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API
BS
CCR
CGD
COo2
DCN
EPCC
ESD
EWSD
LOS
FEED
GA
HAZOP
H2S
HSE
HVAC
IP
ITR
IR
LFL
MAC
MW
NFPA
NGL
NIOC
OSHA
ROR
ucp
uv

U')La.;o S|

American Petroleum Institute

British Standard

Central Control Room

Catalytic Gas Detector

Carbon dioxide

Design Change Notice

Engineering, Procurement, Construction and Commissioning
Emergency Shutdown

Early Warning Smoke Detectors

Line of Sight

Front End Engineering Design

General Alarm

Hazard and Operability

Hydrogen Sulphide

Health, Safety & Environment

Heating, Ventilation and Air Conditioning
Institute of Petroleum

Instrument Technical Room

Infra-Red

Lower Flammable Limit

Manual Alarm Call point

Molecular Weight

National Fire Protection Association
Natural Gas Liquids

National Iranian Oil Company
Occupational Health and Safety Administration
Rate of Rise

Unit Control Panel

Ultra Violet
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[1] ISA 92.0.01 Part I- Performance Requirements for Toxic Gas-Detection Instruments: Hydrogen Sulfide

[2] ANSI/ISA-TR12.13.03. Guide for Combustible Gas Detection as a Method of Protection. Research Triangle Park, NC:
ISA.

[3] ISA-TR-84.00.07 (Technical Report). Guidance on the Evaluation of Fire, Combustible Gas and Toxic Gas System
Effectiveness

[4] NFPA 72. National Fire Alarm and Signaling Code Handbook

[5] BS 5839-1. Fire detection and fire alarm systems for buildings

[6] DEP 32.30.20.11-Gen. Fire, Gas and Smoke Detection Systems

[7] GS EP SAF 312. Fire and Gas detection systems

[8] Gas detection handbook. Key concept and reference material for permanently installed gas monitoring systems
[9] Exxon Mobile Design practices. Part: flammable gas, toxic gas and fire detection

[10] IPS-E-SF-260. Engineering standard for automatic detectors and fire/gas alarm systems original edition
Yoo ¥eY-o¥er) clldl oS OEL. it aglge 090> [V V]

[12] APl RP 55. Recommended Practices for Oil and Gas Producing and Gas Processing Plant Operations Involving
Hydrogen Sulphide
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[13] UOP, Standard Specification. hydrogen sulfide monitoring system

[14] Handbook of Fire and Explosion Protection Engineering Principles

[15] IPS-G-IN-270(2). General standard for instrument of fire and gas detection equipment

[16] OSHA.Verification of Calibration for Direct-Reading Portable Gas Monitors Safety

[17] Worley parsons Spec. south pars gas field development phases 17 & 18 and NGL 3100 projects
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4 Contractor

5 Organization

6 Authorized Person

7 Occupational Safety And Health Administration

8 Qualified Person

9 International Labour Organization
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Authority Having Jurisdiction (AHJ):
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Alarm Set Point:

sl o b @ VT cale o] s a8 bl 5 clale e

Ambient air:
28 B Ol By sole Il o eal oo po S a5 lse

Asphyxiant:
QS oo S5t |y it 5enS sla ad 5l b oS slosle

Atmosphere:

) s UIS‘° J_, 9O 9 )L..é ‘Q)u‘.’ ‘La;)lf Eyoe

Auto ignition Temperature [also “spontaneous ignition temperature” (SIT):

1 Purchaser

2 Vendor And Supplier
3 Executor

4 Inspector

5 Shall

6 Should

7 Will

8 May
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Bump Check (Functional Test):
sl "Span Check" Ol fuizmen) (388 Il e (1iSTly 0,5 S g oy p lp colaiuls e b,

(Db 50

Calibration:
Sy oo S las a5l KaT S 8 Sles Como ] (605,54 L aS col g,
S pdysn plal gy 99 4 gal o JIS
oadbailis o lastiw] SO L oKiws duslio QD)
3l b a5l olSiws Jiilys wuas (V)

Calibration Gas (also “Span Gas”):
(o9 g0 aimlils "Span Gas " Jsied pien o) 9 o o3liiwl sSws Cds o gl AT S ain cdale S

