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orn{rEauriu{tFi'filonrarziriun'r:-alnou:xm#n6n: "Caltbration of the Votume in

Storage Tanks" 6.ro-nlna Deutsche Akademie rur vet)otogie (onv) ru rfiar Munich uay

tngotstadt rJ:stvnaror:ruigtuo:aiuriu {rEauriu,:1n"'fiarrruirnrztlo'jrayriuurEs',rmrirfio
rd'drrcJqqu

reixfrrn5 a lri uia,lor n [uiltquTueir rin':run nrrzio nrrior #01il1n-fi n6 n: rr:xrB o:y rfi utI

ri r :.ir r r r u n n r,: aro n r r ior r fi o ri r ri'r n u nl u ui o.: fi r : : o r rl'o n rl u t ri x fi u ri o d r,: 1 n

tta0ul0tlnFt-t'.lvllnfl't1,tn{11,[nR10?J{Ft?0'lF} ilF}?1}rIm0Nt[nvila?1N0'111]1,[ra0\1
e i' .i ' 

v?eo 
' 3 i q 6a , 3a,

n'rnuFl[rn{1}rFl'r}.r[ur1r0?11rnR1?[?Lutne]il1N0[n nfl6?114%0d0rnNuruu"n1:ra5fle]y,t:0N
d d - 3 q u jq , ;v uquL q d

z0{01.['lF]FtY]auNURvtnazutu']lunln?1u] u 0 L1,[!:rrytFIytilzu1{1rrn? [F]til 'lNlnlnuEttn tu[1a{

n-,: n rirr aeir'r1n #Enruri': r{lt,lt'r nru'r%[rn''? ritriu il:; rvrnlvra#urvirfirr']ug-0 fifi]$?.u{'ru;{
, A A't u. q .i J - L v 6

111.t?EJ{'11.i?11.lf ?lLnn1nUF}ttRL1+t:A0UEU1,['rl,tLtn?tzUnl,tttAd-}?15Ufl'rUn{1Hnn1{?J{Fl1{?Onn{
, r', - o.-' o - x , j qu L -notrrnr:u:un?nuns[! a2uL]ln%a{?,oQrnnt1,t814lz0ntnelunleJInzsutu az0{f 'r14?J{a?0']Fr

Fr r x?ia rilr un aE 0 n | fl il'r a ( Lega I Metrology) rvir riu
ud , : i - ) ^ Y t-;'

rr.i'.rforeiuriuilraonrt}u z ei':u6a rirufiu:n n-dlT:r?JEdrfin16,rfinri'ragiffufi1r*3il

ttljuytS{n:vuonlutturu8u (Fixed Storage Tank in the Form of Horizontal Cvlincier) nEatEun
ru6)'jr "nlu::Q?J0{tfln?[t,tLt1'nt,t01{ (Horizontal Starage Tank)" rirufi z fi''rdr:0.:zurnlrqi:rJq\

v,
ylr\,ttl.[?Fl-f (Storage Tank in the Form of Vertical Cylinder) fitn:aunRnfi{rqflrvn-0d1:ssfid'F}

6 6 
- ";tnUilaanru?1ylFl?'lilFl1,{Ui581n1fl (Atmospheric .Pressure Tank (O psig)) rrn;fin'l'|ilri'u0i'r

(Low Pressure Tank (o - z.s psig)) fiqrun4fid'nrfiu
d / - ... d 6) 9o u

n1:daulfiuu (Calioration) fliont:n:rqaouiririaiu:ao .(Verification) n-ru::.e?ro\]
.i ^ & ,- aa

rHn?fitfinn-{adniufilusrJttuuvriinivuanlt*uu?uou (Fix'ed'Stora'ge Tanks in the Form oi

Horizontat cyrloers) ,io*iu,i',rooaurnlur!;rJr:,:ur*rnsu (storage Tank in ihe Form of a

Verlicat cytinder) firiorfio#,:vri z rJ:rrnvragjnrulei'rtoulzri'jr ri.,rvi,r z il::rnvr'[ri'pnaon

tuuu uar/?16 0 h&"rrud': sin nrJ:v a': rirfi a,flu,r,E au fi o rirnirfnr.li ilr n:z ar rm nr,fi rL',rd',
9

al0 un n ril fi uufiun''rnBa n r:fi o rirur runrr?ar n:Lilzirirrjirurn:u 0{ n-r ri'r n 6i'rr ni#ufi,:lil
- - ioo

Fl: 0u Fr nilfi{ n-ofiIzi(uarrunrr zu A n rflluei'u

iln fi ttn"rnr:uuu nr:fFrlBrrn:zorur nrfi rirrfiutr-lvrniufi'r:ryru'irmrnrflunl:Ei'rEJ
j

16oiBrrJEenn:"lurlBr.rrru,iru:r*rios I nrsiattuutorurfinai (Dynamic nreasurement) n"ru

yl?nlJlasia turbine meter, positive displacerhent meter, ria coriolis mass flow meter o:'iri'
etJd

tJ n Q n Fi'a{ttnvurrEo fi a rvir ri'um-:o at n'jr nr:in uru drn fr n (static measuremenr) 6 o nr:in
rvo;uao{ nlR:n'rslurit rir:s{ ri0}rrrflvr n-{a1na'rflni oirao,:rrn:rzirn-rrir:a,: rioun n iu.Jnr'h]

rtluritlBrrn:dranr:roda!tfiuul:rdrn-orir:0,.r usiluvrrrnnYuriurrnrtlunr:fi"ozlari:rrny

drurururn rnrelun+,rtdartzlunr:o'rszattrn:oana'rnn-{rir:armiaar#nzo.rryRrrzirn-,r
rir:otornriou::Inu#?nr:inuruatnFn (static measurement; a=bizunnr:iorfifin:riltte-i]r

I

eir6rn'lrnr:inurrlnurfind' (oynamic measurement) ,-orir lr*n',r,fioni5nr:{nr.liarrn:6.,r

rioofirr:rurfinruflr'i'BfirzirrrrfierrtiarFrfl0aat,toTTilfllfiaa':a''nuruvnr:rir,:ru#ur or"'ru
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fl?uYr 2

rio air : a o z u'r n'tu qj : r-l ra ro urrr rfo

(Storage tank in the form of a vertica! cylinder)



,j@o6ltt&a3yfi2 nuai'ltao?, urq"lfiftj:dmtouu?ei'o (storage tank in the form of vertical cylinder)

v
6t',rruR,g

u fl fi 1 nrer lrjrt pg r u #t ei r : o t z u'r ritn qj 3 r-i n : { Lllr'l efd

(Storage lank in the Form of a Vertical Cylinder)
aGdo,tddX-- n'l:anrnuzu R nnru"nu tn:[n uNt?1l,{aylilaH

(nnove ground storage)
e6d6rfdq- ill:a n t nu r..r fi n.rTrud-r,l [n : r fi s n'[ri'fi ufi u (unoer ground

storage)

- d:vtnm?' a{ rY{ dl:a{zur nln r!3rJvt:u ttu:#tur-i.tnr a.t

ufinaatr n': nrn-'t

- flo#sfita"1unr:fitr:rurlunr:aEnttuu

- - rioryarJ::drn-.:dr:a':ut,t Name plate

- i q vu- fl ru m r fi a'r o vr rt ri'n1u #t d r : a.r z ln Brlm ai : rjri :,,r rrur ri'':

J-
ilylyl 2 Fni'{ Yl yl'l \l [ 11 F:l l.t Fl tt fl r U 8'l ]',1

(Terminology and Definition)

32

32

34

63

urnfi s n1fl:?Nn'liiprrjEelrn:n-.:rir:o.t 73

- 3ilttuuflo{ilnfin (Type of error) 74

- *meitmiaflltvlrtz s{tJafin (Sources of e;ror) 76

-.r- nr:unrttjarzatri'rfr'''t (Tanir distortion) 77

iard
u14Y'r 4 lFl:uilnllnauaautfrau 81

- n1:ri1fll*n tlaunlr LA aniSnr:m n aourEoaaurfisuri''r dr:a'r 82

(Selection of the calibration method)

- nr:rnialxnrrrul',tiouzotn-':iit:atriar*r{'rnr:a0ulfi8]u 84 -

;ed

u1414 5 n1:?Fl:5FlU?lE{ lfi R?A?8}JE

(tvtanual Levet Gauging)

- ri a udu n-,: iir : o'rz ur nln qi 3r.l vr : t rrut n&.t ( Prior to

approaching the tank)
3a-- rilailtoodr:o,t (nt tne tant<)

- nr:in :v n1u n:r a.r 6o a"'rt 6': ( neterence height)

87

87

90

91



u1111 6

ilnfr z nlivrndaut[uutfl EJn

(Wet Calibration)

nr:mr:;cr;iot oip

:vriunrrxdt (Uttage or Height)

nr:nrtjirurn: sump

(How to determine the sum volume)

- nr:-drmun:s nYuaar ur.iu: s ri'u dro 6'r ( oip ntate )

- nr:uniser:ruuN']Fmin (trrtetering system) mEa

truuSl']el:'l

- n1:fi'rilixrn:zar suMP

92

95

97

9B

98

u?rt4 8 n1:Yrndautluuumn

(Dry Caiibration)

- nr:mrtdurlr gucinnr,:nruuon fi'.: eir:0.:In anr:in
r ai'u: au :tn r EJ ua n rio eir: at ( Dete rm i nation of the

diameter by.measuring the circumference)

- n'I:11'r Fr ?'r *J u'r'rz o{ t d'u: ar rt nr EJ ua n rJ fi fi'{ rir: a'rfi
-Y *3q,u -"'J

zu ri'r #u d.: ri'nf, u'trJ h a EJ n r:ff 
'r 

fi 
'r 

( Pl u m bi ng method )

- n'.trn'.t.t]Eurn: sump (Determination of sump volume)

- ri r ur ru n t : z Ej t a Fl-r z a,r fi't rir : a': r fi a : v oi'u n':r u fl n fl a {
;3

ao\ltmnltyle.Jzr.[ (Calculation of expansion at

increasing liquid levels)
o!- n1: fl autfi uufi rdrfi ri'nm d't pri d'o alr a a u (calibration

of the weight of the floating roof)

umfi 9 rJ nn'riYtFt douufl rn'l:ttdnrru a

(Testing Results and Their Evaluation)

Ur4m 1 O A?8 B-hl tl n n15f, AU tYl EJU n.J 611: A\: ttUU Ufi n

; I v6o

u1114 1 1 N'rFm?FrFr?''ril8'r?[tUU0n[u3]Frd1115U?FrFr?13-lflnZA{:sFlU?l Of ZO0

tmn':lufi"reir:at (Automatic Level Gauge)

- Mechanically operated float gauge

- Electrically powered servo-opera[ed gauge

- Radar Level gauging fi60 Radar Level Transmitters

99

105

115

116

123

135

135

138

143

145

171

175

182

194

t-_
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u?ril 13

RlASIU?n

9d

[And15A1\rA0

and Gauges

Etectrical capacitance level gauges

Bubbler gauges

Ultra-Sonic and Sonic level gauges

&
llRnnlrnan{ ALG

( lnstallation Principles)

" , i^ 3i
rirrtrnn.rfifinrt-rt ALG (Location of ALG)

flo uurrir iirniu nr : fi n rit ( I nstatlation recommendation)

Ja r 6 5l

6r,1Eilnfi fi Fioilnfi nlunl:in Rlc
d

a'rix{ n1: dourfi uu #o eir:s{ (Tank calibration table)

i r Frlu z o n t?l n ? n't EJT u fl-{ ii 1 : a r: ( Prod uct I eve I )
-oq [u?14 fi n1€JTufi''r dr : oo (Tem perature)

qs

n ?''l N fi 1.['r ttt.ru ii'x vl]u 5 ( re I ative de ns ity)
Y " 

v .ra
aunaunr:rr']l.d')rufi1tJ RrJ nZ A{ n15?FIu5 N',l F}580{tma?

nrsTr*ffrdr:at

?'.|.9

219

224

223

223

224

241

241

242

244

245

245

249

253
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Fl?13J:ytUS',lU

#.r ait : a o z ur n'[u ni :rJ rq :o nue sr"ouq,

(Storage tank in the form of a vertical cylinder)

, ;- a o ,

nouvtrzrtuafltnr:n:rsirrrJBrurn:n-,:eir:a':aurnluqlpr.lvr:,,:rru,ln",: (storage tank in

the form of a vertical cylinder) #u,irutJuoeir,rOtfiorsiat,#alrna*rrilrrasn'l:rronrruril:srnyl

nr:1d'.:run-':rir:0,:zfinrir'r"l naonqu6i:uil:snouza{ri'rrir:o'r 6nyrt,:n"'aouz-rtomf,nnr:

riroruzat ail n: niil::dr n-t *nv eirutJ:: n au rirr rfi fiaqir.l:r,ir #,: dr: oa or-r n eirr vi',rriirfi aqri Fi'

eq 6, A nia .j - - ; - . .Y
rzl |a Ll-{tuol11un u n fl rn il?1?1il rrn rrilL r14 Frzu aruyrq5raor nr:yray a a{ rirrun n4 rn ruyuu'l

iq
uon0r nfilun r:rJfru-fi.rru1unra aur x'ir ttlun"ao uri'taflrurrnrir oruaqin n o n rrnr nr:rzirlq
", .i i o e u r Gi 9 e 'd r31 i r , ,. 

'- 
i o

[t*d'rvrrr 
']'t1arl? 

u1+u?'t tul.{n 1: Ia tU: uu 0 u?J1.{t4ur rilunt+ t[Rr t5 0f ]4 fl'l n ry Nt n ytd F,] Lunrr n rrn
vd a & a " i " a r q - ) a tJ q , a

aa08t581lt5€.lf1.b1.lnon15Y]'t{'11,{14fllt5anR?{r"tauInHfi011,[y]nnn0{Ft'l}.t?fl']21,'1l,l}tINtytu{y!0 ltfl
. ,t-- v r d6 - i -;;
ri'orr.Jfru-fi,rrun"r s nrr xrJ n a nn-€J riofii n unvrirnr afixzar d'rrd'rrr.irfi unr{rZ rfr ardo,: nirer

n 1i Fl :'l Q'l-Fl rlB x r n : n-': ri r : a 
't 

z ur nlr ru : il yr :.: tt ur oi'': tfl u rt a 
': 
fi n-a 'r'[d'rr a rlu n r:

;
FnrlAt,lnrr?rur?1ilt,lvr0f,l.rnr: rirt#siralunr:n:rqinrlie.rrn:fi4.:rziuri'un-,lriumrnrirrfiunr:
- q , i -' " 6t t 6' i i. o i ,' d t .ja
r.JFlfln1n liln1:?la3t5e.Jn1r1,[1,{n'15 [?1ilr11,{150f ?1F]0{rflntnui tl,{af a1n!5ul1?1:ofiu?uf 'tl.ty]N

n-0d'rio\rfl1.{rorlrqjgrJr:'tuurn't,Strflusi'0.r1#riila{{uu.nrr?n1firfi81il6':sdruruarlnrfi%
t'

" ai d I u I o 6t r .i ci v e g la I I

Fr?1lJ{'l ru1.{ u:1+vlr:av1,i?thl'r1,[n{ n a1?a] tul+0 u10 unyrFr o{ t?101l,in0 fl't:0{m el E flo u'l{a1n F}

runvhi'firl:vRnsnrlrxrnfianlunr:d'nnr: Erarurfiuurarhjun:rsri'a.:rirnr:vranlzirrun-.rI so 9

dr:o': (shut down) t{Ju:vEJrt: nr srrururvirl:riur xr a fir,irururtufi E.r 6ru rfi ulr-Jrvir#u

ty'{i'lu n1:r El nlfn-': ri:r:oulrirfi u{urin:vrr#un aun't:,J fr rt, nt:6it:arn{, o-o 
-r,riu-o 

ri,: zu a fi,,rq

a r osr J d6 r ai 6, - ,)
nrir6lunllza]unro{arniln0ntrilaatuo{ tluau n5ilyt 1

n''rud,,1 (tank farm) rJnfio;rfiuadixvr;ra mtaBeruririrrfioaynrnsianI:z1.r6i\::dfi r

{
I

i*^



lun'r:{'ntfrtzufinn:rudtJln:rfisar rzir* rirn:ufiu mEa tntermediate and refined
dd

products riaar:rnfirirt 1 #odrri'prtunr:q-arfruhi'jrlurBorzaonrr:yr?1Er (volatility) zoo

zufinnfll?11Flar]nl:0atnu,8,uYlflN}l:EA'llAlnUFt't{nilzuflaAn1:a0nuuu0far:aonratflnuq,l
da e .j ' - & " Z - .je6
N n0 d 1: o{?ltln n a 1{ nu}1nt n?1Rr u?10rdrtuu rrnrz1,l'} a?Js0 n\} 6i-}:o 0 T? Nyl{ in n frlzi"[unr:ria

q

r9<r66
d:1{ n.] d'lT0{F}{n n"l'ln? el ua 0 B'h] l: ninrn r:ru sttli{1,1a'liil1nt il fl n uilynt:a F} Ln1] r.tn nn ruzr
-,f a ia,
il [ n : r fr u ar ff rfl uz a,: ir R r 0 a n rfJu z i il uuur n-nlr qj r 6 o

Gdud6.5_dd1. nltd'atnurlfrnd'ruzitltn:ufisurufiafiu6u (nnove ground storage) arn#nuruy
o 6 a J - d dy u q , j. - ; - 6 a 6d

n-]:a n tnu tllxawunr.t i': fiiloo'u"tri r!fi rir rirpfr oi'o.rrior: rur fi,r ff fr o nti:yrH u n Rra rflr*loza,:
;. v d 

-;e v G
z af tllR??1F10{ n15a n tnu t[n3 a?1N Fl1.[11F] E0 nlTa F]rnU

1.1) Atmospheric Pressure Tank (o psig) n-odr:a',:"[pi'iln'l:EOnuuue]']L1fisa-Ft
aAAo-o;

rnud,:frtl::qrr alun-0 rir:o ofi rirrru riuu::Elt nl Fl :rJuuuza,:ri',: rir:orzur n1u

ln ni:rJr:'ruu?n"{ N-n0vn nld'iu nr:fiqr: rurlunr:o 0 n rL!urfioa''n rfruBr-,:n rirr-: 
& , 

-o 
u 6 qe,

tt n v x z ur n n { tt F] u 1*1 n t n n fl '] il'l : n a"Fr r ff l rir ;i r : o r l fl r al u a r fi r : q r* fi t #.:

dr : a r a ur nln ni fi s:a r ff u n r €r 1$ o n E 
-r 

Fr 
-r : n R r { ud'o dufi rtl n ki,r

'l.z) Low pressure Tank (o - z.s psic) n-orir:a.:fioailr[u1J]J'r[dofiara.rr:ni'nr

rfiu lnt"r*ediate and refinecl products- ri'rernrra.rri'uri'ranrulr+n-,rrir:o'tsr"r

rrrinr:r ru riuln n"t6 s.: n:rxpiur::sr nr FIat,lfirFr?']iln-uriranr atu#r 6,rrvirnlu

2.5 psig :rJuruuzoun-orir:0,,:filn.uyr'rhJfiprJirrn:rn:;!annfla.r fi;uri',:rilu

rirjurEsu In s fin n-'r prr rtluv:rlnrnmE r,6 * o o u', In: r a:-r':in avrrrhJor q n

oon uru n-':enr: rfiaalil:yn auzatlam: uriudruruxrn rtir pr-: 
EJ ri't,l aeirot: fi

.iJ,
nrrun*osir:o'tfignair,rn''runr:rfiaarrialn:.rni'r,r#.rri:u Botted (rion) ffsoFlo

fi o rifrr rvl ola-lunr:d'nrifiuz s0 rfi i?fi nrr x ri'uln #u:: Ei.r n i fl rl0 nal n fi:fl-i
. J qu< u 6 ;

d'150{11,1,t0 [zltnuzunnnru'?1400rfiR?n:anrrelt0urir (refrigerated storage

tanks ) rtlunr:fr'n rfi ufi nrr ru rir*nr alurirfitn ai'u :: ur n1 fl il:rer-l ru o. 5 psig

rzir*nr:o"nrfiufi'rshJ:u,ruunyri'rzfiryrud'rEJFlrrxufiu vi1fi -+z "c ourirapi'o

n ri r r fi a n r n rtJ ua o,: rr n : fi o-n o dl u n-,r ii r : o,: rl : y r n yr dn"'r s

1.3) Medium Pressure Tank (2.5 - 1 5 psig) rlnfirtJun-,,rri1:o\lfioanuuuet-)rfi0
u 6 nia
ontnu ru n nnruvrfi fi nr::vrm a at ( frigfr volatility lntermediate proOucts) n6a

o'q 
'

?t ErrH n?fi"hiar xr: nq"n rfillun-r;ir:aofi fin'lr x riurir :tiir{z o{ n-{6i'}ia{
- *a & a, ., P

afiririfiri't ttlu:il:rom:o n rru 0 n n n il fiun-.: rtluirriuri uu In Erfir n-o Frr rtJu

r:,:In aly':a rd arnr xr ri:utr nirT..:;ir:a,:drinri'oyn n rfi aruil:;nauri'rflur.iu
- I ?,-Inmy uanarnr{e;-,:fi:dyr:ryr:,:nnx (sprrere) r{lugrJn:,,:firue.rryri'unr:d'n

a A uu,^
rfiufintr*.rri'ulriifiu 15 psig rioln#rEur qlilfi z

1.4) High Pressure Tanks (above 15 psig) n-,:cir:a'rufinrloonuuuxrrfioq'a
6d

rnur.rnnnruzr refined products fiio fractionated components fin:teln"uao

n'jr t s psig n r:il: r n ouz ot n-o rir : a uf]unr: ifi o ruIamy rzirn,r a ri'r* n.r : a a'n

;*--



truuuar n]:rJ:r n aufi n rioylt:fl at B n'o,i lfluhjnrarz-arirruBr AsME code,

section Vltt n-,rrir:otafinrifi3rLir,:id'rifirtluri',:3rJrr0nflil (sprrere tank )

un; ri',:r:'tnivu0n (cytinoricaitant<) rzjuri".reir:4,:3r-ln:unaa.r1zirfiuri'rz rpc

rirapr:r*rriu{'nrrftu (operating pressure) il:senru 1 3 barg dofinrrxpi'ura''s

nrirrfi'rz t-pc odluanrurrtjuza,:rnar n:rjfi z

FIG.
Typical Spherical

Storage Tank

Cqncsf ot C-E r*t@

F1G.

Typical Noded Spheroidal
- Storage Tank

CN.tes/ or C-E l,et@

FIG.
Horizontal-Cylindtical TyPe Vessel

C@flesf ol C-E i,8t@

UPPORT PAD (TYP.

CONCBETE PIER OR

STEEL SADD

rrJfi z fi',r eir : a u 3 rJ r :'.: si r o I u R : dr en : nl d'r fi u ru fi n n:ru dfi n r r r nlu a,r$u



Tank No.J3_- ( 1000 m3 )
Refinerv
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3rJfi + ttlunr:rta:il#nuruvnr:r'nrfiur.rFnfirudtJln:rFErxu'r,rafintr- vrtrlupiluuu

fi,tlr n'.l-fi,n"tn-tdr:o':tnfir'nir*ar*,rnvlor.'fir.rfiu nnIaQt,lFr?'relunnrir'rzouerrrr.rriuh.ir:d'pr

rfiu ri'r a riu r{Jutian afiuqrufi 6 rirriunryr::na o,: nr:rir,:runruru ff n"rirudtiln:tH aer

Crude Oils
Condensate
Oils
Natural Gasolirie
Butanes
Propane
Baw NGLS
Ethane
Petrochemicals
Natural Gas
LNG
Treating Agents
Dehydration Fluids
Specialty Chemicals
Solid Matetials
Water

Atmospheric
Pressuret+

x
x
x
x

-
x
x
x
x
x

Storage

0 to'2.5
psigt+

x
x
x

Xo
Xo
Xc
xo
Xo

Xo
x
xi

2.5 to 15
psig+

x
x

x
Xo
Xc
Xc
Xc
Xo

Xo

:

:

Underground
x
x
x
x
x
x
x
x
x

I

:

Above 15

Psigs

x

;
x
x
x
x
x

I

.

+t
++
5
o

Some Materials may require a slight positive pressure to exclude air, orygen, and./or water, and conserue
valuablelloxic vapors. API specifications 12O and 12F may also apply.
API Standard 650'govems
API Standard 520 governs
ASME Unlired Pressure Vessel Code, Section VUI governs
Berrigerated only

Note: Vacuum conditions may exist and must be considered in tank design. Examples: low ambieot
temperatures or evacuating without re,ieving.

: rJ fi + n 1 : r r d 5 il n r : d'n r fi r r.r fi n nlru ri' n r e.r z fi n z 0 { e.i A n.firu r[ u n ; n : r al n:u
qq

q a" r Y ra" Gl e 6) u o j- a 
";Lt*t1a0fi'rF)0t!%tyllmFl?'raJfluIatafl'lrnrd1:a0?lantnu.zunnnruvryrnrrrunu

;*,i a
Ul:EJln'lFltlav14n?]s]rluFil r5a Atmospheric Pressure Tank (O psig) [Ln; Low Pressure

Tank (o - 2 5 psig) #'Ht0t d.r1ufirifi6o n-'teir:o,rzurnlnni;rJr:.{u%?F}&{ (storage tank in

the form of a vertical cylin,ler) fi':riolrJfir:rrEanciot'jr "ri"reir:ar" Insn-udt:soo-{n6i1?nn
ei e .. u d nia

aanttuuil'rrrfialrfrir,rr.*[tavd'ril'r:ni-orrnuarnnnil%?rilFr?'ra.rri'utaoEu 1 (true vapor

p re s s u re ) fi q ru n 4 fi o-n t fi u fi ri r si r n'j r n lr u ri'uu i : €r 
-] n r Fl mt 0t n #r fi a.r

nrrard'ula (true vapor pressure) 6anrr*.rnlurufi:mrirza,:?la{rrn?lr}urfinrrnloza':
s

il s\: r?1 R?1,[1.[ 1 unvasuil:ril fi EJueir il o ilfl n fi ?J0{z o{rfi n?
to

ti v G u 6 
"; - ;

ilann ru",4vlnnca tnun?8n{d154{o Fl tnurJ aF}'l ru%ylFl?'t ila1,t!5581n'rFltrflvyla21ilnu
,l r .. aioFll tZ1{ crude oil, heavy oils, gas oils, furnance oils, naphtha, gasoline, ttntdl:IFt]Jyliln15

:vrfiBri'r pr-rrfi*n-,:dr:a':rJ:vrnvrf irrtJutn"iunrrEronuLUunri'n1m-fiqr.in:ni (qlgilfi r r ) fi
rl ooriunrrnpi'unrertun-0fl,taurfiu1rlviafidruru'lnrFINlnrfir+IilrfiorfiErun-ua?1NFr1.r

uiiuln'rFtn'reruan#':tri'firirriro,iutairfiu z-s ;r;";. per sq. in. (o.14 - o.21 psi)

d : v rR m z a o n-0 d,t T a 0 z u T ortn ni : rhl r 0 u 1J ? Ffo rr r-i o n r ar z fi a ? a 0 fi #0 a 1 d.'0ss
J-od

tNailarr[ur n{lt,t:reJ av Ld unrrfi u err nfiunr:rrr-i,,rr-]ivlfl?1?J0{n-{ rir:orzur nlrni:ilvr:'r
U aa u Y r 6, 6 Y a

u,1,['lFr \tnilFt?ufl1,[11 fl]nr0'lEJ tz1{ttu0F}''}Nn1:aFt Flf'rlru1,[rruuFi na{n'}?5fl5arLUUd'1il15n

:.
s

-L-



; ;- y rrl yv d ' ;- &a t 6t ;- 3)tnfiaufitirs'[rj1nu'[n"n50?11nttil{FnNflnrt,rraflrt{nilu{rul.{uuumann{nts}$on, ntillt+
qva" o o iquS -01n1:, lsr"fiufiurEofit'lffiufiu (Semi-underground) ria uanuruilr (off-shore) rf]unlu

viauil':nruzfinvn-',rnrri',.r tufloariun-.,reir:a,,raurorlrqjgrJr:ouu:#t (storage tank in the

' .jq-- J - 6 d v d6't d d
form of a vertical cylinder) fi'tri"ilnr:osnttuuri'{6i'r:o':rfiaolnrfruzufin.ri'rur6iJln:t6se.rrrua
J - - v 6 "; - & r q,u
rfiufirfiuuavd'nifruzufinnruvrvrnrrernun,turi o - 2-5 psig "lo":nn:re.rfierxfio"nuil,:aonmra.r

atinaaorn-':n'r#'rfi,:urinvzfirifinrrr.rfl1il1rnlilnl:inurnnrrrnl:na'lurtJHta (vapor-saving

eff ici e ncy ) 1 nG x-Ln rio u uel n Fi 1 0 rir+ 0 o nki' s : rJ iiu u n #n rr"'r et ri'u 6 a

'l . Fixed Roof Storage Tanks

n-r ri r: a,: zt finrifiduni'li ri'yttrfi zuru:rr ri'rfiuri a rfl udun-,rrd o,r arooy rtju:l n r'r u

(conicat) nEaln-teru (hemisphericai) Inaeirur.laraaan6tqnz0\r3iln::aovoduirrrunngud

n nr{zar fi{ uil: o\: nE oluvrr o n #u ri'uriufihn-ro'ra rd s0 rtju:l n:? flln EJ ei':uil nr a u o orriluq Fr

;i
Ft'r dFll4u: [? ru{ F}Fl1.[fl n R1{?]O{ n{ fl1:A{ d?}tn?mnf nl nf fl't:a{a3rflu:il n:ret rflo a.rfi n nll zu ri.rll
- Y dl , d 6t Y - Y - r J
n{?Jl.tul.tf, F} tLR 3 N I n: { f,1-1\: tX A n t!Ut d't Fn:0n5u1,t11r1,tnz a{fl n\1 n1n0 :0 u n a ru a e]T3?1?'r\l

q

v
m #,: nrri'.: nr zuri-o no zluuua nriu tfllua n fi aiar*uazarn-r ri.r rir:a.r zfinfi a-r#ur1n Fl?r il Biunr €J

19

luri''rrir: ao 6.: tfi un'jr n:r x n''ua a n tiuunr E;lun-o uE tr ru eirun-': n rirrz a,: #,: iir: o,:a11ri':n nrr a.r

.i- " u e, - Y
rfiumrsrior*firi',:rir:a':qvv'l-{n01il n-.rriu#,:;ir:a,:ufinfi6,:fiarin:nirj:y'iro-afirEan'ir breather

I

Ou6

vatve fi50 PV Vent (g;tlfi r r ) iti'ila..:ri'un?lil&i'r,lnrEjtun-,lrir:0,,:fi6wirnun;rirrrnn'jrvi

rirrun o o n uuul{ ,fi, fi n.rlriururi.rln u n:rN ri'r*nr Erlu#a,i', r rur rfi *i'.r ndurfi o fi n r:dr uz ao

rrnrrz-rrioair:a,: nr:flutl':uzooirarnrstun-oovriahi'rfiornr::vrrEJnnrEJrt]uloerrnEii.rei,:zun

trin rr e.rri'utan r fllu#0 d', r ro audr* ri aluiufi qrurn fi:'oud'nr'tuzi':,: q n iauff rtluar rr n rirlf
u q o r u o u o a) u o .j ; 

' ;
Ft?'tNFlulafltuL1,tn0f,ti0\lfl0tzl,tn1,t d'1t4tulunTrurFt?'1ilFr1.[r1eJ[l,[fi']fl't:0{nF}m1n\:n'rn?rr

3 "t-i , d
rlrrun un nzr* Ln rx o a.rnr: a Flz 0'.t rfi a?s s nar n n-{ rirrs{ ovri'0,: firJB eir ru 0r nr FIri?unfiu idr rr
ruyrufiilBilrFlizsufin?dnnnnoonlrjvrnn-rdr:a,:finr:iinafirxrnourfiuhjlrifiarnrrtorn

nlsuonlrarzirrurunurufur:nrrfiotfiEJu#n:rnrianil0rrvn2aonrrnn-':dr:at uEar,i'rrdr
; - o u v q ,' r v q ; \w 6,
ylEFlzt o{L}1n'ta8na'1n0{d'l:00F}?uom:1n15tflnfi6in?1aFlt1n'15 [var00n$uu [? ru1.[a1,{

flrynrn:'r er ri'unr utu#'r rirr E{fi fl{ N1n unv rirxr n n'jrfi rirr un o a n uuulffir: p n ruflz ua vfl a o ri'u

rirt.r breather valve rEo pv vent fiqnfinm-tadm:auonfitnnrund'tnrn-o n"'rarmnfinrnqrJn:ni

n-'rn rirrlririr,:ruriovir.:rufi rrrJ n fifi o a n uurl{ rir ru nhi'#.: rir: ao a dnr erln.'anrr;fi ifiEr'r Fia

n?1Ntflu14'tu

a - a-
1.[a n o'1 n u n 1: il'r fi 1'6 n 5 v a U f, f d Fr zt s \: 0-0 ;ir: a,: zl fi nr fr n"a t ri r n uo"t:-lrizinr ra u rfio n ?'l N

oj

rJ n o nr n-rfl uil'r t tj fr tifi ri': o
o A'a d ei a, v

n-,: rir: a,rzfiorrifi nr:6ry rfieJ rfio{ornaB{rfl n?n a'rsiiJula fi rir 6,: rur n rfi a rfi ar ri'u n-,r

dr:an rtoating Roof Storage Tanks lua-o dzu zso : zo

au+lr{14"fi'urir:atzurnlnry3rJvr:tuur#':arin Fixed Roof q-F}ufi!2f prnlrud
6'1- ;d u q i a u t ? - a! tn 5 r n eJ er z .1,lFl 

11 l.l Ft ? 1 N Fr 1{ [ A n 1 fi : E I 3 t]1 U u'l tz 1t 1.['t N 1*n lfl n
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Figure Diagrain of a vertical cylindrical tank rvith fi,ted roof

l, Shell. 2. Bottom of the tank. 3. Roof. 4. Manhole. 5. Inlet line. 6. Outlet line. 7. Drain line.
8. -paqge hatctr- 9. Guide pipe. 10. Lid o! the gurde pipe._ 11. Handrai!. 12. Access ladder wirh guard
rail. 13. Measurernent platforrn. 14. Dip p-late. 15. l,ower angle-irons. 16. Upper anglc,irons.
17. Calibration information p_lat_e. 18. Opening. 19. Vertical mealurement a-ris. i0. Heating coil.
PRS.:Vppglreferencepoint.PRl:Dippingdatumpoint.H:Referenceheight.C:Ullage.hltevel
of the liquid in the tank.

:tjfi s fi-0d1:ooflr,t'lnlrnj:ilvr:ou1.mFi,,tt fia fjxeci roof ufaarqrJn:nirl:rdrn-trir:4.:
s -'-6d- e

*
,'.:
.ft



waqruil'tri,.tiir:0,:zurnlrtr!3rJrr:,rrrurn',rzttin Fixed roof aanrfJu s rJ:vrnvrri':uri'u

ariliilyr:r?torr #rnrn-,t ar:or un;tutrrinril:vtnmfro v uil.reiofln,:6 n nr x n':r xri'ua-n rfiu fi a

. Atmospheric Pressure Tanl< (o psig) riumxrafi':n-.rrir:o':fitmarraelriunr:fr'n
6 a - ti Z' a a

. rfruzunnnruv.rvtn:rpnuljttuln1fl Fl{1.[%0{N:ruu:ru'r8a1n'lFlttull open vents

o Low Pressure Tanx (o - 2.5 psig) #unurafitfi'tdr:0,:fi1n":-unr:o0ntlullfi

rugia-nrrxriunia6ryrprnrFl (Pressure.zvacuum) ntulun-{ :ruu:vllletotntFl

6.:ei'o':d'nbifi pressure/vacuum breather valves fl':aanrtluhirilnrr6:1ri'rfixfifi

n?rer d'illiBs d ru rur n'I Frs 0 n *ull d nn\ nr:fi:vuu 6u tfiar eli: nin ur:v alu n?1e.I

u6)

d N A n ?I I { Fl ?'l }'l Fl }In 1 I t U rl \l tv! N L Fl N I n n ? U
I

1.1 ) - Cone roof tanks n-rldr:ora:fiv#r:nrr:t3iln:ru tu qnfi{r}alr?Jo,]fln-rnl#{

rir:aar{luciruaamzatgiln:ru qgr.Jfi 5, o,7 n',rn.fr rtrrr':;rr;*#nao,rln:tm#'rnrri".r
ia u ! - d

ff']'isn?1ua1tNFt?Unr,ttlnls?ilttUU tzju Self-supporting, Rafter type, Pillar type ria Truss

type rfluri'u ur*',rrron-oi']:a{uR}F}?'rxriudrrruzotn-,:rir:o,rrtlutilnre.rnr:r,:fir,:niro,i rrri

1rifi.: #u r{lung nrun':

Fr'r:'hrfi 1.1 nr:i'F]il:vin?rat,trFtLtRiaxril.n-%as0#{rir:o,rztfin cone roof tank

Pressure/Vacuum

mbar

Diameter range

M

Atmospheric Pressure 7.5/2.5
ald

a{rtFl 3 aHil{ 48

7.5/?.5
tl

Flf LrFl 54 n{ 60

Low Pressure (o - 2.5 psig) 20/6.O
&ra
el'il.rF] 3 a1,[n{ 39

5616.O
d

Fr'rrrFr 3 al,tn{ flo

1.2) Dome roof tanks (Circular spheiical roof tank) 4;rJfi a fftrir:a.r3rJrruufi'

rn ury nIlza,lrH n?fi f,-l il'ti n rtJuloloi',i'r o (votatite oits ) tfiatqrnln:': airtr fr',: nr n-{ ril:0{
&uqta3'r

ttuul.lfllN'l:nmuF]'llNal,{nruLl,[df n?1 cone roof tank Q*drxr:nntF]'ln?]elflu8a{ breather

vatve lfia,:n'irn#,,rnrn-,rdt:aduuu cone roof rrri:rn'rlun'r:rianir'rffeioelrtvl':n'irri'tdr:a,:

L[uu cone roof tziu#t+

arilofi 1.2 n1:0"ail:vtnrflulFlttava?tNriuzs{n-{6i'trs{zJlin oome roof tank

Pressure,/Vacuum

mbar

Diarneter range

M

Atmospheric Pressure 7.5/2.5 Fl\lttFl 15 Qltnf 39

za/6.o Fl0rtF] 'l 5 aun{ 39Low Pressure (O - 2.5 psig)

56/6.O
Ot
nf rra 1 5 aun0 20
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Figure Design details of a guide pipe in a vertical cylindrical tank
with fixed roof, of which the deflection when loaded is negligible

1, Guide pipe fixed to the upper part of the body by welded gussets. 2. Gauge hatch. 3. Funnel.
4- Platform. 5. Guard-rail. 6. Calibration information plate. 7. Dip plate (300 x 300 mm) fixed to
the shell by welded gussets. 8. Vertical measurement axis. 9. Lid of guide pipe.

3ilfi o nr:00nttuufin#,r erio" pipe zorn-,:rir5a{?n$talrnj:ilyr:,:*u;rn",.rzlripr
J-6d

Fixed roof r fi ar n,: n r uz{ Lr:r r1,r u{ll 0 "[ 
ei r fi er:rin:,,r

r i::
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^ Sgr.e -Desig! rttails of a guide pipe in a vertical cylindrical tank
with fixed roof, of which the deflection rvhen ioaded must be tiken into consideration

l. Cylindrical shell. 2. L-section. 3. Gussets. 4. Guide pipe and still well (Q,^ = 100 mm) fixed to theIower Palt of the body by welded Lsection 2 and gussets 3. 5. Holes @ 25 mm at max. 300 mmpttch._6.-Screw (x 3) toregulate the verticality of the guide pipe.7. Flexibte joint.8. Screw collar.v. Lid.gr-Cgiqe pipg 3s in-Figures-3 an^d -{. t^0. pip plate 
-(10 mm thick) fixid to the guide pipe

by welded 3/4 round iron. ll. Fixed roof. 12. Calibration information plaie.

:rJfi z n f i a 0 n Ltull fi n ri'.r cr io* pi pe zt 0 r n-r 6itr a dz ul ntr r! :rJ n :r: ruur ri',r zrin
Fr xerj roof r fi a m n-r n r rrfr ,t rr: 

't 
t ri rfi a'r l,i 0 n r : r a u : il vr :r y n-r n r u fi o1 fu r u

fi xrnlra:un??6Fl?'lN rre.i,,dr nr:in:r ri'ufla0LH fl?fl-r Erlun-r rir: ou

11



HIGH LIOUID
HIGH LIOUIO LEVEL
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L
os

I
ELEYATION SECI'ON

PLAIN
ELEVATIOII SECTION

NODEO

. 
Figure -Drawings 

of Hemispheriods

3rjfi a fftrir:o':zurnlnni:rlvr:orru:n-oafin Dome roof (Circutar spherical roof)
a ua

1.3) Unrtrrelta roof tanks riauzirttilki'ilnrrxfiantvirfinr: q1:rJfi o

Figure 
-Umbrella-Bool 

Tank

:r-|fi g n-.r dl: a t grJvr irt U n-rbre I I a - Roof

12



d r u3 rJ vr :,,: n-o dr : o.,r fi o r t uil n n um n ri r,t ri'uo onhJ rzi ulugrJ fi r o

ELEYATIOH s€cTrox

Figure *Drawing of Noded Spheroidal Tank

rtlfi r o Noded Spheroidal ranx dnSrlvr:tufitza,t#trir:o.l

tLrtlrrtt'
trts5!Rt Strl

A-sIDE,'Y,SIO€ A[TANGEAEXI

3-sr CrlO Ail^NC€{EM

FIC, 
-Solid 

Pallet rod Diaphrago Pallet Yalves.

r\r
E-l]'\r

i
,l\/ \\

rlit ttcrto{ er roroi - ctos;s

FIG. 
-IIigh-Capacity

/ t\./'\
utlt ltrIt0I 0r r0r0t-0ttI

Liquid Seal Yalvc (Trpe A).

:rlfi r 1 PV vent fi'rfitr#nnr:r4rtrufirinnrirtrYu

t-

5t

ffr-lzj,/ 7/ ,.'r'/ / /

ffir,-ffi#

13



vtxl rI ttll ctosto

grld r r (oia) pv vent
ia ) 'a\tilfi a n nlTyt'10'1l{fl [m n n1\1n 1,{

rutlt,ac llJ{I trsctt

FIG. 
-Liquid 

Seal Yalve

tfutYttc tur rttu0t

(Type B).

AtJfi r r (oia) PV vent

iai'
fl f e.ifi n n n'rtyn0'I1.{14[tFIn a1f n u

C omb inat ion fame a r re st€ rlconse rva I io n v e nt.

14



clostu YtxI

FIG. 
-Liquid 

Scal Yalve (TYPe C).

t ( ria) PV vent 6,r f; n n-n nr:fi r,:ruitun n a rr fl-rr

2. Floating Roof Storage Tanks

^ a v q va a" eJ e' e oflfiFl Fixed Roof rtfi€i{luntar:a':zluptun n d:'l': h4 N1^11,ttl'l ttnv r.l%f tl{ n n'l8n! n\l d1:8'

eiruzam #t rrrartl:yn aun-: su #'rnrfi,:6it+nr Flr ilTva:uil a0 tr n?ar flluri't eir: o.r InrE H #,1nr #'l

p.lraaaqsaEjuuB00r')1a?fir::aaglnralun-,:rir:or"nEot':an'jr "vn-'ta'r#{tJrnsEJ (rtoating
. .i ;- -;; uquu

roof)" fi':oyfirirufirEsn':r pontoon yl-rr14rfitfisrtt:,rnsuFi'?'hinntla-':nrfftrlrnoatravluzrur
du6uogdd

rFlu?nt*na n Lr e.tZ n:yr:t\t riu.t n{ nutr a{ a 1n"{ r.lr n a EJrli afl ar riunt:tv L?t EJ?J 0,:40{ tfl n?fiu5:a

nrstun-r rir: a,: 6 nn"'rfl ar riur.ir rJun6 ofi ar v m n rfirtrinralr*n-.: dr: o oluz ruv rH ur riufifl o'r riulri

[n z a'ttu n:nr ulun'] d'r: o't ourr n naualrnrt?la{?-}f ?t a!50u il0?1\111}.lzln a a n{0 fl t1{0{a1n%1

nr.Trrx#'rnr#r rlr naa n nyrlu

ar n nrrfir n,rnrfirr.lr nasuuuBr,r fio riu:rniufi':nrirza0 tHn'lnr ulrr#t dr:otdtttlunr:

n nilirurn:'irn irjArruriofl0{rl4 n'rf,0 6i,: r.rarirhi'zirEJnnnr:fl qJ [fiuttiatqr n nrt:Htfi8n nlflLtlH

:rjfi r

'/^,.1A v ]v:

J I(.--

Irotlrxc ifi ntsutt roull(c sI llcwl

Itutyllrc trctss trtSsurt ltutllm nct$ Yrcl,ur

FIG,' 
-Pilot-Operated 

Yalve.
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1.

Fioure -Pan-Type 
Floating-Booi Tanks

tdfi r z n-rdt:o{flR-0nr#tr.lrnaattuu Pan type

"[oza.:zatrrarnruluri'.:dr:ooluzruvfiinrfiuriarluzru;finn-cir€Jzo{tfintrz-r-aEnetnn-':

;ir:ot #nuruvzo.:u#,:nrn-orirnou (Ftoating roof) firi'':uriirurriau,jrs6ortJurlrn-,:rE€turruu
,.i o oaipan E:ilfi I2 rrnv 16 Frnsoot*fin'):oonurriliurJl,:"Lrififlurtl%Ltuu annutar-pontoon

type (rrriurnfinifloxrJ:vnolr[]uzjoo'l(compartments) finriori'urtJur,:*y?l.riorlFr']Nu%?t1n-r

nrrieln'jr annular pontoon) gSrJti r 5 [tnB 1o uRvuuu doubte-deck type q;rJfi r 3 uay
a"- - ei sa - Y r ".16 uonornfiu-ooior"lm'frzr:a'::ur.[rrri'nra-,:nrfl-trirncu (tegs) n:rorsarinaonyrlrra:,intn0'

d-?3'--a-
r.lr a o a tfi o:: n:uz o 

't 
tr ar n n ntgirqt.rfii:r nur t,$s ?J1:0 0: u1,ttfiunr n$ Flra: al uunuy{l-rn$

ci q - q,ci J -uartfi0?t 0{tHn?ntu"[un:tdr:ata-tnoqnnloonh]ri0-ul:r6r:u?t0,:rraraonorR'rrurnrnrr.lr#,1
; , ; ; ' , ".- , , .'" o -, ,

flautNd'lilr:0rFln01,[?lnfFl't3J:3au?Jo,rrrarlri'6nrisiil.?i]lffizlailir,raa.ra]n161&11'ilrrlrn-0.

naStn nil 1.[ [1.[z?f 14[af

Figure -Double-Deck Floaling Bool Tanks

.i:rjfi r 3 n-{fll:orxn-0F}'t[i'rrJln0flttlt1] Double Deck

a
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Tank,,No. :9,,-"(1 
O,000 m 

t 
)

' .-, r,,Refih€rv , 
,

top ol edgc polnt td h.lght reultffntt m nel13,E17 r itraightreurlos bpcl 'r,iErili- t H" 1rO ors,soo ol1 Cap3clty 100!6
rr 880

rso level ol calibrrtion table
Is identical wth tall Point ol the
hand dipping on the bottom ol the trnk

supportsO o,l0o m

12,12
ln*tiwtp@
of bnk 1,381 #

:r.Jfi f + nrytnlO n-r dr: a,: Zfi nu n-': nr n-t r.lr n a a z%l Fl Fl?l aJs 1 O,O0O ntl. e.l

- t.l

?

?--

{--'\
5/

6/

,,/
Sch4alic rePresentation of a storag. tlnx vrth
ponc@n-tyl8 fIoltinq roof lnd de.6urlng
equilEant
{l - filling height bealuring device, 2 - guide
rnd rtaDdplE,3 - float yire, { - cover Plltc,
5 - gasket, 5 - Itgu1d levcl. I - flo.t,
B - digping tabl6 2, 9 - dlppinc Eablc I
(princi,pal dlpping iable), l0 - f leting r@t
aupporto, Il = pontoon-typ€ floatlng r@f,
12 = prlnclpal dipping point, ll = air dipping
rocket ) -

: rJ fi r s a o ri'r J : v n o u z 0 0 a il n 5 niil : ; ai'r n-': ei l r a 0 t fi n x #r n -l n-r,l r n 0 8

I
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rirulu rij#nlfn-.: rir:a\r?Jfinlidlmiuoln rfiuru finfi'rudtJln:rH Erilufinfifin:rarri'uto ar

(:rurarflutaki"iru) rdu rireiufiu ririadrul:finrufiEr-tfizia,:'ir,::ym'iron#ru-,n-odoorrdl

nra'tilrrF):uua{?t0{t?1R?nrfllt[#.tdr:0.: riu zuu-r n-td,ruirr ruuau'iron-on eirrorfinr:fl0,r ffunr:
d6-Jy*

:31?1824{ []1fl?U5A n'l: tn FI:0 F]ZO0ZA{t}1fl'la 0 nal n F}? n0 dl:a{autuo{al nu']141,[nflaf ynf F}'t

ri'rnnn':oEjuuiprad'atr"fifin ( a ftexible circumferenriat covering) flo,rn'uaqj (e:,ifi 17 , t B,

19 t[nv 2o) ttritfia{qrnn-trir:a,:ar.lrntnr!3rlvr:.:uurri'uafinri'Qnla'un;rirorufiarrelriu

ur: fl'r n'] filriar a.rri nnurianrra.rrir*a'tu'rn#n fi'o'#,*n:ra.rfr'urirao', Jlr*n-u,i',-a16,:drxr:n nn

r.ln nrJ n a s oa n?r''lrz 0u5 Eu ,uron 
^-0 

r", riu zu#o ni,tln"rra ei':ua eir,r 6 a:yxi a airu:=urfioriura,:

Fisure 
-Floating-Roof 

Seal Using Coil Springs to
Maintain the Seal

,j
!U?r 17 ARzsrlin':ntn':rJrnoanuilx{0fl{ ztuot Coit springs fll-trJ1.{0nr

L
':*
:::i:

ii
.la

.E
::j::*
.!

19



TANK SHELL 

I

..,...- FABRIC CURTAIN 

TOP DECK 
-, 

LEAF SPRING VLOWER WEDGE 

BOl/OM DECK 

I "'" 
\ LOWER CLIP 

~SHOE 

Figure -floaling-Roof Seal Using Leaf Springs 10 
Mainlain Ihe Seai 

CONTINUOUS FABRIC 

/TOP DECK 

ru: - PANTAGRAPH HANGER 

I~~*-+- SEALING RING 
/BonOM DECK 

r:l\l !JUln Counterweights rJl-HJ'U\lbl\l 

COUNTERWEIGHT 

Figure -Floating-Roof Seal Using Counterweights 
10 Maintain the Seal 



10<> 
(DECK 

-:::::NIZEO 
I RuBBERl " I ~--. "'....._ 

PONTOO'" 

Figure - Floating-Roof Using Resiiient TUbe-Type
 
Seal
 

~m&iU'lJEh'lnl·HlfJl;l-rl\ltl\l,h':iEh'lnii.17l floating roof n RfJl;l1:1-11':i rlr! fJl;l-rl\ltl\lhl~{/UlI7l1'YIq) 

LL~::l;ll:1-l1':i rlm':i'iJ~fJ.;I L'YI ~11(;]:I-l1n WU11'U n &1 LL~ltl\l ~1':i fJ\lnii.l7ld~{/u 1I7lL~mhF1uiJ n ~1\l1ff\l LLI'i, ~ 

15 L3-lm~u1tl 

UfJ n'iJl ndnl':i LL 'YlU~{/fJ\lL VI~1111E11 Utl\l ~1':ifJ\l5ULit,fJ\l'iJlmi'l'Y1UntffJ\l'YI ~\lAltl\ll:11~fJEI 

(Floating roof) 'V'lfJ'Yl'nuhi'(;]lE1nl':il;lfJULYiElULLUULUEIn (wet calibration) LLl'ilUY11\ltlliU&lLL~l 

F1113-l~n{/fJ\lnl'j'iJ;.l{/fJ\l'YI~\l Fl1tl\ll:11 ~fJ mr\lA\l1(;]-ru~'Yl5'V'l ~'iJl n LL ':i\l~:I-I, J1V1umi'1 ~UU U'YI~\l F11 

'YI~fJ 1U m\ll;lmu~ n'iJ::':il:1-l~ \l"':I-I:: LL~::J1 LLn\l 1U{/~:: L6i EI1nULL':i\lL~ E117lY11u{/fJ\l;5 ~~\l &l17l1ff\lfJ ~ 

u~nru ':ifJu~htl\l ~fJ E1nuj;JU\ltl\l ii~j;J ~(;]1 ElL!fUnU &l\l,ru1Unl':ifJfJ n LL UU'YI~\lAl tl\ll:11 ~fJ E1~lul Vlq) 

:ij17l111~ dipping sockets m::'iJll'J"'lm~mfJU1\lLL~::~\ln~1\l'YI~\lAltl\ll:11~ilElmh\lumJ 4 - 5 

sockets L~fJlfiUnl':iml'iJl;lfJm::&lUFI113-l~\l{/fJ\lL L~8~'iJl':irulLL~::«\lLnl7l'YI~1111E1'lUtl\l~1':i8\l 

11'Y1~\lFlltl\l~h~fJE1~nl':iL5E1\l&l1'Y1~fJhi 5mf\l~tl':i:: Tmlu1Unl':i l;lfJULYiElULLUULiltm L~8V11 air 

height ~\lm:l-lC?i'lE1nl':i'YIl Jl'Y1UmJ8\lY~~\lFlltl\l~1~8E1 ~\l'iJ::n~111 UU'YlI'iEl1tl 



TANK SHELL ------;~ 

lL 
3. bbUU~6u.f·,j~'Vr:h\l Fixed RoOf Storage Tanks rlU Floating Roof Storage Tanks 

Tl71fJtiJ::ltJULl\l~T:ifl\l~1l1t1Uflnl71Ll1~r),l-j, fixed roof tanks' ll~1l1fJ1U~171~\l~1fJ floating .~ 

roof 1Y1':i1J~ 22 uae 23 tl71t1V1~\lF110\l~h~flm'hIY11t1t1:1V1::,fl1:1ihum~, ~1:11~&in VI~fll~I71~W) 
~~ . ~ ~ 

[;11:!fA113-H'YIa.n::~~ ~\litl ~fl~1fJ1:1l71nT:id::lVlfJn1:11m ~U1mlfl\l~~lnilru't1~lm'l-l.n1d~l71lnu O\l 

~ld fl\l 'lJitl71 darn11Y1-ru Fnl~it£J~ flU ~Cl1U~ ~iil1 ~::171 m'll:rnVl~ fl ~UIn n't'lltn~\lflltiJ l tJUeJUlndl £JVlln 

tiJ::L~fln LtlLl\l ~ldfl\l'lJitl71 floatin~ roof Liifl\ltiJlnLl\l~ldfl\l'lJitl71 floating roof flltiJ'\.h::~ui1qjVll1Jfl\l 
n-rs d::U1tJJl ~Ufl fl mn n't'l~\l F11 Ll\l~11:1 fl tJhhlu'YI~ flflt! nd ru ~lV1-rU ltj'1:1::1:11tJl1~::'I11\llUhh1'l-b• 
~\lLVI ~ldn fl l...,~n 171 Fnl ~L~£J\l~Eln1dl\l~1:1\l'l!fl\lVl~\l LL~'t'I1 nl\l::L~a n rl\l ~ld fl\l'lJUl71F11 O\l~1 1:1 a £J11Y1 

cone roof nhiLVI~l::~:~H itu\ll\llnhiaurrsn1tlnmm\l LVI 1:11~~eJlnd1n1dd::L VI tin 1:11mtJ'l-I.1fl~\l 

L~dl::~t!1~11n d~U ~il\lL 'I'I'itfl'l!fl\lL't'I1:11 a.n n LnU1il 

rig Storaqe tdnk with fixed r oo I and r Loa t r nq f t oo r 

(1 - CTOSSPl(!oCC 1 2 :I< dlpplnq and guide tuue! 

) = dippiny tablc • = flo~~ing floor, 5 ~ g~sk~t,1 

& ~ lloatlnq pontoon, 7 - tlo~tin9 (loor suPVurts) 

",jtl~ 22 a\lRt!d::naUTla\lat!mrut!d::~lLl\l~ldfl\l 
~ .
 

'lJitl71~wm::Vlil\l Fixed Roof flU Floating Roof 



FIG. 
Typical Arrangement oflnternaf 

FloatIng Roof 

ANTI­

ROTATION
 

CABLE
 

GROUND CABLE ROOF 
ATTACHMENT 

ANTI ROTATION ROOF 
FITTING 

COVER ACCESS 
HATCH . ­

GROUND
 
CABLE
 

ANTI­

ROTATION
 

LUG, WELDED
 
TO FLOOR
 

SEAL 
(See details 1&2) 

PONTOONS 
SHELL 

MANWAY 

TANK SUPPORT COLUMN 

VACUUM BREAKER AND
 
ACTUATOR LEG
 

(AlSO applicable 10 eXlernallLoallng 
roo! tanks if dome roof IS removed) Cccvtesy oJ CE Natt:o 

Pantagraph hangar 

Detail 1 - Shoe seal Example Types of Seals Detail 2 - Tube seal 

For Floating Roof Tanks J\~~ 
,,\J Curtain seat 

/Reel 

Hangar bar 

T,.'''''' W 

. Seal envelope ~ 
~-_/ 

Seal support ring 

Resilient 
urethane 

fabric 
Rim 

Counterweight 

.. ~Bumper
Liquid level 



STAINLESS STEEL BOLTS Bun STRAP 

"" S1AINLESS STEEL SCREWS / 

_"" l	 I 
~;r=:= == ==J'===== ==-=--::'f=== ==}.,
---- ~	 -~ ~I I 

SHEET SUPPORT RIB 

f-----,----'-- LlOUID LEVI 

- II 

SHEE1 SUPPOR1RIB 

.PER'jAL SE~ PERIPHERAL SEAL CLAMP 

SURFACE SHEET 
/ 

~ 
~U 

/ 

-------.,1­ -­
/ 

PONTOON END 8R~CKET 

I 

1 ,/: .. 

T 

I
-' ­CLEARANCE 

PONTOON STRAP / PONTOON 

Figure - Typical SeatArranqernent for Metallic Float Internal Floating Roof 

~tl~ 23 (sia)	 ~tlllUU!lEl\l seal 'I'l~\lFll5\1t:h'iEltJmtJluO'\l~l'Wil~it[>HHl3-J':i::::Yrh:J
 

Rxed Roof rlU Floating Roof
 

~ 

lil\lUUn1':if.J~3-J~HllU!lEl~!IEl\l5i1(fii,[>J cone roof rlU~ii,[>J floating roof l!ll[>J1tJrlU rrn 

01) nuUU na fi{1i15i1 ~1':i Elil(fii,[>Jitl.~A1':i~1JU1 [>J L~U~l ~uiln 'ili1 Lnu 39 l3-J mliiElili\lln!lEli\ll n [>J 

Yl1i1 [>]luIA ':iilfi11i1 CJ~I?lJi'ru-n.yjarnHrlu5\1~1':iEl\l~ii,[>Jii' L'IlU NGL (Natural Gas Liquid) ~tl 

llU'Ul'ili11!1Elil5i1~1':iEliltlii,[>lii' ~~tl~ 24, 25 ll'i:::: 26 

0'\1 ~ l':iEliltlii,[>Jii'iJnl':i ~ry L~m'itEl\l'in n lEl~Fil ~lmm~m Yi tJU riu 5i1 ~l':iElil cone roof 

storage tanks lu«[>J~1u 1 : 250 
-~ 



11 

5 

1f \ 
1R1 

I ,po=; 

!I j Jl I:RI'­ I- -
1 BASIC COVER 8 VACUUM RELIEF DEVICE 
2 SUPPORT LEGS 9 OVERFLOW VENT 
3 SEAL 10 PERIPHERAL ROOF VENT 
4 ANTI-ROTATiON DEVICE 11 CENTER ROOF VENT 
5 COLUMN NEGOTIATING DEVICE 12 ANTI-STATIC GROUNDING 
6 MANWAY 13 ROOF HATCH 
7 GAGE FLO TEWELL 14 GAGE FUNNEL 

Figure - -Typical Sanow.cn Internal Floating Roof tor API Srorage Tank 

~tl~ 24 il\l~l'Hl\l!Jil.I'I&Jff:l-l'J:;'YI'h\lFixed Roornu Floating Roof LLUU typical sandwich 
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I I, 

I 
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I~ 

61cJ 

-­

~ 

~\ 
Itj 
Il~ 
II~ 

F= 

1~ 

3 

\ 
5 2 

[ :8I --"'-!. 
~ 

I - I
IJ~ 

I!"RI 
1 BASIC COVER 8 VACUUM RELIEF DEVICE 
2 SUPPORT LEGS 9 OVERFLOW VENT 
3 SEAL 10 PERIPHERAL ROOF VENTS 
4 ANTI-ROTATION DEVICE 11 CENTER ROOF VENT 
5 COLUMN NEGOTIATING DEVICE 12 ANTI·STATIC GROUNDING 
6 MANWAY 13 ROOF HATCH 
7 GAGE FlOTEWELL 14 GAGE FUNNEL 

Figure -Typical Pan Type for Internal Floating Rocl lor API Storace Tank 

~tlii 25 ilIHh'JrJ\l!Jil.rn&Jj;l:l-l'J:;'YI'hJ Fixed Roof nu Floating Roof LLUU pan type 
'U 



Tank No. 10 -,t~1500 rh~) 
, ,">,geijne'~ 'L~ 

zero level of calibration ~ble 

Is Identical with fall point of the 
hand dipping on the bottom of the ~nk 

il\l~l ~tJ\I!fi'i,1Y1 Fixed Roof Am,j,nl\1hl-ruA11~i'i,EJ3.i1'\.l,'lh::L'YlF1~:lHhl::j;) m~€J~ tJ~mJL YimJ 

rlUil\l~l':itJ\I'ZIii,1?1 Floating Roof rlUil\l~l':itJ\I'l1i'i,I?ILLUUtH'l3-l':i:;'1"'Jl\1 Fixed Roof Storage Tanks rlU 

Floating Roof Storage Tanks LLl91il\l~l':i€J\I'ZIii,1?I cone roof n:lhl€J~lrlI?11'\.l,L~€J\I!J€J\ltlmj;)il\l~1':i€J\I 

~\ITIY1EJ~11 tJliJ::il!J'I-l.lj;)l 'VIqjhhnnirm~m YiEJUrlUil\l~l':itJ\I'ZIi'i,j;) floating roof 'VIlnVjliJl':ifJ.nl'\.l,LL~ 

!I€J\lFhrl€J I'lfl\1LL~::Fhhr~lEJliJl n operating cost 1'\.l,~tJ!I€J\I vapor loss 1'l1~l'HlLtJ~EJULYiEJUhuv\I 
I'lLn~h,(l?l\ll'\.l,19l1Jl\1~ 1.3 

Fixed Roof Floating Roof Floating with fixed roof 

Construction cost 1.25 1.15 

Operating cost in term of 250 20 

vapor loss 

'JI
.•.'.'••....

. 

1 



't'I1 n L':i 1 LLU\l!lUl>l 'lIrh'l cl\l~l':i EJ\lLl'l-l.1l>l1'VHli~tlm\llL 'I-l. 'Ji\lm3-l ~n B-fJ.l::tm\l ~f1\l'VI ~\l A1 LL1;l:: 

15n1':i':iEJ\lfULL,h ~EJ:5'l>l'VIml>l'VI~lvl~\l1'l-l.m':i1\l~1.4 

Gll':il\1~ 1.4 LLU\I'ZlUJ;lcl\l ~1':m\l ~13-l5nB-ru::TF1':iiH'tf1\1'Y15\1 F11LL1;l::15n1";i':iEJ\l-ruTA':i\l'VI~\1 A1 

ROOF TYPE Supporting Method 

Fixed roof Conical (Cone roof) 

Circular spherical 
(Dome roof) 

Umbrella type 

• Self-supporting 
• Rafter type 
• Truss type 
• Pillar type 
• Self-supporting 
• Rafter type 
• Pillar type 
• Others 
• Self-supporting 

• Others 
Floating roof Single deck type 

Double deck type 

• Pan type 

• Annular pontoon type 
• Center pontoon type 
• Distributed pontoon type 
• Pan-type 

• Annular pontoon type 
• Center- pontoon type 

• Distributed pontoon type 
Floating roof type • Fixed roof . • Pillarless type 
with fixed roof, or Pillar type • 
Fixed roof type with 
floating roof ­

• Floating roof • Pontoon type 
• Pan type. 

"1 n ':i1 £J 1;l:: L~ £J~ L91\l n Ii11t11\liil'l-l.L':i1~\l~ EJ ~':itltl':i::LJl'YlLJ EJ\l cl\l ii1':i EJ\l'llU1 J;l1'V1 nhtlm\l LL'I-l.1, ~~ 

~\lLL1;l::LJ~ll>l tl\l ii1':iEJ\l (;l m)J;l"'I-l.~nB-ru:: tFl':i\l~f1\l~ii1AryLJEJ\ltl\lii1':iEJ\l~\lnIi111 it 'I-l.m':i1\lrt 1 .5 

TANK DIAMETERS IN METERS L,.J,(Jru::L&i m n'l-l.l'I-l.n1':iL~EJn!lUJ;lLl1;l::'llU1~cl\lii1':iEJ\l'llml>l1'VI'1i 

~tl'YlJ\l LL 'I-l.1~\l1 iL'VI3-l1:: ~3-lflU!lUJ;l 'llEJ\lCJ ~~.n ru'l1~ ~EJ\l n 1':i:5'J;l d'1u F1'J':i~13-l1':i f.lYl:U1':i fJ.l11 Ul>l1':i1\l~ 

1.6 LL(;] EJ~l\ll ':in~13-l1 'I-l.n1':iYl:U1':iru1L~EJn(Jml>lLL1;l::!IUl>l'llEJ\ltl\l~1':iEJ\l(JU1Pll'V1nhtlm\lLL'I-l.l~\l11. ~~ 

A;':iLU'l-l.tl':i::LJl'Yl1l>l'VI~ EJLJ'I-l.1 ~l~,r'l-l.~lL tJuvlEJ\l FhU\lO\lu:u:5'£Jg'l-l. 1~3-l1L~ mnEJ\lvll£JL ~'I-l.n'l-l. L~'I-l. 
n1':i~ryLflmitEJ\l"lnn1':i':i::L'VI£J (evaporation losses), pumping losses, climatic conditions, air 

~ 

pollution, soil conditions ':i13nl\l n!lcJEJ':i::LU£JU(;]1\l1LJEJ\lfl'l 
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m1",i1~'Y1 1.5 TANK DIAMETERS IN METERS 

54 60az I 45 I 48 66 I 72 I 78 I 

TYPE OF 

10 I 12.5 15 I 17.5 I 20. 22.5 I 25 1. 27.5 I 30 I 33 I 36 I 393 I 4 I 6 I 8 

Ar::, F, F, AC, F, aT
 
TANK
 

AC, LC1, AD, LD1, F, AC, LC1, AC, LC1, LC2, 

.
,aT aTLC2 aTaT 

I ;AD, LD1,
 
LD2,
 
F, aT
 

TYPE OF CONE ROOFS
 
ROOF
 Internal Not available 

sheets or 
Folded Internal trusses Folded sheets 

trusses 
radial special 
rafters design 

DOME ROOFS 
Not available Radial rafters ] Not available 

. FLOATING ROOFS 
..Pontoon type Reinforced pontoon 

circumstances use may be 
Under special 

Double deck type may be used only in special circumstances. type or double deck 
made of floating roof tanks. type 

FIXED ROOFS WITH FLOATING COVERS 
Under special circumstances use may be made of fixed roof tanks with floating Not recommended 
covers. Approved types only. 

Shell Min. 1.5 m. wide Min. 2.0 m. wide 
plates Max. 2.0 m wide Max. 3.0 m wide
 

Min. thickness 6 mm.
 Min. thickness 6 mm. I Min. thickness 8 mm. Min. thickness 
'lOmrn. 

Bottom Min. thickness 6 mm. 
plates 

'H3-l1Ub'H(;\
• 

AC =Atmospheric pressure cone roof tank AD = Atmospheric pressure dome roof tank F = Floating roof tank 
LC1 =Low pressure cone roof tank (20/6.0 mbar) LD1 =Low pressure dome roof tank(20/6.b mbar) OT =Open top tank 
LC2 =Low pressure cone roof tank (56/6.0 mbar) LD1 =Low pressure dome roof tank(56!6.0 mbar) 

"a. 'It<''"U~:I ~_".Ml~1t~;"'~~·.wc~lr§l:l~·;,~~m'~:'~w"',,,;: "'::~~l~~M~~~l'~~1~';~q";r::r;};'i.lS~j,}~;:-";.1K\!'J:f,!Lv,,i:'!fll{\~";;lf:_:;'r:~'l':X1'j',j"J,';i ' 
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Gl1"a1\1'Y1 1.6 TANK DIAMETERS IN METERS 

LC1, LC2
 
LD1, LD2,
 
F
 

LC1, LC2 

LC1 . LC1
 
LD1
 
F
 

. 

