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PREFACE

This Standard was prepared by the S tandards Australia Committee on Oil and Gas Measurement and

is designated Part 5 of a series of Standards dealing with petroleum liquid measurement systems under

the general title Liquid hydrocarbons—Dynamic measurement—Proving systems for volumetric meters.

Part 5 covers Dynamic measurement.

Other S tandards or proposed Standards in this series are as follows :

Part 1 : General principles

Part 2: Pipe provers

Part 3 : Pulse interpolation

Part 4: Temperature corrections in volumetric calibration by water transfer method

This S tandard is technically equivalent to ISO 4267.2: 1988, Petroleum and liquid petroleum

products—Calculation of oil quantities , Part 2: Dynamic measurement.

For the purposes of this S tandard, the ISO text is amended as set out in Appendix ZZ. Each change is

indicated in the text by a marginal bar.

The term ‘ normative’ has been used in this Standard to define the application of Appendix ZZ. A

‘normative’ appendix is an integral part of a Standard.

Replace any references to ‘ International Standard’ with ‘Australian S tandard’ .

Reference to International Standard Australian Standard

ISO AS

91 Petroleum measurement tables

91–1 Part 1 : Tables based on reference

temperatures of 15°C and 60°F

2520 Petroleum measurement tables

271 5 Liquid hydrocarbons—

Volumetric measurement by turbine

meter systems

2651 Liquid hydrocarbons—

Volumetric measurement by turbine

meter systems

5024 Petroleum liquids and gases—

Measurement—Standard reference

conditions

2649 Petroleum liquids and gases—

Measurement—Standard reference

conditions

7278 Liquid hydrocarbons—

Dynamic measurement—

Proving systems for volumetric

meters

7278.2 Part 2: Pipe provers

4250 Liquid hydrocarbons—

Dynamic measurement—

Proving systems for volumetric

meters

4250.2 Pipe provers

8222 Petroleum measurement systems—

Calibration—Temperature corrections

for use with volumetric reference

measuring systems

—

9770 Petroleum products—Compressibility

factors for hydrocarbons in the range
638 kg/m3 to 1 074 kg/m3

—

Under arrangements made between Standards Australia and the International S tandards bodies, ISO and

IEC, as well as certain other Standards organizations, users of this Australian S tandard are advised that

the number of this Standard is not reproduced on each page; its identity is shown only on the cover and

title pages.
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AUSTRALIAN STANDARD

Liqu id hydrocarbons—Dynamic measurement—
Proving systems for volumetric meters

Part 5:
Dynamic measurement

0 Introduction

Be fore the compi lati on of th is pub l i cati on , wo rds and
expressi on s emp loyed in dynam ic measu rement ca lcul a-
ti on s were i nterpreted s l i gh tl y di fferen tl y by di fferen t
peop le , and there was a lack of coherence in the ir u se . In
addi ti on , because data were spread over so many
standards, the re was di ff icul ty in readi ly comparin g the
fi ne r po in ts o f cal cu lati on s.

Ru les fo r roundi ng , and the choi ce of howmany si gn if ican t
fi gu res entered each cal cu lati on , were open to a vari ety of
in te rpre tati on s. Fo r di fferen t operato rs to obtai n i dent ical
resu lts from the same data, the rul es fo r sequence ,
roundi ng and s ig ni fi cant f ig ures have to be def in ed . Th is
In te rnat ional Standard aims , among other th in gs , at
de fi ni ng the mi nimum set of rul es requ ired . Nothi ng in th is
In te rnat ional S tandard prec lu des the u se of more prec ise
de term inat ions of temperature, pressu re and den si ty or the
use of more si gn if ican t di gi ts , by mutua l agreement among
the part ies in vo lved .

