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THE TREATMENT AND DISPOSAL OF MINE WATER 
AT NEVES CORVO MINE 
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SOMINCOR, Sociedade de Mineira de Neves Corvo, S.A., HIDROPROJECTO 
Consultores de Hidraul ica e Salubridade, S.A., 

INTRODUCTION 

SOMINCOR, SOCIEDADE MINEIRA DE NEVES CORVO, S.A., from i t s  incept ion  
has considered the p ro tec t ion  o f  the environment o f  the area t o  be 
fundamental. Water resources i n  areas such as the Baixo Alente jo are 
extremely important and therefore received a la rge  amount o f  a t t en t i on  
dur ing the planning stages o f  the  Neves Corvo Mine. 

I n  any underground mining operat ion a "draw down" o f  the water t ab le  i n  
the area i s  inev i tab le ,  and t h i s  drainage, together w i th  the water 
introduced f o r  i n d u s t r i a l  purposes, has t o  be removed from underground 
and disposed o f .  The possib le in f luence o f  t h i s  product on the Oeiras 
River was the s t a r t i n g  po in t  f o r  the design o f  treatment f a c i l i t i e s .  
The r i v e r  was studied from a physical-chemical po in t  o f  view, and 
laboratory treatment t es t s  were car r ied  out t o  determine the required 
treatment rou te  necessary t o  a l low discharge o f  underground water t o  
the  Oeiras River, wh i l s t  minimising change t o  the physical-chemical 
charac te r is t i cs .  

OEIRAS RIVER 

The Oeiras r i v e r  i s  a small t r i b u t a r y  o f  the Guadiana r i v e r .  I t s  waters 
are mainly used f o r  i r r i g a t i o n ,  c a t t l e  watering and as a support f o r  
f i s h  l i f e .  During the dry season the f low i s  very much reduced and 
only some deeper areas remain where the f i s h  survive. ,The analys is  
performed concluded t h a t - w h i l s t  the water o f  the River Oeiras i s  
r e l a t i v e l y  mineral ised and hard, i t  i s  no t  contaminated from a 
physical-chemical po in t  o f  view. 

Table 1, presents values o f  the resu l t s  o f  the analys is  before the 
development o f  the mining enterpr ise.  



A considerable length o f  the Oeiras r i v e r  was studied, and the resu l t s  
shown i n  the Table 1, are average values which character ize the water 
immediately upstream and downstream o f  the area where the t rea ted  water 
from underground i s  now discharged. 

CHARACTERISTICS OF MINE WATER 

There i s  a great  deal o f  in format ion on mine water q u a l i t y  from 
su lph id ic  underground mining operations. The q u a l i t y  o f  the mine water 
depends upon numerous fac to rs  inc luding:  

. physical  cha rac te r i s t i c s  o f  the ore . ne t  ac id  generating po ten t i a l  . groundwater cha rac te r i s t i c s  . b a c k f i l l  p rac t i ce  . mining p rac t i ce  . age o f  the mine . v a r i a b i l i t y  and mineralogy o f  the mined ore 

The Neves Corvo Mine ex t rac ts  h igh grade cupr i ferous sulphide ore from 
the  base o f  a massive sulphide ore body, cons is t ing  mainly of p y r i t e  . 
This massive sulphide lense i s  s i tua ted  i n  a volcanic sedimentary 
se r i es  o f  t u f f s ,  shales and greywackes. Mine water pumped t o  surface i s  
cu r ren t l y  a lka l ine ,  being inf luenced by carbonates i n  the host rocks, 
bu t  p r ima r i l y  from cement residues from the b a c k f i l l i n g  process. I t  i s  
expected, however, t h a t  t h i s  a l k a l i n i t y  w i l l  be reversed a t  some po in t  
i n  the mine's l i f e ,  and t h a t  t h i s  a c i d i t y  w i l l  produce a corresponding 
increase i n  heavy metals and so l i ds  i n  suspension. 

This q u a l i t y  de te r i o ra t i on  o f  the Mine Water w i l l  be caused by a 
combination o f  several e f fec ts ;  a reduct ion i n  i n f i l t r a t i o n  as the 
water t ab le  continues t o  lower, the increasing mineral  contact area 
produced by mining and water perco la t ion  through b a c k f i l l ,  a  propotion 
o f  which i s  p y r i t e .  

Ear ly  estimates o f  pumping requirements were as h igh as 600 m3 per 
hour, these were produced fo l low ing  the f i r s t  i n t e r sec t i on  o f  the 
orebody, where the h igh ly  f rac tu red  nature of the sulphide lenses 
produced an aqu i fe r  e f f ec t ,  and la rge  f lows f o r  an extended per iod 
resul ted.  

