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TAILINGS DIS:rosAL SYSTEM Nr 'lm-!BEI'AS BAUXITE MINEl 

by 

Reg'inaldo P. Iapa and Femam.o v. carreresi 2 

Atstract. Mineracao Rio do Norte (MRN) started its bauxite 
washin:J operation in 1979. Since then, the tailin:Js have 
been dul!ped into neamy Ba.tata lake. 'Ihe arnrual tailin:Js 
volume is about 18 million m3 at a solids content of 7-9%. 
'!his has caused a serious ecological proolein. Farly in the 
operation MRN and the emrironmental protection authorities 
decided that a more ecologically acceptable method for 
tailin:Js disposal should be investigated. 

In 1982, the =nsultants, :Brcmvell and Ccurier Inc., 
(Iakeland, Florida) started thicken:in:J and p.mpin;J tests on 
the tailin:Js deposited in Ba.tata lake. Pilot tests in a 
small settlin;J porn were ccmrenced in 1984. As a result of 
the tests, it was prq;xised to deposit the thickened tailin:Js 
in the mined out areas. '.rhis will be an innovative method 
not only in Brazil but also on the "10rldwide bauxite minin;J 
scene. 

This paper describes the llll1llng method, in:lustrial 
facilities, the studies on thicken:in:J and p.mpin;J, the 
studies for disposal of the tailin:Js in the mined out areas, 
the tailin:Js disposal plan and finally the reclamation of the 
disposal areas. 

Mineracao Rio do Norte was 
created in 1967 to ~te the 
Trombetas bauxite mine. The 
shareholders are Catpanhia Vale do Rio 
Doce (46%), Alcan (24%), Catpanhia 
Brasileira de All.Blli.nio 

1 Paper presented at the 
conference Reclamation, A Global 
Perspective, held in Calgary, Alberta, 
canada, August 27-31, 1989. 

2 Mining Manager and Production 
Superintendent, respectively, 
Mineracao Rio do Norte s .A. , Porto 
Tranbetas, Para, Brazil, 68275 

(10%), Norks H,ydro (5%), and Reynolds 
Aluminum (5%) • 

'!he minin;J operations are located 
in the Amazon region, Para state, en 
the right bank of the Tranbetas River. 
'!his river is a tri.butacy of the 
Amazon, joinin;J it fran the north, at 
about 800 km fran the llDlth of the 
Amazon (Figure 1) • 

'!he beneficiation operations are 
presently situated at Porto Tranbetas. 
Facilities also include the 
shiploader, offices, shops, 
warehouses, and pc:,1,1er plant. Aroorxi 
Porto Tranbetas there is a oarplete 
mine taml with hospital, supemarket, 
school, and recreational facilities. 

Richard
Typewritten Text
Proceedings America Society of Mining and Reclamation, 1989 pp 421-440 DOI: 10.21000/JASMR89020421

rbarn
Typewritten Text
https://doi.org/10.21000/JASMR89010421
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'Ille Tranbetas bauxite project 
started operations in 1979. 'lhe rated 
anrrua1 capacity was 3. 35 million 
tonnes of product. Several 
inprovements raised the production 
capacity to 5.0 million tonnes/year. 
'lhe main users of the Tranbetas 
bauxite at present are Brazil (36%) , 
Venezuela (33%), Canada (26%), USA 
(2%) , UK (2%) , ani West Germany (1%) • 

Geology 

'lhe Tranbetas bauxite occurs on 
extensive plateaux with elevations 
between 50 ani 200 meters. 'lhe 
typical profile (Figure 2) shows a 
tall dense vegetation overlyin::J a thin 
(0.50 m) soil. Below the soil is a 
yellow kaolinitic clay whose thickness 
can reach 11 meters. 'lhe clay 
overtiurden passes to nodular bauxite, 
up to 2.5 meters thick, consistin::J of 
ferruginous pisolites ani gibbsite 
nodules in a clay matrix. 'lhe nodular 
bauxite is presently bein::J treated as 
waste, although studies are bein::J 
carried out aimed at recoverin::J this 
bauxite. 'lhe next layer is the 
ferruginous laterite which averages 
2 meters in thickness. 'lhe sucx:ession 
described above represents the 
overtiurden that overlies the massive 
bauxite layer which reaches a 
thickness of 7 meters. 

