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ABSTRACT 

The paper describes results of investigation of sediments with enhanced natural radioactivity 
occurring in underground coal n1ines and in bottotn sedin1ents in rivers where n1ine \Vaters have 
been dutnped. The results of measuren1ents show that these deposits contain tnainly 22('Ra and 22xRa 
and their progeny. Concentrations of 226Ra in deposits occurring in underground n1ine \vorkings are 
in some places high, reaching 378 kBq/kg. Concentrations of 228Ra are usually lower, ho\vever the 
nsRa: 226Ra ratio varies frotn 0.3 to 3. Gatnma dose rates due to presence of radioactive deposits in 
sotne underground ga1leries were as high as 30 J.!Gy/h. Influence of bottotn sedin1ents with enhanced 
radiwn concentration on the natural environment in the vicinity of rivers and settlement ponds was 
studied on the example of a water reservoir where radium-bearing mine waters type B fron1 two 
n1ines are released. The results sho\V clearly enhanced radioactivity of bott01n seditnents and \Vater 
in the settling pond and in the river, but no evident enhancement \vas found in the adjacent land. 
Bott01n seditnents with enhanced radium concentrations \Vere found in Vistula river up to 70 kn1 
do\vnstream fron1 the discharge point. 

INTRODUCTION 

Brines vvith elevated radiutn concentration are well known to occur in oil fields [ 1,2]. Large 
innows of such brines have been also found in underground coal n1ines in the Upper Silesian Coal 
Basin (USCB) in Poland [3]. Not only radium-bearing \Vaters but also deposits \vith enhanced 
radiun1 concentration cause contan1ination of the natural environn1ent in the vicinity of coal n1ines 
[4] and s01netin1es also high gatn1na dose rates in underground mine galleries [5]. lt has been found 
that the behaviour of radium during transportation of radium-bearing brines in the gutters of 
underground galleries, settling tanks and ponds, pipelines and rivers depends n1ainly on chemical 
cotnposition of the brines and to son1e extend also on the conditions in the environtnent \vhere the 
waters are transported through, for exatnple on the presence of other waters of different chemical 
con1position. Since the chetnical cotnposition of brines is so essential for further transportation of 
radiun1, two types of radiun1-bearing waters have been distinguished [ 4]. 
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Waters type A contain not only radiun1 ions but bariun1 ions as \Vel!. Concentration of bariun1 in 
these \Vaters is at least six orders of n1agnitudc higher than that of radiun1 and reaches 2 kg/in~. High 
bariwn concentrations enable coprecipitation of radiwn sulphate \Vith bariun1 sulphate \vhen 
radiun1-bearing \Vater type A is n1ixed with another \Vater containing sulphate ions, which are very 
con1n1on in nature. In case of radiun1-bearing \Vaters type B, \Vherc bariutn ions are not present, 
concentration of radiun1 ions is too lcnv to enable precipitation or radiwn sulphate because 
concentration of lRa2 ~:J *(SO/~] docs not exceed the solubility product. Due to differences in their 
chen1ical proprieties, the effect of release of radiun1-bearing \Vaters type A and type B into the 
natural enviromnent is con1pletely di1Terent. Radium fr01n radiun1-bcaring waters type A is 
precipitated out in underground 111ine \Vorkings and in settling ponds, pipelines and little rivers. 
Concentration of radiun1 in such precipitates is usually high reaching 3 7X Bq/kg in underground 
galleries and 270 kBq/kg on the surf~tce [ 4l but the precipitation and seditnentation takes place 
rather close to the point \vhere radiun1-bearing \Vaters t;:pe A tnix with waters containing sulphates, 
so that in the distance over fe\v or several kilon1etres dcnvnstrean1 frotn the discharge point or n1inc 
\Vater the river \Vater is free of radiun1. In opposite, f'ron1 radiun1-bearing \Vaters type B radiun1 is not 
precipitated but transported \Vith \Vater to large rivers. Although, concentrations of radiun1 in botton1 
sedin1cnts are in this case not very high, contan1ination of river waters and bottom scdin1cnts ts 
observ'Cd over a large distance even up to hundred kilon1ctrcs fron1 the discharge point [6]. 

