed for the most t;ydraulscally remote
3000 f1° of the system. For example, if a warchousc area is 10,000 {¢°, the total water re-
quirement is usually based on the most distant 3000 ft? arca.

Open Head Area Systems for process areas including larger pilot plants. 1 >,
(a) 0.25 gpm/f1* of (loor arca for normal hydrocarbons such as, hexane, cthanol: 1o uc:nte‘.l~
(b} 0.35 gpm/f1? of floor arca for reactive hydrocarbons, such as styrenc, butadicne, cthylenc

oxide, etc. ’ . . $ 1d include scv-
(c) An arca covered is based on a particular hazard or potential spill which could include s
cral vessels, ‘- af

Deluge Water Spray Systems for vessels, heat exchangers, etc. These systems are similiar to open
head area systems. )
(a) Same as open head arca system above, except arca is based on surface area of the vessels
covered. e
(b) Maximum spacing around perimeter of vessel is 8 feet.

(c) Maximum distance {rom vessel surfac‘:;ais 2;??6[. o
Nominal Discharge Capacities of approved sprinklers hay
Gpm: 18 25 34 50 58
Psi: 10 20 35 75 100

Fire Monitors (usually fixed)
(a) Rate is 500 to 2000 gpm.
(b} Arca coverage is 150 {t radius.

Spacings between Nozzles arc based on vendors' specifications,
Pi})irtg sizes are based on nozzle specifications, nozzle layout, and conventional hydraulic calcula-

tions.

ng anominal 1/2 inchorifice.

\Nurional Fire Codes. Vol. 1. (Quincy. MA: Natianal Fire Protection Association. 1986): NFPA Firc
Prowection Handbook, 16th cd. (Boston: National Firc Protection Associution. 1986); and SFPPE
HandIxwk of Fire Protection Engineering, l:\'l cd. (Quincy. MA: National Fire Protection Associi-
tion ISucic'ty of Fire Protection Engincering. 1988).
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Sec. 7-6

TABLE 7.9
MISCELLANEOUS DESIGNS FOR PMMEVENTING

Sprinkler Systems

Feature

FIRES AND £ XML OS10HS

Mainte '
Maintenanee Irograms

Fireprooting

Con( rol R(‘Ums
Waier Supplics

Contral Valves far Deluge
Manual Fire Protectinn
Separate Units

Utilitics

Personnel Arcas

Group Units

Isolation Valves

Railroads and Flares
Compressors

Dikes

Block Valves

On-liac Analyzers

Fail Safc Decsigns

Eaplanation

The e
(NN BT 2 e .
1O preesent Tires i ‘:\P'l‘\lﬂll\ I L sfop the -

p-prade system before falures eccur

::\‘l:::" :\:]‘d“l:" pipes. amd \Illlt'luh?',\ tor numnuse damage duae

e cluge ssatems and design 1o wiathstand some doem
age duc 1o fires and explosions: ¢.g. use muliple deluge systems
With .\cp;nml:: shut-uffs, :
Design control ronms 10 withstand explosions.
Provide supply for maximum demand. Consider many Jdeluge
systems running simultancously, Dicsel-engine pumps arc rcc-
ommcended,
Placce shut-offs well away from process arcas.
Install hydrants. monitors. and deluge systems. Add good
drainage.
Scparate(space) plants on a sitc. and units within planats.
Provide access from two sides.
Design stcam. water. clectricity, and air supplics to be available
during cmergencics. Place substations away from proccss arcas.
Locate personncl arcas away (rom hazardous proccss and stor-
age arcas.
Group units in rows. Design for safe operation and mainte-
nance. Create islands of risk by concentrating hazardous pro-
cess unils in one arca. Space units so “hot work™ can be
performed on one group while another is operating.
Install isolation valves for safe shutdowns. Install in safe and ac-
cessible locations at cdge of unit or group.
Process cquipment should be scparated from (larcs and railroads,
Placc gas compressors downwind and scparated (rom fircd
heaters.
Locate (lammable storage vessels at periphery of unit. Dike ves-
scls to contain and carry away spills.
Automatcd block valves should be placed to stop and/or control
flows during emergencics. Ability to transfer hazardous matcri-
als from one area 1o another should be considered.
Add appropriate on-linc analyzers to (a) monitor the status of
the process, (b) detect problems at the incipient stage. and
(c) take appropriate action to minimize elfccts of problems
while still in initial phasc of development.
All controls nced 1o be designed to fail safcly. Add safeguards
for automated and safc shut-downs during cmCrgencics.

