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ABSTRACT: The quantity of water being held in old workings may be calculated 
by multiplying the volume of mined out coal bed by the water capacity coeffi­
cient. On the basis of investigations carried out in mines and in laboratories 
equations were established, that enabled to determine the mean values of water 
capacity coefficient depending on the mining method used, depth at which old 
workings are situated, or rock pressure and on the quality of material used for 
stowing the old workings. 

RESUME : La quantite d'eau contenue dans Jes vieux travaux minters peut €tre 
calculee comme le volume de la couche dehouillee multiplie par le coefficient 
de la capacite en eau dans Jes vieux travaux. A la base des recherches effec­
tuees in sltu et en laboratoire, on presente les equations permettant de de­
terminer Jes valeurs moyennes du coefficient de la capaclte en eau dans Jes 
vieux travaux en fonction de la methode d'exploitation, profondeur de la couche 
ou pression des terrains et qualite du materiau de remblayage. 

RESUHEN : La cantidad de agua almacenada en las antiguas labores mineras, se 
puede calcular multiplicando el volumen de la capa de carbon por un coeficiente 
de capacidad de agua en los trabajos. Basandose en las investigaciones ejecuta­
das in situ yen laboratorio, se han establecido ecuaciones, que permiten de­
terminar valores medios del coeficlente de capacldad de agua en los trabajos, 
en funclon del sistema de explotaci6n empleado, profundidad a la que se locali­
zan los viejos trabajos, presi6n de la roca y calidad del relleno. 

Central Mining Institute, Katowice, Poland. 
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1. Introduction 

In underground coal ainea there is a lot of water Naervoire in 
parts of old workings having no gravitational outlets, who•• ca­
pacity reach hundred■ of thousenda of oubio Mtera. ftey repN­
sent the serious hasa:rd of Iii.Ding work carried out in their pro­
xiJlity, because, in soae circuutancas, they cause the riak of 
water iDruah into active workings. The only reliable way to eli­
minate this water hasa:rd 1a the dewatering of old workings by 
letting off the water by gravity or by pu11ping it out. 

In order to deaigne and to carry into effect dewataring of old 
workings, it 1s necessary to know, baaid•• the general ■ining 
conditions, the quantity of water being held in the reaervoir. 
This quantity is equal to the water capacity of flooded workings, 
it ••ans to the total voluae of all void• in working■ that •1 
be or are filled with free water. '!ha water capacity of workings 
is always laaaer than the volu■e of coal bed ■ined out in ooua­
quenc• of their convergence under the weight of the sabaiding 
rock aaas1va. The relation of water capacity of old workings V 
to the volu•• of extracted coal bad VP is called water oapaoitJ 
coefficient c 

The water capacity of old workinga ■ay be then expressed aa 

V •oV •C • p 
A ■ 
008 Ci. 

/1/ 

/2/ 

where1 A - area of the flooded workings in horisontal projec­
tion, 

K - the thickness of extracted coal bed, 
01.. - inclination angle of coal bed. 

The var1ablaa appearing 1n the formula /2/, except the water ca­
pacity coefficient, may be read from the mine up or be calculat­
ed with known methods, therefore they do not require any closer 
discussion. The problea is to establish the water oapao1ty ooef­
fio1ent o, that can not be determined from the ■ine ■ap. Its value 
depends on several factors contributing to the local geological 
and aining conditions, fro• which the aost i11portant seem to bes 

- ■ethod of filling old workings, 
- degree of convergence of old workings. 
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!he aethod ot tilling old workinge dependa on ■ining aethod and 
-roof oontrol aaed, whereaa the degree ot their oonvergenoe de­
pad• on the depth at whioh old wortinga are aitaated ■nd on the 
t1•• ftere 1• no doubt that the prooeaa of roof breaking aa 
well a• the inoreaae in rook pree■are in workings depend, lea■ 
or •re, on geological oonditiona and partioalarly on the li­
tholog ot root rooka and inclination angle ot the ooal bed. 
In this paper the •t::xillated valaee ot water capacity ooef-
fioiat of old work are detemined depending on the mining 
aatlaod and root control aaed and on the depth of the coal bed 
or on rook pre■eare and the quality of stowing ■aterial when 
the back-filling is aaed. ~oo smell a namber of direct aeaeare­
■ent■ ot worklnge capacity daring their dewatering in Iii.nee 
did not pe:rait to take into consideration the influence ot lo­
cal· geological oonditiona. In order to eli■inate the tiae fac­
tor, onl7 the water re■erYOire in old workings were taken into 
accoat, where the prooeae ot root fall or the roaf aabaidenoe 
1• practically finished. 

