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Most processing plants use automatic samplers to extract ore aliquots along a producing shift. 
These aliquots are combined into a sample normally sent to lab analysis. The sampler used in the 
extraction of an aliquot from a continuous flow of ore, i.e. a belt conveyor is required to be both 
precise and accurate. Surprisingly, not all commercial automatic samplers exhibit these two 
mandatory propelties. Consequently, it is recommended the development of a procedure able to 
check sample assays reproducibility obtained using a given sampling protocol. This paper uses the 
Gy's sampling theory to evaluate coal quality control practices at a washing plant using an 
automatic sampler extracting coal increments from the ROM feeding belt conveyor. Gy's theory 
provides the means to establish the precision limits for a given sampling protocol. Various ore 
properties are required to be determined in combination with sample mass and mass of the lot 
sampled. All this inf01lllation leads to the definition of the precision limit. The precision limit 
obtained was checked via an experiment mimicking what happens in situations where both miner 
and consumer use the same and appropriate sampling practices. The experiment demonstrates that 
sampling theory precision limits were valid if unbiased samplers are used by both parties, i.e. 
miner and consumer. 
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Introduction 
Sampling can be defined as an act of extracting a 
representative fraction from a larger lot, from which a given 
characteristic is required to be evaluated. Sample 
preparation involves homogenization, splitting, crushing, 
milling, drying, etc., which basically are all steps that a 
sample is put through prior to be assayed. Sample analysis 
consists of assaying it to obtain the sample grade or another 
test depending on the property one is interested in defining. 

Competition for customers imposes to the producer the 
use of adequate sampling equipment and protocols to keep 
its products specification as constant as possible. A given 
quality control system should be constantly audited and the 
error in the estimates evaluated to guarantee that precision 
and accuracy are achieved. Sampling protocols are required 
to be unbiased exhibiting an error within an acceptable 
range of variation. Unbiasedness in sampling and low 
random elTor is desirable in any quality control system. 

A quality control programme depends on proper sampling 
the process. Proper sampling requires precision and 
accuracyl. In various situations found in the mineral 
industry sampling does not receive the necessary attention 
and unskilled labour is allocated to this task. Inadequate 
sampling leads to systematic error (bias) and the lack of 
precision (large elTor variance). IncolTect sampling leads to 
dispute in accepting grades determined for large ore 
shipments and ultimately to financiallosses2. 

Sampling is associated with an uncommon fact: an 
improper sampling protocol cannot be easily identified. The 
problems associated with inappropriate sampling are not 
visible. Geostatistics provide the means to quantify the 
benefits (precision and accuracy) for a sampling process. 
Even though its importance is recognized, its use is not 

largely accepted, as its economical benefit is not easily 
identified3. 

According to Gy's sampling theory4, there are seven 
different sources of error: delimitation error, extraction 
error, weighting error, fundamental elTor, segregation and 
grouping error, integration error and preparation error. 
Apart from these elTors, there is the analytical error. Most 
of these errors can be eliminated and others can be 
minimized to achieve the desired representativeness if some 
rules are obeyed. The main concern is the guarantee a 
sample is probabilistic cOlTect, i.e. each particle belonging 
to the lot should have equal probability to be included in the 
sample extracted. Manual sampling, which is not 
probabilistic, does not guarantee correct representativeiness 
of the material extracteds,6. A proper sampling procedure 
must use an automatic mechanical sampler correctly 
designed and operated. The unbiased sampler should 
operate at constant speed, which should be less than 0.6 m/s 
while intercepting the flow of material. The sides of the 
sampler must be parallel, separated by a distance equivalent 
to three times the size of the largest particle in the lot. These 
characteristics in the sampler eliminate delimitation and 
extraction error. 

Preparation error is considered null if proper care is taken 
avoiding sample contamination, loss of sample mass, 
physical or chemical alteration in the sample and mistakes 
committed by the lab technician. The remaining errors 
(fundamental, segregation and grouping and integration) 
cannot be eliminated, however, they can be minimized. 

This paper presents a methodology to measure the 
precision of a given automatic sampler and also checks the 
applicability of the sampling theory to estimate the sampler 
precision. The paper further considers the possibility of 
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using the sampling theory to design a sampling protocol, 
which obey a pre-defined precision and representativeness. 

