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1 HUNTLY EAST COALMINE 

Huntly East Underground Mine is located north of 
Huntly Township, approximately 80 km south of 
Auckland, New Zealand. The Huntly East Mine geol-
ogy consists of a sequence of mudstones and coal 
seams of the Te Kuiti Group with a thickness ranging 
from 25 m to 250 m, over a succession of saturated 
sands, silts, and gravels of the Tauranga Group with 
a thickness from 25 to 70 m. This sequence lies on 
greywacke basement rocks. Two economic coal 
seams, the Renown and Kupakupa Seams, lie near the 
base of the Te Kuiti Group. The coal seams have a 
typical total thickness of 20 m, and are normally 150 
to 300 m below the surface (Solid Energy 2006; Solid 
Energy 2011).  

Subsidence above the Huntly East Mine has oc-
curred since initial production in early 1983 (Kelsey 
1986). In 2006, the planned and managed subsidence 
over the north mine panels 51 and 52 ranged approx-
imately from 1 to 1.2 m (Guy et al. 2006). Installation 
of a new 300 m deep concrete shaft was proposed to 
improve access to the western portions of the mine;
strata movement surrounding this shaft may compro-
mise the stability of the shaft opening. To assess  

likely movement amounts, Solid Energy installed a 
250 m deep inclinometer borehole in the North 5 min-
ing area in 2009 ahead of advancement of the mining 
operations at the time (Solid Energy 2009).  

2 INCLINOMETER DATA AND BOREHOLE 
MOVEMENT 

2.1 Methods 

The Borehole (20091) for inclinometer monitoring 
was drilled by wash coring in February 2009, to a 
depth of 250 m.  The borehole was watertight as it 
was enclosed by a PVC casing and grout sealing 
(Solid Energy 2009). Thirteen inclinometer surveys 
were conducted using the same inclinometer digital 
probe (Series Number 1678, Soil Instruments Limited 
2010) on 13 separate days from March 2009 to Feb-
ruary 2011. The first survey on 27 March 2009 is the 
reference or initial baseline for this research. The data 
errors in the 13 inclinometer datasets included the ex-
treme checksum values (Machan & Bennett 2008; 
Mikkelsen 2007; Mikkelsen 2003; Cornforth 2005). 
After error corrections, two abnormal surveys were 
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discarded, and the 11 useful survey datasets were 
used for further analysis. 

2.2 Identification of movement zones  

Cumulative displacement graphs for both the A and 
B axes (Figure 1a and 1b) indicate the deviation from 
the shape of the borehole measured immediately after 
installation on 27/03/2009. Figure 1c presents the re-
sultant cumulative displacement plots from summa-
tion of the A axis and B axis components in Figures 
1a and 1b.  Data are cumulated from the base of the 
borehole. This assumes zero deviation at the base 
(Stark & Choi 2008; Cornforth 2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. a, the A axis cumulative displacement after error cor-
rection. b, the B axis cumulative displacement after error correc-
tion. c, Resultant cumulative displacements showing three 
movement zones. d, The simplified stratigraphy of borehole 
20091, QA: Quaternary age in Tauranga group; and KW: Wha-
ingaro Formation, KG: Glen Massey Formation, KM: Manga-
kotuku Formation, KP: Mangakotuku – Pukemiro Mbr for-
mation, and KA: Pukemiro – Glen Afton formation in Te Kuiti 
Group.  

Several discrete zones can be seen in the resultant cu-
mulative displacement plots (Figure 1c). 

From 115 m to 0 m (surface) a progressive lean is 
observed in the resultant curves suggesting increased 
movement of the strata towards the surface. The top 
115 m of the borehole may thus be a zone of creep 
(Figure 1c). 

The creeping region includes a zone of extreme de-
viation between approximately 22 and 40 m which is 
inferred to represent suspending and floating of the 
casing due to poor grouting. This extreme displace-
ment is considered artificial and does not represent 
strata movement so is not considered in this discus-
sion. 

Shear zone 1, from 135 to 135.5 m, is a narrow (0.5 
m) shear zone (Figure 1c), largely due to movement 
in the B axis. Shear zone 2 at approximately 166 m – 
170 m presents a sharp jump in the resultant curves, 
this is largely due to movement in the B axis (Figure 
1b) and represents a dispersed shear zone approxi-
mately 4 m thick. 

The three zones coincided well with the geological 
structures showing in geophysical Logs from the in-
clinometer borehole, provided by Solid Energy 
(2009). 

2.3 Direction of movement  

The plotted trajectories of borehole movement at 1 m, 
135 m, and 166 m depths, show that: the movements 
were all non-linear; the trajectory at 1 m is quite con-
sistent overall, with a trend of approximately 140°; 
movement patterns at 135 m and 166 m were very 
similar to each other.  

2.4 Rates of movement  

Patterns of movement rate were similar, with all three 
depths showing peak rates during measurements 5-6 
and 9-10 (Figure 2). Movement was consistently fast-
est in the creeping zone, measured at 1 m depth, and 
generally slowest at 166 m. 

 
 
Figure 2. Strata movement rates along trajectory at 1m, 135 m 
and 166 m, all was showing a major trend of rising over time, 
and decreasing with depth. Here the digitals in squares, are 
measurement numbers, 1-2 means the movement measurement 
from 1st measurement to the 2nd measurement. 
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The shear movements of the two shear zones (at the 
depths of 135 m and 166 m) were different from one 
another (Figure 3).  The movement at 166 m shows a 
short period of reverse movement prior to each of the 
periods of rapid movement. This may suggest tilting 
of rock blocks. 

