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STUDIES ON THE TREATMENT OF URANIUM MILL EFFLUENTS

by
J.L. Kharbanda, I.2. Singh, ?.K. Panicker & M.P,5. Ramuni
Desalination & Effiuent Enginearing Oivision

INTRODUCTION

Radicactive solid and liquid tailings are generated in huge
quantities during the milling operstions for the recovery of Uranium
from its ores1’2. After uranium leaching, elmost the sntire ors fed
to the mill is finally re jectad as solid waste. Conteminants in the
solid tailings are more or less fixed and there is very little
possibility of their spread into the environmants. Bulknof the
solids separated as sand and gravels are uséd as back fill material
for the exhausted mines where they are safaely contained. Rest of the
solid teilings are either retained in the teilings pond or are
utilised for raising the height of the barrage. Apart from solid
tailings, every thousand tonne of ore processed generates about three
to four thousand cubic maters of liquid effluents which are source of
both chemical and radioactive contaminants. Acidic barren liyguors
produced as ion exchange column effluents constitute me jor part of
the process effluents and contain bulk of the chemical ano radicactive
pollutants. ‘Tha present practice followed in their disposasl chiefly

involves neutralisation with lime and their subasquent transfer into the

tailings pond. Such @ practice, although helps in retaining ma jor



amounts of the conteminants in the pond in the form of sediments,
the remaining traces assoclated with the overflow discharges are
still high enough to pose problems of environmental contamination
over long perlods of time. Another threat to the environmental

safaty, though smell, is from the escapes of contsminants through

seepages into the ground water.

Among radioactive contaminants, radium is the majur offender
w, areas soluble manganese is chiefly responaible for the chemical
toxicity. The tailings pond overflowv waters may contain 10 pci/iitre
or more of radium activity es sgainst maximum permiasible discherge
limit of 3 pci/litre and sbout 10 my/litre of soluble manganese aa

against the allowable limit of 0.3 my/litre.

To ensure environmental safety, perhaps, the most -ealistic
approach would be (1) To chemically Fix or bind thess toxins in a form
that may keep them off from redissolving in the pond (2) To prevent
accumulation of ths conteminants in the pond by removing them prior to
their discharge or to decontaminate the overflow waters w.r.t. soluble

manganese and radium.

Wwith the above objectives in view leboratory studies were
tarried out to evolve methods for the decontamination of both barren

liquors as wall as overflow waters. Further, to prevent leaching of



contaminants and their subseguent appsarance in overflow waters,
attempts heve been made to evolve mathods for their insolubilisation
prior to their release intao ths pond. Uifferent methods were tried

and the results of those studies are discussed in this report-

2. URANIUM RECOVZERY PROCESS

The recovery of uranium from ite ores is cerried out by hydro-
metallurgicsl processas. Uranium the valued conatituent of the ore
is leached by treatment with aqueous solutions. Leach solutions may
either be acidic with sulfuric acid or alkaline with mixture of sodium
carbonate and bicarbonates. Chemical oxidants are employed to
fecilitate the leaching process. At Jadugodas, Urenium is recovered
by the use of acid~leach process as shoun in Fig-1. The crushed and
ground ore is t;eated with sulfuric acid in the presence of pyrolusite.
Uranium is seperated from the leach solutions with the help of ion-
exchange processes. Undar proper sulfuric scid conditions, uranium
is selectively taken up by the exchanger, leaving all radioactive and
chemical impuritiee in solution. Acidic barren solutions produced ae
column effluents slonguith other process waters constitute liquid
tsilings. The guantity of liquid tailings spproximately equals to
the frssh uwaters used in the plant. Uranium content of the ore
processed ranges between 0.05 to 0.7 parcent. Thus more than 99 per

cent of the ore, on processing, is rejected as solid waste.



3. NATURE OF LIQUID EFFLUENTS

3.1, 111 Effiuvents

Liquid tailings from the mill may be broadly clsssified as barren
liquors and wash solutions. lon exchange column effluents constitute
the (ormer whereas filter back wash waters, floor washings etc. sccount
for tha latter. BDerren liguore are essentielly leach soluticne minus -
uranium end c.onuﬁuontly thay contain all the scid soluble chemical
snd rediosotive impurities dissolved from the ore and the oxidant.

