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ABSTRACT

This article, first of all, briefly introduces the succegsive
mine inundation of Fangezhuang Mine (hereinafter called F. Mine)
and Lujiatuo Mine (hereinafter called L.Mine), Kailuan Mining
Administration (hereinafter called KMA), and the metncds of
water treatment for mining area of eastern five mines, and basi-
cally relates the 3 - section water~blocking method with small
dia. boreholes employed in the three horizontal connection road-
ways between F. Mine and L.Mine, under flowing water counditlon
(quantity of passing water 388.8m3/min.). Prom June 6th, when
water inrush occured in L. Mine to Dec. 7, the day the water-~
blocking engineering succeeded, it lasted 185 deays. As a result,
water passing throu the three horizontal connection roadways
was :educed to 1.7m3/min. (normel mine water inflow not included),
the result of water-blccking echieves 99.6%. Thereby, the threat
of water flood against the adjacent Linxi (Li. Mine), Zhao ge-
zhuang (Z. Mine) and Tangjiazhuang Mines (T. Mine) was relieved;
the preparations for mine restoration could be carried cut in L.
Mine; And a favourable condition for the water-blocking in water
nutburst source under standing water in F. Mine was created. At
last, the conclusion for the water-blocking engineering is drawn.

1. BRIEFINC CF WATER~OUTBURST IN F. MIKNE

1.1 The course of the incident

When & coal-prewetting borehole parallel to the working face
#2171, the fully-mechanized working face in F. Mine, was made in
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the airway (elavation -311.600m; surfoce slevation of the auxi-
liezy shaft pl% head +2%,.7345m), water inflow of 0.%5m3/min. was
from the boreholis. T deltect watar source, 12 mors boreholes
wera made succesivel 4s a result, the water bearing sinkhole
as the water cuitbursi szource wasg preliminaryly determined, and
we knew 3hat this sinkhole was connected with Ordorvician Line-
stone. Begausge of the water coming from Ordorvician Limesgtone
(elevaticn cf wat{ level +5.98m; water presgsure at ihe mouth
of the harshole ny, % boreholes (in coal sesm) in the
airway were washe qﬂo enlarged progressively by the cut-
burat water ; pearing sink-hole, forming & water pas-
sage to the #2171 working face. Consequently, at 10:-
2%, June Znd, 4, exceptionally serious accident in Chinese
mining history nappensd.

1.2 Weter~cutourust guantity during initiel stage

Turing 100 hours and 35 minutes gince water-outburst occcured in
the face #2171.F. Mine +ill water inrush was found in L. Mine,
the inflow during initial stage is indicated in Table 1. Prom
the table, we can see that after water outburst occured in F.
Mine, the inflow increased gradually until masximum pesk. Then
water inflow decreaged step by step with the rise of water level
in ¥, Mine.

INFLOW DURING INITIAL STAGE IN F. MINE

Table 1.
Date Time water level| Aver.inflow Remarks
interval | in eleva- (m3/m1n.)
(min.,) tion (m)
2/6 Water outburst
10:25 took place in the
face #2171.

2/6 1244 bellow 534124 1. Elevation of
lO:?S— -311.600 1244 airway in tge face
3/6 : #2171:-311.600m.
7:09 35.48394 2. At 17:22, June
2nd, Level -490m

was inundated.

3. Normal water
inflow below the
Level.-310m is
35.4m3/min, (May.
1984)

3/6 1440 -311.600~ 2155315 _ l.After 4:00, June
7:99~ 215.505 440 3rd, inbthe obser-
4/6 _ vation boreholes
7109 46.621450 03 and O4, which

are 2130m and

2320m apart from

F. Mine on the

east, water level
288

Reproduced from best available copy



IMWA Proceedings 1985 | © International Mine Water Association 2012 | www.IMWA.info

droped faat sudden-
ly.

2. At 7111, June 3,
Level ~3310m was
flosded.

3, 4:45-6:45, Juns
X, the average
water yi

;:.
s
3
o
"\
w3
j

J

'V during tr@

Qétgé ld amount-
ed 38 /min.
4. lNormal mine water
inflow (uﬁ-v, jaqkf,
40 qulmin
4/6 1440 -215.505 _g04833
T: 9,~ - LA40
5/6 1440 -186,217 719953
7:99~ 6 - 1440
6/6 -163.726 CoC e
7:09 46.6=453
6/6 501 -163.726 193994 | At 15:30, June 6,
7%92— 6- 501 when the water level
156.170 oo was ~15¢.170m in
1%:30 46.6=341 elevation in B, Mine.

water inrush wag
found in edjacent
L. Mine.

Average 6065 below 4508219
(2/6 -156.170 | ~ '20‘65 -

10:25=- _
6/6 44.3=699

15:30)

Note: The inundation water-filling parameter in goaf area used
for calculation of outburst water is checked agsinst the
infomation obtained during mire floodir~ in Tangshan
Earthquake, 197€.

