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SUITABLE TOPIC TO 
CELEBRATE 50 YEARS:

Can excavations of 1970 still induce an impact today, 
i.e., 50 years later? 

SUITABLE TOPIC TO 
CELEBRATE 50 YEARS:

Looking at a long-term 
phenomenon in rock 

mechanics. 
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Can excavations of 1970 still induce an impact today, 
i.e., 50 years later? 

Not talking about permanent ‘short term’ impact. 

But, about on-going movement, deformation, 
damage, etc.?

In other words, LONG-TERM impact

Research Unit Mining

Coal mines, using a total extraction mining method (i.e., 
longwall mining)

ROUGH  ESTIMATES

Collapsed rock volume:
1 400 million m³

Heavily fractured rock: similar 
amount of volume

Volume undergoing displacements of
m-scale:

Rock: 36 000 million m³
Soil:   54 000 million m³
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Coal mines, using a total extraction mining method (i.e., 
longwall mining)

ROUGH  ESTIMATES

Collapsed rock volume:
1 400 million m³

Heavily fractured rock: similar 
amount of volume

Volume undergoing displacements of
m-scale:

Rock: 36 000 million m³
Soil:   54 000 million m³
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Short-term subsidence evolving with time (during the mining period)

Surface movement (meter-scale)

Evolution over time, as mining progresses, but this is not 
topic of presentation, i.e., the long-term impact. 
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Main question of today’s topic:

??? Can surface movement be ongoing ???

Answer in literature and industry 
is  “NO”
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Long-term subsidence Year 0: last panel within zone of ± 1 km 
(4 km²)

SURFACE MOVEMENT DATA:
Satellite images, INSAR (INterferometry with Synthetic Aperture Radar)

Period of 8.5 years (Aug. 1992 – Dec. 2000), European C-band ERS1/2 
Period of 7 years (Dec. 2003 – Oct. 2010), ENVISAT-ASAR

Data collected by Pierre-Yves Declercq, Geological Survey of Belgium, RBINS

4 times: August 1992

4 different areas in 3 
different coal mines

Average of 
10 reflectors

5 to 10 mm/year
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Long-term subsidence

CONCLUSIONS: 

1. Subsidence does not stop a few years after
mining.

2. Equilibrium has not been reached a few 
decades after mining.

Research Unit Mining

Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 

Why were we able to quantify the long-term impact ? 

Access to satellite data:

Monthly measurements (35 days) during a long time period

Only time consuming for calculation over entire data period

In built-up areas, dense network of datapoints

Data available over period of interest (to be decided after event)

Independent of mine (e.g., data available after closure)
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Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 

Good (logical) reasons:

Long-term studies are rare and difficult to conduct. 

Impact of the on-going mining. After a few months/years, a new excavation 
starts. The impact of the latter is larger than the long-term impact of the 
previous panel.

It is only after the closure of entire mines that the phenomenon becomes 
relevant, but also can be studied. 

Due to the concepts of Sustainable Development, more attention to long-
term impact
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Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 

Critical considerations:

No open mind to complex rock mechanical problem. Generally accepted 
knowledge is not necessarily correct (e.g., subsidence only occur over a 
period of a few years).

Force people to believe these general accepted rules. 

Mining stops = Problems stop. Taking their wishes for reality. Or, wishful 
thinking.

Small rates have no impact: wrong assumption. 
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Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 

Critical considerations:

No open mind to complex rock mechanical problem. Generally accepted 
knowledge is not necessarily correct (e.g., subsidence only occur over a 
period of a few years).

Force people to believe these general accepted rules, e.g., 

The end of the residual subsidence phase is defined as either :
(1) when an amount of additional subsidence corresponding to a certain percentage 

of the subsidence during the two previous phases has been reached, 
(2) when the increments between successive measurements have become negligible, 
(3) when a predefined fixed time period has been reached.
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Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 

Understandable, but wrong reasons:

Conventional levelling is time-consuming, expensive, etc.

When differences between successive measurements are less than the 
accuracy, one stops monitoring.

Difficulty of having a stable reference point for levelling.

Our knowledge is limited by the observation technique, even when a topic 
has been studied for decades. One should remain critical. 

Need for good data interpretation. Importance of time window and 
minimum observation period.
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Understandable, but wrong reasons:

Conventional levelling is time-consuming, expensive, etc.

When differences between successive measurements are less than the 
accuracy, one stops monitoring.

Difficulty of having a stable reference point for levelling.

Our knowledge is limited by the observation technique, even when a topic 
has been studied for decades. One should remain critical. 

Need for good data interpretation. Importance of time window and 
minimum observation period.

Most pertinent question:
What are the reasons why the mining/rock mechanical
community never picked up this long-term impact  ? 4.8 mm/year
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Another important question:
Background to long-term impact  ? 

Broken rock volume (loose 
blocks), not fully compressed 
(partly unconfined). 

Fractured strata.

Openings between layers.

Stress levels up to 75 MPa. 

Locally, uni-axial and 
unconfined.

Stress redistribution still 
evolves. 

Further fracturing, weakening and softening. 
So, more compaction.

Closure of openings.
So, more compaction.

15

16



9

Research Unit Mining

Long-term subsidence

I come back to further 
evolution. 

DUE TO FLOODING: UPWARD MOVEMENT OCCURS

4 times: December 2003

Closure: 1992
(start of flooding)

Today, still moving 
(30 years after mine closure)
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Rejected:

Provocative title. It is popular/publicistic. 

In text, it is indicated what we don’t know. This is un-scientific. 

Only the consequences of mining are observed (surface 
movement). Where are geomechanical calculations, proving 
author’s measurements? Measurements without 
calculations have no scientific value.
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Rejected:

Provocative title. It is popular/publicistic. 

In text, it is indicated what we don’t know. This is un-scientific. 

Only the consequences of mining are observed (surface 
movement). Where are geomechanical calculations, proving 
author’s measurements? Measurements without 
calculations have no scientific value.

Accepted, including the sentences:

A question which cannot be answered at this time is whether the uplift is 
limited in time. 
Another unanswered question is whether the measured uplift is the result of 
downward and upward movement, i.e., whether the residual subsidence is 
still ongoing. 
So, if one would ask the question of how long the impact of coal mining 
on surface movement will last, one cannot answer it at this moment, but 
perhaps it could last even centuries. However, it is reasonable to conclude 
that it will be a period of time much longer than those that normally are used 
in the planning and design of rock mechanical excavations. 
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THANKS
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