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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Two different situations are considered when a measure of precision is required. In the first, an estimate
is made of the precision that can be expected from an existing sampling scheme and, if this is different
from that desired, adjustments are made to correct it. In the second, the precision that is achieved on a
particular lot is estimated from the experimental results actually obtained using a specifically designed
sampling scheme.

The formulae developed in this part of ISO 13909 are based on the assumption that the quality of the
fuel varies in a random manner throughout the mass being sampled and that the observations will
follpw a normal distribution. Neither of these assumptions is strictly correct. Although the dssumption
that observations will follow a normal distribution is not strictly correct for some fuel parateters, this
devjation from assumed conditions will not materially affect the validity of the formulae deyeloped for
prefision checking since the statistics used are not very sensitive to non-normality. Strictly speaking,
however, confidence limits will not always be symmetrically distributed aboutythe mear]. For most
prafttical uses of precision, however, the errors are not significant.

NOTE In the text, the term “fuel” is used where both coal and coke would-be applicable in the [context and
eithpr “coal” or “coke” where that term is exclusively applicable.

© ISO 2016 - All rights reserved v
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Hard coal and coke — Mechanical sampling —

Part 7:
Methods for determining the precision of sampling, sample
preparation and testing

1 (Scope

In this part of ISO 13909, formulae are developed which link the variables that contributg¢ to overall
san)pling precision. Methods are described for estimating overall precision and*fer deriving values for
priary increment variance which can be used to modify the sampling scheme-to change th¢ precision.
Methods for checking the variance of sample preparation and testing are also described.

2 |Normative references
The following documents, in whole or in part, are normativély*referenced in this documgnt and are

indispensable for its application. For dated references, ofly ‘the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

(%)

[SO|13909-1, Hard coal and coke — Mechanical sampling’— Part 1: General introduction
ISO|13909-2, Hard coal and coke — Mechanical saiipling — Part 2: Coal — Sampling from moving streams
1S0|13909-3, Hard coal and coke — Mechanical sampling — Part 3: Coal — Sampling from statjonary lots
[SO|13909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of testlsamples
[SO|13909-5, Hard coal and coke — Mechanical sampling — Part 5: Coke — Sampling from moving streams
[SO|13909-6, Hard coal and coke:=— Mechanical sampling — Part 6: Coke — Preparation of tes§ samples

1SO|{13909-8, Hard coal and coke — Mechanical sampling — Part 8: Methods of testing for bias

3 |Terms and.definitions

For|the purpeses of this document, the terms and definitions given in ISO 13909-1 apply.

4 |[General

When designing a sampling scheme in order to meet a required precision of results, formulae are
necessary that link certain fuel and sampling characteristics to that precision. The main factors to be
considered are the variability of primary increments, preparation and testing errors, the number of
increments and samples taken to represent the lot, and the mass of the samples. These formulae are
derived in Clause 5. Methods for estimating the parameters used in those formulae are given in Clause 6.

Once a sampling system has been designed and installed, the precision which is being achieved on
a routine basis should be checked. An estimate of the precision can be obtained from the primary
increment variance, V], the numbers of increments, n, and sub-lots, m, (see Clause 5) and the preparation
and testing variance, Vpt. The preparation component of I/pr is made up of on-line sample processing
and off-line sample preparation.

© IS0 2016 - All rights reserved 1
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Sampling variance is a function of product variability, so the same number of increments, sub-lots, and
preparation and testing errors will yield different precision with fuels that exhibit different product
variability.

Depending on the extent to which serial correlation exists and which method of estimating primary
increment variance is used, such an estimate could represent a considerable overestimate of the
numerical value of the precision (i.e. indicate that it is worse than is really the case). In addition, in
order for the results to be meaningful, large numbers of increments (in duplicate) would need to be
prepared and analysed for the estimation of V;and Vpr.

Quality variations obtained in the form of primary increment variances on existing systems are not

absolute apd therefore designers should exercise caution when using such results in a diffe
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5 Form

ulae relating to factors affecting precision

5.1 General

Precision is a measure of the closeness of agreement between the results obtained by repeating a
measurement procedure several times under specified conditions and is a characteristic of the method
used. The smaller the random errors of a method, the more precise the method is. A commonly accepted
index of precision is two times the sample estimate of the population standard deviation and this index
of precision is used throughout this part of ISO 13909.
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If a large number of replicate samples, j, are taken from a sub-lot of fuel and are prepared and analysed
separately, the estimated precision, P, of a single observation is given by Formula (1):

P =25s=2Vepr ey
where
s is the sample estimate of the population standard deviation;

Vspt is the total variance.

The total variance, VspT, in Formula (1) is a function of the primary increment variance thel number of
incitements, and the errors associated with sample preparation and testing.

NOTE The components of primary increment variance are the variance of sample* extractjon and the
varifance contributed by product variability. The variance contributed by product variability is geneyally, but not
always, the largest source of variance in sampling.

For|a single sample, this relationship is expressed by Formula (2):

4
=—+V

Vspr PT (2)
n
whéere
% is the primary increment variance;

Vpr is the preparation and testing variance;

n is the number of primary increments'in the sample.

5.2 Sampling

Where the test result is the arithmetic mean of a number of samples, resulting from dividing|the lot into
a series of sub-lots and taking a.sample from each, Formula (2) becomes:

V

1% I PT 3
SPT mn m ( )
whére

m is thenumber of sample results used to obtain the mean.

Singe a,sample is equivalent to one member of a set of replicate samples, by combining Formylae (1) and
(3) |itcan be shown that:

v, v
P=2]-"L1+-FL (4)
mn m

Formula (4) gives an estimate of the precision that can be expected to be achieved when a given
sampling scheme is used for testing a given fuel, the variability of which is known or can somehow
be estimated. In addition, Formula (4) enables the designer of the sampling scheme to determine, for
the desired precision and with fuel of known or estimated variability, the combination of numbers of
increments and samples, respectively, which will be most favourable considering the relative merits
of the sampling equipment and the laboratory facilities in question. For the latter purpose, however,

© IS0 2016 - All rights reserved 3
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it is more convenient to use either or both Formulae (5) and (6), both of which have been derived by
rearranging Formula (4).

4V,
n-— (5)
mP* —4Vp.
4|V, +nV
m= ( I PT) (6)
np?
NOTE Results obtained from solid mineral fuels flowing in a stream will frequently display serial

correlation,[i.e. Immediately adjoining fuel tends to be of similar composition, while Tuel further apart tend

be of dissi

ilar composition. When this is so, the estimates of precision of the result of a single sample base

primary indrement variance and the variance of preparation and testing would indicate precision thatis wq

i.e. numeri
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lly higher, than the precision actually achieved. The effect of serial correlation can/be taken
g the variographic method of determining variance given in informative Annex A.
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b) Calculate the primary increment variance, V.

