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This publication consoiidates and presents standard calculations for metering petroiem 
liquids using turbine or displacement meters. All units of measure in this pubiication are 
U.S. customary units. A paraliel document in metric units will be available in the future. 
in addition to this publication a field manual. designated F12.2, is being published 

simultaneously. The field manual provides insmictionS to individuals charged with cai- 
cuiating metered peuoleum quanMes without detailed expianations of why a particular 
course of action is necessary. This publication provides the explanations and serves as 
a backup to the field manual. 

Sug,oected revisions to this pubiication are invited and should be submitted to the director 
of the Measurement coordination Depamnent. Amencan Petroleum institute, 1220 L 
Street. N. W., Washington, D.C. 20005. 
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Chapter 12-Calculation of Petroleum Quantities 

SECTION 2-CALCUliATION OF LIQUID PETROLEUM QUANTITIES 
MEASURED BY TURBINE OR DISPLACEMENT METERS 

122.0 Introduction and Purpose 
Before the compilation of this publication. which is part 

of the API Manual of Perroleurn Measuremenr Srandards. 
calculation procedures and examples of calcuiations were 
mixed in with former API measurement standards dealing 
with provers. meters. tank gaging. and so forth. The writing 
of the former standards was spread overa period of 25 years 
or more: each standard was written by a different p u p  of 
persons: and each _goup was faced with slightly different 
requirements. As a result. die calculation 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 mon of the former standards were writ- 
ten. mechanical desk calculators were widely used for cal- 
culating measurement tickets. and tabuiated values were 
used more widely nlan is the case today. Rules for rounding 
and the choice of how many si-mificant fi,oures to enter in 
each calculation were often made up on the spot. With the 
advent of computers and of solid state scientific desk cal- 
culators. it soon became apparent. to discemin_e practition- 
ers. that a x b x c was not necesady identical with c 
x a x b or with b X c X a. For different operators to 
obtain identical results from the same data. the des  for 
sequence. rounding. and significant fi_m have to be 
spelled out. This publication aims. among other thin_gs. at 
spelling out jus such a set of minimum des for the whole 
industry. Nothing in this publication precludes the use of 
mort precise deterniinarions of temperanire. pressure. and 
density (-0rvityY) or the use of m m  significant digits. by 
mutual a_oreemnt among the partis involved. 

The present publication consolidates and standardizes 
calculations pertainiq to metering petroleum liquids using 
turbine or displacement meters and clarifies terms and 
expressions by eliminating local variations of such tenns. 
The compilation of this publication would not have been 
possible even 5 yean ago because the methods and equip 
ment used in dynamic measurement of petroleum liquids 
have -0teatly advanced in the recent past. It is therefore 
timely. perhaps overdue: but it is not a denial of former 
methods u) much as a refinement and clarification of diem. 
The purpose of standardizing calculations is to produce the 
same answer from the same data regardless of who or what 
does the computin_e. 

122.1 scope 
This pubrication defines the various terms (be they words 

or symbols) employed in the caicuiation of metered petro- 
leum quantities. Where two or more terms are customarily 
employed in the oil industry for die same thing. this pub- 
lication selects what should become the new standard tem, 
for example, "run tickets," "receipt and delivery tickets,.' 
and the iike are hexein simply "measuRmuit tickets." 

The publication also specifies the equations which allow 
the values of correction factors to be computed. Rules for 
sequence. rounding. and si-gnificant figures to be employed 
in a calculation are @ven. in addition. some tables, con- 
venient for manual as well as computer caiculations, are 
provided. 

122.2 Referenced Publications 
The following pubiications are referenced throughout this 

publication. 

API 
Manual of Petroleum Meastuemenr Standanis 

std 1101 

NBS' 
Handbook 105-3 

Monograph 62 

Handbook 91 

chapter 1, * ' V O c a b ~ "  
Chapter 4, "Roving Systems" 
chapter 1 1.1. "Volume Conrection 
Factors" (Standard 2540) 
chaptcr 11.2 (Standad 1101, 
Table ii) 
Chapter 11 -4.2, (Standard 1 101. 
Table i) 
Measwement of Petroleum Li& 
Hydrocarbons by Positive Dis- 
placement Meter 

Spec@cm-ons and Tolerances for 
Rderence Srandardr and Field 
Standarcis 
Testing of Metal Volumemè 
Suurdardr 
ExperimentaiSmrisrïcs . 

1 
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12.2.3 Field of Application 
'Ine field of application of this publicarion is iimited to 

liquid hybcdnms having a density greater iban 0.500, 
measured by a Mbme or displacement meter and pver ,  
including those hydmcarbons that by suitable sbdjusmients 
of temperamrr and pressure are liquids while being meas- 
ured. Two-phase fiuids are not inciuded (though it may be 

and water may be mixed in with crude oil (seethe definition 
of sediment and water in chapter 1, "Vocabulary"). 

faund usefid.in such siaiations) except insofar as sediment 

1224  Hierarchy of Accuracies 
There is an inevigble or nafinal hierarchy of accuracies 

in petroleum -t. At the top are test measum 
which are usualiy caiibmed by the National Bureau of 
Standards or a d e d  laboratory. From this level dowa- 
wards any umemimy in a higher level must be reflected 
in ail the lower levels as a bias (that is, as a systematic 

unknown; ancaeaimy &es either possibiiity. 
To expect equal or less unCataimy in a lower levei of 

the hierarchy thaa exists in a higher levei is umwlistic. The 
cmiy way to deatase the random component of u n e  
in a given mcasmmat system or method is to iwrease the 

and then find their mean due. number of detammanons 
The number of digits in hmmedme calculationsofavalue 
caa be hger  m rile upper levels of th hiaarchythan in the 
lower leveis; but tbe temptatian to move towaxds imagimy 
significana must k ttmpered orresisted by a wholesome 
respectforrralism. 

sauctrrrrd, m garaal, as shown in Table 1. 

are given for each level of the hierarchy in 12.2.6, 12.2.7, 
and 12.28. Rounding in this manual conforms to N a t i d  
Bureau of Standards Handbook 91, -22, as reprinted 
in AppendixD. 

amr). whwher soch'bias will be positive or negative is 

. -  

'Ihe hierarchy of accrnacies m this publicarion is 

ru les for^, tnmcating, amlreporeingfinal values 

12.2.5 Principal Conection Factors 
Designation of correction facton by symbols adm than 

by words is ncommended because, fim, expressions aff 
abbrrviated;second,aigeùraicmanipulationsarefaciIitated; 

only to the pamcular liquid or metal involved; ami fourth, 
cwfusionisreducedas,forcxample,thedifferencebetweeri 
compmsiiiiity (F) of a liquid and the comaion factor 
(C,), which is a fmiction of F. There are six principal 
correctioo factars employed in caicuiations of iiquid quan- 
tities; ail of them arc multipliers. The íùst correction factor, 
commonly called lhe meter factor, is defined as: 

-,thesirnilanties of exprrssions are pointed out subject 

MF = anon-dimerisionalvaiuewnichcorrectsavohmie( 
as indicated on a meter to the "me" volume (see 
12.2.7). 

The next four carrection factors are employed in caiw- 
Mons of iiquidquantïties. They are nceùedbecausechanges 
in volume ñumtkeffecsof temperaanearid pressme upon 
both the containhg vessel (usually made of miid steel) and 
upon the liquid involved must be for. These four 
c o a e c n a n ~ a r e :  
C, (or CïS) = aiecorrcctionfactorfortheeffeztoftan- 

pezame on steel (12.2.5.1). 
C, (or CPS) = the~onfactorfordieefFectofpres- 

sure on steel (12.2.5.2). 
C, (orCïL)=thecorrrctionfanorfortheef€éuoftan- 

persane on a liquid (12.2.5.3). 
C, (or BL) = thecarrectionfactorfortheef€ectofpres- 

sure on a ii@d (12.2.5.4). 

While the customary sabsaipred &on is usedin this 
publication, the ailowed upper case notation is needed for 
campiner programming and is amvulient in typing. 

greater than 1.OOo) far accolm@ forthe psence of sed- 

Aciditid subsaipts may beaddedto the symbolic no- 
tations above to make it clear to What part ofthe measuring 
apparams it appiies, namely *'p" far prover, "m" for-, 
and."M" for meastue. 
In the Worked examples given in aiispublication, andin 

thesraiLdardcal~psocedrirrsrecommmded,theabove 
sixwrrection faaon areapplitdin asasequenct: 

MF* Cs, C p  C ü ,  CH, Cw 

W y ,  thae is a amection fanor C, (wbicb is never 

iment and water m aude oil (see 12.2.8.4). 

Aiimukipiicationwithinasingleopaationmustbe com- 
plered before the dividing is started. 

1225.1 CORRECTION FOR THE EFFECT OF 
TEMPERATURE ON S l E E i ,  ct, 

Any metal container, be it a pipe prover, a tank prover, 
or a portable test -, when subjected to a cbange in 
tempcranrre will change its volume acandingly. The volume 
chan%e, rtgardltss of provashape, is pmpamonal - tothe 
cabical coefficicllt of thermal urpansion of the mamiai of 
which the contaiaais made. The correction factor forthe 
effect of tempemure on steel is calied C,,, and it may be 
calculated from: 

c, = 1 + (T - @)-y (1) 

Where: 
T =  tempeature in Tofthe fxmaher walls. 
y = coefficient of cubid expansion per 9: of the mamiai 

of which the contamer is made. 
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SECTION HUCURED 6 Y  TUABINE OR DISPLACEMENT METERS 3 

Table +Hierarchy of Accuracies 

Thus C,  will be greater than 1 when temperamre T is 
greaterthan 609and less than I when temperature ï i s  less 
than 609. 

The value of y (gamma) per 9 is 1.86 x 10-5 (or 
O.oooO186 per "F) for mild or low carbon steels and falls 
in a range of values from 2-40 to 2.90 x IO-' per 9 for 
Series 300 stainiess steels. The value used in calculation 
should be that found on the reparc from the calibrating 
agency for a test measure or fiom the manufacturer of a 
prover. Tables of C, vaiues against observed tempemure 
will be found in Appendix A of tniS publication. Values for 
series 300 stainiess steels are based on the mean value of 
2.65 x 10-5forgamma. 
When the volume of the container at staadard tempemure 

(60 is known, the volume (v) at any othertemperanue 
0 0111 be calculated from: 

v, = v, x c, (2) 

c c m v ~ l y ,  when ttrc volune of the container at my 
ttmperaarre (7) is known, the volume at standard temper- 

v, = V& (3) 

ature (6ü'F) canbecaicuiatedfmm: 

1225.2 CORRECTION FOR THE EFFECT OF 
PRESSURE ON S E E L ,  C, 

if a metai container such as a tauk prover, a pipe prover, 
or a test measw is subjected to an iwernal pressure, the 
wallsof the contamer will stretch elastically andthe volume 
of the container will change accdngiy. While it is rec- 
ognized that simpiifying assskms enter the equations 
below, for practical piaposes the cortection factor for the 
&ect of internai pressrire on the volume of a cylidrical 

(4) 

P = internai pressure, inpoimds per square inch gage. 
D = internal diameter, m inches (outride diameter minus 

€ = modulus of elasticity for container mafaal, 3.0 

container, called c,, may be calculated from: 
C, = 1 + (PDEz) 

Where: 

twice the wall thickness). 

x IO' pounds per square inch for mild steel or 2.8 
to 2.9 x 107 for nauiie~s steel. 

t = wall thickness of container, in inches. 

A table of C, values for specific sizes and wall thicknesses 
of mild steel pipe proves and pressures may be found in 
Appendix A of this publication. When the volume of the 
container at annospheric pressure is known. the volume at 
any other pressure (P) can be calculated from: 

(5)  

When the volume at any pressure P is known, the equiv- 
alent volume at atmospheric pressure can be calculated from: 

VaUm = VJC* (6) 

v, = v,, x c, 

12.2.5.3 CORRECTION FOR THE EFFECT OF 
TEMPERANRE ON A LIQUID, G 

if a guantity of petroleum liquid is subjected to a change 
in temperaatre, its volume will expand as the remperanire 
rises or contract as the tempemm falls. The volume &ange 
is proporeional to the themial coefñcient of expansion of 
the liquid, whkh Varies with density (API gravity) and 
temperanae. The correction factor for the effect of tem- 
peram~ on a volume of iiquid is cailed Ct,. Its vaiues are 
given in Tables 6A, 6B, and 6C. which may be found in 
11.1 of this manuai. Tables 6A, 6B, and 6C are used when 
the MI gmvity is known and lies between 0"API and 
1oooApi; loOoAPl amesponds to a relative density of 
0.6112. if the relative d a d y  is known Tables 24A, 24B. 
and 24C should be used, or Table 24 (MI Standard 2540) 
for lower relative densities. 

