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Toa whe maring fvanspartation of Liauiftied aases. shipbhoav
measuryeamant 15 ured extenzively for the detdreramination of EBill
of Lading quantities. Sharve measurement., which is used almost
without exception for the fizcal meazuramant of heaviey hydiro-
carbong such as crude ail,. i now increasinaly being used for
Bill of Lading, Royalty and Custody Tranzsfay puyrposes.

ITHTRODUCTION

This papev discusses the problems associated with the
maeasuvenent of Liquified Las at a Mavine Loading Terminal.
It reviews the uncertainties attached to two svailable
methods, 1.2, Shore Turbine Metering and Shiphoard Static
measurement and attempts to reconcile these by providing
comparizons between the two systems. ‘

It does not consider the use af Shore Static aeasuavement nor
the uze of other types of flow matevs, NMajthery is the content
intended to he of a technical nature but mevely observations
bazed upon practical experigncs.
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Tarbine tMetar)ng

Heitasr

Pue to the pavticulay watuye ar the product: Low tesp, lowuw
denzity, Llow vigcozity, poor lubyvicity and ite degirea 1o
regan ity nataval state vesulting in two phase flow,
spEcial problems have to be overooms by the Tavhine ety
te achieve the same hiah periformance as those in moare
visoous hydrocarbhon zevvica, Cartain precautions ara
therefore vequired 50 &5 1o provide +the daegres of
reliability, repeatability and Linearity VIRCRESATY T0OV
fiscal or custody transtay aeasuramnent.,

Twa phase flow which san cauze meazuranant &yrovE and alzo
possihile damage to the meter due +o hitgh wveliocities
averspinning tha turbine must be avoided by enzuring

that wo vapours eanfer fthe Loading svstem. AN adequate
back prassure must alzro ha maintainzd to provent

grvors due o Tlashing off across the meter, To prevent
damage i { may alzo he advisable to cdevate the meter o
appyraximately VO of i1 maximum vate on water.

Tha theoretical aFffect of low denzity fluids on a Turbineg
neter 15 {0 cause o lavge shift in the K factor when operating
at Ltow rotational sreads, Thiz sffect, plus the deratinag

of the meter, veduces the turn-down as can be EEeN In

Fiazr 1,2,3,4 and %, and thoyetore i is NBECRESaSTY 1T

to opervate the aeter at a rectvictad range tg maintain

aood Linsarity. Caveful zetection of the correct =ize

ot wetler 15 esgential so That For any qgiven lLaoading rate

each matar i3 alwaysy oparating within thiz reduced VAange,

Fige 1 and 2 show 4" metevs o Brtane service with a
Lineavity of better than * 257 hetween flow Yatesr ofr
35 and 259 M3/hr. Fig 3 shows an 8" neter on Butane
sarvice with a Linearity of >, 05%% hatween <30 anc SYH
HAZhr and on Fig 4 FOASH between 350 and 8900 M3/ hvy for
an 8 propane mater. The Long fterm repsatability of
these wmeters can be seen on the ship/share Cmparison
shomts,

Metar Proviing

The actcurate proving of the meters depends aot anily upon
the repaatakility of the meter itself, but upon the pYecieion
and paerformance af the Praver 5ys5iein.

Cxparience with proving 4° meters usindg & covventional
bi-divectional pipe prover has given excellent

raezulbts down to tenraraturss of -1, ALl Earis

at the system have opevated yveilrablv., and €iue

Craed rve proviva s s theny oa spraead of PLOOUW s earity
achreved,




At tewmpevatares down to —3200 (retvigerated Fyopane) mome
Typs of piztan prover 15 vequired, The new goneration of
swmall voblume compact piston provers appear ideal for fhis
service bhut the typse uzed in avaluating fthe peariormance of
the 8" turbine meters in this paper has a larvger degyres ort
uncevtainty than the conventional Fyover ag {the zshort form
repaeatability 5 not 50 good, .8 thEZ spraad in fiuve
conzecutive provinas., Thiz readuced pracision is

possibly due to the distance betwean the detectars beina
lage than ¢ metres pyoducing shightbty overy the minlboum
recommencdad 10,900 pulse counts, and the vresolutron of

the detectoy zwitches which are of the maanatic proximi ty
type.

