
MINE WATER. GRANADA, SPAIN. 1985 

SU!~.ili.C.8 PHO'i:ECTIOI:f PHOBLI<;l'i IH CONDI:l'IONS OF 1dATER 
£-lAZAH.D IN DIAPIR SALT t·ii~rBS 

Kortas Grzegorz and V/ilk Jan, 
Development Center for Chemical Raw Haterials, Krakow, 

and Jasil1slci Zbigniew, 11 Solno 11 Salt l'<Jine, Inowroc:iaw, l'oland. 

A ll S T R A C T 

'ihe basic problem in undergrou..-·1d mining of diapir salt depo- · 
sits is in Polish conditions, the water surrounding salt do­
mes. ~he water hazard in salt mines is indirectly connected 
with danger to the surface and environment of mining areas in 
case of water inrush. The drastic proof oi:' that was the big­
gest'catastrophy in the history of Polish mining- the floo­
ding. of one of the diapir salt mines in 1977. The paper pre­
sents symptoms o±' water hazard gradually growing in tl1e years 
1972 - ·1977, describes the water inrush into the workings, 
deals with the effects of drainage of mining area and the mi­
ning damages caused by water flow u.nder the built-up area. 
'.!:he process has been presented o!' restoring hydrogeological 
equili brum and settling down of suri'ace displacements in the 
period from 19rl8 - 1985. The paper aims at pointing out the 
necessity of preventive surface protection in conditions of' 
growing water hazard in salt mines. 

INtRODUCTION 

The water hazard in salt mines, particularly those located on 
salt diapirs, is one of the most important factors which must 
be taken into consideration in mines projecting, exploitation 
and at the stage of closing them down. As it has been shown 
by numerous experiences in salt minin~ gathered in Germany 
(Spa•!keler 1957, Gimm 1968), the USA (.Kupfer 1979), Poland and 
othe _. cou.ntries, the salvage of mine after water inrush is, 
in moBt cases, impossible. The action practically reduces to 
saving human lives and minimizing losses, In order to prevent 
such catastrophies, a controlled flooding of sal-~ mines is 
considered advisable in certain cases (Briickner 1983). ~he dras­
tic example of connection between water hazard in mine and dan­
ger to the surface was the flooding of diapir salt mine in 
\Vapno, The paper presents processes which are characteristic 
oi' that type of hydrogeological conditions: 
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/i/ grovving symptoms o:L wa:cer ;1c:.za:cd, 
/ii/ o:'loo<iing OJ.· :aL1c •,;i :;,; dcai11age o-L ov•c:rlay o.nd all :cesc;l­

ting ei'i'ec·~s, 

/iii/restoring of .l(yrdrogeolo£;ical CHJ.Uilibrurn anti stabiliza-
tion of sur~ace. 

~l:he case oi' :Goodin:~ of ti1e mine in \i.'apno is unique in litera.­
ture of the subject, in. view oi' the great.es t m~nln8 dar:nar:;es 
being created on the surface, Deyond ti1e tJoundaries of S£ll (; 
diapir. 

