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Abstract Water flow in faults made permeable by mining

is potentially hazardous. We have found that (1) water flow

due to this type of fault activation (FA) often occurs in the

goaf near the working face (a zone of reduced stress); (2)

the resistivity of the face goaf floor increases under normal

conditions; and (3) electrical resistivity is obviously

reduced during FA. At the Geting Coal Mine in China’s

Shandong Province, the decrease in resistivity exceeded

40 Xm when the fault began seeping. An experiment

conducted at Face 2313 of the Geting Coal Mine showed

that it is feasible to use electrical measurements to monitor

and predict FA. Based on these conclusions, we established

a monitoring criterion for FA.

Keywords China � Electrical measurement � Fault

activation � Monitoring criterion � Shandong � Water flow

Introduction

Many floor water inrushes are directly related to faults that

have been activated by mining. In this case, fault activation

(FA) refers to a fault that did not conduct water until it was

disturbed by mining, which caused it to become a water-

conducting passage. FA is highly unpredictable and prone

to cause disasters; hence, it is a great menace to under-

ground projects (Hu 2005; Zhao 2007). Common water-

conducting faults are often reinforced during coal mining

by injecting concrete slurry or setting up water-resistant

coal pillars in advance. However, it is difficult to prevent

water inrush events caused by FA. Therefore, it is neces-

sary to study the mechanism of FA to predict and prevent

it.

At present, early warning of mine water inrushes

involves monitoring (e.g. monitoring of water levels in

adjacent strata, electrical monitoring, angular displacement

monitoring; Liu 2008; Xu and Sui 2009; Zhang 2000;

Zheng 2004), among which, electrical monitoring is the

most mature. In this article, we derive a principle of

resistivity distribution during face mining and a method of

electrical monitoring based on resistivity distribution dur-

ing FA.

FA Temporo-spatial Evolution

During mining, the stress exerted on the coal seam floor

and the resultant displacement of the floor are in dynamic

equilibrium, generally rising and falling periodically.

Mining causes the load on the coal seam roof to be trans-

ferred onto the coal body (or waste rock) in the front or rear

of the working face, where it forms a peak area of bearing

pressure. The corresponding region on the floor also bears

high stress, which can eventually destroy floor integrity. On

the other hand, the rock body of the goaf area is depres-

surized, forming a tensile stress zone over a certain depth,

which can also contribute to the destruction of the mine

floor. Because the working face is continually being
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advanced, the mine floor is periodically compressed,

extended, recompressed, and re-expanded. The distribution

of stress loaded on to the floor of working face is shown in

Fig. 1.

If there is only one fault zone in one working face, the

fault zone might be destroyed by compression or shearing

when stress is applied to the fault as the face advances.

According to Shi and Han (2004), when the shear force is

parallel to the fault zone, and the shear force is larger than

or equal to the shear strength of the fault surface sn, the

fault is subject to a dislocation-caused fracture and failure

of the coal and rock in the fault zone, which make seepage

possible. As the face advances, the stress loaded on the

fault decreases and if the hydrostatic pressure of the

groundwater in the zone of progressive intrusion near the

fault is greater than the normal stress of the fault surface,

cracks in the destroyed fault zone will enlarge and the

permeability through them will rapidly increase, causing

water percolation. Thus, FA occurs in the de-stressed

region in which the fault advances. In other words, FA

occurs in the goaf. This is in accordance with Gao (1999),

who showed that 98 % of water bursts through faults

occurred in normal faults, of which 85 % occurred while

the upper part of these faults happened to intersect the goaf.

Over time, FA lags behind the advancing working face,

causing the FA to occur in the goaf.

Changes in Resistivity of Working Face Floor in Mining

The stress on the face floor changes during mining, as

shown in Fig. 1. Therefore, we hypothesized that the

apparent resistivity of the face floor would change corre-

spondingly. To test the hypothesis, we observed various

coal mines. Changes in the resistivity of the floor near the

face were detected at Face 9115, Bucun, Zibo Mining

Group, China (Fig. 2), and at Face 8403, Mine 5, Yangmei

Group, China (Fig. 3). These figures show that increased

electrical resistivity of the goaf (i.e., the reduced stress

zone) corresponds to a decrease in the resistivity of the

leading stress zone in front of the working face. To further

analyze this issue, we measured the resistivity of the face

floor at different depths at the Bucun Coal Mine. The

relationship of resistivity to the depth of the face floor is

shown in Fig. 4, where 0 m indicates the initial mining

location. It can be seen that the resistivity of the goaf area

(the reduced stress zone) is obviously higher than that in

front of the coal wall of the working face. It is also clear that

the resistivity of the face floor in the goaf (the reduced stress

zone) generally increases, while the resistivity of the face’s

coal wall (the advanced stress zone) generally decreases.

Resistivity in the Process of Fault Activation

In order to study the variation in resistivity during fault

activation, we carried out experiments on the exposed

normal Fault F 6, which is located in the rail-yard in the

middle of the 230 West Wing downhill railway, in the

Geting Coal Mine, Shandong Province, China. Fault F6

was verified to be a continuously permeable fault. In the

experiment, we re-injected water into the fault, and mon-

itored the changes in pressure with flow and the variation in

resistivity.

The whole observational system in the experiment

included three measurement lines arranged in two obser-

vational holes and one roadway. The observational line in

the roadway was perpendicular to the two observational

holes, forming a 3-D observational system. Each observa-

tional line was equipped with an electrical probe connected

through the data transmission lines to the data collection

station, as shown in Fig. 5.

