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EXPERIMENTAL INVESTIGATIONS CONCERNING THE COMPATIBILITY
OF CERTAIN BRINES AND ROCKS

DOSWIADCZALNE BADANIA KOMPATYBILNOSCI NIEKTORYCH
SOLANEK I SKAL

In scdimentary rocks with a porous structure which is filled by water or water based solutions there
cxists a physico-chemical cquilibrium state in regard of a system composed of water solutions
and minerals (mainly clay mincrals) which constitute active rock components. The cquilibrium is
represented by the stability of the amount of water sorbed by the rock components, i.c. the stability of
internal rock swelling. Any variation of thc composition of the solution contained in the porc system
creates an instability of the equilibrium state and results in the swelling or shrinkage of the rock mass.
Such internal swelling or shrinkage of the rock is characterised by a variation of the pore dimensions
and it may be obscrved as a variation of the permeability during the flow of fluid in the rock-mass. The
paper presents the results of experimental investigations of the-permeability variations in the rock
implicd by the replacement of liquids contained in the rock pore system by other liquids. [t was recorded
that the replacement of the “native” brine filling the rock pores by brines of different composition may
result in the variation of rock permeability of as much as two orders of magnitude. An attempt has been
made to cxplain the recorded results from the standpoint of the physico-chemical interaction in the
brine-rock system.
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Z kopali wegla 1 kopalin innych surowcoéw mincralnych podczas ich cksploatacji wydobywa sig
réwnicz, nieraz w ogromnej ilosci, wody kopalniane, ktore sg przewaznic solankami o réznym stgzeniu
zawartych w nich soli. Pozbycie sig tych solanck, jako ubocznego produktu kopalni, stanowi powazny
i trudny problem. Najczgscicj stosowang metoda pozbycia sig tych solanck jest odprowadzenic ich do
rzck. Ten sposob stwarza jednak duze nicbezpicczefistwa dla gospodarki, przemystu i przyrody,
dlatcgo tez poszukiwane sa inne rozwiazania tcgo problemu. Jedna z takich metod jest wttaczanic
solanck do gigbokich warstw wodo- lub solankono$nych w giebi ziemi. Warunkiem umozliwiajacym
stosowanic tej mctody jest znalezicnic warstw skalnych gigboko zalegajacych, aby unicmozliwié
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kontakt solanck z powicrzchnia ziemi, oraz o wystarczajaco duzej przepuszezalnosci, aby uzyskaé
odpowiedni wydatek wttaczania. Nastgpnym warunkiem, o ktéorym czasem sig zapomina, jest nic-
zmienno$¢ przepuszezalnodci w przeptywic wttaczanej solanki w wybrancj warstwie geologicznej,
czyli kompatybilno$¢ zrzucanej solanki z wybrana skata.

Podczas wprowadzania solanki do skat suchych, zawodnionych lub zawierajacych juz solankg
pierwotna mozna si¢ spodziewa¢ zmiany przepuszczalno$ci w takich przeptywach.

O zmianach przepuszczalnosci w przeptywach wody lub solanck w niektorych skatach osadowych,
np. w piaskach, piaskowcach, marglach itp. oraz w weglu, dawno juz bylo wiadomo. W nicktérych
monografiach inzynierii ztozowej mozna spotka¢ wzmianki na ten temat (Amyx 1960; Engelhardt
1960; Grim 1962; Mayer-Gurr 1976). Nieliczne sa jednak prace poswigcone blizszemu omawianiu lub
wyjasnianiu tego zagadnienia.

Po wprowadzeniu solanki do skaty suchej nastgpuje oddziatywanic wody z aktywnymi sktad-
nikami skaty, ich pgcznienic i zmniejszenic przepuszczalno$ci. Po wprowadzeniu solanki do skaty
nasyconej juz woda lub solanka pierwotna nastgpujc zmiana rodzajow i stezen jonéw w roztworze
w porach, co wptywa na charakter i wiclkos¢ oddziatywania wody z aktywnymi sktadnikami skaly
i powoduje zwigkszenic lub zmniejsznic ich stanu pgcznienia, co z kolei prowadzi do zmnicjszenia
lub zwigkszenia przepuszczalnoéci w tych przeptywach (Skawiniski 1986; Skawifiski, Dyrga 1986;
Skawinski ct al. 1991).

