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I1rmOJ)UCTION

.';T~TIC MEt~:;U:::;:Et~ENTIt~ THE CUSTODY T!'~ANSFEP OF L.F' ~G•

.;,n. MOF'ALEE
F'I-IIL.L.IF'S F'ETROL.EUM CO. U.K. LIMITEJ'•
SLlMMI'::,r..:'Y

!"j1 ~:~);~i!}aTinf~ t·t.~)nsP()·r1:ation of l.i·:luifieri q":'ISf~L~. shipbn.r:)'Td
"l(-~-el~·tlr·I:~fIlpnti.E: u:~:ecl.;.~xtl:.~n:::iv.:.\l.y for' till? dp1·(·~r·iIlin.ati()n of 1:i!.I.
of l.a("ltnq ·:\uantities. ,'';hoy'p. me85Urf!fllent. I,IJhlch is us ed a tmo s r
blithout exception fc,v' tile fiscaL ~\easur'effier11'01: Ileavier' Ilyclr"cJ-'
c ar bons such d!i crud e oi t. is now t ncv ees rn c tv beinq used for
l:il,l. of Ladin9, Roy.eII.1·y .:'In.:1Cus torlv Tr·.o;1n:::fF~r·PU1"PO.";:E~:S:•

•
T~}i5 paper rli~;cI155e5 the problems associated wittl the
rueasureolent of Liquified Gas at a Mar'ine L.oacling '"er"n)inaL.
It reviews the Iincertainties attached to two avai lable
methods, i.e. Shor~! TUI-bin(~ MetE'!r'inso <1ncl Shipbo<1l-cI Static
Measllreffient and atteMpts to recon~j Le these by providinq
cOMParisorls betweerl the two syste~s.

It does not consider the use of Stlore Static meaStlreffient nor
the use of other types of flow Meter"s. Neither is the corlter)t
intended to be of a technicaL nature bllt Merely observations
based upon practical experienc:e.



.\

~O!.lF?C[S tlF ~~f~I~(J~~

Nei:PT

n'Ir:! to thf.~ PE.rt i r. u r.~'J"i" n':·ltl1r·r~ ClT i:hf~ prorlllct; 1.011.1 1:(~((jP. IOI.'J
clt:-.1n..::;lty, Lc)w ·...'i.::co.:::ity, poor" l.ulJrici1'y a net its" cll:~S"ir":-! 1'0
rf.~qi:·II)·l i +s na1:I,lT.ei t St'::',1:f~ t-e~;ll!.tinCJ In 1:W() ph.a5·e '("I.o~'J,
sJ~eci~L probl.e~15 have to b0 ()ver'c:c)~)e by tile "!"urbirle Me1"er
tc ac:tljeve tt~e !iame hlCltl per'fC)r"hlanc:e as ttlo~e in mo,'~
vi~c:c)uS hydrc)c:ar'bc)Yl sey'vice. (;er"t'ajl"j precautions are
ther"efar'e re(luir"ed !iCl ~~~ to prO\,jd8 the degree of
relr ab i Li t v , r·l':.~pp211:.;:lbil.ity ..:1ncl LinE-J2II-ity rH:!C(::~.-=:s,,"lr'i ro r
fi5caL (JY' Cllstody trarl!;fpr ~leasllr'e~enth

"W(I I>hase flow whic:h (:an c:ause ~leas~r0~lellt eY'r'c)Y-s~rlcl also
pO!~5it)Le danlaqe to the ~~etpr' (Ille tel hiqtl vel,c)cities
oVE~r:: ..pinnirl·~1 tll':~ tn rb lno mus t 1),:-,' ,;1void.:~(1 by- e n s u rt n«
ttl.r:li'1'10 v ap ou rs E~ni'pr thf~ 1.C),~lclirlcJ5Y5t(~mA An d(jf?';ltJa1:f.~
back pr'I:~:::,::Llr'I:-~fIIU:;'1: ,:11.';-0 b,:~ (l}<:)i nt,:1 i lIJ:~cI to prpVE-,'ni:

er'r'ors (1IIP to 1"I.a!;tlIYIQ off aCT'O!;!; ttl€ meterA 'rC) pr'everlt
cI':lfll-E19E~ it Illay'c) Iso bE-,' ':Idv Isab I.€-) to cIE~r'a;-E-~ tl1l:~ fll(-~1:E-~r' +o
aPf)r'oxiM~tel,y 70% e)f its RlclXi~lllh~ T'ate (lYlwater~

•
Th0 tI18C)Y'etic:aL effect ()t Low deYlsity fl,uids CIYl a turbjr10
'-,le1:p.r i!; to ca u s o ~l tc'll"q(~ s n i rt in i:tlf..~K fac:i:or' t,..Jt'I~~nOPP1"i:",tinCj
Cit !.O\IJ ro+e rt o n.s t ,;'Pf~·:~(ls'~ Thi..:;' E-\ffE-~ct, pl,u,;-: thE-.' dG,\I~-=)tin9
of the ~leter, redtlc:e!~ ttlU tttrn--dowrl as caTl be seen In
F j'~ls 1, :~, :':~/-4 .:lnd ~:;, ,::,rlcJ th':\I"I:~1'or',:,' i ! i s nE-~ci:-~,:'-:=:':-II-Yto
tCI opp~"at(~ ":hf.~ ill(~tt~rat a "("Psi:..- t/.::tE~d r a n qe to IlIai n t a in
>;lclCJcl I. j nf~.;ir'i tv . Car'E~ful, ,:::l::~I.E-~Ct ion of th(~ c o rrocf ::::i1:e
of meier i!~ e~;~;entidl, s() ttlat for' arlY qlven I,odclinq rate
eac:h meter' is al,w~y,~ oP0ratjTl~1 witt1in this reduc:ect j"arlge.

