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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. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical cornmittees are 
circulated to the member bodies for voting. Publication as an Interna- 
tional Standard requires approval by at least 75 % of the member bodies 
casting a vote. 

International Standard ISO 8685 was prepared by Technical Committee 
ISO/TC 129, Aluminium ores, Sub-Committee SC 1, Sampling. 

Annexes A, 8, C and D of this International Standard are for information 
only. 

. . . 
Ill 
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INTERNATIONAL STANDARD ISO 8685:1992(E) 

Aluminium ores - Sampling procedures 

1 Scope 

This International Standard sets out requirements 
for the sampling of aluminium ores from moving 
streams and stationary situations, including 
stopped-belt sampling, to provide gross samples for 
Sample preparation. Stopped-belt sampling is the 
reference method for collecting ore samples against 
which other sampling procedures may be compared. 
Sampling from moving streams is the preferred 
method. Sampling from stationary situations should 
only be considered when sampling from moving 
streams is not possible. The procedures described 
in this International Standard for sampling from 
stationary situations merely minimize some of the 
sampling errors. 

Although this International Standard is intended to 
cover all aluminium ore sampling from moving 
streams, the procedures recommended may not be 
applicable in cases of extreme Segregation, for ex- 
ample very wet ore due to its sticky nature, or very 
dry ore due to generation of dust. In such cases it 
may be necessary to revert to stopped-belt sam- 
pling. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and Parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the Standards in- 
dicated below. Members of IEC and ISO maintain 
registers of currently valid International Standards. 

ISO 565:1990, Test sieves - Metal wire cloth, perfo- 
rated metal plate and electroformed sheet - Nominal 
sizes of openings. 

ISO 3534:1977, Statistics - Vocabulary and symbols. 

ISO 6138:1991, Aluminium ores - Experimental de- 
fermination of the heterogeneity of constitution. 

ISO 6139:- ‘), Aluminium ores - Experimental deter- 
mination of the heterogeneity of distribution of a lat. 

ISO 6140:1991, Aluminium ores - Preparation of 
samples. 

ISO 9033:1989, Amminium ores - Determination of 
the moisture content of bulk material. 

ISO 10226:1991, Aluminium ores -- Experimental 
methods for checking the bias of sampling. 

ISO 10277:-‘1, Aluminium ores - Experimental 
methods for checking the precision of sampling. 

3 Definitions 

For the purposes this International Standard, the 
definitions given in ISO 3534 (including the terms 
“precision” and “accuracy”) and the following, ap- 
PlY* 

3.1 bias: The tendency to obtain a value which is 
persistently higher or persistently lower than the 
true value. Alternatively, the differente between the 
true value and the average result obtained from a 
large number of determinations using a biased 
method. 

3.2 constant mass division: The method of Sample 
division in which the retained portion from individual 
increments is of uniform mass. 

3.3 out: A Single pass of the sampling device 
through the ore stream. 

3.4 divided increment: The quantity of ore obtained 
by division of the increment in Order to decrease its 
mass. 

1) To be published. 
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3.5 division: The process of decreasing the Sample 
mass (without modification of the particle size of the 
constituent pieces) where a representative part sf 
the Sample is retained while rejecting the remain- 
der. 

3.6 fixed rate division: The method of Sample div- 
ision in which the retained portion from individual 
increments is a constant proportion of the original 
mass. 

3.7 duplicate sampling: A particular case of repli- 
cate sampling (with only two replicate samples), for 
the purpose of estimating the average precision of 
sampling from a number of lots or sampling units. 

3.8 gross Sample: A Sample formed when all the 
primary increments or subsamples, either as taken 
or after having been prepared individually to a par- 
ticular Stage of Sample preparation, are combined 
in the correct proportions for preparation of a Iabo- 
ratory Sample. 

3.9 increment: The quantity of material extracted 
from the lot in a Single Operation of the sampling 
device. 

3.10 lot: A quantity of ore delivered at one time for 
which the quality characteristics are to be deter- 
mined. 

NOTE 1 The 
pling un its. 

lot maY be composed of one or more sam- 

3.11 isolated lot: A lot that is to be sampled without 
knowledge of its sampling characteristics. 

3.12 manual sampling: The Operation of sampling 
when the increments forming subsamples and gross 
samples are taken by human effort using a hand- 
held implement. 

3.13 mass-basis sampling: The method of taking 
increments at uniform mass intervals throughout the 
lot or sampling unit. 

3.14 mechanical sampling: The Operation of sam- 
pling when the increments forming subsamples and 
gross samples are taken by a sampling machine. 

3.15 nominal top size: The size of aperture of the 
finest sieve (complying with ISO 565) through which 
95 % of the mass of the ore Passes. 

3,16 random stratified sampling: The taking of in- 
crements at irregular intervals within constant in- 
tervals of time, mass or space. 

3.17 reduction (in particle size): The decrease in 
dimension of the pieces constituting the Sample 
without modification of the mass or composition. 

3.18 replicate sampling: The taking of increments 
from the lot at equal intervals of time, mass or 
space. 

NOTE 2 The increments are placed in rotation in differ- 
ent Containers to give several replicate samples of ap- 
proximately equal mass. 

3.19 sampling unit: The discrete units (e.g. trains, 
sections of belt, daily production) which comprise 
the lot. 

3.20 strata: Approximately equal Parts of a lot or 
sampling unit, based on intervals of time, mass or 
space. 

3.21 subsample: A quantity of ore consisting of a 
number of increments taken from a part of the lot; 
also a composite of a number of increments each 
having been individually prepared as necessary. 

3.22 systematlc stratified sampling: The taking of 
increments at regular intervals within constant in- 
tervals of time, mass or space. 

3.23 time-basis sampling: The method of taking of 
increments at uniform time intervals throughout the 
lot or sampling unit. 

4 Establishing a sampling scheme 

4.1 General 

The basic requirement of a correct sampling 
scheme is that all particles in the stream have an 
equal opportunity of being selected and appearing 
in the final gross Sample for analysis. Any deviation 
from this basic requirement tan result in an unac- 
ceptable loss of accuracy and precision. No incor- 
rect sampling scheme tan be relied upon to provide 
representative samples. 

Sampling should be carried out by systematic sam- 
pling, either on a mass basis (see clause 8) or on a 
time basis (see clause 9), but only when it tan be 
shown that no systematic error could be introduced 
due to any periodic Variation in quality or quantity 
which may coincide with, or approximate to, any 
multiples of the proposed sampling intervals. 

As an example, a primary Cutter may be cutting a 
stream of ore which is being reclaimed from a 
stockpile by a bucket wheel reclaimer. At both limits 
of the bucket wheel traverse across the ore face on 
the stockpile, the ore may have different properties 
from that of the middle of the stockpile (due to seg- 
regation). lt is quite possible that every time the 
primary Cutter makes a tut, the tut coincides with 
ore being delivered from the limit of a traverse of the 
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bucket wheel reclaimer and a systematic error could 
thus arise. 

This Same Provision applies to secondary and sub- 
sequent stages of division where it is feit that a 
systematic error could arise, due to the manner in 
which the ore is handled and presented to division 
apparatus. 

In such cases, it is strongly recommended that 
stratified random sampling within fixed mass or time 
intervals be carried out (see clause IO). 

