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Introduction

When a vertical hole is being drilled and it drifts away 
from vertical trajectory and becomes inclined, the hole 
may be said to have deviated from the vertical.

In many circumstances this gives a negative result. 
However the deviation of hole from the vertical due to 
varying mechanical properties of rocks and other factors 
is made use of in mineral exploration (Marjoribanks 
1997). Indeed the drill hole is given some inclination so 
that it deviates to such an extent as to intercept the ore 
body at 90° and thus depict the true thickness of the ore 
body. In most circumstances, the hole does not intercept 
the ore body at 90°. This is also a deviation since the 
exploratory borehole drifts away from the designed 
trajectory. This deviation negatively affects the 
exploration process as it gives a false impression of the 
ore body thickness and consequently reserve estimate. 
Dominy et'al (2004) emphasizes that deviation of 
exploratory holes from the designed trajectory is one of 
the factors causing uncertainties in reserve estimation 
which in turn affects the accuracy of mine feasibility. 
Arsentiev A.I (1972) opines that uncertainties about the 
reserve of a deposit can lead to underestimation or 
overestimation of the value of a mineral project 
depending whether the mine planner in a risk averter or a 
risk taker.

This research studies how true reserve can be predicted 
from false reserve caused by hole deviation.
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Abstract
Borehole deviation is the most precise method of delineating ore bodies in hard rock exploration. In order to achieve a 
precise delineation and consequently a reliable reserve estimate, borehole trajectories should ideally intercept the ore 
bodies at 90°. However, because of rock mechanical properties and imperfectness in orientation of borehole 
trajectories and other factors, borehole trajectories hardly intercept the ore bodies at 90°. Consequently, the ore 
reserve estimated from borehole data are liable to differ from true values. This in-turn affects the value of the mineral 
projects and the entire investment profile. In this paper, we have studied the impact of borehole deviation on ore 
reserve for a range of deviation angles from 10°, 15°, 20°, 25°, 30°; using geometrical modelling. Most importantly, 
we have been able to develop a mathematical model relating the true reserve to the false reserve through coefficient of 
variation of the false reserves from their true values. This coefficient has been estimated for various ranges of 
deviation angles. We have also shown that this coefficient of variation depends on the angle of deviation only and not 
on ore body thickness or reserve. Consequently, they can be applied to estimate the true reserve from the false reserve 
for any deposit once the angles of deviation are known.

Keywords: Angle of deviation, false thickness, true thickness, standard deviation, coefficient of variation, false reserve, true reserve.

Methodology

Exploratory drilling operations are always associated 
with deviation of hole trajectories from 90° to the ore 
bodies, thereby creating false thickness as against the 
true thickness of the ore bodies which is most desirable 
for proper estimation of the reserve. The true thickness 
is the thickness of the ore body when the borehole 
intersects it at 90° while the false thickness is the 
thickness when the drill hole intersects the ore body at 
angle other than 90° and is estimated using formula (1).

T  =          ...................................................................(1)f

Where:
T =  False thickness caused by deviation.f    

T =  True thicknessr    

    =  Angle of deviation of hole trajectory from 90° to 
the ore body.

Therefore the result of core measurement and analysis 
usually provide false thickness and false reserves. With 
the use of geometrical modelling, the impact of hole 
deviation on the ore reserve can be studied. This study 
should be able to show not only the impact of hole 
deviation on the falsification of ore reserve but also 
provide a relationship between the falsified ore reserve 
and the true reserve. In order to study the influence of 
hole deviation on ore reserve, a geometrical model of 
ore body was drawn with profiles at 50m interval (fig 2). 
The total length of ore body along the strike was 
1000m..
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The ore body was given respective depths at various 
profile intervals. The thickness of the ore body at the 
various profiles were measured. Then, the average 
thickness of ore bodies between profiles was estimated 
using formula (2). The ore body thicknesses under the 
influence of various deviation angles 10°, 15°, 20°, 25°, 
30° were also estimated using formula (1). 