Ceiling:
JRYUC RSN IS JUONIN Ailgi g0 0,8 G a5 15 chale Sl

Combustible Gas:
il g g 3l LB as 8
Combustion:
sl 595 9 Lo yS Lol e a5 oole gy (g guliganST
Confined Space:

L Codgamme S Codld b jobay g 05d o))y wilgy a5 ol S5 a5 G gl (BB ojlalay oS glasl

ol 0ais >l e jaboay ol 81 Jlil gl g o)l l) 79,5 L 0g,5 slacusgase

Controller:
Q.éL;‘)o Jyvosow )’l 1) ‘_sS\,ISJI JLKM, ‘oa..,SJ)_MS .;s.;S‘sq r‘,.:aljé l) )'lf JL.i..m ui,)’loﬁ 45)'[5 )'LW)Li:,T ;ii)'l e

ESD-1- Shut down of a given fire zone within the installation (level-1):
(V mhaw) sl cols S e fire zone G Shut down

Explosion:
g oo Lid a8lol L jlxdil ae ¢ 35 51 g0l e YU sleo slm) el aS il ay s ail )8

Explosion proof (EXx):
57 4 O S ol a5 058 e 6 olr olRiws J2Is il 95y 5l (AU il Sl T s o (sblis 2,
Dgud g0 6)"§5L> alrases a.é‘;b‘

Explosive (or “Flammable”) Limits:
Qo0 Oy guods ’YM) Jwell BB e cdale J8la> «(LEL, LFL) c.S)-*fu*’T L ylxail ool 0

Sk G S sl 5o se (0pdor Ol oo 5o loxasl LB oole
oy pgots Ygama) Juzal LB Lo clili STas ((UEL, UFL) g a8 T b il oYL o
ok & )ygo Ailsi cad B> ieeST 098 Jds @ T 51 ity o5 (0gdige Lo 92 50 loeiil LB ool
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Explosive (or “Flammable”) Range:
G cale als ol s olsse ol s ails 13 beal YU 5 ol o o B b cdale T s o glazels

bl jlal

Fire Zone:

L caly e Gl Sl Sl pasine mhaw gl A Sliges ) glaws 5l cusl Ojle & > 08gare
b Jlisl BB 55 s «(559mtsT aaly 45 (cixe cpl 4 aS sa o5 1) Sy Olime (k25 olie 4 fire ZOne
Vb Sy i e Sl 5 A Sl 2y sloodgazme o0 4 s i€ ZONE S, 50 sy, o @ gy je ]
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Flammable Gas:
PN g 0 S pdy g 00D aidie Il yay a5 090 oo ooliinl 3l LB slajlS 5 ol 05,5 SG sl e sl (]
Flash Point:
O jgu § oS 5 ilgi co 5mST L oS5 0 aS o ls 8929 (B ojllay mle b Jolas jo )Bu ol o aS Sles JBlas
(LEL 7y Ol )

Gas Detection Instrument:
olis STy g 039 el 515 bgle sg3g 4 a5 ploowd b (Sl «s,95 ¢ 50 S sl 51 JSiaiie olfitws Sy

.Mésn
Group 11B:
alie s b &by o bls b oLl (sl (b e
Group IIC:
alie Jhs b ol s 5 L 30,000 b haul g5l (slo jaas]
Hazardous Atmosphere:
8 olewm b Sl ool «Sye Gt oime o olEl as e ( OSHA 29 CFR 1910.146&9,:3 ool )

PNy (s

Impacted area:
L (o g ol Jlolgied) coluw aldas j.,.:b Cod palae jebay dazgepll a5 cel Coule slo e sl )l eogae
ol soee Tailure < 3 el by |J..a.>L~o

Monitor:
WS oo oy 0,8 1Bl engate S p0 sl oo a5 sl polae jebody a5 coll (5150l
NIOSH - National Institute for Occupational Safety and Health:

bt gy g el (o dunnsge
OSHA - United States Department of Labor Occupational Safety and Health Administration:

