
J. S. At,. Inst. Min. Metal/., vol. 87, no. 4.
Apr. 1987. pp. 113-124.

The first six years of the Chemwes uranium plant
by M.A. FORD*, H.A. SIMONSEN*, E.B. VILJOENt, M.S. JANSSEN*, and J.L. TAYLOR:I:

SYNOPSIS
The Stilfontein and Buffelsfontein Gold Mines, near Klerksdorp in the Transvaal, had accumulated a large amount

of uranium-containing residue and, when the price of uranium rose in the 1970s, consideration was given to the
possible recovery of this uranium.

Preliminary tests showed that concentration of the uranium prior to leaching would not be economic. However,
the pyrite in the residue could be concentrated by flotation, and the flotation concentrate could be roasted to pro-
vide both enough acid for leaching the uranium and a calcine from which the gold could be recovered.

The feasibility study showed that a uranium operation of 270 kt per month would be most economically attrac-
tive, and a plant of that size was accordingly designed and built. In the first six years of its existence, the plant
treated over 20 Mt of residue and produced about 3,5 kt of uranium oxide. During that time, the plant was con-
tinually being improved to make it more reliable and cost-efficient.

This paper analyses the operation of the plant during its first six years from the viewpoints of its mechanical,
process, and economic performance. The criteria on which the selection of the process was based are reviewed
and compared with the actual performance of the plant, emphasis being placed on the leaching, solid-liquid separa-
tion, recovery, and purification stages.

SAMEVATTING
Die Stilfontein- en Buffelsfontein-goudmyne naby Klerksdorp in Transvaal, het 'n groot hoeveelheid uraanhoudende

residu versamel en toe die prys van uraan gedurende die sewentigerjare gestyg het, is daar aan die moontlike
herwinning van hierdie uraan aandag geskenk.

Voorlopige toetse het getoon dat die konsentrasie van die uraan voor loging niB ekonomiessou weBS nie. Die
piriet in die residu kan egter deur flottasie gekonsentreer word en die flottasiekonsentraat kan gerooster word om
voldoende suur vir die loging en 'n kalsien waaruit die goud herwin kan word, te verskaf.

'n Uitvoerbaarheidstudie het getoon dat 'n uraanbewerking van 270 kt per maand ekonomies die aantreklikste
sou weBS en 'n aanleg met daardie grootte is gevolglik ontwerp en gebou. Die aanleg het in die eerste sas jaar
van sy bestaan, meer as 20 Mt residue behandel en ongeveer 3,5 kt uraanoksied geproduseer. Die aanleg is
gedurende daardie tydperk voortdurend verbeter om dit meer betroubaar en koste-effektief te maak.

Hierdie referaat ontleed die werking van die aanleg gedurende sy eerste sas jaar uit die oogpunt van sy meganiese,
proses- en ekonomiese werkverrigting. Die kriteriums waarop die keuse van die proses gebaseer was, word her-
sien en vergelyk met die werklike werkverrigting van die aanleg met spesiale klem op die loog-, vastestof-
vloeistofskeiding-, herwinning- en suiweringstap.

Introduction
When the NUEXCO exchange value for V3O8 rose

from 6 to 43 V.S. dollars per pound during the 1970s,
the recovery of uranium from even fairly low-grade
deposits became economically attractive. The Buffels-
fontein and Stilfontein Gold Mines, in the Klerksdorp
area of the Transvaal, had been stockpiling residue since
1956 and 1961 respectively, and it was thought that a
beneficiation plant for the extraction of the uranium from
these residues might be an economic proposition.

A preliminary investigation showed that it would not
be economic to produce uranium concentrate prior to
leaching. However, it was found that the pyrite in the
residues could be concentrated by flotation, and that
roasting of the flotation concentrate would provide both
enough acid for leaching the uranium and a calcine from
which the gold could be recovered.

Accordingly, the Chemwes uranium plant was designed
and constructed. The plant was commissioned during
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June 1979 and was producing at design capacity in
October of the same year. The procedures followed to
bring the plant into production are described elsewhere!,
including the financing, design, construction, project
management, and training of personnel.

The successful start-up of the plant can be attributed
largely to the effort and conceptual thought that were
devoted to the following:

(a) the feasibility studies,
(b) the associated comprehensive enquiry document and

early 'freezing' of drawings,
(c) the excellent rapport and commitment between the

team members from General Mining Vnion Corpora-
tion Limited (Gencor) and the contractor (E.L. Bate-
man),

(d) the clearly defined lines of responsibility,
(e) the use of senior staff and key personnel for plant

management and operation from the inception of the
project, and

(f) the early recruitment and thorough training of per-
sonnel before the plant was commissioned.

In the six years since the plant started operating, it has
treated over 20 Mt of tailings and produced about 3,5 kt
or uranium oxide. In the interim, there has been continual
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development of the plant, making it more reliable and
more cost-efficient. This paper discusses these develop-
ments in some detail, including mechanical, processing,
and economic aspects.

Mechanical Performance of the Plant
Reclamation

Between 120 and 170 kt of residue was reclaimed from
the Buffelsfontein dam each month between the start-up
in July 1979 and the end of 1982, and it took a further
14 months to clean up the dam area. The reclamation was
done by high-pressure water monitoring and slurry pump-
ing, which worked very successfully, only two significant
problem areas being encountered.

Firstly, the base of the Buffelsfontein dam is stony and
a significant amount of vegetation had established itself
in the sewage effluent that had been disposed there. This
led to serious screening problems. The initial woven-wire
static screens did not perform well, and were later re-
placed by larger static screens of punched plate. This was
more successful, but the cleaning of the screens was a
highly labour-intensive operation. The basket system for
the removal of the oversize was eventually replaced with
a more efficient continuous conveyor.

Secondly, the plug-type valves on the discharge side of
the five-stage slurry pump wore very rapidly and did not
seal after a short period of operation. The fitting of a
softer rubber lining did not solve the problem, and 'pinch'
valves were installed in January 1981. These valves proved
to be suitable for this application, as well as for the dis-
charge lines from the repulper and leaching tank.

A bucket-wheel excavator and a conveyor system were
used for the reclamation of Stilfontein slimes dam Num-
ber 3 from start-up until the dam was completely reclaim-
ed at the end of 1984. The availability of the excavator
was better than 90 per cent and, although this method
of reclamation is more expensive than monitoring, it has
the advantage of providing a relatively dry feed that can
be combined with the monitored product to yield a plant
feed of controlled pulp density. In addition, the use of
a feed of high density results in reduced reagent consump-
tion (since acidic barren solutions can be recycled), in-
creased residence time in the leach, and improved filter
duties.