When the volume of a petroleum liquid is known at any 
temperaane (T), the equivalent volume at standard temper- 
amre (6OT) can be caicuiated from: 

v, = v, x C" (7) 

When the volume of a petroleum liquid is known at 609. 
the equivalent volume at any ternperatwe T can be calculated 
f r o m : .  

v, = VdC" ( 8) 
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122.5.4 CORRECTION FOR THE EFFECT OF 
PRESSURE ON A LIQUID, CH 

if a volume of petrOieam liquid is subjected to a chauge 
in pressare, it will deaease as the pressure inaeaseS and 
mcreaSe as the pressrae demases. The volume change is 
proportid to the iiquid's compressibility factor F, which 
depends upon ôotb its relative dmsity (Am gravity) anä the 

hydrocarbons wili be found in Chapter 11.2 of this manual. 
Tbe comaion factor for the effect of pnssare on a volume 

temperatrae. values of the compressibility factor F for 

Of -1- liquid is called Cpi andm be calcalatedfrom: 
I 

where: 
P = pmsm, m pounds pet sqiuire inch gage. 
P , = e q u i l i b r i u m v a p o r p r e s s u r e a t t h e ~ t e m -  

per square mch gage. P, is cansidesed tobeofor 
liquids which have an e4uiliim vapor pressme 

square inch absolnte) at measurement tempaaarre. 

penture of the liquid being meanaed, in pounds 

less than atmosphere pressmc (14.73 pounds per 

i = compmsiiiiity factor for hydrocarbons from Chap- 
ter11.2oftbisrrxnuai. ThevaiueofFforwater 
is 3.2 x per pound per square inch. 

when P, is o, Equaoon 9 becomes: 
I 
1 c, = 

(1 -PF) 

When P, is greats than O, Equation 9 
Vai= of P, for densilies between 0.500 
found in chapter 11.2. 

must be used. 
and 0.512 are 

When the volume of higb vapor pressiae liquid is horn 
at any measiaement temperature T and pressure P, the 
pressiae cofiectioll is done in two steps. The equivalent 
volume at such liquid's equilibritrm pressure P, at meas- 
UremeattempesatUrecanbecalM from: 

v,@T = v, x c, (13) 

in this equation C, is calculated from Equation 9. When 

Equation 7, the value of Cd taken from the îabìe 
also correcs ttw volume fortbe change in pressure fromp, 
at mcmmncnt twipesature, to equilibrium pressiaeatthe 
st;mdard temperature of 60°F. It should be noted aiat while 

ard atmospheric pressure (14.73 pounds per square inch 
aösoïute), equilibrium pressrae at 609 may have failen to 
aamospheric pressare or h. As noted under Equalion 9, 
the distinaion between a low vapor pressurr liquid and a 
hi& vapor pressme liquid depends on whether its equiiib- 
num pressiae is less or gnater than afmo@m&C preslm 
atmeasurementtempesature. 

this volume is m turn tempaaaae cometed to 6oT using 

Peat measuremeiif temperanire Tmay be higher than Srand- 

12.2.5.5 COMBINED CORRECTION FACTOR 

lhe recommended mettiod for oorrecting volumes by two 
or more caremion faam is to ñrst obtain aCCF (combined 
OOZTeCtioIL factor) by multiplying the individual comaion 
facturs togaber in a set sequence, rouoding at each step. 
only then multiply the volumebydle CCF. The set sequence 
is MF, Cs, Cm, Ca, Cpa, 
factors. 

C-9 Omniing any uI111std 

12.2.6 Calculation of the Volume of 
Provers 

1226.1 PURPOSE AND IYPUCATIONS 

The piapose of calibratiag a prover is to daermme its 
hase voliime. The procedraes to be uscd are Qsaibed m 
chapta4, Sections 2 and 3, of this manual. 
Base volume is expressed in barreis or gallons, both of 

which arc muitïpks of the cubic S. whereas the cubic 

of ameral p v e r  does vary. Therefore, the saremem of the 
hase volume of a p v c r  or volumetric staadard has to 

P==- 

inch does not m y  with twnpmamorpressure, thevolume 

specis standard conditiolls, namely 609: and almospbuic 

1226.2 FiuDSTANDARDS 
Fíeld reference stadads, which are desaibed and dis- 

cussed in Chapter 4, Section 1, are usually abated by 
the NatïonaI Bureau of Standards or by an approved labo- 
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SECTION M E A C U R E D  BY TURBINE OR DISPLACEMENT MEïERS 5 

ratory. Their reported volumes are expressed either in cus- 1226.4.2 ConecUOns Applied to Measured 
tomary or metric (Si) units at standard conditions. The Volumes 
lastest edition of National Bureau of Standards Handbook 
105-3 may be consuited for details of construction. caii- 
bration, and so forth. 

12.2.63 RULE FOR ROUNDING-PROVERS 

in calculating a prover volume. determine individual 
d o n  factors to six decimal piaces by using the appro- 
priate farmula; interpolation will be required for Ctk. Record 
the combined c o d o n  factor (CC' rounded to six decimal 
piaces. Multiply the sum of the measured volumes, each 
of which has been individually adjusted to d n g  temper- 
2uure. by the CCF, and report the base voiume so cktemkd 
to five significant dipits. Round the corrected individual 
withdrawal volumes to the same number of significant digits 
as the uncomcfed voiumes. 

12.2.6.4 CALCULATION OF BASE VOLUMES 

The procedure for Caiilnating pipe provers will be found 
in Chapter 4, Smion 2. î h e  following subsections, 
12.2.6.4-1 through 12.2.6.4.4. speciq the calculation of 
the base volume of a pipe prover calibrated by the water 
draw method. 

in the water draw caiibxation procedure, the volume 
m e d  in the fieldstandards must be subjecteà to certain 
correctionsinoldertodetennme the base vollme of the 
prover(seeEquationB1.AppendixB).ThefinaI sub scrip^ 
mean *'p" for prover and "M" for measure. 
Thus, the following steps are perfomed: 

1. The volume of water in a fieid staadard must be corrected 
for the effect of te- and pressure on the liquid to 
derermine what volume the water occupied when it was in 
the provm, this is done by multiplying ttie volume by 
the vaiue for which can be found in Chapter 11.4.2, and 
dividing by C,, the vaiue of which 010 be computed from 
Equation 10 using F for water. 

must then be corrected for 2. The volume so deterrmned 
thermai expansion of the field standard sheii at the measming 
tempera~e by mdtipiying the cutiñed voiume by C, (see 
Equation 3). 
3. Finaiiy,themeasuredvoimeoftbepversocaicuiated 
must be carrected for both temperapire and pressure effects 
on the p v e r  pipe in ordettoobrain aie base volume, which 
is the equivalent volume at aanrlard conditions. These cor- 
rections require dividing by C, and C,, respectively. in 
Calcuiating the values of c, and c, the physical ctiarac- 
teristics of the prover meal must be known. Because an 
accuracygreateríùan1partm1O,ooOisdesnoblemprover 
base voiumes, determuie . allcarrectionfactorvaluestosix 
decimal places. la practice, when sweraltestmeasraes are 
Wed, the Caiculation is perfod aocording to Equation 
B6 in Appendix B in rite manner specified m the foIiowing 
example (12.2.6.4.3). 

122.6.4.3 Example Caiculation for a Pipe Pmver 

The form or record used for a water chaw calibration of 
a pipe prover must make provision for at least the i n f d o n  
shown in Figure 1. The vahies shown are for example d y ,  

'c,isdcfioedaslkcarratton . foribconpramndi&raace of* 
- m a w  mt m*rsprr and in rbc plwer. this is not ule same 15 Ca 
w i r i c f i c o m a r t o 0 6 0 9 r a m a t o ~ p r w a ~ ~  

B. Fim STANDARDS (TEST MEASURES) 
1. Nariinalagalbrrs ........................................ 25 50 

Fgure I-Example Calculation for a Pipe Prover (Continued on Page 6)  
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6 CHAPTER 12-c~lcutnti0~ OF PETROLEUM aumrne 

2. 
3. 

C. 
4. 
5. 

6. 
7. 

8. 

9. 
1 o. 

11. 

12. 

13. 

D. 
14. 
15. 
1 6. 
17. 

E. 

Volume. cubic inches .................................... 
sela number ........................................... 
OBSERVED VALUES 
s tana lg~pressure inpraver .psg  .................. 
Startingaveragemnpemmemprover.T ................. 
Fiu number ....................... i 
Fieldstandardused ............... m 
Repoited volume ................. ms.81 

abovezero ..................... - 
below rei0 ..................... - 1.0 

Meacuredvdumes 
(Line6 + Laien ................. 577481 
withdrawaltemperahire,T ........ 82.0 

changefrommtemperahire  
(une9 - Lines) ................. 
vohane adjusment for temperabne 
differenoeofwaær 
(Chap. 11.42) .................... 1.- 
vosneadpustedtoctartingtempera 

(Line8 x Line11) ................ 5774.81 
Sumofadjustedvolumes.arbicinches ..................... 

O 

bae 

CORRECTK)NS NEEDED To CALCUATE BASE VOUIME 

5775.81 
m 

41 
82.0 

2 
n 

11551.80 

+37J - 
I I 5 8 9 3 0  

82.0 

O 

1158930 
.. 40.491.82 

3 
n 

11551.80 

+325 - 
11S8430 

828 

+0.8 

0.999864 

IIS82.72 

I1551 -80 
n 

4 
n 

I155I.80 

+3.0 - 
11554.80 

84.0 

+2.0 

0.9996 70 

11550.99 

c, fortea measures a! mew weigtited temperabre of8289 (see 1 2 2 5 )  
&forprwerat827: .............................................................. 1.000009 

............. I .ooWt4 

I .oooO38 C,formetaiOfpr~erat41 psig(see12.2.52) 
C,forwatermpoveraî41 psig(see122.5.4.EiqUiition10) I .(Mo131 

BASE VOLUME 

...................................... 
........................... 

If the changefflml stafw æmpemm? (Line 10) weigmed ball nms is39 or greater or if the metals ofthe prover and metest 
meacure(s) are not mesame. ndude c,forbath test meônaes (U and prover (U. 

[ GdlS) x E;:; x GJ17) I Basevdume=Sumofadjusîedvdumes(Line13)~ 

= 40.491 58 cubic inches at 609 and 0 Psig = 175.2882 gailom 
= 4.17353bOmk' 

If~charigefran~temperature(LinelO)nreightedforallnnrsic~otlessand~metalaftheQestmeasuie(5)icthesame 
as lhatofthe prov# LLse the folkwing equatbn: 

1 
BaseMhime = Sumofacljustedvofunes(~13) x 

CmAW X W17) 
NmE: In mis worked example, even ulolghaieweigh&d aveagemaidaral femPeiabae(828.F)b 
iessmanmdin#entnanthest2uthgterlwmm(E2~.conecbons . forc,toboth~meacuies 
and povwhave been made in orderto show how they are applied to dadatellte basevohrme 
iegardkss Of what sd rviihdraWai temperatu- may have been (see 1226.42). hi this 
example. coneCtingforC,altersîhe &byone part in one hundred thoucand. W n g  it out would 1 trarethesameaisigrEficameffect 

Figure í-Exampie Caiwiation for a Pipe Prover (Continued) 

and because the difference between Stamng prover temper- means the field standard(s) used. The examplt is liimited to 
one determination, although at least two are required. 

1226.4.4 Rounding of RepOM Valm 

l 
atrtR and field ?rtnndard.r tanperanrre is small (less than 3°F) 
use of the simpiified method (see 12.2.6.4. I )  is warranted. 
C, correcOons can be neglected, but b y  are included in 
the example for illustration purposes. The word "measure" The base volume of a prover as computed cannot be more 
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SECIION M E A S U R E D  Bv TURBINE OR DISPLACEMENT METERS 7 

amaare than the volumes of the field standards employed 
in its calibration, and because of accumulated experimental 
uawrtainties in the calibration process, it will be somewhat 
less accurate. Experience shows that five significant fi,oures 
in a computed value, such as the base volume of a prover. 
is the best that can be expected. Thus. the calculated base 
volume in the example in Figure I should be rounded to 
five significant figures showing 4.17353 as 4.1735 barrels: 
175.2882 gallons as 175.29 gallons; or 40,491.58 cubic 
inches as 40,492 cubic indies. 

12.2.6.4.5 Exampie Calcuiation for a lank Prover 

The fom or record used for a water draw calibration of 
a tank prover must make provision for at least the i n f o d o n  
shown in the example in Figure 2. 