Th is In te rnat iona l S tandard aims at con so l i dati ng and
standard iz in g cal cu lati on s pertai ni ng to the meteri ng of
pe trol eum li qu id s, and at clari fy in g terms and express ions
by e limi nati ng loca l vari at ions of such terms . The pu rpose
of s tandardi zi ng cal cu lati on s is to produce the same
answer from the same data reg ardl ess of th e comput in g
system used.

Al th ou gh ISO/TC 28 standards use 1 5 °C as a standard
re ference temperature, i t i s recogn ized that in di vi dual
coun tr ies may use other re ference temperatu res, for
exampl e 20 °C, 1 2 °C or 60 °F.

Th is stan dard sets mi nimum leve ls o f accu racy for
in du stri al ca lcul at ions , but , i f parti es cons ider agree in g to
se t ti gh te r requi rements, i t i s importan t to demonstrate
whether su ch requi rements can be me t. Future
tech no logi cal prog ress in meter provin g and operat ionmay
ju st ify a ti gh ter speci fi cati on for cal cu lati on procedu res.

1 Scope and fi e ld of appli cat i on

Th is In ternat ional Standard defi nes the var ious term s (be they
words or symbols ) employed in the calcul at ion of metered

petrol eum quant it ies. Where two or more terms are custom-
ar i l y employed i n the oi l i ndustr y for the same quanti ty, a

preferred term i s sel ected.

Th is I nternati onal Standard al so specif ies the equat ions whi ch

al low the val ues of correct ion facto rs to be computed. I t also

gi ves rul es for the sequence, roundi ng and sig ni fi cant f ig ures
to be empl oyed i n a cal cu lati on . I t provides tables whi ch may

be used to l ook up specif ic correcti on factors shoul d it not be

desi red to calcul ate th em by manual as well as computer
methods. The cal cu lati on of prover base volumes, meter fac-

tors and measurement t ickets i s also covered.

The fi el d of appli cati on of th is In ternat ional Standard i s th e
volumetr ic measurement of l i qu id hydrocarbons, in cl ud in g

l i quef ied petrol eum gases, by meter and prover. I t does not

in cl ude two-phase f lu ids (t hough i t may be found useful i n
such sit uati ons) except in so far as sediment and water may

be m ixed in wit h crude oil .

2 References

ISO 91 -1 , Petro leum measu rement tabl es — Part 1 :
Tabl es based on reference temperatu res of 1 5 °C and
60 °F.

I SO 271 5 , Li qu id hyd rocarbons — Vol umetri c
measuremen t by turbi ne me te r systems.

ISO 5024, Petro leum li qu id s and gases — Measuremen t
Standard referen ce cond it ions.

I SO 7278-2, Li qu id hyd rocarbons — Dynam ic
measuremen t— Provin g sys tems for vol umetri c meters —
Part 2: Pi pe provers. 1 )

ISO 8222 , Petrol eum measu rement systems — Cal ibra-
ti on — Temperatu re co rrecti on s for use with vol umetri c
re fe rence measu ri ng sys tems.

ISO 9770, Petrol eum products — Compress ib i l i ty facto rs
fo r hydrocarbons in th e range 638 kg/m 3 to 1 074 kg/m3. 1 )

1 ) At the stage of d raf t.
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2

3 Defi ni ti ons

For the purposes o f th is In te rnat ional Standard , the
fo l l owin g de fi ni ti on s app ly to th e te rms used herei n:

3.1 base volume: The vo lume of a prover un der
stan dard condi ti on s.

3.2 indicated volume: The change in meter read in g
that occu rs dur in g a transfer th roug h th e meter.

3.3 K- factor: The number of pu lses generated by a

me ter fo r a un it of vol ume del ivered .

K- factor =

3.4 measurement ticket: A general ized term for the
writ ten acknowledgment o f the recei pt or del ivery o f a
quan ti ty o f cru de o il or pe trol eum produ ct , i nc lu di ng a
record of th e measuremen t data (see cl au se 9 ). I t may be
a form to be compl eted , a data pr in t-ou t or a data di sp lay
depend in g on the deg ree of au tomati on , remo te contro l, o r
computerizat ion. Previ ou sl y descri bed as “ru n t icke t” and
“recei pt and del ivery t icke t” .