The methods for subsampling and Sample prep- 
aration depend on the final choice of sampling 
scheme and on the Steps necessary to minimize 
possible systematic errors arising during subse- 
quent division Steps. 

4.2 Safety of Operators 

Due consideration shall be given to the safety of 
Operators when employing any method of collecting 
samples from stationary situations. The applicable 
safety Codes shall be respected. 

4.3 General procedure for sampllng 

The general procedure for sampling is as follows: 

a) decide for what purpose the samples are being 
taken, e.g. monitoring plant Performance, use in 
commercial transactions; 

b) identify the quality characteristics to be meas- 
ured and specify the Overall precision and sam- 
pling precision; 

c) identify the lot or part of the lot to be sampled; 

d) ascertain the nominal top size and particle den- 
sity of the ore for the purpose of determining the 
minimum gross Sample mass, primary increment 
mass and Cutter opening in the case where a 
mechanical Sampler is used, or the size of ladle 
in the case where manual sampling is employed; 

e) determine the increment variance, V,, or the pa- 
rameters of the variogram if the variogram 
method is used for the quality characteristic(s) 
under consideration (see ISO 6139); 

f) determine the coefficient of Variation between 
particles, CV, of the quality characteristic(s) un- 
der consideration (see ISO 6138); 

g) determine the minimum number of primary in- 
crements, yt, and sampling units, k, required to 
achieve the required sampling precision (see 
clause 5); 

h) determine the minimum gross Sample mass to 
achieve the required sampling variance (see 
clause 6); 

i) determine the minimum primary increment mass 
(see clause 7); 

j) determine the sampling intervals in tonnes for 
mass-basis systematic sampling (see clause 8) 
and stratified random sampling within fixed mass 
intervals (see clause IO), or in minutes for time- 
basis systematic sampling (see clause 9) and 
stratified random sampling within fixed time in- 
tervals (see clause 10); 

k) take primary increments at the intervals deter- 
mined in step j) during the whole period of han- 
dling the lot; 

1) combine the increments (see 8.5 or 9.5) into 
subsamples or a gross Sample (an example is 
given in figure 1); 

m) subsamples are usually prepared and analysed 
separately to improve Overall precision; they 
may also be prepared 

1) for convenience of materials handling, 

2) to provide progressive information on the 
quality of the lot, 

3) to provide, after division, reference or reserve 
samples, 

4) to reduce any bias in the test result for the 
moisture content of a large lot caused by 
moisture loss (or gain), due to climatic con- 
ditions. 

lt is permissible to divide increments at step 1) be- 
fore constituting a gross Sample or subsample, pro- 
vided that the mass of the divided increment 
exceeds the minimum mass determined in step i). If 
the whole of the primary increment or divided pri- 
mary increment is crushed, to enable further div- 
ision it is necessary to recalculate the minimum 
mass of the gross Sample and the divided primary 
increment using the nominal top size of the crushed 
ore. 

NOTE 3 When sampling an isolated lot in which the in- 
crement variance (or the variogram) and coefficient of 
Variation between particles, C,,, of the quality character- 
istics under consideration are not known, it is not possible 
to design a sampling scheme which guarantees that the 
specified sampling precision will be obtained. In this situ- 
ation, the number of increments to be taken and their 
masses should be agreed between the Parties concerned. 
When sampling of the isolated lot has been completed, it 
is possible, however, to determine the Overall precision 
obtained using the appropriate method specified in 
ISO 10277. 
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4.4 Overall variance 2 2 2 2 
9 = OFE + “GE + OQE2 

The Overall variance, denoted by &, for measur- 
ing the mean value of each quality characteristic is 
comprised of three components, namely the vari- 
ante of sampling, the variance of Sample prep- 
aration and the variance of analysis. The 
relationship is as follows: 

2 2 
“SPM = 0; + op + 0; 

where 

2 
*S is the variance of sampling; 

2 
OP is the variance of Sample preparation; 

2 
“M is the variance of analysis (measure- 

ment). 

The method for determining aS, cp and oM may be 
found in ISO 10226. 

The sampling variance consists of two components, 
namely2 the short range quality fluctuation vari- 
ante CFQEI 2and the long range quality fluctuation 
variance aQE2. 

The relationship is as follows: a) when a Single gross Sample is constituted for a 
2 2 

“S = O:Ef + OQE2 
lot and Y replicate determinations are carried out 
on the gross Sample, 

The short range quality fluctuation variance also 
consists of two components as follows: 

&El = O:E + <T:E 

where 

2 
“FE is the fundamental error variance; 

2 
“GE 

The fundamental error variance depends on the 
gross Sample mass while the other two components 
depend on the distribution heterogeneity of the ore 
and the number of increments. In this International 
Standard, the minimum gross Sample mass (see 
6.1) is Chosen so that 

In the equation for flzpM above, the major part of the 
Overall variance is often due to sampling errors. 
However, when a very precise result is required and 
the sampling errors have been minimized, con- 
sideration shall be given to increasing the number 
of Sample preparations and/or analyses performed 
in Order to reduce these components of the Overall 
variance. This is achieved by carrying out multiple 
determinations on the gross Sample or preferably 
by dividing the lot into a number of sampling units 
and preparing and analysing a subsample from each 
sampling unit (see figure 1). 

The Overall variance is then given as follows. 

2 
“SPM = 

b) when k subsamples are prepared and analysed, 
each constituted from an equal number of in- 
crements, and r replicate determinations are 
carried out on each subsample, 

is the Segregation error variance. GI 
2 2 

0; -t 7 
“SPM =ns+----- 

k Thus 
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Figure 1 - Example of a sampling plan including six secondary increments 

(Mixing, reduction and division Steps have been omitted for simplicity.) 
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5 Number of primary increments and 
sampling units 

5.1 General 

The number of primary increments to be taken from 
a lot or sampling unit in Order to attain the required 
sampling variance is a function of the variability of 
the characteristics to be determined. This variability 
depends on the amount of Segregation present in 
the ore, the particle size range of the ore and the 
mass of the lot or sampling unit. lt is determined 
experimentally for each type of ore and expressed 
in terms of either the increment variance VI or the 
intercept A and slope B of the variogram in accord- 
ante with ISO 6139. 

CAUTION - The determination of moisture requires 
special consideration due to the fact that it is ex- 
tremely difficult, if not impossible, to retain the in- 
tegrity of the Sample over extended periods of 
Sample collection. In such cases a bias may occur 
which tan only be overcome by collecting moisture 
samples at more frequent intervals than may be 
dictated by a simple calculation of increment num- 
bers of sampling units based on a certain precision. 
lt is therefore recommended that moisture tests be 
carried out on a number of subsamples and the 
weighed mean of the test results recorded. This will 
reduce any bias in the test result caused by 
moisture loss (or gain) due to climatic conditions. lt 
will also result in better precision. 

5.2 Calculation of the number of primary 
increments 

When the variability of the ore has been determined, 
the number of primary increments to be taken from 
the lot tan be calculated from the following formula 
at the desired sampling precision. 

52.1 Increment variance method 

v 
n+- 

OS 
where 

# is the number of primary increments; 

V I is the increment variance; 

2 
“S is the desired sampling variance. 

