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Abstract 

'.J:ho investigations o:f the Leningro.d 1w.ining lus ti tute on this 

problem are carrying out in the follmving main ciirections: 1) 1'he 

analysis and study of contaminants migration at particulur sites 

of mining tlevelopment; 2) 1'he working out of theoretical anc.i me-

thodical basic princ.Lples of aquifers r.tit:;rution tests; 3J 'l'hc v:ork-

ing out of methods of the :forc::.~sting of grounclvKlter pollution pro­

cesses; 4) 'J.'he theoretical und l;tethoclical substantiation of hytlro­

geological observations o:f grounG.vwtcr pol1ut:Lon processes; 

5) 1'he worldng out of the E:easures at tho g:r-otmclwater eontrol and 

their rational use at the :Particular sites of mining development. 

'.L:he research that have been ca1-riec.l. out by the present moment 

have covered the wide range of' 111ining and geological conditions -

as from the point o:f viev.r of specific genetic types of water-be­

aring rocks (porous, fissured <.wei. fissured-porous), as l"Jell ns 

from the point of view of }Wllution sources (surfo.ce vraste wnter 

basins and underground basins of non-standard vmtm:·) ana the cha­

racter of the latter's <lligration (tracers_, physically neutral ef­

fluents_, heavy or light ones). 'l'he combination of specialized mi-

grution tests and oWervat:ions carryed out at 111a11J sites, as v;ell 

as the following analysis of the cbta o:f field stuciy allor:ecJ to 

get useful theoretical, methodical aw:J practic3.l results on the 

a.J.l directions above ltlentionec:i., Jl.S the suumdng up of these results 

the author proJ_)osecl the concept of controlled. ground;,;ateJ.· polluti 

on. 'l.'b:is conception is based "on three whales" - E:toundv;ater self­

purification, eng:Lneering prcveut:Loll i.leasures am~ grouncl-nater 

monitoring correliltod ti:Lth each otho1· by succes:Lvely refined (nc-

cording to the observation data; ilyurogeological forecasts. 
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Lerge-scale mining operations are often resulted in ground­

water resources depletion and deterioration of its QUality over 

the extensive areas adjacent to QUarry and mine fields. 

In most cases mining areas have a strained water balance sin-

ce the ground~vater discharge by the drainage systems dominated 

over the aQUifer recharge. 

The hydrochemical situation in the area usually changes abrup­

tly for the worse so that additional, sometimes very expensive, 

water-protection measures are needed to bring the conditions of 

water supply back to normal. 

In view of their exceptional practical significance and enor-

mous scale, coupled \'lith a high degree of complexity, this ])ro­

cesses are closely examined in many countries. 

The state of the art and analysis of numerous publications 

show that the problem can be solved only on the basis of close 

integration and interaction between the hydrodynamic and hydro­

chemical research methods. which up to now are substantially se­

parated from each other in hydrogeology. The most effective way 

to deal with this problem in practice is through effective mana­

gement of grouncJ.-water resources and Quality in a particular min­

ing area. Its primary goal is to find out the optimal ratios bet-

ween the ground->vater volumes taken up by the drainage systems 

u:ad those returned into the aQuifers (naturally or artificallyJ 

in the area.The conception of optimality suggests the protection 

of ground-water QUality throughout the region. il..nd although in 

some cases it is possible to exclude the ground-\vater pollution 
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uncl.er the solected mining :..;nd. dressing tccrmologJ at all, in uost 

cases,howevnr, this probler:1 :i.s also one o:t' opt:Lmiz~nt::io;'1 GJH~ tr1e 

conceu. :fo:1:· grou.nd-watcr protoctJon must bo the nccc<>S[H";':' cler::ent 

while desi[::ning tho sche1:1os of min:Ltr.;·. 'l'his !o"l.J):?roueh made us to 

propose the concept:i.on of cm1 trolled ;~:cou,lonatcr :pollut :'on :in mh1-

ing re~:i OilS. 'fhis eoaccptton ts based 11 on three 1·:h~Llos'' ground-

nater self-pur:Lficution. en.sinoe:dng :pr-evention ueusurGs and .r.;round-

wntnr rroni toT:i.ns ( speciali~:.ec": regime observations) cor1·elatcd rti tll 

each other by successively refined (acco:rdin,; to tho observation 

data) hydrogeologj_cal forecasts. 