The combined reclaimed slimes are fed into one of two
repulpers, which are lined with acid brick and originally
used two 90 hp agitators (four blades at 45° pitch) for
mixing. This proved inadequate when the ultra- fine pen-
stock material was being repulped, and a third, smaller
agitator was installed later.

The costs of the materials used in reclamation advanced
over a six-year period from 0,6 to over 1 per cent of the
total cost, in terms of cents per ton of material processed.

Leaching
The pulp is pumped from the holding pachucas to one

of ~he two pachucas used for continuous leaching, to
which sulphuric acid, pyrolusite, and steam are added.
From there, the pulp overflows via a launder system to
one or more of the six pachucas used for batch leaching.
(The pachucas are 23 m in height with diameters of 11 m.)
They all have flat bottoms and a central draft tube. The
pulp is agitated by air, which is supplied to each tank
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through seven one-way air ports located at the base of
the tank. Several port designs were tried before high-
density polyethylene (HOPE) ports were installed and
found to have a reasonable life. This form of agitation
is not entirely satisfactory, since the holding and con-
tinuous tanks need to be dug out every two to three
months and the air ports frequently become blocked with
grit. These blockages were more prevalent when the
relatively coarse material from the Buffelsfontein dam
was being treated. Three compressors are used (two on-
line and one on stand-by), each of which supplies 350 m3
of air per minute.

Steam was originally added from the bottom of the
tank but, after the pulp had managed to pass backwards
through the 'non-return' valves to the boilers on several
occasions, this method was abandoned in favour of the
conventional method in which the steam is added from
the top. On average, one of the three 150 mm stainless-
steel feed pipes is replaced every 3 months.

The pyrolusite is added as a slurry via a splitter box,
which is controlled by a redox signal from a redox probe.
The rate at which the acid is added is controlled by a
system based on conductivity. The ring-main system
initially installed for acid distribution included the ion-
exchange section, but this was changed because of the
high rate of pipe wear. A storage tank was subsequently
installed in the ion-exchange section. The ring-main
system was further improved by the incorporation of a
stainless-steel, magnetically coupled seal-less pump in
place of the original cast-iron pumps, which required high
maintenance involving long periods of downtime.

At the end of the leach, the pulp is discharged and
pumped to one of two pachucas, from where it is fed to
filters. Several types of leach-discharge valves were tried,
the most successful of which is a pinch valve lined with
soft gum rubber.

The cost of lixiviants (acid, pyrolusite, and coal) rose
from 19 per cent of the total operating costs in the latter
part of 1979 to 27 per cent in the early part of 1982. The
use of a more economic leach subsequently reduced this
contribution to the total operating costs to 17 per cent
in the first six months of 1985. However, the costs of
maintenance materials in this area have climbed unabated
from 1,6 per cent of total operating costs in 1979 to some
3 per cent in 1985.

Filtration
This aspect has already been covered in some detaif.
The leached slurry is pumped from the 'filter-feed'

pachucas to nine mechanically agitated vessels, to which
the flocculant is added, and the slurry is then distributed
to double-belt filters. The slurry to each flocculator flows
through a control valve activated by a device that uses
ultrasound to measure the level of the slurry on the belt.
Depending on the overall rate at which slurry is required,
the speed of the filter-feed pump is varied so as to main-
tain a pre-selected level in a recycle leg.

The filter cloth rests on top of each belt, and the belts
themselves are supported on a water-cushion and slide
on fixed vacuum boxes. The belt filters were subject to
numerous mechanical problems in the first three years
of operation, although the filter availability and the run-



ning time had reached 95 and 90 per cent respectively after
the first year.

The main problem, which gave rise to other problems,
was excessive friction between the wear belts and wear
strips that form a moving seal between the vacuum boxes
and the filter belt. This high friction resulted in excessive
torque, which caused gearbox failures. Initially, the fric-
tion appeared to be due to inadequate lubrication, but
this was only part of the problem. The main difficulty
was that the materials of construction needed to have not
only low-friction but low-wear characteristics. Such
materials are not easily found. The original wear strips,
made of polytetrafluoroethylene (PTFE), were unsatis-
factory, as were those made of polyethylene alone and
of polyethylene with PTFE inlays. The cloth and belt
tracking was improved, and the life of the wear strips in-
creased to about 2000 hours, but real advances were made
only in 1982, when HDPE wear strips on polyester-rubber
wear belts were tried. This system was fitted to all the
filters early in 1983, and lives of up to 10 000 hours have
been achieved.

The frequent failure of the rollers that return the belt
was another serious problem, which resulted not only in
downtime but in damage to the filter cloths. This prob-
lem was overcome in late 1983 by the elimination of all
welds and by the use of a single pipe of 200 mm diameter
to carry the rubber rollers that support the belt.

The first cloth tried had a fine aperture that kept the
filtrate clear, but it was not stiff enough to retain its
shape. It folded inwards at the edges, which not only
allowed the slurry to flow into the filtrate receivers but
resulted in tracking difficulties. These cloths were soon
replaced with 'needlefelt' cloths, which are stiffer and
have the additional advantage that they can be welded
easily (although it took some time and effort for the plant
personnel to perfect the technique). The slightly 'dirty'
filtrate from the needlefelt is tolerated by the ion-
exchange system. The disadvantage of needlefelt cloth is
that it has a tendency to stretch, and it has to be shortened
and rejoined at regular intervals; however, this problem
was overcome by manufacturing improvements and
changes in the configuration of the cloth-return roller.

When the plant was built, 150 kW liquid-ring vacuum
pumps were installed. By late 1981, after several motors
had burnt out, those motors were replaced with 185 kW
units, which have performed well. A problem that still
remains to be solved is the high rate of wear on the valves
controlling the filter feed. Even the use of the robust
pinch valve has not been satisfactory.

The costs of filtration maintenance materials have
always been fairly high, rising from 14 per cent of the
total material costs and 1 per cent of the overall cost in
1979 to 18 and 2 per cent respectively in 1985.