It is assumed that this is a field recalibration; that the top 
and bottom necks do not necd recaIibration: that any small 
adjusrments to the top or bottom zero marlcs will be made 
by sliding the reading scaies up or down as needed. and 
that both scales will then be resealed. 

It is further assumed ttiatthe difference between srming 
temperanaesand withdrawal tempemm is keptsmall (less 
than 3°F) so that the C, for the measures and tank correction 
can be omitted (see note in 12.2.6.4.1). Since the tank 
prover is at aunospheric pressine, no pressure correction for 
either liquid ci prover tank sheii is required. 
The caiibration run must be repeated, and if the two runs 

(ai this example within 0.200 gallon) &e mean vaiw of the 
after correction for temperanne agree within 0.02 percent 

A. 

%. 
1. 

2. 
3. 

C. 
4. 
5. 
6. 
7. 

GENERALINFORMA~ON 
casbrafionrepoitno. 
-type O p m ~ t a r & í w p & b o a a g a g e & s s e s )  

Metal d n n l  
Dote 

FEID STANDARDS 
~ 9 w s . g a l l o n c  ................................... 
Deiiveredvolume,galkns ................................ 
sergintanber ........................................... 
OBCERVED VALUES 
Roverstartingtemperahne,tap,'F ....................... 
Roverstartingtemperabne,nriddle.=F .................... 
proverstartingtemperahne,,OF .................... 
R0verstaitirigtemperabae.average.T ................... 

two runs becomes the calibrated volume of the prover at 
60°F. 

The total of the values in Column 6 of Figure 2 is 
1001.561 gallons, which is at 80.T .  Each withdrawai has 
been carrected to 80.m 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 tempemm difference is not greater than 3°F. 
no further correction is needed to bring the caiibrated volume 
of the prover to 609, as the certified volumes of field 
standards were adjusted to 609 at the time of their Cali- 
m o n .  If the d i g  OR the top neck was. for example. 
1001.oOO gaiions at the start of calibration and as the pue 
volume is now known to be 1001 -561 gallons. the 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 
bonom neck d e  upwards by 9/16 inch. Both scaies should 
beresealedafterwards. 

12.2.6.4.6 Rounding oí Reported Values 

ï h e  volume of a tank prover between top reading marks 
and bottom zero mark in this example was adjusted to 100 1 
gailons. Applying the five significant fi-rmres rule explained 
in 12.2.6.4.4 requires that the caiibrated volume be reported 
as either 1001 .O gallons after adjusmient or 23.833 barrels. 

Using a c o o e i y  scakd foot de. and knowing that 17/32 inch 
= 0.5313iwhand9/16mch = 0.5625i&thckacrisascioseasscalc 
and mazkusfeadil!g willallow to kachicvcd. 

50 I 
49.985 0.997 
m n 

80.8 
80.6 
80.6 
80.7 

figure 2 Example Calculation for  a Tank Prover (Continued on Page 8) 
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, . '  

a. 
9. 

1 o. 
11. 

E 
13. 

12 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
I3 
14 
15 
16 
17 
18 
19 
20 
21 
22 

~ 

49.985 
49.985 
49.985 
49sss 
49.985 
49.985 
49.985 
49.985 
49.985 
49.985 
49.985 
49.985 
49.935 
49.985 
49.985 
49.935 
49.985 
49.985 
49.985 
49.98s 
0.997 
0397 

~~ 

80.6 
#.6 
80.6 
80. 7 
80.7 
80-8 
81.0 
81.1 
81.1 
812 
813 
81 -4 

815 
81.7 
82.0 
82.4 
825 
#.O 
83. J 
835 
84.0 
84.0 

-0.1 
-0.1 
-0.1 - 
- 
o. 1 
u3 
0.4 
0.4 
0 5  
0.6 
0.7 
0.8 
1.0 
I 3  
1.7 
1.8 
2 3  
2.4 
2.8 
3 3  
3 3  

I .oáoo15 
I m 1 s  
I m 1 s  
1.- 
1.000000 
0.- 
0.599952 
0.999936 
0.999936 
0.999920 
0.- 
0.999888 
0.999872 
0.- 
0.999793 
0.999730 
0.999714 
0.99%3s 
0.99%I9 
0.9995SS 
0.999473 
0.999473 

sum oftemperaaae adj- new stwdard Mhmies ........ 
nnalkruergagereading ................................. O 
W e i @ l t e d l l l l S f l ~  empemWe.4 ................ 81.6 
charigefmmStaitingtempeem(LinelO-Line7) -..-..- O F  

CAUBRATCDVOLUME 
ThegeneralfwmubforcaibratedMtumeic: 

1001J61 

c, caforaredvdume = sum of adjusted votumes x c, cm c, 
CdhtedvdUme = 1001561 X I 

Figure 2-Exampie Calculation for a Tank Prover (Continued ) 

49.986 
49.986 
49986 
49.985 
49.93 
49.984 
49.983 
49.982 
49.982 
49.981 
49.980 
49.979 
49.979 
49.977 
49.975 
49.m 
49.971 
4 9 . w  
49.966 
49.963 
0.9% 
09% 

1001 561 

12.26.4.7 Example calculation Using the Masîef 
Meier Method 

The procedm for caiibraîing a pipe prover using the 
master meter method wiU be found in chapter 4 of this 
manual. 
The fim step is to prove the master meter m the iiquid 

selected for the prover caiibration. In this example a dis- 
placement meta is used, proved against atank prova. A 

turbine meter calibrated against a pipe prover may be em- 
ployed equally weii, provided it is not removed from &e 
manifolding of which it is a part at the time of its proving. 
The flow rate tinough a masmmetcr, while it is ùeing used 
tocalibratea prover, sbouldbeheid Wittim abom2.5 percent 

is to develop anaccuraq curve and readoff the meter 
ofthe rate at the time ofits proving. AD alternatve 

for the rate observed diamg tile calibration. 
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SECTION 2--MEAWREb BY TURBINE OR DISPLACEMENT METERS 9 

The form or work sheet used to record data and calm- 
iations should provide for at least the information shown 
in Figure 3. Only one worked example of a master meter 

STEP 1 Pmmg of the Master Meter 

c a l i o n  run is shown in figure 3 although five runs are 
desirable in such a caiibration. 

A 

B. 
i. 

2 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

1 o. 
11. 

12 

C. 
13. 
! 4. 
15. 
16. 
1 7. 
18. 
19. 
20. 
21. 

D. 

GENERAL INFORMATION 
Rovaigreportno. Date T l  
~iqd m o r  gasoiine 01 60.8OApI Rate 715 bmnlJricrhow 

O p e r a t d S M m e  wibress 

MASTER PROVER INFORMATION 
calibrated volume, barrels .......................................................... 20.427 
m r s t a r t i n g  temperahire.top. 'F .................................................. 73.6 
Prover- temperanre. W e .  'F ............................................... 
Rover~temperaf tne.bOttom.T .............................................. 73.4 
Roverstartingtemperabae.arerage.T ............................................. 735 

73.6 

lUm€ 1: Fora gravity of 61'API (that is. 603 founded) Table 68 of Chapter 11.1 gives values for 7[pf 
and 8 0 9 o f O . 9 9 3 1  and 09862 Thus tite aveage increment per'TforthicspanisO.00069.sofor 

Ressure.pandcpersquare~gage .............................................. O 
C, for prover (see 1225.1) .......................................... _:.. 
c, for prover (see 12252) 
C, for prwer (see 12253) ........................................................ O.PRM85 
C, for prover (see 1225.4) 
CCF,formasterprover(Line7 x Line8 x Line9 x LinelO)(see12255) ............ 
corrededmasterpsarervolvme.banelc ............................................. 20241809 

7359me six digit valuewill be oso68!5 asshorn m Line9. (seeNobe2) 

1:uw2n 
I .annnm 

I .omm 
0.M34 

.......... 
........................................................ 

........................................................ 

MASTER METER INFORMAlWN 
closHigreadülg.banelc ............................................................ 
openingreadi,barrels ........................................................... 
Indkatedmetervohane ............................................................ 
T ~ r e o f m e t e r e d s W a m . 4  .................................................. 
Ressuiem met!er,pwndcpercquareinch ........................................... 
C, b r  me!er (see 12253) ......................................................... 
C, for meter (see 12.2.5.4) ........................................................ 

conected~mewv0lume,banels(Line15x -20) 

MRER FACTOR 
Meterfador = Line 12 - Line21 

CCF, (Line 18 X Line 19) for mastei metW (See 12255) ............................. 
........................... 

= l.W278 for rhìs nm 

14683.492 
14663.155 
20337 

73.4 
40 

0.990754 
i Ao0328 
0.991079 

20.155574 

STEP 2 Caiibrate the Pipe b e r  
A GENERALINFORMATION 

Nominalorexpectedpiovervoiume.bamls .......................................... 40 

Figure 3-Exampie Caiwiation Using the Master Meter Method (Continued on page 10) 
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10 CHAPTER 1 2 a C U L A T I O N  OF PETROLEUM QUANTMES 

B. 

22. 
23. 
24. 
25. 
26. 
27. 
28. 

C. 
29. 
30. 
31 - 
32 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

O. 

pipesize,inches .................................................................. 16 
Biches O375 Wall ímkftes ............................................................. 

Gavity af liquid d. ‘API ......................................................... 60.8 
715 Fbwratewhenmastermeterwasproved,banelcperhow ............................ 

T&&le 2 2Mpefœftîfk~raterange ............................................. 697 ro 733 

PIPE PROVER INFÖRMATION 
Datafrom five runs may be averagedfor Lines22 and23 and the basevdume in part D. 

................................................................... 75.1 Tempeahae, ‘F 
1m 

I .oootsl &fwpipeprwer(see1225.1) .................................................... 
................................................................. J .oiK1136 

I .o00821 
0.990807 

Ressuie,porsidc per  squareinch gage .............................................. 

c, (see 122.52) 
c, (see 1 2 2 5 3 )  .................................................................. 
C,(see1225.4) ................................................................. 
CCFforpPeprover(Lne24 x Line25 x Line26 x Linen) 

o.mm 

MASTER METER INFORMATION 
Rate,bamkmur ................................................................. 
Tempeahae. ‘F ................................................................... 
~ . p o u n d s p e r s q u a r e i n c h g a g e  .............................................. 
Closing reading ................................................................... 
openingneádiiig .................................................................. 
Indkafedmetervdume.banetC(Lw32 - Lne33) .................................. 

(=, tor meter (see 1 2 2 5 3 )  ......................................................... 
C, for meter (see 1225.4) 
ccF,(Line35 x Line36 x m37) ................................................ 
Conectedmastermetervolwne.banetc(Line34 x Lines) ........................... 
Vdunieofprrnrer.thisrun.banels(íine39 - -28) ................................. 

Masærmeteríactor(seeNote 5) .................................................... 

........................................................ 

705 
75.6 
75 

IS226.727 
I 5 I å ó 2 5 4  

40.473 
1.004284 
0.989236 
I .- 
0.994093 
40.233926 
40.607228 

Figure -ample Calculation Using the Master Meter Method (Continued) 

12.2.7 Calculation of the Meter Factor 

12.2.7.1 PURPOSE AND IMPUCATIOIYS 

k m e  custody transfen of liquid petroleum measured by 
meter are sufficiently small in volume or value, or are 
performed at essentiaiìy uniform conditions. so that the 
m ~ r  can be mechanically adjusted to read within apre- 

ments and some bu& piant measumnents into andlor out 
of tank wagons. However, in mon &e scale custody 
uansfe~ when a single meter is used to measure severai 
different liquids or to measure at severai different flow mes, 

a~cura~y.  Examples would be retail XIESUR- 

meter adjustment for each change is impracticable. In such 
suvice, accuracy cm be achieved by leaving the caliùrator 
setting undisturbed and seaied, using a dummy calibrator, 
or & i g  with the dibator eatireiy and determinllig 
within narrow limits a meter factor for each operating con- 
diiion. ïùus the purpose of cietermining a meter factor is 
to ensure accuracy of measurement by batch, regardless of 
how operating conditions change with xespect to dtnsiry 

cating pperties, by always proving the meter unda the 
specific opcraáng conditions encormemi. If any one of 
specific oprathg conditions changes significantly, a II 
wfer factor should be obtained by re-pving the meter. 

I 

(gravity), viscosity, rate, =weran=, pressure, of lubn- 

3 
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SECTION 2 4 & A S U R E D  BY TURBINE OR DISPLACEMENT METERC 11 

The definition of mem factor as gim in îbapter i of 
thismaauaiis: 

Meter factor-A number obtained by dividing 
the actual volume of liquid passed through a 
meter during proving by the volume registerea 
byaiatrneter. 