'John A. Davenporl, “Pre

vent Vapor Cloud Explosions,

= Hvdrocartwn Procesing, March 1977,
amentals for Pracess ladustey.” AIChE

i fve. ~Loss Prevention Furd
pp. 205-214, and Orville M. Slye. 2
Loss Prevention Sympusiu, New Orleans, LA. March G-10), 1988,
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TADLE 6.1 w

LEELNTIAL REQUIREAIENTS OF A PEHAUT YO WONK 1'NOFronst
- . A

— )
ESSENTIAL IHEOUIREMENTS CXPANATION OF NG '
essenTIAL T OF NEQUINEMENTS NEASONICOMMAENT
*g Idontity Cc f 1
:::,i—.—_—' ompany’s namoe and sddress In full Tha torm lullills 8 ol requirement
- and may ba required ay evidence
£ xplanstory Itle Namo ‘ Wari 7
| ol lonn . for the purpasae of ‘In houw’
: Idontification
proforma Identity ‘0';1 ';lll;l n!;lml)nrllmok numbeor atc. | Thore muu' ba positive idantification
v 2,3, 4,5, 0 ote, wvilthaut repetition
Allowed time Date work 1o ba do
ne and tima {
ond upto: el This Is » simple control requirement
Locatlon of Work nu"‘dlﬂn. plont aras, vessel or It must ba posltive: avold
oquipment Identification =+ .|'colloqulal ref«ana;n
Description of Work t::h:t‘ Is required 10 bo dono, why It ls | Simpta statement of requirement snd
quired ond how It Is to bo achleved method to be used
Saf 7
ety requiremonts ;f:::w proecoutians which will ensure the] Must bo listed spoclfically
ty of persons, plant and product svold general statements
Authorlty to start The slgnsture of s porson properly Persons should ba specifically
qualified to Inltlata work Idontifiod: not by rank alone
Acceptance af condlition Tha signature of th
" o parson responsible I
{or tho work undortaken™ po W% 1 They are then respontible for others
Asisndnuent “The signsturo of the parson B
‘ 9 of compktion| (= (8) abova po .s'mspomlblc Restoration of nornwsl functions

L4

— ——

-

_ TADLE 6.2
DESIRABLE FEATURES OF A PERMIT TO WORK PROFORMA.

\BLE FEATURES OF PROFORMA EXPLANATION OF REQUIREMENTS REASON/COMMENT
This Is o positive remindor to the
Initiator of tho importance to ba ftisa !egally bindin) dJocument i !

Cautlonary statement
sttached to the document

This raminds tha Inltiator that tha ras- | Tha inltlator may doleyata this work
Advizory ststement ponsibility for Introducing effective 10 othars but cannot .then detegate
cafety requirements Is his/hors responalbility i

Thisls s positive moethod of making the Relates 10 both place of work and
Recognition of hazerd level [nitlator awarc of high rlsk situations nature ol work

2 b U Wy

BE—
e

Acknowledgement of high High risk situotions often requlre and Comideration by and input trom,
hazard ¢lsk warrant more than 8 single viewpolnt other ditciplines warranted

Corm;wr:ccm’um“:)r( l:: ';::::f‘:’:‘::: Provides an cpportunity tar job clowe
roveal a for gred down and re-appraisal

Indication of work progross
was orlglnally envisaged

Y S

Pockets, tiles etc, do nat provide lor

Locatl { leted ! It Is desirablo to Indlcate whare simpla references 10 the stated requin-
on of completed form permits should bs duP"VOd maents. Lets possibltity of Inter-action
) between 2 [obs golm) on unrecognised.
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