The mine in \Vapno near .Dydgoszcz carried on the e~~ploitation') 
of rack salt in salt diapir of a cross-sectional area o, 'j km"-, 
on the level of 30U - 5,}0 metres, capacity oi' vtorldngs rea­
ching J, 6 million cubic metres, Vlork~ngs were insula ted :c'rom 
waters surrounding tile diapir in ~:,ry-psulJ cap forma·d.ons, as 
well as frolJ lateral contacting tlw cap, a widespread aqui:J:'er 
of tertiary sands of regional propagatlon (:L~g. ·1). 
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1 t should be adcled here, .·that the existence oi' 'tl1e above agui­
i'er, abounding in i"resh water, had not been discovered uu-~il 
the oreak-down, because geol(Jgical surveying, carried out du­
ring construc-tion oi' the mine, resolved itself to !'oruution of 
salt diapir. Water hazard in the mine vms therefore connected 
mainly with fractures and cracks of gypsum cap; that point of 
view being supported by its hydrogeological examination and 
the following facts: water flow rate of 4-,5 cubic meters per 
minute during shaft sinking, consumption o:f 30 thousand tons 
cement and exploitation of 100 thousand cubic meters gypsum 
in gypsum cap. Then it was found out that the contact zone of 
gypsum cap with salt mirror was the most flooded area in which 
opened joints typical for salt diapirs, were discovered and 
documentary evidence provided (:aotsch and Klarr 1979) 
The course oi flooding of the mine showed that after drainage 
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of g;>rpsu:n cap, the m1n~ng damages were caused Oy "'v'"iola t:Lo:1 
oi' hyd.x·2.ulic equiliiJrum in sanci.y formations beyond .;ne L>ocm­
daries oi' diapir. 
'i:he ~fi1:·st v.:ater leako .had. 2.ppeared, i:n that region of' tile 
mine wj1ere ti1e catastrophic inflow took place, o yeal"S oei'ore 
ti1e break-down (:?Jlizowski and l(or-t;as 1900). Complex, prwsico­
cilemic<:\1 analyses of outflows, systematically carried out and 
in particular isotopic tests confirmed genetic connection o:r 
effluents wit;1 outside of diapir \>raters. 11he i'irst symptoms of 
ti1at contact appeared abouc 3 years bei'ore t11e catastrophy 
(:fig. 2). 
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I'ig. 2 Cl1angeabili ty of' some physico-chemical caiBB of leaks 
before flooding o.f the mine 

~'his was clearly shown by decrease in the co1nent of magnesium 
and bromide io;1s, as well as in ti1e specific sravi·ty walue. ;,i­
milar symp·toms of' a break-down were observed in German salt 
inines (Sci1wandt 1969). 
'1'lle decrease in sul:t'ate ions concentration was less sharp in 
the analysed effluents, while the analysis for t;1e content of 
chloride ion did not show any danger at all. One yeal" be::?ore 
the catastrophy, the results of analyses ci.id ;;ot leave any 
doubt as fo:;..' the origin oi' outflows. :Jw similar es ;;Lmtio:l 
o:f the growt:i1 of water hazard was obtaiiH:Hi on tile g::.::ow:c.is of 
isotopic composition of water analyses. (Zuber and oti'1ers, 
1979) t!ms making it possible to red.uce consequences of' onco-
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.,1j_1·1;; c:xl~nst~co:p~lY It ..!; :.c ml~1inr; measures, ur:.Oer"ca1-:~:Hl j years be-
'orc -~~le ca tc.l.Sti'Olll1y, <:.;.llil..L:tlC at sertling t:J.c rock-mass and :ail­

~~,': ci::.c ~::1() ~)OSGi 1;lG c/j_~c;c t:~1 o:.· Cl Ureal\:-G.ow~l, C2USC'd onl}" tern­
po:."':J.I'.)/ ci.r..:-croase i.l ~:.:.1c iEtcnsi -~J o{' outi'low. :-~.Cter the flow 
r:~~c~ o.L· o,:J cu.bic r:eLors per minute ~J.CJC~ Ueen ex.cecdecl, l.e. on 
;~:w :):cci_ t,c;,;ust 19TI, ;_;.11 ;ninin,--; crow was evacus.ted and two 

