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SPECIAL NOTES 

l. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A 
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM· 
STANCES. LOCAL. STA TE. ANO FEDERAL LAWS ANO REGULATIONS 
SHOULD BE REVIEWED. 

2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS. OR SUPPLIERS TO WARN ANO PROPERLY TRAIN 
ANO EQUIP THEIR EMPLOYEES. ANO OTHERS EXPOSED. CON
CERNING HEALTH ANO SAFETY RISKS ANO PRECAUTIONS. NOR 
UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE. OR 
FEDERA( LAWS. 

3. INFORMATJON CONCERNING SAFETY ANO HEALTH RISKS ANO 
PROPERPRECAUTIONS WITH RESPECTTO PARTICULAR MATERIALS 
ANO CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE 
MANUFACTURER OR SUPPLIER OF THAT .. MATERIAL. OR THE 
MATERIAL SAFETY DATA SHEET '. 

4. NOTHING CONTAINED IN ANY API PUBLICATION .IS TO BE 
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATJON OR 
OTHERWISE, FOR THE MANUFACTURE. SALE, OR USE OF ANY 
METHOD. APPARATUS. OR PRODUCTCOVERED BY LETTERS PATENL 
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE 
CONSTRUED : AS : INSURING ANYONE AGAINST LIABILITY FOR 
INFRINGEMENT OF LETTERS PATENT. 

5. GENERALLY, API STANDARDS ARE REVIEWED ANO REVISED, 
REAFFIRMED. OR WITHDRAWN AT LEAST EVERY FIVE YEARS. 
SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE 
ADDED TO THIS REVIEW CYCLE. THIS PUBLICATION WILL NO 
LONGER BE IN EFFECT FIVE YEARS AFTER ITS PUBLICATION DATE AS 
AN OPERA TI VE API STANDARD OR. WHERE AN EXTENSION HAS BEEN 
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION 
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT 
[TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY ANO UPDATED QUARTERLY 
BY API. 1220 L STREET, N.W .. WASHINGTON, O.C. 20005. 
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FOREWORD 

Chapter 4 of the Manual of Petroleum Measurement Standards was prepared as a 
guide for lhe design. installauon, calibration, andoperation ofmelerproving systems 
commonly used by the majority of petroleum operators. The devices and practices 
covered in this chapter may not be applicable to allliquid hydrocarbons under all 
operating conditions. Other types of proving devices that are not covered in this 
chapter may be appropriate for use if agreed upon by lhe parties involved. 

The information contained in lhis edition of Chapter 4 supersedes the information 
contained in the previous edition (First Edition, May 1978), which is no longer in 
pnnt. lt also supersedes the information on proving systems contained in API 
Standard 1101, Measurement of Perroleum Liquid Hydrocarboru by Positive Dis· 
placem<nt Merer(First Edition, 1960); APl Standard 2531, Mechanical D"isplacement 
Meter Provers; API Standard 2533, Metering Viscous Hydrocarboru; and API Stan
dard 2534, Measurement of Liquid Hydrocarboru by_ .Turbine-Mettr Sy~tems. which 
are no longer in print. .. , · . ~ 

This publication is piimarily intended for use in the United States and is ~elated to 
the standards, specifications'and procedures of the Nationai·Bureau of Standards 
(NBS). When the information provided herein is used in other.countries, the specifi
cations ,and procedures of the appropriate national standards organiiations may 
apply. Where appropriale, other test codes and procedures for checking pressure 
and electrical equipment may be.used. · . 

For the purposes of business transactions, limits on error br measurement toler
ance are usually set by law, regulation; or mutual agreemenl between contracting 
porties: This publication is n~t inlended to set tolerances for such purposes; il is 
intended only to describe methods by which acceptable approaches to any desired 
accuracy can be achieved. 

Chapter 4 now contains the following sections: 

Section·1, "lntroduction" 
Section 2, "Conventional Pipe Provers" 
Section 3, "Small Volume· Provers" 
Section 4, "Tank Provers" 
Section 5, "Master-Meter Provers" 
Section 6, "Pulse lnterpolation" 
Section 7, "Field·Standard Test Measures" 

API publications may be used by anyone desiring todo so. Every efforl has been 
made by the lnstitule to assure lhe accuracy arid reliabilily of the dala contained in 
them; however, lhe lnstitute makes no representation, warranty, or guaranlee in 
connection with this publication and hereby expressly disclaims any liabilily or 
responsibilily for loss or damage resulling from tls use or for lhe violation of any 
federal, slale, or municipal regulation wilh which Ibis publicalion may conflict. 

Suggested revisions are invited and should be submined to the director of the 
Measurement Coordination Department. American Pelroleum Instilule, 1220 L 
Street. N. W .. Washington. D.C. 20005. 

"' 



-75-

CONTENTS 

SECTION 2-CONVENTIONAL PIPE PROVERS 

4.2.1 1ntroduction .................................................. . 
4.2.1.1 Scope ................................................... . 
4.2.1.2 Defimllon of Terms . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
4.2.1.3 Rcferenced Publicauons .................................... . 

4.2.2 Pipe Prover Systems ........................................... . 
4.2.2.1 Unidirecuona1 Provers .................................... . 
4.2.2.2 Bidnectiona1 Provers ................... . 

4.2 .3 Performance Requirements .. 
4.2.3.1 Calibration Repeatabi1ity for Prover Vo1ume 
4.2.3.2 Va1ve Seating ............. . 
4.2.3.3 Freedom From Shock ................. . 

4.2 4 Equipment .................. . 
4.2.4.1 Matena1s and Fabrication .................................. . 
4.2.4.2 Temperature Stabi1ity .................................... . 
4.2.4.3 Temperature Measurement. ................................. . 
4.2.4.4 Pressure Measurement. . . . . . . . . . . . . . . . . . . . ............... . 
4.2.4 S Dip1acmg Devices. 
4.2.4.6 Va1ves.... . . . . . . . . . . . . .................. . 
4.2.4.7 Connectoons .............................................. . 
4.2.4.8 Detectors · ................................................. . 
4.2.4.9 Periphera1 Equipment .................. · .................... . 
4.2.4.10 Provmg Counter. . . . . . . . . . . ...................... . 

4.2.5 Equipment for Automalic-Return Unidirectiona1 Pipe Provers ....... . 
4.2.5.1 Sphere 1nterchange ........................................ . 
4.2.5.2 Scparator Tecs . . . . . ......................... . 
4.2.5.3 Launchmg Tees. . . . . . . .......................... . 

4.2.6 Equipment for Bodorectiona1 Pipe Provers ......................... . 
4.2.6.1 Out1ets and ln1ets.......... .. ............... .. 
4.2.6.2 F1ow Reversa! . . . . ................ . 

Page 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

4.2.7 DeStgn of Pipe Provers . . . . . . . . . . . . . . . . . . 7 
4.2.7.1 lnitial Considerallons . . . . . . . . . . . . . . . . . . . 7 
4.2.7.2 Pressure Drop Across the Prover . . . . . . . . . . . . . . . . . . . . . . 8 
4.2.7.3 Volume.... . .. . . . .. .. .. . . .. .. . . .. .. .. . . . . . . .. 8 
4.2.7.4 Displacer Vclocity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
4.2.7.5 Repeatability and Accuracy... . . . . . . . . . . . . . . . . . . . . . . . . 8 

4.2.8 · Dimensions of Provers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
4.2. 9 Samp1e Calcu1ations for the Design of a Pope Prover. . . . . . . . . . . . . . . . 9 

4.2.9.1 BaSts of Calculation....................... . . . . . . . . . . . . . . . . 9 
4.2.9.2 Minimum-Volume Calculation.... . . . . . . . . . . 9 
4.2.9.3 Minimum-Length Calculation..... . . . . . . . . . . . . . . . . 9 
4.2.9.4 Prover Diameter.... . . . . . . . . . . . . lO 
4.2.9.5 Summary of Ca1culauons . . ............... 10 

4.2.10 1nstallallon ... 10 
4.2.10.1 General Cons1derations. . . . . . . . . . . . . . . . . . . . . . 10 
4.2.10.2 Prover Location 

4.2.11 Calibratmg Pope Provers. 
4 2.11.1 Cahbrating Pope Provers by the Waterdraw Method ... 
4.2.11.2 Calobrating Bidirecuonal Provers b1 the Waterdraw Method 

10 
11 
11 
14 

•• 



-76-

4.2.11.3 Caltbrating Unidirectional Provers by the Waterdraw Method ... 15 
4.2.11.4 Calibratir.g Pipe Provers by the Mas~er-Meter Method . . . . . . . 15 

Figures 
1-Typical Unidireclional Return·l'ype Prover System................. 3 
2-Typical Bidirectional U-Type Sphere Prover Syslem . . . . . . . ... . . . . . . . . . 4 
3-Typical Bidtrectional Straight·Type Pis ton Prover System . . . . . . . . . . . . . 5 
4-Walerdraw Calibration of Unidirectional Provers. . . . . . . . . . . . . . . . . . . . . 12 
5--Waterdraw Calibrauon of Bidarectional Provers. . . . . . . . . . . . . . . . . . . . . . 13 

VI 



-77-

Chapter 4-Proving Systems 

SECTION 2-CONVENTIONAL PIPE PROVEAS 

4.2.1 lntroductjon 

Conventional pipe provers are uscd as volume stan
dards for proving liquid meters that generate at leas! 
10,000 unaltered pulses during a provcr pass. Pipe 
provers may be straight or folded in the form of a loop. 
Both mobile and stationary provers may be constructed 
in accordance with the principies described in this chap
ter. Pipe provers are also used for pipelines in which a 
calibrated portion of the pipeline (either straight. 
U-shaped, or folded) serves as the refercnce volume. 
Sorne provers are arranged so that liqmd can be dis
placed in either direction. 

A pipe prover's maín advantage over a tan k prover ts 
that its flow of liquid is not interruptcd during proving 
This uninterrupted flow permits the meter to be proved 
under specific operating condiuons and ata unif0rm rate 
of flow without having to start and stop 

The reference volume (the volume needed between 
detectors) required of a pipe prover depends on such 
factors as the discrimination of the proving register. the 
repeatability of the detectors, and the repeatability re
quired ofthe proving system as a whole. The relationship 
between the flow range of the meter and the reference 
volume must also be takcn into account. Provers that 
have a smaller volume than was once considered neces
sary can now be used as a result of pulse-inrerpolalion 
techniques and precision diSplacer detectors (see Chap
ter 4.3). 

4.2.1.1 SCOPE 

This chapter outlines the essential elemcnts of um
directíonal and bidirectional convencional prpe provers 
and provides design. installation, and calibration details 
for the types of pipe provers that are currently on use 
The pipe provers discussed in this chapter are deSigncd 
for the running start-and-stop procedures dcscribed in 
Chapter 4.1. These provers consist of a pipe section 
through which a displacer travels and activa tes detection 
devices before stopping at the end of the run a' the 
stream is diverted or bypassed. 

4.2.1.2 DEFINmON OF TERMS 

Terrns used in this chapter are defoned in 4.2.1.2 1 
through 4.2.1.2 4 

4.2.1.2.1 A prover pa.n is onc movement of the th"
placer betwecn t~c dcteCW! m a prover. 

4.2.1.2.2 A pra~•u rormd trip refers to the forward and 
reverse passes in a bidirectional prover. 

4.2.1.2.3 Mttor proof refers to the multiple passes or 
round trips of the displacer in a prover for purposes of 
deterrnining a meter factor. 

4.2.1.2.4 A meter pro1·tr is an open or closed vessel of 
known volume utilized as a volumetric reference stan
dard for the calibration of meters in liquid petroleum 
service. Such provers are designed, fabricated. and op
erated within the recommendations of Chapter 4. 

4.2.1.3 REFERENCED PUBLICATIONS 

The current editions of the following standards. codes. 
and specifications are citcd in thrs chapter: 

API 
Manual of Petroleum Measu,.ment Srandards 

Chapter 4, "Proving Systems," Section 1, "lntro
duction," Section 3. "Small Volume Provers." Sec
tion 5. "Master-Meter Provers," Scction 6, "Pulse 
lnterpolation ," and Section 7, "Field-Standard Test 
Measures'' 
Chapter 5.4, "Accessory Equipment for Liqurd Me-· 
ters" 
Chapter 7.2, "Dynamic Temperature Determina-
tion" 
Chapter 11, "Physical Properties Data" 
Chapter 12.2. "Calculation of Liquid Petroleum 
Quantities Measured hy Turbine or Displacement 
Meters" 

nar' 
49 Code of Fedtral Regu/arions Parts 171-177 

(Subchapter C. "Hazardous Materials Regula
tions") and 390-397 (Subchapter B, "Federal Mo
tor Carrier Safety R.egulations") 

4.2.2 Pipe Prover Systems 
All types of pipe prover .vstems opera te on the com

mon princtple ofthe repeatahlc dtSplacemcnt of a known 
mlume of liquid from a calibrated sccuon of pipe be-

1l'.S. Depanment of Transpona110n. The Cod~ o( F~dcral Rqulo· 
mnu 1S availahle from lhe U S (iovernmenl PT.nung Off1ce Wao;hm~· 
, •. oc.D~ · · 

' ., ·~ 
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2 

tween two signalling detectors. Displacement is achieved 
by means of a slightly oversized sphere or pistan that is 
driven along the pipe by the hquid stream being 
metered. The corresponding metered volume is simul
taneously deterrnined. 

A meter that is being proved on a continuous·flow 
basis must be connected at the time of proof lo a counter 
that can be instantly started or stopped by the signalling 
detectors. The counter is usually an electronic pulse 
counter. The counter is started and stopped when the 
displacing device actuates the two detectors at the ends 
of the calibrated section. 

The two types of continuous-now pipe provers are 
unidirectional and bidirectional. The unidirectional 
prover allows the displacer to travel in only one direction 
through the proving section and has an arrangement for 
returning the displacer to its starting position. The bidi
rectional prover allows the displacer to travel fiist in one 
dtrection and·then in the other and incorporates a means 
of reversing the fiow through the pipe prover. 

Both unidirect10nal and bidirect1onal provers must be 
constructed so that the full now of the stream through a 
meter being preved will pass through the prever. Pipe 
provers may be manually or automatically operated. 

4.2.2.1 UNIDIAECTIONAi PROVEAS 

Unidirectional provers may be subdivided into the 
following rwo categories depending on the manner in 
which the displacer is handled: 

a. The manual-return unidirectionDI prat'er. sometimes 
referred to as the measured distance, is an elementary 
forrn of an in-line prever that uses a section of pipeline as 
the prever sect10n. Detectors that define the calibrated 
volume of the prever section are placed at selected 
points. A displacer launching device is placed upstream 
from the prover section. and receiving facilities are in
stalled at sorne point downstream from the prever sec- ' 
tion. Conventionallaunchingand receiving scraper traps 
are usually used for this purpose. Tomake a proving run, 
a displacer (a sphere or speciaDy designed pistan) ts 
launched and allowed to displace the reference volume 
before being received downstream and manually trans
poned back to the launchin,11 site. 
b. The circulating-relurn unidiuctional prowr (see Fig
ure 1). often referred to as the endless loop. has evolved 
from the prever descnbed in ltem a. In the endless loop. 
the piping is arranged so that the downstream end of the 
loop crosses over and above the upstream end of the 
looped secllon. The interchange is the means by whtch 
the d1splace"r is tr~nsferrcd from the downstream to the 
upstrcam enél of the loop Y.1thout hemg removed from 
the prO\Ier. The displacer detect~ are lucated Jnstdc the . 
loopcd portion at a sultable d1stance from the mter-

· change. ·continuous or endlesS prover looPs may be 
automated or manually operated. 

The base volume of a unidirectional prever is the 
calibrated volume between detectors corrected to stan
dard temperature and pressure conditions. 

4.2.2.2 BIDIAECTIONAL PROVEAS 

Bidirectional provers (see Figures 2 and 3) have a 
length of pipe through which the displacer travel~ back 
and forth, actuating a detector at each end of the cali
brated section and stopping at the end of each prover 
pass when the displacer enters a region where the now 
can bypass it or when valve action diverts the now. 
Suitable supplementary pipework and a reversing valve 
or valve assembly that is either manually or automati
cally operated make possible the reversa! of the now 
through the prover. The m a in body of the prever is often 
a straight piece of pipe, but it m ay be contoured or folded 
to fit in a limited space orto make it more readily m abole. 
A sphere is used as the displacer in the folded or con
toured type; a pistan or sphere may be used: in the · 
straight-pipe type. The base volume in a bidirec:tional 
prever is expressed as the sum of the calibrated volumes 
between detectors in two consecutive one-way passes in 
opposite directions, e!ch corrected to standard tempera-···· 
ture and pressure conditions. 

4.2.3 Performance Requlrements 
4.2.3.1 CALIBAATION REPEATABILITY FOR 

PROVEA VOLUME ., 

When the prever volume is calibrated, the results, 
after correction. of two or more consecutive runs as 
agreed u pon by the mterested panies shalllie within 0.02 
percent (:!: 0.01 percent ofthe average) todeterrnine the 
prover volume (see 4.2.11). 

4.2.3.2 VALVE SEATING 

The sphere interchange in a unidirectional prover or, 
the now-divener val ve or val ves in a bidirectional prover 
shall be fully seated and sealed befare the displacer 
actuates the first detector. These and any other valves 
whose leakage can affect the accuracy of proving shall be 
provided with sorne means of demonstrating during the 
proving run that they are leak free. 

4.2.3.3 FAEEDOM FROM SHOCK 

When the prever is operating at its maximum desogn 
fiow rate. the displacer shall decelerate and cometo rest 
safely at the end of ots travel without shock or damage 

(text connnued on page 6) 

) 
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Figure 1-Typical Unidirect1onal Return-Type Prover System 
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Figure 2-Typical Bidirectlonal lJ. Type Sphere Prover System 

.. J 



Figure 3-Typical Bidireclional Straight-Type Pisten Prover System '" 
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6 CHAPTER 4-PIOirNQ SYST'fM9 

4.2.4 Equlpment 

4.2.4.1 MATERIALS ANO FABRICATION 

The materials selected for a prover shall conform to 
applicable codes, pressure and temperature ratmgs. cor
rosion resistance. and area classificauons. Pipe. fittings, 
and bends should be selected for roundness and smooth· 
ness to ensure conSisten! sealing of the displacer durmg a 
prover pass. 

The calibrated section of the prover between the dis
placer position sensors must be designed to exclude any 
appurtenances such as vents or drains. 

Flanges or other provisions should be provided for 
access to the inside surfaces of the cahbrated and prerun 
sectlons. Care shall be exerctsed to ensure and maintain 
proper alignment and concentricily of pipe joints. 
Flanges in the calibrated volume shall be match bored 
and uniquely doweled orotherwise deSigned to maintain 
the match-bored position of the flanges. Gaskets used in 
the calibrated section shall be designed to seal on a 
flan~e-face metal-ro-metal makeup. with the seahng be
ing obtained from an 0-ring-type sea l. All interna! welds 
and metal surfaces shall be groimd smooth to preclude 
damage to and leakage around the displacer. 

Intemally coating the prover sectton with a coating 
material that will provide a hard, smooth, long-lasting 
finish will reduce corrosion and prolong the life of the 
displacer and the prover. Experience has shown that 
interna! coatings are particularly useful when the prover 
is used with Iiquids that ha ve poor lubricating properties, 
such as gasoline or liquefied petroleum gas; however, in 
certain cases. satisfactory results and displacer longevny 
may be achieved when uncoated pipe is used. 

4.2.4.2 TEMPERATURE STABIUTY 

Temperature stability is nece!Sary to achieve accept
able proving results. Temperature stabilization is nor
mally accomplished by continuously circulating liquid 
through the prover section wi!h or without insulation. 
When provers are instatled aboveground. the applica
tton of thermal insulation will contribute to better tem· 
perature stabilization. 

4.2.4.3 TEMPERATURE MEASUREMENT 

Temperature·measurement sensors shall be of suit
ab.le range and accuracy and shall be mstallcd at the inlet 
and outlet of the prover (see Chaptcr 7 2 ior dctail 
requirements). Caut10n muse he exrrcised to ensure that 
the tempcrature sen_.sors are located whcrc tiH'\ wl\1 not 
be shut off from the l1quid path. 

4.2.4.4 PRESSURE MEASUREMENT 

Pressure-measurement devices of suitable range and 
accuracy are used at appropriate localions to measure 
pressure at the meter and the prover. The pressure de
vices should reflect the pressures within the meter and 
the calibrated section of the prover. See Chapter 12.2 for 
further informauon. 

4.2.4.5 OISPLACING DEVICES 

One type of displacing device commonly used in pipe 
provers is the elastomer sphere hydrostattcally f11ied 
with liquid under pressure. The displacer is expanded to 
provide a seal without excessive friction to a d1ameter 
greater (normally 2-4 percent) than that of the inside 
diameter of the prover pipe. In general, the larger the 
sphere.the greater the percentage'of inflation requtted. 
Insufficient expanSion of the sphere can lead to leakage 
past the sphere and consequently to measurement error. 
Excessive expansion ofthe sphere may not tmprove seal
ing abilily and will generally cause it to wear mo.re rap
idly and move erratically. Care must be exerctsed w 
ensure that no a ir remains inside the sphere. The diS

placer shall be as tmpervious as possible to the operating 
liquids. The liquid used to fill the sphere shall have a 
freezing point below any expected temperatures. Water 
or water-glycol mixtures are commonly used. Another 
commonly. used displacer is lhe cylindrical piston with 
suitable seals. 

4.2.4.6 VALVES 

AII val ves u sed m pipe prover systems that can provide 
or contribute toa bypass of liquid around the prover or 
meter orto leakage between the prover and meter shall 
be of the block-and·bleed type or an equivalen! with a 
provision for seal verification. . 

Full positioning of the flow-rever.;ing val ve or val ves m 
a bidirectional prover or the mterchange valve in a uni· 
directional prover must be accomplished before the dis
placer is allowed lo actuate the first detoctor. This design 
ensures that no liquid is allowed to bypass the prover 
during the displacer's travel through the calibrated vol
ume. The distance before the first detector. commonly 
called prerun, depends on valve operation time and the 
velocity of the displacer. Methods used to shorten this 
prerun. such as faster operation of the valve or dclay of 
the displacer launching, reqlllre that caution be exer
cised in the design so that hydraulic shock or add1ttonal 
undesired pressure drop is nm imroduced lf more than 
one flow-directing valve is used. al! valves ~hould he 
arranged hy hnkage or another mean~ to pre\ent shock 
caused by an incorrect sequence of opcrations 

·•. 
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4.2.4.7 CONNECTIONS 

Connections shall be provided on the prover or con· 
necting piping lo allow for cahbration. venting. and 
draining. 

4.2.4.8 DETECTORS 

Detection devices must indicate the position of the 
dispJacer within close tolerance Vanous types of detec
tors are currently used. The most common is the me
chanically actuated electncal switch. Other types in
elude the electromc proximily switch and the induction 
pickup; lhese types may be used if they provide salisfac· 
10ry repealabtlily. The repealability wllh which the de· 
teclor in a prover can signa! the posi110n of !he displacer. 
which is one of lhe govermng factors on determining lhe 
length of the prover seclion. must be ascertained as 
accurately as possible. Opemngs lhrough the pipe wall 
for detectors must he ;maller than lhe longitudinal sea!· 
ing area of the dtsplacer. 

4.2.4.9 PERIPHERAL EQUIPMENT 

A meter pul!'e generator shall be provtded for trans
mission of now data and must provide electrical pulses 
with satisfactory charactenstics for the type of proving 
counter used. TI1e devtce should generate a sufíicient 
number of pulses per unil volume 10 provide the re· 
quired discrimination (see Chapter 5.4) 

4.2.4.10 PROVING COUNTER 

An electronic pulse counler IS usually used in meter 
proving because of the ease and accuracy wilh which 11 
can counl high·frequency pulses and its abihty lo trans· 
mit this count lo remole localions. The pulse-counling 
devices are equipped with an eleclronic slarlistop 
switching circuil that is actuated by the pape provers 
detectors (see Chapler 5.4). 

4.2.5 Equlpment for Automatlc-Return 
Unldlrectlonal Pipe Provers 

4.2.5.1 SPHERE INTERCHANGE 

The sphere interchange prov¡des a means for transfer
ring the sphere from the downstream end of the provmg 
sectaon to the upstream end. Sphere mterchange may be 
accomplished w11h severa! dilferenl combanalions of 
valves or other devzce~ ro mimmize hypa'\s flow through 
the mterchange dunng the ~;phere-transfer process. A 
verifiable leákti!!ht vahc ~cal is esc;ential befare the 
sphere reaches the fu<it detector swuch af the prm m~ 
sechon 

7 

4.2.5.2 SEPARATOR TEES 

Separator lees are at least one pipe size larger than thc 
nominal size of the sphere or loop. S1zmg is best deter
mined by experience. The dcsign of tht'" scparator lee 
shall ensure dependable separation of !he sphere from 
the stream for all rates wilhin the flow range of the 
prover. For praclical purposes. the mean liquid velocity 
through lhe tee should nol exceed S fe el ( 1.5 meters) per 
second; a considerably lower hquid velocHy is often de
sirable. The tee must sometimes be ~;¡zcd several s1zes 
larger. Smooth-flow transition fittings on both ends of 
the tee are important. A means of directmg the sphere 
inlo the interchange shall be provided atthe downsneam 
end. Care should be taken in desagning thas devace to 
preve ni damage lo a sphero. 

4.2.5.3 LAUNCHING TEES 

Launching tees are gene rally onl\' one pipe size largcr 
!han the sphere dtsplacer They shall ha ve smooth transa· 
taon fiuings leading into the prover. The launching lee 
should have a slight ínclination downwards toward the 
prover section. or another means should he provided to 
ensure•that the sphere moves mto the prover during 
periods of low flow. which might occur during calibration 
by the waterdraw method. -

4.2.6 Equlpment for Bldlrectlonal Pipe 
Provers 

4.2.6.1 OUTLETS ANO INLETS 

The outlets and inlets on the pipe prover end cham· 
bers of bidueclional provers are designed lo pass liquid; 
and restrain the displacer. The openings shall be de· 
burred and shall have an area sufhcaenl 10 avoad exces· 
sive pressure loss. 

4.2.6.2 FLOW REVERSAL 

A single multiport valve is commonly used for revers
ing lhe duection of the displacer. Other means of flow 
reversa! may also be used. All valves muS! be leak free 
and allow contínuous flow through the meter during 
proving. A method of checking for sealleak~ge duran~ a 
proving pass shall be prnvided for all \fll\'eS. The \"alvc 
size and actuaror shall be selected to mimmize hyUrauhc 
shock. 

4.2.7 Deslgn of Pipe Provers 

4.2.7.1 INITIAL CONSIDERATIONS 

Before a pipe prnver '" desi~neú m "elenl'd. 11 15 

necessarv lo estabhsh the type ot prcwt:r rt:qutr('U fnr thc 
apphcaoon and thc manncr 1n which 11 wlll he connected 
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with the meter piping. From a study of the apphcatton. 
intended use. and space limitallons. the following should 
be established: 

a. Whether the prover is to be stationary or mobile. 
J. lf the prover is stationary. whether it will be dedi
cated (on line) or used as part of a central system. 
2. lf the prover is stationary and dedicated. whether 
ir will be kept in service continuously or isolated from 
the metered stream when 1t is not being used to prove 
a meter. 
3. If the prover is stationary, what portions, if any, 
are desired below ground. 

h. The ranges of temperature and pressure that will be 
encountered. 
c. The maximum and mintmum flow rates cxpectcd and 
the flow-rate stability. 
d. The maximum pressure drop allowable across the 
prover. 
e. The physical properties of the fluids to be handled. 
f. The degree of automauon to be incorporated on the 
proving operatíon 
g. Available utihties. 

4.2.7.2 PRESSURE DROP AgROSS THE PROVER 

In determining the size of the piping and openings to 
be used in the manifolding and the prover, the pressurc 
loss through the pipe prover system should be compati-

1 ble with the pressure loss considered tolerable in the 
· metering installation. · ~ 

4.2.7.3 VOLUME 

In detcrmining the volume of a prover between detec
tors. the desígner must consider the following Hems: 

a. The overall repeatability reqUired of the proving sys
tem. 
b. The repeatabihty of the detectors. 
c. The accumulauon of 10,000 unaltered pulses or the 
use of pulse interpolation (su Chapter 4.6). 
d. The resolution of the meter pulse generator (that is. 
the number of pulses per unit volume). 
e. The m3Xlmum and minimum fiow rates of the system. 

4.2.7.4 DISPLACER VELOCITY 

The velocny of the d1splacer can be determmed by the 
interna! d1ameter of 1he prover p1pe and the maximum 
and mínimum flow rates of the meters to he proved 
Sorne practica! limlt to the maxmmm vclocTty of a dts
placer must be estabhshed to prevent damage ro the 
displacer and the detectors Neverlhcles~. thc develop
mg state of the arl 3dvises agrunst sctllng a fu m limlt ro 

., .: 

d1splacer veloctty as a cnterion for design. Demon
strared resuhs are better to use as a criterion. The resuhs 
are manifested in the repeatability, accuracy. and repro
ducibility of meter factors using the prover in question. 

Most operators and designers agree ihat 10 feet (3 
meters) per second is a typical deS!gn specificatoon for 
unidirectional proVers. whereas velociries up to 5 feet 
(1.5 meters) per second are typical in bidorectional 
provers. Higher velocities may be possible if the design 
incorporares a means of reducing surges and displacer 
velocity befare the pro\'er completes its pass. Minimum 
displacer velocity must al so be considered, especially for 
proving meters in aliquid that has little or no lubricating 
ability, such as gasoline that contains high proponions of 
aromatics or hquefied petroleum gas. When lubricating 
ability is poor or nonexistent and the displacer is operat
ing at Jow velocities, the displace~ may move, htsitate. 
and move again. Velodties, as the term is used in this 
publication. refers to uniform velocities between detec
tors. 

This standard os not intended to Jimit the velocity of 
diSplacers. Provided that acceptable performance can be 
assured. no arbitrary limit is imposed on velocity. 

4.2.7.5 REPEATABILITY ANO ACCURACY 

4.2.7.5.1 G_,.l Conslderatlons 

., 

The ultimate requírement for a prover is that it prove 
mettrs accurately; however, accuracy cannot be estab
lished directly because it depends on the repeatability of 
the meters, the accuracy of the instrumentation, and the 
uncertainty of the prover's base volume. The repeat
ability of any prover/meter combination can be deter
mined by carrying out a senes of repeated measure
ments under carefully controlled conditions and 
analyzing the results statisttcally. Repeatability is usually 
adopted as the primary criterion for a prover's accept
ability. Whereas poor repeatability is an immediate indi
cation that a prover is not performing satisfactorily, good 
repeatability does not necessarily indicate good accu
racy because of the possibility o! unlmown systematic 
errors. Operators must always guard against such errors. 

The mínimum distance between detector switches de
pends on the detector's abilitv to repeatedly locate the 
displacer. The total error of the displacer during a prov
ing pass shall be limited to 0.02 percent of the volume 
betwten the derectors. 

4.2.7.5.2 Replaclng the Detectora 

When the worn or damaged partS of a detector are 
replaced, ca re must be taken to ensure that nelther the 
detector's actuanng depth nnr us elecuical swuch com· 
ponents are altered 10 the extent that the prover volume 

•'>f·' 
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is changed. This is especially true for unidtrectional, 
provers because changes in de:ector actuation are not 
compensated for round trip sphere travel as they are in 
bidirectional provers. Recalibration of unidtrectional 
provers is in order as soon as practica!. 

4.2.7.5.3 Counter Reeolutlon 

The resolution of a digital counter is unity; that is. a 
counter can indicate only a whole number of pulses. The 
indicated pulse count therefore has a ::!:: l pulse uncer
tainty for a pass between detectors. For example. to limit 
the pulse uncertainty to 1 pulse during a prover pass 
without usmg pulse interpolation (see Chapter 4.6), at 
least 10,000 pulses would have to be collected during a 
single pass. This degree of uncertainty 15 represented 
mathematically as follows: 

Where: 

U= +1 pulse 
N 

U = degree of uncertainty of the recorded pulse count 
during a prover pass, commonly called the reso· 
lution. 

N = minimum number of pulses to be collected during 
a prover pass. 

4.2.7.5.4 Pulsa Generetlon 

The preceding considerations suggest that prover vol· 
u mes can be reduced by increasing the pulse-generation 
rate o! the meters to be proved. Caution must be exer· 
cised when gear·driven pulse generators are used on 
displacement meters to obtain very high pulse-genera· 
tton rates, since mechanical problems such as backlash, 
dnve-shaft to~ion. and cyclic variations can cause 
irregular pulse generation. An electronic means of pulse 
interpolation can also be used to increase the resolution 
for both small volume and conventional volume provers 
(see Chapter 4.6). 

4.2.8 Dimensiona of Provers 

The dimensions selected for provers have to be based 
on a compro mise. Decreasing the diameter of the prover 
pipe increases the length between detectors for a given 
volume and reduces the sensitivity to detector resolu
tion. Decreasing the ptpe diameter also mercases dis
placer velocity: this increase may Oecome a hmiting 
factor. lncreasmg the diameter ofthe prover p1pe has the 
opposlle effect: the velocity of the displacer ts reduced, 
but the resulting decrease in length increases the sensi
tlvny t6 deteclor resoluuon and thus may become a 
limiting factor. 

9 

4.2.9 Sample Calculatlons for the 
Deslgn of a Pipe Prover 

A typical approach to the design of unidirectional or 
bidircctional pipe provers is described in 4.2. 9.1 through 
4.2.9.5. The examples given are for a 6-inch (150-milli
meter) meter operatmg at 1200 barreis per hour and 
generating a nominal 2000 pulses per barrel. 

4.2.9.1 BASIS OF CALCULATION 

The repeatability obtained during calibration runs 
must be within the range stated m 4.2.3.1. For the pur· 
pose of thiS example, the !ollowing conditions are as
sumed: 

a. The acceptable counter reso1ution error. U (see 
4.2.7.5.3), is ~ 1 pulse during a prover pass. 
b. The meter to be proved generates 2000 pulses per 
barre l. 
c. The repeatability for each of the detectors to the 
sphere IS assumed to be ~ 0.030 m ch. 
d. The maximum displacer velocity IS provisionally set 
at 10 feet (3 meters) per second. 

4.2.9.2 MINIMUM-VOLUME CALCULATION 

Alter the degree of uncertainty during a prover pass 
(see 4.2.7.5.3) is established, the mmimum volume dur
ing a pass is deterrnined using Equation 1 as follow' 

V = + 1 pulse = !!_ ( 1) 
UK K 

Where: 

\l = minimum volume between prover detectors 
~1 

= UK 

(1110,0()0)(20()0) 
= 5 barreis. 

U = degree o! uncertainty of the recorded pulse 
couitt dunng a prover pass. 

K = minimum number of counts per consistent umt 
volumc o! any meter that will be proved. 

N = minimum number o! pulses to be collected dur
ing a prover pass 

4.2.9.3 MINIMUM-LENGTH CALCULATION 

The mínimum length between detector switches de
pends on the accuracy wuh which the detector sw1tch can 
repeatedly determme the posiuon of the diSplacer and 
the desued d1scnminauon of the prover system durmg 
calibration. ltem b in~ 2.9.1 md1cates that the desircd 
dJscrimmauon of the pro\cr system dunng callb;ration 1~ 
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0.02 percent ( :;:0.01 percent of the average). ltem e in 
4.2.9.1 states that the repeatability of response to the 
sphere for each of the detector switches is :;: 0.030 m eh 
( :;:0.75 millimeters). lf L represents the nominal il)di
cated length of the prover. one pass could displace a 
maximum volume represented by L plus0.060 inch (1.5 
millimeters); another pass could displace a minimum 
volume represented by L mmus 0.060 inch (1.5 millime
ters). When the minimum is subtracted from the maxi
mum, the difference in the indicated length cannot ex
ceed 0.12 inch (:;: 3 millimeters). The calculation for the 
minimum length would then be 0.12 in eh ( :<:: 3 millime
ters) divided by 0.02 percent (0.0002), which results in a 
50-foot (!S-meter) minimum length. 11 the repeatability 
of response for each of the detector swttches is better 
than :;:0.030 inch ( :;:0.75 millimeters), the lengths be
tween the detector switches can be decreased. 

4.2.9.4 PROVER DIAMETER 

Item d in 4.2.9.1 sets a provisional maxtmum displacer 
velocity of 10 feet (3 meters) per second for use in this 
example. The smallest applicable prover diameter would 
therefore be 6 inches (150 millimeters); however, the 
lengtb necessary to obtain the 5-barrel (0.795-cubic me
ter) volume would have to be in excess of the 50 feet (15 
meters) previously calculated .• : .. 

····-
4.2.9.5 SUMMARY OF CALCULATIONS 

--
Based on the stated assumption of a 6-inch ( 150-milli-

meter) meter operating at 1200 barreis per hour, the 
calculations indicate that a prover with a minimum 
length of 50 feet (15 meters) between detectors that 
would displace a minimum volume of 5 barreis (0.795 
cubic meter) and has a minimum diameter of 6 inches 
( 150 núllimeters) is required. 

4.2.1 O lnstallatlon 

4.2.1 0.1 GENERAL CONSIDERATIONS 

All components of the prover installation. including 
electrical piping, valves, and manifolds, shall be m accor
dance witb applicable codes. Once the prover is on· 
stream. it beoomes a part of the pressure system. 

The proving section and related components shall 
have suitable hangers and supports prescrihed by appli
cable codes and sound engmeering principies. When 
provmg systems are designed aod installed. precautions 
should be taken to cope with expansion. contraction, 
vtbration. pressure surges. and othef condit1ons that 
may affect piping and related equipment 

Consideration should be ¡tiven to the installallon o[ 
suuable valving to isolate the prover umt trum hne pres· 

sure when it is not onstream (for example, during main· 
tenance or removal of the displacer). 

All units shall be equipped with ven! and drain con
nections. Vent valves should be installed on the topmost 
portion of the pipe and should be located where all air is 
vented from dead spaces that are not swept by the dis
placer. Provistons should be made for the disposal of 
liquids or vapors that are drained or vented from the 
prover. This m ay be accomplished by pumping liquids or 
vapors back into the system or by diverting them to a 
collecting point. 

Temperature sensors in accordance with Chapter 7.2 
and pressure gauges shall be installed in suitable loca
tions near !he meter and the prover to determine the 
temperature and pressure of each. Blind flange or vah·e 
connections should be provided on either side of a leak
free block valve in the piping systeln to serve as a connec
tion for proving ponable meters or as a means for cali
brating the prover by the master-meter method. Con
nections at the inlet and outlet should be provided for 
calibrauon by the waterdraw method. Examples of sun-
able connections are shown in Figures 1-3. · , 

Pressure relief valves with discharge piptng and leak
detection facilities are usually installed to control ther
mal expansion of the liquid in the prover while it' is 
isolated from the mainstream. Where practica!, pressure 
relief valves should not be installed in piping between the 
meters and the prover. Power and remole controls 
should be suitably protected with lockoul switches"cu
cuits, or both between remote and adjacent panel loca
tions t@ prevent accidental remote operation while a u~it 
is beil¡j controlled locally. Suitable safety devices ánd 
locks sbould be installed lo preven! inadvertent opera- -
tion of or unauthorizcd tampering with equipment. 

Provers should be protected by straining or filtering 
equipment. 

All wiring and controls shall confonn to applicable 
codes. Components sball confonn to the class and group 
appropriate to the location and operation. All electrical 
controls and components should be placed in a location 
convenient for operation and maintenance. Manufac
turers' instructions should be strictly followed during the 
installation and grounding of electronic counters. con
trols, power units, and signa! cables. 

4.2.10.2 PROVER LOCATION 

Pipe provers m ay be either mobile (portable) or sta
tionary. 

4.2.1 0.2.1 Moblle Prover 

A mobile prover is normally mounled on a road veh•
cle or trailer so lhat it can be taken lo vanous sites for on
site proving of meters in their installed posiltons wh1le 

.1¡ 
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they are in normal operatmn. Mob!le provers are occa
sionally housed in conrainers or mounted on self
contained sktds so that thev may be transported by road. 
rail, or sea. Mobtle provers are always provided with a 
means of safely and conveniently connecting them to the 
metering system. Mobile provers are des1gned to oper
ate in the meter's environment. Provisions must be made 
to electrically ground the prover. 

Portable meter provers mounted on a truck or trailer 
fall wtthin the purview of the DOT Code of Federal 
Regulanons for the transportatton of hazardous mate
nals. The code is applicable when portable meter 
provers are moved on public roads and canta in namma
ble or combustible liquids orare empty but not gas free. 
The most recent edition of 49 Code of Federal Regula
tions Parts 171-177 (Suhchapter C. "Hazardous Mate
nals R.egulattons") and 39Q-397 (Suhchapter B. "Fed
eral Motor Carrier Safety Regulations") should be 
consulted. (See specifically Sections 172.500, 172.503. 
172.504, 172.506. 172.507. 173. 177.817. 177.823. 
391.11(a)(7). 391 41.49. and 393.86.) The DOT pro
vides an exemptton !ro m 173.119. 173.304. ami 173.315 
for portable meter·provers: 

4.2.10.2.2 Statlonary Prover 

A stationary prover is connected by a system of pipes 
and valves to a meter or bauery of meters. lts sole 
function is to prove the meters one ata time at intervals, 
as requ1red. 

4.2. 1 0.2.3 Central Prover. 

A central prover is permanently installed ata Jocation 
where pumping facilities anda supply of liquidare avatl
able. lt is used to preve meters that are penodically 
brought to the prover and temporarily connected (see 
Chapter 4.1). Alter a meter is proved centrally, caution 
must be exercised to ensure that the meter is not mis· 
handled in a way that could destroy its reliability befare 
the meter is reinstalled in the line. 

4.2.11 Callbratlng Pipe Provers 
Calibrating a pipe prover involves deterrninmg the 

base volume displaced between the detectors 
The lWo methods of cahbrating a p1pe prover are the 

waterdraw method and the master·meter method 
A pipe prover must be cahbrated befare 11 is placed in 

service to detenmne its hase volume at standard cond1· 
ttons Jusually atmospheric pressure and 60'F (15°C)j 
Periodic recalibrauon of the prever is also required. See 
Chapter 12 21or detail" ahout calculaung allthe cnrrec
uon factors 3nd the. ba!-•' vol u me 

11 
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The base volume shall be documented on a cahbration 
certificare. See Chapter 12.2 for vol u me cC'!rr"'-:-tions and 
calcu1attons that lead to base-volume determmations. 

The base volume of a unidírectional prover is the 
calibrated volume corrected to standard temperature 
and pressure conditions and displaced between detectors 
for a smgle pass. The base volume of a btdirectional 
prover is the sum of the volumes displaced betwern 
detectors for a reund trip of the displacer corrected to 
standard temperature and pressure conditions. 

Complete records of calibration should be prepared 
and maintained. 

4.2.11.1 CALIBRATING PIPE PROVEAS BY THE 
WATERDRAW METHOD 

Calibrating pipe provers by the waterdraw method 
requtres using National Bureau of Standards (NBS) 
traceableicertified vo1umetnc field-standard test mea
sures (see Chapter 4.7) agatnst whtch the ,·olume o! the 
prover may be deterrnined. The largest avat1able tield 
standards should be used. The method may be e:<pedited 
by placing the prover. field standards. and test water m a 
constant·temperature enclosure shaded from direct sun· 
shine to allow the equipment. and water to reach an 
equilibrium temperature. 

Because of the effect of viscosity and surface tension 
on the drain time of a field-standard test me asure. water 
is the only medium that can be used for the draw method 
into standards that have heen certified to deliver a gtven 
quantity ofwater Water was selected beca use it has well
defined properties and is readily available. Clean. fresh. 
deaerated water is required (see Chapter 4 7) The 
prover should be clean, and the diSplacer should be 
moved through the prover enough times to flush and 
elíminate air that may have been caught m parts of the 
prover system and to allow both the metal and 1iquid of 
the prever system to reach a common and steady tem
perature. At least one tria! calibration run should be 
made to determine the approximate volume of the 
prover between tts detectors so that the appropnate 
number and sizes of reference standards can be selected. 
The temperature and pressure at the discharge of the 
prover should then be observed and recorded as the 
temperature and pressure in thr prover at the start of 
calibrat10n 

The prover may ~'le calibrated usmg small·dTameter 
water hnes and temporary valves. as shown m F1gures -l 
and 5, or hy ussng the valves and piping that are part of 
the field mstallatton. Solenotd valve. actuated oy thc 
detector switches are normally u sed w qart anJ stop thc 
calibrauon run. 



Figure 4-Waterdraw Calibration of Unidlrectional Provers 
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F lgure 5-Wat d er raw Calibration of B'd' 1 trectional Provers 
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The volume observed in the field standards for each 
trip of the displacer must be subjectcd lo corrections lo 
determine the base volume of the prover as follows: 

a. The individual field-standard test measures must be 
corrected for any difference in water temperature be
tween the starting temperature of the prover and the 
water temperature in the field standard when its volume 
is read and recorded. The purpose of the correction is to 
ad¡ust the volume of water measured in the field stan
dard to the volume it occupied al the prover starting 
temperature. 
b. The temperature-corrected field-standard volume 
must then be corrected for the effect of temperature on 
both the prover and the field-standard materials. The 
temperatures of the pipe prover and the field standard's 
shell are assumed to be the same as the temperature of 
the liquid that they coma in. Se e Chapter 12.2 for the 
application of corrections. 
c. The water volume obtained in ltem b shall then be 
corrected for the compressibility of the water in the 
prover at the start of the calibration. See Chapter 12.2 
for complete details. 
d. The volume shall be corrected for the effect of pres
sure on tbe prover steel at the start of the calibration. 

The calibrated volume of a field"standard is its volume 
at a temperature specified by .the calibrating ageney 
(commonly 60"F (IS'C}). By correcting the observed 
volume in the field standard lo its actual volume at 60'F 
( 15'C). the field standard can then be used to determine 
a prover volume al 60'F ( 15'C). 

The observed volume for each prover pass shall be 
corrected individually lo obtain the base volume, which 
implies standard conditions. Two or more consecutive 
runs, after correction, shall fall within 0.02 percent 
(:!:0.01 percent) of the average. 

Repeatability is only one componen! of accuraey. By 
filling the same field standards with the test runs made at 
an equal rate, an operator can complete a series of 
erroneous calibrations as the result of a ·consisten! leak. 
The absence of a consisten! leak should be verified by 
making an additional run ata rate change of 25 percent 
or greater. With the changed flow rate, a volume alter 
correction that is ~d0.02 percenl ( :tO.Ol percenl of 
the average) of the initial runs. alter correction. indi
cares the possibility of a leak in the provi~g circuir that 
must be corrected before calibration can be achieved 
This is true for both urudirectional and bidirectional 
provers. 

Alter a prover calibration is completed, the data 
shects shaU be signed by all parties who witnessed the 
calibronion and used to prepare a cerlff¡care of calibra
llon. The certificate shall state 1he method used. the 

base volume of the prover, and the reference tempera· 
tu re and pressure. 

4.2.11.2 CALIBRATING BIDIRECTIONAL 
PROVEAS BY THE WATERDRAW 
METHOD 

This section refen to provers that operare on a round 
trip basis. 

After preparatory steps are taken as described in 
4.2.11. the calibratton runs are started. The displacer is 
driven past one of the switches into the spac~ just outside 
the calibrated volume at either end of the prover. The 
valves should be reversed so that the displacer travels 
I<Jward the section to be calibrated while it. wastes !he 
effluent water. The water should be wasted slowly 
through a slow-rate bleed or, if the ,adjustment •s suffi· 
ciently sensitive. through the hose nozzle. The waste 
should be stopped at the instant the switch ind1cation 
shows ON. This should be done aulomatically by a so
lenoid valve controlled by the detector switch Al! addi
tional effluent water should then be directed into the 
selected field standards. The wrthdrawals should con
tioue until the las! field standard is being filled. The 
withdrawal should be reduced to a controllable slow
bleed rate until the ON switch indication is observed at 
the second detector; withdrawal should be stopped at 
the instant the detectorshows ON. The total of the field
standard volumes indicates the observed displaced vol· 
ume between detectan in that direclion of travel under 
conditions of pressure and temperature that existed m 
the prover atthe start ofcalibration. The pressure con di· 
tions, drain-hose fill, and other withdrawal equipment 
shall be the same at the end of th~ withdrawal as they 
were anhe start. 

A similar displacer trip should now be made in the 
opposite direction, repeating the procedure. These two 
trips do not necessarily have to agree in observed dis
placed volume because the action of the detector 
switches may be different for each direction of travel. 
The volume observed in a given direction after correc
tion must agree within 0.02 percent (:!: 0.01 percent of 
the average). 

The calibrating procedure should be repeated until 
satisfactory repeatability is achieved. lf the prover. dis
placer, and detectan are in good working order. an 
experienced operator can expect the first two determina
tions, alter correction, to agree within 0.02 percent 
( :!:0.01 of the average). The average of two or more 
consecutive round tnp corrected volumes 1s considered 
a he 'round tnp based volume. The corrected vol u me for 
two or more consecuuve trips rn any given direction shall 
also agree w¡thin 0.02 percent ( "'0.01 perccnt of the 
average). Th1s stand¡ud does not restrrct the dctcrmma~ 

' '· 
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tion of the base volume to only two consecutive runs. 
More runs may be used if agreed upon by the parties 
in volved. 

Failure to repeat may be caused by leaking valves. a ir 
in the system, varying temperature or pressure. im
proper condition of the displacers, or poor calibratton 
technique. 

Once a suitable set of runs has been made, the average 
then becomes the base volume of the prover. 

All subsequent use of the bidirectional prover for 
proving a meter requires a full round trip of the displacer 
lar each proa! run of the meter. 

4.2.11.3 CALIBRATING UNIDIRECTIONAL 
PROVERS BY THE WATERDRAW 
METHOD 

The procedure for calibrating a unidirectional prover 
by the waterdraw method is substantially the same as the 
procedure described for a single one-way trip of the 
displacer in a bidirectional prover. Every calibration run 
must be made by passing the displacer through the 
prover in the direction in which it will subsequently 
travel during actual meter proving. When an automatic
retum or endleu-loop prover is calibrated, the entire 
loop and intercbange must be filled with water, bringing 
water tbrough an outlet connection. The interchange 
val ves may be used to transpon the displacer through the 
pipe and the interchange to the start of the prover sec
tion. When ·a manual-retum or in-line unidirectional 
prover is calibrated, the entire prover and associated 
piping must be filled with water, and the displacer must 
be launched in the normal manner in the proper direc
tion and returned for relauncbing for subsequent calibra
tion runs. Care must be =rcised to ensure stable tem
perature and pressure conditions and the elimination of 
all air. 

The calibrated volume of a unidirectional prover is the 
volume displaced in passing the displacer from one de· 
teaor switch to another. The described one-way pro
cedure should be repeated until satisfactory repeat
ability is achieved. The average valueof two or more 
IXl!lsecutive one-way corrected calibrated volumes is 
considered the base volume of the prover at standard 
conditions. The corrected volume for two or more con
secutive trips should agree within 0.02 percent (:!:O 01 
percent of the average). 

4.2.11.4 CAUBRATING PIPE PROVERS BY THE 
MASTER- METER METHOD 

4.2.11.4.1 "!"lnclple and Apparatus 

In the master-meter method of pro\'ing. the function 
of the master meter i5 to serve as an imermediate link 

between the prover and the volumetric standard. This 
· method is an additional step away from NBS trace· 
ability. A meter used in this manner is commonly called 
a master meter. The volumetric standard m ay be either a 
pipe prover or tan k pr<Wer and is hereafter identified as 
the master prover. The master prover is used to prove the 
master meter; the master meter is then immediately 
used to determine tlie volume of the pipe prover in need 
of calibration. 

The master-meter method can be used for any instal
lation, but in situations like those found in the arctic, the 
desert, or on an offshore platform, the master-meter 
method may be the only practica! one to use. The re
quirements for master-meter proving include an ample 
supply o! a stable liquid, a selected master meter. and the 
accessory equipment necessary for proving the master 
meter against the master proVer. · 

The three main pieces of apparatus--the prover to be 
calibrated, the master prover. and the master meter
mus! be connected in series so that the total flow through 
each is the same. The sequence in which the three pieces 
are arranged can be modified to suit local condirions. 

The master-prover base· volume shall be determined · 
by the waterdraw method and shall. be a size tbat is 
sufficient to ensure that the master meter can be accu
rately proved. 

A master meter may be either a pulse·generating dis
placement meter·or a turbine meter; if it is a turbine 
meter, it shall be connected to its normal conditioning• 
section (straightening van es or .a sufficient :length. of. 
straight pipe). The master meter shall be of high quality 
and lmown to have an excellent short-term repeatability. 

A single meter is recommended for use as a master 
meter. Each master meter shall conform to Chapter 4.5. 

The master meter shall have the same connected ac
cessories when it is being proved as when it is being used 
to calibra te the prover. The meter shall not be fitted with 
any device, such as a calibrator ora temperature com
pensator, that enables the operator to change in any way 
the ratio between the indicated output of the meter and 
the number of revolutions it has turned. 

The master meter shall be in good mechanical condi
tion and shaU have a history of consisten! performance. 
lts meter factor should vary little with the flow rate over 
its operating range. 

The master meter shall generate at leas! 10.000 pulses 
during any one pass of the master prover or one empty· 
ing or filling of a tank prover. 

Attention must be given to the equipment require· 
ments discussed in 4.2.4. especially as they apply to 
temperature and pressure measurements. valves. flow· 
reversing val ves. displacers. pulse generators, and cou~· 
ters. In addit1on. vents must be availahle at high points m 
the assembly to allow for the removal of air befare cali-
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bration b~gins. Alsu, a straincr should be placed up
stream of the master-mete.r/tnt~stcr-prover unit. 

When hydrocnrbons are used in the master-meter 
method, accur.ate thermornetry becomes even more im
portant than whcn water is used. Ilydrocarbon liquids 
typically have Jow heat capacitics a11d lLi.t;h coefficients of 
thermal expansion. Tcmperatmes nmsr be obtained to 
the accuracies reC!uired m Chapters 1.2 and 12.2. 

If aliquid with a high vaporprússurc is used. en re must 
he tnken during thc calibration ro ensure that the pres
sure does not fall belcw a levcl '>'!ll~rc 1!<1:' bt:bblcs mav be 
formed. ·· · 

4.2.11.4.2 Preparation 

The master-meter calibration proccdure cousists of 
tlte rOllowing thrt:e operations ín immediate succession: 

a, Proving the master meter against the master prover. 
b. Calibrating the stipulatt:ti prover. 
c. Reproving the master mGtcr against the master 
prover. 

The liquid should be slowly introduccct imo thc thrce 
principal picces of apparatus (the mas~_cr prover, master 
mc::t~::r, aml prover to be cali~rmed). Vünting the air or 
gas carcfullv as thc fill nroceeds. 

The ílow ·should be sial teC 'ihrougll th~ system. and 
the remaining air or gas shoulct bt• vt~med from cach 
piece of cquipntcn<:. \\'hile tlic· prove-r to be calibrated 
(and the master ;-Jrov~r if ít ~d the pipe·prover type) is 
being vented, the displacer siioult be lnunched as uftem 
as required to flusb air or gilS towards the vents. The 
reqUired c..alibrallun n:peatabifity will not be obtained 
un les:;; the system is rcndcrl·:d complerdy freefrom ai:-or 
gas. 

Flow should be continued u:1tit thc tcrnpcraturc ofthe 
systcm stabilize.s. \\'hile this ¡:;. being clnne. the master 
mete;- shoufd be p10ved .:=.gainsl th~ ;11aster prover a 
number oftimes on a tri al ha.'\i;;; Hl se e wilcthcr consisten: 
results are bemg obtainer:l. Dtuing t:!·~· fn~t few tria! 
pruving~~ the c.:alculation of me:cr :':1cl\.:t :· moy be unncc
cssary if thc succ.~ssive pulse (tmnts chlie1 by so much 
that the rcpeatability is nhv10usly inaJ.:yuate. \Vhi!n u 
point is reached at whtch two or mnrc consecutivc mas
ter-meter factors agree within 0.02 pcrceut ( ±0.01 pt'r
Ct!nt of the average), the master mcw1 ;:md the master 
provcr may be co:1sidered to b::! pert'ormmg acceptably. 

Ncxt, a similar check sl:oulct b¡; m~d:: t0 em:~urc that 
the prover tu b~ cafibrated is (unctiOI:ing conectly. Rc
peated precalibraüon mns o:· tlH .. • master meter agninst 
the prover shoukl be malil' until two Llr more coñsecutive 
results agree wirhin 0.02 pr.1cc:1t ( = O.tJJ percent of the 
average). 
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Should it proveimpossible to obtain the above repeat· 
abilities, the malfunction must be identified and cor
rected. Whcn thc rcquired repeatabihty is obtained, the 
calibration ofthe provcr may begin. using the procedure 
uutlined in 4.2.11.4.3. 

4.2.11.4.3 Procedure 

The procedure descríbed in this sect.ion is for use with 
either a turbine meter ora displacement meter that has 
an electrical pulse generator. 'l'his standard does not 
preclude the use uf a displacement meter thnt hns only a 
mechnnical registcr for this me.thod of prover calibra· 
tion, prov1ded that the meter register has a discrimina
tion smaller than 0.01 percent of the volumc of the 
master prover and preferably smaller than 0.005 per
cent. Appropriate modificatiuns to the procedure given 
here are necess.ary if such a mct<".r is used. 

First, 1he. flow rate should be sct to the desired value. 
The flow rate sball be maintained constantly within 5 
percent or better throughout the entire procedure ami 
shall fall within the linear range of the meter. 

To provc the master meter> fl series of two or more 
meter proofs must be made. The results of tbese proofs 
shall agree within 0.02 percent ( = 0.01 percent of i!le 
avcraga) or hetter, or the results shall be regatded·3s 
invatid. The average of the mett::r proofs shall be re- · 
corded as the initinl mnster.metcr tactor. 

Ncxt, a series ~f two or more calibration runs of the 
master meter against the prover to be calibrated must be 
made. The results ofthcse runs shall beregarded as valid 

· only if they agree within 0.02 percent ( ± 0.01 perc.,nt.of 
the average). The master-meter volume shall be ¡Q.:. 

· gardcd as a known quantity; the base volume of the 
prever is the quantity tu be determined. 

Finally, the master meter should again be proved 
against the master prover to check that its meter factor 
has not changed significantly during the operation. Two 
or more meter proofs are rcquircd, and the results are 
valid only if they agree wilhin 0.02 percent ( ± 0.01 per
cent o! the average). The average of thc.•e re•uhs is 
adoptcd as thefinal master-meter factor. In addition, the 
finat master-mete1· factor musl lie within 0.02 percent of 
the initial master·meter factor. Thc ~vcragc of the initial 
and final meter-factor values shall be used in the calcu1a· 
tiun to determine the base volwne of thc prover being 
calibratcd 

Prover calibration runs completeJ ut une flow rate 
may incorporate an undetected constnnt lcak. This pos
sibility can be eliminated by repeating the [ull calibra
tlOn proceduw ata rate change of 25 percent or greatcr. 
\Vith the chtmgcd flow rate 1 a volume after correction 
that is not within 0.02 percent ( ± 0.01 pen:ent of the 

,. 
"·' ~. 
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average) of two initial runs., after correctlon, indicares 
the possibility of a leak in the proving system that must 
be corrected before calibration can be achieved. This is 
true for both unidirectional and bidirectional provers. 

If the calibration fluid is a hydrocarbon covered in 
Chapter 11, the tables in Chapter 11 can be used to 
determine the necessary tempera tu re corrections. lf the 

calibration fluid is a hydrocarbon of unknown pressure. 
volume, or temperature properties. samples must be 
taken to determine these properties. 

Full records of all the provings of the master meter 
shall be kept. sin ce a delatled history of performance is a 
valuable guide to its reliahility. 



, 
- -

MPMS 4.3-88 

Manual of Petroleum 
Measurement Standards 
Chapter 4-Proving Systems 

Section 3-Small Volume Provers 

Measurement Coordlnation Department 

FIRST EDITION, JULY 1988 

Copyr i9ht by the AMERICAN PETROLEUP1 INST ITUTE (AP 1) 
Tue Oct 2'3 19:41.14 1996 

1 07~2290 0054862 011 

American 
Petroleum 
lnsUtute 

J_l) 



MPMS 4 · 3-88 1 0732290 0054865 5.-

CONTENTS 

SECTTON :>-SMALL VOLUME PROVERS 
Pagc 

4.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
4.3.1.1 Scupo ............................ o o o 00 00 o 00 o. o 00.. 1 
4.3.1.2 Defmition ofTerm!'i... ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
403.1.3 Referenced Publicationsoo .... o ........ 00 ......... o o..... 1 

4.3.2 Small Volume Prover Systems.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4.3.3 E4uipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

4.3.3.1 ~1arerials and Fabrication ................ ,........... . . . . 2 
4.3.~.2 Tempernture Stability.................................... 2 
4.3.3.3 Temperature Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4.3.3.4 Pressure Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
.1_3 3.5 D1sp!acing Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4.3.3o6 Valves .... o. o .. o o. o o .... o. o. o. o o .. o............ . . 7 
4.3.1.7 Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
4.3.3.~ !Jerectorso o o. o o .. o ................. o .... o o o o............ 7. 
4.3.3.9 fv[eter Pulse Genc::rator............................ 7 
4 3.3.10 Pulsc-lnterpolation System ........ o o. o o .. o o. o o o o ..... o. o 7 
4.3.3oll Controller. o..... . . . . . . . . ............. o.... 7 

4.3.4 Design of Small Vulume Prov<r> . o .... · .. o o o. o o. o. o o .. o o.... 7 
4.3.4.1 Ir.itiat Consíderauons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
4.3.4.2 Pressure Drop Across th~: Prover. . . . . . . . . . . . . . . . . . . . . 8 
4.3.4.3 Dl~pLElcer Velocity ...... , ... , . , .. , ... , . . . . . . . . . . . . . . . . . . 8 
4.3.4.4 Volurne ... 00 ••• o o ......... o................... 8 
4.3.4.5 Crittcal Parts ............... o ... o ........ o . o o o o . o o o . . . . . . 8 
4.3.4.6 Counters 00.. • ... 00 ..... 00 o ...... o o 00 o o o o. o 00 •••• o. 8 
4.3.4.7 Meter Proving Guidelines .. o ... o .... o .... o... . . 8 

4.3.5 Sample Calculations for the Design of Smalt Volume Pruven . . . . . . 8 
4.3.5.1 Problem o ............. 00 ............. o ....... 00. o .. o.... 9 
4.3.5.2 Solurion ............................... ,........... 9. 
4 3.5.3 Summary ot Prover Design Calculationso ... o o .... o. o o...... 11 
4.3.5 . .::. Other Cansiderations .... , ............. , . . . . . . . . . . . . . 11 

4.3.6 lnst•llJtiun 00 00 o oo o ..... o ... 00 ............ o .. o 00 ••••• o o. o ... o 11 
4.3.7 Ca!.ibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

4.3. 7.1 General Consideralions . . . . . . . . . . . . . . . . . . . . . . . . 12 
4.3. 7.2 Watcrdraw Method .. o o. o o o o..... . . o ....... o .... o o 12 
4 . .3. 7.3 Caühra:mg Bid1rect¡onal Prnvers . 12 
4.3.7.4 Catibra~ing Unidirectional Ptove¡s......................... 14 
4.3.7.5 Repeatability ..... o ... o o o o o o o o...... . ......... o. o o... 14 
4.3.7.ó Certificate of Calibration......... . . . . . . . . . . . . 14 

4o3o8 Operation ..... o ........... o .... o....... . .. o ...... o...... 15 
4.3.9 Nonuniform Pulses ... o o o .. o o o o .. o .. o o o o o o ...... o ...... o .. o... 15 

APPENDIX A-EVALUATION OF DISPLACEMENT METER 
PULSE VARIATIONS ....... o ..... 00 o 00 •• o ........ o 17 

APPENDIX B-METER FACTOR DETERMINATION WITH 
SMALL VOLUME PROVERS o o . o .... o oo ... 00 •• o . . . . 23 

F1gures 
1-Generalized System Overview .... o .. o o .. o . o .. o .. o o o o ... o .. o . o o 
2-System Overview, Internal Val ve ... 

Copyright by the AMERICAN PETROLEUI1 IMSTITUTE (API) 
lue Oct 29 19 .41'14 1996 

V 

3 
4 



MPMS 4-3-88 

.. ·-· 07322'10 UUSYobb ·1· 
-- ---- ·-~- --- -

3--System Overview, Interna! Bypass Porting With Externa! Valve . . . 5 
4---System Overview, Pass·Through Displacer With Externa! Valve... 6 
5-System Overview for Waterdraw Calibration . . . . . . . . . . . . . . . . . . . . 13 

A-l-Pulse Variation Graph/Direct ................ , . . . . . . . . . . . . . . . . 19 
A-2-Pulse Variation Graph!Geared . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
A-3--Pulse Varia !ion Graph/4-Percent Adjustment . . . . . . . . . . . . . . . . . . . 21 

Cop~r•ght b~ the AMERICAH PETROLEUM INSTJTUTE <API) 
Tue Oct 29 19:41:14 1996 

vi 



MPM5: ~.3-88 

Chapter 4-Proving Systems 

SECTION 3-SMALL VOLUME PROVEAS 

4.3.1 lntroductlon 
The use of small volume prover~ has been made 

possible by the availability of higb-prccision di~placer
position detectors used in conjunction with pulse
mterpolation techniques (scc Chapter 4.6). Thc smnll 
vulume prover normally has a sma!ler base volume than 
that of conventional pipe provers (see Chapter 4.2) aud 
is usually capable of fast proving passes ovcr a wide 
range of :flow rates. 

Small volume provcrs. have a volume between detec
tors that does not permit a minimum accumulation of 
10,000 direct (unaltered) pulses frum lhe meter. SmaU 
volume provers reqnirc meter pulse discrimination us
ing a pulse-interpolation counter or another techniq_ue 
that increascs the resolutinn (see Chapter 4.6). This 
may include using provers Wlth hoth large and small 
base volumes, dependmg on the pulse rates of the me
ters to be preved. 

The srnall volume p1over may he ·used in many 
applications in which pipe provers or tank pruven. are 
corrunonly used. Small volume provcrs may he sta
tionary ur purtable. 

The volurne required of a small volume prover can be 
le~s lhan that oi a conventlonal pipe prover when high .. 
precision detectors are used in cDnjunction with pulse
interpolation techniqucs Pulse-interpolation methods 
uf counting a senes of pulses to fractional parts of a 
pulse are used to achie\'e high resolution without count
ing 10,000 whole meter pulses Tor a single pa5S of the 
displacer betwcen dete..:.tors (see Chapter 4.6.) 

To achieve the required ?roving a.ccuracy and repeat
ability, the mimmum volume between detector switches 
depends on the discrimination uf a l:Ombinat1on of 
pulo;;e-interpolation electronics, dctcctors, and uniform 
meter puls~. as weH as flow rate. pressure, tempera
hite, and meter characteristics. 

4.3.1.1 SCOPE 
This chapter outlines the essential elements of a ~mall 

Yolwne prover and provide.s dcscriptions of and oper
ating lletails lor the vadous t}'Pes oí smaU volume pro
vers that meet acceptable standards of repeatabillty aud 
accuracy _ 

4.3.1.2 DEFINlTION OF TERMS 
Terms used in this chapter are defmed m 4.3. l.2.1 

through 4.3.1.2.6. 

Copyr1ght by the AMERlCAH PETROLEUM IHSTITUTE CAP!) 
Tue Oct 29 19.•U:14 1996 

4.3.1.2.1 Interpulse spacing refers to variations in the 
meter pulse width or space. normally expressed in per
cent. 

4.3.1.2.2 Meter proofrefers to the multiple passes or 
round tríps of the displacer in a prover for purposes of 
determining a meter factor. 

4.3.1.2.3 A meter prover is an open or clos:ed vesse] of 
known volume ulilized as .a volumetric reference stan
dard for the calihratíon of meters in liquid petroleum 
service. Such provers are designed, fabricated, and 

-operated within the recommemlations of Chapter 4. 

4.3.1.2.4 A prover pass is one movement of the dis
placer hetween the detectors in a prover. 

4.3.1.2.5 A pro,,er rowul 11 ip is the result of lhe for
ward and reverse passes in a biúirectional prover. 

4.3.1.2.6 A proving tuner/counter is a. high-speed 
counter used in double chronometry tü measure time 
with a pulscd signal of known frequency. 

4.3.1.3 REFERENCED PUBLlCATlONS 

The curreut editions of the following: standards 7 -

codes, and ~pccifications are citcd in this chaptcr: 

API 
A1anual of Pttrofeum t\-!easuremcnt Standards 

Chapter 4, "Proving Systems." Section 2, "ú:m
ventianal Pipe Provers,'' Section6, ''Pulse Inter
polation," and Sectinn 7, "Field-S!llndard Test 
Measures" 
Chapter 5, "Metering:· Section 2, "Measure
ment of Liquid Ilydrocarbons by Displacement 
Mete~!:!,'~ Section 3, "Measurement of Liquid 
Hydrocarbons hy Turbine Meters," and Section 
4, "Accessory Equípment for Liquid Meters" 
Chapter 7 .2, "Dynamic T~mperature Deter
mination" 
Chapter 12.2, •·calculation of Liquid Petroleum 
Quantities Measured by Turbine or Displace
ment Meters" 

NFPA 1 

7ll National Electn'cal Cade 

1Nation:1l Pire l'rntection AssocinLIQn, Batterymarch Park, Quincy, 
Ma~!Mlchusetts 02269. 
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2 CHAPTER 4-PJ::ovj""'- SYSTEMS 

4.3.2 Small Volume Prover Systems 

The sma.ll volume prover is availabJe. in severa! difier~ 
ent configurations that alluw a contlnuous and uniform 
rote nf flow. All types opcratc on thc common principie
oí the repeatable displacement of a known volume of 
liquid in the calibrated section of-a pipe or ttibe. A 
displacer travels through a e<~librated section with its 
limit• <l<fineú by one or more highly repeatable de· 
tectors. The corresponding mctcrcd volume simutta· 
neously passes through the meter, and the whole num· 
ber of pulses is counted. Precise calculations are made 
using a pulse·interpolation technique (se e Chapter 4.6). 

The Lwo types of continuou:s·flow smaU volume pro· 
vcrs are unidircctional ancl bidirectional. The uni
directional prover allows the displacer to tnvel and 
me asure in only one direction through the proving sec
tion and has ·a means of returning th:: displacer to its 
starting position. The bidirectional prover allows the 
displacer to travel ::md mea~ure hr~t in t1ne direction and 
then in the other and is capable of reversing the flow 
through the prover section. · 

Both unidircctional and hidirectionar 8mall 'Volnme 
provers must be constructed so that tlle fu!J flow of the 
siream passing througli the meter beiog proved will pass 
through the prever. ·;~ ' 

4.3.3 Equlpment 

The small vulume prover must be suitable for the 
íntended fluids, pressures, te;ppcraturcs, and typc of 
installation. The materials US6d must be compatible 
with the fluid ~tream amJ the location where the prover 
will be installcd. 

A small volumc prover will num1ally consist of the 
following elements: 

a. A p1ecision cylinder. 
b. A displacer piston, spheroid, or other fluid
separation de.vice. 
c. A means of positioning and launchmg lhe lii~plat:t:r 
upstream of the calihrated section. 
d. A displacer detector DI detectors. 
e. A va1ve arrangement that allows fluid flow while the 
displRccr is traveling from one position to the opposite 
posltion. 
f. Pressure-measurement devices. 
g. Temperature-measuremem devices. 
h. lnstrumentatiun with timers. coumers. and pu\se
interpolatlon capability. 

4.3.3.1 MATERIALS ANO FABRICATION 

The materials selected for a prover shall·conform to 
appiicable codet>, pre::;sun: ratings, cunu~ion resistauce, 
and arca classifications. 
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The calibrated volume-measurement section of the 
prover, located between the displacer-position sensors·, 
must I.Je designed to exclude any appurtenances sucb as 
vcnts or drains. · 

· Flaoges or other provisions should be included for 
access to the inside surfaces of !he calibrated and prerun 
sections. Carc should be cxcrciscd ro cnsurc and main
tain proper aligmnent and concentricity of pipe joints. 
. Intcrnally coating thc provcr scction with a coating or 

plating material that will provide a hard, smooth, long
lasting finish will reduce t:orrusiun and prolong the lif~ 
of thc di9placer or displacer seals and thc provcr. 

4.3.3.2 TEMPERATURE STABlLITY 

Temperature stability is necessary to achieve accept
able proving results. Temperature stabilization is nor· 
mally achieved by continuous)y circulating liquid 
through the prever section, with or without insulation. 
\Vhen provers are insta1led nboveground, the applica
tion of thermal insulation will comribute to better tem
perature stabilization. 

1 ' 

4.3.3.3 TEMPERATURE MEASUREMENT 
- '' 

Tcmpcnnure-measurernent sensors should be of suit-
able range and accuracy and should be graáuated by 
temperature discrimination in fractional degrees to at 
least 0.5"F (0.25°C). See Chapters 7.2 and 12.2. 
Temperature-measurement Uevicts shall be installed at 
appropriate locations to measure tempernture nt u-te 

1 e ' ' U.(\0 meter and t 1e prover. aut10n must be exerctsed to 
ensure that the temuerature sensurs are located in·;~ 

· position in which they will not he shui off from the 
liquiu path. 

4.3.3.4 PRESSURE MEASUREMENT 

Pressure-measurement devices of suitable range and 
accuracy. calibrated to an accuracy of 2 percent full 
scale or bctter, shall be installed at appropriate loca· 
tions to mca~ure pressure at the meter and the prever. 
(See Figures 1-4 andChapter 12.2 tor further informa
tion). 

4.3.3.5 DISPLAC!NG OEVlCES 

One type o: displacer is a piston, with seals, con
nected to a central shaft. A second Lype of displacer is 
n free pistan that uses seais between the precision cylin
der and the piston. A third type 1s the elastomer sphere 
filled with liquid under pressure. To provide a se al with· 
out excessive friction, the spherc is cxpandcd to n di
ameter greater than the prover pipe's inside diameter, 
which is normal! y 2-4 percent. lnsufficient expansion of 
the sphere can lead to leakage pnst the. sphere and 

" .~ 

·.·. 
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consequently to measurement error. Excessive expan
sion of thc sphcrc may not improvc scaling ability and 
willgeneraliy cause the sphere to wear more rap1dly and 
move erratically. Ca re must be exercised to ensure that 
no a ir remains inside the sphere. The elastomer should 
b~::- impervious to the operating lilJuids. 

A means for inspccting or monnoring displacer-sea! 
integrity must be included in the design and operation 
of all smaH volume provers. Displacer-seal integrity 
may be either statically or dynamicaHy veriiied under 
cvudttious of low-pressure dífferential that are consis
tent with normal operatians. 

Other types of displacers wiU be acceptable if the.y 
provide accuracy ami repeatability that is equal to or 
hetter than thc three type~ dc~crihed ahove. 

4.3.3.6 VALVES 

All valves nsed in small volume prover systems that 
can pmvtde or con tribute to a by?ass of liqu1d a:-ound 
thc pruver ur meter or ro leakage between the prover 
and meter shall be of thc block-and-blccd typc. 

Full positionmg of the flow-reversing val ve or val ves 
in a bidirectional prover or the interchange vaive io a 
unidi.recnonal prover must b(". established before tiie 
dü.placer is allowed lo ac:uale the fu~t cletectur. Tbb 
design ensures that no liquid is nllowed to hypn.,s the 
prever dunng the displacer's travel through the cali
brated volume. The distance before the first detector, 
commcnly callcd prcnm. dcpcnds on valve operation 
time aod the velocity of the displacer Methods used to 
shorten thls prerun, su eh as fas ter operation of the vnlve 
or delay of the displacer lnllnching: require that caution 
be:: ~xtm.:1~t:J in tht: Lle~1gn ~u ~bat hydraulíc ~hock ur 
addiüonnl undesired prcssure drop is nct introduced. 

4.3.3.7 CONNECTIONS 

Vcnt and dram iincs shall be prov1ded an the prover 
or the couu~cting piping aud mu~t have H means of 
checking for leaks. Provi<>JOns should he made to allow 
held waterdraw calibration of the s1r.ail volume prover. 

4.3-3.8 DETECTORS 

Detectors must indicntc the position of the displacer 
within ±0.01 percent. The repeatability with which a 
prover•s detector c~n signal the posiuon oí the displacer 
(which is one of the governing factors in determining 
the length of the calibrated prever sect:on) must be 
u~r.:ertaint:ú a~ cu.:curatciy ~lb pu~sible. Care must be 
tnken to correct detector pn~1tions tbat nrc subjcct to 
temperature. changes throughout the proving operat10n. 
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4.3.3.9 METER PULSE GENERATOR 

A meter pulse generntor shall be provided for trans
mitting fluw data. Th~ generatur must provide electrical 
pulses t11at have satisfactory characteristics fnr the type 
of eledronic instrumentation cmployed. 

4.3.3.10 PULSE-INTERPOLATION SYSTEM 

The prover timer/counte: lor small volume provers is 
an electronic device rhat utilízes pulse interpolation and 
double chronometry (see Chapter 4.6). 

4.3.3.11 CONTROLLER 

The controller is used to process all signals both to 
nnd from the prover. It rcceives the start/stop signa1~ 
from the detector or detedors that gate the timers. 
ret.:eives the pulses generated by the test meter. per
fnnnr:: the calculations, and di.;,pJHys all data. Thc prov
íng comroller may be eqUipped to provide remate 
operatiun 1 a1arms, printing. logi;; sequences, and other 
dcsircd functions. 

4.3.4 Deslgn of Small Volume Provers 

4.3.4_1 lNITIAL CONSlDERATIONS· 

Bdon; a small volume provc: i~ UetngueJ ur st:lecteJ, 
it is necessary to e."tnhli~h thc type of prover required 
for the application and the ma nner in which it wil! be 
conne(;ted to the meter piping. The folluwing items 
should be cstablishcd from a ~tudy of thc apphcanon, 
intended use, aud space lunitat1ons of the prover: 

a. Whether the prover will be stationary or mobile. 
l. \Vhether a stationary prover will be dedicated 
(on line) or used as patt of J central system. 
2. Whcthcr a stationary and dccticAtcd provcr will 
be kep: in servtce continuously or isolated from the 
meteied stream when it is not being used to prove a 
meter 

b. Tht: temperature and pres~urt! raog~ lhat will bt: 
encountered. 
c. The expected maxtmum and núoimum How rates 
and thc flow-rate stability. 
d Thc maximum prcssure clrop allowable acrass the 
prover. 
e. The phy•ical pruperties of the fluids to be handled. 
f. Thc dcgrcc of amomatio:1 to be incorporated into 
the proving operation. 
g. The availability of electric power and other utilities. 
h. Thc size and types of meters to be proved. 
i. TI1e applicable codes. 
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4.3.4.2 PRESSURE DROP ACROSS 
THE PROVEA 

In detennining the •ize of the piping and the openings 
to be used in thc manifolding and the prnver, the pres
sure loss through the prover sy:Hem should be com
patible wilh th~ pressure loss considered tolerable in the 
metering installation. Flow rate should not vary signiti
cantly duríng movement of the di~placer. 

4.3.4.3 DISPLACER VELOCITY 

The ve]ocity of the displacer can be dctcrmined by 
the diameter of the prover cylinder and the ma.ximun~ 
and mínimum :flow rales of tht: meter~ ro be proved. A 
practica! limit to the maximum vc1ocuy of a displacer 
must be established to prevent damagt tu the dit>placer 
and the detectors. 

Typical maximum dtsplacer velocittes are clase to but 
not limited ta 5 feet per second (1.5 meters persecond). 
The developing stare of the art advi"es against sctting a 
firm Jimit on displacer ve!ocity as a cdterion for design. 
Demunstrutetl results are better to use as a criterinn. 
The results are manifcstcd in repeatability~ accuracy, 
and reproducibility of meter factors using the prowr in 
question. 

Establishing guidelines for mínimum velocities is dif
ficult because of tbe many factors that must be consid
ered, such as the following: 

a. The smoothness of the cyli;ruler's interna) surface. 
b. The type of displacer used. ,~. 
c. The displacer's iaunching capability. 
d. Thc lubricity uf the liquid being measured. 

Piston-typc displacen; can generally opernte at lower 
velocities than 'can :sphr:re types. 

The intention of this standard is not to limit the 
velocity of the displacer. J:lrovided rhat acceplabk 
performance is guaranteed. there is no arbitrary limit 
imposed on veloc.::Ity. 

4.3.4.4 VOLUME 

In determining the volume of a provt!r between dew 
tectors, the designcr must considcr thc following itcms: 

a.. The overall repeatabihty tequued of the proving 
system. 
b. The repeatability of the dctcctors. 
c. The ability of the electronic counter ro indicate 
whole pulses: unless pulse imerpolatioll is emplo}ed. 
d. The rcsolution uf the meter pulse generaror (the 
number of pulses per uoit volume). 
e. The maximum and rninimurr. flow rotes of thc 
systern. 
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f. The uniformity of the meter signa!, or pulse, rclative 
to time (interpulse spacing). 
g. The meterls displaced volume per revolution. 

4.3.4.5 CRITICAL PARTS 

When a detector's wom or damaged parts are re~ 
placed, care must be taken to eusure (hat neither the 
detector's actuating depth nor its clcctrícal switch com
ponents are altered lo the extent that the prover volume 
is changed. This iM especially impunant in the case of 
unidirectional provers beca use changes in detector actuw 
ation are not compensated for L1y round trip sphere 
travel, as they are in bidirectional provers. \\'hen unl
directional provers are used, recaJibration is needed as 
soon as practical. 

4.3.4.6 COUNTERS 

The. small volume prover requires using a meter 
pulse-interpolation-type system (seo Chapter 4.6) to 
provide a resolution of nt least one port in 10,000 ofthc 
indicated mete.r volume for each pass of the displacer. 
between the detectors. 

4.3.4.7 · METER PROVING GUIDELINES 

Different typ~s of meters produce pulse trains that 
have different characteristiU:~. 

Ata steady flow, the rot¡¡tion of a tnrbine meter and 
its pulse train is unifonn. Un~er comparable now. the 
rotation oi some displacement-meter elemcnts is also 
uniform; however, ruechanical gears, couplings. ad;: 
justors. counters. temperature-correction devices·,.
and other nccessories reduce thc uníformity of thc 
displacement~meter pulses. 

Demonstrations ha ve shown that the closer the pulse 
gcncrator is to thc meter rotor, thc more uniform the 
pulse train will be. The further tite pulse ís moved from 
the meter rotor, the more erra tic rhe pulse trnin he
come.s (see Appendix A). 

For c-xample, a displacement meter that has a close
coupled pul~er will require only a minimal number of 
prover passes p6rfobned by a relatively-low-volume 
provee to establish a meter factor. (See Figure A-2 for 
pulse trAin characteristics.) A displat'ement meter with 
a tull assortment of ltccessories will usually require 
mure passes or the use of a largcr prover to establish a 
meter fnctor. (See Figure A-3 for pulse train character
istics.) 

4.3.5 Sample Calculatlons for the 
Deslgn of Small Volume Provers 

A typical approach to Ute design and application of 
small volume provees is provided in 4.3.5.1 and 4.3.5:2. 

1 
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Note: Test-run ob<;ervation indica tes that the calculalion method used 
in 4,3.:5.1 and 4.3.5.2 should provide a minirJum volume for proving 
a meter with a unifonn pulse trlll!'l (for c:x:amplc. a lurbmc mc(cr or 
a displr~cernent meter tbat has 11 uniform pulse output). A pr.._1vins 
method that con&ist& of five provcr passes, or round trips, wilh a 
repetltnbllity mnge o! O 05 percem !S achie\'able. Proving methods for 
use on nonunifonn pulse ourput metcrs are-Ciscuued in Appcncix B. 
Thc cll.awple& u.sed i.n this scctiou are uut wtcndcJ to imply lha~ tiH.: 
meter and prover data will be appropríatc for al! cquipment or th:ll 
othá mcthods of provcr dcsign analys1s an::: ioappropriatc. 

4.3.5.1 PROBLEM 

The maximum flow rate uf the meter to be proved is 
1715 barreis per hollr (1200 gallons pe:r minute, 272.66 
cubic meters per !10ur). Tile mmimum flow raLe is 343 
harrels per hour (240 gallons per minute, 54.49 cubk 
meters per hour). · 

The mel~;;r is a 6-im·h Uisplacement m~ ter with a pul~e 
rate of 8400 pulses per harrel ('í2,Sl4.4 pulses per cubic 
meter). The maximum interpulse spacing is equal to 
±lO pe:-cent of the average. The meter pulse output is 
approxirnately uni:orm with the rotat!OD of C1e meter 
element. 

Thc pulse intcrpoiation is pcrfnrmed by the douhle
cbronometry method using one dock with a frequency 
of 100,000 hertz. 

The prover displacer-position dc-tectors have a re
peatability range of 0.001 iocll (0.0:!54 millitneter) and 
a position stability rango ot 0.001 inch (0.0254 milli
meter). 

Tite meter output resolution at the stan ami entl uf 
one prover pass is ±0.01 percem (:::=0.0001 percent nf 
the ave.rage) The prover dtsplacer-position error at the 
start and end of a prover pass has an uncertainty of 
=0.01 percent. The. maximum dis;place.r velocity is 3.5 
feet per second (1.067 meters pcr secoud). Th«: m.ini
mum displacer velocity is 1.2 inches per !óiecond (3.048 
centimeters pe-r sccond). 

The required tles1gn dat~ is the minimum volurne, 
minirnum cJi[!mctcr, and mi:timumlength of the pro ver. 

4.3.5.2 SOLUTION 

Thc potcntutl error duc te tl•c resolution of double
cluonometry timen; durmg <A prm-cr pas~ can be calcu
ln.ted as follows: 

(1) 

Whcrc: 

Uc:; potemia] error in tim¡,;. <KL:umulated by two tJtn
ers (one that time.-. meter !llllsc output ami one 
that times prover displacement), expre~~ed ab u 
plus/minus fraction of n puise. 

2 = number of timers. 
N,.= numbcr of dock pulst::.s accumulateJ during a 

prever pnss. 
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The number of clock pulses aocumulated during a 
provcr pass 1s calculated as follows: 

N,~ T2 F, (2) 
Where: 

Tz = dock operating time cturing a prover pass, in 
seconds. 

F<; = clock frequency, in hcrtz. 

Th~ dock operating time during a prover pass is cal~ 
culated u~ follows: 

(3) 
Where: 

Nn 1 = number of meter pulses dunng a pro ver pass, in 
pul::;es. 

Fro =meter pulse frequeocy, ín hertz. 

Equatiuns 1, 2. <tml3 can be combined to express the 
error nf the timers in terms of meter output and timer 
frequency: 

(4) 

The meter pulse frequeucy is calculat..:d :t~ fullows: 

Fm = Qmr,/3600 

Where: 

Q,, =meter flow rate, in batrels per hour (cubk 
meters per hour). 

Pr =meter pulse rate, in pulses per barre! (pulses 
per cubic meter). 

.~non= numher of seconds per hour. 

In this examplt:. tbe maxirnum pulse frequency is cal
culated ns follmw>: · 

In SI units, 

F ... , ... ,= (1715)(8400)/3600 
= 400:! hertz 

F"'(mu) = (272.66)(56,8.>4.4) /3600 
= 4002 he1 tz 

The potential error of thc double-chronometry time 
can be ~akulated from Equarion 4 as follows; 

U,= (±2)(4002)/(Nm)(lOO,OOO) 
= ±0.080/ Nm 

The error due to nonuniform meter interpulse spac
ing at the start and end of a prover pass is calculated as 
follows: 

(5) 
Wherc: 

UlJJ = potential error due to nonunlform meter intcr-
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pulse spacing during a prove.r pas~. expressed as 
a plus 1 minus fraction. 

'2 = number of displacer detcctions during a provcr 
pass. 

Ps =meter interpulse ~pacing expressed a~ n 
plus/minus fraction of a pulse. 

In this exomple the error due to nonuniform meter 
interpul.se spacing is as follows: 

Um=2(±0.10)/Nm 
= :0.20/ N m 

The comhined meter output error at the stnrt and end 
of a prover pass can be estimated by combirtiOg Equa
tions 4 and 5 as follows: 

U,+ Um= ±2Fm1N~F,+(2)(=P,)IN.. (6) 

Note: Equation 6sums tllo errors U, and U .... inst~ad of taking thc root 
mean squ.uc, thc. usual mcthod ot caJcula:ion. Tt-Js approach rcsults 
in a :.lighl.ly Lugt:r prover thau mi¡;;h: oth~rwb~ be C,\lculatei.L 

In this exampie the combined meter pulse uncer· 
tainty during a prove.r pass is as follows: 

U,+ U .. = (± 0.080 + ±0.20) 1 N m 

= :::0.280/ Nm ' 

The maximum meter output error ;rt the start and enJ 
of a prover pass is limited to the following: 

U,+ U.= ±0.0001(±0.01 perccnl) 

In this example the minir:ntm nnmber oi merer pulse~ 
that Jimits mete1 error to .=U.UÜUl is ::t'> follo\\'S: 

±0.280/ N m= :::0.0(](1) 

Therdore, 

N::-.= 2800 meter pulses 

The minimum prover volume is calculatcd as follows: 

Y,:,,. ..... 1 = .N m 1 P, 
= 280018400 
= 0.33333 barre! (0.05299 cubic meter) 
= 14.000 gallons (52.996 líiets) 
= 323-.;..ocubicincbes (52.996 cubic centimeters) 

The minimum diameter of a provcr's calibrmed 
chamber nt the mnximum flow rute is calculated as fol· 
lows: 

D,= [Qrn/(0.7854v;)f' 

In Sl unirs, 

DP = imernnl diameter of the prover's calibrate<.J 
chamber, in inches (centimete.rs). 
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Qlll ~ meter flow _ rate, in cubic mches per second 
(cubic centimeters per second). 

\.d =displacer vclocity: in inches per second (centi
meters per seconU). 

In this cxamplc the minimum prover diameter for the 
velocity limit is calculated as follow ... : 

n,, ... , = {4620 1 reo. 7854)( 42)]}'·' 
= 11.83 inches 

In SI unit~. 

D""'"' = {75,708.2/ [(0. 7854)(106.68)]}" 
= 30.06 centimetcrs 

The veiocity of the dispiac~r at the mínimum flow 
rate, with the inside diameter given ahove, is calculatcct 
as follows: 

V,¡m<n> = Qm/[0.7854(D,')j 
= 924/[(0.7854)(1,.832)] 

= 8.4 inches per second 
= 0.7 foot pcr second 

In SI units, 

v,,.,, = Q,.l [(30.05)(0,2
)] 

= 15,141.6/ [(0.7854)(30.05') 1 
= 21.35 centimeters per second 
= 0.213 meter per second 

Since thc minimum calculatcd displacer velocity of 
0.7 foot pcr second (0.213 meter per second) is more. 
than the design limit of 0.1 foot per s~cunci (0.03 meter;. 
per second), the dinmeter nf 11.83 inches (30.05 centi~ 
meters) is s<1tisfactory. , 

The prover's t..:alibrateU s~:ction b culculated as fol
'lnws: 

L, = V,! [1.1. 7854(D,')) 

In this example the minimum prover length. based on 
the minimum volume and diametet of the prover sec
tion, i~ as follows: 

L,,.,,1 = 3234/ [(0.7M54)(l U3')] 
= 29.42 inci1es 

In SI units, 

L,,.,., = 52,996/ [(0.7854)(30.05')] 
= 74.72 centimeters 

The errnr in the di-.plncer's pnsition during o prover 
pass can be estimati:!d as fo1lows: 

U,= [2(,., + s,)]/ L, 
lVhere: 

uil. = rangc of error in the dispiaccr's position during 
a prover pass, expr~s~ed a~ a fracti.on. 
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2 = number of displacer positions during a prover 
pass. 

,-,1 = range of repeatability of the displacer detector 
or detectprs, in inches (ce.ntimeters). 

s<J = range of stability in thc mounting position of the 
displacer detector or detectors. in in ches ( centi
meters). 

Iu this example tbe minimum length of the prover's 
caübrated sectíon for a maximum error range of0.0002 
(0.02 percent) in Pisplaccr positions during a prover 
pass would be a~ follow~: 

LPL'JU!ll = 2(rd + s,¡) 1 Ud 
= [2(0.001 + 0.001)]10.0002 
= 20 inches 

In SJ unils. 

L"~' = 2(r, + s,) 1 U,, 
= [2(0.00254 + 0.00254)]/0.0002 
= 50.8 centirneters 

Since the minimum prover length corresponding to 
the miaimum diameter [29.42 inches (74.72 ~enti
meters)l is 1ongcr than thc ruinimum provcr kngth 
baseú on displacer detector error [20 in ches (50.8 centi~ 
meters)], t!Je former prover lcngth is satisfactory. 

4.3.5.3 SUMMARY OF PROVER DESIGN 
CALCULATIONS 

The mmimum volum~ equah; 14.000 gallons (52.996 
liters). The rninimum di,lmetcr equals 11.83 inches 
(30.05 centtmeters). The minimur.1 length equals 29.42 
inches (74.í2 cent:meters). 

4.3.5.4 OTHER CONSIDERATIONS 

Wnen opernting at its maxinmm design flow ro. te, the 
smal1 volwne prover shaU allow the displacer to come ro 
re~t safdy withuut sbut.:l al the enJ o[ 1ts travd. 

When the prover 1s opernting at its maximum flow 
rate with hquids for wh1ch it wa!' designed, there shall 
be no sigo ot cav~tatlon in thc pro\ e:-, the val ves. or any 
other apparatus within the spt>cifled temperature and 
pressure ranges. 

4.3.6 lnstallatlon 
AH installation comnonent<; (1( the sma\1 volume prn

\'er, includrng connect;ng mpmg, val ves. manifolds. and 
~ h-. 

so forth, shall be in accordancc with the applicable pip
ing codcs. Once. th.:::: provcr :s onstrcam, it bccome.5 a 
part of the pressure system. 

If the proving seCtion and re la red components are 
installed abQ\regronncl, they shall lmve smtablc hangers 
anO supports pr~:;t:.¡_;ribed by thc applkable cuúes and in 
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accordance with t>ouml engincering principies. Ade
qunte provisions should be m a de for cxpansion and con
traction, vibration, reaction to pressure sUrges, and 
other conditions. 

Suitable. valves shall be installed to isolate the prover 
unit from line prebsure dming maintenunce, removal 
of the displacer, replacement o~ seals, clcaning, and 
recatibration. Likewise, conncctions on the prover or in 
tbe lmes should be considcrcd for subsequent re
calibrations. 

All units shaU be equipped with vent anc.J drain cun
nections, and provisior. should he made for the disposal 
of liquids or vapors that are dra..ined or vented from the 
small volume prover secuon. This may be accomplished 
by pumping liquids or vapors bacl::. into the syste.rn or by 
divertmg them to a collectiug: point. 

Temperature and pressure de\-ices shall be installed 
in smtablc locations near the meter and the. prover so 
that they can b~ used tu Uetcrmine the temperature and 
pressure of ench. 

illinded valves or val ve connectiom. should probably 
b:;: providt!-LI un either side of a bubblelight block valve 
in the carrier strcam to serve as a pcrmanent connection 
for proving portable meters. 

lnstallations in hazanlou~ lncations muRt .be rccog~ 
nized as such, and all wiring and controls in these loca- · 
hons shall conform to fhe requireme:nt~ uf NFPA 70 and 
any other applícahle eJectrical srandards. Provisions 
shaH be rnade for proper grounding and elcc-Lrical insta!~ 
lution of portable small vol u me provers:. 

Componcnts sha.U come·f.rom the class and group that 
are most appropriate for the lncation and operaLíon. All 
ciectricai controls and co:nponcnts should he placect in 
a location :hat is convenicnt for operatiou and maiut~
uauc-:. 1v1anufa~.:.turers' instructions should be strictly 
followcd during the instHllatioo and groundtng of such 
items as eiectronic counters. pulse-intcrpolation eyuip~ 
ment, and signa! cables (scc Chapter 5.4). 

Prcssure re.lief valves anú leak-detection facilities 
shall be mstalled with dischar~e pipmg tu cuntrol ther~ 
mal cxpansion of the liquid in the small volumc prover 
whilc it is isolated from thc. nmin stream. 

Powt:r cuntrols and remote comrols should be suit
ahly protectcd with lockout switches between remate 
and adJacent panel locallon~ to prevent accidt:mtul re
molt: operation while a unit is being controlled locally. 
Suitnhle safcty dcvices and locks should be installed to 
prevcnt inadvertenl uperatiun of or unauthorized 
tampering with equipment. 

Amomated or power-operated meter proving sy:,
tems may be equ1pp~U with emergency manual oper~ 
ators for us.e during a pnwcr fatlure. 

Small volume provers may requue ~training or fil~ 
tt:ring t!quipment. 
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12 CHAPTER 4-PROVING SYSTa.IS 

4.3.7 Calibration 

4.3.7.1 GENERAL CONSIDERATIONS 

A small volume prover must be calibratcd befare it i,o;. 

placed in service to determine its base volume (the cali
brated volume corrected lo standard con<litions). Pe
riodic recalibration of the prove.r is aJso required. Chap
ter 12.2 gives details for determining all the cmrection 
factors and cnlculating the base volumc. Sorne of thc 
differences in calculating the base volume of a small 
volume pruver are disr.;ussed in the foUmving para
graphs. 

The accuracy · of the base volume ( documented on a 
calibration ccrtificatc), as dctcrmincd, cannot he better 
than the accuracy of the field standard used in detor
mining it (t>ee Chapter 12.2). 

It shoulct be clearly uncterstood that thc base volume 
of a unidirectional prover 1s the calibrated volume cor
rccted to standard conditions and displaced bctwccn 
detectors for a single pass. The bast! volume of a bi
directional prover is the sum of the volumes displal:~c..l 
between detectors for a round trip of the displacer and 
corrected to standard conditions. 

Some unidirectíonal Hmall volume provers have one 
or more shafts attached to the displacerc The shaft may 
be continuous or may be on only Cllle side of tht dis
placer. If the shaft is contínuous and uniform, the effec
tive up10tream volume. may be .equal to the effective 
downstream volume; howcver;:.if th~ shdft is un only 
one si de ofthe dis.plncer. the effective upstream volumc 
will differ from the effective downstream volume. For 
further clarification. if the hl!aft i> un thc upstream side 
oi thc displacer, thc cffcctivc volumc whcn a meter is 
proved upstream of the prover wil.J be lesS than the 
effective volumc when a meter is pro ved downstrenm of 
the prover. Convcrsely 1 if thc shatt is or: the down
stream side of the displacer. the effectiYe volume when 
n meter í~ proved npstream of the pm\'er \\'ill he greater 
than the effective voJume when a meter ts proved down· 
stream of the prover. The diffcrence in volurnes is 
equivalent to thc volumc displllccct by the shaft. Both 
volumes shall therefore be stated on the calibratiou cer
tiiicate. If only one volume is determined, the certifi
cate shall clearfy state and idenlify the si de of the prover 
that is calibrateU tu ensure that it is the síde used to 
provc :l meter, 

The methods of calibrating a small volume pro\'er 
include the waterdraw method, the gr:lvimetricmethod, 
and the master-meter method. The waterdraw method, 
dcscnbed in 4.3.7.2, is by far the most commou. 

4.3.7.2 WATERDRAW METHOD 

The cahbration of small volume provers by the water· 
draw method may be simplified where possible by pluc-
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ing the prover, field standards. and test liquid in a stable 
temperature environment shaded from direct sunshine 
to allow the equipment and llquid to reach an equi
librium temperature. 

Water is thc ideal calibrating medium because of its 
high heat capacity, 1ow compressibility, and low coeffi. 
cient of thenñal ·expanSion· compore·d to petroleum 
üquids. The use of any other medium in these me asures 
changes the .surface tension; consequently, tbe mensure 
is no longer cRliDiatcd. To prcvcnt contamination of the 
water, the prover and fiH lines must be void of foreign 
mat~rials. 

Tite displacers should be moved through the small 
vulume prover enough times to flush the prever nnd 
eliminate air that may have been caught in parts of the 
small volumc prover system nnd to allow both the metal 
and liquiU of the prover system to rench a common and 
steady tempcraturc. Uninsulated small volume provers 
that are calibrated outdoors under hot or cold condi
tion¡:; should he temporarily insulatcd and sheltered to 
reduce variations in te.mperature. In addltion to stabi
üzing the prover, it is necessary to vc.:rily that the valvet:t, 
seals, and displacer are secure nnd that there is no Jcak
agé from or around the prover. 

The temperature and pressure of the water ot thé
provef' between the displacer and the standard mea
sures, sha11 then be observed and recordeU as the tem
peratura and pressure in the prever nt the :;;tnrt of cali· 
bration. 

Test measures fur the calibration of sma!J volume' 
provers shall comply with fhe requireme.nts given in·. 
Chapter 4.7. High-sensitivity field staudards with a'· 
resolution of 0.02 percem or better are recommended 
for use in calibradn·g small volume provers. Only a sin
gle iield stanUard or as few fielrJ t:~tandards as possible 
should be used during a watcrdraw caiibration of a small 
volume prover. 

The provcr may be calibrated using small-<liameter 
water lincs mtd temporary valves. Automated fast
responding valves actuated by the detector switches, 
C()mmonly caBed solenoid valves, ~hall be u~ed. (See 
Figure 5.) Provisions shall be made to ensure that no 
water bypasses the field standard. The data recording 
sheets should be ehecked and sigued by all parties that 
witness the caübration. 

4.3.7.3 CALIBRATING BIDIRECTIONAL 
PROVEAS 

After completion of the preparatory steps for flush
ing a1r out of the prover and stabilizing the temperature, 
at leust one nial calibratiun run bhould be made to 
determine thc approximatc volume of the smnJl volume 
prover between its detectors so that the. appropriate 
number and sizes o(field standnrds can be estimated. A 

'''· 

,_, 



Ven\ 

Water 
supply 

[ __ 
.-------

Prover counter 

D---- F\ow --e::= 

~~- ""' '""" -~ \ 

(;') 0) 
-~-CL)(¡_r_1 _ 

V4 ,-1, 

%' inside V~ VS 
dlatneter tub1ng ,-1 

1-= 1 
1 -1 

1 =· '-, 
(- --"¡ 

1 1 
1 1 
1 1 

1 
--- _J 

Figure 5--Generalized System Overview of Waterdraw Method 

SVI 

(J) 

8 
~ 

o 
z 

! 
< ::3 
~ -o ¡: 
< 3 

~ 
1/1 

" '" 
.r: , 
w 

~ 1 
m "' " "' ~ 

r..:J 
~1 

w 
ru 
ru 
.Jl 
CJ 

CJ 
CJ 
tn 
.r: 

"' --.1 
-" 
lTl 

~ ~ 



14 

minimum number of field standards should be used (see 
Chaptcr 4.7). · 

Bidírectional calíbration runs should now be started. 
The displacer should be driven past one of the switches 
into the space just outside the calibrated volume at 
either end of the- small volumt:; prover. The valve~ 
should be reversed Rn that the dispiacer trnvels toward 
the section to be calibratetf while wasting the effluent 
water. Before r~:aching the detct:tur, the water shuuld 
be Wl'!stcd slowly through R fast-acting auromated valve. 
The waste should be stopped by usmg Lhe fast-acliug 
automated valve nt the instant tl1e switch indicnticm 
shows ''ON. n The temperature a:td pressure of the 
wuter in the pruver ohould be ret'ordtJ. Nc::xt, all aUdi
tiomtl cfflucnt water should he directed into the se
lected field standards. Tite withdrawals should be con~ 
tinued until the la.t tield standard is being filled. The 
withdrawal should be reduced to a controllable slow~ 
bleeU rate through thc fH~t-acting :.~.utornatc::.J valve until 
t.i-tc "ON" switch indication i~ oh~erved at the second 
detector point; the withdmwrtl should be stopped at the 
instant the switch shows ''ON." The total af the field
standzrd volumes indicates the observed displaced vol-· 
ume betweeo detectors 1n that direction of travel under 
C(lndition~ of pre~.:;ure ;::md temperature that exist at the 
start of calibration. The fill conditlOn of the drain hose 
and other withdrawal equiprnent shall be the same at 
thc cnd of the withdrawnl ns it was at tl"'.e start. 

A similar displacer trip should now be made in the 
opposite direction, repeating the procedure. These two 
tríps do not neces-;arily have to agree ¡,_ observed dis~ 
placeO volume beca'.Ise- the action oí the detecto1s may 
he different for ench direction of tr:wel. 

'!'he calibrating procedure should be repeated u~til 
satisfactory repeatability is achieved. The average of at 
least two consccutivc round t:-ip corrcctcd volnmcs 
within ü.U2 percent (±0.01 percent af the averag~) 1s 

required. The cD:-rected volun:e fa:- the consecotivc 
trips in any given ducction shall also agrcC'. withia 0.02 
ptm.:ent {±O. O 1 percent of tlu: avt:rage). 

The hase volume is the average of two or more con
secutivc round trips of the- displaéer wtthin the toler· 
ances <.~ftcr l:UITecting to the- stamlan.i temperaturc anJ 
prest'ure. 

Failure to repeat may be caused by leaktng vaJves 1 air 
in thc system, varying pressure, i:nprope:- condition of 
t:'le displacer or dctccrors, or poo:· calibration tl'Ch· 
niqu::. 

4,3.7.4 CALIBRATING UNIDIRECTIONAL 
PROVERS 

The base volume of a unidirectional prover is the 
volume that is displaced as th:! dihpbce:- moves from 
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one detector switch point lo a second detector switch 
point. Thc dcscribcd onc-way trip proccdurc should be 
repeated until satisfactory repeatabilityis achieved. The 
average value for a minimum of two such one-way cor~ 
rected volumes is considered the base volume for the 
prover at standard conditions. 

This publicntion does not restrict the dctcrminntion 
of the base volume to two consecutive runs. More runs . 
m ay be meJ if agreed tu by the parties involved. 

