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1.0 Executive Summary  

The tragic 2010 explosion at the Upper Big Branch Mine demonstrated that methane and coal dust 

explosions are still a substantial hazard in modern underground coal mines. The propagation 

mechanics of coal dust and gas explosions through mine workings are not fully understood. Flame 

propagation is believed to be accelerated by turbulence created by obstructions, such as rock rubble 

and equipment. The acceleration caused by such obstructions has the potential to accelerate flame 

speeds to the point of transition from a deflagration to a detonation. Detonations are suspected to 

have occurred in the mine explosions at Blacksville no. 1 (1992) and Sago (2006) with turbulence 

from obstructions potentially contributing to flame speeds reaching the deflagration to detonation 

transition (DDT) [1], [2]. Characterizing the impact of rock rubble on flame propagation velocities 

and explosion overpressures will substantially improve the industryôs understanding of flame 

propagation through mine workings, over equipment and rubble, that can lead to detonations. 

This research took a multidisciplinary approach to investigating the problem, with the general 

objectives of establishing a research facility capable of studying gas explosions relevant to mining 

industry and conducting an investigation into the impact mine workings and gob characteristics on 

the severity of gas explosions. One of the specific aims of this research is to uniquely leverage the 

synergistic relationship between experimental work and numerical modeling to produce a robust  

three-dimensional full -scale model capble of accurately predicting gas explosions in an 

underground coal mine. The objective of the experimental work is to characterize the impact of 

gob characteristics on the flame propagation velocities and overpressures. The parameters 

investigated are gas concentrations, ignition location, and rock rubble obstruction. There are two 

major objectives with the experimental work. The first is to investigate and characterize the 

phenomena, in order to improve the understanding of what factors increase the immediate damage 

potential of an explosion. The impact of these variables on the sustained acceleration of the flame 

front is of particular interest because a more rapidly accelerating flame front reduces the run-up 

distance required for an explosion to reach DDT. The second objective of the experimental work 

is to provide a large relevant data set to the numerical modeling portion of the project. The 

numerical modeling portion consists of the development of three primary models; a cylindrical a 

2D/3D cylindrical reactor gas explosion model, a 3D full-scale longwall ventilation model, and a 

3D full-scale longwall explosion model. The completed 3D full-scale longwall explosion model is 

capable of simulating a gas explosion on an active longwall face, as well as in the gob area near 

the shields; which allows various ignition and explosion scenarios to be investigated. 

The Gas Explosion Research Facility (GERF) was designed and constructed to both meet the needs 

of this research and to provide a key public research capability otherwise missing in the Western 

Hemisphere. The GERF successfully carried out the experimental work required for this project, 

providing both a high quality characterization of the phenomena, and the necessary data for 

developing and validating the 2D/3D cylindrical reactor gas explosion model. The 3D full-scale 

longwall explosion model is the result of an integration of the 3D cylindrical gas explosion model 

and the 3D full-scale longwall ventilation model, producing a model which successfully simulated 

methane-air ignition and explosion overpressures in an active longwall face area. The benefits to 

mining safety are twofold. First, the experimental characterization efforts quantitatively and 

qualitatively improves the understanding of gas explosions and factors that can increase the 

destructive potential. The second implication is that through pioneering the application of CFD 

modeling to gas explosions, this work paves the way for the adoption of a powerful new toolset.  
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2.0 Problem Statement and Objectives 

The impact of rock rubble obstructions on the acceleration of flame propagation velocities is a 

poorly understood fluid mechanics and combustion phenomenon where the turbulence from the 

obstruction increases transport, combustion reaction rates, and stretching of the flame, resulting in 

heightened velocities and overpressures that can reach the deflagration-to-detonation transition 

(DDT), increasing the destructive potential of an explosion in an underground mine. This research 

sought to quantify the impact of rock rubble obstructions on flame propagation, gain further 

insights into the phenomena, and then apply these insights to develop and validate improved CFD 

models and generalize the results into safety recommendations for the mining industry. Previously, 

experimental and preliminary numerical work had been conducted at Colorado School of Mines 

using smaller scale reactors up to 71 cm (28 in.) in diameter and 6.1 m (20ft) in length. The current 

project objective is to experimentally measure the impact of rock rubble obstructions and methane 

concentrations on flame propagation velocities in a large-scale reactor 71 cm (28 in) in diameter 

and 30.48 m (100 ft) in length and use the measured results to develop, refine, and validate three-

dimensional computational fluid dynamics models of gas explosions in underground coal mines. 

Once the 2D/3D cylindrical reactor gas explosion model was calibrated and validated, it was 

integrated with the 3D full-scale longwall ventilation model to develop the 3D full-scale longwall 

explosion model which simulated methane-air ignition  in an EGZ occurring at the shear drum 

near te coal face. This coupling of experimental and numerical efforts provided a unique 

opportunity to build on the synergies of these tools. The gas explosion research facility (GERF) 

was designed to house the new large-scale explosion reactor and provide a key public research 

facility for researchers in North America. 
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Figure 1: Project Structure
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Figure 2: The explosion reactor at the GERF. 
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Figure 3: The gas mixing and control system at the GERF.
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