)

VPT

Vi

where

_ 2
npl

[my 1)

x is the mean of the two measurements for each increment.

(8)
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An alternative method for estimating primary increment variance, V), is as follows:

2
v :ZD _VPT 9

! 2h 2

where

D is the difference between the means of successive pairs;

h  isthe number of successive pairs.

Thif method avoids the overestimation of sampling variance when there is serial correlatioh (see Note
in 5.2) but can only be used if the primary-increment sampling interval at which thé incr¢ments are
taken is more than or approximately equal to the primary-increment sampling interval usefl when the
sch¢me is implemented in routine sampling operations.

Theg most rigorous treatment of serial correlation is to use the variographicimethod given in Annex A.
Thip takes into account both serial correlation and sampling interval effects, thereby avoiding
ovefestimation of sampling variance and number of primary increment§ due to these factoryg.

6.2| Determination using the estimate of precision

The primary increment variance can be calculated from the estimate of precision obtained dither using
the|method of duplicate sampling given in 7.2 or replicate*sampling given in Clause 8 adcording to
Formula (10) which is derived by rearranging the terms.effFormula (4).

mnP?
v, = . —nVpr (10)

Thip value can then be used to adjust the sampling scheme if necessary.

7 |[Methods for estimating precision

7.1 General

Forfall the methods givep-inthis Clause, the following symbols and definitions apply:
— |ng is the number.ofincrements in a sub-lot for the regular scheme;

— |mg is the numbeér of sub-lots in a lot for the regular scheme;

— | Pg is thé\desired precision for the regular scheme;

— | Pwtis‘the worst (highest absolute value) precision to be permitted.

In altTcases; the same methods of Sampie preparation sitait be used as for the regutar SCheme.

7.2 Duplicate sampling with twice the number of increments

Twice the normal number of increments (2ng) are taken from each sub-lot and combined as duplicate
samples (see Figure 1), each containing ng increments. This process is repeated, if necessary, over
several lots of the same fuel, until at least 10 pairs of duplicate samples have been taken.

© IS0 2016 - All rights reserved 5
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A parameter of the fuel is chosen to be analysed, e.g. ash content (dry basis) for coal, or Micum 40 index
for coke. The standard deviation within duplicate samples for the test parameter is then calculated

using Formula (11):

2.

s= (11)
2np
where
d s the difference between duplicates;
np s the number of pairs of duplicates being examined.
An examplf of results for coal ash is given in Table 1.
Table 1 — Results of duplicate sampling, % ash, dry basis
. Dupllcaot e values Difference between duplicates
Sample pair no. %o
A B JA - B| %d d?
1 11,1 10,5 0,6 0,36
2 12,4 119 0,5 0,25
3 12,2 12,5 0,3 0,09
4 10,6 10,3 0,3 0,09
5 11,6 12,5 0,9 0,81
6 11,8 12,0 0,2 0,04
7 11,8 12,2 0,4 0,16
8 10,8 1000 0,8 0,64
9 7,9 8,2 0,3 0,09
10 10,8 10,3 0,5 0,25
Total 2,78
The numbdr of pairs, np is 10. The yariance of the ash content is therefore
~ 2
d
s? = Z;‘
..I’lp
= EB =0,139
4
and the stgqndard<deviation is:
5= \/5,139 0 = 0,373

© ISO 2016 - All rights reserved
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Increment

Increment

—| Duplicate sample A

Increment

i

el V7775 S TR

Increment

Increment, =

]I

Key

[ | increment from regular scheme
[m extra increment for precision check scheme

Figure 1 — Example of a plan of duplicate sampling

The precision of the(result for a single sub-lot is therefore:

P =12s
:2@373:075%am

The precision achieved for the mean ash of a normal lot sampled as m sub-lots is given by Zs/\/;. For

exa uplc, Hm—= 13, then:
2(0,373)
\V10

These values of P have been calculated using point estimates for the standard deviation and represent
the best estimate for precision.

P= =0,2359 %

If an interval estimate for the standard deviation is used, then on a 95 % confidence level, the precision
is within an interval with upper and lower limits. These limits are calculated from the point estimate
of precision and factors which depend on the degrees of freedom (f) used in calculating the standard
deviation (see Table 2).

© IS0 2016 - All rights reserved 7
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Table 2 — Factors used for calculation of precision intervals

f (number of observations) 5 6 7 8 9 10 15 20 25 50
Lower limit 0,62 | 0,64 | 0,66 | 0,68 | 0,69 | 0,70 | 0,74 | 0,77 | 0,78 | 0,84
Upper limit 2,45 | 2,20 | 2,04 | 192 | 1,83 | 1,75 | 1,55 | 1,44 | 1,38 | 1,24
NOTE The factors in Table 2 are derived from the estimate of s2 obtained from the squared differences of n

pairs of observations. Since there is no constraint in this case, the estimate as well as d? will have n degrees of
freedom. The values in Table 2 are derived from the relationship:

nSZ

2
X 10,0

H(“Z

Y A —
DS X 10,0975

The body of Table 2 gives the values for y/n / 2 , which are multiplied by s to obtain the confiderce linhits.

For examp

Upper limi

Lower limit = 0,70 (0,235 9) = 0,17 %

where the

and 0,41 %] ash at the 95 % confidence level.

7.3 DuIIicate sampling during routine sampling

If operati
precision i

separate, adopt the following procedure for estimatingiprecision.

Take the n
each comp

e, for the lot with 10 sub-lots used in the example above:

£=1,75(0,2359)=0,41 %

Factors are obtained from Table 2 using f = np, i.e. 10. The true precision lies between 0,1 %

nal conditions do not allow the taking of 2npincrements from each normal sub-lof or
5 to be determined during normal sampling, theh, provided that all increments can be kept

brmal number of increments, ng, from«éach sub-lot and combine them as duplicate samples
rising no/2 increments (see Figure 2)-Repeat this process, if necessary, over several lots of

the same fliel until at least 10 pairs of dupljcate’samples have been obtained. In this case, the precision

obtained u
the square

King the procedure in 7.2 will be fer ng/2 increments. This estimate of precision is dividedl by
root of 2 to obtain the estimate ‘of precision for sub-lot samples comprising ng increments.
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Alternatives to duplicate sampling

pure 2 — Example of a plan of duplicate sampling where no additional increments are taken

ome locations, operational/conditions of a sampling system do not allow duplicate sarpples to be
ected with the assurance that no cross-contamination of sample material from adjacept primary
ements occurs. In sueh cases, other methods have been found useful. An example of such a method,
using Grubbs estimators, is given for information in Annex B.