'l'he for:mlatec1 r:1anagement :r:robJcm mo.1z-cs cle~1.r the: prime objec­

tives of hydrogeolog:i.caJ. invest:i.z;ntions: 1) evaluation and :n.redi-

ctioE of hyclrodyn<tmic regi.rue of ":;rouncl\·mtr-=r; 2) tho ~;ame fo:r hyd­

rochemtcnl regime, and 3) substunt:i.ation of :::ensures to assure 

groundw;;. ter protection. 

\'l:Lthin those three br::w.1ches of invest:i.gc,tions :·.'o sllaJl describe 

first of all tho methods of evnluntion of in:Qut data fo::: subse-

quent forecasts, because the effective protection of ;;,round\'Jater 

is, above all, the :!)Toblol.-u of a chronic lack of inforlilation. 

J:i'or tho first branch of investigation connected vdth ilyl1roc!y--- ........ - .. . . .... ·--~~-·-···-·-·· 

na:Jic regime enphasis has to be pJ.aced on the study o:f the :Col-

low:i.ng aspects: 

1. J>oundary condi t}ons at r:Lvers o.nd nutural basins, using 

\"tidely for this puriJoso the results of observations oJ ground­

water dynamics; t:~ethods for solvtnr; the appropriate :Lnverse prob-

lems are developed in detail; 

2. Leak.o.go condi. tions. 1.-:hich may be evaluated on the basis 

of aquifer tests and regime observations on grotmd1.'JD.ter dynamics, 

among them therrJometric ones; vJe mean the well-l::nown method of 

Papaclopolus v;hich, however, does not happen to be very reliable 
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in the cases of non-homogeneous (stratified) aquitards. 

3. Technogenic permeability changes induced by rocks deforma­

tions at the sites disturbed by underground mining. 

4. Hydrodynamic regime near technical basine. lined by low­

permeable deposits. Here it is im])ortant to say that reliance on 

the standard infiltration tests has })roved to be ineffective j_n 

evaluating the permeability of clay linings. In particular, they 

faj_l to account for the lateral water flov.r in stratified soils 

and the permeability changes subsequent to future COillJ?action under 

the weight of the technogenic sediments (mearJ.t.ihile these changes 

may attain one or two orders of magnitude). Therefore. in practi­

ce, we should use large-scale infiltration tests v;i th neutron so­

il - moisture measurements, thermometry and tracers to mark the 

moisture front movement. These experiments bring adequate data to 

assess the boundary conditions of the third type at the outline 

of the basin and to perform then the modelling of the hydrodyna­

mic regime in its locality. 

For the same purpose. we use the thermal sounding of lining, as 

well as the method of tracing a seasonal temperature wave by the 

boreholes near the basin. 

The last of above mentioned factors is 5· ~he vertical peremabi­

lity of vrater bearing rocks at the possible sites of brines upcon­

ing under mining workings o.nd f1rainago w·ells. l ts values are found 

in tracer experiments by the "vertical doublet" scheme. 

For the second branch of investigations connected vdth geoche­

mical regime the primary concern should be directed to studying 

the migration rarameters of the aquifers. as they control the in­

tensity of mass transfer in ground-water. '.l.'heir values are obtai­

ned by field rdgration tests with tracers and by laboratory ex­

periments. The latter are efficient for :Porous rocks when the re-
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sults of tests on separate samples cun usually be extrapolated 

to rocks in situ. Beyond that, such eJCileriments may be helpful 

in mass-transfer studies on fissurc-;?orous rocks. Clear-cut uis-

tinctions are to be made betv:een the experimental procedure in 

high- and low-permeable rocks, particularly in the specification 

of boundary conditions. 

An j_nportant though still debatable question concerns the ne-

thods for laboratory estimation of sorption p~J.rumeters, h.ost auth-

ors are strongly in favour of dynLtmic tests but tho errors caused 

by high experimental velocities Ltre oftentimes too large so that 

the results of' static experiments are far more })referrable. 

In the fjeld exporiP:cnts most COI'lnon is the tracer injection 

into the centrical wel1 \'Jith tho subsoc;uout observing of its dis-

tribution within the stratum via observation wel1s. 'l'rials accord-

j_ng to the 11 doublet" scheme are less f1·equent but very effective. 

In any case, vre prefer this kind of experiment at depths !;wre than 

30 to 50 metres. As the mass experiment for ap!'roximate cva1uation 

of rocks Ctlpacity.injections of tracers into observation bore holes 

during pumph1g tests may be used. 

The inevit:.1ble impact of sc<tle effects. mving to the J.imited 

spreading and short duration of :nas:o tr.,.nsfer tn e:>.."];leriments, mal:·es 

it necessary to discuss expedient J.imi ts of their U})plications in 

different rock complexes. Here the distinction is mast clear for ... 
porous rock complexes versus fractured rocl:s. If applied to porous 

sandy-clay rock complexes, field tracer tests aro either ineffecti-

ve or fail to offer any advantages over laboratory e:;:periments. 

