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Sittichai Riyapan 2014: Analysis of Plant Layout and Spacing for Major Unit in
Aromatics Plant for Fire Prevention and Fatal Accidents. Master of Engineering
(Safety Engineering), Major Field: Safety Engineering, Faculty of Engineering.

Thesis Advisor: Associate Professor Surachai Radakarn, Ph.D. 107 pages.

This research is the study of the analysis of plant layout and spacing for major unit in
aromatics plant for fire prevention and fatal accidents which fire case in petrochemical plant can
cause the fatal accident. The purpose of research is conducted by reviewing the analysis of
plant layout and spacing for major unit comparing to Center for Chemical Process Safety of the
American Institute of Chemical Engineering (CCPS) standard for support and promote the
safety activity in production unit. The result of the study are used to analyze the fire safety and

fatal accident and provided the recommendations for improvement.

The aromatics plant has 13 chemical substances of material and chemical products are
selected, the NFPA30 is used to classify the safe storage and location of mentioned chemical
substances in Class A, Class IB, Class IC and Class II. The plant layout is separated into 3

sections i.e. process, storage tanks and building area

The study showed that there are non-conformity from CCPS as follows; tank to tank
spacing is less than guildline table C text references 5.9 for 5 findings, spacing of major unit is
less than guildline table E Multi-unit blowdown drums for 2 findings and table E Grade level
flares for 5 findings, spacing of process unit to building area is less than guildline table D text
references 5.6.3 for 1 findings. The result of the study can conclude the recommendation of
prevention and improvement from CCPS, is required to provide process safety management,
review fire equipment which are substandard point, review heat radius at grade level of flare,
provide the emergency exercise in case of chemical leakage at the area of non-compliance as

recommended.

Student’s signature Thesis Advisor’s signature



aanssnlsema

s o I a a S W
éllf]"ll@‘UWﬁ%ﬂﬂli@\?ﬁWﬁ@lﬁﬁniﬂﬁji‘Bﬂ NI ﬂ1ﬂ1§ﬂﬁﬂ?ﬂy1’3ﬂ81uwu“ﬁﬁaﬂ Lag

¢ VoA Yo ) o d P =
ﬂm1%13Unﬂﬂ1uﬂﬂ§mﬂﬁﬂ11ﬁﬂ‘kﬂ, ﬂJmeuaumaoumJaszumﬂﬁﬁﬂmuazmnuﬁmlm

=)

9 1 1 v a a o"dyd J dy o a3 1 vy
VBUNWIBIN N %uﬂ'iZ‘VNTI/]EﬂuWHﬁuNﬂﬁ’]NﬁﬁJuﬁm"U@QLH@W'l!l,agﬁnﬁﬂqa’)ﬂvlﬂvlﬂﬂ?ﬂﬂ

[ Y

YovaURLNDU i 11099 AranssuilesnusafAnegu 11 naaudmiumaluey

q

v o 3

] A = 9 Y A a Y = A Y
ﬂ’NiJGIf’JEJIfViﬁ@GluﬂTiL‘iEJuiJ11@8@]&6@ Liﬂ‘ﬁuﬁ/ﬁﬂi\iﬂTi’Jﬁ’Jﬂ‘i‘iﬂJﬂENﬂuaﬂﬂ Emﬂf]iﬂfﬂﬂ’n&l

[ ' v o A a J <
GI)"JEJLW'E'EJGI,H3$W'ﬂ\3ﬂ’liﬁﬂﬂ'll,l,agFﬂﬂﬂ’l')ﬂfl’luwu‘ﬁi]ul!'gﬁlﬁiﬂ

Yovouam Sulesudiagm Aiamsdiunanulasaiseoidiounisuazannadon
o =) [ Q'{ o o Y 9 A [ a o A A
Tumsyhau wag A ITSANA NNITTAY Lﬂ?ﬁu’]ﬂﬂ?’]ﬂﬂﬁ@ﬂﬂﬂ@’]giﬁ USHN W7 Tnavea
a o W { @ o v o W l v 3
AU 1NA (WHITFU) #1919 5 ﬁ’JﬂJﬁQWHﬂQT‘HT@ﬂﬂ‘H mmumaﬂmmzm‘smamﬁaamﬂu

U5z Teani lumssainaneninus

9 s A v A a a J é’ 0o I =

mﬂmmwﬁaﬂ33Twuamummmwmuwu‘ﬁLauuuazmmmm“lumsﬁﬂywm
Y Y I a Y 1A o ] v £La v & YA [
VTN “Ui’f]ﬂJ’ET]JLﬂl‘!ﬂ’ﬂﬂi‘l‘luﬁlﬁﬂﬁllﬂﬂmLLNWﬁMﬂ!Lﬁgﬂﬂ!WGﬁﬂJﬂﬂﬂ JYIWUD INUNISAUDYN

q

gagaluFiadmiumsmivayulazauasumsanyn Inoaaon

v A o d

ANT¥Y SO1NUT

uQuIBY 2557



(1

U
GARNLY
v
Hin
M31iey (1)
GREAILTRERN )
M3VYNIN (4)
A1 1
innilszasd 6
MINTINBNATT 8
4 ay
gUnsaiuazI5ms 43
gilnsal 43
Aan
N3 43
WaazIIal 44
Wa 44
a 4
590 71
agduazdorauouus 72
a71l 72
Jorauouu 75
PNATUAZAI19D4 76
MANUIN 79
C4 = (% S A a Y
MANUIN A Hanaasszeznandasanslunsaimamaslug 80
Y] a 4 ~ 9 o =
MANUIN ¥ F9159911 oz Tswand 2 nlavimsanun 84
MANUIN A WIATFIU NFPA 704 87

1/5230MIANEI LAz 107



=
AN

10

11

12

13

14

15

16

17

18

a3UYMIN

v
uaasmsenlsznnvesdaunuveanallaeldsnn (Liquid
Classification) uazagmm"lﬂ (Flash Point) U93v91a7

Li’ d' v A a a o
gaganunyury lusad 5 nlawasnnlssnues Iswand

[

o A o g A g‘/ a d
EﬁJﬂi%ﬁnf]m/]ﬁWﬂﬂJﬂl’ﬂQWHﬂﬁ\ﬂiﬂﬂu oz lsand 2

U 9

msnagimsutalszimasmiamdoivua NFPA 30

a 1

[ { 1 a o 1 :
naumslFingay urasnu uazmsvudavodIssez Isuand vulen 2

a

v
a wa A

paaNlANdIAYveIngALgaaNLANdIAYIeIngAY Uszinnves

Q q

Y

a151alia NFPA 30 uazdoyamunnuiaoansvesasiall (Safety Data
Sheet)
=1 o w a a @ 4 [ a ] s
S10AZPIANAINIHANVDINAANUN AN LAZHANNUNNADE 16 15391UDY
a o ] {
Tsuana viulen 2

o w a o Jd o a

J (Y a @ J
ENﬂ‘]Ji$ﬂ’f)‘lJWﬂﬂllﬂgﬂmﬁﬂﬂﬂﬁﬁWﬂmﬂlﬂﬁWﬁ NUNUANULASHNANNTUN

9

=2 9

‘Wa’é)flhlg]j Usznnuesasaiiaiu NFPA 30 5audevayannuilasnnt

U

A 9 @ a Aa @ J [ a [ 4 9
aylilszianmsniinlfiluingdu naadusinanuaznaanuminaoela

a 4 [ $
193159971102 I5IWANE 18N 2 AINLUINIG NEFPA 30
v < v < &l A 1% Aa 4 1 ~
MsnanUVeszuUUNY N uNauna 159 ue 1swand MuenN 2
~ v v 4 o ) g}/ g { [
T1gazReaveanInnnu UG eavesdnyay Ve uazaunu lununa U

528211V INAAVAIM A (Tank Farm A)
5282119098 30MAAMY B (Tank Farm B)
528211909 §30MADAM C (Tank Farm C)
528N 19URIAANAAUAI D (Tank Farm D)
538N 19URIBINAAUAIY E (Tank Farm E)
528319V INNIANVAIY F (Tank Farm F)

k4 1
i$ﬂ$ﬂ1\1ﬁuﬁﬂizﬂ’3uﬂ1‘iwﬁ@]

2

40
46
49

51

52

53

54

55

56
57
59
61
62
64
65
65
66

66



3)

M157N1514 (A0)

a v
AN N

19 32ELMNITHINDINTAN 9 11 1A 15301, M55yl Ian vag
NFLUIUMINGN 68
4 1
20 IPELHNITUINDIANIAW ) N1 Noaa15IAl HIANNAUFI Lagiuf

Tnands 70



a
MNAN

10

11

12

13

14

AIUYMN

PTTGC Aromatics Process Safety Benchmarking 2012
a a 4 A a
ﬂﬁg‘U’JuﬂTiWaﬁﬂl@ﬂiiﬁﬂWH@giimﬂﬂﬁ VUR. Wﬂﬂiﬂﬁﬂ@alﬂuﬂ@a a1 5
Layers of Safety
Block Layout Concept (1 ft equals .305 m; 1 acre equals 4046.8 m’)
uupIns9a$19v09 Column Supported Cone Roof
11 Tn359a519904 Truss Supported Cone Roof
a v < @ !
ﬂ1ilﬂﬂll’f]i%L‘WElﬂ1ﬂiuﬂﬁ!ﬂUﬂl@ﬂlﬁaﬁllﬁﬂﬂaﬂﬂﬁﬂﬂﬁ (Fixed Roof Storage
Tank)
v @ 4 { o
mmmlmmammuwmﬂuﬂﬁauﬁ (Floating Roof Tank) anHULLUU
naaman1euon (Internal Floating Roof)
v (% 4 { o o
ﬂ\ilﬂﬂﬂl@\il‘ﬁﬁ’J!L‘U‘Uﬁaﬂﬂ’llﬂaﬂu‘ﬁ (Floating Roof Tank)aNHULHAIAULUU
Alameuonaiuuu (External (Open Top) Floating Roof)
A ] a 4 1 A a 4 a o
N QTﬁ\?\?WUfRIiLNWﬂﬁ HuIgn 2 Gluuﬂll’q@lﬁTﬁﬂﬁiﬁJ@1i Ul'é] U9a YIHN
AAaA a o w ~
NNN Iﬂ'ﬁ‘Uflﬁ 1ANADA MNNAUUIFU) §1VIN 5
a 4 1 ~ a 4
mmmmmTiwmaﬂim@mﬁ HUIINn 2 GLL!‘L!ﬂlJQG]ﬁTViﬂiill’fﬂi llf‘) 1oa

A

U3EN AN Inavea 1NABA INNAMHIFY) a1V 5

1 3 y a 1 { a
M3LUINUA (Block Layout) mMeluTsanues Iamand nideh 2 Tuiiay

4 a o A a o w
ATINITUDIT hli’] wea USHN NN Inavea tnlnea 910A (WMIFUH) A1

P}

=)
o)

d’ k4 % =) o
naslsanununanisanilszdigg
[ g ~ v a 4 1 ~
MIULINUNAUATAVATT (Tank Farm) 1115991102 I5Iuand viden 2
a 4 a o a o w
lutiaugaamnssueni lo uoa u5Em A% Tnavea inliaoa Tina

UMIFY) 8199 5

4)

18
25
26
36

37

38

39

39

45

47

48
50

57



MUY (D)

ﬂTWN‘H'Jﬂﬁ

N szesisvessatninufivasass dwmsuns@imalngd

M2 szeziuemsiazdadgnadieas o fivaeass dwmsunsdmdeln

M szezvilufinszuaumsean idaeads dmsunsaimaalng

vl uwudaaasiufiniduansiadl (Tank Farm)

U2 !LW‘HPT\‘]LLﬁﬂ\‘l‘lﬁH“ﬁﬂ‘i%U’JuﬂWiWaﬁ Aromatics 2

fl 1133714 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 1.

f2 U1M331U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 2.

f3 1193311 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 3.

fn4 1193311 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 4.

A5 U1M331U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 5.

A6 WIMTIT1U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 6.

A7  WIMTI1U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 7.

A8  WIMT31U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 8.

A9  WIMT31U NFPA 704 Standard System for the Identification of the Hazards of

Materials for Emergency Response page 9.

)

81
82
&3
85
86

88

89

90

91

92

93

94

95

96



MVYMN (AD)

MNHUINT

fn10

fnll

12

13

14

1S

fn16

fnl7

18

19

119133714 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 10.
11913914 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 11.
1193314 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 11.
1199314 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 13.
1199314 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 14.
1133714 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 15.
11933714 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 16.
1133714 NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 17.
U1M3371U NFPA 704 Standard System for the Identification of the Hazards of
Materials for Emergency Response page 18.
11913314 NFPA 704 Standard System for the Identification of the Hazards of

Materials for Emergency Response page 19.

(6)

97

98

99

100

101

102

103

104

105

106



a d o a a (Y] a
ﬂﬁ?!ﬂﬂ%‘ﬁﬂﬂﬂ§$‘]JTL!ﬂﬁNﬁﬂ!!ﬁ%i%ﬂ$“r‘h\‘lﬂlﬂﬁﬁﬁ?ﬂﬂﬂﬂ“r‘iﬁﬂiﬂiiﬂﬂﬂﬂﬂﬂﬁﬁ

% v

a Jd A Y (v a S v ua
@ZTilﬁJﬂﬂﬁ !W?J‘IJ?Nﬂﬂﬂ‘li!ﬂﬂ@ﬂﬂfﬂﬂ!mzﬂﬂﬂ!ﬁﬂ‘ﬂﬂ!!‘iﬁ

Q Q

Analysis of Plant Layout and Spacing for Major Unit in Aromatics Plant for

Fire Prevention and Fatal Accidents
M

a a I { o
gamvnisulllas@on uazgaamnisntllasal Hugaamnssuniinigtiue

msnlidsznnd Tas@enuiihnmsnaunen nielsuuldsulasead e Tuana lagnis l4anm

S A

9 [ = o a A Y a = = o 9 g
Sou anwuau viemsilgnseuadl e ldnasaiida lnunamnsoui 1y 19s: Teaniae

v
3 a =

I v A o P4 ' a R o
wywdlugdveandsan wiodagauihldlFlugadmnssuais 9 nedadefagiiu

: 9
gadmnssuil Insideon wazgaamnssudl Tasnadl Tdimsauiegeaeiiion naluudveanis

mindannuamsalumsnaa msadieansaiiaalmi q ewmaunu Tagavulusssumna

' P
a =<

' <3 = o a < A a

wru 1 wman wsenszay vudumesmsizouiuazmaianaNuRanamiludininad
o o 3 g
aruguinuanudusudue N ludsamanduswounnTulad vazilszmadlsnaTulad
9

a v 1 a =\ (= [ Ia o 1

HA9INANUHANAIANA18ATIND IHINAANWTeMIBADFIAUAz NTNITUTIWILIIN 19
Yo <3 A A Aaa Yo Yo v W A A

aunu ldsumanurseidedia uazguan lasuransenunms lasuduiaasniivie T

Y o Y a Yo <3 =\ A Yo 1
hl“l’i‘JJVITGlﬁLﬂﬂﬂﬁllﬂT]JUWﬂL‘O‘}J“VIu‘VI ‘Irii@ﬂﬁ]lﬂ'iﬂNaﬂigﬂ‘]_lﬁ’f)ijsllﬂWWGlU§$ﬂ$m’J

% ] A d's} a = a A 4 ]

arednvegiamignionsalulssnutllasdeunazllasnliivatemgnissl wu
[ ! a a o ' @ 4
ludud 1 iguieu n.8.1974 Wang1uls (Flixborough) UsznAdns 150101903 11109910015
ponuuuuazmItanisnulasuulaci’bilasunisaavauedruiisane 1auigllnis
§1lvavesansiy Uszana 30 du nlssnugaamnisuall dewaliinanisszitiannle
o Y a = I a 9 a Aaa 3
youes 1 vl shliimaanu@emeiuszeznavaten Tawas gaudedia 28 519 11A9Y 89
S 1 U td‘ a = Lﬂ' 1
718 nitiae 1 Tudui 10 nsngian A 1976 a2 1% (Seveso) YszmaABaA tHo9910 laj
a aan Y o Y A o ~ ] a 4
ansanugumstnalgnsemennuieuinlilsnaasaliouassiegmeluanlgnsal
1 ] o Y A & a ~ £ o [

Tnaru dinseudzy nazszuuszureanuauin I lemluivuazligninaniouves
A o < ' ' Aa X = Y ° Aan ~
M5ANoUATI857 TnasenimunaNawaa 1N 9 INatu wuNimslasmsinlgnsen

) oA 3 ' Y o a A g o 9
@u@]ﬁ1flﬂ'317]?1')5i]gl‘]_luuagﬂWTIJa@fJ‘]_]a3@3LaﬂllﬁllﬂqiﬂﬂlluuQﬁluﬂlﬂu@uﬁjﬁlﬂjﬂﬂﬂnﬂ@



a 4 = Y o d o 9 1 < [ = [
ﬂ’J‘]JﬂilmT]Jgﬂiilllf’ll’f)\iﬂ"li!,ﬂaﬂuﬂgclumﬂ?‘lllﬁ”li ‘nﬂmzuuwamaullmwmwa JIUNUNIT