Typs and amounts of the chamical constituents of thess efflusnts mainly
depend upan ths composition of the ore. Uranium content of the ore
detarmines the sxtent of radiosctive conteminants. Ore snalysis ee
shown in Teble~1, anlontua that fron, aluminfum, calcium and megnesium
are the me jor scid soluble componants and thérofoto are most likely

to bs pressnt in larges smgunte in thesa solutions. In sddition, use

of pyrolusite as an oxident may contribute eignificant amounts of
mengenvee. Radicsotivity of thess liquide is mainly dus to ths presence
of dacasy products of natursl uranium. Urnntuq-ZSB. the major conati~-
tuant of natursl ursnium, decays by ssversl alphs and bete emissions
until it cesches the otlhlolund product lead=208. Among the different
decey produdts, redium has by faz the lowsst permissible concentrations
in veter (Table=2). Barren solutions obteined frem the mill has been

anslysed for sotive 83 well as inactive constitusnts. Standerd



'S have besen used for this purpose. Calcium and

analytical mnthods4
magnesium have been sstimated by EDTA titration, manganese has been
determined colorimetrically. Hadium on concentration has basn
rgtimated by a recommended mathodﬁ. Chemical and radiochemical
analysis is given in Table=3 & 4. The ligquide sre highly loaded with

dissvlved salts and are acidic in nature. The other effluaent streams

from the mill contain negligible amounts of dissolved saltes and activity.

ey Tailings Fond Uver Flow uwaters

UOverflow waters from the tailings pond are near neutral and
contain large amoynts of calcium, magnesium and sulfate (Table=3).
These waters are practicaliy free from suspended matter and have
good clarity. However Radium and Manganese concentrations are several

tLimes higher than the permissible 1limits.
{, SOLID TAILINGS

After uranium leaching, mill feed, as a whole, along with unused
oyrolusite slurry is re jected as solid waste. 5olids are further
seggreyated as sand, gravel and slimes with the help of hydrocyclone.
sand and gravels ars saent for back filling the mine and the slimes are
discarded into the tailings pond. Sulphate and pyrolusite help in

rataining bulk of the rauium with the solid tailings.

5. TREATMENT OF BARREN LIOUORS
Bete Lime Treabuont

et Liprdd'z v ooidin dn matece, the fieecr step *osvids their
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disposal essentially involves neutralisation. A gond deal of

inactive an; active impurities precipitate out during this process.

As pointed out earlier, radium and manganese are of major intersst

and hence their behaviour under different conditions of pH and
neutralising agents was studied. Lime in powder form and caustic
solutions were used for this purpose. It was observed that irres-
pective of the neutralising agent used, manganese precipitation is
complete, only when the pH is 10.5 and above. Under these conditions
the treated liquids were found to be free from manganess. In addition
gross activity (DFg = 300, DF = 4) and radium (OF p, = 28) are

also removed to an appreciable extent. Results are shown in Table-5.
Addition of 12 g/litre of lime (254 calcium oxide content) was found to
bs necessary for raisinyg the pH to ths required value. Thus most of
the active and inactive impurities are contained in the precipitates.
The volume of the sludges obtained as shown in Table=-6 ere very largsj;
for example overnight settling of the precipitates resulted in 40-50
percent sludges by volume relative to the solution volumes treated,
Some of the sludge characteristics are as under:

Sludge volume (on overnight settling) ¢ 50 percent by volume
of the treated liquids

Sludge density ¢ 1.0267 g/fce
Dry extract of the sludge t 66 g/litre

Amount of wet cake (on filtration

under vacuum) 198 g/1litre



The above data indicates that flltration of the sludges would
give rise to about 100 tonnes uf wet cake per day per thousand cubic
maters of barren solution. It would amount to about 30 tonnes on

dry weight basis.

5.2, B8arium Sulfate Treatment

Neutralisation results in large volumes of radioactive sludgas
requiring special care and heavy expenditure in Lheir handllnyg and
dieposal. Another slternative would be tu concentrate radium in
emaller volumes which could be handled with comparative ease. for
this purpose radium removal from acid barren solutiuns was st Jied L.
coprecipnftation with barium sulfate. Oifferent amogunts of berium
ranging. from 10 to 200 mg/litre were precipltated with stirring and
the extent of coprecipitation was determined. HKesults shown in
Table 7a & 7b indicate that a maximum of about 5 percent radium
cauld be eliminated by the addition of 25 mg/iitre of Baz+ ions.
Higher amounts did not show any improvement. Sludge volumes aon
nvernight settling amounted to about one percant of the liquid volumes
treated. Radium preclpitation. however, improved with increase in pi,
Y8.6% radium removal was obtained on adjusting the solution pH to 5.
Sludges produced under these conditions amounted to about 8 percent

of the liquide treated. Precipitation is reutricted to iron and
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aluminium whereas the other inactive impuritiss remain in solution.
‘Furthar increase in pH increases the sludge“volumes without any additional
benefit. Thus addition of barium followed by adjustment of solution

