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Abstract

This study is relevant for obtaining the first geochemical data (including information on radionuclides) on
the drainage waters of developed and flooded quarries in the eastern areas of the Novosibirsk Region. The
objective of the study was to identify the features of the chemical composition of drainage waters (a wide
range of chemical elements from Li to U). The study was carried out by titrimetry, ion chromatography
and mass spectrometry with inductively coupled plasma in a laboratory setting at the Hydrogeochemical
Problem Research Laboratory (PNIL GGH) of the Engineering School of Natural Resources of Tomsk
Polytechnic University (IShPR TPU). Measurements of ??2Rn in waters were carried out at the Alfarad Plus
facility of the Laboratory of Siberian Sedimentary Basins Hydrogeology of the A.A. Trofimuk Institute of
Petroleum Geology and Geophysics, Siberian Branch of the Russian Academy of Sciences (INGG SB RAS).
The data were divided into homogeneous geochemical populations using the coefficients Ca/Na, Ca/Mg,
Ca/Si, Mg/ Si, Na/Si. The chemical composition of the studied objects was found to be highly diverse. The
dominant waters have the chemical formula SO,-HCO,/Na-Mg-Ca with a TDS (total dissolved solids) of
400 to 700 mg/dm3. Three geochemical groups of waters were identified. The first is represented by drainage
waters of the developed rubble stone quarries, the second includes facilities of the Gorlovka coal basin, and
the third refers to abandoned flooded quarries. The first group is characterized by oxidizing conditions with
Eh varying over a wide range from +84.6 to +261.0 mV, pH from 6.9 to 8.6, and Ogissorved from 3.43 to 14.39 mg/dm3.
The radionuclide concentrations are (mg/dm?): 28U 9.30- 1073 - 1,40; 22Th 1,00 10°°- 2,16 - 10°%; 222Rn activity
varies from 1 to 572.5 Bg/dm3. The 2**Th/%3%U ratio ranges from 4.20-107 to 2.69- 103 with an average of
8.40- 10 The second group has a smaller Eh variation range of +133.2 to +199.6 mV, pH from 7.5 to 8.5, and
Oadissolved from 6.81 to 10.43 mg/dm?®. The radionuclide concentrations vary in the following ranges (mg/dm?3):
238U 2.26-103-2.90-102; 22Th 7.5-10°- 5.57- 104 The 2**Th /?*8U ratio ranges from 8.37-10*t0 4.80-102at
an average of 9.54-107%. The third group is also characterized by an oxidizingizing geochemical environment
with Eh +131.3 - +250.0 mV, pH from 6.9 to 8.8 and Oagissorved from 4.00 to 16.59 mg/dm?®. The radionuclide
concentrations are (mg/dm?®): 23U 3.00-10* - 2.74-107%; *?Th 1.65-10° — 1.15-107%; ?*’Rn activity varies
from 2 to 31 Bq/dm3. The #2Th/%%U ratio ranges from 2.36-10* to 1.02-107 at an average of 6.25-10™.
Overall, the 22Th /%8U ratio of the studied waters indicates their uranium nature of radioactivity. The data
obtained indicate a slight impact of the drainage water discharge from the abandoned quarries on the
environment.
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AHHOTauus

AKTyanbHOCTb UCCIeA0BaHMS 3aK/II0UAETCS B MOTYUYEeHUM MePBbIX re0OXMMUUECKUX JaHHBIX (BKIOYast UH-
dbopmainuio o paaMoOHYKINAAX) O APEHAKHBIX BOJAX pa3pabaTbIBA€MbIX U 3aTOIUIEHHBIX KapbepOB B Ipe-
JIelax BOCTOUHBIX paiioHOB HoBoCHMOMpPCKOii o6macTu. Llenbio MccienoBaHus SBJSETCS BBISIBIEHNME OCO-
6eHHOCTEl XMMMUUYECKOTO COCTaBa JPEHAKHBIX BOJ, (IIMPOKOTO CIEKTPa XMMUYECKUX 3J€MEHTOB OT Li 1o
U). JTabopaTopHOe M3yuyeHMe XMMMUUYECKOTO COCTaBa METOJaMU TUTPUMETPUM, MOHHOI XpomaTorpaduu,
Macc-CIIEKTPOMETPUM C MHIAYKTUBHO CBSI3aHHON TIa3MOI TPOBOAMIOCH B IIpo6aeMHOI HaydHO-UCCIIe-
IoBaTeNbckoii abopaTopum ruaporeoxumum (ITHWJT ITX) VHKeHepHOI IIKOIbI MPUPOIHBIX PECYPCOB
Tomckoro nonutexuuyeckoro yuusepcutera (VTP TITY). ismepeHue comepkaHuit 22Rn B Bogax mpoBO-
IMJIOCh Ha KOMIUIeKce «Ajbdapas roc» B 1abopaTopuy rMAporeoyioTUY 0CafouHbIX 6acceiiHoB Cubupu
WHcTuTyTa HedTerasoBoii reosorun u reopusuku um. A.A. Tpodumyka Cubupckoro ormeneHust Poccuii-
ckont akagmemuu Hayk (MHIT CO PAH). Pasnenenue naHHbBIX HA OOHOPOLHbIE reOXMMMUUECKME COBOKYITHO-
CTU BBITIOJIHEHO C TTOMOIIbI0 Ko3hduimentoB Ca/Na, Ca/Mg, Ca/Si, Mg/Si, Na/Si. YcTaHOBJIEHO, UTO XU-
MMUECKMII COCTaB M3y4yeHHbIX 00bEKTOB BecbMa pazHoo6paseH. JoMmuHupyoT Bonbl SO,~HCO, Na-Mg-Ca
COCTaBa C BeMUYMHOI 061eit MmuHepanusaiyu ot 400 mo 700 mMr/mm>. BbISB/IeHbI TPU T€OXMMUYECKIUE TPYII-
bl BogI,. [lepBast npezcTaB/ieHa JpeHaKHbIMY BOAaMI pa3pabaTbIiBa€MbIX KapbepOB OYTOBOTO KaMHSI, BTOpast
BKJIIOYAET B ce0s1 00beKThI [OPIOBCKOTO YTOJMBHOTO OacceiiHa U TPeThsl — OTpaboTaHHbIE 3aTOTVIEHHbIE Kapbe-
pol. [TepBasi TpyImma xapakKTepu3yeTcsl OKUCTUTEIbHBIMY ITapaMeTpaMiu TeoXuMuueckoii cpemst ¢ Eh, nzme-
HSIOLIMMCS B IIMPOKOM JManasoHe ot +84,6 no +261,0 mB, pH ot 6,9 10 8,6 1 O3 pacrs. OT 3,43 1o 14,39 mr/am?.
ConmepskaHusl PagUOHYKIUAOB COCTaBASIOT (Mr/mm®): 238U 9,30-1073 - 1,40; *2Th 1,00-10° - 2,16-1073;
aKTUBHOCTH *Rn m3mensierca ot 1 go 572,5 Br/om3. OtHomenne 2*Th /38U HaxomuTCcs B OMamasoHe OT
4,20-10° mo 2,69-107° mpu cpemHem 8,40-107%. Bropas rpymnma omiMJaeTcss MeHblueil Bapuainueit Eh ot
+133,2 mo +199,6 MB, pH ot 7,5 1o 8,5 Ojpacrs. OT 6,81 10 10,43 mr/om3. KoHIleHTpauuy paguoHyKINI0B
U3MeHsIoTcs (Mr/oM3): 238U 2,26-1073 - 2,90-1072; 22Th 7,15-10° - 5,57-10*. OTHouenue 2*Th/?%U Haxo-
IUTCS B nuamnasoHe ot 8,37-107* mo 4,80-1072 mpu cpemHeM 9,54 1075, TpeTbsi rpynima Takke XapaKTepu-
3yeTcsl OKUCIMUTEeNbHO reoxumumyeckoit o6cranoBkoit ¢ Eh +131,3— +250,0 MB, pH ot 6,9 10 8,8 1 Ojpacrs.
oT 4,00 mo 16,59 mr/mm®. ComepskaHusI pagMOHYKIMUIOB COCTAB/SIOT (Mr/om3): 238U 3,00-10% - 2,74-10%;
22Th 1,65-10° - 1,15-107°; akTMBHOCTb **Rn usmeHsiercs ot 2 10 31 Bk/mm?®. OTHomenne **2Th/?*U Ha-
XOOMUTCST B AuamasoHe ot 2,36-10“ mo 1,02-107° nmpu cpemuem 6,25-10*. B menom 2?Th/%%U oTHolIeHMe
M3YUEHHBIX BOJ, CBUAETEIbCTBYET 00 MX YPAHOBOII MPUPOIE PaaMOaKTUBHOCTHU. [loyueHHbIe JaHHbIE TO-
BOPSIT O HE3HAYMUTETbHOM BAUSHMUM cOpOCa IpeHakHbIX BOA, pa3pabaTbIBa€MbIX MECTOPOKIEHN ITOIe3HBIX
MCKOTIaeMbIX Ha OKPY3KaIOILIYI0 CPeLy.

