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SPONTANEOUS INRUSHES OF WATER IN UNDERGROUND MINES
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ABSTRACT

Several vater inrushes occurring in Italian underground mines were carefully
observed in order to Study causes and circunstances, of such events and fo
investigate the possibility of predicting these inrushes.

It turned out that whereas the spontaneous inrushes, ie those determined

by natural episodes, are accompanied by clear warning signals linked with
anges in the water regime and, possibly, of mine gases. Hosever, the

el by the nining activities are accompanied by feu

indistinct warnings

With respect to the spontaneous inrushes, the observation of events prior
he occurrence of inrushes suggest that the gas flow rates c.

Corverarea o e hydrodynanics activities around the nine, “hereby possisle

inrushes can be forecasted by means of the gas flow ral

With respect to mining induced inrushes, however, since clear warning
signals are lacking, it is proposed that preventive measurcs may be used
rather than forecasting. It is suggested that in order to avoid such
inrushes it is necessary to obtain an exact and up-to-date infornation

0F Sround water regiue around the plamed orkings. A study uas thererore
undertaken to back analyse the records of mine )nrnshea together with
parameters and characteristics of individual inflows

INTRODUCTION

The inundations resulting in mining disasters have almost always
sudden and violent, veritable irruptions. Consequently, these part)cul.r
inflous of water must be studied in detail, before and ! during

occurrence, in order to understand the sequence of premontory e

leading to inundations and the preventive neasures to oo adopted i order
to reduce the risks to the mininu

It 1s not essential to make clear-cut distinction betueen spontancous
inrushes of water and inrusnes caysed by mining operations (vlasting,
drilling, driving near older workings), because the water inrushes e
Can be Gerined a5 spontaneous nould noh cecor-iT therevers no- cavt
created by nintng allowing the inflow of min water. In the same way, an
inrush of water from old mines would not occur if they were not flooded.
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But it 13 necessary to introduce 8 classification, defining as spontancous

the inrushes caused nainly by nstural episodss and as provoked thos

brought about as a Chnasquence of the mining, topecially because the

venta that.Toretell tne former ofcen differ fron those. that. preceds. the
tter

FLOODING IN ITALIAN UNDERGROUND MINES.
‘OBSERVATIONS AND DEDUCTIONS

Fron 1910 to the present, in the underground mines of southern Tuscany orly,
the fatalities given in the following list were caused by flooding.
e nomes tha 15 vensona. dxce-ase. soruater. inrushen.and. one.dee 1o a stor
influx of water:

1914 (24 tay) 1 killed by inrush of water from old workings
at Rivolla colliery (Grosseto);
1935 (12 August) 14 killed by inrush of water from old workings

t Rivolla colliery (Grosseto);
1952 (21 January) 2 Killed by inrush of water from old workings
at Lilliano colliery (Sienal;
1964 (11 March) 1 killed by flooding of a shaft that occurred as
a result of plugging of a drainage hole in the
Poggio Mortaio pyrite and nagnetitemine (Grosseto).

From 1963 to the present, againin Tuscany, there were three floodings,
without fatalities, in the undergrowd mines of Selvena, Bagni San Filippo

e provoked. Thece episodes were studied by the suthor right Fron the
cvents

outset, in ordsr to gain clenents useful for forecasting such
beforshand. Tne available Gata related to snaller-scale cventa, but wnich
were still analogous to the first ones, were also examined. The events

that. Teok piace.n those circimatances’ are outlinod, and those that. can be
considered premonitory are pointed out.

Selvena Mercury Mine

The Selvena ore body (Grosseto) is of hydrothermal origin and chiefly

(Upper Trias) at the ved. The contact is quite regular in the mineralization
zone but often very disturbed around it.

In 1973, an tnundation of vater and mud occurred at the tunnel face at
-200 m level, which is the deepest point in the mine, at 21
aovih: 'Since this tumnel saeraed directly to the ovtsids, the water 414
not ifvade the upper levels, but only the botton tunel. "In the last
saction this turnel had crossed elternations of Lisestone and clay for
157a; at the blind end, at the monent of the inrushy thore was cie
exposed at. the face with limestone at the rloor.
Before the flooding only the ~200 tunnel was subject to continuous
enanations of mixed CO, and H,S, almost entirely given off by the water that
flowed out of the face’at a rite of about 10 1/s. In normal conditions,

a total of 15 1/s of water inflowed in the tunnel.

