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The Wieliczka Salt Mine has been in scribed in 1978 on the first UNESCO list of World Cul tural and Nat u ral Her i tage as a unique mon u -
ment in the world scale. Dur ing more than 700 years of its op er a tion, the in flow of out side wa ter into the un der ground ex ca va tions con sti -
tuted the big gest threat to the mine. In fil tra tion of wa ter into the salt de pos its can cause flood ing of the mine and have a de struc tive
in flu ence on the state of the bed rock and the ex ca va tions through un con trolled leach ing of NaCl. The anal y sis of the geo log i cal struc ture
and nat u ral hydrogeological con di tions in the area is one of many con cerns in at tempt ing to de ter mine the wa ter in fil tra tion routes. Clus -
ter anal y sis con ducted for the dif fer ent ions, and the cor re la tions cal cu lated, in di cate that it is dif fi cult to iden tify sig nif i cant as so ci a tions
be tween the var i ous ions other than the ob vi ous and ex pected as so ci a tions be tween, e.g., min er ali sa tion of, Na and Cl, and Ca, Sr and
SO4, Sim i larly, the spa tial dis tri bu tion of the dif fer ent ions in the ana lysed effluents does not al low to de ter mine group ings of sev eral
effluents with char ac ter is tic changes in the con tent of one or more ions. Fur ther more, no reg u lar i ties are re vealed by sam ple graphs of ion
as so ci a tions. Such con sid er ations mo ti vated fo cus sing the work on the in ter pre ta tion of ion con cen tra tions which de part from the av er -
age, based on the anal y sis of the or i gin and lo ca tion of the effluents, the geo log i cal struc ture, the op er a tion time span for each re gion, the
pres ence and ac ces si bil ity of old cham bers and gal ler ies, and also the oc cur rence of cham ber sub si dence which reach the sur face. It is
pos si ble to iden tify wa ter mi gra tion routes and in ter pret the chem i cal com po si tion of mine effluents only through a com pre hen sive anal y -
sis of the causes of wa ter phe nom ena en coun tered in the mine which has op er ated since the thir teenth cen tury. 
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INTRODUCTION

Ex ploi ta tion of salt de pos its in the Wieliczka Salt Mine,
ceased in 1996, led over the pre vi ous cen tu ries to ap prox i mately
9.4 mil lion m3 of un der ground ex ca va tions. Cur rently, as a re sult 
of clos ing down ex ca va tions and the con trac tion of the rock
mass, ap prox i mately 4.4 mil lion m3 of voids re main, con sist ing
of 2.391 cham bers and 245 km of gal ler ies. Min ing op er a tions at 
the Wieliczka Mine have al ways been ac com pa nied by prob lems 
with ground wa ter in flow into the ex ca va tions. Al ready in the
first half of the four teenth cen tury, the Wodna Góra (“Wa ter
Moun tain”) shaft was cre ated in or der to re move such wa ter
from the mine. The old est pre served de vices used for drain age,
such as brine con ducts, wooden pipes and wa ter tanks, date back
to the sec ond half of the six teenth cen tury.

At the mine, 172 effluents with an over all vol ume of ap -
prox i mately 135 thou sand m3/year are re corded. The most im -
por tant of those, as far as the safety of the mine is con cerned,

are grouped on the north ern bound ary of the de posit. Since, the
effluents at the Level I have a de struc tive in flu ence on the sta -
bil ity of the rock mass and the pres er va tion of his toric cham -
bers the pres ent study fo cuses on this level is sues. The anal y sis
of both effluents or i gin and evo lu tion of their chem i cal com po -
si tion al lows better di ag no ses to com bat wa ter hazards at all the
levels of the mine. 

GEOLOGICAL BACKGROUND

The rock salt de pos its of the Wieliczka Salt Mine were
formed in the Neo gene pe riod (Mid dle Mio cene, Badenian
Stage) within the Carpathian Foredeep Ba sin (see Oszczypko
et al., 2006 for re cent sum mary and com pre hen sive ref er ence
list). Pres ently, Badenian evaporites of the Wieliczka area are
en trained by the thrust struc tures of the fron tal Carpathian
fold-and-thrust belt (Fig. 1).