.' ... 
AC
 
AD
 

AC 

3 I 4 I 6 I 8 I 10 I 12.5 15 I 17.5 l 20 22.5 I 25 I 27·51 30 1 33 I 36 I 39 42 I 45 I 48 54 I 60: 66 I 72 I 78 I 
Class I Preferably F F F 
Flash LC1 
point less LD1 
than 21 0 

C 
Class II Preferably F F (on poor F 
Flash LC1 subsoils or for 
point 21 ° LD1 other special 

C and conditions AC 
higher but may be 
less than preferred) 

55°C 
Class 111+ AC AC AC 
Unclassifi AD . Special 
ed Flash cases 
point 55 ° 
C and 

.. 

higher -

NOTE: For tanks lip to 39 m. incl., when storing certain class I and II products, a fixed roof with floating cover may be used, 
especially as an alternative for the Floating type, when rain water penetrating between shell and seal may have and adverse effect on 
the quality of the product stored. 
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Fig. Large Tank Diameter and Capacity 

15........ 
;g 
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o -­
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Tank diameter 

4 to 10 

12.5 to 30 

33 to 114 

DiameTer (m l 

Shell plate length 

1.5 IT 

2.07t 

2.5 IT 

3.0 IT . 

JtJ~ 28 cJmm::lhrJEJ\lA1l3-JtJl1TJEJ\lLL~ll.I:.J'it\li1\l(shell plate) 

LLl?1 '1::LL~ll.~tJ'J:: n EJULtlmJ,"\l i1\l (Shell ring) 



9 Tank dfarneler in m 
...J 
,." 
...J 
c:. 
~~. 

Height 
in 
m 

3 4 6 8 10 

NO/ll,nill C;lOaCrltC1 in m) 

125 15 17.S 20 22.5 2S 275 30 33 36 39 42 45 48 54 60 66 72 78 

... 1 7 12 28 so 73 122 176 240 314 397 490 593 706 855 1 017 1 194 1 385 I 590 1 809 2290 2827 3421 4071 4778 
-...j 2 14 2S ':>6 100 157 245 353 481 628 795 981 I 187 I 413 1 710 2035 2389 2770 3180 3619 4580 5654 6842 8 142 9556 
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5 
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21 
28 
35 
42 

37 
SO 
62 
75 

84 
113 
14I 

169 

150 
201 
251 
301 

235 
314 
392 
471 

358 
490 
613 
736 

530 
706 
883 

1060 

721 

962 
1202 
1443 

942 
1256 
1570 
1884 

1192 
1590 
1988 
2385 

1 472 
I 963 
24S4 
2945 

I 781 
2375 
2969 
3563 

2 120 
2827 
3534 
4241 

2565 
3421 
4276 
5 131 

3053 
407 I 
5089 
6107 

3583 
4778 
5972 
7 167 

4156 
5541 
6927 
8312 

4771 5428 6870 
6361 7238 9 160 
7952 9047 11 451 
95421085713741 

8482 
11 309 
14137 
16964 

10263 
13684 
117:'105, 
20 527 

12214 
16 285 
20357 
24 428 

14335 
19 113 
23891 
28670 Z 

...J 7 87 197 351 549 859 1237 1683 2199 2783 3436 4 157 4948 5987 7 125 8362 9 698 1I 133 12 666 16 03 I 19 792 23948 28500 33448 0 
~ 
~~ 8 100 226 402 628 981 1413 1924 2513 3180 3926 4751 5654 6842 8 142 9556 h083 12723 14476 18321226192736932571 38226 ~-,-.... 
Z 
0 
3 

9 
10 
11 

254 
282 

452 
502 
552 

706 
785 
863 

I 104 
1227 
1349 

1590 
1767 
1943 

2164 
2405 
2645 

2827 
3141 
3455 

3578 
3976 
4373 

4417 
4908 
5399 

5345 
5939 
6533 

6361 
7068 
7775 

7697 9160 1075112468 14313 16285 20611 25446 30790 
85521017811945138541590418095229022827434211 
9408 11 196 13140 15239 17494 19905 25192 31101 37633 

36643 
40714 
44 786 

43005 
47783 
52561 

Z 
:x>, 

:::J 12 G03 942 1472 2120 2886 3769 4771 S A90 7 127 84821026312214143351662519085217142748233929 41054 48857 57340 o 
~ 
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13 
14 

1021 
1099 

1595 
1718 

2297 
2474 

3126 
3367 

4084 
4398 

5168 
5566 

6381 
6872 

7721 
8315 

9189 
9896 

11118 
'1974 

13232 
14250 

15529 
16724 

18010 20675 23524 29772 36756 
1939622266253333206339584 

44475 
47896 

52929 
57000 

62118 
66 896 

:x>n-g 
"0 
(l) 
(") 

~ 
'---" 
c::! 
~ 

"" 
~e 
~o 
...J 

15 
16 
17 
18 
19 
20 
21 
22, 

1178 
1256 

1840 
1963 
2086 
2208 
2331 
2454 

2650 
2827 
3004 
3 I 80 
3357 
3534 
3711 
3887 

3607 
3848 
4088 
4329 
4570 
4810 
5051 
5291 

4712 
5026 
5340 
5654 
5969 
6283 
6597 
6911 

5964 
6361 
6759 
7156 
7~54 
7952 
8349 
8747 

7363 8909 10602 12829 15268 17918 20781 23856 27143 34353 
7853 9 503 1I 0309 13684 16 285 19 113 22 167 25446 28952 36643 
83441009712016145401730320308235522703730762 38933 
8835 I'D 691 21502 24937 28627 32571 4122312 723 15395 18 321 
9326 11285 13430 16250 19339' 22697 26323 30218 34381 43514 
9817 11879 14137 17 l05 20357 23891 27708 31808 36191 45804 

10308 12473 14844 17961213752508629094 3339938000 48094 
107991306715550188162239326280304793498939810 50384 

4241 I 51317 61072 
45 238 54 739 65 143 
48066 58160 69215 
50893 61581 73286 
53721 65002 77 358 
56548 68423 81429 
59376 71844 85501 
622037526689572 

71 675 
76453 
81 232 
86010 
90788 
95567 

100345 
105123 

~~ 
Z~Om 
::0(1) 

0 0
:X>i1,(I) 
~~ <Jl 

~ 

"" c::! 
~ 
~ 

Sl 
~ 

::s: 
,2_ 
'<Jlc:... 
~ 

NOTES: 1 
2 

3 
<1 

Nominal capacities of tanks are calculated on the assumption that the tank has a flat bottom and IS filled to the top of the shell plates. 
The net capacity 01 fixed roof tanks should take intQ account a dead stock at the bottom of approx 0.5 m and the fact that the maximum safe working level at the top is 
taken 0.2 m below the top curb angle 
The diameter of a floating roof Shall at least be equal to its helghl, see 12 131 
The net capacity of a floating roof tank is less than the tabulated nominal caoacuv by approx. 20 m of its height. This is because of a dead stock of apcrox. 1.2 m 10 
keep the roof (Ioatlng and the fact thai the maximum working level at the top is approx . 0.8 m below the top 'curb angle. 
When a wind sk-rt IS applied at the top of the shell Ihe net capacity IS less Ihan the tabulated nominal capacity by aporox. 1,2 m of its height 

:x>:X>
zZ 
",0(I):x>

::0 
0 
< m 
:xl 

<Jl 

"" 
~ 
~ 

e­

5 The net capacity of a fixed roof tank with a floating cover IS consrderablv less than the tabulated nominal capacity. 
A dead stock of approx '.6 m is needed to keep the cover floating For dome roofs and' cone roots up to 12.5 m a maximum safe working level at the top is taken 0.6 m 
below Ihe top curb angle and for cone roofs over 15 m diameter thrs max. safe working level is 0.8-2 m below the top curb angle. as the roof trusses protude below the 
lOP of the shell .• 

~ 
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Uf\);ij[Jiltm'Un1';iWf\)T'HU1turrrsasnuUU Cl\l ~l'H)\I~Ul~ t'l'lcY~tJm\lll U1r.f\l~l'l'l~'lJln'lJ 
&J~I?li1ru'f1tJTl?ldl~tJ}l(storage tank in the form of a vertical cylinder) ll'1llrl 

1) !1it~ll~~FhAll}lril\l:51ll'l1~(specific gravity) 'lJEl\l~El\ll'l'l~TYil'1El\lnld:5'l?lln'lJ 

2) aru'l'l!l3'1 ~ 1'1El\l nld1v:5'~ In'lJ uaearu'l'l!l3'1'lJEl\lT~'l'l~~1iJ I?l ~El ~ 'iJ'U~l\l a ru'l'l!l;N~\I ~lrJ 
'i cu '\ cu 't cu cu 't 

ll~~~l ~ , ~~ El\l rrrs1V\ll'U'l'l1ElT~'l'l::~ I'1El\ldEl\l~U 1l'1 

3) Jl'l'lUn!lEl\l'lJeJ\ll'l'li:lllli:l::All}l~'U1mm\l!lEl\ll 'l'l~l~I'1El\ln1d~~ In'lJ 

4) 'l'll[11'Ui4''U~~ 3'1ih.J:;1?l n rrn FhU\l~\lJl'l'l'Un l-ctEl\l'iJlnVi}l::ll~::Jlll~\In':J~'Yh ~ ElTAd\l 

~~l\1Cl\l~ldEl\l 

5) tJ'1mruJl ~'U uae nldd~'lJltJJleJ'UElEln'iJln'l'l~\lA1Cl\l 

6) ll~'U~'U1'l'l1 

7) lld\l~ml~~Allm~l~}l~\I~~ 

8) n ld'Y11lrJI'1T~IEl\l TAd\I~~1\1 (uneven sinking and local sinking of foundation) 

g) Negative pressure 

1 0 )Fh~tJEl}ll 'l'l1l'1'lJEl\l nldfinn~El'U (Corrosion allowance) !lEl\lT~'VI~~l VrlEl ~~l\1Cl\l 

~ldEl\l:zj\l3'1j;.J ~~ arndrll'VI'UlrJ All}l'l'l'U1'lJ El\l j;.JU\I Cl\l W'UCl\l ll~::'VI ~\I Al I?l aa ~'iJ'U 

TAd\l~~l\1l>11\11 ~ihArul>1El1tJ 

1 1)U'iJ:5'tJ5'U 1 ~'U~ aAll}l1'1El\l n ld(lEl\lJ;,l'h/\ll'UCl\l ~ld El\l 

"li'flJ.l ~tJ"a~1~h r;l\l a1"afl\lUU Name plate
'U 

'l'l~\I'iJlnyh nrs rl El ~~1\1 Cl\l ~ldEl\lll~ll~~'iJCl\l ~ldEl\l!l'U 1~ 1'l'lcY~tJm\lll 'Ulr.f\l'iJ::1'1El\l~~ ~\1 

name plate lYlmYuYi nTIm..j~~ ~lAUll~ mrl'lJlillClI'I ~ldEl\lI'1\1n~ll (;]ltJl 'VIIWltldl~\ll'l El'Y1dl'lJTIEl, 
aJ~i4''''':Jl'j.u~mrl'lJCl\l~ldEl\l1(;](;]lEJn1dfh'''''iJln name plate API standard 620 1(;]rll'l'l'U~~\I 

!lUl rYHl~~!lf)All }lll~~TIElaJ ~ l'1\1ll~ ~ \11it'U~tJ~ 29 TlrJ tJl?lleJnBdll~~l?lll~~~\I'l'l.}l ~ 1'1El\l ~\I hi,zEltJ 

n11 5/32 itl 3'1dltJ~~l5tJ6IAdmJA~}l~\I, 
1. API standard 620 (mmJl'U'lJEJ\lnld ria ~~l\1i1\1~ldEl\lAll}l[Yl'Ul>11) 

2. Applicable appendix 

3. Year completed 

4. Applicable edition and revision number of API Standard 620 

5. Nominal diameter and nominal height 

6. Nominal capacity 

7. Design liquid level 

8. Design specific gravity of liquid 

g, Maximum test level for hydrostatic test with water
 

1 O. Design pressure for gas or vapor space at top of tank
 

11. Design metal temperature TlrJmEllFh~1~lrJFhlIYlFh'l'l'ct\ld~'l'l11\1FhElru'l'l!l;N~1~~ 
q 't cu 'l 

'lJEl\ll'l'l~l~~lmdmn'lJ 11Y1 rl'lJ API 620 !lEl 2.2.1 

12. Purchaser's tank number 



I 

13. Maximum operating temperature ~eJ\lhhnu 200 of 

14. The name of the manufacturer with serial number contact number to identify the 

specific tank 

15. 'I'Iln~n1'J'Yh thermal stress relief nU~'mrm\l~'h]'Yiril'1'1Ut'l1nu API 620, 

3.25 'I'I~eJ R.7.3 e~~I'I~e.h'ILL~I'I\l "SR" Huu name plate W1E1 

16. U\lU eJn!lit&11~&1'rJEl\lrl;1'1'1::~"!lnUCJU\lil\lLL~l;1::#u, 

n1'J~&1 ik\l name plate ~eJ\l'Yhn1'J~l'Il'f\ll uU1Llru~lmlill"';J1n'YI~m'YIueJuu~eJ\lm\lL'ti'1 

'I'I~mh::~lil\l ~1'J eJ\l ( manhole) ~l'JEl\l'I'I~eJrm"::L~13-lFl113-lLLn\lLL'J\l'rJeJ\l~El\lm\lL~1'1'1~mh::~lil\l

(manhole reinforcing) 

API STANDARD 620 

APPENDIX YEAR COMPLETED 

EDITION REVISION NUMBER 

NOMINAL DIAMETER NOMINAL HEIGHT 

NOMINAL CAPACITY DESIGN lI0UID LEVEL 

DESIGN SPECIFIC-GRAVITY MAXIMUM TEST LEVEL 

DESIGN PRESSURE DESIGN METAL TEMP 

PURCHASER'S TANK NO. MAXIMUM OPERATING TEMP 

MANUFACTURER'S SERIAL NO.....[;;..."_----' PARTIAL STRESS RELIEF 

MANUFACTURER 1 ------' 

SHEll COURSE MATERIAL 

Figure -Nameplate 

':itl-rf 29 Name plate l'Il3-loimm::Ul'rJeJ\l API 620 ... 



if ru'VI1~f)1li)'W'Ulr;i'n'U «\1ih';if)\1'l!U1611.'VIuhtl'tl';i\1 u Ud r;f\1 
~	 ~~ 

~ll'l;J Ell-urn)E1dEll~hh~ trJ~E1\1 nunl';jtl~U&1\11U~lUi\lm\l:r~m~ti'EJfhl'lu~n.fJl'Ia-ntl 

(Legal Metrology) LLI?i nl'';j~~::tI~U&1\11UnUtl\lrilJEI\I'tIU1~ ll'1 qJ~tll1d\l Lm'JI'f\llaJ';h~::&1E1\1~~ L'lll 

m£J1Utl\lri11E1\1L~E1m'J~~mw~'J 1tim til Utl\l ril'W\I, l'I1 deadwood, W'oiJl1ru1l>11LLl'I'I-i\lLL~::.yh 

•	 nl1~~ dip plate l'I1n3h!EJ('l'Yi~13-J11(ltl-rm::IiltILL~::FI'J13-J~\ltU~\I'tIEI\I dip plate, l'I1EJLLarlll?ilu#u 

~lEJUl'I1 sump 1unl1 ~E1ULriuu tl\lril1E1\1~ll tJU&1E1il E1~mtll Utl\! iil1E1\!L~E1'Yhm1:r~ 1::l'!U'tIEI\!J1 

~~u5~Ln1 5\1 ~b~E1\1 LtJU&1U l'I1E1UUtUUUl'I~\lFI1tl\lri1JEI\lL ~E1&1~ I'f\lEltl n1ru~H'l Un11:r~ FI'Jl3-J 
~ , 

L~tJ\I'ZIEI\ltl\lrl11E1\1, mJ:r~1::Iilu'tIEI\lJlmtll un\l ri11f)\lU1L'Jru gauge hatch l'I1E1 nl1'Y11F1Jl3-J 

~::E11~l'I1E1 n1<5'~Jl~EJ1~l'I~\lll'l ~E1Al\1 EI ~UUl'I ~\I Flltl\l ~1~E1£J ri E1unl1~E1U Lri£JUl~~r;ill itunl1 

LtJU&lU 

pJilJun11~L11l1dlUnElU nW1 E1\1l'11 E11l [lJl'Il~ dl~ nu el\lrll1 E1\1t1Ul ~ ll'l qJ~\I LtJUL~E1\1~ &1E1\1 

:l'iFl'Jl3-J1LU U1 \I LLd ~ 3-JJ\I-dl~ E1t1 1.::ItI!1u1wm 1t111u~\l1u1ri'rill~~ ~ft'J\ll'113-JFI'Jl3-J&1E1\1 n11 ~htl 

Fll1:»'l1~E1~.ntlJ\I Iill LEI\lLL~::U,FI Fl~~ l~ til'llE1\1l'11 EI E11~ lPi'-ru ~ ~ n 1::'YIU~1 n FIJ1W~tll'I1 tll'I1flFIJl3-J 

laJtI~a~.ntl~E11~Ln~tu1 um1t1~U&1't1E1\1 L11 

1. rrrsan Gl13i'lJ e.h'1'Wt'li11'l11',1I;1"al"HH! (Spread of fire to interior of tank, causing explosion) .
 . 

nl11::LU~lJEI\I tl\l ri11E1(jLL~::n11~ nll'1arClEl\lL tI~11 ~JUEll'oiJLn ~~ul~l'Iln L111aJtI~u~ m3-J 

nEltlllU&1F1Jl3-JtI~E1 ~.ntl1urrrsl-tl~u~'tI ru.:;tlllU~\llU tln~ LL~'J ~tJllU~\llU1UU~Llru ~lUtl\l 

(tank farm) . &1E1~ 1~-rum11J nElm3-J&hUFlJ1;ijtl~E1~.ntllun11'Y11il1uri E1u~l~-ru nl1E1~[lJ1&11 ri' 

LihtlllU~\l1U1~~1 n L:;JllJEI\I ~lUtl\l LL~::~~-rU ~ ~!1E1U ~Cl1u~Iil\l n ~1'J L~ml E1U 

tl\l ril1 E1\1(JU1 [111 'I'l qJ~tI'YI1 cuU 11'f\ltl1:::ii1~lUtl\l1?i1\1"1irn1 ~-ru n11 EI EI n LLUU1ri'tl\lIil\l n ~1'J 

~lm1f:li:JEI\I num1~ nll'1ar'tlEl\ll~1~&1itlnl1 ~ ~ l'fil1::UU' sprinkle L~E1'Y11nl1Q~Jll'11E11::UU'l1-'J, 
QI1l foam L~E1t1nFl ~3-J~U~ril'JLL~::'I'l ~ilFl1 tl\lri11E1\1 ('lUnJru~ LtJUl'I ~\lFl1 tl\l!1it~ cone roof) l'I~E1 

IIm1[)tI~E1!1 E1\1~::l'Il1\1 eJUil tl\lnul'I ~\I Fll tl\leh ~ E1t1 (1un1 ru'tlE1\1 tl\lril1E1\1t1it~ floating roof) 

L~EJLn ~ nl11::lU~1umru(\\1 ri11E1\1!1it~ cone roof JUU1L'Jh1J1E1t1I?iEl1::l'Il1\1!1E1\1l'1 ~\lFl1 

f:l\l nUCJu\I tl\l#UUU~~ ~::L tJuU1 L'Jru~ ~1 3-J11f:Hn ~Qntll ~l'I1 a Ln j;] Fl113-J L~m ;:tEl\l~l n LtJu~ ~~ il,	 , 
FI'Jl3-JLl~\lLL 1\1'Y11\1lAd \I ~f1\1~1a-n m~m -n£JU nuu1l1ruLLull~E13-J5u"1 ~~tJ~ 30 (b) 

1U'tIru::L~trJnUl'I1m tJUtlilri11E1\1t1it~ floating roof U1 L'Jru~L~[J\lG1 E1n111::Lu~Fi E1~~ 

U1L 'JrutlElur;.hl'l~\I Fll tlilr;.h~[)tlnueJU\I tl\l ril1E1\1 ~~tI~ 30 (d) ~::'Y111 ri'l'I~\lFI1 tl\lr;h a E1£JYJ3-J-#\I 

CJ it\l tl\lL~ tI~tI'YI 1 \I 

~tlLLuuLl~::~m~ru::'tIEI\lm11::Lu~LL~::nl1~~1~ tlit~l?il\1"1 ril\lLL~~\llnuJtI~ 30 L~U 

~tI~ 30 (c) l'I1 n rrrrse LU~1ULL1\1 E11~'Y111 ri'U~L lru tiel ~'I'l ~\I Fl11::LU ~ EI EI n ~\I~::'Y11 1ri'Fl113-J IilU 

m£J1Uel\l ~\I m n~unJ::'Y111ri'l'I~\I Fl1LL~::eJ U\Icl\lL~tll'I1t11 u~tI LLUUG11\1"1 



Built to let out 
pressure of explosion 

I , 
Explosion 

(a)	 Explosion (fire) 
Roo f	 broken
 

(

Bottom deformed, cracked

(
 
Shell plate damGged
 

1 
-

Explosion 

(e)	 Explosion (fire) 

r­..,oJ
~(lllufF'o-------U 

Fire 

ROOr broken
 
(
 Shell plate da~aQed
 

Pressure rise inside tank
 
. (Roof deformed or broken)
 

-
Roof fallincr down 

(SheJl PlateJbUCkled 
(f)	 ~ressure drop inside tank 

(Buckling	 due to fall
 
of tank internal pressure)
 

(g)	 Buckling and tank falling
 
on i~s side under s t r cno wind
 

·Explosion 

(b)	 Explosion (fire) 

Ro of mount area broken 
Shell plate deformed 

Cd)	 Rim Fire 

(Roof deformec. 

\Shell Plate defor~~~(e) Secondary damage 



2.	 ~Uil\lHT~£J\ll,;}i'\IA113-lLl,hJ'Vi1m~£JtA'l\lGf'i'l\1]lU'nn't11~~1 broken(Tank bottom plate 

by sinking, especially partial sinking, of foundation) 

n 1':l eHJnLLUU rl El i;1~'\1 il\l ~1'J El\lTI'U1 [ilL 'Ylb1i~tJm\lnwJ:\Iml:l-l~lin ~1111n~lrl El'U'Yl,z,d'O\l 

i1 ';ij-;ij[J~r;i' El\lA lU'lnl':ln1 'JEl El n LLUU rl m'/~l'l,t'U ~'l LL:17il'l ~1'J El'l~n ElEl n LLUUL viElLrllun1'J-;ij[il Lnu 

~ ~ milru 'I1uT l'I'JL~EJ:J~~\l~~lA 11 ~'Yl 'U1 LL 'i-t'U~, n-:h,x1 LLI71'l 'Un1'J aa n LLtJUTm'l i;1~,'l il'l ~1'JEl'l'Jl:1-l~'l 
l\ll 'U'J1 n r;i'El'l i'l a VU'Ui;1:1-l:l-l ~ l\l1 'UTI El'lnl'JU'J'J';ij 5'l ~TW\lrill tI,xlLltEl'l';ij1 n il\l ~1'JEl'll1l'ln ft11l>1El\l1r;i'fu ....s . -< __ 'U 'I ..., 'I 

n1'J'YJ fil i;1 ElU5\l ~l'JEl\l rill tI n1'Jl~ mi, LTIlil\l'iJ'U~'l'J::;~UFll1:1-l i;1'l i;1fil~ElEln uuu il'l ~1'Ja'l'l iU'J'J';ij1&1 
~ .	 . 

( hydrostatic test) i'\~'l';ij1 n~l'h mrriEl i;1~l\l il'l ~1 'JEl\lLL~l Li;1~';ij nl'J ri1i'\'Ufil~1m1mJtl'l Cl'lm'J El\l 

~ 1 LU 'Ur;i'El\llr;i'fUnl'J ElEl n n uu r;i'1t1fJill'U1 ru m 'JLL~ ::;n1 'JEl El n LL UU~1'U'J1 mJ El\lil'l fl1'J El\ld'lEl'l ~ 
~ ~ ... 

~m~ru::;~ LL[>l n ~1\ln'\.l,[>llmL~i1'iJ-;ijfJ~LMmTIEl'l~\ll3JTIEl n ~111 'U~,i 

~1'U 'J1mm\l fl'l ~1'J El'll3J l W[J'l'Y11'Yl U1~'JEl'lfu,x1'Yl'Ur.J(J El\lil\l1l1'JEl\lll~::;TI El\l Li'\ ~l~U'J'J';ijEl ~..	 . ~ 

Jl1 [J1'Uil'l fl1'J a'lL 'Y11,t'Ulll71 'JtJ LLUU nl'JEl El n nUUl\l1'U'Jl n vlEl\lA l'U\l ~\l n1'JU El'lrl'Unl'J rlfil n1El'Uil\l 
~ ..
 

f11'JEl\lrill Ell'tl'Un'\.l, nl'JtJfu'J::; ~UTIEl'J~W\il'Ufl1'Yl-rUrl El i;1~,'l fl'lvlEl\l~ n1'JtJfm::; ~U';ij'ULL'i-thl1.. 
i;11 m'JCl':i::;Ul El,x,ElElr.J';ij1nlr;i'vr'Ufl\llrili'\~ElU El'lrl'Ur.J1'J1i'\ mm\l,x1ln1Lvl~'Uil'l~1'JEl\llrilElV1\1~tJ'J::; 

~'11 BJl1~ L~ElUEl\lrl'Unl'J rlfiln~Elwi~''Uil\l r:!~tJ~ 31 Ll~::TIElFn'J'J::l\1 '[ 'Unl'JtJfm::l1luTIEl\l~'U 

l\ll'U':lln fil'JtJ~ 32.. ~~ 

n1'J'YJfilaElum'Ju~5fiil~'U13Jl1';ij::;lU'U15 test boring i'\~El test pits 'Yl~El'lTI-#\IaEl\l15nl'J 

l>1El'lhi'rmnl'J'YJfilaElul11iA1 the allowable maximum. soil-bearing valve l'I'J'll'll:1-lYJri1i'\'Ufil 

i'I1nLU'\.l,TA'J\laf1\lvii,fil fol.()'Un~l'ILa1:1-lL'Vl~nl>1El\llu'U1tJm:J..l'llm'h'Yl'Ufil ACI Standard 31 8, 

Building Code Requirement for Reinforced Concrete 'Yl~ElLYiElUl'Yh . .
 

~ a n ~li~myru::'JtJ uUUTIEl'll\ll'U'J1n fl\l ~1';j El'lLU'U
 
~ .. 

•	 wall ring AElJ1 'U'J1n~l'hrillElAEl'Un~mLi;11:1-lli'\ ~mUm\l LLi'I1'Um'J\lrlU 

[;]1LLi'\'i-t\l~'J El\lfU~U\l i).J (tank shall) Jl1~JL'\.l,Fl El'Un~ [>l~tJl'l u 'Yn'U';ij::l:;"J'U 

nl'Jufil5fil~'UUU'U 90-1 00% F1El'Ur.J~[>lL~13-1Li'\~nLU'UlI!LL'Vll'U';ij::'Y11't'1~1~ 

U El\lrl'Ui'\~ ElLU uu'Ul vll 'U~'U~ ~ nu fil5filJl1 Elhl~Ufl\l fl1'JEl\ll ~fil'J fJ(;l a an1tl 

~1'Ul1l1 wall ring LEl\l~1[Jvl1'Unl'JnlTlliJUl'11TlEl\ll'11 il'l f11'Jf)'llUEl\l';ij1r.J 

A11:1-ll'1'U18Jl1 tiL 'Uil\li'\1iJTfil'ULl'J\l ~:I-l~vl"U-l1 m::'YIul?1 El'l1l1 il\l fl1'J fJ\l ~~tJ~ 

31 (2) 

•	 concrete slab 'nnl\l1'U~LU'UAEl'Un1I?lLa13-1L't'Ian~A113-1'Y1U1mnUmJ~'UEl~.. ~ 

nu.Il1'J::,xl'Yl',rn~l?1El'l'JEl\lfu Ell';ij~n1'J1?lanuru;3-15au'J'ln1\lLl>1AEl'Ur.J11?l 

La1:J..ll'Yl ~ milt.! 'Yl~ a1:JJ~n1r;i'LL~lLL~ a.ll1't'1'l1El\l nl'Jfu,x1'YlirntlEl\l aJl1'Vi~'U 
d, 

ru	 am'U'YJnEla~l'l LLI71'J::;l'1U'YlU1UUaI?lTlElIl concrete slab r;i'El\lEl~li'\UEl. 
';ij1m::;l1lU~'U~'U~tJfU'J::;li1u (final grade) mh\l,zEltl~l?ll'YhrlU 6 it'J 

~ 

• soil compact lU'Unl'JUI?le1I?l@i'ULlU'U 100% ~~tJ~ 31 (3) 



Effectiveness of Rain Water Infilration 

Preventive Measures 

(1) Effective	 (3) Effective 

Underground ~ 2 
water level m 

Underground 
water level 

(2)	 Effective (4) Effective

-mCl ~~~~:~t 
Underground ~ 2 m
 
water level
 

(6)	 Effective (may be 
(5)	 Effectiveomitted) 

, 

. --1' 
.:.~.	 ,,~ . '.'	 .
:'..J·j;1I1:=B 

Underground
Underground 

~	 2 m water level :> 2 m 
water level 

(7)	 Effective (may be 
omitted).
 

01-------0
 

Asphalt 

mor,ar Concrete 
~-----~.....,;,.......

m 

t . -.. - ... 
' .. 

'.' . Underground::> 2
 
water level
 

.;- :;"1 d•	 slab concrete with compacted sand inside wwnn.J"l'1-l.bu'l-l.F1 Emn':i61 

bf1~~L't'I~I1f'I~lmth,,~th"ll ..u.. T&l£J61J\ln encu &lB&llii'lrJl1Jl rJ't'I~ EJ ~ 'I-l.B&l 

bbU'I-l. 100% bU'I-l.l'I'I-l. t:1~U~ 31 (4) 



Effectiveness of Rain Water Infiltration 

Preventive Measures 

(1)	 Effectiveness (2) Eff~ctiveness 

questionable poor 

u_ 
~	 .. : .. : , . '-~'. -.:',",: , ~ 

.0r" Y_' '. t· .'". _..' '1' -.s.~ •R~:in" .'") ..' ~~d~~~~;£"n~' .-' ....~ 
Underfround 

water water level water level is highis high 

(3)	 Effectiveness (4) Cannot be expected 
to be effectiv 

~___~.J-_--
- -.... ­~.~~ ':.~ ,: '.' .... .: :......'. .. -. '.~' L: 

water	 IUndergroundUnderground 
water'water 

(5)	 Cannot be expected
 
to be effective
 

f· 
Underground water 

~tl~ 32 vrU]lU'ZIfh'lO\l~TH)\lll~::15UEl\ln'j,Ul~::'J::'U1ElJltJUElElml1nu~munUO\l~TH)\I 

(15 n1'J~hhb::~mJ~~ll ~'Il) 

llI?11aJ1T'II::ltImil '1-1.'Jl n II 'U'U't~ nm:I-J 'J::~u~'Il::.yh n1 'Jri a ~{l\1vruo\l,h'JEl\l1?i'aea ~i.'t\l nll 
~	 ~u 

'J::~'UJ111?i'~u (underground water level) El~l\1'!ZmJ~~lnl'Yhnu 2 l:I-J[;l'J ll~::l ~ElUEl\l nunl'J~ 
'J::~'UJlll?i'~ Ul~ :J.I~!\I~UEl1'1lau~mn'U~ II ru~ ltJuvr'l-l.0\1 ~1'J El\l n1'J~1n 1"''U~llru 11nEl'J El'U 1&110\1 

Ill'JEl\lJl1t1UEln ~1:l-J1'J [lU El\l n'l-l.J lll?i'~'I-I.au~\I~'I-I.:l-J1 5n-rt\ll,.,i1amm::n1'J'J::U1 ElJl1aJl1J111?i' 

~1-t'VI~mb~1-tElEln lU'lllnU1L1ru~'\.l,il\l~1'JeJ\I (~~u~ 33 uaz 34) ff1'I-I.Llff1~~i1~~eJIFl'J\I~-r1\1 

]lWnn lli1::ll~'\.l,L'YI~ n~lnfilvr'l-l.i1\1itl'JeJ\I 

http:J::~u~'Il::.yh


Example of Rain Water Infiltration Preventive MeasuresFig. 

Ra~n water infil­
tration preventive (Storage tank) 

Berm protective measure 
surface 

Reinforced ---~---~. 

concrete rWs- '" '. 

,'l"t:l--"'o-""""-...-I->.:- Layer of asphalt 
~'.:. sand, etc . 

.. 

A 
Tape~ \~ 

Mastic 
cushion 

Tape 
B 

Adh~sive tape coating 
method Calking method 

Non-woven 
fabric 

Asphalt rubber 



FOUNDATION PADS WITH GOOD DRAINAGE CHARACTERISTICS 

F il1'Jr~ 1
 

PAD CONS.RLJCTION ,\P~X UP ~ONE BOTTOM TANI(S
 

In,~&,t Cor"truC;lD-l1 ShQ'\o'~n\11J
 

~ TAN" 

lit·" " 

GEf~EAAl FILL 

SUacRADE 

F~He 2
 
PAD CONS1Rl.~TION APEX-QOINN CON( "'0TrOM TANI(S
 

IA,~.a" CO.... \UUCfIO .... Sh~'~I(l'
 

Nor..,: L&9"nd: 

I H	 For lank, .""Of rO(1uirinq Ring.....,~l'. all'oa\~, C!.J 4 in 01 ...... ~I gr&ded crushed"~ Of Uvlflf'd 9''''~ p~ ,s.,sTM D 69.3 
(kui l \ re,-n..a;n ~holl u..,...e. 't'lo.C'OI G~ne-'DI Fill (Tabli 11. Siu Num~i G. S;a Nurn~, 7, 56,01 67 iV~ ...ko !CCIll'cr. 
-eorece-r t~ Rin9""'l'Il! ",,,Ie-liar ...nej llarlS ~( ..be. p,CNod.><.! thit( lho, f,nt gradon9 ''Y1v;.~~nlJ to m...el o'~n"O~1 
Pi' Grado! r~~ • rore reoce-s 101 18nlo: p¥1 t<l~."",,,,()t'O, on b ... fTI~1 

111	 Fo. tanl<,.lu,s Ihan JO h d •• me-lt'f "nod .JO tt (2) Sur t ec e vc-os d'oltf'd ...... ith fin~ ~7iP9l'U 01 9"~"Qn Silt! NvlT'ltloe. to 
11'90. (Nt ~fT\ width ,h.1I he cecre aseo 10 \~f ASTY D &93), 'O'II'ye-(j w.rh 1.=-voC asch.,l( Pf"~ 00.t' P'!"
'2 h	 . 

A$TM 0 2399 0' n');"'aI~nr. 
.13) S~;'ied OOtrom pl"l~ nooe I) .4BI ooev 1 in. m,n,rnvfTI \""lclo,~~l ,fTlJH"T'I~"" urxf tIr'.ph,.lt m •• ''''r>oly .the-, 

no, apoly for tank, l~ (han 20 h ,1"1 d.ern~rt'l """1IIfl'f'll!'S"l} 

(4' The- Cf\.lsned UOn.e or 'H .....I fC!; in Il!lgef'd) Cohtsi". 0' cooe s-oore-rs CO.-npM;t foil.
 
dlou1d I:' lend OVI:"WW"C' J)"'i.1 rhoe annular ring
 

No les..s Ihar. t] in. ~V1!J~ ""OVn-<1I~,* pel.m~le'. 8 in fTI.n'rn ....1T'l at 
Ihfovgh .... .-r.f ,ft«. Thee neces ca- V ;J.fT'\OUIII 

any p<:>;nf. ;f'lt:;'NSO'!JI1 by p'edicUld sh~q 'n,I~..n,
cn.9y be t.rnolo"fKJ to -.pO'y 'he t.T-o~~"b1"
 

Latld-lSOh.9tl m •• "1'" Ih-t' """If'"" tNI
 P~'ITl"n.tnl zinc -e re-eoce ete ct-coe . 

";itl~ 34 I'llEJ~l\ll15iJEJ\l ri\ml;l::~::'Ult1.Jl~UeHJmJ1 n'Uklbl.!rluil\l,h'Jfl\l 'Jlt1l;l::L5 tI~H ~:f.lann~U 
OJ 

rrnm ~ r;1l!lEJ\I'Jl t:1 :,jlU!lfl\l il\l,h~ EJ\I~\I LUUL~EJ\l1 '1'1 ru LLl;l::aU~'Jlt1ann L'tiuL~m n'U:,jlU
~ ~	 ~. 

'Jlnn EJ\llill liln Ell Al~ i"l\l'l'll n:f.lm TY1'Jlillill '1'11 nml'l r;1lann'\lULnWZlEJ'ULDlil~tlm'I-r'U lrA'l'll~ n EJ1Al'J 
~ . . 

n\lnEJ1'\l~\I A~Ul;l\l:f.JllrA'~\lit~UEJ ~n'UAll:f.l nl141'11JEJ\l m Tm~ r;1l 'I'I1nL:;)l'1'1,zl~ lila \ILtill tlril\11U 
~	 ~ . 
rlUCl\l~~ nl'J'm ~ I'll'l'l~EJn1~1~ 'J::r;1UDfl\lL~u~EJ'IJl\l5l\lB\l~ All:f.l l;ll~HEltl\lann'\ludlu1tl L:;)l'1'1,z1• 
~AlT~\l~::l\l LLi'l::EJ1'\l'llEJ\l1 'li'L'I11TIEJ\I n\lI'll 'JB\I lil'Jl.'\laau ~\I All:f.l LL~\lLL~IlDfJ\I il\l 1'l1';iEJ\I ri EJu1lil -#\ld 

tff\lEJ ~UUl 'l'lliJ ~ l;l1J EJ\I All:f.l ilao ®iIEJ!JEJ\lL:;)l'1'1,zl~~tlliUA\llU '1'11 nL'ill'1'1,zlfiw'\ll'J!Jn LL~T;h n \I 

1'l1~EJ\I f?1\ln ~ll hiL'I'Im:: i"l:f.lL Vj EJ\I'WBlil a rrn ~EJU Lfi uu il\l ~l ~EJ\ll ~B1'lI\llU1ul-ti\l'Wlru'llil~L UU1 il 

lill:f.l\lluet\lI?ll\ll~ lill:f.l~EJfll'1'1U~!JEJ\ln!lmntl (Legal Metrology) ll~l l:;)1'1'1,z1~i\ln~ll13JAl~ 

1'I4~l~mu\l'l'l~fJ'Yh nl';i i;lrJUl Yi tlUClilf?1i1n flll 



n 1d'Yld ~ ~1(Ja\P\j1Ud1 n il,,\1£.1 n U'Y\ 'l1 n'Y\ 'l1 t1th:; umua« ll~ 'l :;t!d:;lJl'Yl nil f.J 'l ~ [)lAd\l 
q ... 

1'111\1(1\1 ~lda\l~ uan l'11\lnUl~Unu ~[)~:;utl\l~m~ru:;nld'Yld~~1a[) muu 
q 

a) Overall uniform sinking lUUnld'Yld~~1~\I~U(1\1~ld[)\lll'l:;f.Jl\\I(1\1 ~ld[)\1 
q 

'l\l1ululm1tff\l~hl~u'Yldl1~~ml9ldnu (iB~U~ 35) nld'Yl1~~1(jU~itlaJrl[)1~tn~i1CY'Y\ll Ul~[)\1 
A11~U~\lll d\l'Yll\lTAd\l~11l1:l..nnl\n ulYi[)~l\l1dn 19I1~5\1irW\l:;yh1~llJUnldl~\leJl9Id1nldn&ln1[)U 

(J[)\I~U(1\1 ~ld[)\ll it[)\I~ln nldm&l~1(1[)\1 (1\1 ~ld[)\1 ~\I'\'h 1~~U(1\1 rl1d[)\1'l~d:;lilum[)~l m:;liluln~ 
- - q .... 

nUd:;lilU1r1lt«~ul vl~mn~u 'Y\1[) l~[)~ml n 'l\lmJ1cJu~~u-3'u 'l\llli1~unilhJn1 ~ir~ rJ~~U(1\1 

:In n ~\I~U U[) n ~n n d'[)l~ili1 (1,!'YIll Ul ~ [)\I(I[)\Id:;UU'Yi [)~ l~[) ~ l'1 [)nu (1\1 ~ld[)\1 [)l~ii m d lU~ t1U 

uilacuae1aJll~\llld\l 

UNIFOHM SHELL SETHFMH 

b) Uniform oblique sinking or Planar Tilt f.Jl\\I(1\1ilnldl~t1\1&111utlru::~~u 
(1\1 5\1FI \I~u m \IFI \I~ ul>h~ £.111 'l1 I'll'Yl"\1£.1 F111 :lH!UEI ~l\l ~ ~ ll~ ~ [)191 'l [)1111/1..1(1 EI\lvtU(1\1 rlEll~dl &1 

T~l~mhld\lUl?lll'l:; membrane stress component ~um lit[)\I~lnJlld::lld\l~l~[)\leuiJ~\lf.J'll~ 

f.Jit\l(1\1l~~ il m d l ~tJ~tJm\l L'" t1f.Jl\\1 (1\1iu UU~:; ~CYl~tJ~JllW~l n lUU1\1n mm'llmUU1\1~ (~~tJ 



- ------

0 

~ 36) 'VIl rntJUO\l ~l'JEJ\I~~~'VI ~\lAl 0\1 &,hm:JtJn:;)::~\lt:,m hi'nl'J;u'l\l1JEJ\I'VI ~\I Al 0\1 &.h~mJ~ nl'J 

A~i~n'U~u\l0\1 (~4'l1~ 38) UEJn:;)lnit"j::'U'lJriEJ.yiL~El:l-l~tln'IJalJO\l~l'W\ltll:UL~8'V1l8~Jm~U 

PLANAR TILT SETTLEMENT 

-------- . 
./ "-

LOut -Of-Roundne s s ~\ 
Due To Shell Till ~ 

:j 
-t I 

: I 
I I

'/

/«: \ 

'.~ 

\\ 
'\ / 

/ 

/ 
/ 

,/ 

y 
Hi g h POI nt (8 ;:: 0) 

High Point (8 = 360°) 

-r 6h 
y = - COS 96h 2 

2"" 
,I 

-r 
tJ 

L\h 
2" 
-L 

Low Point ( () = 180 0 
) 



til) lV lV~ d'QJc:lod I lV 

LL[;] 1:\1l'l1nnld'Yq l'l j;J11JEJ\I L:JU\I 1:\\1 LL~:::Yml:\\I in l'lllA1ll1 LL(;lnj;Jl\1 nu (differential 

settlement) L:JU\l5\1liJ:::~n1d'YI1l'l&111ud:::r;)u~LL[;]nml\1nmEJU1L~UdEJU1\11JEJ\l5\1~ldEJ\I (r;)\lLL~l'l\l 

h\'~u~ 37) U~L1ruL:JU\l5\1#uuu~l'l~LL'I.nht:l-lLtJm\l~ L:Ju\l5\1~Lm1Iu:l-l~EJlliJw\lin\lEJ~\lm1~• 

DIFFERENTIAL SETTLEMENT AROUND SHELL 

-,-­
I <, <: 

Out Of Roundness
 
Due To SheII
 
Settlement
! 

\

\,
i
 \
Ll§ \
I I I 

I 

\ I 
I 

/ 

V 

-_. ­

-':£ ;.±. ~ --7--- - - - -:.-- ~~--, ' ­
/ I 

Di fferent ial Settlement
 
. Around Shell
 

y 

Planar Tilt 
(Cosine Curve)---r­ \I 

6h 
/

2 / 
/ 

•-.­
6h 
2"" 

Actua I /,/\ 
Tank / \ 

Position ", 
-, 

8 



:rJfi s z ( oi a ) r fi a ffo eir : o n vr : E Fr-? n { uri du fi'.rnl n uav a r n td et.:l e-i n dr r a ru a

DI F FER ENTIAL SHELL/BOTTOM SETTLEMENT

PROBLEMS RESULTING FROM SHELL OUT.OF.ROUNONESS
DUE TO NONUNIFORM SETTLEMENT

Floating
Roof Seal

al

i.

i,

Shape 0[.
She ll

flJfi se

in itial
Pos it ion

Settled
Pos it ion

tnfi6lrutdu5llYlr0 n n 3.,r

,}riginai. Shaoe 0 f

(' Tank' Shell' '

fr',: dr : at m: n ri'r a dr'r'[ri fi fi rt vrr.r
I



c) Sinking in circumferential direction directly beneath shell r{iunr:rfior

n151tl n n-??la{S'tli:r nuB rr ruzuri.r ri',rln a: orhJ n'rilfiflyn,rflo,: t#u:aurtza{ n-{ ri'li an rirbr''

prrarifluyr:rn:yuondryLfis rfinnrrutri6anviTh{rffnnr:f;nzrrrlBu':rutturrfioruInrv:vn'ir"t

zu#r#,:rir:a,rn'u'fiiunlu (annular plate) nlim?nn-?ri'?EJ#nuru=darotfinornrtr.iufiuln:nBadu
1- u u vl rd d d - J Y 6 !, t 6 6t Y u

fiulSrrrulni{fl51{unanLnnrvlg..:rrro vr5ornn0rnnr:tnauLnnz0{Fl1{?J1tR1{n0laLUuta

d) Sinking in radial direction directly beneath shell t{Junr:rfinn'}:Yr?FrFl-?

?tor51t+:'rnuinruritru#,rlilnraifiayi'roza,riofizooti'orir:0,: virlri'ruri.:n-orrnv tfilun-,: (annul.ar
,.j , ,, J

ptare ) fi nr: rrJ fi auitrJ nt;tjirurir u n ri'u:rurl tHnaatzuti.'rd'': eir: o.: uavfir*ri''r ar:o o nr n rir oru

d,: arqyir sr x rdu.r ttlux il un n xrE o ar arflr u urilri'irrirn ro drr"l: ri'u: vuru r6 n nr:virhinr:9991
* 7 u a {, i - - a d e v - & --'i d o

T0{tu1,t']fi1.[n 6 ry tduFr?'l N de]Frn t! til a il.l,[{ n{ N nltra u\J Fr?}r5 0 N nuv{1,[n{ df Yinl NNl n 8tn F)

-J'--Y,-3nr:finzrnza.:rrurtilar.t fillet :vn'j'l':atrI':ri'.rauri'htqnnufrun{rir:o,t (annular plate)

e) Sinking of bottom rtJunr:r:noi'rzo,rfiuri'':luri:uuir:rufi{nn'rnri{d'r:0,:

(e:rlfi +o) riolrirfin membrane unr bending stress ludun-r zunfinlruNrrirln"'rfinnr: In",,r

{oaa\tiJ#{n-r,iu,t.n (shell bottom) miafi'':n'rarr g3rJfi ss ,*rnt',nfl'uu?LflsN fillet :rwjrrt
--Y - A \ d .' , t 6 i, 6t

zuritn'oz=utr:nn-lfrun.r (annular plate) ortfrnarn, it%?til4il:vi4rrtttrjutrfrnfril:rnauulJu
;' ud d r 6) d a ei ry,l%n{an?,'la 5uYlt{7ra{?1fl0n'lrf,ut1J [un:ruz00n{d'lla0?'Il.[Fl cone roof :autflaNnE::?1?1$

r a-{ a'r ri'u rJ #{ #r a"uu u a n r fi or n : r x t fi u H r fl r [J u ri'u

CENTER-To.EI)G E BOTl OI,T

j-'+

pr.lfi ss n-':rir:arr1orfr'rqrnzu#{fi{tz-rmrqnfitnal{n-{d1:0,t (center to Edge)
{91

Cent er-To-Ed9e Bottorl
S etllerrre nt

Slrell May Brrckle 0r
Botlonr Plate May
Be Overstressed
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TANK BOTTOM SETTLEMENT

Differenlial
Center To Edee

Settlement

3rJfi +O n-tdr:ormlnn-atrnrution-ttriTnrnnfi'rnnr'rri'0rir:o't (Center to Edge)

f) Locdlized differential bottom settlement tfinornnr:unii'nfiuniafiufi
lfli{iuln:,rn:"rtla.i6 rfier,rrnroryir ri'trnaonfiiu#': air: o,: r,-r:funr:y,:rr-rorodr*n-on-,r n rir16,r

rfinrilunq'err rlnrda:rfie:ilyr:rnrilln:,:nirtrfiufi'odr:aoleirurnfiriaa g;rJfi +r

LOCALIZED DI FFER.ENTIAL BOTTOM SETTLEMENT

Loca I iz ed Depress ions

. 0n Tank Bottom

Oriq inal
Cone- Up

Bottom

-7-
I Settled Tank

!U14 4 1 n{ f, 1:oryt! Fl Fl?u: r'r rut\1an{ rilua1 rrfi 1.[ru5 rr rudr n osi



p\ Non-uniform settlement uflurfiflrilyri'rFr?'rilrfjufi'rdr:a,:lainr:}&'orr*6)

riohJln"'n"raorrruilnanfi'a EIilfi 38
* ) o ae q u ,i

Fr ? E u-10 z 8{ n 1 :r : Fr fi ?a a \13'}145'l n ?l CI'r 0 t n Fr z 1.r I F] I 5u ?r 4 2

Secondary
eformation

Sinking
r=1'1 (break by bending;

- 
Buckling

,/

Breal<

Si-nking

(c ) Bottom broken'

Broken by drawing force
(Cuctile force)

I
3hking
(d) Bottom broken

S jnking
(e) Bottom deformed

Sinking

SinkJ-ng

Break

I

2ilfi q z fi u n-o r r.: ei : t,la 0 r n-,: ii'r i o': fi n r : r : or n-r
$i

g. aarxrfigure;za,td'oair:aorn'arfiarraiufiulua (Bucking of tank shell plate, broken tank

corners, and tank overhead structure broken by sloshing of liquids in earthquakes)

ttjuar tu narn or:il21fi uiluFr*lnr tunr: o on uuu n-rr rir:a,rzio il nzor n1:rfi n uril,$lq
6 q Y , qo.
fi u't n r riu rt l { n n i ? u i ? ru"l fi] : v n a r n r : fi r r : ru r d',r #utj n fi u #r n r : a a n uu u n-n d r : a u'[r{'

dt alr: n n-run.uriauriufi xlr:tu:; or-u d': rur n rfi un'irrJ:vifiz o,: nr: rfi o uniu6 ulr rrtlurio,,rfi

n:rrirki'urioraqjlu:;oi'uxlnrio uufi Eru'b,#uA1ur4rYulonrafiq;rfinri'lanrufiria airr#u rei'ra

rziuriu tr*arurrda: ri'%n1:o 0 n uLUb{'fi'u dr: o,r ar a.tlr n?r}rgio rraiufiulnrl}$:rFr:ufi fl{ srl nar+

rfiuhjffqr?irtvr-:rnrrrirriaair,rrfiriaurziuri'u,irrtluBio..:lzinafifialunr:oanuur r,r'',1.,,firn'',u
I

- A q, . 6
?1 n n''l ?r a'r a y{ u t a fi a { a 1 n t fi or u zu u fi r.l niu fi',r eir : o r z ur n'ln nj : rJ vr :,: uur n-': 6 4

. nr:In-r,:azot zuri,: n-o#ueir,: an nE, u * f m air:urio':ar n nr:a-u'tr] ru')?to0 Fr-? si'{I

dr:o':
- J t --Z - a. rfrot:oairruir:rurturtfloN fillet ::t'irtruu':nozJuu:nnnrlun': (annutar plate)
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o zuri-r n't fr nr: tfis:ilyr:rrE af; nzrpr

c tr#,rnrtfiun.u'tinvlorErtqflrrriurruriarfiEerrR-{F}1n-{ri'uzuri,:rio (lr+n:niza,rn-':
.9-. ^ "-,":^ ^^*^ .-^^r\t] i)irt{u1,t,a cone roof)

. rfi n n r:r fi outn n?js0 a-?fi'o ril: octilrlo Fi''luzir,,: ri'ruln n"rutl1i,r [00 il a n1].ril'r 6 o

' ir J - -.: 3 1J U?l 0 ?1 A O L?J 0 3.r n U fl d f, 'l : 0 0 t n A n 
.] 

1 N t f, 8fi 1 U

fl n-,l a 1 r.h o-,r dl I o {14 il1.[ttn r. guide pole 1j0f nf d]5a0fl1,lFl floating roof alnlln j
TIRN-

o n-s d'r: o,rvfomr Rr u arurfiEJCInrv'r nmerr{lu#,: rir:o':

drniurJ:vm nin u n'r:asflN?iaeJnflatruaiufiulnrtunr:ao nu!u #{6irrarluu-:rrru

fllFrnarrunvnrnnviuaan6'olritlr.r Zone o 6atrifinr:rfinuriufiulyl urirfiartjuria\rzo{

o:: r ar fi u#rt n :o rlil jI oi'z

4;rJa"nr+rurn-.rd't:atrfiorn:rarrfiatsiluu'l{Srluuurfiaifinur.iu6ulmr oi'rgrJfi +s

( f ou:1da t.i.on Ce f ormeC )

Crack
plate buckled

deformed
broken

jojrrts cracked

Ce formed

:rjfi a e n r r u r fl EJfi r a fi or or fi n E ur n-.r o r n rui ufi ulm :

T
a.fiI

(1) 7 
SheII

\
I F:Il-et

's) [\ Botton

\
I
I
I

Earthquake
Ear:houake

,- Buckling

\

Elephant

Ea::hquake

EartJrguake

- 
Buckl:ng

SheIl p1 a te

4B



Bottom
((r)

I
I
I
I

il
Bt
F1

F
,i:

$
ii
i+
iil

i;
t:
ir
t'
i:
,1r

li

ii
J..
!l

i
t,
ii

i
I
i,'
t,

_-lJ -
I

(o) Roof buckli-rg' 
f ,rur Euckling
I
I tsottom Plate
t-.-
\ oelarmeo
\

\ 
sottom plate

sr.llrk

(j)

Earttrquake
( sloshi;tg)

Roor broken (k)' Roof broken
deformed

Earthquakie
./ Sinking

-l

----lr ai

\ F.otatlon

Sart.hquake

Earthguake
/ c i h L i n-

/ J4.!.\!.f

Si-nkrng
I
I

SheIl(t) i o. .uf
\
ic ccciim

(

p

c
inc-1. i.necl

me(

efr

rck

-1^JId

)rm

Ce rmed

i-ng )

LE

:d

-UJ

k1

, Roof
i Roof
\ ( rurn

Pole

buckleC
turneo
arrest
broken)

7i-
Sink::rg 7 Sottom deforneo
.t' | (hort .late fallen- \ J'lLtr P

under stay

uader s--ay

grJfi +e (aia) nrmxrfi smrafiorarfi nfiur#':orrtrrajufiulm:

4. i.rrfo n-o $aura#o nrriorflounn ue,nrfiann ailrt'nsirud'rsnarur5erfiun:'rrirdaanrruus

(Tank shell plates and roofs broken or clacked under strongl wind)

n1:Fl5?O dAU un3n15d3nilZIa runfi n n Oi'Oo nrn nrral rtluo':ozir8anflilfi1nr:il:vtfiu
n?'rilr€?zo narfiu-n rirusr-:n-rdr:arfi nvtor r"irL rfiaaqrnyiofi FtrlnuflcFr?r n ri:an rirtnJdsu

, i J - 6 qe t it , tttila{nlNqnnta d{nna?1d6::NU'laa'}arflNfiianBFl?'riltr?nNIn tdl,to.]d1iory]nad:'t{Eg

:vm'irrziar: rfl'r Fr?'r N rT?fiasniillJ1n n'iruBrr rur ii',: rzrm6ofi#u n aJyi{fiu^it'r ru a-'r n 6i'r?vi'rtte.ifio

t fiInrxn:finru ri"trivrnrfirvrrad,:firflurio{oiieizlfi6nrzir+ri'uuii'r1n:avlilf

n?'l e.t 15?z o{ a u rfiailrrvri'uaul,,r rio fias el n ltil n0r{lttn?']il ri't{m5orr:{ n:unn oduurJt,lr o{
- & r - i- -or':uu In:,: afr,: frau E nIrilrin-,: iir: arz #u n-:ni alair fi a3iln:,: fra r q n rihu? il a o n N11u3ilao'r

f w c io." t f , J
tFls{d5'r{ unu n ?1}.tfi1t'1zo\: Lfia nYr [Uyn IF]:\.1d:10au u n rtnu zu1,[f n0 Fl a 0 na1,[[nt{ d510 ail ''} n15
i a I e r I ed.

trJ 8Fl?'r ilyl1.r12 a{ rm n nIF}T{di"1{finrt{r n fi nr: n-n nioutta"ra-,: nr NrrnyruFis tr:'r n u'[nitluria,:fi

n'o.r ri r ri':t i"rzi u riu

3arthquake
( sloshrng)

Earthguake

Lateral s1i

(n) Late=al slip

Sotcom fioocied
(in flood)

( P ipinq )
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Q du q - & J - t q u .j-
luntrunfd'150$?11,[a floating roof 1.t1,[tNaa]Jv{a0.,'rl.[Fl?n{d't:0f tt:{F}%za{fl}.1?1}tF}

rirr.raro'lrJ n n n{uum#0 n'r n-o rir na sln"' 6wr n-,: nrfi'.:ah fl08J0']0fi2 uu?iun,:rir1n-6 Ri auil #{ F}-r

J d o d \ ,6q u d 6 o e
p.Jr n o erfi n ui Er?t fi u a?r N fl'r N'i: nlun 1:fl nlr: fiin"' niaartfirlr"rtur rfi a x:vwir,: pontoon riu

IRyvn a-': nr n-': fi:outtm n:"r'r'[ri'

'lueir u rYo dr : o { Lt fi n cone roof y #t n r ri',,: o ro rfi a:r"i vr :,:hJ

n:rJnrr et tfi sfi r Bfi arorfi na1 n n21 il rE'rrro oulri'tu, t)fr q q

3uckling

C:ac.k (ia--igue)
I
I

def cr;red (c ) Roof useless
e->-'tai I€:!'i arralr -- L_Y se,

Roof broken cr bucklec
(:oo:'C:e::. useless)

Oi r _ove:j1cu beeause
:oci cra:-n is::cken

Oif ove:ilow i:cn
ene:cenc:/ c:ar-r-r

i*
&

a

s
E*
s*
t3

+
arr

=
H
E

:$

B
g
tr

-&
{
*

.a:
s

',!!

F;

a
T

'tri
F,

fi
ti
iri

(*:"'

c)(
(

' S'.:Or:C r.;l:rC
?--:-----{

=l tsuck:rng t
Crack /ie:c:na--ion/ ce iorna tion

(St:cnc winC,

Bucklino Ove: f 1 ow

2ilfi q a Fi ? r N r A s fl r rJ fi o r o r fi nI ri'r fi o a n l,l-or ri r u n"r et pr': r r rE : a,:
Sd

J;
5. iauttnni'rau5trruttu?tfreiltfra{a1nn?'rN#'t (Cracks due to fatigue in tanks et fillet

weld of right angle joint)

lunr:oa n rt!u n r:1fl 0 NtJ:r n oulnr; rr,.iudru?l.rilrn rzir pi'ru ri'r+ln sranr; rrurrdae.rfi

rtJuuru tittet (unfinxrauri'u#rqrnrarrfl0NLir?ilflanfid'rarn) nr:il0,rfi'r+Fn1&.rrz'*r?i1.r

nionr:n:r1nFr-?zJ0{F}?lNtnEun (stress concentration) uit:rurrurrfiox,irrtlr*n"arhi'firiaer
I

.i o A o ua" & ; ;NtnrflFi [tnr[1,t?][IrtFlu?nun'l5E0nr[uuttla?r?10N[xNaluluZurU0Nrtn;a1.[1a?]0{Lt1.t?tZaN
A a qu - ;
fi ur arr v fl u rfi oIn"ar x'r: $:0{fu?ra: Lritfr Nr n:v?ir ria rrurtfia er ttJuzirr:v EJv r? nryi'}{ fi't.l ( tow

cycle movement) rfia':trnnr:uJdEJuuilno'::niuzo0tlia?n'luluri,:rir:a,:fi6tfi1urrnvnna': rir
otu --;; - &"trizuu.rntfrtiloa.rriufiun-$ (annutar ptate) ri'ruu1{?rfia}JRUU fitlet n-a,::0,:}unr:?Ja'ruFi'?zs{

;-&;-;
zu 140 fl\: iN Osr FlUZ 0f tfl n? dt?J1 ttfl; r,l1,t0 nf F]%d f,nlyttailtN0:r Flu?10{ t?ln? n Ft n{ N-} n{:uaufi}t{

d'.r#urfioriru::€Jvrrortilu'n{l^iadr.rFr?:arorflt,t 1o tJ n1:ii'1za0Lrl.nrfioulri'irorrtlurr%']

rflaa.rfir[]u fittet nrulumianrauonn-0orq6i\rzunlrifi:oafr:un:rJBunnrioirin-'rrir:a':irhi'
i-quo^A.ouJ

n r:vr:r Fruzo0 tfi n tn'r u1u#'r rir: at fi nr:6un.:r4rhidun-t dr: o,rfi nr: uJFsuttlla{iil
t &; -a:tsnnanr-rRlmnnr0r:vd'u?'a{rHnxrilfiut,l r1',r:liunF}[rn??\t.ln{tritd'riarn:0rrl.ruanoF}}u

t
&AoG
vr1,{a't1,[:1nzE{},t1,tn\1 e} n I n i? R'tolQas rtjuar ru nz a{ n1:raailil5:n orfiufrr ri't:00rq0 01artl1,t*3
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t
B

g

E

5
a
4
F.9,

'b.
$
3

,fi
ll:

*
$
!s

E:
i:
i..i

Fr

iil
.'
il
i!,:

!:;t

i;
ii
Il
:::

i;
i:;

ir

ry,li')rdr*S'rlarir dr:0,rfi nriyr?n n-?u"mrFn#ao nr:fiduri'':finl:til 68uttil n{:1fl:r a na F}t?a')

^or ; J & u r r ia, d
rtrbi[onravr[r14?rU oN1rl1.{n{ivfi?'r{6i']uyrrilu annular plate nu bottom plate ala:l?qnzt'lFl

- ,;
lriraunu E:uY] 45

n15A:?AdAUri':EJi5 NDT (non-destructive tesring) riurtjuisnr:fitmurvaxlunr:

Flr?{flEUrr1{?r8oN fiilet arilrrurrfianriaza'rr,rri.:fi'.r(sfrell ptate) nlurfi;l,tfo (annutar plate) lu
,.jaje4or

zir.:: r u: n R1fr rfi atl y d,.r a1a drarl: n n na?l Nrdr;rrrJylsla tR nZilltnlylsdl N']5nYt1n15da rlnsil
j ,r.- a , i d. 4

rril?ru 0 N In vru14: s n 0]b?1 tt%'l t?l otd u1414

Erilil sr a ?t e.r rfi€Jfir EJfi rfi Brniu ut*rrfio rurtru fillet tfio':or n n:r ar #rtun r:1z7oru#,r
o ,i

f,r:a,t Fln tl,lrNr 45

(a) Sheil PLate. 6136ked
3roken by facrgue. Crack
.cK \ r----

--
(b) .qnnular plate broken (c) Bottcm PIate brcke

ir

[.
,.:

r,
ras

+
|i;

E
F:

E

5i

E
E
'E

e;

:r.Jfi +s
. J qe

Ft?tNtdEJltlUZA{nfdlrAdtl*A,lA'lnnlSLziOlUntA:yElyt?A'lU'lr+ A%Ondl5A0tnFl

,-;-J
nlrR--1!5r?ilul.t?tiloN ttnv u5t?t]J HAZ ?10{[t1,{?[UAN

vrOvo6. nlTnnnlOUOlnR'IuUOnttAsolnfl'lt [Un0d'ITa0 (External corrosion and internal

corrosion)

n oud ur:r n r ri r nrr a.rffr'n ri'uriou'jr a'rrirJ: v n ouz a'r nr:tfi n flfier fi avl:r.ir': n 1:[fi Fl

3 q oa r A dq v , d r Y a 3 d
flLsNAvrnnz1.lIanasril0il!aaun:! 3 u:3n15FI0 [nfl3, 1.111450Fr']'l].Ju1.t rtav01n1flfl:0

00nEr0r* r'rnil'rFlflaa''uufioflo{'slnnlirfinflfiila:lrirfindr* n-,:#ulonrafifinr:rfinrafiarorn
o u I .Y - - d, u ,q uil

nrEJ"tu#,Jin e ral{rvfiun-{6r rtluhj'ln"riafl anr{l,lfi f,r: rn fifi n n ri'r{ N'r ri'uzo,1rfia?fii az ortfi a']
.j- a ,A u r .je-. o" , q 

'Aavrq n r fr! ril 6 u r+n ru dilu-fi unrrirtJfr nB arn-ulnflvfi"tz"virfiun-o irrivrudr ri',: rir: or eiru'[r ruvi nqd

n1:n F) ni 0UN n Lnn n1: n n n:0UA1n1110n1U1.b0n il0 fl'll0\:U:L? ilYll,ln{ d'1:0{ t1J%U5t? ru?1}\U tFl

' "i 5- "j 3 , a Yel .o t a"
Uouennifra{rrn[sn1flfir.lrrlunEar.ir'tn,6ua-run-arirlnnrrfiun-t (4grJfr +o) nr:n-F]ni0ufl-t

,"j d 6 v vo ,.j - :* o d df i
nRl?rnnalnnllrranruafl1,t0[RF]nrE]rFr0udFr{t?i1,{:il11 47 Fr'l€.rrraun{f,'r:s{anNIsnldvl
A - -q -, ;
v!un{ Ln n duNLtnyI? LFI{1u n'l1u:t?ilau "l

o a .j- " "i - A
[1.{L: r']ruyr il{ flr:0{:?urt? nJy{l,[n{ t:10'10il0

d-r tn Fr rfiu'i1vr drlurirr ru Fr-{n 6ir?a:nrafiinfia,rflnunvizfiz1*.if,rN'r:nLaB ru rfiuIF}

,rr{ traci-ure I

Cr ack
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Typical Examoles

and Botiom Plati
of corrcsion of snell plate outer surface

ot,rter surface (underside)

Ur:oerqround water

if"i:i:::;{;-r.""*T"D-
. s Z'te-i/rt:: .''.o. i - o

Heat ljl'su-
Iating material AJ

:rjfi +o

Deposits
(clay, etc - )

Infiltrati-on of rainwater

'r-
Fl'lEEt-l{ nrfl-l:E{rdElyl'tElel nn'lTri'a niarlu5L?run'lcllAonfla{ilrtnfl{ttnuilun0z0r n{ fl1:E0

Heat insulatinq
material

-^^---ofF
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PITTING COBFOS]ON SEVERE DUE TO UNFAVORABLE A,NODE
CATHOOE ABEA RELATIONSHIP

OXYGTN CONCENTRATION CELL CORROSION

rJ:r n 6 n r: niz o o nr: rfi n nfiru': rr runreruo nfihn-,:zao ri'u eir:o,r

nr:ri'n niauria nr:ifinafirlri'irrfi nqr nnratr,tmianrsuan ri',:dr:at#urflur6o,rfi
e t r ci o 6t s -9 rf : t q ed
no{naflnl,raHafl0nL?R'rrN0t:1a1[.1J1.[n0i[?JtR143fl"rfi:un']:aad51$nf d't:0{1409 [nrunr:

&'.o uyrBrulFll{ ''lrv{au80nl.tn15 n n n101,{ [N?1a3N n'r:11'r 611450 rnnCIuil.l,6nf a?ufl'r:rFrNll0n1u t]8m50

ntsuontfi0fla.rnlunT:ninniou nr:fl0':ri'ufirisn'j'r "rtectric Protection" riauzir,rin"iu

nrrilfigNrtlt,+oEi1{ar1n fl'rnouil.roonrtJu z :rluuurirsri'u6a

Galvanic anode methoC

Outside power source method
o ; a eo
lunr:fiqvrfi a nSrJuurfl ot n-uln rr"arua nfior: rurz7a6 un:zia rfiauayf,od'udu rfi rfi ar

vut4
zio'rd'ratziurj'u eirmir Gatvanic anode method (g3rJfi +a) ril'irr{IuiSnr:firiauz"r,:fi

od ; - - . i'? 'e r v e a Y
Nln?5fifrdrflelrs nn ni 6i'r: o,:fi"lriin qjarr n unv nlrisiru:uri',: rir:ao,i'r14?t,rdou 6nvi'r artr: n il,r

trvi': anode lai'dunleir:o,:ki'n"'rfl Inruuyi'r anooe fiiltodlpi'6u:a,:ilnr:ri'nniauiirufi'un-':
c f .jq vl u. p .i , r a 6 A - .j q t i
fl'1500 [0ru anode ilrJ0 L?11'114.l.[-lY]!n8EJatnan501,t0anNlttyru],I]$n0d{yilFlxur?1fln rtntilo

anode drilrlflol"'6 udru:ur nr u uvi,: fi nr: n-n n i ouourn x nr"lrJ fi]un-t rir:ar fio; g n n-n n iar,tt{Ju

ri:uriohJ luaruvfi outside power source method (A:rlfi 49) asrmelrvaruri'un-rril:a,rfi

fizu'rnrlm qjunv fi,irururn ar ern-t dr: ooa giluui rrru rd e,: n-%lunrufi',i 6 nvi,: rmm, aer nlurfi'ufiu
odlIu5rrrun.:at:arfrrirn:rnoi'rurrud't v,tu'irmtnnrlilsi'r1 yl'rl.tzotfiu (soil resistance) flt

f .j-" v d ,i q[anravrnun00yilnt:nnn5ourir []brrnn:nnl,ltJ-]ilH']na?1xr{rumruaarHu (soit
,d Q d v I. ; f 4d v d u I

resistance ) Fl') [0 nI drt'tl,}fl f e;e] n'li n F] n : 0]td{

silfi qz

53



fnstance of
by Galvanic

Tank Bottom Corrosion prevention
Anode Method

Connect ing
terminal

trjfi a a nr :fl at ri'r*n r : ri'nr n i oun-t dr', a': pi': ui 5 Gatvan ic Anode Method

ci e u q v v 6d
11\0 Ll4SvUUUAf n1in15nnn:aun?u0tRFtFrT0u (electronic corrosion prevention

system ) #,: nt ar rur: nrir':ruodro firJ:v RvrEnrl,r n1i a i?a f,ou?{0:rtny Fi.lRrrruri'rrr rt-nd
' & .i - X'qv ,q e6 6 q v a q uX 6t

:vfi?'rf F:l?n0d1laf nutt?1{ anode Yh114Nnzf nan0 t?aH IFrFt1+uTt?ru tnnfis0 lnilun0d1r8{rul.r
.j. 6t G, A -- -fl{{1tul,t [[fi; n?: n:?a f, 0u tult:vuvt? a1y]ty1il1vda]F]1e.tu5ur rJ 0 0 n ttuu n1fi1,[F] tyr51vil1n

r r q t , 
', 

r oi oylu?'rFnFr?1ilF}'ltfinu:vfi?'rfn{d1:a{nurlvlf anode F]1{nun'}n?1Fnytnlml,tF} Fr?ly}ln1:ttn
Y o & ' o r.i o r q , v q6 ..j
[zuavaFlFr{[[14{ anode Lrr.,rrv{NrFts.laalil n0t[f,Ft{ [atl,t3ilyl 5o

I I il n r : n-a n i a uz a r fi',: air i o { Fl-{ ud Fl 01fl u3 rJ fi s r

nl:rianisr,ralnml0nlElluti',:eir:or a:ilfi 52
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Instance of Tank Bottom Corrosion prevention by
Outside Power Source Method

( - ) connecting
point

Wire
DC power source

Dike

o o a---9---9 q a

Junction box

( - ) connecting
point

DC power sourceDi-ke Tank

c.L-

Insotrub1e electrode

3t1fi +s nr:florrYunr:ri'nniouri',rdr:orri'rai5 outside power Source Method

/ Tank\
bonding

InsolubIe
e].ectrode
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Fls.

oiI

:rjfi s r

I drlN Bottom G:oun<l Potential

DC voltnete!

l'1eas uremen t

'f
E

E
E

$
E
E
&
E

F
B
E
B

e
w

Ep-
s
s
E
E
*1
e
E,e
lt:

B
B

*:

H
F

=*.

=
i?

fj

i
i.

!:
ti

l{easurlng
ac:nE

-r-'

,/\/\()'
\/

Oi1 leak
,Poor .welding
/ corrosion
t\Early stage of <ieformatlon

(a) Check elct:ode arouod tank (b) Check elec:lode beneati tank botiom

:rJfi so n'na:?aflourirnrrtrir':rt-nri:vn-iro#,rriti0,3riuttYi0 Electrodes

Shel L

Small oi1 Ieak
Defec:. develooing

oi1 leak Bottom plate

Cor.ros ion

I

/ Defect

Crack il weld/Corrosion

in internal sur.face
I
I

on external sr:.rface/ backs.ide

Hole developed /Bottom PIatet
rrl I Ita' (by corrosio.)\aru" prace )

^ ; - ltsci d v , - A
Fl'r1 N rfl fl 14',1 U71 0'lA t n n LO tN a [.J n 1 : n n n : a 1,lt n F] au

Defec t plate Defec-' (jogglei

,//tt//t \ /////,!"P 
jo. f r

Corrosion

Corrosi_on

Corrosion /Leak
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Bottom plate inner surfage corrosion (exar,rglq)

Cor=ode{ area

Condensation

Vapori.zation (J.iquid changed to gas)

Iewel

-,7V/17r-'.a D
Roof and SheIl plate inner surface corrosion (exanoLe)

Corrosion Countermeasure on Inner Surfdce

:r]fi sz Fl-?aeil{nr:ri'Frniauuinrurfilurio unvm#.:nrn-.ruBt':runTetufi'tdr:a':

ain nrifinBl n'rr ri'n nio-*zaoru#r fi"rluriruzir,:luti'oii'r: o't v{u'irt:ra'rofior:rur nr:
n-nniEuaonrflu s riru 6o

Y i o df. uBr:rururi,:fi',:dr:o,rz-uq.r r f,rr.rrirri'rulufilanran''xriari'ulari:ulrrii
- j i ar - - & )a, qo u:t? ru nf n fll{Fl?'l}J d{u o{ nf d'r:0{ z{ er to n1d dil il dvrf 11rill.r L0 rln3z 00

tfia?
6 o -A - .i s 6, r o , &o u5r'ltu [n anun{ fl0 Lanlddr]ildRU?t00rfi a?tul.rfl ?1rt??r_u t?}.ryr0 sludse

3
tLas1.{'l

a-n:1n r i n-Fl n i auz o':lnnrfilfiir n-r rir:0{uE r? ruln #rfi1u#r fi,,:Io n', a a-al zu-a ri'uaa':
6, r q t i d v t 3 ie-- 6 t d

tfla?til1t6i?1,[[fir-u tfratvtEun1.l:vfi?'hlt',tuns, il1{{n\] ttnuu1.[Fr?t 0{tfia?r [?JantnutS'lv,lu?'l[J
r j I u a !, t d ' t 9r, ,in'tylunnnl{nu onil{am51n1tnnn5a1,[nrrj6euuilarFllNr?a'}r?i1.[fi'1{ri'.:rrarr'rli[r*?ilfi 53,

54,55, 56,57 rav 58

iguid

/,-'/i

ing I

7/,/t

hangr

Y4
(
I
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Contents Material
No of
tanks

Heavies t
corros ion
rate ( mm/Yr )

Mean of max
corrosion
rate (mn/yr)

Mean of use
in years

Fuel oil T 16 0.43 0.11 8.8
N U. JJ 0.Iz t2.3

Crude oi1 T at A AC 0-18 13. s
N IO 0 - 32 0-17 18.7

Gas oi1 T 0.36 0-30 ??

N 8 0.23 0 .72 11-9

Kero s ene T 7 0.26 0-17 o1
N 7 U. J6 v-Lz 1U.

Gaso Iine T
N I U. JJ o.zv t<

Nap ht ha T 3 0.30 0.17 16.9
N 3 o. 10 0.06 l1

Tab Ie

! rY -

rnm/ye

(106. tanks in total)

T:,Tempered steel (HT60. RW50, SPV)
N: Non-tempered steel (S14, SS)

.i -1:,rf--.i^.^:^{-.^^-Tilfi 53 n':oartan:rnti n n nS0UZO\l n{ d15 0{Fl1NZl.tn zu n FlnilT4U InitnU]]?lUT:a
{.q

rrn vurinla vr ; fi ltivi r fi',r ei r : a..r

Shell Bcttom Stage Max Corrosion Rate (Fue1 oil)

Maximum Corrosi.on Rates
stage )

by Tank Contents ( shell bottom

a Tetnpered steel
A Non-tempered

s teel

Length of
use in years

o
o
,.

o
o
o!p
o
o
x

=

0s

0.8

0i

o6

05

0..t

03

o2

0-1

2S

: rJfi S + n :1d t[ f, n { dF} r t n r r n-n n i 0 uru ri'r n-'r ziuri l,] d n L fi o n-{ d r : o': tl :'; 1 Fue l oi l

s1q
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Fis - Shell Bottom stage I'lax Corrosion Rate (crude oil )

a Tempered steel
A Non-tempered

stee.1

25 Length of
use in Years

run/year
09

0.8

oun o1
L
c 0.6
o

,-lo05
ok! o,lo
o
x&3
6zoz

OJ

a

a
eot

a
aa

a

-' a

:rjfi ss n i 1 il Lrf, Fl { s-n : r n 1 r n:n n i o u zu rio n-,: #u ri 1 { q a r fi s #{ d r : a $u : : e c ru d e oi I ( rir ai'xfi u )

F19. She11 Bottom Stage Max Corrosion Rate (kerosene)

mm,/year
0s

0a

307
rutos
e
:oj
d,

304
t{
$o:
lo:

OI

a Tempered steel
A Non-temPered

steel

tength of use25:-"----Ln years

nr.ly,luda{fnrlnlrrTnniaur]#,rfi'o#r*riroqn rfiorY.:;i'r:a.ru:5n Kerosene (ri'reYr'tri'"rnr;

a
a

a
4

L
attao

l0

:ilfi so

*rn
a
ata aa
o 1 oo,a
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rig - Shell Bottom State Max Corrosion Rate (gasoline, naphtha)

mm,/year

a
A
o

(,
a)(l
1..

o,t
o
o
t+
,-
o
()

x(,

01,

0a

AJ

c5

05

c{
03

a2

G1

n : r v,l ud n { a-n i 1 n'r i ri'n n i a u r+ ri+n-,,: ziu ri r,r q n t fi s fi'n d r : o t u : : n

Reldtion bet\^Ieen Tank OPerating

Naptha (tempered)
. (non-tempered) --GasoJ.ind (non-tEmpered)

Length of use
in years

Gasoline, naphtha

Temperature and Corrosion

30

:rjfi szq

Fig -

Rate (bottom underside)
(Maxi.mum corrosion rate. mm/year)

Annular
p].ate

o

o Mi.ld steel

o Hioh-tensilestEeI

oo

o

Eo
o

o

Eo
@

o

:rjfi ss{

Temperature 'C

flr1y{ttdFr{Frrrar#rufi'u5:sfl'it']s ilfin firirtrunr etlr*ri'ori'r:ot nlu#n:r nr: ria
jq

,3
n : o1,{u advtl.to f n1 EJ 1,la n n ? 0 { d'l I E0

l-r, a.
I
I
I

!0.
4
o
o
'.O!-o(,(Jh
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rB
E
tr
6l

0.37

40 60

% SHELL HEIGHT

SHELL CORROSION IN CONE HOOF STORAGE TANKS
HANDLING GASOLINE AND HEAVY DISTILLATES

.Aal1n1:nFln:8U?t0{tJ1.l0n{fl4{tt'1d't:of?,1,tF} Cone roof d,:t_r::1 gasoline n1

heavy distillates

lou d . "rj:s'irrioair:ao"lilyir.rru7. n0 dlTo€ tntuFr?lel tdufi 't EJ t8J a oUn:ru1

lr.inr:sirafiiaiu ru'fi n"rirudtjln: rfie u rzirmiaaa norn #,r rir:4,:rfu firfinr er rura ruvfir

nr:#rneirrfr6onrrxnhnrslun-odr:o,:r;finr:rt]fiauurja,rrfindu InErn:rilei'unratun-'t
o d & J - 31 laAdr: autrfi rurnEutfi o ru n1:a r B?ra\r rlia?[?]r o{ d-}:E{11{un tuo{a1n n1:Tvr}. Bn n1B tfllu'[oz ao

zrornnrdur:aoeinruluri''rrir:a,rriuroorfiartjunrrxri'r+dunrerlun-,: unrn?'rilDY%nralun-.:jt

l;d,
ar:atovfiansirattfiofinr:ntlilartvrR'roanornn-.:rir:0.: rJnfirrai'ro:fiqrJn:nirJ::rirff':dr:an

rfiaL&'airyiunlrirulan?rxri'ufiartl6osirourfiuhlnrEJlun-uriun'ir "breathing vatve" iliu
:v pi'r nrr r d,unr Erlufi",rl?f, gin',air*ri.fi oo n uuuurnqrJn:niri'r: n rir':laivirorr*16, fi do qr r-r*

6
n 0 d'r r o 0 n 0'l o yr u n ?') N Fr-l,ll iliai fi n :, r f, n m': g a-ar n 6 u er r fi o r o r{J u"[ n-

nr:rfi n nrr u fr'un'i EJlu#'r ur nni aria ao uufi utrj ar0 [fi a tv n t'] n ro-rrr.l'rfir.J:;,ir a-':

eir:a'r ausi'r€Ju o,: rra?rz-r a a n #o d'r Ero-Fr:r nr:"[r afi ar n'irfi ritaun ff aro rflu"lri rBoaro fi nr:

fluzo,:rnarn''tEid'm:rnr:lrnfirirrupruriluiurrnrri',:nrirrqrun4fiaraar6trioairrfiurJnfifi9o

nrr nlifr orq rfluar rn nmfiolniziuri'u uriarrjki"irn #n tun'rri'rrrirfifi rfi Err?iot ri'u nr:rirorufiIt

rfie'lriu#':rir:orra''awir':run-;an':tx:v#n:;i.:1un1iai?adouFirqm4fi n:rtn'unrslun-,:

dr:a,r nnaaaunr:-rJnrunzo,rrrd'r yionr:rfiuflrun-radn:rnr:tmnfituurvnr rflusi'u

IJ
F

z
(J

cc
Ctr

o

:
tIJ
F

6
Z

a
6.
E
(J

I.1

&:

F;

t:l

E;
!:
Hi
r:
s
E:

i:
F.,

*
(
l1
ir
{:

F

?;

i:l
aI

I

:r.Ifi sg

Small Cone Roof Tank ln
High Octane Gasoline Blending
Service Filled And Emptied
Rapid ly

Small Tank ln Slightty
Heavi'er Stcck Service
Fiiled And Emptied

Large Cone Roof Tank
51% Ot Time ln Kerosene
And Gas 0il Service
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r.rnfifl rynr rfi orvirlri,ri'r rir:aofi rrrrurfiemr a 1ri'jr n"r urmq ru al pr fr nr n ur n ru a n

u 
'-,f 

a A 6t ; - ^ -v
nlzudtlln: rfiEj NE{1il ua0dr}1a?frn?1}inuu::srnr fl LLny o ru?lne.t ttt otn o x tnfl1? tH R0ancln n'l

rT,rdr:a.: r-:r:rufirioni'rr#r;ir:arnr:ki'iunr:oanuullfifinirlfiurniariunoun6n (oixe) fi
iatQud---Y

N Fl2.lN d{:yF}u1{rl{ry,trJ{y{0 riEn'lrdnnnrnuttnvrirdnzal tzn nr:5r'[ran::alaasnlilusnfi;

fifilriri'or nr:luui rr ru nrun-r rinrni:d'nh{fir-rf; nir,,ia.rfi n nto a {uurir+fiuri o riuprauniel F}-{

n rirrrfi a ar il15 nli"l n-]:f;nlv,trun axfirur*-rz o,:ur or ri,.r n eirr ufiafl at ri'unr: q n'[rn #fi nlv{ rrav
19

53tUFlFnilil'l

nrnfiau'irq1nn1iril0flrufllfi0roilutn,riuritrir:a't?trr'Ia1firli3tJm:':uu:#'rsantiJ%

zior rfiafiqr:ru-l#r,l lunrrarrfJur3ru#:flrgnrrirttorofinr-,u;r,riro,uavfizunriafltriurtn;

riu rY,:#unr:rfiqr: rurfl rpu'r1*.inr:fiqr: filr rfiu.r n-rulnrta ar rr nln ar tm nufi,: rvi'ru'r* a?:

rU nlo n{r,:iuffitnrr n rrl fiuutrrJn':iri'rintfi a

pROGRESSTVE ASSEMBLY (.t il\'!P[ETE ASSEMBLY
AND WELDING FOLLOWED BY WELDING OF

}{ORIZONTAL SEAMS

Plaling
legs

SeamS welded lrom
Rool rotation _-- fioating roof

!; 
-\ 

[reclrondelrrck-' \ tack-weldeij lo

Piatlorms lor
external welding or

alternalively, traveliing
platlorms 

-

lloating rool

\^/efd,nq comPleted as

ereclion P' oqresses
Shel.l olaies la'd oul

lor convenient erection

FLOTATION METHOD

Lill'nq iacks

JACKING_UP METHOD

Nole tor all melhods
Vert,ca, seams shall slways be complelely welded belore ereclron ot a

lollowing course is starled tO prevent-buckting of tank shell by wind gusts

6d

a?o ur{? 5 nti!: v n ou dirr ilf f,'t: of:rjfi oo

Tank completely assembled

Atternative methods lollowed by welding ol horizonlal seams

ol lr!lrng plalcs

62
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ri
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ili
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F
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t
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i'i'
ii
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rI'n trmt rr tyr n fr n rr a vfi st u

(Terminology and Definition)

,! - q 6)

rriator n f': rit:00?Juln"h1ni:iln:r uurn-,:orqr{Jt.lrE a,:lneidrnir:ra"rnrirfi{rJfrlG,:ru
L--&a6,J.d,';.j
z{a?{? Fl a {t+rta{tflufr,rsir r[]uo dr': E,:fi r:r rioo uzirlolun:rnfi NrEJao0 Fi'ytyimrr rm rifin n n o n

rurirfiar e.rfi rfi errzioon:uo'n{dautfi uu #r rir:a,:zu'rnln ni:rJvr:,: u1.6'rms{ t,ra na'r n fl'flu'ir nr:
a ,! d y 

't 
ud e 6 - :r:unt 00!n5il m:0Flvrvru'hiFnEJ{elFr'n}Jdufl1,tnu:yfi?t{r1,tndsarror:rtnnyrax oratrnusa

flr n ta'1fi#rfiln"rir nrrutzirlo unv eirunrio fioorn unei.rEu rffoytn"'rirnr:rfiEJu r6 u,,r riufiurrufi,:

ki'n sr ur x ur.Ja a gilu3rJaa':nrurln s"lflufiri vrr n fi nn':o n ar n rprH oua dr,:1: ar err: nduar

uo n n eir': rfi o fl'r N'ri nuri'laluour n nln''rfi o rtJuri:rle]z{Fia 6ir#n{'lun fl1rul n':,:iorriahl

1. oatuor-ud'1\:60 (oipptng datum point) -v.n0 AnAn n}[iyl?'l\lLtnU2Fln{A]n

(verlicat measurement axis) ri'ufiufiroi'rliuuaatuaiu:rniu#r,16o(Dip ptate) nBa tfi'ufi:za.r
v v - 6 q dci u d 1 td

:vnu rfun,: tnu tun:rufr n,r ufrl Iriil rrriu:y prr-rri'r o 6,r

il 0r nr5;Fr :v d'uza,:zottr n?nr fl'lun-{ Lfi u or :rJfi o i

i qud 6, J -tafl t?l n0?taFln F] nrn R1?ruua n riarnu

z. qotii'rofiouuanza,:ri'oair:ao (upper reference point) 6oonlunnza.:n-odt:o':q.