2. Geological conditiona of inveatigated working• 

ne inveatigationa of water ca~acity of old workings were car­
ried oat in coal ■inea of the Upper Sileaian Coalfield. 'l'he 
inveatigationa covered the working& 1n coal beda belonging to 
•umrian B, C and Weatphalian A, B, c, D. 

!he •a•r1an Band C depoaita are developed in alternating 
la1ere of aand■ton•• and aadatonea with coal aeaaa. Th• md­
■ton•• are gre7, tira, leaa or aor• aandy. !hey contain aphe­
roaideritea and coalified plant debri■• Sandstones form thick 
layera. In general, they are 0011paot, aadiu■-grained and coar­
ae-greined, 1n aoae places congloaeratea can be met. !he part 
of aandatonea 1n the vertical profile 1a ot about 40 ~. 

'fhe Weetphalian A and B depoaita are developed ai.Jailary aa 
thoee ot •a■Qrian Band c. !he p3rt of eandetonea being here 
... 11er does not eneed 25 ~. !he thickness ot particular lay­
er• ia highly nriable ranging tro■ eo• tena of centiaetera 
to aboat 20 •tera. !he aadetonea are aiJlilar to tboae ot •a­
aarian Band c. 'fhe aadetonea aooo11pa1171Dg the coal bede have 
aoMti•• ability to Y!:•tyfy1ng 1n oontaot with water. In 
■ach ea••• floor heav can be observed. 'fhe .•1n4stonea have 
oe11praaaive atrength ranging from 20,to JO D/wt-. 'fheir poro­
•~ ••IUlt■ to about 15 ~ and DarcJ a coefficient to about 
1 a/•, on the average. 

•••tphal1an C and Dare developed a■ very thick aeries ot sand­
atonea, oh1efiy arto■ic, with poor clay binder. ftey have high 
poroeit7, uoeeding often 20J and low coJR)reasive strength, 
in general low3r than 10 D/ • 'fhe Darcy a coettioient amounts 
to about 5.10- a/a on the averafe• 'fhe percentage of sanct­
etonee 1n the protiie ot Weetphal an C and D exceeda 80 I on 
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the average. Particular eerie■ of aandato••• aN interbedded by 
Jllldetonee u■ually accoapauylng the coal beda. lflldato••• aN al­
ailar ae in Weatphallan A and B. 

3. Water oapaclty of oaved gobe 

In order to detel'llin• the values of water capacity coeft1oint, 
inveetigatione of 37 water N8erftire 1n caved gob■ ••N carried 
out in 25 coal minea. !he 1nveat1gatiou cone1eted in poaeibly 
exact measareaent of water qaantity drained fro• old worlciuge du­
ring their dewatering with aiaultaneoue control of the lowering 
of water table in the workings, qaantity of water atflaing into 
"the workings and leakage fro• the waste to other work1nge. !he 
purpoae of the investigation■ waa to detel'lline the water qaanti­
ty contained in a preciaely del1a1ted part of old workings and 
to compare it with the precisely oaloulated priaary YOlWN of 
thia part of the extracted ooal bed. 

Daring the investigationa ao• teohnioal difficalt1•• were en­
countered along with those associated with interpretation of re­
sults. 'lhe chief technical difficulty was the •••areaent of wa­
ter quantity drained out fro• old workings through the drain bo­
re-holea. In many cases, some anoontrolled quantltiea of water 
inflowing to the old workings were obatacles 1n the proper reali­
sation of measur•ent. Operational reaaone frequently required 
stopping the dewatering for a certain tille or decreasing the die­
charge of draining bore-hol••• Such disturbances of dnatering 
old workings rendered the interpretation of meaaur•ents ■ore 
difficult and, sometimes, even 1.llpossible. In conaequenoei in•­
DY cases, the results obtained were incoaplete or not fal y re­
liable. After a detailed analyaia, 12 water reaerYOira from the 
total number of 37 covered by the inveatigation were ■elected. 
!heir water oapacity wsa measured with a sati■factory accaracy. 