s ltJ.tcr-· tllc a·b:cup:~ ini.'low o..L' )U ~-:~lOt.J.Gand cu~)ic n1~:=ters o:;..· 
,.r·• r i.J.L t:i.rnc o::: I j wi~1u·Les stc.::..r·\;cd -L.~le p:cocess o:r out o:."' coD.-
·-;;rol :L'loocii112~: ol' tlH~ mi:rl8. 
~~~n; ·~t~J-~CT' i·11:r·,Js~1 in D. :t'evv Jlours tim0 cret1.teci. th.e Ueprc.:1sio.n 
i.~~ ,~_::./PSU.lJ {..L~·c(.~, ·1 ,;() 1ne (_,c::rs cioep ;,-::.rld sc·\/er~J.l rccte:r··s lo1-,rc;rlr1::; 
o::.' l:r;.:cc:.. ... le ic.L ~O)~' ~iary sanlls, v.rhile t·:.1e:.ce wa.s no .:cec~c vi.o._l 

~ :') tJ~~,~~t~~;· 6~~'' ~~~n\~~~;n~~~~r o?e~Itpi;u~~-sacJ-~~~c;g~~~~-~~lr~e<~f~~ • 
l~u3ul,;.-~inc; j_::.J.::~·luenc;e of roc;z jz.=..ckc·~ ·uc-c· .... ·een co.p ~:nd 
D.:;.~lc1c;. ..:..\~H: (tC£-.;r(:e o :,_· iDSt\.latio:i.l, c1easured. -u,}T :~i cal ir;_-
.-~·lo\v' -~o Lo ~ i.usul~·~:tcd <liapi~c to r.::_c·~uD.l ini'J.o;v ra"Lio, C: ... ':,ou;·1 
.:l:roLl ~: Co 5. ~)ucl1:::: :Jig l;..yd:r·aulic gr.:;.ciient cauGecJ. ~~le -~r.Fl.J.J.s2\:;r 
o~· i'looUeU sa..rH.iG _L':rom ou·CsJ..du o~ d:L;~;,pj_r L;r'co i. G. ,:_;pol~ta . .i.1Cous 
\r/tJ.ter [:J..nU_ .sa.nd .i~.Llov..,' n1ight lJLt:'-/0 ueen ::;.·~cc~.uced ·oy c;.c;.~;j_ tj o:.u:::t1 
CO~ltro1lcJ. of Water. £1.t _JC-~H:; :-1Jo·,;e, v.·_;_t._~ uO~~C-llO-

C en ·Ll"'rtl par C o _,_ "L.~·j e 'de r-
1\:.i.c·L~;s. l..;hrou~;l·J ·L~l1.e uore-~lole t.he to 
cubic Jte·~ers oi wa·~er w~s supplied froG! t~lc lu~e si-~J~~8~ 5 ~:1 .. 
a\ .. ;ay. lt; iG esCi~natod. ·~ha-C. ·~}~e J:.::.L'lo'.'i o;~~ u.::.l-~6.[; iu·Co L~.·~ ... pi::· 
duri.i.lC ~Lali.. o. :/e;J.l.' period stal"'"Gil:C 0 _ .. ."l:oL! -~~lc :·Jo~::.e.c.ct oi' urca.i~­
G.ov:~n d.:.UOWl··~s to .)00 ~fl.o·o.santi CUo.JiC m.e·~:C.t:'B• ·.LilC :f:::'OCC:S~.J Of 
·c.r~.lns:L'c::ci.ilG GD.ll~S \ ... 'as dlul·~.i p~1ascti <J.Jlei com}J~_·J. :Je G. cy c l.i c pro-
cc:sses or inflov~· and ~:lovi re Cr'".1.rd.c.... ~ion D,y 1·oc~~~_; i ..... sn1c:..'vi -~~10 
d.iapir. ill8 course oi' floo<_j_int; o~· the mine j_n cir:1e 1--JiiC o;, 
is shov;n in flg. 3. 

DANGER '1'0 SURI!'ACE .AND H'S DEFO~l.NA1'10i'' 

JJuilding de·;,re.Lopuc:l·l.: ol· uincrs 's12 ~tlcmrjnt i:l}. Jap:.-10 conpr.: ~Jed 
coGrplex o.L bot.il one-storeyed and rnul ~i-storeycd :1uuses,ser­
vicing facilities ancl public use Ot-'~ e cts ::s well :1s inC:.c:.s ;:r_~,u, 
mining objects. Over ti1e mine i;i1c:re were roa(is, radwcts- arH-' 
territorial d-evelopment. Clle sett1r..;nen·~ ia st:.r2:~o~.ncied -J;;.t ~-~.:::~.::-.... ~ :-, 
lands. J..,uring exploitation of t"ne rnine ~~ su~Js.idi.ng -L::"'oL:i_:;~~- J.:'or­
med over the v;orl-\:ings V.Ji th deprcssj.o::l of -~.Ile ce:1.trc . ./s = -(.~, 
·rhe results of c;eodesic neasur2c:1·ts sf" ... ow Jc~1at tn.e rt::.x.f;:.::AL·: :lo­
rizontal strains reached tJ1c value EEL-J.:c = ·1 ,2 %o vt:... ·~~lOl:c,_, e:;_-l_~ .. :­
sing any mining damages. l11 20 .re:::.J.."'G pc;.rj.od ~;e~~·o .. _"'c L~;.e :n~c,:t.k­
down tl1e rock-mclSS movement i1..J.d ~)een o"'cccr\~eci G.lso 2.:.1~3:i ~le -~~.lc 
Tiline. ~Phere had been reo;orded 1Jo·;~Jl un.her:tval o.~ lo~~~c~..-... 1(~··,~cls 
and subsiding of upper 011ec \·Ji t~:.. the~ maz.l:.2uL-: :Jinl:i:n,_; ,."J:·:a.:-: = 
