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SUl\1MARY 

The paper give brief overvie\v of tnining and processing of uraniun1 ore in Hungary, Mecsek Ore 
Mining Con1pany. There are infonnation about the \vaste \Vaters their chernistry and supposed vol
unle after shut do\Vll the n1ining and processing activity. Process of n1ine \Vater treatn1cnt is de
scribed . Results of treatn1ent of n1ine \Vater by n1en1brane processes are presented. It is sho\vn that 
using nanofiltration \Vater with salinity of 0. 7-1 g/1 can be obtained fron1 n1ine \Vater (n1ain ions arc 
chloride and sodiutn) \Vith TDS= 2-3 g/dn13 \vhile using reverse osn1osis \Vater with specific con
ductivity 50-1 00 : S/ctn can be produced in one step. The pilot scale tests have show·n that uraniwn 
and radiun1 are concentrated in retentate very effectively. This fact can give an additional possibility 
for decreasing the release of these radionuclides into aquatic environn1ent (rivers, creaks, canals 
etc.) 

HISTORIC1\L OVER\1IE\V 

Exploration of uraniutn ore started in Hungary in 1953. Soon after first air gan1n1a n1easurc
n1cnts it becan1e clear that near the to\vn Pees significance uraniutn deposit is situated. After inten
sive exploration \Yorks in 1954 a con1pany \Vas established (Hungarian nan1e of the con1pany 
Bauxitblinya Vlillalat) in 1955, later in 1956 nan1e of the C01npany \vas changed to Pecsi Unin
banya Vlillalat and- after building the n1ill - fron1 1964 Cotnpany received its last, today's nan1e, 
Mecseki Erchliuyliszati Vlillalat (Hungarian abbreviation f',r£v, 1\-lccsek Ore l\1ining Company, 
hereafter ~lEV). Mining clain1 area is 65 knl2. 

In 1990-92 the Cotnpany \vas reorganised into son1e stnaller litnitcd cotnpanies. One of then1 is 
MECSEKURAN Ltd 'vhich is responsible for the n1ining and processing of uranium ore this 
tin1e. Because of high production cost, the Govermnent has decided to shut do\vn the 1nines and the 
mill so the n1ining and processing of uraniurn ore 'viii be finished in Hungary at the end of this 
year. 
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GENERAL FLOW SHEET OF THE PROCESSING OF LJRANIDM ORE 

General tlow sheet of the processing of tnined out rock is sho\vn on the fig. 1. 

During operation period about 45 million tons of rock has been retnoved from 5 shafts 
situated on the same mining district, t\VO of then1 are still in operation, three \vere exhausted and 
closed earlier. 

Fr01n 45 rnillion tonnes of tnined out rock 18 ntillion tonnes as waste rock (U< l 00 g/t) \vas 
placed on 10 vvaste rock piles (son1c of thctn are stnall \Vhile three arc bigger), 7.2 million tons of 
lovv-grade ore (U=l00-300 g/t, in average 136 g/t) after crushing to -30 1111n has been treated by 
alkaline heap leaching on isolated area on sites near the tnill. Aln1ost 19 million tons of ore 
(U= 1000 g/t) has been processed in the conventional mill built in 1962, using sulphuric acid for· 
leaching. A little n1ore than 1 million tons of ore \vas transported directly to the forn1er Soviet 
Union in period 1958-64. Mining operation vvas connected \Vith n1ine \Vater retnoving volmne of 
vvhich an1otn1ted to 64 tnillion n13 fron1 \vhich during the processing of the ore in the tnill about 30 
million nt3 has been used. So about 34 million tn3 of n1inc \Vater has been realised in the cnviron
tncnt directly. 

The neutralised \vastc pulp fi·on1 the n1ill has been pun1ped to the tailings ponds (two tailings 
ponds \vere built). Total uraniun1 production is a little tnore than 20 thousand tons, including the 
uranium exported in fonn of ore. 

