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FALLSTUDIE: SPRÄNGNINGSSIMULERING I EN 
UNDERJORDISK GRUVA 

CASE STUDY: BLASTING SIMULATION IN AN UNDERGROUND 
MINE 

Johan Kempe & Jose Pinedo, Howden 

Sammanfattning 
Spränggaser utgör en betydande säkerhetsrisk för underjordiska gruvor. Långa 
väntetider för återinträde minskar risken för förgiftning på grund av skadliga gaser men 
till bekostnad av minskad produktivitet. Korrekt förfarande vid återupptag av arbete kan 
förbättra säkerheten och maximera produktionen. 
För att förbättra återinträdetiden rekommenderas användande av ventilationssimulerings 
programvara för att uppskatta riskfritt återinträde efter sprängning samt åtgärder för att 
säkerställa att ventilation är optimerad för att rensa gaser från sprängplatserna. Innan du 
använder sprängningssimulering som ett vardagligt verktyg krävs arbete för att kalibrera 
simuleringen. I den här fallstudien presenteras hur sprängningssimulering kan kalibreras 
och diverse lärdomar och rekommendationer presenteras. 

Abstract 
Blasting fumes represent a significant safety risk for underground mines. Lengthy re-
entry time decrease the risk of intoxication due to noxious gases however it comes at the 
cost of productivity. Correct re-entry procedure can improve safety and maximize 
production.  
To improve re-entry time, ventilation simulation software can be used to estimate the re-
entry time after blasting and ensure that the ventilation is optimized to clear gases from 
the blasting locations. Prior to using blasting simulation as an everyday tool, work is 
required to calibrate the simulation. In this case study, the blasting simulation is 
calibrated and lessons learned are presented. 
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Background 
Why simulating blasting fumes 
In order to determine re-entry time, most calculate the number of air changes required to 
have fresh air in the heading. While this approach is valid, it does not take into 
consideration gas fumes who could be going to other levels or recirculation. Simulation 
of blast fumes allows for a greater understanding of the impact of the blast on the entire 
network. 

Initial model requirement 
An accurate ventilation model is required to perform blast clearance simulation. An 
accurate model would typically have simulated values within 10% from the actual 
readings of airflow quantities and velocities. Some common mistakes in modelling can 
however affect accuracy, in particular airflow velocity estimates.   
It is common to use original design dimensions to build ventilation models; however, 
actual airway sizes often differ by 20% or more due to over break of the tunnels (F. 
Michelin, 2014).  Even if airflow is correctly calculated in the model, the air velocity 
(the component used to calculate the speed of contaminant and gas removal), can be 
significantly in error. Accurate velocities are required to simulate fires, gas spread, heat, 
DPM and blasting fumes. 
Calibration differences in airflow quantity can also result from incorrect resistances due 
to poor estimations of friction factors or shock losses.  Where possible, resistance 
surveys (pressure and flow measurements) should be done to ensure friction factors and 
shock losses are considered, and that future development and model predictions use the 
correct values.  
In addition, auxiliary ventilation and duct quality should be included in the model to 
better represent airflow distribution as the movement of air through these ventilation 
pathways will affect clearance times. Ventilation duct should consider leakage as high 
leakage will reduce flow delivered to the blasting site, increasing the clearance time. 

Blasting simulation in Ventsim DESIGN 
Simulation of blasting fumes is based on calculating the total amount of gas to release 
based on gas yield (l/kg) and explosive quantity then adding a portion of the gas into the 
airstream based on the dispersion factor. The amount of gas added into the airstream is 
given by multiplying the yield and the explosive quantity. This amount is then released 
slowly into the airstream based on the dispersion factor. 
The yield is set as part of the explosive presets while the explosive amount and dispersion 
are set per airway through the edit form.  
Monitors can be placed throughout the model to record the results of the simulation. For 
this study, the monitor are placed at the same place as the sensors. 
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Gas Yield 
The gas yield provided by manufacturer is usually insufficient to simulate accurately. 
They are measured in controlled environment, which do not represent the variation of the 
underground conditions. Some factors influencing the gas yield include oxygen balance, 
water content, confinement and more (James H. Rowland III, 2000). With variations in 
CO yield from 5 l/kg to 50l/kg. 