Wieliczka salt de pos its are characterized by rather unique
struc ture due to com plex geo log i cal evo lu tion of this area, in -
clud ing de vel op ment of soft-sed i ment de for ma tions dur ing
early phase of the Carpathian thrust ing, and for ma tion of com -
plex thrust-and-fold struc ture dur ing fi nal phase of the
Carpathian orogenic move ments (Gawe³, 1962; Czapowski
and Bukowski, 2010). They con sist of two dif fer ent parts:
boul der (blocky) de posit and stratiform (bed ded) de posit. The
blocky de posit has the form of a mass of un struc tured gangue in 
which boul ders (some times of very large size) of rock salt are
en trained. The bedded de posit is com posed of lay ers of dif fer -
ent types of rock salt interbedded by siliciclastics, mostly
claystone. The whole rock-bear ing com plex was sub jected to
in tense fold ing and tec tonic de for ma tion. The salt de pos its are
sep a rated from the aqui fers by a later formed buffer zone com -
posed of silty claystones and gyp sum (Gawe³, 1962;
Wiewiórka, 1985; d’Obyrn and Przyby³o, 2010).

Up per lev els of the Wieliczka Salt Mine are dom i nated by
blocky de pos its. West ern part of these de pos its con sists of
smaller blocks of salt, up to tens of thou sands of cu bic metres in 
vol ume, that are lo cated within the mostly un struc tured mass of 
marly claystones with dis persed ha lite crys tals. Top parts of
tec tonic flakes of stratiform de pos its can be found only in the
cen tral part of the Level I. Level I, the high est level of the mine,
con sists of cham bers and gal ler ies lo cated from about 180 to
about 200 metres a.s.l. These struc tures are avail able to day or
known form the ar chi val ma te ri als (Figs. 2 and 3). 

Qua ter nary de pos its in the Wieliczka re gion con sist of
Pleis to cene and Ho lo cene (Wiewiórka, 1985). The Pleis to cene
de pos its are com posed mostly of loess with the thick ness from
about 3 to 20 m, de vel oped as silty clays, dusts, silty loams,
clays or loamy sands. The loess sheet overly di rectly the Neo -
gene in the ma jor ity of the area. Within its lay ers the most im -
por tant one for the mine is the quick sand, which con sists of fine 
loose sed i ment mixed with wa ter, with prop erty to liq ue fac tion. 
The Ho lo cene deposits are rep re sented by anthropogenic soils
and flu vial de pos its. Anthropogenic soils vary with thick ness,
rang ing from on av er age about 2 m, up to 5.2 m, in the cen ter of
Wieliczka. These deposits are clas si fied as wa ter ac cu mu la tion
de pos its (al lu vium), developed primarily as loams, clays, sands 
and peats.

The north ern bor der is de lin eated by the area of con tact of
blocky de pos its with the Chodenice beds. The only place where 
the un cov er ing of the silty claystones of the Chodenice bedrs
was re corded at the north ern ends of the up per and lower Taras
Wodny Gór Wschodnich gal ler ies (lo ca tion of effluents:
WI-36, WI-37). The roof limit of de pos its is very ir reg u lar. The 
bed is sur rounded by a gyp sum-clay buffer zone. In the buffer
zone ar eas of frac tures and fis sures are lo cally found, to gether
with karst for ma tions de vel oped along them. These sys tems of
frac tures and fis sures are the routes of ground wa ter in flow as
con firmed by effluents at Level I. On these for ma tions, gyp sum 
and mirabilite dripstones crystallise. 
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Fig. 1. Lo ca tion of the study area at the back ground of geo log i cal map of Po land with out Qua ter nary cover (based on Rühle, 1977)
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Fig. 3. Sim pli fied geo log i cal cross-sec tions of the up per part of rock salt de pos its at Wieliczka through the Koœciuszko, Dani³owicz and Regis shafts



HYDROGEOLOGICAL CONDITIONS OF LEVEL I 
IN THE WIELICZKA SALT MINE

Qua ter nary for ma tions do not form a sin gle aqui fer and
there fore do not pose a se ri ous haz ard for the mine. They were
formed into lo cal pock ets of dust, sand and gravel em bed ded in
im per me able clay. These deposits are the source of ap prox i -
mately 2% of wa ter in flow into the mine. Lay ers sit u ated un der
the salt de posit, the Skawina for ma tion are poorly per me ated
with wa ter and pro vide ap prox i mately 5% of the wa ter flow ing
into the mine. The sub si dence flysch ad ja cent to the de posit on
the south is not wa ter-bear ing. The great est wa ter haz ard is rep -
re sented by the Chodenice beds which con sti tute the north ern
out skirts and a part of the over bur den of the salt de posit. At
pres ent, wa ter inflowing from these lay ers rep re sents about
85% of the in flow into the mine (Wilk and Kulma, 2004;
Brudnik et al., 2010). 