W polskim przemysle wydobywezym przyktadem koniecznosci pozbycia sig solanki kopalniancj
jest kopalnia rudy miedzi w Rudnej. Kilka lat temu rozpoczgto rozwazania i badania mozliwosci
zrzutéw solanki z tcj kopalni do glgbokich warstw geologicznych. Takic kompleksowe badania
prowadzone byty w Akademii Gérniczo-Hutniczej w Krakowie (Siemek 1994, 11 2). Pewng czg$¢ tych
badafi, sprawdzenic kompatybilnosci wybranych skat z solanka z kopalni Rudna przeprowadzono
w Instytucie Mechaniki Goérotworu Polskicj Akademii Nauk w Krakowie.

Istota wykonanych cksperymentalnych badan byto prowadzenie przeptywdéw solanki przezna-
czonej do wttaczania w probkach wybranych skat, do ktorych projektowanc byto wttaczanie tej solanki.
Podczas prowadzonych przeptywéw micrzona byta przepuszczalno$¢ w celu znalezienia ewentualnych
j¢j zmian w czasic.

W okolicach Borzgcina pod utworami gérnego permu—cechsztynu na gigbokosci od okoto 1390 m
do okoto 1450 m zalega seria wapienno-dolomitowa z ilastymi przewarstwieniami. Pod nia znaj-
duje si¢ scria tupkowa, grubosci okoto 3 m, a jeszcze nizej seria szarych piaskowcow o spoiwie
wapnistym. Cato$¢ lezy na utworach dolnego permu — czerwonym spagowcu. (Budowa Geologiczna
Polski 1987)

Do tych scrii projektowanc byly zrzuty solanki wydobywanej z kopalni Rudna (solanka Rudna).
W seriach tych znajduje sig rodzima solanka (solanka Borzgcin). Probki skat i probki nasycajacej je
solanki rodzimej (solanka Borzgcin) pobrane zostaly z oméwionych utworéw z kilku otworéw ba-
dawczych (Borzgcein 21, 22, 25, 26). Do badan kompatybilno$ci skat i solanck uzyte zostaty rdzenie
wicrtnicze z serii szarych piaskowcow (Borzgein 21 i Borzgein 22) i z serii wapicnno-dolomitowej
(Borzgcin 25 i Borzgein 26).

Z otrzymanych rdzeni wiertniczych z serii szarych piaskowcow przygotowanc zostaty probki skat
do badan, nazwane Borzgein 21 (14461455 m) i Borzgcin 22 (1441-1450 m), a z scrii wapienno-
-dolomitowej probki nazwanc Borzgein 25 (1431-1435 m) i Borzgein 26 (1401-1405 m).

Oba uzyte roztwory: solanka Rudna i solanka Borzgcein, réznily sig stgzenicm zawartych w nich
soli. Solanka Rudna, o ogblnej zawartosci réznych soli 14%, zawicrata 12% chlorku sodu, 1,2%
chlorkéw wapnia i magnezu i drobne ilo$ci innych soli. Solanka Borzgcin natomiast, o ogolncj
zawartosci roznych soli 21%, zawicrata 16,5% chlorku sodu, 4,1% chlorkéw wapnia i magnczu
i drobne iloéci innych soli.

Przeptyw w przygotowanych probkach prowadzony byt pod ci$nieniem stupa roztworu wysokosci
6,4 m. Wydatck przeptywu oznaczany byt wagowo w mierzonym czasie i wyliczany z uwzglgdnieniem
odpowiednicj gestosci roztworu.

W przygotowanych probkach skat (piaskowcach: Borzecin 21 i 22 i dolomitach: Borzgcin 25
1 26) prowadzone byly przede wszystkim przeptywy solanki rodzime;j (solanki Borzgcin) i nastgp-
nic solanki wttaczanej (solanki Rudna). Prowadzone byty réwniez inne kombinacje przeptywow
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solanck oraz przeptywy wody. Pomiary przepuszczalnosci prowadzone byty az do praktycznego jcj
ustalenia sig.