Schematic block diagram of processing of mined out rock 
(Olmplled b,!J M. C.16vdrt • J. C.~fc.'Jdk 1994) 
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Water treattnent in the past consisted of: 
• removing of uraniunt fro1n part of mine \Vater (water from mine N°1), 
• neutralisation of barren pulp in the mill to pH= 7-8 (frotn 1992 to pH= 1 0,5). 

Bello\V the tnine \Vater treatn1ent process will be described tnore detai I. 

l\1ine \Vater treatment in the past 

Mine \Vaters originate frmn active n1ines and abandoned ones. These \Vaters have low salin
ity (TDS=l.S-3 g/dn13

) and medium or high uranium content (U= 1-10 n1g/dn13
). Uraniutn con

centration of \Vater in active 1nines is only 1-2 mg/dnt3
, while in \Vater of abandoned ones it 

reaches 7-10 mg/dm3 
. As one of the abandoned tnines, mine N°1, is in hydraulic connection \vith 

drinking \Vater area, \Vater contaminated by uranium has been pun1ping out frotn this tnine fi-otn 
beginning 1968 to protect the drinking \Vater aquifer. The tnine \Vater is treated by ion-exchange 
resin for retnoving the uraniun1 (the litnit for discharge: U<2 mg/dm3

). For treattnent the san1e ion
exchange resin has been used as in the tnill: Varion AP (pyddine-base anion-exchanger). 

For water treatn1ent nine ion-exchange columns (each of then1 contains 10 tn3 of ion
exchanger) \Vare built 6 or 7 of then1 are in operation. The loaded resin (I 0-12 g of uraniutn per 
litre) is transported to a central regeneration station for ren1oving of the uraniun1. By 1 1113 resin 
approxitnate1y 1500 n13 tnine \Vater is treated. Water treatn1ent station is sho,vn on fig. 2. 

Fig. 2. : Station for recovery of uraniun1 fron1 n1ine \Vater 
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The station is capable for treating 900 thousand 111:1 of n1ine \Vater. The loaded anion 
exchange resin is regenerated in the n1ill site. Annually approximately 5 tonnes of uraniun1 is recov
ered fro1n n1ine \Vater. U raniun1 concentracion in treated \Vater is 0.2- 0. 7 1ng/l. 

Regeneration is carried out by sodiun1-chloride solution (80 g/dn11 
) containing sodiunl

carbonate (5 g/dn11
). Pregnant solution contains 10-12 g of uranium per litre. This solution is proc

essed further in the mill. Frotn 1ninc water about I 05 tons of uranium has been recovered in 
period 1968-96 frorn the treated mine water. Without water treatn1ent this mnount of uraniun1 
would have been dispersed in the cnvirontnent. 

~---··--···-----·-

! Uranium concentration in the mine water of 
i abandoned shaft N°l 

14 _T ____ .. 

I 
12 +- ----- --·------- --·--- ---

10-~-
8 

I 

co 0 
(0 ,....... 

• (J) (J) 
I "~'""" --r-

I 
N ,....... 
(J) 
'I'""" 

I 1-- I I I I 
-.;;t co ,....... r---
(j) 0> 
'I'""" 'I'""" 

I 
co ,..._ 
(J) 
'I'""" 

+ -+-+-H--t-+ I I I· I ! j I 
0 N -.;;t (0 co 0 N co co co C() C() (J) (J) 
(j) (J) (J) Q) (J) (J) Q) 
'I'""" 'I'""" 'I'""" 'I'""" 'I'""" 'I'""" '~'""" 

--Level Na6--l 

--Level Na11 
t_____ __________ _.J 

I --t---1 
-.;;t 
(J) 
(J) 
'I'""" 

I 
1 

I 
l ____ ., _______ ·---------

Years 
________ j 

Figure 3 

Uraniun1 concentration in the treated water decreases below 0,2-0,7 mg/dnt3
. 

Main technological units of \Vater treattnent are: 
• pun1ps~ 

• basin for decon1position of hydrocarbonates. 
As the uraniun1 content of \Vater fron1 active n1ines is lo\:v it hasn't been treated. 