5 method involves collecting three samples from each of a minimum of 30 sub-lots of fuel. Pne sample
bllected using the normal sampling scheme and two mutually independent systematic samples are
ected by.stopping a main fuel handling belt for collection of stopped-belt increments at preselected

7.5

rrecision adjustment proceaure

If the desired level of precision, Py, for the lot lies within the confidence limits, then there is no evidence
that this precision is not being achieved. However, if the confidence interval is wide enough to include
both Pg and Py, the testis inconclusive and further data shall be obtained. The results shall be combined
with the original data and the calculation done on the total number of duplicate samples.

NOTE

be greater.

© ISO 2016 - All rights reserved
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This process can be continued until either Py is above the upper confidence limit or the value of Py falls
outside the confidence limits. In the latter case, adjustment may be necessary.

NOTE If the precision obtained differs from the desired precision, a cost/benefit analysis will indicate
whether it is worthwhile to proceed with any modifications to the sampling system and sampling programme
because the costs incurred in making the changes and retesting may not be worthwhile.

Before making changes to the sampling scheme, the errors of preparation and testing shall be examined
using the procedures given in Clause 9. It should then be possible to decide whether to make the changes

to the sampling or the sample preparation using the formulae in 5.2.

If it is de
increment
and substit

VpT i
Using the n

is of coal o

When the flew scheme is in operation, carry out a new precision check, discarding the previous res

and contin

Thereaften
out. For ex
method 7.2

When 10 p
any intervg

8 Calculation of precision

8.1 Rep

Establish t
the requir
depending

idcd tU C‘lcoisu d 1ICVV baulyhus DL}ICIIIC, t}xc fil bt otcy ib t}lC \,albulatiuu Uf t}lC Pl ill
variance. This can be done using Formula (12) which is derived by rearranging Formulg
uting ng for n.

2
10P
4

VPT

_nO

the measured precision obtained from the test and is not Py;

either the original value or one estimated using the methed$.in Clause 9.

' coke and from moving or stationary fuels.

1e in this fashion until the precision is satisfactory.

it is not necessary to check the precision for every lot but periodic checks should be car
hmple, one sub-lot in five may be exantined or, alternatively, 10 consecutive sub-lots if u
, or the equivalent if using method\7.3.

airs of results have been accumulated, they shall be examined as described in 7.2, igno
ning samples not taken i duplicate.

icate sampling

he parameter to be analysed, e.g. ash (dry basis), and establish the sampling scheme
bd precision in accordance with ISO 13909-2, ISO 13909-3 or ISO 13909-5 as appropri
on‘whether the sampling is of coal or coke and from moving streams or stationary lots.

ary

 (4)

12)

ew value for the primary increment variance, design anew scheme following the procedures
specified i ISO 13909-2, ISO 13909-3 or ISO 13909-5, as relevant, depending on whether the samp

ling

ults

Fied
bing

[ing

for
ate,

Instead of forming a sample from each sub-lot, combine the total number of increments, n-m, as replicate
samples. The number of replicate samples, j, shall be not less than the number of sub-lots, m, used in the
calculation (see the relevant part of ISO 13909), and not less than 10.

If there are 10 such samples and the sample containers are labelled A, B,
increments will go into the containers as follows: A, B,C,D,E,F, G, H,[,], A, B, C,

G D, .
GD,.

A typical calculation for coal is given below using the results in Table 3.

The number of replicate samples, j, is 10.

The mean resultis 165/10 = 16,5 % ash

10

, ... ], then successive
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Table 3 — Results of single lot sampling, % ash, dry basis

The

Thd

i.e.

Hen
sho
the

Sample no. Samplozvalue (Sample value)?2
A 15,3 234,09
B 171 292,41
c 16,5 272,25
D 17,2 295,84
E 15,8 249,64
F 16,4 268,96
G 15,7 246,49
H 16,3 265,69
I 18,0 324,00
J 16,7 278389
Totals 165,0 2'728,26

sample estimate of the population standard deviation, s, is:

Sox —(ani)

]

2
2728,26 - 162
10

- = 0,800
9

best estimate for the precision, P,:achieved for the lot is given by:

2s
p=22
Ji
2(0,800)
P= =0,506 % ash

Jio

ce, using Table 2, the true precision lies between 0,35 % and 0,89 % at the 95 % confide
1ld be fioted, however, that the procedure given in this subclause tends to overstate the
extént that it includes variance components of sample preparation and analysis.

(13)

hce level. It
yariance to

8.2

Normal sampling scheme

If it is desired to design a regular sampling scheme based on the results of the procedure specified
in 8.1, the estimate of precision obtained, the number of increments per sample and the number of

replicate samples can be substituted into Formula (12) and the value for increment variance estimated.
The procedures specified in ISO 13909-2, ISO 13909-3 or ISO 13909-5, as appropriate, can then be
followed to design the regular sampling scheme.

© ISO 2016 - All rights reserved
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9 Methods of checking sample preparation and testing errors

9.1 General

The methods described in this Clause, for checking the precision of sample preparation and testing,
are designed to estimate the variance of random errors arising in the various stages of the process.
The errors are expressed in terms of variance. Separate tests are necessary to ensure that bias
is not introduced either by contamination or by losses during the sample preparation process

(see ISO 13909-8).

As describ

I1CO 12000 4

out in at le
division of]
the course
important
division.

The prepat
of checking

For conver
for ash, it
except pos
characteris

Methods a
incurred at

The metho
sample pre
it may not
means suc

...d ill 1OV 10JU7J77, ocuup}c: }Jl ClJal atiuu fUl BCIICI Cl} aual_yoio Uf LUa} \A% i}} ITUI 1uaH_y ]UC cdal
ast two stages, each stage consisting of a reduction in particle size, possible mixing,
the sample into two parts, one of which is retained and one rejected. All the errors occy
of the division, in the selection of the final 1 g of 212 um size and in the analysis. The

factors are the size distribution of the samples before division and the masses,retained

ation of coke samples is generally carried out with fewer stages but the'same basic pring
 for errors applies.

ience, the remainder of this Clause refers to coal ash only. Ifthe variance is satisfact
will normally be so for the other characteristics of the proximate and ultimate analy]
sibly for errors in moisture and calorific value, which_should be checked. If desired
tics may be checked.

e described for checking the overall errors of preparation and testing and also the er
individual stages.