PMANNNSUAAFO LA NMTTOAITUDIFUTHITVoIUTHRazmMsUfianuveud il

v 9 A

& 2 Y [ Yo a
TEAUNBDIDU HINUIYDIIN mmmﬂumiﬂmﬂumillmuhlamiwmmﬂswwu HagnN13Iv¥e

Yy Aa

& &l { A v 1 1 ] v U o
duaaludlonluiuidldsunansznuidiullednartediann T 1dTusuanodusiuiu

9 13 ! I 9 J
UIn ugjﬂuﬂi:mm 410 318 Qﬂﬂﬂﬂi’t’)ulﬂulma"lﬁllﬁl”lﬂicﬁﬂ”lhlw anenlsesrsunINnI

]
=

K 4 Yo a X 4 a Yo I
5,700 AU %Tﬂ‘W‘Ll‘VWIh],ﬂiiJWaﬂi‘éﬁ‘I/I‘]meﬂll@ﬁTiWH Wu%ﬂiL’JmIﬂﬂﬁﬂﬂllﬂiﬂWﬁﬂig‘ﬂﬂlﬂu
Y

vinunii dadideagnanaiesiuaun amnasnmsilestumsuniszuie dusumgnisal

U

]
=1

3 a Qdy o A 9 1 1 © a =
Glumﬂ“]iiﬂ‘ﬂf@ Glmu‘ﬂ 19 NHAINIYU A.7. 1984 ﬂTi!L@]ﬂﬁ??ﬁlﬂ\i‘ﬂ@ﬁ\‘lﬂ?“ﬁﬂi@]ilﬁﬂﬂlﬁﬁ?ﬂlu”m

A a ' v d ° Yy < o a =
200 YaaLNAT EUINNDUNUNIINTEUDNLAZNIINAY 1/]111’7iJﬂ'lii'JU],Wﬁ"U@\‘lﬂ'l“]fﬂI@ﬂaﬂiJ

] 1 A < =® ~ & 1 Yya 1 o 1A A o Y
a7 aaﬂmemmmumgﬂunm 50910 UM cmmwa“lwmﬂqummmmiwagm@”lw ‘Vlﬂfﬂ

a a a a A4 a a Y A g
mwamssziiauazgnaalil 31nn13gnaa il nelMifiansszida T deaariinuie

A

a = 1 1 A A a 43! v & = a a
’]JTG]iLﬁEJiJL’Hﬂ’JE]EJNG]’EJLH@Q Tunan Lﬂﬂﬂluuluﬂﬁﬂ1ﬂ‘§$’LI“lJﬂ?iﬁiﬁﬂﬂﬂﬂ?%qhﬂﬂigﬁﬂ‘ﬁﬂTW

De

A YA Aa

a y o q ¥ o y { Y »
uammuwugﬂmuiumiﬂuuﬂﬂ mwiwumaammmauum Lﬁ'ﬂ\ﬁ]'lﬂﬁﬂ'luﬁﬁxﬁl’t‘]\iﬂ'lcﬁ

U

Was@enman oglndnuusnuiineidsveslszaau anmilszneums lasuanudene

'
a o o A

9 E v 9
MU f’f’lmﬁ]ﬂﬁlﬂﬂﬁ]llﬁﬂfJL‘Ll’E]Qﬁ]'lﬂﬂ'li"’l]'lﬂi%ﬂﬂﬂﬁ‘j’jﬂﬂﬂu FAININTINUNUAINAIDIAT

Q
Y

a 9 o’g [ a 4 g [ a 1
urugnAulumsnuten uazszuvmlshihaumas Weszuuihaumasvesaniil liawiso
[ A g‘; 1 o Y o a { o 3’,
aulvluszozsudula saunahidszuuasresume 39 v ey ldnezviinsnuuenlu

A Aa a [ Y a a Aaa IS a
ﬂiﬂ‘llﬂﬂm@]‘ﬂﬂmu‘ﬂﬂﬁlﬂﬂﬂﬁlﬁﬂ“}f’m 650 318 VI UDN 6,400 518

=K =X o

= o < Y a = [
BNLVANITUNU c]f\?‘ﬂ’lclﬁlﬂﬂﬂ’lilﬂaﬂullﬂa\iﬂ1ﬁi§1uﬂ31uﬂa@ﬂﬂﬂiuﬂ']i
v

a A v a3 v A @
ATTUIUMSNARETAT HuAAe Tuduh 3 $uaw a.f. 1984 e Tunia (Bhopal) Yszine

[ (3 = A v o

a a 1 @ a a o I
’E]ul,afl Lﬂﬂﬂ@uﬂﬁuﬂl'ﬁ)\‘i’ﬁTiWH@@ﬂu?%?ﬂiiﬁﬁ'luwaﬁﬁ'ﬁﬂ'li]ﬂﬁ@‘iW"]f ﬂ@LﬂuQ‘U@ﬂﬂﬂWﬂ

U

g & v

A o 9 A [ s ¥ A a 9 v o A o a aan =
’(3(1‘5!,?1N@u@’ﬂﬂiWULLi\i‘ﬂfjﬂsluﬂf.i%ﬁ@?nﬁﬁi uTﬂmﬂJ!"U1ll°iJENENLﬂ‘lJu‘V]ﬂWLﬂﬂﬂgﬂiﬂHﬂﬂJ

[ a A 2 1 3 J a o =) a
JHIN ﬁmmau Lm%qm’l"iﬂ“MLWN’qx‘i%uﬂﬂN5'3@!‘5’) ’ﬁ\‘lWﬁiﬁlﬂﬂﬂ'l‘ii')hlﬂﬁsllﬁlﬂﬂ'l“]f‘W‘leIfJf]ﬂﬂ'lﬂ

Y '
A A A

v 3 J @ I ' a
mmmmz"lﬁ’uwamzma”lﬂmwmn ‘il’)mjﬂﬁli@‘ﬂlﬂuigEJ%‘VH\HJTﬂﬂ'H 8 ﬂIﬁ!llG]i Ii\NTL!
v dyg}/ 1 a v Aa [ 1 = I~ v S A
!,Wi\‘l‘L!GNE]QGL‘L!‘Uilﬁmﬂjm%u!m@ﬂﬂﬂﬂuﬂTL!EHP(EJE]Q Lm%UliJiJ‘iZUUL@]E]uﬂEJGLUﬂ‘immﬂLWﬁ]
a JREPN dy g o Y = ) o Y <3 1
BN wansenunavuim IdiaudesIad uaumn wazinlvusaumveatazavilie
] H Y 1]
Lﬁﬂ\ﬁ]"lﬂhlﬁiﬂﬁWiLﬂﬁﬁ]u&iWﬂﬂﬂﬂ’sﬂ’) ﬁ'ﬂ‘l’iﬂﬂﬁ!ﬂﬂ’Q‘U@]flEJLLﬁ$Nﬁﬂﬁ%ﬂﬂﬁlﬂﬂsﬁulﬁﬂﬂﬁﬂﬂ
1 dyd I a S ) o
Tﬁmuumuumﬁm‘umiwyllﬁuﬂimmmm EUW’I‘MWI'Eﬂ”IiﬂTL!ﬂ’J"IiJ‘l]ﬁ@ﬂﬂfJ!Lﬁ%ﬂﬁﬂ’J‘UﬂiJ
d‘d a a =y [ dy d' g}/ d' ] Y v =y d' [ [
NNYs2ANTNIN VIAMTUTHITIANTUVOINUNAL 1T ﬂﬂ@iﬂﬁﬂﬂﬂi!’)ﬂl‘ﬂWﬂ@Wﬁﬂﬂlﬂ\‘]

Uszmrusauun s lddszanyuinediou q vsnalswu 1Fedia 110011 3,000 510



J @ [ A v Ay [ a g ¥ A s
a iy 11 $UNAN A.7.2005 mamu«ma( Buncefiel) #¥319910419NT naiiul Tasi@e

[ [ Y] %’ 1y 1 1 o a a
nnnedsduesnINdIusIgiiuIa v lulSnaun dwarhldinanssziauas il

v A v a

v < ¥ 4 a
"lﬁﬁ}ﬂﬂlﬂUUTNu@ﬂ 22 DN AURANAINVIANITAIUAY L%@Q§$UUﬂ1§ﬂ'JTJ?;I3JﬂTﬁ!@NﬁTﬁLLag

Fd
[

11ATIATZAY TIWNITTUUMIAIUANMIduIniidsganinwihldinannudenenoeinis

Y o ]

1 ] o da . 1 a a
Tsanuiegiiufios tagnsndauvesgnnerdesglaeson lilinsgaudedia uazimnanis

u’datg ng

a3 ] @ ¥R A ' @ A J 1A
”]JWﬂH]‘]J]liJZJWﬂLlﬂ ‘1/Nfl Lﬁ@\ﬁ]"lﬂlﬂﬁ]ﬂ"liﬂl‘l’llﬂﬂﬂ]ulﬂﬂﬂluiu%ﬁﬂl%}ﬁlﬂﬁﬁu’fﬂﬂﬁﬂ UANAANITY

= 1 [ A o v A Y ~ ] a
WoneaensnaauuIuNINmelusaY 400 wAs TTuWIWdﬂﬂgllﬂaﬂﬂﬂllﬂﬁﬁiﬂﬂiﬁm&ﬂi

Yo =
Tasuanudevine

< 9 A [ g’; 9 [ ] a ~
’1]3!,1’71!11@'NQ‘U@']LWQ{]!WQ'IHHM],@]?NNaﬂ‘ig‘VI‘U'E)EJ'N?ul!‘iﬂ@]fli‘i\iﬂ'luﬂiﬁimEJZJ Uag

gaevnssy Ulasnall sadegusulndifes manamaslvduazmsunsnszarovesaisadl

A A o

& v 1 Y a = ' VA =&
Ly 11ﬂ1iijvlﬂauu%ﬂ1ﬂvlﬂ1ulﬁﬂ31ﬂ ﬁﬁwaleLﬂﬂﬂj’lulﬁﬂw'lﬂﬂﬂ']\?ﬁ@lu@\j ‘Viu\‘lluﬁ’]lwg‘!

[ a

° wa a R A YA YA Aa A VoA A
ﬁ'iﬂﬂlﬂl@x‘lﬂﬁlﬂﬂ@ﬂﬁmﬂ 1uWaﬂ%IUTi Gmllwaﬁl’ﬂlllijjl,ﬁﬂ%im LHUBDNIN 5383“1@%1“““8\17‘]@

]

(% o Y a A

1 H o o 1 9 4
ITUINDINT ﬁﬂ'l NNNMNIUDY (W'EN‘Wﬂ/W@\?ﬂ?‘UﬂﬂJ)Lla$Qﬂﬂ5m1uﬂigﬂjuﬂ15wﬁﬁlmﬂ

Ada wva g

PR = (] 9 dy [ = a v Aa oA
ginsaindidisalouasisoglng nunnllszmnsvunniuiinalums Maneniaions
' o P 3 @ a A o q ¥a a
wuvamsnl s les uaz Tuwia 18imsives manwsildesesnuiihliinannudone
= ] T 1 9 d' [ (] di’ d' Yo
Tiies uanuaunielulssnuuadsaamalilszanyun ordoeglunun Tassoulasy
o 1 o a ] o <3 a 1 ]
ouaselidre daunsal ludioniu@ia (Buncefie) gaulildsuuiaunsordedia uani
1 1 < 1 y A [ o w g/}
9IAITNUITOUAN 9 1 TerIea819110 dzdiu a3 ullo s aImUHaNMISIRUFUVEIANY
o < <3 ' a
Uaoans (Layers of Safety) Nzt la11UBN9INITABIDONULUNTZVIUMIHAAIAYNADS
¥ A 9 g9 v 2 A da o A 9 o =
Al NANa 19 T59uud 1Y masmsaunanusutulunmsnizdesmilatazasivdoy

g 7 ' Y a o v &
Gl‘l/ﬂﬂullﬂﬂ'mNW@ﬁﬂ?ﬂIﬂﬂLﬂWWﬁﬁgﬂgﬂl@QQﬂﬂiml!a$®1ﬂ1i¢n\1 9 uuummmmmmytﬂu

b4
a 3

] 9 9 v Y
981989 I99UINVUADUNITODALUVUNTZLIUMTHNAA NIUNTIZNMTNIITHUIINA WK UINAT

v 9
159911 uazwmﬂmiwamiﬁ'agimwzﬁﬂaaﬂﬂﬂuu AANANITISNVUASAITNTULLII mnﬁq

v
yg’/dd‘

ann J 4 o A a 9
ﬂgﬂiﬂmmﬁmmmqumm% NIULY I'ﬁ\‘iQTL!QG]?H“Ifiﬂ’i’illLiﬁJﬂ‘ig‘U’JuﬂﬁWﬂﬁllﬂllﬁ’J 91992
9y ) a ] a d A v a A Y a a d’ddy = v v
mmmmummamnqﬂﬂimmawu’mmiwaﬁ LW’E’ﬂﬂLﬂﬂWﬁNﬁﬁﬂﬂ"Uu BIFSYSUNISTHIN

Jd J 3‘1 ~ 9 1 I A o Y A [ =
gunsalmaniulianuminzavinniosua Tnu iluldawanasgruisimue 1us e lavad
o & { a (Y 4 Y 1
anusuiuivzdesnsaaonliinannugndesnisa momasmsdosnuud luvn ludlu 'l

9 o g}/ dy d' Y [ A Y d' a é’ [ Y
ATNUVBDNINUA ‘I/Nl!!Wﬂl]f’NﬂuQ‘]J@]Lﬂﬁ]i"lﬂl!,i\iﬂﬂglﬂﬂﬂluﬂﬂlﬁﬂaﬂﬁxﬂu 159911 PUBU U

Fuadon



g 2 ' A A o AaAaa A o w =i
TNU ‘luf’]fqﬂwa'lﬂﬂﬂw'lull'] UIHN NNN Tﬂau@alﬂmﬂﬂa 10a  (UHI¥U) d191N 5

a e Y [ Aa PRl 2 A A o )
Ii\?'ﬂgiiluﬂﬂﬁ 1ﬂuﬂ15@]@lﬂﬂﬂqﬂﬂﬁm@1\1 9 3J1ﬂeUulW@LWNﬁﬂﬂﬂ1Wjuﬂ15lqu\1ﬂlu LN

o a3 4 ' Y I o '
Tuiludeensnnaevuszezvesglnsainazormsan q Ny ldawdesimuanie’ly lu

v
A v oA

@ 4 a A o 2 g a v o
wzidenuilo 1415 1¥UTHN Phillip Townsend Associates Fuilunsiniliusnisiash

ee

a o o

. v o A v o = v A 3
Benchmarking izﬂ‘lliaﬂ NTﬂTLuuﬂ"lﬁ"l]ﬂ‘ﬂ"Iﬂ"lﬁllﬁﬂUlTIﬂUﬂUUiHﬂ%uuWﬂl@ﬁIaﬂﬂlﬂu

= % 1 a o A A A a o U
PATIMNTTUATINU NI TagMNs I (Overall) UTHN WNN Tnaveaniinoa 910a (WY U)

a

< o A [ { (Y ]
T390z T53NAnd TnamsauiuaudIun1NlaoanBineIny Process Safety Management ¢

] 9
A = a v W o

lusgauddemeunuusEnyuiivedlan ass1eazoealuning 1

6;"_7.",

2012 PTTGC-Aromatics Process Safety
Benchmark Rating

v -

54
yom L b
Culture i f;f

Compliance with
Standards

Hazard Identification *

and Risk Analysis
AssetIntegrity ﬂ
and Reliability —
Y etchange. ﬂ)i
of Change
M s e
Metrics

U PTTGC Average @ PTTGC - Aromatics

PHILL

L1 P
TOWNSEND PTAI Confidential

ASSOCIATES

Olw

part

MNWN 1 PTTGC Aromatics Process Safety Benchmarking 2012

H 1 Y ] A a 4
fian: dheanuasans o rounianazdaunadasy 1530110z ISwAnd (2556)



A 9 o Aa Y [ = @ Y
iesndhmunensduiivau dAuanuilasass 1dreuisnazanimadonly
o a o AAA a o w ) Y =
msnues U3 Aii Tnaveanlinea $1na (uwvau) fivua 1391 1udl a.a. 2022 wams
] 9
autiuamuanuilasans erdouniisnazanmuadonlumsvan Werleunuussnguii
Y 1 Y] gIJ 4 { o
nTanudidesaneglu Ist Quartile Performance sia1u i THussgilmunenlddmuald

uag un lludiuveslyniaie 9 N1TATINABUNTIAIINUIGHAANEN TINDIDIAITAN

(2 9 v

A A EY o A o wa 9 =K [ o A
mfﬂuﬂiz‘mum’iwam ieilesnuonnnaas0iamaI 1015 ﬂﬁlﬂuﬂﬂﬂﬂWUQﬂﬁTﬂﬂlﬁJTﬂiu

a a o
'
A o o A

U A o a3 1
myaa3uli ATTUIUNS Process Safety Management ﬁni‘ﬂ@ﬁ?ﬂﬂﬁlﬁﬂa UASNTIAUAD

a

Y [ [ 1 d' a tg 9 1 =\ a a A
’dm”ﬁmjmﬂuuazmuamumwmq g ‘VI’E)W&ﬂWUuvlﬂ’E]EJNﬁJl]iZﬁWﬁfﬂWLlﬁgﬂﬁzﬁ‘ﬂ‘ﬁﬂﬁ



