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EXP-RIENCE ON THE CONSTRUCTION AND APPLICATION
OF WATER CONTROL GATES

Schoppel, J.

Dorog Coal Compeny
Dorog, P.0.B. 28, Hungery

S UMMARY

Water control gate is an effective means of passive mine
water control. Bxmerience is given on water control gates,
having been gathered in the Dorog coal field of high kare-
tic water hazard, during the last half century. It is pos-
gible to construct perfectly closing gates using the pre-
sented guidelines. Teet operation as prescribed by the mi-
ning asuthority 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 GENERAL

In mines of high kerstic water hazard in the Dorog coal-
field, preventive and paseive water control methods have
been used,

An imporisnt means of passive control is the water control
te. It is applied when in spite of preventive methods

such &s protection pillar, separation of mining fields

by boundary pilisrs, exploration and mining schedule ac-

cording to increasing water hezard, and other mining mea-

sures/ such a high water inrush /or several smaller ones

with a high total yield/ occure which endangers the exis-
tence 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, Purposes
of these structures are:
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- to protect the chaft and its equimment /vumping ctation,
electricity metwork, transporters/ agzinsct flooding in case
of a mine water yielc higher than pumping capacity;

- the separation of mining fields, the clofure or discon-
nection of & mining field if necessary;

- the closure of areas where mining is fterminated, 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 location, sizing, and
construction of water control gates™ was prepared, summa-
rizing and further developing the above regulations,

CONSTRUCTION EXPERIENCE OF WATER CONTROL GATES
Among earlier constructions it is worthwhile to mention:

- control structurecs 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-Altaré 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. Asdresult, double gates were

constructed for shaft XVII in 1956-57, and for shaft XXI
in 1961-62, and & control gate 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 /8 occured at
the =17 m a.s.l. level of the transverse roadway of shaft
XVII. In fact, inrucsh 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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lL.ain factors governing the construction and nerformance
of gates are ar follows:

~ quality of rock around the geate /safer ani less expen-
sive getes can be constructed in the marl overlying the
lower—eocene coal ceam than in the high-~conductivity, he-
terogeneous layers of mid-eocene; '

- excavation of the gate contour by taking care of the
surrounding rock meterial /conteur-blasting and chipping
hammer or a mechanized mode/;

- & proper provisional support of gate contour, leading
to minimal rock displacement /shot-concrete suprort im-
medintely following excavation may be of high importance/;

-~ amount and ouality of concrete components such as the
choice of particle size classes for grawvel and optimum
water—cement coefficient;

- concreting technology /traditionel wibrating, or shot- _
concrete technology but continucus work by all means/ and
the sprinkling of the concrete gate;

- problems of setting accelarstore /decreasing concrete
strength and its siudphate resistance, increasing the cor-
rosion of steel fittings inbedded in the concrete as well
as shrinking/;

- construction, material, test-operation and corrosion
control of various gate structures;

- grouting of the gate and ad jacent roedway sections,

This latter operatienm is one of the most important vhases
of gate construction, requiring grest care and considerable
time.

Grouting made genereally with cement liquid can be divided
into three parts:

~ the fractured rock is grouted,
- the interface between gate and rock is grouted,

~ grouting against shrinkage and its effect after 6-9
months of construction.

Concrete shrinking is a rapid process at the beginning
and a gracdually slower one later oen. About hslf of total
shrinkage takes place within the first 28 days, while the
other half lasts a year. Shrinkage of a larger gate body
may be ag long as 10~15 years., According to our experience
the first grouting pertaining to gate congtruction 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 commenced. The magnitudée of this
overation is illustrated by the following data: 560 grou-
ting holes were drilied in 50 archs for the water control
gate of shaft XXI at level ~17 m /length of the gate is
£,3 m, grouted lengths of roadway are 9 m at the safe-side
and 14.7 m &t the weter-side/. Grouting had to be accomp-
lished from the centre of the gate in both directions con~
tinuously - without jump and interruption -~ in order to
drive ocut inbedded water and &ir in both directions. Grou-
ting must be continued as long as pressure test for every
horehole gives satisfactory result.

Our experience recommends Portland cement 600 for grouting,
with particle sizes 0,002-0,005 mr and not older than six
weeks ., Water-cement ratio is 1:1, Since setting time is

S0 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-
vermeable. gate and rock vicinity., One of the reasons was
the strong fluctuation of cement quality: strength of the
avvlied cement, type 500 changed between 40-70 kPa. 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 meterials are: no
shrinkage, proper sirength psremeters, impermeability,
good adhesring even to wet surfaces, sulphate resistance,
easy groutability.