As of Jan u ary 1, 2011, 163 effluents in the mine and 9 shaft
in flows have been re corded within the Wieliczka Salt Mine.
The effluents re corded in Level I are char ac ter ized by their
con sid er able num ber (30 effluents) and mi nor out put. In 2010,
the av er age in flow to the ex ca va tion at Level I amounted to
3.36 dm3/min, which rep re sents ap prox i mately 1% of the to tal
in flow into the mine. More than half of which is pro vided by
the out put of WI-36 and WI-37 effluents (1.8 dm3/min).
Effluents at the Level I mostly take on the form of drip pings
scat tered through out the ex ca va tion roof. The in flow con di -
tions of Level I are af fected not only by the form of its north ern
bor der but also the roof limit. Wa ter al ways mi grates into the
mine thor ough ex ca va tions lead ing from the sur face, i.e.,
shafts, ap prox i mately twenty five of which ex isted at the
Wieliczka Mine, and by bore holes. The north ern de posit bor -

der was bro ken at least in one lo ca tion (Taras Wodny Gór
Wschodnich). One of the great est wa ter haz ards were his tor i -
cally re corded in cham ber sub si dence reach ing the sur face
(Fig. 2 and Ta ble 1). 

The sur face-af fect ing sub si dence in 1579 of the Gmiñskie
Cham ber led to the in flow of sur face wa ter courses, as did the
subsidences of the Oszust Cham ber in 1605, the Stary
Lipowiec in 1648, and the B¹kle, Go³êbie and Gawrony cham -
bers in 1762. An other ex am ple of the oc cur rence of wa ter haz -
ards was the cre ation of the Miêdzykaszty Cham ber sub si dence 
in 1834. As a re sult, liq ue fied loamy Qua ter nary sands en tered
the ex ca va tions. In each case, sub si dence caused break ing of
the clay-gyp sum coat ing and opened zones of wa ter mi gra tion
in to the mine. Prob a bly some of these routes are still active
(Kolasa and Kubik, 1983).

The dis tri bu tion of effluents at Level I of the mine (Fig. 2)
sug gests that these are lo cated south of the Koœciuszko shaft
and in the vi cin ity of the Dani³owicz and Kinga shafts, while a
sig nif i cantly smaller num ber of the effluents are re corded them
in the east ern part. This di ver sity is caused by lack of or very
lim ited ac cess to many ex ca va tions in the east ern part of the
level. In flows into the old un avail able cham bers and gal ler ies in 
this re gion are re corded at the lower lev els of the mine.

METHODOLOGY OF SAMPLING 
AND CHEMICAL ANALYSIS 

The goal of chem i cal anal y ses was to de ter mine the com -
mon char ac ter is tic of effluents at the Level I, their in fil tra tion
or i gin and im pact of min ing ac tiv i ties on the for ma tion of
ground wa ter chem is try in the sur face part of the de posit. The
effluents se lec tion was per formed on the ba sis of geo log i cal
struc ture of sur round ing de pos its, and also re sults of long-term
ex ploi ta tion. Both, geo log i cal struc ture of the Wieliczka Mine
and its ex ploi ta tion are cru cial to wa ter mi gra tion paths in the
de posit, and for ma tion of their chem i cal com po si tion.

The anal y sis was con ducted on effluents de scribed be low
and pre sented in Ta ble 2. Effluents with sym bols WI-1, WI-2
WI-3 WI-4, WI-5, and WI-6 are prob a bly as so ci ated with the
in flow of wa ter from the Qua ter nary for ma tions. The WI-10 ef -
flu ent, lo cated at the Karas lon gi tu di nal, is most prob a bly as so -
ci ated with the lack of tight ness of the TP-24 back fill ing bore -
hole or the Miêdzykaszty Cham ber sub si dence. The WI-11 ef -
flu ent in the Kuchnia gal lery is as so ci ated with the Paderewski
shaft or the Rex Cham ber sub si dence. Effluents WI-15 (in the
Letow Cham ber) and WI-16 (in St. An thony’s Cha pel) are as -
so ci ated with the W³odkowice Cham ber sub si dence or the
Dani³owicz shaft. The or i gin of the WI-16 effluents could also
be re lated to the old hol lows, which prob a bly over hang the cha -
pel. The WI-17 ef flu ent in the Koton trans verse is as so ci ated
with the old ex ca vated ma te rial which over hangs the
S³aboszów Cham ber. The or i gin of the WI-18 ef flu ent (B¹kle
gal lery) is as so ci ated to the Go³êbie-Gawrony Cham ber sub si -
dence, and the WI-24 ef flu ent (Klemens lon gi tu di nal) with the
Opatkowice Cham ber sub si dence. In the WI-20, WI-25 and
WI-27 effluents, wa ter in flow may also be caused by the mi gra -
tion of sur face wa ter through old sub si dence zones. The WI-32
ef flu ent in the Powroznik transversal is also linked to the mi -
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No. Name of the cave-in (chamber) Year

