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BT, . FuAsiene 1/a#./8- H4Tq A< Ug Sd/(1)/2023(F-4247) —I2rform e qrhfas T=
faffama=s srfaf==m, 2006 (2006 FT 19) Fit &RT 61 FIRT Y& ARAT HT TINT Fd gU, TSITaH 3T
T 19 AAAHE 91 TagrT Mateed Eafaad a9mar g, T9iqQ-

1. oY <fiede STy

(1) == [F9l i1 Y2iiemd i Taias 39 AfFamms a8 (Grfermm Reeatat $w & weEer 9=
F ToTT T[T A1 Aigd qae el AT oY fAataaer) AE=m 2023 Fgr ST

(2) 7 FTHIET TSI | I TR 6l aE & TIqd il

2. qfsaTd

1. == RfFaet §, S5 aF & "= § steram srfera 7 2
(F) "arferfea” w7 o7 g UEordw e STHaE | A= a1 sfafaaw, 2006 (2006 FT 19);
(@) " SIS ALLAT FT AL A g S 7 g g

(M) "AE" F A g ATAHEH AT g 3 FF IT-ART (1) F qgq AU I H T THfa® T8
[EIERIEERCICh

2147 Gl/2023 (9]
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() "SATER" FT AT Thihd e o GATCd IT STTRT 0 S ATAT T FShi | BT A=, 5,
TTEH qe, TIAAT gT3H, STEF § 0T i & 99z, TATagHd AST0T Sl HT q¥g, AT Iwcl,
FAAL AT A

(%) "sATSTS" & 7 ¢ TRl ST A1 qAE F qeSTST AT FATEHEd 2 Y R a9 A1 FeAT |
aft saemefier a7 Av-saaaefier |t &1 ger &t TR

(F) "€ 4 3T AT A" A A § FIESHET AT GrEgrarad 1 (a0 Soed J17 a1 9% § 779
TS TIHTI BId &1 S ST, IO, Saed, TAGrSt ST 37T s &1 oy o =67 9oft §
AT 2

(@) "ENTET T FT o FATE AT A o7 F qRa Rt | el S, qEa 19, qT RESEE i
g ST UF 9% T9¥ J9 H Aferahad wrdefier arad= 9% UF argHed (197) 7 Aferew &1 w1 T30
FAT & AT THH RSO FARIEE ATHA gl o9 AT Teffaa & foFT 99 % A #,
Ffersaw F1F araHT 55 *Hfeadd F €T § AIAT STUAT;

(ST) "7 T A wiRET st wawATE wr A FEta e F o uw yerfea gt @) eed
F AT ATSTAT TATHT, ST T, ATGAT I, TIF T S TF {qaAren Fereagaqd
(FT F forw uxfie) Jorret oo 2
TISRLIT- -ZH THCATIT 3 TF 1 o, -

() “rHTEAERAT F A g MIEE A AT AT TATLT & AT F Hearad F:7T | ot
ST o ST 9 Tohelt TAtafer il SAqATTed FEAT g1 ST STiees ST g, a7 &f
TR % o0 sraeaa SIqHTad &< gl

(i) "FIee TH" F AF g TH UHT TS ST SAATATA ATL-ZIZS HTEA WA T SAAFNTA
T &l TSATTd Fe & [olT TATH 1T ST Agl HLal gl

(i) "gle TH" FT o g VAT wfAtater S BT A1 SAAT AT ISqAqT F AT HIA IATAA HL
qFdt g REH Isaaq & o 93ais F91 gl 8, el sadqeie ared, T90 a7 e &l
HATIAT HISR TEClT 2

(iv) "SITEIRAr" T o9 T q2iHe ST #3d o (o0 Afeed Artaa =t gl
"HE" AT T U SrOETe o7 AEqa agAa aeqray ¢ SEH T, 99, T T ard
ST,

(v) @Al & TgAT, STHA AT QAT AT T I haT ST 2 37 &1 &l sAtersha
FLA ST FTH FTA ATAT F ATH AT B

(vi) "RETET" FT o T TXHE TTH FA & oI sttershd artHd =i gl
fooqur : STt gAT AT AT w1 AT g, dgf FATHT e T FIA 9T AT h AEdmr oY =
FLATSAET AT

(&) "o ST T A VAT ISTT & ST el AT ST AT L &A1 % 75 Tiqord | {20 2, a1 S72f
T & AT e AT ST STANT ohl SAFeTHar T2l gl

(31) "2 EF" FT A g HaF IO e F UF T F G F o0 937 G007 &7 HaT a7 2ol

(2) "RST=a" ® grEd, TvET, A, e q9T @ 9Uq T 39+ WA & qur Gawwr F o
AraeTe v gAY fEawor et €,

(3) "TSIT= Tam@" &1 o7 ot ST, FedA<, AT IIq & Bo1ed § I 0 ST a1 29719 9 g,
Forerent S2eT T AT AT AT A T8 AieTs AT Al fereraarst w1 Feihid 2 @ g
Set @ gr, ot fafore amr £ grers Faifa w21 F oo q2fes g o1 B qama & arfaa
ERIESILIE
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(3) "STEF" AT T T U ALY & TAUT F % {70 ITTWT AT ST ATedl FL=T,

(3) "ATIATTHRTA eresTsa Bweew (Suash)" &7 o1 8§ U ULy Yorreft s sramarg Rofy ar syura
forfa % e g &= a7 el 7fae v geferd s wamET &0 7 51 F52 3d T Y,

(om) "gfFe” #1 e Yerferrw Reerzfw, demon, wiEea o faew # soEwr fi S oAt w18
THTA, HLAAT, TATIAT, STHI, TSIATEH, AT T Al [aLTdr gl

(q) "FAIT ETES" FT AT § ~IATH ATIHE O 9T gaT & A1 saaqefte @ aqme F forw awa
TITH {TAT | ATCT I FHAT g AT AU 1448 (ATT-1) F ATET TeA0 AT A< ot & daga
T T TTATRIE ST F FART 9 &7707eh Tl 34T 2l

(1) "wrE TfdaHe F1 adf UH R off SwRvor & € Saw Suw & 2 2 8 i e o *
FIRTES F o srafie arT &, 9-wEE stae B, w7 Remee e s worE de
T T 85

(3) "arfrerme F3" F1 o g UET THT e wrw I A unh @ i giaeT g o st i
FRrermT IUFLON FT ST FA & forw g Y oeura Rufaat ¥ [Rued, stavgw w9
gl ol wET TATH T % A1 70 =7 F°eq &1 32 7@

(21) "oy STer 99 greE" & T g UHT THRA e IR sor 9, St 99, §91 Y S| JorTe,
ITHLT 3T ATTITAF HATAT 3T TGTAF FHATL 21|

() " ST &7 7 oref UHT qlergT & g Tgi THias 9 ST gl g 377 T4, TAds Heaae
AT 37T IUTE T ST A & (1T HATIET T SATAT 2

(F) "I ITATET T AT AR FT 5 § TSIIH ITITET Al 36 TASE FT FALT TI52H
& STETT AT HLAT STET T = 33T 37 2

(i) FT-F U ave Ty ST woter w|ree 2309, |/ F:7 g
(i) =M -g GSITrTHq: U e T2r (ST Foter wree 230 3 399 FUT g Ahd 650 § w1
L
(iii) AT -7 YT UH a3 qary ST 197 WAree 650 3w o7fae g oifeh 930 7. § ¥ gl
(iv) TEsHd TSItera: UF aea 9ary S8 930 . 3T IHE ATeF T Tl ol Tizve AT gl
TATTSIT Algd AL T8 7 (10207 o SAqd Agl AT g ATk T T FATAT g
feroqur: Referfaa amaat #, ITIFT a0 AR] q51 AT & 37T AT rqare e qraem i
AT ST AR
(i) STET ITaeT T qTIHT AT BT ATIHTH ITHTE oF A9l Tigee & ATAF g;3720aT
(i) TSl ITUTE Tl IHH FALT qIZee  FAL o JTIHT I FH T F TH 67T 7T 8
(F) "GALATE G FT A g AT & O GaATeh {7 SATUIAT L,
(i) 65°HTeTaT & qT= FAI TS ATAT USITITH AT SAAefe A9 IT a7 [oeeh T5aqed &
o Teq s |igar & HIS[E g i SH9TaAT g
(i) 65° afeazrar 7 srfers weter wree areT Yoy a1 g ot saamefier avar, forees weror
ETee & HUT T, 0T a7 @ugid g sl §9ET gl
I TALATE & o A TRL0T 3 HAT o for, "ugiforay Az - 2002 3i7 smeue : 5572" 3%
(@) "Saee " w A TRET FT e A1 91T § g S |2 9% g ATt AT AT a5 & Rt AF
ST T 7 SSaferd 3T & o0 9aT8 Y1 3T TRATT 67 ST et wed § T &

(W) “werdiSt HiAagra" AT ot UHT AT § § ST AL Fd GerdH A7 (TTdrsl) F e, TEF,
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(@)

qTEaATEA T SUgld, YT AT YT 6T SITar g a1 fHees § 997 Sar g

"HA" I ITALTAL R SR FIAT 8, ST I ieTT

"STfesae TEwE FE ETE (THESEUH)" T 9 g RSred e o §91ed & ZH
IYHLIT, FeAL T FETF TG % o 92 T8 ATIFAH I 2979,

"TAEIE FT T -fAATerEy aer Bt & g 99 = Uacem A, o wenEe
FEhrT w7 AT, AeTaIE WieTe i, AeSTaI=E a1 FT qdqT AT, ASTUTH, F2"
FT ST TAT YT 39 § Ao T G 91q H 9T FHT Id7 A9 F forw £ 7 77 yreiis
Aferor wfehamy;

i7-fatag afafafer v w12 ot wfafater g & S R d=em s d§ e a
Fuie T2t {3t st g1 iv-fataa afafater sa smghr o gefia 78t @t & e o ot
gt 7; afes, g gefiya et g & s wfafater g armer v d=me seamat § gRafda s &
AT FH & ZEAT 81 TAHRT H ATAIS Fd o (o0 HeAFe\ FAT A ga™T aoaa: rer
ATTLIET TTRAT GIRT FAT AT ST, STafeh 9T STEH T i gerd 3T Ferenferd Fivd & fou
FAFUT Tl T U T-Aat0a F1 fafater /AT Srom

"Tertera e RpTeadr" F7 oo U St e €9 AT 6 It TaT giaesti 71 99g &
el TSI a® AT FF O I YSerTH ATFT, FEeA, o0 S99, ST 99, e At
FTHA, TLATHA TSI 9, e S99 3T 89 a1 i UH ST AT ITAR(T Icamal &l
afiafdd s oo BT Srar 81 gt a1 gRaemst & a9g H, AAaiieT 91 AT, HSr,
HTIT AfeT dedh, A= FeT Si¥ TTHA HaT FaT ST H HIAATAT, SRAAT 6%, ST,
FEA e Ut s fafoew anfae §;

"ZATE I A o T AT R FT AT T A AT G FHeAT g, et sHaATe o ot
THET 49 F WeTor S ufiag & forw foham Srar g, S s gara & otefie 8 siw e
I T AHAT U Y A1 F AT g 3T TaH FdFes qrsiar i< T & Fdae & 95
TiTre T AIE | SIS a1 Io1 31T Tk ATHA g, AT SHH UH A< ATHA Tal g orTd
ATT IT AT AT TS BT & AT IqS i 2l HATAAT € FT TIAT AT A= TLA IT AT AT T5eT
AT IcaTaT AT o Aread, gie

TS, ATCHIHL0RAl, arg REaw, aTT 25T STEeieey, AT 2Teq ATy, g,
R, FAEEAT, TATT TS Heah S& JOve AT AT T aqa e iz Fate
9 3 FT FE A TaT 2,

"TrEE A" F T o g UHT I SEH "=ree, |@ifad i TEE H UhiSd w9 g1l 8, AT
AN AT, qergeor, grfaaeor, a7 Ruafy, St wreft ar de=mr § aftady ot 21 wehar 2|
"SI o o Seeqor” T o g Wad, §Arel, 919 i AT, fAthor, AR aawret ® @9
o F=E

AT et Rarea” &7 oy § w=ATiord 9% |/ gHA AT SUFI S qled F AT F q9qd

H AT 2IAT € 3T T 38 & Gof TT THFIT GRT ATHATET gt &, [oreeht 3297 STIteH &
T ATdT 6 q@d AT AHqA Tl Fael & HAT &

"ATEAT AT 9 ¢ T At v s

"HAT FA" HT o g VAT WAd s [FEreAv, Tt AT A qgraE qare fi giadr g S
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e T, FTALATAT STH AT o HATAT o (o0 AT g
(8) "EWIT" U ATHaTH SME9THAT I 29077 &,
(FF) "ATU" U FIRTTer &7 T907aT 8 AT et a1 &F STt § AToha Jg Aard 7al 2;
(@) “qTterhT” &7 79 g = gt % forg arfersr
(RT) " T FATS" T A 9F A 1 o6 (10 & & qer & of1 el 707 T T ST | FANT &F
&% % o, ag 3 99 ¥ &% g % oY q i T 2
(B7T) "o AT AN AT AAATR" T 1 doF S AT 3o o T Y2IoraH il AT AT AAATS FLeA
T T gl
(3T) "SI AHAT" FT 1 YT GHA IT T IT & %l Ale? § 9aT g 59 qg 15°0. I IT+1 &§ I
L AL 74T 2
2. UH R oreg A afreafea, S g ARt § afvarfte 72 v v §, ot afaffee ar e
T a9 U = 37 et & g g, 1w a8l of g S| 3w Ata=aw a1 FaEt
77 AR, s oft grwer g, | a8
3. S Far
(1) == afaaw sgifermw fepanat a1 | =T 5997 % g9 § @ o FEar 9% ang gior
AT TRATSIAT & QU7 STEa=eh o G qRrerd oY faraae g Jarad geted =T ST a6
(2) == AR i AfFET sEeTFRaTe FYAT F A THA U (FeT AT F Haw) F arge Aia amr

EGTsll 9¥ AN Aol 2l & STal aTegIhlad il IS STHERT qgl i ST g SIE & JATH=H 7,
ATRIT A=Y, g THT 6T AT, SSTHARaT FIFemamd, g7 Rt 2 E@wl

4. FTAEH
(1) = EfF=Et A sraegware gt KRR i | TrEtE §29E 9% 9] g,
(2) ¥ ARy Rereafat sfie 9 SrEtET 2 § greginred A7 77 Ga<dTs Tardi a1 =l
Tl AAATES T ATS FlA, HSTLT, STTETEAT, FEATALIT 3T TL@TT o TorT G2 it {97 o A<
AATIE AT ~IAAT AAITFAT [ TR Fd 2l

(3) == BRI ® oy qeer o qeer vonedl dfga RSred, ©ImaEr, 979, @i,
fAdTeror & SShfRaRar stagmeor ot anfee 2

(4) ¥ REFH TEadl a1 ATqeT AT HEgrsi 9% a6 951 gl
(5) ¥ fafq=w 2000 HTex =7 TF T Y IT a3 &, a9 @, a3 T Zedel ardl q REA Rl 9%
RS EEAR

5. 32
o 6 7 Ifeafad AT T IgeT Je3e § fRumes Mgial T UH-HuTT ST T Hted FeT
ST AT UF =i, TRV U AT 6 I S TTIART § ARET FIA7T e et ua
T TTETEAT T T UHREHTT HAT ¥ T@ETd FEAT g a7 Rreatat s §9 et 99=01 9
e 7 F g FHATLAT, STAAT AT AT F GLEAT TqAl T AT hiwd HLAT 2l

6. HER

TRl ofiT /| TR 92981 % O qeear 7St (39 918 791 & &9 § §af9d) digd
Tehe o] AT o fEforearett 1 syt § [y G st Sed waw femea g aerse,
=T orTet, WA JoTTet!, TEwETd, e, Taar e, AT s warE, REma w1 oaar
TR, STTALTHA SOTTAT S AT TS TOTTeAT T g

7. = ATt & s

(1) &I d9Y 987 F AT GoATha I¥ AAT-3TAT AT F ATETE el AT=aT I q 1o
TeT % HTEAH & = [ATHIHT & AT il ToAeT € F T 3T a@4@ § T

(2) HEAT FT ATE A ATTHT F AN S % Aool f&AT & aT a9 s Aaers & Fgie wom, S
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=4 A=t &7 sraTa gRtaa % forw [Seaer grm

(3) =AY T #i TegE wre off AT 39 AT F aqey e saymr aegd sauwr
ToEqa ATSAT U= T 370 ATHIGH o [olT IqAsE FHITUT|