EXAMPLE 

Minimum number of primary increments for different 
values of VI and aS 

‘1 rable 1 - Minimum number of primary increments 
required 

Sampling Standard deviation, Q 
6 . --- 

071 02 

0,25 25 7 
1 100 25 
4 400’) 100 
9 900’) 225 

25 2 500’) 625’) 
100 10 000’) 2 500’) 

----VI 

1) Values indicate that the specified precision may 
not be practically achievable. In this case, it will be 
necessary to adopt a poorer sampling precision than 
that specified in 4.3 b) . 

5.2.2 Variogram method 

a) Systematic sampling 

A.+,Jm 
n=------- -- 

2 
29 

where 

n is the number of primary increments; 

n is the intercept of the corrected 
variogram; 

n is the gradient (slope) of the 
variogram; 

tnL is the mass of the lot; 

2 
9 is the desired sampling variance. 

b) Stratified random sampling 
t’ ------- 

A+ J A2 $ 4 - y- nmp; 
. n= ~ _.----- 

2 
29 

EXAMPLE 

Assume that systematic sampling is being used and 
that the Parameters of the variogram for Al203 con- 
tent, determined in accordance with ISO 6139, are 
as follows: 

n = 0,3 

Tl = 0,000 1 

nzL = 30000 t 

“S = 0,l % (n~/m) A1203 
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Thus 

0,3+&qz,000 1 x30000x(0,1)* 
IZ = 

2 x 0,Ol 

0,3Jo,o9 + 0,02 - - 
0,02 

0,63 -- - 
0,02 

= 32 

5.3 Calculation of the number of subsamples 

When the variances of Sample preparation and 
measurement are known, the number of sub- 
samples, k, tan be calculated from the following 
formula: 

2 
2 t OM 

k OP + y - - 
2 2 

%PM - OS 

where OSpM, OS, op, OM and r are as previously de- 
fined. 

Several iterations may be required to find the cor- 
rect combination of us and k. 

6 Mass of gross samples and subsamples 

6.1 Minimum mass of gross Sample 

lt is essential to ensure that the mass of the gross 
Sample is adequate to achieve the required sam- 
pling variance. If the gross Sample mass is too 
small, the desired sampling variance will not be 
achieved, even though sufficient increments, as cal- 
culated in 5.2 may have been taken. 

The minimum gross Sample mass is given by the 
following empirical formula (see annex A): 

cv 2 
m, ZE 

( > % 
f9gD3 x Io- 

where 

% is the minimum gross Sample mass: in 
kilograms; 

7 

c 
v 

is the coefficient of Variation between 
particles of the quality characteristic un- 
der investigation, (according to 
ISO 6138); 

“S is the required relative sampling error 
(Standard deviation); 

f ’ is the density, in tonnes per cubic metre, 
of the ore particles (not bulk density); 

(s is the size range factor given in table 2; 

I) is the nominal top size, in millimetres, of 
the ore in the lot. 

Table 2 - Size range factors 
Size range Value for 8 

Large size range (D/D’ > 4) 
Medium size range (4 > D/D’ 2 2) 
Small size range (D/D’ < 2) 
Uniform size (D/D’ = 1) 

0,25 
0,50 

1 

0,75 
1 ,oo 

D is the nominal top size of the ore; 
D’ is the sieve size retaining 95 O/o of the ore. 

/ 

The Variation of minimum gross Sample mass with 
nominal top size for various values of CJO~ is shown 
in figures 2 and 3 (assuming p = 2,5 t/ms). 

EXAMPLE 

Take the case of sampling an aluminium ore of 
nominal top size 22,4 mm and of particle density 
2,5 t/m? Assume the size range is large, the coeffi- 
cient of Variation is 20 % and a sampling error of 
0,5 % is required. The minimum mass of the gross 
Sample is given by the following formula: 

x 2,5 x 0,25 x (22,4)3 x 1O--6 

= 11,2 kg 

6.2 Minimum mass of subsamples 

The minimum mass of individual subsamples shall 
be as follows: 

a) when the individual subsamples are prepared 
and analysed, the minimum mass of the sub- 
Sample shall be not less than that of the mini- 
mum gross Sample calculated in 6.1; 

b) when individual subsamples are combined to 
form a gross Sample, the minimum mass of the 
subsample, m,, shall be rnJk where k is the 
number of subsamples as defined in 4.3 b). 

6.3 Minimum mass of crushed gross samples 
and subsamples 

If gross samples or subsamples are crushed to per- 
mit further division, the minimum masses may be 
calculated using the formula in 6.1 and 6.2, by in- 
serting the nominal top size of the crushed ore. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 86

85
:19

92

https://standardsiso.com/api/?name=af7665da82227fa235ebd23fb40120ee


ISO 8685:1992(E) 

10 ooc 

1000 

100 

- 
2 - 
F” 

IO 

1 

80 100 
Nominal top size (mm) 

120 140 160 180 

Figure 2 - Minimum gross Sample mass as a function of Cv/~s and of nominal top size 

(for a nominal density of 2,5 t/m3 and g = 0,25) 
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100 

1 

15 20 25 

Nominal top size (mm) 

30 35 40 

Figure 3 - Minimum gross Sample mass as a function of CJ+ and of nominal top size 

(for a nominal density of 2,5 t/m3 and ,q = 0,25) 
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7 Mass of increment 

7.1 Minimum mass of primary increment 

Although the concept of minimum increment mass 
is not absolute, the increment mass must be Iarge 
enough to ensure that the minimum Sample masses 
specified in 6.1 and 6.2 are exceeded. Thus, the 
minimum mass of a primary increment, m,, is given 
by the following formula: 

* t’gD3 x 1o--6 
- rl 

where YE is the number of primary increments cal- 
culated in 5.2. 

This ensures that the gross Sample or subsample, 
consisting of the combination of primary increments, 
is always of sufficient mass. 

The minimum mass of primary increments or the 
number of primary increments will need to be in- 
creased accordingly if subsamples are prepared or 
if separate gross samples or subsamples are re- 
quired for Chemical analysis, moisture determi- 
nation and physical testing. 

7.2 Actual mass of increment for sampling 
from moving streams 

The actual mass of increment taken by a cutter-type 
Sampler from the ore stream at the discharge end 
of a moving stream may be calculated using the 
following formula: 

4m bc 
mA== 

Y c 

where 

TnA 

4 771 

b C 

% 

is the actual mass, in kilograms, of in- 
crement; 

is the flow rate, in tonnes per hour, of ore 
stream; 

is the cutting aperture, in metres, of the 
Sampler; 

is the Cutter Speed, in metres per second, 
of the Sampler. 

When the flow rate is high, the actual mass of a pri- 
mary increment will nearly always greatly exceed 
the value obtained from the formula in 7.1. In fact, it 
is determined by the minimum cutting aperture de- 
termined in 11.3.1 and the maximum Cutter velocity 
specified in 11.3.2. Unless these two conditions are 
respected, the increment may not be representative 
of the ore from which it was taken. 

7.3 Subdivision of large primary increments 

The method for subdivision of large increments is 
specified in 8.10 and 9.8. 

The apparatus for division may be corrpled auto- 
matically to the mechanical sampling equipment, 
but all of the processes after collection, including 
storage, shall be carried out in enclosed and 
draught-proof conditions to minimize changes of 
moisture content. 

Secondary and subsequent Sample dividers which 
are on-line shall have cutting frequencies which are 
not in Phase with the primary Sampler or with each 
other and shall operate continuously throughout the 
whole sampling period. 

