
!esal tin~ tes :s of mine v1n ters, cecsk, :lunr;ary 
··rs. :·suzse. Podan:,-i 

nrsziito,os ":rc- es (.svanybanyak ~"ezerc ·:uvei 

~ecsk, Pf: 11. 3245 

be study discusses the reasons ~hich have necessitated 
he treatment of the mine ~a:ers. 

he high hydrocarbonate content of the 1:1ine ·:;aters in the 
·ecs:: mine has caused excessive precipitation in the pump 
:ystem to an extent ·::here its safe operation was endangered. 

o prevent this precipitation several methods have been 
.eveloped in laboratory. ~hese methods have been tested and 
valuated according their efficiency, feasibility and 
.pplicability in laboratory and pilot-plant scale. 

'he aeration method has been proved to be the most efficient 
~thod to treat these mine waters. 

t :"ecsk 'northeastern part of the •·a tra ':ts \ large copper 
re reserves were found at considerable depth, After the 
:urface explorations have been completed, the underbround 
evelopments were commenced by sinkino!; tv1o shafts and drifts 
n two levels, Tncreasing volumes of water have been produ
ed from these developments, ~he water has very high dissol
~d salt content. 

'he chemistry of the v;ater is intensely affected by the 
.ature of rocks of the aquifer. Sodium-hydrocarbonate is 
redominant in the water coming from the sediments surroun
ing the intrusion, while sulphate is the dominent component 
n the waters stored within the intrusion, ~hese two types 
f water are intermixed along the contact zone, ""·esides 
odium, the r:a and ~:g are the dominant cations !from the 
imestone and dolomite', the sulphate and chlorine are the 
ominant anlons after the hydrocarbonnte, ~he chemical 
omposiUon of the ;:o.ter is illustrated in ''ir. 1, 

1'1/ 
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The increuaing amount of water to be pumped up to the 
surface means r;reo.ter and r;renter problem::J, ::Jince lno•Jluhlr> 
cur bonate precipi tn tes in the plpelinc::J un•l pur.1pa, o.1 inr~ L<> 
the gradual change in the Cu-co2 equilibrium con<li tiona. 
'l'hese precipitations reduce the diametrical opace in llie:w 
equipments, lessen the efficiency of \'later pu::~pinc; and may 
as well cause serious damage in the whole aystem. 

A cross section of a pipe is shown on Fig. 2. This pipe was 
used as downward water line from the -700 m. b.s.l. level 
to the sump beneath the shaft. The inner diameter of the 
pipe was 150 mm. This has decreas~d to 42 mm after 120 days 
operation. 

It was therefore essential to develop a method suitable to 
prevent precipitations in the pumpinr; system. At first the 
chemical composition of these precipitations have been 
analysed: 

Caco
3 96,5 ';!, 

MgCO) 2,8 ., 
,? 

insoluble in 
acid 0,1 % 

LABORATORY TE3TS 

The samples were taken from the -700 m. a.s.l. sump. These 
samples represent the quality of the p'..Ullped mine water. ':'he 
samples were carried into the laboratory in aealed bottlea. 
Each sample was analysed, and then treated. 

::Jeverul methods were tested to treat the water: 

1./ Acidization of hydrocarbonates 

l7i:l 

The mine wu.ter has 7,4-8,0 pH value. :Jy uddinc; atronc; 
acids (H~::Jo4 , HCl) the dissolved hydrocurbonnteo 
dissociate, and carbon-dioxide is produced: 

Cu (IIC0
3

)
2 

+ H2::Jo
4 

Ca (HC03)2 + 2 HCl 

= n "0 vao.> 
4 

CuCl 

+ + 2 1!.,0 
<. 

+ 2 1!,0 

'rhus the precipitation of carbona tea i:J preven tell. ·~i1e 
main advantage of this method is that no precipitation 
is produced. It has to be used with c;reut cure, ho~evcr, 
since the pH value should not ahift into the acidic 
rnnc;e, othervlise it may cause exce:wi ve corroaion. The 
strone acids may dissociate the floutinc; carbonate 
particles, which is resulted in exce:wi vc acid con:Junp
tion. The underc;round transport and hrmdlinc of the 
oulphuric acid (or l!Cl) io troublesome, dn.nr,erouo, :tncl 
udveroely uffects the climutic conditiono in tl1e ~in0. 
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2./ The precipi to.tion of carbonates ni th culcium-hydroxi•le
co.plete treet .. nt 

The following reactions take pluce: 

C02 + Ca (OH) 2 = CaCOJ t H20 

Ca (HC03 )2 + Ca(OH) 2 
lie (HC03 ) 2 + Ca(OII) 2 
llcCOJ + Ca(OH) 2 
flc304 + Ca(OH) 2 
J18Cl2 + Ca(OH) 2 

= 

= 

• 
= 

2 Caco
3 

+ 2 1120 

CaCO) + l.ieCOJ + 2 H20 

CaCOJ + r.t~(OH) 2 
ca.3b 

4 
+ u6 ( 010 2 

CaC1 2 + !Jg(OH)
2 

!he oalci.,.-AJt(rold.de is al8<1 WMd for melioration, the 
treat the BaHco

3 
content of soils. 