4) = T Fuet T BT e 91 & ey oY Rpreatat o e et S i A,
fAmtor, fafawtr, A =7 Teara BT g 91 == B § e sraegswars s @

ol T L@l g, al FUT UF Oeqa AT Sew Faeor a1 s9F Jiearer g = 1 oS
STge frgwor w5 oA A1 -AqEaar oY S SUTl & T ou" a1 7

ATHIET TTH FOM| AT a1, efay g, Ao ST i Faaad Tqadt &
AT FAAT 6 FTE o0l AT o AT & THA S 6l ag § g Teid & Hae are &l

TEQT T ST
8. @ i TRy
(1) THwTT, TE-FTIAT Si¥ HATAT T2 6 T ThA 0T 31 GeAT AT & A7eq| & = Af=awi
& TTALTAL &7 ATATAT GATHT FIeA o (7T Teh TOTAT T
(2) TeReft ot = afga fordT o fE=es a1 w1 % Jreer |, FOT R UH =, T, 99 6 gUT
& o ST Fg-+iAT &7 STt 3T SHET SAquTAd T FA 9T, FAAT AT AT & ATAATH 6
Ted Tt ot &2 FLATS JT TATAT 0l THATH o o7 IR gt
9. = FTLAI & qod AAITHATY
TT AN Tt Fqirateew i, FRwt o staf=ast 7 Tt S w7 AaeT®
NI 3T NRrEANAT T 9 THER0T G937 6 (o0 §9q TeIq ATTARTAT & Tuferd srqarae
ITe AT ST
(REICE]
(1) =tz == AfF=mT & T T e it ST & 99 § wis Gdre 3o giar g, af a1 & [
Sfaw grm
(2) = et ot wwT == AfFemt & S deree #:2 aar g
(3) T AHIT-HHT 9T = AT F 32T F T I & [0 ATAHIH =7 AATAT F A&, 54T
St=ra ww=r, fRem-fAger ST T 9har g
-1

TS T 3T A3

1.1 IR=:

1.1.1 SESIHET TETET T g 997 TATia® T § GaArs gl 92 3T SIfed FAAAT i 3T il
TRT AT STEH THTEAT TEqd FAT gl FE-F9T G301 1 3 A9aT AT 27T I8 FATTord Heed
& for wrenttera T Srar &, S o qger &t @ § aET SSRT STaesharet i Sed gl
gl = w7, s giEgret & o w0 e 1w FEw #3d a9 yeqrted 9 =t v
gfad T & forw S arge Fgu qaEgEgEs T e Argul

1.2 37 A=< g
1.2.1 TITIAT o Sa3e § Auforiaa Rrgia T SroTaT ST A8, ;-

(F) TG TF GG gl s AASE Al AIATAT AT ATRT| HIT AASE ATEAT FI Fg ATA M
THERT e @ET el & AT J0 & 91T FAT Agu, SEH $err & B
G F I8 AAITFATIATE Sohol ARTT TT BTl TL & FT sl § IT-TaAtorg Fam sm=m
EHEL
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(=)

()

(=)

(®)

(&)

()

TEd AT ST GIAT & o0 AR A TEh! 6 AT FT-3TRT sA1hi § TH THE el 3T
TETIOT ST o ST AZTAT T JISAT a¥TS SFTUT

TATIAT H YTATHE ATATATT HSh GAATE &A1 & qTgL G| SAIh] &l AAT FLA ATAT TZoh
ANT AT forw zeaTer Y SATOsfT wisgar g §, S g4 gars o F ffav €,
FET ATITARTATT ATEAT ] FISHT AT ATSAL T AARTHAA TS TEd ST

Iael A ATl o foI0 TEd IUAsH FT AT ATRY T ITAWF ITqA7d ASHT o6 a1
s fre s =R

YT AT TF dRcTHh Tgo TG 6l JATOAT qIh TF T€F 92 awre g feofq #
STITARIC T AT FTT I8 HTLAT T TgAT ST G| TS SFTA| T ATETS, A 3T A1 HIE
FT SATATdHRTS I Ffd & ga9 a2 AfaHT argd f AESTer w giAaesEE a9 & o
ESIERRER I IR

oTTaaT 3 T T IT YIS T 3T TAEHT il TS T FH FHLA o (70 Lo T H] TTIAT
FT T F Fehe Rua gmT A1)

I H 2 ATATATT 6 T Hl FH FA 6 (70 LTS HT A3 9147 71 A0l

TISTHTT AT THE 9% § &1 F-3TeRT G2 ANl TG 60 S A0 @I, TH FHATAT
& o0 &l g7 3TE ST 9TRiT & H=aq & forw) s Fufa § agrEar T #3 & oo T
T AT ITAH ZI AT

TATIAT (T &) Fl ATgLalaTl & dIge el Saad | 6l ST H FHAT &I | T@T
STTORTT

TSAAT o HTAT 9T ZIES AT aATST o FeATd § T IT ST F Fa 6 [o70 HIS[aT gar il f<am
& AT 9T FATE, AIgAT ST G, g AL AT (SH Toh g (o) 3T Fierr @t &
T T AT ST AT FHT TR F ITHLON AT GLAATA 6 Tory, [=Faior fafery i sreaa

o StTom) eTaw, Rueey, wEr IUFIOr UH & | Raq g AT arfeh =aior &t giagr e
ED

TAF THTL o TR o [T STALEAT AAIARAT T TgATH i STUAT 32 39 92 F=me

©)
()
()
(%)

(M)
()

ER Sl
fRator sfafatert % forg, & Matha B s =z
AT o e &7 e AT ST AT, S TEqHTT ST & T a1 ST AR vl

ATITARTA I TTATRAT i (SHTTET), T3 T 7T SITaT 8, qRiera &= # qe =9 9 9 7 999
srarer A1 e & 9re fua gem a8 s Rata § qer [Es Fa, qrar [Eew &, ge
AT 7 3T ATELT ST TLATHA % AT HATE FA § q&H g1 AT

STITARTANT (HI=T &7 ST AR (eTT ATATARTAT (FI07 &7 GLerd & H g+ AT U

TIH o AAIE |, 3 ATl 2 il qTET, HAAT 3T a9 & 70 & i Ig=md iy T
JTL ST AT Tahi o (o0 IToq AT HAFEAT % AT o N & &l amiee Feed 9¢ o=
B sToem)

1.3 SA1F IT AT FT ASSE

1.3.1 TTASE TAR F2A  Torw, Feferied Teeell 9 STAET UH 6 ST A8, ST a0 &f, ;-

(F) TTEH e, ITATHIAT AALTHATY, HSTIU F ¥ T ATl HSOT q1q
(@) ITATE ITTE AT 7 3T TRARA FT TERT (Y, TEF AT TTIATSH)
(1) TIETHT, 319 IHTET T8 UZIrTH i, Y2 dd T, o6, Fladre a7 ST 3T
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AT G HSTIT &3 ST SR TS o forg =TT &
) TETATE T T THTAAT T ST, GALATs I d=Tr a7 fFaerm
F) FATH
=) gfaw fafeew, ®Ew ©om & v 2T aee
w) SHATS, TA ST T (AT qiRa qrge wqemia
DERIGEEEE I

=77) AFAHTEF ST (S IF SATE Tq%, T i HATs), 45 H IgaAH a1 &L, e qrfera,
TTHTd® TALTITT T TET &1 | TATIATSA 6 forw 982

~ o~ o~ o~ o~ o~

(
GRELCIECREIES
(%) FATERENT & T T8 AT AT AT AT ITH SIEH
(3) TATE Haeft T2
EIEUEICERURK]
() FEAT HEdT e
1.3.2 TSI IT FALTHAT F A & (1T AT AT, AT Fraemait a1 sefieni w1 a1 a9 877,
FRaferfa o o= e s =R
(F) AT WaTg % AT w0 | sqiE AT GALTsl F7 Jse gl ATgul

(@)

()

(&)

()

& F TAA o [0 THH e a7 AT, S BTH, AT Ivel, 319 HSR, STATRAT,
ATITARTA T SISMT e 3T T TEFT [ 35T g2 39 YW ¥ *Aq AT AT

STATRIAT &A1 STTAT FATHT ] TEAT: T[He sAlhl 6 [Hahe AT gHT AT

TorSTetT ITaTa AT ST TETET il aeTTwar & o0 T 6 srqfd 9t Fdl g, e
Tf+e st & aTe Rud geT ATl

T3 RATEA F2d T, AATge AL STATHET ATSA ITIT &1 Tigd TITIAT F 39T F
Tl [T T 3T I TATIAATSAT F & TST o6 AL HwET T Fega [aei &
FET 20

gTE 29 (THET) AT AT 290 (TALT) TF-EI TTAT TG -HHH AT Hal & Hahe Taq
g AR

FHIORT 2T T THE STHIIT ST qaweed hil gaT il fFom & I= a1 gar it R ¥
oo ST AT T ATl g | &7 IT 318 AT AT AIS-A 01T 7 Bl

FIEHT TSIIH ITATE IT 7T THTAAT o HSTIUT Sohl &l IHT STSh | a9 &, a3 &, a3 T
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Taft w1 F fRaaedl it HATA SAWAT T A9 AL § U 12 gLreqvr A St =i
5.17.10 didae i R
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T sroam FRatag e = 97 TEET & srerar, sS4 =9 Bfeewt s 5.18.2 9/
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T T TOET FRSTST F e g¥ v U
1.2.2 FATTET &F & qLeAT
(F) stis:
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(i) &=t T Ge=AT = TAF 12,500 UH 3 & HAT F T 4 TAF 2ot T =T = 37.5 TR
(i) ek T A FATE = 12 UH.
(W) &2 aTY Y ST

(i) 3% 9Tt &¥ 3T = AT &9 F o T & 9Ot & 7 3 TAT U/ U 2 Fyuferd 3T It = W X
37.5 x 12 x 3= 4243 tadiuy = 255 UH3/Hay
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(ii) & & 0T &9 F kg | (A+30) e F Fraw T arer <t & o O & % 3 v/
T2 fT T H I7T 3Fi F [T Ara9TF ST 4,

= 3 X 255 TH3/HET = 765 TH3/=HT
(iii) e 32 9T A 7T = (255 + 765) THI/HT
= 1020 TH3/HeT
(31) ®IH I F¥ ArT9TFRAT (FAer 1 8% F orw) @ 5 verdiuH/ UH 2,
() st 7w = FXOTNE - g5o6 e
(i) 3% T FHE F FrT = (5525 x 0.97) TR
= 5359 TAUH = 322 TH3/HT
(&) I AT & % forw oy st = 372 uw3/Her
(3) T TN T SAALTFHAT:
&F FT = 1020 THI/HET
T UCATReT = 322 TH3/H2T
TF T (2 TASTAAR Ti2q) = 372 THI/weT
F 1,714 TH3/FeT
1.3 TSI THIT ST FTw
(F) srwe:
(i) TF &=The H ThHAT il HE&AT = 3 TAF THAL T A = 17 TH
(@) 32 aT=T FY FLTFAT;
(i) =T FA F forg ot 7 2% = (1w X172 x 10.2) Terfiug= 9,265 TaduH= 556 TH3/=HT
(i) e RRor st 2 81 1 e & 7@ g0 = (3 X 556) TH/HAT
(iii) (SMT+30) TH THAT & % T 3T 3 THAL & 1T BIIT FIAT Fled &l 3¢ = 1668 TH3/HT
(M) BT T AT FeTFRAT (1 TAAUAAT Figd) = 372 UH /5T
(%) Tt TTAT 3T SrAeFRAT = 2040 THI/ET
1.4 TSI X O AT AT FRean
(F) e
(i) TR qETEel #i T ST = qratea A1 fErdfrua
(i) = AT AT AT AVETE = 12 UL
(@) 32 9T+T T ArTTFAT:

ST o T &R ol AT Gl § [SaTSrd A3 St T3 T @< i 919 15 Hiew x 12 HeX ar
WY TF gHT | 3 G AT qATT FA 9L = F

qT=T T eruferd 2% = (3 x 15 x 12 x10.2) vadiuy

= 5508 TerfiuH= 330 TH3/HaT

T BIST o oI T ohl STaeaahaT:

4 TFHA FIES T % 70 IHT = 4 x 36 = 144 THI/HAIHET T (TFUATR) F forw art
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1.5
1.5.1

()

= 1x 228 = 228 = HIe¥/HeT| T THI 0l AEeTHAT = 372 =T HIe/5eT|

=T G20 o o7 o 511 YaTg 77

LT FfeRT = 330 TH3/HET

T AT ] AELIRAT = 372 TH3/HeT

Fel = 702 TH3/HT

T I ST

T T Ay Feurfa & W gfe qeer & forg, ot w fhgee atex Aifdes oY gIe Arsar &
START Fh AN FaT ST AMRW T2 AFE F A sAl® & ATHA H, AR STA 6 T
AqE (T Fe & forg At &= § FfFe F wraw ST it sraeaawmdr gidl gl 39 &= & S+

30 #iex it T TATHT AT T ST o7 S 22 & o Aeferfaa a9 fEeeat o fF=w
ERISIIERE R

(F) -l

F IfHe &= = 120 x 80 TH2
& o ETY % I Y a8 @ 1 Uerdhiua/us2 9% 3= &3, 9 i 32 = (9600 x 1) Tadiy
= 576 TH3/5eT

TF g9 & % fow aEt (1 Tadiuas aiga) = 372 UHS/HEe, o W0 6t 3% = 948
TH3/EHET

(@) -l

T AT T A I &7 % 10 Hiew x 10 Hiex T 1w

AT T 81 10.2 Trdud/uw2 it a7 7 30 HieT x 30 HieT F &3 # I Fa< Ta *e,
I #i 27 = (900 X 10.2) TAfuH= 9180 TetiUH

= 551 TH3/=AT

THF B ®H F [ow art (1 THeiuase dfgd) = 372 THY/ET $f q il a7 = 923
TH3/HT

(M -l

e & % AR % o7 qTT AT AT9=qFHar (e T TTelT (AT FaedTs o) & a1 &=
#T AT B

FATHT & = 1000 TH2 ITT FT 7T = 10.2 TATTH/TH?

32 I ¥ 9T = 10200 TR

= 612 TH3/%eT

I el & o forw aret (1 wereiuerse \iga) =372 wad/Hen
T ST qTHT AA9TH = 984 THI/HT

1.5.2 Tased |, 1l 3 |1l BT YaTg 32 & qgd Ateahad qTl &l 41 § T@d gU = 984 TH3/%eT

1.6

1.6.1

T 2 FANT &F & (FF HET A1) T W qqg § 0T & fow et i T0ET - 0
ATRTEHAFAT o & H AT AT

| T
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1.6.2

1.6.3

1.6.4

T STe & | Fo HS0T &HaT = 120,000 TH3/5eT

Fht Y HEedr = 2

T & it &79aT = 60,000 T3, YT & T AT = 79 UH, TAF o 61 $49T% = 14.4 TR
3T qTHT AT AFTFAT:

AT & & o forw & 9t & & 327 ITT ol &% @3 UANUH/TH2 TUferd ST 9T+ = w X 79 X
14.4x3

= 10726 TANUH= 644 THY/=T
Tg TTFd U 13 TALT oo, & TS o HIa¥ & e & 30 UH. & a7ferah & g1 9 o &)
5, & 9T & & 1 TATUH/ TH 2 T 3T | 52 ITHT il ArqeTwmdT 215 TH3/HT g
FA ST ITHT = (644 + 215) THI/HT= 859 UH/FeT
I SART H qIHT Al Srae vl
T IR 3 8.1 TANUH
wrg foreror i strereTaar = ((mx 79 x 79)/ 4 x 8.1) Tadiuw
= 39720 TAfUH
= 2383 TH3/HeT
w7 o forw strarewek 9T+t = 97% x 2383 @
H3/EET = 2312 TH3/HET ...... %C['TUT-2 ELc)
4 grE3e T + 1 IHA ATAT AT G o die? AlHeT 9 AR TF aIel T & (o HEAT
Flex|

4 X 36 I TH3/5T + 1 x 228 TH3/=aT = 372 UH3/=T

1.6.5 T qIAT il STALAFHAT:

1.7.1

& FioNT 859 = TH3/HET
T STITART 2312 TH3/HET(fEqar-2 F ST T ®IH g1 & o7 SATa T sraedahar)
T T 372 TH3/EET

FT 3543 TH3/HT

FA T 01 AAITFHAT = 3550 THI/FeT

(FETIT-2 3 SATETE RIH THATH o [olT AT Th AaeThaT)
1.7 o ouTea afyr 51« 2%

U AT I ST ST ART TN &l AT I & [T 5 ATHAT o [T AT qTAT 1 &L AT &7 T2
ERIES
FATTENT &F & LT = 1369 TH3/FeT

T & & LT = 1714 THY/HT
TATISIT &= gLeaT = 2040 THI/HeT
TATTSIT T AT AT Aeel = 702 THI/HT FLaAT;30<
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T e T = 984 THY/HT

foroqur -2 24T 3T v FTAT & HATEAT AT THATT T (ST ATLTRAT F AT TH 7T
H SrET ST AT 2w fAfery ot ofte § == et uv e wEt e T 2