Thc procccturc for calibrating a unidircctional prever 
by !he wat<rJraw me!hod is substar.tially the sume as 
the procedure described for a single one-way trip of thc 
displacer in a bidirectional prover. Tbe results of twa or 
more t.'Ont;ecutíve rum:i (as agreed upOn by the inter
cstcd parties) shall agrcc within 0.02 pcrocnt (±0.01 
percent of the average) or better to detcrmiue the base 
vol u me. For wnterdraw colihrntion of the upstrenm sec
tion with the displacer moving in the opposite direction, 
the proccdur~ are exactly the same except that cJre 
.must he taken to use the same. edgc of thc detector 
trigger that is used in calibrating the downstteam sec~ 
tion, and the displacer and vnlve seol~ mu!=:t he con~ 
íirmed in this direction. In effect, :he difference be-_ 
tween upstream and downstream volumes is equivalent 
to the n"rea of the shnft or shnfts time.s the length be-
tween detector ttigger points. · 

4.3.7.5 REPEATABIUTY 

Repeatabilily 1s only one component of caiibration 
accuracy. By filling the !\ame tield .stondards with the 
test runs made at an equal rate, an operator can corn~ 
plete a series of erroneous calibrations as the result of 
a consistent leak. This lmzard can be reduced or elimi:
nated by making an additional run at a rate change of 
at least 25 percent. With a changed flow ratc, a different 
volume (altor correction) that is outside 0.02 percent 
(±0.01 perccnt of tite average) of the initial runs (after 
corrcction) indicatcs thc possibilit y of a lea k in thc 
proving cucuit. which must be corrected before cali
bratian can be achieved. All correctcd volumes at both 
tlow ratcs shaU fall within 0.02 pcrccnt (±0.01 pcrccnt 
of thc average). This is lrue o[ both unitlirectional and 
bidirectinnal provers. 

4.3.7.6 CERTIFICATE OF CALIBRATION 

After a small volume prover is calibrated, the data 
sheets shall be usetl to prepare a ccrtification of cali· 
bration. Thc ccrtificatc shall statc the calihrntion 
method used. the base volume or volumes. the refer· 
ence conditions, the serial numbers. and the date. 

For unidirectional small volume rrovers that have a 
shaft attached to the pjston 1 the ceniúcate shall clearly 
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state and :ctentify the si de of the prnver thot is calíbratcd 
to ensure that it is the siC e used tu prove a meter. 

4.3.8 Operation 

Proving with sma11 volume prm'ers requiles the same 
g6nd practices commonly <Jssociated with pipe provers. 

All va.lves in the fJow path between the meter and the 
small volume urove.r must be positioned so that fluid 
cannot be div~rted from or added to the strefl.m. All 
valves associated with tbe provmg c:ystem must induJe 
J method for detecting leaks and must be free fraru 
leaks. 

The proving systern sh<JII íncludc ~•t least une tempera
tute indicator ir.. tbc flow linc. ndjacc.nt to thc meter and 
at least one indicator adJacent to the prover (see. 
4.3.5.3). 

Pressure indicators shail be inst<ülcd at appropriatc 
lot·ation~ lo mcasur~ pressure at the meter and the 
prover (see 4.3.5.4). 

Venting si10uld be performed on the sr..1a1J volume 
prover and at oth~r approprial::: lüLations lo ensure that 
alr or gas is not trapp~d in thc. flow system hefnre 
provlng. 

Steady flow should be establishcd in the systen to 
eosure stable temperature and pressure be.fore proving. 

The need for maintainin& back pressure on the mete¡/ 
prover system depends on various factors sud: as fluid 
velocity, fluid vapor pressure: and cperating pressure 
and tempera tu re. (See Chapters 5.2 <Jml5.3 ior recum
mendations.) 

Meter pulse output should be checked ro ensure pulse 
int':!grity. Wlechamcal or clectrical meter register tests 
should be cooducted before provmg. 
Tb~ displacer seals of small volumc provers should be 

checked for senling integrity in accnrdance. with the 
manutacturer's recommended ;Jroccdure. 
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Pulse-imerpolatior: or othcr types cf counters used in 
conjunction with smaH volum~ provers sball be verified 
for corr~ct uperatiun befure proof runs are conducted. 
(See Chapter "4.6 for dcscnpuons of calibration tests 
and runctional checks.) 

Autcm:lted sman volume provcrs thnt iocorporatc 
microprccessor computer seqnen:e control, ;Julse inter
polatio:t, dala acquisitiun. :mU data reéuction shall be 
tested for functionnl operatlon bcforc rr..ctcr proafs are 
conductcd. Such systems shcutd contain St'.U-Lt:~t fea
tures to verify the operation of camputcr software and 
hardware. Manufacturers' procedure~ and recommen· 
dations should be followed i1: dCCordance wüh the ap: 
propriate sections 0f the Manual of Pt'troü:um Alca-
suremem Sumdards. -

In unidirectional small volume proven •. a proving run 
consists of one trip of the displacer through the cah
brated section. 

Note: Cuc mu.~t bíl cxerci~ed during. !he u"e <lt riro;p\ñ('t:'rS that incor
porall' ¡¡ ruJ or rm.h., sine<' tht." -..ulumt: . .., up~trc:am and dmvnstrcarn of 
the displ.:::('er witl be different. 

In bidirectional small volumc provers. a p1oving run 
consists of a round trip of th\.! d1s¡Jlacer ( that is, lh~ ~um 
of two consecutive trips in opposite direclinm; through 
the c<.librated section) 

4.3.9 Nonuniform Pulses 

Caution is recomrnended when gear-driven pulse 
genermors are useá on d1splaccmcnt.meters to ensure
thar baddash, drtve-shaft torswn, and cyctic effects do · 
not cause irregular pube gcncrution. If these problems 
oc:ur, an evaluntion oi ~he gcaring and pulse
ge:-~eration systems shoulct be made to erumrc that 
proptlr cquipment is selected to provide nptimum 
perform:mcc. Problems shoulJ be referred to the 
manufacturer ofthe metet ami dte sm;11l vulume prover. 

() 
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APPENDIX A-EVALUATION OF DISPLACEMENT METER PULSE VARIATIONS 

A.1 General 

During the development of Chapter 4.3, a question 
was raised about the magnitude of the puise variations 
m conventional displacement meter systerns. No experi
ence or data were known. and two manufacttlrcrs vol
unteered to test several meters to define the range of 
pulse variations that could reasonably be expected. 

Sorne of the terms used ro describe pulse variations 
include interpulse linea:1ty and pube ~terspace vari
ations. In fact, the concern i!' wirh pulse frequcr.cy vnri
ations wi.thin one. cycle or rotation ot a meter-rneasuring 
element or the gear train that prov:des the output mo
tioo for thc proving pickup or l'ounter. Gear systcms, 
universal JOints, and clutclHype adjustrnent Uevi¡;e¡¡ are 
known to impart accelerations within a single revolution 
of a meter. The same vari.uions may occur in gear
driven turbin<::-m~ter uutputs and turbine-meter rotors 
where the magnetic piugs are nor uniformly spaced on 
the perimeter of the rotor. These are probably minor 
variatiuns compared witb those that wou1d he expected 
from displaccmcnt meters .. No tests were performed on 
turbíne meters. ·~ ... 

Forty-four tests com;isting of 10-25 provings with & 

small volume prover and. ll tests consisting of ttve pass 
provmgs with ::~. j4-barrel uniLiirectional displacemem 
prover were cornpleted m)d rccordcd. The results are 
summarizeé in A.2 throu~I.I A.4. 

A.2 Equipment 

A.2.1 METERS ANO PROVEAS 

The displacement meters werc connectel.l in ~e.ri~s in 
tluwing-liquid test loops wirh nominal 15-gallon small 
volumc provcrs for the tests. A conventional 54·barrel 
displacement prover was l!l thc loop in un:;: series of 
tests. 

The meters were new producuon units availabl~:: <1t 

tht: m;.¡nufacture:-'s test facWty. Ench had limited prc
te~>t opcration. 

The pulses were gene1 ated in thc couventJunal m;.m
ner from commercial d!sp\accment meters. Two 3-mch 
meten~, two 4-ínch rneu:.rs. and one: 6-iñch meter were 
used. lo add1tíon, a 3-inch and a 6-inch meter were 
equipped with specia\ closc-conpled pickup arrange
ments to monitor the performnnce of the rneasunng 
element only, witbout the influence of gears and shafts. 

A.2.2 AECORDER 

A precis1on high-frequency rccording systen1 wns 
used for the tests at lJoth locatiuru.. The 8-pen recorder 
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with a chart speed of 50 milli;neters per seoond was used 
to display the pulse trains generated by the meters. 

A.3 Analysis ot Results 

The chart records of the. test were. analyzed manual\ y 
to quantify the puhe variation~. The following method 
was·used: 

a. Pulses generated by ~everal rotations of the meter 
system were recorded. 
b. The number of pulses representing 0.25 gallon o( 
liquid passing thruugh the meter was counted nnd 
marked. This rcsultcd in 25- and SO~pulse segments for 
the meter outputs that w~re tcsted. 
c. The length of chart reprcscntcd by the pulses from 
0.25 gallon was measured and recordcd, 
d. The series of chart lengths was plotted in b:1r-grnph 
stvle. e: The ma.·dmum chart len~th (that is, the lowest fre
quency segment) and the mí~imum cha:t 1ength (lhar is, 
the hig:hest frequency segment) within a meteJ rotation 
were identified. .. 
g. The pulse vmiation was calcula red as follows~:· 

Percent pulse range ,.. 
(m<tximum 1.:bart ie!lgÍh- mini:num chart Jength) x 100 

2 ,.. mtan ch~rl length 

A.4 Results 

A.4.1 GENERAL 

Figure5 A-1, A-2, and A-3 illustmte the typical bar
graph analysis aod results. The plots represent typical 
results obtained for Lhe three meter sizes and the acces
sory equipment noted on thc respective figures. The 
graphs are typical and cannot be considered specific.: fur 
any givcn rnanufacturer's equtpment. The charts do, 
howc·.ver, illustrate the quality uf thc pulse output for 
vanous accessory arrangt::m~nt:-. and indicate the trend 
in pulse quality that mny he expcctcd from more or less 
cquipment on a meter stack. 

A.4.2 EXPLANATlON OF BAR CHART 

A di~placement meter equi;Jped with a pulse gener
ator produces a series of electnca] pulses separated by 
spaces. For simpliiication, a pulse should be considered 
tu have a length of% inch, whicll is then followed by a 
spacc of v~ in¡;h. This is termed a 50-percent-on/ 
50-perccnt-uff pulse train. This is predicated on the 
meter operating at ~~ constant flow rate. 

1 
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Even though the meter nmy be runníng at a constant 
flow rate, irregularities in the rnerer's tlrivc mechamsm 
may cause the pulse train ro be alrcrnarcly comprcssed 
and expanded. 

Each of the bar charts has a horizontal and vertical 
axis. The horizontal a,;:is represents the·total number of 
pulses accumulatt:d uvcr a t,.,<iven pei'iuL! áf time, and the 
numbcrs shown represcnt pulses counted hn n linear 
chart. The vertical axis represents tite number of inches 
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between thc pulses counted on thc. horizontal axis. 
Thus, on Figure A-1 the first six pulses/spaces account 
for 15.9 in ches, wheren..o;; the second six pu1ses and ac
cornpanying spaces account fo:- 16.0 inChes. and so 
forth. The shortest and the longest lengths in the bar
chart group are 15.85 and 16.1 inches, respectivcly. 

· Thus, 16.1 rninus 15.85 divided uv the mean length of 16 
inche~ is equal to 1.5 percent iñ!ers¡n.ce variation. 
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Figure A-1-Pulse Variation GraphiDirect 
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Direct gearing, no adjustor 
Accessories lnclud·:- counter 
and ticket pnnter 
Pulse frequcncy vanatlon is 18 percent 

Figure A-2-Pulse Variation Graph!Geared 
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Numbcr of pulses 

6-inch meter 
920 gallons per mir1ute 
4-percent ad1ustor 
Accessories indude large numeral 
counter and bcket printer 
f"'ulso frequency vn.riation is 28 porcent 

Figure A-3--Pulse Variatlon Graph/4-Pcrcent Adjustment 
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APPENDIX 8-METER FACTOR DETERMINATION WITH SMALL VOLUME PROVEAS 

8.1 General 

The contributors 1o the initial Chapter 4.3 perceiveU 
a need to providc guidancc for the dcvelopment of ac
ceptable meter factors with small volume provers. The 
methods tlescri bed in the iollowing paragraphs ha ve 
bc.cn dcmonstratcd to yielct meter factors either com
parable to those obtained from conventional displace
ment provers or consídered to be accurate within u:mal 
tolerances by virtue of the repeatability of individual 
passes or prover round trips or graups of passes or 
provcr round trips from properly operated systems. 
Calculation details shall be in accordance with the usu<:tl 
practices and as documcntcd in Chapter t2.2. 

The meter factors obtained ~rom two separa[e pro
ven) for a specific meter and operating condition will 
rarcly agrcc cxact1y bccaus ... ~ of the di:lerence..s in the 
equipmeot. base-volurue calibraüon tolerances: meter 
repeatability, and other factors. Agreemcnt within 0.04 
percent ( ±0.02 percent of thc average) 1s gene rally con
sidered acceptable for norm~l inUustry practice ü no 
other agreement has heen defincci. 

The following: methods, based on observations and 
experience, were compiled by the work.ing: group befare 
1986. Tl1e methods are. for guidanc:e only; they are not 
a final recommendattou, nor are they all-inclu~ive, 

Otber methods, sorne o: which werc arrived at.hy vari
ous statistical techniques, eXJst but have not been sut4 

fic1ently demo:1strated to be listed hcre. The met:,ods 
will ultimatcly be rcplaccd by maturt:> rechniques to be
documented in a future section of Chapter 4 that wi!I 
atltlress uperational aspects of proving and will super
sede this appcndix. 

8.2 Method 1 

Turbine meters and displacernent mt:ters whust: pube 
generation is directly from, or ver y el ose to, the measur
ing elements can be proved with the same methods used 
f01 conventional displaccmcnl prov¡,;n,, Thü, nurm<~lly 
consists of fivc consecutive pao;:;ses or round trips that 
repeat within 0.05 percent (:!:0.025 pe1cent of the aver
age). The average of the resuhs from these passe.s or 
provcr round trips then becorr.es the meter :factor to be 
used in subsequent operations. 

Cop!Jrlght by the AMERICAH PETROLEUM IHSTITUTE (API l 
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8.3 Method 2 

?vleters that have a nonuniform pulse output (tbat is, 
turbine and displacem

1
ent mete1s with gear trains. shaft 

couplin~. mu.l shaft-driven accessories) may be provcd 
hy increasing thc number of passes or prever round 
trips or by increasing the repcatabilit~ tolerance. For 
~xample, 

10 passes or prm•er round trips that mpeat within 
0.10 percent (:!:0.05 percent of the a\'eragc). 

The average of the prove•-pass rt!sult~ bc::t.:omes the 
meter factor to be ~sed in suhsequ~nt opcrations. 

Additional passes or prover rou11d trips m ay be added 
as r~quired to accommodate meters that repeat beyond 
0.10 percent (:!:0.05 percent of the average) becsuse of 
the nonunifonn pulse characteristics. For ~xample. 15 
prover passes or prover round 1rips that repea.t withfn 
0.15 percent (±0.075 percent of tue average) woulu be 
the next levd of (.."Uru;ideration. 

The rationale for this procedure is that as the number _ 
of passes or prover rouud trip~ is increased, tbe repeat
ability performance of the meter usually increases and 
su the same time. the quality of the average improves. 

8.4 Method 3 

A meter that has more M:vt:m.~ nonuniform pulse out
put or a provcr that is mini mal tn size may uecessitate 
using the following rnethod. Thc concepl is to accumu
late inúividual prover passes or prever rnund trips to 
form groups ancl then to average each ~oup. The 
ranges ot these groups should fa] t within toleranoos that 
are consistent with the first ami ~ccnnd methods. The 
average of the group averages thco becomes the meter 
factor to be useU in sub~equem operations. 

Increasing the numbcr of passes or provee rouod trips 
in each ¡l;roup will improve the qu.alit~' of the intergruup 
repeatabHity. 1\venty passes or prover round trips per 
group is considered a practical ilmit; more wiH not im
proYe the quality, lf an acceptabl~ r~peatability is not 
obtained in 20or fewer pass es or pmver round trips, the 
meter m<mufacturer should be consulted. 
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FOREWORD 

Olapta 4 of the MOIUitll of Potro/mm M•asuremmt Standanls was pre¡>aml as a guide 
for thC desigD. ÍllStaDalian, calibratioo, and apnlim of meccr proving oysrems commonly 
used by tbe majoril:y of pelroleum operatOrS. l1w devices 111111 practicea COW!n!d in Ibis cbap
ler may not be applicable 111 al! liquid bydrocarixma lllldcr al! open!ling amdilio!IS. <ltber 
types of pmving devic:es that ue DDt a~wml in Ibis cbaptet may be appopriare for use if 
ag=d upon by the parties iDvoMd. 

Tho infoimalioa llCIDiaincd in Ibis edition of Cmpt¡r 4 s•i¡ll:ISedes lbe informalioo CXIII

blimd in the previOIIS editioo (Firm Editioll, May 1978). wbich is no Lanser in páOI. Ji alao 
~ lbe iDforma!ion oo p:uving sys1ems CODialned In API Standard 1101, Mecuure
mmt of Petro/ewm Iiqrnd ~ by i'rJ:itivo DispiDcmrmt Mota (Fust Editioo, 
1960); API Standard 2531, M«lrttnktll ~ Mnu Pruven:; API Slllodaid 2533, 
M&ring \'ísa>~a H~; mdAPI Sbmdanl2534, M~ o/ Liq¡lid Hydroctzr
bons by 7lubine-Mm:r 8ystmu. wbK:h are no 1oogco: in prim. 

This publicatioo is primarily immded W. .,.. in lbe United S1llres and is relaled 111 tbe 
Sllllldanlo, speclfications. and proced.,.. of lbe Na!IO!Ial Buroau of Standards and 'Thclmoi
O'l:f (NIST). When ftle informalioo pmvidcd bcrciJl is usod in olber counlries, the speeific<>. 
tioos and proocd=s of the approprialle oaticaal otaDdards "'l!""imi!JIIS may apply. Wb= 
appropr:ialc. otbcr tr:st code& and proc;eduR:o fu< rhccking pm;sure 111111 elcclrical equipment 
maybeosed. 

Por lbe JliiiP06eS of business ttaosactjags, limits on mur or ~t to!enmcc are 
osually set by law, regula!lon, or muiUal ogm:mont betweeo wntxacting partic:a. This pobli
calion is not intemlc:l to stt 1Dicrana:a fu< sucl> pulp>OCS; it is intaldr:d ollly 10 d='be 
roetbods by wbich acceptablc apptoaches ID any dr:sired ""'"'111CJ' <:an be acbieved. 

MPMS Olapter 4 now CODblins tbc following sections: 
Seclion !, ''Introductioo~ 
Seclioo 2, "Con>eilÓOil81 Pipe l'rovcr.l" 
Seclion 3, "SmaU \blmnc Prow:no" 
Section 4, "''lmlr.l'rovcr.l" 
Seclion 5, ~-Meter Provon" 
Section 6, "Pulse lniErpolation" 
Section 7, "Pield-Standard Test Measun:o" 
Sectioo 8, "'pera!!on of Proving SyslemS" 
Section 9, "Calib.nllion o! Provea" 
API publicatians may be usod by anyouc clesiring 10 do so. Evay dfurt bas been made by 

the lnstilutlo lo assw-e lile accuracy aod !eliability of the dala conblimd in them; huwever, !he 
instiwte makes no repr=tatioo, wammty, or guar'lllllee in connectiQll with lhis pnblicalioo 
and bereby expressly disclaims any liability oc n:sponsibility for loos or damage resulting 
from its use or fur the violation of any fc<ml, !IIBle, 01' municipol regula!lon with wbich lhis 
publica!loo ""'Y oonflict 

Suggmal n:visioo> are invi!l:d aod sbouJd be submiul:d lo tbe gmecal """"''!er of the 
Upstn:am Segment, American Pelrolcum Institnte, 1220 L Street, M.W., Wasbingtoo, D.C. 
20005. 
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Chapter 4-Proving Systems 
... _ Section 6-Pulse lnterpolation 

o lntroduction 
To proYC lliCierS Iba! bave pulBed OUlpiii5, a mínimum 

number of pulses must be collecttd during lhc proviJig 
period. The pover volume or tbc number of pul9<8 tbat a 
tlowmrm can produce perunit wlwnc of lhrougbput is ollca 
limilcd by design considcfa:lioos Undor tbooo CODditions it is 
n=swy ro iD=a1c t.be I'03Iout disorimi.Dation of tbc flow
meter pulBes to ocbie\oe an UDCel1llinty of O.Ol'l&. 

The eleciRJDic signa] üum a O~ can be tre8led so 
that inlapOIIIIioo bdween adja<:cllt pulM:> """ oa:ur. Tbe 
to::lmiqu<: of impmving !be discrimiuation of a llowmclcl's 
output is lcwwn as pulse interpolalion. Although puloe-iPiec
polatioo U>choiq,... w= origiDally i!!IN!d"" for use wllh 
smsl1 "'hane pnMllS. !bey can ru.o be applied ro 01her pnw
ing da-ices. 

Tbe pulse-interpolation mcthod lmown as double
chrooomctry, described in Ibis chapter, is m cstablished 
tecbniqne uoed io proviog llowmeten. As other metbodll 
of pulse ioterpolatioo become accepted industry practice, 
they should receive equal conllideration. provlded lhat 
thcy can mect the cstablisbed vcrificatioo tests and spec
ifications described in this puhlication. 

1 Scope 
This chaptfr de8aibes how tbe doob~metry method 

of pulse iotc'pOialion, inclnding systtm operating req~ 
"""""and equipment ating. is applied to metr:r praving. 

2 Definítions 
2.1 detector slgnal: A cootact closun: change or otber 
signa! that starts or stops a pnm:r oountr.r or tima and ddines 
the calibraled volume of the prever. 

2..2 double-chronomeby: A pulse interpolatiun ta;h
llique uscd 10 iocrease the readoot discriminalioo level of 
ftowmeter pulses deta:led between prover delector Bignals. 
This is IICOOOlplished by reoolviog !bese pulses into a who!e 
number of pulsea plus a fractionaJ part of a pulse usiog two 
bigb speed tim= and associated gating logic, oootrolled by 
lhe detecte< signals and thc Howmetcr pulses. 

2.3 flowmatar dlscrlmlnatlon: A mcasure oftbe lltllllil
e3t in<:rement of c.baDge in tbe pulses pct unit volume of the 
volllllll! bcing nu:asured. 

2.4 frequancy: Tbe number of repetilions, ar cyclco, of a 
periodic sigoal (for cxample, pulses, alremsring vollagC. or 
cummt) occurring in a 1-seoood time pe¡iod. The nUIIIba: of 
~tio!IS, or cydea, that occur in a l-5e00Dd period is 
espreseed io henz. 

r;opyñJht por Altel'i:sl PBtn*UI blututa 
•,m Jan DI tiHll 2000 

2.5 matar pulse contlnulty: The dcviatioo of lbc inter
pulse period of a ftowmcter eipressed as a pen:ellllge of a 
full pulse pcriod. 

2.6 I'ICIIUotatl.-.g meter. ADy """"'"'8 device far whi<:h 
!he meu:r polse out¡JUt il oot dczived from lllC<:IJaoical rola
tioo as driveo by thc flowing stmmL l'or c:wnple, VIJIUa 

sheddiog wntnrl tubes, orifice plaleS, sanie nozzles. and 
ulllasonic and electromagndic llowmdas are """"'ÍD8 
devioes for wbil:h !be OU1pUl is cl<:med from somo cbancb:c
istic olbcr !han IOialioD 1bal. is proporlionalto Dow Illle. 

2. 7 pulSa parlod: The rccipRx:al of pulse frequellcy, ic., 
a pulse mqueocy of 2 bert2, is eqnalto a pulse period of lf.: 
seconds. 

2.8 pUs8 generatDr: AD electrooic device tbat can be 
pro¡xammed to 0U1pU1 YO(tage pulsea of a precise fn:qumcy 
or time period. 

2.9 pulse inlarpolatlon: Any of lbc various tcdmiquca 
by wbich lhe wbok: number of meter · pui!ICS is COII1t1ed . 
betwceo two ...mts (such as detector swiD:h closurcs): ·aoy 
remahring fr:actioo of a puiM> betweon tbc two eVCIIIS is cak:u
lared. 

2.10 rotallng meter: ADy metaing device for wbich thc 
méu:r polse output is derivod üum mecbaDical· rocalion a 
drM:o by tbe flowiog stt=D. Por ewnple, turbioe 8lld P.,.i
tive displaocmcol meb:rB ""' thcsc metcriD& dcvices for 
which the outpot is dczived from !he oontinuous angular di&
placement of a llow-<lrM:n membe<. 

2.11 signai-11Hlaiaa ratio: Tbe ratio of lhe magnitude 
· of lhe eleclrical &ignalto that of !be electrical ooise. 

3 References 
Tbe currel!t edltions of the foUowing samdords ""' cited in 

this cl!apber. . 

API 
MPMS Chapter 4, l'mvillg Synmu Seclion 3, "Small \'01-

wne Provers" 
Chopler 5, Metering Seclion 4, "Instrumentalion aod Ara;

ilimy Equipmeot for Liquid Hydrocm:bon 
Metering Systema". SectiOD S, "'Security 
andFulclity ofPulsc Data" 

4 Doubi&-Chronometry Pulse 
lnterpolatlon . 

Double~nometry polse iDterpollltion requires countiog 
lhe total intcgcr (whole) numbcr of ~ pulses, N.., 
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genermed during tbe JliOVÍil8 nm and measwing the time 
interY8ll;, T¡ and T2. T¡ is the time interno~ betweon !he fust 
llowmerer pulse aftec !he fitst detector &lgnal IIJid lbc firn 
llow!DCia' pulac after lile ¡,..¡ detect<Jr signa!. T2 is lbc lime 
interval belweQl !be fir¡¡ and Ia.t dot<ctor signals. 

Tbo pul8e OOUidl:rs, or til:nen, are slmll>l and otoppec1 by 1l1c 
siguals f~m~lbc Jllll'IQ" dctcctoror dceccun. Tbo time intavo1o 
T¡, wnesp•wting toN,. pulses, aud T:z. W!Jbspundiu¡¡lo tbe 
~ number of pulseo (!{1), are tnea5UI1:d by un oa:u-
181e clock. Tbo in~Crpolared pulse CWDtis g;..., a. follows: 

N¡=N..,(J'-3/'¡) 

Tiu: ..., of double-chrOnomctty in meter proving m¡uires 
thallbc di.saimination of lile time intawls Tt aod Tz be bel
la' tban :!: 0.01%. The áme periods T¡ and T2 shalllhctel"om 
be at lea&! 20,000 times gxeal.er tban the eiemo:e pcriod Te uf 
lbc clock lhat is tlSdd lo _., the time inlen/3ls. Tbo clock 
frequency Fe must be b!gb enougb lo etiSIIRO tbat both the T, 
and T2 rimers IICCUIIlulatc atleast 20,000 c:1oct pulses during 
lbc prove opcrrion. 'This C. not dillicult 10 acbieve, as =t 

electronics technology uldd for pulse intapolation typically 
uses clock frequ<:aciea in the nxgabatt nmge. 

4.1 CONDITIONS OF USE . '" 

The oonditions described in 4.~1.1 tbrough 4.6.2.1.3 
spply 10 doubJ.e.dnunomcay pulse inmrpolation 119 desaibed 
in thia chaptu. 

4.1.1 The intttpol~ IIUIIlber ofpllbcs, N¡, will not be a 
whole nwnber. N¡ is tbetefare rounded off as desa:ibed in 
section 3.12 of MPMS Chapter 12.2, Pan 3. 

4.1.2 PuJse-inlerpolalion mcthods are based OD !be 
assumptiom lhat actual flow l8le doca not cbnngc substan· 
tially dwinM the pcriod betweeo succesaive metu pulses. and 
ea<:h pulse repn:sents the samc volurne. To ID3ÍDIJiin the wlid
ity of this assumption. the shon period fluctuations in the flow 
rate during !be proving operation shall he minimized. 

4.1.3 Bccau''" pulse intcrpolatiao equipmem oontains bigh 
sp=i count= and timen, i1 is important lbat oquipmcnt he 
inslalled iu acoordaace wilb tbc manufacturer's install.alion 
instructions, thereby mjnimjzjng tbe riskof OOUDling spuriom 
pulseo C3II8Cd by electrical interlercncc occwrlng during tbe 
proving opaalion. Tiu: signal-1<>-noise ratio of the total •Y"' 
tem &hall be lldequarely higb to ensure lhat typical ~ of 
electrical intt:rfereoce are rejected. Rcfor 10 ClJaptu SA. 
Chapter 5.5, and othcr sectioos of Chapl!:r 4 for mm: details. 

4.2 FLOWMETER OPERATING REQUIREMENTS 

Tbe fiiJ'IVR1eiC' tlutl is heing provod and i.s providiDg the 
pulses fur tbc pulso-inlerpolation system sbaD IIXd the ful
lowffiM '"'luirernents: 

-1101' _l'l.......,llll!tDio 
11111 .Ion GJtioUIO IODO 

a lf lbc pulse nopetition nt1e lll oonstant flow ntte C8DIIOI he 
msintain!d within the limil!l ¡¡M:n in MPMS OlaptJ:r 4.3, 
lhen tbc llowmet<r can be osed witlt a puh;e.intr:.polation sys
lml only lll a 1ower overall 8CCDi1ICY levd. In tbis case, a 
reviscd cahlmáion accuracy cva1uata1 or multiple JUDS with 
avera¡¡ingleclmiques. 
b. The meter pulse mntinuity in rolllling flowmoters sboWd 
be in OIXOldAnce with MPMS Otapter 4.3.. Tbo gcucratrld 
llowmcccr pulse can be obocnc:d by ., oscill05e0p0, wbose 
time base is set 10 a minimwn of ooe full c:ycle, 10 verify 
meter pul8c cominuicy of the llowmerer. 
c. Tbo repeaaabi.lity of 11011rolllling llowmo!r:n wilJ be a ñmc
lion ofthe ra1e of change in pulse &oq"""'-:Y ata~ ftuw 
ratc. To opp.Iy pulsc-intapollllioo tedmiqueii1D IIOIIiOIJJiing 
Howmell:lll. the meta' pul8e CODIÍDllily of the fiOW!Mier 
sbuuld be in aaudzmce with MPMS Chaptor 4.3 1o msintsin 
tite calibrulioo accumcy. 
d. Thc SÍZic and sbapc of the si8JIOl gentlllllld by tbc flow 
merer abou!d he 81Jitable for .,..........tioo lo tbc puh;e.intap<>
lation Sysll!lll. Jf ~. tbc si¡¡Dal abuold UDdergo 
•mpliliartion and sbspin¡¡ before it mll:a lhe pulse-infapola
Jion systcm. 

5 Electronic EquipmentTestlng 
Tbe p!Opa' operalion of pulse interpo181ioD electronics i.s 

crucial 10 IICCUIBte nieta ~ A flmctionsl field rest of 
the 1Cia! systom should be peaftumed periodically 10 C11SU1C 
tltat the equipml:nt is peñorming com:ctJy. 'Ibis may simply 

,¡ 

·~" 

:;., 

be • hand c:alculalion ...Uying lbat tbc equipment comctly 
calculates tite inlcrpolatod pulses pe< 4.6.2, or if need be, a ·¡'. 
complde c:ertiliclllion test as desczihed in 4.63.2. if a prob- '1\ 

lem is suspectcd. 

6 Functional Operations Test 
Requirements · 

Nonnai industty ¡n::tice is 10 wc a mi.cropmoessor based 
prmoer compute<" 10 proYide the pulse intelpolalion limc
Jions. The provu oumputcr should pmvide diapootic data 
disphlys or printed data n:portl wbicb sbow the vaJue of all 
palliii1C1I:n BDd vmiablo::s neoessary 10 va:ify propcr q>ml1ion 
of tite syllleln by haod calculaticn. These p¡uamete:rs and vari
ables includl:, but are not !imlted lo, timenJ Tt and T2, tbe 
nnmber of wbolc fiowmeter pulaes N,. and !he c:alculated 
interpolated pulses N¡. 

UsiDg the ~di~ provided. the llllit should be 
functiDnally tcsted by peñmning a sequence of prow runs 
and analyzing tbe displayed or printed resu11s. 

7 Certification Test 
CenUication tests sbould be peafOJIDed by tbc prover c:om

puter manufacbm:r prior sbipment of the equlpmem. and if 
necessmy, by tbe U5Cr on a scbedulod basis, or as mulually 

C ! ATE 0. :...c. 
CENTRO DE.INFOBMACION 
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egmd upon by alJ iDtmsted panico. The =tificalion tests 
provided ill this chap!rr do not pnlclude tbe use of otbcr ll:sl5 

. Iba! may be pelfunnal on an actual field inBiallarion. 
A block diagram of !be a:nificalion toor cquipmcm í• pro

vidOO.ín FJgUreA-2. 
An adjmtable, certífied. a:nd lmlcable pulse~ witb 

1111 output unoc:rWnly equal to ·or leoa 111811 0.001 !1> is in
stallod Iba! provides an our:put sigual of fn:queo~'Y F"., simu
la!íng a fl01l1111Cfa: pul.., b'8iD. 'Ibis &ígDal ís "ll"o lhllo tbc 
Oowmctcr input of thc pttm2' flow Cllll1plll%:r. 

A second adjuslablc, c:atilied, and 1rii:Oablt pulae gencm
tnr with an OUipUl unce:t.aínty equa!IO or Jess thaD 0.001% is 
ilwalled tbat provi<b an output pulao signa! SC(l<ll1lllld by 
timo pc:riod h simulatíng the dell:ctor sWÍll:b sigDaiJ. Tbio 
sigoal Í8 OCliUlCCted lo tbe ...._,. swítclt iopma of tbe provor 
compuleL 

The pulse ÍliiCipOlaiÍOn functíon is morr: aitical wbcn 111= 
are fcwer Oowmcter pubes oollected bc:tw<co the detector 
swit<:be6. Set tbe oulput fn:queDcy of the fiiSt ¡¡eudaliOr 10 
produce a frequcncy equal lo the flowmottr lhal ba& the low
est numba of pulseo pcr unit voJun¡., 10 be proYOd with the 
c:quipmeot. at tbc bigbest proving flowatte e:rP"""'d 

The pulse inl«'pooation functian is also IIIDn: aitícal when 
th= are fcwer clock pubes oollec!<d between the detEctor 
switchcs. Set the pulse period of the seooud gemeratDr 10 pro
vide a volwru: time, Tz. equa!ID tbat wbich would be pro
dw:ed by the provcr detectors a1 tbc f3stesl proviDg flowrate 
expcctr.d. 

Example: A omaD volumc pt'OYeZ' with a wall:rdmw volume 
of 0.81225 barreis will be uscd to ~a turbine mt:ter (K 
Factor 1000 pulses pcr bam:l) a1 a maxímum of 3000 barn:b 
pc:r boW'. 

\\llame 1iim: T2 fur 0.81225 barreis at 3000 born:ls pcr 
bour. 

= 300J X 0.8!225/3600 

Tz = 0.676875 seconJa 

3 

Flo<o.- fi:cquency F., productd by Rowmetcr (K Fsaor 
1000) a13000 barreh pc:r hour: 

= 3000 X 1000 f 3600 

F., = 833.33333 hcrtz. 

The c:al<:u1a"'<i iDb=tpo1aled fiCJWtDCII:r pulses N1 are sim
ply thc •iJD!!Ja!rd fiDwmdr:r ñequmcy r,. times thc simu
laltd wlumc time T2. 

B 833.33333 X 0.676875 

NJ = S64.Q62S 

Vcrify the actual - displayed or prlnted by thc pt'OYeZ' 

mmp-IIDdor test, .,..,mng lhal tbcy ""'wi1hiD"' 0.01% of 
tbe cabla!J:d value. 

ll is possible 1o sdcct a SÍllllllaiÍuD fRquoncy r .. aboYe 
wbo8c pulse periud is an ~ lllll1liple of lime pcriod Tz, 
tbm:by oyacbronlzing tbe Bimnlated llowmoter pulses lllld 
deb:ctnr signaJs.. lf tbi& is tbe """'· it will be II<CeliSaly 10 
modify c:itb« the sirDl!lated flawmela' li:oqueucy F',. or the 
sínml•t«< deteclar swín:h paiod T2 allgbt1y tu cmun: tbat the 
ínlapolated pulses wm lnclnde a liaclioDal pon of a pulse. 

a Manufacturer's Certification Tests 
Ceztlfication ll:sts sbouJd be petfwned at anumberof sim

ulaled conditions. These CO!IditíOIIS sbould .,¡,.,.,_... tbc 
proyer device'o I'IID8C uf pruw:r 'VUiume times, T:z. and flow
mell:r puhc fu:qucDcies. F.,. The lllllll1ÚIIdUre must pmvide, 
on request, a t<:st certificale dc:tailing tbe maxjnmm and míni
mum valUC5 of pro- volume time, T :z, and HOWIDO:Ia" fre
quax:y, F,.. tlmt tbc equípmenl ís dcsígDed lo accept. 

lf tbe ~ínterpola.tian clcctmnics are ll:sted a:nd Wll'ified 
USÜ!g thc equipmcot and procedarea sbown, tbey can be U&Cd 
during a tlll'WIIlCU:r proving opcntíon with confidcDce tbat 
they will conllibute an uu=taínly of lc:oa thao ,o, 0.01'l> to tbc 
O'oUB!IIIDCe!UIÍnty uf lbe p!U\'Íng opellllions witbin dJe pul..,. 

signal-áoquency I'IID8C -
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APPENDIX A-PULSE-INTERPOLAnON CALCULAnQNS 

A.1 General· -

1be doubJc..cbiOnameay melbod o! pulse .in1apolalion ia 
dooaibcd in 4.6.2. Fi¡UR A-lis a dilpam of die~ 
siplsm¡ulrcd fix' die tccimiqua. 1be lldmlqDC providea die 
mi!DCI'jcal dala JeqUind ID rcaol"" a liactia!lal porlica of a 
single wbole flowwel& pubc. Dooblc<lnOOOIIIdly plise 
inlelpOiallon requinls uaiD¡ die followiug m-~ 
""""""""'CTR-N, ID""""' wlde lloww pulsea, C1X-T1 
ID COIIIII cbe ~ JeqUind lo acmmpla!eJhD wbolc ftowmelt:r 
pulla. IIZil CTR·Tz ID COIIII1 cbe timo bdMal dr:Jcceor sig
na!&. wbic:h defime 1be djoplred ~.mm.:. 

1bc ~ trdmicpe ftduccl cbe IDtll ll!liD

ba: of wboiC llowmdo:r pulseo DCXIIIally requirecl fir lile dis
placed wlumc to re.... dum 10,000 ID adJicoc a 
diac:rimlna!ionWlCUII!Íillyof0.02'*(:tO.Ol~oflbDaw:tage) 
fir a proof t!llL 

"l"lm requirecllimdpulse di....jmjnatjon suidetiDes - pn>-
90!11cd in 4.6.2 and aball be !lled ID CODjnDctiOD witb a Jli"CIY"' 
dcsiguod in accortlaDcc wilb lile lliziDg ~ dcacóbed 
inMPMSOiopll:r43. 

1bc mmplc:s given in A:1.. wbícb c:onfonn 1D die gu;do
lines in 4.6.2, each rc:¡lRICnt a liaglo aae of dofincd dala -
are DOt llfa8llllrily 1epek21JBIM of all available palse-imrc
polalion JDCtbods. 

A.2 Examples 

A-2.1 EXAMPLE 1--DITERPOLATED PULSE. 
CALCULATION 

lbc following data are gi-..cn: 

Fe = cloct lieqwmcy used Jo measuno lbe lime ilda
>ala,inbellz>(20,(l(X)'NJ)F-

F., ~ flowmecer pulse output frequcucy (die maxi
lDIIDl ..Uue fur malylis). in bcrtz 
=320. 

N., : 1DIIII number of wbalc llowDJellcr pubes 
a 200 (CIR-N,.). 

N 1 = 11lll1lher of iDiclpolalod ftCJ'NJR:~a" pllsca 
= (l"z{T¡)N.,. 

Tt = lime iD1orva1 oountl:d for thc wbole Jlowmet<l" 
pulses (N) in !leCOIIdo 
•243914 (CIR-Tt). 

T2 • lii:DC intcrval betwa:n !he firslaad seootlli wl
ume delrJcmr slgnals (thal ia. tbe displaced 

""'_1111" ___ _ 
Moa •u liU .. IDDO 
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pRJYel" .olume). in IOCOI1ds 
= 243917(C17t-T.z). 

If !be ""Jainod ~ U1KlO:Itainly is better tbaa 
:1: 0.0 111>. tben 

100,000 > (W.0001200 pdacaXSZO bc:ttt). 
> (IOO)(S2D}, 
>52,1100. 

~'!be pcñod oflllecloctis lllem:ipmcol oftbe fm¡JWy, T = 
I¡,. 'lbe pedod r:l 1 doclr. palie is ...,_ 1/unooo 11om,. or 
0.00001-TboddcrimiJlldoooflllec:loc:t aO.OOOOI¡ :IAl!>l~ar 
O.IJXM'Io. Thon:quiJaaá&Jrlbe..O.of F< ond dJoctio¡¡jmj ... 

JDLjUÜtuemiD 4.6.2 -lltondbm lllilfied. 

To calcnla!e tbc inlapoJalcd pulsos. 

Nt = (24391712.43914)(200). 

e (1.1)0001)(200), 

= 200.002. 

A.2.2 EXAMPLE 2-CERTIFICATION 
CALCUlATlON 

Usiq equiJ.lll1all aa ahowu in F181R A-2, thc IOilowiDg 
dala appliee; 

Simubtod d.ola: 

F',. = pubofi'equmcyofpcr.ll<r11lJJDberODCaimu
(IIIÍIIg m=r pulses, in benz 
= 233.000. 

T2 = pulsepcdodof J!Cill'llllarJJWJlbatwo oimulal
illg doteciir sipla1a, in acconds 
=1.666667. 

Oh<ened dala. prover compute.r being II:S1I:d: 

N,. = ll!llllbcrofwbolc: Oowlildet pu1aeo 
a388. 

T¡ = 1ll1n1ber of doc:lr paises aa:umulaa:d during 
wbolo flowmeii:J COUI1IS N. 

= t~,sn. 
T2 = llllll1ber ai clocl< pulocs accumulal1:d daring 

sjgmlated pope voJumc 
a Ui6,666. 

Nole tha1 bolb dmcr8 T¡ 8lld T2 an;mnnhtled > 20,000 
clock palacl. S!IIÍ!IfyiDg die dtamjnpnaljq¡¡ requhemont 
deWled :iD 4.6.2 

C'ooJporisoa of laQb: 

N¡ = caL:vl81!!c! intelpoiated pulleo bascd 011 certi
licc1 pulse geN 1 ah "S. 

p...,vious pagc ls blank 

C·l ATE O.A.C
CENTRO DE INFORMACION 
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• P 11 XT2, 

• 233 X 1.666667, 

• 388.33341. 

N1 • calofl*"ln~Cp~lbá!d pubes based oa prover 
a>mpltcr obserwli<ma, 

• N.<Tzf'Ji), 

= 388 X 166666/166S23, 

m 388.33319. 

----llao ...... tillli-

Tbe calificalion lo!ol ag¡eement requinxl bcntcat flf1 and 
N ~o Js bctta' Iban :t O.Ol'II.IIJOD 

(388.33341-388.33319)/J8&.33341·0.Cl000005 

The 1at devic:e RIIJ!IS o¡noc wi1h calnfl•trd RIUb bascd 
oa lraCeable pulse ¡eDm~J« dala wilhiD 0.~. The cati
lll:al!oa lestnm is ~ 

S8 

., 

i\ 
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STD.API/PETRO npns -.~-ENGL l,,, .. 07322,0 O~l~bDb 778 .. 

a 233 X 1.666667, 

• 388.33341. 

N¡ m c:alnd""d in1crpol""d tM- based Oll pow:r 
llOIIIpUII>" obooMiialll, 

• N.(T,P,), 

= 388 X 166666/166S23, 

= 388.33319. 

'Ibe ~ .... ~~ rec¡uiJoxl bet'"""' !'f¡IIDd 
N¡,ls bcuertban :1: O.OI'II.Ib<:D 

(388.33341- 388.33319)/38&.33341 -0.0000005 

'Ibe lcst devic:e nsuhs apee with cwn)aJrd ft8UIII bascd 
"" IIIICelbl• pulse ¡eDCl'8llr dala withlD 0.00005'11. 1bc ccrti
fiatlloa 1cst nm is IIOCqllllblc. 

5'1 



ST»·API/PETRO MPftS q,b-ENGL 1,,, .. 07322,0 Oblbb07 bD4 .. 

- -
cnpyrun pcr "-11:m PB~ mtttute 
H!JiJ 8 O~ Ml:lllOOD 

.. 
1 

~ 

~ 

~ 
8 

----

~1· ~ 

m o 
JI 
~ o 

~ 

----

~r 
;;; 
;¡¡ 

~ 
II: 

~ 

j ~ .. 
j 

i ~ ,e ~ ll a. 

1 
) 
~ .. 
~~ 
~'5. 

Agum A-1~uble-Chronometry Tm1ing Oiagram 

7 

í? 
~ 
¡ 
9 

l 
.!1 
-E 
11 • a 
'5 
:;; ., 
E 
i! 

l 
.! 
.§i. 

~ 

1 



u "' ·:;l ''· , .. 
·' 

i~ u .. 
.. 
i ~ ""' 1 

... 
¡¡ ... 

Digital PtliM Oonoralor 11 • 

i > 
Fm 
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DI Froquency Fm 
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lnt011>olatlon Eloclronlcelo bo "O 
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FOREWORD 

API publications may be used by anyone desiring todo so. Every effon has been made 
by the lnstitute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty or guarantee in connection with this publi
cation and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to the Measurement Coordi
nator, Exploration and Production Department, American Petroleum lnstitute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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Chapter 4-Proving Systems 

SECTION 8-0PERATION OF 
PROVING SYSTEMS 

4.8.1 lntroduction 
This guide is intended to provide essential information on 

the operation of the various meter·proving systems used in 
the petroleum industry. 

In the petroleum industry. the term proving is used to refer 
to the testing of liquid petroleum meters. A meter is proved 
by comparing a known prover volume to an indicated meter 
volume. The meter and prover volumes are then subjected to 
a series of calculations using correction factors to conven 
volumes lo standard conditions for the effects oftemperature 
and pressure to establish a meter factor. 

Liquid petroleum meters used for custody transfer 
measurement require periodic proving lo verify accuracy and 
repeatabiiity and to establish valid meter factors. 

Conventional pipe provers, small volume provers, 
master-meter provers, and tank provers vary in size and may 
be perrnaner.tly installed or mobile. These prover types are 
described in API MPMS Chapter 4.2 and in more detail in 
their respective sections of this chapter of the API ManUlli of 
Petroleum Measurement Standards (MPMS). 

4.8.1.1 SCOPE ANO FIELD OF APPLICATION 

This guide provides inforrnation for operating meter 
provers on single-phase liquid hydrocarbons. It is intended 
for use as a reference manual for operating proving systems. 

The requirements of API MPMS Chapter 4.8 are based on 
customary practices for crude oils covered by Table 6A and 
products covered by Table 6B in API MPMS, Chapter 11.1. 
Much of the informa !ion in API MPMS Chapter 4.8 is appli
cable to other fluids. sPecific requirements for other fluids 
should be agreeable to the panies involved. 

4.8.1.2 DEFINITION OF TERMS 

4.8.1.2.1 Meter proving is the comparison of a known 
pro ver vol u me to the indicated meter volume; the meter and 
prover vol u mes are then subjected toa series of cakulations 
using correction factors for temperature, pressure, and API 
gravity (or relativo density) to establish a meter factor. 

4.8.1.2.2 A meter factor is a dimensionless number 
obtained by dividmg the volume of liquid passed through the 
meter (as measured by a prover during proving) by the corre
sponding meter-indicated volume, both at standard conditions. 

. 8.1.2.3 Bau prover volume is the volume displaced 
between detectors at standard conditions, in other words, 
15"C (60"F), 101.325 kPa (0 psig). 

4.8.1.2.4 A proving run or calibration run consists of one 
round trip of a bidirectional prover, one pass of a unidirec
tional prover, one filling of a tank prover, or one test run with 
a master meter. 

4.8.1.3 API REFERENCED PUBLICATIONS 

API 
Manual of Petroleum Measurement Standards (MPMS) 

Chapter 1, ''Vocabu1ary" 
Chapter 4, "Proving Systems," Section 2, ''Conventional 
Pipe Provers"; Section 3, "Small Vo1ume Provers"; 
Section 4, "Tank Provers"; Section 5, "Master-Meter 
Provers"; Section 6,. "Pulse Interpolation" 
Chapter.'5, "Metering," Section 2, "Measurement of 
Liquid Hydrocarbons by Displacement Meters"; Section 
3, Measurement of Liquid Hydrocarbons by Turbine 
Meters"; Section 4, "Accessory Equipment for Liquid 
Meters"; Section 5, "Fidelity and Secunty of Flow 
Measurement Pulsed-Data Transmission Systems" 
Cbapter 7, "Temperature Determination," Section :i,. 
"Dynamic Temperature Deterrnination" 
Chapter 11, "Physical Properties Data," Section l. 
"Volume Correction Factors" 
Chapter 12, "Calculation of Petroleum Quantities," 
Section 2, "Calculation of Liquid Petroleum Quantities 
Measured by Turbine or Displacement Meters" 
Chapter 13, "Statistica1 Aspects of Measuring and 
Samp1ing," Section 2, "Statistical Methods ofEvaluating 
Meter Proving Data" 

4.8.2 Pertinent lnformation, Applicable 
to Meter Proving Systems in 
Chapter 4.8 

4.8.2.1 THE NEED TO PROVE 

A meter in service shou1d be periodically preved to 
conftrm its accuracy. The previous1y determined meter factor 
may no longer be applicable due to changes in fluid charac
teristics, operating conditions, and meter wear. Specific 
reasons for proving meters include the following: 

a. The meter has been opened for inspection or repair. 
b. The meter calibrator has been changed or requires 
changing . 
c. Any ofthe meter accessories have been clianged, repaired. 
or removed. 
d. Changes in operating conditions have occurred, such as 
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API gravlty, refative densuy, viscosity. temperature, pres
sure, or flow rate. 
e. Contractual requirements exist, such as scheduled meter 
maintenance based on vol u me throughput and/or elapsed 
time. 

4.8.2.2 TYPICAL METERING INSTALLATIONS 

Typical metering installations are shown in Figure 1 and 
Figure 2. There are many variations encountered because 
of specific design requirements. Mobile provers are usua11y 
used with single meter installations. Installations with 
multiple meters usually have a permanently installed 
pro ver. 

4.8.2.3 PREPARATION FOR PROVING WITH A 
MOBILE PROVEA 

This section summarizes the preparatory work that should 
be done in a specific sequence. 

The specification of the mobile prover must be reviewed 
to ensure that the prover is suitable for the flow·rate, pres
sure, and the temperature·of the metering facility. Pressure 
and temperature ratings must satisfy all regulations and 
standards. Prover materials must be compatible with the 
metered liquids. Elastomers are especially susceptible to 
damage from incompatibility. The elastomers of the 
spherelpiston, flange o rings and·gaskets; val ve seals/seats, · 
hoses, swivel finings, and so forth, must be compatible witb · 
the liquid. 

Check that the product in the prover is compatible with 
the current product to prevent contamination. lf incompat
ible, it may be necessary to drain and flush the prover. 

On arrival at the site, the operator sbould (a) repon to the 
site supervisor to arrange for assistance, (b) identify the meter 
to be proved, (e) identify connections, (d) arrange for electric 
power (if required), (e) arrange for disposal of liquid (if not 
retumed to the pipeline), (f) set up traffic barriers, and so on. 

The prover should be properly positioned, leveled, 
braked, and electrically grounded. If a vapor recovery 
system is used during normal metering operations, consider
ation should be given to operating the vapor recovery 
system during the meter proving. Before removing blind 
flanges or end caps from the connecting stubs, make abso
lutely certain there is no pressure behind the flanges. Always 
inspect the hoses befare and after connecting the prover for 
signs of wear and damage. Make all necessary electrical 
connections. 

4.8.2.4 TEMPERATURE, PRESSURE, ANO 
DENSITY MEASUREMENTS 

Use thermometers or temperature transducers with the 
highest practica! scale resolution as recommended in API 
MPMS Chapter 7 .2, and record as recommended in API 
MPMS Chapter 12.2. 

Pressure gauges or pressure transducers should be selected 
toa scale resoluuon as recommended in API MPMS Chapter 
4 and recorded as recommended in API MPMS Chapter 
12.2. 

Density (API gra\'ity or relative density) is determined by 
using either a densitometer, a thermohydrometer or hydrom
eter and thermometer, with density resolution equivaJent to 
0.1 degree API gravity or better, and recorded as recom
mended in API MPMS Chapter 12.2. 

4.8.2.5 INDICA TEO VOLUME CORRECTION 

4.8.2.5.1 Meter Factor 

A meter is a mechanical device and is affected by slip
page, drag, and wear. A meter reacts differently wben 
metering different liquids. A meter factor is used to corree! 
the indicated volume to the actual metered throughput. 

The meter factors CTL and CPL (see API MPMS 
Chapter 12.2) are used to corree! the indicated meter volurne 
to gros~ standard volume on a rneasurement ticket· A meter 
factor is the ratio of the gross standard volume of liquid:. 
passed through the pro ver ( GSVp) to the indicated standard 
volume of the meter (ISV ml• expressed by the following 
equation: 

MF = GSV, 1/SV~ 

Meter and prover volumes shall ·be·corrected·to base 
conditions (for exarnple, 60'F, O psig). The values of GSVP 
and /SV m shall always be expressed in the sarne units. This 
makes the meter factor a nondimensional number. 

See API MPMS Chapter 12.2. 

4.8.2.5.2 K·Factor 

Sorne meters such as turbines may not be equipped with a 
counter that reads directly in units of volume. Their output is 
a series of electrical pulses (n) that is proportional to the 
volume (>) passed through the meter. K-factor is defined as 
the number of pulses generated by the meter per unit 
volume, as expressed as the following: 

K= nlv 

A new K-factor may be determined during each proving to 
corree! the indicated volume to gross volume. If a new K
factor is not used, a constan! K-factor may be used, and the 
new meter factor will correct indicated volume to gross 
volume. 

4.8.2.6 PULSE GENERATING METERS 

A meter must produce a high-resolution electrical pulse to 
drive a proving counter. 1\vo basic types of pulse-generating 
meters commonly used in the petroleum industry are turbine 
and displacement meters. 

A turbine meter uses the energy of the fluid strearn to tum 
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Meler1ng run 

Note: 
1 e Upstream block valvas. 
2 a Fllters/strainerslair allmlnators (as requlred). 
3 e Flow atralghtaner. 
4 ... Turbina ftowmeter. 
5 = Maln block valve (doubla block & vent). 
6 • lsolatlon valvas. 
7 • Pipe provar. 
8 • Oetectors. 
9 • Flow control valva (as requlrad). 

10 • Non-retum valve (as requlred). 
TI • Thermometar. 
pt .. Prassure gauge. 
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Figure 1-Simple Turbina Flowmeter lnstallation 
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N ole: 
1 = Upstream block vatves: 2 = Fltterslstratners/alr ellmlnators (as requlred); 3 • Flow stralghtenerS; 4 =Turbina nowmeters; 5 = Maln btockvalves (double block·and·bleed); 
6 = lsolatk)n vatve; 7 =Pipe prover; 8 = Detectors; 9 = Flow control valvas (as requlred); 10 = Non-retum valva (as requlred); TI= Thermometer; PI= Pressure gauge. 

Figure 2-Typical Multi-Stream Metering lnstallation 
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a bladed rotor which produces an electrical signalthat is 
propontonal to tlow. 

A displacement meter mechanically separates the liquid 
into di serete quantities of fixed volume. The rotation of the 
displacemen! meter is used to drive a pulse-generating 
device with its output proportional to flow. 

4.8.2.7 PULSE INTEGRITY CHECK 

The dtsplacement-meter pulse generator should be 
checked for pulse integrity. One method is lo check the 
number of pulses per revolution of the disk. Each time the 
slotted disk used to generate pulses completes a revolution, 
a fixed number of pulses (1000 for example) should be 
generated. A magnetic or optical switch on the disc starts 
and stops the proving counter. The proving counter should 
indica te 1000 pulses plus or minus 1 pulse (that is, 999 to 
1001 pulses). 

This procedure should be repeated until at least the 
mínimum number of pulses equals one pass of the prover 
displacer. If the pulse integrity check fails, then the meter 
drive !rain, the pulse generator, the counter, cables, or 
connections are faulty and should be repaired or replaced 
befare proving is undertaken. 

Turbine meter pulse integrity can be checked by displaying 
the pulse train on an oscilloscope. A missing pulse may be the 
result of a loase or missing turbine meter rim bunon or blade. 
If a nonunifonn pulse train is produced, the meter should be 
repaired or replaced befare proving is resumed. 

4.8.2.8 POTENTIAL PROVING PROBLEMS 

The meter and all of its associated equipment (such as 
gear trains, registers, compensators, and counters) must be 
maintained in good working arder, both mechanically and 
electrically. The meter should also be inspected wbenever its 
performance is in question. if mechanical or electrical prob
lems exist, or as required by contrae! or regulations. 

The meter should be operated in the linear portian of its 
performance curve, and the prever should be operated within 
its flowrate limitations. The meter should be preved as clase 
as practica! to the sarne conditions under which it normally 
operates. Meter performance is dependen! upon flow rate. 
Therefore, during proving it is essential that flow rate be 
maintained as steady as possible within the normal operating 
flow range of the meter. 

4.8.2.8.1 Flow Conditioning 

A strainer or filler should be provided upstream of the 
meter to protect it from being darnaged by foreign materials 
and entrained solids. 

Downstrearn of a partially opened val ve or a pipe fitting, 
the cross-sectional velocity will be nonsymmetrical. This 
velocity profile has little or no effect on the performance of 
displacement meters, btit seriously affects turbine meters. 

Flow condit10mng upstream and downstrearn of a turbine 
meter should be per API MPMS, Chapter 5, Secuon 3. 

It is essential that the pressure in the meter and the pro ver 
be higher than the vapor pressure of the liquid. With turbine 
meters, this back pressure must not be less than that speci
fied in API MPMS, Chapter 5, Section 3. A common method 
of preventing vaporization is the use of a back-pressure 
control de vice downstrearn of the meter. 

Entrained vapor will cause erroneous proving results. Any 
time a system is filled with liquid, all vapors must be vented. 
If the venting is not properly done. vapor left in the line will 
subsequently be swept through the meter/proving system. 

When liquid is withdrawn from a tank with a low liquid 
leve!, a vonex at the tank discharge may fonn, causing air or 
vapor to be drawn into the meter strearn. A vonex breaker 
may be installed in the tank to preven! vonex formation, and 
an air/vapor eliminator is often installed upstream of the 
meter to preven! vapor from flowing through the meter. 

4.8.2.8.2 Temperature Variatlons 

For best results, the prover temperature and the meter 
temperature sbould be stabilized. When a prever has been 
off line, more time is required for temperature equilibrium to 
be attained. The ability lo delect temperature changes during 
proving is essential if accurate results are to be obtained with 
a meter prover. 

4.8.2.8.3 Valve(s) Leakage 

During proving, it is essential thal all liquid flowing 
through the meter flows through the prover. Therefore, the 
sphere interchange in a unidireclional prover, the four-way 
valve in a bidirectional prover, and every valve between the 
meter and the prever must sealleak-tight when closed. Any 
leakage through the val ves will cause an error in proving. 
These val ves should be of a double block-and-bleed type or 
of a similar valving configuration to insure sea! integrity. All 
valves to the prover from other meter runs must be isolated 
withoutleakage during proving. Drains, venls, and relief 
valves must sea! during proving. 

The space between the seals on a double block- and-bleed 
val ve or valving configuration is connected toa small bleed 
valve, pressure gauge, or pressure switch to verify sea! 
integrity. Sea! integrity should be checked each time a valve 
is closed. 

4.8.2.8.4 Etfect of Wear, Damage, and Deposlts 
on Meters and Straightening Sections 

As a displacemenl or turbine meter wears, its meter factor 
will gradually change. Therefore, all meters should be 
preved at regular intervals. 

Turbine meters and tbeir straightening sections with 
tube-bundles or vanes are susceptible lo collecting foreign 
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objects traveling in the tlow stream. They should be 
inspected and cleaned period¡cally. 

Turbine meters are especially susceptible to the effects 
from deposits because they are velocity devices. Layering or 
coating of the meter's intemals will change the velocity of 
the liquid tlowing through the meter and cause the meter to 
register incorrectly. 

Temperature changes can affect the mechanical clearances 
of displacement meters, as well as the viscosity of the fluid 
being metered. This may result in changes in slippage. 

4.8.2.8.5 Electronlc Equipment and 
lnstrumentation 

All electrical and electronic equipment, such as counters, 
switches, interconnecting cables, and grounding cables, shall 
be periodically inspected for condition and for proper instal
lation and operation. Operating procedures may require 
special permission or permits before equipment is connected. 

A counter may miss sorne of the pulses generated by the 
meter, in which case the counter will read low. Counting too 
few pulses is usual! y caused by setting the sensitivity control 
on the counter too low, or by an electrical fault which has. 
developed. By adjusting the sensitivity control or by elimi
nating the electrical fault, the trouble can usually be 
corrected. 

A counter may include signals from outside sources as 
pulses. Tbese signals, not generated by the meter, will cause 
the counter to read high. Signals not generated by the meter 
e~ originate from electrical power supplying the counter, 
electrical welding equipment, radio transmitters, and so 
forth. These pulses may be intermittent and difficult to 
detect. See API MPMS, Chapter 5, Section 5. 

Signa! transmission cables should be kept as far away 
from power cables as possible and should cross power cables 
at right angles. Shielded signa! transmission cable is 
nonnally grounded only at the instrument-receiving end to 
prevent a ground loop (curren! that travels along the shield 
and adversely affects the signal transmisswn). 

4.8.2.8.6 Flow Rate Variations 

Meter performance is dependen! upon tlow rate; thus, 
flow rate during proving shall be maintained at or near the 
normal operating tlow rate. 

4.8.2.9 METER REGISTRATION (HEAD) CHECK 

Compare the meter register (indicated volume) to the 
proving-counter registration. TI!.is can be done by manual! y 
gating (starting and stopping) a prover counter connected to 
the transntitter, based on a significan! volume registered by 
the meter counter or register. The pulses displayed on the 
prover counter are then compared to the volume displayed 
on the mechanical regi ster. If the meter generales 8400 

pulses per barre!. the prover counter should show apprc•i
mately 84.000 pulses for each 10 barreis on the register. 

4.8.2.10 FREQUENCY OF METER PROVING 

The frequency required for proving varies from severa! 
times a day to twice a year or even longer depending upon 
the value of the Jiquid, costlbenefit to prove, meter provmg 
history, meter system stability, and variations of operating 
systems. 

For large volumes or different liquids, a permanently 
installed prover is normally used. The meters should be 
proved whenever the tlow rate, temperature, pressure, API 
Gravity (relative density), or viscosity changes sigrtificantly. 
Normally, time or volume is used to determine when the 
meter should be proved. 

When metering a single or similar liquid, the meter factor 
is normally applied forward to the meter's indicated volume 
until the meter is reproved. Normally, there is a prescribed 
deviation limit between consecuti ve meter factors on the 
same or similar liquid. When this deviation limit is 
e•ceeded, the previous and the new meter factors are 
normally averaged and applied to the indicated volume 
during this period. If the deviation limit is consistently · 
e•ceeded, it may be appropriate to ·réduce the interval 
between meter proving. It may also be appropriate ,o inspect 
and repair the meter and thi: proving system. 

When batching operations permit, a new meter factor 
sbould be determined for eacb batch. This applies to 
batching operations involving different liquids or lengthy 
down time. When a meter is proved during a batch, the meter 
factor sbould be applied forward until the meter is reproved 
during the batch. If the meter is reproved during .the batch, a 
deviation limit may be installed between consecutive meter 
factors, or the meter factors may be averaged. When this 
deviation limit is exceeded, the previous and new meter 
factors are normally averaged and applied to the meter's 
indicated volume between these provings. If it is impractical 
to prove each batch, meter factors are normally applied 
forward until the next proving, as is the case with 
nonbatching operations. 

The proving frequency for new systems should stan at 
sbort intervals and be e•tended to longer intervals as confi
dence increases in the system. See API MPMS Chapter 13.2 
for statistical evaluation of meter proving data. 

4.8.2.11 PROVER RECALIBRATION 
FREQUENCY 

Typically a prover's base volume is originally certified at 
the manufacturer si te by the water draw method in the pres
ence of the purchaser and other interested parties. Prover 
volumes may change as the result of worn or faulty detector 
switches; the reduction of internal coating tltickness; or Ioss 
of interna! material due to oxidization, abrasion, or the accu
mulation of foreign material (such as wax) buildup. Subse-

, 
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quent cahbration is required whenever a change in base 
volume could have occurred. 

Six considerations determine how frequently a prover 
should be recalibrated. They are usage, time. calibration 
history, calibration costlbenefit, contractual requirements, 
and value of the metered liquids. Usage causes wear, and 
time contributes to deterioration of the prever. 

For the recommended procedure for calibrating a prover, 
refer to API MPMS Chapters 4 and 12.2. Recalibration of 
provers should occur when any one of the following condi
tions exist: 

a. Alterations or repairs which affect the certified volume are 
made to the prover. 
b. A meter control chart indicates a change in prover 
volume. 
c. The maximum interval indicated below has elapsed. 

1. Three years for small volume provers and mobile 
provers. 
2. Five years for perrnanently installed pipe provers. 
3. Five years for perrnanently installed tank provers. 
4. Three months for master meter pro.vers. 

The prover displacer and tbe: inside surface of the pro ver 
should be inspected·periodically. The surface of a spbere or 
the contact edge of a pistan cup or sea] may indicate the 
interna] condition of the prover. If these surfaces or edges 
are scored or wom, Ibis may. indicate that the prover 
requires further inspection or répair and may require recal
ibration. 

4.8.2.12 FILLING ANO PRESSURING THE 
PROVEA 

This section refers to conventional pipe provers, small 
vo1ume provers. and master meter provers. Th.is section does 
not pertain to tank provers, which are covered in 4.8.5.4. 

After checking that end closures and any openable 
fittings are properly fas tened and that all vent and drain 
val ves are closed, proceed with filling the prover in the 
following sequence: 

a. Partially open the prover isolation valve to fill the prover 
slowly. 

b. Observe the system for Ieaks. Wait until the system is 
completely filled and the connections ha ve been shown to be 
leak-Hght. Verify the sea] integrity of all vents, drains, 
reliefs, and all double block-and-bleed valves. 
c. Open the vents to allow discharge of air/gas when the fluid 
is admitted into the prover. 
d. Fully open the prover inlet and outlet valves. 
e. Clase the valve to divert all flow through the prover. 
f. Operate the prover and continue to vent the high points 
until no air is observed. 
g. Clase the vents when air or vapor is no longer observed. 

4.8.2.13 CERTIFICATION 

Verify that the prover has a valid calibration certificate 
and that the certificate is for the prover being used, by .ven
fying the prover serial number with the serial number on the 
certificate. If a conventional pipe pro ver is being used, check 
to ensure that the prover volume between detectors is suffi
cient to accumulate a minimum of 10,000 pulses. If not, 
pulse interpolation techniques are required. Since sor.te 
provers have more than one calibrated volume, verify that 
the proper calibration certificate is being used. 

If a tank pro ver is used, verify that the prover volume is 
equal to a minimum of one minute of the maximum oper
ating flow rate. See API MPMS, Chapter 4.4. 

Jf a master meter is used, all data that is used to develop 
the master meter factor(s), including the prover calibration 
report, certificate, and master meter factor(s) reports should 
be available. 

If a small volume prover is used, verify that the interpola
tion system has a valid and curren! calibration certification. 
Refer to APJ MPMS, Chapter 4, Sections 3 and 6. 

4.8.3 Conventional Pipe Provers 

4.8.3.1 PRINCIPLE OF OPERATION 

The basic'principle on which the pipe prover operates is 
shown in Figure 3. A sphere or pistan known as a displacer 
is installed inside a specially prepared length of pipe. When 

q, 

the prover is connected in series with a meter, the djsplacer 
moves through the pipe and forrns a sliding seal agiiinst the 
inner wall of the pipe so that it always travels at the sarne 
speed as the liquid flowing through the pipe. 

In sorne conventional provers, the displacer is a pistan with 
elastomer or plastic sea1s. However, in most conventional 
provers, the displaCer is an elastomer sphere. To provide good 
sealing, the pipe bore must be smooth. 

At two or more points in Figure 3, there are devices known 
as detectors fixed_to the pipe wall. These detectors emitan 
electric signa! when the displacer reaches them. The signa! 
from the first detector switch is used to start the electronic 
counter, which accumulates pulses from the meter. When the 
displacer reaches the second detector, its signa! stops the 
proving counter. The number of pulses shown on the proving 
counter is the total pulses generated by the meter while the 
displacer was travelling between the two detectors. Conven
tional pipe provers (both bidirectional and unidirectional) are 
!hose that have a volume between detectors that permits a 
minirnum acculuation of 10,000 direct (unaltered) pulses from 
the meter. Thus a unidirectional prover typically accwnulates 
a minimum of 10,000 pulses per proving run, anda bidirec
tional, prover typically accumulates a minimum of 20,000 
pulses per proving run. Direct (unaltered) pulses include !hose 
that are the output ofhigh frequency pulse generators, consid
ered to be a "part of' the meter. It should also be noted that 
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f-------- Calibrated length -------+i 

~Detector ~Detector 

lnner wall of pipe 

Displacer 

Figure 3----Calibration Section of Pipe Prover 

there are occasions when 10,000 pulses cannot be accumu
lated during proving passes. This may occur because of a 
change ora constraint in operating conditions. Agreement 
between panies to use less !han 10,000 pulses per preving pass 
is required in these instances. 

4.8.3.1.1 Prerun Requlrements 

A prerun (or run-up) length of pipe is essential. This 
length is !he distance between !he entry of the displacer and 
!he frrst detector switch of sufficient length to give tbe val ve 
time to clase and sea! befare the displacer reaches the 
detector. This type of prever must never be used at more !han 
its rated flow rate. or this prerun length may not be adequate. 
As an alternative, sorne provers are provided wil.h mechan
ical means of holding !he displacer near !he beginning of its 
travel until !he val ve is fully seated; by this means !he prerun 
length can be shortened considerably. 

4.8.3.1.2 The Bidirectional Conventional Prover 

Bidrrectional provers can use either a sphere or a pistan as 
a displacer. Spheres are more commonly used because they 
will go around bends. and !he prever can be built in !he fonn 
of a compact loop. as in !he exarnple shown m Figure 4. 

A four-way val ve is norrnally used to reverse the flow 
through !he prever. The sphere in Figure 4 is shown in !he 
position that it occupies at the end of a proving run. The 
sphere will start to travel on its return pass when the 
four-way valve begins to reverse the flow. but it will not 
reach its full speed until !he movement of !he four-way valve 
is complete. 

Displacer detectors are never quite symmetrical in therr 
operation. and consequently the effective calibrated volume 
when !he displacer travels between detector 1 and detector 2 
will not be quite the same as when the displacer travels 
between detector 2 and detector l. The calibrated base 
volume of the prever is the sum of both directions and is 

tenned !he round trip vo/ume. The prever counter totals !he 
pulses collected in both directions. 

4.8.3.1.3 The Unidirectlonal Conventionai·Prover 

A unidirectional prever is shown·in Figure·S .. It uses a 
sphere displacer and sphere interchange. ·The sphere· inter
change is for receiving. holding. and launching !he sphere. 
After falling through !he interchange. !he sphere enters !he 
flowing stream of liquid and is swept around !he loop of 
pipe. Al the end of its pass, the sphere enters the sphere 
transfer val ve, where itlies until !he next proving pass. The 
calibrated base volume of the prever is the one·way volume 
between !he detector switches. 

4.8.3.2 EQUIPMENT DESCRIPTION 

4.8.3.2.1 Detector Switches 

The detectors fined to a pipe prever are highly sensitivo 
de vices. The most common type of pipe-prever detector 
switch uses a ball-end steel piunger. which projects through 
!he wall of !he pipe a short distance. When !he sphere makes 
contact, it forces !he plunger to actuate the switch. Replace
ment procedures must confonn with manufacturers· recom
mendations. 

Replacing a detector switch may change the prever 
volume. Replacement or adjusunent of detector switches on 
bidirectional provers is less critica! than on unidirectional 
provers. The decision to recalibrate a bidirectional prever 
should be made on a case-by-case basis. When a detector is 
replaced or adjusted on a unidirectional prever. recalibration 
should occur at the earliest possible opportunity. A record 
should be kept of !he time and date of !he replacement 

4.8.3.2.2 Prover Displacers 

The majonty of pipe prever displacers are hollow spheres 
made of an oil resistan! elastomer such as ni trile, neoprene, 
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Figure 5---Typical Unldirectlonal Retum-Type Prover System 



•• or polyurethane. These displacers are fined with an intlat!on 
valve, or val ves, and are intended to be intlated with water or 
glycolto a diarneter which maintains an effective sea! in the 
prover bore wtthout creating excessive sliding friction. The 
manufacturer will usually specify the amount (typically 
between 2 and 4 percent) by which the sphere diameter 
needs to exceed the pipe bore. Small bore provers may 
employ a sphere made of sol id elastomer. 

Spheres should not be stored in an intlated condition on a 
flat surface. They should either be suspended in a net or 
supported by a hollowed-out bed of sand to prevent the 
development of a tlat spot. 

If a pis ton is used as a displacer it may be fitted with cup
type seals, especially in older provers. In many of the 
modero pisten provers, the seals are made of tetlon with 
stainless steel backup rings. 

4.8.3.3 INSPECTION 

The interna! surfaces should be inspected for coating fail
ures, adhesions (any foreign material build-up on the interna! 
surface), or corrosion that would change the calibrated 
volume of the prever. If the prever is intemally coated, the 
lining should be checked for coating wear or failure which 
would cause the calibrated volume to increase. The most 
likely location for such failures will be in the elbows. 

The displacer should be removed from the prever and 
examined at the intervals prescribed by the manufacturer or 
by the operating company. The sphere or seals should be 
inspected and replaced if there is any sign of mechanical 
darnage or of softening by chernical action. Spheres should 
al so be inspected for reundness and proper intlation. This is 
done with either a sizing ring supplied by the manufacturer 
or a tape measure. 

A pis ton prever displacer may be subjected lo a leak test. 
This may be done by positioning the displacer so that its 
seals straddle a pressure tap in the prever wall where a bleed 
val ve is located so pressure may be applied between the 
seals. Pressure m ay al so be applied through the body of the 
piston to the seal area. Other means for checking seal 
leakage may be provided by the prever manufacturer. 

4.8.3.4 PREPARATION 

Exarnples of meter proving forms are shown in Figures 6 
and 7. Other forms or documents may be required before 
proving is started. Refer to API MPMS, Chapter 12.2 for 
meter factor calculation requirements. 

Check thal end closures and any openable fittings are 
properly fastened and that all vent and drain valves on the 
prever are cloSed. Proceed with filling the prever as follows: 

a. Partían y open the prever inlet val ve to fill the prever 
slowly. 
b. Observe the system for leaks. Wait until the system is 
completely filled and the connections have been shown to be 

, , 

leak-tight before fully opening the prever inlet val ve. 
c. Open vents to allow discharge of air or vapor when fluid 
is admitted into the prever. 
d. Al this point the prever outlet valves may be safely 
opened. 
e. After all the connecting valves are fully opened, the meter 
diven valve between the prever inlet and outlet valves may 
then be closed. 
f. Operate the prever displacer at least one preving cycle and 
venl the high points. The vents should be checked repeatedly 
until it is certain that no vapor remains in the prever. 
g. Verify the seal integrity of all vents, drains, reliefs, and 
double block-and-bleed val ves between the meter and the 
outlet of the prever. 

4.8.3.5 OPERATING PROCEDURES 

Maintain the tlow through the proving system until stable 
conditions of pressure, temperature, and tlow rate exist. 
Once stability is achieved, proving operations may proceed. 

Determine the actual flow rate on the first pass of the 
displacer and make spot checks thereafter. Determine the 
meter tempei-ature and pressure during each pass of the 
displacer. When using a bidirectional prever, record the 
meter temperature and pressure, using the average of read
ings taken for each pass of any given round trip. 

Using both inlet and outlettherrnometers and pressure 
gauges, determine the average prover temperature'and pres
sure during each pass. The average prever temperature and 
pressure is recorded on a round trip basis in the case of a 
bidirectional prever. 

lf using a bidirectional prever, record the reading of the 
prever counter at the end of each reund trip of the displacer. 
For a unidirectional prever, record the reading of the prever 
counter al the end of each pass of the displacer. 

Repeat the proving operation until the required mínimum 
number of proving runs (per agreement between parties) are 
attained. As a measure of repeatability, the range of the 
proving set is deterrnined as follows: 

b
.li Maxtmwn Value- Mmimum Value 

100 Range of Repeata 1 ty - Mini' al x 
mumV ue 

Assess the repeatahility of the set of results, and if neces
sary carry out additional runs in an attempt to gain the required 
repeatability. If suitable repeatability is not obtained, discon
tinuo the preving operation ar.d refer to Appendix B. 

4.8.3.6 ASSESSMENT OF RESULTS 

One common practice is to require a minimum of five 
consecutivo runs that agree within a range of 0.05 percent 
Another common practice requires a minimum of five out of 
six consecutivo runs that agree within a range of 0.05 
percent. For low volume locations including sorne LACf 
units, a mínimum of three consecutivo runs that agree within 
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Sectíon s-operation ol Proving Systems 

Meter No. 292 
Owner and/or operating company: 
Location of meter being proving: 
Meter, SIN AK-12345 
Last overllaul date: 10120/94 

Report No. 3 Date: DECEMBER 20, 1994 
D P & C PETROLEUM PIPELINE COMPANY 
BELL RECEIVING STATION 
Size: 4 incn Type: 
Cid Seals: 456789 & 456790 

TURBINE 
New: 

Totalizar. 897665 
Modal: BM-4444 
457201 & 457202 

Prever calibration date: JULY 4, 1994 Prever C8l1bration Certrfteate No. 200007 
Small Votume Prever (serial number) SP·5555 Small Volume, S1ngle Wsll Unidirectiona.112• Externa! Oetectors 
Prever outside diameter >>>>> 
Prever inside diameter >>>>> 
Prever wall thickness >>>>> 

Pass Whole Seconds 
No. Pulses of pulses 

N Time1 

1 377 1.21005 
2 378 1.21353 
3 378 1.21363 
4 377 1.21030 
5 377 1.21030 

Pass lnterpolated Pulses 
No. per Proving Aun/Pass 

1 N' = 377.36 
2 N' 377.30 
3 N' = 377.30 
4 N' = 377.29 
5 N' = 377.30 

>>>>>>> 
0.019 

,, >>>>>>> 

BASE PROVEA VOLUME 
CTSp 
CPSp 
cn.p 
CPLp 
CCFp 

1 17-4 PH 1 
Stalnless Steel 

GROSS STANDARD VOLUME 

INDICATED VOLUME OF METER 
CTUn . 
CPLm 

CCFm 
INDICATED STANDARD VOLUME 

METER FACTOR 
K FACTOR 

CPL O Normal Pressure 
of 110 psig 

Meter Proving History >>>>> 
lnitial MF 1 »>» 
Previous 4 >>>>> 
Current 5 >>>>> 
RemarXs & history >>>>> 
lnitiaJ to Current MF >>>>> 
-0.05 
Previous to Current MF >>>>> 

Signad by: 

14.000 OD ~nches) APiobs 45.8 Product 
12.250 ID (inches) Tobs 80.0 JET FUEL 
0.875 WT ~nches) APib 44.0 

Seconds Pulses lnterpolated Flowrate Pulses/Gal. 
per pass per second Pulses Gross Gross 
Time2 Frequency N' GPM K Factor 

1.21121 311.557 377.36 747.32 25.014 
1.21127 311.488 377.30 747.28 25.010 
1.21137 311.462 377.30 747.22 25.010 
1.21123 311.493 377.29 747.31 25.009 
1.21125 311.493 377.30 747.29 25.010 

Temperatura in degrees F Pressure in pslg 
Tp Tm Pp Pm 

75.9 75.4 115 104 
75.9 75.5 115 104 
76.0 75.5 115 104 
76.1 75.5 115 104 
76.1 75.6 115 104 

377.31 76.0 75.5 115 104 
1 75.0 Temperatura of lnvar Red 
25.000 NKF = Pulses per lndicated Unit Gallon 

15.086 BPV =Prever Volume O 60 deg. F & O psig 
1.0002 Ga = 0.0000120 Gl = 0.0000008 1 deg F 
1.11001 E • Modutus of Elasticlty E • 28500000 
0.9918 Tablas 58 & 68, API Standard 2540 
1.0007 'Fp'factor from 11.2.1 (Pe = O) 
0.9928 CCFp = (CTSp ' CPSp ' CTLp ' CPLp) 
14.977 GSVp = (BPVp ' CCFp) 

15.092 IVm = N'avg 1 NKF 
0.9921 Tablas 58 & 68, API Standard 2540 
1.0006 'Fm' lactorfrom 11.2.1 (Pe =0) 
0.9927 CCFm = (CTLm ' CPLm) 
14.982 ISVm = (IVm 'CCFm) 

0.00000614 

0.00000613 

0.9997 O Flow rato of = 747 Gallons per Minu1e 
25.008 Pulses per Gallon 

Cornposrte M Factor 1 .0004 
= 1 .0007 Cornposite K Factor = 24.991 

Date Meter Factor GPM APib Oegrees F psig 
08/20194 1.0002 770 44.2 74.5 102 
11/20194 0.9991 732 44.4 78.0 110 
12120/94 0.9997 747 44.0 76.5 104 
Meter overhauled on October 20, 1994 befare the initial proving 
Long--term changa percent (%) since the initial proving .0.05 

Short-term changa percent {%) smce the last proving +0.06 

-----------------------------------------------------

Figure ?-Meter Proving Report Wrth Pulse lnterpolation 
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a range of0.5 percent may be required. Alternative methods 
are described in Appendix A. 

The evaluation of repeatability of the proving data is 
normally performed with raw meter pulses. If conditions 
cannot be held constan!, it may be necessary to compare the 
range temperature compensated raw pulses or meter factors 
for each run. This is panicularly true when proving LACf 
displacement meters equipped with mechanical temperature 
compensators where the temperature varies during the 
proving process. 

If the repeatability of the meter runs is unacceptable, it is 
recommended to implement another series of runs. lf the 
repeatability of a second set is within the prescribed range, 
this set of results may be used. If the repeatability remains 
unacceptable, it is necessary to stop proving a.~d look for the 
cause of the problem. 

A common practice is to linút the change in consecutive 
meter factors of proving periods to ±0.25 percent or less. 'Ibis 
is a measure of reproducibility and is deternúned as follows: 

( b b New Meter Fac1or- Old Meter Factor 
100 Range 0 Reproduc¡ 1 ty = Old MeLer Factor x 

Changes in the linearity of the historical meter factors over 
time is also a good check for prover functioning. Historical 
meter factor data should be maintained and is best assessed by 
keeping a control chan which is a graph of meter factor plot
ting against the dates of tes\5. A specimen control chan is 
shown tn Figure 8. See also API MPMS, Chapter !3.2. 

1.0050 
Individual set MF's 

4.8.3.7 TROUBLE-SHOOTING 

To help operators evaluate a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. 

Common problems are listed, as well as the usual causes 
and the typical methods of solving each. The guide contains 
tables which give the corrective action needed to recufy the 
fault once its cause has been ascertained. 

4.8.4 Small Volume Provers 

4.8.4.1 PRINCIPLE OF OPERATION 
Small volume provers have a volume between detectors 

that does not permit a mínimum accumulation of 10,000 
direct (unaltered) pulses from the meter. Small volume 
provers require meter pulse-interpolation techniques to 
increase the resolution (see API MPMS, Chapter 4.6). 

This high resolution pulse determination permits the 
volume between detector switches to be substantially less in a 
small volume prover !han would be pernútted in a conven
tional pipe prover. Typical small volume provers are illustrated 
in Figures 9, 10, and 11. Additional information on small 
volume provers is contained in API MPMS, Chapter 4.3. 

Since the volume of a small volume prover is less !han a 
conventional pipe prover, high-precision detectors are 
normally used with pulse-interpolation techniques. Double 
chronometty pulse-interpolation is a method.of counting a 

1.0040 - - - -- --- ----------- --- Uppertolerance limft (UTL) 

1.0030 
- - - - - - - - - - - - - - - - - - - - - - Upper action limit (UAL) 

1.0020 -------------- · Upperwamingfimij(UTL) 

1~ 
1.0010 :5 

u ., 
1.0000 u. Central lino (CL) 

.! ., 
::¡; o 9990 

~ - - - - - - - - - - - - - - - - - - - - - - Lower wam1ng limit (LWL) , 
0.9980 > - - - - - - - - - - - - - - - - - - - Lower action limit(LAL) 

~ 
0.9970 

Lower tolerancelim~ (L TL) 
0.9960 

0.9950 

o 5 10 15 20 

Meter Factor Sequence 

Figure S-Control Chart for Individual Meter Factors 
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18 CHAPTER 4-PROVING SYSTEMS 

4.8.4.2.1 Pulse lnterpolators senes of whole meter pulses and multiplying by the ratio of 
the time between the detector switches and the time to accu
mulate the whole meter pulses. 

Pulse interpolators are electronic devices that allow a 
meter pulse resolution to at least one part in 10,000. They 
perform best with meters whose pulses are emitted 
unifonnly. This method results in a calculation of meter 
pulses to a dtscrimination of at least 1 part in 10,000. 

Pulse interpolators are electronic de':'ices that allow a meter 
pulse resolution to at least one part in 10,000. They perform 
best with meters whose pulses are emitted uniformly. Pulse 
interpolation is described in detail in API MPMS, Chapter 4, 
Section 6. 

4.8.4.2.2 Prover Displacers 

4.8.4.2 EQUIPMENT DESCRIPTION 

Small volume provers may be of any configuration to 
include bidirectional or unidirectional sphere or pisten 
preve¡; such as shown in Figure 12. 

Small volume prever displacers may be either sphere or 
pisten type. Pisten displacers typically have dual hollow nng 
seals made of teflon with stainless steel backup rings. Sphere 
displacers are typically ni trile, neoprene, or polyurethane and 
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Section 8--0peranon of Proving Systems 19 

are fitted with mflation val ves. See Figure 13 for a System 
Overview of a Unidlfectional Sphere Displacer. 

4.8.4.2.3 Detector Switches 

The detectors a long with the pulse interpolation elec
tronics are the most critica! elements of a small volume 
prover. Special designs may be used. for example optical, 
and most are relatively delicate. When the prover uses 
optical detector switches, they must be protected from any 
externallight source during operation. Any outside source of 
light can have a detrimental effect on proving results. For 
other types of detector switches, see 4.8.3.2.1. 

4.8.4.3 INSPECTION 

Sea! integrity should be periodically verified since any 
leakage has a significan! effect on proving results. To 
perforrn a seal integrity test, refer to the manufacturer's 
recommendations. 

4.8.4.4 PREPARATION 

An ex~mple of a meter-proving form was shown in 
Figure 7. Other meter proving reports are shown in Figures 
14 and 15. Other forrns or documents may be required 
befare proving is started. Refer to API MPMS, Chapter 12.2 
for meter factor calculation requirements . 

4.8.4.5 OPERATING PROCEDURES 

Operate the proving system until stable condiúoos of pres
sure, temperature, and flow rate exist. Once stability is 
achieved, proving operatioris may proceed as follows. 

Determine the actual flow rate on the first run of the 
displacer and make spot checks thereafter. Determine the 
meter temperature and pressure during each pass of the 
displacer. Record the average pressure and temperature of 
each val id run and average them all. 

Assuming the prover is equipped with both inlet and 
outlet thermometers and pressure gauges, determine the 
average prover temperature and pressure during each pass. 
The average prover temperature and pressure is recorded on 
a round trip basis in the case of a bidirectional prover. 

If the prover is equipped with only one thermowell. the 
thermowell should be located at the pro ver ouúel Determine 
the pro ver temperature during each pass of the displacer and 
record the average during each pass of a bidirectionol prover. 

In the case of a bidirecúonal prover, record the reading of 
the prover counter at the end of each round trip of the 
displacer. For a unidirectional prover, record the reading of 
the prover counter at the end of each pass of the displacer. 

Repeat the proving operation until the required rnmimurn 
number of proving runs (per agreement between parties) are 
attained. As a measure of repeatability, the range uf the 
proving set is determined as follows: 

R fR abil Max1mum Value- Mmimum Value 
100 ange 0 epeat lty = Minimum Value x 

Assess the repeatability of the set of results. and if neces
sary carry out addilional runs in an attempt to gain the 
required repeatability. If suitable repeatability is not 
obtained, discontinue the proving operation and look for the 
cause of the trouble listed in Appendix B. 

4.8.4.6 ASSESSMENT OF RESULTS 

For common pracúces refer to Secúon 4.8.3.5. Flowme· 
ters that have a non-uniform pulse output such as displace
ment meters with mechanical gear-driven pulsers may 
requtre averaging groups of prover passes and comparing the 
repeatability between the group averages. Refer to API 
MPMS, Chapter 4, Section 6, and to Appendix A. 

4.8.4.7 TROUBLE-SHOOTING 

To help operators find faults in a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. 

Common problems are listed, as well as the usual causes 
and the typical methods of sol ving each. 

Finally, the tables in the guide gives the correcúve acúon 
needed to rectify the fault once its cause has been ascer· 

· tained. The prover manufacturer 's trouble-shooting güide 
should be referred to for any problems that may relate to the 
specific make or prover being used. 

4.8.5 Tank Provers 

4.8.5.1 PRINCIPLES OF OPERATION 

A tank prover is a calibrated vessel used to measure the 
volume of liquid passed through a meter. The known volume 
of the tank prover is compared to the meter's indicated volume 
to determine the meter factor or meter accuracy factor. 

Tank provers are not recommended for viscous fluids. lt is 
suggested that a displacement-type master meter and a pipe 
prover be used with viscous products. 

4.8.5.2 EQUIPMENT DESCRIPTION 

A tank prover is an open or closed volumetnc measure 
that general! y has a graduated top neck and may have a grad
uated bottom neck. The volume is established between a 
shutoff val ve or bonom-neck graduation and an upper-neck 
graduation. 

The two basic types of tank provers are the open type 
(atmospheric pressure), and the closed type (pressure 
containing). Both of these come in a variety of configurations 
to meet the needs ofthe service requw-<1. Refer to Figures 16 
and 17 wtuch illustrate the types referred to previously. 

4.8.5.3 INSPECTION 

Inspect the prover tank for any dents that are not recorded 
on the calibration certificate, any foreign objects or clingage 
inside the tank, or failure of an interna! coating that would 
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PFIJYED IIETER 04TA 

7 RNA1. IIETEA READ1HG 

• NTlAI.. METER READCNG 

• NDICATED YOLUME BY METER. btlD n,ftE 7 - lJIE 1) 

•• NJC.ATED YOt...lAE BY UETER.- (l.N: 7 - UNE 1) ~ (42 • lJriE 1) 

, T&IPEAATURE AT METER. "F 

•• PRESSURE AT METER, ,-g 

" Ct USE: 1.000 IF lBIP COMPENSA 1m 1 .. 
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" ca {UNE ,, x UNE 141 1 
' .. CORRECTa> METER YOU.1ME (UIE 10 • LN 11) 

, ~ FACl"Of' 1\JNE 8 + UNE 11) 

11 llx 1 
] METEfl FACT'OA ~ c. a:JMPOSI'TE FACTOR 

LCUIO~FQA 
USE fOA CONSTANT 

PRES5URE AT YETEMI3 -(AVERAGE YALUE) 

lt 
- - AP!'UCA,..,. 

SIGNATURE 

1 

DATE 

Figure 15-Meter Proving Report for Tank Prever Method 
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Sealing wire and sea! \ 

Gaugo glass and scale 

Sw1~ plale (optional) 

Bottom inlet (optional) 

Check drain 

Oischarge 

0.5 percent of prover volume 

C8librated volume 

0.5 percent of prover volume 

0.5 percent of 
prover YOiume 

Drain for calibration purposes 
and ter zeroing liquid level 

lnlet for discharge--

Figure 16-0pen Stationary ProverTank (Drain-to-Zero or Bottom Gauge-Giass Type) 

Spray line and nozzle (optional) -

Gauge glass -----•1 
Gauge scale ------+ 

Cona bottom, dish bottom (optional) 

Pressure gauge must be aboYe top of gauge gless 

0.5 percent prever volume 

Calibrated volume 

0.5 percent prever volume 

/ T emperab.Jre sensor 

=~- Ove~apping gauge glassas 

..,.---- Swi~ plata (optional) 

Gauge glass 

lnlet or discharge 

Figure 17-Ciosed Stationary Tank Prover 
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have an effect on the calibrated volume of the prover tank. 
Verify that the gauge scales are sealed. Also check for a 
current and valid calibration cenificate. 

4.8.5.4 PREPARAT!ON 

Examples of meter proving forms were shown earlier in 
Figures 6 and 7. Other forrns or documents may be required 
before proving is staned. Refer to API MPMS, Chapter 12.2 
for meter factor calculation requuements. 

Check that all connections are properly made and isola
tionldivener val ves are properly aligned. Verify the integrity 
of all vents, drains, reliefs, and double block-and-bleed 
val ves between the meter and the prover. Proceed with the 
preparations as follows: 

a. The initial step prior to the frrst proof run is to wet down 
the prover tank. Fill the tank with metered liquid. Cbeek the 
leve! indicators on the tank. Then empty the tank. 
b. U the tank is equipped with a lower-gauge glass, close the 
main drain val ve just prior to the liquid leve! reaching the 
zero mark. Allow a minimum of 30 seconds drain down time 
(or that which is stated on the calibration repon); then using 
the small drain val ve, drain the liquid to the zero mark. 
Whatever drain time is allowed after closing the main drain 
valve and drawing the liquid down to zero must be used on 
al! subsequent proof runs. 
c. U the tank is not equipped with a lower-gauge glass, leave 
the drain valve opeo until cootinuous flow ceases and drip
ping starts. The drip should be allowed to continue for a 
minimum of 30 seconds (or that which is stated on the cali
bration repon) befare closing the drain val ve. Whatever drip 
time allowed between flow cessauon and closing the drain 
val ve must be used on al! subsequent proof runs. 
d. When reading gauge glasses, read the bottom of the 
meniscus for transparent liquids and the top of the meniscus 
for opaque liquids. 
e. lf the system has vapor recovery, the vapor recovery 
should have makeup gas or must be disconnected prior to 
emptying the prover so that air can en ter the prover and 
prevent a vacuum that could darnage the prover. 

4.8.5.5 OPERATING PROCEDURES 

There are two unique features of an open tank prover. The 
first is that vapor is allowed to escape (evaporate) from 
within the tan k as the tank is filled. If a vapor recovery 
system is used during normal metering operations, consider
ation should be given to operating the vapor recovery system 
during the meter proving. 

The second unique feature is that the meter is operated 
from as stop-run-stop condition. Thus the meter experiences 
a static-to-dynamic and back-to-static cycle of operation. 
This method of operation depiclS normal operating condi
tions of the prover/meter system. 

lt is importan! to use consisten! tank prover operating 

techmques without interruption to obtam satisfactory 
repeatabihty between consecuttve proof runs. Flow rate 
through the meter during the proof runs should replicato the 
operating conditions during normal use. 

a. Using a tank prover repon or worksheet record the appro
priate meter, tank, and flow data as indicated in the meter 
factor calculation section of API MPMS, Chapter 12.2. 
b. Record the meter register, or zero the proving counter tf 
one is being used. Record the reading of the provcr tank's 
bottom gauge glass, if so equipped. These become the 
opening readings for this proving run. 
c. S tan the flow through the meter into the tank. 
d. While the tank is filling, record the average meter temper
ature and verify that the meter is operating at the desired 
proving rate. 
e. Stop the meter flow when the liquid leve! is within the 
upper gauge scale range. 
f. Record the prover tank temperature. If the tan k has more 
than one therrnometer, the recorded temperature is the 
average of al! therrnometer readings. 
g. Record the meter register or the proving counter reading 
and the prover tank's upper gauge glass reading. These are 
the closing readings for this proving run. 
h. Calculate the meter factor for this run as outlined in API 
MPMS, Chapter 12.2. This completes one proving run. Tbe 
next proving run is initiated by draining down and zeroing 
the tank as just described, and theo starting: o ver with the 
steps described previously. 
i. At leas! two consecutivo proving runs in which the meter 
factors agree within a 0.05 percent range are required. The 
average of these meter factors is the final meter factor. lf an 
adjusbnent to the meter factor is made mechanically, that is, 
with a calibrator or mathematically, additional runs typically 
are made to confirrn that the meter factor is correcL 
j. U pon conclusion of the proving operation, if a pro ver tank 
is a ponable unit, isolate the prover from the flow stream; 
drain down; remove al) connections made; and prepare the 
tan k for removal from the site. lf the tank is perrnanently 
located, isolate the prover from the flow stream; drain down; 
and place the tank in a protected idle mode. 

4.8.5.6 ASSESSMENT OF RESULTS 

Common practice is to require a minimum of two consec
utivo runs that agree within a range of 0.05 percent. lf the 
repeatability of the meter factor is unacceptable, it may be 
necessary to carry out additional proving runs. U the repeata
bility is within the prescribed range, these results may be used. 
But if the repeatabitity remains unacceptable, it is necessary to 
stop proving and look for the cause of the problem. 

4.8.5.7 TROUBLE-SHOOTING 

To help operators evaluate a system more quickly. the 
experience of a number of prover operators has been 

( 
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compiled in Appendix B. Common problems are listed, as 
well as the usual causes and the typical methods of solving 
each. The table also gives the corrective acuon needed. 

4.8.6 Master Meter Provers 
A proving operation is considered a direct proving when 

a meter is proved against a prover. Indirect proving is when 
a meter is proved by a master meter that has been proved by 
the direct method. 

Master meter proving is used when proving by the direct 
method cannot be accomplished beca use of logistics, time, 
space. and cost considerations. 

Satisfactory results can be achieved by using the master 
meter method; however, the master-meter method introduces 
additional uncertainties for the meter being proved. When 
practica!, uncertainties may be reduced by proving the 
master meter under similar line-meter operating conditions 
prior to, during, or after proving the line meter. 

4.8.6.1 PRINCIPLE OF OPERATION 
A master meter is a meter selected, well mainutined, and 

operated as a reference for the proving of another meter. The 
master meter factors should be li11ear over the expected 
range of operating conditions and shall have a history of 
consistent performance. 

The calibration of the master ;Deter shall be performed 
under conditions similar to those expected during the line 
meter proving. A curve of master meter factors should be 
established over the range of tlow rates to be encountered 
while proving a line meter. The meter factor applied to the 
master meter shall be the average of proof runs on a sintilar 
liquid and within 1 O percent of the tlow rates expected 
during the proving of the line meter. 

Either the standing start-and-stop or the running 

o 0 

start-and-stop method of proving may be used. With the 
standing start-and-s!op method, the meter registration is read 
befare and after the proving run with tlow stopped to deter
mine indicated volume. With the running start-and-stop 
method, the flow is uninterrupted, and the proving counters 
must be simultaneously started and stopped. 

4.8.6.2 EQUIPMENT DESCRIPTION 

The master meter outpul/registration must not be mechan
lcally temperature compensated. The master meter must not 
have a mechanical adjustor or calibrator between the primary 
element and the outpullregistration. When proving a meter 
with a master meter, the same meter output and instrumenta· 
tion accessories must be connected to the master meter as 
were used when the master meter was proved to establish its 
meter factor. 

Typically, master meters are displacement or turbine 
meters because of the repeatability requirements of proving 
(see APJ MPMS, Chapter 4.5). 

4.8.6.3 INSPECTION ,. 
Prior to the meter-proving operation the master m.eter 

prover and line meter to be proved shall be inspected to 
ensure proper operation. This inspection shall include, but 
not be limited to, the. following steps: 

a. Ensure that allliquid flowing through the line meter to be 
proved, and only that Jiquid, passes through the master meter 
with no leakage or diversion between meters. Refer to Figure 
1 8 for an illustration of a master meternine meter manifold, 
which perrnits the removal of either meter for calibration or 
servicing. Double block-and-bleed val ves ensure that no 
leakage or diversion can occur either during proving or lino
meter operation. 

0 
8 

Note: 1, 2. 3 = double·blcck-and-bleed; 4, 5 = shut-off valva. 

Figure 18--Typical Master Meter Manifold 
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b. Verify that all temperature, pressure, and density measure
ment devices to be used during the proving operation are 
properly installed, recently calibrated or verified, and oper
ating within acceptable tolerances as stated in API MPMS, 
Chapters 7 and 12.2. 

c. A11 electronic instrumenLation such as counters, switches, 
and interconnecting wiring shall be inspected for proper 
installation and operation. Care should be taken to ensure 
that all electrical pulse transmission cable is properly 
shielded and grounded. 

d. lt is essential that a run of sufficient quantity be made to 
verify the ratio between the pulse transmitter and the meter 
register. See API MPMS, Chapter 4.5. 

4.8.6.4 PREPARATION 
Exarnples of meter-proving forrns were shown earlier in 

Figures 6 and 7. Master meter calibration reports and curves, 
and other forms or documents may be required before 
proving is started. Refer to API MPMS, Chapter 12.2 for 
meter factor calculation requirements. 

"The master meter should be installed as close as pos.ible 
to the line meter to minimize temperature and pressure 
differences between the meters. The master meter norrnally 
is installed downstream of the line meter. The following 
steps should be taken: 

a. If the master meter has an electrical output, care should be 
taken to ensure al! electrical equipment is propecly groundcd 
to preven! errors from electrical noise. 
b. lf the master meter is permanently piped in a manifold 
w1th the line meter to be proved, the isolation valves should 
be opened and the flow directed through both meters. 
c. Before the meter proving is made, the two meters shall be 
operated at the desired flow rate for a period of time suffi
cient to purge the system of vapor and to achieve steady 
temperature, pressure, and flow rate. 

4.8.6.5 OPERATlNG PROCEDURES 
Each proving run shall be of sufficient volume to discrim

ina te volume units to 1 pan in 10.000. In the case of loading 
rack meters, each proving run should dep1ct the stan up. 
shutdown, and interim flow patterns of a norrnalloading. If 
electronic counters and high resolution meter transmitters 
are used to register metered volume, at least 10.000 pulses 
must be collected during the proving run. 

Once the proving operation is started. it should be carried 
to conc1usion in a continuous process, without intermption 
or delay. The following steps should be taken: 

a. Using a work sheet or master meter proving report (see 
Figure 6). record the appropriate meter and flow data as indi
cated in the factor calculations section of API MPMS, 
Chapter 12.2. 

b. With flow through the meters, a proving run is initiated by 
simultaneously gating both meter counters on. Meter 

temperature and pressure are recorded for both meters during 
the proving run. Flow rate through the meters during the 
proving operation should be within 1 O percent of the rate at 
which the line meter will operate. "The flow rate must remain 
relatively stable for all proving runs entered in the meter 
factor calculation. 

c. After sufficient volume has passed through the meters. the 
counters are simultaneously gated off. The indicated counter 
readings for the run are recorded. This completes one run. 

d. There are various ways of assessing whether the repeata
bility of a set of readings is acceptable. The repeatability 
should not exceed the limits agreed upon by all parties. In 
sorne circumstances, statutory authorities or govemment 
depanments will set the Jimits for the range of a set of 
results. One method of conducting a proving is to make five 
consecutivo meter proof runs within 0.05 percent ''Within a 
range of 0.05 percent" is defined as a value that does not 
exceed 0.05 when applying the following formula: 

Maximum Value- Mínimum Value x 
100 

Mínimum Value 

e. Checks should be made during the proving to ensure:all 
equipment is functioning properly and al! test parameters are 
remaining within their constraints. 

f. Meter factor calculations shall be made as detailed in API 
MPMS, Chapter 12.2. An example "Meter Proving Report 
for lbe Master Meter Method" was sbown in Figure 14. 

g. After completion of !he proving operation, the master 
meter should be isolated from the flow stream if the meter is 
perrnanently installed, or disconnected if the meter is 
portable. A master meter should not be on stream any longer 
than necessary for the proving operation. This precaution is 
to limit meter wear and resulting factor shift. 

h. "Therrnometers, pressure gauges. counters. and any other 
proving equipment that is not a perrnanent pan of the mani
folding should be removed and stored until the next proving. 

4.8.6.6 ASSESSMENT OF RESULTS 

A common practice is to require a minimum of two consec
utive runs that agree within a range of 0.05 percent. If the 
repeatability of the meter factor is unacceptable. it may be 
necessary to earry out additional proving runs. If the repeata
bility is within the prescribed range, these results may be used. 
But if the repeatability remains unacceptable, it is necessary to 
stop proving and look for. the cause of the problem. 

4.8.6.7 TROUBLE-SHOOTING 

To help operators evaluate a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. Common problems are listed, as 
well as the usual causes and the typical methods of solving 
each. The tables give the corrective action needed. 
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APPENDIX A-ESTIMATING RANDOM UNCERTAINTY 

Chapter 13.1 of API MPMS states that the 95-percent leve! of statistical confidence is 
recommended for evaluating uncenainties associated with commercial applications of 
petroleum measurement. It is also stated that in cenain limited circumstances, a different 
degree of (statistical) conf1dence may be required. 

The random uncenainty of the average value of a set of meter proving runs can be esti
mated in accordance w1th Chapter 13.1 at the 95-percent confidence leve! as follows: 

Where: 

a(MF) = 
1(95, n-1) = 

random uncenainty of the average of a set of meter proving runs. 
student "t" distribution factor for 95 percent confidence leve! and n-1 
degrees of freedom (see Table 2 of API 13.1). 
range of values (high minus low) in the meter proving se t. 
number of meter proving runs. 
conversion factor for estimating standard deviation for n data points (see 
Table 1 of API 13.1 ). 

