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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the|right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the werk.
ISQ collaborates closely with the International Electrotechnical Commission (IEC) onlall
matters of electrotechnical standardization.

Tha main task of technical committees is to prepare International Standards, but in
excpptional circumstances a technical committee may propose the publication of a
Tedhnical Report for one of the following types :

- type 1, when the required support cannot be obtained for theé publication of an
International Standard, despite repeated efforts;

- type 2, when the subject is still under technical development or where for any other
repson there is the future but not immediate possibility of an agreement on an
International Standard;

- type 3, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (« state of the art », for
example).

Tecdhnical Reports of types 1 and 2-are subject to review within three years of
puhlication, to decide whether'they can be transformed into International Standards.
Technical Reports of type 3(do not necessarily have to be reviewed until the data they
proyide are considered to'be no longer valid or useful.

ISQ/TR 9494, which-is"a Technical Report of type 3, was prepared by Technical
Committee ISOLFC 28, Petroluem products and lubricants, Subcommittee SC 3,
Static petrolewrn measurement.

In gublishing this text, the committee was aware that the terminology used in this
Technical Report in connection with measurement uncertainty, and the methods used|to

. . . .
m m mixz _aranat conciatant width +ha (0,0 1, 2 #lL
evaluate and express-measurementuncertaintyare not-consistent-with-the Guide to-the

Expression of Uncertainty in Measurement. Neverthless it is believed that it will still
serve as a helpful aid to those who have to implement ISO 3171, in particular clause 16.

It is envisaged that at the first revision of this Technical Report the opportunity will be
taken to align it with the Guide to the Expression of Uncertainty in Measurement.
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Petroleum liquids — Automatic pipeline sampling — Statistical
assessment of performance of automatic samplers determining the water
content in hydrocarbon liquids

1 Scope

This Tectmcat-Report describes a mathermaticat method for assessing e overatt tncertainty
of automatic sampling systems for determining the water content in oil being transferred
throughl pipelines.

The model estimates the overall uncertainty (tolerance) by combining statisticallv the
individyal systematic and random uncertainties of a number of individual compohent variables
defined|in an automatic 'grab' type sampling system.

The tolgrances on water content determination as a function of the nurhber of sampling grabs,
the watgr content, and the number -of water analyses performed ate Summarized in graphics
form (sge figures 6-11).

It servep as technical support for clause 16 of ISO 3171.

2 Normative references

The following standards contain provisions; which, through reference in this text, constitute
provisigns of this Technical Report. At'the time of publication, the editions indicated were
valid. Alll standards are subject to revision, and parties to agreements based on this Technical
Report pre encouraged to investigate the possibility of applying the most recent editions of
the standards listed below. Members of IEC and ISO maintain registers of currently valid
Inteatjonal Standards.

[SO 3171: 1988 Petroleum liquid - Automatic pipeline sampling

RENYT] Calculation of probabilities. Dunod, 1966

3 Definitions of symbols

W, W subscripted = Water content in the pipeline, in percent volume/volume (v/v)

P, q, S, w, w" = Water content in the various parts of the sampler and of the analysis
T. T, = Estimates of water content

oV, = Volume of fluid passing through the svstem in the interval between

two consecutive grabs
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¢ = Total volume of fluid passing through the straight section from the
beginning of sampling up to t;

AW = Total volume of fluid passing through the straight section

€ = Volume of grab

D =Combined Urcertaimnty of the Tandorm uncertainties and Systermatic

uncertainties in "w" - half-width of a symmetrical bilateral confidence
interval (with a 95 % confidence level)

n = Number of analyses

N = Number of grabs

SSR LadP = Derived parameters

ab----g, = Relative systematic uncertainty on thé. factors influencing the

measurement "w"

ab----g = Relative random uncertainty.dft the factors influencing the
measurement "w"

Uncertainty of x

NOTE - The relative uncertainty on Xs=
value of x

Where th¢ relative systematic uncertainties and the relative random uncertainties are the
following]