Figs 1 dlld 2 !;tlClW 4" meter~~ Of} 8!ltafle lierVlce with a
LlnE-~.:lr'ity o f b€-~t'1:E-~r' th a n 't.2:::,i;: bG-~t'~Jr:~E~nfl,c>w r a te.r of
35 arlcl2~;0 M3/tlr~ Fig 3 5how~~ .ar) 8~ meter' orl Blltane
:::I:~1"viC:i:-~ l.J..! i th il l i nE-~ar' j ty of ~. Os:~,;:bG~twE-~en:'~50 a ncl 8-(0
M3/tlT arlcl (IYI Fig 4 !.,~~%t)ctwpell 3~;O arId EJ00 M3/hr for
atl 8" pr-o!~aYle meter. ·,'he LClflg ter~' repeatalJi Lity of
these neter's can be ~;een on ttl€ 5tl~p/!;t~ore cOMpar-j!iOn
S-hE~':~t S ~

•
t1ei:fJr Provlnq

The aCCllrate provjnq of the ~leter-5 depends not only upon
the rE:.'PE~-=lt<"11)i I. i ty of thp fIlpter i t-s.'el,f, but upon th€-~ Pl-E~cj,S'ic)n
~nd perforM~nce of the Prover 5Y5te~l~

Experi~r\ce witll provjrl~1 4- met~rs U~lrl~1 a c:()rlverltjc)n~L
bj--di1"ecticlflal f)I~)e pr'over' tla~i giverl PKceLLerlt
r-esults dowrl to te~lP0r'atur'05 c,f --11c)(:. All, pay'ts
of '1'~'le 5 y ~;1:(~hl h,;'l\J ~~ or- P1"d r f~rl ''''f,) I I ':.'Itl I.Y" ,] nel f i './f.~

(:{H1"":",-:II1IV.:-' j::>I"OVI ll':1, III I !hlll ,.=1 :::-T'I·(;'.:lfl '-'I' '!,')1';;: I.~': (-'el;:'j 1.'/
,'lct! I €~v,::~d.



Cool.tlown

At teMperatllr'~!~ riC1WJlto --42oC (re1:i'jcler'ated ~)f'(!r)arle)!~n"le
type of pistOll pr'over IS r·e~uire(l. ','11eflew ~Ieller'atj()rl ()t
sroal.l. Vol.tlMe COMF)dC:t pistclrl pr'nver'~; a~)f)ear' ideal. for ttlj!~

servic:e but the type u.~e(liTl eval.u~tirlg tile per'for'mar\c:e e)f
t h e 8" t u r b i ne hlet(~r's in this' p.apF~r· has it I.a.,..qr~r deqrt~€~ 01'
UTlcertairlty than the converltiorlal. prover' as the shc)r't i'erR)

rep€~atahil.ity i s not !to (JDod, I,.€~ !,.O~)% spr~~Cld in fiHP
consecutive provin~ls. -,'IllS reduc:ed IlY'0C:isic)n is
POS5Ibl.y dtle to the dlstarlce tletweerl ttle detector!i t)einq
Less than '1 oletr'es PY'c)duc:!ng sl.iglltl.y over' the ~llrlihlUn)
reC:(lhlmerlclecl 10.000 r'III.~iP COllllt!i, arid ttle re!~C)I.lltIC)rl C)l·
the detector· switc:hes whic:h ar·e (If the h\c1grletic: J)r"C)Xi~lj ty
type.

•
ProhLehl!; were experienced with obtairling a blltlbl.e-tiqtlt seal
Clrl the 4-way arId twin seal. valves but tl~is was ()ver"C()OI0 by
ctlanginq Otlt the val.vs seal. mate,"iaL~ Other pr·otll.em!i, ~illctl
c1;;: fr"E~':~T.i n9 and I.ea k i n9 v a l VE~SI :::w j tch f.c1i I.ure s I prE-~·-·=HI1P
fa i Lure s , and v a tv e teak clet(~ction fllalfunctioll!; have
.::11.1.co n t ri b u t ecl ro .::In urEtc:ceptablE~ I.E~veL of re l i eb i Li tv ,
bllt nevertheLe~;~; ttle systenl does ftlnc:tion as a (tleck OTl
sh i p s' 1;i9ur·E~.s·..

l.iqllified Ga!; Ve~;~;el.!;often re(ltlire a sLow rate at t~le
COhlhI0rl(:ehlerlt of Loading tel erlai)Le tl1e car~lo tarlks tCI 1)0
cno te o dn~·.,n crra du e ttv, This rl~'=·I"Y CdUSP illPa!'llr·(~fIlente rr o rs
if thl:~ ra te r"el~.uir"E~d i.::: o u rs i cle th e 01='1:.lr·.::1tir)9 1-~ln91? of thl:~
meter. ~nd tt)erefore cor)!~lderati()rl may tldve to t)e qiver, far·
the pr"c)visior, 01; a smaLI.er· c:clc)l.cl()wr,meter· speci1;ic:aI.Ly 1;()r
th i!i p IH"POSf.~.,