By contrast, no other alternative exists for field indicator 

tests in fractured rocks. And as ground->7~.:tter contaminatl.on is 

generally most intensive ia. ossentio.ll:; fl·actured .rock complexes, 

fteld trnco1· tests have to be the necessary part of the standard 
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set of hydrogeologic explor~<tior: techr.:Lqucs in nll cr:.ses dwn 1t 

js nccessar~y to preserve :~:·rotmd 17<eLtcr :Ln fractu:i~eci aquifers :::·rom 

polJ.utj.on. I.':l..terpretatj_on of tests in fracturec"i 1·ocJ;s mn~- be car-

ricc1 out j_n accord:.mcc r:i th the simplest dj ffusion model ( o. nicro-

' • • 1 1 ) ' GJ..Spersl. OX!. l<lOCLC..c • ann in fracture -a; H~ -::or ous ro e1~s, in accordan-

ce \'!ith the J,overio caJ.culntinc sche;;c. of 1.1.nl j.r;li to d c,·, "''cit v (" ...... ..::..~'...... • .; ( • .L 

lThl.C:rocUspersion model) . I ;}lace spoctal OLlphnsis on this fact, 

since in the ;::estern publtcations, it seems to r.;c, the influence 

of real hetcrogenei ty of fracture-ancl-IJOrous roc~cs on the results 

of field uigration tests is underestinutod. • 

By the way, in order to have o. better picture of this influen-

co, ne suggest to carry out tests with the tracers both ponetrat-

ing anc:: non-penetrating into J)orous blocJ:s. 

So far the experience v,-ith t:racm~ tests has been very limited 

the fact demanding their thorough planniug. Lost useful i'o:;: that 

are the hydrogeophysical stuclies in test v.;e1ls involving flov1-rato 

measurecents nncl especially rosiativity (or thermometry) logging. 

This is aJ 1 the r:~orc valid when the movement of trace1.· is governed 

by the vertical non-uni.forlility in_ rocks composition and flitration 
.'f 

properties. Special attention should be given to the preJ :L~:1irw.ry 
, 

evaluation of hydrochemic;l.l t:Lme lag in observation v1ells, that is 

a possibility of sharp dj_fference between tracer concentration in 

n strntum Hnd in a bore hole where it is subjected to additional 

dilution. 

A sepnrate field :for jnvcstigati0ns j_s connected with the beha­

viour of various chemical components after thei.r entry into the 

:J.(lUifer, with princ:Lpal attention to probable self-purification 

of ground-water. Hcrer· consideration is to be r.;iver~ to the changes 

of the physicochetc!icaJ. situation caused by diffusion into semilier-

vi.ous layers or blocJe:s, to the mixing of water of different chemi-

cal composition, to the pattern of oxi. dat:Lon-reduction };rocesses, 

to disruption of the gaseous st:J.tus of aquifers unf, other relevnnt 
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factors. 11.t fig. 1 one can see an exami>le sho'::iEg the im})ortance 

of these IJrocesses. During the develoJ!ment of one of the salt de­

:rosits in the Urals, the brines vilth mineraliz<..ct:Lon 300 £:/1 v1ere 

thrown into the tailing :pond. Diffusion of salt nater through the 

clay lining resulted in increased I>ermeab:L1ity of the lining se­

veral dozens of times. So the brines started to infiltrG.te inten­

sively into the aquifer comiJosed of carbonate frQcture-and-porous 

rocks. '.Che s]:lreading of salts. however. is a very slow process 

due to their diffusion from fractures ix:.to :~,orou.s blocls. ·.:ithin 

ten years, the front of salinization advanced through one o:;: two 

kilometres •. Noteworthy is to mention that nt this distnnce the 

chloride-sodium composition of water changes coml!letely to chlo­

ride-calcium one. It is also interesting to note, thut the desali-

11isation process after elj_minating tail 

50 year. 

pond vri11 take more than 

Lany of such processes may be o:£'fectively studied only by re-

gime observations which are the thircJ. branch of :j.._nvest;i._zations. 

While serving the control functions directed at the timely 

detection of unfavourable trends in the groundwater. regime ob--­

servations also help to improve the accuracy of the input clata 

adopted at the designing stage and to provide the basis fo1· the 

adjustment of desi£,'11 provisions and additional engineering r.:1ea-

sures. 

