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ExecutiveSummary

The presentwork focuseson the study characteristicsof residues of uranium ore

processinglocalized in thetailings of Pridneprovsky Chemical PlanDifeprodzerginsk,

Ukraine) The main tasks for the reported ped within the framework oMWork Package,3

task 4were:

1

Assessmentof the physicalchemical characteristics (pH, moisture content dispersal
composition) of sludgesampledin the PPtailings.

Assessment opresencethe hot particleg(small, discreteK A 3-&ctivé particle or clustein
sludgesampledof the PGP tailings by method of radiography

Assessmentf the chemicalcomposition of the wastes stored in the [HCtailings

Estimationof the total contentsof the uraniumseriesradionuclidesn the wastesamples

Themainresultsachievedduringthe reported period are presentedbelow.

Journal article «Protsak V., Kashparov V., Prokopchuk N. High Afatieve Particles in
Tailings of Pridneprovsky Chemical Plant» in press.
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Introduction

Pridneprovsky Chemical PlarP@P) was the first Sovietenterprisefor processing
uraniumore. It wasbuilt in 1947in the suburb of Dniprodzerjisk in Ukraine. UpGb %oof alll
uranium ore of the Soviet Union was processed atfPCThe plant wasbuilt for processing
uranium ore from the Zhovtorichenskyore deposit and slags from the Dniprovsky
metallurgicalplant (blast furnace #6)which were formed due to melting of the uranium
containing iron ore of the Pervomaysky deposit. The fluids formed as a rekuheo
technological operations were then recycled into the ammoniac and sodium nitr&gxe
1963 the uranium salts had been extracted from the uranium ore and concentrates
delivered from the former USSR republics EasternEurope (DDR, Hungary, Romaji
France and Spaiburingthe operation period seventailing dumpswere created namely
Zahidne Centrahyy Yar PivdenneShidne Dniprovske Sukhachivske(first and second

sectiony, Lanthanumfraction, tailing dump at SergiyLazostreet, and two dumpsfor the

uranium processing waste, BlPand Bas€s. During the exploitation period of the enterprise

(19491991) up to 42 millions of tons of uranium ore processing products \aittotal
activity of2.7.10" Bq have been accumulated in the tailing durgasd up to 0.2 millions of
tons of uranium processing wastes with total activity of 4.4.1044 Bq have been
accumulated in the dumps B and Base&s At the tailing dumps territories the exposure
dose rate varies in the range from 0.2 to 33 uGy/rable 1lpresents the brief iformation

about the tailing where the studies were carried out.

Tablel. Briefinformation aboutthe PQPtailings

Name Areg ha Mass of waste, Total activity Period of

ton Bq operation
Zahidne 4 770thousand 1.81-104 19491954
Centrahyy Yar 2,4 220thousand 1.04.10* 19501954
PivdennaeShidne 3,6 330thousand 19561990
S5YALINRZAQ1S 73 12 million 1.4-10° 1954-1968
{ dz]l KI O&sedliagpC 150 19 million 19681983
{ dz] KI OK gegianC 70 150thousand Sincel983
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Analysis of the literature sources shows the absence of data which would satisfactory
characterize the physicghemical par¥ S SNARA 2 F (KS YIRXQA [y R  Qa/dEf
F2N) GKS O2YLINBKSYaA@S LINRIY 2 a odtheSegolodicdt: G A 2 v
situation. The availableinformation in this field was obtained mainly in the courseof the
works aimed in passportizationof the tailings and in some Governmental ecological
programs and international projects.

Brief information about tailhgswhere the samples were takesithin the framework
of Work Package @ask 4 is presentedelow.

Zahidne tailing Thetailing® areais approx60,000 nt. The gerational period lasted from

1949to 1954. The dump contains0.77 millions of tons of radioctive waste (tails) witha

total activity of1.81-104Bq In 2005at its surfacemeasures were taken to renew the coats

and the drainage system and to reinforce the slapEse -radiation doserate at the tailing
dumpvarieswithin the rangeof 0.1- 9.8 Gy hr. ThetailingdumpQ territory is coveredwith

a 1-m thick layer of loam and soil, andis partially & LK f i SR® ¢ KS RdzyLIQa &
with crushed stone and fertilsoil, which is fixed with grass. For this dyrapetaining wall

and drainage channel for discharge of surface waters were created. However, the drainage
system is not efficient enough, and its capacity is limited due to design defects and because

of obstacles formed by the debris brought from the adjacent territories.