•
Ttle accurate determination of tehlperatllre i!. a CY·llciaL
fac:tc)T in the hleasur·ehlerlt of Liquified Gas due tC) its I.~r·ge
e xoenn i on coefficient" A one d(~CJI·"e(!e rr o r wi!.!. i n t r od uc e
a vc,l.umetric: er·ror c)f 0.3% for" PrC)parle arid 0.2% for Butane.
Ttle pl.atinllfil re!;istarlce thermometer· i!~best !~llited for
this ser·vice as cal.ibr·atiorl 01' these irlstr·u~lerlts has showrl
good tont;) t e rm s t ab i Li t v .. PQ!;i1:ioninq of the prob e is
iAIPor'tarlt, for· instances have (,ccur·r·ecl where the probe was
determining the temperatl1re of ttle Lagging with ttle ,.tmo!;t
pr·(~c isLo n ,

MarlllaL or automatic monitor·lnq (If eactl meter·'s dedicated
temperature reading durirlg the Lc,acling is advisable ..
A difference greater than O,,3 Degrees C stlotlLd calIse some
concern and be investigated.



'-he desi~n of c:ar'gCI t~rlks jfl Li~uified gas t~rlkers preserlts
the tarlk caLibr-ator' with 5~>ecidl, pr'otll,eW!i in COM~)'ltinq
PY'ecise volumetY'jc t~bLes& TI105e tarlks var'y in sl1ap0 ff'C)~l
the hlehlbr'arle type to free standing f>r'i!;hlatic: arid preSSIIY'e
VE,\:::::':c~1. t'y'PP tan ks. L.ar'9E-~ E,'r'I"G)"':-:: ca n bE-~b u i I.t into th,:~:=:,-~
tabl.ps', peH'tic:ul.,a'rl.y if the CJi:.luqe point i!)'not .r i tu a te o in
the exact' ~Ieornetric: cerltr'e ot the tank and al.lC)WarlCes have
to be made for the trihl and Li1;t of the ve!~5el,~ Sc,me !)'tlip
owners 0hlPLoy speciaLisecl c:c)mp~rljes tC) prepare these tables
50 ttlat any errors are mjnjmi!?ed~ Neverthel.es!), there ar~
.s.·C)fllE~VE~SSi;~I.:E: in S:'=~l"vic,:~wi th C:':II.ibr'-=ltl()l1 tables of cloub tru t
aCC:IH'e:1CY and o rI q t n , p rnb a h lv Pf'f.~PCi'cecifrom Shipyay'cf
dra~jrlgs wlthc)ut any physic:aL chec:k hleasure~10')ts being hlacle.

•

VdPCltll' Re1,:111"n

Va~)Clllr retllf'rled to !;tcIY'aqe fr'oM ttle V8!;!;e!.!; car'qo tank!;
Olust be ~(:couYlte(1 1'01" arId Cl0ClU(: 1.:0(1fr'c'hl the ~letel'e(1 V()I.UhlP.
Any fll€~dSl1r~~m(~n1: (~l"r'(j"'-S t n tro d uce u I..-Jl1.1. c()ntl"ibu1:(~ tow a rds
the tc}tai uncertairlty of tl10 Lo~(lecl '~,UaYltjty. l'he
accurac:y rS(ltllrehlerlt for ttlj~; device (5 real,I,y cleF>endeTlt Clf\
+h o VO'-Lt(11E-~o t ViIPC.UY-S' 1"'E-~tul"nl:~cl'JJIi i c.h in tu rn clE-_'pE-~rldS"upon
t h (~ <\ ti I I. i 1:y o f 1.' tl (~ sh t p S P ':11.1 I P'IIE:n 1: toe on t a ina n y t) o I I. I] l' i' ~
Irl most c:a5es tile VC)LUOle Y'etur'r18cl to shClre 1"01'1"0Serlt.S Ol'ILy
a !)'r.I'=·11.1. pel"cen1:aq(~ of the to t a I. c:a'f"90ancl the r e rm r t~ h 1r;J~i

ac.c.u rs c v i -:..'no t ro-iur re d. Iho 1),.,101"';::"1' c-=Ise E~XPE~r i E~ncE-~cI 1....1.:1.:;;
1~ reillrrlPcl wtlic:tl wtlerl mea~~llrecl wittl a !itarIClaY'd orlf~c:e Clf
an ac.cu re c v of :E:,:"IY !....:;;:x; J.1Jou!.d ac.c.o un t tor .0~5% of tot-a I.
CClT'qCl loade d •

Line Ccmre n ts'

Another' sour'ce of er'r'c)r in shor'e measurement is tIle
qu.antii."y ccm t a ino r! in t h e l.oiHlinq tI n es betlrJe(~n thp poiut
or m~\.,:,slll"E-~fI)E-~nt-=11"Iclthe r":~C:E-)ivin';1VE.'5S'2t. IclE-~(lI.!.y th,:~
dj!;ianc:e 5IlC)111.cl tIe kept to a fllinimum but jf nc)t ttlerl
effclr·ts O)ust be olacle to 0r15ur'e the S~ffie corlditi()ns be1:(lf'e
ancl after' ttlP tr'al'l!~terA A !~l,~c:k I,jrle at ttle tJeqlnrtlFlq,
a net ":1 p..:...ct.:~c/ Lint:,' ,:"It 1'11,:\COil)PI.':.'tiol'l of cl l.o act i n-; J)Joul.d
r e s u tt Il"l d !;tiort dpl.iH€~r·;' 1:0 t~i(~ \I~~!)'.!;PI."

