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Nugget effect, artificial or natural?
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Figure 9—Kriging weights evolution vs. nugget effect

unit and to estimate in a proper way the mean grade, in
order to study if bulk mining pays. To design a
selective mining method will result in very bad
surprises.

If the nugget effect is artificial, then there are many
opportunities for improvement. Figures 10 show how the
misclassification of ore in a selective mining operation can be
minimized by improving the sampling procedures.

In this case the sampling procedures are incorrect,
creating irrelevant variability, which inflate the true nugget
effect. As a consequence, the kriging estimates deteriorates.
As seen in the figure the precision of the estimation is very
low as the conditional variance is very high; besides, the
estimator is conditionally biased. The misclassification areas
are very large. To ignore the existence of the ‘human’ nugget
effect and the bad quality of the estimator will result in
significant economic losses. The estimation of the economic
net present value of the misclassification was U$156 million.
For further details see reference 9.

Figure 11 shows the consequences of the improvements
of the sampling procedures. The results are very good. Now
the estimation is by and large more precise and the
conditional bias practically disappears; the misclassification
areas are also reduced to an acceptable minimum. The
estimation of the economic net present value of the misclassi-
fication is reduced to only U$20 million.

Figure 12 illustrates the relevance of the sample support,
estimation method, and estimation strategies in a process
control case study?0. It is the estimation of the tails grade of
a large seam in a Chilean porphyry mine. The sampling
procedure is to select samples of small support. The sampling
frequency is one sample per shift. The estimation method is
polygonal. The nugget component and very short-range
variability accounts for 65% of the variability.

Figure 12 suggests:

» The polygonal method, commonly used in process
control, is conditionally biased. In other words, it will
tend to overestimate the high grades and underes-
timate the low grades. As a consequence, the process
control decisions can be very misleading.

» To increase the sample support and the sampling
frequency is very effective and in this particular case
very inexpensive. In other words, it would be advisable
to install a proper sampling device and to define a
sampling frequency as a function of the process control
decisions.
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Conclusions

» To know the causes of the nugget effect is essential to
understand the nature of the phenomenon under study,
to optimize the estimation process and, as a
consequence, to minimize hidden losses, improving the
economic benefit.

» Often, the nugget effect is made up of two components.
One represents relevant variability and the second
represents irrelevant variability.

Real estimated copper grade (%)

Kriging estimate of copper grade (%)

Figure 10—Misclasification of ore/waste. High ‘human’ nugget effect
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Figure 11—Sample support, estimation method, and sampling strategies
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Figure 12—Sample support, estimation method, and sampling
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Nugget effect, artificial or natural?

» A relevant nugget effect represents short-range
structures which actually belong to the process under
study. They irrelevant nugget effect does not belong to
the process; it is induced by incorrect sampling, sample
preparation, and chemical analysis.

» To optimize the process under study it is essential to
know the nature of the phenomenon, the AQ/QC
procedures for sampling, sample preparation and
chemical analysis, and an estimation of the magnitude
of the relevant and irrelevant components.

» The estimation of both components is possible if the
errors are spatially independent and, spatially
independent of the variable under study, and a
duplication of the sampling and chemical analysis
procedures is available.

» The magnitude of the nugget effect is very dependent
on sample support, sampling density, sampling quality,
assaying procedures, and the nature of the
phenomenon under study.

» Polygonal estimators, often used in process controls in
plants, are generally conditionally biased and
imprecise. Estimators taking into account the varying
structure of the variables, the geometry of the sampling
pattern, the geometry of the estimated support, and the
relation between both, is more advisable.
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Appendix 1
Variogram function and sampling/assaying errors

Z*=7+e

2y

zZ

- E[(Z(x +h)+e(x+h)-Z(x)- e(x))z]

27, = E[ (204 h)+ e+ )+ (220 + ()’

“2(Z0e+ b+ e+ W)(Z() + ()]

2y,. = E[Zz(x +h)+ e (x +h)+2Z(x + he(x + h)

+2°(x) + €’ (x) + 2Z(x)e(x) —2(Z(x + h)Z(x) +

Z(x+he(x)+ Z(x+ h)e(x) + e(x + h)e(x)]

2y,. = E[(Z(x +h)- Z(x))2 +(e(x +h) - e()c))2

+2(Z(x+ h) - Z(x))(e(x + h) - e(x))]

Y, (W =v,(W)+y.(h)+2y, (h)

If the errors have no temporal or spatial correlation.
If the grade and the errors are not temporal or spatially
correlated:

Y, (h)y=v,(h)+cte, +0

}’Z*' (h) = YZ (h) + Cn.\'

Therefore, under the previous assumptions, sampling +
assay errors add like a nugget effect to the true variogram.
‘Human’ nugget effect.

Note that a sampling bias also contributes to the nugget
effect, because there is no such thing as a constant sampling
bias.

Legend:

Z* = Estimated value
h  =Distance/time
Z  =True value

y = Semivariogram
E () =Expected value
e  =Random error

% = Cross variogram between Z* and e.

Appendix 2
Sample support and Nugget Effect
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Nugget effect, artificial or natural?

/A% = Sample supports

Cov = Nugget effect at sample support v
Cov = Nugget effect at sample support V
Co =Very small range covariance

Co(v, v) =Mean covariance between v and v
— 1
C,(v,v)= ;fdxfco(x - y)dy

As the distance (x-y) is greater than the range:
[Cyx-ydy=A

_ A A A
Co(v,v)=C0V=Wfdx=—V=—

Appendix 3

Information effect

The perception of natural variability changes as the drilling
density increases. (Graphs 1 and 2).

Notice the increase in variability, the increase in the
oxides proportions, and the increase in the complexity of the
contacts between both ore facies.

Appendix 4

Variance of the sampling error from duplicate
sampling and assaying

Z,=Z+e,

Z,=Z+e,
Var(Z,-Z2,)=Var(Z+e,)-(Z+e,))
Var(Z,-Z,)=Var(e,-e,)=Var(e,)

+Var(e,)-2Cov(e,.e,

0

0 = Original value
d = Duplicate value

As the sampling and assaying procedures are the same,
the stochastic nature of the error is the same:

Var(e,) =Var(e,) = Var(e)

As the duplication process is blind and done in a different
time:

Cov(e,e,)=0

Then:

Var(Z,-Z2,)
2
Therefore the error plus the assay error variance is the
semi variance of the difference between the original value

and the duplicate value. In other words, it is the sill of the
variogram function of the differences. @

Var(e) =
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Graph 1—Grade spatial variability. DDH Holes at a 100*100 m drilling
grid
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Graph 2—Cooper grade spatial variability. BH Holes at a 10*5 drilling

grid
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