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In the Enterprise for Sinking ~ine Shafts a new system 
was developed for sealing ~ater inflows and so!idifJing 
roc.ll;s by means of a chemical agent. B;y its use, along with 
improved technologies, the work of ~ine construction is 
to be made safer and more efficient. In the system the 
equipment, necessary to condition ~nd exdmine the chemic
al agent, the testing means, special mixing and injecting 
beads, as well as pumps are included. 

! mono-component injecting agent o1' new formulo. Wd.S de
veloped. Its viscosity is low nearing t~t of the ~o.ter, 
while the length of time, re~uired for its gelation, is to 
be modified in broad limits. This new injecting agent, 
marketed under the trtide name Matakril, lends itself to 
solidify water saturated or other rocks with poor infilt
rotion factor or to seal them, as well as to seal high 
pressure formation water or thermal water inflows, to 
solidify the walls of boreholes, to insulate underground 
constructions and surface buildings. 

Some cases for its practical application are described in 
which this newly developed injecting system was used in 
po.st years. 

INTRODU'::TION 

The works of both developing and extracting deposits con
tdining useful minerals have been performed in ever increas
ing depths and in more and more severe conditions. On ac
count of the stringent requirements against supporting ele
ments, as well as the elevated rock temperature and the 
presence of high pressure formation waters, improved tech
nologies and better materials should be indispensably used. 

Phs tics and cr,emicals, which found extensi. ve d]:.:plication 
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in every ind~~tri~l sectors, have contributed in working 
out new supl:'orting tecllllologies as w"ll as ·.v ... ter se<..tling 
and rock solidifyin~ techni~ues. 

For sealing high ~ressure thermal water inflows and solid
ifying water satur~ted dis~ersed rocks the conventional in
jecting methods are no more efficient. In addition, even 
the rock freezing method bas its technical and economical 
limits. 

For to.is reason, it seemed re:isonable to develo~ a new 
water se;;.ling system wnich, ad;;.pted to im~roved technologies, 
can m;;.ke s~fer and more economical the work of mine con
struction. 

COMF.,RI..,ON OF DE'.VATERING M.i!.'THODS 

DeWGtering and rock solidifications are dCtivities indepen
dent each of other. Though, from the point of view of mine 
construction the ->.im is, almost in every case, at solving 
by them the Sdme problem. In determining the range of ap
plication of the methods of tapping water bearing stratG 
consisting of granulated rocks Hungarian references in
iicate the requirement, based on own experiences and the 
results ootained in abroad, th~t the technical and econom
lc possibilities should be matched [1]. The ranges of vari
)US dew~tering methods, used by our Enterprise in ~repar
lng designs, are ~resented in Fig.l. They were delimited 
'Y benefiting from the results presented in references, as 
~ell as from own experiences and me<..tsuring data. 

lccording to their aims and technologies the water sealing 
jobs, undert<..tken by our Enterprise, are to be grouped in
;o 3 categories& 

L. Sealing, 

~. Cementing. 

~. Injecting by 
chemicals 

Filling out of cracks, sealing of water 
bearing strata by the technology "Kipko" 
applied under J.:i.cence, using high viscos
ity bentonite or clay slurries 

Bealing of water· inflows in .fi~>sured rocks 
or sediments consisti.ng of rocks of coarser 
grGins, back-filling etc, by having re
course to conventional technologies 

Rock solidification and sealing of water 
inflows in ~cks with poor infiltration 
fcu~tor, in fine sands, sealing high press
ure water inflows with chemicals. 

n this paper the methods of injecting using chemicals and 
.he eJq;eriences collected therewith will be discussed. 
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CONDITIO:'fi:> OF 1-.";RFORPHNG INJ~CTION B:! 
CHEii:ICn L;j .~ ND TH;.!. RE.,:UIR:-ID M:dERI, LS 

Rock solidificd.tion d.Dd se .. ling by chemicals is to be done 
reasonably mainly in water saturated, dispertied str~ta 
which are movable in hydrodynd.mic conditions or include 
colloid ptrticles exhibiting thixotrope pro'Perties. In ad
dition, in cases also, where the conventional cement in
jecting methods are no more efficient. For t~is reason, 
mainly low viscosity chemic<~.ls are to be used for tb.d. t pur
JOSe, the len~th of gelation time of which can be accurate
ly controlled in broad limits. 