3.5 meter factor: The rati o of th e actua l vo lume of
l i qu id passed th roug h a meter to th e vo lume i nd icated by
the me ter.

Me ter factor =

3.6 net standard volume: The total s tandard vo lume
(see 3. 9) m in us the vol ume of water and sediment
tran sferred th roug h the meter.

NOTE — Fo r c lean , ref ined prod uc ts , the total stan dard vol ume

an d ne t stan da rd vol ume are usua lly equ al .

3.7 reading; meter reading: The i ns tantaneous
di sp lay of meter vo lume (see i nd icated vol ume) .

3.8 standard (reference) conditions: For the
measuremen t o f petro leum and i ts produ cts, these are a
pressu re of 1 01 ,325 kPa (1 , 01 3 25 bar) an d a temperatu re
1 5 °C, with the excepti on of l iq ui ds havin g a vapou r
pressu re greater th an atmospheri c pressure at 1 5 °C, in
wh ich case the standard pressure i s th e equ i l ib ri um
vapour pressure at 1 5 °C (see ISO 5024).

3.9 total standard volume: The total vo lume at
stan dard temperatu re , al so co rrected to stan dard
pressu re .

3.1 0 total volume: The in di cated vo lume mu lt ip l i ed by
the appropri ate meter facto r fo r th e l iq ui d and fl ow rate
concerned, without correct ion fo r temperatu re and
pressu re . I t i nc lu des all water and sed imen t tran sferred
th roug h the me ter.

4 Hierarchy of accu rac ies

4.1 Purpose and implications

4. 1 . 1 There is an i nevi tabl e, or natural , hi erarch y of
accu raci es i n petro leum measuremen t. At th e top are
vo lume standard measures whi ch are cert if ied by a
government ag ency or l aboratory traceab le to th e appro-
pr iate nati onal stan dard . From th is l evel downwards, any
un certai nty at a h ig her leve l mus t be ref lected in al l th e
lower leve ls as a systemat ic erro r. Whether such
systemat ic erro r wi l l be posi ti ve or negati ve is unknown ;
ei th er is poss ib le .

4. 1 . 2 To expect equal or l ess un certai nty at a lower leve l
of the hi erarch y than exi sts i n a h ig her l evel i s u nreal i st ic .
The on ly way to decrease the random componen t o f un -
certai nty i n a g iven measu rement system or method i s to
in crease the number of de te rm inat ions , and cal cu late th e
mean val ue . The number of si gn if ican t di gi ts i n i nter-
medi ate calcul at ions o f a valu e can be larg er i n the upper
leve ls o f th e hi erarchy than i n the lower l evel s.

4.2 H ierarchy

4. 2. 1 The h ie rarchy of accurac ies in thi s stan dard is
stru ctured , in general , as shown i n tabl e 1 .

4. 2. 2 Thi s s tandard g ives ru les for rou nd ing, tru ncat in g
and report in g fi na l va lu es fo r each l evel of the hi erarchy.

5 Princ ipa l correcti on factors

5.1 Purpose and implications

5. 1 . 1 Des ig nati on o f correct ion facto rs by symbol rathe r
than by words i s recommended because, fi rs t, i t abbre -
vi ates thei r express ion; second , it al lows alg ebraic man i-
pu lati on s; thi rd , i t i nd icates the ir simi lari ty subj ect on ly to
th e parti cu lar l i qu id or metal i nvol ved; an d fou rth, i t can
more readi ly el im inate con fu si on , as fo r exampl e the
di fferen ce between the compress ib i l i ty facto r F of a l iq ui d
and th e correcti on factor Cpl wh ich i s a fun ct ion o f F.

Th ere are si x pri nc ipal correct ion facto rs empl oyed in
ca lcul at ions of l iq ui d quan ti ti es .