1.7.2 U5 AT 394 a1 AT AN H FA & [0, FBHATET F1I 16T 32 a7 IFAR ST 220 1 T & FATq
festTes o1fr St 2% = 2040 TH3/5ET+ 1714 TH3/=T

= 3754 TH3/9T
IITEL0T = 3750 THI/HT
1.7.3 G99 92 FANMT &F & (FF (1T ) %l I qadg H N 90 I

fafre TUET & AT AEeTF T A A Y412 ¢ 1.6.5 (AqAu-1) § fe@mm = v 3550
TH3/FeT gl (-2 3 ST ®H THa & T sfa s sraegshar)

1.7.4  TRSTeT ®ET ATex X 394%d 1.7.2 91 1.7.3 it IgaH (Tl

fequur: weifeT =% dF =% T 9 i @ 998 9% A0 A HF FAEAT FH FA 2, TH
RSITes a1l ST saeaTval 9% Uga % 32T ¥ USd 999 Js! SAHEAFHAT & & § AT SATaT
2l
feq@ur-2: 2ar sfiT s =at ¥ F9TEd AN F THAE w1 ST AAIAFATH F ALAT TH T H
STTET ST =9 T3 fere e ofte & UF gaamt 97 fF=me a8t T @ )

AATR-2

1.0 HIF FATIES AFLTHAT il TUET & o7 IITZ0T
1.1 &7 = & qAT:
1.1.1 sie:
(F) TF STEF & § T HUGW &AHAT = 50000 THS EF[ T HEAT = 4
(@) e T FT = = 37.5 U
() S T AT SATE = 12 TH
1.1.2 IH FITSE I AT AT TOET HHTTETE 6T SO, ST
TEF &7 § UHd 999 92 o4F Gd F 6 a3 9dg & @0 @5 UAdiuA/ uH 2 wr o
AT T A/
(@) far=ror 37=(1r x (37.5)2x 5)/4
= 5525 Tadiud
(%) srufera e F973E (3%) = (5525 x 3/100) Tadiue
= 166 TadUy
(¥) 65 e & forT I\ FUTST ATAT = 166 x 65
= 10,790 =ftex

1.1.3 e o, 4500 Trfiun w5 fAer 9ar #7 UF qead ®mE A 3% wmE Furse fi
AFTFAT = 135 TAT T
65 fome & o saegs "Iy FuTse = 8,775 wiex
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1.1.4

AT o, 1140 TAITTH T &F7AT AT BIH =l 2 FIST T lH, FBIH T &7aT 3%, BIF FHITSE ol
AFLTFAT = 68.4 TATTTH

65 fAve & T smaeTs w1 FUTST = 4,446 i

9T T & o AT & & oI SMA9aF FoT HIF FTSS:
(F) 9% FF &F * [0 sraea® w7 Fa13€ = 10,790 ez,
1 I Tt F forT st w918 = 8,775 i,

2 27 T forw srufera o F9TST = 4,446 e,

FT = 24,011 A2

(@) SITEL = 24,000 <

1.2 FATTET &F & TLeAT

1.2.1

1.2.3

1.2.4

AF:
(F) TF ST & T GUGY &HaT = 1,20,000, =7 H{eT SHl &l HEAT = 2
(@) S &% &t &war = 60,000 UH 3, THF & FT ATH = 79 TH., TAF F *l S48 = 14.4
.
1.2.2 Y, STSF &5 § Ukl q99 98 FANT TF ¢ & dief &7 % 12 Tadug/ vg 2 £ wg
[ERREGERIL TS

() 79 HIET SATH & FAIT &F & & (o0,
&F FT == (1) = 79 Hiex
T | BT 7 T 4T = 0.8 HiexX
() ®F SH TF T F AW (3N2) = (79-
(2X0.8)) UH. = 77.4 UH.
o et & = (1 /4) x (792-77.42)) 17 2
=197 Ug 2

() FH FHw W @ 12 Tadiua/ ww 2 =
2364 T fiun

3% HIH FUTSE AEF9TF = 70.9 TAT U
65 faee & o sraeTs w1 FU1ST = 4,609 fiex

9 FF LT & o0 i T TOMT & AR 1 BIH Al 3T 2 A TIH 2 ATqTF BA
S

() I AIFAe 8,775 Fiex

() & g 4,446 fiex
FATTENT T oo &= LT & (o0 AaTH Fof BIH HAT3S: FANMSHT ®F ¢ o [T AALTF I
FITST 4,609 fex

(1) 1 Fr AT ¥ A s B e
8,775 2w

()2 I IH & 0 A@9@F BH FA8E
4,446 HraT
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FA AALTHAT = 17,830 FAiex
ITTEYT = 18,000 Hrex

1.3 STYET IRTEX At ot a¥ Ao =TeF et F U wrH FUTSS e qFwAT i A0 iy A
SR

1.4 TITIAT T T AELIRAT A FA 6 [0, I SeF &A1 (ATTFHaT BH FA13€ I Al
AFATFHAT o A1) | T AT AT 6T SAFIAFATI T SITET AT ATRT

1.5 IETE o 1T, T & § 37.5 Hied & Ha9 a8 ¢ ATH Tl 2 &F &% o ST &l & [0,
HIH FATSE HT AEaeTahar 2 x 24000 wTex ra7q 48,000 fiex gl TH qTE, TouH & | 79
Hrax & a9 92 & ATH a1 2 FAIT &F & T2 &A1 & (o0, BT FATSS il MFLTFHAT 2
X 18000 =% 3T‘<’ﬁ‘c£ 36,000 =fte< 2

1.6 TqaTH T8 FANSHT &F & (FF ({7 ) i 07 9dg T AN A & ([T B 6T aeq=hal: od
U Had T2T ATHRCAFAT 6 & § HET 14T @ ¥ 30 A \%-3 § fFea & 34w 1w 2|

A3

1.0 FANT FF & T 6 912 U a8 FAI] &F & H AR T i IS0

1.1 qread NIl o AT FAMSHT &F 3o o o1 B HT SATFLTHAT 0l TUMT o o7 IS

1.1.1 e
T T =T = 79 TN,

A T THT = FANET TR
HH SATIART 37 = 8.1 TAdIuH
e s v sraeTEAr = MBQ,?ZO@W = 2,383 TH 3/5T ITTELW * for, =
2,400 TH 3/5aT
FIF FATST SE9TFar = 39720 x 3/100= 1192 werfrus
T FTSS MFLTFAT = (1192 X 65) FHrex
3% THRIT F AT 65 fAwe & forg
= 77,480 wTex
HLTH-4
1.0 F-F USITTH % FST ATl ATZLT FAMST &F & & (o0 qaq: qihd X7 "ol AT FHT Taqr

1.1

FT ST AT 0l TOTTAT

TAA; T FATSIT TOITSAT T T TTLHE 90 H FANMT &F o RH HI 0T F7 qaa: qaqv
T 3 FAT & forg Reme BT T3 81 TOTet! 7 & i S 9¢ aEaT Sar gl T’ &
RS & forw =aaw srasashar = <F T2 &;307q:-

FH FATSIT TOTTAN;

ST & Tohed IR FARIIE ®IH (TRURTEN) AT Uhiaad hed i S (TURTHTF)
TTET FHE S T STANT AT STaT 2

1.1.2 I TIA R TOTTAT:

(%)

U 92 WER0 & &l T FF M § | T & &0 UF 77 UF § aAterw qieqas IHer ol
AFALTFHAT ZrAT gl UHT T e § R Her & 9¥ &7 qifer & 919 UF w f&Eaeor 972y
=T SITaT g1 R A % T B s ST a3 9 [RESIAM 9159 9¥ @9 ST &
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1.1.3
(%)

(@)

(M
(=)

6.1

6.2

eI qTeq w et =7 | W-MHa | aTer $ST0T 989 8 ST gl § i a1 &l gaq 9%
TET SATAT 81 BT T AT & ga1d # @7 a7 g1 SHifwsr ®r frsror v a9 & grar g @
ATEEST | ATST (AT STTAT g1 STt &7 R #1o &7 & @ 18 TANuH/ UH 2 H =9 ®IF
Tetthed 3 & o Reres frar war g1 swwret [eer & forg, w &1 A 40 "9 H
TSt T ST A1)

FATH ST qad: qHT g FTAT TOTTeAT

R/ €1 7 T o i Rufa ®, S8 9ar T § 949 Rared g0 gad; TEET 9dqr ar
STaT g1 Rarew a9 Re @i & @ &7 § B F Uqetiaed & foru & fGeew & atng #ar g
T AT T SH [EATAT T H SToal & GATAT AT Teh| AELTH ART AqTawl & (7T Iar v
S AT T TOTTAT o AT U A AT-fasgeret sreme oft streT 3w

e ¥ UF WY Reaes qeas oiHe g ST ST &l 97 a7 g oY N "I & 9% sR{=erAT
Hifewm &t wa=tiera RSt Fr afh F2ar 1 T &F § Idq7 o9 i AT 6T T TorTe
g

ST o STFLTIOT § FAMRT F 9T T T ASLA & a9 H1 TS ATHA 2T AT U

T TUITEAT I STcater eaaia g il saedsdr g oie R @i T #i qar & ™o
fafers drse afiasr AT 9% w1 F) REFas Iumet & s ud, ud, THUHA, A0,

Tt St T T T AT SR ST g gHias A1 AqAied T ST ARy
qtter g gAtea BT ST a6 & 3T Jorierd ) 1 ITART 6aT STaT 8 ST gt & SgaH ATl
T I HLAT 2

79 HieT ATH AT o o (o1 AISLAT R UICAHe Feed &l T0ET:
& &1 R i & w X 79 X 0.3 = 74.5 TH 2 (319 q1€ 9¥ 300 UH. UH. F A=Al AT & HI
&I | 7@ d gU)
T T A T @ 18 TAHua/ UH 2 = 1341 vadiuy
40 TFHE ¥ AFLTF A |IH =07 = 894 ez
& & o7 saea Ais@e IfAe it o §gar = 7*
*(135 feX I a1t 150 Ffiex &HAT a1l Fa 9¢ (947 Fed gu)

ATLAT-6

[FAT LA 6 2 ]

6.0 AT THET T (THTHATH)

T2 THSAT ST T FH FIA T Tga¥ IO IUAN T2901 F T o qeer qae+ w1 =96
G H 47 33T ST g1 0 gL Gaew e fSSrea faiat, TSafir s g=re gursi
T AR Fh GALATER TETAT T TATAT ATAT AT TUTAT AT TTHATSAT %0l TESAT 6 THGT 6
U U AT gET g1 T8 S FeATe i URA i [ | gafad g ™A gae
TR AT ST IS Al 7T gl TH q¥g i HedATU Sgiel TATE, ART A7 F&Ehie F7 FHor a9
qFHAT § AT Siaqd: T FAle T, IR FT THAT, STTEA FT THATT 3T TATILO0T TATT BT
AT gl

T TATAT T AT THLT HAFRH F (o0 G0 THIAEE TORIT FT Jediwd F:39 g Uh
TR g 1 SAaeFHar gral g1 TH IR A7 SUTNT FId gu, Tee =Bored, e
ST, T ThEa, TRETs U Tty T atea sfiw s, do-FRatag sttt
TS TORATRA, TATaRTeT ATl TSTATe Ue Tiharel, Tveror syl T Tohar & T9Taa
FIA AT T Tl I Geaiawd # = f&rar srar g1
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6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

FATAT T LEAT Ted TUTSAT AT FIAT AT, ST T FHAAT F THEd Taeq o F TH
Fters o g, e Fefofag o= W ged Tt g1 geaT Taed e (THUHTH)
T (ST FATG, STATET e, 9 AT AN FY) A T2 AT g ATgul FEET |
A T 9T U TATAT GLAT T4 T2 FeeA o (e Fforfaa ugeet 9% = A afee
RIS

TIA 3T WY Yiaaagarn: ad offd yagw, Fadl S9Tad Jied, Saraael, TR i,
I, AFLTFHATU AT LA TATT; HHAH TF FLAT ATHA g

TIoT A7 FHoured - St F J9g" & o aR=TeT gt ud THare F1 9T w37
AN A & 10 SFHETE AT U AT TS A0 Bl

TRATAATH S [AF=0T: =a@TT AT FOHT % SR F Taeq & o0 Taae i qorsgd aoare i
e fohaT ST 2l

FT TATAAT TTHA 85

qad AT - TAH Taed THIET, TaaEdar f geaar X gLam & (o0 SarEagl & qged &l
EIGIEERINEE

6.4 TTAT TaET TUTSAT & ek (THUATH)

6.4.1 AT TILT TUTAT § FH T FH HHTAEd AT T2 AT g AT, ST Haragi w0 Teg

AT T ATALTHATAL 1 T FIA H HIG ;AT

(F) T ST gae Tiaagar-
(i) g 7 vaee Tfdagar Tauaus § #2 ®9 § fGErs a1 1 A1[ 0| Tae Al FOet 6 e g

TATALOT AT ST FTSATHT HEAAT T U [ored faaor fawfad Fear A1 oiv 39 q9dq
TAT FATRY ST LT FIEAFH FH AN FA F (0 aedqa Sreaarat, At 6w =9 i
SR T TRATIIT FXdT gl Tae &l g [Meid H & o7 LT ST TATa<0r Taa= HIawd
T FHTAT FIAT AT &6 F47 I8 [@ FaiRa g 98 U, T30 3T THrEt a7 2ar gl
Terers THIEAT Al HIAFHT AGTILAT TR, FEdT TRt siw Ry gaw i Jfaasga
& AT | AT, I29AT ST FIAFH o6 ST Heahi H T 0l AT AELTHAT I T HIAT
AU Terere qeTear it feoafort, Aot v Tttt w1 yeifed B ST = tgul

(@) =T S AT

(i) e 7g gt e

() 9IF THURUH "2 6 (AOaTad FT T Fed & o0 IhRamsti e agiaat &1 afearog
[ERIRIR S

() T & RFEad g2 Y THuRTg 97 Y9E & fou @Eams s aifates
AAITFHATSAT T TT FHA o ToIT TSI 7T 77 8

() ST FERATAT 3T TE AT T T AT FA 6 [0 Tahigha g1 Srar g 6 e,
g @i Rrewd srefieE T, steaTsi, ST, FEETRET 7 sward § 9t e S
EHC IR

(IV)  F=T ST Ogras ST=rehT saegshars qigd aeie e Sqree [Faree, Tquaue &
ESITe 2, R F o7 qEe  foru fefaa fro o )

(i) & AT THUHUH F IiT AIAT ITATFAT T A AT T FH,

()  TF THICHT GLAT HEHd I TRTAT AT 3T A AHAT AT o THT 6 AT T FER(dl
FH T3 ol B,
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(%) I g & & =0 [fFew & Fuifa o= g2 s & om e
IALETI AT AT 329 e fem-gfafes i wiafata=i F &= v wow 9ew g;

(F) ST Taed THRAT H1 F@r@r a91 ST SEHT 6 Tga9T, i, TreHsar i
TS H WEE FA ©, AGAAT GATHT FG © AT FEH FH FIA 6 ITAT HT G0AT
ERL

(B) HETYS e THAT FT A FHIAT,

() IY-FIT TR IUTAT T TATIAT FLAT

() A o7 aTed RagmFt ¥ 97 THuHu F iy wiagar a6 w7 6w

(31) ETST & FHT T G FSTT ST A B G@TaT 247

(i) ot AT S STeAT AT W FA F forw whwaATSH, qfaat, sworter, s wiereror #ir wurT,

FTATATA, TR T T FNN| v HEATT TS o AT ATTGH TTSTAT A 1T HLeA o [T
e gt AT, ST #rsa &t A 3 deai & A= g HIAT AT TTees, AT 37T
wataeer w9 Sqataa FHATRAT qi2d T @13 1 g4\ | T@d gU UF arius Ua0ds
FTF AT Ft, Srad At arfie €,

() =y vauEs g=eim

(I) 3 aTer a9 & forw TeuEs qe)

() FEEIT FeATT ST i)

(IV) TRt geaT, FEer G, ATTETa ey Y Ta&a< & dia< &fere age
(V) smaTaeRTeta st

(V1) HaTe T ARiTaTrsiT

(V1) SrEmadreaT 3iie werere aeyem

(iv) AT e 1 GIErT, @ S 3 § e, fFaae i ST Fore =1 6 oy T gareg=t

()

(i)

FT TZATH, TATET 3T AT FEAT ATRT TAT HE T T il HTSAT HLAT ATRY AT THUHTH
& YT T AT HILTT FH a1l T2 SATAT HI ST FHIAT AT g0l

gR=TeATeE AT v wiaT & gefaa et # T F o sy e ey wiar o
AT =ael &t Tg=a w3, q9aA S I F37 F e [Srewew grit, ST 895 :41, 95
H ¥ THEEL, T H TATIAT FT TRl g, AT HGeA ol Hil gTie T SATITL Tl THATT FT
qFHAT gl TRATAT Fedh AT TRATAT RIAT T Fael U A2 it AT F Fg+ & o uF
TATAT ITHLIT GHAT AT, qledh Tl 84qT, BT AN S OrET & T I8 7 Fad
T, FTeaae 7 T@vETd & forw U qRferd, afod Fere THaT aree | g1 398 Tas
de AfFETT whrEErs F o gt siw Ao wr sy aree gl Al
TRATAATH I T THUAUS T N J9ET1 A0 STEEH S8 AT HAT 6 SITEH H
T FA o0 F G AUeAT g1 T TH1E 6l ATATE THURUH & o0 SIET TaT FdT gl
ST % AT T HATAq 0 SATeAdT & AT 9T I Teehl o HIATATT %0l TgAdT S ZT
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TERaTd STE RIS gie %, "@Ueid ol (ATHarse AT Ser3e), THE a8l AT ATeAi &l
T, HHHT T § T, SATS UL F1, I, ATST 9F, S a8 FLAT AT T Jorret i
g UH ATHAT | STgi FoheT FH=m &7 71T g Fo6 et ST &1 arae e | sreiera feafa
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8.2
8.2.1
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Reee (S 9feha, Ahfaeer, Totfaede) T8, JesSe oY 697 &1 [Huiv, d=ra+ Iiam,
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(i) sTafer qear sifee: ad § uF a7 i

(ii) TR qEeaT e S a1 # UF A HUAS et & T § Tt Jorg Te7 USHT 6 qrem|

|

8.3 siafies e srETadrer i T
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() e sAifee & % forg e e Fid gq el (e A 1 -7 Fied | 92, T qrafd &7
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ST T Tehal g STgl ST T T g
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F.

