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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 pon-governmental, in liaison with ISO,_also take part in the work 1SQ collabarates closely with the
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INTERNATIONAL STANDARD

ISO 11794:2010(E)

Copper, lead, zinc and nickel concentrates — Sampling
of slurries

WARNING — This International Standard may involve hazardous materials, operations and equipment.

It is the responsibility of the user of this International Standard to establish appropriate health and

safe

1

This
liquid
also
partig
pasts

The
trans
confi

practices and determine the applicability of regulatory limitations prior to use.
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nternational Standard sets out the basic methods for sampling particulate material that is

referred to as pulp, but this term is not used in this International Standard. At very high
ulate solids to liquids where material assumes a soft plastic form{_the mixture is correctly
. Sampling of pastes is not covered in this International Standard(

brocedures described in this International Standard apply~to sampling of particulate mate
borted in moving streams as slurries, but not pressurized slurries. These streams may fal
ned in pipes, launders, flumes, sluices, spirals or similar channels. Sampling of slurries
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nternational Standard describes procedures that are designed to provide samples represe
solids and particle-size distribution of the slurry under examination. After draining the slu
and measuring the fluid volume, damp*samples of the contained particulate material in t
ble for drying (if required) and me&asurement of one or more characteristics in an unbiased
known degree of precision. The characteristics are measured by chemical analysis, physi

sampling methods described are applicable to slurries that require inspection to verify con
ct specifications, determination of the value of a characteristic as a basis for settlement bet
ers or estimation of\a-set of average characteristics and variances that describes a system o

ded that flow(rates are not too high, the reference method against which other sampling pr
ared is one\where the entire stream is diverted into a vessel for a specified time or volume
bd corresponds to the stopped-belt method described in ISO 12743.
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. usually water, to form a slurry. In industry and in the mining and minéral’processing literajure, slurry is
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Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 12743, Copper, lead, zinc and nickel concentrates — Sampling procedures for determination of metal and
moisture content

ISO 12744, Copper, lead, zinc and nickel concentrates — Experimental methods for checking the precision of
sampling

©I1SO
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ISO 13292, Copper, lead, zinc and nickel concentrates — Experimental methods for checking the bias of
sampling

ISO 20212, Copper, lead, zinc and nickel sulfides — Sampling procedures for ores and smelter residues

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12743, 1ISO 12744, 1SO 13292 and
ISO 20212 apply.

4 Principles of sampling slurries

In this Internptional Standard, a slurry is defined as “any fluid mixture of a solid of nominal top size < [ mm
that is mixed with water, which is frequently used as a convenient form to handle solids in bulk”. Slurry [flows
are found in[many mineral processing plants, with the water and entrained solids mixture being transported
through the plant circuits by means of pumps and pipelines and under gravity inSluices, flumes and laurjders.
In a number of operations, ore is transported to the mill in slurry form,<and in others concentrates are
transported Ipng distances in slurry pipelines. Tailings from wet plants are @lso discharged as slurries thfough
pipelines to the tailings dam. In many of these operations, collection of inCrements at selected sample points

weighed immediately after collection and combination of increments to avoid water loss by evaporatipn or
spillage. Wejghing is necessary to determine the percentage of solids by mass in the slurry sample| The
sample may then be filtered, dried and weighed. Alternatively, the sample may be sealed in plastic bagq after
filtering for tfansport and drying at a later stage. The.liquid removed during filtration should be retained if it

Test sample$ are prepared from samples afterfiltering and drying. Test portions may then be taken from the

with an acc on the

and chemical analysis or<physical testing propagate and hence determine the total variance for the

If a sampling| scheme is to provide representative samples, all parts of the slurry in the lot must have an pqual
g selected and appearing in the sample for testing. Hence, slurries are to be sampled in

v

same probability of being selected. Any deviation from this basic requirement can result in bias. A sampling
scheme having incorrect selection techniques, i.e. with non-uniform selection probabilities, cannot be relied
upon to provide representative samples.

Sampling of slurries should preferably be carried out by systematic sampling on a time basis (see Clause 9). If
the slurry flow rate and the solids concentration vary with time, the slurry volume and the mass of dry solids
for each increment will vary accordingly. It needs to be shown that no systematic error (bias) is introduced by
periodic variation in quality or quantity, where the proposed sampling interval is approximately equal to a
multiple of the period of variation in quantity or quality. Otherwise, stratified random sampling should be used
(see Clause 10).

2 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=51deb797312ba566f4401048bbf0c4e0

ISO 11794:2010(E)

Best practice for sampling slurries is to cut freely falling streams mechanically (see Clause 11), with a
complete cross-section of the stream being taken during the traverse of the cutter. Access to freely falling
streams can sometimes be engineered at the end of pipes or, alternatively, a full-stream sample by-line can
be added to a pipe that diverts the slurry into a holding tank, or weirs can be incorporated in launders, sluices
and flumes. If samples are not collected in this manner, non-uniform concentration of solids in the slurry due
to segregation and stratification of the solids may lead to bias in the sample that is collected. Slurry flow in
pipes can be homogeneous with very fine particles, such as clays, dispersed uniformly in turbulent suspension
along the length and across the diameter of the pipe. However, more commonly, the slurry in a pipe will have
significant particle concentration gradients across the pipe and there may be particle concentration
fluctuations along the length of the pipe. These common conditions are called heterogeneous flow. Examples
of such flow are full-pipe flow of a heterogeneous suspension, or partial-pipe flow of a fine particle suspension

abov
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follow
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In sly
partig
step
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Sam

a-slower moving-or even-stationary bed of coarser particles-inthe slurry

eterogeneous flow, bias is likely to occur where a tapping is made into the slurry pipe\to Id
fitting sample take-off pipe or a sample tube projecting into the slurry stream for extraction
bias is caused by non-uniform radial concentration profiles in the pipe and the*differen
ed by particles of different masses due to their inertia, resulting in larger “or ‘denser pa
Fentially rejected from, or included in, the sample.

rry channels such as launders, heterogeneous flow is almost always,_present, and this non
le concentration is usually preserved in the discharge over a weir orstep. However, samplin
bllows complete access to the full width and breadth of the stream, thereby enabling all parts
M to be collected with equal probability.

pling of slurries in stationary situations, such as a settled:or even a well-stirred slurry in a

vesse¢l or dam, is not recommended, because it is virtually impossible to ensure that all parts of

the |
sam

4.2

4.21

The

proce
varia
unce
humg
analy

The
slurry
error

bt have an equal opportunity of being selected and<appearing in the lot sample for tes

cate either a
of samples.
t trajectories
rticles being

Luniformity in
g at a weir or
of the slurry

tank, holding
the slurry in
ing. Instead,

ling should be carried out from moving streams, as‘the tank, vessel or dam is filled or emptigd.

Sampling errors

General

brocesses of sampling, sample preparation and measurement are experimental procedurgs, and each

dure has its own uncertainty.appearing as variations in the final results. Where the aver
ions is close to zero, they) are called random errors. More serious variations contrik
tainty of results are systematic errors, which have averages biased away from zero. Th
n errors that introduce)variations due to departures from prescribed procedures for wh
sis procedures are«not applicable.

Characteristics)of/the solids component of a slurry can be determined by extracting samy

hge of these
uting to the
ere are also
ch statistical

les from the

stream, preparing test samples and measuring the required quality characteristics. The t¢tal sampling

TSE cannbe expressed as the sum of a number of independent components (Gy, 1992; F

Pitard, 1993).