PH to S5, would sliminate most of radium activity. Active sludges may

be separated out and retained for disposal. Such a practice may help

in reducing radium load and its further accumulation in the pond.
5.3+« Combined Barium Sulfate ~ Lime Treatmant

In order to improve upon the efficiency of lime treatmsnt to
insolubilise radium, barium sulfate precipitation was tried in combi-
nation with lime. O0Oifferent amounts of barium wers used for this
purpose. Introduction of 25 mg Ba2+/11tre followec by neutralisation
and increase in pH to 10.5 with lime could insolubilise 99.5 percent
of radium activity. Hesults are whown in Table~B8. Sludge volumss
remainad practically the same es obtained during the process of lime

treatment alone.

5.4. Treatment With Barytes

Barytes, & naturally occuring mineral of barium, is often
suggested for use in the treatment of Waste Waters contaminated with
radium activity7. Its use in the caoncentration of radium from acid
barren iiquura was sxamined. The important factore studied are

contast time, particle eizs, concentration of barytes and method of



contact on the extent of radium uptake. Measured volumes of liquids
wers contacted with knoun amounts of barytes(96 parcent BaSU:) in
powder form and agitated with a mechanical stirring device. Aligquot
samples were withdrawn after a fixed duration of tims end centrifuged,
supsrnatant was analyesd for radium activity. Results shown in

Tab.. - indicate that & minimum of one hour contact time is
necessary to achieve equilibrium. Results in Table 9b and 9c show
that the activity removals increase with decrease in particle size
and with increase in barytes concentrations. These observetions
indicate that concentration of radium on barytes is mainly controlled
by surface adsorption mechanism. Radium removals upto 88 percent
could be echieved on contccting 2 g/lierc of barytes of 200 to 325

mesh size for about an hour with barren solutione.

feasibility of its use in columr was elso examined. Barytes
gample with 40-60 mesh was used for this purpose. Finer fractions
couid not be used, for acceptable flow rates could not be obttained.
10 gram barytes was packed in a glass column (1.8 cm dia. and 27.7 cm
height) and solution was pasesd through it. Radium uptake under
conditions of varying flow rates was studied. 8reak through rasnging
between 15 to 20 percent was observed through out upto 500 bed

volumes, at the rate of § column volumes per hour. There was no
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significant increase in break through on passing larger volumes of
ths influents. Howaver, increased flow rates resulted in incrsesasd
break through valuesj for example break through of the order of 30

percent was obtained on incressing the flow rate to 10 column volumee

per hour.

S5, Tr2atment With Pyrolusits

Manganese dioxide has bsen known for its affinity to fix a
numbar of metal 13na on ite surface. This property has been suggeeted
for ite use as rsdium collector from the mill 3fflu.nt8. Pyroluaite,
a naturclly occuring mangsnese dioxico ore wasa tasken up for studiss
to corcentrete radium from acid barren sclutions. Radium upteke wae

studied both under static ee well ae dynamic conditions,

Under static conditions, bstch of mineral (70% Hnoz) wsighing
2 gram was placed in a glass conteinsr and atirred with a litre of
barren liquor. Equilibrium wae achisved within an hour of contact.
Oifferant concentrations of pyrolusite and the psrticle eizes were
tried for thie purposs. Resulte are shown in.Tab10-10. & 10b.
fadium uptake increases with decreasing size and marginally with
increasing concentrations. Removale upto 92 percent wers obtained on

contacting 2 g/litre of pyrolueita of 400 mesh eize, Agitation was
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stopped after one hour and the slurries were allowed to settle.

A clear solid-liquid separation was obtained after about 12 hours

of sattling. Supernatant was separated and settled slurries werse
reused for tpe treatment of a fresh batch. It was observed that its
capacity to concentrate radium remains unaffected; for example B7 per
cent removal was obteained in the second time treatment. This suggaste
the reuse of asttled slurries in the treatment cycle. Freshly
prepared manganese dioxide was also tried for this purposs. 1t uas
prepared by the action of hydrogen ' :ruxide on potassium permanganatae.
The product was washed, dried and juwdered. Batch equilibrium tesis
showed that the laboratory prepared sorbentlis superior teo ths minerai.
Under similar conditions of concsntrations and time of contact, S6

per cent radium up taks was obtainsd with the freshly prepared sorbent

as compared to 92 percent with the mineral.