Centrahyy Yartailing. Thetailing® areais approx24,000 ni. The operationaperiod lasted

from 1950t01954.! OO2 NRAy 3 (2 GKS GlFAfAyYy3 RdzYL) LI &a L
were created in 19831989), thedump contains0.22 millions of tons of radioactive waste

(tails) from uranium processing (mainly of the radium fraction) wdhtotal activity of

1.04-10"* Bg The tailing dump is located at the territory afformer ravine, whih was

divided into two partsby the dam. The tailing is almost completely covered with wild trees,

shrubs and grasses. At the studied siteg exposure -radiationdoserate variedwithin the

rangeof 0.12 - 6.1 uGy hr. Analyticalstudiesof soil contaminationshowedtextremely high

levelsof radium-226.

Dniprovsketailing. The operationaperiod lastedfrom 1954 to 1968. Accordingto literature

dataon the actualand potential environmentalimpacts the tailing dump is one of the most
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dangerous radiation objects in this regi@orovinet al. 2004:Voitsekhovichet al. 2009) It

is located in the direct vicinitgf the P@P territory at the KonoplyankllA S ND&a o6 y {1 =
5y A SLISNI NA @S NAliag whstcreage® iy lthy Rydraulic &illSnethod, but filtration

barriers were not formed either in the dam or in the basement of the bed. In total, it
contains5.6 millions of tons of uranium ore procsi®g with residual contents of uranium up

to 0.023%.In 1976 ¢ 1980 the tailing dump was covered with 0.5 ¢ 13.5 m thick
phosphategypsum layef3.04 millions ofm3). The total activity of radioactive wast§RAW

in the tailing dump reachesl.4-13° Bqg Theradionuclidecompositionof RAWis determined

by uranium and its decay productBhe exposure! -radiation doserate in the RAWvolume
reaches100 Gy hr. A very dangerousfact is that the radioactive waste is saturated with

water. The level of saturation of the pores with water reacB8%0.Themainfor the ground

water table risingis the bankingof the tailing dump®@ groundwater flux by sludgestorages

and gold storages of cokehemical and metallurgic manufactures. Besides, the ground
water table rising was supported by the additional infiltration from thehP@Q& | Y R
Dniprovsky metallurgical con¥f SEQ& Ay RdzAGNALIf &aAGSaT |yR (K¢
in Dnieper(1958).Currently,theseconditions remain actuanddetermine the high level of

the ground water and flooding the territory. As a result of the water migration of the
chemicalsubstances and radionuclidea,plume of aquifer contamination has formed. It

reaches the Konoplyanka and Dnieper rivers, which sasgeound water discharge.
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Methods

1.1  Sampling

Samplesof sludgewere collected at variousdepthsin the three tailings (Zahidne,
Centrahyy Yar and Dniprovsle) during the odrye auger drilling of the boreholes (Fig 1).
Thesesampleswere packedinto plasticbagsand placedinto a refrigerator where they were
stored until the beginning of the analyses. After their deliveryhi® laboratory the sample

was takerfrom the central part of each bdgr further analysigFig. 2)

b) Tailingd Yhidnet c) Tailingd / S yhiy NI NE
Fig. 1.Samplingon tailings of thePridneprovsky Chemical Plant.

[ ]
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Fig.2. Sludges of thé@ridneprovsky Chemical Plant.

1.2 Analyses

Valuesof pH of the water extractsfrom the sampleswere determinedaccordingto 1SO
1039062001at the solid : liquid ratio ot:5.

The sample humidity was measured according to the standard method. The samples
material was placed into the weighing bottles and covered with the caps. The total mass of
the weighting bottle, cap and material, A, was measured with the precisi@00fLg. Then
the caps were removed, the samples were driedl@6 . during 12 hr, covered with the
caps again, cooled ian exsiccator and their masses, B, were measured agimidity (in

%)wascalculatedas

humidity, % = Mc‘:‘noo,
l-m
wherem is a total mass of the weighting bottle and the cap
Dispersakcompositionof sludge was determined usingthe laseranalyzerof the particle
size Analysette 22 COMFORHritsch GmbH Germany after ultrasonic dispersion of the

samples
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Themasscontentsof chemicalelementsin the sludgesampleswere measuredusingthe
energydispession roentgenfluorescentanalyzerEXPERTMobildhe analyzerprovidesthe
massfraction measurementgor elementsfrom Mg to 92U in the range 00.01¢ 99.9 %.