On 16 April 1973, it was found that in the blind end of the tunnel both the

20

values of the a
concentration of .S and that of CO, were significantly lower than norma
values, without affecting any changd in the ventilation. On 18 June it
was noted that the flow Tate of the water fron the 200 tumel had slightly

On 21 dume 1973, at 6,00 pm, it vas decided to sbandon the orking face as
it was discovered that the flow rate of the water had more than doubled
Folloving a spontantous. inrush of water and mads forcunately in the absence
of persorne, e infloy rave of the uater steadily rose, altrougn with
sLight oscillations around ea acneaton 1/
o B Suby: the muxinun. of 260175 on 35 Suty and then. aropped. by 200 1/s

in the first days of August and levelled Off at some 25 1/s in October.

Tne uater in the bottos of the focca shatt, €0 = bove the 200 tummel,
disappeared two days after the inrush and reappeared on 15 AL

Gn 2 July the inrush face vas inoected, and at qual ventilation, concent-
rations of €0, and §,S of 6% and 200 ppa respectively were found, alaost
10" times highBr tranihe noraai vatue

Acter che Lurush, uhile the vater inflos rate increased, and before 1t
reached it maxitun in overlying he inti3 tren had never been
SFrecied by Bas influxes. (P18 1); concontrations o G0, were fouma

Tine trands presenied tremseives as weves. siniiar to the vave representing
the water flow rate, but lasging sonewnat behind it.

atuaso /o]
4200 gall di ribasso

i

Figure 1: Selvens uine: plan of the southern sector, levels ~120 and
The square indicates the point of the -200 tunnel where
e waier nrash occureed.in 19751 e anrous:tnaicate.the pesnts

where there were CO, enanations.



After the inrush, 1,400,000 w’ of water discharged from the tunnel
transporting, in’successive stages, a total of 1500 m’ of silts i conrse
mate;

Other inrushes similar to the one described, but characterized by consider-
gbly smailer volunes of water, occurred on i7 April 1963, 27 March 1969,

Lot six days after. The mining of the fumel uas suspended a feu dave
Sefore the Lorush a2 Lt ues roted that the vater 1nr1ux had increased and
56 e gaa concomtration tn-tho vummer mar or

Thus, for cases analogous to those of Selvena, there is a risk of water
inrush in a zone of a tunnel when the following is registered in it:

- increases of the piezometric load;

© {ariations in the nine atoosphereof the concentrations of the gas that
is given off by the water and, in the case of several gaseous component,
variations in the ratios of the concentration oF cachcomponent. witn
respect to that of each of the others;

- intensifications, detectable :nmly before the inrush, of the water
influx and the gaseous emanation:

Ater,the inrush, there i3 a risk of flooting of the levels situated above
when the following is registered in

T reduction of the vater tnflux;
- ous emanations and (or) increases in the flow rates of those
Sireeay bresent.

Sudden breakage of the rock at the point of the water inrush, in events
similar to those just cited, may depend on the following causes, which may
also occur simultaneously:

* radual weakening of the "natural barrier” due to erosive action of the

- Upiirbing, even i stow, ot the piezometeic surface wntil it produces
Drossures satficient. o make.tne’rock coriopee
Shrupt increase of the piesonetric head a5 Tesult of the refotning of
perched vaters (due, for example, o tne prining of natural sipons or
the giving way of imperneable diaphragns)

urthermore: the gee Liselr, uhose eamnations seened to depend on the
hydrndymmics could cause an inrush of vate

- because it could, for example, connect up a tunnel with a natural
reservoir. located at a sufficiently high level; or because, having
accunulated in the reservoir, it compresses the water until it makes it
overflow or because it acts as vector fluid entraining the wate

drectly, dorad 1975 [1];

because if 1t comes intd proxiaity with a mine with water under pressure,
& could suddeny expand, supplying 153 elastic energy to fracture and
project. the rock.

Bagni San Filippo Mercury Mine

The ore bodtes of Bagni Sen Filippo (Siena), canposed of Little mineralized

Lumar clusters - mainly cinnabar in clayey-calcareous gangue 0
of hydrothernal origin, but uniike the one at Selvena it is irregular, ot
places it 12 dislocated, and fa rarely clearly delinited by the contacts
with the

The mine which vas forverly exploited, divided into tirss levels, wss
essentially comprised of two shafts, one for air intaks ne for return,
connected by tunnsls and pesses. With the exception of the domeest, dug in
ompact Rhaetian limestone, all the other passages had been dug in very
Sltered Rnactian 1inestons beneath a clavey corer, not alvays of 1ou pare-
eability, unich often penstrated into the cavities of the limestones

Bydrothersal manifestations vers prosent both outside and inside the mine,

bt in spite of the mining operations they had never undergone signific

variations of posttion, ror irregular flow rate veriations: underer

atxture of Co, cnanaten Girectly from the rock and bubbied through

e water m@ B4 pémmea into the aine, " moce. overais Fion cate nas
betueen 12 and 30 1/s.