Under dynamic conditicns, sorbent was packed in glass column
and esorption was studied with cdifferent particle sizes. 40-50 mesh
s8ize was found suiteble for column use. The finer fractions, due to
compression under flow did not work as the acceptabls flow rates
could not be obtainsd. Howaver, with the aebove size, efficiency of
radium concentration remained unsatisfactory; for example 40 to 50

parcent breakthrough was noticed within first few column voluwmes.
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STABILISATION OF MANGANESE

Neutralisation of barren solutions results in the precipitation
of manganese(II) hydroxide. It was obssrved that solubility of the
hydroxide decreases with increase in pH as shown in fig. 2. Although,
neuytralisation to pH 10.5 helps in the complete precipitation of
manganess as hydroxide, the fall in pH in the tailings pond brings
about ita partial resolubilisation. As a result manganese appesars in
the overflow waters. Mangansse (IV) oxide can withstand to the
changing solution conditions as it remains insoluble under a wids range
of pHe In view of this, it waa considered that change of mn(il) to
Mn(1v) would help in stabilising manganese, thus avoiding its

redissolution. Methods such as air oxidation, chlorination, perman-
ganate treatment etc. were tried for this purposse.
Air oxidation: Under alkaline conditions, Mn(OH)z. is known for its

affinity to react with dissolved oxygen in solutions to form Mn(IV)

oxide as per the following reactions.

MnS0, + Ca(OH), —) cm;(cm)2 + CasO,

2.1«--'.(011)2 +0, ——, Z.HnO(DH)z
Oxidation proceads stiochiometrically, 1 ppm of dissolvad oxygen
oxidssu? ppm of manganous manganese. Considering the larqe amount of

sanganesa in addition to dissclved axygen, supply from external sources

is nscessary to bring about complete conversion to higher oxidss.
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Rir digestion of the nsutralised barremn slurries was {ried.
Experimental set up is shown in Fig.3. Measurad volyma (500 ml1}

of acid barrsn solution uas taksn in a glass contain;r of one litre
capacity, pH was raised to 10.5 by ths addition of lims. Alr was
pasasad at a fixed rate for different duration of time. It uwas
obeervad that, as the aeration proceseds, the precipitatss change

from dirty brown ta greyish black color. Thie indicates of a change to
higher valence state. Extent of stabilisation was determined by
acidifying the asrated sample with dilute sulfuric scid to pH 2 =~ 3.
Acidifisd solutions were stirred for about half an hour and the
unaffected precipitates were allowsd to settle. Supernatant was
analyssd for soluble manganese. These amounts were taken as unreacted
mangancus manganese. Results are shown in fig. 4. Oxidation wae
found to accelerate efier a time lapse of about fifty minutes. This
is in sccordance with the reported observat'ons, indicating that

onca the higher oxide is formed, it exerts s catelytic effect and
facilitetes the procees of oxidation. Air digestieon of the neutra-~
lised slurries at the rate of BSL air/hr for 2 hours, 4 hours

and 6 hourse vesulted in 98, 98.5 and 59.2 percent conversion to
higher oxides revpectively. It was further observed that air
digeetion helpa in improving settling characteristics as well se
resducing the sludge voiumes; ror’oxampls sludges emounting to 35 percant

were obtained with geration o3 compsred tc 50 percent without asration.
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Chlorination

P e

Oxidation by diresct chlorination wae, howaver, not tried.
Commarcial grade bleaching powdar wae used as a source of active
chlorine for this purpose. About 9.8 g/litre of blesching powder
(36% availahle chlorina) was found to be necessary for bringing
about complete oxidaticn of menganese(II) present in the neutralised
barren slurries. Convereion in this case was found to be much fsstor
as compared to simple asration. 3Settling and filtrestion characte-

ristics of the sludges elsos improved significantlyv.
Permanganate Treatment

Permanganate oxidises Mn(II) both under slightly acidic ae well
as alkalins conditions. Amounts of potaseaium permanganate required t»o
campletely oxidiss Mn(iI) in the nautralised barren slurries was
faound by the dropwise addition of standard permanganats soluticn til1l
the supernatant acguired persistant pink colour. The liquids were
kept stirring during the addition of permanganate. The amounts of
potagsium permanganate required for the complete oxidetion were found
to be 131.4 mg/litre. Manganese in acid barren solutions prior to
nsutralisation could also be oxidised with permanganets. Oxidation

under these conditions was found to be faster end mora sffective then

under alkaline conditions.