Froblems were experienced with obtaining a bubble-tiaht seal
on tha 4-way angd twin geal valves but this was ovevrconse by
changing nut the valve seal wmateriat. Giher pryroblems, such
az freezing and leaking valves, zwitch failuyes, pre-amp
failures, and valve jeak detection malfunctions have

all contributed to an unacceptable Level of reliabilitly,

but nevertheless the system dosys fuanction as a cheock on
sghips figures.

Cooldown

LiaquiTied Gas Vessaly often vequive a slow rate at the
commencenent of Loading 1o anabla the cargo tanks to hbhe
cooled down gradually. This may cause measurement ervovsy
i the rate vejuived iz outzide the opsrating ranaz a7 the
metaer, snd thevefore considevatiaon may have to bhe given for
the provision of a swmallery conldowy metsy spacifically for
this purpose.

Temparatura

The accurate determination of tTempevature is5 & cvucial
fagtor in the measurement of Liquified Gas due to its lavge
expansiton coefficient. A one deavee evrov will introduce

a volumetric evvor of 9,37 for Fropane and .27 for Butane.
The platinvum vesistance thermometsr iy best suited for

this gevvice az calibvation of theze instruments has shown
good Long tevm stability. Fositionivng of the probe is
important, for instances have ooccurvecd wheve the probe was
determining the temperature aof the Lagging with the utmost
Precision.

Mlanuatlt or automatic monitoring af aach meter's dedicated
temperature reading during the Loading iz advizable.

A difference greater than 0.3 Deqgrees  should cause some
concarn and be investigated.




Vapour Retuarn
Vapour rveturned to Starage fvom the vessels caraeo tanks
muzt b accounted Tor and deducted fron the meteved vol wine.
any measureaent ervovrs ontvoduced will contyvibute fowarde
the total uncayvtainty of the toaded quantity. The
accuvacy veduirepent Tor this device (5 vreally depesndent on
the volume of vapouys vetwrneed which in furn depends upon
the ability of the ships eqnipment o contain any bot L otf.
In mozt cazes the volume vatwnad {0 shove reprezents only
a small percentage ot the total cargo and thevefore high
acocuwracy isx not yeguryad, The warst case experienced was
1Z veturned which when messuved with a standavd oritice of
an accuracy of zay ¥ 5% would account for L9057 of total
cargo loaded.

“

™

Line Contents

Anather source of ervor in shore meazurement iz {he
quantity contained in the Loading lines between +the point
OFf meazurenant and the receiving veszel. Tdeally the
distance should be kept fto a minimum but if not then
efforts pmust be made to snsure the zame conditions betors
ancd atitey the Tvransfer. A slack Line at the beginning,
and a packed Linza at the coapleltion of a loading woulid
result o im o oa short delivery to the vegsel.

M T

SHIFEOARD STATIL mME

Tank Catibvration

The dezigan of cavao tanks in lLiquified gas tankers preseants
the tank catibrator with special problems in computling
preciss volunatris tabileas, The=ze tanks vary in shape fron
the wmenmbrane tvpe to free standing prismatic and pressure
veszal typre tanks. Lavdae @ryors can be built into theze
tables, particularly 7 the gauge pogint is5 nat situated in
the exacl geomatric centre of the tank and aliowances have
to be wade for the trim and Lizt of the vessel. Some ship
OwnErys enp Loy specialised Companies to prepare these tabies
50 that any errove ave ainimised. Hevertheless there are
Fome vessels in sarvice with calibration tables of cdoubtrul
acowracy awnd origin, wvraobably prepaved from Shipvard
drawings without any phyzical check measurements being made.




Level Gauges

The most common aethod encountered o boavad ship orf
detaermining the Liquid level is the floatl gauge type, Thi =z
tvpe appears to give The necessary veliabr ity and accuracy

whan opevating in a mar Iine environment Althouwth athay davicos

such as Slip Tubes. Capacitance and Ultrasonc aanges ave
also uszed. Each type have their own dagres of unoartainty
but large gsvstenatic evrors con also he tntroduced i ¥ the
equipmant iz not zet up corvectly so that rero yeading
corresponds to the datum point shown on the calibratiam
tables.