(s were originally developed for manual and-non-integrated mechanical preparation. If s
paration is carried out within an integrated primary sampling/sample preparation syst
be practicable to determine the errorsfor the individual components, except by artif

ied
and
rin
ost
ter

iple

ory
ses,
all

OIS

me
em,
cial

h as re-feeding reject streams through the system, which would be totally unrepresentafive

of normal joperations. The variances of the.integrated preparation stages may therefore have t¢ be
compoundgd with the primary increment variance and measured as such.

9.2 Target value for variance of sample preparation and analysis

9.2.1 Geperal

The overall preparationc«and testing variance, Vpt, estimated by the procedure described in 9.3, is
evaluated In relation to@previously determined target, VlfT . This target is normally laid down by|the
body respdnsible for sample preparation.

The indivigluak division errors are estimated directly. These may be evaluated either in relation fo a
target or a$ aproportion of the overall variance.

NOTE As a rough guide, a division-stage variance is generally twice the analytical variance so that, for

example, for a three-stage preparation and testing process, the overall value of VF?T is divided in the ratio 2:2:1 to

obtain the two-division stage variance targets and the analytical variance.

The final-stage analysis variance target can be determined from the relevant analytical standard from

Formula (14):
2
0 r
vy = 14
P=" (14)
where
12 © IS0 2016 - All rights reserved
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VTO is the final sample extraction and analytical variance target;

r is the repeatability limit of the analytical method.

The division errors for moisture content may be unavoidably greater than those for ash content because
of the need to avoid excessive handling which could in turn result in bias. Such errors may, however,
be acceptable if the overall precision can be achieved due to the lower primary increment variances

normally encountered for moisture content.

9.2.

2 Off-line preparation

The
sho
mu

many more than the minimum number of cuts. Similar considerations will apply to the

methods of sample preparation recommended for coal in ISO 13909-4, using the mdsse
11d achieve, for coal ash, a sample preparation and testing variance of 0,2 or lessyFor 1
th lower variances will be achievable, particularly, if mechanical dividers are used that t

o

5 specified,
hany coals,
hke a great
ethods of

preparation for coke in ISO 13909-6. If possible, therefore, a more stringent overall target should be set
in the light of experience with similar coals prepared on similar equipment,

Smgdller preparation errors will reduce the number of samples required.to'be taken and testgd.

The worst-case individual division-stage variance (for coal 0,08)yshould be treated as a| maximum
which may be improved by using mechanical division.

9.2]13 On-line preparation

Where some elements of sample preparation are carried out in a system integral with tlhe primary

san|
cas
sanj

It is
targ

pler, the errors involved may be compounded«with the primary increment variance,
s, it should be expected that the residue of ¥t will be less than it would have been
ple preparation been done off-line.

recommended that realistic overall targets be obtained from relevant experience. As a
ret, however, use the worst-case indiyidual division-stage variance for each division sta

appropriate analytical variance (se¢9.2.1).

9.3

The
t,
and

se

Thi
ent

Checking procedure-as:a whole

first step is to checkthat'the overall variance of preparation and testing does not exceed
Vl?T (see 9.2). Thetmethod provides a test of whether the difference between the estin
the target value is statistically significant.

rely separately to give the two test samples (see Figure 3). The two samples provide a

V1. In such
had all the

worst-case
pe plus the

| the target
ated value

5 is done bytaking duplicate samples at the first division of the sample; these are thereaffter treated

h unbiased

estimate.of.the variance of sample preparation and analysis. Ten pairs of test samples are ¢btained in

thig

way,

If the mean observed absolute difference between the 10 pairs of results 1S y, then 0,886 Z y should lie
between 0,7 VF(,)T and 1,75 VF?T (see Table 2).

NOTE

to the standard deviation.

The factor 0,886 2 is derived from the relationship for converting the mean differences between pairs

Provided that the standard deviations of two successive sets of 10 duplicate samples fall between these
upper and lower limits, it may be assumed that the procedure is satisfactory.

If the standard deviation is below 0,7

VO

PT the variance is low but no adjustment is necess

is always desirable to have the variance as low as possible.

© ISO 2016 - All rights reserved
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If the standard deviation is greater than 1,75,/V.>. , the variance is too high and the masses retained at

PT °
various stages of the sample-preparation process are probably insufficient. Therefore, the variance of
the errors arising at each stage should be estimated as described in 9.4 so that steps may be taken to
improve the procedures shown to be necessary.

Sample X kg

Qﬂ?

Y kg
sample A

Y kg
sample B

60 g test
sample A

60 g test
sample B

Test portion Test portion
result 1 result 2

Key

reduce to particle size specified ( L is the nominal top size after first-stage reduction

| \ divide to mass specified (Y is the value give in Table 3)

Figure 3 — Overall test of sample preparation

9.4 Checking stages separately

9.4.1 General

The following two procedures are commonly used.

a) Procedure 1 (see 9.4.2), where analysis is inexpensive relative to the cost of sampling.
b) Procedure 2 (see 9.4.3), which is slightly less accurate but involves fewer analyses.

Using the principles of 9.4.2.2 or 9.4.3.2 as appropriate, schemes with more than two division stages
can normally be examined.

14 © IS0 2016 - All rights reserved
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For example, the errors arising from a three-stage preparation scheme can be separated as follows:

a)
b)

c)

the errors in taking Y kg from X kg = variance Vy;

the errors in taking 60 g from Y kg = variance Vy;

the analytical errors, which include the error of taking 1 g from the bottle of fuel crushed to

212 pm = variance Vr.

The total variance of the procedure, V, is given by Formula (15):

(15)

Ifd
of ¢
sec

In grder to separate the component variances, it is necessary to take duplicates at each stag

the
ind
Thd

pie
nee

9.4

9.4
The
Att
in 9
give

Fro
sanf

Thd

duplicate determinatier’of a property, e.g. ash, is then made from each of these three samplg

Atl

V-V LV
1 Z 1

iplicates are extracted at an intermediate stage, the total variance of these samples-will
rrors at this and later stages. For example, if in a three-stage procedure, duplicates are t
bnd stage, then the variance of the duplicates is V, + V.

total variance at each stage and then, by working backwards from the analysis stage, s¢
vidual stage variances.

e of equipment or when considering the introduction of a néw kind of procedure. Partic
ded in the interpretation of the results, especially in estimating errors at each stage of di

2 Procedure 1

2.1 Method
method is based on that given by R. C. Tomhnson.[1]

he first stage of division, two samples (see Figure 4, A and B) each of mass Y kg are taken a
5 and the remainder of the materidlis discarded. Sample B is then treated in the normal
a general-analysis test sample.

m sample A, however, two.Samples of 60 g each are taken as described in 9.5 at the sec
ple division and each of-these constitutes a general-analysis test sample.

past 10 samplesshould be treated in this way, giving 10 sets of six results.

be the sum
hken at the

b, calculate
bparate the

same procedures may be used to measure the errors at different stages when installing a new

hlar care is
vision.

b described
manner to

bnd step of

three test samples.-(two from A and one from B) can conveniently be labelled A1, A2 apd B; and a

S.