Design o f  the undergound f a c i l i t i e s  was therefore undertaken on t h i s  
basis, f u r t he r  i nves t i ga t i on  as t o  the po ten t i a l  f i n a l  requirements 
being impossible dur ing t h i s  development phase, as the temporary 
pumping arrangements were operating close t o  capacity. 

Fol lowing the commisssioning o f  the permanent i n s t a l l a t i o n s  i n  May 1988 
several  more ore in te rsec t ions  were mined a t  the lowest possible 
e leva t ion  t o  induce a lowering of the groundwater t ab le  i n  the 
sulphides. Groundwater has since s t a b i l i s e d  between 150 and 170 m' per 
hour, a s l i g h t  seasonal ef fect  being observed. 
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Groundwater, however, on ly  accounts f o r  approx imate ly  60% o f  the  250 m3 
pumped from t h e  Mine, a  fu r the r  27% be ing  in t roduced  as p a r t  o f  t h e  
Min ing process, i . e . ,  dust supression when d r i l l i n g ,  c leaning,  e tc . .  
B a c k f i l l i n g ,  which invo lves  the h y d r a u l i c  t r a n s p o r t  o f  sand, coarse 
f r a c t i o n  m i l l  t a i l i n g s ,  and cement accounts f o r  the  13% balance, an 
average 30 m3 per hour.  

B a c k f i l l i n g  however on ly  takes p lace over approximately 50 hours per 
week these per iods  be ing  a t  very h igh  f low r a t e s  o f  s l u r r i e d  mate r ia l .  

The f l ow r a t e ,  t y p i c a l l y  200 tonnes s o l i d s  w i t h  90 m3 water per hour, 
c u r r e n t l y  dominates the  chemical and p h y s i c a l  c h a r a c t e r i s t i c s  o f  mine 
water r e p o r t i n g  back t o  the underground t reatment  and set t lement  
f a c i l i t i e s ,  extended per iods producing h i g h  f l ows  w i t h  h i g h  s o l i d s  
content  and very  a l k a l i n e  cond i t i ons .  

MINE WATER TREATMENT UNDERGROUND 

To handle l a r g e  q u a n t i t i e s  o f  mine water e f f i c i e n t l y  over l a r g e  pumped 
heads (600 m a t  Neves Corvo) i t  i s  necessary f i r s t  t o  remove as much of 
the  s o l i d  content  as poss ib le .  F a i l u r e  t o  do t h i s  r e s u l t s  i n  
unacceptable pump wear, producing dramatic reduc t ions  i n  e f f i c i e n t  
pumping and energy consumption. Several methods a re  i n  use wor ld  wide, 
i n c l u d i n g ,  s imple g r a v i t y  sumps, c i r c u l a r  rake t ype  th i ckeners  and t h e  
Lamella Thickener, i t  i s  t h i s  type o f  machine t h a t  i s  i n s t a l l e d  
underground a t  Neves Corvo. 

LAMELLA THICKENER 
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The Lamella Thickener i s  a simple g rav i t y  s e t t l i n g  device t h a t  u t i l i s e s  
a stack o f  c lose ly  spaced i nc l i ned  p la tes  t o  c l a r i f y  and thickenen a 
wide range o f  s l u r r i e s  and l iquors,  w h i l s t  occupying as l i t t l e  as one 
t en th  o f  the space required by a conventional basin type thickener o f  
equal capacity. S e t t l i n g  i n  a Lamella Thickener occurs both by hindered 
and unhindered modes and s l u r r y  i s  induced t o  f low between p a r a l l e l  
p l a tes  separated commonly by 50 mm. P lates are arranged i n  stacks, and 
i n  order t h a t  they be s e l f  cleaning, they are normally i nc l i ned  between 
45. and 55. t o  the hor izon ta l .  

+ 

Once on the pktes  the 
particles slide down 
to discharge in to o 

two forces - flu id drag quiescent zone. 
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a 
2 I 

Fig. 1 

Somincor i n s t a l l e d  a Sala C.L.T. 600 Lamella Thickener w i th  600 m2 area 
based on the  f o l l ow ing  c r i t e r i a : -  

I n l e t  Mine Water Flow C r i t e r i a  

Flaximum 
Average 
Minimum 

Sol i d s  

S o l i d  Content Average 
So l i d  Content Maximum 
So l i d  Spec i f i c  Grav i ty  