From the definition it is clear that: . 
= indicatedvolume X MF (14) 

During proving, the temperature and pressure existing in 
the prover and m the meter axe significant in calculatiag a 
meter factor. This is so because the actual vdume of liquid 
passed througb the meter during proving must be determined 
indirecply from a knowledge of ttqe exact volume measiaed 

peranne diffexences between the prover and the meter. As 
a resuit, standard measmement practice is fim to correct 
the volume of the liquid in the prover to standard conditions 

indicated volume dining proving to what it wwld bave been 

Ammeter 
throughputat 
operating conditions 

in the p r o ~ e r .  This calculation ~VOIV~S a d  tem- 

(60°F and equiliIJriLIxIl pressure) and tben also to conect the 

if the meter had opaaned as staadard ConditioIIS. 
Thus, m practical telms: 

Volume of liquid in the prover 

C, and C,, are the appropsiate d o n  factors forde- 

a measured volume at metering conditions. 
terminmgtheequivalenttatatst?tIpdard~from 

in some metering applications, the variables MF and C,, 
in Equation 17 are combined into a “composite meter 
factor.” When such a composite meter factor is applied to 
the indicaid volume of a temperanne cornpensated meter 
(which automatícaily appiies C,,,,,), the metered quantity in 
barrels at standard conditions can be obtained by multiplying 
i n d i d  volume by the camposite MF aione. 

It is important not to confuse a standard meter factor 
(Equation 15) with a composite meter factor. They are not 
herchangeable. 

1227.2 HIERARCHY OF ACCURACIES 

Meter factors fit into the hierarchy of accuracieS between 
caiibmed provavolumes (12.2.6) and calculation of meas- 
urement tickets (12.2.8). Thus temperanae readuigs for 
proving should be averaged and dren munded to the nearest 
0.59. Pressure readings for proving should be averaged 
and then rormded to the nearest scale division, a pressure 
gage with its agmpr&e rauge having previously been 
selected. 

12.27.3 RULE FOR ROUNDINCLMETER 
FACTORS 

in calculating a meter factor, detumine the numerator 
and denominam values separately, witb each rounded to 
at least five significant digits. In intermediate calculations 
deternime individual coïTectioI1 factors to four decimal 
places. Mriltipiy individual Correction faaors mgetber, 
rounding to four decimal places at each step (for each 

aed bomhattor)), and TBcoTa the combined  ar- 
rection faCtor(CCFl rounded to four d e c i i  places. Divide 
corztcted provs volume by corrected meter volume, and 
m u d  the multing mem factor to four decimal places. 

122.7.4 CALCULATION OF THE METER 
FACTOR USING A TANK PROVER AND 
A DISPLACEMENT METER 

Iii calculating a standad meter factor use Equation 15. 
-*-by-~~uPPergageglass 

of the tank; the indicated voiume should be recarded to the 
nearestthousandth of a barreJ. if the bottom gage giass was 
not at tao befare the provingrun was started, its reading 
must be added to or subtract& fmm (as the case may be) 
the upper gage glass reading, and the algebraic sum rworded 
as the iwlicated volune. 
To caiadate a meter factor, both prover and meter vol- 

umes must be in the same units. if the meter registers in 
barrels, IecardtoO.001 barrels, or if in gallons to the nearest 
0.01 gallon, or to five sipikaut digits. Read all prover 
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. I  

A 

B. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

C. 
1 o. 
11. 
1 2  
13. 
14. 
15. 

16. 
17. 
18. 
7 9. 

D. 

DATA FROM PROVER TANK 
Ir&atedvolume. barrels ................................. 
m r  staiangtemperature.top. 'F ....................... 
Pmerctaiangtempera3ure,middle,'F .................... 
proverctartingtempemm,bottomT .................... 
Roverstaitingtemperatuie.ave~ (rwnded),'F .......... 
C, for pmuer (see Taôie A-1) ............................ 
C, for prwer (see 1 1 .l. Table 6) ......................... 
CCfp(Line6 x -7) .................................. 
correaedpcoveivolume.baneis(Lare1 x Unes) ......... 

closing reading, banelc .................................. 
0penngreômng.bWeic ................................. 
IndicatedMhane.banels ................................. 
Tempeabae. 9 ......................................... 
Ressure,pOundSpersquareinchgagt? .................... 
temperatwe -) ............................... 
c,formRer ........................................... 

correctedme<ervohnne(Line12 x Line17) ............... 

DATA FROM METER 

C, for meter (see 11.1. labte 6 or uce 1.oooO if meter is 

CCF, for meter (Line 15 x Line 16) ....................... 

íWerfaCtw(Line9 + iine 18) ........................... 

Run 1 
?OM5 
73.6 
73.6 
73.4 
735 
1.0003 
0.9907 
0.9910 
20261 

Run 1 
14556595 
I4536 114 
20354 
735 
40 

0.9907 
!.000-, 

0.9910 
20.171 
J.m5 

Run2 
20.427 
73.6 
73.6 
73.4 
735 
I . W 3  
0 . W  
0.9910 
20143 

Run2 
14683.4W 
146û3.155 
-V39 
735 
40 

0.9907 
I .o003 
0.9910 
20.156 
J.rn3 

Figure 4-Example Calculation for a Tank Prover and Displacement Meter 

thcrmoxueters to O.lT, average them, round, and rerord to 
0.5'F. Caicuiate the comaion factors C,, (see 12.2.5.1) 
and Cu far the prover (see 12.25.3) and round them to four 

CCF (see 12.2.5.5) and mud to four decimal piaccs. 
Multiply indicated volume by the CCF far the prover to 
obtain the conmecl prover volume to 0.001 barrels. 

Detamine the denominator by subtractnig the opening 
meter reading from the closing meter reading, both Rad or 
estimated to 0.001 of a barrei or0.01 of a gallan. Record 
this reading as indicated meter volume. calculate correction 
factors Cu and C, forthe meter and record to four decimal 
places. Muitiply indicated meter volume by CCF for the 
mefa to obtain the corrrcted meter reading to 0.001 barrel. 
calculate the meta factor by dividing the mrmeTator by 

me daiominatar and round the meter factor to four decimal 
P h -  
The purpose of the above conventions is to establish 

decimal pia#s (that is, 0.9962). Multiply C, by Cu to obtain 

standaad procediirrs which will ensure the same results from 
th? samedatare~esso f  who ar what does the Compiaing. 
Any d g  sacrifice of hypothetical maximum accinacy 
is insignificant and must take second piaœ to comkmcy. 
The stadard procedures and conventions axe based on tite 
use of a simple desk caículator (not a scientiíic calcuíatm) 
such as has traditionally been employed in the field, as well 
as by accounting pecsannel who may wish to check meter 
factor calculations. Accardingly, if meter proving reports 
calculated in the fieid are subsequently checked by a com- 
puter, the compurermust be pmpmmed in such a way as 
to reproduce the conventions described here. Remainders 
should not be held in memary; rounding should occur as 
ciescxíbed above. 

PROVER AND DISPLACEMENT METER 4 
A meter factor repurt fami used for a nontenipemaae 

12.27s EXAMPLE cwmuanoN FOR A TANK 
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SECnON 24EnSURED BY TURBINE OR DISPLACEMENT MI3ERS 13 

compensated displacement meter p v e d  @nst a tank 
prover should allow for at least the information shown in 
Figure 4. Two runs are shown in the example. for each of 
which a run meer factor caicuiation is made seprateiy: the 
two results are then averaged. the result obtained sometimes 
being called the "meter factor to be used." Note that this 
procedure differs from that employed with a pipe prover in 
which puises. tempemure. and pressure are aveqed. and 
the meter factor is calcuiated from the average values of 
pulses. temperame. and pressure (see 11.2.7). 

12.2.7.6 CALCULATION OF THE METER 

1227.6.1 General 
Turbine meters and pipe provers were developed after 

displacement meters and rank provas: therefore. the pro- 
cedure for calculating a meter factor for a ntrbine meter 
proved against a pipe prover was generally modeled on 
older procedure. but some changes were made. 

Because a pipe prover is subject to aie effects of both 
temperanue and pressure on the steel. its base volume 
(which is at standard conditions) has to be corrected to 
obtain its volume at proving conditions. The volume of the 
displaced liquid must then be c o m d  to the equivaient 
voiume at standard temperature and pressure. 'This latter 
value becomes the numerator in Equation 15 and the cor- 
rected meter volume becomes the denominator. For this 
procedure to be applied. the dispiacement meter must have 
a high resolution elecaical output. et is. a large number 
of pulses per barrel so that at least 1O.ooO puises or their 
equivalent are obtainad. 
The orher rules and conventions discussed in 12.2.7.4 

apply to caicuiation of a meter factor using a pipe prover 
and a nubine meter. 

FACTOR USING PIPE PROVERS 

A. 

8. 

1227.62 Example Calculation for a Pipe 
Prover, Turbine Meter, and Liquid of 
Low Vapor Pressure 

Figure 5 provides an exaniple calculanon fora pipe p v e r  
with a b i n e  meteron a liquid of iow vaporpxesmc. 

GENERAL INFORMATION 
Rovfngreportno. Bat& 

63.7 Roverdimmums . 14'piPr.OJiTdì 

Rate. bane(clhwr 1570 w d  
Meter m. statim 
Totalizerputsesperbmei lm 

Datewd?ime oP=ator 
Isigrahic) 

DATA FROM PROVI" RUNS 
Temperaaae. T Ressure. pcis 

Run m. Rover Meter Rwer Meter PulCe count 
I 63.0 645 80 62 I7743 
7 63.0 645 &I 62 17744 
3 635 603 80 62 17746 

Figure 5 Exampie Calculation of a Pipe Rover, Turbine Meter, and a Liquid oí Low Vapor Pressure 
(Continued on Page 14) 
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1. 
2. 

C. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

D. 
1 o. 
11. 
12. 
13. 

E. 
14. 

4 64.0 6-53 80 62 m46 
5 64 .O 6-55 80 62 17747 

Averagec 635 64.9 80 62 177452 
Aveiageciramded) 633 65.0 80 62 17745 

MeteiVolume 
Meteredvolume = In45 i loo0 = 17.74sbrrmls 

N m :  
1.AveragetemperahrrecarerwndedtotheneaiesthatfdegreeFahrenheit 
2 PressUresare readtolhenearectccatedmson.whiai irlthiscaseisassirmedtobem2pound 
persquareinchinaemerm. 
3. Rifsecountisdividedbyaie1iPtalnerpulsesperbairelCmthscaseloOO)and~asbandc. 
randedtothleephces. 

DATA FOR PROVER 
Basevolumeofprwer.barretc ...................................................... 17.654 
c, (see 1225.1) ................................................................. 1.oo01 
c, (see 12252) ................................................................. 
C, (w 1225.3) (see 11.1. Table 6) ................................................ 0.9975 ' 

C, (see 12.2.5.4) .................................................................. 1.- 
~ ~ , ( w 1 2 2 5 ~ ) 5 ) 4 x X x 6 x ~ ( ( i w n d e d t o f w r ~ p l a e e c a t e a e h ~ )  0.9984 

I .am1 

conededpmverMkane,banels(Line3 x Lines) ................................... 17.626 

DATA FOR METER 
C& (see 1225.3) (see 11.1, Table 6) ................................................ 
C, (see 1225.4) ................................................................. 1.ooo5 
CCFm(Laie 10 x Line 11) .......................................................... 
comc!edmetervoknne(Lene9 x Luiel2) .......................................... 17.692 

MeteríaUœ(Liie9 i Line13) ..................................................... 0.9963 

0 . W  

0.9970 

METER FACTOR 

Fgure S-ExampJe Calwiation for a pipe Prover, Turbine Meter, and a Liquid of Low Vapor Pressure (Continued) 

1227.63 Example Calwbtion for a Turbine 
Meter, Pipe Prover, and Liquid of 
Vapor Ressure Above Atmospheric 

It is assumed for this example, see Figue 6, that the 
liquid measureù is a propane mix of a specific gxavity at 
609 of 0.554 and that a n o m q u a m e  compensmed tur- 
biw meter and bidirectional pipe prover are used. 
in this example, the cquiiihium prrssure P, is given as 

115 pormds per square inch gage dewnnined bythemetinxi 
explained in the note to 12.2.5.4. 

nie  vaiue o f F  for the meter can be read fram the table 
of compressibilities w. relative density (see Chapter 11 -2) 
iu this case by entering the tmpaíme at 76.- and by 
reading against the column for 0.554 specific graivity, a 
valire of 0.0000285. The vaiue of C, (Lhe 1 I )  using 
Equation 9 works out to 1.0080 rounded to four decimal 
P b -  

The d u e  of F for the prover is caicuiated Iilrewise except 
thatthe pressure P is 385 pounds per square in& gage and 
the tmjmUtm t i s  n.O"F, giving a vaiue for C, (Lìm 6) 
of 1.0078 munded. 