-:)ul.ttt.u?Ltnt,t?Flrtfaln (vertical measurement axis) InsrtJr*oiruru':d'rr6':zou:snrlunrreld,:

(uttage or Height) rJnFx-nri'rnunl{fizaluuroo oipping socket r5o garge tratch EIr;
61

s. tvoiuae1il610 (utlage or Height) 6o:rEJrFrrru6,:trnfirrrir:vnluzarzauyar

fi 
':o 

a o"r': 6':luarrza.: #a rir:a,: ( Upper reference point) q gilfi o f

it. Filting Height 6o rtlu:vEJvr',ur'oe',nrnrdr':uriu:ynlua-r,:6,: (oip plate) n-l

:v oi'u firzaraoo rn arnrslun-,: rir: a':

s. :vurfn (oip) 6o:vervvrr.rlr*,,r*r#o*lnri'uruju:yrr-uo-r,16o (oip ptate) :rwjr.r
on::n-ud'r'tir (Dipping datum point) ri'u:rnir.rzo,:za':ryR': 6rfinrreinnrarfierrnlu Rtting

,i
Height a:Uyt 61

6. rraiu:sd'ua'ro6o (oip plate) 6ouriud.:fiorn"rorironrr:riun,:ufirrr:,,rri'uatfi,rfi'r

rir:o':n6o oir rtmr.r.r ii'roiufiriuntufi': rr:,:nrulu#,,r 6ir:o,l lotaa girirrrnr.i.: n:': ri'u dip hatch

(r5o gauge hatch n6o stot dipping device nio combin"o u",r't and dip hatches duodri'u

to n fl1: d'10 A,:mBafiuru,rrufi rfi arrioo ri a n ri'u) un;t-noyfi nri,rrrrir+:sra''u ii'rr:6,: agjlu:rA'ufi 6o

n'lrrirrrnuu6uarurudr*n-o (oottom ptate) agiri:yru'rnJ 1o-15 uer. ri'raura4zunaeir':rioa z

tj:t nr:6 a nr n fi nort:bi'fi:ru, a.r n'irri#ur xr Er fi{dufila-aa onrslun-r eir: a,: n n nr"lil 6 n
-t- ; d d t s a -,'u:v n l:t*o':qr n til oil nr:dlarflz00tr nrtzt oa n nt eir:a.:arofrnrnourl o In nuria fr,r ttil n n

-r_ .Jj ,a q - j y y dt l, runaNr IN?trtj:rdrRtaroad;deinra [unoZ,]15unir sludge :rnmmir r{Jupiu nr:frorpiorraju

:vn-lo"r':6':"hi'6,,:rJ:;rrru 1 o- i 5 zN. rflfioqn6.rqrrrodun-tvl&,rfiilFr firfiohi'rlinrnrnl:1f'
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dsuzo{ n',r fr'r:orlrirrJ fi uuurJ n':trJnr n studge dsdr nr nduuririo,r a;axle.iifiunrrru dr?ro0
tu-YrurdvJ,?rdtdriRill.r:vau n{ill,tn1:o'hrn{d1:ase{na06nruufl'rirNor?n121uril 1O-15 t}miodrtrrnrfr

J " - d u 6t ) a I u o 6 a, q"^g
tl{il'rrdillfi0rird'n stuoge m':aorod'r'rn-,reir:arffsiorfiofinr:zia}.rrrzNri'rd'r:a':fio'rqttlt+lffiu

o { ri'r.r ilE r r ru ? o{ s I udge hl fi zu a ri a n r :rJfr r-ifi .rrxunst#ri',r ri'r : a,r

'lurirua o':n?r N?l1*'r?tor irr.iu:vri'ua'r':6,rnr:tut adr,.rria u dn '6 il $r. [1,{i'rvH1nlf

rurir*rm fr nur.: n'irfiaro fir) rynrtutE o{z o{ n1:lri{ro luur,r n:fi #,r air:0.: q nlz-,:'rurtJut?n'l
d, r i - Y ,aa J u , , -'

}inluUy{u?'rLr0.t1.t :;au0't{0{vtvRLilnilt}$a{a1nflt:niyttrnz0{aNn?{u'}vrunzo{tl1U'lFr:JFru

Fl?'lNd\r (Dipptng tape mia sounding tape) nioxri'unr:n-rrniourfiaoarnarofidrzuaxrzirhl
&tou

rLnr uEJ n d*ua n n{ a ei!i t?ru ri'un"r rir: armE aur,:n:-ra'ra1{udra vfi Euri:uqr.ln: nirziu rnBa.:iBr

aru11nfifl60or.Jn:niri'nd'rorir.rnnnolilyr-!niladuBr?ruFr-tncir?quvirh{nr: oip n-.rrir:atn:v?i'r
90iu

hJhr u nrr n rirur n mBoluur,r n:ni nvn ouniafiranr-.I:nfi rr ri'u zu fi nfi'ruviaar: tm nrfi douz"r atr

ifiunrslun-.rdr:a':finr:a:nil6''rqun:ounnrurrr,iu:sFI:ufrr6'r firlurrurJ:;rrnfitvfiz"a
ritrunhiirriu:vniuai'r'r6otor;tilulu-ir?nJulr?aauuriu:roi'ud'r':6.:uoniofi?ta{ stitl pipe tria

guide pipe rtluoi'u

1u ii t t i n g tab I e ri'1fi 1.r ntd'n r r er 6':.2 o.r uriu: v niu ai"r,.: 6,: tvi r ffu o
.J o- q o d d

rfio Irfarair:nrJfrrifi,:ru'luzruyrirn'l:f,aurfiuurEanrr-lierrn:r-J:v,ir#tdr:a'rriu

n't:a0nLrul.Junvair,rlri'ttriu:;ri'u#'r':0':arxr:nr]iu6"un,rld' +1o z].r. niaetdn:ra'rvtfia

d'tNl:ni0EJnrnrynEabi'mn-{alnrd'lm#'rfirirnr:aaurfiEiuri''r6ir:o,rr{luflrEuuias ,ir,[tr r.o
a anfi fi n'rrer fl n n duh+nr: a au rfi Er! #'l1n-oi'rg urilur.J:vrvr rttr u Fl tr fi our a1s n-r dli 0,,:ovri:rc-

<j -q r - ;.?-
n r : u fi a x d i p p I a te. n r a n-':t a.i a r u r : n ri ir : v niu g o ri rLa"'

Upper reference Pcint

- 
Dipping daturn

< 
Point

Some o[ the principai elements of an ALG, shown here

with a movable liquid level detecting element

.-.
5rjvt 61 n11^{41fl OIML R B5 [[dFl{Fl11.{8'lN

il

'l

I

I

I

I

I

Cauge refer en<

I

I

I

I

I

I

t

/'-\.i \'I .. I

".)- 
i-_-N
l-l-tll\
lUllare 

(orrt

e heighr Ill!_ .-t--l_
" t-T-

lrlorable Lqrrid lcrcl 
i

de lectirtg clemctrt I

:Dip (innagc

agc)

Liqrrid levcl

)

Dip plate



T. ryrrJfrr:sd'uFr?'rlr6f0 (Dipping Tape) r{luarelfnm6arvrr.Jiorfifindrflnrrilutr

rtJurxn: *Rvn::eirunvrdan"[nr"'oeirofioaan t ruar. uBrrrut]nraarainrntarvnlfnorti:vnau
9

euY-,--d
ri':ur1"'e*irnrin ("dip weight" uio "gauging bob") fi':fi3r.Jvr:'rri'hr'l t?il*yn{n:vuonilnru

rfialJ riartlr+gr.Jvr:'rfirm6selrfiisr-rpi'uilnraraa.razururi'udu qlgr-lfi za lr"rfiri'ru*rrrfnnt
s a6) u u d a a q v& v I -"" 

I

neirrovriryr.irfilfi'aru;afin:rxfionofiirn;'[rin':qrnnurizuu:vrrudr':6,: (oip ptate) vtnn:-tfi
v6)Yaeryttnt:':Ft:vFluF]?'lNd\l?t0f lfl4?[1,[n0fl'.)50'JU1\:Fl5{a'lQtiuntmu?n:inufl?1}Jflonun%1d?1

"soundtng tape" uiotorntfiar-iAaari'*rrirrrinn':hJoun:rruri'!uti%:rniud'r'ritqj"lzi':rr*fior
1o

1pi'Burfier,: n:vvrurirlvh:ru'ir pi'rur.i'rnrinn-'r n eirrld'n,rh]fi': pir rrn"*.r n-.: n eirru#r
c

)a d d o e
za{rxn?r4a.JF}?'r}.rl1lia flrFr::rfi onlffi r.irnrin ("dip weight" .Hia "gauging bob")

)- Y q r r ei a -t q e - 
- 

,o a ,i r

fi firirrr+n rurn rav:il yrr':"lm nin'jr rfi orfiaun:u nr:1#rruri'uzo'rrfi n?yrer n?reJuun sir n:r ( e:il
v\74\

Os
drviu,:ruri'rua-.:n:.:innruziarirnunnflrNlu (legat Metrotogy) n?:rfianlzt"li'ild.l
)a, , ; ; A - A

rrinrir':firtlu:tlr:':fiirfrselrfiuzu"rd'udRrErrdilozururi'urfiu (e:rlfi 75) rv,r:'rsnnflryrr:ro:
| - ' ,; , ai o g

uEr:rufirtlu hook ttEo swivel joint flostililirrird'uzattrnrfiolatil6uuurlatrfio"td.rru"[r]
;

tv€i3?11.h1

62 rvrrJTn:rniuFr?'rNd.:?ta{rfin?nrulriil-{rir:4,: (uur{rbitrt'drvriurruzir:nrrriprfi

rtJutrJ n r ar zia rirr un aa': nfl ?1 N 1 u ; Legat Metrotogy)
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8. Dip socket fia'jrr{Ju fitting arirtufiarJ:vdrn-reir:o'r Inari:uri'rneirrrrqrnFn

,i'u,i'rn#o^'rri',:dr:a,: unux-nqntrir{Jufiririnia,:yururtJuondro6,ruuanzo,:ri'rrir:oc (uoo",

reference point) rJ:;,i'',n-orit*"t unvlunr: dip ti'ril-navu"nrnil:-n:r#unlrai6'r (oipping

rape) '[fur.l dip socket

9. Dip hatch rBo gauge hatch ilnfiufrnn#trir:atoroi'otfi oip natctr adrwiou t

ilt agjuura-,rnrfi'':dr:orfirrfluviavrrnrzir6jnretlun-,rdr:a'r"biTnanr:fin#o oip hatch rta
gauge natcn #o,,r1e-iAn;obl dip hatch rerfiaufirnrfarriuzuri'orn-tnrn-,.: nr:in:vd'uzo\:tfifl?

nr atu#,r dr: a,: n: yrir ru zia,: vr r ofiln a rtluziaovirr;irfliufl eio e unrlfnrr-or:v nYu Fr?1N drz 0n

nrnrnrslun-udr:ot pirunutzat dip hatch ri'o':agin:',:riuuriu::d'ud'r'rfit (oip ptate) uan

,',nr1''tuu',on:nier-,rrirnrrrirrunr:vnhdr.r6,,:rioondr.rdtuucnzo':ri',:rir:at (upper reference

point) uu dip harch d'pi'rarzluri'umioarqyirnr:u:ufin:vavFl?'rNddalnurju:vn-ud'r,r6'rfitzau

ilrnuuza,: dip harch niarieln'jr "control height" fi,:ni'rn:rru6'rn-onrirrr{firJ:vlauzilunr:

r.lfrrifirrua-:r1r*nrnaurxalrn 'lulr,:n:niq;finr:finn'': free vent tzirri'u oip rratctr ,iorf,ri,

an,irurufid'0,:finri'': dip hatch fiarqfielrntfiulrJ ggrJfi 6 rRr 16

1 O. Height of Empty Space uia Empty height 6o :rEJrvlt{fiF}t'larn:vwjr0:vFi'u

zaotrnrrilzou (oipping edge) za': dipping socket

1 1. . Air Height rirmiulun:rizaon-,:dr:atzurntrqjgrjvr:,ruur#tzfinm#.:nrn-or.l't
. & ;Y { e , A

R0u (floating roof)uu :vUvyrttyrn\1{rTn:v1l?10:vF}LJz0{tra?{und dipping qdge ?} 0nd?1{?1

rE s n'jr di pping openi ngs do a qil ural'r n r rlr n-t n a u

12. Dip Table utlumr:r':zo{runnri dtp LLfln\rF}'rrarfr'ul't''r*5::n'jrorJirurn:uitanlEl

luriorir:a':rfisrri'u:;nlun?rNfl{?ta':za,:rrnrntuluri'rrir:atfitaror,Jiru.l6aulri'rioua1ilzun

i{J r+i4 r :1 { n r: a au tfi au rit rir : a,: (Tan k ca I ibration tab le )

13. Fiting step 6arlBr.rrn:ao.rrrnrfilcirzirhltun-tdr:at:vvt'jronr:inzunriroza.:

:r rir.rz ot rv e':nr slufrr rir:ooluturinv:vriu

14. Characteristic Filting Value or l,/mm vatue r{luilna'ndzratnr:ttr:ili}J'lnid'?U

Fl?rNfl0?,0{,Jrirn-s;ir:o,r (shett ring) rfiointfiauri'ltlBxrn:pt-tnrirr uan':lurirzo,t "fin:z

alt." (t.rmm)

15. capacity 6arlirurn:riodr:o.tvr"onelr,rrur"u sump volume fianrrvr.Jnfinr:Li'

rrun''ranrrrilRann-EJ 4grJfi os

Frxed roo,
tank s'

F loatinq .oo,

Floatiog rool

Nominal
caEcity

nty'ril::n ou rirfisre.r
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1 6. capacity table or filling table ttJunr:r,r rranr ririli xr n: rfi o rfi ar ri'u F]'r1 Nfi n fi

inrhi'zo'raa,,rrrnrnrslu#rdr:o'r fir"rsinrn:rru6rd,rarorvirri'uyiaul6suurJnu

17. a'l:'l$n1:6lourfisuti'oail:ao (tant< calibration tabte) 6onr:r,:fittdFl{Fl?'ul

#uviud':vn'j'lrFl?'1il6{zat:vrj'uao':za,:tunr (tne height of the tiquid tevet) ri'urJixrn:fi

u : : o'[ d'n r al u fi'o d r : o o fi : v n1r: riu r n r ul n'a n r r ; ri a ut z,i r r n r ;
18. Plumbing tflui6nr:iirt:*urrnrrrerrdu,:zorzu#rn-tdr:oa Inunr:fir:yay

yir,:zatr.r#o n-.: dr: otfi:vriu nrr x atusiav:r niu ufiuuluuu:fr,r srt:ar n n=udufiuei'ro 6r rfisr nlu

i #u: a u r o n-': d r : a': o-r': 6,: ( r" ru r" n.l" c i rc u mf e re n c e )

19. Quantity Filled 6o rJBelrn:zo'rrmnrfir-rnlcitz"rtrJ1un-.rrfianrilialrniaaf sump

2r.. anravii'ro6onrtfo (Reference 
"ono';tion) 

6oanr:vfirirrunrirttuuol.[?to{
, ;.

fl qo-€i Fir o r fi fi zu a ri o n r :inr tziuo run n fi n rr r niu r[]uei'u

z't. Ftoating-Up Zone rirnil#'reir:oozurnlnqj:ilvt:.:uuutn-ozltiprrn-':nrri':r.Jrnas

(ftoating roof) 6ozourznrf^rrurour''turi:srr*raa,:tmnrluzruvfinR-unrn-orlraaaEuaq.iuufi
Y - u f - vl 

',? uy u u I ' 6i- a - A
Fl'lrll.[?,a{fi n\] Fn ran rorau n-r rirtriln-a=lr#nri'ua or rn nr itria eir':'ln oufi.:::ri'uz ro m or,fi'rn ou

; 3 v- - :)
nrfi'rnhnoarBruaaaf,uaeirnda:;runvrirfuaoara-rn1yr-rrllJF]R0uaeirnfiofiu nrsluzautzm

3 ' .iic'
ri',: n ri rr ria v fi il 

-: 
er r n : Eir uv rio fi1ri a r er r: n fnl n-rfia r o r n n r : ur ufi z o 

': 
ttr n r n r ulu n-t d'r: a ,:

oi'rtlli'']fi#n zorr n-r nr #': r.lr R a errrRv rr:': rfi s nmru:;n'iraE n: ol r.l'r n-,: n a a nir zu u-': ri': rir:a': lu
aniyFr?'rN14a.rrsn#tiri'urfiE?J00rra?nnriraoonltrjornri,tn-orir:orfiq:iEun'il Floating-Down

Zone

22. Lowered Position fi6o service position u-:a position of use i{lurilrrmuofiun-':

nrn-rr.lrnaa6uogiuudun-,rn"razrri"rf,u (Supporting tegs ) zo{Hn-{n'rffor.Jrnau . Inar{Ju

oirumurfizrrirf,ug n*l;r,rrnUvi:vor-u nr'.ru6orr':,o-u* #oU',o,u,gi6uo'rnfi'uri':oir 4n rflu

anrrynr:1f,:run-r rir: ortJn fi yiurin,rt rlrtar ur: nlziao e,rjinr n, #o rir:o':hi'fitl:= Rvr 6nrrnl
A a qL .j fil'tnYldn r:ad1a.t11naaa0{[11fl?00na'lnn0fl1:o,rInxrnvrdFrIDlrJflflf nln{,J1n0EJU0Fi{aa

rnfiafinri'u:vri'uzo'rtrarnrulurY':aiT:a,:lnslilfizio':'iroornlFtirriltu#,rnrn-trlinaBrill

:vri'uzor rr nrnr Ellun-{ 6ir: a,1

23. Lifted Position uto cleaning position rfluoiruniltfirn-':nrn-,:rJraoaEuagiuu

fiun-.:rirazrrirflu (supporting tegs ; ur',#r',rlrn-onas Inerr{Jr+si'runutfizrrireiuOni;u

:rn-uhi:vniuFr?'rs.J d0z a{fl a-0n1n-r,.J1a o uo gi5tor nfiun-t d{ qn il n fi rrei'rorr1, fiulr*n r rfln q 
^oe 6, ) q u u u A uq

nr:ttiurunrrir:aouJu::nrnrrx6':za':rnonrn':rlln0uvrEJONltitoruutvttz'ttl-hJfluFt0'lr.[n1u
'tu#,:rir:atTridlq vy a n nr:lzftrun-':;i'r:0,:tfi orir n?rN f,iar hrnr alu#o eir: o'rrtozio aluaatn-':

air:arri'renr: rE ua qinr ulunlIn ulil Fi'oo ri'a-rfi:rcr

d ,6 .i .j . - .j- Z ,24. Displacement Volume a0U:NlFlltlfinttmura?u01ln5ruU:J0'lnfTlannfaun'tElUq

lun-oeir:oo rziu :ruuvia, zan?nFr?teliou (treating coils), uel-o:vt-ttsarreriou (radiators)

rirutaitaironrrerufitil::,irn-t (stiffening etement), #rn:u (agitators), riutpr rilr*ri'u

25. sump 6or.lBerrn:uBirruriun-,:rir:or InBqvleifinr:TirFl?1NflYruvrYud:ywjro

rjiurn:rir-r n?1?r f,0?t 0s5v n-uz ot rmarrrrio eir,:1n In enl n fi rrri'rn rr s fi,:ili a.rr n:aa,: ry nr afu uri
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ri'urj',:rir:a':oufirzouuunorzaruriu::ri'u#r,06,,r (oip ptate) or3r.lfi o+

5cn.6.trc vi.v ot ..tor.9! t.nt elrn 6e.uurrn9

.fac., .uhp r^d dlperng pl.t.

measul I ng space

/ 
di.pp j ng pl atc

dfi o+ nrwrJ:vnourirfisru measuring, sump r[flr dipping ptate

zG. Deadwood (e;rjfi os) 6o riuing tnr fir.l:;nauogiri'uri'ueir:a,ounsfizuaFia

tJExrn:za'rri'teir:a.r Inan"rmrnrJExrn:zou frttings riuhlanrlEulFriu::Qa0\:n-,:dr:a,:r:roy
artY9

rE s n'jr "Negative deadwood" tziuvio:v!r arir rluaoa ff,,: tir:0{zliax n-':nrrlr n-{ aa u, u-'u"tn
6, u n ;u :
r[JuBiu 'tumr':sr:,:ti'uzirumtnil':rulaizar fittings riulrJrfixr.tBs]'rFr:uii1zo':rirrir:a,:r:rrs

I

rBan'ir "Positive deadwood" rdr.i vrr,:rzirfi',:dr:aot#n (manhote), riarirnillzin-nri.uo,
sludge (sludge pit) uarfivia.rarjnra{xagiuirrruri'uu#iriaaantrjuonsi'rair:o.nfio:ru'reJli'}

1o

aanqrnfi',rdr:a.r ri€Jn'j1 "Sump;' (qprJfi r o)

td u I q .jl d, - !
5U11 65 el?outfl deadwoor] luyriiolrlJu heating coits u5trrufruno

6 d r v e - 
j

27. Stand pipes n\ld15o{Zl.[',tntnnavetd'l1.tt[d0r{:31'luz0{t?1R?n1eJlunfu {fl'l}.115n
r l ue d u q

o'rl.[Fl'] LFl14:o df tn n !na1 nnluuo n n0
I

POSITIVE OEAOWOOD

6B



2a. ptate ring fiatuajuunfinirrinvul.iufl':ln"iurirunr:et''ruh.i'tn"nraraurorfin-otnr:
6 u qeo u u q A
eiruiuld'riratu,:ntar:o,t ?t14rnttavn?1e]u'r?zE0 ptate ring fiuagiri'rzurnu o\rn-{fl'r:0{ q}:il
j
v1 2A

29. shett Ring tunr:rioatTnfi',:dr:a,:rirutmniuit'rnn-.rrrnrirdr*tru:rnufia:a,:rir

m#nzatn-'rril5o{{flBartd'?frovtBanirnr:tfaxil:vnaufiun-o (oottom ptates) fi,:rJ:ynauri'rEJ
| 6 o r u v - & q o t a iq

*aiurm fi nd ru?t*m nr uutiutdrri: srfuor nr*lufiarrir uru urmfinfl'r"[ri':-r ilrun'r:u"ruhi'tri'rrr x
A u d d r o e q eo o , J

fl uln fr Fio { n'r:rn5o t5 u n'il " ptate ring" dtriul#vir zuri,,r n-t iir: a':d ru'lum nr a uriurf,o ei

rl:r n au tflr ri'rsri'utflur.r.n a er In so v iE er rfl a rutriu#rr aEo urin=ziurtlu:rJ:r ur:urioufiovrBer
J , - - Y t u ' v Ja d u u o , 

"', 
,d d

rf, a eril: c n au zu r.l'o ti''rz-uriatri n"r EJtH n fif,r i-: a n zufi',: n*teir:or urin:a=ufi,: urJB uu rafi outtlux0
yt

irnruriu'ir shetl ring 4grJfi oo

ptate dun-o rir: otrl:v n ou ri'rarriulnnrit*'luarr nfiaaduo dri'rzur rr

J-ud,&
zEl{ nf d15a{tflailFl nnutul.t},'lun{20{ 6li dl:a{

3't. Roor ptates irriulnrnyiruaunrnriooduaeinluzr.nnaouri',:dr:a':rdarfiorri'urilu

r#rnrd'tdr:o'r

32. Bottom annular plates fl6a Annular plate rflueirurfi'rzar:fiuri',,r (nottom ptate)

rirufi:a,:ilzuti':n-t (shell rings) ytt'lrxa Inrarlnfiun"rrint:finrrer?1l.t'rzs{uriuulrfrnelrnn'jr

bottom plate

33. Plate ring ru#'rfi'odr:oo

34. Breather valves and free vents u6o'pv vent rflu:rei:fiifrfioinr*ranrrt
nrrxn'uuasflryry1n1Fln1a'Luff{dr:a{tri'oqjfianrrsaonuuu riurvirri'un':rern-unrslun1ryio

6ryry1n16 (Pressurezvacuum) 2A mbart| mbar rnia SO mbart| mOar armi!n-.:rir:or:
J e aA a, r a X' ;

fll.lFlFt?lNAilFt1 iunSrUmtilUrQyllr free vents 0u'l{[au']uuLN0:xNF]?1Nd'']r.l'r:fl:vu1u

ornlFlza\: free vents vt",:ttruoruri'rri'a{rfl'ilnx1}.ld'ru1:nfiqr:su'ru0'}nrFfiri'ru dnt?JFr?rrriu

(eressure) 7.5 mbar turrfiflnrryflqernrfl(vacuum) 2.5 mbar uanqrnfi'liutrun-tuyrt,:
b , qi,

oEnZ E\l Breather valves and free vents olarlnlTFirFla\tasitn:f Fnzi'rgfla..rri'u',lnlriurino,,ra.f

nrrilnsiSfln"lilxrnn'ir 6 mm square 43rJfi 1 1 uflv oo

Conseruation vent.

:rJfi oo PV- Vent rlnfiqvv,lLrffuuur#rrnrri'odr:a':afin cone roof
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/ays u-ulnrrrofiun-r dr: ao riruly njr y fi n n'r ur.iulil ri'u:rJr:a rir rir

n:yuo nza{,J ri..: n-olufi rtvr:urExurr?nr rinv rtlupj'rufi fi o r.,nt'r,,r,: riruri'rn-,: rir: or n-or"[a-iutlu
)- J q ,o.a q 

- u da,f a )fi#uaar rfiairi"trifinr:a:anzar"[ozo'rzufinnlru{uln:rfiae.rfiraToriludun:ruriory-rJfr#fioru

rziuaroriah{tfiornt:::[t]otv':o arod:"rr:nrru:vnrat6arttri:yr.Llmr':r6r*rralo i[Jusi'u

3 6. Manholes 6 o zia':mrt rtin;irmiu {rJfrtifi arnr: n rf'rlrJnr ErlHn-,r 6ir: a,t ,%d',fi,

lzTrl:vlezflun: rfifi rir #'r rio airtuBaziox urax ut a rzirhj rfi o vir n r: d'r,: n-,: rir:ao niafir nr:
aou rfi sr-l n-{ rir : ar r{Jusr"'u

rirulrr!1un:rizatn-,,rdr:o't?tlirr fixed roof qyfi manhote aulF} zo fi':rrul screw-
vd:-&

down aHL,l1.iLJiLlilfin{F}'lL[fii3..l manhole ?Ju:|n 24 urttlu bolted-cover nnntoqtnu strett
Y - -5t u& - , ,.j

ring fll{Lt:n(2u{n{inny'l}un1,{) E31Jyt 1 O

rirmiunL:rir:aiflrin ftoating roor riuairutrqja;fi manhole ?)u1st 24 ri'ruur botted-
- Y ru & uo o"q -.j- Y t

cover finn,ragjri'u shett ring ziuu:n(zuri,rlnai'fiufiu) unvfizurn ao fir1un:nifi6nn-ooauu

rlrn-,:aou mBalueiruz0,: pontoon zo':rJr#tnou q;rjfi r +

37. shelt nozztes for intet and outtet ttJuzjowmtrzTraanri':dr:o'rr#n f lri'rrriviori.l

z0{mn'l[?i'rn-{rir:a':rinvviosire]zottvnraonqrn#06ir:o,l rlnfiun"r shelt nozzles F}r,l tovfiFl
& ' - u o a * Ao& A a I ,d
n':aau5urruzuu..:nt gnt:u[un:ruu1'1n{?1aJnu5-r14t1n:Ef :L]n{dlTAf ilttz{tt:0[NNn15m:a

d'rfiarsaoniruul#fi Bottom nozztes 6ovioiu-siruz0{rrn?rf'ro0nfi-{ri'ris{qrt{luvio?iaoo
r d'. u 6) uv J A

riarfibaiurornvrrtri'rr*[rin-':rir:atrirufiun-ouvrufiriruzuti':n-': fl:ilfi s (o)
- ],-, - _ 

",iit!il38. Drainage arrangements . nl:An:rUU n15:3U181.{"lYl 014il dN0UnUzu A nfl il'
lr*n'r:6'n r fiufiBa orqlitlunr: drain z a0 t?r fl?ao nqr n n-,r 6ir: o,,r #r a rn 4 ru nfi ovir.lfi uuafin zu fi Fr

v a v 6 - J - :j q o ,u
nruvrlunr:ontnufis0t],i0?t'lnt:uaNLlzeJn{f,l14{ 'Fl{liun1Tan[nnrdr:anr.,r:vlun1::vutu

a Gt J ;- 6 d r 6 o 
'

(drainage) a0ru1,{r5a{?iFlo{yta15nJ'rn{fln1?vF}?'r}.,ltt14u?t0f Fl1,[?1:05'r1.r:1nz0f n{uavn'l:
Y'j;rJruq

yj'10'r1r?ta{nr mrunlorirnri?r{ttl.t?yioriarfiax::n'il{n-{d'r:osnnnrErl.[En :iluuunt::vuru
z a,: rm Rrqvfi ri'r er riu z grJ riu1j14 n-n 6 a

o ilrlr"fi1uni..trdEr,rr?i'r€iqnFurinar,rn-'rlorerrirrtiu center sump rioryordna9

#ennrin6oq n fluEin nrun-oii'r:s'rttlt*a nFir 11n
!o99

o ri rbid% n-{ r 6 u { i r a 0 a 1 n a n fl u ei n n r 0 fi'{ o 0 ntill uuur : a u "'} z a u #'i r'i o
- Jq d -'-ott{iuoFrd{dFlilu{0{H5aflFianuufil,t{a0aaflu8nn'l0n{d'l:i 1q I

una-?aEi'r,rr?iuyrn,irr{iusr-orlzin-,:drvriud'nrfiuzufinfirudfifiarutnfirfiu 1oo atnrrantflaaqo

finr:riluurufilun-,:r6a':rfln\ra'rnaa{urinar'tfi'oaon"lriluuur:au lzaun-{14iEtJ#{n-.J vrBatu
aA i u a o q ug

n : ru 11 d n 1 yl Fl 14u: t? flJ Fr { n fl t ? }J n 1: ?1 ? n F} ? Fr{ vr Ltfl'l n d'r 3..l 1: n r 1 5: u u n 1 l 5 r u 1 u n 1 8 t % fl f t 1-t

q r 6Yu i r o d 6 v vl I u d
rilun,:nrir:n Ln- LnarjnfinrrilnrnrdEhrza,:fiir*n-aorlrinr:rfiu 1: 1zo uar:rnlu6tantfrstt

nir: : v Br-u oi r a or ri'o 11 ri n r r ri'ui fi u s o o m m lun : ni fi'': dr : o,: z ur prln ni
9o

39. Primary roof seat 'lun:nin-udT:arzlior floating roof qvrtluri:ufifl0':ri'r*nr:tf;n

n I nz o{zo0 r14 fl?oo nar n n-.:ui rr ruzaozau rlr #o aa a riu il rio o-'1 fi nfirflu6 afi a-e.r#aln a n:'r ri'u
;- 6 qtu o u o ,i

zEfrrn't?l0Flrnut'ln'rflt14n0d'r50\r ESuYl 17, 18,'l 9, un3 2O

40. Secondary roof seats tun:nirj''rarior?Jfia floating roof fi nn",:uBtrrurfielrri'u

a'": urinr:o o n uuu uriitlufinfiia-itn"a-er riari'rz0rr?1n?n'l ulr*fi'rln sn:,:
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orofiirtnrl:ra,rri'flatri'urh*rn6aRoanil:nmnnrrz"rhjtun-,td'i:40 :vuu Roof seat za':n-orir:o':-1t.,

Utio floating roof arofivi't primary trn;. secondary seal tioarofitaflli primary seal li'{fi
,l

riii'r*rinr:o0nLruu S?ilfi t7 , 1a, 1 g, uar 2o
do?ra&'qd

4'l . Supporting legs H:o roof supports luuttn:totat58ndu'l?1 "legs" Lun:ru

ri',rdr:o,rurin floating roof urri*rfur.hn-,:nos6rfinnvorilr#.rnrn-':n:vorel"lilyrtrri'radruruilrn
AY-,or-

v,r0 dil Fr'r:6ua gjriurirtrinz o{11R-0 n1n-i rh no erlunr: E a n uuu In Erurin;zlrirriurirnrirfi:o'r
-7irr-irrnlinz o,:v a*': nrrlr n-,: a a o ar rir f,urrrinv n-:ovfiziar rqrv 6irfliu aoa da-ndru?1rH a'lB?ia0
; , , v , r ai u o 6

rfi a ar rr: nil iu:vnn nrr ilJ do?I00r fr'{ nr n-,: rlr n a u'[Fi' ioru n: nifi rfa{ nr:dss.ruu N n.',: rir: at no r

rirnr:aanan-nluzia..:firfi.u',0;rfu6r uuduri',:un-ru#rnrrl'ro-,:noaodlurirurr.i,raraorn"',:ilr:fiot

din?n Fia n1:r.lfrrifi.:ru luzrusifi ar ri'urfi al#nr:1ziri'r firJ:v fivr 6nrn 6,r4n nr:rJ:*u:vnYuoq

Y - ,v o e v ,o
n?1er d{?tsnu rrir auzo':m R-,:nrrJr n-,,:ao e,qvd'ariliu'h{'nn-rnrrlr ri'.: a oaagjlu:vniuoirrinu'rfisi'r

.Jda niilYr 16

42. Roof drains ri',rdr:a'rflfiBr floating roof orfivia:vuruzs{tfiR?t'Infifl-tFnn-r

dr:a,,rlnurFuviaornmn-rnrn-':rJrnaar.itr.ufrrernrulun-orir:o,:rfiariooonhjffuil#,:n-.:In€Jfiyio

riooanhiri,,rnrst,lonn-f d'):o'rdnfirri.r n-':#u6':ria,rdrrtlufiri'a':fi check vatve rfiaflarri'u
q u - Y , qtu u 3 q, d o

nr:lm a daun #uz osrir sJr*ira"'n #uf,r+r #,r prr #.r r.lr n a ufi fl-ter n n n:rur sa o n"[r] rialun: nifivio
i u a uo - Y

tsuluaa{[]1R?atzoa0?l1,{Fr swivel joint z{flaa0?}0{ytE:vu'r8030ur1EJlun0fl'l50']Frf141,t1l1nz0

rioao,:yia:yrrsrfi nirfiaroyirln"aot tmnrnr ulun-r rir:at pi'un-rto,ttzir:vuuvio:iu'ler?r0$ r14 R?

A.dYr
zl,{il1u0u1.rfia{F}1fi:a5vu'tu00ntun'lu14onn-0rir:artpi' uonornrflrinr:finn&,: emergency

. ,; - .i r s ;
drains (43!yl 1 6) nUn{f,l:a{zt%a floating roof ylttlu pontoon-type roof lziln1,{L}60fa1n

rJnfiuai'r:vn-utir#uoralr*n-trir:o':arogi6,,:nir:;ri'uri,rlr*ur*ro-unrn-':r.hnaa (rBt:ruzotlrt#,:

nr rlr n-,: n a a ) n-,:riurfi o:v niurir *uuutr,i'o ri',: rlr n o a5,:6hqu?irlfi'r n-{ nr fr'orir n as t-:ut r m-r nt

:ynYuz a,: rr a?n''rBlun-'r dr:or fio; n n uyrufi ri': erdlr#nr ro*lrl*rirlfifi nr:?1sn-nz a{il 00 rvl R?

nrerlurYr dr: an oo n errln uriar*fiuu.r',ufiazau rh fi'': aa B&'r ds dl.r a giuun a-,:nr n-'rri1R s EJ fi''r#u

rlnfi emergency drains aE{!fin?n1ulun-.t ir:0,:orgnrrrrur'rn'[r.JnouirvrufiorrtJu#d'r
; )- d d

t: O\:YIAUFI:'l Ua.J1nil [Fl U']

J,Y-Fnrlofi 2. 1 z%'r F)zo{?1a:su-r a%le1nfi n{ n1 #r tl'r fl o tJ

d1fi :UnnduFt floating roof

Tank Diameter (m) Roof Drain Sizemln

upto20m DN 75

Over 20 m to 60 m DN 1OO

6O m or more DN 150

43. Guide pote ra6a Level gauge pote rirniuri'.:rir:onUfin floating roof ri:utrqj
tv t[luviozur nlr qju o a N Frx:ri'rfll.i''rfi rtluri'r n a a rir ri'uhi'rJr ti'u n o arn fi aufidunrluuur fir ur*r
a i a & - o u6,

tFel:Fl'lfiFlooFlno'r 6nyr-,tEJ-,rarilr:nlii'rtJu dipping socket nio gauge natcrr '[nj'dnn"rel
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44. High-tevet atarm qrJn:nirdaurrfioflaori'r.lnr:dtr.rfinnirudrfrn-'rd'r:a'ror.t#r.tfi't
t

dr:o,t

45. Earthing nr:fl 0tfi'uflrr,iT tflut6a,rfi drnIrU#a.rria'rfi d'0,::vliq:ri{ nr:fi npf,r

*uuf,1flnm:rirj:s,irfi'.rdr:a.16.rr{l*rEardarn"[rilui rrorrrrkiiunr:n::oaaur{Ju:ssrdrf,r
nr a{tuentr ri r arurJ n fi m': alri
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j
ul4Yl 3

R',l}ll:?e{

nl r fn il-r s{'r Er : 6r-0 d1 5 a o

firr uri'i lrurL.t'ar z a'r n r:lzixr n:fnrrl-i Nr n:z 0 
': 
tfi n: rrfi aiprilS ar r n: n r:sir EJ?to0 tfi n'l

vd6rfdddddrrr5ll
zu n Ftfl ru%U IairR uil Rnt:0L:0inu::Inrlar[[.lr.I']u:ruuIFria?1g:vuu?t 1.[d\:vl'r{vroz1,l14 [flrU

ri'rain qrJ:; a,: rilurEolnrr ni z 6rfi x6u*r n frnr u uria nrunr:niluvrratJfrffiriufzr arn6o ry'd'o fi

nrl Fri?e a ou un s 6u#uri'r rnzr-Ji rr n:fifnln-ar n xrn:inr.JE Nr Frizo{ tfi R: rfi eruri'rtlienn:fi

nr pr rlsi'qr n #,: dr:atzur or'[n ni:ilvrro,,r*r#our.: un arrlr€J'ir fi n:r r aa n n #a,r n:o ri'umia'[ri
b a r ot o

riunnrfiou'jrnr:1finrrrudrri'r^uzo,rnr:inuuu static (nr:intlixrn:ornri'rcir:otnl.tunr:in

,r riL,rro rn o: u#: url n':'trJ,[tu^".lrl;u', niq'rfla1:'r.raou rfiuuil:sdrn-t rir:0,: ) a-,:"[rr-:-unrra
ial

rfiafia6':a.rrnn'irnr:inuuu dynamic (:-nr.lBxrn:rriEJilrn:;nil3n'rFr:zorrfia: tziu PD,

Turbine rtJum"u)

o z uirrru arun-r: (tank rarm) nfaar ri'uvir ifr erur6o (;etty) rfi o nr:zurir s

A ra i r u v e d r e r I oa
tiln1:fi'rtJSel'r FllvrQ'rul?t'r0f dllaf fit0a1u00 nil n n06i'l:o{ nin fl1?1.b}t5o nl5Ft{tFtN

tvn:vfirn-:an-r:inlnetr,l''rmritfiry"tl5uG,rruil:;drri',:iir:a,:zo,:arun-o (tank rarm) ggrJfi oz
& .j a, oouxt f,'ro;rtinnr:1z"rvrr-Jin (sounding tape) viiaa.rrnoflufitnaitunr:innTqrum4firafiunra

9o
? -q -; v e o[ud',rrir:aonlufi:vnluitnnrir,:rn+udrririlrflrrirrafiEJ (g3rJfioa) maoorounrilSrurn:rirfi..:

fi nrur ri'u nr:zr*rir erru fi nniruriuln:r6serarq n n,i'r'r o Eifiri'uri'u rir:a,r na-urr ntrr-niuaafirfi 0r

5um
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zia,: n:u ri'rutioal an-,: n rirr fio r q n rirhJ ri'rur runrrJE xr n:fi fi o ginr stun-t dr:o'r riohJHr s nr:lfl

il:; n au ril n't:'tdn'l: f,EU rfi au n-r dr:at (tanx calibration table) rrriaeir':1: fr nr eltfi a

rm nluTa 6tri'fi nr:ninrurdurni a,,:in:r oi'ua o't tt nrnr erlu#,J cir:ota-nlueifivlia al n-:m::od'lin

qrun4fi (temperature sensors) fifirrn'tfi:;nTunrrrS,:1uuri:vri'utri'ilnr:rrurrdafiorrnvtrl''

zu a nr:infi firad E,:nril a{ xr n fi.rdu nr: a a rir.r *avfis xlziufi o rfi ur-J:sRr Gnrvrlunr:i'n nr:

tlN[1 t].tf,\]Nln?t u

:rjfi oa - 4 oaa"q v
dnuruvn r: n n F': nr n::aarin a ruun il n:ra'-i un1 u tuno dr: at 1 o u tv

ta
i o - ; i a o .j -a ;

Fl'to tu14fl N rQ R anr u [1,[0 
'] 

fl'lT 0':r n 3 tE 8Fl n il1nr fln10?11,[{sol

. lunr : inili rur n :nr slun-r rir: a.: or"r u rq'rm#rfi ( gauger) . #unrr ru uri udrrfi ar n :r z a.r

zu a nr:fn'vtrrirrJ-:errn:nr alun-': rir:0{ rrrua; n rir':1n"drdua eiri'u nrre.ra1il1r n [fl?,r'ryFl-lLLa:

rJ:raunr:nizarto-rrrirfi rr-.: n ritrunvnrr erfi nu nr nuruu o nar'r-rrjiarrn:fr fir.rR riont:zrnru
run r ri r1:z o ,ruB6'vrfi riruiufi t nr: pi'r n eir': n-r a rziuri'r+ lr.lu,ia o,rift fiqr fi zu n rfi EJ fi 6 onrrifiig
arxr:noln tfiuki'n:ug n ri"a0 n1N Fl?'r,.*[Juo5,:zr onr atr] n r:6rp rfirtfirfi ndu6,: fizu a n rrruriu
nr n ro n zlu{rJ:v n ou n r:fi n'ot 6 ry r fi ahJtuudz o',:rl: v fivrBnrlnrlunr:o-ornrrrt oln-rl:riazfiu
d,r fit rin r: iu tueirr.lzu n n:snu rionr n ir ffor a ry r R u:r u"[ntugr.Jnrriar n: rfi arir"tr]rninrur

il:; tr au'rfi ,*rnr', nfi'rlo fi zu a n:;vrulurE.r au ria #.r n ar nr rue-ir 6 alriarxr: nin u1dn1?yFr?'t sl

rfluo::ru unr f,iln nlt,ly]'],: nr:d'rtun-o n a.rlri'
I

,trnt.nfi'rofinzotnr:iprr.lia.rrn:s:ru?l.tn'rn tlurrrinyn:rrnfi,rr.fu tailziifiBrornro-r
o j - 1o -^ t d q u d r & r- aq - J o| r q e

n rirfi ryrJfrrifi':'ruurirfi u{f,qo-tJrfi u:rvirriurun er':a.ruaes 0r.l trno triifi nru nfi r,rlr.rnr:iorrlBrur n:

ri'rurzir*riu n-o#ui:r6,: ra"aryir nrr ar rz-riq un:ifi'Fr'rr e.rdr pi'ru ri'ufloo''arn rir#r*n"'r u m'il,i o ulir

:iltturzo,:ruafin (Type of error) unrttreitrBEf,'rt14nfl a0tJ#, 1sorr."s of error)lnlr

:rJttuuzaoEJafin (Type of error)

[i'ry! a trli{il n fi nz or nr:iorl3 rur n: n:r:n;dru:ullr nz otzu ff n nlruriilln: r fi s e.r iziurii

niufi u. fi rz a rn6 oruufi u r{}uol"'u o o n r{lu s rJ:v unvrlrn qj r n-r er ri'u6 o
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1. BJafianivu?un1:?-o (Parasitic Error uia spurious Error) ei:utnqjr,tu'j.lilafiFt

^ la r i. t 6t eo
?Jl.$Fll{Slnl df e.J'l n il R zu F} n53U'lUn1:'l nrn nalnil n t} nil 0l3Y1F}M4Un1l',l Fr 0 gEla tuutJ aal n 8yl'l

nT:in rziu eirurunnr:{nfin, rn':oufiaarJn:nirirrrufialilfii0rfiermraogin':aorql?itnBo,rfia
"[riqnn"'a,rrnru1vflNn:un-nuruvr1.r Spurious.uo, d'nionn'iru1'jrr.lfrriinr:inri'rsF]?1Nfi4

flarnflaernri:aeir':1pi'uri airurirri'rrnzur*,rrli, (sounding tape) firrhJ rziuirr::ri'unrrrar

fl,Iao{lflfl?nrs'lurY':dr:or:ln'o^:':tvirri'u t z-s rrn:uirieirurrnyriufinzunr{lu t g.z rern: nBa
e t, - J v v rv d 6 6 t

rllJuaS'tl.{F}? tR?JUl.[[Fn 8f ? A 0 il]ln N 
'J 

Ayi fl1Afi50 O1UA'l IRil n n A E{ [rFlU1{r n zu F} n t?jun1,[ F}? U

: u * )). a .]
r?1al+flrn Idlrurnvrrir':rt,ta R n n d ttRrrn urd'0,:nlunr:inil3rrn: n-,t rir:arun;rirurruil-:urn:

-cc

ogiflurJ:r,i'rttnvv,r0vri'ruforynrnrogdr.:BnonqufiFlarar0'rt*NlnnanriJurJ:v,irfilnraor

d'lNlinfl''{rnar[n:F]:?rda!fl']zuRfian-0neirrlri'rriaoarnzunfino-rncirrriaua"rrfinirdrurua.rrnq

aualatnrafi a #': rn srlriluf,un aunr: nirurrunrilS errn: n-triunr nr:ruflrumr dlm na awJ a fi a
909

rJ:; tnmdr: r filt o flr r r: n fi6'n n r: iin"izlsi'ri'r s n r:o'n:v rfl ar n r:ilfru-fitrirun r,fr'rn #r fi {rJfrl-fi
r'r14 Ineli'nl#fitd'rvr.i'rfiadrtr.iouqiru:u z prurirnr:inrrrir^r.uo.rfiairr*tn-orn,rJ;ruo,

;--;ti-
tFl500?Fro[ufiRa] t?rEr1n1:Fl:?ad0u,Jnn1:a11.[Fllu {nuuRsnu?ldoaaRaf fl50rLnna1{n.},i9o

arr ntfiunrr I rtluqS,rri ohi rioua:il atn rfiorirn-r raz ri,r n rir:hlriru:ruurili xr nin1ul.un-{
1

i - , )adt:00 n?s lrl Fr1.izu n ru n il: v tnrfin- ar arr: n an a',:bir.io EJnofl6olrifi nr,^rnr orlpr"6 n riolr-]

z. ruafin:suu (systematic Error) u6a nironfi (eias) ttlunr:uiu'tLuuann-'t:

rittruzat tnio'l #': n:':in a eir,: a dr taa.r a unrrtlu:y rfi EJu ni o rfi o nr:r-n n:;rirnr aln-f,nl?y
ei ,? .jr ,- - E)u .ji
hlaut?tvlFl'r!iNr[unlfiufiuxe.toutnu uria{F},,]"[dFirrunnr:innofivr-,rrirrJEnrrurrnyrnio,,:nrura

tunrarotil fi auurj n ,:trJ ufi a rt aulz rrj fi eulil n-':odroaor r.rn fi n uririri l ri'urinr: aou rfi Eru fi'.l

;ir:a':lrifinrrrer uriurir n n d'o': rvirfi nr: n-,:#urfiorir nr:inr unvrirur ruilBrur m:nr alr*ri',r iir: o,:

{ olrill n z o.r li al r n : ar r n nE o *a s r fi u n r r x rtl uoE,:

fi 1n t:11il f, r N r : n ?1r ,J n fi n : vuul n"ririr fi a fi r r: ru r u n'r'ir zu a fi n n:,: n rir: fifi eir u f; n r.ia s
.i a v t { r 

'a 
u6q u o d 6t 6 I ; "ui a lvtriu nu a1n?1e.,i irjiiriuar r:rt rilfru*fr'tiizunfi n:suu fi o rtluzu n fi n cie.rrfi ovir nr: riruu+rr nr

n:rutriituuau ttriri'rnrnfiqr:rurtt#?'ir0Jnfrrror-,rnri'r:rifirirruTnufiarfis'lniunirn:ulriuriu

drlr{rl:rtfiurir zu afi n:vuuun:rirtrjrior:rurtfiarir nr:rirurrurr Fr?lerleiRriurirza.rnr:in

lun:rizo':n-trir:o.rfirziurfia:ri'u Insvr-r'tr]#nyru'irzuafinfirfinfluryfiomnrnrhllufin
a&vllntn€J? 1.i1.{tl N'r sFr?1e-r'irnr ninr-li rur n:aoo #,: rir:a': un"r rfi Brzu n fi rrlrrEJa y rrdn.:il-:tr niNr n

66,-iuo
tnun'l'lN tiluo:,:r:: rit-tzo,: tr n:nr s'f un-t air:arfi:ypi'unrir rrn":ifiorir nr:inrfi:yri'r dufi rrn n

t u , ,d 6 d,
n r': nua a n lil fr o; rt a o':ili elr n: tfiunrr a.rrfluq-:{fiIn:r rriu nrr }J d0za{z]or ru nrnr slun-r dr: o.:

oo

ri'':riutln fi u#:lriria Eir^ru ?'r:r ri'rz ar rr n: nr EJTun-0 ri r: o,:finrr er a,rnriobizu n fi nil-:arrn:arr n

n'irpi'rrjBe.rrn:oB':tuzruv:: nYuza.: ur nrnr Erlun-,r dr:oofi 6 n n':r uior,ri':fiu, n riro ri'uhi'zunfiBr

rlixrn:r.t'aFJ n'ir rirr]i a.rr n:qir n,: Errr Flfi'[ril-'irm'r?irnrl nr',r# rr r-r r?r N f,r?t0{ []r fl?n1EJ9a
Fl uo - .i * v - ; t q dtun,:rir:o'rri'rsurilTnttnvtnEaaTnoruunfiri:unrrr:r*.ror:;i,ruRyrfia,:n:':odro"[:ffnrxfi1ri

d'tilr:n a F) zu R fi nfi r fi nqr n ru n fi n z o o :yurl (system error) "[n-

nnfior:vurrtJuzunfinfiu:r0radrN15o14'rflrryrrtki'unviritd'uiorornrunfior:yuuriasfi
I

rir16nr.ioEJurnfi #,: rn n ufiutri'#er rqulunr:riiu:ru6nyr",rn nfi n:ruu#noyriluzunfrnlufinnrr
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TANK DISTORTION ,-\".*

-\---j11::3111g!4, Borrom

\ \
\l{l-lll}tt !/t- l::::L

:rJfi os nr:rinui'elrzarn-r6irra{LrasnlirlirFi?za0r.r#0n-,rtfia#,:d'r:atnn'lziorr.tU-

d'tto0rm a?flr atun-rrir:0,:riorirrrinfl o{u ortfln?fi n nri'ua-ein"rarziuri'u ei,,: zu nhi'ru n n1: dolJ

rfiuuff:air:orfinnnrntpi',j'lu1rtnfi1n1:dEUrfiuL[tuuu?ir fry catioration) fioovnri'rrluuvr

narhJ lrrrd'rillrnnorlrynrn-,:nei'rrhirfaun.:"to"rrnrirnlrf,ou[fiuuur-Luttlsn (wet

calibration)

goi.tom Defoimation (d =.2e, et height by design camber)

,) - J d , A -Aqta' d
Til 14 7 o n -r i u Fl t1J u ? t 6 u : tJ r : t z o't v't un': r LN [U 1,t5 i t1J uuq{

at n n 1:r Fl flou unv fi n n 1N ri fl n'r:flourfiuu fft air: orzur ortn ni:dyr:r uurn&':lru'ir

druruarrnn'ir so o/o ?rorrfl'rrn'r:finrfi-srfiun-{ (totat ftoor distortior) orunlrir:a.rartfiodu
o , b t.iv ,o o u o L -'tuzir.r 

n-,: rrrifi'la-ifizo,rty arnr alun-r: dr:o{a}$nrivr{ivFIUz anlfi n?nrslun-': rir:ot at 2 tN Fn
a

uin(?na1nv'rr,ln{) floalJrr-rnrirrfitrruarur:nldtsr'ri'un-trir:aomnzu'rrn.rrirrn unvn'm
-Jq-o"lv.jaanttuu0\1f,1:on a?EJtfi Fl1t14'l n m't d'lN'l:n:nu15sFluzt8stfi nxn'lu ll,{fl{ d1:0{ tFrm:3 nu n?'}N

d{ 2 rilmrarnrfilun-tdr:o$nnsn?i?{:seJv[?a'rn1:lzitrufr'.r t5'rf,1il'']rnnnanrltmianan:rvru

t o{ nrrfinldurza':rfi"u#,:dt riahinr:r': n1: dautfisur.J:s,irfi',: fi nr.r aralilIri'
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or n zia a-t tn n fi n rir:lilud avnirfi rirurur r:r6,: arrur:n*r ru an'r:fi nr*rri'r n rirr rur

rJ:ya n oinr:aaurfiau fi',:ii'r:0,:aur prlmni:lyr:,trrurn'':Tn a nr:rJ:yaxrj::d'ru:iluuunr:aol1U
dtddrudv&a

tl1EJU5v?1?'10 nlld0UrY',l BUt[UUtuEJn nU nr: flautytuutiuuttntuuA I r:'tdl]t'150yt1n15 flou
ddtauquo^&

tfitiuttuuttJEJnaufi,r:vn''uFl?1s.Ifl0fl4{tfiarnrEJlun-']air:0,:rmfiofiu*-rrj:y*tru 2 r}JFlr e1n
V ; - 3 v d o,r

riufi n'lr n d'r n-nf,ulil d']N1:nrii n1:fl0utfi0uuuu urirrln afirafinrrcfinrriouluzaurznfi

dlerrr n eJa N'i-uLi'mr n fi',: eir: a{finr:f,nuiEr'l

nr:rjnrdarzotri'tair:o,ta-':f,'rilr:ntfiari'uarrio#,: (tank shett)'[riSnri'rslnaleyl'tEo-{

air:o':zt fiBrtd''cnrnos (floating roof tank) (3ilfi 71 ) n-nurusnr:rlnrds:ao,rn1.r',lri'oduod

ri'u:vriunrr N fl04a{fl o{tfi n?uasn?1N141.r'rrr1.r1.r?r0{[r a?nr stl6n-',reir:o,rriufiarfir,u:on:rrii

rurJ:riun r a.r n ?1 il drz a{ tfi n?

p=pgh

P = Fl'l'ls{Ftlu

p = Fl?''lNfi l.lrrtuunr slun-,: rir:o':

h = Fl ?'t N fl r1 z 0 \t t fi fl ? n 1 EJ1 u n-r: in o r n fii n-t d r : a,t

dr

ttrinr:aoutfrsuttulii}annnonzir.:nrtal6tza.:n-':driE{ufiF}tla''rn'laafl (floating roof tank)
.J.J

d'len:n an ilfi fi n tfiouorn nr:flntfisrzat nri': n-o eir:a,rbi' rrrin"arhi'nrrxauto'za.: pirunu':

zo{ dip plate ri'u stilling wett 'jrrafiu:nrlnr"la.iu]6auur]auluvi,roirunriouag:sa:u

SHELL DISTORTION

0€FLaCIloH md

FLOATING ROOF TANX
tlElGHI 22m DIA-91. I.m

r.rriri n rfi'a:rfia3rJvr:,:duaqin-u::nIun?1al dnza{tmnrnralun-oei1:a{ttas
.j r q -o

Fl ? 1 N n 1 { A 1 ty'l'l s u a { a a { tfi a ? fl u 5 5 { a B n 1 €J tl{ O { fl 1 : A{
qo

€
E

=
o.€o

:rJfi z r

79



90a9
aio air:aoufr qxd-onraau (ftoating roof tank)

a"afifamfi':aot fi'uair:4,:aur qtyrd:ilyr:o uur n"rfirilum a'',:nr ao a fi 6 o flo'r riunr:rfi n

regu:r*rfluarfia (vortex) 1*r*rfiqrr.'0tfifl?0ona1n#'rrir:auriarornm#,:nrnaafinagjnlu

fi:n#rzauru n?m n aF) r? n1 uri,firoo.nr.lr n-rfi nr: naerfr'raduuaourm a:fiu::rnr Ellun-o d;iro
c

-v,Frsl{un'l:E uflu'r?0: nur6afi nrrru,irt{luun vrfiEinrrla'nirui,rri':€Jr?iuri'}i 6 nf,: n'r: uvrufiaou

rmn:rireJilBs.rrn:rvirl:riu rr1N ARCHTMEDE's principre 6uduoqjri'rn'rrerruruuu?r0{zr0{rfin?
& q jY - A qr
riu r luzrusfi rirrnrinz otr n': nr a o aa,: n,:ri n aoa r?fl1uns'[ria'irur: nmr rirrJBlrn:fi nn umufi

tdTnrsn:':rfis{ f,'r il1:nfir rir'[nr-qr n nr:riru: ruIn:o airoyr",rrxn rvirriu

fi,tunidrzur oruav'iruruz aoln:': air,r Rr en: nrr'[rirr nSrJuuu ria nir,,:qB,rza,] n-{ eir:o't

rrny'[ri'iunr:rirurruor n qt-ria air,: n-': rir:arfr nr x urilunr,:rJfirifi rui"r i,i'rnr.irfi {rfie:flo,r nr:
rirnr:n:raarurrrruor]rur m nrx3tJituu'jr c an n ei'atq n oia,:m:u ri'unBolai ,', n{*i,rir*#t^uo-,

aroriatvirfiorrunfi orln*tu#urlor,tnr: dourfi uurrnEn ra'rdl-?rnzlflmrinfiln"iuorn zu'zu finInan:,:
g JJ ej r qv u q 9 r v ! ) -yl{1.rt1.[o{a1n tN a r.rlur? ar nr:1a"tr un-u ri'r: a 

'r'[rj 
rrfr zi:r:r errrt ntr.*0 ttR? dn'rvl?]0{vr ff{Fn tt6rr

Y - v 6 ,; - Y' 3 Y ; - t

1,{'tfiunfin{nln0untuaB1,{uun{[?lunu m{1.[0]0[nn{'}nnllfl3f,ilz0nduN, 11:'lu, 1.{1YlFl'l{ag

uur a-onru#tor n rlun n y,i ari rr rirril n-o dr: o,rfi a dluui rrru fifi x: n n urinolilldrl:x rvrn

lvrun:;n-'r ri'rurnnd'lufr*rrr aru,fiauri'orirrao,iir{Jr*ri'aor:?0flnrflHn-{ntiririfiErln:nii--- - \
i a q d r , q .jl ,o, f u - ? ;-

rn5o,:fioln t rni oln:o a irolorfi'lri'[zjzarlpi:o airoz a or a-o nr flo un n o F]eurirvrn r o o suur Rn

n r fi n"a'r ri ri'n a a nhlln"'n ar n

rrn ri'rrir:au g nlfrirrniriu rtnvsjr EJzo.r tl1fl?o a nal nrir n-trir:o,t ,-':rfurirvrinza.r
'ma-,rnrnoafrr;ra''nri'rrn-ulil ttnsts-jfi,inFianr:inxrnrin. usiri'rnrnnn-onrnos6,rfizrntio (teg

support) rfioua-nruinri'r:dufi't rSoriun'jraEjlu criticat 'zone r.i'rn#nto,rr#,:nrnaErfifiuyt

urmnr ntunr:mrili rurniza{ tfi a?fl'r Eilufi'{ 6ir:ar rrloror nrJ':u'r n:z a$ n1: rur ufi ri'r EJfila#n
;,

z a{?1n0n1ru'}il{ n 0 EJNrJrluu rio nr:rirut ruili xr n:nr Ell$fi'o6ir:ao
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za$Fl?n\1 d't: E'1t1'{ al,t] [1] Fl'tu? ru [T{ afllu5il'l al?'00 n$ d'l:Ef d-ra]1: n n::flt Ln u,::r EJ Rrto EJFr
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, i qu , q r r e d
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LnzTr?1'i10 Firfi airuln"arn uuu rlil nurio a:"ro ttnv rirfiiorln"ti,: luz ru cn nr:?FrisEJBar0 tunl Fr

drl'l il fi oi'o{:vrior:rr-rri":rJrfiaoor nrr nin:rarfin zu nrrrrfiu{tfrn#oaorori'r ru ntri'triilirur n:fi
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nli ri'Ifi ila[raunlirta nT"onrto oraauHia dau ufr rJud0 flr:oa

(Selection of the calibration method)

lunr:aor:tfiuufi'{rir:a'rl%fln''nnr:lr0irilroantn, z il:vrnvrlrr} r 6o nr:aaurfiuu

Lruu ttJ u n (Wet calibration) Llav n1: aou tfi u! ttuu rr#,: ( Dry calibration)

1. n'lt6{autfisuuruuriJun (wet catibration). nr:fivr:rlrJBurn:fruvj'oB,rzoorirfi

gnqu#nrdr#.rdr:a.rri'rEJnr:inri'ra:vruurn:in (meter measuring sysrem) nEa fl-tFr'10

Nla5'] (volume standard) rnr#aruri'urirnr:in:soi'unrrerfl':za,:drnrEJlun-{dr:a,tdoinri'rEJ
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yir nr:urilBarrn: Sump fitfifi+nar*rifrl-fi n ii'r urziutfiflr riunr: d0u tfi uL

LtL]U[UEN

rtJr.rfir.ir #,: rn n'ir nr:dou rfi Eruuurl r#{#u n:re.ruriudrduo Eiriu n rr ru uriudrlunr:

y r pi r r a'u: a u ? 0 n-\: ri I : 0 { [i"l o 6': ( R ere re n ce c i rc u m f e ren c e )

ila6: la-rrnrlunrrdouLfiBU#aB ua:rirl#sils#0u

da r fi s : n m x ur r fi a fi o t[ a v F] ?'l at fi n n-a \r *0 B n'i1 n 1 : d a u Lfi aL ttlt u t"il €J n

}[ona1n1,[u\]e.tronr:aaur?1eJUfi0d't:00truuLt?1n1l01a*.1?18t:un?1t[F]nnlf n1,l00n tu tLnv?0n1:

rtFrn Fi'r\roE nhjtziu

't. tnternat diameters method tflunr:in:vsvt#:*,.i'u-IFlt,leinnr,:nrEllun-r#urir:a'r r{JuiSnr:
.j' ; - un,d'?1naufll\]nrderElutflut[R-xlilruarrvaxnilzulan-{6i'l:8u'uu',rn']rur:qlflAi . rtrinoarxr:nl#

tu
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I
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}J dru:ruri'r sIil:rin:ar n arfir rnai m 0-{a'l nil:v}J? a,J n t[6i'?d'r N'r: fifl:il 0 0 n il'l [tJ'Bn1:']r

aaurfiaun-,:eir:otln"tns a"orrtlunr:aautfisuulltrri'.r (ory calibration) 3r-Jrruurfi':

2. Externat strapping Method t{Junr:doutfialtruurr#tfl,:q:fi:rEJavrdEJFIaaF}Fl#a':#lnr:
- -adou ur uu uuu uHru r r:'l{r n eirr:ra nvrd er nli'lr*uvr ria rhl urii6 nr:n-'r n rir:fifi2"e ifi u a gjrfi*

6 a rq-rn !i'r fi {rJ fr r-ifi,: r ud r rtJuri'or tlurJr ulufi 6rfi.: riaut"rr rfi udun:r sfr.:1r*:vv'jr'rtir nr:

dautfisu n-u rir:o't

3. opticat reference tine method (optistrap) t{lui5nr:fi1n-iunr:lilruu1qlnnl5dautfisu

ruljr lnternal diameters method rir-r External Strapping Method (83rJfi zz) t]:vnalriret
, ".J0un5rundlaftJFls

9e
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uFr oDticat otummet r{Junei'a'rdatki'lnan'irn:r*a':aatri'teir:o'r unsiliuzEJra

l ria''nr r o u H fa ar z n d n q-'u ar * r : n rJ iu : r nlut pitri't nr": ; nlu r fi o rir a o n irr n : ? a d o utq;
tt1.t? F} {

6, Aq v-qFl movable scale assembly tlJl.tdFlyl tat!n'l5aan*u!nntBnu5nRtnN 4 na

ufonfiuviuueitmfrnnrru1:nIa,J#0fi'{biloi'r:nnrnrnfiaufidun{a1}.ru1.i?Fr?'rild{
qu 

' d, s i d 6t Y
il o{ n-{ d1T s{1n"0 dr'r #unr uuei'?: nil:rn aun"': arrvi,riansfltqnf,rrrtlufumxr u

f a?' d t ; 
'il1n:1ln€Jfi?iufi[J'rsil'rFri']findoaoirqn (scate interval) odroriaereirulnivirri'u

. f ri j a 6, Y - :J&
1 N il. LFI I ttyr f Lnfi EU { 0 nil a tU }bzufi }.1'r I N1 Fr 5'r Ft 0r Fl i Fl f il1 n n u n?: 0 n1 n un rzil] 1.{

- - 3 - &&&
nU53Fl1J1i,ll.tnU }/l0lia1i}1eJ1Ue{1Fl:'111il4\:el1UiFl11t410[2]'l]1'ldFl optical plummet

; ;3 u uo J -Inrazlrr movable scale assembly d'rN1:nlFI6auylzunnnlilr.lutn-':luttu:fir:ri'ru
- ;; r ' . A - u

n-15fl n na n q?EJtza n0'rn r0'rfi1.[1vtz{0 ul:3a'Iu1.[1r1,lau8'']{ a1{

opTtcAL REFERENCE LtNqUETHOD- EQUIPMENT

-F-'---

ta d s o , 6d

trilyl 72 nlldou!ileiun{d't5o{Ft'lfJ?6 Optical reference line method

o-ptical reference line method (optistrap) rtjunr:aaurfiaurruuun-.rfir:ravnrirrtr*:ra

attEunlulvtnlidautfi'uut[uuu]io (dry catibration) rfio,:ornr{luiSnr:fi[milrsdNri'u,t']uzrt

nr':ior n r arfra rirnunz ar n fl r u-l s ( t-egat Metrotogy)

d9VO. lod
n't I t Fr : EJ al n ? 1 il yt 3 a aI ?, a 0 0 0 6I'r I a 0 n a u m.l n 1 I 6I a u t?l u u

lri'irrtlunr: dou[fi EJU tt!u ttJs nn6o n1:dau rfiBUrruuu]i',i n']:InEu[JFr?1e]y,rioil Fr

d d I u a a d 6t I q q q d ,dt?lilauaBNfl?l{nn18Fia{n}sr.{1ntdstill,tf,?u[firU [LanFi'l{nilaflry1r*:ruayrdunilHnEjau
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r . t 6 *r rir"lrir 6 *r n-o ri a u ga u til' eJ u ( complete f il ling prior to testing)

, i" 6 d q rr d, d u 6t & . 6t r J i
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q

,o , e rd , ; q - J v e - ci
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2. 6ln1uB?Ja,:d'oeir:af (state of the tank)
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u \ ue - & 6 u 4 d I o I v u u i

n,:ar:a,:Fta0[n:unltanF]{F}:udeJ!:nJt[n:?Jl.[8FlF]Flttl.rl,lf,']]J'l:nm10'luLaInn00n1N]11.t'114
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riorn't:dautfiEJu#{;ir:a.:or.Jn:nirir'r "'}n-tneirrn'o':gnr.irn#rrurfinra"',rlmhfoula1ruln'' ' uri

o dr,:t: fi n r n\r'rl.ru10 a d1ifitaifi zu n ria nr: aou ifi au rziu ,:rufirirnraua n ri': eir: ao #otri*n"r

ra5rvraorllnnln'ti'r'rlurr':rJfrl-fi' urifiie-inr:vir'nr:vrrfinruq'ri'unr:aourfiuufi'rlnuiavnu
q

nr: aau rfi a! uuu [{leJn tililvavrirt?in#': n-o rir: o,:d,:vir n"ralnnvfia ruran fi rir unrfinrr ardurir

ln-nrunryrza,:,:rufile.i6naarofinr:uaniauza':fiuururi,:n-'rfrorortlubi' ,,nr',nrl'fi,nrru
9l

riro rfirfiu:ziarri'un-rn-,:;i'r:arf,.tnraturrflvnrEri{onn-,:dr:o':riaw'qnnirrfiuvi',:nrtnn6oasrJlni'I d -':a':n::o"nhi'rtlu':ruanvi'raua':nr:oir,rmtaziartutaar#tdr:a':#*,au?'r oll4dautYlaLn0d1 
5

qr.Jn:nifidrd'rytziu dipping ptate n"a.:ldi:-un1in:?af,au'jrgnfioroi'.rrrfi.:u:o#untlfi
q

:vri-urialri ,i'ntr{firianfi'aerrirriuioan:orriufiarviaflo,:nr:uJfieru:vrr-rflooi'rfl0{ dipping

plate

s. nr:rirnarxasatnd''oair:ao (Tank cteaning)

n-t rir: a.: n"aoln"iu n r: #r':rir nrrer dvar n n"arlrirr fiorrtrcfi,r anil: nnE oln aun: e.r ri'r,:
, o q & - i - & f e y - ; A v \vu

0 8n1u Lun'l a ut.l tFrFrfl'} Fl vtf u: t? rufl1{n{ rtav il}t0 0 0 :rtyt,: In:t dfr': rir auytrZ ail Fr1{ linu
,' ! o <i r

LFIt0 d:1\:nrs iun^razrerlunr: rio air,tzio n trar n-,: rir: o,: rrnyln:r air,:lnfilriai'oo nr:n6olriloi'
lvw " ! Y 

'q, 
eq , a u o 6t .j00nttuu L?n0'lmln't::sa0n [U t]114Nn nr:tz't tUnru Lunf dlTa0rn{alnyl'tFr?'tnay0r0itiluyt

a j- -; 6)t:8U:08n')NZ0nlyUFlttl.tclA'iil a\l API [tRvn0f eJdnly,l?1t41fl]t'lmryU4un,:ru[UnrndUrX

flt ar1: n rz-rao n ua:odnr ulun-o rir:o':'ln"o dr,,rr.ln o nn-sleralaioi'o'rlzftniorzi: uHr ulo n nanau

anrr;nr s'Luri',r eir:o': ri'o,:lrio dnr alur n rurifi rialu'tfi n nr: n n fi orlyim6alo nr ao n fi nh^lki' rLn I
ttluh.lnrt#aritrurrri'aofiurt'ozo,:rj:nvrrt 

c 1
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4. n1:6'afirqrJn:nidru?uFl?'lsJ6lyFlan'lunr:dfrrifioru td'"raot#'rri,:atnr::tri'

nrio1.[tFl:1ir{nr rl n'l't l.ttmrtrr nat ttriu'l''rnrirfi

- nr :6'nrtri'fi ldfi r rra': a'ir': uutt Explosion proof

- -S vq- qnflrlnro lu[n
- fi 'r n ru u n : rfl a a r n 1 r d a u rfi s u uru u rfl a n td'r z o.: #t d r : o.: ria o d'n : ru u *r rfu u

ilE xr ru tinr q runrlqrtJuldn']N Fl?1Ntrt"ot nr:zo.: rd'rnrirfi ry1Jfr#fi':ru
, J v -.- mo elt't tll0 n15531J'181.[la 0na1n n{ d'l:E'J

- 6ur rvirfi tmrrvaarrrnr,irrtlurianr:rJfrl-fitru
t - u )u,--o 6 d .-t^^- ;;"

uanornfird'rr#rfi{tJfru-fi,t1ufiFr'r:rFn:vrng:rtfiauF}?'rililnoFrn-uzo':antufrffnrorunrEJ

lzir.ui'u tzi u n r : dr I r al'l n fi : n-o : a o rvi'r fl : d'EJ rfl u n"u

. j d I q,!a, "j .is '?ee.5. ta n d,l: ttuu $Uailfrn?iil rE n fllr n a tu1,rtu14tr 0{r a a0 Ln:un1: Fl5?0 fl ouY]'l

n':r ru rd'rlo rfi orJ: ylszlridtrir nr:r..lfilG':ru n oanoutfi a n n nttn fi otvl Rr n ttnrn't:tfiel rr nrfi
u 16 6, q , vl a

LilortUuaan iU Int[n

- uzuufiuarrr piruyr.iurnrr *n EJ razil:s,ir fi'{ n a o nraupirtuvutzTa riaviarir rriialtitu

n r : a a u u fi er u u a v vi a r.ir d r r :-u n r : ri'u tlnr fi .:

uur.r uilaurit rir: a,:fi fizia u n tfi srn o irnrtfi a:'i'o'r ri'u nr:rir':ru fi,: rruu*rJ nufilz"

lunr:riaai'rrn-*rir:ar*Rvnr:rtluuuuuilauafirrrrfiauai"r':o-:'r (as buitt) Ins

lruuurilRun-,:ncir:nr:n:aunna.rforuntziu ?lt.traunsn'l''1rufi1.['r?rodtrriurnfin
1q

annular plate, bottom plates, shell rings, zr*rnttRvrirttrutzo't dipping plate,

n n o nouoiln: nir]:v,ir n-'r dr: atvtt:nt alun-':trarnrau0 n o-r, zuroruar sir umu.t
9

aE{ manhole, n'r:oonLtuu?la$}1fl-fnin-':, vio suction unr discharge rtJuri'u
od
lun:niao.rsi'urir:aozriormn-tnrrlrti'tnos (floating roor) riu ttuuuilaufinr:

m:ru"lorirrj :tsav16ernzor floating roof, roof supports mia suppoi: legs, n'15

r.Jiu:vavzat roof supports, zlfinttnvzilinflo{ Seals :ouilaurn-.tnrti.:, dipping

socket, dipping tube, zr.t'rFrunvoiltrrir:20{ roof drain ttlud'u uanornd'rn'rnfi
. Y - J-

finn1:a1'6?ruil o{141?1unzEnfiflf nlnf dl5a{Z}6a floating roof 8{a

:ruudr afiurj:v,ir fi'r rir:o'r

,*,nr',nrl'r',nr{Jun-rdr:orrrir sirurnutfirtjuoiruyur:vriluii'r,:6rfinr:L.i':-rnT:
-;rddq

Fr:?0 dou a?utvr0 n:?a dau nr:rr] fi at*uil n.:aat:rriu'irfi mta"[ei rfi orfi au ri'u
-J:5 nuila0uurN 0r1n'15 d0u r11e,u

I

o. *uur.la{erfi drrfl utunr:aaurfi uu nr:rn':axl{}i'nfarr.iufi nrunnr:rir':ru

rzir*rruurnloier n r:1lufi nfi rtuav r.ir urur n-': rir:otrt ao oraurir irmu': rir ni'rg rrziu dipping ptate

mEa manhote h.tnr:uiufinzunnr:rirorula.i,irrflun"o,:q:rflunr:rTufintu:riuuuza':n-r#nu:

nr:':rn:il n irr 1 r-iruo n oir uur.l,,: ua;firtyrr': riuirdr rtluuavitJuzi, ry #o Aulr*nr:rJfrlG
o I , q.9ed

{tt,r[%Flr.] Fr0 tu tF] o n n?EJ rn:rril n fi trri':ri'rr air:awr #,:tr n aou tfiar n-o darr'ou#rrr n n-': eir:a':"[ri

^ 
L d d 6 q , q ua dt a o d 5) rd S

r.rnr::rm:0 rfl u141fl ndlillT n Ll \1'tu tn n{ 1 0 u a0r1n15f, au [me,u tfl e{8nn50
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I
d

u1414 5
vud

n']5? FtSU FtU?J A 0 tfi A? O? U3{ A

(Manual Level Gauging)

nr: a au rfiar rit eir:o':aur nln r!3rjn:0,,r*',ri'o fi ri'ruin qrJ:: ao rirfi obi'ln-nr:r,r d 0u

rfiaur]:;s:rriidr:ar nr:fio;bi'nr:rraourfiaur finnn"'ouruaiurhfrriorfiar..rnnr:inrirrjBxrru
jy Y ii u t vte .i "'l,rFrErnr:rnufiruflrnurz-oorir'rto"'runrra.iudrun:rruau'rilnn1:?FrF1{nrirrhlrirurru fin:rrirri'ra

i5nr:fignn''a.r r,r'0fitfioln'tr;nnnrrarfr'ruvlh5:rn'jrrnrrard,:zo,::srir-rzo0rfifl?n1Er'turi',,rdT:a.r
i-qvoadririli arr n:ao.: rr arfiu::qaB.r nr:in:vnn n?r N f,02 0nrr nrnr EJluri'i dr:arlunr:a a! rfr €Jrl

6rn::rirn,:afia (r'i'rn#rfir) qnrfiau'jrnren:nrJfrl-filn",irulildrsrnruavlri'nirqnra"'a,r*riurjr
'61 

ro u6 y v d I o 6)

rrn"luvrr,:rJfru*frnr n aur e.rtrn":fin nr arJo,i'EJ fi zu n n a Fir Fr?r ]J rt]i1{dr'lunr:inrrrrx6,:zot:rnr

zanrfl n?nr ulurio rir:o.r nrt ruiuR;n'ri x rzirlo fi,ri 6 nr:in:v nluza,: rr arnr ertwiu ri',rro ri'ru
d a 6t ,i ) w q o 3 ,^ --.j u Lq u-
u oq{i!ut5 0{?1F} o\r?r1Fl't'r N til r ta n{fluqrt,+n1:lflu nnnn n0r::?Nr{ LB:un'rirln r.luauruylnu:

rfi EJ,in o rio nr:rJ frfi6rruaBr ,r, nr'',nrfu-o oi'a,: fi rirr u iunv nrr r rdt'lo fir nr:rda n sounding
; - 

. 6 q o eo

rape 14ryril-tiitiln!0'rl,rzfinrtnflorrrrvdN, d'rilr:nri',ri',rirrrnirzarrmn:nrslun-r6ir:a,rvru

fifinr:sirazarrrn:rzirvEaqoraonrialai, nr:inrEorrri'rurl:6utrziuarun4fiz0{tmn?niu
q v i i u 6r . J ''i. dt u6l d - A
lunon'::rrnr:rnnonrrarn:JFlu tiluDrla f,{rrn'rua]tUl,{Fla,lyt'}Ft?tNtzltao{tylFituFltu0\tFl1.[

I

u tY j 
' q u^

ttil[tFrz1.6F]0l-rn-l:ufluF]f lEl "l11ElQna LfitnnzEruallnlaau1{?uLr5f t2l1{ n1:'lFt:uFlullE0rfi6r?

1u#,: iir:a,,:.fi n n-',: fi rtlur':a ofi arr lfi nfiutrilr+nirrJfrl-fi?11n nlun-r fi n-,: ri'r: ari'ir+?%il'r nsrl u
' 3 e us d I e

uanalniln'r:iun:tz"rlofioo':ri'rl:vnauln:,:nir':n-rrir:o':fittlr.tR.:fin"aom:ru, rir

riurr rirr tlunr:in unru:ufin run fi n'r:vri'r1J lrirziuriunrr Nfi afl nr az ar n1:u:l*fin,J nn1:;Fr

:r ruyrer nr:riru? nJm1Fi1fi fr'{a'r n nr:in a1o fi nn nr ntd'n,r orziuriu

6,:a:rj'tn-'irnr:aarrfiuun-{6iria.rrLUUrflanrianr5flourfiuurrurrrniluziun0ufifi
9

n1iy1'r sump zo{n-0air:0,:rfu ,i-rrtjuri'orrfia:ziaori'rnr:ior:vri'uzatrfinrnrulun-{rir:o':rirer

fiortlurirri'ry unr fi ru asia nm u n n r.i'ar uiludr a eiro err nlunr:aaurfi EJ! n-t 6ir:a,l

'Ao,Cri auzu no ai'ri o o?ru'l Fl tu r$:ilvr:o trur rio ( erior to approaching the tank)

riautoltm#rfi6r+n-'rrir:atrfiarirnr:irr:;niunrrnd.:ao,:rma:ri:erfianrEJlufi',rrir:a,:dr
6t , J .j - A e r - J A- q,o u qe

tU1.$0 EJrr rJ{yln'r ry'lT'ruz a U nfluS'r1,{rrnrza u a n aururuzaunr dt:0.:yrFl ar [Urit nr:r n Ior rrn

. ar:-)0daurfisrfi',:rir:a,: (tanx catibration tabte) qfurfitrrioufioyyirnt:aau
d v q , - -, ) q u, aryluun{fl't:a{ (ntN) Z{v,lEar lxz0NRytTlUn0 reference height, maximum safe

f illing height, sir ututfirir n r:in:rniu, nerr EJ tRa n-{ 6ir:a,rfi m"'o': r6urro"tr.Jfn,

87



ufinn-trir:a,:'jrrtJurruuln cone roof, ftoating roof miartuunnrt:vt'irt cone roof

ri'u ttoating root rtJr*ri'u

nr:vir nrr xrfrrlq fi{:c!uviafiria rdaer ri'uri'tdr:0,:truriooi',unu':zo,rrrri:fifirrsrtr
vyhryrl.,rF) ltnr:'ri?nn airr douwudrfi nr:irlnnzoodr o o nqr n fr'o dr:ooz rurfir nr:
aou rfiuuo vln-rir nr: n:ra n ouTn"'ir"tr n oanhJtr.lfidrr{1nunv drxr:n rir rfir*nr:

ruri'lztd'vrlunr: ruri'rrr d'r nr:fi rn6oorrr uudnroir umur-r-ln z i-r] n li' rrfi a

d1il1: n n:?a d0u dorl.rvnr:tlBr - rtloao,:rr dr"[n"zruvrJfrtifi,rru

nt n n-r rir: a,ril:v n ou ri'r s#r n:u (agitator) n"'0,: #ultdr rnE a.r n-o n eirelilid'rttn
r ' d 6 -rr:rilnfr'rnrubirirtruri,:#r+nr:in

rFt 5 0 f 1,1',1{'l 1.la u [rn n 1 fl 1 n N n ? 1 il tJ a v! n 1 n il r
u6l*,,6)uo

:iaua o{ t1t fl:nr g lun':f,r: o{ n o{ B o EJo1.[ivFlu Ft?'t NtJu!runr a [t,[n'] f,'ti0.i f,,tu n'l

-Y-'a,Aqdtuflr zu?v114'l:v Fluz 001.$'r1.t0 r!1,t?1v,t0 ta r du n a1,{

. .i . .iou ev
a:xa fl0u d n ru tn-: o': fi a ail n: nirirrrurirr undu fo+rfiIa".rru'[nh:: a nr x nrrru

i1

d'aonr: Li'ruri
dddr1. gauging tape 1150 sounding tape ilR?'rilu'l?11'l8fY{0a0Fr?'l}.ldfza0n{

" & ,, o w &
ar: oo, 6un rur uerr n:lul.r[flil h atzj*nrru rJ n fi rr#r#unil1uil'rF]:'rul.$

6, - i t a u6, &
gauging tape nr: t{Junr: rin rfi o IarvlvirfJufur err uar n :r "til nr:riJu

;oror n ni auln" fiuruiFrul.rFr-:rnrj ffi a': rflullu:arru nB nrtnutdltdtv,t:'l I

(St unit) ua n,r rirrtli+ rer n:, raufi rrurtr rra;fi n fi rar n: r,:r x E rry.l'r"tilao'l

rn r.l fn : r niu n ?r l.,r fl {a I 
': 

[14 n rfilziriuurr zo, 25 nBa 3 o t N n r Fl-? tr ilyj'r

rj":a mild steel r':o stainless stee| nirtil:;xrru t z fiafiralns (t tz
fii ) n-:rvrrl fi a,rki'iu nr:q un:hr*rtri afi u 4 grJfi z s

DIP TAPE (ONUGING TAPE)

3rJfi zs trilin:vn-un't'rNd{?t E{tfinrnrerlurY,rdlia{fl1infin:zamxu"[ri'ratln-r (swivet joint){€

ince t..cutteC
in inchc: iaoe q;oouctcd

in ccntinrcrrcs
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-Y.d2. dn'l1t?to0ri'Nrirnrinriro (dip weight rta gauging bob) nr:yirmramo't
1- ;- -rr fiau rfi aila'lri'unr:rfi nil:snr ahjmr n rfla'lil n:rru ffulnrn; u0 nal n

i rd 6 .j q

finr: n:ro aau'j'rEn fi n ri'uri'r rvrrJ fi:un:zofirn ruuln": au n-r (swiet- hook

trio swivel-snap) *liudr':ole-i zurnzo':q'rur.*lrnrinrir,:n-aar{Jutr-Jnrer

z"orirruBt Apt uayzrio tp rrnyzriio iso ,tofi'#t*ru',aNrF]:'tul.r

gauging tape d'acria rrio,: ri'uriuztun ur I Nr n:ruuo{'ruriryrin riro (oip
q

weight 116o gauging bob) Ipruralrsrnz "ElAd" n-o,rrixrirr+ilnruqa
I

Fr1t,lfl'i\rz0{Fr:mrr-itruln m:r.]fi 74 uriuuyri-r'Lrilflvrrlirr:yri'uF}?'r}Jdr
9 a{

)a v t u

z I 
'l 

rfl n ?r N a x nrrdrr rin 6 n fr n rir rir rnr.J n :rifi z sq.

