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sentially reglonal in scoepe: the recharge arsss of major
water-bearing structures change their positiown, the infilt-
ration recharge alters its intensity, the Inter-connection
between squifere is enhanced by lsekage and ths entire wa-
ter balance cf the area in gquestiom ie changsd. Nowhere ars
these changes mors obvious than in clored artesian structu-~
res where the influsnce of mine drainage brings usuelliy an
irrsversible reduction in the ground-waisr resources; its
morea immediate ceuse may ba either intenaive draw-down of
the elastic aquifer sitoraze or gradusl displacement of the
contours of water body in the aguifsr along the inclined
impervicus leyers {in arid regions)., In the background of
these regional processes is genmerally & sharply expressad
rediatribution of the structure’s dynemic storsge 1s ususl-
ly recorded beiween separate water-tearing complexss, de-
pending on the position of mining cuts and drasinege galls-
riea and by the permeabiliiy of the mepareting strsie, Such
redistirivution bocomes & critical factor ia the underground
mining employing asystems with roef caving, whers technogenic
fracturing produces & zons of greately disturbed integrity
of the squicludes abuve the faces.

In open waier-besring structures, changea of their hydrody-
namic balance ars cowmmenly restricted to smallsr arsas,
other conditicvne being squel, The key factors in such resti-
riction eres 1, naturel streams and water bodies undergoing
a kind of inversion that corvserts them from diascharge areas
into recharge ones; 2. intensificstion of the infiltration
recharge as a result of topographic chengss, pavrtisl remo-
val of ths overburdsn and drawdowa of the ground-waier ls-
vels; 3, large technical water bodies feeding a steady water-
kalance cycle in mome regionz i.s. the water quenvily pum-
ped off with the dreinege syslems is compensated for by the
infiltraticn from hydreulic-mine dumps and tailing ponds,
In moat seses, however, mining arems experisnce a sirsined
waier balance since the ground-weiter intake by the drainags
sy stems s
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As a whole, the hydrochemical enviromment in iths arsa ex-
periences usually sn abrupt chsnge for the worse so thai,
g & ruls, additionzl and someiimes very sXpsnaive weater-
proteciion measures are nesded to bring the cendifions of
water supply back %o normal.,
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These gccurrences convert mining areazs into the sarth'a
most sensitive "flashpoints™ in terma of ground-water pro-
tection, The global scope of the problsm ls clearly evi-
dent from mining experiences of moet countries, Among the
more familier examnlss are the Kursk Msgrsitlc Anomaly, the
Donetg Coal Besin and the Krivoj Rog iron-ore basin in the
USSR: the brown-coal sreas in West Germeny and the GDR;

salt and iron-ore bagins in BRD, US4, Csnada end Australia;
copper-nickel and non~ferrous ore aress in Csnade, the Uni-
ted States and Australis. In view of their exceptional prac-
ticel significance and ensrmous scops, coupled with a high
degras of complexity, the procesaes listed above ares being
vigorously examined in many cocuntries. In the USSR sxtensive
research in this problem is in progress at ths V3EGINGEO,
VIOGEM &nd VEIMI Hesearch Institutes, the Leningrad Institute
of Mining and the Moscow 3tate University. The flow of
scientific papers on the subject is rapidly incressing and
among the numerous works worth mentlcning are those of N,I.
Plotnikev (1978), V.A.¥ironenko et sl. (1978), 1980), J.J.
Fried (1975), J.D.Waterhouse (1977), and R.E, Williams et
al. (1973).

The state of the art and analysis of numerous publications
onn the problem lead us to the following conclusions:

1. the problem of ground-water protection in mining areas
hae itz own clasar-cut spscificity caused by mining producti-
Gn process;

2. the provlem is only solvable as long amx there is closs
integration and mutual interfacing betwesn ths hydrodynsmic
and hydrochemical resesarch methods;

3. alongside these besically new theoretical and methodo-
logical conceptions will have to be developed reaching well
beyond the traditional scope of hydrogeclogic investigations;

4, given the present imadequate state of the theoretical

and methodological basis of ground-water protection, priori-
ty is greetly important for a thorough snalysis and genera-
lization of the observed data on ths depisetion and contami-~
nation of ground water in the type hydrogesologic environ-
ments:

5. to salve thie problem, & fundamental revision of ths de~
sign principles of drainege systema attached to mining ope-~
rationg is = mist; ground water, trediticnslly considered
by winers to be & "plague of production®, should be viewed
ap an sspential minersl resource as well.