Gammaspectrometry of the sampleswas performed using the HpGedetector T H H b _
(Canberra)and multichannel analyzer. GammaVisgih software was applied for the
spectra treatment. For-spectrometrythe sampleswere encapsulated and kept for three
weeks in order to reach equilibrium betweéffRaand 22Rn 2**U was identified usingthe
peakof 143.8keV, and the peakof 63.3keVwas used to determiné®Th and?3U in the
equilibrium state.?“Pband ??°Rawere identified at351.9keV, anc?®Pband2*?That 238.6
keV.

Alphaspectrometricmeasurementsere performedat EG&G ®TEC OCTETEWRE the
silicon detectors oBU017-450-100 ULTRAeries

Autoradiography andh-track radiographic studies were carried out with a goal of
visualization oK A 3-&ctivel y Ractiveparticlein samplesLR 115ilm (Kodak)and X-ray
fim RR! & hy A O2 ¢ werd 'ujedNhsidgtéctorsProcessing of the filmmwas done
accordingto t LIN2 RdzOS NI & Ny CoPnaxissigf Rispérde@ gbrapbsition of
K A 3-&ctive particles (or clustersi sludgewith dispersed composition of chernobiyP,
both types of samples (sludge amdttom sedimentsof the cooling pondthe Chernobyl
Nuclea Power Plant ChNPP were exposed in the same condition€hernobylfuel
particles FR) areh andi emitters anda method ofevaluationof the dispersedcomposition
has been developed for them Therefore, if weexpo® different samplesin the same
condtions, we can daarough estimateof & A | Semitifig particles by comparing theize

of the spotsh -tracks (Fig. 3).
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Shift of films
—

Spot ofh -tracks

Spot ofi -tracks

Fig.3. Xray film andfilm LR 115 after joint exposumn the sample ofbottom sediments of
cooling pond ChNPP.

Weighed and aidried samples of the sludge and bottom sediments were thin layer
distributed (extremely close to monolayeon ahard surface(Hg. 4). The sheme of the

exposureprocesss presented in Fig..5
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Fig 4. Samples of sludgad bottom sediment$or radiographic studies.

X-ray film \

filmLR 115 ——0=
S —

7 hard surface

sample

Fig.5. Scheme of exposureamples
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Results

1.3  Actualacidity and humidity of the sludgesamples

Resultsof the laboratory measurementsof the actual acidity and humidity of the

samplescollectedin variousboreholesat variousdepthsare presentedin Table2.

Table2. Coordinatesof the sludgesampling(# of boreholeand depth from the soil surfacg
andvaluesof the actualaciditydo b and humidity(W, %)

Tailing dump
Centrahyy Yar Zahidne Dniprovske
CY121 ZP12-1 DN12-2

H m h " W, % H, m h "1 W, % H, m h "I W, %
22,5 78| 12 |1.015 9.2| 21 |13.8143 7.4| 156
3.54 55 |3.03.5 8.8| 23 |15.716.2 73| 67
6-6.5 4.1 445 95| 25 |17.718.2 6.8 68
99.5 44 65 |[7.075 9.8| 22 |18.2184 6.7| 26
13.514 41| 67 |859 9.8| 26
16-16.5 42| 77 |10105 9.7 32
17.518 43| 28

Obtainedresultsshowacidmediain the Centrahyy Yatailingoh = - 44 alkaline
mediain the Zahidne &iling 6" "~ ¢ 9.8pand close to the neutral media in the Provske
tailingéh " ¢ @.4).Different acidity may determinethe differencebetweenthe chemical
formsandmobility of the chemicalandradioactive contaminantsstoredin these dumps.

Thesludgehumidity in the tailingsdifferstoo. Forthe Zéhidnetailing itmakes23-32
%while for the Centralyy Yar ailing it is55-77 %.Thehigh saturationwasobservedat the
horizon 13.814.3 m in the boehole DN 122 (Dniprovskg where the sludge humidity
reachedl156 %.
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1.4  Dispersal composition of the sludge samples

Enlargedimage of sludge particles of tailings of Pridneprovsky Chemical Plarn

shown in Fig6.

Fig. 6 Enlagedimageof sludge particle®ChP

Obtainedcumulativeand differential frequencydistributionsof the mixture particle

sizesrom the PQPtailingsare presentedat Fig 7 ¢ 14.