Wyniki cksperymentéw w postaci znalezionego przebicgu zmian przepuszczalnosci w czasic
w prowadzonych przeptywach zebrane sa na o$miu rysunkach. Kazdy rysunck przedstawia zmiany
przepuszczalno$ci, wyrazoncj jako stosunck aktualnej mierzonej przepuszezalnosci w przeptywic
wody lub solanki, do przepuszczalnosci standardowcj, k/ky. Przepuszczalno$é standardowa micrzona
byta w przeptywic azotu w prébec suchej ,,as received”, przy réznicy cisnienia 0,1 MPa (nadci$nicnia)
do ci$nicnia atmosferycznego.

Rysunki przedstawiaja zmiany przepuszczalnosci w czasic (wyrazonym w dniach) podczas ba-
danych przepltywow. W prébkach piaskowca, w przeptywic wody lub solanek (Borzecin i Rudna),
przcpuszczalno$¢ zmienia sig niewiele. Przedstawione to jest na rysunkach 1, 21 3.

W prébkach dolomitu skata wykazuje duza aktywno$¢ wobec wody i jondéw w nicj zawartych.
W przeptywie wody lub obccj solanki (Rudna) w probee, po picrwszym nieznacznym zmnicjszeniu sig
przepuszczalnosci w picrwszych kilku dniach przeptywu, nastgpuja mnicj szybkic zmiany przepusz-
czalno$ci. Zmiany tc wynikaja z oddziatywania wody i solanck zc sktadnikami skaty. Przedstawiaja to
rysunki 4, 5, 7.

Przeptyw rodzimej solanki (Borzeein) w poczatkowo suchych prébkach dolomitu nic powoduje
znacznicjszych zmian przepuszczalnosci. Skata w naturalnym stanic w ztozu byta w réwnowadze
oddzialywania ze solanka rodzima. Po pobraniu rdzenia ze zloza, jego wysuszeniu i ponownym
nasyceniu solanka rodzima, zostata odtworzona ta réwnowaga, a wraz z nia stan pgcznienia i prze-
puszczalno$¢. Po zamianie w tych przeptywach rodzimej solanki na obca (Rudna) w picrwszych kilku
dniach nastepuje szybki i duzy (dziesigciokrotny) spadek przepuszczalno$ci. Dalszy przeptyw tcj
solanki powoduje dalszy spadek przepuszczalnosci, po 20 do 30 dniach nawet kilkudziesigciokrotny.
Przedstawionc to jest na rysunkach 6 i 8.

Kazdc obscrwowanc zachowanie si¢ przeptywu moze by¢ wyjasnione fizyczno-chemicznymi
zjawiskami zachodzacymi w uktadzie: wodny roztwor jonow i aktywne skiadniki skaty (mincraty itowe
obecne w skalce).

W przeplywic wody i obcej solanki (solanki Rudna) w probkach skat dolomitowych nastgpujc
znacznc zmnicjszanic si¢ przepuszczalnosci. Nastgpuje to w wyniku zmniejszenia ogdlncgo stgzenia
soli i stezenia jondw wapnia i magnezu w porach skaty. Solanka Rudna jest bowiem znacznic mnicj
stgzona (14%), w poréwnaniu do rodzimej solanki Borzgcin (21%). To samo dotyczy oczywiscic
przeptywow wody. Takic réznice w stezeniu jonow wystarcza do wywotania wzrostu wewngtrznego
pccznicnia aktywnej skaty, co powoduje duze (nawet kilkudziesigciokrotne) zmnicjszenic si¢ prze-
puszczalno$ci w takich przeptywach. )

Opisanc wyniki badan oddziatywania skaty z przeptywajacym roztworem sa przyktadem ko-
niccznosci poznania przebicgu i wiclkosci takicgo oddziatywania w kazdym przewidywanym przy-
padku zmiany przeptywajaccgo roztworu w skalc. Poznanic oddziatywania skaty z przeptywaja-
cym roztworem mozc by¢ wykorzystane do zamicrzoncj zmiany przepuszczalnosci w przeptywach
w skatach.