In March of 1976, the mine wss rlooted for the first tine. This first
ooding was followed by others which gradually became more violent
Focousethe cincurating ater continees to. ncrense. e permeability of the
terrains. AL 6.15 an on 10 March, in proxiaity to a raise, at a depth of
ron the surface, at the face of a short tumel, water coming. in ot a
rate of 2 - 3 1/s was noted for the first time. After § hours this

2 1/s.
from a fracture at the base of the upcast was registered. On the 11th the

overall flow rate stayed constant, on the 12th a reduction was observed,
probably on account of the gro: s qettlonent md remulting reduction in the
2.

invaded, despite the perfect efficiency of the pumping plants (Fig 2).

On 17 March, the water Level reached a neight of 20 n sbove the deepest
tunnel and then began t

(1] - #n example of dependence of the fiow of tre uater en tnst of the ges
rme 1 Montepulciano (Siena), where the water flous in
4 fron a vell in a neardy gas
field and where the flow Fate of the water, as-that of the gas
Increases, first increases and then decreates Sntil it cancels itse1r

2] - Cencumiuntly, at 6 m below the base plane of the intermediate level,
in & sone near the upcast, there bad been subsidence of the terrains,
with the formation of a chasm 4 - 5 m in diam
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Figure 2: Bagni San Filippo mine: plan. The squares and the numbers inside
indicate, respectively, the poinis of the vater influshes that
Flooded the underground and in which they occurred; the
Chare indicate.the neasuring stations for- the.see Flow vares,

Following the main flooding, the subsequent inundation followed -

of the flow £
Vardation of the ratio between the concentrations of the to coonents
with the sense, speed and extent of the shift of the level of the water in
the shafts, Anon [3]. Mainly, the effects that appeared most impcrbmt
were: the increase of the gas flow rate and the increase in
between the CO, and .S contents, in the case of a rise of ihe phessmetric
suface the desreas: in the case of its lowering. Effects that seemed,
5"be nflucnced by the praceding saciirarions of the
Petsemetric sursace.

0n the basts of the correlations cited here, in the same mine, in the
years 1977 and 1978, it was possible to use the values of the gas flow
rates, neasured in ine ventiiation air, to sresve ah the SHfes of the
Diezonetric surface, indicating risks of ispending Flooaings uhich Some-
Tines actually oecurred in the decpest level. The varidicy of tne mechod

[3] - From these factors depended the variations of the pressure gradient
between cavities filled by the gases and tunnels, of the pressure
of the water on the gas influxes, and of the mass of gas that could be
dissolved.

E

vas continuously confirued by the trend of the floy rate of the vater
pumped out and by the trend of the water level in a shaf!

Gonsequentiy, since the spontaneous inrushes of vater in mines are usually
n

underground area, in the case esence or appearance of gases in the
ventilation fluid, the use of the correlations cited here h
luays specific for the underground area they refer

or
to ents another means of forecasting, in addition to the ones
nestioned proviossly.

3 ,

As far as the causes are concerned, among those already listed with regard
to Selvena, for Bagni San Filippo, the possibility of an abstraction
towards the underground area of part of the water of a stream located above
is to be included. The flow rate of the stream dropped simultaneously

seeping 1n,'the strean vater could have brought about the svell of nappes
Zroundthe worikings and consequently the forsation
influxes and the intensification of those already existing. s Fypotnesis
i2 strengthened by the subsequent disappearance 8t the surface of the stream
veter, unich had seeped fnko the sink tnat had foresd in corresponden

Wit ne of the two Sulphureous exhalations. Hence, variations of surfac
Vatercourses could 2150 give warning of possible waten inrushes underground.

Campiano-Boccheggiano Pyrite Mine

In the Canpiano mine (Gra:sewl, the downward continuation of a vein
ore hodies at a depih reater than 500 n Fron the sorece mainty conposed
o pyeite. orand by suberitution of Juneszones and evaporstes, (Upper Triss)

i2 exploited. . The vein runs along a large fault rending WH-SE, hav
throw of over 1000 m and an average dip o 4

Inis fauls brings Perno-friassic pryllitic scists, at tines intercalated

by evaporites, into contact with schistose-clayey flysch formations. ~The
latter outcrop at the top of the fault and mske up 3 substantially
Lnperneatle. conpiex.~ At the totton of the faunt. on she cther nand, the

phyllitic schists outcrop, pernease only in corresp ordence with frictires

o the W by outcropa of burstone, characterizsd b
Tiah capacity or sbserption ane sntratnment due.vo karat phenonens
Frectoras. Both the peyirites. mma the bunratones. saen to'be arfected by
secondary faults, outcropping or laid bare by the mining.