Svecial attention should be given to the westhering of
clayey, marl rocks, caused by the effect of water during
rate construction. Especially endengered is, in this res-
pect, the inverted arch surface due to gravitational wa-
ter movement.

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

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

TEST OPERATION

According to the specification, test operation should use
3 pressure head 1,5 times higher than design head is,
throughout 72 hours., Tesi operation is compulsory even
3fter regrouting. The magnitude of the above pressure
sead can be discussed, since our experience shows that
ruch a test pressure head opens freactures which would not
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open in case of the decipn ovrecssure. A gate for shaft LI
should have been tested with a pressure of 2,2 LFa. How-
ever, seepage occured in the lead vpacking of the gate at
0,25 MPa. Seepage through the gate was experienced above
<,0 MhPa, but this seepapge did not stoovped even at the
design pressure of 1,4 LPa. ,

The actual pressure head, as loading to the gate, can be
higher than the design pressure only for & short period
during & grouting operation to close a water inrush. In
that case, weight of the slurry in the borehole may cause.
chort extra loading.

It would be more appropriate to accomplish the testopera-
tion by using design pressure head for 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 ite rate is constant.

OPERATION EXPERIENCE WITH WATER CONTROL GATES

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

-

It wes already mentioned that elementary defects during
the construction of the doubie 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 o 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 1,2% /s in 1971 at shaft XVII or 2,33 in
1970 at shaft XII/a/ can be assured only by the help of an
underground water storage space under gate level. As a
result of the lack ¢f such speaces, 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 punping ca-
pacity /gate siting criterium/.

If the above preconditions are fulfilled, the application
of water control gaetes is economic as the next example
demonstrates it.
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Jontrolled closure of gates for shaft X&JI took piace on
June 26, 1976 when mining ol the western coalfield, be-
hind the gédte, was completed,

line water flow wac 0,3 u/s that time. This was the upper
capacity limit of the water conveyance system es far as
the sumps of the mein pumping stetion,

After gete closure, karstic water level reised up to
+110 m a.e.l,, but the gates safely resisted this load.

In the second year after closure, a gated pipe of dimme-
ter of 200 mm in the gate body failed due %o corrosion.
Cate was reopened after water had been released through
in-teke pipes, the failed pipe was repaired and the gate
wes closed agein.

In 1979, under steady-state conditions reached by the gates,
an inrush of 0,27 &/ dated back to 1966, was grouted.
Grouting wes performed from the surface through a bore-
hole using 14.800 ' sand and 3000 £ flyash.

This successful appiication results in saving 3400 kWs
annually. Also, grouting of the 0,27 /8 inrush made pos-
sible to mine valuable coal rescurces contained in the

gate pillar in the following way . If mining on level 120 m
a.8.1. proceeds to reach cozl in the gete pillar, gates

are opened and a flow of 0,03 @/s from smaller inrushes
will be conveyed to the sump system of the new pumping
station located at level -56 m a.s.1.

Abundant experience has been gathered in the Dorog coal-
field on the comstruction 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, s0 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 conditions of gate closure: proper gate
impermeability and the necessary lead-time.

Thie illustration of water control getes is based on & wa-
ter control system operated with centrifugal pumps.

The application of lerge-capacity submergible pumps has
resulted in considerable development of water control sys-
tems for present and future mines under water hazard. Wa-
ter control gates may, however, play significant role in
these systems, too.

199

Reproduced from best available copy



IMWA Proceedings 1982 B | © International Mine Water Association 2012 | www.IMWA.info

linst of Pipgures

Meg. 1.

Pig. 2.

Pig. 3.
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A 2.0 MPs water control gate in the western main
haulage roadway of shaft XXI-XXII

a./ gate body
b./ safe-side
c./ water-side with grouting sites

Lay-out of water control gates for shaft XXI-XXII

a./ western main 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.

f./ water control pillar in tp. III.

g./ water control pillar of gates in tp. I.

h./ water control pillar of gates in tp. III.

i./ main heulage incline

j./ main ventilstiom incline .

k./ Dorog adit

Shaft XXI-XXII. Geological section through the
western main haulage roadway

8./ water control gete for western main haulage
ro '

b./ water control gate for weetern main ventilation
roadway

¢./ western main haulage roadway

d./ Dorog adit
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