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Model or Measure Blast Movement?

Maximising Ore Recovery and Minimising Dilution 
in Open Pit Mines



This presentation examines the economic impact of moving ore/waste boundaries to their post-blast 
positions—identified by direct measurement and also by modeled distance—at a Canadian gold mine.   

The open pit mine comprises volcanogenic-style gold deposits, with most mineralization occurring in sulphide 
bearing veins within felsic quartz-phyric rocks.
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Blast movement cannot be modelled accurately enough for grade 
control. 

Here’s why:

There is significant variability in both the magnitude and the bearing of 
the movement vector in any given blast. 

Rock mass structure, blast energy, design and timing contours all have 
significant and interrelated effects on blast movement. 

Although there have been significant advances in blast movement 
modelling capability, unpredictable blast movement limits its use in 
production ore control.

Errors associated with a predictive model will result in ore loss and 
dilution due to inaccurate ore translation.

1. Can blast movement be modelled to control dilution?

Unaccounted blast movement can lead to 
millions of dollars in lost revenue and extra costs 

to treat sub-economic material.
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2. Blast movement occurs in all blasts: variability is
typically ±50% from the mean

BMT’s research, over 13 years, has documented the 
variability of blast movement. From measuring tens of 
thousands of blasts, we found that:

Actual blast movement varies from 0.5 to 
> 30m (not free face throw).

Horizontal movement in a blast is commonly ± 50% 
from the mean.

Movement varies within a bench; i.e. surface 
movement is much less than mid-bench movement.

Movement varies across blast zones and edges.

Blast conditions are unique—the blast design, 
explosive or firing sequence change with every blast.

The impact of changes in the rock mass or voids is 
impossible to measure. 

Horizontal movement vs depth for a 5m bench: This graph shows the variability of movement 
in blasts at three mines with different powder factors.   

Upper Bench Lower Bench
◆ Mine A blast1 2.8 – 7m 2.8 – 9.6m
◼ Mine A blast2 2.5 – 8.4m 5 – 9.2m
 Mine B multiple blasts 2.5 – 5.1m 2.5 – 6.5m 
⚫ Mine C blast1 4 – 7.5m, 5.9 – 11.4m
◼ Mine C blast2 2.2 – 9m 11.1 – 12.5m 4



Blast dynamics

Knowledge of how holes release their energy helps in understanding blast 
movement variability.

Upon detonation, the explosive exerts a force equally in all directions on the 
adjacent rock.

The rocks with least resistance begin to move and act on neighboring rocks, 
which results in bulk movement of the rock mass.

The rock moves in the direction of the path of least resistance. This is 
approximately perpendicular to the initiation timing contours.

The rock at the top of the bench is not directly impacted by the explosive but 
instead is indirectly moved by collisions from other rocks from the drill hole 
behind.  The further a rock is above the explosive column, the less energy it 
will receive and therefore the less distance it will move.

Greater movement occurs mid-to-lower level of the bench. 

The movement reduces near the floor due to friction from the unbroken 
floor.

Blast dynamics vary across zones: the front, back, edges and close to the 
centerline of initiation. 

3. Blast dynamics: movement varies across blast zones
and bench depth

Typical material movement in the body of the blast 

• Horizontal displacement is directly related to powder factor and 

has been measured up to 30m (not face throw). 

• Movement tends to travel perpendicular to timing contours 

towards the Initiation Point.

• The horizontal displacement changes with depth.

• The inclination is positive (upward). It is close to horizontal at the 

bottom of the bench and increases progressively through the 

bench.
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Comparison of model vs measured movement at a Canadian gold mine.

Model was developed by engineers using inputs such as initiation type, rock mass characteristics, blast design parameters, and blast 
movement (measured using blast movement monitors (BMMs) in previous blasts).

Process
BMMs were placed in the blast area for four blasts (five BMMs per blast) and post-blast movement was measured.

The engineering department modelled blast movement, magnitude (distance) and bearing (direction), in each location.

Model validation compared calculated model vectors with BMM measurements:

Average error between the model vs measured vector magnitude was 50%.

Average error between the model and measured vector bearing was 9% .

The cost (production losses due to ore loss, dilution or misclassification) associated with the errors was calculated by comparing 
measured-BMM-translated polygons to predicted-model-translated polygons.

Results
Model-translated polygons (rather than measured) would have cost the mine over US$490,0002 in ore loss and dilution:

7,782 tonnes of ore would have been lost, resulting in US$306,9241 revenue lost across 4 blasts.