PETROLEUM AND NATURAL GAS REGULATORY BOARD
NOTIFICATION
New Delhi, the 29th March, 2023
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. Short title and commencement. -

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

(2)  They shall come into force on the date of their publication in the Official Gazette.

2. Definitions. -
(1) Inthese regulations, unless the context otherwise requires;

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

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

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

d. “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 pressurized storage tanks, loading gantries, flare
and like others;

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

f. “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 mixture of propane and butane also fall under
the same category;

g. “Compressed Gas” means any permanent gas, liquefiable gas, or cryogenic liquid under pressure or gas
mixture which in a closed 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;

h. “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, -

Vi.

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

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

“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 flammable vapors, gases, or dust exists;

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

“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

“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;

i “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;
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“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 physical 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 sufficient 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-I);

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 vaporisers, 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 classified according
to their closed cup FLASH POINTS as given below:

(i) Class-A Petroleum: Liquids which have flash point below 23 °C;
(ii.) Class-B Petroleum: Liguids 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 precautions should be taken as

required;

0] 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:-

0] 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 release of type and
magnitude sufficient to ignite any flammable mixture of gases or vapours that could occur at
the site;
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“LPG Facilities” means a facility where liquefied petroleum gas (LPG) is stored, received or dispatched by
rail, road, pipeline or filled in cylinders;

“May” indicates provisions that are optional;

“Maximum Allowable Working Pressure (MWAP)” 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, Ultrasonic Flaw Detection, Radiography,
Hardness Test and other relevant Inspection procedures 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 railcar would likely be covered by an operating procedure, whereas breaking a
connection to remove and calibrate a pressure transmitter would be considered a non-routine 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 products such as petroleum naphtha,
gasoline, diesel fuel, asphalt base, heating oil, kerosene, 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, processing, associated systems like utilities, blow down, flare system, fire water storage and fire
water network, control room and administration service buildings like workshop, 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 pressure and whose water capacity exceeds
one thousand litres and includes inter connecting parts and components thereof up to the first point of
connection to the connected 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 sterilizers, 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 exposure 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 petroleum 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.
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(1)
(@)

(1)
()
3)

(4)
Q)

(1)
(@)
3)
(4)

(1)
()

Application. -

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 facilities constructed
outside the ISBL (Inside Battery limit) of an entity where no processing of hydrocarbon is carried out, that is
to say Main Administrative Building, Material 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, operation, 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 regulations.

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 and Gas Processing
Plants based on some other standard or is not meeting the requirements 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.
Default and Consequences. -

There shall be a system for ensuring compliance to the provision of these regulations through conduct of
technical and safety audits during the construction, pre-commissioning and operation phase.

In case of any deviation or shortfall including any of the defaults, the entity shall be given reasonable time
limit for rectification of such deviation, shortfall, default and in case of non- compliance, the entity shall be
liable for any penal action under the provisions of the Act or termination of operation.

Requirements under other statutes.

It shall be necessary to comply with all statutory rules, regulations and enactments for the time being in force as
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10.

(1)

(2)
(3)

applicable and requisite approvals shall be obtained from the relevant competent authorities for Refineries and
Gas Processing Plants.

Miscellaneous.

If any dispute arises with regard to the interpretation of any of the provisions of these regulations, the decision of
the Board shall be final.

The Board may at any time effect appropriate modifications in these regulations

The Board may from time to time issue guidelines consistent with the Act and these regulations 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 larger storage requirements than contemplated earlier. For
these reasons, initial site analysis for the proposed new construction or addition should be done
carefully 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)

Block layout should be adopted as far as possible. Plant layout arrangement should follow the
general route of raw material to process unit or units with tankages interposed as required
followed by storage and dispatch 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 primary traffic roads;

Alternative access shall be provided for each facility so that it can be approached 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 material 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 Sulphur handling.) and
cooling towers should be decided based on prevailing wind direction to avoid travel of
hydrocarbon vapour over sources of ignition 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 accordingly;
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(n)

(0)
(P)

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;

Emergency control room and alternate emergency control room should be located in safe
area;

In plant layout, area shall be identified for incoming truck parking, movement 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:

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

1.3.2

namely:-

(a)  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, petroleum wax, sulfur,
bitumenor asphalt and other open storage areas such as scrap yards;

(d)  Chemical or Toxic chemicals storage, hazardous waste storage or disposal;

(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 installations in coastal areas;

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

(k)  Aviation considerations;

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

(m)  Environmental considerations;

(n)  Statutory obligations; and

(0)  Security considerations

General consideration for the layout of blocks or facilities, while locating the various facilities or
blocks, the following should be considered, namely: -

(@)
(b)

(©)
(d)

(€)

(f)
(9)

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

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;

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

Power generation facilities which also supply steam for process requirement should be
located near the process unit block;

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;

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

Cooling Towers should be located downwind or away from the wind direction of process
equipment and substation so that fog developed will not cause corrosion or obstruct vision or
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(h)

(i)

1)

(k)

U
(m)
(n)

(0)
(p)

(a)

(n)
(s)

(t)
(u)

v)

short-circuiting;

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 facility or other toxic or dust explosion
producing sources;

Minimum separation distance of 50 metres is recommended between sulfur 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 hazardous 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 important areas considering odour and emission of volatile organic
compound. 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 encompass 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 process units or other critical areas;

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

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.
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1.4 Layout of Process Units:

1.4.1 Equipment in process unit can be arranged in many ways. Safety, economy, operability, 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.

14.2

General Considerations for the layout of Process Equipment:

(@)

(b)

(©)

(d)

(€)

)

(9)
(h)

(i)

1)

(k)

0

Process flow sequence and operating procedures should be thoroughly understood 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 areg;

Towers or columns should be located along the pipe rack towards open areas for unobstructed
erection as well as maintenance of internals at 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 associated towers;

Vessels, column, Reactors with internals or containing catalysts, chemicals 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;

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;
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143

(m)
(n)

(0)

(p)
(a)

(1)
(s)

(t)
(u)
v)

No other tankage except day tanks or process chemicals shall be provided within battery
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 recommended.
In case the same is unavoidable, the building shall be located upwind side of the unit and
adequately protected from blast overpressure, H,S, 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)

(©)
(d)

(€)

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

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 Manufacturer or of the
Engineering Consultants 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, 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.) In case 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 integrity of these
valves is ensured from following impacts, namely: -

()  Thermal radiation heat from fire in vicinity;
(I1)  Potential for explosions affecting integrity of deluge valve;

(I1)  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
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heater;

(f)  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:

(i)

(ii.)

(iii.)
(iv.)

(v.)

(Vi)

(vii.)

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

(1) 60,000 m® for a group of fixed roof tanks; or
(11) 120,000 m* for a group of floating roof tanks;

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 alcohol storage in which water ingress is undesirable);

If 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;

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 calculated after
deducting the volume oftanks (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 calculated liquid level shall be considered
for fixing the height of the dyke;

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;

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;

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, whichever is more;

(viii.) Process equipment should not be located inside the dyke. Pump stations and piping

(ix.)

(x.)

(xi.)

(xii.)

manifold should be located outside dyke areas by the side of roads;

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;

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 Qil Mines Regulation, the
maximum height of the tank, dyke requirements shall be as per Oil Mines Regulations;

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;

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;
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(b)  Grouping:

(i)

(ii.)
(iii.)

(iv.)

Grouping of petroleum products for storage shall be based on the product
classification. Class-A or Class-B petroleum may be stored in the same-dyked
enclosure. 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;

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;

Tanks shall be arranged in maximum two rows so that each tank is approachable from
the road surrounding the enclosure. This stipulation need not be applied to tanks
storing excluded petroleum class; and

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

(c)  Fire walls:

(i)

(ii.)

(iii.)

In a dyked 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;

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

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: -

(i)

(ii.)

(iii.)

1.6 LPG Facilities:

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 diameter of Class-A or
Class-B product tank is more than 9 metres;

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 applicable for the installation storing
only Class-C petroleum;

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

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 Standards and
Specifications including Safety Standards for Liquefied Petroleum Gas Storage, Handling and
Bottling Facilities) Regulations, 2019, except as specified in these regulations.

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 specified otherwise in these regulations.
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2.1.2 Pressure Vessels:

(@)

(b)
(©)
(d)

(€)

)

(9)
(h)

)

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 1S1893 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 Petroleum 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 Nondestructive test;

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

2.1.3 Storage Tank:

(@)
(b)

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

Tanks shall be provided with at least two numbers of level instruments with independently
settable alarms. One of the said level instruments with independently settable 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 considered for tanks receiving at high flow
rates (unloading from ships or pipeline receipt). 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:
(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
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(b)  Pressu
(i)

(ii.)

Lighter ends or toxic material.
re and Temperature:

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.

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

()  Pumping temperature of 200 °C or higher;

(1) 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.
(¢)  Hydraulics:

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

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

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

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

(d)  Process Control and Protection Systems:

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

(i) 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 maximum 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 H,S, 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 accumulation 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 sensors or gas detectors
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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;

(ix.) Different type of process compressors should be housed under common compressor
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.

(b)  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 discharge
temperature should not exceed 170 °C;

(iii.) The maximum predicted discharge temperature shall not exceed 135°C for hydrogen
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 lubricated
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.) In case of reciprocating compressors, cylinder coolant inlet temperature should be
higher by 6 °C than suction temperature.

(c)  Auxiliary Assemblies:

(i.)  Pulsation suppressor connections shall be flanged in positive displacement
compressors; and

(ii.)  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.

(d)  Process Control and Protection System:

(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: -

() 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;

(111) 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 provisions
such as NRVs to prevent the reverse rotation of the equipment. NRVs should be
suitably located to prevent reverse rotation in case of abrupt stoppage or tripping
of the machine; and

(V) Suitable redundancy for pressure and temp alarms or trips should be incorporated.
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2.2.3 Heat exchangers:

(.

(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 Reboilers;

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 symmetrical
distribution should be considered.

2.2.4 Relief System:

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

(i)

(ii.)

(iii.)
(iv.)

(i)

(ii.)
(iii.)

(iv.)

(v.)

Reclosing type Safety or Pressure Relief valves:

() Conventional spring-loaded Pressure Relief Valves;
(I1)  Balanced Pressure relief valves; and
(1) Pilot-operated relief valves

Non-Reclosing type Safety or Pressure Relief Valves:

() Rupture disk Device; and

(I1)  Pin-actuated device

Emergency depressurization Valves;

Set Pressure of Relief Valves:

()  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 between the set

pressure and the normal operating pressure should not be less than 2 Kg/cng.
This aspect shall be considered for selecting the design pressure of the
equipment. The set pressure of other types of Relief Valves shall be fixed based
on criteria given below in paragraph 2.2.4(a)(iv) (1) and (I11).

(I1)  Pilot Operated Valves shall be used, -

where the margin between set pressure and maximum operating pressure is less than
10% of the maximum operating pressure;

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

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.

Emergency Depressurizing Valves:

For sizing of Emergency Depressurizing Valves, generally involves reducing the
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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:

(i.)  Inlet and outlet of a safety valve connecting pipe shall not be less than the nominal
sizes of inlet or outlet flanges respectively of the safety valve;

(ii.)  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:

(iii.) Inlet and outlet (if pressure relieving device is discharging to a closed system) piping
shall be free draining away from the safety valve;

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

(v.) 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;

(vi.) 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 appropriate
locking device; and

(vii.) When gate valves are used, they shall be installed with stems oriented horizontally 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.

(c)  Release from Safety Devices:

(i.)  No hydrocarbon release from any vessel or equipment operating above atmospheric
pressure and other toxic gas releases shall be discharged to atmosphere directly.
However, in certain situations where hydrocarbons are stored and handled 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:-

() 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 released gases will,
then, be diluted to below their lower flammable limit;

(1) A single common vent shall not be used for several relief valves because this results
in a discharge velocity much less than the designed discharge velocity when only
one safety valve isoperating;

(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 necessary 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;

(V1) 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 toblock the outlet due to fouling.

(d)  Main Flare Header:

(i.)  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;

(ii.) I the liquids to be handled include oil with a relatively high pour point, provision
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(€)

)

(iii.)

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. H,S 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 material 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.

Main Flare Knock-out Drum:

(i)

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.

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
submergence of inlet pipe under the seal. A minimum seal of 100 mm is
recommended. 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 connecting knock-out
drums, seal drums and the flare stack shall be free of pockets. The seal leg shall be
provided with a 14" siphon breaker. Provision shall be made to skim off any oil that get
accumulated in water seal drum.

2.2.5 Steam Turbine:

(@)

(b)

(©)

2.2.6 Gas Turbine:

(@)

(b)

Lubrication Systems:

(i)

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:

(i)

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).

Inlet and Exhaust Conditions:

@i.)
(ii.)

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

Flue gas exhaust system ducting shall be provided with suitable silencer to limit the
sound as per applicable standard or statutory requirement.

Fuel Systems:
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(©

(d)

(€)

)

(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 metallurgy of
downstream HRSG’s and Auxiliary boiler coil, stack and like other devices.

Lubrication Systems:

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

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 vapours; and

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

Process Control and Protection Systems:

(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 considered,;

(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.

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.

2.2.7 Agitators and Mixers:

(@)
(b)

Shaft seals installed in Hydrocarbon service and for low lubricity liquids and gaseous
applications, double mechanical seal with pressurized external fluid shall be provided; and

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

232

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 hydrocarbon 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
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233

234

235

2.3.6

2.3.7
2.3.8

2.3.9

2.3.10

23.11
2.3.12

2.3.13

2.3.14

2.3.15

2.3.16

2.4 Boi

24.1

24.2

24.3

244
245
24.6
247

manifold outside the firebox as per ASME B31.1 and IBR). Only seamless tubes or fittings are
permitted. All joints shall be 100% radiographed. 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. Adequate
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 external
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.

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 throttled 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 monitoring 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 temperature
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 System.

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.

ler system:

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, certified 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.
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248

249

2.4.10
24.11

24.12

2.4.13
24.14
2.4.15

2.4.16
2.4.17

2.4.18

2.4.19

2.4.20

24.21

2.4.22

2.4.23

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.

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 rgedn

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 provided to ensure
that the boiler remains within safe operating condition.

Suitable analyzers shall be installed in the boiler body and the stack and adequate monitoring 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:

251
252

253

254
255

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 5571 as per hazardous area classification.

All Control and On-Off Valves shall have valid certificate for compliance to fugitive emission
requirements as per 1SO-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 connected to
CPCB as per CPCB guidelines.

SCHEDULE-3

(See regulation 6)

3.0 Asset Integrity Management System (AIMS)

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

3.2 Introduction:

321

AIM programs vary according to geography and plant culture in addition to industry, regulatory
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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 appropriate 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 unplanned
maintenance;

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

(d) follow guidelines, standards and

specifications;

design engineering practices, applicable codes,

(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 implementation

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 assets. 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 facility’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, -

(a)  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

(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

Concep Process Proces Operations Decommi
" ot > develop | s s-
DESign m -ent Desisn cinninag

)

|

Research through Process Design

3.4.3 Research through Process Development

(a)  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 demanding for ongoing containment and
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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 requirements 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 organization’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 before the start of the
detailed engineering.

