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Problems of Mud Solid Intrusions
inteo Mining Pits

Li Jinkai
Institute of Geology and Exploration
CCMRI, Ministry of Coal Industry

Abstract

It often happens that mud solids intruded intoc mining pits,
which affects safety, causes great damage to mining operation,
and deteriorates working conditiemns. In this paper a classifi-
cation of intruded mud solids is given, with some case histo-
ries of intrusions of karst-cave mud and loose materials, and
rock burst in coal mines in China. The mechanism of mud solid
intrusions is theoretically studied frum hydrogeology and engi~
neering geology. It is closely related to the geological struc-
ture, mode of ground water flow, lithology, physical properties
of rock, action of water and rock, mining depth and the crustal
stress. Effective methods for forecast and prevention of the
mud so0lid intrusions are put forward.

Examples of Mud Solid Intrusions
into Mining Pits

With the development of scientific researches on coal, a
series of phenomena of engineering geology and hydrogeology in

Li Jinkal, senior hydrogeclegist
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mining pits have been found, such as the intrusions of coal,
rock, loose materials and karst—-cave mud into mining pits. The
sudden emergence of lumps of ¢oal and rock was due to the sudden
release of geological stress and additive stress from voids in
mine, which strongly extruded rock formation. Besides the in-
trusions of eoal and rock, these phenomena consist of the sha-
kes of shaft, shock wave and the rapid deformation of wall rock.
The phenomena are called "Sudden Release of Stress", being ab-
breviated to "SRS". SRS is also a dynamic engineering geology
phenomenon with strong destruction, which exerted from the re-
lease of deformation energy when gallery and wall rock of the
mines were out of balance.

142 SRS happened in six mining areas in Jingxi from 1955
to 1980, which destroyed openings of 5,400 meters and 110 hou-
ses. One, happened in Mentougou Mine, caused the shock of the
Richter scale of %.81, and the epicentral intensity of 79,
which was the strongest in China on record. Another happened in
the pipeline (-~412 m) in Xinzhuangzi mining area of Huainan,
from which 1,090 tons of coal,sandstone and mudstone intruded
into the openings for over 100 meters, 4.94 meters from the
rock burst place standing a lump of sandstone of 2.85 tons,
that caused heavy losses to the engineering of shaft extension.
41 SRS occured successively in Datong mining area with the sho-
ck of the Richter scele of 2 - 3, which did great harm to per-
gonal safety and production (Table 1). According to the incom-
plete statistics, nearly 400 SRS on record happened in China in
the past 30 years. Thede problems also occured abroad. Hundreds
of SRS happened in Poland in the past 20 years before 1970,
which destroyed 27,550 meters of openings. Strong shocks caused
by SRS in the Prowance Mine in France emerged storm wind, just
a8 that happened in the Wajienwan Mine in China. In some places
where SRS happened, over one hundred tons of coal were thrown,
whieh got obvious scratches on the roof by the strong project-
ing forcesjy and floor heavings occured in some places, that
their shock signals could be received by the seismic recorders
tens kilometers away.From above, it can be seen that destructi-
48 for openings by the sudden release of crustal stress has
the generality at home and abroad.
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Coal measures cropped up in many mining areas which are
draped with thick and loose strata or near the riverbeds. Al-
though preservation of coal pillars was usually adopted, acci-
dents of mud solid intrusions into mining pits were unavoida-
ble, which were different from the intrusions of lumps of coal
and rock that mentioned above. This kind of accident is mainly
due to the sand-rock-mud flow, that is mixed with underground
and surface water. It is a hidden danger that should not be ig-
nored by the engineers of hydrogeology and engineering geology.
The author, in Xinhe Mine of Xughou in 1965, observed Sean B of
the dip of 87° at the Bank No.205, which was intruded by the
sand-rock-mud flow when mining. Though pillars (31 m in height)
were kept to prevent the bumps cof the lcose overlying layers
with the thickness of 49 m, intrusions occured for the exceed-
ing mined pillars in local places. Openings of 1,200 m were fi-
l1led by the flow within 3.5 hours, causing a funnel-shaped cha-
st, which did great damage to production. A mine in Hebei Pro-
vince, on Nov. 19, 1973, was intruded by sand-rock-mud flow for
the exceeding mined pillars of seversl thousand tons, of which
s0lids intruded into shaft with the speed of 11 m/min. and cau-
sed damage to production. In scme mines, the intrusions were
due to the mining with insufficient pillars, nct even pillars,
such as Yangzhuang and Tangshan mines {(Table 1). Besides, in
South China, some shafts were intruded by the loose materials
through karst-cave cracks.