7. BEHAVIOUR OF MANGANESE ANi) RADIUM IN THE
TAILINGS PCND

Neutralised horgun acluticne zleeg with ather liquid
tailings are discharged inta &thy tailings puad. Tailings
pond at the mill site Gutupxts « . ... o7 ciaut 30 zecras
in @ natursel depressicn formrd Ly tuwo Lilre wibh an opening
on one sidss. An earther der oonctructed with boulder
foundation on tha spariso s.de, worouesny b anclused area
Ento a ponde 10 S pUTie, BUsan tewa. - s Lok and Lhe
clear liquid ocverf.ovs Lte £ cusc’y o -0 w 3ithough
mangenese ie romolstaly acenioiretod o meuvralieation,
it reappearse partiv .« fha L oertinw a0 3 “arcial Briu-
bilisation of manganzue .dy OB 2. .uwocw o aObis . o) cFA Gk
reactionu i Lite puoi . Z0elcu g s e g0 s suwluliien
Conditionm. Atkba > - 7 o0 hama tighly
alkaline{pH .+~ 10.5), the ousi1?low uattra ars rormally near
".utral(pH 7)o ihis change i o 48 swssitly responsible
for its solubliisseinil. Wedi.Gaactay Gevati o GLao3pher it
carbon dioxide on scluuls Time s .z £3 ka chigfly responsible
for the decrease in pH of thse pend waters. Calcium carbonatsg
precipitates and sattls’s during tng procesa. This was
verified experimsntally. fa.ve {icras G Qaclan solutiong
were take: {or this puipusn, nEueid.. 350 eow g calsaed to

105 with e T e L © ot axacsed to
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atmosphere and change in pH was recordsd on daily basis.
It was observed that the pH decreasss to about 7.5 with
in a period of 12 days. At this stage the suparnatant
sampls was withdrawn, analysed for dissolved marganess,and
wsrs found to contain 8 mg/litre of manganess.
TREATMENT OF TAILINGS POND OVERFLOW WATERS
Manganese Ramoval

As discussed above, these waters are near nautral and
contain upto 10 mg/litre of soluble manganese as smgainst
the permissible allowable limit of 0.3 mg/litre. Oifferent
alternatives to bring down ite concentration btefore discharge
were considered and are discussed below.
Hydroxide precipitation

The cancentrations of mangnous mangansse in the overflow
waters are large enough to permit its precipitation and
subsequent removal as hydroxide. Laboratory testa showed
thet manganese could bs complately eliminated by raising
the pH of these waters from 7.2 to 10,5 Results are
shown in Table-=11. It was observed that addition of about
200 mg/litre of lime 15 reguired for this purpose. The
resulting precipitates had good ssttling properties and
sludges amounted to three percent of the treated waters.

Radium activity of these watera however remained unchanged.
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To the measured volume of these waters, standard permanganate
solution was added with constant stirring, till solutions aquired
light pink color persisting for about 10 minutes. Solutions were
allowed to stand for the precipitates to settle. It was observed
that the precipitates are fine and slow in settling. At lesst
24 hours settling was necessary for achisving liquid-sclid
separation. Laboratory tests further indicated that addition of
about 6 mg Mn(VII)/litre in the form of sodium or potassium
permanganate is sufficient to bring about complete precipitation
of the soluble manganese in these waters. The sludge valumes on
24 hours settling ambunted to G.5 percant by volume of the
treated liquids. It was also obsarved that an appreciable amount
of radium activity is semoved during this procesa. This obssrvation
ie in accordancs with the reported affinity of hydrous manganess
dioxide for redium11. Results ahown in Table=-12, indicate that
the treated effluents are free from manganese contamination and
the residual radium activity is also much below the permissible

discharge limits.

Be2e Radium Removal
842414 Barium Sulfate Treatment
fadium removal from overflow waters was studied by its
coprecipitation on barium sulfate. Different amounts of barium
ranging from 5 to 75 my/litre were trigd. Results shown in Table=~13

indicate that about 90 percent removal is possible by the addition



of 10 mg/litre or mure of berium. Increase in pH did not
show any improvement. Treatmeniy can, therefors, be carrisd out
without changing the existing solution conditions 87 these
waters. Radium activity of the treated waters is bslow the
permiseible discharge limits.

8.2.2, Harytes Treatment

Studies on the use of barytss for the concentraticn of
radium fron these waters were carried out in a fashion =zimilar
to acidic barren solutions. In this case, the studiss usrse
restricted to batch squilibrium testse. Among the differeny
8izas tried, 2 maximum of chout 45 parcent removal wazs oo 0F
on contacting 4 g/litre of t--vtes(=-200 mesh) for ah-~u+ °- =
bours. Removal aefficilsncy reduced to very Jow valuas with
larger particle siza; for exampile 25 percent remaoval was
Dbtainad}uith 30=-5L @uaii,

re2e¢3e Pyrolusits Treatment

Studies on the use of pyrelusite were also limited %o
batch equilibrium tests. Among the different fractions trieuq,
best results were cbtained with =400 mesh. About 90 percant
removal was obtainod on contacting 1.5 g/litre ef pyrolusite
for an hour with constant stirring. An cvarnight settling
is required for the solid=ligquid separation. The settled

slurriss could be reuse:- for Lhe treatment of fresh uqguids.