7.4 Minimum mass of crushed increments 

If the primary increment is crushed to permit further 
division, the minimum mass of the divided primary 
increment may be calculated using the formula in 
7.1 by inserting the nominal top size of the crushed 
ore. 

NOTE 4 The minimum mass of any increment is never 
to be less than 100 g in Order to maintain the integrity of 
the increment as it Passes through the sampling System. 

8 Mass-basis sampling 

8.1 General 

Mass-basis sampling may be used irrespective of 
flow rate variations. When sampling from moving 
streams which show a wide Variation in feed rate 
(i.e. greater than 20 % from the nominal rate), it is 
the preferred basis for sampling. 

Mass-basis sampling involves the following two 
Steps. 

a) Spreading the number of primary increments re- 
quired on a uniform tonnage basis throughout 
the mass to be sampled. 

b) Extracting from each tonnage interval an almost 
uniform mass of ore [at either the primary (pre- 
ferred) or secondary division Steps] to give an 
almost uniform mass of Sample reporting to the 
gross Sample or subsample. 

“Almost uniform mass” means that the coefficient 
of Variation of the increment masses shall be less 
than or equal to 20 %. For example, when the aver- 
age mass of increments is to be 40 kg, the in- 
crements shall be taken in such a manner that 
95 % of the increments vary between 24 kg and 
36 kg with an average of 40 kg. 
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If the coefficient of Variation of the mass of individual 
primary increments is greater than 20 %, 

1) each primary increment shall be subjected 
separately to division (according to the rules 
of division) and determination of its quality 
characteristics, or 

2) primary increments shall be subjected to 
constant mass division Prior to combining 
into subsamples or a gross Sample. 

8.2 Sampling interval 

The interval between taking primary increments by 
mass-basis sampling shall be determined from the 
following formula: 

mL Am, < T 

Am I 

*ZL 

is the mass in terval , in to 
taking prima f-Y incre ments 

nnes, between 

is the mass, in tonnes, of the lot or sam- 
pli ng unit; 

n is the number of primary increments cal- 
culated in 5.2. 

8.3 Cutter 

Either of the following Cutters may be adopted: 

a) a fixed-Speed Cutter whose cutting Speed is con- 
stant during the course of handling the entire lot; 

b) a Variable-Speed Cutter whose cutting Speed is 
constant while cutting the stream but tan be 
regulated, primary increment by primary in- 
crement, corresponding to the ßow rate of the 
ore on the conveyor belt. 

8.4 Taking of primary increments 

Esch primary increment shall be taken by a Single 
pass of the sampling device so that a full cross- 
section of the stream is taken. 

The first primary increment shall be taken at a ran- 
dom mass less than Am, (see 8.2). 

Thereafter, the required number of primary in- 
crements shall be taken by systematic stratified 
sampling on a mass basis, i.e. at a fixed mass in- 
terval Am,, and this interval shall not be changed 
during the entire course of sampling of a lot. 

The mass interval between primary increments 
should be smaller than that calculated from the 
number of primary increments determined in 5.2, in 

Order to ensure that the number or primary in- 
crements to be taken will be larger than the mini- 
mum number required. 

If the planned number of primary increments has 
been taken and the handling has not been com- 
pleted, additional increments shall be taken at the 
Same mass interval until the handling Operation is 
completed. 

8.5 Constitution of a gross Sample or 
subsample 

A gross Sample shall comprise all the primary in- 
crements or subsamples, either as taken or after 
having been prepared individually to a particular 
Stage of Sample preparation and then combined in 
the correct proportions. 

If the coefficient Variation of the masses of primary 
increments is greater than 20 %, the primary in- 
crements as taken shall not be combined into sub- 
samples or a gross Sample, and the requirements 
given in 8.1 b) [l) and 2)] shall be observed. 

A subsample shall comprise consecutive primary 
increments, either as taken or after having been 
prepared individually to a particular Stage of Sample 
preparation and then combined in the correct pro- 
portions. Esch of a series of subsamples for a lot 
should be made up of an equal number of consec- 
utive primary increments. 

CAUTION - Care should be taken not to attribute the 
precision of a test result from a lot to the test result 
from an individual primary increment or subsample 
formed in the above manner. The test result from an 
individual primary increment or subsample cannot 
be used to characterize the lot or the sampling unit. 

8.6 Method of division 

Constant-mass division is a method of obtaining 
divided subsamples or gross samples having almost 
uniform mass c,I,, < 20 % regardless of the Variation 
in the masses to be divided. Cutter-type dividers 
with variable cutting Speeds tan be used for this 
type of division. 

Fixed-rate division is a method obtaining divided 
subsamples or gross samples having masses pro- 
portional to the varied masses to be divided. Rotary 
Sample dividers or slotted belts tan be used for this 
type of division. 

8.7 Division of increments 

Where increments are divided and subsamples or a 
gross Sample constituted from such divided in- 
crements, the division shall be carried out as fol- 
lows: 
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a) if the coefficient of Variation for the masses of per secondary or subsequent increment of mini- 
increments is greater than 20 %, the division mum mass m&zp, where 12 is the number of pri- 
shall be carried out on an increment-by- mary increments and p is the final number of 
increment basis using constant-mass division; subsequent cuts per primary increment. 

b) if the coefficient of Variation is less than or equal 
to 20 %, either constant-mass or fixed-rate div- 
ision tan be used. 

The number of cuts and their minimum masses shall 
be as specified in 8.10. 

8.8 Division of subsamples 

Where subsamples are divided and a gross Sample 
constituted from the divided subsamples, the div- 
ision shall be carried out as follows: 

a) when the coefficient of Variation of the masses 
of subsamples is less than or equal to 20 % and 
the subsamples consist of an equal number of 
increments, both constant-mass and fixed-rate 
division may be used; 

For constant-mass division, the interval between 
taking cuts shall be made variable according to the 
mass of the gross Sample, subsample or increment 
to be divided in accordance with the principles of 
8.2. The first tut shall be taken at random within the 
first mass interval. 

For fixed-rate division, the interval between taking 
cuts shall be constant regardless of the mass of the 
gross Sample, subsample or increment, to be div- 
ided, in accordance with the principles of 9.2. The 
first tut shall be taken at random within the first time 
interval. 

NOTE 5 The division of divided gross samples, sub- 
samples or increments below their minimum masses at 
any Stage requires particle size reduction before division. 
The minimum gross Sample mass, rn,, should then be re- 
calculated as specified in 6.3. 

b) If the subsamples consist of differen t numbers 
increments, fixed-rate division shall be used. 

of 
9 Time-basis sampling 

The number of cuts and their minimum masses shall 
be as specified in 8.10. 

8.9 Division of gross samples 

Normally the gross Sample is subjected to Sample 
preparation in accordance with the procedures 
given ISO 6140. However, where division of the 
gross Sample is carried out in an on-line Situation, 
the number of cuts and their minimum masses shall 
be as specified in 8.10. 

8.10 Number of cuts for division 

The minimum n Umber of cuts and their minimum 
masses shall be as follows. 

a) Where all increments or subsamples have been 
combined and mixed to form a gross Sample 
from a lot or sampling unit; a minimum of 20 cuts 
of minimum mass ~/20, where m, is the mini- 
mum gross Sample mass calculated in 6.1. 

b) Where several increments have been combined 
and mixed to form a subsample for analysis; a 
minimum of 10 cuts of minimum mass 172JlO. 

c) Where individual primary increments are to be 
divided; a minimum of 6 cuts of minimum mass 
mJ6n, where n is the number of primary in- 
crements. 

d) Where individual secondary and subsequent in- 
crements are to be divided; a minimum of 1 tut 

9.1 General 

Time-basis sampling may be used when sampling 
from moving streams which preferably do not show 
a wide Variation in feed rate, i.e. less than or equal 
to 20 % Variation from the nominal rate. 

