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ARl UgH Y1 39 WRE & MRS FARYG B GF dB F THT 10
T} Ugd PRETHD TMd URe gRT W& fobar s =il

T, WaAd 3R T & fou sawge gt ufsear &= & Ja1 &
folT W& UeM @ St A1fgul 39 Wl H U ik a1 U giHe
e g gl

RIMOAT & 3G YYUE DI 3l el af ST

BRR WY, BRR dle} HSRUI 3R BRR dle} U7 339 IRAe aFf 9
R Pd ®F R R g BRR WIA TN g 3R gEgidmea
HERU 83 & W P 3R 8 AR, gl U el a1 3= Ag@yul
&=t aw WY uga gt afeul

Y T UUl DT RIF 3 GRAD gAYt ¥ 60 Hlex ¥ R Agl g

@
ElEHY
@ dfie R IS @ tied Rie I JEIfed far o § SR U W

eSS fora 911 8, @ 39 Ush 8 sl & U H HMFET of 9bhdl gl T
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ad # S O S EF Q@ e & &F I Udh gHc b ®Y H M

ST |
@ HRY I3 Hel BT YHRGT R Fafor & forw FRufa &)

1.3.3 JYFHRON g3
W aftfd fafte safel a1 gfaurstt & g gAdH gy gl difaer-1 &
3FER BNt aifereer & afdier & gy Ffdy fewfrt & wy uer e
AFagad Hal &1 W IR (fOwaR) fawawor ok ufvaraq saxgsmdrsi W™
fIaR & R 1UIRd 8HT1 A1feU | dgaR-SHIAT JUahRl gRAT Pl Jgldl o
& fou, wvifde T ¥ Riéa feosA, FEau & ugrwd, s, Wi, ®gsmu
oY fafte dieau sreggel o Rigial & uRomel &1 IuaiT fear S @il a8
?ﬁ@ﬁﬂ%ﬂ@ﬂﬁﬁ?ﬁ%%ﬁﬁfﬂﬁwlqwﬁm @R 3R YR& & [

&H |

1.4 UG gfAel &1 d3Mae:
1.4.1 U9 gfc # IUIRU B! Hs R I HARYd fHar of I&dr g1 gie & iR
A% HS BT Udl T H JRefT, o, T &ydr 3R I@RWG H 3!
R R fHar S afigul Iuaol & &9 gafd g ST ok Tadt uvg &
TR &I HH d4 H Hag SN MMUAHE & oRF PR, T iR
wﬁaﬁ%&ﬁﬁ@ﬁ%w@aﬁmﬁwmw
|

1.4.2 U9 IUDHU & W33C & T T TR

@) T Udlg HH 3R o ufharsll & 3t dkg I JHST WHT M8
dIfp T AT & IUBRU TR HRATAD 8l Ui & fdddd STanT
3R U Td Waward # Ml & fiu Ul B IHRGS ufshar »H
o TG T AU SFREUT BT B o [T ITaRUN & i DI gl gaTE
GRICIEY

@) AT UZY ¥& $I 7 T 3@ o1 91y, O gfie & IudHRr & &l A
3fde &=t H fawiford fvar <1 9| Ul &l Uisy I & U™ 3R ST 3R
< tfgaal H War o Ihdl g1 gl TagEoRl 3R Sgnll &1 36 & oMl
PRI W 916l ufdadl & U § T 91y GHgihd fdhar ST =mgu|

an g'%qqﬂ\ﬂﬁu\lmsm%mmaﬁﬁ@r@@aﬁﬁ@?ﬁﬁ

o

¥ fou a1edt ufed R usy Yo o Wy F fRYG g1 T1igul A 3R
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99

d gl TREoR # &0 I 7 UTd Hiek ddl AR 3R g o I
Jrdt dedl & dals gt AMgul|

TR 9 R & UZY Y&, db-id!] Sasl a1 Wad Wadl & HW
RIfUd far ST =1fgul 230° €. a1 W4 & IIAH I SHW SRSIHBIET Bl
&Y B aid G0 3R TAEeR gEeided &l TR b R & A T8l
SUIRIECIE NG

g3 AET H RA YR B ad ogloll Bl HH Hdle W R T I8
R R foar ST a1l U el & SN 9 o Farit uaH
DI S AIfgUl gl Uihar Bt HaW@HAl IS & JHW D! RIUAT 7

Rl §, 3¢ o &7 § Ryd g =nfguy

AR 1 W @ I FHir & gy IS W SIS WaREd &
forT o &Ff & SR Uy Y& & Wy RRyd 41 ikl S R, N
SR TR W IR-9R IRAEH &1 AHaTHdl 8l §, B Th M W §9
ST 91T difde T ARG Hefaed] WehiH UeH fdbar of |

X B g & Ue & A g1 &1 fandia fozn & yd g =nfeul oA
& Uga- & QA glek ogd &I g 3R U R+ & fog g Iuas
IRI5 O AIRT| BIex] & - & &3 B YR IUSHRON § gHeAax
FAD aid Yarf & U ugmr fear S ke e uEl @ R
R I forar S a1 o Uy IueR § R fRyd g o6l 4 3 e
TZSIPBIET AT B TRAADH! YU g1 glex 39 3MYfd Jome B A
Wé@ﬁ?ﬁ@ﬁ@éﬁ%ﬁ%ﬁﬂﬁ%ﬁaﬁwmw
ST g

Yl & = 3R HE! &I lart ¥ 15 Mk & ¢ & R Dig @8 a1 TS
(@ a1 gan "8l g difetl It YA ATl B BT U Bt AR
¥ 15 Mk & &F & §g FoRml § Iid fhar I iR Hgl &t dlart ¥
15 WX 3t g & WiR DIz Joll BAd a1 ATl gl @ SE |

Piferg sN3R g0, sk yeyT gomel ($eaey) iR o 79 fIzave &

HURT B glex T T 3t 3R Ry g =nfe arfes e g9 aralt
BIeX &I 3R 9 921 HUW B3 & B W AP Iy IT 1 & ST
Y 99 & o 19 HERR $ Sd g 1T R T8 WS § et
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B TAIRT| WeRWIT 3R T H T & ot SRR 819 &Y dest Bl
I & U fRyd gF1 91fgtl [EREd o fofu iU 3i¥e &F UaH faar
ST ATl g9 ¥ HRY WaAre G @l 9% A & o ggs enufe
P Y, TaT ¥ Toob! WARATD TG &b oHT g F o9 & ol HUR S
F MY W AR a1 N fgeger @ g9 =il

@ fodl off TR gfe &t ot I\ & iR € <F a1 U Hffed <o &
3ATAT BIs 3 <P UaM -Tg! (bl S|
@ WY A HSRUl ¢ YAaH 300 TH. TH. $Haik & Ut & g Iudasy
FRIT S ATl 39 Ao & WS 1.5.1.(F) & IR TRIBET S <hl
D RSP U fvar S|
) BHics diF IS W T -3 Hd eidl R YT g dMigy| Fare iR
mm%mmaﬁ%mwmwmm
|
@ %W%WW%W@W@WWW@HW
|
@) S SIS AU a1 Yfid g0 W a1 g & Th D4 § ygl A feddt
;n;i%ﬂ-q@duMUlﬁHqQ@aﬁTqﬁ?%Wﬁmﬁamﬁﬁm
|
@ A 83 Ay ¥ Fom, Fem e ¥ 15 ek & R # 3 aid oy
$d JUH ¥ YAaq 3 Hlex JW il
® g IR F iR TReR HfeF, ol #1831, IR feR arch suRa
& el 98 @1 ot 81 afe g8 smfterd §, @ Y gfie & IR FI
3R fRyd g1 TIigY SR fahic & 31 qama, U909, a1 fafexor iR
YRTRIY & Ak 9 YA &9 I RI&G@ g1 d1ieUl BieA dhad Faferd
gfaemst o Rte ARl & FAaq SR & fow g =nfgul
g™ w0 9§ 3H-9H & fau digt e &1 S anfgul
U13U, %ad ¥b & Aid FAd9 8% 2.1 Hiex gHT AT
e SRISE Al & ERH HIERd UGV R faorell IuHRor a1 AR
Gsﬁ%e%ilq JUDHRON b JUART &I A 3 & fu Iuaur &) g o
|

233

1.4.3 TN gl § IUaRvl & for e

@) WY gMel & HidR fafts Iuaol & df gAdH gUdsIul gt diferdl-2
¥ & e R ReRy Bt 7 i &1 gyva ureq fear S iR
@) IR gfHe & iR Iusu [ @1 e T 8 ot § afe ag Fafated
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P BlgH AU IT I AHiar a1 SeiifFafier gageRrt gri fAfdy

gfohar a1 JR&T a1 ST sMaadhdiel & [ a3 & AT Ma=TH ¢,

31’241%[:-

() SN SIS Fhayr (YA e esy) a1 $Higd HeR BrIS giex a1 bt
ft BrIS IUHRU ¥ HH F FHH 30 Hiex I & W yd g1 =gl
gfe & B89 H YA T € a1 g FoRk &I Rd V-_IF R
T & WY HR fHar T 7, O YAaH gYFERI gl 15 Hiex ghfl|

(i) TE d § <P 39 Faursll, 9N gie TRHoR, WA ad Red
q WY Jg UY, Bl BISHR UMV J HH ¥ $I 15 HieR P g W
T g1 =gl

BRRAICR Bleac IT Hiex 39 JUDHRU § HH ¥ ®H 15 Hiex & g W
g O 39 gRge a1 Aivex ¥ Widd a1 ST gl

qler W SgS dled -

() deR B Red S dled SESIbIe- &I gSfei] dIa fard IR0l
J HH ¥ H9 15 Hex R g g+ =l

(i) HSRU TPl F HHQ H, ST aled! T BRR diek AR3E BT RIM
Rrey few@n ¥1g & ded & UgkM AMds! & T axA & fo
Ay fosar o1 =1feT, Sowt uga GAEa &1 SR dled &1 Wi
far ST @IfeT, aif g4 aTedl & srdsar Mgfafad gural & gHfEa
DI S T, Y-

() MU & &F § 3T ¥ yHa fafeor amy

(1) SIS dled B RSl Pl YHIAd B a1l faTBIet B FUTGAT

() SEH, ¢ 3R URSFET IR Ifga o e gfaersit &1 wE
3R TaRT 3R

(IV) SHA 3R e &fd &t FHET|

S N Al M3 $H Blex J gAdd 15 Hex &1 g8l W Ryd g =gyl
difdeT-2 § IfiRad IUSRUT Bl GYIFHIUT g3l &1 gAqH ST QT ST |
U, 3¢ SNSTH o1 AgATcrarsit B Rl &7 U &= & e sgm
ST T gl
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1.5 HERUI ¥ T ASMIT:

1.5.1 UHY AIYRUT:

(%) SIEP 3ETd:

(i) Ui YUSRUT ¢l &I 38 & IRI 3R TSH! & WY S3H el |
W S| TH SB35 H W oH d1d bl & od &mar Fafafaa =
¥ 3w T8 grm: , ordfd:-

(ii)

(iif)

(iv)

M fhaas Td aid ¢dhl & UH TYg & fAW 60,000 TH 3, 3fydT

) FAfST T THl & TH THg & W 120,000 TH 3

PRe-Tg-UdlfcT T ¢ &I RS T ¢b & U # HAMT S|
Uiy, afe 37 B A V7 W Gar areh fefeal ugm &) 1S § iR
3 fosferal fad of Ul & saeg =81 gift, O 3% TS % ¢h
HHAT S Fobdl & (A TDT &1 IUANT Tehlgd HERU & fow =) foban
S fS9H o @7 Yaw SEisA )|

ofe Tl & Igg # fhas SR waiife &% &% gHl 8, O 39 Swad
el & wieH & o s ¥ bl & 9gg & ¥U H A
ST

frt off omura fRUfd & AmA & SRE eI I9Y § <F B T
T BT TIed B B FeH BN 3G B &HAT B UM Cohl
(IS TS ¢ & 3AAdT) Bt HET H PHeldl P dIG Bl ST 3R SIH
& HiR P Us e[ @ IR dF BN S/E B SHAR ad B
& o oR®d TRa TR T SW 200 TH . TH. T SEH Hdls Bl
10% < 3w ), &1 Th gAaH Wi dfe a9 R faar fear
SITET |
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v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

P eIl T3P (! Sic IfRd) &I FITs HH F HH 1.0 Hex ghft
3R U8 TR & 3iaR 3 ¥ 2.0 Hex ¥ 31w 181 gl [Aet, Hebie
g1 39 fodrs @ At Se @1 dlaR &1 5o gigReiic® aod &I
e a4 & U o1 ST A@ifeel st @ SEw <R SE@ d1a
ﬁf@mémﬁﬂﬁfﬁm@rWOGﬁﬂiﬁ?ﬁwm TS ¥ 1

wwﬁaﬁm@uqﬁ?%wﬁwﬁaﬂ%mwwﬁaﬁm
& AEA T SRF CldR & gAdH $Has 600 TH. TH. g

-3 S3F H YT Fdpean ¢l & §9 & g8 & T d9
dpl § & I ¥ HH a1 30 Hiey, of off it Y,  HH - g

<F DI Hdls ¢H H AN & oS¢ A AT 20 Hier, o +ft &9 7, 9
3fH ol gl Ieul dd T@H faae & Sidid o are RO
F forw, S 1 3fipan SHTS, SBP BI AR dd @H fafgat

& 3FIER BN

3% el § g fpdt o T T a1 ao Ui fsht og SEw 9
gIdHR T8l oRA! dNeU| ¢ U 3R SZH AR & 3aR B MR &
S B A QA <P Bl Hals & Y F Y g1 gl Ay
Td® TEH &7 & IR R Ugd AN gl dIigy 3R M &= &
GR TP JSF & Pc oH W UHIG Pl HH dR9 & [T Sl &l
Srel ST @Tfeu|

3% & WISSYH & foru Ry g yumelt UM &t S Ay
et & ot +ft Iguur ¥ §e1 & U < Wl # Geury & 0h
3HY WRd UeH Pl S eyl

(@) “’H@WUT:
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)

(ii)

(iii)

(iv)

YERU & forw Uciford Idiel &1 Wig- Idlg afiaxul TR TeRa
g T a1 oi-T Ui @1 Us & S13% did 3fgld H Iufed
fopar S T g1 a1 USIferod &1 ;e el § Jufed foa
ST =1l Uiy, S8l o= Uelferaw &1 ail-& a1 avi-\g Uciferad &
Y U MR S8d | Wfgd fopan Sl ©, d8! $HaR: ail-& a1 avl-
9 o o ar] gt gram g arg g

IeSpd UCICrad &I Th (T S 36 § IAfed fbar S iR
Fil-w, Fil-@ o1 - USiforaw & Wy gufed et foear Sma|

ol @1 SHfipan Q1 dfaadl & @1 91 @I dif Ud® ¢ W
B & MUY & TSd o Ugdl of Ub| 39 [ Pl 3Uaiid
Ualfergy a1 & TP TR N B BT MATbdl TSl 8;30R

50,000 T Hicx 3R ITW 3fAF &FaT a1 <P U Ulad & W
ST |

@) WIUR did:

()

(ii)

(iif)

fordt SrEae 3R H ogl Uh ¥ 3ifie P RT §, a8 AdH Hag
600 TH. TH. ! BRRAIA UaH & S difs U ¢ o Rua &

ggwﬁeﬁ?w&@ﬁﬁwam%ﬁ&&@rwmw
|

B ¢pl BT U JYg o g 9 Hiex § 34fie 8 § 3R &man
5,000 TH 3 ¥ 3w g §, B BRRAA & WauH & O U6 ¢H
& ®U § T ST

3uafeld deiferay Q@ HeRU & fig, Tof & T=am &1 10 d&
DT R a1 SHl & g B! & BT 5,000 TH 3 o o HH @Y,
Hiftd ®¥Pb 300 TH. TH. ¥ HH S5 B! BRRAIA UGH HI STE|

1.5.2 <Pl 1 3ffmarge Yfaursh & s JUaHRl gin:
(F) UCIor® & YSRU & fau i & S fRd <ol & forw gygaor gl
?q Fafafed =d anp gifsriiq
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()

(ii)

(iif)

IS WAl & forg, gAdq gygdRur g3 difeiel-3 8fiR diferer-4 |
fAfdy 3t Sl arfereT a8t arg gt § el al-& SR avl-w ueifer
3Gl & FA HSRUT &HAT 5000 TH3 ¥ 3HfYF € a1 a-& a1 av-9
3G ¢ & AN 9 Hiex ¥ 31w gl

BT VTN & U, gATH guadHrur g3l difciel-5 8§ [y SFER
gl g diferepT a8l A Bl § Sfgl avi-ep SR i@ &1 P HSRU
& 5000 TH 3 ¥ Y § SR Tl-& 3R a¥i-d Ugiferay IdIg &
fHft +f ¥ &1 A 9 iR T oif TET g1 aiferpt-5 e UeiferH
& YSRU o forg ff @rp grf|

3uafeld USIferad &1 guadHRul g3l & YA & ol avi-T Ueiferaw
& ¥U H AFET ST 91T SR dIfeil-5 396! JUTaRul g3t & fod
qRY, gt

1.6 Terdeh gRHTE:

1.6.1 RoaRal ek T TR T3t & 3R dRciigpd Ucifordy 19 HsRUl, gsfem
3R srefer gfaum, 7 fafgdt & FAfdy & semar teiftry wd upfas 19
fafame a8 (Al HeRU, evwE SR sfefen gfawurst & form wRem
ST Afgd da-ie! AF® R fafdwn) fafam, 2019 & sy gift |
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STE-2
[fafaa 6 ¢

2.0 JUH, AR HeRU Yhaurst &1 fEomzA

2.1 YERU 3R e

2.1.1 Reaial iR g TR It & sier dRelied Ueiferd 1 gfaeraf
& FTACTeRE (qRadpd USifod 1 USRI, THeH R Rder o
RA B Ay wied de-iet AFG 3R fafdzm) fafam, 2019 o

fAfidy smawgdmaeff & ouR fEug feear smom S§ 9% &6 =9
faffawt | fAfdy 9 fear man 81

212 UIR I

(3)

()

URR 99d & feos, fafn, FRieor sk wligor & fou @y @i
TS STgeR SR URR I9d HIS T SIS 3 R AP Al
SIS B B

3§ gcdh! & AU S§ d% 3=9YT URR o9d [fey T foar o,
goll o forg ot sreq W 9t fheee @ Wa @ giftl
et ot Werur w1 & U s UeM fHar o §, s &
%Wﬁ?@%%ﬂﬁmﬁt's'%e—mmﬁ

|

TR a9d &I YHUg SR g & AU SMsu1893 SR 3MEud

875 I TH®Y & IR feomgd frar S wewid, gl
T 3R SN T SUDRUT ol TR SIHd! &1 IRId A
far ST =Rl

YR diger fafgm qur teifery ol fawwles IRem e+,
AR, YRA o TP BT SR Fifalie uauEl & ary-ar
T & fou fedt W wFE Iu-Fadt &1 3961 Uaieadl & SR

R 3rgarer fopar S|

Tt TR U7 HA T IUBT (G Toleer, FRR, IIZAR,
Toldher T Solaer) o folU QIR &1 WX 3dHad 85 Sidl (T) dd
HIffrd 8RT, S 96} X JUSH0T ¥ TH AR Dl gl W Al

ST g
'R a9d A Hie a1 AH®! & AR 8R! WU a1 Jqfdd
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wIS & Sffban aoH ot W st g a1 gARkS Tdemn & YR
BT AT R4 | TeH g1 dTfeu|
@) URR 999 & Y W Sif¥mdn Wi fageq, 5 ¥ 3ifte $ars

@led T dud)y AN U Ifgd, 200 ¥ faumford IR d9d &t

$aR ¥ HY I RER g T FU § I8 T 3ffead 300
TH. TH. d% ifd gH1 anfeuy

@ Uy ey, AEd My I IoM IuB, ITP §h 3R
C{Wﬁ@rﬁﬁ,&mwmﬁﬁﬁqﬂ—mﬁwﬁm
YA ¥ Ugd FHfdT §RT 39 IR0 GRT THH o IBTHR
¥ IYPRON GRT ARG fby o ard FRféra R & forg g
R W0 fear S it YR 989 HRA dd dee Wi @l
sife=m=it gtaror fobar e

(1) AT THIRA A2 H MZNANA dled AT & R el @l
SITQ |

2.1.3 YUSRU ¢p:

@) HERUI ¢l & feugH, fmm, FRigor ok wigur & forw @] o

TUI3ME-620, TWSHIS-650 I1 Dls 3 WM HRA™G 1 RIFHE
PHIS BT

@) ¢l B Wdd ¥U J e fHT o IJpd 9 IaH & I HH I
®H &l TR P IUB Y fbu 91 T1fieul I=-3= 3R FHg-Fg

TR & A & U Wad T § e HRA a0 @M ard Iugdad
TR & IUDHN H ¥ TP T IUART fobar o7 aifgul | 3= UaTe

X (SRS T SAIET a1 UIsuans Wiit) |R U ¢l & fw 3=-
I TR Yded IS0 R 3URd b Wiy ag4 & Wd: JuH
g1 R faaR far s afe A TR & IuHu TP B Rigid
W B PR W T, d YeSST YUTRl  SST IUBRU THIALTA

1T g1 T

2.2 T IUDH0]
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221 1Ug

() ITHTI

(ii)

(i)

(iv)

(v)

g fSHT Reex a1 T8t RIF & o Iuged g @il
AR § Ia- ara a7 3ifel ®ie a1 ASTRpTa duf & fom,
Zafded Hick &1 MHR [ (S died Afed Al & JHTW
B9 ot fUfd & AR g1 =feul

W 48 UM &) Sear gfag H giffe Wi & gm= U
T YTwpTa uut iR et udt & forg Ay fasan s =nfgwl
W galRiT S8t srawad |, Tord: 9t W a@vd uenrlf &

fore Iuged At Ao & T1ed T TR WS & I &l dl
ST Afeu| aTesl el wAfRRT &1 IUANT daa dft fbar S

TMRY OIF ad: FARAT &A1 YHT A B8R

ERIBET DI SHW AT il /A IoHE a1 IT6 W
Ofse ¥ SW TRSIDET a7 Tt 43R TR Ty a1 fawrega
IR &1 YT a1 4at o foe sad Hid UgH &t Se |

(@) T&d 3R qoHM:

DR B FH dqUHH W TS G THISsYUl (HTAHad
Wi ST qE) &1 A e’ & forg feemga fear smem

3R T AFG & IER WS Aod YR H JI TR1E
fRUfq o &1 o Taq gu daeH foear S|

(i) IR vl & AEd 6, My aieres Rufoal d 9 foesdt

¥ fore Yeua Rae SR &1 Iua far S siufd;:-
() 200° Iy a1 I 3w &1 Ui g

(y Ay dfthr aoaE R 0.7 ¥ &H & I0Y T9d & 1Y

SIS A7 RATD UU aRed:3NR

() 100 SR ¥ IW Ws o™ R W Sga-=id a1

WdAlh Ug didl|

(iii) TIRUART UGl & FIAIARUT o SN & fore, ywfor faskar

AH®! & SER fSems fey MU wis dfex 19 1 100 ¥ i
IR & wHussg & e Werf g

@ eRSIfie:

ot o Ay siffipan STRfET duaM ¥ &7 A HH 28
& Iy R gdd dareq o fou feemea fear s
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Bl
(i) TRYE SR P Uifdfed fewcdc 4u (WRER e a1
frifxa amm o ffEy fear S gl
iy Y & rOR nifviits fewayde duf & fSwm o I=R
it ared W foy oM =rfgul
(iv) iﬂ%@ﬁdﬂ%ﬂﬁaﬁm%%m%wsﬂﬁwﬂ
|

@ ufshar g 3R JRem el
() IRA E, fe@N g6, Ude R, THRYT e, JavH
3R fETams d9HE SR Agaqul Ufhar AMuCs! & forg et
R S Fiwr &) ugaH B T AT 3R fAwadr &t
A F forg snawe s iR oy e 9= TRy sk
(i) T&H URGRI & 3fHIGT & o1 Sexdid &I IUN gl
foar S|

222 HUW
() T
(i) HURR YeeR a1 e WF & U Iugad g1 a1igu|
(i) o9 dF gyl Ay 9 |, e T HuwR, gexifsue
fef¥y Tfed deu S T Wa &1 IuanT fawred a1 saa-=id
T & fou foear ST @nfeu fored T9F Argeio &1 SudnT
TR 1 G 19 & w0 H fbar e =g

(i) YRETT HURR o HAHG H, T greglo &l 3Hife gdd
(THUSS W) 13.8 SRS (200 Hiogemssh) & it &
Srar ], d BRI @ mute T 9 eud wu I faurfoa
(Ra) frar S Tfenl o Tarel & faw siefim favreH
BRI fESms &1 IUANT 40 SR, & fYHad qd db fbar
ST gl gl

(v) T99 G TR, N THd & U, Th TR I & W

T=Ad: 85 Sl I Y IT IYbh SRR il dligUl 85 SiaT
¥ JWR TR ded el BT WGy H= W fqaR fbar &
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ElEHY

(v) HuferT MS for AR g eng 3R HaR fufor & gl

(vi) el TR 59§ 00 99 Igue eid 7, gl fmfor vl
o TCHS THSR-103 I TATEHNS TH3HR0175 HMH® & 3T
I SR ORIy a0 SUER &1 SraRgdmdl g

(vii) PUTR BSY & B W YR A1 § g a1 TG & I9g I

g9 & U 79 FURR St B g1 el 3R I§ 95S 9

Tl g ARl gaT ¥ YR WaRATe T Pl g & fog
1SS & AT @1 & A1Y-T1Y, Tl §eh! GRAD 1 &
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TP RSP UU W¥M, e I8 TR ¥ 4 fyd gl
AUt Se T QST &
TAdten drefelT, HeRU 3R HRAEd S;3iR

@) = Ber & U ga1 o4 & dig< |

9499 393

gRome o1 tharg & fasdyor & SMYR W Ield ™ 3R Uig<

DI &A1 99 B o anfeul FafaRad &3 @ Ui S

AT YU &1 Fichd HR- & fo1T A a1 Joel & 91 3,

o a1 a9 fecae’l & Ay UeH farar Sme:

@) U4 3R dRZeR TS WM

@) TAUsh WA 9 oS

M 4 3R TECR USH I UU AT HURR;3IR

@ W4 qu ¥F TE R H I A< A H dRR TSH
AfET a1 QST

Fil-% USiferaw Sarel & quff Furfaa feama Al S <& S,
¢ BfFmIcE, UU 8189 AW, <& ¢ 3R b I Tl &

U gIEsidlad fecder Ty S|

3fd UHR & BIEgIbre fSeaer &1 g+ fhar S $iR g
o Wt fopar e Ut srdt fRufd # §9T < Sme|
@) 39 SffaRkeq, Fafafea &=t o ot Sugaa fecaer o
S HT%E;G{?-IJI-?[:-
() U9 gMel § e WaRATe &
(i) PUR FH, IR FH, UG dHed ©H R Rare
=g
(i) A9 Ied oo FaReTH a1 THIN! HHY
(iv) FHad ﬁﬁﬁ'ﬁl’r;\’»ﬁT
(v) IEEAE HSRU

(@) edd I & gdr A

() I SIRGw B GHTEAT &1 o fasTed T f$daer ey
WM aifeul Jediet 1 f$eaext & Wiser gar &t
famm iR ga1 @) 7Ifd @1 &= H YA §Y AT ST
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T 3R

(i) P SMfalad, U™ & & & Sqo-=id a1 faured
T & e &t G & gwfdd 89 a9 ya=t #
Tt 9 oW &t fFARE & faw fawed
YW TW S

(M et @1 3w
ST W& T BT ITANT IR SAH- B¢ Ao |
T SR o1 fAufar & faRdw & srgaR fasar s =nfgul

@ fecot & srafers dareH &
Tl YR & feeaeR] &I Farem &mdl & dF AeiA |

TP gR TR0 foar S =gyl
5.17.10 Nead 19 fgeaex:
T o IufRfa o FIRE & fou wofw gom A
Ticad 19 fgeder Iuasy BRI AW & 9o WRITe
ORI B T Ugd T Pt IuRITT &1 FRyRo &A
# §gd Iwartt g gl

3fgHIE: f&caer fopelt i ISty a1 SicRigha aFe &
THIIAROT & 1Y WRTIe &3 § T & fou

JUgad T
5.17.11 JIR IR

TR yonferal UeH &1 ST dlfgu|
@) camH
(i) PR XA deld T T 2 Hialke <ol Iuds
PIY QN o ARy =0 F Had 3N a7 SATaTddhlend
HId UId P37 & ol 21 37 B H Pad SIhia
dId Dt Jlaur gl Ifgtl IH IR & U I
3T oA WS foar ST A1fgul BRR WRHE &
Uy d@yr ot gs & e ot g1 anfgul TgTaa
cdl 9§ IRER YUh B4 & folU glc @S IT Al
U foar Sam|
(M) Tdei-e Sgaru Jore
() 9t FgEur @i, WRaHE vaa @ Tan), gt
fqurmenefl, WRem I AdWHH IGUINUT YU i
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SISl SITE|

@) TIRUL (TR I8 WeaRM) gumal a1 afshr
(i) TATS BHQ DI FIR WUME (AFTRS JR&T & 1Y) U&H

® S AMeY| T TRE B UM Bl fAaR0 &F &
TAIRE TR&T SHABINAT & FgaT ¥ daR e S

IqRU| dPbfud ®T F, YU AUAHEHE IR &
fou v dar yomeht (@t @ra yome) a1 s
JAREd TSR Jomel! W fd=R febar sHr =nfgul

(8.) USRI IR—RA

()

BRR W dheld 4 8 gRared 90 & 9 @

&7 B FR B B WWWW

U ¥ fRyd g =it % =g RUfd # @ &

?@Wﬁwﬁwwwuﬁmmw
|

(i) SMUAHIE TR P18 39 UHR BT ALY, 3HUTd:-

(1) AMTAHTET TR | - TR | & fou gmq @IS
HUA GRT RITYAT & PR 3R Ffeddl & YR
R dg foar S|

(1) ATUTAHTAE TR 1l - el A &l &) e &

NS

(1) 3MATa&eeE TR N - TR 1| & AFd 8§ J9H
UHR ] TR dfde- T e & SfaRid IR dHF
IR O[T ST Ui (R AR 2 e +
I 1 e + ol ORRA 2 e + SfaRId
1 fiFe + dfar IrRA 2 fiFe) SR 3muer IRRA
DI po 3@l 36 e grf|

(@) diPl-cldl a1 IR

()

Ut BRR <SR Pl didl-cio! I TR RREH UeH
far S o 3 Rew & fawa 84 &t f¥ufa o
A P Y Halg HIH H Heg B 3P Acdl,
TUTAHIC TaTa &1 JH-aT B ala THE Sl
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@1 Wi dlebl-clebl TaM fbar ST =1

(B) R 3faH Red

(i) PR 3 Red # A33@ ®id Uige (@M drsHI),
Taferd T, st a1 dg fecaeRr, BrR R wiF
Tole & e Refle iR gfefae faa ok orRuRe
ASHIURTR MUTRd SeT Uhd HIA ard 99d i
€ IR0 & fau | FHdlg emT R A @ o,
Irdidtdt fafte t9a ok defda Susun

(i) 7eaqUl &Ff B HR FH & fow Ugd foig, ugd
A, O Al S Iuged M R A93d $id Wge
JUAS FRMW S| T AT PHid @z M H
Tod BR 3aH UFd SR Iefdd & & Fdam we
7 ot fdier 09a & sifsal-faged s &t
Ifepg #d &1 Id TgaE & forw g9 fige & =M
o WY FU J IgUvon 9 R faflgd fear S

5.18 3y & yumelt 1 fAfeor iR wieorn:

5.18.1 3y TRE&T IUSRU I & I 3l URare- Ryfd o @
ST 3R UFRMAT Yurel! &1 IH-T9T R Id ot H1 &
forg wiemr foran S @t Rels 8k YURTEAS &/l & o
A fear Srwm Haftg efRe S a1 I@REE & SET, S
% g9 fafoal & WRAMw 5.18.2 § WREMw 5.18.9 # Ay ¢,
frafafea smafie Ao a1 wdtermr gifya fear smom)

5.18.2 3 9 ¢, TARM I BIF I
@) SHH & FW AW 9 Pl &1 e 5 a8 F TE TR
e TU ¥ 3R 15 9 H TH R A[dRS U I fHar
ST =R

@) SIAR™ ® U 91d # U §R TTell HIdb I fhar S|
U, a9 areh ufei, Sl ar Aard, A BIS B, B
12 A # U IR 3R 398 Ugd o i I Y, gl

fear 9w SaREl H1 Ae R Te SFeR
USRI GRT I8 YAYd =4 & forw fear S e
SR At @t € ¥ geg © iR forelt off R § g
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T8l 81 39 IR & Femr & gRE gl W, WRUdAR 3R
3 VAR & 3ex THT BIs e &I Nars fhar smm
S STARE ®F & B HH B Ahdl § AR I & gad
UaiE P Ifd B IAHhal g1 3H YoYU T IMad JUR
PRATs B! S| GTs IT AW & forg Bt STamwrr )
el R4 I Ugd, 3 Hel I SR Dl WRT g3AT @l

ST iR yoneht ¥ fafdad St S|

@M WA ¢H BT g 3 Uid H ared) e fomar S ek
& 10 91a | 3fiaRke HRieor faear smem

5.18.3 HRR dicX UY
(@) R U4 Rl & Aidiied URIefor foan Smem| R

gfaur & U 4 W & oy Rifid te dared &1 g

AT @ orgAfd & Sl ;eiR

() R Ul & WaEifeld U ¥ ARe dR R Iam
® AT & S

(i) SAfded UUl &1 Adifed gAdd 10 e & fog
qigmr far S|

(i) Sord dul &1 Adifes gaad 30 fiqe & forw
e fpar S ;3R

(iv) BTR UOf & Wd: 90 & J1ke Sid & |

W) 98 gAEd o4 & for @bt duf &1 aiffie w_ieon foan
ST § f o-

(i) ST Y¢S UdTE &Hdl B T B ;3R
(i) PH ¥ ®H 150 Uldd Y¢S &HdT 8, I8 gHiEd
Hd gU Bl ¢S aald 65 UldRd § &H A gl

5.18.4 WRR dex 1 89
(@) 3P TH T Gald U DR o [T IFHATTIR
m@%?@fqﬁ%m T TP ¥ 3w Uui
P! Faerd P 7 A7 i @Twwﬁ&m
FHitg & fou af § e IR Glﬁﬁ\m:ﬁm%m
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@ frd ft e ok afd & fow 1 99, gEge, A,
dred &1 &X HeA R1eor foar S anfeu|

@ o & fau gt BRR 99 9redl ot S B 9t 91ty
3R d Ut & foN ©8 #EH § UH 9R SR @R A1 3¢t
gt & fow I 189 @ T aR fsie fbar S =gl

@ doF Id H Th IR BRR diel ge i Hles B JI&ful
3R FAfteor fear s =nfew ;8iR

@) B9 S Bl Ws-aR FARF I & U aR &I 9! I8yl

5.18.5 AR dicX & Yura
@) HSRU ¢Hhl W fhaus dlex Hiei B YUNe &1 38 Ao
A &7 4 ®H Tk IR WU fbar S arfgul
@ ITUSRA & W e 9 781 § &9 ¥ &H Th aR
TAUTS TR 3R gac W Sgs Red &1 uiermr faar
SIEIRCIE
@ 3R & IAEH o HeH H T §R Sfid &1 S a1y

5.18.6 fhas o1 YH-has ®H ReH

@) HSRU dhl TR WIH YUelt &7 12 HeHl H U IR Tieq
fear ST Tfeul 39 wdieor H B AR A1 AR @
Teror i gh|

@ TP FH ¢h & a6 B fSH & Uieu $t gaur &
o wim dR & Iuged w9 ¥ S e s anfgul

@M Y YU BT U0 HR1 & G UIsiudl &l gHl o T
foar ST =gl

5.18.7 YOS Telc MU IURE YulTelt
@) - AT Tu SER vl @1 Sig Bt o AR srufd:-
() RfPT 1 79 SR B Toic HAET MR cId Hi
THIG! S &I St A1eY ;3R
(i) T UUmel @ &R A U IR Ifd Gded & o
fAderor fopar e =nfeu [faftrs gonfert & Fderor &
fqavur & forw TAuwdit aFe 2001 (FAFdT JHRun)

]|
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5.18.8 WA SHIRMT IUHRUN 3R WS IUBIUI

(P)

€c)

g

TIH ¢ &1 g H HH I HH TP aR GA&ur fbar S
TGl 59 U0 H UY 3R BIH §91 dd IUBRON &l
AT A g1 A1

Ao § &9 U HH U dR 3 Iy HAERd IUDHI0N B
W, AR R THo-gHy R TRfen uRffaai A
Wiemr fear ST arfeul

SR A8 3R Uicad WRR U4l &1 I« | HH 9 &4
TP 9R WU & folw Iamn S gl

SRt T8X & e & SmyRE & i &R gWd 39T
feror foar ST =nfeul

@) T 3rRem, T SR SUARIAS T GURTAD HRATSA!

H1 S8 MaTF oI, RPbIe Q@ S|

5.18.9 S, Wiefl, a1 HIH e8y FRIMHG:
feror ok wieur amgfy ofiR wfthan SMETY 2190 & 3FFU
GRIEIEY

5.18.10 IdR dF

IuEe § HH 4 $H U IR BRAR FRERA 1 URIa fbar
ST @Iiee | i & fafFeRl & SER Aged did Wise
&1 Q& fbar S =meul

5.19.  3ifdr ywam ufaror

5.19.1 i Tg7 Sl & oM ¥ U@ iR fRmE usqgel W
uidiféra far S SR o I9a a1 gyl ufieor
JHg-9Hg R fear S SRR oy § gefdd st
Td & faftd eR &f oM ¥ fued & fau a9t Sus=on &
IT SR fafts siffre faftat & wew ufieror feon smoem|
feR (@dsra Rafedh) a1 wem (sifmics fafedh okft fefea
dH-b! BT ITANT B aTd SFIRHT Hal & UfRreor &1 uar
SUIRIRSIEIREIEY

5.19.2 fafafed <=aq uikieor giausii & Iy te Y uikigmr ase
RUT far ST A1fey ;Srfe-

@) <¢d BRR RfgazH '

€c)

M

T DIl I < 'ﬂtri‘mmﬁﬁmg%m
97 wrR Regaw gfaen
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@  UEudRd e e wreR RgasE giaeneik
@ 4N IR fgd & N uh e IR

5.19.3 3{fY 3fUTAHIeT Ufehal &1 Yahary & SR iR

G &I
URIfed SR I Y@= iR glawrsf & Y w7 & 3@ &
fot 7 7 ¥ T IR Ao BRR f$a smafsa &1 9 =nfRu

520 TWRR €A T dheld &4

5.20.1 fRED e &1 wWHE R Fwo Fufafea wfofsfat & foe
IUgad BT AR ;3Hule:-
(P) R
(i) BRR €A FAdH Sied o &3 | fyd g1 dnfgul
39 fordt off T T iR oy WS &Fl ¥ Wi
R R @ S 91|
(i) T BR WXIE &I oAl 991 gAY, ORMT IuHRN
B BT MR AR & e mafa Yy Iuasy w1
S =i 3R Had & Uaw iR e &1 g argHl
SR d1fd el foar ST 9ifgu|
(iii) IR g FEF0r Fe PR Iyl & forw urfda
3 & e g =1feu 3R 98l | uld fHu T argHr &1
3B g T @ o Il gl

@  H9ER:
() TOyag TaR yurd gudt iR faurT & dame &1
TEHH B F Y S g
(i) o ®y o Fgfafed IusRu Iuasy g9 dTRU ;3rfd;-
() <=
(I) I ¥ a1 didpl-cldl (U TANd SMghd &
q1Y); 3R
(1) TSR I o1 ffod BRR fois &1 gicagd
(i) PR ¥IAE H dHag 90 & 9y BER @A |
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5.2.1

5.2.1.1

qMHY:

(i) ™ HURS HSRU & T BRR TIE H 2 3fiaRgs USRI
% 81 TRy, arf SmuraeTad Rfteferm & & 7 81

(i) Hod ®H T Uicad gRoil a3c gl aifgul

(iii) TR WIF # BAR die} Acad IR &I Ed 9 Gam
gral URR TS g1 1R

(iv) BRR WIA 3R BRR de} U7 g8y & folu simuraeTeA
faorelt @t smyfed g &t smeh|

fafspa iffr JRem Sura a1 o=y JR&T SUN™

gTdifer fhelt RO # vaie 3if JqRem ueq &1 St g, Ffepa
Y R IUEl I A daqN SR Wgl ol saRad @,
mmmwﬁﬁam

@M dg G, Sdfdchd e, THIER d18, § IT Had
Tt § BRR ARIE aid |
JEUdE TR e # BRR Wd a1 TR Ale 33T

sH

SIS SR a1 ST R

AT SRR

38T &1 a1d

TR IUBRUT D Fp Jfaurg

fagga Ra iR wgw, orf g wfbe sow, gea e

fche SR

RIS PIfe iR Haa & forw <

AR Y YU ara SGARA DHad |

T Y 3R TaH YRS gafdedmd STl

TH gl & S|

3{fded TR&m Yurett|

fbfcpd dled! dI BRR Y|

EREd & ﬁﬂ SUBU B HRIAD JUHdl od Sad
SH 3R &S TR

GRS TS SR HSRUr e & o e R
&id % e ol [RYfG 4 &g O e Udig dled & Jo
I YHR TR & 9|

gEeImEA 3R fawed Ifdds & fau @ dua wiEe
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3R
@ U AR & [T 8o vq Sad THeRa! fSRiffer
TH3RAl BT UIauH|
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SAIAD-1
1.0 3V T YA &R B! TUAT & oIl IeT8Rul
1.1 TS99 &1 3R

111 ot o O 34 S gunel 1 Th Y & S8 d9! 3N g b
fore 3iffi Sat aTe @1 I Hdl Bl R A & o fewmg favan s

1.2 30 ST &t A7

121 3 @M &t HIETT ara s &3t R foar fear s iR ude &4
& fau 3 9@ & 7 D AT TSOTs & YR W P SIE|

1.2.2 FAIfT % b JRem

@) Sfids:

() UP SEH & H $a HSRUT &HdT = 1,20,000 TH 3 TP & T
=2

(i) UAP ¢FH Pt &HAT = 60,000 TH 3, UAH ¢F & AN = 79
Y., Ud% ¢ Bl SHal = 14.4 TH.