-i ,4 m. 'i'he Knowledsc of disposj_·i;:i_o:' of :cocl<:-:n<;.ss dei.'orm;,:tj_oiW 
allOWed to lOC2li~.3e tJ1e ci:J.Yl{.;CI'OU8 Straj~:·ls G.T'e~-:!. • lTl t~-~i. ~ .:.U:-'0:·;, 
the effluents locnlizeci, vrtlicic had coTt~;_c-l; ':ii-;; 1 ou~si.de o.:· u.i::­
pir waters (G. Kor:;as 19'(9). 
At the beginning the outfl-ows appeared near ooundar:1 o:f .Ln­
teroeddings of anhydrite and potass5.wn c:1lcJ, cud u:Lrcc~ly 
before the brea}c-down, waters v1ere fil tratin(S in-~o -~1>.e wor­
kings along the north arch of -tensi.Le strains are::. }lle ;:-l-,.JOVe 
confirms t11C !:1ypo thesis of a majol' role of geomecnctl~i c ;_';Jc'cor' 
in \'later hazard :in mine. As soon as o. few hours a.L'ter w:,_ter 
had rushed into the mine, five collapses formed i_n :_:;yps1~m c£;p 
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;,.ccr:. cau ct: Uy ·urca~c~r.l:..~ cluwj-l tL.e exc.::rv-Fli..iolls o-L' a cloned ciowr~ 
r~. t1.8 a.t t~;·lc Uer)th ·,~o ·:;u neters. (fi,r:. 1). ·:ime of 

uu-os5.dlng troui)l. orl (he .~·:.reo_ o.i:· ·i. kc :cr;o.cr.;.cd 
CfJ,:fJC).c..L oJ:' 1 :;·, C thouc~_:..;:d cu~i.c meters; whic~l :1 ;no,J.t.rl 
aco u . .:.·l ·~o ) ~·,C.~ t-l:lousaJ.:t.d c·:...:t.lJl c ; .. :e·:::e~:-s. /~ x.'\:;1.1 U2..y:::1 a~' Lc:r t2~~.e 

'u:L'C.:~:~l·~-uov;n, Gi~.lklj_'lE resul t.iJ.<; ..... ·ro-;a G.l"nint:l. :~c ~,·J'.'.:' o 1.ise:t•.red 
t.,;_p ""GO ";0 n:m deer; tJ.:ld i:>e\lerc~.l ~iE:cu -oig_:-;cr o--\:--er .. ~:t1e ~XC(~(·i. of 
:.:;·v._:·.rooi.o:.J.. HC~.S~J.-o:_~·~ o.~· sand:::;, 0s,yo:nG t.::·;e o.:;.' ·c.21.c <.ii~\}J:i.:c. 
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centre o~;: ·:~1e ""urouf~?l situated ·oeyoHd t11e dlapir, close to itD 
lJoundary ( ::ir;. j) uG days after 'ctW iJrcal,-cio·,m, t:1e collc:>.pse 
e1i111i ~ppertre~~. o ";"· a O.iamr: Co:._~ amou.n tins to 50 meters a.nd ·19 me­
cers ueep. (llg. '(). 
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.U'ic;. 6 Increases o:L' subsicling ·~roclgh in logscale 

ln cho cours8 oJ.' floocling o.i:" the mine tne actual ntate o:i:" drai­
t,age wu.s uail.:r ooservecl in 42 pie:wmeters placed in botn ter­
tial'Y m1Ci gypuum cap :.:'ormations m1d 1 b piezometers installed 
lil 'lua·;;er;l&.ry I·ormationn. :!.'he observation of surface movements 
was cr1rried by recordint; the measurments in 300 bench-marks 
in mon -ciJ.ly intervals, or once a week for chosen traverses. 
'dido and complex, geodesic and hydrogeological observations, 
systematically carnid out and succesively analysed made pos­
sible to evacuate safely 1340 people from )5 houses and stop 
·ootb road and railway traffic in the ri1~ht moment. In spi 'te 
of [;rea't buildinb damages (.C'ig. 9) no one of inhabitants of 
':iapno imd been. injured, i·iain m.i.ning damages came out on the 
area of 1,4 1on2, mostly beyond the salt diapir, where the in-
cl.i.::lations exceeded 10 16 • 47 building were predestined for 
demolition. 'l'he res tara tion of hydrogeological equilibrium 
was proceeded by the reconstruction o:C railway and roads W'l­
~il cl1e terraL1 was reco11di ti.oned. Duildine;s had been reno­
vated and normal life in a ;wusine; estate had been restored. 