KnioueBble cnoea
JIpeHaskHbIe BOIIbI, TeOXMMMS, PAAVIOHYK/IIbI, Kapbepbl, HoBocKb6upcKas obnacTs, 3anagHast Cubupb
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Introduction

Novosibirsk is the only major city in Russia in the
vicinity of which the Prigorodnoye uranium deposit
has been discovered, therefore making the presence
of radionuclides in its local waters a rather natural
phenomenon. The elevated radionuclide concentra-
tions are due to the presence of scattered radioactive
minerals in the granitoids of the large Novosibirsk
massif. In the 1980s and 1990s, more than ten deposits
of radon water were discovered in the Novosibirsk Re-
gion that were used for medicinal purposes (the most
famous were the Zaeltsovsky Bor sanatorium, Gor-
vodolechenitsa, and the Khimkoncentraty plant dis-
pensary). The deposits were practically not described
in scientific literature until the 2010s [1-3].

The majority of studies in world scientific litera-
tureis devoted to research on geological [4-6], hy-
drogeological [7, 8], and geochemical [9-11] factors
affecting the distribution of natural radionuclides in
waters of various isotopic-hydrogeochemical com-
positions. In Russia, research work to study various
aspects of the radiochemistry of natural waters and
simulation of geological processes in aquatic envi-
ronments has been going on for a long time. Some of
the latest works in this area are notably the studies
on the geochemistry of bottom sediments [12, 13], the
techniques for extracting radionuclides from natural
waters [14, 15], the geochemical features of different
types of natural waters [16-18] and their isotopic
composition [19-22], and issues related to mineral
deposit development [23, 24].

The situation with studies conducted on the
na-tural waters of the Novosibirsk Region has be-
gun to change for the better in recent years. This is
largely associated with the work of the Laboratory
of Hydrogeology of Siberian Sedimentary Basins of
the INGG SB RAS on studying the hydrogeological
conditions of radon water deposits [25], their isoto-
pic and geochemical features [26], their composition
formation mechanisms [27], and radionuclide moni-
toring [28]. Exhausted and flooded quarries (for ex-
cavating building crushed stone, coal, marble, sand)
are of special importance in these studies. There has
been significant attention paid to studying a wide
range of chemical elements (from Li to U) in con-
nection with the development of hydrogeochemical
prospecting. An important factor here is assessing
the environmental impact of drainage water dis-
charge, primarily its radioactive hazard, which was
performed in this study.

Research Method and Subject
pH, Eh, temperature, and the dissolved O,,
HCO,_ concentrations were determined using

special apparatus (Hanna HI9125, AKPM-1-02L
oxygen meter) directly at the facilities and at a field
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hydrogeochemical laboratory. Measurements of
the 222Rn concentration in the waters were carried
out at the Alfarad Plus facility of the Laboratory
of Siberian Sedimentary Basins Hydrogeology of
INGG SB RAS. The subsequent study of the chemi-
cal composition of 31 water samples by titrimetry,
ion chromatography and inductively coupled plas-
ma (ICP) mass spectrometry was carried out at the
PNIL Instituteof Hydrogeochemistry of IShPR TPU
(analysts O.V. Chebotarev, N.V. Bublii, A.S. Pogutsa,
V.V. Kurovskaya, K.B. Krivtsova, L. A. Rakul).

The designation of the chemical type is given ac-
cording to S.A. Shchukarev's classification (macrocom-
ponents of concentrations >10%-eq are added to the
formula) according to the hue principle from smallest
to largest.

The division of data into homogeneous geoche-
mical sets according to the composition formation
processes with an assessment of their manifestation
intensity was carried out based on the ratio of chem-
ical elements in the waters. The coefficients Ca/Na,
Ca/Mg, Ca/Si, Mg/Si, Na/Si were used to assess the
characteristics of water enrichment due to the hydro-
lysis of aluminosilicates and the congruent dissolution
of carbonates; SO,/Cl >>1 and rNa/rCl >> 1 - hydro-
lysis of aluminosilicates and oxidation of sulfide min-
erals; proportional increase in SO,/Cl = 1,rNa/rCl > 1,
Ca/Na > 0 - evaporative concentration.

