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ABSTRACT 

Rock salt exploitation fron1 the salt deposit "Tusanj" in Tuzla dated already frmn the ancient titncs. 
Exploitation n1cthods evolved as the tin1e based fron1 prin1itive one (natural salt springs) up to tnorc 
contetnporary. Three basic salt exploitation tnethods are used at the present: 

-deep \veil pun1ping of natural mineralized brine (uncontrolled leaching n1ethod) 
-underground exploitation of rock salt (classic tnining tncthod) 
-natural \Vater injection in deposit and brine pw11ping by the special \Veils (controlled leaching 

tnethod) 
All three n1ethods are existing in parallel , although excluding each other in son1e \,vay. 
This paper deals \Vith aligning uncontrolled leaching n1ethod \vith underground n1ining activities, 

altogether sanation activities on shafllining ain1ing to n1atch \Vith hydrostatic pressure. 

BA.SIC GEOLOGICAL A.ND HYDROGEOLOGICAL FEATURES OF SALT DEPOSIT 

The rock salt deposit in Tuzla seen on the \vhole has a syncline fonn \Vith the axis inclined to NW. Its 
area is 1. 8 kn12 and is located at the northen1 pat1 of the to\vn Tuzla. 

The deposit \Vas fanned by the chetnical seditnentation in conditions of the lagoons, in Miocene 
period. Salt layers are interchanged with the intersearns of tnarls, claystones, anhydrites and gypsutn. In 
the salt deposit 5 saltseries are separated and n1m·kcd as the series l, 11, 1118, IliA and IV. They are 
located in banded tnarls, which are locally dolon1itic. 

Above the salt series are layers of n1arls, claystones and intercalation of sandstone (so called "slir") 
and in northern and northeasten1 deposit boundaries they are significantly represented by tnarly 
limestones) breccia, anhydrites kno\v as "tuzlanski plocasti krecnjaci" (tuzla platy lin1estoncs). They play 
a significant role in the \Vater inflovv to the deposit. 

Under the salt series are sandstones, alevrolites, tnarls, claystones and sandy litnestoncs in so called 
"red series 11

• 

Frorn hydrogeological aspects the layers in the roof above salt series (the slir) are lo\v pen11eable in 
the pritnary state. But they, by second at)' processes of the tnassifs degradation, due to the leaching sho\v 
the characteristics of the n1edia \Vith ti·acturc porosity. In the smne \vay, the banded series (tnarls and 
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claystones) inside of salt series are prin1arily in1pen11eable, but because of salt leaching processes they 
get the characteristics of good pen11eable n1ediun1 \Vith fracture-carstic characteristics. The so called "red 
series" in the bottmn of salt series have the characteristics of a hydrogeologic con1plcx. 

Expressively pcn11cablc arc n1arly litnestone layers on N and NE deposit boundaries and through 
them the \Vater is infiltrated hon1 the valleys of Sol ina and J ala rivers in to the salt deposit. 

The infiltration in to deposit is in boundat)' zones and is dotninant in the valleys region of Sol ina and 
Jala rivers on N and NE deposit boundaries. By pwnping the brine in central deposit patt, the infiltration 
on the peripheral zones is increased and the region of exploitation \Veils. The pun1ping t()l· a long tirne, 
as the salt leaching fr01n the productive series~ destroy the roof seatns and there is a con1pletc fractured 
carstic zone forn1cd. This zone is continually extended and has a hydraulic connection \vith the region 
of underground tnining, \-vhat n1cans \vith region of the hoisting and ventilating shafts (see Fig.2). 
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Fig. 1. ROCI<. SAL! DEPOSIT IN T\J2LA 

BA.SIC FEA. TlJRES OF EXPLOIT!\TION PROCESS 

Cunent extracting of rock salt in this area is canied out by three n1ethods ( three different 
technologies) 

-deep \veil purnping of natura!Inineralized brine (uncontrolled leaching n1ethod) 
- underground exploitation of rock salt (classic n1ining n1ethod) 

natural \Vater injection in deposit and brine pun1ping by the special \veils and chan1bers 
(controlled leaching n1ethod) 
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Uncontrolled leaching n1cthod (brine putnping) the oldest one, applied in south-east patt of deposit. 
(seeFig.l) 

This n1ethod is based on pun1ping n1ineralized, forn1cd by peripheral fl"esh \Vater intlo\v, salt layers 
dissolution and established hacture-carstic type ground \Vater. Intense pmnping of brine it11plies forced 
underground water level drop and increased voltn11e of salt extracted fron1 deposit. Intense salt deposit 
destruction and huge scale surface teiTain subsidence is the consequence of this process. The n1ost 
it11p01tant consequences are: 

