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ABSTRACT 

In south-east shallo\vs part of rock salt deposit "Tusanj" in application is the brine pwnping by 
deep \Veils (uncontrolled leaching n1cthodt \Vhich started 110 year ago. In this area there had been 
concentrated tnany deep \vells, vvhich pcrfonns the exploitation by pun1ping of brine (\vith over 300 
tng/l n1ineralisation), forn1ed b:y peripheral fresh \Vater infiltration and salt layers dissolution in 
deposit. 

ln consequences of salt leeching and salt \Vater putnping during a long tin1e period, appears the 
surface sinking process (subsidence) \vith very hard consequences on surface area of the town 
Tuzla. 

Daily \Vater inf1c)\v into deposit area atnounts 3.000-4.000 n13
, but daily production den1ands in 

last titne are lo\\rer. This difference is the cause of ground\vater level and hydrostatic pressure 
increase, \vhat n1ake dangerous for shafts stability. 

In order to retain ground\vater level \Vithin safety li1nits but \Vithout useless salt leaching, it is 
better fresh \Vater perfonn extracting bcf(xc salt deposit. 

One of these possibilities is the infiltration \Vater pun1ping in the peripheral shallo\vs area of 
fracture-Karstic ground\vater before to leaching process beginning. 

The existing exploitation \Yells in this area for this undertaking are suitable, but \vith certain 
reconstruction. This reconstruction understand the \Vell capture part change and casing perforation. 

In this paper the \Vell reconstruction possibilities for n1entioned undertaking and his efficiacy are 
described. 

INTRODlJCTION 

The brine extraction in the salt rock deposit in Tuzla lasts of the end of XIX centenary till no\v. 
Building no\v processing capacities the brine exploitation had reached to 2,5 n1il 111:1 per year, what 
for the consequence had a intensified surface subsidence and a continues lc)\vering of underground 
\Vater level ( G\VL) in deposit. By introducing the n1ethods of controlled leaching fron1 the n1ine 
Tusanj, the brine pun1ping by the uncontrolled leaching is reduced for 60 o/o, \vhat caused a reduced 
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subsidence and a continuos raising of GWL in deposit. In last five years, because of \Var activities, 
the brine putnping by uncontrolled exploitation tnethod is n1ore reduced, as because of shortage of 
pun1ps as also because the brine users can not sell all their products. As a consequence GWL faster 
increases as also the h)-'drostatic pressure on the living of the hoisting shafl \\ihich is located on the 
leached li1nit ofthe deposit. 

To prevent further increase of G\VL and the pressure on the hoisting shaft construction it is 
necessary to putTlp the brine fron1 the deposit the quantity 3000 - 4000 111~ per day. 

In this 'vork is presented a n1ethod hovv· it is possible 'vith a rational putnping of above salt \Vaters 
to reduce subsidence, keep GV/L and lo\vcr the pressure on the hoisting shall construction and to 
protect salt rock reserves. 

THE HISTORY OF DEPOSIT EXPI,ORATION AND EXPLOITATION 

Many explorers studied the salt rock deposit in Tuzla The first data on geological characteristics 
for the deposit arc found in \Vorks by Katzer in 1917 and 1921, and later by i\1. Lukovic 19) 1 and 
1952, P. Stevanovic and M. Eren1ija 1958, I. Soklic 1961 and 1964, and the first hydrogeological 
date on the deposit and environn1ent are t~..,und in unpublished \vorks by M. Lukovic 1952, D. Patri 
1956, J. Baturic 1961, A. Mizi 1961 and in published \vork by P. I\1iletic 1958. 

Detailed geological and hydrogeological investigations started at end of sixties and at beginning 
of seventies by the investigating temn of Geological Department of Salt M inc wrusanj II and 
l!Geoin:l.injering 11 hon1 Sarajevo. J\n1ong thcn1 arc significant nlllnerous published as unpublished 
\vorks by P. Jovanovic, M. Vujovic, l Stojkovic, M. Vukovic, N. Djuric, Z. Brajkovic, S. Vrabac, 
Dz. Bijedic et all. 

The exploitation of the salt rock deposit in Tuzla lasts son1e centuries. At the beginning the brine 
\vas taken in diggcd \Vells and frotn 1885 by deep \veils frmn the sud~1ce. This n1ethod knovvn as a 
11 l11ethod uncontrolled exploitation 11 because it is not possible to control \Vhich part of the deposit is 
leached. It is based on taking underground \Vaters that have been in contact ,,,..ith salt body, leaching 
it and saturated \Vith salt. There\vith the leached roon1s of great din1ensions are created in \Vhich the 
root caves and \Vith this the surface subsidence. The surface subsidence caused n1an;: unfavorable 
effects as for the exploitation so also f()r the city part \vhich is situated on southern deposit rin1. 

The n1ethods of exploitation at the tin1c \verc not at the level of actual technologies, they produced 
the brine in the cheapest \vay not considering the consequences of such a \Vork. An intention to open 
a n1ine by sinking a shaft at end of XIX century in Trnovac area \vas unsuccess full, because it 
failed to sink the shaft through the vvaterbearing sedin1ents. 