- 20 -

There had been no change in its removal efficiency during

2=3 treatment cycles. Resulta are shouwn in Table-14. A slight
decrease{ “~ 10 psrcent) in swluble manpansese was also observed
during the process.

CONCLUSION

Accumulation of the pollutants may be prevented or minimised
by removing them from the effluents before discharge into the
tailings pond. Barren liguors may be decontaminated with respect
to radium by coprecipitation on barfium sulfate or sorptiv: un
barytes and pyrolusite. Coprecipitation is effective at pH §
or above. About 96 percent removal has bsen obtained by the
addition of 25 mg/litre of ga’t at pHS. Sludges produced under
these conditions amounted to about 8 percent of tha liguids
treated. Precipitation undsr the conditions of high alkalanity
would produce much larger volumes of sludges. Treatment of
1000 N3 barran solutions would thus produce about 80 H3 of
radium bearing slurries.

Sorption on barytes and pyrolusite is a function of
particle size, smaller the size,better is the removal efficiency.
Appreciable radium uptake is obtained on their use in sizes
less than 125 meshe. Their use in larger particle sizes
showed poor performance. These cbssrvations ruLLout the
use of these minerals in column or contact beds. Thase

materials in powdsr form can, howsver, be used in a batch

treatment process. In such a procass, they may be contacted
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with liquids for the desired periods followed by their settling and
separation as slurriss. The minimum amounts of either of the minerals
required for this purpose calculate out to be about 2 tonres a day.

Similarly manganese may be completely eliminated from the
barren solution on its precipitation as hydroxide. Separation and
retention of the sludges generated durirg the above processes would
help in controlling the input of the pollutants and their subseyuent
build up in the pond. Such a practice would,howsver, give rize ta
large volumss of sludges amounting approximately to half the 1iquid
volumes treated. Treatment of 1000 ﬂ3 barren solutions, for axamplej}
would generate about 400 to SCO N3 of slurriss requiring further
handling for their disposal. Such 2 proposition would complica’c
the problem rather than providing an economically viable practical
solution.

In order to avoid the prublem of siudgze nandiing, it is
desirable to continue the use of tcilings pond as a permansnt
reservoir for the slurries and the pollutants. Risk of environmsntal
con;amination, in this case, may be avoided by chemically fixira
or binding the pollutants in a form that kseps them off from
redisolving in the pond. Combined barium sulfata=lims treatmant
could insolubilise radium activity to an appreciable extent in
the barren liquids. Radium is homgeneously distributed through
out the barium sulfate precipitate and as such there is no
poesibilicy of fcs =asizsolusiss an the . flings poud. Dombinay traswesnd

sateias avimnlga i e b

Y
N .
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followed by air digestion nf thz -



o 4P

in stabilising manganess(Il) to hignly insoluble manganaese{1V)
oxide, thue avelding the possibiiity of its soiubilisation
with change in pH conditions of the pond waters. Residual
manganese and radium contamination of the overflow waters
could be successfully removed by simple troatment with
psrmanganate solulions and separsting the resulting

pracipitates before tneir relezse to the enviconment.

A trepatment scheme as shoun In fig.S have been formulated
on thess lines. TL envizagses addition and pracipitation of
25 mg Ba2€ylitre foliowad by neutralisation with lime. The
sludges on liquid-solid ssparation are subjected to air
digestion for stebilising manganese. Zupernatant and the
digested siudgos oo discharged to the talilings ncond.
Overflow waters from the pond are treated for manganese and
radium removal by contaclbing with 5 to 10 mgs/litre of
permanganate, The resulting hydious manganece dioxide
precipitates, smounting Lo acout D5 peccent by volume of
the treated waters which on dswatsering may eithor bhe used
as an oxidant for uranium leaching in the mill or disposed
of as radicactive solid waste. 1The over all cost of chemicals
requiisd for iha trosatmoal worhkn out
cublc matar 9¢ thao affluants, Thie veoedld hardly add up

any thing appreciable fto the cost of nroduction of uranium

(Rse UoZli to $50UU peY KAIGgrdammy 01 ULSALUR pEotucad)



Decontaminated clean waters may either be released to the
environmsnts or rsused as process water for milling
operations. Ite reuse as process water would depend
upon the mill specifications for thees waters. In case
of its being feesible, the contaminants would remain
confined to the mill thus ruling out even the slightest

possibility of environmental pollution.
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Table ~ 1