At present, the number of chemicals bdsed injecting agents, 
referred to in references and tne brochures of manufact
urers, is almost illimited. It is the reason why some 
authors try to categorize and select, res'Pectively v<~.rious 
injecting agents by point evaluation l2J. 
In our Enterprise testa started only on chemicals, which 
could be easily imported from abroad and even their pro
duction in rlungary is possible. 

In Fig.2 viscosity values are shown for conventional and 
chemicals based injecting agents. Tests commenced on 
?rench made Celtamine injecting agents. Following them a 
new type of agent Wd.S developed aDd marketed under the 
tr<~.de name of ~atakril [~]. 

Matakril is a mono-component acrylic amide based inject
ing agent patented by the Enterprise for ~inking Mine 
.:>hafts, .ratabanyd Collieries and the Laboratory of Natur
al ~ciences of the Hungarian ~cademy of Jciences. It is a 
low viscosity agent, the length of gelation time of which 
is to be adjusted between 10 seconds and 24 hours. It pro
vides an elastic gel. The strength of injected soils 
doesn't vary ~h time and they resist chemically to the 
effect of every type of ground waters. Bacterial and 
other micro-organisme cannot attack it. Even the gel 
strength is to be modified in broad limits • .:>hould the 
gel or the injected rock be dried out, so would its 
strength be substantially increased. ~ince it bas self
-regenerating properties, in case where after its drying 
out it absorbs again water, it swells to the point where 
its initial volume is re-established and its insulating 
properties are re-gained. 

Since Matakril has most proper technical properties and 
is highly efficient and since its production in Hnngar,r 
can be started in the years ahead, our Enterprise worked 
out a technology lending itself to its use on industrial 
scale. 
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DE~SLO!ING Tllli ~Y~TEM OP INJ~GriON 
USilfG Cf.l::iiiCAL:i 

oince the material. e~uipaent and technology. necessary to 
carr,r out injections using chemicals, are deYiatiAg fro. 
those required for conventional aethods. an injectiag ayst .. 
should be developed. covert.& pre~aratory «Kaminationa 1 

l&borator,r aDd teatiA& e~uipaent needed to define tM proper 
C:l)III:O&ition of cheaieals 0 the technologies of treatiDg ..... 
llixirag chemicals and tier accessories. s;.ecial injectiAE 
heads allcl IJUIIpa etc. ID Pig. 3 a acheu.tic diagraa of' this 
aystea is presented. 

1D the preparatory stage conventional laboratory testa 
. ..,. ..... on ~o••• or -..pl .. "f'_k41i lty aU;aer INJti.._ ta a 
wt .. of" detera!Diq their rock physical cbaracterUttc 
for being able to select the appro~riate injectiac agent. 
"Proa these t .. ta the exaaiaation carried out usiac a 
D-II device abomld be particularly indicated. ~ it use
fu.l data are to be obtained for detenaining, in the first 
place. the infiltration factor of sediaentary rocks then 
tbe paraaeters of dilu.tion. adjuatiD& tbe viscosity of 
the injecting agent to be used and selectiAg the o,ptiaal 
injecting pressure. From these tests practical conclusions 
c;an be drawn to the re uired aaou.nt of injecting agents 
and the depth of ~enetration. 

l'be proportions of mixing various coaponents shou.ld'be 
determined in the stage of chemicals conditionaent by 
taking accou.nt of the degree of dilution and the ta.per
ature. On the chemicals prepared in this .-y checking 
tests will be perforaed on site in a View of kno~DC ac
cUHtely tbe leagth -of gelation tbte. 'It ia iaportaat 
aainly for injecting works with abort gelation tiae. Por 
determining the leDgth of gelation tiae a device was 
constru.cted in our &nte~rise which detects acc~rately 
the aoment where the process of gelation starts and in
dicates its progressing in tiae, as well as its intensity. 
After baYing adjusted accu.rately the cat~lysta. tbe in
jecting agents will be I,repared for shippiag, by consider
ing the relev4nt mining or other conditions in which the 
injection work will be done. 

For injecting quick setting chemicals a special 40 1/min 
capacity and 40 bar pressure pump WiiS developed by our 
b:nterrrise in co-operation with the itesearch .tnstit ute 
of tlastics. ~or injecting higher volu.aes of agents an
other 150 1/ain capacity and 80 b&r pressure pu.ap was de
signed by aa.king use of a triplex system 11:-150 type pump. 
rloth rumps being operated by compressed air ~ can be 
located even in gassy mines. 