(@) 38 UMl Bl ATagehdr;

(i) SM T H & oL ¢ A7 89 & @ 3 AU/ TH 2 $3 UFt
D R,

(i) S8 UM Pt AMEAWHAT = (m x 79 x 14.4 x 3) TAUITH = 10,726
TAYITH = 644 TH3/HCT

(i) TE€ AFA U fF TR 8% dF B & UidR b A § 30 iR
¥ 3 3 gt W fYd g1 g, W Add # ¢F /A &9 &
1 TUITa/ T 2 3 &X 9 &S UFl P 3MaAdbdl 215 TH 2/&el
gl $d 38T UFl = 859 TH3/HCT

@ f\ da &3 & fow By Ut @ g
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() I98 §8 ¢F | M @H d1d Jdg &F W B T & fog
A H T Jarg| 79 HieX ™ & TS ¥ ¢ & forg,

<F @ AN (U1) = 79 Hicr, VA ¥ BIH IBH DI gt = 0.8 IR

B S db &d Pl AN (92) = 79- (2 x 0.8) = 77.4 Hix R
Iidl &3 = [(n/4) x (792 - 77.42)] T2 = 197 TH 2

HH 9d R @ 12 TAUTH/ T 2 = 2,364 TQUILH (3% B Ha<c
& fom) = (0.97 x 2364) TAUEH

= 2293 TAUITHA= (2293'60)/1000 TH 3/€cl = 138 TH ¥del

feugofi-1: T Faa T oA B 39 el % WReEmw 5.4.3 # fo
U feRnfAdsn & SFUR Udd RIUAT & U aRdfds e Rufaat ik
M & YR T ITUAT DI S AT

®) 4 g3 ¥H + 1 gR-alegy odl g8l $ dfex AR W 3nuia
ffafked giel ¥ & T BRR dicx|

4 x 36 99 Hicyde+ 1 x 228 99 Hicy/del= 372 99
Hie/der

©) P UFl DI HTARGDT:
() <& BT 859 T Hiex/dermH TwiihIH 138 9 Hiex/ger
(i) SifaRed ¥H 372 49 dicy/dcipd 1369 U+ Hic/dal

123 TF ©d P TREU
() 3fThs:

(i) $d HSRUT &#HdT = 50,000 TH 3

(i) P B T=A = UdS 12,500 TH 3 &A1 & TIY 4 YIS bl
& AN = 37.5 TH

(i) UAP TP P Hdls = 12 TH.

(@)SS UMl B SIgH:
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1.3

(i) 3S UMl @ R = M T eF & fiu TP A &7 &7 3
TaUeH/ TH 2 3fufeid del UMl = n x 375 x 12 x 3=
4243 TAUITH = 255 TH3/HeT

(ii) e H M WM F Iz T (3MR+30) Hex & R A
g dpl & foru A &89 & 3 TAUiTH/ TH 2 B R T 3
¢l & faw sz ds1 U,
= 3 x 255 TH%/HCT = 765 TH3 YT

(iif) $d ds UM DI &R = (255 + 765) TH3/HTl
= 1020 TH3/dCT

(T BIH T &1 ISl (had 1 ¢ & foU) @ 5 TAUH/ TH 2,

() B B R = 27D < 5505 gardigw
(ii) 3% I b & W = (5525 x 0.97) TAUTH
= 5359 TAUITH = 322 TH3/ECT

&) ®XH A 4RT & U 34 51 = 372 wH3/Ee
(5) P UMt DI I
&% FHiehT = 1020 THI/HCT
B TEHRE = 322 TH3/HE
RS W (2 TIANASAR Hfed) = 372 TH3/Ee
$d 1,714 TH3/GCT

Uil TWhaR &F TRET

() 3PS
() UP &T%hd H TR B I = 3 TAP IR T A = 17
UH
@3S UM DI HaRgHr:

() 31 T & U ot BT & = (n x172 x 10.2) TAUTH=
9,265 TAUITH= 556 TH3/GeT
(i) R T o= 2 &Ff & a9 ¥ @d §¢ = (3 x 556)
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TH3eet
(iii) (3MR+30) TH TR & &g ¥ 3R 3 WA & 0 BER FHie
dle} Bl W = 1668 TH/HTT

1) B T I MaTHdl (1 TIANAsR Iigd) = 372 TH ¥fieT
(&) Pd UMt DI Ghdl = 2040 TH3/ETT

14  UQdel 30 FE @fET A< qRe

@) 3fids:
(i) ST WrEel @ $o T = URURS AT SiSHE
(i) <P I A< o WS = 12 TH.
(@) 38 UHI P 3MIgHdT:
T & Fd &A% DI JAH el | fauiord &% o
& 7w s &t AU 15 Hiex x 12 Hie® 8 3R
U9 | 3 el Pl Idiad a4 W faaR &
UMt @1 3fUféd &) = (3 x 15 x 12 x10.2) Tadieq
= 5508 TAUTH= 330 TH/Ec]

RSP 8ISl & [T Ul DI SHTTRIAHT:

4 Thd BESC WH & U U = 4 x 36 = 144
TH3/GCMAIME KW (TIAITAR) & fog ot = 1x 228
= 228 U9 HiCYETIl $d UFI DI I Hdl = 372
g Hiex/der|

@M < Weur & o $d 9 vag R
A< BfelT = 330 TH3EeT
R Tl Bl EADhdl = 372 TH/HCT
$d = 702 TH3/HCT

1.5 ORI gMHc IR&m

151 3 &@H & [Ufd F 09 gfie Rem & oy, =it o fhaae
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diex AR 3R B9 ARl B IUANT HRh aF] fohar S
IfeU| 99 3MPR & YA sl & TEA T, A S &I g
DI 3Pl B & forg fafte &=t d gfae & R e 3
3Ta=RaHdl Bt &1 31 &F &I o # 30 Hex & g TR
3rer fobar S Siff o R & forw Fafafed dF faseddl w
faR forar San §;siufq:-

@) fddeu-I
$d gHe &7 = 120 x 80 TH
&4 & YR W UFI & X @ 1 TWUTw/ms? R faar
&, T B & = (9600 x 1) TAHH = 576 TH3/ECT
RS B EH & R ort (1 wdivasR afgd) = 372
THe/HTT, $dd UMl Dl &) = 948 THe/HTT

(@) fameu-Ii

d O B U g 89 & 10 HieR x 10 Hier g’ W
M @t 81 10.2 TAUTH/AA2 P &R ¥ 30 Hlex x 30
X & &3 § od HaR UgH B,

O @ &R = (900 x 10.2) TAULA= 9180 TAUEH

= 551 TH3/deT

RE B9 EH b U o (1 TEditasR feq) =
372 THY/ECT $d UMl Bt & = 923 THe/HTT

@ -l

gfe & & URT & oy Ut & sira=ashdl fihaes | Yol
(3PS WAAS &) & WY Y&H &I St ©
SHIAT &5 = 1000 TH2 UM &1 & = 10.2 TAUTH/TH?
3¢ UFT & f1aRgehdl = 10200 TeUITH

= 612 TH3/HCT

RE W ¥H & g ot (1 wdeaemR afka) =372
THHer
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$d ST U ahh = 984 THY/ECT

152 fA®ed 1, 11 3R NI fSHET Uag R & ded Siffiedw umt & &= A
@d U = 984 THY/HCT

16 I99 §9 FAICT % ¢ (% RifdhT Aman) & g ¥ag # M &
fore ot &t U - Ted  Sef¥ear & F U H HET OIGT

1.6.1 3iPps:
TH SP &F § $d HSRUI &HdT = 120,000 TH/EET
THI B @A = 2

TP b Pl &HAT = 60,000 TH 3, YJdb cb H] AN = 79 TH,
UAP ¢h Pl $Hdls = 14.4 TH

1.6.2 &S UM @I 3TaRgHT;
3N T ¢F & folu T U &5 & 33T UM Bt R @3 TIYITH/uH2
3Uferd &1 Ul = m x 79 x 14.4 x 3
= 10726 UUIUH= 644 THe/eC]

g8 UM gU f TR 8, 8% S & Wik ¢ /a7 I 30 TH. ¥
3% P g W R 3
R, % A & & 1 TAUILH/ TH2 B R F $S T B ATl

215 THe/eer gt
$d Sl UHl = (644 + 215) UH/ECT= 859 UHY/ETT

1.6.3 B AN T U DI TaRghdl

HIF VAN &X: 8.1 Tadied

B Ao &1 3EaRgdbar = (e x 79 x 79) 4 x 8.1) TAUEH
= 39720 TqULy

= 2383 TH¥/der

B Ao & iU 3eavad Ul = 97% x 2383 U

T/eel = 2312 THYEe] ... feWu-2 ¢
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1.6.4 4 BRgC €Y + 1 I=d AT dal g8 & dlcx AFeR W AR Rep

BV ¥ & fiu BrR afex|
4 x 36 U9 THI/GC + 1 x 228 TH3/HCT = 372 TH3/GCT

1.6.5 $d UMl &I HaGDhar:

1.7

3 piciT 859 T TH3/HeT

B AN 2312 TH3/EC({CWU-2 & 3R B gH & e
SfafRad SraxgeHd)

R K 372 THYECT

$d 3543 TH/HCT

$d Ul I HEa=RGhdl = 3550 THe/HCT

(fRuur-2 & SOR B JHaH o fau sifafked siragedn)

Pd feorgd offl od R

1.7.1 TH 914 &l 981 TE 3N TH H Hig 9 & W 5 THal &

Qo7 ot &t & A & 1% ;8-

T % b QR&T = 1369 TH3/ECT

B FB ¢b JRET = 1714 TH/E

Tl &3 GR&M = 2040 THY/HTT

TAUlSlt ¥ T @S AT = 702 T/ JReM;SR
Y g(Ac GR&m = 984 THY/HTI

fewur-2: ga1 IR ST Wil ¥ WHIfAd AT & IHaH Bl fEomeA
AEHAS & AR 39 g T g1 o1 afgul 39 fafkmy
AT e § 39 JHaF R faar T8t fear m gl

1.7.2 T& I ITYad &l Fo! 3T B! g & o, fETRd BRR drex

R T ITAE T & B AN g 3T

f&ome 3l S &} = 2040 TH3 T+ 1714 TH3 G
= 3754 TH3/HCT

JaIER0 = 3750 TH3/HTT

1.7.3 TS §9 TWIfeT % <& (% RifdT H9) 3t quf Iag # omr
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TH |

ARy M & SER SMaxg® Hd Y Td UdE & 1.6.5
(3rgaue-l) ¥ fomr mr S 3550 wH3/Her Bl (Rwu-2 &
SFTER W JHUE F e sifafad smawaga)

1.74 ST BRR arek &R IWad 1.7.2 A1 1.7.3 St I=aad gl

e wWifdT &% ¢ Tw RifdT $9 & T Tdg W 3
A B UG HTHI HH 8, 3 o U S aTHdl
uvu%aﬁ%a%m@rquﬁa@w@w%wﬁm
ST g

fewur-2: ga1 3R oy Al ¥ FUIAd AT & THaH HI feoie
T HAIS & AR 39 g § Sirel snem| 9 fafky womn
tiec 7 W o9 R faer T fear man 2

ITATP-2

1.0 BIH HUSS 3MIIHdl Sl TUAET & U Iereo

1.1 P T <P R&T:
1.1.1 3fids:
(F) TP TZH &7 § $d IUGU &HdT = 50000 TH? Thi Bl AT
=4
(@) UAP cbl BT AN = 37.5 TH
@M UIP TH B SHals = 12 TH

1.1.2 B HUES DI AR ST TUET FEHAR DI SEH; rdfd;-
SRF 8 T Ued I8 99 UP Bd <P B Rd Idg & U @5
TAgiey/ T 2 ®ig fHY0r SuT B A;
@) YT R=(n x (37.5)2x 5)/4
= 5525 TqUiey
@) 3MUfed B HUNES (3%) = (5525 x 3/100) TAUTH
= 166 TULH
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@) 65 fidec & U ®»Y $HUNEs A6 = 166 x 65
= 10,790 X

TF o, 4500 TAUEH HIF fHY0 & &1 U6 Uicad BiF HiHex: 3%
BIH HUNS P! ERgHdl = 135 TIAUTH
65 fic & folU SMaws ®BIH HUds = 8,775 diex

IH o, 1140 TUITA &) &Fdl 9d BIF @1 2 B T4, BiF By
&l 3%, BIH HUNS Bl AaHdl = 68.4 TAULH
65 fic & folU SIS BIH HUKSS = 4,446 Wi

P Bd ¢ & W &F & AU MaWF Fd BIH HUSS:
(F) TP W P & ol IRIH HIH HUNSS = 10,790 TR,
1 I HiHeR & forY 3f0fard B Hurds = 8,775 ®icy,
2 BIST W & T 3Ufed B HUTds = 4,446 TR,
$d = 24,011 dleR
(@) 3GIEl = 24,000 dflex

1.2 AT € b JReq

1.21

1.2.2

3w
(F) UH S¥H $HI $d YUY &Hdl = 1,20,000, & Hiex i Pt
& = 2

(@) YD <P P &Hd = 60,000 TH 3, YA ¢ BT AN = 79 TH,
TP ¢ Pl SHals = 14.4 TH.

A9 o, SEF &8 & Thd 999 g9 UAIeT ¥ ¢ & I &7 & 12

TAUled/ TH 2 & B Y0 SRy o

@) 79 Hiex U & TS T ¢ & g,
3% BT N (BH) = 79 HieR
AT Y B SH BT g3 = 0.8 Hiex

@) WA SH IS Td & T (I12) = (79- (2X0.8)) TH. = 77.4 TH.
7 e &7 = ((n /4) x (792-77.42)) TH 2
= 197 TH 2

@M AR @ 12 TAUTH/ TH 2 = 2364 TAUTH
3% IH HUNES 3HaH = 70.9 TAUITH
65 fiFe & foU 3Mawg® BIH HUNS = 4,609 diex
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1.2.3

1.2.4

1.3

1.4

1.5

1.6

1.0

1.1

P T YR & AW Bt 718 T0AT & IR 1 B AR 3R 2 g
I 8q AW B HUNES

@) Y AR 8,775 dlex

(@) BISTXCIH 4,446 AR

T W ¢ & e & Y IIS $d B HUSS: FAT EF
% & AU 3Maxgs B HUNES 4,609 e
@) 1 HH AR & [T 3ITH BIF HUSS 8,775 e
@) 23K & AU e B HUSE 4,446 iR
Pl T HdT = 17,830 Tl
JaIERUT = 18,000 cflex

JWdd IEEXUT B dol R A SEE & & fou ®miE $Huds
JTAHdl DI AT BI S AT
RITTAT Pt Hd AR U B & (oY, &1 S/D &A1 (3Mpad ®iF

HUES R DI AR & Gd) T TSI AN §IH DI aIHATSAT Bl
SIST ST A1eT|

3eTERU & o, Ud® &9 H 37.5 Hiex & Uad 99 ¢ AN d1d 2 TP
¥ b TP Al & foIE, B HUSS &I MMaRIHdT 2 x 24000 e
3ryfq 48,000 TeR B1 ST @B, TP &3 # 79 WX & Ja¥ ds ¢Fh
N a1 2 T % ¢ S5 &3 & folE, B HUTdS &I Il
2 X 18000 <ffex 3fufq 36,000 e g

I 98 Ul ¥ b (W RifdT H9) & gul Iag WA @
& T B & AaRgdHdl 34 THd 999 do Hedbdl & =g H
AT ST 8 3R 3 8aHd-3 § fowr & faar mar g

SAP-3

T T & o4 & §Ic UH ds TN ¥ ¢b H N TH &I
RIAREL|

Uicad HiMeRl & 1Y AT ¥ db & U B &1 agdhdl &l
AT & e Iex:

1.1.1 3P
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TPH! BT AN = 79 TH.

B P IBR = T

BT YN & = 8.1 Ty

wiF 0 B sifeRaer = T U7 xE 139 7o07wdTH = 2,383 TH /6l
JaERU & g, = 2,400 TH 3/der

B HUSS 3MaRgehdl = 39720 x 3/100= 1192 TAUTH

B HUSS HaRgHdl = (1192 x 65) e

3% THEU & WY 65 e & forg

= 77,480 Wi

T4

1.0 % UCIferaH & HSRU ald a6t WAIcT % ¢ & fou . dfby
o S ST &1 uar @ 3R g B Jome

1.1 T Tiopd ST JOmelt P 3OH YRS WU H WA ¥ ¢Fh R\
T ST &1 Wd: Tl A SR g & o fEme fasar mar g1 gomait
®H ¢FH B B W T SN gl Yumelt & oA & faw =gEan
=g A & TS g;enfd-

1.1.1 I TS YuTal:

guell ® fihed BT WIRINEE BIH (Thukusdl) a1 tfdagd e
BT B (WHUHUK) 8T hice & IUdNT fHar S g1

1.1.2 I TR YuIa:
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1.1.3

@ TP &9 HSRU o I R KAy Wi # I 11 o g e a1 0 aiftlep

AISIER gl &1 axaedl gl ¢ T & gfe # e dia &89 W &
uﬁfﬁ%wnwﬁnﬁawm%wmw%mﬂnwﬁ%%uﬁw
JUged R R ST U8y W A o ¢ | FSTsgeM ugy wirdt
w0 Y - B a7 HSRU 39d ¥ S[ST 811 8 3R GFl &I 8d IR 3@l
ST 8 | I &I Ao & gard J Il uﬂdl%l it wiH iy te aua
o BT g o ATgeiom & 1St fobat SITa1 81 9o &l RA Hd 87 & @ 18
TAUTEH/ T 2 &1 gAdH BIH TEABRH &R o [od fSeie- far mar g | gume
a0 & foIE, B & T U 40 Jdbs | fExarst foar s @nfgu|

A 3R gad: Ifpd g arell yurelt

@) R ddH mT aH ot fRUfd A, 3961 udl I ° gew fSasy gRI Wa:

DT Udl AT ol 7 | fSargy a9 o fid & R &89 & B & TwiidhIH
& o O Red &1 Afehg T § dlfds 31T BT ISP YS! TR H Sleg]
T T S T | AT S Fra-t & T Ul T SR I 1 et
& 1Y U SHfSa-fagsre sramd ot SieT man §1

e & e BR f$eaeR Acad WiAe B S 3T Y YT odT & SR
o i &7 W sift=me difean ot W efis & g a=ar 7l
UA® ¢Hh B Udl T 3R I S W YuIelt grn|

&g & SEURIT T FAfdT T R TG T Al & do dl JUd
RIIECEGEIRCIIHY

Uga UUTE &1 AU [y 8 &I aRadmal § 3R 9 did
3T &1 YR&T & forg fafld wrge gfkar aoaH R &1 ol f§eam

mﬁ@mwwmmwmmw@u

U AP TR GRT e a1 sFHifed fbar S =Ry it U8
AT oo o1 9% 6 S vonferdt &1 IuENT fHar ST § o [Red
& IdH AFD B T Bl

79 Hie? I a1d ¢ & oY AiSeR ®IF UfieeH fRed &t TTuMT:

e &1 R AT & n X 79 X 0.3 = 74.5 TH 2 (3(H dR

TR 300 TH. TH. & odia Ui &9 & &9 § 3@d gu)

B T 1 @R @ 18 TAUITH/ TH 2 = 1341 TAULH

40 Yhe T aWDH $od BIF {YT = 894 e

<F & o sMawasd AiSeR e & Fd T = 7»
»(135 Tiex B a1 150 Tex &Hdl aid da- IR faaR #vd gu)
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6.0

6.1

6.2

6.3

6.3.1

SIR-6
[PUaT ST 6 3 |

W& YU YISt (TATHTH)

§S gHedl SIfgH & H o34 3R dgak I IINT YeRH &
forT U qReM UeeE & JAUS U § 99 g o g1 v
ﬁ?&nwuqa%%am%@?ﬁ golifRafer ok e gursi
Dl T b TS Tl B YU areft e gome
3R ufeharet & SRdsal & Ueud & U UH SrRnfyd e

%lagwm&hﬁwzmaﬁ?ﬁumﬁﬂaﬁﬁ%ﬁﬂﬁ
RIS AERR AT SHoll BIS BT & 811 $H IR P! geA

TEdd UG, T A1 faTplc &1 R a9 Ihdt | 3R 3ida:
TR dc @M, Jufl &1 JH9E, Ided B JHuH SR
yafaRoflg gy g 9o gl

TH UHE TR ReT U6 HRGH & fou Iqul 9SG
UfehdT BT Jedih B o Uh AARYd DIV DI TIIHdl
B 81 39 =WHIU BT ITNT IRa 8T, U 3oz, o
RN, TR giddd, gREmeqd Ud I@R@E Tfafaftdl 3R
ufsearaft, IR-Fafig fafafial wd ufesared, smuerE dart
grorret ud ufoarsl, ufiemr sd®mHEl iR Ufshar & wHifad
H a3 Uehl R Jidd § faaR forar oan g1

HUfgl B JRET TeeT yome R ST 1LY, S Th Hul
& UM YUY &fd o1 T SN 3 g, forgd fAgfefad
Ui UG gedh MAA ¢ GRET Yo Yol (THUHEY) e
@SFT §91E, IdTe &, o 3R @ &9) I% W Suia

g =1ieu| Uit & o dR R T gudh JR&m UeRH UeH
w1 F fou Fofafed megst W AR &= it g;smufd:-

Agd R veed Ufddgan 399 MY weeE, dudl e
Aisd, SdEces!, uRHfd =ifa, Iexm, SMawgemany 38R
Uil AFe 99 HRAT WA g

6.3.2 oAl 3R fFwreT - Sifed & usya & foru uR=me ame)
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Td ufshare & R oA 3R AN HA & forg PR agA
TS QR&T e it Bl
6.3.3 URDIGIAS AU adry a1 Su- & SIReT & Jey &
foQ yee @ genyd srgmell &1 =nfia far S gl
6.3.4 WO 3R AP - ITH HUISTE Bl IR HA1, afhd
R, RSTET 3R MR-3IFTaT B FHAT WS ©;
6.3.5 ad GUR - SUH yaYT THe, uidasdl ®F exadr iR qRET
& foU Saeeg! & ded &1 uldfdd a8l

6.4 IR&T YaYd YUMTClt & Uch (THUHTY)

6.4.1 IR&T USY Jumell & 8 ¥ H1 FEfaied gHarc gee i
B TIRE, S Hufal & TRE JRem B agHarst B 1
IR T Haa HYGel-

@) g 3R Uee ufdegdl-

(i) 7@ 3R U Ufdagdl ToUHTY | WY ¥ 3§ fqEs
1 TRl &Yd P Hu-t B JReMm Td ygiaRur Hifaar
3R TEAHD TEAT H U fafkdd faavor efa
HT IRT 3R I AT A1 18T o Usied BRIy

D AR IR & o SMawads foriereal, il ofiR
IR &t dfaqdl &1 uRufa &Rar g1 uEed & g8
fRuffa &1 & fou Rem iR valaRur yeea wrdsn
& TEIET PR A1 T 1 g8 gd Ml smafy w
I, TA SR THTET ST I8aT gl Usd THiem &l
HRIHT TRaTRIeT URomH, Seadl aRfufaal Sk FRaR
JUR P Ulddgdl & 3Mdd | Aifd, Se=ai 3R HRihd
& 3G gedhl H URGdd & GHIfdd aadmdl &I QR
I TIRUl vEYd wHiem & wiml, fsewl &R
Ryt @ yafed farar s =l

@) AT 3R fAsre:

129



()  YsYT gg GHiFd Hum

0]

(1)

(1)

(V)

UJ® TUUHEY 9edh o HWred &1 JadT A
& fou ufearelt ok ugfoal &1 ufvuifya fasan
T B;

uferdr &1 RBERT e 3R ey W JHE
¥ fou fafams SR wifelie sraxadmanst &I

R HA & fog aRuifg fosar m g;

Arorat, ufsrarsll 3R ugfadl &I g8 gRid A
% fou uHigpd fear I € fob Ser, akom 8iR
3R SpeRrl H wm= fbu Sd g 9

S iR Tere Ufie! srawadmdrsl dfga
g R HHIed faeH, touHey @ feereA
I, AN HH 3R JURA & forw fawfya feu
T g

(i) UdYF 3UF TIUHTY & Ufd U fddgdl &1 Add
3R UGS BT

(M

(1)

(1)

(V)

V)
(V1)

(VIN)

% AHRIAG Y& IWPd DI FgIaT ol 3R
g Hhad Al fb 999 & I g8 Y&pid

Y 9 @ T

g8 gRfad o= fr 39 fafaw o fuifa
gRATE- Ued ST & ol WY IR
& Y qUT Il SR feA-ufafes &t nfafafday

& dl" TP WY JdY ©;

SN gsie ufeharstt & dgmar A1 S SifaHl

& UgdH, Yoo, WUfAdar iR gstd # Heg

HA 8, AU R HRa § SR ifaw &H

B P IUMA BT GHAT B T

T 3fTde Ufehar &1 Add BT

FF-TRI UeRH I BT R HRAT;

TR SR T8 feduR®! & A TITHLY &

ufa ufdegdr ST &= SR

%W%Hﬂ-ﬁ TR R JS1d 3R AJd P! dg1al
|
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(iif)

S ifqal ol IRt B W HA & faw ufesaras,
gfadl, vomferd, iR W& & RUA1, S,
e SR GUR HAN| I Fad W8 & 9
e Ao fadsRia = & forg fSwieR g1 =i,
S Wed @ Afd iR d&d & Sr®U Bl Hu
RIS @Ry, [Rem 3R TaiaRul fawdl W srefid
HHARY! Fied T I8e B & J I9d U TP aiia
TAUES HrhH SR S, ol Fefafea e €

(1) fed 9¢ Tauws veRH|

1) M a¥ & fou TEugs eyl

(1) Hedqul gy 3R Ul

(IV)  Uihar JReM, SRR JR&fT, AGHAIS Wy
3R yafaRur & iR ARy uga|

(V) N ICISEANIGRCIGIE RN

(VI)  3FeR &I Yifigrt;eiR

(VIl)  TaTuRIen SR yeud THteTl

(iv) HI Add B Wi, TR HI W I W,
fayTiig ok $oa Tares & fow yaia et &t
UM, darY iR AU &A1 =1fey aur I Y

qdPh DI IS HIAT el 3R TIUATE & Udd
Yo b HIYM P dd USRI IURT Dl RTUd

AT 1T

gRareTd® o R ufsear § Heftd gerst @t
Ab- & o gd® Hu o+t ufear # fAfed @i o
Ugd $3, JHeH MR FfEd & & fw Reder g,
Sl TE ST, 9ge ¥ @@ 9ger, ThiaRu @ gyifad
R Iod! §, T Heayul Jufd gfF a1 SR &1 JHaM
R IoHdl gl IR ged a1 uRaed Eamr 9 dad
T JHIRRA B GI&T P T & A Th YHTE IUDHRT
g1 d1feT, afch SU®! e, fhwhrdt anTd SR Torawn
¥ foru g8 9 Fad faeN, sraad iR WaREd & o
% Ried, dfer H@ Ufchar wred ot 1 398 IS
3R fafaior gfsaret & fow gonferdt ok faol &1
ranT it §1 fFufafea uferares Ao o
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TIUATY &1 HIT g9 el UERIe saadrd a1 &yt
& ST T geded a1 & U 3 §a ememy g1 39
UPR P! AU THUATY & U 0@r U Bl gl
WA & TR 3R Tarad Pl Sfeddl & YR WS4
Yedh! & BRI DI Tgdl HUAl gRT UG B ST

HT%Q;Gf?ﬁT‘[:-

(i) ofepan RN e (NH3ME) - Jaur & fow e
R 3R TiaRr et SFeR!, forad ufrarn, gt
3R gfaur f&oET R uoed a g, &1 gadr &
R ofigd &1a d fasiad 8k 9918 3|1 o 1 @nfgul
U qWaw & foU omawad dis t ufthar shfed
fIRavn ox4 9 Ugd Ul faRad ufear Ran
TSR BT GHad R SN SR degsis ol
gfaer & uRadd &1 ¥ Uga 3R Agayul uRdreH
Td TEREE g d4 & o e Ae@qul 3Ye &
¥ H Iudsd HRAT ST aifetl faRkad ufdear gqranm
THERT & b ¥ HU SR Ufhawr # wfa
HHANAl Pl MANF GaAe A S
gforarsf ¥ IUd TaRl B Ugd HRA 3R I of-
Jag- ¥ Aeg MeHr =gyl ufdar Rem SHaRt |
YD GARAD WAl b TR b IR H AHBRI
e grft, o Sudid ol & I Red, wfan
SRT STANT I IdTied, Uik i ddb-ie IR BRI,
Ui # IUSHROT Bt BRI SR TEF a1 Jgfawr o
I &I T3 AET I THGRT M SR 3R

() Uar ¥ @i Iaae T & Gl b
IR H IFeR #§ &9 ¥ ®9 FufaRed it

@ﬁ;?rf?-lﬁ[:-

(@) fauTedan,

@) SHg SiRey i,

@ e s,

@ ufafmariear e,

(@) &R SeI, @R

@ YHd R e RRar a1, iR faftw

JERA & A HY0 & HRUT WA
E[‘J-I'I'q’;BﬁT
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(1)

(1)

@) “gAqH $dcdl T@REd|

Ufhal @ de-ie IR OHeRI H &9 4 9
frafafea snfia gy erifq

(@)U il Udlg SITH a1 Ielipd Ulehal
YdTe SIgu™,

(@) ufehar T T,

() 3ffepan giwsd gadl,

(€) AUHH, &1d, YaTe a1 dged ol axgse &
forg @Rféra Sudt ok et Famg, sk
@) PUAINAT BT &M R WRF HI yuifad
S a1t fage Afed fagas & aRomr &

T |

SHPR! & Ay &1 IudH A &
o faarur # ufesar Sikaw fovawor & 3
& Oy faefd fear o1 godr g1 uiear o

SUBRY W AHDRI § fHafeied = giv;

3{?41?[:-

@) fafr & ah

@) TR 3R IuHRU SrguH (Ut TS I

@ fagga Tffexmr

@ Igd Jumel f$omsA 3R fESR SR,

@ T fSoeT o sk aFs,

@ vipaell & fau il ek Sl
Her; 3R

o)  TR&T YU (S Sexdle, UgaH, a1 g
JuITe) |

%@7@3

®Is, TS, a1 gU13l & AR feomeg iR fAftfa

AIS[Gl UV & AT S S/ W SuART | gl
g, dU @ g5 FufRa s Tl ok R
DT AT b IUHRN 1 FRi&d a4 fSareH,
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Rax@rg, e, gdtemr R Tanfera feam mam g1

(i) Ufhar Sifew fa=civmr-

(hufdrar Sifew fagquor (Higau) &1 35T I °c1sf &l
UgdH, e 3R R &R fhfl aR-e a1 Jedd
gerf & Raliel 819 &1 JUIGAT 3R IRl & HH HAT
g ford Reiiet g1 Ioat o fooddt o gfaer & o ufsear
et TRl F1 fazawor Sifafa Rafle ofR o JR&m a1
qafaRuig gersii &t UgaM, Heih iR YHIGAT & &H

& g1 gRUMTEl DI HH R4 & o foear smEr e
Jiegu & Ay I gichdn et TRl & Hafyd gedidhd

T WYY ! UgdH, SIRgH gedich+, aiRomy fazawur, glae
R, WHA® U ¥ QRI&d ufar $iR AMd $RS ol
HeH A &1 37 sreaaql § giHe dare & fafta wron
- RRr f&fa, wrd-3m SR Iessd wot # ufkar &
TR B AWM BT Afey| ey I Iad Rywli 78
ufepdr a1 gfaem & forg wré-3 a1 Aer Jgfaer & J=ned
T Ugd T F o =Rl

(1) RS wfeedr ST =Ryl & [T 814 & a1
HH Y HH R 5 I | 0 gEYH 3@ arett
A9 gR1 ufshar Sifaw fazawur &t s 3R g
Jamud foedr ST Amfgu| e gedr ufed g A
e ¥ frddt ot 9 T2eE & Ama § diuee &)
T 9Y 9 &1 Rl &t ot 8, S ugd
diige &1 [ B

() ST B Ufhar & Siiad &1d & forg, dieaued gRi
PR Bl T UG Ulhar & Iiy-gry Ry &
yoad gy & fore ufsear sifew fazawor 8k
A AT GA: dY 9 & e BT Rble §Y

IS @Teu|

(HIREISERER

() fFufea few oM 9@ &r, © T 9F o Sa,
U T 9 arelt gREmes fRufadl, tea fer oM
g A SR PRIAd e & o SRt oA arent
IR 3R WY AayT=at &1 auH oRd gy foafaa
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TareE ufhane Iuasy gt il gfawrstt &
TIY-T1Y P55 3T dh-1pt IAN § 3HReR BT T
99 3 UHR HI guedl ol THSdt &1 Iugm
P g R} B BF T udr g ey b
I AU HH & Bl ®f 3k T T FH &
fow Tar 3men &t WKl g1 e ufshang ufssan
QRET THBRT TR 3uiRd gt amfeu arfes It I
WRI BT AF Q@ o b | Ufear Tl Tt &t
THTGAT BT HH P & fou urey, Il iR gifesd
ﬁﬂqﬁg@ﬂﬂaﬁuWWﬁwmw
|

(Il) AP arad Ufhars &1 Uy 9HM ¥0 ¥ §11
ST FIfRT difch U TEed ot giaer H R

THedt # =nfaa foean S

(M) TEdt svat wffal grr feomzq, daFsl SR
faharslf & fafdxl & off®u R & W
TH3UT HT UIed dR1 ¥ U8d 39 3 UeeT gRI
Sier SR srgHifed fhar S woeitdt &1 fUsa
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To be published in Extraordinary Part-3, Section-1V
PETROLEUM AND NATURAL GAS REGULATORY BOARD

NOTIFICATION

New Delhi, 29t March, 2023

F.No. PNGRB/Tech/8-T4SR&GP/(1)/2023 (P-4247). In exercise of the powers conferred by
section 61 of the Petroleum and Natural Gas Regulatory Board Act, 2006 (19 of 2006), the
Petroleum and Natural Gas Regulatory Board hereby makes the following Regulations,
namely: -

1.

(1)

@)

(1)

a.

Short title and commencement. -

These regulations may be called the Petroleum and Natural Gas Regulatory Board (Tech-
nical Standards and Specifications including Safety Standards for Petroleum Refineries
and Gas Processing Plants) Regulations, 2023.

They shall come into force on the date of their publication in the Official Gazette.
Definitions. -

In these regulations, unless the context otherwise requires;

“Act” means the Petroleum and Natural Gas Regulatory Board Act, 2006 (19 of
2006);

“Annexure” means the Annexure to the Schedule in which it occurs;

“Board” means the Petroleum and Natural Gas Regulatory Board established under
sub-section (1) of section 3 of the Act;

“Block” means facilities operated or used in integrated way and surrounded by roads,
such as, process unit, boiler house, group of tanks located in a dyke, group of pressur-
ized storage tanks, loading gantries, flare and like others;

“Blowdown” means the process of removal of all flammable or non-flammable ma-
terial from a vessel or container upon shutdown or depressurization of the equipment
or unit;

“C4 and Lighter ends” means hydrocarbons or a mixture of Hydrocarbons containing
four or less than four carbon atoms,such as Butane, Propane, Propylene, LPG a mix-
ture of propane and butane also fall under the same category;

“Compressed Gas” means any permanent gas, liquefiable gas, or cryogenic liquid under
pressure or gas mixture which inaclosed pressure vessel exercise a pressure exceeding
one atmosphere (gauge) at the maximum working temperature and includes Hydrogen
Fluoride. In case of vessel without insulation or refrigeration, the maximum working
temperature shall be considered as 55 °C;

“Control of Work™ means a documented system to control hazardous work. It covers
job planning, risk assessment, scheduling, isolation management and a formal PTW
(Permit to Work) system.

Explanation. -For the purposes of this definition, -

i. “Approver” means designated Plant or Area in-charge is to approve an activity
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based on the risk, involved in executing the activity. Higher the risk, higher would
be the approval level required for authorization;

ii. “Cold Work” means an activity which does not produce sufficient heat to ignite a
flammable air -hydrocarbon mixture or a flammable substance;

iii. “Hot Work™ means an activity that can produce a spark or flame or other source
of ignition having sufficient energy to cause ignition, where the potential for flam-
mable vapors, gases, or dust exists;

iv. “Issuer” means designated person authorized to issue work permit;

v. “Permit” means a formal and detailed agreed document that contains location,
time, equipment to be worked on, hazard identification, mitigation or precaution
measure or measures to be followed and the names of those authorizing the work
and performing the work; and

vi. “Receiver” means designated person authorized to receive work permit.

Note: Where open flame jobs are involved, additional precautions and controls on top
of those for regular Hot Work must be in place;

“Critical lifts” means a lift that exceeds 75 percent of the rated capacity of the crane
or derrick, or requires the use of more than one crane or derrick;

“Day Tank” means a tank having storage capacity sufficient for one-day operation of
connected process unit;

“Design” includes drawings, calculations, specifications, codes and all other details
necessary for complete description of the pressure vessel and its construction;
“Design pressure” means the pressure used in the design of equipment, a container, or
a vessel for the purpose of determining the minimum permissible thickness or physi-
cal characteristics of its different parts. Where applicable, static head shall be included
in the design pressure to determine the thickness of any specific part;

“Dyke” means a structure used to establish an impounding area;

“Emergency Shutdown System (ESD)” means a system that safely and effectively
stops whole plant or an individual unit during abnormal situation or in emergency;
“Facility” means any building, structure, installation, equipment, pipeline, or other
physical feature used in petroleum refining, storage, transportation and distribution;
“Flash Point” means the lowest temperature at which the liquid yields vapour in suf-
ficient concentration to form an ignitable mixture with air and gives a momentary flash
on application of a small pilot flame under specified conditions of test as per IS: 1448
(Part-1);

Fired Equipment” means any equipment in which the combustion of fuels takes place
and includes among others, fired boilers, fired heaters, internal combustion engines,
certain integral heated vaporisers, the primary heat source for remote heated vaporis-
ers, gas-fired oil foggers, fired regeneration heaters and flared vent stacks;

“Fire station” means a building housing facilities of parking fire tenders and keeping
other ready to use fire-fighting equipment for meeting plant emergencies, fire control
room with required communication facilities and fire alarm panels;

“Fire Water pump house” means a building housing fire water pumps, jockey pumps,
communication and alarm system, instrumentation and the required operating and
supporting personnel;

“Gas Processing Plant” means a facility where natural gas is received and processed
to separate gas, LPG condensate and other products;

“General Classification of Petroleum Products” means petroleum products which are
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classified according to their closed cup FLASH POINTS as given below:

(i) Class-A Petroleum: Liquids which have flash point below 23 °C;

(i) Class-B Petroleum: Liquids which have flash point of 23 °C and
above but below 65 °C;

(iii.) Class-C Petroleum: Liquids which have flash point of 65 °C and
above but below 93 °C;

(iv.) Excluded Petroleum: Liquids which have flash point of 93 °C and
above;

Liquefied gases including LPG do not fall under this classification but form separate

category.

Note: In the following cases, any of above classification does not apply and special

aa.

bb.

precautions should be taken as required,
()  Where ambient temperatures or the handling temperatures are higher than the
flash point of the product; or
(i)  Where product handled is artificially heated to a temperature above its flash
point.