Continuous Ion Exchange
The design, commissioning, and performance of the

ion-exchange section has been described elsewhere3.
Unlike the filter plant, the ion-exchange (IX) section

has run very smoothly except for relatively minor prob-
lems relating to the materials of construction. The hori-
zontal vibrating screens, which separate the eluant from
the resin when the resin is transferred to the top of the
loading column, corroded rapidly at the welds because

both mild and stainless steels had been used for their con-
struction. These screens were replaced with stationary
curved screens (similar to DSM screens) covered with
polyester cloth. The DSM screens (trash screens) in front
of the pregnant-solution tank also caused some problems
initially before the feed chute was modified, and the
0,5 mm wedge-wire screen was replaced with a 1,0 mm
wedge-wire screen. The stainless-steel wedge-wire retain-
ing screen in the regeneration vessel was replaced with
one made of Cronifer 32 because the caustic lye contain-
ed a high level of chloride, which accelerated corrosion.
The lining in the regeneration vessel needed continual
repair, and fibreglass, rubber, and lead linings were tried.
However, it was later found that a vacuum formed in-
side the vessel when it was drained manually, and that
this caused damage to the lining. An air bleed was fit-
ted, and the rubber lining gave no further trouble. The
problem of corrosion in the eluant make-up tank was
solved only when sacrificial pieces were inserted. Final-
ly, the strength of the top tray in the elution column was
found to be inadequate, and the tray was eventually
replaced with a polyvinylchloride (PVC) tray of 25 mm
thickness.

Solvent Extraction and Product Recovery
Despite the fact that these sections gave rise to very

few problems, some improvements were introduced, the
most important of which related to the control of pH in
the strip mixer-settlers. The popular Lazarin pH probe
was rapidly fouled by the organic material, and control
was lost. A novel device was therefore designed to ex-
tract the aqueous-organic mixture, allow it to disengage,
and then measure the pH value in the aqueous phase by
the use of standard pH electrodes. This device has func-
tioned well, and has been automated to provide con-
tinuous pH measurement.

The pumps feeding ammonium hydroxide initially re-
quired considerable maintenance. The connecting rods
broke frequently because the pumps were pumping
against a closed valve, and the expensive neoprene lip
seals (imported from France) had to be replaced regular-
ly. The neoprene was replaced with locally available
PTFE pump packing, and the problem was successfully
overcome.

The ammonium hydroxide make-up system often be-
came clogged but, since the glass balls were replaced with
a double plastic ring, the system has operated without
difficulty provided an acid wash is done about once every
three weeks to prevent scaling.

A recurring problem is the variable settling rate of the
ammonium diuranate (ADU). The thickener cannot cope
with the slow-settling ADU, which is carried over into
the ammonium sulphate holding tank. This has not had
serious consequences and, apart from the intermittent
recovery of the ADU from this tank, no further action
has been considered necessary.

In terms of material costs, the expenditure for the
recovery section is similar to that for the reclamation sec-
tion, namely 0,6 and 1,0 per cent of the overall costs in
1979 and 1985 respectively.

Process Performance of the Plant
The performance of the plant was assessed from an
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Fig. 1-Selected diagrams showing monthly process performance
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examination of the operating records, the monthly values
for 281 process variables being extracted and analysed
for the73 months from July 1979 to July 1985. The daily
figures for 41 variables were then extracted and analysed
for 12 randomly chosen metallurgical months totalling
366 days.

The following statistics were determined for the 322
process variables: the mean, standard deviation, median,
10th and 90th percentiles, minima and maxima, and six-
monthly averages. Many of the monthly figures were plot-
ted as a function of time. These plots were repeated, six-
monthly and twelve-monthly moving averages being used
to smooth out the data. Selected variables were correlated
with one another so that any possible relationships could
be determined. Finally, key design values were compared
with actual plant figures for the six years of operation.
Some of these were plotted as functions of time and as
frequency distributions (Fig. 1).

A simplified schematic flowsheet is presented in Fig.
2, and the statistics for each of the indicated streams are
summarized in Table I, which also shows these statistics
for important process conditions and the major figures
for reagent consumption. It is perhaps noteworthy that
the combined cost of the listed reagents constitutes 97,5
per cent of the total reagent costs.

Reclamation
Although ore was fed from four major different

sources in various combinations, the overall tonnage
treated remained fairly constant at around 290 kt per
month until 1985, when it was reduced to about 180 kt
per month by the operation of two shifts per day (Fig.
3). On the other hand, the uranium grade of the feed
decreased fairly steadily over the years, from a maximum
of about 0,25 kg/t in 1980 to 0,16 kg/t in 1985. This
decline can be attributed to the exhaustion of the relative-
ly higher-grade material from the Buffelsfontein dam.
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Leaching
The performance of the leaching section has been very

satisfactory in that, on a monthly basis, the 80,3 per cent
target value for dissolution has been exceeded. On a daily
basis, this target has been met for over 90 per cent of the
time and, on average, the dissolution has been 83,8 per
cent. This result is even more satisfactory in view of the
fact that, on average, the consumptions of sulphuric acid
and manganese dioxide up to November 1982, when the
'economic' leach was introduced, were below the target
values of 25 and 4 kg/t respectively.

Originally the leaching parameters of time, temper-
ature, and amounts of sulphuric acid and manganese
dioxide added were optimized by use of the results of
laboratory tests and incremental cost-benefit analyses. It
was concluded that leaching for 24 hours at 60° C with
the reagent additions indicated in the previous paragraph
would be economical. In the event, the leaching temper-
ature averaged 55°C in the continuous-leach pacJlUcas
and 49°C in the batch-leach pachucas, and the leaching
time averaged only about 20 hours owing mainly to the
higher-than-design tonnage treated. However, since the
beginning of 1985, when the tonnage was reduced, the
average temperature and leaching time have increased by
4°C and 12 hours respectively. This is reflected by a slight
decrease in the uranium grade of the residue, although
this decrease may be partly attributable to the treatment
of slimes dam Number 2 at Stilfontein, which started at
that time. It is interesting that, even under the actual
leaching conditions, the laboratory data would predict
a uranium dissolution of better than 88 per cent. This
dissolution was achieved fairly regularly until early in
1981 but very seldom after that. The reasons for this may
be the lower uranium grades of the feed, and the fact that
the slimes further below the surface of the Buffelsfontein
dam were less oxidized and therefore less amenable to
leaching.