•

-----------. -- -- -- -- -- -- ---" ...-- -- -- -- - •.._ .. -- -- -- -- -- -"



Anclttler SC)llrCe of pY'roY' COTlnected with
is the (:oncl;tio1"1 (If the I,i~uicl surfac:e.

I.f~ve I. fl)f~r-",!;llr"~~(Ilpn1:

CD)"}::" i cll2-~r",:,bI.,:~

Ttle mo~~t CO~~~ICITl~lettlC)d ~nc:(Jllntered cln tlclard !~'llr) clf
cll2-~tpr"(llinilI9 thp ti uui c! I.I2-~vPI"is th e. ftoa t 9":IU9C".\ tYPI:~. Ih i .«
tYf)e a~)~)ear5 to give ttje nece5~;ar'y l'eLiatll l.i1:y aliel dc:e:tfraCy
wherl 0l'eratill9 ir) a ffiar'lrlP 0T1Vir"Clllffiellt altl,c'llgh (li'ller" clevic:e.:::·
511ctl a~; SLip ·rlftles. Car'dci1:ance alld lJI.tr~!;rIT\IC QallQp!; aloe
also useci. E:ach tYI'e have tlleir" C)Wrl Clegr"0P cll' urlc:er"t~!rlty
hut l.ar'CJ~f SY51:(~ltlat i c r.~r·r'(jr!;can a ts o t)(~ I n tro duce cl if thp
eq.uiPOlent is not set UI' c:clrf'ectly so that ler"O r'eaclirlCI
corre!;~)orld~; to ttle (latllM pCJint !~tlown OTI ttle cal.itlraticlTI
tab I.E~S.

•
aqi t ati on of the s u rrs c a d u e to hoi I.inq can efft::~c1: the
readir19s at the end of tile loacljng wlleTI cc)rlcliti()n,~ ifI
th(~ tanks h av e not Y(ft r(~achecl (~':ll1iLi brI um ..

ThE-~ nl:~c:':\ss'i1'y for" acc.urate cll:.\tel-fI)fll,;:ltion of li-i u ict
te~lper'atllT'~ tla!~ al.r'eacly tleen Mefltiorled dlle t(l tt,p I.arqe
E-~X"pan .ri o n c o e rfic i o nc.-; of l.i·lLljfi~~cl·:I.:l:~;. It I;' ":I 1".:1c1 th ..:lt
selOle wlcle variatiorl!; irl tehl~)er'at'lre aCCIIy"acy I!; eTle:O!lntered
irl Sllil)bc)aT'cl ~leasLlr·eolerlt. "I'/,er'OlC)Oletef"S af'e u5ual.l.y flC)t c)f
ttl8 ~~d(I\e flreci!;ioTl or" c:aLltlTated 3!i tre([lleTll"I.Y a~; !;tlor'e
iTlstruolerlts but tllis is UTldeT"starlclabLe as they 'lave tCJ
()P~~I-dt(~ in a much h.clT'sher- e nv r ro nme n t and 11' I!; I.1SI1.i:'II.I.·y a
CClfllPl"Oitll:::e b~~i:I)..IE-~enaccur":lc)" .:Incl re l i ab i I.i tv . NpVf:~l..thl:~l.e:::"::
5001e vessel.s al'e atlLe to cleter'Olirlc the tehl~)er~tllr"e Wlttl
l"E~.El"::oni,bI.E~ p rec: i s i on l).Ihi I.E-J o the rs fa i I. fill :::I:~r"abI.v , I~ln
P}:~llllPf.r.~of t h e l.a1:t(~r· is ,;', \If.~ss~~1. Nhich I. ()l'Jel""!; ':"1

tilor jIlO(I1P 1" e r dOI.LJn ·:1 thpr iii o 1)..1P I. lin 1.' C) 1: U I. I.y r E-~fro i q f.I\"" il 1" I!-:'ci
is(l--btltaTle and irl!;i!~t!~ 1:tlat ttlP te~lPeratllr"e i!;+~50C.

• Suffici€fn1: 1:p("IPpr'atu"("~:~points !;houl.d h[~ (11Clun1."pc/In th~~
tarlk arlcl pc)siticlTlecl s() tllat the I.i~uicl ~rl(1 Vapc)ur'
1:e~I~)eratllre can be deterolillecl ac:c:tlratel.y. Ttlere are
5(101e vessels in servic:e witl, clnl.y one teOIJ'01-atul'e point ifI
each tank and th e re roro r'-Iay have probl.erlls i n otrta i n rn q d
truly representative te~\peratur'e.

Pr(~ssur£~

Pl-(~5~)Ul-e d e re r mr n a t Lon I!; 'Oc)1: USU-.i:1I.ly a c rr t l ea t r a c t o r in
cargo measure~lent& Its use is cOllfined to the cal.cuLation
of vapOIJr Qllan1:lties, aLthollqh theoretical.l.Y ttlere i!~
argUmerlt for its use in the CC)hlPutatiorl of a compressed
liquid density rather than the Orthobaric density which i~
com~lorlLy usect irl the cargo calculation.



