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Exclusion of Residual Water Manifestations in
Mine Workings
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ABSTRACT

Post-cementation technique is the most wide-spread method
to exclude water mskes in mine workings. Nevertheless, the
conventional technique of post grouting is lacking a suffi-
ciently developed theoretical base, and in the main, it is
a set of practical patterns and procedures that will depend
both on geological-mining conditions and on the experience
and skills of personnel. As a result, the application of
unrational grouting process patterns leads to a considera-
ble increage of expenditure for the construction and main-
tenance of permasnent workings. The paper tries to reconsi-
der the conventioral approach to post-grouting programs
planned for the mine shafts.

INTRODUCTIOK

The origin of residusl water manifestations during the con-
struction and at the operation phase of underground struc-
tures may be attributed to technogenous permeability of
rocks. As is generally known, redistribution of stresses
develops in the rock strata intersected by an underground
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opening. This will be dictated by fthe primitive stressed
state, configuration and location of an underground open-
ing, excavation technique, mechanical properties of lining
and rocks, geological and structural features of rock occu-

rrerce,.:

The modified stressed gtate is characlterized by the forma-
tion of zones with artificial (technological) inhomogeneity
the origins of which can be different dependent on the type
of mining activities. For instance, in the course of dril-
ling and blasting operations the formation of inhomogeneity
is bound up with fracturing, during rock freezing it re-
sults from the process of ice formation, and in construc-
ting openings by internal blasting technique (with a camou-
flet charge) it arises from the compaction of plastic rock
in surrounding strata.

In rock mechanics a theoretical approach to strata with ar-
tificial inhomogeneity is associated with the concept of
technological influence. A zone of technological influence
is defined as a portion of rock strate within the bounda-
ries of which the properiies described by an average value
of a certain criterion A become different from the proper-
ties of the rest part of strata. From the point of view of
mechanical state the.zone of technological influence can
represent consolidation or lost strength zone, or be a com-
benation of the first and the second. Separating this re-
gion as a disturbed rock zone (D.R.Z.) let us examine its
interrelation with the process of grout cover formation
while sealing off residual seepages in the mine shafts sunk
by drilling-and-blasting methods.

CONVESHTIONAL APPROACH

Conventional techniques of residusl seepages control fore-
see the formation of sealing covers directly behind the
lining, i.e. in the D.R.Z. Por instance, the most wide-
spread post-cementation technique is implemented by dril-
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ling through permanent lining series of horizontal holes
0.25% to 3-10 m long with subsequent injection of cement
grouts. The water bearing section of a shaft is subdivided
into separate "tiers® (stages) that will be 15 to 20 m long.
In each tier the holes are arranged into rows which are gpa-
ced at a distance of 1.5 ~ 2.0 m between each other, The
spacing between the holes will be selected as one hole per
1-3 sq. m of permanent lining. The grout hole pattern can
follow staggered arrangement, parallel rows or spiral path.
To prepare cement grouts various types of cement can be
used, in many cases in combination with suitable fillers

and reagentg.
Let us note the major drawbacks to this method:

- "plind"' systematic treatment of backwall rock zone with
unpredictable course of grouting,

- large quantity of repositionings of suspended equipment
in the ghaft,

- necessity to open shaft lining with numerous holes and
accomodate shutting fixtures,

- placing too much equipment for carrying out grouting job
in constricted conditions of a shaft bottom,

- low rates of grout injection due to frequent technologi-
cal stoppages caused by grout intrusions via control ho-
les and lining joints.

Further, it should be pointed out that the formation of
grout covers in close proximity to the lining precludes
from applying high injection pressures due to limitations
dictated by the strength parameters of lining material (in
practice from 0,5 to 4.0 MPa). But in this case the pro-
cess of sealing very often comes mainly to redistributions
of water flows in conductivity chamnels of backwall zone.

THSORETICAL PREMISES, DISCUSSION, SUMIMARY

Let us briefly describe the strained condition of the so-
1id in the neighbourhood of extended underground opening
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of a curcular cross section. In accordance with the strese-
gtrain model of rockmass response three characteristic zo-
nes arise, in the general case, around an underground open-

ing (Fig. 1),

I - zone of ruin failure (residual strength). Due to fai-
lure the rock encountered in this zone transformed in-
to nearly loose mass.