~)(J£{l?AC3 i.L-~l-Ltv'IOUi1 f\.ll1 'T-:~it ;11 ~i}; iiF~S~rOH.J\_1riOl\f OJ:i' HYDH.OGEO­
WGICAI, !~QUILIBH.Il!ll 

'l'he hyclrot;eologios.l equilibrium in diapir area was restored 
vd.thin 10 raonths after the break-doW'n. During t11e following 
2 years, t1"1e obse:::-vations \vere carried out of a slow settlirtg 
oi' a new hydroe;eologicc:l regime, which, in comparison with 
the previourJ one, characterizes with forming of' 11 a hydrogeo­
lof_;·ical wLc(lovr" ir;.side the diapir, w!.1ere quaternary and pre­
cipitc;.tion waters ,-::igra~e through gypsum cap to tertiary 
formatio:1s (iif~. 10). 
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Fig. ·r Photograplly oi a. collapse Bink 

Pig. B Plwto1;rapilY of discontinous dislocaL;iocts 
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Fig. 9 Photography of damaged buil(lint; 
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~- 1is ll::O~' L'e:JuJ" i.n ti1e leaci1ing ol:' gypsum cap rocks and salt 
(Q>). l.oncovor, t,w spoilil's o:i:" the insulating jacket dividing 
c!!~ clL.p1. r l:'l'Olll surrounuin~; rocks causes pro bauly t"1e leac:;hing 

0 :;.· Gcllt luvel uy rei;ional flow (Q ) • ~'iw saturated brine tQ 7 ) 

coJ:~.LW' ovt o.~ the floodec mine, a~ a result of convergence df 
worldcl[(S, is ~!J.e c:lird i'actor WlliCil ini'luences the hydrogeo­
lo[;ical rei;ime. (i(ortas G, and "~olanko i·!, 1984). Those three 
tac cars c::wse L1e j_ncrease of salinity oZ fresh tertiary wa­
ters arounci the diapir area and subsequent terrain disloca­
i;ions. , __ :1e }J.j_ ~i1erto o otaJned resul l;s of o ·oservations of sali­
ni·~y are presenteu in fig. 11. Lfp till now •ie have not been 
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suc:cessful in ,;a cllerine; documentary evidence that would explain 
reasons i'or salir1i ty :i:'l uc cuations observed in particular holes, 
,;1w restoration of hydrogeological equilibrium did not stop 
terraL1 ::10veme1rcs, subsidinc;s not exceeding 15 mm per year, 
-;;:wu.e;il, c~1e c;loual reactio;;1 comprises further forming Gf sub­
s.i.dinr trough wJi.,;l external oelt oi' upEft (i'ig, 12). In a 
period J~·rom i97i:J to ·1904 ·i:;Jle ca}X:tcity o1' 5, G thousend cubi-c 
me"cern wHierwen·c upli:t't as a resul L of elimination of depres­
sio;, in t;1e arc::1, >J~J.ile 'l4tf tilOUSalld cubic meters underwent 
subs:LuL1,:;. ,'(w pres en~ mmual Llcrease of capacity of sub·si­
u.L:,; ~;rouci1 c~quals 2,8-; i;housm;d cuoic meters that makes 43 % 
o.~· }JJ::'e-cacet~~tropl1. iJilllU2.l increase. 
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l!'ig. 12 Surface subsiding during 6,5 yea::·s a:Lter floociing 
of the mine 

Flooding oi' the mine in 'dapno al.trac ted p0;ople ':> attontioii. i:l 
Poland to the problem oi' danger to Lhe sJ.r:lace oo,·er 
salt mine·s. '.C:he ;1.ew category oi' po C;cmti:c:.l llJTd.roceolo,.;ic<~l cia­
mages limits the possilJilit;ies of eoilS"CJ~·uction, cxpJ.o1-~atic:~.l 
and closing of mines i:c1 hyuro:;eolo.;ical co;:dil.lions v:~1i.ci1 u.re 
llilfavourable to the surface. :=he i'isk o~.: such d;:::..mages l:ncre:.-:t­