Figur 1 Spränggaser i Ventsim 

Dispersion Factor 
The dispersion factor was introduced by (Stewart, 2014) and represent how fast the gases 
enters the air stream. Some default values are available in Ventsim, however deciding on 
the correct factor to use is not simple and often comes down to guess work. It is also 
possible to use custom values. 

Description Dispersion Factors 
Very Slow 1 
Slow 2 
Moderately Slow 3 
Moderate 4 
Moderately Fast 5 
Fast 7 
Very Fast 10 

Figur 2 Spridningsfaktor i Ventsim 
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Method 
Measurement conditions 
The data from 34 blasts across two sites were studied, both site using emulsion. All 
measurement were taken underground and measured using the equipment in place. 
Multiple factor would affect the results: airflow values, how well mixed the blasting 
fumes are by the time they pass near the sensor as well as possible discrepancies between 
the different sensors. For this reason, it is understood that the yield measured is unlikely 
to be the exact yield value found in a controlled setting. However, the value studied are 
the values which will be used by mining engineer to decide on re-entry. As such, they are 
relevant to study.  
 

Calculation of yield 
To calculate the yield, the concentration for each time step is multiplied by the time step, 
summed and divided by the amount of explosives. The concentration was also adjusted 
based on pre-existing gases.  
 

𝑌𝑌 =
∑ (𝐶𝐶 − 𝐶𝐶𝐶𝐶)𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠∆𝑡𝑡

1000 𝐸𝐸
 

 
Where Y is the Yield in l/kg, E the amount of explosive in kg, C the concentration of 
gas in ppm, Ce the concentration existing before the blast in ppm, 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠the amount of 
airflow at the sensor in m3/s and ∆𝑡𝑡 the time between two readings in seconds. 

Calculation of dispersion factor 
The dispersion is calculated using the peak concentration of gas and the total amount of 
gas generated. 
 

D = −
50E𝐶𝐶1−

𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
106𝑌𝑌𝑌𝑌

1.2Q𝑓𝑓𝑓𝑓𝑓𝑓𝑠𝑠√𝑌𝑌𝐸𝐸
 

Where 𝑪𝑪𝒎𝒎𝒎𝒎𝒎𝒎 is the maximum gas concentration in ppm and 𝐐𝐐𝒇𝒇𝒎𝒎𝒇𝒇𝒇𝒇 is the airflow at the 
face. 
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Results 
Simulation Results 
Once the factors are calculated, the simulation results aligns closely with the readings 
with similar peak and blast clearance times. Despite two different test sites being used, 
the results were similar. Likely due to the use of emulsion at both site. For this reason, 
results are presented combined. 
 

 
Figur 3 Kalibrerad simulering jämfört med värden uppmätta med sensorer 
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Yield Variation  
The yield varies significantly (from 5 l/kg to 60 l/kg) depending on the blast. The mean 
was about 26.5 l/kg. The Ventsim preset of 16 l/kg does represent a reasonable value 
however higher yields are also likely. Simulation of a worth case scenario would require 
the use of higher yield. 
 

 
Figur 4 Variation över bildande av gaser 
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Dispersion Factor 
The dispersion factor had a mean of 0.22 with 70% of the reading below 0.345. This 
results suggests the use of lower factor than the Ventsim default. It is recommended to 
use a custom dispersion factor of 0.2. 

 

 
Figur 5 Variation över spridning av gaser 
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Conclusion 
This study highlight the high variation of yield due to many external factors. In order to 
be used efficiently on site, use of manufacturer information is a good place to start but 
calibration through comparison with measured data is recommended. 
Following the results for the dispersion factor, the Ventsim preset will be adjusted. 
More work is ongoing to determine the factors influencing the dispersion. Initial study 
suggest a correlation between airflow at the face and distance to ventilation duct and 
dispersion. However, the number of example studied is not yet significant enough to 
conclude. 
Considering the high variation in parameters, it would be interesting to have a blast data 
analysed directly on site through SCADA or Ventsim CONTROL. A high number of 
data points could be processed automatically leading to a greater confidence in the 
likelihood of the different yield and dispersion factor. It could then be possible to run a 
daily blast clearance time simulation automatically and to report on the re-entry time 
probability. For example, 50% chance of re-entry under 15mn and 90% chance of re-
entry under 50mn. 
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