Stowa kluczowe: oddzialywanic skata-solanka, chemia fizyczna skal, zmiany przepuszczalnosci
w przeptywach w skatach

1. Introduction

The process of mining coal, metal ores and other raw materials requires the pumping
out of the huge amount of water contained in the rock mass. The pumped water is rarely
pure and very often consists of brines of various salt concentrations. The removal of
brines, which are an unwanted by-product of mining operations, constitutes a serious
problem.
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The method often applied to solve this problem is to discharge brines to rivers. This
solution implies water pollution and damage to the natural river environment. Con-
sequently, other ideas to solve the problem of brines are searched for.

One of the most attractive proposed solutions for this situation suggests that brines
may be injected to subsurface aquifers, i.¢. deeply located strata the porous system of
which is filled by water or brine. Aquifers are isolated from the earth’s surface by
systems of non-permeable strata. The thickness and the permeability of the aquifer
must be sufficiently great to achieve the required injection intensity. An additional
requirement concerning the efficiency of the considered technique is the stability of
permeability of a selected aquifer, i.e. the compatibility of the injected brine with the
aquifer’s constituent rock.

The Rudna Copper Mine located in the Lower Silesian region is an example of a mine
from which the huge amount of brine must be pumped. Several years ago investigations
concerning the injection of brine from Rudna to natural aquifers were initiated
(cf. Siemek et al. 1994a, b), and the majority of investigations have been completed.
The investigations concerning the compatibility of aquifer’s rock with the Rudna brine
were conducted in the Strata Mechanics Research Institute in Cracow.

2. Formulation of problem

The introduction of brine to the dry rock, water-saturated rock or rock containing
“native” brine may imply variability of the permeability in these flows.

Some time ago, information concerning the variability of the permeability of various
sedimentary rocks, e.g. sands, sandstones, marls and coal was recorded.

Certain monographs in the field of petroleum reservoir engineering (e.g. Amyx et al.
1960; Engelhardt 1960; Grim 1962; Mayer-Gurr 1976) present some information con-
cerning this matter. On the other hand, papers containing detailed discussions of the
problem or analysing its mechanisms are rare. ‘

After the injection of brine into dry rock an interaction between the brine and the
active components of the rock is initiated. Consequently, rock swelling and the re-
duction of permeability in the rock may be observed.

The injection of brine into brine or water-containing rock implies a variation of the
concentration of ions present in solution located in the rock pore system. The form and
intensity of the brine-rock interaction depends on the kinds of ions and their con-
centration in the solution. These factors generally lead to a swelling or shrinkage of
the rock’s skeleton, and consequently to the increase or decrease of the permeabi-
lity, resulting in fluid flow changes (cf. Skawinski 1996; Skawinski, Dyrga 1986;
Skawinski et al. 1991).

Another mechanism causing variations in permeability is represented by the phenome-
non known as colmatage, which may be encountered following the injection of brine
containing suspended solid particles. A similar phenomenon may be caused by the pre-
cipitation of sediments produced as a result of mixing brines of different composition.
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An interaction of clay minerals constituting the active components of sedimentary
rocks with water occurs in all situations in which variations of dissolved ion concen-
trations in the water contained in the pore system take place. The phenomenological
results of the interactions under consideration may be various, and they depend on
rock-type and type of ions dissolved in the water. For a given rock-brine system the
results of the interaction cannot generally be predicted in a rational manner, and they
must be determined experimentally.

The experimental mvestigations presented in the subsequent sections of this paper
consist of the realisation of the flow of brines predestined to be injected in the future
through the samples of appointed sedimentary rocks. In the experiments the variations of
the permeability in rock in time have been recorded.