U

Sagilsyaen

1. 1WBATINA0UAINTLUIUNTNAN 1AL I e HINVDINUIENAnan U 153910 15
a o [
WANT NBUALINATIIUAING

A g 9 Y ] ] a a Jd o @
2. lW@l“lJuGlJ’f]ﬂJﬁL!ﬂlléllizEJ$ﬂ1\151]’f]\‘]Wuﬂﬂﬂﬁ@liuiiﬂﬂWHﬂgiilﬂJﬁﬂﬁ qAIMIUNIT

k)

. o

YosnumainasnfseuazgiianeiionssInagd1edsnumnasgiuaina

3. eaivayuuazdudsuIdninssudwanulasadelunszuiunsnia Tag
I A &2 A o Y 9| oA Y v = o
Wunvnssunianansanldussgihmneglumsduiivag suanwlasans 9139111

wazamnaasylumsiaues 138 407 Inavoamiinea 3109 (WHIFU)
d H (v
szlerunmanazlasy

] 1 a a a J
I @MUY TSYTHNUDINUIYINAALASDIATT Tulssnuwanaisez Ismand

o ' A a d‘ ] [ A (] 9 g’z
Gﬂl!‘ﬁ'u\‘l'ﬁ'ﬁﬂUﬁL?ﬂ!iﬂﬂhlﬂﬂa@ﬂﬂﬂﬁi@thW1u@']ll1ﬂﬁﬁjj1u@ﬁﬂﬁ NIDUMNAIWIITDLTUDLUS

' Y
m3dfuilgalRsendnes Tswandinnuilasadogeiu

I A o
Wuneeusuvesaina

o a a a Jd o
3. aduanuilasadevesd ldusmsuazdszansuson q Tssunanes Tswand

g}%lg/ A A ) A o A2 %2 . ') A
(114 ‘]J'iﬂ’]ﬁ!iﬁgﬂﬁgsﬁ'lslﬂlﬂ31%%“1%1“L5@Qﬂ31uﬂﬁﬂﬂﬂﬂm']ﬂstUu HIPIIAANTIADATUNGTO

QU

@

f

e

b}
A Y Y A Y &
U ﬁiﬂﬂ]@iﬂﬂliﬂuﬂ]@ﬁ‘yu‘ﬁuqﬂ’E)ﬂ‘I/INVﬁN

!

Y] 1 =Y o 9 a o AAaA a o W
4. dUUTYUFUATY Ml U5Em A7 Tnaveatniinea 91nNA (WNITU) U3s8
Y| o A k) 1Y) = @ 9 ° ~
dhyuelumsautinau auanutasany 913 0uNsLasan NLIAN TUNITINOIUAINN

Tana1d



YD UIVAVD I HIVY

'
A o

A Y Ao 9 < [ ~ a a = Y o
LW’E]GLTN1u3ﬂﬂllﬂﬁlﬁﬁﬂﬂﬂ1ﬂﬂﬂ§$ﬁﬂﬁﬂTW maiuszaxmamﬂmuﬂ ﬁN]’lﬂﬂTﬂuﬂ

a o Y o dy
Gll'ﬂlll“'llﬁ"'l]ﬂ\i\ﬂu’)ﬁ]f]“l') AU

J o

1. MI5ZeLHIUBIHUIeNAALAZ01A1T 11 159nues Iswand USHn ANN Inavoa

a o w d‘ a 4
IAUADA NNAUNWIFU) §1UIN 5 1590z Iswand 32U

2. masgusedsn1Flumsasivaeuuazini1zy e Guidelines for Facility siting
and layout 1 f1.71. 2003 VD9 Center for Chemical Process Safety of the American Institute of
Chemical Engineering 3 WU AT 91U Standard for Flammable and Combustible Liquids Code

(NFPA 30) ¥4



N13AIIVONAI

£4 '
] a

o Aw 1 a d @ a 1
ﬂWS‘VH’Jﬁ]EJ'ﬁ?JQlfl)ullﬂﬁﬂﬁ’JLﬂi”l%‘ViNQﬂi%‘]J’Juﬂ”ISNa@ UAZTISUSHINUBINUIYNO R

q

'
v A

[ a d A Y [ a [ A v Y a o AAA
van Iulsenuez Inwand medesnumsinaonnnouazatanes1onse o USEN ANN In

a

9 v

a o w ~ = a ) ¥ [ 1 dyd
AUDA ANADA 1INA (WHIFU) F1U N 5 miﬁﬂywmgauammiww"lmmuﬂu 3@9U ANUAD

a { d' 9
1. Vlﬂielg] HUINA uazmmgmﬁmmﬁum
== ' a @ a Jd A o A a o w
2. ﬁﬂH1WH’JEJNﬁ@’ﬂﬁﬂ"llf]\ﬂiﬂﬂ1uf]$jimﬁﬂﬁ VIEN WNAN Iﬂa‘ﬂﬂ’mﬂilﬂ@ﬁ 1NN
A o a a @ o
(UVIFU) 811N 5 imﬁemqﬂmmzwammmiﬂaim

3. AU NIAS Lm%Lﬂﬂﬁﬁﬂ%ﬁﬂﬂﬂﬁﬁlﬁﬂ’)ﬁﬁjﬁ)ﬁ
a a A4y
NYE4) HHINA HASHIATFIUNINY IV
= a a 4
1. Tlt]‘lsl;]ﬂ'li!ﬂﬂlwaﬁnlﬂ&l

a Y J &' a a Y
1.1 ﬂ')’uJWiJ’]EléUf)\uWﬁQvlﬁiJ!lag’E'Nﬂﬂigﬂ@ﬂwuﬂ'luéllf]\‘]ﬂ'ﬁlﬂﬂfwaqvlﬁﬂ
. a Y aan a @ . . A a ' ]
Craig (2002) a Indilualfnzereendiadiu (Oxidation) NiAAOE19TING AL
J d' = [ d‘ a ann 3’, = 9 1 a ds! 9 é J
[2RIYARN Glu"llﬂ‘lglﬂfl'lﬂﬂﬂlﬂﬂﬂ%]ﬂiEJTL!u%$1]ﬂ')’]Mﬁf)ULlagllﬁ\iﬁ'ﬂ\nﬂﬂ"Uu@'Jﬂ SEIUNTIYAITUIN
a 9 A A @ ] I~ dy a = a
Lwa\?l‘l‘ﬁllﬂwfﬁuﬂ§'$'ﬂjuﬂ’li‘ﬂ’]\uﬂll‘ﬂllﬂ']iﬁa']fl@'J@U'l\iﬁ')ﬂﬁ'J"UﬂﬁL%@LW@Q LASUHRANTA
< 9y 1 [~ a aan a 9 ] 1%
@@ﬂNWLﬂuﬂ31N§@ulla$llﬁﬁﬁ'J'N ﬂ')’lmijsluﬂ']ﬁlﬂﬂﬂaﬂiEﬂell’ﬁ')\nwa\i11W3J%$@§1H53@Uﬂﬁ’]\1
o ' aan a 4 Ao 3 a aan o '
(Mid-Range Reaction) ﬁ')f]‘(’J’NGU'E_Nﬂaﬂ58’]@@ﬂcﬁlﬂ%uﬁllﬂ'J’lll5'Jﬂﬁ'fluﬂ’lilﬂﬂﬂaﬂifﬂ@’lﬂ')’l
3 a Aaan a Y A AaAan A a [ v
ﬂ')']lli'lﬂ!ﬁ'lhluﬂ']ﬁLﬂﬂﬂ{]ﬂiﬂ']suﬂﬂlcl/\lﬁﬂvlﬁi] o ﬂ;]ﬂﬁﬂ]ﬂlﬂﬂiuﬂﬁgﬂﬂuﬂ']ﬁﬂﬂﬂﬁf)u
. o ] aaa a o { < a Aaaa J
(Corrosion) L!ﬁgﬁjﬂfnﬂsllﬂﬁﬂgﬂﬁﬂ?ﬂ@ﬂ“ﬂlﬂ“ﬁu‘ﬁﬁﬂ??ulﬁ?iuﬂ’]ﬁlﬂﬂﬂ{]ﬂﬁﬂ’]qqﬂ'J']ﬂ'J']ll
3 a Aaan a Y A a
33@]&5311!ﬂTﬁ!ﬂﬂﬂgﬂﬁﬂTﬂJ@ﬁlWﬁﬂqﬁﬂJ 19 N1ITSIUA
o W [ a I
duinmaTulaganuilasans nsulssnugaamnisn@sasn) wasludiiu
aaa A < . . = 1 a v g PR P
ﬂgﬂ’iMﬂ@ﬂ%ﬂ%‘L& (Oxidation) ¥IVNGAITUI !Wﬁ\?Uh’T3J‘L!‘L!L‘]_IUﬂﬁgﬂjuﬂ']iﬂ'lﬂlﬂuﬂilﬂT'i

(J i < 4 a a I a aan a
ﬁﬁ"IEJ@]’J’E)EJNi'JﬂLﬁ'J‘UfNL%’E)!,Wﬁ\i !,mzﬁwawaﬁaaﬂmmumm%}au uﬂWiJ‘lJ’f)\‘l‘]JgﬂifJTﬂ’f)ﬂ“]f

s A Aaaa AaA A ' Y a ° Y 9 a 2
YU AD 1JaﬂﬁfJ'Wn\uﬂiJﬂlﬂﬂﬁgﬁ'J'Nﬂ']ﬁélﬂ ] NUBDNHLIIU LLa$ﬂ1“lmJﬂ313Ji®uLﬂm1u Iﬂﬂ



]
v A o

Yy aa X v o ] v A @ X
ﬂ”J”Illi'ﬂu‘ﬂLﬂﬂﬂluﬂﬂﬂﬂﬁ1ﬂﬂ]ﬂﬂ11ﬂﬂ1§@ﬂ1ﬂm1jﬂEﬂ\i@]@ﬂ!ﬂﬂ ﬂﬂﬂﬂigﬂﬂﬁwuﬁ"lumﬂQﬂTi

9

= 4

a a 9 A X a 9y a = a Y
mm‘waq"lm U3 09A1/52NOU AD 1FBINEAY AINTOU LAY BBNFIIU ﬂWi‘]/]UlV\lﬁWilWiﬂQﬂ@]ﬂulﬂ
¥ 9y J J Ao o sa X a a Y
UU ﬁ]gﬂi%ﬂﬂ‘]_l]lﬂﬂﬁﬂi’]\iﬂ Usznou 3 AIUNAIAY NADIFDINAIDDNGIIU LASANINIDOU
dy 4 =} ] R R A o A ) Y ?xlz a Y '
UININNOIA Usenouoned1aniadalindudn ﬂﬂumimwﬂwthuuzjﬂm”lmmq

1 1 Y
aoitiesae 1) Ain JRATe19n 1% (Chain Reaction) Minavuanmswn Tngd
1.2 maniatlsznnued 1l (Classes of Fire)

ﬂiz‘ﬂiNLL‘iNmVlﬁ}EJEJﬂﬂg]ﬂiwni’N ﬁmumnmjgmiumim%mi ANIT LAY
oA Y [ = @ vy o = o 9 Y
ANUUNTAIUANNYa0ANY ©1F 10U WY Ll,azﬁmwumaaﬂum‘ilemLﬂEJ’miJm‘iﬂMfm
v v A w = d ) 9 o wAa
agsgduannney W.f. 2555 G]NLIJHﬂaﬂig‘ﬂ53Qﬂﬂﬂll§ﬂﬂ’lﬂi@ﬂ’l@ﬁ’] 8 NIETYUNUYANINY
[ @ Y o 4 Y. Y| o @
ﬂaaﬂﬂﬂ 'E]’l%’)f]u’lllﬂ LLa3ﬁm‘wumafm1umimﬁm N.f. 2555 !ﬁ@iﬁﬁﬂ’liﬂﬂ\?ﬂuuagigﬂﬂ
v Ao Aa <3| o v ' &2 A o 9 Y Yo @ o
aﬂﬂﬂEJ‘i/laJmmgmLﬂu:Jmiimimﬂtyamwu\‘mﬂﬂwgme'lmummﬂaaﬂﬂﬂclumimﬂm

Y
Taolungnsznsnntiuilld ualszinnvesl eon i 4 szian Ao

a 1 a { a 4 a 1 9y 9
“L‘Wﬂ\iﬂﬁglﬂ‘ﬂ 10” HUYAINUN !Waﬁﬁlﬂﬂﬂ’lﬂl%@!Wﬁﬂ‘ﬁﬁﬁﬂJﬂW LU Vlll W1 NITATH &N

a g}/ 2 d’ ti‘d 3 = v
NATFAN FINNITIDUNNUANHUSIAYINY
a = 1 A aAa A Aa Y & 9
“ANaelszon U7 nu1enu LWﬁ\i’ﬂ!f‘lﬂ’i]”lﬂvl*llﬁi’f)‘lJﬂﬂmﬁ'JVWlﬂhlV\lllﬂ NI Uas U

Hudsznna o

[

a =~ J A A a d A A kY
“mmﬂizm‘ﬂ % NUIYAITNIN !Wﬁ\‘l‘mﬂﬂiﬂﬂqﬂﬂimﬁi@’)@i}ﬂmﬂiguﬁhh\l%h

a = 1 A aAa 1 Aa Y 1 S A
“ANaelszn 92 HueANNIN LWﬁQmﬂﬂmﬂIﬁﬁzﬁN il ‘Vl@]ﬂvlwvlﬂ LYY LUNULEYY

3 = o

4 ~ ~ & A Aa
L%ﬂmuam ”lmmuan ilhﬂﬁiﬁ'ﬁ%@u‘ﬂm NHUSIAYIN

11A351U NFPA 10 ; Standard for Portable Fire Extinguishers 1an1n15i1qszianves
Il 3y 5 1U520m Ao

v v ] F
Class A 10 lndaananaa 1 1dna 1 wu @oin 19 nszaiy o194 tazwaraan

a Q



10
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131: CCPS of the American Institute of Chemical Engineering (2003)
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131: CCPS of the American Institute of Chemical Engineering (2003)
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15 17l
<100 <37.8 - -
(Class )
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asaa i
2100 =378 - -
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- Class 111 B =200 293.3 -
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NFPA 30 uagdoyaduanuiasansuosaisiall (Safety Data Sheet)

9 290 Usziom AnasgIunNNlasnft(ppm)
[ a A = .
agay 0wl s@ea  muad ACGIH OSHA Thai

(°O) (°O) NFPA30 TWA STEL TWA STET TWA

Full Rang
-43 38 Class 1B - - e - .
Condensate
Pygas -11.11 ~ 40-200 Class 1B 0.5 2.5 1 - 10
137-
Mix Xylene 25 Class 1C 100 150 100 150 100
143
Reformate -1 96-197 Class 1B - N > - -

a [ 4 ] a % 4
2.2 WaNaMUaNUaTNAAN MM NADY 1A

Y] a [ 4 Y] { a [
Tagiurdasasnani ldninnszuaumsanan 1aun w31 le@u(Paraxylene) 1
P 1 a Y] 4
FU(Benzene), 1NQ0U (Toluene) 11az0035 15 198U (Orthoxylene) daunaAsmaInany Ia
a =\ 4 an
UYseneuae uudmyiiaiw (Light Naphtha) 3905140 (Reformate) ABUIAUIANITFAD

(Condensate Residue) Mt Tagideumad (LPG) nazaios 15mandwiin (Heavy Naphtha)
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(((®)] (°O) NFPA30 TWA TWA
L T
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Benzene -11 80 Class 1B 10 5 = 5 10
Toluene 4.4 111 Class 1B 20 3 100 150 200
Ortho-Xylene 26.11 137-143 Class 1C 100 150 100 150 100
Light Naphtha -40 33-124 Class 1A = = = - -
Reformate -1 96-197 Class 1B : - = - -
LPG -60 (-40)-(80) - 1000 - - N -
Heavy Aromatic 58 >175 Class IT = = - - -
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= 1w = v v < { VA o a J
Ynavesas Iamnulimasvesdanninuiivunalngiga Tegiulsenue: Tsmand

v

1 H @ @ v v @ {
Y9N 2 UOINNIND 35 D 519a208AVDININNNY Aduaadlua15199 10

a v v < dy A @ a ] P~
MA1319N 10 ﬂ15ﬂﬂl,ﬂUﬂl@ﬁigﬂﬂﬂﬂlﬂﬂiuwu‘ﬂa'luﬂﬂIi\i\ﬂﬂﬂgjilll@ﬂﬁ “NUIIN 2

nqu 3 P U -
o HURQUDN ﬁﬁ"ﬂ’ﬂﬁﬁi} o FUADI*
AU (D)