3.4.4 Process Design:

(@)

(b)

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

(i)

(iii)

(iv)

(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;

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 critical function;

Design Documentation. - Entities shall develop and maintain accurate and complete
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 preventive maintenance, and
correcting deficiencies and failures.

Procurement and Construction:

(i)

(ii.)

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 specifications for
managing asset integrity during start up, operating and shut down.

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 AlIM.
Entity shall maintain the design and construction documentation provided by the
manufacturer. The Documentation should cover. -

()  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.
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(c) 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 transition to an
operating facility. Commissioning involves not only the physical assets (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 instrumented 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 integrity
issues before introducing hazardous materials into a process is during an operational
readiness review, also known as a pre-startup safety review (PSSR).

(d)  Selecting and Applying established guidelines, design engineering practices at each stage:

(i)

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.

(e)  Asset Performance Management:

(i)

(ii.)

(iii.)

(iv.)

(v.)

3.4.5 Maintenance:

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 optimal 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 methodologies 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), 10T, Al, ML and Strategy
Analysis.

Manage Stage: The output of the develop stage are utilized in this stage to develop
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), Condition 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
documentation 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.

(@)  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
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(b)

(©)

are considered most fit for the purpose and in line with the codes and practices.
Elements of mechanical integrity program should include-

() identification and categorization of equipment and instrumentation, inspection
and tests, training of inspection personnel, testing and inspection frequencies,
development of maintenance procedures, the establishment of criteria for
acceptance of test results, documentation of test and maintenance results, and
documentation of manufacturer recommendations;

(I)  the information pertaining to process equipment design which should be
documented so as to identify the codes and standards relied on for establishing
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:

(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 ongoing
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 maintenance
activities.

The task, role and responsibilities should be defined.

Records of trend analysis of machine and equipment should be taken into
consideration.

All maintenance procedures should be duly authorized.

Inspection and Test Results:

(i)

(ii.)

(iii.)

(iv.)

(v.)

(vi.)

Each inspection and test performed on the process equipment shall be documented.

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 testperformed and the results of the inspection or test.

Each facility shall have written inspection and testing programme in place. Inspection
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 include 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 vessels,
columns, heaters, heat exchangers, boilers, storage tanks, relief valves, piping, pumps,
compressors, turbines, drives. through regular in-service external and out of service
comprehensive inspection.
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(vii.)
(viii.)

(ix.)

(x)
(xi.)

(xii.)

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

(xvi.)

(xvii.)

External in-service inspection shall include visual inspection including instrument
aided non- destructive testing such as ultrasonic, radiographic and thermographic.

Out of service inspection shall be carried out to assess the integrity of the equipment,
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 service or
environment conditions. Inspection shall include preparation and implementation 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 monitoring
and preventive maintenance. Periodic Overhauling shall be done as specified by OEM.

The authorised persons performing the inspection shall be qualified and experienced.
The requisite criteria for deciding the qualification and experience shall be decided by
entity.

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 Inspection test
plans, standard specifications, job specifications. Factory Acceptance 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 deterioration and
adoption of suitable inspection technique to identify the degradation mechanism.

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

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

(xix.)

(xx.)

(xxi.)

(xxii.)

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 carried out for
acceptance.

All repairs and alteration work shall be authorised and approved.

Micro structure examination and remaining life assessment (RLA) of equipment
operating in creep range shall be carried out as they are subjected to metallurgical
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 systems,
where applicable.

(xxiii.) Inspection shall cover that all new equipment and piping systems are installed in

accordance with design, and any deviations documented and approved.

(xxiv.) All documents such as built drawings, manufacturers inspection and testing

(xxv.)

certificates of the respective vendors shall be properly retained and followed.

Inspection program shall include the review of quality assurance plan and acceptance
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(d)

(€)

criteria in line with the approved technical specification requirements.

(xxvi.) Inspection shall cover the electrical systems, check its integrity, earthing resistance,
bonding, cable joint integrity, reliability of cathodic protection systems 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 Shutdown Valves
(ESDVs) and actuators shall remain functional following an explosion 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 effectiveness
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 preventive repairs measures
or rehabilitation to ensure integrity, stability and durability 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 concrete, 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 content and 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:

(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 consideration
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.
AIM Training and Performance Assurance:

(i) An important 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: -

()  Management awareness training;
(1) Skills or knowledge assessment;

(1) Training for new and current employees;
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(IV)  Verification and documentation of training effectiveness;
(V) Certification, where applicable;
(V1)  Ongoing and refresher training;

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

(VII)  Training for technical personnel; and
(IX)  Roles and responsibilities.
Schedule-4

[see regulation 6]

4.0 Electrical Systems:

4.1 Design Philosophy:

411

41.2

413

414

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 future 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 established
codes, specifications, sound engineering practices and shall meet the statutory requirements 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 under 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 electronic
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 temperature.

For the purpose of electrical earthing calculations (soil electrical resistivity) and cable rating
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. Classification 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 1S 16724 or IEC 60079-14.

4.2 System Design:

421

4272

The electrical distribution system shall be designed considering all possible factors affecting 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 concentration of individual
loads. The design of electrical system shall include the following paragraphs 4.2.2 to 4.2.9

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

(a)  Site Conditions;

(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;
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(f)  Electrical equipment design;

(9)  Hlumination System;

(h)  Earthing system;

(i)  Lightning protection system;

(J)  Electrical equipment for hazardous area;
(k)  Statutory approvals;

()  Cablesizing;

(m)  Emergency power sizing;

(n)  Power system studies;

(0)  Heat tracing system as applicable;

(p) 24V,230V,415V power out let system; and
(@)  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: -
(a)  Standard products applications;
(b)  Safety to personnel and equipment;
(c) Reliability of services;
(d)  Constructability access;
(e)  Cabling access;
(f)  Minimum fire risk;
(g)  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 selective
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 sizing of all
electrical facilities and equipment in the refineries and Gas processing plants facilities. Study should
include minimum but not limited the following as applicable; namely: -

(a)  Plant and Unit electrical load analysis;

(b)  Load flow, fault calculation and large motor starting studies;
(c)  Feeder and circuit voltage drop;

(d) Relay settings and coordination;

(e)  Earthing;

(f)  Hlumination calculation;

() Lightning protection study (protection of structures against lightning);
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(h)
(i)
0)
(k)
U

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 decided 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:

(@)

(b)

Emergency power supply shall be provided from Substation up to Emergency switchgear 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 battery 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:

(@) A load 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 numbers of
transformers, switchgears and like other devices. The current rating of switchboard 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:

(a) A substation shall be built at the site to cater all load (such as the storage tank and plant)
requirement.

(b) Tt should be provided with dual redundant power supply from, in its each Bus sections “A”

and “B”. Two incomers and one bus-coupler system with 100% redundant capacity for
incomers shall be considered for all HT switchboards and PCCs.

4.6 Sub-Station Design:

4.6.1 General:

(a)  The substation shall be located in a safe area and outside the hazardous zone.

(b)  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.

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

(d) In large plants, the main sub-station floor shall be raised above grade level and the space
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(€)
)

(9)

(h)

(i)

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 prevent 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 normal and equipment entries can be combined. The
substation shall also have an emergency 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, IIC,
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 equipment 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 provided.

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

4.6.2 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.

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 hazardous areas. All the
electrical equipment installed in hazardous area shall meet the requirements of relevant 1S 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 service 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 hazardous 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 considering 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:

(@)

(b)
(©)

(d)

These shall be designed to ensure maximum safety during operation, inspection, connection
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 provided
unless specifically warranted by process requirements.
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4.8.2

4.8.3

4.8.4

4.8.5

(€)

)
(9)

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 transformer 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 motors
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:

(@)
(b)
(©)
(d)

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.

Automatic on-load tap changer (OLTC) shall be provided on the main power transformers as
required. Lighting transformers shall be Dry type, Air cooled mounted indoor.

For harmonic mitigation, use of transformers with special vector groups may be considered
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 IS 3034 or
with Nitrogen Injection Fire Protection System.

Emergency Diesel Generators:

(@)

(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, associated 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 required.

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 environment with regard to noise levels
and stack height requirements.

Neutral Earthing:

(@)

Earthed System:
(i.)  Power system neutral shall be earthed;

()  to limit the difference of electric potential between all uninsulated conducting
objects in a local area;

(I1)  to provide for isolation of faulty equipment and circuits when a fault occurs;
and

(11 to limit over voltages appearing on the system under various conditions.

(ii.)  The neutral earthing system employs one of the following methods; namely: -
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(b)

()  Solid earthing for low, medium voltage system (upto 650V) and for high
voltage above 11 kV.

(I1)  Resistance or Impedance earthing for 3.3 kV to 11 kV system.
(117 Resistance or Neutral Grounding Transformer earthing for Generators.

(iii.) The values of neutral earthing resistors normally applied in industrial power 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.

(iv.) The neutral earthing resistor shall be able to carry at least 10% of its rated current
continuously, unless otherwise required, and full rated current (100%) for a minimum
duration of 10 seconds.

Unearthed System:

(i.)  Use of unearthed system should be avoided since arcing ground faults can result in
severe over voltages.

(ii.)  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 unbalance 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:

(@)

(b)
(©

(d)

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.

Fire alarm system shall have a dedicated DC battery backup system. UPS Battery backup
Duration after Main supply failure: 30 minutes for all control systems, except 6-hours for F
and G, Process CCTV, CEEMS Analyzer and Emergency Services (such as PA system.)

Battery Sizing for DC systems:
(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:

(@)
(b)

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.

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
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(©)

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 synchronised mode with the by-
pass line, and manual forward transfer or manual reverse transfer shall be effected without
any break.

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 communicable
relays should be accessible via a computer connected to the communication 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:

4.8.10

4.8.11

(a)  Low and high voltage variable frequency drive (VFD) equipment shall be in accordance with
design project specifications.

(b)  The requirement of variable frequency drives shall be considered based on an economic 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.

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.

(b)  All LV motors shall be complying to IE2 Class of efficiency unless otherwise specified in
Motor Datasheet.

(c)  Motor operated valves and electric cranes shall be fully equipped with integral motor control

gear.

Earthing System:

(@)

Earthing system shall provide low impedance earth paths for earth faults, static discharge and
lightning protection. Earthing design shall generally be carried out in accordance with the
requirements of CEA Regulations, 2010 and code of practice for earthing IS 3043.

(i.)  power system earthing, lightning protection and equipment bonding shall be achieved
by overall common earthling system. All units shall be bonded together 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 metallic
enclosures of non-electrical equipment, vessels, tanks, structures, pipeline, 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: -

(I) 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
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(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 IE rules.

4.9 Lighting System:
4.9.1 General Lighting:

(@)

(b)
(©)

(d)

(€)

)
9
(h)
0}
@
K
0}

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 lighting shall
be on DC.

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 remain energised through
emergency power source.

Lighting requirements provided during the failure of power supply for Normal lighting are
intended broadly, -

(i.)  to facilitate 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: -
(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: -

() areas near heat exchangers, condensers;
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(11) barring gears of steam turbine; and

(111) some portions of roads interconnecting substations and process plants.

(m) 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.

(n)  Critical lighting (DC supply based) will be normally kept ‘ON’ and during Normal or
emergency power failure, battery will provide power.

(0) Besides, adequate number of self-contained portable hand lamps and Battery emergency
lighting units shall be provided for personnel safety for immediate use in emergency at
remote substations and at other strategic places (safe areas), where there is no provision of DC
lighting.

(p)  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, and Workshops) 20
Secondary roads (such as roads along storage tanks settling basins) 10
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, cooling tower, 60
columns, pig launching or receiving loading area, flare and like other devices
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
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Areas IHlumination in Lux
Tube well, gate and watchman booth 100
Fire house, garage 100-150
Escape Lighting Escape way (interior) 5
Avreas at exit door and at points where it is necessary to emphasise the position of 30
potential hazard, if any.

(n)

(@)

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 International
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:

(@)

(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.

24V 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 IS: 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 mechanical 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 above ground in Hazardous area shall

be of fire-resistant construction.

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-



[T [1—=e 4]

AT T TOT9H ; STETETIOT 145

()  High voltage distribution cables and associated control cables;
(I1)  Cables entering or leaving buildings;

(1) Cables in areas where ground contamination is unlikely and economic
consideration precludes the erection of special cables supports;

(IvV)  Cabling within the power generation area;
(V)  Feeder cables to satellite substations;
(V1)  Cables within process areas or offsite areas;

(VII)  Any other area where overhead cabling is not feasible; and

(VII)  Cables supplying power to Fire Water Pumps.

(iii.)

(iv.)

(v)
(vi.)

(vii.)

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

(I When cables are laid in a flat formation, the individual cable fixing clamps and
spacers shall be of non-magnetic material;

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 covered with incombustible
slabs. If a significant number of cables are taken on racks, adequate supports should be
provided on the side wall of trench;

RCC covers of cable trenches should be sealed to avoid ingress of chemicals and oils;

In unpaved areas, cables should be directly buried in ground. Where underground
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;

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 interval

(ix.)

(x)
(xi.)

(xii.)

and protected against mechanical damage. Routing shall be decided to avoid proximity
to high temperature sources (such as steam drains and furnaces), 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;

Instrument and communication cables shall not be laid in the same trench or tray along
with electrical power cables. Electrical cables shall be where practical 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 electromagnetic interference, shielded twisted pair
or screened and overall shielded cables should be used for control cables or signal
cables;

Cable cellars shall be provided with fire detection and monitoring devices;

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 practical 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;

Cable installations shall provide for minimum cable bending radii as recommended
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;
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(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 provided with Gl
covers. Further bottom tray covers shall be provided wherever cable tray are routed
through process pipes or equipment.

4.10 Electrical 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 location 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: -

(®)
(b)
(©)
(d)
(e)
)
9
(h)
()
@

Fire Water System;

Foam System;

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 system,
whether floating roof or fixed roof or Internal floating roof

Class 'B' Petroleum above ground storage tanks of following dimensions shall be provided
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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:
(@)  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.

(b)  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.

(c)  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 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.

(b)  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:

(@) C4and Lighter ends and hydrogen Pressure storage vessels shall be provided with automatic
water spray system.

(b)  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:

(@)  Water spray system shall be provided for hazardous locations and equipment in process unit
areas. Some of these areas are as given below, namely: -

(i.)  Un-insulated vessels having liquid holdup capacity larger than 50 m* and containing
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 location;
and

(v.) Process compressor in LPG or Hydrogen or other hydrocarbons.

(b)  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, depending 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:
(a)  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):
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(@)

(b)

Gas (Clean Agent or CO,) based automatic fire detection and extinguishing system should be
provided to protect electronics housed in cabinet, electrical equipment, Cables and like other
devices. located in satellite rack rooms (SRR) or in control rooms. Selection of Clean Agent
or CO, and design of Fire protection system for process control rooms and SRR shall follow
the applicable NFPA Codes or Standards including its safety guidelines with respect to
“Hazards to Personnel”, electrical clearance and environmental factors in line with
environmental considerations of Kyoto and Montreal Protocols and latest MoEF regulations.

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)

Oil 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

54.3

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 design major fire
water flow rate is given in Annexure-1.

Fire Water flow rate for tank farm shall be aggregate of the following, namely:-

(i.)  Water flow calculated for cooling a tank-on-fire at a rate of 3 Ipm/m? of tank shell
area;

(ii.)  Wwater 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 I[pm/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 lpm/m? of
tank shell area. The cooling water requirement for tank roof may be provided through
fixed system or revolving nozzles, based on appropriate hazard 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 paragraph 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.

Fire water flow rate for C4 and Lighter ends sphere storage area shall be aggregate of the
following, namely:-
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(d)

(€)

(i.)
(ii.)

(iii.)

Water flow calculated for cooling LPG sphere on fire at a rate of 10.2 lpm/ m2 of
sphere surface area;

Water flow calculated for all other spheres falling within a radius of (R+30) metre from
centre of the sphere on fire at the rate of 10.2 Ipm/ m2 of surface area; and

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.

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).

Water flow rate requirements for firefighting in other major areas shall be calculated based on
criteria in terms of Ipm/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:

(@)

(b)

Firewater Storage:

(i)

(ii.)

(iii.)

(iv.)

(v)
(vi.)

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 masonry. The
fire water storage should be located not less than 60 m from hazardous areas.

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).

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.

Storage reservoir shall be in two equal interconnected compartments to facilitate
cleaning and repairs. In case of aboveground steel tanks there shall be minimum two
tanks each having 50 % of required capacity.

