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ABSTRACT

The paper deals with the problems of grouting methods for
fissured-porous rock. The paper describes design procedure,
injection process patterns and hydrodynamic testing techni-
que to plan grouting programs for fissured-porous agquifers.
A number of case histories is given to illustrate the imp-
lementation of developed methodology at various mining pro-

jects.
IHTRODUCTION

Sealing of permeable rock during deep shaft sinking with
the use of pregrouting technique ig one of the most advan-
ced and reliable method of ground water control. One can
gtate that the problem of grouting of secure rock strata
hags been succegsfully regolved during the recent years ow-
ing to developments introduced by the STG Group from the
U.5.5.R. and some other specialist companiesg from the U.K,,
France and Japan. Much more difficult situation is confron-
ted in sealing porous and figsured-porous formations in
which about 30% of mine workings is constructed., The grou-
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ting techniques used not always ensure residual seepages

to be reduced within statutory inflow standards. This can
be explained by the fact that fissured-porous strata repre-
gent a complex gysten from the view point of ground itreat-
ment. During grout injection intensive filtration of a 1li-
quid phase into rock pores occurs. From the other hand,
even total sealing of all crecks will not mean the elimina-

tion of filtretion field.

The basic idea about creating a sealing cover in fissured-
porous medis, asg illustrated in Fig. 1, consists in the
formetion, development and grout impregngtion of primary
and artificial fissuring networks at injection pressures
exceeding the pressure of hydrsulic fracturing and hydrau-
lic expansion of rock.

PARANETERS OF GROUT COVERS FORMATION
IN PISSURED-POROUS ROCK

From the theoretical viewpoint of hydraulic fracturing and
hydraulic expansion of rock it is known that the develop-
ment of artificial fissures and cracks depends on the rup-
ture strength of rock, quantity of full and lateral strata
pressure, elastic properties of rock and hydrostatic pres-
gsure., The interrelation of fissure aperture 8Pmdth.the
propagetion and pressure of hydraulic fracturing F% can be
described by the equations:
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Po =P (1-9)-(26 - 6,) (3)

where P, =Y;H - full strate pressure, liPa,

rock strata specific gravity, ﬂ/mB,

<
1

Q - depth of agquifer roof, m,
2

G==—£%§,- lateral strata pressure, liPa,
Q - Poisgson's ratio,
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F - Young's modulus, iLiPa,
Gp - rupture strength of roclk, iiPa,
P, - hydrostatic pressure, LiPa.

The required quantity of fissure aperture 5Pis assuned on
condition to provide impermeability of a grout layer in

fissures and cracks:

(D: HCTI\_AJOSP =1

filtration thresnold,

©
1
L
N
~

where
Hcp = hydrostatic pressure head, m,
Jo - initial gradient of grout filtration,

M -~ aquifer thickness, m.

The values of initial gradients J, and permeability l(¢of
clay-cement grout in relationship to grout cover formation

ressure have bheen expermentally determined during lab teg—~
P J £
ting and are enlisted in Table 1 and illusirated in Fig.

Table 1

Grout cover forma- Initial filtre- lermeability

tion pressure, 1iPa tion gradi??g_4 K¢' 10—10 ns
0.0 0.0035 T.50
0.5 0.25 5.53
1.0 0.45 2.78
2.0 1.85 1.62
3.0 3'65 0073
4.0 4.23 0.64
5.0 4.60 0.30
6.0 6.10 0.15
7.0 Te35 0.11
8.0 8,83 0.10
9.0 - 10.32 0.06
10.0 12.06 0.044
12.0 16.65 0.036

Formation and development of fractures of specified apertu-
re is attained at some excess pressure P, of clay-cement
grout in fractures on the completion of injection. This ex~
cess pressure F% which ultimately provides conditions for
srout covers formation in fractures with permeable walls,
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etermined on the basis of equetion {4) and diszram in

i
[N

o) 4
PMg. 2. In practice the value of excess presaure Py is to-
ur

5o e
ken to calculate resgidusal pressure Dm4at surface grout pump
Po= Po *8Pgr= Pre * P (53
b - ALT, \
o= T g (63

where AFDN.- pressure differential originating from
locked-up stresses in grout, iPs,

o~ .
lo - dynemic shear strength, lLifa,

L - length of manifold line and pipe string
in a borehole, m,

d - inner diameter of pipes, m,
P = hydrostatic pressure of grout column at
aquifer bedding depth, iPa.
GROUTIHG PATTHRN

In sccordance with process patterns used by the STG Company
pregrouting through surface holeg involves the followling
operational procedures:

- drilling of grouting holes to the total sharft depth,
borehole casing,

- hydrodynamic testing of all asquifers in the course of

drilling,

- coring for physical-mechanical and permeabllity lad testd,

- shaped-charge perforation of casings in aquifer zones,

- hydraulic frecturing and hydraulic expansion of fissured-
porous strata in the course of grout injection,

- quality control of grouting by hydrodynamic technique
monitoring reduction in permeability of a treated strata.

INDUSTRIAL TRIAL AND RESULTS

Experimental activities related to sealing of fissured-po-
rous sandstones were accomplished during sinking vent shaft
Wo, 7 and downcast shnaft No. 4 with total depth of 2000 m
at the Stakhanov biine, Donets Coal Basin, U.3.S.R. Accor-
ding to hydrogeological report the shafts No. 4 and 7 were
to intersect fissured-porous sandstone strate at a depth of
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380 to 510 m with estimated water inflows of 116 and 136

cu. m/hr respectively. The sandstones are charaterized by
low strength properties: Ogy= 36.9-49.8 ilFa, (Opgy= 1.7-

3.7 MPa and total porosity up to 14.7%.

Grouting operations on sealing 380-510 m fissured-porous
zone were undertaken within the general pregrouting pro-
gram designed to the total depth of future shafts. Results
of shaft sinking after pregrouting program which included
algo the interval of fissured-porous rock, aind in compari-
son with conventional cementation program accomplished from
underground at adjacent shafts o, 8 and 5 of the same mine

are given in Table 2.

Table 2
shaft des- Depth, | Total shaft Inflow from | Average
cription m inflowirﬁ?hr porous rock | sinking
Estim,lﬁésid. Egtim{ﬁesid. rates m/mn
Pregrouting program accord, to STG vechnique
Vent shaft No.7 1000 377 13.5 116 11.4 56

Downcast g Ho.4 1000 339 11.5 136 9.5 60

Cementation program from sheft sump

Vent shaft Ko.5 1311 412 37.0 131 35.5 30
Dovwncast s, Wo.8 1277 324 13.2 31 6.8 34
SUNLIARY

The application of grouting technique for fissured-porous
rock developed by the STG Company allows to achieve the

following:
-~ to cut down water makes into the shafts under counstruc-

tion by 80 - 90 per cent,
- to eliminate the need for steel tubbing lining,
- to increage average shaft sinking rates by 2 tymes.
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g. 1 Schematic diagram of sealing cover
formation in fissured-porous strata

1-mine shaft, 2-grout injection holes,
3-artificial fractures, 4-primary fis-
suring, S5-sealing cover boundaries
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Fig, 2 Initial filtration gradient and grout
cover formation pressure relationship
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