Ammonia

Solvent

Extrac-
tion

Regener-
ation

9

45,9

To leaching
Product

Fig. 2-Schematic flow diagram and uranium mass balance
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Stream! Std 1979 1980 1980 1981 1981 1982 1982 1983 1983 1984 1984 1985
Section Species Units Mean devn Jul-Dec Jan-Jun Ju1-Dec Jan-Jun Ju1-Dec Jan-Jun Ju1-Dec Jan-Jun Ju1-Dec Jan-Jun Jul-Dec Jan-Jun

Process streams
1 Feed Flow kt/h 283 47 236 284 284 292 295 289 327 310 333 297 291 177

1 Grade of feed UPs g/t 207 32 231 257 248 228 224 201 210 179 194 179 178 166

2 Solid residue UJOs g/t 33 4 37 31 33 34 31 34 37 33 32 33 31 31

3 Pregnant solution Flow mJ/h 580 78 433 553 620 621 564 568 664 643 620 592 552 533

3 Pregnant solution UJOs g/mJ 112 24 140 151 126 110 125 100 121 93 110 90 99 86
3 Pregnant solution H,S04 kg/mJ 2,7 1,0 3,5 4,0 3,1 3,1 2,9 4,0 2,9 2,0 2,2 1,9 1,8 1,5

4 Wash solution Flow mJ/h 194 78 203 145 173 171 138 155 197 188 247 374 179 162

4 Barren solution UJOs g/mJ 1,0 0,8 2,6 1,2 1,4 0,6 1,0 1,5 1,1 0,4 0,5 0,3 0,5 1,1

IX Loaded resin UJOs kg/mJ 24,3 2,4 25,9 25,8 24,9 23,2 25,8 22,0 24,6 21,9 23,4 22,6 26,5 24,2
IX Eluted resin UJOs g/mJ 299 192 680 106 460 180 348 276 326 144 303 214 236 392
IX Eluted resin SiO, "70 0,36 0,23 0,73 0,58 0,45 0,38 0,29 0,33 0,26 0,17 0,29 0,28 0,20 0,29
IX Eluted resin Co % 0,30 0,18 0,01 0,09 0,11 0,13 0,17 0,29 0,30 0,39 0,37 0,46 0,49 0,51

5 Concentrated eluate Flow mJ/h 19,5 5,0 20,0 22,2 25,6 24,6 23,0 22,2 24,0 21,0 14,8 13,8 12,0 11,7

5 Concentrated eluate UJOs kg/mJ 3,97 0,82 3,66 4,33 3,78 3,46 3,76 3,20 3,56 3,16 4,72 4,22 5,20 4,82

5 Concentrated eluate H,S04 kg/mJ 90 10 75 76 83 80 85 86 98 98 98 98 100 103
5 Fresh eluant H,S04 kg/mJ 119 8 104 111 115 118 117 118 126 122 125 126 128 129

6 Raffinate Flow mJ/h 24,7 5,8 21,7 23,4 30,8 30,8 28,2 26,8 32,8 28,4 22,2 21,4 16,2 15,6
6 Raffinate UJOs g/mJ 8,9 66,6 98,3 4,6 3,5 0,3 1,1 0,1 0,4 0,2 0,5 0,1 0,1 0,3

6 Raffinate H,S04 kg/mJ 66 8 64 67 60 58 63 65 77 72 74 67 66 67

SX Loaded solvent UJOs kg/mJ 4,2 1,1 3,6 4,6 4,1 3,9 4,1 3,6 3,9 3,3 4,1 3,2 5,1 6,7
SX Stripped solvent UJOs g/mJ 7,9 18,4 33,3 38,2 10,8 4,8 2,0 2,4 1,4 1,4 2,4 2,0 1,2 2,0
SX Fresh solvent UJOs g/mJ 1,4 2,0 2,5 1,0 1,8 1,0 4,0 1,0 1,0 1,0 1,2 1,0 1,0 1,0

7 OK liquor Flow mJ/h 10,2 1,7 10,7 11,2 11,9 11,4 10,6 9,6 10,6 9,7 10,8 11,0 8,1 7,0
7 OK liquor UJOs kg/mJ 7,0 1,2 6,0 7,6 7,3 6,9 7,5 6,8 7,6 6,6 7,3 5,9 7,6 6,9
8 Strip liquor Ups g/mJ 43 28 76 40 48 31 24 13 43 65 31 42 46 44
8 Strip liquor (NHJ,S04 % 23,4 2,4 22,0 22,3 23,3 20,1 24,3 22,3 25,4 26,0 25,6 22,5 23,8 22,4

9 ADU product Flow t/h 47,4 12,2 40,3 57,8 59,2 55,9 55,6 46,0 55,3 42,6 52,2 42,8 42,5 22,2
9 ADU product UJOs % 96,8 1,0 95,7 97,8 95,6 97,7 97,3 97,1 96,8 96,2 97,1 97,8 96,6 96,4
9 ADU product S04 % 3,0 1,3 3,8 2,9 2,0 2,4 2,9

Reagent additions
Sulphuric acid kg/t 16,9 4,2 15,5 20,5 19,8 22,5 21,7 21,8 17,6 12,6 12,1 13,2 13,4 13,6
Manganese dioxide kg/t 3,0 1,4 3,0 3,4 4,0 4,7 5,3 3,9 3,1 2;3 1,8 1,7 1,5 1,4
Coal kg/t 8,3 2,1 8,4 6,7 8,6 8,1 10,1 8,7 9,3 4,3 9,0 8,7 7,8 9,5
Lime kg/t 10,3 3,2 7,8 8,9 11,5 14,6 11,7 16,2 12,0 9,1 8,7 7,9 9,0 8,8
Flocculant g/t 66 18 92 66 57 69 82 82 62 61 51 57 64 46
Resin (6 monthly) g/t 11 16 41 42 0 27 0 7 0 13 1 0 0 0
Solvent g/t 56 43 41 6 37 67 65 84 58 66 51 67 55 93
Ammonia g/t 110 43 191 148 150 113 102 88 94 90 94 100 71 74