'lhe difficulty of interpretation of the results of aeaaareaants 
encountered in all investigations which reduced the accuracy of 
obtained results, conaiated in the unknown water capacity of 
roadways situated among inundated gobs and connected with tha. 
Usually, neither the diameions of roadways, nor the degree of 
their caving or salt-stowing were known. In generalt it was aa­
sumed that the water capacity coefficient dete:rminea tor caved 
gobs could not be extended tor roadways. In particular mines the 
water capacity of roadways waa estimated by assuming that the 
dimensions mostly encountered in a given •in• and the degree of 
equeezing the roadways depend on the behaviour of roadways in 
a given coal bed of the mine. Using theae estimations ad the data 
read from the mine map, the water capacity of roadways in the de­
watered part of the reservoir was calculated and sabtracted fro• 
the voluaa of water dra1ae4 fro• the workings. It was asauaed 
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that the reaaining quantity of water derives exclusively troa 
the production workinga and that ita relation to the prlllary 
volue of these workillga ia the •••robed water capacity coeffi­
cient. 

'lhe capacity of galleries uaually low with respect to that of 
whole dewatered reservoir, brought about that the error of de­
termination of the water capacity coefficient, resulting from 
unexact eatimation of roadway cepaoitiea, waa very small and, 
in practice, it did not exceed~ 2 s. 
In the caae of getting coal by caved longwell face ayetem the 
values of water capacity coefficient show a good correlation 
with the depth at which old workings were situated. Such a cor­
relation waa not found ill the caae of caved ahortwall workings. 
'lhia may be explained, on one hand by a 8111811 number of dewa­
tered reaervoira /4 reaervoira/ an& on the other hand by a mo­
derate depth at which they were situated not exceed 200 m. Thua, 
the water oapatity coefficient of caved ahortwall workings waa 
calculated aa an aritblletic mean of values obtained from measu­
rements 

c • 0,438 

The standard deviation of the mean valae amounts tot 0,0128, 
which is an aoouraoy tor mining purposes. 

Por caved longwall face workinga the results of measurements 
were used to establish the regression equation of the water 
capacity coefficient c in relation to the depth Hat which the 
old workinga were situated. 'fhia equation haa the forms 

0 • o, 485 e-0,00205 H 

where e ia the baa• of natural logaritblla. 

'lhe graph of equation 3 1a shown ill fig. 1. 

13I 

ilthough the number of ez:periaental data of the water capacity 
coeffioieut for caved longwall face workinga 1a aall /8 reaer­
voira dewatered/, nevartheleaa the relation between the values 
of ooetfioient o and the depth of workings ia quite distinct. 
It 311atifiea the u■e of regreaaion calculus. 

' !he atandard dertation of real valuea of the coefficient c fro■ 
thoae eatiaated with the a■e of the equation /3/ a1101U1ta to 
:I: 0,016, wh1ob aee119 to be an accuracy autf1o1ent tor 111.nillg 
practice. 
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4. Water capacity ot aand tilled goba 

The water capacity coefficient of aand tilling o la equal to the 
specitio yieldµ. of the aand compressed 1n workings under the et­
teot ot overlying rocks preaaure multiplied by the ratio ot the 
aand layer thlckneaa • to the prl.r, thiokneaa of the extracted 
coal bed •o 

/4/ 

Contrarily to the water capacity of oa-recl workinl!:a, the water 
capacity coetticlent ot working• tilled with ■and atowlng may be 
teated in laboratory. The tests oonsiat 1n determination of ape­
citic yield of sands having varioaa granalar coapoaitiona atter 
their compaction 1n the hydraulic preaa. 