2. BACKGROUND AND SITUATION FOR THE WATBR-THRUSH
IN L. MINE

2.1 Background for the water-inrush.

L. Mine and F. Mine, the twoc neighbcuring mines, are shown in
Fig. l. Since these two mines were put into procduction,through
geveral modifications of the mine boundary lines, therefore

the previously planed 40 m wide safety pillar befween . and L.
Mines is no longer remained, cnly Tm wide pillar being left at
the place of -232m coal heading.
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After flooding in F, Mine, water level increased constantly., A%
15:30, June 6th, when weter level reached to -156,170m, water
inrush was found in east limb of L. Mine. At last, Tm wide safe~
ty pillar was broken and water flowed into L. Mine. Afterwards,
at 18:15, June 6th, level -600m was flooded, so was level -425m
at 8:30, June 10th.
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2.2+ Water-inrush quantity during initial stage.

After water inrush in L. Mine, people dared not go imediately
into the only water-passing roadway on east limb of Level -425m,
so the water inrush quantity could not be measured. Besides, a
large amount of water poured down through the main and suxiliary
shaftg at Level -425m, it's impogsible to measure water level in
shafts correctly and to convert it into water-inrush quantity.
Consequently, in 4 hours after water inrush (19:48, June 6th),
water~-inrush quantity could be determined roughly in the roadway,
east limb of Level -425m. By 0:0C, June 9th, a water-level obser-
vation station was able to be set up in the dip of Level -425m
for the aim of conversion from the dip water level into water
inrush quantity. The water inrush quantity during initial stage
in L., Mine is shown in Table 2.

2.3, Water leakage in Li. Mine

Li. Mine is the adjasent mine on the north of L. Mine. Water

leakage in Li. Mine was mainly caused by mining of Seam 7 which
lgy on both sides of safety pillar. After mining Seam 7 on both
sides of safety pillar, the fracture zones intersected above the
safety pillar. The water in L. Mine leaked into Li. Mine through
fracture zones when water level in L. Mine reached to ~210.881m.
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At $9:00, June 25%h, water leakage in Ll. Mine amounted 6m3/min.,
after_that 1t increased gradually day by day, maximizing up to
14,2m3/min. on Aug. l4th. If water leakage in Li. Mine lncreased
sontinuouslly, the water leakage passage between L. and Li.Mines
would probebly become water~inrush passage. In case water inrugh
happened in Li. Mine, not only Li, Mine was inundated, but thers
would be also the danger of mine flooding to both Z. Mine and T.
Mine, a8 there were no actually safety pillars in the three
mines, namely, Li., Mine, Z. Mine and T. Mine , due to mining
problems in history.

THE WATER INRUSH QUA NTITY DURING INITIAL STAGE IN L. MINE
Table 2.
Mine w?t§r level F. Mine L. Mine I
F. Mine{ L. Mine ;toitsl water| water-~ total [water .
Date yield outburst water inrucn} Renarks
m’/min. quantity y%qld quantij
m3/min. m /m1n<t§.
i /min.
6/6 -156.170 - 387.2 341.0 12.9 - Total water yield
15:30 and water-outburgt
quantity in F.
¥ine refer to the
wverage value from
T:09 to 15:30,June
6th.
6/6 ~168,995 - - - - 350.2 Water inrush guan-
19:48 tity measured in
roadway, east limb
of Level -425m,
L. Mine.
9/6  }139.920-{-484.500-| 373.9 327.3 235.7 |227.5
0:00=-} ~129,.700) ~441.000 :
24:00
1075 1 129.700-[-441 A E
5:00- I . -1-441.000-y 379.2 322. 314.1  |302.8
24100 ~-124.895( -410.283
1176
0:00~ [~124.895-[~410.283-1 434.8 388.2 372.6  }359.6
24:00 ] -120,305] -368.847 :
1276
0:00~ [~120,305-{-368.847-| 406.1 359.5 365.7 352.7
24:00 1 -115,580f -334.715
13/6
0:00~ 1-115.580-1-334,715-1 418.4 371.8 401,8 1308.8
24:00 [-117.600 [ 304,126
6/6 ~156€.170~-{ below- 257.7 211.1 213.8 20G.8 (From water inruah
15:304 -68.425 {210,881 occured in L. Mine
24/6 till water leakage
24:00 waa found in Ii.
{ {Mine.

Note: Total water yleld = normal mine water inflow + water-outburst guantity or
water-inrush.

2.4 Distribution of water inflow and pumping water in F. Mine
L. Mine and Li. Mine, on Aug. 14th, 1984 is shown in Fig. 2. At
that time submersible pumps were used in F. and L. Mines for
wgter pumping, while water-blocking measures were taken in L.
Mine and approved partially effective.
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Jols After water-sutburst occured in P, Mine on J d, in
guncepion, wa nrusn happened in L. Mine on June oth, water-
ﬂxavg was Li. Mine on June 25th, it also threatened
uring Z. {ine and T. Mine. Furthermore,
Or: Lirnegtone near tne five mines
in: [ of the drawdown of the

wag lacking * gome U.2 million local
Trnerefore, based on tine general policy, the water
principle in compination with pumping, blocking and
methods was worked out der to put the measures
at & high speed. The concirete water treatment mea-
by each mine are as follows:

.
&
s ove

3.1.1. In P, Mine, measures were taken first to ascertain the
gpsce form of the sink heles ag well as water conduits. Mean-
while, submersible pumps were installed in the shaft to form a
water-discharging system, for the sake of reducing passing
water quaniiiy into L. Mine in the oasn of nminor water level
difference. After successfal water bvlocking in L. Mine, atten-
tion would be focusged on blocking water-ouibuarst source under
standing water condition.