For C, values see 12.25.3, for C, see 12.2.5.1, and for 
C, sec 12.2.5.2, for Mch references to are also shown in 

For both meter and p v e r  a combined comcfioll factor 
(CCF) is caicuia!ed acandhg to insrmcaonS in 12.2.5.5. 

the example. 

12.2.8 Calculation of Measurement 
Tickets 

12ul.l PURPOSE AND IMPLICATIONS I 

The purpose of standardizing the tams andaritfrmetcd 

laaa iiquidmanwasurrnrem ticket is to avoid dwgreemeat 
procedaffs employed in calculating the amounts of pes+ 

between the parties involved. The Standardited procedures 
farcalculaticw aim at obtaining the same answer from the 
same measurement data, regardless of who or what does 

receipt for delivery of aude oil of pemleum product. If 
change inown~orcus todyoccras  during thetraasfer, 

I 

the compaing. 
A measwanem ricket is a written acknawledgment of a 

i 
the measmemenf ticket serves as an agretmentberween the 
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SECTION W E A S U R E D  BY TURBINE OR DISPLACEMENT MEIERS 15 

anhized repmumivesof the parties amcemed as tothe 
measured quantities and tested qualities of the liquids trans- 
ferred. 

Care must betaken toensure that ail copies of a meas 
mement ticket are legible. Standard procedure forbids mak- 
ing CoIFecOons or erasures on a measurement ticket unless 
the interested parries agree todo so and initial the ticket to 
that effect. Should a mistaice be made, the ticket should be 

A 

8. 

1. 

2 
3. 
4. 
5. 
6. 
7. 
8. 

C. 
9. 

1 o. 
11. 
12 
13. 

D. 
14. 

marked VOID and a new ticket prepared. If the voided 
ticket has mechanically printed numbers on it which cannot 
be reprinted OLI the new ticket, the voided ti& should be 
clipped to the new one to support the validity of sucb primed 
numbexs. 

12.2.8.2 TERMS 
Standordcumìiziunsrnean WFandatmosphencpressure 

I 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 77.0 772 385 395 
6 77.0 76.6 385 395 

Averages 77.0 76.6 385 395 
Averagec(rarnded) 77.0 765 385 395 

NOTES: 
1.AveiagetemperabaesarennmuledtothenearesthaWdegreeFahienhea 
2Ressuresarereadtoothenearestccale. 
3. PulsecaiidisroraidedDthenearestaMt 

Bacevohaneofpiover. barrels ...................................................... 
c, (see 1225.1) ................................................................ 
c, (see 12.252) ................................................................. 
%(see 12253) (see 11.1.Taûie6) ................................................ 
C, (see 1-4) ................................................................. 
ccF,(Liies3 x 4 x 5 x 6) ....................................................... 
coirededpwwvo8mie,bat18k(Li#2 x Láie8) ................................... 

2.0734 
I .oáO3 
1.ooo4 
0 . m  
1.0078 
0.9863 
2 .o450 

DATA FOR MECER 
mefed vokane (Line 2 + pdcec/bane) 

C.,,(= 12253) (Gee 11.1.Table6) 0.9789 
C m ( ~ 1 2 2 . 5 . 4 )  1 .m 
cCF"(ule10 x -11) 0.9867 
careded~vdume,bairels 2.1421 

28631 + 13188 = 2.1710 
................................................ 

................................................................. 
.......................................................... 

.................................................. 
MEIER FACTOR 
Meterfador(Lne8 i üne13) 0.9547 ..................................................... 

28629 
28626 
28635 
28634 
28633 
28631 
286tlJ 
28631 

Figure &Example Calculation for a Turòine Meter and Pipe Prover 
with a Liquid of a Vapor Pressure Above Atmospheric 
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16 CHAPTER 12-cAUtJLATION OF PETROLEUM QUAMITIES 

(O poumis persquare inch gage). in the case of liquids 
having an e q a i l i i  pressrae above O gage at W’F, the 
standard conditions are WF and the equilibnam pressure 

A b e l  is a Unit volume equal to 9702.0 cubic inches, 
and a gallon is a unit volume equal to 231.0 cubic inches. 

V o k s  are expressed in barrels or gallons with the 
several tams iacorpaa9ng the ward volume having the 

Indicated volume is the change in meter reading that 
occrtrs during a receipt or delivery. The word regisnation, 
thou& not p r e f d ,  often bas the same meaning. 

Gross volume is the i n d i d  volume multiplied by the 
meter factor for lhe pamcular liquid and flow rate under 
which die meter was proved. This is a volume measurement. 
Gross volume ot ~ r ¿ t e n q e ~ e  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 temperaaw compensator, the 
change in meter reading duringa receipt or delivery will 
be an indicated volume at standardtanperaane, which when 
muitipiied by the meter factar becomes a gross volume at 
m t e m p e a n r r e -  
Gross stan&rd volume is the gross volume at srandard 

temperature, conected also to standard pressme, and is 
thdm a quantity mtasuremwt. The factor for cortecting 
a volume to standad pressure is called C, (see 12.2.5.4). 

In summary (for a n p  compensated meter): 

of the &quid at 609. 

mfanbgs described below. 

Gross -I2 opening 

volunie -= [(ZJ -i- 13 
x [MF x c, x CN] 

Netstandmd volume is the same as gross srandardvolume 
farrefinedproductr. whenrefesredtocrudeoil,itmeans 
thatrhedaamined percentage of sediment and water has 
been deducted. It is sometunes called “standard banels of 
net clean oii.” The correction factor for sediment and water 
(S&W is: 

c, = 1 - 8 S&W/lOo 

A readmg or meter reading is the instaataneouS display 
on a meter head. When the difference between a closing 

should be d e x i  an inäicated volume. 
and anopeningreading is being discussed, such difference 

Measurement ricker is the generalized term used in this[ 
publication to embrace and supersede expressions of long 
standing such as “run ticket,” “receipt and delivery ticket.” 
and other teSmS. It is also used to mean whatever the 
SUPP0mng pieces of paper or readout happen to be in a 
meter station that is automated, remotely ~onaolled, andlor 
camputented. 

1228.3 RULE F9R ROUNDING- 
MEASUREMENT TICKETS 

In calculalhg a net standard volume, record tempaanaw 
to the nearest whole de- Farenheit and pressures to the 
mztrest scale reading line. Tables of comaion factors should 

Multiply the mefer factor to be used by the comaion 

in- * calculation. Round the combined caection 
factor (CU, which in this situation includes a me= factor 
value and C,) to four decimai piaces. Round the resulting 
net standard volume to the neans whole barrel or whole 
gallon, as the case may be. 

1228.4 CORRECTION FACTORS 

The conectian factars that apply to nieasurement ticks, 
and their notarion, are explained in 12.2.5. In -1 

tickets for crude oil another correction factor is innoducec 
to allow for known volumes of sediment and water (WW) 
nle value of this c(nrectian factor (C,) is 1 - [%sgrw. 
iûû]. Like the COmCtioDS for remperanne and presstae, it 
too should be combined into the CCF (see 12.2.55) when 
cal- men?;urement ticbs. 

be used, with values expressed to four decimal places. 

factors, TouIIclipg to four decimal places at eacb step in this 

12.2.8.5 HIERARCHY OF ACCURACIES 

The hierarchy of accuracies assigns measurrment ticket 
values to a levei below meta factor calcuiations because 
the accumulated uncertainties enterhg aie calibration of 
provers, and then entering the calculation of meter factors, 
makes it unreaiistic to assign a higher position. Thus, oniy 

and the conventions for rounding and mmcating are nec- 
essary in ordato obtain the same value from the same data 
regardless of who or what does the computing. 

72.2.û.ô STANDARD PROCEDURES 

Mera readings shall be muicated SO that fractions of a 
smndard unit (barrels or gallons) are eliminated (not 
rounded) and the indicated volume determined . tilerefrom 
shall enter the calcularion for net standard volume. (Should 
it be agreed between tbe interested parries to employ a 
iargex thaa a barrel, such as a unit of i0 barrels, 
uuncatíon will eiimmate anything less than such a unit.) 

four decimal piaces in tbe CorrectiOEl fac#ns an wananted, 

a 
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SECTION 2 A E A C U R E D  0 Y  TURBINE OR DISPLACEMENT METERS 17 

For example: 
Dkpiayed Tnm*ited 

Valut Val= 

3.814326.9 3.814326 
53.128.3 53.18 

closicgreadillg 3.867.455.2 3.867.455 
0Pning-g 
voiunrbydiffamce 

Non-resembie counters should be employed- 
Temperature shall be read and r o d &  to the nearest 

Ressures shall be read and rounded to the nearest scale 
whole de-- Farenheit. 

reading. 

12.2.8.7 CONVENTIONS 

in order to avoid multipiying a large number (for example. 
an indicated volume) by a small number (for example. a 

A. GENERAL INFORMATION 
T i  no. 
Tane started 
Measuringstation 

~ e d i  and water O J ~ Q  
Remarks 

crude oil 

c d o n  factor) over and over again, and possibly losing 
significance in the process. obtain the combined correction 
factor (CCn tim and oniy then, muitipiy the indicated 
volume by the CCF (sg 12.2.5.5). Multiply each correction 
factor by the next one. and round ta four decimal places at 
each step. Repon ali correction factors to four d e c i d  
piaces. including the CCF. 

12.2.8.8 EXAMPLE MEASUREMENT ncm FOR 
A LOW VAPOR PRESSURE LIQUID 

A measurement ticket form should allow for the recording 
of at least the data shown in Figure 7 and the calculated 
values. The example applies to a nontemperam compen- 
sated meter. 

B. MEASUREMENT INFORMATION 
1. m g  meter reading (tntncated). barrels ............................................ 
2. opennig meter &mg (tntncated), b a d s  ........................................... 
3. Indicated volume. barrels ........................................................... 
4. Meterfactor I.fà916 from Report No. 
5. Averagestreamtempetature.OF ..................................................... 
6. C, (see 11.1. Table 6) ............................................................. 
7. Average metetpessure. psig ....................................................... 
8. C, .............................................................................. 
9. Sediment and water (i¡ applicable). percent ........................................... 

10. C, (For dry. dean producB. use 1.oooO) ............................................. 
11. Combined wirectian factor. CCF, (Lines 4 x 6 x 8 x 10) ............................ 
12. Netstandardvohmie.bwels(Line3 x 11) .......................................... 

3367.455 
3.814326 

53.119 

811 

0.9860 

370 
I . 0 0 2 2  

o. 15 

0.9985 

0.9983 
52.507 

NOTE 1: Gravitykassumedto be rounded to Bdegreec MI. 

Figure 7-Example Measurement ricket for a Low Vapor Pressure Liquid 
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APPENDIX A 

CORRECTION FACTORS FOR STEEL 

Table A-1-Terípmûm Conection Faaar~ for Miid Steel, C, 
Table A-t-Tempemtwe CorrectiOn Factors for Stainless Steel, C, 
Table A-3-Ressiae Correction Factors for Steel, C, 

19 
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SECTION  MEASURED üy TUREINE OR DISPLACEMENT METERS 21 

Table A-1-Temperature C o d o n  Factors for Mild 
steel 

-7.2--1.9 0.9988 735- 78.8 I .o003 
-1.8- 3.5 0.9989 78.9- &.I 1 .o004 
3.6- 8.9 0.9990 84.2- 89.5 I .o005 
9-0- 14.3 0.9991 89.6- 94.9 1 .o006 
14.4- 19.6 0.9992 95.û-100.3 1 .o007 
19.7- 25.0 0.9993 100.&105.6 1 .o008 
25.1- 30.4 0.99W 105.7-1 1 1 .O I .m 
30.5- 35.8 0.9995 I 1  1.1-1 16.4 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- I325 1.0013 
52.0- 57.3 0.9999 1326-137.9 1.0014 
57.4- 62.6 I .oooo 138.0-143.3 1 .O015 
62.7- 68.0 1 .o001 143.4-148.7 1.0016 
68.1- 73.4 1 .o002 148.8-154.0 1.0017 

NOTE: This mbk is suirable for a p p l i o n  in man piwing: m prwer 

valpcs and IO caieuiate values, se 12.2.5.1. 
calibrarioqrru me famikc. Forme f m i a  uscd IO daive the tabdawd 

TaMe A-2-Temperature Correction Factors for 
Stainless Steel 

C, for srainks ntel haviug a cubical coeffisent of expimtion of 
2.65 x per9 

obraved C, obsawd C, 
Tmipcramrr.9 Vainc Tanpcrantrr. T Val= 

-9.8--6.1 0.9982 73.3 76.9 1 .oooO 
-6.0- - 2.3 0.9983 77.0- 80.7 1 .o005 
-2.2- 1.5 0.9984 80.8- 84.5 1 .o006 