PRSP T PV RUI [PIN E R VP SNy P ARY

PEL (Permissible Exposure Limit):

aan G o arelo Ty, 0 atelo A 6,5Cus G 50 Jloy jebas awiles e ol 3l el a8 lga jo Sl 5l sl

L 5 (Ogeden 55 Caond)PPM L PEL oy sy azlge ()1 L 0,138 lagy] (2edls (595 ogllasl Ol 51 oSl (y50
Dol o sl IOSHA

Permanent (or Fixed) Gas Monitor:
Dgd oo s Jome 10 pils by a5 58 5L IS




IS

1Y asio F&G b pomans (il 9 J 5 Joddljgiws m |
HSE-IN-S-177(0)-98 el o 28,5

S jdaros 5 (gial cdlogy

PPM (Parts per Million):

el gom 1) cdale Jolae cygabin 10 Cand Vot v e el com S35 (6 mSojlail axlg ozl cygabin 30 Caond

Restricted area:

Aol lpaso b cole Oldas ;30 cod polan jabay cunl 8,8 S cou aSl poogdle a5 ol J&Is oogume
sl ooee failure G 51 b

Sensor:
05 oo b S oyl B JiSw S a1 5B g as Lo ST I o

SIL- Safety Integrity Level:
O oo s (Cblim) a3 )3 a5 el (6 o3Il g4 S SIL plas b gion (S )bSe rbas 1 o] (S LS5 oo
Pl el a3 SOl eslainl b as” el (S, (ralS oo Gl ks SIL ool (b 45 casS o oyl 1y ots
DBl i S0 GBSy 252 39,00 HUATT &S Sl (Sea; Rl Csllas (e ke SIL ioren 098 o0 Jol>
i S5l SIL 4 a8 el oo iy ;a5 SIL ghaw oz «60,,5 sioal SLl3l gl « IEC 61508 usiw! b (s:llas
RRF 3 PFD (sLa 551 51 SIL pela s (a5l w ol Seny 20l (e 0 yieS S5k SIL L 5 Sy 20l e
oo Slas jo cenSls 595 Jlei>! KLy Probability of Dangerous Failure on Demand L PFD Sl . 045 oo oolaiul
ol Sy ualS 251 Sl Risk Reduction Factor L RRF o ¢l calizes

SIL PFD PFD (power) RRF
1 | 01-001 1101-102 | 10-100

2 | 0.01-0.001 102-10" | 100-1000

3 |0001-00001 | 103—10" |1000-10,000

4 | 00001-0.00001 | 10-—105 | 10,000-100.000 |

S5 ge sy O ygods § Sl las g8y Jlazo| dige SlS slaas] )3 gl YU Jsax

SIL PFH PFH (power) RRF
1 | 0.00001-0.000001 10-5—-10% | 100,000—1,000,000
2 | 0.000001-0.0000001 1106107 | 1,000,000-10,000,000
'3 | 0.0000001-0.00000001 | 107 — 10" | 10,000,000~100,000,000
4 | 0.00000001-0.000000001 | 10-8—10-% | 100,000,000—1,000,000.000

(':bLHo 0)454) LS"L""’ uul.m} 6[.@..\.;..9—‘)3 l.v A_iuliu JaLu)‘ )o d,d\) )‘)." 9 QSAM U?""""L"y‘ (SLQI’V"“"""‘""" d.ia.." Le 4.>9J L:
gd Llod la >1hb 50 SIL o by o slas lasbinl § la Jeadlygiws conl o3Y wtinn 55 s

Span Check:
(353 ax>1 o Bump Check )

Temperature class:
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Temperature class T3:

Sy god Yoo OC)"M@C_IQ‘»‘SLAQQT)\JAS‘S{LQQ oS

Toxic Atmosphere:
el (PEL) agalgn sl a3l s ol 5 ol dajl8 cdale o] ,o a5 (5 jiunes]

True Zero:
Dgd oo ALl baseline Olsieds o0 5lai 0925 digad o Buw oobe 3l (5 |0k o Ol 50 a8 gml p IS o ilg>
Zero Check:

SKws o trUe Zero iilys oo (0,5 S

Zonel:
3,00 9525 Sldas Jloy Lyl i o pdy Jlasl ol )bu b b5 51 Jlewa! bB jaued] LS5 o>l as Sl