Uranium
Ore analvsis
Mineralogical Chemical
Constituent % by Wt Constituent % by wt
Quarte 60.0 u3ose 0.07
Chilorite 20.0 §102 67.20
Magnatite 9.0 Fel 6.37
Tourmaline 3.5 F9203 Te87
Apatste 3.0 A1203 5.50
Sulphidas 2.0 1402 0.65
Cilmenate 1.0 fnb 013
Dthers 1.5 Cal 5.40
Mg 2420
P205 1.04
S 0.79

Undsterminsd



Table = 2

Maximum Permissible Concentrationa

Radionuclide (mPC) W for
unrestricted

arsas /uci/ml

Unat 7 x 10-5
Th234 pa234 R
po210 3 x 1078

Ra226 3 x 10-9




Table - 3

Chemical nature of the liquid effluents before treatment

Effluent Stroamsa

Components
anslysed Barren liquors Tailings pond
overflow waters

PH 2.0 7.2

Tutal dissolved solids 19.6 3.6

u/1

Suspended solids mg/l {s negligible
Mangansse mg/1 560-800 0.4 = 10
Iron mg/1 700~-900 Nil
Calcium + Magnesium mg/1 1450 710

suiphate($8.*) o/2 10-11 1.5 = 2.0




Table - 4

Radio Chemical nature of liquid effluents befors trsatment

Componenta

analysed

1

Effluent streams

Barren liqucrs Tailings pond
overflow waters

Gross beta /uci/nl
Gross alpha /uci/ml

Radium=226 /uci/ml

8.16 x 107> 1.6 x 1078
2.10 x 1072 2.3 x 1077
1.33 x 1070 1.2 x 1078




Table ~ 5

Lime treatment of barren liquors -~ Removal of active and inactive constituents

Lime added ¢ 12 9/litre

pH ¢ 10.5
Components Supernatant after Percent
analysed lime treetment removal
-5
Gross bata /uci/ml 2.0 x 10 75.00
N ; -8
Gross alpha /uc1/ml 7.0 x 10 99.70
: -3
Radium - 226 /uci/ml 4.7 x 10 96,50

Manganese mg/1l nil Compiete




Table ~ 6

Lime treatmant of barren liquere = settling characteristics of the sludges

Solution volume 3 100 ml
iime added $ 1.2 3ram
pH 1 10.5

Sludge volumse in ml
Settling period

in minutses
Sample 1 Sample 2
10 94 .0 94,2
20 85.0 86.0
30 81.0 82.0
69 735 74.0
920 68.0 _ 69.0
120 62.5 60.0

Ouver night 48.5 §0.0




Teble 7a

Barium sulfate treatment of barren liquors - Radium removal

pH = 2 (original)

2+

Amounts of Be Treated solutions
added mg/1 Radium~2946 activity Rsdium removal
/uci/hl percent
-6
10 4.02 x 10 69
-7
25 3.29 x 10 75
~7
50 3.40 x 10 74
-7
75 3.60 x 10 79
-7
100 3.30 x 10 75
=7

200 J.10 x 10 76




Table 7b

Barium sulfate treatment of barren liquors - Effect of pH

2+

Amount of Ba“  added: 25 mg/l

Sludge volume
oH {over night settling) Treated liquids
_i::::g;s to liquide Radium activity Radium removal
Porcent /uci/nl percent
2.0 0.7 3.29 x 1077 75.0
3.0 1.2 3.12 x 1077 76.0
3.5 1.5 1.90 x 10”7 85.4
4.0 4.3 1.3 x 1077 90.0
4.5 ) 5.2 x 1070 90.0
5.0 8.0 1.80 x 1978 98.6
7.0 32.0 1.50 x 10”8 98.8

9.0 41.0 1.30 x 107° 99.0




Teble - 8

amf-

Combined barrjium sulfate ﬁ}lime treatment of Barren liquors.

Amounts of Amount of pH Treated liquids

B 2+ d lime added

a adde o/1 Radium activity Radium
mg/1 removal

/uci/ml percent
nil 12 1006 448 x 10°° 96,30
10 12 106 2.3 x 1070 98,20
25 12 1066 6.5 x 1070 99,57
50 12 10.6 5.6 x 10°° 99,57
75 12 10,6 648 x 107° 99,48
-9

100 12 10.6 5.2 x 10 95.6




Table = 9a

Treatment of acid barren solutions with barytee = Effect of contact time on radium removal

Activity removal
Contact time

percent
in min.
Radium~226 Gross Alpha Gross Bsta
5 5145 3740 39.0
10 6440 39.5 45.5
30 7640 41,0 50,2
60 80,0 4340 40,0

