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ABSTRACT 

'Iv10 new deep shafts sunk at Yuzhnaya mine encounter a wor

lmd-out horizon at a depth of 210 m in Dezhdannaya mine 

nhich vrill be flooded and eliminated. 

The paper presents experience gained in the course of de

sisn and execution of operations on sealing the worked-out 

face more than 1 m thick encountered by the mine shafts. 

'.i'he sealin,s operations have been carried out via boreholes 

tlrilled from the c;round surface by the injection of clay

cer.1ent grout. The presented technique of sealing is chara

cterized by high reliability, usage of inexj_Jensive and long 

term c;routs, and rather simple technolo,sy. 

I:JT::WDUC·:riOIJ 

Juring the construction of up-to-date deep mines the verti

co.l sh!lfts r:mst intersect, in some cases, the abandoned fa

ces of old small mines. ·:rhe vmrked-out horizons of such mi

nes are c;enerally subjected to flooding because there is no 

profitableness to maintain pQmping. 

Deep ninl:ing of new shafts throuch flooded or to be flooded 

abandoned raine I'IOrkings requires clesicninc; and executing 

special procedures to protect the shaft from strata v:nter 
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makes, and to eliminate the failor and damage of mine shaft 
lining and equipment in the zone of loose rock encountered 
in the caved roof of workings. 

Executed operations provide the possibility to make a conc
lusion on the efficiency of eliminating the abandoned work
ings and consolidating their caved roof by grouting with 
high-viscous, plastic clay-cement grouts. The clay-cement 
grouts used for the purpose are easily injected via lengthy 
pipinr;s by piston pum;r;s, maintain a low spread-out in subsu
rface large voids under the influence of gravitational for
ces e.nd simultaneously are capable to penetrate into fissu
res with an opening up to 0.1 mm, ensure sufficient strength 
of a water-sealine; curtain at high hydrostatic pressures of 
strata water, are resistant to aggressive corrosion and suf
fosion attP.ck of strata water, remain plastic after gaining 
strength that results in their ability to withstand impact 
loads and potential rock movement. 

BASIC PRI:NCIPI.l!;S OF DEVELORilliJ'rS 

Experience in the field of grouting of large karstic voids 
approved by experimental studies on special models indicates 
that there are two qualitatively different cases in the for
mation of vrater-sealing curtains during grout injection. 

1. In small fissures the propagation of grout proceeds in a 
pressure regime radially from the inject ion point vri tllout or 
with its displacement along the strike of fissures. The wa
ter sealine curtain has approximately the shape of an ellip
tical cylinder. 

2. In large fissures end other underground voids, for exam
ple in mine workings, the formation of a water-sealine cur
tain proceeds in e. pressure-free regime, It is characterized 
by the grout accur:J.Ulation in the floor of a mine working and 
only at the last stage, when the ,;rout reaches ~he upper 
point of the void, the pressure recime may arir::c. :!.'here is 
o.n individual methodolor_;y for calculatini~ the size and shape 

of sealing curtainG for eacll specific co.sc businc; on ':Jhich 
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~he .grouting technique is specified. 

To select the design method, the critical quantity of fissu
re opening is determined at which the formation of a sealing 
curtain still is proceeding in the pressure regime without 
grout diplocation on-dip. 

During.grout propagation in a water-bearing, inclined hea
ding the sealing curtain with an ellipse-like shape is being 
formed, as it is shown in Fig.1, where Rmax- ~aximum radius 
at 'f = 0 and cos·'!'= 1; ~in - minimlllil radius at 41 = 9t: and 
cos 1{1 = 1; R - normal radius at 'P = f = 3'fand cos 'P = 0. 

The character of changing of radius Rk together with the 
thickness and mine workin~ location will determine the shape 
and, thus, the volume of a sealing curtain. 

With regard to the thickness of a mine working and optimum 
grout propagation radii Rk' the spacing and number of grout 
holes drilled from the surface are determined. 