Sloludl -
=y ands -)-F

J B2 0 s s (slansly jo a8l Slasasl 5 (65 slald ales ;3 ramls S et 5 By sl ST
Le Manual Alarm Call point .ceul cow b il BB ol cuis b 3,0 wiile Jlosx| jlas byl i asis |15 0yl
55 ol sllan 1y colil fl Gl glajl ST Gl s 5 ans STyl LG o550 Calis yoslipes 50 (il 53
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S,l0 09z g dbogy o 33 ,> slabsl g ESD

03,5 il pglice & jgon FaUIt Loty jsliteas (sl abg e (IS sl 5 58 coti 5 G slajls, 8]
e VT oles a5 glaigSas 00 5 coas (655 0 J S GU1 ,o gl F&G Console b 5510 J S e led L F&G HMI
Mimic L Matrix Panel sa_e G F&G HMI 4 ogdle .ois o Ll jo pol> ol 81 el a4y pgloe &0 o Status g o
sla Status g La o VT slos a5 glasgSan 00,5 cea Slas sl ol 5 635 0 JyuS 361 50 wlgs o 3 Panel

& ,9—04; (Fire Detection/ Flammable Gas Detection/ Toxic Gas detection/ MCP/ Deluge Activation/ etc.) coges
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Slopi oled g3l Jd .ais 5 Ll F&G Matrix Panel (Mimic Panel) s, » Fire Zone » sl jawseis B
JysS @61 o &8y Mimic Panel 3 F&G HMI &,k 5l sl srwd & jgoas Slis 15T slacws & liwl 5 3 > slabl
5L el (535 e

5% 09,51 Cause & Effect S e jo (oall ©)jg0a (gl )55555 10 Lawgs sndiolnl slapisT 5 Y

o2l (K2 e -Y-F

Lsleie 5 05,5 LT 1 afols o 5 6ot wloladl Sas5 jsbay 5y, b 55 aseis & ygo 40 FE&G piwpw S 51
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Annotated OSHA Z-2 Table®

Regulatory Limits

Recommended Limits

OSHA PELs2 Cal/OSHA
Acceptable maximum peak above the peL@ NIOSH RELZ ACGIH® 2019 TLV®E
acceptable ceiling concentration for an 8-hr (as of (as of 10/18/2019)
8-hour Time - shift 10/2/2019)
: Acceptable Ceiling
Substance Y_\ﬁ/'\?Ah)t ed Average Concentration 8-hour TWA _L#svt'g 10-hour 8-hour TWA
Concentration | Maximum Duration (ST) STEL (ST) STEL
(C) Ceiling (ST) STEL (C) Ceiling
(C) Ceiling
Benzenel (237.40-1969) | 10 ppm 25 ppm 50 ppm 10 min See Annotated Table Z-1
Beryllium and beryllium 0.2 pg/m? Ca ]
compounds® 2 pg/m? 5 pg/m?® 25 ug/m® 30 min (ST) 2 ug/m® See Appendix_ | 0.05 pg/m® (IHL)
(Z37.29-1970) (C) 25 pug/m® A
; @
?ggg;'um fume™ (Z375- | ¢4 mg/m® 0.3 mg/m® See Annotated Table Z-1
i:g;ig;ium dust™ (237.5- 0.2 mg/m® 0.6 mg/m® See Annotated Table Z-1
Lo 1ppm
Carbon disulfide (237.3- . 1 ppm
20 ppm 30 ppm 100 ppm 30 min (ST) 12 ppm 1 ppm
1968) (C) 30 ppm (ST) 10 ppm
Ca
i 2 ppm (ST) 2 ppm
Carbon tetrachloride L “mi 5 ppm
) 10 ppm 25 ppm 200 ppm 5 mininany 4 hr (ST) 10 ppm [60-min] )
(237.17-1967) (©)200ppm | See Appendix | ($T)10ppm
A
Chromic acid and 3 . .
chromatest™ (237-7-1971) 1 mg/10m See Chromium (V1) compounds in Annotated Table Z-1
Ca
(©)013 0.045 ppm
Ethylene dibromide . A3ppm, | (C) 0.13 ppm see TLV® Documentation on
20 ppm 30 ppm 50 ppm 5 min See Section 15-mi - -
(237.31-1970) [15-min] | Ethylene dibromide
5219 See Appendix
A
1ppm Ca
Ethylene dichloride . 1 ppm
(237.21-1969) 50 ppm 100 ppm 200 ppm 5 mininany 3 hr E(S:')I')Zéopggnm (ST) 2 ppm 10 ppm