Fig. 1 Distribution of stress on

the coal wall of a working face.

a Zone of increasing pressure;

b zone of decreasing pressure;

c steady pressure zone
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The experiment proceeded in three stages. First, back-

ground data were acquired. Second, water was injected

three times on Jan. 17, 2010, from 17:00 to 18:30, 20:25 to

21:25, and 21:40 to 22:10. The total influx was 1.9, 1.9, and

2.5 m3, respectively. The data were acquired synchro-

nously with water injection on the three observational lines

with electrical probes every 3 min. Fourteen hours after the

experiment, data were acquired for 30 min. A total of 110

groups of data were obtained. The obtained data clearly

show changes in resistivity near fault F6 during water

injection. Data monitored from the observational line of the

roadway are provided below. To better demonstrate the

changes in resistivity that occurred during water injection,

the resistivity values were reduced by the background

values (i.e. the data measured the day before water injec-

tion). As shown in Fig. 6, after water injection, due to

water influx, the local resistivity began to decrease. With

water influx increasing, the coal rock region, which was

lower than the injection points and had a lower resistivity,

began to expand (Fig. 7). The more water that was injected,

the larger the lowered resistivity region (Fig. 8); after the

Fig. 2 Profile of apparent

resistivity of Face 9115, Bucun

Coal Mine

Fig. 3 Profile of apparent

resistivity of Face 8403 machine

drift, No. 5 Coal Mine, Yang

Mine Company (March 2, 2009)

434

512

590

vi
ty

 (
•m

)

200

278

356

-10 -7 -4 0 4 6 10

R
es

is
ti

v

Relative position of observation point (m)

0m.deep

-5m.deep

-10m.deep

-20m.deep

Fig. 4 Changes in resistivity as mining face 9115 of Bucun Coal

Mine advances

174 Mine Water Environ (2012) 31:172–178

123



injection, the resistivity values gradually returned to their

original values.

To further analyze changes in resistivity during water

injection, we simulated the relationship of resistivity to

time at a concrete position of the working face by using

data acquired at different positions. Figure 9 shows one

example of such changes in resistivity at the point beneath

the water injecting point. It can be seen that the original

value of resistivity at the point was 110 Xm. During the

first stage, resistivity decreased from 110 Xm to about

80 Xm; during the second stage, the value fell continuously

to 60 Xm, up to 40 Xm less than the original value. The

influx and pressure of water injection suddenly changed at

this same time, indicating that the fault had been activated

and steady water flow began. During the third stage,

resistivity kept dropping until 22:34 (that is, 24 min after

water injection), when the resistivity began increasing up to

100 Xm at 22:46, then decreased a little, at last remaining

above 100 Xm. Changes in resistivity fully corresponded

to water flow in the fault.

This experiment indicated that changes in resistivity in

the coal rock layer are closely related to underground

seepage percolation. Under normal conditions, changes in

resistivity do not exceed 20 Xm, but when FA allows water

flow, the decrease in resistivity might exceed 40 Xm. This

resistivity change is positively correlated to the influx of

water. However, the maximum decrement of resistivity

does not exceed 100 Xm.

Monitoring for FA

In the process of face mining, there are many factors that

can change electrical resistivity. For example, variations in

stress applied to the face floor can cause changes in

resistivity although it is not related to underground

Fig. 5 Layout of the

observational system
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seepage. Therefore, whether the fault is activated should be

determined based on the temporo-spatial characteristics of

fault activation rather than simply by changes in resistivity.

We concluded from the above study that: (1) FA often

occurs in the goaf of working face (the reduced stress

zone); (2) the resistivity of the goaf increases during nor-

mal conditions; (3) the resistivity obviously decreases with

advancing FA. Thus, decreasing resistivity of the goaf can

be used to indicate that FA is occurring. At the Geting Coal

Mine, when the resistivity of working face floor in the

reduced stress zone decreased by up to 40 Xm, the coal

seam began seeping, due to water flow in the fault. When

the reduced resistivity region is larger and corresponds

with the positions of the fault and Ordovician limestone

water, FA has reached the Ordovician limestone aquifer.

This means that it is necessary to take safety measures and

withdraw all personnel from the area.

Monitoring Experiments on FA

The outside and downward Face 2312 of Geting Coal Mine

was located on the upper part of Fault F6, which had the

potential to transmit water due to its activation. In order to

safely extract the face, we established a monitoring system

of Fault F6, which mainly consisted of two monitoring

lines (Fig. 10). One monitoring line was placed on the belt

conveyor laneway of Face 2313, and the other was placed

on the floor of the track laneway. A total of 64 electrodes

were set up along each line and buried under the floor. The
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real time data acquired from these electrodes were trans-

mitted through connected data wires to the general acqui-

sition station.

We measured changes in resistivity of the face floor

during mining in a real-time manner. Data were acquired

continually for 32 working day, providing a total of

258,048 valid data points. Despite air return way or intake

air way measured in the reduced stress zone of the goaf

floor, the decrease in resistivity in most of the area did not

exceed 40 Xm, which meant that FA did not occur in the

face floor.

Conclusions

By analyzing the correlation between groundwater pressure

and stress during FA, and experimental data collected

while injecting water into a permeable fault, we concluded
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that: (1) FA often occurs in the goaf, which is a reduced

stress zone; (2) the resistivity of the goaf floor normally

increases; and (3) resistivity is obviously reduced during

FA. At the Geting Coal Mine, the decrement in resistivity

exceeded 40 Xm when the fault began seeping, so this was

established as a safety criterion for FA. The FA experiment

at Face 2313 Fault F6 indicated that using this criterion is

feasible and that monitoring and predicting FA-induced

water flow is possible.
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