DIP WEIGHT (GAUGING BOB)

t=l:l
r.i
t=Lr-
r=l.I=
bi
t:tl
ll

rl_.l.l

--( vr/,\-2ni/t1
rr=
l=
tl
l=
J-=
l=
t5

\ r: /

\EA-_u,
g.au

5Uil -,'y
z + pirl rir r u n ri r.r r yr r.J for : y ri'u n r r ar d,: ria.r rir r #n9{9
, .j v t s uv ;- d t

n ? { ?1 ?1 % n n ? 1 [ z n u z 0 0 t14 n ? yl a] F] ?'t N?1 1.[F] d,t n ? 1

,i - 7:rJfr z s or"'arr.irnrin riro irr]io :yniu' 
^r'',uou 

(ruu:r.irlzi)

I .J or3. r.i'r EJrr1fi ol?irru n LrflrrrFiuz orfl o0 rr a?flr u'lun-r 6ir:o': ri'uar nr rl
oe , Y ugi d,
tufl u o'1u1{111 n iryu In nla tilunr:! : rr eL n

;"4. rFl14r.r"'ryi1a?1er dva1aa-?r11r-Jipr:vnlu nrrr *.,rfl{z 0rrfi fl?

5. rn6a,rinorurnfi eirunsrdsnki'o.'l- o.5 "c9a

e r;i ri u-rfi a ui rar.:r um:ru rioufin-r roro:dhn-,: rir: o,:lil ri r nr:fn:: nirz a,:rirnr EJlu

#o n'uriLfi ofl o'r riudun:r erfiarq rfi FrEu"tn- rziulun: nifi or"'0,: n,:hlior:ynludruu
- A 'q " ' .i, u q u ,q J - jo

fi n{ n1 r.i1 n{ n 08200 u [%Frrttfi 1,[nrrl'ln0n 0 u tF] n0 uau In nutl?ruy,lun{ E0 [u

il1Av{A
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, 6 6 6' d d 'L 1 d d
15 rr ru nr r n a Tl aro til uu5 l'l ru o r n r fl U nfi 5 a a I o N n 1ll ? tfi RH 1 a il n 1 5 T r til Uil 0 f

d6,f a A u d r r' , 9 o -
zufind'ruritJIn:rfreJilfiFi'r,:agjuirrrufiaaou:arr.l'1n-{no00rorirlr,i'zrnaanEtou

rE a fi ao nEiquteirfi'.r'ril o rio nr:nr slofi'ritludun:r aoia ry'rlfrr.ifi,:ru
J. au1

rfiafion-.rair:oo (At the tank)
, .j - - i.,^-- a uq

n aily] ts'lfir.t't?r H lJ flu n a vzuu14 [a!ir01n\: d't: E{ Fl a\: IFr1.{:0un{ d'15 o$ a fl1f 1r0 EI 1

v d d i v o I ; ; qu q q A
:ouyi{1ily{cm:'r0fl0uf,n1fl[nu5?N20000d'r:0{[nu10u d0vrFl?:tfia?1ildl,ttt[ut:40

Fl :'r a d E u y1 ?J 1 I r n il il : v d r n-'r'i r r{l u #'r ri 1 : a { fi 0i'o 0 n 1 : in oB o

Fr:?0fl0u:vuuflluni1?ri'zo'::ruun-orir:at'irflxu:ninialil rrnn-.r;ir:a':14-ifi

flr s n1{a Fi'ooiuu,fi'.:hi'rq-rzo,r n-,: dr iriun'.rru,iturl'r-urj:thiaxu: nitfi o nrr ertJno Bt
qd

-. i,,- --
n B z a i re 1 fi }r't vr iJ u fl u n {'r 1.[ d a u t?l 8u fl f d'l 5 0 {

)- , d - Y ; -r r n d'{ d 1: a 
': 
fi al-'o ,: vr r n r:in il:; n o r 16 a fi nrsr,: tn5 s {x n:r n u n rr x 6o z 0 { tx n ?

dmlux-fihieiiurir:r ri'u n?r N d{u*ufi nt{rtlu#o ry a ifi a.r si'uriaurir nr:in:v nlu d'ra

fiarinvrirrrJEsrrfiarri'uri#,:qrnrirnr:inrtlufiriuutoau#r #,rfirfiavirn'r:ar?e
;''ci--rdvdq

aala'r'jtn5oo{o niu n nr':ar F}?rNu}lt,lur gnnaanto1ri
,r d d - Y

a:?a dau flfl'1v,lflni Fr1'i]IF]:,1dil0fi a?tru*fi':u:otvlthlvloSan:uu'lYlunz E\1 ta1fi}t'l
) aq, eS a ' Aa,
finE o'tri vr-ofinr: fi tfrrtirfrz o'r e.rtrv n 0u ilt:fr ttluto"rzo't n-t eit: or 5iilfi41: il1

ri': rJ,rlaor. nrr n rtlu,n-,: dr :0,: fi o'r fl nr:1?it'r1.tt,t'rt,iilrn E'ra fi 0 2 o - 30 fl dn'tvl
I

?JO 0 n-{ 6i'r:0r fi ei'ootvin':r a.r air rYru rziuri'u

n:?ada!eirtrrnu,:firirnr:in ("gauglng point) rziuilnfirtn-:#,tdt:o,tttuu cone
dddvroof qvN 5 gauge hatches Ao 4 nrn:val8l0u?{ul{fiafFl1tin30fl 1 a'lov0g

- - - e' 6 9 ut d
u1,lfl ?ilu a n fl 0 fl Fl?J00r n0 n1u5 [? ilF) :\] n n10 nf a0uua3tfi il [n']'l gauge hatch ?11 0

a9

dip hatch firtlr*rir rurnr.ioin:vnluza': tr nraino; ttJnrdruttavfi: o flx n ?J0tzo{ tfl n?
tJ d,

u5r?run{nfl'r? d'lH:un5ruflorfi0d]58{z}ba floating roof u%0rN110tj1?F}R0Fl

Frl'la.rfi\rzo{ r.Jrir n-tvrio a.rfiIn: o air,:6 n fi n ri'u zuri'r #t via pi'r n eirrqvm: q rirur #.: nr

rl r #r na arJ nra 4orzaovior.ri r: ru ri'uffr iir:aoovn:o ri'r dip ptate rziur6 EJ'r ri'u ti''l
9

dr:a':zlrior cone roof r":anvioBioneir:dr stilling well m6o stand pipe r6a guioe

po t e oi r un u': ri rn iu n ej o u ga u gi ng ta pe 6': a gir-: n ru tm tlau ud a a s { ii #r rT'lo1

tiufinrtnvn::trrupirnrre.r6,,:a'rt6': (reference rreignt) fiil:rngrun-,rdr:o':rBa
^ ia,

ult?rumtul{ gauge hatch Yl:0 dip hatch

Fr:?a dau dJrrurirnr slun-r rir: ovir fi n'r:vlN1.r'r1{ mio rfllu:vna n nr n rfiuh]mB a
3

t e.r

Flr?{doudrlryln-rtrJ rziunrnrtiurn-rnrn-,:r.haoa (floating roor) nrnfirirogjuu

r o-t nrrtririr n'riirur Bao nlm1u u n r': o'Luutt n{.r arqfirflufi.r a nil: nvB o trtu
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r.i
innvfiy no rn fi osr n nr:?io er rrz ar ri',:rialunr:airor.l:vn ar #,: rir:o,r fi,: rr-r n cirr

d'0,:vir nr:auflr a o o nlillrh N n, m:ro aaurir ururaarzr ri'r a-u'ir a eiluoir unutlzl

orr*n': azia *,r utu rtlupi'u

- v ^ i- , - .io nl l m n n { n { n }J tt d Fr f ?1 Fl?l 1 f 7t a { n il ?]yt a illl*ut t'l flJ yr yl 1 n 1 T f, E U lyr BU n \] d'l : 0 fI

- &q vdd ; q L
Hln d'r e.Jr: n sr nrn,r Ira"ff fi ufi o'tri'n:ru'irfirtrrolnrflufi r'tmr.: urtia a x rr nfi au-fi

I- -;
t14 FI te-r1111'nr n::n nu"lillufi rtvrr,:fi rirj:r n au nrTrrt,lvdrrrRy nr:o eitufi rtrr,: rrfia1o

NN

n r : in t s ri'u n ?t N fl 0 ti"t 0 i o ( Rererence height ){
ut&Cur

fi n{ar n riluzun aurtr ru n nir n nirrziro r{u n'}i:n:rFru Frrr a.r 6,r dr,r 6uriu'jrrflu':ru

u:n?t00n'r:;a::ri'rri':erfio d"r#uri'ooelulodr gauging tape nio rounolng tape rrforuri''roj'er

rir,:'irnrinfi'tatr uvt"':u er n'lunr n aur x ri'a,r"tri'iu nr: flor.r rfiauar nrur uvruao.:i5 nBoflr-ir EJ

.i,Ja
trufr ur rfr a fr aunruaruiul o- rr nlalki'ir nr : aou ifi surTre.rlf gauging tape rt o sounding

tape tunr:ior:v riuz E0 rfl R?n1Eiluri'o dr: o.:vt onr:in:rra''uln rifi or.[r r.rn'ir] riru: ru nr: dsu

!r uu a u10 [FlFl?l'] 6t

' J a o q ro r i Y - t / ... 1. rfrarrfr,:druru':zo': gauge hatch ldvirnr:vdousr''a.rr.[rnrinrir'r (oip weight)'

runvn-rrrilin::nlua.rh]llr gauge natcn ri'o.ruukirri'rrvrrlfirtlulan:hi'#nriauur.r

rir-iufru gauge hatch ,orr,roldreiou oip weishts ttnr tape rfrlrJlun-orir:a':

rt''tfirfi ofl o,t ri'unr:rJ n n rl A a uz o.:lrnlfir a fi r,,d (static etectricity) fi orq ifi ndulFi'

6 rt vr-': ci'r zfr a n n n r : u n'i t n-r z o t piettittin ri r': . .
I

fl d a urvr il a u n : r vrJr ei'x ri r o r.ir ri r.in #r ffa flu' d i p pt ate In eJ #{ n'r in ur n :r er 6 r z o,t
I

ars ryrilfn:voi'u pi'r er nrr a.rry rurv f, el Br"rsrziuri'u dr N'l: nn r?a a ou"tri'nr":unr:fi.l

rfiEJoa=N,id: rmdr,rlnnvz or ei'ardrnrin rirt n:vyruriu dip ptate ,-u#r*u-r,a * r-'t

nrirrn"a'rrGsuyl0dNFr?i r{rxririnul"JriJnrnnrnnvi'rrfia'rri'rlillpi'u:90t
.i. i r

rirnr:eirunrn:tnzvtsirttruorirtn5atrNluttlu reference height tJ:;dr#teir:o'r
Y * a , Ar w1 u u d a t - 4ul.r"l t,r:ENrUiuut?tuuFrlmatuInqrntylurn:yauz0{ryln']rmuununln?tnil Zf

t&,&
rf,a{t-tt* name plate ySouu gauge hatch irrirvi'.r z rirriuaoqerri'a.rriumBolri

tl n 6 u i t oiz t a u pi t fi eh u'l rt a't n m il {n e v ffu u a o r ir a a a v fr Fi ;l n il 6 et o ffu u i a
ytnunnsito ffuffuritsittaafla ua noult name ptate uiavu gauge hatcn fi'le.i

, o oi a, ^ inzl;nu 1o NN. oar':tziu"tun:nifirtiun-':a'lroozt,ra cone roof atrizurorlmniriu
,i d u a' a

nr5 r! n uurru nf z 1,t'rar:0 n{flria{ilnt:?tu'lEla??1:Er:a n?R{ tN 0 il nITUT:az0{

rfiarrflrnr EJlufi',r eir:aon-rs:vrYu nrtr a'r:vniunfi.rlniziuri'urioln-tfi n nr:rr]Har*

rurJn,:zorrir reference height fiintntr ifunauaarrfieLuri'rm-::rnzfiuaorragiru

gauge hatch arqrirtn-%ki q3rJfi zo
, i,

fi-lnilu?'r Fn Fr ?r N urr n Fl r{:vr4rr { Fl ryraruqr n trilin rfi al #u rir rrd n{ut,t name
- ' i. e "'

ptate mEouu gauge harch nrnn'jrfirirmuortri'ri'ozioa-,.rtnn'jrarqfiR,rfinz{t',rlrih{
-Yevv.laa, I
rt'anirrrinrir.:a'xnlariuuu dip ptate fl'rnR{finil?'rtrtJuInnu (studge) flrxrri'u

.).
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nlTz %ritEJza{ rr flx r?ir0o nfi',:dr:a.r ar xr:n #': rn mlri'or nrfis':fir1"'arir,:rittinzo':

ar sryrilin:vnlu n:rru riu dip plate rv rtlurfi s'r fi u t nio qlnfl nfi ifi attrj uar fi

rfiu.:lriri'orri',rnrraufieLayrauriri'rnrnfiofiorz{r':rtJufnq ,rir oil: weicnt, sampte
c

can, thermometer rtlufl,u fi':rfi nq r n rs'rnrirfirirn rir.ln.rhjtun-.r rir5 0nz 0Jr

rJfrl-fi,:rufi arqq vfi r fi EJ,i n-t:r a rfi a r1"'ru ritrlin rirr n:vrr g nfir oror n o nh{r'1.'rrrir

fi ufrlofi n fr arartJutri'drn: ninr'',rn riir fi ri'oul#nrr ru a-r Nrrnrer,r'rE6'::*avfa*rntE x
u a r q w. A q

'11il nl:u1,111n 11 LFlll't d\t?tO,1LA A n R{ r?ir"h"tUn-r dr: a.:u'rt daar n n-'r n rir, fi* r,iln
fi'rfirirh{r{lJfru-F oruria rurfi,:: v xirr: vr-': ria v #': r n n'iri'tziuriu

&a?-a-&J,5. nriuun't: n1eliluFl011 1 n0 3 U'lnu0n0uFt:u0u-)01.[08 3 Fll{i}l01i']F}',]

repeatabi lity z o,t nr:inrr Fil reference height

-aniairnfinr:inrrrir reference height riouvrnrrir6':rtJur6arrir#rp*n:,irriludnvr-'r

h{rirrrr':a':nil'rsfl30Ei'ruru'rru gauge hatch iroiirniu,:lnrtJurirrrur.i,:fineiou sounding
q , - Z t ;- u o u \ u i a * ;

tape nthJ n-':riur1nn5,:vrfn:vnuzaotvnrnru'lu#,:qvtFi'rirnr:infionrfiEj'rnnoorfivirnr:in

t4"rpi1 reference height fi r6xvlnni':

REFERENCE HEIGHT

reference
height

trJfi zo nt:nt:rpiunlrelatdrt6,r (Reference height)

n1:?rlivuvin pip

:vuvior (otp) 6o:;urrriluuurai,tarnriuuriu:vnluo-r,:d,: (oip ptate):rwjrtan

:rri'udr,:60 (Dipping datum point) riu:rBiuzorzo,rtrar lrrnflYudtlFn:nn'u"hlo'rulun*l"rri

mrr rr n fi n rrn rrisrx rvr ri aurtirfi'

92



lu n: ni fi ri r n r: a a u rfi s u n-r d r: orr n-,$qr n r fi a.rrir ra-r a #,: d r: o u n: u n I x ili rur n: fi
o q6 | & Y t n L q t

rirnunLiluunarn:r (fitting step votume; ornrfu:anos:valtrn'rdrwirioouaiulqdr:vau

r.i r n'r ab.+ #,r d r : a t rit tt n r a 0 r t n t : 1 Fr 5 ; Fl u Fr ? t N d 0 ?r a,,r r.ir n r ul u nlirnr ulun-,: dr: or iunr:in:v rilr.ir

nru1u#ndr:atflaqrLril'roontn'' z zi:.r6ozirrfi:voiu*rpirn'jr Manhote #rzjr':fi:rriuritO't

n'ir::niu Manhote luzirrfi:rBirriroirn'ir::nh manhote t:rdrxr:nlzirtrllun-,:nfior-r,:rBiu

flo{nlR?fl'reJlun-,r"lnitnsr**',r#r*ror lunr:nrrjia.nrt: sump ririrfian'rrjia.rrr,: .rrp iflud
de-Yq-ca

r5etuiosunrnl:'lnrrFluz001.{1ntuLl,tn0dr:s0arn:vrr,.J1%?1'l{ gauge hatch via dip hatch
; d _ y .! 3 a o , \,,r,"?.j I

rriarqrnrfio:rriurir6rrvlalN-rn?tt,tn0re.rnr:iln manhote n-,riir*r[Jr*1il"lrj"[n"fit:rqrdlNrT0a'rt,l
I u 1 it a .i, 3 vl r-e I

rirrunnt::n:eFr!?t E0r11R'lu% gauging tape r5o sounding tape Ln[nuF,]:t 0n11{u-r LNYl0580

:sErflqEFl:rul{ur* gauging tape n-rndrr n-,rriudruflupio,:vrtmnfintz-rzirstfial#ara.n:n

ruunr[e]r!!1{?::nlrnrrardurauri',fi.lrrnflsdu.x gauging tape flofirnnfirirarElisnr:ri'ruri'u
, quY - A d dt ; -rut* lziurarmruu gauging tape l5rrru?lFnF]?1rs!:vN-]ru?rluur8flaE:r]r?'lrx{lnu01nlFl

Flxi0qj ru uqr?ruF]?rru6,:#uzir,rnri.r rirurr,-,:neir:r:virrJfrnBurriur.hunvu..JFaufiaeir,.rrfiuki'

iln ai,rr:ntrir:rrnxr:ndruunuur:aario:rr.r'jrorirriuarnrfirn-tarn6't gauging tape dulr
r:'ray?1r']1r:yrilnrrxd,:zauri'rnrslr*n-,:ar:a11n- nior:-rarq'lziiSnr:,jrs runr"lri'zunlririr'r

o L a' d r6)e
riuxr n r.rln 6 nvY,r r{Junr:r.l::re-ntri#orfior.ir ur ri,: n eir':fi fi:r nr riaxfrtuu'rrfier'r urilziar-iaru

riruuuri'auvn!'r{ JUr+ gauging tape rirrrufiallnur.irorfi:autnfiarzo':aEr',ooulrlrrl-,u

rfiu"ln'#orrqurziuriu

R,:fi si'a':fi,::::ilun:nilzirirar (gasotine finder paste) ri'alnruu gauging tape 1#

rtlufilrixur,rt lrirnurqurfluhJoufruzluuerruxrm:rauaro,:riuliN'ralnF)T1tili11' 6,rninnr

murour fiutil #':virlr-zo,,rry Rrrfi n n r:z urs fr'rdurira nr:fixf,uutmr,tri"tut-tt*'d.,rrir1r1pi'n-: tnafi
6 q, 

'; 
6tfinlr]qrnFirfinr:rilu n:r]fi 77

DIP (INNAGE GAUGE)

dip
(innage Eauge)

silfr z z n r :ur : v rir n ! r a-r f, 0?l 0 d tt1 a : n r ulun-t dr: a'r ( ol p)
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2)

3)

?6nr: Dipping

tir-a6torduol;-
t ) r,irrivn*rfi s yfi d au gauging tape ri'orrfl udr timu,: rn tir nl ri'r rrru':fr mr:vnu nrr rl

6,:d'r,:6': (reference heigrrt) rn"tti'*fiaarelr:nvirnr:infioirunu.rt6e.rn-,:nrir:ri'rri'u
Y^d,

il n 1 Fr i{ ri u n ttJ uri r rrnu,t ri'r,r 6'r ( ref erence position )

vr r rir s r mi a a{ u u ga ugi n g ta pe lS ur ru d vr or-l : v ru r ruLi"j r : u aiu Fr ? 1 e.r fl 0 z r o ti'. r, r t
a ei fi u E r r ru n-'r n ri r r 1 ri nr 

.: : yn fi %'r y i o u 1 r a u [ fi r,t'lil

,il g"rging tape mejauntlun-':dr:at (lun:niaouufierun-trir:4,:uittltilan) rn-,:
,' Y 6tqrnilAoudrrzTr#rnrt fitling step schedule rtJut':nrdr':njriauin:rnhnxra.td0

(oip) oB.rurid'a,r,i'n1fi gauging tape aqilu:rri'ufi6,rn'jr;:nnarra.r6':d'r.:6'roi,:t

Inarj:ruru t rzufirxn:

ra-,rorn#urioa'lreiau gauging tup" n,rh]lufi'trir:otun;oi'otirula'jrn-:trrifirflu
f u uq u ) r

LRfiu[4f,].r,Jdttl,{utrl.{unu gauge hatch nn0Flt?R-lvlv1u81.t dip weights tLn3 tape

uflrhJlunleir:0,: ,r''.:rfrfiaflo,:flunr:rJnnrinauzo,rir4flrafinri (static electricity)
i - a" q- J ,, \w
fiarorfinEu'[ra, rfiorJAos gauging tape noouLoi'::orr-ltvirnn::nlnrrru6oo'rt6o

(reference height) orn#ubi-:lun gauging tape duvriufiodr'::rnr5r tvl:1rvtrn

rjAaa gauging tape trJodrr::ntErorotfinnr:nrraluilo{uoori'rnrs'lun-':rir:a,:
& qu r ou -;xrtflouut* gauging tape 'ipi'ttn:ri'rzumhilri'runnr:in:rmurlnv'la1r,-) auuilyll

o 
'6) -)tFx uri"lun: nifrz 0{ rfl n']n'r €lluff,t rir:o': fi n?1N}rfia fl,r Nr nfr a rumn fifivir nr:ino9

d d 6 e _ & .i ,,
zo{tfin?a0nRt:ovr.rpr:'DrFr0?r0{,J?}i1*'r?J001}1 R?d0}Jtnni1tutN0lJn0u gauging

' q. - ?' - ;- r Y

tape a0 Lua3vr1,i'rvlA'r?t0f tmn?anlN gauging tape n{1,ll.[flfl{aln?lnNn?n}6'}

mrin#uriari'u dip prate rtlufiriEruiorruii'r,irr{JuFr-o,rfi':urnrti#rajrfialri::niufir

tld'rza.:trn'rn#r6uanrvrrfierluttur:luriaufiav6t gauging.tup". dr.llrrrfiaeit*

rir:rnfu nrrard0?tormn?rialil q;rJfi za

{n z v siu a a t u a o ( ai p ) ul a o it n t u\.u sis h m o zfi nlu a h o ria u s n {o"lu u si a v
,eJ:vet*-Ytoa11gnun21Nf,$ vt\lur^tanllxalvnun'llNd0nainlnnutNLnu 1 Naa[Na,go

nt n a a ait o r1ufi u n h t fi a 6 w n e "l#th n e{aTn *i uri n"'o o: o q u: : niuz o': r.ilr

ouoJ-
n1s t%n{ d't: oo1*ra rr

,i ;- d u
:rjm 78 zE0tmatflaotn''l:?Friln?'llll4uafl{ n0rF}afl
{o

j
r r a r : ; g r fl [u ri a u fi ,: ar a r vr il iot :: ri'u Ft ?.1 il d{
A .i e u i tuq ,

Zuxrrfi a n a a"[fz a{ rfl nrfi,: riot-rhj n'u ar arril
nnuauddnlflssauLaN

4)

s)

-L-_-
/a____/'-"=--=--,/----- -

/- - --
/-.-l := ---.4-\\\\

=---zf \\:-- :--A -\ - iS---l\\\\..

=-:--H\\s\',\\ \ \\\- - -\-\\\\\\1-_:\--\-.\,
\ - _-_- _-sl.'\\ _- - _'ri\:--- - -\

\-----f
\i-=:-\--=
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:sa:un?lil40 (utlage or Height)

:: riu n:r u a'r ( ut tage or Height) 6 o :vavn'rrt 6,:or n fi rnlir:r pi'uzorzar lr n'1fi ,:q n

dr': 6': ( 6 o nr lr rt 6 t d'r': fi 
': ) u u a or z a': n-t d r : a.:

lun:nifir:rtriarrr:ninflr:ysyirr (oip) mBa:y6'rn':,uauuouri nralu#,rdr:oo

rntia oip ptate lrr-rfio,rornrj'rurir,rrirn#nlriare.rr:nfr'r.rriari'u dip ptate ki' r:rara.rr:ny'nyEJr

iorlnrurrrd'oarriranr:nr:vriunrrrudt (uttage or Height) ornriurirrirri"tr.Jnuaonorn:yri''u

n:rx6od'r':6': (reference rreignt) fiovln"rir:;arior (oip) arnFlrrx#ilfiudn-raa.rnt:a"r':eir,:

Reference heigfrt = Dip + g11sgs or Height

nr:?1r:: sr:rrir.: siruvrut a'r':6rfl'r fi rir:r niu n.lr ar 6r ei'r,,r6,,: ( reference neignt) rill

:;rirfi:n#rza{t}1n?r'rEllun-tiir:otn:;rirlnsl# gurgirg't"p" rziurdarriunr:rr:yayin
,d(oip) 8?tJ11 7 e

?6nr:ur:snlu ultug" or tteight
.r;'6,d1) nllll-[FlFnrr141.t{?1A3?1UE1,{ gauging tape U1.{ gauge hatch .n0nruuFlltt]1U{iFru'l

,j
nnsirttrutyrnr::niun:rru6,:d'r'r6'r (reference height) runvln*lzia.irrnrut#tnrirr

rirfl iuin : r fl ,1 n n i* ui a n riJ uoi r ttr u': a"r'r 6'r ( reference position )i
,ydrvty-v1,doyr

2 ) y1'r1.['r EJ'r14 5 0 dU!UA il n?f U1fi 1,[n [3] Fl21vr1fi U114: 0U1f A Urn l.t t!

s) nfr'':ornriuriael tndau gauging tape a,t"[rJlun-':rit:o,tuovn"'a':rulq'jrFl-rrvrr]firiJu
1 q ru - 

'i 
,

InHeLnde]ildtr%utt1,[1,[nu gauge hatch naoF]t?n1?1vlua1-[ dip weights LtRv tapd

rzirtilluri',:dr:a': r[,:fiufiaflotri'unr:ilnnrinoaza'rtviflrafinri (static electricity)
A ^ 3 qu vte - ; t , ' Yfiorrrfinrfiu'lri rfiarJAos gauging tape n':ouloi':v#ufin'rnirn"'arrir'rdrr#n

#nrianlu fittiraanrm arnr olun-',: rir: o': oroorrir flnr:d-{ rn firi o:vu: nt orn rtu
6or,-jfrnrru vrrnr:eirurilFhtnz:vuvu1.t gauging tape fipirttru':a"rtiu (reference

poi nt ) fi 
': 

ri r t n E o o fl x r EJ rtl u ref e re n ce he i gh t il : :,i r n-': ri r :, o tir^ r a r n #ulfi; ! €l n
&udt6

gauging tape flu141{Yr081f :?aL:?
ovattYtT

yl')n'l:u1.[11n Fr l:383:0 uF:ta nu::fi?'h]?J001.t1nu a1nlfiLua e.J n'l\11{'r?11,[n
1

-;t,l'rFl'rFl?iflili;uvur{ gauging tape fisirttrr.i'ro"ro6o (reference point) 6ovirrn6oa

1.1N'rEJ[[l% reference height t-l:rE5rn-':rir:at nun-rsrir:;a;:aBei'nrj'%:rrn-jrwir
v e t Y e 6d r u
riuornrnrusiurir.:riruun nnonr :rnurimu6o (uttage or Height)

:vEJ;;n (oip) firirrvirri'u Reference height - ullage or Height
. & . d . Y - t , g Y: y

l]'tzl*Fr01* 1 ) CI0 6) Ulnu08'101{0u 3 n:0 v1nuilan1l?nlvnunl1Nf,\rna$g

t u v, t a t u O yo
nl,tnulilLnu 1 NAaI.8Jnl fi1nila6,10nulnun'n 'l NaaLNFtl [nn1n151a

?rar uri n-a'r : a o u: s riu z o,: rir n r al u #o ri r : o o fi .r ti,:

4)

s)

6)

7)
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:rJfi zs

J".,"1 rlrlrr-il

ULLAGE (OUTAGE GAUGE)

'lun:nifiinn't'rilfl'.:z a\:1144': (oip) tiltd rziufi sludge

rfi xriun-n dr:a$ ff oraflrrir'uttage ttvlu

DIP BOD

:tlillrllil t ll rrttlttll

ULLASE-BA-D

grJfi ao uvitr-or:vriu?la':tfifl? (oip rocl) *a:rtviain ullage (Utlage rod)
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J
u14?1 6

n1tH1ilBil'rF[r Sump

(Uow to determine the sum volume)

qrnrirfiarilzo.t sump 6orlSalrn:aatn-rdr:0,:uir:ruri'r.rn-,:dr:a,r In€Jqylilfinr:flr

n.lr x #lvilud: vn'irtr-JBxr n: ri'u n':r x auz o,::vri'uza,,: nr n: itria drrln in ar] n fi ud'ry xr a fi,,r

e ,- z 'o
il5ann:za,:rra:noririnlufrunlrrir:aooufirzouuuqnz'a{rrriu:yd'ud'r,:6,: (dip ptate) a00

tv nrluui t:ru n-t n rir':rilo:1rilri'n n1zftrurfi afinr:t#n-,l rir: a,:n""rErur nzu nfi'irlunr:zurirsru fi n

nirudtjln:lfiurgnrirtri"un',ru',,ir*tirot rltturinYumrtoufi,:iln1fl?l'r0 oeirorziur.irel-ufil rn-r
AGvoa

a1n 0 nu a larv?] t,til']ner fl n au d'n rir u:ruuyiomro6,: aro fi R,,: a nrJ: n n"r,: ad unrluz ruyrd a': ri'uaq

s)o"Y-^
n'rEJ t1.{tt,lilr.t'l N1.tFr1J r0r fiorq fi fi'r rf, ailurur ni'rarziuri'u rireiufiuoynn au#n rz"r nr rfiul:*iuri',:
. J ?,- i)- 3 t 6
dr:at tfr a: onr nr:zurir fl"tr] a-'t a nrufifi n"a,: nr:r nl,:cr n fi nr:f,oar s nt izunt u o'to riluii a

' : r u r ia r

La t,lfleJfl:v:0:vuurl ovnrat*a u nu:3 u:r'r1{ r[flrivl]u?r a ?1rr?r NE u 1u:sy'ir,:zurir a rrrinyzir,:qa

runfiraaualarnr:toot]ufi':antJ:nrzirN'rF1''?u n-',r#urfiotrfirn-,trir:ar il aailn'lu?tr':rir#uI

-'dta-i.fiuniozufinnirudilIn:tfiEJerli"r-Hanfinfi,:ttjurrnrurul nr:nna:nEr,lil o{d{raoiluqornozu
9

')t 
.A a u

tuRvevdrdl.l0eifiri'uri'tar:o,t1it0r rEour':ni':mrnfir.irrJutrri'uriraiufiuy6ozufin",irud
o,f - J ' 

y 
' 6 Y - 3 Y ; L Y a rv )

U IFl: ra u ilr].r 0 r? nl ,.nu tU rn n fl1T Ltu n U1*[n nfl l.lu1yrtLu nzilil14fl0Jn n o{dn1.[n{d]:a\1r1.{o{at n

,i',fir,r'',ururuuuennn'jli'rriur6arufinnYrudflln:rfiuN *rn*',nrj'n',:f,nri'rnianr:rfiu3r-1.
A vo - .Jq r qq,' o./

?ts{?lunr t*nnuruvvtle-iarnr:nnrntnr'[n"eiozunln"n':rru#uvliud:rm'irr:tnYunrrnflrzarzs0

tu nrnr etlun-.: eir: a': ri'lrlE e.J'rFri?t Er tr arfiu::onralun-r rir:arzi:,:r{finrrer #err^Tuddi*in ofi urri

-it,lou pi'r srr nfin oqr n 6i1:"[ri"jril-:xr m:a o,: sun rp 6,,rlair, nrir rr 6 nri a rirr*r rulunr:1z7aa a

n-0 6i'rT 00 or-.:riulunr: a:-rt ri': eir:otd,rsi'aolzittu,iruruxr n fi ufi otd'are.n:nla-na ar-li arl a:rr u
o u. qdtu J"[un-orir:ao'[ri'[ra"xinfiqntvirfitrurntnr"drrflun"oroonuuubi'rJ-:e]1n:uaf 

sump firirr.ioufidaq,9
t; dqr t

r1t1?t{YN IFrru]un.l,[

nr:11rilBN-)Eti sump rtJr*io'nr:fin-arFi1rfit.rnr:leiirovrirn'l:fl0urfiEJUuuLrflun

(wet calibration) nGanr:darufiauuruu#r (Dry catibrarion) fiofir:rara#rziaar#€l'irrrn
t:tiinr:daltffalnrutni'.:rrri':r:rrirlxr:rqirrtJun"a,rnrtJBa.rrFl: sump 6nmBa 1is06utu
u uq a" - j

ot': elFl'lr eJ t?ir [t rfl o': pi'uir orn n nuruvfr utyth':':aor n-r eir:arluyrr,:rJfru-fiu#: "lri'ir 
n-'r rir:a,:oy

df-Adt
e.J LFr:{ d:'l{1^,r1.[Q'r 1.ttill*fiua 0t,tni F]rt,tr rflur,r nn uly nin'jr rei'urjrt.tFrilein n1r n-{ nBaoyrtjuro4u

a <! A.a,
tt?1?t,lnat,tn5rirrIa:a,:ileirufirtJuru#,:n-o (concrete watt ring) Inetfiri?LrFt:rnflt\lrtlunr:un

d6t
oFlnl.|arn?1erHlnr,r14'r4 1000/o r:oaroiilunr:dnurr6urniu 1000/o nnoF,l!Br'ltxfirfiuri\]

dr:ot':r,: o d rl ot r ar urid': fir ru'ir fi n-nuru v n;i'ra r ri'r.tfi 6 a rfi alzftr urio eir:a,:hl"tn-:yayrx alrdr
rra'rdurY,rorlrifinrrru:rrriuurufiourziunaurfi':air.:raEqlril 1 unrlurr':n:iflruvrrffrfin6r-l

n d- - .il , oq, d ;.&3 J{1nn15tZ0N}'iun{t00Yl[].ld-1a.l1Tnr1[x:'lut5EJUnnonwln':v'tuntrir:attfrorotnnr:fr.rrrare]Fl
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?rs0Lr,.iulnHrzrurfignrfiaNta-rn-rflri'l,trin;rfiognlzi':ru"tilzlr,r:vavtrnrrfiru#rdun-'rts'rlil:ru

ri aurfi n6utr.J6 n d,:,r, rirfl6o,tJurEa':fiar n xr nlurrorJfrrifitunr:ingr.Jm:':mr': t:zr n rfimzo':

- 
j 

- J r u u 6 r d' 6)e
uirrrufr:rnupirn':errotnuriu:;n1a'r.r6': (oip Ptate) irfiomrlia.rrsr:'tn":;niurtrir.t:vnludr':o'r

nr:urrJiurn: sump ai":si5fio:n6irrluryid6rrflui5nr:fia;rr':nuovbi'nnurrf ofioarni5
i o ,a -af v "inri,:h.mroilfruGInural^rrvururruoiruf':n:rr]nnruziorlttunnrHN'lu (tegat metrology)

n'l : ri 1 H u a r u ri'u ?t o 0 [r si u: r FtYu d'r o 6 o ( n i p p 
r ate )

,i;"
n ouvrov15 xrir nr:vriliru1a i?,a{ sump n?: d:iliva-u n?rildtaaruriu:rri'u ri'ro6g

(oip ptate) hi'uuuourfisriauifiatornnruziorirnufi?t0{ =rrp ri*,r.rirnuprtri'zo1,JU1.rdnza{t
-3uriu:: orlu o"rr fi 

': 
rtJuz.au ra n d\: dflz a0. sum p n"":a rm nfi:s ri'u a?'1il drzortrr.ju:r nil ir"'r': fitn::

rfl u: r ri'u fi a ei ry ri a q n ao a, o ro du#o yr"om r n un mr n ri ry unhifi: v riu ar rfiuhj fiq vlil n Fr
atdt

li xr n: n r:'lzIR o uaoo n-,r rir: ao n-orir*6rdr rtluri'oorrz-a a:rJ::m'irr tfrzou n-e unvr,i'rnr.irfi riau
I

i. 6 d r q, J , 6 qe u <i q
ytnr tuun r: ffou Lvruu n 0 tU rN E d:il;r FllJ Fl?'r 8.l d{?J0r tti.Jt-[:v Fl1J 0'tr 0't In un'] t]^'t0 f,u a? n tl.lynr

rJfrrifinr:rfruuaT#rh controt height yia R"frr"nce height (eaua$toevuitodtuviloaau

dtoilouu dip hatch rivaauuuaaouiluevo1udro6o) frnetuaooei"lusilzaoritfrffluhuau

tintaa 't o ?JN. ,.nrir,r-r,,0:r.J:-u:vnluuriu:vnird'rt6.'rlflri':;ri'uzururi'udufiuaeir,:nn

ri'o,:rvirri'unnanvi':itriuurai':bi'rirnr:fianan!'iaun:nilnEn'triuEsuiaa rir controt height fi

nrln,fi'ei,: fir.l:vluudlunr:liitunr: n:rq alu'ir n-{,i'rrro finr:rrjfi Eruuil a'r:rlvr:'rv':otrinio

drr.JrrnFr:?enou'jrn#tornld"rru#ohJtr'rr:arnfir[finnl:drflr.Jzto\: studge ruuriu:;ri'uei'r,:
.dq.

6o (oip etate) n6oTri Li'dnni'ra

o d.l e - A'[un:nifinrEJTun-':eir:4.:rJ:rnoupr":a deadwood a,:tfiuornfiun-t r:tdrelt:nrirrun
1n-:vpiuz aruriu:rniuti'r46.: a'rndr deadwood riutri,rfi o n p,fl rurr nr:dru:rumi o nr:1zini'rlu

Ionrarialrl urirYrnrn:rn"'urru deadwood niorj':rurn:?,an deadwooo adatn'irivFriufls{

rrriu:v ri'ud'ro 6{fi n-oqr n rirurrumril':rr n:fi:;nluriubi'rr#rd'o': rarrJExr n: ourowooo hl au

o a nqr nil-:llr Fl:z o0 LH n?fi:r nrYunrr x a,: ri''r n eirr r;t"'r u

n'rt ta6 tJ 8r ;uuu,J1a r{n ( ruetering system ) xt o utuu ur ortr

nr:rrrJBrrn:zo{ sump ri'tanr:rriliurn:ttmufiza,:za':trRrnralun-':dr:oortlui6
,- --.j r q u t A a .j i ,- d 6

!6UnVr,:rattnvLa,.Jn[re]1,l8'l1,t'ltu0n0 n1:?nilsN1n:fltt?lul]UlN'lFl: sumpunsn'l:tnanfluFl
i a ' I a d a ro

za{rfi n?r r?1xr: aatoo tflurtarfieir ri'ru rria.rqr nln EJrJ n fi rrn"an-t eir:arrinavfizur nln nior-.:riu

r n:fn rruLJ Nr n:r r[l-urrulIv,r 0 F]?'r il dv n 1 n ttav:

errn:tlunr:rrrJ-:xrn:za'rrnarfi6u#orzirtrltunlrir:0'rttylilfil# prouer tanks fi':atotfia.tt;
- ai a, o 

- 

" J d q t v
ar nlu n: nifi rtluri',r dr:or?t1.{1n rfi n t ei:ilz0{ rx n?fi rmNrv aar ri'r nr:vir,:rufiE ur fi ou'laluu

v .; y-
"drararn" lrio,:drfi ziafi vnrail::nr:r?iu
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F]?lNaFr?lNio1-lN'1n (high heat capacity) utlluxrafl':nrnorumnfinrslun-,:eir:a,:
a ,) r I , q r - Y - v I Y u v r v A
Nn'r:[uflul.lrr!ar [tI14']n Ixelrnun u1u{n{:nulFllolufin}J?]a{ul tFtFla}bzrtntyt

la:
fifi'a.rrJ:vRrrEnr:z u'tun-?Dir (tow coefficient of expansion) ei,:zuatn"rJBxrn:zo,:dr
o ti , - a" d r , ,
fi n r : tr] ff a u rtr] n,: nfi x E uy : a n n R r F) s uzr { no rJ?1 r n fi n r : rr] F s u rril n { 0 il fi n fi

nr:anliN'la:uia,:ornnrreln"u (tow compressibility) n:vrirriarirfiritiaEJ nio
-cytE?1BU A?U0 EJN-l nuutaf

d,;,

tij ua a o rr n r fi : r n r n n, fl 'r.j'r s, 1 ri rfl u #un : r Er ri a ro"'r y #r fi {rJ fr u-fi ,.: r u, r nB a r fi a fi

ld1u n r ::-n , E , rl , 
= 

n , u n-r a : r rr rl ri a,: r fi a r fi u u riu u n 6 a 
': 

o rl n : nifi n'a ,:'lz-rir z o 
':

tra?rufia.riruduln:rfiux 6nni,{'rarianr:rfiui r+r 
I

:vuuNrFli;Flr[uue]1Fl:'t (e;rlfi az fir sa ) odr,:riafln::il:ynoun"':aailn:niuan
qv,

olnlFlaonarnrirttnvfi#::;urEJfi'rz (gas separator with bleeder) fifl-{atn0na-ntrUna0no'ln
Yt u d ; d

1.['r L0uF]?:3rJlUnluFr?:].J gas indicator l:ynEUAUA?8t?\l0d']il',]5nn:?Ad8!nr:::Uta, unSart

nioi";r, rrai:-rJr,r-ri.Jn riouun:y#orfrzlorqrJn:nirtny:rd':fi'un#u (check vatve) un;fidrrir199

6api'rxrn:ina'un:ra.rrfi€J.r ctass o.5 (otML Rt 17) rioudr::urarrn:inn-oneir:rirurtri'mr

ilielm:za,: sump nr:F]i?aflau:vuuNlni;nn:sri'rrziurfiurnlr:uuuN-rn:iafiLi'lunr:aar-r

[]1UU ndU::4fl Ef tYi n? l]tttl,$?1.{0 u }11a'lu t a Lufl?un a.l.[flu]u'9

rirri:r uri ri,:rir nr: rtJr*rirfi arar n fitli xr n: ifi a,:u o ria nr:r-ifr#fi.:ru6': n"or ri')1.r?,u

rli ar n: o eir{F}r-r'r 1 'ir ri'oo n r:,iru':ufi fi n:lunr:rrr]iarr n: sump un v nr: dou rfi EJu 6}$fi
-;.-&iYA-r';,2-

n 0{ n1: ?1f,'rFl [-u1] ].rvld1J1,l'r rv,l a En [z'] n{ dl: a 0 [n u rJ'tu:ruuil't Fli? F] n auil]rF]0{ fluan $nre't u- ,;
n":uo-n:r nr:lm n n,:fivr-,:firfi old'[or"arh nr:inr-l-:ru1a:z0iri']Fi"ruiruu]J1n:fn firirrrriudrunv

urrfio fi a ivr:',rn', n,iu au#nrir izir ri',riir:a,: riru:vrulir n:inr'le.iarxr:ninurd'n:rnr:lnalri
er.:firirh{rurm:iorzoo:vt-rrxrn:frrindn:rnrr1rafiunnrirori'uynra#n:rrrayn"orlzi merer

' 
3 to 

' 
Y - Y d, 0@6 o {,-'

factor flnrflrir6r.laqf#ltrnrunrzir'::vEJvrrnr#1i'l ri,rriurtiunr:urn*n11#riuernrfruhJfin"ao

n:raaauirfi#e:rnr:lflnrvir1or1f'r':nrut*rvi-,'lnunsfiolor:rnr:"[rnlnltirir meter factor uvil

1rr

n'rrfi1ilBil1srrsao suMP

luvrrovrqr+fi r:r d-rN1i ndurir rz'r n-.r rir:a{u u'rn1}1q,3rJvr:,r uu:ri.:lniTnan:.:tunrrm',j

:; ri'urir 6r fin?r ouut.lz 0{ *aiu:; nlua'rr 6'r ua-r r:r firvm:ruilB arr m:ki'ri'r EJ n r: ajrupi'rfi en n:{n

rrnfiqr:rurlumrnr.lfrffiu#raren:nrirki'iziuriuniaz rirnau'irrflu"trJlrr-ErrnNrnluvrr,r

il frl-fi nnr:rr r:ro: j'[n-a eir o1:'ir r fi oior:: pi'udr 6,: rvirzauruz o': uriu:sn-u d'r.:60 utn-': l:rtJn
? - - . q uu a 6, .i d q 

' J g
?'lR?LrareJnnr:duu'rtz-tn-orir:a.rlnr'vfr*fi 1r,fion-ori-,:o,:fizuro'trruallntlnvn1itlrNz1{?t0$1o

- Y o u o a 3i a 6 - ? u o o,
:: nu*tnt u htn,: rlt: ao EJ'ln a 0 n-l: d0 rn n I nyl0 n'l') l.,lFr{za0 zu?v114'lz 0{ur u0vr'r [r t:t gt nv50
6, q ,q re ei r e ut : - Y q ua
rrjuLrJIu[nruruonIF]?12[url.[ivFl1J1.['tLnn0TUa!u0uu14?]a{t!,i}i:vFru0'l{0fttl.il,to1* lAonaln

rfn-: n-r dr:0,:ra'r fifizur n'lr nid o ruruuuou'irifior.JAoaririflr#'rdr:0.:un-':dartfi n:raonndu
'! pru^,u*l.,r 

nRrurun'ir:vnannfiuordtunr n-:srrndvrnt:rff':or6'aAEj'l{ Fl0 L14O0tlflI Ela A 0{ Fl8I tlJl{t? R'114'l%n?''}TI n []n n nua;n\lu'6i{ 
"
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a ) & , I 6l u6 a , v \ 9) I d t an{?14v0'l1.6TvFlu7t rusuutrnoL?1[nan?1].JilFntfl'tFt{'tn0tt.l:ynnlnxrnnr'rn5arvtrri'u 
1

Za,d,
u natal n: uuv xr anorl n ttil nr ttl%rjixrn:ud.tayfi zu nfi n a'l fi{il nlsr"s sfi n:fi rfi EJ:uny0u rfiru

ar xr nEunt n n-r rir:orfizur n r#r*riru4udn nr,: ar-: N-] nzlr
otlugd

una'lEalrt?j1{ 1t'lnnffl-l:OtxzurrrtriuriruAuunnr{ 4O INn: ttareiru:rn]ufrn
nnrpr"trj I N.N. riurrurafi,rr.lixrn:fintilrjiyN'tnJ 1 ,256 fin: ruayfirdarriyri:-uvi1u r{1n
.61 y 

- q 6 o Gl ! oi "1 ua,tul{tal ett-tlut,tut't n rn il t d: n aurtrt Ior tilutn autE E]: 6i :

; ;J r \ ,Ja 6t o o ; - 3 'ni#usia"[rlfi60 iilurrnrinluvir':ilfru-firfia n nrl ryur ua]?l"o il Frv'rRr nvr aro rn nzutrilu

n1F) d1.r'r N n #oor nfi r:'t rfi a n:vruvio?n0a'r n rr116i\rritzir riu:ruu Nl nrin unvrfia *r:vuuvia

0 0 nQl n i;uuil'rFl:ia rf'l rinr erlu#r rir:a,: :vr.ruyi0ynrfi rio o o nor n:vru art n:in n"a':1e-irda x

ri'r:srrviatn tunrri'o,:ifluviofirion:,rriun-..r;ir:0,:rvirriulririruerJn:niln rdn rtlufitisu
q

: a ilttn?

1. rirtf,unr:rrt#u:auron-o;ir:ooei'rt6.: (reference circumference) riaurrfiarrfir+
;--qv":J--A
?1?11+rnAnlEJ[1,[n0d1:S\]20$ shell ring tl.rtrSndnsrnnllruno

z. n:?tfl0u?''rnrutun-trir:0.:yrsrflxnuritafinlilfiriral rrrirrz-raann1.trir:o'tvty*t

mern"lffrJnn&ovirnunvFr-o01aifi20,:nrn:'ln t lnnrzirnrqjn-,:ri,:a,,:1n" nrnfitm"rir

nr:n:ra a ar uri'lz 1un: nifi n a nir ai:rrfi orirlr.lzo ru uzruhirir n liyl Frd0unr:;?
r o - S a q r o 6, . ; .i , 6 ;^ :) - ^ Y

nal,tu'tNr Fl Fr Flr[z1 nL n{ [N U0 N h4 [zxtRxEu?tFn{a'ln?1n?mn nat{50}.1'tn n n0
d d - .i aa Y u 6t

r a ttrt*n au n5 a4 n 6 nri'avri': fr fi a or.ln: nir.l:;dr #.r rir: a.rvi',ru x proi'a,: utJu
- ,ar]n: nioinr]:vdr n-r rir:o,lvirtfu fi a'ir n r:a or rfi ur ri',: rir: o..: or pir rriunr:1n"fi

,)a
a atN0 nE?1n': a'r: oo o eiluflnr1,{ n:u flNr:niyifo artzi,:ru'[ri'vr]ufin n-oa1n f,0u tfirJU

n-r rir:a':

3, r-iufin nirrj': nr n: tE a.r si'uz o,::vuuerr n:in
? - - o 'r u q .i "i q q rr4. flu14'ttil 1n{d't5o{r.l 'naivuuN'tF}:?Fla?EJ0n:rn1: [xRn0rol4nirrrd{tnn La?'t

- l{s a v i a & ;Y' A a te d - i
:vFruu't Ia d{ n{ 5u Ft!141,t{ Ft:8u a n NtR EU1,,t1.tyl?1i11}JFl?t sf ?\1,ln{ tta Fl a't }.1:ynu Fl't

:6'dt",

n ?'l ttrJ u: v Ft u E1 { 0 f 1l Fr'11 n?Q'l uu1 tzl n { d't : 0 {

5. rfrhjlun-r rir:0{ un: a aBeu:r riurirri,r rir nr:in:yrir::uyyi'ro:yydro firmrir

za,::rnludr ri'rfi'ufirruz ar rrriu:; pi'u dr.r 6r u:r'hirE s n:: rr:urf'ir "water't "
6 A- ;

ri r n u nlu": ; rJ : oi r n : r ru ru uzl E 0 tr zu 1.[: r Fl u d'r u 6'r fi r nB a,: r al r s rtl u "n u " un y i r eJ U

j- v o d ;

fiinr6rn'jrfi:!t-tz0{ttiluiynuar,:0,:ilrn5oryerrartJt "1J2n" lunr:in:ys;vir.:
6',,r n rirrd r t{Jun'ot u n rz'rlil1urir dr:o,tfi n''o'.r nr:aaurfi EruFi'rtiudr rfjun'a,: fi: a,:

uulqdv;-
t?rrnt*t*')unvLrl?tilvtnu?nun'r:?rr:'rrnurzirhllun-':rir:a..:n-,lnrir:eiaarrialrirfin

J y - y , i.
5y RE n A nUZ001t'tFlrlAUn Oilyt11'ln1:?Ot:yuyo-,: n rirTir rtlun"'aor] A o abi':ya:rr nr

, vl ,' j ,1, q , - ; ; a - ; v q u
tJ')1.t [1]U?{ru'la1+ilx{ [a?'r:;0rlz o.: n Auu.t Lu:y oruytl.,'l o u o il5L LFI

rroe-Y-A^ru
t14 FlUn n'15? ASuU U1.l'l\rIsfi?'l\3 Bl?11U1?J A0:u AUUl nUylU 9J? UUz o0 t[slU:u FIU

a10a0
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o.

-7

yl'r d'r:fi?i1tJfr fi3ar u-Jfi aufi rfi a a*ru riar.iruurvrilin:r riuzo,: rr n'l (sounding

t a pe ) tr 
-: 

r r ru fi n r ori r t [l u: v niu n : r x a,: : a s ri o z o,r rir ri'u a r n r rt

ar nrium d o un n 6,:"tri#t zuTanlufiun-,: un:lrYri-r rvrtjin uuuE n unyrT,:qr n ri'u uilu

:3FlU0't{ 0d

-:) eu ' d Y 3 - J y j
n0l.t}tt5'l0vLnFr?1ild.1 2 nrrronrt[.td{?1001.t1a'lnllun\:tuotarn{rarytrrlu

ivrrJin uJ fiaufiri'un rr r arzoo uriu:y nlu ri'ro 6,r aoor nrfi':*#.r

qrn#udr z rirn-anEirru'l*r#ofir11r- "rrrlrrlu-rn'ir,:firmrirza,,r:ynnr.ir

ri'r rfiifi ru uz o,r u ri u: v riu d'r o fi r " zio d z o ,:i 6 n r r fi fi 6 r a. u r i n n :? a fl a u Fl ?'r N

- - A uo
fl 0 ?t o t u ru 1r:: ri'u o"r ,: 6 o ifi a L ri'u fi u n-':'tuu ria: n i,: fi ii r n r: fnr virlr"f,r x r: n

ruJEaurfiauuns norzu afi nfiufi oor nr:fnln'6ni6nri,:

A- y wa
u ur nUi Nr a :il? q I o vr N'r n:?Fr?J0{iruu Nl a :?a

r-rlnrrrrirsirurirrzirri',:rir:o': audrrfrn-,:rir:a,:riru::llru1n:iord':adn:rnr:1rn
i- g .i - qet - ?vw a - J d i -n{ytanF}ts aunir?1{dttna IF]?trvauut LFt;lf il0:rFtufll.tr:z,td.tn?t:vFtu1,iltFr]l

r t d u 6 d r o Gq a.

ttF)1'l{%5rFru1.[lafnn']?0l0a1n'lly:4fl0n?'tSvFrLiFr'1]il61,t?10\1tlzu1,{1;FtlJ0']nitfnIa

irrin"oolria': tvir riu:v niu Fl?r N d0fl0rfiufrruuz o,t:; ri'r uriu:vriu ei'rt6,:o dr.t t6 or

z']o tJ rrrr drcir adr ttirn-'t

B. izirtrjlun-,:riria0LrRyFroueu:rri'urirfir rirnr:rTn::niu::EJ:rir,r:rH'irrfi':urir

zor:=nfurirri'rfilufiruuzo.:uriu::niua-rri,: r:rh{r':Eln:;niuri'ir "water z" i3
nr:fn rtlurzlur6 a': ri'rtvrnfin nr:in:v urt'r0:;fi'irrfirr*rzoo:vnrurir nYufi"ufir

ruzor uriu:vd'u dr',:60 iuzio +
i-qwl 6, ; - ig- uur,tnil: xrn:vr?a Ln il,.l1at?a n0rll,ltl:il1 Fltyl::Fluu'I " water z "

I o. rtinireirsirud"lrfl'rn-{6ir:ot aririrtz-rn-{6ir:orriru:struann:inor"'rEJoia:lrr:
q .l- & L - ,;, - zcw .; '"Lnnn,:fidnnio qun:rr-oa-ornn'[oi"jr:vniurir"[ri'g'rfi,r::p]'ulrrir lrranrre.r6orioio':

q'r n'jr:: nllrir tfi ar unr d'0,: a,: nil:r d'u n rr al rltaat uriu:: riu o"r': 6o urio eir.r1: fi

nr xur n fi nrrerair iti:.roi'r "'t aHfl Fli #s rziudr rtluri'o'rt#rlinr ruiruruerr n rfiun'ir

arxr:nq"nHrlnirii'r fiuoaulnell#nrrera':ao,r:rri'urirriiufi s fiarreirn'ir::ri'r
l ",

za,: ur.iu:rrir il"'rtE 
':l 

niziuriu tlnr-rii':qir ulir rd'r fi',l

r r. izirlrjlun-tdr:a,ruRrnasou:vriur.irrit rirnr:in:vri'u:va;riro:swir'rfirur.ir
* Y - 3 - q,d - :

a a r : v nn *r n u fi u zu r r.L uz o r r[ at r.+r : Fr L] a r'r fi o r: r"tm"r5 u n : ; niu fi i ) " w at e r 3 "
)- 't -j d,

1 2. ul{rnu: nr n :ri or'[pr"fi ur n:ior fi o r{]urlS rr n:fi :v ri'ur.ir " water 3 "

:ll:4

.i .j - i - o q 
' <i

d0rnaf 1^l.tiu?f lun-r: IdtFl50,n4N'tEJ +

Y,l Uzu ?U 1,[?l A { Uil }[: : F} U 0'l { 0 {

- y-
!t R v - 11 1-t1 Fl 1 5 Y U : ?1 1 { : I}1 ? 1 \l il'l 1{ 1.11 Z A 0 5 v Fl 1J 1.b1 n U

- yi , - a'^o fl1n53 FIU F)?'l;.,1d{Z 0n1,tl Fil rl?-l:3 FIU A?'l ?l fl\lZ O\l1t'114zu?U1.ltlO\l LtzuU:v fiU df .:6,: lfi
or J - r r Y - a" -

l" fl ra- 0{H il't EJ'r - " r%'l Ft 15i u11{'}r] Trtl?'ts tJ?yt,[t?t 0fl : v a!ul n!y{1.tru?L]1.{2 0{

rLrJ 1.t:3 r]1J O1{ 0 {
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Metered water volume3

Metered water volumel
Metered water volume2

Bottom plate

:rJd e1 udFl\:ni:in:vnirnrrlJd{aas}i'11un1:fi'ril3il1a1 sump
!o

. fi''Inivniu Fr?'r lr fl.:?a0fld,:'ir:: nlun':ra 6ozoodufiruuzor uriu:vorrtr o-rr 6,: lfitd
;-.--rrrr6e-Y-a-or

tnTa{fiil181 " +" fiu1a15yUsmr':::m'jr':fr':y1iraOt:ynndrnnlluilr1.1u?t o{rrr.i11
au

TYFlUOln0\3

flofl?iltJfln1:iot:vervir,r:vm'iro::niufi:rirn:udufi?uli?ro{ur.irr:rrrlud'r,:6onr-,:'lunr:r,rfi o.r

slr :r o fi o. t u a rr r n : r ru fr'ru l ilu d: s n'i r.: r,Ji x r n : z a rr r.i'r r-ru : y s : n : r er R,l

-3-a"o: r r ? 1 { : 3 Fl u il ? 1{'} n ! y't l.t tJ ?u ua a 0 u r,l l,it 3 Fl u I 1 { a {

Dip plate

Shell plate

Distance dip plate - to water level

(.)
Filled Water Volume

(liters)

Water 1 H1 Metered water volume 1

Water 2 H? Metered water volume2

Water 3 H3
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riru: ruurr-liaJ"r Fr :z00 sump l#rirfi un n rir.: a a n nr g a1n0

H 1 + Cross Section Area of Tank

H2* Cross Section Area of Tank

H3* Cross Section Area of Tank

Sump Volumel

Sump Volume2

Sump Volume3

Metered water volumel +

Metered water volume2 +

Metered water volume3 +

a&;--o'
Cross Section Area of Tank Fl0 yil,tytfi],t'tFloz0{o0d'lra\rh{d?1.62srl shell ring fl1+u:n

^ - * o,, ; -
dFrF) n il!v,llbn{ dl N'}; nyl Ft? u [z nl ta n E]a a{ il a:?il20f tduil'luFl148 n n'l{qo

O,i
n r alu si r a n ri'u r d'u ri r u g u rin a r,:n r ulu 6 r q n ; fi ( ( D,."* + D,,,^) t z* z)"

:13 6 a iJ qu Y w
Y]0l,tri R n-t:fi1Fl'l'r N u'r?td1,bil11,tFl1,6EJ n nltnl EJ [l,t %H?1't Ina1nfluFr 0Hn'r:fi'ilfl1.[iEU?f

-&odt
rl'r rir:0,: dr'r t'r riru ni rt firioufir sump a a':#o rir: a':,ir utJr.lra"a': rirrtiunr:mrt#u: au?{ o0
otu6d
d1:A{8'l{8{tdUn 0x{

,e,, , .j , .j v -Jd:il [n?1u:N-rFr5 sump Z0{n{fl'r:00NFr'}r?1]nunltaREz a{Fl'rvrfi'r tFlYt\1 3 Fr{flern'l:a10R't{

Sump Volume - (Sump Volumel + Sump Votume2+ Sump VolumeS)tS

d,,

a?as1$ 6.'r n\1d]50{Nrfl1.[zu11*81,[e]nnlfza\1il#0ffff*r,rn (1"'shell ring) Inarafifllyi.ln-u
-Yrvovua2O tNa: fiR{a1na1t}run'r:11Ftdouflu1 'rt?J1n{ff't:0{1\:0aluu?ln:3EJv?l'l{TUt1?1{rJ'l?l1{1?la0

iy Fl:udr ri'uflufiruuzar ur^iu:rnir o,r'r6':ua:il'r" e,r n:fifnhi'rYr EJ:;uuNln:;a F)-{ a:rj"lflun'r:rt
q

Distance dip plate - to water level Filled Water Volume

(titers)

Wa*rer 1 -31 mm. 18,OO0 I

Water 2 -9 mm. 25,000 I

Water 3 +7 mm. 30,ooo I

:vuuilrF]:fafitrfil-t*r-ru'.1n:inrln"iunr:dourfiflu;1nrffrir deviation +o.1o/a #r*nflrufit
v r t Aa,

N'l F] :? a itfl Ft{ Fl't rR un?1 Fl'r vl rU uU : il1 F} l0 :i a u + O. 1 0/o

meter indicated - s tan dard indicated
A"riutlo,, = ( standard indicated

x 100%



meter indicated

standard indicated

- io-
uuFlz 0f []1 a'l)1 [1] 71 n fl su

:UUUA]1A:iFI

NrrrT;4fi deviation (r) rvirriu

fi r #u ri r u g udn a r t z o t zu #'r fi'': atu

tuin (1"' shell ring) IoruraHu

Cross Section Area of Tank; A

N'r n :in ufl q n rirr]t enn:
ir qu

! 5 N1 F1511 0't.l.[ [A 01 n trulj N1 Dl 51

Sump Determination

1.{'l

N

_:ol,: _ _

20

31 4.1 59

Gas separator
;- q
?1AA51n15i?lfi

tila:
2

m

:J;
yl Fl fl 0u Fl:fvr

1 ? 3

$t'rni?6r

ilirur n: druni.:n#,: mF I 1 8000 2 5000 30000

lE e.rr n: eiruFr:-{ rT n ms I o o o
v ! uA ;

1 I i Nr a :'r Fl t6lYrfl fl 1.{ V',.,,=flr-ffi. I 1 8000 25000 30000

Correction deviation of Meter rl f t V,,,
I\:_

r00

I 18 -25 -30

Volume.", V.or=V,,,+K I 17942 2497 5 ?997 0

Dipping

Dip-ne.ight H mm -Jt r7

Converse height to Volume Vr, = [] o{ I -97 39 -28?7 +2199

Sump Volume V.=V.u.-V, I 27721 27 AO2 27770

Mean Sump Volume I 277 64

.i 'rlSflrlgfilnu n"otm:rodoutJRFi']otso Sump Votume fin"rurru'bi'ruryr-,r s rilirrialvi'rfinzun
Y ^ d e ' r q e6 - Y

Fllf fla{n?131fl{fl805vFlU1.r1rnfin?1 1 elN. 14:0 LN Hlnn0 [rrnnn':ratd{?t0{:;Flu%'lFtl\1n1,l

et r n t ff u n'ir t x er. ri d'r n''0,: pi r tfi u n r : il n fl a ulm il

n5'laflou

?7721-27BoZ = -81 I niorirrri'r.r -81/314.159 = -o.258 mm.

27721-27770 = -49 t r':arir,tn"u -49/314.159 = -o.156 mm.

27ao7-2777O = gZ t y6orir,rri'u 32/314.i 59 = o.1o2 mm
rI e' d r

fl!1j iFl?10Jnn-1511'1u1il'tFlT sump Nnltrlnu 27 ,7 64 nn:
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t
d

u1414

n'1t?ln6{auuuurflun

(wet caliuration)

n"',:filni'neirr"['iluriousi'ufi,:i5nr:aourfiaun-,:rit:a.:r::nzoaruarlr*,,r*rr-,rrrr.i*

a'rrur:npirrfiunr:ri'raiSnr:m#n 1 aqjnr"':ari'u z iSnr:6a nr:dourfiuuut.ruu'tJun (wet

catibration) rrnvn-r:flaurfisrrrrurLrit (Dry calibration) lutqvrrvuyni'i:rtrnEirrfi.:i6nr:
Za

nr:u:nrfrsriuur+uho nr:aoltfisutttiurflEJn

nr:aaurfiuuuuurtJsn (wet catibration) rrnr:ruilia.rrn:firrvioEorrori fiqn6ua-nrflr

" uivuuNrFr:r-n (meter measuring system) rBon-tnr':altn:r (volumenrfl-l:afn?unr:?nF.t?uivuuu',rrr-, (meter measuring system) rBon-tnr,:alrrr-, lror
srandard 16a prover tank) r^rioxriurirnr:in:rniu^r',uaor.uri-,nrsrlun-'trir:o':6tinn"':EJ

precision dip tape rio oip roo ttJu::Er:t ririnrrl':trn:r.irfiyr:ru virln"tri'nrrar#+rl[ud

::r'ir.::yriu^r. u aourorirnr slu#r air:ot rfiauritn.lieltn:udn':zotza,:tr nln-teltrn:inv n-':

qrnil:-urri'tzFi'r r:rfiov"Lrr"'dipping rabte nr:aarrfisrri'raiSnT:rffizio6fir[]unr:aartfiau
.l .ovd;-&t.iq,.j
yr fln r r y n r: ?t t {tu I n n tF] uf n u flfl't?: n t:11't{'}1,[a: {z 0{ n\l flt: a{ il1n il d n a nuu [0 n'l fl71 L]191n ?1

, J -. , a cr Y rI , tGv dv q | ! - & a
r.ir rfio fi'o uny q n n"'a,rir rfluhJln"6'r irrifirir fia"orfi era qjrzjuri'uriu6 o tfiuFirhiEir fl6'r tfiator ndr
d, e osYe &qu q o e

riluriar'[zirirlunr: a or rfi su nu aiorrai n-,: rir:o,rrt]udru:uerr n 6 nvi-,r Iair nr'[unr: n"r rfrunr:

r n r eriur r n n-t dr: o o fi z ur n1r r!