3. Rocks and brines used in the experiments

In the vicinity of Borzecin (a town in Poland), under the Zechstein level rocks there is
the limestone-dolomite strata containing small clay-type “substratac”. The depth of the
strata varies from 1390 m to 1450 m. Directly beneath the limestone-dolomite strata
there is a thin shale zone the thickness of which is about 3 m. Below the shales there is
a layer of grey sandstones with a calceous binder. The sandstone layer is located directly
above sediments of lower Permian age, in Polish literature called “czerwony spagowiec”
(cf. Budowa Geologiczna Polski 1987).

The brines from the Rudna mine, located not far from the Borzgcin, were projected to
be injected into the layers presented above. The rocks referring to the layers considered
were saturated by the “native” brine which in the subsequent part of the paper will be
referred to as “Borzecin brine”.

Rock samples cut from the layers described above, and samples of the Borzecin brine
were obtained from the Borzgcin wells nos. 21, 22, 25 and 26. For the investigations
of the brine-rock compatibility, cores of the grey sandstones from the Borzecin well
21 (depth from 1446 to 1455 m) and from the Borzecin well 22 (depth from 1441 to
1450 m) were used. Additionally, and for the same purpose, cores of the limestone-
-dolomite layer from the Borzecin well 25 (depth from 1431 to 1435 m) and the Borzecin
well 26 (depth from 1401 to 1405 m) were used.

The samples used in the laboratory investigations were prepared directly from the
cores. The identification codes assigned to samples were the same as the names of wells
from which the cores were obtained. Consequently, the samples from the grey sandstone
were identified as Borze¢cin 21 and Borzgcein 22, and the samples from the limestone-
-dolomite were identified as Borzecin 25 and Borzecin 26.

The samples for the investigation were cut from the well cores in the form of circular
cylinders 32 mm in diameter and about 50 mm in length. Each raw sample was inserted
in a brass sleeve, and the gap between the sample and the sleeve was filled with the
epoxy resins, making flow between the raw sample and the sleeve wall impossible.
Employing the samples prepared in the manner outlined above, the permeability of grey
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sandstone and limestone-dolomite rocks in a flow of nitrogen were measured. The
results of such measurements were treated as the “reference permeability” for a given
sample. A list of the recorded reference permeabilities is presented in Table 1.

TABLE |

The reference permeability for samples used in the experiments

TABLICA |

Przepuszczalno$¢ odniesienia dla prébek uzytych w eksperymentach

Sample Rock type Reference permeability
Borzecin 21 gray sandstone 0.9 mD, 0.6 mD
Borzgcin 22 gray snadstone 1.3 mD
Borzecin 25 dolomite 15 mD, 10 mD
Borzegcin 26 dolomite 26 md, 29 mD, 98 mD

The brines used for the experiments were taken directly from the Rudna mine (Rudna
brine) or from wells located in the vicinity of Borzgcin (Borzecin brine). Before the
experiments took place, any solid substances suspended in the original brines were
removed by means of filtration in order to avoid the colmatage process which might
otherwise have accompanied the flow in the porous medium.

The brine solutions used in the experiments were different in their composition. The
Rudna brine contained 12% sodium chloride, 1.2% calcium and magnesium chlorides
and small amounts of other salts. The overall salt concentration was about 14%. The
Borzgcin brine contained 16.5% sodium chloride, 4.1% calcium and magnesium chlo-
rides and small amount of other salt. The overall salt concentration was about 21%.

4. The technique used in the experiments

Flow through the rock samples was achieved by applying hydrostatic pressure
produced by means of a piezometric head equal to 6.4 m of the brine. The mass flow-rate
was determined by weighing the quantity of liquid which passed through a sample in
a defined time interval. The volumetric flow-rate was obtained dividing the mass
flow-rate by the density of the liquid.

The creation of the flow under hydrostatic pressures conditions inhibited the creation
of small gas bubbles in the pore system of the sample. Small amounts of air which
remain in the sample after saturation by water do not constitute a problem, taking into
account that this air becomes dissolved in the water during the flow, and is transferred by
it outside the sample, after which the sample is then entirely saturated by the liquid.
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Applying the well-known Darcy’s formula, the permeability in the flow was de-
termined from the flow rate, length and diameter of the sample, solution viscosity and
the longitudinal pressure differential. In the calculations the temperature variations were
also taken into consideration. The permeability was expressed in the practical units
i.e. in millidarcys (1 mD = 10-!5 m?). Permeability measurements in the flow of
a brine in a sample were performed for a sufficiently long time to achieve steady flow
conditions.