- IPegree of non-homfegeneity of water content, as described in clause 5 and annex A
of [SO 3171: 1988e.g. poor dispersion)

a, relative systematic uncertainty

a; relative random uncertainty

- Distortion of the water content by the sampling system as described in clause 8 of
ISO 3171: 1988 (e.g. non-isokinetic)

b, relative systematic uncertainty

b, relative random uncertainty
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- Uncertainties on the volume of each grap

d; relative systematic uncertainty ( not used but see clause 9)

d, relative random uncertainty

- Flowmeter (degree ol non-proportionality), as described in clause 10 ot 1SO 3171:
1988 (e.g. variations in the k-factor of correction of the turbine meter)

¢, relative systematic uncertainty ( not used but see clause'9)
¢, relative random uncertainty

- Distortion of water content during sampling, as described in clause 11 of [SO 3171:
1988 (e.g. by emulsification or evaporation)

h, relative systematic uncertainty
h, relative random uncertainty

- Distortion of water content due\ to sample handling and mixing, as dgscribed in
clause 12 of ISO 3171: 1988 (&%&. poor homogenization in the laboratory

f, relative systematic uncertainty
f; relative random uncertainty

- Distortion of-water content due to transfer to laboratory glassware and anglysis (e.g.
tube graduation error)

g relative systematic uncertainty
g, relative random uncertainty

THe derived parameters are obtained from the following equations:

Sampling

S=a, +b +h, (relative systematic uncertainty)
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R = i(af + brz + cf + drz) (relative random uncertainty’)
Laboratory
L=f +g (relative systematic uncertainty)
_1p g : ,
P = Z(f + &) (relative random uncertainty)
n
4 General

The water| content w of volume W fluid flowing in a pipeline 4s) estimated by taking N
samples (grabs) automatically from a section of the pipeline as. iHustrated in figure 1.

®

1- Mixer
2- Probe
3- Sampling system
4- Containér(R,)

Figure 1 - Sampling system

©180
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The probe of the sampling system is located in a section downstream from the mixer. The
sampling moments are controlled by a flowmeter so that the volume of fluid passing through
the section between two sampling operations is equal to V, i.e. sampling is proportional to
flow.

The N samples (grabs) are collected in the same container (R;).

The volume, v, of the fluid passing through the section is taken as a variable andl w(v), the
water content in the section in question, is noted.

In view of the random effects on the flowmeter, the N samples are separated by intervals of

fluid volume V; with i =1 to N -.1 (as shown in figure 2).
|
w (v)
W3
Wy WnN
v, v, VN -
Figure 2 - Grab sequences

Thus:

N=1

ey Y, (1)

i+=1

taking

=0and fori>1,v, =YV

o<
l

<
i

;= w(v,_) fori =1t N
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At each sampling interval sample (grab) of volume e; is taken. Taking into account the defects
of the mixer, the water content at the sampling point (probe) at this grab is P..

The sampling system (with or without loop) leads to the sample not being truly representative.

The water

content of the material in the container is therefore not fully representative of the

sample material which enters the container. The water content in the ith sample when it falls
into the container (R,) is designated q; and the water content into container (R,) is designated

wh,

During sar
container i

npling, retention of the collected volume is not perfect. The water content of the
5 therefore distorted. The-water content in the container (R,) at the end of sampling

is designated w"

The conter
container

ts of (R,) are mixed and a volume 1s sampled and transferred into an intermediate
R,).

The contents of (R,) are mixed and n sub-samples are taken and analyzed.

A note is 1

nade of S' as the water content in (R,), S; as the water.content in the jth sub-sample

and T; as the result of the jth analysis with j =1 to n.

The quantity
1 n
mM=--Y T )
n j=1
15 taken aq the estimation of the water content w of the consignment.

An order (
n and vari

P

The interv,

f magnitude, D, for the standard deviation between T and w as a function of N,
bus statistical parameters is allowed, i.e. a number such that:

rob [ | PAY w| < D] 2 0,95 3)

pl-{F - D, T + D] constitutes a 95 % confidence interval
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S Statistical models

5.1 General conventions

P is taken as the true value of a physical magnitude that is to be measured by a ccrtain

method.

a) Ihe systematic error or systematic uncertainty, S,, represents the differenke between
the true value, P, and the mean of measurements, S, has a probabilityat [least equal

to or less than
S,=S,-P

S| permits the accuracy of the measurements to be measured.