Anothery source of evvor connected with leve l neasnvement
ig the condition of the lLiquwid surface. Conziderable
agitation of the surface due +n hoilinag can effect {the
readinas at the end of the ioading when conditions in
the ftanks have not vetl veached equilibvrium.

Tempavatuye

Tha nacezzity Yor accuwrate determination of Liaguid
temperatuye hay alveady been mentijoned due to the Lavoge
expanzion coafficiency aof liquified aass. 't r5 a fact that
some wide variations in temperature accu vacy 15 encounterved
in zhipboard meazuremant, Thermomaters ave uzually not of
the same precision oy calibrated asg Tredquent vy oas shore
inztruments but thiz is undevstandable as they have o
aopevate in a auch harsher envivonment and 11 is nsually
compyramntse betwaen accuracy and veliability. Mover theo o
some vessels sve abte To datermine the temperature wi+ h
reasonable precision while otherzs fail mizerably. PRy
example of the latter ix s vessel which Lowers a
thermometay down o theyrmowsl ] into Tully refrigerated
iso~burang and ingisis that the +temperatuyre is+ol.,

—y

P

iy
iy

Sutficient teapevaturs points should be mounited 1n the
Tank and pozitionad zo that {the Liguwic angd wvapouy
teaperature can be determined accurately. Theve are

fFome verzels in zervice with only one temperatwre point in
each tank and theretore may have problems 1n obtaining a
truly repressntative temperature.

Precsure

Fressure deternination 15 wint usually a evitical factor in
cargo meazurenent. Itz uge iz confined to the calculation
of vapour quantities, although theoretical ly theve iy
avaumant for ity use in the computation of a Comp e sed
Liquid density vather than the Orthobavic density which iz
canndnly usad in the cavao calculation.




Fart Cargness
On evamiving ship/shove difierenc o5 there is one fact whioh

fs pardiculariy noticeabie. Thizg iz the deviation awasy Trom
the normal ditferences when part cavgoes arve lLoaded vesulting

in glack tanks (2ee compari=on ve BT R LN ™1z may be due

to usinag a veading in the avaeraaing o the Liquid Tenperature
when it i3 actually in the vapour rhaze, but the nost Likely
Feason i5 an ervor in the calibration ftables at that parficutar
Lewwe |, Pifferences of up to 5% hawe hesn notead,

On Board Quantity

The calculation of the quantity loaded on board a vessel isx
done in two gtaaes. First, the amount of 0.E8.0Q. conziztlinag

of vapouwr and Liguid heel on board ix ctalculated, and then

on comnplation the total quantity of Liqwid and vapour on

board . The difference being the quanti Tty lLoaded. .
Measuremnent @rvors can occur at both Flages, but the 2ztimation
af the syantity of Liquid heel or any rexsidiue from previous
Cargo Can bBe a largas source of ayryor. The calibration

tables in the bottom section of the tank can he

unreliabile and alsn the wedae of Liguid way aven be outside

the varnge nf Tthe lovel Ivgtrument, particatarty i1 the

veseal 1tz well trinmed by the ztern.

Venting

Vessels ogocasional by present themse lves far loadinag with
carda fanktz containing inseits, particularly after hawinog
arvvived fram drv-doctk . The wvesgel may thenw vequive o
dizpoze of these contaminants by venting of f to atuwosphore
ay the ships veliquitication equipment canmot contain ot

an board. FThe quantitior zo vented ave difficult 1O assess
accurately and itherefore contyibute to the uncevtammty of
the final loaded 2uantitios,

Caluiation HMathods .

Diffevent calculation methods of converting the observed
volume of both Liquid and wvapour quantities to volume

at standard conditions. and the method used o determine
dengities for weight converszion give glightly differvent
results. This often leads to disputes as does the oid
problen of whether the final vesult is Mazs or Werght in
AT .

