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ABSTRACT

The cut and fill method is applied at Pongkor underground gold mine where a number of level is mined

simultaneously. To ensure that mining in each level can be carried out safely, sill pillars must be left at the top of
each level, which thickness must be carefully deterrnined. For the purpose of determination of the thickness,

displacements in the vein must be understood.

INTRODUCTION

Considering the general characteristics of rock and ore, a fulI mechanised cut and fill method is adopted at Ciurug

vein, Pongkor Underground Mine. More than one level is opened in order to maintain the continuity of total rate and

grade of ore production, i.e level 500, level 600, and level 700. Consequently, sill pillars should be left immediately

below the upper level.

Stability of the pillar is absolutely required for ensuring the safety of people and mining equipment. The pillar is the

part of vein that is left. This naturally contains fractures and cracks that are induced by blasting. Measurement of

displacement at the vein is therefore of importance to observe stoping-induced defonrration.

A represenhtion of ore body at cross-cut 6A located at elevation 568 was chose,n for the measurement. This research

is a continuation of the former research conducted in the neighbowing area (Sulistianto, et al, 2003a\200q.

DISPLACEMENT MEASUREMENT

Extensometer

Measurement station was located at XC 6A in Level 500 of Block II Centzl Ciurug, at an elevation of 568 m, about

3.100 m from the portal and around 300 m from the surface. Boreholes for the placing the exte,nsometer magrctic

anchors (To - Tr) were oriented horizontally and vertically into the vein (Au-Ag ore), as i[ustrated in Figure l. The

equipment used was Intrinsically Safe Mognesonic Probe Extensometer of Tlpe 1052.
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Figure 1. Magnetic anchors in borehole

When installing the extensometer, it was guaanteed that the anchors were placed in a certain depth such that they
were not affected by operational activities in the tunnel and solely influenced by the rock mass movement. The

change in distance between the first (reference) anchor and the last (deepest) anchor therefore represented the total
movement of rock mass that could be detected. The absolute movements between other anchors (Tr, Tz, T3, and Ta)

were calculated by assuming that the first or last anchors (Tr or Ta) did not move. For an example, Ta3 represents

displacements between Ta and T3 where Ta does not move. The displacement calculation was based on the change of
distance between the two mapetic anchors as follows:

Where:

AL = L.- Le

AL: distance change (displacement), mm

I-, : final distance at time ! mm

L6 : initial distance, mm

The measurement was conducted everyday to frnd the response of the vein to the mining operations in the stope

located below. The initial positions of the magnetic anchors are listed in Table l. During the measurement, mining in
the below stope (accessed tough xc 5A) was being conducted. The mining liad progressed to third slice leaving a

vertical distance of 3 m, from the xC 64 floor to the stope roof. At the beginning of the measurement, the stope was

63 m (horizontal) from the station. The mining then moved towards the station (distance of 0 m) and then passed the

station.

(1)
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Table 1. Initial positions of magrretic anchors from the collars

Top Borehole Front Borehole

Position Rock Position

Tr ll23 mm Foot wall 1146 mm Vein

Tz 2411 mm Foot wall 2365 mm Vein

T, 3892 mm Vein 3867 mm Vein

Tr 5883 mm Vein 5887 mm Hanging wall

s depicting the accumulative displacements as the stoping move forward to the station and passed the station

ven in Figure 2 for top borehole and Figure 3 for front borehole,

B<tensometer of Top Borehole, Slice 3

Figure 2. Accumulative displacement along top borehole

E<tensometer of Front Borehole, Slice 3

Stope Elstance (m)

Figure 3. Accumulative displacement along front borehole
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Numerical Modelling

Numerical modelling was carried out using Finite Elernent Method. The input data were stope geometry, mining

sequences, discontinuities, rock mass properties, and in situ stresses in the measurement location. The analysis was

then focused on the displacements occurred in the points represented the magnetic anchors positions.

