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STUDIES ON THE TREATMENT OF URANIUM MILL EFFLUENTS

by

3.L. Kharbanda, 1.2. Singh, 3.K. Panicker & M.P.S. Hamuni
Desalination 4 Effluent Engineering Division

I. INTRODUCTION

Radioactive solid and liquid tailings are generated in hugs

quantities during the milling operations for the recovery of Uranium

1 2
from its ores ' . After uranium leaching, almost the entire ors fed

to the mill is finally rojectad as solid waste. Contaminants in the

solid tailings are more or less fixed and there is very little

possibility of their spread into the environments. Bulk of the

so lids separated as sand and gravels are used as back fill material

for the exhausted mines where they are safely contained. Hast of the

solid tailings are either retained in the tailings pond or are

utilised for raising the height of the barrage. Apart from solid

tailings, every thousand tonne of ore processed generates about thres

to four thousand cubic meters of liquid effluents which are source of

both chemical and radioactive contaminants. Acidic barren liquors

produced as ion exchange column effluents constituts major part of

the process effluents and contain bulk of the chemical and radioactive

pollutants. The present practice followed in their disposal chiefly

involves neutralisation with lime and their subsequent transfer into the

tailings pond. Such a practice, although helps in retaining major
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amounts of the contaminants in the pond in the form of sediments,

the remaining traces associated with the overflow discharge* are

still high enough to pose problems of environmental contamination

over long periods of time. Another threat to tha environmental

safety, though small, is from the escape of contaminants through

seepages into the ground water.

Among radioactive contaminant*, radium ia tha major offendsr

w. jteas soluble manganese ia chiefly rasponaibla for tha chemical

toxicity. The tailings pond overflow waters may contain iO pel/litre

or more of radium activity as against maximum permissible discharge

limit of 3 pci/litre and about 10 mg/litre of soluble manganese as

against the allowable limit of 0.3 mj/litre.

To ensure environmental safety, perhaps, the moat realistic

approach mould be (1) To chemically fix or bind these toxins in a form

that may keep them off from redissolving in the pond (2} To prevent

accumulation of tha contaminants in the pond by removing them prior to

their discharge or to decontaminate the overflow watera w.r.t. noluble

manganese and radium.

With the above objectives in view laboratory studies were

carried out to evolve methods for the decontamination of both barren

liquors as well as overflow waters. Further, to prevent leaching of
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contaminants and their eubsequent appearance in overflow waters,

attempts have been made to evolve methods for their insolubilisation

prior to their release into tha pond. Different methods were tried

and the reaulta of those studies are discussed in this report

2. URANIUM RECOVERY PROCESS

The recovery of uranium from ite ore* ia carried out by hydro-

metallurgical processes. Uranium the valued constituent of the ore

ia leached by treatment with aqueous solutions* Loach solutions may

either be acidic with sulfuric acid or alkaline with mixture of sodium

carbonate and bicarbonatee. Chemical oxidants art employed to

facilitate the leaching process. At Oadugoda , Uranium ia recovered

by the use of acid-leach process as shown in Fig-1. The crushed and

ground ore ia treated with sulfuric acid in the prsaance of pyrolusite.

Uranium is separated from the leach solutions with the help of ion-

exchange processes. Under proper sulfuric acid conditions, uranium

is selectively taken up by the exchanger, leaving all radioactive and

chemical impurities in solution. Acidic barren solutions produced as

column affluents alongwith other process waters constitute liquid

tailings. The quantity of liquid tailings approximately equals to

the fresh waters ussd in the plant. Uranium content of the ore

processed ranges between 0.05 to 0.7 percent. Thus more than 99 per

cent of the are, on processing, is rejected as solid wa&te.
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3. NATURE OF LIQUID EFFICIENTS

3.1. 11111 Effluents

Liquid tailings fro* the Mill may ba broadly claeaified aa barren

liquors and wash solutions* Ion exchengo column effluents constitute

the former whereas fi lter back wash waters, floor washings ate* account

for the latter* Barran liquors ara essentially leach solutions Minus

uranium end consequently they contain all the sold soluble chemical

and radioactive impurities dissolved from the ore and the oxidant.

Type and amounts of the chemical constltuente of these effluents meinly

depend upon the composition of the ore. Uranium content of the ore

determines the extent of radioactive contaminants* Ore analyaia ae

shown in Teble-1, indicates that iron* aluminium, calcium and magneeium

ara the major aold soluble coaponanta and therefore ara meat likely

to ba praaant in large amounte In tnaaa aolutlone. In addition, uee

of pyrolualte aa an oxidant nay contribute eignirieant amounts of

manganese. Radioaotivlty of thaaa liquida 4a aalnly due to the preeenoe

of dacay producta of natural uraniuM* Uranlua-238, the major eonatl*

tuant of natural uranium, daeaya by aavaral alpha and beta amiaaions

until It reechee the atabla and product laad-20fl. Among the different

daeay produdte, radliw hat by fat the lowaat peraieeibla ooneantratlana

in water (Table-2)* larran solutlona obtained fram the Mill haa been

analysed for active aa Mi l • • inactive eonatltuanta. Standard



analytical mothods ' have bean used for this purposa. Calcium and

magnesium have bsen estimated by EDTA t i t ra t ion , manganese has been

determined colorimetrically• Hadium on concentration has been

estimated by a recommended method . Chemical and radiochemical

analysis is given in Table-3 & 4 . The liquid* are highly loaded with

dissolved s a l t s and are acidic in nature. The other effluent streams

from the mill contain negl ig ible amounts of dissolved s a l t s and a c t i v i t y .