It is5 not intended to dwell upon this subject an the previous
speaker will have covered thiz thorouahly, erxcept to zay for
the purpose of the coaparisons comtained in this paper the
COSTALD method, which wazx developed by Phillips Fetrolaum
Company was used thyoughout.




Conctlusions

The comparizon sheatzs (ppendiy 14 mnclusive) zhow the Shie s
Shore diffevence between Tour veszels ca, B, 0, and DY and tvour
different metey stations (2,4,4 and 8) =2ach with 1t oun
dedicated pryover.

These differences can be zhown as ol Lows: -

Station Ship A Ship B Ship C Ship D
2 L IR e -§ .0 +i L D +0, 63X

4 +0.06% -3 .74 - -
& - =1 .34% +1.28% +0. 07

3 - - +0 V2N N B A

“r

The abgve vesults would indicate ithat:-
arl The mater stations are in close agveemant with @2ach other,

h) Vessels A and B oave well calibvated with goorl
instrumentation.

[l There 15 a poszible problem with the maasuremant of
Vessels Boand O

On comparvison zheets (Gppandix 1-5 incl)d ars zhown the
K-—-Factors of the meters which were pryoved on each lLoading.
These K~-Factovzs, and othervz: which have baen oblained aver
a vwumber of veavs, show all turbine meters in Ligurfied
Gas zervice to have g ztandard deviation of '.’.' i owhitoh i3
caomparable to the lLoang tevrm vepeatabilitlty ot fhose in oithar

SETVICERS.
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COMPARISON BETWEEN SHIPS FIGURES AND METEFR FIGURES FOR GAS VESSELS APFE'ZiX 3

LOADED QUANTITY

vesset | VETTY [ZETER bropuc——HTOMES) DIFF, [ REMARKS
METER SHIP | % 1 2 3
"A" 6 2 iC4 | 1872.9 [ 1872.1 | +.04 | 12340 | 1246/
: wo b | 12598 [ 1259.2 | +.05 | 12346 | 12482 l/.s;s‘: A
. " " 1864.2 | 1864.1 | Ni1 | 12337 | 12473 P
? L " 1858.2 | 1857.8 | +.02 | 12336 | 12471 S0 ABuvirInE
e " z 1864.2 | 1874.6 | -.56 | 12345 | 12467
" y " 1868.0 | 1865.5 | +.13 | 12338 | 12464 4N pprie el
L " " 1864,1 | 1864.0 | N1 12347 | 12488 ZY - 20 ﬂ’m—f
. no | | 1iss.2 [ 1159.4 | - 10 | 12338 | 12484 @
: " u 1867.1 | 1868.9 | -.10 | 12343 | 12488 |
; " " 1865.4 | 1865.6 | -.01 | 12341 | 12475
" “ " 1863.5 | 1867.8 | -,23 | 12337 | 12464
n 2 n 1863.6 | 1866.2 | -.14 | 12341 | 12471
" " " 1863,4 | 1864./ | -.07 | 12343 | 12471
. " " 1858,7 | 1861,5 | -.15 | 12344 | 12466
. " u 1866.6 | 1862.7 | +.21 | 12340 | 1247
" " " 1273.4 | 12/1.5 | +.15 | 12345 | 12478
) ; " 1233.6 | 1228.9 | +.38 | 12342 | 12476
" " " 1861.5 | 1858.6 | +.16 | 12347 | 12476 ’;
h " " 1155,1 | 1156.9 | -.16 | 12345 | 12486
" " " 1867.7 | 1866.7 | +.05 | 12342 | 12481
MEAN | -.02 | 12342 | 12475 -