9.2 Sampling interval 

The interval between taking primary increments by 
time-basis sampling shall be determined from the 
following formula: 

60mL 
At < 4 

M 

where 

At is the time interval, in minutes, between 
ta king prim ary incre ments; 

is the mass, in tonnes, of the lot; 

4 M is the conveyor load rate, in tonnes per 
hou r; 

n is the number of primary increments cal- 
culated in 5.2. 

9.3 Cutter 

The Cutter shall be a fixed-Speed Cutter whose cut- 
ting Speed is constant during the course of handling 
the entire lot. 
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9.4 Taking of primary increments 

Esch primary increment shall be taken by a Single 
pass of the sampling device. 

The first primary increment shall be taken at a ran- 
dom time less than At (see 9.2). 

Thereafter, the required number of primary in- 
crements shall be taken by systematic stratified 
sampling on a time basis, i.e. at a fixed time interval 
At, and such an interval should not be changed 
during the entire course of sampling of a lot. 

The time interval between primary increments 
should be smaller than that calculated from the 
number of primary increments calculated in 5.2, in 
Order to ensure that the number of primary in- 
crements to be taken will be Iarger than the mini- 
mum number of primary increments specified. 

If the planned number of primary increments has 
been taken and the handling has not been com- 
pleted, additional primary increments shall be taken 
at the Same time interval until the handling opera- 
tion is completed. 

9.5 Constitution of gross Sample or 
subsample 

Primary increments may be combined to form gross 
samples or subsamples in either of the following 
ways. 

a) The primary increments as taken may be com- 
bined into subsamples or a gross Sample irre- 
spective of the Variation of masses of the primary 
increments. 

NOTE 6 When subsamples are analysed to deter- 
mine the quality characteristics for the lot, the mass 
of subsample, or the mass of sampling unit from wh/ch 
the subsample has been taken, should be determined 
in Order to obtain the weighted mean of the quality 
characteristic for the lot. 

b) Primary increments may be divided by fixed rate 
division and the gross Sample or subsample may 
be prepared by combining divided increments, 
provided that the mass of the divided increment 
is proportional to that of the primary increment, 
so that the weighted mean of the quality charac- 
teristic for the lot is retained. 

9.6 Division of increments and subsamples 

After time-basis sampling, division of increments 
and subsamples shall be carried out by fixed-rate 
division. The number of cuts and their minimum 
masses shall be as specified in 9.8. 

9.7 Division of gross samples 

Normally the gross Sample is subjected to Sample 
preparation in accordance with the procedure given 
in ISO 6140. However, where division of the gross 
Sample is carried out in an on-line Situation, the 
number of cuts and their minimum masses shall be 
as specified in 9.8. 

9.8 Number of cuts for division 

The minimum num ber of 
mas ses shall b e as follows 

cuts and their minimum 

a) 

W 

Cl 

d) 

Where all increments or subsamples have been 
combined and mixed to form a gross Sample 
from a lot or sampling unit; a minimum of 20 cuts 
of minimum mass &20, where m, is the mini- 
mum gross Sample mass calculated in 6.1. 

Where several increments have been combined 
and mixed to form a subsample for analysis; a 
minimum of IO cuts of minimum mass -/IO. 

Where individual primary increments are to be 
divided; a minimum of 6 cuts of minimum mass 
rqJ6n, where n is the number of primary in- 
crements. 

Where individual secondary and subsequent in- 
crements are to be divided; a minimum of 1 tut 
per secondary or subsequent increment of mini- 
mum mass m&zp, where n is the number of pri- 
mary increments and p is the final number of 
subsequent increments per primary increment. 

For fixed-rate division, the interval between taking 
cuts shall be constant regardless of the mass of the 
gross Sample, subsample, or increment to be div- 
ided, in accordance with the principles of 9.2. The 
first tut shall be taken at random within the first time 
interval. 

NOTE 7 Division of divided gross samples, subsamples 
or increments below their mimimum masses at any Stage 
requires particle size reduction before division. The mini- 
mum gross Sample mass, H?~, should then be recalculated 
as specified in 6.3. 

10 Stratified random sampling at fixed 
mass or time intervals 

10.1 Stratified random sampling at fixed mass 
intervals - General procedure 

The procedure shall be as specified in clause 8 ex- 
cept that, when the mass interval has been set, the 
Sample divider or Cutter is programmed to take one 
primary increment at any Point at random within this 
mass interval. This is achieved by use of a random 
number generator, capable of giving a random mass 
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number anywhere within the mass interval (deter- 
mined in 8.2) which activates the sampling device 
at the mass corresponding to the mass number 
generated. 

10.2 Stratified random sampling at fixed time 
intervals - General procedure 

The procedure shall be as specified in clause 9 ex- 
cept that, when the time interval has been set, the 
Sample divider or Cutter is programmed to take one 
primary increment at any Point at random within this 
time interval. This is achieved by use of a random 
number generator-, capable of giving a random time 
number anywhere within the time interval (deter- 
mined in 9.2), which activates the sampling device 
at the time corresponding to the time number gen- 
erated. 

11 Mechanical sampling from moving 
streams 

11 .l General 

There are a number of different mechanical sam- 
pling devices and hence it is not possible to specify 
any particular type which should be used for specific 
sampling applications. Annex B Shows examples of 
sampling devices in common use and should be 
taken as a guide in the choice of suitable equipment. 

This International Standard deals only with mech- 
anical Samplers which take a complete cross- 
section of the ore stream in one pass of the 
sampling device. Mechanical sampling devices tak- 
ing only a part of the stream in one Operation are 
not recommended. 

11.2 Design of the sampling System 

11.2.1 

The location of the sampling eq uipment shall be 
chos en accordin Cl tcl the followi w criteria: 

a systematic 
composition; 

Variation in material feed rate or 

d) to permit Performance of the Checks specified in 
11.2.3, Provision should be made for stopped-belt 
sampling adjacent to the automatic Sampler; 

e) Sample collection Points shall be located to pro- 
vide easy access for Operator convenience, and 
preferably as close as possible to the last div- 
ision Stage. 

11.2.2 Provision for duplicate sampling 

lt is recommended that the System provided be ca- 
pable of processing the primary increments to con- 
stitute pairs of subsamples A and B, by combining 
the increments alternately. Procedures for carrying 
out duplicate sampling are described in the appro- 
priate International Standard. 

11.2.3 System for checking the precision and bias 

When a mechanical installation is commissioned or 
when principal Parts are modified, check exper- 
iments for precision and bias shall be carried out for 
the installation as a whole. 

The methods of checking precision and bias, de- 
scribed in ISO 10277 and ISO 10226, respectively, 
shall be carried out preferably by comparison with 
stopped-belt sampling as described in clause 13. 