For the commón 'practice of five proving runs that agree within a range of 0.0005, the 
random uncenaint}< of the áverage of this set can be estimated as follows: 

a(MF) = (2. 770X0.0005) ±0.00027 
(v5x2.326J 

For meter proving sets of 3 to 25 proving runs, a variable range limit can be calculated 
that maintains the sarne random uncenainty in the average value of 5 runs that agree within 
a range of 0.0005. These variable range limits are as shown in Tables A-1 and A-2. 

27 

... 
'~j 

1 't 



28 CHAPTER 4-PROVING SYSTEMS 

Table A-1-Variable Range Criteria 
for ±0.00027 Random Uncertainty 1n Average Meter Factor 

Numbc:r of Proving Runs, n Moving (Variable) Range Lmut 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

00002 
0.0003 
0.0005 
00006 
00008 
0.0009 
0.0010 
0.0012 
0.0013 
0.0014 
0.0015 
0.0016 
0.0017 
0.0018 
0.0019 
0.0020 
0.0021 
0.0022 

For low volume locations such as small LACf units where five runs within a range of 
0.0005 may no! be practica] or cosl effective, three runs wilhin a range of 0.0005 may be 
practiced. The random uncenainty of !he average of three proving runs !hat agree within 
a range of 0.0005 is as follows: 

a(MF)= (4.303X0.0005) -±0.00073 ( v 3 XI.693) 

For meter proving sets of three to fifteen proving runs, a variable range lirnit can be 
calculated !hat maintains !he same random uncenainty in !he average of three runs !hat 
agree wilhin a range of 0.0005. These variable range limits are as shown in Table A-2. 

Table A-2-Variable Range Criteria 
for ±0.00073 Random Uncertainty in Average Meter Factor 

Number of Provtng Runs. o 

3 
4 
S 
6 
7 
8 
9 

10 
11 
t2 
13 
14 
15 

Movmg (Variable) Range Umit 

0.0005 
00009 
0.0014 
00017 
0.0021 
0.0025 
0.0028 
00032 
0.0034 
0.0037 
0.0040 
0.0043 
00046 

The scaner in erra tic meter proving data can be normalized by averaging !he results of 
several meter proving runs and comparing !he averages of !hese small sets for agreement 
with deviation limits. In these instances, at least three consecutive proving runs are recom
meoded for each set. The averages of two or more of !hese sets can be compared for agree
ment of meter-proving deviation lirnits. 

e 
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SectJon B-Operation or Proving Systems 

Table B-1-Trouble-Shooting Guide for Pipe Prover Operators-Part 1 

Symptom. 

Pocr RcpcaubiliLy 

Location :wd Possible Cause 

Entrupped mr/vapor 

:! fh~hme in 4-way 
Ji~t:rtcrva.lvem 
sph~re-hanc:!hng 

\'31'.'( 

3 lsolating valvc 
!ea'bf!e 

Leakaz~ in 4-way 
-divencr v:Uvc or 
5pllcr~:::-handling 

V:ll\'C 

5 Cyde limc of 4-v.:ay 
dr ~l·.ttcr val ve cr 
:¡phere-handhn,[!' 
vah·e 

fi_ D.;:~--ctcrts} 

7 Tempel"'.Jture 

Va.ri.::::.~n 

lO Meter b~anng 

11 A~"t:~),_lt)' l.".'ai 

v.:::a:: 

12 Turbme. ml;'ter 
~~ra:~ntc:mn¡ 

;.eC'l.wr, 

Cop~right by the AI"'ERICAtt PETROLEUI't IHSTITUTE (API) 
Tue Oct 29 19:5B'54 1996 

Testlllupection 

Open vent ~ith s;.phcrc 
tr.J.veling. dt~d for air/v.1por. 
(This may not giYe posirive 
response becnu~~ uf piJS~ib!e 
airlgas pockcts.) 

Mt'.<~~nre p~SS.llre :lllh~ 

vlllve at m:s.,irnum flow ratc 
and see it JD accordJ.nce 
wuh spcc¡ficanon 

Check double block-and·bleed 
for le!lkagc. 

Check double hlod:·and hlccrl 
for leakage. 

Chal double blod:-and-blttd 
clrnur~ hefore li[lkre 
reache3 Lhe tmt 
detector 

Ched detector> again$1 
externa! s1gna1 so•Jr.:c. 
u~ ohm melers tú ~.:he:::k 

contmutty of swttch closurc 
Check for :::onoswn on 

tecrrunah. 
1n>¡~l nle~.:ha:ti ..... l! par!~ 1.>C • 
detector.;. 

Venfy temperarurc 
measutc1nent;;; 

Removl!, inspec: ft'r cuts, 
blmrr, o.hrn~1om and/or 
deteriornhon Check 
roundnc:>s iltld &ILlll;; 

Apply bked ICSI ((• ched.. 
f,_,r h;:lk:J.gc aml inspccl 
-.ea1s for cm~. abraston; 
andde~li01'lll1nn 

Dtsmantl~ and m::.pet~ 
Analy'.c: pul!-.e mnn wirh 
oscJlloscopc. 

An.llyze pu)J;e tr.un with 
o~cilloscope 

Rcmovc and insre.:r for 
damage and in1e1~n material 

a Cheo:k for :;Ur in 
nuid to rr.wcr. vcnt 
all h.ig-h. [loint<., :ltld run 
rro\'Cf Sl~\'~ times 
and \e:n 

h ln:::rr:1~r m~ll:T b.1cl. 
prej¡~ure 

lncre.'l.se r~~~llte by 
using ba.:t l)tessure 
val ve: 

a. Se.nt v1ln: mon:: 
fumly by mcreasinJ: 
actuaroror hand
w~ltllH¡ue. 

1:>. Rcpa!r \'¡¡]ve. 
c. Cyck V.:l.h'c ro remove 

dehns 

a. Se.a1 val·,.~: more 
firmly by mcre:~.sinJ: 
ar.'lu;JWrur hand
whed torque 

b Repa.!r V.:!.] ve. 
e Cyck va.J<.ce to remove 

ddni'i. 

lncrease speed of 
flpel ation ui rln~ v:tl ~·o:. m 
d.:cr.::\5: flow ratc 
chmugh the provcr. 

Calibr:uion may be 
ffiljllm·-l.l il dt>tt:ctcrts) 
an:: adrmtcd or ch.1nged. 

Clenn temHnah 

Cl:::an <L'ld rep<Ur as needed 

Stabilize r~mpe-tatu!"e .u meter 
an.l p:-•rvc:r 

lnfbtc or ccllate tf 
neiY.~~ary. Tt!place if 
d.lmag:::d. 

Repla..o::: :.t'.lh if 
ncccs;;;a.'). 

Rep:tir/repla,;;e ;lS 

requrrcd 

Repairide:m as 
nct:deJ 

Repa.i:/clean 3.!. 

fC1JliÍn:•l 

31 
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32 CHAPTER 4-PROVING SYSTEMS 

Table 8-1-Trouble-Shooting Guide for Pipe Prever Operators-Part 1 (continued) 

Symptom 

o Poor Linea."'1i3-' 

Location and ?ossible Cause 

13. Random electrical 
interferer.ce 

14. C.J.'vltJ:ior~ in 
metn 

15. Pu}>!' gt'uerntor 
taultv 

16. Fauh~ calibrater 

Cycle (lmc of 4-
w.!y Ct\ener \I::Uve 
nr ~rhe~ handling 
'a\v<.:. 

2 T .... ~.¡x·rt!un::: 
"nrittio~. 

' Bc:J.!111~ WI::LI 

4 DalliJ.?~J DM roto: 
U.::.ml'l.g~dTM 

~ llr.!,: ;x wl".ar, ¡;ears. 
u:.H.:~:-:n •. t.'l~ 

Cop!:jright by the AI"'ER!CAH PETROLEUI"' IMSTITUTE (API) 
Tue Oct Z9 19:5B'54 1996 

Testllnspecnon_ 

ldenlify sources. Analyze 
pul1e tram 'ol.ith osclllo
scope. 

al Dr::!w sample am.l l'bo:;crv~ 
fM stablllty a.t 
a1mo-.phenc prev.;tJre 

D} 1.1 unstablc. mc.1.:mrc 
equilibrium v:tpor 
rre~lioure uf liqull1 

el Mea.c:.ure pre<;'iUI'~ down
srream of th~ meter 

d) Bvnlu~te b~k ~H.:.~.m•-= 

A.t r•"lf'.:"flt f}(-.w mrr! check 
th;1t puls~ frcqucncy ¡., 
constant. Pulse 10le~ty 
c:1~ck. AnaJyze pulse tr.Iln 
w1th oscillmcopl 

Analyze pulse trni'l. '"Hh 
oscil111~cope. Ad.1uc:.t U~!/ 
down, eva.luat~ hl.F ch.tnges. 

Ev3lalltt. MF chan('.:.~ 
See 5 above. 

Verify t<m¡.x!ratUJe 
mensuremenb. 

D1sn·..mtk anj m~p..·ct. 
Anal y~ puLSe tr.un \,.ith 
oscillr_\;cl}¡x 

Herui ;;ht!ck e1r ¡,un .. -.:¡,~ive 
fiiiL• 

Corrective Action 

Reruute t:ablt:' lis~ :!>bidt.IOO 
cable Chc..::k c~blc ¡p-ound 
conncction 

I necease pn·s:m:c. 

Rep.nriret'll h''C as 
n;quueJ 

Re-pairlrepb,e a~ 
rcqu:rcé 

Rcpair/n:;•i.lce a; 
requl!('d 

Scc 5 :abuvc 

Su.biiizc temper¡¡,ture 
at meter anc prover 

R·~nru.,lr:-r,l.•··e 1.> 
fe-t:(llorcd 

R~pairlrepl~cc as 
required 

Rc-.t!tgn/rcp!a~:: as 
n:'lu1reJ. 
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Sympt:om 

Miscellaneous 
prob5cms encountered 
whca. proving. 

a. Less meter registration 
factor increase 

Less meter registr.uion 
factor increase 

More or less, meter 
registration 
f.aor increase/deaease 

Les.s meter registration 
f.ctor increasc 

b. More me1er registr.ltioa 
fKtor decrease 

More meter regjstration 
factor decrease 

Lcss meter registiation 
factor decrease 

Severe change in MF 

Scvere decrease iD MF 

Se~~ increase in MF 

Scvere decrease in MF 

SectiOn 8-0peralion of Proving Syslems 

Table B-2-Trouble·Shooting Guide for Pipe Prover Operators-Part 2 

loc.alion and Pouible Cause 

Meter 

Meter 

Meter calitntor 

Prover tcmperatute too low 

Auid viscosity increase 

BuiJd-up on pipe waD 

Malfunaioo in ATC assembly 

Ccllaspscd bulb ond '>c:Oows 

Malfwtction of calibralor 
lnoer-modwrical problcms 

Displacer undersir.ed 

Com:cuve Action 

Rebuild meter. 

Repl~ beanngs 

Lubricate or replace. 

· Stabdiz.c temperature. 

Stabilizc viscosity. 

lnvestigaJ:c rcason for 
build-u¡>'clean ¡nover. 

Hoc/told-

Replace S & B. 

Rcpairhoplace. 

Sizcln:place. 
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1 

Tabie B-3-Trouble-Shooting Guide for Srnall Volume Prover Operators .". 
Symp1om L«ation and Possiblc Cause Testllnspection Corm:tive Action 

PRO VER 
l. Poo< rq>e&Ubilny l. Entnppcd aic/ps Opcn p~vcr vents co sec if Open venu and cause 

in prow:r air/ps is pmcnt. dlsplaocr to tn.vel until 
&ir/gas is removed. 

2. Leakaa:e by isolaóoa Cbcdc doublc blodt-ond- L Open and roclosc valve. 
val ves blccd. b. Se&! valve mon: 

fumly by increasm¡ 
torque. 

c. Rc:place seau. 

3. lcüa¡e 01 bypass Cbcdc doublc blodt-and- a. Sea1 valvc more 
or diverter val ve blccd. finnly by opplyin¡ 

"""" J>I'CSSI= 
b. Replace scals 

4. Lcüa¡e by displacer Cbcdc ror leal: by mdhod Replace seal(s). 
-n>n>eacled by maoufiiCIUn:r. 

S. Cavitatioa iD Mcasun: pr=utt loss lhrough a. Reduce flow tate. 
provio¡ system the mctcrlprovin¡ system to b. ln=ase back-pr=W< 

see if wilhiD specificatioo. OD provin¡ system. 

6. Dete<tor(s) ~ detccton for proper tr rauhy replaa: dote<tors. 
opcratioo. Shield op<i<:al switches 

from ambieal Uctn. 

7. Ekctrooico, pub: cm per iDstnlctiOOJ m AdjiiSiirq>aic/rq>lace a 
API MPMS Qopl<r 4, r<qUiml. 
Seco ... 6. \ 

8. lmpro¡>u pleaum Verily pleaum ........ pe< AdjUSI a ra¡uiml. ........ mana~Kturets specificaboo. 

METER 
l. loltmal......- DismaDIIc ond inspcct. Repair/rqllace .. r<qUiml. 

2. Random el«tricaa Traa: ond eliminale Romove ar rq>lace 
iDI.crfc:R:Dee in~. problem. 

3. Cavrtalioa in Mcasure pressure a few lnaease ........ by 
mde: pipe diameoers downstr<am usiD¡bockpr=W<. 

o( the mder al 1 mu.imum 
low nMe IDd scc if within 
speeificatiCJIII. 

-'· Pulse ¡enerator, At uniform fJow rare cheek a. Check cear trlin. 
rouh d\11 pulse frequeoey is b. Repaich<place 

a>IISUDI. arequind. 

S. Tutbine mde: Remove and inspect for Repait ar rq>lace as 
Slral¡lnenin¡ d&ma¡l: or blocka¡e by m¡uu<d. Cleao OUI 
sectioo ron:igo obje<t. ron:igo objccl 

PROVER 
2. Poor hnariry l. Lcüage lhrough bypas Same as 3 abo~. Same a 3 obove. 

or divcrter val ve 

2 Tempen~~~r< Measuretc~ CorTect for tempennnc 
variation acCUI'Jltly. cffeas 11 meter and --3 Bearin¡ wear Dismantle and inspea. Replacelrq>aic as ( roquuod. 

-4 Cavitarion Cbcdc pn:ssareloss lhrou¡h Applybock pr<SSun: 
provine syaem and or redaK:e flowrate. 

'10 o 



Symptom 

Sympeom 

l. Poor repaubility 

Saction 8--0peratlon ol Proving Syslams 

Table B-3---Trouble-Shooting Guide for Snnall Volume Prover Operators (continuad) 

l.oc.ation and Possible Cause 

PROVER (cootinued) 

S. Pulse genm~or. 
fault 

6. [)am¡¡ed rocor 

T<$tllnspoctioo 

Al constant flowr&~e check 
tha1 pulse frt.quency ls 
COIISWII. 

Oismanlle and inspect. 

Correcbve Action 

L Check gear train. 
b. Repair/~placc 

IS tcquircd 

Rcpairlrtplac:c as required. 

Table B-4-Trouble-Shooting Guide for Master-Meter Prover Operators 

Location and Possible Cause T<$11'1nspoctioo COI'l'Cdive Ac:tioa 

MAS'!El·MIITEit PROVER 
l. Cavilll.ioa Apply exo:ssive bacl: Adjust back presswe to 

pessun: for a brief appropriale le'4d. 
pcriod. 

2. Pulse genmlor, At unifcxm fl.ownte check Repair or replacc as 
fllllt tbat pulse frcqucncy is rcquited. 

conswtl. 

3. Electrical noise Checlt for random electrical Trxc and elirrUnaJ:e 
irnerfc:renc:e. iDteñc:n:oc:e. 

4. Enu.pped amps Opco """" slowly. then Locale air/ps IOUlt)t 

., IDdlor cavitatioa. dooc. aoddimi-. 

S. Wom meter pons Dismantle ud inspecl. R<IS$C!Dble with oew 
pans as rcquu.d ud 
lq)IOVC masta'-mell:r. 

6. Leakin¡ valves Checlt !or fuiJ open/close Repair or rtplacc: as 
positioa ud leal tightness. rcquited. 

FIEl.D-MIITEit 
l. Cavttal.IOD Same u 1 above. Same as 1 above. 

2. Pulse ¡encr.Jtor. Samc: as 2 above. Same as 2 above. 
fllllt 

l. Temperallft Measure ternpc:l"'l\R often Corred for tempe~ 
vanatJon and axun~ely. effec:ts on ficld-meter 

and masler·me&er. 

4. Wom meter Plr:ts Same as S obove. Same as S above. 

S. Twbine mct<t Remove and inspcd. for Repair or rtplac:e u 
stnightenin¡lltdioa dama&<· rcquircd. 

6. Pressut< vuiatioo a.ed. cau¡es. Look for cavitmon. 
Check badt pressun:. 

7. Tempcrature Checlttempenture Maintain stable 
vari&l:ioo ........ fl.ow condition. 
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Table B-5--Trouble-Shooting Guide for Tank Prover Operators (" 
Symptom l..ocaaion and Possible Cause TeW!nspecbOft Com:ctivc Action 

PRO VER 
l. Poor ~pealabtlity l. lnconsisceat Measwe drain down time. .Follow dn.in down wne 

dnin clown time. oa calibralioo c:atific:e.. 

2. Drain vaJve teab FiU prover to eapacity Repair valvc w/o 
read uppct sale and "' -~viD¡. 

sund roe 1 ~ minutes, lhea Replaa: Vlllve and 
dlen read sale again 10 recalihrlle 
sce if any akqe. 

3.Unsubleprovcr Try rocl:in¡ by applyiJII Leve! pro><r and make 
1 modesl (ORle. secare. 

1 
4. Unsalisfoaory fill FiU pipe must always dniD a.-fiUpipe l. 

conditi011 compleldy or always ..W. positioo 
me same amouot o( fluid b. Provide YCIII iD fill 
bcfOO< 11111 alb:r each nm. pipo. 1 1 

~. Unsuble no..- Mooitor OowrMe. .. --cootrol val...:. 
b. Stabilize back pi<SSwe. 

6. Vaporizatioa Lower flownre. Chan¡e fill proc<du ... 

METER 
1. Burinawear Dumantlc 11111 insped. Replacell<pair as 

._¡,.d. 

2. Countcr does ""' Remove c:ounter IDd bold a. Repaidreplaa: as \ 
.. peal input shaft fumly wbile m¡uired . 

resen:iJlc. to see if il b. Cbcclr geor backlasb 
resc:u to zc;n) cacb time. iD meser bead.. 

3. Meter cavitatioa Apply eJ.cessive bac:k Adjust back-press= 
pressure for a brieftime. accordmg lo m¡uirerDCDts. · 

4. Meter calibnlor lsolate and tes1 Repairlrq>laa: as 

- mochanism. 
._¡,.d. 

/)C) 1 
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SECTION 2-MEASUREMENT OF LIQUID HYDROCARBONS BY DISPLACEMENT 
METER S 

5.2.1 lntroductlon 
Chapter 5. 2 is intended to describe methods of obtaining 

accurate measurements and maximum service life when dis
placement meters are used to measure liquid hydrocarbons. 

A displacement meter is a flow-measuring device that 
separa tes a liquid into discrete volumes and counts the sepa
rated volumes. The meter carries through its measuring ele
menta theoretical swept volume of liquid, plus the slippage · 
for each stroke, revolution, or cycle of the moving parts. 
The registered volume of the displacement meter must be 
compared with a knowo volume that has been detennined 
by proving, as discussed in Chapter 4. 

It is recognized that meteo; other than the types described 
in this chapter are used to meter liquid hydrocarbons. This 
publication does not endorse or advocate the -preferential 
use of displacement meters, nor does it intend to restrict the 
development of other types of meters. Those who use other 
types of meters may find sections of this publication useful. 

5.2.2 Scope 
This section of Chapter 5 covers the characteristics of 

displacement meters and discusses appropriate considera
tlons regarding the Iiquids to be measured, the installation 
of a metering system, and the selection, performance, op
eration, and maintenancc of displaccment meters in liquid
hydrocarbon servicc. 

5.2.3 Field ot Application 
The field of application of this section is all segments of 

the petroleum industry in which dynamic measurement of 
liquid hydrocarbons is required. This section do es not apply 
to the measurement of two-phase fluids. 

5.2.4 Referenced Publicatlons 
The current editions of the following standards, cedes, 

and specifications are cited in this chapter: 

AP1 

Manual of Petroleum Measurement Standards 

Chapter 4, "Proving Systems" 
Chapter 4.2, "Conventional Pipe Provees" (in 
press) 
Chapter 5, "Metering" 
Chapter 5.4, .. Instrumentation or Accessory 
Equipment for Liquid Hydrocarbon Metering 
Systems'' 

Copyriqhl by lhe AMERICAN PETROL[U~ INSTnUTE(API) 
lue Feb 11 10:29.16 1997 

Chapter 7.2, "Dynamic Temperature Deter
mination'' 
Chapter 8, "Sarnpling" 
Chapter 11.1, "Volume Correction Factors" 
(AS1M1 D 1250, ISO" 9J.l) 
Chapter 12, "Calculation of Petroleurn Quan
tities'' 
Chapter 12.2, "Calculation of Liquid Petro
leum Quaotities Measured by Turbine or Dis
placement M:eters'' 
Chapter 13, "Statistical Aspects of Measuring 
aod Sampling" 
Chapter 13.2, "Meter Factor Control Charts" 
(in press) 

5.2.5 Deslgn Considerations 

The design of displacement-meter installations should take 
into account the following considerations: 

a. The installation should be able to handle the maximum 
and minimum flow rates, the maximum operating pressure, 
aod the temperature raoge of the liquid to be measured. If 
necessary, the insta1lation should include protcctive dcvices 
that keep the operation of the meter within design limits. 

b. The installation should ensure a maximum, dependable 
operating üfe. Strainers, fLiters. air/vapor eliminators, or 
other protective devices may be provided upstream of the 
meter to remove solids that could cause premature wear or 
gases that could cause measurement error. 
c. The installation should ensure adequate pressure on the 
liquid in the metering system at all temperatures so that the 
fluid being measured will be in the liquid state at all times. 
d. The installation should provide for proving each meter 
and should be capable of duplicating normal operating con
ditioos at the time of proving. 
e. The installation should comply with all applicable reg
ulations and codes. 

5.2.6 Selecting a Meter and 
Accessory Equlpment 

Chapter 5.4 pro vides guidelines for selecting the appro
priate equipment. In additioo, the manufacturer should be 

1 American Society for Telting and Materiab, 1916 Racc Strcct, Ptüla
dctpbia, Pennsytvania 19103. 
21ntemational Organization for Standardization, 1430 Broadway, New York, 
New York 10018. 

; 
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2 CHAPTER 5-LIQUD METEAIIIG 

consulted, and detailed consideration should be given to the 
following items: 

a. The properties of the metered liquids, including viscosity, 
vapor pressure, toxicity, corrosiveness, and lubricating abil
ity. Toxic and environmentally controlled fluids must re
ceive special consideration to prevent and control potential 
leaks or spills. 
b. The operating flow rates and whether the flow is contin
uous, intennittent, fluctuating, bidirectional, or reversible. 
c. Accuracy requirements. 
d. The class and type of piping connections and materials 
and the dimensions of the equipmcnt to be used. 
e. The space required for the meter installation and the 
proving facility. 
f. Tbe range of operating pressures, acceptable pressure 
losses through the meter, and whether pressure o o the liquid 
is adequate to prevent vaporization. 
g. The operating temperature range and the applicability of 
automatic temperature compensation. 
h. Effects of corrosive contaminants on the meter and the · · 
quantity and size of foreign matter, including abrasive par
ticles, that may be canied in the liquid stream. 
i. The types of readout and printout de vices or systems to 
be used (see Chapter 5.4) and the standard units of volume 
or mass that are required. 
j. The method .by which a meter in a bank of meters can 
be put on or taken off line as the total rate changes and the 
method by which it can be preved at its normal operating 
rate. 
k. The type, method, aud frequency ofproving (see Chapter 
4). 
l. The method of adjusting a meter's registration. 
m. Thc nced for accessory equiprnent, such 8$ pulsers, 
additive injecüon apparatus, combinators, and devices for 
predetennining quantity. When meter-driven mechanical ac
cessory devices are used, cauuon must be taken to limit the 
total torque applied to the meteriog element (see Chapter 
5.4). 

n. A u tomarle pressure lubrication for nonlubricating or dirty 
liquids. 
o. Valves in the meter installation. Valves requíre special 
consideration, since their performance can affect measure
ment accuracy. The flow- or pressure-control val ves on the 
main~strearn meter run should be capable of rapid, smooth 
opening and dosing to prevent shocks and surges. Other 
valves, part!cularly those between the meter or rneters and 
the prover (for example, the stream diversion val ves, drains, 
and vents) require leakproof shutoff, which may be provided 
by a double block-and-bleed valve with telltale bleed or by 
another similarly effective method of verifying shutoff in
tegrity. 

Copyríqhl by lhe AMERICAN P[TROLEUM INSlllUTE(API) 
lue Feb ti 10:29.16 1997 

p. Maintenance methods and costs and spare parts that are 
needed. 
q. Requirements and suitability for security sealing. 

5.2. 7 lnstallation 
Figure 1 is a scbematic diagram of a typical meter station. 

Meters shall be installed according to tbe manufacturer's 
instructions and shall not be subjected to undue piping strain 
and vibratioo. Flow cooditioning is not required for dis
placement meters. 

5.2.7.1 VALVES 

5.2.7.1.1 If a bypass is penoitted around a meter ora 
battery of meters, it sbould be provided with a bliod or 
positive-shutoff double block-and-bleed val ve with a telltale 
bleed. 

5.2.7 .1.2 In general, all val ves, especially spring-loaded 
or self-closing valves, sbould be designed so that they will 
not admit air when they are subjected to vacuum conditions. 

5.2.7.1.3 Valves for intenoittent flow control should be 
fast acting and shock free to minimize the adverse effects 
of starting and stopping liquid movement. 

5.2.7.1.4 A flow-limiting device, such as a flow rate con
trol valve or a restricting orifice, should preferably be in· 
stalied downstream of the meter. The de vice should be selected 
or adjusted so that sufficient pressure will be maintained to · 
prevent vaporization. 

5.2.7.2 PlPlNG lNSTALLATlON 

5.2.7.2.1 Meters are normally lnstalled in a horizontal 
position. Tbe manufacturer shall be consulted if space limi
tations dictate a different position. 

5.2.7.2.2 Where the flow range is too great for any one 
meter or where continuous service is needed, a bank of 
meters may be installed in parallel. Each meter in the bank 
shall be operated within its minimum and maximum flow 
rates. A means shall be provided to balance flow through 
each meter. 

5.2. 7.2.3 Meters sball be installed so that they will have 
a maximum, dependable operating life. This requires that 
protective devices be installed to remove frorn the liquid 
abrasives or other entrained particles that could stop the 
metering mechanism or cause premature wear. Strainers, 
filters, sediment traps, settling tanks, water separators, a 
combination of these items, or any other suitable de vices 
can be used. They should be properly sized and instaUed 
so that they do not adversely affect the operation of the 
meter. Protective devices rnay be installed singly or in an 
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e 0 0 

e 

0 0 

·e 

0 0 0 

e 
·' 0 Flow 

0 J To prover .. 
See e Chaptar 

4 
From prover 

l. Pressure-reductng nlve-manual or automatic, if required. 6. Check val ve, if requiretl 
2. Filler, strainer, and/or yapor ehmmator (ü required) for each meter 7. Control valve, if requircd 

or whole station. 8. Positive-shutoff double block-aod-bleed va\ves. 
3. Displacement meter. 9. Flow control val ve, if required. 
4. Temperature measurement device. 10. Block valve, if required. 
5. Pressure meR!urement device. 11. Differenrial pressure device, if requirc:d. 

Note: Al! sectioru of the line th.at rnny be blocked between valves &hall have provisions for pressure relief 
(preferably not to ~e msta.lled between lhe meter and the prover). 

Figure 1-Typical Schematic Arrangement of Meter Station Wllh Three Oisplacement Meter:s 

Copyr~hl by lhe AII[RICAN P[IROl[UU INSTnUT[(API) 
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interchangeable battery, depending o o the importan ce of 
continuous service. Monitoring devices should be installed 
to detennine when the protectlve device needs to be cleaned. 

6.2.7.2.4 Meters shall be installed so thet they will per· 
form satlsfactorily wlthin the viscosity, pressure, temper· 
ature, and flow raoges that wlll be eocountered. 

5.2.7.2.5 Meters shall be adequately protected from pres
sure pulsations and excesslve surges and from excessive 
pressure caused by thennal expansion of the liquid. This 
kind of protection m ay require the installation of surge tanks, 
expansion chambers, pressure-Umitiog valves, reiief valves, 
or other protective devices. When pressure reliefvalves are 
located between the meter and the pro ver, a means of de
tecting spllls from !he valves shall be provided. 

5.2.7.2.6 A back-pressure val ve may be required to main
tain the pressure oo !he meter and !he prover above !he fluid 
vapor pressure. In general, displaccment meters do not ac
celerate fluid velocity and are no! subject to !he resultiog 
pressure reduction that can cause vaporization (cavitation) 
in other types of meters. 

Whenever possible, flow-limiting devices should be in
stalled downstream of !he meter and !he proving system. 
Ao alarm may be desirable to signa! that flow rates have 
fallen below the design mioimum. lf a pressure-reducing 
device is u sed on the inlet si de of the meter, it shall be 
installed as far upstream of !he meter as possible. The device 
shall be installed so !ha! sufficient pressure will be main
tained on !he ou!let side of the meter installa!ion lo preven! 
any vaporization of !he metered liquid. 

5.2.7.2.7 Any condition that contributes lo !he release of 
vapor from !he liquid stream shall be avoided through suit
abie system design and through opera !ion of !he meter within 
!he flow rango specified by !he manufacturer. The release 
of vapor can be minimized or eliminated by maintaining 
sufficient back pressure downstream of !he meter. This can 
be achieved by installing the appropriate type ofvalve (back
pressure, throttling, or reducing) downstrearn of !he meter. 

The manufacturer's review and recommendation will be 
useful indetennining !he required back-pressure condition. 

5.2. 7 .2.8 Each meter shall be installed so that neither air 
oor vapor can pass through it. If necessary, air/vapor elimi
nation equipment shall be installed as close as possible to 
the upstream side of the meter. The vapor vent lines on air/ 
vapor eliminators shall be of adequate size. The safety of 
the venting system should be given special design coosid
eration. Air eliminators cannot vent when they are operating 
below atmospheric pressure, and under adverse conditions, 
they may even draw air into !he system. A tight-closing 
check valve in the vent line will prev~ot air from being 
drawn into the system under these conditions: 

Copyr~hl by lhe AMERICAN P[lROLEUU INSlOUlE(API) 
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5.2.7.2.9 Mcters·and piping shall be installed so that ac
cidental drainage and vaporization of liquid is avoided. The 
piping shall have no unvented high points or pockets where 
air or vapor may accumulate and be carried through !he 
meter by the added turbuleoce that results from increased 
flow rate. The installatioo shall prevent air from being in
trodueed into the system through leaky valves, piping, giands 
of pump shafts, separators, connecting lines, and so forth. 

5.2. 7 .2.1 O Linos from !he meter lo !he pro ver shall be 
lnstalled to minimizo !he possibility of air or vapor being 
trapped. Manual bleed valves should be installed at high 
points so that air can be drawn off befare proving. The 
distance between the meter and its prover shall be mini
mized. The diarneter of !he connecting lines shall be large 
enough to preven! a significan! decrease in flow rate during 
proving. In multimeter stations, throttling valves may be 
lnstalled downstream of !he meters to regulare flow through 
the prover while each meter is being preved. 

5.2.7.2.11 Piping shall be designed to prevent the loss or 
gain of liquid between !he meter and !he prover during 
proving. 

5.2.7.2.12 Special consideration should be given to !he 
location of each meter, its accessory equipment, and its 
piping manifold so thet mixing of dissimilar liquids is mini
mized. 

5.2.7.2.13 For meters designed to flow in one direction 
only, provision shall be made to prevcnt flow in the opposite. · · 
dircction. 

5.2. 7 .2.14 A means of measuring temperature shall be 
provided to enable correction of thermal effects oo the stream 
or meter. The capability to obtain !he Slr~am temperature 
inside the meter body is desirable. Sorne meters allow for 
installation of a ternperature-measuring device in the meter 
body; however. this is impractical with many meters because 
of the way !bey are constructed or because of !he type of 
temperature-measuring device that is selected. 

If it is impractical to mount !he temperature-measuring 
device in !he meter, !he device should be instalied either 
immediately downstream or upstream of !he meter. Where 
severa! meters are operated in parallel on a common stream, 
one temperature-measuring device in the total stream, lo
cated sufficien!ly ciase to !he meter inlets or outlets, is 
acceptable if !he strearn temperatures at each meter and at 
the sensing location agree within !he tolerance specified in 
Chapter 7 .2. Test thennowells should be provided near each 
meter to verify that the stream temperarures are identlcal. 

Refer to Chapter 7.2 for additional information. 

5.2.7.2.15 To determine meter pressure, a gauge, re
corder, or transmitter of suitable range and accuracy shaU 
be irtstalled near the inlet or outlet of eacb meter. 

, .•. 
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5.2.7.2.16 A heat-traced manifold that maintains a heavy 
hydrocarbon in a sufficiently Jiquid state to pennit mea
surement by a displacement meter shall be designed to meet 
the following objectives: 

a. Ao excessively high temperature cannot occur. 
b. The temperature cannot fall below the level at which the 
viscosity of the liquid becomes too great for the displace
ment meter at the required flo~ rates. 

Temperature control is especially irnportant when the me
ter is not operating. The meter rnanufacturer should be con
sulted about high and low hmits for viscosity and temperaturc. 

5.2.7.3 ELECTRICAL INSTALLATIONS 

Displacement-meter systems may include a variety of 
electrical or electronic accessories, as discussed in Chapter 
5.4. The electrical systems shall be designed and installed 
to meet the manufacturer's recommendations and the ap
plicable bazardous area classifications, to preclude signal 
and noise interference from nearby electrical equipment, 
and to minimize the possibility of mcchanical damage to 
the components. 

5.2.8 Meter Performance 

Meter performance. is dcfined by bow wel1 a metering 
system produces, or can be made to produce, accurate mea
surements. 

5.2.8.1 METER FACTOR 

Either of two methods of meter proving may be used, 
depending on the meter's intended application and antici
pated operating conditions. 

5.2.8.1.1 With the ftrst method of proving. the meter 
calibrator mechanism is adjusted until the change in meter 
reading during a proving equals or nearly equals the volume 
mcasured in thc prever. 

Adjusted meters are most frequently used on retail deliv
ery trucks ami on truck am.l rail-car loading racks, where it 
is desirable to ha ve direct-reading meters without having to 
apply mathematica1 corrections to the reading. An adjusted 
or direct-reading meter is correct only for the liquid and the 
flow conditions at which it was preved. 

5.2.8.1.2 Wlth the second method ofproving, the meter 
calibrator mechanism is not required or is not adjusted, and 
a meter factor is calculated. The meter factor is a number 
obtained by dividing the actual volume of liquid passed 
through the meter during proving by the volume registered 
by the meter. For subsequent metering operations, the actual 
throughput or measured volume is detennined by multiply
ing the volume registered by the meter by the meter factor 
(see Chapter 4 and Chapter 12.2). 
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When direct readiitg. is not ·reqi.lir6d~ 'the-use of a meter 
factor is preferred for sevcral reasons. It is difficult or im
possible to adjust a meter calibrator mechanism to register 
with the same resolution that is achieved when a meter factor 
is detennined. In addition. adjusanent generally requires 
one or more reprovings to confrrm the accuracy of the ad
jusanent. In npplicntions where the meter is to be used with 
severa! different liquids or under severa! different sets of 
operating conditions, a different meter factor can be deter
mined for eacb liquid and for each set of operating condi
tions. 

For most pipelines, tenninals, and marine loading and 
unloading facilities, meters are initia1ly adjusted to be cor
rect at average conditions, and the mechanisms are sealed 
at that setting. Meter factors are then determined for each 
petroleum liquid and for each set óf operating conditions at 
which the meters are used. Tbis method provides flexibility 
and maintains maximum accuracy. 

5.2.8.1.3 An assessment of meter perfonnance can hest 
be made by rnonitoring a meter factor for a given petroleum 
liquid over an extended perlad of time. Chapter 13 describes 
methods for monitonng meter history and performance. 

SimHarly, meter perfonnance for caJibrated meterS: can 
be assessed by momtoring the frequency, extent, and di
rection of the mechanical adjustments that are necessary to 
maintain cnJibration. 

5.2.8.1.4 The following variable conditions rnay affect 
the meter factor: "'1' 

a. Flow rate. 
b. Viscosity of the liquid. 
c. Ternperature of the liquid. 
d. Pressure of tbe flowing liquid. 
e. Cleanliness and lubricating qualities of the liquid. 
f. Change in measuring-element clearances due to wear or 
damage. 
g. Torque load required to drive the register, printer, and 
all accessory equipment. 
h. Malfunctiuns in the proving systern (see Chapter 4). 

5.2.8.2 CAUSES OF VARIATIONS IN METER 
FACTOR 

There are many factors that can change the perfonnance 
of a displacement meter. Sorne factors, such as the entrance 
of foreign matter into tbe meter, can be remedied only by 
eliminating the cause of the problem. Other factors depend 
on the properties of the ltquid being measured; these must 
be overcome by properly designing and operating the me-. 
tering system. 

The variables that have the greatest effect on the meter 
factor are flow rate, viscosity, temperature, and foreign 
rnatter (for exarnple, paraffin in the liquid). If a meter is 

' '· 
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preved and opemted on Iiquids with inherently identical 
properties, under the same conditions as in service, the 
highest level of accuracy may be expected. lf there are 
cbanges in one or more of the Iiquid properties or in the 
operating conditions between the p,roving and the opemting 
cycles, theo a change in meter factor may result, and a new 
meter factor must be detennined. 

5.2.8.3 VARIATIONS IN FLOW RATE 

Meter facto:f varies with flow rate. At the lower cnd of 
the range of flow rates, the meter-factor curve may become 
less reliable and less consistent than it is al the middle and 
higher rates. lf a plot of meter factor versus flow rate has 
been developed for a given set of operating conditions, it 
is possible to selecta meter factor from the curve; however, 
if a proving system is permanently installed, it is preferable 
to reprove the meter and apply the value determined by the 
reproving. If a change in total flow rate occurs in a bank 
of two, three, or more displacement meters installed in 
parallel, the usual procedure is to avoid overranging or 
underranglng an individual meter by varying the number of 
meters in use, thereby distributing the total flow among a 
suitable number of parallel displacem-ent meters. 

5.2.8.4 VARIATIONS IN VISCOSITY 

The meter factor of a displacement meter is affected by 
changes in viscosity that result in variable slippage. Vis~ 
cosity may change as a result of changes in the liquids to 
be measured or as a result of changes in temperature that 
occur without any change in the liquid. It is therefore im
portant to take into account thc parameters that havc changed 
befare a meter factor is sclccted from a plot of meter factor 
versus viscosity. It is preferable to reprove the meter if the 
liquid changes or if a significnnt viscosity change occurs. 

5.2.8.5 VARIATIONS IN TEMPERATURE 

In addition to affecting the viscosity of the liquid, changes 
in the temperature of the liJ:Juid ha ve other important effects 
on meter perfonnance, as reflected in the meter factor. For 
example, the volume displaced by a cycle of movements of 
the measuring chambers is affected by temperature. The 
mechanical clearances of the displacement meter may also 
be affected by temperature. Higher temperatures may par
tia1ly vaporize the liquid, cause two-phase tlow, and se~ 
verely impair measurement performance. 

5.2.8.5.1 When a displacement meter is proved, the tem
pernture of the liquid in the meter and in the prover should 
be the same. lf thc temperature is not the same. both volumes 
must. be corrected to a volume at a ba..o;;e or reference tem~ 
perature so that a correct meter factor can be obtained. For 
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sucb corrections, the petroleum measurement tables in Chapter 
11.1 should be used in accordance with Cl!apter 12.2. 

5.2.8.5.2 Either an automatic tempecature compensator or 
a manually calculated temperature correction based on the 
observed average temperature of the delivery may be used 
to corree! registered volume to a volume at a base or ref
erence temperature. 

5.2.8.6 VARIATIONS IN PRESSURE 

6.2.8.6.1 If the pressure of the liquid wben it is metered 
varies from the pressure that existed during proving, the 
relative volume of the liquid wiU change as a result of its 
compressibility. The potential for error increases in pro
portian to the magnitude of the difference between the prov
ing and operating conditions. For greatest accuracy, the 
meter sbould be proved at the operating conditions (see 
Cl!apter 4 and Chapter 12). 

The physical dimensions of the meter will also change 
as a result of the expansion or contm.ction of its housing 
under pressure. The use of double-case meters prevents this 
problem. 

5.2.8.6.2 Volumetric corrections for pressure effects on 
liquids that have vapor pressures above atmnspheric pres
sw-e are referenced to the equilibrium vapor pressure of the 
liquid ata standard temperature, 60"F, 15"C, or20"C, rather 
than to atmospheric pressure, which is the typical reference 
for liquids with measurement-temperature vapor pressures 
below atrnospheric pressure. Both the volume of the liquid 
in the prover and the registere.d metered volume are cor
rected from the measurement pressure to the equivalent vol~ 
umes at the equilibrium vapor pressure at 60gF. l5°C, or 
20"C. 

This is a two·step calculation that involves correcting both 
measurement volumes to the equivalent volumes at equilib
rium vapor pressure at the measurement temperature. The 
volumes are then correctcd to the equivalent volumes at the 
equilibrium vapor pressure at 60"F, 15"C, or 20"C. A de
tailed discuss10n of this calculation is included in Chapter 
12.2. 

5.2.9 Operation and Maintenance 
This section covers recommended operating practices for 

displacement-meter installations. All operating data that 
pertain to measuremcnt, including the meter-factor control 
charts, should be accessible to interested parties. 

5.2.9.1 CONDITIONS THAT AFFECT 
OPERATIONS 

5.2.9.1.1 The overaU accuracy of measurement by dis
placemerit meter depends on the condition of the meter and 
its accessories, the tcmperature and pressure corrections, 
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the proving system, the frequency of proving, and the vari~ 
ations, if any, between operating and proving conditions. 
A meter factor obtained for one set of conditions will not 
necessarily apply to a changed set of conditions. 

5.2.9.1.2 Displacement meters should be operated with 
the m.anufacturer's recommended accessory equipment and 
within the range of flow rates specified by the manufacturer. 
Meters should be operated only with liquids whose prop
erties were considered in the design of the installation. 

5.2.9.1.3 lf a displacement meter is to be used for bi
directional flow, meter factors shall be obtained for flow in 
ea eh direction. 

5.2.9.1.4 Failure to remove forcign mattcr upstream of a 
displacement meter may result in hoth mismeasurement and 
damagc. Strainers, filtcrs, or other protective devices should 
be placed upstream of the meter bank. 

5.2.9.2 PRECAUTIONS FOR OPERATING NEWLV 
INSTALLED METERS 

When a new meter installation is placed in service, par~ 
tiCularly on newly installed lines, foreign matter can be 
carried to the metering mech.lnism during the initial passage 
of liquid. Protection should'be provided from malfunction 
or damage by foreib'll mattér, such as air or vapor, slag, 
debris, welding splatter, thread cuttings, or pipe compound. 
Following are suggested meaDs of protecting the meter from 
foreign matter: 

a. Temporarily replace the meter with a spool. 
b. Put a bypas.s around the meter. 
c. ~emove the metering element. 
d. lnstall a protective device upstream of the meter. 

5.2.9.3 INSTRUCTIONS FOR OPERATlNG 
METER SVSTEMS 

Definite procedures both for operating metering systems 
and for calculating measured quantities should be fumished 
to personnel at meter stations Followi.ng IS a hst of items 
that these procedures should mclude, along with chapters 
of the APl Manual of Petroleum Measurement Standards 
that can be used for reference and assistance in developing 
these operating guidelines: 

a. A standard procedure for meter proving (Chapter 4). 
b. Instructions for operating standby or spare meters. 
c. Minimurn and mn.ximum meter flow rate.lio and other 
operating information, such as pressure and temperaturc. 
d. Instructions for applying pressure and temperature cor
rection factors (Chapter 12.2). 
e. A procedure for recording and reporting corrected meter 
volumes and other observed data. 

Copyright by !he AIAERICAN PElROLEUW INSTITUlE(API) 
lue reb 11 10.29:16 1997 

f. A procedure for estimating the volumc passed, in the 
event of meter failure or núsmeasurement. 
g. Instructions in the use of control charts and the aetion 
to be taken when the meter factor exceeds the established 
acceptable limits (Chapter 13) .. 
b. Instructions regarding who should witness meter prov
ings and repairs. 
i. lnstructions for reporting breaks in security seals. 
j. Instructíons in the use of all forms and tables necessary 
to record the data tbat support provmg reports and meter 
tickcts. 
k. Instructions for routine maintenance. 
l. lnstructions for taking samples (Chapter 8). 
m. Details of the general· policy regarding frequency of 
meter proving and reproving when changes of flow rate or 
other variables affect meter accuracy (Chapters 4 and 5). 
n. Procedures for operations that are not included in this 
list but that may be important in an individual installation. 

5.2.9.4 METER PROVING 

5.2.9.4.1 Each displacement meter should contain a .per
manent prover or connections for a portable prover or master 
meter to obtain and demonstrate the use of meter f3ctors 
that represent current operations. The proving methods ~e
lected shall be acceptable to al! parties involved (see Chapter 
4). 

5.2.9.4.2 The optimum frequency of provmg depends on 
so many operating conditions that it is unwise to estftblish 
a ftxed time or throughput interval for all condition.S .. In 
clean fluid service at substantially uniform rates nnd tem
peratures, meter factors tend to vary little, necessitating less 
frequent meter proving. More frequent proving is required 
with fluids that contain abrasive materials, in LP gas service 
where meter wear may be significant, or in any service 
where flow rates and/or viscosities vary substantially. Like
wise, frequent changes in product types necessitate more 
frequent provings. In seasons of rapid ambient temperature 
change, meter factors vary accordingly, and proving ~hould 
be more frequent. Study of the meter-factor control chart, 
which should include data on liquid temperature and rate, 
will aid determination of the optirnum frequency of proving 
(see 5.2.9.5). 

5.2.9.4.3 Provings should be frequent (every tender or 
every day) when a meter is tnitially installed. After frequent 
proving has shown that the meter factors for any given liquid 
are being reproduced within narrow limits, the frequency 
of proving can be reduced if the factors are under control 
and the overall repeatabillty of measurement is satisfactory 
to the parties involved. 
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5.2.9.4.4 A meter should always be proved after main
tenance. 1f the maintenance has shifted the meter-factor 
values, !he period of relatively frequent proving should be 
repeated to set up a new factor data ba"e by which meter 
performance can be monitored. When the values have sta
bilized, the frequency of proving can again be rcduced. 

5.2.9.5 METHODS OF CONTROLLING METER 
FACTORS . 

5.2.9.5.1 Meter factors can be controlled with a suitable 
statistical control method. Chapter 13.2 addresses meter 
measurement control methods and other methods of analysis 
that use historical Comparison of meter-factor data to moni
tor meter perfollllance. 

5.2.9.5.2 Meter-factor control charts are essentially plots 
of succe~sive meter-factor values along the abscissa at the 
appropriate ordinatc value, with parallel abscissae repre
scnting X ± la, X ± 2a, and X ± 3a, where X is the 
atithmetic mean meter-factor value and a is the standard 
deviation or other tolerance-level criterion (for example, 
±0.0025 or ±0.0050). A control chart can be maintained 
for each displacement meter in each product or grade of 
crude at a specified rate or range of rates for which the 
meter is to be used. 

5.2.9.5.3 Meter-factor control methods can be used to 
provide a warning of measurement trouble and to show when 
and to what extent results may ha ve deviated from accepted 
nonns. The methods can be used to detect trouble, but they 
will not define the nature of the trouble. When trouble is 
encountered or suspected, the measurement system should 
be systematically checked. The following problems com
monly occur in displacement-meter systems: 

a. The physical properties of !he liquid change. 
b. The moving parts or bearing surfaces o(the displacement 
meter become wom or fouled with foreign matter. 
c. lsolation and diversion valves leak. 
d. The proving system and irs components require main
tenaoce (see Chapter 4). 
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e. Air becomes trapped somewhere in the maoifolding. (Ibis 
possibility must be remedied by eitJier: procedure or equip
ment). 
f. The gear train components, above or below !he proving 
pickup, malfunction. 
g. The calibration of pressure-, temperature-, aod density
sensing devices has to be checked. 
h. When a tank prover is used, !he act of opening aod 
closing !he diversion val ve is unduly slow. (Opening and 
closing should be smooth and rapid). 

5.2.9.6 METER MAINTENANCE 

5.2.9.6.1 For maintenance purposes, a distinction should 
be made between parts of !he system that can be checked 
by operating personnel (parts such as pressure gauges and 
mercury thermometers) and more complex components that 
may require the services of technical personnel. Displace
ment meters and associated equipment can normally be ex
pected to perform weU for long periods. lndiscriminate 
adjustroent of !he more complex parts and disassembly of 
equlpment is neither necessary nor recommended. The man
ufacturer's standard maintenance instructions should be fol
lowed. 

5.2.9.6.2 Meters stored for a long period shall be kept· 
under cover and shall have protection to minimize corrosion: 

5.2.9.6.3 Establishing a definite schedule for meter main
tenaoce is difficult, in terms of both time and throughput, 
because of the many different sizes, services, and liquids 
measured. Scheduling repair or inspection of a displacement 
meter may best be accomplished by monitoring thc meter
factor history for each product or grade of crude oil. Small 
random changes in meter factor will naturally occur in nor
mal operation, but if the value of thesc changes exceeds the 
established deviatlon Hmits ofthe control method, the cause 
of the change should be invcstigated, and any necessary 
maintenance should be provided. Using deviation limits to 
determine acceptable nonnal variation strikes a balance be
tween looking for trqublc that does not exist and not looking 
for trouble that does exist. 
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SECTION 3-MEASURING LIQUID HYRDROCARBONS BY TURBINE METERS 

5.3.1 lntroduction 

Ch .... ptcr 5.~ '" 1ntcn<.kJ 111 dL'"Crii'1t' nh..·tholh ni ohtatnin~ 
;.~nurJh..' mca,urcmcnh ami m:nmmm 'CT\ltC hk \.\ht:n IUT· 

l·llnc meter' are u ... ~..·J IP mca,urc l14uid h)dro<.art'lon'. 
A turhmc meter ,, a no .... ·mc:.I' .. Uflng dt:\ in: y, ith ;¡ roltH 

th:..tt 'en'c' thc ve!, h • .' ti~ of flo" ing lt4uid tn a cl1"cd nmJuu 
hec F1~urr 1 l. Thc llnv. mg h4uid cau'c' thc wtnr to nw\l' 
"'ith a tan!!enl!;li vclocll) th:.Jt '' pmponumal 111 \olumctnr 
Oov. r;_¡tc .. 1 he llltl\ e m~..· m of thc rntor c:...n he d~..·tcctcd mc
cham~: .. lll~ Ppll<.;..lll). or ckctrKall~ ant! , .. rrg¡o..~cr~..·d nn a 

rcJ<.h1ut Thc <Ktu,d \Oiume that p;.¡, ... n thc meiL'r amt ¡, 
h.'f!''tcred on a readuut ,, dctcrnuncd h} pro"mg agJinq a 
~nov.n \olumc. <1' t.Ji,cuv .. cd in Ch<Jptcr 4 .. 

lt 1:-. recognizcd th.JI meter" nth~.:r than the t~pc' dc,l·nhcd 
in thl" chapter are U\cd to meter hqu1d h~drocarhon'. Thi~ 
puhl~t.:atmn doc' llPI endnr'e or <.J(hflc:..ttc !he prdcrcnll<.~l 

u ... r of turhmc mclt'r..,. nnr ÚClt'' 11 1n1end to re,lrict thc 

Flow 

1 Cp,rr.: .. m ~!dlm. 
:: l r~tn:dm ,r.-cm \urron~ 

Rr .• rlnr~ 
.J Sh.111 
~ R\1101 hui- 1 

fl Rnrur hiJdc 

c.ll'\l'hlpllh..'OI tll tllhcr l~pt'' or Olt'ICT~. Tho\C "ho U'C othcr 
1! P"' ol Olt'll"T' lllJ! llnJ ,c,:tton' ,,¡ Ü1i~ chaptcr u'dul 

5.3.2 Scope 

Tht' \C~o tu1n of Ch.Jptcr 5 Jcfmc' thc apphcalinn entena 
ftwlurhmc meter' and Jt,cu,,c, ;Jf'f'Hlf'TI:.tlc cnn,Jdcrallnn' 
reg;.¡rcJmg thc liqurJ, hl ~ mca,urcd. lhc m\lallallon of ;.¡ 
lurbme mctcnn~ 'Y'-Icm. and the pe-rformance. ('tpcraflnn. 
ami maintcnancc c1f turhinc meter' 1n IH.JU!d-hydrocarhon 
\CT\ I(C. 

5.3.3 Field of Application 

The f1eld uf applilalion ol th1' 'ectron 1' al! 'e~ mento, of 
the pctrokum mdu,tr! m \A. h!Ch d~ na m te mea..,urcmcnt of 
hqutd h!dH\t'Jrhnn' ¡·, requ1rcd Tht' ~ectton doe' not appl) 
lo thc meJ-.un.::ment of IV.(I-pha'(' nuiJo, 

7. Do"' n~lrnm \l•lor 
8 Do"' n\ltnm slalm \Uppnn\ 
q MtiC't hou\rni 

10 Prcl..up 
11 End connc-cuon., 

... ~ 

Frgure 1-Names of Typical Turbine·Meter Parts 

.\.f 
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5.3.4 Referenced Publlcatlons 

Th~ current edtuons of lhe following ..,tandards. cod~s. 
Jnd ~p~cifications are cited in thts chapter· 

API 

. \fan11ul of Pe1rolewn .\h·murt!mt'llf StaudardJ 

Chapter 4. "Provmg Systems" 
Chapter 5 ... Metenng" 
Chap1er 5 ~- .. ln~1rumen1auon or A~:cessory 
Equtpment tor Ltquid Hydro~arbon ~etering 
S) Slt"nlS .. 

Chapter 5.5 ... r,dellly and Secur!ly of Flow 
~1easurement Pul~ed-Dala Tran'>mt~Siün Sys
tems 

Chapter 7 2 . .. D: nanuc T emperature Deter
mtnarion·· 

Chapll'r 8 ... S:unpl ing. · · 
Ch.tpra 11. "Ph;....,tcal Propertt~' O;.~ta .. 
Ch.tpter ll.. · ·C.tlculat\On of Petnlleum Quan
ltl!e~ 

Chap1cr 12.!. ··calculallon of Liquid Petro
leum Qu::mlrtles Mea:-.ured by Turbme or Dis
pl.tcement \1t:ters · · 
Chapter 1 J. · · St .. utsttcal Aspccts of Mea ... unng 
Jnd S.tmrl1ng' 
Ch;.¡pter 1 J ~. ··\1eter Factor Clmtrol Charts'' 
1111 pre..,::.l 
Ch.1r1er 1-1 J. ··orif1ce ~tet~nng 0f NJtural 
G;.¡s Jnd Orha RdJted H~dro<.:arbon Flutds·· 
tAGA' Repon ~o )) 

5.3.5 Oesign Consideratlons 

The t.Je,¡gn of turh1ne-me1er m'talldUons 'hould rake 1010 

Jccuunt the tulh.n.qng \,:on::.tderatiun ... 

d The instaiiJtton ;,hould be able to handle !he mJ"<lmum 
and rmmmum llow rJtes. the ma-<imum operatmg pressure, 
and the temperJture r:1nge and type of lu.¡uid to be meJsured 
11 nece'i~df}'. the m"tall;_¡lll.ln should mdude protecti ... ·e de
vtces that keep the opcratton of the mder v. ithtn de~tgn 
hm1t~. 

b The IOSial!atHm 'hllUlJ en-.ure a max¡mum. dependable 
opt:ratlng hte Srr:.Ünl'r". tdtt:r'i. atr/vapor eliminators. or 
orht'r prorectl\ t: de\ i(r,:.., rnJy he prov1ded upstream of the 
mett:r 10 remo\ e :>~Oiid, lhJt cuuld cau;,e premature "'ear or 
);J"r:' that could L:Ju ... e mea;,urement error 
e The imtallaunn "hou\d en ... ure adequ.Jte pre ... sure on the 
l1t..¡U1d 10 the m~lenng ..,~..,tt:m Jt alllemperarure;, so that !he 
tlu1Li hemg me·J,ured w111 he m the hqu1d .;;tate at allttmt:s. 