4)

S, 1s used to denote the absolute value of the systematic-érror and is sometimes freferred to

as the systematic deviation.

NOTE 1 - §; is often unknown in sign and:magnitude. An upper bound of the absolute

value of S,is therefore taken for S..

b) The random uncertainty, S,, represents a number such that the absolute value of the

deviation between a measurement, S', and the mean of the measurements.

probability at least equal to-or less than S, i.e.
Prob [|S' - 5,[\<'S 12> a )

It "a" is not specified; assume that it is 95 %, the value which is used below. S, j
precision of th€ measurements to be measured.

NQ@TE 2 - The characteristics of a measurement system can be defin
repeatability, standard deviation or variance. These magnitudes are lin}
random uncertainty by the following equations.

repeatability = v 2 x random uncertainty
random uncertainty = 2 x standard deviation
random uncertainty = 2 X /variance

S,, has a

ermits the

ed by the
ked to the
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The variance, S, is noted and the random uncertainty is therefore given by the following
equation.

S, =2vS; (6)

A note is made of S, the number such that the deviation between a measurement, S', and the
true value, P, has a probability of at least 95 % of being less than S;, i.e.

Prob [ | S’ - P|<S8,12>095 7

Although S} has no standard desighation, it is hereinafter referred to as the uncertainity on P.
Thus

=|S1|+2/S3sSs+Sr=Ss+2/S3 (8)

With S' derjoting a random measurement of the physical magnitude P, the notation used for
the following calculation of probability is as follows.

E®) =S, = mean of §'
var [S') = §; = variance of §'

It is often ¢onvenient to write S' in the torm
S'l=5,+8,=P+S +8 9)
where S, rgpresents the randeni-uncertainty. Thus

ES = S ; E,) = 0, var(S)) =var (S,) = S,

For many physical phenomena, the mean, S, and the random uncertainty, S,. are proportional
to the valug of the physical magnitude P, i.e. it can be written

E(@)=Pxs;S =P xs, (10)

s, and s, are called the relative mean of the measurements and the relative random uncertainty.

©1SO


https://standardsiso.com/api/?name=611144934f2076c55442de72cc7b1d14

©1S0 ISO/TR 9494:1997(E)

Similarly, the relative systematic uncertainty can be defined by the equation s; = s, - |

Thus:
S, =P xs, and (11)
a) The absolute value for the relative systematic uncertainty
5= |5, | (12)
b) The relative variance s, = s2/4 (13)
¢) The relative tolerance s; which is such that
/ p—
Prob | |5-—P| < ss} > 95 % (14)
Thus
Ss = ||+ 2Wsy <5+ s, =8+ 2/, (15)

NOTE 3 - The term 'relative' is not standard. However, these are the vdlues often
supplied in the technical Specifications for equipment (e.g. flowmeter).

With S' denoting a randem measurement of the physical magnitude P. S' may be|expressed

in the form

S'=P{Fs, +5,) (16)
with

E(S)=P (I+s5); E(s;) =0; var S =P’ vars, = P? x s, (17)

sy Is referred to as the centred relative measurement uncertainty.

In view of the experimental results obtained, all the random measurements appearing in the
remainder of this study are linked to their true value by an equation similar to equation (16).
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It a letter (a, b, c, etc.) is chosen to represent a random effect on measurement, the indices
0.1,2,3, 1,5 and s are used systematically to denote the relative mean for the measurenients,
the relative systematic uncertainty, the centred relative measurement uncertainty, the relative
variance, the relative random uncertainty, the relative tolerance and the relative systematic
deviation, respectively.