The deposits vvith enhanced radiwn concentrations present in underground tnine \vorkings cause 
a radiation hazard for tnincrs. Deposits located on the ground surface arc a source or radioactive 
contan1ination or the natural enviromnent. According to Polish regulations f7] solid \vaste n1aterials 
\Vith concentration of alpha etnitters exceeding I 0 kBq/kg should be treated as radioactive \Vastes. 
Due to Polish tnining regulations [8] an underground \VOrk place with the gan1nu1 dose rate 
exceeding 3 J..LGy/h is considered as a \Vorkplace \Vith radiation hazard. f\.1onitoring and control of 
radiation hazard caused by natural radioisotopes is obligatory in Polish n1incs. 

The ain1 of this \Vork \Vas to study the deposits forn1ed out of different types of radiun1-bcaring 
n1ine \Vaters and their propagation in the cnvironn1ent. The \vork included a survey of deposits 
precipitated in underground \Vaters fron1 radiun1-bearing \Vaters in Upper Silesian coal tnines. To 
study the propagation of radioactive deposits in the natural enviromncnt t\vo investigation sites 
vvhcre different types of radiUin-bearing \Vaters are dt.m1ped fron1 coal tnines \Vere chosen. The paper 
describes the first part of this \vork within which a \Vater reservoir and it's vicinity was investigated 
\vhere radiun1-bearing \Vaters type B fron1 two Jnines arc released. Also one case of an underground 
rnine gallery with radioactive deposits precipitated out fron1 radiun1-bearing \Vater type A \vas 
studied. 

EXPERilVIENTAL SECTION 

Experirncntal rncthods 
The study involved several experin1cntal n1ethods. 
Dctern1ination of concentration of gan1n1a ctnittcrs in solid samples~ such as soil, deposits, 

vegetation \vas pcrfonned using gan1111a spectron1cters \Vith H PGc detectors and a n1ultichanncl 
analyser. The san1plcs atlcr drying at I 05 11 C were placed in Marinelli beakers and n1easured. The 
gan11na spectra \verc analysed by GENIE PC sofhvarc frotn CANBERRA and EMCAPLUS fron1 
SlLENA. The shielding - 40 cn1 of steel, 10 111111 lead and 6 111111 copper, assured very lovv' 
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background. Standards \vere tnadc in the san1c type of beakers using Geological Certi ficd 
Reference Materials for Radion1etric Measurcn1cnts frotn Analytical Quality Central Service 
(lAEA), and ret'erencc n1aterials li·Oin National Bruns-vvick Laboratory (N8L). The quality assurance 
procedure according the EN 45000 I C) J itnplen1ented in the laboratory or ganltna spectroscopy is 
described elsc\vhcre 1.1 0]. Blank san1plcs \VCrc tneasurcd once per tnonth, \Vhile replications \·Vcre 
done for each I Oth san1ple. The laboratory is participating on pcn11anent basis in the intercon1parison 
progran1s organised by lAEA and by EPA. 
Gan1n1a dose rates \Vcre tneasurcd using a portab 1c ratetnctcr FH 40F2 tnanu factured by FAG 
Kugel fisher, cet1i fied by Central Laboratory or Radiological Protection, Wars:nv, Poland. 
Concentrations of 22()Ra and 22xRa in \\"ater smnples \vcrc tncasurcd by liquid scintillation counting 
preceded by chen1ical separation. The n1cthod is described elsew·hcre [ llj. Reliable results are 
assured by quality assurance progratn [ 12 J. 
2nRn in soil gas \vas tncasurcd using charcoal detectors and liquid scintillation technique. The 
n1casuren1ents \vere pcrlon11cd by placing the vials containing charcoal in boreholes. After one \vcek 
exposition san1ples \vcre collected, transported to the laboratory, in \Vhich radon frotn charcoal \Vas 
\Vashed out, using toluene-based liquid scintillator. Later san1plcs \vere n1casured in liquid 
scintillation spcctron1cter QUANTULUS (1nadc by Wallac Oy, Finland). 

Sarnpling and n1casurcmcnts 
Deposits tl-on1 underground tninc \Vorkings of coal tnincs \Vcrc taken \Vithin the obligatory 

san1pling required by Polish n1ining regulations. The san1ples \vcre taken by tnine geologists frotn all 
mines \vhere \Vaters \Vith 22r;Ra concentrations over 1 kBq/n1:; \Verc found. The smnpling \Vas done 
n1ainly in underground settling tanks and in galleries \Vherc radiwn-bcaring \Vaters type A arc 
flowing - particular})' in places \Vhere n1ixing of such \Vater \vith other \Vater takes place. In these 
n1ines also gan1n1a dose rates or individual gan1n1a doses obtained by tniners cleaning the settling 
tanks or gutters \VCrc tneasurcd. During these investigations or about 250 sanlples or deposits \VCrc 
analysed and approxin1atcly 1500 n1easuren1ents of gan1n1a dose rates and gan1111t1 doses \Vere done. 