3.1.2. In L. Mine a powerful pumplng system was first formed
with gsubmersible pumps in a very short t Water dams were
also built in the airway which ﬁonr&ct~( Le Mine with Li. Mine,
On the other hand, some selected boreholes were drilled on the
boundary between F. and L. Mines, and theve berehcles went down
through the three watev-passing roadwa g by fillirg and
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zrouting these water~passing roadways were blocked., Phug, the
incident was restrained within the range of F. Mine in & short
period.

3.1.3 The water treatment method.in combinetion with pumping,
blocking and damming wes also adopted in Li.Mine. Pirst, miune
water discharge capacity was increased while water dams were
built at each level in west 1limb of Li. Mine. Once water leak=~
age took place in the Mine, it's resgstrained in west limb only.
In addition, drilling and grouting were made in the safety pil-
iar between L. and Li. Mines for blocking water-leakage conduit
along the fracture zone.

3+1le4. Likewise, weater damsg were built at each level in one
iimb of Z. Mine and T. Mine. If water-inrush occured in Li.Mine
and water-leakage was fcund in each level's damg of its wegt
1limb, the flood would be limited within some area of Z. &nd T.
mines, minimizing the affected area.

3.2, This article relates specially to water blocking enginser-
ing in three horizontal roadwavs between F. und L. Mines und-~
er flowing water condition. For the other related works,a brief
account is given only.

4. INTRODUCTION OF THE GENERAL PLAN FOR WATER-
BLOCKING ENGINEERING IN THREE HORIZONTAL
CONNECTION ROADWAYS BETWEEN F, AND L. MINES
UNDER FLOWING WATER CONDITION

The general plan for water blocking engineering covers malnly:
aim and significance of water-blocking engineering; necessity

of water~blocking under flowing water condition; selection of
method (3-section water-blocking method); determination of loca-
tion for surface cperation and underground water blockage;sequ~
ence of water-blocking in roadways; selected equipments and
system for grout preparation and conveyance; borehole locatlon;
drilling process; grouiting process; power and water supplyy
gtandard and method to examine water blocking effect, etc. The
main contents are given briefly =ms below.

4.1, Aim and significance of water blocking project.

The most important task in dealing with the flood was to block
the water-passing roadways between F. and L. Mines. When i+ wag
succeeded, Li, Mine would be relieved cof flood threat; safetly
in production could be ensured in 2. Mine and T. Mine; restora-
tion of L., Mine could be carried out; c¢conditions for blecking
water~-cutburst source in P, Mine under standing water condition
could be created.

4,2, Background of the water-blocking engineering under flowing
water condition.

a8 it is known to all, it's undoubted that there are exiremely
great possibilities in success of blocking roadways under stand-

ing water condition,its operation is fairly simple as well. 1f
water discharge was not carried out in 7. and L. Mines, #ater-
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level of the two mines would be progressively level with that
of Ordorvician Limestone, forming the condition of blocking
roadways between F, and L. Mines under stending water condlition,
But in upper part of the safety pillar between L. and Li. Mines,
the width of safety pillar was comparatively small, only lom -
23m in plsces (~175m and ~118m). Supposing the water-level in L,
Mine roge to ~175m or higher, there might be the danger of large
water leakage into Li. Mine or of water-inrush caused by gra-
dually-flushed safety pillar. In a word, we faced a fact to
choose one of two methods to treat the roadways between F. and
L. Mines, namely, water-blockage under standing water condition
or flowing water condition. The former had great possgibilities
in successg,but took the risk of flooding in Li. Z. and T. Mines;
the latter was more advanced in science and technology, but
needed some knacks which should have a well-timed water-
blocking operation. Only the operation was successful, could
flood be prevented in these three mines. Weighing the pros and
sons, the method of water~blocking under flowing water condi-

tion was finally adopted in the connection roadways beiween F,
and L. Mines.

4,3 New conception of water~blocking method.

On the basis of lessons drawn constantly during the operetion,
experiments made in lab and theoreticel analysis on them, a new
conception of water~blocking method under flowing water condi-
tion was taking shape rapidly, that is, sequential "3-section
water-~blocking method" (water resistance with sand-filling,
water blocking with cement-grouting and reinforcement with
cement grouting). In order to resist flowing of water entirely
in the roadways or to turn the "Pipe stream" into "permeable
stream" (when grouting later on, cement grout loss can be re-
duced greatly), firsi of all, the sand-filling section for wa-
ter resistance should be built up. After that a large amount of
cement grout was filled under approximately standing water con-
dition to bulld up the water~-blocking section and reinforcement
section. Practise has proved that, with the new conception of
"3-gection water-blocking method" and the three water-blocking
gections built with f£filling materials provided through surface
boreholes, speedy resulis were produeced in blocking water pasgs-
ing through the roadways between F. and L. Mines.

4.4, Determination of location for the water-blocking operation.