130 samples of sand used for hydraulic filling, taken from va­
rious pita situated on the territory of Upper S1les1an Coalfield 
were submitted to teats. In order to establish the relation be­
tween the specific yield of sand and the degree ot ita ooapree­
sion in workings, each sample was placed 1n the apeoial cylindric 
container and its specific yield was dete'l'llined 5 ~1••• n&1Dely1 
1n loose state end after compaction ~t sand 1n the preas. Pressu­
res ot 5,2; 10,4; 15,6 and 20,8 D/m, were applied which correa­
Jonded to depths of 200, 400, 600 and 800 m respectively, with 
taking simplificated asaumption that after a sufficiently long 
time the rock pressure in gobs ia equal to the product of the 
depth eud the specific weight of overburden, which amounta to 
26 kB/aJ, on the average. 

Besides the tests on the apeoitic yield, every aaaple ••• aubllit­
ted to aise analyaia and its characteriatic paraaetera were de­
teminated, i.e. the ettective aise di•eter 410 and ooetfioient 
of nnito:rmity 

The tests allowed to establish tor eaoh sand ■aaple the ■peoifio 
yield,U in looae state and atter the ooapaotion of the aaaple in 
the press at various loads. !he measureaenta ot thiokneaa ot aand 
laJer in the cylinder before compression K0 and etter every ooa­
preaaion M, allowed to determine the water capacity ooettioient o 
with the use of the formula /4/. 

Conaequently, for each sand aaaple were five valaea ot coeffi­
cient c, corresponding to five value■ of preaaure p caaaed by 
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the pr••• load. ID addition tor each ••ple pereaetere of grain 
•1••• d~o ad U were detU'ldned. ft1• allowed to set ap 650 
folU'■ o:r na'bera for o, 410, U an4 p. Ben, ooeff1o1enta of the 
linear regreaalon of o wlin reapeot to d10, U and p ••r• oaloa­
lated in Yerloua o•binatlone of Yar1ebl•• and ot their loge­
r1tbM. fh••• oaloalet1on• aiMd at finding aaoh for11 of regree­
a10D equation, at which the oqrrolat1on ooeff1o1ent could be 
the hl&h••t ad the r ... lnlng Yariano• the ••lleet. The equa­
tion flnallJ obtained he■ the fol'111 

0 • 1,67) d~0716 •-0,329 U •-0,0147 p /5/ 

where p 1■ the rook preaaare expre■••d in D/■2• 
!h• eoeff1o1•t of •lt1pl• oorrelet1on a• 0,682 end th• atan­
clard deY1at1en • • 0,0572 proY•• that the correlation 1■ a1gn1-
f1oant on• ff2"J higb oonfi.clonoo leYel. 

lJl tho oa•• of no data on the qaalitJ of aand aaod to baok-t11-
11n&, it 1■ aaggeatod to take aYerefe Yala•• of djo end U for 
an approxiaato •••••■oaent of ooott o1•t •• Qi tnl bae1a of 
teat■ on 130 •-■t>l•• of sand tak• at randoa froa 9 aot1Ye and 
ab•4o•d ■encl pita, the ••n Yalau of •1•• ooapoa1tlon pare­
aetera are•• follow•• 

c110 • 0,21 -

U • 2,09 

with ■tandard dertat10ll8 froa the aYerege on•• being of 0,0517 
and 0,5011 re■peot1YelJ. !he Yal••• of ooeft1olat o tor sand 
with aaoh para■etere •1 be eatiaated bJ MUI■ of the following 
foraala1 

0. 0,275 .-0,0147 p 

lta graph 1a allowa 1D fig. 1 • 

/6/ 

.A4opt1• of•• Yala•• of •1•• oompoalt1on paNMtera 1ntro­
da••• an adltlcmal error in aaaee■Mllt of the water oapeoltJ 
of olcl working■• Ita Man Yalae •• .. J be deteralnod by the 
tomala1 

~ 00 ) 
2 

.2 + ( ~ o )2 \ aa, 0 d a a n1 
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where sd - standard deviation of d10 
s0 - standard deviation of u. 

