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ABSTRACT 

One of the river pollution sources are saline mine wa
ters ejected from the Upper Silesian coa' ~ines. Sali
nity of some effluences exceeds 200 g/dm • An intensive 
development of coal mining increases the amount of water 
and salt disposed into the rivera. It has been found 
that the greatest salinit~ is affec~ed by the mines ejec
ting waters containing over 70 g/dm NaCl. Such big con
tents of sodium chloride in the total amount of disol~ed 
salts caused that the investigations concerning salt mine 
waters utilization have been undertaken. The result of 
these investigations is protection of water against aali
nation. The Central Mining Institute has developed a new 
technology of producing the so~um chloride and potable 
water from saline waters obtained from mine drainage with· 
out chemical pretreatment of brine. On the basis of this 
technology, in-~biensko mine the pilot plant operating 
on industrial scale has b~en put into operation in 1975. 
The plant output is 100 m /h of brine. The operation 
data of this plant has been discussed in this paper. 
As a result of operation of this plant, various usable 
products are obtained: table salt, desalinated water and 
wastesgypsum and mother liquor.Solid wastes do not cause 
an~ problems in their utilization. However, mother liquor 
storage causes the danger of second~r~ water pollution. 
Considering above, the conception of wasteless utiliza• 
tion of all components contained in the mother liquor has 
been presented. The wasteless u~ilization of_saline mine 
waters allows to protect effect~vely the env~ronment as 
well as to obtain useful products. 
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Deterioration of superficial waters auality is a very 
serious problem in the Upp"'r Silesian water economics. 
This problem arised due to dvnamic development of indust
ry and mining in this area. Coal mining contributes great
ly in water pollution with mineral salts. ·rhe deep-level 
underground mining is accompanied with natural ;vater ef
fluences from exaavations that are pumped out onto the 
surface• 
A de~ree of mine water salinity varies, from water of 
drinkin6 water quality to br:j,.nes of sodium chloride 
concentration up ot 200 kg/m( 
Fresh waters occuring in mines suitable to have a sepa
rate water intake, are utlilized by the mine itself or 
directed to the municipal water pipe network or to the 
neighbouring industrial plants. 
Saline mine waters disposed into the rivers cause a 
greater sal1nation of the l~tter. It limits usability 
of river waters for populat~on demands, agriculture as 
well as industrial purposes. The cost of superficial 
treatment increase at the same time. 
The localization of the Upper Silesian Coal Field almost 
at the springs of Vistula and Odra rivers causes their 
absorbini capacity of salts to be small due to a low 
water flOW in these rivers. At the same time, the indu~t
ry concentrated in an upper part of Vistula and Odra ri
vers basin consumer large quantities of industrial water 
and produces a considerable amount of liquid wastes. 
The increase of coal production is performed by shafting 
in new mines and development of the already existing 
ones msi. nly by their deepening. It causes an increase 
of ~tural mine effluents and of salt concentration in 
these waters. Simultaneously, industry development in the 
Upper Silesian Indus~ry Region increases demands for po
table water. All of 1t makes the situation of water econo
mics difficult in the Region. On the one hand, pollution 
of potable water increases, on the other hand one demands 
for it increase. 
Characteristics of mine waters are given in another paper 

/1/. 

CONCEFTION OF LI.MITING THE SALIN.ATION OF SUPERFICIAL 
· WATERS WITH SALINE MINE WAT~RS 

Protection of river waters against their salination with 
saline mine waters is a very difficult problem for coal 
mine water management. The only effective way of super
ficial water protection against salination would be to 
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stop d±posal of saline mine waters into the rivers. This 
solution is technically impo~sible under current condi
tions, because of large quantity of saline mine waters 
having different salination. Utilization of such quantity 
of brines would. require a significant quantit;y of energ;y 
and other mater~als. At the moment our economJ oanage 
with this problem. 
Selecting in mine the v:aters of different salination 
enables separate pu~ping out the mine brines of concentra
tion exceeding 70 kg/dn). These brines mAy be a raw mate
ri~l for chemical industry. 
Investigations carried out by the Departrr.ent of l.Iining 
since man.·i ;years resulted in two me(;hods of decreasin;; the 
exce si ve sal ination of ri ver·s: h,ydrotechnical w.ethod 
for saline v;aters of concentration ·oelow 70 kg/o?, and 
utilization for oine brines concentration exceeding 
70 kg/m) /2/. 
In general the hydrotechnical method consists in accumu
lation of saline oine waters in large reservoirs and con
trolled drainage of the waters into the river at accep
table concentration of salt in water for the particular 
clacs of river purity. 
The utilization method consists in production of table 
salt and fresh water from mine brines or in such a proces
sing of brine that it becomes a raw material for chewical 
industry. 
Complex river protection due to quantities _of mine waters 
&nd different degree of their salination requires the coo
bined treatment methods to be used. 