'•''' •'• ' Tallin-is Pond UVBT Floui uiaters

Overflow waters from the ta i l ings pond are near neutral and

contain large amounts of calcium, magnesium and sulfate (Table-3).

These uiatars are practical ly free from suspended matter and haue

aood c l a r i t y . However Radium and Manganese concentrations are several

times higher than the permissible l i m i t s .

1. SOLID TAILINGS

After uranium leaching, mill feed, as a whole, along uith unused

ayroluoite flurry is rejected as so l id waste. Solids are further

:;eggre-jated as sand, gravel and slimes with the help of hydrocyclone.

'janU and gravels are sent for bacl: f i l l i n g the mine and the slimes are

discarded into the ta i l ings pond. Sulphate and pyrolusite hsip in

rs la in inj bulk of the raaiurc with the so l id t a i l i n g s .

*. TRKATMENT OF BARREN LIQUORS

S.I . L.illK.J'.Zl'.̂ 'L-'.ai.

.•-•• ' " J . i . . . | r ' i i ' ? v r r - o c . \ \ > i : : I n H i t t L ' - r ? , M-.--1 f i . t - r a t > . p * o . - M ' . d s t h e i r
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disposal essentially involves neutralisation. A good deal of

inactive and active impurities precipitate out during this process.

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

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 wBre found to be free from manganese. In addition

gross activity (DFQ( = 300, DF n = 4) and radium (DF R,,_ = 28) are

also removed to an appreciable extent. Results are shown in Table-5.

Addition of 12 g/litre of lime (25,4 calcium oxide content) was found to

be nucessary for raising the pH to the required value. Thus most of

the active and inactive impurities are contained in the precipitates.

ThB volume of the sludges obtained as shown in Table-6 ere very large;

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 t 1 .0267 g/cc

Dry extract of the sludge t 66 g/litrB

Amount of wet cak9 (on filtration

under vacuum) : 198 g/litre
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The above data indicates that filtration of the sludges mould

git/9 rise to about 100 tonnes of wet cake per day per thousand cubic

maters of barren solution. It would amount to about 30 tonnes on

dry weight basis.

5.2. Barium Sulfate Treatment

Neutralisation results in large volumes of radioactive sludges

requiring special cara and heavy expenditure in their handling and

disposal. Another alternative would be to concentrate radium in

smaller volumes which could be handled with comparative ease, for

this purpose radium removal froin acid barren solutions uas si oi«=u •.-

copraclip station with barium aulfate. Different amounts of barium

ranging: firom tU to 200 mg/litra uisre precipitated with stirring end

the extent of coprecipitation was determined. Results shown in

Table 7a & 7b indicate that a maximum of about '5 percent radium

could bs eliminated by the addition of 25 mg/litre of Ba 2 + ions.

Higher amounts did not ahow any improvement. Sludge volumes on

overnight settling amounted to about one percent of the liquid volumes

treated. Radium precipitation, however, improved uith increase in pH,

90.6/J radium removal was obtained on adjusting the solution pH to 5.

Sludges produced under these conditions amounted to about 8 percent

of the liquids treated. Precipitation is restricted to iron and
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aluminium whereas the other inactive impurities remain in solution,

further increase in pH increases the sludge volumes without any additional

benefit. Thus addition of barium followed by adjustment of solution

pH to 5, mould eliminate 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 Sulfata - Lime Treatment

In order to improve upon the efficiency of lime treatment to

insolubilise radium, barium sulfate precipitation urns tried in combi-

nation with lime. Different amounts of barium were used for this

purpose. Introduction of 25 mg Ba /litre followed by neutralisation

and increase in pH to 10.5 with lime could insolubilise 99.5 percent

of radium activity. Results are uhown in Table-8. Sludge volumes

remained practically the same as obtained during the process of lime

treatment alone.