Hydrogeological Structure

The studied quarries are distributed over a large
territory, with the distance between the most remote
facilities exceeding 200 km. The studied facilities in-
clude both active and mined out, currently flooded.
The list of the studied ones is dominated by granite
quarries. Coal, sand and one marble quarry were also
considered. The most numerous granite quarry group
is represented by the currently-operating Borok, No-
vobibeyevsky, Skalinsky; and the flooded Tulinsky,
Kamensky and Gorsky. The group of operating quar-
ries of the Gorlovka coal basin (Urgunsky, Gorlovka,
and Kolyvansky) is located in the Iskitimsky district of
the Novosibirsk Region. Sand quarries are represented
by the flooded Kirov and Podgorny. The marble quarry
group includes one facility — the Abrashinsky quarry in
the Ordynsky district of the Novosibirsk Region. Over-
all, the studied quarries have similar hydrogeological
conditions. There are two distinct hydrogeological
complexes: the upper one is a Cenozoic-age sedimen-
tary cover and the lower one consists of consolidated
rocks of a Paleozoic foundation broken through by late
Paleozoic granitoid intrusions. Cenozoic sediments
are typically represented by alluvial sediments of the
Ob River and its tributaries of various orders, as well
as rocks of the Kochkovskaya (Qy; k¢,) and Krasnodu-
brovskaya (sa Q, ;; kd) suites.
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We starts our analysis with the most representative
granite quarry group. It is important to note that they
are located within various granitoid massifs. Thus, the
Borok, Tulinsky, Kamensky and Gorsky quarries extract
granites of the Novosibirsk granitoid massif and Novo-
bibeyevsky of the Ob massif. Both these massifs belong
to the Priobsky monzodiorite-granosyenite-granitic
mesoabyssal complex (P,—T,p). The Skalinsky quarry
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extracts granites from the Kolyvansky granitoid massif
that belongs to the Barlak granite-leucogranite me-
soabyssal complex (T,_,b) [29].

The Ob massif is petrotypic. The first intrusion
phase has a very limited distribution and is not con-
sidered in this work. The second and main phase is
composed of biotite and hornblende-biotite monzo-
granite, less often granosienite, granite and granodio-
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Fig. 1. Location of the studied quarries
1-4 - quarries: 1 - granite; 2 — marble; 3 — sandy; 4 — coal; 5 — federal highways; 6 — Novosibirsk Region border;
7 — Novosibirsk Region border; 1-3, 10-12 — operating: I — Borok; 2 — Novobibeyevsky; 3 — Skalinsky;
4-9 —flooded: 4 — Tulinsky; 5 - Kamensky; 6 — Gorsky; 7 — Abrashinsky; 8 — Kirovsky; 9 — Podgorny;
10 - Urgunsky; 11 - Gorlovka; 12 — Kolyvansky
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rite. Moderately felsic granitoids gravitate to the endo-
contact zones of the massif. The third phase includes
rare dykes of fine-grained monzogranite, monzoleu-
cogranite, monzogranite porphyry, monzoleucogran-
ite porphyry, and veins of aplite and pegmatite. In the
Novobibeyevsky quarry and the bedrock outcrops along
the bank of the Ob River, large and small xenoliths of
quartz monzodiorite and quartz diorite in granite were
identified. The Novosibirsk massif also includes the
second and third phases. The second one is represen-
ted by hornblende-biotite monzogranite, granosyenite,
normally alkaline granite and granodiorite. The rocks
contain green hornblende and brown biotite. The bio-
tite ferruginosity is 40-55 [30].

The list of accessory minerals includes sphene, zir-
con, apatite, magnetite, ilmenite and fluorite [29]. The
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third phase is represented by small bodies of inclined
stocks of the north-eastern extension and dykes up to
15 m thick. The composition of the stocks is represent-
ed by monzogranite-porphyry and the dykes by mon-
zogranite-porphyry, fine-grained monzoleucogranite,
quartz monzodiorite-porphyry and spessartite. The
monzogranite-porphyry has a similar composition to
the fine-grained monzoleucogranite, and the porphyric
inclusions are composed of feldspar. The content of
quartz and K-Na feldspar is higher in the monzoleu-
cogranite than in the monzogranite, while the Ca-Na-
plagioclase content is respectively lower. The Borok
quarry is located in the contact zone of the Novosibirsk
massif. Here, the contact is sharp, dipping towards the
host rocks, and is often represented by veins and leu-
cogranite and aplite dykes.
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Fig. 2. Borok quarry location (a) and geological structure schematics (b):
1 - granitoids; 2 - hornfels; 3 — lamprophyre; 4 — granodiorite; 5 — cross-section line

The host rocks are represented by sandy-clayey shales of the Upper Devonian Pacha Formation that were transformed into
hornfels by contact metamorphism. The Kolyvansky massif is composed of medium-grained granitoids that are predominated
by monzoleucogranite. Second-phase rocks are represented by fine-grained monzoleucogranite dykes up to 3 m thick
of a sublatitudinal /NE-SW strike. Pegmatite veins, lenses and nodes are observed
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The studied coal quarries correspond to the sim-
ilar-named deposits located within the Gorlovka coal
basin. The latter has a highly complex geological struc-
ture, and is a narrow (4-8 km) graben-syncline that
is elongated from northwest to southeast and sand-
wiched between the Kolyvan-Tomsk folded zone in the
northwest and the Salair Ridge in the east. This basin
is characterized by a single waterlogged fractured zone
in sedimentary-terrigenous Upper Paleozoic rocks:
medium- and fine-grained coal-bearing sandstone,
siltstone, mudstone, carbonaceous mudstone and coal
seams.

The studied construction sand quarries are cha-
racterized by a different position relative to gran-
itoid massifs: the Podgorny quarry is located in the
inner part of the Kolyvansky granitoid massif, while
the Kirovsky sand quarry is located in the exocontact
zone of the Novosibirsk granitoid massif. The latter
was focused on the extraction of fine-grained sands
from alluvial deposits of the second terrace above the
Ob River floodplain. In the Podgorny quarry, sands
were excavated from the sediments of the first terrace
above the Ob River floodplain.