Overflow Water C r i t e r i a  

S o l i d  Content Normal 
So l i d  Size Normal 

Sol ids Spec i f i c  Grav i ty  
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Water make, from a l l  three sources, g rav i t a tes  t o  the haulage l e v e l  
where i t  i s  transported i n  an open d i t c h  t o  the Lamella Thickener, 
(F ig.  2) passing through a normally non-operational g rav i t y  sump. This 
sump was constructed as p a r t  o f  the temporary arrangements and i s  
u t i l i s e d  now only dur ing periods of Lamella maintenance. I n  the Lamella 
chamber the f low, o f  between 150 m3 and 310 m' per hour, depending on 
mining a c t i v i t y  and b a c k f i l l  status, passes through two stages o f  
" t rash screening" before being dosed w i t h  A l l i e d  Magnafloc 338 
polymer a t  dosage ra tes  between 1.0 gm/m3 and 2.0 gm/md , again 
depending on the quant i t y  o f  so l i ds  a r r i v i n g ,  i t s e l f  a  func t ion  of 
b a c k f i l l i n g  a c t i v i t y .  

Back f i l l i ng ,  as stated, i s  cur ren t l y  the  major inf luence on water 
q u a l i t y  a r r i v i n g  a t  the Lamella. B a c k f i l l  a t  Neves Cqrvo i s  car r ied  out  
by hyd rau l i ca l l y  p lac ing mixtures of a l l u v i a l  sand, coarse f r a c t i o n  + 
20p m i l l  t a i l i n g s  and cement. De ta i l s  o f  b a c k f i l l  are:- 

Consti tuent 

Sand 
Weight 
Coarse M i l l  Ta i l ings  
Weight 
Cement 
Weight 
Water 
Weight 

Range Typical  

85% Sol id  

10% So l id  

5% So l id  

30% Mixture 

Sol ids a r r i v a l  a t  the Lamella i s  therefore a func t ion  o f  which mixture 
i s  being u t i l i s e d ,  the pos i t i on  i n  the mine a t  which b a c k f i l l i n g  i s  
tak ing  place, and the stage o f  the  f i l l i n g  cycle. Water i s  removed both 
by perco la t ion  t o  a drainage system o f  per forated pipes and geotex t i le  
and by decantation. Decantation becomes progressively more important 
towards the  end o f  the f i l l  cyc le i n  a stope, as the volume ava i lab le  
fo r  sett lement before decant i s  obviously becoming less  and less  
progressively ,  w i th  a corresponding increase i n  the so l ids  transported 
over the decant weir. 

Typical  s o l i d s  content enter ing the Lamella Thickener are, 16 grams per 
l i t r e  dur ing  b a c k f i l l i n g  and 3.2 grams per l i t r e  without b a c k f i l l ,  and 
t y p i c a l  f i gu res  f o r  the overflow product t o  the clean water pumps are 
0.069 w i t h  b a c k f i l l  operat ional  and 0.020 grams per l i t r e  a t  other 
times, 0.035 average. 
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F ig .  2 

The Lamella over f low product  i s  run i n  t o  one o f  th ree  c lean water 
basins, and from t h e r e  i s  pumped t o  the  sur face Mine Water Treatment 
P lan t ,  v i a  10" R i s i n g  Mains i n  the Sta. B5rbara Shaf t  by means o f  the  
c lean  water pump s t a t i o n ,  where 4 No. 500 KW s i x  stage Sulzer  Pumps are 
i n s t a l l e d .  The f a c t  t h a t  the  f i r s t  pump r e b u i l d  s ince commissioning has 
r e c e n t l y  be c a r r i e d  out ,  f o l l o w i n g  some 12000 hours o f  operat ion,  
prov ides ewidence as t o  t h e  e f f i c i e n c y  o f  these s e t t l i n g  arrangements. 

SULZER PUMP 



Lamella Thickener underflow product,  passes,at up t o  45% s o l i d s ,  over a 
"s ieve bend" wet screen, which removes any remaining tramp mate r ia l ,  
i n t o  a s t e e l  sump ahead o f  the  mud pumping stage. Water i s  added here 
t o  produce a product  t h a t  i s  up t o  25% s o l i d s  s o l i d s  by weight. Th is  
product  i s  then  pumped by one of two Ceho 2PM 600 HD "p is ton  i n  o i l t 8  
diaphragm type  pumps, t o  surface. Th is  mud product  i s  pumped d i r e c t l y  
t o  the  Copper Concentrator t a i l i n g s  pumps, and thereby passes d i r e c t l y  
t o  the  Cerro do Lobo T a i l i n g s  Depository, w i t h  the  t a i l i n g s  from the  
Concentrator.  