5.2 Parameters having an effect on obtaining the sample

Taking the fabove conventions, the following may be written using the notation from clause
4.

a)that fori=1to N

Pi=w (1+a +ay) (13)
(norf-homogeneity)

where

a, is the relative systematic uncertainty and

E (ay = 0; var a,; = a; = relative variance

b) that fori=1to N

q =P (1+b +by) (19)
(distortion due to the sampling-system)

where
b, 1 the relative systematic uncertainty and
E (B = 0; var by, = b, = relative variance.

c) that fori=1toN- 1

Vi=V(1+ cp t¢y) (20)

(flowmeter fault)

10

© SO
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wh

@]
o]
¢

¢y; is the relative systematic uncertainty depending on the rate of operation of

ciivliiaitl el

the flowmeter and thus dependent on i and

E (cy ) = 0; var ¢, = ¢; = relative variance.

eg=e(l+d;+dy) 21)
(fault on the sampling volume)
where

d;; is the relative systematic uncertainty depending on the velocity of thel fluid and
thus on i and

E (dy ) = 0; var d,; = d; = relative variange.
e) that for the container (R,)
w"'=w (1 +h, +h) (22)
(distortion due to storagerin (R,) during sampling)
where
h; is(the relative systematic uncertainty and
E/(h,) = 0; var h, = h; = relative variance.
5.3 Parameters having an effect on the analysis of the sample

Taking the above conventions, the following may be written

N\ tlhaat

a} triat
S'=w"(l+f+£f) (23)

(transfer error)

11
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where

f, is the relative systematic uncertainty and

E () = 0; var f, = f; = relative variance.

b) that forj=1ton

(fau

where

5.4 Statisti

Any links ¢
measureme

It 1s eviden
in (R,) and
of each oth
number j o

For a givey
relative me
the flow ra

T,=S0+g+g)=w (1+fi+ 5H)dA+g+g

t in transfer to laboratory glassware + analysis fault)

the relative systematic uncertainty and

) = 0; var g = g; = relative variance.

cal hypotheses

ht uncertainties are now considered.

(24)

xisting between the various relative systematig-tnicertainties and centred refative

 that the analvsis is independent of the-method of obtaining the sample contained
that by construction, within the analysis the variables f, and g, are independent
er and that the relative systemati¢-uncertainties, f, and g,. are independent of the
[ the analysis.

1 crude, the relative systematic uncertainties, a,, b,. ¢,;; and d,. and the centred
nsurement uncertainties, a,, by. ¢, and dy;, are only linked to each other through
e of fluid in the ¥main pipeline and, if applicable, in the sampling svstem loop.

With regard to relative ¢éntred measurement uncertainties, the flow rate of the fluid has barely

any influer]

the relative

variances d

ce except,on uncertainty, a,,. due to the mixer. It can therefore be assumed that
centred ‘measurement uncertainties are statistically independent and that the
f b4, ¢y and d,; do not depend on the index i. With the mixer standard ensuring

that the relative variance of this apparatus is bounded from above bv a fixed number. it is

possible, by replacing var a, by this number, to assume also that a, has a variance

independent of 1.

12

©1SO
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If the relative systematic uncertainty of the mixer, a,, depends on the flow rate of the fluid,
it is replaced by a fixed upper bound independent of the index i.

Asrumiing that b, does not depend on the flow rate of the fluid, even if an upper bound
of I b, | is used, the relative systematic uncertainty of the volume sampled. d,, depends on
the flow rate of the fluid and therefore on the index i.

Also, the various studies on flowmeters show that the relative systematic uneeftainty, cj,
depends heavily on the flow rate for the fluid and therefore on the index i.

For all these reasons, it can be assumed:

a) that all the relative systematic uncertainties except those-of the flowme¢ter and of
the volume of each sample are independent of the number; i. of the sample or of the
number, j, of the analysis;

b) that the variables ay, by, ¢y, dy, £, g, and’h, are independent of eachj other and
have variances independent of the indices iand j.

NOTE - The sampling systems are either direct (see figure 3) or have a circulation
loop. The direct system has the disadvantage that for a long sample tube (3 [m to 3 m),
more than 100 samples remain ir the tube, which for samples of size 2000 to 5000
represents a not inconsiderable'bias. The same is not true for a sampling system with
a circulation loop.