© ISO 2016 - All rights reserved
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( 60 g test

Sample X kg

Y kg Y kg

1 A
SAIITPJIT A

iz

1 n
SAIIIPIT D

60 g test
sample A,

sample A;

60 g test
sample B

Test port

result ]

on Test portion

result 2

Test portion
result 3

Test portion
result 4

Test portion

result 5 result 6

Test portipn

Key

9.4.2.2 (

The varian|

stage, Vy and thirdstage, Vx, are calculated from the general Formula (16):

=
L

\ divide to mass specified (Y is the value give in Table 3)
Figure 4 — Detailéd check of sample preparation — Procedure 1

alculation of yariance from individual stages

ces of duplicate samples separated at each stage of the preparation, i.e. first stage, V;, sed

reduce to particle size specified ("L is the nominal top size after first-stage reduction

ond

16)

207
v==C
2,
where
d isthe difference between duplicates;

np isthe number of pairs of duplicates.

16
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For each of the 10 samples, there are six analyses denoted by the symbols (1) to (6) as follows:

Aq A, B

/\ /\

(1) (2) B) &) (5) (6)

a) For each test Qnmplp, calculate the difference between dllp]ir‘nfpc Call these differe

calculate
yo X
X 60

b) |For sample A, calculate the difference between A1 and Ay, i.e.

(1)+(2)_(3)+(4)

2 2

Call these differences y and calculate

2

y 20

c) |Calculate the difference between A and B, i.e.

W)+ (2)+(3)+(4) (5)+(6)

4 2

Call these differences z and calculate

s

z 20

9.4]2.3 Calculation.of cumulative variance at each stage

ces x and

Calgulate the stagewariances V4, V2 and VT, starting with the third (analysis) stage, taking inito account

at the second and first stages that the duplicate results are the means of more than one dete
and thus have/a component of later stages included in their total variance.

a) |Third stage

rmination,

dSlnce there are no other errors involved, VT = V.

b) Second stage

Since the results compared are the means of two analyses, the third stage component is V1/2.

Vy :VZ +7

and therefore

4
_ __X
V=V, -

© ISO 2016 - All rights reserved
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c) Firststage

For sample A, the results are the mean of four analyses; therefore, the third-stage component is
Vt/4. Two samples are involved at the second stage; therefore, the second stage component is V;/2.

v V.
The variance for sample A is therefore V; + 72 + TT

For sample B, the results are the mean of two analyses; therefore, the third-stage component is
V't/2. Only one sample is involved; therefore, the second-stage component is /5.

v
The variance for sample B is therefore V, +V, + 7‘

Averaging the two sample (A and B) variances as (A+B)/2 gives:

% V. V.
fo+—2+—L4v +v, +—L
175, 1727,

V =
z 2

% V.

=V} +3-2+3-L

V

=V} +3-2>
Hence
V
v, =v]-3-2
1 7 4

It is possihle, because of the errors of estimatés-based on a limited number of results, for one of|the
estimated parameters to be negative. In thigcase, assume negative variances to be zero in all subsequyent
calculations.

9.4.3 Prpcedure 2

9.4.3.1 Method

If analysis [is expensive rgldtive to the cost of sampling, a second procedure can be considered whidh is
slightly lesp accurate but involves fewer analyses. The method is illustrated in Figure 5. The procedure
is the samdq as that described in 9.4.2.1, except that only sample A1 is analysed in duplicate. Ten samples
are prepargd, giving 10 sets of results.

18 © IS0 2016 - All rights reserved
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Sample X kg

[ Y kg |

sample A

=

60 g test
sample A,

Test portion Test portion Test partion Test portion
result 1 result 2 result 3 redult 4

60 g test
sample A,

Key

reduce to particle size’specified ( L is the nominal top size after first-stage rgduction)

C] divide totwmass specified (Y is the value give in Table 3)

Figure 5-— Detailed check of sample preparation — Procedure 2

9.4]3.2 Calculation of variance arising from individual stages

Calgulate thewariances from the stages as follows.

a) |Cdlculate the differences between the duplicate analyses, i.e.
M-(3)

Call these differences x and calculate

=2

X 20

b) Calculate the differences between samples A1 and Ay, i.e.

M_@)

2

Call these differences y and calculate

© IS0 2016 - All rights reserved 19


https://standardsiso.com/api/?name=c54016aeed9dc34c399724891e2cefe6

ISO 13909-7:2016(E)

9.4.3.3 (alculation of cumulative variance at each stage
Calculate the cumulative stage variances as follows.

a) Third $tage

b) Second stage
For Aq|the result is from two analyses; the third-stage cofiponent is therefore V/2.
For Ap|there is a single analysis and the third-stage comiponent is therefore V1. Combining these gives:

%

T
—+V
" _ 3
2 4
Since
3V.
v, =v|+—L
y 4 4
and
VT = V\
Thereflore
3y
_ - X
Vo=V, -

c) Firststage
For sample A, the result is the mean of two samples, A; and Ay. Therefore, the second- and third-

stage components are:

+_
2 V. 3V.
4 B
2 2 8

For sample B, there is only one result; therefore, the second- and third-stage components are:
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Vo + Vr
Combining these two and adding V7 gives:

v, 3V

2 T
—+—|+(V, + V.
(2 8 ] (V2 + V)
V, =V, +
z =1 2
3V )
_ X
S(VY A 1A
=V, + 2 N T
4 16
3V 1%
= Vl +_y+_x
4 8
Therefore
3V %4
V. =y - Y _x
1 zZ 4 8
9.4}4 Interpretation of results

Compare the variances estimated by the procedures described in 9.4.2 or 9.4.3 with the

det

It is
car
is p
red
the

Examine the values obtained from 94.2 or 9.4.3 and make a decision as to which one is to

nee
the

If tl
acc

appropriate. Also,-the procedure being used shall be carefully checked against the

spe

If th
sha
i.e.

ermined targets for each stage (see 9.2).

difficult to assess variances of this type forlaccuracy and, since only a small number
[ied out, each variance obtained has a considerable margin of error. If a variance for ¢
articularly large, it can be asserted that the errors are high and an attempt needs to |
ice them, but if a variance is low it is better not to assume that the results are so satisf
procedure can be relaxed.

ds attention. In general, this\would be the stage of the procedure which gives the highg
variances V1, V7 or VT obtained from the calculation in 9.4.2.3 or 9.4.3.3.

e variance of analySis-is too high, the equipment shall be carefully examined, parti
iracy of the mixing) procedures, the weighing devices and the control of temperat

rification.

e excessive'variance arises from a stage of sample preparation, the procedure at the stage
| be carefully examined to confirm that it is in accordance with the appropriate part of
S0413909-4 for coal or ISO 13909-6 for coke. In particular, the size analysis after reduct

previously

of tests is
ither stage
be made to
hctory that

0 high and
st value of

ularly, the
es, where

ul
JLpropriate

concerned
[SO 13909,
on shall be

che

rked.