Process conditions
Leach dissolution % 83,8 2,6 83,8 88,0 86,6 84,9 86,1 82,9 82,3 81,7 83,3 81,4 82,8 81,3
Leach concentration H,S04 kg/mJ 4,8 1,3 5,3 5,6 4,7 5,4 4,7 7,4 6,1 3,8 3,8 3,8 3,4 3,3
Leach concentration Fe (111) kg/mJ 0,7 0,2 0,6 0,6 0,6 0,6 0,4 0,7 0,6 0,7 0,8 0,9 1,0 1,0
Leach temperature QC 55,0 3,7 48,0 54,6 53,8 57,0 58,2 55,0 55,2 52,4 56,4 56,0 55,8 58,2
Leach relative density kg/mJ 1508 23 1504 1493 1479 1491 1504 1489 1508 1511 1536 1527 1526 1524
Leach time (batch

leach) h 17,0 4,2 12,2 13,4 13,9 16,9 18,7 18,8 20,1 16,5 15,7 16,7 13,6 24,7

Filter duty t/ dim' 12,4 0,9 12,0 12,6 12,1 12,2 12,7 12,0 13,5 12,8 13,9 12,1 11,9 12,0
Filter wash ratio

(daily) 1,33 0,31 1,25 1,49 1,48 0,89 1,31 1,44 1,41 1,51
Filter soluble loss % 3,9 1,4 6,2 5,0 1,9 2,3 3,7 4,6 3,1 4,6 3,4 3,4 4,2 3,6
Filter feed <74j.tm % 70,8 4,8 79,1 80,0 69,2 73,2 73,7 71,3 68,3 65,6 64,5 68,9 69,6 71,1

Precipitation liquor pH 7,4 0,2 7,0 7,6 7,1 7,4 7,4 7,4 7,4 7,3 7,5 7,4 7,3 7,5
Precipitation liquor Temp. QC 30,5 1,9 29,9 33,0 31,6 29,8 29,8 30,0 30,0 30,0 30,0 31,8 30,0 30,0

Overall recovery % 79,5 8,6 66,0 79,0 84,0 84,0 84,3 79,2 80,6 76,8 81,0 80,4 82,0 75,8

TABLE I
STATISTICS OF SELECTED PROCESS VARIABLES'

. Based on monthly averages except where indicated

The leaching conditions were re-examined during 1982.
Further laboratory tests were conducted on Stilfontein
material, and a mathematical model was developed that
could predict the dissolution during the leach as a func-
tion of the leaching temperature and reagent additions.
The consumptions of lime and coal were calculated as

functions of the acid addition and temperature respec-
tively. Good agreement was found between the predic-
tions of the model and previous plant performance. The
optimum 'economic' operating conditions were deter-
mined by use of this model, and it was found that, if the
additions of acid and manganese dioxide were reduced
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93 355 186 292 329
152 269 165 197 252
24 43 28 33 38

164 693 510 583 653
66 165 86 106 144

1,4 5,2 1,6 2,6 4,1

108 537 136 171 267
0,2 5,5 0,3 0,7 1,8

19,4 28,9 20,9 24,3 27,6
20 1200 100 280 520

0,08 1,23 0,15 0,32 0,71
0,00 0,57 0,08 0,33 0,52

10,5 26,0 12,0 21,0 25,0
0,7 5,50 3,00 3,90 5,20
62 108 77 92 102

102 134 107 121 129
15,0 36,0 16,0 26,0 32,0
0,1 570,0 0,1 0,2 3,0
50 100 57 66 75

0,7 7,2 3,3 4,1 5,3
0,2 110,0 1,0 2,0 14,5
0,1 16,0 1,0 1,0 1,0

5,7 13,0 7,9 10,3 12,0
1,4 9,4 5,6 7,1 8,2

5 136 14 39 81
16,2 27,8 20,4 23,1 26,3

4,3 64,5 23,4 49,3 59,5
93,6 98,4 95,5 97,0 97,8

1,6 8,7 1,9 2,8 3,6

9,1 24,1 12,0 16,4 22,5
1,0 6,3 1,4 2,9 4,7
1,9 12,1 5,2 8,9 10,8
4,6 18,5 7,0 9,4 15,0
40 118 46 63 90

0 42 0 0 41
0 187 0 54 III

61 340 72 101 151

TABLE I (contd)

Min, Max,
Percentiles

10th 50th 90th

77,2
2,6
0,4

41,0
1466

89,4 80,9 83,2 87,9
8,0 3,4 4,6 6,5
1,0 0,5 0,6 1,0

61,0 51,0 56,0 59,0
1581 1480 1509 1533

5,4

8,7

30,5

14,9

12,4

11,5

16,3 23,3

12,3 13,9

0,49
1,5

60,2

6,8
28,0

2,40 0,87 1,35 1,66
7,9 2,2 3,9 5,6

81,7 65,7 70,1 78,4

7,7 7,1 7,4 7,6
39,0 30,0 30,0 31,0

24,8 98,3 71,5 80,8 85,8

to 12 and 2,0 kglt respectively, the profitability of the
operation would increase. As predicted, when the addi-
tions of acid and manganese dioxide were reduced to 12,8
and 1,8 kglt respectively, the uranium dissolution
dropped-from 85,1 to 81,7 per cent-and the lime con-
sumption from 11,5 to 8,8 kg/t, which is in very close

agreement with' the predictions of the model.
It is perhaps unfortunate that the 'economic' leach was

introduced at almost the same time as the Buffelsfontein
dam was exhausted, since this coincidence of events
masked any correlation that might otherwise have been
apparent.

Filtration
In the preliminary feasibility study, settling tests con-

ducted in the laboratory indicated that the use of a five-
stage countercurrent decantation (CCD) circuit with a
wash ratio of 2 could be expected to result in a loss of
uranium in solution (soluble loss) of 2 per cent. However,
as the testwork proceeded, it was found that there was
a tremendous variation in the settling rate.

The settling area required to cope with the fine material
made the cost of a CCD circuit prohibitive. Rotary-drum
filtration was unsuitable for the very fine material, and
belt filtration seemed to present the best alternative.
Calculations showed that a soluble loss of 2 per cent
would occur if 11 belt filters of 93 m2 were used. How-
ever, an economic evaluation showed that the extra filter
area required for a decrease in the soluble loss from 3
to 2 per cent was not justified, and 9 belt filters of 93 m2
were installed. Nevertheless, foundations were construct-
ed for 11 filters to allow for future expansion.

In operation, the belt filters have had an availability
of 93 per cent, but have been used for only 88 per cent
0 f the total time. An overall filter duty of (dry) 14,0 t/ d
per square metre has been achieved, and this is slightly
higher than the design figure of 13,0 t/d per square metre.