—— ——

(a) Direct (b) With loop

Figure 3 - Sampling system

With V, being random, N is arbitary.

13
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There are two possible cases as follows:

a) The complete sampling system is installed and its characteristics are known. ‘Then,
using the formulae from 12.2 or the graphs, the mean number. N, of samples is
determined, taking into account the desired accuracy on w. Having completed the
sampling, the number of samples, N, actually taken is known. Then with N fixed and
using the formulae from 12.2 or the graphs the exact accuracy obtained is determined;

b) The sampling system has yet to be installed.

For

6 Study of]

N > 1000, N may be replaced by its mean value, knowing that an error is

intfoduced which is at most of the order of v % .

the estimator T of the water content of the consignment

To determine the tolerance on the estimation of w by T, i.e. a-number D such that

Prob{IT - wk D 1>95 % (25)
The follow]ng procedure is followed.
Applying the Gaussian approximation gives the equation
D=~E(T)-w|+2./varT (26)
In view of the statistical hypotheses-made, this gives
1 =
T|== ¥ Tow (< fi«f) (1~ hy + bR @7
j=1
with
|
Rj=(1+g1+g2j)andR=;Z Rj (28)
J

14

©ISO
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hence:
ET) =E W) (1 +h) (1 +f)E®
and
var T' = (var w' + Ew'?) (var RL, + L} var R + L,E (R)®)
+ E (RAL.. var w'
with:

L= +h){+16); Ly=hf + (1 +1£) *h; + (1 +h) °f
It is necessary to determine the means and variances of w' and R as a funct

various systematic and random uncertainties of the sampling and analysis sequen

7 Distortion due to analysis sequen¢e
7.1 Determination of the meanand variance

The mean and variance are determined using the following equations:

ER FER) =1+g,

\zarE:ivcer.:lg3
n 7 n

7.2 Examples

CC.

(29)

(30)

(D)

ion of the

To see how the uncertainties due to the analysis and the number n of analyses affect the
tolerance D of the estimation of w, it will be assumed that w" perfectly estimates w, i.c. that

w" = w (which implies h, = h; = 0).

15
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For the relative systematic uncertainties, relative random uncertainties and relative variances,

the following normal values are taken:

f,=0,5%; f=1%;f;=0,25.10"

0, =05 % g =8% g =16.10"

The results

are given in table 1.

Table 1 - Results

W 1% 2%
n 1 2 1 2
|E (T) - wl 10 107 2 x 10* 7 x 107
var T 16 x 108 g8 x 108 64 x 10 32 x 108
D 0,9 x 107 0,64 x 107 1,8 x 107 1,28 x 107
NOTE - It is desirable to carry out at least two analyses.
8 Distortiop due to samples
The mean 4nd the variance of W' are determined from the following equation:
N
E |- z e, (34)
i1
thus:
A
w2} L g (35
o B

16
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(36)

(37

(38)

bum for the

gnal w (v)

(39)

and:
, 1 ™ N-1 Viow, + w+ |
w-w’ = = w(v)dv—w—{—O w(v) dv - _——
w i=1 W 2
N1 Vi w, + w+l
) = ‘— -w/} =4 +B
i=1 w 2
taking:
N-1 ' V. w. + W+I
A= (LY vy - O |
i=1 w l_l w 2
R N é
B = - Pl wee (L+b +b)( +a +a
2, > ; T ( ) ( 2)
where
A represents the deviation between the Riemann integral and the Riemann
signal w (v) and;
B represents the deviation between the Riemann sum associated with the s
and the value/ w'.
Thus:
EXw)=w-E (A)-E (B)
and:

var (w-w') = var w' < { Jvar A + \/var B)?

(40)

17
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Slow function xone

|
|
|
|
!
!
|
1

2%

74

Normal function zone //ﬂ Rate of flow of fluid

~_

2%

Relauve systematic error

Figure 4 - Relative systematic error function for.a flowmeter

Given the hehaviour for the relative systematic uncertainty-of a flowmeter as a function of
the flow rafe of the fluid (see figure 4), the following distinctions can be made:

-da

The choice
average pef
to the desir
used for to
than 2 %.