Large natural reservoirs having water capacity exceeding 10 times the aggregate fire
water requirement can be left unlined.

In addition to fire water storage envisaged as above in this clause (a), emergency
water supply in the event of depletion of water storage shall be considered. 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:

(i)

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:

(@)

(b)

Fire water pumps shall be of the following type, namely:-

(i)
(ii.)

Electric motor driven centrifugal pumps; and

Diesel engine driven centrifugal pumps

The pumps shall be horizontal centrifugal type or vertical submersible centrifugal pumps.
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553

554

555

55.6

55.7

56.1

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 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. All 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 number of
pumps at each location shall be according to hydraulic analysis of piping network.

Jockey Pumps:

(@)  The fire water network shall be kept pressurised at minimum 7.0 kg/cng 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:

(@)  Adirect 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.

5.6 Distribution Network:

Looping and Maintainability:

(@) The fire water network shall be laid in closed loops as far as possible to ensure
multidirectional flow in the system. Isolation valves shall be provided in the network to
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5.6.2

5.6.3

5.6.4

5.6.5

5.6.6

(b)

(©)
(d)

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 connections 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.

Criteria for above or underground network:

(@)

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.

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.

Protection for above ground pipelines:

Where the pipes are laid above ground, the following protection shall be provided, namely:-

(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

(iv.) expansion and necessary expansion loops shall be provided as per good engineering
practice.

Hydraulic Analysis and Sizing of Firewater Network:

(@)

(b)

(©)

The hydraulic analysis of network shall be done. and also, whenever fire water demand
increases due to addition of plant and facilities or extensive extension of network, fresh
hydraulic analysis shall be carried out.

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.

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.

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.
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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:

(@)
(b)

Fire water mains shall not pass through buildings or dyke areas, foundations of equipment or
structures.

Hydrants or monitors shall not be located inside the dyke area.

5.7 Hydrants and Monitors — Details:
5.7.1 Hydrants:

572

573
574

(@)

(b)

(©)

(d)

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.

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, 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)

(€)

)

(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 operation 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 purpose 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 structures.

Fixed or Mobile High Volume Long Range Water cum Foam Monitors:

(@)

Fixed or Mobile high volume long range water cum foam monitors (Capacity 1000 GPM and
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(b)

(©)

(d)

(€)

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.

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.

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:

(@)

(b)

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.) incritical units such as CCRU, DHDS, HCU, Hydrogen, FCCU, DCU, CDU ; and
(iii.) critical equipment at higher locations (above 45 m.).

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:

(@)

(b)

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 certification such as BIS,UL or
FM.

The provisions contained in clause (a) above are in addition to water spray requirement given
in5.9.2.

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 APl 15LR, API
15 HR or its equivalent shall be used and-

(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
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(b)

(©)

(d)

(€)
)

(9)
(h)

(ii.)  cast iron 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

(i.) 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 Aluminum.
(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-

(i.)  fixed water spray system should be provided in high hazard areas where immediate
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 effective water spray within
shortest possible time.

5.9.2 Water Spray Application Rates:

(@)

(b)

(©)

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 Ipm/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.

(ii.) 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 Ipm/m? of shell area Process Unit Area and-

(i.)  Pumps or Compressors (Volatile product service): 20.4 lpm/m? ;
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5.10 Fix
5.10.1

5.10.2
5.10.3

5.10.4

5.105

5.10.6

(ii.) Columns, Vessels, Exchangers and other Extremely hazardous area: 10.2 lpm/m?
(d)  C4and Lighter ends pump house: 20.4 Ipm/m?* .

(e) c4 anczi Lighter ends Tank Truck and Tank Wagon loading or Unloading gantries: 10.2
Ipm/m<.

(f)  LPG Bottling plants:
(i.)  Carousel machine 10.2 lpm/m?;
(ii.)  Filled cylinder storage 10.2 Ipm/m?;
(iii.) Empty cylinder storage 10.2 lpm/m?; and
(iv.) LPG cylinder cold repair Shed: 10.2 lpm/m?
(9)  Qil Tank Truck and Tank Wagon loading or unloading gantries: 10.2 Ipm/mz-

(h)  Transformers: 10.2 lpm/m2-
ed Water Sprinkler System:

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 activated by heat from a
fire and discharges water over the fire area automatically.

Sprinkler systems are used for fire extinguishment when the hazards located inside buildings.
Some of the examples being:

(a)  Car parking in basement.

(b)  Building or sheds storing combustible and flammable materials.

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.

The design flow for sprinkler installation would depend on the type of hazard and height of piled
storage.

Minimum Design density and assumed area of operation of fixed water sprinkler system shall be in
accordance with hazard area occupancies classification given in IS 15105 or NFPA 13.

5.11 Foam Systems:

5111
511.2

5113

Efficient and effective foam delivery system is a vital tool for its usefulness in controlling the fire.
Floating Roof Tank Protection Using Foam:

(a)  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.) Infixed 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.

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.
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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:-

(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 conveying 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 2
>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/cng 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 conform 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 provisions 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)
(©)
(d)

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 other
factors shall be considered.

For cone roof tanks containing liquid hydrocarbons, the foam solution delivery rate shall be
at least 5 Ipm/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
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(€)

least 12 Ipm/m2 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.

5.11.8 Duration of Foam Discharge:

(@)

The equipment shall be capable of providing primary protection at the specified delivery 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.

5.11.9 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 Ipm/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 Ipm of foam solution. A
typical example showing calculation of foam compound requirement is given at
Annexure - 2.

5.11.10 Foam Compound Storage:

(@)

(b)
(©)
(d)

(€)

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 deteriorated
quantity replaced. The deteriorated foam compound can be used for fire training purposes.

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 sufficient 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).

5.12 Gaseous 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:

(@)

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 Extinguishing Systems.
The clean agent shall comply with the requirements of the Ozone Depletion Substances
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(b)

Regulation and Control Rules, 2000, of the Central Government, 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 independent
system.

(ii.)  The time 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.

5.13 Dry Chemical Extinguishing System:

5.13.1 Recommended use:

(@)

Dry chemical powder extinguishing system can effectively be used on following hazards,
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)

(€)

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 operated 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 system
design).
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5.14 First 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 powder
(DCP)* fire extinguishers -
9 kg capacity: 1S:15683

While selecting the Extinguisher, due consideration should be given on the factors
such as flow rate, discharge time and throw in line with 1S: 2190 or UL711.

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.

There shall be not less than two extinguishers at one designated location that is to
say pump house.

(ii) 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 m?2 of hazardous
operating area.

(iii) CO, extinguishers 4.5,
6.5,9.0 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 m?2 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
(25mm)

To be located in Process unit battery limits and other process areas for quenching of
incipient fires.

5.14.2 Other firefighting Equipment and in-built safety features:

(a)  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 operation 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 meter, Hand
operated siren, Red or Green Flag for fire drill, Safe walk roof top ladder, emergency
lighting, portable mega phone, various leak plugging gadgets, oil dispersants and oil
adsorbents and lifting jacks (for rescue of trapped workers).
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5.15 Mobile Fire Fighting Equipment:

5.15.1 Fire Tenders:

(@)
(b)
(©)

(d)

(@)

(b)

The exact number of fire tenders shall be higher of the as specified in Clause of this
paragraph 5.15.1 (b) or (c).

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.

The quantities shall be as indicated below, namely:-

(i)

(ii.)

(iii.)

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/cmz;

One DCP tender having 2000 kg capacity 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

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?.

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 additional
mobile equipment should be provided; namely:-

(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/cm2 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)

Emergency rescue equipment such as cutters, expanders, inflatable lifting bags, leak
pads, protective clothing, breathing apparatus, trolley mounted BA set.
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(ii.)  Fire Hoses: IS 636;

(iii.) The hose length which shall be calculated as follows; namely:-

(1) For installation with hydrants upto 100 numbers: One 15 metres hose length per

hydrant.

(1) For installation with more than 100 hydrants,-

(A)
(B)

One 15 m hose length per hydrant, for the first 100 hydrants; and,
One 15 m hose length for every 10 hydrants above 100;

(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

(11) one ambulance fitted with medical aid and suitable arrangements. The ambulance
should have life support system capabilities;

(1) other accessories, foam making branch pipes, nozzles, and like other devices as

per requirements; and

(V) higher size hoses of suitable length for feeding large capacity mobile monitors,

wherever provided.

(b)
(i)

(ii.)

capacity of discharging foam, water or

In addition to above, provision of following equipment should also be considered, hamely:-
Suitable equipment for fighting high elevation fires;

Multipurpose firefighting skid should be used as a single self-sufficient unit of having

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;
(iii.)
Intelligence(Al) may be explored.

5.16 Storage of Fire Fighting Agents:

Fire Protection using new technologies such as Infrared (IR) Camera and Artificial

5.16.1 The following quantities of firefighting agents shall be stored in the Refinery as given below in the

table, namely:-

Sr. Description Quantity to be stored

No

0] Dry chemical powder: Reaction product of urea and Potassium| 4000 kg for the DCP tender plus 500 kg for|
bicarbonate based DCP powder or Potassium bicarbonate DCP| additional requirement. This is in addition
powder or Mono-ammonium phosphate based DCP powder. to the charge loaded on tender.

The DCP product shall 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-ammonium| As required based on shelf life. However,
phosphate based DCP powder for recharging of fire] minimum 10% of the total charge in the
extinguishers. The DCP product shall be approved or listed by extinguishers should be maintained.
national or international 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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5.17 Detection System and Alarm:

5171

5.17.2

5.17.3

5174

5.17.5

5.17.6

5.17.7

A Fire and Gas (F and G) detection system shall be provided in the refineries and gas processing
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 international
standards such as NFPA 72 or IS 2189.

A, F and G detection system should be used to initiate the following functions either automatically
or manually, namely:-

(a)  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.;

(¢)  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:-

(a)  Dispersion study report;
(b)  Limits of equipment congestion;

(c)  Potential leak sources and areas where accumulation of gas may be likely or particularly
hazardous;

(d)  Properties of process fluids (such as composition, volatility, phase, temperature, pressure); 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 detectors shall be located at low
elevations.

The following areas shall be provided with hydrocarbon gas detectors; namely:-

(a) Light C4 and Lighter ends hydrocarbon pumps equipment (Such as pumps, compressors,
storage vessels, loading and unloading areas) in process units;

(b)  Process cooling tower top platform in the units having pressurized cooling water return;

(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;

(g) LPG bottling, storage andrepair sheds; and

(h)  Air-intake point for control room.

The exact location and number of points should be decided based on consequence or dispersion
analysis .Following areas shall be provided with Smoke, Flame or Heat detectors with alarm or
system to actuate relevant fire suppression system, namely:-

(a)  C4and Lighter ends spheres;
(b)  LPG filling sheds;
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(©)
(d)

C4 and Lighter ends pumps or compressors; and

C4 and 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-

(@)

(b)

(©)

(d)

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;

(ifi.)  Unmanned electric substations or MCC rooms;

(iv.) Cable galleries; and

(v.) Chemical Storage.

Toxic Gas Detection:

(i.)  Toxic gas detectors shall be installed if the risk is applicable. Toxic gas detectors 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.

Calibration of Detectors:

(i.)  The calibration using the appropriate test gas should be carried out once in six months
or as per manufacturer’s specification.

Functional Operability of Detectors:

(i.)  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.

(i.)  Approvals: The detector shall be suitable for use in hazardous area with certification
from any National or International standard.

5.17.11 Communication System:

(@)
(b)

(©)

(d)

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 telephones
which are exclusively meant for receiving fire or emergency calls only. These phones
should have facilities for incoming calls only. For general communication 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:

(i.)  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:

(i.)  Airraid 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.
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(€)

)

(9)

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 | shall be decided by Entity
depending uponthe size and complexity of installation;

(1) Emergency Level Il - A wailing siren for two minutes;

(1) Emergency Level 11l - 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:

(i.)  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:

(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 example 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 fire and in the
repeater

(iii.) panel installed in the respective area control rooms. The location of these points shall be
conspicuously marked on the annunciation panel for proper identification.

5.18 Inspection 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

5.18.3

Fire Water Tank, Reservoir or Foam Tanks:

(@)
(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, floating
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 accumulation 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 remedial 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 system.

The foam tanks shall be inspected every 3 years externally and shall undergo internal inspection
every 10 years.

Fire Water Pumps:

(@)

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-
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5.184

5.18.5

5.18.6

(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)
(€)

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:

(@)
(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.

5.18.7 Clean Agent Based Extinguishing System:

5.18.8

(@)

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:

(@)
(b)

(©)
(d)
(€)

Foam tenders should be tested at least once a week. This testing should include running of
pump and foam generation equipment.

All other mobile equipment should be checked, serviced and periodically tested under
operating conditions, at least once a month.

Trailer mounted and portable fire pumps should be test run at least once a week.
DCP tender should be visually inspected every week for its performance assurance.

Records shall be maintained of all maintenance, testing and remedial or corrective actions
taken wherever necessary.
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5.18.9 DCP, CO, or Foam Type Fire Extinguishers:

Inspection and testing frequency and procedure should be in line with IS 2190.

5.18.10 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.

5.19 Fire Protection Training:

5.19.1 All the plant personnel shall be trained on fire prevention and firefighting aspects. Firefighting 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.

5.19.2 A fire training ground with the following minimum training facilities should be set up, namely:-

(@)
(b)
(©)
(d)
(€)

Trench fire simulation facilities;

A small open top tank fire simulation facility;
Pan fire simulation facility;

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.

5.20 Fire Station or Control Room:

5.20.1 The location and construction of control room should be suitable for following activities, namely:-

(@)

(b)

(©)

Location

(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 parking 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;
(1) 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.
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5.21 Passive 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:-

(@)
(b)
(©)

(d)
(€)
)
(9)
(h)
(i)
1)
(k)
0
(m)
(n)
(0)
(P)
(@)
(1)
(s)
(t)

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;

Insulation of hot surfaces;

Addition of safety system;

Fire proofing of critical valves;

Double block and bleed arrangement for positive isolation of equipment for maintenance;

Safety Shower for chemical handling and storage facility;

Magnetic type level gauges instead of glass or block flow valve in case of glass break;

Close sample points for Hydrocarbon and toxic services; and

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 requirement 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:

(@)

(b)

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.

Cooling water requirement:
(i.)  Cooling water rate @ 3 Ipm/ m2 of tank shell area for tank on fire.
(ii.) Cooling water required = (t 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
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(©)

(d)

(€)

metres from the tank shell, therefore, in such case cooling water required at the rate of
1 Ipm/m2 of tank shell area shall be 215 m2/hr. Total cooling water = 859 m3/hr.

Foam water requirement for rim seal area:

(i.)  Wwater flow required for applying foam on a largest tank burning surface area. For
floating roof tank of 79 m diameter,

(ii.)  Diameter of the tank (D1) = 79 m Distance of foam dam from shell = 0.8 m,
(iii.) Diameter of roof up to foam dam (D2) = 79- (2 x 0.8) = 77.4 m the rim seal area = ((n
14) x (792 - 77.42)) m2 = 197 m2,

(iv.) Foam solution rate @ 12 Ipm/ m2 = 2,364 Ipm (For 3% foam concentrate) = (0.97 X
2364) Ipm = 2293 Ipm. = (2293*60)/1000 m*/hr = 138 mé/hr

(v.) 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-Volume
Long-Range water monitor.

(i) 4x36m3/hr + 1 x 228 m3/hr = 372 m3/hr

Total water required:
(i.)  Tank cooling 859 m3/hr Foam application 138 m3/hr,
(ii.)  Supplementary stream 372 m3/hr, Total 1369 m3/hr.

1.2.3 Cone Roof Tanks Protection:

(@)

(b)

(©)

(d)
(€)

Data:

(i)  Total storage capacity = 50,000 m3:

(ii.)  Number of tanks = 4 with 12,500 m3 capacity each. Diameter of each tank = 37.5m.
(iii.) Height of each tank = 12 m.

Cooling water requirement:

(i.) Cooling water rate = 3 lpm/ m2 of tank shell area for tank-on-fire Cooling water
required = 1 x 37.5 x 12 x 3= 4243 Ipm= 255 m3/hr

(ii.)  (ii.) Cooling water required for other tanks at the rate of 3 lpm/ m2 of shell area for
tanks falling within (R+30) metre from centre of tank on fire, = 3 x 255 m3/hr= 765
3
mo/hr.