Such| a simplé additive combination would not be possible if the components were correlated. The sampling
error| expressed as a sum of its components, is given by Equation (1):
TSE=QE,+QE, +QE; + WE+DE+EE+PE (1)
where
QE, is the short-range quality-fluctuation error associated with short-range variations in quality of the
solids component of the slurry;
QE, is the long-range quality-fluctuation error associated with long-range variations in quality of the
solids component of the slurry;
QE; is the periodic quality-fluctuation error associated with periodic variations in quality of the solids
component of the slurry;
© 1SO 2010 — All rights reserved 3
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EE is
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the weighting error associated with variations in the slurry flow rate;
the increment delimitation error introduced by incorrect increment delimitation;

the increment extraction error introduced by incorrect increment extraction from the slurry;

is the preparation error (also known as accessory error) introduced by departures (usually

unintentional) from correct practices, e.g. during constitution of the lot sample, draining and filtering
away the water, and transportation and drying of the sample

The short-range quality-fluctuation error consists of two components, as shown by Equation (2):

QE, =H
where
FE is

GE is

The fundam

inherent to the composition of each particle making up the solids compotent of the lot. The greate

differences i
fundamental
resulting fron

The segregalion and grouping error results from the distribution,heterogeneity of the sampled material (H

1993). The ¢
are distributg
never be con

A number o
reduced to a

4.2.2 Preparation error, PE

In this cont
operations tf

grinding or mixing. It does not.include errors associated with sample division. Preparation errors, also k

as accessor
physical con
negligible by
cutters shou
needs to be {

E + GE

he fundamental error due to variation in quality between particles;
he segregation and grouping error.
bntal error results from the composition heterogeneity of the lot,ce. the heterogeneity t

h the compositions of particles, the greater the composition\heterogeneity and the highe
error variance. The fundamental error can never be completely eliminated. It is an inherent
h the variation in composition of the particles in the slurry.being sampled.

d in the slurry. It can be reduced by taking atgreater number of smaller increments, but
hpletely eliminated.

the components of the total sampling-error, namely DE, EE and PE, can be minimize
n acceptable level, by correct design of the sampling procedure.

bxt, the preparation error’/ includes errors associated with non-selective sample-prepa
at should not change_rmass, such as sample transfer, draining and filtering, drying, crus

errors, include~sample contamination, loss of sample material, alteration of the chemi
nposition of thevsample, operator mistakes, fraud or sabotage. These errors can be
correct desSigh of the sampling system and by staff training. For example, cross-stream
d have «Caps to prevent entry of splashes when the cutter is in the parked position, and
akensduring filtering to avoid loss of fines that are still suspended in the water to be discarde

4.2.3 Delimitation-and extraction errors, DE and EE

()

hat is
r the
r the
error

itard,

istribution heterogeneity of a lot is the heterogeneity arising from the manner in which paiticles

t can

d, or

ation
hing,
hown
al or
made
slurry
care
d.

Delimitation and extraction errors arise from incorrect sample cutter design and operation. The increment
delimitation error, DE, results from an incorrect shape of the volume delimiting the slurry increment, and this
can be due to both design and operation faults. Because of the incorrect shape of the slurry increment volume,
sampling with non-uniform selection probabilities results. The average of DE is often non-zero, which makes it
a source of sampling bias. The delimitation error can be made negligible if all parts of the stream cross-section
are diverted by the sample cutter for the same length of time.

© 1SO 2010 — All rights reserved
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Sampling from moving slurry streams usually involves methods that fall into three broad operational
categories as follows (Pitard, 1993).

a) Taking the whole stream for part of the time with a cross-stream cutter as shown in Figure 1 a) (after
Pitard, 1993), usually where the slurry falls from a pipe or over a weir or step. Cuts 1 and 2 show correct
sampling with the cutter diverting all parts of the stream for the same length of time. Cuts 3 to 5 show
incorrect sampling where the cutter diverts different parts of the stream for different lengths of time.

b) Taking part of the stream all of the time as shown in Figure 1 b) (after Pitard, 1993) with an on-stream
point sampler or probe within a pipe or channel, which is always incorrect.

c) Taking part of the stream part of the time as shown in Figure 1 c) (after Pitard, 1993), also with an

q

n-stream point sampler or probe within a pipe or channel, which is always incorrect.

12 22 3P

§

\
\

a) Taking all of the stream for part of the time

8/

b) Taking all of the stream for all of the time (always incorrect)

AN A A QY

Key

¢) Taking all of the stream for part of the time (always incorrect)

a Correct.

b Incorrect.

©I1SO

Figure 1 — Plan view of volumes diverted by a slurry cutter
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The increment extraction error, EE, results from incorrect extraction of the slurry increment. The extraction is
said to be correct if, and only if, all particles in the slurry that have their centre of gravity inside the boundaries
of the correctly delimited increment are extracted. The average of EE is often non-zero, which makes it a
source of sampling bias. The extraction error can be made negligible by ensuring that the slurry increment is
completely extracted from the stream without any particulate material being lost from the cutter in splashes or
slops. The depth and capacity of the cutter must be sufficient to avoid slurry reflux from the cutter aperture,
resulting in loss of part of the extracted slurry increment.

4.2.4 Weighting error, WE

The welght|ng error is an error component ar|3|ng from the select|on model underlylng Equatlon (1). In the

model, the tifr 1o the
corresponding time- dependent quallty characteristic over tlme WhICh glves the we|ghted average guality
characteristic brrect
weights to thee quality characteristics. The best solution to reducing the weighting error is to stabilize the flow
rate. Asa g igi table
for variationg| in flow rate up to 20 %.

4.2.5 Periqdic quality-fluctuation error, QE,

Periodic quality-fluctuation errors result from periodic variations in quality generated by some equipment|used
for slurry pr@cessing and transportation, e.g. grinding and screening circuits, splitters and pumps. In|[such
cases, stratified random sampling should be carried out as discussed in Clause 10. The alternative|is to
reduce the spurce of periodic variations in quality significantly, which may require plant redesign.

4.3 Sampling and total variance

4.3.1 Sampling variance

Assume that|{the weighting error (WE), increment delimitation error (DE), increment extraction error (EE|) and
preparation error (PE) described in 4.2 have beenleliminated or reduced to insignificant values by careful
design and sampling practice. In addition, assume.that periodic variations in quality have been eliminate¢l and
that the flow fate has been regulated. The sampling error in Equation (1) then reduces to the form:

TSE=C!E1 +QE2 (3)
Hence, the sampling variance (sé) iS given by:

5§ = &1+ G2 (4)
The short-rapge quality-fluctuation variance, sém, arises from the different internal composition of increments
taken at the ghortestipossible interval apart. This is a local or random variance due to the particulate natfire of
the solids in thesslurry.

The long-range quality-fluctuation variance, S%EZ! arises from the continuous trends in quality that occur
while sampling a slurry and is usually space- and time-dependent. This component is often the combination of
a number of trends generated by diverse causes.

4.3.2 Total variance

Assuming that sources of bias have either been eliminated or minimized, the next objective of a sampling
scheme is to provide one or more test portions, sufficiently representative of a lot, for determination of the
quality characteristics of the lot with good precision, i.e. low variance. The total variance of the final result,
denoted by s%, consists of the variance of sampling (including sample processing) plus the variance of
analysis (chemical analysis, determination of particle-size distribution, etc.) as follows:

© 1SO 2010 — All rights reserved
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S% = sg + sﬁ (5)

where

sg is the sampling variance (including sample processing);

5/2\ is the analytical variance.