1. ttuutJlFl:t (Measuring system)

1.'t rvuulJlnrfolruuil'rsl:,r :rrrerrn:infil#ritrirsr:raaorilix.rtri.rioufi
qna,tr#rri',,:rir:a,:fiuaejr':fioa:suuFn:il:rnoun"ea (4grJfi 82, 83, 84 LLnr 85)

3rJfi e z q a : : L l-J il r n : in *uu rur n :r eir n :-u a o u tfi sr n-t dr : o,: ( n r n t n fi a ufi ln)
UI

7
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q aqw& Y Y Y * d ro Gas Separator iunrrutzilNl.ildul.tte1n[tra{d1r00l,rtoF}raln{rit:0r?i5aFiay]0

rzirri'urirsirE;rirnlurnfia (nvdrant) oi'aoo,nln-fi sas seoarator rirriuuErnaln'lfloEnarndllil
r i r ,'

:vuuyia6i{{irur.[rriaufi;rniorr.JBrrn:ri":rJ].nn:ia (meter) trirzjuriuun"rolnrflov"lilrun?u

nl:ti't{'rt,t[rRr n?1il 0 n a";tttriutirz o.t:vuuia zl00[.I'r n:in
Addo Fitter iilavilnirn:s{fi{anrl:nfirrriurir yr-orirrfioflo,rri'ueltn:irrrfisfl'r€JAnyj'o

j et"lp,- i u d r d
[y,r 0 tr t n ! : il'r Fl : ?'r 0 n F] 0 f rra v d3 a 1 n t1'{ 8{ n a n a n 1 : d 0 u t?] ul]

g

I{I-
.: ::

,

i

[,.'

ru'

:rjfi as dd - i a 3 y
in let hoses fl { elfi a1 erfl ? t?\ a d1 N'15 n n{ule1 n ufi fl { 6i1 5 a0}41fl fl 't €i

ruvr ri':ln" lun'r: s ar rfi cru
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:rjfi A + d n Uunti,rz a{ fl Fl :iuu}J'ls:ialruu ilr n :rsti

o urn:in rirrth.lu-r1oza{:v1lU x'rn:inrfindr]nfiun":qrorilu .ta.s o.s nia
.i&aJ-Y--"'^.-o.3 arN olML R1 17 f,',rrir+mrurafi':rfiafiornoxra:iardrnu:cuuvi''rflarnrr#rfiruafin (meter

error) trirrir o.5ozo ttnr o.3% nrrurirnn ruriodrol:finr+.rrfiolr-nr:aaurfiuuri':dr:o,r
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zur nlm qjfifl ryrtia ufi qatttiasor nrr n fi#a fi nu nr n unv ri'0,: rir ufir.in r:ln aiuai'r oi'ar rfi errt',: rir
ldsirsq;rurilNlnunst?611 n-orir.r:ruuarn:innnrirmunhi'fil.rafin"[nlilnr:rfiu o.ry.

ur nfior: rur n:rl,lru a fi nz ao rurn:in rfiauri'u d'n:rnr:ln n uri'r nr:rfi a nzi:',ro-n:1n-r:

1r nfivir nr:rn aorlm'ao n n #a',:ri'rzirra-n:rnr:tmnzorxrn:indreTr nrrlrizu nfi nadlun-nr*rurfi
t ; o r u q t ) v i o ,6 u6 . & Y a 

' 
, r il,1 r

at n{?rnt u luu ? i 0 rtsr ntr [u azr'rvu': Ft?g r1.r00a1n [ur1ttlflu Flun?U Nmfis 0 ur4 Riar uul l]J
r r Y u s q a r i" d u o

d]N110 fliA1flU]A?Ei0 Fl:1n11 [?1A Fl{?iB n 0 Afl?0:r8vt?A1ilvl'ln15dAU tr UU U\1 fl'l:00 1.[0 nQl n
A' - ? aa r 6 s r - - Y d r v I ; -uoruuna.raa0%'lnNrinnSzua,Jnza{il'tFr:?Flrzunun{l,lilfilnt:1Ln0nz?{0Fr51n1: []lnvlilnruFl

?t0{ e.J1F}r;n fi n r:nJ fr surirJ aor.ia ufi 4n6o ufiur6a,rfizjra a nfl ryrrlurrorJ frrifi n,rtri'u"rr

:rjfi as a"rwl#reuriluflnrirflud'rtrrnEooauri6run ldtunrrd!ri'lu1.r'r00na1n
{a

a ov 3 , B o J
00 fl]:0\1fi14 014 t?J 0Aulx1n Ufi fi{1.1'l d'150081.[']

riaufirir:vru err rri;a Nrli&1unr:aautfisu n"owir nr: aoL rfi uuiyuu ann:inrrioulzi
Y u a 3, a-J tu ;d{'ll.tI n n 5{ A? U Prover tanks fi : A master meter ytr:UZU0 UnU ttUU N't Et:'tYl il 0 tJla

f- -"1 ' . i r v 4 dv o o ,

In ufr':'[rjri#?d n1t,i?rn odi'r0r:ailririir:o{z lmnlmni:r,]r:,: rru:riiriu#noeivir':'[nn

e'r n rr-?tfi arLta:N-n fillr.urirz owirfitzlunr:fl0urfiuu,,ru,ttunrt'olu*,,izotrJBnrruunJn runrlrI
iq .j o 

-o, 
. qqo" d 6) A qu&' , ;' -

?1{ t14U10fln1ilrA1QA-rrll1.tFt0{ [21.t't113rnn5E [uu1,1dn']ur010 [Z]t'la1nttrRf 1.i15::NUlFt n0

riuufionfintfia,:flryrrn-.:nci'rr'lunr:tfionlz'ru'rn:inao0T:lJUN']Fr:fpr6,r#u'jrrtlufinrJsorir.:
i - u ;,;; u q q v o

mufla E r LQ')r14rt1n r tn u?dsn lufltariuluil:; rvr n fivrTruur err n:':-orfi rE e.r'[oiiu nr: EE il;u rrny

fisnlzirir nr:fmr]ia.rr n:zo,:rirfi orofiflrurrturEo{200 A0flnilinnia rnr*fanzurnrifrn"ir nrju

?ulrni* " Magnetic
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Ftowmeter" (A:tlfi Bo) r-irl'irttiua.rrn:iordryxrraxzlfinrriorria,:ornfin#nnr:rir,:rufilri
dt - J
fi air uzrrt n un't r Ln fr 0ufiz our.irfitr n r.irun-rxr n:in urioeir,,:1n,rorn', nri'rfi nrr e.r a ntJ: nfrr fr

d'r ilri nin"lFi'ri': a nrrar rmiudr::nlun ri,turyr alo iziuri'u

d$es '
#{'
1. . ,,: ,.ax ): ::::'

:rjfi ao errn:inttuuN']F15'tUliFt Magnetic flowmeter ?)u1n A s rir Max. flow B5o lzmin

lurB o 
': 

z a.rorururur n:innr u'lu:vul arr n:in pr':: fiqirururyirlnriufi n"'o ofi rr: ru r rr'"1rJ

r q AA- - g 
- o q

ir"tua nrufifi fi nr: fi n n-o n-r rir: a,:zur n"[r qj3rJvr:,rirurn-,:riuurinvanrufiararr: n6u #nrr.irni'r CI

u q ; t - dq ; - I r a q ,' .i
o*n:r n r:'Lr afi un n riro ri'unt ala-i rrr a nr ufiorq au dFrd'1ri'rEra.'n:r nr:tr nfi arurt a n r uvr

flrN1:nd!0ari'rrzirn-rrir:a',rnr"'rudsr:rnr:hnlri6oe.rrn#n nr:aauifiarr.infitr#:ri-rrilia.Jfi
;i q t 6 o -'o 6 d ou - Aa-

Yl{11,i-l aLllruttfl:zillaranrvr:-1:111ndELr?1811 n{dl5Enzr{'rFrrnnnl:tn0n[zNln:']nnNanll
? ; - u o u - )-

n1: [rngiryE01,1ofia]a?:ardvn?nrianr:rJfrrifr':runiaizjr*nu nr:'[de.rrn:infiJn:rnr:'lnn

tJ:rarrru 7o-Bo0/o zo,:aYnrrnr:lrnaonrtlr.rriurt]utnrrilrrf,NaE{n'l:rirrruzaurrerT;a
9

",:1 t tte v
ri,:uun r: o o n Lruu:JUUil'r n:? FrQ0 Fr?: N Fr?r N Ealr Eil,ittnv"[dn n Fra': ffun eirrfl'rr il']flfi ri"o'r nr:qo9
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qu e d d v v Y ; ; i -illf'tuNtFlr?nE'taN 2 z1+'tFlt?,t0io{:u0ai1n1:[yntra,:uayytoir sna?afll0t?it,l:suuil'tE]:?F]

atad:s nauFl"'l u Nl ni{nd1u?1.r 2 eJol Iora rrd,: rtJuz FlNl Ftrin dn:1n1ilfiRil:y N'l ru oool9
o i a- q a v a,fim:zu'rfi uai6nznrli,rfia-n:rnr:lrndrlr'l:ninki' t,soo - 1 ,6oo fin:zurfi (A:rJfi

.6,87) Lultnl*

:rjfi az rur n : r ior tu-r u N r a : 1 q'alifi il : : a+r ru s z Fr fl r r r : n r fi a nl#n r a.r o-n : r n r ilfi n u o t

nr:iprrlB a.rrn:

. Gas indicator uflu Bleeder raEo Breather device en:fiOroi'':qiln:ni gas
9

indicator 1{R-rN'}n:i,n116ovioyrr.:oan?0{Fl-?}.r'tFl:inrfiat{n:?aflouadr0rn1fifiIflnr?}Jillriu
Y q. 9 , , i ' 

" -;-r,irln"nnriri'oraon'lilcrn:;ulurn:iorfiufirEuuioulna gas separator lirn:ruyrurpr,raiv,lo,:

,',n',ilnorlrtJuxrr-irofinrxr:nleiarnrnoantilH?u Bteeder vBa Breather device (e;rlfi
BB)
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^ Y 6 qu t u t I u. Gatevalve Fl?:Ftqn0xlnr[{nauutntvnonlrurn:':or 5']elr{n6u|[n3rn{ filter
:a:; q,a I r u 6) a)u 6

ylf %r1 J0 [u tun']5u:uEF]51n1: trazul1,til'rFr:r"nrrnv"tun:nifiFl"a,ra'r':niofirnrrnd:o'10 f ilter fr

dlr.J1rn n a a a 0 nal n:3uu e.Jl n:;a sa nhjlnTn slrjpi'o.rtir nr: n on vi'::vul alrn:in

:a3
;*il

W1?1'^tl:#

ri{M
,:ffi trffiffi;

-d

trJfi aa sr-t Air elinrinator l'tiax Sight glass

u:L?rut71}[08-l Air
oud

d0u n15n1a n n'lz

etiminator rfioldn::q

11't



t.z n-onrorruurJ'rDli'r (prover Tank) iun:nifirirdl#lriayornr yrnla-:yuurrn:

inttnvil:rn5'jrrfinrnr:ann''ltza': titter tioEJn{'r r:rarxr:nrfianldn-,:mrrrruuxrn:ttn-rziuri'u
rrqG

rtnasr0 [rnn']Nrrnnorir:o':fizurnlrninr:firfion'l",iuurnz 0rn-{a?{Lruunrn:rfiryarryaxfi

n:viirtn"ar n rziun'u rrio',:qr nlufloorir*fifloqir rinlurio,rza{?'u'r n o-0 ri?\r rrru al n:rfi fllNr: nq

; - q ud q r 6
IFlfl0l.tU'rULne.JA%1F][e]tn% 3,OO0 nn:

od 3 * - \ od - Y e a oz. ?Bnr:gud'nrirrzirn-oair:ao (Rtting Method) iSnr:nr:au#nrirrz'rn-,,rd1r0',tgrrNslr
dt i Ay ,a r r 6) ' d u q i a 5) |

lul,lrla0r [ilNFr?'1ilfl1F][Utra0E]'tf ta [ran-]HrnilQ'l5ru1n1:f,0urruunf d-t:002,1ilflu1a trry

,iurrlu6oao.r#orziut-J:vrurr,; 9-15 rerrtr rioiai'r*riruqtudnar,:il:rxrru 1o - oo ra.rFr:

e od - Y a A
tLn??5n1tdu0fl1.6'tt?t']fi{dl:E{nt:NltdF]00?10flnt[Rvuylulma0n?'lNrtNl.[u'r2j0fni:d01]tvrElu

du*rrtir,r rduri'u ni'':riuu:rvr oasuil'ri 6 nr: au #prrir rzir n-odr: a,:z ar nrr d0u rfi Eruuuu LtJu n

aonrf]r,t z iSnr:na-nt 6o
- Y vaoz.t ?Snrrauaonirrzlnodrraoqrn&iruuu (Top Filting) (qgrJfi ao) nrr6lu#a

Y - - o *a r

1A't t?t 1n { d']58{r af a'ln ri't1,t:3uu il1&t:?Fl ttR? [z't?1'10 F]'t%ul.tzc{n{ fl15 0s ? 0 n151,[N 9.t n m 0:vuu
l1 q v q Y u .j - Y s

erl F]:iprFi0t,tzruuoavr"ulurr.izoo nr:fnur dn:rnr:1r nln"pr':fin,'r:rv:v#un':rN d0fl 001i'r"lun-'l

rir:orIrifi r.rn ria:suu ausiradr rrnrd nyrtrn-rrur n:inrs0 frtiln''o'riooirnn nr:tr] fi uuur.Jntn':r n

6'ueioun#u (nu.x pru'r.ure) nrxnrlNd{za{:uniu*'.lfi,riudr* lfunxrafi.:e.rrn:in#on':fir.tn
- .i ,; - Y - - " u od i q 6 i au
r.rnytr!nuurrl]fl'r1,r0eJillna1n?ont:du0aulr?J1nf d'lno0a?Et?0n1:1t trFr0u'10[:nFltilte]0ilz a

fi Lrn'': eio a.rfrzia rfiurziuriurfu6 a t:rdr rtjun-a,:1zi:v rr: rr o',r*',r*u'',ndurfi o n''o,r n o ul1r-:; Fr:ulir
o u o J , l o Y' o o a

nl EJ [%nr dri 0\] drut,t{ n ot,t? Fliv Fru?lor%rnr slun-{ rir:o.triu't rrnvrr n n': Arro0Br eJst*r F}h1r}i

e.rrnflurvirl:,irr{luoi'o'rlf:ssvtrnrnou}r'rl{rlfi}.Jflun'reri?iufi'u uriodr,,rl:finrarfiare.rrrn
A - f J - Y q ee

! i: nlr nr: n:rrfrailzta{:s nirrir rfloral n du 0 ndr rzir #,r rir:o.riri'u"'r..:pi'rs nr:ln"via ei{sir u uuu

ri'u2#..rfi',: uriwu'jrtuvrr':r-ifrri6ri#r urn#orir:arfizurnlnqj r{lutrliri'arnlunr:riaviasr'r
v u 3v,

a 1 n yt 0 ?t'r{ I o n { I n n'l N 1 Fl i ? Fr ttfl ? n 1 n zu [UlJ 1,t1{ fl { n I n i dt: a0

breatlrer ""tr."h

lrg

rrjfi as

Measuring syst-em f or wct- Lank cal ibr;tt i(,,):
filling from thc t.o;>

T v u u n r : F) i ? a d o u ttu u t tJ u n n-r u i 5 n r : A u dn rir r zir ri,: ri r : a,: a r n

ri'ruux (top filling)

'blecder devi

requl:tin
gas indicator

I gas 
Isel)araLor

. s'-oo \meter ao.k

wi t,lt
b Ieede r

filter
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ddrvo
2.2 ?Enliiluanrilfrnodr:aoilr$riluriro (sottom Fining) (eIild oo) Ioranr:

rioviaria rubber hoses tz-triuviovt't'ttz-r (intet) zaen-udr:ortawr$oarofirr,:rz-rdut iziu

yt nozzte rfiantzirri'r.l blind z o0 manhote ffarxr:nn:vrir"tn- iSnr:auonlirrfrrn-.r;ir:arriru

:r!Ul.l'l Fl5?A n ? U? 0 n1:1,6N rJ R n:ivlU Fl 0F)?'1iltUJ1^U'.l7|0f :;ULi NIFIT? O In Un:.]tilA001n tNA dU

#nrirrzirnirir:s\rau:vFr:1Jill,fiu60?ir ri,rrunriah{tffnnrrrnlua'aun#u (back pressure) filri
; , : -' - ? q - o u o6iuu

Ft0iittnauLl,'t &.Jf,{N1n?J}ttr}1il:3AUn'11Nfl{20{l{tn'}UIUer']d'l5A'ln:v?11Fr 03.,r'lFl:?n11'lIrSn:']

nr:h n rir u:vur arr n: in tr-Jfi suru] n,:tr] n r: uri'fl runr n-,,: n rirraro ri'o0yilnrim Q r'] n'r T d0u
A Gt .j " t- u q 6) e , , -- I o 

t

i?tEluru1.{5vflv'lLv,lErrnl;rJ:-u#n:rnr:lnnlmn.rvir?11nunn0F}?J?{r?n'ln1:dour?ruu rrFr0u10

t:ffnrrufffizYa6oqirziuriu rfudaarrr:nfirnr:io:vnluzo,:rirnralu#,rrir:o,rri:a::s:trnr#u
Y , Y d J u , 6d - Y

dl{n?ltyt1'trl-t't3ln1:n5vty!0N%aun?1?5n15duEFl1.t'ttzlnf 61't:a0o1ata1l,tu1.{

;-

t ank

bleedcr dt--vi ce

qa-s j.ndicator
S TODmeter cock

. F',ig . Measur:ing system for wel: Lank calibration
fi1 ling of the sumP

: rJ fi s o : v! u n 1 : a : ? e f, a L tru Li tfl u n d'r ui 5 n r : au a''pr rir rzir n-': 6i 1 : a 0 a 1 n
sq

ri'rueir'r (aottom filling) unvtfi 0ri'o{n1:rl sump

oejrr'i:ffnrxlurr,rrJfru-fir:r0ra,ida.,r,.rd'rl.r 2 i6nr:firfrri'rEJri%rdu n'')Tf,autfiuu

[tLLrt]un#{dr:o.rzlrin cone roof rr'rd'rNr:nlzi botto, filliqg lunr:rrilBxtn: sump a'ln

#, 12i top f i t l i ng drr ilr rilE a.i r n:z o',r #': ri'r : o u fi rr a:t.l dr n'ir di p pl ate r{J r*pi'u

3. nr:for:v fir: nar ru doz oo rirnr gtr.tfr'o air: oo
g

ction tfiooqr nnr uluri'.: cir: o':1pr uil n fio:tl:; n ou n-: a qil n: nirl::dr n-'t
9

UEorEgn'jr Built-in components qrurufln1Alln-ln L?i14 heater coils. roof drain pipes
6, r, P, - -' t 3a a 'ruunil i?N?t0N manhotes flr:r146r'r1.re{ttluzio,irrinlunlrLfiil53Fl:un?1}.l6lfz0{dtLtrinvn:-o

' 3 - 7 I y-..-,^ ^.t^ ,-^.^^-.^.S
zE0nt:6lcrtrfiulrrulrtletn ri'rrir*nr:rfirf,uzot:;nnrirnrulun':rrrinvnitna%v€JFltv'lo?Fl

:xriunrrar60za0:yFiuri'r6,rnr:firiroqjrvfl'jri zo mm. fi,: 1oo mm. niarEern'jr ntting
z:; q u q & qlrd

section yrrl.ur\EflyFlrn'tunr:d'nvir Tank rable ttfiunlra'lu'lru ttri'tulr,:n:*ooro'[ziTEnr:
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dra t Insr6anroT :vasyit.r::v'jroaaueir'rri'uuauut.t?Jo{ manhole niotfiontar?rouul.r?rsr

Built-in components tflurirretdozt a{ Filling section

nr: aau tfiEJuuuu ifl a n6o ifjunr:mn aou loru nr:rrr-i,:r.li ur n:za,:n-r rir: o,rfi nr:rx R,r

,J6trJr
riorria,:ornn?1erd{fl a':il^TN'r&ri Sump n":etnr:uil,:aonrtlurJBann:daa r rframrnirn?'reJd{

zo,:il-:ilr n: eio s "'l or nrfurirur:r u riurflun?'rN flo?tor ni:u::qtri'zat n-':;i'r:otvitn n no9

g.z nrtlrrirna'rufl0oa0ruoi'uri"rfir6uursiarr,:l (determination of the fitting
I

height) lun: rfi fi n-': ri'r: a'r fia'unr n:N'r Fri'rul,t standpipe r:r n"'0,:tir nr: airuln alri:rrr''u

ar unr o gjluuu: rfi err ri'u:, niuz oorir In ueirurirntr ar6.11n"'rt'oori'r rfJun n-n4 n niofi:v rrrufi rfiru

oudr* lun:nififi'':eir:o':laififiuru1n:erra:rru standlipe unrlzi dipping oo" nE, sounding

tape rrfiovirnrr dip vt'i:vn-unrrer6.:zoo::n-uza,:rirnralun-o;ir:o':hi'rirnr: oip rarsln{'r
luurriav:vrYun,'nr6ozo.:rirnriot ornriutu"rarrirrqFaaa,r,.Jnnr:inn-':nrir:riufinrunri1Fl?'rN

- v; - v
d0z a{ 5 r Fl u u1 vl : u Fru%1.[

3.3 d ruunfiz aoti',fi'lr?r{tuoa0 rHa?mn dau dr rtluo dr,: 
-nrfi n''0,:lfinrr e.rl riiq Fioq$

- Y - a il - Y a ,a , o , .j t A
arur'l Nzaf ulttavn0{[140tu14flNza0iltNn'l:r!nul.lttuR.tn'iB[l.st ?0ttBU"r NlnfldFr Lyt '111
qujo'r

"qyf;, ,-' tu d
n r r Yll I n n 0 ttF] t: N Fr 1,[e ua u n I Td ou tyr EJU il f d1: a{

',14



t
d

ur414 8

n15?1A6lAU rruU rLlio

(Dry Calibration)

nr:aaurfisurruutt#o (Dry catibration) rtiunr:aourfi$rllnunr:in3r.Jvr:uvrr,:t:zrnrfin
J"q,r

z o{ n'r nrflrr a{ rrr,rarirhj einr: rirur rurrr n ri n Er a n i rrfi anrrjE enn: n'riu::Qzso n-t dr:a,:
9

Inaq:rirnr:rr

9uou
t du: ol :t ni': rir : a': a r.r 6,r ( R ef e rence ci rcumference )

?1'lFr'lr e.r ur? r ri'u: out.: ri',: rir: oofi::pj'u Fl?'t a.J dr?] o{ n-0 rir: o,: fi rtn n rir,: riu dr u

nr:ri,:fi,:rfiorrnr:t5a'tzo':zurirn-,: fi,,flr*n',rr'.t ":=o,tdaori'uzo.rirtfizo,r

n-trir:ar (radial offsets)" fi:spi'unrre.ra':rtrin:::nilrfiarfiulfioirurru.ruur
-ia
fi'rrfigrri'r.l (vertical reference lines) rrn:n:yrirri'un"retrnrurirrryu,:u1A?fi0

il E N.'r F] : s u m p d,.: fi z u n o urJ fr rifi n #r a r zi u r n' s r ri'u n r : a o u r fi u r rur r r{J s n

ri rurrunr:zErrEJEi':zaon-rdr:aorfia::ri'unrre.Jf,\rzt0{?Ja{rrn':rfie.r6u

(Calculation of explansion at increasing liquid levels)
-vAoUtfialrldrrulnrn-tntn-{RoEJ (Calibration of the weight of the ftoating

roor ) lu n : ni ri'r ri r : o r z ur nl n e! g rJ n :,: uur #o a fi or n a-,: #r r.l r n a a

rtlufir*r n-.: r n m'jr nr: n ou rfi sr rrt,u rry-,:riu Fr?'rN$e.iuEl't?ra{ n'r: datl tfi aufiua rin:l

rr':raturiuelrlunr:rrrirr#u:au:,:n-,:dr:a'rei'r.:6,1 (Reference circumference) n'rroru,inu
o"o* e d il t.)ut u 

'.1 "r' 
a u e

i6nr:fi[zir':nrlunr:aarrfiuur.i'aa*nrrirlzqrflt,touualrtnrtarurtilafroiinrn:railneia.],u0u

n'ir rfi o rfi auflu nr: aou rfi au ttuu rtl a n

luutr riw a n rirrtpi"jrlillzittJr*nr: a au rfi uu uu! riyi',,r onu:niuuu rrriu'rjun r: aau rfi uu fi

ftflNzudrt*za':nr:aoutfiEJuituut'r-lsneirurti': #u6oluriruuri'rrn'rt.J-rN'lFl:200 Sump ,i':
-- J d I o d - lr :a :- i a,
1.r[1.torat n iln?t NU{s1n a+r nrr nrirnl: aou ifi suulu ur"':n--un-urir: o.rfiutJun-': rir:at trir tvl:rv

j

z-oqnri'l1A?rx1un1:noair':ri,:dr:o',rfitqy1f?ioryarfia':z"o.rriuri-:lrn:400 Built-in

components arolrin:r ri':u yB o ora fi nr:rl:-urlltzia Nttdilfr,{ rilrotrr-.: n eir':tuur': zi?'tz 0'1

rrnrrio#unr:rlrurrurJiarrn:urufi (deadwooo) lurEr':rufirtluil-:rurn: srrp 6or{Jut':o':fi

ri,t EJr n un y#u#aurr n rfiuhl rrnyfi nrra.rrfis,r rio pr:r nur rfio fionr n ritur ruzur n #o rir: o,:qr n

ttr u uil R u u a :lzin r : ri r ur ru ili x r n : a a t o il n : rf n r ulun-.r ei r : a o
- & a ;:
aruu Llavrur:raf Eln F]ozo

ri s n n r : a o I i fi a r fi zu n ar zu a r u: y m'i r 0 n r: d 0 u Lfi uu uu u tfl u n ril n r: a o u t fi o I rrl u rtri': ri'i r

"nr:aaurfieruuuuu#0"
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6d d v q Ala
?0nr5d0ur?luuLLUUrt?1{Ll.rvr1.riln11?11{11.rilf,}Jilf,'}1,tnu53?1?t{n15fl0Utyl8uttuu

dt&aud
LUun1.buF]0n15?111JTlJ']ai?10{ sump nLn1Tf,0U[?ts1]ttllutt11\tU1*F] Optical reference line

method (optistrap) r#rd':etn-u nrTflaurfiflurruuflorqfi{orfiuluur,rryxeloru-rruio,rarnnr:
o ,. a'a,

fl0Ltfiuuttuuriri'oriruutvlEJunr:irlFirtdl.t:0u?{n-0ri'r:oodro6'r (Reference circumference) fi
r d a ut ai e i, - - & ' 

o
:rFruDirrtmt,rttort.rrao,rzuti.:#,:zirr:n (t *' shett ring) fi,:uxirrfialurnnzuafi'jrzuri,:n-raturr:nal

n ?r arH u'r?t 0.i r.J #0 n-0 ilr n fi an runvuroydleJlTnFtf Fi?'r 8i rt]%?r n n xln-Axu: niuuuNt n d dFl rlny101

luzru;ro's:riufirirnr:fn:rurtfiofil "rvEritda{n-%zotiafizarn-,: (radial offsets)" fi:rriu
.i,,d-&

Fl?'tN d{fi un n rir,.r riuurisi'r tni1.r{ rF} u? riuuu n ou",ir zu n nr:a n:u flrl,r-{fl er 81il rirt*? fulr+ffr*rio
v ?' aq tq yo
[r]uun In tnurnrzaro[u?1nil?]a0rJ1.[{n{tateJll,\ia1:ru'laflJv?ltnt:?F} atntrE}r.lRFl0nR1?0ta

rtluar rr 4za,: nr:in rir:: a:lrirtluhJ nr N Fr?1N rfiuoi.: rvirfi nr: ]is nal n dl%vrr,rrJ frri6 oi'0,:
9

, 6 o. J ; uo ev
svNF)53?\la?u?'ltLN[mfinln"'zlnrprfiaufi (movable scale assembly) Ararr:ngrrruri':ri'':h{n::n

J .i3 o qe t ., -RlnIF]AAl,tvr?lUn{fl1}.,lLt%?A?1Nd{ZAf n{d1:A0tnAU10NUn0LtRvtil.lljF]F:]nUzuU{n{611500F}fl0A
d Y r i o aia - - -'

['] R',t 11 5 0 [ S.r ?1 f t U n : Mr ].,1 n Nil a a n Er\1 er 0 0 F] : ?a d8u n ? u F] ? 1 3.J : v N Fl t3?{

riaua or-r ufi ur #': rir: o,: n-a':rir nr: rni EJer n'r'1nv!iaNz a{#{ d1: o,: rioun-ofild'n rirelilu
jatd&J

u?1?1 4 [F]:UNn15nEUd0UL?lUu tdEJn01,tA'lnUU r:]]rln1i

't. n'lrfi1r#uai1Ftudnd10R'ruuann-0frr:a,rforsnr:fort#u:au?0r1'ruilonn-€d15a0{
(Determination of the diameter by measuringl the circumference)

-v
tei'u:au?.IR1eluann0ai1ra0d"l$d0 (Reference circumference) tfiatornzunz00n-rr

inra-u:our{nleJuE n #'l rir:o.rei'r,r60fi2 nrior-,rrrurrrluri-,tunrrrr1fi;fi?1#1Fl-nn'1fllt,rfl 0r[i{

dr:or unrvrnrs Fl:u n?r er fl$?r ss #{ 6i1:aod,:dufirrir ei'nr'luuri:; ri'r Fr?r il d{ fi Fi'rie-irvir rYu niriuqa

& ,- -- ' X' e .ii. " - o J q r -zua0u!IUFrttnnvzunau[l.{vn[Fta{Fl'rtl.tun1:Fl?E]Fr?lelt0unauttnrN1,[La rilo Lnnarldarrnr

#oun #u xrvir'lr rinr nvir fi nvr n r nlr]

1.1 tfion:;n-rn?18.Jd{fiivFi'LJdrurt'r}16a:sri'ufir:rarvr:n?i'r0'rl.rrrnreirurirki'
;--"Gt-.i;

dvn? n m dau}[ilu{nd d't:00 tUu;vFrunr:rorrrtf,-14:ou?ont€Jt,ran nI{ 6it:sf Lrnr:snlunx-l}Jf,{frI
-vi ' 

o
tdanFr-o.1fl{lritfruprrrxa.:zo'rzutittj'.: (shett-ring) *:nanfinffurfiun-,r (rfianfi:yri'un:raid{a1n
a - :^ t j i u u v I i - iylun{ 1.7o telm: InsU:;xrru) Z.:Inuilnfrrtri'r:ynnn']'tNd0ei'rn6i'lrriarxr:nrn!L;r?ruyl

utlu Manrrote fi64 outlet t[Rv,/mEa intet pipes (:rarvr&oeirufirtlu reinforce plate) ra"',:#ufi

5r aiu a-{ n 6i'lrfl'6'r a'r en: nfn t#r*:ar':'rn1u}ia n n-{ 6i'r:o,:"tn-a dr': rio rria,: r:rlrir#u: ou?0 ri'{
q .i ' Ja,
n1:Of il5r FIU n f n n1?1tt! l-t Ld%1au2nfi1auA n nt dle Of 81\1Ei (Reference circumference):
u0 nal n fi5v n*u t ei'u: o u:t n-t dr: a.r fif'rl#rtlura"ud'r.:6,: ria1rllur4l nlT;n uuu the opricat

reference line method tr6ortJunr:inFr?'tNrAu{zarilri,:n-'rrfiuLri'lriruyu,r:yri'ufinrra"u

l0u?{nru%ann-{d'l5ora-r':frotiutot ririoeir,rl:frmrarfrfi6n z iSnr:fflrttr,ln1:}1rr#t*r0u?i

,r'r EJ uE n #o rir : o,:"[ n,* ri

't16



( r ) Referee Method ufl ui S n r : in t #u: o u r.: nr uua n rY,: rir : o o fi n"a,: n r: n':r a.r rrriueh

fl{ Iorso;tit-itnrr#nururzfinaoonr:rfiae.rriairriulnrruzirn'rariutunr:il:ynarafrrn-r

dr: a.t

.,j. Riveted tanks n,:dr:otrdoa.rlan:rrriurzirn"rari'ud'rElnr:B,r rivet rz]'rn"':sri'u
i"

ri rr u ri : viilu n':r u 6 ': 
ri ri r n r :{n r a u: o 1J ? r n 1 u t,la n #r ei r : o.:1{ s : y oiu 6 a

- finrrru6{ 1oo-150 }.tN. ornrfiun-r (nottom prate) aorru#rn-ofrr,,rn
tl

- fi fi'rn ar\t F)?1il f,{?J E{ zurir n-..rZ-Uu: n

- fi prrr ru ao rir a.:qr n uu': m v rfiu rr fi a n:vwir,r r.rri.r n-,,ruLir: n ri'r zuri': nT'tzixri z

1 00-1 ro UU.

d r r ir zu ri,r n-o ( s n e t t ri n g ) uqu ; rtti fi lrifi n r #n n r : r zi u r 6 n r rYu

o welded ranks #tdr:a.rtfioxlnri;tiriutflrn''rerri'uri'ranr:ifloellnry[z-rn-:El

nl,r nryt,rFl:;Flunrra.ia,:firirnr:ipri#u:ou'l0l'rs140nn-,,rlf e :;nn lfrziuri'udo

- fin:rr6n 27o lx. ornfiu#,: (bottonr plate) zo,:ruu-,:#oziurr:n

- fi nrrer a': rir attr n ttu:nv rfi tL ufi o n ru #.r n-,: z'urr: n nn r.rr.li nlz"ufi z 27 o

al e.J.

- fi n r r u a,: rtur n y r fi I rd a a.r zu ri,: ri',r riu rr: n riu zu ri,: ri',: z"ufi z

ritr iu zu rir rY'r ( s ne t t ri n g ) z*uri otrl fi tr{6 n r R-n n r : r zi ur fi Er r rir+
'Referee Method t1 'tuuria;'r:riunrrerdoqvfinr:irrrei'u:au?\rn'luuann-\rdr:a': g

Y q t, i a, - & oa o-o q-uL
n:-,rrtnv"lzi*irtafiuttjuzunnr:rn n0u.u?on1:ri6o'[z"niri:ooru. 12fl'r rrnrfinrrerRurr]fi0,:a,r
q, -L
[ ru r r al r v n1 r t uri r: n r,:: n n -] N a a n I fi ua ?t 0 { n | }1 }.,1'1 u ( Lega t M etro I ogy )

c

-+
f-.--- . -- -t: ---l

a\
;,
.t:(

l'r I

t:l
ltt i
l:
rz = j

r.l
V

\
mark appl j.ed w

2

r-
I

I

t

I

I
I

I

L

I li.li
.. Zt

ith a marker

:rjfi s r

d

b

rt#

Determihation of the ci rcumference wi th r ron

elements ld - iron clement, b - detcr,nination

of rhe !artial length by !he mea6urinq !aPe,

c = determrria!ron of tbe b.ridged parti.l length5)

step over (iron element)

n 1 : ? Ft Fl'l 1 el fl 't ? L fl 1.r: I u ? { n -l B 1.[ 0 n n t fr 1 5 I 0

ia ci r-
ary5u nr rir: a{?1 Nr a u n 0 n? EJ n I : tu 0 N LnHv

n1:in n rr N EJr ? L 6i'il: su ?.i n t guo n n-': dt : o':
. id I

f,1vtu n\l d'l :o{vl}.15 0 I a E n'l El rivet

117



(u) Working Method r{lui6nr:irrt#u:or.t':,:nretuann-':dr:a':fi'jrsn'jr Referee

Method urihi'nrr a.ruriudrrio u norir,: In a rirnun:rriu nrr u aofivir nr:in r#u:0u?{nt uuo n

n-oeir:a':"[{ z rir:vniu 6a
;-- nn:ralfl i 1 /4 nTa i zs zarFr?'rNfl{zo':r.r#.:n-'riorornfiuri.r (bottom

-*vplate ) Z 0{ ti 1-t{ 0{ ?1 utLi n

.j ; a .i --?, - --Y; u
- 11a?tNdfFltRfalntrl,$?FlBt?JUt?JaNil1,{\1nn?J1,ttt:nnuruu{n{?J1,$112 F}?u

:suv 1 t+ yia 1/5 ?t0.tFr?1x6'rza'rzuriori'r

drm iu zu li,l n-,: ( s n e t t ri n g ) a''u ; rt.l ff 1li6 n vr #n n r : rzl r*r 6 s : riu
o"o' working Method'lr tr*ttnn;::auavNnll?F]1fl%:8u?fn1u1-lann{fl]1Ef

ou, A a, ' d' J, o
[anrraasrrjuzunnrr?a) ttnrv'r0n']1NNu[ar:rF]?:?nId1,{50u10n1u]60nn0d't18f

fi'lF)'rta nu

1.2 fnrirrnatornfiuri',rdr:otn"tr.tntrxd'r::rilfin"o'tnr:14"r-nrai'u:0u?{n1u}ban

#,:iir:0,:a"'r'rfiur',ufi,i.n*nl{'lun-rzia i.1 ,i-,,^6ru'nu',El'tirflu:vErvr',n#r o',n,d't,ln-':€Jilrn

nrria marker :oufl'r EJt,ra n ri'o rir: or rfla e.rriooprfirir tai o,:r rr s nr nb{rflur #u: our': ti':

" ; - )vua Y,t .j.
eir: a,:fi:;nlu n ?r er fl0 f,i"[Fr''r6 a n'Liriar.lfirir nr:in n':r x urr rdu:au'lrnr auo n n:0 ar: o o rri EJtflil

--Ja,ouodLin:vniufi.rrtluufiorr6€Jrri'lrtyrrJin:vnlun?'lNfl{ila{rHnrnrsl*n-tdr:o,:rEa sounding tape uu

tE{ nl:nrtd'u:a!?{n1U%0nn,rAl:o.roir'rdt (Reference circumferenr") rflufunaufirirrirg
Y ) A a, '; 

" q' tJ v q , - i) aillnaumau?11.hlt.t}0nQln[!ualHnnttn;tnu?zErnunriFn1,t?ru[uzunounnriil orruu{osio\]nr
! 6 & J d , ..jo o

n15?tsid145AU?{n'181.[0nn{fl]:0f 0'l\lA{0U'l{1,t0U 3 Fl5{ tA:0{el0A!n5ilyt[d[1.[n15?F]td1,[

laU?dtl.lfll.lan#,:rir:a,:d*'r.:6tr.J::nouri'ru sounding tape u-t? 1O LNF]irrnytrinr:EJt:n'irti
6Oe

tn:r:avri r"[riur il fnrt fi prn n ria':2"'t': ttn: rnrJfnl rirruu riu zu u-': n-0, or] n: ni6n#: n-r a rrr.lfor6.:

Horizontal weld

seam between 1st

and 2d shell ring

Bottom plate

:rJfi s z rrd a\r n'15fi 't rd'u: ou':,:nruua n #riir:at ii"roEr (Reference

c i rcumference ) o dr,,: fia a s n i,:luirri n ; n {ryr io x riu
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l*1
I f+zomm

1',2',3',

___ff_|_BeIe_raneee

zomml I*l f*zo.*

160 - 170 cm. (recommended)

2 Fl:{ ttns

3 Fl5{ttn?

l '' shell ring



$GgLps^uuGttBLUsLTtGgn!lSGtzltLp:U1411 r4^LLLULl,ttr[tUUl{%^ULl11HU-rnlBLp

$Ga$srfLLrrLriugeml 3x E reuurtutr-mmFnr^tooeuu&..r:xB,, ttrgrs:1sErg^L[tltrBLpELuF
e.

}u ft G stlu a r4 Lp1tP 1 ft*, : s l1 L u L1 t4 8 u t s^U q$ N L.ls n# 14 g rum1l s8r4 l!lt' Fl^1 l4t

sLULu:rua%lu^LsLULL,tu*rcuiltt^ul-utusr4u;d![tttlBLp$88,t'{4rsLLldLftul3I (to gpEE)'uu

e unuuyrxil '(vo *ulr io gpeB) ..F%8,, rL^uLr,tlLLBrsLLtdLtluresl^t4ltotmronc-rui,Klt4%ttLu

u gLH Lp G t\^1c Sttu u1^t418 LldLttf B:q tlt Fu LLtX Lp 3UllU U Ulttllt\sll8 L^ls $u stt N n^u u l{ t4B U Lt',l* Lp

t\usYtNl4l-4148
ae

u u ttl tt11 B L g L tt['B ut1 l,tL'it]Lu

xtsttrarnsrupussraiz uo t,tnE
Pt

P,ffi&:

a6 L{ng



!:,

:rjfi gs rirxs'uarurvrrjinlrioa.rorin:ni6nq'uFi'lsue-irvrFn arrr:niliu::svrEe.roi'urturi,,
z a o a r er rn r-i in rit a tu rn b uc x t e 6 ,: 6 n fi n o d riu rl n I a d'r er ar er tm rJ in

,.i - . ,i, e
5u14 I 6 Fl0{N14 tA?-l dr Atrilin rtuu ril n-: zuuu nf m n aa t? ala ru3111 n -}:?A



'r.3 flnrd'ufr',:arnriui#ufi6orli:aun-oeir:o,: fiorflut#urinn"uriun'j'] "1" arn

rii.,irnr':inrf,,lri,rarnilr#r.tfi6n-'l{:orLritdr:a,:uir*ifludn z r#uinalr{fi:vu;r'irirlvi-rn-rl 20

arx. t6an "2" ttni "3"

1.4 finai,:orJn:niiorlaahirirrLda{ ru aarBxri'ufirirrvirri'u "o" flordrumrlrBnviqi

drurnr*.r "t" Inapi"rr.lrjnrannrir,:n"rasi'arrrin s nn. nrnflrertriltrur:riun#,,:#':ua:lfiad1uu9

- r .ja q,o - ;
ruur::rirrdufifln'[iEnra'uff:;srtyirri'u to rerrl:rEan -t-1"' (g:ilfi 97 uni 98)

: rJfi s z a r a lrt J in uuu ri'u n-rru #'r #': rrnv rE e.r pi'uri " a uti"

'.y'g 8 : r Eir?Fr z ao t riu: au':{nt uua nn0 fl 1l aril 101.6t11'l nu 1 o te'l ni

H
i' ' 

:-,.;'
H#,r+l;;*

iU14
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1.5 zeTuaratrr]lnu'hi'ririran':rvirriu "o" z00d-rErrvrrjrBxfioirund't "2" Ioras-'r

nolfr#rr.lrintErCnri?'rFr"?Er{'runrin 5 nn.rtuur,l}r n1ild'rutnrJtit*uffun#,:n-.rtrnv'hiagjluuu:
- u ia q* * i

: v ri-r r r d'ufi f, n'[iE n r nufr : v a v tvir n1 I o r N n : 16 I n " z - z"'

1 .6 ariuaralvrrjlnul#Firrranrrryirri'u "0" ila'Jdlurvrrjiirfipirurt+{ "3" Ioraa-.r

n',:L{d'rurJnlEJCInri?{Fr-?uq'unrin s nn.tziuifiN n1nfl'rBtrrJuurri'uzuti':ri',:un;hiaqlluuua
- - ia qH - ; I u

: y oiu u #ufi fi n'[iE n r #uff : v uv rvi'r d'u't o r r m : uE u n (' 
3 - 3 "'

1.7 pirrriunr:rzir*ri'rr-,a',u',rninn:u:aur#ur,rnax:aut,tanz0{n-\r;ir:0.: Iprsq=

tt]u:vEJv:vm'irt "t -1"' r;u !1t-1'j LLaz "2-?"' ffu "2'-2" tiav "3-3r" n;u "3'-3"
6, , 3; : a,-
rtlurziuriL6o u laua:!: au n{ fl'rr ar dr?r F} o 0:vN Fr:r?nn 0u: r? ruri itlunr:inr:vEjvfi Fi'ar ni o il
- J o 6t , .l .j- - 6)v u u uao .inltturrzaxzarn{d'}:0{ altUu0u'rf u0?rFr0r:rtu't[rtytU?au0a{ttl,[unutll.htn{[rNtnrdFl

, .j oqu Y " & ' & ' .i t
ryrryrn:syrt In atnul,r.t,[tyt\] 3 F]tzs0[fl1*t01]?f n1ejfionfi{?l{fi}Jail't}1'rn1[aflEJ Inuilan1:

inr#u:orrrnrr"jt,ranfi'.siir:a,:fi::riunrrrudtdttitvt'.: s Firei'a.rfi deviation'[a.irfiun'irrir
qd , t J'

r.rd6l,1 t'l [1.tn1:tf 210n1{u

- ) ou**3
n'15-r$fi 8. 1 Deviation 11 u0 N t}l Ia il un u Fr?'tNEJ1?t f, 1*:o1j?{za\] n{ d'}5a{

Deviation

(do not exceeding)

Circumference (m)

+2 mm. up to 25 m.

l'3 rltm Above 25 m. up to 5O m.

+5 mm. Above 50 m. up to 1OO m.

+6 mm Above l OO m. up to 2OO m.

+B mm Above 2OO m.

?1r n rJ n n1r;nlriaa ri n do,: rilz"a rirnunlunr:ruzirruubirirnr:inrr#u:aur.tfl'ru14on n-r 6i'rTO,:

d'r,:6': (Reterence circumference) lveiaun:rvr',ttJnnr:ia z ni,rfiorn-uLi'rlnn'r:iprrvirri'u
o a.f a ; , o &1.8 'fun:nlfrnsrflutru:t80ru:vm'jr,: sheu ptate lu aottom shell ring l-r1.r1 fl{fi'l

lfl'arurrilfn"triuuuariuriuzuri.:#orir:ordri{lun"o,:un"tz:yarr#u:ou':,:nrflt,lann-rdr:ilr
- J - ; a ia t ; 6,,

U:t?rU:0€JLtl.l?til0Nn0fl'lT0{ Fl?EJtF}:A{NA?1[:€Jn?1 "step over" UdtUUtAiid:'l{yl'lFt?U

Inrrnn-ragrJn-r c Inertlnruvr"rao':zir,rvirrtJufi6nuarzrvioco,:fifiuoanxrd'o,raurufirri'urrav
31 q t t \, o '

n-.udnviT':'teiara.{t:niliu:vavvir,rka"'rrriodr'r'iortinrtfior.ir step over ?r'run:ururirri',:lnalr"r"lnru
Y w 6) )- u 6) I & * , 9 ru v

fl-'r 2 dr{Andtinri'r-rzurie n-.:"[r.izruvfifr'rri'ru[u:rrirtzryi*r z zirozor step over L0{Fio{lil4=*r.ra
aA

n12u.:n,:n5orL%?rU sN (q3rJrl or )
dor*rir step over rrfiohJior:xeJvfinioertturifian:rwjr,: shett ptate oi:EJn-%lu bottom

Y"6,.j,-t
shell ring #ut ,irrtlunatnrnrnrrNU't'ltaduil:rdrnlt over step trnra']'rrlU'r?rafisfilnua;

lzi'lpiranrv#,rdr:o,r#':#urvirriuufiorir step over"trJlu-,rrunT:aaurfiaufi'uri'':rir:0,:n-,:lma-inr:
.i , c oq i Y' 

^- .i
Y1'lFi'l'131U'l?taRUu:vnln? over step Fl0{n:v?11[meitnn:r: rSnr:lirnrtatur:tqnul::qreir
over step fid''rri rir step over hlnrurilzu#orio'lr+uurrdarri'ru#ufifrn:ouri''rliorn#urirnr:

in:;uvil"r,t:vrirtilnruinvrro 2 trin:vrirnaruaarrnrrflru"rFri{ rtn"r6,:r.irurmrririqfia

rtlurirnrrruul?fl o': step over
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ornriurirrfir.lnr:n:;rirrriurfiErrri'uy-:z"a 1.1-1.2 urilu#unor* 1.4, 1.5,ira: 1.6

fl]nF]?'r3lEJ'r:::U'ir,: "1-1"', , "?-T"', ufiv "3-3"' iprri':aa-laryrrlfrooh]nioalnyifiu*u:
d"

tfiaal:vv'jrt shell plate n":ari'r* trflf step over:rrnjaarrrurnrrfiun-uneir: ,,-or.flr r,r-,uo-r,
tt

?J80:;f1314'r0:vfi?'lf "1-1t" , "2-2"' rins "3-3"', 60il:vnaun"rEJnr:dr%rirn:rruarrt{lu

,Ja5?,J200:vEjYFl?'ll.,lu'l? s rirda rirnrrarurrst"oirririt "o" qufi,tn-rrazuunrurvrriinfiz-r

z0r1 step over finoeirioufi':iru:rfiaru (srs2) u?fi rirnrrxar:rafiaaao step over (s2sj) u?n

nlu :vu;a?11Jglruuaretrrr]inornilaruz'rzE{ srep over fi6nuRsqrnnyrfiurturrfiaruor*fi,:

:ruv 1o ra.rF]ias0flrarrrJr-n (S,sr) arnriurirrfiunr:nrxn-?zt-a t.z izir*r6ru (ggrJfi oo)

a Honzontal weld
/ ,ua, between 1'r

and 2"d shell ring

-10 m
S4

1'2'3',

l l I Reference Circumfere-;---trt
\ st.pou.,

zo mm +i 
11

*] f. zo,,

VedrcaIweld seam

Boflom plale

';ril14 9 9 tid a r n'lIrI r ri'u: alrrnr at,ta n n-o 6ir:a,,r o*'ru 6,: ( Reference

lir.rrf"r"n.e) oejr'rr.ioa s n;,rluririnynirh:-oruri'urfioararyrilFrioar'uu:
.! au

tf,ae.rtin;'lzi over step zi:alu

qrirr.i',on.rriufinrunluuvrfi t o E. Determination of circumference

2. n1t?1'rFr?'lilu'rx?o0r#urou?0nlrJuanrJu-0o-06iT:oofiaru-ozrsuflon-adu'lilhagnr:
s

mooto (rlumbing method)
q oi.i"[ufi firffo':qr n fn nr]:; a': ritfi o nr: a ar rfisu n-.r rir:a,:zur nlr qj:ilvr:o rrur oi'o riirir

,:'-rupr-rr+zJ',:n:{in'jrn-':unfl?lslrrJ (regat Metrotogy) oi,:r.iunr:rfionrei'u:ou-:,r#rrar:a.:fi::nil

nrralauttriar:rnYudta$ri'unr:i6oniSint#t+:ourun-rrir:orrruu working Merhod Insrirnun
^:- ;"
: v n u n': r u fl ,: fr ri r n r : in r ei'lr: o I r r n r EJ u o n n-,r 6ir : o ,th- z ri r : y riu fi a

23
S1

1I

L

I

l

T-- lil
] ,r,,i[ li-I '0" I l-,+

I 
>r l+'20 mm

I

'160 - 170 cm. (recommended)

t......

1.9
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finrrras I tq uia 1,/5 ?'o0Fr?rNd{?JE{zut.l-{n-{ e-rn bortom plate zar:zurirrn-uziu,,rn

11Ft'ttN61{F}''lflratnLru?avrzltdoalnu,:ntuurr:nnnnurnr:"Jufie dluzy,az 1t4 vtio

1 / 5 ilannxt 3l df z 00 r.t 1.l-f il-0

airv:-lrurion-,: (snett ring) #*rlUfilrl'finmn-nnr:rziur6s:riu uriyrnluaurnnfinr:yrizuur
rf d; .\

mrtrirutrntrnuR:tvntuInEtr1a.ra.r'rnf,l{ i:-l61re]rTnrrjfiuurrrja,ri6nr:fineirrelrlur'r,,rn"'r*ln"

-"i ; ia, _ An1:Yl{n$[v,l0Yl1Fl?'lN€]1??t00rfl1.[:EU?0r.tu{n']ux[0n?]00n0dt:0,:urrlunr:inytunru

::nitnrrt a,:aa,t n-t rir:ot tun n rir.r riuao'r zuri,: n",:ln uovrtjunr:6t,l:yt.l't1t it o nlilluruur:ru rrny
z-
d'oar n riu,J fi,1n-t rit:at: ou t au: ou:oz o,: n-r ar: o,: n-oliunr: irl fi aurrr] n,:'1il'irzur n r #urir u

do

6ua n nr': n-.r al: a,:uEa nt: td tLtz a':ruu': n':rt n onounr:tfrzo.:2u,: n-,: dr: o'tfi,trJ n fi Lfiuo draalo

tu#:fin-{qr nil:vn ol dir,: n-o rir:ot tt#:raEoui o ri,: cir:o.rrJrunr:tzioruerrzi:,:',:ur,, o',nio,,o-.:

#r* fiviSvrnza,:nr:rrlfieruurjnrnr:1rrrirfio:nnrirrfrr'hlirer'lunr:firr:rurn'r:d,:fieh-

n:ufi'rutrd':n-ranr:infi 2:rnlua:rardtza,:urin:u*u;o (snett ring) rrriir:zuzo.rn-,:rir:0,:
4 ao 6t d 6, - ;
?1 { n fi 0 t! 1.[n 1: tYl 8f Y,l E [1{: I A Ur il\t

16) ,a u6 6, ;. - r. q t ; q e,
LtFl t1.6111{lJfluR[1]UnlXUlnllR0f?1'lnliAF11l%f:r1,[:0Uflnfl'r1002'ntRtntUtUlOLhLAl

rrfrfifl utlru6ulilri r nr:frirr nrr ar arrz a,: r rir*: aL?rnr ut-to n n-,: ar: er,:fi zuritziua,: ri'nEuirl
dv,,)^4.t'lqr nfiun-{ 6 nvi.: ttJunr: tfi ao ria n r:rJ frrifi,:rurui n rfiutil . ua nqr n fidluru#,: dr: a r fi fi o ellu

q q t u do .j a . . j 1-.--iltnr-Iuriauzirr:ffdruruetrntxorvrerrnuqrururqrHu-ryr!fluFr{1t,t nr:r.irrmnrirtr*iruu,
trntt*Lafltil0td:ilnr:ilflun,,ttutun:[zlnra':roruuf vrrte.rogaare drnntue.rilr:frrEntuld0f,Ft.

lunr:{'n nr: unvlr'zu nlu: v ri'ufi ur rfi a fi alu:y n:rrrio6 r r{1ufr,:fi n-o o rirfi,r uo n qr n fi-.rrr-t?J'o

n:,:innralziorirrunri6uarra (Legat tvle'.rology) fila.iiai'ri'aonr:n':rarnrrdsn6,re.rrn'ouifiu"[r-l
d d t e L -€t a

14l0NF)?',lNt[1,[1,[A1,}flnn0{df Fl{tu1.h]'r1,tu'Ja'l{?FlIurr\]'t 11ulFl1flFt i (scientrfic Me'Lrology) ir]0

Y q Aia q bd " i - i, - j, .r ,u
ltu[1.t11u40fl0 Lz']0ntlfi'ta'l'rNUt??J0f rdu:0u?{ntEJt.lann0d't:0,:nruu,:ztua,:nnZutrjgrretnr:

iut'dufio lefr,rbing method) InulzliEn 17 optical reference line method IFruannf nrr0gl]%rnn

nr:rqr+fizorl reference line method iziurfiru nr:rfianlz7nr:fi,:fi,:ri'rB iEnr: opticat

reference line method zirutrnflrprrlunr:rJfru-fi'rruqir'Lunrnaurxlnuranr;rEa.:za,tu:'t

narfrrrrnrilunr:fr06':nisiordrr drr[Jurio,::oot,ln:r?t0n]tfl\tu fi,:utlutilkiurnillnluylr{

rlfrrifi6nfr.:uTofia-n:rnr:rfianriazuanr:infianrnrndoudrrzir.lriu ri:ulurioon?'rNilnoFra-ei
w - ; d a, " & d e -t 

' 
,zo,:tt"rvdrfi{rJfrrifi'rruaaurffulniar:alriufio.tn"'jrnnn:ralrfia,:1unr:rJfrufi,:rulri'a.rrnfi

LNB?

d2.1 mqUflUO0 Reference line method
A - ; , - .i )a

taJ E Fl?'l31 8r? tff.u5 ElJ?t Z o0?0 n R H1.11.{\:?1:1U a1i[n? n?1N UliZ 00 t611.{:0U?{ 0 n?0}11.1011N

ia filaiuvir riuirrifir n audn nrt i6 ar #u ar arr: nrrlprhl nyri'rur r uyvir,:fi uruuauz 0't r.J n Firr
9q

v d y & ; "9 e-
?t o0:Fle.l z 8f ld1.[1011'l0ylt f, 00Y1:3 Flu:3u'1u IFl €J'] n1,[ n nuu11ln '1fi
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Rref

R

S..f

S,

ri',rriur:rovtn"'j'r

= :-n fi z o': r #u: o u ? { n 1 s t,r 0 n fi-{ d I : o 0 a"'l r 6 r ( nef ere nce c i rc u mf e re n c e )
ud"yBn,qA_

= 5 Fl il U 0 rr t fl 1.[: 8 U ? { fl 't U x[ O n il { fl 1 : O r U u6 o z u t il l n "] fr : r n1 : ; ut LJ L Fl s? n }t
lrud*u= :38J?l'tr15y?1?'l{5FlilA8f tf,l.t:0u?{n1€ius n n{ d-}:0{ 81{ a{ nu5n a.tz ot.:t

n n il fl N N 6 ( i m agi n a ry c i rc u mf e re n ce ) d': a qj vi r,r r.r #,r n-,r a a n 1 r-J

rrvdvdeu"jvd
= lYUv?llflI?1?1r1:FlN?JAfSFlN?J0{tfl1.l5EU'l\:n'lU1-{Onn0fl]:0i?1TrF}LtFlU?

riu n #u:-nfizomtnnal,lalalfi (imaginary circumference) d,:agjvir,:r.rri,:#r

aanhj

R,., + S..,.

R

R+S,
R,.r * (S,., - S, )

r ej ep
rurrtv,/o lfi d'tilri ntit alfinn &i'a.rln ni6a': rir.ln?rl.J[{J%ai,] e.Jr nfi an riryiln-r dr: o,rrfio0arn rrld

1a.i,flufi',:naN 1 oo o/o lfiufi,6urn-,:rrrirrafiarniqrnnr:inrunrira S,.r. - S, fifinr€J t
sirrrnuolu:vl 'rurfiu?rit,rio"uil-{iir:a{qiru:u n ni,:6,:rtlufirdrrtju Fr-{#ur:'rfl'rN'rrn14'rFi-l

r#u:or:tn-,:dr:atln':ufiuuriu u#u:olronruilonn-{6i1ia':4"rr6,,: (Reference circumference.)

In?'r

2nxR = 2r*R,.. I(S*, - S, )

I.l

,.r 
j S,

C
.l-

= C,"r + 2n *l

,.r- Cucumlerence at

./ a heiqher level

Reference'' 
Circurnference

-t-"

PerDend cofar
imaginary'!ne
scale on l"4ovable

Scale Assembly

or
"O pl ic al

Refcrence Line"

I

I

4 6d

tid n'1 n\, Fl?1 ?.1?1N1 Uttas?5 n'l:fl a 0

^.[

Its

,1TL

:rJfi r oo

125

Reference line method



z.z ,irueunnfi6'aofi06,,r (etumbing points) fiiaorqriandt "station" d1u?1* "n"

nr:rirnunenfin"arnr:fi.:6rriufiarflunr:riryun,irurut#uo''t':Bt'lurru:fit (vertical
q

reference lines) aorri'oeir:o,t ,-':riu*o-ut',nfiln'''rirnr:v'tiii'u:our,tnruuanri',rdt:a':a"r,:6u
- 6, ;d ;. . :; i , i

(Reference circumference) tiluvtt5au:au n'l:n'tfiuaanfln8{m1n1:Y{ad[v,l0v1'lFIltQnu?1af

qrnnr:i9pJnrirr (S'.r - S, ) firnrutoirunr.itlu:vururfiElrri'%:aun-':eir:0,:6,tsi'o,,:ritrunbi
d' u u q i " 

q u&
tl=ri tqlb![ns ]i r t n5 o,:fl elr €JU1.t?J0uul-tfl nil s{ il 1.{{ fl,t 6it: or: ttRvvtnt tt?ll+rui t? ru In nnunf F]'l fl n1:

fi,r a n fi,:1#a o n n n-0,: ri'ul{iri o av n: n ria nr:rJfr#fi'r1uri01il ttia,:or nl oru.uz suurld Fl?t0r tlfit

qrrfJufiuz'luztn6n:anrfiavirnr:zin6un{z0r?,4 movabte scale assemory qgrJfi 1 o2 ttnY

.i - q u3 s 6, . ' .j- !'1o4 ua:riu-:nrulnai'fiuri',royruusir*nu'rrin,a':iirnr:finn"':qnn;i'0,:aio.r (ereclsion optical

plummet) (e:rJfi I os) lunr:inn':rui6EJ,:aa':n''rra"'rri1fi6nr: optical reference line method

Iprs fi un rurirfir., *r r-ufi'
lglur o nfrvtr nr:fr't 6'::aunl aua n n.: air:0{ lta RvSnn 00H10 nua]1n n11 1 LN Fll ttn

q1

ei'aolrirfiu 4 ta.rFr: rtJurnrudfial:rurFl?uFiLJri'unr:r,:fi a.z d'rBrziuri%

d o d, t u a tu
Fl'r:'1014 8.2 alU?l,[An?tF]0{?10Fr{0EJ]f'u08f,F}zu08nu?Jl.r'tF}?tE{00d1:0f

9i

Circumference (m) Minimum number of

(eumuing

measuring points

points)

upto50m

Above 5O m. up to 1OO m.

Above 1OO m. up to 1 5O m.

Above 1 50 m. up to 2OO m,

Above 2OO m. up to 250 m.

Above 250 m. up to 3OO m.

Above 3OO m

o zuriufi'.ruriavziu (shell ring) ovil:rnouri"terr.rri'r#':dout (srrett plates) niriu
r fi o rjrr u n n'r : fi",,r fi ,: pi'a': ri r u u n o n fi n-4,: fi".: 6'r ( Pl u m bi n g po i nts ) fi vi rlfizu #'r

n-,reiost (snett ptates) fiadr'rrioelna 2 eFl

Jorez.g ustL+ia.rfiaeiaandao rirriuionri Optical reference line method rJ:vnou
I

ri'rerarln:ni 2 flnun-n 6a
9q

. gorn#ooaiAo (Precision opticat ptummet) (g;.Jfi 1o2 rnv 1o3) fior-I:vnal

oi':ern ai'or eio,rki'[n n n'ir nrrr et arz ar rYr rir: a o rrn:r-]:nz sr utoi'z=rrrquilfo aizn 6 ot
I

,i'r d fi z r ri'r d a r u r : n l ir r r or''u rr r', u 6 0 u n r fl 1 il'r : n rJ iu : ; n-u l u u ur : : u r ul n-r.l itt
1n"tri'::n1rln afi:s fr'un nri',u, nr', nfizn 6nd'r-rnr:ar xr: n 6pr 6 n ri'u zurio n-,r n"r auriq9

a ) - i- -" -' d d | 6tnnn re.toaruEnnnarfi,tfi,: (Plumbing points) rBoorqtBEJn'j1 "station" fr
I

-:af,'ur1:nil:urv hurn n?1il dr unr:;%l1-rlni'sir rrnriofiln #rH s,: riun na Erdo fi o n #':

12

16

?.o

OACA

30

36
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@@@

:rjfi r or uant#nuruvnr:rirmundrumutzaonr:fitfi'r

qt n fi n Fl".iflFrn n'at ria'r fr'rnd'atriatn::vir':at n nri': ti''tnrEJuanlei#a EJ n-ir 30 u N.

fi a:=svvirtor n ruri.: n-unraua nza{u a n#a': riatrtlu "optical Reference Line"

mi a tdu: ou?{u an?{ n fi il anry n (imaginary circumference)

ua movable scale assembly (e;rJd 102 uar 103) eirurfr{luanfi1n"iunr:
q '--

oonrrurna''rariu:nnrnfi + #ar^rioxfiuvi,luritnfin (the magnet trolley) 1il4n
JJ

rn fi aufi arerr:ng nrurit#.rl#ri'::anrn rn fiar.lfi6r+4,tfil1al *r*?F1'lr al6tzo.tti'.: air:a,:
eu , ., r a i
kTa dr.raii;rn{ ilFlu;-i"fi anz{F}r}EUnua?rana{d1eJr:niliu:;avvir'r:;m'ir'rrurf: ri',,r

3d

ri'un-r:ntn fi ar*fi"[ni"fiaaren:nrj:-unlelrfr'xzatdr*ratrra-itu f; nniau:':Enaatue-i

rmfintridrg rirrfurfia:narn finr:rnfiaufiuvi':uriun fin 6'on rirro;1ei#ruriafi'ururi,r

ffreir:a.:usiadrrtn iriarorn rfluurirn fi nfi;uu:'rxrnri',rr*turo"rnrirfirjfruG'rrlr

frarrarrin: Rttvt r-in:rpr:fin naantur*rfinrriratrnanrrrirmf; n uuanrnfiau
i9

firi'{nrirrfi'qsil:snaun"'rauvitlamrfin6nrvrrjinpr:tatstril:relril 45 usl. fi6n

#**uarulr:rartdaFldrrtvirri'u t ruu. Inafiraz o aein:tnnr.: taz'1 fin -'1{

20 uN, oraglri'rulufisnluzu#,rri'.r luarurfitnz +t fit +2o uN. agiri'rr.lfivir.:

aan'lilornruri.in-'.rrir:ao rvrrJinrri'tn airrdor'auaon'liln''rar nrj'ur-rqrrri6rr*firri,
z' - --:t I u "ltriao tr*airr+ntar n nururr{ ildts14ta{ [n etmud un a a{N114'l's F;l'11{41'J tz'1fi 1d n n a I

, j ,:1 i q u - v.qe - ;
rryi.rfrrrnrl{nfrorEnaeiuudrrur:nr]tutaouluuurn{a'rnnuHu'3 [n53aufiu'tvI503-lN

an3f;anhiur.iumn'oirn.tiura€qrfiarirnr:rJiutri'rvrrJiprrran.rrirrvirnlu "o" rfia
,i ';ilfr movable scale assembly Ogil5:nUn-1Ufi1.h1y1fi'ltdl.[5AU']{n'lEiUAnnnd'150'J

o"rtff.: (Reference circumference) yt-tfifi::srdrt:rmdrtru#':#tnlurirrrasrorvir

/';\(, @
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LIE

102

- zlnrn#ooeio'r (erecision optical plunrmet) o$n"rueir,:

- qn movable scale assemnty aqlnr,rulu firflandtduatnrrururi.rn-,:

ri'u "o" pio'ryir,rlririaun'j'r 3o zN. lasna'rnfi?tn movabte scate assembly

drerr:ntnfioufifiuntnra.rzu#'r#'rluuurfiari'runr:z-naonoi'rfltfianfi'rq;fizn:on
oo6dd

n n a n F|0 E EJ1J1.[dx1.tu1.tflFla80 rJ14{ fl{ d'r:a{ rtns n15 a?uF] Nn'lTz1,[n{280fl0 tn n01,lr
q9q

- ;,,
F){ n nr? Fr?urqrrurmfr'l oeiz-r'r eir.rrfi orl:vdrurruri'url,rnr.i'rfi6 n nunfi,:fio rir a-':

ElUA1A1n n nOfd0n

j
s

5rJ t4
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drvriun-rrir:o,,rd,rzu#,:rT,,ratr,rpi'rarrfinttdFll+[nfl mta aluminum alloy fio:fiflrgmrtri'

I,l:'r;tta.iirf;nz0{?Ja tnovable scale assentbly trinrrur:n4nfirizuritfr":rir:o':1d'ri'o':rriSnr:
-.j i | 9, ,u q .jq": -' , 6 q :t - "

6u tfiry alry a a.rrio"[rJ iurin-o rir: arfi"[zi,:rurrl arl:r n au o: fro [uq n aru n:l Nltun{ d'l:o{ N na 3

f6;lA
ilrn:fl [nfl;tu1-6fl'].1.[tllry

:rjfi t os q rzirl n d'ri'u6 n fi n q n n ii'ao ei a': (erecision optical

plummet) n:uu a movable scale assembly

n.l:at?o6{au opticat instrument d':tl::draqjriuzorndorreio'r (Precision optical

ptummer) pi'o,rn:rvirriaufir;rirurlti,:runrnaururfiobi'rrr.ilo'jrtrifi collimation error r#':
?' '' 1' neirrfioirrrmu,:o'r'r6.:drirruorr:n'h{riln1:Eli'tado!Fl?1il#{n5{zo{ttl'{?a'l nvi1 n15 Fl Fl Fl 0?J Fl Fl { l
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J p d o - -gno ftfgnr:ntan movable scale assembly a1nalttfil.hltflu:AU?{nlUUOnflnd1:8f41{E{ail
I

'[rJ€J-,Jdruvu{u1-rdFr?ta{r.rr.i.:n-rdr:auunvdrurir:;uvtBlaoaa']iFlfi (radiat offset) ornrfunr.lu

opticat instrument'trl t eo orar ejrurirdnni.: ruarirozoonr:airuriryrtr z ,{ofir,i'u#atlil

rirtri'r*rfiunir t ele.r. nianrelr#ulainrstuna"aoairm:-umurEIinnfin-aonr:n (Reticute) ri'a.r

triuJ6uu$iln,:lrJrfiun'ir r tu zo,ooo (g3rJfi ros)

5rJv1{
;- i7 t -g Jqo- u)

o + lglanfr{ a a Fl{ a Eiuuruutzr*uud n tvta LntarmulYl al nz n movable scale
q{jl

assembty dunt nr ru ru rit fi''r"[rr- tfi orJ:raru.rruld'adroln #En ri'l ri'r
o .fa j i . - r e t

vl1{1 fl a n Fr }rfi 1*{zf n'} fl f d a{ n fi a{ o'}1.rFn

*:- i--i1- |ifliil
:rjfi r o5 nt:n:?adou optical 

'nstrument

130



J " o d*o XA a, ia - i d.o2-4 ${an1fixFrc']1{?1.{Q amn E{ n'l5Yl{ Fr{itilayttSuu:0 utta? aa dntn50':uarnn na.:
r q u rJ

riatlr{oddrndr:sri'utdu:su?{ntEJttonri'.:eir:a'ril''rc6.: (Reference circumference) il::xrru
1 rNFt: rJ:-u::nluanri'rzarnri'a.,rria.:hi'[ra"'::nlu arnrfurrrqnrprfiar*fi + d'a (tne magnett

trolley) uurirunut::d'urai'u:au?{R'rtJ%ann-0rir:aoo"rr6': qnnii'ar;ia,rarr-rnd'nhi'fi::ssyir.:
9o

01nFl-?ru#{fi-t (shell ring) iilriaan"jr 30 u}J. risn::asyir,,:ri',rnrimdr "optical reference tine"
.i r 3-
1r:ytJvl1'r{r.tas{y}'rnlril;udtnnzs{tyrilinnrrxarrlr{iranorirrvirri'u O rirnr:uTufinrir lpra

drfi.:fi'rrir "+' rrad g-" fieiru"[rr-ornannn-arria,: rfioarrtnfiaufi + #onn6,rhii,:duhjsrrxqq

ttlr?n{t},10111n15?FIFI'rnlSYhrFl$?lo0ttFlR3r.rl,hlIt{?1538vFr?'ti-tfl{ 1,/4 :fl7a 1/5 ?}ann?1}Jd{

fls{rufi't#{arnuu?nrt6utdaruzuri.rutut ri'unrri'r#uz unvfintrilflc&i'rn{arnuu?nvtfiurfia}.r

n#,:nlziufi z ri'unrir#r#r+fi s rl"'ra::EJ -- 1/4 'nia t rs uror'r.,'u6oua,rr.r#.rfi'r tr.uru:fi'r
d - u & o.,, o w n ; v aj .l -Fl'ltt111.i{tafl?nuaun{il}t{u1.tu1{da a'ln}iuLfiUa0u[HuFrtF]Rauvl 4 flatna8%11fl{nfiuN-rg0t!

- i r r v a r t ot r u el
oirunu.r rfr xfi:;nlutau:au?dflrar,la n n-t rir:a':d'r,:6,: airurir unvulufin rir rirfiei'rulnnou

-;-ZuluYra-rJqu"oeqrd&rracHasmssFluu6ra€n10nu[sJrnu 1 NN. yllna'lf nurnun?11+lfiF]'][1{%n'}:?Fl [}1s]anFr5'1
J, ' t & J.j" , -" j iqu"

{1,tn5v?1{r.tRFt'}{aa{n'tYhl 2 L?l'ln1,t vl']td1{1.t?1Fnrr141.h1vl{Fl{vln 1 an50un{d1500u n Lnnlfiua
6 ild, & - a a - Y d o

h.i'rfluuurn-ud'r'r6'r (vert;cal reference tines) uiorur-iufins.rn fia-{a'rnfufrordrnr:nnrurru

firn?1il B'r?r#u:or:,:zo,: zuri'r ri'r urinv#uln-rr n an5 n'ri rilu?tu nifiln"n ririlflun oun"'u Fl"r

o .i
rrda{ ll.[rilvt i 06

J-lo i
Fl 9l'l s 8'h15'r8d']1.1'.J n n15?t { n { h.tu yt yt 1 0 F. Pl umbi ng

5u14

-'ll4 or ,/5 ol shell ring height

I

-1l4 

or 1/5 of shel ring hei

Reference Circumference

Bottom plate

. , i" - &
1 0 6 rtd n { Fl-r rryl 1*{ 11 fl 1 n'} : ? Fl I 3 EJ ; L e1 0 0 z a{ : Ft el 7J I { ti 14\1 n{

t:J;e.ldu
r[F1 fl :u 1.[]1 n 1 tty 1.h1 [l.rirl.d? Fl { r n u? n u

7th shell ring 12

1'l

10

I

8

I u'nshelt ring

5h shell'ring

-4t
{

-{
/ 4th shell ring

3'd shell ring
--€
--€

-r-
r+

2nd shell ring __G\'-
--€
-€

---{;
I 1" sheltring
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1er

c I c.r,r;r t: i c>rr

I'i9. Cn.arage wrth
(.r - distance

gurd.j roller Ior the
bet!een shel I Pol nt

pr.lll VLCU

plumb Iine
.nd plumb linc)

He!!u,iD9 .,rr t.?., ir rh
dirt.n.... h..surin, d.vr..

Srld r o7 ?,Flailnrnilunr: ptuming iulrirfi,rru-nfiflrgnrtunr:r-lfru-fi.r-rurnrnfinafi'nur,:

rfi o n un'i,: EJ r n ri o n r : ai r u ri r 6,r n n un ufi #r EJ A Fl n n-o o 6i a rr
9

gradu.rLed rulc with
magnet ic nrount nq
suppor t
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2.5 Special Plumbing Lill,{n1:il{AnrTsF}l-JA1n?1:xF}Utd1.t50U?{fl'tEJ1{Enfl{fl114{

dr'ri.r (neterence circunrference) fi:v#unrtal dn 1/4 v\a I ts zE{a?lNC{aE,lt}il'sn-{a'ln

botom ptate zo,:zu#u#,rtiuu:n Ins,i'nlvifin-r6nnnfirlriaxiai,urflon duAuriru*.nzuri,r#tn'r

r[nannn.:ogt]11.[05raLld%54!?{n18%anfi q . 1

a?' d \ e ci .9 - - - ; -rr n ny{:0 N N1]U11N'r Uilln:1ttdA0A3168A1Fi' 1 At e-J. 8,1,{Fl0Q]n nU rJ14{ il0?1:; FIUZ0\t:3 FllJ rd1.t

:01J?{nrurtonriod-r:0,:ei'r'r6,.r uiaxrjirfinflunruruena:rlfrufln'rrirtvirrir o 60fi:vElvvi'r'.1

arnil#tn-0 30 ze.r. qrntiurirnr:rnfioufiorjn:niznn-':nEi'rxn0ilrluuu:fitnrfi:rorluFr.lrerflr
- - - Y 

e e 
,i1/4 'rLt i /5 zonn?re.id'ra[]rft1.[dn{?J}itLTnarn bottom prate (q3rJfi r os) rirnr:lYufin

ririnunirri,,:firrir "*" unv "-" fidrulpiqrnfru?1l'ruNrFr:r lr*tIr*rrr rinr:ur.lfiauur]a,r

,r-,i ron ul, fi prrrx,ir rtJxrtnv dwr n fita v q ulun our n-t riottjq9

:rjfi t os nlrd'a ?r,rqiln:nfdruiurit special pl umi ng rrri oil n: nizn
119

du

Ux{B:\1 1 tta?Fl 0dEUtfi 1.10:3FiU tdl,l reference circunrference
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3. n-t514'1il-5sJ-tFtT Sump (oetermination of sump votume)

nr:rr:ilialn: Sump fizlunoutlfrrifrn#rurzir*16e:#unr:aourfieurLUurflEJn lprcl

1ei'irrtiuoi'or uil':r]i xr n:a a n utlr*rJBxrn: eia a rurio dr,:1F) rtlunr:nrrjir.rr n: rfi so ririlie.rr n:
d e - .'' d r d r d r Y ; oer

tA U? dA A A n 0{ nL n1n?1e..ld{?t E{:Y Flul.l1t}l U{ F}'l Ft?116't tll Ut nr tm et:tmrUU U 
'l 
t:'}av LZ A1tf,1,[

airuqueinnruluri'rrir:a,:orn#unoufiriru*.rrlunr:mrilinrri: sump ?ru1r']145'')Ejnvtdsnrfiar
- i,

tF}ilIa'l n u % ?1 il't 14N1

n r:yrili nr n:zar sum p fi,:fi n-or:vaTn:r{,: rfi ar riu Rr urn ri'o ru ff 6a nr: ar ri1Bil00

11fi 6lFr.r*1il[a']'lINiltinnnru'illIIn:Lfi flaJt6fi f l3J [Q Al lUilAnrur n:ri arir a a nar n n-t dr: o'r irnv nr: rir{'nfit siar#utsdrlil fi rifinnirur{

rur ri':s In erqilr: n-,r rir:oofi rirun r:1#or uu#roi'a,tn rrq aau ri'rerdrn-,,r eir: aoloi'ir n'r:#r,r n-r

-jn01,lil'1fi'tSdaut?1t]uttRsN?0n1intaa?t a0tfln?rtlilf,unlu88nrJ']au1f nnaad a?Ela?'lN

tJ:r: nur 6or n {rfi auu: niu
qniodr.rn'i:rirulrumrr-l5Nta: Sunrp lurLnfi 1o G. Determination of sum

oJia
4 . Frr u ? 6u n 1 T?, 8 1 CI F} ? ?' O 0 6t 0 fl 1 t A { rel a T y Fl u Fl ?'t N 6t 0 u o 0 z a o ru a ? r?t }J 2t uq

(Catculation of expansion at increasing liquid levels)

rriooo r n utiun']i?r a dau uuu un'rlufi fi'tilbi'rtJun r: a o u rfi suuuu urir anr: niuru uri

itiunr:aarrfisufir.raa.rr^rf,ruzarnrrfloLrfiEruuuurtJErnFi:urfio #r*601r*uirrluror.',rn',

Lli;.;:trr:24,1 sump rvirriu n'oriufrnErrynzar:rnlua'rrerdr?ro{fl0{rnn:fiu::olun-,:ar:a,:fiUq

- o i q,
::a'un':rardurirfioflu"lrJarn dip ptate fifirnrionr:aarun-:zooo-rdr:autfiarornnrrarpiuafinri

(hydrostatic pressure) riut:r'laiarur:nfnlpirfiorornr[Junr:rnaouuuuurio #,:#u6,:rtJr*
; . dt J ^ . J -;;
t:0f a 1L! l,bFr0{ nl n'r5 F}'r1.[? tu til 8z a tzlu 0?101i,1R?}Ofl n'1:7} u]8Fl??10$ nd d't:0$t1.t8{a1n Fl?'t il Ft%11
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. J 5- d,6 J
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H. ,-t---|
S,,r

i/rlm
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increase of l,zmm-value at the ntn shell

!nternal diameter of the tank , m

Density of the liquid , kgtm'

Acceleration due to gravity, m./s

p
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tSlE

ring, l,/mm
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= Modulus of elasticity, kg/ms?

= Stiffening factor Mild steel

= Height of the respective shell ring , mm

= Plate thickness of the respective shell ring, mm

=o.85

i

:

:

:

i
:

:

:

+wj

i
l- ||z

,

:
!

Figure Deformation of tanks
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AV = lAn.h,.,

= Mean value of the shell ring heights of tank
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4fr'raeirt:romuiln nridoutfi aululvrfi t o,

elastic expansion of t tank shell increasing liquid.

H. Correction of l,zmm valve due to

Jncrcasc of thc staticll prcssure at nrogrcssivelV incrc:tsing liqtlid lcvcls

lu fl a 0 n ? r il #N vrTu 5 n r r a.r riu ?t o 0 tfi fi ?5 fi n ei ( stat i c

Fl'l'rNf,{?to{t14R? Ltnva?1?1111'ltLfil ?J0':trn')

iquid

4,6rn

,1

4.P

C, oz2 a

o, or'7,4

rU14
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EXPANSION UNDER LIQUID HEAD

Actual tank
def ormation

Maximum correction - O.2o/o

Correciion to
calibration tables

rfi o rfi ar ri'rr.l3 ru r ru z o u rir fi rir n r : rrn"tz:rjfi trz n nuru; n 152 Ei'r €l Fl1z00 n{ d't:0{
d;

t1J: uu tytfluYl:r FluFl'l'1N dr

\

v5. nlS6lAUgfi sUUrUrr.rUnr,lalnrn'oahaag (calibration of the weight of. the floating

roof) .

r n-uor nlnr"tir nr:daurfi Eruuurl riJB n rflufi ri auia u lun: rfi u{lun-,r rir: arzlrinm n-r n'r

rh n-t a o u (ftoating roof ) riunr:fioi'a,r oi',*r*n',ri.r#nzo,rvr #o nr fl'o rlr n o artJud,:dr rflulu
ai a ,) u c6,r d d

n:il7rHr n N nr:tu fl Bl.uJunzot zu ann rur4'tjln:tfiBxd'n rfiuntayrndnrianriyirrfiarirn:rxirur
, j v 6 qe a

rur{rraa{?' anrr R?r 0 na a tnu t?n1u Lunu eir: o,rnJ fiuu*rj nohl li',rri'nr ron #o nr fi'o rh n a u fioy

fizu n ria nrr r uu uri',lr*n',:1#mr:rr aor rfi uu n-o dr: o,:r''ufin6 avi:lr-n:r x #a.rniudza,::: ri'u
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a?

ar n ail on Ryr:o zu flao{t,tr?rrtnz 0ryl R{Flrn-r rlr no sttR;tt:': n o gri'rfi n:yri'r riar fr'r nr n-,: rir naerriu
a et X -r0\1 n\r rt'.r?'r1.['rylrinzotu n-r nr n-r: r.lr n oaoyfi rirnofi fr nrx

i"?
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arjn:nil:c'ir n-,: riou'ir fi0il n:nifiniru:s nr: aou rfi Bu r.i',r n 6irrlFr:fli ohi91

\ o uun#tnrn-,:rlrnaan::fi socket aeir{rioEJ 5 0F:rnrsaluv,%ri,:fil"finn,:nrn-,:rlr
L,, 

q

\1; aos6auiurrufi':nnrtrirri'': 1 Qn ttnsu:t?ilJ:aUr uBrrrulnffixuonu6ozar:rjrfi''l\'trL/ i '
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Ft0EJA'l85y8vL?A1?1140AUtfl1fldnl'rudN9}nUZAfltt:\]Fn{111n:3?11FlOfl40n1r.11n{n0UIn?1

\I/ -tr . trY Y llorrins roof r fricrrorr l;OW\ - r Brror rrrcr D()\\ N

ai , q - - A
niruylfinin'rn-,rilrnau IF]"'nsuF]if,t,r nrr?1'rl-:arlFr:tflo{0'rntifirir':zot:vn"t-lFr.:'lNd{
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dtY-;
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J -Y--...-r ,o 5) u oHo nal n ut5') u{?',1lJ? 1n 1: tLlR uutttJfl{ ?J tlnfla{lfin?uiianl et"[un-,: rir:orrzrin floating
.4r.jalcroof NeJnn0n-l:tlY]1.[fifi5a*rrfi-nza':fin-rF]'r#0rj'tnasn"rarziuri'u ri',:rfi+mrnr:rtirnr:aau

d v o r y j d t d r .r r _ _ y o ,it?luun{d1:0rFl1814'lutflo11Nn1n?1}lfl1.['lttl{l.ttyi'tn:u 1kgll Ft-{141.[Hlnilnttrl1REJl.[?ll.t6]zuna

nirudu::orfrulun-,r rir: o': ri't n rirr nrrr: ntJiu uJ fi urtnrr r[mufizrou rirmrinr n-r nrn-,: rJr n o a FirEJ

flil n1:Fttl.t

q aa a,
1un: r[fr fr rJ t+m n n{ il't Nl ntuvirx a qf uur n,] a'}n-n }ir n Fis0 nr:rrilExr n:nr ertun-,:

n-ranr: dipping Fr?::aet.+n::yr'or.ilrlurn-,:r-,tr'rrr.rranhjqrnrjrfi',,rqurernRl,*rfigriaurfioo

ornr.i'rnrinao.rrirr.luovtrJirfixrirr#nurviufizoou#onrrrhfi'onoa rir'h{' air height n1Er1% air
') t qut * 3a t Y ) A J Y

sockets vlr:'rYl'r F.l1 i? n al.[fil,t't1,{et Fl'l flun{ tl.t0na1n 53Filuz0\:t?1n?F}14d0 3J'l nzut1.[0{{1n1.[1fiiln

arn?1R-rFlln-\rrhnosnnR':u1{z a{rvR?lfiar4,,:enndu do*rn',ri',rrinfirfixduuio,:arnnr:fi]i')

a-ragjur+.rlrfft"lrilnanrzunrir.:zo,t nir rreigit zrurfir.hri'rnoslilfiriizl ri'r.r air height zru;fiali

ri'raasfir.ira-,rogl 4run":ani'r t,/mm tJ:sdrn-,: fiovlrr"rirdrnrinfiufiardr*n-,:nrir:

Ja
% uE a il n1 I 6l A U tYl U U l{',] U',l fi il n fi fi $ Fl'l Bl'l n 0 a a u

1. fin-{arn?ilnr:aaurfiauur-ruuri',:utlr*fi:':eru:'aerudr unvri'.tcir:a,:filn-:-unr:aou

rfiuufirn-,:n'rn-{r.l'ra0flo:i hivirnr:a-orr.irrzirn-,:rir:atlnririoarn:randrfilri'rirnr:nr

rJBnrn: sump riaut#'rrirunrrrr*o:rn-rrirnT alufi'':rir:aufin'r'rNd{ilruNl[x 1oo NN. Di'rorn
J - a vd Y i - J ' \ tv

Q Fr Fii d Frzo{m n': nrrJr #t n a a lni':u n nrr u 6orirfi:= ri'rdrvir ri'u h r, 'trin-0,,:liuir 
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) - vuo
U: N1a 5YldU0 Flt8ln\: d'150f

', 
- f - r q eo i o r 9 ,J2. v17xfl1Jn11 N d0ZO{1.[1 Fr{ n fl 1? h4r1 n1: dip r}1014'rFn n A tul,{

2.1) :rEJsn?'lNdr:rfl'jr{ main dipping point ri'u dip plate vi":rinrrr6tza.:

rirrrfia dip ptate ri'a,:firir'l*ir1nn'j1 "Fr?rlJd{?to{:rri'um#,,rn1fi',trJr

nau - 100 ,llr."

2 2) Fr?'r'.1fl{?ts{ttriar air rJipping sockets (upper edge) rrriaduri'r

(Bottom plate)

o c\ - Y j \ d a
c.o ) Fl?'la.ld{z 0{:3F}u1{lytttFln; air dipping sockets (upper edge) t141.[01''11.b

ni': (Bottom ptate) zunsir,:zao:;ri'unrrr6rlun-rzio z.z) riuvr-rzio

z.e) orr{lupi1 "air height" ria immersion depth #u6o:rEJroiln'l

z otm n,: nr r.lr n-u a o aa u nuluri'r

' 3. ld'virnr:rflaur#urnflazorLr#orlrfi'.raaElil:rellnJ 5o flN. ur*zu#r:nrerlu#ouriaro
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e. fi r nr:;n:vusF)?'rlr d.:nrrudo z.
|Jqu,, ? I rg. ornriubi'riaaEJliraonornri'orir:aoIorsriru:vuunrn:irinurrurn:rrrfioirrilitrn:
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Storage tank with floating roof

Sketch for determining the mass

(Godorf RefinerY)
of the roof

Dimensions in mm

Rool in oPerating
position

Roof in repair
position

roofL= Distance between holes for
supports

:rjfi r r s n,r o Ejr{ ri r: y 6,u fi vi r n r: iot ttfi a1l rr,(.r11 rinr f.: rr.] n-{,h n a EJ
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(Testing Results and Their Evaluation)

1. Reference Temperature 'lun'r:aolrfisu#tair:oozr+rntnnjlrJvr:':ttu:ri': riulpi'iuivrB

'.; , q 
-l

vraaarnr:uJnauuiln,:rarufiqq-ua"rurir'lun:flaq-ufirirn''rgflod'unfi,rfifia qrur4fi d,:eilrfllu
- - A e o ! q 6. d d
flaa'elfi !r"'0,.r"(rinrr er aulq a.rr n r{ir*fi rnr+nr n rfluriau rfi en ri'r n r: aou tfi errfi fiza': rr a: zu fi nnlruvi
a,f ; u q )Ja q 

' | :a d q eq u d"r-l[n:rnsaruzrartnu':za': Lur.runA0 fl\:fl-]:a0z]i'rn[rry3U?r:{1t1.[?Fl{zrLflLt,rnliaatnutJnFt
u d^,f - & O L u r O y - q ,A
firudtJln:rfi Eiil#r+ra,r lfinr:inrirln rdr'rfi':lilfiarufl{fi 20 r

z. nr:{l Br ri.t ar a nr: rirur rurJE ur n: ( Rounding)
.l ,

ra.ranril:xrn:uria:niru rziuil-:xrn:20,t sunrp rEatlBxrn:ttrin: shelt ring ;1-l?rrin

' " "'rqilusrJdrurutfixzotdrurufin: (integer litrenrurruzunaons.r'lttn'l orttlunat!nnrLri

values )

lun aufr a 4 nzonr: rirur ru urinvrirrli xr sr:firli'r ng'[unr:r.r2 n nr: aoutfiauri'a'rvrr
I

nr:f,nlriogjlr*3rJrittruifinaa': 1, z, 5. ia, zo,5o, 1oo, 2oo, 5oo, 1,ooo, 2,ooo,

5,ooo, uBo t o,ooo titers

E

Od. tun:ru il:Nta:aa\t sump ttnvN?fl?l0f11n-onr#':r.hnaa

rirfipi'0,:nr:nrnr-.rtu:rJ,i'ru:utfiruzot 1 , z, 5, 1o, 20, 5o,

2,OOO, 5,oOO, }i:a 1O,OOO liters til,6nl,t

drm:-urlBerrn:zarnr:pirurruyr"ryxnfin-a,:rtansagiul.r nameptatu m6olu:T s{'rlAttn

nr:dau ifi surJ:ydr #.: dr: a,: zur prly ni:tlyr:u rrur no,: ri'o'rvir nr:fl n ri-r r{Julilnr rulxnr:rtzh.:

n1{

mr:rofi g. t nr:flnrrtflarl

Overall Volume Rounded to

o v n"a r fl n ri rlurl o ria-r.lz a,,r

100, 200, 500, 1,ooo,

UptoliOm' "3tm

More than I 1o m3 to 2,5o0 m3 1o m3

More than 2,500 m3 1oo m3
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7.

t].

r.i'aorfiumr,rhi n: yvir rio6r"lrifi rr nr aounrxadrotn ai?n unv tfi ru tF e.r rrria drtt: fin'l ilvt't{ DAM

fiki',1"'nnr case study rt6o tao ur{,:urtn' t n-radr.r#nuruvnr:qF}uiufinnrfiouri'urnln ri'r

dr:a,rfr r{lr.rzfrrrr6 ar riu nr:a outfiaun:vrirttfiallriurtfi a,: *rizur n fi''t rir: o.l aro tF nnwtuo el

unrzia ry n d'rrnuqB.lor n nr: a au ifi erufi an'rufinfi,: nt o rtJura n aliY]'l\151?,n'l:z ao tdrn rirfi#':
- )- - ) ! o --.-- r 'i --',-i-..

rt ?'t in fr n n t a 1 !'') f ?1 0 Fl x'l il vl a r 0 t n grz o { nufi u? Ehl'1u0 1 0 0 n twl t.ll'{ l a 0

r : r q v rrli,r n r : ri r,: t u ur a r n r : a o u r fi u u a o n rtl uri'r z"o n-t d'
- -U1. ziarynvtr[il (general information)

tAov
tdu8aro'rzatni':rir:4,,:, n-':iir:orzfin1n, aurnza'rri'':rir:o't, n'nNd{aa{rJri':n-,,ruri

3t - u , q d - a .ie-,
nv?l 1.l, n?1N14l.t'tza0rJ1.t\1n0, 21.['lFIn']:u51Qt?11tn, NtluuttuRila]00\l tn11 tu ulvn0u

nriyi"rt'r1-6, ivBvt?n1Lrn:iufirirn'r:asurfiut.l nn0Fri1.r:rus:rururrnvrirrrnr.irfirir
s

n'r:finr'runvfl!6n n:rqaauhi'rir:n:a.r dar,fi'rrrirfiririrrfiunr:aauufisu 6ur
6l

tu1,[Ft1.{

z. Reading Devices 'fi0v1:dro ryrilinnrrxarrfizurntyi'rlpr fitu:n:a,:nr:aartfisu
a r n r u? u {'r 1.rio 6 u rti uz o': z,r n r o in r o o rfl u or"'u .

