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Nesalting tests of mine waters, “ecsk, ‘lunerery
“rg, suzse Podanyi
Orszégos “rc- és ‘svanybanydk ézérc livei
Tecsk, Pf: 11. 3245

SU'TIARY

'he study discusses the reasons which have necessitated
hne treatment of the mine vaters,

he high hydrocarbonate content of the mine waters in the
‘'ecsr mine has caused excessive precipitation in the pump
'ystem to an extent “here its safe operation was endangered.

'0 prevent this precipitation severasl methods have been
eveloped in leboratory, "hese methods have been tested and
valuated according their efficiency, feasibility and
pplicability in laboratory and pilot-plant scale,

'he eeration method has been proved to be the most efficient
ethod to treat these mine waters, :

TNTRODJCTION

1t Necsk ‘northeastern part of the "dtra ''ts) large copper
re reserves were found at considerable depth, After the
urface explorations have been completed, the underground
evelopments were commenced by sinking two shafts and drifts
n two levels, "ncreasing volumes of water have been produ-
ed from these developments., The water has very high dissol-
'ed salt content,

'he chemiatry of the water is intensely affected by the
ature of rocks of the aquifer., Secdium~-hydrocarbonate is
redominant in the weater coming from the sediments surroun-
ing the intrusion, while sulphate is the dominent component
n the waters stored within the intrusion, These two types

f water are intermixed along the contact zone, “esides
odium, the 7a and ‘g are the dominant cations /from the
imestone and dolomite), the sulphate and chlorine are the
ominant anions after the hyvdrocarbonate, "he chemical
ompositon of the weater is illustrated in "ip, 1,
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The increasing amount of water to be pumped up to the
surface means greater and grecter problems, since Insoluble
carbonate precipitates in the pipelines and pumpa, oving to
the gradual chonge in the Ca-C0, equilibrium conditiona,
These precipitations reduce the“diametrical space in thene
equipments, lessen the efficlency of water pumping and may
as well cause serious damage in the whole asystem,

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.1., level
to the sump beneath the shaft, The inner diameter of the
pipe was 150 mm. This has decreaskd to 42 mm after 120 days
operation.

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

CaCO3 96,5 7
MgCO3 2,8 %
insoluble in
acid 0,7 %

LABORATORY TEGSTS
The samples were taken from the -700 m., a.s.l1, sump. These
gampled represent the quality of the pumped mine water. The
sampled were carried into the laboratory in sealed bottles,
Each sample was analysed, and then treated.
several methods were tested to treat the water:
1./ Acidization of hydrocarbonates

The mine water has 7,4-8,0 pH value, 3y adding strong
acids (H%SO4, HC1l) the dissolved hydrocarbonates
e

disgociate, 'and carbon-dioxide is produced;
Ca (IICOB)2 + H2u04 = CaSO4 + 2 CO2 + 2 ”20
Ca (HCO3)2 + 2 HC1 = CaCl + 2 0, + 2 H.,0

Thus the precipitation of carbonates ia prevented. The
main advantage of this method is that no precipitation
i3 produced. It has to be used with great care, novever,
since the pH value should not shift into the acidic
range, otherwise it may cause excecasive corrosion. The
strong acids may dissociate the floating carbonate
particles, which is resulted in excesgsive acid consunmp -
tion. The underground transport and handling of the
sulphuric acid (or HCl) is troublesome, dangerous, and
adversely affects the climatic conditions in the mine,
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2./

The precipitation of carbonates with culcium-hydroxide-
complete treaiment

The following reectiona take place:

co, + Cea (OH), = CaCOy; + H,0

Ce (H‘I}O});2 + Ca(OH)2 = 2 Cat’.‘.’O3 + 2 H20

Mg (HCO,), + Ca(OH), = CaCO, + LigCOy + 2 H,y0
MgCO, + Ca(OH), = CaCOy + Mg(OH),
Mg30, + Ca(OH), - Ca3b4 + Mg(OH),
MgCl, + Ca(OH), = CaCl, + Mg(OH),

" The calcium-hydroxide is aleo used for melioration, the

3./

treat the !aHCOJ content of soila,

The reactions illustrate that the whole carbonate content
precipitates, and the Mg-hardness is replaced by Co-
hardness. Since the solubility of the Ca(OH)2 is low, the
duration of the reactions is 4-5 hours,

This method is sultable to precipitate the carbonate from
the mine water before it reaches the pumping system. The
large amount of reegents required, and the lorpe volume

of precipitated salis are the dizaedvantares connected iith
this methed.