ZahidneTailing

I FRITSCH PARTICLE SIZER

LR
Fig 7. Cumulativedistribution of the sludgeparticle granulometricsizes(boreholeZP 121,
horizon 4-4.5m).
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o9 [r—— FRITSCH PARTICLE SIZER
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Fig 8. Differential distribution of the sludgeparticle granulometricsizes(boreholeZP 121,
horizon 4-4.5m).
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Fig 9. Cumulativedistribution of the sludgeparticle granulometricsizes(borehole CY12-1,
horizon 16-16.5m).
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Fig 10. Differentialdistribution of the sludgepatrticle granulometricsizes(boreholeCY12-1,
horizon 16-16.5m).

[ ]

17/32

(IRA Particle BehaviougD4) Characterization of HP and their matrix
COMH Particle BehaviouBroup (Initial Research Activity)
Dissemination level

Date of issue of this repart



DniprovskeTailing
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Fig 11. Cumulativedistribution of the sludge particle granulometricsizes(boreholeDN12-2,
horizon13.814.3m).
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Fig 12. Differentialdistribution of the sludgeparticle granulometricsizes(boreholeDN12-2,
horizon 13.814.3m).
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Fig 13. Cumulativedistribution of the sludgeparticle granulometricsizes(boreholeDN12-2,
horizon17.7-18.2m).
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Fig 14. Differentialdistribution of the sludgeparticle granulometricsizes(boreholeDN12-2,
horizon17.7-18.2m).

According to the measurement results the median diameter value of thdgse
particles in the Zaidnetailing is approd0 pm (boreholeZP 121) and in the Centralyy Yar
tailing it is14-22 pm (borehole CY12-1). At the horizonof 13.814.3m in the borehole DN
12-2 Dniprovskg the particles are finer (median diameter is equal to 2.5 m), which
explainsthe high water retention capacity value for this horizon (sludge humidity/s&f %
Table2). At the horizonof 17.7-18.2m in the boreholeDN 122 the sludge particles median

diameter is about 09 pm.

1.5 Alphatrack radiographic of the sludge samples

Alphatrack radiographicconfirmed the existenc& A 3-&ctive particlein the sludge
of tailingsPChPThe image®f h -track radiographyof samplesare shown inFigure 15-17.
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Fig. 15Imagesof " -trackradiographyof sludgesamplesrom tailing dCentrahyy Yak.
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Fig. 16 Imagesof h -trackradiographyof sludgesamplesrom tailing dDniprovske.
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Fig. . Imagesof h -trackradiographyof sludgesampledrom tailing 6Zehidnes.

For comparisorspots of h-tracs Chernobyl FRxposed in the same conditiorse

shown inFgure 18.
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Fig. 18 Imagesof h-track radiographyof samplesof bottom sediments of cooling pond
ChNPP

Analysisof the received informationndicatesthe presence oémall, discret and high
h -activity particles(or cluste) in sludgeof the tailing PChPInterval of sizedetectedparticle
is2to20pum. ¢ KSANIGM @A G& Aa O2 Y Yty dfNChéndbylgrP.G K K
Differencesin RA & LIS NB S R O 2evilttiagiparticles2fof taidngs are liserved The
largest particles are mainly observed in thaling 6Zehidnee dThe ontribution of fine
particlesdominatedin the tailingoDniprovske Bvaluation of the number of particles per

unit mass okludgefor different tailings PQ\Pis shown inTable 3.
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Table 3. ecificnumber(N)" -activity particlesin sludge(dry weigh) of PGP tailing

Tailingdump PChP N, pcs/g
G/ Sy, OFNSE 420
G5y SLINE @ 280
G %k LI Ry 2 160

Currently,works on the selectionof individualfuel particlesfrom samples of sludge

are beingcarried out.