3. Displacement volume n"o':rirnt:n:roaaur.JBxror:trvrufio.Bonrulr+#,:rir:o':draan

n #0,: n-r uuu rur] n ufi fi a eio':tm':alri L4'fi or fi a rar anrn nrr x rtluqitnr Erlt,iri'r drt on

rfl un #n ua:uYufi n n rrirz-n uEJ-.r:;fi'itr *ur uil nufi'r fln'lvlFl?'r N [tJuai 
'r 

ri'r aflr n frr

irriori'u tfiaoarn Disptacement votume fir.rnrianr:rirurruilitrn: sump ttn;
-a " 

, d - | d

r.Ji nr n : n'tvrvtr n r:aoil tfi sufi rn Disptaci:ment votume a gjtnria di p ptate

4. Addition volume rzit*rn-u:ri'ufi-:a-a g, nr:r=vr"':rirz-o 3. uflv?l-?ila q. rir.:rflu

deadwood

5. Determination Circumference
6,

tul.{rt'r:fi'r tfl1.{:0u?{ n0 fl1180 8'r{ E{ ( Reference

circumference) rriounlufirrirtafi Baai step over

" ; o q 
' Jt -" j

6. Plumbing 11'rtdl :au?{ndf,'t:o{yt:vauF}?'tild{zaf n{d'tto{tl.tLtnnrz'nIouvt{F}n

rrfi omr n r: rd atz a.: zuti': n-r fia rflunr:rr ":y a, r6"a.r ri'uza'r:-rtfiao': #r (radiat
.i

off sets ) 
" fi :v ri'u pr :r a.r at uri a;:: n:urfi o rfi srfi oir ur ut uu: 6 r rd ar ri'u (verticat or

optical reference tines) riun'jrrfluiS Optical reference line method (Optistrap)

yriaa.nir speciat plumbing 111ndlilRnr:innrrrutds':zar#,:xr16aun:rl,ltflunrrel
" , d " y - - "d-a.n{uonnoi'rrrrr+rfrrirnr:ioruu'irrrnn:rl'Ifi3r-l*ro rtlu sin #urnrsfirn",:iir:a't

"lri 
utJ uvr :': n n ru uri ri a u6'ru rfl urrE liuro,r ( 4 gr.lii 3 6 un v 5 7 )

?- ; , qs
Determination Sump Fl'rNzuaE1,{11n41?L?11.{nal,la1.[

Calculation of internal diameter and'circular areas of shell rings rtlunr:rrdufi
u r.t'r ri'n nr gluri't dr:a'.:za': usia;ruri,:usia:f,r* rrlo,:qr n a'amir rir pr-,: n rirrhjnr rir

r]ia.rrn:lunr:aaurfiErutr;iotriki nr:r0#uaaurfisu (catibration tank table)

n n 0 nquFr-0.rri'rLjlalunr: rirurrurirnrinao,rr #r n r fi'o rlr n o a pi'r 
EJ rziuri'u i?,ryi'l

nr: turi'tzrir n1:z e;l u #?z a': n-rdr:at rfia:: riu n':ru dtz o.: rr Rr rfi eldun"r s rziuri'u
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). Correction of t.zmm-value due to the elastic expansion of the tank shell by

increasing tiquid r{Junr:riru?runr:?ru'rua-?sCI0n-n6i''rrsdtfiorvfr'uF}?leld{80\l?lo{
;3

tfln?lfiNU u (Calculation of expansion at increasing liquid levels)

1 o. Catculation of votume of shelt ring rirnr:rirx:rumrdixrn:aatri,lrir:a'rluurinv
?,-
?il.t?Jo{gdfl't:a{}!:arud;U rrri'tznirrirtl ylisru rounding rirrj-:Hrn:nrelrtoulztu

UYI?I 9

t t. a1r-Jr.raaonallr{l%nt:rrtYraoutfiau (calibration tank tabte) mta Volume tank
)a,

1 2. Calibration of the weight of the floating roof triatornrtJuti'oair:aoUfin floating

-&. 6, - ? i/r J 3'-

roof n,:uudr r{Jun oorir nr: aolJ rflEU1.-}1,['r11Un?10{fi n'l n'lfl0rl1nou t}t8{a'l n}['l

r#nn-onnr:firunriarJBxrn:fignuvrufirfiozfintaotfln?n1rllun'trir:o,rfiri1Fl?131

murrruurirrriu

t S- d'nfirnr:rr: Allowance for the influence of the floating roof rriartAn{n?1N#Nfi'ud

::n'ir,:rirnrrrmurrrdufiurjfieru"trj rirrirr-lie.nn:umufiaamta-.:nr#trJrnaa

, r', r dfi ri', 
^ 

r r n r zirl o n-ul n-u d'r n :-u t r nl u n-r a d r t n-t ri a"ttl r{ i z pr d er iu
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VERIFICATION OFFICE:
Calirated by:

Request No.
APPLICANT:
OWNER:
PLACE OF INSTALLATION:

TANK INFORMATION
Tank No.
Year of manifacture:
Manufacturer:
Used tank / New tank:
Capacity:

Type of Tank:
(Floating Roof Storage Tank,

Medium:

Shell Dwg. No.
Roof Dwg. No.
Dip Plate Dwg. No.

Heating coil Dwg No

Verification Plate:

Duration of Calibration
Dale

CBWM
Satit Chusuwan

DATE: 17-4-2544

Galibration of a Storage Tank
in the form of a vertical cylinder

412544

Oil Tank Thai
Oil Tank Thai
Chonburi Province, Thailand

63 Serial No. 357011

2401
Tank EST inn
New Tank
9500000 liters Diameter: 30 m.

Height: 14 m.
Floating Roof Storage Tank
Fixed Roof (cone), or Mix Floating-Fixed roof)

810 kg/m^3

s1 1-689, s12-689
r3-725
s 1 3-689
eB-879

Name Ptale:

Crude oil density:
The following drawings have been available for calibration

15-1-2001
16-1 -2001
17 - 1 -2041
20-1-2001
21-1-200i
22-1-2001

54 hrs

8.00 to
8.00 to
8.00 to
3.00 to
8.00 to
8.00 to

from
from
f ronr
f ronr
from
from

17.O0
17.00
17.00
16.00
18 00
1t.oo

Overall duration

Stamping: 1 on verification plate
'l at dip plate
1 at cross piece

toragd tank Nb. 63 lTank EST inn
erification Certificate No. 1/2544 lConstruction year 2001

. Capaciry 9500 cu.m. lserial-Nr 3570/1
volume 105 cu.m. lDiameter 30 m Max.filling'height 13.5 m

edium: crude oil; density 0.Bl g/cu,cm lMax. ovdr pressure 200 mm.'Waler column

ass of floating roof: 58000 kg I
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TANK INFORMATION - Cont,

14010

12815

1 0980

9.145

7320

SHELL STRUCTURE

Number of slrell rings:

Nurnber of plates in each shell ring:

Determination of the heights above the bottom plate
of the tank frorn outside in mm.

B

12

5

4

3

2

1

Mean

thickness in

(mm)

mm.

1830.71 1 830

Wall thickness and paint

sclae reading measured
Upper edoe 14010
Max. fillinq level 1 3300
Max. for floatinq rf lift 13000
;y drawinqs NO. 815603

Heioht of slrell rinos. outside (rnm.)

Scale Dw measured lDwq
Transition 12thl11th shell ring

Transition 11th/1Oth shell ring

Transilion 10th/gth shell ring

Transition 9{h/Bth shelt ring

Transition BlhiTth shell ring

Transition 7thl6th shell ring

Transition 6lh/5th shell ring

Trarrsilion 5th/4th shell ring

Transition 4th/3th shell ring

Iransilron 3{lr/2th shell ring

Transition 2thl'1 th.shelt ring

Beqinniq of scale division

12815

1 0980

914 5

7320

5485

3660

1 BBO

0

'1835

1825

1 835

1825

1 780

lBBO

185

1 830

1830

1 B30

i e:o

1 830

1 780

.1880

Shell rinc 1 a 4 5 6 7 I
Shell thickness
acc. To Dw(L 13.0 110 9.5 B,O 7.O 6.0 6:C 6.0

Measured tankino number from Dwq
f,aint thickness 0 0 o 0 0 0 0 {
Total Shell thick. 't 3.0 11.0 9,5 8.O 7.O 6.0 601 6.0
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A. READING DEVICES

Dipping opening

Number of opening in the roof:

Which opening is the dipping point?(with dip plate) p1

Distance ot lhe upper edge of the dipping opening
fronr tlre dipping plate at the main dipping point:

Djproins.lape
Al
Length:

Certificate No

5

14500 rnm

1 mm.lCt m

25t2544

Resolution

lssued by:

Length

CBWM

Deviation

+0.6

+ 0.6
+0.5

+0.3

+0.4

Length

)

1

2

3

4
E

+0.1

+D.2

+0.3

+0.5

+0.7

Uncertainly ahoul

Remark: Used counter weights 50 N ,

Bi
Length: 10 m.

Cerlilicate No.: 26121;44

+l- 0.3-mm./

Refererrce Temperature 20 C.

Resolution: 1mm
lssued by: CBWM

6

7

.8

9

l0

Length Deviation

,l

2

3

4

5

+0.'l

+0.2

+0.3

+0.4

+0-3

Uncerlainty about

Remark: Used counter weights 50 N Reference Temnerature 20 C

.Lenglh Deviation

6

7

I
o

'10

+0.3

+0.3

+o.2

+0.2

+o.2

0.2 mm.l

'oP1 
V2"

J{ fl} .,
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B. DISPLACEMENT VOLUME

Heating coil
lf the heating coils are so arranged in the tank thar their displacement volume is

not uniforrnly distributed in a definite height section (e.g. heating coils with special
feed pipes, heating coils arranged at differerrt levels), it will be advisable tD enctose
a seperate sketch of the heating coil arrangemerrt (e.g. a construction drawing).

No. 1

No. 2

Exterrral diameter

Exlernal diameter
B0 nrrn.

50 nrm.

Length:

Length:

13 m.

3880 m.

Dislance between the highest arrd lowest poinl of tlte healing coils and the sum level
(atter tinishing the delettninalion of sLttrtJs)

No. 1

No. 2

Remark:

mrn./ mm.

mm

All heating coils are ir,l the surrp.

Other displacement volumes:
(kind, dimensiort, position with respecl to the

At the end of sump determination,.we found

suntp level)

2 tubes were above the last waler level (W2)

2 Ext, dia 100 mm. Length 11 .4 m. Volume

I ube is above the last level W2.' 67 "/o

Total

C. AT'DITION VOLUME

Manholes

Number:

Filling height at tlre end of surnp determination
(distance between the last level alter sunlp (leteiltlitlatiotl and loweresl ol inside ol tnanhole)

156 I

Manhole No, 1

Manhole No. 2

Manhole No. 3

167 mm.

167 mrn.

167 nrm.

I Ext. dia. 60 rnm. LLrrglh 34 nr. Volume 96 l.

Tube is above the last level W2. 100 %

lnternal diameter: Mean deplh:

No. 1

No- 2

No. 3

650 mnt.

650 rntr.

650 mtn.

300 mm.

300 mm.

300 mm.
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E. DETERM}NATION OF CIRCUMFERENCE

Eflective Length of step-over: (mm)

lteD-over No 1 2 3

Vean

285.i 285.t

285.2

Reference Circumference
Measurement of lhe outer circumfererrce and the external diameter in mtn.

The circrtntference was detennirted at tlrc top of lhe bolio/])/rosl shell ring
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Ouler circumference

Tape correction at

8,000.0 nr/ 0.2
l2 plalesorslraps

SLln
.Mean 

outer cir.

Mean Externat diameler

Mean Externat dia.

Mean lnternal diameter (Ref,Circum.

Remark: Il.re diff . of outer circurnference of each test resull are less than +l 5 mm (PASS).

1st Mesurement 2nd Measuremenl Jrd Measurement

94,329.8

,r,,
2.4

94.332.2

94,329.0

2.4

94.331.4

94,325.1

2.4

94.331.5

(Rounrled to 0.1 mnr.)

Circum.)

94.331.70

30.026.7't3

30,026.7

30.039.7
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Point of

measurement

Bottom SHELL RING Top

No

b

l*

1

t,ref

l*

NO

b

l*

2

t

No.

b

l*

3

t

No

b

l*

4 No

b

l.

5 No

0

l*

6

+

No

b

t-

7

t

No

ruiodre 
Il*l

8

No.1 t,ref . No. 8

28

2a

3

31

32

33

3t

3

3e

37

38

39

4(

41

43

4t
4

ql rm 1r\ 90 32 19 68 44 68 5'1 74 73 7 47 61 95 0

12A
lum (-) 36 2 JO 71 184 238 277 LOt 368 320 253 aaa 0

Sum(+)-Sum(- 30 17 100 116 -203 71) -230 -308 326 259 158 -94



Diagram of the shell construction

l+
(Jl
O)

50

-50

Remak: Plumbing in mm

Position of Plumbing



Medium liquid used in testing
lValer conveyed by prrmp?

Slandard meter type:

Serial no:

lvleter er ror

Flowrate

Mean lnlernal dia. (Ref.Circunr.)

Cross section Area of lst shell ritrg

Max. filling level

The sump level is at

G. DETERMINATION OF SUM

Water

Yes

0val whell meler

12313

, -o.2 %

1200 Il'nin
30,039.7 mm.

708.730 sq.m

13,300.0 mm.

249.0 rnm.

Tank Capacity 9,500 cu.m
(lo lhe main dipping point)

Femperature (C)

Gas seperator?
28

Yes

Averaqe (Dip plale W1)

plate - W2

tom - Bottom ol Manhole

diameter of Manhole

2-weld seanr (transilion 2ndl1st shell ring)

Averaqe (W2-1st welcl sear-n)

Fillir)o Testino No.

2 3

Standard Meter

r,, rorsrnnrrlrar rttl l

iirro;ri ruairuro

Correction devialion of Melet

nrS I

Yolume Corredion

120.000 0

0.0

120,000.0

240 0

120,240.0A

150,000.0

120.000.0

30,000.0

60.0

30,060.00

,50,300.00

Dip-heiqht (dip t)lt.-water level)

Converse heiqht to Volume

surnlr Volunrc Jv* T-a]t
Mean Sump Volurne I

Roundinq Mean Surnp Volunre

22.(.

15,592.1

104,647.9

65r
46,067.5

104,232.5

104.440.2

I 05,000.0

Mean l/mm-value 30,060.00 /

1000 r

10000 r

100000 I

1000 I

44.0

683.1818 l/mm.

(1,000, 2.000, 5,000 r)

(10,000, 20,000, 50.000 l)

{100.0.00, 200,000, 500,000 l)

1,000, 2,000,5,000

C-onditiq.LCLesk;
1 . Check: the dif{. of sunrp volume should not be dilferent exceeding the volume o[ 1 mm deplh v;ater height

415.4 I

0.59mm. <1mm PASS

2. Rounding

Cat). Slorago lank up lo 110 t:tt.nt

1 10 lo 2500 cu.tn

morc lllan 2500 cu.m

104.4
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Calculation of internal.diameters and circular areas of shell rings

Number of plates In each shell ringr 1LNumber of shell rings:
Number of measuring points; n

Remark:"

8

24

j

(,l
@

Special Plumbing then 30

'54 '

-zq

JU

54

3ottom SHELL RING Top

No. 1

b t.ref.

No.2
br

No,3 No,4
'b I

No.5
bt

No. 6

bt
No. 7

br
No. 8

Mid t

No. I
bt

Sum of distances of

the plumbinq valuesl S 54 30 1 .100 116 187 -23C -308 -259 158 -94

Corrected sum: S*' L 47 .JJ 130 146 -217 aaa 24 -26C lao -356 -289 188 -124

Diaviation of the external

Ciameler from Do=2S/n -2C 00 -3.9 10.i 1 8.1 19.4 .20.2 21 .7 .28.2 -29.7 -24.1 15.l -10

lorrecied for shell thick-

-ness and paint coat

= -2(dt+dc) -26.( -zb u .22.0 1 9.e 19.C 1 6.C 16 C 14.0 14.( 12.\ 12.0 12.C 12.O .12.0

Correction

C = (2S/n)+(2(dt=dc)) -26.( 25.9 -24.t .29.8 .J{. I -34.2 -35.1 -10.2 -4 I -36.1 277 -r) 1

\4easured external diameter

in rino No 1: Rbf .Dia: Drel 30,026 7

nternal Diameter :DreftC

Mean value of shell nng

Rounded value (mm

Circular area(sq.m

t9 998 ro obo l0 000 lc do: .'9 996 :9 99: f 9 99r 29 992 i3 99r :9 946 ! q !95 i! q4 ,! 599 t0 004

29 999.7 30,001.4 ?o ooA , ?o oo, n 29,S91 .8 29.985.8 29.994. B 30 004..1

30.000.0 30.001.0 2S.996.0 ?o oo? n 29 9S2.0 29.986.0 29.995 0 30.004.0

706.8583 706.9055 I zoo sogg I zoo..rara 706.48r+ I zoo ,gae I toE.szzt | 207 0469

Mean internal Diameter 29 )96

t;.:i'i.l,li1

l,nrrlii,iill l,rilirr:,;r,;iiiLliil



l/mm
qE[.{tL. H, * H,*...... , H"-,.] tt. IE (S S, Sr s"., 2s"J

D,N
[1'1 =.-o

4

H Correction ol l/mm-value due 1o the elastlc expansion ol the tank shell by increasing liquid

D

tr
s
E

K
Hn
SN

Hmean
Lmax
Vcal_cap

increase of ilmm-varue al the nth shell ring. l/mm
Mean lnternal diameter of the tank , m
Density of the liquid . kg/m^3
Acceleration due to gravity, mis^2
Modulus of elasticity, kg/ms"2
Stiffening {aclor
Height of the respective shell ring . mm
Plate thickness of tne respective shell rrng, mm
li4ean value of the sheli ring heights of lhe tank
lr,4ax filirng level
Tar-rk Volume by calculation

0.0006950

u6fAnf =. 4.4311194 m^2

sum f] x Hmean
8.1089484 m^3
0.0862773 oio

Crude ori

steel

m^2

29.996 m.
B'10 kg/m"3
9.81 m/s^2

2.1E+11 kg/ms^2
0.85

'l .83 m.
13.3 m

9398.71 m^3

lncreased in Volume
or

ZsB = 16'14 660383 lfnlB= 1.1221911 m^2
Zs7 = 1446.7 43717 | = 1.0054888 m"2
ZsG = . 1 141 .7 437 17 g = 0.7935134 m"2
Zs5 = 858.529431 g = 0.5966791 mn2
Zs4 = 613.440145 4 = 0.4263417 m^2
Zs3 - 402749356 J = 0.2799113 rn^z
ZsZ = 225.524476 I = 0.1567398 m"2
Zs1 = f2307692 I = 0.0502539 mn2
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Calculation of volume of shell rings

Calculation volume of tank
OT

BsundLng
Capr Stbragle tank up to 110 cu.rrt

110 to 2l:00 cu.mr

nrore than 2500 cu.rl

9,295,518 I

9,296 m"3
Min. 704.5796
Max 70E.1690
Diff 0.51 %

(1,000, 2,000, 5,000 l)
( 10,000. 20,000 50,000 t)

(100,000, 200.000, 500,000 r)

1 00,000, 200,000,500,000

RoLrnding to

9,296 m^3
9,295,518 I

9,296 mn3 rounding into

1000 I

1 0000 I

1 00000 I

1 00000 i

500,000 I

l-'ierght range
(mm.) {mm.)

Circular area
(m^l) '

Area Correctron -,or

mn2)

r Area lnterval
hight

(mm)

VoIUme

lt)

qccu. Vol

'./olume

,r)

{eatrng
:oils
m"t)

Manhole Expansion
by hydrastatic

Shell ring 1;sump
Shell ring 1, Dip plale- W2
Slrcll ring 1, W2-heatrng Cotl
Sirell ring 1; Healing coil-Bottom-Manhole
Slrell ring 1; Bottom-Top["4anhole
Shell rrng '1 ,TopManhole-1st Weld searn
Shell ring 2

Shell ring 3

Shell ring 4

Slrell ring 5

Shell ring 6

Shell ring 7

Sirell ring B

Shell ring 9

Shi:ll ring 10

Strell rirtrl 11

mpSU

065
6i; 132

132 234
234 884
884 1 646

1 646 3426
3426 5256
5256 7086
7086 8916
8916 10746

10746 , 12576
12576 13000

683.18:18182
706 858347 1

706.8583.171
706.858347 1

706.858347 1

706 94547 17

7Q6 669864 1

706.48 1 4062
706.481 4062
706 1987665
7 06.6227 472
707 0468552

-2.3?9(

0 45946

0 05025
0 050?s
0 05025
0 05025
0 05025
0 1 5674
0 27991
0 42634
0.59668
0 79351
1.00549
1.12219

683.2321
704.5796
706.9086
707 368 1

706 9086
707.0622
706 9498
706.9077
707.O781
706.9923
707 6282
708 1 690

65
67

102
650
762

1 780
1 830
1 830
1 830
1 830
1 830
424

104,44U
44,410
47,207
72,105

459,789
538,661

1,258,571
1,293,718
1,293,641
1,293,953
1,293,796
1,294,960

300.264

148,850
196,0s7
268,162
727,951

1 ,266,6'15
2,525,186
3,8 1 8,904
5,112.,s45
6,406,498
7,700,294
8,995,254
9,295,518

tiren rounded calculation vo,urne of tank



ila10tau1Uflt strqa;

OWNER:
PLACE OF INSTALLATION:
Tank No.
Year of manifacture:
Manufacturer:

Tablel: VOLUME TABLE

Oil Tank Thai
Chonburr Province. Thailand

63
2001

Tank EST inn

Senal No.: 357011

I-rlllng herght
in the dipping point
(mm)

rlhng

(r)

limm

U

100
200
2nn

400
500
600
700
800
900

1 000
1 100
1200
1 300
1 400
1 500
1 600
1 700
1 800
1900
2000
2104
2200
2300
2400
2500
2600
2700
2800
2900
3000
31 00
3200
3300
3400
3 s00
3600
3700
3800
3900
,1000

104,440
'173,51 

1

zc4,tzt
314,848
385.585
456,322
527.059
597,795
668,532
739,262
80s,952
880,643
951,334

1,022.025
1,092,716
1,163,407
1,234,098
1,304,797
1,375,503
1,446,209
1,516,915
1,587,622
1,658,328
1,729,O34
1.799,740
1,870,447
1,941,153
2,011,859

'2,082.s65

2,153,271
) ))1 C79.

2,294,68,i
2,365,390
2.436,096
2,506,803
2,577,500
2.648.1 95
2.71 8.890
2.789,585
2.860.280
2,930.975

690 7037
706.1 633
707.2118
707.3681
707.3681
707 3681
707 3681
707.3681
707.2945
706.9086
706.9086
706.9086
706.9086
706.9086
706.9086
706 ed86
706.9916
707.0622
707.0622
707.0622
707.0622
707.0622
707.4622
707.0622
707.0622
fot.oazz
t07,0622
707 0622
707 0622
707 0622
707 0622
707.0622
707.0622
707.0622
706 9790
706.9498
706 9498
706.9498
706.9498
706.9498

Flllrng herght
in the dipping
(mm)

point
Fiiling

(t)

llmm

4240
4300
440A
4500
4600
4700
4800
4900
5000
51 00
s200
s300
5400
5500
s600
5700

'5800
s900
6000
61 00
6200
6300

'6400

6500
6600
6700
6800
6900
7000
7 100
7200
7300
7400

0(.)

7500
z6o0
7700
7800
7900
8000
81 00

3.001,670
3,072,365
3,143,060
3.213,755
3.284.450
3,355,1 45
3,425,840
3,496,535
3.567,230
3.637,925
3,708,620
3.779.315
3,850,008
3,920,699
3,S91,390
4,062,081
4.132.771
4,203.462
4.274,153
4,344,844
4,415.534
4,486,225
4,556,916
4.627,607
4,698,297
4,768,988
4.839,679
4,910,370
4.981,061
5,051,751
5.122,445
5,193.'152
5,2&3,860
5,334,568
5.4A5.276
5,475,984
5,546,691.
5,617,399
5.688.107
5,758,815
5,825,523

/ub.949U
706.9498
706.9498
706.9498
706.9498
706-9498
706.9498
706.9498
706,9498
706.9498
706,9498
706.9498
706.9313
706.9077
706.9077
706.9077
706.9077
706 9077
706.9077
706.9077
706.9077
706.9077
706.9077
706 9077
706.9077
706.9077.
706.9077
706.9077
706.9077
.706.9077
706.931 6

7A7.0781
707.0781
707 0781
707.O781
707.0781
707.0781
707.0781
707.0781
707.O781
707.0781

v rruraz'lu::goruq ai
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Filiing heignt
in the dipping point
(mm)

Filling

r])

l/mm

3200
8300
3400
3500
3600
3700
3800
3900
1000
l1 00
)2AA
1300
t400
t500
t600
)700
l8o0
)900
0000
01 00
0200
0300
0400
0500
0600
0700
0800
0900
1 000
1 100
1 200
1 300
1 400
1 500
1 600
1 700
1 800
1 900
2000
2104
2200

5,UUU,23U

5,970,938
6,041,646
6..1 12,354
6,1 83.062
6,253,769
6,32,1,477
6,395,1 85
6.465,886
6,536,585
6,647,284
6,677,983
6,748,683
6,rJ19,382
6,890,0B 1

6,960,780
7,031,479
7,1A2 j79
7,172,878
7,243.577
7,314,276
7.38,1,976
7.455,675
7 ,526,37 4

7,597,073
7,667,773
7,738,506
7,80q.269
7,880,032
7.950.795
8,021,557
8,092,320
8,163,083
8,233,846
8,304,609

8,446,134
8,516,897
8,587.660
8,658.423
8.729.1 86

707.4781
707.0781
707 0781
707.0781
707 0781
707.0781
to7 0781
707.0781
707.0060
706 9923
706 9923
706 9923
706.9923
7C6.9923
706.9923
706 9923
706.9923
706.9923
706.9923
706.9923
746 9923
706 9923
706.9923
7na oo??

706 9923
706 9923
747.3357
707.6282
747 6282
707 6282
707 6282
707 6282
7A7.6282
107 6282
707 6282
707.6282
707.6282
707.6282
707 6282
707 6282

Fiiiing height
;n the Cipping point
(mm)

Filling

(,)

llmr

I Z3UU
t2400
r 2500
r 2600
t2704
28AO
2900
3000
31 00
3200
3300
3400
3500
3600
3700
3800
3900
4000
41 00
4200
4300
4400
4500
4600
4700
4800
4900
5000
51 00
5200
5300
5400
5500
5600
5700
5800
5900
6000
61 00
6200
6300

8,799,948
8,870,7.1 

.1

8,941 ,474
9.012,250
9.083.067
9.1 53.884
9.224.701
9.295.518

707 6282
707.6282
707.6282
707 7584
708.1 690
708.1 690
708.1 690
708.1 690

Remark: The mean filling valve over the whole filling height 3bove the sump level (filiing height zero)

differs from the filling valves of individual filling height sections by not more than 0.3-clo and is thus rrot stated.

Floatin un Zone
Zone l: lifted posriion from

Zone Il: lifted posrtion from
1515 mm. To

515 mm. To
2235 mm
'1235 mm
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CALIBRATION OF THE WEIGHT OF THE FLOATING ROOF

Calibration of the floating roof of tank N 63
OWNER:
PLACE OF INSTALLATION

Zone l: liIled posiiion from
Zone ll: litled oosition from

Oil Tank Thai
Chonburi Provrnce. Tharlarrd

Diameter of floating roof 3Q m
Numoer cf sockets: 39
Leg supports: adjustability of supports:
Floating-up Zone

Number of i-1leeder devrces

10QO mm.

[g mm. To
!!! mm. To

2_235 mm

;P1 ff"

J4 ffi"

p1 p2 P3 CT P5

Status l:
The iloating roof in lifted position,

rest wilh its support on the bottom.
dipping points-dip plate d1

Heiqht of water levefdip glale hw1
2155

1515

290 3

187 1

?B7B

1 n22

28 62

180 7

2254

1 690
Status ll:
The floating roof floats perfecilv.

dipping points-dip plate d2
Height o{ water level-dip plale nw2

JP ],-}L,VVN 'J? UUVVN JP I]t)VVN JP UUWN .JP DOII/N

31 30
2235

291
202

3309
2 5S0

30-a 5

23i8
3257
2542

3052
2328

323 8
2526

302:
2365

2532
2408

?321
21 4F

Height of rise of 
-water level hw2 - ltvvl

Lift Height d2 - d1

Diff Up&Down
Air Height r12 - hw2

Measured
Measured Mean Value

Measured Mean Value P1 to P5

720t 50 l
37sl 162

213
8es | 8e5
894 | Be5

895

/'l9l 50,
406l 1ei

214
7191 71-,

;181 71t
ta

t zul
3Be 

I

215
725
726

725

3UO

174

721

/ 191 55t
1761 16:

.213
7121 66c
71.1 1 t11

.711

718t 458
27Bl 61

211

124 173

123 122
12?

3171 I 5 634..1 mm.

Volume calibrated by dry method

Height of ',ater level above dipping plate

flights of rise of water level
N'lean value P1 to P5

u pward downward

end B

beginnnq A

C

2235 mm

1515 mm

7?0 mm
----7JEmm

202? mm
1515 mm

507 rnm
5U, mm

rcss-sectron in neioht section A to
Carr. Area of shell ring Na I

Hights oi rise of water level tn shell ring Na
\/alume - Corr. Area ' C

Corr. Area al shell ting No. 2
Hlqhts of nse af water le'lel in shell rinLl I'lo

Valume = Corr. Area' C

706.9086
884 1646 131 nm-- sz6os

,a, n6n
1646 3429 ----86orm.

4 16.460

m"?

I

m"2

I

lJlmm
gzsos

376 mm.
265855
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Total Volume = Cotr Area ' C lv 509.065 3 58.460

downward
966,945 |

81 6.670 r

Filled in or discharged voiume c 450.910 | 150.275 I

Meter No.

Volume calibrated by wet method

Meter reading

upward Ilowrate
downward flowrate

Meter Error

end I)

begrnnina a

816,670 r

365.760 r

1200 l/min
'1200 l/min

Correctian for error af metet
corr.quantity filled in

= - ErroP/. "c/100 -300 6

149.97 4

300.034

Petermination of the rnass of the tloatinq roof
Water density
Mass ol floating roof; M = TV - TM

Mean Value of floating roof

Rounded to

Friction of floating roof move up-down

1 kg/l
--Jg.pso ks

I6,sii-o-d--s-l
tffi-l

&Rs
58,742 kg
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Storafe tank No.
Mass of floating roog:

Remark

Example:

ref to densrty of water 1 kglt

Displacement of floating roof as a function of the liquid densitv

Jensrty Jrspalcement rn lrters Jltl. ln lrters

0.6( I /,9UJ
I tl1 96,298 't61

0.62 94. / 44 155
0.6: 93.241 150

0.64 91,784 r46
0.6f 90.372 41

u.bt 89,002
0.67 47.674 33

0.68 86 385 29

0.6e 85,1 33 25
o.7( 83,917 22
o. /1 82.735 18

0.t 81,586 Il5
0.7 80,468 12

0.t4 i 9.3U',] 109

0.72 I 6.3t2 1oti

o.7c al ao) 103

4.7 76.288 100

o.7t 75.310 98

u. /! 74.356
0.8( 73,427 9.i
0,81 I t,5tL 91

o.B2 71.63ti EE

0.E: 70.773 8ti

0_82 69,930 81

0.84 69,1 08 82

0.8( 68.304 80

u.5 67,519 i9
0.Br 66.752 77

0.8! 56.002
0.9( 65,26E t3

1.0( 58.742

Mass of rhr floatrno roof rkg) diaplacement (l)

density (kg/l)

Thedisplacementof floatingroof.whentheliquiddensrtyinstoragewaschangedio 0.673 kg/l

Displacment of tloating rool at density of 0.67 kg/l 87,674 I

-386.7 I

87,287 |

At Censity of
ihe stanoard displacement of the floating roof rs

Table : Allowance for the influence of the floating roof

58,742 kg

0.003 kg/t

0.67_1 kg/l
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top ot edgo poiot fq h€ight m6u'm'ts
md-lryd
in €f brdioa table (1O 696,796 rl ) Capacity 100%

zone 3

zone 2

1,200

zone 1

inaclJve apa
tank 1.143m!

DETAIL OF PIPES

A {ui 0,600 m} - ourht
-B (Ut O,1so h) - ouuet
C ( Zl o,3OO m) - tntet
D (6 O,3oO m) - ouflet,intet
E (Ui O,3OO m) - ost,et

0,770 0,770 4,779t-- r-I6 60;
V O.l).7

a&raoe diamele.o./----6-ITEE6iE
l6t m
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, ,r:i st etio ,.

J

o)rco

Calibration table

Name of tank: Tl (10.000 m3) Tolal pages: 1?

Locatron of tank: SCOTRACO Syria - Homs Page: 1

Date of calibration: 13.9.1999
Nota: Zero level is identical with fall point of the hand dipping on the bottom of the tank.

lnactive space: '1,143 m3

HetUht

il,ior,ni:i

.i;iii,Wllimgiltirrtrtiln(re.aeg:, 
1

i]:i:liillmSl,i.li iiirltm-0irnmJfr:i

1 2,008 0,134
2 t,sas 0,1s5
3 5,292 0,258
4 i ,sto 0,321
5 11,082 0,38s
6 14,927 0,442z rg.s4o 0,493
I 24,279 0,539
I 29,666 o,s8o
0 35,465 0,619

11 41,654 0,655
12 48,208 0,690
13 55,.110 0,722
14 8?,333 0,750
15 69,834 0,775'16 77,583 0,797
17 85,549 0,815'18 93,b96 0,83.1
19 102,003 0,845
2A 1 10,452 0,858
?1 119,033 0,869
22 127,724 0,879
23 1 36,509 0,887
24 1-19,380 0,894
25 1s4,32i 0,900

26 1 63,321 0,905
27 172,375 0,909
28 181,468 0,912
29 .190,585 0,914
30 199,724 0,914
31 208,869 0,917
32 218,039 0,917
33 .227207 0,917
34 236,378 0,917
35 245,543 0,917
36 254,714 0,918
37 263,890 0,917
38 273,055 0,917
39 282,227 0,917
40 2e1,395 0,917
41 300,565 0,91 7
42 309,734 0,916
43 318,891 0,917
44 328,058 0,917
45 337,226 0,917
40 346,396 0,917
47 35s,s61 0,9'17
48 364,731 0,917
49 373,902: 0,917
50 383,070 0,917

iiHrlUhtiiriilYgluf ,ne

iii'itc[i]li.i,i.rr, . [m3] ri

llqreitfli,i..r.iil
Imilmml riiii

51 392,242 0,9.17
52 401,413 0,917
53 410,584 0,916
54 419,746 0,917
55 428,912 0,916
56 438,074 0,917
57 4;47 ,244 0,916
58 456,407 A,917
59 465,574 0,916
60 47 4,7 34 0,916
61 483,897 0,917
62 493,066 0,917
63 502,235 0,917
64 51 1 ,402 0,9'1 7
65 520,575 0,e17
66 s29,745 0,916
67 538,909 0,918
68 548,084 0,917
69 557,2s2 0,917
70 566,420 0,916
71 575,582 0,917
72 584,747 0,917
73 593,914 0,917
74 603,08'1 0,917
75 612.2s3 0 917

Height'r
'' [cm]

76 621 ,419 0,91 7
77 630,589 0,917
78 639,761 0,917
79 648,931 0,916
B0 658,095 0,917
81 667,261 0,917
82 676,430 0,917
83 685,596 o 917
84 694,761 0,917
85 703,926 0,916
86 71 3,088 0,916
87 722,250 0,917
88 731,420 0,916
89 740,583 0,916
90 749,741 0,917
91 758,912 0,916
92 768,076 0,917
93 777,245 0,917
94 7 86,411 0,917
95 795,577 0,917
96 804,748 0,916
97 81 3,909 0,917
98 823,077 0,916
99 832,241 0,917
100 841 ,412 0,917

iii.lhsiP.,q$9iili
jiitiiiffid}i.ii

ated artner Ltd., Libererng program



Calibration table

Nam€ of tank: Tl (10.000 m3) Total pages: 12
Location of tank: SCOTRACO Syria - Homs Pago: 2
DatE of calibration: 13.9.1999
Note: Zero level is identical with fall point of tho hand dipping on the bottom of the tank,

lnactivo space: 1,143 m3

151
152
lcJ
154
155
156
157
158
159
160
161
162
163
164
165
too
167
168
169
170
171
172
t/J

175

172,702 0,917
181,868 0,917
191,034 0,91 7
200,202 0,917
209,371 0,917
218,541 0,917
227,7'lO 0,916
236,874 0,9'16
246,038 0,917
255,206 0,917
264,372 0,916
?73,537 0,917
282,708 0,917
291,873 0,91 7
301,0rt4 0,916
310,207 0,917
s19,379 0,917
328,545 0,916
337,702 0,917
345,874 0,917
3s6,048 0,917
365,216 0,917
374,386 0,916
383,546 0,917
392,718 0.916

401,879 0,917
41 1,046 0,917
420,215 0,916
429,37s 0,916
438,539 0,917
447,706 0,917
455,878 0,917
465,046 0,916
475,207 0,917
484,373 0,917
493,542 0,917
502,708 0,9'17
51 1,878 0,916
521,042 0,916
530,201 0,9'16
539,364 0,917
548,531 0,916
557,692 0,917
566,859 0,916
576,019 0,917
58s,189 0,917
594,361 0,917'
603,529 0,917
61 2,694 0,917
621;862 0,917

I /O
177
178
r70

180
181
182
183
184
ioE

186
187
188
189
190
'191

192
193
'194
to(
196
157
'198

199
200

101
102
103
104
105
106
107
108
109
110
1'tl
112
113
114
1'15
116
117
118

850,583 0,917
859,749 0,917
868,921 0,916
878,084 0,917
887,251 0.917
896,419 0,917
905,588 0,916
914,746 0,916
923,910 0,917
93.3,077 0,917
942,246 0,917
951,416 0,917
960,585 0,916
859,747 0,9'17
9i 8,9't 5 0,917
988,087 0,916
997,248 0,917

1 006,414 0,917

1035,'t92
I 044,358
1 053,523
1 052,697
I 071,858
I 081,025
'1.090,196

1 099,357
10s,522
1 17,688
1 26,8s2
1 36,024
145,199
1 54,367
1 63,532

0,917
0,917
0,917
0,916
0,917
0,917
0,916
0;917
0,917
0,916
0,917
0,918
0,917
0,916
0,917

O)(o

Created using program ank-Model for WINDOWS artner Ltd., Liberec



Calibratlon curve
Name of tank: Tl (10.000 m3l
Location of tank: SCOTRACO Syria - Homs
Date of calibration: 13.09,1999
Note: Zero. levol is identical with fall point of the hand dipping on the botlom of the ta,rk

E

E
.9oI

!
O

5000 6000 7000 8000 9000 10000
Volume [m3]

Created using program Tank-Model foi'\/VINUOWS of firm lnfoPartner Ltd., Liberec



'l 1

uvfua

il1 At? An?',]ilEj',l? ttuU A A lil3J n
ovuuOso

6l'r ?l : u ? a n ?'l il 6t 0 ?t a 0 5 u Ft u ?, a 0 z a 0 tH a ? [u n o ar : a o{
(Automatic Level Gauge)

riu itJr*ri a.:fi rfi arzio,:un; riarfioo n-u n1r f, 0u rfi EJr n-,: dr:a,:zurFrlr ni:ilyr:,r r[u?urtj

(storage tank on the form of a vertical cylinder) rir'lr*triaron;taufiovn'o'ineirrflta.nn:inr

a ?1N u'l? L[LrrL o-nlr+n-fi rirn iufn nrr a.r d':aat: v pi'r.rzo,:z a': ur nrlun-,: air:a,: (Automatic Level

Gauge; ALG) tfio'tor n i{Junr:il:: er n pirnE a oier tfi o'tzi-u-r uu fr'ror nr{r nr: a or rfi sl n-r dr: ar

itlufiriuuiasun-r lunr:il::nauQ:rfiorfir tfin-0,:rfia:z-a,rri''lfrrdr:a.:rurnlnni:ilyr:,:uu:I'v.ni nr:rrtlialrn:zornr:iuunvq'r€iza,:rynrrzir-aon#':dr:arrirrfiunr:n'lgnr:fn:ynu

Fr?'r $r dn?t o{ ry n:nr EJlun-o eir: a,r ri': a fi o rfio,:ar nlri'n.i razfi rior*zir,:*uuouunr 11n ri-arur rfi o

fi a n'ir n r:iriil-:arr n: a': er xr ri:in 6,,: a-sfizio,ir rinrludruruili arr rt:fiinlnr' ,,ri,J, fi n.rr r', u
J";v

frqnt: qlu'luil'rrir>oftv!Na'lu?%flr?n{FnNFl'l'terna,:nr: n-}%n{ (tank farm) rrrin:anrufifi
: -", o u - J - A
t:alelrJrurr f unr:aFt ntrFr00fl1:nnFlil?r1,lnt:aan'r: nl:r1,\Nalu]lt?tun{'11{af ilnnnfinntn€l{

r r -i-l- - -.Y .] .j-
F? U n1:U][?1F] [1.{ tR Eiytrl.[dN EJ t?r]}.l',1?r F} ti111,{ A SU1.[}1n18]U:14?1fi58141.[?Uf '11.[[5 N?1rl 0{ n1:A A
g;i
nf ALG ili,llJ?.J1n2tll

:' uo nat nrr ALG 'lairfi 
so ar xr: nfor zu n:: d'u a:r N d{?Jarrnn-:nr EJTun-{ dr:aulai'rfi EJ.j

oEJr,rrfie.rrutriu-oare.rr:nuilarnr:rnlun:rrd.rfi:-olptirrlnoli,r*rl;u',u:fi,i'orfiul{nratu#,:
. 4 , t 

' 
; sj , d e e * AA;ir:a'r'[rioeirtriotfia.: Tozi:a1r"t,l''rn#rfrf,':rir':'rur]:ydr#arnruF]].ld1N't:nnrunr:iJn-riJn

1c

fle.nrE o:r iirlunru#':1pi'a eiro p n ri'a,: unrfirJ:vRr 6nrwIn ulilqirrtiun'a,:tai'i'rrrirfi,irururr n
0%tfiutllunr:rirorun:r^uo''',u,1''tr-unui',, nrslnitaulz nrc rirrunruilnfifis-,,:zi':uflo.r

riurl rytr nr:o'r Erza'rtr Rrtfrri': dr:a,rou#uriohirfi ndun:rsunraryrfioturE':urrfiaeitri'6n
A- t 5t - v - ; .l,y e dil0narnu,uit ?EiLlrta'ly1,ttyrdtalt:nn:rtflaunl:5r[unzo.:rtnrtzir145ooonqrnn,t

I
d

u1414

F]?EJ

dr:o':"[n1rrnfi':rci:ri--:nfi.:sr-:lni: lucirufirfia.rdururao,:finnrrerdrrur:nfiu1zE{ nLc fiuoej

:r u ny i6 un z o,: urrinyr':rinz a,r zu'zu fi n'irr y,i'nifrfi rzir,r aro fihJ: rrn:ernr:q''a nr: r,oro*n-,ri

nl: dr: o': o ar':tio EJ dn tfiafioil3trn::vpiurrio fiqvlfrfi nr: #,:zo,:rmR:r,fr'renmn uvrurfie.rifi rr'[#I

uiuriozurunr:zufi n r{Jud'u

"luei':r+zo.:n?'rNuli%€lruR:nrrxnnpiar?to{ ALG r+tunnruuifr'lni'lilnrurrvrnIuInE
' ; .; d , 

', 
& q -iq--

rrr+oar.rFtotfrooiluxnnnnlS?1'r011.{llttFlnFrl0n% F){1.[%?11n ALG tn?l In:un1:Fr:?afl0LF]1.t

ruruornruru,:rufiurrfiafia rziu prg unvr[]utrlnra.rdarirvuornru otML R85 frarxr:n
o o- " - L \!t, tY: X,31 a-

rirrur'tzirruaruiuz=rnrrnrrz1arirvturrnflrNru (Legat metrotogy) inr unvr':uunvyr':uunmo't

firr:rurrioriryuntfiur6ruaatrtrin:il:rtvratfu6nri'ru v,raa:ilr]:rrfiufiuraulorfiarriu ALG
c

; - voquu
finr: fi prru axu-fila"'niriahjfi
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sJ t a tfa n?'1aJ s'I ? ttu u a srlu rifi ai r N fu fa n rr ru dr z o r:y nYu il a 0? a 0 rH a a"lu #o ei r: a u

(Automatic Level Gauge) truran:rt'jr e.rrn:irifilziriru:-uinF]?talfl{?Jo0rs#uaaraarrmnr

lu#odr:au (storage Tanks) fifinn%aqjn'ufi aeir,roniuru-frrfiurrirlno-r,:60 Inun'rrxd'unra
Auodrud
luri'tarrattvirnnnSo4'rn'jrnrrern:uur:ulnrFt rrnvfiei:un:rai1l:yn:uza{aos[]1n? (tiquid-

level detecting element) #a+tianlu:vnllzo,:aattrnrfirirnr:iprlnetsr:.r (Oirect detection of

level)

ei:uil:vnouNa-nzao tn6oofn r xranrr ujr ei':un:rq;a:y riuz o,:z o o rr ar ( Liquid - tevet

detecting element) ri?urirflvroFrfr'ryryrru (transmitter) unyeirurran,:rir (inoicating device)

zia ritnun d'r;aiUAln*t*rirriu an n:fn arr x ur:urr dnlual-fi;irniuinr nr'r il dnzs{

:y nltlz a,:z a t tr n rlun-t dr : o,t

(1) r.irn:fnn::rNU-r?rtllUa-alual-firirniuirinrrar6.rzar:y#uao,raorrmn:'Lun-r

rir:0,: firn'':uiaFrF]runrw6unrta.rr{lu#un:rsurieilzi.rru roErfii.rrinorunnr,:ufiuzouq9

(z) dau ttanu rir ( indicating device ) st-o r fi n-n u ru : n-,: fi

(n) ei:uuanrrir r-ru*',u',rnua'norirnrrxerr:fiinrbirtlupi'rrnz vrlufiun:ria
a a .j. d - - A

t%00 14:0Fl'le.J?lntfluF)Frl8Ja?lNAA{n15 tet0tflun?flr50fl'luInuz0{tFl:o{

in n n fi ,: o a n rE a air uiz"r

/"' \ rta n,tru: EJ'l-Frrtlunrr a.r srr rravfi a-n u:yB o #ru #nr*niria nt rirndr a\0/ rLerprvnl.nJU JprIutttpt J ldtu t J tt6t;NuIlttJl

' 
^r',ur',rfi 

ir,rlri' a eir,:fr'orar.r

(n) rir#ururual'rFr:1 l.scale interval) pi'ooajrunyrdun"ln, r fiofirxn: mto
vt

u0un'11

({.) d')fl :ufl?1,[Ltdn{n1t[U1]st*]R0 tl aA0 N?J0r1?'l\l:rfi 'l'10?t1.1]1il'lE ]l'lF]5'l

(scate spacing) ta-i#aan'jr t finfitxn:
( o ) rir fi rir uu a n o ri r x r n n'i r n ri,: ri r u lri4 n r ei -. r.r u a n.: ri r n : r riuq'

(a) ri:ufirudnir (printing device) lvir{luhJnrn (zr) (n) (,r) uar (o) rrl}r

Fr ?1N t14 il1r d 8J

(s) aiauil:vnautaEx (Auxiliary devices) av&i's,rtFifizunn:ynuriori:relrriluehza,r

nr:in
(a) arnr:nrJa,:fi'unr::rLn:uzora-ryrgrrunfir+ririrrf;n (Etecrromagneric

lnierference; rvt) *nrnfiHnrr*lfiimtr (Raoio ,r*u"n.u lnterference, nrrl leihifizunrionrrri
to

tt3t1.tu'l ?t0 f N'l F):? Fl

(s) t#ua:arrirJrai,,-,ufi0*z':",+I,{flnarirHfi:rqia:;r;uzEn?J€rrr:4n? {Liouid-revei
detecting element) rJ:vneu#ln-:znt#unrnr6oarEJLtnlr n-c,:nnriraonn5o#rurzirtri''orir,r

n da': #:lri fi nffn *ayoypi'o,: n'oz suryh ntzln
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(o) nr:trJdautrtinosirrrnr.ltzauarun:':niBr:ynluzo,:?Iorr?1R? (Liquid-tevet

detecting element) #utfiouornanttvuttnn-0ru rziunr:a-r.layrfiou oruunfi nrra.rriu'[a nr:qq

,)
rr]fiauur-la':afinzo':zarrnnr nrertriflnrr;zru;rirrru ei'0,:1riifiu t finfirarn:

(t) nr:finn-rniruor::s;n:rFlYufl0n?l00rmn? (Liquid-tevet detecring element)

(n ) r d',rsr n fi F] ei't eirun:roin:v ni'uz atzou ry R: ( Liquid- tevet detecting

element) lz"rri'u#,rrir:a'r ri'o'rtrifi ri:ulnyir,:qrnzu#rfi'ar.ioan'ir 5o

rzufirxn:

( z ) ri'run :rq;F]:v duza,,:a oull R?rFr fi oufilri'a drr 6 a::trlyta er rir nr:
rr-J fi s u ru] a'r : y riu z o t u a,: nr n : rr a y o ri r { d N F} a Fr n s n zi :,: n r :in

q

( n ) ai'otlrisvr Sr r nrir,: t rziu rB rrrufi fi n':r e.rfl urjruza0 rfl n?, aorrra:rfi n

rfl r*vla'r viaznnounr:drrrurdu nr:d'nrffrn-rodrrzorrynrr{lusi'u

n:ymu ri a nrr prrriuEha a,: xrn:in
(a) rr n fi ziru n:t er fl':zae :r rira00fl E{ rfi n?nr alu#,: dr: o o fi'laiare.rr:nla-n r: ua n,:

rJRaa{N'rF}:inirnriunr:r{nfrdautfiuun-{6ir:au (Tanx calibration ratrte) rirfirraproluzjr,:
:- \tuL

F)?'] N d{Af n nl?UFt Ef 13U t?Ft'lU

(g) enn:fornarruara rtuu#nlu*iGeiruiufrrnarr6oro'::snYuzt o.rzaorunetufi'os
" au ) t 6, ,u, - ;eir:ao rruu"[zirraurr*irr-rf;ntriflrr.lEanf,urfieto (Electromagnetic or acoustic waves)

rrrsn:rari-r a.nn:fnfil#r-n:vurFrrrrfl'rzot:vn-uza,rzaorvn:1r*n-adr:0,: (storage Tanks)

fi fi n ri'.r a $ ri'ufi o ejr a ainh*r.r-fi rfi al rirq n ri"r o In Erfi a rr ar riunr a'lurio rir: o,: rvir#rn6 o 6r n'jr

n':rxd'r.ru:: eirhr n fi,r firrm ei,r rir rfin ri,: #ru rur ru n fi utrl n: rru ri'u firz a,r?t 0r n4 fl? rrri'r avviau
; d u i .:-

nd'uerra:,reiruirnHuzo.,tunEotin [nafirirun:':aau:vauao{Mn?dfiati'(static tiquid tevel

- ?, ,-;. v & r ,

detecting element) Fl F] F]{ 0 EInU?l fl'}Yl5U F]:?A QU:3 A! tJ?fl1,[-}:vnUZ 8{ t1la? d?l'tttdn{ Fll

(tndicating element) ria':drxr:nudorrrirririararrtJun-:rnzniufi 
'rfiornEowrrururJnF

( r o ) ru r n : {o n a r er sm tru u fnlu ei6 air r.r iu fn n ar at 6 o z a o : v riuu a.: z a o ru a alu
t

d6 6, q, i.
rl'oair:ao uuuudtfrnm:afin (rlectronic automatic level gauges) dotrilr.i[rJnrarfrnrmunn':
t q ,iu

aa tul,lfl?u

( n ) rir xr n:fn nrrt srr rrrr olnluaifi rirmiufn nrr er 6,rzo,r::nluz o,:zo{ r?1R?

1u#,:rir:a'rfiarJn:nirfioairio (tntertaces) otJn:ni,a*ri, #r*d'aotxvi'rtr'2n

nr:in unrfory n nr:iorfi nrhJ

(z ) ei'o,rfi orl n: ninioiS nr:1n t fl ar riunr:#,rnE o rirvruor fi ,:1n 1 a.rr n :in
a?r el ur?uuu#srlua.r-fi rirnilfornrr x6uzar::nluzorzao rynrtr+n-r dr:o,:rjru

t "o e 6 
"i 

o
or-i n: ru rfi oa.r ri o ( tnrertaces ) nB o ufl ufi a.rdri oi S nr:6u tpr r duo;ri atfirfi n

-:
zuR F){t{

1 . rfi orn:rarnnrnrrnfi auriarunnr:in

z. nr:urlnrrir, nr:rirurrurBorfirzunnr:fnfi nlil

3 . rl iu x r n : in F) ? -r il En'nru u fn lu n-fi ri r n iu in n : r ar d,: z a r : r ri'r ?] 0 { ?t a {
6l -. - 'flrn n r"[uri'.r a r : 0,: vrt a rr] fi uun-'l lril : n r :rl fu ri r't n "1 ( any adj ustmenr

factor)
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(r r) nrra.rifir':raorrrr:iBrir{riilortlu z &u 6a
E)

?l u 2 t ziri'u n r n : in n'r 1 ar u'r ? u u u o-n lu *ifi ei r r iu fn n : r r d..: z e r : y nlt z o':
6) - o Aqu- -. ; 

"' 
. -,, d

u80t14 n? [unf d15001'1 Lfl n:J il0 d'l:s0y]ilx:oz 0\: r]1 n? €ln Li]i{i tn: rn ua.r
c

ia -; t d
tfi fi?vlNEruflnNaln?l - 1 0 a{FI'rr?IRrzlrjfl

1o
& o -- f u6 ofr* s l zt"rir.l a-r r sr : fn Fr ?'r B.i ur ? ilu r #nlu #fi ri r m iu in n : r x d r z a { i x fr u ?] s {

6t u o iq r- i -,f a ) a - J

il af tfi n? [iln\] d't: c{11 t% nu n{ a'1: c{rul:au tn:tn El}.tt14 R??1N 0 ruvdrl N F}1
ql

ldn?l -10 A{A'}r?JfirZEld

/."",^",,""- m-or n lnr, - -, 
n 

' 
Y 'L u '- J

1na|ur144 AlAl olML R 85 n'lrllaL!'!El{ il 1.t 2 rtfir U1,l3 talil?l l,t 1 )

(tz) #n:rrfionrfiarfiEilra ritrirnr:1r''ririr:o':a-uu:nLtnv?il*r#{ otryrnlfrfi
^&r,1uAor'i^Yrunr.rnryrorlruat'inrrnyrl.tudaafinnrrszruvyl'r$.it*ilnfi (normal operating condition) rfrannrt,:

-:-il -l 
Fl : ? Fr 1+ rz't n u 0 { d't 5 0 { fl al u : niri ri': b{rtt uh] ni ri oh] ri

...1-AaJ
LN 0 0 n:'l tr.l0l11n 0 ttJ 081F}

duddd

rslaoa:1[r.JEt14 n0 tri0?l ']Ft

drdd
nAAIA AT1Lil A LH n0ttlEZlA dNV'l?'1fi

d,A^J
F]0 F)-r de]u5ruzaf Fn EFl:'lIu0[HnaLu ET]-lFl

B

D

r - J q v , v ,3
Lnar.tt':ou[za{ns [!t,t

(n) n1:rrdr]{Fi'r:usy;n (oip) rEo:rnYunrrar6r (uttage) zo{zErtHn?n1rr

1u#':nr:a.r fn:rrfiorvfiotfiozrnaururnhifizunfioryiurlrEJxrniro:r'ir".rl.i'aufiatrrru*,
-'-- , .j

vir,rrur-lnfi (normat operating condition) na':a-rrirrvrrnu nrvtelrnn'jrrfio116ulrfisl:rfl'jro

. rirfinirurruln-orn B ?J0{:vuv;F} (oip) r':o:rri'lnrrx6,: (uttage)
duri

tm uunu F}1?1N'] Fl:'l Flttd Fl{

. riro
(z) rirn':rxirnnrir,:zo,::vaviBr 2 i?.ilr tufiavrr.:rfiarriu s-n:'ltfi0trfia\ "./

j et ua
ifi oar n a uryr n'trifi zu n fi rrri',: rlr s arr n unv rlr EJdo ufi fln'r?;dru rlit{rtail nfi ( normal operating

conditi on ) n"o,r fi ri'r rvir n'u ri r fi ru r n n'j r r fi a irJi a u r fi u rl : r?l'j'l {

o rirfirirurrulpi'arn B zs0ernFi'r'::vEJviFr (otp) uia:;nnnr:rat6't

(utlage) d0't:rFl:u rfi suriurirfi ilr nr;nttff F]0

c riro
(n) rirfian-:firuu-u (oiscrimination) ?rE':allnrin nrn:iptpio,rrtdrlrFi')

ir i fi Er ?uril n {'lil a rirwi'a er t a.r x. i fi er i fi a n 1 : t| fi fl t,t ltil n a : v d'u z o': tn n :
-.& ; _e 2 NN. drr:uelrn;xFl8l,tFli'lNt?lEJf 2

-:1 .i
o 3 NN. di?i:uNlF]:1F]?11iFl'11ilt?lu{ 3

o n:l tri E t?1fi E til 0?J'l Fl ?1l.tFr'11il t?1u{

2
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(u ) n-rfi ri:urra ntpirm':a ei:ufixyiri'r a.n n n'jrnri,r eiru zu n fi naor ei:uudnr rir
rSori:ufia.rdrirri'atlritfiutn:rrfioulfiarfiaarnnrx (n) unr (a) uRy zuRrir,rzauei:uuan,:

rirrt o ei':r*fi a.rdrirl n r n"a'rta.i r fi u r fi n fi ra.r n :
(r s) n1;uf,attFtBaorarns ri'o,:uan,::rsn;rEerntr{ar*lr:nejrutntrEj z-rniau

vd

ttn3nl?5 n{U

e

a

a

a

a

dntryzruyt4rururinfi (Ntormal operating condition)

zouizn nr:in

zur n r ri'u ri r rt u 6 n n r,: z o n i ei'u n : n nt a Fl ?'r N 11 1.{-r zt 0 0 fl 
-r 

u rr n !
?-{rr un eirun :roq'u:reiuaE\1 ryt n'l ( Liquid - Ieve I cietecting eIenrent)
t j ur

z r0 Fl'l r il o ( d rn : u elr m :in n:r al st : ruu u a n [ue.r n.- arr ilfn n rr al fl ,r z o,r

: v n1 z o.: z o,r rr n':lun-r d r : o,r uuul zin fi u uei rr fi nlyl fl r ri a n fi ui fi a,:

(Electromagnetic or acoustic waves)

a.tr n:in nrt x srr riuu dnlu#fi rirlriuTn a?-r aJ d0200::n:lz ora or ry n:tu#r rir: o,: (Auromatic

Levet Gauge; ALG) ffu#nnr:rir,:rufi unnrirrriutnirri

'1. Mechanically operated float gauge

tmnrvdrmiun-orir:a'rfifinrrxn:udrtru (operating pressure) qr*fir so pstc (ojz
wpa) uarni'rri:snluzattrn'rfl{ 1 B rNFr: (oo v'ln) fi,rue.r"rirrrtJufirrE0nuuufirrircfialsJr:n
o t q -- i"[zi':ruki'riufirirrurir.lfi': 3oo PSlc (z rvpa) nle zfinrifir#nnr:firrruri'ranr:1ff,nnEE.r

(rtoat) agjuu:rri'ufirm#rzo'ttmarua"rfiarsrvrrJ (oritt tape) riarfloarznnnlnrirerriru purrey

MEQIiANICALLY OPERATED FLOAT GAUGE

trJfi t t + riruil:ynouzao Mechanicaly operated ftoat gauge

Sprlog Sto.age
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-d - &
na'lsF]"?fi\lnnfinn-'ragjlurutituuanzatn-trir:ou naaralta-,: gauge rreao fi,:finri',roejri'lzuri.:ri',:

tu:vn-uaranr (ggrJfi r r +) nr:tnfioufi61unuza,:gnnouovgnri,rzururrnyn:?adrlrrrn*d'ru

sprocket wheel nrEJ'i1.{ gauge head ttnvFr-? sprocket wheet qylilzu:yuurfiui (system of

Geneva gears) ln-rran':r.rn:rnlunlrei6,rzorrrnrnrslun-r uonornrinrulu gaug" head ry
dq.i-
a'tzJnnaIntrznuaE]tt:onosnrnio]Jrrflnr?vflelnnrirfioinurn:rnfir (tension) z a{fl..slflilfi

rei,6)udr^'"
F]0tll0NnLnnnau (f loat) tffrrirnofrnnant?nt ri'rEJrrnfi:yarnr:delzornnnos6,rlrifiarauri

' 
e ; 

- n h ".- 
| 

q

a EJ r { [ n ; ii a'] o r n n r : :-n ur d n r il Fr 
-r I s.r fr ,r1 n"fi ri r er.: fi Fr R 0 Fr r.r n 1

ALG zfinn-.:neir':1n":-ln':rrfisxl#,:rurtir.lr?R-iu'r?ut14 rr*in:yn',rlurlqqu:%ur$Rru
a66)c6rr.Jiq--c

t t': orow o frldtnuo ti rlriufio tor n fi"triiu n':r xfiu a.rlzt-o dr,: Lryvim nr urirlrilr:rlriz-a a:r.1fi,:rl runr
nr:Izi':rufin:ori'u'jr ei'it*:-nrErnrrufitaa,:araumil (tensor spring) le.iarrurnritnt:?farflu
\u t I 6, u , .jtFlt?]ln%nn0a?J 'lf F)?lNfl{200:;nuao':ttiii:nrs[un\rir:oo ri,rzunhi:yaynr:dtza,:annosn
:vri'ufirrir.haatmnrtilfisuuilnt (e:ilfi 1 1 5) zunfinrarxrr.fu6a}i'rirn-:re.rflozorrmn:fiBr

6todornn:raluiluo5': tnflryrlrri'rfifiozurnr#uilrugurinnr{20,r sprocket rilfiuuuilnoliluri:+
ejr ,, u rtu d',.,rrl6':rln fiov fi nr: ror:3l{rtJu:y s:ilr,r rvir ri'u11unr uryp1 ro,rriufi:ysyyir,rfil}.i
rvir riu n r:ril fi auttil ntz a't:;avu aor,.ln, * ni a a,r Elurir fi or6lutArj'r ir;zir*m ounr: zu fi m uflr,/

r':o tfi a r.iru: vsv nr:l#urulilz:'r:vEJv r: ntr fi.: rI rurr 6 nfl ruvrr fi 6 o nr: ril fi uuuil nu z a.r u:'l
- ; d , ; 

- -,

REUa??lnsvrra0flnROUttto,rqrnfirralrurtruuaatza,:rrn:rilfierurujn':lil rfueilr.rnb{:=rJy

nr:d,.J Fr-?z or 0 n n 0 B.t.xzs'ttr n: iil fi su*rJ n,,:trJ urirl r;nrluz'r,ia', u',, n uri'tzbiTn u n r: rfi a n

zlfinzat6nnaalritmxr:ae.rri'urirnrraruurrruuza,t,ror-n',ul*n-orir:a,rfin'oonr:in' nr:rfian
)ai ,J 3 ;-

n n no afr frrirmiln tur atttn ifrar:Iufr frmrir ax ria:rmr'rrz a,r ry nrlr{'alr nrirtri'p n a o ao:o qjuufi'l

u#r:vnluaaorn arlriqiilHEaox a,:luzrorn o.r-u#r*:raynr:qiruzro g n o.urri*ilri'iuuonr=ru
or n nr: ttl fi Eiuitil nt rir nrrnnur uduao,: ru a': irria draln uriotir,rt: fi nr e.rrfi o1n.'d,,:rri,: fi ei'a,r

EFFECT OF MECHANICAL FRICTION (HYSTERESIS)

l\

I
t

FRrcrroNAL I I I euoyANCy
FoRC€ I r I FOFCE

I
PRoOUCT 0EPTH I r

AFTER TFANSFEBI I

HYSTEAESIS

AEFORE TRANSFEH

Gauge with
friction does not
move exactly
with liquid

d9
01T0ilnil 004'tlNtfluarlu?l0f nR Inalln:fnrruu Mechanicaily operated float gauge

tJ R A O n I : L A n 0 uytil o{ n n n o u Ltn v: 3 I v Fr rr u n n r 6 n n a uo al o gi"[uz o,: rr, n :

Gauge without
friction moves
exactly with
liqu id

:rjfi r 15
}J
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d-i9a,&ioifisR.ruri.:#ufia ennouilrBtnviri'['rrianr:rilfiouur]a,::;nltlrt6a:yaanrrFunralun-,:6i'rrsn
z ruvrir nr:iufiE osil aza,r r?1n? a 0 nal n n-{ rirr ar fl rufl r a nyr-rafiz a n rir:lflufiri ff6 o n:r x

tfisrrviruza,:nnlnnrertuflu?JrnluqFrflnnon (puueys) fiararvnJi,,:rirr.r nnoneilFl?'tNrfiunqU
6) d .i r r o,

?1]Un'r EJ 11.[?J Frtn U:AU tv{A ttd Fr\: Fr']rJ n n15?Fl:3 FiU Fl'r1N d0 ri,: ru alrt'anrrrail n atil fi uuttil fl{lill{9
!'a

1.r1.{n otv uv n15ailu8f n n a o EJril fi 8uuil n{lil1e

Hysteresis error ztor ALG rilurflrrizi'uao{Fl?'t}Jrfiunmlu?la{antlt.l?to{UFranran
aq

(putteys) ttavFl?'lNtfiuar'tt,tr'ttu'tt.lqnrfiai#lufio[rdnnFitrJnnr:in:ynlun?']Nfl{ nt:rn"tz
q u , : ^ u u a 1 u d , A - - o -- dt )a
UruH1Fl0nR'l?r{u:1+vriltJAaLFrviu'tEJ'tilAnFrl,tni{0flnriRilanrnflr?a?fln't:IzlnnlJuvrarnrrx

tfiaorvrrr*rianoouorl*i,iluariatn"'jrsoi'rerianr gtass toaded p.T.F.E ptain bearings lueiruzo,r

q n r fi o i#u rir%rd Fr r Fi't r v s B Fr ?'r N d{ filf magnetic cou pt i ng uyrt,tt n r fi u iuyll,rr{J ud't.l

CUMULATIVE EFFECT OF EHRORS

IN MECHANICALLY OPERATED FLOAT GAUGES

ovEFtALL ERROR - /t.S'+r-O1rr.O',+2.O'

t 3mm

3rJfi f 1 6 u't{ryilela{aa{n-l:6arunfinzat Mechanically operated float gauge{t

Srid 1 17 uaorofitiSnr:firr#': nrc rzirri'un-,:eir:o.r?,fin cone roof a;rfiulpi"jrvia

r-iraratvrr.J (tape conduit) arfln6na.'?unrraraiunrtrfiru:,:nreruurruri,:n-,: usiuir:rurflaerfin

riurR-tnrn-,.tar[tl% flexible joint tfio':ornrn-,:nrrfinr:zrilrnfiaufiflun':aruyfinr:si1u?t0r

tl1R?LZ't - O0 n

Source of .error

Tensor spring not
compensating at

f ully
all levels

Error (

Drum diameter and distance
between holes in tape not

totally accurate
Float sits at different Ievels
depending on density of liquid

Friction in drum,
(Hysteresis)
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INSTALLATION OF A MECHANICAL FLOAT GAUGE
ON A FIXED_ROOF TANK

5!'0tsc
auroEs

32ntrr6 lEXSrOraO
to€ wraEs

I:::x:^-:i\

3rJfi r I z nr:fioroi''r Mechanically operated float gauge rzirrir-rn-,,:dr:s{illin fixed roof

.(1\.G
[Jr- -':-;::iO

{r

Figtrre Design details of a guide pipe and level gauge in a vertical
cyiindrical tank rvith fixed roof, of which the deflection when loaded
must be taken into consideration if the bottom of the tank is stable

L lndicating device of tlre level gauge. 2, Support brackct. 3. Safety ring. 4. Sliding guidc.
5. Protcctive tube for the level gaugt tape.6. Pulley for the tape.7. Manual gauge hatch.8. Flexible' joint. 9. Scal. 10. Manhole. ll. Gui<te piie and stili rvelt. 12. Tcnsioned wirei for guiding the float.
13. Tapc. 14. Float. l5. Guide rvire bricket.

.i ^ &
:1J14 117 (nA) nllFtFln{ Mechanically operated float gauge [z1nun0d'l:a{z1.lFr fixed roofU\

J - u d d t 6) v qe
rN 0 fi R{ n'l n{ N nr : tfl u:u11:{n1 B In n 15 L?Jf 'tl,ln 0 d]: a{
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?ilfi 1 18 rar 1 i g riJr*i5nr:uurrirnr:fiu,r*o ALG rzTrri'uri'',reir:o{flfin floating
dt Aaroof o;firirufrrEun'jr forked guide 6,:zirainr*rntrru#unurrfr{rri{?ts{yi01{rirryrrj rrfls

a1Nlrnlfi-nihi'rfiooarnrlnfiu#rriruuudnas{rr#sfi'rrrinfifinr:tr{'sr-r urirfia,ror n n'rirFrfiau!

ri-rz aou #t nr ri',: rha a elte.ild*zuntltlr r io er t ri'u:snn?'a{ rfi fl?nr sluri'r rfiEJfi rfi ur rrriqsFia ei tdu
nia ria a ta.r uartfiamn-o n'',rl'',0, u u, usr-rdr.lfia*aa EJ Fl"'ruln a"'runfi,r riauluz rusfi 5 n pi'ruoro

r i "ia - ; J Jot.intfiuava:riaEJ'laaaFlrnrruulodnrir:*rSrunernfirrfiorornrr:rrfiunrruzor:fia:au "ln#0n1
; . t, u au u o - A- q w v t

il0r.l1n0flmn5rr1nuill.hlnf 1s1.tt0{ BrlEJH4Frl.t:vFtuF}?1}Jd{zEf tfin?n'tu Lun,:vtin Lno': Ia.iAonq{

66;

n R 0 f n uz I tyrQ Q :{ um n 0 0 : a n'l Iu ?{:v u y [? n1?1.l,6f

INSTALLATION OF A MECHANICAL FLOAT GAUGE

ON A FLOATING ROOF TANK

FORI(EO
GUro€

SLro rxc
6Uro€S

trUE
coxout I

rr P€ / cA3L€
SILICE

5€CUn €
CLAMP

6IUGE
HETO

,"1"

O€IAIL OF
FOFKEO GUIOE

rrjfi rra{ n']:a a n$ Mechanically operated float gauge
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:rjfi rrg

180

)J( otrhr ev
pz^7hts

Principle of the measuring system of a floater instrument,
installation on the ground (undertoot)

-3nllFlFlF){ Mechanically operated float gauge rflrriln-':rir:arzl fin floating roor lrrabi'
eiruun n'r rira qiui rr ru:rri'u ar Ernr rHfiafihfiu



'l?o ciruttantrirzat Mechanically operated float gauge (rLr'rArin)

:rlfi 1?1 udntnt:fin#o nrc uuufirzirri'un-rrir:a.:nrrrurIuarfi,:la1ffuri'ra rziu

LPG ifluai'u nru#:tu,ulrit?llJ'ruflatua;lrin::r.['r nlc arin*.rrfinri',:rRsrria,:ornyiarirlvrr]

(tape conduit) finrrruur:ua;t6flrilrnourfiulilararfinnr:nnvr-a':il-'lrzarf,rarrilrrn:ort"irl

a=xriaviain- lrrnttlurziu#ufirviiri'uufiuu:,rrfiunrruzo,:flrEirril rial#rfiazunfin Hysteresis
- Y ,; o !,qua, q, ,; a

error N1n n-iti'urr n rilfi eunr:6 Fln-,,ririitluhJ nr ngrJfi 1 zz frriu'jr arur: n n nfl ryrnr n-0fi

nnir':errtri'e.rrnfirfietrrria'rarn gauge head nnfinoT'raeiri?lru%dnaonn-.:rir:ar rrriaroqrlil
q

flv nr n a 0 nr: ?r{r1.[?] Er tt-rurirfiru:r;ri'o,riiufi: rir: a.: nrr nd'u6,: rrfi otrJ orurir zu n nr:fnr:y ri'r-i

Fr'r'lNf,{zo{riln? tuei:u isotated vatve fifior#.roqjha,nLe 
'o'.lu',rorjru'lyi'r:-rarxr:nnori

ALG lilu s il uaalln"'rr n rfi I
TY Pr C A L IN STALLATI O N-O

GAUGE ON A HIGH PRESSURE TANK

ru14

:rlfi r zr{ nr:finnt: Mechanically operated float gauge rflrri'un-':dr:O{UfrAAX1}.lOiufl,: InUri:U
:J - - a^

ttil Fl \l Fl 1 n A m i : ; Fl U d'l tl Fl 1 [yl 1 0 V{ 1'[Fl 1'[
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ALTERNATIVE INSTALLATION OF A MECHANICAL FLOAT
GAUGE ON A HIGH PRESSURE TANK

,-' ^ &
TlJvl 122 n-lTElnn{ Mechanically operated ftoat gauge rzirriu#,riir:s{il finn?1Nrj'uardniS

oi r I J -.fi %o ta u d?%rrfl a r a -t fr n Ft:r trfi s nr

2- Electrically powered servo-operated gauge

' rilrtlr* nre filn-:-unr:lrinru1il1arn ALG ztfin Mechanicaily operated ftoat gauge

*riu-,rn':lziri?ua:?Eau:vniuaotzo,:rnflx (tiquid-tevet detecting etement) firfltr disptacer

-?11EflnnA8 t81.[tfle] [LAQ:Nl,t-rilt,tn?1:AilFl']Fl?'1il]tl-t'ttL1,{1.tf,0n?'l?}af [rn:yrnounr:rn r5a

:rjfi r 23 nlv,ln'}5fin#t rtu.trically powered servo-operated gauge n:tn-,:rir:ao Fixed roof

t!o^ i
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ryndnu-amri,:6a disptacer taiarnr:nnaern-:tra"niorrurfuroo Fr-? disptacer gnuzruh-d'ra
. i r o 6r u )a u t t 6 z'

r#unrnfi'rrJnfittlut#unrnuflFll*tnflfrfrraurirugurinnl0rfinlnnrfioifialffuarEJrmdao{ ALG

ufin wtechanically operated float gauge ttnut6i'un?aLtdnutnd0ny,l-u'[{ri'rgnr:neJurzirltJluo1
. jqv- a 1

zlnrtaofi'lri'iunl:n:ntd'tvia{ (a precision-machined ,grooved drum mta measuring drum)
-StJeaY-z{nrrii'afiargnriorfioarrfrri'uqrJn:ninirrn':rarannn?a{drfi#n e3ilfi 124, 1Zs LLnv

126
i'&a,rl
rdnl?IdilqR?JA{n1TYl'l\l'luA8\1 ALG 1.l1.ttu1{dn1?3flilqnlvfi'l'l,J1.t'1141.[nilO{ displacerq1

j,rotrt;
f,'ttxotrluzo{rylR?u'tf d?}r, tt:0aatJFr?n:3vl'}F}o displacer rtn;tt:nfl11.[?la{ balance spring 8\:

rio riu measuring drum Br-oriurfia:vnfuaa0 tlla?fl{d14r6 a n n nt6t tvir#r r{lunr:hJ:u n::-l

dn'l?ydNqun-,:neir':ei,:zunl#nr:no€Jn-rzo,r displacer rrlfiauirrJnolil ravflnn:?ad'urn''?s
t

i , u Y ,u . d; 6l v d{l

weight batance fi.roreit#ryryrru'lrJ#',rruarnoi (two-phase servo motor) ufio"tri'ararnoitrJrryu
q ro L v I d Y' j

measuring drum [flyl1n1:EJnfi5ORn:3AUZO{ displacer QUn:xvl{t?l'lddnl?vf,NF|fl0flR11141-[s
' ,;
(E?!11 124)

ELECTRICALLY POWERED SERVO_OPERATED GAUGE
USII'IG A DISPLACER AS THE SENSING ELEMENT

gilfr I zq dudtutJ::nolfiri'rriruzoo Etectrically powered servo-operated gauge

orsPL;c:t
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I t vt r At ARtul ANt)
IIMII SWITC' I UNII

Working Principle

SOLID SIAI E SEB'/O CONINOt
CIFICUI] WITI' INJEGRATOB GFIOOVIO MEASUNING DFUM

IGIIING
cron

IIAGNE lC
COUFLIIJ6((

ttrl-!
,' \--flu
&(:. r/n 1;,''v.

,/

LOCAT r,rDlc
lOPTrcri'l^l )

BAI AI](-E SPRINGS

- lrrcno5wrtCrr
S ] EP'I FA NSI.'I T 

' 
€R

-- I.iiASUFIIJG CABLE

gilfi r 2s E:u6i?14r-J:ynaufiri'rri'ry2a,,: Etectrically powered servo-operated gauge
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I.rn'k n umnrer Tankstand

2 - Phase.r Induktionsrncror
( reversier brr )

.1-'1\- 'rl

,i .::tjrl l zo ilunirut]:rnaufirirrirlaor Electiicalry powered servo-operated gauge

65 v.-

Ver d rang ,t, rq,,
kor per I

SIAINLESS Sl€EL OTSPUCER MASS t13

5u14
g

] OF Mg, IOLEAAITO IMPACT ENEMY_̂-

127 tl'ly,lFlFl?lOf Electrically powereci servo-operated gauge zlfin explosion proof lzi
ri'u n-r air:ar nrre.r #urir



, 3h--ALG r-l:vrnvrfiln"'iunr:#ruurlupiluuurirr 1 izrunr:1zlri:un:.:q#u:ynyuzo,:zao

tmn: (liquid-level detecting element) fitrnnriroornnr:1zI dispiacer InEllz-nr:n:rsfr'uFir
,)

nr:tilfrauttilnozaoil:to (capacitance change) :xy'jrrirrir+ etectrode ri'1fi:yr.i'rzormrnr

nratu#trir:4,: n''.rtu:rJfi i za urilri'irqvtdeirun:rad'u:ynluaorzarrrnrrtluzlriorlnrfio
u avu )d
ri'anIu"fnzo,:trnrfifinrrruflurJruat nr:lzirvrnfinzornr:riu:,r[?R'r?]o0nr:il:ranazun (time

, 6 u dt 6d cia ,

relay ) n UU tU14? 0 n1:fl NU:yfl 7] ofl '11.,i?ttF] U?