“Hazardous Area” means an area which will be deemed to be hazardous where:-

()  petroleum having flash point below 65 °C or any flammable gas or vapor in
a concentration capable of ignition is likely to be present; or
(i)  petroleum or any flammable liquid having flash point above 65 °C is likely
to be refined, blended or stored at above its flash point.
Note:- For classification and extent of hazardous area, refer "The Petroleum Rules,
2002 and 1S:5572";

“Ignition source” means any item or substance capable of an energy re-

lease of type and magnitude sufficient to ignite any flammable mixture of

gases or vapours that could occur at the site;

“LPG Facilities” means a facility where liquefied petroleum gas (LPG) is stored, re-
ceived or dispatched by rail, road, pipeline or filled in cylinders;

“May” indicates provisions that are optional;

“Maximum Allowable Working Pressure (MAWP)” means the maximum gauge
pressure permissible at the top of equipment, a container or a pressure vessel while
operating at design temperature;

“NDT” means Non-Destructive Testing methods like Dye Penetration Inspection,
Wet Fluorescent Magnetic Particle Inspection, Ultrasonic thickness checks, Ultra-
sonic Flaw Detection, Radiography, Hardness Test and other relevant Inspection pro-
cedures carried out to detect the defects in the welds and parent metal of the pressure
vessel;

Non-routine activity means any activity that is not fully described in an operating
procedure andnon-routine does not refer to the frequency at which the activity occurs;
rather, it refers to whether the activity is part of the normal sequence of converting
raw materials to finished products. Making and breaking connections to unload a rail-
car would likely be covered by an operating procedure, whereas breaking a connec-
tion to remove and calibrate a pressure transmitter would be considered a non-routine

1 subs. by Cl. (a) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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work activity;

"Petroleum Refinery” means an industrial process plant or group of process units or
facilities where petroleum or crude oil is converted and refined into more useful prod-
ucts such as petroleum naphtha, gasoline, diesel fuel, asphalt base, heating oil, kero-
sene, liquefied petroleum gas, jet fuel and fuel oils and like other more useful products
. Group of process units or facilities includes, unloading or loading, storage, pro-
cessing, associated systems like utilities, blow down, flare system, fire water storage
and fire water network, control room and administration service buildings like work-
shop, fire station, laboratory, canteen and like other buildings.;

“Pressure vessel” means any closed metal container of whatever shape, intended for
the storage and transport of any compressed gas which is subjected to internal pres-
sure and whose water capacity exceeds one thousand litres and includes inter con-
necting parts and components thereof up to the first point of connection to the con-
nected piping and fittings, but does not include containers wherein steam or other
vapour is or is intended to be generated or water or other liquid is or is intended to be
heated by the application of fire or the products of combustion or by electrical means,
heat exchangers, evaporators, air receivers, steam type digestors, steam type steriliz-
ers, autoclaves, reactors, calorifiers, pressure piping components such as separators
or strainers and vessels containing a liquid under a blanket of compressed inert gas;
“Process Unit” means a unit having integrated sequence of operation, physical and
chemical, and may involve preparation, separation, purification, or change in state,
energy content or composition;

“Protection for exposure” means protection of building, structures, human from ex-
posure to fire, radiation, toxic releases;

“Safety relief device” means an automatic pressure relieving device actuated by the
pressure upstream of the valve and characterized by fully opened pop action intended
to prevent the rupture of a pressure vessel under certain conditions of exposure;
“Schedule” means the Schedule to these regulations;

“Service building” means a building housing facility for inspection, maintenance or
other supporting services which are directly required for operation of the plant such
as warehouse, workshops;

“Shall” indicates a mandatory requirement;

“Should” indicates a recommendation or that which is advised but not mandatory;
“Table” means Table to these regulations;

“Tank height” means the height from tank bottom to top kerb angle for cone roof
tanks and forfloating roof tanks, it is the height from tank bottom to top of tank shell;
“Tank vehicle loading or unloading” means a facility for loading or unloading of pe-
troleum to or from tank wagon or tank truck;

“Water capacity” means capacity in litres of a pressure vessel or a container or a tank
when completely filled with water at 15°C;

(2.) Words and expressions used and not defined in these regulations, but defined in the Act or
in the rules or regulations made there under, shall have the meanings respectively assigned to
them in the Act or in the rules or regulations, as the case may be.

3.  Application. -
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(1)

(2)

(1)
()

3)

(4)
©)

(1)

()

3)
(4)

These regulations shall apply to all entities engaged in Operation of Petroleum Refineries
or Gas processing plant to ensure safe and reliable operations through complete lifecycle
of the project.

The mandatory requirements of these regulations are not applicable to the common fa-
cilities constructed outside the ISBL (Inside Battery limit) of an entity where no pro-
cessing of hydrocarbon is carried out, that is to say Main Administrative Building, Ma-
terial Stores, Raw water facility, Engineering workshops and Security watch towers.

Scope. -

Requirements of these regulations shall apply to all Refineries and Gas Processing Plants,
These regulations lay down minimum requirements of layout within the plant boundary
for unloading or loading, storage, processing, transfer and handling of hydrocarbons or
other hazardous substances or chemicals in Refineries and Gas Processing Plants.
These regulations also cover engineering considerations in design, installation, opera-
tion, maintenance, inspection including fire protection and safety systems.

These regulations shall not be applied to onshore or offshore upstream facilities.

These regulations shall not be applied to mini refineries with total petroleum class A,
class B, class C inventory upto 2000 MT.

Objective. -

The standards referred to in regulation 6 are intended to ensure uniform application of
design principles in layout and to guide in selection and application of materials and
components, equipment and systems and uniform operation and maintenance of the
Refineries and Gas Processing Plants and shall primarily focus on safety aspects of the
employees, public and facilities associated with Refineries and Gas Processing Plants.

The standard. -

Technical standards and specifications including safety standards (hereinafter referred to
as standards) for Refineries and Gas Processing Plants shall be as specified in Schedules
which cover design and layout, electrical systems, process system, maintenance,
inspection, competency assessment, fire prevention, leak detection, firefighting system
and safety management system.

Compliance to these regulations. -

The Board shall monitor the compliance to these regulations either directly or under its
supervision through an accredited third party as per separate provisions on third party
conformity assessment.

The board of the entity shall appoint one of its directors, within ninety days of the coming
into force of these regulations, to be responsible for ensuring compliance to these regu-
lations.

Any entity intending to set up Refineries shall make available its detailed plan including
design consideration conforming to these regulations to PESO for their approval.

If an entity has laid, built, constructed, under construction or expanded the Refineries
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and Gas Processing Plants based on some other standard or is not meeting the require-
ments specified in these regulations, the entity shall carry out a detailed Quantitative Risk
analysis or Qualitative Risk analysis of its infrastructure. The entity shall thereafter take
approval from its board for non-conformities and mitigation measures. The entity’s
Board approval along with the compliance report, gap analysis, mitigation measures and
implementation schedule shall be submitted to the

Board within six months from the date of notification of these regulations.

8.  Default and Consequences. -

2[(1) There shall be an established comprehensive system to ensure compliance with the
provisions of these regulations, encompassing the conduct of technical and safety audits
throughout the stages of design, pre-construction, construction, commissioning, and operation,
and also on an ongoing basis, as periodically specified. Details of any planned project along
with Detailed Feasibility Report (DFR), layout, PESO approval and Environmental Clearance
etc. as may be applicable, shall be submitted to Board at least one month prior to commencing
the construction.

(2) The Board shall monitor the compliance with Technical Standards and Specifications,
including Safety Standards, either directly or through an accredited third party via separate
regulations on third-party conformity assessment.

(3) For the purpose of these Regulations, in event of any default or deviation or shortfall, the
entity shall be liable to face the imposition of civil penalty as per Section 28 of the PNGRB
Act, 2006, and/or suspension/termination of operation, as per following procedure:

(a) The Board shall issue a notice to the entity, allowing it a reasonable time period to fulfil its
obligations under the regulations;

(b) No punitive action shall be taken in case remedial action is taken by the entity, to the
satisfaction of the Board, within the time period specified by the Board;

(c) In case the entity fails to undertake remedial action within such time period, the Board may,
after giving such entity an opportunity of being heard, by order in writing, direct that, without
prejudice to any other penalty which the entity may be liable for, such entity shall pay, by way
of civil penalty, an amount which shall not exceed one crore rupees for each contravention, and
in case of a continuing failure, additional penalty which may extend to ten lakh rupees for every
day. In addition, the Board, if it deems appropriate, may direct for suspension or termination
of operations of the said entity.

(d) If the entity fails to comply with the directions passed by the Board, as provided in clause
(c), the Board may take appropriate action as prescribed for offences and punishment under
Chapter IX of the Act.

2 Ins by Cl(a) Reg. 2 the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications
including Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations,
2025.(w.e.f. 23.07.2025)
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Provided that, notwithstanding anything contained in clauses (a) to (d) of sub-regulation (3), in
cases:

(1) where the violation on the part of the entity poses an imminent danger to public safety or
(i1) where the Board determines, in public interest or in the interest of State security, that it is
So required,

the Board may, apart from requiring the entity to take immediate remedial action, also direct
for immediate suspension of operations of the said entity and in such cases, an opportunity of
being heard may be deferred and afforded subsequently to the entity by the Board.

Note 1: Planned projects shall include all greenfield projects and, in the case of brownfield
projects, shall encompass any addition to storage, handling, or processing capacity, increase in
manpower, or increase in risk level of any installation/facility.]

9.  Requirements under other statutes.

It shall be necessary to comply with all statutory rules, regulations and enactments for
the time being in force as applicable and requisite approvals shall be obtained from the
relevant competent authorities for Refineries and Gas Processing Plants.

3[For preventing fugitive emissions and standards for equipment leaks, the refinery and
Gas processing plants should comply with the relevant stipulations as stated in the
Petroleum Qil Refinery standards notified by Ministry of Environment and Forests vide
Notification no. GSR 186 (E) dated 18.03.2008 as applicable.]

10. Miscellaneous.

(1) Ifany dispute arises with regard to the interpretation of any of the provisions of these reg-
ulations, the decision of the Board shall be final.

(2) The Board may at any time effect appropriate modifications in these regulations
(3) The Board may from time to time issue guidelines consistent with the Act and these regu-
lations to meet the objective of these regulations as it deems fit.

Schedule-1
[See regulation 6]
1.0 Site selection and Layout:

1.1 Introduction:

1.1.1 Hydrocarbon processing and handling plants are inherently hazardous. Today's
trend of large and complex plants presents substantial risk potential. At times
plants are modified to operate at higher capacities or efficiencies necessitating

3 Subs. by CI. (b) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including
Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026)
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larger storage requirements than contemplated earlier. For these reasons, initial
site analysis for the proposed new construction or addition should be done care-
fully while considering the space allocation to the various facilities.

1.2 Plant Layout Philosophy:
1.2.1 Following philosophy should be adopted in layout of an installation, namely: -

(@)

(b)
(©)

(d)
(€)

)
(9)
(h)

(i)
1)

(k)

0
(m)

(n)

Block layout should be adopted as far as possible. Plant layout arrange-
ment should follow the general route of raw material to process unit or
units with tankages interposed as required followed by storage and dis-
patch facilities. The entire area should be sub-divided into blocks;

All process units and dyked enclosures of storage tanks shall be planned
in separate blocks with roads all around for access and safety;

Primary traffic roads in the installation shall be outside hazardous areas.
Roads separating the blocks shall act as firebreaks. In existing facilities in
which roads are within hazardous area, vehicular traffic shall be restricted
except for the emergency vehicles;

Pedestrian pathways should be provided and marked alongside the pri-
mary traffic roads;

Alternative access shall be provided for each facility so that it can be ap-
proached by emergency responders in the event of blockage on one Road.
Widths, gradient and turning radii at road junctions shall be designed to
facilitate movement of the largest fire-fighting vehicle in the event of
emergency;

Rail spur should be located close to the boundary of the installation to
minimise road or pipe crossings and blockage of roads during shunting.;
Layout of the facilities should be made to minimize truck traffic ingress
in the plant;

Two separate road approaches from the highway or major road should be
provided. Preferably, one for employees and other for product and mate-
rial movement. Both these approaches should be available for receipt of
assistance in emergency;

Presence of ignition source shall always be contemplated beyond the
boundary wall of the installation (Plant area);

Orientation of flares, furnaces and heaters, dusty operations (such as Sul-
phur handling.) and cooling towers should be decided based on prevailing
wind direction to avoid travel of hydrocarbon vapour over sources of ig-
nition or to avoid corrosion. Erection methods shall be studied for all types
of equipment or structures. Towers, reactors, fired equipment should be
located in such an area so to facilitate erection;

Maintenance requirements for each type of equipment shall be identified
and considered;

For construction activities, area should be earmarked;

Future expansion should be assessed, and space provision be made ac-
cordingly;

Emergency Response Centre (ERC), if provided shall be located in safe
area preferably near main

plant entry or exit. It should be able to communicate with Main Control
Room, Security control centre, main fire station and with outside local
administration in the case of emergency;
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(o) Emergency control room and alternate emergency control room should be
located in safe area;

(p) Inplant layout, area shall be identified for incoming truck parking, move-
ment and weighment. For outgoing trucks, consideration shall be given to
include truck sheeting area with proper safety arrangement.

1.3 Layout of Blocks or Facilities:

13.1

1.3.2

To prepare a layout, information should be collected on the following aspects,

as applicable, namely:-

(@  Process units, utility requirements, storage tanks and pressurized storage
vessels;

(b)  Product receipt or dispatch and mode of transport (rail, road and pipeline);

(c) Warehouses, storage areas for solid products such as petroleum coke, pe-
troleum wax, sulfur, bitumenor asphalt and other open storage areas such
as scrap yards;

(d) Chemical or Toxic chemicals storage, hazardous waste storage or dis-
posal;

(e) Flares;

(f)  Service buildings, fire station and fire training ground,

(g) Site topography including elevation, slope, and drainage;

(h)  Meteorological data;

(i) Bathymetric data (such as high tide level, surge wave height ), highest
flood level in the area, water table, natural streams or canal for installa-
tions in coastal areas;

(i)  Seismic data, Approach roads to main plant areas;

(k) Aviation considerations;

(D  Risk to and from adjacent facilities outside boundary wall;

(m) Environmental considerations;

(n) Statutory obligations; and

(o) Security considerations

General consideration for the layout of blocks or facilities, while locating the

various facilities or blocks, the following should be considered, namely: -

(@) Layout of Blocks or facilities should be in sequential order of process
flow;

(o)  Process unit or units, tank farm, loading gantry, solid storage, utilities,
Emergency DG sets and approach roads should be located on high ground
to avoid flooding;

(c)  Utility bloc or blocks should preferably be located adjacent to unit blocks;

(d) Power generation facilities which also supply steam for process require-
ment should be located near the process unit block;

(e)  While designing layout, overhead power transmission lines shall not pass
over the installation including the parking areas. Horizontal clearance
from oil and gas installations shall be in line with the Indian Electricity
Rules;

(f)  High Tension (HT) or Low Tension (LT) sub-station or sub-stations
should be located close to load centres;

(90 Cooling Towers should be located downwind or away from the wind di-
rection of process equipment and substation so that fog developed will not
cause corrosion or obstruct vision or short-circuiting;
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(h)

(i)

0)

(k)

0
(m)

(n)

(0)
(p)

(a)

(N
(s)

(t)

Excluded petroleum product or other chemicals storage tanks should not
be grouped according to product classification with Class A, Class B,
Class C product tanks in the same dyke. Petroleum products which are
chemically unstable in nature should be stored in separate dyke. In hilly
areas, storage tanks should preferably be located at lower elevations;
While designing layout, the truck loading or unloading facilities should be
located close to product movement gate and should be oriented to provide
one-way traffic pattern for segregated entrance and exit. The petroleum
truck loading or unloading facilities should be away from process units or
storage tanks and the number of such loading or unloading areas should
be kept minimum as far as practicable;

Sulphur recovery unit and Sulphur loading area should be located close to
sulphur movement gate and away from populated areas. Manned facility
should not be located downwind of these facilities;

Equipment drawing air (such as air compressors, air blower, FD fan)
should be located away from Sulfur recovery unit or Sulfur handling fa-
cility or other toxic or dust explosion producing sources;

Minimum separation distance of 50 metres is recommended between sul-
fur storage or handling and any facility or boundary wall;

Petroleum coke storage and handling facilities should be located as far as
possible away from process units, air separation plants, populated and haz-
ardous areas;

Separate collection system should be provided for different types of waste
generated in the process plant such as oily water, caustic, acid effluents,
fecal such as Effluent Treatment Plant should be located minimum one
block away from process unit area, downwind of process units and im-
portant areas considering odour and emission of volatile organic com-
pound. This should be

closer to disposal point by the side of the boundary and at lower grade to
facilitate gravity flow of effluent. Suitable measures shall be in place to
prevent overflow from ETP during rains or otherwise;

Flare should be located upwind of process units and the area around flare
should be paved.

Main pipe racks or pipe track of other units and facilities shall not be
routed through process units. Provide overhead clearance for vehicles over
roadways and railroads. Such overhead clearances should be protected by
protective goal posts about 10 metres before on either side;

Roads should be provided to serve all process areas requiring access for
the operation, maintenance and firefighting. These roads should encom-
pass the process blocks or process units;

Smoking shall not be permitted inside the installation;

Fire station, firewater storage and firewater pump house shall be located
at a safe place away from hazardous areas. Fire station should be upwind
of process units and hydrocarbon storage area with direct approach to pro-
cess units or other critical areas;

Location of firewater pumps shall not be less than 60 metres from other
hazardous facilities;
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(u)

v)

In case process units are operated in an integrated way and shutdowns are
taken simultaneously, then it may be considered as a single block. In such
case, fire water estimate shall consider the area of entire block as a single
unit;

Logistics of heavy lift items and lay down area for fabrication;

1.3.3 Separation distances:

Minimum separation distances between various blocks or facilities
described above shall be as per Table-1. The Table shall be read in
conjunction with the notes specified with the Table. Siting of manned
buildings should be based on Consequence (Dispersion) Analysis and
considering operational needs. In order to promote better-estimated
separation distances, the results of principles of Inherently Safer Design,
Hierarchy of Control, various PHA studies such as HAZID, CA, QRA
should be used. This will minimize process hazards and the associated
occupational health and safety hazard to personnel.

1.4 Layout of Process Units:

1.4.1 Equipment in process unit can be arranged in many ways. Safety, economy, op-
erability, and ease of maintenance should be considered in locating each item
within the unit. Adequate spacing between equipment will help in minimizing
the spread of fire and domino effect. Consideration should be given to access
for firefighting, evacuation of operating and maintenance personnel during
emergency and to avoid congestion in the unit.

1.4.2

General Considerations for the layout of Process Equipment:

(@)

(b)

(©)

(d)

(€)

)

Process flow sequence and operating procedures should be thoroughly un-
derstood so that equipment arrangement in the plot plan is functional.
Equipments should be arranged in logistic process sequence for optimum
piping runs and operational and maintenance ease. Spacing between
equipments shall be adequate for undertaking maintenance jobs;

The unit pipe rack should be kept in the centre, thereby splitting the unit
into two or more areas of equipment. Pumps may be arranged in two rows
close to and on either side of the pipe rack. Heat Exchangers and vessels
should be grouped together forming outer rows on both sides of the rack;
Heat exchangers should be located perpendicular to the pipe rack on the
outer row to facilitate pulling of tube bundles with mobile crane or by
other means. Shell and tube heat exchanger should have a longitudinal
clearance of at least one-metre plus the length of removable bundles;

Air fin coolers should be installed above the pipe rack, technological
structures or independent structure. Pumps handling hydrocarbons above
the temperature of 230 °C or C4 and Lighters hydrocarbons should not be
installed underneath the air fin coolers;

Vessels having large liquid hold-up should be installed at lower heights
and preferably at grade. Adequate drainage should be provided around
such vessels. Where process requirement dictates their installation above
grade, these should be located in open area;

Towers or columns should be located along the pipe rack towards open
areas for unobstructed erection as well as maintenance of internals at
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(9)
(h)

(i)

grade. Tall towers requiring frequent operating attention at upper levels
may be located at one place so that common connecting platform can be
provided;

Thermo-siphon re-boilers should preferably be placed close to their asso-
ciated towers;

Vessels, column, Reactors with internals or containing catalysts, chemi-
cals should have a drop-out area for removing or installing the internals or
for loading or unloading of catalysts and chemicals. Further, the demarked
hard area for crane movement should be provided;

Heaters should be located up wind at one corner of the unit. Space should
be provided for removal and cleaning of heater tubes besides approach for
crane. Areas around the heaters shall be paved for guiding spills away
from process equipment. Intake of Forced Draft fans shall be taken from
safe location or Fan shall be located away from process equipment from
where they are likely to suck hydrocarbon vapors. The heater fuel supply
system is equipped with small knock out drums and valve stations which
are considered integral part of heater package;
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)

(k)

(1

(m)
(n)

(0)
(p)
(@)
(r)
(s)

(t)
(u)
(v)

No trenches or pits (closed or open) should extend under the furnace and within 15
m distance from the furnace walls. All the underground drain connections shall be
sealed closed connections over an area 15 metres from the furnace walls and no open
funnel or drain shall be considered within 15m distance from the furnace walls;

The local control panel for soot blower control, Burner Management System (BMS)
and flue gas analyzer only should be located on and near the process heater. The rest
of controls should be taken to control room;

Gas compressors should be located downwind from heaters so that leaked gases will
not drift towards the heater. Gas compressors should have roofing and open from
sides to avoid accumulation of heavier vapours or gases on the floor of compressor
house. Compressor house should be located near the battery limits to facilitate ease
in maintenance and operation. Drop out area should be provided for maintenance.
Along with side opening to clear the hazardous gases heavier than air, there should
be monitors or gas detectors at the top of compressor shed to avoid accumulation of
hazardous gases lighter than air;

No other tankage except day tanks or process chemicals shall be provided within bat-
tery limits of any process unit;

Process chemicals storage tanks should be provided with kerb wall of minimum 300-
mm height. Hydrocarbons day tanks shall be provided with dyke in line with section
1.5.1. (a) of this regulation;

Cold boxes should be located on grade or on separate elevated structures. Adequate
space should be provided around cold boxes for ease of operation and maintenance;

Flare knock out drum for the process units should be located at battery limit of the
unit;

Blow down facilities or buried drum should be located at one corner of the plant or
unit farthest from furnace or any fired equipment and on the lee-ward side of the unit;
Vent from Blow down facility shall be minimum 3 m above the highest equipment
falling with in radius of 15 m from the vent stack;

Occupied building including operator cabin, if any, within unit premises is not rec-
ommended. In case the same is unavoidable, the building shall be located upwind
side of the unit and adequately protected from blast overpressure, H2S, heat radiation
and asphyxiation hazard. The cabin should be for minimum occupancy of the shift
operators of the respective facilities only;

Stairways should be provided for the main access;

Minimum headroom under pipes, cable racks should be 2.1 metres;

Equipment should be spaced to permit use of mobile equipment and power tools or
servicing and maintaining equipment during turn around periods.

Equipment spacing with in process units:

(@)

(b)

Minimum separation distances between various equipment within process units are
given in Table 2. The distances recommended should be followed to the extent feasi-
ble.

Equipment spacing within the process unit may be varied if it is essential to meet the
process or safety or design requirements specified by Licensors or Equipment Man-
ufacturer or of the Engineering Consultants except the followings, namely: -

186



(©)

(d)

(€)
()

(i)  Blow down facility (open pit type) or oil catcher shall be located at a distance
not less than 30 m from fired heater or any fired equipment. If the blow down
drum is located underground or oil catcher is cover with vent to safe location,
the minimum separation distance shall be 15m;

(ii.) Fuel Oil day tank shall be located at a distance of not less than 15m from equip-
ment except those facilities such as heat exchanger, pump connected directly
with the Fuel Oil system;

Firewater hydrant or monitors shall be minimum 15 m away from the equipment that
is to be protected from that Hydrant or Monitor;

Water spray deluge valve:

(i)  Water spray system deluge valve shall be minimum 15 m away from the target
equipment handling hydrocarbon;

(ii.) Incase of storage tanks, the location of deluge valves or fire water ROVs should
be determined meeting the performance criteria in terms of system discharge
time, ensuring its accessibility and the valve should be protected, such that in-
tegrity of these valves is ensured from following impacts, namely: -

(I) Thermal radiation heat from fire in vicinity;
(1) Potential for explosions affecting integrity of deluge valve;
(1) The location and arrangement of drainage facilities including dykes,
trenches, and impounding basins; and
(IV) Potential for freezing and mechanical damage;

Fuel gas knock out drum shall be located at a minimum separation distance of 15 m
from the heater;

The separation distances of equipment as mentioned in Table 2 shall be maintained
as minimum. However, these can be increased to comply with the recommendations
of the OEM or licensors.

1.5 Layout of Storage Tanks:

1.5.1 General considerations:

(@)

Dyked Enclosures:
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(i)  Petroleum storage tanks shall be located in dyked enclosures with roads all
around the enclosure. Aggregate capacity of tanks located in one dyked enclo-
sure shall not exceed following values; namely: -

(I) 60,000 m? for a group of fixed roof tanks; or
(11) 120,000 m? for a group of floating roof tanks;

(ii.) Fixed cum floating roof tanks shall be treated as fixed roof tanks; but, in case
these tanks are provided with windows opening on the shell and these windows
will not get blocked in any case, then, these may be considered as floating roof
tanks (such tanks shall not be used for *[Ethanol/EBMS] storage in which water
ingress is undesirable);

(iii.) 1f a group of tanks contains both fixed and floating roof tanks, then, it shall be
treated as a group of fixed roof tanks for the purpose of above limits;

(iv.) Dyked enclosure shall be able to contain the complete contents of the largest
tank in the dyke in case of any emergency. Enclosure capacity shall be calcu-
lated after deducting the volume of tanks (other than the largest tank) and the
tank pads within the dyke upto the height of the enclosure. A minimum free
board of 200 mm or 10% of dyke height whichever is higher, above the calcu-
lated liquid level shall be considered for fixing the height of the dyke;

(v.) The height of tank enclosure dyke (including free board) shall be at least 1.0 m
and shall not be more than 2.0 m above average inside grade level. The dyke
wall made up of earth, concrete or solid masonry shall be designed to withstand
the hydrostatic load. Earthen dyke wall shall have not less than 0.6-metre wide
flat section on top for stability of the dyke wall;

(vi.) For excluded petroleum, the capacity of the dyked enclosure should be based
on spill containment and not for containment on tank rupture. The minimum
height of dyke wall in case of excluded petroleum shall be 600 mm;

(vii.) Separation distances between the nearest tanks located in separate dykes shall
not be less than the diameter of the larger of the two tanks or 30 metres, which-
ever is more;

(viii.) Process equipment should not be located inside the dyke. Pump stations and pip-
ing manifold should be located outside dyke areas by the side of roads;

(ix.) Tanks located overhead shall meet safety distances and shall also have dyked
enclosure of RCC construction and provided with efficient drainage system for
the dyke enclosure;

(x.) The tank height shall not exceed one and half times the diameter of the tank or
20 m whichever is less. For the installations covered under Oil Mines Regula-
tion, the maximum height of the tank, dyke requirements shall be as per Oil
Mines Regulations;

4 Subs. by sub-clause (c) of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications
including Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(xi.) Piping from or to any tank located in a dyked enclosure should not pass through
any other dyked enclosure. The minimum distance between a tank shell and the
inside toe of the dyke wall shall not be less than half the height of the tank;

(xii.) There shall be access on all four sides of each dyke area and roads should be
linked to minimize the effect if one road is cut off during the fire;

(xiii.) Leak Detection system should be provided for tank foundations;

(xiv.) Pavement in tank farms should be provided with an impervious layer to avoid
any contamination to the soil;

(b)  Grouping:

(i.)  Grouping of petroleum products for storage shall be based on the product clas-
sification. Class-A or Class-B petroleum may be stored in the same-dyked en-
closure. Class-C petroleum should preferably be stored in separate enclosure.
However, where Class-C petroleum is stored in a common dyke along with
Class-A or Class-B petroleum, all safety stipulations applicable for Class-A or
Class-B respectively shall apply;

(ii.) Excluded petroleum shall be stored in a separate dyked enclosure and shall not
be stored along with Class-A, Class-B or Class-C petroleum;

(iii.) Tanks shall be arranged in maximum two rows so that each tank is approacha-
ble from the road surrounding the enclosure. This stipulation need not be ap-
plied to tanks storing excluded petroleum class; and

(iv.) Tanks having 50,000 m® capacity and above shall be laid in single row.

(c) Fire walls:

(i.) Inadyked enclosure where more than one tank is located, firewalls of minimum
height 600 mm shall be provided to prevent spills from one tank endangering
any other tank in the same enclosure;

(ii.) A group of small tanks each not exceeding 9 metres in diameter and in all not
exceeding 5,000 m? in capacity shall be treated as one tank for the provision of
firewall; and

(iii.) For excluded petroleum product storage, firewall of height not less than 300
mm shall be provided by limiting the number of tanks to 10 or the capacity of
group of tanks to 5,000 m*; whichever is lower.

1.5.2 Separation Distances between tanks or offsites facilities:

(@) The following stipulations shall apply for the separation distances for above ground
tanks storing petroleum; namely: -
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(i) For larger installation, minimum separation distances shall be as specified in
Table- 3 and Table-4. The Tables are applicable where total storage capacity
for Class-A and Class-B petroleum products is more than 5000 m3 or the di-
ameter of Class-A or Class-B product tank is more than 9 metres;

(ii.) For smaller installation, minimum separation distances shall be as specified in
Table-5. This Table is applicable where total storage capacity of Class-A and
Class-B is less than 5000 m® and diameter of any tank storing Class-A and
Class-B petroleum product does not exceed 9 metres. Table-5 shall also be ap-
plicable for the installation storing only Class-C petroleum;

(iii.) Excluded petroleum should be treated as Class-C petroleum for the purpose of
separation distances and Table — 5 shall be applicable for their separation dis-
tances.

1.6 LPG Facilities:

1.6.1 The LPG storage, handling and Bottling facilities inside Refineries and Gas processing
plants shall conform to the Petroleum and Natural Gas Regulatory Board (Technical Stand-
ards and Specifications including Safety Standards for Liquefied Petroleum Gas Storage,
Handling and Bottling Facilities) Regulations, 2019, except as specified in these regula-
tions.

Schedule-2
[See regulation 6]

2.0 Design of Equipment, and storage facilities:
2.1 Storage and Handling:

2.1.1 The Liquefied Petroleum Gas facilities inside Refineries and Gas processing plants shall be
designed as per the requirements specified in the Petroleum and Natural Gas Regulatory
Board (Technical Standards and Specifications including Safety Standards for Liquefied
Petroleum Gas Storage, Handling and Bottling Facilities) Regulations, 2019 unless speci-
fied otherwise in these regulations.
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2.1.2 Pressure Vessels:

(a)

(b)
(©)
(d)

(€)

()

(9)

(h)

(i)

()

Applicable codes for design, fabrication, inspection and testing of Pressure vessel
shall be ASME Boiler and Pressure Vessel Code or any other established national or
international code;

Unless otherwise specified all Carbon Steel materials for pressure components parts
shall be Killed Carbon steel;

Wherever clad is provided for corrosion allowance, clad thickness shall be provided
over and above the code required minimum thickness;

Pressure vessel shall be designed for Seismic and Wind in accordance with 151893
and 1S875 or equivalent. External attachments such as platforms, ladders, piping and
attached equipment should be given due consideration;

National laws and statutory provisions such as Indian Boiler Regulation and Petro-
leum and Explosives Safety Organization, Nagpur, India together with any local by-
laws for the state shall be complied with based on their applicability;

Noise level shall be limited to 85 db (A) maximum for all noise producing equipment
(such as Agitators, Mixers, Silencers, Educators or Ejector) measured at a distance of
one metre from equipment outside;

Pressure vessel shall be capable of withstanding loads for hydro test or maximum
weight of the service fluid whichever is higher or Pneumatic test as per applicable
codes or standards;

Maximum allowable deflection at top of pressure vessel, with Height (TL to TL) /
Diameter ratio greater than 5, shall be less than or equal to height of the pressure
vessel divided by 200. Preferably this value should be limited to maximum of 300
mm;

Lifting devices such as pipe davits, manhole davits their hooks and other attachments
on equipment shall be tested at shop by manufacturer for the safe loads considered to
be handled by these devices by holding similar loads by these devices before actual
application in refinery. All the load bearing weld joints shall be subjected to Nonde-
structive test;

The isolation valves in the vessel SRV lines shall be kept open during operation.

2.1.3 Storage Tank:

(a)
(b)

Applicable codes for design, fabrication, inspection and testing of Storage tanks shall
be API-620, API1-650 or any other established Indian or International code;

Tanks shall be provided with at least two numbers of level instruments with inde-
pendently settable alarms. One of the said level instruments with independently set-
table alarms shall be used for High-High and Low — Low level alarm. Automatic
isolation of tank receipt line based on High-High level sensing device shall be con-
sidered for tanks receiving at high flow rates (unloading from ships or pipeline re-
ceipt). In case both the level instruments are operating on same principle, then the
instrument connected to the shutdown system shall be SIL certified.

2.2 Process Equipment:

2.2.1 Pumps:

()

General:
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(i.)  Pumps should be suitable for unsheltered outdoor location;

(ii.) For centrifugal pumps operating in parallel or having auto start, the electric
motor should be sized for the end of curve condition with discharge valve open;

(iii.) Mechanical seals should normally be specified for centrifugal pumps and rotary
pumps, in services except for clean cold water;

(iv.) Seal flushing where necessary, should preferably be with the process fluid itself
through an appropriate seal plan for all clean liquids. External seal flushing
should be used only when a self- flushing plan is infeasible; and

(v.) Double seal shall be provided for the pumps handling hydrocarbon above or
close to auto ignition temperature or hydrocarbons above their flash point or
handling C4 and Lighter ends or toxic material.

(vi.) SPumps should be designed for continuous operation at a minimum of 28 °C
higher than specified maximum operating temperature.

(b)  Pressure and Temperature:

(i)  The casing shall be designed to withstand simultaneously MAWP (Maximum
Allowable Working Pressure) at corresponding temperature and the worst-case
combination of allowable nozzle loads as per applicable standard.

(ii.) In case of Centrifugal Pumps, radial split casings shall be used for any of the
following operating conditions; namely: -

(I) Pumping temperature of 200 °C or higher;
(I1) Flammable or hazardous pumped liquid with a relative density of less than
0.7 at the specified pumping temperature; and
(111) Flammable or hazardous pumped liquid at a rated discharge pressure above
100 bar;

(iii.) For applications such as pipeline products transfer, feed water pumps designed
as per proven vendor standards shall also be acceptable for MAWP of higher
than 100 bars.

(c) Hydraulics:

S Subs. by sub-clause (D) (i) of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety
Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(i.) 6[***];

(ii.) Pulsation dampeners should be provided in positive displacement pumps (re-
ciprocating or controlled volume), as specified;

(iii.) Pressure relief valves should be provided in the discharge of positive displace-
ment pumps, as specified; and

(iv.) Centrifugal pump discharge lines are to be designed for shut off.

(d)  Process Control and Protection Systems:

(i) The lower and upper limits for critical process parameters such as suction
pressure, discharge pressure, flow rate, differential pressure, suction and dis-
charge temperatures, should be identified and necessary alarms and trips to
prevent failures as applicable should be provided.; and

(ii) Interlock shall not be bypassed without approval of competent authority.

2.2.2 Compressors:
(@) General:

(i)  Compressors should be suitable for sheltered outdoor location;

(ii.) Unless otherwise specified, centrifugal gas compressors, tandem dry gas seal
with intermediate labyrinths should be used for toxic or flammable gases with
plant nitrogen used as buffer or separation gas;

(iii.) In case of centrifugal compressors, casings should preferably be radially split
(barrel) when the partial pressure of hydrogen (at MAWP) exceeds 13.8 bar,g
(200 psig). For other services axial split casing design can be used up to maxi-
mum pressure of 40 bar,g;

(iv.) Overall Sound level, around complete package, at one-metre distance should
preferably be less than or equal to 85 dBA. Provision of noise enclosures should
be considered above 85 dBA;

(v.) Coupling guards shall be of Non-Sparking metallic and of rigid construction;

(vi.) Where the process fluid contains contaminants like H2S, manufacturing process
shall require materials and special heat treatment in conformity with NACE
MR-103 or NACE MRO0175 Standard;

(vii.) Gas compressors should have roofing and open from sides to avoid accumula-
tion of heavier vapours or gases on the floor of compressor house. Along with
side opening to clear the hazardous gases heavier than air, there should be sen-
sors or gas detectors at the top of compressor shed to avoid accumulation of
hazardous gases lighter than air;

(viii.) Suction piping shall be so routed so as to prevent ingress of undesired fluids
during startup to the compressors, through a combination of suitable slip away
from compressors and provision of bread valves, or heat tracing, as the case
may be;

6 Omitted by sub-clause (D) (i)of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including
Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(b)

(©)

(d)

(ix.) Different type of process compressors should be housed under common com-
pressor house with common facilities of maintenance such as overhead crane
and drop down area. The electrical hazardous area classification of the stringent
fluid handled among them shall be adopted to entire shed;

(x.) Due consideration should be provided to operating platform levels based on the
type of compressor driver and casing nozzle orientation; and

(xi.) Overhead cranes shall be sized to handle the largest single heaviest component,
primarily the rotor of motor drive, or the top half of steam turbine drive.

Temperature:

(i.)  The basic compressor design, materials, seals and sealing arrangements shall
be suitable for the lowest and highest operating temperatures in the system;

(ii.) In case of reciprocating compressor in utility air services, the predicted dis-
charge temperature should not exceed 170 °C;

(iii.) The maximum predicted discharge temperature shall not exceed 135°C for hy-
drogen service and 150°C for other services for all specified operating and load
conditions;

(iv.) For reciprocating gas compressors, piston speed shall be 4.5 m/s for the lubri-
cated compressors and below 4 m/s for non-lubricated compressors. Wherever
higher speeds are offered, references with successful applications shall be made
available.; and

(v.) Incase of reciprocating compressors, cylinder coolant inlet temperature should

be higher by 6 °C than suction temperature.

Auxiliary Assemblies:

(i)
(ii.)

Pulsation suppressor connections shall be flanged in positive displacement
compressors; and

Vents and drains shall be routed to safe location, and double block valves shall
be provided for compressors in Hydrocarbon service where it is not connected
to flare.

Process Control and Protection System:
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(i.)

The safety of equipment from abnormal process conditions shall be ensured by
incorporating system that provides adequate protection to the equipment and
the following considerations shall be given, namely: -

(I) In order to prevent failures due to surge or minimum flow conditions in
centrifugal or axial compressors, systems shall be equipped either with
surge control systems, discharge vent or with minimum opening inlet
valves in case of closed loop operations as applicable;

(I1) For Compressors, Steam or Gas turbine, Standalone control system shall
be provided for Process Control and Protection System;

(1) The lower and upper limits for critical process parameters such as suction
and discharge pressures and suction and discharge temperatures shall be
identified and necessary alarms and trips to detect failures, as applicable,
shall be provided;

(IV) For rotary and centrifugal compressors, systems shall have necessary pro-

visions such as NRVs to prevent the reverse rotation of the equipment.
NRVs should be suitably located to prevent reverse rotation in case of ab-
rupt stoppage or tripping of the machine; and

(V) Suitable redundancy for pressure and temp alarms or trips should be incor-
porated.

2.2.3 Heat exchangers:

(i)

(ii.)
(iii.)
(iv.)

(v)
(vi.)

Heat exchangers shall be designed as per ASME Code, TEMA-R class or any
other relevant standard applicable;

Adequate static head shall be ensured for Reboilers, considering number of
bends in inlet and outlet lines;

Pockets should be avoided in two-phase outlet lines from Thermosyphon Re-
boilers;

Vibration analysis should be carried out for two-phase and high pressure heat
exchangers;

Adequate Level instruments shall be provided on kettle type exchangers; and

If parallel exchangers are required for some service, requirement of symmet-
rical distribution should be considered.

2.2.4 Relief System:

(@) Pressure Relieving or Safety Relief Devices:
There are basically following type of safety devices used for relieving pressure in a

(i)

system, namely: -

Reclosing type Safety or Pressure Relief valves:

(I) Conventional spring-loaded Pressure Relief Valves;
(I1) Balanced Pressure relief valves; and
(I1) Pilot-operated relief valves
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(ii.) Non-Reclosing type Safety or Pressure Relief Valves:
(I) Rupture disk Device; and
(1) Pin-actuated device

(iii.) Emergency depressurization Valves;

(iv.) Set Pressure of Relief Valves:

(I) Conventional and Balanced Relief valves shall be set at minimum 110 %
of the normal operating pressure to allow a reasonable margin so that the
valves do not open frequently with minor process upsets. The difference be-
tween the set pressure and the normal operating pressure should not be less

than 2 Kg/cmZ2g. This aspect shall be considered for selecting the design
pressure of the equipment. The set pressure of other types of Relief VValves
shall be fixed based on criteria given below in paragraph 2.2.4(a)(iv) (1I)
and (I11).

(1) Pilot Operated Valves shall be used, -

(i.)  where the margin between set pressure and maximum operating pres-
sure is less than 10% of the maximum operating pressure;

(ii.) when the built-up backpressure is expected to exceed 50% of the set
pressure; and

(iii.) pilot operated valves shall not be used above relieving temp of 260 °C.
Wherever required, it should be selected in conjunction of relieving
temperature and coincidental pressure for a given metallurgy and soft
part;

(1) Minimum 10% operating gap and maximum 50 % back pressure (between
set pressure and maximum operating pressure) shall be ensured for relief
systems having relieving temp of 260 °C or more.

(v) Rupture Disc:
When rupture disc is used, the bursting pressure of the rupture disc and
safety valve set pressure shall be kept at same nominal value. A pressure
gauge or bleeder between rupture disc and relief valve helps to indicate the
health of the rupture disc.

(vi.) Emergency Depressurizing Valves:
For sizing of Emergency Depressurizing Valves, generally involves
reducing the equipment pressure from initial conditions to a level
equivalent to 50% of vessel design pressure within approximately 15
minutes. This criterion is based on the vessel wall temperature versus stress
to rupture and applied generally to vessels with wall thickness of
approximately 1 inch or more.

(b) Installation of Safety Devices:
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(©)

(i)

(ii.)
(iii.)
(iv.)
(v.)

(Vi.)

(vii.)

Inlet and outlet of a safety valve connecting pipe shall not be less than the nom-
inal sizes of inlet or outlet flanges respectively of the safety valve;

The discharge side including the header shall be sized so as to contain total back
pressure within permissible limits depending upon the type of safety valve:
Inlet and outlet (if pressure relieving device is discharging to a closed system)
piping shall be free draining away from the safety valve;

The discharge line shall join the flare header from top and preferably at an angle
of 45°;

In vessels where there are chances of liquid carryover along with vapour in the
form of froth, mist, the inlet line to safety valve and the outlet line from safety
valve to the unit knock-out or Blowdown drum shall be sized based on two-
phase flow;

Isolation valves on the inlet and outlet of each safety valve shall be installed
with some provision for keeping the isolation valves in open position with ap-
propriate locking device; and

When gate valves are used, they shall be installed with stems oriented horizon-
tally or, if this is not feasible, the stem shall be oriented downward, from the
horizontal to avoid the gate from falling off and blocking the flow.