Ir recent years, it was reported that the intrusions of
yellow mud in karst-cave into pits occured in succession in
some mines of karst coalfields of Post~Permian. For instance,
many times of mud intrusions occured in Huping Shaft in 1972,
one of which with the amount of 2,000 m’ in the Uphill No.122,
causing losses of fan pipes, water pipes and circuits in the
working place. The clearance of mud at the time of tunneling
(27.5 m2/m) was done in the main level return-air courses {(+70
m) because of mud intrusions; intrusions occured three times in
a karst-cave, that the opening had to be detoured. A crack of
0.7 m cccured at the tunneling end of the eastern main level
opening (-90 m) in Zhushantang Shaft in Meitanba, which is fi-
lled by mud; after the miners withdrew from the place when
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hearing the abnormal scund, the mud intruded into the opening
for 19.5 meters. Tunneling later was carried on in another di-
rection, and muddy water was found to leak out from the borehole
of the tunneling end. Uphill that conveyed materials was dug
from the Starting Point No.?. Sound of air leak was heard at the
time of blasting on Sep. 23%th, 1980, mud intrusions occured in
the dug Starting Point No.2 with the amount of 500 m>, by which
a lump rock of 1 ton or so was pushed out over ten melers, cau-
sing great losses to personnel safety and production. Moreover,
mud intrusions, some of which were intercalated with crushed
rock and grit gravel, occured in the iron deposits in Enkou, Lu-
maojiang and Xiangzhong.

411 the examples above mentioned show clearly that solid
intrusions into mining pits is very damaging, it is necessary to
study 1ts mechanism and prevention methods.

Effective Factors of Solid Intrusions
into Mining Pits

From the sourses of the three kinds of solid intrusions,
yellow mud came from the karst-cave system of limegstone, with
evenly and fine graded particles, great viscosity, brownish-red
to brownish-yellow in color, of which some was as thick a&s mud
ball, some as thin as gruel. Sand-rock-mud flow came mostly fram
the loose deposits of the terrene and deposits of the riverted,
both of which were mainly stored over the mining engineering,
causing intrusions by gravity. The flow was mainly irn the form
cf mud flow or mud-rcckx flow for the mixing of underground and
surface water. Its velocity depended on the pressure head and
consistency. The coal and rock came from the original rock ~--
the mined layers, causing intrusions by the stress and the addi-
tive worked-out stress.

Mud intrusions occured many times in Xiangzhong Coalfield
for the karst-cave cracks, which were developed by the Maokou
limestone of the underlying Longtan coal layers, made up the
storage places for yellow mud, with the addition of plentiful
precipitation, excessive surface water systems and abundant un-
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derground water, and the situation of karst water pressure area
{Table 2). Mud intrusions in the Zhushantang Shaft of the Mei-
tanba Mine and the Huangguang Shaft of the Doulishan Mine showed
that complex structure provided good conditions for mud storage
and mud intrusions.

Examples of mud intrusions in China often occured in the
syncline, anticline and fault zones, or bed thinning zones,where
were the stress-concentrated regions. Coal seams of Permian in
the Tianchi Mine changed greatly, and was dry, with the roof of
heavy Changxing limestone. Altogether 28 SRS happened in the mi-
ne, 20 of which occured in the stress-concentrated sections of
anticline and syncline. 114 SRS occured mostly (nearly 80%) in
complex structure regions in Jingxi Mine, 66 of which  happened
in syncline zones, 20 at the axis of the structural basin. Diff-
erent views about these are held by the researchers at home and
abroad. The American specialists consider that the fault struc-
ture in the Utah Coalfield is the direct medium leading the in-
trusions by the sudden release of level stress. Some Chinese
geomechanics researchers hold that the stress-concentrated re-—
gions are generally in the intersections of macro faults, the
diversion of faults, the across faults of the arch structure and
the convergence of faults. Stress would be increased when open-
ings were tunnelled in rock mass; moreover, siress would be more
concentrated if the openings were in the stress-concentrated
zones. Rrsearchers in the Federal Republic of Germany think that
SRS often occured in the simple structure regions, of which the
storage and release of stress were in close relationship with
the agersis of rock crack. For instance, researches for the Ruhr
mining area showed that SRS born no relation to the faults, the
metamorphic grade of rock and the stratum ages.