1Y - zone of poght-failure condition. Uhis zone is charate-
eized by strength and deformational inhomogeneity si-
nce the rock ig affected non-uniformly, Irom a maxi-
mum failure at the internal boundary ¥=%p to unbro-
ken state at the external boundary fT=1, .

IiI- zone of pre-failure condition. llaximum resistance of
the rock has not been achieved. Volumetric changes ha-
ve a double character and at the boundary =1, are

practically equal to zero.

It is obvious that the zones I and II will be the most cri-

tical ones as for non-elastic strain response.

For an ddeal brittle solid on condition thet Gih=%5ﬁithe
size of zones I and II can be defined from the equation

o 1
et - el ebte)] @

where Eim— regidual strength, iiPa,
A - coefficient of lateral thrust,
P - reactive resistance of lining, iiPa.

One should point out the following. The new stress field
around an excavation is charaterized by the concentration
of stresses in the proximity to exposed surfaces. The ma-
ximum stress concentration exists within the excavation
outline or extends into the strata that can be observed,
for instance, i1 the neighbourhood of workings excavated

by drilling-and-blagting technique. In both cases the con-
centration of gtresses is rapidly fading eway while regres-
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sing from tie excaveation into the strata.

oo e Y .

Zven after ingtalling sufficiently rigid lining the proces-
ges of non-elastic displecements of the surrounding strata
and ite mechanical failure will not be stopped and result
in further fracturing under the influence of extraction and
development activities. Thig is especially characteristic
for hydrostatic, corrosive environment or complex tectonic

structures.

It is known that the stability of intersected rock strate
can be increased by the injection of binding agents. The
o &> [

:

effect of strengthening will be That owing to filling of

e

voids and I{:

}

b
ggures acting static and dynamic forces gene-
rate more uniform stress field with sgimultaneous decrease

the number of stresgs concentration zones. Such an effect

e
In]

o]
n

an additional one, can be achieved during rock treatment

(o
=

grout injection.

However, the formation of grout covers in the D.R.Z., that
is the mogt critical one in relation to non-elastic defor-
mation, will nov provide o long-lasting effect. As a re-
sult, the expenditures on upkeeping and repair of mine wor-

kings remain very high.
Summing up one may make such a conclusion:

- the formation of grout covers in the D.R.Z. (described
by the radius Yy ) does not correspond to an up-to-date
approach to the processes of sealing the rock strats by
grout treatment, and does not provide effective upkeep-
ing of mine workings in the course of extraction and mi-~
ne development activities,

~ selection of an optimum arrangement pattern for injecti~
on holes based on an accurate analysis of mining and ge-
ological conditions of the site together with a purpose-~
ful control of rheological and mechanical parameters of
injected grouts are efficient means to form grout covers
of designed geometry and location. These meang can be
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advantageously applied for residual seepages control in an
attempt to improve conventional schemes and approaches

POST-GROUTING WITH DIRECTIONAL HOLES EXTENDED
THROUGH TH& TOLAL THICKNESS OF WATERED ZONES
AS A BASIC S5CHEME

Baging on the methodology of Integrated Grouting Techni-
que /2/ the STG Company has developed approaches and de-
gign procedures in post groubting of mine shafts. Grouting
procedure illustrated by Ffig. 2 involves the execution of
drilling and injection operations in a watered section from
one single level in the shaft excavation. The length of
grout holes will depend on the thickness of water bearing
layers, type of fracturing and specification of the eguip-
ment. The impregnation of watered zones is carried out at
a calculated distance from the wallg of an excavation pla-
cing high-capacity grouting equipment on the ground sur-
face, This scheme aims at providing a long-lasting sealing
curtain of designed configuration and extent.

The required size of grout coversg is designed with the pro-
o

viso to ensure grout stability in weter bearing figsures
under hydrostatic pressure attack;

0B

s
N
S

R_

27T
where 6 - figsure width, m,
Pk - hydrostatic pressure head, liPa,
T - dynamic shear strength of grout, liPa.

The angle of drilling directional holes is defined with the
proviso to intersect the watered section behind the zone
of disturbed rock (D.R.Z.);

_ R+ g
&L H°+(R+rn+rﬁ)_tq"]3 ’ (3

where H, - distance from hole collar to the roof of gepa-
rated section in the shaft axis, m,
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Iy - excavation radius of & ghaft, m,
P - rock dip angle.