The precipitation of carboneteg with reduced amount of
Ca(OR),

The encrustations, which have been analysed, consistied
mainly of insoluble CaCO,, The rate of rcaction and
precipitation of the Ca(ﬁc03) is relatively larfe. Thugs
the amocunt of added Ca(OH)2 hﬁs been reduced in the
further tests,

Three tests have been cerried out with 20-20 1 somples,
which have had similar compozition. The sumples 'ere
treated by differsnt amounts of calcium hydrate, and the
vater wes periodically anaiysed,

The following tests have been made:

(1) Addition of calcium~hydrate in quantities necessagy
for the precipitation of the dissolved CO, and Ca
content, as estimated from the chemical cgmpoaition
of the water,

{2) Addition of celcium-hydrate in quantities neceggary ,,

for the precipitation of the disseolved CO,, Ca“", T'g
content, and fer the chemical aslteration gf the lig-
salts.

(3) Addition of calcium-hydrate in quantities necessar
to precipitete the dissowed CG2 and the total EICO3
and for the chemical alteration of the lig salts,
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4./

180

The changes in the HCO, s co}‘-", cacty ond 10t contento
are shown in i'igs 3-6.

2+

The percentage of the precipitated Ca content has shoun

the follonring values

test llo, Gaz* . il
1 79 7,9
2 9l 8,4

3 93 9,2

As is showvm from these figures, 24-50 75 of the calcium
hydrate required for a complete treatment can give pood
results, and provides more favowrable pl values.

(No, 1. and 2. tests)

Aerstion and complex treatment tests

During aeration dissolved CO, is removed Irom the water,
the Ca-C0, equilibrium no loﬁger exist, and those
carbonatea, vhich have low solubility, precipitate,

air ~
Ca(HCOB)2 ------- CauO3 + H20 + 002
Teats were made with and without simultarecus calcium-
hydrate treatment.

20 1 samples were treated with aeration using 5 1/min
flow rate for 14 hours. Four testis have been carried
out, using samples, which have had same composition:

(1) Aeration without calcium-hydrate treatment,

(2) Aeration with calcium-hydrate treatment (in umoug&
suitable 1o precipitnte the dissolved 002 and Ca
content.)

(3) Aeration with calclum-hydrate treaiment (in um@gnt
auéiable to precipitate the dissolved CO, , Ca”™ an
Mg~ " content and to alter the iig salts).

d

(4) Calcium-hydrate treatment (in smount suitable to
precipitate the dissolved CO., and the total HCO
content and to alter the llig Salts) without aera%ion.

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

The amount of the precipijtated ce®t content comparted
to the total dissolved Ca” content has shown the
following values after 4 hours aeration;

ca pli
1, 92 8,9
2. 97 9,0
3. 98 9,2
4. 95 9,4
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5./

6./

7./

Thus it was revealed that the applicantion of reduccd
amount of calcium hydrate (25 7) with aimulianeous
aeration has led to better results than the compnlele
calcium-hydrate treatment,

Aeration with different flow rates
In these tesgsts different air flow retes were uzed, Three

samples were tesated., Aeration time wasg 4 hours. The
results are as follons;:

Flow rate  galt pli
1. 1 1/min 95 8,6
2. 5 1/min 96 8.7
3. 10 1/min q7 8,9

The dissolved M32+ content has not been aféected by2&he
aeration, The variations of the HCO} , CO3 ~ end Ca
contents are shovm on PFigs, 11-13. - g

The aeration has given very good results, but the minimum
2 hours aeration time could not be accepted in underground
working conditions,

Tests with intensified seration

Bagsed on the previous results, the aeration time had to
be reduced by intensifying the procesz. A small flotation-
cell was used, with 9 1/min air flow rate.

The aeration times were 1 min, 2 min, 3 min, % min, .0
min, After treatment the water was scttled. Samples were
taken and analysed after 10, 20, 30, 40, 50, 60, 90, 120,
150, 180, 210, 240 minutes. After 4 hours seitling time,
the precipitated amount of Ca“‘ was as follows:

Aeration time cact - pil
min
1 11 .6
2 32 7,6
3 35 7,65
5 41 II,’()S
10 50 7,69

Intensified aeration with calcium-hydrate treatment

As the results of the short, intensified ageration tegsts
were not encouraging, this method was combined with
calcium-hydrate treatment. The aeration time was 3 min,
The amounts of the added calcium-hydrate were 10, 20,

40 7% of the amount required for a complete treatment,
This has been added in dissolved form, with 2 ° concent-
ration into the flotation cell, The treated samples 'ere
settled for 4 hours, and then analysed,
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The results safter 4 hours settling time:

the 7 amount oy
of Ca(OH)2 Ca ~ pll
used
1. 0 35 7,65
2. - 10 60 7,80
3. 20 70 8,00
4, 40 86 8,10

he calcium-hydrate treatment.has reduced the Mgz*

content too.

