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1. Sat•t7 ahoul4 be 1Deolft4 ta all Ra1D1Dg pro~•· or 
the Preva'tin 8a1D'8n•no• Dewl.OJl••n C•U. (PllDC) for all 
l..,.la or s:.Ule.:S workers and mana3ecs. 

2. hS1t or Jcnowledp of aat•- ooal4 be ••td t;o prori.cla 
after t;raiaillg an4 then aboalcl be repuH4 perlo41caq cme tt.. 
a 7aar for skilled workers and one time in three years for .. nagers. 

3. A aat'•t7 laborator.r ahoul.4 be organized u a counter pan 
of th• P!mC to e&ft7 out t;zwtn,ng 1D JmOw-bow ot atet:r 
1Dstrw:aeuta and faclllti••· 

4. .All data on illatrmeat;a "1ld. eqa1i-ea't ~ laborato17 8houl.4 
be obt.U.na4 f1'0a supplier toptMr 11itill a accurate aa4 4atail9Cl 
4a&c:r1pt1oa ot their apecif7 8D4 b•ndlilag. 

5. h'oa till• to tiae te•ta ~ Af•'7 aain.UJiance wo:rlc 1a tb• 
sort;lng plAC88 of skilled workers should ~ pr_ovided_ through the technical 
authorities uf FCCCL and safety teacher of PHDC. 

Dltroduction 

file Pecle:ral Chemical. an4 Ceraica Coziporatton IJ.1111*1 (PCCCL) 
rca& established 1D Pald.ataa 1D 1972. It oma 15 opaatiDg uaiu at 
var1o11& locaticma u4 •mif•'tue• a lup mba' ~ all•1cal pro41:u:ta 
rangiDg f:rcm buio U.loal• tbraagb pbamaceatlcala a4 plutlc• i;o 
au-made flbrea. 

De PCCCL 1a .,irtng n.17 ~ton to uxt•t•e '1ae procluctiri.Q 
ot it• um.ta ~ 18pHte4 .alatmun mapam1i, eo11pr1a1Dg 
t;he 4eTelo"91lt ot a prenatiT• aiatmDc• Hbw. a.cea'17 ooaplnecl 
pro;lecta orlutecl t..ud.a lllpl-tiDg tbe &bon .. ..._ 1•aulte4 ill 
a ll1lllber o~ MUU88 ldopte4 'b7 eaoJl of tbe ~ alta. 

fte -~ nep 1a brlag:lag abft1i tile ooaprehmin a4 nllabl• 
aatdeDance •·:hem• 18 tbe pnaat; im»3•t, wbicda 18 to Q-IN4e a.. 
ab111t7 of l'CCCI. M11l'8DaDM Mnlce la pftftnt1T• •LlhaaDce •tllo4a 
and techniquea. Fe 1ibe Nallsatloa of W.. project iD l&Ti lqon L1a1111 
I.alion '1n'ougll tJae um,t;ecl ••tioaa IDdmtr1al Denl.Gp..m 01'gaa.1aatim 
(U?illO) la built. ~ :rr.Y•'1w •aiaMDw• l>nwlop119nt C•tn ta 
trainllag of bisbJ.7 8'11194 worken all4 mapn 1D the t1lecl ot 
maintenaace won. !o-dq tdle Pre•at;iw •&illteaanoe .Unelopm•t C•V. 
1a beiag titt.4 nth ..._ vahtag •te1ala, tuvmata, tool.a a4 
eqmpmeAt. 

fte prop- of vat•ta1 t.a pnpue4 a4 cme ot tM wti• 
of W.. prosr- S.. aatetT ..,.._ 1a obmical plat. 

Job Deacr1pt1• 

The original 3ob 4eaorip'1• - u toll-:-

Ccuwultut will MYlM • a. tftbtng d .. nqa1N4 t• tbe ••t• aaintnanca preoti•ff· '!be va1ldag uterlal• will •pU81•• 
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oa ..ret;,r or peraODDel. u •11 u equipment ill cheaical plants. !hi• 1'111 
include rot&z7 eq.ilpment, aach1ne tool•,aobU• equipHnt amt atat10Da17 
equipment lilt• t•0 1nl, preaaura Ye•Hla, towers ete. 

The re'ri.•ed Job 4esoript1on - u tollowa:-

The consultant 11111 110rk with th• Chief ~eclmical Adnsor ot the 
l'roveative kd.llte!MUlce .&inelopaent Centre a4 apecificall;r ~e e~e~ted to hel~ 

- ·io prepare tr:iinlng lectures on the uill points ot sal'ef;J' aspects 
1n che~1cal plant; 

- Co11posing list ot sateQ- laborator.r: 

- Composillg 11.at ot statutes. regalaticma and o~; 

- Composing Uat ot otticial aatev qui4ance bookle~a 
(Fubliahed b7 IDtSO- I.cm4on); (• BllSO- Her ~ea1;.r'a St&t10D&r7 

Office). 
- Coaposing liat ot period.icala • 

..lctiri. tie a 

fte work or the oonaoltant baa 'bem 41Ticle4 into two oategor1••:-

- ft• first =• was to prepare tratn1ng lessona tor aldlle4 work•• 
ucl aanagera of •int•DW• work tor aat'ety and 0Gmp0&1ng the list.• 
of atatuaea, Kegulat1.ou, 0%'4era aD4 Off~c1a1 guidance booklets 
1'hich can be utilised. u a ooaplaental aaterial b7 aachera ill the 
~tu.re• an4 b7 skilled workers for the self study or saf•t7 upeou. 

- th• ••ccmcl one wu compold.Dg th• JJ.at ot Af •t7 laboratoq ancl 
carrlng out ot orcler tor parahaae_ot tbe•• illabuaent• u4 
tac111ti1aa tor tb.18 labo:rator,. 

fte prillclgle upeota ot At•t7 1D ch•1ca1 plant is •hon in figure 1 
and. of i;he work!Dg place - ill tipre 2. ..lccorcliDg to · figure 1 the 
plan of tb• theoretic:al tra1D1Dg COUNe wu earring out u tollon:-

a. ~he -1:1 h••~• 1D the obeaical. plant - 1 lecture 

b. Plant protection - 3 lectures: 

- :Plant protectiou through ••tev 1Dapecticm., 

- lletbod.8 ot iupecUcmaa 

- Plant pntectlcm ..... Af •t7 faciliti••· 

•· .tin protection - 2 lecta:re•i 

fire protection teobDique; 

- Pir• protect1cm eqaipumt. 

Ccmt•4 ••• P/3 
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4. Poraanal protection - 2 lecture•; 

- Protection techDique 

Protectiml t•oil.iti••· 

The lectures were prepared in English (aee Annex IV) ed after 
translflt~on in Urdu the;r can be uaed tor training work with skilled workers. 
All or them were discussed with the Chief techDical Advisor ot the 
F~DC and trained with the two teachera of the PllDC. 

The composing list of etatu•••, regulations and ordere.,aee .ln.nex II, 
and the coaposing liat ot official aafet)' grddance booklets"see .Amlex III 

"ffor the best" dissemination of know-how or •Ar•'t7 probleu it could be 
ver.y usetul to organize the. eatet;r laborator.r as a-counterpart or the 
FllOO. In thia laborator;y the skilled workders can b'! exposed to the main safety. 
instruments and tacilitlea as well as to get the first k:Dr~-how in 
handling or th•. · 

The list ot sare~ iDBtruaenta and tacilit1•• tor equiping this 
laborato!7 is given in Amlex I. The 13 1temo tro11 th.is list{aee i'os.1-8~ 
and 11-18) tor the total aua 5335 US clolla.ra were included in ·the 
requisition form and s-.nt tor headquarters purchase. !he 3 i~eu 
.trom thia list (see Poa. 9,10 and 19) were recnmmended tor local 
purchase. 

-.~.----· 
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ARE TH ERE OBJEClS 
TO FALL? 

IS THERE A NOISE 

OR OUST PROBLEM 1 

ARE THE EQUIPMENT 
ANO PIPELINES BLIND 

IS TOXICITY TESTED ? 

I 1s TEMPERATURE TESTED. 

·-------

SLIPPING HAZARDS? 

t 5 THERE A FIRE 
RISK? 

- 5 -

IS LIGHTING 
.>ATISFACTORY? 

A 

ARE WALKWAYS CLEAR? 

ARE HAN OTOOL~ PROPERLY 
CHOSEN FOR THE JOB? 