5.4. Treatment lilith Barytas

Barytes, a naturally occucing mineral of barium, is often

suggested for use in the treatment of Waste Water* contaminated with

radium activity . Its use in the concentration of radium from acid

barren liquors uas examined. The important factors studied are

contact time, particle siza, concentration of barytas and method of
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contact on the extent of radium uptake. Pleasured volumes of liquids

were contacted with known amounts of barytes(96 percent BaSO^) in

powder form and agitated with a mechanical stirring device. Aliquot

samples were withdrawn after a fixed duration of time and centrifuged,

supernatant was analysed for radium activity. Results shown in

Tab_._ • indicate that a minimum of one hour contact time is

necessary to achieve equilibrium* Results in Table 9b and 9c show

that tha activity removals increase with decrease in particle size

and with increase in barytes concentrations. These observations

indicate that concentration of radium on barytes is mainly controlled

by surface adsorption mechanism. Radium removals upto SB percent

could be achieved on contacting 2 g/litre of barytes of 200 to 325

mesh size for about an hour with barren solutions.

Feasibility of its use in column was also examined. Barytas

sample with 40-60 mesh was used for this purpose. Finer fractions

could not be used, for acceptable flow rates could not be obtained.

10 gram barytes was packed in a glass column (1*8 cm dia. and 27.7 cm

height) and solution was passed through it. Radium uptake under

conditions of varying flow rates was studied. Break through ranging

between 15 to 20 percent was observed through out upto 500 bed

volumes, at the rate of 5 column volumes per hour. There was no
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aignifleant increase in break through on pasting larger volumea of

ths influonti. However, increased flow ratee resulted in increased

break through values} for example break through of the order of 30

percent was obtained on increasing the flow rete to 10 column volumea

per hour.

5.5. Treatment Ulith Pyroluaita

Manganese dioxide has been known for ita affinity to fix a

number of metal i.inn on ita aurface. This property has been suggested

g

for its ::se ee radium collector from the mill affluent » Pyroluelte,

a naturally occuring manganese diety.isis ore wee taken up for studiee

to concentrate radium from acid barren solutions. Radius) uptake wee

etudied both under static as well ,as dynamic conditions.

Under etatic conditions, batch of Mineral (70jt MnO_) weighing

2 gram waa placed in a gless contsinsr and stirred with a litre of

barren liquor. Equilibrium was achieved within an hour of contact.

Different confer) tr a tiona of pyrolueite and the per tide aizea were

tried for thle purpoae. Results are shown in Table-10a a 10b.

Radium uptake increaaea with decreesing size and Marginally with

increasing concentrationa. Removals upto 92 percent were obtained on

contacting 2 g/litre of pyrolusita of 400 meah eize. Agitation wes
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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 settling. Supernatant was separated and settled slurries were

reused for the treatment of a fresh batch. It was observed that its

capacity to concentrate radium remains unaffected; for example 87 per

cent removal was obtained in the second time treatment. This suggests

thB reuse of settled slurries in the treatment cycle. Freshly

prepared manganese dioxide was also tried for this purpose. It <jas

prepared by the action of hydrogen • Moxide on potassium permanganate.

The product was washed, dried and [>uwdered. Batch equilibrium tests

shouted that the laboratory prepared sorbent is superior to the mineral.

Under similar conditions of concentrations and time of contact, 96

per cent radium up take was obtained with the freshly prepared sorbont

68 compared to 92 percent with the mineral.

Under dynamic conditions, sorbent was packed in glass column

and eorption was studied with different particle sizes. 40-50 mesh

size was found suitable for column uea. The finer fractions, due to

compression under flow did not work as the acceptable flow: rates

could not be obtained. However, with the above size, tfficiency of

radium concentration remained unsatisfactory; for example 40 to 50

percent breakthrough was noticed within first few column volumes.
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6. STABILISATION OF MANGANESE

Neutralisation of barren solutions results in the precipitation

of manganese(II) hydroxide. It was observed that solubility of the

hydroxide decreases with increase in pH as shown in fig* 2. Although,

neutralisation to pH 10«5 helps in the complete precipitation of

manganese as hydroxide, the fall in pH in the tailings pond brings

about its partial resolubilisation. As a result manganese appears in

the overflow waters. Planganese (iv) oxide can withstand to tha

changing solution conditions as it remains insoluble under a wide range

of pH. In view of this, it was considered that change of Pln(ll) to

dn(lv) would help in stabilising manganese, thus avoiding its

redissolution. Methods such as air oxidation, chlorination, perman-

ganate treatment etc. were tried for this purpose.

Air oxidationt Under alkaline conditions, l1n(0H)2, is known for its

affinity to react with dissolved oxygen in solutions to form nn(lV)

oxide as per the following reactions.

NnSQ4 + Ca(0H)2 * Hn(0H)2 + CaSO4

2.Hn(0H)2 + 0 2 ^ 2.nnO(QH)2

Oxidation proceeds stiochiometrically, 1 ppm of dissolved oxygen

oxidilsu? ppm of manganous manganese. Coneidering the large amount of

manganese in addition to dissolved oxygen, supply from external sources

is necessary to bring about complete conversion to higher oxi.des.
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Air digestion of the neutralised barren slurries was -'tried.