-ground (surface) subsidence on about 5000 000 m2
, \Vith vettical c0111ponent 111ore than 12 111 and 

n1axit11al annual111agnitude fro111 1, 1 111, 
-extraction (leaching) of solid salt, saltwater pun1ping and continuous drop of level during a long 

period of ti111e, resulted in a dynat11ic surface sinking process (subsidence), 
-due to the surface defonnation, 2700 flats, 67000 1112 business area, 131 000 n12 public objects have 

been knocked dovvn, including tnany kilon1eters of infrastructural objects, 
-about 15 000 inhabitants have been relocated frotn the endangered area, 
-Tuzla tovvn does not have the non11al urban devclop111ent, because the priority is to substitute the 

destroyed buildings. 
Regarding the consequences to city urban area, this process is n1ight be considered as "ecological 

bon1b11
• 

Underground rock salt exploitation is developed in nmth-vvest pmt of deposit and separated by so 
called safety pillar (batTier) frmn uncontrolled leaching area. Ho\vever, the fractured-carstic ground\vatcr 
extends also in this area, revealed already during the constntction of opening shafts. In course of shafts 
boring throughout \Vater saturated roof \Vall layers, special n1ethods (fi·eezing) \vhere applied \vith 
special shaft construction enabling \Vaterproof construction during shaft exploitation. In this vvay, upper 
vvatcr saturated layers where isolated fron1 deep underground tnining facilities by constructing vety 
con1plex yet ilexiblc shaft lining, regarding to be the exclusive condition of n1inc existence. 

SHAFT CONSTRlJCTION FEA TlJRES AT OUT HYDROSTATIC PRESS liRE ASPECT 

Nmnerous factors of sunounding rock and shaft construction and functional efficiency of shaft 
lining. One of those is hydrostatic pressure in1posed on shaft lining. The intensity of hydrostatic pressure 
in shaft area is directly connected \vith pmnping intensity fron1 the wells in neighbor region. Regarding 
the lin1iting nature of physical and n1echanical features of shaft lining, and is definited by the critical 
hydrostatic pressure deten11incd \Vith brine pun1ping intensity. 

The shaft lining construction is designed basically tor the regular vvork conditions and is realized in 
one patt as a classical \Vallcd lining in concrete blocks (in utnvatered zone - unhen11etically) and in other 
patt is realized as a construction \vith tubings (in \vatered zone - watettight). The tubing lining is \vade 
as 11 relatively Bentley tube11 composed of cast iron rings consisting of 8 sections, mnong thcn1 tied \Vith 
bolts at1d lead gaskets. This lining is 111ade in tnore sections (total length - 120 111) and intersectional 
contacts are tightened vvitht he pressed \vood. On this \vay a con1plete water tightness is secured and the 
oscillation of underground v..ratcrs in fractured carstic zone directly reflects the change in hydrostatic 
pressure on lining. 

Vet1ical and horizontal n1assif n1ovct11ents due to the salt leaching process have created one irregular 
distribution of the loads and forces, so the lining suffered the defon11ations of the shottening and curving 
of the tubings (Epr > 2,6 111111 I n1). Pen11issible deton11ations (contraction of the tubing lining n1ay be ( to 
sot11C gennane and polish authors) n1ax. to 50 o/o \vood or lead gasket height and to 0,5 %o of cast iron 
segn1ents length. 
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--------~--------------------------~ 

A sanation of the shaft lining supposes the follovving 
- to restore \Vater tightness 
-to adapt the lining to n1assifn1ovetnent and the tnaxitnal elasticity 
These conditions had to be tnet by a special construction of two colun1n steel cylindrical casing in a 

length of 60 111 (the length of dan1aged prin1ary lining) \Vith the toot in the stable tubing zone and the tap 
ended \Vith a special telescopic construction. The telescopic construction should con1pcnsate the vertical 
n1assif n1oven1ent. Double ring interspace \vas filled \Vith concrete (the inner one) and \Vith the asphalt 
(the outer one) what had to secure the \Vater tightness. During the sanation vvorks a drarnatic situations 
happened vvith a waterinrush and the planed solution \Vas reduced to fulfill annulus \vith the concrete 
instead \Vith the asphalt. This changed the idea of the project because through the concrete ring in the 
construction is introduced the axial force and the conditions for \Vith at is not designed and faced \Vith 
the destruction~ and a special cmnpensator was introduced vvhich is the \vcakest point in all construction. 
That \Vas vety soon, because the vet1i cal n1ass if n1oven1ents have overcon1e the con1pensator poss i b iIi ties 
and the building of a new foot and a new con1pensator \Vas nccessiated (see Fig.3). 