1 Gmiñskie 1579

2 Ma³drzyk 1582

3 around the Bon nier shaft 1591

4 over the Ska³ka Cham ber –

5 Oszust 1605

6 Opatkowice 1608

7 re gion of the Œwiêtos³awskie shaft and Za So³tysim
Ko³em Cham ber 1620

8 Konieczne 1642

9 Zapi³acie, Szreniawa, Œmieszek 1645

10 Pi³at 1646

11 Stary Lipowiec 1648

12 Tragarskie 1658

13 S³aboszów 1698

14 W³odkowice 1703

15 Krêciny 1744

16 Go³êbie, Gawrony, B¹kle 1762

17 Kuczków 1772

18 Lubna 1786

19 Rex 1832

20 Miêdzykaszty 1834

T a  b l e  1

Sum mary of known cave-ins ex tend ing to the ground sur face above
the ex ca va tions of the Level I of the Wieliczka Salt Mine



gra tion of wa ter from the sur face through the zone of old sub si -
dence which reach the sur face. The WI-33 ef flu ent is prob a bly
linked with to the Lubna Cham ber sub si dence. In WI-36 and
WI-37 effluents, wa ter in flow orig i nates in the Chodenice for -
ma tions.

Sam ples of brine were col lected into poly eth yl ene con tain -
ers sup plied by the com pany con duct ing the anal y sis. The
method of col lec tion was de pend ent on the na ture of the ef flu -
ent. A part of brines was col lected di rectly from the in take (e.g., 
wa ter from WI-36 and WI-37 effluents). Other effluents in the
form of brine drip pings scat tered on ex ca va tion roofs, were
col lected from roof ing which gath ers on the in flows sup plied to 
the mine drain age sys tem (e.g., WI-5/roof). The re main ing
effluents were col lected from the pits. The pH of the wa ter was
de ter mined by po ten ti om e ter ac cord ing to PB-02 test pro ce -
dures (Is sue 1 dated 12.03.2009). NO2 and NO3 ions were
marked us ing a Slandi LF205 spectrophotometer. In or der to
de ter mine chlo ride con cen tra tions and al ka lin ity, the tra di -
tional vol u met ric method was used. Io dides and bro mides were 
marked us ing Perkin Elmer Elan 6100 In duc tively Cou pled
Plasma Mass Spec trom e ter. Met als and sulphates were marked 
us ing Perkin Elmer OPTIMA 7300DV6100 In duc tively Cou -
pled Plasma Op ti cal Spec trom e ter (stan dard PB-03, Is sue 2,
dated 05/04/2010). All chem i cal anal y ses were con ducted in
the cer ti fied lab o ra tory fa cil i ties.

RESULTS

The re sults of chem i cal anal y ses for the par tic u lar effluents
are pre sented in Ta ble 3. In or der to group effluents (ions) and
de ter mine ho mo ge neous groups, clus ter anal y sis was em -
ployed. The ag glom er a tion pro ce dure (near est-neigh bour
method) was per formed for the re sult ma trix pre vi ously hav ing
un der gone log a rith mic trans for ma tion. Re sults in di cated as sit -
u ated be low the de tec tion limit were re placed in the ma trix by
val ues amount ing to 1/2 of the de tec tion limit for a given ef flu -
ent (ion). The anal y sis was con ducted us ing STAGRAPHICS
Cen tu rion XV soft ware. The re sults of clus ter ing are pre sented
in the dendrograms (Figs. 4 and 5), in which the hor i zon tal axis
rep re sents the ef flu ent or ions, and the ver ti cal axis, sim i lar ity
be tween the dif fer ent groups. Eu clid ean dis tance was adopted
as the mea sure of sim i lar ity for the con ducted anal y sis. Cor re la -
tion be tween par tic u lar ions was as sessed us ing Ex cel v. 2007
and cor re la tion fac tors are pre sented in Ta ble 4. Se lected re la -
tions be tween ions are pre sented in Fig ure 6. 