The shear movements of the two shear zones (at the 
depths of 135 m and 166 m) were different from one 
another (Figure 3).  The movement at 166 m shows a 
short period of reverse movement prior to each of the 
periods of rapid movement. This may suggest tilting 
of rock blocks.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Comparison of the strata shear movement rates at 135 
m and 166 m.   

3 MODEL DEVELOPMENT OF STRATA 
MOVEMENT  

It has been observed by several authors (Mitchell 
2007; Solid Energy 2007) that 90% of the subsidence 
takes place during the first 6 months from the first ob-
servation to the finish of subsidence at the surface. 
Kelsey (1986), in a study of the Huntly East Coalmine 
around the NZED Hotel, commented on the total de-
lay time between panel extraction completion and ob-
served finish of surface subsidence, of approximately 
1 to 2 years. The best estimate of the delay time from 
the completion of extraction to the completion of sur-
face subsidence used in the modelling was deter-
mined as 18 months (Du 2012). The subsidence de-
velopment was delineated as: surface subsidence 
began one year after completion of extraction, and de-
veloped during the following 6 months to reach the 
maximum subsidence.  

The coal seam depth in the North 5 mining area 
was relatively stable. The coal roof from the ground 
surface at the Borehole was at an approximate depth 
of 295 m. The extraction seam height was relatively 
stable at approximately 7 m. The extraction volume 
could be simplified and represented by extraction 
area (m2) times 7 (m).  One varying component: the 
distance from the extraction to the inclinometer bore-
hole was used. Others were relatively consistent or 
assumed to be stable. Thus, the correlation study fo-
cused on the relationship between the magnitude of 
the borehole movement and the distance from the 
nearest edge of the extraction to the inclinometer 

borehole, and the direction relationship between lat-
eral movement direction and the bearing of the ex-
traction. 

To simplify the analysis, the subsidence was ap-
proximated as 8 separate subsidence events, relating 
to the strata lateral displacement measurements in 
May, June, August, September, October, November, 
December 2010, and February 2011 (Table 1). Each 
monthly measurement was assumed to be the final 
static subsidence of the strata, which was induced by 
the 6 continuous months of extraction between 12 and 
18 months prior to each measurement time, with 
weights from 6/6 to 1/6 respectively contributing to 
induction of a measured lateral movement. 

 
Table 1. The horizontal displacement measured and distance 
from the nearest extraction edge to the measurement point of in-
clinometer borehole, in eight separate subsidence events. 

 

 

Correlations between the lateral movement of strata and coal ex-
traction for an 18 month delay pattern were sought by scatter 
chart and regressions (Figure 4).  

Figure 4 Scatter plot of the horizontal movement and nearest 
edge distance from extraction to the borehole for 18 month delay 
pattern.  

According to Evans & Feltz (1996) for the abso-
lute value of r, and the Scatter charts in Figure 4, the 
correlations between the horizontal movement and 
the nearest extraction distance at surface, 135 m and 
166 m are ‘very strong’, ‘strong’ and ‘strong’ respec-
tively.  

Modelling using Phase2 (RockScience Inc. 2011), 
as detailed in Du (2012), gave the following numeri-
cal equations: 

 
y = 0.0003x2 - 0.3216x + 83.306     at 1 m    (1) 

y = 7E-05x
2
 - 0.0759x + 23.284      at 135 m    (2) 

y = 2E-05x2 - 0.0304x + 11.131      at 166 m     (3) 
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where:  x = the nearest distance from extraction edge 
to the Borehole, m; and y = the lateral movement dis-
tance of the Borehole at a depth over a month, mm. 

Comparing the measured data and the modelled 
data, the correlations between the measured move-
ment and the modeled movement had the r values of 
0.855, 0.715, and 0.700. According to Evans & Feltz 
(1996) for the absolute value of r, the correlations be-
tween the horizontal movement modelled and meas-
ured at surface, 135 m and 166 m are ‘very strong’, 
‘strong’ and ‘strong’ respectively. 

4 CONCLUSIONS  

Three movement zones were identified, two ‘shear 
zones’, and one ‘creeping zone’. The trajectories of 
the borehole lateral movement show that the move-
ment was non-linear, and the trajectories varied with 
depth, having a varying movement rate and direction. 
The two shear zones occurred on two separate strata 
bedding planes of the Te Kuiti Group. The creeping 
movement occurred in the soft Tauranga Group and 
within the upper Te Kuiti Group. The trajectory of the 
extraction advancing was not in a straight line. The 
trajectory of the borehole lateral movement was also 
a non-linear movement having a varying movement 
rate and direction.  

The correlation between the extraction nearest 
edge distance and the lateral movement was initially 
represented by three equations. Of which Equation 
for movement at 1m (surface) gave the best correla-
tion, ‘very strong’ correlation. At other two depths in-
vestigated (135 m and 166 m) correlations were 
‘strong’, not as strong as for 1 m depth. The correla-
tions between the horizontal movement modelled and 
measured at surface, 135 m and 166 m are ‘very 
strong’, ‘strong’ and ‘strong’ respectively. 

Lateral movement has been analysed and charac-
terised in this study, but vertical subsidence has only 
been identified to exist and was not discussed in detail 
due to the limited dataset available. 

We found no reports in the literature of the instal-
lation of an inclinometer borehole deeper than 120 m. 
According to ASTM (2005), no standards are availa-
ble yet for evaluation against precision and bias issues 
arising from the use of a borehole inclinometer 
(ASTM 2005). Therefore, the inclinometer borehole 
in this study may be one of the most complicated 
cases for monitoring and measurement of strata 
movement induced by underground extraction in 
New Zealand. 
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