(iii.)  (iii.) Total cooling water rate = (255 + 765) m3/hr= 1020 m3/hr
Foam water requirement (for 1 tank only) @ 5 lpm/ m2-

(i.)  Foam solution rate = M: 5525 Ipm

(ii.)  For 3% foam concentration = (5525 x 0.97) Ipm= 5359 Ipm= 322 m3/hr

Fire water for supplementary hose stream = 372 mS3/hr

Total water required:

(i)  Tank cooling = 1020 m3/hr ,

(ii.) Foam application = 322 m3/hr,

(iii.) Supplementary stream (including 2 HVLR) = 372 m3/hr,
(iv.) Total 1,714 m3/hr.
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1.3 LPG Spheres Area Protection:

(@)

(b)

(©)
(d)

Data:

(i.)  Number of sphere in one area = 3 Diameter of each sphere = 17 m.
Cooling water requirement:

(i)  Water rate for cooling = (zx 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,

Hose stream requirement (including 1 HVLR) = 372 m3/hr,

Total water requirement = 2040 m*/hr.

1.4 LPG Rail Wagon Loading Gantry Protection:

(@)

(b)

(©)

Data:

(i.)  Total Number of loading points = Conventional or BTPN.
(ii.)  Width of Tank wagon gantry = 12 m,

Cooling water requirement:

(i.)  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.

(ii.)  Water rate required = (3 x 15 x 12 x10.2) Ipm= 5508 Ipm= 330 m3/hr
(iii.) Water Requirement for supplementary Hose:

(iv.) 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:

(i)  Gantry cooling = 330 m3/hr.,

(ii.)  Supplementary hose requirement = 372 m3/ hr.,
(iii.) 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-1:
(i) Total unit area = 120 x 80 m2:

(ii.) Consider water rate @ 1 Ipm/ m2 on area basis, Water rate = (9600 x 1) lpm = 576
3
me/hr,

(iii.) Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr, Total water
rate = 948 m*/hr

Alternative — II:

(i.)  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 lpm/ m2,

(ii.) Water rate = (900 x 10.2) Ipm= 9180 Ipm= 551 m3/hr

(iii.) Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr Total water
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rate = 923 m*/hr.
(c) Alternate — IlI:

(i.)  Water required for portion of unit area provided with fixed spray system (Extreme
Hazardous Area),

(ii.)  Areaassumed = 1000 m2 Water rate = 10.2 Ipm/ m2,
(iii.) Cooling water required = 10200 Ipm= 612 m3/hr

(iv.) Water for supplementary hose stream (including 1 HVLR) = 372 m3/hr Total cooling
water required = 984 m*/hr

1.5.2 Considering the maximum water under Alternative I, 11 and 111 Design flow rate = 984 m*/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 = 14.4
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/ m? of tank shell area shall be 215 m3/hr,

Total cooling water = (644 + 215) m3/hr= 859 m¥/hr
1.6.3 Water requirement in foam application:

Foam Application Rate: 8.1 Ipm,
Foam Solution Requirement = ((m x 79 x 79) / 4 x 8.1) Ipm= 39720 Ipm= 2383 m3/hr,

Water required for the foam solution = 97% x 2383 m3/hr
=2312m%hr ...... 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 mS3/hr,

Foam application 2312 m3/hr (Plus requirement for foam losses as per Note-2)
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 For two major fire fought simultaneously Fire water rates for 5 cases are given below; namely:-

(@)  Floating roof tank protection = 1369 m3/hr,

(b)  Cone roof tank protection = 1714 m3/hr,
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1.7.2

173

174

(c)  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.-

(@)  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(Annexure 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

1.1.2

113

114

Data:

(a)  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.

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 = (mx (37.5)2 x 5)/4=5525 Ipm

(b)  Foam compound required (3%) = (5525 x 3 / 100) Ipm
=166 Ipm,

(¢)  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 compound
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.

1.1.5 Total foam compound required for cone roof tank area Protection:

(@)  Foam compound required for Cone Roof Tank = 10,790 litre Foam Compound required for 1
Foam Monitor = 8,775 litre Foam Compound required for 2 hose streams = 4,446 litre Total
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= 24,011 litre,
(b)  Say=24,000 litres.

1.2 Floating Roof Tank Protection:

121

1.2.2

123

124

Data:
(@)  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 = ((n /4) x
(792-77.42)) m?= 197 m?:
(¢)  Foam solution rate @ 12 lpm/ 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.

Total foam compound required for floating roof tank area Protection: Foam Compound required 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 various 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:

111

Data:
Diameter of Tank =79 m,
Type of Roof = Floating Roof,
Foam Application Rate = 8.1 Ipm.

= (T

Foam Solution Requirement =“'f"xg'l= 39,720 Ipm= 2,383 m3/hr Say, = 2,400 m*/hr,



[T [1—=e 4]

AT T TOT9H ; STETETIOT 173

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
minimum

rim seal fire at its incipient stage. The system is mounted on the roof of the tank. The
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:

(@)

1.1.3 Alarm

(@)

(b)

(©)
(d)

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 contained in a vessel which is kept charged with

nitrogen. The system is designed for minimum foam application rate of @ 18 Ipm/ m?2 of rim
seal area. For effective control, foam is to be discharged in approximately 40 seconds.

and Auto-actuation system:

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 automatic
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 m? (Considering a flexible seal area of typically
300 mm),

Rate of Foam application @ 18 Ipm/ 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).
SCHEDULE-6

[See regulation 6]

6.0 Safety Management System (SMS):

6.1 Process safety management is widely credited for reduction in major accident risk and improved process
industry performance. Process Safety management is a disciplined framework 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
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6.2

6.3

have the potential to release hazardous 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 evaluating the
whole chemical process. Using this approach, the process design, process technology, process changes,
operational and maintenance activities and procedures, non-routine activities and procedures,
emergency preparedness plans and procedures, training programs, 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 elements 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 effective Safety performance; namely:-

6.3.1 Leadership and Management commitment : includes top management, company operating model,

accountability, defining policy, objectives, requirements, and strategies; setting standards;

6.3.2 Planning and execution: includes Line and Safety Organisation responsible for preparing 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 its reflection

6.4

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:-
(a)  Leadership and Management commitment:

(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 management review should address the
possible need for changes to policy, objectives, 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;

(I1)  Process is defined to address regulatory and statutory requirements for refinery
safety and the impact on the SMS;

(111)  Plans, processes, and procedures are integrated to ensure that data, results, 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 improve 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;



[T [1—=e 4]

AT T TOT9H ; STETETIOT 175

(©)

(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, prioritise and
manage risks, ensuring compliance and support risk reduction measures;

(IV) leading a resource allocation process;
(V) establishing high-level performance measures;

(V1)  communicating commitment to the SMS with internal and external
stakeholders; and

(VIl)  promoting engagement and leadership at all levels of the organization

(iii.) Entity shall establish, implement, evaluate, and improve processes, procedures,
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 annual HSE program addressing the
entire site, including contracted staff, on relevant Health, Safety and Environment
subjects including. -

()  Previous year HSE performance;
(I1)  HSE targets for the coming year;
(1) Significant incidents and learnings;

(IV)  Specific initiatives within process safety, workplace safety, occupational health
and environment;

(V)  Emergency response;
(VI)  Contractor involvement; and
(VI)  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 incidents, 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 efficient process as well. It involves the application of systems and
controls to chemical and manufacturing processes. Following operational controls should
form the part of SMS and they are the basic expectation to manage the risk 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 implementation 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, mechanical and
facility design, should be developed and maintained throughout 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-
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() 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,

(d) Reactivity data,

(e) Corrosivity data,

(f) Thermal and chemical stability data, and hazardous effects of inadvertent
mixing of different materials, and

(@ Minimum inventories handled.

(1) Information on the technology of the process shall include at least the following;
namely:-

(@  Ablock 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, pressures, flows
or compositions, and

(e)  Anevaluation of the consequences of deviations, including those affecting 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:-

@ Materials of construction,
(b) Piping and instrument diagrams (P&IDs),
(c) Electrical classification,
(d) Relief system design and design basis,
(e) Ventilation system design,
(f) Design codes and standards employed,
(9) Material and energy balances for processes, and

(h) 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.

(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 uncontrolled releases and other safety or environmental
incidents. Systematic 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. Recommendations
resulting from the PHA should be completed before start-up for a new
process or facility, or modification in existing facility;
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(1

(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 invalid;

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-

() 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 precautions 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

(11.) Standard Operating Procedures should be formatted similarly so that each

()

av)

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.

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.

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 assignment of shut
down responsibility to qualified operators to ensure that
emergency shutdown is executed in a safe and timely manner;

(e) Emergency operations;
() Normal shutdown;

(g) Start-up following a turnaround, or after an emergency
shutdown; and

(h) Commissioning and decommissioning procedures.

(i) Safe Operating limits: Consequences of deviation, and Steps
required to correct or avoid deviation.

(j)  Safety and health considerations:
() Properties, and hazards of the chemicals used in the process;

(1) Precautions necessary to prevent exposure, including
engineering controls, administrative controls, and personal
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(iv.)

(v.)

protective equipment;

(111) Control measures to be taken if physical contact or airborne
exposure occurs;

(1V) Quality control for raw materials and control of hazardous
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.

Safe Work Practices (SWP):

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:

(a.) technical,
(b.) physical,
(c.) procedural, and
(d.) organizational.

(11.) The procedure contained herein shall consider permanent or temporary changes.
These procedures should cover the following; namely:-

(a.) 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;
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(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:

() 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, manufacturer’s recommendations, or
industry standards.

(I1.) 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):

(x.)

(1

(1

dh)

(V)

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; hazards 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 Implementation 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 response 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 introducing
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 commensurate 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.

Permit 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-work systems are as
under, namely:-

() clear identification of who may authorize particular jobs (and any limits to
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(d)

(xi.)

(xii.)

(xiii.)

(xiv.)

their authority) and who is responsible for specifying the necessary
precautions;

(1)  training and instruction in the issue, use and closure of permits;
(1) monitoring and auditing to ensure that the system works as intended;
(IV)  clear identification of the types of work considered hazardous;

(V) clear and standardized identification of tasks, risk assessments, permitted
task duration and supplemental or simultaneous activity and control
measures.

(V1)  The PTW system should conform to OISD-STD-105.

The Entity shall implement system for real time monitoring of head count of all
personnel including contract workmen inside the facility . The entry or exit of all
personnel shall be regulated through access control card or any electronic means.

Emergency Planning and Response- A Comprehensive Emergency Response and
Disaster Management Plan (ERDMP) shall be developed in accordance to the
Petroleum and Natural Gas Regulatory Board (Codes of Practices for Emergency
Response and Disaster Management Plan (ERDMP)) Regulations, 2010.

Incident Investigation and Analysis- Procedures for reporting and investigation 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 investigations 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 following, namely:

n Identify the lapses, shortcomings;
(1)  Establish the root cause of failure;

(111.)  Suggest improvements or remedial measures to prevent the recurrence of
such incidents.

Compliance Audit: The entity shall perform audits to examine its conformity 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 performance
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 KPIs.

The entity shall establish leading KPIs, which are those, measures demonstrating risk
reduction. The entity shall establish process KPlIs, that is to say those measures that
demonstrate completion or improvement of elements 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 continuous basis. For further detailed
information, organization can refer APl Recommended Practice, API-RP- 754
(Process Safety Performance Indicators for the Refining and Petrochemical
Industries).

The entity should establish methods to evaluate the safety culture of its organization.
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7.0
7.1

7.2

7.3

7.4
7.5

7.6

7.7

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 questionnaires, interviews, and focus groups.

(e)  Continuous improvement:

(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.

(iii.) Top management shall, at least annually, review and approve the output of
management reviews. Management reviews shall be documented

Schedule-7
[see regulation 6]
Competence Assessment and Assurance (CA and A):

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:-

7.1.1 Panel Operator (officer).
7.1.2 Shift Engineer.

7.1.3 Shift Superintendent.
7.1.4 Field Operator.

7.1.5 Mechanical Technician.
7.1.6 Electrical Technician.
7.1.7 Instrument Technician.
7.1.8 SCADA and Metering.

Operator and Technician should have competency in the following as specified in paragraphs 7.2.1 to
7.2.5, namely:-

7.2.1 The basic operations and maintenance procedures carried out in Refineries and Gas
Processing Plant;

7.2.2 The characteristics and potential hazards of materials and chemicals involved including
emergency arising out of toxic releases.

7.2.3 Carrying out their assigned roles and responsibilities.

7.2.4 Fire prevention, including familiarization with the fire control plan firefighting; the
potential causes of fire; the types, sizes, and likely consequences of a fire; and

7.2.5 Carrying out the emergency procedures that relate to their duties at the Refineries and
Gas Processing Plant and providing first aid.

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.

The Refresher programs shall be conducted once in three years.

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.

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 person who has not
completed the training or received experience shall be under the control of trained personnel.

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 components and for fabrication who



182 THE GAZETTE OF INDIA : EXTRAORDINARY [PART I1I—SEC.4]

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 operation or maintenance function.

7.10 Corrosion 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.

7.11 Personnel having security duties shall be qualified to perform their assigned duties by successful
completion of the relevant training.

7.12 Each entity shall follow a written plan to verify that personnel assigned operating, maintenance,
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.

7.13 Each entity shall provide and implement a written plan of initial training to instruct all permanent
maintenance, operating, and supervisory personnel about the following as specified 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 theirassigned functions.

7.14 All personnel of Refineries and Gas Processing Plant shall be trained to carry out the emergency
procedures that relate to their assigned functions.

7.15 All operating personnel and appropriate supervisory personnel of Refineries and Gas Processing Plant
shall be trained to understand detailed instructions on the facility operations, including controls,
functions, and operating procedures.

7.16 Personnel 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 following 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.

7.17 Each 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 required
training programs; and the training for records to be maintained.

Schedule-8
[see regulation 6]
8.0 Safety Audits:
8.1 Obijectives 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.-
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(@) to identify any operating and design deficiencies that could impact safety of people,
environment and asset;

(b)  toensure that mitigative safeguards and safety systems are well maintained;
(c)  toensure that operation, maintenance and emergency procedures are updated;

(d) to verify the compliance of statutory regulations, standards, codes, and like other legal
requirements;

(e) asasocial objective to cater to public opinion and concern for safe environment and this also
improves public relation of the organization; and

(f)  toshare best practices adopted with peers.

8.2 Scope of Safety Audits:

8.2.1

8.2.2

The scope includes all the components of the system viz. management policy, leadership and
organization training, and competency, design (such as Process, Mechanical, Electrical) aspect,
layout and construction of the plant, operating procedures, asset integrity plan, emergency response
plans, personal protection standards, incident and investigation records, Management of Change,
COW or PTW, Management of HAZMAT, Industrial Hygiene, Environmental Management,
Contractor Safety Management System and like other abilities.

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

8.3.2

8.3.3

8.3.4

The audit program and procedures should cover the following, namely:-
(@)  The activities and areas to be considered in audits;

(b)  The frequency of audits;

(c)  The audit team (Multi-Disciplinary);

(d)  How audits will be conducted; and

(e)  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 resolution. The audit report
should be retained at least until the completion of the next audit.

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 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 deficiencies 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 complete picture; namely:-
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(i.)  Layouts;
(i) P &IDs;

8.3.5

8.3.6

8.3.7

8.3.8

8.3.9

(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.

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 recommendations 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 constructive and does not undermine the technical
competence of the audit team.

8.4 Follow Up of Audit Reports:

8.4.1

8.4.2

8.4.3

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 appointing authority shall be of senior
management level (General Manager and above).

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.

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:

85.1

The final and most important phase is the implementation of recommendations. A senior person should
be nominated for coordinating implementation of all accepted recommendation under a time bound
program. Senior management should review the progress of implementation of recommendations
periodically through Management Safety Committee meetings and other review meetings.
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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

ast
eve

he vehicle may collide with others, may hit someone working or may overturn. All these may lead to
nts that might turn out to be catastrophic. Hence movement of vehicles inside Refineries and Gas

processing plants (hereinafter referred to as “Installations”) needs to be controlled. However, some

veh

icles or mobile equipment such as Maintenance vehicles, Cranes and Hydra are required for

carrying out operation, maintenance and project activities, are required to be allowed to ply inside the

haz

ardous area.

9.2 Accordingly as above, the following aspects shall broadly be followed:

9.2.1
9.2.2

9.2.3

9.24

9.2.5

9.2.6
9.2.7
9.2.8

9.29

Movement of vehicles inside the installations should only be strictly on need basis.

There should be proper demarcation of battery limit with signage or barricades from where entry of
vehicles is restricted or prohibited without proper authorization.

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 electrically
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
944

945

Each installation shall develop a suitable Vehicle Entry Permit System for allowing entry 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 understand
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.

(¢)  Incase 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 intervals.

(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 substances. For other self-
driven vehicles, the requirements as required by State Transport or licensing authority shall
be adhered to.
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9.4.6 Signage:

(@) In order to 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.
9.5 General Point:
9.5.1 Overtaking of the vehicle should not be allowed.
Schedule-10
[see regulation 6]
10.0 Occupational Health and Industrial Hygiene Monitoring:

10.1 Occupational Health monitoring shall be applicable to Workers (Which include all regular employees,
tenure or term-based employees and Casual or contingent workers).