'normal' rate of operation

| relative systematic unccrtainryl < threshold (rapid flow rate)

'slow’ rate of operation

| relative systemati¢ uncertaintﬂ < threshold (slow flow rate)

of threshold depends on the type of flowmeter used (high performance: ¢, = 1 %,
formance: ¢’="1 %, technical metering: ¢, = 5 %), this being selected according
pd toleraneg. Generally, high performance flowmeters or ultrasonic flowmeters are
erances-of less than 2 % and technical metering is used for tolerances of greater

A note is made of [,, the collected samples taken at normal rate for the flowmeter. and of 1..
the collected samples taken at slow rate.

18
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(o

9 Supplementary studies

9.1 Uncertainty on the flowmeter
The total volume of fluid passing through the straight section, W, is given by the equation
W= Z V(l +"lo + CZt’
i
hence:
W=EW =Y V{ +c) (41)
i

Statistically, w; and V; are independent (level of w; independent of the uncertainties on V).

Thus, in view of the size of N:

E (&) Eq '}(1+Z(1\_7):ZW"><1V_(1+@ @2)
~ N N N /N N N vN

E_w,._V,.: 2w LY

Where Z (N) and Z' (N)sare two numbers bounded by a fixed number (fee Renyi.
Calculation of probabilities-Punod 1966).

Take:

W Z'(N) A
i Vi= D~ 1+ —=) 4
5% V- w20 @)

19


https://standardsiso.com/api/?name=611144934f2076c55442de72cc7b1d14

ISO/TR 9494:1997(E)

This gives:
card I, . .
P T proportion of samples at normal rate
card I, . .
Py = — " proportion of samples at slow rate
take:
d, ds being mean for the relative systematic uncertainties at normal rate
Jl X ,=_ ey 1 (44a)
card I, ¢ I Npl 7
d, gs being = mean for the relative systematic unceftainties at slow rate
d—L X Gl eya (44b)
card I, ¢t I, Np2 7
again take:
TP & +p & (43)
then:
M ¢, =N, (46)
i
and:
W= (VN (1 +9,) 47)
and O, are unknown, but an upper bound &, of l S]I and an

NOTE - In practicTz, ?1
upper bound &, of 18,

20

, | are known.
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d.=n & +n O
~3 | of B B )

(The value for the threshold is always an upper bound of | 6=| ).

ISO/TR 9494:1997(E)

For example if p, > 90 % with &, =2 % and p, < 10 % with &, = 10 %, this results in

18] <2,8 %

9.2 Uncertainties on the grab

Take:
E, =e/E
thus:
A WA AR |
41 hl L
and
1 +d +d _ -
E = L —li —Zi ~‘1‘(1 td -d+d, -d)
N 1 4d +d, : :
with:
2= 1Y d andd, - - Y 4,
N : i N ; “i
hence:

1 - d3
and var E, =— var d, -dy) =
N? :

E (E) =%

&

(49)
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[t can be shown, as above, by assuming that the uncertainties on e, are independent of the level
of w, and in view of the size of N, that

wE  NMw. Y E Z(N) W, Z'(N) .
= 1 + =24y = — (1 +
E,- N E( v ) E( v ) ( /1\_/) Ei N ( o ) (50)
and
Z wiE; > Wk, Z"(N) S
= = 1 4+ -

where Z (N), Z(N) and 2" (N) are absolute values bounded from above by ‘a-fixed number (the
inter-relatignship between the variables E; does not alter the result).

10 Distortion due to the instants in time when samples are taken

A direct ugjper-bounding af’*“ w(v) dv - u

w (@) AW (a+u)
2

1S too severe.