In Equation (5), the sampling variance includes the variances due to all sampling (and sample processing)
steps except selection of the test portion. The variance due to selection of the test portion is included in the

o X . 2 PP . . L 2 g A Ao A4 s Lpee u .
analyuudl varldhnoe, § 4, WHICIT s deterimned I attorddnee witlht 10U 12744, Detduse 1L 1S UlTiCull to determine
sepafately the “true” analytical variance.

Oftern], replicate analyses of quality characteristics are carried out, which reduces theptotal varfance. In this

“ 9

case] if “r” replicate analyses are made:

(6)

=N
Il
1%
(2] V]
+
©
~N |>|\)

The estimation or measurement of the total variance can be carried, ol in several ways, depending on the
purpose of the exercise. In many respects, the different approaches-are complementary.

The {irst method, which was developed by Gy, is to break up-the' sampling variance into its conponents for
each[sampling stage (see Annex A). The total variance is then given by:

%=s%1+....+s§[+s§u1+% (7)
wherg
§1 is the sampling variance for'stage 1, i.e. the primary sampling variance;
~§i is the sampling variance for stage i;
ém is the sampling variance for stage u—1, the second-last stage;
1 is the number-of sampling stages, stage u corresponding to selection of the test portign.

This |s referred tosasvthe “sampling-stage” method (see 4.3.3) and provides very detailed information on the
variahce components that is particularly useful for designing and assessing sampling schemesHowever, to
obtaip maximam benefit, it is necessary to collect data at each sampling stage.

The $econd method, called the “simplified” method (see 4.3.4), is to break up the total varianceg into primary
samgling, sample processing and analytical variances only as follows:

S
s%=s§1+sg+TA (8)
where
s§1 is the primary sampling variance;
s,g is the variance due to all subsequent sampling steps, i.e. sample processing, except selection of the

test portion;

s%\ is the analytical variance, including selection of the test portion [at stage « in Equation (7)].

© 1SO 2010 — All rights reserved 7
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The primary sampling variance is identical to the sampling variance for stage 1 in Equation (7), while s,g is
equal to the total sampling variance for the remaining sampling stages, except for selection of the test portion
which is included in the analytical variance. The relative magnitudes of the variance components in
Equation (8) indicate where additional effort is required to reduce the total variance. However, it is not possible
to separate the variances of the separate sample-processing stages. This method is suitable for estimating
the total variance for new sampling schemes based on the same sample-processing procedures, where the
numbers of primary increments, sample processings and analyses are varied.

Finally, the total variance s-|2- can be estimated experimentally by collecting interleaved duplicate samples
(see 4.3.5). This is called the “interleaved sample” method and gives valuable information on the total
variance actyaity achieved for a given sampting scheme with Mo extra effort, provided facitites are available
for collecting| duplicate samples (Merks, 1986). It gives no information on variance components, but.thq total
variance car] be compared with the analytical variance to ascertain whether the sampling scheme uged is
optimized or|not. It is therefore of limited use for designing sampling schemes, but it can be_used to mpnitor
whether a sgmpling scheme is in control.

4.3.3 Sampling-stage method of estimating sampling and total variance

The sampling variance for stage i (see Annex A) is given by:

s§, =—t ©)

where

sg, is the variance between increments for stage i;
1

n; is the number of increments for stage .

The variancg between increments for stage i, sgi, can be estimated using the following equation:

st = b (10)
where

X; is|the test result for increment j;

X is[thedmean test result for all increments;

s,gA is the variance of subsequent sample processing and analysis.

The variance of subsequent sample processing and analysis of each increment, s,%A, has been taken into

account in Equation (10) to obtain an unbiased estimate of sgi.

NOTE Care is needed in subtracting variances. The difference is significant only when the F ratio of the variances
being subtracted is statistically significant.

8 © 1SO 2010 — All rights reserved
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Remembering that the variance due to selection of the test portion is included in the analytical variance, s,?\,
the total sampling variance is given by:

2
Sbi

©

For &

The bhest way of reducing the value of s-|2- to an acceptable level is to reduce the largest terms in

first.
redud
partid
numk
varia

4.3.4
While
simp
samy]
are v

Using

wher

three-stage sampling scheme (including selection of the test portion), Equation (12) reduces
2 2

2_Sby_ Sy sh

T n1 I’l2 r

Clearly, sgi/n,- for a given sampling stage can be reduced by inéreasing the number of incr
ing séi by homogenizing the slurry prior to sampling. The“last term can be reduced by
le size prior to selection of the test portion, or performing replicate analyses. Selecting
er of increments, n;, for each sampling stage may require several iterations to obtain the

nce s%.

Simplified method of estimating sampling<nd total variance

it is not possible to partition, i.e. separate,the variances of the individual sample-processin
ified method is suitable for estimating the total variance for new sampling schemes based

Bried.

Equation (11), the primaryssampling variance s§1 is given by:

2
1 ny

Y%

14« Ithe number of primary increments;

(11)

(12)

to:

(13)

Equation (12)
ements n; or
reducing the
the optimum
equired total

g stages, the
on the same

le-processing procedures, where the~humbers of primary increments, sample processings and analyses

(14)

#mmmwmmquanon (WLY)2

The primary sampling variance can be reduced by increasing the number of primary increments, n;.

The sampling processing variance sg and analytical variance s

2
A

are determined experimentally by duplicate

sample processing and determination of quality characteristics in accordance with ISO 12744. The analytical
variance sﬁ can also be obtained by carrying out duplicate analyses on test samples.
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Multiple sample processings and analyses are often carried out to reduce the total variance. In this case,
combining Equations (8) and (14) gives the following:

a)

b)

4.3.5 Interleaved sample method of measuring total variance

Where a single sample is constituted for the lot and r replicate analyses are carried out on the test
sample:

Sg 2
N
S‘%——1 +S|g+_A (15)
nq r

Where the lot is divided into k& sub-lots, a subsample is constituted for each sub-lot, and r replicate

anal ses-are cormiad ALt An Aol rac ot Aot ool
y Jarcoart it ottt O Catr roourtarit tc St SattrPre:

s 2 2
s2 =21, 5P | SA (16)
m| k vk

Where gample processing and analysis is carried out on each increment taken from ithe'lot and r repficate
analyse$ are carried out:

2
N
Sg +s|g+—A
2 1 7
e (17)
1

The total varjance s% achieved for a given sampling operation can be estimated experimentally by collgcting

is nq, then 2g, primary increments are taken from each lot and the odd- and even-numbered incremen

interleaved duplicate samples as shown in Figure 2. If the number of primary increments for routine sar]pling
separately combined to give samples A and B for the*lot. Samples A and B are then separately submit

s are
ed to

sample procgssing and analysis. This procedure is repeated until sampling has been completed. The total

variance for @ single lot is then given by:

where

N 2
Z ‘xAi ~ B, ‘
i=1

N (18)

NG

xp, and xg¢ \are the analyses for each pair of samples A; and B;

N iS the number of pairs (in the range 10 t0 20);

/4 is a statistical factor relating range to variance for a pair of measurements.

The total variance is obtained with a minimum of extra effort, provided faculties are available for collecting
interleaved duplicate samples.