8,784 tonnes of dilution—waste processed as ore—resulting in $186,248 in additional processing costs.

10,555 tonnes of ore would have been misclassified (i.e. HG ore stockpiled as LG).

4. The case for measurement over modelling at a
Canadian gold mine: over US$306,000 saved

Footnotes
1. Ore loss and dilution assumptions

Grade of waste material  = 0 g/ t Gold price = US$1,340/ oz Cost of mill processing = $22 / t

2. Sum of model ore loss and dilution potential losses (rounded)
6



Four example blasts from a Canadian gold mine demonstrate the unpredictable nature of blast movement and the 
difficulties in modelling. 

See pages 8 – 14 for blasts that:

Compare the magnitude and the bearing of measured and modelled movement vectors in each blast.

Calculate potential losses from dilution and ore loss that would have occurred if blast movement was not accurately 
accounted for.
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Blast 1: Model vs measurement variability over 50%

Measured blast movement was ± 50% from mean.

Model failed to accurately account for horizontal movement:

difference between model and measured movement was 0.9 to 
4m (or 62% to -57% error).

Model failed to accurately predict direction:

difference between model and measured direction was 10 to 
35 degrees (or -7% to 27% error).

Location Horizontal Movement Direction 

BMM (m) Model (m) Error (%) BMM (o) Model (o) Error (%)

1 3.7 6.0 62 104.6 96.8 -7

2 7.0 6.0 -14 87.0 96.8 11

3 9.4 6.0 -36 88.7 96.8 9

4 7.0 3.0 -57 120.0 116.4 -3

5 10.4 7.5 -28 135.2 159.4 18

6 9.6 7.5 -22 125.8 159.4 27

7 6.6 7.5 14 126.3 159.4 26

Engineering Model movement 

and direction

BMM Measurement movement 

and direction

Centreline

Initiation point
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Blast 1: Model vs measurement losses over 
US$200,000 in ore loss and dilution

Comparison of modelled post-blast dig lines with 
measured post-blast dig lines.

Using the modelled dig lines would have cost the 
mine over US$200,000 in this blast:

Ore Loss : 6%;  2150 t;  USD 123,693

Dilution: 12%;  4058 t;  USD 82,285
Ore Loss (6%;  2150 t;  USD 123,693)

Dilution (12%;  4058 t;  USD 82,285)

Misclassification (3%;  1015 t)

Pre-blast ore contact

Measured post-blast contact

Model post-blast contact
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Blast 2: Model vs measurement error varied from 
115% to -36%

The range of measured movement was 2.7 to 9.0m, 
depending on their location in the blast.

Modelled movement was 5.8m at each location, 
which was significantly different to measured.

Model bearing error was low, 20 to -3 percent.

Location Horizontal Movement Direction 

BMM (m) Model (m) Error (%) BMM (o) Model (o) Error (%)

1 2.7 5.8 115 150.4 180.3 20

2 3.5 5.8 66 192.6 186.3 -3

3 9.0 5.8 -36 186.4 181.2 -3

Engineering Model

BMM Measurements

Centreline

Initiation point
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Blast 2: Even small errors erode recovered value
Over US$30k would have been lost in this blast

Ore loss and dilution resulting from model rather than measured vector movement.

Using measured post-blast dig lines increased value recovered by US$30,000 and reduced waste.

Ore Loss (2%;  570 t;  USD 8,745)

Dilution (3%;  1040 t;  USD 22,872)

Pre-blast ore contact

Model post-blast contact

Measured post-blast contact
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Blast 3: Model error variability was -50 to 121 %

Comparison of modelled and measured direction and 
movement showed modelling under- and over-estimated 
movement.

Model failed to predict variability of movement over 
the blast area.

Movement (measured) varied form 3.3 to 10.1m, 
whereas modelling estimated movement as 7.3m or 
5.1m.

Location Horizontal Movement Direction 

BMM (m) Model (m) Error (%) BMM (o) Model (o) Error (%)

1 3.3 7.3 121 185.3 176.7 -5

2 4.5 7.3 62 195.1 177.4 -9

3 5.8 7.3 26 226.9 229.9 1

4 6.6 7.3 11 244.2 229.7 -6

5 10.1 5.1 -50 264.6 276.6 5

6 4.3 7.3 70 255.3 255.9 0

Engineering Model

BMM Measurements

Centrelines
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Blast 3: 3,686 tonnes of waste would have gone to the 
mill in this blast

Comparing post dig lines moved using the 
model to the post dig lines moved using 
measured vectors.