ELE:CTRICAL LEADS O.K? 

----- SAFE PLACE..._ .... . IS .PROTECTIVE 

OF CLOTHING 0.1< ? 

ARE SAFETY OOTIC.ES 

LEGIBLE? 

Fl GURE- 2 , 

IS RADIATION TESTED? 

ARE MEANS OF ESCAPE 

K Ef'T CLEAR ? 

ARE SUITABLE EXTIN GU

I SHERS PROVIDED? 
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J.nnex - I 

Ret:omaended llat of iutruaenta a:ld equipment tor the •af'•tJ' 
laborato%"7r 

1. Portabl• Olqgen .lnal;r•er (11.S • .A.. Ltd.)• 

or Oxycoa 25D (troa Drager). 

2. Ylarnex !ro• Drager (tor explosive hazard aea&llrement:), or 
Drager - Combiwarn (tor the aaae purposes). 

3. The malti gas Detecter from.Drager (tor measurement or 
the most varied gases and vapours). 

4. Drage~ Polymeter (tor long-term •onitoring or worJcplaces). 

5. v~e Anemometer (Courte117 Abtott Birks)(for ventilation 
control). 

6. Heat Detector (Courtesy chubb fire security Ltd.) 

7. Temperature iletector (Courtesy Chubb Fire security Ltd.) 

e. Photoelectric &mQke Detector. (Courtesy Chubb Fire securiq Ltd.: 

9. Corbon dioxide extinguisher. 

10. Foam extinguisher. 

11. EG 174 and Travox 120 (.!ully automatic oxygen breathing 
apparatus sets). 

12. Fresh - J.ir line Breathing Apparatus. 

13. con:ipressed Air Line Breathing Apparatus. 

14. Panorama Bova mask (.!roa Drager). 

15. Drager Respirator Filters. 

16. Test Sets !rom Dragar (!or ~stematic function of instruments 
testing). 

17. Industrial hanci ... held sound leYel meter (Courtes;r General 
Acoustics Ltd.). 

18. Personal. duHt sampler (Courtea;r Casella London Ltd.). 

19. ~iSG saf.et'V.ttems· (rineff ~a.t1t1 helmet o! 9laatie, Anti 
cbemic~l.~avea, Leather gloves, Aetestoa glovea, P.ubber 
~loves, _:ace abield, Anti chemical apron, Anti acid suit, 
i='i..l-ti men•a suit, Ear mutra, Fir.• blanketo). 
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Amie..~ - n 

Recouendad llat ot Statutes, aegulations and Ord•~ tor the 
aat•t7 LaboratOr"7• 

1. Alkali etc. \lorn Orders 1966 - 1971 

2. :.lkal1 etc. ~orks ilegulat101111 .Act 1906. 

3. Chemical ~orka R&fSUlationa 1922. 

4. Chains, Ropea an~ L1.rt1~ Tsckle (Register) Crder 1938. 

5. Cle!.m Air ts.eta -i956 - 1968. 
i,.l' 

6. Constr~ction (General Irorlsions) liegulationa 1961. 

?. Constr.ction (Health and 'ael!are) Regulations 1966. 

8. Co112tr4c!1on. (Lifting Operations} Regul.ations 1961. 

9. Conetrf4tian {~orking Flaces) Ragulations 1966. 

10. Dangeroua 4chines(Train1ng o! Young Persons) Ordtlr 1954-. 

11. Eledtricit7 (Factories Act) Special Rei~ationa 1908-1<]44.. 

12. f::lectricity Reguls.tions 1908. 

13. .Explosives Acta 1875 - 1923. 

14. Factories Acts 1937 - 1961. 

15. Factories and ':lor!tshops A.~t; 1901. 

16. ?atal Accidents Act 19?r. 

17. Fire Certi!ieatea (Special Premises) liegL1latlons 1976. 

18. 

20. 

21. 

22. 

·')3 '· . 
25. 
26. 
27. 
2a. 

Fire Pre~a\1t1ons Act 1971. 

Fire iTecautions (Fac~oriea, Ot!ices, Sbopn and. Jail.way 
FremiF.eB) Order 1976. 

Uaalt'l and Satety (First - Aid) negulaticm~ 1981. 

Health and Zat'et'J' at Work etc • .A.ct 1974. 

Highly Flammable Liquids and Liquefied Petroleum Gii.Bes 
Regulations 1972. 
Ir.dustrial Trailling .let 1964. 
f'etroleum Mixtures Order 1929. 
letrolewa (Regulations) Acts 1928 and 1936. 
rrotection ot E~ea Regulations 1974. 
Radioactive Sub~tancea Act 19ao. 
~ork in Compressed Air Special Regulationa 1958. 
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Annex - Ill 

aecolll.lllended liat of otticial •af •t7 guidane• l>Qok let• 
(Published b7 maso• London) • . 

1. 

2. 

3. 

4. 

5. 

6. 

?· 
6. 

9. 

10. 

11. 

Safety' in the us~ or Abraa1Ye Wheels • 
... Sa!dty in Conatraction Work : General Sita 5&1"et;J Prsctice. 

Dust Explosions 1D Factories. 

Noise o.nd the ~orker. 

RepLAir or Drums an~ Small TankS : Explosion and Fire Risk. 

Basic Rules ror sa!'ety and Health at work. 

iir&t Aid in Factories. 

Lighting in Of!icea, Shops and Railwa7 Fremisea. 

!.ie®s o! Escape in case of .!!'ire in or.t1ces, Shops and 
Rail•ay Fremisea. 

Welding and Flaze cutting using Compreosed Gases. 

Chemical Sa!ety series: 

- CS1 Industrial use or tlammable gas detectors. 

CS2 The storaga of highly flammable liquids. 

CS3 Storage and use at Sodium Chlorate • 

• - CS4- The keeping ot UG• in Cylinders and similar 
containers. 

CS5 The storage ot LfG••at ti.Xed installations. 

"' - CS6 The storage and use of Li'G••on constr~ctions aitas. 

- - - - - - .. - - - - ~ - - .- - - - - - - - - - - - - - - -
• HMSO - Her Majsty's Stationary Office. 

•• • LFG - Lique!ied Petroleum Gas. 
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1.1. Introduction 

All manuf'acturing processes and maintenance 
vorlts &re to some extent hazardous, but in chemical 
plant there are additional, special, hazards associa
ted with the chemicals used, processes conditions 
as well as vith the variety equipment, instruments 
and tools used for the processes and maintenance 
liork. 

In this chapter only the particular hazards 
associated with chemical plant vill be considered. 
They are : 

Toxicity 
Explosio• 
FlBJ1111abj .Lity 
Radiation 
Pressure 
Temperature 
Noise 
Corrosion 
Machinery 
Tools 
Electricity 
Lift operations 

Belov ve vill look briefly all of these hazards. 

1.2 Toxicity 

Most of the materials used in the cb'!!Dlical plant . 
are poisonous, to some extent. The potential hazard 
vill depend on the inherent toxicity of the material 
and the frequency and duration of any exposure. It 
is usual to distinguish between the short-term effects 
tacute) and the long-term effects (chronic). A high1y 
toxic .material that causes immediate injury, such as 
pbosgene or chlorine, vould be classified as a safety 
hazard. Whereas a material vhose effect vas only 
apparent after long exposure at lov ccncentrations, 
for instance, carcinogenic materials, such as Vinyl 
Chloride, vould be classified as industrial health 
and hygiene hazards. The permissible limits and pre
cautions to be taken to ensure the limits are met 
vill be very different for these tvo classes of toxic 
:m&.terials, for example : 

.... I .. .. 



- 4 -

Smae L ~0 Values 

Ccmpaund 

Potass:tua Cyanide 
Tetraetbyl Lead 
Lee.d 
DDT 
Aspirin 
Table salt 

Source : Lowrance {1976) 

ag/ltg. 

10 
35 

100 
150 

l.500 
3000 

The inherent toxicity of a material is measured 
by· tests on antmals. It is usually expressed as the 
lethal dose at which 50 per cent of the test animals 
are killed; the LD50 {lethal dose fifty) value. The 
dose is expressed as a quantity in the milligrams of 
the toxic substance per kilogram of body veigbt of 
the test animal. Estimate& of the LD50 for man are 
ma-ie based on the tests of animals. 