F'a r 1: C <:\1" q 0 P ~;

On eXd~\jnjnq 5t)iF'/!~tlore djtfey'eYl(:e!~ ther'e i!; orle fact wtllC:tl
is par'ticuLay'Ly Ylc'tice~bLe. 'j'I1i5 i.~ tl1P cleviaticlY\ aw~)'fY'C)~l
the Yl()r'~lal, drffey'er,ce when ~)art CaY'Q(IPS are LCl3clecj re!;Illtirlg
in .stack ta n ks: (,::E-~E-~ COftlP,:lr' I S'c)l"l VI:\::;,::E~t. V). 'rhl.:: f1lctY D..:,' dUE:'
to us r nci a 'l"f~aclln~J in t h e dV(~l"aCJlnq 01: 1:hf: Li'lUicl 1.'(~(ll[.)PY''':'ltUl''P.
wllt':)n i t i s' actua t tv in thE-~ V..::ipOllr' PI1,:1,::':~, b u t t-h€-~ (JIO~:t 1.'k,:~1.y
l-eclS01'1 i!j an (~I"l"Oi"' in t ho caLitlr'':li:io'n tEJtll.if.~!) at that par-i:ic:ul.'(lr
level.. Differ'erlc:es of UP tC) 5% Ilave beerl Yloted.

Calulation Methods •

On BClard Quantity

The caLcllLation c)f ttle quarltity Loaded 01'1 tloarci a vessel. i!~
clone l n 1"t.lJO .:;t..::)qE-~5".Fil"S1:J th o a mo un+ o f O.I:.Q. c.cm.ststi n«
01" If,;IPOl1r'~lnd tiu u i d h£'?f.~I.on b o a rrl is' cs tc u te ro o . anel 1:t'IPn
all (:()hIPI,etfon tl)0 tc)tal. q,uarltity 01' liquid arid vapc,ur' on
b oa r d , rtH~ cl I fte r e nce b e i nq the quantii:)' tc a de d .
MeasuT0M0Tlt el"r'Clrs CdYI ()c:cur" at botl) stages, but the estihlatic)YI
of i:hfJ >:!u~inti1:">' elf I.iquici h e e l Dr- cH1Y r es t du a rr o m pr'eViCltl.!)
c:ar'gc) (:dYI be a l.aY'~le SCIUY'Ce of er'r'Clr£ 'T'110 cal.ibY'atjc)n
tab f, (~.!;' i 1"1+ h f~ b o 1:1: CJ (II S pci' ion 0 f the 1:an k c a n be
UflY"el,ialJLe arid a Lsc, the wedge of Li~uicl filay everl be outside
t tle ran q p ()f t tJ p I. t~V p I. ins t l~U tll'(~n t,P a r tic 11 f. clr I. ':.-' i l' i: tlP
V·?S ,::0 L i ,-;:WI:,I I.I. t Y" i (tltH€-~cIby th,::.'s t PI" n ,

•
V(~)"l t i n q f: n€~r- i: 5"

V€~~).!)IE:~l.soc c as t cma f. I:}' p"("es'(~nt ttIPhlS€~l.ve!j f o r to art inn \'Jlttl
c.arco ta n ks. C:Ol"I1:-:1jnin9 i no rts , p-c:iri'icul ..arty .:)1:t':~r havirl9
i:)r"r'i\)€~(11'1"0111 cJl"'y-~d()ck,. Ih e vess£.~'- (tlay 1:tiPrl rf~(t\ll\-(~ to
d~5PC)Se ()f these C:C)l"ltafflinarlts by verlting ott te) at~lc)spl)er"e
as' tht~ .!)htp~; r'f~Liqtllticati()n (~'lt.lipfllt~n1: canrro t C:O"'11'.:lin It
()n bC)~l"cl. 'I'he ~llar\tjtjes so veflted ar'e clif1:ic:uLt te) ~SS0S5
~C(:llr'ate'.y and 1:tler'e1~(lr'p contr'ihllte to ttle llTlcer'talnty ()f
the f1Ylal, lClacled q,uarltities~

--'-.- ..'----,-,-,--,~'"-"--,.,
Different cdl,clll.atioYt ffiethocl!; of converting the ob!~erved
VOI,UfllE.' of both I,j'~,ujcl ...:ind v apo ur '~.u..::-lrltitje.-:: to volu me
at !itandard c()rldjtic)Tl!~, and ttle f11ethod used to deterhliYle
derl£ities for' weight C:OTlversiorl give sLightl.y cliftereTlt
Teslll.t5~ This often lead!; to di5~)lltes as doe~; ttle ol.d
pr·()bl.E-~fll o r whE~th€-~r" thE,' final re.su t r is: Ma.:::;' CH' llh:)19ht in
~\ i r •

It is not intended te) dwel" liPan this s!lbject a!; ttle previOII!;
sPI?.aI<€~r I,i.,i 1.1, h a vo COVE,:.r'E~cI th i s 'tho ro no h Lv , E-~~CE-~I:'o1"ttl .5-2"IY for
the PllTPose of the compari!;ons contained in this paper ttle
COS1'ALD Methocl, which was deveLc)peci by Phillips F"etrol.euBl
CO~lPany was Ilsed ttlTCltlQtlout.