During tests a self-closing injection head was construct
ed making unnecess;;.ry to api.lY costly stand1i;;es or carry 
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out lengthy 01-erations •.. his injecting .hec;.d is to be run 
i~e~iately ~fter having drille~ the injecting hole. ~ub
se~uent to the ~njecting orcration it can be recovered 
and re-used. TOe head operates well up to injecting press
ures of 80 bar and can be run into holes with diameters up 
to 80 mm. according to the diameter sizes IB-1, IB-ii and 
IB-iii types were constructed. 

For increasing the efficiency of injections it is reason
able to cKrry out absorption tests with indicators prior 
to proceeding to injection work, for clarifying problems 
associated ~~th the direction of water flow and the inter
-communication of underground channels. Nhen injecting 
water filled caverns or strata, including flowing ~ater, 
it is neces~ary to determine the degree of dilution. It 
is made by a refractometer and a solution of given con
centration t~hich is indifferent tow-ards the chemical pro
perties of the relevant strata. rtfter that the solution 
was added tests are made on the working place for check
ing the length of gelation time, since the data on large 
volumes of solution may deviate from those specified for 
small ones. Before leaving the working place it is reason
able to perform a closing test for being convinced of the 
success of injection. 

EXFSRDSNCES GAINED IN OPERATING COND!'riO.RS 
WITH THE llETHOD OF W.-<TER SEAUNG liND ROCK 

SOLIDIFIC•>TION USING CHEN IOn LS 

Sealing of ~ater inflows and solidifying rocks in Shaft 
K-IV of Koml6 

When sinking the Shaft K-IV 118 m long controlling holes 
were drilled from the loading point at level x. From the 
sandstone floor strata water outflowed at rates from

0
300 

to 500 1/min with 18 bar hydrostatic head and at 40 C 
temperature. Sealing the ~ater was all the more necessary 
since the shaft should be sunk to 65,7 m below the level 
x. Lifting waters sould have made impossible to continue 
shaft sinking on the one hand, and during production they 
would have led to serious disturbances on the other hand. 
Injection by conventional cementing methods proved un
successful and injecting pressure caused the strata to be 
fr&cturated near the bottom. Thus boilings occurred mak
ing the cement injection inefficient and hindered to con
tinue work. 

Using Uatakril first rock solidification on the loading 
point ~s proceeded to. Subsequent to this lifting waters 
were sealed in the following manner. 

After having measured the rates and pressure of water and 
carried out absorption tests, we could locate, using a 
fluorescein solution, the points of boilings and infilt
rations that communicated directly with the boreholes 
294 
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tJrring tLe floor ~nd tLe liftin~ ~etters, res~ectively, 
rhis was followed by .cr.eds:.lrini'; tbe extent of dilution us
ing a sugar solution. "t ti~ roints of infiltrdtions, trac
ed by fluorescein, the variations in sugpr concentr~tion, 
•s well dS in the extent of dilution and in water temr
erature were measured by refractometer in every minute, Us
ing tne data thus obtained the amount, concentration and 
length of gelation time of the injecting agent were to be 
determined. 

'l'he first }:roblem to f<:~ce U}: was to eliminate rock frctctures 
in the surrounding of t~e level X by strata solidification. 
For tr~s reason the gelation time wets selected as short as 
to cause tile diluted agent to be gelified before it cetme 
out with tne boils. AS indicated by control holes, efficient 
rock solidification could be }:erformed in this way at depths 
up to 30m from the bottom. Consequently, the opportunity 
was given to seetl completely the water bearing sandstone 
str<tta at ,:,0 bar overrressure. " scnematic diagretm of the 
rock solidifying and sealing operation is shown in Fig.~ . 

• Vater sealing by chemicals in the Shaft F-I of Nagyegyhaza 

In Nagyegyhaza Pit, formation fracturing occurred when se;:~l
ing -s performed through the borehole No N 118 and the fed 
slurry arpeared in the maingate No I of the Fit. Subsequent 
to stopping the work of sealing, karstic woter inflowed 
throubh the line of break dOd its rate stabilized at about 
400 1/min, This WJter inrush created hazardous conditions 
in the mine since it carried a substetntial amount of drifts 
and the cavern formed near the roadway threatened serious
ly the whole transporting system in Nagyegyhaza Pit. 

water was sealed by Matakril fed from tt.e surface through 
the borehole No 118. Bince the section of the line of break 
at which karstic wetter inflowed between the borehole and 
the main~c<te No I was not known, prepc<ratory measurements 
should be performed, At first the length of flowing time 
for the injecting agent between the borehole and the point 
of water inflow wc<s determined by fluorescein colour. For 
this time 13 min was given. Dilution measurement by sugar 
solution indicated a 3,5-times dilution. In conformity with 
these data the length of gelation time should be selected 
in such d way .-.s to prevent the gelation from taking rlc<ce 
oefore the agent would be diluted by karstic water. Data 
on pre:r;"ratory measurements :;.re rresented in Fig.5, 