IUTRODUCTIOH OF D~VELOI'i,IEHTS 

The presented developments were applicated at ventilating 
shafts Uo. 2 and No.3 of Yuzhnaya mine. The shafts have fi
nished diameter of 6 m, and are 668 and 665 m deep. 'l'he shaft 
lining is a monolithic concrete 300 mm thick, and 500 mm 
thick in the zones of faulted rock with flexible belts in 
each 10 m. 

The shafts Ho,2 and Ilo,3 intersect the worked-out coal seam 
K2 at depths 211.2 and 208.0 m correspondingly. The elimina
tion of Uezhdannaya mine nnd its floodin,s resulted in the 
need to protect the shafts fron ¥rater makes in the vrorked
out seam. In the shaft site the coal seam K2 vras mined out 
durin~ 1945-1948. The average thickness of the seem vras 1,8 
metres. 'l'he roof of the face includes a 1.0 m thick lime
stone o.n,i overlayinrc; cle.y shales, oc.ndy shales and snndsto-

nea. 

Durinc coal seam nining the worked-out space had been part
ly back filled with rock, e.fter Y!hich in the COUrse Of tj_me 
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the working's roof subsided. The average thickness of open 
underground voids in the old face was determined to be from 
0.5 to 1,2 m. Theses data were obtained from survey borehole 
drilling in the course of design activities. 

In accordance ·.vi th the crouting project the worked-out face 
was treated via 13 boreholes in the shaft No.2 and via 15 
boreholes in the shaft No.3. These boreholes were drilled 
from the ground surface and spaced around the mine shafts 
as it is shown in Fig.1. 

The characteristics of treated zones are enlisted in Tab
le 1. 

The grouting curtain for each above mentioned intervals has 
been calculated with regard to a mnximum hydrostatic press
ure after flooding equal to 2.0 MPa. The required designed 
volume of grout for shafts No.2 and No.3 amounted 19190 m3 

and 19930 m3 correspondingly. 

The grout holes had the following design: 

- in the range of 0-50 m they were drilled with a dia"'Tleter 
of 214 mm and cased vdth 168 mm dia. pipes, in the range of 
50-225 m they were drilled with a diameter of 132 mm'a.nd 
cased with 108 mm pipes. To provide grout injection into 
specified zones, the hole casing was perforated by a jet 
perforator. 

In the course of drilling hydrodynamic and geophysical in
vestigations were carried out in grout holes to determine 
more accurately the parameters of grouting. The size of the 
intersected mine working vtas more accurately defined using 
IBAK downhole TV equipment. 

The parameters of the sealing curtain around shafts No.2 
and No.3 along the worked-out face (Fig.2) were controlled 
by means of an acoustic downhole sounding. 
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Fig. 1 Sealing curtain formation diagram 
for gently dipping mine excavation 

Table 1 

Shaft No.2 Shaft No,) 
Grouting interval Depth Thick- Voi- Depth Thick-

range, ness, dage range, ness, 

m m 10-2 m m 

. 
?issured rock inter- 157.2- 155.4-
val 186,2 29.0 1,0 184.9 29.0 

Increased rock fis- 186,2- 184.4-
suring interval 203.7 17.5 2.0 201.9 17.5 

Intensive rock fis- 203.7- 201.9-
suring interval 210.7 7.0 5.0 208.9 7.0 

Worked-out interval 210.7- 208.9-
211.2 0.5 100.0 209.4 0.5 

Discharge zone 211.2- 209.4-
216.2 5.0 1,0 214.4 5.0 
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c 

Pig. 2 

KOHTVD 
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RESULTS 

On completion of grouting operations the old mine workings 
of Nezhdannaya mine were flooded. There are no vrater makes 
in the shafts o·f Yuzhnaya mine that prooves the reliabili
ty of the designed grouting proe;ramme for old workings us
ing clay-cement grouts. 

According to the accomplished estimations the cost of gro
uting will be covered in 8 years due to eliminating the 
need for pumping and electric power expenditure. Taking into 
account the term of mine shaft operation of 60 years, the 
cost saving thanks to grouting becomes rather sufficient. 
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