Prom Fig. 3 we can see that all goaf areas above Level ~425m in
L. Mine are connected with each other, so are the roadways of
Level ~425m and the rise of Level -600m. So, L. Mihe gide is
not the ¢ptimum place for the water-blocking operation. Whereas,
the area near North No. 4 Crosscut in F. Mine is not coal-get-
ted yet, and there are only threc horizontal connection road-~
ways there (~-94m airway, -303m tram rcadway and -284m leading
coel head) being connected with F. and L. Mines. Therefore, the
$hree horizontal roadways were selected as the place for waler-
blocking operation.

4.5 Water-blocking sequence for the three horizontal roadways.
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To make the last horizontal roadway easily blocked, in an other
word, the horizontal roadway with small water presasure should be
left to be treated in the later stage of the water-blooking en-
gineering , 1t was established to block -284m leading coal head
first, then -303m tram roadway, at lest -94m airway.

4.6, Requirements for boreholes.

Directional drilling was made after determinition of borehole
location. During drilling inclination measurement and deviation
rectification were carried out regularly to ensure boreholes go
through the roadways. Afterwards caring pipes were put down
the boreholes. Before grouting, packers were set in the open
gsection of boreholes.

4.7. Selection of main material uged in water blocking.
4.7.1. Sand

According to the analysis, sand grain 0.12 ~ 0.90mm 4§ makes up
95.2% of local sand in weight, that of 0.05 - 0.12mm@ makes up
3.0%, rest is loess (1.8%). The specific gravity of sand is
2.63. It's sediment volume factor is 0.59,., In order to f£1il1ll
sand economically, local sand was used as main filling material
in sand~-filling section for water resiastance.

4.7.2. Gravel

Small-and medium-gized gravel (12mm  and 15 - 25mm@ ) was
adopted. Small-size gravel was used to block the final water-
pasging crogs-sections during later stage in building water-re-
sistance sections, when the water-passing cross-sgctions became
gmaller and flow velocity became greater; Medium-sized was used
in building boundary wall of the cement grouting smction for
reinforcement.

4,7.3. Cement
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Mainly used in ocement grouting sections for water-blocking and
reinforcement (#425 Portland cement). Specific gravity of ce-
ment grout 1s 1.6 -~ 2.0. For gquick-setting of cement grout,
triethanolamine (0.05% of cement in weight) and salt (0.5% of
cement in weight) were mixed with cement.

4.8. Drilling machine

17 sets of 1000m drilling machines were installed at worxgite
and could be put into operation simultanecusly.

4.,9. Filling and grouting equipment

In grout station, there were 4 sets of grouting pumps (P=200kgf
/emé, Q =200-01/min.) and the necessary equipment, with simul-
taneous grout capaclty of 30m3/h; 3 sets of mobile grout pumps
(P=0-300kgf/cm2, Q=800-01/min.) and the neceszary equipment,
grout capacity 90m3/h; 8 sets of sand pumps (P=5kgf/cm2, Q=
3m3/min.) with simultaneous sand-filling capacity of 600m3/h.

5. WATER-BLOCKING OPERATION AT -284m LEADING COALHEAD

5.1. Existing condition of the leading coalhead and water-block-
ing methnod.

Before beginning of the operation we had visited the personel
concerned in F. Mine many times, and known that the leading
coalhead wasg driven in Seam 12 {thickness 3m} in 1975, used as
an advanced coalhead for the tram roadway and as air way, with
its excavating section of 5.32m2., The leading coaslhead was aban-
doned immediately when ~303m tram roadway was comnected with
~94m air way by the incline of Seam 12 and North crosscut No. 4.
In it there were original kinds of supports: type 18-U arch (50%
of total), concrete supports (30%), wooden supprorts (20%). 18-U
arch supports had been recovered out of the leading coalhead

but the concrete ones were put down there only, and the wooden
gupports being left intact. Soon after the supperts fell down,
the coal of Seam 12 and the country rock caved. During mainte-
nance of the rise in Seam 12, North crosscut No. 4, a gresat
amount of lump waste were piled up at.the entrance of the lead-
ing coalhead. Thus a wall seemed to be formed. On the basis of
preliminary analysis, the leading coalhead may be segled off or
the water-pagsing clearance may be very small.

After boreholes No. 7,8,9 were drilled from ihe surface to the
leading ccalhead, shown in Fig. 3, & large amount of red water
was injected through borehole No. 8. In 21 hours the pink watfer
was found in boreholes 7 and 9, which are 15m apart from bore-
hole 8 geparately. It proved that there was a tiny water-perme-
ability in the leading coalhead at most., Therefore it wag decid-
ed to block water under approximately standing water condition
without sand-filling section, but need to establish cement-
grouting sectionsg for water-blocking and veinforcement.

5.2+ Design for the length of cement-grouting =ections for
water-blocking and reinforcement.
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5,2.1, Cement-grouting section for water-blocking must meet the
Laeds of water-proof capacity and weter-plocking steadiness.

ra under effect of water pressure P, the compressive and
sne&l’ Stress appeared, shown in Fig., 4. The mos+ dangerous fagce--
ror 18 the shear stress F at the interface between water block-
ing section and 1its surrounding rock-coal mass, becauge the
~gmpresaive sirength of condenced cement and the self-weight of
: water~blooking section are higher. According to the theory
formulas can be ugsed for the designed length of the upper
sement-grouting section for water-blocking (see reference).

