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Water control gate is an effective means of psesive mlne 
water control. Experience is given on water control gates, 
having been gathered in the Doroe coal field of high ka.n;
tic water hazard, durinc the last half century. It is pos
eible to constr~ct perfectly clQSing gates usinG the pre
sented guidelines. Teet operation as pnscribed by the mi
ning authority is described from practical points. Condi
tions of effective application are determined from expe
rience of subsequent gating of water inrushes. 

ON WATER CONTROL GATES IN GEm!:&:AL 

In mines of high karstic water hazard in the Dor()f; coe.l
field, preventive and peaaive water control methods have 
been used. 

An important means of passive control is tke water control 
~te. It is applied when in spite of preventive methods 
feuch as protection pillar, separation of aining fields 
by boundary pillars, exploration and mining achedule ac
cordi~ to increasing water hazard, and other mining mea
sures/ such a high water inrush /or several -ller ones 
with a high total yield/ occure which end~ers the exis
tance or economics of mining. 

The water control gate consists of the gate body, the ad
jacent roadway sections /water-side and safe-side/, the 
equipment and the adjacent rock. 

Water control gates are used for the increase of mine sa
fety with due regard to engineering and economics. ~~rposes 
of these structures are: 
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- to protect the £haft and its equipment /numpinc £tation, 
e:ectricity metworK, tran~porters/ aeainct floodinc in case 
of a mine water yielc hicher than ~~pine capacity; 

- the separation of mining fields, the clo~ure or discon
nection of a mininr field if necessary; 

- the closure of areas where mining is terminated, in or
der to stop pumping from there; 

- to establish steady-state conditions necessary for the 
grouting of inrushes, or to control grouting material in
put through boreholes by controlled flow velocity in case 
of roadway grouting. 

General application conditions, sizing, construction and 
supervision of water control gates are regulated in vari
ouS sections of the Mine Safety Regulations /ABBSZ/. La
ter, a special mining standard "The loca1iDn, sizing, and 
construction of water control gates" was prepared, BUJIII:la
rizing and further developing the above regulations. 

CONSTRUCTION EXPERIENCE OF WATER CONTROL GATES 

Among earlier constructions it is worthwhile to mention: 

-control structures without gates in shaft VI to separate 
oligocene mine fields and lower eocene mine fields under 
water hazard, as well as to isolate drained water in mined 
areas, 

- the low-level gate in shaft I, protecting the main water 
control station and 

- the Tokod-Altar6 I. incline and gates protecting main 
water control stations of incline VI. 

As mining depths were increasing between 1955 and 1969, 
mine openings required the construction of high-perfor
mance water control gates. Aslresult, double gates were 
constructed for shaft XVII in 1956-57, and for shaft XXI 
in 1961-62, and a control &ate was completed in the mid
eocene layers of shaft XII/A in 1969. 

Construction questions of water control gates came into 
prominence in 1958 when an inrush of 0,75 m/s occured at 
the -17 m a.s.l. level of the transverse roadway of shaft 
XVII. In fact, inrush water flowed round the closed gate 
and the mine flooded. This gate was constructed in 1956 
and 1957 in portions without grouting. 

Later, in 1970, other gates performed sufficiently after 
regrouting. 
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Lain factors cove mine the construction a.nC: !'Br:formance 
o:f eates are RF follows: 

- quality of rock around the gate /safer an:i less expen
sive gates can be constructed in the .arl overlyine the 
1-r-ocene coal ee111111 than in the high-conductivity, he
terQE;eneous layers of llid-ocene; 

- excavation of the gate contour by taking care of the 
surrounding rock material /contour-blasting and chipping 
11&-r or a -cn.nized 111ocie/; 

- a proper provisiOR&l support of gate contour, leading 
to Bill~l rock displac-.nt /shot-concrete support im
.ediately following excavation ~ be of high importance/; 

- a~nount and o.uali ty of concre~ COIII!J()fteftts such as the 
choice of particle size classes for gia¥el and optimum 
water-cement coefficient; 

-concreting technology /traditional ~atine, or shot-. 
concrete technology but continuous work ~ all aeans/ and 
the sprinkling of the concrete eate; 

- problEIIIlB of setting accelarators /decreasing concrete 
strength and its s~ate resistance, increRF.ine the cor
rosion of steel fi tti~ inbedded in the concrete as -n 
as shrinking/; 

- construction, -terial, test-peration and corrosion 
control of various cate structures; 

- groutine of the gate llftd ad,;jiiCant rut llJ sections. 