'!'he reactions illuatro.te that the \'thole carbonate content 
precipitates, and the Mg-hardness is replaced by Ca
ilariaess. Since the 8<1lubility of the Ca(OH) 2 is lol't, the 
duration of the reactions is 4-5 hours. 

This .. thod is suitable to precipitate the carbonate from 
the adne water before it reaches the pumpinc system. The 
large aaount of reagents required, and the lQrGe volume 
of precipitate4lt&lts are the disadvantar;ea connected ·:;ith 
this .. thod.. 

J,/ The precipitation of carbonates with reduced amount of 
Ca(OH) 2 

'!'he encrustatiOIW, which have been analysed, consia ted 
.UDly of iJUtOll&Ole CaCO • The rate of reaction nn•l 
precipitation of the Ca(~co3) 2 is relatively lnrce. Thus 
the .-ount of added Ca(OH) 2 hll8 been reduced in the 
further tests. 

Three tests have been carried. out ·ofi th 20-20 l S:ullple:J, 
which have had silllilar c0111p0si tion. The s~..~~~~ples ·::ere 
treated lly different .. nmts of ealci- hydrate, o.nd the 
water was periodically analysed. 

The following tests have been .. de: 

(1) 

(2) 

()) 

Addition of calcium-hydrate in quantities necessuz~ 
for the precipitation of the dissolved CO and Ca 
content, as estimated from the chemical c6mposition 
of the water. 

Addition of calcium-hydrate in quantities nece~~nry 2 for the precipitation of the dissolved CO::>, Ca , ·~g + 
content, and for the chemical al terntion Of the l.i£;
sal ts. 

Addition of calcium-hydrate in quantities necessurl 
to precipitate the diasowed co2 and the totul !Ico

3 and for the ch.Ucal alteration of the 1.16 sul ts. 
179 
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The 
are 

'I 

changes in the Hco
3
-; co 3 ~-, sho1m in i•'.i.cs 3-6. 

'I 

7:{~£. !- CUll ten tD 

l'he percentaee of the precipitated ca2 ~ con tent han nho.m 
the follonring values 

') 

test llo. :::a Lt r-: nil 

1 79 '{ • 9 
2 91 8,4 
3 9J 9,2 

., 
As is sho\'m from these fieuz-es, 24-50 r; of the calci urn 
hydrate required for a complete treatment cru1 r,ive r,ood 
results, and provides more favowrable pi! values. 
(No. 1. and 2. tests) 

4./ Aeration and complex treatment testa 

180 

Durinr; aeration dissolved CO? is removed from the •:;uter, 
the Ca-CO equilibrium no lonc;er exist, rm•l those 
carbonate~, vthich have lovt solubility, precipitate. 

air 

Tests were mnde with and without simultareous calcium
hydrate treatment. 

20 1 s11111ples were treated with aeration usinr, 5 1/min 
flow rate for 14 hours. Four teots have been carried 
out, using samples, which have hud same compooition: 

(1) Aeration without calcium-hydrate treatment. 

(2) 

(3) 

( 4) 

Aeration with calcium-hydrate treatment (in ru:~o~~ 
suitable to precipitate the dissolved co2 and Cu 
content.) 

Aeration with calcium-hydrate treatment (in ~cmt 
au~!able to precipitate the dissolved co2 , Cu ' 3.11d 
Mg content and to alter the l.lg sul to). 

Calcium-hydrate treatment (in a.ount suitable to 
precipitate the dissolved co? and the total 11801 
content and to alter the l.lr; Salts) without aeration. 

The results are shown on Figures 7, 8, 9, and 10. 

The amount of the precipi2ated ca2
t- content comported 

to the total diasol ved Ca + content has sho1m the 
following values after 4 hours aeration: 

') 
Cu'-+ ,.., pi! 