10
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Lot Primary

increment

Interleaved
sample B

L[

Primary
increment

Primary
increment

- —

Primary
increment

Primary,
increment

Primary
inerement

Figure 2 — Example of a plan for interleaved duplicate sampling

Establishing a sampling scheme

Most|sampling operationsZare routine and are carried out to determine the average quality charagteristics of a
lot ag well as variations in quality characteristics between sub-lots and lots for monitoring ard controlling
qualily. In establishing’a sampling scheme for routine sampling so that the required precision fof a lot can be
obtaiped, it is necessary to carry out the following sequence of steps. This sequence includes fexperimental
procgdures, such as step f) below, that are non-routine and carried out infrequently, e.g. defermining the
variapce between increments, particularly if a significant change has occurred to the slurry soyrce or to the

sampgling‘equipment. The procedure is as follows.

a)

Define the purpose for which the samples are being taken. Sampling for commercial ransactions is
usually the main purpose of sampling standards. However, the procedures described in this International
Standard are equally applicable to monitoring plant performance, process control and metallurgical
accounting.

Define the lot by specifying the duration of slurry flow, e.g. one day of operation.

Identify the quality characteristics to be measured and specify the overall precision (combined precision
of sampling, sample preparation and measurement) required for each quality characteristic.

Ascertain the nominal top size and particle density of the solids in the slurry for determining the minimum
mass of solids in the lot sample (see Clause 8).

Check that the procedures and equipment for taking slurry increments avoid bias (see Clause 6).

© 1SO 2010 — All rights reserved 11
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f)

variance of preparation and measurement (see Clause 4).

g)

Determine the variance between increments of the quality characteristics under consideration and the

Determine the number of increments to be taken from the lot and the number of sub-lots required to

achieve the desired precision (see Clause 7). If the required precision results in impractical numbers of
increments and sub-lots, it may be necessary to adopt a poorer precision.

h)

stratified random sampling within fixed time intervals (see Clause 10).

i)

Determine the sampling interval, in minutes, for time-basis systematic sampling (see Clause 9) or

Take slurry increments at the intervals determined in step h) during the whole period of handling the lot.

During samj

analysis (se¢ Figure 3). To improve the overall precision of the measured quality characteristics of'th

increments t
reasons for g

a) for conv
b) to provig
c) to provig

Each increm
characteristiq
an ongoing k&

Figure 2) from which two test samples are prepared and analysed~A substantial number (greater than

data pairs ar

In most situg
division, sing
particle-size

mass for the

The initial dg
wherever po
substantial n
contained so

Sampling of
recommendsg

ling operations, sub-lot samples are usually combined to constitute a single lot samp

bken from sub-lots may be used to constitute sub-lot samples for analysis (see Figure 4).
eparate preparation and analysis of sub-lot samples are

enience of materials handling,
e progressive information on the quality of the lot, or
e reference or reserve samples after division.

ent may also be analysed separately (see Figure 5) to ‘assess the variability of the ¢
s of the lot. In addition, it is recommended that the precisien achieved in practice be check
asis by duplicate sampling where alternate increments are diverted to lot samples A and B

b required to obtain a reliable estimate of precision.

tions, the solids in the slurry increment will net need to be crushed or pulverized to allow f
e most slurries contain only fine particulate material. However, if the particles are coars
reduction is required to allow further division, it is necessary to recalculate the minimum sz
lot using the new nominal top size of thé crushed solids (see Clause 8).

sign of a sampling scheme for_a-new plant or a slurry having unfamiliar characteristics sh
5sible, be based on experience with similar handling plants and material types. Alternativ
umber of increments, e.g- 100, can be taken and used to determine the quality variation
ids, but the precision ef\sampling cannot be determined a priori.

slurries from stationary situations, such as storage tanks, mixer tanks and tailing dams,
d and is not covered in this International Standard.

e for
e lot,
Dther

uality
ed on
(see
5) of

rther
and
mple

ould,
bly, a
f the

s not
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Figure 3 — Example of a sampling plan where a single lot sample is constituted for analysis
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Figure 4 — Example of a sampling plan with each sub-lot sample analysed separately
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Figure 5 — Example of a sampling plan with each increment analysed separately
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6 Minimization of bias and unbiased increment mass

6.1 Minimization of bias

Minimization of bias in sampling and sample preparation is vitally important. Unlike precision, which can be
improved by collecting more slurry increments, preparing more test samples or assaying more test portions,
bias cannot be reduced by replication. Consequently, sources of bias should be minimized or eliminated at the
outset by correct design of the sampling and sample-preparation system. The minimization or elimination of
possible bias should be regarded as more important than improvement of precision.

Sources of bias that can be eliminated include sample spillage, sample contamination and incorrect extraction
of increment$, while a bias source that cannot be fully eliminated is that arising from variable settlingrafes of
particles witH different size and density during sample division prior to filtration.

ich a
bcted
size,
must

The guiding
manner that
and becomirn
mass or den
be taken whe

principle to be followed is that it is essential that increments be extracted from the.lot in s
all parts of the particulate bulk material in the slurry have an equal opportunity\ofibeing sel
g part of the test sample that is used for chemical or physical testing, irrespective of the
ity of individual particles. In practice, this means that a complete cross-section of the slurry
n sampling from a moving stream.

The requirenpent of equal-selection probabilities should be borne in mind when designing a sampling sygtem.

Examples of|practical rules that follow from this principle are as follows.

a) A complete cross-section of the slurry stream should be taken when sampling from a moving stream

b) There should be no sample spillage.

c) The cutler aperture should be at least three times thesnominal top size of the particles in the dlurry,
subject {0 a minimum of 10 mm.

d) The cutter slot length should be at least 5 cm longer than the maximum depth of the falling slurry sfream
relative {o the direction of cut to intercept the.full'stream.

e) The cutter lips on straight-path cutters should be parallel, while the cutter lips of Vezin cutters shoJld be
radial frgm the axis of rotation.

f)  Cutter lips on straight-path cutters.should remain parallel, even after significant wear.

g) Cutters $hould accelerate from rest while still clear of the stream, traverse the stream at constant velocity,
and then decelerate to astop only after emerging from the stream.

The minimun
smallest acc
specification
unacceptably

n cutter aperture and maximum cutter speed required to obtain an unbiased sample leads {
bptable increment volume and associated mass of contained solids consistent with these lin
b (see-6:2). However, in some circumstances, using this minimum mass of solids can result

lafrge*number of increments to obtain the desired sampling variance. In such cases, the vqg

o the
hiting
in an
lume

of the slurry

increment, and hence the mass of contained solids, should be increased above the sm

allest

acceptable value.

Cutters should be designed to accommodate the maximum particle size in the slurry and the maximum slurry
flow rate, from which the maximum volume and mass of solids in the increment can be determined for
equipment design purposes. In particular, the choice between manual and mechanical sampling should be
based on the maximum possible increment volume.

Once a cutter has been installed, there should be regular checks on the average increment mass, which
should be compared with the mass predicted from the cutter aperture, cutter speed, slurry flow rate and the
percentage of solids by mass in the slurry for falling-stream cutters (see 6.2). If the average mass of solids in
the increment is too small compared with the predicted mass of solids for the observed slurry flow rate and
solids content, it is likely that large particles are being under-sampled and/or the cutter aperture is partially
blocked.
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6.2 Volume of increment for falling-stream samplers to avoid bias

At any sampling stage, the minimum volume of each slurry increment taken by a linear cutter-type sampler
can be calculated as follows:

y =22 (19)

V__is the volume of increment. in cubic metres:

; is the slurry flow rate, in cubic metres per second;

4 is the cutting aperture of the sampler, in metres;

. is the cutter speed of the sampler, in metres per second.
However, there are strict limits on the minimum cutter aperture and the maximum cutter speed tp ensure that
the clitter takes an unbiased sample (see 11.3.2 and 11.3.3). These limits in turn impose a lowdr limit on the

volume of increment calculated using Equation (19) that needs to be colle¢ted to minimize bias.