For the prepared sandstone samples Borzgein 21 and Borzecin 22, and the dolomite
samples Borzgcin 25 and Borzgcin 26 the flow of “native” brine (i.e. Borzecin brine)
was measured. Subsequently, for the same samples, the flow-rate of injected brine
(i.e. Rudna brine) was investigated. Flow-rates of other combinations of brines and fresh
water through the samples were also measured in the course of the experiments.

5. Discussion of the results

The results of the experiments show the dependence of permeability on the duration
of the flow and are depicted in Figs. 1 to 8. Each of them exhibits the time-variation of
the relative permeability (i.e. the ratio of the permeability in the flow of water or brine £,
and the reference permeability ky ). The reference permeability for a given rock sample
was determined by applying a flow of nitrogen through the dry sample at a longitudinal
pressure drop of 0.1 MPa.

The figures show the time-variation of the relative permeability in the flows of the
Borzgcin brine, the Rudna brine and fresh water through the grey sandstone samples
extracted from the Borzgcin wells 21 and 22 and through limestone-dolomite samples
from the Borzecin wells 25 and 26.

From each sample from the limestone-dolomite rocks directly after the initiation of
flow (i.e. after the “flooding” of the sample), a flooding effect consisting of a significant
reduction in permeability in a short time-period was observed. The permeability in the
flow decreased several times or even several dozen times within a time interval equal to
several days even as little as several hours. The magnitudes of the falls in permeability
are expressed in the figures by the drop in the k/ky ratio (cf. Figs. 4, 5 and 7).

With regard to the sandstones, after some permeability reduction in the initial flow
period, in the subsequent flow of another brine the permeability drop was relatively
small. This recording of the permeability variation over time is depicted in Figs. 1, 2,
and 3. The activity of this rock did not appear to be significant. This rock was compatible
with the various flowing brines.

In the case of the dolomite samples the rock is highly reactive with respect to water
and to the ions dissolved in it. In the flow of the original “native” brine (Borz¢cin brine)
through these samples, variation of permeability was not observed to any great extent.
After the subsequent replacement of “native” brine with the “foreign” brine (Rudna
brine) a rapid reduction in the permeability was recorded. In the initial period, lasting
several days, of the flow of the latter Rudna brine the permeability in the flow, fell to
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Fig. 1. Flow of water, Borzgcin brine and Rudna brine in the sample of sandstone Borzecin 22

Rys. 1. Przeptyw wody, solanki Borzgcin i solanki Rudna w prébee piaskowca Borzecin 22
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Fig. 2. Flow of Borzgcin brine and Rudna brine in the sample of sandstone Borzecin 21

Rys. 2. Przeptyw solanki Borzgcin 1 solanki Rudna w probcee piaskowca Borzgein 21
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Fig. 3. Flow of Rudna brine in the at first dry sample of sandstone Borzecin 21

Rys. 3. Przeptyw solanki Rudna w poczatkowo suchej probee piaskowca Borzecin 21
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Fig. 4. Flow of water in the at first dry sample of the dolomite Borzgcin 26

Rys. 4. Przeplyw wody w poczatkowo suchej probce wapienia Borzgcin 26
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Fig. 5. Flow of Rudna brine in the at first dry sample of dolomite Borzecin 26

Rys. 5. Przeptyw solanki Rudna w poczatkowo suchej probce wapienia Borzecin 26
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Fig. 6. Flow of Borzgcin brine and Rudna brine in the sample of dolomite Borzgcin 26

Rys. 6. Przeptyw solanki Borzgcin 1 solanki Rudna w prébce wapienia Borzegcin 26
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Fig. 7. Flow of Rudna brine in the at first dry sample of the dolomite Borzecin 25