1.6 5.2 0.9985 W . 6  88.3 I .o007 
5.3- 9.0 0.9986 88.4- 92.0 1 .o008 
9.1- 12.8 0.9987 92.1- 95.8 1 .o009 
12.9- 16.6 0.9988 95.9- 99.6 1.0010 
16.7- 20.3 0.9989 99.7-103.3 1.0011 
2û.4- 24.1 0.9990 103.4-107. I 1.0012 
24.2- n.9 0.9991 107.2-1 10.9 1.0013 
28.0- 31.6 0.9992 I 1  1.0414.7 1.0014 
31.7- 35.4 0.9993 114.84 18.4 1.0015 
35.S- 39.2 0.9994 118.5-122.2 1 .O016 
39.3- 43.0 0.9995 122.3--326.0 1.0017 
43.1- 46.1 0.996 126.1-129.8 1.0018 
46.8- 50.5 0.9997 129.9-133.5 1.w19 
50.6- 54.3 0.9998 133.6-137.3 I .o020 
54.4- 58.1 0.9999 137.&341.1 1.0021 
58.2- 61.8 1 .oooo 141 2-144.9 1.0022 
61.9- 65.6 1 .o001 145.û-148.6 1 .OM3 
6.7- 69.4 1 .m 148.7- 152.4 I .o024 
69.5- 73.2 1.0003 152.5-156.2 '1 .am 

N a  This mbk is suirable for application in mctcrpioVing: in prover 
dïbmicmuse the formulas. Forlhe formula used IO derive* tabufared 
vatucsanda, calaihte me values. sct 12.25.1. 
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CORRECTIONS 

APPENDIX B 

TO OFFSET THE EFFECTS OF TEMPERATURE ON METAL S H U  

This appendix presents the derivations of the corrections 
necessary to offset the effects of temperam on the meai 
shells of both the field standard test measures and the prover 
they are used to calibrate. 

The peral equation for determining the base vol& of 
a prover by wafer drawing it with field standard test measures 
is: 

PBV = [ V M  X Ce] X [c9 x ::x c*] (BU 

Where: 
PBV = the prover base volume at 609: and O pounds per 

square indl gage. 
VM = the indicated volume in the test measure. 
C,, = the correction for the temperature of the steei 

shell of the test measure (see 12.2.5.1). 
C, = the correction for tbe temperanre difference be- 

tween the water when in the individual test meas- 
URS and the water when in the prover. (This 
factor must be used Out of sequence.) It can be 
obtained from tabulated values in Chapter 1 1.4.2. 

& = t h e  conection for pressure on the water in the 
prover (see 12.2.5.4). 

C, = the correction for the temperanire of the steel 
shell of the prover (see 12.251). 

C, = the correction for the pressure on the steel shell 
of the prover (see 12.2.5.2). 

For the purpose of discussion, or even of calculation. the 
two comctions for the temperame of the steel shell can be 
combined as follows: 

Where: 
CC, = the combined d o n  factor for the effect 

of tempeanue on the steel of botb the prover 
and the measure. 

TM and Tp = the temperaNRs of the steel shells of the 
measure and the prover, respectively, gen- 

the water contained therein. 
yM and yp = the coefficients of cubical expansion of the 

materias of the measure and the prover, 
Rspectively. 

erally taken as equal to the temperaane of 

Muitiplying both the numerator and denominat or of 

Equation B2 by I - Cr, - &))yp and dropping the second 
order infinitesimals as negligible gives: 

cc8 = 1 + (ThI - 6 o ) V M  - (Tp - m)up 033) 

Equation B3 is the general case. 

are made of the same mamial- 
F o r k  special case when the prover and the test measures 

Yu = Yp = Y 

and 
CC, = 1 + (TM TPh (B4) 

For the other special case when the prover and the test 
measureareatthesarnetemperanrrebutaremadeofdifferent 
material' 

TM = Tp = T 

and 

cc8 = 1 + (T - W ( Y M  - YJ íB5) 

Equations B4 and B5 are the comesions discussed m 
Sectim 7.2 and Section 7.3 of the N a t i d  Bureau of 
Sîadads Monograph 62, Tesrulg O f M d  Volumetric 
standmdr. The general case value far ali CombiMlions of 
temperaairaandmatáals,however.iSCOVeredbyEquation 

Withrespect to Equation BI it should be noted that in 
pcticethe value of c, isdetennuied for each test measure 
withdrawn and applied to the volume in that test measure. 
These corrected volumes are then summed and the remaining 
COrZeCtiOllS are applied tothe sum. in that case TM is taken 
as the volume-weighted average tempemm of ail the meas- 
ures withoawn. This practice is acceptable for the nomai 
range of temperature experienced because the cubical coef- 
ficiem of ttremial expansion of the usual metais is only about 
one-temh diat of water. Equation BI then becomes: 

B2 and is used in Bi. 

PBV = Z[V. X C,]i x [c9 x :: x CJ 

It should be noted that whiie the coefficient of cubical 
expansion of mild steel is usuaily 1.86 x 10-5, the coef- 
ficient for stainless steel and other metais genetally varies 
with the composition of the metai. and only those values 
given by the manufactum of the test measures or prover 
should be used. 

25 
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Asanexampleoftheextenttowhichthefailuretoapply 

voiume, consider the case where both the measures and the 
prover are made of miid steel but the temperatme m the test 
measures is 8pF while the temperanae in the prover at the 
beginning of the water draw is 78T. Then: 

1 + [(87 - 60) x 1.86 x 10-7 
1 + [(78 - 60) x 1.86 X 

Failure to appiy these carreCCions in Equation B6 wopld 

0.0167 percea. 
nus it can be seen that the smement in hragraph 2125 

of API Seandard 1101, “If the test measure and the prover 
are made of the sane matenal, nocomction of the volume 

the steel temperaaire corrections afFects the prover base merefore &in undeman - g the prover base volume by 

of the proverto 60°F need be made,” is me only if the 
temperatrae ia the p v e r  differs from the temperanire in c,, 

C, 
= I.oooI67 -- - 

the tea measure by 3°F or less. 

. . . .  1 
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APPENDIX C 

SAMPLE METER PROVING REPORT FORMS 

Generai purPose Meter Roving Repon for Use with Pipe Rovers 
Meter Roving R e p o ~  for Tank Rover Method 
Meter Roving Report for Master Meter Method 
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GENERAL PURPOSE METER PROVING REPORT 
FOR USE WITH PIPE PROVERS 

LOCATION MlE m N o .  

p#Nw DATA - 
I BISEVCUMEATBbFANüVpP I I  SE I I  WILL 

w. I I  

7 

8 

9 

~ 10 

I I 

J 1 

J I 

r r  

L I I 1 

(API MPMS Chapter 122) 29 
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LQCITDN TENDER LIQUID *Au DATE m Z E I I p .  

(Apt MPMS Chapter 122) 31 

REPORT No. 
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APPENDIX D 

CHAPTERS 22 AND 23 FROM NBS HANDBOOK 91' 

CHAPTER 22-NOTES ON STATISTICAL COMPUTATIONS 

22-1 Coding in Statistical Computations 
coding isthe term used When arithmetical apaationsare 

applied to the orígiuai data in order to make the wmbers 
easier to handie in computation. The possible coding op 
earions are: 

(a) Muitipiicaion (or its inverse, division) to change the 
order of magniaide of tile reconied nirmbers for co1I1puMg 
purposes- 

(b) Addition (or its inverse, suáaac9on) of a constant- 
applied to recarded numbers wbicb are nearly equal, to 
reduce thenumber of figures which need be d e d  in 
CompUEafon. 
When the ncarded results contain non-significant zeros, 
(e.g., numbers like .o00121 or like ll,lOO), coding is 
c M y  desirable. There obviously is no point in copying 
these zeros a large numùerof tirnes, or in adding additionai 
useless zeros when squaring, etc. of coiase, these d e  
~ h a v e b e e n g i v e n a s 1 2 1  x lO-'orIl.l x l(Y,in 
which case coding for ardes of magnitude w d d  not be 
necessary- 

The pmpose of &g is to save labor in romputaton. 
On the other band, the process of coding and decoding the 
resuitsirwoduces more oppommities for QTaf in cornpu- 
tatia. The decision of whether to code or not must be 
considered carefully, weighing the advantage of saved labor 
against the disadvantage of mare likely mistaks. With this 
in mind, the following five mies are given for coding and 
decodiqg. 

i .  The whole set of obsend ~iesuits must be awted 
aiike. 

2. lhe possile coding operations ax the two general 
types of arithmetic opaaaons: 

bath togetha, maybe usedas necessary to make the original 

(a) addition (or subtaction); and, 
(b) muitipiication (or division). Eitùer (a) or (b), or 

numbersmorenaaable. 

coded. 

data. 

3. -fui nofe must be kept of how the data have been 

4. The desired computation is performed on the coded 

from Naiioliai Bmeau of Scmdads Handbook 91. Naudia. 
M. G.. stmics. us. Govennirmt Riming OffiCC. wash- 

5. The process of decoding a computed result depends 
onthecomputationt&athasbeenperfmed, and is indicated 
separately for several common computatians, in the follow- 
ing psnagraphs (a) th@ U). 

the arber of operations used in coding,.to p t  the coded 

(a) ï h e  mean is affected by evay coding opaation. 
Therefare, w e  must qply rhe inverse operation and xwem 

mean back into originai units. For example, if the data have 
been coded by &st multiplying by 10,OOO and then sub- 
tractkg 120, decode the mean by adding 120 and then 
dividing by 10,Ooo. 

.O121 1 
:o130 10 

5 
Mean -0125 codcdmcari 5 

- -0125 - 
cadedmcsn i 120 

1o.ooo D-db5 Mean= 

2s 
1O.OOO 

= -  

= .o125 

(b) A standard &vidon computed on coded data is 
aí€& by muitiplication or division only. The standard 
deviation is a measure of dispusion, like the range, and is 
not aecsed by adding orsubuacthg a constant tothewhole 
set of data. Therefore, ifthe data have beencoded by 
addition or submaion only, no adjustmeat is needed in the 
computed standard devialion. If the coding has involved 
muitipiication (or division). the inverse opemion must be 
applied tothe computed s&ndard deviation to bring it back 
tooriginal units. 

(c) A vmiance aimputed on coded data must be: mul- 
tiplied by the square of the coding factor, if division has 
been used in coding; or divided by the square of the coding 

(d) C&g which involves loss of sig- figues: 
The kind of coding thus far disnissed has invoived no loss 

data, however, that involves both coding and rountìïng, and 
is ais0 caïled "coding". This operation is somefmies used 
when the originai data are considered to be too finely- 
recorded forthe purpose. 

factor, if dtiplicatiGn was used in coding. 

m significant figures. There is another method of haadiing 
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.. . 

For exampie. siippose that the data consist of weights 
(in pounds) of shipments of some bulk material. If average 
weight is the characoenst . ic of interest. and if the range of 
the data is large. we might decide to work with weights 
coded to the nearest hundred pounds. as follows: 

obsaved weigius 
t'nits: Ibs. 

Codcd Dala 
Units: ia0 Ibs. 

7.123 
10.056 

100.310 
9.097 
Y? 

*C. 

71 
101 

1003 
SI 

5 

clc. 

Whether or not tite resulting avenge of the coded data 
gives us sufficient information will depend on the range of 
the data and the intended use of the result. It should be 
noted that this oxoding" requires a higher order of judgment 
than the strictly ariaimetical coding discussed in previous 
examples. because some loss of information does occur. 
7he decision to -code" in this way should be made by 
someone who undastands the source of the data and the 
intended use of the computations. The grouping of data in 
a frequency dimiution is coding of this kind. 

22-2 Rounding in Statistical 
Computations 

22-21 ROUNDiNû OF NUMBERS 

Rounded numbers are inherent in the process of reading 
and recording dara. The readings of an expaimenter are 
rounded numbers to wirh. because all measuring equip- 
ment is of limited laccuracy. often he records results to even 
less accuracy than is anainable with the available equipment. 
simply because such resuits are completely adequate for his 
immediate purpose. Computen often are required to round 
numbers-cnh er to simplify the arithmetic caiculations. or 
because it cannot be avoided. as when 3.1416 is used for 

When a number is to be rounded to a specific number of 
significant figures. the rounding procedure should be canied 
out in accordance with the following three rules. 

1. When the figure next beyond the iast place to be 
retained is less than 5 .  the f i p  in the last place retained 
should be kept unchanged. 