From| the volume of increment calculated using Equation (19),(the’ mass of solids contained |in the slurry
increnent can be calculated using the following equation:

_Vpax

_ 20
"~ 00 (20)

wher

W

, is the mass of solids contained in the.increment, in kilograms;
A, is the slurry density, in kilograms' per cubic metre;

X is the percentage of solids\by mass in the slurry, in percent.
Hende, after calculating therminimum volume of increment to avoid bias using Equation (19) (corfesponding to

the minimum cutter aperture”and maximum cutter speed), the corresponding minimum mass of| solids in the
increment can be calcudlated using Equation (20).

7 Number of increments

7.1 | General

The number of increments required to achieve a given sampling variance for a particular lot or sub-lot
depends on

a) the variability of the quality characteristic of interest,

b) the duration of the lot, £, and

c) the mass, m,, of the solids contained in each slurry increment.

The variability is quantified by the variance between increments, as described in 4.3.3 and 4.3.4, which need

to be determined experimentally for each material type and/or processing plant. With this information, the
number of increments required for time-basis sampling can be calculated as outlined below.
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7.2 Simpl

ified method

The number of primary increments, n, required to achieve the desired sampling variance for a given sampling

stage can be

calculated from the following equation:

8 Minim

8.1 Minim
It is essentia
the required
combination
determined i
at the priman
sub-lot samy
stage of div
reduced beld
reduced by ¢

he variance between primary increments;

he required primary sampling variance.

Um mass of solids contained in lot and sub-lot samples

um mass of solids in lot samples

to ensure that the mass of solids contained in lot samples from the slurry is sufficient to g
sampling variance. Subject to increments being taken in an ufibiased manner (see Clause 6
of the average mass of solids contained in a slurry increment and the number of increr
n Clause 7 will ensure that a slurry sample with a sufficient mass of contained solids is coll
y sampling stage. However, during subsequent reduction and division of increments (if requ
les and lot samples, it is important to ensure that.a sufficient mass of solids is retained at
sion to achieve the desired sampling variance:\The mass of solids in the sample cann
w the minimum shown in Table 1, subject to.an absolute minimum of 200 g, until the solid
rinding to a smaller nominal top size.

btain
), the
nents
bcted
ired),
each
bt be
S are

Table  — Minimum mass of solids in divided increments, sub-lot samples and lot samples
Minimum mass of solids in divided sample
Nominal toq size of sample kg
Individual increment Sub-lot sample Lot sample
1,0 mm 0,2 0,25 0,5
< 250 pm 0,2 0,2 0,2
8.2 Minimjum mass of solids in sub-lot samples

It is essentigl that the combined mass of solids contained in all sub-lot samples prepared for the lot e, at
each sampling stage, greater than the minimum mass of contained solids in the lot sample defined in 8.1.

8.3 Minimum mass of solids in lot and sub-lot samples after size reduction

Where the solids in lot samples and sub-lot samples are reduced in size by grinding to permit further sample
division, the minimum masses need to be redetermined for the nominal top size of the ground material.
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9 Time-basis sampling

9.1 General

Sampling of slurry streams is usually carried out on a time basis rather than on a mass basis. Time-basis
sampling involves the following steps.

a) Determine the size of the lot, e.g. an hour, a shift or a day's production.

b) Distribute the required number of increments, on a uniform time basis, throughout the total time, ¢, for
sampling the lot.

c) [xtract slurry increments of volume proportional to the slurry flow rate at the time“\of|taking each
increment.

9.2 [ Sampling interval

The interval between taking increments for time-basis sampling is as follows:

hy <L (22)
n

wherg
At is the time interval between taking increments, in minutes;
4 s the total time allocated to sampling the lot, in minutes;

7 is the number of increments determined in Clause 7.

The fixed time interval between increments should be no larger than that calculated using Equation (22), in

order to ensure that the number of increments to be taken will be at least the minimum numbgr of primary
increments specified.

9.3 [ Cutters
The fpllowing cutters may-be used:

a) falling-stream cutters of the hose type (see Figure B.1), of which the cutting speed (i.e. hgse trajectory
gpeed) is constant during the cut;

b) falling-stteam cutters of the circular path type, i.e. Vezin cutters (see Figure B.2);

c) lling-stream cutters of the diverter type, of which the cutting speed is constant during [the cut (see
igure B 3)

9.4 Taking of increments
Each slurry increment is taken by a single traverse of the sampling device. The first increment is taken at a

time selected at random within the first time interval. Thereafter, the remaining increments are taken at fixed
time intervals according to Equation (22) until the end of the lot.
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9.5 Constitution of lot or sub-lot samples

Increments are combined to form lot samples or sub-lot samples in either of the following ways.

a)
masses

b)

of solids contained in increments.

Increments as taken are combined into sub-lot samples or a lot sample, irrespective of the variation of

Increments are divided by fixed-rate division. The lot sample or sub-lot sample is then prepared by

combining divided increments, provided that the mass of the contained solids in the divided increment is
proportional to that of the contained solids in the primary increment, so that the weighted mean of the

quality c

haracteristic for the lot is retained.

9.6 DivisiLn of increments and sub-lot samples

After time-bdsis sampling, division of increments and sub-lot samples is carried out by fixed-raté.division when
the divided pamples are to be combined. When samples are not to be combined, fixed-fate divisipn or
constant-mass division can be used.

9.7 Divisipn of lot samples

Division of lof samples is carried out by either constant-mass or fixed-rate division’

9.8 Numbher of cuts for division

The minimurp number of cuts and the minimum masses of contained“solids for division of increments, spib-lot

samples and|lot samples should be determined experimentally, as'specified in Clauses 7 and 8.

However, as|a general guide, the following numbers of cuts may be used.

a) For lot [samples: a minimum of 20 cuts. The combined mass of the cuts should be greater thah the
minimum mass of contained solids in the lot sample specified in 8.1.

b) For subrlot samples: a minimum of 10 cuts? The combined mass of the contained solids of the cutq from
all sub-Ipt samples at a given sampling, stage should be greater than the minimum mass of contpined
solids in|the lot sample as specified(in,8.1.

c) For individual increments: a minimum of four cuts. The combined mass of the contained solids ¢f the
cuts from all increments at“a given sampling stage should be greater than the minimum mapgs of
containgd solids in the lot‘sample as specified in 8.1.

NOTE Sihce the sampling precision cannot be determined a priori, check experiments are recommended to asdertain

whether the n§imber of cuts is sufficient.

For fixed-rat¢ division, the interval between taking cuts is constant, regardless of the mass of contained $olids

in the lot sample, sub-lot sample or increment to be divided in accordance with the principles of 9.2. The first

cut is taken atrandomwithinthefirsttime-intervat:

10 Stratified random sampling within fixed time intervals

For stratified random sampling within fixed time intervals, the strata size At is determined as follows:

0L
At<-- (23)
n

20
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When At has been established and the total time allocated to sampling (i.e. the duration of the lot) divided up
into such time intervals (strata), the sample cutter is programmed to take one increment at a point at random
within each of these intervals (strata). This is achieved by using a random number generator, capable of
giving a random time value anywhere within the time stratum, which is an input to the programme that controls
the cutter time sequence.

11 Mechanical sampling from moving streams

11.1 General

A wide range of different mechanical sample cutters is available, so it is not possible to specify~any particular
type that should be used for specific sampling applications.

Annex B gives examples from Pitard (1993) of sample cutters for slurry flows in use and>should e taken as a
guidg in the choice of suitable equipment with correct increment extraction and delimitation.