CHEI\1ISTRY OF I\11NE \VATER AND OT 
liEU. EFFLlJENTS AND THEIR VOLlJl\ .. 1E IN THE NEAR FlJTlJRE 

By shut do·wn of the 1nining and processing of uraniun1 ore son1e changes are foreseen in \Va

ter treatn1ent. Approxin1ate con1position of \Vaters of different origin (fi-0111 different objects) is pre
sented in table 1. lt can be seen that sotne effluents arc contmninatcd either by radiun1 or uraniun1 or 
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by high TDS. Discharge limit for the Company: n.a < 1,1 Bq/drn3
, U < 2 mg/dm3

• It is supposed 
that the volun1e and n1ost important pollutants to be about the value presented on fig. 4 and 5. 

Estirnation of the volun1e and composition of effluents for the future 

\1 olurne of effluents 

Estimations are based partly on available data fron1 the experience in the past and hydro
logic observations (n1inc vvater, seepage \Vater) partly from actual n1easuremcnts (free \Vaters on 
heap leaching area, tailings ponds) pmtly from planed activity (ground\vater restoration, covering). 
Main uncertainty is the flooding rate of abandoned tnines but this process \Vill probably lasted 
n1ore than 20 years so at this 11101nent the flooding rate is not so in1portant. 

Corn position of effluents 

This task is rather difficult first of all because large area \Viii be disturbed by reclan1ation 
\voks. Reclmnation activity usually led to relocation already consolidated \vastes and forn1ation ne\v 
surf~tce. Due to this facts son1e increasing of the uraniun1 concentration in \Vaters is likely in first 
period atler retnediation. This question tnay be itnportant \Vhen seepage fron1 \vaste rock pile is sig
nificant. In our case this probletn is only of tninor itnportance as the \vastc rock piles are situated 
above shaft \Vhich collects tnost part of seepages. 

Estin1ation of uranium content in tnine \Vater is an other problen1. As in our case this figure 
affect considerably the average uraniun1 concentration of the \Vater to be treated it is in1portant to 
kt1o'v the real value of that. In this case extrapolation \Vas n1ade using data ti-on1 the past 28 years 
(uraniun1 concentration of n1ine \Vater fi·onl shaft N°I). Taking into account these data it is likely 
that uraniu1n concentration \<vill slightly dropped in the next ten years but ren1ains still above 2 
mg/dm3 (discharge lin1it for the con1pany). 

Estimation of radiun1 concentration is based on historic data of radiun1 concentration in 
\Vaste \Vater of different origin. In this respect it should be n1entioned that only tailings \Vater and 
process \Vater fron1 heap leaching sho\ved elevated radimn-226 concentration (> l Bq/dn11

) in the 
past. There is no reason for significant changing of these values in the future. 

Estimations of TDS in the case of tnine \Vater and seepage \Vaters fron1 \Vaste rock piles are 
based again n1ainly on historical data. As the sulphide content of the host rock is lo\v (0,2-0,4°/o) it 
is unlikely that the TDS of the e111uents \Vill be n1uch higher than today even after relocation son1c 
part of \Vastes~ nevertheless son1e increasing of this value n1ay take place in the first years of renle
diation. Generally it can be given an approach that in this respect no changes can be expected. In 
the case of ground\vater to be treated MEV also has problen1 because this variable will depend in 
large extent frmn different hydrological facts unkno\vn today. Certain estin1ation can be based on 
the data fi·on1 n1onitoring \Veils and the \Vater tlo\v data of the area. In any case the esti1nation 
should be in1proved every year taking into account the latest data. 

Based on the above tnentioned principles, estitnation of the volun1e and con1position (in re
gard to uraniun1, radiun1, TDS) of effluents fron1 different sources are given on fig. 4 and Sf or a ten 
years period. Main data for resulting 1nixed \Vater are presented in the table 2 as \veil. In the table 
the quantity of con1ponent in question is also given. At this table ground\vater restoration process is 
included also with pun1ping out 400 thousand nY~ polluted ground water per year. 