There is no generally accepted definition of 
Y.hat.can oe considered toxic or non-toxic. Kusnet~ 
(1974} gi"'ves two examples of attempts to set limits 
based on LD50 val-ues: 

LI5o L 1 ma/kg - extremely toxic 

-/ 15 ma/kg - relatively non-toxic 

LD5o l 5 mg/kg - supertoxic 

-/ 15 mg/kg - relatively non-toxic 

These definitions apply only to the short-term 
(acute) effects. The fixing permissible limits_..an 
concentration for the long-term exposure of vorkers 
to toxic materials. The, Threshold Limit Value 
"(TLV) '' is the most commonly used guide for controll
ing the long-te:rm exposure of workers to contiminated 
air. The TLV is defined as the concentrations to 
vbich it is believed the average vo:rker could be 
exposed to, day by day, for 8 hours a day, 5 days a 
veek, without suffering harm. It is e~ressed in 
ppm for vapours and ge.ses, and in me,/m3 {'or grains/rt3) 
for dusts and liquid mists. 

. ... I . ... 
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Recommended TLV values are nublished in Bulletins 
bv the United States Occunational. Safetv and H~al.th 
Administration and the United Kinedom Health and 
Safetv. 

1.1 Flenn•bflitv 

The hazards caused bv a flammable !!'i&terial. de
~ends on a n'Ulllber. of factors: 

1. The flash-noint of material 
2. The autoiwition temoerature of the material 
1. The flmmaabili tv limits of the material 

Flash-'OOint 

It is the lovest temperature at vhich the material 
vill ign~te from an open name. The flash-point is 
measured in standard apparatus, folloving standard 
pro'!edures • For 1118.llY volatile materials the flash
points are ~lov normal temperature (0°C); for example, 
ether - ~5°c, petrol (gasoline) - 43°c. 

Aut~ignition temperature 

It is the temperature at vhich a substance will 
ignite spontaneously in air, vithout any external. source 
of ignition. It is an indication of the maximum tempera
ture to vhich a material can be heated in air. 

Flanmab~lity limits 

These are the lowest and highest concentrations 
in air at normal pressure and temperature, at vhich 
a flamme vill propagate through the mixture. They 
shov the range of concentration over vhich the material. 
vill burn in air, if ignited. Flammability limits 
are characteristic ot the particular material, and 
differ widely for different materials. For example, 
fo~ hydrogen the lover limit is 4.1 per cent v/v and 
the upper 74.2 per cent v/v; for methane the range 
is from 3.1 per cent to 32 per cent v/v; but for 
petrol (gasoline) the range is only 1.4 per cent to 
7.6 per cent v/v. 

A flammable mixture may exist in the space above 
the liquid surface in a storage tank. The vapour 
space above highly flammable liquids is usually purged 
vith inert gas (nitrogen), or floating-bead tanks are 
used. 

•," • , /. • • • I 



1.4 Explosions 

An explosion is the sudden, catastrophic, release 
ot energy• csusing a pressure wave (blast vave) • An 
explosion can occwr without fire, as the failure 
thrc;ugh overpressure or a stream boiler or an air 
recener. 

When discussing the explosion of a flamnable 
mixture it is necessary to distinguish betveen 
detonation and defiagratiLa. If a mixture detonates· 
the reaction zone propagates at supersonic velocity 
(apprmimately 300 m/s) and the principal. heating 
mechanism in the mixture is shock comp::-ession. In 
a def1agration th~ combustion process is the same as 
in the norma1 burning of a gas mixture; the combus
tton zone propagates at subsonic velocity, and the 
pressure bu:i:ld-up is slov. Whether detonation or 
def1agration occurs in a gas-air mixture depends on 
a numfler of factors; including the concentration 
of the mixture and the source of ignition. Unless 
coni'ined or ignited by a high-intensity source (a 
detonator} most :materials vill not detonate. 
However• the presS".ire vave (blast wave) caused by 
a detlagration can still cause considerable damage. 

Certain materials, for example, acetylene, 
can decompose explosively in the absence of oxygen; 
such materials are part~cularlr hazardous • 

.1.5 Radiation 

The radiation emitted by radioactive materials 
is harm1'ul to living matter. Sniall. quantities of 
radioactive isotopes are used in chemical processes 
for various purposes; for example, in level and 
density-measuring instruments. and for the non
destructive testing of equipment. 

1.6 Pressure 

Over-pressure is one of the most serious hazards 
in chemical plant operation. Failure of a vessel, or 
the associated piping can precipitate a sequence 
of events that culminate in a disaster. 

Pressure vessls are invariably fitted vith some 
form of pressure-relief de~ice, so that the potential 
over-pressure is relieved in a controlled manner . 
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Three types of relief device are commonly used: 

Directly actuated valves: weight or spring-
1.oaded valves that open at predetermined pressure, 
e.nd Wflic& nol'Jl&lly close at'ter the pressure has 
been relieved. 

Indirectly actuat ed valves : pneumatically 
or electrically operated valves, vhich are 
activated by pressure - sensing instruments. 

Bursting discs : thin discs o-r material that are 
designed snd .manufactured to f'rril a~ a predeter
mined pressure, giving a f'ull "oore opening tor 
f'lov. 

1.7 Temperature 

High temperature, over and above" can cause 
t'ail"ure of' equipment and initiate a disaster. High 
temperature can arise from loss control of reactors 
and heaters; and externally, tram open f'ires 

by Protection against high temperatures is provided 

Provision of high-temperature alar.ms and inter
locks to shut down reactor feeds, or heating 
systems, if the temperature exceeds critical 
limits. 

Provision of' emergency cooling systems for 
reactors, vhere heat continues tu be generated 
after shut-dovn. 

The selectionof sate heating systems for hazardous 
::materials. 

Steam and otber vapour systems are safe, as the 
temperature cannot exceed the saturation temperature 
at the supply pressure. 0thier heating systems rely 
on control ot the heating rate to limit the mamimum 
process temperature. Electrical heating systems can 
be particularly hazardous. 

1.8 Noise 

Excessive noise is a hazard to health. The unit 
ot sound measurement is decibel ( dBA) . We can measure 
the levels of noise Vith an 'Industrial hand-held 
sound level meter. 

. ... I . ... 
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Pei:manent cUmlage to hearing ca 1 be caused at 
sound levels aflove about 90 dBA, and it i~ normal 
practice to provide ear protection in areas v~ere 
the level is al>oYe 8C dBA. For the workers ve can 
manag~ ;t with the ear 111\lff's or ear plugs • ( Cotto'l 
wool does not serve as effective protection agair.st 
noise). 

Attention should be given to noise levels 
vhen specifying, and when laying out equipment that 
is likely to be excessively noisy; such as, compressors, 
fans, burners and steam relief' valves. 

1.9 Corrosion 

.1..10 

1..11 

The handl.ing of hazardous materials such as 
toxic gases

1 
hydrofluoric acid, concentrated sulfuric 

and nitric acids, explosive and flammable .materials 
radioactive substances, and chemicals of high tem
perat"..ire and pressures demands the use of materials 
of construction which minimize corrosive failures. 
Corrosion of a "llletal vall separating the fuel and 
oxidizer cauld cause premature mixing, vhich could 
result in a destruction of equipment and in personal 
injury-. CO!Toding equipment can cause some fairly 
hamless comp~ds to become explosive . 

Ma:::hinery .. 
There are very f ev vorkplaces vhere machines 

have no part to play in the business • The main :::.::.'~ 
::machinery dangers are i 

revolving shafts 
Discontinuous rotating parts 
abrasive wheels 
closing nips between platen motions 
rotating vheel cranks or disks 
revolving beaters, spiked cylinders and 
revolving drums. 

Tools 

Tocls can be a cause of accidents vhen used by 
workers. Fc.•r example, when you vork upstairs the 
simple missing of your hammer can be a real potential 
for injury to a person, vh vorks dovnstairs, or for 
damage to equipment, or - possibly both. You can 
have a f;erious problem of careless people, since 
they ap11ear to injure themselves vith their tools -
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or are the h•nners all rounded the spanners all 
gaping. the chisel-beads all burreu and the files 
a1l bereft ot handles. 

1 . ..12 Electrici~y 

It is a safe and efficient form of en!rgi and 
its benefits to mankind as a convenient source of 
lighting, heating, and pover are obvious. But out of 
control electricity can cause harm as per human body 
so tar the equipment. Electricity heating effect 
can also cause fire, and it is par~icularly hazard 
if you deal with the explosive and flammable gases 
and liquids. 