See Appendix



https://www.osha.gov/dsg/annotated-pels/tablez-2.html#annotated_table_z-2
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#osha_pel1
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#calosha_pel1
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#niosh_rel1
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#acgih1
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#benzene
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#beryllium_beryllium_compounds
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#cadmium_fume
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#cadmium_dust
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.osha.gov/dsg/annotated-pels/tablez-2.html#chromic_acid_chromates
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.acgih.org/home
https://www.acgih.org/home
https://www.cdc.gov/niosh/npg/nengapdxa.html
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A
Eggg)ide as dust (237.28- 2.5 mg/m® 2.5 mg/m® 2.5 mg/m® 2.5 mg/m®as F
Formaldehyde
See 1910.1048 See Annotated Table Z-1
. 0.4ppmasF 3 ppm
Hydrogen fluoride 0.5ppmasF
(237.28-1969) 3 ppm (FST) 1 ppm as E%;ﬁ’ﬁ]m (C) 2 ppm as F
. . . 10 ppm
Hydrogen sulfide (Z37.2- 10 min once only if no other (C) 10 ppm 1 ppm
1966) 20 ppm 50 ppm measurable exposure occurs. (ST) 15 ppm [10-min] (ST) 5 ppm
(C) 50 ppm
0.025 mg/m®
B 3 (C) 0.1 mg/m® | 0.05mg/m® 3 . .
Mercury (Z37.8-1971) 0.1 mg/m for metallic (C) 0.1 mg/m? 0.025 mg/m® (elemental and inorganic)
and inorganic
Methyl chloride (237.18- 50 ppm ca : 50 ppm
1969) ’ 100 ppm 200 ppm 300 ppm 5 min in any 3 hr (ST)100 ppm | See Appendix (ST) 100 ppm
(C)300ppm | A PP
hyl hlorid ?5 p)pm ce
Methylene Chloride ST) 125 ppm :
See 19101052 See Section | S22 ApDeNdix | 50 ppm
5202 A
0.01 mg/m®
Organo (alkyl) mercury 3 3 (ST) 0.03 0.01 mg/m® 0.01 mg/m®
(237.30-1969) 0.01 mg/m 0.04 mg/m mgim?® (ST)0.03 mg/m® | (ST) 0.03 mg/m?®
(C) 0.04 mg/m?
50 ppm
_ - 50 ppm 20 ppm
Styrene (Z237.15-1969) 100 ppm 200 ppm 600 ppm 5 min in any 3 hr (ST) 100 ppm (ST) 100 ppm (ST) 40 ppm
(C) 500 ppm
25 ppm ce . 25 ppm
Tetrachloroethylene 100 ppm 200 ppm 300 ppm 5 min in any 3 hr (ST) 100 ppm | See Appendix (STF;ploo o
(©)300ppm | A PP
10 ppm 100 ppm
Toluene (Z37.12-1967) 200 ppm 300 ppm 500 ppm 10 min (ST) 150 ppm (ST) 150 ppm 20 ppm
(C) 500 ppm PP
Ca
- 25 ppm See Appendix.
Ig;g:;)l oroethylene (Z37.19- 100 ppm 200 ppm 300 ppm 5mininany 2 hr (ST) 100 ppm A %SOTp)pzrg ppm
(C) 300 ppm See Appendix
C



https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxa.html
https://www.cdc.gov/niosh/npg/nengapdxc.html
https://www.cdc.gov/niosh/npg/nengapdxc.html
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Annotated Z-2 Table Footnotes, Abbreviations, References
(@) The unshaded area on this page Lists PELs from OSHA Table Z-2 in 29 CFR 1910.1000. The shaded area of this page lists other occupational exposure limits (OELS)
from Cal/OSHA, NIOSH, and ACGIH®.