GEHO MUD PUMP 

SURFACE MINE WATER TREATMENT PLANT 

I n  a d d i t i o n  t o  underground "c lean water" pumping d i r e c t l y ,  the  sur face 
Treatment P l a n t  a l s o  deals  w i t h  smal l  q u a n t i t i e s  o f  "run o f f "  f rom 
s t o c k p i l e  areas,these a re  arranged t o  c o l l e c t  i n  a p l u v i a l  water dam 
and a re  pumped when necessary t o  the  Treatment P lan t .  

A t  t h e  t ime  o f  the  design o f  the  Treatment P l a n t  no l e g i s l a t i o n  e x i s t e d  
i n  Por tuga l  i n  respect  o f  c r i t e r i a  f o r  e f f l u e n t  discharge i n  t o  the  
environment, consequently Somincor decided t o  des ign the  p l a n t  t o  meet 
t h e  for thcoming EEC D i r e c t i v e s  on Surface water, these a re  l i s t e d  i n  
Table 2. 
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Laboratory  t e s t i n g  was undertaken of a  p i l o t  scheme where a  pH o f  9 was 
considered t o  p r e c i p i t a t e  heavy meta ls  and, w i t h  the  a d d i t i o n  o f  
a  non- i o n i c  p o l y e l e c t r o l i t e  f l o c c u l a n t ,  h e l p  t o  s e t t l e  the  remain ing 
s o l i d s .  

The i n s t a l l a t i o n  was s i zed  a t  an average o f  350 cubic  metres per hour, 
100 mg/l  o f  i r o n  as d isso lved s o l i d s  and 40 mg/l o f  suspended s o l i d s .  . 
Mine Water toge ther  w i t h  " run-of f "  en te rs  t o  an a g i t a t e d  tank where 
l i m e  i s  added i f  requ i red .  

NEVES CORVO MINE WATER TREATMENT PLANT 
DISCHARGE 
TO RIVER 

SITE FOR 
AIR INJtCTlON 

MINE 
WATER I 

PLUVIAL DAM 
WATER 

F ig .  3 

The tank has a v ~ l u m e  o f  101.25 cubic  metres and i s  dimensioned t o  
p rov ide  a  con tac t  t ime o f  15 minutes. On l e a v i n g  the  " l ime tank" t h e  
water i s  dosed w i t h  p o l y e l e c t r o l y t e  before pass ing t o  the  s e t t l i n g  
lagoons. 

F loccu lan te  a d d i t i o n  i s  con t ro led  by " j a r  t e s t s "  o f  incoming product .  

Two set t lement  l a g e m s  i n  s e r i e s  a re  provided; t h e  pr imary lagoon has a  
volume o f  14 500 cubic  metres and a  sur face area o f  5400 m2 w i t h  a 
depth of 4.25 m ,  and was designed on the  bas is  o f  s torage f o r  one year 
d e p o s i t i o n  o f  s e t t l e d  s o l i d s .  The secondary c l a r i f i c a t i o n  lagoon was 
designed on a  48 hour r e t e n t i o n  t ime, hav ing a  volume o f  16 500 m3. 
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SURFACE TREATMENT PLANT 
(Lagoons 1 and 2)  

A t h i r d  lagoon i s  prov ided t o  a l l o w  by-pass o f  the  main lagoon when i t  
becomes f u l l  and r e q u i r e s  c leaning,  t h i s  lagoon has a volume o f  2400 
m3 . Zn p r a c t i c e  however i t  has proven more e f f i c i e n t  t o  pump deposi ted 
s o l i d s  from t h e  set t lement  lagogn t o  t h i s  t h i r d  lagoon and t o  dispose 
o f  them from there.  Th is  system has t h e  advantage o f  u t i l i s i n g  the  
l a r g e r  volume o f  the  pr imary lagoon f o r  the  the  whole o f  the  t ime.  A 
Toyo 400 submersible mud pump  ha^ been success fu l l y  u t i l i s e d  f o r  t h i s  
duty, c lean ing  occupying some .3 t o  4  days each s i x  months. 

The design o f  t h e  Treatment Plan* a l s o  inc ludes  a sma l l  supor t  b u i l d i n g  
f o r  p repara t ion  and dosage o f  reagents together  w i t h  a  storage f a c i l i t y  
f o r  20 tonnes o f  l ime.  