The presently available, though not very extensive, experi-
ence suggests that in practice the only way to deal with
the problem is thorcugh effective coutrol of ground-wster
regources and quality irn a particular mining ares; its pri-
mary goal is to find out the optimal ratics between the
ground-water volumes teken up by the drainege systems and
those returnad into the aquifers {neturslly or artificially}
23
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in the aree, The concept of optimelity has here to include
the efficiency of & mine drainage system, concurrent with

a broad use of the drsinasge waier to supply practical needs
(amo them, not seldom, commercial and drinking water sup-
plieg§ and the protection of ground-water quality through-
out the region. But, the lattsr peint could more siply be
conceived as demanding of the minimization, as far as pos-
sible, ¢f ground-water pollution under the selected mining
and dressing technology: im reality, however, this groblem.
aleso, is essentially one of coptimization because the con=-
cern for ground-watsr protectlon must be the necessary
element while designing the scheme of mining workings. If
8o conceived, it is quite reasonable to rsfer to economic
efficiency of ground~water protection,

With the formulated management problem in mind, the prime
objectives of hydrogsologlc researches in mining areas be-
come readily apparent, They are: 1, evaluation and predic-
tion of the hydrodynamic regime of ground water, regarding

the above mentioned changes in the conditions of aquifer
recharge and interaction; firast of all, the recharge via
the infiltration from (proceas water reservoirs and leaka-
ge at the sites of technogenic changes in rock permeabili-
ty; 2.eveluation and prediction of the expected hydroche-
mical regime of ground water, should they become polluted
by the water from process water reservoirs or as a result
of the modified aquifers inter-connection; 3.substantis-
tion of the necessary system of measures - active, and
preventive - to assure ground-water protection from dep-
letion and condemination and provide for the rational use
or safe disposal of the water pumped by the dralnage sys-
tems of mines and quarries,

1.For the first branch of investigation dlacussed abovs,
emphasis hes to be placed on the study of: a. boundsry
conditions at the ocutlines of rivers and natural bszins,
using widely for the purpose the resulits of observaiions on
ground~-water dynemics; b.leakage conditionsg which may be
evaiuated on the basis of aquifer tests and regime cbser-
vations on ground-waier dynsmics, asnong them thermometric
cnes; ¢. technogsnic permeablliity changes induced by rocks
deformations at ths sites disturbed by undsrground minlng:
d. hydredynemic rsgime In the arsas near proceass water re
seyvoire especlally a% the zites scresnsd by low-parmesb-
le deposits, The last two tasks nressut mors of & problem,
for neithsr can be sccomplished by the itraditional ressearch
methods., For example, the mstheds to ianvestigate i
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of the techrnogenic asdimenta. Therefors, in practice, ws
uid use large-scale infilitration tests with soll - mois-
measurements, thermometry and inert tracers to mse if
and how the moisture front will migrats, Theses experimentis
bring adequate data to assess the doundary conditions of
the third typs st the outline of the hasin and then perform

the modelling of the hydrodymsmic regime in ite locality.

2.FPor the mecond branch, the primary concern shonld be direc~
ted Vo siudying the wmigration parameiters of the aquifers
involded, ag they conirel the intensity of wmess tranafer in
the ground watsr, To do so, it is well to meks uss of fisld
migraticn testas (FHT) in combipaticn with laborsiory experi-
wonts,

In the laboratory the migration parameters of pollutants
ere to be estimated for the rocks with dominating aseepngs
through pores. Here, the findings cf teste on ssparats sem-
ples can usually be extrapolated to tocks {n situ, Beyond
thet, such experimenis may be helpful elso ip mase tranfer
studies on Pissure porous rocks, Clesr-cut distiuction &rs
to be made betwsen the experimental procedure deslgned for
high= snd low-permeable {clayey) scils; particularly in
the specification of boundery conditicons. An important though
1% debatsbls guestion concerns the meinodas for laborato-
vy satimation of sorption parameters, ¥Whereay mogi suthors
are sivongly in fesvour of dynamic iale ik rrors iphe-
rent in the lntensifisd expsrimental arg oftenti~
mes s large as to make the findings of ¢ agperiments
far moys preferrable. Estis
rung into serious 4Aif? ities when unss
are met with, 8till more when the hetercgenous svructuy
tdouble porosity) of a sample he % be taken into an
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£