When maintenance vork is to be carried out on 
a part or piece of electrical apparat~s. certain 
precautions need to be taken to protect the worker 
concerned frQJD electrical danger. The electricity 
supply should first of all be sviched out and locked 
off to ensure that the circuit or apparatus being 
vorked upon is effectively electrically isolated 
and cannot became live. Using a suitable voltage 
detecting instrument, that part of the circuit to 
'he worked on should be checked to ensure that it is 
dead and danger no1ices. "Don't svitch en ! Under 
repa:i:r !" should be placed on the svicher. 

In chemical industry, ·so. far_ as flammable gases 
and vapours are concerned, areas that are hazardous, 
are classified according to the probability of 
occurance of explosive concentrations of gas or vepour. 

These classifications, called zones, are as follows 

Zone 0 is a zone in which a flammable atmosphere 
is continuously present or for long period! • 

Zone 1 is a zone in which flammable atmosphere 
is likely to occur in nor.18.l working. 

Zone 2 is a zone in which flammable atmosphere 
is unlikely to occur except under abnormal con
ditions and then only for a short time. 

The particular zone determines the types of 
protection required for electrical equipment in use 
in that zone. 

. ... I .... 
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Porta!U.e electric tools are a convenient aid 
tor different .mai:ntenance vork~ • The .most cammon 
of them are electric drill aud portable grinding 
vheel. However. the necessity to use tlex.i.ble 
caDles to supply electricity to the tool introduces 
hazards. For e.xample, such c:..bles are often 
.misused and abused resulting in damaged insulation 
and oroken or exposed conductors. The total itself 
could alsu become unsa:fe i:t', say, its metalvork 
became charged vith electricity due to a fault. 
Constant care and adequate maintenance and storage 
are essential to sa:fe use. 

Lifting operations 

A lot of mainte'l8Ilce vorks are connected vith 
lifting operations. However, any laxity in its use 
can prove very costly in terms of damage to plant 
and product, and, worse, of injury to employees. 
wnether the lifting equipment is mobile, or is fixed 
in position, agreed sa:fe systems of vork and procedures 
tor -using it 11USt oe f'olloved to reduce any risk to 
a:mintmum and to ensure the best utilization possible. 

There are a number of common techniques that 
apply to the safe operation on every type of' lifting 
deY!ces. They include: overtravel. svi tches, protec
tion of care conductors, load indicators, safety 
catches, access, sa:fe vorking load, safe signals, 
chain slings, vire rope slings, fibre rope slings, 
eyebolts, etc. 

The provision of good conditions for lifting 
operations and the elimination of hazards depend 
upon the knovledge and skill of maintenance worker.~ 
and particularly of :manager of vork. '!.'&~ 's vhy 
he should oe tested for his knovledge and .. kill. And 
a manager of maintenance vork before alloving lifting 
operations nas to give job instructions to·vorkers • 
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II Plant Protection 

Plant Protection is one of the most important part of 
safety- aspects in chemical industry. We can divide i't into 
tvo groups such as : 

- plant protection through safety inspection 

- plant protection through safety facilities 

2.1 Plant protection through safety inspection 

Safety inspection - the examination of equip
ment elements at sufficiently frequent intervals 
to obtain adequate knovledge of physical conditions, 
·L .... ~h from the standpoint of deterioration and for 
the lllOSt effective carrying on of maintenance vork. 
Effective safety inspection vork can be based on 
established rules and standarized procedures though 
local conditions vary to some extent, hovever, and 
standardized procedures and rules are not alvays 
directly applicable. 

Sa:fety inspection is usually provided through 
the special inspection department of the plant. It 
should be beaded by Plant Chief Inspector vith an 
adequate ntmlber of qualified subordinates. They 
should be responsible and mature men vi th experience 
both in Oflerations an.i. maintenan!e crafts. The 
Inspection Department decisions regarding safety 
should be final, subject to over-rule only by the 
plant management. 

The. Inspection Department is responsible for the 
execution of all safety inspection work including 
hydrostatic tests, rec011D11ending necessary replacements, 
reconmending abandonment of unsafe equipment, anti
cipating replacements necessitated by deterioration 
and advising the proper parties as may be necessary. 
It cooperates vith other departments in the Work of 
Preventive maintenance and in recommending improve
ments for the purpose of reducing deterioration. 

As a part of the vork in promoting safety of 
equipment, the Inspection Department is required to 
observe and ascertain the condition of relief valves, 
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blovdown connections and similar emergency provisions 
or devices vhen units are taken out of service as a 
check upon the operability of these elements vhen 
they are called upon to function. 

Inspection procedures 

Inspection procedures are ttsual.ly customary to 
a&lere to one cf the tvo folloving methods : 

periodic inspection 

continuous run - to - run inspection 

Periodic inspection comprises the 3cheduling of 
complete general inspection of equipment along with 
necessary hydrosta";ic tests at definite intervals. 
Replacements :mad·~ at such inspection times are 
usually contemph.ted to la.st until the next scheduled 
periodic· inspection. This method is varied somevhat 
by minor interim replacements and also in that certain 
parts of known slov deterioration rates are inspected 
at less frequent intervals than those observed duriug 
the general inspections. 

This procedure is most applicab~e to small units 
which co~veniently can be given overall inspection at 
one shutdown and also to the sma1ler plants. It may 
be ~ref'erable an equipment vhich runs for very long 
periods and whose maintenance sln.tdovns are prolonged. 

Continuous run-to-run inspec1ion co:mprises 
partial ins-pection of equipment as required at each 
shutdovn.. based upon a continuous and complete system 
of records indicating the condition of component 
parts, and the replacement.of parts based upon expected 
deterioration betveen consecutive operating shutdowns. 
This procedure permits maximum service life of 
component parts due to frequency of inspection oppor
tunities. Tl:e requirements in coo~dinated record 
keeping a~e 1xacting, however, as a continuous check 
on all constituent elements must be kept and replac2-
.ment directed as they indiviiually reach retirement 
limits. 

Frequency of i~spection 

The frequency vith vhich the various types of 
chemical plant equipment and component parts thereof, 
justify inspection varies to a great extent. The 
principal factors which determine the inspection 
intervals ir~lude corrosiveness of the :material being 
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processed, the seyerity of operating cond.tions, the 
possible consequences of failure, and th~ age of the 
equipment. In same cases equipment is con ~rasted of 
or pro~"idf!d with linings or corrosion - resistant 
alloys vhich greatly reduce d~1~rioration. It is 
not necessarily true that vhere corrosion resistant 
liners are used inspection in~ervals can be lengthened 
as a result, for inspection may be n~cessary to check 
the effectiveness of the corrosion protection being 
achieved. 

When th~ system of periodic or complete general 
inspection is employed, it iR possiblE to establish 
the lll8Jtimum intervals at vhict complete inspection of 
the eqlli.pment should be made. Even under _this system 
there are portions vhich do not require inspection of 
those intervals, such as the por:;io1:s of less severe 
exposure and less critical duty. It is therefore 
necessary to establish for a given unit the intervals 
at vhich its various consti r1ent p.u-ts must be 
examined. 

It is possible to divide each unit into proc~ss 
elements requiring frequent and detailed inspection 
such as principal vessels, piping, pumps, etc. , and 
portions such as cold feed supply lines, fuel gas 
lines, certain vessels in non-corrosive service and 
the like vhich require ~;SS frequent inspection, and 
to express the approximate order of frequency vith 
which the different elements should be inspected. 

When employing the continuous, run-to-run method 
of inspection, the same intervals vould apply for 
constituent elementR. That is; for a given type 
of unit, it -may be established that all specified 
importan~ portions tr.ereof should be inspected at 
certain intervals, whether done at a single inspec
tion period or at various operating shutdovns. 