INTERPRETATION OF RESULTS

Both dendrograms and cal cu lated cor re la tions in di cate that
it is dif fi cult to iden tify sig nif i cant as so ci a tions be tween the
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No. Name of ex ca va tion Place of in flow Man ner and num ber of in take points Date of phe nom e -
non re cord ing*

The av er age
vol ume of in -
flow in 2010

[dm3/min]

WI-1 transversal  Kwatera floor sump – 3 units 08.04.1969 0.09

WI-2 lon gi tu di nal  S³upów floor sump – 4 units 12.1961 0.05

WI-3 lon gi tu di nal Taras floor sump – 4 units 08.04.1969 0.13

WI-4 transversal  Bronis³awa floor sump – 1 unit 10.04.1961 0.04

WI-5 transversal  Izabela with the tread mill 
cham ber floor sump – 4 units and roof in flow 14.04.1969 0.05

WI-6 transversal  Blum floor sump – 4 units 11.04.1969 0.61

WI-10 lon gi tu di nal Karaœ floor sump – 2 units 12.1961 0.06

WI-11 gal lery Kuchnia floor sump – 1 unit 15.12.1943 0.03

WI-15 Cham ber £êtów floor sump – 1 unit 12.1961 0.19

WI-16 St .An thony’s Cha pel roof sump – 1 unit 16.04.1969 0.007

WI-17 transversal  Kotoñ floor sump – 1 unit 12.04.1969 0.04

WI-18 gal lery B¹kle floor sump – 3 units 12.11.1943 0.02

WI-20 gal lery B¹kle floor no in take 12.1961 0.03

WI-24 lon gi tu di nal Klemens floor sump – 1 unit 16.04.1969 0.01

WI-25 lon gi tu di nal Tanecznica roof sump 18.11.1981 0.03

WI-27 gal lery D³ugi roof and floor sump – 1 unit 27.11.1943 0.02

WI-32 transversal PowroŸnik roof no intakea 22.05.1969 0.01

WI-33 Cham ber Zamtus and gal lery to
Cham ber Pociecha floor sump – 1 unit 22.05.1969 0.02

WI-36 gal lery Taras Wodny Gór
Wschodnich – lower

dam in the end of
the gal lery

grav i ta tional flow from the
threshhold to the sump in the gal lery 1895 1.20

WI-37 gal lery Taras Wodny Gór
Wschodnich – uppper 

dam in the end of
the gal lery

in flow from the wall dam to the
sump in the gal lery 1895 0.64

* – the date of re cord ing a phe nom e non marks the be gin ning of con trol ling it, not by the date of its oc cur rence, which is usu ally un known

T a  b l e  2

Sum mary of ba sic in for ma tion on the sam pled effluents at Level I



var i ous ions other than the ob vi ous and ex pected as so ci a tions
be tween, e.g., mineralisations, Na and Cl, and Ca, Sr and SO4.
Sim i larly, the spa tial dis tri bu tion of the dif fer ent ions in the
ana lysed effluents does not al low to de ter mine group ings of
sev eral effluents with char ac ter is tic changes in the con tent of
one or more ions. The lack of reg u lar ity is also in di cated by
sam ple graphs (Fig. 6). It seems the most ap pro pri ate to at tempt 
an in ter pre ta tion of val ues de vi at ing from the av er age value on
the ba sis of the anal y sis of the or i gin of the ef flu ent, its lo ca tion, 
the ge ol ogy of the area, ex ploi ta tion du ra tion of the re gion, the
ac tual and po ten tial level of wa ter flow through the old hol -
lows, and the oc cur rence of cham ber sub si dence which reach
the ground sur face. 

The WI-25, WI-27, WI-36 and WI-37 effluents are the
least min er al ised. The WI-36 (3.8 g/dm3) and WI-37

(1.4 g/dm3) are lo cated at the limit of the Chodenice beds and
prob a bly con duct Qua ter nary de pos its. Lower min er ali sa tion
of the WI-25 ef flu ent (73.5 g/dm3) may be as so ci ated with the
in flow of the Qua ter nary wa ters along the north ern bor der of
the lay ered de posit flake. Min er ali sa tion of the WI-27 ef flu ent
(155.3 g/dm3) can be linked with the old hol lows and pos si bly
the sur face sink-holes as so ci ated with the min ing op er a tion of
the area be fore the cre ation of the first maps of the mine and the
re cords of cham ber subsidences af fect ing the sur face. Con cen -
tra tions of Na+ and Cl– are closely re lated with each other and
the min er ali sa tion level, and the rea sons for which the four
effluents in di cate lower con cen tra tions are the same as for min -
er ali sa tion. The con tent of Na + in these effluents is as fol lows:
25.6 g/dm3 (WI-25), 55.9 g/dm3 (WI-27), 1.3 g/dm3 (WI-36),

The analysis of destructive water infiltration into the Wieliczka Salt Mine – a unique UNESCO site 91