Experimental set up is shown in Tig.3. Pleasured volume (500 ml)

of acid barren solution uas taken in a glass container of one litre

capacity, p'rl was raised to 10.5 by the addition of lime. Air was

passed at a fixed rate for different duration of time* It uas

observed that, as the aeration proceeds, the precipitates change

from dirty brown to greyish black color. Thi e indicates of a change to

higher valence state. Extent of stabilisation uas determined by

acidifying the aerated sample with dilute sulfuric acid to pH 2 - 3.

Acidifisd solutions were stirred for about half an hour and the

unaffected precipitates were allowed to settle. Supernatant was

analysed far soluble manganese. These amounts were taken as unreacted

manganoue manganese. Results are shown in fig. 4. Oxidation was

found to accelerate pfter a time lapse of about fifty minutes. This

is in accordance with the reported observations, indicating that

once the higher oxide is formed, it exerts a catalytic effect and

facilitatea the proceas of oxidation. Air digeetion of the neutra-

lised slurries at the rate of 85L air/hr for 2 hours, 4 hours

and 6 hours resulted in 98, 98.5 and 99.2 percent conversion to

higher oxides respectively. It was further observed that air

digestion helps In improving settling characteristics as well as

reducing the sludge volumes; for example sludges amounting to 55 percent

were obtained with duration as compared tc 50 percent without aeration.



- 14 -

ChJ.orlreti.on

Oxidation by direct chlorinetion waa, however, not triad.

Commercial grade bleaching poudar was used as a source of active

chlorine for this purpose* About 1.8 g/litre of bleaching powder

(36% available chlorine) was found to be necessary for bringing

about complete oxidation of iRenganeas(Il) present in the neutralised

barren slurries. Conversion in this case was found to be much fattar

as compared to simple aeration. Settling and filtration characte-

ristics of tha sludges also improved significantly.

Permanganate Treatment

Permanganate oxidises Pin(ll) both under slightly acidic ae well

as alkaline conditions. Amounts of potassium permanganate required to

completely oxidise fin(II) in the neutralised barren slurries was

found by the dropwise addition of standard permanganate solution till

ths supernatant acquired persistent pink colour. The liquids were

kept stirring during tha addition of permanganate. The amounts of

potassium permanganate required for the complete oxidation were found

to be 131.4 rag/litre. Manganese in acid barren solutions prior to

neutralisation could also be oxidised with permanganate. Oxidation

under these conditions was found to be faster and mora effective than

under alkaline conditions.



7. BEHAVIOUR O F MANGANESE AND RADiLJM IN THE
TAILINGS POND

Neutralised herto r ' fif:lu';.io"i E.lfi-c w.i^h other l i q u i d

t a i l i n g s are discharged into the tai i incja pond. Tai l ings

pond at the m i i i j i t o o« tu f i c t • . ' - • • ' co••>:-•! 30 scrBe

i n a natural depression formed ijy %UI:, M ; j r u;i.r.!'; an opening

3
on one aids «, An onr thpr rlfir r.z'.rr fT-iici-.i-Tj w i th boulder

foundat ion on tho 'jp«ari."o H-CK?, i. !..:•,.• fir r.<> un; .inclosed area

i n t o a ponci. ±ir Crio per,..», ^L.J..^I. .,..:.... • --• >,',iji» ^nd thB

c lea t l i q u i d oi/eif J.-JU •„• i-.*o e ;.I.H .. • ""• ̂  •. • . • v Aiihough

mangenBSe ie romn.lf='. o ' y -ICST. i.pj.t;j ••.cc' •••: ^•• |J!.I '-s.1..ipation,

i t reappears part.i1,' i f '--.n . '•"•• ;™ •'••>• 'j;.-». P a r t i a l

b i l i s a t i o n of manqarujtiB .utiy ut i . - ^ . u ^ . - u -.; ..JI,.V. .. « -a

react iont j i n t i i t ^ t . . , iiu.-.L. .j .... ,,,,. .j .• . . i ; j ; J l u i . j cn

Conditicna.- , " , ' . ' • ! ' • ; • ' • • .' • - •! T ~ I

a lka l lna (pH »̂~> 10o5), the o u t f l o w watri.-."* s tn normally near

n«ut ra l (pH ^ 7 ) . ihj.s uhangB i n uH .'s ;iu,isU'i.y responsible

f o r i t s aolut i i i - isa o.i. J,I .. •,i*>ti...n.^,.^j.,nj u>,i,,.:ii :..-, .iim33ph6ri.c

carbon dioxide on s o l o o l j Ti i-r-o .- -o-n t? h j c."ii9fly responsib le

f o r the decrease i n pH of the pond ujatrars* Calcium carbonate

p r e c i p i t a t e s and s e t t l e ' s during tno process. This was

v e r i f i e d exper imenta l l y , i X.<JX Xicj.i9a oi t ua i i r , so lu t ions

mere taker* Tor this, pu ipu i - i , n E i ^ n . . : i i , , e, ., (.-,-; t-aised to

1 0 . 5 w i t h •'. . . r - . ' • • - • - • • • • . - • .• -..••nt e
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atmosphere and change in pH was recorded on daily basis*

It was observed that the pH decreases to about 7.5 with

in a period of 12 days. At this stage the supernatant

sampla was withdrawn, analysed for dissolved manganese,and

were found to contain 8 mg/Utre of manganese.