Methodology 
All tests hereinafter presented were carried out at Recreio 
Mine washing and blending plant operated by Copelmi 
Minera9iio Ltda (Brazil). The equipment used to extract the 
samples were positioned transversal to the flow with both 
flanks straight aligned. The sample extractor is placed at the 
belt discharging point. Samples used in the test represent 
the coal produced at the two plants along a 2 h period. 
Increments were collected every 4' and 3' respectively at 
the blending and washing plant, totalling 30 and 40 
increments during the period each lot was processed. 

The same lot produced at the washing plant was put 
through the blending plant and for the sake of comparison 
the ash content for these two lots was analysed. This test 
was repeated eight times. This test mimics the situation of 
having the same material but two different plants, the first 
at the producer the second at the consumer. The differences 
in the results obtained by the two sampling protocols were 
compared to check if they were included in the interval of 
confidence forecasted by the sampling theory. Coal used in 
the test came from various seams leading to an ash content 
ranging in the 27% to 43% interval. Summary for the 
results in one test is presented in Table 1. 

The definition of the error interval in a given sampling 
protocol is based on the sampling theory equations4 and is 
defined as follows: 

Variance of the fundamental error (s2FE) 

s2FE= (tiME -tlMJ.C. d3 [1] 

where ME is the mass (g) of a sample extracted in the ith 
step of the sampling protocol, ML is the mass of the initial 
lot, C is the sampling factor for a given ore, d is the top size 
for the particles in the sample (cm). 

The sampling factor (C) is obtained through: 

C = c. t. f· g [2] 

where: I is the liberation factor, determined using: 

t = (dlib I dt [3] 

where dlib is the liberation size for the ore analysed,f is the 
shape factor (J:!sually taken as 0.5), g is the size range 
factor, c is the constitution parameter defined as: 

c=(t-a)[(t-a)Pl+aP2]la [4] 

where a is the proportion of component t in the ore 
(decimal proportion) PI is the specific gravity for the 
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Table I 
Comparison of ash content for the same coal passed and 

sampled at two different plants 

Ash content (%) 

Washing plant Blending plant Difference 

42.74 42.86 0.12 
29.01 28.70 0.31 
38.21 37.10 1.11 
27.15 27.16 0.01 
27.32 27.91 0.59 
34.35 35.06 0.71 
26.28 26.11 0.17 
31.84 30.91 0.93 

critical component t (g/cm3), P2 is specific gravity for the 
remaining non-critical component (gangue) (g/cm3). 

The size range factor, g can be estimated using the size of 
the sieve aperture to the top size d and the smallest sieve d' 
which 5% of the mass of the lot passes through (undersize). 
For a large range size (d/d'>4) g would be 0.25. 

Variance of the segregation and grouping error (s2SGE) 
Segregation and grouping error variance is not easily 

obtained, however, it can be estimated experimentally 
together with the fundamental error7 . Segregation and 
grouping error variance is equal or less than the variance of 
the fundamental error4. Consequently, it is safe to assume 
that: 

iSGE = iFE [5] 

Analytical error variance (s2AE) 
This variance refers to the error caused by analytical 

equipment and also instrinsic to analytical process used. For 
Recreio Mine laboratory, this error was obtained by 
multiple repetition of the analysis using a standard sample. 
The value obtained is: 

i AE = 1.75 . 10-7 

Variance of the integration error (s2/E) 
Integration error is associated with one-dimensional lots 

such as stream flows (conveyor belt). Variability among 
particles or group of particles leads to large-scale errors, 
and integration error is the most common among these. Gy8 
shows the development to calculate the variance of the 
integration error. 

Table Il shows the error variance calculated every time 
there is a sample extraction (mass reduction) along the 
sampling protocol used at the washing plant. The variance 
for the total error is obtained by adding all the variances 
found in Table II which is 1.83. 10-4 . The standard 
deviation is 1.36. 10-2, thus lot #1 from the washing plant 
has ±1.16% of ash in terms of precision with a 95% 
confidence level (±2s). 

Table III depicts all values obtained for the precision 
calculated for all tests. Notice the smaller variance of the 
error at the washing plant. Table IV shows the ash values 
obtained at the blending, at the washing plant, the precision 
determined at blending plant and the acceptable ash interval 
calculated using Gy's equation4. 

Discussion on the results 
This study mimics what happens when producer and 
consumer use automatic samplers. The differences obtained 
by the two samples extracted at the two plants but for the 
same lot were determined. These values were compared 
against the expected differences forecasted using the 
sampling theory approach and the sampling protocols used 
at the two plants. 