COMPARISON BETWLEN SHIPS FIGURES AND HETER FIGURES FOR GAS VESSELS APPENDIX 2

LOADED QUANTITY |,

vesseL  [Jg0 TV [HETER Ippopyc——HHA = DIFF, [T O REMARKS
. METER SKIP | % 1 2 3
uAn 8 4 ica | 1871.3 |1871.9 |-.03 | 12560 | 12362
. ; ; 1868.3 | 1869.2 [-.05 | 12572 | 12358 %:yy‘ﬂ. /A
; " . 1874.8 |1874.7 |mi1 | 12574 | 12362 Srvron F
" " " 1873,5 | 1872.4 | +.06 | 12566 | 12363 /S0 fB7ANE '
o " " " 1863.8 | 1862.4 | +.08 | 12563 | 12356 |
" w |« ]ies3.9 |18s2.0 | +.10 | 12560 | 12354 4 [ pETEL
y " " 1870.1 | 1866.5 | +.19 | 12564 | 12354 /8 /107 fRor
® " " " 1869.2 | 1868.1 | +.,06 | 12572 | 12356
! " " 1870.9 |1869.1 | +.09 [ 12562 | 12365 r
: : " 1865.1 | 1863.,4 | +,09 | 12573 | 12360 |
! w | » |1863.s |1864.6 | -.05 {12572 | 12358 i
] wo| v | 1864,0 |1864.5 | -.03 | 12569 | 12360 !
; " " 1862.7 |1863.6 |-.05 | 12567 | 12357 !
" " ) 1867.9 | 1861.7 | +.33 - | 12353 |
T I " 1863.4 | 1860.8 | +.16 | 12579 | 12362
MEAN : +.06 | 12568 | 12359 | :




COMPARISTN BETWEEN SHIPS FIGURES AND METER FIGURES

FOR GAS VESSELS

APPENIDIX 3

SETTy et O IO UANTITY herer | METER K-FACTOR 1
VESSEL  [“ro. ' |sTaTN [PRODUC U DIFF. REMARKS |
METEP SHIP | % 1 2 3 !
J: 6 2 |ica | 1375.8 [1392.1 |-1.18|12334 | 12464

" ol stz [1393.2 |-.98 [12331 | 12453 Vessei B

" g " 1371.0 [1369.0 |+.14 [12335 | 12449 | 12366
: X " 1371,2 |1387.3 |-1.17[12338 | - - ;72,—-,.,.;;2
" " " 1374.1 [1391.9 |-1.29 | 12337 12372 f‘o‘@”’""‘f_

" " " 1371.6 [ 1391,0 |-1.41 | 12335 12371
" " “ | 1373.6 [1391.5 |-1.30| - |12457 {12365 4—"/%'-”’7’*3
" “p " | 1376.8 |1392.5 {-1.14 | 12325 12365 | B/-A2 .
" " " 1378.0 {1390.5 |-.93 |1e319 | - - ii

: ! " 1095.0 |1104.4 |[-.81 |12329 | - -

MEAN: -1.00 {12333 | 12456 | 12368
"g 8 a |ica |1371.8 13965 |-1.65| - 12370 | 1246 Cr a7 ron b
" " " 1386.4 |1391.6 |-.37 {12569 - - u/’.%/»’ufﬁ"’f

" " " 1374.8 [1392.0 |[-1.25 . 12346 | 12450
" v " 13765 {1392.7 1-1.17 {12569 | - - ’

ME AN - ~/// ] 12569 | 12358 | 12455
ngw 6 6 | nca |1398.8 l1a17,9 | -1.36 {12387 | 12497 12386 | 7oA77
Megnoe e




€0*t: ~21SON BETWEEN SHIPS FIGURES AND MEIER FIGURLS FOR GAS VESSELS AFPENDIX 4

. JETTY [METER O ouarey ' [METER|  METER K-FACTOR
VESSEL  [“po. |s7aTN [PROBUC DIFF. REMARKS
- METEP SHIP | % 1 2 3 Yesces C
nee 6 2 ica | 1165.4 | 1152.0 | «1.06] 12333 | 12458 | 12365 | STw7TroN 2
" " " 1163.1 | 1148.5 | +1,25{ 12318 | 1450 | 12360 |80 fBor7mome
MEAN: +1,15] 12326 | 12454 | 12362
F A pr 72
- D18 R ik,
_E
@ 6 6 nC4 | 1380.5 | 1357.7 | +1.65| - 12484 Sraronl |
" " n 1256.9 | 1249.2 | +.61 | 12404 | 12516 N
" " " 1469.9 | 1452.2 | +1.20| 12400 | 12520 B
" " " 1469.9 | 1445.3 | +1.67| 12400 | 12521
MEAN: +1.28| 12401 | 12510
@ 8 8 nc4 | 1468.9 | 1453.7 | +1.03| 12320 | 124/8 S7m7s008”
" " " 1452,6 | 1446,6 | +.41 | 12317 | 12464 NoRomis
MEAN: +.72 | 12318 | 12471 BT A