Investigation site - Bojszovv'y Rcsen,.oir 

One of the biggest settlen1ent tanks f(n w·aste \Vaters l!·otn coal n1ines in Upper Silesia is the 
Bojszowy Reservoir. This reservoir is situated ncar Ciostynka river- 2 kn1 fron1 it's conjunction \vith 
Vistula river. The area of the reservoir is of about 160 000 n12

, the average depth - l n1. lnto this 
reservoir t\VO coaltnincs release their saline waters type B. The reservoir has been used since 1980. 
Presently the average inflo\\/ is of about 25 000 111:; per day and the average retention tin1c is 
approxitnately 5-6 days. Waters discharged to Bojszowy Reservoir contain over 55r~o of radiun1 
released to the natural environtncnt frotn all coal 111ines in Poland. These \-Vaters contain about 40 
kg!tn' of cr ions and 2 kgltn3 of SOc~ 2- ions. 

For assessn1ent of radioactive contan1ination in the vicinity of Bojszo\vy reservoir lollo\ving 
mcasurctnents \Verc pcrfonned: 

a) concentration of radiutn isotopes in \Vaters: 
- in tlo\ving to the pond, 
- present in the pond, 
- discharged fi"on1 the pond, 
- fi·onl Gostvnka and Vistula rivers: 

~ . 

- in shallo\v boreholes, located in the vicinity of the reservoir~ 

--~--~--~----~----~--~---------------~-----------------~------~----~~-
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b) concentration of natural radioisotopes in botton1 sedin1ents: 
c) concentration of natural radioisotopes in soils; 
d ) . f' ., I () p . "I d I- d . . concentration o · - o In sot s an ootton1 se Il11cnts; 

· r .,.,.,r:) · ·1 c) concentratiOn o · --- '--n m sot gas. 

\Ve have collected 30 \Vater san1ples fron1 the pond. The distance bet\veen san1pling points 
\vas 20 -30 111. lnflovv'S fron1 both collieries to the pond and \Vater outtlo\ving fron1 the reservoir \vere 
san1pled as well. In the san1c period san1plcs fron1 Gostynka river and Vistula rivers have been 
collected. 

,---~-------···-·-·--- .. ~--·-~- ··---· ·------~·-·----·-··----·- -----------------I 
I 

.6 Samulinc uuinh 

·----~---·---t----------.. 

.Nistula River 

j 
4--·----

(;ostvnka River 

:---___ _/\_ _______ -----, 
I \Om·!. lnU'u'· L ... ______ , _______ ___, I 

L--·-·----·--·-·----··----------- ... .,. ______ ,_ ___ _, ·----.. --------··-----... _ .. , _______ . _I 
Fig. I. Schcn1atic plan of the investigation site 

'vVe have collected smnples of botton1 sedin1ents from Bojszo,vy reservoir ti-on1 the san1e 
places as \Vater san1ples. Also smnples of river sedin1cnts and soils \Vere taken in the vicinity of the 
reservoir. Measuretnents of ~H 1 Po \verc done by alpha spectrometry and the uncertainty of a single 
n1easuretnents is approxin1ately + 30%. 

G I. d t' f' )"l(,R 11 xi:) 11-1-R d -1-oK d an11na spectrornetry \Vas app tc or tneasurcn1cnts o -- . a, -- "-a, -- a an , an 
unccr1aintics of these results \vere bclo\v I Oo/o. 

For n1easuretnents of natural radioisotopes in soil eight shallo\\/ boreholes \Vere drilled and soil 
smnplcs \,vere taken at the depth bet\vcen 0-50 cn1 and bet\veen 50-1 00 cn1. Later in these boreholes 
radon tneasuretnents have been perforn1ed. 
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RESULTS AND DISCUSSION 

Deposits in underground mine \Vorkings 
Deposits \vith radiun1 concentration over I 0 kBq/kg (~26Ra+22:-!Ra) were found in 19 out of 65 

Upper Silesian coal n1ines. We found in underground galleries deposits \vith radiun1 concentration 
over 100 kBq/kg in 5 coal n1ines and on the surface in the vicinity of t\VO collieries. The highest 
concentration of radiun1 isotopes \vas as high as 378 kBq/kg of 22(,Ra and 182 kBq/kg of nxRa. The 
presence of such deposits at \Vorkplaces is resulting in increase of gamn1a dose rates and gan1n1a 
doses, obtained by tniners. 