The Abrashinsky marble quarry is located with-
in Bugotagsky suite (D,bg). In addition to effusive,
volcanogenic-sedimentary, and sedimentary rocks,
as well as subvolcanic formations, this stratigraph-
ic unit includes layers of marbled limestone. This
geological situation therefore suggests that the for-
mation of the Abrashinsky deposit marble occurred
due to the impact of a magmatic body on the lime-
stone of the Bugotagsky suite. Such a plutonic body
could be a gabbro-dolerite stock, located no further
than 3 km west of the quarry. The quarry is also loca-
ted within a tectonic block, so metamorphosed rocks
and a heat source could be spaced along the tectonic
boundary.

Geochemical Features

Analysis of available data on drainage water com-
position allowed identifying three geochemical popu-
lations based on coefficients (Ca/Na, Ca/Mg, Ca/Si,
Mg/Si, Na/Si, Si/Na, rNa/rCl u SO,/Cl). The first
one includes drainage waters of the developed gran-
ite quarries (Novobibeyevsky, Skalinsky, Borok). They
have the following coefficient values: Ca/Si 17.61;
Mg/Si 4.17; Na/Si 6.73; Mg/Na 4.17; Si/Na 0.25;
Ca/Na 2.84; Ca/Mg 4.23; rNa/rCl 5.24; SO,/Cl 9.14.
The second population is represented by the waters
of coal quarries (Urgunsky, Gorsky, Kolyvansky). They
differ from the first in the increased ratios of Ca/Si
21.49; Mg/Si9.78; Na/Si 14.89; Mg/Na 9.78; rNa/rCl
7.38; SO,/Cl 24.91 and decreased Si/Na 0.10; Ca/Na
2.36; Ca/Mg 2.26. The third population includes the
flooded quarry waters (granite: Gorsky, Tulinsky; san-
dy: Kirovsky, Podgorny; marble: Abrashinsky), which
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differ from the Gorlovka coal basin facilities in terms
of their geochemical coefficients by increased Ca/Si
95.84; Mg/Si 51.02; Na/Si 58.82; Mg/Na 50.58;
Ca/Mg 3.88 and decreased Si/Na 0.05; Ca/Na 1.75;
rNa/rCl 1.77; SO,/Cl 1.79. The waters of the flooded
quarries compared to the first population are charac-
terized by increased ratios of Ca/Si 95.84; Mg/Si
51.02; Na/Si 58.82; Mg/Na 50.58 and decreased
Ca/Mg 3.88; Si/Na 0.05; Ca/Na 1.75; rNa/rCl 1.77;
SO,/Cl 1.79.

In this study, drainage waters of the Borok, Kamen-
sky, Tulinsky and Gorsky quarries located within
the Novosibirsk Region (similar-named massif) were
analyzed. The Borok quarry waters are characterized by
SO,-HCO; Na-Mg-Ca, CI-SO,~HCO, Mg-Na-Ca and
Cl-SO,-~HCO, Na-Mg-Ca compositions (Fig. 4, Table
1) with a total salinity of 583-697 mg/dm? and a silicon
concentration of 0,89-10,53 mg/dm3. The geochemical
parameters of the geological environment correspond
to the oxidizing conditions with Eh +150,2 —+261,0 mV,
pH 7,6-8,5 and Oagissoivea 3.43—-11.43 mg/dm3. The
average values of the geochemical coefficients (ratios)
are as follows: Ca/Si 23.54; Mg/Si 5.32; Na/Si 9.64;
Mg/Na 0.53; Si/Na 1.15; Ca/Na 2.34; Ca/Mg 4.49;
rNa/rCl 2.67; SO,/Cl 3.63 (Figure 5).

Kamensky quarry waters are characterised by
SO,-Cl-HCO,/Ca-Na composition with a total sali-
nity of 166-349 mg/dm? and a silicon concentration
of 1.87-4.21 mg/dm3. The waters are characterized
by a slightly alkaline pH of 7.6-8.5 and an O,gissoved
concentration of 4.00 mg/dm3. The average geoche-
mical coefficients are increased in Ca/Mg (8.68) and
decreased in Mg/Na (0.24); Ca/Na (1.52); rNa/rCl
(1.19); SO,/Cl (0.76). Tulinsky quarry waters are
haracterised by Cl-SO,-HCO,/Na-Ca-Mg and
S0O,-Cl-HCO,/Ca-Mg-Na composition with a total
salinity of 454-541 mg/dm® and a silicon concen-
tration of 0.32-0.78 mg/dm?®. The geological envi-
ronment geochemical parameters correspond to oxi-
dizingizing conditions with Eh +131.3 - +250.0 mV,
pH 8.7-8.8 and Oagissolved 8.58—-11.30 mg/dm53. The ave-
rage geochemical coefficients are as follows: Ca/Si,
88.39; Mg/Si, 60.92; Na/Si, 103.45; Mg/Na, 0.66;
Si/Na, 0.01; Ca/Na, 0.92; Ca/Mg, 1.43; rNa/rCl,
2.06; SO,/Cl, 1.51. Gorsky quarry waters are cha-
racterized by a CI-SO,-~HCO,/Na-Mg-Ca and
SO,-Cl-HCO,/Na-Mg-Ca composition with a total
salinity of 403 mg/dm?® and a silicon concentration
of 0.25-0.40 mg/dm3. The geological environment
geochemical parameters correspond to oxidizing
conditions with Eh +139.3 - +250.0 mV, pH 8.5-8.7
and Oygissoived 8.20—16.59 mg/dm?3. The average geo-
chemical coefficients are increased for Ca/Si, 154.83;
Mg/Si, 81.38; Mg/Na, 1.13; Ca/Na, 2.17; Ca/Mg,
1.91, and decreased for Na/Si, 74.32; rNa/rCl, 1.05;
SO,/Cl, 1.33, while comparable values are character-
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istic for Si/Na (0.02). Overall, the values of the geo-
chemical coefficients for all quarries are characteris-
tic of sulfide oxidation, which is pronounced in the
values of the ratios SO,/Cl (0.67-11.51) and rNa/rCl
(0.53-9.19).