NOTEH Annex C gives examples from Pitard (1993) of slurry sampling devices that are in use in indystry, but have
incorrect increment extraction and delimitation.

Only|mechanical cutters that take a complete cross-section of the bulk)material stream in ong cut may be

used|(see Annex B). Sampling devices that take only a part of the stréam in one operation (see|Annex C) do
not cpllect representative samples and hence are not recommended:

11.2| Design of the sampling system

11.2.1 Safety of operators

From| the initial stage of design and construction-of*a sampling system, consideration should bg given to the
safety of operators. Applicable safety codes ofithe appropriate regulatory authorities need to be r¢spected.

11.2.2 Location of sample cutters

The Ipcation of sample cutters is ch@senh according to the following criteria.

a) ample cutters should be(located at a point that provides access to the complete slurry stream.

b) ampling should belperformed at a point in the handling system where there is no apparent visual
egregation of the-material stream and where there is no apparent risk of errors due fo a periodic

ariation in matérial feed or quality, e.g. away from pulsating slurry pumps.

c) ampling¢sshould be performed as close as possible to the point where the quality characteristics are to
e determined.

11.2.3CProvision for duplicate sampling

It is recommended that the system be designed to be capable of aggregating odd- and even-numbered
increments separately to constitute duplicate lot and sub-lot samples.

11.2.4 System for checking the precision and bias

When a mechanical sampling system is commissioned or when principal parts are modified, the system
should be checked to ensure that correct sampling principles are respected. Check experiments for precision
should be carried out for the system as a whole.

With slurries, normal methods for checking the level of bias are severely limited. Methods of verification used

to check for bias in “dry” bulk particulate sampling systems, such as “stopped belt” sampling procedures, are
not normally available.
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11.2.5 Avoiding bias

It is essential

a)

that the sampling system be designed to avoid the following.

pipe or underneath a discharging launder (see Figure 6).

Spillage of the sample or loss of material due to dribbles, run-back on the outside of a discharging slurry

Lghly
stem

b) Restriction of the flow of the slurry increment through any device causing reflux and overflow. This is
particularly important for reverse-spoon cutters where the falling slurry stream is forced to change flow
direction as it strikes the inside surface of the spoon.

C) Retentionof residuatmateriatin-the aa|||p=c ctutter-between—cuts:

d) Contamination of the sample.

Routine inspgctions of sampling systems should be conducted in accordance with ISO 11790

When a chapge is made in the type of solids in the slurry being sampled, the system should be thoro

cleaned, or d quantity of material taken from the lot to be sampled should be passed through the entire sy

to remove arly contaminants.

—
\
1
1 5
8
p) Correct b) Incorrect c) Correct

Key

1  splash gyard

2 increment

a  Stream.

Figure 6 == Examples of correct and incorrect designs for cross-stream slurry cutters

11.3 Slurry sample cutters

11.3.1 General

The only satisfactory cutter for sampling a moving stream of slurry is a falling-stream cutter that collects the
increment from the stream trajectory of the slurry, e.g. at a transfer point, or discharge into or from a storage
tank. Falling-stream cutters can also be used to sample slurry at a step or transfer point in an open flume or
launder, provided the cutter can access the full depth and width of the slurry stream during its traverse.

Sampling of moving slurry streams using probes, spears or by-line samplers is not recommended, because
they do not intercept the full cross-section of the slurry stream.

22
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.2 Falling-stream cutters

In designing falling-stream cutters, the following criteria apply.

a)

b)

11.3.

In degigning a mechanical sample cutter; one of the most important design parameters is the c

Too

For falling-stceam cutters, significant bias may be introduced if the cutter speed exceeds 0,6 m/s.

11.4| Mass of solids in increments

The cutter lips should be sharp and the sample cutter streamlined to minimize turbulence as it cuts the

slurry stream.

The sample cutter should be of the self-clearing type, e.g. stainless steel or polyurethane lined,

discharging each increment completely.

No slurry other than the sample should be introduced into the cutter, e.g. splashes entering

the cutter in

t‘A L <l HH o PN o al
IC YA RCTU PUSTHOUTT STTUUTU T PITTVTTTICU.

The cutter should collect a complete cross-section of the slurry stream, both the l€ading
g¢dges clearing the stream in the same path.

The cutter should cut the slurry stream in a plane normal to, or along an arc nermal to, the m
path of the stream.

The cutter should travel through the slurry stream at near-uniform.speed, i.e. the spee
deviate by more than 5 % from the average speed.

mearly equal, not deviating by more than 5 %.

The cutting aperture of the cutter should be at least three\times the nominal top size of the p

$lurry stream, subject to an absolute minimum of 10-mm.

of the stream without any slurry loss due to reflux from the cutter aperture.

B Cutter velocities

:[igh a cutter velocity will lead tothe following:
iasing of the sample duelto deflection of the larger particles;

xcessive turbulence;which should be avoided to minimize the risk of rebounding slurry cau
e sample;

shock-load problems and difficulties in maintaining constant velocity while cutting the slurry s

and trailing

ain trajectory

1 should not

The geometry of the cutter opening should be such that the Cutting time at each point in {he stream is

articles in the

The cutter should be of sufficient capacity to aceommodate the entire increment at the maximpum flow rate

itter velocity.

5ing a bias of

ream.

The mass of solids contained in each increment obtained in one pass of the sample cutter is specified in 6.2.

11.5 Number of primary increments

The

number of primary increments to be taken is specified in 7.2.

11.6 Routine checking

Maintenance and inspection of the installation, particularly cutter apertures, should be carried out at frequent
and regular intervals. Verification of correct cutter design should be carried out when any modifications are
made or a change is suspected.

© 1SO 2010 — All rights reserved
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12 Manual sampling from moving streams

12.1 General

Mechanical sampling from moving slurry streams is the recommended method, because it provides more
reliable data than manual sampling. However, where mechanical sample cutters are not available, manual
sampling may be performed, provided that access is available to the complete slurry stream and that there is
no risk to the safety of the operator. In relation to the safety of operators, the safety codes of the appropriate
regulatory authorities need to be respected.

Manual sampling from moving streams should not be used for sampling slurries above a maximum flow rate
that takes infp account the mass of each increment (typically 100 t/h).

12.2 Choosing the sampling location

The sampling location should

a) provide complete operator safety,

b) provide pccess to the complete slurry stream,

c) allow nolapparent visual segregation of the slurry stream, and

d) be as clpse as possible to the point where the quality characteristi¢s are to be determined.
In most casg¢s, the only sampling location that satisfies the abové criteria is a transfer point. If a sujtable
transfer poinf does not exist, it is possible to construct a sample by-line system as shown in Figure 7, where a
gate valve c3n be used to divert the full slurry flow through aspipe into a holding tank. The full stream car] then
be manually pampled as it falls into the holding tank, as follows:
a) open gafe valves B and C;

b) close gate valve A;

c) take anfincrement with a manual sample cutter after the flow through the diverter pipe and holdind tank
has stabjilized,;

d) open gaje valve A and then clese gate valves B and C.
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Slurry Slurry Gate
flow flow valve B
Gate open

~ . lCJ - —] ] - — Motion of
= Holding tank Gate ———] Holding tank i+’ manual sampling
Gate |— valve A F=—= implement
valve A —— clocad I=——1 Gate
ll_. : l.; valve C
——| Gate open
—{ valve C T
=, ~

a) By-pass position b) Sampling position

Figure 7 — Sample by-line for manual’sampling of slurry in a pipe

12.3| Sampling implements

Mandal sampling from moving streams is ‘earried out using manual sample cutters or ladles. |Examples of
suitable implements are given in Annex D.