10.2 Occupational Health Centre (OHC) with occupational health trained physician and adequate trained staff
with necessary facilities shall be set up.

10.3 Organisation shall establish an efficient " Health Information System™ for storing and processing
information on Occupational Hygiene, medical records, exposure hazards of chemicals and locations of
potential chemicals exposures.

10.4 Occupational health considerations shall be taken into account in risk management studies, formal
incident investigation system, unscheduled maintenance work, as contract requirements, contractors’
prequalification, in training and selection of PPEs.

10.5 Scope 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 drinking 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.
10.6 Occupational 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 examinations 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, biological and psychological. It shall
require Job Analysis and Job observations by the survey team.

10.6.4 The main focus shall be on hazard elimination or reduction. There shall be periodical
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 obtain reliable
conclusions and to make meaningful recommendations.

10.6.6 Periodic Medical Examination shall be conducted.
10.7 First-Aid:
10.7.1 First-aid shall be provided by certified trained persons.
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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.

10.8 Work-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 survey.
10.9 Control Strategies:

10.9.1 After identifying the occupational health risks arising out of handling of hazardous
substances, the strategy to prevent or minimise the health risk shall be based on hierarchy of
control measures, namely elimination, substitution, Engineering Controls, 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 employees 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:

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]
11.0 Control of Work (CoW):

11.1 This 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, Authorization of Hazards and controls,
communication, Monitoring of all work requiring a permit and leaving worksite in safe condition on
interruption, Permit Closure, Regular auditing of PTW, capturing and sharing lessons learned and
authority to stop work.

11.2 Elements of Control of Work:
11.2.1 Plan the work:
(a)  Procedures should exist describing the Control of Work process.
(b)  All identified roles within the Control of Work procedure shall have defined responsibilities.

(c)  Allpersons involved in the Control of Work process shall be appropriately trained and
competent to carry out their roles.

(d)  Planning and scheduling of work should identify individual tasks and their interaction.
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11.2.2
(a)
(b)

(©)
(d)
11.2.3
()
(b)
(©)

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 bypassing of interlocks.

or other potentially hazardous activities, a work permit shall be obtained.

The scope, hazards, controls and mitigations shall be communicated to all involved in the task
through Tool box talk.

PTW should finally and formally be handed over at site after joint site visit by Issuing 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 assigned CoW roles.

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.

11.3 Planning and Scheduling:

1131

(@)
(b)
(©)
(d)
(€)

Q)
9
(h)
(i)
)

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 diagrams , 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.

11.4 Risk Assessment of Tasks:

1141

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-
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1143

(i.) Identifying hazards;

(ii.) Controlling risk by applying controls in the following hierarchy of controls, namely:-

() Elimination;
(I1) Substitution;
(1) Engineering;
(1V) Isolation;

(V) Administrative;

(VI) 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.

Risk Assessment Process or JSA Requirements:

(2) The risk assessment process requires: -

M

(1

(1

(v)

V)

(V1)

Vi)

(Vi)

that the risk assessment should be carried out by a team of persons having the competency 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 activities 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 identified
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.

11.5 Permit to Work System:

1151

1152
(@)

Control of work (CoW) management: Entity shall define boundaries of applicability of the
requirements of CoW at various stages of Projects, such as Green fields projects, Brown field
projects, Turnaround, Normal Operations and routine maintenance 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;
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(b)

1153
(@)

(b)

(©

(d)

(€)

(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 hazards associated
with lifts or rigging, line breaks, work in sub-station and transformers yards, road closure and
like other places.

Permit to Work (PTW) System:

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 below, namely:-

(i.)  clear identification of who may authorize particular jobs (and any limits to their
authority) and who is responsible for specifying the necessary precautions;

(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 shall be in minimum two
copies.

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.

11.6 Lessons Learned:

116.1

As part of the continuous improvement of the processes, the findings of the 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.

11.7 Communication 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.



[9TT H—=ve 4] T T TSI © TETLTI0 191

11.8 Permit 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.

11.9 Stop 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.) APl RP 754 Process Safety Performance Indicators for the Refining and
Petrochemical Industries

(vii.) API 620Sizing, Selection, and Installation of Pressure-relieving Devices
(viii.) API 530 Calculation of Heater-tube Thickness in Petroleum Refineries

(ix.) API 15LR Specification For Low Pressure Fiberglass Line Pipe and Fittings

(x.) AP| 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.) IS 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.) IS 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
Systems - Code of Practice

(xix.) IS 15519 Water Mist Fire Protection Systems System Design, Installation and
Commissioning Code of Practice (First Revision)

(xx.) IS 15683 Portable Fire Extinguishers Performance and Construction Specification
(xxi.) IS 16018 Wheeled fire extinguishers Performance and construction Specification

(xxii.) 1S 16724 Explosive atmospheres Electrical installations design, selection and
erection

(xxiii.) 1S 1893 Criteria for Earthquake Resistant Design of Structures

(xxiv.) 1S 2189 Selection, installation and maintenance of automatic fire detection and
alarm system code of practice

(xxv.) IS 2190 Selection, installation and maintenance of first-aid fire extinguishers -
Code of practice

(xxvi.) 153589 Steel pipes for water and sewage (168.3 To 2540 Mm Outside Diameter)
- Specification

(xxvii.) 1S5 Colours for ready mixed paints and enamels
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(xxviii.) 1S 5572 Classification of hazardous areas (Other Than Mines) having flammable
gases and vapours for electrical installation
(xxix.) 1S 636 Non - Percolating flexible fire fighting delivery hose - Specification
(xxx.) IS 6533 Code of practice for design and construction of steel chimneys
(xxxi.) 157098 Specification for crosslinked polyethylene insulated pvc sheathed cables:
(xxxii.) 1S 800 General construction in steel - Code of practice
(xxxiii.) 1S 875 Code of practice for design loads (Other Than Earthquake) for buildings
and structures
(xxxiv.) IS/IEC 60529 Degrees of protection provided by enclosures
(Xxxv.) 1SO 15848 Zinc sulphate, monohydrate, agricultural grade - Specification
(xxxvi.) API (AMERICAN PETROLEUM INSTITUTE): API Std. 650, "Welded Steel
Tanks for Oil 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.
(x1i.) 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
Sr.
"I From/To 1 2 3 4 5 6 | 7| 8 9 |10 1 12 13 | 14 15| 16 | 17
no.
1 | Process Units] Note-| Note-| 30 | 30 | 30 60 | 90| 45 | 45 | 60| 45 | 30 60 | 60| 30| 90 | 15
1 3
2 Process Note- X Note-| Note- 30 60 | 90| 45 45 | 30| Note- X 30 | 15/ 30| 30 X
Control 3 4 5 3
Room (Note
72)
3 Storage 30 Note-| Note-| Note-| Note- 30 | 90| 30 30 | 60| (90) 30 T3 | 60| 30| 50 | 60
Tanks Class- 4 6 6 6
A
4 | Storage Tank| 30 Note | Note-| Note-| Note- 30 | 90| 30 30 | 60| (90) 30 T3 | 30/ 30| 50 | 30
Class-B 6 6 6
-5
5 | Storage Tank| 30 | 30 | Note-| Note-| Note-| 30 | 90| 30 30 | 60 (@) | 30 | T3 | 30] 30| 50 | 15
Class-C 6 6 6
6 | Pressurised 60 | 60 | 30 | 30 | 30 | Note-| 90| 30 | Note-| 90| (90) | 30 | Note-| 45| 30| 60 | 45
Storage: 13 13 13
LPG/ C4 and
Lighter / H2
7 | Flare(Note- | 90 | 90 | 90 | 90 | 90 90 | 90| 90 9 | 90| 90 | 90 90 | 90| 90[ 90 | 90
7)
8 | Bulk Loading| 45 45 | 30 | 30 | 30 | 30 | 90| Note-| Note-| 60| 30 | Note-| T3 | 60| 30| 50 | 30
POL (Rail 8 9 10
/Road)
9 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
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Sr.
From/ To 1 2 3 4 5 6 7 8 9 10 11 12 13 14| 15 16 17

no.
/Road)

10 | Fire Station/ 60 30 60 60 60 90 90 60 90 X 30 30 12 12| 30 90 X
First Aid
centre
Boiler house 45 Note-| (90) (90) | (90) (90) | 90| 30 (90) | 30 X 15 50 | 30| 30| Note-| 15
| Process 3 12

111 Unit 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 60 30 T3 T3 T3 Note-| 90| T3 Note-| 12| 50 30 X 6| 30 50 | 15
wall around 13 13
installation

14 | Service 60 15 60 30 30 45 | 90| 60 60 | 12 30 6 6 X| 30 50 | 12
buildings

15 | Cooling 30 30 30 30 30 30 | 90| 30 30 | 30 30 15 30 | 30| X 15 6
tower,

16 | API 90 30 50 50 50 60 | 90| 50 50 | 90| Note- 50 50 | 50| 15 X | 45
Separators / 12
Oil sludge pit

17 | Electrical 15 X 60 30 15 45 | 90| 30 30 X 15 6 15 | 12| 6 45 | X
Sub Station

General Notes to Table-1 ;

(8) 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.

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.
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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

Sr.| From/To 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

no.

1 Fired Heater or Any fired X 15| 15| 15| 22| 15| 15| 20| 15| 15| 15| X 18 6 30| 15
equipment

2 Reactors 15 2 2 6 8 7 15 7 7 4 3 15 5 3 15 3

3 Distillation column 15 2 3 4 7 5 15 5 5 2 3 15 3 3 15 3

4 Accumulators — Hydrocarbons | 15 6 4 2 8 5 15 4 4 2 3 15 3 3 15 3

5 Compressors — Hydrocarbons 22 8 7 8 3 7 15 7 7 7 7 15 4 3 20 7

6 Hot oil pump 15 7 5 5 7 1 7 1 1 2 2 15 3 X 15 X

7 Fuel Oil or HCs day tank 15 15 15 15 15 7 T-5| 15 15 15 15 15 15 X 15 15

8 Pumps for class- A and all 20 7 5 4 7 1 15 1 1 2 2 15 3 X 15 X
above Auto-ignition temp

9 Pumps - for all other 15 7 5 4 7 1 15 1 1 2 2 15 3 X 15| X
Hydrocarbons

10 | Heat Exchangers 15 4 2 2 7 2 15 2 2 2 2 15 2 2 15 X

11 | Air fin coolers for 15 3 3 3 7 2 15 2 2 2 X 15 2 X 15
Hydrocarbons

12 | Fired heater Local control X 15| 15| 15| 15| 15| 15| 15| 15| 15| 15 X 10 X 15 5
panel

13 | Pressure vessels or Drums of 18 5 3 3 4 3 15 3 3 2 2 10 2 3 15 2
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 — Drum, 30 15 15 15 20 15 15 15 15 15 15 15 15 15 X 15
pump, vent stack

16 | Structural main — 15 3 3 3 7 X 15| X X X 2 5 2 X 15| X
Technological platforms

General notes to Table -2:
(@)  All distances are face-to-face clear minimum separation distances in metres.

(b)  “X” indicates suitable separation distance as per good engineering practices to meet constructional,
operational and maintenance requirements.

(c)  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 constraints 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
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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,

(d)  Firewater hydrant or monitors shall be minimum 15 m away from the equipment that is to be protected.
(e)  Water spray deluge valve shall be minimum 15 m from equipment handling hydrocarbon, and
(f)  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 7 8 9
no.
1 Storage Tank for Petroleum Class A / T4 T4 15 15 15 15 8 15 05D
Class B. N
Minimum|
20m
2 Storage Tank for Petroleum Class C T4 X 15 X 8 X X X 05D
Minimum
20m
3 Storage / Filling Shed for petroleum 15 15 X 8 15 15 8 15 15
Class A or class B
4 Storage / Filling Shed for Petroleum 15 X 8 X 8 X X X 10
Class C
5 Tank vehicle loading / Unloading for 15 15 15 8 X X 8 15 20
petroleum class A
6 Tank Vehicle loading / unloading for 15 X 15 X X X X X 10
Class C
7 Flame proof Electric Motor 8 X 8 8 X
8 Non flame proof electric Motor 15 X 15 X 15
9 | Boundary wall 05D 05D 15 10 20 10 X
Minimum| Minimum
20m 20m
Table -4
Separation Distances between Storage Tanks within a Dyke
Between floating Roof .
Sr. Tanks Between fixed Roof Tanks | Between Class C Petroleum
Storage tanks
no. Item Class A and Class B Class A and Class B
L | All'tanks with Diameter upto (D+d) /4 (D+d) /4 (D+d) /6.
50 metres Minimum 10 m Minimum 10 m Minimum 6 m.
2 Tanks with Diameter (D+d) / 4 (D+d) /3 (D+d) / 4.

exceeding 50 metres

General notes to Table — 3 and Table 4:
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(a)
(b)

(©)
(d)
(€)
()

(9)
(h)

All separation distances are in metres.

“X” indicates suitable separation distance as per good engineering practices to meet constructional,
operational and maintenance requirements.

D and d stands for diameter of larger and smaller tanks.

In Table — 3 all 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.

In Table —4, Distances given are shell to shell in the same dyke.

For different combination of storage tanks, the stringent of the applicable formulae shall be considered for
minimum separation distance.

The distance of storage tanks from boundary wall is applicable for
Floating roof tanks having protection for exposure.

Tanks with weak roof-to-shell joint having approved foam or inerting system, the tank diameter not exceeding
50 metre.

(j) 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)
Sr.
Tanks/ Facility 1 2 3 4 5 6 7 8 9 10| 11 12 13
no.
0.5D
1 Storage Tank Class A | 0.5D 0.5D } 9 9 9 15 15 15| 3| 15 15 15
6.0
S kCl 0 0 05D ° °
2 torage Tank Class B 5D .5D ini ini
/60 | 9| 05D| 05D 9 | 45| 45| 3| 45| Minimum Minimum
45 45
05D| 05D B
3 Storage Tank Class C X 9 0.5D X 9 45 XX X | Minimuml Minimum
/6.0 /6.0
3.0 3.0
4 Storage / Filling shed for 9 9 9 X 45 6 9 9 9 3 9 9 9
petroleum Class —-A
5 | Storage/Filling shed for| 9 0.5D 0.5D 45 X 15 9 45| 45| 15 45 4.5 4.5
petroleum Class -B
6 | Storage/Filling shed for| 9 0.5D X 6 15 X 9 45 X | X| X 3 3
petroleum Class —-C
7 Tank vehicle Loading / 15 9 9 9 9 9 X 9 9 3 9 9 9
unloading Class — A
8 Tank vehicle Loading / 15 45 45 9 45 45 9 X 45| 15| 45 45 45
unloading Class — B
9 Tank vehicle Loading/ | 15 4.5 X 9 4.5 X 9 45 X X X 3 3
unloading Class — C
10 Flame proof Electric 3 3 X 3 15 X 3 15 X X 3 X X
motors
11 Non Flame proof 15 45 X 9 45 X 9 45 X 3 X X X
Electric motors
D 0.5D
12 | Office building, stores, 15 | Minimum| Minimum| 9 4.5 3 9 4.5 3 X X X X
amenities 45 3.0
D 0.5D
Minimum| Minimum
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Sr.

no.

Tanks/ Facility 1 2 3 4 5 6 7 8 9 10 11 12 13

13

Boundary wall 15 4.5 3.0 9 4.5 3 9 45 3 X X X X

General notes to Table -5:

(a)
(b)

(©)
(d)
(€)
()

(9)

(h)

All separation distances are in metre and the table specifies the minimum requirement.

“X” indicates suitable separation distance as per good engineering practices to meet constructional,
operational and maintenance requirements

“D” indicates the diameter of the larger tank.
Distances given for the tanks are shell to shell in the same dyke.
Where alternate distances are specified (such as 0.5 D / 6.0), the minimum thereof shall be used.

All distances shall be measured between the nearest points on the perimeter of each facility except 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 confirming to
separation distances as stipulated in Petroleum and Natural Gas Regulatory Board (Technical Standards
and Specifications including Safety Standards for Natural Gas Pipelines) Regulations, 2009 or Petroleum
and Natural Gas Regulatory Board (Technical Standards and Specifications including Safety Standards for
Petroleum and Petroleum Products Pipelines) Regulations, 2016.

The distance requirement from Storage Tank to Flame proof Electric Motors is not applicable to Motors of
Side Entry mixers for Tanks.

VANDANA SHARMA, Secy.
[ADVT.-1/4/Exty./734/2022-23]

Uploaded by Dte. of Printing at Government of India Press, Ring Road, Mayapuri, New Delhi

and Published by the Controller of Publications, Delhi-110054. ™ &




		2023-04-06T23:41:49+0530
	SARVESH KUMAR SRIVASTAVA