Novobibeyevsky quarry waters drain the Ob
massif granitoids and are characterized by a
SO,-HCO,/Na-Mg-Ca composition with a total a sa-
linity of 385-461 mg/dm? and a silicon concentration
of 5.02-9.60 mg/dm?3. The geological environment
geochemical parameters correspond to oxidizing
conditions with Eh +107.8 — +145.6 mV, pH 7.8-8.6
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and Oagissorved 6.50—14.38 mg/dm?3. The averaged geo-
chemical coefficients are as follows: Ca/Si, 9.55;
Mg/Si, 3.07; Na/Si, 2.97; Mg/Na, 1.08; Si/Na, 0.39;
Ca/Na, 3.51; Ca/Mg, 3.33; rNa/rCl, 9.46; SO,/Cl,
11.49. Skalinsky quarry waters correlate with the Bar-
lak granite-leucogranite mesoabyssal complex. They
belong to the chemical types HCO.-SO,/Na-Mg-Ca
and SO,-~HCO,/Na-Mg-Ca with a total salinity of
279-787 mg/dm*® and a silicon concentration of
8.22-10.21 mg/dm3. The geological environment geo-
chemical parameters correspond to oxidizing con-
ditions with Eh +84.6 — +167.0 mV, pH 6.9-7.0 and

© Borok

@ Novobibeyevsky
O Skalinsky

< Tulinsky

©® Kamensky

O Gorsky

< Abrashinsky
v Kirovsky

* Podgorny

¢ Urgunsky

A Gorlovsky

B Kolyvansky

100
< Ca

Cations

$OP

100
cl >

Anions

Fig. 4. Drainage water chemistry Piper diagram
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Table 1
Chemical composition of drainage waters of the Novosibirsk Region quarries
Non|ppy| T | Op | ole, HCO, |50 | I | Ca g™ N,:;/:;,s M| si| T | U Th/U Chemical type

1 8.31261.0| 9.30 17 378 96 |38 |101| 22 |50 |4.2| 697 | 6.98 |5.10-10°9.26-10%|5.51-10*| C1-SO,-HCO; Mg-Na-Ca
1 8.1 |225.0 10.58 19 371 | 107 | 32 109 | 25 | 41|4.0| 696 | 0.89 1.24-105/1.08-10?%/1.15-103| SO,~HCO; Na-Mg-Ca
1 8.3 256.3| 10.90 4 378 90 |34 |102| 19 |54|3.9|687 | 7.07 |9.90-10°8.00-10% 1.24-10*|Cl-SO,~HCO; Mg-Na-Ca
1 8.3 | 246.5| 11.21 348 82 | 28|90 | 21 |45 |3.6|619|6.70 |5.40-10°2.96-1021.82-10*| SO,-HCO;Mg-Na-Ca
1 8.3 1244.7 | 11.43 8 388 58 | 25|99 | 22 |35|2.7|630 | 5.96 6.50-10°9.30-10°/6.99-10*| SO,~HCO; Na-Mg-Ca
1 8.5 2158 11.10 16 386 61 5195 18 |32]5.0| 603 |5.03 1.00-10°1.03-102|9.71-10°| SO,-HCO;Na-Mg-Ca
1 7.6 | 194.3| 3.61 45 319 | 111 | 36| 97 | 26 |44 |4.7| 660 | 7.74 |1.39-10°|1.16E-011.20-10*|Cl-SO,~HCO; Na-Mg-Ca
1 8.2 | 195.1| 8.55 38 308 | 113 | 29| 94 | 24 | 37 |3.9| 619 | 6.70 - 1.19-107 - SO,~HCO; Na-Mg-Ca
1 7.6 | 184.7| 3.43 88 320 | 118 | 28 | 95 | 22 | 50|6.2| 663 |10.53/5.48-10°|2.13-10!/2.57-10*| SO,~HCO; Mg-Na-Ca
1 8.2 209.7 | 8.98 89 331 56 | 37|89 | 21 |36 |4.7| 583 | 4.85|1.54-10%/1.03-102|1.49-10%|CI-SO,-HCO; Na-Mg-Ca
1 7.9 | 201.7 | 7.52 51 352 77 | 41101 | 22 |41 |4.5| 652 | 6.56 |9.62-107%/9.15-107%|1.05-10%|CI-SO,-HCO; Na-Mg-Ca
1 8.0 | 150.2 | 7.11 57 272 | 116 | 34 | 91 | 21 |43 |3.9| 605 | 7.11 |4.62-10° 7.95-10?%|5.81-10*|Cl-SO,~HCO; Mg—Na-Ca
2 7.8 | 107.8 | 6.49 25 224 20 3 55| 15 |20|3.3]| 385 | 7.00 2.60-10°1.07-102|2.43-10*| SO,-HCO;Na-Mg-Ca
2 8.0 111.0| 7.91 15 248 28 365 16 |20 |3.0| 434 | 6.49 - 1.02-107 - SO,~HCO; Na-Mg-Ca
2 8.6 | 121.7 | 14.39 6 232 48 3 | 58 | 22 |20|2.3 433 5.02 (1.76-10°/1.02-102/1.72-10%| SO,-HCO, Na-Mg-Ca
2 7.9 | 139.7 | 7.88 39 256 40 3162 25 |20(29 461 5.72{2.90-10°/1.08-102/2.69-10°%| SO,~HCO; Na-Mg-Ca
2 8.1 | 1456 744 2 268 43 3072 | 20 |13 ]4.5|423|9.60 |3.10-10°/1.16-1072|2.67-1073 SO,~HCO; Mg-Ca
3 6.9 | 84.6 4.58 573 67.1 | 215 | 6 |120| 22 |29 |5.1| 787 | 8.34 |2.96-10*| 1.40 |2.12-10*| HCO,-SO, Na-Mg-Ca
3 6.9 | 153.6 | 4.60 495 140 | 106 | 7 |105| 22 |27 |4.1| 773 | 8.22 |3.93-105/9.38-107"|4.20-10°| SO,—~HCO; Na-Mg-Ca
3 7.0 | 167.0 | 4.49 154 98 73 | 4 | 63| 19 |20 |4.5|28210.21/3.90-10* 1.16 |3.35-10*| HCO,;-SO, Na-Mg-Ca
3 7.0 | 164.5| 3.75 259 98 77 | 4 | 62 | 13 |21 |4.5]279|9.96 |2.16-10% 1.21 1.78-103| SO,-HCO; Na-Mg-Ca
4 8.8 250.0 11.30 2 325 53 | 31| 46 | 35 | 43|7.8|541|0.78 |3.20-10°|1.21-10?|2.64-10*|CI-SO,~HCO; Na-Ca-Mg
4 8.7 | 131.3 | 8.58 - 244 | 49 |38 | 37 | 24 |48 |8.6| 454 | 0.32 |7.08-10°/1.23-102|5.77-10*|SO,-Cl-HCO; Ca—Mg—-Na
5 7.5 - - - 109 18 20| - - - | - | 166 3.27 - - - -
5 6.9 - 4.00 - 183 | 24 |36 |59 | 11 |19 349 | 4.21 - - - S0,~Cl-HCO; Na-Mg-Ca
5 - - - 146 28 | 39| 35 3 |51 316 | 1.87 - - - SO,-Cl-HCO; Ca-Na
5 7.5 - - - 109 18 | 20 | 27 3 |35 231 | 3.27 - - - SO,-Cl-HCO; Ca-Na
5 - - - 146 28 | 39 228 | 1.87 - - - -
6 8.7 | 250.0 | 16.59 - 239 40 | 29| 48 | 24 |20 |3.7| 403 | 0.40 {1.00-10°9.80-1073|1.02-107*|C1-SO,~HCO; Na-Mg-Ca
6 8.5 |139.3| 8.21 - 207 47 |37 | 48 | 26 | 25|4.5/ 403 |0.25 |1.15-10°|1.24-10%/9.30-10*|SO,—CI-HCO; Na-Mg-Ca
7 8.6 | 144.0 | 5.42 31 239 16 8 | 36 | 22 |22]1.4]353)0.29 |1.65-10°2.28-103| 7.24-10™" HCO; Na-Ca-Mg
8 8.7 1 205.0 | 15.50 2 449 | 107 | 45100 | 41 |45/2.0/ 789 | 1.29 - 3.00-10* - Cl-SO,~HCO; Na-Mg-Ca
9 8.4 |186.5| 9.34 - 177 59 | 11| 42 | 21 |15|3.2| 330 | 0.18 6.47-10°|2.74-10?2.36-10*| SO,~HCO; Na-Mg-Ca
10 |8.3|145.6  17.70 - 561 96 | 57 | 65 | 33 [158]2.5|973 | 6.55 |1.92-10°/5.97-10%3.22-103|Cl-SO,~HCO; Mg-Ca-Na
10 8.2 11604 | 8.16 - 378 | 186 |44 | 72 | 42 |97 |3.9| 823 | 3.68 |1.40-10°|1.67-10?% 8.37-10*|Cl-SO,~HCO; Mg-Ca-Na
10 7.5 148.8 | 6.81 - 360 | 240 | 36 | 83 | 43 |94 |4.4| 860 | 5.24 |3.78-10°|1.30-102%/2.91-103| SO,~HCO; Mg-Na-Ca
10 8.5 133.2 | 8.26 - 344 71 | 43| 32 | 28 |102|2.5| 625 | 6.59 |2.68-107%|7.86-1073|3.41-10%|CI-SO,~HCO; Ca-Mg-Na
11 8.1 1747 8.58 - 315 | 289 | 4 | 90 | 53 |54 (2.9|808 | 4.15 |7.15-10°|3.41-103/2.10-10| HCO,-SO, Na-Mg-Ca
11 7.7 1185.2| 7.44 - 421 | 243 | 12| 96 | 51 |77 |3.2] 907 | 4.19 |1.59-10°/2.26-1073| 7.02-103| SO,-HCO, Na-Mg-Ca
11 7.8 11904 | 761 - 414 | 285 | 11| 88 | 54 | 94 |4.4| 950 | 4.15 |4.68-10°|4.02-103/1.17-10?| SO,-HCO; Na-Ca-Mg
12 7.8 1190.7 | 7.65 - 302 | 182 | 9 | 104 | 28 |36 |3.0| 673 | 5.25 - 9.16-103 - SO,~HCO; Na-Mg-Ca
12 7.5198.8| 8.40 - 153 | 456 | 65 |150| 56 |40 |1.7|922 | 4.62 |5.57-10*1.16-102|4.80-1072|Cl-HCO;-SO, Na-Mg-Ca
12 8.0 1194.8 | 10.43 - 257 | 118 | 2 | 84 | 22 |13 |3.3| 500 | 3.80 {9.32-10°/1.11-102|8.39-10* S0,-HCO; Mg-Ca
12 8.0199.6 | 09.18 - 366 | 502 | 9 | 190 | 72 | 28 |4.1|1171| 4.13 |4.47-10*/2.90-102|1.54-10? HCO;-SO, Mg-Ca
Note: “~” — data are not available; M is total salinity.
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Oyissotved 3-75—4.60 mg/dm®. Compared to the Novo-
bibeyevsky quarry waters, the average values of the
geochemical coefficients are almost similar, and are
as follows: Ca/Si, 9.89; Mg/Si, 2.12; Na/Si, 2.71;
Mg/Na, 0.78; Si/Na, 0.39; Ca/Na, 3.52; Ca/Mg, 4.59;
rNa/rCl, 7.65; SO,/Cl, 22.76.