8./ The effect of the air-water interface to the guality of
the water:

The decomposition of hydrocarbonates depend not only
from the quantity of air but also the sizc of the air-
water interface, Samples with the same compogsition and
quantity were poured into cylinders having different
diameters, The asamples were settled for 70 Egurs, and
analysed in each hour., The change of the Ca content
is illustrated on Fig. 14., and the results obviously
show the influence of the air-water interface in the
carbonatisation process,

As a consequence, three main factors iere considered to
have major effect on the decomposition of hydrocarbonatces:

1./ the aeration time
2./ the air-vater interface
3./ the amount of added calcium-hydrate,

UNDERGROUND TEGTS

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

The teats were carried out on the ~.700 b.s.1, level of the
mine, at the 1001 sump drift. The errangement ig illustrated
in Pig. 15. The mine water from the main-haglage drainege
has flown into the A section of a small 3 m” sampling sump,.
rrom here it was pumped into the mixer line which has
consisted of two Denver flotation cells,., The 1001 gump drift
has been separated by dams into three sectiocns. ifrom the
mixer the water diascharged through pipes into the No 1. sec-
tion of the sump-drift,

The water which has not been treated, has directly overflowm
from the A to the B section of the small sampling sump. The
air supply has been provided from the compressed air-line.
182
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Two alternative aermtion methods have been uged:
(1) through the mixing head of the [lotation cell

{2) through 60 mm perforated pipes in the iic I and Il sunmp
sections,

The calcium-hydrate has been added manually in powder form
into the flotation cell.

The water was sampled in the drainage before the mixer,
efter the mixer, at the dams of tke Ilo I, section, llo. II,
section and No. III section of the sump drift, and before
the diacharge into the B section of the sampling sump.

The samples were analysed,gn sije, and the "p", "m", pH

values, as well as the Ca”™ , Mg~ and dissolved CO, contents
were determined,

The air-flow rate has not been measured,
The following teats have been completed:

1./ 500 1/min weter flow rate, small air flow through the
mixing head of the flotation cell, 80 7 calcium-hydrate
(compared to the amount required for a complete trecat-
ment);

2./ 500 1/min water flow rate, small air flow through the
mixing head of the flotation cell, 40 7 calcium-hydrate;

3./ 500 1/min water flow rate, maximum air flow throush the
mixing head of the flotation cell, 20 7 calcium-hydrate
(compared to the amount required for complete alteration);

4,/ 500 1/min water flow rate, maximum air flow through the
mixing head of the flotation cell, 20 ~ calcium-hydrate

{compared to the amount required for a complete treant-
ment);

5./ 500 1/min water, maximum air flow through the mixing
head of the flotation cell, without calcium-hydrate
treatment;

6./ 1300 1/min water maximum air flow through the mixing
head of the flotation cell, without calcium-hydrate
treatment;

7./ 1300 1/min water, maximum air flow through the mixing
head of the flotation cell, with 20 7 calcium-hydrate

(comgared to the amount required for a complete treuat-
ment);

8./ 1300 1/min water, maximum air flow throuch the mixing
head of the flotation cell, with 40  calcium-hydrate

(compared to the amount required for the complete
alteration);
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9./ 1300 1/min water, maximun 2lr flow throush perfornted
pipe, without calcium-hydrate treatment;

10./ 1300 1/min water, maximum air flow throurh perforated
pipe, 20 ¢ calcium-hydrate {compared to thc amount
required for the complete alteration).