ELECTRICALLY POWERED SERVO-OPERATED GAUGE

USING A CAPACITANCE SENSING HEAD

rrjfi r zs Electrically powered servo-operated gauge

diaplcer

tl\D
t?l cTpacitance. sensing head ttvll

d ut ^ a\l v-
fi.rtrai'ir ALG ztinri[pl'iunrrerfisruf,wrn:h{zunnr:ipruriue]ra,rn'ir ALG ttfin

o'
Mechanically operated float gauge ffnraruritl',lnofirlryrrunln 1 EH z rl:ynr:pi'rsrj'u6anr:

lo

a F) Fi{ L!fl u n't :z E NU't 1 f : nB'l
I

') 6t - s :- - ":tjr 129 iilunr:nnn0 ALG ut*nfrnunaar:otalirr cone roof #nuruyff{n{nnrEJ
v ..- ". 

--
nlnr:frnntzo': Mechanically operated ftoat gauge rrriri-rr#un:',:firirun:rq#u:ynr'lzaozoo

a)q'tvn:m5o displacer ovtnfiouniaqjnralu. stilting'welt flrrtJuviazi:aflourir+n-l::Ln?%nr:
q , ;-
il u!':uz a.: firrr.i'rz ar rr nrfr il zu n rio nr:rirrruzo,: dispracer tuarr:;eJ;r: nr n r: dldr erza,:

tmar izir - a a nar n n-0 6i't:0alsr-o eir{ 6 fi rd a: lurirugr.Jfi i so n rr fi auqr rtJui 5 nr:fizir Er

J , - aA-atu u a L -tt'lr.ttj:vdvtonl?'ln1lli'1fl11.{zo0ALG zfrnrltri6eiranufrnnft ALG u1.{ stiiling weil d-0rnFi}Fii{
v

a:"r':zat nr: fi n ri'.: slilling well hinrtfi s ntr n:rlqy rfiudrlrifiln:.: a:"r.r 6 n fi orrBo rir:yfl'jt0
stilling welt niuzuti-.:n-trrriadr'rln ,%rirrdrflrori*r:rirEJrru:,trfia':nr:url6EJl,triln{:il*r,raa,l

; - ' ) ei -q,zuutn.:tilo:vnuzattrartrlfisurtiln'r hlrlrll{' stiiling well rfinnr:InnaHn? Lt]y]'t0Fl-lt.rz-t\:N

nr:t6son-: (g:tJfi 1 31 ) 6n.vrtorirnr:tars:ul,la-r stiiting wel r{lu:yaylfia'hi-ruuta'jr:ynn

z0\l[rn?nlulu stilling weil aann#aotyirriurit:rrilzo{[rn'r6i?ulnninrslu#rdr:0,.r dnvi,r

aF) capillary effect (atrJ fi lsz) rJ::nr:4niTraqrrfiu'jr6i'lrrrron-01^', cone roof ayta-i
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J - - -Y j u d
rzalJElnnu stitting wett pi'oriurfiann-':nrfinr:rnfiar*finJdsuru-lnt;rJ:r.rfilrieirrunn:cyruFia

stilling well

arJfi r eg{

tr€ura

nr:finn-a Electrically powered servo-operaied gauge rzirri'u#oai'r:o{?Jfia fixed roof

In a 6iruuanr rir fi ornto:*ri'u nr uBrrnriodufiu

ALTERNATIVE INSTAI.LAT}ON OF A SERVO_POWERED

GAUGE ON A FIXED-BOOF TANK
6ru6i a.^oru

)d gauge tz'rriuri''rdr:0{?,fi4 fixed roof
r,Y-
Ln Eld'll.tttdFl{ Fn FroFt{ul.}fi a0n1of

TYPICAL INSTALLATION OF A SERVO_POWERED

GAUGE ON A FIXED_ROOF TANK

:r.Jfi r so
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THE DEVELOPMENT OF STILLING WELLS

FLEXIELE
EI.ITRY

u ^d ^ :J i *
n-r:wru%l?5n'l:frnar nlc rfiannrJrurrnr:rfiu3ilyr:.rzorn-,:dr:a,:ri':a stilt pipe

d"fl:E still well

n1:t4131U1.5148 still pipe ttnv118 thermowell pipe

( rirm iu in q ru m 4 fi n r alu n-.r ri r : o',r )
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INS TA L LA TIO N OF A SERVO_POWERED
GAUGE ON A FLOATING ROOF TANK

t c:
r50a

:rJfi t ss nr:finn-r: Electrically powered seryo-operated gauge

tzir ril n-'r ar: s'lulia f loating roof

q r n y #n n r : ri r r uz a r n rc zlfi n dvr a a : tl fi ,r fo 61 oi"i r
J-6dqid. flFl hysteresis error iria'rqrndm6l,{nzo\ra?'leriFetomruzornn'[nrfioryrnl

ril nlC zIfin Mechanically operated float gauge Inufi nysteresis error

odtuzirr +1 8.,rrr.

^'2 ' u,i - Y -o ru n fi n #uEuo airi'uri:rn atz a':: r riuz ar rlr n?fi\ras'[r.]ifi Ei:?iar ri'upirr.irrun

z o o a r a rm il fi r fi o a.r o d ri'u d i s pt ace r fi ri r n n n':1 u n 1 : a : ? a fr'u r y prlu a o r z o,r
.; 

* 
j e y ad -11.1fl?[v{EzF}r2814'rdfn?3de.]fia t1,l0{a]n ALG t?JR?FltrdFtl.ttn6l?tiltd1.r

zu r u rt u ti n n 1,r #a fl a.tr n rr n v fi ri r rir rr rin n o nu : a n r r il Ert : l.i'o u N t n r fi s

rfiuuri'uarar?ril?Ja{ ALG fl1irl Mechanicatty operated ftoat gauge

. zu n fi nr #u r fi n q r n n r : ril fi EJ u rril n o pi r n :r srl1.u'r tL%1.rz E { a 0 { r}1 a ?n r slu ri,:

;ir:ooln"aqinralurir +1 arN. nr:'rr ALG z;fin Etectricatty powered

,.*o-oruiuted gauges rirtJunr:ta*n#nnr:za,: tow immersion sensor

ri'rs disptacer (e:rJfi 137) 6,,rrir,:ri'l nrc zlrin Mechanicatty
io- a qv

operated float gauge ?1[?1nnR0u fl{av [zRnnSEJ tluu low immersion

f loat

r r \ d zi au o v 6 u dv - ") V.
urr E r.J'tr L: n n r u r a.r a n z 0 Fl LL R ? n m 0 0 N z 0 td u Fr I N e.l'r tz u n t,t %l* [ n tt n

o :'tnlLLV!{erlnd1,t

,L TNO

I
I

I
I

I'
I

I

I

=-r
+ sun

Sal

-srlt
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A a J- - ; & 6 6
a] nm ALG alil n n n15?1'l nlUvlU ufl 01tlJ1 n L?l aJZlUnl:U'l5f : n U1 n tvl il u'l n

xl'lnalb

tuaru v rfi fl : ri'un'rli'r{'r l-rfl a { ALG ufi nrf ir riJupi'a'rkin:rrraIilfi r #,r

r.furi a r pr r r ar il n a n "rYer z a': a rJ n : nifi r fi E r a"a t fi'u n : ; rr alvl fl r n"a t fi n r r ru

il n o nn*eiar err n tvr:rv si'ao{-niruuEi't€J n:r *a1v{flrfifi ra fi u:nrwlunr:ri,l

sirurz-r 6iff{ dr:o':fi0 rtlua nrufifi fi rrfr',rfio'irerianr:fifi1v{fi64:rrf, Ft

ei r u a nr vr-'r u fi ri r ri'ru 6 o r,r o :1 v,t fi r fi hit u n r : n : : a o-u : v #u z a t t n a 
T 

r fi a vi r
9o

n']: fl Firu EJfi'r dn'l?: dil Fr n ri'o.rl rr"iu nl:nt?a dau ttn;iu:a,lar n a nrfufi
I

, J.
xlr r fl 0 n a ? 1 U fl 0 n fl u tyr u{ fl 0 14'} n ?{ a 1?]'l {'}1.IrJ n vl a'} Fl

INSTALLATION oF A SERVO*POWERED

GAUGE ON A HIGH PRESSURE TANK

lrJfi r s+ nr:fin#': Etectrically powered servo-operated gauge tzTrriln-oeir:aaarinnrrruri'r*6u

190



Figure Design derails of a level gar,rge rviih still well in a splrerical tank

l- Metal.wall.(spherc) 2.. Pipe (o,.,: 300 nrm) ro be adjusted vertically 15 mm tolerance bctweenthe yerticat derermincd bv plumb bob and rhree generaiing ti;;;i-ilr): j."i'rai.ii.i"g'a;;i.;;i
rhe level gluge.-4. Holes o 1o lt lm mm pitch. 5. bliss r.rEt inJ;.utor, *iit--"ior casing. 6. Drainplug or. vatve. 7. spheriar i.oratins 

^valve'. 8. Ma,k oi r91.i.-{ii_1.".if iil,i'i"-ri,i;i;i';f;;"-ii";?zero adiuslcment of lhe lcvel gauge.9. Three sussers al t?o. 10. Three U"ft i"i r",t;.al iiignrientof thc guide pipe. ll. calibratim iifomarion.plate. ea 
' 
ixis'oai#';;;.?I..1 i"rilini*"m dimensioncompatible with thc deformation of the sphere.

ri _ _ - &
5u14 135 n1:ann{ ALG a?fJ still well nunrn:re.rnlud.t
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.i
itJt4 136 fl1vi Fl Flza{ Electrically powered sen/o-operated gauge z1%F} explosion proof* 

*ii'#ln-,: ar:a.:n:rxnlu6.r

:rJfi r s z Displ acer zlfi n u,n ::iluulfi un n rirr riufi ua qj ril n r: r fi o nlzi,:ru
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Tensioning Weight Displacer

1..::. a:'=.-

',-l-, ! - r.::

r. 'i,. ':

&

rrjfi r sz (ria) Dispracer zfinun::rjuuufiurnnrirrri'u6uoqjri'rnr:ufian'[#oru
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TYPE OF
DTSPLACER

DB,ISITY
RA.IIIGE

PRESSUNE
BANGE

APPUCANON

Sandard ) roo xovm.
) zs.o 6sr.r. tr

Un,imrtedr PTFE
and epoxy resin
2 ba. (30 ps,
rBx stainless sleel

Most products and operaling condrtrons. The carbon lilled PTF€ and
slainless sleel drsplacers a.e sulable lor apphcalions wtEre a conductave
dFplacer is requfed to preyenl Slatic build-up.

Tssi@no weighl 2 soo xslm"
) 3r.2 toslcu. tr

Unlimiled: PTFE
and epoxy resin
2 ba, (30 psi)
mar slanless st&l

Moderately turbuJenl products. ihe carbon ,illed PIFE and stairress stedl
dEplace.s ale surlable lor applrcalions whefe a conduclive drsplacer is
required to prev€nl slalic build-up.

Sabig6ge ) 60o xslm,
> 37 4 lbs/cu ft.

2 bar (30 psi) Very lurbulenl products, uthoul lhe ned 1o. st,llrng wells or gude wtres.
Pancularly lanks wilh vonex ettecls and producl surges.

Splde, ) 5oo xozm"
2 31 2 t6srcu n

Unl'mdedr PTFE
and epory resin
2 bar (30 psi)
max: slarnless sleel

Stil,rE.wells and gaWe we,ls thal are mt precisely venical The starnaess
steei drsplace. is suitaole lor applicatios wrEre a concluctive displacer is
reqwed lo prevenl slatrc buid-up.

Rn9 2 B5o xol-"
> 530 6s/cu fr

Uolim[ed Bnw6 o. other producls thal may rom a build'up. Feduced surrace area
ol dsphcer and rts pyramidal cross-seclron prevent a build-Lp

Coaical 2 goo xgl-"
2 56? tbs/cu tr

unlmfied ProcAjcls wiib foam hye.. The solid displacer body penelrales the loam
lays. For other producl densilEs, pleas€ consull Eryaf-Nori6

lnledace Mrnrmum densrly
drtlerence required
is 100 kg.1rn5

16.24 lbs,/cu. n.)

Corlsun Enrat-Nonius Conliruous measuremenl ol the inle.lace betwen two liqurds
No readlustment of lhe level balance is req-uired.

lable l. Aryliatons ol lhe dsplacets

DlsPr CEn
DNTETEN

DrsPt^cEn
AREA

DENSITY OF UOUID
(kglm!) I 0bc/@. tr)

AUOYAIIICY
(s/mm) | (oznq.)

GAUGE AqCURACY
(mm) I ttn.l

140m
5.5 in

1S cm?
23A inl

1000
900

. 800
700
600
500

62.4
56.2

13.7
37.4

15.4

10.8
9.2
77

13,5

108
9-5
8.1
6.7

a{0.2 + 0.081)
i10.2 + 0.081)
*{0.2 + o.oBL)
a(03 + 0.081)
110.3 + O oBL)
tl04 + 0.091)

r(0.008 + 0.00101)
r(0.008 + 0.001011
l(0 008 + 0.00101 )
i(c.012 + 000101')
a(0.012 + 0.00101)
1(0.016 + 0.00111')

110 mm
43 rn

95 crf
l!5rn,

rc00
900
800
700
600
500

6?.4
56.2
49.9
43.7
374

8.6
7.6
6.7
5.7
4.8

8.3

6.7
59
5.0
4.2

r(0.3 + 0.081
r(04 + 0091
r(04 + o09L
1(0.5 + 0091
]:{0 5 + 0.091
r(0.6 + 0.101

l(C).012 + 0.00101 )
i(0 016 + 0.00: 1L )
i(0.0r6 + 000111)
*(0.020 + 0.00111)
J(0.020 + 0.o0l]L )
t10.024 + 0.001?L )

9Om
3.5 ra

64 cm:
9.6 in z

r000
900
800
700
600
500

62.4

49.9
a3.7
37.4

64
5.8

5.6

33
28

r(0.5 + 0091
r{0.5 + 0.091
r(0.6 + 0.091
j{07 + 0101
t(0.8 + 0.101
ii0.9 + 0 1lll

a(0.020 + 0.00111
1(0.b20 + 0.00111
i{0.024 + 000111
r(0.028 + 0.00121
r(0.032 + 0.00121
r(0.036 + 0.00131

Where L = measunng herghl ,n melers
L = measunng herghl rn leet

Nole The above lable rs ior slandard commeroal precisron 81 1 Servo Gauges The lrne precrs,on versron ol lhe Bl 1 Servo Gauges rs more accurate
A special engrneerng nole on th€ accuacy ol lhe 81 1 Servo Gauges rs avariable on ,equesl.

labte ll: Accuacy ol lhe level me)suement al lhe gaugte lot vatous dtsplacet sizes ancl lqud densiles

:dfi t sa Fr-?od'r{a1r'r{unr?isilnr1{n1FrliFr?r a{ Disptacer ufiorfionL&'h{rr+.irraxrirrru

3 Radar Level gauging fi5o Radar Level Transmitters and Gauges

il'r n i;o F)'r'r 1.r u'r ? rruu d'nlual-fi rirniuin nrr ru d0fl s{:v FIlr z o{z o{ rm n?tt,trit dr: a.: zlfior
-'u-- oe .r' 

'- 
Y '

fi"lri'finr:oanuuu"L?iorl-{Lrnu1\F}r1.$rn%ssrrnsrfio0arr*#:oeiro#oa'Lrisirn'ir zs fl :ruuFr-{

neirrfifio'irutJu:vuru:nini'lziriurEaur:Indl#ulr.ttJ ie76 (yr.rr. 251 e) unrld'irnr
I

il:renru s tJouaren:nrtiufiaaa.riulunr:lzirrr*ri'u16ou::vrnrh#u rn-0a1n#141d'zfuz€JrEr
q

r r i-" "i - q,d
rnnluinEfluNr!r+il{rfio'rJ t se+ (u.n.'zszt ) 1o"finr:vrizuurriuadroqi,:o',rrfialr*'ar?rrrn
€,u - L'[zitruri'u,:'ruzitn':oianrarzar]rfil.{Frnflfl}.rlu (Legat Metrotogy) fitlurl::rvra#r*rurlririrrun
\u u ; ", - ; o I q 6 o o -"[irz"a'r't':ndrr:-ltn':o':a-tmr':iorfinn'tzi':ru"lurf':urniud 

(Custorty transfer apptication) ri'r"t#

nn1az00N'tEi;Fra?''rNsr?uuudfllt,t#nzfrnfin"iun?rNliu?.lrfie.rflrulu::nl.undrunvorrrfiau
i J 3q
r: $.rtl\ N Nr nau [u0u] FlFt
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1ufloo-fir*n ad'n n rixzo't ttr n:fn n:r ruarruuualnlu#fi rirniuin Fl?.rlJdr?IE{:rnluzau
za{lflR?zJfiFr Radar Levet gauging oonrtju S nriatrfr'n6a

' lnventory radar rever gauges L&'fi'uarufi'.:rir:a,:zurnhni:ilyr:rirurn",,r
).- ; -fl r pior nr: nr1 N rfi u{ Fri{? 0{ rr n n1r?Fr d,: lzhrulu,ao*', jori (cusrody

tra nsf er a ppr ic ati o n ) rti uhj n r er n uflrr n rr i-n n r ruzio ri r yr u nr z 0{ n fl m }J.r u

zuafin +r fir +s mm. (e:rlfi r ao)

fr
/r

5u14 199 :r.luuraar nlc zfipr Radar Levet gauging dtlahrulun"rx custody transfer

e Process radar level gauges rirmiuri',rrir:a,:filaluzlrunr;zufinfiori,:da

arR:vnluza,:rrnrlilrJ:ye.r:nzuarfianrunNau?l+n-rTrufin lriirri.:rir:a,rri,:
!

n ciruiuo,fi f,nrn urn n-orudrxr:nrirnr:in'[n1rEJqufi,t Rnry,ru:n #aarfi

rir n r:iprtpi'EJr n rziunr alu#o rir : ar fi n-r nru ( agitator), rfr n ril r+l i o r a gj

rrria:yri'uaa':11{ fl ?, rBo anrrqnr glr.lfi'o rt]un: nrrE o oiru a,r zu n nr:in
ara'[ein"a,: nr: nrrru rfiar n:o florurnrinrrriri'o.: nr: rrrrru #unrrafia:nrn
zarnr:rirrruzaorurn:inrr',].lo',r,,uuonlu#fi a,r zunfin +25 mm. fi,r

*5o/o of full scale.

. Low cost radar tevet gauges n':r{lutrJnralfiorrmnyn:n6aqrfi:rnrFiau
-A
ziro g n rfi arfi eu #u z uuu r:n ivrnlula fi oyoci:yniu rd a:ri'u uttra -sonic

and Sonic tevet gauges r"uri'uw:rrr{Jrrn',, ir*l*r':ao:r n rfi ao n n #ao
- .iq '- )

nun R nr:in:;nufr [ripia o nr: n:rrurfi elr f,,: rur n yr-rrirrrun ou nuou rio
t -:- _ .i J d ?.n, .i . q,q_

n 1: E'l1{?1fl'r rrnv n:ru rvta'1 n:roi r a nr,r{ [N rr u rvfrovdr Lr.]lzi,rrunu nr:
5) 

-ntu n N tu?lu?unl: zu a n 0 n nruI
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nrili'r N''ia:in n?'r N En? tLUU drilu*i6 rirrirfn nrr a.ra,rariqdrfi olfl-.rru rJ n fi un-rfiuo gjriu nr:
E o n rruu n-r dr: a'.:zur n1m nj';rJn', ii tnt? ri]'0 riltrfi s*.rrnndr kiir,?i'uaririr rrr?'9cd

I [6121{A UnLU%UA€]f tfi R l11U):Q il tlorj{

nralu#': rir:ao uria eir.rln ,-o rir*r'.,n ur Fr:;n n?-iN s'r?uuu oYnlt,tfifi rirriuin Ft?'t el flr 8i n ?r al

lu.nnrirr#utuurinrjudrunnrir,rn-ulud:uyn-nr6ofriqrr*ri,ra-rpryrru (antenna)

prJfi I qo nrflFrYant:finntrunrnr:risnduflo{ ALG ztfin Raciar Levet gauging
t

4. J t a L.,
Radar Level gauging "Lzinfruueirvfirrh"l'i,lr (etectromagnetic waves) Inurlnfrq;rtlu

.i.r,.iJ";
Rn%L%z-l{ microwave X-band F?1iln 10 GHz t?tan'}n-l:laSsauzottllnlEU'l\]Ft 0t1.{00

nr:rlnailAaEjv{n-{trr,l?r0\rnfiurrriulif;nh,,lfirriouzjr,rnrlnan'rliliiosn'jr o.1 mwzin2 (o.o r s
;

mwzcm2 ) rfia,:or nlunr,:rJfrrifi u#r1#urulunr:fn n:rx dozo,:rr nrnr erlu fi-.r dr: o,rzi1.$'r Fl

o r ,. & i d q r 6 d,"[uni:r]tr:uuurri'rfr':frnrrr6otrirfir+ 3o rNa: (r oo rt) rir*raufi,:fi0'jrrtluzi':.r:;ayrr.rfi#u

ilr n rfi 0 tfi uu riufiq nr:6u r tdt,lr'r,:rH1: n"'r unr: rioqirerri'rau #,rrrufi eirflrar6.r unlleifi zu n
rdirauriorEorfiutriadan'rwri'unufirir,rruadlurir:rutna"r qxfiraflry6irufiriJu solid-state,l

transistors nBo oiodes fin"0,:lzilunr:riruinirnynr?aa:u#rurulnJ.microwave
.Lr(- 

niroruei'rttnriu#rururru(antenna) orgnfinn",rrgr#r*ur*dFl?ts{rn-$F}rn-rar:oolns

i'nlfiqru6io ira;:-u #ry ryr ru n&oar n n:!:v n'uz o o rv Rrnr ulun-o :il uluuny #nr+ru;z ar a-ry ryr ru
; ' 

q,3
fi q n eio a a n"lilf,u0 riri'u3rJ urrzor pTrqrurir unrir #ry rgrru (antenna) E Iilfi 1 41 l*s nar nli
rnruirrir rilusrY*trr lun:drrmn

6l '- J xq,- u t

I tfl r"UnUnl:?1'l{'l1,{ZA{ Radar Level gauging t1{00Atnfl 'lnU'-t IUAUfl ?0U9u

uufixF]-?4lrlei,,ruraviu#rpeutill(antennu; rirr*1ilriua''ruryrrur:nrifignilnaeraEn"lila1nrt-?alt,t

ei'rtrn:-r-u#rgryrru(antenna)rBoorarian'jr "antenna waveguide" rirsral#rfinnr:ur:nz?au

(intefference echoes) fi'rfizuarion:re.rrfia':1unr:ia::nluzaru,rnrviufi n"'rarrqfi'n-'r "radar
, -c,,q, t l, Y -antenna waveguide" no':u:tJr:':n tarna [rrnnnr:fiydxr5on'ltauF]??to{li1fl50 Lou'rul.{zu?

r#rlriodr.:ufinzrnmnan:vuvt'rnr,ld\rrr* 6rnujr "rac)ar antenna waveguide" fi3rJ*rtfirfJu

ii a o r-ii
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LARGE SIZE, SMALL SIZE.
PABAAOLIC OISH HORN
ANTENNA ANTENNA

:u14

Rutlor dtttennu IIp(li und polter,s-

1 41 :iluuuza{qruei':a-ryryrru(antenna)
,J

nl'r r,Lil Fl nudRJ rul Fu L:a]5

vrta xri,r:rJ rruuz ao

. 7 lnput from 5_-
/ slgnal sou.ce \ \-\\

'/ 'par"roti) Rl}--
antenna | .r,t"r,r^I

e{fr tqz

The wove front looks similor for most types of ontennos
regordless of design.The porobolic reflector ontenno hos
o simpler design, where the microwaves travel o shorter
distonce compored to the orroy ontenno.ln thot way the
ontenno offects the microwoves in the least possible woy.
ln oddition, minimol differences in the orroy ontenno's
elernents coused by externol temperature changes,<on
eosily creote irregvlorities in the wove front.

nJE ar rfi sr Array Anten nu 6'r o c 6io n fi urtl uuur : y ur u r fi a rfi riu ri'L :rJ
,g

r[u u ?J E { a -r t.+ do #rg ry r ru ( anrenna ) uu1-] parabo I tc ritr il d.r n fi u:y erymr t
& t - a- i
#u r 1 n a a,r n,:h{n fi xai,: E o nlil rtl:*u%? i E %'r u r ?i 14 [ fi et r ri'u
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yr1illu a'rt.ia riju*uun:rEJuasfifirfifrrn fi au n"rEJ

lad,
ttul-J01.$''l lllatnnA!A'18 quartz nU aluminum oxide

Tefton rtlurirulu qjrBaororfluv{a''ldfi n

Frsu?1 145

t-(t)
2.t-t--
c

C - vEtOCITY OF LIGHT -
3 t 1ot n's

Irvel can be detected by measuring the time of refection. Light

travels at a speed of aboul 0.3 m per nanosecond ( !0'e sec).

:rjfi t as Laser tevel sensors n-rrirtfinrttatrntu oiil*rouB.rhJfftfirr.rfir eirudtnnn:rru
,uuaqla

tLRTBAUnAUil'lU{F:l?:U zunn1\lfls{:38v[?n]ZA0n1:tFll,lYll\1il A{tlfl{[RLU O:A:
,j

n n ril fi uulil rfJu:vgvrr':

Figure The electromagnetic radiation spectrum

Crrnrnu arrd cosmic rays

X rays

Ultraviolet
Visible

lnlrared

Short radio waves

Commercial TV and FM radio

AM radio

Long radio waves

f (Hz) X I(Al :3 X 1018 A/s= 3 X 108m/s

3rJfi f 44 The electromagnetic radiation spectrum

- Radar Level Gauge zir,:rrrrrufi 1 -10 x 1oe Hz

- Laser level sensors zi:'rnrralfiza0 lnfrared

19,

I018

1016

1014
N
I
> 1012oc
9 rnro

Itr 
108

1@

104

102

100

LASEB OEVICE
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No drip-off surface Drip-off surface made of
polished PTFE.

"l 4 s grj uuuz o r o r u ci.r fi o o n uuul riir{n I : n, n u r-ru a o r r. u fi ,,

ru n y *r : ? e.J ?1 r zt a \t 1,1.1 n ? 5 H 1 $.1 
-l 

[ fi r y fi q r t,t 6i o ( ante n n a )

Hflnn1:m10'Iu
J.;

ufioei'rnfiut:orriaon"[r]ornn-:oruei,:unriu#ryryrru(antenna) fi.rfinn',:ogjuuf,ail 0r
igouoou

n{ f,'rT o0In EJ arer n nu: vnlrzoo rr n:nr erlun-r rir: ao 1un-nurur nrr e.r fifi uJ fi EJl,[Lril n 01il 0 dr,j

s'iorflo,r (a linear frequency sweep) ri-:szirottnrn:ra.rfifi*uuol{ntfi (fixed bandwidth) lr*firl
a A b r d y v d Y;

FlLl4N0UA?1Nn{vn?lAA0trn 5 GHz nt 10 GHz ufl?n?'lF}nnLil'lsnn:im 5 GHz :yEJ3L?R"t
j. ,; , iq ,Y ' ; & ; .;
fivir nr: rrJ fi uuuil R0 Fr?1N fi'lr.Jr.iun::vir n"r Ei?i:{:r rJ} r? n1F}{frtyi'r nurl n nir rfio n fiur: nrflrJ

" 
r : v n-tr z a r t?l n r n r slu #,: ei r : o r fr o v a r via un # r i a-o d'r o r u ci.: u n v iun : 3 Yl u n u t,l?Y1 1.t''t z 0 {

#ry ryr ru ( antenna) n-o rfun-r ri r rrin un: #: n::o#u #ry ryr rudt fi ar nt,: o d ri'ur rud,:6r a-a.r zuia rir-r

A it tl,u .i.j,.i , o i i ; .i-', ; . - A
FrR1.{y1d000ntiln?un?lernrtilnuurtun{L}rz?{F}?rNnrraytrnryrn,l.yrnuFlnurfls?lounRU}l'r?J\l
6u v q 4 .j.j ,i r a r i
frci,:rr.rnd'rrrIu:ilt6a.rnoa?rl.r0vr[uRr]l.rrlun{[uzi?{F}?1ilfiunvrrarfin,:rliziuri'u'n:r]fi 14o

, o ,l 6, r u ; ; - ; . ':-
zuaFl'r{[1.rF]?1NnA0t!l,idad'l1,{tFrunS0nur?n'']il 0in15tF]na]$raa\rdryry1rurd3yrsl.innuN1rLnv

r{lu#nri:ulafln:{n:u:vEJvvir,::vm'iro#rn:rod'r-ra''rururrufi'u:vniuza{rrfl?nrulun-0. r.rnfiiri'
vdr)i' &
:u6onr:qnnrin!tJnri'rr?JO{F}?ielilfr[?fir[vi1#t,t (a frequency-modulated (FM) signat) n':

i , -!'ttntJAFl'l{nu O Hz unvil'lnn'l'l ?QO Hz tnUUnUnU:yUrrl,SYlttnnF;lfn%n{ttFl O ft fi{

z()o n (oo m) niorlnlri'dra'j'r ru fir:nrrriu t6 mrninrunrirrzounrrrfiaotrrfiufiei.:oon
q,-e;ruo'drrr
tU nU Fl Rl.tYl flivtoun aul.l't t?l1nu 20 Hz r:rhifirir:sa:yir,::sm'ira ri'rn::od'u #ru rur ru nu

5Ufi

SEND
BADAB
SWEEP

TIME 

-

:rjfi r +o

Radar frequency sweep.

d' - "; 
, q ,il i '

n fir*#ryryr ru r:nrifi ci,:a o n"[rJ 6runrrilfiu]fiuuurilnnn'rrn6t,tn{
vt);

n? Bu?f Fl?'r il n tLn3 [? n1 nf vr

_ BEFLECTED
,/ FIETUBN

/ STGNAL
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Frequencx f, (GH.)

to t af-d Time, t
At - {-to ,, AJA/t

pilfi t+z nr:il:;r:nruauao#ryrurrunrrrfieiotrJiunyayrioun#uxr
$ ou

:vri'lzarma:nralun-o zo t (InurJ::xrru o m.) riura,: 43ilfi i47

drniu(rJ:rnaunr:a'lauEetn'jr FMCW (frequency Modulated Continuous wave) q;rJfi r +a

ruan,:Tvi'rfiufr'nuruvza,r#rurlrruairurntotior oscittoscope rfiarrfiufiavvi'aunn''r.le.rro1n:vrlv
i , a d, 

-- 

'nrrfrunnrirrnunavr::av 6 ft (2 m) ri'ufi:;uu 30 ft (o m) vir,rornn-:n:roi'ra-,UrUlru

z-ofiza':nr:drtvrnrtinnr:ttlfisun:rxfilnirJfiauurla,rh-Jarir,jriorrlo.: (a tinear

frequency sweep) ri'razi:'rttnunmrufifirrur.toun,:fi (fixec1. bandwidth) rirln,aru'r:ndrrar
i eo , .i

nrrrufiur'tz[unr:t]rrer:azunttmufrost01Fr?''rs.rd{za':#r1ryrru (amptitude-modutated (nru)')

nio ttme difference rtJumii'n1z"tr.lnr:il:sx'rRrun rriarornnr:l:veirnzuaza,:nrrelrunnrir,r
j et u i r o r Y ; t 6d 6t u d - J I a

FllBFl'tFr?lNnavLfirJRvrt[N1.[u'1f,{n?1y10 2 ttLJUilnn1?N'r nn0[Ul,trnnnt:rnsrn!nnild{?flt]
i a, - & :- , t - " 

q

firtJu:yuu rvr nn AM riura': uonatnrisriluirnrEl'[uri'.rar:a,:mBonnrlnn"r6arfrfiuunri,:

#rUrUrrutfiEJ..l (noise source) rduri'uurlarulrnqjo;agjlu:il20,:pr:rx6':aar#ryryru
(amplitude-modr.:lated (nv)) nr-':#u1unr:rl:rtrnruRriret a frequency-modutated lrvr) 6o

1eilrr":-u zu n n:yyru uria eir,r'in

LEVEL
6 FT (2m)

LEVEL
30 FT (9 m)

FM return .signal

:rifi r +e{ -;n n uil y ?t 0 { fl ry ru'l ru t : a'l : fl e yt a 
.1,{ 

n R u il r yr : y n u n r r el fl o
rJ

tln nel'l{n1.{ ilO{iltl.ttRiO{?A Oscilloscope
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The tonk level is determined by processing the

frequency difference between the tronsmitted and

reflected signols (FMCW)'

4 a - 1 #n r+ ru : z a'r #ry rU 1 ru t: a'l i d v via u n #l u r fi : v 6'u n r r u fl { z o {

tfl n?aY"[FYFil nxre] fi fi fi amplitude flrdn

n?1 il ttliutil tt a vfl 4.6'EJ Fl?1 N a u td B a (Accuracy and Resolution Factors)

o dr.r fit ri'n rirrtflun ou#uu#:'jr r:rd'n n eiruz a r arr n:in nrr ar sr':rruu #rtluel-fr drril
ft

fnn':ralrl.rza{:rFIuz00zs{tynxflfiFI Radar [-evel gauging 00ntilH 3 nnNrRn IauttF]nJ

-ddY'ai
n eiaJy{ aq yy,lFl 6 n uamfi.,'ir uilr n r x n tt ar ttN l.tEl'rH5 0:1Fl'tl.[t*ta0 a?'lN ttx%u'l d01l al n LLy'Ioil 1.{

1q

rzluriu d slir n rl:?tE{ Nlfi TiFrFt?'r il Er'l? ttull o F}luaYfi urvru n-nfiurin, rril,rrra n ffun:tfi n?'iN ni-rr

zo,t?i?,iununrra.rfifiuuuoun,:fi (fixed bandwidth) finlfiuuuilntliladr,:riorrio,l (a linear

frequency sweep) nruluzirr:yuyL?nrFl{dtvi'ri,uvrnnitrfr*,ro F}-'tttdF}'11u3ilfi 14s #t,
a q vi ? r -r; ' 

.i .j 
'6onret"[ri'uiau[zzo,rz-rr:;rJ;t?n'lzo{nl:til6uuLtilnanrrtilntfrtttrnu a]'lF}:?aF}?'l}1fl'l?tluu

dnlux-fi fi fi n ?'I N n {-rn?10{zi?,r Lrnu F} rr e.rfifi uur*oun tfifi irl6 sr,lttil n{lil seir': rio rfio'rfi n{rt n'ir

oyfiil:yRy 5 fl-]?r rrayn?'r ar rraiueir 6,: n'ir arr n:r-n n?r ?l ut? ttull #nIuaYfi fi fi nrr x ni".r,:qaozi:'r

;;
rlnun?1Nnfl tiuuaun':fi (fixed bandwioth) Ltnun'jr

anfr'roeir,:rzil Nln:?:FlF)?rilEJ'r?rLUUa:aluuT n fizir.:ttnln':rxfifinuuouFl{fi (fixed

bandwidth) firrJfieJurliln,:}Jar.ir,:sianiat (a tinear frequency sweep) tr-lfisuuur-la.rnrralfi

n?lnarfi; cHz lilu,r 1o GHz unyrilfiu%ulnonrrarfin?laar]fi{n#uNrfi 5 cuz 6nnianra

'luzirri;nt i o nrs. el'tn:;nnxlNU'r?rruu#Flluairi a trlfiaurnln.ra'l-lilfin?laa1n I GHz lil

ril t o cH, unyril6uun?'tFlFt?reldn#rnturttlu 9 GHz 6neti,rnrsluzir'tt:nr 1o ms. ttn-tnv

ffnlorRu'Ln,drxrn:innrrararruulfnluu-fi n Ltlua.nn:iprfilrdnrrrrrriudr6sn'jrnruleiriau
h _.1 -..1 , -, d,
[ztu tt] r,vtr nu tr,Jumu

iu?] 1
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TIME+

Radar bandwidth comParison.

.i:rifi t +s nr:rilirJULilut-,r radar bandwidth nrfltsi'rtoutzr6srri'u

bandwidth nirrd n'ir bandwidth rLFlu

' ; v ut uc

n1:11N1Fl:?FlFt?'tNU't-luuuon r],[il Fifizi:rununt:uJ 6euuil n{ nrtx fifie.rr nfiu#umnr et

aq.-vfu6ou;ila
fi',rhiifixnrreravrfiEJFl (Resotution) ?rsrN'rn:;aa?ruEJ'r?uuudrllux-filfix'rnfitttit*tru rvruu

fiirnrrri,:"1 ,JrasiprFl?'rlJUr'rlruudnlueifi R inr"rnrirta0{F}?1Nfi?,0{nfiufirt'roonh]ri'u
;;q.j

nfluy]fl31101.rnauel1ryi']fi'u 60 Hz tuzrurnarrnr?FlF\?1ilU1?rRfiJa-nl1,{NG a inloi' 2A Hz

uo=,d a rr',,fi Elultt'fi Fir:; ervmr.::vwir o ri'rn:rad'r #ry rp'r ru ri'u:v n-1Jz E{ tr n'rnr fllt,ln-{ zo ft

(InarJ:rurru o rn.) rvirri'u lrEd:il Resotution rvm'j1s e.trn:;an?1aru'rxttuu#nlusifi A

#u er sr :in n?'r [J E]'r? rLUu o-nlu#fi e 1Fr-Fr-t1unr:rufi 1 1 . 1

orr:rofi r t.t rilitlUrfisu Resotution

Resolution of A Resolution of B

20 tt/6O Hz 3 Hz/fl 20 ft/Za Hz 1 Hz/fl

zi e v- q r J .j
rfi ab{'#ula'ir nr:r-or:: oiuzo'.rtm nr*Nuura?s n1: Frr14? ru L'l n1?tE0 nr:LFI n al+y}za{

-Ja a,iu
aryrgrrufrn:yioundrx'r (time of flight of the reflected signal) 8tt{JudnaruInEJn:{nutJn

n roTunlr ru fi un u [tJ%d-a 6i:uln €J Fr:{fi'u:v avyi'rr:rmdr,:rr-rn:rod'ua''ryryr ru riu:rF]iuil 0r lfi n?
5) u Y u Lq t d - J dr ; -n'ru tr+n{ u}bn s{ N}bta'ir rrrrn tErzs': n1r Ih.xm-]{zEr F} fl.l.rru Frr Fr$?r a aaa t? R'l?1T I fl n ar?a dot.l

drJlfiariau rirniun fiur: nrifiil a a s0 0 fi ar'l rfi u?l'r{ Fi'?11F}x"r ?.rrE: fi rir uyir ri'ua'nil16'rl o{ ud{fi'r:

Ft-ttt medium's dielectric constant sndrn-'rtFt1414fluEirr.laa,r rrrirtlurta,rfififiuu'ir dietectric
- a, ; 

" 
a r q,& q rr d d r d i

constant ?1Ef a'lnn1f vlFla1.tt5alttFl1 y|1\:zu11,[[u1,t1,tLN?']01n1Fl11Tanlu F]'r{',1 14:0Yldrury1n1Fl
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Y; t u 6 , I?1f?1d'l1?;Fl?1ilAilttn:0ruHnNttanFltfnunFt'tl.ly!u'l'tFl't dielectric constant zo{F}-nR1{[?1R't

}{1.{ttnnFll{n}[rrouN-}nttrt.l[ilEitzunnazuaruBz0rn1i?F]Ft?uFtnilrrFlrirfraAnrtyntstufi'l
",., ,Yrqajvt;'ddddf,-l:il{tUnsuttilnrlli [ut5o'lntnn'r']t,tnnr[r:Fn5o':nnrunnuruyFl6i']gnL laser urioir':nu

; ; J -Iilad - ;-
nfl1,l ultrasonic allnt1,[004-lnF}fl1,{ ultrasonic Nn IFt:u0?10v{n200fll-[aflo{F]?nRlf lttnrurr,':
t&

il 1 1.l: ? N ?1 { 0 [U fi fl N tt n v n']'l il Ft 1.[?J I 0 n']u A ? n n 1 nla

n1:1{d 1 1.2 r{Junr:rr]iBUrfiuuF}x'rilrEraoru:nriri'un:relrErzs{nfiu utrrasonic

nr sLi'n':r er rtri n rirt riutteu arin z o': flrarln v a ru H n fi t+a nor n dryr u-0y{u'j''r n r:fiy,looarinfit a-iqa

tfJuar:Ianv (nonmetallic toams)nSolairirlrlflrlnonconductive foams), fiilon x604r*oEi

rmfia fi r:v nluil or tr n'rrr ulun-.: rir:006,,: n fiur: Brrifi iilun fiurue-irn fi nly'lfir (etectromagnetic
. d, j q , .i ai i r q , & q rd

waves) rtjx+nn1,{[]62?{ microwave X-band Fr?1iln 1 o GHz tna0%11zu'tl.[ltjuutiytu truxzun
tGd';i-ro

Fl0n?1Nr:?28fln15[F]R01.rvr?10{Fral.tF}{nn]?rlrisdl{tnrn:r;rir dielectric constant z0{a?nfl1{
; , r , 69 r !aa, , dd - i
r n n1?N'l Ftl0a'r n 0'l n1 Flu n B IN[J1 n Hn luufl s n 0 nil ofi lt{ n:y}-10

IBI"E
The Velocity of Sound and of Microwaves (Radar) Do
Not Change the Same Amount as a Function of the
Substance Through Which They Travel

Velocity at I Atmosphere
Gas

Temp in

'a

Dry Air 299.9t
299.94

Water Vapor r00 299.t0 404.8

Carbon Dioxide

Gas

Composition
Radar in Ultrasonic in
millionmeters/sec* meters/sect

33r.8
386.0

0
r00

0

50

299.85

299.87
259.0

279.0

Ammonia 299.93 4 15.0

Acetone 297.& 223.0

a1t10fi 1 1.2 ujiarLrfiaun?rilr5?n1:rFtfior*fiao,:nfiurfiEJ{rn:
;

n nulalln:rrd ( r:nri) rirun-:n arrzrin rir,: r

?6nr:rJ:v*r?arJa#rU6U'l6uttasu6IEh:nir (signal Processing Method and Display)
o u -' & v qe 6
luail-Eru:nrEruriu Radar Level gauging ri.:n':laivrnfinnr:n:a.:#ryrgrruuruuaulfl0n

(anatog fittering) lunr:o-nnrrFl?l1rfiil 0{d-ry[U'trx FM n1eJfifi'{tri'fi'ruu1e]'lnd.xFt?'t}.ld't}Jl5n

zo,:trln:InirudizsirliarN'rn6; Radar Levet gauging luEJnrioatr6':rirfr'rgryrrurzirri':rtrJn.t

#ryrlrruornaurHanrfJufiinan (Rnatog-to-digital converter) tfioarnl:nd1fr'ryryrrurfr'']a1n
J' d ' vN?fliJnriohi nr:ldTe.rprnyn0n6infl'rdFliuul Fourier transform tv,lorLuRf Ll%naFl0n [u!1ve.J?fl9Jnn0 [u n15171 

e

ruilarz"arynnrrrxa=erfiu5:rfi'jr{Fl?1}.1fl,t?'0nfr'ryru'1il FM (ffV signal amplitude) riutrnr
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(time) irlrtlu amptitude riu frequency unrujfiaurialilr{tu amptitude nlu :trJymr{ rttuffu
- ) 6e,

n a ud Fl 11 1 U tv,l 0 1.1'l Iu LLd Fr'] r.J n

d'ouan,.r'litugrJfi 1 5o 3il A utiun:rlnluanrnrrrua-rniud:;n'jr,: amptitude n--l

Tveiv?r'rs trnnutmh:ru'jr Raoar Levet gauging vir,rrurJnfi nmru6,:za{d''s}4.1'lruflorriudr.r

rfi u: rra n,: fi.: anr$t:vnnzo,:tr arnr s'lun-t rir:ar:

I
912 !k

729 7k

547 3l

364 9r

182 it

c)-. M^RGTNAL S16ru^L

llMS - o /r
ll^xvAL = 30.47!
s/N-r3r

D)-loo wElK SI6N L

BMS=o13
MAXVAL = I 236
9N = O.87

.j - e i a q

:rJm t 5o Rnu[uvnn1,[zf Lri,[[1.rd?l4trdFl{F]-r ttdFr\1dn1?:n15v}'rt'rl,[zto{ Radar Level gauging

spectrum zo{n 6 ufi ud n':lun:rvlo v Lrd a { o I n Fi'? I ri'u S i 5 nr : 6 a

. rruuFi'l "RMS" 6a amptitude rafis?rooFrHuvr'':fiarriau*asiuri'rsoru

a-ry,U',* (antenna) uanrrirzo,: nus rflurir volt RlvlS

. Fl-?ta?t Max. Val. 6a amplitude ?J0{R?lil6triu (dominant frequency) fi
vV,
:u Ln

- fi'rzo.t tm n:nr Erlun-{ 6ir: a,r a,:uri..rlrifiil a,,rr,Jnn nn fi:mrir #rurur rufi eiohjtN053FlUzu?fi1,[-lflO{tfin?nlU[U0{d'l5Afd0ul.ht[e]ily,l8{Uf s q q

qva;vi'oun#uru'rQiLt:{fl-atau Radar Levet gauging rJ:vn:nrununrrrdF}{ilaa-{lu*:r.Ifi 150
; -- u o 'tl A uriifio:vni'rfi?rfi'rilotLflRrnratun-orBa.rflurJ:u Fl?'rNu:{za':#ryryrru (amptitude)

'a uo ,.,
ria.rnnntn-oIu:ilfi 1 5o :il s uriciruuanrpiroyfinliili-uarnntr{rrur;au6':nryfiounrrat

2o4 
I

8)..Nt NUCED AI/'t.IIUTT DUE IO TUNAUI EIICE

R|JS = O 85
TJAXVAL- = 208.617
S/ll = I 77

C'orrl\il c r .i pe( I rum di s Pla) s indi. o I ?

the olteroting corulitirtn rtf roior
sen:ttrt. i lntp in sigmil trt'ntise
(S/N) ntlio sfutt's a nced lor

. S,/N 6asignal-to-noise ratio firirrvirri'u a-?taz Max. Val. fl'l:Fi?u
jiq

amplitude ?la{Fr?1Nnyr[ury:aonou't (amplitude of the second biggest
. .l- q -frequency) YtruIa



$:0ila{#ryi}r6u (amptituoe) 6,rflu 4tn"trnrir RMS, Max. Val., Lrnr S,/N ri'rufirirnna.r
u u Av) , t t -

Hln[A-]fi1.['l?1UInU']20{Y}:'lUFl?'}al1{}.,1'lU?10f A'}?10 3 l[R?U0il111']U?1 Radar Level gauging U0

n,:rir'rrr+ilnfiririarofid':finrlnfitfinfllu rziu finr:rUn#rnru (agitator) nrErlun-..r6ir:00fl60

Iil, finr:dnzo,:rfin?t?i'rfi-odr:0ralnflr{rirurun-rrir:ao ,fio':r',nffvrEl,tnao,:n?rNfluil?1-t
vd

rao:vnun:rurzattmnrr.tn a nrrutr:tfl 0{ fr'rynJ1ru ( amplitude) fi iut#riuur n ria nr:nrn
& ,& ; ; J ; ^ - v

fil.l1utfl:13?11.i0 gy]081.i1Fl Ft?'1il df ?t0{F}nutLn3Fl']'tilnflE{n aurLn n nL zu?1111'l?J00tllR'l1,t1-{ "l Fl?Ei

rJn6ud'r Radar Levet gauging u-,:ntin:vniuFl'r'rNfl{?totmnttri'o{rtrifirnr.irrfinflurl:ufinfiu

ara6,:fi,: 't rarn:frmrx firaeir,,:1:finrrfiou# u*r],rro" za,:a'rpryrrunnnt*rifitrifirunoeir,:'Ln

,r1ror', n:rnyyl'r,rfl':a a'r'r N fl{zsr Lfl nrfluaqjnnr,rrl fizoo a''ry ryr rule-ilzinrr er u:ozo,: fr'ru rur ru
r.i

(amplitude.) ttmtNaFI'r'rNu:020rflryry-rru (amplitude) nrrn.rtEauoufirirrvi'r#u arpfituCe ot

the noise n#r Radar Level gauging il::r:arunufiirtdF){tJna-rlu3rJfi 15o :tl c nr:in
:;ri'uza,: rr nr a-,: n.r'hizu n nrr a+tfi ut n:': a ei uri#nuru:z o,: #ru rul ru o dr,rrirtlun-ril ou o n1fir,i'r

v ii v e
?lutrtnfl'l?rofaarnalTrulrtr?a6lEUnr:rirorurrnrn-r Radar Level gauging tll:1:a'lalfllr

arrrnqr n fi?'laaui rr ru firrrirao,: rn arxr no urfiu'[r] n':o fi R.: a nr.J: n tr tn fi auui tr ru rt:tqd'11

a-ry ryr rufi arvi'oun #la.rr uio ora r fi Flor n nr: fi n ei":'[a-i6ri ofi azr nvir'irin rr e.rfi:ufla.rr#r a.rr unv

,i'u n-r a gj ri'r-rot u ( ante nna )

fl'r11ilr?t0u [?tn n:r u dra ouvla'r ui rr rufi?r#rfls0 tv,n:filri:u nrt+nr:yir ,:'r1{?] c,: Radar

Levet 'gauging riurJ:rnour''roflrnurnraodr,:6anr:r,irlv,liir (conductive foam),ntralrur

zary,lar, nrtruuurrruuzo,rulor i{Jufru nrnr[Juilo.rdteidriilfir (nonconductive foam)

v,lordralr:nmurtri'fir i.s - z rnFlr *ririrnrnrtluv,lo.rfifirirzuail (water-base and

conductive) rzir.r ilo':rflsi vlo':a! urn'rnvfivlootrinr:vurtfiu 15 - 3o au. 6uagjri'unrra.r
, S a r ia d u

11l.nrLuuzoty,latuu"l lufl:uzo,:nrTr[.,tfl'r:]t'rrF]6i0uu:[]runT?aa!flryrUrilr'rflJyrounau

arrytooru (antenna) rrnn'torjuudxxfiaruzoonr:rir.:ruzt00 Radar Level gauging fitf
nHucitlnrrtfizir.r microwave X-band nrruf io GHz un':nrnR'rfilrunfioulriritlrrlfir

izin oit tar, wax aronur"[ri'fi,r 2.5 z].r. uriri'rmrnrtJuar:firirlv,lfit (conductive) arttnfiol
nurld'trirfiu 3 $rN.

; * d q t 1 q ev r Q , cj , { a
rruaflryru'lilrriorlriarerr:fluunuuvarl:lni'niuziulu3rJfi 1 50 :l D #unerraR':

oi'a,rzioxrraa.r Radar Levet gauging rlrnrniuyiru iri^rririu-,r*riahJrrr:rvarotfia,rrianri

r..lfru-fi,rru rzjunr: audazo.r tr n:rz'r rTr dr: a,: rfiuouei'r*n-,:ri o rfiu:: nn nrr x a': an fi a o riu
bi'za,r n-r rir: rori* r #nr+ru: #e1ryr ru a-r n eirr arorfinar n n 6uriruua: dvvr-aun #r rfiator nhl

Inuri'ulurninz0.:n-tn'ru (agitator) r,-,rlltulunr:finfr',roru (antenna) 6.:rruvlirl#fin#':u"rozuri':

#orir:a,rlnEln::ilrrrrnrurirfi,:r-l::a.rrru 30 zeJ. , rnr.nriraorfiororn:chiuzattvnrnrslu

n-o rir: or pi r ur n o urfiutr}irhi'fi nr: arvr-auza.: n fiu:vrir':rfiiurTt un s zu rit #,:'iu:r s rir.l'[r.Jm u n
9

- li - Y r u6o
n-otiurrnr:r6nn-,: Radar Levet gauging unururn:ionrra.rar':#nlux-firirrilinF)'llaiflnirFl!

z0$L?1n?n1ulun-,tdr:oouuunn"lnrfiarfiaroa-on,rlz7 dip ptate liffriu'jra'rrfiouriu d'rt?1qqFr

frr Erurihifi'r Erd n ararfi na-rn Elr*rirufi r f; a n: a lo'.:6 nu#rn iuviru rflurE o,rur rfl ofi n-a.: tfi E;rz-a,:
c

nitfluairudrfrnyr:orln fi'lru-nfiflruurri'urBo,:orunnfifilziorurunvarunnfifr':urnii'oal"[uzruvvt
',r1{

il : ; tr ntvr s o ru r n fi n n r,: tra"'r 6t ni o urir.: a'r fi ttl urt o.: r,ir 6 n
1o

2A5



n1 : t fi a n a1 uiu cio #ry rgr ru (Antenna selection )

zr*rn t#urjru4utin ar,:40,,:aruiu ri': #ry ryrru (antenna)

#ryryrru (signal strength) untelNnl:us.in::srelzat6irn-ryrprru
. - Y * - & o\u

beanr) a01,[1,t?\0d5lFl?1ildN11140?ta{uaauvl{ 3 1*[Fl

Drrrr.,r," ( Signal Strength{

Divergence Angle

an fr',ro eiru uziu fi riin,: rir c-ry ryr runrit hitruiu ri,: #ry ryr ru:ill\rrrlu:r ( parabotic

dish) zurnrduriru8urinfll{Ba{e-tuiuri':a-rgrprru (antenna) tvirnn 30 usr, tvfinrrelta-r

zo,:#rpryrruN1nn'i1a1.xiurir#r1ryrnr3r-lrrn: (horn antenna) fifizurnra,urlrugudnnr':zo,t

oru:-uai.:#ryru'rrutvilri'u 1o dlr. r{luairu.tu B1 tyi'r ((aozr o)* = 81) luzruvfioruilei,'r
ivt6dl

dturu1ru5uy't'tT'l LL:121A'tatf,l*il'11-[Fl14E]nA1{?} AnAllltUflndru[UlrUtrlnU 30 u N. [Jil[Jn'l;t$^joq

n:ratu?JO{flraryrlrrurvird'u 5 o{Ft'r itrioru:-urit',1-rururru3dun: (horn antenna) fifizurnr-"
Id%ru1ilE1,{Unnlrz0\1a11,[:ud{dryrylilr111nu 1o zN. }JilNn1:t[2n::a'lu?t 00R'rf,ruryrftt?1'']

riu r s'o,:nr (s o'tFl'r.(3o/1o))
;-

n r:fr rr ufu ei,: fr'ry rprru ( anten na ) fix e.r n'r: rfi.in r vtr az o.r dra-ry rgr ru (divergence

angte of signat beam) rfiururndu riufiz"aduarz-arfiufiri'o.rfior:rurri'rotduri'n dadza'rnr:
;- 6d q '

?'rNa.,rNn1rrt,J20'tR-rarururrunfr,rfi6onnrJrurrlunr:finri',:orr.liuei,:a-mrurrutfio'rqrnrir3-
-iru&af)u
#ry rg'r ru fi a;viar*n #u r r riufilo n r a 60fi avv?aun nlr rur ri:tru:n ei': #q1q1r ruta"adr': rfi ufi uu#n

L n t**rrr'.r n riufirvr rirao,:rn a:nr-ulun-r dr: oo tfi n n r:rJur]ruu', n fifolrt'u o nr: avrloun #u
- '- ;- r 6 ia r o

?t E\ldryrU1rumUfltlr1ttnYU ntailtdltIFlN d111:uzEtdElil 0{n'l:vlil4Nn15ttzunivq18z0{n'l
' aa * & ; - - &. dr

#ry11rru nirrxr n ff 6o #ryru'rruFriaun nrufir*finir.:a.rr n ri.rriuarrfilamvfifi#nuilvrfJilLrr.iu:']!

rE ar avyi'auai'ry rg r ru n #u'[rJ:u n ru"tr] ff:or uiu ri,r #ry ryr ru d,r rtJurE o,rfi n"'o,r1nri n:r ryrl rgrrfi
Fl'r NN'rr?iuri'lruriarerr:nuritzflrynrri',: n eirrn"'rsnr: u.J6 supirrmuo nr:finrfr',:oruiu 

"io 
a-rg rgrni

do-*1 utvrq,'a'
t5 arir nr: n sr n,:qrufu 6i,,r a-r-uryr rurzirnr aluvio sritt pipe rE oororir nr:rrJ fiauorr+:-u 6i.:

#ry ryr rutm-fi2 u1a tei'uri1r*[*in o'.tolnqjxr nflurunrfi11u nr: urin:rorErza.: rir#ry ryr ruua! ar
j-auds)aiq--.j-i6)-J'.i

u0 nal nuuf il?10 rdu [%t5E\lnt: tl{,.tnn-15?Fr?19Ja]'{ at n tfl ua3 lflzu n n-]:'rFltsF]u?t0f tmn?a'ln?-]?']

n'r:rtlunia.rir n n1Tfifinfiuur.:ri:ufin:var uoanttj nir,rtunvln nn{r':araavvi'aun fiua-rurur ru

rr#u xr trio oal n n1T1l uilruzarfirr#rzar tr n16.:o; n #r xr ri': a:;avrrnrfiurun'irriurn a.nu fi'r

fi::uyrr,rln n n'ir nrr e.rttluri'r
J - o' anr: tvl x n':r x rdu a*ry ryr ruz a,,rqruiu rir #ry rpr ru1rinr nflud: suflafl ryrr niunr:fnzar

Q r. .jo.-t ; u a y I q d ! u j
t?l n?$'l u t1-tn 0 m e.J!aaB nl{ 'l?1aa n15dv?l aun nuz E{ ff ry ry1ru tzu lun: ruin:: nUz a,:r.ir ri'tfr

-; a - " 6t r , y
?11n15tJ dil a':a q rumna.lairnrfllunr 6irio{z14r a tH ru:!yl:{ uli?n{ ri''}v'tu'jrfifloo'afi fi zu n riaqq

nr:drviaun#uza':#ryryrruni':uri'u s flqd'u6snr:rfinnr:F)?urr%ufiladrrirrilarlr
i a- a' o(antenna) fi,:firirn::oq'ufr'ryrprru rfio,rrrnnrslun-,:or-uneirrfiarurn4fioir, flod'arioe.rr6o

tfinnr:flr.n-l.;uzorfirnd'rao,:r-ira'e.rfirirn-ozuaarri'uaeiaorurnfir 6o u il. ida,:qrnei'rn:u
(agitator) nrellun-trrau#,rrrtdr,:ru floaiaanri'ruff6rfirlrorriunriafi:nrirzo,rr.[rri'xrria{arnfi

1{

nr:r]AoEl6i:uzuailu#rnrEJlu#,:dr:0,: firila,:n-.:nnir:fieiruil::naurtluri'rarauari oi'.rutuylatn-r

rfJ un-r ri rri ua Fl'r'r N rr: r ?J O{

(divergence angle of signal
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neir:6ottluv,lo'rfirirlv'lfir (conductive foam) o',nanr*rf,rutzunyz-adrri'nzorn-nuruynr:d'n
6 o A a Aa d q

r Ruu o0 tfi a?uflv n1i?1'r01t,tl.$t*n1:In anorxiuri,r #ry rur rufifizr.nn rei'urirugurin nroln qj6,rzira

a nflryrrlurirur.i'.r n eirrtri'zu a uny#uh n'ir erruriri'u nrirfiNR'rllrrz?r #ru rur ru

nr : rH a ni 6 nr : fi n oi'o or uiu eio #rg rg'r ru (Antenna Mounting choices )

r fl a'r t r n n fi il t i Fn ii li fl 'r lJ l r n r r n r v n r,: zu rio fi rtJ r*lan : u si a r a+ 1 : n ?l r n r u a : r ia n fi fiqlq

,Jrir dietectric rir (low-dietectric materiat) rziunarafin, h{ruainara, ra:rfinu1{ufia *fly
Ldr

run? ru1.rrr1t nrarnnfi6,:rir1n"qruiu6irfr'rururrufl,:fiaeiri':r,ri'u z :ilriuln'a9o

r ) rruu radar antenna exposed to tank vapor Eartlurtr:ufifinnt:otiuuei?t*?la{?1fl-\l

ar i,:{ ri t:rur#r uil aufi n n",:flaoro dluuurfi rnsEiurur rrfiori'uorr.l:-u eir #ry 11r ru rirlra"rru

:-u ei r #rg ry r ru #r rin ri'u u : : fl r n r rt nr ul un-* dr : a,:ln a n :,r q ; rJ fi 1 4 j
-,:' -:r , d2) ttuu fully isolated radar antenna oru:ueioa*'rururruqvnnfrnntagjtttfro process

seal tu:tJvr 1 51 a{1,l1.ta{nnuun?t lae1nn'liflNilflu::u1n'lFlntu lunodr:aoaarrrluuU.r
,,: z. ^ B r - qc

n r: urleiu #ry ryr ru un:ir fr'rg ryrru n #ux'rriurfi nfluln er#ry ryrru ara.rr: nrirufin n-,: n eir:"lnirior
u vr u^ - 3-

aln?11n?u?fl0?I1.[o low-dielectric material N]F,|:?FlFt'lllJEt']?ttuuEAIUNFizUn1.[Aft14NlrnU
I

iu
,r'rt,l11Fiann1:in:vnraotrra:nrEllu#,rilarn:oy (sanitary vesset) rion-rfit::ad1:rnfifi
vddurJ-g:
0un:1ufi:0 N n1:n a n5o%d0 r1,t00qln n'r: a n Ft{a'}u:u d{f,[uru] fli ttuul.rf,'t N'tr n?a:3 Ftuz a{

rr nrnr slun"oIn eil e-isr-o o iijn rJr fi',r rir:a,: irnvu#uriluzun ounr:zio a.rdr:,: fita-i,ir r{lun"o,:rir nr:
u-tJ n n-t nr: ar urio eir':tn urifi n"'0,,r:v#n:yr-rlunr: fi rrrioorr*iu ci,: #ry rgr ru uudn a raoAt*
v \ td, ; d d t ! a q Y , r o

m"ou'[riu{]ufi:'rNrE 0tRuz 0{ n1:Fr?u [tuuzo.rrirvr6olar.iruriaeirr:lnnr:rsovfirhi'2n nr:in fin
zu nt nt ri'iziuriu lurt n r: orrt:fi m'0,: nt: n?rer flvor Flf,nnr:tfi o nlziarr niin a?1N s'r?lruu
u f -^; d - & v 'r' e - r 3q - ,- , o j d d d
amLx{NFlZt}.rnllnan{411,t1ud0dryry1ruttuunf nal'lunHu'111+'ld1.t[{il'lnyliafl? n1:tnEnzR

:\-ntralr:atnl:ynuntrardrarnd.:rziuutortrrf drlr:n TFE (retton), polypropylene,

polycarbonate, polyetherimide (Uttem), polyphenyelene sulfide (nyton) uar PVDF (Nynar)

t1 11.[F]1.[

CUTAWAY VIEW OF
HOffN ANTENNA

PROCESS
SEAL

TANK NOZZLE

TANK CEILING

lsgloled rador anteruta mounttng.

1rJfi r sr nr:fiorneo Radar Levet gauging Inr€JueJnarnaEno'rnf,fl'r?vnralun-rdr:o'l
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i- v -nliyr n n n{0ruiu rio #ru rur ruuurd'rudnuuur n-r nrn-t rir:o..r n"o,: n:ro dau fln'ry!?t o$
rrq-;-J-Z-ru

ur.irru-inu'iro gjlurrurtr nluff n n ri'a'r rfr ofrnsr-roru:-r riu alryryr ruuavailn:nivr-'rrruoru#roruiu
. & o uo

fl{ flRIru1il A 0{ E{q1fl ri'U:rri'r.rzo,r rfi R?n't utun{ fl1rs,1

OIELECTBIC
CONSTANT-
lners razl j

*^ra"J

o."o*o..J

I
LIOUIDS

"".J
.,ll

;U"enJ

AIR & OTHER-g

;

M icrowave refiection characlerislics.

3rJfi r sr -r rir dielectric constant aa{idat--tr,ltfiFl

n1: tfi a n ad n : n[ua v:su u 6 r f; nm: ofi or (Hectronics and System Choices)

rirr iu rr n:in nrr u srr rrur dniueifi (radar transmitters ) fi1flrfi a nli a t?e dou

dnr?;n1utufl-{ d'r: a0 uRv ifi o nr: riru q x'luzu:unr: zu fi n r.i n fi u#rovL4''a-ry ryr ru ri'rr*m'tn oon

trjorn#:urniina?1l.lu't?uuuo-nlurifirirru'.t*r"ouri , fit ZO mA outptrt rirunrn:innrra'l

EJ1?uuus-nluu-6fil4-':ruri'lnru#.:rirulmrilarrflui;uu isolated data highway output

6lD
n1? [Uo'runuo06115a0UilFl Fixed roof tank

-Y^&60"Jn1:nFlas Radar Level gauging FI?:FlFla\tu:r?il [nazu]60nsd150ntua{a1nu5l'lfliu1,[
- ;; , q - i; r q J q , < L a - e A

fln{n1?iu{fi't{00n Lila1n,Ju0n0d1i00dl,tFl1,[u.rillnryl't [:ui tilRa,]rt:f Nl.bFlf iln1:d1.{[fi??]Haf
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rfiord'rnr.irfirfiuuuaEjuuHn-rnr n6arfioarulv:nu:,r t urif,rgmrfinrxanfi6aarafiIn:tair,:fi
A v e v - J - irril, a 31 4
Euao n alror n zu%{ 0,tz ?'tr n1:[Ft1.ryit{?40 n n1.[f, ry ry-iil11d0 [tJ unv dvnaun nueJ'l a n?10 F] fll-[o']a

finr:nyri'aun:ururiuzu#{#triatri'tfinn1iu?l:nd'su (inter.ference) za'rrrfiulnr'' rrrirrri'flryrn'l

rir€rnr:ifionrruiuei,:#ryryrru (antenna) filfiqunrturin:raraaotcir#ryryrru (divergence

angte of signat beam)fiunua,r rirbiTn:,rair'rfifluoanrurornru#'r#,rzir{n'}5tfit*rltaatnfiu

#rururrunnra'rzirrhJuay"[rifizunrionr:riouavavyioun#uzoo#rurylilt:F]''littriadr'rlndnrio
;:,''' 

--qi'- -

tU

Horn Antenna Gauge

Weather
Protection
Hood

Transmttler
Head

Tank Nozzle
Min. B"

Horn
Antenna

I

I

I

t
@\
O

prJfi r sz #nuruy$ny:luuu Radar Levet gauging flfin horn antenna uiax#nr+ruvnr:finoT,]
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- & d u ! e ie- r o - .1 q,
Fhl1,tun151fl0 nA1}{5U fl{ fl ru ill0Jvl tfi N N n'15|til n:3Q']tiz 0f Rl d [u il1ru?l rrFtu Ln urioru

u I - Ad v t- ,, " , a &
:ud0dtuil'lruvlSl?11{14rflilru11,}F11.[8nR']f 11tfiru 0nrio11,[5ud{druru1mE {Ftf d't}J15n:u

a-rururrufi avvr"oun n''uurki'66nra":a urtuBrimoruuvrirlfiaru:-u ri,r #rururrufizurn rri'r+riru

flurinarr1s f,: fi6a +s zru.n"ruzi?{Fr'r'rilfi 1o GHz or''.:uanutu3r.Jfi 153 nrirfisnol}riu
t u ia d o vl u a .,' 5) e ) 3

ri,:ii'ryryr rufifizurn rff n nn d1&.r'm onivrirlpi'nrn xn'1rrfrilFr?'llrrz rzo,: fr'ru rurru"tri'nrrerfia'rfiu
.i ,tilau r 6 r .jJ "l a- u r - J 

- 
, A- ,"'

r?\0 [?l tFf dN::nu3t111tFrN UAn?lNn?1ry\rNZ%tNF]'l5tn$ 24 GHz tUA{Qln?1n?lNnn{nn]'lQr

hsiari'r aorur n rziurr n firir rur,i'r a dfiaru:-u ei'r d'ru rur ru fiovld'sln n r:infi fi nil nr nrhi'fi rd ur

Protdl6
Hood

I

lncllndlon
Oovl 6

AnisE H \ Poot.rtc

:rJfi r 53 Radar Levelgauging Ulin parabolic antenna
d.

Parabolic Antenna Gar.rge

1 54 Radar Level gauging "tlfior parabolic antenna

Tonk

:ilvlo
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r r n fiu"odr #n n"a 
': 

t 6 a n qruiu ri,: a''ru rur rulrifizur n r#r*rirunurin ar,,r rf; n n,: n'irorr*iu
. : ;-

d0f,ryrylil?]r,tlFrtd1.r,J-11.{Audnortt e fir riia +s ax. u#:rlrynrzarnr:ffnfiuficioaonhJun-r

n:;yrr-rriu zu r.Iu #'t riouor n #u6,r asri'autrln:vrurir fi:v #rz o,: rr n: rior*arri'aun #rh]a-uoruiu

rir #rg ryr ruvirhi'fi nr:ur: n",i'auzar #rg ryr rufi0 o royirln"rfi n n r:r.J:;rfiuil n fi nfl n'r nki dt[Jr.r

riamirrvrnfinfirian'ir "potarizins microwaves" tflrrrzi:a lprufin#nnr:rir,tru 6a nfiu

lxln:r:rnlqvgnrirlr{rtluf,':u:nnEazrnuriaufir.lAauEEnNrarna-?rio#rpryrrur:nri (potarized

radar transmitter) t6undr polarized microwave tdo potarlzed microwave 'liln:rnuriuzu#,r

- J .i tu LA
flrFI R1.{F}rn nr:qvx nr:til fi ar*z-rh-Jrravqrfinr:rr] fiuuzr'[ilnn n:-rfi'h] n:vyru riuruli,:niafirzau

I

ttrnrfinr*.i anai"lorir.rrzju n-:ni,:#ryrgrrui:nri (potarized radar transmitter) ri'rEjterlF]:rril
w&JJ-4,;6,L.i;-

00nil'tF]?eiz? "+" tNoant.ln:yllunLzuu0fifFtnuo:tt-lRautiluzr "-" ttnvta.lonaun:v?tun!
d'

:rnnfr:za':tria:fr0:nntil6erun#ui{luar "*" un;n#r-rh.J#,rn-:iu#ryrprrur:nri (potarized

radar receiver) n-::-u#rgryrruqvlAi#urBo:-r polarized microwave fir{Juzirrir,tfftlffrfieitoan
q , - ,.i
[1]aTlJ FlillYr 155

Tank
wail

Tank
wall

1 55 ttdA0tllF)1.tFl polarizing nricrowaves

Accepted

Trnrtsnrittar HanLl icitlt oplit,ttrtl jtLrt,-tiort box.frtr cablc
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6tv
n15ldrlununoair:aogfrn floating roof tank riuufinrua*rriuda Roatins! roof tank riu
Fixed roof tank

dat

rfionaruiueioaryqrru (antenna) fihierarnr:rurin:rqruzo'trir#ryryrru (divergence

angle of signal beam)finfru L[uu cone r.Jnfiovffnfi": Radar Levet gauging rtirri'u stitt pipe fifi
u 4 ,.j d qu e 'i )

aBrFlNFl{r[flFtf [l.t:uyr 157 $nva?:rfionlzi "tow-tose mode" Fr{[[flFr\] l145tlvr 1 60 tv,ro

fla,rri'uflrunluornlrnnri"toaa':Rtanil:n (wax, sediment and rust )nrerluvia stitt pipe ri'rt

f;,ard
nn1'l i?Nyr0n'rrrouszaryia stilt pipe 6nri'ra 6'rornflod'eln-cnei.l?as"lr.Jfir,rnrianr:nnn:rmu

rLnynl:rndaufiza,:n6ur:orri dorinfiu#:nfiur:n'riqv6i':nfiuoonrflu "tinear mooe" rirlrt'
,i na - &

FrRl.{t:Ft'tsNnltntrllurruudntlznnu,.J1,I0 still pipe nn0fi538iFl1NFl']'lNU'r?zE{110 Frf1.[1.[fi1n

fi aria*r6 a d,r d n ilr n fi n a gjffu zu rioviorvfi r.r n ria nrr x urir*eirlunr:in:vriuza,,:tm n: nri Ltri

flryrrtr{'Radar Levet gauging rirorun"ra "low-lose mode" o;r{Junr:ei'ra-rgryrruriru stitt

pipe#n uru r rfJur,: n a ruun ror a qjui tr rutr n n rrzo,t vio rir a tmqri'n fiut: nr i6,:linrrnul'u urio

stil pipe uriodr,rln (g;r.Jfi t or ) stilt pipe utfir-l:viuzridnorir':rri':fi6orrnfimrir:v#u

?t s { 11{ R ? r fi n fl ur.J r u fi t : zi ? u n n a ? r er fl ur] r un r al uvi oLi'r zi u ri'u

3rJfr r 57 :tJudFt{nr:finnt: Radar Levet gauging niu stiil pipe
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A still-pipe gauge with removab[e
wavesuide connection-

Still Pipe Gauge

:rJfi r sa s.tNilo{1n6i'"1 riti:-tnr:s9
-&
FlFlA0 Radar Level gauging nu

-still pipe

Still Pipe Gnrryt.

y_
Radar Level gauging ?1xtnnFlF]{nU still pipe

213

:r-jfi r sg



Low Loss Mode
(Saab patent)

Linear
Polarization Radar waves are normally sent out in a

linear mode. Then they will bounch to the
stillpipe walls making a zig-zag patten .The
result will be low accuracy and problems to
meosure at all in long still-pipes. In cirular
mode they will be in the middle of the stand-
pipe, since the radar waves rarely will touch
the stillpipe it will be unafected by rust and
deposits.

{
Sensitivity to

adhesion 0.005%
$ensitivity to

adhesion 0.6%

grJfi r 6o rdFln#nuil;n1T?i1{rulr*Irun "tow-tose model'

Pipe seen from above

H1, is the normal radar Saab Low Loss Mode
mode of a circular Very low losses from
v/avegulde. rust ,:;r deposits.

:rjfi r or ttdBn#nuruvnistit{'lulrtkaln "to*-lose mode" eJo\tatnFt--ll{nrn stiil pipe

214



rilE su rfi s u n:rx uriurir n n ol'ao

L:''ll]laa'l'lNst-aon'l:flel::nllvz 0n Radar Level gauging zo,:uriayil:yryirfuny*rin;
il'lFll51t*:rmdruil:rtr rt:v nn dr n n wu'ir arq fiz-a urin rir,r ri'uur,r rrriie.ifi,: fi'ufinrr al rrn n rirr
y I -: c 4 11 w6t - t q ,3n1,ttaufll,[[u0 z{flafl:U tFlrUuFl't:'l{nrmatUu

q

a1510?1 11.3 nr :r r rili au rfi uu zu n fi pr fi a o rutri't ri'z o,: nLc zau uri a rr]:s ryr rr

ttRvill F]:q11,lfl]n n

Country lnstitutel Accuracy in
Laboratory*

Accuracy after
installation with tankinternational

organization
Germany PTB 1mm 2mm
Netherlands NMI <2.1 +0.1 xh

Min. of 2.6
<2.2+A.2xh mm
Min. of 3.2 mm

mm
mm

h = tank ht in meter h = tank heiqht in meter
France SIM/Driere 1mm 4mm
Belgium BMS <0.42o/o of tank height

Min. of 2 mm
<0-04o/o of tank height
Min. of 3 mm

Norway NM <0.02o/o of tank height
Min. of 2 mm

<0.04o/o of tank height
Min. of 3 mm

O}ML, RBs <4.02o/o of tank height
Min. of 2 mm

<4.44% of tank height
Min. of 3 mm

APl, Ch31B 1/16 inch 1/B inch (3 mm)
tso 4266 1.mm 4mm

* Only ALG (without installatiOn with tank)

uma:il.
J - - ,Y;tuatotnxrn:inn:ralEJrarur#nlr*#fiafinr:nririrfJuinnfinfifinr:rir,:ruu?\{Nrn

-yrituurl n zao rr arnrutun-t rir:a,:zurnlr qjgrJvr:r rrulntr r{Juzo,:ir n:fi ayor n uRyarr n:irr
ufa-o.,D6,

F)"1'l N El'l? tl.uu o n Lr*ffi ituu E:-+ 1u{ F},t fi^ralr: nld'rru'lri'rra:'lm"n n nr:in:;n1ufi#t nr n n pi'ar uny
r.jd'q

1.r'r rz E n o o an l u ll.rfl EU r?t n fi a a e.r iul ri' fi 1 ri n r : r fi o nl ti'x'r n : in n :r ar Ei1 ? rruu #n luel-fi zl ri n

r: orrifi'r n au: n iu rrri#r uJ':EJu rfi au ri'u xrn:in n:r ru err:rrul #nlr*eifi rrur rfi ru trra-rtairrw,:

n'irri o ri'a tlu"ri'u.:rufiars riai?irfi Fl #un:r u ri'u ry1$u-fi rru#u ri,,: rir:a,rfifirir+ n: orrit arm€ a

anr]:nrurufiutrjrziun-,:tfiufiurjfrnn nr:rir!oinr*1unyn'r:a:?oaauhi'ririu:a,rfi:rnruyrou#r
i

n r: t fi o nlzie.rr n:innrrar sr: uuufnluu-fiufin r: nrifiadr rn nryax fi o'irrtlun:r x fi srrffuff

ruri'r#uurniu

Radar Levet gauging fiziafi6a

o nm a.r nriutlr at ttn v fi rir n21ar d'r r.r'r:6r1r+n r:rir d''riri'nrfiiuzir,::y ers rr nrfi€J-l?1.t'11-[

-Ytan?1d'ly:u?,?f n1T?FlFt{ttn t.s reln:no 60 rs.tF]t

o leifiri:uln a*ar rian\zaum nrfi n"'o.r nr:inr:y nll

o il ud?}{a:!:vnaunnu sotid-state sensing f,': trixrirufrr[]unn Infrrnfioufif,,:
- ; ou q, )

E'ra dnH:EIua[?a1tt {']1.t LU53I3r'l R't111-[f
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LPG Gauge

, *,

:rjfi r 62 nr:finntt Radar Level gauging ri'tl still pipe

216

riu#':dr:atn:rxoTu6':



C(

F.\o
()

Tr-ansmilter
l-lead

I l'(; Gnr?it.

Weather
Protection
llood

Pressr-rre
Transducer

trJfi t os nl:fiFla-r Radar Level gauging lzt-

f 11{nu fl 0 Ft?r ein-ua*d'n rfi u Lpe In et fi

relerence pin rfi ala*tunrT fl JUtfi uu

ALG

7 hr rtfcrrnta yitrs nntrnlcd itrsitlr tltc 4" slillliyr
ctnltlL llt, trilsur(ttcrl ltt ltt chttkrd tltrittg olttralittr.