Follo,ving conclusions ho1n the data presented can be dro\vn : 
• uraniun1 concentration in collected efnuent is higher than 2 mg/dn13 (n1axin1un1: 4,6 

n1inin1unr 2, 98 tng/drn1 
); 
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• radiun1 concentration of collected effluent is on the level of 1 Bq/dtn3
. Main source of 

radiutn-226 is the tailings free \Vater, for this - after discharging of free \Vater frotn 
tailings ponds, this value \\'ill decrease to 0,54 Bq/dm3

; 

• dissolved solids (TDS) are higher (n1axin1um: 5,43 n1initnum: 4,41 g/dm3
) than the 

litnit for discharge (the litnit is 2 g/dm3 this tin1e), main source of that are tailings wa
ters; 

• total volume of collected effluent reaches a pick: 2,734 thousand 111
3 in 1998, but 

than decreases to 1542 thousand m3 and will ren1ain on this level presumably in 
long period. This volutne includes 400 thousand 111~ of retnoved polluted groundvv'ater 
fron1 the vicinity of tailings ponds. 

Without entering in detai) it can be n1entioned that the high volun1e of discharged \Vater in pe
riod of shut do\vn the tnines is connected with discharging the free \Vater fron1 heap leaching piles 
and tailings pond. 

154 

Composition of effluents and their volume in 1996 

Table 1 
Mines Waste rock pile Heap leaching 

Component Cone. Water Water Seapage Seapage Seapage Water 
Water from 

from from 
North and 

water watu water Free after 
shaft shaft 

East tun els from pile from pile from pile water washing 
N' I N" Ill N' I N" II N' Ill of heaps 

Na mgldm' 582 110 19 100 87 136 4963 3120 

K mgldm' 12 10 7 15 13 14 37 10 

Ca mgldm 3 222 152 108 216 287 177 10 3 

Mg mgldm 1 146 80 66 122 162 92 32 28 

Cl mgldm' 250 20 28 65 45 50 1100 924 

so, mg/dm' 1272 567 220 827 999 676 6018 3470 

co, mgldm 3 0 0 0 0 0 0 728 210 

HCO, mg/dm 1 919 401 379 374 573 400 2378 2010 

TOS g/1 2,94 1,15 0,65t 1,55 1,89 1,::!5 14,07 8,76 

8 ic arb on ate hard ness n' 42.2 18,4 17.4 17.2 26.3 18.4 109.2 92.3 

Total hardness II' 64,7 39,7 30.3 58.3 77.5 45.0 8.8 6.9 

PH 8 6,2 7.3 7,8 7.6 7,9 6.9 8,5 

u mgldm' 7,5 1,4 0,7 9,5 27 3 5 3 

S pee. conductivity ~S/cm 4140 1816 616 2437 3777 2250 19615 11350 

Mn mg/dm' 

Ra-226 8q/dm' 0,6 0,6 0,6 0,09 0.14 0,02 1,5 1,5 

NH, mgldm' 0.31 0,03 0,02 0.01 0.01 0.01 0 

N0 3 mgldm 3 7.2 13 16 16 18 1 a 8.3 

NOz mgldm' 0.11 0.05 0,03 0,01 0.015 

Volume of water 
10'm' 700 450 200 32 32 120 so .. •• discharged in 1995••• -

Rem ark: • contaminated grou 11d wate1, re rnovin g Is scheduled from second half of 19 96 
•• soppo u s~d com position afte1 !realm ent by lime milk 
••• d lsc hag ed after removal of uranium 
......... over balance 

Seapage 
water 

3429 

10 

5 

25 

824 

3560 

525 

2230 

9,49 

102,4 

6.5 

8,5 

15 

11350 

, ,5 

-

Free 
water 

931 

148 

576 

1232 

2113 

5721 

<10 

65 

10,83 

3.0 

364.3 

7.2 

0,03 

12350 

180 

6,36• 

5.69 

78 

5.4 

-

T a lling s ponds 

Removed 
Seapage Water water after 

waler removed• treatment 
with lime•• 

766 884 664 

140 24 <5 

472 624 820 

2093 1364 77 

1503 1623 1623 

9436 5913 1902 

<10 <10 <10 

167 812 0 

14,56 10,86 5,33 

7. 7 37,3 0.0 

548.0 401.4 132.5 

7,2 7.3 10.2 

0,03 0.03 O,Ot 

19470 14530 

250 0.36 0.1 

1 0,98· 0,08 0.08 

5.9 

56 21 21 

1.78 

- - -
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Mine \Vater treatment in next years 