—~———— L uppar

L Lower _"‘m’*—:’{ T

Pig., 4 Sketch showing designed length of the oement—grouting eectiom
for water-blooking undsr water in leading scalnead.

1 - Cament-grousing borehole;

~
i

Cement~grouting section of water—blookings
3 -~ Caves In leading cocalhead after recovery of supports

+ h-P
Lopper {xmw[r -1 ‘K- ﬁzmm)ng(yrzeuzzZ)J}‘A{;zﬂw

ma Te (W (nﬁ/fz(ﬁ.——-\J fg"‘ losw.sreo[zz(!fw)w(zz 27

L lower = Lupr(zr *2‘%‘2‘7303 £3lm

Where

A- overload coefficient, in considerstion of some impurities
in water, taken a=1l.2;

Ho - Water pressure, tf/mc;

h: height of the roadway with semicircle arch section, h=2.2m
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W - width of the roadway with semioircle arch gsection, W=2.8m;

m - Working ocondition coefficient of cement-grouting section
for water~blocking, m=0.5;

n ~ considering the resistaince-shear stress reduction of in-
terface between cement-grouting section for water-blocking
and its surrounding rock-coal massg, taken n=0.5;

Te ~ 7 days after cement-grouting the calculated resistance-
shear strength of cement, Zs =30tf/m2;

& - Anple between the cement-grouting section for water block-
ing and horizontal plane, <x=35°, tgst =0.7;

K - additional safty coefficlent of cement-grouting section
for water-blocking, K=4.

5.2.2 Design for the length of cement-grouting section for
reinforcement.

Considering the leading coalhead was driven through Seam 12,
to protect the cohesion between cement-grouting section for
water-blocking and the surrounding rock-coal mass against dam-
age, the cement-grouting sectlon for reinforcement was tsken
twice the section for water-blocking in length, furthermore
the end of the cement-grouting section for reinforcement was
near to the cross point of leading coalhead and pull hole, so
that length of cement-grouting section for reinforcement was
taken as 100m.

5.3. Borehole arrangement

Cement~grouting section for water-blocking, 30m long, consist-
ed of boreholes No. 7, 8, 9; section for reinforcement, 100m
long, covered No. 9, 15, 39 and 45, indicated in Fig. 2. The
total length of these two sections was 130m, the volume of
condenced cement 680m3. The parameters of boreholes are shown
in Fig. 3.

PARAMETERS OF THE BOREHCLES AND QUANTITY OF
GROUTING MATERIALS POR -284 m LEADING CCALHEAD

Table 3
Hole Parametera of borehols quantity of
bore- diam. dlam. open
No. hole of of length oement gravel asand Remarks
length casing bore of
(m) mm) hole bore- (%) (m3)  (a3)
{mm) hole
(m)
7534 igg - 110 13.05 631.9 - 15 For cement-grouting
§ WD 0 1 ek - 16 g5otion for water-
2 .
9 316,60 ig? - 110 12.52 391.4 - 38
15 318.60 168 110 240.03 81.4 - - Cement grouting
_ - N N section for rein-
39 31?-45 5%3 11¢  15.35 388.4 forcement
45  322.72 159 91 274.46 130.3 ~ -
Total 1907.84 - - - 2247.0 - 99
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5.4, Cement-grouting

Under water cement-grouting section for water-blocking was
grouted with cement by mobile grouting pump and mixed a little
gand; then using fixed grouting pump, cement was put in until
complete full. To build up cement~-grouting section for rein-
forcement, the process was the same as above described, but
without sand. The main grouting materials are shown in Table 3.

6. WATER-BLOCKING OPERATION FOR -303m TRAM-ROADWAY

6.,1. Existing condition of the tram-roadway and water-blocking
method.

The max. quantity of water passing through this roadway wag
measured and calculated to be 200m3/min. by a self-made bore-
hole horizontal flowmeter in light of pitot tube principle.
Inevitably the average velocity of water flow in this roadway
ghould be 0.27m/g, like a "pipe stream", so that 3 - gection
water-blocking method was adopted, first forming a sand-filling
gection for water-resistance, then building cement-grouting

sectlions for water-blocking and reinforcement under approxi-
mately standing water condition.

6.2. Sand~filling gection for water-resistance

Thinking over that water inrush into L. Mine, only in case the
water reaches to the coalhead of Seam 7, Level -232m, through
e rail-incline with vertical height 7lm from -303m tram roedway
P. Mine, so the 650m long roadway (total volume 7260m3), locat-
ed west to borehole No, 4, was taken as a sand-filling section
for water-resistance of the roadway, with full utilization of
the feature of 71lm height difference. To ensure the reliability
of sand-filling for water-resistance, in addition to analysis
of theory a simple simulation test was made in lab: the water
mixed with local sand of size 0,12 - 0.90mm, flushed upward 10m
at speed 0.3m/s, under the condition of the stream containing

the sand density 2%, lasting 10 minutes, no overflow of sand
was appeared.

