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Figure 6.3: Lateral response curve, 0.75º bend – 89 mm bit (Hungerford, et al, 1988a) 

It was evident that the plots were off-set approximately 30º (or one hour) clock-wise. 

This indicated a reactive torque from the DHM was being distributed back through the 

drill rods, producing an anti-clockwise elastic torsional flex of the rods. Increasing or 

decreasing the penetration rate would have a direct effect on the torque produced by the 

DHM and thus the magnitude of the elastic reactive flex in the drill rods. When drilling 

ceased, the torque was released and the orientation of the DHM returned to its static 

position before the subsequent survey. With this knowledge and the response curves, a 

clock-faced steering guide was produced (Figure 6.4, Hungerford, 1989) to assist in 

training drillers in steering the DHM. Both response curves and the “clock-face” 

allowed the drillers to predict what the survey results will be at the bit and plan what 

orientation to use to produce a desired result over the next 6 m of drilling. 
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Figure 6.4: Steering guide, 0.75º bend – 89 mm bit (Hungerford, 1989) 

With the introduction of the 4/5 lobed Accu-dril DHM, the bit diameter was increased 

to 96.1 mm in an attempt to reduce friction in the borehole which was causing surging, 

limiting drilling rates and borehole depths achieved. The magnitude of the bend was 

increased to 1.25º to provide an additional ability to climb. This was greater than the 

minimum required but provided additional deflection for control in broken or cleated 

environments where changes in either vertical or lateral direction were found to be 

reduced. Electronic surveying was not available to provide an indication of lateral and 

vertical response over 6 m intervals so indicative response curves (Figure 6.5 and 

Figure 6.6, Hungerford, 1989) were produced as guides for drillers to maintain 

directional control with wire-line surveying.  The steering guide was adjusted to suit the 

greater deflections and increased reactive torque of the higher torque of the Accu-dril 

DHM. The response graphs and the steering guide were included in both the Directional 

Driller Training Manual (Hungerford, 1989) and the Appin drilling manual (Appin 

Colliery, 1996). 
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Figure 6.5: Indicative vertical response curve, 1.25º bend – 96 mm bit (Hungerford, 1989) 

 

Figure 6.6: Indicative lateral response curve, 1.25º bend – 96 mm bit (Hungerford, 1989) 

The change reduced in-hole friction and thus surging feed and allowed boreholes to be 

drilled to 1500 m at improved penetration rates. 

The development and utilization of the DDM-MECCA survey instrument reintroduced 

6 m survey intervals which allowed response curves to be produced for the 96.1 mm bit 

and 1.25º bend combination (Figure 6.7 and Figure 6.8, Hungerford, et al, 2012). The 

plots showed much more variation that initially expected. This was attributed to 

variations in coal strength due to banding which exists in coal seams, cleating of the 

coal, occasional broken coal or variations in torsional flex in the drill rods or a 

combination of any of these. 
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Figure 6.7: Vertical response - 1.25º bend with 96 mm bit (Hungerford, et al, 2012) 

 

Figure 6.8: Lateral response - 1.25º bend with 96 mm bit (Hungerford, et al, 2012) 

The response curves provided an indication of the available curve rates which could be 

used in borehole design. Reduced curve rates could be used to control the borehole 

laterally while still having adequate vertical control of the borehole. A lateral curve rate 

of 1.5 deg/6 m was adopted as a general design limit although this was reduced when 

cleat direction was known to limit the rate at which boreholes could be turned laterally. 

6.4 DEFINITION OF THE SEAM PROFILE 

Although directional drilling allows control of the borehole in both vertical and lateral 

planes, it does not indicate where the borehole is located in the strata. To achieve this 

and be able to follow the seam, the profile of the seam along the line of drilling needs to 

be defined. 
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In the early days of in-seam directional drilling, only an indication of whether the seam 

dipped upwards or downwards and the expected dip were offered by mine surveyors or 

geologists. It was left to the driller to progressively define the seam profile as drilling 

advanced. This was achieved by intentionally directing the borehole upwards to 

intersect the seam roof after approximately 50 to 70 m of drilling (Figure 6.9). A line of 

the seam roof was then drawn from the drill site to the intersection point and 

extrapolated for another 70 to 100 m. Another line was then drawn parallel to the seam 

roof with the seam thickness drawn below to indicate the line of the seam floor. The 

drilling was then continued by pulling back 6 to 18 m to branch and drill forward 

assuming the extrapolated roof position. After drilling forward another 70 to 100 m, the 

borehole was again directed upwards towards another roof intersection and the process 

continued. 

The preference is to regularly intersect the seam roof for seam definition as only 6 to 

24 m is usually required to be redrilled after retreating for a branch. If the seam floor is 

intersected, the bit has to be pulled back further to reach a suitable branch point which 

will not direct the future drilling back into the floor. 

When drilling adjacent to and in relatively close proximity to a previously defined seam 

profile, that profile can be used with slight adjustments for seam dip. Since the seam 

profile does not need to be progressively defined, branching is greatly reduced with 

improved drilling rates in subsequent boreholes drilled in the same direction.  
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Figure 6.9: Seam profile definition 

When drilling in thick seams or in a seam with a distinctive band, alternative targets can 

be used for seam definition. With a 10 m thick seam, a 3 m mining section against the 

seam floor and complicated geology high in the seam, the seam floor can be targeted 

(Figure 6.10). A branch point is created before diving over towards the floor. The 

drilling can then continue from the branch point. In the thin Balgownie seam, a 

distinctive shale band in the middle of the seam was regularly penetrated to maintain the 

borehole within the seam. With low angle intersections, the bit can be deflected out of 

the stone and drilling continued to avoid branching if the stone/coal interface is known 

to be stable. If it was unsure whether the intersected stone was roof or floor, the “rule of 

thumb” on deciding which drilling attitude to take was “if in doubt, drill up”. If the 

stone was roof, continued drilling proved that and the bit was pulled back a short 

distance to branch. If the stone was floor, continued drilling deflected the bit back into 

the seam for continued drilling with no loss of distance.  
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Figure 6.10: Profile definition of thick seam by floor intersections 

If drilling in a mining section low in a thick seam with complicated or unstable strata 

higher in the seam, the floor of the seam has been targeted for seam definition. At 

regular intervals, a sharp rise is drilled to provide a branch point before diving over into 

the floor of the seam. Drilling continues after branching from the branch point provided 

(Figure 6.10). In most cases, the bit is withdrawn approximately 30 m to branch 

whereas that distance would have been much greater if the roof of the seam was 

targeted. 

If a significant, consistent and well defined stone band has existed within a thick seam, 

this band has been used as the target for progressive profile definition. 

6.5 BRANCHING OF BOREHOLES TO CONTINUE DRILLING 

6.5.1 Branching Practices 

As well as having the ability to steer the borehole with directional drilling, a DHM can 

cut into the side and bottom of a borehole to form a new drilling face. In the Australian 

underground coal drilling industry this is referred to as branching. In surface drilling 

and in the coal industry in the USA it is referred to as side-tracking. Branching gives the 

ability to continue drilling after the borehole has been stopped for some reason. 