(b) Occupational Safety and Health Administration (OSHA) Permissible Exposure Limits (PELS) from 29 CFR 1910.1000 Z-2 Table; [62 FR 42018, August 4, 1997] as
amended [71 FR 36009, June 23, 2006]. OSHA entries for beryllium and beryllium compounds from 82 FR 2470, January 9, 2017]. PELs are 8-hour time weighted
averages (TWAS) unless otherwise indicated. OSHA enforces these limits under section 5(a)(2) of the OSH Act. In addition to the values listed in this table, the Z tables in 29
CFR 1910.1000 list skin absorption designations.

(c) California Division of Occupational Safety and Health (Cal/OSHA) Permissible Exposure Limits (PELs) from Table AC-1 last viewed October 2, 2019, viewable
at http://www.dir.ca.gov/title8/5155table acl.html. Cal/OSHA enforces its PELs in workplaces under its jurisdiction. Cal/OSHA has established occupational exposure
limits for compounds not included in the OSHA Z Tables. Please see Cal/OSHA Table AC-1 for additional limits, the most current limits, and other designations such as skin
absorption. The Cal/OSHA AC-1 table and regulations should be consulted for explanations.

(d) National Institute for Occupational Safety and Health (NIOSH) Recommended Exposure Limits (RELs) from the NIOSH Pocket Guide to Chemical Hazards
(http://www.cdc.gov/niosh/npg) (NIOSH Web site accessed on October 18, 2019). RELSs are for up to 10-hour time weighted averages (TWASs) during a 40-hour work week
unless otherwise indicated. NIOSH has established occupational exposure limits for compounds not included in the OSHA Z Tables. Please see the NIOSH Pocket Guide for
additional limits, skin absorption and other designations, and explanations.

(e) ACGIH® Threshold Limit Values (TLV®s) (ACGIH® 2019). TLV®s are listed in the order of 8-hour time weighted averages (TWAs), STELs (ST), and Ceilings (C), if
available. ACGIH® has established TLVs® for compounds not included in the OSHA Z Tables. Please see ACGIH® Documentation for additional limits, skin absorption and
other designations, and explanations. The 2019 TLV® and BEI® Book and Documentation of the Threshold Limit Values on Chemical Substances, 7th Edition are available
through the ACGIH® website at http://www.acgih.org. The TLVs® and BEIs® are copyrighted by ACGIH® and are not publicly available. Permission must be requested
from ACGIH® to reproduce the TLVs® and BEIs®. Click here for permission request form.

(f) This standard applies to the industry segments exempt from the 1 ppm 8-hour TWA and 5 ppm STEL of the benzene standard at 1910.1028.

(9) This standard applies to any operations or sectors for which the Cadmium standard, 1910.1027, is stayed or otherwise not in effect.



https://www.osha.gov/laws-regs/federalregister/2017-01-09
https://www.dir.ca.gov/title8/5155table_ac1.html
https://www.cdc.gov/niosh/npg/
https://www.acgih.org/home
https://www.acgih.org/publications/acgih-copyright-permission-request
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(h) This standard applies to any operations or sectors for which the exposure limit in the Chromium (V1) standard, Sec. 1910.1026, is stayed or is otherwise not in effect.

(i) This standard applies to any operations or sectors for which the exposure limits in the beryllium standard, § 1910.1024, are stayed or is otherwise not in effect.
Abbreviations