Fig. 4. Dendrogram for ana lysed leak age Fig. 5. Dendrogram for the ana lysed ions

Pa ram e ter
Scope

Av er age 
x

Stan dard 
de vi a tion

s
x/s

min max

pH       6.1            8.4           7.31         0.38 19.12

Eh [mV] 228      328   290     24.8 11.7

Min er ali sa tion mg/dm3 1423.0 348645.8 284335.32 84603.52 3.36

Na+ mg/dm3 334.5 141000.0 110571.82 33676.77 3.28

K+ mg/dm3       7.98         993.70       299.27     207.42 1.44

Ca2+ mg/dm3       7.26       1644.00       929.53     284.01 3.27

Mg2+ mg/dm3       6.43       1586.00       576.25     401.92 1.43

Sr2+ mg/dm3       0.20           33.56         17.54         5.52 3.18

Fe2+ mg/dm3       0.01         241.80         10.59       39.32 0.27

Mn2+ mg/dm3       0.02             5.01           0.87         0.94 0.93

Cl– mg/dm3 265.5 213620.0 170123.96 50854.87 3.35

Br– mg/dm3       1.50           79.00         20.92       17.04 1.23

I– mg/dm3       0.50           36.70           4.59         8.65 0.53

SO4
2 - mg/dm3   201.70       8242.00     4213.78   1449.03 2.91

HCO3
2 - mg/dm3     34.50         810.51       187.45     161.81 1.16

NO2
- mg/dm3       <0.003             0.24           0.09         0.07 1.29

NO3
- mg/dm3   <0.4           73.00           7.34       15.26 0.48

T a  b l e  3

List of phys i cal and chem i cal pa ram e ters of 36 sam pled effluents at Level I



92 Kajetan d’Obyrn

Fig. 6. Sam ple fig ures for ion as so ci a tions in the ana lysed effluents

 Eh Mineralisation N
+ K+ Ca2+ Mg2 + Sr2 + Fe2 + Mn2+ Cl– Br– I– SO4

2 - HCO3
2 -

pH –0.31 –0.49 –0.51 –0.37 –0.23   0.57 –0.16 –0.53 –0.61 –0.53 –0.22   0.04 –0.41   0.57

Eh    0.76   0.71   0.33   0.49 –0.05   0.41   0.04   0.17   0.70   0.12 –0.45   0.11 –0.47

Min er al isa tion     0.98   0.41   0.53   0.28   0.44   0.13   0.26   0.98   0.37 –0.19   0.52 –0.69

Na+      0.39   0.52   0.27   0.42   0.11   0.33   0.99   0.36 –0.09   0.50 –0.68

K+       0.29   0.57   0.24   0.19   0.47   0.43   0.55 –0.09   0.14 –0.01

Ca2+        0.15   0.89   0.13   0.31   0.54   0.33   0.09   0.19 –0.46

Mg2+         0.14   0.08   0.29   0.33   0.73   0.26   0.47 –0.27

Sr2+          0.06   0.22   0.43   0.22   0.02   0.26 –0.49

Fe2+           0.75   0.13   0.13 –0.10 –0.02 –0.16

Mn2+            0.35   0.35   0.09 –0.08 –0.15

Cl–            0.42 –0.06   0.52 –0.66

Br–              0.34   0.11 –0.18

I–               0.07   0.12

SO4
2 -              –0.59

T a  b l e  4

Cor re la tions (R) be tween the tested wa ter com po nents from Level I effluents 



0.3 g/dm3 (WI-37), and Cl 42.9 g/dm3 (WI-25), 91.21 g/dm3

(WI-27), 1.36 g/dm3 (WI- 36), 0.27 g/dm3 (WI-37).
The pH of the vast ma jor ity of effluents is mildly al ka line

and ranges from 7 to 8. The high est pH (8.44) was found in the
WI-36 ef flu ent. The WI-5/ 3 (pH = 6.26) and WI-16
(pH = 6.10) effluents with slightly acidic pH are the ex cep tion
to the rule. The re sults of pH mea sure ments in effluents are typ -
i cal of the Wieliczka de posit and shal low cir cu la tion wa ters,
and the dif fer ences re sult from the lo cal hydrogeochemical
con di tions along the routes of water migration. 

