SAMPLING
INTRODUCTION
The basic purpose of sampling is to collect a manageable mass of material which is representative of the total mass of material from which it was collected. This manageable mass of material, called a “sample”, is subject to certain preparation procedures, which render it suitable for either physical testing, or laboratory analysis. The types of tests or analyses, which are performed, are dependent on what characteristics are required to be measured to categorise the material. 

The method by which samples are collected, the frequency of collecting samples and the accuracy of the samples collected, that is, how closely they represent the true characteristics of the total mass, all depend on the nature of the material being sampled. A totally homogeneous material will require the collection of only a single sample in order to determine its characteristics accurately, whereas a lumpy heterogeneous material will require the collection of many small samples, or increments, which, when combined, will represent the total mass, or lot, with an acceptable degree of accuracy. These increments should be collected from all parts of the lot, with the number required to be collected being dependent on the variability of the material constituting the lot.

Since it is required to collect increments from all parts of the lot, it is necessary that the total lot is accessible. In other words, it is of fundamental importance that all particles in the lot have the same probability of being included in the final sample. This is one of the “golden rules” of sampling. To achieve this requirement, it is desirable to sample the lot whilst it is in a dynamic state. 

In the following it is assumed, that the quality of the material varies in a random manner throughout the mass being sampled and that the observations will follow a normal distribution.

Establishing a Sampling Scheme.
The following shall be the general procedure for sampling:

A:
Define the quality parameters to be determined and the type of sample required.

B:
Define the lot.

C:
Define the precision required.

D:
Determine the variability of the quality parameters and establish the number of sampling unit’s (m) required attaining the desired precision and the minimum number of increments (n).

E:
Decide whether to use time basis or mass basis sampling and define the sampling intervals in minutes for time basis sampling or in tonnes for mass basis sampling.

F:
Ascertain the nominal top size of the material for the purpose of determining the minimum average increment masses.

G:
Determine the method of combining the increments into gross samples or partial samples and the method of sample preparation.
Precision of Sampling

Precision and total Variance
The following equation is an estimate of the precision of the experimental results, i.e. the closeness with which the results of a series of experiments made on the same material agree among themselves.
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Where 

PL
is precision of sampling, sample preparation and testing for the lot at 95% confidence level expressed as % absolute.

VI
is the primary increment variance

VPT
is the preparation and testing variance.

n
is the number of increments to be taken from a sampling unit.

m
is the number of sampling units in the lot.

Primary Increment Variance

The primary increment variance, VI, depends upon the type and nominal top size of the material, the degree of pre-treatment and mixing and the absolute value of the parameter to be determined. The mass of increment taken may also affect the primary increment variance.

Preparation and testing variance.
The preparation and testing variance is related to VI and to the method of preparation but should be taken as independent of the number of increments. In practice VPT should be less than 0,02*VI subject to a minimum value of 0,05.

Number of Sampling Units.
The number of increments taken from a lot in order to attain a certain precision is a function of the variability of the quality of the material in the lot irrespective of the mass of the lot. When designing sampling schemes the measure of variability of the lot, i.e. the primary increment variance often has to be determined from the results of sampling relatively small sampling units. This may be a serious underestimation of the variability of the whole lot; for example, when segregation occurs during transport of very large masses of material, during stockpiling or when material is despatched or received over extended periods during which long term changes in quality may occur. Therefore lots should be divided into a convenient number of sampling units. The minimum number of sampling units (m) in a lot shall not be less than the number given in table 1:
Table 1:

Minimum number of sampling units in a lot


Mass of Lot

1000 tonne
Minimum number of 

sampling units

     < 5

  5 - 20

20 - 45

45 - 80

     > 80
1

2

3

4

5

This number may be increased so that the sampling unit coincide with a convenient mass or time.

Number of Increments per Sampling Unit.
As stated in 1.1 the precision is determined by the variability of the material, the number of increments and sampling units and the preparation and testing variance. By transposing equation (1) it can be shown that the number of increments for a desired precision in a single lot can be estimated from the following equation (2):
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If n is impracticably large then the number of sampling units can be increased either by:

1) increasing m to a number corresponding to a convenient mass or time, recalculate n and continue this until n is a practicable number, or,

2) deciding on the maximum practicable number of increments per sampling unit (n1) and calculate m from equation (3)
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Mass of Primary Increment.
Table 2 gives values for the Reference Increment Mass for a series of nominal top sizes. Values in between these sizes may be estimated by interpolation.

Table 2: Reference increment mass


Nominal top size

in mm
Reference increment mass in kg

300

200

150

125

90

63

45

31.5

22.4

16

11.2

8.0

5.6

4.0

2.8
100

25

15

10

5

3

2

1

0.75

0.50

0.25

0.15

0.10

0.10

0.10

Minimum Mass of Gross Sample.
There is a minimum mass of gross sample, dependent on the particle size distribution of the material, the precision required for the parameter concerned and the relationship of that parameter to particle size. Some such relationship applies at all stages of preparation. The attainment of this mass will not, of itself, guarantee the required precision. This is also dependent on the number of increments taken to compound the sample and their variability.
Table 3: Mass of gross sample/mass of sample after division


Nominal top size

in mm
Minimum mass

in kg

300

200

150

125

90

63

45

31.5

22.4

16.0

11.2

8.0

5.6

4.0

2.8

2.0

1.0
15,000

5,400

2,600

1,700

750

300

125

55

32

20

13

6

3

1.5

0.65

0.25

0.10
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