12.4| Mass of solids in increments

The mass of solids contained in.each increment obtained in one pass of the sample cutter is spedified in 6.2.

12.5| Number of primary increments

The mumber of priary increments to be taken is specified in 7.2.

12.6| Sampling procedures

The following criteria apply for manual sampling from moving streams:

a) the increment should be taken in a single operation, moving the implement across the full width of the
slurry stream with both the leading and trailing edges clearing the stream in the same path;

b) the sampling implement should be moved through the stream by the operator as near as possible to
constant speed, which should not exceed the maximum speed limitation on mechanical cutters (see
11.3.3);

c) the minimum cutter aperture of the sampling implement should satisfy the same width limit as for
mechanical cutters (see 11.3.2);

d) the cutting aperture should be perpendicular to the slurry stream;
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e)

f)

alternate increments should be taken by traversing the stream in opposite directions;

slurry reflux and overflow;

)]

into account occupational health and safety guidelines.

13

Sampling of stationary slurries

the dimensions of the sampling implement should match the slurry flow rate and cutting speed to prevent

the combined mass of the sampling implement and the increment at the completion of the cut should take

Because thsg
recommendse

14 Sampl

14.1 Gene

Lot and sub-

particles in stationary slurries settle out and stratify, sampling of stationary slurries. i
d and hence is not covered in this International Standard.

P preparation

al

oven at the temperature specified in the relevant standard prior to further sample preparation. However
or sub-lot sgmples are excessively large, then they may be divided usirg)a rotary sample divider pr
filtration and|drying, provided the samples are completely re-pulped priordo division and the solids cont
the divided samples conform to the minimum mass requirements of 6.2;

If the liquid fraction of the slurry is to be analysed as well as the“contained solids, then the liquid remn

during filtrati

14.2 Sampje division

Division of ¢
ISO 12743 a

14.3 Sample grinding

If required, d
extraction off
become hea
pulverizer is

Screening tq
experimenta
bias is introd
sample and

ot samples should preferably be dewatered using a vacuum filtration.device and then dried

n should be retained and placed in a suitable container.

ried lot and sub-lot samples should-be carried out in accordance with the requiremer
hd the minimum mass requirements of 6.2.

chemical analysis samples. Certain pulverizers, such as ring mills and plate mills, te
Lised for a serieS of'samples, it should either be water cooled or allowed to cool between sar

remove -eversized particles for re-grinding shall not be carried out unless it can be §|
ly, in accordance with ISO 13292 for each concentrate type being processed, that no signi
uced . \Material that is difficult to grind is usually different in composition from the remainder
annot be easily mixed back into the sample.

L

not

in an
if lot
or to
ent of

oved

ts of

ried lot and sub-lot samples shall be ground down to 150 um using a suitable pulverizer pifior to

nd to

ed, and samples,shotuld not be allowed to remain in them long enough to become affected. If a

nples.

hown
ficant
Df the

14.4 Chemical analysis samples

Laboratory samples of typically 200 g for chemical analysis are extracted from lot and sub-lot samples. These
samples should be placed in glass bottles having tight-fitting lids or may be heat sealed in plastic-lined
aluminium pouches.

The nominal top size of the analysis sample is typically 150 ym. Smaller nominal top sizes may be used to
improve precision, provided the additional grinding does not cause oxidation, decomposition, sublimation or
smearing of the sample.

26
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Where analysis for volatile elements such as mercury is required, the chemical analysis sample should not be
prepared from the normal dried lot or sub-lot sample. Instead, a separate chemical analysis sample should be
prepared, ensuring that drying of the sample is carried out at temperatures not exceeding 60 °C.

14.5 Physical test samples

Laboratory samples for physical testing include samples for particle-size determination, transportable moisture
limit and angle of repose. They should be stored in sealed containers. Any further treatment of the samples
should be as specified in the applicable test procedure.

15 Packing and marking of samples
Samples obtained for subsequent sample preparation for testing, which may be carried ‘out’ remote from the
samgling system, should be placed in airtight containers, with relevant information shown ‘on the|label and on
a carf placed in the container. Examples of the information are as follows:

a) pe, grade and nominal top size of the solids content and the name of the-lot, e.g. shift;
b) identification of the sampler;

c) fime duration of the lot or sub-lot;

d) g$ample number or portion of the lot or sub-lot the sample represents;

e) place and date of sampling;

f)  moisture content;

g) thethod of sampling, e.g. mechanical or manual;

h) estimated sampling precision, if available;

i)  any special purpose or test for which the sample is taken.
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Annex A
(normative)

Sampling-stage method for estimating sampling and total variance

A.1 Components of sampling error and sampling variance

Gy (1992) h
correspondin

TSE=T]
where
TSE;

TSE

i

TSE

u

The above b
be random o

Each sampli
context, prep

TSE=S
where

SE is
PE is
Typical prep
composition
integration e

SE =CH

The integrati

s shown that the total sampling error (TSE) can be broken up into a number of compo
g to each sampling stage 1, 2, ..... Y A , u as follows:

SE + ...+ TSE; + ..... + TSE,,

is the sampling error for stage 1;

is the sampling error for stage i;
is the sampling error for stage u, the last stage.

Feak-up is possible, because each component of sampling error is independent. The errors
r systematic (i.e. a bias).

ng stage consists of two operations. These are:selection (or sampling) and preparation. |
aration is a non-selective operation involving.@perations such as crushing, drying, etc. Thus:

E + PE

he selection error;

he preparation error.

bration errors include sample contamination, sample loss, alteration of the chemical or ph
of the sample<and operator mistakes. The selection error can be further broken up int
ror (CE) and the materialization error (ME) as follows:

+ ME

brierror arises from the manner in which the sampling points are selected on the time or

may

h this

(A.2)

ysical
b the

(A.3)

nass

axes. The

4 H H '+ H £ N o H l + ol 4 ro | ol
At ianZatiurmT TITuUT arisTs  1TuUnT U PiTy Stiar TiTarmiiteT 1T wWilflGl T T TTITCT TS "dir T IantTIT, alTtu— U

n be

eliminated by correct cutter design and operation. The integration error also consists of two components
caused by variations in quality and flow rate as follows:

CE=QE +WE
where
QE is the quality-fluctuation error;

WE

28

is the weighting error.

(A.4)
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The quality-fluctuation errors are of three types, namely short-range, long-range and periodic. Hence:

QE = QE; + QE, + QE; (A.5)
where

QE, is the short-range quality-fluctuation error;

QE, is the long-range quality-fluctuation error;,

QE; is the periodic quality-fluctuation error.
The ghort-range fluctuations result from two properties related to the particulate nature of,the|concentrate.

Thes
grouy

wher

f

b are the composition of the particles (fundamental error) and the manner in which\the
ed (segregation/grouping error). Thus:

DE, = FE + GE
FE

is the fundamental error;

5E is the segregation and grouping error.