+0 A ';'2% ·'·0.11i:

Cone I. LlS i ons

l'he c:oMPar'jsC)rl sheets (Appendix 1-'6 IY~(:I,usive) sl)c)w the S11ip/
StlCIY'e cliffereltc:e between fOllr ve55el,~i (f~,B,l:. ancl I» allcl [(lIlT
different hleteY'statiC)JIS (2,4,6 aIlcl 8) eac:l) ulitl1 It,;' ()Wlt
decilc:atecl ~)r()\/2r~

Tbe se cI i ffE~r·E-~rlC:E~.s(:.:1n be .shoio n ilS: to lLcnov: ,-

St~lti()n Ship A Ship B Ship C Sh ip D

-,•. ,··0 . 02:;~ -·1 .0% +O.03x'

4 --1 A 7%

6

• Ttle at)ove restll,ts wOlll.el inclicate ttlat

h) Ve!;!~el,!i A arlcl Bare wel,1. cdi,it)r'atecl wi1'tl qoclrl
instru~\entati()J\.

c) ·rher·e is a pO.i,~ibLe l'rc)I)I,e~1 with the oleasUrenleJlt el,'
V€?S!i(~ 1.5 l! and l:

On c:c)olParis()fl sheets (Appendix 1-~~ iY1CL) are ShC)Wfl the
K--Fac:tors of the (tlet€~l-!~ ~·Jhi c:h I,IJ£.~re p ro ved on (~aC~1 1.0':'lcll n cr ,
l'he5e K-F·ac:tc)Y·s, artcl c)ther's wl,ich Ilave beerl c)btajrled aver'
a numb er of Yf~ai"~~, !>h()~'Ja IL tu rb i ne ;L)f~i:(~r·!; in Liqulfied
G.:l.~::::py·vi Cp to h,;.v~~ -=1 .::t,;.nd-:1)-ddov i':L t i on of! 0.1 ;.:. ~1.Jht cl"i .~,
c omoa rab I.e to the I.onq teT(tl r·ppeai:ab i L i t v ell' th o s e in o rh er
c::E~r·vi C:I:~S" •

•
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, Cm1PARISC\tl BETWEEN SHIPS FIGURES PI!1 :lETEF: FIGURES FOR GAS VESSELS APF::',:;;X 1

LOADED QUANTITY :1ETER 11ETER K-FACTORJETTY METER ( ;)
VESSEL r~o• STAHl IPRODUl. Dr FF. REMARKS

11ETER SHIP % 1 2 3
nAil 6 2 ;C4 1872.9 1812.1 +.04 12340 1;>461

" " " 12598 1259.2 +.05 12346 12482 th~Is..",,,- '/-I"
" .. " 1864.2 1864.1 Nil 12337 12473 .:2:!S, 1-.... ~.

" .. " 1858.2 1857.8 + .0;> 12336 12471 /~rc Aprt4H,P

.. " .. 1864.2 1874.6 -.56 12345 1<'467_._- . _ .._ ..
" .. .. 1868.0 186'.5 +.13 12338 124b4 411 !p'.J5r£R
.. " .. 1854 •1 1864.0 Nll 1;>347 12488 'B 1_ ,Z:>//? ~. '_-P

" " " 1158.2 1159.4 -.1 U 12338 12484 •
" .. " 1867.1 1868.9 -.10 12343 12488

" " " 1865.4 18b5.b -.U1 12341 12475

" .. " 1863.5 1867.8 -.23 12337 12464

.. " " 1863.6 1856.2 -.14 12341 1<'471

" " ..
1863.4 1864.1 -.07 12343 12471

.. " " 1858.7 1861 .5 -. 15 12344 12466

" " " 1866.6 1862.7 +.21 12340 1247,

.. " " 1273.4 12/1.5 +.15 12345 12478

" .. " 1233.6 1228.9 +.38 12342 12476 --" " .. 1861. 5 1858.5 +.16 12347 1<,476 ,

" " " 1155.1 1155.9 -.15 12345 12485

.. " " 1867.7 1856.7 +.05 12342 12481

MEAN: -.02 12342 12475 .. - - ...

'.

-



CO~IPARISON BE,\';1:lN SHIPS FIGU~ES /',t~[1 :IElEE FIGURES FOR CAS VESSELS APPENDIX 2

LOA~~gN~~~~T I TY
-

IJETTY ~1ETER ;·IETER 11E1ER K-FACTOR
VESSEL IpRnnl OIFF. REr~ARKSflO. STATN IIETER SHIP % 1 2 3
IIAll 8 4 iC4 1871. 3 1871 .9 -.03 1~560 12362

" " " 1868.3 1869.2 -.05 12572 12358 tk: :ScL.. "4' ,

" " " 1874.8 1874.7 Nil 12574 12362 ,J"'r, ~Jjo/ll4 1

" " " 1873,5 1872.4 +.06 12566 12363 /,s, 9 /.JV"r1#~ I

" " " 1863.8 1862.4 +.08 12563 1£356

" " " 1863.9 1862.u 2.10 1<:'564 12354 k' ,ll?Er&£

" " " 1870.1 1866.5 +.1 Y 12564 12354 /3/. .Z>/R. //eO! '6(
" " " Hl69.2 1tl68.1 +.06 12572 1£356