The filter area is divided into zones for dewatering (21
per cent), washing (63 per cent), and drying (16 per cent).
This allocation of the filter area was evolved after much
effort. In particular, the dewatering zone was increased,
and the plan for two-stage washing was changed to single-
stage washing. In this configuration, the dewatering and
washing duties per square metre of filter were calculated
as 1,50 and 0,41 m3/h respectively, and the average loss
of soluble uranium as 3,9 per cent. The belts are run at
15 m/ min, and this allows a 10 mm cake to form.

The wash ratio varies considerably about the mean of
1,33, and sometimes drops below 1 (15 per cent of the
time) because of the amount of very fine material with
poor filterability that is treated. This makes for poor
displacement of the uranium, and hence high soluble
losses. Two stages of washing would help considerably,
but this would require a 70 per cent increase in filter area
or a decrease in the tonnage treated, which would be dif-
ficult to justify economically. Despite this, soluble losses
were contained to under 4 per cent about half of the time
and under 6 per cent for 90 per cent of the time.

Correlation of the filtration data over the six years (at
99,9 per cent confidence level) shows that an increase in
the percentage of material smaller than 74 p.m or in the
flocculant dosage causes the soluble loss to increase. The
former cause is not unexpected, but the latter is a little
surprising because the average flocculant addition of
66 g/t is well below the design figure of 100 g/t. The ex-
planation is that, when larger-than-normal quantities of
the fine material are fed to the plant, larger-than-normal
quantities of flocculant are also added to enable the plant
to treat the required tonnage. This is shown by the high
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correlation between the flocculant dosage and the per-
centage of material smaller than 74 Jtm.

Ion Exchange
For the recovery of the uranium, ion exchange followed

by solvent extraction (Bufflex) and solvent extraction
alone (Purlex) were both considered in the preliminary
feasibility study. A detailed cost analysis was done, in
which it was assumed that the wash ratio in the solid-
liquid separation stage was between 1 and 3. This showed
that, for this low-grade ore, the Bufflex route was pre-
ferable at all wash ratios.

Several types of ion-exchange contactors were con-
sidered, and the NIMCIX system was chosen primarily
because technical back-up was available locally. This
proved to be a good decision; the twin NIMCIX systems
started up without difficulty and have performed well ever
since.

The concentration of uranium'in the barren solution
over the six years averaged 0,001 g/l, which is half the
design figure. In the first six months of operation, the
uranium concentration was about 0,005 g/l. It then drop-
ped to 0,0012 g/l until 1983, when it dropped even further
to about 0,0004 g/l. The first drop was due to more stable
operation, and the second to the introduction of the
'economic' leach and the lower levels of sulphuric acid
and ferric ions in the pregnant solution (3,0 to 2,0 g/l and
0,7 to 0,5 g/l respectively); the thiosulphate concentra-
tion also dropped significantly from 0,0012 to 0,0003 g/l.

A small increase in the concentration of uranium in

the barren solution was apparent during 1985 after the
change-over to two shifts per day. Daily start-up of the
columns makes stable operation difficult.

The concentration of uranium on the loaded resin
averaged 24,3 g/l (design 25,0 g/l) and that on the eluted
resin 0,3 g/l (design 1,0 g/l). The fairly high sulphuric acid
content of the fresh eluant (120 g/l) and the faster
flowrate account for the excellent elution of the resin and
the lower concentration of uranium in the eluate (4,0 g/l,
as opposed to the design value of 5,0 g/l).

Correlation of the monthly figures shows that higher-
than-average levels of sulphuric acid, ferric ions, and
uranium in the pregnant solution raise the uranium con-
centration in the barren solution. The importance of good
elution is also strongly reflected in the correlations.

The original plan involved regeneration of the resin to
remove silica in every fifth cycle. However, this frequency
was reduced steadily and, at present, only one batch in
twenty is regenerated. In the first two years, the silica
levels were around 0,5 per cent but, since then, they have
been kept to below 0,35 per cent before regeneration and
reduced to 0,15 per cent after regeneration.

However, as expected, this caustic-regeneration step
has not been effective in controlling the anionic cobalt
on the resin. The resin has been progressively 'poisoned'
by cobalt, and the current loading of cobalt is 0,5 per
cent with no apparent effect on resin performance. Thio-
sulphate and cyanide ions appear to be effectively con-
trolled by elution with sulphuric acid because very little,
if any, removal occurs during regeneration and there has
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been no build-up over the years. The cyanide concentra-
tion in the pregnant solution is typically about 0,003 gll
but during the treatment of the concentrate obtained by
wet' high-intensity magnetic separation (WHIMS) of the
current tailings from the Stilfontein Gold Mine, it rose
regularly to more than ten times that value.

Solvent Extraction and Product Recovery
Laboratory tests indicated that three extraction stages

would be sufficient to remove the 0308 (5 g/l) from the
concentrated eluate and to produce a raffinate contain-
ing 0,001 g of 0308 per litre. Five extraction stages were
installed to give the operation some flexibility and, after
the first 18 months, the uranium concentration in the raf-
finate averaged 0,0003 gll. Cobalt (52 per cent), chloride
(38 per cent), ferric ions (24 per cent), and silica (13 per
cent) are all extracted to different extents by the solvent.
In addition, the concentration of cobalt in the concen-
trated eluate increased from 0,2 to 0,4 gll when the con-
centration of acid in the fresh eluant was increased from
112 to 126 gll in mid 1982.

On average, the solvent loading and stripping sections
operate as designed, the 0308 concentration on the
loaded, stripped, and fresh solvent being 4,0, 0,008, and
0,001 gll respectively. However, until mid 1981, the con-
trol of pH in the stripping section was erratic and the
uranium stripping efficiency was below average. The pH
profile in the stripping section averaged 3,9, 4,3, 4,7, and
5,4, but there was a tendency for the plant to operate at
lower pH values while the pH control was poor.

Two scrubbing stages are used to remove bisulphate
and to reduce the consumption of ammonia. The organic-
to-aqueous ratio in the scrubbing stages is 5. The scrub
liquor, which also strips some uranium, is fed back into
the extraction stages.

The stripped solvent is passed to a single regeneration
stage, where it was originally treated with ammonium
hydroxide and 10 per cent sodium carbonate at an average
pH of 9,6. This pH value should be kept as high as pos-
sible but below 12, where emulsions form. For ease of
control and operating convenience, the system was later
changed to operate on a mixture of sodium hydroxide
and sodium carbonate, and the control of pH with am-
monium hydroxide was discontinued.