The topmost part of the vein mentioned above was exploited in the past,

Sirean 59 encountared ot deptna of 100, 700 and more. than 2000 .  The mine

Campiano mine the water may come from above, from the permeable structures
and from the voids of the old mining working and from below, from deep
natural reservoirs connected or not with the steam ones, containing remote
meteoric waters and, probably, juvenile fluids. The mine essentially
consists of two tuin shafta 4ad s helicoldal raap that vinds srond thes, to
provide access to the ore bodies, exploited by sublevel stoping ar
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subsequent back filling.  The mine newwork extends into the roof terrains,
uhich were aluays found to be dry, up to 450 m fron the surface, and in the
bed terrains, where 3 dspih of 140 n kas reached.  The vein had just been
Intersected uhen, in January 1977, during penetration ot the bed a viotent
inrush of water occurred by a plughole and the mine was food

Before this event there had been water influxes from the bed and from ti
vein, both in the old mine located above the Gaspiano mine as described
earlier and in the Campiano mine itself.

Hot Water Inundation:- On several occasions, in the old mine, the
excavation resulted in influxes of hot water froa the lovest level reach

1 Dol of 20 1/s of nater at 43°C brodeht. abeus pareial Fiseding
OF the mine and the disappearance ok the sufave o a fon's pring

In the Camptano mine, a firat dnfluc of 0.9 1/s of water st 52°C was found
while reaching the vein at an elevation of 75 m above sea level with a test
1

d a temperature of 53°C. Both the central informer hole and the
previous 40 plugholes had appeared dry.

To pump out the yaver of the third influx and any wnich vould sight be met
in crossing the veln, 2 basin and 3 punping plant vere prepared at 33 m asl.
Then' the Crossing of the vein vas reoused with a rising tamnel aiongeide

That of the third nflux.  After the mineralised vein ona-a tou motees of

ghylites ot the bottan ha been crossed and after the ceniral informer hole
and_no less than 26 plugholes had been drilled without encountering water,
253,00 puon- 56 danuoey T9TT: Feon the Srih plughole, just completed on the
wall nearest the tunnel of the third influx, there was a sudden and violent

projecting coarse matertal for some distance, enlarged the hole, qui
reaching a flow rate of approximately 150 1/5

Tne mine uas flooded.  Nine days later, when the vater level, continuing to
reached the elevation of +328 (100 m below the presumed local
gmunawao.er Level), eduction from the ramp was begun with raft-sounted

During the eduction the flow rate of the water running into the mine,
although tending to fall, oscillated considerably on account of the varying
ide of & s reduced

The flos rate gradually incressed after sudden drops of that level and
slouly decreased after halts or slow decli

0n 2 October 1977, when the cevatering of the mins had boen completed after
umping out over one million m’ of water, it was noted that the ingress of
Vater ron the borehole at +33 a, stooped conpletery and shat 31
water at 46eC infloved fron the borerole at +38 n, and that the Flow cates
water of the vein at 0 m and at +75 m had fallen off to 0 and 0.2 1/s
Tespectivery. " (Tne gas infloces pad greatly diminished as well.)

Setther in the stage in uhich the ater rose in the ramp nor during the
‘pump: variatio ried in the springs outside the mine,
Foveves, while.the water 1evel folt in the ramb. the lesels.in ne o1d
Dining Fecesses ahove and in a for sLls. driited frem the exterior which
crossed the vein descended, although more slowly.

s subsequent episodes, but which can still be linked up with the one

the ace of the last influx at 438 m and the instantaneous 1iberation of
€0, wnich occurred following a volley at -170 m (170 o below sea level)
tnt resulted in the blasting and crushing of 160 m’ of phyllites. Tne
€0, continued to come out of a fracture, in 15 days dropping off, in
hyfervolic decline, from 0.6 to 0.05 Nai/s