COMPARISON BETWEEN SHIPS FIGURES A0 METER FIGURES FOR GAS VESSELS APPENDIX 5
| JETTY [METER O onirey | METER|  METER K-FACTOR ,
vesser MR TV IProDUC DIFF, REMARKS
: HETER SKIP | % 1 2 .
. 6 2 ica | 952.5 | 963,2 | -1,12| 12384 | 12487 Vesses DY
y . " 1409.8 | 1410.8 | -.07 | 12331 | 12457 STATIN 2
! : " 1364.9 | 1365.6 | -.05 | 12336 | 12461 J S0 SBuriams
" " "’ 1396.9 | 1398.3 | +.11 | 12326 | 12460
: « | v ] 1365.0 | 1363.1 | +.14 | 12386 | 12481 A HerE L
MEAN: +.03 | 12337 | 12468 L1
Po/ad ) d=ax
®
npe 8 8 nc4 | 1429.4 | 1432.5 | -.22 | 12308 | 12489 SEorrond
L " " 1441,8 | 1442,1 | -.02 | 12311 | 12468 NP
" : " 1434,7 | 14374 | -.19 | 12303 | 12492 B THANE .
. ' 2 1436.7 | 1433.1 | +.25 | 12285 | 12499
" " X 1259.8 | 1261.2 | -.11 | 12313 | 12499
" " « | 1154,2 | 1158,7 | -.39 | 12312 | 12483
MEAN: -.11 | 12305 | 12488
;
N

|
' ‘




COMPARISON BETWEEN SHIPS FIGURES AND METER FIGURES FOR GAS VESSELS  Apppmnry g

LOADED QUANTITY

e JTE“T)TY ;ﬂ%ﬁ onuc D QrenT [;IFI:;ER METER K-FACTOR N
. METER SHIP % 1 4 3
upe 6 nC4 | 1446.9 |1447.9 |[-.07 {12391 | 12504 | 12382 [/gs:sza: D
" " " 1441,9 |1442,1 |-.01 |12408 [ 12511 | 12373
" " " 1439.8 |1439.6 |+.01 {12403 | 12510 Srwrrow b
" n " 1432,2 |1431.7 |-.03 12495 (12375 | 0 ompc
" -- " 1431.4 |[1430.5 |+.06 |12378 | 12516 | 12382 7B 7
. " " 1428,4 |1430,5 |-.13 {12385 | 12504
" “ | v |1435.9 [1430.5 |+.38 |12390 | 12516 KLz
o n u " 1434,3 |1429,9 |+.30 |[12386 | 12513 /3r-Dse. ,
" w | » | 1438.6 |1440.5 |-,13 |12400 | 12522 FRover
u " " 1433.6 [1435.6 |-.14 {12403 | 12516
" n " 1436.9 |1432.2 |+.26 |12383 { 12520
! g " 1435.6 |1434,5 |+.08 [12402 | 12518
-- " " 14641.1 |1437.1 |+.28 |12402 | 12501
p ] L 1432.8 |1433.6 |-.06 |12419 | 12512 ;
y " X 1428.3 |1430.3 {-,14 |12400 | 12511 :
’ . " 1430.5 [1439.4 |+.08 |[12404 | 12507
® " " h 1443.7 |1441.8 |+.13 [12401 | 12515
" " " 1433.1 | 1428,2 |+.34 [12418 | 12505
MEAN: +.07 | 12398 | 12511 |12378