The model moved post-blast dig lines into 
areas of waste, increasing dilution to 
3,686 tonnes and incurring over 80,000 of 
unnecessary milling costs.

Ore Loss (0%;  0 t;  USD 0)

Dilution (2%;  3686 t;  USD 81,091)

Misclassification (4%;  6493 t)

Pre-blast ore contact

Model post-blast contact

Measured post-blast contact
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Blast 4: Small model errors resulted in significant ore 
loss 

Model movement error was about 50%. 

If mined using the model post-blast dig lines, this blast 
would have lost ore valued over US$170,000.

Location Horizontal Movement Direction 

BMM (m) Model (m) Error (%) BMM (o) Model (o) Error (%)

1 NF 7.3 NF 180.2

2 4.4 7.3 66 168.2 140.7 -16

3 NF 7.3 NF 166.7

4 5.1 7.3 43 179.6 180.3 0.3

Engineering Model

BMM Measurements

Centreline

Initiation point

NF = not found

Misclassification (3%;  3407 t)

Ore Loss (5%;  5062 t;  USD 174,486)

Pre-blast ore contact

Model post-blast contact

Measured post-blast contact
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Over US $300,000 in ore loss and dilution—resulting 
from unaccounted blast movement in four blasts 

At this mine, more than US$300,000 of additional revenue was recovered in four blasts by measuring blast movement instead of 
modelling, at a cost of only 20 BMMs. 

The additional revenue from these four blasts more than covers the total annual cost of the BMM System. 

Mining ore in situ would have been more economic, potential ore loss US$213,389, compared with modelling.

Definitions
Ore Loss
 Ore loss occurs when material containing grade (ore) is incorrectly sent to a waste dump
 When a cost is given for Ore Loss, it is the sale value of the metal (gold, copper)  recovered from this ore (i.e. ore tonnes x grade x recovery rate x metal price)

Dilution
 Dilution occurs when waste is unintentionally with material containing ore and sent to the mill
 When a cost is given for Dilution, it is the cost of processing the waste material through the mill

Misclassification
 Misclassification occurs when material containing grade (ore) is sent to an incorrect downstream location (i.e. a stockpile); for example, sending high grade material to a low grade stockpile

Ore loss, dilution and misclassification that would result if ore was mined 

In situ Based on modelled movement 

Location Ore loss $ Dilution t (%) Misclass t Ore loss $ Dilution t (%) Misclass t

1 104,601 2,660 (8%) 4,648 123,693 4,058 (12%) 1,015

2 5,516 (18%) 8,745 1,040 (3%)

3 108,788 9,772 3,686 (2%) 6,493

4 12,180 (11%) 8,512 174,486 3,047

$213,389 20,356 22,932 $306,924 8,784 10,555

Ore Loss: Modelling, rather than measuring, post-blast 
movement would have resulted in 7,782 tonnes of ore loss, 
valued at US$306,924 (based on actual imported grades of ore 
blocks).

Mining in situ would have resulted in $213,389 ore loss

Dilution: The model under- or over-estimated movement, 
potentially sending 8,784 tonnes of waste to the mill, adding 
US$186,000 in unnecessary processing costs.
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Rock will move during blasting.

Grade control is not complete until blast movement is accounted for.

While it is possible to estimate an average bulk movement of the rock, based on powder factors and rock 
characteristics, it is not accurate enough for grade control: where 1 - 2m of error translates to 10s of 
thousands of dollars in lost value.

Measuring blast movement, using the BMM System, is the only accurate and practical system for grade 
control.

The cost of variation makes modelling uneconomic.

Established practice at over 100 open pit operations.

Grade control requires accurate measurement of blast 
movement to minimize ore loss and dilution

Blast movement is highly variable: ±50% from the mean is very common

It is impossible to predict blast movement with sufficient accuracy for grade control

Accurate measurement of blast movement increases ore grade, recovered tonnes and 
mine profitability
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Find out more

Visit Blast Movement Technologies at 

www.blastmovement.com to find out more 

about blast movement variability and our Blast 

Movement Monitor (BMM) System.

©Blast Movement Technologies

26 Spine Street, Sumner

Queensland

Australia
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