'-\n,t"lh.:Jn G.1~ .\"t"-1.1''""· 1" 1 ~ Wthlln Boulc\Jrd. Arhn¡lhln Vtqf•n•• 
~~~~N 

d. The msrallallllO 'hould provtd~ for proving ~ach m~t~r 
and ;,huuld be cJpable uf duphcJting normal operatmg con· 
lhtion;, at th~ u me of pro\ mg. ~- .. 
e. The m~taiiJIIon .;;hould !!n,ure appropr1ate llow condi· 
tioning both u~tn:am and do" n~rreJm uf the ml!ler or m!!· 
ters . 
f. The in>lallauon >hould cnmpl) v.1th all applicJble reg
ulations ami ~oo~~ 

5.3.6 Selecting a Meter and Accessory 
Equipment 

Chapter 5.~ provides guidehnes for selecung the appro
priate equipm<nt In Jdd1t10n. the manufacturer should be 
consulted. Jnd Jetailed con"deratwn should be g1ven to the 
followmg itemo;· 

a. Th~ pro~ntes of rht: m~tered ht..¡u1d~. indudtng vis· 
co;,uy. den'll). "apor pre~ ... ure. l.:mro~¡vene~s .. :md lubn· 
caring abilny 
b. The operaling now rateo;; and whether tlow IS umdirC'C· 
tional or b1direL·ttonal. continuous. inrermiuent. or nuc· 
tuJitng. 

c. The perfonnance charactenstics that are required for the 
applicauon (St'e Figure :!l 
d. The range of operating pressures. aCI.:eptable pre"'ure 
lo;,se;, through the meter. and v.hether pre;,;,ure nn the liquid 
is adequate lo prevent vaponzation. 
e Th~ oper.lltng tem~rature range and th~ apphcahduy 
of automaflc temperature compen~a11on. 
f. The ;,p;:H:e required ror the meter tn~tallallon Jnd the 
proving faciluy (>ee Figure J). 

g Effects uf corro!<tivc! conramtnants on the me1er and the 
quJntlty and ~iZc! of foreign matter. includtng abraS!\ol! par
ticles. rhat may be carried in the h4uid stream. 
h The t)p<s of readout and printout dev1ces to be u"d. 
«gnal preamplitication \see Chapter 5.~). and the ,¡and•rd 
untts ot volume or mas'> rhat are required 
1. The compatibtlity of meter readout equipment and llow 
rate md1cator5 and the m~thod of adjusting merer reg, ... tra
tion. 1f applicable (see Chapter S 4). 
j The dass Jnd type of ptpe connecttons and matc=rials 
and the dimt:ns1ons ot th~ c!quipment lo be u~ed 
k The m~thod by wh1ch J. meter in a bank of metcNt c.m 
be put 1.1n Llr !Jken off line Js the total rate changes Jnd the 
method by "-h1ch 1t can be proved at us normal operatlng 
rate. 
l. Powc:r ... u~ply requtremems for cftntinuuus or interm1t· 
tent meter r...- JJout l 'iee Chap1er 5 -l) 
m. Elc:l'tno! l..'ode requnements 
n The type. m~thod. JnJ lrequency ot provmg hc:e Chap
t<r ~) 

( ) 
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o. ~1aintenance m~thnds and CO'il"i and :-,pare pans rhar are 
needed 
p. The fidelity and !>t!(Urity of pube-data transmis~ion sys
!ems rsee Chap!er 5.51. 

5.3.7 lnstallation 
Detail<i for the in\t<JIIation tl[ turbme meters :ue provided 

m 5.3.7.1 !hrough 5.3.7.4. Figure 3 IS a 1yp1cal <chemalic 
d1agram for a turbine-meter system ""ith unid1rectional tlow. 

5.3.7.1 FLOW CONDITIONING 

5.3.7.1.1 The perform<~nce of turbme meters is affected 
by liquid swirl and nonunifPrm veloc1ty prufilc:s that are 
induced by up,tream and dov. n .... tream p1ping contiguratlons. 
vJlves. pumps. joint ffih.JI!gnment. protruding gasket'\. 
v.elding project10ns. or other oh'itruCtlons. Flo\\ com.htion
ing ..;hall be u~ed ro o\ercome 'iwirl Jnd ntmunifl,rm \·elocity 
prot!les 

5.3.7 .1.2 Flow ¡;ond1tioning re4u1res the us~ of ~utfici~nt 
lengths of ~traight p1pe or a c.:nmb1nat1nn tlf ,traaght pipe 
and stralghtemng elt'ment~ that are in..;~rt~d an the meter run 
up,tream (and ... ametime ... Jo""n',:iream) Jt thc turbme meter 
1\ee F•gure 41. 

5.3.7.1.3 When only ,!ra,ghl pipe is used. !he hqUid >hear. 
or inremal frie! ion hetween !he "liquid and !he p1¡Í<: .\·ati·. 
>hall be ,ufficien! lo accomplish !he required now condi· 
lioning. Appendi< A 1hould be refenred lo for guidance in 
applying !he 1echn1que. Experience ha1 shown !ha! in many 
insralla110ns. p1pe lenglhs of 10 me!er·bore diam<lers up· 
stream uf rhe meter and 5 meter-bore diamerer~ do~An~tream 
of the meter pro' ide etfecuve conditioning:. 

5.3.7.1.4 A srraighlemng elemenl usually con'"'' of a 
cluster of tube!t, \'Jnes. or equivalent devices that are in
'ened lomwudinally 1n a ~ect10n of ~traight pipe h~e Figu.re 
4). Str:.ughtemng ·elements dfectively asstst llow condi
tioning by elimmating liquid swirl. Straightening element~ 

· may n.lso con~i~t of a o,¡erieS uf perforated platcs or w¡re
mc:~h o;creens. but the'ie forms normally cause a larger pres
!:tUre drop than do tubes or vanes. 

5.3.7.1.5 Pro~J<r des1gn ;:md "·on!'>trucuon of rhe 'itralght
\!nmg c:lt'ment 1:-. 1mportant ro en'iurc thal ..,w1rl is 0<'1 gen
l!'fi..llc:d. c..mce '\Wirl negn.tes thc: funclion ofthe tlow condiuoner. 
The followmg guidelines are recommended to avoid the 
l!enaauon of !)wirl: < 
:. The ~ro,~-sec110n should be as umfurm and sym~~trical 
a, f>O'"ble. 

------Melar run ------~1 

1 Rl,,l \JI\<:. 11 r..:lJUir..:J 

1----10---
dtameters 

Flow 

: Ddkrl'nii.JI pr~·~,tuc ,k\h,\' 11 ll't/Uirl'J 

0 

1 f 1l1~r ~trJ!TI.:r .• mJ ••r '·'l""'f d~tnmJ!Ilr 111 r~·l.Juu..:J• lo•r .:J~h m.:ll.:r 
<>f \\hook ,I.JIIOO 

-l ~H..LI~hl..:nl'r .av .. .,·mhly ~~ Fi~ure -4 
~ r urt"lmc inl'll'l 

0 
~s-me!ers 0 e 0 

o 0 
Q¡ Q¡ 
> > o e 

0 
a <> 
o E ... e 

u. 

f1 "i1r.u~hl p•('lt: 
i l'h'"un: tlll'J,un:m.:nl J,:\h .. ..: 

"1 f..:mp.:rJIUfl! 1110:J,Ufl'Hll'nt J,_,,,_~· 

•l 1\h,l\\1! ~huh•lf J,uhl.: t-.t. .... l, .. mJ·hi ... .:J 1 ol1..: 
!eJ. c,nH••I \Jhc. ti ro:lJUito:J 
(j l'h.,;,;l_ 1.11\l', tf n:4Utr\'J 

\j,,,,. \11 ~..:..:rum' ,,¡ lm~· rh.ll 11\,n "'-' hloo,:l,_•t.J h...·r\l,,_·.,;n ,,,¡,,_., ,h,,uiJ h.a•l' prt''""'"' loll prt''urc ,,.¡,.,;~ 
rerd.:rJhl~ nnl '"''J!kJ h...•fll<'ln ih,_• n:,_·~o,:r JnJ lh ... • prol\~'rl 

Figure 3-Schemat•c Oiagram al a Turbme Meter 
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h. Tht: d\!-.ign and con~truclmn ~hould he rug~l·J cnnu,;h lo 

re"''' d1'1or1mn or movcmcnl at hi~h Oov. rJtc'. 
c. lhc t!l'na:.~l 1ntcrn;.~\ cono..truction !«hould tx· clcan and 
lrú· hom v.cldm~ protru~ion' and othcr oh!<otrm.:llom. 

5.3.7.1.6 Fln"·'tra•ghtenín~ 'cctíun' 'hall he u>ed. and 
thc.·rc 'h.tll Oc ampk J¡.-.tancc t'lctween lhc meter run anJ 
an~ pum p ... cltw" '·\'ah e'. or olhcr flllmg' thoH may mdU<.:c 
'"' Hl ora nonumlorm veloclt) profile. Flangc' and p.a,~ch 
... hall N- mtcrnally <tli~ncd. an<..l ~asl.eb !-hall not protru~c 
in1<1 th~ ll41hd strcam. Meter nange!<- ... hall be duweled or 
rnatched h~ 'ome mclhod to en,urc that Thc ~tra1ghtenm!,' 

'eCI100' and the meter are pwpcr\y a\igncd durlnf! and aftcr 
~''emhly. 

5.3.7.2 VALVES 

5.3.7.2.1 Thc \:Jhn m a turhm..:-meter m\f.tll<.~tHm rc
qulrt" 'peCJiJI comidcration. 'mee: tht'ir performance can af. 

fcrt mca ... urcment acrurar~ Thl' now- or pre~"urc-control 
v;.~ln·, (lO thc mam-~trcam meter run ~hould he capable of 
r;.¡pid. 'month llpcnmg and chv .. m~ to prevent ~hock~ and 
~ur~c:' Othl·r \ah e'. p;.~nKtd..~rly thn"c hctwccn the meter 
(lT meter" ;mJ thc pn,,cr (f~~r C:\amplc. thc Mrcam di\'er'iinn 
vah·l' .... drain'. anJ 'enh l rcquirt• lcakproof ~hut<lff. which 
ma~ t'll..' Ph'' i(.kd l"ly a d(lUhlc hlol"k·and-hlecd val\'e "lth 
tdltah.· hlt:t:d or h~ an,Hh~r 'imilarl) eflt:cll\'C mcthod of 
\'Cflf) mg 'hutoff 1n1c!!rit~ 

5.3.7.2.2 lf a hypa" i~ perm111ed around a meter or a 
t"laUcrJ of meter .... 11 ~hall he pn.n idcd u. ith a blmd or a 
po"ifi\C !->hutnfl ¡J,1ublc blod..-and-bleed \'alve wnh telltale 
hlecd 

5.3.7.2.3 All '"¡"'· c'pecially 'pring·loadcd or 'clf.clo>~n~ 
''<JI\'e,. 'h<JII he de,igncd ~o th~t lhey "ill not admlt a1r 
"hcn thc) art' "uhjected to 'acuum condiuonc.;.. 

n 

a:,::: ~1 r::::::: E ::u 
Flow ~ 

1 1 

Ftow 

1 1 

O:E::a::::: Jo :o 
Noze. Thi\ fip:ure sho.,., ~ a~<;emhlie~ Lm,zallcd up<.lream of the m~ ter Dov.mrrcam of !he meter. SD mmtmum 
of stratFI'H ¡:npc shou!d tx uscd 

L "" fHC:rall lenp:lh or Slr31!!h1encr a\\embl) (?! 100) 
A = kn¡;th of upmc:am plenum 12D-~DL 
8 = lenFih of tube Ot \ane·l)~ Str3LFhtenmg demenl (~.D-301 
C = length uf doY. nmeam pltnum 1 ?- 5D 1 
V "' nPmm.tl diamcter of mct~r. 
n "' num!"Cr of end•'idual tut"o('' tH qne<.l ~ 41 
d = nnmm.tl dtameler of tndi\Ldu.tltu~<. 18 d ~ 11)) 

F1gure 4-Examples of Flow·Condíttoníng Assembhes Wíth Straíghtening 
Elements 

1 
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5.3.7.2.4 Valves for rnterminent now control should be 
fast acring and shock free ro minimize the ad\'erse effects 
of staning and stopping Jiquid movement. 

5.3.7.3 PJPING INSTALLATION 

5.3.7.3.1 Figure J IS a schematic diagram that provides 
a workmg basis for the design of a turbtne-meter assembly 
and its related equipment. Certain items may ur may nor be 
required for a panrcular installarion: others may be added 
if necessary. 

5.3.7.3.2 Turbine meter> are nonnally installed in a hori
zontal position. The manufacturer ~hall be consulted ir space 
limitauons dictate a diiferent posi11on. 

5.3.7.3.3 Where the now range is too great for any one 
meter or its prover. a bank of meters may be mstalled in 
parallel. Each mell!r m thc bank shall operate wtthin us 
minimum and maxtmum Oow rates. A means shall be·pro
.. ided to balance flow through each meter. 

5.3.7.3.4 Meters shall be installed so that they will not 
be 'iUbJected to undue stress. stram. or v1bration. Provision 
~hall be rnad~ to mtnim1ze meter distortion caused by piping 
t:'panswn and contraction. 

5.3.7.3.5 \lea~urcment S)'\lems ~hall be: tn,ralled so that 
they ""ill hone ..t ma'<tmum. dependable oper;ning hfe. Thi' 
f~4UÍrc.;; that 10 CCrtJin 't:fV\CC5 proh!CI\Vt! de\ ICeS be 10· 
,tallcd to remlJve trom the lit¡Uid abrasives or orher emratned 
par111.:1~' thar could ,top !he meh:ring mech;m•'m or ~:au'e 
premJiure ""ear lt 'tr;11ners. filter.t. 'c:d•ment uaps .... cnhng 
tJnk'>. water .;eparator'i. a (l>mbinauon of rhe~e itc:m~. ur 
JO) ntha 'uitable U!!vKc~ are rcquired. thcy ~hall be \ÍLed 
:..~nd tn~talkd to pre,c:nt tla ... h vaporiza! IOn of the li4u1d tx
ftl!C tt pa, ... c, through the meter. Protecttve de\'tces may be 
m'IJII~.:d ... mgly ur in an mtl!rchangeable battery. dcpending 
lln thc unportam:e llf ~.:untinuous_ '~rvice. In !o.Crvkes where 
the h4u1d ., dcan ur thc m ... rallc:d meter Joes not require or 
\\JITJnt protc~.:tion. tJffit!'ISion or protective Uevice!t may be 
.. u:cep!Jble. Mnni10rmg devices 'hould be in:-.lalled lo de
l!.:rnunc: \\ht!n tht: prot~l.:tiVt! lÍC\-KI! need~ lo be ~.:"leaned. 

5.3.7.3.6 \lea,ur~mcnt 'Y'tcm' ... h: .. !ll be in ... tall!!d and up
l.:r.•tt.:d 'll th;.H lhl.!~ pnntl.lc: 'all,lal..'tnry p~rh.lrman~.:e v.11hin 
th..: "I'L'lhlty. pr..:"urc:. lcmpcrJture. Jnd tluw rangl!s th: . .lt 
\\111 t-oe: cncount..:r~.:J. 

5.3.7.3.7 \ktcrs ,hJJI he aJe4uatcly pr<~tc<tcd trom prcs
... urc: pui ... Jtum ... :.~nd .;,~,.;"''t! ... urg~.:' JnU trom t!~l·c:-.,1\·e 

pre ...... un: cau,..;Ú by thl.'rm...al r:xpan ... ilm ot thc: li4uid. Th1 ... 
l-.1 nJ ut prot~ct il m lllJ! n.~4uire thc: ln'>laiiJiton nf 'urge: tan k'· 
l''P·In"on rh:nllht.•r,. prl· ...... urc-limitm~ valve,. prt"urc: rc
hl'f \JI\..:,. :1nJ ur 11th..:r prnh!Cfi\C dcvtcc' \Vhcn pn.: ...... urc 
tdtcl \JI\.;, nr prc .... urc·lnmttng \'.Jhc' Jrc: h,._,.alcd ~1\\ccn 

the meter and the prover. a means of detecung sprlls from 
the vahes shall be provided. 

5.3.7.3.8 Conditions that contribur: ro ,·aporization of the 
Jiquid srream 'hall be avoided through suitable system de
sigo and through operation of the meter v. ithin the now 
range specrfied by the manufacturer. Vaporization c>n be 
minimized or eliminated by maintaining sufficient back 
pressure in and immediately downstream of the meter. This 
is gene rally accomplished by placing a b>ck-pressure 'ah·e 
downstream or rhe meter to maintain pressure on the meter 
and the pro\·er above the vapor pressure of the liquid. In 
sorne operauons. the norm>l system pressure may be hrgh 
enough to prev~nt vaponz:uion wtthout the use of a back~ 
pre!t~ure vah e. 

For lo~-vapor-pressure liquids. the numencal value of 
the minrmum back pressure should be calculated as follows. 

Whue . 

P, 

..l.p 

p. 

= 

= 

P, ~ 2..\.p + 1 .25p, 

minimum back pres~ure. tn pounds per square 
tnch gauge. ,'"' 
pressure drop across lhe meter at the maximum 
rate uf tlow. tn pounds pt:r ~qua re mch. 
ab,olute ...-apor pressure at the ma,imum op
l!rating temperature. in pounds per '4uare inch 
ab~olure. 

With high-\apor-prcs,ure liquid~. it may be ~J,~Ihle:to re
duce the coetficient of 1.15 to ... ome other pra~tical and 
operable m..1rgin. In eithc:r ca'e. the: recommendarions of 
the meter manufat.:turer :!~hould be: cun~tdered lsee Figure 
51. 

5.3.7.3.9 When a now-Jimitmg devrce or a re<tricting 
orifice is re4uired. u ~hould be inslalled dov.nstream of the 
meter run. An al>rm may be de\lrable ro ,;gnal that tlow 
rates h., .• fallen below the de.ign minimum. lf a now
limiring or other pressure-reducing device 1s installed on the 
inlet side of the mtter. 11 ,hall be in,talled as far as possible 

· upstream of the meter run and 'ihall mamtain c:nough pres
~ure on the outler ~idc of the mc:tcr run to prevent any 
vaporization of the metered Jiquid. 

5.3.7.3.10 Each meter shall be installed so that neither 
air nur vapor can pa~~ through u. lf nl!cessary. air.tvapor 
dlmination e4uipmenr ,hall be installed up,tream of the 
meter. The equipment shall be mstalled a• clu-. ro the meter 
a!l. ls t:on~i!rrltenr wtth good prat.:lit:e. but tt must nut be so 
du~e thJt 1t create!rrl swul or a Ji,lorted velociry profale al 
the entry tu lhe me-ter Any vJpor'i 'hall be venled m a safe 
m...anncr 

5.3.7.3.11 ~!<ter< and piping 'hJII be rnst3llcd so that 
a~.: .. ·td.enul dramagt: or vap~.lrllJtlon nf h4uid 1s a~ot11Jed. The 

.) 

,, 

() 

,,,.,, 
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. Jllptn~ shall ha ve no unvented hi~h pointY. or pocket' whcrc 
a1r or \apor could accumulatc and bt carricd througt-a thc 
m~ter by the added turhulence lhat rtsult~ from increa!<-ed 
Oow rare. The in~tallauon shall prtvent air fwm beinl! in
lroduced inlo the system lhrou~h leaky nlv<s. piping. gland' 
of pump shafl,. separalor.. connnccting lines. and so funh. 

5.3.7.3.12 Lines from !he meter lo lhe pro,er shall be 
on•talled 10 minimize !he pos.ibolny of air or '·apor being 
lrapped. Manual bleed \"alves should be inslalled al high 
poon<s so lhal a ir can be drawn off before proving. Thc 
d1stance berween the meter and its pro\"er !<.hall he mml· 
mazed The diameter of the connecung line1; ~hall be lar~e 
enough to prevent a s1gnificant decrea~e in flow rate dunng 
prcn-ing Flow-rate control val ves may bt required do"' n
stream of each meter. partu .. ·ularly in mulumeter mstalla
tion!'-. lo keep the pro\ mg flo"' rate equal 10 the normal 
operating rate lor each meter 

5.3.7.3.13 Pipinf' ~hall be de'íigned w pre\ent thr ltl'" or 
gam O[ l1qU1d betv.een the meter and thc prO\ef dunng 
proving. 

Pulses 
per 

un11volume 

7 

5.3. 7 .J.14 Special C'«.ln\ldcrauon ~htluld tx· ~ 1 \'Cn to th~ 
·li.xJtuln ol Cal'h meter. ll .. a(l"C'!<>nry e4u1pment. ;.md u .. 
p1p10~ manirllld Ml lh;.tl nll\ÍO~ of tJj .. ,jmifar fiqUitJ, 1' ¡pinl· 
mizcd. 

5.3.7.3.15 Mo~l turhinc meter .. w1ll rq!l~lcr tltlw m hnth 
dm:ctiom. hut o;;:cldom with icJenttr.JI m~tcr tactor' lf 11('" 
mu't he re~tricted lo a ~in!=le d1rcclion hrcau'c Cll meter 
dc!.ign. no..-. in thc oppo~itc d1rcction ~h.1ll ht· prtvcntcd 

5.3.7.3.16 A lhcrmometcr. or a lh<rmomelcr well thal 
pemut!>-the U!<.e of a h:mpcra!Ure-mca,uring dc,ire. 'hall he 
installed in or near the mlt:"l or outlct of a meter run Ml that 
mete red ~tream temperature .. can he dctcrmmed The dC\ in: 
shJII not he m!>-talled up~trt·<.~m "u hin thc no .... -cond1tionm~ 
~el"tion' (lf dov.n,tream clo'-er 1hom the manufacturer'!'> r~t
ommcnJed pt.'!<>ltion. lf rempcr;..~!Ure compcn~ator!<> are u .. ~..·d. 
a suitahle me~m .. of cht!cl..tng the opcr<.~l10n of thc compen· 
!-ator" '" requHed. Refcr ttl Chaptcr 7.'1. for addtttonal tn· 

fnrmattOn. 

5.3.7.3.17 To determmc meter prc ..... ure. a ~auge. re
cordt:r. or lran'!<>mllter ol :o.Uiti.tble ran~e and accuracy o;¡h.tll 
be tmtalled ncJr the inler or outlet of each meter. 

Manutac:tuf9r'a stated l 
muunurn ftow rete ~ 

1 
1 
1 

Curve represents 
cavn.allon 

88~ pressure 
loo ~w 

~/ 
~ --/1 

Ftow rate or volume per unn ol ume 

N01e AJI cunt\ arr ((lr tumplt oiÍI~ 

Ftgure 5-EHects of Cavitation on Rotor Speed 
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5.3.7.4 ELECTRICAL INSTALLATIONS 

Turbine meters u~ually include a vanety_.of electrical or 
electronic accessories. as discussed in Chapter 5.4. The 
electrical systems shall be designed and installed lo mee! 
the manufacture< s recommendations and the applicable 
hazardous area classificauons and lo minimize lhe possi
billty of mechanical damage to the components. Since tur
bine meters usually provide electrical signals ata relatively 
low power level. care must be taken to avoid signa! and 
noise interference from nearby electrical equipmenr ( see 
Appendix 8). 

5.3.8 Meter Performance 

Meter performance is defmed by how "ell a metering 
system produces. or can be made to produce. Jccurate mea
surements. 

5.3.8.1 METER FACTOR 

Meter factors ~hall be determined by proving the meter 
under conditions of ra.te. vi~cosJty. temperature. density. 
and pressure s1m1lar lo tho..,e that ex.sst dunng intended op
eration. 

Meter performance cur.·es can ~ developed from a set 
of proving results. The ~urvt:: in Figure~ 1~ l'alled a hnearity 
curve. 

The followtng (Ondition-; may affect the meter factor: 

a. Flow rJte. 
b Vbco~ity uf the liqUIJ. 
e Temperature of the liqu1d. 
d DenSity of the liquid. 
e Pre"ure or the llo"ing liquid. 
r. Ckanhnes' and lubncating qualitie' uf the liquid. 
g Fon:1gn matcrialluJged m the ffit!h:r or tlow-..:ond1tioning 
t::lement. 
h. Change. in me<hanical ckarances or blade geometry due 
tu "'ear or J;.¡m¡:¡ge. 
t. Changes in pipmg. valves. ur valve po~iuons that alfect 
fluid profile or 'wirl 
j. Cond1t1ons of the pru,er ('ee Chapter ~~ 

5.3.8.2 CAUSES OF VARIATIONS IN METER 
FACTOR 

M:my la<.:tor' cm ~.:hange the p.::rfonnJm:e llf a 1urbine 
mC"ter. Sorne fJ,.:tor'\. 'u'-'h .ts the .:ntranc.:e ul fllfctgn malll!r 
mto the mc:ter . ...:an be rcmc:tltc:d unly by eliminaung thc 
c:JU~e. Other ta\:tur'-' ... uch as the buildup ut tlepo,¡t, in the 
meter. dt!pend \ln the l'hJra~.:tc:ri~til..·, ol thc: h4uiJ hcing 
mea!!oured, the'-4! tac..:lor'-' mu~t ~ U\.er...:onh! hy pwpcrly Ue
-;¡gmng and ,,JXrating the mcter 'Y'ih~m. 

: Jhe variables that have the greatest effect on the meter 
factor are now rate, viscosity. temperature, and foreign 
maner ([or example. paraflin in the liquid). lf a meter is 
proved and operated on liquids with inherently identical 
propenies. and operating conditions such as tlow rate remain 
similar. the highest level of accuracy can be anticipated. lf 
there are ch:mges in one or more of the liquid properties or 
in the operating conditions between the proving and the 
operating cycles. a change in meter factor may result. and 
a new m~ter factor must be detennined. 

5.3.8.3 VARIATIONS IN FLOW RATE 

Al the luw end of the range of flow rates. the meter
factor curve may become less linear and less repeatable than 
it ts al the medium and higher rates fsee Figure 2. Appli
cations A Jnd 8). lf a plot uf meter factor versus tlow rate 
has been de,eluped for a panicular liquid and other vanables 
are constant. a meter factor may be selected from the plot 
for tlow r~lles within the meter's worktng range; howe,·er. 
for greate~t accuracy.- the metl!r should be reproved at 1he 
new o¡xralmg tlow rate. 

5.3.8.4 VARIATIONS IN VISCOSITY 

Turbine meters are sen!!ottive to "oariation~ tn visco~ity 

Since the vi .. cnsJty- of ~i4uitl hydrocarhons chan~es "-l1h 
temper:J.turc. the r~~ponse of a turbme meter de: pendo; on 
both visco,ity and temperJture. Uigh·den~ity li4uu.l hydro
carbons typtcally present the greate"t problem. The vi~co~ity 
of light hydrocarbuns .. uch a~ ga~ohne~ e!'.t,enu;.¡IJ~ remam\ 
the same over wttle temperature chJnges. and the meter 
factor remams relauvely 'tahle. In hea\ter. more ,.,~...:ous 

hydrocarbons ~uch as crude 01b. the ...:hangc: in meter factor 
cJn be ,ignificant becau'e of the vi~(osity change' a~-;o

ciated with relati,ely narrow temperature change•. h IS ad
vba~le to reprove the meter under conditions that clo,ely 
approx.imate normal operattng ~unditions. 

5.3.8.5 VARIATIONS IN TEMPERATURE 

In JJduiun lo affecung ..:hange~ in YI'ICO:'!ity. ,¡gOJii\.·ant 
,·anatiun~ in the h:mperature of the lu.¡uiJ can al .. o afll:ct 
meter performance by cau,1ng '-·hangt!~ in the phy,icai.Ui
men,inn~ uf the meter anJ in the apparent volume mea .. urecJ 
by the m~h:r as a rc,ult of thermall!'(pan~ion or conlra...:tion 
uf the li4u1J. The tabb and formula' in Chapter 11 mJy 
he U\C:J lO CJJc.:UIJte the 1!'\l.:nt of illjUtd C'(p:..tn,inn OT con· 
tractilm. For greatC\1 ac~.:uracy. the meter 'huuiJ be pro\l!cJ 
10 lhe ran~e ut nurmal n~r~tmg conJuion' 

.. , 
. ' 

) 
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5.3.8.6 VARIATIONS IN DENSITY 

A changc m the dc"'ily of lhe mclered liqu1d can re,ull 
in ~¡gn1f1("ant d¡ffercncc' m meter f~ctor m thc Jo y. er flov. 
ran~c'-. therehy requ1nng thc meter to h!: provcd. 

For l!qu'd' "11h a relaii\"C den>~IY of appro'lmatel) O 7 
nr le"i'. con-.,deration mu't he ~J\'en 10 rai,in~ thc valuc of 
thc meter"!-- mimmum Onw ratc to mamtain linearity .Thc 
amount of mcrca~e in lov. c:r n('V. rate' will vary dcpendmg 
on meter o;¡¡zc and type To cqabl!~h the mwimum flov. ratc. 
se\'eral provmg" ~hould be made at different rate"i unul a 
meter factor that y1eld<> an acceptable lme::mt~ and repcat· 
ahlluy can he detcrrmned. 

5.3.8.7 VARIATIONS IN PRESSURE 

lf the preo;;..,ure of thc liqu1d when it i~ mt'tercd ,·aru:' 
from the pre~!>ure th<~t existed durmg pro\'mg. thc relati\'C 
vol u me of thc lu..¡u1d "ill change as a resull of m, com
pre..,..,lbt\11). <The phy~¡cal dimcn"IOm. ol thc meter v.¡JJ Jh~' 

change as a resuh of the e"'pansion or contracuon of lt~ 
hous1ng under pres~;ure.) The potenllal for error mere asee; 
in proportion to the difference belween the proving and 
Dperating conditiom For grealest accuracy. the meter should 
he preved al the operaling conditions (see Chapter 4 and 
Chapler 12). 

Volumelnc correct1om for 1he pressure effects on liquids 
wlth \3por pressures above atmosphenc pressure are ref
erenced lo lhe equilibrium vapor pressure of the liquid al 
the <landard temperalure. 60"F. I5°C, or 20"C. ralher than 
to atmosphenc pressure. which i~ lhe typical reference for 
liqu¡ds wHh mea.-.uremenl-lemperature vapor pressures be
low almosphenc pr"'sure. 8oth lhe vol u me of !he hquid in 
the prover and the reg1stered metered vol u me are corrected 
from the measurement pre!<lsure to the equ1valenr volumes 
at the equilibrium vapor presssure at the standard temper
alure. 60"F, 15"C. or 20"C 

Thi~ 1s atwo-step calculation that involves correcting both 
measurement volumes to t.he equivalent volumes at equihh
rium vapor pr~s~ure at measurement temperature. The vol· 
umes are thcn corrected to the equivalent volumes ar rhe 
equ!librium vapor pressure al !he standanltemper.uure. 60"F. 
15"C. or 20T A derailed discussion of lhis calculalion is 
mcluded 1n Chapler 1 ~.2. 

5.3.9 Operation and Maintenance 
Th1s sectJon covers recommended operating and mam

tenance rracuce~ for turbme meters All operatmg data per
taming to mea!'u·rement. mcluding the meter-factor control 
chans. should be accessible to interested par11es. 

5.3.9.1 CONDITIONS THAT AFFECT OPERATION 

5.3.9.1.1 Thc 0\·erall accuracy of mea.urement by turbinc 
mclcr depend~o on thc cond1tion of the meter and at~ acccs
~orie~. the tcmperature and pre!<~~UTC corrections. the pro\'in~ 
S\"'lcm.thc fre4uency of proving. and !he ,·ariation•. if any. 
hctween orerating and pro\'in~ condiuon!'l. A meter fac1or 
ohta1ped for one se1 of condition!'l "'ill not nece~saril) appl~· 
ro a changed ~et of condilion~. 

5.3.9.1.2 Turbine mete" •hould he operated wuhin the 
!tpc~.:Jfled flow range and operaung condition!oo thar produce 
thc dc:-.1red lineant~ of regi~trallon fsee Figure ll. They 
should he operated w11h the equipmenl recommended by 
the manufacturer. and only \AJth liquid .. whose propenu!S 
"ere con,idercJ m rhe de..,agn of the in~ta1lation. 

5.3.9.1.3 lf a bid~reci!Onal 1urbine meter is U5<'d lo mea
su re flo\\ 10 hoth directJon!t. metcÍ" faclors shall be obtained 
lor each d1rectinn of flow. The meter factors can be deter
mined bv a prover thal ha< proper manifolding and the 
requ1red rwteCII\'C equipmenr and flow conditioning located 
both up~tream and doY.n~tream of the meter. 

5.3.9.1.4 Failure lo remove foreign maller upstream of a 
turbme merer and us flow·conduioninl! system may resoli 
in meter damage- or mismeasurement. Precautions· shoutd· 
be raken lo prevent the accumulation of foreign material. 
such 3!<1 \egelation. fibrous ma1erials. hydrates. and ice. m 
the turbine~mcter run. 

5.3.9.2 PRECAUTIONS FOR OPERATING·NEWLY 
INSTALLED METERS 

When a new meter installauon is placed m sen ice. par
llcularly on newly mstalled lines. foreign maller can he 
carried lo lhe metering mechanism during !he innial passage 
of liqUid. Protecuon should he prov1ded from malfunclion 
or damage caused by foreign maller. such as slag, debris. 
weldmg spaner. thread cu111ngs. and pipe compound. Fol
lo"'mg are suggested mcans for prolecting lhe meter from 
fore1g:n maner: 

a. Temporarily replace !he meter wilh a spool. 
b. Pul a bypass around the meter. 
e. Remo\'e the metering element. 
d. lnstall a proteel!ve device upstream of the meter. 

5.3.9.3 INSTRUCTIONS FOR OPERATING 
METER SYSTEMS 

Deflnne procedures both for operaling met.ring sysrems 
and for calculating mea<ured quanlilies should he fumished 
lo personnel at meter starion~ Following is a hsl of items 
lhal lhese procedures should include. along with chaplers 
of the API Manual of Pnroleum M•asuremenr Standards 
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that can be used for reference and assistance in developing 
these operating guidelines: 

a. A standard procedure for meter proving (Chapter 4). 
b. lnstructions for operating standby or spare meters. 
c. Minimum and maximum meter now rates and other 
operating conditions. such as pressure and temperature. 
d. lnstructions for applymg pressure and temperature cor· 
rection factors (Chapter 12.2). 
e. A procedure for recording and reporting corrected rrieter 
volumes and other observed data. 
f. A procedure for estimating the volume passed, in the 
event of meter failure or m1smeasurement. 
g. lnstructions in the use of control methods and the action 
to be taken when the meter fa<tor exceeds the estabhshed 
acceptable hm1ts (Chapter 13). 
h. lnstructions regarding who should w1tness meter prov· 
ings and ropairs. 

lnstructions for reporting breaks in any lliecurily seals. 
j. lnstructions in the use of al! forros and rabies necessary 
to record the data that ;upport proving reports and meter 
tickets. 
k. lnstructions for routine maintenance. 
l. lnstructions for taking samples (Chapter 8). 
m. Details of the general policy regarding frequency of 
meter proving and reproving when changes in tlow rate or 
other variables affect meter accuracy (Chapters ~ an<l S). 
n. Procedures for operJ.IIons rhat are not mcluded in this 
list but that may be imponanr irf an individual in!)tallation. 

5,3.9.4 METER PROVING 

5.3.9.4.1 Each turbine-meter installation ;hould contaln 
a permanent prover or connections fur a ponable prover or 
master meter. The sel<ction of proving methods ;hall be 
acceptable to all parties involved (see Chapter ~). 

5.3.9.4.2 The optimum fre~uency of proving depends on 
;o many operatirig conditions that it " unwise to establish 
a fhed time or throughput interval for al! cun<litions. In 
clean li~uid service at substantially uniform rates and tem· 
peratures. m<ter factors tend to vary little. nece5'l!ating less 
lrequent meter proving. More fre~uent provmg is re~uired 
with liquids that cuntain .tbras1ve materials. m LP gas !)er
vice \lo-here meter wear may be lilgnlflcanr. or in any service 
~here llow rate~ and/or viscosilles vary !)ub~tantially. L•ke
WI'e. frequent changes '" the type of product necessl!ate 
mure fre4uent provmgs In ,easons of rapid Jmbient tem
perature ..:hange.,...meter tactnrs vary a..:curdmgly. Jnd pro\
ing ~hould be mote trc4ucm. Studying 1he ml!ter-t~n.:rur úmtml 
~.:han or oth.:r h1storical pt!rformance data th.u 1ncluJe •n
formation tlO h4uid lcm~r::11ure :..md tlow rJtt: w1ll a1J de
h:rmination ofthe op11mum tre4uency ni pmvmg (-<e 5 . .l q )). 

5.3.9.4.3 Provings should be frequent (every tender or 
ev<ry dayl when a m<ter is initially installtd. After frequent 
proving has shown that meter-factor values for any given 
liquid are being reproduced within narrow limits, the fre· 
quency of proving can be rt:duced if the factors are under 
control and the ov<rall repeatability of measurement is sal· 
isfactory to the parties involved. 

5.3.9.4.4 A meter should always be preved after main· 
!enance. lf the maintenance has shifted the meter-factor 
valuts. the period of rt:lativtly frequent proving should be 
repeated to set up a new data base by which meter perfor· 
manee can be monitortd. When the values have stabilized. 
the frequency of proving can again be reduced. 

5.3.9.5 METHOOS OF CONTROLLING METER 
FACTOR 

5.3.9.5.1 Meter factors can be controlled with a suitable 
statistical control method. Chapter 13.2 addressesr meter 
measurement control methods and other methods of analysis 
that use histOrical comparison of meter~factor data ta·moni· 
tor meter performance. 

5.3.9.5.2 Meter-factor control charts are plots of succes· · 
si ve meter-factor values along the abscissa at the appropriate 
~rdinate value._with parallel abscis~e representing x:.= la. 
X :!: 2a. and X :!: 3a. in which X is the arithmetic mean 
or average meter-factor value and u is the standard de.viaüon 
or other tolerance leve! criterion (for example. :!:0.0025 or 
:!: 0.0050). A control chart can be maintained for each tur
bine meter in each product or grade of crude at a specifled 
rnte or range of rntes for which the meter is to be used. 

5.3.9.5.3 Meter-factor control methods can be used to 
provide a warning of measuroment trouble and to show when 
and to what extent results may have <leviated from accepted 
norms. The methods can be used to detect trouble. but they 
will not defin< the nature of the trouble. When trouble is 
encountered or suspected. the following components uf th< 
measurement •yst<m should be systematically checked (not 
n<eessarily in the followmg arder): 

a. The liquid and its physical properties. 
b. The moving parts and beanng >urfaces of the turbine 
meter. 
c. holation and diversion valves. 
<1. Detector ;witches in the prover and appurtenances of the 
tank prover. 
e. The diSplacer in the prover. 
f. Other parts uf the meter and meter run. 
g. Pre~'ure-. tempcrature-. and den!)ity-~ensing devices. 
h. Pube counters. pn:amplifil!rs, "iignal tran"iomli~ion sys
tem. power <upply. pickup coils. and all rea<lout <levices. 

., 

"' 
'\ 
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i. Stramers. filters. a ir ehminator ... "a ter removal equip
ment. and now conditioner~. 
J The operatin~ cond1tions of the meter system and the 
prover. when they d1ffer from de~1gn rondnio~o... 

5.3.9.6 METER MAINTENANCE 

5.3.9.6.1 For mainoenanc. purr'""· a diSiinclion shouid 
be made belween pam or lhe sysrem 1ha1 can be checked 
by operalmg personnel fpans such as pre.surc gauges and 
mercury thennometers) and more cornplex. components that 
may require the services of techmcal per~onnel. Turbine 
meters and associated equipment can nonnally be expected 
to perform well for long pcriods lndiscnminate adjustment 
of the more complex pans and dtsasc;emhly of eqUJpment 
are neither necessary nor recommended Thc manufacturer·~ 
standard maintenance instrucuon' should be followed. 

1 1 

5.3.9.6.2 Mere" ''"red ror a lonp pcnod ,hall be kepo 
under CO\'Cr and \hall ha ve: protecrion lo minimizc corro!';ion. 

·5.3.9.6.3 E'labl"hing a dc[mllc 'chedulc lor mcler mam· 
!enance i' dilficull. m l<rm' or bolh lime and lhrouphpul. 
bccau..,e of thc many differcnt ~1zc,. scn·icc~'· and liquids 
mea..,urcd. Schedulin~ rtpair or in"pection of a turhine meter 
can ~'' be accompli~hed hy·n10n11orin~ lhe meter-factor 
hiSIOI") [or eac·h producl or grade or crudc 011 (\Ce Chapler 
13). Small random change, in meler [aclor will nalurally 
occur in nonnal operat10n, bul 1f the va fue of che~e ch;:m~c' 
e-.ceeds the establishcd de\'iation limit'. thc cauqo ol thc 
change should be mve!<-H~ated. and any neceo;;sary mamte
nance should be provided u.ing devialoon hmiiS lo delcr· 
mme acceptable nonnal variation smkcs a balance between 
looking ror rrouble rhal does nol exosl and nol loo~mF ror 
trouble lhat doc.., C\ISI. 
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APPENDIX A-FLOW-CONDITIONING TECHNOLOGY WITHOUT STRAIGHTENING 
ELEMENTS 

A.1 Scope · 

. Lfkdl\'(' nov. l"POdltiPntn~ ran hl' n!"'tain~d _h) !.!~Íng 

iJJ~.·quJIL' length' nf -.tr; .. nght pipe up..,trcam ~n~ d~1V. "'trc;.¡l'fl 
11: thc m~..·tcr Appcnd1x A prt.',ento, :.m rmp1rical mcthod for 
l't~mputm,!! thr lcngth ol up,trcam 'llratght plpl' requircd for 
\ ;mou' m-.tallation conf ¡gurat1on.., and opl'J<.Hin~ cont.litlom .. 

~.'~penencc ha!-. 'ho"n th:H a m1mmal lcngth of 20 di· 
<.~mt:ter!- of metcr-horc pip•n!! up'-lream of the mL'ter and 5 
d1amctcr' of metcr·horc pipmp Ú<lv.·n,lrcJm (lf the meter 
pnl\ 1de efleci!Ve c<mJHummp m n1an~ m"i.tllatum". how

ncr. tht: rc4u1rcd lcn~th of up<..trcam p1pmg 'hould he veri
ltcd for carh 10\lalla!Jnn u''"!! !he mcthnd pre<.,ented m thl'•• 
append•x Thl"' technaquc doe1. nnt predlCI thc lcngth of 
o,tr;.ught pipe required down'itre<.Hn ofthc meter A mm1mum 
01 5 dt:.tmetcr' of meter-hore ptptng ~hnuld hl! p1nv¡dcd 
dt)V. "''ream of thr mc..'tcr un le'~ a difieren! lcn~rh 1~ <iUp· 

purtcJ l'ly thc manu!Jcturrr·~ reLPnnm·nd.t!Hl!l~ nr IC\1\ 

A.2 Calculatlon of Upstream Flow
Conditloning Length 

Ba\cd on empincal data. the length of ~trat~ht pipe re
quirCd up~trcam of thc meter can be ca](.'ulatcd as fullows 

l. = (0.350} (K_tf"l 

\\ 'hcrr 
L Jength of upqrcam metcr-bore ptplng. m feet 
D = nominal meter bore. in feet. 
~.:. '\wirl-veloclty ratio. dnnen,ionlc'i'i. 
f = Darcy-\Vet"bach fncrion fac10r. dimensJonles5. 

Kntr Duttn~ thc: \9RJ K6 revu~..,. and update of Chapter 5.:\. Fn~t Etl1tion. 
11 \1.,¡, d1\cov~~d th.o~t the lnltlon factor./. m Equauon A-\ wa~ mrorrectly 
iden11f1c:d a' the Fanmn~ p1pe fncllon (actor. The v.orlm' ~roup derer
mtncd lhat !he factor 1S aclu<~lly the Darcy-Wc:•sbach fnctwn fae1or. 1he 
f'ttlur localed the on~tmal documentallon. 1mplemenred the correctton. and 
rl.o~~·ed 11 on file at API Válue-s of ihe sw,rl-velocll) rallo. A',. for ">C:\'C'"rdl 
r1rm~ wnf,guratron~ a~ shown m Frgures A·l !hrou[!h A-5 The dala 
'>l.t'le dcm~d from Chapter 14 3 

A.3 Sample Calcutation 

A.3.1 PROBLEM 

Dercnnme the length of srrai!!hl pipe run upstream of a 
6- m eh turbme meter for each of rhe conflgur~tmn~ ~hown 
tn Fi~urcs A·l through A-5 undcr rhc followmg condillons: 

Q = 2000 gallon< per mmute 
Vtscm.i!y ( 1 ') = 1 9 cenriqnkes 

D 6il2 = 05 feet 
13 

= 2H6Q 
. /)1-" • 

( 26.1.1\ )12000) 
= 

({) 5){ 1.~) 

=.15 551110'¡ 

r"' ool75 

~Pif Th~· \:,rlu: ll>r /1' lt•r R~ ""-·f5 5"1•10'¡ .o~nd,. rd.lll\t' ruu~hnc\~ uf 
11 OOIU "'' n,· .. •[c·d rll"' lhl \.JIUC' ,, lo~lC'n ltl•nl L. F P.h'C\d~. ''Ftlcllnn 
f.o~lh•r- t.•r P.r .. 1-1""' r .. I'IIIJdH•'•' 11/ th, Am.·num SP(/('1\ of ,,,, 
•'IU•IIrfll f.lll'lll<<'' ''"l'mtx·r I4JJ \ul M. r fl71 

A.3.2 SOLUTION 

From Equ.ttlon A· 1 . 

L = ro 35DIK,1n 
L·O = O .15KJ{ 

0.35KJO 0175 

20K. 
Tablc A-1 ¡,,,~ value:-. for L and LtD m Figure' A-1 

through A-5 b.-ed on UD = 20K, S mee values of K, are 
rrealcd as relati\'C coefficienl~ rn A 5. the empancal coef
ficienr K' is a\Sig~ed a value or 1 00 to agree wlth the ba,IC 
recommcndarion of 20 diameter' of ~traight ptpe for the 
aHra~e ino;tallation. 

A.4 Conclusions 

The L"D ratto ts inversely propmttonal to the p•pe·friction 
factor and d1rectly proportional to the swirl-velocity ratio 

Since ltj ·~ minimum for condirmns of maximum pipe 
roughne!!.s for an} given Reynold~ number in lhe region of 
turbulent no~,~,. the bes! straightentng for a mmlmum length 
of straight p1pe occurs "'ith a pipe of ma\imum roughness. 

Equation A·l is the resuh of grouping many relatively 
undcfinable cond1t10ns in the now stream and should there
fore nol bt cons1dered a rigorous presentation. However. 
the simplicíty of the equation and its ab1lity to provtde 
ansv.ers commensurate with experience suggest that it can 

Table A·l-Values for L and UD for F1gures A·l 
Through A·5 

FLi!ure L L L·o 

~(1 K. hncheH lfeetl Ro~ll(l 

,., Q j'~ 00 n ·~ -\-1 1 ()(1 1::!0 10 o '!fJ 
,. 1 1 ,, J<!iO 12 .5 :~ 

" ~ l'lfl 2-Hl 20 o '" 'j ~.5n .l.\ ... 1 ~5o ~o 



-108-

14 CHAPTER 5-LIOUIO METERING 

be u sed reliably The real value of Equatmn A -1 stems from 
the lklinuwn of the fundanlcntal relatmnsh1p of the swul
conduionmg charactensllcs v. llhin a length of str~ught pipe. 

A.5 Laminar Flow (Special Case) 

Since lijis. a function of Reynolds number. R". Equation 
A-2 ~.:~m be v.riuen as follows· 

Kl.un ~ 

V ~ 

p 

fL 

UD ~ (/íi ,mHR"HiíJ 

. pFO 
(/( i>m ¡--(K.) 

fL 

an emp1rical factor 
veloclly of 1he !luid. 
densuy of 1he !luid 
absolute VÍ'iCtl'iliY tlf th!.! tluid 

~ 
1 : 

[) 
L 

Thercfore. m the special case of laminar now. L,D i.:; 
direcll) propor1ional lo 1he veloc1ty, p1pe diameter. and 
mass densi1y of 1he li4U1d and inversely propor1ional to 
Jynam1c visco•my. 

Note. Th~ mJienaJ presenteJ m thu appendl'< IS based on Faaors ll'l}1u· 
f'ncinfl L D Rc1110 Jor Smu'(ht Pip' Ffm-.· 5trui(htt'lft'f'1 Anncia!rd "'"" 
T1~rbuu Flm"11t'trrs by '-l. H. :"lll\emher. Enginecnng R.cron No fiS. 
Pntter :\erunduuc.:al Curper.uton. jLn1un. ~ew lerseyj. JanuaJ) 4. 1%7. 
Revl,mn Ato rhe repdrt 1S d:ued Fcl:lruary 16. JQ67, .Jnd Re~•~ton 8 •s 
d..JtCd February ~6. 1~67 <\ccord•ngo 10 the (HpleS or the COrT'e'JX:lndence 
""lth \{r. No~¡:mba that <~re now \1n file w1th the -\PI Mea,urement Co
mdlnalton Ckpartment. many md• .. uJuah. as v-.ell as a commanec. re"'•e~ed 
th1~ me1h.'>d. The matendl ~d\ publi~hed 1n API Standard 2534 !now out 
l)l pnnn .md ~ut;.,equentl) in Chapter S J of the .\lanual of Prtrol~"'" 
.'Heawrrmt'rtt Stundurd.J. 

Durm~ lhe IQIH-86 re\lew and Üpdate uf rh•s sect•on ot the ,\fanual et/ 
Pnr,Jit'lll"fl .\fruwrf"rnt'nt SwndardJ. 11 was di!tCOVered lh..JI !he rnctmn 
tacror (. •" Equauon A-1 v-.as mcorredly tdentified ··n rhe pre'••ous edllton 
.ts the Fanmng ptpe rncuon (actor This factor 1s actually rhe Oa~~
"-e•~t'tach fnu•on laclor 

Meter run 

·¡ •j fD 
ffirr{j] - f 

Figure A-1-Pipmg Conflguralion in Which a Concenlnc Aeducer Precedes !he 
Meter Aun (K, = O. 75) 

1 : 

Merer run 

·¡ L 

' 1 ro 

f - ~ 1 
t 

Figure A·2-Piping Configuration in Wh1ch a Sweep1ng Etbow Precedes the 
Meter Aun (K, ~ 1.0) 

' 

' 
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Figure A·3-P1p1ng Conf1guration in Wh1ch Two Sweepmg Etbows Precede the Meter Run (K, 1.25) 
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F1gure A-4-P1p1ng Conf1gurat1on in Which Two Sweeping Elbows at Right Angles Precede the Meter. Run 

(K, = 2.0) 
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No1~ When a full) ope:n \aJ,·e precede~ 1he ~1er run. K."'" 1.0. When a p.an1ally Of'('n valve precedes 1he 
me1er run. K, ~ 2 5 

F1gure A-S-P1p1ng Configuration in Which a Valve Precedes the Meter Run 
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APPENDIX 8-SIGNAL GENERATION 

8.1 lntroduction 

Appenda'( B ~upplemcnt~ and clarifae~_lhe information on 
clectn~..·aJ m~tall;.~tum rcquarement!'-. 

8.2 Generation of Electrical Signals 

The pnncípal 1) pe< of devtce> that produce electrícal <ig· 
nal<.. and are u..,ed wuh 1urbme meter!!! are de..,cnbed in 8.:!.1 
tlm>ugh 8.2.4. 

6.2.1 INOUCTANCE SYSTEM 

In an mdurttmcc 'Y'Icm. the rotatm~ element of the tur
hinc meter emp!oy' rcrmanent magnet!- that may be embcd
ded in the huh or thc blaJe tipo;; or aflachcd to the rotm shttft 
orto a nng dn\'en hy thc rotor Re~ardle~~ of the de~ign. 
magnctac nux frnrn ;J rll0\'10);! magnet induce:; a vnhagc JO 

a p1ckup cod thJ.l '' loc.ltcd ncar thc magnctt.:: f~t!ld 

6.2.2 VARIABLE RELUCTANCE SYSTEM 

In a vanahle-reluct:mce system. a faxed pennancnt mag
nct as cemered m'ddc the pickup coil hou~mg !\O that a 
vanauon in magnetiC Oux re,ult~ from lhc pa,!-age- of a 
h1ghly pcrmc~hlc. magnctic rolor material ne:u the p1ckup 
coli 

6.2.3 PHOTOELECTRIC SYSTEM 

In a photoclrctnc !-yo;;tem, a beam of hght is tntcrrupted 
hy the bladc~ uf the rotor or by elcmcnt' of a member chal 
'" dnven by the ro1<1r !'O that a pulsed s1gnal output 1s de· 
veloped. 

8.2.4 MAGNETIC REED-SWITCH SYSTEM 

In a ma~nettc reed·~~ itch sy,tem. thc contact~ of a rced 
"''Ítctí are opencd and clo,cd ~l"rriá~nct> embedded '"thc 
rotor <lr m a rotaling pan of the turbinc meter. The !<-"- itch 
action mterrupt~ a con!<-tant input sn that a pul,ed !lignal 
output ;, produced. 

8.3 Summary 

Of the four !<-)''tem.., de~cribed. only the inductance and 
variablc-reluctance ~)!ltem!<. are true generators. smcc both 
output frequcncy and voltage magnatude are prop0n1onal tn 
rotor ~pecd The photoclcctnc and magnet1c reed-switch 
sy!<-tem.'. !1oth rcquire the- applic,ation of an exlcmal constant 
vohagc lhat ¡, mterrupted by the sen~ing deviCe<:. so that a 
nearly pure. ~quare·wave output re~uhs The frequency of 
the output ,;gnal "d~rectly propon1onal to rotor speed. the 
voltagc magmtude varic~ only bctwcen uro and the mput 
vohage and ¡, not related to rotor speed. 

The inductctnce and \'ariahle reluctance sy~tems are low
power-lcvel devices because they gencrate only a fe\\- mil
h"-alt~ of electrical power. Thi.s output may be locally am
plifaed. and in .sorne in!<.tance~ shaped. at the turbme meter 
The amplíf1er output may then be comídered a high-lcvel 
output The photoelectric and reed-switch S)'l\tem" are gen
erally high-level dev1ces. because the output level i< con· 
trolled b) the m pul voltage that they requ~re. ldeally. dcv1ees 
that have a high power level are less su~ceptible lo noi!<le 
problems because of the increa!'ed .sagnal·to·noic;.e rat1o: 
however. each system has dcfinite frequency limuauon ... that 
must be considered when one system ís "e1ghed against the 
other 
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SPECIAL NOTES 

l. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NA1URE. WITII RESPECf TO PARTICULAR CIRCUMSTANCES, LOCAL, ST,>JE, 
AND FEDERAL LAWS AND REGl.JLKllONS SHOULD BE REVIEWED. 

2. API !S Nür UNDERrAKING TO MEETTIIE DUTIES OF EMPLOYERS, MANU
FACIURERS, OR SUPPLIERS TO WARN OR PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES ANO OfHERS EXPOSED CONCERNING HEALTH AND 
SAFE'IY RISKS AND PRECAUI'IONS, NOR UNDERThKING 11IEIR OBUGIJIONS 
UNDER LOCAL, ST,>JE, ORFEDERAL LAWS. 

3. INFORMIJION CONCERNING SAFETY ANO HEALTII RISKS ANO PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MA1ERIALS ANO CONDI
TIONS SHOULD BE OBTAINED PROM THE EMPLOYER, TIIE MANIJFACilJRER 
OR SUPPUER OFTILUMA1ERIAL, OR TIIE ~ SAFE'IY DATA SHEET. 

4. NarHING CONTAINED IN ANY API PUBUCAllON IS TO BECONSTRUED AS 
GRANTING ANY RIGHT, BY IMPUCATION OR OTIIERWISE. FOR THE MANU
FACTIJRE, SALE, OR USE OF ANY METIIOD, APPARATUS, OR PRODUCT 
COVERED BY LETIERS PATENT. NEITHER SHOUID ANY1lliNG CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
UABIUTY FOR INFRINGEMENT OF LEITERS PATENr. 

5. GENERALLY, API STANDARDS ARE REVIEWED ANO REVISED, REAF
FIRMED,ORWITIIDRAWNATLEASTEVERYFIVEYEARS.SOMETIMESAONE
TIME EXTENSION OF UP TO TWO YEARS Wll.L BE ADDED TO TinS REVIEW 
CYCLE. TinS PUBUCIJION WILL NO LONGER BE IN EFFECT FlVE YEARS 
AFTER ITS PUBUCATION DAlE ASAN OPERAllVE API STANDARD OR. WHERE 
AN EXTENSION HAS BEEN GRAN!liD, UPON REPUBUCATION. STATIJS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM TIIE API AUTIIORING DEPARr
MENT [TEI.EPHONE (202) 682-8000]. A CATALOG OF API PUBUCATIONS ANO 
MA1ERIALS !S PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET. N.W., WASHINGTON, D.C. 2005. 
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·FOREWORD 

'Ibis five-pan publicalion ronsolidates and presents standanl calculatiom ftt mei.ering 
petrolcum liquids using turbine or displacemmt llllltelS. Units of meásure in tllis publlcalion 
me in Intml31ional System (SI) and United StáteS Customary (USCfunils consisten! with 
North American iodustry practices. 

'Ibis standard has boell developed through the roopernlive efforts of many individuals 
from industry under the sponsorship of lhe American Pelrolemn Institote and lhe Gas 
Processors Association. · · --

API Chapter 5 of the MD11Ual of Perroleum Mea.sureme111 Srandards contalns the 
following sections: 

Section 1, "General Considerations for Mea<;uremcnt by Meters" 
Section 2, "MeasuremeDt of Uquid Hydrocarbons by Displacement Meters" 
Section 3, "Measurement of liquid Hydrocarbons by Thrbine Meters" 
Section 4, ·~ Equipment for liqnid Meters" 
Section 5, "Fidelity and Secnrity of Flow Measurement Pulsed-Data Tcmsmission 

Systems" 
API publications may be used by anyooe desiring 10 do so. Every effat has been made 

by the Institote 10 assure acmrncy and reliability ofthe data ronlained ben:in: bow~. the 
Institote makes no represeulalion, warranty, or guarnnree in connection with tllis publicalion 
and bereby disclaims any liability or respons1bllity for 1oss or damage resulting from its use 
oc fcr the violation of any federal. state. or mUllicipal regulation with whicll tllis publication 
may rooflict.. 

Suggesred revisions 10 tllis publicatioo are invited and sbould be submitted 10 Measure
ment Coordinalion, Exploratinn and Productiro Deparunent. American Petroleum Institute, 
1220 L Street. N.W., Washington. D. C. 20005. 
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Chapter 5-Metering - ... 
SECTION 4-ACCESSORY EQUIPMENT FOR UQUID METERS 

5.4.1 lntroduction 
API Cbapter 5.4 of the Mt11UUJl of Pttro~um Me asure· 

ment Standards is intended to be a goide for tbe stlectioo 
and application of accessory equipmenllhal is ustd wilb 
liquid hydrocatbon meters 10 obtain accurate mcasnrements 
and optimum service life. Selectiog the ldDds of accessory 
equipmeot lhal are describe<! in Ibis chapter depends on the 
functioo, design, purpose, and marmer in wbich a spocific 
measuremeot inslallatioo is 10 be used. 

Tbis publicatioo does nol endorse or advocate lbe ptefer
ential use of any specific type of equipment or me1ering 
system, nor does it inteod 10 restrict the developmenl of aoy 
particular meter, instrument, or accessory equipment. 

5.4.2 Scope 
This section of API MPMS Cba¡ur 5 describes lbe char

acteristics of accessory equipmenl generally used wilb 
displacement and turbine meters in liquid bydtocatbon 
service. Having a tnowledge of lbest chatacteris1ics helps 
lhe designers and operaiOrs of turbine and displacemenl 
meter installations 10 provide salisfaclory volnme tneasur<>

menl resnlts. Cenain minimnm tequirements for devices lhat 
monitor temperarure, density, aod pressure are discussed in 
this chapter. System hardware, such as valves, vents. and 
manifolding, is not discussed in Ibis chapter. 

5.4.3 Field of Application 
The field of application of this section is aii segmeots nf 

lb e peuoleum industry lhat requite dynamic measurement of 
liquid bydrocatbons by displacement or turbine meters. 

5.4.4 Definitions 
Terms used in Ibis pnblication are defmed in 5.4.4.1 

lbtongb 5.4.4.3. 

5.4.4.1 Accessory equipment is any device lhal enbances 
lbe utility of a measwemcn1 system, including readoUIS. regís
. ters, monitor>, aod liquid- or Oow-conditioning equi¡ment. 

5.4.4.2 A readout is a device lhal displays numbers or 
symbols and incmporales electric or electronic measures. 

5.4.4.3 A register is a mecbanical device lhat displays 
Dlllllbers. 

5.4.5 Referenced Publications 
The current editions oflbe following s13Ddards are cited in 

this cbapter. 

CllPYMIIII bY tbo- l'ltrUIUIIhiiiiDII 
Fr111r 2411:fi.U ZDDD 

API 
ManutJ! of Ptrro~um Measurement Sumdards 

Cbapter 4.3, Msman Volume Provers" 
Cbapter 4.6, "Pulse lnterpolation" 
Cbapter 5.2, "Measurement ofUquid Hydroc:arlxms by 

Displacement Meters" . . , 
Cbapter 53, "Measurtment ofUquid Hydrocarbons by 
Turbine Mcters" · · · 

Cbapter 7 .2, "Dynamic Tempeillllln: Determination" 
Cbapter 9. "Density Determination" 
Cbapter 12.2, "Caacnlati011 of Uquid Petroleum Quan
tities Using Dynamic Measuremeot Metbods and Volu
metric Corrcction Factors" 

5.4.6 Selectlng Accessory Equlpment 
for Meters 

Accessory devices shonld be selected so Íbat ttouble will 
001 arise from lbe following: 

a. Envitwment. Temperarure and humidity extremes shoold 
be evaluated, and lbe instaiiation shonld be protected accord
ingly. Electrical safety factors (inclnding tbe b.azardons area 
classi.fication). eiectromagnetic and radio flllquency inletfer
ence, weatherproofing. fungusproofing. aod corrosion sbonld 
be considered. · 
b. Mainteoance. Easy acress sbould be provided for mainte
nance. aod spare pans lhat have been recoounended by tbe 
manufacturer sbould be obtained. 
c. Compatibility. The readout device or registcr musl be 
compabole witb tbe meter and its transmissi011 system. 
d.lnstallarion. Al! equipmenl must be ins1311ed aod opttated 
acoonling lo lhe manufacturer's recommendations and must 
confmm to aii applicable regulatious and codes. 

5.4.7 Shaft-Drlven (Mechanlcal) 
Accessorles 

A variety of shaft-driven acressories are applied 10 
displacement meters and sometimes 10 turbine meters. A 
mechanicallinkage, usually a gear ttain, transmits force and 
motion from lbe rotating measurement elementiO lbe exte
rior of lbe meter, wbere tbe accessories are auached. Care 
sbould be exercised in selecting lbe number and type of 
accessories so lhat excessive IOrque. whicb can overload lbe 
meter, is avoided. Tbis section discusses some of lbe acces
sory devices lhat are now being nstd. 

5.4.7.1 ADJUSTER (CALIBRATOR) 
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A mecbanical meter adjuster, or calibrator, cbanges lhe 
dñve-system gear ratio between tbe volume-sensing ponioo 
of tbe meter and lhe primary register. The calibraltt adjusts 
lhe registcr so that it is direct reading (that is. it provides a . 
unity meter factor). For example, if precisely 100.0 units of 
volume are delivered by a meter, the register shonld be 
adjusted to indicare 100.0 units. Adjusters may be gear 
changing, frictioo dñven, or clutch driven; depeuding oo lhe 
design, the adjusttncot rnnge may eovtt fnm lto 10 perceot 
of throughpu~ 

Different types of adjusters are capable of handling 
different torque Ioads. Friction-driveo aod clutch-driveo 
adjusa:IS show decreased seositivity and repeambilicy wben 
torque is increased. illcrelo;ed torque reduces life in all types 
of adjusters. IC adjustmeot to a unity meter factor is oot 
n:quiled. the adjusting device shonld be omitted from lhe 
meter, and a direct drive shaft to the registcr should be 
inSialled. 

5.4.7 .2 REGISTER 

A shaft-driv<n primary registcr is a1l3d!ed directly to lhe 
meter. The primary register displays lhe seleeted standard 
units of ineasuremeot, soch as gallons, barreis. or cubic 
metres; lile register a1so displays liactioos of !bese tmiiS. if 
n:quired. A primary register may be a totalizer only ora 
totalizer with a separate oonresettable registcr. A primary 
register is usually secured and sealed to lhe merer 10 preven! 
tamperiog (see 5.4.13). .. 

5.4.7.3 PRINTER 

A shaft-<lriven primary printer may acrompany a primary 
register. 1he primary prioter rea:ros oo ameasurement ticket 
!be ammmt of liqnid that is delivered. 1he ticket is ¡ñlted in 
standard units of measurement. socb as galloos. barreis. or 
cubic meters. aod in fractioos of lhese uniiS, if required. 

lmpact or pressure-roller printers are capable of printing 
ooe or more paper copies. 1he numbet of copies is limill:d 
by lile type of paper aDd lhe clarity that is required Mecban
ical printers usually show the lowest digit to the nearest 
wbole number. Ticlcet forms are inserted, prioted, and 
removed manually. 

5.4.7.4 TEMPERATURE COMPENSATOR 

A temperarure et:mpensator is a variable-nllio mermnism 
located in the meter's drive ttain. h has a ll:lllpel'atUre sensor 
lhat works witb the variablo-ralio merhanjsm 10 correct the 
fiowing volume to standard refereoce temperature, 60"F. 
Js•c, or200C. 1he tempa3111rerornpen•arorm.ustbe set for 
!he appropriate tbermal coefficient of expansion of lhe liquid 
hydrocarbon that is measored. 

1he locatioo of the temperature rornpensaror in relalion m 
primary or other accessory readout devices depends oo 
whicb of !he devices are to be compeusated and wbicb are to 

""Y1111ltiriUII-PitrollullnlttbJII 
Frllllr Z4 IHH7 ZDDD 

5.4.7.5 PULSE GENERATOR 

A pnlse generator provldes pnlses in a qoantity lhat is 
directly proportionalto meter throughpu~ Pnlsing devices 
can have various types of oucput signa!, includiog switch 
closures, square-wave signals, aDd sine-wave signals. The 
devices can also have various frequeney ou1puts. Low 
trequeney is usually required for regislmlico; high frequeney 
is required for meter proving. 

5A.7.6 REMOTE TRANSMISSION 

A remote-transmission device is osed to transmit a 
measuremeot signa! to a remore devlce, sucb as a driving 
device, lhat in toro can operare most meter shaft-driveo 
accessories. 

5A.7.7 PRESET DEVICE 

A preset device can be preset for any quaotity of meter 
through~ At tbe preselected quantity, tbe device wiD S10J1 
lhe fiow of liquid or wiD peñorm desired fuuctioos aUIOOial
ically. It may or may oot be an indicating device. 

5A.7.8 GEAR-CHANGE ADAPTER 

A gear-<:bange adapter chaoges the output shaft spced by 
a fued ratio aDd is sometimes osed 10 acbieve a given ootput 
for accessory devices. 

5A.7.9 RIGID EXTENSION 

A rigid exteosiou is a coovenieoce device used to elevare 
metcr accessories some d.islalice above lhe méter itself. 1he 
device is also used to isolate metcr aa:esrories from adverse 
enviroomental conditioos a1 lile meter. 

5A.7.10 ANALOG GENERATOR 

An analog geoerator allows a meter to generare a DC 
voltage that is proportional to meter speed. 1he generator's 
voltage signa! can be used to remotely indicare or control 
fiow rate or related tasks. 

5.4.7.11 RATE-OF-FLOW INDICATOR 

A rate-of-flow indicator is a mechaoical device lhat is 
mouoted oo a meter aod indicaleS the metcr's fiow rate by 
driving a tac:hometer..type im'icatnr. 

5A.7.12 SWIVEL ADAPTER 

A swivel adapter is a convenieoce device that allows 
accessories mouoted above lhe swivel to rotate without 
changing indicatioo or registration. 

5A.7.13 ANGLE AOAPTER 

An augle adapter is a convenieoce device that allows a 

'·' ., 
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COWiter/printer 10 be momned atan angle for better accessi
bility and visibility. 

5.4.7.14 DUAL ADAPTER 
A dual adapter is used to mount two sets of shaft-<lrivm 

accessories on a single meter. The device is ofteo med witb 
a tcmperaiUre compensator on one side so 1hat botb compen
sared and uncompensatOO meter n::admgs are available. 

5.4.7.15 RIGHT-ANGLE TAKEOFF 
A rigbt-angle takeoff is a device in the meter's drive train 

that is used to provide a rotating extemal outpot shaft for 
operating mecbanical accessories that are mounted exter
nally to the mettt. 

5.4.7.16 SHIFTER ADAPTER 
A sbifter adapter is used for muunting two sets of shaft

driven accessories oo a single meter so 1hat ooly ooe set of 
sbaft-<lriven accessories can be driven ata time. The device 
is geoerally used in conjonction with tender cbange in 
pipeline operalion. wbere tbe IOtll volmne d. a tender must 
be relllined wbile registralion is in process oo the a1temaJe 
printer or register. The means of sbifting, which may be 
manual or mecbanical, uansfers the meter drive train from 
one set of accessories to the other. Tbe adapter can be 
equipped with an optional indicator to show its position. 

5.4.7.17 COMBINATOR 

A combinator is nsed to combine tbe output or two or 
more merers into a single outpot that can tben be used to 
drive desired accessories. 

5.4.7.18 KEY-LOCK COUNTER 
A key-loct: COIDlter is usually used in coojuuction with the 

unatteoded operatioo of a bolk-plant metering system. The 
equipment provides a totalizer foc auy persoo who ha. an!OO
rized access to tbe system. Access is gained throogb kcys 
and loclcs that connect lbe totalizer to the meter drive train. 
which actu.ates tbe system. 

5.4.7.19 DIFFERENTIAL ORIVE 

A differeotial drive is used to derect tbe difference in 
outpot between two merers in batcbing or blending systems. 
1be device is general! y mounted on one meter aod equipped 
witb a drive connection from another meter. 

5.4.7 .20 COMPUTlNG COUNTERIPRINTER 

A computing counter/printer is generally used on tank 
trucks that make home deliveries so tbat total price can be 
provided when a delivery is completed. The device is a sbaft
driven computing mecbanism that can be manually set to 
enter price per unit volume and applicahle lliXes. At tbe 
conclusion of tbe delivery, tbe extended price is available 
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immediatcly. The device may also be equipped witb a ticket 
printer for preparing invoices. (Sce 5.4.8.12 for informatioo 
ahoot electrically driven computing countenlprintets.) 

5.4.8 Pulse-Driven (Eiectronic) 
Accessories 

A variety of pul~ven accessories can be used with 
both displacement aod tllrbine meters. Tbe pulses generated 
by high-resolution pulsets for displacement meterS aod tbe 
inherent pulses generated by most tmbine meters represen! 
discrete units of volome and can be used to provide input 
signals ro tbe equipment discussed in 5.4.8.1 tbrough 
5.4.8.12. 

5.4.8.1 ELECTRONIC ADJUSTER {CALIBRATOR 
ORSCALER) 

An electronic adjuster. also called a factoring counter. 
manipnlates tbe pulse signal to achieve a unit mettt factor 
for direct =<ling of wolume. The device is generally capahle 
of being ealibialed to ooe pan in 10,000. 

5.4.8.2 READOUT 
An electrically driven primary readout indica!es volmnes 

in tbe desired standard onits of measuremen~ such · as 
gaiJons. barreis. a: cubic meleiS; it aiso indicaJes fractions of · 
tbese units, if required 1be accurncy of tbe readout depends 
on sysrem resolutioo, which is proponional to tbe nomber of 
pulses per unit volnme. 

Electromecbanical registers are limite<! in speed. Tbeir 
adequacy sbould tberefore be oonsider-ed before a decision is 
made about installalion. Electtonic readouts are notlimlted 
in speed, but they depend oo electrical power for proper 
perfonnance. During a power failure. standby power is 
needed to verify aod retaln meter registration if a mecbanical 
means is oot available. 

5.4.8.3 PRINTER 
Severa! types of cledrical printers are availablc. The two 

common ones inclode electromecbanical mecbanisms in the 
final stages. The first type is designed so that each Mjaoent 
digit advances tbe next digit into position as it would in a 
mechanica) tolalizer. This type of printer is sintple, inexpen
sive, and widely osed, but it has limited speed and long::vity. 

The second type of printer includes individual digit 
modules tbat remain in ·a rest positioo until tbey are called oo 
to print the tbroughput volume that is stored in a memory. 
This type of printer has higb resolution. bigb speed, and 
exceptioual longevity. 

5.4.8.4 FLOW COMPUTER 
Many types of eleclrooic flow compurers are avallable that 

accept meter outpnt signals, and otber sensor slgnals, to 
calculate volume or mass flow quaotities as required. Flow 
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computers display, transmit, and priDt dala thal can be used 
for operational or custody transfer purposes. A Oow 
computcr can be desigoc:d for a single meler roo o.- a bank of 
meters. 

lo additioo to meter sigoals, some flow computers w:cept 
sigoals from pressure, temperalllre, aod density devices thal 
allow tbe calculalioo of gross and oet flow rates aod IDtals. 

The flow compuu:r sbouJd llave provisioos ID acaualely cali· 
brare input or outpot sigoals. Secmily measmes should be 
providcd to pcveol ooaolborized access aod altemlion of lhe 
flow computcr memory or ostz coofiguration. Security may 
be banlware. such as lrey locks or switcltes, o.- sortware ¡ms
words. Also, tbe flow computer sbould bave means of 
intemal processor and circuit error checking 10 ensore lhe 
iotegrity ol calcnl•ted results. 

5.4.8.5 PRESET TOTAUZER 

A presettotalizer is a totalizing coonu:r that aduales a 
cootact closore wheo tbe measored volume eqoals a value 
lbat was preselected oo a manually adjuslable coooter. 

5A.8.6 PROVING COUNTER 

A proviog counter is a bigh-resolotioo digital-pulse total
izer tbat provides a display of lhe bigb-frequency pulsed 
output from lbe meter. Pulse tolalizers are stan.ed aod 
stopped wilh ao on/off gating circuit that is operated from 
tbe prover's mouoted detector or derectors, wbich identify 
tbe passing of a calibrnr.ed volume of fluid. The tomlizer may 
be an electromecbanical countcr or ao elec1rooic coonter. H 
tbe coooter is attached toa small mhnoe ¡:rover, as desaihed 
in API MPMS Chapter 4.3, lhe device will coostilute a 
sopbislicated electronic system Iba! bas tbe capability to 
qnaotify fractions of a pulse cycle, using lhe pulse ioterpola
tioo IOOlniques discussed in API MPMS Cbaptcr 4.6. 

5.4.8.7 FLOW·RATE lNDICATOR 

A flow-rnte indicator converts an input sigoal to a visual 
display of flow rate in tbe desired units. The device is used 
for general operational infonnation aod to monitor syslem 
flow rate during meter provmg. 

5.4.8.8 FREQUENCY CONVERTER 

A frequency converter converts an inpot frequency, or a 
pulse train. [O a proporti..onal analog signa! for tetta!hmissim 
to olher devices, such as reronlers or cootrollers. lbal require 
analog input sigoals. 

5.4.8.9 STEPPER ORIVE 

A srepper drive coovens a frequency input to an accept
able form for driving a stepper motor. The stepper motor 
lben rotales at a speed tbat is proportional to lhe input 
frequency. The device can be used ro drive various mtcban
ical devices that require a rotary input (for example, coun
ters, ticket prioters. and compensators). 
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5A.8.10 TEMPERATURE COMPENSATOR 
A ternperarure compensator combines an input signa! 

from a volmne meter andan input from a remperarure sensor 
to ¡rovide a oom:cted oulplltto standard reference tempera
ture, 60"F, 1s•c. or 20"C. 

5A.8.11 COMBINATOR 

A combinator accep¡s rwo or more simultaneous input 
freqnencies and display& lbeir som total. 

5A.8.12 COMPUTlNG COUNTERIPRINTER 

A computing counterlprinu:r is generally used on tant 
trucks that make bome deliveries so lballhe lolal price can 
be computed and prioted as soon as the delivery is 
<Xllllpleted. This eleclrically driven device is also equipp<d ID 

manually enter price per unit volume and applicahle laXes, 

lbereby allowing tbe extended price to be available immedi· 
a!ely when lbe transaction is ccmpleled. The device is avail· 
able wilb a tictet-prioliog fuoclion for prepariog invoices. 

5.4.9 Interface Connections to Pulse
Driven Accessories 

Interface coonectioos, as desaiDed in Ibis cbapter, are tbe·;_, 
connections between .the metcr's volume-sensing device 
(osually electmnedumiral) and its driven equiprnent 

5.4.9.1 SHlELDED CABLE 

The signal from a volumeu·ic meter in a measun:ment '" 
system is in lbe form of a pulse Daio. The accuracy of lbe '' .
measuremeot system depeods en tbe security wilb wbich the "" 
pulse signals are transmiued and received. 

Noise is a spurious signa! that may be pick.ed up cilber 
electtically or magnetically by lbe uaosmission liDes or 
eqnipment It can be picked up electtically tbrougb capad
lance coupling lo olber cooductors; it can be picked up 
magoelically lbrough induction. The amount of noise aod tbe 
cost of rcmoving it depend on lhe lype of equipmeot, lhe 
lenglh of lhe uaosmission line, and lhc proximily of tbe 
source. Acceptable pulse transmission can usually be main
taioed between volumettic metcrs that are coupled wilhio 
1000 feet of each olber and electtonic equipmentlhat has 
sbielded twisted-pair cooductors if a signa! ol ample saeogth 
~lOOmillivolts peak topeak) is traosmiued. Sbielding sba11 
be groundcd atibe receiving end only to preven! gromd-loop 
effects. The cables sbould be routed so that proximity to 
soun:es of elearical inteñerence is avoided. 

5.4.9.2 PREAMPLIFIER 

A preamplifier may be used to sbape lhe pulse of tbe 
meter rutpul so that lhe perfoonaoce of downstream acces
sories will be enbanced. lf a long uaosmission line is 
reqoired. a preamplifier sboold be considered. The Jn8111Pli· 
lier should always be located at tbe meu:r, lhe source of lhe 
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signal so thai the mgillal Jow-level signa! will be amplified 
and increased 10 a sarisfactory leve!. The shield oonductor 
sball be grouoded at the Ieeeiviog eod ooly 10 prevent 
grouod-loop effects. 

5.4.1 O lnstalling Pulse-Driven 
Accessorles 

5.4.10.1 A system tbat tr.lliStDits da!acoosisls of alleast 
tllree compooeots: a merec (pulse producer), a tr.msmissioo 
lioe (pulse carrier), aod a readont device (pulse oouote< aod 
display). These tllree compooents must be ampatible, aod 
each componeot must meet the specificatioos ,.......,mcnded 
by the maoufacturers of the meter aod accessory equipmeol 

5.4.10.2 Elecuical ooise is a troublesome elemeot in 
systems thai have low-level sigoal 001pots. Eveo in high
level output systems, ooise aod spurious elearical sigoals 
must be elimioated. Noise sigoals are superimposed oo 
meter sigoals by electtomagoctic inductioo, clectrostalic or 
capacitive coupliog, or electrical cooductioo. 

5.4.10.3 Great care sbould be exercised in effectively 
isolating the meter system from exteroal electrical influ
ences. To miniurize tmwanted ooise, earth gnxmding shaD be 
separate from Olber grounding netwats. Shiddiog the lll!DS

mission cables of meter aod prover detectas is esseotiaL 

5.4.10.4 Evcryioeu:rsystanmustmeettworequir=eots 
10 Operale properly. Ftnt, the readont device shaD be seusi
tive eoongh 10 respood 10 every pulse prodoced by the meter 
tbroughoul its operating nmge. Second, the sigoal-to-noise 
ratio shall be high eoough 10 preveo! spurioos electrical 
sigoals from influc:ocing the readout device. 

5.4.1 O .S A meter's OUlput si goal may be viewed as a train 
of electrical polses in which each pulse represeots a discrete 
volume of liquid passing throogh the meter. One approoch ID 

produciog electrical pulses is 10 ose magoetic inductioo 10 
directly trnoslale the rotatiooal motioo of the meter iniO elec
trical energy. Aoother approach is 10 supply external elec
trical power 10 a proximity or pbotooeosing device. 

With the firsl approach. both pulse frequc:ocy aod ampli
rude are geoer.illy proportiooal10 Oow rnre. With the secood 
approach, muy pulse frequeocy is proponíona110 flow tate 
since !he amplirude of the ontpul voltage is oearly constaot 

5A.1 0.6 Most elecuooic readout devices cooditioo a wave 
fotm to COUDI each pulse OC 10 measure !he frequeocy of meter 
ontpul so that flow rnre caD be iodicated. Since sigoals may 
have a relatively Jow power leveL installatioo cooditioos sball 
be suitable for low power leve! sigoals. The ('!'Nnmeod•tioos 
described in this chapter do oot apply to al! meters; !bey are 
relaled ouly to systems thai llave low power leve! signals. 

5.4.10.7 The following pulse charncteristics influence 
puper operatioo of the meter system: 

a. Amplilude. Aoy readoul device thai is coooected lo a 
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pulse producer. or meter. shall be seositive enoogh ID oper.ile 
wheo the pulse amplitodes are geDCr3led over the l3!ed flow 
r.mge. . -
b. Frcqueocy. The JCadout device sball be ablc 10 cope with 
the m:uimnm outpul frequeocy of the pulse producer, or 
meter. wheo il readles its highest cxpt"'ffll Oow rate. 
c. Width. After sllsping. the dumlioo of every pulse geoer
ared by !he pulse prodocer. or meter. sball be long eoough ID 
be detected aod coooted by the readout device. 
d. Shape. A sioe-wave outpu1 shall oot be osed. withoul 
~lificatioo aod shaping, to opernte a readout device 
thatJCquires a square-wave input 

5.4.1 0.8 lo ao electricaltr.msmissioo installatioo, grea1 
care should be exercised to inajmaio the sigoal amplirude al 
the highestlevcl possible aod lo reduce the magoitude of 
ooise. The following steps sbould be takco ID maintaio the 
optimum sigoallevcl: 

a. Mioimize the leogth of the traosmissioo lioe from tbe 
meter 10 the readout device. 
b. Eosure the correct impedc:oce. 
c. Use the most teclmically compatible sigoal traosmissioo 
cable tbat is available. as recnmmellded by the equipmeol 
m:mufactura-. 
d. If dictated by tbe ttansmission dist3nce or tbe manufac

rurer's Jequiremeots, introduce a sigoal preamplilier iniD the . 
turbine mettr's traosmission system. 
e. Eosure thal voltages supplied lo pn:amplifiers aod .. 
coostaot-amplirude pulse-geoeratiog systems are of propc:r 
magoirude aod do 001 exceed tbe 'maximum ooise leve! or . 
ripple Jequiremeots specified by the equipmeol maoufac
rurer. 
f. Eosure thai al! pickup coils are securely mouoted aod 
properly located. 
g. Periodically inspect aod cleao aJJ termiDals aod coooec
tors. 
b. Replace compooeots lbat give a weakeoed sigoal as a 
resoli of deterioratioo. 

5.4.11 Protection/Control Equipment 
Conditioners 

Protectioolcootrol equipment is used with displ•cemeot 
aod turbine meters 10 eosure the most accuratc aod reliable 
performance. This includes, bul is ool limited to. flow 
control. pressure cootro~ aod removal of unwanted foreigo 
material. such as din. water, or gas. 

5A.11.1 STRAINERs-FILTERS 

Foreigo material, sudl a.' rust. scale, welding beads, slag, 
saod, aod grave!, may aamage a meter system or may 
adversely affecl its performance. A strainer is osually 
installed upstream of lhe meter as a protective device. 11 
includes a basket or banier (usually made ot mCial cloth or 
smeo) tbat stops aod collects foreign material before it 
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eorers the me!el'. The mesh size varies acconling 10 the needs 
of the meter system; meter manufacturers C1IJI provide 
aiteria for seltx:ting mesh size. 

A scbedule should be folloWI:d for cleaning sc:n:eos. The 
purpose of tbe strainer is defeated if tbe sacen becomes 
loaded 10 tbe point of ruplllring. A ditferential pressure 

· gauge or upsueam and downstream pressure gauges may be 
used.IO indicate tbe di1ferential pressure aaoss tbe stllliner; 
the diffen:ntial pressure will be in proportion to the amount 
of foreign mruerial tha1 bas aocumulaled. Based oo tllis infor
mation, major problems caused by foreign malllrials can be 
avoided. 

If !he flow cannot be stopped for strainer mainte1131lce, 
dual strainers may be used. Strainers are also available tha1 
are cleaned tbrougb periodic back wasbing to a sump or 
other dispooal facility. 

5.4.11.2 AIR OR VAPOR ELIMINATORS 

Air or vapor in a flowing stream will be measured as 
liquid and will rcsult in an euor in the indicated volume. 
Large volumes of air, sucb as tbose tha1 may eJtist in an 
empty piping system, can result in overspeeding and damage 
toamerer. 

Lines to and from tani::s are normally kept full of Iiquid; 
however, if tbe same 1iDe is used to pump liquid into and out 
of a tank, air may enter after a delively is completed. Like
wise. operating at unusually low t3nk levels may allow air or 
vapor 10 be drawn iniO tbe systeni: Under tbcse conditioos, 
air eJiminarion equipment is required; additional shutOOwns 
and alarms may also be required. 

Higb vapor pressure üquids, sucb as liquefied peuoleum 
gas, are bandled under pressure conditions tha1 are inteoded 
10 maimain tbe produa in tbe liquid pbase. If adequale pres
sure is not maintained, tbe üqoids may flasb or vaporize. In 
sucb cases, a vapor separator or condensing I8Dk must be 
installed in tbe system if tbe problcm canoot be cmected by 
anotber means. 

Air eliminators are normally oot required on pipeline 
installations wbere flow does not originate from nearby 
tanks; bowever. a means of mannal veoting sbould be 
provided at strategic locations so tbat air or vapor can be 
released during stanup and after maintenance. 

Selecting tbe size and type of air separator for an installa
tion reqoires tbat carefnl consideration be given to piping 
and otber equipment and to tbe operating details of the 
system. These delails sboold include the quantity of air, the 
type of üquid being bandled (witb particular n:ference 10 ics 
viscosity and foaming cblirac!eristics). tbe size and lengtb of 
piping, tbe type and location of tbe pumps, and tbe rate of 
flow. Tbe piping downstream of tbe separator/eliminator 
must remain filled witb liqoid to prevent air or vapor from 
being measured along witb tbe liquid. 

---.... _.lrftlll __ _ 
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5A.11.3 CONTROL OF FLOW 

Most installations include a manually or power-opemled 
valve for starting, conuolling, and stopping lile flow of 
liquid. In general. power-opemted valves sbould opeo and 
dose slowly to preven! flow and pressure surges. 

To avoid overspeeding a meter, lt may be necessary to 
inclnde a coouol tha1 will Iimit tbe maximum rate of flow to 
lbe mted maximmn of tbe me!et.ln m ultime !el' installatinos, 
a control valve is normally used downstream. of eacb meter 
10 balance flow wben one or more meten are lakcn off line 
or wben proving lakes place. Ir it is necessary to preven! tbe 
flow of liquid from reversing diredion, a valve tbat ailows 
flow in only one direclion sbould be used. 

A mínimum back pressme must be maintained to preven! 
liqoid from vaporizing or f1asbing (see API MPMS Chaptm 
5.2 and 53). Tbis may reqnire tbe use of a back-pressure 
contrOiler anda CODirol val ve tha1 can maintain the required 
back pressure under any line pressure. 

If a meter is equipped witb a counter tbat can be preser for 
delivering a particular volume. tbc on/off val ve is usually 
controlled by tbe coun!el' so tbat tbe flow can be stopped at'·•. 
tbe proper time. The preset counter may be liDlred to tbe Y 
valve by mecbanical, electrical, or otila means. 

Pressnre-reducing valves are commonly employed in 
pipelines 10 reduce pressore 10 alevel tbat is suitahle 10 me1et 

or stalion manifolding. Care mnst be c:xm:ised to ensure tha1 
pressme is not reduced eoougb for vaporization to occnr. lt 
is nOt good practice to throttle immedjstely opstream of a~·~ 
flow meter since !bis may crea1e flow disturbances and cause :· 
measurement error. .., 

5.4.12 Monitors 
Some conditions and prupertics of liquid bydrocarbons 

bave a greater e!Iect on measuremeot accuracy tban do 
otbers; monitors may tberefore be desirable to assess tbe 
temperature, pressure, density. and viscosity of tbe flowiDg 
liqoid. For example, a J•e cbange in gasoline temperatúre 
can produce a vnlomecbangeof0.12 percent (a J•F cbange 
can produce a volume cbange of 0.07 perceot), anda cbangc 
in pressure of7 kilopascals (1 pound per square indl) in tbe 
same product allects vnlume by only 0.0008 perceoL In !bis 
case, tbe equivalency relationsbip between pressure and 
tcmperature is 960 tilopascals 10 ¡•e (80 poonds per square 
incb 10 1 "F). 

Wben the temperature of a metered stream is derermined 
for correcting tbe tbermal e!Iects on tbe stream or meter, 
obtaining tbe stmm~ temperatnre inside tbe meter body is 
most desirable. Some meters provide for a temperature
measuriDg device insra)Jed in the meter body; bowever. Ibis 
is impractical witb many me!ei'S because of tbe way lhey are 
constructed or tbe type of tempemture-measuring devia: tbat 
is selected. 

lf it is impractical 10 mount tbe temperature-mcasuring 

___ _;;;_. 
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device in !he meter, !he device should be insmlled eilher 
immediately downstream or immediately opSireatll of !he 
me!ff. In liquid turbine meters. !he temperature-measuring 
device should be located immediately downsueam of the 
dowttstreatn flow-oonditioning mbe. Wbere severnl meters 
are manifolded in parallel. ene remperamre sensor located in 
the 10talliquid stream is acceptable if !he temperatores at 
eacb meter and at the temperature-sensor Iocation are in 
accordance wilh Table 1 in API MPMS Cbaprer 7.2. 

5.4.12.1 THERMOMETERS 

The accmacy and resolution of a lhermometer nsed in a 
measorement system should be appropriate for !he metet's 
needs and scale of operatioo. Since melffing requires !he 
higbest accmacy possible, !he equipment sbould allow for 
precise reading and should be checked or calibrated 
frequeotly. 

API MPMS Cbapter 7.2 discusses in greater delaillhe 
requirements for temperatlD.'e :measurements a!sociated with 
meters. 

5.4.12.2 TEMPERATUREIPRESSURE-
4VERAGING INSTRUMENTS 

Temperarure/pressure-averaging inslruments determine 
!he temperarure and pressure of a metered quantily on a 
volumetric or timo-paced basis. The devices also accurately 
de!ffmine average oonditions if instantaneous line ccmditions 
are changing. 

5.4.12.3 TEMPERATURE RECORDERS 

Recorrling liquid temperarures on a chan facilitates !he 
avernging of temperawres over a period of time. Tbe accu
rncy of !he recorded temperamres cannot be grea!ff Iban lhat 
of !he temperarure-sensing device. Recorded temperatores 
are often less accurate. 1be sensing. recording. and cbart
integration parts of a tempemture recorder sbould be cali
brated periodically. 

5.4.12.4 PRESSURE GAUGES 

Pressure gauges must be selected 10 suit tbe mnge of 
expected operating pressures. They should be checked 
frequently against a m8S!ff gauge or a deadweigbt tes!ff, and 
necessary adjustments should be made. 

-IIYdlo-PI"'*-Didruta 
frllllr !4 laolioil IODO 

7 

5A.12.5 PRESSURE RECORDERS 

The range of a pressure recorder sbould be suited 10 the 
expected range of the melffing operatiou and sbould DO! be 
wiiler !han required. The inslrUment's indicator and its 
sensing device sbould be checked frequently wilh a mas!ff 
gauge ora deadweigbt tester, and necessary adjustmeuts 
should be made. 

SA.12.6 HYDROMETERS 

Floating bulb-type hydrometers are used 10 delffmine the 
relative deusity or API gmvity required for the volume 
correction caJculations described in API MPMS Cbap!ff 
12.2. Ret..- to API MPMS (]¡aptets 9 and 11 for inslructions 
10 be foUowed and lllbles 10 be used in coovening readings 10 

standard reference coodiúoos. 

5.4.13 Securtty 
Consideration sbonld be giveu 10 sealing tbe me!C2" 

systems to p<event or ideuúfy unautborized attcmpts at 
tamperiug with or manipula4ing system compouents. The 
accuracy, usefulness, and outpUt of a measurement system 
can be compromised in many ways. resulting in !he loss of 
aedit for hydrocarbon liquids that pass lhrougb lhe meter. 
Me!ff systems are often equipped with security seals made 
of wire, plastic, or paste that wben broten or disturbed indi
cate possible tampering. Electrooic systems can also be 
secured with key iocks, access codes, and so forth. Each 
system should he reviewed 10 define its exposure risk and 10 

identify appropriate seallocations and techuiques. 

5.4.13.1 SECURITY FOR DISPLACEMENT 
IIETERS 

Common sea! points for displacement meter installations 
are meter cover and accessory stack flange bolts, meter 
counter moonting bolts, calibrator and compensator adjust
ments, rigbt angle drive covers, and covers for electrical 
cooduits and oon1r01 hoxes. 

5.4.13.2 SECURITY FOR TURBINE METERS 

Common sea! points for turbine meter installadons are the 
mechanical counter enclosures. pickup mounting fittings, 
preamplifier housings. electrical conduit oovers. and control 
hox covers. Sealing electrically operated syStems that have 
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ERRATA 

On Page 7. thelast sentenu in 5.4.13.2 was inadverrently cut off. it should 
rwd as follows: 

... Y111111" .. - Potnlloullnltltub 
Frlllllr Z4 llri:ZI ZODO 

5.4.13.2 SECURITY FORTURBINE METERS 

Common sea! points for wrbine meter installations are the 
mechanical counter enclosures, pickup mounting fittings, 
preamplifier housings. electrical conduit covers, and control 
box covers. Sealing electrically operated systems that bave 
many accessories. powcr supplics, and readouts becomes 
burdensome; the equipment is often housed in a building or 
enclosure that can be Jocked or sealed to mce1 the system's 
needs .... 

., ., 
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Chapter 6-Metering Assemblies 

SECTION 1-LEASE AUTOMATIC CUSTODY TRANSFER (LACT) SYSTEMS 

6.1.1 lntroduction 

This publication has been prepared ·as 3 guide for thc"""' 
design, installarion, calibration, and opcra.tion of ll.lcnseauto
ntatlc custoáy transfer (LACT) system. 

A LACT syMem is an arrangement of equipment designed 
for the unattended custody tmnsfer of liquid hyd1ocarbons 
hom producing leases Lo lhe trant~purting c<uTier. The system 
must detenninenet volumc nnd quality. provide for fail-safe 
and tamperproof operation, and meet requirements o[ ac
curacy and dt:pendal?ility as ag'reed to by mutually concerned 
parties, such as the producer, the transportú, the royalty 
owner, at1d federal, state, ami municipal regulatory 
bodies. 

6.1.1.1 COMPLIANCE 

Cornpliance with the provisions oflhis standardrnayre."ult 
in an approach to Hccnracy or may establish safeguards that 
are not necessary umk:r all cunditions. When not required. 
those portions ofthis slandord. not cousidcrcd applicahle m ay 
be disregarded with the mutual agreement of all pruties con
cetned. The cumpulo:ory verb fonn "shall," while not neces
snri1y hinding for all conditions, has been used when a 
deviat.ion from tlte Slantlard ü, lik.t:ly tu adversely affect the 
satisfactory operation of n system thut is designcd for op
timum operation under typical producing conditions. 

6.1.1.2 FUTURE DEVELOPMENTS 

Although thi<.; stnndard prcscnts tite concurrence of the 
inriustry on systent requirements for leas e automatic cu&luúy 
tmnsfer, it is t:ot intended in any way to restrict fumre 
developments. F.qurpment now exists in the design or t.ield
pwving ~uages that may further improve !he art of 1case 
automatic custody tmnsfer. The indu'itry cncourages such 
developments, and whcn concerned pat1ies mutually agree 
to use such systems or components, every effort should be 
madc to cxpedite their u.,e ¡:¡,nrl standardtzation. 

6.1.2 Scope 

This publication describes the melering funt.:tiun of a 
LACT urút and is intended to complemem API Specificatton 
11 N, .~'pecificationfor Len se Auromatic <;ustody Transfer 
(LACT) Equipmenl. LACT equipmc:;nt indudes a meter 
(either displucement or turbine·l. n proving systcm (cither 
fixed or porta ble), devices for determiuing lemp~ruture 
und pressure and for !HtmPiing the liquid~ and n meun~ 
of detennining nonmcrchantable oll Many of the aspects 

Copyright by the AI1ERICAH PETROLEUM ltiSTITUTE <API l 
Tue Oct 29 21:57.48 1996 

of the metering function of a LAC..""T unit are considered al 
Iength in other parts of this manual and are referenced 
in 6.1.4. 

6.1.3 Fíeld of Application 

The field of iipplication of this publicatioc. is thc unat
tended and automatic measurement by meter ofhydrocnrboa 
liquius pruduet:U in the field and lrnnsferred lo a pipeline in 
eilher a scheduled ora nonschcdulcd operation. 

Note: The mfonnnlion cont11.inc=d in Chaptt:r 6.7 :.hou!O al~o be con
sidered when measuring viseou:1 fluid~ by mtrter. 

6.1.4 Referenced Publications 

Many ofthe aspects ofthe metering function ore di¡;,cussed 
at length in other parts of th i~ manuaL Plcílse refer ro the 
followíng chapters for more infurrnatiun. 

API 
Manual of Petroleum lrfeasurement Standards 

Chapter 4-"Proving Systems'' 
Chapter 5.1, ''General Considerations for 
Measurement by Meters" 
Chapter 5.2. "Measurement of Liquid 
Hydrocnrhons hy Disphtccmcnt ~leters" 
Chapter 5.3. ··~teasurement of Liquid 
Hydrocarbons by Tmbine Meters" 
Chapter 6.7, "Metering Viscous Hydrocar
bons" 
Chapter 7-"Temperature Det~nnination" 
Chapter8-''Sampling'' 
Chapter 8.2. "Automatic Sarnpling of 
Pctroleum and Petrol~um Products" 
Chaptcr 9-''Density DeLerminalion .. 
Chapte: 10-''Sediment and Water .. 
Chapter 12.2, "Calculation of Liquid 
Petroleum Quantities Measured by Turbine 
or DisplRccment Meters.'' 

Spec llN Specijication for Lt!ude Aulumutic Custody 
Transfcr(LACT) Equipment 

6.1.5 Requirements for All LACT 
Systems 

The Iequirements for all LACT sy~tems nre ns foltows: 

a. Whcn hydrocarbon l!quiC~ are measured and Lran~
ferred, the fluid should be stuble to pcrmit subsequent 
storage during transpot·tation without abnormal evapm·a
tion losses. 
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CHAPTEA 6-METEAfNG AssaiBues 

b. During custody rrnnsfer, provisions shall be made for 
delerrnining nt:t standard volume. (See Chapter 12.2.) 
c. Temperature measurements, recordings, or corrections 
upplicable tu volumetric meusuremenl bhall be made in ac
cordnnce wHh Chapter 7. 
d. Tempemture and pressure measurements (cilhe.r recun.l~ 
m· indicated) shall be taken, anrl corrcctions applicabJc to 
vulumetric meu~urernenís shull be made in <"Lccordance with 
Chapter 12.2. Themethod ofperforming temperaturecom
pensation is a matter of negotiat1on but shou!d IJe 
nccomplished by use of volurne-weighted temperature
avcraging dcvices or temperature compensaton; for op
timurn ul:curm.:y. 
e. A represent!tttve sample offransferred oH for deterrninlng 
dt;usily (APl gravity). fiedhnem and water content, and auy 
other physical prope11ies requil'ed shnll be obtained. (See 
Chapter 8, Chapter 9, and Chapter 10.) 
f. The mercho.ntobility of I:ydrocnrbon liquids shot~ld be 
eswblished when they are transíerrcd; that is, when «he 
liquids are within a specified density IAPI gravity) range, 
do not contain more than a specified sed imcnt and WA.tcr 
percentage, are al an acceptable tempewture, and are of 
nn acceptnble Reid vapor pressure. A means shall be 
provided to :stop the flow of oil to tht: carners system and 
to the sampling syst~m if the uil becumcs unmercham
ablc 
g. A means should be provided. to control ílow rates, period~ 
Clf fiow, anct nct quantities of oil delivered mto the cnrriers 
syslem. 
h. A means .~hnll be provided to stop the flow of oil into the 
catriers system at or l.Jefcre completion o:· delivc1y of the 
leas es assigned allowable capacity. 
i. The control aud recording system simll i.nclude faH-safe 
compo!tcnts to preventmismeosurement or haznrdous operat~ 
ing conditions in th~ event of a power or system fllnctíonaJ 
failure of any of the system's ct~mponcnts Jcqllircd for thc: 
T.ACT. 
J, All componcnts of the system tha: rcquire p~:riudic 

calibration and/or inspect1on should he acces"ihle for 
ínspcc:tion by all pa.rtie!:i in vol v~d in Lhe L·u~lotly lransfer 
tran~action. Adjustment, repnir. or replacement will be 
perfonm:d by thosc respon.~ible for the operution of the 
system. The des1gn of the system shall provide a means 
for 1cadily dctecting lcukuge tluoughout rhe system, for 
example, double~block and bleed~type valves, sight 
drains. or pressure instruments. 
k. 'll1e piping system sha[J not ha ve connections or bypasses 
thnt would permit liquids to be tnmsferred without mcasurc
ment and shall be designed or equippe<:l ~o that a rever-se flow 
or Hquitl lhrough the measut ing de vice cannnt occut. 
J. A :11enns shnll be prm:ided to lock or se,ll ..:omponents thaL 
arlecL control or 1ndicate measuremenr of quautity or quality. 
Unless this requirement has been specifically waived, such 
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components shall be unlocked or unsc::ücd ouly after prior 
notice to and consent of the pnrties concerned. 
m. System malfunctions shal! b< anticipated. and 
deliveries thnt could occur during such periods shali be 
eslimul~. This re4uiremenl may be mel by im.lepemlenl 
gross fluid delivery-recording systems. that is, by using 
a dual-head meter and temperature recorder, by using u 
metet in ~erie.!'., or by recording teruperature or pressure 
or other instrument.s that lndicnte perioc:Js of flow. In 
installations where such apparatus is not used, prior 
agreement should be established far calculnting or es~ 
timating proccdurcs that will be followed in instances of 
measuremenr system maJfunction. 
n. Sediment and water content and density (API gravily) 
measurements shnll be made from composite samples ob~ 
tained by automaric samplers of acceptablc dcsign. Samplers 
shall be installed in accordance with Chapter 8.2. 

6.1.5.1 SAMPUNG 

In mosr C<i<;.Cs 1 accounting for a crudc oil run i.q dctcnnincd 
011 the basis of net stnndard volume, wlüch htcludes corree-· 
lions for mere~ factor. tcmpcraturc, prc.~surc. and scdimcni··" 
and water contcnt. Thcrcfore. thc comp~._,site sample accumu-• 
lated in a run period and any portion used for thc determina-· 
liun uf d~nsily (API gravily) amJ sediment and water content 
must rcpresent ull cmde oil delivered during that run reriod. 
When density ( APJ gravity) and sediment and water content 
nre hased on a sample from the composite sample of the run, · 
the procedure~ used must ensure that this secondary sample:' 
is representa uve ofthc composite sample. (See Chapter S for' 
adUilional deiails.) The sampling shouiJ be propmtioned to 
thc tlow ratc through the meter. 

6.1.5.2 MATNTAINING ALLOWABLES 

\Vhcn rcgulatory agencie." apply production ullownblcs, 
runs from the- LACT system shall confonn to but shall not 
cxcccd thcsc ttllowuncc'!.. Autumntic me:m~ sholl he mted to 
uct.:umpli:>h this requiremenl. Tbe system must be fail-safc, 
tmnperproof. nnrl senled so tbnt ne1ther rhe producer nor thc 
carrier cau change Lhe anangcmcnt without the consent 
and/or knowlcrlgc of thc nthcr pa.rty. 

System de vices musr be capable of bei ng pre-set and verified 
for n predetermined volume th:ll will approach but not excccd 
the lease allowable. When the predetennined volt~me has 
been reachcd, the nrrangement used must prevent any 
fmther movernentof oil from the leas e until it is manual! y 
resec. The arrangcmcnt must be adjustable so that chan
ges in production allow3.bles are accommodated. 
Registers and counters shoulú be readily visible so that 
oil dclivcrics can be checkcd at any time. 

j 

' ,. 
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6.1.5.3 MONITORING QUALITY 

Means shall be provided to prevcnt watcr-contaminated 
oil or sJugs of water from entering a Carrier's sys-tem. The 
parties shall agree on Lhe maximum permissible scdiment 
and water content of the crudc oil. Onc. such sa.tisfactory 
automatic de vice wlúch detecls WHlt'r is an instrument that 
measure.s capacitance (dielectric constnnt of thc liquid 
strcnm). ~his device should be instaJled in a vertical r.iser 
in the píping befare the meter anO hhould be used to acmate 
controls so that water-contarninnted oil is not delivered to 
the pipeline. A time-delay element may bt- incurporated 
intu th~ monitor system. 

6.1.6 Displacement and Turbine Meter 
LACT Systems 

Practical methods forobtrrining nccuratcmeasurements of 
lea se oil runs, using eithe:- a disp1acernent ora tu1 biue m~ler, 
with equipment arrangeU tu mc::t!t the requirements defined in 
this chapter are outlined in ~.1.6.1 through 6.1.6.5. (Sec 
Chapters 5.1, 5.2, and 5.3 for delatls un meter selection.) 

6.1 .6.1. INSTALLATION 

LACI' systemsthat use meten. t>hall be designed in e.ccord
am:e with applicable industry codes or Mandards. Each ltem 
e~;sentifll to quantity and quality conlrol shall be located so 
that it will consisten ti y perfom1 its function. 

Figure 1 ¡,.a schematic flow diagram showing the principal 
components of a met~r-equipped LACT unit. AH items shown 
muy be uscd in an in~tullntion, but if certain components are 
not reqnired for the integrity of quantity and qualily l:L\ntrol. 
thcy may be ouliHeU. 

6.1.6.2 SPECIFIC REQUIREMENTS 

The dcsign and function of n LACT system are matter." of 
negotintion. Thcsc ncgotiatíon<;; determine which of the re
quirernents nre applicable. Howe\·er, when the quantity or 
quaiity me.asuremem or control depend:; on compliance with 
the requiremcnt 1 thc specific <:onditions detniled m 6.1.1.1 
sball apply. 

LA.CT systcms th¿Jt m:e meter~ shall maintain fluid pres
st:re tbroughout the measuremenl oyM~rn in excess of tbe 
produ(;t bubble-point pressure by an omount sufficient to 
preventthc formí!.tionofvapor. Ifvapor is introduccd into ti le 
me<!suremenl system, the measuremem wm br; inaccurnte. 
When vapor removers nrc spccified, they shaU be sized for 
releasing vapor to the ntmosphere or to a suití!.ble vapor 
recovery syslem at rates equal to or greater thnn thc nonm!l 
flow rate."' ofthe.liquid. Vaporoutlet lines from rernovers sball 
comply with sai'ely ~ht.mlards. \Vhen the deslgn of storage 
facilities ensures fluid-packcd linc conLlltions leading ro the 
meter, vapor removers may no: be Jequired. Eilh~r the 

Cop~r¡ght b~ the ArtER lCAtl PETROLEUM IMST !TUTE <AP J) 

tue Oct 29 21'57.4B 1996 

prodticer or lhe currier may require tbe installntion of a 
dielectric or copncitancc instrument, more conunonly 
referred. to as a water m<:mitor. This monitor will iiutomat
ically stop or divert flow before llquid is delivered to thc 
meter whcn the carrier's specifications are not met The water 
monitor shall be located upstrcam from the meter nnd shnll 
be in operation at alltimes during dclivery. The carrier shall 
spccify the maximum water setting of the instrum~nt. 

Meters shall beoperated withln the manufacnuer's recom
mendcd flow rafe~ and ata rateas near as possible to tbe rate 
at the thlle of the meler proving when the meter factor wns 
obtained. A back-pressure control va) veis necessaryto main
tain a constant flow rate and prcssnre imlepeodent of 
downstream conditions. Meters shall not be subjcctcd to 
prcssurc pulsations, flow rate surges and shnll nol be sub
jected to shock presbures caused by quick-closing voJves. 
\Vhen temperature compcnsators with density selcctors are 
uscd, tbey shall be adjusted for the dens.ity (API gravity) of 
!.he mctered liquids. When tempe-rature variations reRult in 
mismcasurcrnent, temperature stabilization and monitodng 
may be required. Thecarrkr may require that a pressure surge 
lllldfor suction tank be insrnllcd upstrcam from the LACT 
systcm to ens.ure that fJuid-packed line couditions I~U tu the 
mettd' a.nd to protect the meter from· flow rate· surges. 
"\Venthming" thc eructe oil, expansion chamber6, aud othe.r 
such requirements may lle requirt.!U hy the c:trrier to prevent 
umtab]e metering conditions. 

When .... ystcm pressure requircs thc use of the oil compres
sibihty fHctor and pressure may uot r~main constnnt. flow 
weighted pressurc-avcraging de-vices or pressure recordel's 
may be required. (See Chapter 12.2 for computing Cpl.) 
When rt:.quired by operating conditinmz thnt change suffi
ciently ro alter the meter factor be.yond acccptable limits, 
such ns temperatllle varialions aud the associated viscosity 
changes, the cil tempernnlTe shnll be maintained I'Casonab
ly constaut and shall be approximately the same a!S the 
prov1ng temperature. 

6.1.6.3 FACILITIES ANO PROCEOURES FOR 
PROVING OISPLACEMENT ANO 
TURBINE METERS 

Proving procedures for each LACT location should he 
agreed to hy thc pruties concemed (See Chapter 4.) Copies 
of the agreement should be furni&h~;;d tu both the operating 
pert~onnel and proving persannel. Such procedures should 
include: 

a. A step-by-step method to be followed at the location. 
h. A proccdure for checking vaJves for lcakage hefure and 
during the p1oving operalion. 
c. A prehminary inspection or operatton of the proving 
cquipment. 
d. The locations and specifications of seals to he inspccted 
ut time of provjng. 
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1. Che.rgtng pump and moh)r 

CHAPT'ER 6-MSTERING AsSEMDU!!S 

"'" 1 -· j .. 

T 

1 
1 _____ y_. 

Towet<:~ll 
&torageor 
aehydratton 
lacllny 

10. Back·prosstJre valve 

Prover 
system 

To 
pipeline 

2. Samplar 
3 Sample contatner ano ctrctJiatto:". pump 

Note: Locata tne bock·prcssure v.alve uootream ot 
the provor loop for tank provers. 

4. Stratner 
a. Integral alriga6 ehm·n&tor (onllont~.l} 
b. Separate lllr/ge.11 ellmmator {ootlor.al) 

fi. Wat,yr monitor probe 
Note: The momlor cha5615 may bo mounted 
Wtfh tna electrlcal ccnt~ol system 
or d~:ectly on IM mon~lor probe 

6. Dtverter valve 
7. We~ oll back-pref!~Vre valva ¡opt:onal) 
B. Custody trenster met(lr ano acce550rles 
9. Blnck vatve 

11. Power pEl.nel 
12. Contrcf cqulpment (lar oxamolo, water monitor, 

auowabte counter, and Shutdown system) 
13. Reclrcula:ion pump (opllona~ 
14. Check val•te 
15. Double·block and bleed-valv¡¡ 
16. Pressure measurement devlcs 
17. Temperat~re measuremsnt devlce 
18. Leval contro~t.art 
19. Lovcl controi---Gtop 
20. Low level comrol (optlonal) 

Notll: Thl!:> <Umpl!fleJ dlat:r.un iudicates primury compunc::nls m:cessary for typical LACTunib bt1t is not in
tended to lndlcnle preferrcd locations. 

Figure 1-Typical Displacement or Turbine Meter LACT Unit Schematic Diagram 
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e. The notificntinn 11nd witncssing required when seals are 
broken for maintenance purposes. 
f. The location, type, scaledivt~ion, and mcthodsforreading 
the thennomete~.·s used in the proving pruce:;s. 
g, The location, type, scale division, and mcthods of reading 
prcss.urc instmments used in proving. 
h. The specificaliom; uf a pro\'ing nm, such as: 

1 . Thc numbcr oftimes the pro ver tank. should be ftlled. 
2. Specifyiog the number of runs for a pipe prover. 
3. Defining n minimum lime and/or votume if tite 
master-meter method ís uscd. 

i. Th(: rcpeatability criteria for runs to be u~ed nnd the 
nnmber of run~ to be Hvcragcd to obtain a new meter factor 
j. The normal period between required meter proving~. The 
period between provings may be cstablished either on a 
throughput or on an elapsed-time basis. Thís period may be 
amended baseJ un individual location meter performance 
records. 
k. The normal date nnd time of provings or the notice to be 
given to witncssing pattics when a proving schedu]e is estab
lished. 
l. The witne~síng required for provings. 
m. Thc standard of consistcncy dcsired between meter fac
lors obtained from consecutive provings. 
n. Tnc proccdurc to be followe<l when thcdesiredconsisteo
cy is not obtained, either in lhe results uf consecutive runs 
during an attempted províog or in meterfuctors obtaincd from 
COtlSCC\ltiVe prOVlngs. 
o. The frequency of inspection or the frequency and method 
ofrcca1ibration or calihr.ntion verificationofthe basic provil~g 
device. 
p. The contcnt forthe forms to he U!o;.Cd torccord meter-prov
ing data, complete with sample cJ.Icu..lations ttnd lctcrences to 
table~ u:;ed for correction factors and conversions. 

The proving record for eoch meter shall be kept on file fo: 
at lea."fthe sume period as the nl.eter tickets to whlcll it applit:s 
o: for u period mutually agrecd to by the panies concerned. 
Ar le!lst nn_c copy of each officinl proving record should be 
snpplied to each paJ..ty concerneú. 

6.1.6.4 DISPLACEMENT ANO TURBINE METER 
SYSTEM OPERATION 

The operation of a meter system will vary depi!nding on 
the charact.eristics of the liquiú. the design ofthe install<~tion, 
the type of pipeline ü~cility connection. and the operating 
schedule of the pipeline. To be succel)sful, :.t system must 
sati.sfy the requirements of the producer oncl thc carrier. 
Befare Rn installation is completed, operating sequcnces 
should be checkcd to ensure lhal th~; rt;quirements of all 
interested pnrties hove bccn mct. Tite following cases .are 
typical, and thc-. itcms to be checked are suggested a o; guiúcs 
for 5ystem studics. 

Cop~right b~ the AMERICAN PETROLEUM IMSTITUTE <API) 
tue Oct 29 21:57:48 1996 

6.1.6.4.1 Case A-Normal Dellvery to a Gravlty 
Flow Pipeline in Nonscheduled 
Oparatlon 

a. When the liquid level in thc dclivery tank reaches !he 
nonnal high working leve1~ the charge pump starls and lh~ 
control valve opens to the pipeline, admitting flow thmugh 
thc meter. 
b. W11en \he val ve re.aches its open-to-pipeline position. the 
nutomatic snmpler hcgins sampling as soon as themcter starts 
turning. 
c. Under normal conditions. delivery to the pipeline con
tinue." until the liquid 1evel reaches the norma] low-lev~l 
position. 
d. The back-pressure volvc thcn closcs the pipeline outlet, 
thc charge pump stops. and the m.uomatic sampler stops 
Sampling when the meter stops turrung. 

6.1.6.4.2 Casa S-Normal Dellvery to a Pres
surlzed Pipeline in Nonscheduled 
Operatlon 

a. Whfm the liquid level in lht:. ddivcry tank reaches the 
normal high working kvel. the chü.rge pump stnrts and the 
control val ve opcns to the pipeline. admitting flow throllgh 
the meteJ. 
b. When the vn1ve rcachcs its open-to-pipeline position, the 
pipeline shipping pump starts ru1d the aulomatic tHtmpler 
begin~ ~ampling as soon as the meter starts turning. 
c. Under norrnnl condition~. dclívcry to the pipeline con
tinues until the liquld leve! readu:s the normal low-level 
po:;ition, 
d. Thech[U'ge pumpstops, the back:-prcssurc valvecloses tht' 
pipeline outlel. nnU the pipeline. shipping pump is shut down. 

6.1.6.4.3 Case C-Normal Delivery te a Pipeline 
In Scheduled Operation 

Some pipeline systcms me opernted on a schedule 
whereby it is dcsirabJe to admit oil mUy during a ~ertain 
mterval. Fur this arrangement, the operation sequence sholl 
be the same as for nonschcduled delivery (6.1.6.4.1 and 
6. 1.6.4.2) except that a timo-intetval conrroller shall be added 
to the circuit thnt overrides the norm.nl high working lcvcl 
control. 

6.1.6.5 NONMERCHANTABlE OlliNTERRUPTION 

In each of tbe three cases. the following procedures shall 
be falloweti: 

u. Aftcr delivery to the pipeline ha~ begun, if nonmcrchant
able oil tlow$1; continuously past the water monitor for a 
p1edeteuulned time intcrval, the charge pump is automnt
ically stopped unless the pump is tcquired to circula te oil for 
trcatmcnt. 
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h. Thc val ve clo•e.<, Mopping flow to the pipeline. 

c. Theautomatic samplcr remains enet·gized in ca&e of inad
vertent t1ow through the meter. 

. 

' 

' 
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d. The controls loe k out the tran>fer of uilto lb~ pipdine unW 
the nonmerchantable oil has bccn trcatCdla mcct spccificn
tions. The LAcr unit c.:un bedt:~ígned lo restartau(omatically 
nfter a period of recirculntion. 

:"', 
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" 
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Chapter 6-Metering Assemblies 

SECTION 3-SERVICE STATION METERED FUEL-DISPENSING SYSTEMS 

6.3.1 lntroduction 

This section of Chapter 6 of the APJ Manual of Perroletun 
Mea.furemenr Standards pertains to service station metering 
systems used for d1spen~ing molur fucls (cxccpl liqucficd 
perroleurn gas fuels) lo road vehicles at relatively low tlow 
dnd pn:ssun:. Sm<.:c: th~::.r: sptem~ an: u~t'd in cuMody-tram.
fcr ~t:n•ice, they musr meet ...:ertain performance require
ments and may b~ required to contorfn to federal. state, ami 
municipal rcgulations. codcs. and laws. The regulalions. 
en, le'>. and law' m<:~y havc: "recific le ... trictiono; that must be 
takcn ínto ac:count in thc de,ign and installation of ~ervice 
station metered fuel-dispensing systems. 

Th1'\ o;;ection does not focus on .sen·1ce station destgn as 
-,u<.·h. lt fucu~cs im.te<.1d on the meter. Íb appunenances. and 
rhc ll~ociatcd clcallt::nt~ that may havc <t bearing on mea:-.ure
mem accuracy. 

6.3.2 Scope 

Thts sectton of Chap:er 6 of the AP[ Mmwal of Pdrole'wn 
Afamu-ement Stmuinrd~ ofter.., guiddnr:~ •m the ~election. in
"t:JIIation. pcrr'ormJ.ncc. and maimcn3nü· of two cornnnm 
lyp~s of metered mmor-fut!l-d!S:Jcnsmg ~ysLems: thc sub
meJ s1ble pump system (oflen cJ.Ited o remO/e punzp .\y,\lcm. 
a prcHun~ed pumt) .>.ntem. ora .wfmll'r.r:.rd pump s_\'Strm; 

amlthc sclf-containcd-pumr sy:-.tcm (ot'rt.:n called a suction
fJUinf' \,\'\li'm or rl \r·lf-nmtflitwd '.'1-',\trm). 

6.3.3 Pertinent Publications 

6.3.3.1 REFERENCED PUBLICATIONS 

The mo-.t rect"nt cdllion.., o{ the following rccommende(! 
practice amJ h::mdbo(ll-.. are cued 111 thJ;; "e~~r 10n of Chapta fa 

of rhe API A.Janut-.1 o{ Pt'!rd1'1ltn .'\1 ~YISlll't'ltlt'n.t Swndards. 

API 

NIST 1 

RP 1 ó 1 ::= lnsrallarírm nf U1:de'~l'mund Petrol<~tun 
Pmducr Stmugr: Sy.'iff.'lll.t 

1 !Jndbook J4 Spectficanor:~. Toleranccs. and Other 
Technit.:al RequÚt'I!U.:nl \ Jor Wt"ighing 
mtd Mcamring Dc~·i~·n 

1Nan,;na! ln•UIU!.e nt :-.unaara!-. :1.nd 1 tl.'htl•~k·_p.v. 1! '> Ucpanmcnl nt l'om