In particular. they O.efine the late:rul dis:persion pnrameters 

and the })arameters of }Jhysical-anLl.-chemical interaction of effluents 

viith rocks, as \":ell u.s the vossible changes in the permeability of 

roc}-:s as a result of such an interaction. 

~he most imr,ortunt as!Ject is the possibility of r:1ore precise 

evaluo.tion o:C velocity field using the observation dntn, tem:pera­

tu:r_·e :_,no resj_stivi ty measurements in particular. In the case 
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of hi.c;hly minerali~od effluents. a ~;rcat help in locating the bo­

undaries of' the contamino.tion Illume li1ay be rcnclered by surface 

gco])hysic<ll ;·,:,-)thods (in particular. ve1·tical electrical sounding). 

::iho1·:9 diffcrcncies exist in planru.ng the observations in tv10 

Jlrinci:r>al cases of }JOllution in the :aining rez,ions. 1'he first one 

is o.ssociatod r.ri th contnuination from the surface technogcnical 

bnsins ; .. nc' the second one, ~vith upconing o:f the dee]) brines of 

n:.,tur;_<l .:.::enes:!.s to mirling drain. '.L'he 1 ast situation is observed 

nt the ; orshunovsk iron-ore de:::·osit in !:liberia (fig.2). ~he, pit 

c'ovelops ~m oruiJtivc lji~)o. ':'lith intensive dr;.dnage of pit, the deep 

brines stn.rtod to upcone tov:2.rds the drains what had never been 

cxpectccJ o.t tho design stage (it '.vas considered that the brines 

,·,ore sopar~1ted from the pit vrith relio.blc aquitards). Hesides. 

the main influx o:r brine~> t<l~~(~,; }.1J.,ICG in a narrovr zone assigned 

to the contact of sedimentary rocks o.nd. the eruptive J)ipe. ~he on­

l~r way to ev::t1uate these processes still at the prospecting stage 

is to use the observation results after the first years of explo­

at::!.tion. 

'i'he hydroceologic Parameters finded by experiments and observa-r 

tions !.Jrovide basic inputs for forecasti11L tho r;round--water con­

tamination and dc}')let:l.on. 'l'he LiOst effective 1tro.y for that is ma­

thcmattcnl r•ocJelling 8.nd particulnrl;',' numerical one. In dealing 

'-'!ith the problem of' ground-water !;>rotection numericv.l modelling 

is useful for: 1) ,iustifico.tion of physical transport models; 

~) justification of computation r:.oc~el; 3) forecast of contaminants 

clistribu.tion in gromH1-natcr und substuntiation of the sanitary 

protection zones in the vicinity of water intakes; ,t) Dlalming 

ancl interpretation of field migration tests anti ret;imc observa­

tions. 
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Hesults of all these investigations :!)rovide <:1 sturtinr; r;rouncl 

for mnnager.-:ent of \Yater resources and quality and designinr; of 

engineering measures - both actj_ve [:nd preventi vc ones. For exam­

ple effective control of contumi:ru..' tion c~m be achieved throur;h 

the screening of technical waterbasins b~c artificial liiateriul s. 

or :!)erposeful hydraulic filling of low-permiable "tails11
• 'ihon 

artificial resources replenishment may be developed through the 

transfer of the snl.·fuce runoff into a subsurface one or throueh 

the secondnry discharge oi' l)Ul:l])ed r::tine v.rater via special infil tra­

tion J)ools and boreholes. In particular, j_njection nells can be 

used to put UJ) n 11 hyd:raulic b:.u-raze" us a !hetms to liiiii t the s~re­

u cling of the piezometric cone around the mine. 

Jtt one of the deposits in Yakutin, a possibility being dis­

cussed o:f }.1rotection aguinst llee:p brines by injecting o·f' fresh 

vwter VJhich should create a j_mpervious :frozen zone alon.c; the con­

tact with low-temJ)erature brines. 

The foregoing measures, seeking for hydrodynamic objectives, 

~oroduce naturally a large regulating C?ffoct on grouncl-nater qua­

lity W3 nell. Aside from th€n.:, control of the contc~cH;inntion })ro­

cesses im})lies also n r)oill})rehensive a::·praisal of the r:ater 's ca­

!JC~Ci ty to sulf-purification in rocks, or:ing to so1·11tion effects. 