The use of typical salt evaporation method in case of 
utilization method would require softening of mine brines. 
In this case, cost of chemicals used for pretreatment could 
reach 60 per cent of actual salt price due to brine hard
ness. For this reason, a method of NaCl and CaSO crys
tallization without their previous softening usi~ chemi
cals has been developed /3/. 
The whole process of initial brine preparation consists in 
sedimentation, filtration, carbinate decomposition and 
degassing. 
Calcium is removed during process as a calcium sulphate, 
while oagnessium and other pollutants are removed as 
mother liquor. Calcium can be removed during reversed 
vaporization owing to the properties of CaS04 such as: 
solubility, abilitJ to farm a supersturated solution ha
ving a long period of metastability,ability to farm 
compact slurry and fine thin suspension /4/. 

DESCRI.PI'ION AND OPERATION OF PLANT DZSIG!--l"ED FOR UNE 
WATERS UTILIZATION 

The flow-sheet of plant for mine water desalination is 
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presented in Fig.1. The ke~ point of this technology con
sists in that the initial purification of brine prior to 
thermal concentration covers only the removing of solids 
suspension, decarboniza~~on with sulphric acid, stochio
metric adjustment of Ca and so4 2- ions, thermal dcsas
sing and alkalization. The initially treated feed brine 
is supplied to a circulating brine just before the re
generative heat exchangers. The mixture of circulating 
brine and initiall~ P£epared feed brine is heated up to 
a temperature of 100 C inside the regenerative heat 
exchangers which are simultaneouslv used as condensers 
of vapours from brine concentrating prgcess. The brine 
iR then heated up to a temperature 120 C with saturated 
steam in hP.at exchangers. ;,lhen the brine is heated up, 
crystallization of calcium sulphate proceeds in high 
volume crystallizers of special design. Then, brine 
is suoplied to a series of 12 flush chaubers, where it 
undergoes. concentration through water vaporization. 
Most of this water (from the fi~st stage of evaporating) 
is recovered as a desalinated wate~. The last stA~e va
pours are condensated in jet condensers and they are 
used to refill cooling water circulation system. Sodium 
chloride crystallizes from the concentrated brine in the 
last stages of flash chambers and is seoarated in the 
salt separator. The purity of obtained salt depends on 
the composition of circulating brine. In the process, 
some difficulties were encountered concerning both crys
tallization and removing the calcium sulphate from the 
plant. 
Under operating conditions, it appeared that when thermo
dynamical parameters and rate of circulating brine were 
not satisfied, scaling of heat exchanger pipes or forma
tion of verv fine CaSO slurry which did not remain in 
gypsum crystallizer h~~e occured. The crystallization 
of Caso4 is a very sensitive process and requires to fol
low all thermodynamical parameters of the pr·ocess /5/. 
Operating experience shows, however, that it is possible 
to protect heat exchangers scaling and CaS04 precipita
tion in crystallizers in a form of loose suspension of 
crystallites about 20 urn dia. Hitherto industrial expe
riments have shown that it is possible to eliminate cir
culating filtration as foreseen previously from pilot 
scale results/4/. 
Table salt obtained in the separator is subject to a stan
dard treatment, i.e. centrifugation and Shermal drying. 
Basing on this technology /PRL patent, N 50342/, the Pi
lot industrial plant of capacity of 2400 __ m3 mine brine 
daily (salt concentration being 100 kg/m.)) ivas put into 
operation in 1975. This olant operated continuousl:y, pr·o
ducing desalinated water and salt (purity of over 99.6 ~o) 
the latter of commercial value. The deqalinated water 
of salts concentration below 100 mg/dm-' TDS is treated in 
ion-exchanger in order to reuove ammonia ions and then 
supplied to mine as a potable wa-cer /6/. 
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On the basis of industrial experience typical desalination 
industrial plant has been designed (capacity of 2~00 m~/day 
of brine). They Will be erected at coal mines. The plants 
operating according to the technology discussed above can 
be also used in other plants where the highly saline waters 
are to be processed. 
Apart from basic products such as table salt and desalina
ted water are also formed waste products /7/: separated 
in preliminarv brine purification, 
- calcium sulphate precipitated during evaporating process, 
- mother liquor containing considerable quantity of mag-
nessium chloride apart from potassium, iodine and bromide 
chlorides. 
This mother liquor is 1-4 JG of utilized brine depending on 
brine composition and concentration rate. The solid wastes 
do not cause any problems because they can be stored to
gether with other mine wastes. 
But storage of mother liquor within the mine area creates 
a danger of secondary water pollution. Thus the concep
tion of complex utilization of all components contained 
in the mother liquor has been presented. 
The mother liquor of this t;ype may be used as: 
- antifreezing agent for turnouts, not loose materials, 

sprayers for roads during winter season, etc. in the 
form of concentrated solution, 

- raw material for sodium and potassium chlorides and mag-
nessium salts. 