The amount of precipitated Caar has shown the following
values:
<+ ] . b \
tegt No. Ca pH teat lio. ca pil
[ o~
1. 93,9 8,6 6. 64,1 Uyt
. 91,1 8,2 7. 78,8 7.6
3. 17,3 7,8 8. 9o,/ LR
4¢ 8313 7)9 9- 8},0 ;l‘96
5e 66,7 ) 10, 88,7 759

The results have proved that even with t ¢ least favournsble
teat conditions 64 7 of the dissolved Ca®' content can bve
precipitated from the mine water. This minimun valuec vas
obtained in the No, 6. test, where 1 min aeration time was
uged, without addition of calciuquydrate. The analorons
laboratory test has given 11 7 Ca“" value. The best results
were obtained from the No, 1., test, though this has not been
considered feasible owving to the excesgsive calcium-hydrate
consumption and the large volume of precipitates,

Thg underground tests have proved that the majority of the
Za® " -content can be precipitated by aeration ond calcium-
hydrate treatment before the water reaches ithe pumping sys-
tem, It was necessary to determine the extent of water
treatment required to protect the system, In order to do
this, the mine water was rerularly sampled in the mine-
drainapge syatem and on the surface during one month nerigd.
The analyses have shown that 40-60 ~ of the digssolved Oa“’
has been precipitated in the pumping gystem. This the water
treating syaéim was designed to precipitate 80 7 of the
dissolved Ca content,

Tn the next tests the proper technical parumecicrs wcre
determined, The water flow rate, the air flos rate wan
measured, the quulity of the water wag analyael, The oeyntion
was carried out in the sump, both perforated pipes were plaend
in the llo, I, sectlon of the gump. The water pumped ool Lae
surface wns also anulysed,

The duration of each test wansa one veck. The resulla wseore ug
follows: ‘
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Teat p'l

1. 1300 1/min water, 5 /mul air U0 o
2. 1300 1/min water, 2 m /gln nir 62,8 7,40
3, 1300 1/min water, 3 /min air 69,3 7,50
4, 1300 1/m1n water, /min air

Ca(0l) n l0 ~ amount of total

requlrgd to complete slteratlon 85,7 7,80
5. 1300 1/min water, 5 m”/min air,

Ca(0OH), in 20 7 amount of total

requirad to complete alteration 88,1 8,00

The difference between the Ca

2+

contents of the treated water

and the pumped water on the surface remained below 1 7, which
meant that no carbonate has precipitated in the pump system,

./hen the tests have been co pleted §

has been propoged, with 3 alr/l m” mine waler rute,
results cen be improved by the addition of
thig improvement means excessive cost (material,

storage, treatment costs).

Ca(0I)

tr

he aeration treatment

The

thourh
ansport,

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

1. NaHCO 3, Mixed character
2. CaS0,- 4. Drill-hole

4

" A slice from the pipe-line between -700 m,Bf, and

~900 level after 120 days operatlon.

The variation of the hydrocarbonate content during

the calcium-hydrate treathent

1, ro§+the precipitation of the dissolved CO2 and
Ca content

2. fos the precipitation of the dissolved CO, and
ca“* content and for the alteration of thé Mg
salts,.

The variation of the carbonate content during the
calcium-hydrate treatment.
For legend see Pig, 3.

The variation of the Ca content during the calcium-
hydrate treatment.
For legend see Fig, 3.

The variation of the Mg content during the calcium-
hydrate treatment,
For legend see Pig., 3.

The variation of the hydrocarbonate content during
complex water treatment

1. 5 1/min air 0 g/20 1 mine water
2., 95 l/min eir 12 g/20 1 mine water
3. 5 1/min air 25 g/20 1 mine water
4, 0 1/min air 48 g/20 1 mine water

The variation of the carbonate content during complex
water treatment,

Por legend see Fig, 7.

The variation of the calcium content during complex
water treatment.
For legend see Pig., 7.

The variation of the magnesium content during complex
water treatiment.

For legend see Pig. 7,

The variation of the hydrocarbonate content with
different rates of aeration

1, 1 1/min air, 20 1 mine water

2, 5 1/min air, 20 1 mine water

3. 10 1/min air, 20 1 mine water
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Pig. 12. The variation of the carbonate content with different
rates of aeration,
Por legend see Fig, 11l.

Pig. 13. The variation of the calcium content, at intense
aeration and addition different amounts of calcium-
hydrate.

‘1, 10 7 calcium-hydrate of the amount required for
complete treatment

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

3. 40 % calcium-hydrate ofr the amount required for
complete treatment,

Pig. 14. The variation in the-Ca2+ content of the mine-water
with the size of air-water interface

1, d = 80 mm
2. d = 125 mm
3¢ d = 230 mm
4. d = 360 mm,

Pig. 15. The schematic diagram of the underground mine-water
treatment system,
Legend: --c-w-- compressed air
et e ™e™ 'ater

Pig. 16. The variation of the concentrations of the eight
main components of water during treatment

Legend: before treatment
——————— after treatment
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