240 80.0 4145 5145




Table = Sh
Treatment of acid barremn solution with barytes
- Effoct of particle size

Amounts of barytes ussd: 2 g/l

Contact time 3 60 min
Particle/mesh Treated liquids
size RAdium=226 activity Radium removal
/uci/ml percent
- 40 + 50 2486 x 107 78.0
. -7
- 60 + 100 2.54 x 10 80.5
. ~7
=100 + 150 2¢34 x 1) 82.0
~150 + 200 1.82 x 107" B6.0

-200 + 325 1.59 x 10 88.0




Table 9Yc

Treatment of acid barren sclutions with barytes

- Effect of tha amounts of barytes
.o )
Tinmarcontact ¢ 60 min

Puerticle size: 100-~150 maesh

Amounts of Treatad liquids
barytes -
o/1 Radium~2z6 activity [adium zemoval
/gci/ml percent
1.0 3.38 x 1077 74,0
240 2047 x 1077 81.0
-7
3.0 1461 x 10 BEs0
440 1043 % 1077 3900
-7

10.0 1.58 x 10 658.0




Table - 10a

Treatment of acid barren solution with pyrolusite
- Effact of particle size on
radium removal

Amounts of pyrolusite used: 2 g/1

Time of contact t 60 min.

Treated liquids

P

Particls/mesh

size Radium=226 activity Radium removel
uci/ml psrcent
/
-60 + 100 4.68 x 1077 64.0
~7
-150 + 200 293 x 10 775
-200 + 325 2.28 x 1877 8400
7

-400 D.975x 10" 92,5




Table 10b

Treatment of acid barran solution with pyrolusite

=Eftect of emount of pyrolusite
on radium removal

Time of contact 8 60 min
Size =400 mesh

Amounts of

Trested liquids

pyrolusite
a/1 Fi:st time treatment Second time treatment *
Radium=~226 Radium removal Radium activity Radium removal
activity percent /uci/ml percent
/ucilml
-7 " a7
05 1¢3 x 10 90.0 2634 x 10 82.0
1.0 0.99x 10~7 93,0 2.08 x 1077 84,0
ceB 1.04 x10~7 92.0 1.69 x 107 6740
4.0 0.61 x10”7 92.0 2.82 x 1077 86.0

*Sattled slurries from th. first treatment
ars reused for the treatmant of fresh
liquids.



Table = 11

Tailinys pond overflow waters precipitation of Mn(Il) as hydroxide

Initial concentrations of Mn(Il): 10 mg/1
pH adjusted with lime

Treated waters

PH Conc. of Mn(II) in solution Mn(11) precipitated
mg/1 percent
7.2 0.0 -~
7.5 8.7 13.0
8.0 8.3 17.0
8.5 7.9 21.0
G.0 642 38.0
9.5 4.3 57.0
10.0 0.2 98.0

10.5 nil 100.0




Table - .2

Tailing pond effluents~-Removal of manganese and Radium by

permanganate treatment

>4
M 3 10 mg/1 i Before treatment

pH 1 GoB
Amounta of ma{1l)in the Radium=226 in the
Mn(Vv1I)added treated waters treatsd effluents
mg/I mg/1 Juci/ml
a 0408 3,5 x 1010
5 no™ 3.0 x 10710
6 ND 2.9 x 1070

L3
ND=Not detected



Table ~ 13

Barium sulfate trestment of tailings pond overflow waters

~Removal of zadium activity

P s 7.2
Amounts of a.+2 Treated waters
added
Radium=226 activity Percent radium
mg/1
/ucilnl removel
=9
5 264 x 10 78.0
-9
10 137 x 10 89.0
25 0.96 x 10”7 9240
50 1.02 x 10~ 9148

75 1420 x 1077 90,5




Table ~ 14
Teilings pond over flow waters—Radium removal by treatment with Pyrolusite
Tims of contact 3 60 ainutes
pH t 7.2
Size $ ~-400 messh

Amounts of Treated watars
Pyrolusite
o/t Firpet time treatment Second time treatment ®
Radium=226 Radiux removel Radium=226 Redium removell
/uexlnl pesrcent Juci/al percent
049 3.84 x 10”0 68400 42 x 1077 65400
ol 2488 x 1070 75,00 2064 x 1077 78,00
0e5 1.8 x 1077  8s.00 2,04 x 100 83.00
140 132 x 1077 g9,00 168 x 10~ 86400
145 0.96 x 10~ 92,00 1.2 x 1077 90.00
2.0 0.96 x 1077  92.00 1.08 x 107 91,00

2Settled elurries from the Ist time
treatment are contected with fresh

waters in the second time treatment.
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