:ncre~'. Ga!lhcrsbnrg. MD 20l!9Q. 

Cop~right b~ the AMERICAM PETROLEUM IMSTITUTE (Afl) 
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6.3.3.2 OTHER PERTINENT PUBLICATIONS 

Many aspects of metering are deall wilh at leng1h in part\ 
ur Lhc::: API Manual of Perroleum tl.-Jeasurement Standards 
other than this on~. Plea¡;;e refer to the followin~ ch:lplers of 
the Man.~«?l for more infonn.ation. Picase abro refer to 1he fol
lowing recommended practice for more iniormation. 

AP! 
Manual of Petroleum Measuremem Standnrds (llfPJ'~S) 

Chapter 4, "Pmving Syslt:.ms" 
Chapter 5, "Mctering·· 

RP 1621 Bulk ú.qu.id Sluck Control al Reu:ii OutJets 

6.3.4 Fleld of Appllcatlon 

The o.;ystems described in this secnon of Chapter 6 of lhe 
Manual are mcant·pnmarily for use m sm¡}ll-to-mediUm-c.a
pdcity ser vice :,rations. larg:e multipump stations. conve
mence srores. and truck stop::. or for u'e in relatively 
low-tlo\v Jircraft-and-m:uine-moror-fuel-dispensing sys
tems. Toa lt!sser extent, tlley can apply to fleet-fueling sys
tem~. although thesc are gcncrally out .... ídc thc jurisdict1on of 
the weighr.'i-and-mea"ure'i authnrir1e~ 

6.3.5 Dispensing Systems· 

6.3.5.1 BASIC DISPENSING SYSTEM 

A basic dispen.'ling system consists of a fue! reservoir. a 
pum p. a lllGICJ and rcgisrcr. provis1on for ;ur eliminatiou and 
thermal expan~ion. miscelb.neou\ valvt:'\ J.nd piping, anda 
d!scharg.e hose and nozzle. The system mayal so include 
other enhancements, such as leal< de;ection, vn.por recovcry. 
and .safety dev1cc~. 

6.3.5.2 TYPES OF DISPENSING SYSTEMS 

Thc two mo!>l common type1-o ut· Ú!~pen'l.ing sy1-otem.., .ar'C 
rhe submer;;Jble pump sy~lt"!ll Cvflt"u ,:alled" remote pump 
SJ'Sfem. a pressuri?ed cmmp system. ora submerged pump 

,,y ... rcm) and the self-contained pump systcm (ottcn called a 

sucrion-pwnp system ora sefj~Ct)/1/ained syytem) Both are 
wet hme !')''\tems that include an amidrain valve inside: the 
tlclivery ntrule LU prt:wnt the hü"l' from bt:ing druined when 
the systen, JS inoperative. Wnhou: the anudrain val ve, the 
meter could creep ahead hefore the next delivery. thereby 
overstaung the delivered vulumt:. 
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6.3.6 Submersible Pump System 

In a submcrsible pump 'iystcm. thc purnp is IO(.."ated ar the 
bonom of the fue! rcservoir, and il pushes the fuel under pres
sure through thc complete system. A single submersible'pump 
may . .;erve one or 'ieveral dispeming hose." s1multa.necusly. 

An important at.lv<1m.agt: uf Lhl!l ~y~t.em ¡, Lhal during uper

atjon, fueJ is under pressure and fittle possibility exists for 
the fuel to vaporize and have an adverse effecr on measure
mcm accuracy. Once thc pipmg systcm 1s purgcd. thc suh
merged pump cannot pump air into 1he .;;y,tem. A cht:ck 
valve at rhe pump discharge head prevemo; hac.kflow in the 
piping when lhe system is inope:rattve. [f backflow or emp
tyir:g doe!'i occur-ullowmg air to enter the pipt: connecting 
th< pump lo lhc pump di:;charge head-the .Ur will bo purgod 
from the pipC" when tht:: pump is acriviltrd for subsequent dis
pensmg and lhe pipe is repre,~urized with fuel. 

Since submersibie pump systcm~ are pn;s~uri.ted. a rncans 
fot detecting leaks in the piping is usu.:tlly provided. The 5ys
tems al.so induUe ;,m impact safety val ve beneath cac.:h di~

pemer to stop tb~ flow uf fuel if a di"pt:n!\er i.~o struclor 
d:~maged. Pressure from thermJ.J expan~don is relieved 

through n thennal relief. V<~ive in or near the check val ve in 
the pump Ji,charge head_ 

Figure 1 illuloolr.de.s a lypical suhmenihlc:: pulllp syste-.m. 

6.3.7 Self·Contained·Pump System 

A setf-comained-pump sys1~m is a dispensing sysrem 
whose d1spenser connuns the pump thm dmws its fue!. ln 
thi:::. systcm. fue! is tlrawn frum th~: fud rL·s~;rvoir up through 
piping tn thc pump within thc island dispcn:-o;cr. Prom that 

poi m on. Li)e pump pushes che fuel throug.h the b~lance of tht> 
system. In thts system-unlike a ..::ubmers1ble pump sys
tcm-no dt~pcnscr impa<.:t valvt' 1~ utdtzcd in ~ul'tiun piping 
$mee a h:-cak u.<mally tl:rmina[e~ !ucl tlow. Although sclf

<.:ontaint:d-puntp ~yo:;lem~ (1rt: le~~ ~,..u..;!Jy i11 c~:notin apphr.:.-t
tions. they tend to vaporize fue! a~ it is sucked upwards by 
the pump irom undergrounJ storagt'. 

Note C¡¡utwn lnLL"il be exert:b.~:J no1 w e:-.;· • ..:..:J lht: manuf:u:turt!'r\ fl:!'.'tlm
mendo!tions lor "e11ical hit and meral\ houwura!lenglll ot prp1n~ aUiing m
'>l..tHatwn anJ apphcatwn. Utherw1.,t:,1.1n Ppt:r.JIIonal pmbkm m¡¡;hl tollnw. 

In sdr-containe-d-pump "Y'lenh. air j, :.~llowet.! Lo enll::r rhe 

piping because lhe system's positivt: displa<.:cmcnt pumpc4in 

'· 
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Figure 1-Metering System Wrth Submersible Pump 
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effectively pump air. However. a foot valve on tbe suction 
pipe near the bouom of the fuel reservoir prevents backflow 
when the pump is deactivated. To remove air. the fuel is 
p~sed thruugh an e1ir d~min~:tlor, locateJ on the tli~harge 
side of the pump in the di~;penser The air eliminator a.llows 
;úr entramed in the fuel to settle out after passing from the 
high-pressure charnber lO thc low-prcs'\urc chambcrofthc 
eliminator. Once air is scparated frum the fuel. it is vented to 
che atmosphere. The vent must never be plugged or re
stricted. beca use if it is. a ir will enter the meter. 

Unlike submersible pump ~ystem~. whi<:h h~ve thennal 
relief for fuel expar.s1on built inw the pump head. self-con
tained-pump sysrems relieve into thc low-prc.ssure charnber 
of the air eliminator. The excess fluid 11:, fed back into the 
system when the pump b operated. 

Figun: 2 iJiustrates u typical self-conlained-pump system. 

6.3.8 · System Selection 

In adverse condmons scch as long underground lines. high 
vertical lift. rdatively high ambíem tcr.tperalures . .and high 
gt:ugraphlC ele\la{lom., :>iuhmersible pump "Y'i.tems have an 

o 

.~iíl p¡pe 

3 

advantage over self-contained-pump systems. These condi
tions may cause poor perfotmance in a self-contained-pump 
systcm. In addition. fucl V!lporization <.·ould cause thc meter 
of a self-contained-pump systcrn to behave crra.Iically. 

Self-contained-pump systems perfonn very well where 
lines are relatively short and buried tn a satisfactory depth, 
tcmpcmturc limit~ are not cxcccdcd, und barometric pressure 
is never low. 

6.3.9 Meter and Register 

6.3.9.1 METER 

Generally. melers used in service station dispensing sys
tems are oi the sealed pis ton type, which is accurate over a 
relattvely broad tlow rangc-typically 2-15 gallons pcr 
minute. The accuntcy requirement for a new lno¡¡,tallation is 
approxim~uely 0.25 percent. Strainers installed upstrcam of 
the meter should be cleaned periodical\y to protect the meter. 

The meter ls equipped with an adjustable cahbratiun 
mechanism for use when the meter is proved against a stan
d.1.fd le.st volume. Tampering with the calibration mechanism 

11 

~a~~~-~niiL~o~=~=~~-~c-,~~~~~~~ 

~ 
11 11 

11 
1 1 11 

11 
1 1 11 

11 
1 1 11 

11 
1 1 11 

11 
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Figure 2--Metering System Wilh Self..Contained ¡;>umps 
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4 CHAPiER 6--M~;;TERING ASSEMBUES 

is indicated by broken seals. The calibration mechanism must 
be sealed by authnriud wcights-and-mcJ.sures personnel. 

6.3.9.2 INDICATING REGISTER 

The register may he nf the mechnnic,~l type or the digital 
elecrronic type. In ::ither type. lhe- reg•ster compute-.s the toral 
sales by multiplying the posted price per gallon of the partic
ular fue! deliveted times the number ()f gallons (with any 
fraction thereof) of iuel dclivcrcd. 

The regiscer is mterlocked to the delivery hose to the ex
tent that u suh~equent del!very cannot lx made until Lhe reg
ister is reset to zero p:aJJons and zero dollan.. 

Registers should dtsplay buth the transaction gallonagc 
and thc totahzer reading of all g:allons dispcnscd through the 
regi~ter. All infonnntion di~pl.ayeU .-.hlmld be as detinec! by 
!\1ST Ha1dbook 44. 

6.3.10 lnstallation 

Undergruund piping assoctated \vith ~elf-conr.üncd-pump 
.)y~tc:ms should be kcpt as :::hort as po .... sihle nnd installed at 
J.ll appropriatc: depth to prcvcnr tX minimize fue! vJporiza
tion lJndergroumJ prudm:l t.tnb shnult':. he maintamcd m a 
~~l:un: environment; this can be dune by prov1ding facilines 
for lockwg or sealing the 1111 ri¡::>e cm·er. API Recommended 
P:·:..ctice 1615 n;cnmmcnds proccdmc-s tor the tnswllation of 
un¡lt;!rgmund g;..¡o:;oline fanks and pipmg at servicc sratiflns. 
1\uthorized wetghts-and-me<~sure!- r<:r,(lnnd mu.-.1 prt~v~ and 
S;; JI the meter~ m a ncw in~tallatwn bdore the dispem.ing 
s:-stcm can he pbced m service 

6.3.11 Meter Proving 

Motor fue\ di<>.pcn'>cr m.::tc~s me prmed on a reguh:t· bn..:;ts, 
gencrally annually. Provtng i.'- perfomted by authoritcd 
we¡g:Jtt,-and-me3~ure!) per~ormt:l h~ tli.-.pen:-.ing a discrt:t<". 
quantity-u~.;ually 5 gallon::.-inw a fit"'C test me:~sure. The 
qllantny imltc..:..ted on Lhc: dispen:::a re!!ISter must curnpan; 
w:Lh th;;- quantHy depositcd 1n tnc tL:.t me-asure w1th111 rhe 
de"l~natt:d roieranc~ lor the llow rat: l:sed. Acc~ptance col
e: am.:t.:s: m:.ty v:uy ~lightly an:ttng til~ vanous loc~tl approval 

Copyright hy the AMERICAN PETROLEUM INSTITUYE (API) 
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authoritie:,. (Refer to NIST Handbook 44 for na.Lionally s.pec
ificd tests and tolemnces.) A security ~al must be applied to 
the meter caübrator anda seal of :1pproval must be applied to 
the rh<>penser hcfo~ the dispenser is placed in custody-trdns- · 
fer scrvice. 

6.3.12 Maintenance 

Line filters ami strainer<.:. muse he cleaned or replacet.l f~
qucntly to prev_ent unnecessary tlow ~strictionc; ancl. ro pro
lect thc meter. 

Flow non.le" must he testcd penodically to determine 
whether :.mtidraln valve:.-. ~uecessfully Jetain pmduct in the 
wel hnse. 

Delivery hoses and relr3clion me¡:h;.mi~m~ must be exam
ined to cnsurc thal thcy an! in guod condtt1on nnd fum .. 1ion
mg pmperly. 

Periodtc inventory reconci liaLi(1n .... noukJ be pt":l formr.d by 
checkin~ whether computed sales totah. balance agaim.t ex
istmg mventory plu!:i thc actual pr .. )duct dellvered. 

CAUT!ON: Care must be w.h:n to ensun: that a.\1 equJpment 
compon~nts (gaskets. seals. vnl\'e trim. hoscs, and the like) 
and construction matena!s are C(J111pJtlblc with today's prod
uct additive-~. D:tygt:naLe.-.. anU ocLaHl': improverc;. 

6.3.13 Additional Considerations 

Recemly, increaseU public '-~(Hu..~ern for protcctron of the 
environment has generated nc\v k)!blmion and code l'egula
tions that rcquirc thc follow1 ng: 

a. Corrosion protect10n for L'xpo..,cJ underground metallic 
comp~..m~nts. 

h. T.111k ovctfill prote:ctton. 
c. Tank. till containmcnt. 
J. Uml~r~round monttorir.g ro det~.:t possible ~pi lis or leaks. 
e. Vupo1 recov~ry. 

Sorne jurisdictions ha ve gone even funher and nuw n:
qlllre secondary contatnment of Lhe underground pomons 
ot a dtspcn!'ing system. For further informutiun. scc API 
Recnmmended Practtce 16L5. 
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Chapter 6-Metering Assemblíes 

SECTION S-PIPELINE METERING SYSTEMS 

6.6.1 lntroduction 

The three principal characteristics of a pipeline that affect 
thc sclcclion of the type of mensurcment cquipment be.st 
suitcd to it are: 

a. Thc high fixed cost, which make5 continuous operation 
desirablc, 
b. The capa.city, which implie.s largc volumc." and high ratcs. 
c. The need for cfticicnt operation ru1d maximum accura~,;y 
in measudng the throughput of the system. 

The ndvatllages uf dymunü: measmement (me(ering) over 
static measurement (gnuging) for pipeline oil movcment.s are 
providcd in Cbapter 5.L 

Thit; chaptcr deal.s. wlth liquid hydrocarbons (crude oils. 
cnndensntes, rcfincd products, and hydrocarbon mixtures). 
Two-phase fl11id~ ure nul im.:luded. 

Indivlduals concerncd with installing mcasurementequip
mcnt for hquid hydrocarbons of high vapor ptessures, such 
as ethane-prupiin~ mixes, propylenes, and so on, may find this 
chaprer u¡;eful; howcvcr, spccialHddiuonal precnutions may 
be requlred. 

6.6.2 Scope 

This chapte1 provides guiddin~~ for belcccing thetype and 
size cf meter(s) to be used to meüsure pipeline movemcnts. 
Typcs of nccessories and instruments that may be desírable 
are spedfied, nud lhe rdaLive advcmlligc.s and disadvantages 
of thc mcthods of proving m~ters hy rnnk pro ver, by conven
tional pipe prover, by small ''olume ptover, and by mafller 
meter are discussed. This chapter also includes discussíons 
on obtaining thc bes( operaüng results fr·Jm a pipeline-meter 
station. 

6.6.3 Field of Application 

Thc information provided in thb chaptcr may be app1ied 
to the following systems: 

o. Gathering systems from pwducLiun fw.;ililies to a main 
cmde oil storagc o: pipeline system. 
b. Crnde oil pipelines. 
c. Rcfiued protluct pipelint:h. 
d. Liquofied pelroleurn ga:; <;LPG) pipeline~. 

6.6.4 Referenced Publlcations 

Many of the a~pects of thc meterin& functions ure con
sidcred atlength in olhe.r parls oflhis manuaL Please refer 10 
the following chapters for more information. 
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API 
Munual lJf Petroleum Measuremem Standards 

Chapter 4--"Proving Systcms" 
Chapter4.3, "Sma\1-Volume Pruvcrs" 
Chapter 5-"Metering" 
Chapter 5.1, .. General Considerations for 
Mea~uremc.nt by Jv·Ieten;'' 
Chapter 5.2, "Mensurcmcnt of J .iquid 
Hydtocatbons by Displacemenl Meter" 
Chapter 5.3, "Measurement of Liquid 
Hydrocarbons by Tlu-bine Metc:rs" 
Chapter 5.4, "Accessory Equipnu:nl for LiC.J
uidMeters" 
Chapter 5.5, ~'Pidelity und Secudty of Flow 
Measurement Pulsed-Data Transmission 
Systcms" 
Chapter ~-"Sampling" 
Chapter 12.2, "Caículation of Liquid 
Peh"oleum Quanhties Measured by Tmbine 
or Di¡;phu.:c:ment fvíctcrs ·• 
Chapter 13.2, "Statistical Evtüuation of 
Meter Proviog Daca" (under development) 

6.6.5 Meter Station Design 

As defined in this publication, a mete1ing station on a 
pipeline system i~ one where custur.ly transfer measurement 
takes place through one or mnrc mctcrs. Whcn a pipclinc
metering systcm is desip,ned, the ubjecli ve is to ubtuin op
timum measurement accuracy for cusrody trnnsfers 
rcgArdlcss ofthe volumehandled. The measurementaccuracy 
of the systcm depends onmelt:r~. provt:rh, val ves, ami other 
equipment selccted for thnt mensurement system. 

Othcr considerations fur a m~::tc:r .slalion d~ign inc:lude 
providing for future expnnsion and upgmcles, nccessihility of 
the eqL11pmentfor maintenance, and accuracy verification. 

Chaptets 'l an~ 5 of this manual should be consuHed for 
fm1hcr rcquircments cornmon to all proving and mctering 
systelllb. 

6.6.5.1 METER SELECTION 

¡\hhough displacement meten; (see Chaptcr 5.2) and tur
bine meter~' (see Chapter 5.3) ill:e rhe rnost commonly used 
meten; in pipeline applications, other type~ of meters am not 
excluded if they serve thc mtcndc~cl putposc. 

Meter selection is Uiscussed in Chapter 5, l. ln general, 
turbine meters are prefen·cd fo: h.igh-flow ratc and low
viscosity apphcations. ln higlt-pressure applications, capital 



API MPMS*b·b ~1 .. 0732290 009b233 2 .. 

2 CHAPT~ 8-MEll!RfNG AssEMBUES 

and ingtallation costsofturhinc meters may be Jess. However, 
in ctude oil service viscosity, wax contcnt or the p.resence oí 
fibrous material may limit the lU:ie uf turbinc meters. \Vhen 
thc rclDtive merits of displacement and turhine mctcrs are 
evaluated, both maintenunc.a and opcrating crn:;ts ~;hould bt: 
considcrcd. Maintcmmce costs for di."placement meters may 
be signit1cant whcn Jiquids with poor lubricity or abrasive 
cbarwteristics are handled. 1\1rbine meter maintenmu.:e cosu; 
&e usually low, but mainlen<~nce of ndcquate back-pressure 
to ensure nccuracy may 1esult in higher puwcr co.st~. 

lJetOie sdecting a meter, the designer must know or h:lVe 
a goud ei.>limate of the following: 

n. The rnnge nf phy~ical nnd chemJcal ch<tracteristics of thc 
liquid in: 

l. Viscosity, lubricity, unU puur-poinl 
2. Dcnsiry (API grnvity). 
3. Cormsive, abrasive, fibrous, wa..;. or other foreign 
material. 
¿ Vapor pressure. 

b. The range of flow rates and pt-=ssut e~. 
c. Thernnge ofliquíd tempernrureand 2.mbienttemperutures 
that wtll b:: encountered .. 
d. Thc duration of operation (continuous or interminent). 
e. The Jocauon of the meter station and whcther its control 
i3 to be Jocnl or remete, nttended or unuttended. 

6.6.5.1.1 Vlscosity 

The Jinearity ot' :1. displaccmcnt meter improves as the 
viscosüy of rhe fluid bcing mt:lt:rt:d im.:n:~~t'~. Thio irnprovt:
r.Icnt is n rcsult of dccrcascd .-.llppngc in the meter. (See 
Chapler 5.2.) 

Tnrbinc meters gene¡alJy p~tform with ,J broader line:tr 
range !n lllwer viscu.-;ities. (See Cllapte¡ 53.) 

Tmbjnc mcters would normally be selected for use with 
low-vis.co¡:¡ity 1efined produc~. su~:h as r:ropane. gasolí:le, 
Lliesel oil, nnd so on. b?ccmsc of then· hmgcr scrvice Ji fe, 
@l'earci rangcability. WIJ t:quul u:- ht'tlt!r accm·acy than a 
di~placement meter on these types uf pn.:ducrs. (See Chaprer 
5.1.) 

6.6.5.1.2 Density 

Thc rating of a cJisplacement mer~r is generally n.Jt af
fech':C by the density of thc liqu¡d thnt :L must mensure. In 
installations wbere tmbine mete~ are used, the linear range 
of thc meter tends to sh1ft with density. (Se e Chapter 5.3.) In 
gener,11, a turbme merc.r's normal fiow nmg~ "hift.'i ro tt higher 
range as density decreases. ConvcrM.:ly, fur h1gher deusiLy 
iiquids, thc prcssurc drop acros~:~ the mete:- increases more 
rapidly as flow rate mcreases. 
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6.6.5.1.3 Corrosiva, Abrasive, and Foreign 
Materials 

Abras.ive. solids. acid or alkalmc chcmicals, and sorne salts 
an: lypical fureign rnalerials in a petroleum liquid that can 
hHrm n meter rmd it~ opernrion. lf displncement mete~ are 
intended for use wilh liquids contaln.ing relatively large 
nmounts of ab1 tlsive or corrosive matcrials, thc manufacturer 
should be consulted about thc materials used for meter 
constmction. 

In genernl, a limited amount oi fine abr11sivcs and cor
rosive contaminants have lcss t:fi't:L:l on lht: lift: 1:1ml perfor
mance of n turbinc meter becuuse solids in suspension 
continue to llow unintem.Jpted through the meter. Corrosive 
contanúna.tlts do not aff"ect to nny milrked degree. cypical 
stainless steel turbine meters. On thc. nthcr hand, riisplacc
ment meters art: mor~ ufft:ckd by íint: aUmsives because of 
thc closc clcnranccs of the moving pnrts ond because the 
Mandard m.H~rials of construcuon can be affected by reactive 
chemic:ils. Conversdy, fibruu:; rnaleri:.lls, wccds. and wax, 
whtch are somctimc~ present in crude oils, huve litrle effect 
on dispJacement meters. However, thew t:<.mtaminants tend 
to become lodgcd on rotor bl<H.lt:s ami :,traightening sections 
of turbine. meters and affect theu· operntton. 

6.6.5.1.4 Vapor Pressure 

The vapor pre.ssure cf thc l.iquid ro b: mctered is a factot 
in determining thc pressure rnting requued for the meter und 
thc: meter mamfold. Vapor prcssmc also has n bcr~ring on tl1c 
type of pressure control e4lllpmcnt .mc.l v~lvcs nt'cút:U lo 
muinwin a liquid phil~e anc1 accurnte measurement. 

6.5.5.1.5 Flow Rate 

Thc selected meters sh.:11l h;)ve [he cnpacity to i1;mdle thc 
minirnurn am1 ma.,iJnum cxpcctcd pipeJin: t1ow tate. Dis
placement m~tl!rs nre normally selecred forcontinuom; opera
ti(m at ahon~ 75 pcrccnt of th= manufaclurcr' ~ nameplate 
capucuy, 1f the liquici has reasonable J.ubricity. Tbe capacity 
of di.spbccmcnt mctcrs is rcduced 111 a:-. low as 40 percent of 
nameplate capacity for liqmds with pooJr lubricity, such as 
butant: or prupane. Turbine metets m11y be. npcrutcd at full 
nameplatc <.,apacity and Ocyond. hllt hecause pre~.c;ure drop 
increa~es witil fluw nm:, puwt:r l'U~(~ may b~ d faclOl in 
choos.ing thc mn~t smtnble size of meter. 

Optimum :Jccuracy rnay requirc displaccmcnt mcters to be 
opcrated at r.:\tes r~bove 20 percent of maximum nameplatc 
capacity. Turbmc meters, clepencting on flUid characterist1cs, 
rnay rcquhc ope.ration al rates above 40 percen( ot max:i.mum 
nameplace c::1pacity for optlmum ac¡;ur;J.<.:y. 

6.6.5.1.6 Temperatu re 

When pipelines genéraUy opcmtc in modcra.re nmhient 
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temperature ranges, special ternperatun~ consiUerations in 
meter selection or inRtnllntion nre seldom nece.c;snry. How
cvcrl if abnormal tempcratures are anticipatcd, such as high 
tcmperatures that may be required for handling high pour
point liquids, consultation with meter manufacturen; m ay he 
requked beforc meter sclcction. In addition. handüug of hot 
hydrocarbon liquids may require insulotion, heat tracing, or 
both, of meter manifolding tmd exposcd sections of thc tank 
or Unes fecding thc meters. 

Tn cold climates, it may he nece.<:sary to protect a meter's 
auxiliary equipntent(such asct1unter~ illld printers) by install
ing a heated shelter over the meter to prevent failme of the 
auxiliary cquil_)ment. This precaution becomes more critica! 
when electro ni e equipment ís used. Changes in the tempera
lure of a hydmcarhnn liquid cause changes in it.~ visco,qity. T n 
turn, this change results in a shift of meter factor anU a 
pm;sihle ~hift in normnJ operaring rnnge. 

6.6.5.1.7 Continuous or lntermittent Service 

Both Uisplacement and turbine. meters nre designed for 
either continuou.s or intemnttent service. llowever, for con
tinuous operation, sorne arrangement must be provided for 
stnndby mctcrhlg cr Altcm?.tc mcthncts of mcAsurcmcnt to 
cope with normal meter m1:1intenance, ~craper rw1s, or equip· 
ment trouble. (See 6.6.5.2.) · 

6.6.5.1.8 Location 

Displacement mete1s with mechanical registers are well 
suited to srnall capacity sysl.Cms and remate locations. They 
do not necesswily require uninterrupted electric power and 
electronic equipment to provide a readout of quantity 
mcasurcd HS tnrbinc mctcrs do. 

6.6.5.2 METER SIZING 

6.6.5.2.1 Goneral Conslderatlons 

In new meter stations. the system rl13Y be more fl~xible 
<1nd less costly if a billlkofmeters in parallel is installed rather 
than a single large mete1 and a single large prover. If an 
existing prever is to be used, then thc new meters selected 
.should be comp.:1tible with the. exis~ing prever. ~eeChaptcr4 
for size limitntions of provers. 

6.6.5.2.2 Sizing Displacement Meters 

If a new measuremenL sy&lem b Lo b~ ín:;lalled, tht= :üz~ of 
the displncement meten~ (see Chnpter 5.2) may he dccidcd by 
us.ing thc follmv..ing steps: 

a. Determine the maximumand min..imummeterstation flow 
rates expected. 
b. If pipeline flow cannot be interrupted, provide a spare 
meter mn so thAt mcas\•rcmcm may continue at lhe normal 
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nHe ifthe piiimiiY metttr faill:j·. -· ... , 
c. Size ench di.~plncement meter for nmmnl opcration nt 75 
percent of its nlaximum namepl~te capacity. 

In mosteases when a tauk:prover ís to be used, aminimum 
of two meters in parollel will be required bccause flow from 
the meter to be proved has to be stopped immediately before 
rutd after proving. It may not be prnctical lO interrupL the 
pipeline flow to achieve lhíf' requirement exc:ept in cn~e.~ of 
siUall lease automatic custody traosfer (LAC'TI gathering 
systcms. · 

Final seleclion depends on the performance desired. the 
space avaiiablc. nnd the síze and co.st (capítul and operating) 
oftl1e meters, prover, as.~;;ociated val ves. pipiug, aud auxiliary 
equipment. 

6.6.5.2.3 Sizing Turblne Meters 

Sizing. a turbine meter reqmres more detailed considera
tions than that for a dispiacement meter because turbine meter 
pe.rfom1ance is more likely to be affected by liquid'density 
and vtscosity. (Se!! Cl1apter 5.3.) Turbine meters tend to be 
chosen formeterstntions thnt nre opernted nt higher flow rntes 
and lower viscosities. 

Fibrous and foreign Imth:riallt:;m.b Lo gt:l caughl on turbine 
m~ters in service. It is, therefore, desirnble to hnve n spare 
meter that can be rotated with the. operating meter to allow 
[or disengaging und nu~hing away íibruub and f~rdgn 
material befare the meter is returned to .service. When flow 
cannot be intcn-upted, it is desilable to ha ve an alterna te meter 
run so that the contarninated meter can be removed. in
spcctcd, and cleaned. In crude oil service and when permis
sible, it may be deslrable (O have a back-flnsbing system that. 
permits reverse fiow for a short period to remove material 
trapped on thc turbine bJades. 

Vlhen the size and number of mea::rs needed to meet the 
required stntion flow rateare determined, lhe viscosity and 
dcn~iry must be considcrccL As viscosity iucrcnscs, thc range 
of flow over which the mete1 's hncarity is a.cceptable 
decre~ses; therefore, greater meter capacity may be required 
to satisfy a given flow cate. As the density of a liquid 
o~crea!:il!~. the entire linear ponion of the performance curve 
movc.~ towarrl thc highcr flow rfltcs; that is, a liquid with a 
density of around 0.5 may efiectively have t:he meter over
ranged by a factor of I .5 time-S its maximum nameplate 
capacity with no appreciable U1cre-ase in pressure loss. 

llecause the performance of turbine meters tends to im
provc: wilh inc.;rcased ~ize, cuution.'>hould be exercised befare 
smaller size~ me ~elected, e."pecwlly for crudc oil scrvicc. 
Titus, a simple formula to detennine the number of mcters 
rcquired for u specific application cannot be given. Manufac· 
turers should be consulted for patticular applications. 
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-6.6.5.3 INSmUMENTATION ANO ACCESSORIES 

Accessory equipment and instrumentation for meten; are 
discussed in Chapter 5.4. Accessorie.'i widely u~ed in pipeline 
mete:r st¡;tticns include those described in 6.6.5.3.1 Lhroug:h 
6.6.5.3.9. 

6.6.5.3.1 Strainers and Filters 

Straíners and filten; incorporated into pipc.line-metering 
stations should not be used to clenn the strcnm for quality 
improvement. They should be used only to remove ~olids that 
might ctherwise damage a meter o::- cr~te uncertainty of 
mcasurcmcnt. 

Meters can be protected individually oras H bunk. Wíth 
displac-ement meters, the strainer c:.m he installed lmmerli
ately upstream from the meter. (See Chapter 5.2.) With tur
bine mccers. the problem of liquid swirl has w be considered. 
A pipeline-meter station and a filter or strainer should be 
placed well upstream from the mtm:r run. (St:t: Chapter 5.3.) 

StraitlCrs uscd in crudc oil serv.ice should be equipped with 
a cuars¡j basket (usually fuur rnt!Sh i.s .sufiid~nt) lo pruL&:llhe 
mctcr-stmightcning vnncnnd provcrfmm damugc hy forcign 
materi<:l other than sediment nnd water. 'l'he use ot too fine a 
mesh often defe¿:¡ts the purpose of thc straincr bccausc thc 
possible Hccelerated ¡:¡ccumulation of trao;;.h m ay create ex e es
si ve pressurc dtop acJoss the strúner. 'l'hi~ cauld leOO to 
rupture of the basket orto vaporization of ttJe liquid. Either 
ofthe~e. events affect rneaslrrernent accurncy, Thcrcforc, it is 
usunHy desimble tu monitor !he pressun:· Jiffert>nti:.!l a~rms a 
basket with au nlnrm systcm or othcr suitablc mcnns. 

6.6.5.3.2 Water Separators nnd Water Monitors 

\Vater separators <\nd water monitor;;; tt:-e generally con
fined to uses in cruJe uil g:athering and c:mcwll1ueling sys~ 
tem~. Mnnitms nre.~omerimes u sed nt initiaring mererstations 
o:· a pipdinc when suction is takcn trom crude oil or jet fue! 
storn.ge tanks and whcn it is pmc(ical to prt>ve:u '"''ater frol'f1. 
ente.ring !he system. 

lo gathering systems. a water mouilur is in:>talled upslream 
fmm th: meter ro su:;pend shipments to thc pi~lim: aulOmu:
icnlly if the wate; content eXceeds ·J. pre~set value. This 
moniwr may be us~J to prevent wate:· from cntering the 
ptpeline o:- its storagc sysrem 

6.6.5.3.3 Back-Pressure Valves 

A ba~.:k-pressuJe vnlvcshall be insttllled down!:.trcam from 
the meter sta.tion if the line reststance downstream is insuff¡
cit:nl to maintain pressme on the sysr~:n consJstcntly high 
enough to pJevent vap01 ization at al! opcrating condition-;. In 
nll syst~rns, odequate bnck-pressure must te mnimained lo 
ensure nccurate meas'Jrement. Fo: turbine met~rs, the mini
mmn back-pressure shuuld be appwximdtdy twic~ tht:: p11:.0-
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sure drop ncro;;." the meter ot mnximum flow rate plu,c; 1.25 
times the absolute vapor preSS.lJre of the Hquid at maximum 
operating temperature. (See Chapter 5.3. 7.3.8.) 

These approximate rules vary witn the appltcation. For 
f}Xatnple, turbine meters generally require more back-pres
sure than an eqnivalent displacement meter (in nameplate 
capacity) bt:<.:uuse ur the;: lurbine meter·~ nuwpath. whk:h 
accelerate.'i- the veloc1ty and thus reduces ~ratic prcssure thnt 
<.:an Cdu~~ vapurizalion or gato.telease <J.nd ~ubsl!lfltt:nl cavitu
tion. Althougl: b:J.ck-pressure i:; a critical requirement for 
mea~un:ment, excessive back-pressure muy rcsult in exc:e!lo
tdvc po\\'crcusts. Aback-pres~ure val ve shuulU beof fail-sa.fe 
design. lt shoutd resist flow a~ pressure decae.ase.o;;. and open 
as liquid pressure incn~ascs. A flow control val ve may double 
as !l hnck-pressure va\ve when it is placed down:qtream oFthe 
meter. 

6.6.5.3.4 Flow Control Valves 

lf thc llow ratc nccds to he limitcd through a pipclinc
meLet station, Lile manually or automatK'aily operated oonlrol 
vnlve, should be installed downstrearu trom the meter so thnt 
vapor breakout occutTing in the val ve does not aftCct·meas
urcmcnt. How('vcr, such an armngement may imply that thc 
prcs~urc in 11nrl tJrotmd thc meter munifnlrl would rcqmrc. 
pressure ratings to be one or more Jevels higher. Ln. Ute case 
oJ displacemenr melers. lhis situation would considerably 
increase the cost of the metús, filter.o;;.. strmners, and other · 
acct.:i.suries u~eu wilh lhem. In Lhe case uf Lurbine meLers, t!u:~ 
added co::;t for n higher pressure ratmg mny be lowe1, but the 
cost af accessorie.-. may still be a factor. 

If. for rea!'lons of cost, the flow control val ve needs to be 
mst:illed upstream from the meter, m.c.;,t~ilation should he ac.;. 
far upMrearn ~~ practical. In Lh~ ca:-e.: uf u lurbint: m~ler, 
installation of the control vnlve should be m Ieust 50 pipe 
diameters upstrcam from the meter. Ifth~ action oflhe control 
V<live causes vapor break.out. the vapor ¡uust be removedfrom 
the stream before it reacheo; the meter. lnst<lllation of a hack
ptessure vnlve downstremu trom the metet may still be re
quired to mninwin pl"essute on the metet. <See 6.6.5.3.3.) 

6.6.5.3.5 Alr Removers 

Aír removc1s (air climinutors} ~:>hould bu installcd 
upc.;.trL:.R.m from 1hc meter if n.ir or vnpor~ rnight cntcr the 
metered stteam und udversely aftectmeasurement. However, 
m most lnstalbtwns, the entmnce of air may be more practi
cally prcventcd by automatic air-sensing sllut-off systems 
th<tll by rernuving lhe air OllCt'! il haf.: t!lllered lhe ilOWing 
~tream. This is particularly true of crude oil ¡:;ervice. 

A ir remover.'. opera te by reducting stream velocity through 
an expansion of cross section. This principie allows entrained 
lighter gases to escape upwards 1f thc viscosity of thc liquid 
.i~ nut tuo gn:at Lo dday ur haltlhrv prui.:t!~!lo. A ~t:rí~~ uf buffleb 
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assists in the separation. A/;j uir, gas, or vapor accumulntes, a 
float val ve opens and nllows e.qcnpc. 

rn a pipeline-meter station. íf a high vac.:uum (negative 
head) could possibly exist, a check val ve .<hould be installcd 
in vent Hnes to prevent air being drawn ínto the air r~moyer. 
lt is also ndvil:iable in pipeline-meter stations to instnll onc: or 
more vent valves nt high points in the station manifolding. 
This -precn.utio!l allows the airto be bled off aflermaintcmmce 
or drain-downs. 

6.6.5.3.6 Flow Conditionlng 

Pipeline-meter stations tbat uc;e turhine mctcrs shall have 
a flow-conditiorúngsection installed upstremn ami a rt:covery 
section inslalled downstrearn of each meter. SeeChapter 5.3 
for a full description ofthc ammgcment and the details ofthe 
effect of piping configuratrons on swlri. Flow condilloning is 
not usually required in instnllations where dü;plncement 
mctcrs are used. 

6.6.5.3.7 Dlsplacement Meter Counters 

Frcqucnrly, a .smllll-numeral, mechanical, nou.resettable 
totalizer counter thaL rt:gistt:rs in whole. approprja.te unit.s is 
used ou displacement p1etet$ ro indicutc mc1crcd lhroughout. 
J n cdrlition to the non-resettablc totalizer, a mechanical, Le¡_.oel
lable, large-numeral counter that registers in ti·actions of n 
unit (that is, n cubic meter or han·ef) for use when pmving iuto 
tank-type pro ven; may be includeU on lhe meter. The smallest 
fmctiunal increment co be .displayed on thc largc-numeral 
counter depends on thc size ofprovrr u sed. 

Large-numeral, resettable counters may be used wherever 
they offer nn ndvnntagc, provided that indtcated volumes of 
oil measurcd are read ftom the non-resr:ttable counter. Large
nu•neral cuunters rnay be fittcd with í1 monitor~witch that c~n 
be used to pul.<; e a remate register or to áerect meter fuilure. 
This switch shoult.l be opetated by the non-resettabiecounte.r. 
Thls fcature can be vnlullblc at unauen(led stRiions. 

A high-resolution pulse lnmsmiHer ~md high-rcsolution 
proving coumer are required whcn proving a displacement 
meter with a ptpe prover. (S ce Chapter 4 for details.) 

6.6.5.3.8 Turbine Meter Counters 

Turbine meters gencrally are connccted to one nun
rcsettable totalizt::rcuunterthat rcads in whole unit!-1 per meter 
nnd tho.t indicatcs the metered throughput. Addttional 
countcrs, such as ptovcr or uelcounlt::rt~, rnay be added as the 
net::U i.ir.llies witliout affccting meter performance. A discrete 
high-resolution pulse·proving counter that is gatcd by the 
provcr's derector switcbes is required for proving a turbine 
meter. (See Chnpter :5.4 f01 infonna1ion on counters and . 
Chapter 5.5 for infomtation on electrunit: pul8e transmission 
systems.) 

Cop~rtght b~ the AMERICAN PETROLEUM INSTITUTE <API) 
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6.6.5.3.9 Ticket Printers 

Ticket prlntel'B nrc discussed in detail in Chapter 5.4. 
Mechanical and electrical primer-'> ar~ lhe two most common 
type!'. 

Mcch...1nical printers are generally used with dísplacemenl 
---meters bt!cause they can be coupled directly to the meter's 

output shaft ond do not rcquirc an extemal powcr source. A 
mechanical printer can also be used wilh a lUrbine meter, but 
in lhib arrangement, pulses genl!f:Ued by the meter drivc a 
stepper mntnr which, in mm, dnves the register and printcr. 
(See Chnpter 5.4.) 

Electrical or clcclrical-meclmnical printers C3ll be used 
with either typc ot meter, bul they require an electric signal, 
gcnerated by th.e meter, to be electricnlly cotlpled to the 

.Printer. F.lcctricRl printers are generally suited to turbine 
- meters which dircctly generate electric signals. They are nl.so 

used for tota!izing n numbcr of rneters or for remoto readout. 
Although an extemal power source is reyuircd, electrical 
printen; have the advantage of minimi7ing torquc on the 
meter outpnt. (Sce Chapter 5.4 for a further description.) Dual 
1eglsters amJ printers can be used to facilitate swings from 
batcb to batch either manually or automatically. ~ultiple 
meter~pulse combinators, temperature-compensa(ing;bquip· 
ment, w1<l similar d~vk:es are discussed in Chapter 5.4. Spe
cial attention must he given to thc insfallation of electronic 
systems to ensu1e that exllanetlus pub-es are not registercd. 
Shielded conductors, proper gmunding of cquipment, and 
shielding are cssential. (See Chapter S.S.) ,, 

.6.6.5.4 SAMPLING 

Because pipeline moventents m·e mensurccl in batches or 
tenders that mny diffcr appreciably in liquid properties (vis
cosity aud deusiLy). lhe ;strcam interfaces must be sampled to 
segregare batches for meter proving anrl to assign meter 
fActor.~ (1) be applied to each bah..· h. Other aspecls of ~;ampling 
(tor example. U~tcnnining cmde oil quality) rhat requirc 
representative samples be taken by proportional sampling 
techniques are discussell in Ch<tplcr S. 

6.6.5.5 PROVJ!'IG 

A pipeline~ meter statiou sb.."\U httve either a fixed prover, 
connections t'or a portable prowr. or master-meter proving. 
Chapter 4 should be consulte<l hcforc the proving arrange
mcnts for tt station are designed. The four standard methuds 
of pruving by conventional pipe prever, small-volumc 
prover, tilnk provcr, or ma.~ter-mC'tcr prover are described in 
Chapter 4. SeC Chapter 12.2 fur ¡j_n ex.planation of the stand
ard methods of calculating petrolc.um quantities ~nd deter· 
mining meter factors. The dccisions reached as a result of 
design Jdiberutions in 6.6.5.1 and 6.6.5.2 wiU largely deter
mine the selcction of the mn<>l suitable meter-proving 
systems. 

.,¡ 
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6.6.5.5.1 Tank Provers 

Tank provers have a capiml cost advantage ovcr pipt: 
provers in fixxd in~lallations. In small-capacity or remate 
pipeline-meter lncntioM without electric power, tank provers 
can be useU fur uccw·ate proving. of displacemcnt meters. The 
tnnk provcr Í8 not l'Cadily adnpted to automation or remote 
control. Tank provers have the d1sadvantage of requiring twc 
or three tnnk fillings per meter pruof. which huve to be 
retLtrned to a line under pressurc Reproducible drllinage nf 
prover tank walh; is a.lso criti¡;ul. Thi~ fealUre is a fm1he1· 
clisadvantagc of tank provers ove1 pipe provees und master 
mete1s. 

Tank prove1s ar!! nul suitabk (Q¡ hig!l-vapór pressul"e 
products beca use thc productrnny be losthy evnporation from 
an open-tank prover during the prover uperalion. T;:¡nk 
provcrs muy not he suitable for viscous liquids that may not 
completely drain from the inner surfaces nf the tnnk prover 
during drain-down between proving runs. 

6.6.5.5.2 Conventional Pipe Provers 

Convcntionnl pipe provc:rs are readiiy ftdartcd to antomat
ion and remote control and are cnpnble uf Í41st, easy, and 
reproducible proving in cithcr 1i flxc·d o:- pr~rt!l.hle armnge
ment. Convcntional p1pe provers are re1atively expen~ivc. btlt 
if used by a number of small stntions in the porwbk ur mubik 
mode, thcircapital co:st can be clisbursed ac:ordmgly.Tn mo~t 
lnrge or new stations, conventiunal pipr: pruver::. have ad
vantages o ver orher methods. 

A portable pipe ¡-nuvercan be equipped wilh Its own powc:r 
sup!)ly. making it usablc uta meter ::>tu:iun wlil!re power is not 
avaiJab\c. 

6.6.5.5.3 Smaii-Volume Provers 

Small-volume pro\'ers shlre the advanta¡;es of l'unvt:n
tional pipe provcrs tl.nrl, bcing smnll. are well ndapted to 
ponable npplicntions. (See Chapter 4.3 for detml.s.) 

6.6.5.5.4 Master-Meter Provers 

Masr~r-mctcr proving l'l u"ed when orher ¡no\·er mcthuds 
are not pmctical. lt is somet1me." u sed as a bac:\.up LO the omer 
provbg sys.tems, :md with small d:.anges to the statron 
m;¡nifold. ü can be ltpplied lo «ny exi.st:ng s~:J.tjon. A master 
m<:'tr.:r ~..:an be ust'd in conjunction with a mohiie pipe or tun.k 
pro ver to prove opemting meter:s ~t any stalicn. 

6.6.5.6 TYPICAL PIPELINE-METER STATION 
LAYOUTS 

Figure 1 shows a schematic d1agram of a typical di~plaL·e
mcnt meter install<lÜOn. Flgure 2 shows f\ typicul turhine 
meter instnllation. The expected measurement conditions of 
eoch in.:;rnllation dictatc what opuons me nece..c;;sary; not all 

Cop~right b~ the AMERICAH PETROLEUM IHSTITUTE (Afl) 
tue Oct 29 22:Bt.S4 1996 

options shown in the schematic.'í m ay he required, nnd options 
not shown may still be rt:Y,uircd. 

6.6.6 Meter Station Operatlon 

Thh publicatjon IS intcndcd to d.SSist thc dcsigncr of a 
pipeline-meter stntion to select and install the equipment 
appropriate to the oeed.h of its pmposed opcrHtion. Chnptcrs 
·1 and 5 contain much infomtation tlmt applics to pipeline
meter station dcsígn, ~elect.ion, nnd installation. and these 
chapters also r.:ontuin mosl of the infounation affecting their 
opcration and mnintenance. 

The opcrator of a pipeJine-meler st:Hton, thcrcfore, know
mg the typt:: llf liquids in volved. tite type and size of metcrs 
ancl proving sy:::tems pmvi ded, and thc muge of values of the 
principal variablo--raLe. viscosity, tempcrature pressure, and 
densiLy-!ihould revícw those parts of Chapter 5 that deal 
with meterper:'onnance, operation, and rmuntcnancc, hcnring 
in mind the consilkraliuno c.le:;cribed in 0.6.7. 

6.6. 7 Meter Performance 

Meler pcrformam:c i~ a genera! cxprcss1011 and i& u::~ed to 
indicate how satisfactorily a meterl:a.nl·onlinuously measure 
the acwa1 vol mue ofliquid pnsqing through lt.lt is most often 
showu as a chamcteristic or performance curve, which is n 
plot of meter factor vcrsu~ rut~. Bet.:.Jll~t= .t Jl)eler factor is 
applicd te the mdic(1ted volume in alJ pipclinc-mctenng sys
tem~ involving liquid hyUrucarbun::., the u.sefulness of the 
chnracteristic curve Iic.;; in its ahility to show by how mucha 
meter factor will change with a givc.n ch<tnge in rate. In
dividual curves shuu1d be m<~.de for each pLOduct or grad~ of 
cnuJ.c oiL 

Meter performance r.:::m abu be plotted as meter factor 
vcrsm; ;_my opcrating pnramerer. thal ís, viscosity. rempera
tmc. a.nd so t(n th. Howevcr. when the liqlud propertics 
change ~;¡gnifu.:~nlly (for example. when a new batch or 
tender is to he measured), a new meter factor should be 
u~..,.·eloped by re-proving. 1l1e most common prt".sC"ntation of 
me:er perfnnnímcc is a plot of meter factor vt:r.'!uS rate at 
stable op~rating conditions. Meter rnwing should be done 
frequcntly if max.imum m:cutacy is es.se-ntial. 

6.6.7.1 NET STANDARD VOLUMES 

Thc ClJStody trnn.,.fer measurcment of hydrocarJ:"Ion liquids 
is pcrfonned to obtDiu a quantity definition that b the hasis 
fw commercial transactions. ThiF. qllnntity is mosl oflen 
expres,.ed as!'. nctstand1:1rd volume. Net <;IHndard vol u mes lUe 
volumes l:Un~r.:lt:d for meter factor. for the effect." of tcmpera
turc ~nd prcRsure on both the llquid !liid the steel ofthe pro ver 
used ro dc:rennine the m~tter fí'ICtor. íln<i for sedimenr and 
watercontent. 1f applic.::~.ble. 

The stanU::trd mc:thods for calculating n prnver's base 
volume, a meter factor, anda measuremcn: ticket are detailed 
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Pressure·reducing va¡ve-m;mual or automat~c. 
i1 required. 
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6. Check vatve, if raquired 
7. control valva, i1 reqUired. 

2. Filter, stratne; anClar vapor oliminator 8. Po!ll¡ve .!mut-oH, doubla block and bleed valvas. 
(it required) for eaoh meter or whole slatlOn. 

3. Dlsplacement meter. 
4. Tcrr.pera!urs measuremen: devlce. 
5. Pressure moasurement devicc 

9. Flow control valva, rl requ~red. 
10. Block valve. lf requirr3d. 
11. Dlfferenllal pressura devlce, lt required. 
12. Sampler, proportional to flow. 

, N ore: Thls t.lmpliflcd diagrnm rndicotes pr¡mory componcnts fortypic¡¡J ~t<Ihon:<~ hut 1:; not intcndcd to indicnte 
preft:.rred locuuons. All s.~cuons of the 1\r.e that mJ.y be blocked beLwt'rn vulves should ha ve prov1:non.., tnr p•~"
sure relief {prcf.::rab\y not w be insta\led bccween the meter Md tnc prmcr). 

F1gule 1-Typical Schematic Arrangsmsnt of Pipeline-Meter Statlon With Three Displacement Meters 
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To SIOia~ 
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1. Block valve, 1t requ1red. 7. Pressure measurement dev1ce. 
2. Different1al pressure dev1ce, if required. 9. TemperAture measurement device 
3. Filler, stralner andlor vapor elimlnatcr 

(lf requlred} for ee.ch meter or whole stat1on. 
g Positiva shut-off, double block and bleed valve 

1 O. Control valvo, if raquiroa. 
4. Slralghtener nssembly. 
5. Turbine mete:. 
6. Meter run (stralght pipe). 

11. Check w1.lve, il requ1red. 
12 Sampler, pro:lortional to flow 

N ore: Thls dmpllfiOO tliagm:n lndlct~re.s primtuy componl!nls f<Jr typicAIHiattons l>ut is not unendcd to iudicl!~ 
prl!li.!rrect localiona. Al! seC"llOHf •}ftbe lioc that may be blockcd between vAive~ .11hould hu ve provi~iun!> fur pn-~
!.tlll! n:lit::C (pn:rt:r<~bly uut tv bt: in~talkU be!w~en tbe meh::r o.ml thc prov~J) 

Figure 2-Typlcal Schematic Arrangement of Pipeline-Meter Station With Two Turbina Meters 

Co~r1ght by the AMERICAN PETROLEUM INSTITUYE (APJ) 
Tue Oct 29 22'61'54 199& 
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in Chapter 12.2. Th~ derivation and calculation of all the 
corrcction factors that entcr therein are abo described in 
Chapter 12.2. Slamlan.l conditions to whichmost volumes nre 
corrected arc60•F and 14.73 pound per squa.-e im;h absolnte. 

6.6.7.2 METER PROVING 

Rcf~r to Chapters 4 and 5 for general guidelincs on meter 
proving. 

In a pipeline-metering system, additional considerntion 
should be given to proving thc meters each lime thcre is a 
cbange of product through the meteting asscmbly. Other 
considerations may include chan'ges in flow rate. ternpent
lur~. or pressure that may cause a measurnhle chnngc in mc(er 
factor. 

CopOJright b'J the AMERICAN PETROLEUM IMSTITUTE (API l 
Tue Oct 29 22 :81.5<1 1996 

6.6.7.3 · METER FACTOR CONTROL CHARTS 

Another way of plotting n meter's performance i8 hy 
kccping a meter factor control chart for each product or grade 

· · of c1ude oil. (See inlerim Chapter 13.2.) Such ll control chart 
is essentially a plot of meter factor versus timf?, that (s, a 
graphical record of meter factor values ov~r months oryears. 
Bccausecontrol charts show vnhd limits for random di8trihu
Lion of meter factor values, thc-.y can be used a~ an aid in 
judging the conect frequency uf proving and the acceptable 
repeatability of values during a pfoof and also in decidlng 
when inspection or maintena1H..:v is needed. 

A log book of preven ti ve nnd repeir mHintcnance should 
be kcpt at each meter station for each meter so that costs an<.l 
performance can be compar~U fwm time to time. A notation 
on the control charts should nlso be madc. 
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Chapter 12-Calculation of Petroleum Quantities 

SECTION 2-CALCULATION OF UQUID PETROLEUM QUANTITIES 
MEASURED BY TURBINE OR DISPLACEMENT METERS 

12.2.0 lntroduction and Purpose 

Befare the compilation of Ibis poblication, which is part 
of thc API Manual of Petroleum Measurement Standards, 
calculation procedures and examples of calculations were 
mixed in with former API measurement standards dealing 
with provers, meters, tank gagiog, aod so forth. The writiog 
of the former standards was spread over a period of 25 years 
or more; eacb standard was written by a different groop of 
persons; aod each group was faced with slightly differcnt 
requirements. As a result, !he calculatton procedures lacked 
coherence and the interpretations of words and expressions 
varied. Because the data was spread over so many standards 
comparisons of the finer points of calculations were difficult. 

Moreover, when most of the former standards were writ
ten, mechanical desk ca)culators were widely used for cal
culating measurement tickets, and tabulated values were 
used more widely than is the case today. Rules for rounding 
and the choice of how many significant figures to enter in 
eaeh calculation were often made up on the spot. With the 
advent of computers and of salid state seientific desk cal
eulators, it soon became apparent, to discemiog practition
ers, that a X b X e was not necessarily identical with e 
x a X b or with b X e x a. Por different operators to 
obtain identical results from the same data, the rules for 
sequence, rounding, and significant figures have to be 
spelled out. This publication aims, among other things, al 
spelling out just such a set of mínimum rules for the whole 
industry. Nothing in this publication precludes the use of 
more precise determinations of lemperature, pressure, and 
density (gravity) or the use of more significant digits, by 
mutual agreement among the parties involved. 

The present publication consolidates and standardizes 
calculations pertaining to metering petroleum liquids using 
turbine or displacement meters and clarifies terms and 
expressions by eliminating local variations of su eh terms. 
The compilation of this publication would not have been 
possible even 5 years ago beeause the methods and equip~ 
ment used in dynamic rneasurement of petroleum liquids 
have greatly advanced in the recent past. It is therefore 
timely, perhaps overdue; but it is not a denial of former 
methods so m u eh as a refinement and clarification of them. 
The purpose of standardizing calculations is to produce the 
same answer from the same data regardless of who or what 
does the computing. 

frl • Z4 11.-ft:u zaaa 

12.2.1 Scope 
This publication defines the various terms (be thcy words 

or symbols) employed in thc calculation of metered petro
leum quantitíes. Where two or more tenns are customarily 
employed in !he oil industry for !he same thing, this pob
lication sclects what should become thc new staodand term, 
for example, ''run tickets, '' ''receipt and dclivery tickets, '' 
and the like are berein simply "mcallurement tickets." 

The publication also specifies the equations which allow 
!he values of correction factors to be computed. Rules for 
sequcnce, rounding, and significan! figures to be employed 
in a calculation are given. In addition, somc tables, con
venient for manual as well as computer calculations, are 
provided. 

12.2.2 Referenced Publlcatlons 
Tbe following publications are referenced throughout this 

publication. 

API 

Manual of Petroleum Measuremenl Standards 
Chapter l, ''Vocabulary'' 
Chapter 4, "Proving Systems•• 
Chaptec 11.1, "Volume Com::ction 
Factors" (Standard 2540) 
Chapter 11.2 (Standard 1101, 
Tablc 11) 
Chapter 11.4.2, (Standard 1101, 
Table 1) 

Std 1101 Measurement of Petroleum Liquid 
Hydrocarbons by Positive Dis· 
placem~nt M~ter 

NBS1 

Handbook 105-3 Specijications and Tolerances for 
Reference Srondards and Field 
Standnrds 

Monograph 62 T esting of 1}1 e tal Volumetric 
Standards 

Handbook 91 Experimental Statistics 

1National Bureau of Standard!, Washington, D.C. 20234. 
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12.2.3 Field of Appllcation 
The field of application of this publication is limited to 

liquid hydrocarbons having a density greater than 0.500, 
measured by a turbine or displacement meter aitd prover, 
including those hydrocarbons that by suitable adjustments 
of temperature and pressure ai-e liquids while being meas
ured. Two-phase ftuids are not iocluded (though it may be 
found useful in such situations) except insofar as sediment 
and water may be núxed in with crude oil (see the definition 
of sediment and water in Chapter 1, "Vocabulary"). 

12.2.4 Hlerarchy of Accuracies 
There is an inevitable or natural hierarchy of accuracies 

in pctroleum measurement. At the top are test measures 
which are usually calibrated by the National Bureau of 
Standards or a certilied laboratory. From this leve! down
wards any uncertainty in a higher leve! must be reftected 
in all the lower levels as a bias (that is, as a systematic 
error). Whether such bias will be positive or negative is 
unknown; uncertainty canies either possibility. 

To expect equal or less uncertainty in a lower leve! of 
the hierarchy than exists in a higher leve! is unrealistic. The 
only way to decrease the random component of uncertainty 
in a given measurement system or method is tQ'•increase the 
number of determioations and then find their mean value. 
The nwnber of digits in intermediate ca1culations of a value 
can be larger in the upper levels of the hiel'lll'thy !han in !he 
lower levels; but the temptation to move towards imaginary 
significance must be tempered or resisted by a wholesome 
respect for realism. 

The hierarchy of accuracies in this publication is 
structured, in general, as shown in Table l. 

Rules for rounding, truncating, and reporting final values 
are given for each leve! of !he hierarchy in 12.2.6, 12.2.7, 
and 12.2.8. Rounding in this manual conforms to National 
Bureau of Standards Handbook 91, Chapler 22, as reprinted 
in Appendix D. 

12.2.5 Principal Correctlon Factors 
Designation of correction factors by symbols rather than 

by words is recommendcd because, first, exprcssions are 
abbreviated; second, algebraic manipulations are facilitated; 
third, the similarities of expressions are pointed out subject 
only to !he particular liquid' or metal involved; and fourth, 
confusion is reduced as, for example, the difference between 
compressibility (F) of a liquid and !he correction factor 
(C.), which is a function of F. There are six principal 
correction factars employed in calculations of Hquid quan
tities; al! of them are multipliers. The first correction factor, 
commonly called the meter factor, is defined as: 

2000 

MF = a non-dimensional value which corrects a volume 
as indicated on a meter to the "true" volume (see 
12.2.7). 

The next four correction factors are employed in calcu
lations of liquid quantities. Tbey are needed beca use changes 
in volume from the effects of temperature and pressure upon 
both the containing vessel (usually made of mild steel) and 
upon the liquid in volved must be accounted for. These four 
correction factars are: 

c. (or CfS) = the correction factor for !he effect oftem
perature on steel (12.2.5.1). 

e,. (or CPS) = !he correction factor for the effect of pres
sure on steel (12.2.5.2). 

C, ( or CIL) = !he correction factor for the effect of tem
perature on a liquid (12.2.5.3). 

C• (or CPL) =!he correction factor forthe effectofpres
sure on a liquid (12.2.5.4). 

While the customary subscripted notation is used in this 
publication, the allowed upper case notation is needed for 
computer prograrnmiog and is convenient in typing. 

Finally, tbere is a correction factor e~ (which is never 
greater !han 1.000) for accounting for !he presence of sed
iment and water in crudo oil (see 12.2.8.4). 

Additional subscripts may be added to the symbolic no
tations above to make it clear to what part of !he measuring 
apparatus itapplies, namely ''p'' forprover, ''m'' formeter, 
and "M71 for measure. 

In !he worked exarnples given in this publication, and in 
!he standard calculating procedures recoounended, !he abo ve 
six correction factors are applied in a set sequence: 

MF,Cu,C~,C~,Cp,C-

All multiplication within a single operation must be com
pleted befare !he dividing is started. 

12.2.5.1 CORRECTION FOR TltE EFFECT OF 
TEMPERATURE ON STEEL, C,. 

Any metal container, be ita pipe prover, a tank prover, 
oc a portable test measure, when subjected to a change in 
temperature will change its volume accordingly. The volume 
change, regardless of prover shape, is proportional lo !he 
cubical coefficient of thennal expansion of the material of 
which !he container is made. The correction factor for the 
effect of temperature on steel is called e,., and it may be 
calculated from: 

C.=1+(T-60)'Y (1) 

Where: 
T = temperature in 'F of !he container walls. 
'Y = coefficient of cubical expansion per "F ofthe material 

of which the container is made. 
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Table 1-Hierarchy of Accuracies 

Correction Factors Volumes. Tcmperature 
and lntermediate Significant Oiscriminatioo, 

Leve! Calculations ro Digits to at lea.st, COf 

12.2.6 
12.2.7 
12.2.8 

Prover calibration 6 docimal pla=' 5 O.l 
Meter proving 4 dedmal places 5 0.5 
Measurement ticb:ts 4 decimal places 5 l. O 

• Valucs arenot valid beyond fourdecmW places fur the purpose ofco~ ~lumes to ~O"F. However~ for 
correcting fur smaJI Lemperature differtnces between a meter and a prover, hoear Jnterpolabon to more decimal 
places is acceptable. 

Thus Cu wil1 be greater than 1 when temperature T is 
greater than 60°F and less than 1 whcn temperature T is Jess 
Iban 60•F. 

The value of "Y (gamma) per •p is 1.86 X 10-' (or 
0.0000186 per "F) for mild or !ow carbon slee!s and falls 
in a range of values from 2.40 to 2.90 X 10-• per "F for 
Series 300 stainless steels. The value used in calculation 
should be lhat found on !he repon from lhe calibrating 
agency for a test measure or from the manufacturer of a 
prover. Tables of Ca values against observed temperature 
will be found in Appendix A of this publication. Values for 
Series 300 stainless steels are based on the mean value of 
2.65 x JO-• for gamma. 

When the volume of the container at standard temperature 
(60"F) is k:nown, the volume (V) at any other temperature 
(1) can be calculated from: 

(2) 

Converse! y, when the volume of tbe container at any 
temperature (1) is known, the volume at standard temper
ature (60°F) can be ca!culatcd from: 

V., = V,.!C. 

12.2.5.2 CORRECTION FOR THE EFFECT OF 
PRESSURE ON STEEL, C,. 

(3) 

If a metal container such as a tank prover, a pipe prover, 
or a test measure is subjected to an interna! pressure, the 
walls of the container will stretch clastically and the volurne 
of the container will change accordingly. While it is rec~ 
ognized that simplifying assumptions enter the equations 
below, for practica! purposes the correction factor for the 
effect of interna! pressure on the volume of a cylindrical 
container, caBed e, .. may be calculated from: 

C~ = 1 + (PD/Et) (4) 

Where: 
P = interna} pressure, in pounds per square inch gage. 
D = interna! diameter, in inches (outside diameter minus 

twice lhe wall thick:ness). 
E= modulus of elasticity for container material, 3.0 

x 107 pounds per square inch for mi!d steel or 2.8 
to 2. 9 x 1 0' for stainless steel. 

t = wall thickness of container, in inches. 

A table of e,.. values for specific sizes and wall thicknesses 
of mild steel pipe piovcrs and pressures may be found in 
Appendix A of this publication. When !he volume of lhe 
container at aunospheric pressure is known, the volume at 
any othe~ pressure (P) can be calculated from: - -·--

(5) 

When the volume at any pressure P is known, lhe equiv
alent volume at atmospheric pressure can be calculate9 from: 

v_ = V,JC,. 

12.2.5.3 CORRECTION FOR THE EFFECT OF 
TEMPERATURE ON A LIQUID, C, ;: 

(6) 

If a quanlity of petroleum liquid is subjected to ;,yhange 
in ternperature, its volume will expand as the temperature 
rises or contract as the temperature falls. The vol u me change 
is proportional to !he thermal coefficient of expansion of 
the liquid, which varíes with densily (API gravity) and 
temperaturc. The correction factor for the effect of tem
perature on a volume of liquid is called e,. Jts values are 
given in Tables 6A, 6B, and 6C, which may be found in 
11.1 of Ibis manual. Tables 6A, 6B, and 6C are used when 
the API gravity is k:nown and lies between o• API and 
1 oo• API; 1 oo• API corresponds to a relative density of 
0.6112. U the relative densily is k:nown Tables 24A, 24B, 
and 24C should be used, or Table 24 (APJ Slandard 2540) 
for lower relative densities. 

When the volume of a petroleum liquid is known at any 
temperature (1), the equivalen! volume at standard lemper
alure (60"F) can be ca!culated from: 

v., = vT x e, (7) 

When the volume of a petroleum liquid is known ai60"F, 
!he equivalen! volume at any temperature T can becalculatcd 
from: 

(8) 

,¡ 
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12.2.5.4 CORRECTION FOR THE EFFECT OF 
PRESSURE ON A UQUID, e,, 

lf a volume of petroleum liquid is subjected to a change 
in pressure, it will decrease as the pressure increases and 
increase as the pressure decreases. The volume change is' 
proportional to !he liquid's compressibility factor F, which 
depends upon both its relative density (API gravity) and !he 
temperature. Values of the compressibility factor F for 
hydrocarbons will be found in Chapter 11.2 of this manual. 
The correction factor for the effect of pressure on a volume 
of petroleum liquid is called e,, and can be calculated from: 

1 e,, = 1 - (P - P JF (9) 

Where: 
P = pressure, in pounds per square inch gage. 

Pe. ;:; equilibrium vapor pressure at the measurement tem
perature of the liquid being measured, in pounds 
per square ioch gag e. Pe is considered to be O for 
liquids which have an equilibrium vapor pressure 
1ess !han atmospheric pressure (14.73 pounds per 
square inch absolute) at measurement temperature. 

F = compressibility factor for hydrocarbons from Cbap
ter 11.2 of this manual. The val u e of F for water 
is 3.2 X 10-• per pound per square ineh. 

Wben Pe is O, Equation 9 becomes: 

e = 1 
" (1 - PF) 

(10) 

When Pe is greater than O, Equation 9 must be used. 
Values of Pe for densities between 0.500 and 0.512 are 
found in Chapter 11.2. 
NOTE: A convenJent way of detennining Pe whlle proving a meter against 
a pipe prover ís to proceed as follows: 
l. Upon conclusion of tbe last proving run, stop tlow through the pipe 
prover and isolate it from the ftowing line.~ by snutting the appropriate 
valves. 
2. Reduce pressure on the pipe provcr by blccding off liquid until !he 
gage preuure stops falliog. This will tmply that a vapor .space has been 
created and that the liquid has ~ed íts equilibrium pressure. Shut the 
bieed valvc, and read P. on the pgc, making a record oftbe tcmperaturc 
at tba time. · 
Thls procedure may be uscd for determining P, for liquid rnixrures that do 
not conform with publishcd charo showing P. values plotled agairu>tthc 
temperoture or as a routine procedure. 

When the volume of a low vapor pressure liquid is known 
at any pressureP, the equivalent volume at standard pressure 
(O pounds per square inch gage) can be calcu1ated from: 

(11) 

When the volume of a low vapor pressure liquid is known 
at O pounds per square inch gage, the equivaJent volume 
at any pressure P can be calculated from: 

V,= V,le,, (12) 

Fnlllr 24 tMH3 2000 

When !he volume of high vapor pressnre liquid is known 
at any measurcment tcrnperature T and pressure P, the 
pressurc correction is done in two steps. The equivalen! 
volume at such liquid's equilibrium pressure P. at meas
urement temperature can be calculated from: 

V,.®T = V, X C., (13) 

In this equation C~ is calculated from Equation 9. When 
this volume is in tu.m temperaturc corrected to 60"F using 
Equation 7, the value of e, taken from the appropriate tabie 
al so corrects the volume for the change in pressure from P. 
at measurement temperature, to equilibrium pressure at the 
standard temperaturc of 60"F. It should be noted that while 
P. at measurement temperature T may be higher !han stand
ard atmospberic pressure (14.73 paunds per square ineh 
absolute), equilibrium pressure at 60"F may have fallen to 
atrnospheric pressure or 1ess. As noted under Equation 9, 

-the clistinction between a low vapor pressure liquid and a 
high vapor pressure liquid depends on whetber its equilib
rium pressure is less or .greater than atmospheric pressure 
at measurement temperatüre. 

12.2.5.5 COMBINED CORRECTION FACTOR 
(CCF) 

The rccommended method for correcting volumes by two 
or more correction factors is to first obtain a CCF ( combined 
correction factor) by multiplying the individual com:ction 
factors together in a set sequence, rounding at each step. 
Only then multiply !he volume by !he CeF. The set sequence 
ts MF, Cu. C"', Ctl, Cph and Crw. omitting any unused 
factors. 

12.2.6 Calculation of the Volume of 
Provers 

12.2.6.1 PURPOSE ANO IMPLICATlONS 

The purpose of calibrating a prover is to detennine its 
base volume. The procedures to be nsed are described in 
Chapter 4, Sections 2 and 3, of this manual. 

Base volume is expressed in barreis or galloos, both of 
which are multiples of !he cubic inch. Whereas the eubic 
inch does not vary with temperaturc or pressure, the voiume 
of a metal prover does vary. Therefore, !he statement of !he 
base volume of a provcr or volumetric standard has to 
specify standard conditions, narneiy 60"F and atrnospheric 
pressure. 

12.2.6.2 FIELD STANDARDS 

Field reference standards, which are described and dis
cussed in Chapter 4, Section 1, are usually ca1ibrated by 
the National Bureau of Standards or by an approved labo-

· PROBLEM HARO COPY 



MPMS 12.2-81 - 1 .0732290 0057120 3.-

rntory. Thcir reported volumes are expressed either in cus
tomary or metric (SI) units at standard conditions. Tbe 
lastes! edition of National Bureau of Standards Handbook 
105-3 may be consulted for dctails of construction, cali
bration, and so forth. 

12.2.6.3 RULE FOR ROUNDING-PROVERS 

In calculating a provcr volume, determine individual 
correction factors to si.x. decimal places by using the appro
priate formula; interpolation will be required for e,. Record 
the combined correction factor ( CCF) rounded to six decimal 
places. Multiply the sum of the measured volumes, each 
of which has been individually adjusted to starting temper
ature, by the CCF, and report the base volume so detcrmined 
to five significan! digits. Round the corrected individual 
withdrawal volumes to the same number of significan! digits 
as the uncorrected volumes. 

12.2.6.4 CALCULATION OF BASE VOLUMES 

The procedure for calibrating pipe provers will be found 
in Chapter 4, Section 2. The following subsections, 
12.2.6.4.1 through 12.2.6.4.4, specify the calculation of 
the base volume of a pipe prover callbrated by the water 
draw method. 

• 1'. 

12.2.6.4.1 lnltlal Step·, 
~ 

During the calibration of a pipe pro ver, the temperature 
and pressure of the water in the prover at the start of 
calibration ire observed and recorded. Likewise, the tem
peratures of thc individual withdrawals into field standards 
are observed and recorded. 
NarE: At1his point allenlion is drawn toa loog e.stablbhcd practicc detailed 
in API Standard IJOl, Paragrapbs 2123 to 2125, tbat DO correction for 
C10"~ nced be applicd in calculating base volume by the water draw method. 
Such practice is ...alid onJy when lhe prover and the field standard test 
measures are made of the same material and then ooly if the lemperature 
in tbc prover differs by lcss lhao 3•F from lhe tempetature in lhe test 
me asures. Appendix B of this chapter details lhe corn:ctions rct¡uired under 
other conditions and g1vcs an example to illwtrale lhc type of error which 
can resu!t ú the.se com:ctions are neglected. 

A. GENERAL INFORMATION 

12.2.6.4.2 Ccirrectlons Applled to Measure<f 
Volumes 

·s 

In !he water draw calibration procedure,•-the -volume 
obscrved in thc field standards must be subjected to certain 
corrections in arder to determine the base volume of the 

·--¡;rover (see Equation Bl, Appendix B). The final subscripts 
mean .. p" foi provú and "M .. for measure. 

Thus, the following steps are perforrned: 

l. Tbe voluine of water in a ficld standard must be corrected 
for the effect of temperature and pressure on the liquid to 
determine what volume the water occupied when it was ·in 
the provcr; Ibis is done by multiplying the volume by e_,, 
the value for wbich can be found in Cbapter 11.4.2, and 
dividing by e,.,. the value of which can be computed from 
Equation 10 using F for water. 
2. Tbe volume so determined must then be corrected for 
therrnal expansion of the ficld standard shell at the rneasuring 
temperature by multiplying the certified volume by c.., (see 
Equation 3). 
3. Finally, the measured volume of the pro ver so calculated 
must be corrected for both tcmperaturc and pressurc cffects 
on the proverpipe in orderto obtain the base volume;,which 
is the equivalent volume at standard conditions. TheSe cor
rn:tions require dividing by C,., and e,., respectivcly. In 
calculating the values of c ... and e,.. the physical cbarac- ' 
teristics of the prover metal must be known. Because an 
accuracy greater Iban 1 part in 10,000 is desirable in prover . 
base volumes, determine all corrcction factor values to six 
decimal places. In practice, when severa! test measures are 
filled, the calculation is perforrned according to Equation 
B6 in Appendix B in the manner specified in thc following 
exarnple (12.2.6.4.3). 

12.2.6A.3 Example Calculatlon lora Pipe Prover 

The forrn or record used for a water draw calibration of 
a pipe pro ver must make provision for at least the irúormation 
shown in Figure l. The values shown are for example only, 

1 e_ is dcfined as -the comction for tbe tempcrature difference of the 
water 10 the lest measurc aod in dJ.e prover; this is not thc aame as C1 
whicb corrccu to 60"F rather lhlln to prover tcmperature. 

Calibration report no.~-,---:-:-::--,:-------
Prever dlmensions IrJ' pipe, 0.365" wall 

Prever serta! no.-------------
Prover type 11nidirr:clional 

Metal mild steel Prover location ---------------Date _________________ __ Calibrator's name _______ _;__ _____ _ 

B. FIELD STANDARDS [TEST MEASURES) 

1. Nominal slzas, gallons .................................. . 50 

Figure 1-Example Calculation for a Pipe Prove: (Continued on Page 6) 

frt 11r 2:4 tHi:H lODO 
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2. Votume, cubic lnches .••••••••.•••.••.••.••••.••••••..•.. 5775.81 11551.80 

3. Serial number •.••.............•••..•.•........•.•.••.•.• 

C. OBSERVED VALUES 

4. Startlng average pressure In prover, pslg 

5. Startlng average temperatura In prover, oF 
Flll number , ••.•••.•••..••.•.••... 

Fk¡ld standard usad ..•............ 

6. Reportad volume .••.•..•••....... 

7. S cale readlng 
above zero ....•...••........... 

below zero •..••..•••.•.•...••.. 
B. Measured volumes 

(UneS+ Llne7) ................ . 

9. WJthd'rawal tGmperature, "F ... : •••. 
1 O. Changa from startlng temperatura 

(Une 9 - Une 5) ................ . 

11. Volume adjustment for temperatura 
diHerence of water 
(Chap. 11 .4.2) .................. .. 

12. Volume adjusted to starting tempera
tura 
(Une 8 X Lino 11) .............. .. 

1 

m 

5775.81 

-1.0 

5774.81 

82.0 

o 

/./)()()()()() 

5774.8/ 

13. Sum of adjusted volumes, cubic inches · ....................... .. 

D. CORRECTIONS NEEDED TO CALCULATE.BASE VOLUME 

2 

" 
11551.80 

+37.5 

1/589.30 

82.0 

o 

/./)()()()()() 

m 

41 

82.0 

11589.30 

40,497.82 

3 

n 
11551.80 

+32.J 

11584.30 

82,8 

+0.8 

0.999864 

11582.72 

n 

4 

" 
11551.80 

+3.0 

11554.80 

84.0 

+2.0 

0.9996.70 

11550.99 

14. C..u tor test measures at mean wefghted temperatura of e2.s•F (see .12.2.5) 

15. C., for prever al 82°F .••...•.• , .••••... , ..•.•... , . , .......•.•••....•..........•.... 

16. C111~ for metal of prever at 41 pstg (see 1 2.2.5.2) .................................... .. 

17. c.,., for water in prever at 41 pslg (se e 12.2.5.4, Equatlon 1 O) .......................... . 

1.000424 

1.000409 

1.000038 

1.000131 

E. BASE VOLUME 

lf the changa from startlng temperatura {Une 10) we!ghted for all runs ts 38 F or greater or lf the metals of the provar and the test 

measure(s) are not the sama, lnclude c. for both test measures (C1111) and prever (C..). 

Base volume ~ Sum ot adjusted volumes (Une 13) x [ C,..(
151 

x g::;:: x c,.(17)] 
= 40,49/.58 cubic inch~s at 60°F andO pslg= 175.2882 gallons 

- 4.17353 barrel.t 

lf the chahge from starting temperatura (Line 1 O) welghted for all runs is 3°F or less and tha metal of the test measure(s) ls the sama 

as that of the prever use the followlng equatlon: 

Base volume = Sum of adjusted volt .• mes (Une 13) x C,.( ) 
1 

16 X C,..(17) 
NoTE: In thls worked example, even though the welghted average wühdrawallemperature {82.8"F) ls 

lass than 3°F dlfferent from the starting temperatura (B2.o•F), correctlons for C~ to both test measures 

and prover have baen made In arder to show how they are applled to oalculate the base volume 

regardless of what starting and withdrawal temperature may have been (sea 12.2.6.4.2). In this 

example, correcting tor c. alters the resutt by one part Jn one hundred thousand. Leavlng lt out would 

have the sama /nslgnlflcant effect 

Figure 1-Example Calculation for a Pipe Prever (Continuad) 

and beca use the difference between starting pro ver temper
ature and field standards temperarure is small (less !han 3"F) 
use of the simplified method (see 12.2.6.4.1) is warranted. 
Cu corrections can be neglected, but they are induded in 
tbe example for illustration purposes. The word ''!Deasure'' 

means the lie1d standard(s) used. The example is limited to 
one determination, although at leas! two are required, 

12.2.6.4.4 Roundlng of Reportad Values 

The base volume of a prover as computed caonot be more 
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accurate !han the volumes of !he field standards employed 
in its calibration, and because of accumulated experimental 
uncertainties in the calibration process, it will be somewhat 
less accurate. Experience shows that five significan! figures 
in a computed value, such as the base voJume of a prover, 
is the bes! that can be expected. Thus, the calculated base 
volume in the example in Figure 1 should be rounded to 
five significan! figures showing 4.17353 as 4.1735 barreis; 
175.2882 gallons as 175.29 gallons; or 40,491.58 cubic 
inches as 40,492 cubic inches. 

12.2.6.4.5 Example Calculatlon for a Tank Prover 

The fonn or record used for a water dmw calibrati.on of 
a tank pro ver must make provision far at least the information 
shown in the example in Figure 2. 

It is assumed that this is a field recalibration; that !he top 
and bottom necks do not need recalibration; that any small 
adjustments to !he top or bottom zero marks will be made 
by sliding !he reading scales up or down as needed, and 
that both scales will then be resealed. 

It is further assumed that the difference between starting 
temperatures and withdrawal temperature is kept small (less 
than 30f) so that the Cu for the measures and tankcorrection 
can be omitted (see note in 12.2.6.4.1). Since the tank 
prover is at atmospheric P.ressure, no pressure correction for 
either liquid or prever tank shell is required. 

The calibration run must be repeated, and if the two runs 
after corrcction for temperature agree within 0.02 percent 
(in this exarnple within 0.200 gallon) the mean value of the 

A GENERAL INFORMATION 

Calibraüon report no.------------
Prever type Open stationary tank (lop & bottom gage srasses) 

Metal mild ~ted 

Dat•------------------

B. FIELO ST ANDARDS 

1. Nominal sizes, gal!ons 
2. Oellvared voluma, gallons ............................... . 

3. Serial number ..................•....•...........•......• 

C. OBSERVED VALUES 

4. Prpver startlng temperatura, top, oF ...................... . 
5. Prever starting temperature, mlddle, •F .•.................. 

6. Prever startlng temperatura, bottom, oF .....•...•....•.•... 
7. Prever starting temperatura, average, ~F .................. . 

two runs becomes the calibrated volume of the prover at 

WF. 
The total of the values in Column 6 of Figure 2 is 

1001.561 gallons, which is at 80.7"F. Each withdrawal has 
been corrected to 80. 7"1' by the correction factor shown in 
Column 5. Since the field standards and the prover being 
calibrated are made of the same material (mild steel) and 
the weighted temperature difference is not greater !han 3"1', 
no further correction is needed to bring the calibrated volume 
of the pro ver to 60°F, as the certified volumes of field 
standards were adjusted to 60"1' at the time of their cali
bration. If the reading on the top neck was, for exarnple, 
1001.000 gallons al the start of calibration and as the true 
volume is now known to be 1001.561 gallons, tbe top scale 
will have to be moved downwards 0.561 gallons. If the 
neck contains 1 gallon per inch (which is usually the case) 
the top scale will be moved downwards 9/16 or 0.563 inch.' 
An alternative would be to move the zero mark on the 
bottom neck scale upwards by 9/16 inch. Both scales should 
be resealed afterwards. 

12.2-6.4.6 Roundlng of Reported Values 

The volUII).e of a tank prover between top reading. marks 
and bottom zero mark in this examplc was adjusted to 1001 
gallons. Applying the five significan! figures rule explained 
in 12.2.6.4.4 requires that thecalibrated volume be reported 
as either 1001.0 gallons after adjustment or 23.833 barreis. 

3 Uaing a conventiaD.J.lly &calcd foot rule, and knowtng tbat 17!32 incb 
= 0.5313 inch and 9/16 incb = O.S62S lncb, lhe latter is u clase u acalc 
and meniscus. tuding will allow to be achievcd. •...J. 

Prover serial no.-------------
Prever location ---------------
Nominal capaclty _____________ _ 

CaUbrator's name --------------

50 

49.985 

m 

80.8 

80.6 

80.6 

80.7 

0.9'J7 

n 

Figure 2- Example Calculalion for a Tank Prover (Continuad on Page 8) 

.. , 
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O. CORRECTIONS 

2 3 4 5 6 

Voh.Jmetric Aeld S1anderd 
Correotkm Voh.me at 

Factor Prover 
Withdrawal Volume T81'1"f)8rature •F r c.. Temperatura 

1 49.985 80.6 -0.1 1.000015 49.986 

2 49.985 80.6 -0.1 1.000015 49.986 

3 49.985 80.6 -0.1 1.000015 49.986 

4 49.985 80.7 /_(}()(J()()() 49.985 

5 49.985 80.7 J.(}()(J()()() 49.985 

6 49.985 80.8 0.1 0.999984 49.984 

7 49.985 81.0 0.3 0.999952 49.983 

8 49.985 8l.l 0.4 0.999936 49.982 

9 49.985 8l.l 0.4 0.999936 49.982 

JO 49.985 8/.2 0.5 0.999920 49.981 

11 49.985 81.1 0.6 0.999904 49.980 

12 49.985 81.4 0.7 0.999888 49.979 

13 49.985 81.5 0.8 0.999872 49.979 

14 49.985 81.7 1.0 0.999840 49.977 

15 49.985 82.0 J.J 0.999793 49.975 

/6 49.985 82.4 1.7 0.999730 49.972 

17 49.985 82.5 1.8 0,999714 49.971 

/8 49.985 83.0 2.3 0,999635 49.967 

19 49.985 83.1 2.4 0.9996/9 49.966 

20 49.985 83.5 2.8 0.999555 49.963 

21 0.997 84.0 3.3 0.999473 0.996 

22 0.997 84.0 3.3 0.999473 0.996 

1001.561 

e. Sum of temperatura adjusted field standard volumes 1001.561 

9. Final tower gaga reading .•........•....•..•.............. o 
10. Welghted mean wlthdrawal temperatura, •F . . . . . . . . . . ' . . . . . 81.6 

11. Changa from startlng temperatura (Une 1 O - Une 7) <J"F 

E. CALIBRATEO VOLUME 

13. The general formula tor cafibrated volume ls: 

Callbrated volume = Sum of adjusted volumes X C g•.,. C 
·~x _x ~:;. 

12. Catlbrated volume = /001.561 X 1 

NoTE: Calculations tor C-"' and C., are shown even though 11 makes no dlfference In the calibrated 
volume to five slgnillcant dlglts. lt does demonstrate to the user what he must do lf he has temperatura 
dlfferenc.:es greater than 3~ or dlsslmllar metals. 

Figure 2-Example Calculatlon tora Tank Prover (Continuad ) 

12.2.6.4. 7 Example Calculatlon Uslng the Master 
Meter Method 

The procedure for calibrating a pipe prover using 1he 
master meler method will be found in Chap1er 4 of this 
manuaL 

The first step is to prove the master meter in the liquid 
selected for the prover calibra1ion. In this example a dis
placement meter is used, proved against .a tank prover. A 

Frlllr :14 11.-iHI 

turbine meter calibrated against a pipe prover may be em
ployed equally well, provided it is not removed from the 
manifolding of which it is a part at the time of its proving. 
The flow rate through a master meter, while it is being used 
to calibratc a provcr, should be held within about 2.5 percent 
of the rate at the time of its proving. An altema1ive method 
is to develop an accuracy curve and read off the meter factor 
for the rate observed during the calibration. 



MPMS 12·2-81 1 0732290 0057124·011 

SECTION 2-MEASUREO BY TURBINE OR OtSPLACEMENT·METERS · 9 

The fonn or work sheet used to record data and calcu
lations should provide for at least the information shown 
in Figure 3. Only ene worked example of a master meter 

calibration run is shown in Figure 3 although five runs are 
desirable in such a calibration. 

STEP 1 Proving ·of the Master Meter 

A. GENERAL INFORMATION 

Provtng report no.,----,--,:-~---------
liquid motor ga.roline at 60.trAPJ 

Date _________ Time ______ _ 

Rala 715 barrt.ls pa- hour 

Operator's name --------------- ~n~s------------------------------
B. MASTER PROVEA INFORMATION 

1. CaUbrated voluma, barreis .................................•.............••......... 

2. Prover startlng temperatura, top, cF .................................. , .............. . 
20.427 

73.6 

3. Prover startlng temperatura, mlddle, •F ......... ·.. .. . . • • . . . . . . . . .. .. . • . •. .. • . . . . .. . • . . 73.6 

4. Prover starting temperatura, bottom, •F . . • • . . . . . . • . . . • • . • . • . . . . • . • . . • • • . . • • • . . . . . . • • . 73.4 

5. Prover starting temperatura, average, °F • .. .. • . . . • . • . • • . . . . . . . . . . • . . . • .. . . • . . . . . • . . • . 73.5 

NoTE 1: For a gravity of 61e API (that is, 60.8" rounded} Table 68 of Chapter 11.1 gfves values for 70°F 
and eoeF of 0.9931 end 0.9862. Thus the average increment per oF ter thls span is 0.00069, so ter 
73.5°F the six diglt value wlll be 0.990685 as shown In Llne 9. (sea Note 2.) 

6. Pressure, pounds per square 1nch gag e ............................................. . 

7. e.p for prever (see 12.2.5.1) .....•.•....•..•.........••...••...•..... - .. - •••.•.•..•. 

B. e_ for prever (sea 12.2.5.2} .........•.••......................•.................... 

9. er;. for prover (sea 12.2.5.3) ................................. , ............. , .•....•. 

10. e,. for prover (sea 12.2.5.4) .•....•...•••....•......••.•....•........•..••.•.•...••. 

11. CCFP tor master prever (Une 7 x Une 8 x Une 9 x Une 10) (see 12.2.5.5) .........•.. 

12. Corrected master prever volume, barreis ......•......••.•.••••............•...•••.••. 

C. MASTER METER INFORMATION 

13. Closing reading, barreis : .....•..•...............•....•........••...•....•..•••• , .•. 

14. Opaning readlng, barreis .......................................................... . 

15. lndlcated meter volume ................. . 

16. Temperatura of metered stream, •F ................................................. . 

17. Pressure In meter, pounds per square lnch .......................................... . 

18. Co.. for meter (see 12.2.5.3) ........................................................ . 

19. e~ tor meter (ses 12.2.5.4) ... ' ....................... ' ......•..............•...•.. 

20. CCF.., (Une 18 x Une 19) for master meter (see 12.2.5.5) ..•...............••..•...•.. 

21. Corrected master meter volume, barreis (Une 15 x Une 20) 

D. METER FACTOR 

Meter factor :co Une 12 + Une 21 

= 1.004278 for this run 

No res: 

o 
1.000251 

/.(J(J()()()() 

0.9906/l5 

/.(J(J()()()() 

0.990934 

20.24!809 

14683.492 

/4663.155 

20.337 

73.4 

40 

0.990754 

1.000328 

0.99/079 

20.1J5574 

2. As this examplels ter an ooen tank prover, the pressure is O pounds per square inch gaga so e,. 
and CP"I' are unity. 11 a pipa prever is employed, these tactors would have other values. 
3. Six decimal placas In a C1 valua are not vaUd tor correcting a volume to 60eF. But slx decimal 
placas tor correcuon lactors may be employed tor correctlon wlthin a small temperatura ranga sudl 
as exists between a prever anda meter. The six decimal places are detennined by linear interpolation 
wHhin a 10°F span, selected from Tabla 68, that lncludes both c. and CQ,. 
4. The meter factor 10 be used in the calibratlon should be the average for all runs made that meet 
the repeatablllty requiraments in Chapter 4. 

STEP 2 Callbrate the Pipe Prever 

A. GENERAL INFORMATION 

Nominal or expected prever voiume, barreis 40 

Figure 3-Example Calcula !ion Using the Master Meter Met!'od (Continuad on paga 1 O) 

- Pltl'DIIul Fr1Mr14 lt-ii:DI 2DDO 

' 
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Pipe stze, lnches .• , .•.•••.••••.•••..•••..•••...••...••..•••.••••..••••.••••••••••• 
Wall thickness, inches ........................................................••... 

Gravlty of llqukf usad, "API .•••.•••.•.•.••.•••.••••.••.•..•••.•...••.••..•.••••••..• 

Flow rata when master meter was proved, barreis per hour •....•.•.•..•.•..•••..•••••. 
Tolerable ± 2% percent flow rata ranga •.•••.••.•••..••••.•.•..•••..•.....••.•.•.... 

B. PIPE PROVEA INFORMATION 
Data trom flve runs may be averaged for Unes 22 and 23 and the base volume In Part O. 

22. Temperatura, •F .............................•..................•.......•.......... 
23. Pressure, pounds per square lnch gage .......................................... __ ... . 
24. c. for pipe prever (see 12.2.5.1) ....•....•...........................•.............. 
25. e_ (see 12.2.5.2) ..•.........•...•••...••...••..••......•...•..••..••....•••••••.. 

26. C.. (seo 12.2.5.3) ................................................................. . 

27. e,. (soe 12.2.5.4) ............................................................... .. 

28. CCF for pipe prever (Une 24 x Une 25 x Una 26 x Una 27) 

C. MASTER METER INFORMA TION 

29. Rata, barrelslhour ...•...............................•.....•......•.••••••..•.•••.• 

30. Temperatura, •F .......................................•........................... 

31. Prassure, pounds par square lnch gaga ..•......•..•.••...•. , ..•.• , •..•....•.•..•••.. 

32. Closing reading •.........•...•.•.. • .....•...••........................•...•...•.••. 

33. Openlng reading .•......•......•.•••..••...•.•........•••.•......•..•..........••. 

34. lndicated meter volume, barreis (Une 32 - Une 33) •.•...•.....•.........•.........•• 

35. Master meter factor (sea Note 5) .•.•.••...•..•..•..• , •....•... , ..••...•....•...•.... 

36. C.., for meter (sea 12.2.5.3) ......••.•....••..•.....•.•••.••...... , ..•.••.•..•••.•••. 

37. cpb for meter (sea 12.2.5.4) ....................................................... . 

38. CCF. (Une 35 X Lino 36 X Uno 37) .............................................. .. 

39. Corrected master meter volume, barreis (Une 34 x Line 38) ........•..•.•••..• , •...••. 

40. Volume of prever, thls run, barreis (Une 39 + Une 28) .................... ~ •... , ..... . 

D. BASE VOLUME 

Base volume of pipe prever, barreis, at standard condltlons (see Note 6) 

Nares: 

··-- 16 

O.J75 

60.8 

715 

697 to 733 

75.1 

100 

1.000281 

1.000136 

0.989581 

1.000821 

0.990807 

70S 
75.6 

75 

15226.727 

15186.254 

40.473 

1.004284 

0.989236 

1.000623 

0.994093 

40.233926 

40.60W8 

40.609 

5. Master meter factor (Une 35) does not ag;ee wlth the vatue shown for one run in Step 1 Section 
D as lt ls assumed that the value usad (Une 35) ls an average of more than one run. . 
6. Base volume of pipe prever (O) doas not agree wUh vaiue for one run (Une 36) as 11 is assumed 
that at least five runs have been macla and averaged. Also base volume to be reportad should be 
reehstic; that is,lt should be rounded to flve slgnlflcant figures {see 12.2.6.4.2). Any theoretlcai sacrifica 
of accuracy that thls may entallls largety lmaglnary and ls offset by the advantage of havtng a standard 
method ol catcutat!ng and repor1ing values. 

Figure 3-Example Calculation Uslng lhe Master Meter Method (Continuad) 

12.2.7 Calculation of the Meter Factor 

12.2.7.1 PURPOSE ANO IMPLICATIONS 

Sorne custody transfers of liquid petroleum measured by 
meter are sufticiently small in volume or value, or are 

performed at essentially uniform conditions, so that the 
meter can be mechanically adjusted to read within a pre
detennined accuracy. Examples would be retail measure
ments and sorne bulk plant measurements into aml!or out 
of tank wagons. However, in most large scale custody 
transfers when a single meter ís used to measure several 
different liquids or to meas u re at several different ftow rates, 

meter adjustment for each change is impracticable. In such 
service, accuracy can be achieved by leaving thc calibrator 
se1ting undisturbed and sealed, using a dummy calibrator, 
or dispensing with the calibrator entirely and determining 
within narrow limits a meter factor for each operating con
dition. Thus the purpose of detennining a meter factor is 
to ensure accuracy of measurement by batch, regardless of 
how operating conditions change with respect to density 
(gravity), viscosity, rate, temperature, pressure, or lubri-· 
cating properties, by always proving the meter under the 
specific operating conditions encountered. If any one of the 
specific operating conditions changes significantly, a new 
meler factor should be obtained by re-proving the meter. 

1 

1 
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Tbe definition of meter factor as given in Chapter 1 of 
Ibis manual is: 

Meter factor-A numbcr obtained by dividing 
the actual volume of liquid passed througb a 
meter during proving by the volume registcred 
by that meter. 

From the definition it is clear that: 

Actual meter } 
throughput at = lndicated volume X MF 
operating conditions 

(14) 

During proving, the temperature and pressure existing in 
the prover and in the meter are significant in calculating a 
meter factor. This is so beca use the actual volume of liquid 
passed through the meter during proving mus! be deterrnined 
indirectly from a knowledge of the exact volume measured 
in the prover. This calculation involves pressure and tem
perature differences between the pro ver and the meter. As 
a result, standard measurement practice is first to correct 
the volume of the liquid in the prover to standard conditions 
(60'F and equilibrium pressure) and then also to corree! the 
indicated volume during proving to what it would havo been 
if the meter had opcrated at standard conditions. 

Thus, in practica! terms: 

Volume of liquid in the prover 
corrccted to standard conditions 

MF = Cb . adi ed (15) ange m meter re ng COil"'ect 
to standard conditions 

It must be emphasized that a meter factor thus calculated 
is valid over a range of operating temperatures and pressures 
limited only by the considcration that the temperature and 
pressure during metering should not differ from the tem
perature and pressure during proving sufficiently to cause 
a significant change in the mechanical dimensions of the 
meter or in the viscosity of the metered liquid. Whether the 
differences are significant for a specific application can be 
determined by re-proving. In the application of meter factors 
to measurement tickets (see 12.2.8), the cohcept of a "vol· 
ume at standard conditions., arises onJy because bulk cus
tody transfers are measured in volumes which must be 
convened toa quantity represented by an equivalent volume
at-standard-conditions. 

Thus: 

Actual mctered 
volume 

Indicated 
xMF 

volume 

and 

Actual metered __ lndicated X (MF 
quantity volume 

(16) 

x e"" x e,...¡ (17) 

Cm and Cp. are the appropriate correction ·factors for de
termining the equivalent volume at standard conditions from 
a measured volume at metering conditions. 

In sorne metering applications, the variables MF and c.,. 
in Equation 17 are combined into a "compositc meter 
factor. '' When su eh a composite meter factor is applied to 
the indicated volume of a temperature compensated meter 
(wbich autornatically applies C,J, the meteredquantity in 
barreis at standard conditions can be obtained by multiplying 

·--i.ildicated volume by the composite MF alone. 
lt is importan! not to confuse a standard meter factor 

(Equation 15) with a composite meter factor. They are not 
intenchangeable. 

12.2.7.2 HIERARCHY OF ACCURACIES 

Meter factors fit into the hieran:hy of accuracies between 
calibrated prover volumes (12.2.6) and calculation of meas
urement tickets (12.2.8). Thus temperatun: readings for 
proving should be averaged and then rounded to the nearest 
0.5'F. Pressure readings for proving should be averaged 
and then rounded to the nearest scale division, a pressure 
gage with its appropriate range having previausly been 
selected. 

12.2.7.3 RULE FOR ROUNDING-METER 
FACTORS 

In calculating a meter factor, determine the numerator 
and denominator values separately, with each rounded to 
at leas! five significan! digits. In intcrmediate calculations 
detennine individual correction factors to four decimal 
places. Multiply individual correction factors together, 
rounding to tour decimal places at each step (for each 
nu~erator and denominator), and record the combined cor· 
rection factor (CCF) rounded lo tour decimal places. Divide 
corrected prover volume by corrected meter volume, and 
round ~e resulting meter factor to four decimal places. 

12.2.7.4 CALCULATION OF THE METER 
FACTOR USING A TANK PROVEA ANO 
A· DISPLACEMENT METER 

In calculating a standard meter factor use Equation 15. 
Determine the numerator by reading the upper gage glass 

of the tank; the indicated volume should be necorded to the 
nearest.thousandth of a barrel. lf the bottom gage glass was 
not at zero befare the proving run was started, its reading 
must be added to or subtracted from (as the case may be) 
the upper gage glass reading, and the algebraic sum recorded 
as the indicated volume. 

To calculate a meter factor, both prover and meter vol
umes must be in the same units. If the meter registers in 
barreis, record to 0.001 barreis, or if in gallons to the nearest 
0.01 gallon, or to five significan! digits. Read al! prover 
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A. GENERAL INFORMATION 

Proving report no.--------------
API gravlty--"6"'0 . .!!.8 ____________ _ 

Meter no.-----------------
Prover locatlon---------------
Date and lime ______________ _ 

B. DATA FROM PROVEA TANK 

1. lndlcated volume, barreis ....••...••..•.•..•.••.•••.•.••.. 

2. Prever startlng temperatura, top, oF .•..................... 

:3. Prever starting temperatura, mlddte, •F ••...••....•...••.•• 

4. Prever starting temperatura, bottom, "F •.•............•.•.. 

5. Prever starting temperatura, average (rounded), "F •.•..•.•.. 
6. C~~p for prever (sea TableA-1) ...•.• • ..•....•.••.•••..••••• 

7. c., for prover (see 11.1, Tabla 6) ........................ . 
B. CCF, (Une 6 x Une 7) .....................•....... , ... . 
9. Corrected prever volume, barreis (Une 1 x Une 8) ........ . 

C. DATA FROM METER 

10. Closlng reading, barreis .•.•...••......................••. 

1 1. Openlng reading, barreis 

12. lndlcated vo!ume, barreis •....................•........... 

13. Temperatura, "F •...•...•......•....•...•...••....•..•..• 

14. Pressure, pounds per square lnch gage .•.••........•..••.. 

15. C.., for meter (see 11.1, Tabla 6 or use 1.0000 if meter ls 
temperatura compensated) ..•..•....•..............•....• 

16. C,.:m tor meter ..........•.....•...•...•...•..•.•.•....••. 

17. CCF., for meter (Une 15 x Une 16) .•....•......•.•....... 

18. Corrected meter volume (Une 12 x Une 17) ..•••..•.•..•.. 

19. Meter factor (Une 9 + Une 18) .......................... . 

D. METER FACTOR 

The meter factor to be usad ls the mean of the two runs ...•. 

Batch 
Rate, barrelslhour 

Llqukl motor garoline 

Statlon 

Operator 

Aun 1 

20.445 

73.6 

73.6 

73.4 

73.5 

1.0003 

0.9907 

0.9910 

20.261 

Aun 1 

14556.595 

14536.214 

20.354 

73.5 

4() 

0.9907 

I.(XJ03 

0.9910 

20.171 

1.0045 

1.0044 

(llgnarure) 

Aun 2 

20.427 

73.6 

73.6 

73.4 

73.5 

1.0003 
0.9907 

0.9910 

20.243 

Aun 2 

14683.494 

/4663.155 

20.339 

73.5 

40 

0.9907 

/.0003 

0.9910 

20.156 

J .(){H3 

Figure 4-Example Calculatlon for a Tank Prover and Displacement Meter 

thermometers to O. 1 °F, average tbem, round, and record to 
O.s•p, Calculate the correction factors C. (see 12.2.5.1) 
ande, for the prover (see 12.2.5.3) and round them to four 
decimal pinces (that is, 0.9962). Multiply C, by C, to obtain 
CCF (see 12.2.5.5) and round to four decimal places. 
Multiply indicated volume by the CCF for the provee to 
obtain the corrected prover volurne to 0.001 barreis. 

Determine tbe denominator by subtracting the opening 
meter reading from the closing meter read.ing, both read or 
estimated to 0.001 of a barre! or 0.01 of a gallon. Record 
this reading as indicated meter volumc. Calculatc corrcction 
factors C0 and CP, for the meter and record to four decimal 
places. Multiply indicated meter volurne by CCF for the 
meter to obtain the corrected meter reading to 0.001 barrel. 

Calculate the meter factor by dividing the numerator by 
the denominator and round the meter factor to four decimal 
places. 

The purpose of the above con~eñ.tions is to establish 

standard procedures which will ensure the same results from 
the sarne data regardless of who or what does the computing. 
Any seerning sacrilice of hypothetical maximum accuracy 
is insignificant and must .take second place to consistency, 
The standard procedures and conventions are based on the 
use of a simple desk calculator (not a scientific calculator) 
such as has traditionally been employed in the field, as well 
as by accounting personnel who may wish to check meter 
factor calculations. Accordingly, if meter proving reports 
calculated in the field are subsequently chccked by a com
puter, the computer must be programmed in such a way as 
to reproduce tbe conventi~ns described here. Remainders 
should not be held in memory; roundings should occur as 
dcscribed above. 

12.2.7.5 EXAMPLE CALCULATION FOR A TANK 
PROVER ANO DISPLACEMENT METER 

A meter factor report forrn used for a nontempemture 
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compensated displacement meter proved against a tank 
provee should allow for at least the information shown in 
Figure 4. Two runs are shown in the example, for each of 
which a run meter factor calculation is made sepamtely; the 
two results are then averagcd, the result obtaincd sometimes 
being called the "meter factor to be used." Note that this 
procedure differs frorn tbat employed with a pipe prover in 
which pulses, temperature, and pressure are averaged, and 
the meter factor is calculated from the average values of 
pulses, temperature, and pressure (see 12.2. 7). 

12.2.7.6 CALCULATION OF THE METER 
FACTOR USING PIPE PROVEAS 

12.2.7.6.1 General 

Twbine meters and pipe provees wcre developed after 
displacement meters and tank provers; therefore, thc pro
cedure for calculating a meter factor for a turbine meter 
proved against a pipe provee was generally modeled on 
older procedure, but sorne changes were made. 

Because a pipe prever is subject to the effects of both 
temperature and pressure on the steel, its base volume 
(wlúch is at standard conditions) has to be corrected to 
obtain its volume at proving conditions. The volume of the 
displaced liquid must tben be corrected to the equivalent 
volume at standard temperature and pressure. This latter 
value becomes the numerator in Equatioo 15 and the cor
rected meter volume becomes the denominator. For this 
procedure to be applled, thc displacement meter must have 
a high resolution electrical output, that is, a large number 
of pulses per barrel so that at least 10,000 pulses or their 
equivalent are obtnined. 

The other rules and conventicos discussed in 12.2. 7.4 
apply to calculation of a meter factor usiog a pipe prever 
and a turbine meter. 

A. GENERAL INFORMATION 

Proving report no.--------------

API gravlty -=63'-'''-7--------------
Rate, barrels/hour _,_15'-'7'-"0'---------------

Mmerno, ______ ~~----------
Tolalizer pulses per barrel __c/000=----------
Date and time _______________ _ 

B. DATA FROM PROVING RUNS 

Tem~erature, oF 
Aun no. Prever Motor 

63.0 64.5 
2 63.0 64.5 

J 63.5 64J 

NOTE: The properpulses-per-unit-volume ftgure for proving ca.lculatioos.
lt is important to bear in mind that wben proving a nubinc meter, m a 
displaccment meter equipped with a high resolutioo electrical pulscr, thc 
change in the meter reading is nm:ly ddermined from. tbe meter' a normal 
rotalizcr register. Instcad, lhe high speed pulses genented by tbe meter 
during the proving run are u:~ually counted and displayed by a separate 
electronic proving counter. In sorne cases the pulses gcnerated by tbe meter 
are multiplied by a totalizer scaling (actor andfor a lemperature compen
sating factor befare being counted by the proving counter. In either case, 
it is critical that the ''\:hange in meter reading" required to calculatc Che 
meter factor be detennined by d.ividing the number of counu from tbe 
counter by cnctly the number of proving oounts rcquired by thc mctcr's 
totalizcr to rcgister ooc unit of volume. For a displaccmcnt meter th.is is 
detennined by the pulse per revolution rate of thc: electrical pulser and tbe 
gcar ratio driving the mechanical register. For an electronic totalizer, the 
numbcr of pulse.! at the mc:~ec required to register one unit of volume is 
gencmll.y dle inverse of the product of the totalizer's &ealer factor and tts 
divider factor. Tbus, a meter with its totaliur scaler set to multiply by 
0.2500 and it.s dividr:r sct to divide by 100 (or multiply by 0.01) has a 
counts pcr unit volume of-

:-::::::::'--::-::-:- - 400 0.2500 )( 0.01 

If the pulses from the meter are passed througb the scaler befare being 
directed lo the prova- counter, then tbe appropriate counb or pulsea-per
unit volume would be 100, as only 100 oounts would be required at that 
point to regincr one unit of volwne. 

In any case, whcre the pulses at the point wbere tbe prover counter is 
connectc:d bave been corrected by a mechanical or electronic temperature 
compensator, the meter factor i.s cakulated as for a temperal\ltt: compen
nted meter; tbat is, witbout applying an additional e, factor in thc 
denorninator. Wbc:n proving a turbine ~ter cquipped with a tempera~ 
compensated totaJjzer, the meter factor is calculated as for a oonoompen
sated meter if the pro ver counter is connecled din:cdy al tbe meter. Iil. 
such a case, e, is applied in the denominalor because tbe proving pulses 
are not temperature compeosated. 

The U:y distinction is that the pulses or counts-per-unit-volumc figtn 
used in thc proviD.g report form calcu.lation is detennincd by the aettinp 
and arrangement of the totalizer used with the meter ratber than by th8 
puticular pulse-per-unit-volume cbaracteristic of the meter itsdf. 

12.2.7.6.2 Example Calculatlon for a Pipe 
Prover, Turblne Meter, and Llquld of 
Low Vapor Pressure 

Figure 5 provides an example calculation for a pipe prover 
with a turbine meter on a liquid of low vapor pressure. 

~~h--------~~~~~~---------
Prover dlmenslons 14" pipe, 0.112" wall 
Uquid __________________ _ 

Stat1on -------------------

Operator ______ .,.,-...,-...,..---------
Csv-tural 

Pressure, E!sig 
Prover Meter Pulse Count 

80 62 17743 
BO 62 17744 
80 62 17746 

Figure 5- Example Calculation'of a Pipe Prover, Turbina Meter, and a üquld of Low Vapor Pressure 
(Continuad on Paga 14) 

.•. 

.. 
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4 

5 

Averages 

1. Averages (rounded) 

2. Meter volume 

Metered volumo - 17745 + 

N ores: 

64.0 65.5 

64.0 65.5 

63.5 64.9 

63.5 65.0 

/000 17.745 btJrrels 

80 

80 

80 

80 

62 

62 

62 

62 

17746 

17747 

17745.2 

17745 

1. Average temperaturas are rounded to the nearest half degree Fahrenhell 
2. Pressures are rea.d to the nearest scale dlvfsion, whlch In thls case ls assumed to be In 2 pound 
par square lnch lncrements. 
3. Pulse count ls dlvlded by the totalizar pulses per barrel (in thls case 1 000) and reportad as barreis, 
rounded to three pfaces. 

C. DATA FOR PROVEA 
3. Base volume of prever, barrels ...•••..••.•••.. , ••..•..•..•••.......•....•.•.•.•..•.• 17.654 

1.0001 

1.0001 

0.9975 
/.0007 
0.9984 

17.626 

4. c., (ses 12.2.5.1) ................................................................ . 

5. e,., (ses 12.2.5.2) ............................................................... .. 

6. C~ (ses 12.2.6.3) (ses 11.1, Table 6) .............................................. .. 

7. e,. (ses 12.2.5.4) ................................................................ . 

6. CCF, (see 12.2.5.5) (Unes 4 x 5 x 6 x 7) (rounded lo tour decimal placas aleach stop) 

9. Corrected prever volume, barreis (Une 3 x Une S) ••.•••.••••..•.• , , •••...•.••......• 

D. DATA FOR METER 
10. C~ (ses 12.2.5.3) (ses 11.1, Tabla 6) ............................................... . 0.9965 

1.0005 

0.9970 

17.692, 

11. e,.. (see12.2.5.4) ................................................................ . 

12. CCF. (Lino 10 x Uno11) ......................................................... . 

13. Corrected meter volume (Une 9 x Une t 2) 

E. METER FACTOR 

14. Meter factor (Une 9 + Une 13) 0.9963 

Figure 5--Example Calculation tor a Pipe Prover, Turbine Meter, and a Uquld of Low Vapor Pressure (Continuad) 

12.2.7.6.3 Example Calculatlon for a Turblne 
Meter, Pipe Prever, and Llquld of 
Vapor Pressure Above Atmospharlc 

lt is assumed for this example, see Figure 6, that the 
liquid measured is a propane mix of a specific gravity at 
60'F of 0.554 and that a nontemperature compensated tur
bine meter and bJdirectional pipe prover are used. 

In this example, the equilibrium pressure P, is given as 
115 pounds per square inch gage determined by the me1hod 
explained in the no1e to 12.2.5.4. 

The value ofF for the meter can be read from the 1able 
of compressibilities vs. relative density (see Chapter 11.2) 
in this case by entering the temperature at 76.5°F and by 
reading against the column for 0.554 specific gravity, a 