-&
n rr fi Fl &i{arrliu #rp ryr ru (antenna) dr Nr:0 r fi I nl#n nr a3rJ*ur.l 6 o fi n n"tnra

rrann-r6i-]:00, nrslr*fi'rrir:40,lrnrnrBlu#.reir:orrrnuinoano-]nnr5fr'srrid

u::u')n1fl20t]rrn'lnlult,tn-t6i'tio,1 fi..rrfiontoi'nreJa'l'lelrHel'lsdNzEf Fl?'llJ#aanr:

Lrn v a ?1 e.r il R a n "ri'atunr:ilfr f6,:ru

trin-a':virnr:naurfiaumiorJiuuri'r Radar Level gauging rfiaf,nr:yzo06l-\:d-lr0{
,; .i

ril fi uuuil nu ra urrl fi uuafi nil a{ [?1 n?fl I slun-r dr:a{ ry,ltt; nttil:yalrazu a fi rHa

rrafinz0r frequency-modutated (rv) ortrifi nt: drift

fllel: fi B-{ F}rlviru nnr:infin n Fr-or vt notuiu 6ir a-ru rur ru n n rn fiau pi'ra fi.: dnil:n
q, - a - 

''"[nlrur:y niurrir, rfi rr nr:flurjrrtil E0 fi?r#1?]80 r]1fl?n'r ulusio rir: or, mBo nr:

030m

lLower Flan8e

5" Existing
Pre5sure
vessel
flanoc

4" or s 100 mm
Stitl Pipe

Still Pipe
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rfi nd aou u fi r y rir z a,: rn a r'l ri'6 n 
-i r e.r r n : in n rr u am ul I #nlu a.r-fi t fi n

nBo laser

. lri un ur: a ai #t n r : fn : r nll z o t rrfi .r fi rtlur fi rr rf; n r

ultrasonic

Fig@ Sdtbtg ttu ita.tulognd Sal

TU14 164 n'l:Fran{fl?aZ rrnv pi n rfi afl a o nr : n r :il iu rrri.r *ri'lzfi #,:qr n a a u tfi etu RLc

P,lC l9b0 F.t(-J l9r0
l.,rG G,rr,!te I{or n Antcnrri

6auge

F.TL l9 l[r

lar ai-r:r,c

Aiienna a.uie
it:,,,'

,f--t

_rE_H
&t
$+

JL
II

tl
;:'j:1,*

IH

lrrrlcl
L ).r ti
t.Jr)il

Field

Commnrcal,on
LrnI

Sl*,e Data

Unit

Fi9l6 lg5
l4odefr

1 ao, I 1 a.ler Vlot r. -

<talroni in netwryi<

lntegration

m-'l s Eir{rruu nr:d'a nt: ttn r a?1}.t dvn?nlunr:lirr5 a'lr,tff{

n": a nr:dr ror RLc a.rrlti':ru

I-
*-'::,'::;fl dl*"

System

:r.|fi r e s

Write enable

^t-flI Xq
Write inhibit
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4. Electrical capacitance level gauges

Hn-nn''l:?i'r't'r1.1?10{ ALG zrrlntiotiuurfiugrun:rnoi,ryn,:fiJfin;ifi'ir ritnrrxqzau
rJ:votr,nlflr (electrical capacitance; ,rni'ro z rrvi,rn-rr-ir (etectrodes) ryru]:rilfiaurlrru

-;clielectric constant aa.riaqfiaqj:vm'ir':*vi'rn-rdrvr-u z niuluh*:yutLnr:in:rnluzarrma:
r r i a dt - "'i0fl-lflnEtuEfa0tuunlStuluutvl.uuFn capacitance ?JO{ Fl?1.tl?lAN0EJn!?t0{tllR?U'tnd?l,[tyluu

riurir capacitance aa.r ri':r.irfirr.rfiauri'r*qix1ufl0{rfifl?aflanzirrnrreraoriurourrruaE{rfin?
Sq

nralun-rdr:o,t n"ranr:1?ir,tq:lylfir (urioge circuit) S:ilfi 1 66

ELECTRICAL CAPACITANCE GAUGE

COMPARATIVE TYPE

166 ALG fl1,t8 Electrical capacitance level gauge

5. Bubbler gauges

fina-nnr:virtru nrrrelritiutiouqrn:vrl:unmx6.'r (head pressure) zaoza':rmarfi

r:rurirnrrumuruduarrur:nmrln"'qrnn'r;iaFi'rFr?ruri'r*rlrr no-u (bacx pressure) firfin
v d at," - ; Lq,

a r n nr: #n fi'r4fi"le.irirrJfr ni urriuz o o rm n:fid'ar nr:in rzirlil ru oir uru.:fi rirnunnr s'lun-,r

dr:at lprainrc'rRrrrd'ulunr:fnrfi'rzrfiohi'oln:rnr:"[nnza,:fi'ru (gas ftow rate)nrfinnan

zir,::vsvnt:trJdaurir-Jno:rnltn:rx6't rirer:rrurir*#oun#u (back pressure) fiTnlri'orgn

rrr]nurtJfruunir:rnlun:rruat ,irr*u'rnlr{ manometer lunr:ifiFirFrr-rei#urioun#un-'rnrirr

rtlfi

|,leasuring

irll
,'
rl
fr
ll
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6 dd - ;i
f,{rvl0F}ar:r?{Ln€J?n!n? manometer uun"atld'iunr:aaurfieluna;hi'iunr:zJnrzEJFirn:rx

niurria,rornrr:rern-ulorir:rurnfia:yriu?Ja{rHa?r'rEJlun-orir:0.: n:rJfi 167

ri'trfunr n nrr umurttuuza{r?14?n'r81u#u rir: a,r fiu.,U f ar*orlarmrn:;niuF}x'r arfl{

?r00r?1n? n1:r1i5n'r:rliuurilzrirfirrtluarrndu yrntrifirirnrrunnEr-aofrfirirfinlnrarna,r

BUBBLER GAUGE

Sensino Lines

Cornpensating Head

Air Supply

Ul anomet c r

L:easurinq Head

:rJfi r 67 ALG zlfin auobter gauges
s

6. Ultra-Sonic and Sonic level gauges

r.l:;nauri'raFl-? Transmitter ttnv a-? Receivers lorssr-'l Transmitter virrrirfiridtotl
- A c i J - u ia,
fr'ru rur ru n fiua a nhJ rfi a n dun:vvru frrrdrzoorr nrfi r[.Ju: o s ri0z EdarnlFtri'uao'lrfl a? ttfl?:-
prfiuor-':nrir:finr:avri'aun#uh.JEftn-: Receivers :vriuaa.:tma?dle{lrnin"[oi1u:r-]zaturnrfi

J ; iv, u ') t

Lra n F]'r{:r?rrr.: n nurn fi or.rfihjrrns acvioun #uornriurrj Hsurirzu nrir.:rrarrtlu::Ejsrr'rnlrx
:, 3 - Y - - q u& ) t d a d

fl0?t8{L}1n? flt14m'rfl'lN1:nmnn\:a1 Transmitter ttes n? Receivers [FrYl{rau[ruE]1:aa'l
La-&tud

n?1:v FlusSu Fr o?10{ rvl a?nua1n1FI 1*1,[mei1u n0 d1il'].1n m n n{u}$lff:nfifl0Fl'l n{ d'.l5 001lT0uu
&
1\1.[fl{ d',r 5 0{

!, a _ ";zan?:5v'l{61'114:U Ultra-Sonic and Sonic level gauges l.ll.tnaLfiNlrnUtJnF]nru%l1

dva'rFr (pure product) riozotrynrfi'lrifinr:rtEJna'r*#t*trlroalnn']'r]Junnritozo.:nm*irur
aA v d $ a, i1 ' 

q u
tLu1,t 11:0nrudiluFlYrl{tnil01A'l [y,lrl3nl14lnNn15ri8nz1,6u0{Liln?aanru}izlu avd{,.JRtfln15

q

avviau'[il n n n-o 
': 
ueiut]r
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ULTRASONIC GAUGE

:rJfi t 68 ALG zirin ultrasonic gauge
i

PNEUMATIC OR HYDRAULIC GA!]gE

USING A CLOSEE CELL

1 69 ALG zlfin pneumatic or hydraulic gauge:rJfi

L
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OPEN TANK

gpan = xor
Elevatlon=]Grf.zGs

Fig.

Span = xCL
Elevatlon=yGr-|ZGs

CLOSED TANK
Dry Outsid? Lc! Wet Outside Leg

where Gr, = specific gravity of liquid in tank
Gs = specific gravity of liouid in outside flIled line(s)

Liquid Level Measurement with Differenrial Pressure Transmifter

.i
:u14 17O ALG ZII.LO differential pressure-sensing gauge

222
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Span = xOL
Depresslon=dGs-YGr



cl
u1414 12

ez
uflnn1:nqm0 ALG

( !nstallation Principles)

rtia':orn mr:r,rnr: aau lfi ar rir dr : a,r (Tank catibration tabte) r{lunr :rr rrrr Nf, o F}

n#a,rttn;#uviud:rm'jT,,rrirFr?1Nfl{zo\rrrnrnr€Jluliriir:o'rrfiuuri'urirr]irurn:aotryR':fiu::q
qi'r n-.rrixsir rrrauofitziitluo n d'ro 6,: rfi oin:v riu nrrr er 6,rza,: rfi n:nr alun-r rir:a,: ,ir rtluoi'a,r

oaaaLdt
Frll{d n$ n ?1il tt?l0 rtSt }J1.[Frf ttfls Ld n u:n1]\ Fl R E Ft?I?0:3I v Fr?1?t df ?t 0f n1:u:5afl E{ n{ fl'}5 0f F}?EJ

zir.::vrJ:rrnrur?1{'rl.r i:io,rarnri'odr:ooeirulyniild'rfiorEJnr:tzirrurtlu 2o-3o'rjfiudsrut

lun r: fi orm''olzi:ruxr m:fn n:rN EJr'r rrru o"nlun-fi;irniufn ri'r'r N d0z E{:rriuzauzo.r
.*,ai-

rr.rnrluritrir:a: (Automatic Levet Gauge; ALG) riufirfion"aonr:r:rrrJia.rrn:vr"':rerorfiu::a

oglnralu#,rdr:o':zurntrqi:rJr:ouurri't drn"'0,:ta"zioryntl:vnoun"":uri'u z n-':urJ:ri'ruri'u6a

o :vri'raar rm a rnr EJlu#,r 6ir: a,l

. Fl'l:lf nr:dolrfigln-trir:0,: (tanx calibration table)

rc f., - :a o vo
Irn n'lrl n a ar nr:?r:'ru1.{rfi}$n}1rllNFraaozoirrun'rnr EJlu#'r dr:o.rdrr{Jun"oryrsr-rrrr-J:fi drriru

+ oi'r urj : ri'r e ri'rifi a

. o .:rnllzo,rtrn:n1e1un-{dr:orl
. Fn:rf nr:doLrfiE;un-'leir:oo (fanx calibration table)

a arum4fi raHanrerlun-,rrir:a,:

. a'l'tN111.nuuxa-Nyriud (reIative density)

zio ur.lvr.irlunr:6 nrpi'oluur ririrulr nirfluz'a uurdr rirn:-u nr: fi n #r rur n:iorn?1N eJ'r']

ruuuf,nlu#fi drr:-uin nrrx g':zo'::; riurrourlo,, orlun-.: dr:0.: (Automatic Lever cauge;

ALG) UfiFl Mechanically or"'rr,"o float gauge riu Electrically powered servo-operated gauge

rirn:-u Radar Level gauging r5o naoar Level Transmitters and Gauges {e?IU1util}irzToagn
J . q l t t ,'

mourrf,uo [uLanrano [U

o r d6
drttuilotnnnno Rl-C (Location of ALG)

J i r t q ,i a , 6 o c,
d{rav n arrn a'lilfitfl udorfior: rur un:binlrtrir n-ru n ourilfiunr:fi nn"rrurn:{n

F)?'ls.Ju't?ttuu#nlr*#6airriuinn:rer6,:zoo:yrrluzourromorlr ri,:rir:o,r (Automatic Levet
.j6t6de6,gdv

Gauge, ALG) 8ot[Jun:ralo5'tttltt':ur':daErrtrlruur5armnrsnun'nr+ruynr:finn-,:tir'::rJuuu
UoUoul

FI0141,{n'l5n n a{ ALG F}'}Nn'l tt%31.['t?'0,1U51ry]r.lr.l a n Fl ar:ut tz't [J'l:?e.JtTNT?Jl,{FIZO{ ALG
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fior: mtJ:: n au ri'r srziuri'u nr: fi n rr'olunr n aur ruluurr n{,: iflur6 a,rfio vl#n:u dnu: ninr er

ab oY- r d u o - .i. - -.:rqufl%1,6F]\ln:vY]'tInulnttF]Fl?5tREnz8Qlnfifld1nru]1nn"l n01,[61?uzt8y,to't5nJ'lFr{1.[

r nB o o fi o o ri n r niil a,r ALG n r : fi or n&{ u u n il 1 fl 6 d 5 vi'u tn i o,: fi a a r.l n : nifi 1 zilu n r : t ff u n-r1l
rO

0u'r0zo0tfi n'l|'lu Luilf d11 00
t@

ei:un:ra:ln:vFl:uzo0?t 0ttnnr (Liqutd-tevet detecting etement) 1#uri CInn0u (ftoat)
ai!,qrEa disptacer rfiorirnr:6orn-,:nraluri'odr:o{tt6i?0{arrrtarnrutitn-tdr:o'r (tanx

sheu) oeiroriaaanuvirriu so rur.tfirNrri uavn?ifin#t'[uoirunu'rfiln#ri'u garge

hatch rfiari'rm#rfinrrur:nrirnr:n:rodaudnrv{?ta{annofl rta displacer"[n-avn':n
r d - j ie.. v 6

53uvfi',t{?l8f 0nnsu rr8 displacer nljoan0na1{?J0f gauge hatch Yl[?Jd1Yl:utnun']
I d a' d q u r a L q 

' 
q rd d d

0fl'1flfis 0't n:v nl n':u u a Fr 0{: nul [1411'10 ril u0v"r0 ttfl3].,r1.t [{?1 [N N n 1:5! n?%]110 N tJ n
roi-

Fl 0 n1 :fl 'h]'t1,tz{ n uttfl v n }t
- I r 3q w r

nlrfinFr*'r6i?1.rn:?0irr:vFru?t0{ta{trn? riotnnrnttrint\larnilrnyrr.:rzir (intet) ua:

yt't{0on (outtet) rJ::,irn-orir:at tfio':ornr{Juritrrufizo.rrnnrf,urJ:uxrnfiqnufiot
lu

01nn1:ff 1101ua0{tfl nl!41 - 00na1n 0{d'r:00
i q,
2003 iu;u n?u!;; dr 0 nlv'{z 0 { n15

riruruza,: RLG nr:flo,rriunr::unlufifiil:vfiyrEnrrnrisnr:nii':fi6anr:6nnt': stiit

pipe nia stand pipe InEJfin&i0 eiruirtrainr:vrliuzatzo.:tvn? nrulil stitl pipe tu
)- Yvu

zru;fin-a stitt pipe nr:ln-:-trnr:rnrvzioonnanFi?rNU'r?viorfiotla':ri'udrBunza'tn:rru
a d 6lu
Flftr?zo{lfln']ttn;d1il1:n"lnivrrnzo,rrfln?n1slu srill bipe .d0anri'0{rrnsrtJuoi':rziu

rdEJrri'u:s Friu Fr?'r a.rfl{?to{ m arnr u'tu#o dr:a,J

5. piruru,:fi6nr,te':za':cirurudn,,:rir nBa gaugihg head riaqiln:nirirotfitfiarflaonr:
adlurir urnu,rfidr aria nr:rzir fi,: arrr:nrdrh]aruzu ntiufi n rirunvzia*.rrir:rinr*rlri
I d ' v ^ -rq '^ | r tuitrrun-':neirrlrifiie.r{1u 1.[En{1nilFr?5Ann{u:t']nJYtt}liltrd{r,toad0{[FluF]t0 1{'tr

rruui,,tn-{6iri0'rfiflLfifion rrfiouoritluoiruruornx'rvd}.r6i1fii-ur]:rrilfl"tvrEJr"iorqrn

rir*mu,: n-': n eilrlnurta': rrnr'orria€J n'ir Fr"'rudu I rfia rfieruzirt:vErrlu*rinriu

90
zia rru yrir aiT xiu nr: 6 or n-o ( I nstat tation recommendation )

-vnli n n a { ALG #u #,: rir :0.: ztriorl n mia sr-:nLe fi y a-n nr :yir,: r uo rir,rl: n:: fi zTorfi ,:

uo J o u d, ,d r o
ir?-{1ilr8a,iln ei',lufiziar.J6 n do alunr:ffa'l:6ur nI:ff nfr',l rirEJr?iuri'u

ruriaeir,r'[: fisrr u nr:ur oir unur a-r,r 6r ufi ahirtlu:: rn"u o-ro 6r d'ru iurr:; riu nrr x fl{?' a{

ttfl?n'ralu#{dr:0,:#,:n,:n"'o,rlzi oip ptate 6oornnfiprn'':rfioruri'lzuu-,,:n-or?rrurnar16rri.oO,qq
o-a-
AnnUV,lUn\:

r:ryi aqy rrt.i{ nr: fi n ntrnt nzrinri ail::rRnza': n-odr: o,:1rr-n-ori

a"
1. n-0ai15a0zil1n"tuqilrjm:ottu:sr-o narxn'uriroTurir airur-uu::oza0rua?g.rAnnTrur{uu q

flTn:rfisn

tfiooor n n-o ei1:0{?lu'r Frlfi ni:rlm:,r rrurn"',:zlfin nL: n eirrfiIn srl n fiy{u'i1fl n-0 F}1ff': fi nr:
,;3ug

tU aut+ttu n03!1'td Fl R 0 Flt'l n10unu n'l'rx nunra [un,: rir: o,:, o rumn frzo..: tfl n: n n o nqu:; Flu

2.

u.

+.
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t
i
I
:.
.1

zo{L}1n?n1EJlun-.:rir:a,: n-t#u6'.rtriuurrirlnGnri'r ALG u1.n1R-rnrn-rrir:o,:lnan:,:odr.:rfirr

zl Fl

luzruvfizu#0fi',:rir:ot (tank shett) rorfifinr:rilfiauurJno3rJr:{F}rNF}?'lNri-r*tonrerlu
Y-ioJ-

n{fl15A\tT?N?lf:vF}UFl'l',lNd\]ZO{Lmn1?lU51{nlULUn0dl:0{r1{0fAlnF}',1'l}JFr1.[n:v?]'rF}0zu1.{{fl\l

firrlfiuuuiln,:hJnra.r:vri'urro,rorrfurorlorstqvrrrzuri':n-'rziuuudaz0{ti'o6ir:o':frlri'iuzua
tdvdvr;Xq'

n5y11Utfll.ttnarnu olnn'r:frnul€J{1'{u'11zu1{{n{d]:af 11d{a1n1\1,[n0d'r:0{ luu?041'1ilfl{

:;fi'jt{ 1 riln: fi{ 2 rNE}i ru#,:n-,rfinr:rfiergrJvr:rnrn,,iu,ir*6u,{irroilrnu,rfitrit?lN'rvdNfi

MNN\l ALG

drniufi'un-odr:a.:mrxrqr*fludro:finr:u-J6eruiuJ:3rJri:'r'tu#nuruv parabotic Frtt-l

pr':rxn-ulaln:arnfin (hydrostatic pressure) uri'luyrrtnrrrxrtJuq-:run-'rnr:rrl6uu:il11:\r?t0\l
Xuetd,d,'cY;Ad
rfiun-,:qy'Lliruu:y rfl au nril:il?r:{r:?nn rfin uria dru"[nr',rriiluo rirlr-r nrr x rifl0 tt:{uav dn'']i'\iz0{
ro-&'-godt.'iq,
Ln:0f,T't,tto0lllv!t,tnf fltto0 FirlailaflrU1.[F]r[t]1t,tryT Iurtlxrvnxriunr:ifiant{]uano"rt6,:1u

9

nr:inr:v rYuzs{ tfl nxn1ulufi'n dr: o'ruria dr':1or tziurir*
;3

alnn'r::11,'rt,rri.,:rir:o,r (bottom plate), zutitn-trir:a': (tank shell) tta:n#tnrti,: m1,:

- ,; J -. 5)u 6) u 6 6 . ia
il n r: rU n fluuU R r iu?15r tfi a n-t rir:au nn"[zt"oru'Lunr:fr'rrtfiu o.rfi ni'ruzz o.: tr a? a ? ut?1Flua\:

.:{q
adt

rru{ dnlvlnll a n nf tu1.t

-&1.1 n15Aaa0 ALG:?ilnU stand pipe ?154 still pipe
d. - t rr r L L , ;A

rtJunr: fi n n-tyioInm;uarln:o air,:il:vn ou rflr #rzuri.r n-t rir:at#ueir':anrltfloe-rfin nI
dr*n-orrnn-o;ir:0r6,:rtluiSnr:finntrfihi'nrrxaYunruru6afiorurnisnr:nrit ttia,rornlnu

-&'oadd! n n r.J1.[.1il 1.{rr:n fl fl l riro qn ) qrfi Frrr NHu'lil 0{ $rjulnfli e]'r nfi d n6,: fi r r'',u,,fru,,r': rfi smrr o ria

- Y qlrl ,.i Y'
n1iro0:u1i'r?1t,rn FroLLdn,ilflu3rJfi r z r LLaz 172 arrilnltrir:o,rufinn#,:rJr#gnoauu

n1rl?y Guide pote riru#rfirtlu stand pipe fffia'jrizilnlri,irrtlun-a.rfinn'''rviarfirrfiarrrriaeir,:.
6 uO ,)

[n nr Lu:rjvr 17 2

ir=o af',ori', n-r EJ rfi f;narnfi rfla a.r:vtl'ir,rvio ril r.r#o ti,:riuru: n n-r errrr finar rr ?ir ur"l o': riu

nrrin6oudizo,r stand pipe luuurfi,:rfion-rfinr:rfia:rlr:o 'tuzru=rdurn-un-ruuuanlu

rn-{Fl'tri{oyfi borts druru 3 Fl-?nauylEJ.rrinvrtJulndld'nlu stano pipe (EItl section n-a lu
,; J

Iilfi 1 7 z) rfiafl,: n,: a glluanryrfilil u.l fi ar*iirJn,: rfi or #r nr n-':ri a zurion-':fi n r:tn fi o un-r

,*rnr.nrin',nrfiarrarui6aurirlnrLlriafinr:aouifiau alc lna.inr:r.lirurinnr:r"',rrouro

stand pipe'jrki'uu':fr'rarnriu:rpi'rz0{r}in?nrulu#orir:0,:rialri areir:nriitturi'rfi ootts

fi'r s n''rri"tn"rziuri'urfio,:q1n trotts ,.r s ,i'ieil;fin6oruuuriuoi'r ptano pipe urriot.iroln
A - - -Y i

arySu nrzuFr cone roof t140{a]n nf 6i'l: a{ Fla0:8{:lJ Fl?1il a u [0 t1.u00Q]n n1: n a''] I
rtJulazo,:za{Lrn?n1ult*ri'rrir:or d'r#unr:#nlr{fiz"ariaaiar* (ftexible rubber v3o stainless

.JaAaa'6,9steel beltows) rfi anfi ntfi s,:nr:aryrfi uulio{qrnnt::vtreLnRrsi{Julornn:ans0na'rnnr

rir:o':1n''

drn:-unr:fl0,,:riufirri'rd'rer.:ruraruFufiu ,irutjuoi'o,:riaare6u:vm'ir{ stand pipe
fu!'-

LLn u I n r{ dT t{ ?r {vr N n z a { i r u u ALG til r n u rJ %{ n 0 d'] i 0 0 Fl ? EJ Lil u n u
J J" J , ";Ll"t0y n 1a a Fl?-rNrLn n n107tEd:rnua?1Nd{200 tfln'101,lt1,l0{a1n F}?-rHfi1,[1ttl.il.td[.,11.\1.t6%

firirrrnnrir,:riufi:rnlr:nrrx6':ttnnrir':,iur'.lr1r* stand pipe riuratun-tdr:at ,-':#un'r,
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AUTOH^NC LEVEL GAUGE Ja

--

(FOR CORR€CT SIZIR6
REPORT 5A m6 I 2 l

i

+

I

t

Ili
l+

MOUNTI].G OF LEVEL GAUGE ON TANK WITH A
FIXED ROOF FITTED WITH A STANO PIPE

rOlE:Yl€{ n0fl'6 YIS{SJS PEO[f,fS,
c1.rosE SrArlo nFg P€f,FoRAIlo|lS 

' 
5alM

ALL MEASUR€S lN m

'-' - &auvl 171 rl15aamr Electrically powered servo-operated gauge riun-tdr:aozfipi fixed

roof fl{fi stand pipe
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E,
e
4

${
:
n

i
4t

MOUNTING OF LEVEL GAI.'GE
ROOF AND FITTED WJTH A

ON TANKS WITH A FLOATII.IG
GUIDE POLE

IOTE: \tHEx STmxG YlSCqJs FROOJCTS.
cHoo's€ dJro€ trotI PERfc&^IfoNs .{,m

-c,u_t!E_lp!qr]!!l!E_E:j!!!T E o I
(FOR COPREC' SrZriG. SEE
REPmI SA m6 l ? l

\.Et-tt-tlq-L.rg

ALL BE SUFES IN Mil

z{fi ttz nr:finrit Electrically powered servo-operated gauge rj'un-tdr:a,:zfin loating
;-

roof U{N guide pole

LAUC€ aAICts t0R !SC[rPPr\6 'f

ht--:-1 p
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tarvda{u}t stand pipe lrifizuroruii'r*rirugudnnrrrvirri'u 25 NN. Inafi:strs?iruri'uri:yrurru
ddl66 I3oo ilN. frtfrEJ'tv{oaonr:nndmduRaaozuarirrnrruvuruur*ai'erd'vrd (retative densiry

difference)

Hlnttlun-reit:arflfinxn"\rnrrlrri',:aaa (floating roof) riu:ziorfiroryuu stand pipe

zurnr#urirurtr+rinn'r'rryirri'u zs arer. :rsvil'r.:n-uil:vrurru 3oo eJ& d'anrirrnr:fi''r.uziryr
--y:; i

zu1.[r n{?r0t*[]ra n fl 0yrovr na0': n N fi': orofiorrflr urtuvio rfi nrt:t ri'un oruu:;n-ufirnriraa0rfi n?

nrEJlu stand pipe
6 6) t d a ,i d v de o

,J2nlULUYI0 stand pipe F'l?TNFr?lN[:UUde]-]rdilA :8Elt?J0Nn1filn]lmA{0n?11n','}:

rf,a:aanb{rrn n'o.rteJfiarix orofla'rriuafiuri'runr:ln6arn-:a epoxy resin 
'n.rfi,r',

d'aonr:firnraturiau"trirtluafie.rnaantu"[*ifi6irfiorzrr,:1nrfirfiolri'disptacer rnHaufiElr.la'r

n r x: v d''u nrl el drz arr?1a:nr slun-'l6ir: at a drr d;n: n'[rifi orzTn rtr:rsmrnfi nfnrrrri": nr:iBr

:v ni'r a or rr Rrnr u.lurTo dr: a,:o vbizu n fi nlnrar orvilufi n'rr n:?e 6t au firnrElluyio rirufilrirn a

a=uriari'utar[rR?n1u1uti':rir:o':rflufitfin'0,:rortolrirria':ornlonrafirffnafixfitn-a':n'r'r

u:t?m01.[",}

m#.rarn'Lzt-tru Stand pipe hJ:ra;nriru#rvion-,:neirrlriarur:ninr+'rbi'rvniunt:arn

riufirrrirza':rfln:flru1u#o rfio disptace, rnfioufidunoarottlnr3orriuzuu-onrElluvioaror[Ju
51, ,i ; t d

fl'tt?lFl t}l drsoracer zuRnn?lnnus1nnl1.tu1.6fl0a1un10 11:81{Nl.[Fl'] 1 BO o{FI] rirhi'
9'9

disptacer lalbi'o$luoiruruofioonuuutfiolu-'rruqir6i'rzunh{runnr:ior:;n-un':rer6ufinunrorhJ

tri'rziurTu nr:oinlrifiguide spider 6,:avdrflnntr:,:tfisormruz a{ disptace, ,i'uuri't stand pipe

--tJ--tfiR{01nanF}d stand pipe nliu1{11nn1Fr?13.td{0'}\:a{fl 0{d'tl,{!l.rttavd?1.[R'r{200 stand
d,

pipe ufierunlu dip ptate ririfjufi'r'irrfJurfiartJuziaalo#rr6ouaveil:rqn:roaalrrnfiflrynrlu

n r : in :v ri'u z o,r rm nrnr eltufi'r

21.{'rFrzts{ stand pipe m6o support pipe riufirnroflol-afiri'atrirfi,r nr:ritrunln-fi
r #u il r u4 u rin r Ertu sta n d pi pe rvi rt: 6'r im n r s a n rfu n'o,r ri r fi ,,r

. F]?1ild{ZlO':#':dr:OO

. z1-[FlrEf ALG

r ia,:firzrvoqiuu measuring drum 1un:rfifirtlu Etectricatty powered

."ro-oo"rJted gauge

u I o )yo :unun?'lrlttelutt'lYtFto{n1:

o Zl.t'lF}AAd displacer

o n rr il rd Elrlri ri',: ar n ri'u : y n1r fi ':ra rira 0{ Lr n ?il o r vi o stano pi pe

rrriluvrrun#uri'unr:rfianzrl'tFl?lo{ disptacer frflnfo#!eirafloo-a zulnaa{ stand pipe m5o
d vl r u - .' r {, ;

support pipe, FI?le-It08{tNn{alnnuisFlur'J?yll{'lu ar:r}1a'l?t 00yro stand pipe, Fl?'1ilfl{y}rt14nayl
e ; a; u a- rn0\lAlnl:tFl n01,l?1, ?,1,['lFlT{l,ty|fi1.[1FlOZ8{tdun?F}Y]yl1-[OEJU1,[ measuring drum

-Yrurdt.z nr:6noi'o nrc Ins'talfi stand pipe u6a rtirt pipe

rirnrnvludr"[eiararr:nfinn"': stand oioe 1n''ri'rarmnzunzarzia,irn-nlunr:rirrrumia
9

In:,,rair,rrior14FlrJRyn{Frrraril::yanlunr:oonrruun-udr:or nr:finn'u RLG fiuaarrur:nq
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il;utfi'fi n FT.lun;lr{zu n n r:{orfir.ir rd o fi al,r":: rirnfi,,r ni'r Er nr: fi n #.,1 ALG uur#r uilnr+?ra{y}'hl

aanuun#oarri'.riir:orffarxr:nn:;rir1n- (A:tjd I 7 B, 1 7 4, 1 T s, 1 7 G LLav 1 7 7)

nr:m:vriua'r'tdtun:rirnr:ipr ullage rfiaunlunliruilaufifiprnt: Rlc oi'otn::vir

ruavrfruflo.*a1i

n:nin-':dr:o':z: tiBr cone roof r.i'':iu3rJfi 17s, 174 trau 1 7s avtfiu'j1 displacer

iritri':-u nr:fr0.trit,tqr n nr:rlurhuro,rz or rr a':nr atr*n-r rir:aa uria ei'rtln uri'tzfl r,unrri'r s nr:
-:);-Xsf,dFtF)rl{r}tHnilu']ll}rn (extra tensioning weight) rfrrir-rr#unrnlnuoroqjrnfio Oi.ptul."r unvrtr

a'
disptacer r0{nFt?TrfluurinfifizarfiEr?ogninnnr,r#rarfiadl$rt:n;nu'tdntl'tfl}JF}R?to':

dispiacer uru:rnnoufrzun..:nrer:roruzoutnRrnrslurYorir:o': oj'xr.[rnrin (extra tensioning
I

weight) #,rn rirrzirs n, u, ufi u', n r:rirlufi Flrr.r ri'ruziro rfiootr n n:rruflutJruaao r:r nr ri',,r

o ..j tdd ia r d
lrda,l [u5il11 178 rrm?on-]:%an?-1arrNol.tnr:urilari':unr:finn-,: guide wires n-rat#un:n z

r #uiaa rirr.lvir,:fi ifl o a.r fi.n n1 diaptcer rfi a rrfi aflat riunr:uniilFl-?tfi a:r ri'uza,: tfl n?flrtrJx%

In u drur.l arud Fr a 0{ guide wi res ov rd o ru fi n nll fiLn-,r n-'r rra n':lu3rJ fi r z s

MOUNTING OF LEVEL GAUGE ON TANKS WITH A FIXED
BOOF WITH ROOF NOZZLE STIFFENED INTERNALLY

GAU6E HAICX'FOR HANO
6-A5A r50

H0LES 50m
Of l00nn

a lI Ptrc}t

:rJfi r zs nr:frnne'.t Electrically powered sen/o-operated gauge ri'u#',rrir:a,rzfin rixeo
aa

roof flfx roof nozzle
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MOUNTING OF LEVEL
MOUNTING BRACKET

GAUGE ON FIXED ROOF TANKS FITTED WITH A
WITHOUT GUIOE WIRES

2" GAU6E HATCH FON
HANO OIPPING

o

-!:-
?r.Ex,a,-e ,0,*r

OISPLACER

OIN 2526 FORH B

ALL MEASURES lN am

olo

a't)i
4l?:;B zl
el
-lul
&l
ft
*[tl
5l>tII
9,
UIrl

sIJYI 174 n1f frAFl.I Electrically powered servo-operated gauge nLn{d'l5Of ?,l,[Ft fixed

roof fi{fi mounting bracket urililfi guide wires
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SECTI0N A:A

SECTIOT{ B. 8



e
e
g
g
cj

MOUNTING OF
TANKS FITTED

GAUGE ON
A MOUNTING

FTXED ROOF
BRACKET

LEVEL
WITH

2- GAUGE HAICH FOR
HANO OIPPING ,

.__FLANC€ 
6"A5A 150 L8S FF OR AX 25O? x0r6 Nrytso- atN 25?6 F*x Io

-!+ ?r,-e,,,ale .,o,*,a.--
_.--- tNsp€cloN covER

. GUID€ WIRES

_-7-1 ',
:

i

1 75 nl:fifln-d Electrically powered seFro-operated
Aa

roof frflfr mounting bracket rtflyfi guide wires

SECTION A-A

ALL I.IEASURES tN mn

gauge nUn{fll:Of Ul.ifl fixed

---]
?

B

5il14

SECTIOX 8, B
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MOUNTING
WITHOUT

OF LEVEL
GUIDE POLE

GAUGE ON TANKS
AND FITTED WITH

WITH A FISATING ROOF
MOUruTING BRACKET

AUTOITATiC

I prp€ orsrlr6S

PLATFORI.' I.IUSI ,B€ SO NEAR TO

LEVEL 6AUGE THAT INSTRUXENT CAI'I

8€ EASILY AO]USIEO GAU€-SUPPORT
MUST BE FREE FROX PLATFORII,

IIEASURING YIIRE

SEC]ION A- A

tI

B

*

GAUGE WELL COYER PL^TE

,{-sqE-Qqra!!l-
'rc4rL.c!_gE!ES_-9!

ENRAF . NOilIUS } TH}N ST^IXLESS
STEEL

i FLOATINO ROOF

i BOIToH 0F GAUG€ IYELL SHoULO

; NEVER IOUCH T^NXSOTTO},I

ALL MEASURES IH MM

:rjfi r za nr:finnv,:'Electricatty powerecl servo-operated gauge frun-tdr:a':zlfia f loating

- 
q ta

roof fltIria.t guiOe pole ttna.t gauge well ltnN mounting bracket

sEcTtoN g-8

D€TAIL C
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MOUNTING OF LEVEL GAUGE ON TANKS W1TH A FLOATII.IG ROOF WITHOUT
GU]DE POLE ANO GAUGE WELL BUT FITTED WITH MOUNTING BRACKET

gt

.J
F. P|PE ,rsa /168

PLATFORM MUST B€ SO NEAR TO
LEVEL OAUGE THAT INSIRUHENIS CAN
BE EaSILY AOIUSIEO.CTAU6€ -SUPPORT
MUST 8E FREE FROI..{ PTATFORH

Hn t6 NW

orN 25?6 FoRr.{ I

S€CTION A-A

Bi?l
i

i'l
<S----EssE-5gN s

CONE APPROX l00mmc

5il14 't77

OPENINGS OVER T

12" Pl?€

HORIZONTAL PLAIE I

\EsaIua-sosr

ALL HEASURES IN Dm

nr:fin#o Electrically powerecJ servo-operated gauge riun-trir:atzllin floating
i v to

roof ?J\: tNer guide pole un; gauge well LIF]N mounting bracket
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4
0

:

j

:

MOUNTING OF MEASURING WIBE CENTERING HOOK AND TENSION1NG WEIGHT

:rJfi t za nr:fin#o Tensioning weight n'?u *ire centering rroox rzirri'u displacer

DrM€NSrOxS 
^HO8C? 0!2 ArD tr{

6^U6ES OatY
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t
I
n
n
i€
:l

I

i

z. n-oairtoonerruo-uvirotuflo (pressure tank) airuiuu::azaurHarsJFnn-ruri^r-JTn:rf,su

n-o dr : 4.: n r r x ri'u 6 tlufi rio t n : o u n n r fi ,: n-o ri r : o o fi 1 zh fi u 2 fi n 
",Yru d propane, b uta n e,

propylene, Lpe n-cgnrruri'u n1:Fr:?0dou:vnnn':rxd,.rzo'::rriuza..:rrnrnrutufi',:rir:a'.:rrfio
- & d t-- 1 . u
fiorn*omEaaauufiEJuQiln:ni nlc n:rrirni'ranrreiEhrurnunrauzaum6ouvrun::rir"[ri'[nr"rna

lj

ma-,:orn n-t rir: o': n nlz"trulrl ri#r rr-,:riurfi o n rrrlrynrfi oro rfi nfiu 6,r rru;rirlvifi n n'r n-r uanrl'l-

[l,t:rjn 1 79 rlnr 180

MOUNTING OF LEVEL GAUGE ON A SPHEEICAL TANK WITH STILL WELL

}@ OF BALL VATVE USZO 4q
REFEBE}ICf FOh DNY CALIEEAIIOX

- 
I ,,r., oF HoLES loo mn

_slll_! _y/-E-I L llt{-s r q_€_ ?qlv !!q q )

IFOR CORNECI SIZING SEE
REPORI SA 006 I 2 I

_4_f-
I

f

I

L
I

supponrs ovEn r:oo ,/ I

T AP PLAIE I.1O

_=

nlTnaFl{ Electrically powered servo-operated gauge

Z{il still well

ALL HEASURES tX Dm

flJfi r zs
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. a d e d rqe dr
Ball vale StrmfianL:n5ooqjIn" gauging head nr:fida'rvrr':rfiolri' displacer rnfioufi

, 3 q,u..i tu
zu't1421+LU LFtrilan0{n15dl ALG hlfl orubi'ri':u

vfin{a1nnan.rl#rirnT:ur nrrruflta-r,:6rornri'r.lrTrrir:arfirriruuuza': balt vatve
t e vt eu a & r ,-l , q . d q I

tuflvFn n{ n nrrn ao In:u nr:nr?a fl0uon nr{?r ril fi€Jr+utjn,:lr-lrE atrirfi o fi n r:lziorun-o ,"uti

tlt:'IvFr?ril ri't,rn1ulun-0 d'rrJ'i: nrirlfin-,: rir: o,: finr:zsr srt-rr.i'rr rfi nria a n-'larmn rirr niyu;
I

, ,i , r ,o 6, il i - o e
?to{ivFiu Fl-o n eir: nlfi suurj n{lil,i1Ltlur}"a,:rJir rrn'lz rir Fl?rN d0 ri'r{ Ar n"? I rfi 0 ALG eio nrln zu n

n'l:?n?1nnFl0{ou Ll.tz'r{1,{1tu an0mu{ FllLtn [al.{Fr?T InttflFr'] huu name plat tilol.r't lilnrurru

rl+urirlr*durial,.t tdulun15x'rri1 uttage

^.lrron1:rfiFrn1iflt*il?l.rfla,r Lpc n1fllt,ln-{Fr?rNFit+firii}uBo':fin"0,,ril:rarrziu nlifinEi'l

stand pipe firrrrziaolinnanzi:onrtrudt?rot stand pipe Inuri'ruiln1afinfinniuri'uni'rriJud,rfi

n::fiirfiofla':ri'u 4nnau r6a oisptacer lriuurrirlnlz" guioe wire

LEVEL GAUGE

RELIEF VALVE

PRESSURE GAUC,E

CALIBRATION
CHAMBER

BALL VALVE

.; , '.i- v t - ; - v - - " v d
:dfr t AO ailn:ruvtnnn{t?ernu ALG ZfFran{n!cr{d]10{F}?131F}.ttflr t1l8d1al1:ouun
c;--' - -

F]?'rNFil{nrulufi'ooonqrnri': nlc un:fl'rN'rriln0Fr ALG "trlaaaiuae.r"[riTn41il

Flo0 shut down n{d]1as
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s . n-.: d r : o o fi "Lzir fi u ar fi n nYru d ri'a s a ru u n fi oi r tt a s n m ru ri'u ol r ( c ryoge n i c

;ilvr:'tzotn-': rir: oafilzirfru zu fr nfirudri'ruq run4fi rirtrnvnrr x riupir

il n fi fi r fi uo : ii] u n-t vt : t n : : r o n fi n R-t n r ttl uvr :':1 n n il : v n o u n"': tt ru ri,.r n-t Z

.*-Y-Y6rlli
nrru{ouag:vritrnntorut,ton{?t{ 2 nt:ann0 ALG nr:tilutilnral:rlvt

183

nr:6n#r isotate vatve LLny catibration chamber r{Jufi,:rirn-rrurrnvdrutlutziurfiurril#'r

dlro{Fr?'rNFl1-[fl0
^i)n.ltanFi{ srand pipe IBUhiairuilnrurfloerfioriufllu#uz'"Iu fi,:#unottnrfilaflasnril

lriu.l6etuurln'rtn.'dru loraeirurJnruza,rviomrqrirurn#,rnrvi.r z ri'rafifinfloriaejau (n:rlfi

1s1)

tanks)

(cryogenic tanks)

#ulprefiaururi'u

181 . 182 LtRs

MOUNTING OF
STORAGE TANK

LEVEL GAL'GE ON
WITH STAND PIPE

A DOUBLE
SUPPORTED

WALL CRYOGENIC
BY TANK BOTTOM

PEPryAT 106 IX 5IAO
rT P|TCH oa tro6i.

ro)

:rJfi
66

1 B 1 n1:FlFla\l Electrically powered servo-operated gauge nLn\]d'lr0{LnurJRnnru?l
J -- i - i &

FllEJFI?']NFll.tFilttnIQfU14nSlAFla! Z0N stand pipe U0:a\llljF]1U1^11-ltl{
jo

= 
EAL ulvE FULL &Ft 6- oF rgDr

:::

,I:lr
i.ll

i. l----,,r

:-il

iL.iitl
In
rll
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MOUNTING OF LEVEL GAUGE ON
STORAGE TANK WITH STILL WELL

A DOUBLE WALL CRYOGENIC
SUPPORTED FBOid TANK ROOF

BALL v LvE FULL rcR€ 6- 0R tsonm

IIt SIILL WELL Of 
' 

23M

3FlxlNG BOLTS llt6r'160 0VER l2O'
nGHTEX m.TS. IH }r toosEx
BY tEO' ruRX AltO LoCx.

r ccNsrRrJcnofl

riu #,: rir : o': r ft r zu fi n nirud
J -- "i a )

Fr?uFr ?1 N Fr l,[Fr 1 ttn v E rufl fl NF;l Fl RU il{ N stand pi pe u 0: 0 0:u Fl ? ur a{ Ftl fi f9€
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9
5

t,.

MOUNTING OF LEVEL GAUGE ON A DOUBLE WALL CRYOGENIC
STORAGE TANK WITHOUT STILL WELL

otN2526 FORra 8.

nr:finn-u Electrically powered servo-operated gauge niun-rrir:a,:tfiur.rfinnirud
,vi

n"? Er Fr ? 1 ir rir{rir un ; q ru n 4 fi fi n a u 1 ri fi stano pi pe
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j
ul4Yr 1 3

o a Ja r a
o?16ytflileJna9,IaiJFl

Ovy
[un152AA?U ALG

lunr:iprririnrl luvn,rilfrl-fiu;i'runuoylilfinr:inlnt n:yilrlpi'flnF]-otu]iuri1 looo/o
6 I I dr 6 O ;:tnil lt1,{1,{a1,{eior.,lNa0 zu aylfll Fr Luyrut:ro rwalt ru1,J n,i a ua flid?%?J00:3!u fi1:? Fl?r0{ r14 fl?

n r ulun-o 6i r: s0 ?t1.r1nlfi ni:ilvr:',: uur nvo rir s err n:in n ?r il urrrruu a''nlual-fi rirniuiornrr t 6o

flat::Fr:uta{il4{tfin?lun-\lrir:0,: (Automatic Level Gauge; ALG) l,lu'j'rfirnrgflof'ufirfier:

zia,: n"'r u riu uriri'rrir n r:i uri':fior: rur0 s n L{Ju z n: niln slunr ni u: nfia1: ru1iJ n fi ntun: rfl

#a 
': 

n r:m:rurJ-: elr rt:vt"': n ru nfiu::r a einr EJlun-o dr:0rfl 1.[1nlfi rLi:rJr:r uuent'n^uaoruun rrsvri:
l{

, * - .j.j , o .io
tru:rrnrU0aumrng'lzt00ll.r:BUUnt:'lan?unu 2 Fl'trLil:flnn z0htgl?ttil;ynnat0NFr?tLU:u0u
; :3 a i u 6uted
11 O1A ry,r 3r?t u14: a In u?20{ n tF} Fr a

o ivFl:uza{ lfl n:nr slun-r: dr: 00 ( product tevet )

. Fn:rf nr:dourfiaurY.:rir:00 (tank calibration table)

'd q dv Y - :t q u o o r , &a'
fi n"[un: ni n,o{ n 1: ?r: -}u tirrtlnvi,:r et n?}0{z 0$ tyl R?n'r erluri,: iir:a'rzur n [r ni!ilr:o uu'rot-c nqv

, * - ji u o - i" , u d
x m r uil : un:u 0a u fl t n Er?a 0 \: L145vuu n 1 T ? a 11 fl 1 Fr [u Fl'] u n u 4 a ? ttil 5]1 R n n 0

' rr Fr-ilz 0n [?1 fl tnr Ellu#.r dr: o r: ( product level )

. Fl't:1,rnlif,outfi €ruti'.icir:ar (tanX calibration table)

o arufl{fita6flnralufi'{6ir:0r: (average temperature)

. F]'l'rilfiu'[t1{r*#arfi'ud (relat ve densitv)

ruiararnn-rrril:za{vrs'r z n:cflrtJuriruri-rpj'ruunvriluo.rrir]:vnouaainl:fl'rriril-:rurm:vrtrmern
? -t) i ,

runrr-nnunvrnfis{nza{za$rma'r?rur:aaunrEJTu#{6ir:ar Inafia'irflo,i'rldut fizunn:ByruFia

r.rnfi nriosxrn
3A qu 6 qe

u0na'r nHr?\ a tfinr:rJ:;tfiuar n fi orbi ulnu n'i Nr a nr{Trar:nJ'rrevl'lvil R zu Fr rluu random
f q )ia r r q - i r 6lu6 o & ao 6 r d

error 1oalufififio'jrunarrlooavrrioLnrnnzunfrnuufrsvrSuntvrrtvraruri'u (equal degrees of

inaccuracy) luriruzo,:n'l:'r\:doutfiuln-':;ir:aotiurruirruhrtluzuafinuru system error tv
aSuralurrauriahl

1 . 41510 nli6lau tfi su n-o eir: ao (rank catibration table)

n"tsnt:1tn1Tfloutfiaun-{dr:a,: (lank catibration table) rt}un'}:fi'lFt?'}e.Jdannd''ar
ntt

unvd:N?',r*'ud 5vm'irt rir nrr il fl\:zrs{ rfi n'rnr ulun-,,r dr:orr rfi au nTu FirilB rur n:z o r rr n?fiu i:0air
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'iunr:fiurarv d'rr?1ail 0{ zu n fi nfiororfinq'rnF}r:rrnr:naurfiBu ri',,rdr:a.:6raeinrstd'ziaauxnfi
901

'iryr n #,,: rir:a':zur nln ni:ilvr:,r tturnt: nonnrvr itlur:.: n n e.rtn-fi:vnhLnfi.r rrei'rqvfi zu n fints-i

ifiu ,:o.1o/o lr n',r,,-Jrri'rFr?rlrfl{?10{rra:nrErlun-reir:aortlurirrJEurn:fi!::q luri':u

nrr nur rflo fi alur.rn fi n ri': n rir:vrudr a-rfiua gjriunrrar uaiuelrzo,r nr: aar rfisufi',:;ir:o,rfi,rrtlu

nr:"ln-arraot F)'r:r{ n1: dEurfieLl tT': dr:0.i:?Ny,",r F,?'r}Jtflfisinrr,rzatln:.rafrrzarn-rn-r dt:o':

0na?u
o .j o e ed'[uz rusfi nr:rs a o! tfi E]u n-',r rir:oolri'fi nr:rirurruz n ruunrr?ru']sil aszufi"ifi'rrfia,lq'ln

nr: u.j fi ar*utlnr:v rir n:r ei d{?} 0r r}1fl?nr ulun-a eir:0,: ludrua ar nr: rilfi suur-ln,:giln:,rzau

fi'un-r rir: a,rlfurirr*ri.,uu', niunr:vir t*r u In srqr{rvfi:vniuzar rm Rrnr eLlr+#.: rir: r* 4firrr-,
J i - ,; .jq ' d u 5) | u

cir r fiuriro:ulfisuurJn':3r.Jvr:':fililrvrfioun-uluurinv::nn vruiril:valruarnn'ir 5o% ?r0{

nr: u.JH autuJ nt3rJir,rzaorfiu#'r rir: o':or r fi n6lunrslun':r*i6uz at:v nluaot rm nrzj:'r 1 tilFrr
; - i u o .j; - ,-'" - q ' , ) a q

ru:nornfiunlorir:a,:nr-rEJrmnfinr:r-n"[nrtfirirnir:rrlrrid,r"tr'2a Iriurrfiofio'lpi'rurnrvirlnrin
-v;pi',: riufi nrr a.r6': n'jr t i n n: fin r: r fi agrJvr:t rta: n1: ril fi fluuil:3rJr:,.tzomiuti'':6oriaufr'r,,r fi

n:rru #alvt'udflo n n n-a,: ri'u:v rir n:r n a{?,80 LfiB? rrnv zu a fi n d't n cirrfi rfi nr6urin::n n:rrlflu
m r :r r a ou tfi su n-t rir: o':

nitri'n rirrt{'Lur n riauv r.ir riuri'r'ir In Eryr-rlil x-nvru'ir zu n fi F}fi r fi orfl"ulunr:r\r flau

rfiarn-,,:dr:o{q;fiF}ilnrn"lr]lufirtnrrrfisr riuru',rrr-,a.ri'rmrn#a,.rnr:mrilBrurn:zar#,t

rir:o.ru#rrfi n zu nfi nln erav ua n,:ilB anm:xrnlfiun:'re.rrtlr*ai,:fi:vnlrzo,r tvt nrnralun-': rir:atfi
- i - A .i - J ; ,' - \ t6 6 6t - .i

:J Flull .l.[f Lrn? rlJoYlr n1:-J r,1?1: r Fluol,bm rrn n riro ri'uo o n"[il fiovttan.:ilE arrn:r frunrrxr{ll.tq:']Yl
yin:rri'unrrNd{zE{?Jartrnrnratu#,:rir:ar rlnfirrn-rlririoanuir:rn-uza,:ima:nrslun-o9{
" .i iqu 6 q
iir:atfinrrxa':mfiu"lri'ru nfi nriSxrn:xrn n'irrirr,]ia.rr n:qB01uzruvfidn:sn-un?1].rfl{z a{r?1n?fi

run n rir,: riun', nlu,iu U',r rthizu a fi prrlierrn:riaErn'ir rirrJB an n:qBr pi'r a rn nri'uei'il *r. r rrr;a
q

:rnYun:rx 60?ra\: [r a?n1Ellun-r 6ir: a{ol''rsrnrjin unvrprio.:in a rurn fin"'ran':rel:v#n:rr-':unv

tfis,:m:tat,rtl:finrarfileid'ril1:nnnilnfinfirfiprqrnnnfinzot:sur (system error)"1n"

. zunfin:;rltltflurinfinfii:raraf,rNr:nfildrrnqhi'unrlri'[n- iflorsrnnafipr:vuuriavfi
td-;e

arrnnt,r0surnma,:rn n iffutri'a-rrtrulunr:riru:rud nyrt:ru nfrn:ruuel-nqsr{luzu nfinh.ifinyn,r

lfi srriuf;.rtrizu n nr: rirur ru rrrr;i'r 6 ur n n si'a,r rtriadr':i: ft n rx zu n fi n::uu n-,: n eirrn::1ri'ir nr:
F):?adour[nvrirq-n zu n fi F] r, nlilr', n r=uu nr:inrjixr n:aar #,: rir: o'r n r:mr zu n fi n:vu"tn"tn a

nr:riru:ruviolnrslzii6nr:firrxrvaulunr:rir{'npirzunfin:=uuri'uorr,',:naz'urnFi'lzuafiF}
J .,?af - -\,o r,4 A'ru - -' " Y

Lruul.r f,'r Nrsflyrr t a I F] u n'rT1.r'r nr zu n r"r nu tU?lr n1: lrn tz ru nyr Iorrr n nr:r n n t 5 tyte]0'114?1.[Frr{

z o.r in : y pi'r z 0 r tfl n ? n 1 ulu#,: ri r : 0.: fi a rs a n zu n fi o a fi or fi n ol oi'

z. :v ei'uz a0 [u a? nl EJtu 6''0 drt a o ( p roduct level )
oo-ouoXwt)"[u 

n r : E a z r u L o r rfi n ? fl r aT u n-o d r: a,: o r fi n r : r-n il-: al r F] : n r : u 0 ?t r a n r er n,: n r:lzi
turbine meter, positive displacement meter, mEo coriolis nrass flow meter rrrifirruuauvrn

ni,r rioufi nr:dr azarrr R:oanqrn n-{ dr:orun;n#rqrnfi nr:sirEJ?JE0rr n?oE norn n-r rir:a,:*#r

r nT q q; fi n r: n : ? { fl 0 u Fr-? r n a 6 u riu ri'u:; n"ir r il5 ar r n : filnr-q r n n r: fn : v riu z a,: ir n r nr s'[un-':

dr: a,r u#r*il nnLJ r{lurirrlB a.rr n:fiqir €Jo o ntr] nm x **juclr d-erv,r-n 6za.: nr:in:rniuzo,: rr ar
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n'r slun-,: dr: o,:oy6 ira yur rdo fi airi'fr rio rfi o tflunr:inzot rt nrluil-:ur n:fie.n n tfi atwofirirtfi

::riuzarrrnrriou*arr#tnr:siraoan'[r-Jnroriuurnn'ir t trn:r[Juarir,:rioet
;-

r%Efla1n u E rrirai,rlunr:inr]i xr n:z au rr nrfi rir ufiutrj m n iurir:rwuirmr n ttJunr:
I

qirEJlt':a?-nil-:arrn:luriia.rrrusir!$'lul.i'aa1 nr:irrululnurfind (dynamic measurement) #':a
d qe

wrnaltFt:in turbine meter, positive displacement meter, fl58 coriolis mass flow meter Q3!H

zu n nn #0,: uayurrfia fiarvir rilnio gt n'jr nr:ioruutu Rrn fi n (static measurement) fi a nr:in

:ynluzarrmnrnralurl',,riir:onriauuavy#,:orndranEailaootnnrtfirn-':;ir:4.:riauqnrrrJn',rIil

rtlurirrJ-:xr n: #renr:r,r aau rfi aril:vdr n-r dr:a,r uriluvrr': n #u ri'urir n tt]un',rfl'rr', urr'',,

nydrurualrnlntflLun:,:tna:ra.unrialu?t a'tr11R?Eanarn0{d'l:8{?15aduaaz0{t}ln?!z-}n{

iir:a,:orniiau::4n*#.:nr:inrruuarnfin (static measurement) o;bi'runnr:iorfifinr:rxrra-ir.r
1

rlr 6': ndrnr:in riuutnur fi n ii (oynaric measurement) n-'r rrn n',:lfl ugrJfi 1 8 4

Uncertainty

A.Jd'ta4 n:rv,lrtafrttiliBUrfiuuFir uncertainty

measurement (Flowmeter) ri'unr:ior[tuu Dynamic

ili x r ru z o': tv nrfi inr ( natcrr size ) rrJ f; auuil a'rhJ

Batch size

:vn'ir,r n r:ipr uuu static
J

measurement tilOzJ lt1 Fi

niararnnr:in:vpi'uzo.rina:nrEJlun-orir:4.:nrnt:rlziunr.lin:vnlu (sounding tape)

riuzunfirrzaonr:nourfiarararrilina.r-nq;ttJuzuafiFrnhu:rE':r#u (tinear error) tvirn-u +o.11
;*

r fi o t- 6 a n r r x 6 r : : ni'u a a r i?l R ? u 1.t fl r I t vr rJ :-n

rior:rurrunfinrfiqrun4finlFr:S'rt,l (standard temperature) orhi"jrzunfinarrfindulnu

il:rrurru 1 .5 x 1 a-2 mm/m/oc n6arrnoruHnfiuiEJoruuhlqrnarunnfixrn:arH 1o "c fi
9oq{d

rirrvirriu +o.15 mm./m

n'rriurfia:ynlurilfieruur]nr::vm'ir'rriauuarra-tvirnr:fna.rrir,rri'r.ltfiu 1 raln: Ianra
ia 6 69 r

fifinafiorff-ta.inr: +o.25 mm (rfionrrililnaorn-EJu:1fiqr:rurfiruarirt:vnllnmx6t::nluza't

rrRril::arrru 1.6 [e]n:?rEi +O.15 mm.zm f,.tivtrnu 1.66 m >

mm) rirmrnorum!fiu:n#aruIilrir{qrnarunnfixrn:5rutfiun"jr 1o "c rrnorurnfietrn:
qruryirfru 15 oc oi,:riuziaaegrufi5rurioroB,rlnifioqrurnfiurnR"or.tu.lf,sururla':oqjnruluzh'r

::r'ir,: -5 "c fit zs oc
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usr t fi a,: or n 6 m 3 vr n a o 
': 

ru n fi nlun r: ipr: v ni'u a o r rn arl rid'r rflu ri'a r r fi uerr n n'ir: y n-u
dvodtvu4rj

Ff ?'liJltljlt8'lz a{ 41510 d0u tfi etun*tAr: a'rmE a ryir ri'u *O.1o/o eirr:u nr::uflr CI{'t Byniltf
qG)

5ynUfla{tfi n?n1U tu0{d1500tilfi UuLtila,:sit.:ri'uodr,:rioa 1 rNai

a1nritfia'lilzo0 'n?telflrxr:nzufinti"r (Reproducibitity) 6a nrrerlnri'ri'uelrnfi

flFrflE{2n nriiorr-lExr ru,irurun*'rfiuuuoufi n ria ri'ufirlE rr rur6 ur n-u In anr:iorrjian ru n-,:

r , & o r 6d o !

neir:urin5on:;rirr{?aiSnrT[[nnri'hrrj'u ttTin':ocz",:n:uinunnrirrri'u luri'0,:rJfru-fiunnFi't{
- i a sr zi a i.nu tvlln'll?amttnnnlfn1.[ nlutaz'r{:383r?R'tyll{nuN1n[ila[118unuu?{:yusr?n1?1y]1n1:

ur&qd'
inrwinsFr:-t n1EJ"[Eiflnr?vu?n fla N LLfivt{ aul?n']:1#rni a,:a-r n:,:{nfi rrn n rir'rrziuri'u

nr:tz-nrr ru axsrr:n il findlaorurinv nr:in rvrfindurfiafi nr: rirnun n-rrril:1n n-:ur]:
jaJqdvJt

fi1.h1?lloYlf ?1&JFl Lun'r:ttdFl{iJnm:aFl?'tild'tsll5nn15'lF}?} 0f tn50n?1{Fl2{?Ft n1:}1'tF;t1n?rN

"itlrgrrdrilr:nlirdrelnqsfira.rnn'):il:iil'rrunrruufiu5rBZ arFl'rFl?'ru Lx rruuouzo0n'r:ia
(uncertainty) tziurfiEJ:riu Fr"?ur?1Fr1i14'rnlunr:infirnrrionEoflod'EJfiriolm"'ifinr Random Error

Nrn nrnrrxtr.rruur*ouzo{n'}i?-afiBra,:rria-rduaorunlyfnrrr:r;rd1}l'l:nr{r#rlri'
; .''

(repeatabitity) erttrniir+ 6'rt;rirtri'nr-,ua',ulrnuAnd'rfini'r6.rn'jrrirnrrararrur:nri'id'rtn-

6,r,irttluoi'a,rrirnr:rrri'lzrililnnr:iF]d'r.trrio.:orn systJmatic errors L[Fiavn:tlufiEJriou
.j or, r - Y
?1Q31.{1 tufi1F}1nn'lN fl'tN15 0il n nz't

Fr?'ul fl'r aJ't:fi zu fi nti"r ( neproducibility) sra[rdn{1u:rJzo,r rir rfl ao rut,re]1Fr55'r1.6 "S"

z00flailn

tNa

N

x
= A11,t?1.S?l 0r1,J n nll?rl

td
= O'ltAff8?10{fJAn15?A

fiN'l€JtfiE n1:LidnrFi'l Repeatability mio Reproducibility dler15ntLdFr.:ln"nnro3r-lttuu t?il,{

o'r 0 u d n 0 rtl rtul a irff ueiz a u ru a ri r o z o.: ru a n r : #': rir m rin z n' *r

-y - i
nruunafrnvrnrlffi,:fin:ral"lriuur*ou (uncertainty) +o.25 mm unyruafinza{Fl?1e]

- Y\-, . d{ r - "! o
d'lmin,JAn?ir1n" (reproducibility) 6alrinr:rfiu s rvir (n"ra:yoi'unrra.reiu[o so.zevo) aau

nrrxl:.irsuuar,t +0.25 mm firrvirri'r +o.75 mm (a x +0.25 mm)
- Y - Yue u v t 'Ya
Fl{%ttFl?'t N d'l }.11: n tJ fi ndr'ldzau nr:rr]rvau Lrn arn:rartn?io Einr a'lurir *O. 7 5 mm

/ ,'12 = *O.5 mm

s. q ruufl fi flreJ:[un-o air:ao (Temperature)
9d

n15 n n R{z a{ilB arr n: tfi a rtu a'rlileT,ofi 0 rufln fimn:ituFt?:oEintulu Io.1 o/o rfi ata*
u 6dnll?n8rufinililn?tellteiltdrri'ra +o.5 oC 6,:rirurruua-':r]::a.lrru o.o5% lurtaruzau9o

rjinr ru ru fi nnlrudtiln : r 6 e er
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tfia tor n o rufln finr utu#0;ir: a.rq vtil 6 suur] nr'lilyrtrfi:; n1ruay dr ruru,rvirryi oin #tu
a !,3 i , :1ilu{nnd'l:of 0 n?1{7} 1,[0EnuFnFt?-]r{111{'}rt1.t1.t?1UnnuF}'1tt}11.h114,u 1

i 5 nr:in arunofiuavnr:rlnrin:val EJFi"rza,r o rufinfi lurrrinr:y or.u rrnydr rrnur cyqdqu

vl 
' q .ia" , | - -.ia .i - .i o u o

tN?t 0U n tuYll-t LunSU uuunr:sa?1{ Fr?niroin a rurn ilfr 6 rfr orr a ruytn fr ra d flnrejlun{ rir: a,lsui{
q *& - o ''tri'vr-'r 

n-t dr: a': n-'r"tu:rJfi oa

4. Fl?'tNfi Ur trriud'Urnh$ (rehtive density)

#l'jrrtlr*nriu1nfiavfi'rFr'r'ril.n1xrrr%1.r4=xfi'ud (retative density) nralr*ri.rrir:a{rfio,1
e qu J -tr n n,o,r'[fi rrE oo fi aqiru?uaJtnuflrtt]l,:lunr,:rJfrl-filunr n Rur u n-,:riu6,: g rrnfiou'jroyn"'oo

d, ' i , i q
til un r: n n n r a Ejr ofr: r nlu ua;rirrunu,:fi nr nl{un-rdr'lilnr nrr aryu'r uuuluri'o,,rrJfrlG nr: rrnu

6 qu r <i a qv, s o - i
ttnv nyr a tfl rJ R1.r1 [z 0 na In ril1,{nu[u::aufi 1.rf

yratl:vurruni':rJFtrru:rlin:;r-r'irfin':rrurre-iurlrot.ir-J:yil1ru +o.t o/o

&o5. ?tuFloiln15Fl'l1l?rul.r'uJafia8a{nr:forJ3ru'rn:ao0rua?Rrulud'oai-rrau

' a' i o u u-q-4 d o ua o r { 1a-
n0u01.{r1,'t0 lfirzl Laa0zaBntl8flrt8U nn1:Fi'11{'] runr [uuurtn a [r lu

. n) n?'IrJ'tsi[lduau (Uncertainty of measurement) 6ori'rrian':n-nuluBaildN!-fin1:
_d

n : yat EJz a{ ft n n -l i ia U $ fl n rirnr*nniakiz au rz n z o,: zu n fi or ( t-i mits of error)

?,) za0rzFr?to0ruafiozaonr:fnrirufiozo0?,nn1tfaunfifio (umiting errors

(confidence limits) of single measurement in a series) 6arirzuafiFletlftfi4ayls'lruafiorr.lrarurn

ttnrzu n fr n r.i1ufia EJ fifi,: nrruurovrtJufi zu n fi nz ar nr:inrlBr 1"[uzn nr:iorrriooyfi rir"trirfiu
rr-;3

ndrrirru n fr n ru1nfr dnyl-$ n nfiar.lr€Jil-rnuavil n fi a aliufa CIrvir ri'u p uayfi nrrr.rurorr{Jufi zu n,c

6 -q 6l - <i dt r 6frorzotnr:in-[n Iluann1:?FrfinrrrilFnrnundtrirrunfinurnfianvi',:nnfiors.jretrurnunselafier'ii

rlrurfoarvi'rriu (p- r )
t l,r | 6 A -InrEJvl: [tJzo,:tznzo{,Jafrnu 00nr:{orniruri.ril a{qnn'li;flunnri,r (Limiting errors

(confidence limits) of single measurement in a series) fiurarri'rer

-tS.< ?loutaau aiilnfin (Limits of error) (+tS

INAdNNFI

1 . b{n r : n: ra r sa a,: ru a n r :fn a n m ri,: r r+'u fi n r : n : yo r er rir uu urJ n fi ( no rm a t

distribution ) ua r fi sir t,rr t* zu n n r : in al r n ufi u{ il a d r urum rir u#r

t = 1.96 dtr:-l P = 950/o

z.sa rirmr-u P=990/o

s rirrn:n P=99.73%

t=
t=

::

-f
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z. ruanr:invY.:nuntn"':-unr:rrrilari:rarafin:ruu (systematic Error) ruei'ror-':

3uurirn'lrurirortflu p 6onirmr0aflfifi'rfiurufi'3 ::nlunuru#ult

(Confidence tevel) ttfl:taut?ratrJnfinao,:nr:in (t-imlting errors) fi8t1EJ

fi ,:zol tzn nrr x fiulo (Confidence limits)

nr) nerx'lriuriuauzt a0eJan'r:a-nriT ufiozrorltn-,ritunufio (uncertainty of

single measurement of a series) orudn,radlusrJaat + t.s

rirad"r,r pirfiln-ornnr:#,:n"xrhmrin zoo n. un;rirnrrt'triuuuou + 2 n.
I

, o L v Y - e J;
HNr€JFlrril'j'r[unr:a*',:nut,lryrunn:r?i?ruyra:{ (rirrunfinrvirriu o) aroovt{lurirlorirmri':lu

zir,r (zoo - z tr. fi,r zoo + 2 n.)

o) nr::'rurirnarnlsirrriuau nr::rarritnrrru"lriuniuouararr:nvirki'z i66a

1. nrri?eruuu u?nau Inan:{qrnFirrunfin (error)

2. n'r::?*.lLtuU Root Sum Square ornrirrunfin (frror)

ufio

Fi 6orirr.rafi mroonr:intflarorn arrrq i
I

n'ri0yrHa ni 5 nr::r r rir nrlxlilur.iuauuuulmulmifio nor n n-nururzarrir ru a

- & 6 dr j ur, ra - ) - - - ?rfrnuu nhirruar.rrm.rrirnrfiuarla.ioqjlun-nr*ru#ovr-n#r,rri'r*ror'[ri' lnifiani6 (r) 6anr:

:?eru!u !?nflu Ioasr:':za'rrirruafiBr uriri'rrirrunfinfin-nr*curfirtluh]lffiovn-nn"r':ri'r.tra':1ri'

:?;lrtuu (z) uuu Root sum Square ornrirrunfin (rrror)

rrunrnrru"[riuuuoufitfiorrrnrirzunfinituu Random Error rvldi6:rru

rrur ( z ) rn : r r ri r n a fi or fi n''n r*ru v fi o v d'r il 1 : nfi-n #'r'r #r*ro.:ki'

rarrirnrrarlriuuuoufirfiorornrirzuafinuuu Systematic Error ovlfi5
:?Nulru (r ) nEa 121 ,tufid"ogjri'un-nr+ruvzo,:nliarfiovrarorirqvfi#nuruvnrrxfinrrunTprfi

u u u q e d Y I

d'ril15nfi na1{nutaf tnfi 5a te.t

nr::rxnrnrrellriuuuoufirfinrornnrzuafioruur Random Error ri'u

systematic rrror ovldi5nli:?lJuuu (r) m';o (z) ri,:fidr*oqiriua-nuru;za.:nmufioyrarnrjr

o:fi n-n uruvnrrxfinllat nfi ar ur: nu-n n'r'r riuraolnhE alri

rfi arir nrrru rzirlo fi,rnr::rxrir n:r rlriur*uour[JufirEuu:"0 E]rrdrr:r6,:za a:rJnrrrrrrulriuu
I

uauzartrrinvri:rrd:unrzfirrzatruafindrrfluzunfinuuu system error uia random 
"rro, 

,-orf
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a1:'to14 I 3. r a:r-inrs.rnfi Brunyarinrunfi n

Parameter Uncertainty Type of error

a'l :'t{ fl 'l r dau rfi U! #r 6ir : 0 f (tan k catibration table) O -1 o/o systcm error

i, Fl-u z o{ tr R': n r Ellun-i 6ir : a f ( product levet ) O.1 o/o random error
6dOu

a ruHI fi ta fi un r glun-o dr : a o ( average temperature ) O.1o/o random error

Fr'l'l N ?1 1{1 ttl.iua ru vl ud ( re I ative de nsity) O.1 o/o random error

.l q."
rfi o r:r"[rjrir nr:ior:v orYrz a,J rfi 0?n-islufr'r air:0,: rrl ay'[ri'ilis]'r Firz o{ !1r R?fi o runnfi

9u
6 t J . - Ae q t

erl Fr: { 11,[n n a rN 01.{'n vF}uz a0 rm n'ryl?B tntdrfl a a'l:10 f,Ou [fietlil::d r n-r ri r: or rfi olnin'r

r.Jirurn:uei'rri'rritJ-:xrn:riunrirrnruri':ad':rul:uri'tzrirdrtnrirri n-':ur]:un"tarilorxflnfiunva-'l
to

inj : u ri'[ z ri r z a { n 1 : il Ei r EJ &i'? z o'.: rYo ri'r : o,: rfl urriu

r.Jnfinz0re.JRnr:rrilEarrn:lu#unoxqorri'ruarur:0Fi'r1.r?Fuflra1n (nr:r,rnr:aau
d vq 

o{t}1n?nralun-rrrir:a{rrnvailfinfirafiEJnrEJlun-{d1:ar srrrurirpj'uaa'rtyluu0{f,'t:0{, trnuzo{t}1n?n're,tl,{n{f,15a, i {

n-?ril:tufll.r nr:ziro eir.r )

AV
t.

lTank cal. table +t

t0.25%

q -A q u & . j
n1uIFr.t$O1iLzz0{n15?Fr::nun\:d't:a{F;r2u011{?uHn18Fl:{a1u?1{}11.h1rrav53auz 8f t?lfl?

ru-lfisuurjn'rtrjrfiarfierurialirtnvl1n"{nl:iumsosiruzo'irvn?Fi"lsrvFliu l.rNFrI

pi': srr nri'mr n: v FrYuu 0r rl1nr rri fiauurjn{lil [fia rfi ur riaurrarr fr',: nr:iurB oci] eJu a{
c

rfi n?F,l-?uisei'u Nr n n'ir 1 ra.r Fr : AV qrfi FirE'rriodn,:
-x,

a 0u1.tfir n r:'rr:ruilBe:r n:fia rumnfin'rni6'r1.{udJri'r o'ra udn{ri'rlu:rjza'rjqdo

100,ooo fim: +o.zsozo r4i0 100,ooo +zso fin:

o d; - Y - o v o o r :a
1un: nifi r:rria,: nr:r;rLu')fiunu a{u arrr R?n1eilun-,: eir:o':zur nlr ni:ilyrir[tl.i?Fl0

nr:rirrirrJi etr n:fiur1uzt 
^rar*u: 

n^run-upirnrrruru'r ul-rlifr{vlniflurirrirrrinuro,n nrfifi
u d r q aJ Y - o Y

n155U?1:04'l U [Un5 il]$rJ fl rJ F]Z E{ rin n11m1U'r?11.rn200 t}lR? [UZ 1,[Fr0UdFl?1']U d'ril15 nnlU? ru

HlQ1 N

-l

= t [o.r *

AG :+ [rr,,t .ot. table + ]

:t[o.r* = +0.274h

alJr.rnfin (error) lunr:nrr-lBx-,rruorrirr#nzorrmarnreilun-o6ir:o11n"nilu3rlfi 185

(Level2
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STOCK INVENTORY

grJfi r 8 5 u']$ &.1?.J H atzoo ol afi n rfi otqr n nr:lzi nrC rfi omrrJixrsr:uat:irt#n

l

:

t

*x _

TEMPERATURE

0.5'C
TEMPERATURE

MEASUREMENT

TEMPEBAT URE

CONVERSION

o.7'C

'o.1 %

ASTM TABLE

=O.27 
o/" tO,3%\

wElGl'lr

o,1 "k
CAPACITY

TABLE

o.1 "/"

PRECISE

LEVEL GAUGE

- O.25 ,""

S1 AI.JDAffD

VOLi--'ME
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Orientation Table for Level Detectors

Izvel Range

In feer
I 3 6 12 24 48 96 100 150200#03 I 2 4 I 16"3234 5067

Type li meters

a
!oO

!-
!^

Pel

=

{ll HE

<t

.;e^i
!\l

:*t\

Cost

Avuiluhle
De.signs

Applicat ions

Limitations

Litluid.; Solid.s

o

\
:

Soo
looo

ooo

!
la

a
c
\

e .i

s

U

c

\-

> .t\'
,!

\
a_ U V)

Air Buhrhlers IJI- l -29o FS G F P F lntroduces foreign substance rnto process: high

maintenance.

Capacitance 2.000 I -27o FS G F_C F G-t- P F F P Interface between conductive layers and

detection of foam is a problem.

Conductivity Point Sensor

Switch

l 800 ty'u in. q P F I L I- L L Can detect interflace only between qonductive

and nonconductive liquids. Field eflect design

for solids.

Diaphragm 350 C.i7o FS G F F F E P Switches only for solids service

Differential
Pressure

l 200 0r l7o AS E G-E C P Only extended diaphragm seals or repeaters can

eliminate plugging. Purging and sealing legs are

also used.

Displaccr 850 0.57o FS E P P F_C Not recommended for sludge or slurry service

Float 500 l7o FS G D P F Moving parts limit most designs to clean

service. Only preset density floats can follow
interlaces.

Laser UL 0.5 in. L G c F F F F Linrted to cloudy liquids or bright solds in

tanks with transparent vapor spaces.

Level Gauges 700 0 25 in. G F P F Glass is.not allowed in some processes,

Microwave Switch Point Sensor 400 0.5 in
'/ G U F G U C F Thibk coating is a limitation



t

N)
(.rl

TDR = Time Domain Rcflectometry
PDS = Phase Difference Sensors

AS = in 7o of actual span

E = Excellent

F = Fair

FS = in 9o of full scale

O = Good

l- = Limited
P = Poor

tiL = Unlimited

Optical Switches Point Sensor 260 0.25 in. F E F.G F F P F Refraction.type for clean liquids only; reflection.
typ€ requires clean vapor space.

Radar 450 0.I2 in. G C F P P F P lnterference from coating, agitator blades, spray,
or excessive turbulence.

Radiation UL 0.25 in, G F E C F G E E Requires NRC license

Resistance Tape ------- 225 0.5 in. t C G c Limited to liquids under near-atmospheric
pressure aild temperature conditions.

Rotating Paddle Point Sensor
Switch

500 I in o F P Limited to detection of dry, noncorrosive, low"
pressure solids.

SIip Tubes 200 0.5 in F P P An unsafe manual device.

ape Type

I-evel Sensors

300 0.1 ln E F P c c F F Only the inductively coupled float is suited for
interface measurement. Float hangup is a

potential problem with most designs.

Thermal 8.50 0.5 in C F F P F Foam and interface detection is limited by the
thermal conductivities involved.

I)fu"DS )l r 3i F F F G G F Limited performance on sticky process

materials.

Ultrasonic 100 l7c FS F_G o F-G F F F G Presence of dust, foam, dew in vapor space;

sloping or fluffy process material interferes wirh
performance.

Vibrating Switches Point Sensor 300 0.2 ln. F G G r F G c Excessive material buildup can prevenr
operation.
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rivo
eieurn z n06t't:a{,ut{rn'[raqiflm:{Bu?B&0 (storage tank in the form of verticato{

cylinder)

1 . OIML R 71 , Fixed Starage Tanks General requirements, Organization

lnternational of Legal Metrology (Otlt,4l), Edition 1985(E)

2. OIML R 85, Automatic level gauges for measuring the level ol tiquid in fixed

storage tanns, Organization International of Legal Metrotogy (OttUf), Edition

1 eeB(E)

3. AML R 'l 'l 7, Measuring system for liquids other than water, Organization

lnternational of Legal Metrology (Otn/ll), Edition 1 995(E)

4. PTB Testing lnstruction, Storage Tanks in the Form of Vertical Cylinders,

Dr. Konrad Bonke , Physikalisch-Technische Bundesanstalt (PfB). 1985

5. ENGINEERING DATA BOOK, Volume I Section 6, Gas. Processors Suppliers

Association & Gas Processors Association, Tenth Edition, 1987

6. INSPECTION AND MA,NTENACE OF OtL STORAGE TANKS, Japan Cogperation

Center for Petroleum lndust'ry Development

7. SGS. Singapore (ete) Ltd. Redwood Petroleum and Petrochemical Services,-

A-332. A-302, A-363, A-303, 1 985

8. INSTRUMENT ENCINEERS' HANDBOOK, Process Measurement and Analysis, Bela

G. Liptak, CRC PRESS, Third edition 1995

9. STORAGE TANK MAINTENANCE, IDEMITSU TECHNICAL TRAINING CENTER,

IDEMITSU KOSAN.,LTD., 1 984

'l O. API STANDARD 62O, Recommended Rules for Design and Constructian of Large,

Welded, Low-Pressure Storage Tanks, American Petroleum lnstitute,

7'" Edition, Revision 1, 1 985

1 1. API STANDARD 2550, Method for Measurement aid Calibration af Upright

Cylindrical Tanks, American Petroleum lnstitute, 'l '' Edition. October 1965

'l 2- API BULLENTIN 252'l , Use of Pressure-Vacuum Vent Valves for Atmospheric

Pressure Tanks to Reduce Evaporation Lass, American Petroleum Institute,

September 1 966

't 3. Guide for inspectian o{ Refinery Equipment, Chapter Xlll-Atmospheric and

l-ow-Pressure Storag;e Tanks, Anierican Petroleum Institute. 7' Edrtior,. 1 gB'1

=-1-
253



r4. n1td1u?tuilanl:,aautfieruntoofiutliatnz, i:yfi'nd iqnoTo::x, arEn

g d?i: il, rN n a'r rfi a N ril: u, drrinrrun nl{ Nt mird% Fr:rior, n: uyryrfi EJ%nr: Fir

15. Custody Transfer with Radar Level Gauging, Lennart Hagg, Technical manager,

Saab Tank Control, 2OOO.

't 6. Verification Equipment for National Metrology, OIMLI Service , March 1986

'17. Applied lnstrumentation in the Process lndustries, Volume I , Second edition, A

Survey , W.G. Andrew , H.B, Williams , 1979

'r 8. Vocabulary of Legal Metrology, Fundamental terms, OIML, Edition 1978

19. lnstrumentation and process measurements, W. BOLTON, Longman Scientific a

Technical, 1993

20. MECHAN,CAL MEASUREMENIS, Thomas G. Beckwith, Roy D. Marangoni, John H.

Lienhard, Addison-Wesley Publishing company, 5'n edition, 1993

2'l , Lecture ffotes, Process Measurements and lnstrumentation, Tsumuyuki Ogawa,

Rikichi Suzuki, Yokogawa Electric Works, Ltd. Tokyo, Japan, 1975
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