The Gorlovka coal basin drainage waters have been
studied in several quarries. Thus, Gorlovka quarry wa-
ters are characterized by a HCO,-SO,/Na-Mg-Ca and
SO,-HCO,/Na-Mg-Ca composition with a total sa-
linity of 808-950 mg/dm? and a silicon concentration
of 8.22-10.21 mg/dm?3. The geological environment
geochemical parameters correspond to oxidizing con-
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ditions with Eh +174.7 - +190.4 mV, pH 7.7-8.1 and
Oqdissolvea  7-44-8.58 mg/dm3. The averaged values of
geochemical coefficients are as follows: Ca/Si, 21.95;
Mg/Si, 12.70; Na/Si, 18.01; Mg/Na, 0.74; Si/Na, 0.06;
Ca/Na, 1.28; Ca/Mg, 1.73; rNa/rCl, 14.36; SO,/Cl,
38.19. Urgunsky quarry waters are characterized by
a Cl-SO,-HCO,/Mg-Ca—-Na composition with a total
salinity of 625-973 mg/dm3 and a silicon concentra-
tion of 3.68-6.59 mg/dm® The geological environ-
ment geochemical parameters correspond to oxidizing
conditions with Eh +133.2 — +160.4 mV, pH 7.5-8.5
and Oygissorved 6-81-8.26 mg/dm?3. The average values of
the geochemical coefficients compared to those de-
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Fig. 5. Geochemical types of drainage water based on the relationship of the coefficients Ca/Mg - Ca/Na (a),
SO,/Cl-rNa/rCl (b), Mg/Si - Na/Si (c), Ca/Si — Si/Na (d). The arrow indicates an increase in the silicon concentration.
See Legend in Fig. 4
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scribed above are higher for Na/Si, 20.99 and lower for
Ca/Si, 12.55; Mg/Si, 7.21; Mg/Na, 0.34; Si/Na, 0.05;
Ca/Na, 0.59; Ca/Mg, 1.69; rNa/rCl, 3.84; SO,/Cl, 3.56.
Kolyvansky quarry waters are characterized by
a Cl-HCO,-S0O,/Na-Mg-Ca and SO,-HCO,/Mg-Ca
composition with a total salinity of 500-1171 mg/dm3
and a silicon concentration of 3.80-5.25 mg/dm?.
The geological environment geochemical param-
eters correspond to oxidizing conditions with Eh
+190.7 — +199.6 mV, pH 7.5-8.0 and an O,gioived CON-
centration of 7.65-10.43 mg/dm3. Compared to the
Gorlovka quarrywaters, these waters are characterized
by increased Ca/Si, 30.10; Si/Na, 0.17; Ca/Na, 4.93;
Ca/Mg, 3.21 and decreased Mg/Si, 10.17; Na/Si, 6.46;
Mg/Na, 1.60; rNa/rCl, 5.69; SO,/Cl, 36.28. Drainage
waters of the Gorlovka coal basin are characterized by
high concentrations of sulfates (71-502 mg/dm?®) and
sodium (13-158 mg/dm?), as well as increased Na/Si,
rNa/rCl, SO,/Cl ratios, which indicate sulfide oxida-
tion processes.