fall {o offer tengible advantsazssg over laboratiory expari-
ments, By contrast, no other alternative exists for Fizld
FiT*s in fracitured rocks. And becsuse ground-water conia-
mination ig genermlly found to bs most intenaive in esven~
tially fractured rock complexes, FMT's have to be made

part of the standard set of nydrogeologic explaration tech-
niques in all sites where 1t 1s necessary ic guarsniee
ground-watey in fraciured reservoirs from paliution,

i
3
i

s

So far the experience with tracer pampli tes

heavily limited ~ the fact necessitating their ough
plenning, consisient with the stegez and deteils «f hyd-
rogeologic exploraiion grems. An extremgly valusble @
useful adjunct to the dsie of isvoretory determinationa,
i%¥ the experimsnts are ic be effectively planned and car~
ried through, is fourd in hydrogeocphysical studies in tsst
wells invelving flow-rete measurements and sspecisily re-
slativity logging {or thermometry). This is all the mors

: inssmuch ag the FMT performmance paittern is governed
by the degree of vertical diffsretietion in rocks filtra-
tion properties and water composition., With thise in mind,

clossr attention is peid to the design characteristics of
the test welle so as to minimize the likelihood of various
casusl fluld laakages,

ts has been
£
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Little is known as yel zbout migraticn tests as applied to
rocks In ths seration zsene. Reallstically, one can count
presently on expervimental determinstion of mess itransfer
paremeters for high level moiziure in the tested rocks du-
ring the experiment. 3ince the only way io ceptrol the tra-
cer tests in the unasiurated zons rslies onm monitoring the
chemical status by the rock samplesz taken for the nurposs
of mgueezing pore water, so the generally scceptsd calcu-
lation proceedures need s revision,

A sepsrate field for experimental investigations is connsc~
ted with studiea of behaviour of verious chemical compo-
nents as they are co-disposed into waler-bearing compleres
with liquid wastes, with principsl sttention to probadle
zelf-purification of ground-water., Heres, conaideration hevs
to be given to the chengea of the physical and chemical
state csused by the mixing of water of different rchemical
composition, the patiern of oxidation~reduction processes,
disruption of thes gsasuus staius of squifers snd other ree-
levant factors, On the other hand, deep squifer drainage
propels the saline water and brines to the surface whose
disposal or utilization develops intc an independent prob-
lem which elso requires special experimentation %o identi-~
fy remedial sctlion. Lastly, research efforts to raveal nas-
tural tracers, or leabels, providing reliable disgnostic
ciues to the degree of inter~connection between surface and
ground water in the areas of potential pollution, are very
important.
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The hydrogeologic parameters arrived at in experiment prc-
vide basic inputs for forecasting the processes leading to
ground water contamination and depleticn. The most effecti-
ve way for prognostic estimation of the processes is mathe-
maticel modelling and particularly numerical one, E.G. in
dealing with the problem of ground-water protection in mi-
ning areas, numerical modelling is applicable for: a. Jjus-
tification of physical transport models; b, Jjustification
of computation model (migrational schematization); c.fo-
recagt of contaminant distribution in ground water and
substantiation of the senitary protection zones in the vi-
cinity of water intakes; d. planning and interpretation of
field migration tests and regime observations on hydrogeo-
chemical trends, A special note is in order here that the
numerical slution of the mass-transport problems demands
an approach basically and substentially different from the
tried and tested methods accepted for modelling of the geo-
filtration problems,

3. Results of the research programs completed to date provi-
de a starting ground for control of ground~water resources
and quality and designation of effective enginesring msasu-
res - both through active intervention, contrel and preven-
tion, E,g. resource control can be achieved by varying the
degree of screening of process water basins through the in-
stallation of artificial screens, purposeful hydrsulic fil-
ling of low-permeable "tails" etc, Supplementary artificial
resource replenishment may be developed through the trens-
fer of the surface flood runoff into a subsurface runoff or
through the secondary discharge of pumped mine water via
special infiltration pools and bore holes; in particular,
injection wells can be used to put up & "hydraulic barra-~
ge" as a means to elimination the spreading of the piezo-
metric cone in the area of a quarry (mine) field.