value of 0.0000285. The valuc of e,, (Line 11) using 
Equation 9 works out to 1.0080 rounded to four decimal 
places. 

The value ofF for the prover is calculated likewise except 
1ha1 the pressure P is 385 pounds per square ioch gage and 
the tempera1ure t is 77.0'F, giving a value for C" (Linc 6) 
of 1.0078 rounded. 

IODO 

For C, values see 12.2.5.3, for c. see 12.2.5.1, and for 
CP" see 12.2.5.2, for which references toare also shown in 
the example. 

For both meter and prover a combined correction factor 
(CCF) is calculated according to instructions in 12.2.5.5. 

12.2.8 Calculation of Measurement 
Tlckets 

12.2.8.1 PURPOSE AND IMPLICATIONS 

The purpose of s1andardizing the tenns and ari1hmetical 
procedures employed in calculating the amounts of pe~ 
leum liquid on a measurement ticket is to avoid disagreement 
between the parties involved. The standardized procedures 
for calculation aim at obtainiog the same answer from the 
same measurement data, regardless of who or what does 
the computing. 

A measuremenr ticket is a written acknowledgment of a 
receipt for delivery of crude oil or petroleum produc1. If a 
change in ownership or custody occurs during thc transfer, 
the measurement ticket serves as an agreement between the 
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authorízed representatives of the parties concerned as to the 
measured quantities aod tested qualities of the liquids trans
ferred. 

markcd VOID and a new ticket prepared. If thc voided 
ticket has mechanically printed numbers oo it which canoot 

Care must be ~aken to ensure that all copies of a meas· 
urement ticket are legible. Standard procedure forbids mak
ing corrections or erasures on a measurement ticket unless 
the interested parties agree to do so and initial thc ticket to 
that effect. Should a mistake be made, the ticket should be 

· be reprinted on the oew ticket, thc voided ticket should be 
clipped to the oew one to support the validity of sucb printed 
numbers. 

12.2.8.2 TERMS 
Standard conditions mean 60"F and atmospberic pressure 

A. GENERAL INFORMATION 

Provlng report no. Prever type 

Batch Vapor pressure (at operatlng temperatura) 
Speclfic gravlty O.j54 Meter manufacturar 

Meter size /'h Uquld e_ropane miz 

Totalizar pulses per barrel 13188 Base prover volume, barreis 2.rJ734 

Prover dimensions 12" e.il.!!.· 0.375• wall StaUoo 

Date and time Operator's name 

Company 
(tlgNI:In) 

B. DATA FROM PROVING RUNS 

Teme!rature, Of Pressure, psls 
Aun No. Prover Meter Prover Meter 

1 76.6 76.0 385 395 

2 76.8 76.8 385 395 

3 76.8 76.0 385 395 

4 77.6 77.0 385 395 

5 77.0 77.2 385 395 

6 77.0 76.6 385 395 

Avarages 77.0 76.6 385 395 

1. Averages (rounded) 77.0 76.5 385 395 

NoTES: 
1. Average temperatures BJ"8 roundad to the nearest half degree Fahrenhelt 
2. Pressures are read to the nearest scale dMslon. 
3. Pulsa count ls rounded to tha nearest count. 

2. Base volume of prover, barreis ....•.•.••.•............... · .......................... . 

3. c., (seo 12.2.5.1) ............................................................... .. 

4. e_ (seo 12.2.5.2) ................................................................ . 

5. C,P (sea 12.2.5.3) (sea 11.1, Tabla 6) ............................................... . 

6. Cp~p (sea 12.2.5.4) .................•••...•...............•.•..•............••...•.. 

7. CCFP (Unes 3 x 4 x 5 x 6) .................................................... .. 
8. Corrected prever volume, barreis (Une 2 x Lme 8) 

C. DATA FOR METER 

9. Metered volume (Une 2 .... pulseslbarrel) 

2863/ 13188 2.1710 

10. C~ (seo 12.2.5.3) (seo 11.1, Tabla 6) . . . . . .............................. .. 

11. e,.. (soo12.2.5.4) ................................................................ . 

12. CCF. (Une 10 x Une 11) ...................................................... .. 

13. Corrected metered volume, barreis ................................................. . 

D. METER FACTOR 

14. Matar factor (Une 8 + Une 13) 

Figure 6-:-Exaf!lpl~ Calculation for a Turbine Meter and Pipe Prolier 
wtth a L1qu1d of a Vapor Pressure Above Atmospherjc 

ll 

2.rJ734 

},()()()3 

/.()()()4 

0.9780 

1.0078 

0.9863 

2.0450 

0.9789 

1.0080 

0.9867 

2.Ull 

0.9547 

Pulse Count/ 
Round Trlp 

28629 

28626 

28635 

28634 

28633 

2863/ 

2863/3 

28631 

. 
' 
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(O pounds per square inch gage). In the case of liquids 
having an equilibrium pressure above O gage at 60"F, the 
standard conditions are 60"F and the equilibrium pressure 
of the liquid at 60'F. 

A barre/ is a unit volume equal to 9702.0 cubic inches, 
and a gallon is a unit volume equal to 231.0 cubic inches. 

Volumes are expressed in barreis or gallons with the 
severa! tenns íncorporating the word volume having the 
meanings described below. 

Indicated volume is the change in meter reading that 
occurs during a receipt or deli very. The word registration • . 
though not preferred, often has the same meaning. 

Gross volume is the indicated volume multiplied by the 
meter factor for the particular liquid and fiow rate under 
which the meter was proved. Ibis is a volume mcasurcment. 

Gross volume at standard temperature is the gross volume 
multiplied by C, (see 12.2.5.3), the values of which may 
be found in Tables 6 or Tables 24 (see Chapter 11.1). If 
a meter is equipped with a temperature compensator, tbe 
change in meter reading during a reccipt or delivery will 
be an indicated volume at standard temperature, wbich when 
multiplied by the meter factor becomes a gross volume at 
standard temperature. 

Gross standard volwne is the gross volume at standard 
temperature, corrected also to standard pressure, and is 
therefore a quantity measurement. The factor for correcting 
a volume to standard pressure is called C~ (see 12.2.5.4). 

In summary (for a nontemperature compensated meter): 

~::J'ard = [(;~~~ng) _ (~:';ng)] 
volume reading reading 

X [MF X C., X C,J 

Net standard volume is the same as gross standard votume 
for refined products. When referred to crude oil, it means 
that the deterrnined percentage of sediment and water has 
been deducted. It is sometimes called "standard barreis of 
net clcan oil. '' The correction factor for sediment and water 
(S&W) is: 

e,.= J -·% S&W!IOO 

Therefore: 

~:~dard = [(;~~~~ng) - (~:~ng)] 
volume reading reading 

X [MF X C, X C,1 X C,.J 

A reading or meter reading is the instantaneous display 
on a meter hcad. When the differencc between a closing 
and an opening reading is being discussed, such difference 
should be called an indicated volume. 

~bytlll 

m 11r .!4 tl:il: n zaoo 

Measurement ticket is the generalized terrn used in this 
publication to embmce and supersede expressions of long 
standing such as ''run ticket,'' ''reccipt and delivery ticket,''._·. 
and other terrns. It is also used to mean whatever the 
supporting pieces of paper or readout happen to be in a 
meter station that is automated, remotely controlled, andlor 
co¡nputerized. 

12.2.8.3 RULE FOR ROUNDING
MEASUREMENT TICKETS 

In calculating a net standard volume, record temperntures 
to the nearest whole degree Farenheit and pressures to the 
nearest scale reading line. Tables of correction factors should 
be used, with values expresscd to four decimal places. 

Multiply the meter factor to be used by the correction 
factors, rounding to four decimal places at each step in this 
interrnediate calculation. Round the combined correction 
factor (CCF, which in this situation includes a meter factor 
value and CN) to four decimal p1aces. Round the resulting 
net standard volume to the nearest whole barre! or whole 
gaUon, as the case may be. 

12.2.8.4 CORRECTJON FACTORS 

The correction factors that apply to measurement tickets, 
and their notation, are explained in 12.2.5. In measurement 
tickcts for crude oil' anothcr correction factor is introduced 
to allow for lcnown volumes of sediment and water (S&W). 
The value of this correction factor (C,.) is 1 - [%S&W/ 
100]. Llke the corrections for temperature and pressure, it 
too should be combined into the CCF (see 12.2.5.5) when 
calculating measurement tickets. 

12.2.8.5 HIERARCHY OF ACCURACIES 

The hicrarchy of accuracies assigns measurement ticket 
values to a leve] below meter factor calculations because 
the accumulated uncertainties entering the calibration of 
provers, and then entering thc calculation of meter factors, 
makes it unrealistic to assign a higher position. Thus, only 
four decimal places in the correction factors are warranted, 
and the conventicos for rounding and truncating are nec
essary in arder to obtain the same value from the same data 
regardless of who or what does the computing. 

12.2.8.6 STANDARD PROCEDURES 

Meter readings shall be truncated so that fractions of a 
standard unit (barreis or gallons) are eliminated (not 
rounded) and the indica.ted volume deterrnined therefrom 
shall enter the calculation for net standard volumc. (Should 
it be agreed between the interested parties to employ a unit 
larger than a barre!, sucb as a unit of 10 barreis, then 
truncation will eliminate anything less than su eh a unit.) 



Ftt lllr 14 IM~11 

MPMS 12.2-81 1 0732290 005713~ 

SECTION 2-MEASURED BY TURBINE OA OISPf..ACEMENT METERS 17 

For example: 

Casing rcading 
Opening read.ing 
Volume by difference 

Di'J>i•yod 
Volue 

3,867,455.2 
3,814,326.9 

53,128.3 

Truncated 
Value 

3,867,4.S5 
3,814,326 

53,129 

correction factor) ovcr and over again, and possibly losing 
significance in !he process, obtain !he combined correction 
factor (CCF) first and only then, multiply !he indicated 
volume by !he CCF (see 12.2.5.5). Multiplyeach correction 
factor by !he next ooe, and round to four decimal places at 
each step. Report -all. correction factors to four decimal 

Non-resettable counters should be employed. 
Temperature shall be read and rounded to the nearest 

whole dcgree Farenheit. 

--places, including !he CCF. 

Pressures shall be read aod rounded to the nearest scale 
reading. 

12.2.8.8 EXAMPLE MEASUREMENT TICKET FOR 
A LOW VAPOR PRESSURE UQ41D 

12.2.8.7 CONVENTIONS 

In arder to avoid multiplying a large number (for example, 
an indicated volume) by a small number (for exarnple, a 

A measurement ticket fonn should allow for !he recording 
of at least !he data shown in Figure 7 and the calculated 
valucs. The example applies to a nontcmperature compen-ii 
sated meter. 

A. GENERAL INFORMATION 

Ticket no.---------------

Time started ---------------
Measuring statlon -------------
Uquid crud~ oil 

Monthlday/year ______________ _ 
Timefi~shed _______________ ___ 

Delivered to -----------------
Bateh _________ ~~~------
API gravily at 60"F (see Note t) __:3"'9,.6"~~,_P_,_J ____ _:__ Sedlment and water _,o.¿/5"-'%..._ _________ _ 

Rema~•----------------- Witness neme------,==,-------
O~ID(sname _________ ~l~~~run~J ____________ __ 

B. MEASUREMENT INFORMATION 

1. Closing meter reading (truncated}, barreis ..•.•..•••..•.....•...••.•..•....•....••..•. 

2. Openlng meter reading (truncated), barreis .......................................... . 

3. lndlcated volume, barreis ........................•..•........•••..••....•. , •..•.•••. 

4. Meter factor 1.0016 from Report No.-----
5. Average stream temperatura, cF ....................................... , ............ , 

6. C.,.(see11.1,Table6) ............................................................ . 

7. Average meter pressure, psig .•.....................................•.•••••.•...••.. 

8.~ .......................................................... . 

9. Sediment and water (if applicable), pareen! .....•••...... , . . . . . . . • • •...•............. 

1 O. C.,. (For dry, clean products. use 1 .0000) ...•...•.....•• , .......•....•..•••..•...•.•.. 

11. Combinad correction factor, CCFn (Lines 4 x 6 x 8 x 10) •..........•.•.•...•.•...... 

12. Net standard volume, barreis (Une 3 x 11) . . . ....................•..•... : . •. : .•.... 

NoTE 1: Gravlty is assurned to be rounded to .5 degrees API. 

(a.gnat\n) 

3 867 455 

3 814 326 

53 129 

88 

0.9860 

370 

/.0022 

0./5 

0.9985 

0.9983 

52 507 

Figure 7-Example Measurement Ticket for a Low Vapor Pressure Liquid 

' 

n 
'(V 

. ,·:-



IDPmo.niiYtllo-PIIl'IIBIIDiti!Dtl 
frt .... !4 1Hll4 IODO 

MPMS 12.2-81 

APPENDIX A 

CORRECTION FACTORS FOR STEEL 

1 0732290 0057133 11 

Table A-1-Temperature Correction Factors for Mild Steel, c. 
Table A-2-Temperature Correction Factors for Stainless Steel, c. 
Table A-3-Pressure Correction Factors for Steel, C,. 

19 
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Tabla A·1-Temperature Correctlon Factors for Mlld 
Steel 

C. for mild alecl having a cubical coefficic:nt of exp&Illion of 
1.86 x to-s pcr •F 

Observcd e, Ob=v«l e, 
Temperature, 6J' Value Temperature, •F Value 

-7.2--1.9 0.9988 73.5- 78.8 1.0003 
-1.8- 3.5 0.9989 78.9- 84.1 1.0004 

3.6- 8.9 0.9990 84.2- 89.5 1.0005 
9.0- 14.3 0.9991 89.6- 94.9 1.0006 

14.4- 19.6 0.9992 95.1}..100.3 1.0007 
19.7- 25.0 0.9993 100.4-105.6 1.0008 
25.1- 30.4 0.9994 105.7-111.0 1.0009 
30.5- 35.8 0.9995 111.1-116.4 1.0010 
35.9- 41.1 0.9996 116.5-121.8 1.0011 
41.2- 46.5 0.9997 121.9-127.2 1.0012 
46.6- 51.9 0.9998 127.3-132.5 1.0013 
52.1}.. 57.3 0.9999 132.6-137.9 1.0014 
57.4- 62.6 1.0000 138.1}..143.3 1.0015 
62.7- 68.0 1.0001 143.4-148.7 1.0016 
68.1- 73.4 1.0002 148.11-154.0 1.0017 

NOTE: This table is suitablc for application i.n meter proving; in prover 
calibration use the fonnubs. For the formula uscd to derive thc tabulated 
valuu and to c:alculatc valucs, see 12.2.5.l. 

Tabla A·2-TemEerature Correction Filctors for 
tainless Steel 

c., for staiolcu steel baving a cubica! coefficient of cxpan¡Hm of 
2.65 X JO-' per "F 

Obscrvod c. Obse.ved c. 
Tcmperarure, -,: Valuc Temperature, '"P Valuc 

-9.8--6.1 0.9982 73.3- 76.9 1.0004 
-6.0--2.3 0.9983 77.1}.. 80.7 1.0005 
-2.2- 1.5 0.9984 80.8- 84.5 1.0006 

1.6- 5.2 0.9985 84.6- 88.3 1.0007 
5.3- 9.0 0.9986 88.4- 92.0 1.0008 
9.1- 12.8 0.9987 92.1- 95.8 1.0009 

12.9- 16.6 0.9988 95.9- 99.6 1.0010 
16.7- 20.3 0.9989 99.7-103.3 1.0011 
20.4- 24.1 0.9990 103.4-107.1 1.0012 
24.2- 27.9 0.9991 107.2-110.9 1.0013 
28.1}.. 31.6 0.9992 111.0--114.7 1.0014 
31.7- 35.4 0.9993 114.S-I 18.4 1.0015 
35.5- 39.2 0.9994 118.5-122.2 1.0016 
39.3- 43.0 0.9995 122.3-126.0 1.0017 
43.1- 46.7 0.9996 126.1-129.8 1.0018 
46.8- 50.5 0.9997 129.9-133 5 1.0019 
50.6- 54.3 0.9998 133.6-137.3 1.0020 
54.4- 58.1 0.9999 137.4-14l.l 1.0021 
58.2- 61.8 1.0000 141.2-144.9 1.0022 
61.9- 65.6 1.0001 145.0--148.6 1.0023 
65.7- 69.4 1.0002 148.7-152.4 1.0024 
69.5- 73.2 1.0003 JS2.S-156.2 1.0025 

NOTE: 'This table lS swtable for application in meter proving; in prover 
calibrattoD use lhe fonnulas For the formula used to derive tbe tabulated 
values and lo calculate thc vatucs, scc 12.2.5.1. 
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Table A-3-Pressure Correction Factors for Steel, C., ;; 
e (All measurements are in pounds per square inch gage ) e 

Prover Oimensions 

6-in. Pipe 6-fn. Pipe 1-ln. Pipt S-In. Pipe 10-m. Pipe 10-m. l'lpc 12-in. Pipe 
f~M o '2S-In. o 280-i~ 0.322-in, O l7ha. O.JC-m. 0.375-in. 0.375-in, 
c. WoJJ Woll w.n Woll Woll Woll Wall 

1.0000 0- 61 0- 69 0- 60 0- 71 0- 54 0- 56 0-46 
1.0001 62-183 70-207 61-181 72-214 SS -163 57-168 47-140 
1.0002 184-306 208-346 182-302 215-357 164-273 169-281 141-234 
1.0003 307-428 347-484 303-423 358-499 274-382 282-393 235-328 
1.0004 429-551 485-623 424-544 500-642 383-491 394-506 329-421 

1.0005 552-673 624-761 545-665 643-785 492-601 507-618 422-515 
1.0006 674-795 762-900 666-786 786-928 602-701 619-731 516-609 
1.0007 79&-918 901-1038 787-907 929-1071 711 -819 732-843 610-703 
1.0008 919-1040 908-1028 820-928 844-956 704-796 
1.0009 929-1038 957-1068 797-890 

1.0010 891-984 
1.0011 985-1078 
1.0012 
1.0013 
1.0014 

1.0015 
1.0016 
1.0017 
1.()()18 

1.0019 

1.0020 
1.0021 
1.0022 
1.0023 
1.0024 

14-in. Pif~C! l-4-ln. Pipe 
0,312-¡n, 0.37:5-111 f~M 

Woll Woll c. 

0-34 0- 42 1.0000 
35-104 43-127 1.0001 

105-174 128-212 1.0002 
175-244 213-297 1.0003 
245-314 298-382 1.0004 

315-384 383-466 1.0005 
385-454 467-551 1.0006 
455-524 552-636 1.0007 
525-594 637-721 1.0008 
595-664 722-806 1.0009 

665-734 807-891 1.0010 
735-804 892-976 1.0011 
805-874 977-1061 1.0012 
875-944 1.0013 

945-1014 1.0014 

1.0015 
1.0016 
1.0011 
1.0018 
1.0019 

1.0020 
1.0021 
1.0022 
1.0023 
1.0024 
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Table A·3-Pressure Correctlon Factors for Steel, C,. (Continuad) 
(AH rneasurements are in pounds per square mch gage.) 

Prover Dimensions 

l~·ln Pipe 1~-tn Pipe :lO In Pipe 24-ln P•pe U.tn, Pipe 
r.::tor 0.375-in 0.375-in. o.:m-in, O.J7Hn. 0.375-ln. 
c. Wall Wol Wol wo1 Wol 

1.0000 G- 36 G- 32 G- 29 G- 24 G-22 
1.0001 31-110 33- 91 3G-087 25-12 23- 66 
1.0002 111-184 98-163 88-146 13-120 67-111 
1.0003 185-258 164-228 147-204 121-169 112-155 
1 0004 259-331 229-293 205-262 llG-211 156-200 

1.0005 332-405 294-358 263--321 218-266 201-245 
1.0006 406-479 359-423 322-319 267-314 24&-289 
1.0001 48G-553 424-489 38<1-438 315-362 29<1-334 
1.0008 554-627 490--554 439-496 363-411 335-378 
1.0009 628-700 555-619 497-m 412-1.59 319-423 

1.0010 7Dt-n4 62()..<;84 556--613 460-508 424--467 

1.0011 775-848 685-149 614-672 509-556 468-512 
1.0012 849-922 75G-815 613-130 557-ó04 513-556 
1.0013 923-995 816-880' 131-188 605-653 557-óOI 
1.0014 996-1069 881-915 789-847 654-701 602-ó46 

1.0015 94&-1010 848-905 702-749 647-690 
1 0016 906-964 75G-798 691-735 
1.0017 965-1022 799-846 136-179 
1.0018 847-895 780-824 
1.0019 896-943 825-868 

1.0020 944-991 869-913 
1.0021 992-1040 914-957 
1.0021 958-1002 
1.0022 
1.0023 
1.0024 

Nares: 
J. Tbis table is bascd on the foUowing equation: 

C = 1 + p~- P,D 
• E, 

Where: 
e,. = s:teel correction factor for p~ssure to account for the cbange in volume witb lhe change in pressure. 
P, = operating or- observed pressure, in pound5 per squarc: iocb gage. 
P, - Pressurc. in pouods per square incb gage, at wbicb dle base volumc of the prover wu detmnined 

(usually, O po"""' per cquarc inch PB•). 
D ""' intemal diamcter of the pipe in the prover section, in i.nc::hes. 
E - modulus of elasticlty for stcel equals (30)(10'). 
t = wall thickncss of the pipe in the prover section, in incbes. 

2. 11ús table is suitable for applicadon in meter proving; in provercallbrations, use che formula (see F12.2.S.2). 
· .. 

16·111. Pipe 10-11. l"'pe 
0.500-in. 0.~00-ill 

Woll Woll 

G- 30 G-25 
31- 89 26- 11 
9G-150 18-129 

151-209 13G-181 
210--270 182-232 

211-329 233-284 
330-390 285-336 
391-449 331-381 
450-!510 388-439 
511-569 440-491 

570-630 492-543 
631-ó89 544-594 
69<1-150 595-646 
751-809 647-ó98 
81G-870 699-750 

871-929 m-aot 
93<1-990 802-853 

991-1049 854-905 
906-956 

957-1008 

)(1-\11. Pipe 
0.500-in '""" Woll c. 

G- 21 1.0000 
22- 64 1.0001 
65-101 l.C002 

108-149 1.0003 
150-192 1.0004 

193-235 1.0005 
236-278 1.0006 
27~321 1.0001 
322-364 1.0008 
365-407 1.0009 

408-450 I.OOJO 
451-492 1.0011 
493-535 1.0012 
536-578 1.0013 
579-621 1.0014 

622-ó64 1.0015 
665-101 1.0016 
108-749 1.0011 
750-792 1.0018 
793-835 1.0019 

836-878 1.0020 
879-921 1.0021 
922-964 1.0022 

965-1007 1.0023 
1.0024 
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APPENDIX B 

CORRECTIONS TO OFFSET THE EFFECTS OF TEMPERATURE ON METAL SHELLS 

This appendix presents the derivatioos of the corrections 
necessary to offset !he effects of temperature on !he metal 
shells of both !he field standard test me asures and !he prover 
!bey are used to calibrate. 

The general equation for detennining !he base volume of 
a prover by water drawing it with field standard test measures 
is: 

PBV = (VM XC,..] X [e ~""' C ] (81) 
~X P'PX p1p 

Where: 
PBV = the prover base volumc at 60~ andO pounds pcr 

square inch gage. 
VM = the indícated volume in the test measure. 

CuM = the correction for the tempcraturc of the steel 
shel! of tbe test measure (see 12.2.5.1). 

C111,.. = the cotrection for the temperature difference be
tween the water when in the individual test mens
ures and the water when in the pro ver. (This 
factor must be used out of sequence.) It can be 
obtained from tabulated values in Chapter 11.4.2. 

Cp1p = the correction for pressure on the water in the 
prover (see 12.2.5.4). 

Cap ::;;;; the correction for the temperature of the steel 
shell of !he prover (see 12.2.5.1). 

e,.,= !he correction for !he pressure on !he stee1 shell 
of the prover (see 12.2.5.2). 

Por the pwpose of discussion, or even of calculation, the 
two corrections for the temperature of the steel shcll can be 
combined as follows: 

Where: 

ce"= (c•M) = (1 + (T,.- 60J'Y ... ) <82) 
C.., 1 + (T, - 60)'Y, 

CCu = the combined correction factor for the effect 
of ternperature on the steel of both the pro ver 
and the measure. 

T,. and T, = !he temperatures of !he steel shells of !he 
measure and the prover, respective! y, gen
erally taken as equal to the temperature of 
the water contained therein. 

'YM and 'YP = the coefficients of cubica) expansion of the 
materials of the measure and the prover, 
respective! y. 

Mu1tiplying both !he nurnerator and denominator of 

25 

------· 

Equa)iÓn B2 by-¡'- (T, - 60)-y; and dropping the second
order infinitesimals as negligible gives: 

ce •. = 1 + <T .. - 60J'Y .. - (T, - 6on, (B3J 

Equation B3 is the general case. 
Por !he special case when !he prover and the test measures 

are made of the same material--

'YM = 'Yp = "f 

and 
ce. = 1 + (T,.. - r,J'Y (84) 

Por !he other special case when the prover and the test 
measure are at the same temperature but are made of different 
materials-

T., = T, = T 

and 

CC. = 1 + (T- 60)('YM - -y,) (BS) 

Equations B4 and 85 are !he corrections discussed in 
Section 7.2 and Section 7.3 of !he National 8ureau of 
Standards Monograph 62, Testing of Metal Volumelric 
Standards. The general case value for all combinations of 
temperatures and materials, however, is covered by Equation 
82 and is used in B l. 

With respect to Equation 81 it should be noted that in 
practice the value of C1dw is detennined for each test measure 
withdrawn and applied to the volume in that test measure. 
These corrected volumes are then summed and the remaining 
corrections are applied to !he surn. In that case T M is taken 
as the volume-weighted average temperature of all the meas
mes withdrawn. This practice is acceptablc for the nonna1 
nwge of temperature. experienced because the cubical coef
ficient ofthermal expansion ofthe usual metals is only about 
one-tenth that of water. Equation B 1 then beco mes; 

PBV = :!:[V, X C,..]i X [ c.M J (86) 
C.., XC,.. X C.., 

It should be noted that while !he coefficient of cubica! 
expansion of mi1d steel is usually 1.86 X lQ- 5 , !he coef
ficient for stainless steel and other metals generally varios 
with the composition of -!he metal, and only !hose values 
given by the manufacturer of the test mcasures or pmver 
sbould be used. 
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As an examp1e of the extentto which the failure to app1y 
the steel temperature corrections affects the prover base 
volume, consider the case where both the measures and the 
prever are made of mild stee1 but the temperature in !he test 
measures is 870f' while the temperature in the provcr at the 
beginning of the water draw is 78"F. Then: 

C • ., 1 + [(87 - 60) X 1.86 X 10-'] 
C,. = 1 + [(78 - 60) X 1.86 X 10 '] = l.000

167 

h11111r 14 tHI:1110DD 

Failure to app1y these corrections -in Equation B6 wou1d 
therefore resu1t in understating the prever base volume by 
0.0167 perceill. 

Thus it can be scen that the statement in Paragraph 2125 
of API Standard 1101, "If the test measure and the prover 
~m~de of tbe same material, no correctlon of the volume 
of !he prover to 60"F need be made," is true on1y if the 
temperature in the prever differs frem the temperature in 
the test measure by 3"F or 1ess. 

,, 
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APPENDIX C 

SAMPLE METER PROVING REPORT FORMS 

General Pwpose Meter Proving Report for Use with Pipe Provers 
Meter Proving Report for Tank Prover Method 
Meter Proving Report for Master Meter Method 

27 
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GENERAL PURPOSE METER PROVING REPORT 
FOR USE WITH PIPE PROVERS 

LOCATlON 

1 
1 

1 

1 PROVEA DATA 

1. BASE Vot.UME AT IO"F ANO V j)'ll. 

PULSESibbl TEMP. COMP. 

HQN.FESET TOTAUZER 

1 AUN DATA 1 

,.,..., 
TEMPERATURE PRESSURE 

TOT"'- PULSES RUNNO. 
PROVEA AVG. METER PROVEA METER 

1 1 

uauro DATA 

TYPE 

FlELO C.Al.CULATIONS 

CORRECTED 
PROVEA 
VOUJME 

1 1 

API GAAVrTY 

AT 60"1' 

CORRECTEO 
METER 

VOLUME 

' 
2 

3 

• 
• 
• 
7 

• 
• 

10 

1 l. 1 1 AVG. 

SPECJFIC GRAVITY 

AT &O"F 

DATE 
11 ~TEWP, ~~- REPORTNO. 

PFIEVJOUS RfPORT 

FlOW RA,:, 11 
FACTOR 

11 
·DATE 

1 

MANUF. 

GJ= 

MODEL 

CORRECOON FOA 
T'Et.IPERAT\JRE ON STEEL 

rc;¡=IL __ 00 

__ ·~-~----~------~ ~ . PRESSURE ON STEEL 

¡;:--¡_ 
~-

CORFECTION FOA 
TEMPERA TURE ON liOUIC 
TABLE 6 OR TABLE 2-4 
FOR LP01 

CORRECTlON FOR 
PRESSURE ON UOlAD w=l L__ _____ __j 

BATCHfTENDER NO. 

CORAECTED PROVEA VOLUME 

CORRECTED METER VOlWE 

e,. COUPOSITE FACTOR 
il 

UQUIDOORR. 1 
FOR PRESS. AT - USE FOR CONSTANT 

1 NETERING~. - PRESSURE APPUCATIONS 

1 

:::!J 
REMARKS, REPAIRS, ADJUS'NENTS, ETC., -----------------------------------

SIGNATURE DATE COMPANY REPRESENTED 

(API MPMS Chapter 12,2) 29 
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METER PROVING REPORT FOR TANK PROVER METHOD 

1 1 1 1 

--

1 

- -

1 1 l LOCATXlN TENDER LIQUID "Al't DATE AMBIENT TEMP • REPORTNO. 

... 

PROVEA DATA PAEVIOI.IS REPORT NO. 

NOMtiAL VOLLNE AT WF AKJ "'" patg, SERIAL NO. FLOW AATE FACTOR DATE 

...... """" 
METER DATA 

SEAIALNO. METER NO. TEMP. COMF'ENSATED MANUFACTURE A SJZE MODEL 

0 VES 0 NO 

1 FLOW AATE ·~· 11 1 

AEMARKS, REPAJRS, ADJUSTt.IENTS, ETC. 

NON RESET COUNTEA 

PROVEA TANK VOLUME DATA AUNN0.1 RUN NO. 2 F\\JN NO. 3 RUN NO. 4 

1 DEliVERY TO TANK, gal¡tUt 

2 TANK TeMPERATURE (AVERAGE) 'F 

' c. 

• e, ' 

' COMBINED CORAECTION FACTOR (UNE 3 )( UNE 4) 

• CORRECTEO PROVEA VCLtn.AE {lt4E 1 x UNE 5) 

PROVEO METER DATA 

7 FINAL METER READING 
' 

8 IHITJAL METER READING 

' 9 INDICATED YOWME BV METER, tela (LNE 7 - UNE 6) 

10 INOJCATEO VOLUME BY METER, gall (LINE 7 - UNE Bl OR (42 x UNE 8) 

11 TEMPERATURE AT METER. 'F 

12 PRESSURE AT METER, pslg 

13 Ct USE 1.000 IF TEMP. COMPENSA lEO 

" c. 

" CC'I' (UNE 13 x UNE 14) 

" CORRECTEO METER VOLUME (LINE 10' x UNE 13) 

17 UETER FACTOR (UNE 8 ... UNE 16) 

METER FACTOR ~ c. COMPOSITE FACTOR ==n X 
UKl CORREC'nON FOR USE FOR CONSTANT 

PRESSUAE AT METEAING -(AVERAGE VALUE) 

lt - PREBSURE APPLICATION 

j 

1 

S!ONATURE 

1 

CATE 

1 

COMPANY REPAESENTATIVE 

1 

(API MPMS Chaplar 12.2) 30 
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METER PROVING REPO_RT fOR ~_A.S,TER MJ;TER METHOD 
L.OCATlON mroER UOUID .... 

1 

DATE AMBIENT TEMP. REPORTNO. 

METER DATA 

.. ... 
SERIAl NO. METeR NO. PULSE&tlbl TEMP. COMF'ENSATED MANU_FACTURER SIZE MODEL 

.. 

PAEVJOUS REPORT NO. 

1 ~OWAATE 
1 

NON RESET COUNTER 

1 

A.OW RATE FACTOR DATE 

....... 
MASTER L4ETER DATA """"' SIZE MOOEl SERIAL NO. 

1 CLOSING READING, tlbb/gab 

2 OPEMNG READING, bblatgall 

3 INDICATED VOLUME (UNE_ 1 - UNE 2} 

• TENPERATURE AT UETER, ~ 

-
5 PRESSURE AT METER, palg 

• MASTER METER FACTOR 
' ,_ 

7 e, ; \ ' ¡ 

• c. ' ~ 
~l 

• CCF (UNE 6 x LINE 7 x UNE 8) 

10 CORRECTEO PROVEA VOUNE (UNE 3 x UNE 11) .,.·. ,. 
' 
r 

PAOVED METER DATA '' 
.. , 

.... 
\l 

11 CLOSING NETER READING, bblalgab 

'• l 'L 
" OPENINQ METER READING, bllbfgals 

" INDJCATEO VOlUME (~E 11 - UNE 12) 

" TEMPERATURE AT METER, • F 

" PRESSURE AT METER. pe6g 

" e, 

17 c. 

" CCF (UNE 115 x UNE 17) 

19 CORRECTED METER VOlUME tll"" t:J )( UNE 18) 

"' METER FACTOR (UNE 10 + UNE 19) 

METER FACTOR fr.: c. COMPOSITE FACTOnl 

X 
ID CORAECTlON FOA 

(AVERAGE VALUE) PAESSURE Al METERING - USE FOR CONSTANT 

LONJITlONS - PRESSURE APf'UCATIO~ 

SIGNATURE DATE COMPANY AEPRESENTATIVE 

(API MPMS Chapter 12.2) 31 
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APPENDIX D 

CHAPTERS 22 AND 23 FROM NBS HANDBOOK 91' 

CHAPTER 22-NOTES ON STATISTICAL COMPUTATIONS 

22-1 Codin·g in Statlstical Computations 

Coding is the tenn used when- arithmetical operations are 
applied to the original data in arder to make the numbers 
easier to handle in computation. The possible coding op
erations are: 

(a) Multiplication (or its inverse, division) to change the 
arder of magnitude of the recorded numbers for computing 
purposes. 

(b) Addition (or its inverse, subtractíon) of a constant
applied to recorded numbers whi~h are nearly equal, to 
reduce the nurnber of figures which need be carried in 
computation. 
When the recorded results contain noo·significanL zeros, 
(e.g., numbers like .000121 or like 11,100), coding is 
clearly desirable. There obviously is no point in copying 
these zeros a large number of times, or in adding addilional 
useles..li zeros when squaring, etc. Of course, these results 
coulá have been given as 121 X JO-• or 11.1 X 10', in 
which case coding for order of magnitude would not be 
necessary. 

The purpose of coding is to save labor in computation. 
On !he othcr hand, !he process of coding and decoding !he 
results introduces more opportunities for error in compu
tation. The decision of whether to code or not must be 
considered carefully, weighing the advantage of saved labor 
against the disadvantage of more likely rnistakes. With this 
in mínd, thc following five rules are given for coding and 
decoding. 

l. The whole set of observed results must be treated 
alike. 

2. The possible coding operations are the rwo genecal 
types of arithmetic opcrations: 

(a) addition (or subtnlction); and, 
(b) multiplicatlon (or division). E1ther (a) or (b), or 

both together, may be used as necessary to make the original 
numbers more tractable. 

3. Careful note must be kept of how !he data have been 
coded. 

4. The desired computation is perfonned on thc coded 
data. 

1 Extractcd from National Burc:au of Standards Handbook 91, Natrella, 
M. G., Experimental Static$, U.S. Govemment Printing Ortice, Wash
ington, D.C. 1963. 
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5. Tbe process of decoding a computed result depends 
on the computation that has been perfonned, and is indicated 
separately for several common computations, in the follow
ing Paragraphs (a) through (d). 

(a) The mean is affected by every coding operaban. 
Therefore, we must apply the inverse operation and reverse 
the arder of operations used in coding, to put the coded 
mean back into original units. For exarnple, if the data have 
been coded by first multiplying by 10,000 and then sub
tracting 120, decode !he mean by adding 120 and then 
di viding by 10,000. 

Ob=ved 
Resuh.s 

Mean 

Decoding: 

.0121 

.0130 

.0125 

.0125 

Mean 

Coded 
Re.su1ts 

Codcd mean 

Codcd mean+ 120 · 
10.000 

25 
10,000 

.0125 

t 
10 
S s 

(b) A standard deviation computed on coded data is 
affected by multiphcation or division only. The standard 
deviation is a measure of dispersion, like the range, and is 
not affccted by addmg or subtracting a constant to thc whotC 
set of data. Therefore, if the data have beeo coded by 
addition or subtraction only, no adjustment is needed in the 
computed standard deviation. lf !he coding has involved 
multiplication (or division), the inverse operation must be 
applied to lhe computcd standard deViation to bring it back 
to original units. 

(e) A varianu computed on coded data must be: mul· 
tiplied by !he square of !he coding factor, if division has 
been used in coding; or divided by the square of the coding 
factor, íf multiplication was used in coding. 

(d) Coding which involves loss of significan! figures: · 
The kind of coding thus far discussed has involved no loss 
in significan! figures. There is another method of handling 
data, however, that involves both coding and rounding, and 
is also called "coding". This operation is sometimes used 
when !he original data are considered to be too finely
recorded for !he purpose. 
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Por example, suppose that the data consist of weights 
(in pounds) of shipmenls of sorne bulk material. lf average 
weight is the characteristic of intcrcst, and if !he range of 
tbe data is large. we might decide to work witb weights 
coded lo the nearest hundred pounds, as follows: 

Observed Weights 
Unlt¡: lbs. 

Coded Data 
Urúts: 100 lbs. 

7,123 
10.056 

100,310 
5,097 

543 

cte. 

71 
101 

1003 
51 

5 

ele. 

Whether or not the resulting average of !he coded data 
gives us sufficient iofonnation will dcpend on the range of 
!he data and !he intended use of the result. 11 should be 
noted lhat Ibis "coding'' i-equin:s a higher order ofjudgment 
!han the strictly arithmetic_al coding discussed in previous 
examples, because sorne loss of infonnatioo does occur. 
The decision to ''e orle'' in this way sbould be made by 
someone who understands the source of the data and the 
intended use of the computations. The groupíng of data in 
a frequency distribution is coding of this kind. 

22·2 Roundlng in Statistical 
Computations 

22·2.1 ROUND!NG OF NUMBERS' 

Rounded numbers are inherent in the process of reading 
and recording data. The readings of an experimenter are 
rounded numbers to start with, because all measuring equip
ment is of linúted accuracy. Often he records results to even 
less accuracy than is attainable with the available equipment, 
simply because such results are completely adequate for bis 
immediate purpose. Computers often are required to round 
numbers-either to simplify tbe arithmetic calculations, or 
because it cannot be avoided, as when 3.1416 is used for 
1T or !.414 is used for \1'2. 

When a number is to be rounded to a specitic number of 
significant figures, the rounding procedure should be carried 
out in accordance with the foUowing three rules. 

l. When the figure next beyond the las! place to be 
rctained is less than 5. the figure in the last place retained 
should be kept unchanged. 

Por example, .044 is rounded lo .04. 
2. When the figure next beyond !he last figure or place 

to be retaíned is greater than 5, the figure in the last place 
retained should be increased by !. 

Por example, .046 is rounded to .05. 

3. When !he figure next beyond !he las! figure lo be 
retained is 5, and, 

(a) there are no figures or are only zeros beyond this 
5, an odd figure in !he las! place to be retained should be 
increased by !, an oven figure should be kept unchanged. 
___ Por example, .045 or .0450is rounded to .04; .055 

or .0550 is rounded lo .06. 
(b) if !he 5 is followed by any figures other !han zero, 

!he figure in !he las! place to be retained should be increased 
by !, whether odd or oven. 

For example, in rounding to two decimals, .0451 
is rounded to .05. 

A numher should always be rounded off in one step to 
the number of figures thal are to be recorded, and should 
not be rounded in two or more steps of successive roundings. 

22·2.2 ROUNDING THE RESUL TS OF SINGLE 
ARITHMETIC OPERATIONS 

Nearly al! numerical calculations arising in !he problems 
of everyday life are in sorne way approximate. The aim,of 
the computer should be lo obtain results consisten! with the 
data, with a minimum of labor. We can be guided In the 
various arithmetical operatioos by sorne basic rules regarding 
significan! figures and !he rounding of data: 

l. Addition. When severa) approximate numbers are to 
be added, the sum should be rounded to !he number of 
decimal places (not significan! figures) no greater !han in 
!he addend which has the smallest number of decimal places. 

Although the result is determined by the leas! accumte ~ 
of the oumbers entering the operation, one more dec- ·~ 
imal place in !he more·accurate numbers should be 
retained, thus eliminating inherent errors in the num
bers. 
Por exarnple: 

4.01 
.002 
.623 

4.635 
The sum should be..rounded lo and recorded as 4.64. 
2. Subtraction. When one approximate number is to be 

subtracted from another, they must both be rounded off to 
!he same place before subtracting. 

Errors arising from the subtraction of nearly-equal 
approximate numbers are frequent and troub!esome, 
often making the computation practically worthless. 
Such errors can be avoided when !he two nearly-equal 
numbers can be approximated lo more significan! 
digits. 
3. Multiplication. If !he !ess-accurale of two approxlmate 

numbers contains n sigoificant digits. their product can be 
relied upon for n digits at most, and should not be written 
with more. 

'[~:í 
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As a practical working plan, carry intcrmediate com
putations out in full, and round off the final result in 
accordance with this rule. 
4. Division. If thc less-accurate of either the dividcnd or 

the divisor contains n significant digits, their quotient can 
be relied upon for n digits at most, and should not be written 
with more. 

Carry intennediate computations out in full, and round 
off the final result in accordance with this rule. 
5. Powers and Roots. If an approximate number contains 

n significant digits, its power can be relied upon for n digits 
at most; its root can be relied upon for at least n digits. 

6. Logarirhms. If the mantissa of the logarithm in an n
place log table is not in error by more than two units in the 
last significant figure, the antilog is correct ton - 1 sigificant 
figures. 

The foregoing statements are working rules only. More 
complete explanations ofthe rules, together with procedures 
for detennining explicit bounds to the accuracy of particular 
computations, are given in Scarboroughu>, and the effects 
of rounding on statistical analyses of large numbers of 
observatíons are d.iscussed in Eisenbartt'l1• 

22·2.3 ROUNDING THE RESUL TS OF A SERIES 
OF ARITHMETIC OPERATIONS 

Most engineers and physical scientists are well acquainted 
with the rules for reporting a result to the proper number 
of significant figures. From a computational point of vicw, 
they know these rules too well. lt is perfectly true, for 
exarriple, that a product of two numbers should be reponed 
to the same number of significant figures as the least-accurate 
of the two oumbers. lt is not so true that the two numbers 
should be rounded to the same numbers of significant figures 
befare multiplication. A better rule is to round the more
accurate number to one more figure than the less-accurate 
number, and then to round the product to the same number 
of figures as the less-accurate one. The great emphasis . 
against reporting more figures than are reliable has led to 
a prejudice against carrying enough figures in computation. 

Assuming that the reader is familiar with the rules of the 
preceding Paragraph 22-2.2, regarding significant figures 
in a single arithmetical operation, the following paragraphs 
will stress the less well-known difficulties which arise in 
a oomputation consisting of a long senes of differcnt arith
metic operations. In such a computation, strict adherence 
to the rules at each stage can wipe out al! meaning from the 
final results. 

For example, in computing the slope of a straight line 
fitted to observations containing !bree significan! figures, 

lup-tiiYtlli-PitrulouOinlttblt> 
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we would not report the slope to seven significan! figures; 
but, if we round to !bree significan! figures after each 
necessary step in the computation, we might end up with 
no significan! figures in the value of the slope. 

lt is easily demonstrated by carrying out a few compu
tations of this nature tbat there is real danger of losing all 
si'gnificance by too-strict adherence to rules devised for use 
at the final stage. The greatest trouble of this kind comes 
where we must subtract two nearly-equal numbers, and 
many statistical computations involve such subtractions. 

The rules generally given for rounding-off were given 
in a perind when the average was the only propeny of 
interest in a set of data. Reasonable rounding does little 
damage to.the average. Now, bowever, we almost always 
calculate the standard deviation, and this statistic does 
suffer from too-strict rounding. Suppose we have a set of 
numbers: 

3.1 
3.2 
3.3 

Avg. = 3.2 

If tbe tbree numbers are rounded off to one significant 
figure, they are all identical. "The average of the rounded 
figures is tbe same as the rounded average of the original. 
figures, but all informati.oo about the variation in the original 
number is lost by such rounding. 

The generally recomrnended procedure is to carry two or 
three extra figures tborughout the computation, and then to 
round offthe final reponed answer(e.g., standard deviation, 
slope of a line, etc.) to a number of significan! figures 
consistent with the original data. However, in sorne special 
computations ~uch as the fitting of equations by least squares 
methods given in ORDP 20·110, Chapters 5 and 6, one 
should carry extra decimals in the intennediate steps-dec
imals sufficiently in excess of the number coosidered sig
nificant to insure that the computational errors in the final 
solutions are negligible in relation to their statistical impre
cision as measured by their standard errors. Por eXample, 
on a hand-operated computing machine, use its total capacity 
and trim the figures off as required in tbe final results. (See 
Chapter 23.) 
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CHAPTER 23-EXPRESSION OF THE UNCERTAINTIES OF FINAL RESULTS 

23-1 lntroduction 

Measurement of sorne property of a thing in practico 
always takes the form of a sequence of steps or operations 
that yield as an end result a number that serves to represent 
the amount or quantity of some particular property of a 
thing-a number that indica tes how much of Ibis property · 
the thing has, for someone to use for a specific purpose. 
The end result may be the outcome of a single reading of 
an instrument, with or without corrections for departures 
from prescribed conditions. More often, it is some kind of 
average; e.g., the arithmetic mean of a number of inde
pendent detenninations of the same magnitude, or the final 
result of a least squares ''reduction'' of measurements of 
a number of different magnitudes that bear known relations 
with each other in accordaoce with a definite experimental 
plan. In general, the purpose for wbicb the .answer is needed 
determines the precision or accuracy of measurernent re
quired, and ordinarily also dctennines the method of meas· 
urement employed. 

Although the accuracy required of a reported value de· 
pends primarily on the use, or uses, forwhich it is intended, 
we should not ignore the requirements of other uses to which 
the reported value is likely lo be pul. A certified or reported 
value whose accuracy is entirely unknown is worthless. 

Strictly speaking, the actual error of a reported value, 
that is, the magnüude and sign of its deviatioo from the 
truth, is usually unknowable. Limits to this enor, however, 
can usually be inferrcd-with sorne nsk of being incorrect
from the precisior.z of the measurement·process by which 
the reported value was obtained, and from reasonable limits 
to the possible bias of the measurement process. The bias, 
or systematic error, of a measurement process is the mag
nitudc and direction of its tendcncy to measure something 
other than what was intended; its precision refers to the 
typical closeness together of successive independent meas
urements of a single magnitude generated by repeated ap
plications of the process under specified conditions; and, 
its accuracy is determined by the doseness of the true value 
characteristic of such measurements. 

Precision and ar:curacy are inherent characteristics of the 
measurement process employed, and not of the particular 
end result obtained. From experience with a particular meas
uremcnt process and knowledge of its sensitivity to uncon
trolled factors, we can often place reasonabJe bounds on its 
likely systematic error (bias). lt also is necessary to know 
how well the particular value in hand is likely to agree with 
other values that the same measurement process might ha ve 
provided in this instance, or might yield on remeasurcment 
of the same magnitude on another occasion. Such infor
mation is provided by the standard error of the reported 

value, which measures the characteristic disagreement of 
repeated determinations of the sarne quantity by thc same 
method, and thus serves to indicate the precision (strictly, 
the imprecision) of thc reported value. 

The uncertainty of a reported value is indicated by giving 
credible lioúts to its likely inaccuracy. No single form of 
'e~pres.sion for these limits is universally satisfactory. In 
fact, different forms of expression are recommended, the 
choice of which will depend on the relativo magnitudes of 
the impression and likely bias; and on their relativo impar

. tance in relation to the intended use of the reported value, 
as well as to other possiblc uses to which it may be put. 

Four distinct cases need to be recognized: 
l. 8oth systematic error and bnprecision negligible in 

relation to the requirements of the intended and likely uses 
of the result. 

2. Systemtuic '"or not negligible, but impreci.rion neg· 
ligible, in relation to the requirements. 

3. Neither systematic error nor imprecision negljgib/e 
in relation to the requirements. .... · 

4. Systematic error negligible, but impreci.rion not n~g-
ligible in relation to tbe requirements. · ··· 

Specific recommendations are made below with respect 
to each of these four cases, supplemented by further dis
cussion of each case in Paragraphs 23·2 through 23-5. These 
recommendations may be summarized as follows: ~ 

(a) Two numerics, respeetively expressing the iJnpr;;. 
cision and bounds to the systematic error of the resuit, 
should be u sed whenever: ( 1) the margin is narrow between 
ability to measure and the accuracy or precision requiremeots 
of the situation; or, (2) the imprecision and the bounds to 
the systematic error are nearly equal in indicating possible 
differencCs from the true value. Such instances come under 
Case 3. 

(b) A quasi-absolute type of statement with one numeric, 
placing bounds on the inaccuracy of the result, should be 
used whenever: (1) a wide or adequate margin exists between 
ability to measure and the accuracy requirements of the 
situation (Case 1); (2) the imprecision is ncgligibly small 
in comparison with the bounds placed on the syslematic 
error (Case 2); or, (3) the control is so satisfactory that the 
extent of error is known. 

(e) A single numeric expressing the imprecision of the 
result should be used whcnevcr the systematic error is either 
zero by definition or negligibly small in comparison with 
the imprecision (Case 4). 

(d) Expressions of uncertainty should be given in scn
tence fonn whenever feasible. 

(e) The form "a ± b" sbould be avoided as much a.< 
possible; and never used without explicit explanation of its 
connotation. 

>¡' 

.f,~ 
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23·2 Systematic Error and lmpreclslon 
8oth Negllgible (Case 1) 

In this case, the certified or rcported rcsult sbould be 
given correct to the number of significant figures consistent 
with the accuracy requirements of the situation, together 
with an explicit statement of its accuracy or corrcctness. 

Por example: 
. . . the wavelengths of the principal visible lines of 
mercury 198 have been measured relative lo the 
6057.802106 A (Angstrom units) line of krypton 98, 
and their values in vacuum are certífied to be 

5792.2685 A 
5771.1984 A 
5462.2706 A 
4359.5625 A 
4047.7146 A 

correct to eight significant figures. 
It must be emphasized that when no statement of accuracy 

or precision accompanies a certified or reponed number, 
then, in accordance with the usua1 conventions goveming 
rounding, this number will be interpreted as being accurate 
within ± l unit in the last significant figure given; i.e., ít 
will be understood that its inaccuracy befare rounding was 
less than ±S units in the next place. 

23·3 Systematic Error Not Negligible, 
lmprecision Negligible (Case 2) 

In such cases: 
(a) Qualification of a certified or reported result sbould 

be llmited to a single quasi-absolute type of statcment that 
places bounds on its ínaccuracy; 

(b) These bounds should be stated lo no more than two 
significant figures; 

(e) The certified or reported result itself should be given 
(i.e., rounded) lo lhe last place affecled by lhe slated bounds, 
un1ess it is desired to indicate and preserve such relativc 
accuracy or precísion of a higher arder that the result may 
possess for certain particular uses; 

(d) Accuracy statements should be given in sentence fonn 
in all cases, except when a number of rcsults of different 
accuracies are presented, e.g., in tabular arra~gemeot. lf 
it is necessary or desirable to indicate the respective accur
acies of a number of results, the results should be given in 

th.e forma ::t b (ora + b, if ñecessary) with an appropriate 
-e 

explanatory remark (as a footnote to the table, or incor
porated in the accompanying text) to the effect that the 

±b, or + b• signify bounds lo the errors lo which the a's 
-e 

may be suhject. 

IIIIJYiitlll bY tilO- PltnJtoUI 1111ttD1tJ 
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The particular form of the quasi-absolutc type of statemenl 
employcd in a given instance ordinarily will depend upon 
personal taste, experience, current and past practice in the 
field of activity concerned, and so forth. Some ex~ples 
of good practico are: 

... is(are) nol in error by more than 1 part in (.r). 

. ; . is(are) accurate within ± (x tmils) (or ± (.r)%). 

. .. is(are) belicved accurale within ( ... ) 
Positivo wording, as in the first two ofthese quasi-absolute 

stutements, is appropriale only when the staled bounds lo 
the possible inaccuracy of the certified or reported valuc are 
themselves reiiably established. On the othcr hand, when 
the indicated bounds are somewbat conjectural, it is desirable 
lo signify this facl (and thus poi the reader on guard) by 
inclusion of sorne modifying exprcssion such as ''believed'', 
"considered", "estimated to be", "thought to be", and 
so forth, as exemplified by the third of the foregoing ex
amples. 

Rcsults should nevcr be presented in the form ''a ± b'' , 
without explanation. lf no explanation is given, many per
sons will aulomatically take ± b lo signify bounds to the 
inaccuracy of a. Others may assume that b is the standard 
e"or or the probable e"or of a, and hence that the unccr
lainly of a is at leas! ± 3b, or ±4b, respectively. Still others 
may take b ro be an indication merely of the imprecision 
of the individual measurements; that is, to be the standard 
deviation. the average deviation, or the probable error of 
a SINGLE observation. Each of these interpretations refiects 
a practicc of which instances can be found in cUITent sci
entific literalure. As a step in the direclion of reducing this 
current confusion, we urge that the use of "a ± b" in 
presenting results in official documents be limited to that 
sanctioned under (d) above. 

The term uncertainty, with the quantitative connotation 
of limits lo the Jikely departure from the truth, and not 
simply connotating vague lack of certainty, may sometime.."'i 
be used effectively to achieve a conciseness of expression 
otherwise diffi.cult or impossible to attain. Thus, we might 
make a statement such as: 

or, 

The uncertainties in the above values are not more than 
±O.S degree in the range oo to ll00°C, and then increase 
lo ± 2 degrees al 14SO'C; 

The uncertainty in this val u es does not exeed . . . ex
cluding ( or, including) the uncertainty of . . . in the val u e 
... adopted for the reference standard involved. 
Finally, the following forms of quasi-absolute stulements 

are considered poor practice, and should be avoided: 
The accuracy of . . . is 5 percent. 
The accuracy of . . . is ± 2 percent. 

These statements are presumably intended to mean that the 
result concemed is not inaccurate, i.e., not in error, by 
more Iban 5 percenl or 2 perccnl, respectively; bul lhey 
explicilly state the oppos¡te. . 
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23·4 Nelther Systematic Error Nor 
lmpreclsion Negligible (Case 3) 

In such cases: 
(a) A cettified or reponed result sbould be qualified by: 

(1) a quasi-absolute type of statement that places bounds 
on its systematic error; and, (2) a separate statement of its 
standard error or its probable error, explicitly identified, as 
a measure of its imprecision; 

(b) The bounds to its systematic error and the measure 
of its imprecision should be stated to no more than two 
significant figures; 

(e) The cettified or reported result itself should be stated, 
at most, to the las! place affected by the finer of the two 
qualifying statements, unless it is desired to indicate and 
preserve such relative accuracy or precision of a higher 
arder that the result may posscss for certain particular uses; 

(d) The qualification of a certified or reported result, with 
respect to its imprecision and systematic error, should be 
given in sentence fonn, except when results of different 
precision or with different bounds to their systematic errors 
are presented in tabular arrangement. If it is necessary or 
desirable to indícate their respective imprecisions or bounds 
to their respective systematic errors, such information may 
be given in a parallel column or columns, witb appropriate 
identífication. · 

Here, and in Paragraph 23-5, the term standard error is 
to be understood as signifying the standard deviation of the 
reported value itsdf. notas signifying the standard deviation 
of a single detennination (unless, of course, the reported 
value is the result of a single determination only). 

The above recommendations should not be construed to 
exclude the presentation of a quasi-absolute type ofstatement 
placing bounds on the inaccuracy, i.e., on the ovcrall un
certainty, of a certified or reported value, provided that 
separate statements of its impn:cision and its possible sys
tematic error are included. also. Bounds indicating the overall 
uncertainty of a reported value should not be numerically 
less than the corresponding bounds placed on the systematic 
error outwardly increased by at least two times the standard 
error. The fourth of the followiag examples of good practice 
is an instance at point: 

The standard errors of these values do not exceed 
0.000004 inch, and their systematic errors are not in 
excess of 0.00002 inch. 

The standard errors of uiese values are less !han (xunits), 
!llld their systematic errors are thought to be less than 
± (y units). 

. . . with a standard error of (x units), and a systematic 
error of not more than ±(y units). 

... with nn overall uncertainty of ± 3 percent based on 

I:DP_,IIY l'llnlllllllnltttJJII 
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a standard error of 0.5 percent and an allowance of 
± 1.5 percent for systematic error. 

Wben a reliably established value forthe relevant standard 
error is available, based oo considerable receot ~perience 
with the measurement process or processes involved, and 
the dispersion of tbe present measurements is in keeping 
with this cxpc'J"ience, then this established value of the 
standard error should be used. Whcn experience indicates 
that tbe relevant standard error is subject to fiuctuations 
greater than the intrinsic variation of su eh a meas u re, then · 
an appropriate upper bound should be given, e.g., as in the 
first two ofthe above examples, or by changing "a standard 
error . . . " in the tbird and fourth examples to "an upper 
bound to the standard error • . . ''. 

Whcn therc is insufficient rccent experience with the 
measurement processes involved, an estímate ofthe standard 
error must of necessity be computed, by recognized statis
tical procedures, from the same measurements as the cer
tified or reported value itself. It is essential that such com- . 
putations be carried out according to an agreed.upon 
standard procedure, and tbat the results thereof be presented 
in sufficient detail to enable the reader to fonn bis owD 
judgment and make bis own allowances for their inherent 
uncenainties. To avoid possible misunderstanding in such',-
cases: 

(a) the terrn computtd standard error should be used; 
(b) the estima te of the standard error employed should 

be that obtained from the relation 
,.--------'' 

estimate of 
= 

sum of squared residuals,: 
standard error nv 

,. 

where n is the (effective) number of completely independent 
determinations of which a is the · arithmetic mean ( or, other 
appropriate least squares adjusted value) and vis the number 
of degrees of freedom involved in the sum of squaned 
residuals (i.e., the number of residuals minus the number 
of fitted constants and/or other independent constraints); 
and, 

(e) the number of degrees of freedom v should be ex
plicitly stated. 

lf the reponed value a is the arithmetic mean, then: 

' 
estímate of standard error = ..J: 

where s' is computed as shown in ORDP 20-110, Chapter 
2, Paragraph 2-2.2, and n is the number of completely 
independent detenninations of which a is the arithmetic 
mean . 

For example: 
Tbe computed probable error ( or, standard error) of these 
values is (x units), based on (v) degrees of freedom, and 
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the systematic error is estirnated to be less than .1:: (y 
units). 

... which is the arithmetic mean of (n) independent 
detenninations and has a computed standard error 
of .... 

. . . with an overall uncertainty of ± 5. 2 km sec based 
on a standard error of l. 5 km sec and bounds of ±O. 7 
km sec on the systematic error. (The figure 5.2 equals 
0.7 plus 3 times 1.5). 

Or, if based on a computed standard error: 

.. · .. with an overall uncertainty of ± 7 km/sec derived 
from bounds of ±0.7 km/sec on the systematic error and 
a computed standard error of 1.5 km/sec based on 9 
degrees of freedom. (The figure 7 is approximately equal 
to 0.7 + 4.3 (1.5), where 4.3 is the two-tail 0.002 
probability va!ue of Student's r for 9 degrees offreedom. 
As v--> «, t_.,(v)--> 3.090.) 

23-5 Systematic Error Negliglble, 
lmpreclsion Not Negligible (Case 4) 

In such cases: 
(a) Qualification of a certified or reponed value should 

be limited to a statement of its standard error or of an upper 
bound thereto, whenever a rcliable determination of such 
value or bound is available. Otberwise, a computed value 
of the standard error so designated should be given, togcther 
with a statcmcnt of the number of degrees of freedom on 
which it is based~ 

(b) The standard error or upper bound thereto, should be 
stated to not ~ore than two significant figures; 

(e) The certified or reported result itself should ~e stated, 
at most, to the last place affected by the stated value or 
bound to its imprecision, unless it is destred to indicate ~nd 

cuo..-..n by""-- mt~tut~ 
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preserve such relativc precision of a higher arder that the 
result may possess for certain particular uses; 

(d) The qualilication of a certified or ~eported result with 
respect to its imp~ecision should be given in sentence forrn, 
except when resuks of different precision are presented in 
tabular ammgement and it is necessary or desirable to 
indicate their respective imprecisions, in which event such 
infonnation may be given in a parallel column or columns, 
with appropriate identification. 

Thc above recommendations should not be construed to 
exclude the presentation of aquasi-absolutc type of statcment 
placing bounds on its possible inaccuracy, provided that a 
separate statement of its imprecision is included also. Such 
bounds to its inaccuracy should be numerically equal to at 
leas! two times the stated standard error. The fourth of the 
following examples of good practice is an instance at point: 

The standard errors of these values are less than (x units). 
... with a standard error of (x units) . 
. . . with a computed standard error of (x units) based 
on (v) degrees of freedom. · 

. with an overall uncertainty of ±4.5 krnlsec derived 
from a standard error of 1.5 km/sec. (fhe figure 4.5 
equals 3 times 1.5). 

Or, if based on a computed standard error: 
... with an overall uncertainty of ±6.5 km/sec derived 
from a computed standard error of 1.5 kmlsec (based on . 
9 degrees of freedom). (The figure 6.5 equals 4.3 times 
1.5, where 4.3 is the two-tail 0.002 probability value of 
Student's 1 for 9 degrees of freedom. As v--> "'• l . ..,(v) 
--> 3.090. 

The remarks with regard to a computed standard error in 
Paragraph 23-4 apply with equal force lo the last two of the 
abo ve examplcs. 
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Chapter 12-Calculation of Petroleum Quantities 

Section 2-Calculation of Petroleum Quantltles Uslng Dynamic Measurement 
Methods and Volumetric Correction Factors 

PART 1-INTRODUCTION 

1.1 , Purpose 
When most of the older standard~ were wrinen. mechan

ical desk calcula1ors were widely used for caJculating 
measurement documentation. and tabulated values were 
used more widely !han is the case'today. Rules for rounding 
and the choice of how many figures to enter in each calcula
ti en step were often made on the spot. As a result. different 
operators obtained differen1 results from the same data. 

lñ.is fi ve-part publication consolidates and standardizes 
calculations pertaining to metering petrolewn liquids using 
turbine or displacement meters and clarifies tenns and 
expressions by eliminating local variations of such tenns. 
The purpose of standardizing calculations is to produce the 
same unbiased answer from the given data. So that different 
operators can obtain identical results from the same data. the 
rules for sequence, rounding, and discrimination of figures 
(or dedmal places) have been defmed. 

1.2 Scope 
1bis document provides standardized calculation methods 

for the quantification of liquids and the detennination of 
base prever volumes under defined conditions, regardless of 
the point of origin or destmation or the units of me asure 
requued by govemmental customs or statute. The criteria 
contained in this document allow different entities using 
various computer languages on different computer hardware 
(or manual calculations) to arrive at identical results using 
the same standardized mput data. 

The publication rigorously specifies the equations fur 
computing correction fal:tors. rules for roundtng, calcula
tional sequence, and dlscrimination levels to be employed in 
the calculations. No deviations from these specifications are 
pennitted since the intent of this document is to serve as a 
rigorous sLandard. 

1.3 Organlzation of Standard 
This standard is organized into five separare parts. Pan 1 

contains a general introduction for dynamic calculations. 
Part 2 focuses on the calculation of metered quantities for 
fiscal purposes or measurement tickets. Part 3 applies to 
meter proving calculations for field operations or proving 
repons. Pans 4 and 5 apply to lhe deLermination of base 
prover volumes (BPVs). 

-bylllo-PitrUIUiillrt!MI 
Frt Mlrl4 11:l7:Jii 1000 

1.3.1 PART 1-INTRODUCTlON 
The base (reference or standard) volUin<:tric detennination 

of metered quantities is discussed along with the general 
terms required for solution of the various equations. · 

General rules for rounding of numbers, including ficld 
data. intermediate calculational numbers, and discrimination 
levels, are specified within the context of this srandanl. 

For the proper use of this standard, a discussion is 
presented on the prediction of the liquid's density at flowilig 
and base conditions. 

An explanation of the principal correction factors associ
ated with dynamic measurement are presented in a clear, 
concise manner. 

1.3.2 PART 2-MEASUREMENT TlCKETS 

The application of this standard to the calculation of 
metered quantities is presented for base volumettic calcula
tions in confonnanoe with North American industty practices. 

Recording of field data, rules for rounding, calculational 
sequeoce, and discrimination leve1s are specified, along with 
a set of example calculations. The exarnples are designed to 
aid in checkout procedwes for any routines that are devel
oped using the requirements stated in this pan. 

1.3.3 PART 3-PROVlNG REPORTS 

The application of this standard to the calculation of 
proving reports 1S presented for base volumetric calculations 
in confonnance with Nonh American industry practices. 
Provmg reports are utilized to calculate the foUowing meter 
correction and performance indicators: meter factors (MF). 
compos1te meter factors (CMF), K-factors (Kf). composite K
factors (CKf), and meter accuracy factor (MA). The detenni
nation of the appropriate term is based on both the hardware 
and the user's preference. 

Recording of field data. rules for rounding, calculational 
sequence, and discrimination levels are specified, along with 
a set of example calculations. The examples are designed to 
aid m checkout procedures for any routines that are devel
oped using the requirements stated in this part. 

1.3.4 PART 4-CALCULAnON OF BASE PROVER 
VOLUMES BY WATERDRAW METHOD 

The BPV may be detennined by one of two methods
waterdraw or master meter. The waterdraw metbod involves 
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-the displacing ( or drawing) of water from !he pro ver into 
certified volurnetric field measures. Allematively, for open 
tank provees, the waterdraw method may involve the 
displacing (or drawing) of water from tbe cenified volu
metric test measures into the open tank provee. Certification 
of tbe field measures are traceable 10 tbe appropriate national 
weights and measures organiz.ation (i.e., National !nstirute of 

.. Standards and Technology). 
Recording of field data, roles for rounding, calculational 

sequence, and discrimination levels are specified, along with 
a set of example calculations. The examples are designed lo 
aid in checkoul procedures for any routines thal are devel
oped using the requirements stated in this part. 

1.3.5 PART 5-CALCULATION OF BASE 
PROVEA VOLUMES BY MASTER METER 
METHOD 

The BPV may be determined by one of two methods
waterdraw or master meter. Thc master meter melhod 
employs !he use of a master meter ( or !r.IIlsfer standard). Tbe 
master meter is proved under actual operating cooditions by 
a master prover thal has been calibrated by tbe waterdraw 
method. The master piuver, master meter, and field prover 
are piped in series allowing fluid 10 pass through tbe three 
devices simultaneously. 

Recording of field data, rules for rounding, calculational 
sequence, and discrimination levels are specified, along with 
a set of example calcuJations. The examples are designed to 
aid in checkout procedures for any routines that are devel
oped using the requirements stated in this pan. 

1.4 Referenced Publications 
Several documents served as references for the revisions 

of this standard. In particular, previous editioos of Chapter 
12.2 (ANSI! API 12.2) pmvided a wealth of infonnation. The 
following are other pubtications that served as a resource of 
information for this revision: 

API 
Manual of Petrolewn Measuremem Standards (MPMS) 

Chapter 4, "Proving Systems .. 
Chapter 5, "Metering" 
Chapter 6. "Metering Assembties" 
Chapter 7, "Temperature Determination" 
Chapter 9, "Density Determination" 
Chapter 10, "Sediment and Water" 
Chapter 11, "Physical Propenies Data" 

ASTMl 

01250 (Historical Ediuon-1952), "Petroleum Mea
surement Tables" 

01550 "ASTM Butadiene Measurement Tables" 
D 1555 "Calculation of Volume and Weight of Industrial 

Ammatic Hydrocarbons" 

eupYJ1tjrt DY !ha-PllnliUI m!I!DII 
Ft111r 14 !UH710DD 

NIS'f2 
Handbook 1 OS-3,-"Specifications and Tolerances for 

Reference Stanclards and Field Standards" 
Mónograph 62, ''Testing of Metal Volurnetric Standards" 

1.5_Field of Appllcatlon 

1.5.1 APPUCABLE UQUIDS 

This standard applies 10 liquids tbat. for al! practica! 
purposes. are considered to be clean, single-phase, homoge
neous. and Newtonian at metering conditions. Most liquids 
and dense phase liquids associated with tbe petroleum and 
petrochemical industries are usually considered to be Newto-

nian. 
Tbe apptication of Ibis standard is limited lo liquids that 

otilize tables andlor implementation procedures to correct 
metered volumes al flowing temperarures and pressures to 
corresponding volumes at base (reference or standard) 
cooditions. To accomplish this, tbe liquid's density shall be 
detennined by appropriate technical standards, or if neces
sary, proper correlations or equations of state. If multip1e 
parties are involved in tbe measuremen~ the method selected 
for determining the liquid's densities shall be mutually 
agreed upon. 

1.5.2 BASE CONDmONS 

His10rically, the measurement of sorne liquids for custody 
transfer and process control have been stated in volume units 1 

at base (reference or standard) conditions. ':'' 
The base conditions for the measurement of liquids, such ~.:, 

as crude petroleum and its liquid products. baviog a vapor · · 
pressu.re equal to or less than aunospheric at base tempera
ture are as follows: 

United S tales Customary (USC) Units: 
Pressure-14.696 psia (101.325 kPa.) 
Temperature-61l.O'F (15.56'C) 

Intemational System (SI) Units: 
Pressure-14.696 psia (101.325 kPa.) 
Temperature-59.06'F (15.00'C) 

For liquids. sucb as liquid hydrocart>ons. having a vapor 
pressure greatc:r than aunospheric pressurc at base tempera
rore. the base pressure sball be tbe equilibrium vapor pres
sure at base temperature. 

Por liquid applications. base conditions may change from 
one country' to the next due to govemmental regulauons. · 
Thc:refore, it is necessary that thc: base conditions be idend
fied and specified for standardized volurnetric flow measure
ment by all parties involved in the measuremenL 

1American Society for Tcsting and Matcriah, 1916 Race Strcet. PhiWk:l
phia. Pennsylvania 19103 
2U.S. Department ofCommcrce, National Jnstitute or Standards and Tech· 
nology, Washington. D. C. 20234 (rormerly National Bureau of Standard.s) 

.) 

,. 
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1.6 Uncertainty 

1.6.1 GENERAL 

The user of this standard needs to consider the custody 
transfer facility from a holistic viewpoint. The user must 
have defined the desired uncertainty to the designer in arder 
to build, operate, and maintain the facility properly. 

Ata single metering facility. there are two types ofunccr· 
tainty. The aver•ge of the many readings may be offset from 
the true value (bias error), and/or the readings may be 
randomly scanered about the offset (random error). 

The uncenainty of the metered quantities depends on a 
combination of rhe following: 

a. The traceability chain associated with the field standards. 
b. The calculation procedure and means of computation 
(chart integration, flow computer, mainframe, personal 
computer, and so forth). 
c. The uncenainty associated with the tiquid dens1ty predic· 
tions. 
d. The sensiti vity of the liquid prediction correlation to 
errors in pressure, temperature, aod base density determina
tions. 
e. The design, installation, and operation of the metering 
facility. 
f. The choice of measurement equipment (charts, transmit
t<ors, AID converters, data loggers, and so forth) 
g. The data transmission means (analog, pneumatic, digital, 
manual). 
h The opcrating/calibration equipment's effects due to 
ambient temperature, liquid temperature, liquid pressure, 
response time, local gravuational forces, annospheric pres
sure, and so fonh. 

The uncertainty is dependent not just on the hardware or 
equipment, but also on the hardware 's petfonnance, the soft
ware's performance, the method of calculation, the method 
of calibration, the calibration equipment, the calibration 
procedures, and the human factor. 

1.6.2 HIERARCHY OF ACCURACIES 

There is an inevitable or natural hierarchy of accurncies in 
petroleum measurement. The natural hierarchy of accura
cies, often referred toas a traceabi~ity chain. is comprised of 
both bias and random uncertainty components. 

The concept of traceability describes how an instrument 
can be related to a national standard by calibrating it 
against another device that is closer to the national standard 
in the traceabHny chain. For example, the waterdraw 
method for calibrating provers consists of d1splacing the 
contents between detectors into a certified volumetric field 
standard test measure, which ltself has been calibrated 
using repeated fillings from a secondary standard labora
tory measure. This Jaboratory measure will have heen 
owned and calibrated by the national weights and measures 

...,_t by tilo--mtltlltl 
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authority. which in tum has been calibrated by comparison 
with the country's national primary volumetric andlor mass 
standard. 

To expect equal or lower uncenainty in a lower level of 
the traceability chain than that which exists in a higher leve! 
is physically impossible, given the bias uncertainty compo
nent associated with the respective lcvel of thc chain. The 
random uncertainty is minimized by taking a Iarge number 
of detenninatíons with high precision devices and then 
finding their mean value. 

In sununary, the simplified traceability chain associated 
with a BPV contains both bias and random components. Tbe 
random component can be reduced during calibration by a 
large number of repeated measuremcnts. However. no 
amount of repeated measurement can reduce the bias 
component; it is a fixed systematic contribution to the uncer
tainty in any subsequent measurements. 

1.7 Precision, Rounding, and 
Discrimination Levels 

The m.inimum precision of the computing hardware must 
be equal to or greater than a ten-<ligit calculator lo obtain the 
same answer in all calculations. For tickets calculated manu
ally in the field utilizing printed CfL and CPL tables and not 
requiring the same precision, a Jess precise calculator (eight 
digit) may be used if agreed to by all parries. 

The general rounding rules and discrimination levels are 
described in lhe following subscctions. 

1.7.1 ROUNDING OF NUMBERS 

When a number is to be rounded lO a specific number of 
decimals. it shall always be rounded off m one step to the 
number of figures thal are tu be recorded and shall not be 
rounded in two or more steps of succcssi ve rounding. The 
rounding procedure sh:lll be in accordance with the following: 

a. When the figure to the rigbt of the last place to be retained 
is 5 or greater, the figure in the last place to be retained 
should b<: increased by l. 
b. lf the figure lo the right of the last place lo be retained is less 
than 5, the figure in the last place retained should be 
uncnanged. 

1.7.2 DISCRIMINATION LEVELS 

For field measuremcnts of temperature and pressure. the 
levels specified in the various tables are maximum discrirn
inatJOn levels. 

For example, if the panies agree to use a thermometer 
graduated in whole •F increments, then the device is 
normally read to levels of 0.5"F resolution. Likewise, if the 
parties agree to use a "smart" temperature transmittcr, which 
can indicate to 0.0 l'F or O.oos·c. then the reading shall be 
rounded to the nearest O.t•F or o.os·c value prior to 
recording for calculation purposes . 

··~··. 
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1.8 Deflnltlons, Symbols, and 
Abbreviations 

The defmitions and symbols described below are a compi
lation of this five-pan publication. 

1.8.1 DEFINITIONS 

1.8.1.1 barre! (bbl): a unit volume equal to 9, 702.0 
cubic inches. or 42.0 U.S. gallons. 

1 .8.1.2 base prover volume (BPV): the volume of tbe 
prover at base conditions as shown on the calibration certifi
cate aod obtained by arithmetically averaging !bree consec
utive successful CPV detenninations. 

1.8.1.3 callbra1ed prover volume (CPV): tbe volume 
at base conditions betweeo t.be detectors in a pipe prover or 
the volume of a proving tank between specified "empty" and 
''full"levels. The calibrated volume of a bidirectional prover 
is the sum of tbe two volumes swept out between detectors 
during a roundtrip. 

1.8.1.4 composite meter factor (CMF): a meter factor 
corrected from normal operating pressure to hase pressure. A 
CMF may be u sed for meter applications wbere tbe relati ve 
density, temperature, and pressuie are considered constant 
during the measurement ticket period. 

1 .8.1 .5 cublc meter (MS): a unit of vol u me equal to 
1,000,000.0 milliliters (ml), or 1,000.0 Iiters. 

1 .8.1.6 gross standard volume (GSV): the volume at 
base conditions corrected also for the meter's peñonnance 
(MF. MM F. or CMF). 

1.8.1.7 lndlcated standard volume (ISV): the IV 
corrected to base conditions. It does not contain any correc
tion for tbe meter's performance (MF, MMF, or CMF). 

1.8.1.8 indicatad volume (IV): the change in meter 
reading that occurs during a receipt or delivery. The word 
registratzon, though not preferred, often has the same 
meaning. 

1 .8.1 .9 litar (1): a unit. of vo)ume equal to 1,000.0 
milliliters (ml). 

1.8.1.1 O master meter: a meter proved using a certified 
prover and then utiliz.ed to calibrate other provers or prove 
other meters. 

1.8.1. 11 master meter factor (MMF): a dimensionless 
term obtained by dividing tbe gross standard vo1ume of the 
tí quid passed through the ma.o;ta prover (during the proving 
of tbe master meter) by the indicated standard volume 
(ISV m) as registered by the master meter during proving. 

1.8.1.12 master prover: refers to a volumetric standard 
(conventional pipe prover, SVP, or open tanl prover). whlch 
was calibrated by the waterdraw metbod, aod is used to cal!
brate a masrer meter. 

eup.,..,t bY tha AM1cln PltraiiUI Dltltutl 
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1.8.1.13 maaauremant tlcka1: the generalized term 
used in this publication to embrace and supersede long
standing expressions such as "nm ticket," "meter ticket," and 
"receipt aod delivery ticket." 

1 .8.1.14 meter factor' (MF): a dimensionless term 
obtained by dividing the volume of the Ji quid passed through 
the prover corrected to standard conditions during proving 
by tbe indicated standard volume (ISV.,) as registered by the 
meter. 

1 .8. 1.15 matar readlng (MR00 MR,, MMR00 MMRJ: 
the instantaneom;display on a meter heaci When the differ
ence between a closing and an opening reading is being 
discussed, such a difference sbould be called an IV. · 

1 .8.1.16 net standard volume (NSV): !he gross stan
dard volume corrected for nonmerchantahle quantities such 
as sediment and water (CSW). · 

1.8.1.17 pass: a single movenieot ofthe displacer in a 
prover that activates the start-stop detectors. 

1.8.1.18 prover callbratlon certlflcate: a document 
stating tbe BPV and otber physical data required whe.;. 
proving flowmeters (E, Gc, Ga. G1). The calibration certificate' ¡ 
is a written acknowledgmeot of a proper calibration of at .. 
prover between tbe authorized representatives of tbe interested 
parties. 

1 .8.1.19 · proving report: an organized coilection of all 
infonnation (meter, prover, and other). used during meter 
proving, meter performance verificat;on, and meter factor, 
detennination. 

1.8.1.20 round trip: the forward (out) and reverso (back) 
consecutive passes in a bidirectional prover. 

1.8. 1.21 run, meter provlng: one or more consecutive 
passes, !be results of whlch, when totalized, are deemed 
sufficient to provide a single value of the meter factor (MF, 
CMF, MMF) or K-factor (KF. CKF). 

1.8. 1.22 run, provar callbratlon: one or more consec
utive passes, the results of which, when totalized. are 
deemed sufficient to provide a single value of the calibrated 
prover vo1ume (CPV). 

1.8.1.23 U.S. gallon (gal): a uoit voiume equal to 231.0 
cubic inches. 

1.8. 1.24 weighted average pressure (PWA): tbe 
average Jiquid pressure at the meter for the ticket period. 

For volumetric methods, the weighted average pressure is 
tbe average of the pressure values sampled at unifonn flow 
intervals and is representative of thc en tire measurement 
ticket period. 

PWA = [SUM,• (Pi))ln 

Where: 

n = the number of uniform iotervals 

"· 
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For time-based methods, the weigbted average pressure is 
the sum of the pressure values sampled during the time 
interval, multiplied by the volume or mass detennined 
during the same time intcrval. and dividcd by tbe entire 
volwne measured. 

PWA = [SUM (Pi x Vz)VVt 

1.a 1.25 weighted averagetemperature (TWA): the 
average liquid temperature at the meter for the ticket period. 

For volumetric based methods, the weighted average 
temperarure is the average ofthe ternperarure values sampled 
at uniform flow intervals during the entire measurement 
ticket period. 

1WA = [SUM1• (1i)]/n 

Where: 
n the nwnber of unifonn intervals 

For time-based methods. the weighted average tempera
lure is the sum of tbe temperalure values sampled during the 
time interval, multiplied by the volume or mass detennined 
during the same time interval. and divided by the entire 
volume rneasured. 

1WA = [SUM (1i x V.)VVt 

1.8.2 SYMBOLS AND ABBREVIATIONS 

While a combination of uppercase, lowercase, and 
subscripted notarion is used in this publication, the uppercase 
notation may be used for computer programming and other 
documents as deemed appropriate .. 

Additionalletters may be added to the symbolic notations 
below for clarity and specificity. 

Units 
SI International systcm of units (pascaJ, cubic 

meter, kilogram, metric system). 
use u.s. customary units (inch, pound. cubic 

inch, traditional system). 

Pipe Dimensions 
ID lnside diameter of prover pipe. 

OD Outside diameter of prover pipe. 
WT Wall thii:kness óf pro ver pipe. 

Liquid Dcnsity 
API Density of ltqu1d in degrees API gravity 

units. 
API¡, Base liquid density in degrees API gravity 

units. 
APJoo~ ObseiVed Jiquid density at base pressure in 

degrees API gravity units. 
DEN Density of liquid in k..ilogram per cubic 

meter (kg/M3} units. 
DENb Base liquid density in kilogram per cubic 

meter (kg/M3) units. 
DENob5 Observed liquid den.sity at base pressure in 

kilogram per cubic meter (kg/M3) units. 

-I>Yti!I-PotntltUIIIII!It!rtl 
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RD Density ofliquidin relative density. 
RDb Base liquid density in relative density. 

RD00, Observed liquid deosity at base pressure in 
relative density. 

RHO Dcnsity of liquid in mass per unit volume. 
RHO¡, Base density. 

RHOobs Observed liquid density at base pressure. 
RHOP Density of liquid in pro ver (for prover cali

brations). 
RHOtm DCnsity of Jiquld in test mea~ure (for prover 

calibrations). 
RH01p DensiÍy of liquid at operating temperaturc 

and pressure. 

Temperalure 
·e Celsius temperalure scale. 
"F Fahrenhcit temperature scale. 
T Temperature. 

T h Base temperature in "F or "C. 
Td Temperalure of detector mounting shaft or 

displacer shaft on SVP with extemal detec
tors. 

T obs Observed temperature to determine RHO, 
(i.e., hydrometer temperature) in "F or 'C. 

Trn Temperature of meter in *F or ·c. 
T tm Tcmperatllre of test measure in ·F or ·c. 

T nun Temperarure of master meter in ·por ·c. 
TP Temperature ofprover in "F or "C. 

T mp Temperature of master provee in "F oc ·c. 
TWA Weighted average temperarure o!Jiquid for 

measurement ticket caiculations in •p or 
·c. 

Pressure 
kPa 

kPa, 
kP .. 

pst 

psi a 

psig 

p 
Pb 

Ph, 
Pbg 
Pm 

Pmm 

Pmp 

pp 

Kilopascals (SI) pressure units. 
Kilopascals in absolute pressure wlits. 
Kilopascals in gauge pressure units. 
Pounds per square inch (USC) pressure 
units. 
Pounds per square inch in absolute pressure 
units. 
Pounds per square inch in gauge pressure 
units. 
Pressure. 
Base pressure m psi or kPa pressure units. 
Base pressure in absolute pressure units. 
Base pressure in gauge pressure units. 
Pressure of liquid in meter in gauge pressure 
units. 
Pressure of liquid in master meter in gauge 
pressure units. 
Pressure of liquid in master prover in gauge 
pressure units. 
Pressure of liquid in prover in gauge pres
sure units. 
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PWA Weighted average pressure of Iiquid for 
measurement ticket calculations in gauge 
pressure units. 

Pe Equilibrium vapor pressure of liquid at 
nonnal ~perating cooditions in absolute 
pressure units. 

Peb Equilibrium vapor pressure of Iiquid at base 
temperature in absolute pressure units. 

Pe m Equilibrium vapor pressure of liquid in 
meter at proving cond:itions in absolute pres-
sure units. 

POmm Equilibrium vapor pressure of liquid in 
master meter in absolute pressure units. 

Pep Equilibrium vapor pressure of liquid in 
prover at proving conditions in absolute 
pressure units. 

Correction Factors 
CCF Combined correction factor. 

CCFm Combined correction factor for meter at 
proving conditions. 

CCFmm Combined correction factor for master 
meter at proving conditions. 

CCFmp Combined correction factor for master 
prever at proving conditions. 

CCFP Combined correction factor for prover at 
proving conditions. 

CPL Correction for compressibility of liquid at 
normal operating conditions (for CMF and 
tick.et calculations). 

CPL,. Correction for compressibility of liquid in 
meter at proving conditions. 

CPL,., Correction for compressibility of liquid in 
master meter at proving conditions. 

CPL,p Correction for compressibility of liquid in 
pasta prover at proving conditions. 

CPL¡, Correctioo for compressibility of liquid in 
prover at proving conditions. 

CPS Correction for the effect of pressure on steel 
(see Appendix A). 

CPSm Correction for the effect of pressure on steel 
test measure. 

CPSmp Correction for !he effect of pressure on steel 
master prover. 

CPSP Correction for the effect of pressure on steel 
prover. 

csw Fiscal correction for sediment and water. 

CfDWP Correction for the effect of temperature 
difference of water for prover calibrations. 

CfL Correction for the effect of temperature on 
liquid at normal operating conditions (for 
ticket calculations). 

en.., Correction for the eiTect af temperature on 
liquid in meter at proving conditions. 

~YI"di!IIYIIII-PI~i11111111t> 
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en..., Correction for !he effect of temperature on 
liquid when using a master meter for 
proving operations. 

CI'L,.p Correction for the effect of temperarure on 
Iiquid in master prover. 

en, Correction for the effect of temperature on 
Iiquid in prover. 

crs Correction for the effect of temperature on 
steel (sec Appendix A). 

crsm Correction for the effect of temperature on 
steel test measure. 

crsmp Correction for !he effect of temperature on 
steel master Prt?V~. 

·crsP Correction fOr the effect of temperature on 
steel prover. 

ccrs Combined comction for the effect of temper-
ature on steel prover and steel test measure. 

E Modulus of elasticity of steel prover. 
F Compressibility factor of liquid in meter at 

normal operating conditions (for CMF and 
ticket calculations). 

Fm Compressibility factor of Iiquid in meter at , 
proving conditions. 

Fmm Compressibility factor of liquid in master 
meter at proving conditions. 

Fmp Compressibility factor of liquid in master 
pro ver. 

FP Compressibility factor of Iiquid in prover. ' 
GI Linear coefficient of thermal expansion on _11 

displacer shaft or detector mounting. , · 
Ga Area coefficient of thermal expansion of 

prover chamber. 
Gc Cubical coefficient of thennai expansion of 

pro ver. 
Gcm Cubica! coefficient of thennal expansion of 

test measure or master prover. 
MA Meter accuracy factor. 
MF Meter factor. 

CMF Composite meter factor. 
MMF Master meter factor. 

MMF'""' Master meter factor at stan of each master 
meter calibration run. 

MMFstop Master meter factor at stop of each master 
meter calibration run. 

MMfavg Average master meter factor for each master 
meter calibratioo run. 

NKF Nominal K-factor, pulses per unit volume. 
KF K-factor, pulses per unit volume. 

CKF Composite K-factor, pulses per unit volwne. 

Volumes 
BMV Base test mcasure volume. 

BMVa Base test measure volume adjusted for scale 
reading. 

;i 

:•< j"l 

. . v~~ 
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BPV Base prover volume for prover. 
BPV mp Base prover volume for master prover. 

CPV Calibrdted prover volume. 
GV Gross volume. 

GSV Gross standard volume (for ticket calcula
tions). 

GSV m Gross standard volume of meter for proving 
operations. 

GSV mm Gross standard volume when using a master 
meter for proving operations. 

GSV mp Gross standard volume of master prover for 
proving operations. 

GSV P Gross standard vol u me of prever for 
proving operations. 

IV lndicated volume (for ticket calculations). 
IV m lndicated volume of meter for proving oper

ations. 
IV nun Indicated volume of master meter for 

proving operations. 
ISV lndicated standard volume. 

ISV m Indicated standard vol u me of meter for 
proving operations. 

ISV mm lndicated standard volume of master meter 
for proving operations. 

MR, Opening meter reading. 
MR, Closing meter reading. 

MMR, Opening master meter reading. 
MMR.c, Closing master meter reading. 

N Number of whole pulses for a single proving 
roundtrip. 

Ni Number of interpolated pulses for a single 
proving roundtrip 

Navg Average number of pulses for the proving 
roundtrips that satisfy the repeatability 
requiremenl5. 

NSV Nct standard volumc (for ticket calcula· 
tion~). 

SR Scale reading of te..c¡t mea.c¡ure. 
SR u Upper scale reading of open tank prever. 
SR! Lower scale reading of open tank prover. 

SWV Sed1ment and water volume (for ticket 
calculations ). \ 

V Volume 
V b Volume of container at base conditions. 
V tp Volume of container at operating tempera

turc and pressure conditlons. 
WD Waterdraw's test measure volume adjusted 

for scale reading and corrected for CfDW 
andCCfS. 

WDz Sum of all test measures· WD values for a 
single pass. 

WDzb Sum of all test measures' WDz values for a 
single pass corrected lo Pb. 

""YJ1tjltbyt!lo--
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1.9 l.íquld Denslty 
The density of the liquid shall be detennined by appro

priate technical standards or, if necessary, by either proper 
correlations or equations of state. If multiple parties are 
involved in the measurement. tbe method selected for deter
mining the liquid's densities shall be mutually agreed upon. 

The density of tbe liquid at both flowing and base condi
tions can be obtained by using ene of three methods: 

a. Empirical density correlation. 
b. An equation of state. 
c. An appropriate technical expression. 

The liquid's flowing density (RHO~) is determined from 
the followíng expression: 

RHOrp = RHOb x CTL >< CPL 

and 

RHO,PIRHOb = CrL x CPL 

lt is important to note that RH~ must be known to accu· 
rately ealculate RHOtp. Appendix B-Liquid Density Corre
lalion contains a list of recommended liquid versus API 
correlations in accordance with APrs posiuon paper dated 
1981. Where an API correlation does not currently exi.st, tbe 
appropriate ASTM standard has been provided to assist the 
u ser community. 

1.10 Oertvation of Llquid Base Volume 
Equatlons 

The volume correction factors for the liquid utilized by the 
petroleum industry are based on the following fundamental 
expressions. 

1.10.1 DETERMINATION OF INDICATED 
VOLUME 

The IV is the change in meter reading that occurs during 
a receipt or delivery. The word regütration. though not 
preferred. often has the sarne meaning. The IV is obtained by 
subtracting the Opening Meter Reading (MR,) from the 
Closing Meter Reading (MR,). 

TV=MR,-MR0 

1.10.2 DETERMINATION OF GROSS STANDARD 
VOLUME 

The GSV is correlated by the following physical expres
sion: 

GSV = Mass!RHOb 

and the mass of the metered quantities by 

Mass = TVx MFx RHO,P 

As a result, the GSV can be calculated by substituting tbe 
various t.elliiS to arrive at the foUowing traditional expressioo: 

GSV = TV x CrL x CPL x MF 
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or 

GSV=!Vx CTLxCMF 

Note: Wheo lllin¡ lempera.ture c:ompemated meter readiags (MR..,. M~. 
IV), the en. value shall be set to 1.0000. 

1.10.3 DETERMINATION OF NET STANDARD 
VOLUME 

The NSV is the equivalen! volume of a liquid at its base 
conditions that does not include nonmerchantable iu:ms such 
as sediment and wau:r. '~'m: formula for calculating NSV is 
as follows: 

NSV = GSVx CSW 

The correction for sediment and water content (CSW) is 
explained in the subsequent section. 

1.10.4 DETERMINATION OF S&W VOLUME 

The sediment & water volume (SWV) is a calc~lated 
quantity based upon the percent sediment and water 
(%S&W) determined by a representalive sample of the 
quantity of liqoid being rneasured. It represents the nonby
drocarbon portian of the liquid and is calculau:d as follows: 

SWV= GSV- [GSV x (1- [%S&W/IOO])] 

1.11 Principal Correctlon Factors 
Calculations in this publication are based on conecting tbe 

measured volume of the petroleum hquid to its volume at 
base conditions. Correction factors are provided to adjust the 
metered volume and the volume of prover or test measures 
to base conditions. 

1.11.1 UQUID DENSJTY CORRECTION 
FACTORS 

Liquid density correction factors are employed to account 
for changes in density due to the effects of temperarure and 
pressure upon the liquid. These correction factors are as 
follows: 

en. corrects for the effect of temperature on the liquid 
density. 

CPL corrects for the effect of compressibility on the 
liquid density. 

1.11.1.1 Correctlon for Effect ofTemperatura on 
Llquid (CTL) 

If a petroleum liquid is subjected to a change in tempera· 
ture, its densily will decrease as the- temperature rises or 
increase as the temperature falls. This density change is 
proponional to the thermal coefficient of expansion of the 
liquid. which varies with base density (RH(\) and the liquid 
temperature. 

The correction factor for the effect of temperature on the 
liquid's density is called CfL. The appropriate standards for 

-byt!ll __ _ 
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the tbermal expansion factor fo~ a liquid (CfL) may be 
found in Appendix B-Liquid Density Correlation. 

1.11.1.2 Correctlon for Compresslblllty on 
Uquid (CPL) 

If a petroleum liquid is subjected to a change in pressure, its 
density will increase as the pressure increases and decrease as 
the pressore decreases. This density change is proportional to 
tbe liquid's compressibility factor (F), which depends upon 
both its base density (RHO¡j and the liquid temperarure. The 
appropriate staDdards for tbe wnqnessibility factor (F) may be 
found in Appendix B-Uquid Density Correlation. 

The correction factor for the effect of pressure on the 
liquid's density (CPL) can be calculau:d using the following 
expression: 

Wher<: 

. CPL = 11(1 - [P- (P<0 - Pb0 )] x (FJ) 

and 

(Pe0 - Pb0 ) <!;O 

base pressure. in absolute pressure units. 
equilibrium vapor pressure at the temperature of 
the liquid being measwed, in absolute pressure 
units. 

P = operating pressure, in gauge pressure units. 
F = compressibility factor for Jiquid. 

The liquid equilibrium vapor pressure (Pe,) is considered ·•. 
to be equal to base pressure (PbJ for liquids tbat have an · 
equilibrium vapor pressure Jess than or equal to atmospheric 
pressure at flowing temperature. 

1.11.2 PROVEA ANO FIELD MEASURE STEEL 
CORRECTIONFACTORS 

Prever correction factors are employed to account for 
changes in the prover volume due to the effects of tempera
rore and pressure upon the steel. These correction factors are 
as follows: 

CTS corrects for thennaJ expansion and/or contracrion 
of the steel in the prover shell due to the average 
prover liquid t<:mperature. 

CPS corrects for pressure expansion aml/or contraction 
of the steel in the prover shell due to the average 
prover liquid pressure. 

When the volume of the container at base conditions (Vb) 
is known, the volume at any other temperature and pressure 
(V 'P) can be calculated from the following equation: 

vtp = v. X crsx CPS 

Conversely, when the volume of the container at any 
temperarure and pressure (V 'P) is known, the volume at base 
conditions (Vb) can be calculated by 
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Vb = V1¡/(CTS x CPS) 

1.11.2.1 Correction for !he Effect of Temperature 
on Steel (CTS) 

Any metal container, be ita pipe pruver, a tank prover, or 
a portable test measure. when subjected to a change in 
temperature, will change its volume accordingly. The 
volume change, regard.Jess of pro ver shape, is proportional to 
the cubica! coefficient of rhermal expansion of the material. 
The cubical cocfficient of thermal expansion is val id when 
the calibrated section and its detector switch mountings are 
consLructed of a single material (pipe provers, tank provers, 

and field measures). 

Co"ections jor Single· Walled Container or Prover 
The CfS for pipe provers, open tank pruvers, ano ponable 

test measures assumes a singular construction material and 
may be calculated from the following: 

CTS = 1 + [(T- Tb) x Gc] 

Where: 

Ce = Mean coefficient of cubical expans10n per 
degrec:: temperature of the material of which the 

container is made between T b and T. 
Base temperature. 
Mean liquid temperature in the contamer. 

The cutJical coefficicnt of expansion (Gc) for a pipe 
prover or open tank prover shaJI be the one for the materials 
used in the conslrucLion of the calibrated section. However, 
the Gc values contained in Table 1 shall be used if the coef
ficient of cubical expansion is unknown. 

The cubica] coefficient of expansion (Gc) on the Report of 
Calibration fumished by the calibratmg agency is the one to 

be used for that individual field measure. 

Con'ections for Small Volume Provers With Externa/ 
Detectors 

While rhc cubica! coefficient of expansion is used in 
calculating CTS for pipe provers, tank provers. ami fidd 
rneasures. a modified approach is needed for sorne of the 
smaJI volume provees dueto thcir design. The detector(s) are 
mounted extemally, rather than on rhe prover barre! it~elf. 
Thus the volume changes that occur due to remperature are 

defined in tenns of the area change tn the prO\··er barrel and 
the change in disrance between the dete<.:tor positions. While 
occasionally these detector posiuons may be on a carbon or 

stamless steel mounting, it JS muCh more likely that they will 
be on a mounting of a special alloy that has a very small 
linear cocfficient of ex.pansion. 

For small volume provers that utiliz..e detectors not 
mounted in the calibrated seclion of the pipe, the correction · 
factor for the effect of temperature (CfS) may be calculated 
from the following: 

-by !110-,. __ 
Frt • :rt tt.-i7:4J :rooo 

Table 1-coefficients of Thermal Expansion 
for Steel (Gc:Ga,G1) 

-------
Type ofSteel 1bermal Expans1on Coefficient 
·------ -----·-- ·-------

(p<r 'F) (per "C) 
A. Cubica] Coefficient, Gc 

MildCarbon 1.86E-05 3.35E-05 
304 Stamless 2.S8E-05 S.ISE-05 
316 Stainless 2.65E-05 4 71&05 
17-4PH Stainless I.WE-05 3.24E-05 

B. Area Coefficient, Ga 
Mild Carbon 1.24E-05 2.23E-05 
304 Stainlcss 1.92E-05 3 46E-05 
316 Stamles.s 1.77E-05 3.18E-05 
17-4PH Stainless 1.20E-05 2.16E·D5 

C. Lmear Coefficiem. Gl 
M1ld Carbon 6.20E-06 1.12E-05 
304 Stainkss 9.6úE-06 1.73E..(l5 
316 Stainkss 8.83E·06 1.59E-05 
17-4PH Stainless 6.00E-06 I.OSE-05 

CTS = (1 + f(Tp- Tb) x (Ga)]) X (1 + [(T aTb) x (Gl)] 

Where: 

Ga = Area thennal coefficient of ex.pansion for prover 
chambcr. 

Gl = Linear thennal coefficient of expansion on 

displacer shaft. 

Th = Base temperature. 

Td = Temperature of the detector mounting shaft or 

displacer shaft on SVP with externa! detectors. 

TP = Temperature of the pro ver chambcr. 

The linear and area thermaJ coefficienLs of ex.pansion used 

shall be the ones for the materials used in the construction of 

!he prover. However, the values contained in Table 1 shall be 
used if the coefficients are unknown. 

1.11.2.2 Correctlon for !he Effect of Pressure on 
Steel (CPS) 

lf a metal container such as a conventional pipe prover, a 

tank prover. ora test measure is subjected roan interna\ pres
sure. the walls of thc container will stretch elastically and the 
volume of lhe container will change accordingly 

Corrections for Single-Wallt:d Container or ProPer 
While it is recognized that s1mplifying assumptions enter 

the equations below, for practical purposes, the correction 

factor for the effect of intemal pressure on the volume of a 

cylindrica\ comamer, called CPS, may be calculated from 

!O 

CPS = 1 + ([(P- Pb) x (ID)]!(E x 11'7)) 

Assuming P b is O gauge pressure, the equation simplifies 
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Wher!': 

p = 

pb = 
ID = 
E = 

OD = 
WT = 

CPS= 1 + ((P x ID)I(Ex WJ)) 

and 

ID= OD-(2 x WJ) 

interna! operating pressure of prover, in gauge 
pressure units. 
base pressu~. in gauge pressure units. 
intemal diameter of container. 
modulus of elasticity for container material. 
outside diameter of container. 
wall thickness of container. 

The modulus of elasticity (E) for a pipe prever or open 
tank. prever shall be the one for the materials used in che 
construction of the calibrated section. However, the values 
contamed in Table 2 shall be used if the modulus of elasticity 
(E) is unknown. 

The modulus of elasticity (E) on the Repon of Calibration 
fumished by the calibrating agency is the one to be used for 
that individual field measure. However, the vaJues contained 
in Table 2 shall be used if the modulus of elasticity (E) is 
unknown. 

Corrections for Double· Walkd Conllliner or Prover 
Sorne provers are designed with a double wall to equalize 

the pressure inside and outside the calibrated chamber. In 
this case. the inner measuring seclion of the prever is not 
subjected to a net internal pressure, and the walls of this 
inner chamber do not stretch elasticaUy. Therefore, in this 
special case, 

CPS = 1.0000 

1.11.3 METER FACTORS ANO COMPOSITE 
METER FACTORS (MFs, CMFs) 

Meter factors (MFs) and composite meter factors (CMFs) 
are terms to adjust for inaccuracies associated with the 
meter's perfonnance as detennined at the time of proving. 
Unless the meter is equipped with an adjustment that alters 
ils registration to account for íhe MF. ·an MF must be applied 
to the ind1cated volume of the meter. 

The MF 1s determined at the time of proving by the 
following expression: 

Table 2-Modulus of Elasticity lar 
Steel Containers (E) 

. - - ·--·--. 
Type of Stecl Modulus of Elasticity 

···-·-· -· -- --
(per psi) (per bar) (per kPa) 

Mild Carbon 3.00E-Hl7 2.07E+{)6 2.07E«J8 
304 Stamless 2.80E+07 1.93E+{)6 1.93E+08 
316 Stam!ess 2.80E-Hl7 1.93E+{)6 1.93E-Hl8 
17-4PH Stamle!.S 2.85E+07 1.97E+06 I.IJ7E+UH 

-byt!IO __ _ 

frt 11r ZA IZ:i7:il 1000 

MF=GSVpiiSV., 

The CMF may be used in applications where the gravity, 
temperature. and pressure are considered constant through
out the measurement ticket period, or amicipated changes in 
these paramet:ers result in uncertainties unacceptable ro the 
parties or as agreed by tbe panies as a convenience. The 
CMF is deterrnined at the time of proving by the following 
expression: 

CMF = CPL,. x MF 

1.11.4 METER ACCURACY FACTOR (MA) 

Meter accuracy factor (MA) is a tenn utilized specifically 
for loading rack meters for refined products. In most truck 
rack applications, the meter is mechanically or electronically 
adjusted at the time of proving to ensure that the meter factor 
is approximately unity. This simplifies the bill of lading and 
accounting issues associated with truck applications in 
refined product service. 

The MA is determined at the time of proving by the 
following expression: 

MA = /SV,. 1 GSVP 

or the reciproca! of the MF 

MA = l/MF 

1.11.5 K-FACTORS ANO COMPOSITE 
K-FACTORS (KFs, CKFs) 

For sorne applications. K-factors (KFs) and composite K
factors (CKFs) are utilized to eliminate the need for applying 

J;. 
meter correction factors to the IV. By changíng the K-factor 
or CKF at the time of proving. the meter is electronically 
adjusted at the time of proving to ensure that the meter factor 
is approximately unity. 

A new K-factor is detennined at the lime of proving by 
the following expression: 

New KF = (O Id KF)/MF 

The CKF may be used in applications where the grovity. 
temperature. and pressure are approximately constant 
throughout the measurement ticket period. Thc new CKF is 
detennined at the time of proving by the fo11owing expression: 