As the waters have to be released to the environtnent, it necessary to treat some of then1: 
partly for reducing the salinity and radiutn, partly for removing the uraniun1. The n1ain \Vater treat
tnent issues will be: 

Volume 

• treattnent of free water fr01n tailings pond and heap leach piles has to be discharged af
ter partial desalination and radium ren1oval (using lin1e and bariun1-chloride): 

• in connection of ground ,,vater contmnination on tailings ponds site, ground \Vater resto
ration process is to be organised (by rcn1oving the polluted \Vater and injection clean 
\Vater); 

• tnines \Vill be t1ooded \Vith the exception of tnine N°l fro1n \vhich tnine water has to be 
pun1ped on the surface and treated for retnoving of uraniutn. 

1996 1997 

v th m' 1784 2234 

Mixed \Vater from all sources 
Table 2 

YEAR 

1998 1999 2000 2001 2002 

2734 2234 1832 1542 1542 

2003 2004 2005 2006 2007 

1542 1542 1542 1542 1542 
Uranium u mg/1 4,60 3,93 3,35 3,77 3,73 3,72 2,98 2,98 2,98 2,98 2,98 2,98 

Radium Ra 

Salinity TDS 

I 
I 

kg 
Bq/1 
kBq 
g/1 

3000 

2500 

t 

l~ 

8209 8768 9155 
0,70 0,84 1,05 
1342 1887 2867 
3,30 4,98 5,10 
5879 11~29 13939 

Year 

8425 6834 5736 4592 4592 4592 4592 
1,07 1,10 0,55 0,54 0,54 0,54 0,54 
2387 2014 844 830 830 830 830 
4,86 5,43 4,54 4,51 4,41 4,41 4,41 

10849 9955 7005 6949 6799 6799 6799 

Estimated volume of waste waters 

Total volume of waters 
Water from shaft N"l. 

Water from shaft Will. 
Removed groundwater 

Seepage water from waste iock piles 

Waters from heap leaching site 

Free tailings water and seepage water 

Fig. 4 

In this paper treat111ent of tnine \Vater is discussed only. 
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4592 4592 
0,54 0,54 
830 830 
4,41 4,41 
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155 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



BENKOVICS, J. CSICSAK, DR. 1\-1. CSOVARI, ZS. LENDVAI & J. MOLNAR 

Removing of uranium 

Mine vvater is supposed to be treated for ren1oving of uraniwn. This process essentially vvill be the 
san1e as it is used no\vadays, that is ion-exchange process in the above described colmnns. The re
moved uraniun1 than \Viii be processed to yello\v cake. lt is supposed that about 5-8 t U/a \viii be 
obtained fron1 \Vater treatn1ent process. Cost oftreattnent is planed to be around 0.3-0.5 US$/n13 of 
treated tnine \Vater including the pwnping cost. 

Men1branc processes 

In co-operation "rith U\VATECH - ROPliR Ltd (Gern1an cotnpany) sotne pilot scale tests 
\\'ere carried out by using reverse ostnosis and nanofiltration for cleaning tnine water frotn radionu
clides and different chen1icals. The reason of these experitnents vvere to sho\v that \Vater appropriate 
quality can be obtained fron1 n1ine vvater if above n1entioned ground \Vater restoration process \Vill 
be connected \Vith \vashing of the polluted subsoil on drinking \Vater area and for this clean \Vater 
\Viii be needed. 