The mhaterialization error can be further broken up into the delimitation error DE and the extractio

follow

I

S

E = DE + EE

The gelimitation error is eliminated if all parts of the concentrate stream are intercepted by the s

for th
strea

Com

The |
bias.
can

Pract
QE,,
(QE;
som€q

e same length of time. The extraction errofis eliminated if the increment is completely extra
M without any concentrate rebounding from the cutter.

bining Equations (A.2) to (A.7) gives.the following equation for the sampling error at each sta
SE = FE + GE + QE, + QEg+WE + DE + EE + PE

st three error components’in Equation (A.8), i.e. DE, EE and PE, are systematic errors, wh
They arise from notrespecting the correct principles of sampling from the mechanical star
be eliminated by using correct sampling practices, which are described in Clauses 8, 9
ical experience/with concentrates also shows that the weighting error (WE) is negligible
even when there are significant variations in flow rate. Likewise, the periodic quality-flug
is also negligible, except in exceptional cases where production or stockpiling procedu
periodicity. Hence, the equation for the total sampling error reduces to:

"SE = FE + GE + QE,

particles are

(A.6)

h error EE as

(A7)

ample cutter
cted from the

ge:
(A.8)

ich introduce
dpoint. They

10 and 11.
compared to
tuation error
es introduce

(A.9)

or alternatively:

(A.10)

These error components are random errors. From Equations (A.9) and (A.10), it is clear that the variance of
the total sampling error is given by:

2_ 2 2 2
Ss =SFg tSGE tSQE,

where
sé is the total sampling variance;
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s,?E is the fundamental variance;
séE is the segregation and grouping variance;
séE2 is the long-range quality-fluctuation variance.

or alternatively:

2 2 2 2
sg = SQE»] +SQE2 =SQE (A12)

where
séE1 is the short-range quality-fluctuation variance;
séE i the quality-fluctuation variance.

In Equation (A.12), the long-range quality-fluctuation variance is often referred to as the distribution variagce.

A.2 Estimation of fundamental variance

Gy (1992) hgs shown that the variance of the fundamental error, s,?E, is.given by:

2 _ CpPa? (A.13)
s
where
C is fhe sampling constant for a given concéntrate of given particle size and critical constituent;
d is fhe nominal top size of the concentrate, in centimetres;
mg is fhe sample mass at a given(sampling stage, in grams;
a is the fractional concentration of the constituent under consideration.
The sampling constant C is given by:
C=clfg (n.14)

where

¢ is tHe mineralogical composition factor calculated in Equation (A.15):

/ is the liberation factor;
fis the particle shape factor, which can usually be taken to be 0,5;

g is the size range factor, usually between 0,25 and 1,0;

[ = (dl/d) when liberation is incomplete, 4, being the nominal top size at which complete liberation
occurs; [ = 1 when liberation is complete.

If 4, is unknown, a conservative assumption is to set d; = d.
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The mineralogical composition factor is given by:

C =

(1-a) [(1—51) P1 +ap2J

a

where

p1 is the density of the particles of the critical component, in grams per cubic centimetre;

po s the density of gangue particles, in grams per cubic centimetre.

The 3
(abol

Equation (A.13) can be transposed to give the minimum sample mass required to achi

fund4d

EXANM
Assur
a par
fundal

Using

large size range (d/d’ > 4) g=0,25
Medium size range (2 < d/d’ < 4) £=0,50

$mall size range (d/d’ < 2) g=0,75

ize range factor, g, can be estimated from the ratio d/d” of the nominal top size d to the lowe
t 5 % undersize) as follows:

Uniform size (d/d’ = 1) g=1,00

he that the mineral is CuFeS, with a particle density, p,, of 4,2 gcm3, and that the gangue consists g
icle density, p,, of 2,6 gcm=3. Also, assume that the grade is 0,35 % Cu, i.e. 1% CuFeS, (a=0,01
mental error must not exceed 0,02 % Cwor 0,06 % CuFeS2 (i.e. sgg = 0,000 6).

1-00,1)[ (1-0,01)x 4,2+ 0,09%2,6
! ) 02;1( a L414,2

= [ 9021 _ 0,447
0,1

[ =414,2X0,447x0,5%0,25 =23,14

Equation (A.16), the minimum sample mass is given by:

(A.15)

r size limit &’

bve a given

mental error variance as follows:
3 2
Cd
g =—— (A.16)
SFE
PLE A porphyry copper ore having d = 0,1 ¢m, d, =200 ym and a large particle-size range is tp be sampled.

f silicates with
) and that the

~23,14%(0,1) x(0,01)° _
(0,0006)°

6,49

Thus, the minimum sample mass for this ore for a nominal top size of 0,1 cm and a fundamental error of 0,02 % Cu is
6,4 g. The sample must be ground to a smaller nominal top size before the sample mass can be reduced any further. For
example, if the 6,4 g sample is crushed to a nominal top size of 200 ym, the sample mass can then be safely reduced to
about 0,1 g, if required.

A fundamental characteristic of s,?E is that it diminishes very quickly when d is reduced and not so quickly when mg is
increased, but it can never be eliminated, no matter what comminution and homogenization procedures are used.
However, for the usual fine flotation concentrates, the fundamental variance is negligible when the sample mass exceeds
about 100 g.

©I1SO
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A.3 Segregation and grouping variance

Gy (1992) has shown that the segregation and grouping variance is either smaller or about the same
magnitude as the fundamental variance. Consequently, it is always safe to assume that it is equal to the

fundamental

variance, in which case:

2 2
SQE, = 25FE

A.4 Long-range quality-fluctuation variance

(A7)

The long-ra
successive i
two principal

The better n

increments,
However, the

NOTE TH

The alternati
calculation
contributions|
determined.

The varianc
equation:

>

methods of analysing the resultant data.

is[the test result forincrement ;

the mean-test result for all increments;

the number of increments;

thal va

hge quality-fluctuation variance séE2 can be estimated by extracting a large numb
ncrements (say 30 to 50) at a given sampling stage and analysing them individually.~Ther

e interleaved sample method also takes into account the second terni of‘'the variogram.

e method, which forms the basis of this International Standard, is a simplified approach invq
bf the variance between increments sg. However, “unlike the variogram approach
of the variances séE1 and séE2 cannot be separated. Only the sampling variance s2 cz

er of
e are

nethod is to calculate the variogram, which examines the differences between incremeits at
increasing imtervals (called lags) apart. The variogram approach allows for serial correlation bet
and enables the separate contributions of the variances séE1 and séE2 to be determ
method is reasonably long and better suited to those wishing to fine~tune their sampling sc

ween
ined.
neme.

Iving
the
n be

e between increments sg can be estimated for a given sampling stage using the follpwing

(A.18)

2= 2
where
X is
X is
n is
sgA is

risnca-of
tHe—YaHace-61

la nracaccoin
TE-PpProcesoH

Thus, if n increments are taken for this sampling stage, the sampling variance s§ for the sample obtained by
combining all increments is given by:

32

(A.19)
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Rearranging Equation (A.19) enables the number of increments required to achieve a given sampling variance

to be

calculated as follows:

s
n=—2
Ss

(A.20)

Care must be taken when subtracting variances. The difference is significant only when the F ratio of the
variances being subtracted is statistically significant.

A.5

Using

Cons

Now

wher

Com

Practicatestinmati ttotat .

Equation (A.19), the sampling variance sgl_ for sampling stage 7’ is given by:

equently, the sampling variance s§ for all sampling stages (1 through'to-i: — 1) is given by:

u—1 Sg.

the total variance s-|2- is given by:

—
Il
2
©
=N |>|\)

b 7 is the number of replicate analyses,

bining Equations (A.22) and (A.23)‘gives:

u-1 o2
|2 _ b;
=) —L+

n;

2
2
\>|\J

N

i—
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Annex B
(informative)

Examples of correct slurry sampling devices

At
\

At

CNI®

—

L]

increment

Falling stream.
Hose trajectory.

Stream.

Figure B.1 — lllustration of a correctly designed hose-type slurry cutter (Pitard, 1993)
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