Release from Safety Devices:

(i)

No hydrocarbon release from any vessel or equipment operating above atmos-
pheric pressure and other toxic gas releases shall be discharged to atmosphere
directly. However, in certain situations where hydrocarbons are stored and han-
dled and no flare or other closed disposal systems are available or feasible, the
relieved vapours can be discharged to atmosphere. In such case following key
points shall be considered while routing PSV discharge to atmosphere;
namely:-
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() The individual relief valve vent shall discharge to atmosphere in upward
direction, so sized that minimum exit velocity of 150 metres per second
would be obtained. The maximum velocity shall not exceed 0.5 mach;

(1) If feasible, snuffing steam or Nitrogen should be connected to the vents.
Under these conditions, the air entrainment rate is very high and the re-
leased gases will, then, be diluted to below their lower flammable limit;

(1) Asingle common vent shall not be used for several relief valves because this
results inadischarge velocity much less than the designed discharge veloc-
ity when only one safety valve is operating;

(IV) The vent of relief valve shall discharge at a minimum elevation of 3 metres
above grade or the tallest structure wherever presence of human is neces-
sary for operational requirement within a radius of 15 metres, whichever is
higher;

(V) Individual vents shall have a drain hole of 1/2” at the low point in the vent
line. The drain connection shall be piped to a safe location for hydrocarbon
and steam;

(VI) If the relieved vapours produce excessive noise at the nearest operating
structure, the vent line shall be provided with acoustic insulation. Silencers
shall not be used as they are likely to block the outlet due to fouling.

(d) Main Flare Header:

(i)

(ii.)

(iii.)

The flare header shall not have any pocket and shall be free draining towards
the nearest knock out drum. A slope of 1 in 500 is recommended. No check
valves shall be permitted in the flare header system;

If the liquids to be handled include oil with a relatively high pour point, provi-
sion shall be made to avoid solidification in the system. The introduction of
high viscosity oils shall require protection against low ambient temperatures,
particularly on instrument leads. Use of heat tracing is recommended under such
situations. HoS is corrosive and if handled together with the main flare header, it
will lead to corrosion of the header. It shall have a separate flare header of ma-
terial suitable to handle acid gases; and

Purged out gases from electrical Motors or enclosures with electrical excitation
shall not be hooked up with flare header.

(e) Main Flare Knock-out Drum:

Horizontal and vertical drums are both acceptable. The drums shall be sized to
separate out liquid droplets of 300-600 microns size. The knock-out drums
should be sized to provide liquid hold up of 20- 30 minutes, which shall be
recycled with the provision of pumps, and these pumps shall have provision of
emergency drive (steam turbine or alternate source of power) with auto-start or
stop facility.
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Seal drum:

(i.)

(ii.)

(iii.)

The seal drum shall have a cross sectional area at least equal to 4 times the inlet
pipe cross sectional area and shall be designed for minimum pressure of 3.5
Kg/cm?g. The inlet pipe shall drop vertically down for at least 0.3 metres below
the water level to avoid ingress of air in to the system due to vacuum created
when hot vapours cool off;

Maximum allowable back pressure in the header will decide the maximum sub-
mergence of inlet pipe under the seal. A minimum seal of 100 mm is recom-
mended. As a standard design practice, maximum seal height shall not exceed
300 mm; and

Water shall be continuously added to the seal drum and the overflow shall be
automatic through a liquid seal leg. As a minimum, the leg height shall be equal
to 1.75 times the maximum expected operating pressure (not design pressure).
The vertical down flow section of the water outlet line from the drum is sized
for maximum velocity of 0.12 m/s to allow entrained gases to disengage. The
seal loop shall be sized for the normal water flow of 6.0 m%/hr. All lines connect-
ing knock-out drums, seal drums and the flare stack shall be free of pockets.
The seal leg shall be provided with a 1% siphon breaker. Provision shall be
made to skim off any oil that get accumulated in water seal drum.

2.2.5 Steam Turbine:

()

(b)

(©)

Lubrication Systems:

Rundown tanks should be provided for the safe coast-down of the steam
turbines with high coast down periods. Emergency power shall be provided in
absence of run-down tanks.

Steam Purity:

The steam purity shall meet the process requirement and design parameters.

Process Control and Protection Systems:

(i)
(ii.)

A manual trip device or button shall be provided near the turbine.

On extraction turbines, the extraction lines shall be provided with a non-return
valve (combined check or trip valve).

2.2.6 Gas Turbine:
Inlet and Exhaust Conditions:

(@)
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(i)  Gas turbine shall be provided with suitable air filtration system based on the
condition of the ambient air; and

(i) Flue gas exhaust system ducting ‘[should] be provided with suitable silencer.
8[The noise level shall meet the applicable standard or statutory requirement].

(b)  Fuel Systems:

(i.)  Facilities with dual fuel firing capability shall have provision for continuously
purging the liquid fuel lines when the turbine is running on gaseous fuel,

(ii.) Both the fuel systems Liquid Fuel or Fuel Gas shall have separate provision of
fuel shutoff valves inthe circuit. This shutoff valve shall completely stop the
fuel supply to the turbine in case of any shutdown or trip condition. Valve shall
only be opened when all firing permissive are met; and

(iii.) Total sulphur content in the fuel oil shall be considered for designing the metal-
lurgy of downstream HRSG’s and Auxiliary boiler coil, stack and like other
devices.

(c) Lubrication Systems:

Lubricating oil pumps with separate emergency source of power supply shall be
made available for safe cool down of the gas turbines.

(d)  Noise and Environment Control:

(i) Suitable acoustic enclosures shall be provided to meet the applicable statutory
requirements with respect to noise and ambient temperature;

(ii.) Enclosures shall have provisions to open the access doors from inside also;
(iii.) Access doors shall be designed so as to prevent accidental closure;

(iv.) Exhaust systems shall be provided in the enclosure to vent out oil or fuel va-
pours; and

(v.) Exhaust from the gas turbine shall meet the applicable statutory emission norms
for environment.

(e) Process Control and Protection Systems:

/ Subs. by sub-clause (D) (ii)of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety
Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

8 Subs. By sub-clause (D) (ii)of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety
Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

200



2.2.7

(i.)  Separate pick-ups for speed control and over speed trip shall be provided. Triple
redundancy for speed control and redundancy for over speed should be consid-
ered;

(ii.) Over speed system separate from the turbine control system shall be provided.
This over speed protection system shall be mechanical, hydraulic, electronic or
combined; and

(iii.) A manual trip device or button shall be provided near the turbine.

(f)  Forced draft fans shall be provided with suction screen to protect the fan from any
external object. The screen material shall be corrosion resistant material as required
by the environmental condition in the following manner, namely: -

(i) Casing of Fans and Blowers shall be suitably insulated or lined for hot fluid
service; and

(ii.) Fans and Blowers handling hot gases shall be provided with a deflector plate
between shaft seal and bearing housing to prevent impingement of hot gases on
bearing housing. FD fan suction point location to be from safe area.

Agitators and Mixers:

(@) Shaft seals installed in Hydrocarbon service and for low lubricity liquids and gaseous
applications, double mechanical seal with pressurized external fluid shall be pro-
vided; and

(b)  The equipment and sealing systems shall be designed for the minimum and maximum
specified pressures, temperatures, and other parameters, such as liquid level, specific
gravity and viscosity.

2.3 Fired Heater Systems:

2.3.1

2.3.2

2.3.3

2.34

2.3.5

2.3.6

A fired heater system shall be accompanied by and conforming to general arrangement draw-
ings, datasheets, P&IDs for the heater and associated auxiliary equipment such as burners,
air preheater, fans provided by the designer or respective OEMSs, and a heater startup and
operation manual.

Heater tubes shall be suitable for the process fluid in the coil and the design tube metal
temperatures. Tube thickness shall be as per the relevant pressure design code (For hydro-
carbon coil within the firebox as per AP1530, for hydrocarbon manifold located outside the
firebox as per ASME B31.3, for steam generation coil within the firebox as per ASME
Section 1 and IBR, for steam generation manifold outside the firebox as per ASME B31.1
and IBR). Only seamless tubes or fittings are permitted. All joints shall be 100% radi-
ographed. No branching in the heater coil is allowed as long as the coil is within the firebox.
Welds in the heater coil should be minimized. Threaded connections are not permitted. Ad-
equate provisions shall be provided for coil expansion and tube supports expansion.

The coil assembly or supporting should be suitable for the loads or movements of the ex-
ternal piping.

Adequate number of sight doors should be provided in the heater radiant section to ensure
sufficient visibility of the coil and tube supports and detect abnormal conditions.

Heater structure shall comply with the relevant structure design related codes such as 1S800
or 1S1893. Steel Stack for the heater shall comply with the relevant stack design code
1S6533.
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2.3.7
2.3.8

2.3.9

2.3.10

2.3.11

2.3.12

2.3.13

2.3.14

2.3.15

2.3.16

Foundations, base plates and anchor bolts shall comply with the relevant IS codes.

Heater system shall be provided with a suitable instrumentation and control system for the
safe and intended working. Suitable safety interlocks leading to alarms and trips shall be
provided to ensure that the heater does not get pressurized, there is controlled combustion,
no unburnt fuel or explosive mixture is formed, coil does not operate under choked or throt-
tled flow condition, the coil temperature or pressures remain within the design limits, and
fuel shutoff and heater stoppage takes place as soon as such abnormal condition is detected.
A field shutdown button shall be provided for emergency which shall cutoff the fuel, and
open the stack damper.

Suitable analyzers shall be installed in the heater body and the stack and adequate monitor-
ing system to ensure optimum combustion and that the flue gas effluents are within the
permitted parameters as per the pollution control and environment authority guidelines.
Fired heaters should be provided with explosion doors, with the discharge directed to a safe
area.

Refractory lining shall be provided to protect the casing or steelwork from excessive tem-
perature and to prevent heat loss. The refractory lining shall be suitable for the type of fuel
firing. The maximum continuous use temperature of the lining shall be greater than the
calculated design temperature. The refractory lining system shall be provided with suitable
anchoring arrangement for each layer to prevent dislodging.

Adequate platform and access should be provided to all the operating and maintenance
points of the heater system, and for exit in case of emergency.

Burners shall be provided with pilots that shall always be kept switched on when the heater
is in operation. Alternatively, this can be taken care by a reliable Burner Management Sys-
tem.

Stack height should be sufficient to generate adequate draft, conforming to the Environment
assessment study report and related regulatory clearances and sufficiently higher from other
operating platforms in a 50 metre radius.

Vibrational Analysis should be carried out for coil inside the firebox as per ASME or other
accepted standard guideline.

2.4 Boiler system:

24.1

2.4.2
2.4.3
244
2.4.5
2.4.6
2.4.7
2.4.8
2.4.9

2.4.10

A Boiler system shall be conforming to datasheets or design basis or P &IDs and statutory
requirements along with associated auxiliary and accessories such as burners, air preheater,
fans, dosing system, blow down system, boiler feed water system, SWAS.

Boiler shall be designed, manufactured, supplied, installed, inspected, commissioned, cer-
tified and operated as per Indian Boiler Regulation (IBR).

Boiler structure shall comply with the relevant structure design related codes such as 1S800
or 1S1893.

Steel Stack for the boiler shall comply with the relevant stack design code 1S6533.
Foundations, base plates and anchor bolts shall comply with the relevant IS codes.

Tube shall be used for all heat transfer area in boiler system.

Drum and headers should be away from regular flue gas path.

Welds in the coils or tube involved in boiler pressure parts shall be minimized. System shall
be adequately configured and arranged for thermal expansion and tube supports expansion.
Coils or pressure parts assembly with headers or sub assembly with headers or components
shall have provision for complete draining.

Pocket shall be avoided in flue gas path.
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24.11

2.4.12

2.4.13
2.4.14

2.4.15

2.4.16

2.4.17

2.4.18

2.4.19

2.4.20

2421

2.4.22

2.4.23

Manhole in steam drum shall be located on dished end. Two numbers internally opening
type manholes shall be provided.

Chemical dosing and blow down connections shall be opposite side of drum to avoid any
short circuit.

Instrument connections on dished end manhole shall be avoided.

Access door between tube bundle or coil harps shall be provided for maintenance and rgec
fin

Fins or external heat transfer surface shall not be used in heat transfer coil of boiler system
where dust sand sulphur services involved.

Adequate draining at low point and venting at high points shall be provided.

Adequate number of sight doors shall be provided at strategic locations in the boiler to
ensure sufficient visibility of the flame, tube bundles and tube supports and detect abnormal
conditions.

All opening and inspection doors used during operation in the boiler system shall have
sealing arrangement.

Boiler system must be provided a suitable instrumentation and control system for the safe
and intended working. Suitable safety interlocks leading to alarms and trips shall be pro-
vided to ensure that the boiler remains within safe operating condition.

Suitable analyzers shall be installed in the boiler body and the stack and adequate monitor-
ing system to ensure optimum combustion and that the flue gas effluents are within the
permitted parameters as per the pollution control and environment authority guidelines.
Adequate platform and access shall be provided to all the operating and maintenance points
of the Boiler system.

Adequate platform width shall be provided where approach, maintenance and operational
movement necessary.

Stack height should be sufficient to generate adequate draft, conforming to the Environment
assessment study report and related regulatory clearances and sufficiently higher from other
operating platforms in vicinity.

2.5 Instrumentation:

2.5.1
2.5.2

2.5.3

2.5.4
2.5.5

All instruments shall be weather-proof up to IP 65 as per IS or IEC 60529 as a minimum.
All Electronic Instruments, Junction Boxes, Panels and Analyser Houses used in hazardous
areas shall conform to °[IS-16724/IEC-60079-14] as per hazardous area classification.

All Control and On-Off Valves shall have valid certificate for compliance to fugitive emis-
sion requirements as per 1ISO-15848-1 and 1SO-15848-2 or any equivalent standard.

All line mounted instruments in IBR lines shall also be IBR certified.

All Emission Analysers or Continuous emission monitoring systems (CEMS) shall be con-
nected to CPCB as per CPCB guidelines.

Schedule-3
(See regulation 6)

o Subs. By sub-clause (D) (iii)of Cl. (A) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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3.0 Asset Integrity Management System (AIMS)

3.1 Asset integrity management is an important element of organizations process safety manage-
ment system to ensures the integrity and safe operation of process equipment through inspec-
tion, testing, preventive maintenance and quality assurance.

3.2 Introduction:

3.2.1 AIM programs vary according to geography and plant culture in addition to industry, reg-
ulatory requirements. However, entity shall include following minimum characteristics in
AIM programs and the entity asset Integrity program should ensure that assets are designed,
procured, fabricated, installed, operated, inspected, tested and maintained in a manner ap-
propriate for its intended application and the entity Asset Integrity program should, -

(@) clearly designate assets to be included in the program based on defined criteria;

(b) encourage plant staff perform planned maintenance and reduce the need for un-
planned maintenance;

(c) support plant staff recognized when equipment deficiencies occur and include con-
trols to help to ensure that equipment deficiencies do not lead to serious incidents;

(d) follow guidelines, design engineering practices, applicable codes, standards and spec-
ifications;

(e) help to ensure that personnel assigned to perform AIM activities are competent and
have access to appropriate procedures for these activities; and

(f)  maintain service documentation and other records to enable consistent performance
of AIM activities and to provide accurate asset information to other users, including
other process safety and risk management elements.

3.3 Management Responsibility:

3.3.1 AIM shall be best directed and controlled at the corporate level to ensure consistent imple-
mentation and to help establish a positive process safety culture, whereas execution should
be the operating facility’s responsibility. A good practice is to establish an AIM corporate
centre of excellence. Corporate AIM centre should establish corporate AIM standards or
practices and drive efforts to continuously improve the safety and reliability of facility as-
sets. Corporate AIM program should include roles and responsibility matrix.

3.4 AIM life cycle:

3.4.1 Although the primary activities associated with managing asset integrity are during a facil-
ity’s operating phase, decisions affecting AIM should start at the earliest design stages and
AIM should not end until the final decommissioning of facility assets. The activities related
to AIM should be commensurate with different stages of facility’s life cycle. Entity Asset
lifecycle management should, -

(@) define the requirements to be achieved by the assets;

(b) design and build integrity into new and modified assets;
(c) maintain the integrity of the assets throughout the facility lifetime; and

204



(d)

detect and correct deficiencies and failures that occur during operation.

3.4.2 Asset Integrity Management life cycle stages should include, -

Facility Life Cycle Stages

Research Concept Process Process Operations Decommis
Design > developm [— pesign -sioning
-ent

Research through Process Design

3.4.3 Research through Process Development

()

Although managing asset integrity is centered on the operating phase of a facility’s
life cycle, decisions should be made at the earliest life cycle stages that should have
a profound effect on an AIM program. Opportunities are best taken at the research;
development and design stages to choose options that will make the needless demand-
ing for ongoing containment and control of hazardous materials and energies. As the
developmental phases progress, AIM philosophies and then technical specifications
that address integrity (such as materials of construction and code selection,) should
be established before detailed engineering can progress-

(i)

(ii.)

Inherently Safer Design. Inherent safety reviews should be performed early in
a facility’s life cycle as well as at later stages. The primary decisions related to
inherent safety at these early stages are associated with selection of process
materials and chemistry; and

Establishment of AIM Program Requirements. The best time to define require-
ments to be achieved by the new or updated facility’s assets is before the start
of the process design. Activities at this point include developing the organiza-
tion’s AIM philosophies and top-level program documentation, followed by
technical specifications such as selection of applicable codes and standards and
materials of construction. AIM program requirements should be established be-
fore the start of the detailed engineering.
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3.4.4 Process Design:

(@)

(b)

(1) Inherent safety reviews and consideration of inherent safety principles should con-
tinue during process design. The primary decisions related to inherent safety during
process design are associated with reducing hazardous material inventories, simpli-
fying the process equipment and designing to operate closer to ambient conditions.
The equipment identified as safety critical equipment shall be able to perform its crit-
ical function in an initial fire or explosion;

(ii) Reliability in Design. - The process design can have a profound effect on the
reliability of facility assets. The design stage is the primary opportunity a facility has
to “build in” reliability to assets. After startup, during the operating phase, AIM shall
be focused on preserving this fundamental designed-in reliability. Building reliability
into facility assets at the design stage can have additional benefits besides improved
reliability once the facility is in operation;

(i) Process Safety in Design. - Many of these design elements related to process
safety shall be identified and managed within the AIM program as safety-critical
equipment. They shall not only be relied upon to prevent or mitigate a major
incident, but also to survive an initial fire or explosion and still perform its crit-
ical function;

(iv) Design Documentation. - Entities shall develop and maintain accurate and com-
plete design documentation. This knowledge base should be used for performing
process hazard analyses, for developing standard operating and maintenance
procedures, for upgrading facilities and managing change, and for supporting
ongoing AIM activities such as generating baseline test data, performing pre-
ventive maintenance, and correcting deficiencies and failures.

Procurement and Construction:

(i.)  During the engineering, procurement and construction life cycle stages AIM
should. -
() ensure the process and its associated assets are properly designed to ensure
a safe and reliable operating facility; and
(1) construct facility in a manner that is consistent with the design specifica-
tions for managing asset integrity during start up, operating and shut down.

(ii.) Entity shall ensure that, final as built plant, including instrumentation, controls
and supporting facilities, fully meets appropriate design specifications and has
the asset information documented in such a way as it can be effectively used for
ongoing AIM. Entity shall maintain the design and construction documentation
provided by the manufacturer. The Documentation should cover. -
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(©)

(d)

(€)

() manufacturer's recommendations for periodic inspection, testing or
maintenance of equipment supplied by them; and

(1) all deviations from codes, standards and specifications related to design,
construction, inspection and testing with proper justification.

Commissioning:

(i.)

(ii.)

(iii.)

The commissioning stage of a facility’s life cycle involves the final preparation
activities involving newly constructed or modified assets in making the transi-
tion to an operating facility. Commissioning involves not only the physical as-
sets (including auxiliary equipment and functions) but also the operating and
maintenance personnel and the facility documentation and written procedures.

Commissioning is a planned, deliberate sequence of steps that may have certain
“hold points” to ensure everything is prepared, documented, consistent with the
intended design, and working properly (such as the functionality of instru-
mented protective systems) before proceeding in practice, the commissioning
process comprises the integrated application of a set of engineering techniques
and procedures to check, inspect and test every operational components of the
project. Entity shall develop checklists for Pre start up Safety Review (PSSR)
to ensure all planned commissioning steps relevant to assets or group of assets
are completed.

Operational Readiness Review: One of the final opportunities to identify integ-
rity issues before introducing hazardous materials into a process is during an
operational readiness review, also known as a pre-startup safety review (PSSR).

Selecting and Applying established guidelines, design engineering practices at each

stage:

All repairs and changes shall preserve the integrity of the equipment and should
comply with the original equipment specification. Changes, which do not
preserve the original specification, shall be approved under MOC procedures.

Asset Performance Management:

(i)

(ii.)

Entity must develop program for Asset Performance management. The program
should consist of four stages which defines the complete life cycle of assets in
manufacturing. The four stages should include the develop stage, manage stage,
execute stage and evaluate stage, of an asset. Implementation of these stages
forms a continuous improvement loop, which consequently ensures that opti-
mal strategies are always in place.

Develop stage: In this stage, the asset strategies are defined with an emphasis
on risk mitigation. Focusses on how asset fail, the risk and impact of the failures
and what is to be done on the asset to mitigate these failures. The typical meth-
odologies are based on industry standards that includes Reliability centred
Maintenance (RCM), Failure Modes and Effects Analysis (FMEA), Risk Based
Inspection (RBI), Safety Instrumented System Life Cycle Management
(SLCM), IOT, Al, ML and Strategy Analysis.
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(iii.)

(iv.)

(v.)

Manage Stage: The output of the develop stage are utilized in this stage to de-
velop best practices to be applied on large population of asset class as well as
management of updates and revisions to best practices overtime. The Manage
Stage also includes key functions to implement the asset strategy within one or
many strategy execution systems such as Condition Monitoring (CM), Condi-
tion Assessment, Process Historians and Engineering systems (for re- design
recommendations).

Execute stage: In this stage, the implementation strategies are built for business
benefit of an asset. The strategies should include time as well as condition based
activities to be performed on the asset. This stage should also capture the doc-
umentation of the activities resulting into event recording for future references.
Evaluate stage: Entity should put in place the process for evaluation of asset
performance and strategies overtime. The evaluation outcomes should act as
feedback and recommendations for develop and manage stages so that optimal
strategies are in place through continuous improvement.

3.4.5 Maintenance:

()

(b)

Managing asset integrity during the operational phase of a facility’s life cycle shall
include following aspects; namely: -

(i.)

Mechanical integrity program should assure continued integrity of process
equipment. The appropriate working procedures, methods and techniques
should be used, which are considered most fit for the purpose and in line with
the codes and practices. Elements of mechanical integrity program should in-
clude-

(I) identification and categorization of equipment and instrumentation, inspec-
tion and tests, training of inspection personnel, testing and inspection fre-
quencies, development of maintenance procedures, the establishment of
criteria for acceptance of test results, documentation of test and mainte-
nance results, and documentation of manufacturer recommendations;

(1) the information pertaining to process equipment design which should be
documented so as to identify the codes and standards relied on for estab-
lishing good engineering practices;

(111) Documented system to confirm that equipment complies with recognized
and generally accepted good engineering practices; and

(IV) equipment designed and constructed in accordance with codes, standards
or practices that are no longer in general use, it should be determined and
documented that the equipment is designed, maintained, inspected, tested
and operating in a safe manner.

Maintenance Procedures:

208



(©)

(i.)

(ii.)

(iii.)

(iv.)
(v)

(Vi)

The maintenance programs and schedules should be reviewed and analyzed to
see if there are areas where break down maintenance is used rather than an on-
going mechanical integrity program consisting predominantly of preventive
and predictive maintenance.

The maintenance procedure should address to the safety aspects with regard to
organization of maintenance (system of work permit and non- routine work),
determining whether execution should be on line or off- line, regulations to be
followed, harmonizing with operation, incident reporting system, maintenance
analysis, do it oneself or contract out.

Use of personal protective equipment should be laid down for specific mainte-
nance activities.

The task, role and responsibilities should be defined.

Records of trend analysis of machine and equipment should be taken into con-
sideration.

All maintenance procedures should be duly authorized.

Inspection and Test Results:
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(i)
(ii.)
(iii.)

(iv.)

(v.)

(vi.)

(vii.)

(viii.)

(ix.)

(x.)

(xi.)

Each inspection and test performed on the process equipment shall be docu-
mented.

The list of process equipment, components, instruments should be made for
inclusion in the mechanical integrity or maintenance program.

The documentation should identify the date of inspection or test, the name of
the person who performed the inspection and test, the serial number or other
identifier of the equipment on which the inspection and test was performed, a
description of the inspection or test performed and the results of the inspection
or test.

Each facility shall have written inspection and testing programme in place. In-
spection shall include during installation, pre-commissioning, commissioning
as well as during regular operation of the Refineries and Gas Processing Plants.
The pre-commissioning inspection of equipment and piping systems shall in-
clude the scrutiny of all the related records to ensure that all examinations and
tests during fabrication and erection have been carried out as per relevant codes
or company practices.

Inspection shall cover the integrity of static and rotary equipment including ves-
sels, columns, heaters, heat exchangers, boilers, storage tanks, relief valves, pip-
ing, pumps, compressors, turbines, drives. through regular in-service external
and out of service comprehensive inspection.

External in-service inspection shall include visual inspection including instru-
ment aided non- destructive testing such as ultrasonic, radiographic and ther-
mographic.

Out of service inspection shall be carried out to assess the integrity of the equip-
ment, condition of internals and to determine the degradation rate through
thickness measurement to estimate the remaining life.

The inspection strategy or program shall be designed based on the likelihood
and consequence of damages because of the prevailing or expected internal ser-
vice or environment conditions. Inspection shall include preparation and imple-
mentation of schedules to meet requisite standards, OEM, process licensor and
quality requirements. Inspection frequency shall be decided based on corrosion
rate calculations and compliance of statutory requirements. The Operator should
develop, implement and maintain a risk-based inspection (RBI) program for
pressure-containing equipment to emphasize safe and reliable operation
through risk-prioritized inspection.

Inspection shall cover the integrity of rotating equipment through regular mon-
itoring and preventive maintenance. Periodic Overhauling shall be done as
specified by OEM.

The authorised persons performing the inspection shall be qualified and expe-
rienced. The requisite criteria for deciding the qualification and experience
shall be decided by entity.
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(xii.)

(xiii.)
(xiv.)
(xv.)

(xvi.)

(xvii.)

All instruments and accessories, system-oriented items such as package PLC
(as applicable), Analyzers, Machine monitoring system, Local Control Panels,
special instrument items shall undergo factory testing and inspection as per In-
spection test plans, standard specifications, job specifications. Factory Ac-
ceptance Testing of critical items shall be witnessed by OWNER or Owners’
Authorised Representatives at their discretion.

All instrument calibration to be verified before installation.

Loop Test and Logic Functional test shall be performed before commissioning.

Calibration verification or logic functional test shall be done during shut down
and turnaround before restart.

Inspection shall include identification of likely locations of material deteriora-
tion and adoption of suitable inspection technique to identify the degradation
mechanism.

Inspection shall include evaluation of current physical condition of the equip-
ment and piping for fitness for continued service.

(xviii.) The thickness reduction, damages and like other damages or reductions shall

(xix.)
(xx.)

(xxi.)
(xxii.)

(xxiii.)

be ascertained to determine fitness for continued service in line with the design
codes or standards. In case equipment and pipe components fail to qualify the
minimum requirements, the same shall be replaced or repaired in line with the
design code alternatively advanced fitness for service assessment maybe car-
ried out for acceptance.

All repairs and alteration work shall be authorised and approved.

Micro structure examination and remaining life assessment (RLA) of equip-
ment operating in creep range shall be carried out as they are subjected to met-
allurgical degradation due to high temperature exposure.

Performance of stage wise inspection and documentation of inspection records
and equipment history shall be done.

Inspection program should evaluate the effectiveness of corrosion control sys-
tems, where applicable.

Inspection shall cover that all new equipment and piping systems are installed
in accordance with design, and any deviations documented and approved.
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(d)

(xxiv.) All documents such as built drawings, manufacturers inspection and testing cer-
tificates of the respective vendors shall be properly retained and followed.

(xxv.) Inspection program shall include the review of quality assurance plan and ac-
ceptance criteria in line with the approved technical specification requirements.

(xxvi.) Inspection shall cover the electrical systems, check its integrity, earthing re-
sistance, bonding, cable joint integrity, reliability of cathodic protection sys-
tems and like other systems.

(xxvii.) Inspection shall cover the verification of various safety interlocks, Emergency
Shutdown (ESD) provided in the design.

(xxviii.)  Inspection shall cover that all ESD devices move to their safe condition on
loss of system output, hydraulic power or instrument air. All Emergency Shut-
down Valves (ESDVs) and actuators shall remain functional following an explo-
sion or under fire conditions for a sufficient time period to perform their intended
function as per design.

(xxix.) The integrity and efficacy of gas detection, fire protection and fighting system
and connected equipment shall be covered in the inspection.

(xxx.) Inspection shall cover the emergency communication system for its effective-
ness during emergency situations.

(xxxi.) Inspection of structures such as RCC technological structures, Buildings and
Steel structures shall be carried out at predefined intervals to assess general
conditions of the structure, identification of distresses and subsequent preven-
tive repairs measures or rehabilitation to ensure integrity, stability and durabil-
ity of the structure. Inspection methodologies should include visual Inspection,
NDT’s such as Rebound Hammer Test for assessing strength of concrete,
USPV for assessing integrity of concrete, Carbonation test to assess depth of
carbonation in the concrete, Cover meter test to assess thickness of cover con-
crete, Half Cell potentiometer test to identify probability of active corrosion of
reinforcement steel, concrete core test for assessing in-situ concrete strength,
laboratories test such as PH value, sulphate content, chloride contentand RCPT
test to assess permeability of concrete and also for structural steel members
ultrasonic thickness test and vibration test to measure vibration in the structure
to ensure structural integrity should be carried out.

Criteria for Accepting Equipment after Maintenance:
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(i)  Equipment that has been out of service for maintenance should be taken over
after due testing and documentation.

(ii.) Criteria for acceptance of test results should be well defined taking into consid-
eration established guidelines, design engineering practices, manufacturer's
recommendation, anticipated life and operating conditions.

(iii.) Any deviation accepted should be approved by competent person.

(iv.) Equipment deficiencies which are outside acceptable limits shall be corrected
before further use or corrected in safe and timely manner with alternate
measures to assure safe operation.

(v.) Proper records for handing or taking over of equipment to be maintained.

10[

(e)  Third party inspections, procurement, and subsequent maintenance of critical equip-
ment:

I PO item shall be dispatched based on satisfactory review of inspection docu-
ments (as per PO terms & conditions/QAP) and certificate issued by the nom-
inated TPIA and the dispatch clearance issued by PMC/Client.

ii.  Suitable mechanisms should be adopted for confirmation & verifications of
inspection certificates directly from TPI. The bid document must include pro-
vision for direct submission of copy of witness test certificates from TPI to
entity. TPI to submit the inspection release note (IRN) and stage-wise inspec-
tion progress directly to the entity with copy to equipment manufacturer. TPI
shall be engaged by PMC/Client and the same shall be incorporated in the
PR/MR/RFQ stage.

iii. In the Critical Equipment’ supply purchase order, the third-party inspection is
to be included. In the bid document, the entity must include the list of empan-
eled TPIs who would carry out the inspection on behalf of Entity. In excep-
tional cases, where change in TPI is required, approval from owner (entity) is
to be sought providing justification for such change. Entity may also make
surprise inspections to check the quality of TPI inspection.

v, Entity shall directly appoint the TPI agency(s) for Critical activities (Entities
must set criterion for identifying critical activities) rather than selection by the
vendor. This will improve quality of inspection by TPI and would avoid fraud-
ulent test certificate submission.

v.  The procedure for the procurement of critical, high-pressure fittings/valves
(more than 50 Kg/Cm?2) for hydrocarbons and H2 service fittings/valves shall
be in place. Procurement of such fittings/valves should not be done along with
the normal fittings/valves. Pre-Qualification Criteria (PQC) for procurement
of such fittings/valves to be clearly defined with service and pressure rating.

Vi, Entities (Refineries) resort to purchase of fittings/valves as per API standards.
Wherever, equivalent BIS standards are available, the entity (refinery) may

10 Subs. By sub-clause (i) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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examine considering the equivalent Indian standard in their purchase order.

Vii. Standard Maintenance Procedure (SMP) should be developed including joint
inspection by Mechanical& Inspection personnel for thorough checking dur-
ing fitting/valve replacement in critical service before installation at site.

Viil. 100% Positive material identification (PMI) shall be ensured for all critical
high rating welded valves for Hydrocarbons in high pressure section more
than 50 Kg/Cmz2 at site including all carbon steel loop in order to identify the
dissimilar metals. PMI should be ensured for both the sides of the weld joints
in such valve installations. Industry shall devise the criticality for the require-
ment of PMI.]

11[

(f)  AIM Training and Performance Assurance:

(i.)  Animportant ingredient of an effective asset integrity management program is
personnel competency, achieved in part by training and performance assurance.
Entity shall develop and implement a program for training to ensure that only
qualified personnel develop and perform AIM tasks and that AIM tasks are
performed appropriately and consistently that is to say with fewer opportunities
for human errors. Reducing human errors can greatly reduce the overall rate of
asset failures. Following aspects of training should be considered for ensuring
that the competent workforce is deployed, namely: -

(I) Management awareness training;
(1) Skills or knowledge assessment;
(1) Training for new and current employees;
(IV) Verification and documentation of training effectiveness;
(V) Certification, where applicable;
(VI) Ongoing and refresher training;

(VII) Training for maintenance technicians and for operators performing mainte-
nance tasks;

(V) Training for technical personnel; and
(IX) Roles and responsibilities.

12[3.5 Energy and Environment management systems:
i.  Entity should also ensure compliance to Energy Management System (1SO: 50001) and
undertake periodic audits as specified in the ISO: 50001.
ii.  Entity should ensure compliance to Perform Achieve & Trade (PAT) scheme or Carbon

1 Subs. by sub-clause (ii) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

12 Ins. by sub-clause (iii) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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Credit Trading Scheme (CCTS), as may be applicable, in accordance with the mandate
issued by the Bureau of Energy Efficiency (BEE) for Energy Intensive Sectors. Entity
should set targets for improving GHG Emission Intensity (GEI) and Specific Energy
Consumption Target in CCTS and PAT scheme respectively.

Entity should also ensure compliance to Environment Management System (1SO:14001)
and undertake periodic audits as specified in the 1SO:14001.]
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Schedule-4
[see regulation 6]

4.0 Electrical Systems:

4.1 Design Philosophy:

411

4.1.2

4.1.3

4.1.4

415

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

The selection of electrical equipment and systems shall be governed by fitness for purpose,
safety, reliability, maintainability, during service life and compatibility with specified fu-
ture expansion, design margins, suitability for environment, economic considerations and
past service history.

The design and engineering of the electrical installation shall be in accordance with estab-
lished codes, specifications, sound engineering practices and shall meet the statutory re-
quirements and local regulations.

Electrical equipment and materials shall comply with their relevant specification, Data
sheet and Project Specification and the latest edition of the codes and standards (including
any amendments) applicable shall be followed.

All Electrical equipment, systems and their installation shall be designed for operation un-
der site conditions as required.

All equipment and materials shall be suitable for operation in service conditions typical of
refineries and Gas processing plants within a coastal environment in the tropics.

VFD and UPS Room shall be air-conditioned to increase reliability of heat sensitive elec-
tronic component such as semi-conductor devices, Transducers, Cards for inter electronic
equipment communication. Switchgear Room shall be preferably force ventilated or air-
conditioned.

Battery Room shall be ventilated with minimum two nos. Exhaust Fans. However, failure of
cooling or ventilation shall not affect the operation of the equipment.

VRLA battery room shall be force ventilated or air conditioned to maintain specified tem-
perature.

For the purpose of electrical earthing calculations (soil electrical resistivity) and cable rat-
ing calculations (soil thermal resistivity) the data of the area shall be used.

There shall be classified for the degree extent of hazard from flammable materials. Classi-
fication of hazardous areas for all areas shall be done as per guidelines indicated in latest
IS 5572 and equipment selection for hazardous area shall be as per IS 16724 or IEC 60079-
14.

4.2 System Design:

421

4.2.2

The electrical distribution system shall be designed considering all possible factors affect-
ing the choice of the system to be adopted such as required continuity of supply, flexibility
of operation, reliability of supply from available power sources, total load and the concen-
tration of individual loads. The design of electrical system shall include the following par-
agraphs 4.2.2t0 4.2.9

The design of electrical system for refineries and Gas processing plants facility shall include
the following; namely: -

(@) Site Conditions;
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(b) Details of Power source;

(c) Planning and basic power distribution system and single line diagram;
(d)  Protection, metering or control,

(e) Electrical Substation design for New Substation;
(f)  Electrical equipment design;

(@9 Hlumination System;

(h) Earthing system;

(i) Lightning protection system;

()  Electrical equipment for hazardous area;

(k)  Statutory approvals;

()  Cable sizing;

(m) Emergency power sizing;

(n)  Power system studies;

(o) Heat tracing system as applicable;

(p) 24V,230V,415V power out let system; and

(@0 UPS and Battery Charger Sizing.

4.2.3 Cabling system- underground and above ground including cable tray support and routing
through pipe racks or sleepers.
4.2.4 The designed electrical system shall facilitate and provide the following, namely: -

(@) Standard products applications;

(b) Safety to personnel and equipment;

(c) Reliability of services;

(d)  Constructability access;

(e) Cabling access;

(f)  Minimum fire risk;

(g9) Cost effectiveness; and

(h) Ease of maintenance and convenience of operation.

4.2.5 Adequate provision of changes during design development and for future expansion and
modification (as appropriate engineering margins or space provisions).

4.2.6 Automatic protection of all electrical equipment and isolation of faulty system through se-
lective relaying systems or intelligent control devices.

4.2.7 Remote control and monitoring facilities and interfacing for selected devices with other
discipline systems.

4.2.8 Lock out Tag out (LOTO) provisions for all LT and HT Feeders.

4.2.9 Maximum interchangeability of equipment.

4.3 Power System Studies:
4.3.1 Power system study or calculation shall be carried out to substantiate the selection and siz-
ing of all electrical facilities and equipment in the refineries and Gas processing plants fa-
cilities. Study should include minimum but not limited the following as applicable; namely:

(@) Plant and Unit electrical load analysis;
(b) Load flow, fault calculation and large motor starting studies;
(c) Feeder and circuit voltage drop;
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(d)
(e)
(f)
9)
(h)
(i)
()
(k)
)

Relay settings and coordination;

Earthing;

[llumination calculation;

Lightning protection study (protection of structures against lightning);
Transient stability study;

Reacceleration and auto changeover study;

Load shedding study (if required);

Power factor Study; and

Harmonic study (if required).

4.4 Power Supply:
4.4.1 Main Power Sources and Systems:

(@)

The main power source shall be captive power generation or grid power supply or
combination of both. The voltage level of primary distribution system shall be de-
cided based on plant generation, respective grid supply level and total load envisaged
on the plant. The number and schemes of indoor switchboards shall be governed both
from considerations of power distribution capacity and also from considerations of
process loading under abnormal plant operating conditions.

4.4.2 Plant Emergency Power Sources and Systems:

(a)

(b)

Emergency power supply shall be provided from Substation up to Emergency switch-
gear to meet the Emergency lighting and critical services in plant area to permit safe
shutdown in the event of main power failure.

Critical, Emergency or Normal loads shall be determined based on hazard analysis or
safety reviews during the process design. DC lighting or AC lighting having DC bat-
tery back-up fed through lighting inverter for control room, substation and escape
routes shall be provided. DG sets shall be provided for feeding emergency power

supply.

4.5 Power Distribution:

45.1 General:

(@  Aload summary shall be prepared for recording and calculating the electrical loads of
the refineries and Gas processing plants facilities. The load summary shall indicate
continuous, intermittent and stand by loads.

(b) The specifications referred to in clause (a) shall be used to verify the rating and num-
bers of transformers, switchgears and like other devices. The current rating of switch-
board bus bars shall also be determined accordingly.

(c)  Where secondary selective systems are provided, each transformer or incomer shall

be rated in accordance with as specified in clause (b) of this paragraph 4.5. 1..

4.5.2 Main Power Distribution:

(@)
(b)

A substation shall be built at the site to cater all load (such as the storage tank and
plant) requirement.
It should be provided with dual redundant power supply from, in its each Bus sections
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“A” and “B”. Two incomers and one bus-coupler system with 100% redundant ca-
pacity for incomers shall be considered for all HT switchboards and PCCs.

4.6 Sub-Station Design:

4.6.1 General:

4.6.2

()
(b)

(©)
(d)

(€)
()

(9)

(h)

(i)

The substation shall be located in a safe area and outside the hazardous zone.
Substation buildings switchgear room should be Air conditioned or pressurized and
shall comprise elevated structures permitting the use of bottom entry switchgear with
cable cellar for cable racking and trays below. MCC room building should be single
floor type without cellar with pressurized switchgear room. The floor level of the
MCC room shall be 1500mm above surrounding grade level.