In cdse, where gelation occurs ~rior to dilution, the bore
hole will be closed and no se4ling made. In turn, if gelat
ion is :r;roduced much later thdn the ~rocess of dilution 
was c~rried out, the injecting slurry flows along with the 
karbtic water into the drift without undergoing any gelJt
ion. These conditions could be met only by ~reparing a 
high concentr~tion stock solutivn and 1ressing it in short 
time into the borehole. ;o.:;.tdkril WdS int!'o !uced Jt 100 b""r 
;r<=.;sure by J. 11 GR-I tyr e injecting ;:um1. rot:;.lly o cu.m 
of solution w"s ~ umr en in by co:-,necting two t ,rtks ind 1 
J...wn1. I'his >A.iS rlf:r,e.::s_.~.ry ;..-.;inr:e t:.e time of ~el1tion h.:1S 
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been adju:>teu by a co~bined method. rne time of ~elation 
for tne .solution contained in the tank:> was 14 min but 
after mixing in the borehole it take 4 min. rne cnewicals 
thus prepared were pressed in through the drill ~ipe into 
wnich a packer w"s run. rhe scnematic diagram of water seal
ing operations is seen in Fig.6. Subsequent to injecting 
tne rate of the water inflowed into the mine was diminish
ed to about ;o to 50 1/min and drifts were no more carried 
by it. Residual waters are to be se~led by injections 
through short holes drilled underground. 

~ealing operation in Pusztavaw ~outh Shaft. 

In its first section of 30 m the shaft traversed aquiferous 
sand formations. For meeting environmental regulations water 
should be completely sealed when shaft sinking progressed , 
since any variation in the w"ter table in the environment 
of the shaft was to be prevented only in this way. By con
ventional methods this goal could have been achieved only 
by constructing costly impermeable wallings. Technically 
it would have made difficult to continue the works of sink
ing and walling, viewing the fact that the sand layer, de
watered preliminarily under vacuum, was not stable and 
supporting could be performed by the so-called pillar wall
ing method • .3ealing was then carried out using Matd.kril 
injecting agent as it follows: 

Between the wallinG of concrete blocks and the extr~cted 
rocks /sand layer/ a 10 em thick infiltrating la.yer was 
built-in using ~r"'vels 8 to 16 mm in grain size •.• fter a 
lenlth of advance of 1 to 1,) m the infiltrating layer 
vas saturated with Mat~ril in a way as shown by the sketch 
in iig.1. After that the gelation completed an impermeable 
elastic mantle surrounded the walling. Gelation time and 
solution viscosity were adjusted in a way that tne agent 
filled out jointless the infiltering layer and the loss at 
wall joints and that due to infiltration into the sand 
layer were cut to a minimum. Adjusting the viscosity was 
made by bentonite which, at the same time, contributed to 
incred.se the gel strEngth. )lUlling and feeding the chemicals 
were carried out on surface where also the injecting pump 
was located, as shown in Fig.8. At places, where no in
filtrating layer could be established post-injection was 
performed by means of a KEVITI type pump disposed on the 
shaf~ plateform, by using a two-component quick setting 
chemical. 1njecting was done by an ~B-I type self-closing 
head of new system. 

Uther water sealing operations 

~uccessful sealing operations were effected using Matakril 
on the -700 m level of Recsk copper mine. On the trec1ted 
~laces drifting work wo.s ];,receded by conventional cement 
injection and substantial umount of water inflowed. In many 
a cases the water ~ressure exceeded 72 bar. On working 
rlaces, where w::<ter flowed in through fractures, -J.Uick 
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settin6 injection ~gent tihould be ~p~lied. 

In a section of ~ water tunnel driven under the ~ube at 
Bekasmegyer, ring support section ~ere insulated by Matak
ril. Cement slurry could nave been back filled only at 
nigb pressure •hich would h3ve ~roiuced fracturin~ in the 
layer 6 m in thickness between the bed of ~nube and the 
tunnel. For injecting Matakril only a ~ressure of l bar 
WiiS needed. 

Injecting with our memical agent was successful even in 
dee1 holes. 1n the ~orth-Borsod area, in a karstic region, 
mud loss in fractured formations and water inflow into bore
boles were 1-revented by our method. ,.t liiiecseknadasd the 
a:;~takril injecting aethod, &J:plied in a bole drilled through 
• seam, ~revented the ~s from being flowed out from the 
coal and also the borehole from being collapsed. 