                 (Kajzdan 1985) ...............(2)

Where:
T =  average thickness of ore body between profiles i 

and ii
S  =  the thickness of ore body at profile Ii

S =  the thickness of ore body at profile i+1i+1 

Furthermore, the reserve of the ore body between two 
profiles was calculated using formula (3)

V = T x L x D .............................................................(3)

Where:
3

V  =  Reserve in m
T =  Average thickness of ore bodies between two 

profiles
L  =  Grid interval = 50m
D =  Depth of ore body

Thus the volumes of ores between the profiles are 
summed for the entire deposit and multiplied by the 
specific gravity to obtain the reserve in tons as usually 
done in reserve estimation.

The false thicknesses were used to estimate the 
respective false reserves also. 

Both the true thickness and false thicknesses, the true 
reserve and false reserves estimated from the 
geometrical model are tabulated for further analysis. 

Adjusting the False Reserve to the True Reserve

The problem of adjusting the false reserve to the true 
reserve could have been most easily solved by dividing 
the false reserve by the true reserve from the model to 
obtain an adjustment coefficient or coefficient of 
adjustment.

                         ..............................................(4)

However, this approach is only applicable when the 
angle of deviation is constant throughout the deposit. In 
practical exploration, angle of deviation can vary even 
along the same grid. So, the angle of deviation in most 
exploration program vary from grid to grid throughout 
the entire deposit. In this case, it is best to solve the 
problem for a range of angles of deviation rather than for 
a single value of angle of deviation. This can be done by 
making use of standard deviation of a range of angle of 
deviation.

The standard deviation of the false reserves from the 
true reserve under the influence of angles of deviation 
were estimated using formula (5).
Standard deviation

         .................................................(5)

Where;
S  =  Standard deviation 
x  = Reserve obtained during the i-th angle of i

deviation
x  =  Mean reserve
N = No of deviation angles

In this analysis the true reserve will serve as mean 
reserve. This is because every member or component of 
a distribution revolves around the mean just as every 
false reserve (whether higher or lower than the true 
reserve) revolves around the true reserve.

The coefficient of variation from the true reserve

Fig. 1: Deviation of hole trajectory from 90° to the ore body

Fig. 2: Profiles along the strike of the ore body.



   .........................................(6)

But true reserve + standard deviation = Mean false 
reserve
From equation (6)
Standard deviation = True reserve x Cv

Let Y be true reserve, consequently
Y + YC  = Mean false reservev 

Y(1 + C ) = Mean false reservev

Or True reserve Y =                           ...................(7)

The coefficient of variation C  is estimated using the v

true reserve from geometrical modelling (table 2) and 
standard deviation calculated from formula (5).

Results and Discussion

The thickness of the ore body in the geometrical model 
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for each profile was measured and recorded in column 3 
of table 1 as the true thickness of ore body. Furthermore, 
the false thicknesses were calculated for the respective 
angles of deviation 10°, 15°, 20°, 25°, 30° using formula 
(1) and recorded in columns 4, 5, 6, 7, 8 of same table. 
The depths of ore body at each profile were recorded in 
column 2 of table 1. Average thickness of the ore body 
between two successive profiles (both for true and false 
thicknesses) were estimated using formula (2) and 
recorded in columns 3, 5, 7, 9, 11, 13 of table 2 
respectively. The reserve of the ore body between 
successive profiles were estimated using formula (3) 
and summed together both for the true and false 
thicknesses of respective angles of deviation 10°, 15°, 
20°, 25°, 30° and recorded in columns 4, 6, 8, 10, 12, 14. 
The true and false reserves from the model were used to 
calculate the standard deviation of the false reserves 
from the true reserve as stated below.