The length of directional holes in such cage can bhe deter-
mined from the egquation;
P = Hot(R+1y+ 1) tg P LM
cos L cos (L p)

vhere M ~ thickness of gseparated watered section, m,

+K, &)

K =~ amount of hole deepeuning into water resisting
layer (0.5 - 2.0 m).

Drilling and injection sequence will be determined taking
account of the thickness and type of an aquifer, direction
and yield of ground water atitack. Two patterns can be most
rational for a post-grouting job;

-~ priority drilling of holes in the stage and successive
grout injection (Fig. 3),

- gimultaneous drilling of holes in the stage and subse
gquent grout injection into each hole or combining them

in series (Fig. 4).

The first pattern can be applied in the presence of several
fracturing networks, fault zones or large water inflows.
The second one is applicable for the conditions of uniform

fracturing and porosity.

The number of grout injection holes is designed by graphi-
cal analysis with the proviso that grout covers are to in-
terlock behind the D.R.Z. outline (See Fig. 3 and 4).

Degign procedures include calculations of grout injection
pressure, selection of grout formulation with suitable rhe-
ological and strength parameters for the plenned geonmetry
of injection holes. Our experience shows that the use of
stabilized clay grouts will be, in most cases, the optimum
engineering solution. Such grouts, being sufficiently plas-
tic bodies, will not only ensure high sealing effect but
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also contribute both to more uniform distribution of static
and dynamic stresses in the rock strata snd increase strate
resistance to tensile stresses. The latter is very impor-

tant when an underground excavetion is exposed to mess bla-
gting operations during ore extraction.

The preparation and injection of grout in all cases is per-
formed by the equipment located on the ground surface, Gro-
ut injection is executed either on the total thicknesgs of
an aquifer by packering its roof at the degigned distance
from the shaft ( R+%y ) or several zones can be

Such zonesg are revealed in the course of drilling and hy-
drodynamic testing. V

When the formation of an interlocked grout curtain is com-
pleted there will be created a gandwich structure in the
gystem 'rock strata - underground excavation' in which in-
terrelated zones of disturbed and grouted rocks behave as
a flexibility element of the permanent lining.

SUMIMARY

Mlexible and broad applicetion of the aforementioned app-~
roaches during implementation of post-grouting programs can
help in efficient and guaranteed ground treatment under va-
rying hydrogeological and mining conditiong with reasonable
cost data. The grouting scheme aimed at obtaining conducti-
vity resistance and increasing loading capacity of the 1li-
ning contribute also to simplification and hizher rates of

post-grouting operations.

Following this logic one may state that if the need in post
grouting arises, design of post-grouting programs should
be based on the following considerations;

- neautralization of hydrostatic and corrosive ground wa-
ter attack on permanent lining and mining equipment,

- strengthening of the rock strate surrounding permanent
workings for thelr effective upkeeping,
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- gealing off water inflows in Tthe nine workir for redu-
cing thne cost of mine drainege.
The above could be also good reasons for planning nogt-gro-

uting programs.

1. Baclaeshov 1.V,, Kartoziye B.,A. llekhanika podzemnykh soo-
ruzheniy i konstrucktsiy krepei. (liechanics of undergro-

und gtructures and linings). 1984, redra Publishers,

Lioscow.

2. Kipko &.,Ja., Polozov Ju.i., Lushr Uu.du, and others

Kompleksnily metod tamponazha pri gitroitelstve ghakht,

rlz

A

{(Integrated grouting wmethod during mine construction;.

1984, ¥edra Fublishers, lLioscow.

The Third international Mine Water Congress, Melbourne Australia, October 1988

609

Reproduced from best available copy



IMWA Proceedings 1988 | © International Mine Water Association 2012 | www.IMWA.info

L i ; l disturbed rock

ﬁ$ zone (D.R.Z.)

Mg. 1 Schemetic diagram of stress-strain condi-
tion of rock strate in the neighbourhood
of underground excavation

I-zone of ruin failure
II-zone of post-failure condition
I¥T-zone of pre-failure condition
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FMig. 2 Post-grouting procedure through direc-
tional extended injection boreholes

1-grouting stage level

»-separated watered zone

3-grout injection hole

4~points of packering

5—-injection pipeline

6-grout covers, T-zone of disturbed rock
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sequence of drilling/injection

g, 3 Arrangement of grout coverg in rock

p

strata with intensive fracturing

1-mine shaft

2-grout injection holes
3-zone of disturbed rock
d—-outline of grout covers
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