During sand-filling, gravity method wes used first, with a
great amount of sand put in, then a sand pump was used with

pressure until complete full. Density of filling sand 30 - 70% ,
£i11ing rate 2 ~ 3 m3/min.

6.3, Cgment—grouting sections for water-blocking & reinforcement.

The designed upper length of cement-grouting section for water-
blocking calculated as below (see § 5.2.1, but n=0.6).

Lupper = 52.35 ¥ 53m
Llower = 53+2x2?g=62.14 ¥ 63m

The length of the reinforcement sectlon was also twice that of
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water-blocking seciion. Borehole arrangement 1s shovn 1n Fig,
3, When the sand wasg nearly filled up in the roadway through
borehole No.4, occured the Jet with weter and sand out of bore~
hole No. 12, 60m apart from borehole #4 ,jet was about 40m
height above the surface. In order to guarentee the strength of
the water-blocking section, %the part between boreholes Ko.4 and
No. 12 was used ag an edditional water-blocking section, Thus,
the cement-grouting section for water-blocking conglisgsted of
boreholes Nos 12, 13, 32 with s 70m long space. Reinforcement
section consisted of boreholes Nosg 12, 33, 46 with a space 140m
long. The total length of water-blocking and reinforcement
sections was 210m, volume 2567m3.

Cement-grouting sections for water-blocking & reinforcement
were proceeding under the standing water congition as the same
as 5.4, but the treatment of borehole No. 46 was different
from the others, first of a&ll, through it some gravel was put
in, when the gravel contacted the roadway roof, the top of
gravel was leveled out by a sweeper. The two procedures carried
out alternatively until the gravel was filled up, then grouting
thick cement to build = concrete wall.

After the concrete wall was formed through boundary borehole
No. 46, some cement was grouted through infermediate borehole
No. 33 of reinforcement section until complete full.

6.4. Parameters of boreholes & the quantity of grouting
materials for -303m tram roadway are shown in Table 4.

7. WATER-BLOCKTNG OPERATION FOR -94m AIRWAY
T.l Existing condition of the airway and water-blocking method.

It was the last water-blocking roadway of the three horizontal
roadways, and the max. quantity of passing water was measured
to be 189m3/min., and 3 - section method should be taken as
well, first to form a sand-filling section, then to build ce-
ment~grouting sections for water-blocking and reinforcement
under standing water condition.

7.2. Sand-filling section for water~regigtance

For ensurance of sealing off water running through the airway,
the two sand-filling sections for water-resistance were made
by fully utilizing the useful natural conditons: one was the
bag~type worked out area in dip district, east limb, Level
-425m of L. Mine, with elevation -512m to -416m, water-filling
volume 176.792m3. This was the inevitable pasgsage from F., Mine
to L. Mine, from which water inrushed into -425m trem roadway
through the bag-type worked out area in dip district. So it was
decided to fill sand into the workout area through borehole No.
10; the other was at the 4 dips in Seam 12 below -94m airway,
filled fully with sand. Then the whole sand-filling area for
water-resistance was built up with the two sand-filling section
above mentioned and the sand-filling section in -303m roadway.

300

Reproduced from best available copy



IMWA Proceedings 1985 | © International Mine Water Association 2012 | www.IMWA.info

PARAMETERS OPF BOREHOLES AND QUANTITY OF GROUTING MATERIALS FOR
-303m TEAM ROADWAY

Table 4
Targel Parameter of Quantity of
role borehole size grouting materials
. borahola osgingbore~{cpen cament | grave Band
A ijength jdism. lhole |langth A Remarks
{m) (mm) ldiam. jof bore-| (%} (m3) (m3)
{mm} |hole
- (m)
4 333.54 168¢ ~1110¢ {11.29 232.1 2 15811 sand-filling mection
§ 127¢ for water-resistance
5 1333.83 168¢ -11104 | 1.89 82.4 72 - when sand-filiing, No.
. }27@ 4 jetting with water
3134.27 .1168¢ {11064 1267.06 | 28.9 - - and sand, 8o it was
333.49 168¢ -1110¢ ] 24.63 10.0 1008 kot penetrting into¢ turned to be an addi-
- 127¢ lthe roadway ticnal berehole for
H 326.87  1159¢ 11104 [279.20 52,1 - - cement-grouting sec-
12777333.83 | 1686 ~|11086 | 8.10 |365.3 | 525 - tlon for water-block-
1274 ing.
13 333,53 168¢ - (1109 15.90 199.1 - - cement-grouting sec-
127¢ tion for water-blook-~
- ing
14 {223.46 12549 - = - -~ - waste borehole
11 153,40 4269 B - - = - w
32 §1333.43 12739 [127¢ 1273.79 |984.7 - cement-grouting sec-
tion for water-block-
ing.
33 333.47 1219¢ 11109 1258.99 1573.3 4 - cement-grouting smec-
46 335,32 159¢ - |110¢ | 39.68 1209.6 . - tion for reinforcement
127¢
TTI8T 1334.10 -{1686 - {1304 | 23.00 - - - in primary design they
127¢ were used for pot-
20 1334,31  1168¢ 11104 1267.11 - - - shape ocaving explosion.
el 333,33 1664 [110¢ [265.53 - - = but not used because
£y of getting success of
22 1333.95 11684 |110¢ |264.61 - B N andefilling
Total 5054.19 | - - - 2743.5 | 1611 15811 i

Sand~-filling section for water-resistance’ in airway consisted
of Nos 41,28,40,29,34 and 10 (see Fig. 3). The procedure of
gand-f1lling was the same as 6.2.