J\ iter the U \vorld \var it vvas undertaken again to sink shaft but in other part of the deposit, in 
Tusanj area. The shaft sinking \Vas very slo\v because of the difficulties to sink through \Vaterbearing 
sedirnents. Only by the freezing the \Vater bearing zone the shafts \Vere sunken and the deposit is 
devided in t\VO exploitation fields: exploitation field Hukalo-Trnovac, where the exploitation is by 
deep \Vells fron1 surf~1ce, and the exploitation Tusanj \vhere the exploitation is by underground 
tnining. Bet\vcen these t\vo fields a protecting pillar 200 111 \Vide (fig l) is left. 

GENERAL GE()LOGICAL AND HYDROGEOLOGICAL DATA 

The rock salt deposit in Tuzla, seen on the \Vhole, has a syncline fonn \vith the axis inclined to 
NW at an angle 10-15°. Its area is 1,8 kn12

, and is extend under the northern part of the to\vn Tuzla. 
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Genetically seen the salt deposit is of the sedin1cntary' origin created in a process of chcn1ical 
scditnentation of lagoon type. ln rock salt sean1s there are stratified scan1s and intercalations of n1atl 
claystone, anhydrite, genordite and g)'psun1, seen. In the deposit 5 salt series are recognized \vhich ? 
in a vertical section are nmned I; II, III B, III i\ and TV (Fig 2). they are lying as bandn1arls, 
intennittently as dolmnitic 

In the botton1 of I saltscrics is volcanic tuffite scan1 so called "pelit" son1e n1cters thick (Pelit is a 
local natne for a claylyhalitic quartzitic tuffite). It is an in1pern1eablc rock in conditions \Vith the 
\vatcrexchange it is degraded (the halite veins arc dissolved) and acts as a pern1cable rock. 

Above the saltseries arc slir sedin1ents \vhich are presented \Vith tnarls, claystone and intersean1s 
of fine-grained sandstone. Slir scdin1ents arc partially penneablc and their thickness is fron1 1 SO n1 
in SE deposit part to 600 n1 in N\V deposit part. 

In saltseries are bandseries (tnarls and claystone) of in1pcnneable rock and in zones \Vhere are 
degraded they present pern1eable rock. 

Under the saltseries are sandstones, alevrolites, marls, claystones and sandy lin1estones kno\vn 
under the nan1e "red series" that in hydrogeological consideration present a con1plex. 

Soutlnvesten1 deposit vi arc unpern1eable anhydritic breccia n1asscs. 
In northern and northeastern deposit part in which the salt is leached there arc very pern1cable 

n1ady breccia fron1 caving, \Vhich laterally are represented by pern1eable sedin1entary con1plcx 
consisting frmn n1ar·ls, degraded pelitc, anhydrite, and calcarenous n1m·ls, kno\vn as 11 Tuzla plate 
l itnestone" (Fig 5 a). 

The groundwater inflow· is t1ough above nan1ed sedin1ents tl·om the alluvion or rivers Jala and 
Salina. The daily inf1o\v is 3000 - 4000 111:; vlhat is necessary to evacuate to keep the reached GWL. 

By evacuating l 1113 of brine tnincralizcd by 310 kg/n13 a void of 0, 145 1113 is created \vhat causes 
roof sedin1ents caving in. 

Long duration exploitation caused the leaching of the n1ost part of 1 saltseries and a n1oven1cnt of 
northeastern lin1it of deposit to the deposit n1iddle. 

PRINCIPLE OF THE \VELLS \VORK 

The exploitation of the brine in deposit is based on plllnping by \veils the \Vater infiltrated in salt 
deposit. 

The \Vater n1oven1ent in Well zones is along the contact of I, relatively II saltseries and the 
bandtnarls overlaying above then1. The \Vater on its \vay to the \vells leaches I I saltseries and the 
ren1nants of I series, \vhich are as shallow·est ones leached in NE and SE deposit part. In leaching 
process of I series) its botton1 "pel it" ( quarzitc-clayly halitic tuft-) containing a high salt percentage 
(44 ~lo) is leached, \vhat causes an occurrence of n1arly pel it breccia \vhich has a good penneability. 
By leaching of 1, n and other salt series as also of roof scdin1ents a breccia is created by caving in 
and it represents a fracture-carstic zone. The \Vater is on its \Vay to the \Veil partially salty and in the 
vv·ell zone tnoves to lo\ver part of the \Vell. Because the thickness of the II series is to 300 111 
(depending on the position relatively to the syncline botton1, unsaturated brine leaches in its 
n1ovcn1ent the salt, reaching a concentration of cca 31 0 gil. B:y' the intensive brine pwnping on son1e 
\veils the leached romn is increased and the consolidation of roof scditnents is prevented and in the 
smne tin1c the fracture-cars tic zone is tnaintained. By the brine pun1ping the cylindrical roon1 in the 
frcacture-carstic zone partially is spread in roof sedin1ents (Fig 3 ). 
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\VELL CONSTRUCTION CHARACTERISTICS 

The brine exploitation by deep \Veils fi·on1 terrain surface frotn the end of last century had no 
essential changes (Fig 3). 