New CKF = (Oid CKF)/CMF 

1.11.6 COMBINED CORRECTION FACTORS 
(CCF, CCFp, CCFm) 

Wben multiplying a large number (for example, an N) by 
a smal1 number (for example, a correction factor) over and 
over again, a lowering of the precision may occur in the 
calculations. In addition. crrors can occur in mathematical 
calculations due w sequencing and rounding between 
different machines or programs. To minimize these errors, 
the industry selected a method that combines correction 

'" 
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factors in a specified sequence and maximum discrimination 
Jevels. The method for combining two or more correction 
facwrs is to first obtaín a CCF by serial multiplication of the 
individual correction factors and rounding the CCF to a 
reqUired number of decimal places. 

Three CCFs have been adopted lO minimize errors in 
calculations: 

a. For mea..o;;urement ticket calculations to detennine GSV, 

CCF= CTLx CPLx MF 

or 

CCF = CJL x CPL x CMF 

Note: Whcn osing temperature compensated meter readmgs (MR0 , MRc. 
IV). the en. value !>hall be se! to 1.0000 for CCF measurememtacltet calcu
lations. 

Note: When usmg a CMF, lhe CPL value shall be !oet to 1.0000 for CCF 
measuremelll ticket calculatiorl.'l.. 

""''""''"1111 __ _ 
ffi .... Z4 IZ.il:U 2:000 

b. For proving ca1culalions to dete~ine GSV P' 

CCFP = CTSP X CPSP X CJLP X CPLP 

c. For proving calculations to detennine /SV m. 

CCF m= CILm x CP4, 

Note: Wtlen using te:mperature comp:matl:d meter readings (MR.::. MR,;. 
ISVml• the CTL value )hall be sct to 1.0000 for CCFm proving repon 
cakulatlons. 

1.11.7 CORRECTION FOR SEDIMENT ANO 
WATER(CSW) 

Sediment and water are not considered merchantable 
components of cenain hydrocarbon 1iquids. such as crude oH 
and certain refined products. The correclion to adjusl the 
GSV of the liquid for these nonmerchamable quantities is 
defined by the following expression: 

CSW = [ 1 - (%S&W/100)] 
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APPENDIX A--CORRECTION FACTORS FOR STEEL 

The abbreviated tables contained in this appendix are designed to assist the _user in vali
dating computer ca1culations. 

-IIJ!bl-PI-DltlbRJ 
Ff11111" 2:4 11:i7:ii :rooo 
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Table A-1-Temperatura Correction Factors for Mild Carbon Steel 

USC("F) SI ('C) 

T,• 60.0 15.0 lleve< 
Oc'> 1.86E.OS 3.3SE-OS perllegree 

use uruts 

Ob=vod Obs<rvod 

T"""""""' crs T"""""""' crs 
("F) ("F) 

0.0 o 998884 100.0 1.000744 
1.0 0.998903 101.0 1.000763 
2.0 0998921 102.0 1.000781 
3.0 0.998940 103.0 1.000800 
4.0 o 998958 104.0 1.000818 
5.0 0.998977 105.0 1.000837 
6.0 0.998996 106.0 1.000856 
7.0 0.999014 107.0 1.000874 
8.0 0.999033 108.0 1.000893 
9.0 0.999051 109.0 1.000911 

10.0 0.999070 110.0 1.000930 

50.0 0.999814 150.0 1.001674 
51.0 0.999833 151.0 1.001693 
52.0 0.999851 1.52.0 1.001711 
53.0 0.999870 153.0 1.001730 
54.0 0.999888 154.0 1.001748 
55.0 0.999907 !SS .O 1.001767 
56.0 0.999926 156.0 1.0017R6 
57.0 0.999944 157.0 1.001804 
58.0 0.999963 1581) 1.001823 
59.0 0.999981 159.0 1.001841 
60.0 1.000000 160.0 1.001860 

SI Uniu 

Ob~rved Obsaved 
T~ crs Temperature crs 

("C) ("C) 

·5.00 0.999330 40.00 1.000838 
-4.00 0.999364 41.00 1.000871 
-3.00 o 999397 42.00 1.000905 
-2.00 0.999431 43.00 1.000938 
-1.00 0.999464 44.00 1.000912 
0.00 0.999498 45.00 1.001005 
1.00 0.999531 46.00 1.001039 
2.00 0.999565 4700 1.001072 
3.00 0.999598 48.00 1.001106 
4.00 0.999632 49.00 1.001139 
5.00 0.999665 50.00 1.001173 

15.00 !.()()()()()() 60.00 1.001508 
16.00 1.000034 61.00 1.001541 
17.00 1.000067 62.00 1.001.575 
18.00 1.000101 63.00 1.001608 
19.00 1.000134 6400 1.001642 
w.oo 1.000168 65.00 1.001675 
21.00 1.000201 66.00 1.001709 
n.oo 1.000235 67.00 1.001742 
23.00 1.000268 68.00 1 001776 
24.00 1.0003()2 69.00 1.001809 
25.00 1.000335 70.00 1.001843 

Note:: 1ñc correctJon for the cffect oftempenuure on stcel values are shown to six dec:a.mal pla~ m collformance 
wilb thc teqUll'eiDeDts for provtt calibraoons and to assis1 the user m validating computer cakulatious. lbe table 
abown was calculated using the followmg equallon apphcable to convcntional pipe and open IADk: provcrs; 
CTS= I• {(T- Tb) X GcJ 
l'f b = Büe tempera tu~ in "F c.- ·c. 
bGc = CubJcal coefficient of lhermal expan.ston of prover. 

-IIY llll-Pl-1nltltlrt8 
lrt llr Z4 1MH7 ZDDD 
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Table A·2-Temperature Correction Factors for 304 Stainless Steel 

USC("F) SI ("C) 

T,• 60.0 15.0 Dcx= 
(kb 2.88E-05 5.18E-05 pcr Degree 

USCUnits 

Obscrv«l Observed 
Temperature CT5 Tempc:raturc: CTS 

('Fl ("F) 

0.0 o.'l9sm 100.0 1.001152 
1.0 0998301 101.0 1.001181 
2.0 0.'198330 102.0 1.001210 
3.0 0.'19835ll 103.0 1.001238 
4.0 0998387 104.0 1.001267 
5.0 0.998416 105.0 1 001296 
6.0 0.99844.5 106.0 1.001325 
7.0 0998474 107.0 J.OOI354 
8.0 0.998502 108.0 1.001382 
9.0 0.998531 109.0 1.001411 

10.0 0.998560 lJO.O 1.001440 

50.0 0.999712 150.0 1.002592 
51.0 0.999741 151.0 1.002621 
52.0 0.999770 152.0 1.002650 
53.0 0.999798 153.0 1.002678 
54.0 0999827 154.0 1.002707 
55.0 0.999856 155.0 1.002736 
56.0 0.999885 156.0 1.002765 
57.0 0999914 157.0 1.002794 
58.0 0.999942 158.0 1.002822 
59.0 0.999971 159.0 1.002851 
60.0 1000000 160.0 1.0028SO 

SI Untts 

Ob•emd Observed 
Temperatu~ CTS Temperal\ll"e CTS 

("C) (C) 

-5.00 0998964 40.00 1.001295 
-4.00 0999016 41.00 1 001347 
.3.00 O.Y99068 42.00 100)399 
-200 o 999119 43.00 1.001450 
-lOO o 999171 44.00 1 001502 
0.00 0.999223 45.00 1.001554 
1.00 0999275 46.00 1.001606 
2.00 0999327 47.00 1.001658 
300 0999378 48.00 1.001709 
400 0999430 49.00 1.001161 
5.00 0.999482 50.00 1.001813 

15.00 1 ()()()()()() 60.00 IJXl2331 
16.00 1.000052 61.00 1.002383 
17.00 1.000104 62.00 1.002435 
)8.00 1 000155 63 00 1.002486 
19.00 1 000207 64.00 1.00253!\ 
20.00 1.000259 65.00 1.002590 
21.00 1.000311 6600 1.002642 
22.00 1.000363 67.00 1.002694 
2300 1 000414 68 00 1.002745 
24.00 1000466 69.00 1.002797 
25.00 1 000518 70.00 1.002849 

Note: 1be COIT'eCtion for the etfect of t.emperature on steelvalues are shown to six decimal plt~ces iD oonfonn~ 
with the requirernents for prover cahbrallons and to ass1st the u ser ID \'aJidating oomputer ca1c:ulabons. 1be tabl~ 
shown was ca.lculatcd using the followin¡ equation applicable to conventmnal pipe and open tank. prever': 
CTS= 1 +[(T -T~:~) >< Gc] 
-Tb = Ra~ temper.uure io "F or "C. 
bGc = Cubica! coeffici.cnt of thermal expans1on of prover. 

CIJD-Irllllo -1'11r1*"11 -· frt M:8r 14 11-il:il tODO 
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Tabla A-3-Temperatura Correction Factors for 316 Stainless Steel 

USC\f) S1("C) 

T,• 60.0 15.0 llegr.e 
G<' 2.65E.m 4.17E.()5 per llegr<e 

use uruts 

Obse:ved Observed 
Temperature crs Temperanm crs 

("f) ("f) 

0.0 0.991!410 100.0 1.001060 
l. O 0.998437 101.0 1.001087 
2.0 0.998463 102.0 1.00lll3 
3.0 0.991!490 103.0 1.001140 
40 0.99~16 104.0 1.001166 
5.0 0.998543 105.0 1.001193 
60 0.998569 106.0 1.001219 
70 0.998596 1070 1.001246 
8.0 0.998622 108.0 1.001m 
9.0 0.998649 109.0 1.001299 

10.0 0.998675 !lOO 1.001325 

50.0 0.999735 1500 1.002385 
510 0.999762 151.0 1.002412 
52.0 0.999788 152.0 1.002438 
53.0 0.999815 153.0 1.002465 
54.0 0.999841 1540 .... 1.002491 
55 o 0.999868 155.0 1.002518 
56.0 0.999894 156.0 1.002544 
57.0 0.999921 157.0 1.002571 
58.0 0.999947 158.0 1.002597 
59.0 0.999974 159.0 1.002624 
60.0 1.000000 160.0 1.002650 

Sl Unit! 

Observed Observed 
Tem~ crs Tompentwe crs 

("C) CCJ 

-5.00 0.999046 40.00 1.001193 
-400 0.999094 41.00 1 001240 
-3.00 0.999141 42.00 1.001288 
-2.00 0.999189 43.00 1.001336 
-1.00 0.999237 4400 1.001383 
0.00 0.999285 45.00 1.001431 
1.00 0.999332 4600 I.(XJ1479 
200 0.999380 47.00 1.001526 
3.00 0.999428 48.00 1.001574 
4.00 0999475 4900 1.001622 
500 0.999523 50.00 1.001670 

15.00 1.000000 6000 1.002147 
16.00 1.000048 61.00 1.002194 
1700 1.000095 62.00 1.002242 
18.00 1.000143 63.00 1.002290 
1900 1.001191 6400 1.002337 
2000 1.000239 65.00 1.002385 
2LOO 1.000286 66.00 1.002433 
2200 1 ocm:w 6700 1.002480 
23.00 1.000382 68.00 1.002528 
2400 1.000429 69.00 1.002..S76 
2500 1.000477 7000 1.002624 

Note: The COI't'eCtion for the effect of tt:mpemturc on neel values are shown to &lx decimal pide~ in conform.ance 
with the requirerncnts for prover cahbratiom aod to usist the user in validatm¡ computet calculabons. lbe tahlc: 
shown wu calculated wmg the following equation applicable to conventional pipe and opcn 1a.nk proven: 
CfS= 1 +{(T-Tb)xGcl 
aT b= Base: tcmpcratun: m 'F or ·c. 
bQc = Cubical coefficient of thenual expansion of pro ver . 

..,_, bytlll-,__, 
fr1 1111'14 1Hl01100ll 
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Table A-4-Temperatura Correction Factors lar 17-4PH Slainless Steel 

USC("F) SI("C) 

T,• 60.0 15.0 Deg= 
Gc'> 1.80E-05 3.24E-05 perDeo= 

USCUnits 

Observed Observod 
T~peram~ CTS Temperarure crs 

("F) ("F) 

0.0 0.998920 100.0 1.000720 
1.0 0.998938 101.0 1.000738 
2.0 0.998956 102.0 1.000756 
3.0 0.998974 103.0 1.000774 
4.0 0.998992 104.0 1.000792 
5.0 0.999010 105.0 1.000810 
6.0 0.99902.8 106.0 1.000828 
7.0 0.999046 107.0 1.000846 
8.0 0.999064 108.0 1.000864 
9.0 0.999082 109.0 1.000882 

10.0 0.999100 110.0 1.000900 

50.0 0.999820 150.0 1.001620 
51.0 0.999838 151.0 1 001638 
52.0 0.999856 152.0 1.001656 
53.0 0.999874 153.0 1 001674 
54.0 0.999892 154.0 1 001692 
55.0 0.999910 155.0 1.001710 
56.0 0.999928 156.0 t.omns 
57.0 0.99994é 157.0 1.001746 
58.0 0.999964 158.0 1.001764 
59.0 0.999982 159.0 1.001782 
60.0 1.000000 160.0 1.001800 

SI Units 

Observed Ob=>od 
Tempe:racure = Temperature CTS 

("C) ("C) 

-5.00 0999352 4000 1.000810 
-4.00 0.999384 41.00 1.000842 
-3.00 o 999417 42.00 1.000875 
-2.00 0.999449 43.00 1.00090? 
-1.00 o 999482 44.00 1.000940 
000 0999514 4500 1JlCMJ912 
1.00 0999546 46.00 1.001004 
2.00 0.999579 47.00 1.001037 
300 0999611 4l!OO 1.001069 
4.00 0.999644 4900 1.001102 
5.00 0.999676 50.00 1.001134 

15.00 1.000000 60.00 1.001458 
1600 1.000032 61.00 1.001490 
17.00 1.00006~ 6200 1.001523 
18.00 1.000097 63.00 1.001555 
19.00 1.000130 6400 1.001588 
2000 1.000162 65.00 1.001620 
21 00 1.000194 66.00 1.001652 
22.00 1.000227 67.00 1.001685 
23.00 1.000259 68.00 1.001717 
24.00 1.000292 69.00 1.001750 
25.00 1.000324 70.00 1.001782 

~ate: Tbc corm::tion for the effect of tcmperaturc on stecl values ve sbowo 10 six decimal plAces in cooformance 
Wlth the requirements for pro ver calibrat10ns and to assu;t the u ser in vahdabng computer calculations. The table 
sh.own wa.s calculat~ using th.e following equalion applicable to conventional pipe and open tank. provers: 
CTS= 1 + [(T-T¡,.) >< GcJ 
•T h = Ba.se kmperature m "F or ·c. 
b("O(; = CubiCll.lc.:ucffidmt uf therma.l e~pa"'iun uf pruvcr 

... ,..bYtllo-l'vtr1*UI-
1111111' 24 12.-tiliiJ 2000 
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Tabla A-5-Pressure Correction Factors ter Mild ()arbon Steel 

use SI use SI 
(psi) (bu) (in) (mm) 

T,• 14.7 15.0 QJ)' 10.750 273.05 
O<!> J.OOE..o7 2.07E«l6 Wl" 0.375 9.53 

.•.. ID< 10000 254.00 

USCUnits 

Observed Obocrvod - O'S """'""' CPS 
(psig) (psig) 

0.0 1.000000 500.0 1.000444 
5.0 1.000004 m.o 1.000449 

10.0 1.000009 510.0 1.000453 
ISO LOC:OOI3 !115.0 1.000458 
20.0 1.000018 520.0 1.000462 
25.0 1.000022 525.0 1.000467 
30.0 1.000027 530.0 1.000471 
35.0 t.ooo:nt 535.0 1.000476 
40.0 1.000036 540.0 1.01X)480 
45.0 1.000040 545.0 1.000484 

50.0 1.000044 550.0 1.000489 
.50.0 1.000044 800.0 1.000711 
55.0 1.000049 805.0 1.000116 
60.0 1.000053 810.0 1.000720 
65.0 1.000058 8l.~LO 1.000724 
70.0 1.000062 820.0 1.000729 
7.5.0 1.000067 825.0 1.000733 
80.0 1.000071 830.0 1.000738 
85.0 1.000076 835.0 1.000742 
90.0 1.000080 840.0 1.000747 
!>.l.O 1.000084 845.0 1.000751 

100.0 IJJ00089 850.0 1.000756 

SI Units 

Observed Ob=vod 
Pressure CPS .......,., CPS 
(bM-g) (bu-g) 

000 1.000000 40.00 1.000515 
1.00 1.000013 41.00 ],()(l()j;28 

2.00 1.000026 42.00 1.000541 
3.00 1.000039 43.00 1.000554 
4.00 1.000052 44.00 I.IXX)S67 
500 1.000064 45.00 1.000580 
6.00 1.000077 46.00 1.000593 
7.00 1.000090 47.00 1.000605 
8.00 UXXJ103 48.00 1.000618 
9.00 1 000116 49.00 1.000631 

1000 UXIOI29 50.00 1.000644 

2000 1.000258 60.00 1.000773 
21.00 1.000271 6100 1.000786 
22.00 1.000283 62.00 1.000799 
2300 I.IXXI296 63.00 1.00Cl812 
24.00 1.000309 6400 1.00)824 
2500 1.00)322 65.00 1.000837 
26.00 IJXXJ33S 66.00 1.000850 
27.00 1.000348 67.00 1.000863 
28.00 1.000361 68.00 1.000876 
29.00 Ul00374 69.00 1.000889 
30.00 1.000386 70.00 1.000902 

Nott: 1be correctioo for thc cffect of pressure on steel valuc:s are .\hown tn six decimal places in confonnance with 
the requ~tements for prover calibrations and to assist the user in validating computer calculations. The tabl~ 
sbown were caJculated usmg the followmg equation applicable 10 'ingle-walled containers or provers: 
CPS • 1 + ((P • IDY(E • 117')] '00= Outside d.Jamc:ter of prover pipe. 
"1' b ·Base ttmpen.rure in "F or ·e dWT"' Wall th.ickness of prover pipe. 
bGc:::: Cubica! coefficiClK of thc:rmaJ eJ;pan.sion of prover. ~ID= lnside diameter of prever pipe. 

-Ir! !ha-PB!rl*lla lllltltuto 
frt llbr Z4 ll:U04 ZDOO 
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Table A-6----Pressure Correction Factors ter 304 and 316 Stainless Steel 

use SI use SI 
(psi) (bu) (in) (mm) 

T,• I4.7 15.0 00< I07SC 273.05 
Gc' 280E+07 I 93E<{)6 WT' 037S 9.53 

ID< 10.000 254.00 

use UniiS 

Observed Observed 
Preuun: CPS -.,., CPS 

(psig) (J"Ig) 

0.0 1 000000 500.0 1.000476 
5.0 1.000005 305.0 1.000481 

10.0 1.000010 510.0 J.IXI048ll 
15.0 LOCXXJ\4 51 S. O 1.000490 
200 1.000019 520.0 1.000495 
25.0 1.000024 525.0 1.000500 
30.0 1.000029 530.0 1.000505 
35.0 1.000033 535.0 1.000510 
40.0 1.000038 540.0 UXXl514 
45.0 1.000043 545.0 1.000519 

50.0 1.000048 550.0 1.000524 
50.0 1.000048 gJI(),O 1.000762 
55.0 1.000052 805.0 1.000767 
60.0 1.000057 810.0 1.(100771 
65.0 I.{)(X)()62 815.0 1.000776 
70.0 1.000067 8200 1.000781 
75.0 1.000071 825.0 1.000786 
80.0 1.000076 830.0 1.000790 
85.0 1.000081 835 o 1.00079:5 
90.0 1.000086 840,0 1.000800 
95.0 1.000090 845.0 1.0001!05 

100.0 JJXI0095 8500 1.000810 

SI Units .. 
Observed Observed 
Pressure ePS Pressure CPS 
(bai-·g) (ba<-g) 

0.00 1 000000 4000 1.00)553 
1.00 1.0C0014 41.00 1.()()()566 
2.00 I.CXXJ028 42.00 1.000580 
300 1 000041 43 JI() 1.000594 
4.00 1.0CK>05S 44.00 )_(){)(W)g 

5.00 1.(XX)()69 45.00 1.000622 
6.00 l.fXlOOR1 4600 1.0001536 
7.00 1.000097 47.00 1.000649 
8.00 1.000 lll 4800 1.000663 
9.00 1.000124 4900 1.000617 

1000 1.000138 50.00 1.000691 

20.00 1.000276 6000 1.000829 
21.00 1.00l290 61.00 1.000843 
22.00 1.(0)304 62.00 1.0()()857 
23.00 I.OCKJJ\8 63()1) 1.000870 
24.00 J.OOJ332 6400 1.000884 
25.00 1.00)345 65.00 1.000898 
26.00 1.000359 66.00 1.000912 
27.00 1.000373 67.00 1.000926 
ZK.OO 1.000387 68.00 1.000940 
29.00 1.000401 69.00 1.000953 
30.00 1.000415 70.00 1.000967 

Note: lñe corrcctJ.oo for lhc: effect of ¡mssure oo stecl vaJues ~ shown to six declJlllll places in conformance with 
the requirements for prover.calibrauons and to ass1s1 the u5er in validating computer cak:ulattons. Tbe tables 
shown were calculated U3in&: tbe following equation applicable to singlc-walled conlaincn m provcn· 
CPS= 1 + [fP :w: JD)J(E >( Wl)J COD= Outside diameter of prover pipe. 
•T b = Base temperature m "F or ·e dWT= Walllhi.ckness of prover pipe. 
hGc = Cub1c.n..l coefficient o~ thcrmai expansion of prover. eiD= lnside diarncter of prover pipe . 

......... IIY thll---: 
Frt Mr !4 IZ:ii:Oii !000 
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Table A-7-Pressure Correction Factors for 17-4PH Stainless Steel 

use SI use SI 
(psi) (b") (in) (mm) 

T,• 14.7 J!i.O OD< 10.750 273.05 
Gc' 2.85E+07 L'17E-Kl6 W1" 0.375 9.l3 

ID' 10.000 254.00 

use uruts 

Observed ..... Observed 

""'"= CPS """'""' CPS 
(poig) (f"ig) 

0.0 1.000000 500.0 1.000468 
5.0 1.000005 505.0 1.000473 

10.0 1.000009 510.0 r.0004n 
15.0 1.000014 51l.O 1.000482 
20.0 1.000019 l20.0 1.000487 
25.0 1.000023 525.0 1.000491 
30.0 1.000028 530.0 1.000496 
35.0 1.000033 535.0 1.000501 
40.0 1.000037 540.0 1.000505 
45.0 1.000042 545.0 l. ()()()S 10 
50.0 1.000047 550.0 1.000515 

50.0 UXXX)<H 8000 1.000749 
55.0 1.000051 805.0 1.000753 
60.0 1.00Xl56 810.0 1.000758 
65.0 1.000061 815 o 1.000763 
70.0 1.000065 820.0 1.000767 
75.0 I.OIXX)'70 825 o 1.000772 
80.0 1.000075 830.0 L0007n 
85.0 1.000080 835.0 1.000781 
90.0 1.000084 840.0 1.000786 
95.0 !.000089 845.0 !.00079! 

100.0- 1.000094 850.0 !.000795 

SI Uniu 

Obu:rved Observed 
Pre3Sute CPS !mswe CPS 
(bM-g) O>ar-g) 

0.00 !.000000 40.00 !.000541 
lOO 1 000014 41.00 1.000.5.5.5 
2.00 !.000027 42.00 !.000569 
3.00 !.000041 43.00 1.000582 
4.00 1 000054 44.00 1.000.596 
5.00 !.000068 45.00 !.000609 
6.00 I.CXXXJ81 46.00 1.000623 
7.00 1 000095 47.00 !.000636 
8.00 !.000108 48.00 1.000650 
9.00 1.000122 49.00 1.000663 

10.00 1.1XX>J35 5000 1.000677 

20.00 1.000271 60.00 1.000812 
21.00 1.000284 6\.00 1.000826 
22.00 1.000298 62.00 1.000839 
23.00 1.000311 6300 1.0008.53 
24.00 1.000325 64.00 1.000866 
25.00 1.000338 65.00 1.000880 
2600 1.000352 6600 l.CXXJ893 
27.00 1.000365 6700 1.000907 
28.00 1.000379 68.00 1.000920 
2900 1.000393 6900 1.000934 
3000 1.000406 70.00 1.000948 

Note: 'Thc correctJon for the effect of prc.ssun: on steel va1ur:s are s.bown to six decimal places in cooformancc wiLJ.¡ 
tbe re.quirements for prover c.alibratioas Blld to assist ltle 11ser m vaüdating computer calcul:ations. The tables 
shown were calculated ustng the followtng equation applicable lo single-walled conlamen or proven: 
CPS- 1 + ((P )< ID)I(E X liT)] ~oD=o Outs.ide diametcr ot prover pipe. 
ll'f b • Base tempen.ture tn ,. or ·c. dWT = Wall thtckness of pro ver- pipe. 
bGc = Cubtcal coetficienc of_thernlal exparuion of provet. •ID= lDside dtameter of prover pipe. 

""'YI1olltiiY1111-I'ItniiiDimttblll 
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APPENDIX 8-LIQUID DENSITY CORRELATION 

8.1 Generallnformation 
The liquid table, found in Table 8-1, provides a guide to 

the appropriate reference for most of the liquids associated 
with the petroleum and petrochemical mdustry (RHO,, en.. 
F). 

The text following the table describes the recommended 
references. The expertise of a physical properties specta1ist 
should be consulted bt;fore adopting the recommendations 
contained in the table. 

For sorne older references, tabular va]ues for RHOb and 
CTL cannot be curve fit. Therefore, it is recommended that 
!mear interpolation of these tables (between columns and 
values within a column) be utilized for intennediate t:alcula
tions. 

Density Meter Calculations 
When using an online density meter, the Jiquid's base 

density (RHO¡,) is determined by the following expression: 

RHO¡, = RH01p/(Cfl x CPL) 

It is important to note that RHOcp must he known to accu
rately calculate RHOb. Also, for low pressure applications, 
CPL may be a.s~umed lo be l.(X)()() if a sen~itivity analysis 
indicates an acceptable level of uncertainty. 

For sorne liquids. computer subroutines exisl to correct to 
ba.!>e density u~ing API MPMS Chaptt:r 11.1 implement.ation 
procedures. However, for tlevated pressures, an ittrative 
pro<:edure to sol ve for base density is required for fiScal 
purposes. The manufacturer should be cóittacted for consul- ' 
tatlon on elevated pressures. 

The compuration for correcling from density at flowing 
conditions (RHOtp) to density at base conditions (RHOb) 
may be carried out continuous.ly if mutual! y agreed between 
lhe parties. 

8.2 RHOb Determination 
The standards to convert liquid density at ob.!>erved condi

tions (RH00b~) to base density (RHOb) are as follows: 

Rl. API MPMS Chapter 11.1. Volume X (ANSI/ASTM 
01250-1980). Tables 5A, 53A, and 23A cover gcneralized 
crude oils and JP4. The document specifies the implementa
tion procedures and the roundtng and truncating procedures 
to determine the Base Density (RHOb) from the Observed 
Density (RH00bJ and Observed Temperature (T0b,) at Base 
Pressure (Pbl-

a. Table 5A, used for base temperature of 60·F. covers 
generalized crude oils and JP4 over an API@60 
gravity range of O to 1 OO. For natural or drip gasolines 
with API@60 gravnies greater than 100. use Table 23 
of ASTM 01250 (Hi>torical Edition- 1952). 

~DYU.J 1:111Ptt 
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b. Table 53A, used for base temper•ture of 15"C. covers 
generalized crude oils and JP4 over a DENb@l5 range 
of 610 to 1075 kglm3. 

e: Tabie 23A, used for base temper.iture of 60"F, covers 
gcncralizcd crude oils and JP4 over a RD@60 range of 
0.6110 lO 1.0760. 

R2. API MPMS Chapter 11.1, Volume X (ANSIIASTM 
D 1250-1 980), Tables 5B, 538, and 23B cover generalized 
products. The document specifies the implementation 
procedures and the rounding and truncating procedures to 
determine the Base Density (RHOb) from the Observed 
Density (RHOobs) and Observed Temperature (T11b,) at 
Base Pressure (Pbl-

a. Table 5B, used for base temperature of 60"F. covers 
generalized products (excluding JP4) over an API@60 
gravity rangc ofO to 85. 

b. Table 538, used for base temperature of 1 5'C, covers 
generalizcd products over a DENb@ 15 range of 653 to 
1075 kglm3. 

c. Table 23B, used for base temper.iture of 60"F, covers 
gcncralizcd products over a RD@60 range of 0.6535 to 
1.0760. 

R3. API MPMS Chapter 1 1.1, Volume X (ANSI/ASTM 
D 1 250-1980), Tables 50 and 530 cover lubricating oils. Thé 
document specifies the implementation procedures and the 
rounding and truncating procedures to determine the Base 
Density (RHOb) from the Observed Density (RH00 .,.) and 
Observed Temperatun: (T 00,) at Base Pressure (Pbl· 

a. Table 5D. used for base temperature of 60"F, covers 
lubricating oils over an API@60 gravity range of -JOto 
40. 

b. Table 530, used for base temperature of 1 5"C, covers 
lubricating oils over a DENb@ 15 range of 825 to 1164 
kglm3. 

R4. ASTM 01250 (Historical Ediuon- 1952) covers a rela
tive density at 60"F (RD@60) range of 0.500 to 1. 1 OO. Table 
23 convens the observed relative density at the observed 
remperaturc and equilibrium pressure to the RD@60. 

R5. ASTM 01550, used for base temperature of60"F, is 
applicable to both butadiene and butadiene concentrates that 
contain at least 60 percent butadiene. 

8.3 CTL Determination 
The standards that have been developed to detenmne the 

CTL values for various liquids are as follows: 

Cl. API MPMS Chapter 1 1.1, Volume X (ANSl/ASTM 
D 1250- 1 980), Tables 6A, 54 A, and 24A cover generalized 
crude uih. and JP4 The document specifies the implementa-
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tion procedures and the rounding•and truncating procedures 
to determine the CTL from Base Density (RH00) and 
Flowing Temperature (T). 

a. Table 6A, used for base temperature of 60•F, covers 
generalized eructe oiis and JP4 over an API@60 
gravity range of Oto 100. For natural or drip gasolines 
with API@60 gravities greater than 100. use Table 24 
of ASTM Dl250 (Historieal Edition. 1952). 

b. Table 54A, used for base temperature of 15"C, covers 
generalized eructe oils and JP4 over a DEN0@ 15 range 
of 610.5 tu 1075.0 kglm3. 

c. Table 24A, used for base temperature of 60"F. covers 
generalized eructe oils and JP4 over a RD@60range of 
0.6110 to 1.0760. 

C2. APl MPMS Chapter 11.1. Volume X (ANSIIASTM 
01250-1980), Tables 68,548, and 248 cover generalized 
producto;. 1be document specifies the implementation proce

dures and the rounding and truncating procedures to deter
mine the CTL from Base Density (RHOb) and Flowing 
Temperature (T). 

a. Table 68, used for base temperature of 60"F, covers 
generalized produets (excluding JP4) over an AP!@60 
gravity rangc of()-100. 

b. Table 548, used for base temperature of 15"C, eovers 
generalized products (excluding JP4J over a 
DEN0@ 15 range of653.0 to 1075.0 kglm3. 

c. Table 248, used for base temperature of 60'F, covers 
generalized products over a RD@60 range of 0.6535 to 
1.0760. 

C3. API MPMS Chapter 11.1, Vo1ume X (ANSIIASTM 
D 125()-1980), Tables 6D and 54D cover 1ubricating oils. The 
document specifies the implernentation procedures and the 
rounding and truncaung procedures to determine the CfL 
from the Base Density (RHOol and Aowing Temperature (T). 

a. Table 60, u sed for base temperature of 60.F, covers 
lubricating oils over an API @60 grnvity range of -1 Oto 
40. 

b Table 540, u.sed for ba-.e temperatu~ of ¡s·c. cover.; 
lubricating oils over a DEN0@ 15 range of 825 to 1164 
kglm3. 

C4. ASTM D 1250 (Historical Ed1tion - 1952) covers a 
relative density at 60'F (RD@60) range of 0.500 to 1.100 for 
LPGs. Table 24 calculates the CTL from the flowing temper
ature (T) and the RD@60. 

C5. ASTM D 1250 (Historieal Edition - 1952) Table 6, used 
for base temperature of 60.F, covers a gravity range for 
asphalt. Table 6 is recommended by the API and Asphalt 
lnstitute for CTL detenninations. 

C6. ASTM D 1555, u sed for base temperature of 60'F. is the 
industry reference for CTL values assoc1ated wnh cenam 
aromalic hydrocarhons. 

lliDYi1olltlrY!Ill __ _ 
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C7. ASTM D1550, used for liase teínperaiure of 60"F, is 
the industry reference for CTL values associated with bula
di ene and butadiene concentrates that contain at least 60 
percent butadiene. 

CS. API MPMS Chapters 11.2.3 and ll.2.3M cover CTDW 
values utilized in water calibrdtion of volumetric provers. 

a.· Chapter 11.2.3, u sed for base temperature of 60"F, 
calculates the CTDW for water from the Prover's 
Flowing Temperature (T pl and Test Measure's Flowing 
Temperature (T ml-

b. Chapter 11.2.3M. used for base temperature of 15"C, 
calculates the CfDW for water from the Prover's 
Flowing Temperature (T pl and Test Measure's Flowing 
Temperature (T ml· 

Fixed or Smaii-Variant Uquid Composition 
Numerous specification solvents, resins. and chemicals 

used or manufactured by companies are not compatible with 
existing industry CIL tables. For these materials, the parties 
may wish to utilize proprietary liquid propeny tables that 
have been used for years and that remaio in use for most 
applieations. In applications wbere Table 6C of API MPMS, 
Chapter 11.1 is used to maintain mdustry compatibility, the 
fluid propeny tables can be used to calculate the desired 
alpha va)ue. These values can be used where existing 
commercial requirements permit. 

Table 6C of API MPMS, Chapter 11.1 calcu1ates the CTL 
for a liqu1d with a composition that is fixed or does not vary 
sigrtificantly. 

Since RHDt, is constant, no correction or determination of 
observed gravity is neeessary. The API MPMS standard is 
commonly used for specialized products with coefficients of 
thermal expansion that do not follow Tables 6A. 68. or 6D 
of API MPMS, Chapter 11.1. 

Use of Table 6C requires an equation of state andlor 
extensive data on the metered liquid. 

8.4 Compressiblllty Factor 
Determination (F) 

The density of the liquid shall be determined by appr<>
priate technical standards. or tf necessary. by either proper 
correlations or equations of state. To assist in selectmg which 
methods to utilize, the following information has been 
assemb1ed for clarity. 

Fl. API MPMS Chapters 11.2.1, 11.2.1M, 11.2.2, and 
11.2.2M provide values for compressibility factors (F) for 
hydrocarbon liquids. The documents specify the implemen
tation procedures and the rounding and truncating proce· 
dures to determine the F from base density (RH00), flowing 
temperature (T), and flowing pressure (P). 

a. Chapter 11.2.1. used for base temperature of 60"F, 
covers hydrocarbon liquids over an API @60 range of 
Oto 90. 
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b. Chapter 1 1.2.1 M, used for base temperature of 15'C, 
covers hydrocarbon liquids over a DEN@ 15 rnngc of 
638 to 1074 kglm3. 

c. Chapter 11 .2.2, Used for base temperature of 60"F, 
covers hydrocarbon liquids over a RD@60 range of 
0.350 to 0.637. 

d. Chapter 1 L2.2M, used for base temperature of JS'C, 
covers hydrocarbon liquids over a DEN@15 range of 
350 to 637 kglm3. 

·· · F2. The compressibility factor (F) for water utilized in the 
calibration of volumctric provers is defined as follows: 

a. For USC units, a constant F value 3.2E+06 per psi for 
water shall be utilized in the calculations. 

b. For Sl units, a constant F value 4.6E+07 per k.Pa or 
4.64JE+05 per bar for water shall be utilized in the 
ca1culations. 

Table B-1-Liquid Density 

CUpyrtoji!DYllle-PitriiOUI mtllDt8 
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Liquid Type 

CRUDEO!LS 
Crude Q¡ls 
NaUll'al Ga.solines 
Drip Ga.solines 

REFJNED PRODUCTS 
JP4 
Ga~hne 

Naphthenes 
Jet Fue!$ 
Av1a1Jon t-uels 
Kermme 
Diesel 
Heating Oils 
Fuel Oils 
Fumace Otb 
Lube Oils 
Propane 
nutane 
Propane Mutes 
Butane Mi ~tes 
lwpent.ane 
A~phalt 

SOLVEf'..'TS 
Benzt:ne 
Toluene 
Stoddard Solvent 
Xylene 
St;-.rene 
Onho~tylcnc 
Met.axylene 
Paraxylenc 
Cyclohexane 
Acetone 

BUTADIENE 
But.ad1ene 
Butad1ene Mixtures 

WA'ffiR 
For Volumctric PR:ners 

. --- ... - - . 

RHO, crL F 

(RI) (CI) (fl) 
(Rli (CI) (fl) 
(Ril (CII (fl) 

(RI) (CII (FI) 
(R2) (C2) (fll 
(R2) (C2) (fl) 
(R2) (C2) (fll 
(R2) ((..'2) (fl) 
(R2) (C2) (fl) 
(R21 (C2) (fl) 
(R2) (C2) (1'1) 
(R2) (C2) (fl) 
(R21 (C2) (fl) 
(RJ) (0) (fl) 
(R4) (C4) (fl) 
(R4) (C4) (fl) 
(R4) (C4) (Fl) ••• 
(R4) (C4) (fl) 
(R4) (C4i (Fl) 
NA (C5) (FI) 

NA (C6) (fl) 
NA (C6) (Fr¡ 
NA (C61 (f() 
NA (C6J (Fl) 
NA (C6) (fl) 
NA (C61 (fl) 
NA (C6) (FIJ 
NA (C6) (FI) 
NA (C6l (f)) 
NA (C6) (FIJ 

(R5) (C7) (FI) 
(R5) (C7) (FI) 

NA (C8) (F2) 

,"'.' 

·i)! 1\o, 

/ 

,> 
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Chapter 12-Calculation of Petroleum Quantities 

Section 2-Calculation of Petroleum Quantities Using Dynamic 
Measurement Methods and Volumetric Correction Factors 

Part 3-Proving Reports. 

O lntroduction 
When rnost of the older standards for the cnlculation of 

petroleum quantities were wriuen, mechanical desk calcula
lors werc widcly used for calculating the measuremenl docu
ments. Tabulated values were used more widely tban is the 
ca'\e toda y. Rules for rounding and the choice of bow rnany 

figures toen ter in each calculation step were often made by 
individual opcratOIS at lhe time of the calculation. As a 
resuh. different operators obtained dlfferent results from the 
same data. 

This mulli-part publication consotidates and standardizes 
the caJculations perta.ining to metering petroleum Iiquids 
using turbine or displacement meters and darifies terms and 
expressions by eliminating local variations of such terms. 'The 
purpose of standard1zing the calcuJations is to produce identi
cal answers from gívcn data For dilferent operators to obtain 
identical results from the same data, the rules for sequence, 
rounding, and discrirnination of figures (or decimal places) 
must be defined. 

1 Scope 
This pan provides standardized calculation methods for the 

detennination of meter factors under defin~ conditions., 
rcgardless of the point of origin or destination or units of 
mcasurc rcquircd by govcmmcntal customs or statutc. Thc 
criteria contained here will allow different entities using vari
ous computer languages on düferent computer hardware (or 
by manual cakulations) to anive at identical results using lhe 
same standardized input data 

Thjs docurnent also specifies the equations for computing 
correction factors, mcluding the calculation sequence, dis
crimmation levels, and rules for rounding to be employed in 
the calculations. No deviations from these specitied equations 
are pennitted, since the intent of this document is to establish 
a rigornus standard. 

2 Organization of Standard 
Thc calculation .standard is prcscntly organizcd into fivc 

pans us follows: Part 1 conta.ins a general introduction to 
dynamic calculations. Prut 2 focuses on lhe calculation of 
metered quantitles. Part 3 applies to meter proving calcula
tions. Pan!-. 4 and 5 apply to the calculation of base prover 
volumcs by two diffcrent mcthods. A bricf dcscription of cach 
of these parts follows. 

... YI'III!IbYIIJo-PIIl'llllulmtnuu 
ft'lllr 24 I~OUilOOO 

2.1 PART 1-INTRODUCTION 

2.1.1 The base (reference or standard) volumetric detenni

nation of metered quantities is discussed. along with thc gen
eral tenns required for solution of equntions. 

2.1.2 General rules for llic rounding of nurnbers, including 
field data, intennediate calculation numbers. and discrimina
tion levels. are specified. 

2.1.3 For the proper use of this standard, prediction of the 
density of the liquid in both ftowing and base conditions is 
discussed. 

2.1.4 An explanation of the principal correction factor.; 
associated with dynamic measurement is presented. 

2.2 PART 2-CALCULATION OF METERED 
QUANTmES 

2.2.1 The upplicution of th1s standard to lhe calculation of 
metered quantities is prcscnted. for base volumetric calcula
tions in confonnance with North American industry practices. 

2.2.2 Rec-ording of field data, rules for ruunding, discTimi
nation levels, calculation .scqucnce.s, along with a detailed 

explanalion of the calculation steps. are all specified, 
together wilh appropriate flow chans and a set of example 
calculations. These examples can be used to aid in chccldng 
out the pnx."edures for any computer calculation routines that 
are developed on the basts of the requirements stated m this 
standard 

2.3 PART 3-PROVING REPORTS 

2.3.1 Thc application of this standard to the calculation of 
meter factors is presented for base volumeuic calculations in 
conformance with North American industry practico. Pruv
ing rcports are utilized to.calculate meter correction foctors 
and/or perfonnance indicators. The detenninauon of the 
appropriate tcnns is based on both lhe hardware arid thc pref
erence~ of users. 

2.3.2 Reconlmg of ficld data, rules ~or munding. calcula
tion sequence. and discrimination levels are specificd, along 
wilh n set of cx.amplc cnlculations. The examples are designed 
to aid in checkout procedures for any computer routines that 
are developed using the requiremcnllo. stated in this part. 

·•·_¡¡ ,. 

'' 
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2 CHAPTEA 1.2-(:A.LCUL.ATION OF PEmoLEUM OUANTmES 

2.4 PART 4-CALCULATION OF BASE PROVEA 
VOLUMES BY WATERDRAW METHOD 

2.4.1 The woterdrnw method uses the displacement (or 
drawing) of water from a prover into certified volumetric ~dd 
standard test measures. Ahematively, for open tank pmvers, 
the waterdraw method rnay also use the displaccmcnt (or 
drawing} of water frum ficld standard test measures into the 
open tan k. prover. Cenification of the tield standanl tesl mea
sures must be lr.K:cable to an appropriate national wcights 
and mca~ures organi7..ation. 

2.4.2 Rccordmg of field data.. rules for rounding. calcula
tion scquence, and dJscrimination Jevcls are specified along 
with a sct of exarnple calculation~. The cxamples are 
designed to Wd in checkout procedures for any routines that 
are developed using the requiremento; stated in this part. 

2.5 PART 5-CALCULA TION OF BASE PROVEA 
VOLUMES BY MASTER METER METHOD 

2.5.1 The master meter mcthod uses a transfer meter ( or 
transfer standard). This tmnsfcr meter is proved under actual 
operating conditions~ by a prover thm has previously bcen 
calibrated by the waterdraw method •. and is designated the 
master meter. This master meter is then used to determine the 
ba~ volume ora tiekJ opcrating pmver. 

2.5.2 Rcconiing of ticld data. rules for rounding, cal(..'"Ula
tion sequences. and di~criminalion levels are specified, along 
with a set of exarnple calculatiom.. Thc c~amples are 
designed to aid in the checkout procedures for any routines 
that are devel~ped using thc rcquirements st.D.ted in this pan.. 

3 Reterences 
Severa! documcnts ...crvcd as references for the revisions of 

this standard. In part1cular, pa.'\l cditions of API MPMS Chap
ter 12.2 providcd a wealth of information. Other publications 
that wcrc a resoun:e for information are: 

API 
ManUill of Perro/eum Measuremenr Swndanis (MPMS) 

Chaptcr 4-Proving Systems 
Chapter 5-M.rering 
Chapter 6--Metoing Assemhlies 
Chapter 7-Temperatu" DetemJination 
Chaptcr 9-Den.sity Detennination. 
Chaptcr 10---Sedimen.l and_ Water 
Chaptcr 11-Physica/ Properties Duta 
Chapter 13-Sratistical An.a( .... ·sis 

ASTMt 
01250 Petroleum Measurement Tables, Current Edition 

1Amcrican Society for Te~ling and Malerials, 100 Barr Harhor 
Dm-e, Wcst Conshohockcn. PennsylvaniJ 19428. 

CDDYrUJ1: by tbl , CID P'lb 
frt Mr 2:4 tlOI:.U:: 

O 1250 _ Petrvltum Mtasurement Tables. Historical Edi
. tion. 1952 

01550 ASTM Butadiene Measurement Tables 
01555 Calcularion ofVol"""' and Weight of lndusrrinl 

A mmfllic Hydrocarbons 

NIST2 

Handbook 105-3 Specificaziom arui Tolerancesfur Refer· 
ence Staruúmis and Field Standarris 

Handhook 105-7 SiMII Volume Provus 

4 Terms and Symbols 
Tenns and symbols described below are acceptable and in 

common use for the calibration of ftow meters. 

4.1 DEFINmONS OF TERMS 

4.1.1 barre! (Bbl): A unit volume equal to 9.702.0 cubic 
inches or 42.0 U.S. gallo!JS. 

4.1.2 base prove volume (BPII): The volume of the 
pruver al hase conditions as shown on the calibrution certifi
cate and obtained by arithmetically averaging an acccptablc 
numbcr of consecutive calibrnted prover volume (CPV) deter

minations. 

4.1.3 calibration certificate: A document stating the 
base provcr volume (BPV) and other physical data required 
for lhe calihration of How rneters (i.e .• E. Gc. Ga. and GL). 

4.1.4 composite K-factor (CKF): A K-factor adjusted 
from normal operating pressure (CPL) to standard pressure 
and W>Cd to correct the indicated volume where the gravity, 
lemperarure, and pressure are considcrcd constant throughout 
the delivery. 

4.1.5 composite meter factor (CMF): A meter factor 
currected from normal operaling pressure ( CPL) ro base pres
sure. This tenn is used for meter applications where the grav
ity, temperalure. and pressure are considered constant during 
the ticket period. 

4.1.6 cubic meter (m3): A unit of volume equal to 
1.000.000_0 millilitcr.; (mi) or 1.000.0 liter.;. One cubic meter 
eqll<lls 628981 barreis. 

4.1.7 gross standard volurne (GSII): The metered vol
urne corrected to base conditioJL'i and also corrected for the 
performanc-e of the meter (M F. MM F. or CMF)_ 

4.1.8 indicated standard volume (/SV): The indicated 
meter volume (/V) corrected 10 ba.~ conditions. lt does 00{ 
comain any correction fur lhe meter·~ performance (MF, 
MMF. orCMF). 

1U.S. Departmenl ofCommcrcC. Na1ionallns1itutc of Stondards ond 
Tcchnology, Washington. D.C. 20234 Oormerly Nnttunal Bureau of 
Sundafds_ 
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4.1.9 indicated volume (/11): The change in the meter 
register head volume that occun; during a proving run (M Ro
MRc). The word registration, though not preferred, often has 
the same meaning. Alternatively, indicated volume (IV) may 
also be detennined by dividing the meter pulse output, N or 
Ni, during a proving pass. by the nonunal K-factor (NKF). 

4.1.10 K·factor (KF): The number of pulses generated by 
lhe meter per unit volume. A new K-factor rnay be deter
mined during eoch proving to correct the indicated volume to 

gross volumc. If a ncw K-factor is not uscd, thcn a nominal 
K-factor may be utilized to genernle a new meter factor, 
which will then corrcct the ind.icated volume of the meter to 
gross volume. 

4.1.11 liler (L): A unit of volume equal to 1.000.0 millilt
ters (mi) or 0.001 cubic meters. One liter equ:!ls 0.264172 
U .S. gallons. 

4.1.12 master meter: A transfcr dcvicc (meter) that is 
proved using a ccrtificd provcr (called thc master prover) nnd 
is then used to calibratc other meter provers orto prove other 
ftow meters. 

4.1.13 master meter factor (MMF): A dimensionless 
term obta.ined by dividing the gross standard volume of the 

liquid passed through the master prover during proving by the 
indical.ed. standard volume as registered by the master meter. 

4.1.14 master prover: A volumetric standard (displace
ment prover or open tank prover), that was calibrated by the 
waterdraw method.. with test measures traceable to a national 
standards organization, and is then used to calibrale a ma'iter 
meter. 

4.1.15 meter accuracy (MA): Defined as the reciproca! 
of the meter factor. 11 is a tcrm spccifically utilized for loading 
rack meters where the meter is mechanically or electronically 
adjusted at the time of proving to ensure that thc meter factor 
is approximately uníty. 

4.1.16 meter factor·(MF): Used to correct the indicated 
volume of a meter to its actual metered volume. lt IS a dimen
sionless Lerm obtainetl by dividmg the gros.s slandard volume 

of the liquid passed lhrough the pmver (GSVp) when com
parcd to the ind1cated standard voiume (ISVm) ~ reg¡stered 

by the meter being proved. 

4.1.17 meter reading (MRo, MRc, MMRo, MMRc): 
1ñc instantancous display of the register on a meter head. 
When thc ditlerence between a closing and an opening meter 
reading is being discussed, sucb difference shall be called an 
indicated volume. 

4.1.18 nominal K-factor (NKF): The number of pulses 
pcr indicatcd umt volwne whi<.:h 15 used to determine the 

-lrtt!ll __ _ 

Ft1111r14 I~DU41DDD 

meter factor. lt.is a K-factor generated by. the.manufacturer, 
retained as a fixed value, and used to convett metec pulses. N 
or Ni. into an indicated volume (IV) during meter proving. 
Many installations use a nominal K-factor throughout thc 
operating life of the meter to provide an audit trail for meter 
proving_ 

4.1.19 pass: A single movement of the displacer between 
detectors which define the calibrated volume of a prever. 

4.1.20 pressure weighted average (PWA): The aver
age liquid pressure at the meter fur the ticket period. 

For volurnetric methods. the pressure weighted average is 
the average of the pressure values sampled at uniform flow 
intervals and is representative of lhe entire measuremem 
ticket period. 

whcrc 

• 
L(Pi) 

PWA = - 1
-

n 

n = the numberofuniform intervals. 

. ]~ 
For time-based methods, the pressure weighted average is • ... 

thc sum of thc prcssure values sampled during the time 
interval mulliplied by the volume or mass determined dur-
ing thc same time interval and divided by the entire vOiume 

mcasured. 

L,(Pix Vi) 
PW A = ""'-.....,.,-

Vt 

4.1.21 proving report: A document showing all the 
meter and pro ver data. together with all thc ot.her 'parameters 
used lo calculate the reponed meter factor. 

4.1.22 round-trip: Tbe combined rorward (out) and 
reverse (back) passes of the displacer in a bidirectional meter 
pro ver. 

4.1 .23 run, meter proving: One pass of a unidirecuonal 
prover. one round-trip of a bidirectional prever, or ont: filling/ 

emptying of a tank pruver, Lhe results of which <Ul: deemed 
sufficient to provide a single value of the meter factor (MF, 

CMF. MMF) or K-factor (KF. CKF) whcn ustng the average 
meter tactor mcthod of calculation. 

4.1.24 temperature weighled average (7WA): Thc 
average liquid tcmperature at the meter for the ticket period. 

For volumeuic methods, the tempcraturc we~ghted average 
.is the average of the temperature values sampled at unifonn 

~; . 

-1' 
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How intervals and representative of the entire measuremcnt 

ticket period. 

whcrc 

" 
L(Ti) 

TWA = -'-
n 

n = l.he number of unitOrm intervals. 

For time-bascd mcthod~. thc temperature weighted aver
age 1s lhc sum of thc temperature values sampled during lhe 
time mtcrval multiplicd by the volumc or mass determ.ined 

during thc samc time imerval and divided by the entire vol
ume me;~sured. 

L(Tix Vi) 
TWA = .,_~

Vt 

4.1.25 U.S. gallon (gal): A unit volume equal 10 231.0 
cubic inches or 3. 7854l lilers. 

4.2 DEFINITIONS OF SYMBOLS 

A combination of uppcr and lower case notation is used for 
symhols and formulas in this publication. Subscripted nota
tion is often difficult to use in word-processed c..l.ocumcnts and 
therefore has not heen uscd in thH, publication. bu1 may be 
employed if the partics wish. Upper case notation is usuaJly 
prefcrred for computer programming and other document.., as 
deemed oppropriotc. 

Symbols have becn dcfincd to aid in darity and speciticity 
of the ~TU~thcmatu:al treatments. Sorne examplcs of the sym
hot notauon nre a5 follow~: CTL = Correction for Tempera
tu re on the Liquid: GSV = Gross Standard Volume: MMF = 
Ma.\ter Meter Factor: CPS = Correction for Pressure nn 
Steel. In many ca~cs the symhols have additiona1 lctters 
added al the cnd to help darify their mcaning and application. 
Sorne of lhese additional lcucrs are dcfined as follows: ··m
throughout this document always iefcrs to the meter (as in 
CJLm), "p" always applic~ to the meter prover (as m GSVp), 

''b" means base conditions (a.o;; in DENb), ''obs'" is observed 
cond1tions (as in RHOohs), ··avg" defines the average (mean) 
of thc readings [as in Tp(avg)J, •·mm·· denotes master meter 
(~ 1n Pnm1), and "mp" the m~tcr pmver (a.o; in CCFmp). 

Whcre, <x.:cru.ionally, othcr additlonal leners havc bccn uscd 
they should be JUSI as casy to inLcrprel. 

4.2.1 Units 

SI Intemalional Sy"cm of Units (e.g .. bars. cubic 
mctcrs, kiiÓgrams. °C). 

USC US Customary Units (c.g .. psig, cuhic fect, 
pounds. 'F). 

CopYI1ijlt"' ~~~~--fr1 Mlr ~4 IUI:.U ~OOD 

4.2.2 Pipe Dlmenslons 
···\ 

ID Inside diamc~r of lhc prover pipe. 

OD Outsidc diamcter of the prover pipe. 

WT Wall thickness of lhe prover pipe. 

4.2.3 ·Liquid Density 

API Dcnsily of liquid in degree API gravity Wlits. 
AP/b Ba:.c dcnsity in degree API gravity units. 

AP/ohs Ohserved density al base prcssure in degree 
API gravity umts. 

DEN Dcnsity of liquid in kilograrnlcubic meter (kg!rrtl) 
units. 

DENb Base density of liqu¡d in kilogram/cubic meter 
(kg/m-1) units.·· 

DENobs Obscrvcd dcnsity of liquid at base pressure in 
kilogr.unicubic meter (kgtm3). 

RD Relalive density of lhe üquid 

RDh Da'ie relative density of thc liquid. 

RDobs Observed relalive densily of lhe liquid at ha•e· 
pres....ure. 

RHO Den.•ity ofliquid (SI or US Customary) in mass 
per unil votume. 

RHOb L1quid dcnsity at base conditions in mass per 
unit volume. 

RHOnbs Ohserved density of liquid al base prcssure in 
mass per unit volume. 

RHOtp Liquid density at ftowing temperaturc and pres
sure m mass per unit volume. 

4.2.4 Temperature 

T Temper.lture in °F or °C. 

Tb B~e temper..tlure in °F or oc units. 

Tobs Observed temperature to determine base density 
in oF or oc units. 

Td Tempermure of delector mounting shaft on 
small volume prover with exremal detcctors. 

Td(avg) Average tempera.ture of the detector mounting 
shaft for proving runs. in °F or oc. 
Temperature of meter in op orce units. 

Average tcmpcraturc of meter for selected runs 
in °F or oc. 

Tm 
Tm(avg) 

Tmm Temperature of master meter in °F or oc. 
Tmm( avg J Average tcmperature of master meter for selected 

proving runs in op or 0 C. 

Tp Temperature of provcr ln op or °C. 

Tp(avg) Average temperature of prover for selected prov
ing runs in °F or °C. 

Tmp Temper.lture of master prover in °F or °C. 
Tmp(tl\'l?) Average temperature of maslt...T prover for 

selected proving runs in °F or 0 C. 
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TWA Temperature Weighted avern.ge-the average 
liquid temperature at the meter detenníned over 
the wbole delivery period. 

4.2.5 Pressure 

lePa Kílopascals (SI) in absolute pressure units. 
k.Pag Kilopascals (SI) in gauge pressure units. 

psi Pounds per square inch (US Customary) pres· 
sure tmits. 

pS!a Pounds per square inch (US Customary) in 
absolute pressure unit.s. 

psig Pounds por square inch (US Customary) in 
gauge pressure units. 

P Operating pressure in psi or kPa pressure units. 
Pa Open1Ling pressure in absulut.e pre.."-"'ure uniL~ 

Pb Base pressure in psi or kPa pressure units. 

Pba Ba<ie pressure. in absolute pre.ot<mre uniK 

Pbg Base pressure in gauge pressure units. 

Pg Operating pressure in gauge pressure units. 
Pm Pressure of hquid in meter. in gaugc pressurc 

units. 

Pm(avg) Average pressure of meter for sclcctcd proving 
runs in gauge pressure units. 

Pmm Pressure of liquid in master meter in gauge 
pressure units. 

Pmm(avg) Average pressure of master meter for selected 
províng runs in gauge pressure units. 

Pp Pressure of liquid in prover, in gauge pressure 
units. 

Pp(avg) Average Pressure of provcr for sclected pi-ov1ng 
runs in gauge pressure. 

Pmp Pressure of liquid in master prover in gauge 
prcssurc units. 

Pmp(avg) Average pressure of master prover for sclected 
proving runs gaugc prc::.surc. 

Pe Equilibrium vapor pressure at opemting condi
. tions. in absolutc prcssurc. 

Peb Equilibrium vapor pressure of hqu1d at ~ 
temperature, in absolute pres.<;ure. 

Pem Equilibrium vapor pressure of líquid in meter, 
in aln.olute pressure units. 

Pep Equilibrium vapor pre::.sun: of liquid in pm\-cr, 
in absolute pressure unil'\. 

Penun Eyuilibrium vapor prcs. ... urc uf liquid in mastt:r 
meter. in absolule pressure 

Pemp Equilibrium vapor pressure of liquid m master 
pruver. in ab!.olutc pre!.:-.urc 

PWA Pressure weighted average-the average liquid 
pres.o:;ure at the meter determined over the 
whole dehvery penOO. 

_.,tilo __ _ 
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4.2.6 Correctlon Factors-- · · · 

CCF Combíned correction factor. 
CCFm Combined correction factor for meter at prov

ing conditions. 
CCFp Combincd correction factor for prover at prov

ing conditions. 
CCF mm Combined correction factor for master meter at 

proving conditions. 
CCF mp . Combined oorrection factor for master pro ver 

at proving conditions. 
CPL Basic correct.ion for the compressibilily of a 

liquid. 
CPún Correction for compressibility of liquid in 

meter at pmving conditions. 
CPI..p Correction for compressibility of liquid in 

prover at proving condiuons. 
CPLmm Correction for compressihility of liquid in mas

ter meter at provmg conditions. 
CPLmp Concction for compressibility of liquid m mas

ter prover at proving condiuons. 
CPS Basic correction for the pressure effects on steel. 
CPSm Correction for the effect of pressure on steel 

meter. 
CPSp Correction for the etTect of pressu117 on steel 

CPSmp 
prover. :?}f , 
Correction for the effect of pressure on steel in 
a master prover. 

CTL Basic correction for the effect of tempernture 
on a liquid. 

CTLm Correction for the effect of temperature on a 
liquid in a meter at proving conditions. 

CTI..p Correction for the effect of tempemture on a 
liquid in a prover at proving conditions. 

CTLmm CorrecLion fur the dTccl uf ternperature on a 
liquid m a maslcr meter. 

CTúnp Correction for the etlect of temperature on a 
liquid in a master prover. 

CTS Bao:;ic correction for the effect of temperature 
on steel. 

CTSm Correction for the etfect nf temperature on steel 
meter. 

CTSp Corrcction for the effect of tcmpcrature on steel 
in a pmver. 

LTSmp Correction for the etfcct of temperature on .Meel 
in a master prover. 

E Modulus of elasticity of a steel prover. 
F Compre:-.sibihty factor of liquid in meter (for 

CMF and ticket ca!culations). 
Fm Compres.';ibility factor of hquid in meter at 

proving cunditions. 

Fp Compressibility t3ctor of liquid in prover at 
proving conditions. 

.. , 

,, 

. ·~ 
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Fmm 

Fmp 

G/ 

Gn 

Gc 

Gmp 

MA 
MF 

CMF 
IMF 

MMF 

NKF 

IKF 

KF 
CKF 

q 

Compressibility factor of liquid in master meter 
at proving conditions. 
Compressibility factor of liquid in master 
prover at proving conditions. 

Linear coefficient of thelTTlal ex.pansion on the 
displacer shaft or lhe detector mounting for a 
small volume pmver. 

Area cocfficient of thennal cxpansion of the 

pmver. 
Cuhical coefficient of thcrmal expansion of the 
provcr. 

Cubica! cocfficicnt of thennal expansíon of lhc 
master prover. 

Meter accuracy factor. 
Mcler foctor. 

Cumposite meter factor. 
Intermediare meter factor as determined by the 

average meter factor rnethod. 
Master meter factor. 

Nommal K-Factor, pubc.<~ pcr indicated unit 
volume. . -
Intcrmcdiate K-Factor as dctcrmined by lhe 
average meter factor method. 
K-Factor, pulses per unit 'volume. 

Composite K-Factor, pulses per unit volume. 

One pulse volume, detennincd as a volume per 
unit pulse. 

4.2.7 Volumes 

BPV Base pmver vol u me of a displacement prover. 
BPVa Adjusted tank. prover volume, dclined as the 

BPVmp 

BPVamp 

M Ro 
M Re 
MM Ro 

MM Re 
GSV 
GSVmm 

GSVmp 

GSVp 

IV 
/V m 

!Vmm 

differem.:c bctween the upper and lower sc:llc 
readings during a proving run. 
Ba...c prover volume of a ma~ler provcr. 

Adjustcd base prover volumc: of u tank prover 
when used lli> a master provee. 

Openíng meter reading. 
Closing meter reading. 

Openíng master meter rcading. 
Closing mo..'iter meter rcading. 

Gross standard volumc. 

Gro~s standard volume of master meter for 

proving opcrations. 
Gro~s standard volume of master prover for 
pruving oper.ltions. 
Gru.!.s stanctmi volume of pmvcr fOr proving 
operations. 
Indicated volume. 

lndicated volumc of meter for proving 

opcrations. 
lnda:atcd volume of master meter for pmving 
opcro.Lions . 

......... bYllii-Pitr*llmtllDII 
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lSV 

/SVm 

lSVmm 

N 

Ni 

Nb 

N(avg) 

SR u 
SR/ 

lndicated standard volume. 
lndicnted standard volume of meter for proving 
operations. 

Indicated standard volume of master merer for 

pro vi ng operations. 

Nwnher of wbole meter pulses for a single 
proving run. 
Number of inter¡M)lated meter pulses tOr a sin
gle proving run. 

Number of whole pulses or interpolated pulses 
under base or standard conditions. 

Awrage number of pulses or interpolated 
pulses for proving runs that satisfy tbc repeat
ability requirements. 

Upper scale reading of atmospheric tank prover. 

Lowcr scale reading of aunosphcric tank prover. 

S Application of Chapter 12.2, Part 3 

5.1 For fiscal and custody transfer applicalions, provmg 
reports are writtcn statements of the calibration of the meter . 

In addillon. lhey serve as an agreement between lhe aulh<r 
rized representatives ofthe pmjes concemed asto the calibra
tion assigned lo a meter. Proper accounting practices require 
that a proving rcport contains all the field dara required to cal
culatc lhc meter factor or composite meter factor. 

5.2 The pwpose of standardizing nll lhe terms and nrilh
mctical procedures employed in calculnling thc meter factor 
shown in a proving report is to avoid disagreement between 
lhe parties involved. Chapter 12.2. Part 3--Proving Reports 
will obtain the same unbiased answer from the same mea
surement l.iata. regardless of who or what does the computing. 

5.3 Sorne custody transfers of liquid petroleum, measured 
by meter, are suflic¡ently small in volume or value, orare per
formed at essentially unifonn conditions, that thc meter can 
be mcchanicnlly andlor electronically adjusted toread within 
a prcdetermined accuracy. Thr. purpose of detetmining a 
meter factor i!> to ensure tht: ~curacy of measureffients, 
regardles" of how the opernting conditions change with 
rcspcct to denslly, viscosity. ftow cate. temperature or pres
sure. by always pmving the meter untier the specific operaz
in!f condirions em·uumered. 

5.4 Then:fon:. it must be noled lhat the meter factor as cal
culated hy this standard is the meter factor al the operating 
coruiitiollS at the time of proving. lt is not, ¿¡s is often mistak
cnly nssumcd,lhe meter factor nt base (SLlndard) conditions. 
Although both the prover vol u me and the meter volume in the 
calculations are adjusted by correctinn factor.- dcrived fmm 
thc ha~e temperature nnd base pressure. this is ju:;t the most 
convenient mcthOO of correcting for the temperature and 
pressure diffcrences of the liquid when pa.-;.!.ing thruugh the 

meter and thc pmvcr. The ratio be1ween !he prover volwne 
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and che meter volwne (GSVp and ISVm) establishes the meter 
factor al tlze applicabk conditions (viscosity, tempera!ur<, 
jiow rote, density, pressure, ere.) at the time of proving. 
Obtaining a meter factor at base conditions requires that the 
meter factor be mu1tip1ied by both the liquid temperature and 
pressure correction factors (CTL and CPL), which must he 
derived from the weighted average temperature, weighted 
average pressure, and weighted average density of tbe whole 
ticketed volume of the delivery. 

5.5 The recording of field data. the calculation sequence, the 
discrimination levels, and the rules for round.ing, are all speci

fied, along with a set of example calculations. The examp1cs 
may be used to nid in checking out proc-edures for any com
puter routines tbat are developed using the requirements stated. 

5.6 Care musr be taken to ensure thar aU copies of a prov
ing repon are correcc and legible. Standard procedure does 
not a/Jow making cornctions or erasures on a proving repon.. 
lt shall be voided anda new meter proving repon prepared. 

6 Field of Application 
6.1 APPUCABLE UQUIDS 

6.1.1 Thi> standard applies to liquids that, for all practical 
purposes, are considered to be Newtonian, single-phase, and 
homogeneous at metc:ring conditions. Most liquids and dense 
phase ftuids associated wtth the petro1eum and petrocbemical 
indusui.es are considered to be Newtonian. 

6.1.2 The application of this standard is limited to liquids 
which utílize rabies and/or implementation procedure.''~ to cor
rect metered volumes at Howing temperatures and pressures 
to corresponding volumes al ba<ie (referencc or standard) con
Uitions. To accomplish this, the density of a liquid shall be 
determined by the appropriate techmcal st.andarrls, or, alterna
ti ve) y, by use of the proper density correlations. or, if neccs
sary. by thc use of the corrcct equations of state. If multiple 
parties are involved in the measuremcnt, the method for 
determimng tbe density of tbe liquid >hall be mutua11y agrecd 
u pon by al 1 concerned. 

6.2 BASE CONDITIONS 

6.2. 1 Historically, the measurement of aH perroleum hq
uids, for both custOOy transfer and process control, is stated in 
volume units at base (reference or standard) conditions. 

6.2.2 The base conditions. for tbe measw-ement of hqutds, 
such as eructe petroleum and its liquid products, havmg a 
vapor pressure equal to ur less than aunospheric pressure at 
base temperature, are: 

US Customary Units: 
Pros. u re 

Tempcmture 

-bYIIII--IIIIIttutl 
Frllltr !4 tUL~! !000 

14.696 psia 
60.0'F 

(101.325 k!'a) 
(I5.56"C) 

Intemational System (SI) Unit". 

. Pressure 101.325 kPa 

Temperature 15.00°C 

( 14.696 psia) 

(59.00"F) 

6.2.3 For ftuids, such as gas/1iquid hydrocarbons, having a 
vapur pressure lhat is greater than atmospheric pressure at 

base temperature, the base pressure shal1 be the equilibrium 
V'ctpOr pressun: al base tempernture. 

6.2.4 For liquid applications. base conditions may change 
from one counuy to the next due to govemmentaJ regulations 

or to different national standards requirements. Therefore, it 
is ncccssary that the base conditions shall be identified and 

specified for standanlized vu1umetric nuw measurement by 
all parties involved in the measurement. 

6.3 CLASSIFICATION OF PROVERS 

Pmvers are generally classified according to their type and 
design. However. presenl-day pract.Jce also reqwres that the 

method of pulse detection and the measurement technology 
utilized by thc prover be specified. · 

There are general1y tbree main classes of liquid pro:~ers
displacement provers. tank provers, and master meters. 

,\·; 
6.3.1 Displacement Provers "' 

6.3. 1 .1 Within the classification of displacement provers is 
the common typc generally known as the pipe prover. It ts 

usuaJly constructed of precisely rounded, coated sections of 
pipe. uülizing either a piston or sphere as the method of 

sweepmg out the calibrated volume during a proving run. Tile 
pipe prover is defined as a prover whose volumc is sufticicnt 

to generate a minimum of lO,fX>O whole, unaltcrcd pulsc:s as 

gencrated by the prirnary measurernent device between the 
detector switches for each pa~s of the displacer. This results in 
a pmving pulse re.<;Oiution nf al lea•H one pan in ten thousand 

(0.0001). 

6.3.1.2 Also within this group of d.isplacement pmvers is 
anothcr prover type called the smal1 vo1ume prover (SVP). A 

small volume prover may be a pipe prover ora precision-built 
small volume proving devicc, utiliT.ing either a machined 

metal p1~ton or an ela."tomer sphere moving between preci

sion dctcctors. It is defined as a prover whose volume u noz 
suflicicntly Iarge enough to gcneratc 10.000 who1e unaltered 
pulses ac; generatcd by the primary measurement device 
between the detector switches for each JXlSS of the displacer. 

As a resull. a mcasurement technique called pulse inrerpola
tion must be uscd. This h~ lhe capability to detect and inter

polate Lo fractions of a whole pulse, producing a pulse 
rcsolution of one part in ten thou~nd (OJXXH) without hav

ing to generate 10.000 or more: pulses pcr pmving pa'iS. 

. '(r' 

,,: 
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6.3.1.3 Displacemenl provers are further divided into two 
subgroups. consisting of either thc unidirectional or bidirec
tional type of fiow design. The primary diffcrence between 
these two types is that lhe unidirectional prover requires only 

one proving pass (always in the samc direction) of the dis
placer, between the detcctors., to complete a proving run. The 
bidirectional prover requires two passes of the displacer 
betwcen the detectors, one in a forward direchon and another 
in the revcrse (back) direction, the sum of these two pnsses 
constituting a proving round-uip. 

6.3.2 Atmospheric (Open) Tan k Provers 

Atmospheric tan k provers can. be cla~sified as either top
filling or bottom-fllling proving devices. Both types have a 
smallcr diameter upper neck attached lo the 10p of the main 
body of the tan k prever which contains a sight glass together 
with a graduated se ale. Measurement of thc liquid in the bot
tom of !.he tan k prover before filling, ur after draining. is done 
by one of three difrerenl types of bottom design. These lypes 
are dcfincd as follows: 

a. An open tan k prover with a top and bottom neck design
that JS, having sight glasses and gradunted scalcs on both 
upper and lower necks. This enables upper and lower liquid 
levels to be read and recorded. 

b. An open tank prover with a sight glass and graduated scale 
on the upper neck. This type has no measurement device ar 

thc bouom: it simply has a tapered t>onom, drain line, and 
block valvc, and is ''drained" for a prescribcd time: to an 
empty condition th.lt is repeata.ble. 

c. An open tank prover with a top ncck having a sight glass 
and gruduated scale. This type has a lowcr neck design that 
always rcuds zero dueto a built-in weir in the Oouom of the 
provcr. This allows the liquid lo flow until the U-bend in the 
weir is rcachcd, hreakmg the siphon and stopping the ftow at 
the same zem mark ca.ch time the tank prover IS emptiec.L 

6.3.3 Master Meters 

The master meter 1s an indirect mctcr-pruYing device 
which utilizcs thc concept of trnnsfer proving. A Row meter 
with good linearity and repeatability is selected to serve as a 

transfer standard hctwcen a meter opcrating in the field and a 
meter provcr. 1bc meter prover and the operating meter are 

often in ditTercnt gcographic loc-alions. a.lthough sometimes 
thc master meter and master prover are both m series with the 

meter to be proved. Two separ.1te stages are nec~ in mas
ter meter pmving: first.. the master meler musl be prnved 

using a meter provcr (ma.o;;ter prover) that has bcen calibrated 
by lhc waterd.raw method. Afler pmving. this master meter is 
w;cd to determine a ncw meLCr factor for the tield meter. Of 
all the different meter provmg procedu~s. rhe mast~r meter 
technique has a higher uncerrainl}~ and purlic:ular care must 

-~bY llll-Plu-.. mtltDtl 
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be talcLn when using this met~r-proving prnctice to obtain 
accurate results. 

7 Precision, Rounding, and 
Discrimination Levels 

The minimum predsion of thc romputing haiélware must 
be equal to or greater than a ten-digit calculator to obt.ain the 

samc answcr in all calcuiations. 
The genera1 rounding rules and discrimination levels are 

described in the following subsections. 

7.1 ROUNDING OF NUMBERS 

When a number is roundcd to a specific number of deci
mals. il shall always be munded off in one step lO the number 
of figures that are to be recorded. and shall not be rounded in 
two or more steps of successive rounding. 1be rounding pro
cedure shall be in accordance with the following: 

a When the figure to the righl of the last place lo be retained 
is 5 or greater, the figure in the last place to be rctaincd should 
be increascd by l. 
b. lf the figure 10 the right of the last place lo be retained is 
lcss than 5. the figure in the las! place 10 be retained st>ould be 
unchanged. 

7.2 DISCRIMINATION LEVELS 

7.2.1 For field measurements of temperature and pressure, 
the levels specified in the various tables are maximum dis
~.:riminaL.ion levels. 

7.2.2 Fvre'<ample, ifthe panies agree to use a thennomctcr 
graduated in wholc °F or lttC increments, then the device is 
nonnally read to levcls of 0.5°F, or 0.25°C resolution. 

7.2.3 Likewise, if the partics agree tu use a "smart" temper
uturc u-.msmitter which can indicare to 0.01 °F or QJ)]5°C, 
then the reading shall be rounded lo the neare.•t 0.1 'F, or 
0.05°(, prior lO recording for calculat.lon purposes. 

8 Repeatability Requirements 

8.1 The meter proving is considered accepta.ble when the 
following crilerion has bccn satisficd: 

Proving repeatability shall be withm a range not to 
exceed 0.050 pereent (except in the c-ase of proving a 
master meter wíth a master provee, when the repeatabil
ity ;hall be within a rangc notto excecd 0.020 pereenl). 

8.2 As a mensure of repeatahility, thc following equation 
shall be utilizcd to calculate the range (repeatability): 

R%; (Max-_Min)x lOO 
M•n 



STP.API/PETRO MPMS 12·2·3-ENGL 1998 .. 0732290 Dbl2844 784 .. 

SECTION 2, PART 3-PROVING REPORTS 9 

8.3 A minlmum of two pn)ving runs are required to use the 
above formula and detennine if tbe repeatability criterion has 
been saúsfied. 

8.4 Two different meter factor calculation methods are in 
common use and are described in this text. The two methods 

have been designated the Average Meter Factor Method and 
the Average Data Method. The average meter factor metlwd 

uses a range of intennediate meter factors calculated for 
selected runs, with a repeatabHity críterion. not to exceed 
0.050 percent. The repealability LTiterion for the avemge dala 
method uses the range of meter generated pulses for selected 
runs, which shall not exceed 0.050 percent. 

8.5 In the cao;;e of proving a master meter with a master 

prover. then the acceptable range for repeatability by both the 
average meter factor method and the average daro method 
shall not exceed 0.020 perrent. 

8.6 E.ach operating facility shall selecta preferred method 

of calculatwn at the time of start-up. lf a user should wish to 
change to the other method of meter factor caJculation at a 

later date, a11 of the intere..;;ted parties involved in meter pmv
ing operntion.s should concur prior to any such change being 

implemented. 

9 Meter Proving Report Calculation 
Methods 

9.1 The method of detennining lhe number of proving runs 
to be made for an acceptable meter proving t.:alibration shaiJ 

be an operator-based (campan y policy) decision. Examples of 
calibr&Lion pruving run !.eqUcnce~ currenlly in use are 5 con

secuuve runs out of a total of 6 consecutive runs. any 5 runs 
out of 6 const:culiw rumo, 5 curu.ecuti\o'e runs out of lO con

set.:ulivc runs. 3 sel~ of 5 runs, any 5 ~:onsecutivc runs, 3 con
secutive runs, 2 sets of 1 O runs. However, there are many 

other proving run sequences that are a1so regularly used. 
Some guidelint:!) un selt:eting pro\ling run sequenc1!!) are pro

\IIded in the APJ lviPMS Ólapter 4.8---Guide to Proving 
Operacions. The choice of the number of proving runs to be 

made is usually established on the basis of many factors, 

some of which are: manpower availability, installed ~uip
ment, prover design, automation, customer requirements, cor

poratc mcasurement pollcy, pipeline tariffs, contracts, cte. No 
matter what sequence of acceptable meter proving runs are 
u~d. at least two proving runs are required to tot that thc 
repeatability requirement has been achieved. 

9.2 As stated prev10usly, there are rwo usual and acceplable 

meter factor t:ah:ulalion metluxb. both of which are in nonnal 

UM: and are described in lhi~ standard-the Average Meter 
Factor Method and the A~emge [)¡¡ta Method. 

... _."' Ull--fr111r 24 ltOUil ZOOO 

9.3 The average meter factor method calculates an inter

merliate meter factor (/MF) or interrnediate K-factor (IKF) 

for each selected proving run bascd on individual Tp. Tm. Pp. 
Pm. and Ni or N vnlues. 1ñe average (mean) of these sepa
rately calculated intermerliate meter facto,-,; (IMF) or intenne· 
diate K-factors (IKF) is used as the jiiUllme.ter factor.or final 

K factor for tbe proving repon. 

R h·r ·% _ (Highesr IMF-Lowest /MF)x lOO 
epeata 1 lt) - Lowest IMF 

9;4 1ñe range of the intennediate meter factors for the 
sclected proving runs is used to determine that the required 
repeatability requirement (,;().050 percent) has been satisfied. 

9.5 1ñe average data method calculares tbe meter factor 
(MF) or K-factor (KF) using Tp(avg). Tm(ovg), Pp(avg), 

Pm(avg). and N!avg) values frum all the >elec1c<l runs whiéh 
satisfy the rcpeatability requirement ($().050%). 

R h ·¡· % (High.st N-Lowest N) lOO epeata l ll\' = x 
.. Lowest N · 

9.6 The range of thc pulses (N) or interpolated pulses (Nt) 
for the selected runs. is used to determine lhat the required 
repeatabitity requirement ($0.050 percent) has been satisficd. 

9.7 Problems are sometimes encountered when proving a 
meter that is temperature compensated using the avernge data 
method of calculation. Should the liquid temperature in the 
meter change during a proving pass. thcn thc temperat.ure 
compensator will make correctjons to the shaft output of a 

mechanical compensator or change the pulse output of an 
clcctronic compcnsator. TIJc amount of tlus pulse changc is a 
function of two factors: 

a. The coefficient of expansion of the liquid in the meter. 

b. The total number of pUlses generated during the meter 
proving p~s. 

For cxample: 

If 40,()(X} pulses are generatcd during each meter proving 
pass and the coel1icient of expansion per dcgree Fahrenheit of 
the Huid is 0.()(X)5tt'F. then: 

Pulse Changc = 40,000 x 0.0005 = 20 pulses per "F 

In the above example. if thc liquid tcmpcraturc riscs onc 

dcgree Fahrenhc1~ then the total number of pulses generated 
during tbe provmg pass will decrease by 20 pulses. Similarly. 
if the liquid tempcrature dccreascs one dcgrcc Fahrcnheit, 
then the rotal number of puJses genernted will increase by 20 
pulses. This phenomenon should he considered when cvaluat· 
ing the rcpcatability of thc meter pulse data and thc advisabil
ity of u~ing the average data method in thi:-. operation . 

.. ' 

.· 
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10 Correction Factors 
Calculations in this puhlication are hased on corrccting thc 

mcasured volume of the petrolcum liquid for the difference 
between lhe temperature and pressure of the liquid in tbe 
prover and the meter. Correction factors are pnwided to 
adjust 1he metered volume and the volume of prover to base 
conditions so thnt they may be comparcd on lhe same basis. 

10.1 LIQUID DENSITY CORRECTION FACTORS 

1 O. 1.1 General 

10.1.1.1 The density ofthc liquid shall be determined by the 
appropriate technical standards, or, altematively, by use of the 
proper densiry correlations, or. if necessary, by the use of the 
correct equations of state. lf multiple partles are involved in the 
measurement, the melhod selected for determining the density 
of thc liq~ict shall be mutually agreed upon by all L:oocemed. 

10.1.1.2 Appendix A contains a list ofrccommended liq
uids versus API currelations m accordance with the position 
paper i.sued by API-in 1981. Wbere an API correlation does 
not currcntly cxist. an appropriate ASTM standard has been 
prov1ded to assist the user community: 

10.1.1.3 Liquid density correction factor.; are employed to 
account for changes in density dueto the etl'ects of tempera-· 
ture and prcssurc upon the liquid. Thcse correction factors 
are: 

a. CTL---corrects for the effect of temperature on the liquid 
density. 

b. CPL---corrects for the effect of pressure on the liquid 
dcnsity. 

10.1.2 Correction for Effect oiTemperature on 
Liquid Density ( C7L) 

10.1.2.1 If a vulumc: of petroleum liquid is suhjected toa 
changc in rempernture, its dcnsity will decreasc as the tem
peraturc riscs and incrcase as the tcmperature falls. Th.is den
sity change is pruponion.al to 1he thennal cocfficient of 

cxpansiun uf t.hc liqutd and lhc tcmperature. 

10.1.2.2 The C()('l't;clion factor used for thc efTcct of tem
pern.lure on the density of ;¡ liquid is called CfL This CTL 
factor is a function of thc base dens1ty (RHOb) of the liquid 

and its tcmpernturc /D-

10.1.2.3 AP! MPMS Chaptcr l Ll-Volum• Correction 
Factors. Volume X. Background, Development, and Program 
Documentwion. provides the source documental ion for com
puter programs to dctennine CTL for crudc oil.o; and petro
leum pmducl\. CTL corrcction factors can also be detennined 
by u'c of various >tandards (ASTM, API, IP. ISO, etc.) and 
aJso from industry acccplL"ll tables. Append1x A contains 

... _.by tilO¡ '" 
frt Mrl4 IUI:tillDDO 

assistance in dewrmining an appropriate reference to enable 
the correct CTL to be determined for the liquid involved 

10.1.3 Equilibrium Vapor Pressure 

10.1.3.1 Equilibrium vapor pressure (Pe) can be dcfined as 
the pressure requíred to maintain the liquid state at a given 
temperaum:. Liqucfied gases and other volalile liquids have 
an equili brium vapor pressure higher thólll atmospheric pres· 
sure at their proving.temperature. Whcn proving a meter con
taining these types of ftuids. the value of the equilibrium 
vapor pressure at the proving conditions is required. To caku
late a meter factor for these Huids cum:ntJy requircs thc use of 
API MPMSChapter 1 1.2.2 for the CPL factor and API histor
ical Table 24 for the CfL factor, until soch time that they are 
superseded by new API standards. 

10.1.3.2 The equilibrium vapor pressure ora Huid can be ~ 
determined by appropriate technical standards, altematively, 
hy the use of vapor pressure com:Jalions. or. by the use of the 
correct equations of state. lf multiple parties are involved in 

lhe meter proving. then the method selected for tletermining 
the equilibrium vapor pressure of the fluid shall be mutually 
agreed on by all concemed. 

1 0.1.3.3 A field method. sornetimes used to determine the 
equilibrium vapor pressure at proving conditions. is to isolate 
lhc meter prover after proving and immcdiately vent off a. 
small amount of fluid 1ñe pre~"Ure in the prover will quick.Jy · 
drop until it reaches a constant reading. The constant reading is 
considered the equilibrium vnpor pressure at the proving con
ditions. Al this point. the venling should be stopped. the pres
sure gauge read. and the reading recorded as eithcr "gauge" or 

'·absolute .. as appropriate. Venting too aggrcssively can cause 
lhe temperature to be lowered. which would compromisc thc 
acc-uracy ofthc equ1libriwn vapor pressure determinatioo since 
proving conditions l temper.uure) would not he maintained. 

10.1.4 Correction for Effect of Compressibility on 
Uquid Density (CPL) 

If a petroleum liquid is subjected to a change in pressure. 
the hquid density will increase as the: pressure increa.ses and 
dccrease as the pressure decrea'ies. This density change is 
proportional lo thc compressibility factor (F) of the liquid. 
which depends upon both its base density and the liquid tem
pentturc. The correction factor used for the ctfect of com

pressibility on liquid density '' called CPL References to the 
appropnate sta.ndard.s for the compressibiJity factor (F) may 
be found in API MPMS Chapter 1!.2.1. API MPMS Chapter 
11.2.2, or their metric equ1vaJcnts, and Appendix A of tlús 
standard. CPL can be expressed as: 

CPL = Ve 
V o l-[(P-Pe)xF]" 
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where 

Ve = volume at equilibrium pressure (Pe) at operat
ing temperarure, 

Vo = volume at operating pressure (P) at operating 
tem.perature. 

a Where the operatinR pressure is in RGUKe pressure unit.s: 

where 

CPL = -,--,--_,.:-~-= 
1-[(Pg+Pba-Pe)xF]' 

Pg == operating pressure of the liquid in gJugc: pres
sw-e units, 

Pba = base prcssurc in absolutc prcssurc units, 

Pe equilibriurn vapor pressure at the temperature 
of the liquid being measured, in absolute pres
sure units, 

F ;;;; compres.:~¡ih1hty factor for the liquid. 

b. Where the operoling pressuTF is in absolule pressure unit~:: 

where 

Pa = 
Pa = 

Pe = 

1 e P L = -=,--:_,..,,--=e 
1-[(Pa-Pe)xFj' 

Pg+Pba, 

operating pressure of the hquid in absolute 
pressure unüs, 

equilibrium vapJr pressure atlhe tcmpcrature 
ofthe liquiU being me.u.uretl, in absolute p~-
sure unas. 

F = compressibility factor for the liquid. 

The liquid a¡uilibrium vapor prcs.sure (Pe) is considered lo 
be equal to the base pressure (Pba) for liquids that have an 

eqUJJibrium vapor pressure less than. or equal to. atmospheric 
prcssure al the ~owing temperature. 

10.2 PROVEA CORRECTION FACTORS 

10.2.1 General 

Correction factors are employed to account for changcs in 
thc pmvcr volume due to the etfects of tcmperaturc and pres
sure u pon the steel. These correcuon factors are: 

a. crs. which corrects for thermal expansion and/or contrnc
tion of the steel in the provcr shdl due lO the aver.¡ge pruver 
liquid tempern.ture. 

b. CPS. which corrects for pressure expansion and/or con
traction of lhe stee) in the prover shell due to the average 
provcr liquid pressure. 

-IIYllli_PI_RtltDlJ 
ft1Mr U 1a:DB:OD lODO 

10.2.2. , Correction for lhe Effect ofTemperature on 
Steel (CTS) 

Any meta.! container. be it a. pipe prover. small volume 
prover, tank prover, etc .. wben subjected toa change in tem
perature, will change its volwne accordingly. nlls volume 
change, regardless of shapc of the pmver, is proportional to 
the cubic:tl coefficient of themtal expansion of the material. 
1be cubical coefficient of thenna.J expansion is valid when 

the calibrated section of the prover and its detector switch 
ITKJUntings are constructed of a single: materiaL 

10.2.3 Corrections for Single-Walled Prover 

The crs for pipe provers and open tank provers assumes a 
singular construction material and may be calculated from: 

where 

CTS= 1 + [(T-Tb)xGcl. 

Gc = mean coefficient of cubical expansion per 
degree temperature of the material of whlch the 
container is made between Tb and T, 

Tb = base temperature, 

T = avemge Iiquid tempemture in the cunlainer. 

The cuhJcal coefficient of expamüon (Gc). for a displace
ment provcr or open tank prover shall he the one for the mate
rial S used in the construction of its calibrated seclion. ShouJd 
the coeffidenl uf expansion be unknown, t.hcn the Gc:.-values 
contained in Table 6 shall be used. 

The cubica! coefficient of expansion (Gc) on the repon of 
calibration furnished by the calibrating agency is to be used 
for that prover. 

1 0.2.4 Corrections for Displacement Pipe Provers 
wilh Extemal Detectors 

The cubkat cocfficient of expansion uscd to calculate crs 
for sorne displacement pipe provers must sometimes be mod
ified bccausc of their design. In a special case, where the 
detector(s) are mounted extemally and are not on the prover 
barrel it5elf, the volwne changes that occur due to tempera
ture are delined in terms of the area change in the prover bar
rel. and a distance change between the detector position:,.. 
While occasionally these detector po~itions may be on a car
bon or .stainlcs..." steel mounting shafl. iL is much more likely 
that they will be on a mounting madc of a special alloy (c.g ... 
lnvar) lhat has a vcry smalllinear coefti<.:icnt oi cxpansion. 

For displacemcnt pipe provers, wh1ch utilize detectors not 
mounted on the calibratcd scction of lhe pipe but are au.ached 
toa separate shaft (e.g .. small volume provm). the correction 
factor for the effect of temperature (CTS) shall be modified 
and calculatcd as follows: 

.:¡. 

., 
··, ,, 
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crs = {1 + [(Tp- Tb) x GaJJ x (J + [(Td- Tb) x Gl]J, 

where 

Ga = area thennal coefficient of expansion for the 
prover chamber, 

GJ = linear thermal coefficienl of expansion of the 
displacer shaft, 

Tb base tcmperature. 

Td = temperaturc of thc detector mounting shaft or 
the displacer shafl with extemal dctectors, 

Tp = tempcrature of the liquid in the provcr chamber. 

The linear and area thennal coefficients of expan~ion shall 
be the ones for the matenals used in the construction of the 
prover. The v;¡Jues cont.lined in Table 6 shall be used ü the 
coemcients are unknown. 

1 0.2.5 Correction for !he Effect ol Pressure on 
Steel (CPS) 

If a metal container such as a pipe pmver ora tank prover 
is subjected to an interna! pressure, thc walls of the container 
will stretch elastically and the volume of the container will 
change accordingl y. 

10.2.6 Correction lor Single-Walled Prover 

While it is recognizcd that 'iiimplifying assumpt..ions enter 
into the cquations below. for aJI practica! purpo:-.cs thc correc
tion factor for lhe etfect of Lhe intemal pressure on the volume 
of a cylindrical container. called CPS, may be calculated 
from: 

CPS = I+(Pg-Pbg)x/D 
ExWT ' 

Since Pbg is O psi g;mge pre~ure, the eqll<ltion simplifics lo. 

whcrc 

CPS= l+Pgx/D 
ExWT' 

ID = OD- (2 x WT). 

Pg ;; internal opernting pressure of the provcr, in 
gaugc prcssurc units., 

Pb¡¿ = base prc.\\Urc, in gauge pressurc units, 

ID ;; intemal diameter of the prover, 

E ;; moduJu., uf elasticity for the prover maten al, 

OD oul~;ide d1amctcr of the provcr, 

~ = w::~ll thickncss of the pruver. 

-bY tilO-"-Frt 1111' !4 IU~DZ lODO 

Tbe modulus of elasticity (E) foc a pipe prover or open 
tank prover shall be the one for the materials used in the con
struction of the calibrnted section. Tbe values contained in 
Table 7 shall be used if E is unknown. 

10.2.7 Correction lor Double-Walled Prover 

Sorne provers are dcsigned with a double wall to equalize 
the pressurc insidc and outside the calibrated chamber. In 
this case, tbe inner measuring section of the prover is not 
subjected to a net interna) pressure, and the walls of this 
inner chamber do not :iolrelch elastically. Thercfore. in this 
special case: 

CPS= 1.0000 

10.3 COMBINED CORRECTION FACTORS (CCF, 
CCFp, CCFm, CCFmm, CCFmp) 

When multiplying a large number, for example. an indi
cated voiume (IV), by a small correction factor, such as, CTS, 
CPS, CTL. or CPL over and over again. a Jowering of the 
prccision may occur. In addition. errors can occur in mathe
muúcal ca\culations due to sequence order and the rounding 
differences between compuLcrs andlur programs. To mini
mize th= errors, a method was selected by the industry 
which combines all the required correction factors in a speci
fied sequencc and at maximum discrimination levels. Tbe 
accepted method of t.:ombining two or more correction factors 
is to obtain a c'Ombined correction factor (CCF) by serial 
multiplication of the individual correction fuctor.; and then 
rounding the CCF to the required number of decimal places. 

Five combined correction factors havc becn adopted and 
are used in meter proving: cak:ulatiuns to rninimize errors: 

a. For calculation of the GSVp of a meler prover: 

CCFp = [CTSp x CPSp x c.TLp x CPLpJ. 

b. For calculation of t.he GSV mp of a master prover: 

CCFmp = [CTSmp x CPSmp x ITLmp x CPLmpj . . 

c. For caJculation of the ISVm for a meter being proved: 

CCFm = lc.Tlm x CPlm]. 

d. For calculation of a I'IliD>ter meter volume (GSVmm) when 
pruving a field meter. 

CCFmm = [ CTlmm x CPLmm x MM f1. 

e. For ca1culation of n master meter volume (ISVmm) using a 
master prover. 

CCFnun = [c.Tl.mm x CPL.mm]. 

10.4 METER FACTOR (UF) ANO COMPOSITE 
METER FACTOR (CMF) 

1 0.4.1 General 

Meter factor (MF) and composlle meter factor (CMF) are 
nondimensiona1 values which correct errors of the meter duc 
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to su eh factors as temperature, ~~re. viscoSity, · graVity, 
togcthcr with thc mcchanical condition ofthe meter-(slippagc)~ 

1 0.4.2 Meter Factor 

The meter factor (MF) is detennined at the úme of proving 
by the following expression: 

MF; GSVp 
/S V m 

10.4.3 Composite Meter Factor 

A composite meter factor (CMF) may be used in the fol
lowing applicauons: 

a. Where the density. temper.llure, and pressure are consid
ered constant throughoul the measurement ticket peri<Xl 
b. Where anticipated changes in these parameters result in 
uncertainties unacceptable to the parties. 

c. When agreed lo by all the interested parties as a 
convenience. 

The composite meter factor is determined at the time of 
proving by the following expression: 

When calculating the CMF, use a CPL value that is based 
on normal metering pressure that occurs when the hydrocar
bon liquid ftow is not passing t:hrough the prover. 

10.5 METER ACCURACY FACTOR (MA) 

The mt:ter accuracy factor (MA) is a Lenn ulili.led specifi
cally for loading rack meters. In most truck rack applications, 
the meter is mechamcally or electmnically adjusted at the 
lime of provmg to ensure that the meter factor is approxi
mately unity. This simplifies lhe bill of lading and accounting 
i~"iues asM)Ciateti with lruck applications in refineU pnxiuct 
ser.·ice. 

The meter accuracy factor (MA) 1~ determmed at the ume 
of provmg: from the reciproca} of the meter factor (MF) a.o;; fol
lows: 

MA; MF 

10~6 NOMINAL K-FACTOR (NKF) 

A nominal K-factor (NKF) is utilized to detcnninc the 
meter factor (MF), master meter factor (MMF), composttc 
meter factor (CMF). and meter accuracy (MA). The original 
norninOll K-factor (NKF) is a ñxcd value for a specific meter, 
determined by the manufacrurer of the device and supplied 
with thc ncw meter. This original nominal K-factor is e~tab-

IUD_,bYthi-PitruluiDIII1Dh 
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lished at the time of instal1atioo·of the flow meter and. if 
unchanged, can be used to calculate the meter factor. Using a 
constant unchanging nominal K-factor provides an audit trail 
thmugh lhe meter proving system, establishes meter far.:tor 
control charts. and allows meter factor control of thc system. 

Howerer, an altemative method is to change thc .. oominal 
K-factor every time the meter is proved toan actual K-factor. 
Changmg the Nominal K~factor at each proving allows the 
resulting meter factor to approach unity. In this type of opera
tion. it is necessary to trnck K-factors asan audit trail require
ment and to generate K-factor control charts to maintain n 
history on the meter. 

10.7 K·FACTOR (KF) ANO COMPOSITE 
K·FACTOR (CKF) 

10.7.1 General 

For sorne applications, K-factor.; (KF). and composite K
factors (CKF) are used to eliminate the need for applying 
meter factors to lhe indicated volume (IV). As discussed 
above, by changing the KF or CKF at the time of pmving, the 
meter is clectronically adjusted at the time of proving to 
ensure that the meter f:1etor is approximately unity. 

10.7.2 K-factor (KF) 

The actual meter K~factor (Kf) as differentiated from the 
nominal K-factor. is dcscribed by the follow~ng formula: 

Nb 
KF ; GSVp 

When the number of pulses (N) or interpolated pulse.• (Ni) 
per provtng run are reduced to base or standard conditions by 
the use of CT!Jn and CPún, the resulung pulses at base con~ 
ditions (Nb) are givcn by one of thesc expressions: 

Nb; N x CTLm x CPLm. 

or 

Nh =Ni x CTLm x CPLm 

However, we know that: 

CCFm; CTLm x CPLm 

Therefore. 

Nh:;;:NxCCFm or Nh::;:NixCCFm. 

We also know that lhe GSVp o[ the prover-that is, the 
... trut::" volume uf li4uid pas!!.ing thruugh Uu: pruver during a 
pruving run, is calculatcd from the following equa.tion: 

GSVp;BPVxCCFp. 

1' <1 

,,. 

., 
•, 

/j,• 
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and also that 

CCFp = CfSp x CPSp x CTLp x CPLp. 

Thcrefore, application of the abo\oe formula enables an 
actual K-factor lO he calculatcd. 

Altcrr.atively, a new K-fac1or can abo be determined at the 
time of proving by use of the following formula: 

where 

KF 
acruai.KF = MF, 

actua/.KF = thc actual K-factor to be calculated from the 
present meter proving, 

KF = thc K-factor uscd in the meter proving to cal
culate the meter factor, 

M F = thc ncw meter factor calcu lated from the 
meter proving. 

10.7.3 Composite K-Factor (CKF) 

The composite K-faL1or (CKF) may be used in applic<r 
Liom whcre the gmvity, tcmpcraturc and pressure are approx
imately constant throughout thc measurement ticket period. A 
new composite K-factor can be deLennined at Lhe ume of 
proving by the followmg expression: 

CKF acruai.KF 
new. = CPL 

Thc CPL shall be calculatcd using the average pressure 

during lhe Uclivery (see explanatory notes at the bottom of 
Table 8). 

10.8 ONE PULSE VOLUME (q) 

When repeated ca.lculations are being processed manually, 
the rccipro(.;.al or lhc K-factor may sometim~ be a more use
fui quantity for field use than tbe K-factor itself. This recipro
ca! is called the one pulse volumc (q) bccause it indicates the 
volumc dclivered by thc meter (on average) while.one pulse i."i 
being emitted. lt i~ delincd by the following equation: 

1 
q =

KF 

Thus. q ha~ thc dimensions of volume: whcn il i~ muhi
plied by the numbcr ufpul~s emiued by the meter, the result 
1s thc volume delivcred Lhruugh thc meter. 

-byUJo __ _ 
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11 Recording of Field Data 
All required field data shall be recorded and rounded in 

accordance with the discrimination levels spet.'ified in this 
section. In addition, see 7.2 which also diSt.-usses discrimina
tion lcvels. 

Discrimination levels of field data less than those specified 
may be permined in the meter factor cakulalion procedures if 
lheir use is mutually agreeable lo all the panies having an 
interest in the custody transaction. 

Discrimination levels of field dala grm:er than those spec
ificd are not in agreemenr wilh the intenl of this standard and 
sha/1 not be used in the meter factor caJcu1ation procedurcs. 
Field devices (e.g .. smart temperatw-e and pressure sensors), 
which are capable of measuring to discrimination levels 
beyond those specified in the following tables. must have 
their values roundcd prior to thcir use in any calculatiuns. 

R.lther lhan stating a minimurn level of instrument discrim
ination for all metering applications. the user is restricted toa 
m:u.imum level for recording fiekl data. 

11.1 SPECIFIED DISCRIMINATION L.EVELS FOR 
FIELDDATA 

Specificd discrimination levels for field data are listed in 
the tables indicated below: 

11.1.1 Uquid Data 

RHO. DEN, A PI, RD 
RHOb, DENb. APlb, RDh 
RHOobs. DENobs, APlobs. RDobs 
Toh.<, Th 

11.1.2 Prover Data 

OD, ID, \YT 

Tp, Tmp, Td 
Pp. Pmp, Pb 
Pep. Pemp 
Fp. Fmp 

Gc. Gmp, Ga, G/ 

E 
SRu,SRI 
BPV. BPVa 

BPVmp. BPVamp 

11.1.3 Meter Data 

Tm. Tmm 
Pm,Pmm 

Pem. Pemm 
Fm,Fmm 

NKE KF. CKF 
N, Ni, N(avg), Nb 

Table 1 

Table 1 
Table 1 
Table 3 

Table 2 
Tabie3 
Table4 

Table4 
Table 5 
Table 6 
Table 7 

Table9 
Table9 
Table9 

Table 3 

Table4 

Table4 
Table 5 
Table 8 
Table 10 
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11.2 DISCRIMINATIONTABLES 

In the tables that follow, the number of digits shown as (X) 
in front of the decimLll point are for illustrative purposes only, 
and may have a value more or less than the number of (X) 
illuslnlted. 

The number of digil< shown as (X) after the decimal point 
are very specific. as they define the required discrimination 
leve! for each value described. 

15 

Tables 8 and 9 have letters, such as ABCD.xx; to lhe lefl of 
the decimal poin~ in this case the leuers do give the actual 
size of tbe value before the decimal and are iotended to be 
specific, not illustrative. 

In cases where a value is shown with the number 5 in the 
last decimal place, such as XX.XS. this is intended to signify 
that the last decimal place in the value must be rounded to 

either O or 5, no other value is permitted. 

Table 1-uquid Density Discrimination Levels 

Ohserved Density (RHOnh.<) 

Base Density (RHOh) 

Flowing Density (RHOtp) 

API 

XXX.x 

XXX.x 

XXX.x 

XX XX. S 

XXXX.x 

XXXX.x 

Table 2-Dimensional Discrimination Levels 

Outside Diamer:er of Pro ver Pipe ( OD) 

WaJI Thickness of Prover Pipe (W7) 

lns1de Diameter of Prover Plpe {ID) 

US Customary 
(inches) 

XX.xxx 

X.xxx 

XX.xxx 

Tabla 3-Temperature DiscnmmatlOn Levels 

BllSC Tcm¡x:ra.IUrc (Tb) 

Oh:..erved Temperarure (TobJ) 

ProverTemperarures !Tp. Tp(avg). Tmp. Tmp(avg¡] 

Mete:rTe:mpcr.uurCii [Tm. Tm{avg), Tmm. Tmm(avg)] 

Detet.:tor Mounting ShaO Temperalures (Td. Td(uvg)] 

Weighted Average T~mperarure (nYA) 

US Cus1orrory 
(•F) 

60.0 

XX.x 

XX.x 

XX.x 

XX.x 

XX.x 

RD 

X.xxxs 

X.xxxx 

X.xxxx 

SI Units 
(mm) 

XXX.xx 

XX.xx 

XXX.xx 

SJUni~ 
(.C) 

15.00 

xx.xs 

XX.xs 

XX.xS 

XX.xS 

xx.xs 

Cop-b'lllll __ _ 

frt .... 24 1:1:09:012000 

~·· 

• d. 
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Table 4-Pressure Dtscrimination Levels 

Base Pressure (Pb, Pba, Pbg) 

Prover Prcssures [Pp, Pp(avg). Pmp. Pmp(cn•g)J 

Meter Pressures [Pm, Pm(avg), Pm.m, Pmm(avg)j 

Weighted Average Pressure (PWA) 

Equilihrium Vapor Pressures [Pt', Peb, Pef'· 
Pep(avg}. Pem. Pem(avg), Pemm, Pcmm(avg), 
Pemp. Pt'mp(avg)) 

US Cus10mary 

14.696 

XX.x 

XX.x 

XX.x 

XX.x 

0.0 

XX. O 

XX. O 

XX. O 

xx.o 

SI Units 

(bar) (lePa) 

1.01325 101.325 

XX.x XX. O 

XX.x XX. O 

XX .X XX.O 

XX.x xx.o 

Table !;-Compressibility Factor Discrimination Levels (F, Fp, Fm, Fmp, Fmm) 

US Customary Units SI Units 

(psi) (bar) (lePa) 

O.OOOOOxxx o.ooooxxx O. OOOOOOXxx 

O.OOOOxxxx o.oooxxxx O.OOOOOxxxx 

o.oooxxxxx o.ooxxxxx O.OOOOXxxxx 

Tabla 6--Discrimination Levels of Coefficients of Thermal Expansion 

Thcnnal Expansion Coefficiems 

TypcofSteol (per 'F) (per "C) 

Cuhi<.:al Cocfficiem (Gc. Gmp) 

M lid Carhon 0.0000186 0.0000335 

304 Stainless 0.0000288 0.0000518 

316 Stmnlcss 0.0000265 0.0000477 

17-4PH Stamless 0.0000180 0.0000324 

Area Coeffident (Ga) 

Mi id Carhon 0.0000124 0.0000223 

304 Stainle.~o; 0.0000192 0.0000346 

316 Stainless 0.0000177 0.0000318 

17-4PH Stainlcss 0.0000120 0.0000216 

Linear Cocfficient ( Gf) 

MildCartlon 0.00000520 0.0000112 

304 St.ainlc&S 0.00000960 0.0000173 

316 Stainlcss 0.00000883 0.0000159 

17-4PH Scamle~s 0.00000600 0.0000108 

lnv;u Rod 0.00000080 0.0000014 

-"' ~~~~---· Fr1 Mlr Z4 1l08: ID ZDOD 
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MildSteel 

304 Stainless Steel 

316 Stalllless Steel 

SecnON 2, PART 3--PAOVING REPORTS 

Table 7--Modulus of Elasticity Discrímination Levels (E) 

US Custorrwy Units Sl UnilS 

(psi) (har) (k!'d) 

30,000,000 2,068,000 206,800,000 

28,000,000 1,931,000 193,100,000 

28,000,000 1,931,000 193,100,000 

Tabla 8-Correction Factor Discrimination Levels 

CTSp 

CTSmp 

CPSp 

CPSmp 

CTlp 

CTúnp 

CPLp 

CPLmp 

CCFp 

CCFmp 

CTLm 

CTlmm 

CPLm 

CPLmm 

CCFm 

CCFmm 

IKF 

NKF 

KF 

CKF 

IMF 

MF 

IMMF 

MMF 

CPL 

CTL 

CMF 

MA 

X.xxxxx 

><.xxxxx 
X.xxxxx 

X.xxxxx 
X.xxxxx 

X.xxxxx 
X.xxxxx 

x.xxxxx 
X.xxxxx 

X.xxxxx 
X.xxxxx 

X.xxxxx 

X.xxxxx 

X.xxxxx 

X.xxxxx 

X.xxxxx 

AB.xxxx or ABC.xxx or ABCD.xx or ABCDE.x 

Value recorded as dctetmined by manufocturer. 

AB.xxx or ABC.xx or ABCD.x or ABCDE.O 

AB.xxx or ABC.xx or ABCD.x or ABCDE.O 

X.xxxxx 

X.xxxx 
X.xxxxx 

X.xxxx 

X.xxxx1-2 

X.xxxx1 

X.xxxx 

X.xxxx 

Notes on spedtk uses of CPL and CTL:. 
. 1CPL aod CTL are c:llculated usmg PWA.1WA, and the average density [RHO(allg)]. as tlcu:rmme<.l for t.he 

whole metercd dclivery of the liqUid. when used to c;:¡Jculate the CCF for a measurement ticket. CCF 1S dcrh·ed 
from CTL x CPL x M F. which can alc;o he defined as the meter factor at base condinons. 
1CPL 1s rcquircd to caJculatc a CMF or CKF. ande, colculmed using an assumed average pressure, ¡:¡verage 
temperature. and avcr.1ge densny. for thc whok dcll\ery atthe lime of proving. 

CUoY1111t!IIY tilo- Pltl'llltq 111tttD11 
Frt Mr Z41U&:11 ZODD 
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Table 9-Volume Discrimination Levels 

US Customary Units 

(BhiJ (gal) 

Meler Readings (MM Ro. M Ro, MMRc, MRc) )()(_u XX.x 

Sca.le Readings (SRu. SR!) X.xxxx X.xx 

Volwne Discrimmation Levels (BPV. BPVa. ABC.xxxx ABCDE.x 
BPVmp, BPVamp. /Vm, Nmm, ISVm. JSVmm, 
GSVp. GSVmp. GSVm. GSVmm) 

AB.xxxx ABCD.xx 

Axxxxx ABC.xiix 

O.xxxxxx AB.xxxx 

Table 1 o-Pulse D1scrimination Levels 

N Ni 

Wholc Pulse Applk:nion<; XX. O 

Pul~c lnterpolatioo Applications XX.xxx 

~by tlll "-1cca Pltruiul hltnutl 
frt .... 14 ll08:11l01)0 

SI Units 

{L) 

)()(_xxx XX.xx 

X.xx 

AB.nxxx ABCDE.x 

A.xxxxx ABCD.xx 

O.xxxxxx ABC.xxx 

O.Oxxxxxx AB.xxxx 

Nb. N(avg) 

XX.x 

xx.xxxx 
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12 Calculation Sequence, Discriminatlon 
Levels, and Rules For Rounding 

The following section describes the steps required to 
obtaln a calculated value for a meter factor, based on stan
dardized input data and exact calculation procedures. This 
will ensure that all interested parties will arrive at the same 
answer. Note that after the first five steps. which are com
mon lo both the average meter factor method and the aver
age data method in detennlning the meter factor value, the 
two methods diverge. They are descrihed separately follow
ing S1ep 5, 12.1. 

12.1 DISPLACEMENT PROVEAS 

This ~on rigorously specifies the rounding, calculation 
sequcncc, and discrimination levels rcquircd for meter prov
ing repon cnlcula.tions using pipe provers and small volume 

; 

provers. 

'The procedures outlined below do not include the require
ments for the calculations associated with RHOb, CFL. and F. 
The rounding, calculation sequence, and discrimination levels 
for these renns are, for the most pan. contained in the refer

.ences listed in Appendix A. When a reference does not con
tain an implen1entation procedure, Appendix A contains a 
suggested method of implementauon. 

a Step 1-Enter Initial Prover Data. 

Enter all the following prover information, taken from the 
prover calibration cenificate into the meter proving repon 
fonn: 

Manufacturer and serial numher. 

Type of prover. 
Ba<;c prover volumc (BPV). 

Inside diameter (ID). 
Wall thickness (WT). 

• Coefficicnt of cubica! expansion (Gc). 
Modulus of elasticity (E). 

CoefficienL• of linear and area e>pansion (G/. Gu) (If 
using a small volume prover with extemally mounted 
dctectors). 

b. Step 2-Entcr lnitial Meter Data. 

Entcr the following inforrnalion on thc meler being proved 
and record on the meter pruving rcport form: 

Nominal K-laclor (NKF) or actual K-tactor (KF). 
• Whcther the meter is temperoturc compensatcd. 

Whal the proving re(J<!I1 should calculale (MF. CMF. 
KF. CKF. or MA). 
Ca.lculation method used (average data method or aver
age meter factor method). 
Company assigned meter number. 

• Meter manufacturer. size. and cype. 
Meter model number and serial number. 
Row rate. 

""-'bYlhl--llatllUb 
ft'lllll' Z4 Q:DI:lt ZDDD 

• Proving report number lUid date of proving. 
• Nonresetable totnlizer reading. 

c. Slep 3-Enter Fluid Data. 
1. Enter the following infonnation on the hydrocarbon 
liquid being metered: · 

Type of liquid on which meter is bcing proved. 

• Batch number of the receipt or delivery. 
Observed liquid densily (APlobs. DENobs. RDobs. 

RHOobs). 

• Observed liquid lempernture for densily (Tobs). 
The selected implementation procedure required 
(Tables 5A/6A, 58/68, etc.). 
Viscosily (if needed). 

2. lf wing an atmospherically unstable liquid-that is. 
the equilibrium vapor pressure is higher than lhe a~ 
spheric pressure-enter the fo/lowing additional 
infomzatimL· 

1be liquid proving tempernture in °F or °C. 
• The equ!librium vapor prcssure of the fluid al the prov-

ing temperalure, in appropriate pressure units. 

3. lf the proving repon requ~res the ca/culation of CMF 
or CKF terms. then enter the following additit.mal 
information. 

The oonnal opecating pressure of lhe liquid m gauge 
pressure units. which is nssumed to be constnnt 
throughoul the delivery. 
The liquid temperature of the meter while proving. 
which is assumed lo be the normal operating tempera
luce and nlso assumed lo be constant throughout the 
dclivery. 

d. Step 4-Record Run Data. 
For every proving run. record the following dala: 

Prover Data 

Tp 

Pp 

Meter Data 

Tm 

Pm 

NorNi 

Discrimination 
Levt:ls 

Table 3 

Tablc4 

Tablc 3 

Tabie 4 

Tablc 10 

e. Step 5-Determine Base Densily. 
Using the ob>t:rved densíly (RHOobs. DENobs. AP/obs, or 

RDob.>) aod ohserved tempernlure (Tob.>). calculate the b= 
densily (RHOb. DENb. AP/b, RDb). This liquid densily shall be 
determined by the appropriate tcchnical stand:lnls, or, alterna-
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tively, by use of the proper density corrclations.. or. if necessmy, 

by the use of the com:ct equations of state. Round the density 
value in accordance with specifications given in Table l. 

For sorne liquids (purc hydrocnrbons. chemicals. sol
vents. etc.), the base dcnsity is a conslant value as a result of 
stringent manufacturing specifications. This density value 

must he stated in accordance with the requirements speci
fied in Table l. 

At sorne metering facilities, online density meters (densito
meters) are installcd to continuously monitor and detennine 
density in real time. In these cases, users shouJd refer to 
Appendix A for infonnation and references on special calcu

lation rcq uirements. 

12.1.1 Determination of !he Meter Factor Using lhe 
Average Meter Factor Melhod 

a. Step 6A-Calculate GSVp. 

The gross standard volumc (GSVp) ofthe prover-thal is. 
the "true ·· volume of liquid passing through the prover dur
ing the proving run--is calculated by the following equa
tion: 

GSVp = BPV x CCFp 

The ha...e pmver volume (BPV) is obtained from the initial 
provcr data m Step 1. 12.1.a. 

To cah.:ulatc the Combined Correction Factor (CCFp) 
requires that all four mdividual oorrcction factor values. 
CTSp x CPSp x CTLp x CPLp. are calculated. They are then 
scqucntially muhiplied togelher, in the order specitied, for 
each selected proving run, to obtain the combined correction 
factor (CCFp). Round resultas shown in Table 8. 

l. Determine crsp: 
The ersp v.Jiue corrects for thc thennal ex.pansiOn of 

the steel in the prover cahbmtcd scction. using the prover 
liquid temperaturc (Tp). and is calculaled forcach selected 
proving run. 

For displaccmcnt pmvers with detectors mountcd in the 
calihrated section, lhe following fonnula shall be used: 

CTSp = 1 + [(Tp- Th) x Gc] 

For displa<.-ement provees, us~ally small volumc prov
crs, that utilize detectors mounted on an externa! shaft. the 
modilied formula shall be uscd: 

CTSp = ( 1 + [(Tp- Th) x Ga]] x { 1 + [(Td- Tb) x G/]] 

Thc CTSp valuc shall be munded in aceordance wuh 
Table H discnmrnation Jcvcl rcquircments. 

oJitbYU.-Pill 
Frt .... u 11.-D&:IIi 

2. To Delenninc CPSp: 

Tite CPSp vulue corrects forthe expansion ofthe s1eel in 
the prover calibrated section. using tite prover liquid pres
sure (Pp), and is calculated for each selected proving run. 

Thc CPSp for a single wall pipe provcr shall he calcu
lated using the following fonnula: 

CPS = l+(Pp-Pbg)x!D 
P Ex WT ' 

where 

ID = OD-(2 x Wl), 

Pbg = ll!"ig. 

For a ·doublc wall displacement prover. the value of 
CPSp = 1.00000. 

Tbe CPSp value shall be rounded in acoordance with 
Tablc 8 discriJnjnation leve! requirements. 

3. Determine CTLp: 

The crLp value corrects for Lhermal expansion of thc 
liquid in the provcr calibrated section and is ca..lculated for 
each selected proving run. 

U;ing thc base density (RHOb. APlh. RDb. and DENb) 
and the temperatw-e of the liquid (Tp). together with thc 
appropriate standards or computer routincs. a value for 
ClLp can he obutined. Round the value according lo the 
discrimination leve( requirements specified in Table 8. 

4. Determine CPLp: 

The CPLp value corrects for the compressibility of lhe 
hqUJd in lhc prover calibrnted section for each of the 
M:lectcd proving runs. 

Using a den.•ity value (RHOb. APlb. RDb. DENb). thc 
prover prcssurc (Pp). and the provertemperature (Tp). cal
culate the value of Fp using the appropriate technical 