Small sub-station such as MCC room can also be provided without cable cellar with
battery trenches.

In large plants, the main sub-station floor shall be raised above grade level and the
space below the sub-station floor shall be utilized for installation of cable trays. The
substation cellar shall preferably have a clear minimum height of 2 metres. The cable
cellar floor shall be at least 300 mm above the approach road level. The switchgear
rooms should be Air conditioned or pressurized to prevent ingress of dust and to pre-
vent or to make more reliable heat sensitive electrical Equipment and Panels. All
substations (length greater than 60 metres) shall have three entries, one for equipment
entry, second for normal entry and the third emergency exit. Whereas, required nor-
mal and equipment entries can be combined. The substation shall also have an emer-
gency door opening outward.

Push button shall be provided in each transformer bay for tripping of the transformer
feeder breaker outside the transformer bay gate and shall be glass break to open type.
HVAC or Air Conditioning System of substation shall trip on activation of fire and
gas detection signal. Flooring inside the Battery room and walls up to 1.0 m height
shall have acid or alkaline resistant protective material coating or tiling.

Luminaires, receptacles, exhaust fan like other devices in Battery Room shall be Ex-
d, 1IC, T3 Type of protection. In case, maintenance free VRAL or SMF batteries are
provided, the manufacturers recommendations for protection shall be complied with.
Substation shall have firefighting equipment, first aid boxes and other safety equip-
ment as per statutory requirements. Mats of required voltage rating shall be provided
around all indoor switchgears and panels and suitable voltage rated overshoes should
be used for outdoor switchgears and panels, wherever insulation mats, cannot be pro-
vided.

The substation building shall be sized for housing all equipment such as transformers,
switchgears and capacitors. The substation shall be sized to maintain adequate clear-
ances between equipment as per CEA guidelines.

Transformer Bay Layout:

Oil filled transformers shall be located at grade level in fenced enclosures adjacent to the
substation building and shall be provided with oil containment pits which shall be
connected to the Common Oil soak pit if envisaged as per IS and this shall be located
outside transformer bay. Firewalls shall be provided where required by codes and standards.
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4.7 Hazardous Area:

4.7.1 Electrical Equipment Selection in Hazardous Area:

(@)

(b)

(©)

Electrical equipment shall meet the selection requirements of the Indian Standard
:16724 or IEC 60079 part 14- Guide for selection of electrical equipment for hazard-
ous areas. All the electrical equipment installed in hazardous area shall meet the re-
quirements of relevant IS or IEC or CENELEC standards, whichever is followed for
design for electrical systems.

All electrical equipment for hazardous area shall be certified by CIMFR, PTB,
BASEEFA, UL, ATEX or FM or equivalent independent testing agency for the ser-
vice and the area in which it is to be used. All indigenous flameproof equipment shall
have BIS license. PESO approval shall be obtained for equipment installed in haz-
ardous areas for both indigenous and imported equipment.

The facility analysis should also identify areas requiring special electrical equipment
classification due to the presence (or potential presence) of combustible dust consid-
ering the minimum ignition energy and powder resistivity of the material.

4.8 Equipment:

4.8.1 Switchgear, Motor Control Centres (MCC) or LV Distribution Boards:

4.8.2

4.8.3

(a)

(b)
(©)

(d)
(€)

(f)
(9)

These shall be designed to ensure maximum safety during operation, inspection, con-
nection of cables and maintenance with Switchboards energized.

The switchboard shall be totally enclosed, dust and vermin proof.

Lighting and small power distribution boards shall be suitable for indoor or outdoor
use and the hazardous area classification in which these are to be installed.
Automatic motor re-acceleration or restarting following voltage dips shall not be pro-
vided unless specifically warranted by process requirements.

Power system monitoring, control and protection philosophy shall be in accordance
with project specifications Emergency Shut Down (ESD) systems and emergency
stops shall be hard wired back to the switchgear or MCC.

Transformer incomer shall be rated at least equal to forced cooled rating of trans-
former or 110% of ONAN rating as applicable.

Interlocks and protection as per CEA guidelines shall be provided.

Protective Relays:

(@)
(b)
(©)

Protective relays for all types of feeders such as incoming feeders, buss ties and mo-
tors power feeders and capacitors shall be provided.

Meters, Protection relays and other components shall be as per relevant metering and
protection diagrams and designed and procured as per project specification.

The protection relaying philosophy for 132 kV and above systems shall also include
suitable main and backup schemes.

Power and Distribution Transformers, Lighting Transformers:

(@)

All transformers (Power and distribution) shall be provided with cooling facility to
ensure temperature of the transformer is within permissive limits as per temperature
class.
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4.8.4

4.8.5

(b)

(©)
(d)

Automatic on-load tap changer (OLTC) shall be provided on the main power trans-
formers as required. Lighting transformers shall be Dry type, Air cooled mounted
indoor.

For harmonic mitigation, use of transformers with special vector groups may be con-
sidered for supplying large non-linear loads as VSD’s and process heaters.

All transformers of 10 MVA and above rating or in case of oil filled transformers
with oil capacity of more than 2000 litres shall be provided with firefighting system
as per 1S 3034 or with Nitrogen Injection Fire Protection System.

Emergency Diesel Generators:

(a)

(b)

(©)

(d)

The emergency generating sets shall form a complete package and shall be designed
to start automatically on power failure and feed the selected loads. It shall be capable
of taking care of the load variations (such as the starting of largest rated motors on a
preloaded system). The unit shall be complete with necessary starting equipment, as-
sociated control panel.

Emergency DG set shall have Auto starting arrangement but only with manual
switching off features. The rating (Ampere Hours) of battery, for cranking the engine
shall be adequate to make three attempts with an interval of 5 to 10 seconds, if re-
quired.

The generator set shall be provided with complete protection against overloads, short
circuits, ground faults, excitation failure, prime-mover failure and shall include other
connected instrumentation interlocks.

Diesel Engine installation, does not call for Area Classification, provided the DG
room is properly ventilated. Normally the ventilation provided to remove heat from
the radiator is adequate to take care of the hazard aspect. DG sets shall comply with
the latest guidelines of the Government of India in the Ministry dealing with environ-
ment with regard to noise levels and stack height requirements.

Neutral Earthing:

(a)

Earthed System:
(i.)  Power system neutral shall be earthed:;

(1) to limit the difference of electric potential between all uninsulated con-
ducting objects in a local area;

(1) to provide for isolation of faulty equipment and circuits when a fault oc-
curs; and

(1) to limit over voltages appearing on the system under various conditions.
(ii.) The neutral earthing system employs one of the following methods; namely: -

() Solid earthing for low, medium voltage system (upto 650V) and for high
voltage above 11 kV.

(I) Resistance or Impedance earthing for 3.3 kV to 11 kV system.
(1) Resistance or Neutral Grounding Transformer earthing for Generators.
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(b)

(iii.) The values of neutral earthing resistors normally applied in industrial power

(iv.)

system are selected to meet the governing criteria for limiting transient over-
voltages, that is to say that earth fault current should not be less than the system
charging current. Besides, the value of neutral earthing resistor selected shall
limit the earth fault current to a value, which shall be sufficient for selective
and reliable operation of earth fault protection system.

The neutral earthing resistor shall be able to carry at least 10% of its rated cur-
rent continuously, unless otherwise required, and full rated current (100%) for
a minimum duration of 10 seconds.

Unearthed System:

(i)
(ii.)

Use of unearthed system should be avoided since arcing ground faults can re-
sult in severe over voltages.

Where unavoidable (such as expansion projects where existing systems have
unearthed system) unearthed system shall have provision for detecting earth
fault and for isolation of faulty section through the use of core balance current
transformers. The current transformers (CTs) shall be sized in relation to the
system capacitive currents arising due to distributed capacitance of the entire
network. The system shall also include alarm or tripping provision using un-
balance voltage sensing through open delta voltage transformers (VTs) under
earth fault conditions. Provision of ‘on line insulation monitoring facilities’
may be considered.

4.8.6 DC Supply Units:

Each DC power supply system shall include redundant charger-cum-rectifier, battery
and DC distribution board. DC link in the UPS system shall not be tapped for DC
instrumentation power supply.

A 2 x 50% battery bank configuration should be provided.

B3[Fire alarm system shall have a dedicated DC battery backup system. UPS Battery
backup Duration after Main supply failure shall be 30 minutes for all control sys-
tems.], 14[***]

B[For Control Systems of CCTV, CEEMS Analyzers, Emergency PA System/Ser-
vices, Flame & Gas (F&G) Detectors, backup shall be of 6 hrs duration.]

8[Battery Sizing for DC systems:

()

(b)
(©)

(d)
(€)

13

Subs. by sub-clause (i) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

4 Omitted by sub-clause (ii) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

15

Subs. by sub-clause (iii) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

16Inst. by sub-clause (iv) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(i.)  Electrical Switchgear and Controls:

Battery shall normally be sized for a load cycle having a minimum duration of
two hour. While deciding the load cycle, consideration shall be given to the
specific operating or safety requirements of plant and equipment that is to say
the lube oil pump of STG for bearing oil flushing. The duration for battery
sizing, hence shall vary accordingly as per specific operational requirements.

(ii.) DC Instrumentation Shutdown System:
This shall in general be sized for 30 minutes.
(iii.) Critical Lighting: This should be sized for two hours unless specified otherwise.

(iv.) Battery shall be Nickel Cadmium, flooded electrolyte Lead Acid or VRLA type
designed as per design specifications.]

4.8.7 Equipment for Uninterrupted Power Supply System:

(@)  UPS panel shall be of free-standing, floor mounted, metal enclosed and vermin proof
type having hinged door for front access and suitable for indoor use.

(b)  Under normal conditions, the rectifier-cum-charger shall feed the inverter and charge
the battery set. In case of mains failure, the battery shall supply the necessary power
to the inverter. The inverter in turn feeds the load through the static switch. If the
inverter malfunctions or is overloaded, the load shall be instantaneously transferred
to the by-pass line through the static switch. The inverter shall be operated in syn-
chronised mode with the by-pass line, and manual forward transfer or manual reverse
transfer shall be effected without any break.

(c) Battery for UPS system should be sized to take care of shutdown of critical process
units but for, nor less than, 30 minutes unless otherwise specified.

4.8.8 Alarm Annunciations:

(@  All electrical fault, tripped, alarm and equipment malfunction signals from the com-
municable relays should be accessible via a computer connected to the communica-
tion port in each switchgear or PMCC. In addition, certain signals shall bring up
alarms or indications in a Central Control Room (CCR) or in the DCS as specified.

4.8.9 Variable Frequency Drives:

(@) Low and high voltage variable frequency drive (VFD) equipment shall be in accord-
ance with design project specifications.

(b) The requirement of variable frequency drives shall be considered based on an eco-
nomic and technical basis subject to process requirements.

(c) Converter and rectifier equipment controlling plant motors shall be located inside the
substation, except the associated transformers and reactors, which shall be located
within the substation building next to VFD panels. For very large rated VFD, the
transformer or reactor should be located in outdoor transformer bay.

4.8.10 Motors:
(@ LV motors shall be selected to have ratings in accordance with the preferred rated
output values of the primary series as listed in IEC 60072 or equivalent standards.
The enclosure of motors and motor control station shall be in accordance with the
hazardous area classification and equipment selection in hazardous area.
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(b)
(©)

All LV motors shall be complying to IE2 Class of efficiency unless otherwise speci-
fied in Motor Datasheet.

Motor operated valves and electric cranes shall be fully equipped with integral motor
control gear.

4.8.11 Earthing System:

(a)

Earthing system shall provide low impedance earth paths for earth faults, static dis-
charge and lightning protection. Earthing design shall generally be carried out in ac-
cordance with the requirements of ’[the CEA Regulations as amended from time to
time] and code of practice for earthing 1S 3043.

(i.)  power system earthing, lightning protection and equipment bonding shall be
achieved by overall common earthling system. All units shall be bonded to-
gether to form a single continuous earthling system. All equipment in refineries
and Gas processing plants shall be connected with Plant earthling system as per
CEA guidelines;

(ii.) the metallic enclosure of all electrical equipment shall be bonded and earthed
to the common earthing grid;

(iii.) in hazardous areas or where the equipment contains a hazardous liquid, the me-
tallic enclosures of non-electrical equipment, vessels, tanks, structures, pipe-
line, and like other devices shall be bonded and earthed to the common plant
earthing grid. Maximum values of resistance of equipment earthing system to
the general body of earth shall be as under; namely: -

() General Earthing Grid: 1 ohm; and
(1) Earthing for Lightning Protection and Static Bonding: 10 ohms;

(iv.) earthing of lighting and small power systems shall be by means of an earth
conductor integral with the cable.

(v.) all equipment handling 250 V or more shall be provided with double earthing
and to be connected to two different earth pits; and

(vi.) bonding and grounding for loading or unloading tankers shall be provided.

4.8.12 Instrument Earthing:

(@)

(b)
(©

Separate earth bars above ground shall be provided for Instrument earthing. The IEEE
STD 1100’s latest edition" IEEE Recommended practice for powering and grounding
sensitive electronic equipment” may be referred.

Lightning Protection.

Lightning protection shall be provided as per IEC 62305 or ‘8[the CEA Regulations
as amended from time to time].

Subs. by sub-clause (v) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety
Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

Subs. by sub-clause (vi) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety
Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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4.9 Lighting System:

4.9.1 General Lighting:

(a)

(b)
(©)

(d)

(€)

(f)
9)
(h)
(i)

(k)
(1

This can be broadly classified as under; namely: -
(i.)  Normal lighting;

(ii.) Emergency lighting; and

(iii.) Critical lighting.

Normal and emergency lighting system shall be on AC supply, whereas critical light-
ing shallbe on °[battery backed up DC or AC supply].

Sufficient lighting shall be provided so as to enable plant operators to move safely
within the accessible areas of plant and to perform routine operations. In the event of
normal power failure, emergency lighting should be provided. Desired lux level shall
be achieved considering that both the lighting fixtures, normal as well as emergency
one are energised. In the event of normal power failure, emergency lighting shall re-
main energised through emergency power source.

Lighting requirements provided during the failure of power supply for Normal light-
ing are intended broadly, -

(i.)  tofacilitate carrying out of specified operations, for safe shutdown of the plant;

(ii.) to gain access and permit ready identification of fire-fighting facilities such as
fire water pumps, fire alarm stations; and

(iii.) escape route for safe evacuation of operating personnel.

The recommended areas for critical lighting (DC) include the Control rooms (Process
and utility).

Main substations DG Shed.

Central Fire Station.

Fire water pump house (for start-up of Diesel driven F.W. pump).

First Aid Centre.

Emergency escape route.

Instrument or Process control and central control buildings.

The recommended areas for AC emergency lighting include: -

19

Subs. by sub-clause (vii) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including
Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

225



(m)

(n)
(0)

(p)

(@)

(i)  Control rooms (Process and utility);

(ii.)  Fire water pump house, Fire stations Main sub stations;
(iii.) Foot of stairs and ladder;

(iv.) Platforms with ladders changing direction;

(v.) Other changes of floor level that may constitute a hazard,;
(vi.) Strategic locations in Process, utility areas where specific safety operations are
to be carried out such as: -

(I) areas near heat exchangers, condensers;
(1) barring gears of steam turbine; and
(111) some portions of roads interconnecting substations and process plants.

the AC emergency lightening shall be considered as 20-25% of Normal Lighting load.
However, for small plants, where AC emergency load is not substantial or where there
is no separate standby DG set, DC critical lighting system should take care of entire
emergency lighting.

Critical lighting (DC supply based) will be normally kept ‘ON’ and during Normal
or emergency power failure, battery will provide power.

Besides, adequate number of self-contained portable hand lamps and Battery emer-
gency lighting units shall be provided for personnel safety for immediate use in emer-
gency at remote substations and at other strategic places (safe areas), where there is no
provision of DC lighting.

LED lamps shall generally be used for outdoor plant lighting. LED lamps can be
considered for emergency lighting to achieve this objective. Fluorescent lamps or
LED may be used for indoor lighting in non-process buildings and control rooms.
Safe area street lighting and yard lighting may use sodium vapour or LED lamps.
Sodium vapour lamps shall not be installed in hazardous areas.

The illumination levels in different areas shall be as per good engineering practice.
Depending on the nature of job activities to be carried out the suggested minimum
illumination levels for various areas are as under; namely: -

Areas IHlumination in Lux
Main roads (such as roads along process units, power houses, 20
and Workshops)
Secondary roads (such as roads along storage tanks settling 10
basins)
Tank farm 20
Pump houses, sheds 100
Main operation platforms and access stairs 60
Ordinary platforms 20
Process areas, pipe racks, heat exchanger, heater, separators, 60
cooling tower, columns, pig launching or receiving loading area,
flare and like other devices
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Areas

IHlumination in Lux

Switchgear building 150-200
Transformer bay 100
Battery room 150
Control room building or laboratory 400
Boiler house 150
Charger or UPS rooms 150-200
Cooling tower 60
Switchyard

(i) operating area 100
(ii) other areas 50
Warehouse 100
Office 300
Compressor operating area 200
Watch room 100
Stairs 50
Corridors or lifts 70
Tube well, gate and watchman booth 100
Fire house, garage 100-150
Escape Lighting Escape way (interior) 5
Areas at exit door and at points where it is necessary to

emphasise the position of potential hazard, if any. 30

(  And lighting levels in all areas shall take into consideration the requirements from

point of view of safety, ease of operation and maintenance.

4.9.2 Aircraft Warning Lighting:

(@) The type of Aircraft warning lights shall be provided in accordance to latest Interna-
tional Civil Aviation Organization and local regulations. The aircraft warning lights
shall be steady glowing with red colour and shall be fitted at the highest points of the

platform obstacles.

4.9.3 Power and Convenience Outlets:
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(a)

(b)
(©)

Adequate no of 415 V 63 A. TP and N+E power outlets of switched socket type shall
be provided at suitable locations to ensure accessibility.

240V, 16 A, SP and N+E convenience outlets at suitable locations.

24 V Hand lamp points may be provided at select locations for usage.

4.9.4 Cables and Cable Installation:

(@)

(b)

Cable Types:

(i)

(ii.)

(iii.)

(iv.)
(v)
(vi.)

(vii.)

In order to avoid spread of fire due to cables, it is recommended that the outer
PVC sheath of all cables used in industry shall be flame retardant type low
smoke (FRLS) conforming to category AF as per 1S: 10810;

High voltage cables may be Aluminium or Copper Conductor XLPE insulated
FRLS PVC sheathed, armoured type;

The selection of voltage rating of HV cables shall take into account the system
voltage, system earthing arrangements and type of earth fault protection
schemes. (Guidelines on this can be had from IEC 60183 and 1S:7098). For
resistance earthed systems, unearthed grade cable shall be used;

All power and control cables shall preferably have extruded inner and outer
sheaths;

Where single core cables are armoured and are meant for use on AC circuits,
armouring with non-magnetic material (such as Aluminium) shall be employed;
All cables used shall have non hygroscopic fillers, wire armoring and PVC
overall sheath. Unarmored cables and wires may be used where proper mechan-
ical protection (that is to say metallic conduit) is provided or where sheathed
cables are installed above ceilings or below floors in non-industrial locations.
Concealed metallic conduits shall be used for buildings where appropriate;
The control cables shall be twisted pair type with overall shielding in case of
longer lengths; and

(viii.) Electrical cables and instrumentation cable laid 2°[within a Fire Scenario Enve-

lope shall be provided with fire proofing in accordance with API 2218.]

Cable Installation:

(i.)

(ii.)

The Cable installation shall be installed above ground or laid on dedicated cable
racks or trays within dedicated levels of overhead pipe racks and on the sleepers
of low level pipe ways;

In certain instances, cables may be routed underground either in concrete lines
cable trenches or directly buried cable trenches, these include-

(1) High voltage distribution cables and associated control cables;
(I1) Cables entering or leaving buildings;

20

Subs. by sub-clause (viii) (f) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(111) Cables in areas where ground contamination is unlikely and economic con-
sideration precludes the erection of special cables supports;

(IV) Cabling within the power generation area;

(V) Feeder cables to satellite substations;

(VI) Cables within process areas or offsite areas;
(VI1) Any other area where overhead cabling is not feasible; and
(V1) Cables supplying power to Fire Water Pumps.

(iii.) While designing layout with single core cable installations, following factors
shall be considered; namely: -

(I) Cables are laid as a general practice in trefoil formation touching each
other. If trefoil arrangement is not possible, flat formation with spacing as
per requirement may be followed; and

(I1) When cables are laid in a flat formation, the individual cable fixing clamps
and spacers shall be of non-magnetic material,

(iv.) All cable trenches shall be sized depending upon the number of cables, and their
voltage grade. High voltage, medium voltage and other control cables shall be
separated from each other by required spacing or running through independent
pipes, trenches or cable trays as applicable. Cable trenches inside substations
shall be filled with sand, pebbles or similar non-flammable, materials or cov-
ered with incombustible slabs. If a significant number of cables are taken on
racks, adequate supports should be provided on the side wall of trench;

(v.) RCC covers of cable trenches should be sealed to avoid ingress of chemicals
and oils;

(vi.) In unpaved areas, cables should be directly buried in ground. Where under-
ground cables cross roadways or pipe sleepers at grade and like other places.,
they shall be protected by being drawn through sleeves or ducts to provide a
permanent crossing. Sleeve or duct ends shall be effectively sealed thereafter;

(vii.) Concrete lined cable trenches should be sealed against ingress of liquid and
gases wherever the trenches leave a hazardous area or enter control room or
substation;

(viii.) Above ground cable trays shall be well supported suitably at every 3metres in-
terval and protected against mechanical damage. Routing shall be decided to
avoid proximity to high temperature sources (such as steam drains and fur-
naces), places subject to undue fire risk. Cable trays, racks and trenches shall
be sized to allow for 10 to 20% future cables reserve. Each cable tray tier shall
accommodate the cables preferably in single layer;

(ix.) Instrument and communication cables shall not be laid in the same trench or
tray along with electrical power cables. Electrical cables shall be where practi-
cal separated by at least 600 mm from instrumentation and telecommunication
cables. The overall cable layouts shall be designed for minimum interference
between signal and power cables. Where ever there is a possibility of electro-
magnetic interference, shielded twisted pair or screened and overall shielded
cables should be used for control cables or signal cables;

(x.) Cable cellars shall be provided with fire detection and monitoring devices;
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(xi.) Cable straight through joints in power and control cables shall be avoided as far
as possible inside unit battery limits. Cables shall be in one length where prac-
tical but cable joints may be installed when necessary. If above ground cable
joints installed in Hazardous area, proper risk assessment and monitoring shall
be done;

(xii.) Cable installations shall provide for minimum cable bending radii as recom-
mended by manufacturer;

(xiii.) Cable trenches in hazardous area should be filled with sand and covered with
RCC slabs to prevent accumulation of flammable gas or vapour inside the
trench;

(xiv.) All Cable glands for Equipment located in hazardous area shall be flame proof
type; and

(xv.) No underground power cables exceeding 33kV shall be laid without minimum
depth of 1200 mm. Top most cable trays and vertical cable trays shall be pro-
vided with GI covers. Further bottom tray covers shall be provided wherever
cable tray are routed through process pipes or equipment.

4.10Electrical Heat Tracing:

Where necessary, electrical heat tracing shall be provided for process pipelines. Electrical
heat tracing shall be designed and procured in accordance with project specification. As far as
practical suitably certified self-regulating heating tapes shall be employed. Special types of
heating (such as skin effect, impedance or induction heating) may be employed in particular
application.

Schedule-5
[See regulation 6]

5.0 Fire and Gas Detection and Protection Facilities:

5.1 The Fire Protection Philosophy should be based on Loss Prevention and Control considering
that a hydrocarbon processing plant carries inherent potential hazard. A flammable or toxic
gas release, fire in one part or section of the plant can endanger other sections of plant as well.
If a leak or fire occurs it must be detected, controlled or extinguished as quickly as possible to
minimise the loss to life and property and to prevent further spread of fire or leak.

5.2 General Considerations:

5.2.1 The size of process plant, pressure and temperature conditions, size of storage, plant loca-
tion and terrain determine the basic fire protection need.

5.2.2 The following fire protection facilities shall be provided depending upon the nature of the
installation and risk involved, namely: -
(@) Fire Water System;
(b) Foam System;
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()
(d)
(€)
(f)
(9)
(h)
(i)
@)

Clean Agent Fire Protection system;
Carbon Dioxide System;

Dry Chemical Extinguishing System;
Detection and Alarm system;
Communication System;

Portable firefighting equipment;
Mobile firefighting equipment; and
First Aid Fire Fighting Equipment.

5.3 Design Criteria:

5.3.1 The following shall be the basic design criteria for a fire protection system, namely: -

()
(b)

(©)

Facilities shall be designed on the basis that city fire water supply is not available;
Fire protection facilities shall be designed to fight two major fires simultaneously
anywhere in the installation. Fire water requirements shall be as per guidelines given
in Annexure-1; and

All the tank farms and other areas of installation where hydrocarbons are handled
shall be fully covered by fire water network system.

5.3.2 Fixed Water Spray on storage Tanks:

()
(b)

Class ‘A’ Petroleum storage in above ground tanks shall have fixed water spray sys-
tem, whether floating roof or fixed roof or Internal floating roof

Class 'B' Petroleum above ground storage tanks of following dimensions shall be pro-
vided with fixed water spray, namely: -

(i)  Floating roof tanks of diameter larger than 30 metres.; and
(ii.) Fixed roof tanks of diameter larger than 20 metres.

5.3.3 Semi-fixed Foam system for Storage:

(@)

(b)

(©)

Semi-fixed Foam system shall be provided for the following tanks; namely: -

(i)  Floating roof tanks storing Class ‘A" and Class 'B' petroleum products;
(ii.) Fixed roof tanks storing Class 'A" and class 'B' petroleum products; and

(iii.) Fixed roof tanks storing class 'C' petroleum products, of diameter larger than
40 metres.

Semi Fixed Foam System should not be provided for fixed roof tanks operating at
more than 0.6 psi pressure and where the tanks are nitrogen or other inert gas
blanketed.

In fixed roof tanks storing high-viscosity liquids in temperature above 93.3°C
(200°F), fixed foam system should not be provided. However, such tanks shall be
nitrogen or other inert gas blanketed.

5.3.4 Automatic Actuated Rim Seal Protection System for External Floating roof tanks:

(@)

Automatic actuated Rim Seal fire detection and foam flooding type extinguishing
system shall be provided on all external floating roof tanks storing Class A Petroleum
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(b)

products. The components of the system shall be listed or approved by national or
international agencies to ensure that those systems are used which meet with highest
standards of safety.

The minimum requirement for design of the system is given in Annexure-4. This shall
be in addition to the water spray and semi-fixed foam system on all the floating roof
tanks storing class-A products.

5.3.5 Automatic Water Spray for Pressurised storages including LPG or Hydrogen:

(@)
(b)

C4 and Lighter ends and hydrogen Pressure storage vessels shall be provided with
automatic water spray system.

Automatic water spray system shall be provided in LPG bottling stations, C4 and
Lighter ends loading or unloading gantries and C4 and Lighter ends pump and C4
and Lighter ends or Hydrogen compressor areas.

5.3.6 Water Spray System in Process Unit:

()

(b)

Water spray system shall be provided for hazardous locations and equipment in pro-
cess unit areas. Some of these areas are as given below, namely: -

(i)  Un-insulated vessels having liquid holdup capacity larger than 50 m® and con-
taining class A or B flammable liquid;

(ii.) Pumps handling petroleum products class ‘A" under pipe racks;
(iii.) Pumps handling products above auto-ignition temperature under pipe racks;

(iv.) Air fin coolers in hydrocarbon service located above pipe racks or elevated lo-
cation; and

(v.) Process compressor in LPG or Hydrogen or other hydrocarbons.

Water spray rings or elevated monitor for columns of height more than 45 M shall be
provided. The entity can decide the need of protection beyond 45 M height, depend-
ing on basic process control system, the risk involved, presence of insulation, licensor
recommendation, emergency response needs, emergency response system provided
and like other needs.

5.3.7 Water Spray for Electrical Installation:

(@)

Fire Protection System shall be provided in accordance with clause 4.8.3.(d) of
Schedule-4.

5.3.8 Clean Agent for Control rooms and Satellite Rack Room (SRR):

(@)

Gas (Clean Agent or CO.) based automatic fire detection and extinguishing system
should be provided to protect electronics housed in cabinet, electrical equipment, Ca-
bles and like other devices. located in satellite rack rooms (SRR) or in control rooms.
Selection of Clean Agent or CO2 and design of Fire protection system for process
control rooms and SRR shall follow the applicable NFPA Codes or Standards includ-
ing its safety guidelines with respect to “Hazards to Personnel”, electrical clearance
and environmental factors in line with environmental considerations of Kyoto and
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Montreal Protocols and latest MoEF regulations. 2:[However, the Gas (Clean Agent
or CO») based automatic fire detection and extinguishing system need not be provided
in control rooms which are manned continuously (24x7 basis) and where a suitably
designed smoke detection and alarm system is available.]

5.3.9 Loading or Unloading Gantry:

(@)
(b)

22[Class A & B Petroleum] or C4 and Lighter ends loading or unloading Tank Truck
and Tank Wagon Gantries shall be provided with water spray or foam system.

In case automatic fixed water spray system is provided in TW gantry, the gantry may
be divided into suitable number of segments (each segment having minimum. length
of 15 m length and width of 12 m) and three largest segments operating at a time
shall be considered as single risk for calculating the water requirement. Accordingly,
a provision shall be made to actuate the water spray system from a safe approachable
central location that is to say affected zone and adjoining zones.

5.4 Fire Water System:

5.4.1 Based on the site requirement, water shall be used for fire extinguishment, fire control,
cooling of equipment and protection of equipment as well as personnel from heat radiation.
Fire water system shall comprise of fire water storage, fire water pumps and distribution
piping network along with hydrants and monitors, as the main components.

54.2

5.4.3

Basis:

In line with the design criteria given in paragraph 5.2, of these regulations the fire water
system in an installation shall be designed to meet the fire water flow requirement for
fighting two fires simultaneously anywhere in the facility or single fire for largest floating
roof tank roof sinking case, whichever requiring largest water demand.

Fire Water Flow Rate:

(@)

(b)

Two of the largest flow rates calculated for different sections as shown below shall
be added and that shall be taken as design flow rate. An example for calculating de-
sign major fire water flow rate is given in Annexure-1.

Fire Water flow rate for tank farm shall be aggregate of the following, namely:-

21

Ins. by sub-clause (i) (g) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

22

Subs. by sub-clause (ii) (g) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety

Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(i)  Water flow calculated for cooling a tank-on-fire at a rate of 3 Ipm/m? of tank
shell area;

(ii.) Water flow calculated for all other tanks falling within a radius of (R+30) m
from centre of the tank on fire at a rate of 3 Ipm/m? of tank shell area;

(iii.) Water flow calculated for all other tanks falling outside a radius of (R+30) M
from centre of the tank on fire and situated in the same dyke area at a rate of 1
Ipom/m? of tank shell area. The cooling water requirement for tank roof may be
provided through fixed system or revolving nozzles, based on appropriate haz-
ard assessment;

(iv.) Water flow required for applying foam into a single largest cone roof or floating
roof tank (after the roof has sunk) burning surface area of oil, by way of fixed
foam system, where provided or by use of water or foam monitors. (Refer par-
agraph 5.11.9 of these regulations for foam rates); and

(v.) Fire water flow rate for supplementary stream, shall be based on using 4 single
hydrant outlets and 1 HVLR monitor (1000 GPM) simultaneously. Capacity of
each hydrant outlet as 36 m®/hr and of each HVLR monitor as 228 m?/hr shall
be considered at a pressure of 7 kg/cm?g.

(c) Fire water flow rate for C4 and Lighter ends sphere storage area shall be aggregate
of the following, namely:-

(i)  Water flow calculated for cooling LPG sphere on fire at a rate of 10.2 Ipm/ m2
of sphere surface area;

(ii.) Water flow calculated for all other spheres falling within a radius of (R+30) me-

tre from centre of the sphere on fire at the rate of 10.2 Ipm/ m2 of surface area;
and

(iii.) Water flow for supplementary stream which shall be considered as 372 m3/hr
as indicated under paragraph 5.4.3(b)(v) of these regulations.

(d)  Water flow required for applying foam into a single largest cone roof or floating roof
tank (after the roof has sunk) burning surface area of oil, shall be by way of fixed
foam system, where provided or by use of water or foam monitors. (Refer paragraph
5.11.9 for foam rates).

(e) Water flow rate requirements for firefighting in other major areas shall be calculated
based on criteria in terms of lpm/m? given in paragraph 5.18.5 of these regulations.

5.4.4 Header Pressure:
The fire water network shall be kept pressurised at minimum 7.0 kg/cm?g at all the time
and at hydraulically remotest location at ground level. This pressure shall be displayed in
fire water pump house or fire control room.

5.4.5 Storage and Make-up Water:

(@) Firewater Storage:
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(b)

(i)  Water for the hydrant service shall be stored in any easily accessible surface or
underground lined reservoir or above ground tanks of steel, concrete or ma-
sonry. The fire water storage should be located not less than 60 m from hazard-
ous areas.

(ii.) The effective capacity of the reservoir above the level of suction point shall be
minimum 4 hours aggregate working capacity of main pumps (excluding
standby pumps).

(iii.) Where rate of makeup water supply is 50% or more, this storage capacity can
be reduced to 3 hours aggregate working capacity of main pumps.

(iv.) Storage reservoir shall be in two equal interconnected compartments to facili-
tate cleaning and repairs. In case of aboveground steel tanks there shall be min-
imum two tanks each having 50 % of required capacity.

(v.) Large natural reservoirs having water capacity exceeding 10 times the aggre-
gate fire water requirement can be left unlined.

(vi.) In addition to fire water storage envisaged as above in this clause (a), emer-
gency water supply in the event of depletion of water storage shall be consid-
ered. Fire water supply shall be from fresh water source such as river, tube well
or lake. Where fresh water source is not easily available, fire water supply can
be sea water or other acceptable source such as treated effluent water provided
that the water quality of treated water should not be detrimental to firefighting
foam generation.

Make up Water:

Suitable provisions shall be kept for makeup firewater during firefighting time.
Provision should be made to divert water from various sources such as ETP (after
treatment), Process Cooling Water, river and ponds to the fire water system.

5.5 Firewater Pumps:

5.5.1 Firewater pumps shall be used exclusively for firefighting purposes.

5.5.2 Type of Pumps:

(a)

(b)

(©)

Fire water pumps shall be of the following type, namely:-

(i.)  Electric motor driven centrifugal pumps; and
(ii.) Diesel engine driven centrifugal pumps

The pumps shall be horizontal centrifugal type or vertical submersible centrifugal
pumps. Each pump shall be capable of discharging 150% of its rated capacity at a
minimum of 65% of the rated head. The shut-off head shall not exceed 120% of rated
head, for horizontal pumps and 140% in case of vertical submersible type pumps.

Number of diesel driven pumps shall be minimum 50% of the total number of pumps
(inclusive of standby pumps). Minimum 50% of total flow requirement should be
available through diesel driven pumps, all the time. Power supply to the electric
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5.5.3

5.54

5.5.5

5.5.6

5.5.7

driven pumps should be from two separate feeders.

Capacity of main Pumps:
The capacity and number of main fire water pumps shall be fixed based on design fire water
rate, worked out on the basis of design criteria as per paragraph 5.4.3. of these regulations

The capacity of each pump shall not be less than 400 m3/hr or more than 1000 m3/hr. Al
pumps should be identical with respect to capacity and head characteristics.

Standby pumps:
The minimum number of standby fire water pumps shall be as under, namely:-

(i) Incase total number working pumps are upto 2, standby pumps shall be atleast
one;

(ii.) In case number of working pumps are between 3 to 4, the number of standby
pumps shall be at least 2. For more than 4 working pumps, number of standby
pumps shall be atleast 3; and

(iii.) In cases where two sets of firewater storage and pumps are provided, the num-
ber of pumps at each location shall be according to hydraulic analysis of piping
network.

Jockey Pumps:

(a)  The fire water network shall be kept pressurised at minimum 7.0 kg/cm2g by jockey
pumps. Minimum 2 Jockey pumps (1 working plus 1 standby) shall be provided.

(b)  The jockey pump shall be sized to compensate pressure drop in the fire water header
due to system leakage and normal pressure loss.

(c) Jockey pump shall be operated with discharge pressure sufficient to maintain the
header pressure of fire water network.

(d)  While designing the fire water network, the Installation of Stationary Pumps for Fire
Protection should conform to NFPA -20.

Power Supply for Fire Water Pumps:

(@) A direct feeder dedicated only to fire water pumps shall be laid from the sub-station
to ensure reliable power supply. The direct feeder line shall not run along with other
HT cables.

(b) The diesel engines shall be quick starting type with the help of push buttons located
near the pumps, or at remote location.

(c) Each diesel engine shall have an independent fuel tank adequately sized for 6 hours
continuous running of the pump.

(d) Main fire water pumps shall start automatically and sequentially with pressure
switches or PLC on fire water mains. The system shall ensure auto start of the standby
pump in case a pump in sequence failed to take start.

Location of pumps:

(@)  Firewater main pumps shall be located as far away as possible (not less than 60 M)
from hazardous areas to avoid any damage in case of fire or explosion. The fire water
booster pumps, required to enhance the pressure requirement, shall be located away
from the hazard to be protected.
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5.6 Distribution Network:

5.6.1 Looping and Maintainability:

(a)

(b)

()
(d)

The fire water network shall be laid in closed loops as far as possible to ensure mul-
tidirectional flow in the system. Isolation valves shall be provided in the network to
enable isolation of any section of the network without affecting the flow in the rest.
The isolation valves shall be located near the loop junctions. Additional valves shall
be provided in the segments where the length of the segment exceeds 300 m.

For ease of maintenance, Firewater pumps should be segregated in two groups by
providing an isolation valve on common discharge header of pumps. Flushing con-
nections with isolation valves should be provided at suitable locations in the firewater
ring main.

For branch piping, an isolation valve shall be provided at the take-off point.
Permanent connection shall not be taken from fire water line or system for purposes
other than fire protection or fire prevention.

5.6.2 Criteria for above or underground network:

(a)

The firewater network piping should normally be laid above ground at a height of
atleast 300 mm above finished ground level. Pipes made of composite material should
be laid underground and also the fire water network piping shall be laid below ground
level at the following places, namely:-

(i) Road crossings;
(ii.) Places where the above ground piping is likely to cause obstruction to operation
and vehicle movement, and get damaged mechanically; and

(iii.) Where frost condition warrants, the ring main system shall be laid underground
beneath the frost layer.

5.6.3 Protection for underground pipelines:

Where the pipes are laid underground the following protections shall be provided;

namely:-

(i.)  The main shall have at least one metre earth cushion in open ground and 1.5
metre earth cushion under the roads. In case of crane movement areas, pipes
should be protected with concrete or steel encasement;

(ii.) The mains shall be provided with protection against soil corrosion by suitable
coating or wrapping or cathodic protection method; and

(iii.) Pipe supports under the pipe line shall be suitable for soil conditions.

5.6.4 Protection for above ground pipelines:

Where the pipes are laid above ground, the following protection shall be provided,
namely:-
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(i)  The firewater mains shall be laid on independent sleepers by the side of road
and they shall not be laid along with process piping on common sleepers;

(ii.) The mains shall be supported at regular intervals not exceeding 6 metres and
they should be supported at every 3 metre for pipes less than 150 mm diameter;
and

(iii.) The system for above ground portion shall be analysed for flexibility against
thermal

expansion and necessary expansion loops shall be provided as per good engi-
neering practice.
5.6.5 Hydraulic Analysis and Sizing of Firewater Network:

(@  The hydraulic analysis of network shall be done. and also, whenever fire water de-
mand increases due to addition of plant and facilities or extensive extension of net-
work, fresh hydraulic analysis shall be carried out.

(b)  Fire water distribution ring (main) shall be sized for 120% of the design water rate.
Design flow rates shall be distributed at nodal points to give the most realistic way of
water requirements in an emergency.

(c)  Several combinations of flow requirements shall be assumed for design of network.
For large water requirement for floating roof tank, the network around tank farm shall
be suitably designed.

5.6.6 Fire hydrants:
Fire water hydrants shall be provided on the fire water network (Refer paragraph 5.7 of
these regulations for details). Each of these connections should be provided with
independent isolation valves. Refer paragraph 5.7.1 of these regulations.

5.6.7 Fixed water monitors:
Fixed water monitors shall be provided on the fire water network (Refer paragraph 5.7 of
these regulations for details). Each of these connections shall be provided with
independent isolation valves.

5.6.8 Layout:
(@)  Fire water mains shall not pass through buildings or dyke areas, foundations of equip-
ment or structures.
(b)  Hydrants or monitors shall not be located inside the dyke area.

5.7 Hydrants and Monitors — Details:

5.7.1 Hydrants:

(@) Hydrants shall be located keeping in view the fire hazards at different sections of the
premises to be protected and to give most effective service. At least one hydrant post
shall be provided for every 30 metre along the fire water header on perimeter of unit
battery limit in case of hazardous areas. Hydrants protecting utilities and non-plant
buildings should be spaced at 45 m intervals. The horizontal range and coverage of
hydrants with hose connections shall not be considered more than 45 metre.

(b)  The hydrants shall be located at a minimum distance of 15 metres from the periphery
of storage tank or hazardous equipment under protection. For process plants location
of hydrants shall be decided based on coverage of all areas. In the case of buildings,
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5.7.2

5.7.3

5.7.4

(©)

(d)

this distance shall not be less than 5 metres and more than 15 metres from the face of
building. Provision of hydrants within buildings shall be in accordance with IS - 3844.
Hydrants or Monitors should be located along road side berms for easy accessibility
as far as possible. If hydrants or monitors are installed with branch connections, then,
suitable approach pathway shall be provided from road or process area for access.
Two nos. of single headed (Type-A) hydrants on 4" dia stand post shall be used. All
hydrant outlets shall be situated at a workable height of about 1.2 metre above ground
level.