The inspection of all pressure vessels, vhether 
or not they are constituent parts of such units should 
be set up on a definite $Chedule, vith more frequent 
inspection being conducted vhen circumstances justify. 
Vessels opera~ing at or above 25 psig, vitb a corrosion 
and erosion I4te of 0.03 inch per year or greater, or 
where th~ allovable minimum is being approached witb~o 
0.06 inch should be inspected f~ly at no greater toan 
semi-annual intervals. 
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The .ASME Code tor Unfined Pressure Vesnels 
proYides for certain maximum inspection intervals 
for all yessels including those vith partial linings. 
It provides that the maximum period betveen in~pec
tions shall not exceed one-half of the estimated 
remaining sa:fe operating life of the vessel, and 
in addition the intervals should be subject to 
the following requirements 

Corrosion 

% of Required 
Thickness Per Year 

10 or above 
8-10 
6-8 
4-6 
Belov 4 

Maximum Intervals 

Betveen 
Inspections 

1 Year 
2 years 
3 years 
4 years 
5 years 

The code provides that vessels vhose contents 
are corrosion - inhibiting and with negligible 
external corrosion must be examined either inside 
or outside at least every five years • All safety 
valve equipment shall be inspected and examined at 
no greater than yearly intervals, and vessels above 
ground should receive vistia.l external inspection 
at lee.st once a year. 

As a general rule, all vessels vitn non-metallic 
linings such as gunite, brick, plastics, etc. should 
have t~e whole liner removed at a maximum of eighteen 
month intervals. Progressive failure of liners in 
spots'111&y make frequent inspection necessary 

With respect to non-process equipment, the 
following-intervals are recormnended as maximum for 
certain of the important classes of such equipment. 

Equipment 

Atmospheric tanltP 
Pressure tankage 
Boilers 
Dikes 
Oil separator 
Gas collecting system 
Transfer pumphouses 
Loading racks and docks 

Maximum Intervals Betveen 
Inspections 

1 month* 
1 month' 

** 
6 months 
3 months 
6 months - 1 year 
6 months 
6 months 

* Visual inspection from the outside, including main
tenance ot extern.tl parts such as vents and flame 
arrestors. 

** Inspection intervtls usually depend upon insurance 
and state regulat:.ons. 
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Inspection Techniques 

The complete examination of equipment to deter
'llline fitness for continued operation involves numerous 
techniques. These canprise chiefly various fields 
inspection procedures but include also hydrostatic 
testing and laboratory investigations 

In the execution of inspection vork ce1"tain 
saf'ety precautions need to be exercised for the 
protection of inspectors and workmen, the avoidance 
of harm to the equipment being examined and tbe 
lll&intenance of general safety in inspection area. 
These include but are not limited to the folloving 
points : 

a) The carrying on of inspection work is not an 
excuse for disregarding ordinary saf'ety rules 
such as those concerning the uses of flames 
in hazardous areas, the handling of heavy 
objects over or near op2rating equipment or 
the partial dismantling of equipment under 
operation for inspection purposes. 

b} Full safety precautions should be observed 
as to blinding off, from outside sources, of 
equipment undergoing inspection or maintenance 
work oefore the entrance of vor~ers vithin 
vessels or similar areas be entrusted to simple 
closing of valves vithout locking, blinding 
or other precautions. Reliance on valves alone 
even though locked shut is undesirable because 
of their t·endency to leak. This is particularly 
important with flanmable or toxic vapours. The 
approval of the operating department familiar 
with the lineup of piping and other equipment 
is required before dismantling vork for the 
purpose inspection. 

In connection vith the extensive work on process 
equipment and widespread m&intenance Jobs on a 
unit the portable type of gas detector such as 
"Combivaren", "Oxycom 25D", "Warnex" or similar 
are vecy useful. 

c) The medium used for hydrostatic pressure test
ing may be vater or similar non-corrosive and 
non-explosive liquid. Combustible liquids having 
flash points less than .110° F., such as petroleum 
dist~llates, may be used only for near-atmos
pheric temperature tests. It is recommended that 
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the lilfUid temperature be not less than 6o°F 
where practtcabl.e. The test pressure shall 
not lie applted'1111til the vessel and its contents 
are at aoout the same temperature. 

d} Except under the special conditions authorised 
by tne ASME Code. or similar authority, air or 
any other gas, never should be used for strength 
testing of vessels or other equipment. Failure 
of a ptece of equipment under gas pressure 
releases large amounts of energy vith highly 
destructirve effects on the surroundings, vhereas 
nth liquids this effect is negligible. The 
-vessels oeing hydrostatically tested should be 
caref'ully freed of air in the upper portion until 
the vessel is completely full of liquid. 

e) Air never should be used for pressure testing 
equi)nnent where possibility of combustion of 
h1d:r'ogen sulfide, iron sul.fide or other chemicals 
· e;u".st. In no case should oxygen be used as a 
testing -:medi"UDl. 

f) In hydrostatic testing of a vessel not designed 
for -vacuum, care must be taken to vent tbe vessel 
top as the liquid is removed. When tested vi th 
steam for tightness, such vessels should be 
provided with automatic vacuum breakers to protect 
against the vacuum resulting from steam conden
sation. 

g) In hydrostatic testing of equipment elements 
either singly or as a group_, care should be exer- . 
cised to avoid overstressing any elements not 
designed for the test pressure employed. 

i) In the hydrostatic testing of equipment, consi
deration should be given to the possible conse
quences of failure vith resultant spillage of 
testing fl11id. This is especially important in 
the case of flammable testing media, even 
though the flash point may be substantially above 
atmospheric temperature, if there is possibility 
of failing upon heated objects, running into 
furnaces or in other vays causing a fire hazard . 

• 
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2 .2 Methods of inspection 

The detection of flavs in chemical equipment 
accounts for a large percentage ot the vork performed 
by the :manager ot maintenance vork or inspector. 
lncl11ded in the category of navs vould be cracking 
and Yoids in.welds, unusual corrosion or erosion. 
11etal fatique, structure alteration and the like.· 
Detei:mination of metal thickness is also imperative 
in establi'shl."'ng equipment condition. For carrying 
out of inspection of equipment there are several of 
the followi'ng 11ethods • 

2.2.1 Visual inspection 

This 11ethod of inspection is used to determine 
the apparent condition of the surfaces of equipment, 
including welds and riveted joints, vi th respect to 
corrosion and erosion effects and any other defects. 
It is usually necessary that the surface be properly 

v· prepared by scraping, vi re brushing and even sandblast
ing. Visual examinatioi. is one of the principal 
means of determining vhen replacement of such items 
as furnace tubes, fractionator internals , exchanger 
perts, and pump and compressor parts is required. 
In same cases for the parts vhich are not directly 
accessible, such as the middle of furnace tubes, 
some reflecting or telescopic ~evice may be requirei. 

2.2.2 ~etic Particle Inspection 

This method is based upon vell-knovn electro
J118811etic principles. When a magnetic flux is in
duced in a magnetic material, its lines flov smoothly 
through the material unless some point of disconti
nu:tty is reached. A point of discontinuity can be
c.cne a pole and point of origin from which a flux is 
emanated into the surroundings. Thus, in a simple 
bar 1118.gnet, lines of magnetic flux flov through the 
metal with very little emanation to the surroundings 
until the end of the magnet is reached. At this 
point of discontinuity a heavy flux is released, 
f'or.llling a magnetic pole. A flaw vi thin a magnetic 
Jllll.terial such as a crack in the surface or .a sub
surface void vill act as a point of discontinuity 
and form, in effect a magnetic pole. It is possible 
to distinguish such discontinuities with minute par
ticles of magnetic dust, such as iron filings . 
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These are strongly attracted to anr discontinuity 
poles, and therefore by piling up and concentrating 
at such points, theT effectively outline the location, 
extent, and to sme degree the character o:f any defect. 

This -method o:f inspection is a valuable tool 
for locating cracks of such small magnitude that 
they cannot be detected visually. It is effective 
for detect!ng fatigue cracks, in machinery parts, 
cracks originating in velds and stress corrosion 
cracks. 

Dye .... Penetrant Inspection 

On non-magnetic :materials vbere the magnetic 
particle examination is inapplicable or on all 
.111aterials where a rapid inexpensi7e check for sur
face flavs

0

is desired, the dye-penetrant inspection 
technique is available. Thi~: method relies on the 
ability of a relatively free-floving material to 
penetrate surface cracks and navs after a surface 
cleaning. 

Ih. practice, tvo types of dye-penetrants are 
available for use. One depends upon color contrast 
to effect detection while toe other utilizes a 
fluorescent dye requiring the use of ultraviolet 
light for observation. 

Both methods require that the surface be thorough
ly cl.eaned before application of the dye. The dye is 
then applied and the surface 98ain cleaned by simply 
Yi ping or rinsing vith vater. W'i th the non
n·1.1orescent type of dye, any flavs in which the 
liquid is entrapped and thus drawn out vill be outlined 
ir. a color visible to the eye in ordinary light. 
If a fluorescent dye is being used, the prepared area 
is inspected -under ultra-violet light. 