8. TREATMENT OF TAILINGS POND OVERFLOW WATERS

8.1• Manganese Removal

As discussed above, these waters are near nautral and

contain upto 10 no/litre of soluble manganese as ngainat

the permissible allowable limit of 0.3 mg/litre* Oiffarant

alternatives to bring down its concentration before dlschaxgs

were considered and are discussed below.

HvdroxJ.de precipitation

The concentrations of mengnoue manganssa in the overflow

waters are large enough to permit its precipitation and

subsequent removal as hydroxide. Laboratory testa showad

that manganese could be completely eliminated by raising

the pH of these waters from 7.2 to 10,5. Results are

shown in Tobla-11. It was observed that addition of about

200 mg/litre of lima is required for this purpose* The

resulting precipitates had good settling propertiaa and

sludges amounted to three percent of the treated uatera*

Radium activity of thane waters however remained unchanged*



F_3 r r i c H y d r o ' i. - • :» ' ' " • . ' • ; .•!• ' ; _ • . . . • . . . ' . . ' .

R s f o i j v a l o " s ' - ] ! . • • : • - .- - : i • „ • • " - . • • •<• - •• '. • ; • : • • • • • . : ' H * . - • " I . o - . v i . t f ' f e r r i c

hydroxlds f>nd ferr ic i-̂ osyohBt o Hors 'lifia also 5 tt:diode 25 nrig/litxe

o f f e r r i c i r c - i . i , •.-..- . . . • - ..• : . • ; . • • - • • ; . . . • . : . . . ^ J : " ' • • . - 1 1 - , . .

out by

Bven in tfi&:

AppreciabJti

oxidatiori to hi.••.•

a.ro rsf fncl.; v

amployed wifchau'.: c-isn ; : . " ' : t •-••; f i- :.. •..'.- •''• : •.• •: > oi-- cor. :.'i t . io^p of

these u i a t o r s , C.-1 ••• . J.. .. -- .;...-..•, i ; : j : .;^:n,:^c-

i n c r e a s e i n pit ^"..u-.'..' . :.:.•..;.•.; ;.. - i •-. • .._>.-.,' >'c-: i'-; c;-..-.s,-:i-J;.

( l i m e or c a u s t i c } neeoed f o t t i i i s ourposa and f o r t h e l a r g e

Volumes o f s lut foea r fnvdrJ .pn f / i r t h " ' h a n d l i p n a n ^ d i s p o a a ] .

I n v iew of t he a t iovy , uiu. y . J M 'na,, _; ... .u c * i j u i : j f i w i t r i « f l

to opt.L;.u.j.j .;•; . . • . : ;• ; ̂ . i ^

thr '-r'V 1!~ -. ' '
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To the measured volume of these waters, standard permanganate

solution uas 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 least

24 hours settling uas necessary for achieving liquid-solid

separation. Laboratory tests further indicated that addition of

about 6 mg Pln(l/Il)/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 volumes on

24 hours settling amounted to 0.5 percent by volume of the

treated liquids. It uas also observed that an appreciable amount

of radium activity is removed during this process. This observation

ie in accordance with the reported affinity of hydrous manganese

dioxide for radium . fteeulta anoun 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.

B.2. Radium Removal

8»2»1. Barium Sulfate Treatment

Radium removal from overflow waters was studied by its

coprecipitation on barium eulfate. Different amounts of barium

ranging from 5 to 75 mg/litre were triad. Results shown in labla-13

indicate that about 90 percent removal is possible by the addition



of 10 mg/litre or mure of barium. Increase in pH did not

shom any improvement* Treatment can, therefore, be carried out

without changing the existing solution conditions t? these

waters. Radium activity of the treated waters is below the

permissible discharge l imi ts.

8.2*2* 9arvtaa Treatment

Studies on the use of barytas for the concentration vf

radium fror.. thene waters wore carried out in a fashion c<.in\ l.nr

to acidic barren solutions. In this case, the studies were

restricted to batch equilibrium tests* Among tne tiiffaror-.t

siias t r iedj 3 maximum of sboufc 45 parcnnt removal c i .-.\ _ • •' .

on contacting 4 g / l i t re of tT-vtes(-2uQ wash) for ah-..!4- " - •'•

hours. Removal efficiency reduced to uery low waluas wifcr>

larger particle size} for example 25 percent removal iaa&

obtained with <i0—£G ssbaii,

-.2.3. PvrolusitB Treatment

Studies on the use of pyrolusite were also limited to

batch equilibrium tests. Among the different fractions t r ied;

best results were obtained with "400 mesh. About 90 percsnt

removal mas obtainod on contacting 1.5 g / l i t re of pyroluaits

for an hour with constant s t i r r i ng . An overnight settl ing

is required for the solid-l iquid separation. The settled

slurries could be reuse, for inn treatment of fresh liquids,
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There had been no change in its removal efficiency during

2-3 treatment cycles. Results are shown in Table-14. A slight

decrease( ̂  10 percent) in soluble manganese was also observed

during the process.