As an exmnple of the influence of radioactive deposits on the gan1n1a dose rate in underground 
galleries one coal n1ine have been chosen. In this particular n1ine an inf-low of high radioactive brine 
\Vas found - containing radiun1 and bariun1 ions. 22('Ra concentration \vas as high as ll 0 kBq/rn:\ 
22 xRa \vas of about 70 kBqhn~, vvhile bariun1 concentration exceeds slightly 1.5 kg/n1~. This \Vater is 
no,ving in the gutter along the gallery. Another inflovls in this gallery do not contain radiun1 but 
sulphate ions. As a result of n1ixing of these \Vaters spontaneous coprecipitation or radiUin and 
bariun1 sulphates takes place. The results of tneasuren1cnts of gan1tna dose rate in this gallery are 
shown on fig. 1. Peaks of gan1n1a dose rate up to 9 ~Gy/h as can be clearly seen, as a tnarkers or 
places, \vhere inflo\vs of \Vater \Vith sulphates occur. 
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Fig.2. Gan1n1a dose rates in a gallery vvith inflovv'S of radiun1-bearing \Vaters 

ln five coal n1ines in USCB gan1n1a dose rates above 3 ~Gy/h have been discovered [ 13], n1ainly 
in \Vater galleries (underground settlen1ent tanks), \vhich n1ust be cleaned f:ron1 tirne to tin1e. In son1e 
cases, gmntna dose rate can reach 30 JJ-Gy/h. Therefore not only environtnental n1onitoring of gmnn1a 
dose rates is necessary but son1ctin1es also personal dosin1etry of gan1tna doses n1t1st be done. 

Area affected by radiun1-bearing brines released from coal mines 
BOJSZOWY RESERVOIR 

The values of radiun1 concentration in \Vater san1ples fron1 Bojszov.'y reservoir are as follovvs (an 
uncertainty of a single n1easuren1ct1t for 22c)Ra +8°/o, for 22 xRa + 15°/o ): 

- fron1 2.40 to 4.24 kBqltn~ for nr~Ra 
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- fro111 3. 5 to 7. 0 k Bq/n1:; for 22 x Ra. 

In Gostynka river concentrations of radiwn isotopes fron1 0. 006 kBq/nrl ( upstrcan1 fron1 
discharge point) to 0.64 kBqhn:; e2c'Ra) and frotn 0.0 I kBq!tn' to 0.99 kBqlln:; e:.sRa) \Vcrc found. It 
can be seen that according to Polish regulations \Vaters fi·on1 the reservoir should be treated as a 
liquid radioactive \vastcs. 

All san1ples taken hon1 boreholes were of low salinity and low radiun1 concentration - 221;Ra 
bdO\·V 0.005 k8q/n1

1
. 

Results of n1easurcmcnts of natural radioisotopes in bottom scdin1ents arc sho\vn in table 1. 

Table I 

Isotope Concentration [Bq/kg] 
(range for earth crust) reservoir river scdin1cnts soils 

[ref. 16] sedin1ents 
22c'Ra ( 7 -50) 295-950 98- 661 6-54 
210Po (7-50) 100-150 - 6-67 

22gRa ( 1 0-50) 507-1705 78-81 I 9-54 
224Ra (1 0-50) 306-889 77-258 9-54 
.toK ( 1 00-700) 168-665 '"1'1')_').,-

_) _)...... - _)) 180-661 

It is clear, that concentrations of natural radionuclides in soils in the vicinity of Bojszowy 
reservoir arc typical for the earth crust, \Vhile concentrations of radiun1 isotopes in bottotn sedin1cnts 
arc enhanced. This is clearly the result of sorption of radiwn frotn radiwn-bcaring waters stored in 
the reservoir. Vv'c observe this phenotnenon in the reservoir and in Gostynka river as \VeiL 

Soil san1plcs \vere taken fron1 two layers: 0-50 ern and 50-100 cn1. In deeper layers 
concentrations of poloniun1 and radiwn 22('Ra arc sin1ilar, \Vhile in surface lay·crs poloniun1 
concentrations are slightly higher than radiun1 due to fallout of radon daughters fron1 air. 