COMPARISIN BETWEEN SHIPS FIGUZES AND MEIER FIGURES FOR GAS VESSELS  Aiviwiy 7
JESTTYIMETER LOA?%gr_{gUf:f”TY ACTER METER K-FACTOR
VESSEL NO STATN PRODUC . DI‘FF. REMARKS
) MoTER SHIFP ! 2 3
iy 3 3 |PEFnC4l 338B0.4 | 3305.5 | -.15 | 6380 | 6416 | 6343
" " 3373.3 | 3376.5 | -.09 6411 | 6332
" . " 3335.4 | 3336.9 | Ni1 | 6330 | 6410 y P
" ; ] 3351.2 | 3348.6 | +.08 | 6389 | 6213 (5057 INE
n “ " 2340,8 | 3345.2 | ~-.13 ! 6390 | 6415
' s " 3351.5 | 3360.2 | -.26 | 6394 | 6415 5 s
2 ] b 3360.5 | 3366.4 | -,17 | 6389 6414 /éifi“W’V
X v & 3345,9 1 3350,7 | -.14 | 6393 | 6411 [
! " " 3339.3 | 3350.4 | -.33 | 6384 | 6411
! 3 " 3331.1 | 3340.5 | -.28 | 6389 | 6416
" ; 3340.2 |3351.5 | -.34 | 6387 | 6412
o " " 3361.8 | 3369.8 | -.24 | 6383 ! 6420
" " 3346.3 | 3361.3 | ~.44 ] 6293 | 6419
" g " 3350.8 | 3353.3 | -.07 | 6379 | 6424 | 6340
" " 3349.8 | 3353.3 | -.10 | 6382 | 6432 | 6340
ME AN : -,16 16388 | 6415 | 6339
ny u b " 3350.6 13353.9 | -.09 | 6378 | 6411
" o " 3354.8 |3364,9 | -.30 | 6393 | 6415
" " g 3344.3 | 3348.2 [ -.12 | 6385 | 6412
" " " 3346.5 | 3343.9 | +.,07 | 6385 | 6415
MEAN: -.1 | 6385 | 6413
g " u " 3474,1 13682.5 |-.26 |6381 |6412 |6338
g " " 3479.1 | 3481,5 |-.07 [6383 |6416 |6343
MEAN -.15 | 6382 |6414 |6340




,' COMPARISON BITWIEN SHIPS FIGUACS WD MEifA FIL/AES FIF he Li5:i.0  ADRENGIA 6
o |JETTY HETER LOA?ggnggiﬁTiTY' METER|  METER K-FACTOR ] ;
VESSEL  [yo. | loTaTN PRODUC . DIFF. REMARKS
: HETER SHIP . 1 2 3
X" 4 6 |roF c3l 6786.0 | 6786.0 | -.G3 | 6466 | 6312
. ; ! 5228.3 | 5225.5 | +.05 | 6460 | 6316
: ; " 6773.0 | 6775.0 | -.03 | 6464 | 6312 ‘/ﬁagk,/C¢A4§
¥ " " 6800.3 | 6796./ | +.05 6313 | 6296
" " " 6771.2 | 6777.5 | -.09 6320 | 6302 § el
" " 6809.3 | 6806.2 | +.05 6316 | 6303 frs res
" 3 w1 3573.9 | 3570.3 | +.10 6318 | 6300 ' /53?“"A}
® z " " 6802.6 | 6810.2 | -.10 | 6463 | 6304 i
" " " 3564.2 | 3566.2 | -.05 6305
" . " 3562.4 | 3569.2 | -.20 | 6466 | 6315
" " " 6799.3 | 6823.6 | -.36 | 6465 | 6323
o " " 6777.3 | 6797.9 | -.30 | 6466 6298
" " " 6785.7 | 68i4.3 | -.40 6318 | 6300
" " " 3572.9 | 3582,0 | -.25 6314 | 6301
! : ’ 3578.0 | 3594.2 | -.45 6290 | 6314
" " 6799.6 | 6831.6 | -.47 6320 | 6305
® ; : L 6603.1 | 6C36.€ | -.52 6312 | 6304 |
MEAN: -.20 | 6464 | 6312 | 6303
{
oy " " " 3551.9 | 3571.7 | -.56 6316 | 6311
" " " 6762.0 | 6806.2 | -.65 6318 | 6312
MEAN; -.60 6317 | 6311
nz* " " g 13542,3 | 13560,5 | -.13 6307
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