
~HE OO~IBUTION OF ISOTOPE-HYDROGEOLOGICAL 
INVESTIGATIONS TO MINING SAFETY 

Hanspeter Jordan 
Mining Academy, Freiberg ( GDR) 

ABS!rP..ACT 

Information about application of isotopes, atable and radio
active as well, with respect to mining and mining safety is 
gi't!en. The ident:ytication of undrground waters of different 
origin is possible and the correlation with open or closed 
hydrological systems real. A system of monitoring is repre
sented. 

Water-problems are nearly alw~s relevant in connection with 
mining. It is necessary to dewater large open pit mines to 
enable mining, to prevent influx of groundwater or brines into 
mines, to use the precious resource groundwater and to recul tj
vate after finishing the mining process. So there are a lot of 
problems conceming, 
- the endangering of mining and mines 
- the stability of slopes and shafts 
- the balance of groundwater influx with respect to quantity 

and quality/mineralisation 
- the exploitation and use of mine waters 
- the groundwater protection in connection with discharge &"d 

recharge/groundwater uplift, respectively end recultivation. 

Isotope hydrogeological methods, i.e. the application of envi
ronmental or artificial stable or radioactive isotopes in hy
drogeology, are a useful remedy to solve such problems ( 1), 
By means of environmental ~sotopes as global tracerR one has 
the opportunity to estimate genesis, groundwater flow-velocity 
~d direction and mean residence time of groundwater as well 
\2). 

These are a fundamental. information, tor mining 1L connection 
with groundwater with respect to safety and water management 
and environmental protecticn as well. 

By means o! stable isotopes aucb D and 18o one can esti~ata 
the origin of water, mainly metecrio (cf. CRAIG-line) cf 
different climatic conditions, i.e. different times. In ccn
nection with Tritium it is ssible to identif open and closec 
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i:y:i::-o2.ogi'i~s:r~::v;nts wd !tyC.rauljc co;;nmu::ica:r:i.cns. l'he ra.d.icrm
-;l.ideP '!:,..-..:si, '4C ~1t:. ha.lflifes o:f 12,; a. 105 ~and 5'i3C a 
give the opportunity ·~c C.nte r;:t"O\illdwat.er !.:ow regjomes ilt mJ.~;.lng 
rE>gicns t.('twr.-er: .:; er:.d 50.000 years. This w::igue Itethcd, ?ased 
on t~e =~d~oactive deoa~ ~f these Lttclides, ~hich are compo
ne~te of gr\.iur.ctwco.ters (~) or d1ssolv~;d comr-oucis (HC"0~ ; 
Si*C"'): _.. . ..;....~ 
foll5wa 'the equation O('t} ~j'Oo(t- t j f(t}e ~d1., 
where1n C(t) - meas~ed concen~ation of a radionuclide 

Co(t-'t) - iaput concentration 
.r('t) - f'OJlctlon o! ~e-d.1str1bt:.tion. 

:rhe ;:>rineiple ot innrpretation is the following ( 3): 

1 • :5H cl:.a:raeterizea wa:ters infiltrated after 195 2 t bomb-
tritium). It there is no 'R to gro~dwaters, the water is 
older than ?>5 yaars. U the '&-concentration in grounwaters 
is similar 'to th.oe., of !lCtual precipitation with simil~ va
riations ot:.e ean postulate a direct and last hydraulic commu
nieatlon betweer~ gro'OJldwaters and auri'ace waters. 

2. 14c-aeaaurements and ~Si-inveetigations as well, espe-
cially 1n combination with ~H allow the determination of 
quanti tiee o! groundwater llirture of different ages and dif
ferent origin { paleowater and young wa't~). 

3. Ey D and ~ 80 it 1e possibla to differ recent and k-aleo-
infil trated waters, waters of d.i:f:!'erent origin (P1g.1). 

4-. !he ratio of 234uf23Bn characterii&B very old 'P&J.eowa-
ters and the redox milieu. ~2baa and 22"-llrl ere sensiille indi
cators !or faults and movements becausa of the high mobili'tJ' 
ot noble gases. 