1.6  Ekment concentrations in the sludge samples

The accompaning chemical elements which are not extracted from the ores
accumulatein the tailing dumps of the ore-processing enterprise For reason the tailing
dumps are often considered as prospective antlogenic depositsAt the sametime the
tailing dumpsare intensivesourcesof the Environmentcontaminationbecausethey contain
amongothersasignificantpart of toxic chemicalelements

According to the concentration of the chemical admixtures the wnores are
classified as uranium, uraniumolybdenum, uraniurrvanadium, uraniurmicketlcobalt
bismuthsilver and others Accordingto the chemical composition of the non-metallic
compoundsamong the uranium ores the following ore types are distinguished silicate
(composedmainly from the silicate mineralg, carbonate (contain morethan 10-15 %of
carbonatemineralg; iron-acid (iron-uranium); sulfide (contain more thai®-10 %of sulfide
minerals),and caustobiolith (composed mainly of organic matteQremical composition
often plays adeterminingrole in the selection of the ore procession method. For example,
from the silicate oreuranium is extracted by acidand from the carbonate orgby soda
solutions, while the ironacid ore is melted and uraniunis concentrated in slag.
Caustobiolith ores sometimes are enriched by means of their annealing.

The ompositionandtotal contentsof the chemical elementsind oxidesin the PGP
tailingswere determinedby meansof X-ray fluorescence analystf the collected samples

Theresultsare presentedin TablesA ¢ 7.
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Table4. Concentrations of chemical elements in the sludge samples at various depths in the

PQP tailirgs
Borehole depth (m), mass fractior(%)
Element Zahidne (ZP12-1) Centrahyy Yar(CY12-1) Driprovske(DN12-2)

425 | 875 | 10.25 | 225 3.75| 6.25 | 9.25 | 16.25| 17.75 | 14 18 18.6
8 46.093| 48.221| 43.474 |47.49249.67<49.85949.59450.789 50.294 | 41.466(46.914| 49.574
12Mg 3.213 4.429
BA| 6.67 | 8.776 | 7.163 |4.854|1.417|1.332|2.715| 1.538| 6.356 | 5.122| 2.82 | 5.631
145 27.839| 32.46 | 22.547 30.9 |32.04732.54130.87434.639 35.929 | 16.308| 25.099( 35.521
1635 0.529( 0.197 | 0.306 |2.372|8.497|8.327(8.711| 7.646( 1.692 | 4.233] 9.632( 0.725
1K 0.804 | 5.028 | 3.649 |2.034|0.311| 0.299( 0.414 216 | 2.92 | 0.801( 1.638
2Ca 2.931| 2.167| 7.583 |7.722(6.133]|5.346| 5.65 | 3.059| 0.878 |13.072(10.331| 0.989
22T 0.408 | 0.16 | 0.487 [0.514(0.424(0.502( 0.474| 0.514| 0.48 [ 0.126| 0.334| 0.384
By 0.059 0.046 0.058| 0.09 | 0.082| 0.055 0.091 | 0.053
2Cr 0.019 0.015 0.016
2Mn 0.128 ( 0.107 | 0.705 | 0.174| 0.038| 0.039( 0.046| 0.064( 0.037 [ 0.51 | 0.098 | 0.167
%Fe 14.159| 2.616 | 9.8%2 |3.747|1.215]1.425|1.213|1.467( 1.902 |11.219| 3.472| 5.257
2N 0.041 | 0.002 0.011
XCu 0.018 ( 0.002| 0.064 | 0.007( 0.001 0.004 | 0.017( 0.11 | 0.003
30Zn 0.018( 0.013| 0.212 | 0.024| 0.001 0.004 | 0.022 | 0.005| 0.005
%lGa 0.004 ( 0.003 0.001
$As 0.007 [ 0.01 | 0.135 | 0.002| 0.002| 0.002( 0.002 0.001 | 0.042( 0.013
%Rb 0.003 | 0.047| 0.027 |0.007 0.004 | 0.012 0.008
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Table4 (continued)

Borehole depth (m), mass fractior(%)

Element
Zahidne (ZP12-1) Centrahyy Yar(CY12-1) Dniprovske(DN12-2)
425 | 8.75 | 10.25 | 2.25]|3.75| 6.25| 9.25(16.25[ 17.75 14 18 18.6

%8Sy 0.025 | 0.059 [ 0.02 |0.022/0.013{0.016/0.019/0.016( 0.008 |0.122]0.144( 0.011
By 0.018 | 0.002 [ 0.006 |0.005[0.002(0.003|0.002/0.002[ 0.004 |0.008|0.005( 0.003
407Zr 0.138 | 0.022 [ 0.045 |0.065/0.071{0.093|0.066[ 0.06 ([ 0.07 |[0.018]0.053| 0.044
“INb 0.004 0.002/0.002 0.003
42Mo 0.005 | 0.008