A large amount of SRS data show that SR3 is in close rela-
tionship with the physical and mechanical properties of rock,
When the hardness coeffcient is more than 8 (generally 7 ~ 9)
and the compressive strengtbh more than 800 kg/cm2 (generally
1,650 - 1,896 kg/cmz), the rock is elastic and easy for the sto-
rage of stress, by which SRS occurs with ease. The rock, which
is high in temperature and watery, is unfavorable for the stora-
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ge of stress, that SRS is not easy to happened, not to mention
rock Intrusions.

Moreover, depth is also the important condition for the
‘storage of stress and cccurence of SRS. In China, 4 SRS happen-
ed at the depth of 400 m in the Tianchi Mine of Sicuan Provin-
while 24 st the depth of 400 - 700 m. The Seam No.5 in Tang
shan mining area is 1 - 2 m thick, with t.e roof of sandstone,
while SRS occured in the Bank No.215%1 at the depth of 700 m,
causing great losses to production. In the Federal Republic of
Germany, 283 SRS that happened over the mi-
ning ares, occured at the depth of 590 ~ 1,100 m, 75% of which
at the depth of 850 - 1,000 m, while the largest rock intrusions
had the amount of 2,000 m. In American, SRS occured but with
few times, concerning with its shallow mining. In Poland, from
1971 %o 1975, SRS happened 2 %times at the depth of 301 - 400 m,
6 times at 401 — 500 m, 30 times at 501 - 600 m, %% times at
6§01 - 700 m. Obviously, SRS increased with the mining depth. So

ce,

years in the Ruhr
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4+he Polish researchers, from the conditions and examples,
sidered that the eritical depth of SRS was 400 m.
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Prevention of Solid Intrusions into Mining Pits

It is very important to study the effective methods for
prevention, for the great losses of the shafts caused by  the
intrusions of loose layers, karst-cave mud and coal and rock.

Reservation of coal pillars is mainly used in China and
other countries in order to prevent the intrusions of loose la-
yers. At present, research work should be engaged on the possi-
bilities and intrusion conditions of the formation of sand-rock-
mud flow in some new mining areas. Although data were provided
in the exploratien stage, study of prevention of solid intru-
sions should be made prior to mining, and effective methods for
prevention should be adopted.

For the prevention ef mud intrusions in karst regions, in-
vestigation should be made first. In addition, drilling and ge-
ophysical prospecting should be done in the major areas to as-
certain the development and distribution law of karst, dischar-—
ge of underground water and conditions of sources of karst-cave
mud. Assessment and analyses on the possibilities and state of
mud intrusions should be made from the space and form of the
mud-stored karst-cave, being as the major reference data for
the forecast of mud intrusions. Clearance is a complete and ef-
fective method for the forward mud intrusions with the form of
fluid flow in small amounts. The caves can be sealed up by lay-
ing after clearance. In Xiangzhong, the cross roof was laid
with some cushion materials, such as grass, branches and gangue.
Method of sealing up first, detouring later can be used under
suitable conditions, for the clearance methed takes times and
the ground may be sunk, causing damage to the buildings above.
Mud intrusions into mineral deposits in karst areas are ofteam
in complex situation, Take the Huping Mine in Xiangzhong for
example, straight-pipe mud-stored karst cave system oeccured in
the main return-air courses (+70 m), the main opening (+14 m)
and the southern main opening (-100 m), causing mud intrusiowns
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after ventilation of fhe southern main opening (-100 m) traver-
sed for 200 m, mud intrusions from the drained karst-cave began
to occur asgain, that stopped up the main opening for 200 m,
causing stopping of production. Therefore, in addition to the
clear requirement of the exploration specifications, and the
combination of drilling and geophysical prospeeting with pre-
tion, great. attentien should be taken to that when contrel un
watering is made in this type of deposit, the high-lying energy
hanging of the mud and sand fillers in karst-cave shall be made
as less as possible.