If these examinations fail to reveal any discrepancy, the procedure shall be improved by adopting one
or both of the following alternatives:

a)
b)

crush the sample to a smaller particle size;

retain a larger sample mass for the next stage.

Then repeat the general test described in 9.3 to determine whether the procedure as a whole is now
satisfactory. If it is not, the detailed stage-check test described in 9.4 shall be repeated. This cycle of
tests shall be continued, as necessary, until the mean of the differences between 10 pairs of results lies

between 0,70 VP?T and 1,75 V}?T for two successive sets of 10 samples.
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The detailed test described in 9.4 should not be repeated immediately after a change has been made
as this procedure is complicated. Moreover, because of the margin of error mentioned above, it is
difficult to tell whether a smaller value for the variance of a particular stage represents a significant
improvement or not. Therefore, it is better to test the procedure as a whole to see if successive sets of
10 samples are satisfactory.

9.5 Procedure for obtaining two samples at each stage

9.5.1 With ariffle

Perform m

Collect all
shall not cq

9.5.2 With a mechanical sample divider

With a med

a)

arrang
of the

ifthe s
of the
samplg

b)

9.6 Example

An engineg
25 %, with

were requifred in the sample. It was decided that the target for the overall preparation and testing e

0
Vpr » shoul

Sampling ¥
in 9.3 so th
were obtai

These sam
NOTE ]

The differg
column 4 o

ixing with the riffle in a normal manner, then proceed in the usual way to obtain sample

the residue and repeat the entire procedure to obtain a second sample B. Samples. A ar
me from the halves of the first division.

hanical sample divider, either

e the sample divider in such a way that two receptacles are available for taking two sam
hppropriate mass, then discard the rest of the material, or

appropriate mass, then return the whole of the discard to the divider and take a sed
of the same mass.

r decided to check the plant sample-prepatation procedures on a coal of ash content of ak
arequired precision of 1 %. It was foundthat in order to achieve this precision, 15 increm¢

1 be 0,2 (see 9.2).

at a pair of results was obtained from each sample. Thus, 10 pairs of duplicate test sam
hed and the ash contentof-each test sample was determined.

ble values were tabulated as shown in the first two columns of Table 4.
'he values in allLthe-tables are % ash, dry basis.

nce betweeneach pair was calculated and the mean difference obtained. This is show
f Table 4¢

dB

bles

ample divider is of such a design that only one sample canbe)taken at a time, take one sample

ond

out
bnts
ror,

vas carried out in the usualyrianner and 10 successive samples were treated as described

bles

h in
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Table 4 — Overall test of sample preparation errors

Thd
of 1

exp|
cou

Sample Sample A Sample B DiTZef%ITce
1 25,7 25,0 0,7
2 24,3 25,1 0,8
3 25,6 25,0 0,6
4 281 271 10
5 27,8 28,7 09
6 25,1 25,8 0,7
7 25,6 24,8 0,8
8 24,4 25,2 0,8
9 27,8 27,1 0,7

10 26,3 27,3 1,0
Tota) 8,0
Mean 0,80

Estimated within-pair standard.deviation 0,71

estimated within-pair standard deviation was 0,71. Although this does not exceed the

eriment was arranged as described in 9.4.2 so that the variance of the errors arising at
d be estimated. The results which were obtained are shown in Table 5.

Table 5 — Detailed-test of sample preparation errors

Iipper limit

,75 VI?T (i.e. 0,78), the variance of the sample preparation was nevertheless high and therefore an

each stage

$ample A1 Az B

1amp 1 7 3 4 5 6
1 26,8 26,6 26,1 26,6 25,3 25,2
2 26,5 26,6 26,5 26,5 25,4 25,5
3 25,4 25,3 25,4 25,3 25,2 25,3
4 28,8 28,5 28,7 28,6 28,3 28,2
5 292 30,1 30,1 29,8 28,7 28,7
6 95,7 25,3 25,7 25,7 25,2 25,3
7 24,5 24,4 24,3 24,4 24,6 24,7
8 26,1 25,9 26,6 26,3 25,7 25,8
g 231 23,2 23,5 23,3 231 231
1n '21‘5 31)& 3n'Q 3(\'0 Qn’Q 30’9

The differences, x, between duplicates of samples A1, Az and B were tabulated as in Table 6. From these
differences, sz was calculated [see 9.4.2.2 a)]. Similarly, the differences y [see 9.4.2.2 b)] between

mean results were tabulated as in Table 7 and Zyz calculated and the differences z [see 9.4.2.2 ¢)]

were tabulated as in Table 8 and Zzz calculated.

© ISO 2016 - All rights reserved
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Table 6 — Calculation of values of x

A1 A B
Sample
M- (3)-4) (5) - (6)
1 0,2 0,5 0,1
2 -0,1 0,0 -0,1
3 0,1 0,1 -0,1
4 0,3 0,1 0,1
5 -0,7 0,3 0,0
6 0,4 0,0 -0,1
7 0,1 -0,1 -0,1
8 0,2 0,3 -0,1
9 -0,1 0,2 0,0
10 -0,1 -0,1 L0y
> x? =146
Table 7 — Calculation of values of y
A1 Az A1-Az
Sample (DH+(2) (3) +(4)
2 2 y
1 26,70 26,35 0,35
2 26,55 26,50 0,05
3 25,35 25,35 0,00
4 28,65 28,65 0,00
5 29,75 29,95 -0,20
6 25,50 25,70 -0,20
7 24,45 24,35 0,10
8 26,00 26,45 -0,45
9 23,15 23,40 -0,25
10 31,55 30,85 0,70
> y? =097

24
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Table 8 — Calculation of values of z

VX )