T.3. Cement~grouting sections for water-blocking and reinforce-
ment.

The desgsigned upper length of cement-grouting section for water-
blocking was calculated as below (see 5.2.1, but n=0.5):

Lupper = 11.4 % 12m

8

Llower 12+2x—?—'-»'(- = 20m

As a result of borehole No. 1 jetting with water and sand, and
No. 16 beginning gravel-filling with sand, when sand-filling
through borehole No. 41, the part of 50m between No.l and No.lb6
was used ag additional cement-grouting section for water-block-
ing, which congsisted of the boreholes Nos 16, 35, 42, with a
gpace of 22.5m. To ensure the safty and reliability of water-
blocking, the cement-grouting section for reinforcement formed
by boreholes No.42, 47, 49 and its length was fourfold that of
the cement-~grouting section for water~blocking. The process of
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boundary borehole of reinforcement section was the same as 6.3.
Cement-grouting process is the same as 5.4

7.4 Parameters of boreholes and the quantity of grouting mate-
rials are shown in Table 5.

Table 5
:
tit 4
g:{:ﬂ Paremeters of boreholes 5r03¥;:g %et:rtal
No. | borehole|casing|bore~ | open cement | gravel sand Remarks
length {diam. jhole length of
(m) (mm) (diam, | borehole (t) (m™) (m3)
(mm) (m)
10 260,28 [168¢ -[11l0¢ 204.25 73.8 526 18936 sand-fi1ling section
M 261.31 168:?- 1104 53,19 1.0 126 - for water-resistance
12
29 231.23 Titsé [110¢ 171.56 6.7 308 1362
40 122,90 ]139¢ 1109 42.08 3.5 = 2608
28 188.31 [219¢ [1919 131,13 10.6 1015 14622
41 125.25 1139¢ 1104 44.77 ~ - 4571
1 125.26 1466 -[110¢ 1.98 412.3 1615 16
1318 sdditional cement-
43 125.57 [169¢ 11109 32.12 3243 124 - grouting section for
2 126,04 1460.- 1104 3.99 T4l.2 648 2 water-blocking.
37
(L8 127.36 ]1t8¢ [ 514 39,12 142°7 - [not penetratd
into airway
3 124.98 [168¢ -[1109 12.88 301.1 39 1
127¢
30 126.56 |le8¢ [1l0¢ 40.29 340.1 279 -
16 126.94 |168¢ ~|1104 6.16 541.5 - 124 cement-grouting sec-
127¢ <« tion for water-
35 124,70 1&;;‘- 110¢ 34.56 412.6 246 13 blocking.
42 125.84 (2194 1914 26.01 238.2 13742 -
47 125.55 [139¢ [1ll0¢ 27.35 501.2 - - Cement-grouting sec-
It 125.61 [1276 |110é | 25.60 £6.3 4 - fion for reinforce-
51 126.42 |139¢ 15¢ 19.17 - - - for inapection
Total [2702.11 | - - - 4117.1 19312 42255

8. MISCELLANEOUS
8.1 Total work amount for the water-blocking engineering.

Total work amount for water-blocking engineering of three hori-
zontal roadways under flowing water condition is shown in Table

8.2 Percentage of boreholes penetrating into the roadways:

_%%_ x 100 = 90%

8.3. Utilization rate of boreholes

—3% x 100 = 85%

8.4 Stendard and method for examination of final grouting.
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TOTAL WORK AMOUNT FOR THE WATER-BLOCKING ENGINEERING

Table &
Horizontal Number of boreholes Filling material
ne total
Roadways total{ {in-{un- {?a- wastellengtih | cement) gravell sand Remarks
use lused ting gér._ (%) (m?) (m33
hole
Water resis-| 6 6§ - - -~ j1189.251 95.6 | 1975 §4209%
tance sec-~
tion
Water-block- 9 8 ~ 1 - T-1135.25 3454 1‘1'7293 156 including
ing seotion the addi-
tinnal ce-
ment-grout-
~T4m ing section
for water-
air- hlocking.
%aY [Reinforce- 2 2 | - - - 251.16] 567.5 | 44 -
ment @eo-
tion
Speoial 1 1 - - - 126.42 - - -
observation
holes
Water resis- 5 1] 4 - - 11k69.231 232.1 2 | 15811 junused holes
tance seo-~ #19,4#20,421,
~303m| t1on #22 are
road included.
way |Water-block- 9 6 - 1 2 2715.1711722.5 | 1605 additional
ing section water-block-
ing section
i3 included.
Reinforce- 2 2 | ~ - - 669.791788.9 4 -
ment section it
~284m Water-block- | 3 31 - 1= | - 1 948.07/1646.9 - 99
ieﬂd— ing section
sl Reinforce- 3 [ 3| - -1 - [ 959.77] éco.1| - Z
hesd { ment section
Total 40 32 | 4 2 | 2 [9664.14]9107.6 [20923 (58165 |

8.4.1. Boreholes in sand-filling section for water-resistance.

Examination standard: sand-~filling with pressure until it's
full.