" " " 1870.9 1869.1 +.09 1<:'56<:' 12365 J

" " " 1865,1 1863,4 +,09 12573 12360 I
-

" " " 1863,1 1864.6 -.05 1<:'572 12358
i

" " " 1864.0 1864.5 -.03 12569 123bO I,
I

" " " 1862.7 1863.6 -.05 12567 1£357 I,

" " " 1867.9 1861.7 +.33 - 12353

" " " 1863.4 1860.4 +.16 1<:'579 12362

+.06 12568 1£35~
I

MEAN: ,

,

I

!
i

I,

.-

i



-

CO~lP~.RI S"Jt: BET:,EEN SHI PS FIGUQES AND :1EfU. FIGURES FOR CAS VESSELS .
APpc::m! X 3

'JETTY
LOADED QU~t)H IT~ t·1ETER !1ETER K-FACTOR I

VESSEL 11ETER
!PRODUL UDN'i ",

IflO. STATN DIFF. REMARKS
I1ET EP. SHIP % 1 2 3

.. Btl 6 2 iC4 1375.8 1392. 1 -1 .18 12344 12464

" " " 1381.< 1393., -.94 12331 12453 i7E"pr.Z7i·
" " " 1371 .0 1369.0 +.14 12335 lL449 12366

" " " 137 I .2 1387.3 - I •17 12338 - - SI'" 7/.,,.; .:2
... " " " 1374.1 1391. 9 -1 .2" 12337 12372 /So .(bT&,i6 ... . . .

.. " .. 1371.6 1391 .0 -1 .41 11'335 12371
u 4- r'~.'1.('" " 1373.6 1391 .5 -1 .30 - 12457 12365

" .. " 1376./:$ 1392.5 -1 .14 123,5 12355 /J1-!ltJ!. .Hf.

" " u 1378.0 1390.~ -.93 1,319 - - I

" " " 1095.0 1104.4 -.81 12329 - -
MEAN: -1 .00 12333 12456 12368

ItBI! 8 4 iC4 1371 .8 1394.5 -1 .65 12370 12461 ('<r/lr
. J /,- rt

I

" " " 1386.4 1391. 6 -.37 12569 - - jsc;Jv;- ,4~tf

" " " 1374.8 1392. U - I .25 - 12346 12450 _.
" 1376.5 1392.7 -1 .17 1,569

,.. " - -
IMEAN, -'·/1 12569 1}358 12455

.. -- ..- ..- .

I'BI• 6 6 nC4 1398.8 1417.9 -1 .36 12387 12497 12386 5;-r;?-ncw'6
IAI~ ~

--;; '~.

. ..
I

•
,

r



CO'~:~'lsaN BETWEEN SHIPS F1GU"ES f.'l[l :IEIEF FIC.URES FOR GAS VESSELS ArPENDIX 4

JETTY t1ETER LDA~~~N~~~~T I TV :1ETER '1ETER K-FACTOR
VESSEL 110. STATN PRODUC DIFF. REMARKS

rlETEp. SHIP % 1 2 3 //ES'f'eL 'C'
"ell 6 2 iC4 1165.4 1152.0 +1 .U6 12333 12458 12365 ~r/l7/ol'1 ."2

" " .. 1163.1 1148.5 +1 .25 12318 1;,450 12360 /$c /JVr~NC.
MEAN: +1.1 ~ 12326 12454 12362

-fIfH6re,('
iJ/·7.)/R f'A>.~

'-

- - ,,
i

.'C" S'7A,,.,A/ (, I
6 6 nC4 1380.5 1357.7 +1 .65 - 12484 i

.. " " 1256.9 1249.2 +.61 12404 1£516 ~/?/II"'L

" " " 1469.9 1452.£ +1 .20 12400 1£520
'Uv7AN.:J.

" " " 1469.9 1445.3 +1.67 12400 1£521

MEAN: +1. £8 1£401 12510

l-
II ell 8 8 nC4 1468.9 1453.7 +1 .03 12320 124/8 G47/o..,Y

" " " 1452.6 1446.6 +.41 12317 12464 t!ofi',"/1L

MEAN: +.72 12318 12471
1?vrAN~ .

... .- - - -.-

..



- - ... - . .. - - - - .
CO'1PAR I SCiN BETWEEt~ SH IPS FIGUD.ES "':D :IETEF. FIGURES FOR GAS VESSELS APPENDIX 5 •

LOADED QUAin ITY :~ETER t1ETER K-FACTORJETTY 110 ER PRODUt.-
ITnN';r<; )

VESSEl t,Q, STA1N DI FF, REMAR KS
tlEHR SHIP % 1 2 3

11011 6 2 ;(4 952.5 963.2 -1 , 1L 12344 12487 ;1k.'=>"L!. (]>"
! " .. " 1409.8 1410.8 -.07 12331 12457 ~r/? 7/0111./l..