5. 1 . 2 The fi rs t o f these si x correct ion factors is the meter
factor MF, a non -d imensi onal val ue wh ich co rrects the
vo lume i nd icated on a meter or meter accessory to th e
actual vo lume , be that vo lume a raw or corrected vol ume
(see clause 7) . In some i ns tances , th e K- factor is used in
pl ace of or al on g with th e meter factor (see clause 8).
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Table 1 - H ierarchy of accu raci es

Clau se
Hierarch y

leve l

Correc tion
factors an d
in termed iate
ca lcul at ions

to

Number of
sign ifican t
di gi ts in
vo lume

Temperature and
pressu re

de term inat ion,
fo r en tering

ca lcul at ions , to

6
Prover
ca librat ion

6 decima l p lace s1 ) 5
0 ,05 °C
50 kPa2)

7
Me ter
factor

4 decima l p laces 5
0 ,25 °C 3)

50 kPa2)

8 K-fac tor 4 decima l p laces 5
0 ,25 °C 3)

50 kPa2)

9
Measuremen t
tickets

4 decima l p laces 5
0 ,50 °C 3)

50 kPa2)

1 ) When water is u sed as the ca librat ion l iqui d, co rrec tion fac tors for the effect of temperature and
pres su re on the cal ibrating l iqui d to 6 dec imal places are u sed.

Wh en a h yd rocarbon is used as the ca librat in g l iqu id , correction factors for the e ffec t of temperature an d
pres su re on the cal ibrating l iqu id sh al l be ca lcul ated u sing the procedu res referred to in ISO 91 -1 .
Factors cal cu lated us ing ISO 91 - 1 wi l l be l imi ted to 5 si gn ifican t fig ures (4 o r 5 dec imal pl aces ). Cases
may arise whe re ca librat ion personn el do no t h ave the capab il i ty to ca lcul ate ISO 91 -1 va lues but d o
have access to the printed tab les referred to in ISO 91 - 1 . Und er these cond itions , l inea r in terpolat ion of
the tab les ove r a l im ited span is acceptab le for use in correcting for the tempe ratu re di fferen ce between
master meter an d prove r d uring ca librat ion.

2) I n a l l h ierarchies above, pres su res sh al l be read, recorded an d roun ded to the neares t 50 kPa
(0 ,5 bar) . Wh ere the gaug e scal e pe rm its a c lose r to lerance, readi ng s sho ul d be read , reco rded and
roun ded to the neares t g au ge sca le d ivis ion.

3) The use o f a tempe ratu re determina tion de vice that can perform to a more string en t determina tion
leve l than ou tl ined in tab le 1 is accep tabl e prov ided that the instal lation , main tenance, ope ration an d
ca librat ion p ract ices are adequ ate to ensure pe rformance to the leve l ch osen .

5. 1 . 3 The next four correcti on factors empl oyed in
calcul at ions o f l i qu id quant it ies are needed becau se of
changes i n vo lume from the effects of temperature and
pressu re upon both the contai ni ng vessel (u su al ly made of
mi ld stee l) an d upon the li qu id in vo lved . These four
correcti on factors are :

Cts (o r CTS) . . . th e correcti on factor for th e e ffect of
temperature on stee l (see 5. 2)

Cps (or CPS ) . . . the co rrecti on facto r fo r th e effect of
pressu re on stee l (see 5. 3)

Cpl (o r CPL) . . . the co rrecti on facto r for the effect of
pressu re on l i qu id (see 5. 4)

Ctl (or CTL) . . . th e correcti on factor for th e effect o f
temperature on l i qu id (see 5. 5)

5. 1 . 4 Final ly , th ere is a correcti on facto r Csw (or CSW) fo r
ac coun ti ng fo r the presence of sed imen t and water i n
crude oi l ( see 9. 3. 1 ) .