Fo l low ing  t h e  48 hour c l a r i f i c a t i o n  p e r i o d  i n  the  secondary l a g o m  t h e  
mine water i s  passed d i r e c t l y  i n  t o  the  Oeiras r i v e r .  Recent 
measurements however o f  oxygen l e v e l s  i n  the  r i v e r ,  be ing 100% Mine 
Water i n  t h i s  d r y  Summer p e r i o d  i n d i c a t e  the  need fo r  oxygenation of 
t h e  water p r i o r  t o  discharge and experimental  work has been undertaken 
t o  determine the  bes t  method t o  be appl ied.  Somincor i n t e n d  t o  
in t roduce  a t r i a l  phase o f  d i r e c t  a i r  i n j e c t i o n  i n  t o  the  t r e a t e d  water 
as i t  passes from the  pr imary i n  ' t o  t h e  secondary lagoons, a  low 
pressure blower be ing u t i l i s e d  f o r  t h i s  purpose i n j e c t i n g  a i r  a t  the  
lagoon base l e v e l  through a g r i d  of HDPE p ipes.  Sornincor's 
Environmental Department have the r e s p o n s i b i l i t y  f o r  mon i to r ing  



q u a l i t y  and samples a re  taken tw ice  d a i l y  and analysed f o r  pH suspended 
s o l i d s  c o n d u c t i v i t y  and c l a r i t y .  Samples a r e  a l s o  taken on a  regu la r  
b a s i s  and analysed f o r  a l l  q u a l i t i e s  i n d i c a t e d  i n  Tables 1 and 3. 

Th is  analyses a r e  c a r r i e d  ou t  a t  the  Ssmincor C e n t r a l  Laboratory. 

As can been seen from t a b l e s  3 and 4, the  change from a a l k a l i n e  t o  an 
a c i d  product  from underground has n o t  y e t  taken p lace  and a p a r t  f rom 
i s o l a t e d  occassions l ime  dosing has n o t  been requ i red .  However, cement 
a d d i t i o n  t o  b a c k f i l l  i s  c u r r e n t l y  be ing reduced and a change i n  t h e  
regime may be seen i n  t h e  near fu ture.  

A l l  o the r  aspects o f  t h e  i n s t a l l a t i o n  a r e  f u n c t i o n i n g  we l l ,  however, as 
re ference t o  t a b l e s  3 and 4  w i l l  show. Reference aga in  t o  Table 2 w i l l  
i l l u s t r a t e  c l e a r l y  the  ef fect iveness o f  t h e  p lann ing  and i n v e s t i g a t i o n  
c a r r i e d  a t  t h e  p r o j e c t  stage a t  Neves Corvo. 



EXTRACT F l M I  W OIKH*RCE 5 W Y  

C H A W T E I I S T I C S  OE1P.U I l W R  

IMV 82 - RAY 92 
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TABLE 3 

AVERAGE RESULTS JAN - JUN 1990 

MINE WATER ENTERING THE TREATMENT PLANT 

Dissolved 

Oxygen (k) 
Dissolved 

Arsenic (mg/L) 

Copper (mg/L) 

I ron  (mg/L) 

Mercury (mg/L) 

Zinc (mg/L) 

1550 

-- 

0.432 

7.644 

27.512 

0.0005 

6.710 

1853 

-- 

-- 
2.470 

7.685 

-- 
0.0005 0.0009 0.0013 

1.710 3.640 4.000 

1512 

-- 

0.307 

2.992 

10.792 

1746 

73 

0.060 

4.700 

.- 
14.400 

21 26 

56 

0.054 

2.880 

- 
13.515 

1995 

39 

0.098 

1.430 

10.060 

- 
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TABLE 4 

AVERAGE RESULTS JAN- JUN 1990 

TREATED MINE WATER ENTERING OEIRAS RIVER 

PARAMETERS 

PH 

Solids (mg/L) 
Suspended 

Solids (mg/L) 
Dissolved 

Oxygen (%I 
Dissolved 

Arsenic (mg/L) 

Copper (mg/L) 

I ron (mg/L) 

Mercury (ng/L) 

JAN 

9.6 

9 .O - 
1 338 

60.8 

0.0063 

1.129 

0.435 

0.0007 

0.015 

FEB 

10.9 

24.2 

1353 

65.0 

0.0073 

0.050 

0.105 

0.0005 

0.084 0.085 

MARCH 

9.7 

6.0 

1335 

87.0 

0.0300 

0.163 

0.247 

0.0008 

APRIL 

8.7 

8.2 

1383 

68.1 

0.0043 

0.053 

0.200 

0.0008 

MAY 

7.8 

3.1 

1762 

62.8 

0.0081 

0.075 

0.030 

0.0014 

JUNE 

7.8 

6.4 

1607 

60.4 

0.0195 

0.070 

0.080 

0.0022 