“Rh 0.003 0.003

4IAg 0.003

505n 0.021 | 0.012 [ 0.023 |0.013] 0.01| 0.010.012/0.008( 0.01 [0.022]| 0.01 | 0.015
1Sh 0.008

52Te 0.028 | 0.019 0.013

53| 0.017

*Ba 0.087 0.061{0.091{0.093|0.063| 0.034 0.039

2Hf 0.004

W 0.003

82pp 0.059 | 0.055 ( 0.259 |0.013 0.004] 0.189| 0.027| 0.007
%Th 0.009 0.003 0.005
%2y 0.019 0.039 |0.027|0.017[0.021]0.026/0.051 0.127 |0.018| 0.041( 0.009

[
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Table5. Chemical composition of sludge recalculated to oxides (mass fraction, %) at various
depths in theCentrahyy Yartailing

Centrahyy Yar, borehole CY.2-1

Oxide

2.25m | 3.75m | 6.25m | 9.25m | 16.25m | 17.75m
AgO 0.003
AbO; | 9.171 | 2.677 | 2.517 | 5.129 | 2.906 12.011
As0O; | 0.003 | 0.002 | 0.002 | 0.002 0.002
BaO 0.068 | 0.101 | 0.103 | 0.07 0.038
CaO 10.805| 8.581 | 7.48 7.905 | 4.28 1.229
CuO | 0.009 | 0.002 0.004
FeO; | 5357 | 1.738 | 2.037 | 1.734 | 2.097 2.719
Ga0s 0.002
HfQ, 0.005
K0 2.451 | 0.375 | 0.36 0.499 2.602
MnO; | 0.275 | 0.060 | 0.061 | 0.072 | 0.102 0.058
MoOs 0.008
Nb,Os | 0.003 | 0.002
NiOs | 0.003
PbO 0.004
Pr0s; | 0.014
RO | 0.007 0.005
RhO; | 0.004 0.004
SQ 4.739 | 16.975| 16.636| 17.403 | 15.275 | 3.38
Sh0s 0.01
SeQ 0.002 | 0.002
SiQ 66.104 | 68.560| 69.614 | 66.049 | 74.102 | 76.862
SnQ 0.016 | 0.012 | 0.012 | 0.015 | 0.01 0.012
SrO | 0.025 | 0.015 | 0.019 | 0.022 | 0.02 0.01
TeQ 0.016
ThGQ 0.003
TiQ 0.858 | 0.708 | 0.837 | 0.792 | 0.857 0.801
uG 0.033 | 0.021 | 0.026 | 0.032 | 0.061 0.153
V205 0.104 | 0.161 | 0.146 | 0.099
Y>03 0.006 | 0.002 | 0.003 | 0.003 | 0.002 0.004
ZnO | 0.030 | 0.002 0.005
ZrG | 0.087 | 0.096 | 0.126 | 0.089 | 0.082 0.094
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Table6. Chemicaktompositionof sludgerecalculatedto oxides(massfraction, %)at various

depths in theZahidnetailing

Zaidne, borehole ZRL2-1
Oxide

425m | 875 m| 1025 m
AkGOs | 12.6(@ | 16.582| 13.534
AsO; | 0.00 | 0.014 | 0.178
BaO 0.097
CaO |4.101 | 3.032 | 10.61
Cr0Os | 0.027 0.022
CuO | 0.022 | 0.003 | 0.08
FeOs | 20.244| 3.74 14.086
GaGs 0.006 | 0.004

0.017

KO0 0.969 | 6.056 | 4.396
MgO 5.328
MnCG; | 0.203 | 0.169 | 1.115
Ni2Os 0.058
Nb0s 0.005
PkOs; | 0.065 | 0.061 | 0.288
RO | 0.0 | 0.051 | 0.03
RhOs
SQ 1.056 | 0.394 | 0.612
SiQ 59.557| 69.442 | 48.236
SnQ | 0.027 | 0.015 | 0.029
SrO | 0.03 | 0.069 | 0.024
TeG | 0.035 | 0.024
ThQ | 0.01
TiG |0.68 |0.267 | 0.813
WG 0.004
UG 0.023 0.047
V20s | 0.105 0.082
Y205 0.022 | 0.003 | 0.008
ZnO | 0.022 | 0.016 | 0.264
ZrQ 0.186 | 0.03 0.06

[
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Table7. Chenical composition of sludge recalculated to oxides (mass fraction, %) at various
depths in theDniprovsketailing