A quite different situation \Vas observed in san1ples of bottmn scdin1ents \Vhcre poloniwn 
concentrations arc tnuch lo\ver than that of raJiun1. This can be explained by the young age of 

d. ll . l ·1·1 . t ., 1 r)J) d 110Pt d ') 10 f) M I . sc oncnts, not a O\vmg to reac 1 cqut t1r1Ul11 1ct\veen -- '--a an - 1 an - o. oreovcr, t 1crc ts 
no cquilibriun1 bet\veen nsRa and 22~Ra in reservoir sedin1ents, what n1akcs an additional support for 
such conclusion. 

As ground\vatcr and soil san1plcs collected in the vicinity of Bojszo\vy reservoir did not sho\v 
high radiun1 concentration \VC can drcnv a conclusion that \Vater fron1 the reservoir does not infiltrate 
into the ground. 

During l\vo n1onths \ve have also n1easured radon concentration in these boreholes by tncans 
of charcoal detectors. The period of single n1casurcn1ent \vas set as one week. We found radon 
concentrations fi·o1n 20 up to 2 700 Bq!tnJ. That are very previous results, done during testing the 
tncthod of charcoal canisters. V cry lo\v radon concentrations \vere found in boreholes \vith high 
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\Vater table, partly as a result of high hun1idity int1ucnce on charcoal detectors. Partly such lo\v 
values can be explained by Jov\l etnanation factor due to high \Vater table. 1--1 igher values arc typical 
i(>r soil gas in Upper Silesia region. Tcn1poral variations of radon concentration n1ay be explained as 
an influence of attnospheric pressure and hun1idity. 

Assessn1cnt of balance of radiun1 in 'vatcrs and scdin1ents in the B().JSZOlVY reservoir 

As radiun1 concentrations in scditnents are considerably higher than in average soil an 
asscssn1ent of total mnount of radiwn deposited in the reservoir has been done. We n1ade follovv'ing 
assun1ptions: 

- the depth of scdin1ent layer - 0.5 111, 
. f' .,..,(, - average concentration o --- Ra - 500 Bq/kg 
. f' '1HR - average concentration o · -- a - 700 Bq/kg 

- area of the reservoir 
.., 

- 160 000 nr 
- density of the sedin1ents - ca. I glen/, 
- water content in the seditnents - ca. 50o/c). 

On this basis, the total activity of radiun1 isotopes in botton1 sedin1ents in the reservoir can be 
approxitnately calculated as: 

22c'Ra - 20 GBq, 
·nx __ , Ra - 28 GBq. 

Annual discharge of 2H'Ra \Vith \Vater ti·on1 the reservoir to the Gostynka river is of about 55 GBq, 
while the discharge of 22xRa is 78 GBq. The Bojszovvy reservoir has been exploited since 1980. The 
total discharge of 22(,Ra up to no\v \vas about 770 GBq and of 22xRa - II 00 (jl3q. It tneans, that the 
activity of 2u'Ra adsorbed on botton1 scditnents in the reservoir tnakes only' 2.6 ~lo of the total 
activity of 221iRa dUinpcd to the natural cnvironn1cnt since 1980. Corresponding figure for 22xRa 
equivalent values is 2.) 0

;(}. It sho\vs that adsoq1tion or radiun1 on botton1 scclin1ents does not din1inish 
substantially the total activity of radiun1 dun1ped \vith type B radiun1-bearing \Vastc waters fron1 
coal n1ines into natural cnvironn1ent. 

In the vicinity of BOJSZOWY Reservoir radioactive contan1ination of the natural environn1ent is 
observed in \Vaters in rivers Gostynka and Vistula and in botton1 seditnents in the reservoir itself and 
in rivers. In Gostynka river concentration of radiun1 isotopes in \Vater son1etin1cs exceeds 0. 7 
kBq/n1::~ (pcrn1issiblc level for liquid radioactive \Vastc in Poland). The tnajor part of radiun1 is 
transported to the Yistula and only a stnall portion has been deposited with suspension in the 
reservoir. Concentrations of radiun1 isotopes in botton1 sedin1ents arc substantially higher than the 
averaue values for earth crust reachino 2700 BQ/ko b ' b ·t b" 

High concentrations of radiun1 observed in radiun1-bearing \Vaters type A as \Veil as in deposits 
precipitated out of these \Vaters in underground n1inc \Vorkings and results of n1easurcn1ents 
perforn1ed earlier p 4, 15] in the vicinity of n1ines where radiun1-bearing \Vaters type J\ \Vere released 
into natural environn1ent indicate that detailed investigations of such areas should be done. 

This 1vork is a part of a research project, supported by Conunission qf the European Comnzunilies, 
contract l\fo. ERB Cf PA CT92 3()2 1. 
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