Or.e of the most important and ecoDomicaJJ.y relevant p:-obleme 
ie to identify the amount, origin and age o:r gro'OJldwater in
flux into mining areas. High quanti ties o:f zeeentl::r in!il tra
ted water are dangerous. Th't are characterized 'by h!gh tri-
tium~ot:.centrations, a high J-.:~ontent, cfD between -55 and 
-80%o. d 1~ betweea -2 aad.-18%o. 

Ctherw1sa cuncentrations and rations, =eereetiTely, o! r~
liet wat&ra paleowaters and >:rye-tal waters ~r inte~!"\:i tia.l 
:tater a as «~l core wi tho:.1t -::r:i tiu:x: 141 trt~ut or loss ' c · 
::·~ between -45 and. +'25X:q J" 18c betwae-I> ') a>.ld i·15~~o. Open 
and dan~ercu'3 h:vdrc:ogi cal syete:r>E- are l:Odi~at~d by recen-t 
meteorl.~ ln:fil t1 :;>t;..cns C .t j. lf ens sr.r,:~f'stc ope11 ey.,.~ce!Le 
hy·.l.rogeo.!.ogice.l, ge()pllyci-.::~1 w.<'. ~ec~hsuica..l. ::.uvestig&<i~·ns 
are :.ect:a3ary to sa>e lllL .. !t:u;. or •.c !llc.k& it m'Jr9 sure • 
.... icv't.cptt nydrcg~cl0gl.cal r .. c::ltnrni.Dg eyste:r l.R !'ep!:eeootea 
...r.; F;;.t.2• 

!:o uonuect:\o~ ~.~::.t:' dsw!it.f'..ru.~· b'l' min:tr.g .r1;: 1-:?se, wa-t.t•:: re.
cha.rr-"' vl·.:: ;;::ro·.-.:::.~:·.·at;~'"'' 1u: 'it: recherf:,e t>er.:- e:xnlr.::. t~·:l at!d 
tte. ~-£:te:: .:-~~a::~':i2 ·~~~,:..~~:-~t.::-. l;,:~zh.'!.y ,.tis"tur,Jed· .. :·:sc-.!;r~>pe-h:!0::::·
:.:< .. ·.::..(.3..·. !~L.Y~?~""::_~.-~"t'::~·::':f i!",;;:~ z":..i:·..t.E- "'c.() r~lu.:f'Y -.:,!:!~ C•OrJ~-:.:;_;:c..-J:i:CC. 
,::-:-oo"'u.:t:tt-·a~e-::· ~~:-.:.::-.:: --- .. ~"·:....:~- ".:....'-:....:. -~~u-':tr:rn;: ~-~1.:.c:r.:f' :r'';'J?~:::-_ ~~-::'-:.; ........ 
... ~r~ .. .tZ"f"·--~~\t:tz:;. -~- ~',; ,""::s_.:e:r!Ce ~j':=·, :-~e)ect:.-:r:::..Ly. 
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After dewasting the &q\dfers b;y bruwucoal. I Llgni te-ro.l.r..in.e: 
a hydrogeclogica.l. lar.dsoape of dumpe rema!n.e :me tte roost 
important task is to replenish groundwateJ:> "':::J tne ;:riu:ax: ::_.,_., 
v a.l, the groundwater level upl.ttt { 5) • 

In h'UII:ici zones it is real, in arid zcnes ! t eeenf.' t-:. be imro
ssible, because of leas or no gruWldwater rech&t.'ge. :Jc. we find 
in arid sones a more or less decreasing groundwa1.;sr ieTel as 
11:1 irreversible process. T"ne portion of modern 101s.ter is 81! in
dicator fo.:r the degree of replenishment BrJ.d trend o! upli.!'t. 
l4C- and ~Cl-dating gives informations ebout th~ regional 
and longterm dynamics. Result rrom these dating one can esti
mate the oapaci ty of grotmdwater resources and the amount of 
dynamic I regenerating ana atatic parts of grolmdwater bal.ancs 
(Fig. 3). 
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