Rys. 7. Przeptyw solanki Rudna w poczatkowo suchej probce wapienia Borzecin 25
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Fig. 8. Flow of Borzgcin brine and Rudna brine in the sample of dolomite Borzecin 25

Rys. 8. Przeptyw solanki Borzgcin i solanki Rudna w probce wapienia Borzgein 25 (Skawinski 1994)

between 1/5 and 1/10 of the initial. During the later flow (about 30 days) the perme-
ability diminishes by much in excess of 100-fold. This significant decrease of per-
meability was the result of an intensive interaction between minerals contained in the
rock with the sorbed ions and ions dissolved in the introduced brine (cf. Figs. 6. and.§8.).
This ion-exchange caused the internal swelling of the rock. Thus, this rock with sorbed,
“native” ions is not compatible with the introduced brine.

6. The analysis of variations of the permeability
All the effects mentioned above are the results of the strong or weak interaction

within the brine-rock system. Each of these effects may be explained by means
of the physico-chemical phenomena occurring in the two-phase system composed of
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the water, dissolved ions and the clay minerals that constitute active substances in
the rock.

The permeability variations accompanying the flows of solutions through a rock
depend on:

+ type and amount of clay minerals and kind and concentration of the ions present

in the system,

+ accessibility of a solution (water and ions) to clay minerals,

* possibility of clay minerals to swell.

When the clusters of clay minerals are embedded in a rigid rock structure, their
interaction with the solution is weak. Such a situation was probably encountered in the
case of the sandstone rocks investigated. (cf. Figs. 1, 2, 3) In other cases, clay minerals
may be present, thinly inter-layered with other minerals, within rock containing
a micro-pore structure in which the diffusion of ions may easily occur and consequently
the swelling of clay minerals may occur. Such a situation was probably encountered for
the dolomite rocks investigated (cf. Figs. 4-8).

For two dolomite samples the flow of the “native” Borzecin brine was investigated
(Figs. 6, 8) in addition to the experiments using fresh water and the “foreign” Rudna
brine. For the flow-rates of the original brine the permeability variations were low. The
rock material remained in a physico-chemical equilibrium state with the original brine.
After the drying of the original rock sample and afterwards saturating it with the original
brine the initial physico-chemical equilibrium state became restored and in consequence
the swelling state and the permeability of the sample was approximately the same as
before the drying procedure.

For the flow of fresh water or “foreign” brine (Rudna brine) through the samples of
dolomite rock a significant reduction in permeability was observed (Figs. 4 and 5).
Such a situation was a result of reduction of the ion-concentration in the solution filling
the rock pores and increased sorption of water in the rock. The salt concentration
in the Rudna brine (14%) is much less than the salt concentration in the original Borzecin
brine (21%). For fresh water the concentration differential is even greater than for the
Rudna brine.

It is justifiable to form the opinion that variations in ion concentrations are sufficient
to initiate the internal swelling or shrinkage of active rock. The swelling process may be
recorded by the external observer as a resultant and considerable variation (even to the
extent of several dozen times) in the permeability in the flow.

7. Recapitulation

In mining and petroleum engineering activities, the replacement of solutions flowing
through a rock mass sometimes occur. The change of solution type may be understood as
the variation of the concentration and variation of the composition of dissolved ions. For
sedimentary rocks in which clay minerals are present the change of the kind of a flowing
solution implies the swelling or shrinkage of the rock skeleton. The internal swelling or
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shrinkage result in a variation of the permeability in the fluid flow in the rock and hence
the change in the rate of the flow. The permeability variations are observed on the basis
of a decrease or increase in the flow intensity.

The results of the investigations presented above indicate that in the case of a change
in the physico-chemical properties of a solution flowing in the rock-mass the inve-
stigations of the physico-chemical interactions between the rock material and flowing
solution must be analysed for each individual case. From data and results it may be
determined whether the flowing or introduced solution is compatible or non-compatible
with the rock. Knowledge of such fluid-rock interactions may be applied to undertake
operations which make it possible to reduce the permeability-variation effect, or may be
applied to operations whose intended purpose is to obtain an increase or reduction of the
permeability and hence the flow in the rock-mass.
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