1. 92 !3,') 
2. 97 9,0 
J. 98 9,2 
4. 95 9.4 
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'l'hus it was revealed that the npplicatiun of :·edtH~c"l 
o.Mount of calcium hydrate (?') ··') 11i th sir:Jul ~'meous 
aeration has led to better result!J than the com[lle~e 
calcium-hydrate treatment, 

s./ Aeration with different flo·:~ rates 

In these tests different air flo11 rates ~ere used, Three 
samples were tested. Aero. tion time I'Ias 4 hours. '~he 
results are as follons: 

Flow rate co?+ ,. pi! 

1, 1 1/min 95 s,G 
2, 5 1/min 96 8,7 
3. 10 1/min 97 8,9 

The d~ssolved Me2 ~ c?ntent has no; b~en0aff!:cted ?,:; 2 ~he aerat1on, The varlut1ons of the ILO J , v0 1 and va 
contents are sho·:m on Pies. ll-13. · -

':'he aeration has given very r,ood resulta, but the minir.1ur:1 
2 hours aeration time could not be accepted in undercroand 
\/Orking conditions. 

6,/ Tests with intensified aeration 

7./ 

Based on the previous results, the aeration time hlld to 
be reduced by intensifying the procesa. A small flotation
cell v1as used, with 51/min air flo·:1 rate. 

The aeration times v1ere 1 min, 2 min, J r:1in, 5 min, ::_n 
min, After treatment the r1ater ~·1as settled. 0o.Mples •:;ere 
taken and analysed after 10, 20, 30, 40, 50, GO, <)0, 120, 
150, 180, 210, 240 minutes, After 4 hours settlinc tine, 
the precipitated amount of Ca was as follo·.:3: 

Aeration time Ct/t- .- p1! 
min 

1 ll ·,· '(, 
2 32 7 , G 
3 35 7,G:; 
5 41 ·,· , G 5 

10 50 r, cs 
Intensified aeration with calcium-hydr:1te treatment 

As the results of the short, intensified aeration tests 
v1ere not encourac;ing, this method ·,·:as combined ·::i th 
calcium-hydrate treatment. ~he aeration time was 3 min, 
The amounts of the added calcium-hydrate ·aere 10, 20, 
40% of the amount required for a complete treatment, 
This has been added in dissolved form, ·ai th 2 :~ concen t
ration into the flotation cell. The treated samples ·::ere 
settled for 4 hours, and then analysed, 
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The results after 4 hours settlinr, time: 

the ~ runount '1 

of Ca(OH) 2 
c <- ~ c' a ' 

used 

1. 0 J5 
2. 10 60 
). 20 70 
4. 40 86 

pll 

·r .G~ 
·: ,00 
8,00 
8. )0 

'fhe calcium-hydrate treatment,has reduced the r.;g2 ~ 
content too. 

· 8./ The effect of tbe air-water interfo.ce to the quuli ty of 
the water: 

The decomposition of hydrocurbonates depend not only 
from the quantity of air but also the size of the o.ir
lvater interface. Samples with the srune cornpoai tion and 
quantity were poured into cylinders havinc; different 
diameters. The samples were settled for 70 ~~ura, and 
analysed in each hour. The chance of the Ca. content 
is illustrated on Fie. 14., and the result::; obvioualy 
show the influence of the air-water interface in the 
carbonatisation process. 

As a consequence, three main factors were considered to 
have major effect on the decomposition of hydrocarbono.tcs: 

1./ the aeration time 
2./ the air-rtater interface 
)./ the amount of added calcium-hydrate. 

UNDERGHOUUD TE3T3 

The first underground test series has aimed to prove the 
efficiency of the process in routine working conditions. 

The tests were carried out on the -700 b.s.l. level of the 
mine, at the 1001 sump drift. The nrruncement ia illuatruted 
in I•'ic. 15. The mine water from the main-ha~lnee drninr.c;e 
has flown into the A section of a small J m snmplinc sump. 
From here it was pumped into the mixer line l'rhich has 
consisted of two Denver flotation cells. The 1001 sump drift 
has been separated by dams into three sections. ~~rom the 
mixer the water discharged through pipes into the No I. sec
tion of the sump-drift. 

The 'Nnter which has not been treated, has directly ovcrflo·.m 
from the A to the B section of the small snmplinc sump. The 
air supply has been provided from the compressed air-line. 
182 
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Two alternative aeration methous have been uocd: 

( l ) throuc;h the mixinc; hend of the flotn tion cc ll 

(2) throueh 60 mm perforated pipes in the H T nnd II uur.1p 1.0 "· 
sections. 

The calcium-hydrate has been added manually in po·;,der form 
into the flotation cell. 