A 2945-TK50A/B/C  Full Range Condensate 3 IFRN
2945-TK50 D Full Range Condensate (Future) 1 IFRN
2945-TK61 Reformate 1 IFRN
2945-TK62 Sweet Naphtha 1 IFRN
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ngu 3 p DRMTERY .
o NUWBLAVIN F1INUVIIY o FUADI*
2UDY (")
B 2945-TK51 Condensate Residue 1 CRN (Class II)
2945-TK59A/B Light Naphtha Product 2 IFRN
2945-TK59C Light Naphtha (Future) 1 IFRN
2945-TK66A/B ~ Heavy Naphtha 2 IFRN
C 2945-TKS52 Future 1 -
2945-TK53 Pygas 1 IFRN
2945-TK54A/B  Paraxylene Day Tank 2 CRN (Class I)
2945-TK56A/B Benzene Day Tank 2 IFRN
2945-TK58 Toluene Product 1 IFRN
2945-TK60A/B Heavy Aromatics 2 CRN (Class 1I)
2945-TK63A/B Slop Tank (Re-run) 2 IFRN
Slop Tank (Disposal/CR back

2945-TK64A/B 2 IFRN
wash)

2945-TK65 Aromatic off Specification 1 IFRN

D 2945-TK57A/B Benzene Product 2 IFRN
2945-TK57C Benzene Product (Future) 1 IFRN
2945-TK67A/B Orthoxylene (Future) 2 CRN (Class I)

E 2945-

Paraxylene Product 3 CRN (Class I)
TKS55A/B/C
F 2945-V2/V3 LPG 2 Sphere
*UUH 6

1. IFRN @9 Internal Floating Roof Tank with N2 Blanket

2. CRN ﬁ@ Cone Roof Tank with N2 Blanket

3. CRN Class LI 19 Cone Roof Tank with N2 Blanket ﬁﬂ‘iiﬂﬁﬁﬂ‘izmﬂ Class I #30

Class II 9NUADMNUATDI NFPA30
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v v a ¥ o v v s 4 @ @
ANDINUNUNINUA 35 93 518ﬁ$t§ﬂﬂﬂlﬂﬂﬂﬂﬂﬂlﬂ'ﬂ 1u&§aﬂmﬂﬂaﬂym$ VUIA Lz

¥
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. a4 TTA R VR~ S IS 1 VATC - S YA g 5mag
au HUYAUDY b ]
& auenan (a3  (@AUIFN (M9 (ues)  (@nuad
(tuay) 199) 1N9) f‘{mm)
A 2945-TK50A/B/C/D 24.4 16.6 7,762 19,400 3.1 57,585
2945-TK61 25.0 16.6 8,149
2945-TK62 217.5 15.4 9,147
B 2945-TK51 30.0 18.15 12,830 20,541 3.5 68,377
2945-TK59A/B/C 36.0 16.0 16,286
2945-TK66A/B 15.0 14.8 2,615
C 2945-TKS52 17.5 11.8 2,838 14,235 1.6 21,161
2945-TK53 17.5 11.8 2,838
2945-TK54A/B 15.0 15.15 2,677
2945-TK56A/B 12.5 10.6 1,301
2945-TKS58 15.0 10.0 1,767
2945-TK60A/B 10.0 7.95 624
2945-TK63A/B 8.0 5.2 261
2945-TK64A/B 8.0 5.2 261
2945-TK65 20.0 16.3 5,121
D  2945-TK57A/B/C 27.5 17.4 10,330 14,145 2.6 35,278
2945-TK67A/B 10.7 9.1 819
E  2945-TK55A/B/C 36.0 16.35 16,642 14,046 3.2 42,466
F 2945-V2/V3 21.0 - 4,849 10,450 0.3 3,054
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Substation C (More than One Unit) 15 123.33 30 264.08 15 236.77
Substation D (More than One Unit) 15 174.00 30 291.63 15 40.74
Substation E (One Unit) 15 9.86* 30 793.02 15 39.43
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Explosion & Toxic concerns may require greater spacing

Table C (metric)
TYPICAL TANK TO TANK SPACING FOR FIRE CONSEQUENCES

D = Diameter (larger of two tanks); Horizontal Distances (m)
Extracted from IRI IM.2.5.2

=
5 =
3 F £ g
4 = e 2 8
. w =
Copyright 2003, AIChE z_ = s 2 8
- 5 2
May not be reproduced without § 2 2 2 = a
L ~ 2
permission g% w g K] =
EY =] - = g
o - =
6 2 i %‘ g ]
Text References el @ = Q = =
Z= o B B b
= = -
8 (= 8 = o
FLOA;[.ING&CONE Roof Tanks 59 05xD 5 .l g H = E
477 m?) o] @ i fd =
= = £ = x
= B g 1 2
FLOATING & CONE Roof Tanks (477 = =
to 1,590 m3) 53 050 (@5xD 9 [N G 5 8
s -] " - v
x E E = = -
FLOATING Roof Tanke wig 5 g 5 £
s =2 3
{1,590 to 47 696 m3) - 1xD) =D T 8 = o - 2
(SR 8 = 2 a
i 3 g £
COME Roof Tanks, Inerted Class | = = "
prod. (1,590 to 47,696 m3) * 59 1xD 1xb 1xD 1xD g § & 14 7
z 5 & 2
CONE Roof Tanks, Class 11 & IIl < 4 = 2
Product (1,590 to 47,696 m3) 59 05D 0sD 1xD 1xD 05D g 2 % z 2
8 3 : &
FLOATING & CONE Roof Tanks o - 2
(47696 m3) 59 1xD 1xD 1xD 1xD 1xD 1xD § g % g
8 2 &
Low Pressure Storage (up to 1 atm) < 59 1xD 1xD 1xD 1xD 1xD 1D 1xD o e E
3B m3 i 15 mmin 15 mmin 15 m min 15 m min 15 mmin 15 m min 3 mmin § a3 x
& F
2 E
Low Pressure Storage (up to 1 atm) > 59 152D 1.5xD 15xD 15xD 15xD 2%D 1xD 1xD i o]
Bm3 ) 30 mmin 30 mmin 30 m min 30 m min 30 mmin 15 m min 15 mmin __2’ E
®
High Pressure Storage (Bullet, 59 2xD 2xD 2xD 2xD 2xD 2%D 2xD 2xD 30 1%D §'
Spheres) g 30 mmin 30 mmin 30 m min 30 m min 30 mmin 30 m min m min E
Refrigerated Dome Roof Storage 59 2xD 2xD 2xD 2xD 2xD 2%D 2xD 2xD 1xD 1xD
Tanks p 30 mmin 30 m min 30 m min 30 m min 30 mmin W0mmin | 30mmin | 30 mmin 30 m min

2

1

2
3

* Cone Roof Tanks, not inerted
CAUTION:

1. Tables A through E include typical spacing values. Explanatory text is included in Chapters 5 and 6.

The typical spacing distances cited in Tables A through E are based on potential fire conseguences (explosions, toxic, and secunity concems may require greater spacing). Varations in spacing
may be warranted based on site-specific hazards and risks. Distances may be reduced or increased based on risk analysis or when additional layers of protection are implemented (such as: fire
protection or emergency shutdown systems).
3. This table is not applicable to enclosed process units.
NOTES:

Distances are measured hornzontally

, containing class 1 materials - see text

Typical horizontal distances between buildings, process equipment and property lines are shown and apply to the closest edge to closest edge dimensions.

‘Where unusual conditions require closer spacding, appropriate risk reduction measures should be considered

Ad' ] - [ o [ = a 9/
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Table D {metric)
TYPICAL SPACING REQUIREMENTS FOR ON-SITE BUILDINGS FOR FIRE CONSEQUENCES
Caution: Explosion & Toxic concerns may require greater spacing (refer to Section 5.9)
Horizontal Distances (m)
Copyright 2003, AIChE Atmospheric & Low| Atmospheric &
May not be reproduced without L F"'E'SS';"E . F'I-D“' P"ilss-'ed
rmissi ammable ammable an
pe on Combustible Combustible Any Loading and
Storage Tanks {(up| Storage Tanks High Pressure Unboading Racks | Any LPG and LFG
Text Property Process Process Unit Pipe o 15 PSIG) {up to 15 PSIG) Flammakile {mon-LPG and Loading and
On-Site Building Reference Boundary Utilities Equipment Main Pipe Racks Racks <10,000 gaks =10,000 gals Storage LFG) Unloading Racks
Text Reference 5.7.2
5.5 6.8.1 586 6.8.10 5.0 and 6820 5.8.8 5.8.8
Office, Lab, Maint 5
o= sinienanes 5.10.3 MM a0 &1 a0 30 15 76 107 61 107
Warshouse
Fire Station, Medical. Emergency 582 MM 30 &1 30 30 30 78 107 a1 107
Command Center
Substation. Metar Contral - 562 15 MM &1 20 30 30 76 107 61 107
Bdain
Substation, Motor Controd - 583
5 . P
More than One Unit 6.8.21 - 30 e & B 2 & e @ e
Substation, Motor Controd - 583
15 5 15 P
Ome Unit 6.8.21 - 30, 15 - > N e e s e
COI’:!IFDl Reem - 5.10.1 L LU 3o 81 30 3D 30 76 107 61 107
Bdain
Comntrol Room - . .
More than One Unit 5.10.1 MM 30 20 g 30 20 ] o7 g 107
Control Reem - 5.10.1 MM a0 15 3 3 15 76 78 61 76
Drve Unit
Satellite Instrument House - = 1 1
More than One Unit 565 MM 3o 30 o 2D 30 L] or 8 107
aatelllte_lns':ument House - s8s MM ag 15 a a 15 - 78 a1 T8
One Unit
CAUTION:

1. Tables A through E include typical spacing values. Explanatony text is included in Chapters 5 and 6.

2. The typical spacing distances cited in Tables A through E are based on potential fire consequences (explosions, toxic, and security concerms may reguine greater spacing). Variations in spacing may be warmanted based on site-specific hazands and risks. Distances may be

reduced or increased based

3. This table is not applicable to endosed process units.

NOTES:

1. Distances are measured horizontaly

on risk analysis or when additional layers of probection are implemented (such as: fire protection or emengency shutdown systems)

2. Typical horizontal distances between buildings, process equipment and property lines are shown and apply to the dosest edge to dosest edge dimensions.
3. Where urusaal conditions require closer spacing, approprate sk reduction measures should be considersd
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CCPS Guidelines for Facility Siting and Layout June 9, 2003
Appenge A - -
Table E (metric)
Miscellaneous Typical Spacing Distances for Fire Consequences
Explosion & Toxic Concerns may require greater spacing
Horizontal Distances (m)
(,op’g,fngm 2003, AlChE
May not be reproduced without permission Minimum
Spacing rrom To Distances
Process-unit battery limit On-site unrestricted roadway 15
Edge of a potential pool fire involving the equipment the
Emergency shutdown valve, manually operated  [valve is isolating 15
Equipment handling flammables, continuous ignition
Wastewater separators sources 30
Multi-unit blowdown drums Process Unit Battery Limits 30
All other facilities 61
Transfer pumps, OSBL, handling flammable and
combustible liquids Unit Substation 15
Main Substation 61
Off-property main railway Equipment and storage tanks handling flammables 61
On-property main railway Equipment and storage tanks handling flammables 30
(On-property railway loading or platform Equipment and storage tanks handling flammables 30
On-property railway spur Equipment and on-site storage tanks handling flammables 8
Off-site storage tanks handling flammables 30
‘Wharves handling flammable liquids Equipment handling flammables 61
Continuous sources of ignition 76
‘\Wharves handling LPG and LFG All other facilities 76
Office, Lab, Emergency Center, Main Substation, Main
Cooling Tower (large, multi-cell, combustible) Control Room 61
Warehouse, Single or Mulit-Unit Substation, Control
Room, or §H 15
Unit Substations Process equipment handling Flammables 15
Elecirical switch racks supporiing shuidown or
Jemergency functions Equipment handling hydrocarbons 6
Fired heaters or gas compressors 15
Elevated and Grade Tevel flares and burn pits {if
calculations are not used to determine the
radiation levels) All other facilities 152
Enclosed ground flares Property line, equipment handling flammables 30
JFire fraining areas All other facilities 61
Atmospheric storage tanks within process unit
battery limits Equipment handling flammables 9
Satellite Instrument House - Blast resistant Adjacent unit equipment containing lammables 15
Satellite Instrument House Equipment in the same unit that contains flammables 15
[operator Shelter Equipment handling flammables 15
Maximum
Spacing From To Distances
One process unit accessway Another accessway 61
Fire hydrants protecting process units Another fire hydrant 61
Fire hydrants in tank farms Another fire hydrant 61
irewater Monifors Fire risk area 15
CAUTION:

1. Tables A through E include typical spacing values. Explanatory text is included in Chapters 5 and 6.

2. The typical spacing distances cited in Tables A through E are based on potential fire consequences (explosions, toxic, and security
cOncems may require greater spacing). \Variations in gpacing may be wamranted based on site-specific hazards and risks. Distances may be
reduced or increased based on risk analysis or when additional layers of protection are implemented (such as: fire protection or emengency
shutdown systems).

3. This table is not applicable to enclosed process units.

HOTES:

1. Distances are measured horizontally

2. Typical horizontal distances between buildings, process equipment and property lines are shown and apply to the closest edge to closest
edge dimensions.

3. Where unusual conditions require closer spacing, appropriate risk reduction measures should be considered
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NFPA 704
Standard System for the
Identification of the Hazards of Materials for Emergency Response
2007 Edition

Copyright ©@ 2006 National Fire Protection Association. All Rights Reserved.

This edition of NFPA 704, Standard System for the Identification of the Hazards of Materials for Emergency Response, was prepared by the
Technical Committee on Classification and Properties of Hazardous Chemical Data. It was issued by the Standards Council on July 28, 2006,
with an effective date of August 17. 2006. and supersedes all previous editions.

This edition of NFPA 704 was approved as an American National Standard on August 17, 2006.

Origin and Development of NFPA 704

Work on this standard originated in 1957; a great deal of the development work had been done by the NFPA Sectional Committee on
Classification. Labeling, and Properties of Flammable Liquids starting in 1952. Background data were published by the Association in its
quarterly magazine in 1954, 1956, and 1958. The material in its present form was first tentatively adopted in 1960. Official adoption was
secured in 1961, and revisions were adopted in 1964, 1966, 1969. 1975, 1980, and 1985. In the 1987 and 1990 editions. the Committee on Fire
Hazards of Materials introduced quantitative guidelines for assigning the Health Hazard and Reactivity Hazard Ratings. The 1996 edition
introduced additional quantitative guidelines and an amended definition for the Instability Hazard Rating, formerly the Reactivity Hazard
Rating.

The 2001 edition clarified numerous topics, including the following: rating of mixtures; three options of how to rate areas with multiple
chemical storage and use; location of signs; more quantitative criteria for flammability ratings for solids: and quantitative criteria for a
flammability rating of zero, including infroduction of a new test method. Guidance material was added for quantifying the degree of water
reactivity. An annex was added to cover water reactivity and identification criteria, as well as additional information on flash point test
methods.

This 2007 edition clarifies numerous topics. including the special hazards quadrant, placement and hierarchy of symbols, and the new Simple
Asphyxiant (SA) designation and other optional symbols. Requirements have been added for the classification of flammability rating for dusts.

Technical Committee on Classification and Properties of Hazardous Chemical Data

Gary Robinson, Chair
Liberty Mutual Group. IL [I]
Rep. Property Casualty Insurers Association of America

Robert A. Michaels, Sacretary
RAM TRAC Corporation. NY [SE]

Laurence G. Britton, Neolytica, WV [SE]

Lance Edwards, National Paint & Coatings Association, DC [M]
Richard Gowland, European Process Safety Centre, United Kingdom [U]
Ronald Keefer, Menlo Park Fire Protection District, CA [E]

Ron A, Kirsch, PureSafety. Incorporated, TN [SE]

Arthur A. Krawetz, Phoenix Chemical Laboratory Incorporated. IL [RT]
F. Owen Kubias, Rocky River. OH [SE]

Roland J. Land, Risk Control Consultants, LLC., VA [SE]

Kenneth D, Lewis, Degussa Corporation. AL [U]
Rep. NFPA Industrial Fire Protection Section

David E. Peterson, Madison. Wisconsin. Fire Department. WI [E]

William J. Satterfield, ITI, Hydrogen Safety, LLC/Rode & Associates, LLC. RI[I]
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MR A1 WA 31U NFPA 704 Standard System for the Identification of the Hazards of

Materials for Emergency Response page 1.



David B. Wechsler, The Dow Chemical Company, TX [M]

Nonvoting
Ira Wainless, U.S. Department of Labor, DC [E]
Amy B. Spencer, NFPA Staff Liaison

This list reprezents the memberszhip at the time the Commitree was balloted on the final text of this edition. Since that time, changes in the membership may
have occwrred. A key to classifications iz found at the back af the document.