9. CONCLUSION

Accumulation of the pollutants may be prevented or minimised

by removing them from the effluents before discharge into the

tailings pond. Barren liquors may be decontaminated with respect

to radium by coprecipitation on barium sulfate or sorptio•• on

barytes and pyrolusita. Coprscipitation is effective at pH 5

or above. About 96 percent removal has been obtained by thB

addition of 25 mg/litre of Ba at pH5. Sludges produced under

these conditions amounted to about 8 percent of the liquids

treated. Precipitation under the conditions of high alkalanity

would produce much larger volumes of sludges. Treatment of

1000 n barren solutions would thus produce about 80 ft of

radium bearing slurries,

Sorption on barytes and pyrolusite is a function of

particle size, smaller the siza^better is the removal efficiency.

Appreciable radium uptake is obtained on their use in sizes

less than 125 mesh. Their use in larger particle sizes

showed poor performance. These observations rultout the

use of these minerals in column or contact beds. These

materials in powder form can, however, be used in a batch

treatment process. In such a process, they may be contacted



with liquids for the desired periods followed by their settling and

separation as slurries. The minimum amounts of eithBr of the minerals

required for this purpose calculate out to be about 2 tonnes a day.

Similarly manganese may be completely eliminated from the

barren solution on its precipitation as hydroxide. Separation and

retention of the sludges generated during the above processes would

help in controlling the input of the pollutants and their subsequent

build up in the pond. Such a practice would,however, give rise to

large volumes of sludges amounting approximately to half the liquid

volumes treated. Treatment of 1000 PI barren solutions, for example)

would generate about 400 to 500 I"! of slurries requiring further

handling for their disposal. Such a proposition would comp)ica':r

the problem rather than providing an economically viable practical

solution.

In order to avoid the problem cf aijdge Handling, it is

desirable to continue the use of txilinge pond as a permanent

reservoir for the slurries and the pollutants. Risk of environmental

contamination, in this case, may be avoided by chemically fixing

or binding the pollutants in a form that keeps them off from

redisolving in the pond. Combined barium sulfate-limej treatment

could ineolubilise 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

possibility of ita ~3JJ.:a.i.Ui.- ;.io;; .V: ihi: -. iiings pcs*.d» CoraUina^ crdt. «.<.!» >

followed by air digestion n? tsr= ?•„-.-•,•<•'»,. B'.,r,.«,,, ;.-.;.- •-,;



in stabilising manga rit!se(ll) to hignly insoluble manganese(lV)

oxide, thus avoiding the possibil ity of i t s so Juibilisation

with changs in pH coiiditions of the pond waters, Residual

manganese and radium contamination of the overflow waters

could be successfully removed by simple troatment with

permanganate solutions and separating the resulting

precipitates before tiiei.r release to the environment.

A ''".i'satment scheme as nhnun in f ig t5 have baen formulated

on thesa lines., t t envisages •'•idditi.on and prRclpitation of

2+
25 ing Ba / . l i t re foliouad by neutralisation with lime. The

sludga3 on l iquid-sol id separation are subjected to air

digestion for stabi l is ing manganese. Supernatant, anci the

digested sludges r?rs diocharoeri to the- tai.Mojs pend.

Overflow waters, from the pond are treated for manganese and

radium removal by contacting with S to 10 mgs/litre of

permanganate. The resulting hydrous ,'iangana£.e dioxide

precipitates, amounting to aoout 0.5 percent by volume of

the treated uaters which on deuetering may either be used

as an oxidant for uranium leaching in the m i l l or disposed

of as radieactiue solid maste. The over a l l cost of chemicals

required far t:\a fcrsattnoot. ,.ô K:> out to bo rs. 0*30 pf»-

cubic lie to T of th') of f h:ori': "• • T h i f :,joi'i.d hardly add up

any thing appreciable to the cast of production of uranium

(fee 0»2U to .i*tiu pa*.1 Kiiucji'dmnm oi utaniuit kir-iiucad)
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Decontaminated clean waters may either be released to the

environments or reused as process water for milling

operations• Its reuse as process water would depend

upon the mill specifications for these waters. In case

of its being feasible, the contaminants would remain

confined to the mill thus ruling out even the slightest

possibility orf environmental pollution.
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Tab la - 1