During the drilling the \Ve11s arc lined \Vith a casing, the guide casing is built to the roof tnarls. 
The casing is botton1 is perforated in a length of cca l 0 tn be fore it is built in place. 

The upper exploitation tube is built to the roof (of middle) part of 11 saltseries. The tube botton1 is 
also perforated in a length of I 0 111 or 11101·e. 

The lo\ver exploitation tube is built in these tubes \Vith the tube n1onth in the interval fron1 the 
deposit roof to the roof of li saltseries. The tube is \Vith funnel tnouth or \vith a built in rubber 
packer to prevent an in flo\v of the unsaturated brine frotn the deposit roof in the exploitation tube. 
The lower part of the tube is ''reduced'' and this tube in the lo\ver part is perforated in a length of cca 
50 n1 and perfonns as a settling. 

A sub1nersible pun1p t!Pleuger" is built is built in the \velll sunk in the brine and pun1ps it in a 
reservoir on the surface frotn vvhich it is distributed consun1ers. 

POSSIBfLITY TO PlJ~1P THE \VA.TERS ABOVE SA.LT TO CONTROL 
GH.OliND\VATER LEVEL IN DEPOSIT 

Because the necessary quantity of brine for processing is reduced and this quantity is less than the 
necessary one to keep OWL (3000- 4000 111:>) on a safe level, it is foreseen to realize the difference 
of these quantities by pun1ping the \Vaters above the salt (lo\v tnineralized) in roof of the deposit (Fig 
5) 

Considering the nan1ed principle of vvell function, the data on the \Vell construction as the 
hydrogeologic conditions in the deposit it \vas detennined that the \Vaters salinity increases. Nan1ely 
in roof part of li saltseries, in t1·acture-carstic zone, if prevented contact of underground \\later \Vith 
rock salt and also because of a lo\v n1ixing \vith the brine (reason of different specific n1asses of 
water and brine) the \Vater is lo\V tnincralized. By ptnnping this lovv n1ineralizcd \Vater frotn this 
level to control the level it \vould be significantly reduced unnecessary leaching or the salt. 

To create the conditions for this ptnvose it is necessary to perforate protecting casing and upper 
exploitation tube in the i1nn1ediate roof of I saltserics, in fi·acture-carstic zone, and to install the 
pun1p in perforation zone. With the installing the pun1p it is also necessary, \Vith the packer, to 
isolate lo\ver part of the \Veil construction in order to prevent to pun1p the saturated brine. The smne 
effect vvill be realized by building nc\v \Veils on the deposit part deeply to the level of dissolved I 
saltseries (Fig 4 b). 

EFFECTS TO EXPECTED 

Applying this n1ethod of capturing the \Vaters above the salt deposit it is possible to expect tnany 
effects as are: 

-a reduced subsidence intensity and reduced dmnages on existing objects on the subsiding area. 
By capturing 1000 111~ of underground \Vater a deficit of cca 145 111:; salt n1ass is saved and \Vith that 
the cause of the roof n1asses and surface subsidence, 

-underground \Vater level and hydrostatic pressure on the hoisting shafl living will be kept on a 
safe level, 
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-the geological salt reserves \Viii be saved 
-the pUtnp lifctitne \Vill increased because the 111ediun1 is less aggressive and specific .. '? 0!' the 

vvater (very low n1ineralized) is for cca 20 °/o less then of the brine, 
-the pwnp capacity \Viii be increased and the electricity consutnption reduced. 

CONCLLSIONS 

Long-lasting reduction of the production in the brine, this production is less than the inflo\v of 
ground,vaters, causes an increase of underground \Vater level and endangers?? The stability of 
hoisting shall as the san1c tnine Tusanj. In the next period it is not to expect any increase brine 
production because the processing in factories is reduced. 

An analysis of the \veils operation, of geological and hydrogeological data as also 
experin1ental data indicate on the fact that surface \Vaters infiltrating in deposit have a lo\v 
n1ineralization before thev con1e in contact \vith salt n1ass. These over salt \Vaters realize a -· 
contact \vith salt tnass in deeper part of fracture-cars tic zone. 
To prevent the further increase of underground \Vater level, to reduce an unnecessary 
exploitation of the brine as the subsidence of roof sedin1ents and of the surface, it is 
necessary to perforate the existing \veils in11nediately above I l saltseries and to pun1p lo\v 
mineralized over salt \Vaters fron1 deposit or to build nc\v wells to capture these \Vaters. 
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Fig.2. HIDROGEOWGIC CROSS SECTION 
(By J. Stojkovic) N. Durie) 

l_ T orton siir (marl, c!ay, sandstone )--HG insulator? 
2. Banded series (n1arl, claystone)-HG insu!ztor: option HG coHector 
3. Pelit (quartzite cJayly. halitjc)~ HG insutator, option HG co Hector 
4. Salt series: L II, IIIB, IIIA and IV 
5. Anhydrite~- HG insulator 
6. Products of latera! leaching of salt series, option H G collector 
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7. Supposed Jeaching !inuts of salt series 
8. Direction of ~oundwater tlow -9. Ground,vater level {G\VL) 
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