NOTE: Membership on a committes shall not in and of itself constitute an endorsement of the Association or any document developed by the committee on
which the member serves.

Committee Scope: This Committee shall have primary responsibility for 4 on the classification of the relative hazards of all chemical solids,
liquids, and gases and to compile data on the hazard properties of these I d hemical

NEPA 704
Standard System for the
Identification of the Hazards of Materials for Emergency Response
2007 Edition

IMPORTANT NOTE: This NFPA document is made available for use subject to important notices and legal disclaimers. These notices and
disclaimers appear in all publications containing this docwment and may be found under the heading “Important Notices and Disclaimers
Concerning NFPA Documents.” They can also be obtained on request from NFPA or viewed af www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates that explanatory material on the paragraph can be
found in Annex A.

Changes other than editorial are indicated by a vertical rule beside the paragraph. table, or figure in which the change occurred. These rules are
included as an aid to the user in identifying changes from the previous edition. Where one or more complete paragraphs have been deleted. the
deletion is indicated by a bullet (*) between the paragraphs that remain.

A reference in brackets [ ] following a section or paragraph indicates material that has been extracted from another NFPA document. As an aid
to the user. the complete title and edition of the source documents for extracts in mandatory sections of the document are given in Chapter 2
and those for extracts in informational sections are given in Annex G. Editorial changes to extracted material consist of revising references to
an appropriate division in this document or the inclusion of the document number with the division number when the reference is to the
original document. Requests for interpretations or revisions of extracted text shall be sent to the technical committee responsible for the source
document.

Information on referenced publications can be found in Chapter 2 and Annex G.

Chapter 1 Administration

1.1 Scope.

This standard shall address the health, flammability, instability, and related hazards that are presented by short-term. acute exposure to a
material under conditions of fire. spill. or similar emergencies.

1.2 Purpose.

1.2.1 This standard shall provide a simple, readily recognized. and easily understood system of markings that provides a general idea of the
hazards of a material and the severity of these hazards as they relate to emergency response.

1.2.2 The objectives of the system shall be as follows:

(1) To provide an appropriate signal or alert and on-the-spot information to safeguard the lives of both public and private emergency
response personnel

(2)  To assist in planning for effective fire and emergency control operations. including cleanup
(3)  To assist all designated personnel. engineers, and plant and safety personnel in evaluating hazards

1.2.3 This system shall provide basic information to fire-fighting, emergency, and other personnel, enabling them to easily decide whether to
evacuate the area or to commence emergency control procedures.

1.2.4 Tlus system also shall provide those personnel with information fo assist in selecting fire-fighting factics and emergency procedures.
1.2.5 Local conditions can have a bearing on evaluation of hazards: therefore, discussion shall be kept in general terms.
1.3 Application.

1.3.1 This standard shall apply to industrial, commercial. and institutional facilities that manufacture, process. use, or store hazardous
materials.

1.3.2* This standard shall not apply to transportation or use by the general public and is not intended to address the following:

(1) Occupational exposure

Copyright NFPA
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(2)  Explosive and blasting agents, including commercial explosive material as defined in NFPA 495, Explosive Materials Code
(3)  Chemicals whose only hazard is one of chronic health hazards
(4)  Teratogens, mutagens. oncogens, etiologic agents, and other similar hazards

1.4 Retroactivity.

The provisions of this standard reflect a consensus of what is necessary to provide an acceptable degree of protection from the hazards
addressed in this standard at the time the standard was issued.

1.4.1 Unless otherwise specified. the provisions of this standard shall not apply to facilities, equipment, structures, or installations that existed
or were approved for construction or installation prior to the effective date of the standard. Where specified, the provisions of this standard
shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction determines that the existing situation presents an unacceptable degree of risk, the
authority having jurisdiction shall be permitted to apply retroactively any portions of this standard deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be permitted to be modified if their application clearly would be impractical in the
judgment of the authority having jurisdiction and only where it is clearly evident that a reasonable degree of safety is provided.
1.5 Equivalency.

Nothing in this standard is intended to prevent the use of systems. methods, or devices of equivalent or superior quality, strength, fire
resistance, effectiveness. durability, and safety over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the authority having jurisdiction to demonstrate equivalency.
1.5.2 The system. method. or device shall be approved for the intended purpose by the authority having jurisdiction.

Chapter 2 Referenced Publications |

2.1 General.

The documents or portions thereof listed in this chapter are referenced within this standard and shall be considered part of the requirements of
this document.

1.2 NFPA Publications.

National Fire Protection Association, 1 Batterymarch Park, Quincy. MA 02169-7471.
NFPA 70, Mational Electrical Code®, 2005 edition.

NFPA 495, Explosive Materials Code, 2006 edition.

2.3 Other Publications.

2.3.1 ASTM Publications.

ASTM International. 100 Barr Harbor Drive, P.O. Box C700. West Conshohocken, PA 19428-2959.

ASTM D 86. Standard Test Method for Distillation of Petroleum Products at Atmospheric Pressure, 2001.
ASTM D 92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup. 1998.

ASTM D 6668, Standard Test Method for the Discrimination Between Flammibility Ratings of F = 0and F = 1, 2001.
1.3.2 UN Publications.

United Nations, UN Plaza, New York. NY 10017.

Manual of Tests and Criteria. 3rd revised edifion.

Recommendations on the Transport of Dangerous Goods, Model Regulations, 11th revised edition.

2.3.3 U.5. Government Publications.

U.5. Government Printing Office, Washington, DC 20402.

Title 49. Code of Federal Regulations. “Method of Testing for Sustained Combustibility.” Part 173, Appendix H.
2.3.4 Other Publications.

Merriam-Webster's Collegiate Dictionary, 11th edition. Merriam-Webster. Inc.. Springfield. MA. 2003.

1.4 References for Extracts in Mandatory Sections.
NFPA 1, Uniform Fire Code™ 20006 edition.
NFPA 30, Flammable and Combustible Liguids Code, 2003 edition.

Chapter 3 Definitions I
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(2)  Explosive and blasting agents. including commercial explosive material as defined in NFPA 495, Explosive Materials Code
(3)  Chemicals whose only hazard is one of chronic health hazards
(4)  Teratogens. mutagens. oncogens, etiologic agents, and other similar hazards

1.4 Retroactivity.

The provisions of this standard reflect a consensus of what is necessary to provide an acceptable degree of protection from the hazards
addressed in this standard at the time the standard was issued.

1.4.1 Unless otherwise specified. the provisions of this standard shall not apply to facilities, equipment, structures, or installations that existed
or were approved for construction or installation prior to the effective date of the standard. Where specified. the provisions of this standard
shall be retroactive.

1.4.2 Inthose cases where the authority having jurisdiction determines that the existing sifuation presents an unacceptable degree of risk, the
authority having jurisdiction shall be permitted to apply retroactively anv portions of this standard deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be permitted to be modified if their application clearly would be impractical in the
judgment of the authority having jurisdiction and only where it is clearly evident that a reasonable degree of safety is provided.

1.5 Equivalency.

Nothing in this standard is intended to prevent the use of systems. methods, or devices of equivalent or superior quality, strength, fire
resistance, effectiveness, durability, and safety over those prescribed by this standard.

1.5.1 Technical documentation shall be submitted to the authority having jurisdiction to demonstrate equivalency.
1.5.2 The system. method, or device shall be approved for the intended purpose by the authority having jurisdiction.

Chapter 2 Referenced Publications I

2.1 General.

The documents or portions thereof listed in this chapter are referenced within this standard and shall be considered part of the requirements of
this document.

1.2 NFPA Publications.

National Fire Protection Association. 1 Batterymarch Park. Quincy. MA 02169-7471.
NFPA 70, National Electrical Code®, 2005 edition.

NFPA 495, Explosive Materials Code, 2006 edition.

1.3 Other Publications.

2.3.1 ASTM Publications.

ASTM International. 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken. PA 19428-2050.

ASTM D 86, Standard Test Method for Distillation of Petroleum Prodhicts at Atmospheric Pressure. 2001.
ASTM D 92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup. 1998

ASTM D 6668. Standard Test Method for the Discrimination Between Flammibility Ratings of F = 0 and F = 1, 2001.
2.3.2 UN Publications.

United Nations, UN Plaza. New York. NY 10017

Manual of Tests and Criteria, 31d revised edition.

Recommendations on the Transport of Dangerous Goods, Model Regulations., 11th revised edition.

2.3.3U.S. Government Publications.

U.S. Government Printing Office, Washington, DC 20402.

Title 49. Code of Federal Regulations, “Method of Testing for Sustained Combustibility.” Part 173, Appendix H.
2.3.4 Other Publications.

Merriam-Webster's Collegiate Dictionary, 11th edition. Merriam-Webster. Inc., Springfield, MA. 2003,

2.4 References for Extracts in Mandatory Sections.

NFPA 1, Uniform Fire Code™, 2006 edition.

NFPA 30, Flammable and Combustible Liguids Code, 2003 edition.

Chapter 3 Definitions I
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3.1 General.

The definitions contained mn this chapter shall apply to the terms used m this standard. Where terms are not defined in this chapter or within
another chapter. they shall be definad using their ordinarily accepted meanings within the context in which they are used. Merriam-Webster's
Collegiate Dictionary, 11th ediion, shall be the source for the ordinanly accepted meaning.

3.2 NFPA Official Definitions.

[}

1.1 Approved. Acceptable to the authority having jurisdiction.

3.2.2% Authoritv Having Jurisdiction (AHJ). An organization, office, or individual responsible for enforcing the requirements of a code or
standard. or for approving equipment, materials, an installation, or a procedure.

3.2.3 Shall. Indicates a mandatory requrement.

3.3 General Definitions.

3.3.1% Boiling Point. The temperature at which the vapor pressure of a hquid equals the surmounding atmoespheric pressure. For purposes of
defining the boiling point, atmespheric pressure shall be considered to be 14.7 psia (760 mm Hg). For mixtures that do not have a constant
boiling point, the 20 percent evaporated point of a distillation performed in accordance with ASTM D 86, Standard Test Method for
Distillation of Petroleum Products at Ammospheric Pressure, shall be considersd to be the boiling point. [30, 2003]

3.3.2 Fire Point. The lowest temperature at which a liquid will ignite and achieve sustained buming when exposed to a test flame m
accordance with ASTM D 92, Standard Test Merthod for Flash and Fire Points by Cleveland Open Cup.

3.3.3% Flash Point, The minimum temperature at which a liquid or a solid emits vapor sufficient to form an 1gnitible mixture with air near the
surface of the liqud or the solid.

3.3.4% Frosthite, Frostbite is a localized condition that occurs when the layers of the skin and deeper tissue freeze.

3.3.5 Materials.

3.3.5.1 Stable Materials. Those matenials that normally have the capacity to resist changes mn their chemical composihon, despite exposure to
air, water, and heat as encovmterad in fire emergencies.

3.3.5.2 Unstable Materials. A matenial that in the pure state or as commercially produced, will vigorously polymenze, decompose o1
condense, become self-reactive, or otherwise undergo a vielent chemical change under conditions of shock, pressure, or temperature.

3.3.6 Simple Asphyxiant Gas. A gas that does not provide sufficient oxygen to support life and that has none of the other physical or health
hazards. [1, 2006]

| Clapeal Eaer

4.1 Description.

4.1.1 This system of markings shall identify the hazards of a matenal in terms of the following three principal categories:
(1}  Health

(2)  Flammability

(3)  Instability

4.1.2 The system shall indicate the degree of severity by a numerical rating that ranges from four, indicating severe hazard, to zero. indicating
minimal hazard.

4.1.3 The mformation shall be presented by a spatial arrangement of numerical ratings, with the health rating always at the nine o'clock
position, the flammability rating always at the twelve o'clock position. and the instability rating always at the three o'clock position.

4.1.4* Each rating shall be located in a square-on-point field (commonly referred to as a diamond), each of which is assigned a color as
follows:

(1) Blue for health hazard
(2}  Red for flammability hazard
(3} Yellow for instability hazard

4.1.5 Altemnatively, the square-on-point field shall be permitted to be any convenient contrasting coler and the numbers themselves shall be
permitted to be colored. (See Figure 9.17a) through Figure 9.1(c) for examples of the spatial arvangements.)

4.1.6 The fourth quadrant. at the six o'clock position, shall be reserved for indicating special hazards and shall be in accordance with Chapter
8. No special color 1s associated with this quadrant.
4.2 Assiznment of Ratings.

4.2.1 The hazard evaluation required to determine the correct hazard ratings for a specific matenial shall be performed by persons who are
technically competent and experienced in the interpretation of the hazard criteria set forth in this standard.

4.2.2% Assignment of ratings shall be based on factors that encompass a knowledgze of the inherent hazards of the material, including the
extent of change in behavior to be anticipated under conditions of exposure to fire or fire control procedures.
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4.2.3 'The system shall be based on relative rather than absolute values, requiring considerable judgment be exercised.

4.2.3.1 Based on professional judgment, the hazard rating shall be permitted to be either increased or decreased to more accurately assess the
likely degree of hazard that will be encountered.

4.2.3.2* It shall be anticipated that different physical forms of the material or conditions of storage and use could result in different ratings
heing assigned to the same material.

4.2.3.3* Where more than one chemical is present in a building or specific area. professional judgment shall be exercised to indicate ratings
using the following methods:

(1) Composite Method. Whei y chemicals are present, a single sign shall summarize the ms
material(s) in each category and the special hazard category for the building and/or the area.

wim ratings contributed by the

(2) Individital Method. Where only a few chemicals are present or where only a few chemicals are of concern to emergency responders
(taking into account factors including phyvsical form, hazard rating, and quantity), individual signs shall be displayed. The chemical
name shall be displaved below cach sign.

(3) Compasite—Individial Combined Method. A single sign shall be used to summarize the ratings via the Composite Method for buildings

or other arcas containing numerous chemicals, Signs based on the Individual Method shall be used for rooms or smaller areas within the
building containing small bers of chemicals.

4.2.3.4" When mixtures of chemicals are being rated, actual data on the mixture itself shall be used to obtain the ratings for health,
fl bility, and instability.

4.3* Location of Signs.

Signs shall be in locations approved by the authority having jurisdiction and as a minimum shall be posted at the following locations:
(1} Two exterior walls or enclosures containing a means of access to a building or facility

(2) Each access 1o a room or area

3 Each principal means of access to an exterior storage area

[ Chapter 5 Health Hazards

5.1 General.

5.1.1* This chapter shall address the capability of a material to cause personal injury due to contact with or entry into the body via inhalation,
skin contact, eye contact, or ingestion.

5.1.2 Injury resulting from the heat of a fire or from the force of an explosion shall not be considered.

5.1.3* Iealth hazards that can result from chronic or repeated long-tenm exposure to low concentrations of a hazardous material shall not be
considered.

S.1.4* If the oral toxicity values indicate a health hazard rating that is significantly different from other, more likely routes of exposure or if
the oral toxicity values would tend to either exaggerate or minimize the hazards likely to be encountered, then professional judgment shall be
exercised in assigning the health hazard rating.

5.1.5* For purposes of assigning the health hazard rating, only the inherent physical and toxic properties of the material shall be considered.
However, if the combustion or decomposition products are known. are generated gnificant quantities. and present a significantly greater
depree of risk, they shall be rated accordingly.

5.1.6 The degree of hazard shall indicate to fire-fighting and emergency response personnel one of the following:
(1) ‘They can work safelv in the area only with specialized protective equipment.

(2)  They can work safely in the area with suitable respiratory protective equipment.

(3) They can work salely in the arca with ordinary ¢lothing.

5.2* Degrees of Hazard.

The degrees of health hazard shall be ranked according to the probable severity of the effects of exposure to emergency response personnel
detailed in Table 5.2.