%y

-

Thy
req

Thd

A B A-B
Sample (DH+(2)+(3)+(4) (5)+(6)
4 2 Z
1 26,52 25,25 1,27
2 26,52 25,45 1,07
3 25,35 25,25 0,10
4 28,65 28,25 0,40
5 29,85 28,70 1,15
6 25,60 25,25 0,35
7 24,40 24,65 10,25
8 26,23 25,75 0,48
9 23,28 23,10 0,18
10 31,20 30,85 0,35
> 2% =4,8206

/v and V; were calculated as follows:

=2

X 60

= 0,024 33

2.
20

2.z

Vo= = 0,241 03
20

VA

/2 and V1 (see 9.4.2.3) weresestimated as follows:

VT =Vx=0,024 33 = 0,02 (corrected to two decimal places)

V2=V, - 0,50V 0,036 34 = 0,04 (corrected to two decimal places)
V1=Vz-0,75¥,= 0,204 66 = 0,20 (corrected to two decimal places)

ire investigation.

progress of improvement to the first stage should initially be assessed by checking the

as

v\rhn]p’ asdescribedin93

©IS

02016 - All rights reserved

s, it is clear'that V7 is the largest and that the errors occurring at the first stage of sample division

procedure
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A.1 Gen,

Annex A
(informative)

Variogram method for determining variance

ral

The metho
the possib
increment;
be used as
given level

d for estimating primary increment variance described in 6.2 does not take inte~accq
e serial correlation between increments and may lead to a greater calculated. numbe
than would be necessary to obtain a given sampling precision. The variogram method
an alternative means of estimating the number of primary increments needed to att
of precision.

Ao a

unt
r of

ay

, as
s is
s is

The variogram is a plot of the mean squared difference in the quality of increments, i.e. variancg
a function|of the interval, or lag, between them. The distance between neighbouring increment
called lag 1, and the distance between neighbouring odd and even incremefts'is called lag 2, etc. Th,
illustrated|in Figure A.1.
Xi Xi+1 Xi+2 Xi+3 Xi+4

Increments i i i i i

1 1 1 1 1

| | | | |

seife=1) | | | |

| | |

| [ [

| | |

lag 2 (k=2) I | i ! l

| | | | |

| | | | |

| | | | |

lag3 (k=3) i I i : l

| | | | |

| | | | |
Figure A.1 — Graphical représentation of elements used for the calculation of the experimer

Lag may be
are obtaing

The increnj

variance Ve (k)

a time inter¥al for time-basis sampling or a mass interval for mass-basis sampling. The (
bd by collecting n increments from a sub-lot and analysing each increment separately.

ents should be collected atabout halfthe sampling interval calculated from ISO 13909-2:2

5.2.2, Forn|
using ISO
question.

tal

ula (8) or ISO 13909 2 2016 5. 3 2, Formula (9) using the number of mcrements estimze

The value of the variance V (k) at lag k is calculated from Formula A.1:

26
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Xi is the analysis for increment i;
Xj+k is the analysis for increment i + k;
Nk is the number of pairs of increments at lag k apart.
The principal features of a variogram are shown in Figure A.2. The intercept VR on the vertical axis is

the random component of variance. The other component of variance is the temporal component, which
increases with lag and may reach a maximum.

3

(k)

VR

Figure A:2 — General features of variograms

Theg variances V (k) obtained, using Formula (A.1) include the sample preparation and testing variance
Vpr| which is constant, as,well as the sampling variance. This is also a component of the|variogram
intgrcept, VR, and consequently a correction is made to obtain the sampling variance (s¢e A.3). An
estimate of Vpt canlbge obtained by extracting two duplicate divided samples from each infcrement at
thelfirst off-line division stage and preparing and analysing both.

Experience shows that a variogram for usual sampling intervals can be adequately approximated by a
strdight linexover the range k = 1 to about k = 5, according to Formulae (A.2) and (A.3) for timg-basis and
mags-basis sampling, respectively:

HE—Vr—+BhaAt (A.2)
V(m) =Vy + BkAm (A.3)
where
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VR is

B is

the random component of variance (the intercept) of the variogram;

the gradient (or slope) of the variogram;

At  isthe sampling interval (lag 1) for time-basis sampling;

Am is the sampling interval (lag 1) for mass-basis sampling.

A.2 Calculation and fitting the variogram

A.2.1 Geperal

Calculate the value of the variance V (k) for the first 10 lags using Formula (A.1) and plot the¥ariog

of variancq V (k) versus lag k.

Estimate the values of Vg and B in Formulae (A.2) or (A.3) by fitting a straight line tothe linear por
gram, i.e.lag 1 to kjjn. The linear portion is typically about the first five lags and the stra

of the vari
line can be

A.2.2 Va
Set VR to t}

Calculate t
mass-basig

fitted either by eye or by linear regression.
riogram fit by eye

e value of V (k) where the straight line intercepts the y-axis.

sampling, respectively:

_klin ) - VR

k.. At

lin

_klin ) - VR

klinAm
riogram fit by linear regression
and x = kAt or x = kAmfortime-basis or mass-basis sampling, respectively.

and VR as follows:

b =D XY

74
2V
74
v
A.2.3 Va
Sety =V (K
Calculate H
B— kll
k
N
/
Ve =4

o 20 (35
:y — BZX
klin

he gradient of the variogram using either Formula (A.4) or Formula (A.5) for time-basis

fam

fion
ght

and

.4)

\.5)

\.6)

\.7)

A.2.4 Calculation of corrected variance

Subtract the sample preparation and testing variance Vpt from the value of VR to obtain the corrected
variance V¢ as follows:

Ve =Vp =Vpr

The varian

ce V¢ provides information on sampling errors only.

A.3 Calculation of sampling variance

After determining V¢ and B, calculate the sampling variance Vs as follows.

28

(A.8)
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For systematic sampling:

V Bm
Vg =5+ —3k (A9)
n 6n’

and for stratified random sampling:

%4 Bm
Vg =5+ —3k (A.10)
n 3n?

where

msy, is the mass of the sub-lot;
n is the number of increments taken from the sub-lot.

NOTE For time-basis sampling, mgy, is replaced by T, the total sampling time.

A.4 Calculation of number of increments

Calgulate the number of increments required to achieve the desired‘sampling variance Vs by transposing
Forpnulae (A.9) and (A.10) and solving for n using Formulae (A4X and (A.12).

For[systematic sampling:

/2 2
VC+ VC +§BmSLVS
(A.11)

2V,

n=

and| for stratified random sampling:

, 2 4
VC + VC +§BmSLVS
n= (A.12)

2V

A.§ Calculation of total variance

Asspming that all th€increments are combined into a single sample for the sub-lot, calculate the total
var|ance Vspt for)sampling, preparation and testing using Formulae (A.13) and (A.14).