By substituting in the formula /7/ ad• 0,0517 and au• 0,5011, 
we get after differentiations 

m • ± O 066 e-0 , 0147 P 
C t /8/ 

Consequently, the relative error of the coefficient o resulting 
from adoption of the mean values d10 and U amounts toa 

m 
..£ • ± 0 24 C t 

6. Water capacity of gobs supported by packing 

The water capacity coefficient of gobs supported by packing may 
vary wfthin large ranges depending on the quality of material 
used for packing and the way of its setting. It is convenient to 
cAlculAte these values, starting from the porosity of bulk densi­
ty of th~ material used and from its compressibility. With such 
11 celcul,ition the results obtained .,111 be a little overestimated 
wt th r·espect to the :real water capacity of gobs. In order to 
r,void thls error, it would be necessary to adopt the thickness of 
0oal bed M reduced by the average hight of the void left between 
tbts pr:,cking e11d the rooi of1he packed gob. This height can not be 
established generall~. It may be determined in relation to defi­
nite gobe if thA way of their pecking is known. 

The comprose!bility of packing m~terial composed of coarse lull?l)s 
"' ,i.~bon1.f~!~UB reeks of the Upper Silesi,m Coalfield was inves­
ti~fji.t'J \.y Huryaz and Adamek /1/. They estsbli'!!h~d curves of re-
1 (, t,i orit-> l,etw6en the compres■ibility and l't)Ck pressure for packing 
wi.th c1 8:.,ey l:lheles .,eiltstones/, mud stones and sandstones. The cur­
ves cororreaaibility of silt~tonee end mudstones are close to eAoh 
other on the diagram. while the sandstones show a lower comprea-
H:i hil ', ty. Taking into account the preYalencA of eiltstonea and 
m ... ::!:.:1.:):.e r, over the sendetones in the material used for packing in 
mineo 1,r, j the similar compressibility of s11 tstones and mudstonee 
tl1e me,;ri values of oompressibili ty of these rocks were calculated 
;,1N 1.-jxt. the resultant curve of compressibility was approximated 
b:: tb• -.-,,.,,rese:!.on equations 

S • 0,19 p
0

•
2 i9/ 
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where1 S - compressibility of packing •ieriel, 
p - overlying rock preaaare, D/a. 

The water capacity coefficient of gobs supported by peoking aey 
be deterained by the foraula1 

C • P - S /10/ 

wherea P - the poroaity of bulk deneity of pecking material. 

The tests on the porosity of bulk denalty of rocks were oerrled 
out on 278 saaples of barren rook aeteriel used for paoting 
taken fro■ various ooal mines. The tests allowed to detel'tline 
the mean value P • 0,403 with atandard deviation oft 0,12. 

Using the equation /9/, an apprQKiaate eqaatlon determining the 
relations between the water capacity ooeffiolent of paok-aappor­
ted gobs c and the overlying roclat pressure p waa 4erln4 

C • 0,4 - 0,19 p0,2 /11/ 

The graph of equation /11/ is shown in fig. 1. 

6. SWlllllng uv of resal ta 

The water capacity of old workings is the protuct of priaery vo­
lume of extracted ooal bed and of the naber leaaer than anlty, 
called water capacity coefficient c. 

The values of water cavacity coefficient devend on the quality 
of •terial filling the old workinga and on the degree of ita 
compreaslon by the root preaeure. l'or oaYed aobs the empirical 
relation /3/ was established between the water oapaoity coeffi­
cient and the depth at which the coal bed was workeclt_on the 
besia of meaaurements of quantity of water drained orr froa de­
watered reaervoira. l'or aoba tilled with aand and aapported by 
packing relat1ona /5/, /6/ and /11/ between the water capacity 
coefficient and rock pressare were determined. 

fable 1 shows the avproxiaete 'V11laea of water capacity coeffi­
cient under different oondition■• !rile values of coefficient c 
for hydraulic filling refer to "'the stowing sand with an average 
aise coapoeition varaMter■, i.e. d10 • 0,21 - and U • 2,09. 
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Table 1 
.. an values of water capacity coefficient c 

C a Ting P 1 1 1 i n g 

Depth of Shortwall IA>ngwall Rock ff1draul1c Packing 
working• system system preesu2e filling 

• I :,. 
200 0,4.38 0,322 5,2 0,255 0,137 
400 - 0,213 10,4 0,237 0,097 
600 - o, 141 15,6 0,218 0,068 
800 - 0,095 20,8 0,200 0,047 

1000 - 0,062 26,0 o, 187 0,033 

!he OurTea of water capacity coefficient values depending on 
d~~th or rock pressure, for cartng, hydraulic-filling and packing 
ar, .,1;1 Ten in figure 1 • 
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