Table 5.2 Degrees of Health Hazards

Degree of [lazard* Criterint
4 — Materials that, under emergency conditions,  Gases whose LCs) for seute inhalation toxicity is less than or egual to 1000
can be lethal parts per million (ppm)
Any ligquid whese saturated vapor concentration at 20°C (68°F) is equal 1o or
greater than 10 imes 1ts LCsp for acute mhalation tesucity, if its LC5p 15 less
than or equal to 1000 ppm
Dusts and mists whose LC s for acute inhalation toxicity 1s less than or equal

o 0.5 milligram per liter (mg/T.)
Matenals whose LDgq [or acute dermal wxicity is less than or equal 10 40

milligrams per kilagram (mg/kg)
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Table 52 Degrees of Health Hazards

Degree of Hazard® Criteria®
Materials whose LDsy for acute oral toxicity is less than or equal to 5 mgkg

3 — Materials that, under emergency conditions,  Gases whese LC5p for acute inhalation toxieity 1s greater than 1000 ppm but
Gl GAUSE SETICUS OF permanent njury less than or equal to 3000 ppm
Any liquid whose saturated vapor concentration at 20°C {68°F) 15 equal to or
greater than its LC 5y for acute inhalation toxicity, if its LC s is less than or
equal 1o 3000 ppm, and that does not meet the critena for degree of hazard 4
Dhusts and mists whose LCq, for acute inhalation toxicity is greater than 0.5
mg/L but less than or equal to 2 mg/L
Materials whose LDsy for acute dermal toxicity is greater than 40 mg/kg but
less than or equal to 200 mg/'kg
Materials that are corrosiv

o the respiratory tract
Materials that are corrosive to the eve or cause ureversible corneal opacity
Materials that are carresive to skin
Cryogenic gases that cause frostbite and rreversible tissue damage
Compressed liguefied gases with boiling points at or below -55°C (-66.5°F) that
cause frosthite and irreversible tissue damage
Materials whose LD sy for acute oral toxicity is greater than 3 mg/kg but less
than or equal to 50 mg'kg

2 — Materials that, under emergency conditions,  Gases whese LC5p [or acute inhalation toxicity is greater than 3000 ppm but

can cause temporary incapacitation or residual less than or equal to 3000 ppm

mjury

Any liquid whose saturated vapor concentration at 20°C (68°F) iz equal to or
greater than one-fifth its LCsp for acute inhalation toxicity, if its LC5q) is less
than or equal to 5000 ppm, and that does not meet the cnitena for either degree
of hazard 3 or degree of hazard 4
Drusts and mists whose LCs for acute inhalation toxicity is greater than 2 mp/L
but less than or equal to 10 mg/L
Materials whose LDs, for acute dermal toxicity is greater than 200 mg/ke but
less than or equal to 1000 mg/'kg
Compressed liquefied gases with boiling points between -30°C (-22°F) and
-55%C (-66.5°F) that can cause severe tissue damage, depending on duration of
cxXposure
Materials that are respiratory irritants
Materials that cause severe but reversible wntation to the eves or lacrimators
Materials that are primary skin irritants or sensitizers
Materials whosz LDsy, for acute oral toxicity is greater than 50 mg/kg but less
than or equal to 500 mg/kg

1 — Materials that, under emergency conditions,  Gases and vapors whose LC 5y [or acute inhalation toxicity is greater than 5000

can cause significant irritation ppm but less than or equal to 10,000 ppm
Dusts and mists whose LC s for acute inhalation toxicity is greater than 10
mg/l. but less than or equal to 200 mg/1.
Materials whoss LDy, for acute dermal toxicity is greater than 1000 mg/kg but

less than or equal to 2000 mg/kg
Materials that cause slight to moderate imritation to the respiratory tract, eves,
and skin
Materials whose LDsg, for acute oral toxicity is greater than 300 mg/kg but less
than or equal to 2000 mp/kg
0 — Materials that, under emergency conditions,  Gases and vapors whose 1.C 5 for acute inhalation toxicity is greater than
would offer no hazard beyond that of ordinary 10,000 ppm
combustible materials

Dusts and mists whose LC 5 for acute inhalation toxicity is greater than 200
mg/T.
Materials whose LDy for acute dermal toxicity is greater than 2000 mg/kg

Materials whose LDy for acute oral toxicity is greater than 2000 mg/kg
Materials that are 1ally nonirritating to the respiratory tract, eves, and skin
*For each degree of hazard, the criteria are histed in a prionity order based on the likelihood of exposure.

TSee Section B.3 for definitions of LCsq and LD 5.

5.2.1 Data from all routes of exposure shall be considered when applying professional judgment to assign a health hazard rating.

Chapter 6 Flammability Hazards |

6.1 General,
6.1.1 This chapter shall address the degree of susceptibility of materials to buming,.

6.1.2% Because many materials will burn under one set of conditions but will not burn under others, the form or condition of the material shall
be considered, along with its inherent properties.
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7.1.1.3* In the evaluation of the hazards of organic peroxides, additional factors shall be taken into account.

7.1.2* Because of the wide variations of unint 1l combinations possible in fire or other emergencies, these extrancous hazard factors
(except for the effect of water) shall not be applied to a general numerical rating of hazards. Where large quantitics of materials are stored
together, inadvertent mixing shall be considered in order to establish appropriate separation or isolation.

7.1.3 The degree of instability hazard shall indicate to fire-fighting and emergency personnel whether the area shall be evacuated, whether a

fire shall be fought from a protected location, whether caution shall be used in approaching a spill or fire to apply extinguishing agents, or
whether a fire can be fought using normal procedures,

7.2 Degrees of Mazard.,

The degrees of hazard shall be ranked according to case, rate, and quantity of energy release of the material in pure or commercial form

detailed in Table 7.2.
Table 7.2 Degrees of Instability Hazards
Degree of Hazard Criteria
4 Muterials that in themselves are readily Miaterials that are sensitive to localized thermal or mechanical shock at normal
capable of detonation or explosive decomposition  temperatures and pressures
or explosive reaction at normal temperatures and MWaterials that have an instantaneous power density (product of heat of reaction
pressures and reaction rate) at 250°C (432°F) of 1000 watts per milliliter (W/mL) er
greater
3 — Materials that in themselves are capable of Materials that have an instantaneous power density {product of heat of reaction

detonatian or explesive decomposition ar explosive  and reaction rate) at 230°C (482°F) at or above 100 W/mL and belew 1000
reaction but that require a strong initiating source o WmL
must be heated under confinement before ini Materials that are sensitive to thermal or mechanical shock at elevated

temperatures and pressures
2 — Materials that readily underge violent Materials that have an instantaneous power density {product of heat of reaction
chemical change at elevated temperatures and and reaction rate) at 250°C (482°F) at or above 10 WimL and below 100
pressures WimL
1 — Materials that in themselves are normally Materials that have an instantancous power density {product of heat of reaction
stable but that can become unstable at elevated and reaction rate) at 250°C (482°F) at or above 0.01 WimL and below 10
temperatures and pressures WimL
0 — Materials that in themselves are normally Materials that have an instantancous power density (product of heat of reaction
stable, even under fire conditions and reaction rate) at 250°C (482°F) below (0.01 W/mL
Materials that do nod exhibit an exotherm at temperatures less than or equal 1o
S00°C (932°F) when tested by diffs ial calorimatry

Chapter 8 Special Hazards |

8.1 General.

8.1.1* This chapter shall address water reactivity and oxidizing properties of the materials that cause special problems or require special
fire-fighting technigues.

8.1.2 Special hazard symbols shall be shown in the fourth space of the sign or immediately above or below the entire sign.

8.2 Symbols.
Special hazards shall be represented by a spatial arrangement denoted by symbols always at the six o'clock position.

8.2.1* Materials that react violently or explosively with water (i.e., water reactivity rating 2 or 3) shall be identified by the letter “W* with a
horizental line through the center (% ).

8.2.2* Materials that possess oxidizing properties shall be identified by the letters “OX."

8.2.3* Por chemicals requiring both “special hazard™ symbols (i.e., % and OX), the W shall be displayed inside the special hazards quadrant,
and the OX shall be displayed directly below or adjacent to the special hazards quadrant.

8.2.4* Materials that are simple asphyxiant gases shall be permitted to be identified with the letters “SA™ and shall be limited to the following
gases: nitrogen, helium, neon, argon, krypton, and xenon.

Chapter 9 ldentification of Materials by Hazard Rating System I

9.1 Symbol Arrangement.

One of the systems delineated in Figure 9.1(a). Figure 9.1(b). or Figure 9.1(¢) shall be used for the implementation of this standard.
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dhesive-backed plastic i ) Flammability ‘White painted background or
one needed for each numeral, three needed for hazard rating — white paper or card stock
each complete hazard rafing red
Heatth l Instability \
b g hazard rating —
e 4 yellow

&

(a) Foruse where specified
color background is used with
numerals of contrasting colors

—— Special hazard

(b} For use where white
background is necessary

(¢) For use where white

background is used with painted
numerals or for use when hazard
rating i in the form of sign or placard

FIGURE 9.1(a) Alternative Arrangem ents for Display of NFPA 704 Hazard Identification System.

!

Where painted (use same
dimensions for sign or

placard)

Color of numerals 1, 2,3, 4

Minimum dimensions of white
background for hazard ratings
(white background is optional)

Size of
hazard
ratings

H w T A B

25(1) | 18 (07) 4 () | 84 2w | 32 (1)
s1(2) | 96 (1.4)) 8 (o) [127 (5) | 64 (24)

3 | 53 2.1)] 12 ("35)|191 (7¥4) | 95 (3%)
(@) | 71 (28)| 18 (%) |254 (10) [127 (5)
(6) [107 (1.2)| 24 (%381 (18] | 191 (7%%)

Where made from
adhesive-backed plastic (one
for each numeral, three
necessary for each complate
hazard raling)

Al dimensicns given in mm (in.)

Exception: For containers with a capacity of
3.78 L{1 gal) or less, symbols can be reduced
in size, provided the following:

(1) The reduction is proportionate.

(2) The color coding is retained.

(3) The vertical and horizontal dimensions of
the diamond are not less than 25 mm (1in.).

(4) The individual numbers are no
smaller than 3.2 mm (% in.) fall.

should be as indicated.
L Sw N oW
¥ 7 T ]

b/ 5 LT e -—

, S
T |F_ Tw W W Note: Style of numerals
]‘—’l |‘—-’| shown is optional

FIGURE 9.1(h) Dimensions of NFPA 704 Placard and Numerals.

Arrangement and order of hazard ratings:

optional form of application
Distance at which hazard | Minimum size of hazard
ratings are legible ratings required
1524 m (50 H) 25mm 3
2286 m (75 H) 51 mm 3
3048 m (100 ft) 76mm (3in)
B0.96m (200 ft) 102 mm il
91.44m (300 ) 152mm {6 in)

Note: This shows the correct spatial arrangement
and order of hazard ratings used for identification of
materials by hazard.

[ 1
FIGURE 9.1{c) Minimum Size of Numerals for Legibility at Distance.

Annex A Explanatory Material |

Annex Ais not o part of the requirements aof this NFPA document but 15 incinded for informational purpases anly. This annex coniains
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explanatory material, bered to correspond with the applicable text paragraphs.

A.1.3.2 The Technical Committee on Classification and Properties of Hazardous Chemical Data recognizes that the potential exists for certain
materials to cause a carcinogenic or teratogenic effect from acute exposure(s). However, sufficient data are not available to this committee to
allow for the development of numerical ratings based on carcinogenic or teratogenic potenti

A.3.2.1 Approved. The National Fire Protection Association does not approve, inspect, or certify any installations, procedures, equipment, or
materials: nor does it approve or evaluate testing laboratories. In detenmining the acceptability of installations, procedures, equipment. or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may also refer to
the listings or labeling practices of an organization that is concerned with product evaluations and is thus on o determine compliance
with appropriate standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “authority having jurisdiction.” or its acronym AHJ, is used in NFPA documents
in a broad manner. since jurisdictions and approval agencies vary. as do their responsibilities. Where public safety is primary, the authority
having jurisdiction may be a federal, state, local, or other regional department or individual such as a fire chief} fire marshal; chiel of a fire
prevention bureau, labor department. or health department: building official: electrical inspector: or others having statutory authority. For
insurance purposes, an insurance inspection department, rating bureau, or other insurance company representative may be the authority having
Jurisdiction. In many circumstances, the property ovwner or his or her designated agent assumes the role of the authority having jurisdiction: at

government installations, the o ding officer or departmental official may be the authority having jurisdiction.

A.3.3.1 Boiling Point. For single-component liquids at the boiling point. the surrounding atmospheric pressure can no longer hold the liquid in
the liguid state and the liquid boils. A low boiling point is indicative of a high vapor pressure and a high rate of evaporation.

Where an accurate boiling point is unavailable for the material in question or for mixtures that do not have a constant boiling point. for
purposes of this standard the 20 percent point of a distillation performed in accordance with ASTM D 86, Standard Test Method for
Distillation of Petroleum Products at Atmospheric Pressure, can be used as the boiling point of the liquid. The user is warned that this
definition of boiling point is inconsistent with that given in other flammability classification systems that generally use the initial boiling point
of the distillation curve. Therefore, boiling points assigned for mixtures by these different classification systems are not interchangeahle. For
more information. see Britton,

A.3.3.3 Flash Point. Flash point is a direct measure of a liquid's volatility, its tendency to vaporize. The lower the flash point. the greater the
volatility and the greater the risk of fire. Flash point is determined using one of several different test procedures and apparatus that are
specified.

A.3.3.4 Frostbite. Frostbite causes the skin to have a pale waxy-white appearance. and the tissue becomes numb and hard. The blood vesscls
in the affected area constrict and decrease circulation. Ice crvstals then form in the tissue and cause structural damage with death of the affected

cells.

In mild cases where ice crystal formation has not vet occurred or is very limited, recovery is usually complete, and circulation and tissue will
revert to their normal state. Depending on the depth at which the tissue freezes, four degrees ol sevenly can be distinguished. The [irst and
second degrees of severity are limited to the top lavers of skin where circulation is impaired. The second degree of severity results in blistering
of the skin. Both the first- and second-degree levels do not extend beyond the top layers of the skin, and e death is limited. The third
degree of severity involves tissue death below the skin layers. The fourth and most severe degree results in deep-tissue death that involves the
muscle, tendon, and bone.

When exposure to cold is prolonged or extremely low temperatures are encountered as in the case of unprotected contact with liqueticd
cryogenic gases, irreversible tissue damage generally ocours, In the more severe cases of frostbite, tissue viability is affected, resulting in tissue
death. Depending on the severity of tissue damage and the location affected. surgical removal or amputation of affected tissue or extremily can
be necessary.

A.4.1.4 No specilic color shade 1s recommended, but the blue, red, and vellow used must provide adequate contrast so that the rating numbers
are easily identified. Many environmental conditions can affect the stability of the colors.

A.4.2.2 The NFPA 704 ratings are applied to numerous chemicals in the NFPA Five Protection Guide to Hazardons Materials, which contains
withdrawn standards NFPA 49, Hazardous Chemicals Data, and NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases,
and Velatile Solids. These were withdrawn as NFPA standards (and are therefore no longer published in the National Fire Codezs®). However,
they are maintained by NFPA staff in a database that will be ilable to the public electronically in the future and in updates of the NFPA Fire
Protection Guide to Ilazardous Materials, The Committee wishes to note that those documents were withdrawn solely for expediency in
updating the data, which was not possible in a 3- to S-year revision cycle.

A.4.2.3.2 Due to the large number of variables, the requir and guidance presented in this standard are general in nature and are limited
to the most important and common factors. For example, although flash point is the primary criterion for assigning the flammability rating,
other criteria could be of equal importance. For example. autoignition temperature, flammability limits, and susceptibility of a container to
failure due to fire exposure also should be considered. For instability, the emphasis is on the ease by which an energy-releasing reaction is
triggered. These factors should all be considered when calling on one's judgment during the assignment of ratings.

A.4.2.3.3 The purpose of the Composite Method is to characterize the hazards as simply as possible where many chemicals are present. The
sign reflects the rating for the arca. not for individual chemicals. For example. say a building contains materials with individual chemical
ratings of 1-2-1 OX, 1-2-2 W, 3-1-2, and 2-3-4, and a specific area of the building contains individual chemicals with ratings of 1-2-1 OX and
2-3-4. This situation would result in the [ollowing:

(1) The building would be placarded as 3-3-4 OX w,
(2)  This specific area would be placarded as 2-3-4 OX.

Using the Individual Method for the same building containing the same chemicals, there would be four signs with the following ratings: 1-2-1
OX. 1-2-2 %, 3-1-2, and 2-3-4. Each sign would include the chemical name below the sign.
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The specific area of the building would have two signs with the ratings of 1-2-1 OX and 2-3-4, each of which would include the chemical name
below the sign. It should be recognized that the purpose of the standard is for recognition of hazards in an emergeney; therefore, the number of
signs displaved in a single place generally should not exceed five,

The Composite-Individual Combined Method allows users to utilize the best features of the other two methods. The outside of the building,
enclosure, or area is posted with a single Composite sign for quick recognition of the overall hazards. Areas or rooms within the building are
posted using either the Individual Method or the Composite Method, depending on the number of chemicals they contain.

A4.2.3.4 In the absence of data on the specific mixture, the most conservative rating (numerically highest) for each component of the mixture
for health and instability should be used, with adjustment for professional judgment in accordance with 4.2.3. The synergistic effects or
reactions of the components of the mixture should also be considered when assigning the ratings.

When different materials are mixed together, the instability hazard of the mixture can be entirely different from those of the individual
components. An example discussed by Stull is the unrecognized mixing of a reducing agent with an oxidizing agent. This compares directly to
mixing a fuel with an oxidizer. In this example, a green pigment was manufactured by mixing the vellow pigment lead chromate with the blue
pigment ferric ferrocvanide. During line grinding in a hammer mill, the mixture ignited and deflagrated, resulting in a severe lire. Chemists
recognize lead chromate as an oxidizing agent and fermic ferrocyanide as a reducing agent. In the NFPA rating system, although lead chromate
should be labeled an oxidizer (OX) in the special hazards quadrant, there is no corresponding provision for labeling reducing agents, such as
ferric ferrocyanide. While the in ual components involved both have NFPA instability ratings of 0 or 1, the mixture could have a higher
mstability rating up to 3, depending on the ratio of the components and the intimacy of mixing,

Flammability ratings should be based on measured flash point rather than an estimated value, because the mixture's flash point and boiling
point can be readily tested and quantified. In advance of testing, the flash point for a mixture can be predicted using the method described in
Hanley. The flammability rating is determined per Annex C.