11.2.4 Minimizing bias in the Sample 

The installation 
as to minimize 

shall be designed in such a manner 

a) spillage of the Sample; 

b) impedance of the flow of the Sample material 
through the equipment; 

Location of sampling equipment 
c) retention of residual material; 

a) the sampling equipment shall be located at a 
Point which affords access to the complete ore 
stream; 

b) sampling shall be performed as close as poss- 
ible to that Point in the materials handling System 
where it is desired to determine the composition 
of the ore (e.g. immediately Prior to ship load- 
ing); 

c) sampling shall be performed at a Point in the 
handling System where there is no apparent vis- 
ual Segregation of the material stream and 
where there is no apparent risk of errors due to 

d) contamination of the Sample; 

e) degra dation of the c ,onstituen t Part 
ple is taken for size determin a tion; 

9 any Variation of moisture content. 

icles if a sam- 

Secondary and subsequent Sample dividers which 
are on-line shall have cutting frequencies which are 
not in Phase with the primary Sampler. 

11.2.5 Arrangement of sampling System 

The installation should be arranged in such a way 
that the principal units tan be operated individually 
for testing and maintenance. 
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11.3 Sample Cutters avoided to minimize the risk of rebounding particles 
and dust causing a biasing of the Sample. 

11.3.1 Design criteria 

In Order to minimize bias in the taking of increments, 
the Sample Cutter should, in addition to incorporat- 
ing the requirements specified in 11.2.4, fulfil the 
following criteria. 

a) The Sample Cutter shall be of the self-cleaning 
tY Pe. 

b) There shall be no introduction of materials other 
than the Sample into the Sample Cutter. This ap- 
plies particularly to material from belt scrapers 
and dust accumulating in the Cutter in the park 
Position. 

c) The Cutter shall tut a complete Cross-section of 
the ore stream, both the leading and trailing 
edges Clearing the stream in one path. 

d) The Cutter shall tut the ore stream either in a 
plane, or along an arc, normal to the mean tra- 
jectory path of the stream. 

e) The cutt er shall travel 
a Speed constant with i 

through the ore stream at 
n + 5 %. -- 

f) The geometry of the cutting aperture of the 
Sampler shall be such that the cutting time of 
each Point in the stream is constant within 
+ 5 Oh. - 

g) The minimum dimensions of the cutting aperture 
of the Sampler shall be at least 3 times the nom- 
inal top size of the ore being sampled. 

h) The minimum aperture of any Cutter shall be 
30 mm. 

i) The Cutter shall be of sufficient capacity to ac- 
commodate the increment mass obtained at 
maximum flow rate of ore. 

11.3.2 Cutter velocities 

In the designing of a mechanical sampling device, 
one of the most important design Parameters is the 
Cutter velocity. Too high a Cutter velocity will lead to 
a biasing of the Sample due to deflection of the 
larger particles and may also lead to shock load 
Problems and difficulties in maintaining constant 
velocity while cutting the material stream. lt could 
also Cause excessive turbulente which should be 

Experimental work undertaken by Gy*) Shows that for 
sampling heterogeneous material streams of low 
belt loading (stream density) where the particle size 
distribution is very narrow, significant bias may be 
introduced when the Cutter velocity exceeds 0,6 m/s 
or the Cutter aperture is less than 3 times the nom- 
inal top size of the ore. 

On the basis of this evidente, the Cutter velocity 
should not exceed 0,6 m/s for Cutters that tut normal 
to the ore stream, with Cutter aperture, h,, equal to 
3 times the nominal top size of the ore (see 
figure 4). The Same maximum Cutter velocity applies 
to Cutters which do not tut normal to the ore stream 
(see figure 5), provided that the “effective Cutter ap- 
erture”, h,, is a minimum of 3 times the nominal top 
size. Cutters which tut normal to the stream may tut 
in either direction or in both directions. Cutters 
which tut other than normal to the stream may tut 
in one direction only. 

For Cutters where the aperture b, is in excess of 
3 times the nominal top size D, the maximum vel- 
ocity allowed, v~, may be increased in accordance 
with the following formula: 

b Vc =0,3 1 +* ( ) 1 

where 

‘c is the maximum velocity, in metres per 
second; 

h C is the actual width of Cutter aperture; 

b 1 is equivalent to three times the nominal 
top size (b, = NI). 

However, the maximum velocity shall not exceed 
1,5 m/s. 

NOTE 8 Velocities higher than 0,6 mk at a Cutter aper- 
ture of 311 may be used only if experimental evidente 
proves that no significant bias is introduced. 

11.4 Mass of increments 

In all cases the minimum mass of each increment 
obtained in one pass of the Sample Cutter shall 
comply with 7.1. 

11.5 Number of increments 

The number of increments shall be in accordance 
with 5.2, 8.10 and 9.8. 

2) See GY P., Sampiing of particulate materiak - Theory and practice, Elsevier Publishing CO., 1982. 
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Cutting edges 

Cutter 

Figure 4 - Cutters with cutting edges designed to tut normal to the ore stream 

fs is the vector velocity of ore stream ; 
v,~ is the vector velocity of Cutter; 
v r is the vector resultant velocity; 
8 is the angle between ore stream and Cutter path; 
p is the angle between the vector resultant velocity and Cutter path. 

a) Vector diagram 

Cutting edges 

-Cutter 

b) Cutters with cutting edges normal 
to the Cutter path 

Figure 5 - Cutters with cutting edges designed to tut other than normal to the ore stream 
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11.6 Routine checking 

Maintenance and inspection of the installation shall 
be carried out at regular intervals, and verification 
shall be carried out when any modifications are 
made or a Change suspected. 

12 Manual sampling from moving streams 

12.1 General 

Mechanical sampling from moving streams is the 
recommended method because it provides more 
reliable data than manual sampling. However, 
where no mechanical sampling device is available, 
manual sampling may be performed, provided that 
access is available to the complete ore stream and 
that there is no risk to the safety of the Operator. In 
relation to the safety of Operators, the applicable 
safety Codes of the Regulatory Authorities shall be 
respected. 

NOTE 9 Manual sampling from moving streams should 
not be used for the sampling of ore of nominal top size 
greater than 31,5 mm. In this case, stopped-belt sampling 
should be used. 

1 6 3 8 
. 

5 2 7 4 
. 

Figure 6 - Plan view of ore stream with 
recommended positions-sequence for taking 

increments manually 

12.5 Number of primary increments 

The number of primary increments taken shall com- 
ply with the requirements of 5.2. 

12.6 Sampling procedures 

12.6.1 Single Operation of the ladle 

lt is preferable to take the increment in a Single 
pass, moving the ladle across the full width of the 
stream at a uniform rate and taking care that the ore 
does not Overflow before the ladle leaves the ore 
stream. Alternste increments should be taken by 
crossing the stream in opposite directions. 

12.6.2 Multiple operations of the ladle 

12.2 Choosing the samp 

The sampling site shall 

a) afford complete Operator 

ing 

safe 

ocation 

Y; 

b) afford access to the complete ore stream; 

c) show minimum s egregation of the o re stream, 
e.g. in size distrib ution or moist ure CO ntent; 

d) be as close as possi ble to the load or discharge 
Point where the qual ity is to be determ ined. 

In most conveying Systems the only sampling lo- 
cation which satisfies the above requirements is at 
a transfer Point. Sampling from the top surface of a 
moving conveyor belt shall be avoided at all times. 

12.3 Sampling implerne& 

Sampling shall be performed using ladles of the type 
specified in annex C. 