Eight lots of coal were tested. The weight for each lot 
ranges from 310 to 390 tons. The process started with each 
lot being processed at the washing plant from where 
samples were automatically extracted. Afterwards, the 
processed lot was stockpiled. In the sequence, each lot was 
processed by the blending plant and a sample was prepared 
for each lot. All samples were sent to the mine lab where 
they were prepared and assayed (Figure 1). Procedures used 
for sampling, preparation and analysis followed the 
Brazilian standards9,1O. 

The sampling precision of each lot varies and is linked to 
variability of the particles belonging to the lot. Sampling 
theory provides the means to measure this variability and 
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Table 11 
Error variance calculation for the washing plant product (lot 1) involving sampling extraction and four steps in mass/size reduction 

FE SE IE AB 

Extraction Sampling preparation 

Step 1 Step 2 Step 3 Step 4 

ME (g) 1,200,000 600,000 14,850 350 1 
ML(g) 370,000,000 1,200,000 600,000 14,850 350 

PI 2.25 2.25 2.25 2.25 2.25 

P2 1.30 1.30 1.30 1.30 1.30 
a 0.4274 0.4274 0.4274 0.4274 0.4274 
c (g/cm3) 2.47 2.47 2.47 2.47 2.47 
d(cm) 5.3 5.3 3.1 0.28 0.025 
dUb (cm) 0.025 0.025 0.025 0.025 0.025 
1 0.069 0.069 0.090 0.299 1.000 

f 0.50 0.50 0.50 0.50 0.50 
g 0.25 0.25 0.25 0.25 0.25 
C (g/cm3) 0.0212 0.0212 0.0277 0.0923 0.3088 
s2E 2.62.10-6 2.63.10-6 5.43.10-5 5.65.10-6 4.81.10-6 7.00.10-5 4.33.10-5 1.75.10-7 

Table III 
Precision for the two sampling protocols according to Gy's equation4 

Sampling precision for ash content (%) 

Lot Washing plant Blending plant 

1 1.16 1.40 
2 1.02 1.17 
3 1.05 1.30 
4 1.13 1.32 
5 1.00 1.29 
6 1.00 1.24 
7 0.87 1.15 
8 0.88 1.29 

Table IV 
Ash content analysis and precision interval for the blending and washing plant products 

Lot Blending plant, Precision 

determined ash according to Gy 

1 42.86 1.40 
2 28.70 1.17 
3 37.10 1.30 
4 27.16 1.32 
5 27.91 1.29 
6 35.06 1.24 
7 26.28 1.15 
8 31.84 1.29 

consequently to estimate the expected error. However, 
sampling theory can be used to calculate the sampling error, 
the samples should be collected following a probabilistic 
procedure which is a basic assumption to use Gy's 
approach8. Probabilistic sampling procedures guarantee to 
each particle from the lot equal probability to be extracted. 

Precision intervals for the blending plant are larger than 
the ones at the washing plant due to the smaller number of 
increments (30) and smaller mass of the sample collected at 
the blending plant. For the comparison, the larger interval 
of confidence was adopted. 

Ash content (%) 

Expected ash intervan Washing plant, 

determined ash 

41.46-44.26 42.74 
27.53-29.87 29.01 
35.80--38.40 38.21 
25.84-28.48 27.15 
26.62-29.20 27.32 
33.82-36.30 34.35 
25.13-27.43 26.11 
30.55-33.13 30.91 

Considering the coal at lot #1 has 42.86% of ash, it is 
expected after processing the same coal at the blending 
plant an ash result in 42.86%+ 1.40% interval, i.e. between 
41.46% and 44.26% of ash. The result for lot #1 at the 
blending plant was 42.4% which is within the expected 
interval. Extending the same rationale to the remaining lots 
tested showed that all values analysed at the blending plant 
fell within the predicted interval. This confirms that using 
the probabilistic sampling it is possible to forecast and 
control the precision of any given sampling protocol. 
Additionally, the results also showed that it is possible to 
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Figure 1. Flowchart showing the steps involved in the experiment mimicking producer-consumer sampling procedures 

modify the sampling and preparation protocol in order to 
obtain a pre-established precision, in case the one obtained 
is unsatisfactory. Valid results are obtained via using 
appropriate designed samplers which follow the 
construction recommendations presented by GyS . 

Conclusions 
Results demonstrated the appropriateness of using the 
mathematical approach proposed in the sampling theory to 
predict precision intervals. The valid results were obtained 
as probabilistic sampling was employed. The methodology 
proved to be adequate to modify an existing sampling 
protocol if a certain precision interval is desired. 
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