ion exchange<, destruction of unstable com2)onents :xi":c1 other fac­

tol·s. 'l.'hcsc r:rocess os .are controlled b~r vertj.cal cJif:f'ercntintion 

of the f'lovJ veloctties a.lC so very effective r:,ay be artificial 

redistribution of the flon rute amant; the clements of the ,_-mter­

bearing sys tern (for inst;;Jnce set tine up of (irainage ':;ells ·.·j_th 

a:rr>ro])riute screened intervals or J)rovision of ·::ater-level rlrac:r­

rlm·:ns excluding d direct water inflow into '::ells frau the roc1~s 

having poor "cleaning" cha:t"Ucteristics). 
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In all cases such preventive and controlling measures are much 

cheaper and more simple than the rehabilitation of J}olluted aq,ui--

fer~ 

For the effective management of ground-water resources and 

q_uality is necessary the attentive examination of r>ossibility of 

the drainage water use for water supply •. Moreover. eX]Jerience has 

demonstrated the use of drainage waters to have a large potential 

for provision of drinking water in some areas. 

There are examples when the supply of drainage vrate:r for dome-
"" 

stic purposes made it possible to satisfy the need for water of 

large communities. reducing the ])rime cost of mineral r>roduct by 

as much as 10 to 20 percent. 

'l'he most stringent constrains on this :Dossibili ty are imposed, 

besides the chemical composition of the pura1'led vmter .. by the demand 

for sanitary protection of the v;ater-intake drainages. 

Let us consider an example of one of the der>osits in the Kursk 

L'!agnetic Anomaly where the conta111ination from the tailing panel 

(fig. 3) extonds through two strata of sands and chalks. Though 

the chalks are fractured rocks. the advance of contamination front 

therein is sharply retarded by diffUsion into the porous blocks. 

However, the dispersion effects here ure Vel? strong and minor 

concentrations of pollutants SlHead through chalks much fast.er 

than the main :front. In this situation. it is a good idea to };lump 

'!later only :from the s~.mds, but a group of observation bore holes 

should be installed D.lso in chalks. Such bore holes will :permit 

an early wnrni.ng about the advancing contamination front. 
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Conclusions 

'l'he lcey co_c:cU.timw :foT successful Pl'Ogres::_; of future research 

on the problem <:n·e: 1. the com])lex character of c::q)loration and 

clesignins attained fm~ the rmrnllel solution of tho m~oblems o:f 

mine nor1dngs drainage and ground-wo.tcr J')rotoction~ that suggests 

the :i.ntegratio:l of rese::!rch brcnches v:hj_ch [ll'e si.gn:L:ficantly di_­

vorccd i~1 hydrogeology by a longtermcd tradition; 2. broac1 use 

of the adaptive np:;roach based on grctduo.l refinement of the calcu­

lation r.-:odels through the data acq_uisit:Lon vr.i th the ])rogress of 

the exploration. construction and operation o±' uinos; 3. ana1y­

sj_s ant'! scientifj_c cenoraliza "tj_on of the data concerning rc11re­

sentative rce:Lons where reliable parameters of' migration and fi.lt­

ratj_on have been :f'ouncl durj_ng :;1ining o:peratj_on through the soJ.u­

tion of the corresponding j_nverse IJroblems. 'fhe latter tvJo asJ)ects 

are considered specially imJ)Ortant because tho study of the pro­

blem in q_uention ha.s to rely broadly on the i cleas and methods la­

rgely untested in practice anCi v:hich extenc1 far beyond the lim:L ts 

of the stnnclard investj_gations. Nevertheless. the experi.ence now 

available from j_nvestigations in several rnaj or rnin:Lng areas brings 

good evidence of the economic efficiency nnd large i"uture poten­

tial of tho j_ntogra ted approach outltned here. 
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J..'ig.1. 'lhe scheme of groun6water contahlination. 

l. - the tailing pond; 11 - the river valley; 1 - observation 

wells (number o:f:' well/salinity, g/ dm3) j 2 - spings; 3 - isolines 

of salinity, g/um\ 4- - stratj_graphical contacts, 5 - siltstone 

and clay sand; 6 - limestone anC:i. ••Ltrl, 7 - clay and marl; 8 -

clay lining; J -·salt stratum with underground workings; 10- mo-

uld of subsidence. 

J!'ig.2. 'l'he scheme of saltw;,.cter upconing. 
7 

1 - isolines of salinity, g;/cirn.J; 2 -drainage v.rells; 3 - boun-

daries of the ore body . 

.li'ig.3. 'l.'he scher;,e of groundwater contamination :for short (aJ 

and long (b) ttme periods. 

I - the t;;Liling pond; II - the open pit. 1 - isolines of con· 

centraU.on C=U,5; 2 -dispersion zone's bou.l.ldaries; 3- chalk and 

marl; 't - sand; 5 - drainage v;ells. 
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