The differepce Y (a) - Z (2) is randomised-4vith

Y @)= a.f”” w(v) dv and'Z (a) = u wia) +2W(a+u) (52)
assuming that a variesdniformly on {0, W-u}. This gives
E (#(2)) =aw (53)

and

E

22

P

{Y(@)} = 1 OLv_u (af'*“ w(v) dv) da = uw + pEVI_/ with pe {0,1}

w

(34)
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Similarly:
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E { (Y(a) - Z(a))} = 7;—, S (v wy) dv - u W@t W@ o

v

/

«///

6
w'(z )} da =—2— /" w2 (v)dv

1 w u’
<= 0" —
/4 12 144.w

where w" (v) represents the second derivative of w (v).

w(v)=a+vb+vic ‘

W(v)
c<0

To calculate w", the second derivative of the smoothed signal, w(v), has to be takg
of the general size of u's with regard to the oscillation of w(%), it can be assumg¢d that the
smoothing of w(v) is on the parabolic type segment u.

a)

b)

variation =-shaded area

Figure 5 - Illustration of variation

(35)

n. In view

()Jcw W'~ (V) dv represents the mean value of w'“ on {0, Wj.
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As the mean w" on {0, W} is ﬁero, w'"? can be replaced by the square of w*, which has a
value such that 60 % of the | w"l are less than w* using Gaussian approximation.

It can be assumed that for at least 60 % of the segments:

0,2

2
u

l w"l <

(56)

Otherwise, [this means that for the remaining segments, the sum of the variations in water
content (se¢ figure 5) represent at least 0,33 % (V/V) of the total quantity W of fluid to be
transported {(without taking into account the white areas in figure 5), which is hard to reconcile
with a watdr content w of the order of 1 % (V/V) to 2 % (V/V).

This therefgre gives:

2
E {(Y(a) - Z@P< — (57)
0,7.10*

Take:

T=YV)-2Z(v)withu=V,+1
This gives:

1 N-2
A (58)

and:

2
|E (A < —:{/EfE(ti)F Wl Y E(V )= ;‘;— DI REN

2 i i

1

L5000

_ ]
‘m“‘/(l + 1.03) + NC3} = -1—\}(1 + C3) (F7)
3

NOTE - The terT in 2 8 3 disappears. The terms in O; have been disregarded. which
presupposes that | &, | is sufficiently small as a function of the quality of the tlowmeter
(see formulae (67) and (67a)).
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N - 1 has been replaced by N, which, in view of the size of N, introduces a negligible error.

AsS E T, = 0, it can be assumed that T; are negatively correlated, hence
i

=+ —+ : 1 :
var A < - lZvarrl. < - Z E(t)) < Py ; E(V;? + 1)

p2 ,
= {A +c¢) +c} = ——
W2 x 0,7x10° E -k > 0,7x10°N

1+c3

(60)

11 Distortion due to the sampling system

In view of the results obtained in clause 9 and,of the independence of variables V,, a,, b,

and e,

. Z
E@®) =Y - ( 44

—) - (+ ap(l + b)) E(wE)
i VN “ ) Z

” W Zm
=Z F+(1+al)(l+bl); W(l“f jﬁ)z-w(a1+b1) (61)

i

where Z, N and Z, (N) are absolute values bounded from above by a fixed number.

Thus:

Y = var (3. wE(l + b, + b)) (I +a, +a,)

E[1 +b +b) 1 +a +a)) var () wkE)

+

S wl E(E}) var (1 + b, + by) (I + a, + ay))
i

25


https://standardsiso.com/api/?name=611144934f2076c55442de72cc7b1d14

ISO/TR 9494:1997(E)

= (1+ b)) (1+a) var (UwE) + Y wlE (ED)p

i

With:

p=ab; + (1 +b )233 +(1+ a1)2b3

62)

(63)

As |} E, = 1, the variables E; are negatively correlated, hence

i

).<

<A@+ e @b Pl T

With:
T=¢@E+1+a)y(l+b))+p

From this iy deduced:

(1 + b)Y (A +a) Y wivarE, + (p Y w)) (var E, + E(E))

w, + wil w;
var B < ——2c3z Yy —
|44 i N
2
SZ _y:z,_ b + T <E % + 1}
N2/ (1 + 8,)? N o1+ 8,

26
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(65)

(66)
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12 Calculation of the tolerance D on the estimation of water content T

Gathering together the above results, the tolerance D can now be expressed as a function of the

various parameters considered.