Hammer Testing 

It is a valuable part of inspection procedures 
and has several f'"11ctions. Its principal u&es include: 

a) location of thin or otherwise defective sections 
of vessels or pipe valfs by sound; 

b) the checking of pipes, heater tubes. vessels, 
nozzles, and other parts by the ability to 
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withstand the. ha.er blovs, as a precaution 
against defecttve sections not found by other 
inspect~on methods; 

Considerable skill is needed in hammer test, and 
in t:&e testing of equipment the inspector should be 
guided fly the sound and rebound of the blows and 
appearance of the metal struck, and should cause addi
tional inspection such as measurement to be made vhere · -~~ 
the Iuumner tests indicate metal of questionable 
thickness or co&.iition. 

The weight of the testing hemmer should vary 
from 1. 5 to 2. 25 pounds for testing lines and materials 
up to t:&ree-f'aurths inch metal thickness. Heavier 
hammers should be used for thicke~ :materials. 

Hammer testing should not be relied upon exclu
sively, but it should be considered an extension of 
other methods. It should not be applied to castings, 
as a rule. to other 111&terial of a brittle nature, 
nor to thin piping, vessels or other parts vhich 
normally vculd be d~~i by the blovs. 

Thickness Determination 

The many different types and shapes of equipment 
vhich need to be measured requil'e numerous types of 
.measuring devices and methods. As a general rule, 
it is desirable to avoid cutting into or other des
tructive operations upon equipment for the purpose of 
taking measurement. The so-called "destructive" 
methods of taking measurements should be used only 
in that case vhen "non-destructive" methods are 
lacking. Today ultrasonic instruments are of great 
use:f'ulness in checking metal thicknesses. This instru
ment provides direct thickness reading and it can be 
employed for measurement of equipment elements vhile 
they are in operation. 

Trepaning or Core Drilling 

This method consists of drilling into metal 
~ith a special tool so as to obtain a core from ~he 
drilled hole. The core permits examination of ~he 
condition of the metal vith respect to defectr. This 
is a rarely used method, although under circumstances 
requiring a section ol' the metal val! examination, 
it is very usef"ul. The hole resulting from trepaning 
is substantially large and the closing of it should 
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be done b1 a suitable :method such as tapping and 
plugging followed by seal~welding. In thick-val.led 
yessels, closure by welding alone may set up undesir
ab.le residual stresses. 

Pressure Testing 

This method normally is carried out for one 
of tvo primary purposes: 

aj proof testing of equipment either vhen nev or 
at inspection periods to confirm suitabil-ty 
for the operating conditions under vhich it vill 
be employed; 

b) to ascertain the tightness of the equipment prior 
to being put into operation and to locate leaks. 

Usually proof testing is done only vith liquid 
while tests for tightness may be done also with steam 
or air. The magnitude and the rate of application 
of the particular piece of equipment tested. During 
the tnne the test pressure is applied, complete 
examination of the equipment should be made insofar 
as is possible·. 

'Vessels that are not capable of supporting the 
weight of liquids may be subJ~cted to a pneumatic 
test in accordance vi th the AS.ME Code . In no case 
should such pneumatic test pressure exceed 125 per 
cent of the calculated allovable pressure. 



2.3 Plant protectfon through sat'ety facilities 

'l'fle taci:lities for excess pressure relief, 
emergency blowdovn and purging alr_ . .ig vitb their 
associated systems for the sare handling of released 
l.iquids and vapours are essential part of alm.>st 
every process installation in chemical plants. 
Experience bas shown on many occasions that great 
reduction in property damagE, and sometimes in personal 
in.turT and death, could have been accomplished by 
adequate facilities for this purpose. 

The term Pressure Relief refers to the automatic 
release ot fluids {liquids, vapors, gases) from a 
system vben the pressure reaches ~ pre-determined 
level. The pressure at vhicb a ~afe~y or relief 
valve starts to open is called the Set pressure. 
The term Blovdown refers to the intentional. release 
of material from a system, either by local or remote 
control, .as an emergency measure for the protection 
of equi)mzent or for purging by employing the pressure 
within the system for effecting movement. ~e term 
Blovdo-wn facilities embraces the valves, piping: 
liquid separators,drums, stacks, flares and other 
associated equipment. 

Pressure relief facilities are designed to pre
vent pressure in equipment fro~ reaching levels 
where rupture or mechanical failure may occur by 
automaticall) releasing material held vithin the 
protected pie,~e of equipment until the pressure falls 
again "rlthin s.:.te operating limits. On the other 
hand, the blovdown facilities are usually manually 
operated and in an emergency may be used to effect 
rapid removal of part or all of the co~tents of the 
tank, vessel or other system vhich, for example, may 
be feeding a fire. The blovdovn system also has an 
important incidental use for purging purposes and 
removal and disposition of the major portion of 
accumulated liquids and vapors from process units 
prior to normal shutdown for inspection or cleaning. 

The causes of increased pressure over and above 
ordin&?'y fliictuations during normal operation are 
varied. It is difficult in general process unit to 
anticipate every possible condition which .may cause 
eJCcessive pressure rises, and in operation it may 
be impossible for operators to stop or even control 
a rapid pressure rise in equipme~t (tanks, pressure 
vessels, f.'urnace coils, heat exchangers, pumps as 
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vell as others} ill the case of abnorJDal conditions 
or emergency. It is for this reason that pressure 
relief srstem.s are designed to operate automatically. 

Accordi"'ng to the ASME Code for Unfired Presure 
'Vessels 11nder which most of such presure vessels in 
countries are designed and fabricated, all unfired 
pressure vessels shall be protected with suitable 
pressure relief devices. 

Ty}>es of presure relief devices 

There are lllBlly types of pressure relieving 
devices currently on the market. These include 
relief Yalves, safety valves, rupture or frangible 
discs, and for some services explosion hatches. 
Of these, the relief and safety valves 1:Lre the most 
widely employed on process equipment, although the 
other devices have numerous important uses • 

Relief and Safety Valves 

Relief valves comprise those types that commence 
to release at the set pressure, but not reach 
maxilllUlll discharge rate until the pressure has 
risen to 110 to 125% of the set pressure. Relief 
Relief valves are primarily used for liquid service. 

Safety valves on the other hand start to release 
at the set pressure but r~ach maximum discharge 
at about 103% of that value. They are used for 
gas or vapour services. 

Relief valves may be of the spring-loaded or 
lever and weight types. Relief valves for use 
in liquid service are generally of more simple 
design than valves for handling vapour or gas, 
al.though in principle of operation they are the 
same. The lever-and-veight tn-~ of relief valve 
is not employed in process service as ex~ensively 
as the spring-loaded type, but it is used to a 
limited extent on equipment vhich ·ope~ates near 
atmospheric pressure and under mild temperature 
conditions. In operation, the pressure at vhich 
the valve begins to open is set by adjusting the 
weight or the position of the veight on the lever, 
thus regulating the downvard force of the valve 
disc 11pon the seat. When the upward pressure 
belov the disc is sufficient to counteract the 
dovnvard force, the disc lifts from its seat 
permitting the tlow to begin. This type of valve 
is s~ldom used in liquid service . 
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The ASME Boiler and Pressure Vessel Code gives 
general standards for set pressure and the 
allcvable dl"'fference ~etween discbarg~ pressure 
and maxmum working pressure, and standards for 
tP:;~ .. i11g, -marking and installation of pressure 
relfeving devices are also given. 

Rupture Discs 

Rupture Disc is composed of a pre-forvard dia
phragm, usually metal, vhich vill rupture at some 
predetermined pressure level. The disc is held 
lietveen two special flanges. Its tbic.lUless 
depends11pon its diameter and the rupture pressure. 
The rupture disc is employed where rapid reduction 
in pressure is required such as in the protection 
of pressure combustion systems, ~r the like, vhere 
the larg~ e:cess ~!ol1.Imes may have to be relieved. 
When the pressure in the protected equipment 
reaches the levP! at which the disc is designed 
to ru,"lture, it gives vay, and the rate at vhich 
pressure ts then reduced is limited more or less 
by tha sizes of the rupture disc and of relief 
piping. This device does not permit continued 
oper~~ion of the equipment after rupture unless 
a block valve is installed in the line ahead 
of the disc to permit its replacement a~er 
failure. When such a block valve is provided, 
acceptable practice requires arrangements for 
locking it open at all times except vhen a disc 
replacement is being mac!e. 