Tranbetas massive bauxite is 
essentially gibbsitic (thihydrate) 
containin::J less than 1% boehmite 
(ll"Dnohydrate). 'lhe main minerals are 
gibbsite, kaolinite, hematite ani 
goethite,- 'lhe tq, of the bauxite 
layer i.s harder than the rest, 
reflectin::J a higher iron content. 'lhe 
middle ani bottan sections of the 
layer show variable texture: granular, 
friable, ani porous. Closer to the 
base of the horizon, there are blocks 
of bauxite disseminated in a clay 
matrix resultin::J in an irregular 
=ntact. Vertical pipes of kaolinitic 
clay penetrate the basal portion of 
the massive bauxite. 'lhis clay ani 

the irregular contact result in a 
dilution of the ore grade. 

'lhe reserves of massive bauxite 
of MRN are roughly 500 million tonnes 
on a washed basis. 'lhe average grade 
is 50. 24% available alumina 
(av.A12<>Jl, 4.25% reactive silica 
(re.Si~), ani 9.66% iron oxide 
(Fe2<>Jl. 'lhe ore bodies occur on 
several plateaux in the area 
(Figure 3). 

'Ille average recovery at the 
washin::J plant is 74% by weight. · 'lhe 
remainin::J 26% represents the tailin::Js 
that are mainly clay. 

Mining 

Present minin::J operations are 
bein::J carried out in the Saraca I 
concession (see Figure 3). Here the 
ore body covers sate 232 ha. 

'lhe minin::J method is similar to 
the strip minin::J used in surface =al 
mines. 'lhe minin::J cuts are 28 m wide 
ani 600 to 1000 m long. 'lhe minin::J 
stages are: clearin::J the forest, 
striwin::J, drillin::J am blastin::J, 
excavation ani loac:lin:J, haulin::J, ani 
finally the rehabilitation of the 
mined out areas (Figure 4). 

CAT D8L tractors fitted with 
adequate protection equipnent fell the 
tress, ani the wood with no ccmnercial 
value is bumed. In the striwin::J 
operation two diesel draglines (BE-
480W) with 17 cubic yard buckets, one 
electric dragline (BE-60W) with a 
2 6 cubic yard bucket and a 
ll"Dtorscraper fleet are used. 'lhree 
electro-hydrqulic Liel::herr back-hoes 
with 8.3 m3 buckets excavate the 
bauxite. 

Only the tq, half of the bauxite 
layer is hard enough to require 
blastin::J. Blastholes are drilled by 
6 inch augerdrills :irounted on trucks. 
'lhe explosive is amnonium nitrate 
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mixed with used en:Jine oil. In the 
presence of water, an explosive slurry 
is used. 'lhe bauxite is haule::l into 
trucks to the crusher. 

When mining is carpleted, the 
area is rehabilitated. 'lhe piles of 
spoil left by the draglines are 
graded, return:ID3" the tq:,ogl:aiily 
roughly to its original fonn. 'lhe 
topsoil is spread, and finally the 
mined out areas are revegetated us:in;J 
native tree species. 

Beneficiation 

As explained in the geological 
description, the inclusions of 
kaolinitic clay in the bauxite layer 
and the irregular contact with the 
base clay are the main causes of clay 
contamination in the bauxite. 'lhe 
clay content of the bauxite is 
reflecte::l in the levels of available 
alumina and reactive silica. 
'lherefore the beneficiation prcx:::ess at 
Tranbetas consists of size reduction, 
washing and classify:in;J. '!his pi:ocess 
washes out clay am. the result is a 
decrease in the reactive silica and an 
increase in the available alumina 
content. 

After be:in;J crushed to 3 inches, 
the bauxite is loade::l in 80 ton 
railcars to be transported 28 km to 
the beneficiation plant located at 
Porto Tranbetas. 

'lhe beneficiation plant produces 
four types . of bauxite: wet coarse 
bauxite with 12% moisture, chy coarse 
bauxite with 5% moisture, fine bauxite 
with 15% moisture, am. a superfine 
product with 15% moisture (Figure 5) • 

'lhe tail:in;Js, as a result, are 
less than 400 mesh. 'lhe disposal of 
these fine tail:in;Js has been studie::i 
with primary emphasis on the 
protection of the ecology. 