A 23,4 per cent solution of ammonium sulphate, which
is used to strip the solvent, loads to 7,0 g of 0308 per
litre, and is then fed to the ADO precipitator, where the
pH value is adjusted to 7,4 while the temperature is con-
trolled at 30°C.

The OK liquor has a mean residence time of 80 minutes
before flowing to the ADO thickener. Initially, difficulties
were experienced in the production of an ADO cake with-
in the sulphate specification of 3 per cent; therefore, three
stages of washing with water and filtration are used to
keep the sulphate concentration in the ADO product with-
in acceptable limits. The problem is due to the precipita-
tion conditions, and it is thought that, under certain con-
ditions, a uranyl sulphate complex is formed that in-
creases the sulphate content. Correlation of plant per-
formance shows that, the higher the pH value, the purer
is the product, and that small variations in the temper-
ature, ammonium sulphate concentration, and flowrate
of OK liquor (residence time) make no significant dif-

ference.

Economic Performance of tbe Plant
The monthly operating costs of the plant (excluding

the flotation section) were analysed in a fashion similar
to that used for the evaluation of the process perform-
ance the overall costs being broken down into labour,
stor;s/material, power, water, and other costs. Addi-
tional detail on the stores/material figure is provided in
terms of a breakdown of reagents and material. The
reagents include sulphuric acid, manganese dioxide, co~,
lime, flocculant, resin, solvent, and 'other'. The matenal
costs are broken down by plant section. All these costs
were indexed and are presented in Table 11,which shows
their relative proportions and their relative rates of in-
crease. Fig. 4 illustrates the overall plant-operating costs.

Some 61 per cent of the total operating costs can be
allocated to stores and material costs, of which the costs
of reagents account for about 70 per cent. Reagent costs
are dominated by the costs of the lixiviant (sulphuric acid)
and lime required to dissolve the uranium and neutralize
the tailings respectively, and the most likely area for cost
control is the 42 per cent of the overall costs represented
by reagents. For example, reduced additions of lixiviant
can effect savings in sulphuric acid and lime that can
outweigh the economic disadvantages of a lower uranium
recovery.

The contribution of savings in stores towards overall
cost control, particularly in the savings of reagents, can
be seen in Fig. 4. It is noteworthy that, as the overall cost
index increased from 95 in 1979 to 141 in 1985, the
reagent costs, having reached a peak of\128 in 1981,
decreased to 95 in 1985, a figure that compares favour-
ably with the figure of 70 for 1979. This is in contrast
to the labour and power costs, which doubled during that
period.

The original feasibility study indicated that a plant
treating 270 kt per month was economically the most at-
tractive and that the capital cost of the final plant would
be in the vicinity of 68 million rands!. The final capital
cost of the uranium-producing section of the plant fell
within the range R170 to R190 per ton treated per month.
This was within budget and the result of efficient pro-
j ect management.

The distribution of capital costs in terms of operating
areas and cost centres is shown in Table Ill. In terms of
plant area, the relatively high proportion of total capital
(I8 per cent) required by the filter plant. i~ noteworthy.
Foundations, buildings, structures, and plpmg accounted
for 35 per cent of the total costs, which emphasizes the
important contribution to capital costs of essentially
infrastructural components.

So far, the uranium-recovery section of the plant has
provided an acceptable return on investment in its own
right. In addition, the total earnings are enhanced by the
gold-recovery section, which represents a relatively
modest outlay in additional capital and operating costs
to provide a high-value product.

Summary and Conclusions
The performance of the plant has been a success in

every respect: mechanically, operationally, and economic-
ally.
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TABLE Il
STATISTICS OF INDEXED OPERATING COSTS.

Six-monthly averages

Description Mean std devn 1979 1980 1981 1982 1983 1984 1985

Overall costs

Labour 16 5 15 12 13 13 15 15 14 15 14 16 18 27
Stores/Material 61 11 44 49 59 65 70 78 59 58 58 59 56 71
Power 10 3 9 7 7 7 8 9 9 10 10 12 12 18
Water 2 5 10 I 2 2 2 2 2 I I 0 I 2
Other 12 5 18 9 8 9 8 10 8 11 12 11 14 23
Total 100 19 95 77 89 96 103 113 92 95 94 98 101 141

Reagent costs (42070of overall costs)

Sulphuric acid 38 9 23 30 36 29 34 48 41 41 35 49 49 43
Manganese dioxide 9 5 6 9 13 17 19 13 10 7 7 6 4 5
Coal 12 3 14 13 13 12 15 11 12 6 13 12 11 10
Lime 28 9 13 18 25 35 33 41 32 26 31 29 34 27
Flocculant 5 I 5 4 4 6 7 8 6 5 5 5 5 4
Resin I I 4 4 0 2 0 I 0 I 0 0 0 0
Solvent 2 I I 0 I 3 2 2 2 2 I 2 I 2
Ammonia 3 I 3 3 3 3 3 3 3 3 3 3 2 2
Other 2 I I 4 2 2 I 2 2 2 I 2 I 2
Total 100 18 70 84 96 109 113 128 108 93 97 108 109 95

Material costs (10070of overall costs)

Reclaim 14 8 7 11 20 15 19 25 12 10 14 12 9 15
Leach 19 9 15 15 19 16 12 19 16 27 16 20 15 42
Filter 21 8 9 31 23 20 24 18 16 17 24 22 18 29
Recovery 11 4 5 11 9 10 11 13 11 11 10 9 13 14
Disposal 4 3 2 2 2 2 5 6 3 3 3 6 7 8
Services 14 6 8 9 15 14 13 14 13 17 12 14 13 23
Other 17 7 15 21 22 19 16 22 14 12 11 15 16 26
Total 100 27 61 101 III 96 100 117 85 97 91 99 91 157

.Based on average monthly costs per ton treated

Plant areas

Neutral-
Cost centres Reclamation Leach Filter plant Recovery ization Services Other Total