ses with the grov.rtJ.1 or wate.r l1azard 111 mi.:1e ~.tnJ_ capa.ci -~;;/ o1' 
workings., The renul t o:t· t11e aoove ls -;::;L_e r~.~:.;ccssi·s:'l ol' g:.:;. L::tl.e­
ring docUJnel1·cary evidence oi' ilydrogeolo£;icaJ. cmHii :;ioYlS enc~a;l­
gering the su:ci'ace a·c the st;age of' deposit examination, <:.ts 
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well as takine; into consid.erat~.o:1 costs oi' ::;·,J.rf=:.ce p~:-otectiO{l 
while the estimation of illciustr~Lal. -... -~;.l:J.e oi" cicpoGi t ts ()eir..c; 
done. 
Preve.nti\•e action agair ... st ei""fects o.Z water i>rush ::J..pplies to 
minixJ.g v1orks illld a. ltlnltation of sur.:i.'ace develc.PTJcLt. :l 1~1e clio-lee 
o:f optimum strategy as a pra:::iological problen:: <iepe;1da on re­
cog:ni tion ol' hydrogeological conditions, risk valuation and 
potential gains and losses. i'·'inimization of potential hydrogeo­
logical mining damages can be achieved by reducing either tj1e 
risks or the ef . .fects of a break-down, Heducing chances of a 
break-do•m can be achieved by con trolli.ng ·tlw water hazard in 
a way w11ici1 lessens rock-mass movement, detaching anci insu­
lating of water migration area and sealing tb.e rock-mass, par­
ticularly drill-holes, shafts, water dams and regions of ac­
tive outflows. In order to reduce the ef;~ects of a breal·:-down, 
first oi" all the capacity of workL1gs enda.'lgered v;i th \\later 
inrush slwuld be reduced by carrying sucil a spatial de\"elop­
ment of mine which makes poosibly a successive flooding of lo­
\\ler, closed do.wn levels. 'i.'his can be outained by exploi ta-Gion 
.from the bottom to upper parts as well as by tight damm~ng of 
worked out mining fields. l t should be pointed out here, ·that 
a principle is being implemented in l 0oland of installing in 
endangered salt mines the equipment suitable for quick, con­
trolled flooding of mines. Prophylaxis in surface development 
should base on qualifying whicll area is endangered with water 
inrush and excludiilg i ·t from uuilding development, on the 
strength oi· the 1-linin.; Law. In case of adverse balance o:t· po­
tential gains and losses the mine should be .flooded in a con­
trolled·~ay. Such a decision was made in 1982 in case of a 
working salt mine situated under tne town oi" 70 000 popula­
tion. In the rest o.f mines tne additional, complementary hy­
drogeological investigations were made including wider re­
gions of deposits as well as surrounding rocks. 

CONCLUSIOH 

The present knowledge of water hazard symptoms in mines, ways 
of their interpretation, estima-tion of the risk oi' excavations 
being flooded, methods of counteraction and minimization the 
effects of such catas.trophies-- is scattered and scanty. ·.2hat 
is why we consider it advisable, that on the grounds of expe­
riences of the countries where such catastropnies took place, 
all the relevant materials should be collected and scienti­
fically worked out in order to create better conditions for 
getting water hazard in mines under control. 
The above problems could be the subject for a separate sym­
posium. 
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