The foregoing measures, seeking to achleve hydrodynamic pur-
poses, produce naturally a large regulating effect on
ground-water quality as well, Aside from them, control of
the contamination processes implies elso a ccmprehensive
appraisal of the water's capacity to self-purification as
it filtretes through rocks, owing to sorption effects, ion
exchange, destruction of unstable compounds in the long
procesas of transport, and other factors. Control of self-
purification is likely to consist of sensible verticel dif-
ferentiation of the infiltration flow velocities (the rate
of water intake) plus artificial redistribution of the flow
rate among the constituents of the water-bearing system
{e.g, outfitting of drainage wells with appropriste filter
designes or provision of water-level dspressions excluding
of & direct water inflow from the rock complexes having
poor "cleaning" characteristics)., Finally, water quality
control proceeds by maintaining a desired composition of
industrial effluents in their storage basins - thrcugh the
precipitation of salts, sedimentation of suspended mate-
rial, stimulating of the sorption processes on technoge-
neous sediments, and other techniques,
. 127
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The attentive examinstion of possibllity of the dralnage
water use for the purpose of water supply is necessary for
the effective control of ground-water resources and quali-
ity in mining areas, Moreover, expsrience has demonstrated
the use of drainage water to have a large potential for
provision of drinking water in some areas. The most strin-
gent constraints or it sre imposed, besides the chemicsl
composition of the pumped water, by the demand for sanite-
ry protection of the water-intake drainages, Yet the ana-
lysis has shown that suggesting this demand may be satis~
fied sven 4in sreas mine workings and surface constructi-
ons are present within the sanitary protection zone, This
alternative is viable of course as long us the "buffer”
properties of the seration - 7one rocks have been subjec-
ted to close serutiny end that, in turn, calls for a pre-—
liminary investigation of the mass transfer procesges in
unsatursted medie, 1ts technology remaining very poorly
developed for the time being,

One of the important elsments of the ground-water resourcs
and quality contrel 18 & regime cbasrvation network of
hydrological wells, to be arranged directly in the quarry
(mine) field and beyond,

Demands on the lay-out of the regime networks installed at
rround-water contamination sites will diverge significantly
asg dicteted by hydrodynamic vis-a~vias hydrochemical consi=-
deraticns, E.g, in the water-bsaring complexes having common-
1y high filtration velocitles and eppreciable dispersivs
properties {in particular, fissure rock somplexes) the ob-
servation data es coming from the wslls situated near the
gource of polliution do not mllow ap sccurate estimation of
the transport pattern, more so because the verticel hydro~
chemical differentiation is most pronounced here, From ths
standpoint of evaluating the self-purification processes or
dispersion effecta it is clear that the primary interest
will focus on the wells located within the transition zone,
As a result, the closely spaced cbeervation wells, soon to
be found beyond the contamination frent, supply very poor
hydrochemical information, The predicament is further eggrs-
vated in view of the increased filtreticn velocities that
normally take place near the gource of polliution, while the
psrameters of the filtration medium hars are often in no

way indicetive of the mezas transfer zone as & whols.,

Because of the profile filtrative nom-uniformiiy and gravi-
tetional differentiation (yet snother important factor) the
major bulk of the contaminants is often seen to be spreading
only within some equifer zone of iimited thicknessg, Even for
comparatively largs values of the transverse dispersion co-
fficient thne areal extengion of auch siies of & non-uniform
hydrochemical profile may well be measuring in hundreds of
meters or kilometsra, For this reason, the samplises derived
from the wells whose screens elither find themselves outsi-
de ths momes of the dominant {ype of rellution or, cormver-
sely, significently surpass them in funickness, fa!ll to be
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representative here. Hence the need arises for the stra-
tum to be screened at short intervals of its entire thick-
ness, but this ie in conflict with the significantly less
rigid demands on the hydrodynamical observations by plezo-
meters in conditions of planar filtratiocn,

Cn ths whole, design of an observation network in areaa

of probable ground-water pollution from industrial liquid-
waste basins presents a complex optimizetion problem hard
to resolve unless anticipated by preliminary exploratory
modelling, Later on, with integraticn of the information
concerning the initial stages of conitaminant proliferation,
& mathematicsal model is used to pexrform ths adjustment of
the observation network and to plan for its further growtih,
It 1= also desirable to bring observation wells intc cpe-
ration one-by-one, e&s observation data begin to multiply,