Rupture discs also find application for protect
ing spring-loaded relief valves in highly corrosiv1 
service. In such applications a rupture disc 
is fabricated of corrosion-resistant material 
and installed in the line betveen the protected 
piece of equipment and the relief valve of the 
conventional type. 

Relief Hatches 

The explosion hatch, relief hatch or explosion 
door, consists of a specially-designed disc, door, 
or other closure for an opening in a pressure 
system, capable of opening under relatively lov 
differential pressure and releasing large quanti
ties of gas or vapor. These devices are used to 
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provide pressure relief on tanks. combustion 
chambers and vessels which operate under rela
tivdy' low pressure and where large quantities 
of 111&tertals must be released. They are not 
suited for !~quid-relieving service. However. 
they are the most effective means for low 
pressure equipment such as tankage or furnaces 
Yher~ combustion irre[nllarities or explosions 
:may- result from misopere.tion and to protect 
tnese from high rates of internal pressure 
generat.L'on. 

Location of pressure relief devices 

In cli.P1Jlical plant installations the location o~ 
relief or safety valves on process equipment is 
important. In this· connection, two questions are 
involved : 

a) In vhat places such devices are required; 

b) Where these valves may be best positioned for 
effecti-ve functioning. 

Usually the location~ in which relief or safety 
valves are required include the folloving : 

1. On all pressure vessels such as reactors, 
autoclaves, fractionator~, receivers and the 
like as required by prevailing codes. 

2. On various individual pieces of equipment or 
systems to provide against excessive oressure 
resu1ting f'rom thermal expantion of contained 
fiuids including 

a) the cold side of heat exchangers, which 
if blocked off may be subject to heating 
from the other side and resultant thermal 
expansion. 

b) cl,sed piping systems exposed to heating 
such as tank-farm lines explosed to the 
sun. 

c) vessels or tanlts which may be completely 
fu1l of liquid or yapollI' later subject to 
beating. 

3. The discharge of all compressors . 

. . . . / .... 
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4. Pumps, vflere the systems into which they dis
charge cannot withstand the pumpstalling 
pressure. 

5. On ..he low pressure side of heat exchangers or 
on other pieces of equipment subject to internal 
leaks ar failures such as in tubes, vhere the 
low ~essure side is designed tor less than 
1/2 ot the 1118Ximum vorking pressure ot the high 
pressure side. 

In establishing the most desirable locations 
tor relJ:ef val-ves on a specific piece of equipment 
or system, a number ot factors that sometimes also 
determine the number of valves that must be used 
need to be considered. 

These factors are as f ollovs : 

.1. It is usually desirable that valves be located 
as close as possible to the piece of equipment 
vhich they protect to minimize the possibility 
of piping stoppages.• 

2. Av section of a system vhich can be isolated 
by valving or can become isolated by stoppages 
developing in piping, or in any other way, 
requires an individual relief valve. 

3. Convenience of location for discharge of relieved 
materials. 

In general, relief valves.discharging vapours to 
the atmosphere preferably are connected to the upper 
perts of the systems vhich they protect vith the 
discharge piping extending at least 10 feet above the 
highest operating platform within a 50-foot radius, 
and at least 20 feet above grade. 

VapO'Ul" relief valves disch!rging to the blowdown 
system may be connected on the protected equipment at 
the most advantageous position from the standpoint of 
inlet and outlet piping, providing that the other 
requirements for valve location are satisfied. 
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III Personal protect~on 

The human body- is composed of several systems such as 
digestive system, respiratory system, circulatory system, 
central nervous system. Every system is composed of several 
organs such as stoma.ch, liver, pancreas. lungs, trachea. 
bronchiole, heart, eye, ear, skin and so on. It is impor-
tant to remember that these organs don't function independently 
but are interrelated so that if one part of the body is not 
functioning properly it may upset the health of the body as 
a vhole • So in f!!Very working place and particularly in 
chemical plant we have previously to have protection for 
all human ts organ. Surely, in ~very vorking place it depend3 
on the real working conditions, and we have to be able to 
assess the degree of hazard in every working place. For 
these purposes there are lot of i~ :truments and devices. 
All of them we can divide into two groups 

for short li"\"ed measuring 

for long-term measuring 

3.1 Short-lived111easuring. 

3.1.1. 

This group of instruments is useful for assess
ment of work.place pollution, heat and ventilation, 
as well as s011I1d level and light level. 

Methods of assessment of vorkplace pollution 

There is a vide range of techniques available 
to measure the degree of workplace pollution. The 
commonest method of measuring airborne dust is the 
filter method where a known volume of air is drawn 
through a pre-weighed filter paper or membrane by 
means of a pump. The filter J..S a part of a sampler 
located in a special holder and connected by tubing 
to the p'UJllP. At the end of sampling period the 
filter is weighed again and the difference in veight 
represents the veight of dust collected. This 
divided by the total volume of air vhich has passed 
through the filter, gives the average concentr~tion 
of dust over the period. 

Other techniques for dust mc~surement include 
those which use the principle of measurL-1g the .uiount 
of light scattered by the dust and one that uses a 
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technique llbich.eeasures the oscillation of a 
vibratory- sensor which changes ill frequency vi.th 
the amount of dust deposited i:n it. 

The numher of techniques evailable for airborne 
gases and -vapours 111easurement is a.lJnost as vide as 
chemistry itself. Instruments can be used which 
are specific to one or tvo gases vhile others use 
the principle of infrared absor-Jtion and can be 
tuned to I>e sensi~ive to a range of selected gases. 
The principle of change of colour of paper or crystals 
ts also 115ed for specific gases and vapours. 
Detector tube and impregnated paper samplers a~e 
of this type, but difficulties can be experienced 
if 1D0re than one gas is present as one may interfere 
n'th the detection of the other. The chemical :=:.::.:::J::-·.;..;_ 
absorbers are -u~;;~!~7 contained in a sma.11 glass 
i;ubes connecte~ to a !av-volume sampling pump and 
can ce worn ry a vork.er in a similar fashion to the 
personal dus'c sampler. 

To obtain a correct assessment of a thermal 
environment, four parameters require to be measured 
together: 

the air dry bulb temperature; 

the air vet bul"1 .emperature; 

the radiant temperature; 

the air velocity. 

The sling psychrometer (sometimes k.novn as the 
vhirling hygrometer) vill measure vet and dry bulb 
temperatures, a globe thermometer respond~ to radiant 
beat, and air veolocity can be measured by airflov 
meter. 

Standards for vork~lace environments 

Authorities from severel countries publish 
recommended standards for airborne chemicals, gases, 
vapours and dust fibres. The Heal th and Safety 
Executive in the United Kingdom vorks to the standards 
knovn as the Threshold Limit Values (TLV) for Workplace 
Enviromnent gives for some 600 chemicals recownended 
airborne concentrations that represent co.ndi tions U."lder 
vhich it is believed nearly all vorkers may be repeatedly 
exposed day after day vithout adverse effect. 
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Assessiaent of perfox:mance of yentilation systems 

In ad<U"'tion to the testing of the airborne 
concentration~ ot pollutants, it fs necessary to 
check airtlovs and pressures created in a ventila
tion system. 

Air velocity can be measures by a variety of 
instruments butanemometers and heated head air meters 
are tlie 1D0st common. Vane anemometers have a rotat
ing ''windmill" type head coupled to a meter and are 
1110st suitable in open areas such as shops. The 
heated head type of air meter is more suitable for 
inserting into ducting and small slots, but it i~ 
llllStll"'talile for use in areas vhere fiammable gases 
and -vapours are released. 

Light 111easuring instruments 

The human eye is unrelaible as an indicator 
of how much light is present. For accurate results 
in the measurement of the illuminance at a surface 
tt is necessary to use a reliable instrument. Light 

1Deters ·are !IV'ailable for this purpose. 

A pocket light meter, normally adequate for most 
locations, is a photocell vhich responds to light 
falli.ng -upon it by generating a small electric 
current vhich deflects a pointer on a graduated s~ale 
111easured in lux. Most light meters have a correction 
factor built into their design to allov for using a 
filter when measuri~g different types of light 
(daylight, mercury vapour lamps, fluorescent tubes 
etc.). 

The level of ill1r · .ance measured should be 
checked against the d.P!' -~ {.ate standard service 
illuminance for the 1 t~ l,. and task. 