Slandards. Round this value according to thc discrimina
tion level requlJ"ements specified in Table 5. 

Using the compressibihty factor (Fp) together wilh the 
pressure in the prover calibrated section (Pp). the equilib
rium va(X>r pn:.\.1\Ure of Lhc liquid in the prover (Pep), and 
the base prcssure (Pba). calculate the CPLp value using 
the following expression: 

1 
CPLp = ~~,....-~,...:--~--~ 

l-[(Pp+Pba-Pep)xFp] 

Round this value according 10 the requirements speci
fied in Table 8. 

Note: lf lhe vapor presswe' of the hquitl is less lhíln atmospheric 
pressurc ot normal tempernture. then Pep is considered to be zero 
psig. 
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5. Detennine CCFp: 

The Combined Correction Factor of prover (CCFp) is 
calculated by serial multiplícation of the above correction 
factors in the onier specified, using the equation shown 
below. This value shall be rounded according to the 
requirements specified in Table 8: 

CCFp = CI"Sp x CPSp x CFLp x CPLp 

Calculate GSVp by use of the formula defined at begin
ning of Step 6A. 

Make sure that the BPV. the nominal K-factor (NKF) or 
K-factor (KF), and the register head volume are all in the 

same umts. 

h. Step 7 A-calculale ISVm. 

The indicated standard volumc (ISVm) of meter is the vol
ume of the liquid passing through the meter for the selected 
runs with no correction for meter inaccuracies, calculatcd hy 
the followmg equauon: 

JSVm = JVm x CCFm 

l. Determine /Vm: 

Using a digital pulse train, calculate the indícated vol

ume (IV m) of liquid passing through the meter by d.ividiog 

thc pulses (N) or thc intcrpolated pulses (Ni). for each 
selected proving run, by thc nominal K-factor (NKF). as 
shown below. Round and record the value of JVm in 
accordance with the discr:im..ination levels specified in 
Table9 

IV m 
N 

NKF 

2. Determine CCF m: 

Ni 
or !Vm = -

NKF 

To calculate the combined correction factor (CCFm). 
two correction factor values, CTlm and CPLm, are caku
lated and then .sequenJially multipllt:d in lhe 01Uer 
specitied. 

The correction factors CTSm and CPSm are not uscd in 
meter proving applications. Since the effects of lempera
ture and pressure on sleel within t.he much smd.llcr meter 
cavuy or volume is relatively instgn1ficant, they can he 

ignored in most ca<>es. The effects are reflected m the 
meter factor calculated al the time of proving. 

3. Determine crún: 

Thc CTLm value oorrects for the thermal eX.pansJon of 
lhe llquid in thc meter. Usmg a ha.~ density (RHOh. APfh. 

RDb. DENb) and the temperature (Tm) of the liquid in the 
meter, together with the relevant standards or computer 
ruutint!'), a value for CTlm is ubtaincd for each of Lhe 

luPYI"dltlrYtllt- Pe""*'-Ditltub 
frt Mrl4 II:OB:U lODO 

selected proving runs. Round this value according to the 
discrimination leve! requirements specificd in Table 8. 

4. Determine CPLm: 
The CPlm value corrects for lhe compn:ssibility of the 

liquid in thc meter. Using lhc dcnsity valuc (RHOb. APlb. 
RDb, DENb), Jhe meter pressure (Pm). and thc meter lem
perature (Tm), for each of the selected proving runs. 
calculate the value of the compressihilit)' factor (Fm) 

using the .. appmpriale lechnical standard,_ Round this 
value according to the discrimmation leve! requirements 

specified in Table 5. 
U~ing Lhe compressibiJity factor (Fm) together with the 

pressure in the meter (Pm), the equilibrium vapor pressure 
of the liquid in the meter (Pem). and the base pressurc 
(Pba), for each ofthe selected proving runs. calculate the 
CPJ.m va.Jue using the following expression. 

C P Lm = -,--,-,-,,----=.,-!-l --;:----,----,,---, 
l-[(Pm+Pba-Pem)xFml 

Note: Jf me vapor pressure of the liquid is tess than atmospheric 
pressure at normal temperature, then P~m is considered lO be zero 
psig. 

Having delermined lhe two required corTeCtion faclors, 

calculate thc combined correction factor of the meter 
(CCFm) by serial multiplication of the correction factor.; 
using the cquation shown below. Round this value accord
ing to the requirements specified in Table 8. 

CCFm = CFlm x CPifl1 

The /SVm is then calculated by the equation shown 
below: 

JSVm = /Vm x CCFm 

c. Step 8A---Clliculate /MF. 

Interrnediate meter factors (IMF) are detennined for each 
of the selected proving runs by the fommla: 

JMF = GSVp 
/S V m 

RC<:onl aml ruund thc values of lhc: /M F at."Cording to the 
discrimination level requiremenl<> specilied in Table 8. 

d. Step 9A-Calculate Repentability. 
To judgc the acceptability of the selected run data, the 

repeaUJbility (range) using the avcrugc meter factor method 
must be calculated by the following me1hod. 

lntenncdiate meter factors are c.nlculated for each ~elected 
pass or round trip of the prover. Thc range of thcse intennedi
ale meter faclor.; for all t.hc:! at:ct:pt.ablt: pmving runs is now 

(,', 

·,, 
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calcu1ateJ and used as the measure of acccp~abi1ity for the 
meter provlng. In this method, the complete calculatioñ steps 
needed to determine an intennediate meter faL'lOr have to be 
performed for cvery se1ected pass or round uip, and then 
thesc intenncdiale meter factors must be compared to assess 
thcir acceptable repeatability. 

An example of this rcpeatability check is shown in the 
tablc at thc bottom of this pagc. 

R% = Max-.MinxiOO 
\ A11n 

Ran '11 ; 0.99343-0.99319 00 ; 024~ ge v 
0

_
99319 

x 1 O. 7c 

e. Step lOA-Calculate Final M F. 
Meter Faclor (MF) is a value used to adjlCl.t for any small 

inaccur.1cies associated with the perfonnance of the meter as 
dctermined at the time of proving. Having cstablished that the 
rnngc (repcambillty) of the intermedime meter factors (JMF) 
meets the aCL"epLahility critcria. a linal meter factor shall be 
calculaled as follows:. 

where 

L_JMF 
MF=--. 

n 

11 ; the numbcr of IMF from the selected proving 
runs. 

Round the meter factor as specified in Table 8. 
Unlt:s~ the meter is equipped with an adjustrnent that alters 

Jl<ii registr.Jtion to account for thc meter factor. a meter factor 
must be applied lO corrcctthc indicated volume of tbe meter. 

f. Stcp 11A-Calculate Composite Meter Factor (CMF). 
Composite meter factor (CMF) also 1s used to adjUSI meter 

perforrnan~:c. Thc composile meter factor must be used in 
applications where the density, temperature. and pressure are 

considercd constan! throughout the measurement ticket period, 

oras agreed by all the panies concemed as a convenience. The 
composite meter factor is determined at the time of proving by 
correcting the meter factor from normal opaating pressure to 
base pressure (CPL), using the following expression: 

CMF;MFx CPlm 

When calculating the CMF, use a CPLm value that is based 
on the normal meter opcrating pressure that occurs when the 
How is not going through lhe pmver. Record and round this 
value to the requirements specified in Table 8. 

12.1.2 Determination of the Meter Factor Using the 
Average Data Method 

a. Step 6B-Calculate Repeatability. 
Having made the selecteJ numbcr of proving runs as 

described in Step 4, 12.l.d, record the resu1ts of thc data for 
Tm, Tp. Pm, Pp, and N or Ni. 

Use of the average data method requires that lhe range of 
the pulses generated for eat..-h selected pass or round trip be 
calculated and uscd to measure occeptahle repeatability. To 

detemJine the repeatability, examine the pulses generated for 
each of the selected proving runs. as follows: 

Pro ver Meter Pro ver Meter Toral 
Run Temp. Temp. Prcssurc: Pressurc Pulses 

72.5 73 23 23 12.234 

2 72 73 23 23 12.232 

3 72 72.5 22 23 12.237 

4 72 72.5 23 22 12.237 

5 72.5 73 23 23 12.233 

Avg. 72.2 72.8 22.8 22.8 12,233.6 

R%; High~st Pulse- Lowest Pulse X lOO 
LDwest Pulse 

Range% ; 12,237- 12,232 X!()() ; Ü ()4l '11 
12,232 . o 

Example of Repeatability Check (Average Meter Factor Method) 

Total Prover Meter Pruver Me1er 
Run Pulses Temper.:uure Tcmper.nure Pressure Pressure GSVp /SVm IMF 

12234 72.5 73 23 23 22.3356 22.4883 0.99321 

2 12.232 72 73 23 23 22.3348 22.4855 0.99330 

3 12.237 72 72.5 22 23 22.3363 22.4854 0.99337 

4 12.237 72 72.5 23 22 22.3360 22.4892 0.99343 

5 12.233 72.5 73 23 23 22.3340 22.4856 0.99319 

Avem~: Me1er Factor (MF) 0.9933 

-b'ltbl __ _ 

h1MII' 21 IUB:II2DOO 
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Once the range of pulses for the selected proving runs sat

isfies the repeatability requirement by not exceeding 0.050 
percent, the following data should be calculaled: 

ProverData 

Tp(avg) 

Pp(wg) 

Pep(avg) 

Meter Data 

Tm(avg) 

Pm(avg) 

Pem(avg) 

N(avg) 

b. Step 7B-Calculate GSVp. 

Discrimination 
Le .. Js 

Table 3 

Table4 
Table 4 

Table 3 

Tablc 4 

Table4 
Tablc 10 

The gmss standard volume (GSVp) of the pmvcr-that is, 
the "true" volume of Jiquid passing through the prover during 
the proving run, is calculated by the following equation, and 
rounded to lhe cliscrimination requirements shown in Table 9. 

GSVp = BPV x CCFp 

The base prover vol u me (BPV) is ubtaineu from the prover 
calibration certificare as shown in Step 1, 12.La 

To calculate the combined correction factor (CCFp) 
require calculating all four L-orrection faccor values-CTSp, 
CPSp, CTLp, and CPLp. These values are then sequentially 
multiplied in the orrler specified, rounding at the end of the 
multiplication. 

l. Detennine CTSp: 

The CTSp value corrects for the thermal expansion of 
the steel in the prover calibrated section, using the average 
prover liquíd temperature [Tp(avg)) from all of the 
selected provmg runs. 

For displacement provers with detectors mounted inter
nally in the calibrated section, the following fonnula shall 
be used: 

CíSp = { l + [(Tp(avg)- Tb) x Gc]} 

For displacement provees using detcctors that are 
mounted extemally on a shaft (e.g. small volume provers). 
then this modified formula shall be used: 

CTSp = [1 + [(Tp(GVK)- Tb) X Ga]}' [1 + [(Td(avg)- Tb) X en} 

This CTSp value shall be ruunded in accuruance with 
the rcquiremenLo;; in Table H. 

Ott>Y111Jt!IIJ lito--Frt llar Z.& la:DB:ZO tODO 

2. Determine CPSp: 

The CPSp value corrects fur the ex¡r.msion of the steel 
in the prover calibrated section, using thc av~ge liquid 
pressure of thc provcr [Pp(avg)] from all of the selected 
proving runs. 

The CPSp for a single wall pipe prover shall be calct>
latcd using the following formula: 

CPS = l + [Pp(av¡¡)- Pbg J x ID 
p ExWT ' 

where 

ID= OD-(2x WT), 

Pbg = O psig. 

For uouble wall displacement pipe proveo;, CPSp = 
!.()()()()(). 

This CPSp value shall be rounded in accor!lance with 
thc rcquirements in T able 8. 

3. Detemúne CTLp: 

The CTLp value corrects for the thenmal expansion of 
the Jiquiu in the prover calibrated section. By using an 
average base density (RHOb, AP/b. RDb. and DENb) and 
the average tcmpcraturc of thc liquid [Tp!avg)] together 
with the relevant standards or computer routines. a value 
for CTLp can be obtained. Round this value according to 
the discrimination level requirements specified in Tatile 8. 

4. Determine CPLp: 

The CPLp corrects for the comprcssibility of the liquid 
in thc prover calibrated section. Using an average density 
value (RHOb. APlb. RDb, DENb), the average prover 
prcssure Pp(avg). and the average prnver tempernture 
[Tpiavg)]. calculate the value of Fp using the appropriate 
technical standards. Round this value according to the 
n:quirements specified in Table 5. 

Using the compressibility factor (Fp) ueterrnined in the 
precedmg step, together with the average pressure in the 
prover calibraled secuon [Pp(avg)), thc cquilibrium vapor 
prcssurc of lhc liquid in the prover [Pep(avg)l. nnd the 
base prcssure (Pba), calculate the CPLp value using the 
following expression: 

e P Lp = ,---,-;-;,--,---,--=,.:--=---:--.,..,--=-, 
1 - { (Pp(avg) + Pba- Pep(avg)} X Fp) 

Round thi~ valuc according to the discrimination level 

requiremenl'i specificd in Tablc 8. 

Note: U lhc vnpor prcssurc of the liquid is Jcss than ru.mospheric 
pressure at normal Lemperature, 1hen P~p((Jl.:g) is con~idered to 
he ,.ero po;;ig. 

1 . 
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5. Determine CCFp: 

Having detennined the four correction factors., the 

combined correction factor of prover (CCFp) can be cal
culated by .serial muJtiplication of the correction fuctors in 
thc exact order specified. using thc cquation ;hown below 
and rounding al the end of the multiplication. Round this 
value accordmg ro the discriminat1on level rcquircments 
specificd in Table 8. 

CCFp = CTSp x CPSp x CFLp x CPLp 

Whcn the prcceding calculations are done, calculate 
GSVp by the following formula: 

GSVp = BPV x CCFp 

Ensure that BPV. nominal K-Factor (NKf), K-factor 
(KF), and Reg1ster Head volurne are al/ in the same units. 

c. Step 88-Calculatc /SVm 

The indicated st.1ndard "olume (ISVm) of meter is the vol

ume of the liquid passing through the meter for the selected 
proving runs with no correcrion for meter inaccuracies, and is 
calculated by thc following equaúon: 

JSVm = /Vm x CCFm 

l. Dctcnmnc /Vm: 

Using 1:1 digital pulse train allows lhe indicated volume 
(IVm) through the meter to be cak:ulated by dividing the 
average of all the pulses [N(avgj] for all of the selected 
proving runs hy the nominal K-factor (NKF), as shown 
helow. Round and record the valuc of !Vm in nccorda.nce 
with the discriminntion levels spectfied in Table 9. 

/Vm = N(avg) 
NKF 

Cakulating the comhined corrccuon factor (CCFm) 

rcquirc.<; the calculating of two individual correction factor 
values, CJLm and CPl.Jn. whtch are then sequentially 
multiplicd in thc unier specified. 

Thc correction factors CfSm anc.J CPSm are not used or 
cakulatcd in metering applications. since the effecrs of 
tcmpcrature <!nd pressure withm thc meter cavity are oflcn 
insignilicanl and in most cases can be ignored. The ellCcts 

are rctlected in the meter factor calculaled al the time of 
provmg. 

2. Determine CTLm: 

Thc CTLm value corrects for the thermal expan~ion of 
thc liquid in the meter. By using an average base denstty 
(RHOh, AP/b, RDb, DENh), and thc average temperature 
(Tm(twg)J of the liquid, togct.hcr wilh thc relevant stan-

_ .. Ull--fit .... ZA llOI:ll ZOOD 

dards or computer routines, a value foc CFLm can be 
obtained. Round this value according to the discrirninalion 

leve! requirements specified in Table 8. 

3. Determine CPLm: 

Thc CPLm value corrects for the compressibility of the 
liquid in the meter. Using an . average densi1y value 
(RHOb, AP/b, RDb, DENb), the average meter preisure 
[Pm(avg)J, and average meter temperature [Tm(avgj], 

from all of the selected proving runs. calculate the value 
of the compre..~ibility factor {Fm) using the appropriate 
technical stanililrd.s. Round Lhis value according to the 
requirements specified in Table 5. 

Using the value of Fm determined in the preceding 
step, togelher with the avernge pressure in the meter 
[Pm(avg)J. the equilibrium vapor pressure of the liquid in 
the meter (i'<m( avg)], and the base prcssurc (Pba). crucu
late the CPLm value using the following expression: 

Note: 1r the vapor pressure of lhe lii.Juid is less Lhan utmospheric 
pressurc al nonnul tempernture. then Pem is considered lO be zero 
psig. 

4. Determine CCFm: 

When the two com:ction faClOni cn.m and CPLm have 
becn Jetenníned. the combined <.-orrection factor of prover 
(CCFm) shall be calculated by serial multiplication of the 
<..-orrection factors in the exact order specified, rounding at 
the end of the multiplication. using thc equation shown 
below. Round this value according to the requu-ements 
specified in Tahle 8. 

CCFm = CFLm x CPLm 

The JSVm can then he calculated by the equation 
shown above. 

d. Step 98-Calculate Final M F. 
Meter factor (MF) i'i a dtmensionless value used to ndjust 

ror any small inaccuracies associated with the performance of 
lhe meter as detennined at the time of proving. Unless the 
meter is cquipped with an adjustment that alters its registra
tion to account for the meter factor, a meter factor must be 
applicd to the indicated volume of lhe meter. The meter factor 
is detcrmined at the time of proving by the formula: 

MF = GSVp 
/S V m 

Record and round lhh valut: lO the requirements specifled 
in Tahle 8. 
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e. Step IOB---{;alculate Composite Meter Factor (CMF). 
1be composite meter factor (CMF). as detennined at the 

time of proving, is also a value used to adjust the meter per
formance. The composite meter factor is normally used in 
applications where the density, temperature, aod pressure are 
considered constant throughout the measurement · ticket 
period, oras agreed by all the parties concemed as a measure
ment convenience. The composite meter factor (CMF) is 
determined at the ~me of proving by correcting the meter fac
tor from normal operatíng pressure to base pressure ( CPL), 
using the following expression: 

CMF=MFx CPI.m 

When calculating the CMF. use a CPI.m value that is based 
on the normal melel' operating pressure that occurs when the 

liquid is not going through the prover. 
Record and round this value to the requirements specified 

in Table 8. 

12.2 ATMOSPHERICTANK PROVEAS 

This section rigorously specifics thc rounding. calculation 
sequence, and discrimination Jevels required for meter pmving 
repon calculations when aunospheric tank provers are used. 

The procedures described below do not include thc require
menL' for calculations associated with RHOb. CfL oc F. Tbe 
rounding. calculation sequence, and discrimination lcvels for 
these terms are. for the most pan. contained in the refcrences 
listcd in Appendix A. When a reference dres nol contain an 
implementalion procedure, Appcnd1x A contains a suggested 
method of solution. 

ln normal industry practice. the average· meter factor 
method is used to ca.lcu1are meter factors when pmving 
meters with tank provers. Nonnal accepted proving technique 
requires the Anw to he put thmugh thc meter heing prnved 
into the empty tank: prover until 11 is filled. This constitutes a 
proving run. 

a. Step 1-Enter lnitial Prover Data. 

Enter the following tank prever informa1ion, which is 
takcn from thc provcr caJibration ccrtificatc, and record it on 
the meter proving repon fonn: 

Cocfficicnt of cubica! expansion (Gc). 

• Manufacturer and seriaJ number. 
Nonúnal capacity. 

b. Srep 2-Enter Initial Mete~_ Data 
Enter the follmving infonnation about the meter being 

proved on the meter proving repon fonn: 
• Nominal K-factor (NKF) or actual K-factor (KF). 

Whether the meter h. tempemture cumpen~aled. 
Whal the proving repon should calcula!< (MF. CMF, 
KF, CKF, or MA). 
Company a'iSigned meter number. 

Cot>YI'di!IIYIIII-I'Itnilullolt!tata 
frt .... 24 11:08:212000 

• M<mufacturer. meter type. and si7.c. 
Meter model nurnber and serial number. 

• Flow rate. 

Proving repon number and date of_ proving. 
Nonresetable totalizer neading. 

c. Step 3-Enter Fluid Data. 

l. Enter the foliowing information about the fluid being 

metered on the meter pmving re{X>rt fonn: 
Type of fluid on which meter 1s heing pmved. 

Batch numher of the receipt or deli,ery. 

• Observed liqmd density (AP/obs, DENobs, RDobs. 
RHOobs). 
Observed Hquid temperature for densily detennination 

(Tobs). 
'The selected implemeotation procedure required 
(fables 5N6A, 58/68, 53NS4A, 538/548, etc.). 
Viscosity (if needcd). 

2. lf the l?port fonn ~?quires the calculation of CMF or 
CKF. the following additional information must be 
emered: 
The normal operating pressure of lhe liquid in gauge 
pre.ssure units, which is as.sumed to be constant 
throughout the dclivcry. The tempcrature of the liquid 
in the meter while proving, is assumed to be the nor
mal operating temperar.ure, and assumed to be con
stant tluoughout the delivery. 

d. Slep 4=:-Record Run Data. 

For cach run of the tank pruver, record the following data: 

Prover Dato 

Tp(a••g) 

SR u 

SR! 

Meter Data 

Tm 

Pm 

M Ro 

M Re 
N 

Discrimin:<ltiuo 
Levels 

Table3 

Table 9 

Table 9 

Tublc 3 

Table 4 

Table 9 

Table 9 

Tuble 10 

e. Step 5-Calculate Base Density. 
Using the ob""rved density (RHOobs. DENobs, APlob.<, or 

I<Dob.s) aod observed tempernture (Tobs). calculatc thc base 
dcnsity (RHOb. DENb. APib. RDb). The base density of the 
li4uid shall be dctcrrnined by the apprupriate technical stan
dards. or. altematively, by use of the proper density correla
tions, or. if necessary, by the use of thc oorrcct cquations of 

... 
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stnte. Round the density value in accordance with specifica
tions givcn in Tablc l. 

For sorne liquids (pure hydrocnrbons, chemicals, solvents, 
etc.), the base dcnsity is a constant value as a result of stringent 
manufacturing specifications. This density valuc must be stated 
in accordance with lhe requirements specitied in Table l. 

Al sorne metering facilities, onlíne density mctcrs ( densito
meters) are installed lO COntinuously monitor and determine 
densily in real time. The user should refer to Appendix A for 
informalion on the special calculation requirements when 
using thi.s equipmcnt. 

f. Step 6--Cakulate GSVp. 

The gross standard volume (GSVp) ofthe tank prover is the 
.. true .. volume of the Jiquid contained in the- prover between 

the nominal "empty" and "full" levels. The GSVp is calcu
lated fmm the following cquation: 

GSVp ~ BPVa x CCFp, 

where 

BPVa ~ SRu -SR J. 

The· adjusted base prover volume (BPVa) for the tank 
provcr is dctcnnined by the difference between lhc uppcr and 
lower scale readings during each proving run. To determine 
the lowcr (SR[) scale reading of the opcn tank prover, thc tank 
provcr should first be filled with liquid,.then draincd to cmpty 
for the prescrihcd drn.ining time. refillcd up to the lower scale 

and the lower scale rcading taken prior to commencing the 
proving run. If the tank prover has no lower scalc, the zero 

mark is cstablished depending on the type of tank prover. The 
proving run is then initialed. When the tank pro.,.cr is fillcd to 

thc upper scale the now is shut off. and the upper (SRu) S<:ale 
reading is taken. 1be sculc readings should be ra"'rded as 
indicated in the discrimination levels in Table 9. 

To calculo.te the combincd correclion factor for the open 
mnk provcr (CCFp) (as discussed in the previous section on 
pipe and ~mall volumc provers). ít is necess.ary to determine 
thc CTSp, CPSp. CTLp. and CPLp valucs. 

l. Dctennine CTSp: 

Thc CTSp corrects for thermal expansion of the steel in 
thc 1ank. prover, using lhe lempendure of thc liquid in lhe 
prover from the selectcd runs. The CTSp for nn open tank 
provcr may be caJculated from thc fonnula: 

CTSp ~ 1 + J(Tp- Tb) x Gcj 

This V<Ilue shall be munderl in accordaocc with thc dis
cr:imination rcquircments ofTable 8. 

2. Determine CPSp: 

Thc CPSp correcl'\ forcxpansion of the ~tl!cl in lhe tunk 

prover due to prcs~urc on the liquid. 

CIIDYI'lii!IIJY llll-"""""""' mttbrt1 
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Since an open tank prover is uncfer.aunospheric cond.i
tions, the CPSp value is set lo equal unity. 

CPSp = !.()()()()() 

3. Determine CTLp: 
The CTLp corrects for thermal expansion of Lhc liquid 

in the tank prover. By using a base density (RHOh. APlb, 
RDb, or DENb). and the temperature (Tp) of Ihe liquid, 
together with the appropriate standard< nr computer rou
tine.s, a value for CfLp can be determined. Round this 
value according to the requtrements specified in Table 8. 

4. Determine CPI.p: 
Thc CPI.p corrects for the eiTect of compressibility on 

thc dcnsity of thc liquid in the open ron k prover. Since the 

open tank prever is under atmospberic conditions, the 
CPLp value is set equal to unity. · 

CPLp = !.()()()()() 

5. Detcnnine CCFp: 
When the l'our correction factors ha ve been de ter

mined. the combined correction factor for the tan k prover 
(CCFp) can he calculated, by serial multiplication of thc 
correctlon factors in the exact order specified. usíng lhe 
equations shown bdow. Round this value according to the 
requiremcnts specified in Table 8. 

CCFp ~ CTSp X CPSp X CTLp X CPLp 

CCFp ~ CTSp X 1.00000 X CTLp X 1.00000 

CCFp ~ CTSp x CTLp 

When the.~ calculations are completed, calculate 
GSVp using formula at the beginning of Step 6, 12.2.f. 

g. Step 7-Calculate /SVm 
The indicated standard Volume (ISVm) of the meter is the 

volume of the liquid passing through the meter for selected 
runs without com:ction for meter inaccurncies. lt is calculated 

by the following equation: 

ISVm = lVm x CCFm 

1 .. Determine /Vm: 
The indicated volume (/Vm) passing through the meter 

is deLerminetl in une oftwo ways: 

lf a digital pulse trnin is used, the lVm is calculated by 
dividing the pulses (N) trom cach run by lhc nominal K
factor (NKF), as shown helow. Round and record the 
value of /Vm in accordance with Table 9: 

/Vm = _!!_ 
NKF 
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If a meter register head is used, the IVm is calculated 
using thc opcning and closing meter rcodings (M Ro, M Re) 
for each run. as shown below. Round and record the vaJue 
of /Vm in accordance wilh Table 9. 

lVm =M Re- MRo 

To calculatc thc combincd corrcction factor (CCFm) 
for the meter. the correction factor values CFLm and 
CPL.m an: calculated and then sequentially multiplied 
togethcr, in the order specified. 1be correction factors 
CTSm and CPSm are not calculated, since the effects of 
temperature and prcssure on the steel within the meter is 
insigmficant and can be ignored in most cases. The effects 
are reflected in the meter factor calculated at the time of 
provmg. 

2. Deterrnme CTl.Jn.: 

Thc CTún correct• for thermal expan•ion of thc liquid 
in thc meter. By using a base density (RHOb, AP/b, RDb, 
or DENb). and lhe temperarure (Tm) of the liquid in lhe 
meter, together wilh lhe appropriate standards or computer 
routines, a \ooalue for CTLm can be obtained. Round this 
valuc according to lhc rcquin:mcnts spcctficd in Tablc 8. 

3. Detennine CPún: 

The CPún corrects for lhe compressibility of lhe liquid 
in the meter. Using a densily value (RHOb, AP!b, RDb, ur 

DENb), lhe meter pressure (Pm). and lhe meter tempera
turc (Tm). calculatc thc valuc oflhc cornprcssibility factor 

(Fm). using lhc appropriate tecbnical standards. Record 
and round this valuc according to lhe requircmenlS speci
lied in Table 5. 

Using the Fm detennined in the preceding step, 
together w1lh the pressure in the meter (Pm), the equilib
rium vapor pressure of the liquid in the meter (Pem), and 

the base pressure (Pba), calculate lhe CPún value using 
thc following expression: 

CPLm = ~~~~~~--~~~ 
1-I(Pm + Pba- Pem) x FmJ 

Note: If thc vapor prcssure of the liquid is Jess than aunosphcric 
preo;,sure m nonnal temper.llure, Pem 1s considcred lO be :r.cro 
psig. 

4. To Determine CCFm. 

When t.he two correction factors have been detennined, 
the CCFm can be calculated by sena! multiplkallon ofthe 
correction tllctors in the exact order spccificd. using thc 
equation shown below. Round this value according to the 

requirements specified in Table 8. 

Coo-bYtiiB_Pa __ 
frt 1111" 2:4 IUB:V 2:000 

CCFm = CTún x CPún 

The !SVm is then cak.-ulatcd by the equation: 

ISVm = /Vm x CCFm 

h. Step 8--Calculat<: /M F. 
lntermediate Meter Factors (IMF) are detemúned at the 

time of proving for each of lhe selected proving runs by lhe 
formula: 

IMF = GSVp 
lSVm 

Record and round the values of the IMF according to lhe 
discrimination level requiremcnts specified in Table 8. __ 

i. Step 9-Calculate Repeatability. 
To judge the acceptability of each of lhe sc!ccted run data, 

the repeatability for the average meter factor methcxl is calcu-
1ated as folluw~; 

lntermediate meter factors (IMF) have been calculated for 
cach filling of lhe tan k prover. The range of these intermediate 
meter factors for all the acceptable proving runs is now calcU.:. 
lau:d and used as lhe mea'ure of acceptability for lhe meter 
proving. In this method, the complete calculation steps to 

detenrunc an intermediate meter factor have to be performed 
for every prover filling, and then these interrnediate meter fac
tors must be compare!l to asse;s acceptablc repealability. 

An example uf Lhis repealability check. i~ shown in the 
table at the top of the followmg pag~: ·· 

R% = max/MF- min/Ml' X lOO 
minlMF 

Range <¡¡, = 0.99343-0.99319 x 100 = 0024% 
0.99319 -

j. Stcp 10-Calculate Final M F. 
Meter factor (MF) is a· value tL<>ed to adjust for any small 

inaccuracies associated with the perfonnance of the meter. 
Having estahlishcd that the range (repeatability) of the mter
mediate meter fuctors (/MF) meets the acceptability critaia, a 

final meter factor shall be calculatcd a< follows: 

wherc 

L_IMF 
MF=--, 

" 

n ::;:: thc number of intennediate meter factors from 
the selected provin,g runs. 

Round lhc final meter factor as specified in Table 8. 
Unlcss thc meter is equipped with an adjustment that alters 

its registr:uion to account for the melCr factor, a meter factor 
must he applied to correct the indicated volume of thc meter. 
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Example of Repeatability Check (Average Matar Factor Method) 

Total Prover Meter Provee 
Run Pulses TemperJLure Temperature Pressure 

t2,234 72.5 73 23 

2 t2,232 72 73 23 

3 t2.237 72 72.5 22 

4 t2.237 72 72.5 23 

5 t2.23J 72.5 73 23 

k. Stcp t t-Composite Meter Factor (CMF). 

Composite meter factor (CMF) also adjusts thc meter per
formance as detcrrnined at the time of proving. The compos

itc meter factor must be used in applications where the 
density, temperature, and pressure are considered constant 
throughout the measurement ticket pcriod, oras agreed by all 
the partic"> ( .. :oocemcd as a convenience. 1be comrosite meter 
factor h. determincd by correcting the meter factor from nor
mal opcrating prc;surc to base pressure ( CPL) by using the 
following expression: 

CMF=MFxCPL 

Whcn c-alculating the CM F. use a CPL valuc that is based 
on tht! nonnal meter operating pressure when the ftow is not 

going through thc prover. Record and round th1s valuc to the 
requircmcnl!ol spccificd in Table 8. 

l. Stcp 12-Determ.ine Meter Accuracy {MA). 

For many field Jpplications, a mechanical or electronic cal
ibrntor is often used to adju~t the meter factor to unity to cor
rect meter rcadings aswciílted with truck loading rncks and 
LACT/ACT meter skid~. To ascert.ain thnt thc proving report 

and the required cahbrator adjustmcnt" have been made with
out error. detem1inc thc meter accuracy for each provmg run. 
usmg thc followmg equa.tion: 

MA = 
1 

MF 

12.3 MASTER METER PROVING 

Thc followmg .'.eCtion rigorously :-.pecitic" the rounding, 
culcul<Jtion "iequcncc. and discnrnina.tion lcvcls required for 

meter pmving 1epon calculations. using a master meter. In the 
case of proving WLih master meters, two scparnte octions are 
nccessary. Fir.,t. the master meter mu~l be proved using a 
master pmver. Sccom..l. thi~ rnn~ter meter is then used to dcter-

... ......., """-,.......,. mtlbJII 
trt llr l.C 1l08:li2:DOO 

Meter 
Pre,<;.sure GSVp ISVm IMF 

23 223356 22.4883 . 0.9932t 

23 22.3348 22.4855 0.99330 

23 22.3363 22.4854 0.99337 

22 22.3360 22.4892 0.99343 

23 22.3340 22.4856 0.99319 

Avernge Meter Fru...'"tOr (MF) 0.9933 

mine the meter factor for the operational (field) meter by act
ing as the prover. 

Three differenJ calculaiion pmcedun!s are possihle. 
depending on whether the master prover is a displacement 
prover ora tank pmver. These three proudures are described 
below,following Steps 1-5, 12.3./.a--d, which are common 
co alf rlte calculaiion me1hods. 

12.3.1 Proving a Master Meter with a Master Prover 

As mdicated above. it is first neccssary to prove the master 
meter against a master prover. A master prover is defined as a 
pruver (a displacemc.:nt or tank prover is normally used) that 
has 'been calibrated by the water-draw method. 

The procedures outlined below do not include the require
ments for the calculations associated with RHOb, CrL., or F. 
The munding. calculation sequence, and discrimination levels 

for these tenns are, for the most pan, conlllined in the refer· 
ences listed in Appendix A. When a referencc does not con
tain an implememation procedure, Appcndix A contains a 
suggested 1mplementation method. 

a. Step 1-Enter Initial Prover Data. 

Enter alllhe prover infonnation talen from the prover cah

brntion certificate. The required information is the same as 
that described in 12.1.a, Stcp l. fordi~placcmcnl provers. nnd 
12.2.a. Stcp 1, for tm1k provers. 

b. Step 2-Enter Imtial Meter Dalll. 

Enter alllhe required information on the meter being proved 
and ro:ord on the meter provmg report fonn. Thc rcquircd 
inlonnauon is thc !'iWDC as thnt described in 12. t.b, Step 2. 

c. Step 3--Enter Fluid Data. 

Entcr all the intormation on thc hydmcarbon liquid being 
mctered. This rcquircd infonnation is the same as described 
in 12.l.c, Step 3. 

d. Step 4-Reconl Run Data. 
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For every pruving run, record lhe following data: 

Master Prover Data 

DisaiminDlioo 
Levels 

Td (for small volume provers) Table 3 

Tmp (for displacement and tank provers) Table 3 

Pmp (for displacement provers) Table 4 

BPVmp (for displacement provers) Table 9 

BPVwnp (for tank provers) Table 9 

SRu. (for tank provers) 

SR/ (for tank provers) 

Masler Meter Data 

Tmm 

Prnm 

MM Re 

MM Ro 

Ni 

N 

e. Step S-Determine Base Density. 

Tahlc 9 

Table 9 

Table 3 

Table 4 

Table 9 

Table 9 

Table JO 

Table 10 

Ustng the observed density (RHOobs, DENobs, AP/ub."i or 

RDobs) and observed temperature (Tobs), caiculale lhe base 
density (/i.HOb, DENb, APlb, RDb) by eitlter tite appropriate 
technical standards, the proper density correlations. or the rel
evam equations of state. Round the density value in accor
dance with specifications given in Table l. 

At sorne metering facilities. an online densicy meter (densi
tornetcr) is installed to continuously monitor and dctcnninc 
density ín rcaJ time. In lhcse cases, users should refer to 
Appcndix A for infonnation on 'alculation requirements. 

12_3.1.1 To Determine a Master Meter Factor Using 
a Displacement Prover as the Master 
Prover and Using the Average Meter 
Factor Method al Calculation 

a. Stop 6A--Cakulate GSVmp. 

The gross standard volume (GSVmp) of the ma.o;ter 
pro\cr-that is, the .. true" volume of hquid passing lhmugh 

the pruver during the pruvmg run--is cakulatcd by thc fol
lowing equation: 

GSVmp = BPVmp x CCFmp 

The base prover volume (BPVmp) 1S obtained from the 
prover calibration 1.:ertificate. 

Calculatmg the comhined correction factor (CCFmp) 
requires the calculation and serial multiplication, in thc orUer 

... -bY~~~~-Pell'lltomFrt Mil' ZA ll08:11 lODO 

given, of tite four conrection factors, CTSmp, CPSmp, 
Cflmp, and CPLmp. for each selected proving run. 

l. Determine CFSmp: 
For displaccmcnt master provers with detectors 

rnounted in tite caiibrated section, tite following formula 
shall be used: 

CfSmp = 1+ [(Tmp- Th) x Gmp) 

For displacement master provers (usually small volume 

provers) with detectors mounlcd o~ an cxtemaJ shaft. a 
modified formula shall be used: 

CfSmp= { l + [(Tmp- Tb)xGall X [ l + [(Td-Tb) xcn¡ 

The CTSmp vaiue shail be rounded in accordance with 
the discrimination level requiremen~ specified in Table 8. 

2. Determine CPSmp: 
The CPSmp for a single wall pipe master prover shall 

be cak.-ulaled using the following fonnula: 

CPSmp = 1 + (Pmp- Phg) x ID 
ExWT ' 

wherc 

ID 00-(2 x W7), 

Pbg Opsig. 

The CPSmp value shall be roundcd in atx:unlam .. -c with 
the disctimination level requirerncnts spccificd in Table 8. 

For a doubJe wall displacement master provee, 

CPSmp = 1.00000. 

3. Determine Cflmp: 
The CI1.mp corrects for the thermal expansion of the 

liquid in the master prover. Using the base density (RHOh, 
APlb. RDb, and DENb) and tite tempernlure of the líquíd 
(Tmp) in the master prover, together with tite appropriate 
standards or r.:omputer routines. a value for CTLmp can be 
obtained for each of the selected proving runs. Round the 
value according to !.he discrinunallon leve! requirements 
specified in Table 8. · 

4. Determine CPLmp: 

Using a density vaiue (RHOb. APlb, RDb, DENb), tite 
master provcr prcssure (Pmp), and the master prover tem
pcratun: (Tmp), caiculate the compressibílity value of 
Fmp using the appropriate technícai standards for cach of 
the selected proving runs. Round this value according to 
the discrimination level requirements specífied in Tahle 5. 

Using Fmp, together with the prcssurc in the master 
pruvcr calibratcd secuon (Pmp). the equilibrium vapor 
pressure of the liqui<.l in thc ma..,Ler pruver (Pemp), and the 

... 
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bílSe pressure (Pba), calculate the CPI.mp value using the 

foHowing expression. 

CPLmp = -~~~--...:.__,,...----,-___,----, 
1-[(Pmp+Pba-Pemp)xFmp] 

Round this value accordmg to the requirements speci
fied in Tab1e 8. 

~ote: lf th¡: vapor pressure of the !)quid is less than atmospheric 
prcswrc at normal temperature. lhen Pemp is considered to he 
zero po;ig. 

5. Detcnnine CCFmp: 
The l.:Ombined curre~.:uon factor of lhe master prover 

(CCFmp) i.' caku!atcd by serial multiplication of the cor
rcction factors m the order specifkd. usmg the equation 
shown below. This value shall be rounded according to the 
rcquirements spccified in Table 8: 

CCFmp = CJ'Smp x CPSmp x CTLmp x CPLmp 

As starcd ahove. GSVmp is now ca.Jculatcd for each of 
the sclccted master proving runs by thc following equa
tion. and roundcd according to the requirements contained 
in Tah!e 9: 

GS\'mp = BPVmp x CCFmp 

b. Step 7 A-Calculatc /SVmm. 
The indicated standard volume (ISVmm) of the master 

meter i.!t thc vol u me of the liquid passing thmugh lhe meter 

for the selected runs with no cnrrection jor meter inaccura· 
cu~s. calculatcd by thc following equation: 

/SVmm = /Vmm x CCFmm 

l. Dctc1 mine /Vmm: 

Usmg a digital pulse train. calculate the indicated vol· 
ume (IVmm) of liquid pa.ssing through the master meter 
by dividing thc pulses (N) or the interpalated pulses (Ni) 
for cach se!ected proving run by the nominal K-factor 
(NKF), as shown below. Round. and record thc vulue of 
/Vmm in accordancc with the discnrnination )evels SJX!CÍ

ficd in Table 9. 

/Vmm = 
N 

NKF 
or 

Ni 
/Vmm = -

NKF 

To calculate the combinc:d corrcction factor (CCFmm), two 
l.'Orr'CCtion factor valuc:-., CTLmm and CPI.mm, are calculaled 
and then scqucntially multiplied in Lhc order spccificd. See nore 
u11der 12./.l.b. Step 7 A, regordinR other corrution jUctors. 

-lrYUII_PI_mtlbltl 
Frt llllr 24 IJ:OB::Il 2000 

2. Determine CTimrn: 

By using a base density (RHOb, AP/b, RDb. DENb) 
ami the temperature (Tmm) of the liquid in the master 
meter, together with thc relevnnt standards or computer 
routines, a value for CTLmm ca.n be obta.íned for each of 
the selected pruving runs. Round this value according to 
the discrimination level requirements spt:cilied in Table 8. 

3. Detennine CPLmm: 

Using u dcnsity value (RHOb, APlb, RDb. DENb), the 
master meter pressure (Pmm), aod the master meter tem
perarure (Tmm) for cach or the selected proving runs, 
ca!culate the value of Fmm using the apprupriate technical 
standards. Round this va1ue according to lhe discrirnina
tion leve! requirements specified in Tab!c 5. 

Using lhe compressibility factor (Fmm), together with 
the pressure in the master meter (Pmm), tbe equilibrium 

· \lapor pre..<;.<;;Ure of the liquid in the master meter (Pemm), 

and the base pressure (Pba) for each of the selected prov
ing runs, calculate the CPI...nun value using the following 

expression: 

C P Lmm = .,--:-:-::---=_:_-=---,--=--o 
1-[(Pmm+Pba-Pemm)xFmm] 

NQf.e: U the vapor pressure of the Iiquid is less than attn<>Spheric 
pressure at normal !emper.nure, then Pernm ts l."'nsiliered to be 
zcro psig. 

4. Determine CCFmm: 

Having determined the above two correction factors, 
calculate the r.:ombined correction factor of prover by 
serial muh.iplicalion of the correction factors, using the 
equation shown below. Round this valuc accordmg to the 
requin:ments spccified in Table 8. 

CCFmm = ClUnm x CPLmm 

The ISVmm is then ca!culatcd by thc cquation shown 
be!ow: 

ISVmm =/V mm x CCFmm 

c. Step 8A-Cllculatc /MM F. 
lntermediate rnaster meter factors (IMMF) are detennined 

for each of the selcctcd proving runs by the formula: 

IMMF = GSVmp 
ISVmm 

Record and round the va1ues ofthe IMMF acconhng to the 
discnmination lcvcl requirements specified in Table M. 
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d. Step 9A.....;::aiculate Repeatabihty. 
To judge the acceptability of each of fMMF from the 

selected run data. the repeatability for the average meter fac
tor method is calculated as follows; 

Intermediate master meter factors (IMMF) are calculated 
for each selected pass or round trip of the prover. The range 
of these intennediate meter factors for all the acceptable 
proving runs is now calcuiated and used as the measure of 
accc:ptability for the master meter proving. In lhis mcthod. 
the complete calculation steps needed to determine an inter
mediate master meter factor have to be perfonned for every 
selected pass or round trip, and then all these intermediate 
master meter factors must be compared to assess acceptable 
repeatability. 

For a master meter proving using a displacement master 
prover. the range (%R) of the selected intermediare meter fac
tor> (fMMF) shal/ not exceed 0.020%. lhis range is calcu
Jated using the following formula: 

maxfMMF -minlMMF lOO 
R% = minfMMF x 

e. Step IOA-Calculate Final MM F. 
After it has been estabüshed that the range (repeata.bility) 

of the intermediare master meter factor> (IMMF) meets the 
acceptability criteria, a final master meter factor ~hall be cal
culaled as follows: 

where 

L™MF 
MMF= =--

n 

n= the number of !MMF from the selected proving runs. 

Recon.l and ruund thi.!l value tu the discrimination level 
requirements as specitic:d m Table 8. 

12.3.1.2 To Determine a Master Meter Factor Using 
a Oisplacement Prever as the Master 
Prever and Using the Average Data 
Me1hod of Calculation 

a. Step 68-Calculate Repeatability. 
Having made the selecred numher of provin,g runs a<; 

described in Step 4. 12.3.l.d. record the results of the data for 
Tmm, T mp, Pmm, Pmp. and N or Ni 

Uc;e of the average data method requires thar t:h~: range of 

the pulses generated for each selected pass or round trip be 
caJculatcd and uscd lo measure acceptable repeatability. 
Acceplable repeat.ability (%R) for a master meter pruving 
with a master prover shali not e:creed a mnge nf 0.020%. To 

determine lhe range, examine the pulses generated for each of 

Coo-'lrflllO_PI_ DltlltJto 
frt Mr 24 llO&:ZJ: 

the selected proving runs. and· use the following formula.to 
calculate the repeatability: 

Hig!zt,st Pulse- Lowest Pulse 
100 R%= X 

Lowest Pulse 

Once it is established that tbe selected proving runs satisfy 
·the repeatability requirement by not exceeding 0.020 percenL 
the foUowing data should be calculated: 

Prover Data 

(forSVPonly) Td(avg) 

Tmp(avg) 

Pmp(avg) 

Pemp(avg) 

Meter Data 

Tmm(avg) 

Pmm(avg) 

Pemm(avg) 

N(avg) 

b. Stcp '7B--Calculate GSVmp. 

Discrimination 
Levels 

Table 3 

Table 3 

Table 4 

Table4 

Table 3 
Table 4 

Table 4 

Tablc 10 

The gross standard volume (GSVmp) of the m.-;ter 
pmver-lhat is, the "'true" volumc of liquid pa~.;,ing thmugh 
the prover during the pmving run, is calculated by the foUow
ing equation: 

GSVmp = BPVmp x CCFmp 

Thc base provcr volumc (BPVmp) is obtaincd from the 
masrer prover calibration ccrtificatc. 

To cakulate lhe combined correction factor (CCFmp) 
reqmrc..~ calculating all four correction factor vaJues
CTSmp, CPSmp. CTLmp, and CPlmp. These values are then 
sequentially multiplied in the ordcr specified, rounding at tbe 

end uf lht: multiplicalion. 

l. Determine CTSmp: 

The CTSm.p val ue corrects for the thermal expansion of 
lhe steel in the prover calibr.:ued section, using the average 

prover liquid temperature [Tmp(av¡¡)J from aU of the 
selected proving runs. 

For displacement ma"ter provers with dctecton;: 

mounted intcmally in the calibrated scction, the following 
formula >hall be used: 

CTSmp = 1+ [(Tmp(avg) .:Tb¡ x Gmpj 

,,t¡ 
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For displacement master provers using detectors that 
are mounted extemally on a shaft (e.g., small volume 
provers), this modified fonnula shall be used: 

CTSmp = { 1 + [(Tmp(avg)- Tb) x GaJl 

x { I+[(Td(avg)- Tb) x GI]J 

This CTSmp value shall be rounded in accordance wilh 
the requirements ofTable 8. 

2. Determine CPSmp: 
The CPSmp value correct" fur thc expansion of the 

steel in tht pmver calibratcd scct1on. using the average 
liquid pressurc or the master provcr {Pmp(avg)} from all 
of the selected proving runs. 

The CPSmp for a single wall displucement master 
pmver shall be calculated using thc following fonnula: 

CPS _ 1 [Pmp(avg)-Pbg]x/D 
mp- + ExWT ' 

whcre 

lD OD-(2xWl). 

Pbg = Opsig. 

This CPSmp value shaJI be rounded in accordance with 
the requirements of Table 8. 

For a doublc walJ displacement master prover, 

CPSmp = 1.00000. 

3. Dct.c:rmine Cfl.mp: 
By using an average base density (RHOb. AP/b. RDb, 

and DENb). and lhe uvemge tempemture of the liquid 
fTmp(avK)) in the master prover, together with the relevant 
standards or computer routmes, a value for CTLmp can he 
ohtained. Round tlus valuc according to the discrimination 
lcvel requirements specitied in Tablc 8. 

4. Determine CPLmp: 
Using an average densJty value (RHOb. AP/b. RDb. 

DENb), the average mao;;ter pruver prcssurc {Pmp(a\'g)] 

and lhc average master prover temperature [Tmp(avKJ]. 
calculatc thc value of Fmp using the appropriate technical 
~tllndards. Round thi~ vaJuc at:cording lo the requirements 
specified in Table 5. 

Using the cnmprcs.ihility factor (Fmp) determined in 
thc prcceding step, togetheT wítfl the avernge pressure in 
thc provcr calibratcd section [Pmp(av~Jl. thc cquilibrium 
vapor prcs.'iure ofthe liquid in the prover [Pemp(avg)). and 
the base pressure (Pba). calculatc thc CPLmp valuc using 

the following exprcsston: 

1 
C P Lmp = -:---:-:-::--:--:-----:~..:_-;:---,--=.,-;:e-~ 

1 -I(Pmp(avg) + Pba -Pemp(avg)) X FmpJ 

-lrfllll __ _ 

frt Mr !4 1UI:al !ODD 

Round this value according to the discrimination level 

requirements specified in Table M. 

Note: If the vapor pressure of the liquid is less than atmospheric 
pressure at norm:d remperar.ure, then Pemp(avg) is considered to 
be zero psig. 

5. Determine CCFmp: 

Having detcnnined the four corrccuon factors. the 

combined correction factor ofthe master prover (CCFmp) 
can be calculiued by serial multiplication of tlle correction 

factors in the exact order specified, u<ing the equation 
shown below and rounding at the end of the multiplica
tion. Round this value according lo the di~rimin.ntton 
level requiremenlo;; specified in Tahlc 8. 

CCFmp = CTSmp x CPSmp x CTLmp x CPLmp 

Following this calculation, calculate GSVmp using the 
formula: 

GSVmp = BPVmp x CCF mp 

c. Step 8~culate /SVmm. 

The indicated standard volume (ISVmm) of thc master 
meter is the volume of lhe liquid passing lhrough the meter 
for the sclected proving runs. with no correction for me1er 
inaccuracies, and is calculated by the following equatioo: 

/SVmm = /Vmm x CCFmm 

l. Determine /V mm: 

Using a digital pulse tr.ún allows the indicated volume 
(/Vmml lhrough the master meter to be calculatcd by 

dividing lhe average of nll the pulses [N(avg)J for all of 
lhe selccted pmving runs. by the nominal K-factor (NKF), 
as shown below. Round and record the value of /Vmm in 
aL-cordance with the discrimination levels spccitied in 
Table9. 

/Vmm = N(avg) 
NKF 

Calculaling the t.-umbined correction factor <CCFmm) 
for the master meter requires the calculating of two cor
rection factor values, CTI...mm and CPLnun. which are 

lhen scqucntially multiphed in the order specified. 

2. Determine CTL.mm: 

By using an average base density (RHOb, AP/b, RDb, 
DENb), and lhe average Lemperalure [Tmm(avg)] of the 
liquid in the ma~ter meter. togethe:r with the relevant stan
dard.o;; or computcr routmcs, a vaJuc for CTi..Jw11 can be 
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obtained. Round this value according to the discrimination 
leve! requirernents specificd in Table 8. 

3. Detennine CPLmm: 
Using an avernge dcnsity value (RHOb, AP/b, RDb, 

DENb), lhe average master meter pressure [Pmm(avg)J, 
ruid avernge master meter temperature [Tmm(avg)]. from 
al! of lhe selected proving runs, calculate lhe value of Fmm 
using the appropriate technical standards. Round this value 
according to the requiremenl'\ ~pecified in Table 5. 

Using the value uf Fmm determined in Lhe preccding 
step, together with the average pressure in the master 
meter [Pmnúavg)), lhe equilibrium vnpor pressure of lhe 
liquid in the master meter [Pem(avg)], and the base pres
sure (Pba). calculate lhe CPLmm value using lhe 
following expression: 

1 
Cf'Lmm 

I-[(Pmm(avg) + Pba -Pemm(avg)) x Fmmj 

Note: lf the vupor pressure of the liquid is Jess than atmo
spheric pressure al normal temperature. then Pemm(avg) is 
considered to he u:ro psig. 

4. Determine CCFmm: 
When the two correction factors have been detennined.. 

the combined correcuon factor of Lhe master meLCr 
( CCFmm) 1s calculated by sena! multiplication of the cor

recúon factors in the exact order specified and rounding m 
the end of the multiplication. using the equation shown 
bclow. Round this value accordmg to the requircmcnl5 
spec1tied in Table 8. 

CCFmm = CTLmm x CPLmm 

Aftc:r thcsc calculations. ca.Jculatc /SVmm using thc for
mula al hcginning of Step 8B. 

d. Step 98--Final MMF. 

The master meter factor (MMF) is derermined by the 
formula: 

·MMF= GSVmp 
ISVmm 

Round this valuc to the requircmcnts ~pectfied in Table 8. 

12.3.1.3 To Determine a Master Meter Factor with 
an Open Tank Prover as the Master Prover 
and Using the Average Meter Factor 
Method of Calculation 

Normal industry practice ll'\es thc average meter factor 

method to calculate master meter factors when proving a 
master meter wnh a tank prover as the master prover. Normal 
proving technique aJiows flow through the master meter into 

the empty m~ler Lank pmver until ílllaJ. Thi~ coru.tilute:-. a 
provmg run. 

c.o..-nbYU. __ _ 
Frf Mr 24 li:O&:JJ 2000 

Complete Steps llhrough 5 as shown in 12.3.J.a-d. 

a Step 6C-Calculate GSVmp. 
The gross standard volume (GSVmp) of lhe t.ank prover is 

the "true" volume of the liquid contained in the pmver 

hetwecn lhe nominal "empty" and "fulr' levels. The GSVmp 
is calculated. from the following equation: 

GSVmp = BPVamp x CCFmp 

where 

BPVamp = SR u- SR/ 

The adjusted base prover volumc (BPVamp) for lhe master 
tnnk prover is detennined by the difference hetween the upper 
and 10\llcr scale readings during each proving run. To deter
mine lhe lower (SR[) scale reading, -!he open master tank 
prover should firsl be filled wilh hquid, lhen druined lo emply 
for lhc prescribed draining time. lhen refilled up lo the lower 
scale. The lower scale reading is laken prior to lhe proving run. 
Jf the tank pmver has nu luwer scalc, then the ¿ero mark is 
established d.epending on the bottom ammgement of thc tank 
prever. The proving run is then initiated. The master tank 
prover is filled to the upper scale, the ftuw is shut off, and the 
upper (SRu) scale reading is taken. Thc scalc readings should 
he recorded a~ indicated in the discrimination levels in Table 9. 

To calculate the combined correction factor for the master 
tank prover (CCFmp), it is necessary to obtain the CTSmp, 
CPSmp, CTLmp, and CPLmp values, as discussed in lhe pre· 
vious ~tion on displaccrnent pmvers. 

l. Determine CTSmp: 
The ClSmp for a master tank prever may be calculated 

from lhe formula: 

CTSmp = 1 + f(Tmp- Th) x Gmpf 

Th1s CTSmp value shall be rounded in accordance with lhe 
discrimination requircmcnt'\ specified ln Tahle K. 

2. Determine CPSmp: 
Sincc an open tank prover is under atmospheric condi

tions, the CPSmp value i!>. !>.CllU unity. 

CP Smp = 1.00000 

3. Determine CTI.Jnp: 
By using a base dcnsity (RHOb, AP/b, RDb, and 

DENb) and the temperature (Tmp) of lhe liquid in the 
master tank prover. toget.her with the appropriate stan
dards or computer routincs. a valuc for CJLmp can be 

detenn.ined. Round this value according to Lhc require
ments specified in Table 8. 

4. Determtne CPI.Jnp: 
Since the open t.ank prover is under atmospheric condi

tions, the CPLmp value is set to unily. 

CPI.Jnp = 1.00000 
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5. Determine CCFmp: 

When the four rcquircd correetion factors have been 
determ i ned. the combincd correction factor of tan k pro ver 
(CCFmp) can be ealeulated by serial multiplication o[ the 
correction factors in the exact order specified, using the 
equation shown below. Round thi~ value according to the 
rcquircments specified in Table 8. 

CCFmp = CTSmp x CPSmp x CTúnp x CPúnp 

CCFmp = crsmp X 1.00000 X CTúnP X 1.00000 

CCFmp = CFSmp x CTúnP 

When these ca.lculations are done, calculate GSVmp 
using the formula: 

GSVmp = (SRu- SR{) x CCFmp 

b. Step 7C-Cakulatc /SVmm. 

The indicatcd standard volume (/SVmm) of the master 
meter is the volume of the liquid pa.ssing thmugh thc meter 
for selectcd runs. without correction for meter inaccuracies. It 
is calculated by the following cquation: 

ISVmm = /Vmm x CCFmm 

l. Determine /Vmm: 
Ir a digital pulse train is used, then the ind1ca.ted vol

ume passcd lhrough the master meter is calculated by 
dividing the pulses (N} frorn each run by the nominal K
[ac~or (NKF), as shown below. Round and record the 
value of /Vmm in <K:cun..lance with !he discrimination lev
els specified in TJ.ble 9. 

N 
/Vmm = NKF 

lf a master meter registcr hcad i~ used. the !V mm is cal
culaled using the opcning and closing master meter 
rcadings (MM Ro. MMR,c) for each run. as shown below. 
Roond and record the value of 1\lmm in accordance with 
the discriminatiun lcvcls specified in Tablc 9. 

/Vmm=MMRc-MMRo 

To l.:alcula.te thc combined corrcction factor ( CCFmm) 
fur !.he master meter requires caJculJ.tion of the <."'rrcction 
factor valuc~ CTLmm and CPLmm. wh.ich are sequenually 
multiplied togcther in the ordcr specificd. 

2_ Detennmc CTl.Jnm: 

By using a ba<e density (RHOh, AP/b, RDb, and 
DENb) and thc temperature (Tmrn) of the liquid in the 
master meter, together with thc appropriatc standartb or 
cumpuler ruutines, a value for Cflmm can he obtained. 

CUpJI1tj11bJU10_1'1 __ 

fr1lilll" Z4 li:D&:JilDDO 

Round this valoe according 10 the requirernents specified 
in Table 8. 

3. Determine CPLmm: 
Using a density value (RHOb, AP/b, RDb. DENb), the 

master meter pressure (Pmm), and the master meter tem
perature (Tmm), calculate the valoe of Fmm using the 
appropriate technical standards. Record and round this 
value according. to the requ1rements specified in Tablc 5. 

Usíng the Fmm detennined in tbe precc:ding step. 
together with the pressure in the master meter (Pnun). the 
equilibrium vapor pressurc of the liquid ín the master 
meter (Pemm), and the base pressure (Pba), calculate the 
CPúnm value using the foUowing cxpression: 

CPLmm l 
1- [(Pmm + Pba- Pemm) X Fmm] 

N()(e: lf the vupor prcssun: of the liquid is less than atmospheric 
pre..~~ure ar: normal temperawre, Pemm ts considered 10 he zero 
psig. 

4. Determine CCFmm: 
When the two correction factors have been deternúned, 

the L'"Ombined correction factor for the master meter 

(CCFmm) can he calculated by serial multiplication of the 
crnrection factors in the cxact arder specified. using the 
equation shown below. Round this value accordmg to the 
requirements specified in Table 8. 

CCFmm = CTLmm x CPLmm 

The /SVmm 1s thcn calculated by the equation: 

/SVmm = !Vmm x CCFmm 

c. Step 8C-{:alculate /MM F. 
lntennediate master meter factors (IMMF) are dctermined 

for each of the selected pmving runs hy thc formula: 

IMMF = GSVmp 
/S V mm 

Record and round the values of IMMF according to the dis
crinunation leve! n!quiremenL'i specified in Table 8. 

d. Step 9C-{:a1Culate Repeatability. 

To judge tite acceptability of each of the selectcd run data. 
the repeatability for the averoge meter factor method is calcu
lated as follows: 

Intermediatc master m'.!ler factors (IMMF) have been cal
culated for each filling ofthe master tank prover. The range of 
thcsc intermediate master meter factors for all the acceptable 
masta pn:wing runs is now calculated and used as the mea
sure of acccptahility for the master meter proving. In this 
mcthod, the complete caJculation steps 10 determine an inter
mediate meter factor have to be pc~fonned IOr every master 
prover tilling and lhen these intcnncdiatc master meter foc-
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tors must be compared to assess acc:eptable repeatability. 
Acceptable repeatability (%R) is defined as all the intennedi
:ue master meter factors within a range of 0.020%. 

This repeatlbiüty check is made using the following formula: 

R% = maxlMMF-minlMMF X lOO 
minlMMF 

e. Step !OC-Final M F. 
The master meter factor (MMF) is a value used to adjust 

for any small inaccuracies associated with the perfonnance of 
the master meter. Having estabüshed that the rnnge (repeat
ability) of the intermediare master meter factors (lMMF) 
meets the acceptability criteria, a final master meter factor 
shall be calculated as follows: 

whcre 

LlMMF 
MMF==--

n 

n = the total number of acceptable lMMF from the 
selected proving runs. 

Round the master meter factor as specified in T~ble 8. 

12.3.2 Proving an Operational Meter Using a 
Master Meter 

Afu:r the master meter has been proved against a master 
provee, this master meter can then be used to prove opera
tionaJ meters that are in cuSIOdy transfer service. Since differ
ences will almost certainly occur between the proving 
conditions of the master meter using a mao;ter pmver and thc 
prnving conditions of the master meter with an operntional 

meter. an increased degree of uncenainty in the final meter 
factor may resulL 

The calculation procedures for proving operational meten> 
with a master meter do not mclude the calculations a"isociated 

wilh RHOb, CTL. or F. Thc rounding, ca1culation sequcnce. 
and discrimination levels for these tenn.<> are. for the most 
pan, contained in the references listed in Appendix A. \Vhen a 

reference does not contain an implemental.lon procedure, 
Appendix A contains a suggested implementation method. 
The calculation procedure to be used when proving a field 

meter with a master meter is lhc average meter factor melhod. 

a Step l-Enler lnitial Ma"iter Meter Data (Prover). 

Enter the initial master meter infonnation on the meter cal
ibration cenificate on the meter proving repon fonn. See 
12.1.a. Step l. 

h. Step 2-Entcr lnitial Field Meter Data 
Enter the rcquired information on the operational meter 

being proved on the meter proving repon furm. See J2.1.b, 
Step2. 

CQJYI'II'It bY dio-Pl-llrttbJta 
h1MII"l4 Ja:08:41l000 

c. Step 3-Enter Auid Data 
Enter all the required information on the hydrocarbon üq

uid being metered. See 12.l.c, Step 3. 

d. Step 4-Record Run Data 
For each proving run, record tbe following data: 

Discrimination 
Le veis 

Master Meter Data 
Tmm Tahle 3 

Pmm Tahle4 
MMF Table 8 

Meter Data 

Tm Tnble 3 
Pm Table4 

N Table 10 

c. Stcp 5-Calculate Base Density. 
Using the observed density (RHOob.•. DENobs, APlobs. or 

RDobs) and observed temperature (Tobs), calculate the base 
density (RHOb, DENb, APlb, RDb) by cither the appropriate 
technical standards, the pmper density correlations, or the rel
evant equations of state. Round the density value in accor· 
dance with specifical.ion~ givcn in Table l. 

f. Step ó-Calculate GSVnUTL 

The gross standard volume (GSVmm) for liquid passing 
through the mru.ter meter- thar. is, the "true" volume of liq

uid passing thruugh thc master meter during the proving 
run-is calculated by the following equation: 

GSVmm = /Vmm x CCFmm 

To calculate the combincd correction factor (CCFmm), the 
correction factor vaJues CTLmm and CPLmm are calculated 

and then sequentially multiplicd together in the order specified. 
The ma'itcr meter factor (MMF) wns calculated by the pro-

cedures shown previously. · 

l. Determine !Vmm: 
If a digital pulse train is used, thc /Vmm i"i calculated 

by dividing the pulses (N) from each run by the nominal 
K-factor (NKF) as shown hclow. Round aod record the 
value of /V mm in accordance with the discrimination lev
els specilied in Table 9. 

N 
lVmm = -

NKF 

If a meter register head is u>eU. the lVmm is calculated 
by using the opening and closing meter readings (MM Ro, 
MMRc) for each run. Round and record the valueof fVmm 
in accordance with Table 9. 

/Vmm=MMRc-MMRo 

'·' '.•·· 
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2. Detennine CTúnm: 

By using a base density (RHOb. AP/b, RDb. DENb), 
and the tempcmture (Tmm) of thc liquid in the master 
meter. togetber with lhe appropriate standard.s or computer 
routines, a value for CTúnm can be obtained. Round this 

value according lo lhe requirements specificd in Table 8. 

3. Determine CPúnm: 

Using a densioy value (RHOb. AP/h, RDh, DENh). the 
master meter pressure (Pmm), and the master meter tem
pcroture (Tmm), calculate the value of Fmm using the 
appropriate lct:hni<.:al standardo;o. Round this value acc:ord
ing Lo lhe rcquircments specified in Table 5. 

Using the Fmm <ictenninc<i in the preceding step, 
togethcr with lhe liquid p~re in the master meter 
(Pmm), the eqmlibrium vapor prcssurc of thc liquid in the 
master meter (Pemm). and the base pressure (Pba), calcu
lnte thc CPlmm value using lhc following expression: 

1 
CPLmm 

1- [(Pmm + Pba- Pemm) X Fmm) 

Round this value according to the requirements speci
ficd in Tablc 8~ 

Note: lf the V<lpor pressurc of the Jiquid is le.~ than atmospheric 
pressure al nonna1 temperarure, Pemm 1s considered lo be zero 
psig. 

4. Determine CCFmm: 

When thc two corrcction factors have been deter
mincc.J, the CCFnun can be ~,;alculated hy serial 
multiplication of thc corrcction factors and thc master 
mcLCr factor in thc order specified. u:-.ing Lhe equauon 

shown below~ Round thtS value according to the requirc
ment~ ~pcdlicd in Table 8. 

CCFmm;;;; CrL.mm x CPúum x MMF 

5. Determine GSVmm: 

The gro~~ ~tandard volume of the master meter 
CGSVmm) J!lo lhc "true" volume of the hquid pa.<iSing 
through thc master meter during the provmg pass. The 
GSVmm is calculated by the following equation and 
rounded to the discrimination requirements contained in 

Table 9: 

GSVmm = /Vmm x CCFnun 

g~ Stcp 7--<:akulatc ISVm 

The indicated standard volume (ISVm) of the liquid pass
mg through thc opcrationnl meter tha.t is being proved by lhe 
ma.o.,tcr meter, is calculated by the following c4uo.Hion: 

!SVm = !Vm x CCFm 

-IIY 1111--mtttuto friMr Z4 Ja:DI:4l ZDDD 

The indicated volume of thc operational meter (/Vm) is cal
culated in one of two ways: 

If a digital pulse trnin is used. the /Vm thmugh the opera
tional meter is calculated by dividing the pulses (N) from 
each run by the nonunal K-factor (NKF), as shown below~ 
Round and reconi the value of Wm in accordance with the 
discrimination lcvels specitied in Table 9. 

N 
/Vm = -

NKF 

lf a meter register head is used, thc /Vm is calculated using 
the opening and closing meter readings (M Ro, M Re) for each 
run as shown below~ Round and record thc value of /Vm in 
accordance with Table 9. 

/Vm =M Re- M Ro 

To cakulate the combined correclion factor (CCFm), the 

correction factor values CTún and CPún are calculated and 
then sequentially multiplied together, in the order specified. 

l. Detennine CTún: 

By using a base density CRHOb. AP/b, RDb. DENb) and 
the tempemrure (Tm) ofthe liquid in thc oper:uional meter, 
together with the appropriate !-.tandanls or computer ro~r 
tines, a value for CTLm can be obtained. Round this value 
according to the requirement.s specified in Tablc 8. 

2~ To Detenninc CPLm: 
Using a densioy value (RHOb, AP/b, RDb, DENb), thc 

pressure in the operational meter (Pm) and the tempera
tute of the liquid in the operational meter (Tm), calculate 

the value of Fm using the appropriate technical standard<~ 
Round thJs value according to the requirements specified 
in Table 5~ 

Using the factor (Fm) determined in the preceding slt.:p, 

together with the liquid pressure in the operational meter 
(Pm), the equilibrium vapor pressure of the líquid in the 
operational meter (Pem), and thc base pressure (Pba), cnl
culntc Lhe CPLm vnlue using the following expression: 

CPLm l 
l-[(Pm+Pba P<m)xFm) 

Round this value according to the requirements speci
fied in Table 8. 

Note: If the vapor pressure of the liquid IS less than atmospheric: 
pressure at normal temperaiure. Pt!m is considcrcd to be z.cro 
psig. 

3. Determine CCFm: 

When the two correc..-tion factors ha ve been detennined, 
lhe combined correction factor of the operational meter 
(CCFm) can be calculatcd by serial multiplication of the 
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correction factors in the order specified, using tbe equa
tion shown below. Round litis value according to the 
requirements specified in Table 8. 

CCFm ~ CJún x CPún 

4. Dctenninc /SVm: 

The indicated stand<U"d volume (ISVm) of the opera
tional meter is the volume of the hquid passmg through 
!he meter during !he equivalen! proving pass and is calcu
lated by the following equation: 

/SVm ~IV m x CCFm 

Round this vaJuc according to the rcquu-cmcnts spcci
fied in Table 8. 

h. Step X-O!Jculate /M F. 

Intennediate meter factOI'S are detennined. for every 
seJected proving run by the fonnula: 

IMF ~ GSVmm 
/S V m 

Record and round this value to the requiremcnlo;; specífied 
in Table 8. 

i. Step 9--Calculate Repeatability. 

To judge the acceptability of each of !he selected runs, 
the repeatahility for the average meter factor melhod is 
calculated as follows; 

Intermediare meter factors (!MF) shall be calculated for 
each provmg run. The range of these intermedmte master 
meter factors, for all the acceptable proving runs is now 
calculated. and used as !he measure of acceptability for 
the meter proving. In Ibis method, the complete calcula
tion steps to detennine an intcrmediate meter factor have 
to he perfonned for every selected pmver run and then 

compnring all these interrnediate meter factors for accept
able repeatnbi!ity. Acceptnble repeatability (%R) is 

Cop-bYtllo---· 1rt 1111' !4 IUllU IODO 

defined as aH the intermediate meter factors within a range 

of0.050%. 
This repeatability check is made using the following 

formula: 

R% = max/MF -min/MF X lOO 
· .... · · min/MF 

j. Stcp 1 0-Calculalc Final M F. 
Havmg cstablishcd lhat thc rangc (rcpcatability) of !he 

intennediate meter factors (IMF) meets lhe acceptability cri
teria. then a final meter factor shall be calculated as follows: 

where 

LIMF 
MF~-

n 

n ~ the number of acceptablc /MF from the selected 
proving runs. 

Record and round this value to lhe discrimination level 
requirements as specified m Table ~-

k. Siep 11-Composite MeterFactor(CMF). 
The composite meter factor is detemUned at the time of 

proving by the following expression: 

CMF=MF,CPL 

When calculating !he CMF. use a CPL value that is bascd 
on the nonnal metering pressure that occurs when the hy~ 
carbon liquid flow is not passing thmugh !he prover. 

l. Step 12-Calculate Meter Accuracy (MA) 
· For many field applications. a mechanicaJ or electronic cal

ibrator is uflen ust..'t.i to adjuslthe meter CacLOr lo unity to cor
rect meter readings associated with truck loading racks and 
LACf/ACf meter skids. To ascenain that the proving repon 
and thc required calibratur adjustments have been made with
out error. detenrune the meter accuracy for each proving run 
using the following cquation: 

MA 
MF 

~.·· 

.. 
! 
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OiAFTER 12-CAL.CUL.AllOH OF PETAOLEUM QUANTinES 

Obtain and Record Prover Data 

t 
Obtain and Record Meter Data 

t 
Obtain and Record Data en Hydrocarbon Liquid being Metered 

t 
Determine Base Density 

t 
Make Proving Run ...,.1-----------. 

t 
Record Tp, Pp, Tm, Pm, and N 

t 
Determine BPV, CTSp, CTLp, CPLp, CPSp, CCFp, and Calculate GSVp 

t 
Determine /Vm, CTLm, CPLm, CCFm, and Calculate ISVm 

t 
Calculate (GSVp/ISVm) lntermediate Meter Factor (IMF) 

t 
"'"' """'"' """ ''~""'~ ""'"'~"~' 

YES NO ----------J~ 

t 
Calculate Average Meter Factor 

_ Figure 1-Proving Report Flow Chart 
Displacement P1pe Prover Using Average Meter Factor Method 
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SECTlON 2, PART 3--PAOVING REPORTS 

Obtaín and Record Prever Data 

' Obtain and Record Meter Data 

' Obtain and Record Data on Hydrocarbon Uquid being Metered 

' Determine Base Density 

f 
Make Proving Run ...,.f---------. 

' Record Td, Tp, Pp, Tm. Pm. and Ni 

' Meet Selected Aun (NI) Repeatability ReqUJrements? 

~ 
YES NO--------.. 

' Calculate Td{avg), Tp(avg), Pp(avg), Tm(avg). Pm(avg), and N(avg) 

' Determine BPV, CTSp, CPSp, CTLp, CPLp, CCFp, and Calculate GSVp 

' Determine /Vm, CTLm, CPLm, CCFm. and Calculate ISVm 

' Calculate (GSVp/ISVm) Meter Factor 

Figure 2-Proving Report Flow Chart 
Small Volume Prover (with Externally Mounted Detectors) Us1ng Average Data Method 



STD.API/PETRO MPMS ~2-2.3-ENGL l998 11 0732290 Obl2875 358 11 

40 

~bY d'll AM1cln Pltruall Ntnot1 
Frt Mrl4 1Ul41 1000 

CHAPTER 12--cALCULATlON OF PETAOLEUM QuNmnES 

Obtain and Record Prever Data 

+ Obtain and Record Meter Data 

+ Obtain and Record Data on Hydrocarbon Liquid being Metered 

+ Determine Base Density 

+ 
Record SR/ and MRo (if applicable) 

+ Make Proving Run ...,.!----------, 
+ Record Tp, SRu, Tm, Pm, and (MRc or N, whichever is required) 

+ Determine BPVa, CTSp, CTLp, CCFp, and Calculate GSVp 

+ Determine /Vm, CTLm. CPLm, CCFm, and Calculate /SVm 

+ Calculate ( GSVp/ISVm) lntermediate Meter Factor (IMF) 

+ ..,, '""'"" "~ "~""''~ "''""~""' 

YES NO--------.... 

+ Calculate Average Meter Factor 

Figune 3-Proving Report Flow Chart 
Volumetric Tank Prover Using Average Meter Factor Method 
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Obtain and Record Master Prover Data 

' Obtain and Record Master Meter Data 

' . 
Obtain and Record Data on Hydrocarbon Uquid being Metered 

' Determine Base Dens1ty 

' Make Proving Run 

' Record Tmp, Pmp, Tmm, Pmm. and N 

' Meet Selected Run (N) Repeatability Requirements? 

~ 
VES NO --------JI~ 

' Calculate Tmp(avg), Pmp(avg), Tmm(avg), Pmm(avg), and N(avg) 

' Determine BPVmp, CTSmp, CPSmp, CTLmp, CPLmp, CCFmp, and Calculate GSVmp 

' Determine /Vmm, CTLmm, CPLmm, CCFmm, and Calculate /SVmm 

' Calculate (GSVmp!ISVmm) Master Meter Factor 

Figure 4-Proving Report Flow Chart 
Proving a Master Meter with a Displacement Master Prover Ustng the Average Data Method 

... YI"dlt lrf tlli-I'IIMlOUI
ft1 1111" Z& llOUJ ZODO 

41 
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Obta1n and Record Master Meter Data 

' Obtain and Record Field Meter Data 

' Obtain and Record Data on Hydrocarbon Uquid being Metarad 

' Determine Base Density' 

' Make Proving Run .,.f---------., 

' Record Tmm, Pmm, Tm, Pm, and N 

' Determine /Vmm, CTLmm, CPLmm, MMF, CCFmm, and Calculate GSVmm 

t 
Determine /Vm, CTLm, CPlm, and Calculate ISVm 

' Calculate lntarmedJata Meter Factor (/MP¡ 

' ..... "'"""" ""' '"'~'"'"'"""""""""' 

YES NO -------......J~ 

t 
Calculate Average Meter Factor 

Figure 5-Proving Report Flow Chart 
Proving a Field Meter with a Master Meter Using the Average Meter Factor Method 

-bYdlo-l'ltMIIIIIIIIlrtttlltl 
frllllr !4 I~OH! !000 
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13 Proving Report Examples -_ . ··.;. .;: . • =-·-- ,· ·.··-- .. ~ ~ .. ;_- ' 

The following examples are shown for illustrative purposes only. Howe>·er, they can be used to verify computer routines and 
calculation procedures. The number of selected proving runs is an npero.tor ( company policy) decision. and the number of prvving 
runs shown in the following emmple.T are intended ro be illustrotive only. Many otherequally valid numben. of proving runs could 
have been selected. 

13.1 EXAMPLES OF METER PROVING CALCULATIONS FOR PIPE PROVEAS ANO SMALL 
VOLUME PROVEAS · 

13.1.1 Example 1-Dlsplacement Prever Report 

a. Temperature Compensated Displacement Meter. 

b. Unidireclional Meter Prover. 

c. Low Vapor Pressure Crude Oil. 

d. Calculate: Composile Meter Factor Using the Average Data Method. 

~-bYihi-PitrolouoDiti!DtJ 
Frllllr ~4 llDW 2'000 

Previous page is blank 
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Example 1-DISPLACEMENT PROVER REPORT 

OPI!!ftATO": 
LOCA noN: 

,.,.,.,_~,2~ ..... ~-~· 
_.....,_oc..us.o. 

METER DATA 

Flfdor CNF 
T.C<>tr~p. l"'uJsco:: Ves. 

NK.F 1 .ooo ooo PfBt>! 

~No. 006 
MIU!uf.-ctur•r PO 

S1ztt 10 ~!'lea 

s-.1 No. P0-97-101 ..._,.,_ 101·ABC 

PROVEA DATA 
BPV 1 1 .904S Bbla 
0.0. zo ltld"lc5 

W.T. 05 

Plp<: Gl 6 20E-06 por de# 
E 3.00E.07 .,._, PA 

FLUID DATA 

TYrM Cruda 
S.td?No NA 

or.API ........ APl 1-T-~ 

~ T..np IMI.5 6o<¡F I'·T--
.......,T- 1 ~-cs..c:.>..-21 

AP/0«1 •2.2 N'1 
Voo:a:>S~Iy tOOdegF !!i.OO cP 

-· T~w. 780 "~~ 

EQ.V-P~ O -

REPORT DATA ·- ~ 
Can :a.-.o.~o 01 

Ru#d Typc Cr-

R~No 20 

F1owrat• 2.457 

ToiiJ#ztll •.57& :1211 

••• 11 .. 
PT<wer Tt!/IITIP ...... 

111("'-j o (142 

F--(CMF) o
F"t~~Ct<NY•,..-

~ 

" 2.5 .. 2 
!iU.laT.l 

Q> 

•oo 

'"" 002~ 

o eosa 
-o 001, 

45 

TJ~JM Unodireclllonal t:l'\. 1 ll0Cl2 R.-r~ 2 AvqOATAMelhod 

Su·I(JI•WIOfl#od (1-V 2-NI 

~ Defecto.. (1 V.2 H) 

Exr.m.l Shalt G/ NA per oegF 
StNW:No U·1U1 

U•,.ulactv .. r Prov•r Ual<« 

ROA 

(1) O.erml,..lon or GSVp 

(:2) o.t.rwlln .. -. or ISVm 

.O.v••-
••~ 

Jt '' • ..,. •no 

1 ifMPifAX 1 ORE 
T<>-Tct 

\ ... .,, 
"' ,., ,., 
,., , .. 
ts.e 
00 
00 

00 
00 

,_ _, 
"'-' 
"" "' , .. ,., 
"'' 00 
00 

00 
00 

71.70 

, ooa ooo 11-t •••~ ru 

!GSVDJ.'!~!;',o'"J• 0"5" MF 

A.Pt s ........ ervct. 011 afl'd .J
APfMPII#SC/wp-ff.l Voo'X 
.,_, IIPMS ~ 1 1.2. 1 

.. 
•• ., 
., ., ., 
o 
o 
o 
o . , 

PABSURb -30 

•• ., 
28 .. ., 
o 
o 
o 

(;(;#,.._ 'ooou 

,,, 
"' ,, !'*'l.!CI'\.)- 099U CMF <<""<"" 

,., 
'" 

•• ,,,...,,"' ~~~~-- lnltlb1tt 
frt Mil' :r:t II:DII:i4 :r:oou 

,,,_.- 1 ooo<e MA 

(_..,.).'!...,1- >00..1171 kF 

1 t<F ~ C""- 1- a" aso Cto= 

•· 

PUteES ADA 

11 852.000 

11.851.000 

11.sea.ooo 

11.850.000 

11.852.000 

11.~9000 

o.ooo 
0.000 

0.000 
0.000 

,,.~8000 

" 

AUn Ct1_.. !!i ou1 ol ti co....,.;:u~'- ouna 
~nO.OSCJ% ,.___,.u., (111) o 02!!i rx.1 

AUN ... 

.. ·--

Founn 

S..,urity S..is .... ,. 
-'-""" 

'" 78.0 

,. ' ,. ' 

.... 
~ .. 
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13.1.2 Example 2-Displacement Prover Report 

a. Nontemperature Compensated Turbine Meter. 
. . . -

b. BidirccLional Meter Prover. 

c. Low VatxJr Pressure Petroleum Product. 

d. CaJculatc: Meter Faclor Using the Average Meter Factor Met.hod. 

Cop"""' bY 1!11-Plll'lllllllllltiMo 
Frt 1br 24 1Utii 2000 

'•' 
'' 
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Example 2-DISPLACEMENT PROVER REPORT 

OPERATOR: 

LOCATION: 

'•""' T.Ganp. N!!eS 
NKF 

MererNo 
M;mllfactvrer 

S= 
Sena/ No. 
Mode/No 

BPV 

OD 
Wé 

Pipt~ Gl 

E 
Type 

Smgle-Walled 

lntemaJ Oellletcxs 

E:rtema/ Sllah, Gl 
Sensl No 

Msnutacrurer 

ROA 

.. 
Avlt'l'age 

(1) o.termln•hon of GSVp 

'" 
" 2'3 81050 lrl( 

(2) Oet•nMnaUon ol ISV1111 

"""rao-
~~ 

2:!,835.400 , 

API,.,r.&S~12.2Paltl-~2 

~OC. USA 

···~""" 
MF 

No 

1,000.000 P/8~ 

006 
Convent>emal TurtliM 

10 1nches 
P0-97-207 
102-ABC 

PROVEA DAlA 
23.8105 """ ,. 11'\ches 

0.5 inches 
6.20E.o6 ,.,...., 
3 OOE-+07 ""'"" B•cl•recttonal , (I·Y,:I-,_1 

(1-Y,2-N) 

NA 

""'-•·= 
Prov•r Maker 

1 EMPERA tuAb 
lp- Td ,. 

(<litgf') . .,., 
78.6 786 

'" 785 
79.5 785 
76.5 78.8 

76.8 "' 1e.a "' 00 00 

00 0.0 
0.0 o o 
0.0 0.0 

711 EO 78.70 

""' "'"" 1.00035 J": 000 ... " 

"""' 
P~ae...aéL .. ,. 

1,000 000 H·l 231PS<IO..:. nJ 

{3) DetermiMtion o1 Pnwtng F.c:tors 

"' m ,,, 
,., 
"' 

SIGNA TUPE 

CoUJ11oJit bY !b8 A..- Pe-lla1ltutl 
frt Mil" 2:4 11:D&1il1000 

( GS\Ip ~ t~"Vm ¡ -

(loiF)'(CI'l)• 

tiMf. 

(~)/(lo!F¡• 

IKf YICPI..t• 

'~~ MF .. CMF 

""' MA 
1,000 400 "' .. CKF 

FLUD DATA 

Typo su 
Ba/d! No. NA 

CbsAPI 62.5 ., 
01>< T""P 86.5 dogF 

""'""'- ; 
AP/060 '" 

., 
V1SC0$1ty t()(Jc»gF ORJ oP 

Uquld ProJlorU88 al 
Ueteflng Condtloful fof CMF 

Pressure 25 ... 
T em,.raturP 780 ,.,, 

Eq Vapor Pressure o ... 
'"- .. 

Apt 581l18 • 0.-olines and ~ 
APfMP&ISChaptrlr11.1 Vol X 

APf IIPIIS ChltpfM' 11.2.1 

PRESSORE ., .. 
'""'' ... , 
45 " .. 28 

" 25 

44 " " 25 
42 25 

o o 
o o 
o o 

' o 

.,, :no 

=-· .. 
"" ""' o 1187~ f{ 1 00035 JI• 

am 
o.ua;ze •· 

"'"'"'"'"' 

OllTE 

1-TIIt!IM!iM>A 

2-T--..SMia 

" 

PULSES AUN 

• 
23,635.000 
23,839 000 
23,8•9.000 
23,840.000 
23,831.000 
23,832.000 

0.000 
o 000 
0.000 

0.000 " 
Z3 835 .. ooo 

e,, 
•• 

~.1W7 

Kt~RI DATA ....... """"' 
D~tB 3-.-.ug-07 ,...,_,. 

Fluod r,.. "" "" R8p0ft No. " 21 

""""" 2 ... 57 2,5-42 

Totsli.zer 4,578,l29 S -423,17'3 

APIO 00 '" SJ,t 

V~lly(cP} "' o"' 
~Te"" "-' , .. 

'"" , . ., 0.027 
Factor(MF) "'" OBHB 

FactcH Vftúon - 0.0010 

R ..... ....,.,. , Ayg MF Mell\od 

"""""""' s (l\/1 or 6 consecutfY8 ruN~ 

withln 0.050'% 

Repe.tllblllty (R) 0.027 "'' 
RON 

'"' 
'~ 

~ 
,_ 
,_, 

~ o 99974 

~ o <!99fi.q 

t .. cuonc , -peoratu,. ..,. ~ 
Foond 

"""" 77.5 dagF ...... 78.0 clatF 

"" c..,.., 781 OtgF 

~ 78.2 degr 

47 
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4B CHAPTEA 12--GA.l..Ct.A-4TlON Of PETROLElM OuANTTTtES 

13.1.3 Example 3-SmaiiVolume Prover 

a. Nontemperature Compensated Helica.J Turbine Meter. 

b. Small Volumc UnidirectionaJ Provcr with Extemally Mounted Detectors. 

c. High Vapor Pressure Liquid. 

d. Calculate: Meter Factor Using the Average Meter Factor Method. 

t:aoYlilllt bY !be-PI- IDittblll 
frl 1111' Z4 12.-Dtil ZDDD 



STD•API/PETRO MPMS ~2.2-3-ENGL 1998 • 0732290 Obl2883 424 • 

OPERATOR: 
LOCATIOM: 

Fact..

T.~.Pulses 

METER DATA 
MF 
No 

NXF 354.8gg Pmr:. 

Meter No. 005 
Manufacturttr HeiiC&l Tulbine 

S.= 
Sena/ No. 

MooefNo 

BPV 
DO 
W.T. 

"'"" G/ E 

Type 
Slflgle-Wall~ 

lrrtemsl Detec:tors 
ExlfKJUI 5fwft, GJ 

S8naJ No 

Maf1fJfar:turer 

RUN 

' 

' 

• inches 
HT..g7-1g8 

103-.A.BC 

PROVER CATA 

S 2•037 ""'' 10.750 """"' 0.365 '""""' 6-"'lE-<l6 ....... 
3.00E~7 ""'.,, 

Sm.VoLPrvr 

1 {l.V,l.f-1) 

2 (1·Y,2~ 

S.OOE-06 ""',,.. 
tJ-300 

UnidllecbOfl&l 

TEMPERATUAE 
TpiiiiCITd Tm 

/o.QF) (<19") 

78.0 

78.2 
78.5 
78.5 
78.8 

78.8 
0.0 

0.0 
0.0 

00 

73 EC 

,.. 
78.5 

78.5 
78.8 
78.9 

789 
00 

0.0 

00 
00 

78 10 

(1) Delennmation ol GSVp 

e-

SECTtON 2, PAAT 3-PROVING AEPORTS 

Example 3-SMALL VOLUME PROVEA 

FLUID DA U. r.,. NAFTHA 

B&10IJ No NA 
OcsAPI 625 AP> 

""'r.,.. 86.5 éogF _,_ 
2 

AP/060 '" API 

VISCOSity 100degF 050 "' 

LJquld Propertle:s at 
11etertng Cordtton:S For CW 

PfeMU~ 80 ps¡g 

Temp&rafu~ 78.0 degf 

Eq Vapor Pt8SSUte 15 (lll:lg 

"" "' 
Apt 5816B • Gaso11nes and Naptl'leneS 

APf IIPIIIS CtJapbw t 1. 1 Vol X 

APIMPMS~fl.2..1 

PRESSIJRE ,, ... ,,.,, 
'""' " 77 

82 77 

" 78 

8• 76 
80 77 

80 76 
o o 
o o 
o o 
o o 

'" 
CCfp • 

c., 

1 -T-!~Nr~A 

2·T.,._S8168 

<<< (Seilcl:l t/f • 

.. 

PULSES RUN 
N 

1,861.5<'1 

1,861244 

1,860.GII8 

1.861.:353 

1.861.574 

1.861672 

0000 
0000 

o 000 

o 000 " 
• u• n1o 

GSVp 

n 1 oooo7 n 
, .. 

0987'33 I.OOC!Y' )J .. "' 

(2) Detemunation Of lSYm 

'"'""' Pui&U .......... 
1{ 1 lllil .,, • l.'>• 8'>'9 ,,... 

(J) De-.rmlnatkln or Provtng Factcws 

,,, 
"' ,,, ,., 
"' 

SIG""'T\.IRE 

... ..._...by thll - PI- flllt!tlltl 
frt 11r U. 11:10::00 ZDDD 

(G.5\Ir;l'IISVmJ• 

(IM')"(CA...). 

( 11 t,F: 

(M<ói').(NF )• 

(KFY(CF'l)• 

"'"" Utr\1<>1 

'"'""" 

""' 
"' 

"''" JS!o 006 

"' 

=·- "' 
e~ """ ·~· M< o 9tlfl6 " 1 00050 ll= "' 

Mf <<<<< 

CMF 
MA 
KF 

CKF 

0.-.TE '-"""-

,_.._,111117 

AEPOAT DATA .......... "'"'"" 
o ... 3-A..,g-97 "" ..... 

AuiCIT~ LPG "''""' Report No. " 21 
FJowr.ar. 2,4S7 :!SU 

Torallzer 4 678 319 S,.Q3,8TJ 

API tl60 "' '" VISCOSity (cP) '" '"' Pro""!f" Tet!l' ... "' -- ..... "0,0.2 0.037 
FadfX (IIAFJ o 99~8 O IXII7 

FsctrT Vana/Jon - 0.0009 

Repclt llfthod 1 Ayg MF Uett'IOd 
Rutt~ 5 N ot 6 cona~ no¡ 

""""'"o.osoor. 
--(R) 0037 (%) 

RUN ... 
~ o 99952 

~ O,IIIIDIII 

~ o <!1N8¿ 

~ 0.99958 

~ o ~9~2 

Bectronlc Ter.peratune Deriee 
Founa .,.,..., n.5 ...,, 

o.~· 78.0 -,.. 
""""" 76' ...,, . -· 76.2 _, 

49 



STD. API/PETRO M?ÍIS 12.2. 3.;ENGL l'l'll! • 0732290 06121!1!4 360 • 

so CHAPTER 12--CALCLIL..AT10N OF PETROL.BJM OUANTfllES 

13.2 EXAMPLE OF A METER PRQVING CALCULATION·I;:OR,AN ATM9~PH~C.(OP.EN)TANK PROVER 

13.2.1 Example 4-Atmospheric Tank Prever Report 

a. Temperaturc Compcnsatcd Displacement Meter. 

h. Atmospheric (Open)Tank Prover ..... . 

c. Low Vapor Pressurc Petroleum Product. 

d. Calculatc: Meter Factor Using the Average Meter Factor Method. 

Cllp'""'t bY 1110 A- Pltr'llllm lnlttMe 
Frt 11r !4lliD:D1 !000 



STD.API/PETRO MPMS Jo2.2-3~ENGL 1.998 -~_0732290 -Ob1oi¡!885 2n·•-

SECTION 2. PART 3--F'ROvloiG AEPORTS 

Operator. 
Location: 

Eumple 4-ATMOSPHERICTANK PROVEA REPORT 

API MPMS Cha¡¡1or 122 Part3 
washing1on, D. C. USA November 1997 

METER DATA FUIID DATA REPORTDATA 

Factor 1ype. CMF 
Method: Avg. Meter Factor 
T. Comp. Pulses: Ves 
NKF. 200 p(jses/gal. 
Meter No. 214 
Meter type: Dlsplacement 
Meter size: 6 1nches 

FUid 1ype: 
Obs.APl 
ObsTemp. 
API@60 

Gasoline 
57.0API 
88.5 deg F 
53.6API 

{Use Tabla 58 D gel APIO 60) 

(Use Tabla 6B t>r CTLp & CTLm) 
(Use Table 11.2. 1 for "F" lacio~ 

t:!is!Q!)' 
Date: 
Report 
Rate: 
Totalizar: 
APib. 
Tp: 

flrOOQl& 
10117/97 

21 

Meter Modet: 60-ABC 
Serial Number: PD..Q&-304 

R(%) Range 
CMF 

615 GPM 
2000687 
53.4 
79.0"F 
<() 05()'%, 
1.0005 

As Fntnd 
11/17197 
22 
600GPM 
2004676 
53.6 
83.0"F 
<0.050% 
1 0025 

TANK PROVEA DATA 
BPV: 1000.00 gallons 
Type: Atmospheric tank 
Mfg: Provar Makor 
Serial No. AT·100 
ID: n/a (m11d steel) 
VVT: n/a 
Gc: 0.0000186 perdeg F 
E: 30,000,000 per psi 
PROVERTANK DATAICALCULATIONS 
Upoer Scale Reading (SAu), gaUons 
Lower Scalo Rearnng (SAl), galoos 
Base Meas!Se 'v\:ltume, Aqusted (BPVa} 
Average Tank ProverTempera1ure- Tp(avg) 
Tank Prever Pressure (Pp) 
Compresslbiíty Faclor (Fp) 
CTSp (CTS for prover) 
CPSp (CPS for prover) .. atmospheric 

CTLp (CTL for prover) 
CPLp (CPL for prover) ... atrnospheric 
CCFp (CTSp • CPSp • CTLp • CPLp) 
GSVo = (BPVa" CCFp) 
FLOW METER DATA ICALCULATlONS 

Row Rala in Galoos per Mmute (GPM) 

Meter Closing Pulses 
Meter Opening Pulses 
lndiCated Pulses from Meter (N) 
Norr11nal K-Factor, lrw:h:_P/Gal. (NKF) 
lndicated Meter Volume (IV m) gallons 
MeterTempera1ure 1n degrees F (rm) 
Meter Pressure 1n pstg (Pm) 
Compressllilrty Fac1or (Fm) 
CTLm (CTL lor meter) Note- ATC 
CPLm (CPL for me1er) 
CCFm (CTLm • CPLm) 
ISVm = (IVm • CCFm) 

METER FACTOR CALCULAnONS 

COMPOSITE FACTOR: 
Asst.rned weighted 
average teJ'I1)ef'ature 
n prassure 1or 
calrutabon of CMF: 
Pressure: 40 ps!Q 
Temperaturo: 82.5 deg F 
Pe: o psig 

METER PERFORMANCE: 
NewCMF: 10004 
Fador dlange: 0.200'Yo 
(Avg. "as found"10 prevKJus CMF) 
Aepeatabllhy (A) <0.050% 
Critena: Aange wlthin 0.050% 
Nole: Mimmt.rn 2 Consea.~tye Auns 

CPL for CMF: 1.0003 (Compressibihy (F) factor= 0.00000744) 

RUN1 
1000.10 
0.00 
1000.10 
822 
atmosphenc 
0.00000743 
1.00041 
1.00000 
0.98553 
1.00000 
0.98593 
986.029 
AUN 1 

600 
196688 
zeroed counter 
196688 
200.000 
983.440 
82.0 
40 
0.00000743 
1.00000 
1.00030 
1.00030 
983.735 

AUN 1 

RUN2 
1000.34 
0.22 
1000.12 
82.6 
atmospheric 
0.00000744 
1.00042 
1.00000 
0.98527 
1.00000 
0.98568 
985.798 
AUN2 

600 
196700 
zeroed counter 
196700 
200.000 
983 500 
82.3 
40 
0.00000744 
1.00000 
1.00030 
1.00030 
983 795 

RUN2 

RUN3 RUN4 
1000.29 
·0.17 
1000.46 
82.8 
atrnospheric 
0.00000746 
1.00042 
1.00000 
0.98513 
1.00000 
0.98554 
985.983 
RUN3 

600 
197139 
zeroed counter 
197139 
200.000 
985.695 
82.5 
40 
0.00000744 
1 00000 
1.00030 
1.00030 
985.991 

RUN3 

1000.04 
~.42 

1000 46 
83.0 
atmospharic 
0.00000746 
1.00043 
1.00000 
0.98500 
1.00000 
0.98542 
985.873 
RUN4 

600 
197087 
zoroed counter 
197087 
200.000 
985.435 
82.8 
40 
0.00000746 
1.00000 
1.00030 
1.00030 
985.731 

RUN4 
IMF (lntermed~ate Meter Factor {GSVp /ISVm) 1.00233 1.00204 1 00000 1.00014 
MF ("As Found- & MAs Lefr MF) Average MF 
CPL (for assumed average c:ond1tions) 

1.0022 
1.0003 
1.0025 
0.9978 
199.561 
199.501 

Average MF 1 .oom 
1.0003 
1.0004 
0.9999 
199.980 
199.920 

CMF (MF) • (CPL) 
MA (1/MF) 
KF (NKF) 1 (MF) 
CKF (NKF) 1 (CPL) 
Sfgnature 

Remarks. 
Average Runs 1 & 2: MAs Found" CMF 
Average Runs 3 & 4: ·As Letf' CMF. 

CopyrUtt by Ulo-~ i1llttbJtJ 
Frt 11r 2:4 la:10:112 ZIIOO 

Date Company 

Meter Cahbratpr adll.JSled atler Aun 2 

(rvt3y be oriy one run ¡f two consecuti...e mat19 after racalibratJon). 
(May be only ene run il two oonsecutive made oe1ore recal1bratlon) 
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52 CHAPTER 12-cALCULAT10N OF PETROLEUM 0UNmTJES 

13.3 EXAMPLE OF A METER PROVING CALCULATION USING A MASTER METER ... _ 

13.3.1 Example s-Master Meter Proving Report 

a. Nonternperature Compensated Ma.'\tcr Meter. 

b. Bidircctional Meter Provcr. 

c. Low Vapor Pressure Crudc Oil. 

d. Calculate: Master Meter Faclur Using !he Average Data Melhod. 

Cop-IJY tilo- PltnlloullnlttbJta 
1rt 11r 14 lHOollli 1000 

., 

,, 



ST».API/PETRO MPMS 12.2.3-ENGL 1998 .. 0732290 Ob12887 07T .. 

.Example 5-MASTER METER PROVlNG REPORT 

OPERATOR: 
LOCATlON: 

API MPMS Cllllplolr 12.2 Palt 3 

W~DCUSA 

MASTER METER DATA 
Factor t.F 

T.Gomp. Pulses No 

NKF 1,000.000 pubes 
MsterNo. 

ManufiJcturBr .... 
Sena/No. 
IAodel No 

MM-001 
Dlsplac~tment 

6 '"""" 
PO-= 

111-ACK 

MASTER PROVEA DATA 
BPV 23.829 Bblro 
O D. 12 ii'1Ches 
W.T. 0.375 '"'"" P,¡x: Gl 6.20E-o5 ... -E 300E+07 """" TYP" Blli'recbOflal 

$111gi~Wttll~ (I•V,UI) 

In~ ~rector.; 1 (I·Y,2-ffl 

Externa/ Shaft. Gl NA ... -Ssnal No Y-3979 

Manutacturer PrtM!r Maker 

RUN TEMPERATURE 

7 

" 
AVMilge 

(1) O.-m•nat~on of GSVmp 

'"' 
(21 Det=mlnahon af ISVmm 

.&.vg Nto.t . .,, 
[( 23 SJO 000 

T~ 

(&>g~) 

78.6 
782 
78.5 
78.5 

78.8 
788 
o. o 
0.0 

00 
00 

711 60 

1 OOOJ~ )') 

(Oe!lf') 

786 
785 
785 
78 8 
78, 
789 
00 
0.0 

o o 
00 

711 70 

CPSno 
, oooo• n 

'.ooo ooc Jl...f 23 a :no o o 11! 

(3} DetennlnlltJon of Mastet Meter Pro•nng F8Ctots 

FLUID DATA 
Typ< Crode 

Baldl Nci. "' ()b, M'l «.5 .,., 
OMTemp 865 dogF 
l.JcaldT-

APIQ6() "' API 

Vlscosity 100degF 5.00 cP 

p~ 

Tempemlure 

Eq. Vapor Pressure 

25 P•9 
85 0 óe9F 

0 P•'!l 

ee< "' 

API SAliA. c:nme 011 and JP-4 
APf 11PMS Clwptrr 1 U Vol X 

API IIPMS Ch.,et 11.2.1 

--.. •• 
43 

" <2 
42 
o 
o 
o 
o 

"' 

en,, 
(! 99039 

en~ 

o g~s.-

PA~SSURE 

,., 

,., 

-,.,, 
30 
28 
25 
28 
25 
25 
o 
o 
o 
o 

"' 

'""" 1 0002& 

e~ 

1 00016 

11• 

11· 

'" (~/(IS\1_,.¡. 1 C002 UMF <<<<< 

"' 
'" ,., 
(51 

SI3NAfURE 

''"IYI'Uitlrf tilo- Pltrullul lll1ltU1J 
f1111r Z41liD:OI ZOOO 

(d.Ff(CP\_): 

1/IM.U'. 

(NI<F'~~MA=J~ 

(KFYCCPl)= 

•• CMF 
o 0098 MA 
090!lM KF 

•• CKF 

1·T--YJ6,1, 

2 · T.,_ li&'6B 

<~~ (Sdecl1 01' " 

PliLSES RUN 
N 

23,&ol9.000 
23,839.000 

23.838.000 
23.840.000 
23,836.000 
23,637.000 

0000 
0.000 

0.000 
0000 

l31SJ8 0000 

"'""" 23815300 

··-23 61150 

' 2 

S 

• 
7 

• 
• 
" 

~.11197 

MASTER METER REPORT DATA - """"" 
D•te >Od-" ""~" 

FIIIKJT)I1» """' e-

"""""""· 20 21 ,_,,. ,., 1,\:U . ',., 
ToraJizer S3~.Z29 S ot:?J,A73 

API 1160 QO ot2.2 

Vlscoslty (cP) ... 715 '"" Pro~~er T el7l' '" '" ,,.., o 01 .. 0017 
F.clor ('MFJ "'""' ' "''"' FaCIOI' V.an.atJc)'! - .o 0001 

--- 2 A\IQ DATA Melhod 
Run Crlteml 5 out o4 6 COf\6eCU1We fUI'IS 

WJlniO 0.020% 
Repntability (RJ 0.017 {%) 

RUN 
•uF 

•• 
~ •• 
~ .. 
-~ NA 

~ NA 

<> ... ... ... ... 
NA 

<,. 5-.ol'd Rur>l NA Average 

Secu,lty Se• .. 

'"""' Off 

SaatsOn 

Ee:trornc: ..,..m .JC'IIICC 

Found 
c..o ... 775 

~·· ..... 780 ~,, .... 
ÜO'I>)O!Id 78 ' 

=~ o~voc:a 78 2 
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54 CHAPTER 12-cAl.CUL.ATION OF PETRO~UW QuANTmES 

13.3.2 Example &-Master Meter Provlng_Report (Proving Another Meter) 

a. Tempemture Compensated Displacement Meter 

b. Master Meter used as thc Proving Device 

c. Low Vapor Pressure Crude Oil 

d. CaJculate: Composite Meter Fac1or Using the Average Meter Factor Method 

ClliJyrt¡jlt bY tilo- Pllr*lo llltlbltl 
Frt ll:rl4 l1:1D:D7l000 

...... • 
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·SECTJON 2;-PART 3-PRoviNG RePORTs 

Example &-MASTER METER PROVING REPORT (PROVING ANOTHER METER) 

Operator: API MPMSChaDter 12.2 Pert 3 
Locaoon: Washinglon, D. C. USA 

LINE METER DATA 

Meter No. FM-4444 
MeterType: Displacemenl 
Meter Size: 6 inches 
Meter Modet: AKC-000 
Meter Mfg. Ftow Meter Maker 
Meter Senal No. P().26() 
Temp.Comp. Ves 
Gear Ratio: 1:1 
Factor type: CMF 

MASTER METER PROVEA DATA 
MMNo MM-004 
MM Type: Displacement 
MM Size: 6 inches 
MM MOdel: 111·ACK 

MM Mfg. Flow Meter Maker 
MM Serial No. P().222 
Temp. Comp? No 

FLUID DATA 

Ruid lype: Crude o;r 
Obs.API 44.5API 

ObsTemp. B65degF 
AP1@60 42.2 API 

Use Tabla 5B 10 ge1 API @60) 
(Use Table 68 tor CTLmm & CTLm) 
(Use Table 112.1 for "F" tactor) 

Note:VISCOsity5.01 cP@ 100"F 

COMPDSITE FACTOR: 

Asst.med mi¡tlted 
average temperatura 
and pressum for 
calrulabon ol CMF: 

Pressure: 106 psig 
Temperall.J'e: n.o deg F 
Pe: o p5IQ 

November 1997 

REPORTDATA 

!i§!Q!Y ~ As Found 

Dale: 11/10197 11/17/97 
Report: 23 24 
Rate(BPH): 1210 1190 
TotaiÍler: 2000687 2004676 
A ?lb: 42.4 42.2 
Tp: 75 O"F n.0°F 
A(%) Ranga <0.050% <0.050% 
CMF 1.0020 1.0028 

UNE METER PERFORMANCE: 

New CMF: 1.0028 
Factor change: 0.080% 
(A•g. "as loond" 1o pnMouS CMF) 
Repealabllily (A) &OSO% 
Criteria: Ranga wf1hln 0.050% 
Note: Mil'limum 2 CoflS9CUtfve Runs 

NKF: 1000 pulseslbbl. CPL for CMF: 1.0006 (F factor= 0.00000597) 
Ca\cLJat10n: Average Meter Factor Mathod 

DATAJCALCULATIONS, MASTER METER 

Aow Rate In Barreis per 1-k>ur (BPH) 

. Clos1ng Master Meter AegistratJon in Pulses 
Opemng Master Meter AegistratlOn in Pulses 
Clos1ng- Openang Pulses (N) 

PLJses per lndn::ated BerreiiNKF) on Master Meter 
lnd•caled Volume, Master Meter (IVmm = WNKF) 
Temperatura 1n degrees F (Tmm) 

Pressure 1n psig (Pmm) 
Cornpress¡bHtty Factor (Fmm) 
MMF (Master Meter Factor) 
CTLmm (CTL tor master meter) 
CPL..mm (CPL tor master meter) 
CCFmm (CTLmm • CPLmm • MMF) 
GSVmm (IVmm .. CCFmm) 
DATA /CALCULATIONS, UNE METER 

Closing Une Meter Registraban (barreis) 
Opening L1ne Meter Registratton (barreis) 

Clos1ng • Open1ng Registrabon (IV m) 
Temperatura 1n degrees F (Tm) 
Pressure •n psig (Pm) 

CompreSSib~rty Factor (Fm) 
CTL.m (CTL tor meter) Note: ATC 
CPLm (CPL for me1er) 
CCFm (CTLm • CPLm) 
ISVm (IVm • CCFm) 

METER FACTOR CALCULATIONS 
IMF (Meter Factor- GSVmm /ISVm) 
MF (Average ot Runs 1 & 2) 
CPL (for assumed average condit1ons) 
CMF (MF • CPL) 

MA (1/MF) 
KF (NKF/ MF) 
CKF (KF 1 CPL) 

S¡gnatura Date 

AUH1 

1190 
101530 
zeroed counter 
101530 
1000.00 
101.530 
76.6 

104 
0.00000598 
1.00020 
0.99143 
1.00062 
0.99224 
100.7421 
AUN1 

100.4800 
zeroed counter 

100.4800 
76.8 
110 

0.00000597 
1.00000 
1.00066 
1.00066 
1005463 

AUN 1 

1.00195 

Remarks: Average Auns 1. & 2. ~As Found~ (same as ~As Left") CMF. 

RUN2 

1190 
101565 
zeroed counter 
101565 
1000.00 
101.565 
76.8 
104 
o 00000597 
1 00020 
0.99133 
1.00062 
0.99214 
100.7667 
AUN2 

100.4600 
zeroed Counter 

100.4600 
77.0 
110 
00000597 
1.00000 
1.00066 
1.00066 
100.5263 

AUN2 
1.00239 

Company 

RUN3 

AUN3 

RUN3 

1.0022 
1.0006 
1.0028 

0.9978 
rva 
rva 

RUN4 

RUN4 

RUN4 

-bytlll __ _ 

Frt Mr :rt tttn:D1 :raoa 
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APPENDIX A-FLUID DENSillES, VOLUMES, ANO 
COMPRESSIBILITY CORRELATIONS 

A.1 Generallnfonnation 

Table A-l, provides a guide to the appropriate reterences 
for RHOb, C:fL, and Ffor most ofthe liquids associated with 
the petroleum and petrochemical industry. 

The following text, which is applicable to the Table A-l, 
describes these recommended references. The eJ~.pertise of a 
physic¡¡J properties specíalist shouW be consulted before 
adopting lhe recommendations containcd in thc tablc. 

For sorne of the older references. the table values for 
RHOb and ITL cannot be curve fiL Therefore., it is recom
mended thatlinear interpolation of these tables (between coi
UliUlS and values within a colwnn) be utilized for 
intennediatE calculations. 

Density Meter (Densitometer) Calculations 

When using an on-line density meter (densilorneter), the 
base density of aliquid (RHOb) is determine<! by the follow
ing express1on: 

RHOb = RHOtp 
CTLxCPL 

ll is important ro note that the density under ftowing condi
tions (RHOrp), must be k.nuwn tu accurutely ca!culatc the 
base density (RHOb). Also, for low pressure applications, 
CPI, may he a"umed to be 1.0000, if a sensitiv1ty analysis 
indicates an acceptable level of uncertainty. 

For sorne liquids, computer subroutines exist w correct the 
observed density to base density. w.ing the API MPMS Chap
ter 11.1, Volume X. implementation procedures. However, for 
eit!Vated pressures, an llrrative pmcedure to :ml\•e fnr base 
densiry i.r requircd for cusrody transfer purposes. The manu
facturcr of lhe densitometer should be cunta<;ted fur consulla
tion on the density calcularion requirements al elevated 
pressures. 

The computation for correcting frum dcnsity at ftowing 
condibons (RHOtp) to density lll base conditions (RHOb) 
may be carried out continuously, if mutually agreed between 
all the pru.ties concemed with the tran....;;action. 

A.2 Base Density (RHOb) Detennination 

Thc standards to convert hquid density at observed condi
tions (RHOobs) to base deru;ity (RHOb) are as follows: 

R1. API MPMS Chapter 1 1.1, Volume X (ANSUASTM 
DI25(}.J9KO), Tahlcs 5A. 53A, and 23A cover generalized 
crudc oils and jcl fuel (JP4). The document spccities lhe 
implementation procedures, wgether with ruunding and trun-

C.OYI'tiJil by tilo-PI-Dlttllrtl 
Fnlllr ZAiliO:OI %000 

57 

Table A-1-Approptiate References.for RHOb, CTL, 
and Flor Most Uquids 

Liquid Type 

Crude Oils 

Natural Gasolines 

Drip Gasolines 

JP4 

Gasoline 

Naphrhenes 
Jet Fuels 

Aviation Fuels 

Kerosine 

Diesel 

Heatmg Oils 

Fue! Oils 

FumaceOils 

Lube Oils 

Propane 
Butane 

Propane Mixes 

Butane Mixes 
Isopcmanc 

Asphalt 

Bcnzcne 
Toluene 

Stoddnrd Solvent 

Xylene 

Scyrcnc 

Onhoxylcnc 

Metaxylene 

Pnr.lAylcne 

Cyclohexane 

Acer.une 

Butadiene 

Butadtene MixLures 

For Volumctric Provers 

-. 

RHOb 

Crude Oils 

(Rl) 

IRI) 

(RI) 

CTI. 

(CI) 

(CIJ 

(CI) 

Relined Products 

.(Rl) 

(R2) 

<R2) 

(R2) 

(R2) 

(R2) 

(R2) 

(R2) 

(R2) 

(R2) 

(R3) 

(R4) 

IR4) 

(R4) 

(R4) 

IR4) 

NA 

Sulvenls 

NA 
NA 

NA 
NA 
NA 

NA 

NA 
NA 

NA 
NA 

Butad.iem 

(R5) 

(R5) 

(Cl) 

(C2) 

(C2) 

(C2) 

(C2) 

(C2) 

(C2) 

.. (C2) 

(C2) 

(C2) 

(C3) 

IC4) 

IC4) 

(C4) 

IC4) 

IC4) 

(C5) 

(C6) 

(C6) 

(C6) 

(Cb) 

(C:fi) 

(Cfi) 

(C6) 

fC61 

(C:6) 

(C7) 

'(C7) 

!C8) 

F 

(FI) 

(FI) 

(FI) 

(Fl) 

(Fl) 

fFI) 

(Fl) 

(FI) 

(Fl) 

(Fl) 

(Fl) 

(FI) 

(Ft) 

(Fl) 

(FL) 

(Fl) 

(Fl) ,_ 

(FI) 

(fl) 
(F-l) 

(Fl) 

(fl) 

(FI) 

(Fl) 

(Fl) 

(Fl) 

(FI) 

(Fl) 

(Fl) 

(Fl) 

(FI) 

(fl) 

(F2) 

Previous page is blank 
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cating, to determine the base den.•ity (RHOb) from the 
observed density (RHO'obs) and observed temperature (Tobs) 
at base prcssure (Pb). 

'" l 

a. Tahle 5A, u._~d for a ha'ie tempera.ture of 60°F, covers gen
erali,.,.;.¡ crude oils and jet fue! (JP4) over an API@60°F 
gr.wity range of Oto 100• API. For natural or drip gasolines 
with API@60°F gravity grealer than I00°API, use Table 23 
of ASTM 01250 (Historical Edition, 1952). 
b. Table 53 A, used for base tempernture of lSQC. covers gen
cralized crude oils and jet fucl (JP4) over a DENb@ 1s•c 
range of 610 to 1075 kgtml. 
c. Table 23A, used for base temperature of 60°F, coven gen
cralir.ed crude oils and jet fue! (JP4) over a RD@60"F range 
of 0.6110 lo 1.0760. 

R2. API MPMS Chapter 11.1. Volume X (ANSIIASTM 
01250-IYI«l), Tablcs SB, 53B, and 23B cover generalir.ed 
pruducts. The document specities the implementation proce
dures, together with rounding and truocating, to determine thc 
base dcnsity (RHOb) from the observed density (RHOobs) 
and observed ternpernlurc (Tobs) at base pressure (Pb). 

a. Table 58, U.<ied for base temperature of 60°F, covers gener
ahzed pruduL"ts (excluding JP4) over an API@6()0f gravity 
range of O to 85• AP!. 
h. Table 53B, used for base temperature of l5°C. covers gcn
eralized products over a DEl'lb@IS•c range of 653 10 1075 
kg!m3. 

c. Table 23B, used for base tempernture of 60°F. covers gen
erJiit.ed products over a .RD@60°F range of 0.6535 to 
1.0760. 

•, 
R3. API MPMS Chopter 11.1. Volume X (ANSIIASTM 
01250-1980), Tables 50 and 530 cover lubricoting oils. The 
document specifies the implementation proccdures, together 
wilh rounding :ind 'truncating. 10 dercrmine the base density 
(RHOb) from thc observed density (RHOobs) and observed 
lcmpcrature (Tobs) at base prcssure (Pb), 

a. Table 5D. uscd for base temperaturc of 60°F, covers lubri
cating oils ovcr an API@60°F gravity range of -10 to 
40°APL 
b. Tablc 530, uscd'forbn~ temperaturc of I5°C, covers Juhri
cating oils ov~r a DENh@ 15•c rJ!lge of 825 to 1164 kgtmJ 

,, ·1 

R4. ASTM 0!250 (Table 23-Historical Edition, 1952) cov
ers a relilLJVC dcnsity al 6QOF (RD@60°F) range of 0.500 to 

I.HXJ. Table 23 c-onverts thc obscrved relative density at the 
ohscrvcd lempernture and equilibrium vapor pres.'iure to the 
RD@60°F. 

RS. ASTM D 1550. used for hase tcmperaturc of 60'F, is 
apphcablc to huth btJtadicne and btJtad1ene c-onccntratcs that 
oontain at lcast 60 pen.'ent buta.diene. 

-IIJttii_PI_Ditttlrtl 
Frt .... U IJ:1D:BI2:DDD 

A.3 CTL Determination . 
The standards that have beén dmlóped"iii' determine the 

CTL values for vanous liquids are os follows: 
- . ·:· .. 

C1. API MPMS Chapter 11.1, Volume X (ANSIIASTM 
D 1250-1 980), Tables 6A, 54 A, and ;24A cover generalized 
crude oils and jet fue! (JP4). Tbe document specifies, the 
implementation procedures, togethe' with rounding and trun

cating, to detennine the en from base density (RHOb) and 
Aowing tempcratw-c (1). 

a Tahlc f.A, used for hac¡e temperatUre of 60°F, covers gener
alized crude oils andjet fue! (JP4), over an AP1@60°F gravity 
range of O 10 lOO" API. For natural or drip gaso!ines and con
densato witb AP1@60°F grdvily greater lhan l00°API. \1St! 

Table 24 of ASTM D 1250 (Historical Edition-1952). 
b. Table 54 A. uscd for base tcmpcraturc of l5°C, covcrs gcn
eralized crude oils and jet fue! (JP4) over a DENb@ 15•c 
range of 610.5 to 1075.0 kgtm3. 
c. Table 24A, used for base temperature of 60°F, covcrs gen
erali7.ed crude o1ls and Jet fue) (JP4) over a RD@IiO"F r:mge 
of0.6110 to 1.0760. 

C2. API MPMS Chapter 11.1, Volume X <ANSIIASTM 
01250-1980), Tables 6B, 548, and 248 oovcr gcneralizcd 
products. The document specifies the implementation proce
dures and the rounding and lnlncating proccdures Lo deter

mine the en from base density (RHOb) and ftowing 
temperature (1), 

a. Table 6B, used for base tcmperature of 60°F, covcrs gener
alired producL• (excluding JP4) over an API@60°F gravity 
range of O to 85• API. 
b. Tablc 548, used for ba'te temperature of l5°C, covers gen

eralized products (excluding JP4) over a OENb@ I5°C muge 
of 653.0 to 1075.0 kgtml. 
c. Table 248, used for base tempernture of 60°F, covers gen
eralized products over a RD@60°F range of 0.6535 to 
1.0760. 

C3. API MPMS Chapter 11.1, Volume X (ANSI/ASTM 
01250-1980), Tables 60 and 540 cover lubricating oils. The 
document specifies the implementation proccdures and the 
rounding and truncaling proccdures to dctennine the CTL 
from the base den&~ty (RHOb) and ftowing temperature (1). 

a. Tablc 60, used for base temperature of 60°F, covers Jubri
cating oils over an API@60°F grnvity rnnge of -10 to 
40'API. 
b. Table 540, uscd for hase tempera tu re o f l5°C, cm·er.; lubri
c:uing oib over a DENb@ 1s•c range of 825 to 1164 kg!m'-

C4. ASTM 01250 (Tnble 24-Historical Edition. 1952) 
covers a relative density at 60°F (RD@60•p¡ rnnge of 0.500 
lo 1.100 for liquelied peuoleum gases (LPG). Table 24 cal-
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culates the CTL from the rdative density @ 60'F and the 
flowing temperature (D. 

CS. ASTM D1250 (fable 6---Historical Edition, 1952), used 
for base temperature of 60°F. covers the gravity range for 
asphalL Table 6 is recommended by the API and Asphaltlnsti
tute for CTL deterrninations on asphalt and asphalt products. 

C6. ASTM D 1555, used for base temperature of 60'F. is the 
industry reference for en values associated with cenain liq
uid aromatic hydrocarbons. 

C7. ASTM D 1550, used for base tcmperature of 60'F, is the 
industry reference for CTL values associatcd with butadiene 
and butadiene concentrates that conlal.n at least 60 percent 
butadiene. 

CS. API MPMS Chnptcrs 11.2.3 and 11.2.3M cover C7DW 
values utilized in water calibration of volumetric provers. 

a. Chapter 11.2.3, used for a ha<oe tcmperature of 60'F. calcu
latcs thc CTDW for the temperature of the water flowing from 
the pro ver (Tp) and the temperature of the water in the leSt 

measure (Trm). 
b. Chapter 11.2.3M; used for a base temperature of 15'C. 
calculatcs thc CTDW for the temperature of the water flowing 
rrom the prover (Tp) and the tcmperature of the water in the 
test measure (Trm). 

Fixed or Small-Varían! Líquid Composition 

Therc are numerous specification solvents, resins. chcmi
cals. and specialty hydrocarbons that are used or manufac
tured by companies are not compatible with existing industry 
CTL tables. For these materials. intercstcd parties may wish 
to utilize proprietary liquid propeny tables, that have been 
used for years, and that remain in use toda y for many applica
uons. In application• where Table 6C of API MPMS, Chaptcr 
1 L 1 is uscd, thcn laboratory testing or fluid prupeny tables 
can be u sed to detennine the de~ired alpha ( cocfficiem of 
expansion) value. These alpha values can be used where 
cxisting conunercial requirements permit 

Tablc 6C of API MPMS, Chapter 11.1 calculatcs the CTL 
for a liquid with a chemical composit.ion lhat is fixed, or do~ 
not vary significantly, and whose coefficient of cxpansion 

may ~ easily detennined. 
Since RHf?b is constant, no correction or detcnmnation of 

observed gravity 1s necessary. Thc API MPMS Chapter 11.1, 

Table 6C, is common1y used for specialized products with 
coeffic1ents of thennal expansion that do Ol:)t follow Tables 
6A, 6B. or 6D of API MPMS, Chapter 1 LL 

Use ofTable 6C requires an equation of staU: and/or exteri.
sive data on the metered liquid. 

A.4 Compressibility Factor 
Determination (F) 

The dcnsity of thc liquid shall be dctcnnined by the np¡m>
priatc technical slandards, or. altematively, by the use of the 
proper density correlations, or, if necessary, by thc use of the 
corrcct equations of state. lf multiple parties are involved in 
the cu.•tody transfer measurement. thc method selected for 
detcnnining the density of the liquid shall be mutually agreed 
upon by all concerned. To ~si"t in sclet.:ting which methOOs 
to utilize. the following infonnation has been assembled for 
clarity. 

Ft. API MPMS Chapters 11.2.1. 11.2JM, 11.2.2, and 
1 L2.2M provide values for compressibility factors (F) for 
hydrocarbon fluids. The docwnenLS specify the implcmenta
tion procedures, together with munding and truncating •. lo 
detennine F from base density (RHOb). the flowing tempera
ture (7). and the Howing pressure (P). .. , 
a Cbapter 11.2.1, used for base tcmperature of 60'F, covers 
hydrocarbon liquids o ver an API @60'F range of O tu 90' APL 

b. Chapter 11.2.1M. LL<>ed for base temperature of l5°C, cov
ers hydrucarbun ~quids over a DEN@ l5°C range of 638 lo 
1074 kglm3. 

c. Chnpter 1 L2.2, used for base temperaturc of 60'F, covers 
hydrucarbon liquids over a RD@60'F range ·of· 0.350 lo 
0.637. 

d. Chapter 11.2.2M. uscd for base tcmperature of 15'C, co~-
ers hydrocarbon liquids over a DEN@ I5°C range of 350 tO 
637 kglm3. ' · 

F2. The compressibility factor (F) for water utilized in the 
calibration of yoll!melric provees is defined a.-. follows: 

a For US Customary units, a constant F vaJue 0.00CX)()320 
(3.20E-06) per psi for water shall be,.: utiliz<ld in the 
caJculations. 

b. For SI units, a constaot F value 0.000000464 (4.64E-07) 
per kPa, or 0.0000464 (4.64E-{)S) per bar, for water shall be 
uLili7,ed in lhe calculations. · ::· 

' 
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