e C =_Ceiling limit

e Ca = Potential occupational carcinogens

e CAS No. = Chemical Abstract Service Number

e hr=hour

e m?® = cubic meters

e mg/m>= milligram per cubic meter

e min =minutes

e ppm = parts per million

e |HL = Inhalable

e ST = Short Term Exposure Limit

e TWA = Time Weighted Average

e pg/m® = microgram per cubic meter
References
ACGIH® 2019 Threshold Limit Values for Chemical Substances in the Work Environment. Adopted by ACGIH® with Intended Changes. See http://www.acgih.org/.
California Division of Occupational Safety and Health (Cal/OSHA) Table AC-1, Permissible Exposure Limits (PELSs), in California Code of Regulations (CCR) Title 8
Section 5155, last viewed October 2, 2019. Viewable at http://www.dir.ca.gov/title8/5155table acl.html.
National Institute for Occupational Safety and Health (NIOSH) (2019) NIOSH Pocket Guide to Chemical Hazards. Department of Health and Human Services. Centers for
Disease Control and Prevention. National Institute for Occupational Safety and Health (NIOSH). Web site accessed on October 18, 2019. Available
at https://www.cdc.gov/niosh/npg.
Occupational Safety and Health Administration (OSHA) (2017) Air Contaminants. 29 CFR 1910.1000 [82 FR 2735, January 9, 2017]. Web site accessed on April 4, 2018.
Available at http://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1000.



https://www.acgih.org/home
https://www.dir.ca.gov/title8/5155table_ac1.html
https://www.cdc.gov/niosh/npg/
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1000
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For combustible gas, in fact this will typically take place at a concentration of less than 50 percent of the LEL
value, so that an adequate safety margin is provided.
Sample alarm settings for fixed gas detectors are shown in below Table.
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Sample alarm settings for fixed gas detectors (#-#) Jgo=

Type Alarm Level 1 Alarm Level 2 Note

Elammable gas point sensor inside turbine/ compressor 10% LEL 40% LFL

ood/ compartment
Flammable gas point sensor process plant and HVAC inlets 10% LFL 40% LFL
Flammable gas line of slight sensor 1 LFL meters 2 LFL meters See note (1)
Hydrogen sulphide (H.S) point sensor 10 ppm (vol) 40 ppm (vol)
Hydrogen sulphide (H,S) line of slight sensor To be determined 100 ppm See note (2)
Hydrogen fluoride (HF) point sensor 5 ppm 10 ppm See note (3)
Carbon Dioxide (CO,) 5,000 ppm (vol) 30,000 ppm (vol)
Carbon Monoxide (CO) 25 ppm (vol) 20 ppm (vol)
Chlorine (Cl,) 1 ppm (vol) 3 ppm (vol)
Oxygen Deficiency 19.5% (vol)
Oxygen Enrichment 23% (vol)
Sulphur dioxide (SO,) 2 ppm (vol) | 5 ppm (vol)
Heat Detectors (fusible plugs, frangible bulbs, polyflow) 68 °C See note (4)

&> ‘sl.bjl.w)l&dﬂ -\Y-¢

55 0l 35y 3] o il LB sle a5 Gl S e ples U518 4 5 laeyleiile den o ayl T (glajl ST
Cpmbgn 5 1] £ sl cmilio cmse s (09 liebol BB g g e ool il 5T (Bl s £55 100
D ol (leaslu g ym b J10)

59,5 > 5l s Syl 5l G86 il e 48T DA VT ool Jelge il 23T sl ST codge 5 3o bl o
g azgi Wil (ol U ceal by aied jo3 pediiins 58 o )Ls

LS ) s ailate o eoliiul glys dnl WIaTsS 5 Gl IS ead a5 lam 4l 40 45 T (gl 1S5T ol
s gblie o 4ol Lo i i Slisz gl o ol b asbl caslio 1IC L 1B 305 05,5 5 T3 oo

09 (gmyz2 2l 0592 (HAC)
6MT)3 skuslg —V\-\Y-¢

ol BT L oigd gd 03 slaidiny b s ol LIS jskay suly )15 5L (glad yo (T (el pliancens
g oo s () slabl (6l slopins 45 (55 ST 0gill olie S003 9 O jglme j0 Cawys (LHD) (o
15 (MAC) s p,¥1 sloaaSs 5 et Jaio] (sloylSa 4 s ailaie IS idigy (sl aled oS 55 cslajlo 1551

il S5l sla e g (oo yions (5l e Sl
YT a0l MAC L calas 5L ST LHD b osisis o 055 slaigy b iossd (9903 Joe b (25T (ansedd piaces
5L ST LHD L oaigds 95 955 slaindg b osss (poged Jos 08 sl abgype 4l 10 (55l 5 ol sl




iy

£1 5 FF amio F&G b g (il 9 J 5o Joddljgiws Q/'Q
HSE-IN-S-177(0)-98 e

aledsy gl jlu ST —Y-YY-5

&9 5,581 O
i gl Lol plaes oo jlais (e 8 ygole b g ranl)d acals jo \J}"-’“’ el 5l g jeam yo Al b,
b olasl la laca b awsl b )..;>l.. Sl S e Gl (San o] el oo oty alad G g ik )0
VSR SRRV LR SE-Sp iy ICON]