The capacity of the implement Chosen shall be in 
accordance with the requirements of clause 7 and 
table C.I. 

12.4 Minimum of increments 

The minimum mass of each increment shall comply 
with the requirements of 7.1. 

In some cases it will not be possible to obtain a 
complete Cross-section of the ore stream in one 
pass of the ladle. 

In such cases the ladle shall be placed in the stream 
in a manner so as to systematically draw samples 
from across the whole ore stream in a number of 
discrete operations. An example is given in figure 6. 

Assuming that the ladle is only capable of taking a 
representative amount from one eighth of the ore 
stream [see any of the areas (1 to 8) indicated in 
figure 6) in one Operation, the ladle shall be sys- 
tematically moved to each remaining area in each 
subsequent Operation so that after eight operations 
the complete Cross-section of the ore stream has 
been sampled to give one increment. 

The actual number of operations that may be re- 
quired in Order to obtain an increment from a com- 
plete Cross-section of the falling stream will depend 
on the stream geometry and density and the di- 
mensions of the ladle. 

The ladle should be inserted upside-down into the 
stream, inverted and allowed to fill, then withdrawn 
from the stream. 

Notwithstanding any of the above, the following two 
further cautions should be observed in drawing a 
manual Sample: 

a) when a subsample is to be constituted from a 
number of increments, each subsample or gross 
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Sample shall contain increments which represent 
a complete Cross-sectio.n of the stream (i.e. each 
gross Sample shall be complete in itself and 
should not represent only a part of the stream); 

b) the tadle shall not be overfilled as this may lead 
to a bias in the Sample (i.e. larger particles will 
tend to roll off a heaped ladle). 

13 Stopped-belt sampling 

Stopped-belt sampiing is the preferred method for 
collecting a reference Sample against which other 
sampling procedures may be compared. The pro- 
cedure for sampling from a stopped belt shall be as 
follows. 

a) Determine the Parameters for sampling. 

W Stop the 
intervals. 

belt at the p redeterm ined time or mass 

c) At each Stoppage, place a suitably profiled sam- 
pling frame (see annex D), with minimum 
internal dimensions of three times the nominal 
top size of the ore, across the width of the 
stationary belt and insert it through the ore so 
that it is in intimate contact with the belt across 
its full width. 

d) Should any large pieces of ore obstruct insertion 
of the frame, push those at the left-hand edge of 
the frame into the increment and those at the 
right-hand edge of the frame out of the in- 
crement. 

e) Remove the ore within the sampling frame, en- 
suring that all ore particles in this area are in- 
cluded in the increment by sweeping the belt and 
deposit each increment in a suitable Container. 
If the increment is to be used for moisture de- 
termination, the Container should be sealed to 
prevent moisture loss (or gain) due to climatic 
conditions. 

f) Combine the increments as follows. 

1) Time-basis sampling. The increments as 
taken may be combined into subsamples or 
a gross Sample irrespective of the Variation 
in the masses of the increments. If the 
masses of the increments are too large, the 
increments shall be divided by fixed rate div- 
ision Prior to combination. 

2) Mass basis sampling. If the coefficient of var- 
iation of the increment masses is greater than 
20 %, the increments as taken shall not be 
combined into subsamples or a gross sam- 
ple. Either each increment shall be subjected 
separately to division and determination of 

quality characteristics, or increments shall be 
divided by constant mass division Prior to 
combination at the appropriate Stage of div- 
ision into subsamples or a gross Sample. 

g) Store the subsamples or gross samples in 
labelled Containers as specified in clause 15. 

14 Sampling from stationary situations 

14.1 General 

This clause specifies procedures for sampling alu- 
minium ore from stockpiles, wagons and ships’ 
holds. In this case, the lot or sampling unit shall be 
divided into n strata (IZ is the number of increments 
catculated in 5.2) spaced evenly by Position or mass. 

Sampling shall be systematic, but only when it tan 
be shown that no systematic error could be intro- 
duced by any periodic Variation in quality or quantity 
which may coincide with, or approximate to, any 
multiple of the proposed sampling interval. 

If there is a risk that systematic errors could be in- 
troduced by periodic variations in quality or quantity, 
it is suggested that stratified random sampling be 
used. 

In some cases, if all increments are to be combined, 
the total mass of the combined increments may be 
so large that division of the increments may be 
necessary Prior to combination to form subsamples 
or a gross Sample. In such cases, the procedure for 
increment division specified in ISO 6140 shall be 
followed respecting the requirements of clause 6 of 
this International Standard. 

14.2 Uniformity of primary increment mass 

All primary increments taken for combining into 
gross samples or subsamples shall be of almost 
uniform mass, i.e. they shall not vary by more than 
20 %. 

14.3 Bias testing 

Procedures for checking bias in sampling are given 
in ISO 10226. 

14.4 Sampling implements for stockpiles, 
wagons and ships’ holds 

14.4.1 Shovels 

Sampling ore with shovels usually produces a bi- 
ased Sample because it does not fulfil the funda- 
mental principle of sampling that the whole of the lot 
shall be equally accessible. The ore in the top layer 
of a stockpile or wagon is almost always different 
from the rest due to exposure, Segregation and 
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other Causes. Therefore sampling with shovels is not 
recommended. The following procedures merely 
minimize errors. 

Where sampling by shovelling is unavoidable, in- 
crements shall be taken from positions spaced as 
evenly as possible over the surface of the ore to be 
sampled, ensuring that each increment contains all 
sizes of ore represented in that Portion of the ore. 
The recommended shovel dimensions are given in 
table D.I. 

Th e proce 
as follows 

dure for sampling using a shovel shall be 

a) Dig a hole to a depth of at least 300 mm in the 
ore bed, ensuring that the ore dug out of the hole 
is thrown clear of the hole. The angle of the sides 
of the hole should be selected to prevent the ore 
rolling down the sides of the hole and causing 
further bias in the Sample. 

b) Take an increment of the appropriate mass from 
the bottom of the hole in either Single or multiple 
operations of the shovel, as appropriate. 

c) Place the increments into labelled Containers as 
specified in clause 15. 

Ensure that the shovel is never over-filled. After 
each hole has been dug, the shovel should be in- 
serted nearly horizontally into the top layer of ore, 
so that it is never buried completely. The natura1 in- 
stinct to thrust a shovel at a steep angle into the ore 
and lever or lift it out should be avoided as this will 
inevitably lead to over-filling. 

NOTES 

10 It is best to use, whenever possibl e, the shovel size 
which allows t :he increment to be taken in a Single pa SS. 

11 When the increments are so large that it is not poss- 
ible to use the largest shovel in a Single pass, the in- 
crement may be taken in several Passes. 

14.4.2 Augers 

These implements are used when the primary in- 
crements are to be collected from the body of a 
stockpile but, as with shovels, they tend to produce 
a biased Sample as they do not guarantee an equal 
probability of selection of all particles. The samples 
obtained will at best be representative of the depth 
of ore to which the implement penetrates. The use 
of an auger tan Cause particle breakage and there- 
fore affect size distribution and bulk density of the 
ore Sample. Therefore sampling with augers is not 
recommended. 

The diameter of the auger shall be at least three 
times the nominal top size of the ore or 30 mm, 
whichever is the greater. 