Abrashinsky marble quarry drainage waters are
characterized by a HCO,/Na-Ca-Mg composition
with a total salinity of 500-1171 mg/dm? and a silicon
concentration of 3.80-5.25 mg/dm3. The geological
environment geochemical parameters correspond to
oxidizing conditions with Eh +190.7 — +199.6 mV, pH
7.5-8.0 and Oygissorvea 7-65 — 10.43 mg/dm3. The aver-
age values of the geochemical coefficients are: Ca/Si,
123.50; Mg/Si, 75.47; Na/Si, 74.95; Mg/Na, 1.01;
Si/Na, 0.01; Ca/Na, 1.65; Ca/Mg, 1.64; rNa/rCl, 4.24;
S0O,/Cl, 2.03. Abrashinsky quarry waters accumulate
magnesium, sodium and calcium that is expressed in
high Ca/Si, Mg/Si and Na/Si ratios.

Kirovsky sand quarry waters are characterized by
a Cl-SO,~HCO,/Na-Mg-Ca composition with a total
salinity of 789 mg/dm3 and a silicon concentration of
1.29 mg/dm3. The geological environment geoche-
mical parameters correspond to oxidizing conditions
with Eh +205.0 mV, pH 8.7 and an Oagigones CONCEN-
tration of 15.50-3 mg/dm3. The average values of the
geochemical coefficients are as follows: Ca/Si, 77.52;
Mg/Si, 31.71; Na/Si, 35.09; Mg/Na, 0.90; Si/Na, 0.03;
Ca/Na, 2.21; Ca/Mg, 2.44; rNa/rCl, 1.55; SO,/Cl,
2.38. Podgorny sand quarry waters are characterized
by a SO,-HCO,/Na-Mg-Ca composition with a total
salinity of 330 mg/dm3 and a silicon concentration of
0.18 mg/dm?. The geological environment geochemical
parameters correspond to oxidizing conditions with Eh
+186.5 mV, pH 8.4 and O2dissolved 9.34 mg/dm?®. The
average values of the geochemical coefficients are in-
creased for Ca/Si, 229.91; Mg/Si, 113.31; Na/Si, 80.12;
Mg/Na, 1.41; Ca/Na, 2.87; rNa/rCl, 2.11; SO,/Cl, 5.51
and decreased for Si/Na, 0.01; Ca/Mg, 2.03. The geo-
chemical coefficients indicate that the Podgorny quar-
ry waters are enriched with calcium, magnesium and
sodium.
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Types of Radionuclides

The development of solid mineral (ore and
non-metallic) deposits carries a significant threat to
the environment. This primarily applies to the ele-
ments of the first hazard class, which include beryl-
lium, arsenic, mercury and thallium'. The influence
of radionuclides on ecosystems is also extremely
dangerous, despite the fact that uranium now be-
longs to the second hazard class (MPC of 15 ug/dm53).
The applicable regulatory documents of the Russian
Federation indicate that there are no approved MPCs
(maximum permissible concentrations) for thorium.
The natural radioactivity of natural waters of various
isotopic-geochemical compositions attracts genuine
interest in the world. In this regard, in this work, for
the first time, studies were carried out to assess the
distribution of uranium and thorium in drainage wa-
ters, given that the studied region is characterized by
an increased natural background radiation due to the
presence of scattered radioactive minerals in gran-
ite and granodiorite. The features of the distribution
of uranium, thorium and radon in the waters of the
studied quarries are considered below.

The current concentrations of natural radionu-
clides in the Borok quarry waters are within the fol-
lowing limits (mg/dm3): 2*8U from 0.009 to 0.213 and
22Th from 1.00-10°° to 9.62-107°. The **Th/*%U ra-
tio in the waters ranges from 9.71-107° to 1.49-1073
(Fig. 6). The ?2’Rn activity ranges from 1 to 89 Bq/dm53,
which allows referring them to the class of very
low- radon waters (according to the classification of
N.I. Tolstikhin) [1]. The concentration of natural ra-
dionuclides in the Tulinsky quarry waters varies in the
following ranges (mg/dm?®): U from 0.0121 to 0.0123
and »2Th from 3.20-107° to 7.08-107°. The %32Th/?*%U
ratio in the waters varies in the range from 2.4-10*
to 5.77-10, and the ?2?Rn activity does not exceed
2 Bg/dm3. The concentration of natural radionu-
clides in the Gorsky quarry waters ranges as follows
(mg/dm3): 28U from 0.010 to 0.012 and ?*’Th from
1.00-10 to 1.15-10°°. 2Th /23U ratio in the waters
ranges from 9.30-10 to 1.02-1075.

Novobibeyevsky quarry waters contain natural ra-
dionuclides within the following limits (mg/dm3):
238U from 0.010 to 0.012 and ?**Th from 2.60-107 to
3.10-10°°. #2Th/?*®U ratio in the waters ranges from
2.43-10* to 2.69-1073. The 22Rn activity varies from
2 to 39 Bg/dm?3, which allows classifying them as very
low-radon. Skalinsky quarry waters contain natural
radionuclides within the following limits (mg/dm3):
28U from 0.940 to 1.400 and ??Th from 3.93-10°° to

1 GOST R 58573-2019 “The nature conservancy.
Hydrosphere. Water quality. Risk-based control”; GOST R
58556-2019 “Assessment of water quality of water bodies from
ecological view points”.