In shipping 5 million 

tonnes/year of bauxite, 1. 7 million 
tonnes of tailings solids are 
produce::l. 'lhe solids content of the 
slurry is 7 to 9%. 

Tailings 

History 

Since the start of 
operations, the tail:in;Js have 
discharged into Batata 
(Figure 7). 

the 
been 
Lake 

'lhese tail:in;Js consist of fine 
solid particles, chemically inert, and 
water. 'lhe particles are mup:ised of 
aluminum oxide (21%), silicates (48%), 
and iron oxides. At the beginn:in;J the 
tail:in;Js particle size was less than 
150 mesh. Since 1986 when the 
recovery of the fraction less than 150 
mesh and greater than 400 mesh began, 
the tail:in;Js particle size has been 
less than 400 mesh (Figure 6) . 

'lhe progressive silt:in;J of the 
lake, and the concern about the 
envirornnent, lllClll'e::i MRN to start basic 
studies on the tail:in;Js for analyz:in;J 
disposal alternatives. 

MRN engaged, in 1982, the 
services of Bramwell and carrier Inc. 
as consultants. In 1984, a series of 
pilot tests were conducted 
carplement:in;J the laboratory tests. 

Field and laboratory tests 
included detennination of density, 
compressibility, permeability, 
viscosity, Atteme:tg limit and p.mp:in;J 
tests (Figures 8, 9, and 10). 

study of Alternatives 

Based on the test results, 
several alternatives for disposal of 
the tail:in;Js were studie::i and had 
their operat:in;J cost am. invesbnent 
evaluated (Figure 11) • 'lhe solution 
chosen comprises relocat:in;J the 
washing plant close to the mine and 
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disposin;J of the tailings in the mined 
out areas. 

'!he disposal of the tailings in 
the mined out areas also represents 
the best ecological alternative. '!he 
tailings are returned to their 
original soorc:e and revegetation will 
obliterate any signs of mining. 

Tailings Disposal Project 

'!he solution chosen diminishes to 
a great degree the environmental 
ing;iact caused by the tailings. 

'!he tailin;Js caning fran the 
washing plant at a solids cxmtent of 
7 to 9%, will be punp::,d to an 
artificial pond. over a oertain 
period of time, settlin;J of the 
tailings in this pond will result in a 
high solids content. A specially 
designed dredge, in which the punp is 
installed subnel::ged" next · to the 
suction head, will enable the 
tailings to be punp::,d at a solids 
content of 25 to 30% to cells built in 
the mined out areas. '!he cells are 
just sinlple ponds formed by dykes 
built with the cvert>urden material. 
In these cells the tailings will 
continue to settle to a higher density 
(Figure 12) • '!he tailings will fill 
the cells in two stages, separated by 
an interval in o:cder to pei:mit good 
consolidation (Figure 13) • 

Roughly two years after the 
second fillin;J of the cells the 
rehabilitation activities will start 
and the solids content expected at 
this time is around. 59% (Figure 13). 

The rehabilitation will be 
s:ilnilar to the present day practice. 
'!he tailings and the tops of the dykes 
will be graded by bulldozer. 
'!hereafter, the topsoil will be spread 
ever the area to a thickness of O. 50 m 
to allow fast vegetation grcMt:h 
(Figure 14) and the groond will 
reflect a topo;Jraj:ily s:ilnilar to that 

rDi{ obtained. 

'!he dykes will be built by the 
existing draglines as part of the 
normal stri:win;J operation. As a 
consequence, no significant increase 
in operatin;J costs due to the cell 
construction is foreseen. 

The implementation of this 
project started in September 1986. 
'!he new tailings disposal system will 
beca:ue operational durin;J the secxmd 
half of 1989. 

sinultaneously, efforts are bein;J 
dedicated to reclaim the silted areas 
of Batata Lake. studies have already 
started to find out the best way to 
reclaim these areas when the discharge 
of the tailings into the lake is 
j:i1ased out. 
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