When sampling ore with a nominal top size of less 
than 25 mm, the increment may be taken with an 
auger but care must be taken to ensure that the full 
column of ore is taken out and that no particles are 
lost when the probe is being extracted. 

When sampling ore with a nominal top size greater 
than 25 m, auger sampling may be found to be im- 
possible unless mechanical apparatus is used. 
Where mechanical apparatus is used, the amount 
of material taken will usually exceed that required. 
lt will then be necessary to take the increment by the 
procedure indicated in 14.4.1. 

The procedure for sampling using an auger shall be 
as follows. 

a) Take increments from positions spaced as 
evenly as possible over the surface of the ore to 
be sampled, ensuring that each increment con- 
tains all sizes of ore represented in that Portion 
of the ore. 

b) Ensure that wet ore is not allowed to adhere to 
the outside of the implement when it is with- 
drawn, and that wet ore is not left adhering to the 
inside of the implement when extracting the in- 
crement. An auger must not be heated to stop 
wet ore from adhering to it. 

c) Place the increments into labelled Containers as 
indicated in clause 15. 

14.4.3 Ladles 

Ladles may only be used for sampling of ore in fall- 
ing streams. The procedure for the use of ladles is 
given in 12.6. 

14.5 Samples from stockpiles 

14.5.1 General 

Sampling aluminium ore from a stockpile generally 
presents difficulties in obtaining a representative 
Sample and therefore is not a recommended pro- 
cedure. A Sample taken from the top or sides only 
of a stockpile cannot be regarded as being repre- 
sentative of the whole stockpile, particularly when 
the stockpile is composed of ore from more than one 
Source. 

The only really effective and recommended method 
for sampling ore in a stockpile is by sampling during 
the building up or the breaking down of the stock- 
pile. However, a representative Sample tan be taken 
from a stockpile, provided that the sampling device 
used is capable of penetrating the full depth of the 
stockpile at each Point to be sampled, and extracting 
the whole column of ore. It is realized that this is 
rarely feasible. lt must be remembered that, in all 
cases, a Sample tan represent only that part and 
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that depth of the ore from which it is collected. For 
example, if increments are taken by an auger that 
tan penetrate to a depth of 2 m only, the results of 
tests on the Sample(s) tan be regarded as being 
representative of the quality of ore in the stockpile 
down to that depth only. In effect a 2 m thick Shell 
has been sampled. Thus, if such an implement is 
used to Sample a 20 m high stockpile, only the ore 
contained in the top 2 m tan be taken as the quan- 
tity of ore for which the final result is possibly valid. 

Some sampling implements may Cause degradation 
of the ore and care shall be taken to ensure that the 
properties of ore deemed critical are not affected by 
the sampling implement. 

14.52 Selection of sampling Points 

Determine the layout of the stockpile and make a 
plan of the stockpile. On the plan, divide the stock- 
pile into areas containing approximately equal 
masses of accessible ore, and number each area. 
The size of these areas should be such that they are 
easy to locate on the stockpile. 

14.53 Method 

Take the samples from the stockpile in the following 
way. 

a) Determine the sampling Parameters indicated in 
43 . . 

b) Take samples by one of the methods described 
in 14.4.1 or 14.4.2. 

14.6 Sampling from wagons or trucks 

14.6.1 Sampling from the top 

WARNING - For reasons of safety, sampling from 
the top of wagons must be carried out with extreme 
caution. lt is essential that the wagons are not 
moved during the sampling Operation. 

Sampling from the tops of wagons or trucks is not 
recommended; however, if no other means are 
available, it should be carried out in the following 
way. 

b) Take samples by one of the methods described 
in 14.4.1 or 14.4.2. 

14.7 Sampling from wagons during bottom 
discharge or trucks during tailgate discharge 

lt is preferable to take a Sample during discharge 
by the procedure specified in clause 11. However if 
this is not possible, the ore should be discharged 
into an accessible location (normally a stockpile), 
and a Sample taken by sampling the ore in accord- 
ante with one of the procedures described in 14.4.1 
or 14.4.2. 

14.8 Sampling from ships’ holds 

Sampling from ships’ holds is not recommended; 
however, if no other means is available, the pro- 
cedure specified in 14.4.1 should be followed. 

15 Packing and marking of samples 

Samples obtained for subsequent Sample prep- 
aration, moisture testing or analysis, which are to 
be carried out remote from the sampling plant, shall 
be placed in air-tight Containers. The relevant infor- 
mation shall be shown on the label and on a card 
placed in the Container. Examples of the information 
required are as follows: 

a) type, grade and nominal top size of the ore and 
name of the lot (identity of ship or train, etc); 

b) mass of the lot or sampling unit; 

c) sam Ple number or portion of 
that the Sample represents; 

d) place and date of sampling; 

lot or sampling unit 

e) moisture content (if known); 

f) method of sampling (e.g. mass basis, time-basis, 
manual or mechanical); 

g) nominal top size of the Sample; 

special pu rpose or test for which the Sample is 
taken (e.g. bias test , siz e analysis). 

a) Determine the sampling Parameters indicated in 
4.3. 
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Annex A 
(informative) 

Derivation of equation for minimum gross Sample mass 

Let s be the Standard deviation of the required 
quality characteristic between individual ore par- 
ticles. The variance Vs of quality characteristic in a 
Sample consisting of N particles is therefore given 
by the following equation: 

Then 

3 

x 1o-6 

t .e.: 

This is the variance associated with selecting a 
Sample of N particles. 

Combining condition [formula (A.5)] and equation 
[formula (A.6)] gives 

Expressing this in terms of the percentage relative 
error gives the fundamental error variance, “FE, * due 
to the heterogeneity of constitution, i.e.: 

2 SL 
*FE - --,x104 . . . 

NC 

where c is the 
concentration. 

value of the quality characteristic, i.e. 

Let the total relative error, expressed as a percent- 
age, allowable for the whole sampling Operation be 
aS. Thus in accordance with the assumption made 
in 4.4, 

. . . (A-3) 

Combining equation [formula (A.2)] and condition 
[formula (A.3)], gives 

(A.4) 

Thus 

N>gx104 . . . 
c *s 

VW 

The number of particles in the gross Sample must 
therefore exceed the minimum given in condition 
[formula (A.5)]. 

In Order to calculate the mimimum Sample mass 
Q, in kilograms, assume the particles are spherical 
of diameter D, in millimetres, and density E), in 
tonnes per cubic metre. 

m, = Nf-p»‘x W6 . . . (A.6) 

( -$ x loo)* 
p>+ * PD3 x 1o--6 

OS 

i.e.: 

C ( > 
L 

m+ -g pD3x10-6 . . . (A-0 

% is the minimum mass, in kilograms, of 
the gross Sample; 

c; = s/c x 100, i.e. the coefficient of Variation 
of the required quality characteristic be- 
tween individual particles; 

P is the particle density, in tonnes per cu- 
hic metrer 

is the nominal top size, in millimetres. 

Thus 

(A.8) 

Approximation [formula (A.8)] assumes that all par- 
ticles in the Sample are of nominal top size. Be- 
cause this is rarely the case, conservative values for 
Sample mass are obtained. This tan be overcome 
by introducing the size range factor g suggested by 
Gy [see bibliographic note 2) to 11.3.2 and table 21 
Approximation [formula (A.8)] then becomes 

cv L 
49 -q- 

( > 
pgI)” x 10 6 . . . (A.9) 
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