" " " 1364.9 1365.6 -.05 12336 12461 /,J'p /J"",.,A',d
" " " 1399.9 1398.3 +.11 12326 124bO

" .. " 1365.0 1363. 1 +.14 12346 1L481 #"If~~..e
~1EAN: +.03 12337 12468 /,J /.j;)rR,_L>,

I_I -.."r~

,
:
i
,
I
I

123U8 ' £'.!r;41T/.,,-y rf110'1 8 8 nc4 1429.4 1432.5 -.22 1L489

" " u 1441.13 1442. 1 -.U2 1L311 12468 "
~

NO'<- -r, T....
" " .. 1434 •7 1437.4 -.19 12303 12492 liv/~#[

" u .. 1436 •7 1433.1 +.25 1L285 12499
.. u " 1259.8 1261. 2 - . 11 12313 12499

" .. " 1154,2 115e,7 -.39 12312 12483

MEAN: -. 11 12305 1248B
I,

- - -- --

i

I

I- :
.-

I



cm'PARISON BETWEEN SHIPS FIGUP.ES AN[1 :'E1E., FIGURES FOR GAS VESSELS APPE"~)Y 6

LOADED QUANTITY i

JETTY 11ETER ITnN' '~l :1ETER ''oETER K-FACTOR I
VESSEL no, STATN PRODUC DIFF. REf~ARKS

f·'ETEP. SHIP % 1 2 3

"0" 6 nC4 1446.9 1447.9 -.U7 12391 12504 12382 t/cO-C4 -:D.
" " " 1441.9 1442. 1 -.U1 12408 12511 12373

" " " 1439.8 1439.6 +.01 12403 12510 S'r;?"o;,/ 6

" " " 1432.2 1431.7 -.03 12495 12375 /Vo/?4ML

" " " 1431.4 1430.5 +.06 12378 12516 12382 /3V/;?N~

" " " 1428.4 1430.5 -.13 12385 12504
--

" " " 1435.9 1430.5 +.38 12390 12516 .4 'f,/YI~7ct:'

• /!I-b/,e. •
" " " 1434.3 1429.9 +.30 12386 12513

" " " 1438.6 1440.5 -.13 12400 12522
/",Rol/~K. ,

" " " 1433.6 1435.6 -.14 12403 12516

" " " 1436.9 1432.2 +.26 12383 12520

" " " 1435.6 1434.5 +.08 12402 12518

" " " 1441 •1 1437.1 +.28 12402 12501

" " " 1432.8 1433.6 -.06 12419 12512 ,
)
r

" " " 1428.3 1430.3 -.14 12400 12511 •,

" " " 1430.5 1439.4 +.08 12404 12507

" " " 1443.7 1441 .8 +.13 12401 12515 i• t

" " " 1433.1 1428.2 +.34 12418 12505 I
MEAN: +.07 12398 12511 12378

i

f i-



JETTY ~·1ETEF.
i LDADED QUANTITY J :It:TER 'lE1ER K-FACTORI'E~SEL PRODUC (TDN~E~)

R["iA~:f:S1.0. STh Hi DFr.
i 1L 1E r: SHIP " 1 ? 3"

"XII 3 3 ~EFnC4 3380.4 33G:'.5 -.15 6380 6416 6343
" " " 3373.3 3376.5 - .09 6411 6332
" " ,. 3336.4 3336.9 nil 6390 6410 /1/c.,,,('/I?/?L
" " " 3351 .2 3348.6 +.08 6389 6~ 13 7:>-/J ~~~(/" N,/::

" " " 3340.8 3345.2 -.13 I 6390 6415

" " " 3351 .5 3360.2 -.26 6394 6416 S?'/11E,LA
" " " 3360.5 3366.4 -.17 6389 6414 ;Js ~-{:"y

" " " 3345.9 3350.7 -.14 6393 6411 ///C'l'IF·

" " " 3339.3 3350.4 -.33 6384 6411

I " " " 3331 .1 3340.5 -.28 6389 6416

" " " 3340.2 3351.5 -.34 6387 6412
" " " 3361.8 3369.8 -.24 6389 6420
" " " 3346.3 3361 .3 -.44 I 6393 6419
" " " 3350.8 3353.3 -.07 6379 6424 6340
" " " 3349.8 3353.3 -.10 6382 6412 6340

11EAN: -.i6 6383 6415 6339

nyu
" " " 3350.6 3353.9 -.09 6378 6411
" " " 3354.8 3364.9 -.30 6393 6416
" " " 3344.3 3348.2 -.12 6385 6412
" " " 3346.5 3343.9 +.07 6385 6415

'1EJI.N: - •11 6385 6413

"z" " " " 3474. 1 13482.5 -.24 6381 6412 6338
" " " 3479.1 I 3481.5 -.07 6383 6416 6343

! I -.15 6382 6414 6340MEAti: ,. ,, I I I I



CO'\PARIS8N S::TI,[[NSHIPS Flr,U'cS ~"I"'\ .,- • .--

.- 1t .:.. j :.. -.

~- - -.r .1 i- __ "•

,
lO,l.DED!)LJM.' ITY :·1ETER ':E I [R K-FACTOR .

JETTY ~·~ETER 1T[):",r, )
VE:,S::l tlO • STATN PRODUC DIFF. R[~"A~r:S

rlETEP. S~lP ~ 1 2 3

I !'X" 4 6 REF C3 6784.0 6786.0 -.G3 6466 6312
i u " " 5228.3 5225.5 +.05 6460 6316I
!
I " " u 6773.0 6775.0 -.03 6464 631<' ;;R(,,£/fi/l/£i
I " " " 6800.3 6796. / +.05 6313 6296

" " " 6771.2 6777.5 -.09 6320 6302 .t '/,A~-'fI L.. ' J:.:.
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