A.4.3 The quantity and location of NFPA 704 placards are based on factors such as fire department response and access: fire department
operations: location, configuration. size, and arrangement of storage areas: location, configuration, and construction of the buildings: and other
factors. The authority having jurisdiction should be consulted regarding the placement of identification to assist in response to incidents at the
location.

AS11 See Annex B for additional health hazard rating background information.

ASL3 In general, the health hazard that results from a fire or other emergency condition is one of acute (single) short-term exposure o a
concentration of a hazardous material. This exposure can vary from a few seconds to as long as 1 hour. The physical exertion demanded by fire
fighting or other emergency activity can be expected to intensify the effects of any exposure. In addition, the hazard under ambient conditions
will likely be exaggerated at elevated temperatures.

A.5.1.4 The oral route of exposure (i.e., ingestion) is highly unlikely under the conditions anticipated by this standard. In such cases, other
routes of entry should be considered to be more appropriate in assessing the hazard. Similarly, inhalation of dusts and mists is unlikely under
the conditions anticipated by this standard. In such cases, the health hazard ratings should also be based on data for the more likely routes of
CXposure.

A5.1.5 Some materials have products ol combustion or decomposition thal present a signilicantly greater degree ol hazard than the inherent
and toxic properties of the or The degree of hazard is dependent on the conditions at the time of the incident. In limited

. NFPA 49, Hazardows Chemicals Data, provides information on the hazardous products of combustion or decomposition. (Note:
Although NFPA 49 has been ofTicially withdrawn from the National Fire Codes, the information is still available in NFPA's Fire Protection
Guide to Hazardous Materials.)

In general, the Technical Committee on Classification and Properties of Hazardous Chemical Data does not consider elevating ratings based on
decomposition or combustion products except for unusual circumstances. An example where the health rating could conceivably be increased
is vinylidene chloride. Vinylidene chloride can emit a significant amount of phosgene under fire conditions. and under certain storage and use
conditions. the rating of 2 could be increased to 4 for health. Another example is polyvinyl chloride, which emits hydrogen chloride and
possibly chlorine under fire conditions. The rating of 0 or 1 could be increased to 3 or 4 for health. Conditions play a large part in any rating, as
noted in Section 4.2, and professional judgment should be exercised. Some materials have combustion or decomposition products that present a
significantly greater degree ol hazard than the inherent physi ind toxic properties of the original material. The degree of hazard is dependent
on the conditions at the time of the incident.

A.8.2 Certain materials upon release can cause frostbite. Frosthite, as a health hazard, should be related to the skin‘eye component of the
health hazard rating criteria.

A.6.1.2 The definitions for liquid classification are found in NFPA 30, Flammable and Combustible Liquids Code.

Solids should normally be rated as pellets unless the form and handling conditions of the solid require otherwise,

A.6.2 For water-miscible solutions and liquids that do not sustain combustion in accordance with the hazard rating 1 criteria, the individual
performing the hazard evaluation should recognize that in large vapor spaces, evaporation of volatile components of the mixture can create a
flammable mixture, which could increase the fire or explosion hazard. This could occur even though the bulk material meets the
alorementioned criteria

In the case of mixtures stored in non-inerled tanks where the vapor space can contain ignitible vapor. the Nammability rating should be based
exclusively on a closed cup flash point test. In some cases. even solutions containing less than 1 percent volatile flammable materials could
produce ignitible atmospheres (Britton).

A.7.1.1 The vio of a reaction or decomposition can be increased by heat or pressure. The violence of a reaction or decomposition can also
be increased by mixing with other materials to form fuel-oxidizer combinations or by contact with incompatible substances, sensitizing
contaminants, or catalysts.

A.7.1.1.3 Referto NFPA 432, Caode for the Storage of Organic Peroxide Formulations, for more specific information regarding the
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classification of organic peroxides.

A.7.1.2 The hazards of inadvertent mixing can be addressed by a chemical compatibility chart. Information to develop such a chart can be
found i NFPA 491, Guide to Hazardous Chemical Reactions. (Note: Although NFPA 491 has been officially withdrawn from the National
Fire Codes. the information 1s still available in NFPA's Fire Protection Guide to Hazardous Materials.) Information can also be found mn
Bretherick.

A.8.1.1 Only 2 special hazard symbols (OX and W) are required by NFPA 704, and SA 1s an optional symbol mside the NFPA special
hazards quadrant. Outside NFPA 704, limited, special situations might exist in which individual circumstances dictate use of a unique hazard
symbol. Other user-defined symbols or markings must be placed outside the NFPA “diamond.™ Appropriate training and communication
addressing these other markings are essential. Other special hazard symbols (beyond OX and W ) should not be considered to be part of the
NFPA 704 hazard rating system. In many cases, the hazards represented by these symbols are already considered in the health, flammabality, or
instability rating categories. For example, a polymerization hazard 1s covered by the numerical mstability rating and does not require a separate
symbol. Also. corrosive properties are considered in the health rating and, agam. do not require a separate symbol. In addition. because these
additional symbols are not defined by the standard. emergency responders might not recogmize their significance.

A.8.2.1 Guidance on use of the W symbol and other associated information are located in Annex F, Water Reactivity Identification Criteria.
A.8.2.2 For further information on oxidizers, including oxidizer classes, see NFPA 430. Code for the Storage of Liquid and Solid Oxidizers.

The severity of the hazard posed by an oxidizer can be ranked according to the classification system presented in NFPA 430. This numerical
class can be included in the special hazards quadrant of the NFPA 704 placard. For ple, because ammonium permanganate 1s a Class 4
oxidizer (per NFPA 430). the special hazards quadrant would be matked OX 4 to better define the hazard.

The adding of the quantification of the oxidation helps to better define the hazard. For example, both manganese dioxide (NFPA 430, Class 1)
and ammonium permanganate (NFPA 430, Class 4) would be listed under the current system as OX in the NFPA 704 system, with no
information on the degree of hazard.

A.8.2.3 Both the W and the OX are special hazards However, the W- rating should be ranked as the primary special hazard by display of the
w- symbol mside the special hazards quadrant, because 1t 15 deemed more important from a fire-fighting perspective. The Committee
recognizes that water application 1s a common first approach to fire fighting. Responders need to be immediately alerted to the W rating and
should not apply water without understanding the consequences of that action. The OX 1s still important but 1s secondary and 1s displayed
outside the quadrant, as shown in Figure 9.1(c).

A.8.2.4 See defined term simple asphyxiant gas. Gases that are simple asphyxiants can displace the amount of oxygen in the air necessary to
support life. Because these gases are colorless and odorless and offer no waming properties, the SA symbol added to the NFPA 704 diamond
will alert responders to the potential hazard.

Annex B Health Hazard Rating |

This annex is not a part of the requirements of this NFPA document but is included for informational purposes only.

B.1 Development of Quantitative Guidelines for Health.

In developing this edition of NFPA 704, the Technical Committee on Classification and Properties of Hazardous Chemical Data determined
that the standard should provide quantitative guidelines for determining the numerical health hazard rating of a material (see Table B.1).

Table B.1 Health Hazard Rating Chart

Gas/Vapor
Saturated Vapor Drust/Mist
Degree of  Inhalation LCgg Concentration Inhalation LCzq OralLDs;  Dermal LDgp
Hazard (ppm-v] (x LCgq in ppm-v) (mg/L) (mg/kg) (mg'kg) Skin'Eve Contact

4 0to 1.000 10to =10 0.00t00.5 0.00t0 5 Oto40 =

3 1,001 to 3,000 1to0=10 051to2 5.01to 50 40110200 Comosive, ireversible eye
injury
Comosive ifpH S2 or 211.5

2 3,001 to 5,000 02to=1 201to10 50.1 to 500 2010 1,000 Severe imitation, reversible
injury Sensitizers Lacrimators
Frostbite from compressed
liquefied gases

1 5,001 to 10,000 Oto =02 10.1 to 200 501t02,000 1,001 to 2,000 Slight to moderate eye
imitation
Mild irritation is borderline
[

0 =10,000 0to =02 =200 =2.000 =2,000 Essentially nonimitating

Notes:

6]

mgi m” 3445
ppn =

malecular weight

(2) Saturated vapor concentration (ppm) at 20°C (@ standard atmosphernic pressure:

_ Vapor pressure (mmHg)x 106
- 760
(3) See Section B.3 for definitions of LC5( and LDjyy.

SVC
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B.1.1 Inhalation Hazard Considerations Using DOT Criteria. In addition, the Committee agreed that a health hazard rating of 4 or 3 should
be assigned to any material classified as a “Poison-Inhalation Hazard™ by the U.S. Department of ‘Transportation (DO, “The poison-inhalation
hazard classification was adopted by DOT from the United Nations (UN) criteria detailed in the UN publication Reco lations on the

Transport of Dangerons Goods. (See also “Notice of Proposed Rulemaking, " Federal Register, and “Notice of Final Rule,” Federal Register.)

B.1.2 Inhalation Hazard Considerations Using UN Criteria. The UN criteria for inhalation toxicity are based on the 1.Csp and saturated

vapor concentration of the material.

B.1.3 Oral and Dermal Hazard Considerations Using UN Criteria. Furthermore, in addition to inhalation toxicity, the UN has established
criteria for oral and dermal te .. as well as corrosivity. Based on those eriteria, the UN assigns materials to categories called Packing
Groups: Packing Group I materials represent a severe hazard in transport, Group I materials represent a serious hazard, and Group II1
materials represent a low hazard.

The Committee decided to adopt the UN criteria for toxicity and corrosivity, and to correlate Packing Groups I, TI, and TIT with the health
hazard ratings 4, 3, and 2, respectively.

B.1.4 Adoption of UN Criteria. Adoption of the UN system has several advantages.

B.1.4.1 First, it addresses hazards in transportation that are similar to the type of emergencies likely to be encountered by fire-fighting
personnel and emergency responders. Most other hazard ranking systems have been developed for occupational exposures.

B.1.4.2 Second. the UN system is well established, and it is presumed that a large number of chemical manufacturers have already classified
(or can casily classity) materials into the appropriate packing groups.

B.1.4.3 Finally, users of chemicals can assign a 4, 3, or 2 health hazard rating by establishing whether a chemical has been assigned to a UN
packing group due to toxieity or to corrosivity.

B.1.5 Hazard Considerations Using HMIS Criteria. T'o establish 1 and 0 health hazard rankings, the Committee utilized criteria for the 1
and 0 ratings contained in the Hazardous Materials Identification System (HMIS) developed by the National Paint & Coatings Association
(NPCA) (see Hazardous Materials ldentification System Revised, Implementation Manuall. Although the NPCA criteria were developed for
occupational exposure, the 1 and 0 criteria are on the low end of the hazard spectrum and are fairly consistent with, and compl ry to, the
4, 3, and 2 ratings based on the UN eriteria. No UN criteria were established for eyve irritation, and the Commitlee adopted NPCA 3, 2. 1. and 0
criteria as health hazard ratings for eve irritation.

B.2 Additional Revisions to Health Hazard Rating.

The Committee made a number of revisions to the proposed hazard rating system to provide conformity with existing industrial practice and to
recognize the limitations and availability of corrosivity and eve irritation in a single “skin/eve contact” category and to utilize deseriptive terms
for the health hazard ratings. Minor changes were made to the 2. 1, and 0 criteria for oral toxicity and to the 1 and 0 criteria for dermal toxicity.
Specifically, the distinction between solids and liquids in the oral toxicity criteria was eliminated, and the cutoff between 1 and 0 rankings for
oral and dermal toxicity was lowered from 5000 to 2000 mg/kg.

In summary, the 4, 3, and 2 health hazard rankings for oral, dermal, and inhalation toxicity are based primarily on UN criteria. The 1 and (¢
health hazard rankings for oral. dermal, inhalation toxicity, and all the “skin‘eve contaet” rankings are based primarily on NPCA criteria.

B.3 UN Definitions.

For the user's assistance in utilizing this standard, the following definitions are extracted from Section 6.5 of Recommendations on the
Transport of Dangerous Goods, In the absence of data for the species defined as follows, the committee currently considers other mammalian

species, including human data and professional judgment to assign health ratings. In addition, Table B.1 can be used for guidance.

B.3.1 LDs;, for acute oral toxicity: That dose of the substance administered which is most likely to cause death within 14 days in one half of

both male and female young adult albino rats. The number of animals tested shall be sufficient to give a statistically significant result and be in

conformity with good pharmacological practice. The result is expressed in milligrams per kilogram of body weight.

B.3.2 1D, for acute dermal toxicity: That dose of the ¢ which, administered by continuous contact for 24 hours with the bare skin of

albino rabbits, is most likely to cause death within 14 days in one half of the animals tested. The ber of animals tested shall be sufficient to
give a statistically significant result and be in conformity with good pharmacological practice. The result is expressed in milligrams per
Kilogram of body weight.

B.3.3 LCs for acute toxicity on inhalation: That conces ion of vapor. mist or dust which. administered by continuous inhalation to both

male and female young adult albine rats for one hour, is most likely to cause death within 14 davs in one half of the animals tested. If the
substance is administered to the animals as dust or mist, more than 90 percent of the particles available for inhalation in the test must have a
diameter of 10 microns or less. provided that it is reasonably foresecable that such concentrations could be encountered by man during
transport. The result is expressed in milligrams per liter of air for dusts and mists or in milliliters per cubic meter of air (parts per million) for
vapors.

B.4

The following information extracted from Section 6.4 of Recommendations on the Transport of Dangerous Goods also applies:

‘The eriteria for inhalation toxicity of dusts and misis are based on LCs; data relating to 1 hour exposures and where such information is
available it should be used. However, where only LCspy data relating to 4 hour exposures to dusts and mists are available, such figures can be
multiplied by four and the product substituted in the above criteria, i.e.. 1.Csq (4 hour) > 4 is considered equivalent of L.Csq (1 hour).

The criteria for inhalation toxicity of vapors are based on 1.C5q data relating to 1 hour exposures, and where such information is available it
should be used. However, where only LC5;, data relating to 4 hour exposures to dusts and mists are available. such figures can be multiplied by
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two and the produet substituted in the above eriteria, i.e.. LC s (4 hour) = 2 is considered equivalent of LTy (1 hour).

Annex C Flammability

This annex is not a part of the reguirements of this NFPA document but is included for informational purposes only.

C.1 Development of Flammability Ratings.

The selection of the flash point breaks for the assignment of ratings within the flammability category is based on the recommendations of the
Technical Commitiee on Classification and Properties of Flammable Liquids of the NFPA Commitiee on Flammable Liguids. This Technical
Committee initiated the study that led to the development of this standard. Close cooperation between the Technical Committee and the
Committee on Fire Hazards of Materials has continued.

(.2 Significance of Flash Point.

Flash point indicates several things:

(1) If the liquid has no flash point, it is not a flammable liquid.

(2)  If'the liquid has a flash point. it has 10 be considered flammable or combustible.

(3) The flash point is normally an indication of susceptib to ignition.

The flash point test can give results that would indicate if a liquid is nonflammable or if it should be rated 1 or 2 as a mixture containing, for
example, carbon tetrachloride. As a specilic example, sullicient carbon tetrachlonde can be added to gasoline so that the mixture has no flash
point. However, on standing in an open container, the carbon tetrachloride evaporates more rapidly than the gasoline. Over a period of time,

the residual liguid first shows a high flash point, then a progressively lower one until the flash point of the final 10 pereent of the original
sample approximates that of the heavier fractions of'the gasoline. To evaluate the fire hazard of such liquid mixtures, fractional evaporation
tests can be conducted at room temperature in open vessels. Afier evaporation of appropriate fractions, such as 10, 20, 40, 60, and 90 percent of
the original sample, flash point tests can be conducted on the residue. The results of such tests indicate the grouping into which the liquid
should be placed if the conditions of use are such to make it likely that appreciable evaporation will take place. For open system conditions,
such as in open dip tanks, the open cup test method gives a more reliable indication of the flammability hazard.

C.3 Flash Point Test Methods.

In the interest of reproducible results, the following procedures are recommended for determining flash point:

(1) The flash point of liguids having a viscosity less than 5.5 mm?/s [5.5 centistokes (c8t)] at 40°C (104°F) or less than 9.5 mm?/s (9.5 c8t)
at 25°C (77°F) and a flash point below 93.4°C (200°F) can be detenmined in accordance with ASTM D 56, Standard Method of Test for
Flash Point by the Tag Closed Tester. (In those countries that use the Abel or Abel-Pensky closed cup tests as an official standard.
these tests will be equally acceptable to the Tag Closed Cup Method.)