Ground Water Investigations around the Campiano Mine

From observation 1t seems that the vater arrives in the mine through

fractures located in the mineralized vein and in the bed evapori
phyllites near the contact. But it may also happen that the phyllites far
away fron the contacts, contrarily to what was noted in workings close to
Campiano, [ ] Indeed, deep into the quartzose-
phyllitic e in sufficient anounts for electric
generaticn m encuunzer« by advance boreholes even at depths of over

the probabilily of uaten iarushes 15 higher in proxiaity to
The deposit. it canot. e Fulad oub that infesmes also msy occur i the bed

at a conaidarable distance from the vein:

et made the descrived inrush very vislent is the provable outburat of gas

v pressure with the water benind the workings. of water in
Fractibes cond ve ndicated by the tine dependent. cmmnatics of Bats and
higher temperature of the rock.

any case, since the forevarning elenents are fox and not very evidnt, 1t

1: necess o In advance the sctusl circulstion network of the uiter,
emcdiace vicinity of ihe mine sorkings, in order 1o provide adequaté
Drotective bareiors and Al b6 deteraine the Sources of tre inflow
For the Camplano wins a stuqy ysa undertaken to obtain an equivalen
s (neignt of t

Level before the ouétlon), and the existing correlations existing votueen
1nflux and the rainfall (Fig 4

sctuad spatial distribution of the nstwork aust be predicted taking into

aquifers (which can sometimes be determined by making use of any transients
available, such as, for example, those connected with the dewatering of the

4= In the nearby Niceloleta purite mine tre explottation continued,
without problems of educations, for over three kilometre:
Phyltites bolow a tumnel fron Ahich almost 500 1/5 of watér coming
from overlying limestones is pumped.
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Figure 3: Comptano mine: location sap of water snrushes (£ilied circles)
gncountered by the test holes (broken lines) drilled, to define
Che ore Sody, from tne base sumels of the 00 1

(mm)

© Flow rate (18)

Ten days rainfal

T
1983 1984

1982

Figure 4: Canpiano mine: ten days' rainfall (a), overall flo rate o
water influshes in the Cam

of time; the marked and immediate influence of the rainfall on the
flow rate of the water from the old mine stands out clearly

flooded mine), water chenistry, temperature, and the geological origin.

Tne cireulation netuork relating to a given situation mist be kept updates
the of the network s modified not
o1y by the action o¢" e vaters hich sonctones pines (Pig 5) and some-
Ames erodes, but also due to the succession of static and dynamic stresses
transnitted to the rocks around the workings as a consequence of extension.

T

FLOW RATE INCREASE BECAUSE OF NEW HOLES

FLOW RATE (1)

1082 1983 1984 es

Figure 5: Canpiano mine: Example of reduction of flow rate due to gradual
plugging of the outflow routes: time trend of the flow rate of the
water coming fron the vein (+75 m).

From Fig 6, where the time trend of the cumilative amount of pumped water
be seen how the flow rate of

From , a
greater slope of the curve related to the pumped water with respect to the
curve of. the rainfall is noted, with the exception of the last period of
registration corresponding to the drainage of the mine located above,
which significantly influenced the inrushes in the Campiano mine.
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Figure 6: Tine trend of the cumilative rainfall (a) and of the cumilative
iantity of water pumped from the Campiano mine (b).

CONCLUSTONS

Srencnena. thatprecete
inrusnes, Vnether they be nex ovente.or sl eracions o e already

To avold induced dnrushes, analogous to the one described, typical of rocks
hat are almost exclusively permeable due to jointing, it is necessary to
he b

exact the knowleage of e actuel cireulation metery sround the underground
area already developed and in the whole zone that might possibly be

affected by mining, and tne desper the understanding ot tne stficts that
might occur due o the reciprocal influsnces between aquifers and workings,
the surer the prevention will
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To avoid induced inrushes, analogous to the one described, typical of rocks mine vorkings under accumulations of water, Int. Jour. Hine Water,

hat are alnost exclusively permeable due to jointing, 1t is necessary to
Concentrate on the praventive neasores rather than on prediction, a5 the Trevisan, L., 1951, Una nuova ipotesi sull'origine della termalita di
events that can give advance warning of very rare. The more alcune sorgenti della Toscana, L'Industria Wineraria, fo 3, (in Italian).
exact the knowleage of e actuel cireulation metery around the underground
area already developed and in the whole zone that might possibly be

affected by mining, and tne desper the understanding ot tne stficts that
might occur due o the reciprocal influsnces between aquifers and workings,
the surer the prevention will

ACKHOWLEDGEMENTS

The author thanks the managements of the cited mines and that of the ENEL
Nattonal Geothernal Unie of Fiss: for thets ki o active collaboration.



	Sammarco_1986.pdf
	1986_2_028.tif
	1986_2_030.tif
	1986_2_032.tif
	1986_2_034.tif
	1986_2_036.tif
	1986_2_038.tif
	1986_2_040.tif

	Acr1130.tmp