Forecast of SRS in mines and the adoption of explosion-
proof mining facilities are the very problem concerned by the
mining engineers both at home and abroad. A% present, compre-
hensive forecast methods are used in the USSR, while microseis~
mic recorders are used in the US. Stress control is a fundamen-
tal methed which avoids stress concentration, being used in
China and other countries. It consists of equitable distribu-
tion for mining, blasting down the roof timely in averting ex-
tensive hanging and explosion relief. Geological techniques are
also used, such a@s water injection and pressure relief of hole
drilling.

Water Injection Method: Water is injected into the stress-
stored coal seams and their roof, by which the strata are wet
and plastic, then relieved, causing the removal of the tendency
of coal and rock intrusions. The distribution, pressure and in-
jection quantity of the injection holes should be enouvsh for
the plastication and subduction of the strata. The structure of
the injected coal seams should be complete, and has the water
permeability, with the porosity less than 4%. The roof rock sh-
ould have the plastic characteristic when meeting with water.
This method has been widely used in the USSR, Poland, the Fede-
ral Republic of Germany and other countries. Also, the method
has been used in Datong, Jingxi, Zhaozhuang in China, and actu~
al effects have been got. Take the Xinzhuang mining area of the
Mentougou Mine, which coal and rock intrusions occured, for
example, 8 SRS happened with the Richter scale of over 2.3 in
the south part of the slope of the Slot No.8 after water injec-~

976

Reproduced from best available copy



IMWA Proceedings 1985 | © International Mine Water Association 2012 | www.IMWA.info

tiony while 3% SRS occured with the Richter scale of over 2.3
in the north part of the slope, which was not injected. In the
Tianchi Mine of Sichuan Province, it was also proved that rock
wae plastic and the hardness and elasticity of rock were de-
creased after water injection.

Methed for Pressure Relief of Hole Drilling: The elastic
energy of coal seams was relieved by drilling holes, which was
used by the Federal Republic of Germany, following the USSR,
Japan and other countries. Drill holes of 95 - 105 mm in diame-
ter were run in the great stress—stored coal seams and strata,
by the powerful remote control drillers under different condi-
tions. The aperture, depth and spacing are determined according
to the concrete conditions. In the Workuta mining area of the

USSR, drilling was run at the spacing of 1.0 - 1.5 m by the
drillers with the diameter of 300 mm and results were achieved,
which was considered as a reliable method for elastic energy
relief.

Conclusions

Mud intrusions, rock burst and sand-rock-mud flow are the
objective phenomena in mining, which do harm to productien,
gsometimes, are as harmful as the water intrusion of the karst
depoait. It is natural to bring these problems into the resear-
ch category of engineering geology and hydrogeology in mining
pits. For the researches of SRS (mine impact), in the USSR, be-
sides the mining departments, some units have made researches
on these problems, for example, the Russian Institute of Geome-
chanics and Mining, Geomechanics Institute of Academy of Scien-
ces of Kirghizia, Institute of Geology and Exploration, and the
Vostochny Institute of Geology and Exploration, etc. The Geolo-
glical Survey of America is one of the units that make research-
es on this project. In the geological circles in Cnina, few
people got involved in these problems, particularly the engi-
neering geology and hydrogeology researchers. It is very impor-
tant to study on them, judged by the needs of practice and dis-
cipline. From the point of view of engineering geology, exami-
nations should be made on the distribution of the contemporary
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stress field, the lithclogy and physical characters, stored en-
ergy relief conditions and their mechanism, effect of water for
rock intrusions under different cenditicns in different places,
relations between fault structure and rock intrusions, in order
to determine the appraisal of the standards and parameters of
3RS. Further researches should be made more scientifically and
economically on the given preventicn methods, for example, the
usefulness of the decrease of stress concentration of the water
injection method and the method for pressure relief of hole
drilling. Researches should be also enhanced on the forecast
and exploration, the control measures of the mud intrusions and
the forecast of sand~rock-mud flow of the mud-stored karst-cave
systems in South China.
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