Driprovske borehole DN12-2

Oxide
14m 18m 18.5m

ALO; | 9.677 5.328 10.64
A0z | 0.055 0.018
BaO 0.043
CaO | 18.28® | 14.455 | 1.384
CrOs | 0.023
CuO | 0.021 0.138 0.004
FeOs | 16.04 4.964 7.516
K0 3.517 0.964 1.974
MgO | 7.345
MnO; | 0.808 0.155 0.264
MoGs | 0.012
Nb20Os 0.004
NiOs | 0.016
POs | 0.21 0.03 0.008
RO | 0.013 0.008
SQ 8.457 19.242 | 1.448
SiQ | 34.887 | 53.696 | 75.991
SnQ | 0.028 0.013 0.02
SrO | 0.144 0.171 0.013
ThQ 0.006
Ti 0.21 0.557 0.64
ug | 0.022 0.049 0.011
V20s | 0.163 0.094
Y20 | 0.01 0.006 0.004
ZnO | 0.028 0.006 0.006
Zre | 0.025 0.071 0.06

[
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Analysis of the obtained results reveals the differences between the chemical
compositon of sludge in the tailirgy In the Centrahyy Yar ailing prevailoxidesSiQ (mass
fraction of 74 - 66 %), SO(17 - 15 %),CaD (8 - 4 %), AOz(5- 2.5 %)and FeOs (2- 1.7 %).
Thecorresponding sequencdsr the tailings Zahidne and Dnprovskeare SiQ (69 - 48 %),
Fe0s(20-4 %), A0 (17- 13 %),Ca0(10- 3 %),K0 (6 - 1 %)and SQ (1 - 0.3 %) and Si@

(53- 34 %), 8, (19- 8 %),Ca0(18- 14 %) Fe0s(16-5 %), AlO;(10- 5 %)and K0 (3.5- 1
%) respectively.

The highest mass concentrations of arseffdg were found in the profiles of the

Zahidnetailing (0.007-0.135 %pand Dnprovske(0.013- 0.042 %).

1.7 Radionuclide composition
At the first stage of determination of specific activities in the PQP tailings the

collectedsampleswere analyzedoy meansof ! -spectrometry Resultsof the + -spectrometric
measurementsare presented in Fig. 19-21. Gonfidence probabilityof the presented

uncertaintiesis 0.95.
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Fig 19. Distribution of specificactivitiesof the uraniumthorium seriesradionuclidesin the
vertical profile of the Centrahyy Yar ailing (boreholel2-1).
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Fig 20. Distribution of specificactivitiesof the uraniumthorium seriesradionuclidesin the
verticalprofile of the Dniprovske #iling (borehole12-2).
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Fig 21. Distribution of specificactivities of the uraniumthorium seriesradionuclidesin the
verticalprofile of the Zahidne tailing (borehole12-1).

Accordingto the obtained results the highest specific activities of the uranium
thorium series radionuclides are found in the Centrahyy Yar tailing Among other
radionuclides the highest specifiactivities in this tailingvere measured foP?®Ra(up to
100000Bg kg). Absenceof radioactive equilibrium between 22°Th and ??Ramay indicate

that solutions enriched with radium were staten this tailing dump.
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Discussiorand conclusions

Obtained results allowed estimation of the main physicathemical parametersind
elemental compositiorof core materialof PChP dilings. The highestdifferencesbetween
the elementconcentrationsin the tailing dumps are found for such elements asSAK, Ca
Mn, Fe As Sr. Specifiactivitiesof the uraniumthorium seriesradionuclidesdecreasan the
PChRailingssequenceCentral Yar Dneprovskoe>Zapadnoe

By autoradiography using track tetors the homogeneity of the distribution of-
emitting radionuclides irsludge of PChP tailingms been investigated. It has been found
that beside a homogeneous badk® dzy R R A a ( NA-actidiyisthole spol withK S h
significant higher activityconlSy (i N> G A 2y S E A &ative Apglticlst 2Ty 2 F
concentration insludgefrom different tailingshas been determinedf radioactivity is much
higher than background level, handlingENORM may cause problenis dry processes,
where NORM scales and dust become air borne and have a significartiecttaenter the
body. The main hazards associated with-active particles are inhalation and ingestion
routes of entry Hence,the study of the characteristics of the-active particlesin tailing

dumps should be continued.
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