'l'his latter operati• is - ef tile -t illpertet ~
of gate conatructi•, re<~~.u.irinf; cr-t care and considerable 
tillle. 

f.lrouti~ sede CetMrallT with c-.nt lill!uid can be divided 
into three parte: 

- the fractured roelc is ~outecl, 

- the interface be'WHten gate 8lld roek is grouted, 

- grouting againllt shrinkace IIDd its effect after 6-9 
months of construction. 

Concrete shrinking is a rapid process at the beginning 
and a graduall;y slower one later on. About half of total 
shrink~e takes place within the first 28 da;ys, while the 
other half lasts a ;year. ShriDk~ of a larger gate body 
lll&f be as lone u 10-15 years. According to our experience 
the first grouting pertaining to t;ate construction process 
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should be followed by an other grouting after 2-5 years. 

After the completement of gate concreting work, drilling 
of grouting holes can be COI!IIIIenced. The maeni tude o1' this 
o~ration is illustrated by the following data: 560 grou
tine holes were drilled in 50 archs for the water control 
gate of shaft XXI at level -17 m /length of the gate is 
6,3 m, grouted lengths of roadway are 9 m at the safe-side 
and 14.7 m at the water-side/. Grouting had to be accomp
lished from the centre of the gate in both directions con
tinuously - without jump and interr~ption - in order to 
drive out inbedded water and air in both directions. Grou
ting must be continued as long as pressure test for every 
borehole gives satisfactory result. 

Our experience recommends Portland cement 600 for groutinc, 
with particle sizes o-, 002-o, 005 mm and not older than six 
weeks. Water-cement ratio is 1:1. Since setting time is 
90 min, no connected hole system can be pressurised longer 
than 90 min. Grouting can be repeated after 48 hours pas
sed. 

During the construction of the gate for shaft XXI, only 
the third grouting, using cement-mortar, could assure im
permeable. gate and rock vicinity. One of the reasons was 
the strong fluctuation of cement quality: streneth of the 
ap~lied cement, type 500 changed between 40-70 ~a. This 
experience raised not only the necessity of cement· testing 
in advance but also the use of other grouting materials 
beside cement. Criteria for grouting materials are: no 
shrinkage, proper strength paraaeters, impermeability, 
good adhearing evan to·wet surfaces, sul}ilate resistance, 
e .. y grout&bility. 

S~cial attenti.on should be given to the weathering of 
clqey, marl rocks, cauaed by the effect of -ter during 
gate construction. Especially endangered is, in this res
pect, the inverted arch surface due to gre.vi tational wa
ter movement. 

Torcreting of gate beds or silicate grouting can be used 
against this weathering effect. 

The application of shot-concrete also solves this problem, 
in addition to regulating rock stresses. 

lccording to the specification, test operation should use 
! pressure head 1,5 times higher than design head is, 
througb.out 72 hours. Test operation is compulsory even 
!lfter regrouting. i'he ma,gn1 tude of the above pressure 
1ead can be discus.sed, since our experience shows that 
ouch a test pressure head opens fractures which would not 
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open in case of the decicn pressure. A gate for shaft XAI 
should have been tested with a pressure of 2, 2 t;Ja. How
ever, seep8£e occured in the lead uackine of the gate at 
0,25 Ml:'a. Seepae;e throueh the gate was experienced above 
2,0 1~a, but this seepae;e did not stopped even at the 
design pressure of 1, 4 LIPa. 

The actual pressure head, as loading to the gate, can be 
hic;her than the design pressure only for a short perioa 
during a grouting operation to close a water inrush. In 
that case, weight of the slurry in the borehole ~ay cause 
short extra loading. 

It would be more appropriate to accomplish the test opera
tion b,y usine design pressure head /or its 1,2 times at 
most/ for a longer period and observing seepage flow and 
carried sediment more frequently /e.g. in every second 
hour/. A gate can be accepted if seepage water is clean 
and its rate is constant. 

In the Dorog coalfield, only one mine flooding has occured 
due to construction defects of a water control gate. 