1055 oo )18 oalitul 590 sl bt ;5 Ygane 45 5 5 S92 (595 sLa 55T g4 i

1. Ultraviolet (UV)

2. Single frequency infrared (IR)

3. Dual frequency infrared (IR/IR)

4. Ultraviolet/infrared—simple voting (UV/IR)

5. Ultraviolet/infrared—ratio measurement (UV/IR)
6. Multi-band
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Acetaldhyde Cumene 2-Nitropropane
Acetone Cyclopentadiene 2-Pentanone
Acrylonitrile 0O-Dichlorobenzene Phenol
Alpha-Methylstryene P-Dichlorobenzene Phenyl Clycide Ether
Ammonia Ethanol Pyridine

Aniline Ethyl Acrylate Styrene

Benzene Hydrogen Sulfide Tetrachloroethylene
1,3 Butadiene Methyl Methacrylate Toluene
2-Butanone Naphthalene Trichloroethylene
Butylamine Nitroethane Vinyl Toluene
Chlorobenzene Nitrobenzene Xylene
1-Chloro-1-Nitropropane Nitromethane

Chloroprene 1-Nitropropane
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POTENTIAL FALSE SIGNAL uv IR

Welding Positioning and Aiming No effect
Voting with multiple detectors
Bypass during hot work

Direct sunlight No effect Positioning and aiming to avoid direct beam,
e.g., sunrise

Lightning Time Delay of 3 seconds eliminates No effect

Radiation from x-rays Bypass during inspection work No effect

"Friendly fires," flares, furnaces, Positioning and aiming Positioning and aiming

etc.

UV lamps for fluorescent Shield UV lamps from detector sight No effect

penetrant and magnetic particle Bypass during inspection

exams

Flashing lights: engine timers, Positioning and Aiming Positioning and Aiming Bypass during use

emergency vehicles, flash Bypass during use

cameras

High pressure sodium, mercury Glass (not plastic) shields over lamps to No effect

vapor, or quartz-hydrogen lamps absorb UV

Hot surfaces No effect Flicker circuit tests for flicker from flames which

is absent from hot surfaces with steady
radiation levels. However, steam clouds
passing between the hot surface and the
detector may simulate flicker.

Reflected sunlight No effect Positioning and aiming. Reflected sunlight can
cause false alarms.
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= Fusible plastic tubing (pneumatic)
=  Fusible optical fiber
= Bi-metallic strip or wire
=  Fusible plug (pneumatic pressure release)
= Quartzoid bulb (pneumatic pressure release)
= Fusible link (under springtension)
=  Fixed temperature detector
= Rate of rise detector
= Rate compensated

= Combination rate of rise and fixed temperature
[Handbook of Fire and Explosion Protection Engineering Principles]
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arrangement above deluged equipment (3-#) Jsu>

Minimum Number of

Component Fusible Plug Arrangement Plugs
Headers One for each 3 m of header length Y
Vertical Vessel One for each 0.3 m of OD to a maximum of five \
Vessel OD less than 1.2m: one for each 1.5m of length v
Horizontal Vessel Vessel OD greater than 1.2 m: two for each 1.5m of length in two
parallel rows -
Atmospheric Vessels One for each vessel process inlet, outlet, and hatch -
Fired Vessels and Exhaust Heated Same as pressure vessels. Additionally, one adjacent to the flame \
Components arrestor on fired components.
Heat Exchangers (Shell-tube) One for each end of heat exchanger Y

Pumps

Reciprocating type: one over rod packing
Centrifugal type; one over each packing box

Compressors

Reciprocating type: one for each cylinder, or equivalent coverage
Centrifugal type: one over compressor case
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(V) (Emergency Shut Down (ESD)
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