The val ues of K+ dis play broad vari a tions. The low est con -
cen tra tions are found in WI-5/1 (0.032 g/dm3), WI-20/1
(19.5 g/dm3), WI-36 (0.009 g/dm3), WI-37 (0.008 g/dm3), and
the high est in WI-1/1 (0.739 g/dm3), WI-4 (0.994 g/dm3), and
WI-5/ 4 (0.672 g/dm3) effluents. Both the vari a tion and the
min i mum val ues found in the ana lysed effluents are dif fi cult to
ex plain. Pos si bly, these are de ter mined by yet unanalysed pro -
cesses along the routes which wa ter effluents flow. The high
val ues of K+ seem eas ier to ex plain; these are of ten the re sult of
anthropogenic pol lu tion such as fer ti lis ers (po tas sium ni trate),
the anthropogenic layer be neath the sur face of the area and the
seep age of leach ate from land fills. Given the his tory of the
mine and its lo ca tion be neath a town whose his tory is as long as 
that of the mine, it seems that anthropogenic fac tors are of de ci -
sive im por tance here. The K+ val ues can be as so ci ated with his -
tor i cal de vel op ment of the sur face area, de pend ing on the his -
tory of the sur face ar chi tec ture and the ex is tence of sta bles, ma -
nure stor age fa cil i ties, dis or dered waste man age ment and lack
of sew er age, as well as the pres ence of sub si dence reach ing the
sur face in past cen tu ries.

The val ues of Mg2+ dis play a large vari a tion. High val ues
can also be as so ci ated with sources of pol lu tion or the pres ence
of rocks con tain ing mag ne sium. The re sults of the anal y sis
dem on strate a weak cor re la tion be tween Mg and Br. The low -
est Mg con cen tra tions were found in the WI-36 (0.006 g/dm3),
and WI-37 (0.021 g/dm3) effluents, and the high est in the
WI-1/1, WI-16 and WI-32 effluents, where they range be tween 
1.5 to 1.6 g/dm3. The con cen tra tions of cal cium do not dis play a 
large vari a tion in the dif fer ent effluents other than the in creased 
value in WI-27 (1.644 g/dm3) and low val ues in the WI-36
(0.007 g/dm3) and WI-37 (0.058 g/dm3) effluents. The oc cur -
rence of cal cium can be ex plained by the in flow of Qua ter nary
wa ters from un der-sur face for ma tions through the clay-gyp -
sum cover, which causes the dis so lu tion or pre cip i ta tion of
CaSO4 (Winid and Witczak, 2007). Since, Sr anal y sis re sults
show a very good cor re la tion with Ca, the causes of the oc cur -
rence of min i mum value of WI-36 (<0.2 mg/dm3), WI-37
(0.37 mg/dm3) and max i mum for WI-27 (33.56 mg/dm3) will
be iden ti cal as those de scribed for Ca.

The high est val ues of Mn are pres ent in the most acidic
effluents. The pres ence of man ga nese in the effluents can be
ex plained by it orig i nat ing in the shal low ground wa ter in the
Qua ter nary deposits, which in the Wieliczka re gion are rich in
com plex com pounds of iron and man ga nese with or ganic mat -
ter. The high est con cen tra tions of Mn and Fe oc cur in the
WI-5/3 ef flu ent (Mn = 5.01 mg/dm3, Fe = 241.8 mg/dm3). The
in creased Fe con tent in some effluents may be re lated to me di -
eval min ing ac tiv i ties. Wa ters inflowing into the ef flu ent may
pass through old hol lows in which the min ers left for merly

used equip ment. Ex am ples of this are pro vided by cham bers
once used as sta bles, in which piles of dam aged and rusty
horse shoes re main. On the other hand, very low val ues may be
as so ci ated with a slightly ba sic en vi ron ment. Fe val ues of
<0.1 mg/dm3 are re corded for WIw-20/1, WI-24, WI-25,
WI-32 and WI-33 effluents.

Vari able val ues of NO2 and NO3 should be as so ci ated pri -
mar ily with the cen tu ries-old min ing ac tiv ity. In creased ion
con tent may re sult from the func tion ing of sta bles and the lack
of toi let fa cil i ties in the past cen tu ries, when the min ing op er a -
tions also took place above the pres ent-day Level I, and the lo -
ca tions where they were con ducted are un avail able to day. The
pres ence of ni trates and ni trites can also be ex plained by the
lack of san i tary sew age and leak ages, leak ing sep tic tanks and
cham ber sub si dence, cre at ing de pres sion into which houses,
farm build ings and an i mals fell, as well dung heaps. The con -
cen tra tion of NO2 is char ac ter ized by high vari abil ity, with el e -
vated NO3 val ues re corded in the WI-15 (24.5 mg/dm3), WI-25
(19.97 mg/dm3), and WI-27 (73.0 mg/dm3) effluents. 