It was already mentioned that elementary defects during 
the construction of the double gate for shaft XXII led to 
mine flooding after mine water had flowed round the gate. 

Flooding was caused in two other cases when the gates could 
not be closed. 

These cases underline the importance of a proper lead-time 
for manpower evacuation and the preparation and execution 
of gate closure. The necessary lead-time in case of a high 
inrush flow /as 1,25 ~/s in 1971 at shaft XVII or 2,33 in 
1970 at shaft XII/a/ can be assured only b,y the help of an 
undereround water storage space under eate level. As a 
result of the lack of such spaces, in the two above cases, 
there was not enough lead-time for gate closure. 

There are two basic preconditions of successful gate clo
sure: 

1./ the gate body, its equipment and the surrounding rock 
must be impermeable /construction criterium/; 

2./ necessary lead-time for closure must be available even 
in case of an inrush considerably greater than pumpine ca
pacity /gate siting criterium/~ 

If the above preconditions are fulfilled, the application 
of water control gates is economic as the next example 
demonstrates it. 
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Gontrolled closure of gatcc for shaft XAI took place on 
June 26, 1976 when ~inine o: the western coalfield, be
hind the gate, was completed. 

t.:ine water flow wB£ O, 3 Di/s that time. This was the upper 
ca!J&Ci ty limit of the water conveyance system as far as 
the sumps of the main pumpinc station. 

After gate closure, karstic water level raised up to 
+110m a.s.l., but the gates safely resisted this load. 

In the second year after closure, a eated pipe of diame
ter of 200 am in the gate body failed due to corrosion. 
Gate was reopened after water had been released through 
in-tue pipee, the failed pipe was repaired and the gate 
wes cloeri ac-1n. 

In 1979, under ste~-state conditions reached by the gates, 
an inrUsh of 0,27 J/s dated beck to 1966, was grouted. 
Grouting was perfonaed from the surface through a bore
hole using 14.800 r! sand and 3000 ri flyash. 

This successful application results in saving 3400 kWs 
annually. Also, grouting of the 0,27 li./s inrush made pos
sible to mine valuable coal resources contained in the 
gate pillar in the following way. If mining on level -120 m 
a.s.l. proceeds to reach coal in the gate pillar, gates 
are opened and a flow of 0,03 J/s from smaller inrushes 
will be conveyed to the sump system of the new pumping 
station located at level -56 m a.s.l. 

Abwuiant experience has been gathered in the Dorog coal
field on the construction and operation of water control 
gates during the last decades. Experience shows that this 
element of water control is reliable and leads to cost 
reduction through energy saving, so important in these days. 

The knowledge and following of proved gate construction 
technology make possible to construct safe gates, that is, 
safe operation can be guaranteed. 

Safe and economic operation of water control gates is con
strained by two condi tiona of gate closure: proper gate 
impermeability and the necessary lead-time. 

This illustration of water control gates is based on a wa
ter control system operated with centrifugal puape. 

The application of large-capacity submergible pumps has 
resulted in considerable develo]aent of water control sys
teiiiB for present and future mines under water hazard. Wa
ter control gates mar, howeTer, pl~ sienificant role in 
these systems, too. 
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List of Pieuree 

Pig. l, 

Pig. 2, 

Pig, 3. 
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A 2.0 MP8 water control gate in the western main 
haulage roadw&7 of ehatt XXI-XXII 
a./ sate body 
b./ safe-t!lide 
c./ water-e14e with grouting sitae 

Lar-out of water control gates for ehaft XXI-XXII 
I 

a./ western ID&in haulage roAdway 
b./ western main ventilation roadway 
c./ water control gate for western main haulage 

roadway 
d./ water control gate for western main ventilation 

roadway 
e./ water control pillar in tp. I. 
t ./ water control pillar in tp. III. 
1·1 water control pillar of gates in tp. I. 
b./ water control pillar of gates in tp. III. 
i ./ .aiD heul.ap iDClill8 
j./ .-in ventilation incline 
k ./ Doroc &411: 

Shaft XII-XXII. Geological section through the 
W88tern ll&.1n ball.,. roedway 
a./ water control gate for western main haulage 

roadw., 
b./ water control gate for western main ventilation 

roadway 
c./ western main haulage roadway 
d./ Dorog adi t 
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