For[systematio sampling:

V Bm
v C SL

=—+
ST T T

+V

PT (A.13)

and for stratified random sampling:

v Ve, Bm,
SPT =
n 3n?

+V

PT (A.14)

A.6 Example of calculation of sampling and total variance

The data for ash content in Table A.1 were obtained by collecting and analysing individual increments
taken at 0,25 min intervals. The preparation and testing variance Vpt was determined separately and
found to be 0,01.

© IS0 2016 - All rights reserved 29


https://standardsiso.com/api/?name=c54016aeed9dc34c399724891e2cefe6

ISO 13909-7:2016(E)

Table A.1 — Ash content of individual increments taken at 0,25 min intervals

Increment number Ash content
% (m/m)
1 14,6
2 13,8
3 14,7
4 16,1
5 15,6
(9] 156
7 15,8
8 15,3
9 15,8
10 15,4
11 15,9
12 16,1
13 15,3
14 16,0
15 15,2
16 15,5
17 14,6
18 14,9
19 15,3
20 15,4
21 15,4
22 15,4
23 16,0
24 15,5
25 15,5
26 15,4
27 15,4
28 14,7
29 15,2
30 14,9
Calculate the experimental variogram points V (k) using Formula (A.1). For lag 1 (k = 1), the variange is
calculated ps follows:

(13,8-14,6)" +(14.7-13,8)" +..+ (14,9152’
2x29

v(1)=

~298 156
58

For lag 2 (k = 2), the variance is calculated as follows:

V(z) i (14,7 - 1476)2 + (16,1 -13, 8)2 Fot (14,9 - 1477)2
2x28
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The first 10 variogram points are tabulated in Table A.2 and plotted in Figure A.3.

Table A.2 — Variogram points for the data in Table A.1

Integer lag Lag in minutes Variance
k kAt V(ik)=y
1 0,25 0,156
2 0,50 0,184
3 0,75 0,235
4 1,00 0,245
5 1,25 0,258
6 1,50 05297
7 1,75 0,247
8 2,00 0,261
9 2,25 0,280
10 2,50 0,297

10 X

0 | |
0 1 2
Key
1 variogram fit by eye
2 intercept VR (eye) = 0,125
X lag k
Y variance

Figure A.3 — Variogram for the data in Table A.2
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Fit a straight line to the first five points of the variogram (see A.2.2) by first calculating the following
summations:

IS
e

1,078

3,750

> xy=0,8748

> x
Calculate A

5x

- 3,437 5

using Formula (A.6):
0,874 8-3,75x 1,078

B =

Calculate |

0,11
5x3,437 5-3,75%

[R using Formula (A.7):
078-0,11x3,75

The altern
results. As
intercept t
calculated

v

B =

=0,13
5

htive method of fitting a straight line to the variogram:by eye (see A.2.2) gives very simn
shown in Figure A.3, a straight line has been drawn-from V (4) through V (2) and V (1

using Formula (A.4) as follows:

#) - 0,125 _0245-0125 _ .

Completing
to the vari

Ve =0,
Assuming

at 1 min in
using Forn

it x 0,25 1

b the calculation of sampling and-tetal variance using the results for the linear regressio
pgram, calculate /¢ using Formula’(A.8):

13-0,01=0,12

hat systematic sampling is to be used and that 30 increments are to be taken from a sulj

tervals (i.e. msy=30), calculate the sampling variance from the above values for V¢ ary
lula (A.9):

12, 01130 _ 4 651073

0 6% 307

ilar
) to

he Y-axis. The intercept is 0,125, so Vg = 0,125..The gradient of the variogram can then be

h fit

-lot
dB

Calculate t

hé gverall variance by adding the preparation and testing variance using Formula (A.15)

Vspr =

Vs + Vpr (A

=0,0046+0,01

=0,014 6
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Finally, calculate the precision of the result for a single sub-lot using Formula (1) as follows:

P=2\/@

= 2x0,121
= 0,24 % ash
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Annex B
(informative)

Grubbs’ estimators method for determining sampling precision

B.1 General

At some lofcations, operational conditions of a sampling system do not allow duplicate samples t¢ be
collected with the assurance that no cross-contamination of sample material from adjacent prinfary
incrementg occurs. In such cases, the sampling precision being obtained may be checked by collecfing
three samples from each of a minimum of 30 sub-lots of fuel. One sample is collected using the norjmal
sampling scheme (system sample) and two mutually independent systematic samples)are collected by
stopping a|main fuel-handling belt for collection of stopped-belt increments at preselected interyals
(reference samples A and B).

B.2 Seldction of sub-lot size for measuring precision
The sub-lot size should be such that

a) the mgss of material collected by the on-line sampling and\sample preparation system is at l¢ast
twice the minimum mass given in ISO 13909-2:2016, Table 1, and

b) the mipimum fuel-conveying time for each sub-lot is:1 h. The time during which the fuel-hand|ing
belts afre shut down for collection of stopped-belt jnerements is not included as fuel-conveying tjme.

B.3 Seldction of number of stopped-belt increments and collection intervals

Each of thg two reference samples, stopped-belt sample A and stopped-belt sample B, consists pf a
minimum pf three stopped-belt increments and preferably more to ensure that the overall precision
of the refeffence methods is compardble to that of the sampling system under test. Obtain the sampling
interval for each reference sample‘by dividing the sub-lot fuel-running time, in minutes, by the nunjber
of stoppedibelt increments to be ¢ollected. For example, with a sub-lot size of 900 tonnes during which
the expected fuel-conveying\time is 90 min, and with three stopped-belt increments collected from
each sub-lat, the stopped-bélt systematic sampling interval for each stopped- belt reference sample will
be 30 min.

To ensure fhat reférence samples and system samples are mutually independent, it is necessary fhat
true systematic.sampling be employed for collection of reference samples. Thus, for both referdnce
sample A pnd\reference sample B from each sub-lot, a random number table or pseudo-ranllom
generator is used to select a time for collection of the first stopped-belt increment, in 0,5 min interyals,
from all possibilities within the stopped-belt sampling interval. For a 30 min stopped-belt sampling
interval, there will be 60 possibilities upon each choice. The time for collection of each subsequent

stopped-belt increment for each reference sample is determined by repeatedly adding the systematic
sampling interval until all increments have been collected.

The results of this procedure are illustrated in Table B.1, where the sub-lot size is the quantity of
fuel conveyed during a 90 min interval and three stopped-belt increments are collected for each
reference sample.
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