5. 1 . 5 Add it iona l subscr ip ts may be added to the symbo li c
no tati on s above to make i t cl ear to what part of the
measur in g apparatus they app ly , namel y p fo r prover,
m for meter and M for a vo lume standard measu re .

Wh il e th e cus tomary su bscr ip t no tati on is used in th is
stan dard , the al l owed upper case notat ion is needed fo r
computer prog ramm ing and i s conven ient i n typi ng . I n

su ch cases, M for measure shal l be SM whi le m for meter
shal l be M.

5. 1 . 6 The method fo r correcti ng vo lumes by 2 or more
factors is to f irst obtai n a CCF (combi ned correcti on factor)
by mu lt ip ly in g the in di vi du al co rrecti on factors together in
a set sequence , roundi ng at each step . Onl y then mu lt ip ly
th e vo lume by the CCF. The set sequence i s MF, Cts , Cps ,
Cpl , Ctl and Csw , om it ti ng an y facto rs that may no t be
requ ired i n the cal cu lati on .

NOTE — Thi s is con side red the theo re tica l ly co rrec t seq uence for

applyi ng the si x co rrec tion fac tors . However, i t i s acknowled ged

that, i n some cases where mechani ca l or e lectroni c de vice s are
used to appl y one or more of these fac tors , the orde r may be

ch an ge d. Thi s is espec ial ly tru e of tempe ratu re -compensated

me ters . However, if the correction factors are de term ined u si ng
the co rrec t basis of temperature, pressu re and dens ity, the

numerica l val ue o f the comb ined correction fac tor (CCF) wi l l no t
be sign ifican tly di fferen t from the theo re tica l va lue.

5. 1 . 7 All mu lt ip l i cati on withi n a si ng le operat ion shal l be
comp le ted be fo re the d iv is ion is started.

5.2 Cts

5. 2. 1 The vol ume of a metal contai ne r, such as a pipe
prover, tank prover or vo lume standard measure, wi l l
chan ge when subj ected to a change i n temperature. The
vo lume change , regard less of shape , is di rect ly
proporti onal to the temperatu re change of the materi al o f
wh ich the contai ne r is made . The correcti on facto r for the

COPYRIGHT

Full document details: AS 4250.5-1995 (2016)

http://www.avadocuments.com/doc/as-4250-5-1995-2016
http://www.avadocuments.com/doc/as-4250-5-1995-2016


4

effect of temperature on steel (Cts) sha ll be cal cu lated from
the equati on

Cts = 1 + (t − 1 5)γ . . . (1 )

where

t is the temperatu re , in deg rees Cel si us , of th e
contai ner wal ls ;

γ i s the coe ff ic ient of cu bi ca l expans ion per degree
Ce ls iu s o f th e materi al o f whi ch the contai ne r is made .

Th us , Cts wi l l be g reater than 1 when th e temperatu re t is
greater than 1 5 °C, and l ess th an 1 when the tempera-
tu re t i s l ess than 1 5 °C.

5. 2. 2 The val ue of γ is 3, 3 × 1 0 −5 (o r 0, 000 033 ) per
degree Ce ls iu s for mi ld or l ow-carbon stee ls , an d has a
rang e of 4 ,30 × 1 0−5 to 5, 40 × 1 0−5 per degree Cel si us for
Seri es 300 stai nl ess s teel s. The val ue used i n the
calcul at ions shall be that gi ven on the cert if icate from the
cal i brat in g ag ency for a vo lume standard measu re or from
the manufactu re r of a prover. Tabl es of Cts valu es again st
observed temperatu re wil l be fou nd i n annex A of th is
standard , the tab le fo r stai nl ess stee ls be ing based upon
a typi cal val ue of γ of 5 ,1 0 × 1 0−5 for Ser ies 300 stai nl ess
stee ls .