Monitors:

(@)

(b)
(©)

(d)

(e)

()

(9)

Monitors shall be located at strategic locations for protection of cluster of columns,
heaters, gasifiers, and like other devices and where it is not possible to approach the
higher levels, a minimum of 2 monitors shall be provided for the protection of each
such area. Water monitors for protection of heaters shall be installed so that the heater
can be isolated from the rest of the plant in an emergency.

Water curtain nozzles should be installed to prevent ingress of hydrocarbon vapours
to furnaces from Process Unit,

Monitors can be placed at elevated platform to increase its vertical reach to protect
column. Operating valve for such monitors should be kept at grade level for its oper-
ation during the requirement.

Monitors shall be located to direct water on the object as well as to provide water
shield to firemen approaching a fire. The monitors shall be installed at a minimum 15
m away from the equipment or facilities to be protected.

The requirement of monitors shall be established based on hazard involved and layout
considerations.

The location of fixed HVLR monitors to be planned in such a way that the very pur-
pose of these monitors is served and throw of the monitors is safely delivered at the
aimed object. The location of monitors shall not exceed the horizontal range of the
monitor from the hazard to be protected.

Monitors should be painted with luminous color for ease of identification during
emergency.

Dry or Wet Risers with hydrants should be provided on each floor of technological struc-

tures.

Fixed or Mobile High Volume Long Range Water cum Foam Monitors:

(a)

(b)

(©)

Fixed or Mobile high volume long range water cum foam monitors (Capacity 1000
GPM and above) shall be provided. This can be a mobile system or a fixed system
operated either manually or in remote mode.

The mobile HVLR monitors, if used, should be of variable flow type. The mobile
firefighting system shall be designed to fight full surface fire of the largest floating
roof tank in the installation. The foam logistic, water supply and like other devices
shall be designed and available accordingly. Trained manpower to operate the mobile
HVLR effectively shall be available round the clock.

Number and capacity of mobile monitor shall be such that the foam application rate
from the monitors meet requirement of foam application rate (8.1 lpm/m?) for full
surface tank fire of the largest floating roof tank in the installation as per NFPA-11.
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(d)  Following criteria shall be followed for providing fixed HVLR monitors for tank farm
area, namely:-
(i.)  Fixed or mobile type variable flow monitors shall be provided in such ways that
all the tanks in the installation are within the horizontal range of foam throw;
and

(ii.) Number and capacity of monitor shall be provided in such a way that foam
application rate from the monitors meets requirement of foam application rate
(minimum 8.1 Ipm/m?) for full surface tank fire as per NFPA-11.
(e)  For determining the total foam solution requirement, potential foam loss from wind
and other factors shall be considered.

5.7.5 Fixed or Mobile High-Volume Long-Range Water Monitors:

(@) Fixed or Mobile high-volume long-range water monitors (Capacity 1000 GPM and
above) with variable flow shall be provided in-

(i) Inaccessible areas such as column, reactor, ;

(ii.) in critical units such as CCRU, DHDS, HCU, Hydrogen, FCCU, DCU, CDU ;
and

(iii.) critical equipment at higher locations (above 45 m.).

(b) The aforesaid monitors shall be operated either in remote or manual mode. HVLR
monitors shall be listed or approved by national or international certification such as
BIS, UL or FM. The electrical or hydraulic remote-control mechanism shall be in
line with Hazardous Area Classification.

5.7.6 Hose Boxes or stations:
Provision of hose boxes or stations should be given at critical locations for housing hoses
and nozzles.

5.7.7 Water cum Foam monitors for Gantry area:

(@) Tank Wagon and Tank Lorry loading or unloading gantry area shall be provided with
alternate water cum foam monitors having multipurpose combination nozzles for jet,
spray and fog arrangement and fire hydrants located at a spacing of 30 M on either
sides of the gantry. These monitors shall confirm to national or international certifi-
cation such as BIS,UL or FM.

(b) The provisions contained in clause (a) above are in addition to water spray require-
ment given in 5.9.2.

5.8 Material Specifications:

5.8.1 All the materials required for firewater system using fresh water shall be of approved type
as indicated below, namely:-

(@) Pipes: Carbon Steel as per IS: 3589, IS: 1239 or Composite materials as per API
15LR, API 15 HR or its equivalent shall be used and-
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(b)

(©)

(d)

(€)
()

(9)
(h)

(i.)  incase saline water or treated effluent water is used, the fire water main of steel
pipes shall be, internally cement mortar lined or glass reinforced epoxy coated
or made of pipe material suitable for the quality of water. Alternatively, pipes
made of composite materials shall be used. The material selection for fire main
line shall consider the quality or impurities in the water; and

(ii.) castiron pipes shall not be used for fire water services.

Isolation Valves: Cast Steel valves shall be used in all areas including unit areas,
offsite and fire water pump stations and

isolation valves having open or closed indication shall be of rising spindle type and
gate valves more than 16" should be provided with gear mechanism.

Hydrant:
(i.)  Standpost: Carbon Steel.

(ii.) Outlet valves: Gunmetal or Aluminium Landing valves: Stainless Steel or Al-
Zn Alloy or gun metal.

Monitors:
(i.)  Water Monitors: Carbon Steel or Gun Metal; Stainless Steel or Anodised Alu-
minum.

(ii.) Nozzle: Stainless steel, brass or Anodised Aluminum.
(iii.) Fire Hose: Non-Percolating Flexible Fire Fighting Delivery Hose as per IS 636.

In case of underground mains, the isolation valves shall be located above ground as
far as feasible otherwise in RCC or brick masonry chamber.

The above ground fire water mains and the fire hydrant standpost shall be painted
with corrosion resistant "Fire Red" paint shade 536 of IS: 5.

Water monitor and hose box shall also be painted in "Fire Red" shade 536 of IS: 5.
Corrosion resistant paint shall be used in corrosion prone areas.

5.9 Fixed Water Spray System:

5.9.1 General:

It is a fixed pipe system connected to a reliable source of water supply and equipped
with water spray nozzles for specific water discharge and distribution over the surface
of area to be protected. The piping system is connected to the hydrant system water
supply through an automatically or manually actuated valve which initiates the flow
of water and-
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(i.)  fixed water spray system should be provided in high hazard areas where imme-
diate application of water is required; and

(ii.) water supply patterns and their densities shall be selected according to need.
Fire water spray system for exposure protection shall be designed to operate
before the possible failures of any containers of flammable liquids or gases due
to temperature rise. The system shall, therefore, be designed to discharge effec-
tive water spray within shortest possible time.

5.9.2 Water Spray Application Rates:

(a)

(b)

(©)

(d)
(€)

()

(9)
(h)

The following water spray application rates as specified in succeeding clauses of this
paragraph are recommended for general guidance and these rates should be reviewed
on case to case basis and be increased, if required. While calculating the water rates
for spray application for cases other than tanks or vessels, the area should be divided
into suitable segments so that maximum water requirement for spray application

should not exceed 1200 m3/hr.

Application Area Water application rate:

(i)  Atmospheric Storage Tanks: 3 Ipm/m2 of tank shell area for tank on fire. 3
Iom/m? of tank shell area for exposure protection for tanks located within
(R+30) M from centre of tank-on fire within the same dyke area.

(i) 1 Ipm/m? of tank shell area for exposure protection for tanks located outside
(R+30) metre from centre of tank on-fire within the same dyke area.

Pressure Storage Vessels : 10.2 lpm/m? of shell area Process Unit Area and-

(i) Pumps or Compressors (Volatile product service): 20.4 Ipm/m? ;

(ii.) Columns, Vessels, Exchangers and other Extremely hazardous area: 10.2
lpm/m?

C4 and Lighter ends pump house: 20.4 Ipm/m? .

C4 and Lighter ends Tank Truck and Tank Wagon loading or Unloading gantries:

10.2 lpm/m? .

LPG Bottling plants:

(i)  Carousel machine 10.2 Ipm/m?;

(ii.) Filled cylinder storage 10.2 Ipm/m?;

(iii.) Empty cylinder storage 10.2 Ipm/m?; and

(iv.) LPG cylinder cold repair Shed: 10.2 Ipm/m?

Oil Tank Truck and Tank Wagon loading or unloading gantries: 10.2 Ipm/m2-

Transformers: 10.2 Ipm/m2-

5.10Fixed Water Sprinkler System:

5.10.1 Fixed water sprinkler system is a fixed pipe tailor made system to which sprinklers with
fusible bulbs are attached. Each sprinkler riser or system includes a controlling valve and a
device for actuating an alarm for the operation of the system. The system is usually acti-
vated by heat from a fire and discharges water over the fire area automatically.

5.10.2 Sprinkler systems are used for fire extinguishment when the hazards located inside build-

ings.

5.10.3 Some of the examples being:

()

Car parking in basement.
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(b)  Building or sheds storing combustible and flammable materials.

5.10.4 The water for sprinkler system shall be tapped from plant fire hydrant system, the design
of which should include the flow requirement of the largest sprinkler installation.

5.10.5 The design flow for sprinkler installation would depend on the type of hazard and height of
piled storage.

5.10.6 Minimum Design density and assumed area of operation of fixed water sprinkler system
shall be in accordance with hazard area occupancies classification given in 1S 15105 or
NFPA 13.

5.11Foam Systems:

5.11.1 Efficient and effective foam delivery system is a vital tool for its usefulness in controlling
the fire.

5.11.2 Floating Roof Tank Protection Using Foam:

(@) Protection using Semi-Fixed Foam System: For floating roof tank, foam shall be
poured at the foam dam to blanket the roof’s rim seal. Features of foam system for
floating roof tank protection shall be as follows; namely:-

(i.)  System shall be designed to create foam blanket on the burning surface in a
reasonably short period;

(ii.) Foam shall be applied to the burning hazard continuously at a rate high enough
to overcome the destructive effects of radiant heat;

(iii.) Foam makers or foam pourers shall be located not more than 24 m apart on the
shell perimeter based on 600 mm foam dam height. The height of foam dam
shall be at least 51 mm above the top of metallic secondary seal;

(iv.) A minimum of two foam pourers shall be provided.; and

(v.) In fixed roof tanks storing high-viscosity liquids in temperature above 93.3°C
(200°F), fixed foam system need not be provided. However, such tanks shall
be nitrogen or other inert gas blanketed.

5.11.3  Protection using Automatic Actuated Foam Flooding system:
(@) Provision of an automatic rim-seal protection system of foam flooding type shall be
in line with the details mentioned at paragraph 5.3.4 of these regulations and at
Annexure-4.

5.11.4 Fixed Roof Tank Protection Using Foam
(@) Foam conveying system shall have same features as of floating roof tank except that
a vapour seal chamber is required before the foam discharge outlet.
(b) Features of the foam system for fixed roof protection shall be as follows; namely:-
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(i)  The vapor seal chamber shall be provided with an effective and durable seal,
fragile under low pressure, to prevent entrance of vapour into the foam convey-
ing piping system;

(ii.) Where two or more vapour seal chambers are required these shall be equally
spaced at the periphery of the tank and each discharge outlet shall be sized to
deliver foam at approximately the same rate;

(iii.) Tanks should be provided with foam discharge outlets or vapour seal chambers
as indicated below, namely:-

Tank Diameter in m.| Minimum number of foam discharge
outlet

upto 20 )
>20 upto 25 3
>25 upto 30 4
>30 upto 35 5
>35 upto 40 6
>40 upto 45 8
>45 upto 50 10

; and

(iv.) The estimation of number of foam discharge outlet is based on pourer capacity
of 1000 Ipm at a pressure of 7 kg/cm2g upstream of educator and thiscan be
suitably adjusted for different vapour seal chamber capacity in accordance with
paragraph 5.11.2(a)(iii) of these regulations.

5.11.5 Floating Cum Fixed Roof Tank Protection Using Foam:

()
(b)

Protection facilities shall be provided as required for fixed roof tank.

The foam system for fire fighting in geodesic roof tank having open vent shall con-
form to the provisions mentioned in the paragraph 5.11.2 (a) of these regulations.
The foam system for fire fighting in gas tight geodesic roof shall conform to the pro-
visions mentioned in the paragraph 5.11.2 (a).

5.11.6 Dyke Area, Spills or Oil Separator Protection Using Foam:

(@)
(b)

Portable monitors, Medium Expansion foam generator or foam hose streams shall be
considered for fighting fires in dyke area, spills and oil separator.

The number and capacity of foam generator shall be arrived considering coverage of
entire dyke area within 15 minutes of its application.

5.11.7 Foam Application Rate:

(@)

(b)

The minimum delivery rate for primary protection based on the assumption that all
the foams shall reach the area being protected in the manner as indicated below in the
succeeding clauses of this paragraph 5.11.7, namely:-.

In determining total solution flow requirements, potential foam losses from wind and
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5.11.8

5.11.9

5.11.10

(©)
(d)

(€)

other factors shall be considered.

For cone roof tanks containing liquid hydrocarbons, the foam solution delivery rate
shall be at least 5 lpm/m? of liquid surface area of the tank to be protected.

For floating roof tanks containing liquid hydrocarbons foam solution delivery rate

shall be at least 12 Ipm/m?2 of seal area with foam dam height of 600 mm of the tank
to be protected.

In case of floating roof sinking, the rate considered should be 8.1 Ipm/m2 of liquid
surface areas.

Duration of Foam Discharge:

(@)

The equipment shall be capable of providing primary protection at the specified de-
livery rates for the following minimum period of time; namely:-

(i)  Tanks containing liquid hydrocarbons - Class 'C' Petroleum :30 minutes:

(ii.) Tanks containing Class 'A' and Class 'B' Petroleum or liquids heated above their
flash points :65 minutes; and

(iii.) Where the system's primary purpose is for spill fire protection :30 minutes.

Foam Quantity Requirement:

()

Calculation of foam compound storage should be based on the design criteria and as

given below, namely:-

(i.)  The aggregate quantity of foam solution for a single largest tank fire should be
calculated as sum total indicated below under clauses (i), (ii) and (iii) of this
paragraph 5.11.9(a) for a minimum period of 65 minutes. The quantity of foam
compound required should be calculated based on 1%, 3% or 6% concentrate;

(ii.) Foam solution application at the rate of 5 Ipm/m2 for the liquid surface of the
single largest cone roof tank or at the rate of 12 Ipm/m2 of rim seal area of the

single largest floating roof tank or at the rate of 8.1 Ipom/m2 of the liquid surface
of the largest floating roof tank for a roof sinking case, whichever is higher.
(Refer Annexure-3 for sample calculation);

(iii.) One portable foam monitor of 2400 Ipm foam solution capacity; and

(iv.) Two hose streams of foam each with a capacity of 1140 lpm of foam solution.
A typical example showing calculation of foam compound requirement is given
at Annexure - 2.

Foam Compound Storage:

(@)

(b)
(©)

Foam compound should be stored in containers of 200 or 210 litre capacity barrels or
1000 litre total in case of protein, FFFP, fluoroprotein or AFFF or AR-AFFF. Foam
compound can also be stored in overhead storage tank of suitable capacity for quick
filling of foam tender or nurser during emergency.

Type of foam compound used can be protein or fluoro-protein or AFFF or AR- AFFF.
Minimum shelf life of foam compound shall be taken as per manufacturer's data.
Foam compound should be tested periodically for ensuring its quality and the deterio-
rated quantity replaced. The deteriorated foam compound can be used for fire training
purposes.
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(d)

(€)

Quantity of foam compound equal to 100% of requirement as calculated in Annexure
- 2 shall be stored in the Installation, subjected to a minimum of 60,000 (20000 in
case of 1% foam) litres. However, for installations having tankages larger than 60 m
diameter, minimum of 77000 (~26000 in case of 1% foam) litres foam or foam suf-
ficient to fight two major fires, whichever is more, should be stored.

In case of Gas Processing Plants, quantity of foam compound equal to requirement
as calculated in Annexure 2 or 10000 Litres, whichever is higher, shall be stored in
the installation (excluding that in foam tender).

5.12Gaseous Fire Suppression System:

5.12.1 Clean Agent based Protection System for Control Room, SRR, UPS Room, Battery
Rooms, Rack Rooms and Computer Room Protection:

(a)

(b)

Selection of Clean Agent and design of Fire protection system for process control

rooms and SRR shall follow the applicable NFPA Standards on Clean Agent Extin-

guishing Systems. The clean agent shall comply with the requirements of the Ozone

Depletion Substances Regulation and Control Rules, 2000, of the Central Govern-

ment, in the Ministry of Environment and Forests.

Quantity and Storage of Clean Agent:

(i)  Each hazard area to be protected by the protection system shall have an inde-
pendent system.

(ii.) Thetime needed to obtain the gas for replacement to restore the systems shall be
considered as a governing factor in determining the reserve supply needed.
100% standby charge of clean agent containers shall be considered based on the
largest hazard volume .

(iii.) Storage containers shall be located as near as possible to hazard area but shall
not be exposed to fire.

(iv.) Storage containers shall be carefully located so that they are not subjected to
mechanical, chemical or other damage.

(v.) Necessary approval of cylinder or Container shall be obtained from PESO in
accordance with stipulated rules.

5.12.2 Carbon Dioxide Systems:
Fixed CO- systems shall be provided in Turbo generator enclosure, Gas turbine enclosure
and like other enclosures. Fixed CO> system should be designed and installed in accordance
with NFPA-12. Before the CO> flooding system is operated; persons in the confined area
should be evacuated.

5.12.3 Water Mist Systems:
Water mist system shall comply with IS: 15519.

5.13Dry Chemical Extinguishing System:

5.13.1 Recommended use:
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(@)

Dry chemical powder extinguishing system can effectively be used on following haz-
ards, namely:-

(i.)  Electrical hazard such as transformers or oil circuit breakers;

(ii.) Combustible solids having burning characteristic such as naphthalene or pit
which melts while on fire; and

(iii.) Class'A’, Class 'B', Class 'C'and Class'D' fire using multipurpose dry chemical.
Requirement for each item should be finalised while deciding design basis.

5.13.2 System Design:

(@)
(b)

(©)
(d)

(e)

Basic requirement of designing the dry chemical extinguishing system is to provide
for sufficient quantity and rate of discharge depending upon the hazard.

System consists of dry chemical powder and expellant gas container assemblies of
capacity sufficient for given hazard with distribution piping and discharge nozzles.
System can be actuated manually or automatically on visual or automatic means of
detection. Alarm and indication shall be provided to show that the system has oper-
ated and personnel response is needed.

Personnel safety shall include training, warning signs, discharge alarm, respiratory
protection and prompt evacuation of personnel.

Following types of systems can be provided to protect a hazard; namely:-

(i)  Total flooding system;

(ii.) Local application system;

(iii.) Hand hose line system,; and

(iv.) Pre-engineered system.

(Refer NFPA-17 for limitations and precautions for use of dry chemical and for sys-
tem design).

5.14First Aid Fire Fighting Equipment:

5.14.1 Criteria to determine the quantity needed:

(a)

Portable fire-fighting equipment shall be provided in Refinery or Process plant as
indicated in the following table, namely:-

Description

Norms or criteria to determine the quantity needed

(i) Dry chemical While selecting the Extinguisher, due consideration should be given on
powder (DCP)* fire the factors such as flow rate, discharge time and throw in line with IS:
extinguishers - 9 kg 2190 or UL711.

capacity: 1S:15683

Extinguisher to be located in process units, pump houses, pump area,
LPG storage area, LPG bottling plant, Oil separator, tank truck or tank
wagon loading areas, substations, Workshops, laboratory, power
station buildings and like other locations.

The number should be determined based on the maximum traveling
distance of 15 M in above areas. At least one fire extinguisher shall be
provided for every 250 m? of hazardous operating area.
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Description

Norms or criteria to determine the quantity needed

There shall be not less than two extinguishers at one designated
location that is to say pump house.

(it) Dry chemical
powder fire
extinguishers 25,50 or
75 kg capacity:
1S:16018

The extinguishers with the selection criteria, for exampleflow rate,
discharge time and throw mentioned as above, to be located in critical
operating areas.

At least one fire extinguisher should be provided for every 750 m2 of
hazardous operating area.

(iii) CO2 extinguishers
4.5,6.59.0 or 22.5 kg
capacity (1S:15683 or

16018)

To be located in substations, power stations, office building and control
room. The number should be determined based on the maximum
traveling distance of 15 metre.

At least one fire extinguisher shall be provided for every 250 m2 of
hazardous operating area. There shall not be less than 2nos.
extinguishers at one designated location that is to say the control room.

(iv) Portable clean
agent extinguishers

This should be as an alternate to CO, extinguisher.

To be located in control rooms, computer rooms, laboratories and
office buildings.

(v) Portable water-cum-
foam monitor

Minimum 2 number for Petroleum refinery and 1 number for Gas
Processing Plant.

(vi) Steam lancers (as a
part of utility station)

For fighting incipient fires at flange leakages and hot pumps.

(vii) Rubber hose reel

To be located in Process unit battery limits and other process areas for

(25mm)

guenching of incipient fires.

5.14.2 Other firefighting Equipment and in-built safety features:

(@)  Additionally, following items shall also be provided and the number of units required
for these shall be decided by the entity, on case-to-case basis, namely:-

(i)

(ii.)

(iii.)

Thermal imaging Camera: As an aid to the fireman during firefighting opera-
tion to locate the seat of the fire and to facilitate search and rescue operation in
smoky area that is to say cable gallery;

Personal Protective Equipment required during Fire Fighting such as Water gel
based blanket, Fire Proximity Suit, Self-contained breathing apparatus, Airline
breathing apparatus, Safety Helmets, Fire Helmets, Stretcher, First Aid box,
Rubber hand gloves, canister mask.; and

Other Equipment such as Portable Gas detectors, Explosive meter, Oxygen me-
ter, Hand operated siren, Red or Green Flag for fire drill, Safe walk roof top
ladder, emergency lighting, portable mega phone, various leak plugging gadg-
ets, oil dispersants and oil adsorbents and lifting jacks (for rescue of trapped
workers).
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5.15Mobile Fire Fighting Equipment:
5.15.1 Fire Tenders:

(@) The exact number of fire tenders shall be higher of the as specified in Clause of this
paragraph 5.15.1 (b) or (c).

(b) The quantities firmed up in each case based on two simultaneous major fires taking
into consideration the size, location of the plant and statutory requirements.

(c)  The quantities shall be as indicated below, namely:-

(i.) 3 nos. of foam tenders out of which two are for firefighting and one for spill or
standby. The foam tender should have foam tank capacity of minimum 3000
litre and the pump capacity of minimum 4000 Ipm at 10 kg/cm?Z;

(i.) One 2°[4000 kg capacity] DCP tender having 2*[two vessels of] 2000 kg capac-
ity each with Nitrogen as expellant gas. These are required for fighting LPG or
Gas fires. DCP monitor should have a variable throw. The throw of the monitor
shall be 40 to 50 M for the DCP charge; and

(iii.) For Gas Processing Units minimum 2 nos. of foam tenders shall be provided.
The foam tender should have foam tank capacity of minimum 1000 litre and
the pump capacity of minimum 4000 Ipm at 8.5 kg/cm?.

(d) Considering the varied hazards and better utilization of DCP tender, vehicle may also
be provided with Water, Foam or their combination, taking consideration of vehicle
tonnage and specification of Water or Foam Fire Tender.

5.15.2 Other Mobile Equipment:
(@)  For refineries, in addition to fixed monitors provided in the tank farm, following ad-
ditional mobile equipment should be provided; namely:-

2 Subs. by sub-clause (iii) (g) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

24 Subs. by sub-clause (iii) (g) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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(b)

(i.)

(ii.)

(iii.)

(iv.)

Minimum 2 nos. of foam tank trailers with field adjustable variable flow water
cum foam monitors having foam tank capacity of 500-1000 litres and monitors
capacity of minimum 1000 GPM which are listed or approved by national or
international standards such as BIS, UL, FM;

Minimum 2 numbers of Trolley mounted water cum foam monitors of capacity
of minimum 2000 GPM with field adjustable variable flow which are listed or
approved by national or international standards such as BIS, UL, FM and UL or
FM listed or approved. Foam induction to the monitor shall be possible from
minimum 60M distance from the monitor; and

1 to 2 numbers of Foam Nurser (that is to say Trailer mounted foam compound
supply tank) with foam compound tank of 7000 — 16000 litre capacity with
suitable pump for foam transfer.

1 to 2 numbers of portable or trailer fire pumps of capacity ranging from 1800

to 2250 Ipm at discharge pressure of 7 kg/cm?2 g.

For Gas processing plants, in addition to fixed monitors provided in the tank farm,
following additional mobile equipment should be provided; namely:-

(i)

(ii.)

Minimum 2 nos. of Trolley mounted water cum foam monitors of capacity of
minimum 2000 GPM with field adjustable variable flow which are listed or
approved by national or international standards such as BIS, UL, FM and
UL,FM listed or approved. Foam induction to the monitor shall be possible
from minimum 60 m distance from the monitor;

1 to 2 numbers. of portable fire pumps of capacity ranging from 1800 to 2250
Ipm at discharge pressure of 7 kg/cm?g.

5.15.3 Other Fire Fighting Equipment:

(@)

Following other firefighting equipment shall be provided; namely:-

(i)
(ii.)

Emergency rescue equipment such as cutters, expanders, inflatable lifting bags,
leak pads, protective clothing, breathing apparatus, trolley mounted BA set.

Fire Hoses: IS 636;

(iii.) The hose length which shall be calculated as follows; namely:-

() For installation with hydrants upto 100 numbers: One 15 metres hose
length per hydrant.

(I1) For installation with more than 100 hydrants,-
(A)  One 15 m hose length per hydrant, for the first 100 hydrants; and,
(8) One 15 m hose length for every 10 hydrants above 100;
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(iv.) The hose length so calculated shall be suitably divided into hose lengths of 15
m, 22.5 m or 30 m. of the total requirement of the hoses and-

() fire jeepswith two way radio communication facility and towing facility;
and
(1) one ambulance fitted with medical aid and suitable arrangements. The am-
bulance should have life support system capabilities;
(1) other accessories, foam making branch pipes, nozzles, and like other de-
vices as per requirements; and
(1V) higher size hoses of suitable length for feeding large capacity mobile mon-
itors, wherever provided.
In addition to above, provision of following equipment should also be considered,
namely:-
(i.)  Suitable equipment for fighting high elevation fires;
(ii.) Multipurpose firefighting skid should be used as a single self-sufficient unit of
having capacity of discharging foam, water or water mist and DCP and thus
performing multiple functions effectively, individually or together, saving
power and time in combating a fire. Such a Multipurpose firefighting skid
should be used in lieu of one foam tender or DCP tender;
Fire Protection using new technologies such as Infrared (IR) Camera and Aurti-
ficial Intelligence(Al) may be explored.

(b)

(iii.)

5.16Storage of Fire Fighting Agents:

5.16.1 The following quantities of firefighting agents shall be stored in the Refinery as given be-
low in the table, namely:-

Sr.

No Description Quantity to be stored

(i)  |Dry chemical powder: Reaction product of urea and4000 kg for the DCP tender plus 500
Potassium bicarbonate based DCP powder or Potassiumig for additional requirement. This is
bicarbonate  DCP powder or Mono-ammoniumfin addition to the charge loaded on
phosphate based DCP powder. The DCP product shalltender.
be approved
or listed by national or international standards such as
BIS, UL, EN.

The DCP powder shall have compatibility with fire
fighting foams.

(i)  Potassium bicarbonate DCP powder or Mono-As required based on shelf life.
ammonium phosphate based DCP powder forHowever, minimum 10% of the total
recharging of fire extinguishers. The DCP product shallcharge in the extinguishers should be
be approved or listed by national or internationalmaintained.
standards such as BIS, UL, EN.

(iii)  [Foam compound The minimum foam compound

storage shall be the quantity as
calculated in accordance  with

paragraph 5.11.9 of these regulations.
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5.17Detection System and Alarm:

5.17.1

5.17.2

5.17.3

5.17.4

5.17.5

5.17.6

A Fire and Gas (F and G) detection system shall be provided in the refineries and gas pro-
cessing plants to detect and alert the occurrence of the any of below incident at an early
stage; namely:-

(@) Fire;

(b) Flammable gas leakage;

(c) Toxic gas leakage; and

(d)  Presence of smoke.

The Fire and Gas detection system and Alarm system will be designed as national or inter-
national standards such as NFPA 72 or IS 2189.

A, F and G detection system should be used to initiate the following functions either auto-
matically or manually, namely:-

(@) Audible and visual alarms or messages in the control room or in the plant;

(b) Starting of firefighting or mitigation equipment, such as fire water pumps, water
spray, gas suppression systems and fog systems.;

(c)  Automatic closure of air ventilation inlets, shutdown of HVAC systems and like other
process; and

(d)  Personnel evacuation systems (such as barriers and howlers).

The quantity, type and location of F and G detectors should be determined by an assessment

of the following; namely:-

(@) Dispersion study report;

(b) Limits of equipment congestion;

(c) Potential leak sources and areas where accumulation of gas may be likely or particu-
larly hazardous;

(d) Properties of process fluids (such as composition, volatility, phase, temperature, pres-
sure); and

(e) Forced or natural draft ventilation patterns, wind speed and wind direction.

The location of gas detectors should depend on the type of gas generated by the fluid being

handled. For gases which are lighter than air, gas detectors shall be mounted at a suitable

height accordance with manufactures recommendations and for gases heavier than air de-

tectors shall be located at low elevations.

The following areas shall be provided with hydrocarbon gas detectors; namely:-

(@) Light C4 and Lighter ends hydrocarbon pumps equipment (Such as pumps, compres-
sors, storage vessels, loading and unloading areas) in process units;

(b)  Process cooling tower top platform in the units having pressurized cooling water re-
turn;

(c)  Fuel gas knock out drum;

(d)  Suction side of forced draft air blowers if located where hydrocarbon vapours can be
present.

(e) Light hydrocarbon pump stations, if located below grade level,

(f)  LPG bulk wagon loading area;
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(@ LPG bottling, storage andrepair sheds; and
(h)  Air-intake point for control room.

5.17.7 The exact location and number of points should be decided based on consequence or dis-
persion analysis .Following areas shall be provided with Smoke, Flame or Heat detectors
with alarm or system to actuate relevant fire suppression system, namely:-

(@) C4 and Lighter ends spheres;

(b) LPG filling sheds;

(c) C4 and Lighter ends pumps or compressors; and

(d) C4and Lighter ends loading or unloading, both in tank truck and tank wagon gantry.

5.17.8 Hydrocarbon detectors shall be installed near all potential leak source of class-A petroleum
products. such as tank dykes, tank manifolds, pump house manifold, tank truck and tank
wagon gantry.

5.17.9 Hydrocarbon detector of proper type shall be selected and also shall be proof tested and
shall be maintained in good condition and-
(@) Additionally, following areas should also be provided with suitable detectors,
namely:-
(i)  Extremely hazardous area in process units;
(ii.) Computer room, Server room, Process control rooms and Record room;
(iii.) Unmanned electric substations or MCC rooms;
(iv.) Cable galleries; and
(v.) Chemical Storage.

(b) Toxic Gas Detection:

(i)  Toxic gas detectors shall be installed if the risk is applicable. Toxic gas detec-
tors shall be mounted taking into account the prevailing wind direction and
wind speed; and

(ii.) Additionally, Toxic gas sensors shall be installed to monitor HVAC air intakes
to buildings that could be affected in the event of flammable or toxic release in
the surrounding area.

(c) Calibration of Detectors:

The calibration using the appropriate test gas should be carried out once in six months
or as per manufacturer’s specification.

(d)  Functional Operability of Detectors:
The operability of all type of detectors should be tested once in three months.

5.17.10 Portable Gas Detectors:
Portable gas detectors in sufficient number shall be available to monitor gas presence
as and when required which are very useful in determining gas presence before
issuing work permits.
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Approvals: The detector shall be suitable for use in hazardous area with certification
from any National or International standard.

5.17.11 Communication System:

(a)

(b)

(©)

(d)

(e)

()

(9)

Effective communication is an essential element in the fire protection system of any
plant. The following communication systems should be provided in the Refinery or
Process plants.

Telephone:

(i.)  Fire Station Control Room shall be provided with 2 numbers of internal tele-
phones which are exclusively meant for receiving fire or emergency calls only.
These phones should have facilities for incoming calls only. For general com-
munication a separate telephone should be provided. Fire Station should also
have a direct P and T telephone. Hot line or telephone for contacting mutual
aid parties, shall be provided.

Public Address System:

Public address system should be connected to all control rooms, administration

building (all floors), all departmental heads, security.

A.R.P. (Air Raid Protection) System or Paging:

Air raid communication system (with civil defence) should be provided. The details

of such a system should be worked out in association with civil defence authorities of

the area. Alternatively, group communication system (all call system) or alpha
numerical pager system should be considered for group emergency communication.

Emergency Sirens:

(i.)  The Emergency sirensshould be located suitably to cover the whole area with
the operational control in the Fire station control room. These should be tested
at least once in a week to keep them in working condition.

(ii.) Emergency siren code should be as follows, namely: -

() Emergency Level | — The siren code for Level I shall be decided by Entity
depending uponthe size and complexity of installation;
(I1) Emergency Level 11 - A wailing siren for two minutes;
(11) Emergency Level 111 - Same type of siren as in case of Level Il but the
same will be sounded for three times at the interval of one minute that is to
say. (wailing siren 2 minutes + gap 1 minute + wailing siren 2 minutes +
gap 1 minute + wailing siren 2 minutes) and the total duration of disaster
siren to be eight minutes.

Walkie-Talkie or Wireless:

All the Fire Tenders shall be provided with a walkie-talkie or wireless system which
will help in communicating with the people in case the other system fails. Besides,
key personnel coordinating emergency operations should also be provided with
walkie-talkie.

Fire Alarm System:
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(i.)  The fire alarm systems includes manual call points (break glass), automatic gas,
smoke or heat detectors, release and inhibit switches for fire suppressing clean
agent and conventional or microprocessor based data gathering panels for ex-
ample central fire and gas alarm panel, CCTV mimic panels and associated
equipment.

(ii.) Manual Call Points shall be provided at suitable locations such as access point,
approach roads, walkways to cover the critical areas. These manual call points
activate the audio-visual alarm in the Central fire alarm panel installed in 2°[the
fire station and in the repeater panel installed in the respective area control
rooms. The location of these manual call points shall be conspicuously marked
for proper identification.]

5.18Inspection and Testing of Fire Protection System:

5.18.1 The fire protection equipment shall be kept in good operating condition all the time and the
fire fighting system shall be periodically tested for proper functioning and logged for record
and corrective actions. In addition to routine daily checks or maintenance, the following
periodic inspection or testing, as specified in paragraph 5.18.2 to paragraph 5.18.9 of these
regulations, shall be ensured.

5.18.2 Fire Water Tank, Reservoir or Foam Tanks:

(a)
(b)

(©

Above ground fire water tanks should be inspected externally once in 5 years and
internally once in 15 years.

The water reservoir shall be emptied out and cleaned once in 5 years. However, float-
ing leaves, material or algae, if any shall be removed once in 12 months and as and
when required prior to it. A monthly inspection of the reservoirs shall be carried out
by a responsible officer to ensure that the reservoirs are constructionally sound and
there is no seepage or leakage from any portion. During such inspection, any accu-
mulation of mud, sand, weeds and other undergrowth, which can reduce the capacity
of the reservoir and obstruct free flow of water, shall be recorded. The required re-
medial action shall be taken. Before emptying any reservoir for cleaning or repairs,
the other compartment or reservoirs shall be kept full and duly connected to the sys-
tem.

The foam tanks shall be inspected every 3 years externally and shall undergo internal
inspection every 10 years.

5.18.3 Fire Water Pumps:

(a)

A weekly test of fire pump assemblies shall be conducted. A valve installed to open
as a safety feature shall be permitted to discharge water and-

25

Subs. by sub-clause (iv) (g) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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5.18.4

5.185

5.18.6

5.18.7

5.18.8

(b)

(i.)  Fire pumps are allowed to start automatically monthly;

(ii.) Electric pumps are tested weekly for a minimum of 10 minutes;
(iii.) Diesel pumps are tested weekly for 30 minutes; and

(iv.) The automatic controls of the fire pumps are checked monthly.

All pumps are tested annually to ensure that they —
(i.)  meet their rated flow capacity; and

(ii.) furnish not less than 150 percent of rated capacity at not less than 65 percent of
rated pressure.

Fire Water Ring Main

(@)

(b)
(©)
(d)
(e)

The ring main should be checked once a year for leaks and like other deficiencies by
operating one or more pumps with the hydrant points kept closed as required to get
the maximum operating pressure;

The ring main, hydrants, monitors, valves should be visually inspected every month
for any pilferage, defects and damage;

All fire main valves should be checked for operation and lubricated once in six
months for fresh water and once in three months for saline or ETP water;

Thickness survey and inspection of Firewater header should be done once in three
years; and

Segment - wise flushing of main header should be done once a year.

Fire Water Spray System:

(a)
(b)
(©)

Fixed water cooling spray systems on storage tanks should be tested at least once in
six months.

Deluge systems on LPG spheres and bullets should be tested at least once in every
three months, for proper performance.

Operation of ROVs should be checked once in three months.

Fixed or Semi-Fixed Foam System:

(@)
(b)
(©)

Foam system on storage tanks should be tested once in 12 months. This testing shall
include the testing of foam maker or chamber.

The foam chamber should be designed suitably to facilitate testing of foam discharge
outside the cone roof tank.

Piping should be flushed with water after testing foam system.

Clean Agent Based Extinguishing System:

(@)

The systems should be checked, in the manner as given below, namely: -

(i.)  Agent quantity and pressure of refillable containers should be checked, six
monthly; and

(ii.) The complete System should be inspected for proper operation once every year
[Refer NFPA Standard 2001 (latest edition) for details of inspection of various
systems].

Mobile Fire Fighting Equipment and Accessories:
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5.18.9

5.18.10

(@ Foam tenders should be tested at least once a week. This testing should include run-
ning of pump and foam generation equipment.

(b)  All other mobile equipment should be checked, serviced and periodically tested under
operating conditions, at least once a month.

(c)  Trailer mounted and portable fire pumps should be test run at least once a week.

(d) DCP tender should be visually inspected every week for its performance assurance.

(e) Records shall be maintained of all maintenance, testing and remedial or corrective
actions taken wherever necessary.

DCP, CO2 or Foam Type Fire Extinguishers:
Inspection and testing frequency and procedure should be in line with IS 2190.

Communication System:
Fire sirens should be tested at least once a week. Testing of Manual call points should be
carried out as per manufacturer’s specification.

5.19Fire Protection Training:

5.19.1

5.19.2

All the plant personnel shall be trained on fire prevention and firefighting aspects. Fire-
fighting skill upgradation or refresher training shall be given periodically. The fire crew
belonging to the firefighting department shall be given intensive training for the use of all
equipment and in various firefighting methods for handling different types of fires. The
training of the fire personnel using digital technologies such as VR (Virtual Reality) or AR
(Augmented Reality) should be explored.

A fire training ground with the following minimum training facilities should be set up,
namely:-

(@)  Trench fire simulation facilities;

(b) A small open top tank fire simulation facility;

(c) Pan fire simulation facility;

(d) Pipeline flange leak fire simulation facility; and

() A smoke chamber for breathing apparatus drill.

5.19.3 A mock fire drill should be conducted once in three months to rehearse the fire emergency

procedure and to keep the firefighting team trained and alert and facilities in top order.

5.20Fire Station or Control Room:

5.20.1

The location and construction of control room should be suitable for following activities,
namely:-
(@) Location
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(b)

(©)

(i.)  Fire station should be located at minimum risk area. It should be spaced at a safe
distance from any process plant and other hazardous areas;

(ii.) When planning for new fire station, adequate land should be provided for park-
ing and maneuvering of fire appliances and access and exits of the building
should not be obstructed by other vehicles;

(iii.) Fire station control room should be close to parking bay for fire appliances and
should have good view of vehicles parked.

Communication:

(i)  Reliable communication system is a must for supporting effective fire service
department. operations.

(ii.) Following equipment should be available in the Control Room, namely:-
() Telephones;
(I1) Wireless sets or walkie-talkie (with a dedicated frequency) ; and
(1) Hotlines to neighbouring industries or civil Fire Brigade.
(iii.) Fire Alarm system with central control in fire station.

General:

(i.)  Fire Station should have 2 overhead storage tanks for foam compound storage,
so that during emergency refilling is not delayed.

(ii.) Control room should have portable emergency lights.

(iii.) Fire Station should have prominently located pressure gauge showing fire water
network pressure.

(iv.) Emergency power supply shall be ensured for Fire Station and Fire water Pump
House.

5.21Passive Fire Protection Measures or Other Safety Measures:

5.21.1 Although adequate fire protection is provided in an installation, Passive fire protection
measures as indicated below should be adopted, wherever required, namely:-

(a)
(b)
(©

(d)
(e)
(f
9)
(h)
(i)
)]
(k)
)

Fire Proofing of structural members;

Spark Arresters and Flame Arresters;

Fire Separation Walls in concealed space, Electrical Substation, transformer yard,
bays or cable galleries;

Fire Seals in underground sewer system or Flare Knock out Drums;

Impounding Basins or Dyke Walls;

Lightning Arresters;

Pressurisation of Enclosure;

Venting Facilities of process equipment;

Electrical Relays and Fuses, earth leakage circuit breakers, neutral current circuit
breaker;

Fire retardant coatings and tapes for cables;

Fire resistant low smoke insulation cable;

Flame proof and flame resistant electrical enclosure;
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(m) Insulation of hot surfaces;

(n)  Addition of safety system;

(o) Fire proofing of critical valves;

(p) Double block and bleed arrangement for positive isolation of equipment for mainte-
nance;

(q) Safety Shower for chemical handling and storage facility;

(n  Magnetic type level gauges instead of glass or block flow valve in case of glass break;

(s) Close sample points for Hydrocarbon and toxic services; and

(t)  Provision of double NRV dissimilar NRV for nitrogen to process connection.