7t or 1.414 is wd for I/?. 

For exampie. .o44 is rounded to -04. 
2. When the figure next beyond the last figure or place 

to be retained is piater than 5.  the figure in the last piace 
retained should be increased by 1. 
For example. -046 is rounded to -05. 

3. when the figure next beyond the iast figure to be( 
retained is 5. and. 

(a) there are no figiaes or ax only zeros beyond this 
5. an add fi-mire in die last place to be retained should be 
increased by 1. an even figure should be kept unchanged. 

For example. -045 or .o450 is m d e d  to -04; .O55 
or .o550 is rounded to .06. 

(b) if the 5 is followed by any figms other than zero. 
the figure in the last place to be mained should be increased 
by 1. whether odd or even. 

For example. in rounding to two decimals. -0451 
is rounded to -05. 

A number should always be rounded off in one step to 
the number of figures that are to be morded. and should 
not be rounded in two or more steps of successive rwndings. 

22-2.2 ROUNDING THE RESULTS OF SINGLE 
ARITHMETIC opmmoNs 

Neariy ail numericai calculanons arising in the problems 
of everyday life are in some way approximate. The aim of 
the computer should be to obtain resuits consistent with the 
dara. wiul a minimum of labor. We can be guidtd in the 
variousarithmeticaloperations bysomebasicruiesregarding 
signiñcant figures a d  the rounding of dam 

1. Addifion. When several approximate numbers are td 
be added. aie sum should be rounded to the number of 
decimai piaces (not significam fi-) 110 greater than in 
~addmdwìlichhasmesmallestnumberofdecimalplaces. 

Alaioughthe result is detemimed - bytheleastaccuraxe 
of tbe numbers entering the operation, one mare dec- 
i d  piace io aie more-accume numbers shouid be 
mailled, dlls eiiminatiaginhereatemm in the num- 
bers. 
For example: 

4.01 
.o02 
-623 

4.635 
The sum should be rounded to and recorded as 4.64. 
2. Subtraction. When one approximate number is to be 

subtracted fnrm another, they musc bo& be rounded off to 

Errors arising from the subaaction of nearlyequal 
approximate numbers are frequent and mublesome, 
OfteIl making the computatian practically w d w .  
Such emrs can be avoided when the two nearlycqual 
numbers can be approximated to more si@caut 
digits. 
3. MuhiplkaLion. if the less-accurate of two approximate 

numbers contains n significant digits, their product can 9 
relied upon for n digits at most, and should not be wriaeri 
with more. 

- 

the same place before sub-g. 
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SECTION M E A S U R E D  BY TURBINE OR OISPLACEMEUT MEIERC 35 

As a practicai working pian, cany mtennediate com- 
putations out in full, and round off the final result m 
acandance with this d e .  
4. DMsion. if the less-accume of either the dividend or 

the divisor contains R signiñcant digits, t)ieir quotient can 
be relied upon for n digits at most, and should not be Written 
with more. 

carry- - computatios out in firu, and round 
off the ñnai resuit in ammlaace witb this d e .  
5. Powers and Roots. If an approximate number contains 

n significant digits, its power can be relied upon for R digits 
at most; its root can be relied upon for at least n digits. 

6. Logarithms. if the manOssa of the iogarithm m an n- 
place log table is not in error by mare than two units ia the 
lastsigniñcantfigure,theantiiogiscamctton - 1 sigificant 
figures- 

The faregoing statements are working d e s  only. More 
complete explanations of the rules, together witb procedares 
for deternirnin - . g explicit bounds to the aocuracy of particular 
computations, are given in ScarixmugP, and the effects 
of rounding on smisticai adyses of iarge numben of 
O b S U W t i O l S ~ d i s c u s s e d  inEknharP. 

22-23 ROUNMNG THE RESULTS OF A SERIES 
OF ARITHMETIC OPERATTONS 

Mostengineersandphysicaiscientistsareweilacquainted 
with the d e s  for reporäng a result to the proper number 
of significant figures. Fmm a computational point of view, 
they know these rules too wed. it is perfectly me, for 
exanìpie, that a product of two numbers should be reponed 
to the samenumber of signiíicant figuresas the ieast-accume 
of the two numbers. It is not so me that the two numbers 
should be rounded to aie same numbers of significant figures 
before multipiication. A better d e  is to m d  the mote- 
accurate number to one more figure than the iess-accmate 
number, a d  then to round the product tothe same number 
of figures as the iess-accarate me. The great emphasis 
against rrportmg Inore figures than are diable bas led to 
a prejudice against carrying enough figures m compumúon. 

Assum@ tbat tite reads is fadiar  wiai the des of the 
preœding paragaph 22-2.2, regardhg signilìcztnt figurrs 
in a siagie arithmaical operation, the foilowing pagraphs 
wiii stress the less weil-icnown difficulties whicb arise in 
a computaton consisting of a long series of different arit&- 
metic operations. In such a c o m ~ o n ,  sukt adhaence 
to the ruies ateach stage can wipe out all meaning frwi the 
futal results. 
For example, m computing the dope of a straight line 

fitted to observations containiug táree significant figures, 

we wouid not  parc the slope to seven signiíìcant figures; 

necessary step in the computation, we might end up with 
no signifxcant figures in the value of the dope. 

It is easily dwtonsaated by carrying out a few ooaipu- 
rarions of diis name that* is real danger of losing all 
significance by ux>-strict adherence to d e s  devised for use 
at the final stage. The gmtesitroubie of this kind comes 
where we must spbtact two nearly-equal lludxrs, and 
many statistical computafions involve such subuactians. 

The d e s  generaüy given for roununding-off were given 
in a period when the average was tbe oniy propeny of 
iwcrest m a set of data. -le rounding does littie 
damage to the average. Now, however, we airnost aiways 
calculate the slandard deviation, aud this staástic does 
sufFer fram toa-sukt rounding. Spppose we have a set of 
nambers: 

3.1 
3.2 
3.3 

Avg. = 3.2 

if the three numbers are rouuded off to one signiiicant 
figmt, they are ail identical. The average of the rouuded 
figures is the same as the rounded average of the original 
figures,butaiiinfonnatíonaboutthevariationmtheoriginal 
number is lost by such muding. 
nie genaally Rcommended procediire is to cany two or 

swnd e t h e  ñnai qorted answer (e.g., standard deviation, 
dope of a line, etc.) to a number of signincant fi- 
consismt with the original dam. However, in some special 
~onssact,asthefirringofequationsbyleastsqpares 
methods given m ORDP 20-110, chapters 5 and 6, one 
should carry extra deamais m the b m n e d a e  * m- 
imals sufncientiy in excess of the number considd sig- 
nificant t o i n S m t t h a t t i l e ~ & O d  amns m the nnai 
soiutions are negligiöle in reiafim to theH saristicai mipre- 
cision as measiired by their SFaWiard arors. For example, 
on a hmbpem&annput& machine, nse its totai capacity 
amd trim the figureson as requned in thew resuJts. (see cw= 23.1 

brn, if we round to three sigmficaat figures after each 

threeextlafigmesthongbomthe coxqmtim, and then to 
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36 CHAPTER I~-CUCULATION OF PETROLEUM aur\MïnEs 

CHAPTER 23-EXPRESSION OF THE UNCERTAINTIES OF FINAL RESULTS I 

23-1 Introduction 
Measurement of some property of a thing in practice 

always takes the fonn of a sequence of steps or operations 
that yield as an end result a number that senes to represent 
the amount or quantity of some particular property of a 
rhing-a number tha~ indicates how much of this 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 insaument. witb or without corrections for depamms 
from prescribed conditions. More often. it is some kind of 
average: e.g.. the arithmetic mean of a number of inde- 
pendent detaminations of the same magnitude. or the final 
result of a least squares "reduction" of measurements of 
a number of different magaitudes that ùear known rehiom 
with each orher in accordance with a definite experhenmi 
pian. in gentrai. the purpose for which the answer is needed 
determines nie precision or accuracy of measurement re- 
quired. and ordinarily aiso detemines the method of meas- 

Although the accuracy required of a reported value de- 
peads primarily on the use, or uses, for which it is intended. 
we W d  not ignore the requirwientS of other uses to which 
the reported value is likely to be put. A &fi& or rrpaned 

Soictly speaking, aie auuai error of a reponed value, 
thar is, the magnin& and sign of its deviation from the 
uuth, is usuaily unknowable. Limits IO this emr. however. 
can d l y  be infemd-with some risk of being incorrect- 
from the precisio! of the measurement process by which 
the reported value was obtained. and from msonabie limits 
to the possible bias of the measrirement proctss. ïhe  bios. 
or sisrpmoric mor. of a measurement process is the m g -  
niaide and direction of its tendency to mcasu~r something 
other than what was imewled; its precision &ers to the 
íypicai closeness togezher of successive independem mea+ 
urrmen~ of a singie magnitude generated by repeated ap 
plications of the process under specified conditions: and, 
its accuracy is demmined by the closeness offhe m e  vaiue 
characteristic of such measurements. 

Precision and accuraq ~IE inherent charactuhics of the 
masurement pmcess empIoyed, and not of the particular 
endrrsultobtained.~experiencewithaparticularmeas- 
urrmmt process and knowledge of its sensitivity to uncon- 
trolled factors, we can often place reasonable bounds on its 
likely systmatic error (bias). II aiso is ncœsary to know 
how well 'the particuiar value in haad is likely to agree with 
other vaiues that the same measuremen1 process might have 
provided in this instance, or might yield on remeasmment 
of the same magnitude on another occasion. Such infor- 
mation is provided by the nandard m o r  of the reponed 

urement employed. 

value whose accraacy is eotirrty unlaiown is wordiless. 

value. which measures the characteristic disapement of 
repeated &temimions of the same quantity by the same 
method. and thus serves to indicare the precision (strictly. 
the imprecision) of the reported value. 

The uncermnty of a reported value is indicated by giving 
credible limits IO its likely inaccuracy. No single form of 
expression for these limits is univcrsaily satisfactory. in 
fact. different fonns of expression are mmmended. rhe 
choice of which will depend on the relative mapinides of 
the impression and likely bias; and on their relative impor- 
tance in relayon IO the intended use of the reported value. 
as well as to other possible uses to which it may be put. 
Four distinct cases need to be recognized: 
1.  BOI^ qaenuuìc error and imprecision negligible in 

relation IO the requirements of the intended and iiiely uses 
of the result. 

2. Systetmuic emor  no^ neglìRible. but imprecision neg- 
ligible. in relation to the requirements. 

3.  Neither systemoric error nor imprecision negiìgible 
in remon to the requirements. 

4. Systematic mor negligible. but imprecision not neg- 
ligible in relation to the requirements. 

Specific recommendations are made below with respect 
to each of these four cases, supplemented by fiuther dis4 
cussion of eacfi case m P m g q & s  23-2 rhugb 23-5. niese 
recommtndations inay be suimnarized as follows: 

(a) Two numerics, respeCnveiy expressing the impre- 
cision and bounds to the Syssematc m r  of the result. 
shonld be used whenever ( 1 ) aie margin is narrow between 
abiiitytomeantreandtheacctiracyorprecisionrequirements 
of the situation; or. (2) the imprecision and the bounds IC 
the systematic error are nearly quai in indicating possible 
differences from the nue volrce. Such instances come un& 
case 3. 

(b) A quasi-absoiute type of statement wirb one numeric 
placing bounds on the inacciiracy of the result. should k 
used whenever: (1) a wide or adequate margin exists betweer 
abiiity to measure and aie accuracy requhceno of thc 
situation (Case 1); (2) the imprecision is negligibly smal 
in camparison with the bouads placed on the systematic 
emx (Case 2); or. (3) tbe control is so satisfactory that thc 
extent of emx is known. 

(c) A single numeric expressing the imprecision of thi 
resuit should be used whenever the systematic error is eith2 
zero by definition or negligibly small in comparison wi!' 
the imprecision (Case 4). 

(d) Expressions of uncertainty should be given in sen 
tence form whenever feasible. 

(e) The form "o -c- b" should be avoided as much 
possible; and never used without explicit explanation of i 
connotation. 

1 
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SECTION 2 4 E A S U R E û  BY TURBINE OR DISPLACEMENT METERS 37 

23-2 Systematic Enor and Imprecision 
Both Negligible (Case 1) 

In'this case, the certified or repoited result should be 
given COIrect to the wtmber of significant figures co11sistent 
with the accuracy requirements of the situation, together 
with an expiicit statement of its accmacy or corre~mess. 
For example: 
. . . the wavchgchs of the principal visible hes of 
mercmy 198 have been measured Riative to the 
6057.&02106 A (Angsaom units) iine of krypton 98, 
and theii values in vacuum are certified to be 

5792.2685 A 
5771.1984 A 
5462.2706 A 
4359.5625 A 
4047.7146 A 

correct to eight signiíìcant figum- 
it must beemphasii that when no statemem of acairacy 

or precision accompanies a d e d  or reponed number, 
then, in accardarice with the usual ccmventior~~ governing 
romchg, thisnumberwiii beinterpreted as being accurate 
within z* unit in the last signiñcant figure given; i.e., it 
will be rmderstood that its inaccuracybefoxe roimding was 
less than 2 5  units in the next place. 