BTUJI~ OF ECONOMICS 

From the economical com~arison of various dewatering methods 
no conclusion of general validity can be drawn. ~ucb stu
dies should be carried out se~arately for each ~roblem. In
jecting by chemicals are to be ap~lied mainly in cases, 
where the conventional cheaper methods prove to be inef
ficient • 

. .:s far as tne comparison with freezing concerned the costs 
per cubic meter are nearly identical. In turn, if it is con
sidered that there is no long l~sting freezing plant oper
ation and, consequently, no additional costs involved with 
water insulation or lifting subse~uent to melting of the 
freezed mantle then the method of injection by chemicals 
is undoubtless to be ~referred. Of courtie, this statement 
is valid only for places, where rock conditions allow to 
b4ve recourse to this method. In cases, where complete wa
ter sealing is required, i.e. when wetting should be ab
solutely excluded, only the method of injection by chemi
cals is to be considered,accidentally combined with other 
water sealing methods. 

The couple of shafts, sunk in North-Yorkshire in the 70', 
is to be quoted as a good examrle for comparing technical 
and economical datd,related to shaft sinking,obtained by 
the methods of freezing and injecting with chemicals, 
res~ectively [4.1. Clevebnd Potash Ltd sank double-shaft 
system with an inter-di~tance of 91 m u~ to the final 
depth of 11)0 m. work progressed in soft strata thm ugh 
plastic formations and in a 300 m long section in highly 
aquiferous triassic sandstone. Hoistinl shaft was sunk by 
freezing, the ventilating one by the method of injecting 
with chemicals. otudies on the economics were not com~lete 
since the freezed str~ta once fractured in the meantime 
due to which the sinking work was delayed for several 
months. In sddition, the costs of injection ~ith chemicals 
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were recovered only ot a later dGte by tne facts that on 
account of com~lete sedling no ex1enses involved with wa
ter lifting were given. the da~ages c~used by corrosion di
minished <>nd thus mainteiJiince consts were red~ ed as •ell. 

AS regards the savings:-acr~eved by making use in Hung3ry 
of the method of injection by chemicals in the above citej 
cases, the 1b llovdng statements can be made. 

Sealing orerations performed in Nagyegyhaza Fit did disturb 
neither producing nor hauling works. The total costs amount
ed to 500 000 Forints. According to preliminary estimates 
the e~enses involved with conventional methods, i.e. driv
ing an inclined plane from a roadWby, would have been over 
20 MPorints and, in addition, work could ~ve been rerfor.
ed only by limiting the hauling operations. 

~s r~rds tne costs ot insulation at pusztovaa ~hAft 40 p.c. 
savings were realized. ~ince de~tering the sand formation 
~s only ~artly successful, the earlier rlon /water imper
meable plastering and protective wall/ would ~ve been ir
realisable. oubstanti~tl aavi.nga will be expectedly achiev-
ed by tne absence of WMter lifting coats when the shaft 
11'111 be put in operation. 

At Recsk copper mine ~ter lifting costs represented about 
20 IIIP'orints in 19?9. Carbon.tted forllllltioas, segregttted 
from water, raised a lot of ~roblems. The rate of elevat
ed water per min. was, according to measurements in Sep
tember 1980, 2,~9 cu.m. ay post-injecting chemicals sub
stantial savings could be achieved. 

From the operation of sealing and rock solidification 
completed up to know, it can be concluded that within the 
mining industry there would be a lot of other cases in 
which this method could be applied efficiently and eco
nomic ... lly. 

As other possibilities, in addition to m...ke water sealing 
and rock solidifying jobs for shaft sinking, the following 
ones could be indicoted: 

- When water inrushes occur high pressure water, inflowed 
through cracks or boreholes, can be sealed by local in
jection. 

- In case of accidents, gate~ys or orenings of small di
mension are to be driven ~pidly by injecting quickly 
setting chemicals for rescuing men or traversing coal 
dust accumulations and rocks inclined to collapsing, 
respectively. 

In water flooded mines properly pressure resistant gel 
plugs /provisional water dams/ are to be prepared through 
boreholes near the point of water inflo~. 
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Fo:- minin,~ .w.;r·k., .1nJ unJer·· roWlJ con::. :;r~.;.: :1 on ones wa
ter c ... n be :oe..1led r"l iJl.v .,.nJ effir:iently, 
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