The foregoing implies that smong the futures branchea of re-
gearch in the problem of protection and rational use of
ground water the arsas of emphasis are: 1.improvement of
the methods to estimete ths infil{retion 1assea from the
industriel liguid waste basins; Z.development of the methods
te evaluste and to forecast changes of hydrodynamic con-
ditions in the areas of underground méneral development and
production by systems lnvoxving roof caveing; 3. updating
the methodology for the Justification of the sanitary pro-
tection zones attached to waﬁaraintake drainages; 4., formu-
lation of the demands on ths arrangement and carrying out
of observations at ground~waizr contamination sites; 5.per—
fection of the numerical modelling techniques to forecast
ground-water contamination. Lastly, among the first priori-
ty goals, reference must be made to the development of apa-
cial requirements to hydrogeologic exploretion of mineral
deposita, incorporating the need for sffective control of
the ground-water pyrotection problem within the rsgion of
current development, With theee roquiremenis being fulfil-
) ble Initiel data can be egsured and }ongr,e*m
ie opsd regavding chapges of not only hyvdrody~
hydrochemical conditions in the re
¥, this will make it possible
¢8 of mianing upon gr&:“d watey qual ty
the massures towsrds theilr protection %o be subsiantiste
Naturally, primary attention in the arsas of exp]a“ﬁtion
ig to be paid to field migration tests.

In plamning hydrogeologizal exploration, csriain difficul-~
ties are bound fo stem not only from the nesd to transfer
new mathods into routine hydrogeological survsays, but al-
80 and to a large sxtent, from changes ip the standerd me-
thodolegy. As previcusly noted, the informative value of
the investigaticns at the sitee of industrial liquid-wasts
disposal must be enhanced and geofiltraticn &quﬁfﬁ? testing
is in need of major corrections, Thiz iz because ihe reli-
ability of prognostic estimations with respect to the
ground-water contamination processes is hinged largely on
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the degres of accurscy &ccepted for the lithological and
gtructural, filtration differentisticn of the water-beasring
complexen, Specifically, the danger of regional aguifer pol-
lution will be controlled priwarily be the presence of incre-
ased parmeablility zones in the profils. However, pumping
tests (in the standard veriants) are unable to evaluate zny-
thing but the totel hydrsuliec conductivity of the stratum,
thus averaging - and for gosd vsason, as long eas the fili~
ration salculations sre the case in point -~ the parameters of
the filtering atrmtum in the profile; yet such en approach
most often appsars much tgo crude to be accepiable from the
viswpoint of the subssqueant sigrational aurwm&+izatimn,

The necessary degree of diffsrentietion of the Filiiering
pr@@i’e may be sometimes witained by using ths short sepa=
Taty P yin@ intervale, hut ap & rule this mespure making
the cost of the @3ﬂla¢stiaﬁ programs & dsal mors axy@nsjve,
will not mske certxin the required quality of the suiput da-
ta, It seems ﬁhargacvw wors srfective to 1nc®rpaz ate tracer
injectionz sz a routine weihod in the pumping tests, togsth-
ei with widescale epplicsition of ihs hydrogsophyeical t
niques.

On the other hand, Tleld asquifer ioets, in thelr cur ent
modification, fo i &0 aurylv data on the permeability o
the sediments soross the beddl and this sxcludes &b
{dentificatinn of th 8 ﬂwtgé from surrent eX-
ploraticn pract e perenater is %xaaéiy
raspenaib & *mr 4he sv #% gatiation petisrn of ip~
: : heiw ertxv Luto the equifers. It ls
ing the "inflow® of
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protection, and pramised on the intagrasiion of research
branches which ars signjfivantly divorced in hydrogeology
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by & long-termed itradition; 2. broad use of the sdaptive
approach bzesd on gradual refinement of the calculation
models through the data acquisition with the progress of
the exploration, construction and operation of mines;

3. analysis and sclentific generslization of the data con-
cerning representative locations whare relisble parameters
of migration and filtration have bheen found during mining
operation, %thrcugh ths soluticn of ths corresponding in-
veres problems, The leiter iwo agpacis zre considered spe-
cially iwportent &lso, because the study of ths problem
in gquestion has te rely broedly cn the idzas snd methods
largeiy untested in practice and which extend far beyond
the 1imite of the standard hydrogeological investigstions.
Nevertheless, the sxperisnce now &vail??la from investi-
gatiens in several major minirng areas brings incontro=-
vertible evidence of the economic efficiency and large fu~
ture poltential of the integrated approach ocutlined here,

Y Pernaps the most comprehsnuive descripticn of expesrience
of this type may be found in the monocgraph of V,4.Nironenko,
V.G, Rumyain apd B.K.Ucheser {1380}, 13
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