(2) For liquids having (lash points in the range of 0°C (32°F) 1o 110°C (230°F), the determination can be made in accordance with ASTM
12 3278, Flash Point of Liguids by Setaflash Closed Tester, or ASTM D 3828, Standard Test Method for Flash Point by Small Scale
Closed Tesler.

(3) For viscous and solid chemicals, the determination can be made in accordance with Test Method E 502, Standard Test Method for
Selection and Use of ASTM Standards for the Determination of Flash Point of Chemicals by Clased Cup Methods.

(4) The flash point of liquids having a viscosity of 5.5 mm?/s (5.5 ¢St) or greater at 40°C (100°F) or 9.5 mm?’s (9.5 cSt) or greater at 25°C
(77°F) can be determined in accordance with ASTM D 93, Fest Methods for Flash Point by the Pensky-Martens Closed Tester.

I Annex D Combustible Dusts

This annex is not a part of the reguirements of this NFPA document but is included for informational purposes only.
D.1

A combustible dust is considered to be a finely divided solid material that is 420 micrometers { pm) or smaller in diameter (material passing a
L1.8. No. 40 Standard sieve) that presents an explosion hazard when dispersed and ignited in air.

When a dust becomes suspended in air, there is a risk of a dust cloud ignition leading to a flash fire. The minimum explosible concentration
(MEC) is the minimum concentration of combustible dust suspended in air, measured in mass per unit volume, that will support a deflagration
as defined by the text procedure in ASTM E 15135, Standard Test Method for Minimuwm Explosible Concentration of Combustible Dusts.
Evaluation of the hazard of a combustible dust should be determined by the means of actual test data. Each sitvation should be evaluated and
applicable tests selected. The following list represents the factors that are sometimes used in determining the deflagration hazard of a dust:

(1) MEC

(2) Minimum ignition energy (MIE)

(3) Particle size distribution

(4) Moisture content as received and as tested

(3) Maximum explosion pressure al optimum concentration

(6) Maximum rate of pressure rise at optimum concentration
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(T) Ky (normalized rate of pressure rise) as defined in ASTM E 1226, Test Method for Pressire and Rate of Pressure Rise for Combustible
Dusts

(8) Laver ignition temperature

(9 Dust cloud ignition temperature

(10)  Limiting oxidant concentration (LOC) to prevent ignition
(11)  Electrical volume resistivity

(12)  Charge relaxation time

(13)  Chargeability

See NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, and Handling of Combustible
Particulate Solids; NFPA 664, Standard for the Prevention of Fires and Explosions in Wood Processing and Woodworking Facilities; and
NFPA 68, Guide for Venting of Deflagrations, for additional information about combustible dusts and combustible dust explosions.

the Mammability for a 2 or 3 rating, the most important aspects are particle size distribution, MIE,
ing. and other related factors.

For purposes of better determ
processing experience, houseke

Annex E Instability, Thermal Hazard Evaluation Techniques |

This annex is not a part of the requirements of this NIMPA document but [s incinded for informational purposes only.

E.1 Intrinsic Thermal Stability.

Thermal stability for hazard evaluation purposes can be done by a number of methods. Frequently used techniques include differential
scanning calorimetry (DS8C) and accelerating rate calorimetry (ARC). These tests should be performed in a manner meeting or exceeding the

requirements outlined in ASTM E 337, Standard Test Method for Assessing the Thermal Stability of Chemicals by Methods of Differential
Thermal Analysis, or ASTM E 1981, Guide for Assessing the Thermal Stability of Materials by Meihods of Accelerating Rate Calorimetry.

Obtaining the instability rating through testing and Instantaneous Power Density (IPD) data is preferred. This method is discussed in Section
E.2, and 1PDD takes precedence over other small-scale calorimetric methods. When data are unavailable to apply the IPD method, the following
two alternatives are available: Data from DSC or ARC (or their equivalent) can be used to determine the adiabatic exotherm initiation
temperature. This can be used to define ratings of 0. 1, or 2.

Materials that exhibit adiabatic exotherm initiation temperatures below 200°C should be rated at least 2; materials that polymerize vigorously
with evolution of heat should also be rated at least 2.

Materials that exhibit adiabatic exotherm initiation temperatures between 200°C and S00°C should be rated 1: materials that might polymerize
when heated should also be rated 1.

Materials that do not exhibit an exotherm at temperatures less than or equal to 300°C should be rated zero.
Profiessional judgment should be applied to a chemical being rated using this method that might have an instability rating of 2 or greater.

Reactive materials are far more likely to suffer catalyvtic or surface effects in small test containers, hence biasing the adiabatic exotherm
initiation temperature.

“This judgment should include comparisons with the qualitative criteria described in Table 7.2, analogy with chemicals of similar chemical
structure and historical incidents, plus data obtained using the following methods.

Information to assist this professional judgment includes, but is not limited to, data obtained via DSC or ARC. ASTM D 2879, Standard Test
Method for Vapor Pressure-Temperature Relationship and Initial Decomposition Temperatitre of Liguids by Isoteniscope. can be used as an
indication of thermal stability when data meeting the requirements of ASTM E 537 are not available. Self- Accelerating Decomposition
Temperature (SADT) test results can also be used. Alternatively, calculations based on the CHETAH program could be carried out.

It should be noted that tests performed in small-volume analvtical apparatus are not predictive of the explosive behavior of large masses of
material and therefore cannot distinguish instability ratings of 3 and 4.

Appropriate testing should be conducted for mixtures because the mixtures might react differently than indicated by the individual
components.

E.2 Instantaneous Power Density.

IPD is calculated as the product of the enthalpy of decomposition/reaction and the initial rate of reaction, determined at 250°C (482°F). This
quantity represents the amount of heat energy per unit time per unit volume (watts per milliliter) that a material will initially give at 250°C
(482°F). The values that make up the power densily can be obtained from thermodynamic tables, caleulations, and experimental measurements.
The values are obtained from appropriate measurements using DSC (see ASTM E 698, Standard Test Method for Arrhenius Kinetic Constants
Jfor Thermally Unstable Materials), or ARC (see ASTAM ¥ 198], Guide for Assessing the Thermal Stability af Materials by Methods of
Accelerating Rate Calorimeiry). In a typical caleulation, the rates of reaction as a function of temperature are obtained and expressed in terms
of an Arrhenius expression and an overall, initial-rate expression (Laidler). This rate expression represents the initial rate of decomposition
where the decrease in concentration of the material as a result of the decomposition/reaction has not progressed to a significant (<3%) level.
This allows the initial concentration of the material to be used in the simplified rate expression. (See Table £.2.)

Table E.2 Instability Rating as a Result of Thermal

istability

Instability Rating Instantaneous Power Density at 250°(
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Table E.2 Instability Rating as a Result of Thermal Instability

Instability Rating Instantaneous Power Density at 250°C
4 1000 W/mL or greater
3 At or above 100 W/mL and below 1000 W/mL
2 At or above 10 W/mL and below 100 W/mL
1 Ator above 0.01 W/mL and below 10 W/mL
0 Below 0.01 W/mL

To clarify the calculation of IPD, a sample calculation 1s provided.

DSC was carried out, and the following parameters were obtained for a material of interest

Enthalpy of decomposition (AH): -80.5 calig
Arrhenius activation energy (E_): 36 4 keal/mol
Arthenius pre-exponential (ApRE): 1.60 x 1015 571
Feaction order (1) 1

Initial concentration of material or

density of pure material (cone.): 0.80 g/ml

The initial rate of decomposition of the material at 250°C (482°F) can be calculated using the following Arrhenius expression, where R is the
universal gas constant whose value 15 taken as 1.987 cal/(mol°C):

Rate = conc™™ X Ay,

The units used are as follows:

i e e
g _[& . | 2 G
mLxs |\ mL | mLxs

36400

Rate =0.80" x 160 x 107 x ¢ 7=

Z
mL X s

Rate = (.79

Rate =0.80" x 1.60 x 10" xe "%

The power density is given as the product of this decomposition and the enthalpy of decomposition (the value of 4 184 W/cal/sec allows the
use of unirs W/mL):

IPD=~AH x Rate
Units =840 o By gy ppe 2
mL g mLxs calf s

W
IPD=—(80.5) = 0.79 x 4.184——
calls

cal w
IPD=63——— x 4.184
s » mL calf s

w
IPD=270—
mlL

The IPD i1s used as a positive value: the greater the power density. the greater the rate of energy release per volume. Therefore, the exothernuc
enthalpy of reaction. thermodynamically taken with a negative sign to show release of heat to the surroundings. 1s taken as a negative so as to
rectify the sign of IPD.

This material. having an IPD of 270 W/mL. would be rated a 3 per Table E.2.

Annex F Water Reactivity Identification Criteria

This annex is not a part of the requirements of this NFPA document burt is included for informarional prposes only.

F.1 General.

Tt 1s again noted that with the assignment of water reactivity ratings. a considerable degree of judgment can be needed, as noted 1n Section 4.2,
combined with the guidance in this annex.

F.2
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Numerical ratings mdicating degrees of water reactivity hazards are detailed 1n Table F 2. The number, alongside the water reactivity symbol
(e.g.. W-2). can be used when the information is available to provide information about the degree of water reactivity for emergency
responders.

Table F.2 Degrees of Water Reactivity Hazards

Degree of Hazard Criteria
4 Not applicable
3 — Requires a ‘W to be displaved in the special hazards Materials that react explosively with water without requiring heat or confinement (qualitative
quadrant description most applicable when assigning water reactivity ratings to solids because the heat of

mixing is determined by physical characteristics and the degree to which the material has dissolved)
Matenials whose heat of mixing is greater or equal to 600 cal/g
— Requires a W to be displayed in the special hazards Materials that react violently with water, including the ability to boil water, or thal ﬂUhE ﬂ.mnm.ahle

quadrant or toxic gas at a sufficient rate to create hazards under e
description most applicable when assigning water reactiv: m rau.ues to so].tds because th.e heat of
mixing is determined by physical characteristics and the degree to which the material has dissolved)
Materials whose heat of mixing is at or above 100 cal/g and less than 600 cal'g

1 — Does NOT require a W to be displayed in the special Matenals that react vigorously with water, but not violently (cnterion most applicable when assigning

hazards water reactivity rating to solids because the heat of mixing is d ined by physical cl istics
and the degree to which the material has dissolved)
Materials whose heat of mixing is at or above 30 cal/g and less than 100 cal'g
Materials that react with water, producing either heat or gas leading to pressurization or toxic or
fl ble gas hazards.

0 — Does NOT require a "W to be displayed in the special Nonreactive below 30 cal'z

hazards quadrant.

It should be emphasized that the water reactivity rating 1s not shown in the mstability hazard space i the sign, which refers specifically to the
intrinsic instability of the material

Materials that have a rating of 0 or 1 for water reactivity should not be given the W- symbol in the special hazards space on the placard.

The special hazard W- rating of 3 is the highest rating for water reactivity; there is no special hazard rating of 4 for water reactivity. The
purpose of water reactivity 1s to wam of cases where the use of water (in nonflooding quantities) during emergency response can increase the
hazard or change the perceived hazard due to a chemical. Heat of mixing tests between a chemical and water can provide a measure of how
vigorous the reaction with water will be in a fire-fighting scenario. The following two scenarios are to be considered: a material that rapidly
releases heat on contact with water and a material that rapidly releases heat and gas on contact with water. These guidelines apply only to the
first scenario, that 15, a chemical that reacts exothermically to release heat on contact with water but does not produce gaseous or low boiling
[<100°C (<212°F)] by-products. or azeotropes. The heat of mixing shall be determined vsing a Two Drop Mixing Calorimeter (Hofelich et al)
or equivalent technique using a 1:1 wt/wt ratio of chemical to water. Altematively. the heat of nuxing data can be found in handbooks or
caleulated.

F.3 Water Reactivity Hazard Degree 0.

The chemical is essentially nonreactive with water. therefore the W symbol is not used. Using the Two Drop Mixing Calorimeter (Hofelich et
al.) or equivalent techmque, the heat of reaction is less than 30 calories per gram of total mixture (cal'g), using a 1:1 wt/wt ratio of chemical to
water. Gas 1s not generated. although the evaporation rate of a volatile liquid chemical can be increased during water application. The heat of
reaction can also be capable of generating sufficient water vapor pressure to damage some closed containers. An example of a water reactivity
rating of 0 15 diethanolanine with a -6.5 cal/g Two Drop Mixing Calorimeter Test result, with no gas release.

.4 Water Reactivity Hazard Degree 1.

The heat of reaction 1s too small to preclude the use of water dunng emergency response. Because water 15 an acceptable agent for dilution of
spills and for fire control, chemmcals with this rating are not assigned the W symbol. Usmg the Two Drop Mixing Calorimeter (Hofelich et al )
or equivalent technique, the heat of reaction 15 greater than or equal to 30 calories per gram of total mixture (cal/g) but less than 100 cal/g,
using a 1:1 wt/wt ratio of chemical to water. The heat of reaction might be capable of causing the water to boil at atmospheric pressure.

A chemical that on the basis of heat of reaction results alone would normally be assigned a water reactivity rating of 0 should be increased to a
water reactivity rating of 1 if any gas is generated via reaction with water. even 1f the heat of reaction 1s below 30 cal/g.

The following are examples of chemicals whose release of gas raise them from a water reactivity rating of 0 to a water reactivity rating of 1.

(1) 30 percent sodium hydroxide. The exothermic heat of solution measured using the Two Drop Mixing Calorimeter is -35.3 cal/g with no
gas release; therefore, a water reactivity rating of 1 is assigned. It should be noted that the heat of solution of a solid material such as
sodium hydroxide 1s not constant but decreases as the solid goes imnto solution. The first water that is added to sodium hydroxide could
1n fact boil, even though the Two Drop Calormmeter indicates a heat release of mmich less than 100 cal/g. Where large quantities of such
solids are wetted by small quantities of water, the instability hazard might be better represented by a water reactivity rating of W 2

(2)  Sodium hydrosulfite. The exothermic reaction with water releases heat, which can lead to spontaneous combustion of a solid. The rating
assigned to this chenmeal 15 a water reactivity rating of 1.

(3)  Acetic anhydride. The exothermic 1:1 molar reaction with water produces 2 moles of acetic acid and no gas release. Because the
reactants are not completely miscible at ambient temperature, the reaction tends to be slow unless a solubilizing agent 1s present. The
water reactivity rating assigned to this chemucal is 1.

F.5 Water Reactivity Hazard Degree 2.

The reaction with water 1s rapid and should be used only where 1t can be applied in flooding quantities (which can be impractical for large piles
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of solids). Using the Two Drop Mixing Calorimeter test. the heat of reaction is greater than or equal to 100 cal/g but less than 600 cal/g using a
1:1 wt/wt ratio of chemical to water. The heat of reaction is likely to boil the water at 1:1 wt/wt ratios and can be sufficient both to boil the
water and to vaporize the chemucal. Other than carbon dioxide or steam (or other nonhazardous gases). if flammable or toxic gases are
generated i hazardous quantities via reaction with water. the water reactivity rating of 1 determined on the basis of heat of reaction would be
raised to a water reactivity rating of 2 (‘W 2). The following are examples of chemicals whose release of gas raise them from a water reactivity
rating of 1 to a water reactivity rating of 2:

(1) Calcium carbide. Although the dry solid does not burn. a nonviolent but vigorous exothermic reaction with water produces calcium
hydroxide plus flammable acetylene gas. Trapped pockets of acetylene in a pile of solid can ignite and explode.

(2)  Dichlorosilane. In contact with water, exothermic hydrolysis 15 accompanied by evaporation of the volatile liqud phase. Toxic
dichlorosilane plus hydrogen chloride gases are released and sp ignition of the dichlorosilane can occur.

(3)  Thionyl chioride. The heat release using the Two Drop Mixing Calonimeter test 15 -61.1 cal'g with release of gas.

F.6 Water Reactivity Hazard Degree 3.

Using the Two Drop Mixing Calorimeter test, the heat of reaction is greater than or equal to 600 cal/g. This is often sufficient to cause ignition
of flammable components.

The W 3 rating 15 not increased to a ‘W 4 rating 1f gas is generated. because “explosive reaction” already implies gas generation. An example
of a W 3 rating 1s triethyl alununum. The heat release using the Two Drop Mixing Calorimeter test 1s -1008 cal/g with release of gas.

The Two Drop Mixing Calorimeter test data presented in this annex were published by Hofelich.

Annex G Informational References

G.1 Referenced Publications.

The documents or portions thereof listed in this annex are referenced within the informational sections of this standard and are not part of the
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ASTM E 1981, Guide for Assessing the Thermal Stability af Materials by Methods of Accelerating Rate Calorimetry, 1998.

Test Method E 502, Standard Test Method for Selection and Use of ASTM Standards for the Determination of Flash Point of Chemicals by
Closed Cup Methods, 1984.

G.1.2.2 UN Publications. Umted Nations. UN Plaza. New York. NY 10017.

Recommendations on the Transport aof Dangerous Goods. 4th revised edition.
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G.3 References for Extracts in Informational Sections. (Reserved)
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