In the model the stope was approximately 5 m wide and the thickness of mining slice was 3 m. Calculation was

performed for each slicing, where slurry backfill was placed at the end of each slicing. Rock mass properties were

taken from the laboratory with an adjustment factor of 75Yo applied to the Young's Modulus. The in situ stresses

were 4.226 MPa for ol and 0.385 MPa for o3 (Sulistanto, et.al, 2003b). Discontinuities were based on borehole

carnera observations (Figures 6 and 7) and cores from the front borehole (Figure 8). The FEM model and the

calculation result are given in Figure 4. The numerical model revealed that the rock mass, in particular the vein

located in the front and in the top of the XC 6.4., moves downward in the direction of vein dip.

Figure 4. FEM Modelling: (a) Model, (blResult

Displacement Comparison between Extensometer Measurement and FEM Modelling

In the movement calculation it was assumed that the vein moved downward due to the mining operations carried out

in the stope located below. It was therefore supposed that the fixed anchors for the top and front extensometers were

Tl in the footwall and T4 in the hanging wall respectively. The last measurement was carried out when the mining

passed the station. The comparison between displacement measured u5ing extensometer and that predicted by the

FEM modelling is given in Table 2.

(b)(a)
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Table 2. Displacements at the end of measurement

Slice Instrument

Displacement (mm)

Top borehole Front borehole

T r-: T r-r Tu T+r T r.z T+r

3

Extensometer 0,1 -0,1 -0,2 0,2 0,6 0,9

Model -0, r -0,1 -0,1 0,r 0,4 0,5

IN CONDITION AND BOREHOLE CAMERA

I directions of fractures within the rock mass are parallel to the vein dip, as shown in Figure 5, which was taken

.de the stope. This condition might cause dovrnward movement of the vein. The fractures have also been

erved by a borehole camere inserted in the front borehole.

Figure 5. Fractures in vein

tased on information obtained from the borehole, more detailed inspections'have been conducted at the depth of

40 cm arld z6s crn in rhe front borehole. The borehole camera still images show that there were continuous

liscontinuities which directions (strike/dip) were N338oE/400 at the depft of 140 cm and N3568650 at the depth

rf 265 cm (Taufik, 2005), as shown in Figures 6 and 7. The strike/dip of the discontinuities were similar to the

Fneral direction of fractures in the vein measured directly inside the stope, which was N357b/M0.
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Figure 6. Crack at the depth of 140 cm

Figure 7. Crack at the depth of 265 cm

The drill cores up to a depth of 15 cm was crushed, which showed that contact between vein and footwall was a
crushed zone' In addition, discontinuities were also clearly observed at the depths of 140 cm and 265 cm, which
confirmed the borehole camera images. The fiont borehole core box photo is given in Figure g.

Figure 8. Core box offront borehole
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DISGUSSION

Displacements from extensometer measurement and numerical model both showed negative value at the top

borehole and positive value at the front borehole. The only diference y65 magnetic anchor Tr.z in top borehole,

where the extensometer gave a positive value, whereas the numerical model gave a negative value. The mapitude

of both displacements was relatively similar. The negative value at the top borehole was related to the shortening of
distance between anchors which indicated a downward movement. The positive value at the front borehole was

associated with a downward movement toward the footwall, indicated by a lengthening of distance between anchors.

It can be then thought that stoping conducted below caused a downward movement of the vein which direction was

parallel to the dip of the vein. Furthermore, the discontinuities in the vein and the contact between vein and the

footwall also contributed to the movement.

As the measurement was conducted in the elevation of 568 m, the results must therefore be taken into account in the

calculation of the Factor of Safety of the sill pillar, which will be located in the elevation of 590 m-

CONCLUSION

Having investigated the displacement provided by extensometer measure,metrt and that gtven by numerical

modelling, it can be concluded that the vein experienced downward movement in the direction of its dip, caused by

stoping activities conducted undemeatl the measurement station.
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