Magnessium salts can be processed further to obtain magnes
sium oxide that is a desirable raw material for manufactu
ring the refractor materials. The mother liquor utilization 
as a antifreezing agent does not make any te,chnical prob
lems and is out of comment. The mother liquor processing 
is complicated and requires additional energy coasumption. 

MOTHER LIQUOR PROCESSING 

~he basic component of mother liquor is magnessium chloride 
~nd the v~ole utilization technology consists in its sepa
~ation. Two methods were used during utilization tests: 
- separation of NaCl, KCl, iodides and bromides to obtain 

pure solution of MgCl~, 
- reaction of MgCl2 to insoluble compounds and their sepa-

rdioL _ 
rn the first method high energy consumption is required and 
a loss of magnessium occurs due to double salt formation, 
bhat results in solutions with residual NaCl and KCl con
tients. 
rhe second method, depending on selection of reagent enab
les to recover magnessium almost entirely, however, some 
Nastes are formed, the utilization of which is rather tro
ublesome. 
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Basing on the laboratory data the method of wasteless 
mother liquor utilization has been developed the flow
sheet of which is prese~ted in Fig.2. In this plant, of 
nominal capacity of 4 m~/h, its to be to utilize the 
whole mother liquor from the pilot desalination plant 
/8/. 
~he technology designed comprises: 
- in the first stage - deiodination and debromination 

by the known method comprising J and Br desorbtion 
with air from acidified mother lfquor anft successive 
its absorption from basic liquor, 

- in the second stage - thermal conventration of mother 
liquor accomplied with crystallization of salt returned 
to desalination installation due to its low purity, 
in the third stage - crystallization of artificial car
nalite from a concentrated liquor followed by potassium 
chloride separation, 

- in the fourth stage - concentration of the remaining 
liquor and magnessium chloride separation. 

This Plant Will be tested in terms of selecting the op
timum mother liquor utilization technique suitable on 
industrial scale after a previous separation of iodine 
and bromine. In iodine and bromine recovery section, an 
important problem will be testing and selection of con
structional materials for equipment exposed to an espe-
cially intensive corrosion. · 

OTHER SOLUTIONS 

In search of other methods allowing to restrict brine dis
posal to superficial waters, the possibilities of direct 
mine brine utilization in chemical plants, where table 
salt· is used as a raw material are currently investigated. 
At present basing on the technology developed by the Ins
titute of Chemical Technology, Silesian Polytechnical 
University Gliwice, the pilot plant for chlorine manufactu
re from mine brines is under construction /9/. 
The technology of chlorine manufacture from mine brines 
comprises: 
- precipitation of Mg2+ ions with sod~ lye obtained from 

the saline lye concentration process: magnessium ~d
roxide sludge obtained can be used for further proces
sing while filtration is recirculated, 

- brine concentration up to a concentration of NaCl of 
160 g/dm3, 2+ 

- precipitation of Ca ~ons using a soda - lye method 
and small amoun·t of iiig + ions unprecipitated in the first 
stage (soda lye is from basic liquor concentration pro
cess), 

- resaturation of brine with salt precipitated in brine
lye concentration, filtration and pH adjustment using 
~drochloric acid, 
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- electrol~sis of resaturated brine to obtain chlorine, 
hydrogen and basic liquor, 

- concentration of basic liquor to obtain salt ana so-
dium hydroxide. 

In this year. it is planned to put the plant into ODera
tion and perform investigation works the aim of which is 
to test the perfar mance of the technology develo-ped. Tbe 
method of concentration of moderately salinated mine wa
ters using membrane techniques have been also investiga-
ted /10/. 

These methods used in the first desalination stage would 
allow to obtain potable water, being in deficite in the 
Upper Silesian Coal Region. Application of these methods 
according to the authors' opinion, depends on know-how 
production of durable and cheep ion-exchange membranes 
in Foland, decrease of energy consumption and pre_para
tion of brines of salt conventration about 100 g/dm3. 
These brines could be processed further to salt and wa
ter using a vaporization method. 
These solutions shall be considered only for future use 
and attainable only in respect of fresh water shortage 
coverage, when other fresh water sources will be deple
ted. The general concepts of solving the water protection 
against salination by mine waters are very difficult to 
be attained from both technical and economical viewpoint. 
Optimalization of the solution requires to be considered 
in respect of total economics and co-operation of many 
departments • 
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