Sound measuring instrument 

There are :many sound level meters on the market, 
but all vork in a similar manner. The basic hand
held set consists of a microphone. an amplifier 
vith a weighing netvork and a real-out device in 
the fol"111 of a meter or digital presentation. The 
m:lcrop:one converts the fluctuating sound pressure 
into a ·roltage vhich is amplified and veighed. The 
electr£cal signal then drives a meter or digital 
read-o·Jt. 
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A tn>ical sound leyel .meter tor use by the 
safety adviser should have the facility tor measur
ing dBA aud octave band sound pressure levels. 

3.2 Lo_ng-term measuring 

3.2.1 

3.2.2. 

3.2.3. 

This group of instruments allov us to assess of 
workplace conditions for several hours or for the 
the whole vorkshitt or even for the certain period of 
time. 

Long-term sampling 

The air sampling may be carried out in the 
vorker's breathing zone (Personal Sampling} or at a 
selected point or points in the vorkplace (Static or 
Area Sampling). Long-term stain detector tubes are 
available for this purpose and are connected to a 
pump vhich dravs air through the tube at a pre-deter
mined constant rate. 

Often 1110re accurate methods are required in the 
assessment of vorker explosure and charc~al tube 

·sampling is coDDDOnly used. This method is re.:.iable, 
versatile and accurate, being videly used in .:becking 
vith hygiene standards. 

Direct monitoring of gases and vapours 

These devices make a quantit~tive analysis giving a 
direct read-out of contaminant level on a meter, chart 
recorder or other display equipment. 

For example, the explosivemeter warnex from 
Drager allovs direct monitoring of gases and vapours 
in the vorking place and bas automatic alarm in ex
plosive gases and gasmixtures. 

Before use such an instrument must be set up a.'ld 
calibrated for the particular chemical to be measured. 
Warnex is usually calibrated vi th methane, the lover 
explosive limit (LEL} of which in air is 5%, so that 
the alarm is given at 0.5%. But if required it can 
al.so be calibrated to other gases and vapours. 

Oxygen analysers. 

Deficiency of oxygen in the atmosphere of 
confined spaces ~soften experienced in industry, 
for example inside large fuel storage tanko when 
empty. Before such places may be entered to carry 
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out inspections o~ JUAintenance ~o~k a check ~t 
Ile .made on the <U;ygen content of atmosphere through~ 
out tile yesse.l. Normal air contains approximately 
21% oxrgen and when this is reduced to 16% or below 
people experience dizziness, increased heartbeat 
and headaclies. SUch atmosphere should only be 
entered when wearing air supplied breathing 
apparatus. 

Oxygen analysers are available which measure 
the concentration of oJC;ygen in the air. One of them 
is "Ox;ycom 25D" :from Drager. This measures the oxygen 
concentration of the ambient air in the range of 
0 to 25%. The instrument gives an audible alarm when 
the concentration falls belov the set alarm thresbhold 
(set ex-works at 17% o2). It is temperature-compen
sated, immediately ready for use and has an auto-
1DS.tic operation monitoring system. 

3.3 Hearing protection 

People can suffer from noise in two ways - it 
can h«Ye a psychological effect, making people short
tempered and causing loss of concentration; or it 
can he:ve a physical effect, which actually cav.ses 
temporary or permanent loss of hearing, depending upon 
the intensity and the duration of exposure. 

The TLV for noise - the level to which the 
average person can be safely exposed for an eight
hour shift every week for a working lifetime -is 
currently set at 90 d.BA. Above that figure, he must 
vear ear protection (ear waffs, or ear plugs) or be 
exposed for a shorter period of time. 

The exposure time of workers under different 
level of noise is given below : 

Noise level, dBA 

90 
93 
96 
99 

102 
105 

Exposure time 

8 hours 
4 hours 
2 hours 
1 hour 

30 minutes 
15 minutes 
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3.4 Respiratol"1 t>rotect:i·on 

3.4 .1. 

3.4.2. 

For these purposes there are tvo types of 
protectfve equi.'Pment : 

1. 1tesptrators c purify the air by draving it 
through a filter which removes 
1110st of the contamination 

2. Breathing Apparatus - supplies clean air from 
an uncontaminated source. 

Respirators 

.There are five basic types of respirators: 

Filtering facepiece respirator - covers the 
vhole of the nose and mouth and is made 
of filtering material which removes 
respirab1e size particles; 

half mask respirator is made of rubber or 
plastic and covers the nose and mouth and 
has replaceable filter cartridges; 

f'ul.l face respirator is made of rubber er 
plastic and covers the eyes, nose and 
mouth and has replaceable filter canisters; 

povered air purifying respirator - air is drawn 
through a filter and then blovn into a half 
mask or :fUll facepiece at a slight positive 
pressure to prevent invard leakage of 
contiminated air; 

povder visor respirator - the fan and filters 
are mounted in a helmet and the purified 
air is blovn dovn behind a protective visor 
past the vearer's face. 

Filters a.r·e available for protection against 
dusts and fibres, and also for removing gases and 
vapours. It is important that respirators are never 
115ed in o:;c;ygen-deficient atmospheres. 

Breathing apparatus 

There are three basic types of breathing 
appara-r.uses: 
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.. r;,esh. air, ~09.'!! awaratus 

air is. brought from an uncontaminated area by 
the breathing action of the wearer or by a 
bellows or lll.over arrangement~ 

compressed air line apparatus 

air is brought to the vearer th~ough a flexible 
nose attached to a compressed air line. Filters 
are mollllted in the line to remove nitrogen oxides 
and it is advisable to use a special compressor 
nth this equipment. The compressor airline is 
connected via pressurt-reducing valves to 
half-masks. :f'u1l facepieces or hoods. 

self-contained breathing apparatus 

a cylinder attached to harness and carried on 
vearerts back provides air or o::icygen to a special 
111SSk. The equipment is commonly used for rescue 
purposes. 

The British Standard BS4275 gives guidance on 
the selection, 115e and maintenance of respiratory 
protective equipment. 

3.5 Eye protection 

The eye• given a fair chance, 'Will last for a 
lifetime, but it can be damaged by excessive heat 
and light, by electromagnetic and ionising radia
tions, by aggressive chemical action, by mechanical 
abrasion and by physical impact. And there are 
very fev vorking environments which contain none 
of these risks. 

Aft.er a survey of potential eye hazards the 
most appropriate type of eye protection should be 
selected. Se.f'ety spectacles may be adequate for 
relatively lov energy projectiles, e.g. metal svarf, 
but for dust, goggles vould be more appropriate. 
For people involved in gas/arc welding or using 
lasers, special filtering lenses would :t>e reqa.irecl. 

In the best regulated vorkplace, and in spi ti~ 
of goggles, -visors, screens and other protective 
gear, someone at sometime is going to get a splash 
or a piece of something in bis eye. He 'Will need 
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to find a readf' source of clean nter, to vash it 
out _again 'he:f'ore going for •edical treatJJtent. 'lbts 
implies a sut.ttcient quantitY' o:f' safety showers, or 
eye-fountains, or eye vash-bottles, strategically 
placed near the likely source of danger. 

The equipment provided vill depend upon the 
type of risk inherent in the process. Where acids, 
strong alkalis or other corrosive liquids are used" 
in any quantity, a safety shover is essential, 
supplemented by several eye-vash bottles. These 
must be placed where they can easily be seen and 
reached by a person in trouble. 

3.6 Skin protection 

Protective clothing vill provide a reasonable 
barrier against skin irritants. A vide range of 
gloves, sleeves, impervious aprons, overalls, etc. 
is currently available. The factors of the vork 
should be considered when selection of this 
clothing is being 'lll&de. For example, vhen selec
ting gloves tor handling solvents, knovledge of 

_ glove :material is required : 

Neoprene gloves - adequate protection against 
common oils, aliphatic hydrocar
bons; not recommended for aromatic 
hydrocarbons, ketones, chlorinated 
hydrocarbons. 

Polyvinyl alcohol gloves - protect against aromatic 
and chlorinated hydrocarbons. 

For protective clothing to achieve its 
objective it needs to be regularly cleaned or 
laundered and replaced when damaged. 

Where protective ~lathing is impracticable, 
due to tlie proximity of machinery or unacceptable 
restriction of the ability to manipulate, a barrier 
cream may be the preferred alternative. Skin pro
tection creams should be applied before starting 
vork and at suitable intervals during the day. 