The l"later was sampled in the drninn.ce before thE' mixer, 
after the mixer, at the d81118 of tlae Ho I. section, llo. II. 
section and No. III section of the sump drift, nnd before 
the discharge into the B section of the s.-plinc sump. 

The sD.IIples were analysed2~ ai2~, and the "P", "m", pH 
values, as well aa theCa , Mg and diseolved co2 contents 
were determined. 

The air-flow rate h&8 not been measured. 

The following teata have beea completed: 

1./ 500 1/min water flcm rn te, sJaall air fl0\'1 throur.h the 
lllixine head of tbe flotation cell, 80 -;. calcium-hydrate 
(coapared to the .-ount required for a complete treat
~~~ent) 1 

2./ 500 1/min water !low rate, small air floi'l throur;h the 
mixing head of the flotation cell, 40 c~ calci um-hyuru te 1 

J./ 500 1/min water flow rate, maximum air flon throu;::h the 
mixing head of the flotation cell, 20 ';'. calcium-hy<lrute 
(compared to the amount required for complete alteration); 

4./ 500 1/min water flow rate, maximum air flol"l throuc;h the 
mixing head of the flotation cell, 20 ~calcium-hydrate 
(compared to the amount required for a complete treat
ment); 

5./ 500 1/min water, maximum air flow throuc;h the mi~inc; 
head of the flotation cell, without calcium-hydrate 
treatment a 

6./ 1300 1/min water maxiiDUIIl air flow throur,h the nixinc; 
head of the flotation cell, without calciUm-hydrate 
treatment a 

7./ 1300 1/min water, maximum air flm·1 throuc;h the mixinr: 
head of the flotation cell, ;·:i th 20 ;-:, calc i urn-hydrate 
(compared to the amount required for a complete treut
ment)a 

8./ lJOO 1/min water, maximum air flo•• throu""il the r~i:<inr· 
head of the flotation cell, ·:Ji th 40 ~ calcium-hydro.t~ 
(compared to the amount required for the complete 
alteration) 1 

lbJ 
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9./ l )00 1/min v:uter, max·imum ::1ir flo'./ Lh!'oc1rll :>cr:'<•raLe,J 
pipe, vii thout calcium-hydrate trcu tmcn L; 

10./ lJOO 1/min water, maximum air flo·;; throur,h perfot·ntcd 
pipe, 20 ~( calcium-hydrate (compared to the o.mount 
required for the complete alteration). 

':'he Blll()unt of precipitated Ca2 • has nho1·m the follm·1inr, 
values: 

test No. Cn '- ,_ pH tent Iio. Cn'- +- pi! 
<"' ,-
' 

l. 93.9 8,6 G. (,.; '1 ·; ' ~~ 
2. 91,1 

8 ''~ 7. 78,0 '1 'u 
3. ?7 ,J 7,8 8. 9~; t i e.1 
4. 83,3 7,9 '). f) J '0 -,- 'G ,. 66,7 7,5 10, OB ,·i ,, ') 
) . ' ' 

'i'he results have proved that even wl th t~1 lennt favourtthlc 
test condi tiona 64 ':'· of the dissolved '::u content can be 
precipitated from the mine ,_.,a ter. This minimun vul uc ·.:r,n 
obtained in the Uo, 6. test, •:1here 1 min aerutiou time ::an 
used, without addition of cnlcium.,~ydrate, ':'he unuloro:w 
laboratory test has r;i ven 11 :": Ca'" value. ':'he bcs t renul tn 
·:1ere obtained from the No. 1. test, thour;h tlti::; hun not been 
considereu feasible owing to the excesni ve calcium-hydrate 
consumption and the large volume of precipitate::;, 

Thtil undercround tests have proved that the majority of the 
c:;a' • content can be precipi tuted by aeration l~n<l calcium
hydrate treatment before the \"Iuter reuche:J ti1e purnpinr: n~·n
tcm. It 1·;as necessary to determine the extent of .,-,uter 
treatment required to protect the syntem, In order to :lo 
thi:J, the mine water was rer,ularly srunpled in tlw r1ine
drninaGe system and on the surface durinc one :nunth peri'-ld• 
The analyses have shown that 40-60 -·.of the dirwolved ~:n"- 1 

hus been precipitated in the pumpinG system, ·~hin the ·.:ntcr 
treating sya~~m v:as designed to precipitate 80 ·· of the 
dissolved Ca content, 

In the next testa the proper technical parumcLer:J ~era 
determined, The water flor1 r:1te, the air flu·; rnte ·:1a::1 
me,lsured, the quulity of t!1e water ·:mo analy:w !, '.'he '\":·:cti.o!l 
·::a:J curried out in the oump, both perforl,tf'd p~peo ·,('!'(' pl:c·~'' 1 
in the ITo, I. oection of the oump. ·~he ·,-:,ttl!t' j1itmpc.! o.11, t.1e 