Annexure-1
1.0 Example for Calculation of Fire Water Flow Rate:
1.1 Design Basis:

1.1.1 The fire water system in an installation shall be designed to meet the fire water flow re-
quirement to fight two major fires simultaneously.

1.2 Fire Water Demand:

1.2.1 Various areas which can be under fire shall be considered and fire water demand for each
area shall be calculated based on design basis.
1.2.2 Floating Roof Tanks Protection:

(@ Data:
(i) Total storage capacity in one dyke area = 1,20,000 m3 numbers of tanks = 2.

(ii.) Capacity of each tank = 60,000 m3: Diameter of each tank = 79 m, Height of
each tank = 14.4 m.

(b) Cooling water requirement:
(i) Cooling water rate @ 3 Ipm/ m2 of tank shell area for tank on fire.
(ii.) Cooling water required = (1 x 79 x 14.4 x 3) Ipm = 10,726 Ipm = 644 m3/hr.

(iii.) Assuming that second tank is located within the tank dyke at a distance more
than 30 metres from the tank shell, therefore, in such case cooling water re-

quired at the rate of 1 Ipm/m2 of tank shell area shall be 215 m2/hr. Total cool-
ing water = 859 m3/hr.

(c) Foam water requirement for rim seal area:
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(d)

(e)

(i.)

Water flow required for applying foam on a largest tank burning surface area.
For floating roof tank of 79 m diameter,

Diameter of the tank (D1) = 79 m Distance of foam dam from shell = 0.8 m,
Diameter of roof up to foam dam (D2) = 79- (2 x 0.8) = 77.4 m the rim seal
area = (1 /4) x (792 - 77.42)) m2 = 197 m2,

Foam solution rate @ 12 Ipm/ m2 = 2,364 Ipm (For 3% foam concentrate) =
(0.97 x 2364) lpm = 2293 Ipm. = (2293*60)/1000 m®/hr = 138 m3/hr

Note-1: These are sample calculations only. Calculations on the basis of actual
site conditions and dimensions need to be carried out for each installation as
per guidelines provided in paragraph 5.4.3 of these regulations.

Fire water for supplementary hose stream based on 4 hydrant streams + 1 High-Vol-
ume Long-Range water monitor.

4 x 36 m3/hr + 1 x 228 m3/hr = 372 m3/hr

Total water required:

(i)
(ii.)

Tank cooling 859 m3/hr Foam application 138 m3/hr,
Supplementary stream 372 m3/hr, Total 1369 m3/hr.

1.2.3 Cone Roof Tanks Protection:

(a)

(b)

Data:

(i)
(ii.)

(iii.)

Total storage capacity = 50,000 m3-

Number of tanks = 4 with 12,500 m3 capacity each. Diameter of each tank =
37.5m.

Height of each tank = 12 m.

Cooling water requirement:

(i)

Cooling water rate = 3 Ipm/ mZ of tank shell area for tank-on-fire Cooling wa-
ter required =7 x 37.5 x 12 x 3= 4243 lpm= 255 m3/hr
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(ii.) Cooling water required for other tanks at the rate of 3 Ipm/ m2 of shell area for
tanks falling within (R+30) metre from centre of tank on fire, = 3 x 255 m3/hr=
765 m3/hr,

(iii.) Total cooling water rate = (255 + 765) m3/hr= 1020 m3/hr

(c) Foam water requirement (for 1 tank only) @ 5 Ipm/ m2-

7 X(37.5)2%5

(i) Foam solution rate = = 5525 Ipm

(ii.) For 3% foam concentration = (5525 x 0.97) Ipm= 5359 Ipm= 322 m3/hr

(d)  Fire water for supplementary hose stream = 372 m3/hr

(e) Total water required:

Tank cooling = 1020 m3/hr ,

Foam application = 322 m3/hr,

Supplementary stream (including 2 HVLR) = 372 m3/hr,
Total 1,714 m3/hr.

1.3 LPG Spheres Area Protection:

(@ Data:
(i.)  Number of sphere in one area = 3 Diameter of each sphere =17 m.
(b) Cooling water requirement:

(i) Water rate for cooling = (m x172 x 10.2) Ipm= 9,265 Ipm= 556 m3/hr

(ii.) Considering other 2 spheres located within = (3 x 556) m3/hr;
(iii.) (R+30) M from centre of sphere and fire cooling water rate for 3 spheres = 1668
3
m>/hr,

(c) Hose stream requirement (including 1 HVLR) = 372 m3/hr,
(d)  Total water requirement = 2040 m®/hr.

1.4 LPG Rail Wagon Loading Gantry Protection:

(@ Data:
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(b)

(©)

(i)
(ii.)

Total Number of loading points = Conventional or BTPN.
Width of Tank wagon gantry =12 m.

Cooling water requirement:

Divide total area of gantry into equal segments such that each segment
measuring 15 m X 12 m and consider 3 segments operating at a time.

Water rate required = (3 x 15 x 12 x10.2) Ipm= 5508 Ipm= 330 m3/hr

Water Requirement for supplementary Hose:

Water for 4 single hydrant streams = 4 x 36 = 144 m3/hr., Water for 1 monitor
stream (HVLR) = 1x 228 = 228 m3/hr., Total water requirement = 372 m3/ hr.

Total water flow rate for gantry protection:

Gantry cooling = 330 m3/hr.,

Supplementary hose requirement = 372 m3/ hr.,
Total = 702 m¥/hr.

1.5 Process Unit Protection:

1.5.1 For process unit protection in case of fire, water is to be applied using fixed water monitors
and hose lines.. In case of large size unit block, fire zoning of the unit into different zones
IS required to optimize the fire water demand. These zones shall be separated by providing
30 metre separation distance in between. Three following alternatives are considered for
fire water rate, namely:-

()

(b)

(©)

Alternate-I:

(i)
(ii.)

(iii.)

Total unit area = 120 x 80 m2;
Consider water rate @ 1 Ipm/ m2 on area basis, Water rate = (9600 x 1) Ipm =
576 m3/hr,

Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr, Total
water rate = 948 m3/hr

Alternative — II:

Consider a 10m x 10m portion of process unit area on fire. Provide water cover
over an area of 30m x 30m at the rate of 10.2 Ipm/ m2,

Water rate = (900 x 10.2) Ipm= 9180 Ipm= 551 m3/hr

Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr Total
water rate = 923 m%/hr.

Alternate — Il1;
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Water required for portion of unit area provided with fixed spray system
(Extreme Hazardous Area),

Area assumed = 1000 m2 Water rate = 10.2 lpm/ m2,
Cooling water required = 10200 Ipm= 612 m3/hr

Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr Total
cooling water required = 984 m3/hr

1.5.2 Considering the maximum water under Alternative I, 1l and Il Design flow rate = 984
m3/hr

1.6 Fire water calculation for full surface fire on largest floating roof tank (roof sinking case)
:Treated as a single contingency:

1.6.1 Data:
Total storage capacity in one dyke area = 120,000 m3 Number of tanks = 2,

Capacity of each tank = 60,000 m3 Diameter of each tank = 79 m Height of each tank
=144 m.

1.6.2 Cooling water requirement:
Cooling water rate @ 3 Ipm/ m2 of tank shell area for tank-on-fire
Cooling water required = x 79 x 14.4 x 3= 10726 lpm= 644 m3/hr

Assuming that second tank is located within the tank dyke at a distance more than
30M from the tank shell,

Then, cooling water requirement @ 1 Ipm/ m2 of tank shell area shall be 215 m3/hr,
Total cooling water = (644 + 215) m3/hr= 859 m3/hr

1.6.3 Water requirement in foam application:

Foam Application Rate: 8.1 Ipm,
Foam Solution Requirement = ((x x 79 x 79) / 4 x 8.1) Ipm= 39720 lpm= 2383

m3/hr,

Water required for the foam solution = 97% x 2383 m3/hr
=2312mdhr...... refer Note-2.

1.6.4 Fire water for supplementary hose stream based on 4 hydrant streams + 1 High-Volume
Long-Range water monitor.

4 x 36 m3/hr + 1 x 228 m3/hr = 372 m3/hr.

1.6.5 Total water required:

Tank cooling 859 m3/hr,
Foam application 2312 m3/hr (Plus requirement for foam losses as per Note-2)
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Supplementary stream 372 m3/hr,

Total 3543 m®/hr,

Say, Total water requirement = 3550 m®hr (Plus requirement for foam losses as per
Note-2).

1.7 Total Design Fire Water Rate:

1.7.1

1.7.2

1.7.3

1.7.4

For two major fire fought simultaneously Fire water rates for 5 cases are given below;
namely:-

(a)  Floating roof tank protection = 1369 m3/hr,

(b)  Cone roof tank protection = 1714 m3/hr,

(©) LPG sphere protection = 2040 m3/hr,

(d) LPG rail wagon loading gantry = 702 m3/hr Protection, and
(e)  Process unit protection = 984 m3/hr.

Note-2: Potential foam losses from wind and other sources to be added to this value as per
design requirements. These losses are not considered in this typical calculation sheet.

For fighting the above two major fires simultaneously, the design firewater rate is the sum
of the two highest water rates i.e.-

(a) Design fire water rate = 2040 m3/hr + 1714 m3/hr

= 3754 m3/hr,
Say = 3750 m®/hr.

For full surface fire of largest floating roof tank (Roof sinking case):

(@) Total firewater flow rate required as per typical calculations shown at 1.6.5(Annex-
ure 1) is 3550 m3/hr. (Plus requirement for foam losses as per Note-2),

The design Firewater rate shall be highest of above 1.7.2 or 1.7.3.

Note: Full surface fire of a floating roof tank roof sinking case being a remote possibility,
it is considered as a single largest contingency for the purpose of arriving at design fire
water requirement.

Note-2: Potential foam losses from wind and other sources to be added to this value as per
design requirements. These losses are not considered in this typical calculation sheet.

Annexure - 2

1.0 Example for Calculation of Foam Compound Requirement:

1.1 Cone Roof Tank Protection:

111

Data:

(@) Total Storage capacity in one dyke area = 50000 m3 Number of tanks = 4,
(b) Diameter of each tank = 37.5 m,
(c) Height of each tank =12 m.
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1.1.2

113

1.14

1.15

The quantity of foam compound shall be calculated as follows; namely:-

(@) Consider foam solution application @ 5 Ipm/ m2 for the liquid surface of the single
largest cone roof tank in the dyke area.
Solution Rate = (tx (37.5)2 X 5)/4 = 5525 Ipm

(b) Foam compound required (3%) = (5525 x 3/ 100) Ipm
=166 Ipm,

(c) Foam compound quantity for 65 minutes = 166 x 65
= 10,790 litre.

Consider one portable foam monitor of 4500 Ipm foam solution capacity: 3% Foam com-
pound required = 135 Ipm,
Foam compound required for 65 minutes = 8,775 litre.

Consider 2 hose streams of foam with a capacity of 1140 Ipm of foam solution capacity 3%
Foam compound required = 68.4 Ipm,
Foam compound required for 65 minutes = 4,446 litre.

Total foam compound required for cone roof tank area Protection:

(@ Foam compound required for Cone Roof Tank = 10,790 litre Foam Compound re-
quired for 1 Foam Monitor = 8,775 litre Foam Compound required for 2 hose streams
= 4,446 litre Total = 24,011 litre,

(b) Say = 24,000 litres.

1.2 Floating Roof Tank Protection:

1.2.1

1.2.2

1.2.3

Data:
(a) Total Storage Capacity in one dyke = 1,20,000 m3 Number of Tanks = 2,

(b) Capacity of Each Tank = 60,000 m3 Diameter of each tank = 79 m Height of each
tank = 14.4 m.

Consider foam solution application rate of 12 Ipm/ m2 of seal area of the single largest

floating roof tank in the dyke area:

(@)  For floating roof tank of 79 m diameter, Diameter of the tank (D1) = 79 m Distance
of foam dam from shell = 0.8 m,

(b) Diameter of roof up to foam dam (D2) = (79- (2X0.8)) m = 77.4 m Rim seal area =

((rt /4) x (792-77.42)) m2= 197 m2,
(c) Foam solution rate @ 12 Ipm/ m2 = 2364 Ipm 3% Foam Compound required = 70.9
Ipm,
Foam Compound required for 65 minutes = 4,609 litre.

Foam Compound required for 1 foam monitor and 2 hose streams as calculated for cone
roof protection:

(@ Foam monitor 8,775 litres,

(b) Hose streams 4,446 litre.
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1.2.4 Total foam compound required for floating roof tank area Protection: Foam Compound re-
quired for Floating Roof Tank 4,609 litres,
(@ Foam compound required for 1 foam monitor 8,775 litres,
(b) Foam compound required for 2 hose streams 4,446 litre,
Total required 17,830 litres,
Say, 18,000 litre.

1.3 On the lines of the above example foam compound requirement should be calculated for var-
ious dyke areas.

1.4 Requirements to fight major fires in two dyke areas (with maximum foam compound rates
requirements) should be added, to arrive at the total requirement of the installation.

1.5 For example, for 2 cone roof tank dyke areas with largest tank diameter of 37.5 metres in each
area, foam compound required works out as 2 x 24000 litres i.e., 48,000 litres . Similarly, for
2 floating roof tank dyke areas with largest tank diameter of 79 M. in each area, foam compound
required works out as 2 X 18000 litres i.e., 36,000 litres .

1.6 Foam Requirement for Full surface fire of the largest floating roof tank (roof sinking Case):
considered as a single largest contingency and detailed at Annexure-3.

Annexure-3
1.0 Example of Fire Case in a large Floating Roof Tank after sinking of floating roof:

1.1 Example for calculation of Foam Requirement for Floating Roof tank with Portable
Monitors:

1.1.1 Data:

Diameter of Tank =79 m,
Type of Roof = Floating Roof,
Foam Application Rate = 8.1 Ipm.

Tt % (79)2% x8.1

Foam Solution Requirement = = 39,720 Ipm= 2,383 m3/hr Say, =

2,400 m3/hr,

Foam Compound Requirement = 39720 x 3 /100= 1192 Ipm,

Foam Compound Requirement = (1192 x 65) litre for 65 minutes with 3%
concentration

= 77,480 litres.

Annexure-4

1.0 System of Automatic Actuated Rim Seal Fire Detection and Extinguishing System for
External Floating Roof Tanks Storing Class-A Petroleum:

1.1 The automatic actuated flooding system is designed to automatically detect and extinguish the
floating roof tank rim seal fire at its incipient stage. The system is mounted on the roof of the
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tank. The minimum requirement for the design of the system is given below; namely:-

1.1.1 Foam Flooding system:

Film Forming Fluroprotein Foam (FFFP) or Aqueous Film Forming Foam (AFFF) type
concentrate is used in the system.

1.1.2 Foam Application system:

(a)

A large storage tank requires one or more than one modular units for foam application
in the entire rim seal. Each such unit consists of a foam distribution pipe, laid along
the tank perimeter over the rim seal area. The spray nozzles for foam application are
mounted on the distribution pipe at suitable intervals. Distribution pipe is permanently
connected to a storage vessel containing pre-mix foam and both are placed on the
roof. The foam is kept pressurised with nitrogen. The premix foam solution is con-
tained in a vessel which is kept charged with nitrogen. The system is designed for

minimum foam application rate of @ 18 Ipm/ m2 of rim seal area. For effective con-
trol, foam is to be discharged in approximately 40 seconds.

1.1.3 Alarm and Auto-actuation system:

()

(b)

(©)
(d)

In case of fire on the rim seal, it is automatically detected by a device capable to sense
the same. The device then actuates the spray system for application of foam in the
complete area of rim seal to quickly extinguish the fire in its incipient stage. An audio-
visual alarm is also coupled with the detection and extinguishing system for necessary
fire alert.

The system includes a fire detector network which senses fire and actuates the auto-
matic release of the extinguishing medium on the rim seal area. Each tank shall have
independent detection and extinguishing system.

The design considerations should include the impact of the weight of the modules
placed on the floating roof.

The detection system needs to be highly reliable and shall work at varied site ambient
temperatures for protection of rim seal fire. The detection systems shall be listed or
approved by any of the national or international agencies such as BIS, UL, FM, VdS,
LPC to ensure that those systems are used which meet the highest standards of safety.

1.1.4 Calculations for modular Foam application system for 79 metres diameter tank:

Rim seal area of Tank: = X 79 X 0.3 = 74.5 m2 (Considering a flexible seal area of
typically 300 mm),

Rate of Foam application @ 18 lpm/ m2 = 1341 Ipm,

Total Foam solution required in 40 second. = 894 litre,

Total nos. of Modular unit required for the tank = 7 *,

* (considering a vessel of 150 litre capacity containing 135 litre of Foam).
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6.0

6.1

6.2

6.3

Schedule-6
[See regulation 6]

Safety Management System (SMS):

Process safety management is widely credited for reduction in major accident risk and im-
proved process industry performance. Process Safety management is a disciplined frame-
work for managing the integrity of operating systems and processes handling hazardous
substances by applying good design principles, engineering, and operating practices. It
deals with the prevention and control of incidents that have the potential to release hazard-
ous materials or energy. Such incidents can cause toxic effects, fire, or explosion and could
ultimately result in serious injuries, property damage, lost production, and environmental
impact.

An effective process safety management program requires a systematic approach to eval-
uating the whole chemical process. Using this approach, the process design, process tech-
nology, process changes, operational and maintenance activities and procedures, non-rou-
tine activities and procedures, emergency preparedness plans and procedures, training pro-
grams, and other elements that affect the process are all considered in the evaluation.

Entities should establish safety management system, which shall be an integral part of the
overall management framework of an entity, which comprises following five major ele-
ments and Safety Management System (SMS) should be based on PDCA (Plan, Do, Check
and Act) cycle. PDCA typically involves addressing following aspects to deliver an effec-
tive Safety performance; namely:-

6.3.1 Leadership and Management commitment : includes top management, company oper-

ating model, accountability, defining policy, objectives, requirements, and strategies;
setting standards;

6.3.2 Planning and execution: includes Line and Safety Organisation responsible for prepar-

ing and implementing operational standards and procedures for managing risks;

6.3.3 Operational controls: includes basic expectations of the management to manage the risk

of the business or entity;

6.3.4 Measuring and evaluating: includes defining KPIs, active monitoring, recording and

handling of non-conformities;

6.3.5 Continuous improvement: includes management review, visibility of commitment and

6.4

its reflection of the importance of accountability for safety.

Elements of Safety Management system (SMS):

6.4.1 Safety management system should include at least the following basic elements, which

should help entities to meet the requirements of Process safety; namely:-

(@) Leadership and Management commitment:

268



(i)  Leadership and Management Commitment should be clearly visible in the
SMS. Management should develop and endorse a written description of the
company’s safety and environmental policies and organizational structure
that define responsibilities, authorities, and lines of communication required
to implement the management program. Management should review the
safety and environmental management program to determine, if it continues
to be suitable, adequate and effective at predetermined frequency. The man-
agement review should address the possible need for changes to policy, ob-
jectives, and other elements of the program in light of program audit results,
changing circumstances and the commitment to continual improvement.
Observations, conclusions and recommendations of management review
should be documented.

(b)  Planning and Execution:
(i)  Management shall ensure that:

() Processes and procedures are defined to support execution of each SMS
element;

(1) Process is defined to address regulatory and statutory requirements for
refinery safety and the impact on the SMS;

(1) Plans, processes, and procedures are integrated to ensure that data, re-
sults, and findings are shared across relevant elements, processes,
teams, employees and contractors; and

(IV) Budgets and resource planning, including for personnel and supporting
technology requirements, are developed to design, implement and im-
prove the SMS.

(ii.) Management shall lead and demonstrate its commitment to the its SMS by;

(I) promoting a positive safety culture and assessing how this culture is
changing over time;

(1) ensuring that the operational elements set forth in this regulation are in
place, with clear accountability for implementation and with a clear
connection between objectives and day- to-day activities;

(1) fostering risk management processes that help identify, assess, priori-
tise and manage risks, ensuring compliance and support risk reduction
measures;

(IV) leading a resource allocation process;

(V) establishing high-level performance measures;

(VI) communicating commitment to the SMS with internal and external
stakeholders; and

(VI1) promoting engagement and leadership at all levels of the organization

(iii.) Entity shall establish, implement, evaluate, and improve processes, proce-
dures, systems, and training to meet policies and objectives. They should be
responsible for developing the annual plan with line organization, which is
aligned to the policy and goals of the organization. Entity shall issue an an-
nual HSE program addressing the entire site, including contracted staff, on
relevant Health, Safety and Environment subjects including. -
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(©)

() Previous year HSE performance;
(I1) HSE targets for the coming year;
(1) Significant incidents and learnings;

(IV) Specific initiatives within process safety, workplace safety, occupa-
tional health and environment;

(V) Emergency response;
(VI) Contractor involvement; and
(VI1) Audits and management review.

(iv.) Entity leadership should identify, seek, and allocate resources sufficient for
safe, environmentally sound, reliable, and efficient operations and share
learnings and establish performance measures that address each element of
the SMS.

Operational Controls: Each entity shall be responsible to identify, understand, and
control the hazards inherent in its process to prevent serious process-related inci-
dents, which might affect plant personnel, off-site communities, the environment,
or result in significant property loss or loss of business. The operational elements
or operational controls should be an effective tool for increasing not only the
safety of an operation, but its efficiency, cost-effectiveness, and quality, it is an
instrument for developing, implementing, and maintaining not only a safe, but ef-
ficient process as well. It involves the application of systems and controls to chem-
ical and manufacturing processes. Following operational controls should form the
part of SMS and they are the basic expectation to manage therisk of the relevant
business or entity and such expectations provide the framework for SMS and
based onlevels of Risk and complexity of the operation the depth of the imple-
mentation of these elements should be established by the entity, namely:-

(i.)  Process Safety Information (PSI)- Comprehensive safety and environmental
information for the facility, which include documentation on process, me-
chanical and facility design, should be developed and maintained through-
out the life of the facility.

Entity shall complete a compilation of written process safety information before
conducting any process hazard analysis required by this document. Updated PSI
should be made available before making changes to the facility and also as a
critical input to take critical operating and maintenance decisions. The
compilation of written process safety information should help the entity and the
employees involved in operating the process to identify and understand the
hazards posed by processes involving highly hazardous chemicals. Process safety
information shall include information on the hazards of the highly hazardous
chemicals including systems with stored energy, used or produced by the process,
information on the technology of the process, information on the equipment in the
process and information on quantities handled at plant or facilities, and-

(1) Information on the hazards of the highly hazardous chemicals in the process shall

consist of at least the following, namely:-
(@ Toxicity,
(b) Permissible exposure limits,
(c) Physical data,
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(d) Reactivity data,
(e) Corrosivity data,

(f)

Thermal and chemical stability data, and hazardous effects of inad-

vertent mixing of different materials, and

(9) Minimum inventories handled.

(1) Information on the technology of the process shall include at least the follow-

ing; namely:-
(@ A block flow diagram or simplified process flow diagram,
(b)  Process chemistry,
(c)  Maximum intended inventory,
(d) Safe upper and lower limits for such items as temperatures, pres-
sures, flows or compositions, and
(e)  Anevaluation of the consequences of deviations, including those af-

fecting the safety and health of employees.

(1) Where the original technical information no longer exists, such information
may be developed in conjunction with the process hazard analysis in sufficient
detail to support the analysis. Information on the equipment in the process shall
include the following; namely:-

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)

Materials of construction,

Piping and instrument diagrams (P&IDs),
Electrical classification,

Relief system design and design basis,
Ventilation system design,

Design codes and standards employed,

Material and energy balances for processes, and

Safety systems (such as interlocks, detection, or suppression
systems), and For existing equipment designed and constructed in
accordance with codes, standards, or practices that are no longer in
general use, the entity should determine and document that the
equipment is designed, maintained, inspected, tested, and operated
in a safe manner.
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(ii.)  Process Hazard Analysis-

()  The purpose of Process Hazard Analysis (PHA) is to minimise the
likelihood of the occurrence and the consequences of a hazardous
or toxic substance substance, release by identifying, evaluating and
controlling the events that could lead to the release. Process hazards
analysis should be performed for any facility to identify, evaluate,
and reduce the likelihood or minimize the consequences of uncon-
trolled releases and other safety or environmental incidents. System-
atic evaluation of process hazards through PHA involves steps such
as Hazard Identification, Hazard evaluation, Consequence analysis,
Facility Siting, Inherently Safer Process and Human factors. These
studies should encompass process hazards in various phases of the
unit operations — steady state, start-up and shutdown phases. Rec-
ommendations resulting from the PHA should be completed before
start-up for a new process or facility, or modification in existing fa-
cility;

(1) The process hazard analysis should be updated and revalidated by a
team, having requisite back ground, at least every 5 years after the
completion of initial process hazard analysis. PHA revalidation is
recommended earlier, in case of major incident occurrence or any
major modifications in the unit that may deem the earlier PHA inva-
lid;

(1) Entity should maintain record of performance of process hazard
analyses and updates or revalidation for each process covered by
PSM, as well as the documented resolution of recommendations, for
the life of the process.

(iii.) Operating Procedures-

(D Written down operating procedures shall be available describing
tasks to be performed, data to be recorded, operating conditions
to be maintained, samples to be collected and safety and health pre-
cautions to be taken for safe operation. Operator error is the most
common type of mishap at industrial facilities, as well as many
other technical industries. Operators who use the SOPs should
know exactly what is expected of them to properly conduct their
job duties. Operating procedures should be based on process safety
information so that all known hazards are taken care of. The human
factors associated with format, content, and intended use should be
considered to minimize the likelihood of procedural error
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(11.) Standard Operating Procedures should be formatted similarly so
that each SOP maintains consistency throughout the facility. Each
SOP should be designed with input from experienced Operators that
have performed the associated task or operation successfully in the
past. It is important to ensure that the SOPs that are used are
accurate and easy to follow. Frequently used SOPs should be given
formal reviews periodically to ensure that any changes to how the
plant is being operated, is properly reflected and incorporated into
the SOP.

(I11.) SOP shall be prepared by the experienced personnel in line with
the design, standards and vendors specifications. SOP shall be
checked and approved by the higher management before being
followed. SOP shall be updated regularly incorporating the
previous experiences and recommendations.

(IV) The SOP’s shall address at least the following aspects; namely:-

(i) Steps for each operating phase:

(@ Initial start-up;

(b) Normal operations;

(c) Temporary operations;

(d) Emergency shutdown, including the conditions under
which emergency shutdown is required, and the assign-
ment of shut down responsibility to qualified operators to
ensure that emergency shutdown is executed in a safe
and timely manner;

(e) Emergency operations;

(f)  Normal shutdown;

(g) Start-up following a turnaround, or after an emergency
shutdown; and

(h) Commissioning and decommissioning procedures.

(1) Safe Operating limits: Consequences of deviation, and
Steps required to correct or avoid deviation.
(j))  Safety and health considerations:
(I) Properties, and hazards of the chemicals used in the
process;

(1) Precautions necessary to prevent exposure, including
engineering controls, administrative controls, and per-
sonal protective equipment;

(111) Control measures to be taken if physical contact or air-
borne exposure occurs;

(IV) Quality control for raw materials and control of hazard-
ous chemical inventory levels;

(V) Any special or unique hazards; and

(V1) Safety systems (that is to say interlocks, detection or
suppression systems) and their functions.
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(iv.) Safe Work Practices (SWP):

(v.)

The entity shall maintain procedures that address safe work practices to
ensure the safe conduct of operating and maintenance tasks and the control
of materials that impact safety. These safe work practices may apply to
multiple locations and will normally be in written form (such as safety
manual, safety standards and work rules) but site-specific work practices
shall be prepared and followed. Safe work practice is often supplemented
with permits (such as a checklist that includes an authorization step). Safe
work procedures such as control hot work, stored energy (lockout or tagout),
opening process vessels or lines, confined space entry, work at Height,
excavation, Line Break, Road closure and Fire system impairment. In cases
where an employee believes that following a procedure will cause an unsafe
condition, one shall have authority to stop work and get permission to
deviate. Deviations should be documented for future analysis. Safe work
practices should be supporting entities Control of Work Process, as
stipulated in Schedule 11 of this regulation.

Training:

The training program shall establish and implement programs so that all
personnel including contractors are trained to work safely and are aware of
environmental considerations, in accordance with their duties and
responsibilities. Training shall address the operating procedures, the safe
work practices, and the emergency response and control measures. Any
change in facilities that requires new or modification of existing operating
procedures may require training for the safe implementation of those
procedures. Training should be provided by instructors nominated by the
entity and the documented and a robust validation process shall be
established.

(vi.) Management of Change (MOC) :

() There should be procedures to identify and control hazards associated
with change and to maintain the accuracy of safety information. For
each MOC, the operator shall identify the potential risks associated
with the change and any required approvals prior to the introduction of
such changes. The types of changes that a MOC procedure addresses

shall include:
(@) technical,
(b.) physical,
(c) procedural, and
(d.) organizational.
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(11.) The procedure contained herein shall consider permanent or temporary
changes. These procedures should cover the following; namely:-

(@) The process and mechanical design basis for the
proposed change;
(b.) Risk analysis based on safety, health, and environmental

considerations involved in the proposed change,
including, as appropriate, a hazards analysis;

(c) The necessary revisions of the operating procedures,
safe work practices, and training program;

(d.) Communication of the proposed change and the
consequences of that change to appropriate personnel;

(e) the necessary revisions of the safety and environmental

information;

(f) The duration of the change, if temporary; and

(9.) Required authorizations to effect the change.

(vii.) Contractor Safety:

(I) When selecting contractors, operators should obtain and evaluate
information regarding contractor’s HSE policies and practices,
contractor’s performance and contractor’s procedures or criteria for
selecting subcontractors.

(I1) The operator shall communicate their safety and environmental
management system expectations to contractors and identify any
specific safety or environmental management requirements they
have for contractors.

(1) Interfacing of SMS of various entities (operator, contractor or service
provider, subcontractor and third- party) should be ensured through
a well written bridging document.

(IV)Clear roles and responsibilities of the operator, contractor or service
provider, subcontractor and third- party shall be documented by the
operator.

(viii.) Assurance of quality and mechanical integrity of equipment:

(1) Procedures should be in place and implemented so that critical
equipment for any facility are identified early on, designed,
fabricated, installed, tested, inspected, monitored, and maintained in
a manner consistent with appropriate service requirements,
Mmanufacturer’s recommendations, or industry standards.

(11.) Entity shall maintain inspection and testing procedures for safety-
related equipment. Human factors should be considered, particularly
regarding equipment accessibility for operation, maintenance and
testing. Please refer Schedule 3 for details.

(ix.) Pre-startup Safety Review (PSSR):
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(x.)

(xi.)

(xii.)

)

(I

(1

(IV)

Permi

Before a new or modified unit is started, a systematic check should be
made to ensure that the construction and equipment are in accordance
with specifications; operating procedures have been reviewed; haz-
ards analysis recommendations have been considered, addressed and
implemented; and personnel have been trained. It should be ensured
that programs to address management of change are in place.

Entity should develop the checklists based on the size of the project
and risk involved. The check list shall include review of Implementa-
tion of PHA recommendations, up-to-date documentation including
P&IDs, SOPs, Start-up procedures, Regulatory compliances, training
of operating personal responsible for executing the change or project,
risk reviews of modifications done during the MOC, Emergency re-
sponse plans, Communication of new hazards to stakeholders, and
like other stakes to be taken.

A PSSR shall be undertaken by the entity prior to the commencement
of commissioning activities aimed at checking the system before in-
troducing hydrocarbons. Utilization of the Pre- Commissioning check
sheets shall assist in completing a full range of required checks.
Punch-Listing progress should be recorded on P&IDs.

PSSR recommendations should be prioritized for execution commen-
surate with the level of risk associated of the not completing it before
commissioning. Each entity shall define the process for managing the
recommendations before and after commissioning of unit.

t to Work (PTW) System:

PTW system is a formal written system used to control certain types of work
which are identified as potentially hazardous. Essential features of permit-

to-wo

(1

(1
(1)
(V)

V)

(V1)

rk systems are as under, namely:-
clear identification of who may authorize particular jobs (and any
limits to their authority) and who is responsible for specifying the
necessary precautions;
training and instruction in the issue, use and closure of permits;
monitoring and auditing to ensure that the system works as in-
tended;
clear identification of the types of work considered hazardous;
clear and standardized identification of tasks, risk assessments,
permitted task duration and supplemental or simultaneous activity
and control measures.
The PTW system should conform to OISD-STD-105.

The Entity shall implement system for real time monitoring of head count

of all
or ex

personnel including contract workmen inside the facility . The entry
it of all personnel shall be regulated through access control card or

any electronic means.
Emergency Planning and Response- A Comprehensive Emergency Re-

spons

e and Disaster Management Plan (ERDMP) shall be developed in

accordance to the Petroleum and Natural Gas Regulatory Board (Codes of

Practi
(ERD

ces for Emergency Response and Disaster Management Plan
MP)) Regulations, 2010.
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(d)

(€)

(xiii.) Incident Investigation and Analysis- Procedures for reporting and investi-

gation of incidents as per the Petroleum and Natural Gas Regulatory Board
(Codes of Practices for Emergency Response and Disaster Management
Plan (ERDMP)) Regulations, 2010 shall be developed. Incident investiga-
tions should be initiated as promptly as possible, considering the necessity
of securing the incident scene and protecting people and the environment.
The terms of reference for the enquiry committee shall include the follow-
ing, namely:

() Identify the lapses, shortcomings;

(1)  Establish the root cause of failure;

(1) Suggest improvements or remedial measures to prevent the
recurrence of such incidents.

(xiv.) Compliance Audit: The entity shall perform audits to examine its con-

formity with these regulations (as per Regulation 7 of these regulations)
and the implementation of its SMS. The audits shall verify that the entity's
SMS is implemented, maintained, and conforms to the requirements of
these regulations the . It is critical that the entity routinely assess that the
SMS elements and processes are in place and effective. Refer Schedule 8
for more details.

Measuring and evaluating:

(i)

(ii.)

(iii.)

(iv.)

(v.)

The entity shall establish and maintain a procedure to identify key perfor-
mance indicators (KPIs) to measure the effectiveness of risk management
and to improve safety performance. KPIs shall also be developed to track
the effectiveness and adequacy of the SMS.

The entity shall maintain and monitor, at a minimum, fatalities, injuries,
and property damage resulting from planned as well as unplanned releases;
these are referred to as lagging KPlIs.

The entity shall establish leading KPIs, which are those, measures demon-
strating risk reduction. The entity shall establish process KPIs, that is to
say those measures that demonstrate completion or improvement of ele-
ments and their supporting processes and procedures.

Entity should develop, implement, maintain, and periodically update an
integrated set of leading and lagging performance indicators at individual
facilities for effectively monitoring its process safety performance on con-
tinuous basis. For further detailed information, organization can refer API
Recommended Practice, API-RP- 754 (Process Safety Performance Indi-
cators for the Refining and Petrochemical Industries).

The entity should establish methods to evaluate the safety culture of its or-
ganization. Entity should assess the health of their safety culture using
methods that assess employee perception of the safety culture. Methods to
assess the perception of the culture include but are not limited to question-
naires, interviews, and focus groups.

Continuous improvement:
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(i.) Management shall ensure risk management effectiveness and
improvement in safety performance are continually enhanced by
using a SMS.

(ii.) Management shall continually improve the effectiveness of the
SMS by using the safety policies and objectives, audit and
assessment results, data analysis, and management review to
identify corrective and preventive actions.

(ili.)  Top management shall, at least annually, review and approve the
output of management reviews. Management reviews shall be
documented

Schedule-7
[see regulation 6]

7.0 Competence Assessment and Assurance (CA and A):

7.1 Every entity shall develop, implement, and maintain a written system of assessing and
confirming Operator and Technician competence, ensuring that they can carry out their
assigned duties, correctly and safely. CA&A is mandatory for all personnel who hold
Safety Critical positions and these positions include but are not limited to the following as
specified in paragraphs 7.1.1 to 7.1.8, namely:-

7.11
7.1.2
7.1.3
714
7.15
7.1.6
7.1.7
7.1.8

Panel Operator (officer).
Shift Engineer.

Shift Superintendent.
Field Operator.
Mechanical Technician.
Electrical Technician.
Instrument Technician.
SCADA and Metering.

7.2 Operator and Technician should have competency in the following as specified in para-
graphs 7.2.1 to 7.2.5, namely:-

721
7.2.2
7.2.3
724

7.2.5

The basic operations and maintenance procedures carried out in Refineries
and Gas Processing Plant;

The characteristics and potential hazards of materials and chemicals involved
including emergency arising out of toxic releases.

Carrying out their assigned roles and responsibilities.

Fire prevention, including familiarization with the fire control plan fire-
fighting; the potential causes of fire; the types, sizes, and likely consequences
of a fire; and

Carrying out the emergency procedures that relate to their duties at the Re-
fineries and Gas Processing Plant and providing first aid.

7.3 Each entity shall develop, implement, and maintain a written plan to keep personnel of its
Refineries and Gas Processing Plant up-to-date on the function of the systems, safety and
security at the Refineries and Gas Processing Plant.
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7.4 The Refresher programs shall be conducted once in three years.

7.5 Every operating company shall maintain a record for each employee of its Refineries and
Gas Processing Plant that sets out the training given to the employee.

7.6 Each operating company shall ensure that Refineries and Gas Processing Plant personnel
receive applicable training and have experience related to their assigned duties and any per-
son who has not completed the training or received experience shall be under the control
of trained personnel.

7.7 For the design and fabrication of components, each operator shall use personnel who have
demonstrated competence by training or experience in the design of comparable compo-
nents and for fabrication who have demonstrated competence by training or experience in
the fabrication of comparable components.

7.8 Supervisors and other personnel utilized for construction, installation, inspection, or testing
shall have demonstrated their capability to perform satisfactorily the assigned function by
appropriate training in the methods and equipment to be used or related experience and
accomplishments and further their capability should be assessed periodically.

7.9 For operation or maintenance of equipments, each entity shall utilize only those personnel
who have demonstrated their capability to perform their assigned functions by successful
completion of the training as specified and possess experience related to the assigned op-
eration or maintenance function.

7.10Corrosion control procedures including those for the design, installation, operation, and
maintenance of cathodic protection systems, shall be carried out by, or under the direction
of, a person qualified by experience and training in corrosion control technology.

7.11Personnel having security duties shall be qualified to perform their assigned duties by suc-
cessful completion of the relevant training.

7.12Each entity shall follow a written plan to verify that personnel assigned operating, mainte-
nance, security, or fire protection duties at the Refineries and Gas Processing Plant do not
have any physical condition that would impair performance of their assigned duties.

7.13Each entity shall provide and implement a written plan of initial training to instruct all
permanent maintenance, operating, and supervisory personnel about the following as spec-
ified in paragraphs 7.13.1 to 7.13.3, namely:-

7.13.1 the characteristics and hazards of Refineries and Gas Processing Plant and other
flammable materials, fluids or chemicals used or handled at the facility;
7.13.2 the potential hazards involved in operating and maintenance activities; and
7.13.3 the operating and maintenance procedures that relate to their assigned functions.
7.14All personnel of Refineries and Gas Processing Plant shall be trained to carry out the
emergency procedures that relate to their assigned functions.

7.15All operating personnel and appropriate supervisory personnel of Refineries and Gas Pro-
cessing Plant shall be trained to understand detailed instructions on the facility opera-
tions, including controls, functions, and operating procedures.

7.16Personnel responsible for security at Refineries and Gas Processing Plant shall positively
be trained in accordance with a written plan of initial instructions as specified in the fol-
lowing paragraphs 7.16.1 to 7.16.5, namely:-

7.16.1 Security risk assessment;

7.16.2 Recognize breaches of security;

7.16.3 Carry out the security procedures that relate to their assigned duties;

7.16.4 To be familiar with basic plant operations and emergency procedures, as necessary
to effectively perform their assigned duties; and

7.16.5 Recognize conditions where security assistance is needed.

7.17Each entity shall maintain training and competency assessment and assurance records to
provide the following as specified in paragraphs 7.17.1 to 7.17.2, namely:-

7.17.1 Evidence that the required training programs have been implemented; and
7.17.2 provide evidence that personnel have undergone and satisfactorily completed the
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required training programs; and the training for records to be maintained.

Schedule-8
[see regulation 6]

8.0 Safety Audits:

8.1 Objectives of Safety Audits:
8.1.1 While the basic aim of safety audits is to identify the areas of weaknesses and strengths,
safety audits are undertaken to meet different specific objectives such as.-

(a)
(b)
()
(d)
(€)

()

to identify any operating and design deficiencies that could impact safety of people,
environment and asset;

to ensure that mitigative safeguards and safety systems are well maintained;

to ensure that operation, maintenance and emergency procedures are updated;

to verify the compliance of statutory regulations, standards, codes, and like other
legal requirements;

as a social objective to cater to public opinion and concern for safe environment
and this also improves public relation of the organization; and

to share best practices adopted with peers.

8.2 Scope of Safety Audits:

8.2.1 The scope includes all the components of the system viz. management policy, leadership
and organization training, and competency, design (such as Process, Mechanical, Elec-
trical) aspect, layout and construction of the plant, operating procedures, asset integrity
plan, emergency response plans, personal protection standards, incident and investiga-
tion records, Management of Change, COW or PTW, Management of HAZMAT, In-
dustrial Hygiene, Environmental Management, Contractor Safety Management System
and like other abilities.