23-3 Systematic Enor Not Negligible, 
Imprecision Negligible (Case 2) 

Insuchcases: 
(a) Qualification of a d e d  or reponed result should 

be limited to a single quasi-absolute type of statement that 
piaces bounds on its inaccuracy: 

(b) These bounds should be stated to no more than two 
significant figures: 

(c) The certified or reported result itself shouid be given 
(i.e.. rounded) to the iast place affected by the stated bounds, 
unless it is desired to indicate and preserve such relative 
accinacy or precision of a higber order that the resuit may 
possess for certain particular uses; 

(d) Accuracy statements should be given in sentence forni 
in all cases, except when a number of results of different 
acnnacies are presented, e.g., in tabular amaugement. If 
it is necwsary or desirable to indicate the respective accur- 
acies of a number of results, the results should be given in 

theformo 2 b(oro + ifnecessary)withanappropriate 

expianatory remark (as a footnote to the table, or incor- 
pmated in the accompanying text) to rhe effect that the 

=¿, or + signify bounds to the errot5 to which the O'S 

may be subject. 

- c' 

- c' 

?he particular form of the quasi-absolute type of statement 
employed in a given instance ordinarily will depend upon 
personai taste, experience, current and past practice in the 
field of activity concemed, and so forth. Some examples 

. - .is(are)notinenorbymorethan Iparrin(x). 

. - - is(are) accurate within f (r units) (or 2 (x)W). 
...is(are) &lie!vedamratewithin( ...) 
Positive wording, as in the fim two of these quasi-absolute 

statements, is appropriate only when the stated bounds to 
the possible inaccuracy of the certified or reparred value are 
themselves reiiably established. On the other hand, when 
the indicated bounds are somewhat conjecturai, it is desirable 
to signify this fact (and thus put the'reader on guard) by 
inclusion of same modifying expression such as "believed". 
"considered", "- to be", "thou@ to be", and 
so f d ,  as exemplified by the third of the foregoing ex- 
amples- 

Results should never be presented in the form "O I ¿". 
without explanation. if no expianation is given. many per- 
sons WU automatidly take I b to signify bounds to the 
inaccinacy of o. otiiers may assume that b is the srondard 
error or the proòuble mor of O. and hence that the uncer- 
tainty of a is at least 2 36. or f 4b. respeaively. Still others 
may take b to be an indication merely of the imprecision 
of the individual -; that is, to be the standard 
deviation, the average M o n .  or the probable error of 
Q SINGLE observation. Each of these interpremtions reflem 
a practice of which instances can be fourxi in axrent sci- 
d c  literaane. As a step in the direction of reduciug this 
ament confusion, we urge that the use of "O I 6" in 
presenting results in official documents be iimïted to that 
sanctioned under (d) above. 
The fiam uncenointy, with the quantitative connotation 

of limits to the likely depamae from the nuth, and not 
simply connotaring vague lack of certainty, may sometimes 
be used effectiveIy to achieve a concisenes of e x p s i o n  
othawise diff idt  or impossiile to attain. Thus, we might 
make a sruemeot such as: 

?ne amcemiaies mthe above vaïues are not more than 
10.5 degree in the range o" to 1 "T, and then increase 
to 12degreesat 1450°C; 

of good practice are: 

or, 
The un- in this valm does mt exeed..  :ex- 

. . . adopted for the refaence srandard involved. 
cluding (or, including) the uncertainty of. . . in the value 

F a y ,  the followiug fonns of quasi-absolute aatements 

The accuracy of .  . . is 5 percent. 
Theaccuracyof. - . is z2percent. 

are considered poor practice, and should be avoicEed: 

Thesesratementsarepresumabyimended wmean thatthe 
result COIIceTIEed is not inaccurate, i.e., not in emr, by 
more dian 5 percent or 2 perant, respectively; but they 
explicitly state the opposite. 
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23-4 Neither Systematic Enor Nor 
Imprecision Negligible (Case 3) 

in Such cases: 
(a) A d e d  or reponed result should be qualified by: 

( i )  a qtiasi-absolute type of statement that piaces boimds 
on its systenratic m, and, (2) a separate statanent of its 
standad emar or its probable emr, expiicitly identiñed. as 
a measure of its imprecision: 

(b) The boundsto its systematic emn and the measure 
of its impminOn should be stated to no more than two 
significant figures: 

(e) The d or rrported result itself sbouid be stated, 
at most. to the last piace affected by the finerof tne wo 
qualifying stafernents, unless it is desired to indicate and 

orderthatthefcdtmay possess forcertainparticularuses; 

@ml in sentence form, except when rcSuI0 of diffèrent 
prrcision ar with different bounds to their systemanc errors 

prrserve such relative accuracy or precision of a higher 

(d) Thc quaiification of a certified or repowd result, with 
rrspect to its imprecision and systematic uror, shouid be 

ate prrsentcd m tabuiar amangement. if it is msesazy or 
desaable to indicate thtir Rspeaive impncisians or boands 
to &i respeaive syacmaic eirors, such infomation may 
be giwn in aparallel coiwm orcaiumns, withappmpriate 
ideaancation. 

to be adasmod as signifymg the stmidmd deviation ofthe 
reponedva¡ueitse& notassignifymgth4srondorddevimion 

Ha. and in paragaph 23-5, Oie term Stmtdard is 

of a single deterniman - 'on (unless, of course, the reparted 
value is the d t  of a single dcterminah 'on *l. 

ïäe above ncommendan 'onssiiouldnotbecansaaedto 
exclude the prsentation of a quasi-absolute type of statemenr 
piacing bounds 0x1 die mactmacy, i.e., 011 tkovaali OD- 

cmaimy, of a d e d  or reparted value, provided that 
sepame sfatcmems of its impnasion ad its possiole sys- 
rematicaroraRincl~aiso. BoaridsindicatiIlgtheovaall 
uncmainty of a Fepaed vaiw stiould not be numerically 
1essthantiIeMaRSpondm - g bOundsphcedontbe sysmatic 
arOroutwardlyinaeasedbyatlursttWOtimestiie~ 
OTOT. The fourth of the foiiowing examples of good practice 
isaninstanceatpoim: 

The ssandard errors of these vai= do not exceed 
0.000004 inch, and their systematic errors are not ia 
excess of 0.00002 inch. 
The staodard errors of these valu# are less than (Xmits), 

and their synematic errars are thought to be less than 
z cv unm). 
- .  .withastandardemrof(xunits),andasystemaóc 
error of not mare than Z(V units). 
. . .  withanaveralluncertaintyof-c3percentbasedan 

a sandani error of 0.5 percent and an aiiowanoe o 4  
2 1.5 percent for systematic emn. 

When a reliably established value forthe relevant standard 
error is avaiiabie, based on considerabie w t  experience 
with the w t  process or processes involved, and 
the dispersion of the present measurements is in keeping 
with this experience. then this established d u e  of the 
standard amr should be used. When experience indicates 
that the devant scandard aror is subject to fluctuations 
greater than die irminsic variation of such a measure, then 
an appropriate upper bund should be given, e.g.. as in the 
h t  two of the above examples, or by changing *'a standard 
error.. :* inthethirdaudfointhexamplesto*"anuppr 
bound to the staadard m. . .*'. 
When there is insufficient recent experience wirb the 

measiaement processes involved, an estimate of the standard 
emrr must of necessity be computed, by recognized statis- 
ticaï procedures, frwi the same meaarrements as the cer- 
tified -reponed vahe itself. it is essential tbat such com- 
putations be carried out accarding to an agreedirpon 
standardprocedrire, andtbattheresultsthaeofbepresentcd 
in sufficient detail to enable die reader to farm bis own 
judgment and make his ow11 aiiowances for their inherent 
uncertainties. To avoid possible misunderssndtng . insuch 

(b) the estimate of the standard error employed 

GIses: 
(a) the m m  con>ptcted standard error should be used; 

kthatOarainedftomtherelaaOIl 

where R is the (effective) number of completeiy independtnt 
detembdons of whicllo isthe anthmetic meall (or, other 
appmpriatc least squares ad . .va iue )andv  is thenumber 
of degrees Of fnedom involved in aie sum of squared 
residuais (i.e., the nimiber of d u a i s  minus the nimiber 
of fitted constam &Or other bdqembt  ConsDaino); 
=i, 

piicitly stated. 
(c) the number Of degrees Of freedam Y Should be eX- 

if the reported value a is tbe arithmetic mean, chen: 

what9 is ccxnpmdas Sh0WninORDP20-110, chapter 
2, Paqraph 2-2.2, and R is the number of completely 
iadependait- * '011s of which CI is the arithmetic 
mean. 
For example: 
The compuxed pbabie enor (or, sandani error) of 
values is (x units), based on (VI degrees Ofhedom, 
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SECTION 2 4 E A S U R E D  BY TURBINE OR DISFUCEMEHT METERS 39 

thesystemaacerroriseshated tobelessthaa 2 o, 
units). 
. - . which is the arithmetic mean of (n) indepedem 
determinaáons and has a computed standard error 
of . . . .  
. . . with an overall uncertahty of 2 5 . 2  km Sec based 
on a standard error of 1.5 km sec and bounds of 20.7 
km sec on the systematic emir. ( lñe figure 5.2 equals 
0.7 plus 3 times 1.5). 
Or, if based on a computed standard emo~ 
. . . with an overail uncertainty of 2 7  W s e x  derived 
from bounds of 10.7 W s e c  on the systematic error and 
a ampumi standard error of 1.5 Wsec based on 9 
degrees of freedom. Ciñe figure 7 is approximately equal 
to 0.7 + 4.3 ( I S ) ,  where 4.3 is the rwcttail 0.002 
probabiiity value of Student?s r for 9 d e w  of freedwi. 
As v - =, r.&v) + 3.090.) 

23-5 Systematic Error Negligible, 
Imprecision Not Negligible (Case 4) 

In such cases: 
(a) Qualification of a certified or reported vaiue should 

be limited to a statement of its srandard emir or of an upper 
bound thereto, whenever a reliable detemimion of such 
d u e  or bound is available. Otherwise, a computed value 
of the standard error so designated should be given, together 
with a stafement of the number of degrees of freedom on 
Whichitisbased; 

(b) Thestandarderrororupperbwndtbereto,sùddòe 
stated to not more thau two signiácant figures; 

(c) The ?nifìed orreported result itself should be stated, 
at most, to the last place anected by rhe stated value or 
bound to its impRcision, unless it is desired to indicate and 

preserve such reiative precisian of a bigher order th the 

(d) The qualification of acestified orreporttd result with 
respect to its imprecision should be given in senbence farm, 

tabular amgemem and it is necessary or desirable to 
indicate their e v e  imprecisians, in which event such 
infomation may be given in a parallel column or coiannus, 

The above recommendations should not be amsûued to 
e x c l u d e t h e p o f  aquasi-absoktypeof statement 
placing bounds on its possiile inaccmacy, providedthat a 
separatestarementofitsimprensionisincludedalso. sudl 
bounds to its inacnaacy should be d d y  equal to at 
least two times the stated standard error. The fourth of the 
following exampies of good practice is an iastaace at pow: 

The standad emns of these V k a r e  less thau (xunits). 
. ..witfiastandaniemnof(xunits). 
. . . with a computed sriradard emir of (xu&) based 
01i (v) degrees of freedom. 

from a standard emor of 1.5 km/sec. (The figure 4.5 
equals 3 times 1.5). 

ûr,ifbasedonacompedstandardem>r: 
. . . wirb an overall uncerraimy of 26.5 Wsec dexived 
from a computed aandnd emir of 1.5 W s e c  (based OD 

9 degrees of freedom). (?he figure 6.5 equals4.3 times 

resalt may possess for certain pamcular ases; 

except when results of differempnxisim are presented ia 

with appropriate ideatification. 

. . . with O V d  O f  24.5 kmlSeC derived 

1.5, whae 4.3 is the lwo-tailo.o1)2 pIobal>uity value of 
Student?s t for 9 degrees of freedam. As v 4 =* t.&v) 
4 3.090. 
Theremarks with regard to a computed standard m i n  

paagraph 23-4 apply with equai force to the iast twoof the 
above exampies. 
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