uurfc1ce wno aloo unulyacu, 

·:•he durutlon or euch test \'InS one ·::0ek. ?he J'<~:.Jul t:-~ ::L·:·c 1.1D 
fnllv·;ls: 

lb4 
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1. l }00 1/min vmter, 5 m
3

/mln ai.r 
2. 1)00 1/min ~ater, 2 m /,in nir 
). 1)00 1/min water, 3,5 m /min air 
4. 1)00 1/min water, 5 m3/min uir 

Cu(OII) in 10 "" amount of totul 
requir~d to complete ~Iteration 

5. lJOO 1/min water, 5 m /min air, 
Cn(OH) in 20 "' amount of total 
requir~d to complete alteration 

'( .,. 'I I 

(,...',8 
6'),J 

85,7 

88,1 

'' ' I ' 

7 ' l'_. 
7,50 

7,80 

8,00 

2+ I The difference betvreen the Ca con tents of the tren tert vr'l ter 
and the pumped water on the surface remained belo·."l 1 ,. , ·.thich 
meant that no carbonate has precipitated in the pump nyntem • 

. ihen the tests have been co,pleted, ;he aeration treatment 
has been proposed, vri th ) m air/1 m mine ·:tater r:: te. -:'he 
results can be improved by the addition of Ca(OII) 2 , thour;h 
this improvement means excessive cost (material, transport, 
storage, treatment costs). 

The water treatment process has been in operation for more 
than a half year. During this period no do·:m-time wus connec
ted with precipitation in the system, which is the best evi
dence of the efficiency of the process. 

lU5 
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List o! 

Fig, 1, 

Fig, 2, 

Fig, J, 

Pig, 4. 

figures 

Legend 

1. BaHCO) 3. Mixed character 
2, caso4 4. Drill-hole 

A alice !rom the pipe-line between -700 m,B!. and 
-900 level after 120 days operation, 

The variation of the hydrocarbonate content durine 
the calcium-hydrate treat~ent 
1. !o~ the precipitation o! the dissolved co2 and 

Ca + content 
2. !o~ the precipitation o! the dissolved C02 and 

Ca + content and tor the alteration ot the l.lg 
salta. 

The variation ot the carbonate content during the 
calcium-hydrate treatment. 
Por legend see Pig, J, 

Fig. 5. The variation ot the Ca content during the calcium
hydrate treat.ent. 
Por legend aee Pig, ), 

Pig, 6, The variation ot the Mg content during the calcium
hydrate treatment. 
Por legend aee Pig, J, 

Fig. 7. The variation ot the hydrocarbonate content during 
complex water treatment 
1. 5 1/min air 0 g/20 1 mine water 
2, 5 1/lllin air 12 g/20 1 mine water 
J, 5 1/min air 25 g/20 1 mine water 
4. 0 1/min.air 48 g/20 1 mine water 

Fig, e. The variation of the carbonate content during complex 
water treatment, 
Por legend see Pig, 1. 

Pig, 9. The variation ot the calcium content during complex 
water treatment, 
Por legend see Pig, 1. 

Fig, 10, The variation ot the magnesium content during complex 
water treatment, 
For legend see Pig, 7. 

Fig, 11. The variation o! the hydrocarbonate content with 
different rates ot aeration 
1. 1 1/min air, 20 1 mine water 
2. 5 1/min air, 20 1 mine water 
), 10 1/min air, 20 1 mine water 
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li'ig. 12. The variation of the carbonate content \·Ji th different 
rates of aeration. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

For legend see Fig. 11. 

The variation of the calcium content, at intense 
aeration and addition different amounts of calcium
hydrate. 

·1. 10 ~calcium-hydrate of the amount required for 
complete treatment 

2. 20 ~calcium-hydrate of the amount required for 
complete treatment 

3. 40 ~calcium-hydrate o~ the amount required for 
complete treatment. 

The variation in the ca2+ content of the mine-water 
with the size of air-water interface 
1. d = 80 DIID 
2. d .. 125 mm 
3. d • 230 mm 
4. d = )60 -· The schematic diagram of the underground mine-water 
treatment system. 
Legend: ------- compressed air 

-.-.-.- water 

Fig. 16. The variation of the concentrations of the eieht 
main components of water during treatment 
Legend: before treatment 

------- after treatment 
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