Uranium

Ore anelvsii

Plineraloyical

Constituent

Quarts

Chlorite

Magnatite

Tourmaline

Apatete

Sulphides

Cilmenete

Others

% by Wt

60.0

20.0

9.0

3.5

3.0

2.0

1.0

1.5

Chemical

Constituent

U308

SiO2

FeO

Fe2O3

*12O3

TiO2

rinB

CaB

PlgO

P2D5

S

Undetermined

% by wt

0.07

67.20

6.37

7.67

5.50

0.66

0.13

5.40

2.20

1.04

0.79

Rest



Table - 2

Haximum Permissible Concentration*

Radionuclide

Unat

T h 2 * 4 Pa 2 3 4

P O 2 1 0

Ra 2 2 6

(HPC) U for

unrestr icted

areas / u c i / n l

-6
7 x 10

3 x 10~1

3 x 10"6

3 x 10~9



Table - 3

Chemical nature of the l iqu id eff luents before treatment

Components

analysed

pH

Total dissolved solids
y/i

Effluent

Barren liquors

2.0

19.6

Streams

Tailings pond
overflow maters

7.2

3.6

Suspended solids «ig/l ^5

Manganese mg/1 560-800

Iron mg/1 700-9UO

Calcium + Magimsiura mg/1 1450

Sulpha t e ( « < ^ ' ) g/1 10-11

negligible

0.4 - 10

Ni l

710

1.5 - 2.0



Table - 4

Radio Chemical nature of liquid effluent* before treatment

Effluent streams
Components

analysed
Barren liqucra Tailings pond

overflow watara

Gross beta -uci/ml 8.16 x 10

Gross alpha yuci/ml 2.10 x 10*

Radium-226 -ucl/ml 1.33 x 10*

1.6 x 10

2.3 x 10
-7

1.2 x 10
-8



Table - 5

Lime treatment of barren l iquors - Kemoval of active and inactive constituenti

Lime added : 12 g / l i t r e

pH x 10.5

Components Supernatant after Percent
analysed lime treatment remoual

Gross beta Aici/ml 2.0 x 10* 75.00

Gross alpha yuci/ml 7.0 x 10 99.70

-8
Radium - 226 Ajci/ml 4.7 x 10 96.50

Manganese mg/l n i l Complete



Table - 6

Lime treatment of barren liquors - settling characteristics of the sludges

Solution volume t 100 ml

Lime added t 1.2 gram .

pH a 10.S

Sludge volume in ml
Settling period _ _ _ « _ _ _ ^ _ _ _ _ _ _ _ _ — _ _ _ ^
in minutes

Sample 1 Sample 2

10 94.0 94.2

23 65.0 86.0

30 81.0 82.0

60 73.5 74.0

90 68.0 69.0

120 62.5 60.0

Ouer night 48.5 50.0



Table 7a

Barium aulfata treatment of barren liquort - Radium removal

pH - 2 (original)

2+Amounts of Ba Treated aolutions

added mg/1 Radiura-2t6 activity Radium removal
/uci/ml percent

10 4.02 x 10~6 69

25 3.29 x 10"? 7S

50 3.40 x 10" 7 74

75 3.fiO x 10*7 7$

100 3.30 x 10*7 75

200 3.10 x 10"7 76



Table 7b

Barium sulfate treatment of barren liquors - Effect of pH

Amount of Ba + added! 25 ing/I

PH

Sludge volume
(over night settling)
re lat ive to liquids
•treated.

Percent

Trtatad liquid*

Radius activity Radium removal
/ jci /ml percent

2 . 0

3 . 0

3.5

4 . 0

4 .5

5 .0

7 .0

9 . 0

0.7

1.2

1.S

4 . 3

6 . 8

8 . 0

32.0

41.0

3.29 x 10

3.12 x 10

1.90 x 10

1.3 x 10*

5.2 x 10*

- 7

-7

- 7

1.80 x 1P

1.50 x 10
- 8

1.30 x 10
- 8

7S.0

76.0

85.4

90.0

9b.0

98.6

98.8

99.0



Table - 8

Combined barrium sulfate ̂ -lime treatment of Barren liquors,

Amounts of

Ba + added

mg/l

Amount of
lime added

fl/1

pH Treated liquids

Radium act iv i ty Radium
.z , removal/ucl/ml

/ ' percent

ni l

10

25

50

75

100

12

12

12

12

12

12

10.6 4,6 x 10
.-8

10.6 2.3 X 10

10*6 6.5 x 10

10.6 5.6 x 10

,-B

10.6 6.8 x 10

10.6 5.2 x 10

,-9

96,30

98.20

99.50

99.57

99.48

93.6



Table - 9a

Treatmnt of acid barren aolutions with barytas - Effect of contact tias on radius) removal

Activity removal
Contact time .