8.2.2 Types of Safety Audits:
Two types of Safety Audits shall be carried out as below, namely:-

(i.) Internal Safety Audit: once in a year; and

(ii.) External Safety Audit: once in three years through PNGRB empaneled
Third Party Agency.

8.3 Methodology of Internal Safety Audits:

8.3.1 The audit program and procedures should cover the following, namely:-

(a)
(b)
(©)
(d)
(€)

The activities and areas to be considered in audits;

The frequency of audits;

The audit team (Multi-Disciplinary);

How audits will be conducted; and

Audit Reporting: The findings and conclusions of the audit should be provided to
the management. Management should establish a system to determine and the
document, the appropriate response to the findings and to assure satisfactory res-
olution. The audit report should be retained at least until the completion of the
next audit.

8.3.2 The management, responsible for the area being audited or evaluated, shall ensure that
findings are addressed within the defined response times. The results of internal audits
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8.3.3

8.3.4

8.3.5

8.3.6

8.3.7

8.3.8

and the status of corrective actions shall be reported in the management review. Records
of internal audits shall be maintained.

In addition to Internal and External Safety audits, entity shall define the program of
inspection and this program shall be conducted by the respective inspection of the plant
for the plants. The objective of this field inspection program is to identify the deficien-
cies ahead of incidents or non-compliance. Plant line management shall ensure that they
are in control by running day to day risk controls and tools.

Preparation Before Site Visits for Internal Safety Audits:

(a) Before the safety Audit team visits any particular facility for carrying out Safety
Audit, it would be essential to study all relevant documents as below to get com-
plete picture; namely:-

(i) Layouts;

(i) P &IDs;

(iii.) Operating Manuals;

(iv.) Maintenance or Inspection Manuals;

(v.) Fire and Safety Manuals, and like other manuals applicable.

(b) Depending upon the nature of audit more emphasis can be given to study specific
documents. All the audit team members should study these documents in advance
to know the details of the installation.

Briefing:

Before beginning of each audit, all concerned persons of the area or installation be
briefed by the team leader about the purpose of the audit. No impression should be left
that audit will throw bad light on them.

Site Inspections:

Most of the information could be gathered through site inspection using ready-made
check lists. The auditors should enter their observations under the remarks column and
not simply state "yes" or "no". Wherever necessary, observations should be recorded in
separate sheet. Inspection should be carried out accompanied by Installation or Plant
Manager or the assigned officials.

Discussions:

Further information can also be gathered through discussions (formal and informal),
with site personnel and Installation or Plant Manager, who is in-charge of the area or
other site officers. The audit team should interact with persons from various disciplines
such as Production, Maintenance, Electrical, Instrumentation. Formal discussions could
be in the form of brief periodical sessions while informal discussions could be over a cup
of tea with personnel working in the area.

Study of Documents:

In addition to the documents which are already studied before inspection of the
facilities, other documents, such as Operating Instructions, Standing Orders, Log
Books, Log sheets, Accident Records, Minutes of Safety Committee Meetings may also
be studied as required.
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8.3.9 Preparation of Audit Reports:

(@  The work of the Internal Safety Audit item should be presented in the form of a
Safety Audit Report for each group which should contain observations and rec-
ommendations and also in brief the modalities adopted in conducting audit and
the names of the audit team members.

(b) Before finalizing the report, the Safety Audit Team can give a presentation as
feedback to the Operating or Management personnel of the Area or Installation.
Additions or deletions could be made in the draft report based on the discussions
and comments received during the presentation and such approach is always con-
structive and does not undermine the technical competence of the audit team.

8.4 Follow Up of Audit Reports:

8.4.1 Generally, the Internal Safety Audit Reports are submitted to the concerned authority who
appoints the audit team for undertaking needful follow up actions. Only the appointing
authority should exercise judgement in rejecting any of the recommendations. The ap-
pointing authority shall be of senior management level (General Manager and above).

8.4.2 The crux of the safety audits lies in removing the weakness identified during the audit.
Sometimes audit reports identify only the problem or weakness, but not the solution.

8.4.3 In such cases, it would be necessary to undertake a detailed study of the specific area
and to identify the rectification measures. Wherever the necessary in-house expertise is
not available for detailed studies, help of consultants or professional bodies should be
sought for.

8.5 Implementation of Recommendations:

8.5.1 The final and most important phase is the implementation of recommendations. A senior
person should be nominated for coordinating implementation of all accepted recommen-
dation under a time bound program. Senior management should review the progress of
implementation of recommendations periodically through Management Safety Com-
mittee meetings and other review meetings.

Schedule-9
[see regulation 6]

9.0 Road Safety:

9.1 Vehicles are always a probable source of ignition. At the same time unsafe driving is a
potential hazard as the vehicle may collide with others, may hit someone working or may
overturn. All these may lead to events that might turn out to be catastrophic. Hence move-
ment of vehicles inside Refineries and Gas processing plants (hereinafter referred to as
“Installations”) needs to be controlled. However, some vehicles or mobile equipment such
as Maintenance vehicles, Cranes and Hydra are required for carrying out operation, mainte-
nance and project activities, are required to be allowed to ply inside the hazardous area.

9.2 Accordingly as above, the following aspects shall broadly be followed:

9.2.1 Movement of vehicles inside the installations should only be strictly on need basis.
9.2.2 There should be proper demarcation of battery limit with signage or barricades from
where entry of vehicles is restricted or prohibited without proper authorization.
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9.2.3

9.24
9.25
9.2.6
9.2.7
9.2.8

9.29

A suitable procedure for Vehicle Entry inside installations shall be developed. Vehicles
should be allowed to enter the hazardous area after issuance of suitable permit by the
authorized person.

Vehicles with Spark Ignition Engines shall not be allowed to be driven inside the elec-
trically classified hazardous area to avoid ignition source.

PESO approved Spark arrester should be fitted on vehicles entering into non-hazardous
area of refinery ISBL roads.

There will be limitation of driving speed inside the installations.

The company should have its vehicle fitness standard and certification.

All vehicles should be provided with Seat Belts in conformance to the law regulating
the Motor vehicles.

Automatic speed detection devices should be installed at strategic locations inside the
installation.

9.3 Parking of Vehicle:

9.3.1

All vehicles shall be parked in approved parking areas.

9.4 Vehicle Entry Permit System:

94.1

9.4.2

9.4.3

9.4.4

9.45

9.4.6

Each installation shall develop a suitable Vehicle Entry Permit System for allowing en-
try of vehicles inside the restricted areas of installation.

The Installation may classify the areas such as Process, Storage, Utility and accordingly
issue permit for that areas where it is intended to go.

The vehicle shall be checked by authorized personnel before entry in line with approved
checklist.

The physical condition and integrity of the spark arrester should be checked including
trial running to ensure that no spark is coming out.

Driver and Helper:

(@)  All the drivers and helpers required to operate inside the hazardous area shall un-
derstand Safety Rules pertaining to the Refinery or Gas Processing plant.

(b) Refinery or Gas Processing plant should impart such training to these drivers and
helpers and the records may be maintained in this regard.

(c) In case of new drivers and helpers, they shall be imparted the training on Safety
Rules before allowing them to assign the work.

(d) The drivers shall attend refresher courses on safe driving practices at regular in-
tervals.

(e) Each driver should undergo periodic medical examination at regular interval with
special reference to vision, night and colour blindness.

(f)  The requirements of these clauses is limited to Heavy vehicles and other vehicles
transporting flammable material, hazardous or toxic chemicals and like other sub-
stances. For other self-driven vehicles, the requirements as required by State
Transport or licensing authority shall be adhered to.

Signage:

(@ Inorderto improve defensive driving culture, display boards showing precautions
are installed at various locations and these traffic signals are to be strictly followed
while driving inside these installations.

(b)  Speed limits shall be defined and followed inside refineries and gas processing
plants for various locations.

(c)  Mirrors should be installed at blind spots on the road.
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9.5 General Point:

9.5.1 Overtaking of the vehicle should not be allowed.

Schedule-10
[see regulation 6]

10.00ccupational Health and Industrial Hygiene Monitoring:

10.10ccupational Health monitoring shall be applicable to Workers (Which include all regular
employees, tenure or term-based employees and Casual or contingent workers).

10.20ccupational Health Centre (OHC) with occupational health trained physician and adequate
trained staff with necessary facilities shall be set up.

10.30rganisation shall establish an efficient "' Health Information System" for storing and pro-
cessing information on Occupational Hygiene, medical records, exposure hazards of chem-
icals and locations of potential chemicals exposures.

10.40ccupational health considerations shall be taken into account in risk management studies,
formal incident investigation system, unscheduled maintenance work, as contract require-
ments, contractors’ prequalification, in training and selection of PPES.

10.5Scope of activities involved are specified in the following paragraphs 10.5.1 to 10.5.4,
namely:-

10.5.1 Workplace Surveillance : Monitoring of all workplaces for Hazards, Ergonomic
Assessment of the Workplace, Sanitation Evaluation, including potability of drink-
ing Water;

10.5.2 Personnel Surveillance: Periodic Medical Examination, Pre-Employment Medical
Examination and Pre-Placement Medical Examination;

10.5.3 Compliance to Statutory provisions;

10.5.4 Training.

10.60ccupational Health Monitoring:

10.6.1 Occupational Health surveillance shall be implemented to evaluate employees’
health conditions, to evaluate the effectiveness of control measures and for early
recognition of occupational diseases.

10.6.2 Occupational Health Monitoring shall either be carried out by creating facilities
within the installations or through outside agency and the records of all such exami-
nations shall be kept, analyzed and action shall be taken in a bid to obtain early
recognition of any disease.

10.6.3 Occupational health hazard and Industrial health survey of all facilities shall be
conducted to assess the occupational health hazards such as physical that is to say
(noise, heat, radiation, illumination), chemical, toxic exposures, ergonomics, bio-
logical and psychological. It shall require Job Analysis and Job observations by the
survey team.
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10.6.4 The main focus shall be on hazard elimination or reduction. There shall be period-
ical monitoring.

10.6.5 The results from the exposure monitoring and health surveillance shall be collected,
recorded, validated and analysed. Specialist interpretation shall be necessary to ob-
tain reliable conclusions and to make meaningful recommendations.

10.6.6 Periodic Medical Examination shall be conducted.

10.7First-Aid:

10.7.1 First-aid shall be provided by certified trained persons.

10.7.2 First aid personnel shall be readily available during working hours.

10.7.3 De-fibrillators (for attending heart attacks) and First Aid Kits should be placed in
the workplace, at strategic locations.

10.8Work-environment Monitoring and Industrial hygiene:
10.8.1 Industrial Hygiene survey shall be done to map all the occupational health hazards
in a work area and should cover all installations.
10.8.2 The Industrial Hygiene survey shall be done once every 5 years. However, a major
change in the process will warrant a fresh survey.
10.8.3 Occupational health risk assessment shall be done based on the results of the sur-
vey.

10.9Control Strategies:

10.9.1 After identifying the occupational health risks arising out of handling of hazard-
ous substances, the strategy to prevent or minimise the health risk shall be based on
hierarchy of control measures, namely elimination, substitution, Engineering Con-
trols, Segregation, Procedural Controls, use of Personal Protective Equipment
(PPE) and Personal Hygiene.

10.10 Pre-employment or Pre-placement Medical Examination:

10.10.1 The organization shall develop and issue guidelines for determining the medical
fitness of a Candidate considered for Pre-employment or placement in the services
of the Company.

10.10.2 The medical examination shall be conducted for all regular employees using in-
house facilities or through outsourcing. Medical examination of Contract employ-
ees shall also be ensured.

10.11 Periodic Medical Examination:

10.11.1 The periodic examination should be carried out at regular intervals after the initial
pre-placement examination. Relevant medical Examination test should be done for
all workers required to work at height.

10.11.2 The scope and periodicity of the health examination shall depend on the nature and
extent of the risk involved. Biological monitoring (an assessment of exposures
through measurements of some ‘index chemical’ in a body fluid) shall be used to
further evaluate a potential health hazard in the workplace.

10.12 Contract Requirements:
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Contractors shall be required to undertake the health risk assessment of their employees
and shall implement suitable and adequate control measures to eliminate or minimize the

risk.

Contractors shall also undertake training and competency assurance of contract

employees in health risk on jobs and their protection measures.

Schedule-11
[see regulation 6]

11.0Control of Work (CoW):

11.1This is one of the key process that the refining and Gas processing facilities shall develop
and maintain at their respective facilities to ensure safe execution of the tasks. The process
includes following key elements, defining a CoW scope, Planning and Scheduling Risk
assessment, Competency of permit roles, Task risk assessment, Preparation of PTW, Au-
thorization of Hazards and controls, communication, Monitoring of all work requiring a
permit and leaving worksite in safe condition on interruption, Permit Closure, Regular au-
diting of PTW, capturing and sharing lessons learned and authority to stop work.

11.2Elements of Control of Work:

11.2.1 Plan the work:

()
(b)

(©)
(d)

11.2.2

(a)
(b)

(©
(d)

11.2.3

(@)

Procedures should exist describing the Control of Work process.

All identified roles within the Control of Work procedure shall have defined re-
sponsibilities.

All persons involved in the Control of Work process shall be appropriately
trained and competent to carry out their roles.

Planning and scheduling of work should identify individual tasks and their inter-
action.

Assess and manage the risk:

Tasks shall not be conducted without being risk assessed.

Before conducting non-routine activity that involves confined space entry, work
on energy systems, evacuation, hot work in Work at Height, Line Breaking, Fire
system impairment, Temporary isolation of relief devices, and Temporary bypass-
ing of interlocks.

or other potentially hazardous activities, a work permit shall be obtained.

The scope, hazards, controls and mitigations shall be communicated to all in-
volved in the task through Tool box talk.

PTW should finally and formally be handed over at site after joint site visit by Is-
suing and Performing Parties for verification of implementation of controls for
pre-identified hazards and mitigation of the last moment hazards.

Training and Competency:

Employees who are involved in the CoW process shall be trained and competent in
the tasks they are performing and meet the competency requirements for their as-
signed CoW roles.
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(b)
(©)

Frequency of training to all permit issuer and receiver should be provided at-least
every two years

Training should focus on use of the permit-to-work system but shall also ensure
that the individual understands the working environment, the hazards associated
with it, and more importantly, the controls required to appropriately manage the
risks presented by those hazards.

11.3Planning and Scheduling:

11.3.1

(a)
(b)
(©)
(d)
(€)

)
(9)
(h)
(i)
1)

11.3.2

Irrespective of whether the work is routine or non-routine, or whether it requires a
work permit or work clearance, the person responsible for planning the work shall
allow time for the following actions for the safe execution of the work, namely:-
Define the scope of work;

Identification of personnel and equipment required,;

Identification of dependent and linked work;

Identification of simultaneous operations and their compatibility with the work;
Review associated Procedures , Risk Assessments, Isolation Plans , Blinding dia-
grams, LOTO requirements or Work Permit Requirements;

Define any Regulatory requirements;

Inspection of the work site;

Conduct a risk assessment of the task;

Implementation of control measures including isolations; and

Coordinate and priorities work to reduce conflict between tasks.

Subject Matter Experts (SMEs) may be included in the planning stages, as required
by the technical complexity of the tasks.

11.4Risk Assessment of Tasks:

114.1

11.4.2
(@)

As there is potential hazard involved in the activities being performed, tasks shall
not be conducted without being risk assessed.
Risk Assessment Process:

Risk assessment is a systematic process of-

(i.) Identifying hazards;
(ii.) Controlling risk by applying controls in the following hierarchy of controls,
namely:-
() Elimination;
(1) Substitution;
(1) Engineering;
(V) Isolation;
(V) Administrative;
(V1) Personal protective equipment;

(iii.) Evaluating acceptability of residual risk (As Low as Reasonably Practical-
ALARP);

(iv.) Documenting the hazards and controls;
(v.) Recording Approvals; and
(vi.) Communicating to those potentially affected.
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11.4.3

Risk Assessment Process or JSA Requirements:

(a) The risk assessment process requires: -

(1

(I

(1
(V)

V)
(V)

(V1)

(V1)

that the risk assessment should be carried out by a team of persons having the com-
petency and the required knowledge of the hazards involved in the task as well the
job site and process hazards;

that a member of the work crew performing the task should participate in the Risk
Assessment, which should be communicated through tool box talk and should be
signed off by all involved in the task;

that the hazard identification from the task along with job site and process should
be considered;

that the possible interactions during simultaneous operations between different ac-
tivities in the same task or other task should be considered,

that the identified hazards and associated controls will be agreed upon and will be
documented on the risk assessment;

to review the hazards identified during permit development, and to ensure all iden-
tified controls are in place prior to starting work;

that the monitoring shall be done while execution of job to record any changes to the
work site and should revisit the risk assessment in case any new hazards have been
introduced during the job execution; and

that alternatively, Job Safety Analysis (JSA) of the work or task shall be carried
out and communicated to all personnel involved.

11.5Permit to Work System:

1151

11.5.2

(@)

(b)

11.5.3

Control of work (CoW) management: Entity shall define boundaries of applicabil-
ity of the requirements of CoW at various stages of Projects, such as Green fields
projects, Brown field projects, Turnaround, Normal Operations and routine mainte-
nance by competent persons.

Type of Work Permits:

Based on the nature of work to be performed, the following minimum type of
work permits shall be used, namely:-

(i) Cold Work;

(ii.) Hot Work;

(iii.) Confined Space Entry;

(iv.) Electrical isolation and Energization;

(v.) Work at height;

(vi.) Critical lifts (To be defined);

(vii.) Composite permit as applicable;

(viii.) Radiography; and

(ix.) Excavation.

Specific precaution or control measures should be taken with respect to the haz-
ards associated with lifts or rigging, line breaks, work in sub-station and trans-
formers yards, road closure and like other places.

Permit to Work (PTW) System:
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(@)

(b)

(©)

(d)

(€)

PTW system is a formal written system used to control certain types of work
which are identified as potentially hazardous. The PTW system shall conform to
OISD-STD-105. Essential features of permit-to-work systems are as specified be-
low, namely:-

(i.)  clear identification of who may authorize particular jobs (and any limits to
their authority) and who is responsible for specifying the necessary pre-
cautions;

(ii.) training and instruction in the issue, use and closure of permits;

(iii.) monitoring and auditing to ensure that the system works as intended,;

(iv.) clear identification of the types of work considered hazardous; and

(v.) clear and standardized identification of tasks, risk assessments, permitted
task duration and supplemental or simultaneous activity and control
measures.

Cold Work Permit:

Work falling under the category of cold work such as opening process machinery,
blinding and de- blinding, tightening of flanges, hot bolting, inspection, painting
and like other work shall be performed through Cold Work Permit and this Permit
28[record] shall be ?’[available at site.]

Hot work Permit:

All hot work such as welding, grinding, gas cutting, burning, shot blasting,
soldering, chipping, excavation, open fire, use of certain non-explosion proof
equipment. shall be carried out through Hot Work Permit. Entry and operation of
petrol or diesel driven vehicles or equipment in hazardous area also falls in the
category of hot work and shall be performed under the hot work permit.

Confined Space Entry Permit:

This permit is required for the protection of personnel entering a confined space
such as Vessels, boilers, storage tanks, large diameter piping against hazards such
as oxygen deficiency, toxic and flammable materials, falling objects and power
driven equipment. Excavation more than 1.2- metre-deep, entry on floating roof
tanks when the roof is more than 3 metre down from the top, space located below
ground level such as pits, drain channels also fall under the confined space.

Electrical isolation and Energization permit:

Before issuing any work permit, it is essential that the equipment or facility to
be worked on is electrically safe and electrical power is isolated to the extent
necessary for the safe conduct of the authorized work.

11.6Lessons Learned:

11.6.1

As part of the continuous improvement of the processes, the findings of the

26

Subs. by sub-clause (h) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).

27

Subs. by sub-clause (h) of Cl. (B) Reg. 2, of the Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including

Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026. (w.e.f 16.01.2026).
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Lessons Learned shall be incorporated into the following if necessary,
namely:-

(@) Procedures and Documentation; and

(b) Control of Work (CoW) communications.

11.6.2 All persons involved in the CoW process should take a proactive approach to the
lessons learned process.

11.7Communication of the Hazards and controls:
Entity shall establish the process for documenting hazards communication and controls
to the work crew before and during the execution of the task.

11.8Permit authorization:
Entity shall develop and maintain the system for authorization of the work based on the
level of risk or the type of the job involved. Work permit authorization list shall be
prepared and the same shall be approved by the operations head.

11.9Stop work authority:
Entity shall empower everyone at site to stop the unsafe work.

References:
@i.) The Petroleum Rules, 2002;
(ii.) The Static and Mobile Pressure Vessels (Unfired) Rules;
(iii.) Oil Mines Safety Regulations,1984;
(iv.) ‘Petroleum and Natural Gas (Safety in Offshore Operations) Rules, 2000;
(v.) The Factories Act, 1948

(vi.) API RP 754 Process Safety Performance Indicators for the Refining and Petrochemical
Industries

(vii.)  API 620Sizing, Selection, and Installation of Pressure-relieving Devices
(viii.)  API1530 Calculation of Heater-tube Thickness in Petroleum Refineries

(ix.) API 15LR Specification For Low Pressure Fiberglass Line Pipe and Fittings
(x.) API 15HR High-pressure Fiberglass Line Pipe

(xi.) IEC 60072 Rotating electrical machines - Dimensions and output series

(xii.) IEC 60079-14 Explosive atmospheres - Part 14: Electrical installations design, selection
and erection

(xiii.)  IEC 60183 Guidance for the selection of high-voltage A.C. cable systems

(xiv.) 1S 3844 Code of practice for installation and maintenance of internal fire hydrants and
hose reels on premises

(xv.) IS 10810 Methods of test for cables
(xvi.) 1S 1239 Steel Tubes, Tubulars and Other Wrought Steel Fittings
(xvii.) 1S 1448 (Part-1) Methods of Test for Petroleum and its Products

(xviii.) 1S 15105 Design and Installation of Fixed Automatic Sprinkler Fire Extinguishing Sys-
tems - Code of Practice

(xix.) 1S 15519 Water Mist Fire Protection Systems System Design, Installation and Commis-
sioning Code of Practice (First Revision)

(xx.) IS 15683 Portable Fire Extinguishers Performance and Construction Specification
(xxi.) 1S 16018 Wheeled fire extinguishers Performance and construction Specification
(xxii.) 1S 16724 Explosive atmospheres Electrical installations design, selection and erection
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(xxiii.)
(xxiv.)

(xxv.)
(xxvi.)

(xxvii.)
(xxviii.)

(xxix.)
(Xxx.)
(xxxi.)

(xxxii.)
(xxxiii.)

(xxxiv.)
(Xxxv.)
(Xxxvi.)

IS 1893 Criteria for Earthquake Resistant Design of Structures

IS 2189 Selection, installation and maintenance of automatic fire detection and alarm
system code of practice

IS 2190 Selection, installation and maintenance of first-aid fire extinguishers - Code of
practice

IS 3589 Steel pipes for water and sewage (168.3 To 2540 Mm Outside Diame-
ter) - Specification

IS 5 Colours for ready mixed paints and enamels

IS 5572 Classification of hazardous areas (Other Than Mines) having flammable gases
and vapours for electrical installation

IS 636 Non - Percolating flexible fire fighting delivery hose - Specification

IS 6533 Code of practice for design and construction of steel chimneys
IS 7098 Specification for crosslinked polyethylene insulated pvc sheathed ca-
bles:

IS 800 General construction in steel - Code of practice

IS 875 Code of practice for design loads (Other Than Earthquake) for buildings and
structures

IS/IEC 60529 Degrees of protection provided by enclosures
ISO 15848 Zinc sulphate, monohydrate, agricultural grade - Specification

APl (AMERICAN PETROLEUM INSTITUTE): API Std. 650, "Welded Steel Tanks
for Qil Storage™,

(xxxvii.) ASME (AMERICAN SOCIETY OF MECHANICAL ENGINEERS): ASME Code

Section VIII;

(xxxviii.) OISD-STD-105: Work Permit System;

(xxxix.) NFPA 11: Standard for Low-, Medium-, and High-Expansion Foam;.
(x1.) NFPA 12: Standard on Carbon Dioxide Extinguishing Systems.
(xli.) ~ NFPA 13: Standard for the Installation of Sprinkler Systems;
(xlii.)  NFPA 17: Standard for Dry Chemical Extinguishing Systems; and
(xliii.)  NFPA 20: Standard for the Installation of Stationary Pumps for Fire Protection.
(xliv.)  NFPA 72: National Fire Alarm and Signaling Code
Table-1
Minimum Separation Distances Between Blocks or Facilities
r?cr). From/To 112345 (6|7 8|9 |10|1112|13|14 15|16 | 17
p [ProcessUnits \\otelNote] 30 | 30 | 30 | 60 | 90 | 45 | 45 | 60 | 45 | 30 | 60 | 60 | 30 | 90 | 15
-11]-3
o [Process Control INgtel X |Note|Note| 30 | 60 | 90 | 45 | 45 | 30 |Note| X |30 | 15 | 30 | 30 | X
Room (Note -2) | _3 4.5 -3
3 [Storage Tanks | 35 |NotelNote[Note[Note| 30 | 90 | 30 | 30 | 60 |(90)| 30 | T3 | 60 | 30 | 50 | 60
Class-A _4!-6l-6l-86
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Sr.

0| From/To 1/2|3|4|5|6|7 |89 |10|11|12[13|14|15]16 |17

y ptorage Tank 1 30 INotelNote|Note|Note| 30 | 90 | 30 | 30 | 60 |(90)| 30 | T3 | 30 | 30 | 50 | 30
Class-B 5|-6|-6|-6

5 [Storage Tank 30 | 30 |Note|Note|Note| 30 | 90 | 30 | 30 | 60 [(90)| 30 | T3 | 30 | 30 | 50 | 15
Class-C -61-61|-6

g |Pressurised 60 | 60 | 30 | 30 | 30 |Notel 90 | 30 [Note| 90 |(90)| 30 |Note| 45 | 30 | 60 | 45
Storage: LPG/ C4 13 -13 -13
and Lighter / H2

7 [Flare (Note-7) 1 99 | 90 | 90 | 90 | 90 | 90 | 90 | 90 [ 90 [ 90 [ 90 [ 90 [ 90 | 90 | 90 | 90 | 90

g [Bulk Loading 45 | 45 |30 | 30 | 30 | 30 | 90 [Note|Note| 60 | 30 [Note| T3 | 60 | 30 | 50 | 30
POL (Rail -81]-9 -10
Road)

g Bulk Loading 45 | 45 | 30 | 30 | 30 |Note| 90 [Note[Note| 90 |(90)|Note|Note| 60 | 30 | 50 | 30
LPG (Rail -13 -9 .13 -13|-13
Road)

10 [Fire Station / First| 60 | 30 | 60 | 60 | 60 | 90 | 90 | 60 | 90 | X |30 [ 30 | 12 | 12 | 30 | 90 | X
Aid centre
Boilerhouse /| 45 |Note|(90)|(90) (90)[(90)| 90 | 30 [(90)| 30 | X | 15 | 50 | 30 | 30 |Note| 15

11 Process Unit -3 -12
Heaters (Note-11)

12 [Rail Spur 30 | X | 30| 30|30 30|90 |Note|Note| 30 | 15 | X |30 | 6 | 15|50 | 6

-10|-13

13 [Boundary wall 1 g0 | 30 | T3 | T3 | T3 |Note| 90 | T3 [Note| 12 | 50 |30 | X | 6 |30 |50 | 15
around -13 -13
installation

14 [Service buildings | 6o | 15 | 60 [ 30 |30 |45 | 90 | 60 | 60 |12 |30 | 6 | 6 | X | 30| 50 | 12

15 (Cooling tower, | 30 | 39 | 30 | 30 | 30 {30 | 90 [ 30 | 30 | 30 |30 | 15 [30 | 30 | X | 15| 6

16 |API Separators /| g4 | 30 | 50 | 50 | 50 | 60 | 90 | 50 | 50 | 90 |Note| 50 | 50 | 50 | 15 | X | 45
Oil sludge pit -12

17 |[Electrical Sub | 95 | x | 60|30 | 15 | 45|90 {30 |30 | X |15| 6 [15[12| 6 |45 | X

Station

General Notes to Table-1 ;

(@) All separation distances are in metres. “T”” indicates the table number to be referred. “X” means
any separation distance suitable for constructional or operational convenience.

(b) All separation distances shall be measured between the nearest points on the perimeter of each
facility except (i) In case of tank vehicle loading or unloading area where the separation distance
shall be from the centre of nearest bay. (ii) The separation distances given in the brackets () are
from the shell of the Heater, Boiler , Furnace or Still.

292




Specific notes to Table-1:

Note-1:The separation distance shall be 36 metres considering the 6-metre-wide road passing through
the centre. In case the inter distance between process units is lower than 30 metres those units shall be
treated as single block and should be operated on simultaneous shut down philosophy. The edge of the
road shall not be less than 15 metres away from the edge of the unit and the road should be outside
hazardous areas.

Note-2:

a. Control rooms located upto 60 metre distance from Crude Distillation, Visbreaker, Delayed
Coker, Gas Concentration Unit, Hydro-desulphurisation unit, Reformer and Hydrogen Plant
shall be made blast resistant construction.

b. Control rooms located upto 120 metre distance from Fluidised Catalytic Cracking Unit,
Hydrocracker Unit, Propane Deasphalting unit, LPG Sweetening units, C4 and Lighter ends
recovery Units, Pressurised Storage for C4 and Lighter ends shall be made of blast resistant
construction.

Note-3: Process control room to Process units, boiler house or heaters: the minimum separation
distance shall be 30 m. For a control room attached to single process unit or a boiler or a heater, the
minimum separation distance shall be 16 m. For Gas processing plants, it shall be minimum 30 metres
irrespective of whether it is for one or more units.

Note-4: The separation distance shall be 60 m for non-blast construction and 30 m for blast resistant
construction.

Note-5: The separation distance shall be 45 m for non-blast construction and 30 m for blast resistant
construction.

Note-6: Separation distances between the nearest tanks located in two dykes shall be equivalent to the
diameter of the larger tank or 30 m, whichever is more. For distances within a dyke, it shall be as per
Table-3 and Table-4

Note-7: The distances specified are for the elevated flare. For ground flare, these distances shall be 150
m.

Note-8 Separation distance between Tank truck gantry and wagon gantry shall be 50 m.

Note-9: The separation distance shall be 50 m. However, for LPG tank truck bulk loading to POL tank
truck bulk loading it shall be 30 m.

Note-10: Separation distance between tank truck gantry and rail spur shall be 50 m.

Note-11: Boiler house or heater of a process unit is to be treated as a separate identity only for the
consideration of surrounding blocks or facilities. However, heater of a process unit remains an integral
part of the process unit to which it is attached and in that case the inter equipment distances should be
in line with Table —2.

Note-12: Centralized or common API separators, Corrugated Plate Interceptor (CPI) and open oil
separators shall be categorized under the same risk and shall be located at a distance of 90 metres from
heaters or boilers. However, if these are covered from the top and provided with adequate venting to safe
location, the minimum separation distance shall be 30 metre.

Note-13: The minimum separation distance shall conform to Petroleum and Natural Gas Regulatory
Board (Technical Standards and Specifications including Safety Standards for LPG Storage, Handling
and Bottling Facilities) Regulations, 2019.

Table-2
Separation Distances between Equipment within Process Unit
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. [From/To 112 |3|4|5|6|7|8]9/[10|11|12|13]|14]15

Fired Heater or Any fired| x | 15 | 15 | 15 (22 | 15|15 |20 | 15[ 15| 15| X | 18| 6 | 30
equipment

Reactors 1522 |6 |8 |7 |15 7|7|4|3|15|5]3]15
Distillation column 152|347 |5|15|5|5[2|3|15/3]|3]15
Accumulators — 15| 6| 4| 2|8 |5|15/4|4|2|3|15/3|3]15
Hydrocarbons

Compressors — 22| 8|7 (8|3 |7 |15|7 |7 |7|7|15|4]3]|20
Hydrocarbons

Hot oil pump 5/7|5|5|7|1]7]1|1|2|2]|15]3]|X]|15

Fuel Oil or HCs day tank | 15 | 15 | 15 | 15 | 15 | 7 |T-5|15 | 15| 15|15 |15 |15 | X | 15

8 Pumpsforclass-Aand | 20| 7 | 5|4 |7 |1 |15]1]1]2|2[15]3|X|15]|X
all above Auto-ignition
temp

9 Pumps - for all other 5|7 |5 (4|7 |1|15]1|1|2|2|158]3]|X]|15]X
Hydrocarbons

10 |Heat Exchangers 154 |22 |7]2|15]2|2|2]2|15]2]|2]|15]X

11 |Air fin coolers for 1533|372 152 |2]|2|X]|15]2]|X]|15
Hydrocarbons

12 FireO: heater Local control % | 15 | 15 | 15 [ 15| 15 | 15 | 15 | 15 | 15| 15| X | 10 | X | 15| 5
pane

13 [Pressure vessels or 18| 5|3 (3|4 |3[15(3|3|2|2|10[2]3]|15]2
Drums of Hydrocarbons

14 Main Pipe rack 6|3 (3|3 |3 |X|X|X|X|2|X|X]|3|x]|15]X

15 Blow down facility — 30 |15|15 (15|20 |15 | 15|15 |15 | 15|15 |15| 15|15 | X | 15
Drum, pump, vent stack

16 [Structural main — 15/ 3|33 |7 |X|15|X|X|[X]|2|5]2]|X]|15]X

Technological platforms

General notes to Table —2:

(a)
(b)

(©)

(d)

All distances are face-to-face clear minimum separation distances in metres.

“X” indicates suitable separation distance as per good engineering practices to meet construc-

tional, operational and maintenance requirements.

Separation distances specified in Table-2 are the minimum recommended distances that the

industry should adhere and the same could be suitably modified as required to suit space con-

straints and relevant engineering practices except the followings, namely: -

(i.) Blow down facility (open pit type) or oil catcher shall be located at a distance not less
than 30 m from fired heater or any fired equipment. If the blow down drum is located
underground or oil catcher is cover with vent to safe location, the minimum separation
distance shall be 15m,

(ii.) Fuel Oil Day tank shall be located at a distance of not less than 15m from equipment
except those facilities such as heat exchanger and pump connected directly with the
Fuel Oil system,

Firewater hydrant or monitors shall be minimum 15 m away from the equipment that is to be
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(€)
(f)

protected.

Water spray deluge valve shall be minimum 15 m from equipment handling hydrocarbon, and
Fuel gas knock out drum shall be located at a minimum separation distance of 15 m from the

heater.

Table -3

Separation Distances between Tank or Offsite Facilities - (For Large Installations)

Sr. [Tanks / Facility 1 2 3 4 5 6 8 9
no.
1 |[Storage Tank for T4 | T4 | 15 | 15 | 15 | 15 15 |05D
Petroleum Class A / Class Minim
B. um
20m
2 [Storage Tank for T4 X 15 X 8 X X 105D
Petroleum Class C Minim
um
20m
3 [Storage / Filling Shed for | 15 15 X 8 15 15 15 15
petroleum Class A or class
B
4 |Storage / Filling Shed for | 15 X 8 X 8 X X 10
Petroleum Class C
5 [Tank vehicle loading / 15 15 15 8 X X 15 20
Unloading for petroleum
class A
6 ([Tank Vehicle loading / 15 X 15 X X X X 10
unloading for Class C
7 [Flame proof Electric 8 X 8 X 8 X 8 X
Motor
8 |Non flame proof electric 15 X 15 X 15 X X X
Motor
9 |Boundary wall 05D|05D| 15 | 10 | 20 | 10 X X
Minim|{Minim
um | um
20m | 20m
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Table -4

Separation Distances between Storage Tanks within a Dyke

Sr Between floating | etyween fixed Roof Between Class C
' ltem Roof Tanks Tanks Petroleum Storage
no. Class A and Class B Class A and Class B tanks
1 All tanks with Diameter (D+d) /4 (D+d)/4 (D+d) /6.
upto 50 metres Minimum 10 m Minimum 10 m Minimum 6 m.
Tanks with Diameter
2 exceeding 50 metres (D+d) /4 (Dtd)/3 (D+d)/4.

General notes to Table — 3 and Table 4:

(@  All separation distances are in metres.

(b) “X”indicates suitable separation distance as per good engineering practices to meet construc-
tional, operational and maintenance requirements.

(c) D and d stands for diameter of larger and smaller tanks.

(d) InTable—3all distances shall be measured between the nearest points on the perimeter of each
facility except in the case of tank vehicle loading/unloading area where the distance shall be
measured from the centre of each bay.

(e) InTable —4, Distances given are shell to shell in the same dyke.

(f)  For different combination of storage tanks, the stringent of the applicable formulae shall be
considered for minimum separation distance.

(g9 The distance of storage tanks from boundary wall is applicable for

(h)  Floating roof tanks having protection for exposure.

(i)  Tanks with weak roof-to-shell joint having approved foam or inerting system, the tank diam-
eter not exceeding 50 metre.

(i)  For the facilities not covered in Table- 3, refer Table-1.

(k)  For Table-3, the distance requirement from Storage Tank to Flame proof Electric Motors is
not applicable to Motors of Side entry Mixers for Tanks.

Table -5

Separation Distances between Tanks or Offsite Facilities - (For Small Installations)

Tanks/ Facility 1 2 3 4 5 6 7 8 9 (10| 11 | 12 13

05D

Storage Tank Cess| o 6p| 0.50 | g0 | 9 | 9 | 9 |15 |15 |15 3| 15| 15 | 15
D | D

Storage Tank Class| g 5| 0.5D ?652 9 | 05D |05D| 9 |45 |45 |3 |45 |Minim| Minimu

um4.5| m45
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ig Tanks/ Facility | 1 | 2 3 | 4] 5 | 6 8 | 9 |10] 11| 12 13
05D | 05D
3 Storage?”kc'ass (/)'gg (/)'653 X |9 losD| X 45| X | X | X |Minim| Minimu
) ' um 3.00 m3.0
Storage / Filling
4 | shed forpetroleum | g | g 9 | X | 45| 6 9 |9 (39| 9 9
Class —A
5 | Storage/Filling | o | oen | o5 | 45| x |15 45| 45|15/ 45| 45 | 45
shed for petroleum
Class —-B
g | Storage/Filling | o\ 5551 | 5| 15 | x 45| X | x| x| 3 3
shed for petroleum
Class —C
7 | Tankvehicle | .o g | g | g | g | g 993|999 9
Loading / unloading
Class — A
Tank vehicle
8 ; .| 15| 45 | 45 | 9 | 45 | 45 X | 45 (15| 45| 45 | 45
Loading / unloading
Class — B
g | Tankvehicle | .o 4ol | g | 45 | X 45 X | X| x| 3 3
Loading / unloading
Class— C
10 [Flame proof Electric 5 | 5 | | 3 | 15 | x 15 X [x]| 3| x| x
motors
11 | NonFlameproof |\, o | x| g | 45 | X 45| X |3 x| x X
Electric motors
o | 05D
Office building, o
1o | stores,amenities |, \Minim| Lo lg 0] 45| 3 | x| x| x X
um4.5
um 3.0
D | 05D
13 | Boundarywall 4o lnpinim 9 | 45 | 3 45| 3 [ X| X | X X
um 4.5|Minim
um 3.0

General notes to Table —5:

(@) All separation distances are in metre and the table specifies the minimum requirement.

(b) “X”indicates suitable separation distance as per good engineering practices to meet constructional,

operational and maintenance requirements
(c) “D”indicates the diameter of the larger tank.

(d) Distances given for the tanks are shell to shell in the same dyke.

(e)  Where alternate distances are specified (such as 0.5 D / 6.0), the minimum thereof shall be used.
(f)  All distances shall be measured between the nearest points on the perimeter of each facility except
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in case of tank vehicle loading /unloading area where the distance shall be from the centre of each
bay.

(@) Pig launcher/receiver at liquid hydrocarbon handling pipeline installations should be located con-
firming to separation distances as stipulated in Petroleum and Natural Gas Regulatory Board (Tech-
nical Standards and Specifications including Safety Standards for Natural Gas Pipelines) Regula-
tions, 2009 or Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifica-
tions including Safety Standards for Petroleum and Petroleum Products Pipelines) Regulations,
2016.

(h) The distance requirement from Storage Tank to Flame proof Electric Motors is not applicable to
Motors of Side Entry mixers for Tanks.

VANDANA SHARMA, Secretary.

Footnote:

1. The Principal regulations, Petroleum and Natural Gas Regulatory Board( Technical Standards and
Specifications including Safety Standards for Petroleum Refineries and Gas Processing Regulations,
2023 was published in Gazette of India, Part 3, Sec.4, on 29th March, 2023 vide F.No. PNGRB/Tech/8
T4SR&GP/(1)/2023 (P-4247).

2. The Principal regulations, Petroleum and Natural Gas Regulatory Board( Technical Standards and
Specifications including Safety Standards for Petroleum Refineries and Gas Processing Regulations,
2023 was published in Gazette of India, Part 3, Sec.4, on 23rd July, 2025 vide F.No. PNGRB/Tech/18-
penalty-T4SReg./(9)/2024/(E-5488)/11.

3. The Petroleum and Natural Gas Regulatory Board (Technical Standards and Specifications including
Safety Standards for Petroleum Refineries and Gas Processing Plants) Amendment Regulations, 2026
were notified on 16" January 2026 vide F. No. PNGRB/Tech/8-TASR&GP/(1)/2023-Volume(2) (E-4318).
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