Examination method: By salt tracing, injected salt water in-
to one of the boreholes in the water-blocking section, we
could not find salt water from the boreholes around salt water
injected borehole, so it proved that there was no water cur-
rent in the roadway.

8.4.2. BoreRoles in cement-grouting sections for water-block-
ing and reinforcement.

Examination standard: To the boreholes in airway, grout pump
pressure reached to 60kgf/cm?, with final capacity of less
than 501/min.. It lasted 5 minutes or longer. To the boreholes
in tram roadway and leading coalhead, kept pump pressure 80kgf
/cm2 and final capicity <« 501/min. for more than 5 minutes.

Examination method: The boreholes were injected with water
after cement-grouting, water leakage < 51/min.

8.5. Water level observation boreholes after completing the
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water-blocking engineering.
Boreholes #34, #41 jn slrway end #22 in the tram raaﬁwaj
woye used ag wateyr Le . ohaervation boresholes. Pirat, put
£ilter pipe dewn %o (,%m ~ 2.0m below the roadway bottom then
connected filter pipe wiihk inner casing up to the qurface.
Pesides, the sdvenced borehole #57 in the eirway was regarded
&3 special water level okservation borehole. After the engi
neering was completed, these four boreholes were ugsed for
regular water level obaservation. Once there is water plise or
the sign of water passing in any one of the boreholes, cemeni-.
grouting shoul @ “mnediaﬁnly in emergency cement~grout-
ing boreholes forcement. The four boreholes are pro-
tected witn ircon LO&&S on surface from felling of some Things
in.

8.6. Emergency grouting boreholes.

Boundary boreholea #49, #4565 and #45 for reinforcement in sec-
tion of the airway, the tram roadway and leading coalhead were
taken for the emergency cement-grouting boreholes respectively.
After the water-tlocking engineering was succeeded, the three
boreholes mentioned above would be drilled further down to the
roadway bottom, 80 as to make cement-grout for reinforcement at

any time. These boreholes are also protected with iron boxes on
surface.

8.7. Practical time phases of the water-blocking engineering.
June 6th, 1984, Water-inrush took place in L. Mine.

June 1lth, 1984, Driiling started after location of the bore-
holes,

June 15th, 1984, Pillling material in the boreholes of -94m air-
way began.

Dec. Tth, 1984, the water-blocking engineering in three hori-
zontal connect on roadways between F, and L. Mines under flow-
ing water condition was finished, lasting 185 deys.

8.8 Water-blocking result.

Protected by the water-blocking engineering in three horizontal
connection roadways between F, and L. Mines, pumping was carri-
ed on in L. Mine without interruption. When the water level in
L. Mine fell down to -438m, personnel got into the tram road-
way in east limb of -425m (the only wster passage from F. Mine
to L. Mine) on Oct. 22nd. Accordlng to the measurement, water
inflow in east tram goadway was 7.78m3/min. As the nornal in-
flow there was 0.85m//min., then passing weter amount should be
6.93m3/min. (including quantity of lagging water when goaf area
flooged) On Dec. 8th, the pagsing water quantity decreased to
1.7m?/min.. The result of water-blocking came up to 99.6%.
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9. CONCLUSIONS

The follewing conclusions were drawn from the practise of the
wuter~-nlocking engineering.

In the *hree horizontal comnection roadways between ¥, and
i under flowing water condition {the actual max. quan-
asing water: 388.Sm3/min.), the "3 ~ section method®
1 diemeter beoreholes was proved very effective, with

of 99.6%.

¥nhen uging "3 - gecilon method” under flewing water aondi-
5 sand~filling sectlion for water-vessistance must he form-
{fore cement~grouting sections for water-blocking and rein-
farcement, thus later two sections can be built under approx.

standing water condition.

;. It's more econcmic to usge local sand(loess content 1.75%)
building sand-filling section for water-resistance.

.4, Under approx. standing water condition, %the abandoned
~2Hém leading coalhead can surely be water-blocked by "2 - sec-
tion method" (water-blocking and reinforcement sections with
smeli-diameter boreholes).

4.5. Large-diameter boreholes are naturally benificial in both
rate of water blocking engineering and averting accidents dur-
ing operation, but small-diameter boreholes (110mm #) can be
ad optnd in case of blocking water in short time and lack of
eavy-duty drilling machines and large-diameter cesing.

9,6. In former design of the water-resistance section, first, a
pot-like cave can be shaped by means of explosion of gsmall
norehcle or by large diameter borehcle, then downward direc—
tional explosion with large emount of explosive i1s carried out.
Afterwards cement ig filled in the blasted-down stone to form
concret section as a water-resistance section. The method is
feagible theoretically, but shown to be in practice time-con-
suming and of influence on the other work. For this reason,sand-
filling method with local sand was employed instead of the orig-
inal one. As soon as the sand-filling method achieved success,
the former method was stopped.
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