226



MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU U TEXHOJ1I0N'MA
2022;7(3):216-230

elSSN 2500-0632

https://mst.misis.ru/

Derkachev A. S. et al. Nature of radioactivity of quarry drainage waters in the Novosibirsk region

101 0
1- ® (9 10—1-
mg o ':10—2-
s 0,14 oflo £
M * ° - 5103
Z 0,014 ®evge 0o . 10 o " .
& A B 9 OO%O 6 o O
0,001 1 10-5 - x 64}5 O@O@ A<> A O
v ) &
0,0001 T T T T T T |: 1076 T #]: T < T T T 1 >
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
M, mg/dm3 M, mg/dm3
a b
A A
10001
@ 0-
o
E ° 107!
£ 1001 ° o 2 m
g s % ~101 A o
g e o © = o q° ¢ AO O
(] 2 103 o]
10 o 10° L #0.m PY o
(] * @ T @@ (¢}
Q 1044 o OO
(] & v o
1 T T T T T IA T T |= 1075 T T T T T T T »>
0 100 200 300 400 500 600 700 800 900 0 200 400 600 800 1000 1200 1400
M, mg/dm3 M, mg/dm3
c d

Fig. 6. Radionuclide composition as a function of the total salinity of drainage waters

2.16-107°, #2Th/?38U ratio in the waters ranges from
4.20-107° to 1.78-1073. The ?2Rn activity ranges from
154 to 573 Bg/dm3, which allows classifying the waters
as low-radon and moderately-radon waters.

The concentration of natural radionuclides in the
Gorlovka quarry waters are as follows (mg/dm3): 238U
from 0.002 to 0.004 and #?Th from 7.15-10°°to 4.68 - 10°°.
The #32Th/?3%U ratio in the waters ranges from 2.10- 1073
to 1.17-1072. The radionuclide concentrations in the Ur-
gunsky quarry waters are as follows (mg/dm3): 238U from
0.006 to 0.017 and *2Th from 1.40-107 to 3.78-107.
252Th /38U ratio in the waters ranges from 8.37-10 to
3.41-1073. The concentration of #3!U in the Kolyvansky
quarry watersvaries from 0.009 to 0.029 and that of 2?Th
from 9.32-10° to 5.57-10%, while the 2**Th/?®U ratio
ranges from 8.39-10*to 4.80-102.

The radionuclide concentrations in the Abrashin-
sky quarry waters do not exceed the following levels
(mg/dm?): 28U, 0.002 and 2**Th, 1.65-107°. #*?Th/*%U

ratio in the waters is 7.24-10*, the **’Rn activity is
31 Bg/dm?®.

The thorium concentration in the Kirovsky quarry
watersis 3.00-10* mg/dm?, and the ?*2Rn activity does
not exceed 2 Bg/dm3. The concentration of natural ra-
dionuclides in the Podgorny quarry waters is as fol-
lows (mg/dm?): 238U, 0.027 and ?%?Th, 6.47-107°, and the
22Th /238U ratio is 2.36-10™.

This paper assesses the environmental impact
of the drainage water discharge from minedquar-
ries (on non-metal deposits) in the eastern districts
of the Novosibirsk Region. The volumes of radionu-
clides carried by drainage waters was assessed using
the example of the Borok quarry. The automaticac-
counting indicate an average drainage water volume
of 2.3 million m® per year. The average concentra-
tions of uranium and thorium are 6.58-102 mg/dm?®
and 2.67-10-5 mg/dm?3, respectively, based on the
data of the geochemical studies of the waters. Thus,
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the annual uranium and thorium discharge volumes
are 151.4 and 61.4 kg, respectively. It is important to
note that radioactive element contamination of the
Inya River into which the waters are discharged is
not observed. Due to the mixing of river waters with
drainage waters, the concentrations (mg/dm?®) in the
river water are as follows: the concentrations of 238U
range from 2.32-1073to 2.40-1073 and those of #2Th
from 3.08-10°to 1.39-107°. Similar assessments were
carried out for the Oyash, Chaus, and Elbash rivers
into which the drainage waters are discharged from
the Novobibeyevsky and Skalinsky quarries and the
Gorlovka coal basin quarries, respectively. Thus, the
radionuclide concentrations in the Oyash river are as
follows (mg/dm3): 238U, 2.36-1073; 32Th, 5.85-107°,
in the Chaus river U, 3.55-107%; Th, 4.09-10°°, and in
the Elbash river 2.46-107° and 4.54-107°, respective-
ly. The identified radionuclide concentrations in the
river waters are correlated with radiochemical back-
ground values for surface waters in the Novosibirsk
Region.

Conclusion

The study findings can be summarized briefly as
follows.

Geological and hydrogeological conditions di-
rectly influence the geochemical parameters of the
surveyed waters. As such, granite and coal quarry
waters are characterized by a neutral pH, while sand
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and marble quarries are mainly characterized by al-
kaline conditions (pH > 7). Coal quarries are also ob-
served to generate greater quantities of mineralized
waters with a total salinity of up to 1,171 mg/dm53,
which corresponds to the low-salinity water catego-
ry, while the other studied quarry drainage waters
are ultra-fresh/actually fresh waters. This fact is not
surprising, since the Gorlovka coal basin is hosted
by sedimentary strata containing more ancient and
salty waters not occurring in granite massifs. The
calculated geochemical coefficients (Ca/Na, Ca/Mg,
Ca/Si,Mg/Si,Na/Si, Si/Na, rNa/rCl, and SO,/Cl) al-
low concluding that the waters of the sand and mar-
ble quarries accumulate sodium, calcium and magne-
sium to a greater extent, while the granite and coal
quarry waters accumulate silicon. The growth of the
sodium concentration in quarry waters is also due to
anthropogenic pollution. The highest radionuclide
concentrations were detected in the waters of granite
massif quarries, where uranium and thorium concen-
trations reached 1.40 mg/dm3 and 2.16- 1073 mg/dm?,
respectively, since the rocks contain increased radio-
nuclide concentrations. The studies indicate that the
development of industrial mineral and coal deposits
does not pose a danger to the environment in terms
of water pollution. The discharge of drainage water
into the river system of the eastern districts of the
Novosibirsk Region does not affect the quality of sur-
face water.
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