Civils 2,22 2,16 1,99 2,07 0,23 8,08 2,74 19,49
Steelwork 0,70 0,25 0,89 0,62 0,14 1,56 0,06 4,23
Platework 0,66 1,58 0,89 1,21 0,26 0,40 0,00 5,00
Material handling 1,02 0,19 0,51 0,67 0,31 0,64 0,00 3,35
Process plant 0,20 0,60 7,39 1,79 0,00 3,71 0,00 13,15
Machinery, etc. 6,61 0,01 1,63 0,02 0,10 3,98 0,55 12,89
Electricals 2,02 1,17 0,69 0,38 0,44 4,53 0,29 9,51
Instruments 0,21 0,46 0,66 1,14 0,08 0,35 0,04 2,94
Piping 4,61 1,03 2,81 3,59 1,05 2,27 0,26 15,63
Special materials 0,53 0,75 0,71 1,87 0,11 0,66 0,02 4,66
Other 6,10 0,00 0,00 0,00 0,00 0,00 3,10 9,14

Total 24,82 7,65 18,17 13,38 2,74 26,20 7,05 100,00

TABLE III
DISTRIBUTION OF CAPITAL COSTS IN TERMS OF PLANT AREAS AND COST CENTRES

(ALL VALUES ARE EXPRESSED AS PERCENTAGES)
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TABLE II (contd)
AfffhankalPeiforman~

The mechanical performance of the plant has been

Percentiles marked by continual improvements to the original plant,
as shown by the following examples.

Min. Max. 10th 50th 90th (1) Robust 'pinch' valves were installed at all points of
high wear.

(2) New HDPE one-way ports were designed for the in-

10 30 12 15 25 jection of the air required to agitate the leach.
38 81 44 60 78 (3) HDPE wear strips were installed on the polyester-
6 21 7 9 16 rubber wear belts on the filters.
0 41 0 2 2 (4) The belt-support rollers on the filters were redesigned.
0 27 8 10 21 (5) The high-corrosion areas in the ion-exchange plant

65 156 78 95 134 were eliminated.
(6) A novel method was developed for the measurement

of pH in the stripping section of the solvent-extraction
13 52 25 39 49 plant.
2 22 4 8 17 (7) The method used to control the feed rate of am-
2 22 7 12 15 monium hydroxide to the stripping section was im-
6 46 16 29 39 proved.
3 10 4 5 7
0 4 0 0 4

Process Performance0 9 0 I 3
The process performance of the plant has been careful-2 6 2 3 3

0 5 I 2 3 ly analysed, and in most sections it exceeds the design

65 134 71 100 125 prediction. The analysis showed the following.

(a) The combined feed from the bucket-wheel excavator
and water monitor provides 283 kt per month at a

3 35 6 13 27 relative density of 1500 kg/m3.
4 56 10 17 30 (b) Dissolution in the leach is consistently good, the con-
3 40 11 20 33 sumption of reagents being below the design predic-
I 23 5 11 16 tion.
0 16 I 3 9 (c) The belt-filter plant is not able to contain the soluble
3 34 7 13 21 losses within design limits owing to the inadequate
4 47 9 16 25

area available for washing. Additional filters to re-36 196 71 100 130
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duce the soluble losses cannot be justified econom-
ically.

(d) The NIMCIX ion-exchange plant performs extreme-
ly well, its efficiency being better than 99 per cent on
average. Very little resin make-up is required and,
apart from a build-up of cobalt, the resin appears to
be in good chemical condition.

(e) The solvent plant runs exactly as designed, and the
stripping efficiency has improved since better control
of the pH was achieved.

(f) The product-recovery section requires close control
to ensure that the sulphate content of the ADO is
within specification.

Economic Performance
For the following reasons, the economic performance

of the plant has been satisfactory.

(i) The original capital outlay was within budget.
(ii) The operating costs have been contained to below

the rate of inflation, primarily owing to savings in
the usage of reagents.

(iii) The uranium production of the plant has provided
an acceptable rate of return on investment, and this
has been enhanced by the recovery of gold as a by-
product.

Acknowledgements
The authors are indebted to the management of Gen-

cor for permission to publish this information, and to
the Council for Mineral Technology (Mintek) and the
Atomic Energy Corporation of South Africa Limited for
their approval. They acknowledge with thanks the assist-
ance of the Metallurgical Manager, Mr D. Jackson, and
the staff at Chemwes, especially Mr C. van der Merwe,
Mr B. Murphy, and Mr G. van Zyl, as well as Mr D.G.
Gould, Mr G.F. Lahoud, and Mrs LR. Lombaard of
Mintek for providing and gathering the information need-
ed for this paper.

References
1. VILJOEN, E.B.. TAYLOR, J.L., ROBINSON, J.E., BLUHM, B.J., LE

GRANGE, P., and PILKINGTON, W. The evaluation, design, and con-
struction of the uranium plant for Chemwes Limited. J. S. Air. Inst.
Min. Metall., vo!. 81, no. 9. 1981. pp. 280-288.

2. TAYLOR, J.L. An operational review of the belt-filter plant at
Chemwes Limited. Ibid., vo!. 83, no. 10. 1983. pp. 237-245.

3. McINTOSH, A.M., VILJOEN, E.B., CRAIG, W.M., and TAYLOR, J.L.
The design, commissioning, and performance of the NIMCIX sec-
tion of the Chemwes uranium plant. Ibid., vo!. 82, no. 7. 1982. pp.
177-185.

Professional Engineers
The fifth biennial survey of professional engineering

manpower has just been published by The Federation of
Societies of Professional Engineers (FSPE).

The survey finds that the demand for engineers has
fallen as a result of the economic recession. Equally, the
supply has fallen, so that the long-term trend of an
average of two jobs for every engineer entering the job
market is maintained.

The reasons for the fall in supply are two-fold. First,
immigration which has averaged over one-fifth of the
total supply during the past 15 years, has dropped by half.
Secondly, graduates from South African universities have
not increased as fast as had been hoped, and will in fact
drop off over the next few years.

FSPE warns that any economic recovery over the next
few years could result in a demand similar to that of the
early 1980s, when the gap between supply and demand
could be sufficient to provide more than three jobs for
every young graduate.
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FSPE's survey also noted. a growing demand for agricultural engineers (at pre-
sent over 50 per annum),

. a marked fall in the supply of and demand for civil
engineers, which could lead to an exacerbated situa-
tion if economic activity is restored, and

. an over-emphasison the production of electronics
engineers at the expense of electrical engineers, so
that, where there are less than 1,2 jobs for every newly
graduated electronics engineer, there are at present
over 4 jobs for every newly graduated electrical
engineer.

Copies of the report can be obtained from

The Federation of Societies of Professional
Engineers (FSPE)

p.a. Box 61019
Marshalltown
2107 South Africa.