percent
in win. Radiun-226 Gross Alpha Gross Beta

S

10

30

60

240

S1.5

64.0

76.0

80.0

eo.o

37.0

39.5

41.0

43.0

41.5

39.0

45. 5

50.2

48.0

51.5



Table - 9b

Treatment of acid barren solution with barytas

- Effect of particle size

Amounts of barytes- used: 2 g/1

Contact time i 60 min

Particle/mesh Treated liquids

size
R.Tdiuin-226 activi ty Radium removal

/uci/ml percent

40 + 60 2.86 x 10~7 76.0

- 60 + 100 2.54 x 10~7 80.5

•100 + 150 2.34 x ii.)~7 82.0

-150 4 200 1.82 x 10 " 7 66.0

-200 + 325 1.59 x 10~? 88.0



Table 9c

Treatment of acid barren solutions with barytas

- Cffyct of tha amounts of barytes

! 60 min

P<irticl8 size: 100-150 mssh

Amounts of

barytes

9/1

1.0

2.0

3.0

4.0

10.0

Treated liquids

Radium-??.? act i i / i ty fiadiijm removal

Ajci/mi percent

3.38 x 10"

- 7
2«47 x 10

1.01 x 10*"'

1«43 x 10
•"•7

1.58 x 10
- 7

74,0

81.0

66,0

39.U

68.0



Table - 1 0 a

Treatment of acid barren solution with pyroJ.usi.te

- Effect of particle size on

radium removal

Amounts of pyrolusite usedt 2 g/1

Time of contact » 60 min.

Treated liquids

Particle/mesh ~~
size Radium-226 activity Radium remou&JL

/Uci/ml percent

-60 + 100 4.6B x 10~7 64.0

-7
-150 + 200 2*93 X 10 77.5

-200 + 325 2.28 x 1Q~7 e4c0

-400 0.975x 10™7 92o5



Table 10b

Treatment of acid barren solution with pyrolusite

-Effect of amount of pyrolusite
on radium removal

Time of contact t 60 win

Size t-400 mesh

Amounta of
pyroluaita

g/1

Traated liquid*

Ficat ti*a treatment Second time treatment *

Radiuro-226 Radium removal Radium activity Radium removal
activity percent /uci/ml percent
/ucl/ml

0 . 5

1.0

4 .0

1.3 x io"*7

0.91x 10~7

1.04 xiO"7

0.91 x10~7

90.0

93.0

92.0

93.0

2 .

2 .

1 .

2 .

34

08

69

82

X

X

X

X

10"7

ID"7

10""7

1O~7

82

84

67

86

. 0

.0

. 0

. 0

•Settled slurries from thi first treatment

are reused for the treatment of fresh

liquids.



Table - 11

Tailings pond overflow waters precipi tat ion of Pin(II) as hydroxide

I n i t i a l concentrations of Mn(II) : 10 mg/1
pH adjusted with lime

Treated waters

pH
Cone, of Pin(II) in solution " ln( l l ) precipitated

mg/1 percent

7.2 10.0

7.5 8.7 13.0

B.O B.3 17.0

8.5 7.9 21.0

9.0 6.2 38.0

9.5 4.3 57.0

10.0 0.2 98.0

10.5 nil 100.0



Tablo - .i

Tailing pond effluents-Removal of manganese and Radium by

permanganate treatment

Nn I 10 mo/1 \ 8 e f o r e t r s a t m B n t

pH * 6.8

Amounts of

nn(VIl)added

Mn(ll)in the

treated maters

mg/i

Radium-226 in ths

treated effluents

/uci/ml

0.0B

ND

ND

3.5 X 10-10

3.0 x 10
-10

2.9 x 10
-10

NO-Not detected



Table - 13

Barium aulfata treataant of tail ings pond overflow waters

•Removal of radium activity

Prt t 7.2

Amounts of B.*2 T " " t B d " • * • "
added

Radium-226 activity Percent radium
ramovaX.

5 2.64 x 10*9 78.0

10 1.31 x 1Q*9 89.0

25 0.96 x 10"9 92.0

50 1.02 x 10**9 91*5

75 1.20 x 10*9 90.S



Tabla - 14

Tailinga pond over flow watera-Radiua raaoval by treatment with Pyrolualtv

Tlaa of contact I 60 ainutaa

pH i 7.2

Siza t -400 aaah

Amount* of

Pyroluaita

9/1

0.1

0.5

1*0

1.5

2*0

Tractad watara

fir^at tima traataant Sacond tiaa traatmant *

Raditm-226 Radius ramovcX. Radiow-226 Radium
Aicl/ml parcant /uei /a l parcant

3.B4

2.88

1.6

1*32

0.96

0.96

X

X

X

X

X

X

10

10-9

lo" 9

ID"9

ID"9

to"9

68*00

76.00

85.00

89.00

92.00

92.00

4.2 X 10

2.64 x 10

2.04 x 10

1.68 x 10

1.2 x 10

1.08 x 10

65*00

78.00

83.00

86.00

90.00

91.00

•Sattlad alurriaa froa tha lat tlaa

traatnant at* contacted with fraeh

watara in tha aacond tlaa traataant.
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