~-------~-------------- --

i Estimated concentration of uranium, radium and TOS of waste waters 

I 
I 
I 

0-,------ --------~------~------------- , 2 

I 
I 0 8 

0 6 

0.4 

0 0 

1996 1991 1998 1999 2000 2001 200 2 2003 2004 2005 2 006 2007 

Year 

'--------.~---··-~ 

Figure 5 

~- 1111111 U ran lu m 
mll:lll!TOS 

----.-Radium 

Expcrin1ents have been canied out not only on 1nine vvater but other \Vaste \Vater : \Vater frorn 
heap leaching, tailings \Vater etc. On figure 6 results of nanofiltration and reverse osn1osis arc sun1-
n1arised vvhen tnine \Vater treated by ion-exchange resin was neutralised filtered by sand filter and 
than processed by these n1ethods. 

lt can be seen that n1en1brane processes are very effective for retnoving of radionuclides: ura
nium concentration decreases bello'v I 0 n1g/l, radiun1 concentration also decreases to background 
value in penneate. Desalination depends fron1 the type of n1etnbrane. The quality of penneate seen1s 
to be very good so it can be used not only for washing of soil but for different other purposes, too. 
Of course it is possible to retnove uraniun1 and radiun1 by further treattnent of retentate substantially 
reducing the release of pollutants in the envirom11ent. 

ltnplen1entation of n1e1nbranc processes for \Vater cleaning \vill depend fron1 results of eco
notnic evaluation. 
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Nanofiltr at ion 

Permeatep: 975 J•Sicm 
Retentat~ 7000pS/cm 

Permeate flow . 190-120 
preasur : 5,1 bar 

Type of membrane SlJ-210 
Radium: 

Permeate 

Retentate 

4 Bq/cm3 

4 Bq/cm3 

Permeate 0.347 
RelcnlHte: 0.166 

so 4 •· 

Permeate : 0.577 
Relentale 5.777 

TOS 
Permeate · 0.858 
Retentate . 8.3 7 

Ca 2• 

Permeate ~ 0.005 
Retent;,te : 0.0384 

Mg 2• 

Permeate · "' 0 005 
RP.Ienlale . 0.02 

txanium 
perrneate : <0 01 
Retentate 0.2 

Mine water 
specific conductivity (p) : 2600 f.lS/cm 

+ 
Treatment with lime rrilk: pH=11.88 

~ 
Sand 111ter 

t 
RO of the oormeate of nanofiltratjon 

Permeatep. 90J•Sicm 
Rete nt alit> 9 700 ttS/cm 

Permeate flow · 260-220 
preasure. 22 bar 

Type of membrane : SU-710 
Radium: 

Permeate: 

Retenlate 

cr 

4 Bqlcrn3 

4 6qicm3 

Permeare 0.012·t 
Retentale : 1 .49·t 

5042-

Penneate: 0 
Retentate: 0.823 

TDS 
Permeale : 0.061 
Relentate 4.624 

Perrnealc <0.005 
Retelllate: 0.816 

Mg 1• 

Penneate . "'0.005 
Retcntate: 0 030 

Uranium 
permeate :<0.01 
Retentale · 0_18 

l\tiNE \VATER TREAT!VIENT 

~ 
Direct RO 

Permeal'f> · 100pS/cm 
Rete ntat~> 1 1 000 1•S/cm 

Permeate flow 250-210 
Pre a sur· 22 bar 

Type of membrane : SU-710 
Radium: 

Perrneate 

Reltmtate : 

..$. ' -~ 
BqiCITl' 

4 Bqicm0 

Permeate: 0 0142 
Retentate: 1 .668 

so 4 2-

Penneate · 0 
Relenl<ile : 5 81 

TDS 
Permeate . 0.046 

Retenlale : 12.792 
Ca Z• 

Permeate :"' 0.005 
Rctenlate . 0.0064 

Mg 2• 

Perrncato : <0.005 
Retentatc · 0. 0068 

Uranium 
permeate ;<0.01 
Retenlale : 0.13 

Mine 'vatcr treatment by nanofiltration and revers osmosis 

Figure 6 

The pilot scale n1c1nbrane \Vater treatn1ent equipn1ent consist of prefiltration tnodule, n1odules for 
ultrafiltration and nanofiltration as \veil for reverse ostnosis. Maxin1un1 pressure is 70 bar, the 
n1axin1un1 feed flo\v is about 1 1113 per hour. During the tests TORA Y and DESAL tnen1brane ele
tnents were used. 
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