Table 1: Thickness of the ore body in relation to angle of deviation

Standard Deviation of the False Reserves Due to Angle 
of Deviation of 10°

S  =          = 0.32mt1

Coefficient of variation 

C =             =  0.02v 

Mean false reserve = 21.13mt

From formula (6)



Journal of Mining and Geology Vol. 57(2) 2021.400

True reserve =                                   =              =  20.72mt

Standard Deviation of the False Reserves Due to Angle 
of Deviation of 10°, 15°

S  =                                                     =  0.56mt2

Coefficient of variation 

C =             =  0.03v 

Mean false reserve =                       =  21.33mt

True reserve =                                   =            =  20.71mt

Standard Deviation of the False Reserves Due to Angle 
of Deviation of 10°, 15°, 20°

S  =                =  0.89mt3

Coefficient of variation 

C =             =  0.04v 

Mean false reserve =                                 =  21.6mt

True reserve =                                  =             =  20.77mt

Standard Deviation of the False Reserves Due to Angle 
of Deviation of 10°, 15°, 20°, 25°.

S  =                                                                   =  1.32mt4

Coefficient of variation 

C =              =  0.06v 

Mean false reserve =                                    =  21.94mt

True reserve =                                =             =  20.70mt

Standard Deviation of the False Reserves Due to Angle 
of Deviation of 10°, 15°, 20°, 25°, 30°.

S  =                                                                   = 1.86mt5

Coefficient of variation 

C =             =  0.09v 

Mean false reserve =                                    =  22.36mt

True reserve =                              =               =  20.51mt

The predicted reserve using formula (7) based on 
respective range of angle of deviation have been 
presented in table 4. The standard deviation estimated in 
table 4 shows little dispersion between the true reserve 
from the geometrical model and the true reserve 
predicted from the recommended model (formula 7).

Formula (7) can only be applied to any inclined or 

Table 2: Reserve of the ore body in relation to angles of deviation
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steeply dipping deposit if it is independent of ore reserve 
but dependent only on the angle of deviation. To 
investigate this, ore body models of various thicknesses 
were used for ore reserve estimation and calculation of 
coefficient of variation (see appendix 1- 4).

As can be seen from table 3 and fig. (3), the coefficient 
of variation remains the same for various ore reserves 
but as can be seen from fig. (5), the coefficient increases 
as angle of deviation increases showing that the 
coefficient of variation of false from true reserve is 
independent of the reserve but solely dependent on 
angle of deviation. The coefficient presented in table 3 
can therefore be applied to any deposit with the same 
range of angle of deviation. Also the standard deviation 
increases as angle of deviation increases (fig 4).

A very important property of coefficient of variation is 
that it is directly proportional or linear when the angle of 
deviation varies from 10° – 20°. However, beyond 20° 
the graph is no longer linear (fig 5). This implies that 
beyond 20° angle of deviation it becomes more difficult 
to predict the true reserve with good accuracy. 
Consequently, it is imperative that in exploration 
program explorationist should endeavour to keep angle 
of deviation of hole trajectory to the ore body below 20°.

Table 3: Showing ore reserve and coefficient of 
variation depending on the angle of deviation.

Table 4: Showing the predicted reserve and 
standard deviation from the true reserve.

Fig. 3: Graph of reserves versus coefficients of variation

Fig. 4: Graph of standard deviation of false reserve from true reserve 
depending on range of angle of deviation

Fig 5: Graph of coefficients of variation versus angles of deviation

Discussion and Conclusion

The coefficient of variation presented in table 3 can be 
used in formula (7) to obtain the true reserve from any 
inclined or steeply dipping deposit since the coefficients 
are independent of the reserve as can be seen in the same 

table. As can be seen from table 4, the dispersion 
between the true reserve and the reserve predicted by 
formula (7) is minimal with standard deviation ranging 
from 0.02 to 0.13. The suggested method also has the 
advantage of being based on a range of angle of 
deviation rather than specific angle of deviation. The 
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study also shows that in order to accurately predict the 
ore reserve, angle of deviation should as much as 
possible be kept within 20°. Above 20° the relationship 
between angle of deviation and coefficient of variation 
is no longer linear and can introduce errors in predicting 
the true reserve.
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Appendix (1B)

Appendix (2A)
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Appendix (2B)

Appendix (3A)



Appendix (3B)

Appendix (4A)
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Appendix (4B)
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