12.1 Input data

than the variances are referred to.
For example, take:
Size of sample N

Number of analyses : n

where
P, is the proportion of W transported at normal rate

P, 1s the proportion of-W-transported at slow rate

I'he relative systematic uncertainties are generally unknown, the standards and tableg
supplying the relative systematic deviations. Similarly, the relative random uncertain]

For the flowmeter  : proportion of the number’ of samples at normal rate,

proportion of the number of samples at slow rate, p;

generally
ties rather

Py and

Table 2 - Relativessystematic uncertainties and relative random uncertairjties
Relative systematic Relative
deviation random

utpcertainty
- Degree of non-homogeneity of the water content in the a a,
section (S)
- Distortion of the water content by the sampling system b, b,
s Uncertainties on the volume of each sample d, d,
- Distortion due 1o storage (K,) during sampling h, h,
- Distortion of the water content during transfer into (R,) £, f
- Uncertainties on the determination of the water content due | g o
to transfer into laboratory glassware and to the analysis
- Flowmeter: normal rate J,
U~
y G
slow rate J,

27
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12.2 General formulae

Calculate:

a br dr ¢, N2
a, = (5')2; b, = (~2~)2; d, = (3)2; ¢y = (5)2;1‘3 = (i)“;

8.2 he s
= — ;h = —
83 (2) 3 (2)

and:

8,

- p 8 +p 8,

With a high or medium performance flowmeter,

0] < 51072 (672)
is required.
With technjcal metering,

d; 0,1 (67b)
is required.
If 8, cannqt be calculated because the order of magnitude of &, and &, is unknown, J; can
be approximated by taking the absolute value of the mean value of the relative systematic
uncertainty| function (seefigure 2) over the range of fluid flow rates used.

Then calcujate:

AT EFE) (T +h)
B, =hsfs + (1 + £ Yhy + (1 +h, Yf;

A=A x(1+g)

Gt

2 A
B, = - B, rAD B+ g
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T —alk /1 LW Y2qa /(1 L a VL
1 U T A1 T Uy Jaz T AL T dg ) U3
F,=Fd,+d, (1 +a (1 +b )}+F,
VA S has] 3\ “s / \ s / 1
A 1 1 +
37 — ( C3)

1 +c¢
B, = 3

N7 1N4ar

U, /.1U 1V
Aj= Wwa+b)

W c
By= — (F, + ——)

N 1+ 38,7

As=A) (As+A) + WA - 1)

By= (A3 + B)WB, + VB)? il + A, + A)B,

and D = A5+2\/_B—5

NOTE - If w is‘unknown and T has been calculated, w is replaced by T' in
formulae.

12.3 Approximate formulae

the above

htabilities,

(68)

Taking into account the orders of magnitude of the systematic uncertainties and repe
AD«=i +wa_+b_+ g +f + h)
B -ty G b e s w5 (69)
s T N{ 0.7.10° wiay + by + ¢y + dlt + wh (g + fy 7)
and:
D=A;+2VB;
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12.4 Numerical test

As an example, the following set of values has been taken:

Mixer a=1%(0,01); a =5 % (0,05)
Sampling system b.= 1% (0,01): b, =2 % (0,02)
Uncgrtainties on sampled volume d, =10 % (0,10); d. = 10 % (0,10)
Storpge in (R)) hy=19%(0,01); h, =1 % (0,01)
Subtsampling for (R,) f, = 0.5 % (0,003); f, = 1 %(0,01)
Subtsampling for analysis and
uncgrtainties on an analysis g = 0.5 % (0,05); gz= 8 % (0,08)
Flowmeter c, =2 % (0,02)
This gives the tolerance D on water content as detailed in table 3.

Table 3 - Tolerance D on water content

dw |¥n |2500 {5000 10000~ | 20 000 < Values of N
0.5% | | 0,14% | 0,10% |0:08% | 007 %
2 0,13% | 0,00 %] 0,07% | 0,06 %
1 % 0,19% |016% |014% |0,13% | Values
0,17% |®i4% [012% |011% |ofD
2 % 0309 027% | 026% |025%
? 026% | 023% | 021% |021%
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