The con tent of SO4, which is weakly cor re lated with that of
Ca, Mg and Sr, is as so ci ated with the oc cur rence of gyp sum in
the over bur den. El e vated SO4 may also in di cate a lower wa ter
flow ve loc ity. The low est val ues oc cur in the WI-36
(0.25 g/dm3), WI-37 (0.20 g/dm3) and WI-16 (8.24 g/dm3)
effluents. 

El e vated HCO3 val ues may be the re sult of car bon ate rock
dis so lu tion, CO2 or the re duc tion of sulphates. The val ues mea -
sured in the effluents do not de part from the known his tor i cal
val ues spec i fied for the shal low Qua ter nary wa ters sur round ing 
Wieliczka. 

Both the or i gin of the effluents and the up to date ex pe ri -
ence in in ter pret ing the re sults of chem i cal anal y sis of mine wa -
ters (Winid and Witczak, 2004) does not per mit an un am big u -
ous in ter pre ta tion of the el e vated I and Br con tent. In three
effluents it was found that in creased con tent of I is ac com pa -
nied by in creased con tent of Br, but in some effluents this re la -
tion ship is re versed. Bro mine shows no cor re la tion with other
ions, and a very weak pos si ble cor re la tion only in the case of
Mg. It seems that in or der to ex plain the el e vated con tent of Br
and I, ad di tional anal y sis would be nec es sary, in clud ing both
sur face wa ter test ing and min er al og i cal tests in or der to de ter -
mine the con cen tra tion of these elements in the clay-gypsum
cover or the blocky deposit formations. 

Such a large num ber of co-fac tors af fect ing the chem is try
of wa ter inflowing into the Level I, par tic u larly time and flow
paths cause lack of sig nif i cant cor re la tion be tween the ions.
Lack of this cor re la tion and vari abil ity of ionic com po si tion
point at im pact of the effluents gen e sis as a rea son of those.
This fac tor was taken into ac count dur ing ef flu ent se lec tion in
the primary stage of the study. 

CONCLUSIONS 

Cen tu ries of ex ploi ta tion of the de pos its has re sulted in the
cre ation of many ground wa ter flow routes be tween the sur face
and the bed. Breaks of the of clay-gyp sum cover in the gal ler ies 
and places of en ter ing aqui fers as well as cham ber sub si dence

The analysis of destructive water infiltration into the Wieliczka Salt Mine – a unique UNESCO site 93



reach ing the sur face, are the most dan ger ous for the pres er va -
tion of the mine pits

The time and route of the flow of in fil tra tion wa ter through
the de posit over bur den (the clay-gyp sum cover, Chodenice
beds or blocky de posit for ma tions) shape the nat u ral chem i cal
com po si tion of the wa ter. How ever, in the case when wa ters
flow through old min ing hol lows, or the use of priv i leged
routes in ar eas of old sub si dence, their chem i cal com po si tion
can also be shaped by anthropogenic fac tors, in clud ing those
re lated to his tor i cal and cur rent de vel op ments of the surface
area above the mine pits. 

No pres ence of fos sil con nate wa ters was re corded on
Level I of ex ploi ta tion, based on chem i cal anal y sis. Mine
effluents are fed by wa ter of in fil tra tion origin. 

The pro cess which de ter mined the chem i cal com po si tion of 
wa ter is the dis so lu tion of ha lite. The lower sa lin ity of ef flu ent,
ob served only in a few cases, re sults from the in take of the ef -
flu ent near the bor der of the de posit, which re sults in lack of the 
pos si bil ity of leach ing of NaCl by water circulation.

The re sults of chem i cal anal y sis con firm the need for con -
trol ling ef flu ent as close as pos si ble to the de posit bound aries in 
or der to re duce the de struc tive im pact of fresh wa ter in flow to
the historic salt mine.

The lack of spa tial de pend ence and sig nif i cant as so ci a tions
be tween co ex ist ing ions in di cates the need to per form in di vid -
ual in ter pre ta tion of the chem i cal com po si tion of var i ous
effluents, tak ing into ac count the his tory of the area of the mine
op er a tion and the management of the land surface.

The as sess ment of hydrogeological and hydrogeochemical
con di tions in his toric mines, and in par tic u lar salt mines, should 
al ways take into ac count the ef fects of min ing ac tiv i ties. 

The tests car ried out al low for better iden ti fi ca tion of wa ter
haz ards to the Wieliczka Mine and plan ning se cur ing work
pro tect ing from the de struc tive in flu ence of poorly min er al ised
wa ters on the his toric cham bers and gal ler ies. This study also
pro vides an ex am ple of ana lys ing wa ter con di tions in other
historic mines. 
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