5.2. 3 When the vol ume of the contai ne r at stan dard
temperature (1 5 °C) is known, the vo lume at an y other
temperature t can be calcul ated from the equat ion

Vt = V1 5 × Cts . . . (2 )

5.2. 4 Conversel y, when the vo lume of th e con tain er at
any temperatu re t i s known , th e vol ume at stan dard
temperature (1 5 °C) can be calcul ated from the equat ion

V1 5 = Vt/Cts . . . (3 )

5.3 Cps

5.3. 1 I f a metal con ta in er such as a tank prover, p ipe
prover or vol ume standard measure is sub jected to an
in te rnal pressure, th e wall s o f th e con ta in er wi l l s tretch
el as ti ca ll y and the vol ume of the contai ne r wil l chang e
accord in gl y.

Wh il e i t is recog ni zed that s impl ifyi ng assumpti on s en ter
th e equat ions be low, fo r pract ical purposes th e correcti on
factor Cps for th e e ffect o f in te rnal pressure on the vol ume
of a cy li nd ri cal con ta in er shal l be calcul ated from the
equati on

Cps = 1 + PD/ET . . . (4 )

where

P is the in te rnal gaug e pressu re i n ki lopascal s;

D is th e in te rnal di ameter i n m il l ime tres ;

E is th e modu lu s o f e last ic ity o f th e contai ner mater ia l
(2 ,1 × 1 08 kPa for m il d s teel and 1 , 9 × 1 0 8 kPa to
2, 0 × 1 0 8 kPa for stai nl ess stee ls );

T is th e wall thi ckness of the con tain er in m il l ime tres .

5. 3. 2 Cps valu es fo r spec if ic s izes and wall thi cknesses of
mi ld -s teel p ipe provers and pressu res may be found in
tabl es 6 and 7 of annex A of th is In te rnat iona l S tandard.
When the vol ume of the contai ne r at atmospheri c pressure
Vatm os ( i . e. ze ro gaug e pressu re ) is known, the contai ne r
vo lume at any other pressu re Vp can be cal cu lated from
the equati on

Vp = Vatm os × Cps . . . (5 )

5. 3. 3 When the con tain er vo lume at any gaug e pressu re
P is known, th e equi va lent con ta in er vol ume at atmos-
pheric pressure Vatm os can be calcul ated from the equati on

Vatm os = Vp/Cps . . . (6 )

5.4 Cp l

5. 4. 1 The vol ume of a l iq ui d is i nverse ly proporti onal to
th e pressu re act in g on that l i qu id . The correcti on factor Cpl

fo r the e ffect o f pressure on a vo lume of l iq ui d can be
calcul ated from the equat ion

Cpl = . . . (7 )

where

P is the gauge pressure i n ki l opascals ;

Pe i s th e equ i l ib ri um vapou r pressu re of th e l iq ui d at
th e measu rement temperature, i n ki lopascal s gau ge
pressu re [Pe is taken as zero gau ge pressu re fo r l i qu id s
wh ich have an equi l i br ium vapour pressure l ess than
atmospheri c pressure ( 1 0 1 , 325 kPa absol ute pressure)
at the measuremen t temperatu re ];

F is th e compress ib i l i ty factor fo r h yd rocarbon s from
ISO 9770 (thi s i s determi ned at th e me te r operat in g
temperature and the oi l den si ty at 1 5 °C; fo r water, th e
compress ib i l i ty facto rs at various water temperatu res are
l i sted in tab le 2 bel ow).

Tabl e 2 — Isothermal compressi bi l i ty factor for water

Temperature

°C

Compress ib il ity factor

kPa -1

5
1 0

1 5
20

25

30
35

40

45
50

4, 9 × 1 0
-7

4, 8 × 1 0 -7

4, 7 × 1 0 -7

4, 6 × 1 0 -7

4, 5 × 1 0 -7

4, 5 × 1 0 -7

4, 4 × 1 0 -7

4, 4 × 1 0 -7

4, 4 × 1 0
-7

4, 4 × 1 0 -7
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