This shot1 overvie\v of sanation vvork on the shaft lining indicates on the n1assif n1ovetnent presence 
as on the \Vater presence in fi·acturcd-carstic zone. 

INFLUENCE OF THE UNDERGROUND \VATER LEVEL ON THE SHAFT STABILITY 

The problen1 of hydrostatic pressure on the shaft lining in the period of intensive brine pun1ping by 
vvells \vas less expressed, because the \Vater level vvas very lo\v ( abs. 30-40 n1 above sea level). 
Meanwhile when the uncontrolled brine production \vas reduced the underground \Vater level increased 
as in the deposit so also in the hoisting shaft zone (see Fig. 4 ). Fron1 that tin1e is a continuous effot1 ho\v 
to keep the vvater tightness and shaft stability and to con1pensate by brine pun1ping the \Vater level in the 
shaft zone. 

Son1e analysis are n1ade on pcrn1issiblc hydrostatic pressure (underground \Vater level) on critical 
points of the lining and a systen1 of n1onitoring the pressure on the lining. In 1985 at the \Vater level 
hat 68 111 asl, a hydrostatic pressure at 0,45 MPa \vas registered in telescope zone (so of the brine is 
1,04 t/n11

. At groundvvater level at 80 111 asl. ( 1991) a hydrostatic pressure of 0,58 MPa behind the 
telescope \vas registered. A further in crease in the vvater level induces also an increase in hydrostatic 
pressure at the telescope level ho\v it is sho\vn in table belo\v. 

Table 1 : 

Underground \Vater level 68 80 90 100 110 120 
asl. 

p (MPa) 0,45 I ,58 0,68 0,79 0,9 1, 0 I 

Pressure increase o/o 100 130 151 176 200 224 
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GROUND\VATER LEVEL DYNAJ\HC IN SALT DEPOSIT "TUSAN.J" IN FUNCTION OF PREVENTING 
SHAFT STABILITY AGAINST CRITICAL 11\'DROSTATIC PRESSL;RE 

The second \veak point in the construction ( \veakest) is in the elcn1ent or the old con1pensator 
blockade. For this point \Vas also detern1ined an pennissible underground water level (hydrostatic 
pressure) in the shaft zone. 

O"nwx. I ,2 MPa 
G\\l[ . - =---,.----- - 15 -

~ 111.1:\. - 15 + 97111 
0,01065 

\Vhere is : 

0 111 a:-;. - Maxin1al pern1issiblc pressure on this part of the construction 

y br- Average value for the brine specific n1ass 

Additional - 15 111 is taken as a guarantee for eventual necessary tneasures to reinforce this 
eletnent it this critical level be reached. 

DO 
c 

,I ' 
II It 

II\., 

I '"' N PV (GWL) 

I ---....... 
\ r- --

\ I ---
\ I 

\ I 
\I 

'8\ '&2 '83 'M '61) '&& '?:_..7 'M '&9 '90 '91 '92 '51 '9!. '95 '9G 

Fig.4- Dl.JAGRAl'Yl CRPLJENJA S1 .. ANICE I PROS.lECNOG NPV U LEZISTU 
DIAGRA~l OF BRJNE PU1\,1PING (Qsurn) AND AVERAGE 
GR0UND\VATER LEVEL (G\VL) TN SALT DEPOSIT 

Regarding the actual state of additional lining in the shan it is pern1issible to allo\v the pressure to 
140 111 asl. and because actual level has reached the lin1it level it is to conclude that the shaft lining 
has no reserves in stability or they are n1inin1al. 
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Fron1 all given above it is clear that the h:ydrostatic pressure presents a key factor for the shaft 
lining stability and controlling it is in a direct function of pun1ping intensity in the region of the 
uncontrolled production relativity of producing \vells. 

At reduced pUinping intensity constatly increases underground \Vater level and in last five years 
(the \var in B&H) it reached the critical lirnit. The brine consun1ption is aln1ost stopped (salt factor;', 
soda factory, che1nical con1plex) but the \Veils pun1ping should not be stopped because it is necessary 
to keep \Vater level under the critical lin1it. In this situation a special attention is paid to the 
n1onitoring and coordination of the \vells operations to n1aintain the shatl stability and not 
unnecessarily to pun1p the brine how to reduce the consequences of salt leaching. 
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