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PROJECTJ) 
Mining in Madagascar 

nkArhi 

R io Tinto 's Madagascar-
based subsidiary, t h e 
award winning QIT Mada­
gascar Minerals (QMM), 

recently commissioned Mandena 
Mine approximately 10 km n o r t h 
of the small town of Tolagnaro in 
sou thern Madagascar. The mine 
ex t rac t s t i t an ium dioxide from 
mineral sands approximately 20 
in deep using t h e water in tensive 
dredge mining process. Up to 20 
ME per day is required to main­
tain t h e water levels in the mine 
pond. 

A joiru venture of Hatch and Flour 
(MJV) carried out engineering, pro-
uirement and construction manage­
ment of tin' overall mine project. SSI 
Engineers and Environmental Consult­
ants were subcontracted for the hulk 
water supply and wastewater aspects 
of the work, including the design and 
construction supervision of the salin­
ity control harrier. Colas Madagascar 
undertook construction of the weir. 
with 3CR12 gate fabrication by Gen-
mac in Kit hards Bay. and installation 
uf ihe gales by Kentz. 

The mining site is located approxi 
m.itcly S km liom the sea and is bor­
dered on the eastern and western sides 
by the An.mdrauo and Mandromodro-
niolra rivers respectively, the latter 
colloquially called the 3M River. Both 
these rivers and the mining site drain 
into a shallow estuarine take system 
which then flow into the 4 km long 
Anony River Estuary. Both the lake 
system and the Anony River run par­
allel to a narrow coastal dune strip, 
which is highly sensitive from an envi 
ronmental perspective. 

Water resource studies undertaken 
as part of SSI's commission confirmed 
that sufficient water for mining could 
be abstracted from the lake system fed 
by the Anandrano and 3M rivers. How­
ever, the watei in the lakes was found 
to be saline as .i result of the influence 
ill the tidal estuarine flow. 

The environmental impact of dredge 
mining, using saline water, was there-
tore considered unacceptable. The ab­
straction Of water further upstream 
from one oi both of the rivers, where 
there was no saline intrusion, would 

reduce the level of assurance of supply 
to unacceptable levels as the benefit of 
the natural storage in the lake system 
would be lost. 

On this basis, it was decided that 
a low-level salinity barrier should be 
provided at the downstream end of 
the lake system. The salinity barrier 
should prevent tidal flows upstream 
into the lake system, but allow normal 
rainfall and flood events to pass with 
minimal increase in the flood level. 

An ideal site for this barrier present­
ed itself at the start of the Anony Riv­
er estuary, where a long narrow rock 
outcrop cuts across the flood plain on 
the left bank. This constricts the main 
channel of the river to a width of about 
150 m against the coastal dune strip. 

The adopted solution at this site en­
tailed cutting a very wide spillway into 
the rock outcrop on the left bank, and 
the construction of a rockfill weir with 
a sand core (there being no other more 
impermeable material in the vicinity of 
the site) across the main channel using 
the rock excavated from the spillway. A 
low- flow outlet and boat lock were also 
provided through the spillway section. 

Although at first sight this would ap­
pear to be a very simple solution, the 
final design of the rockfill weir was 
developed over numerous iterations. 

ABOVE Drilling the boat lock 

Each was subject to rigorous scrutiny 
to ensure stability, sufficient imperme­
ability and constructability. 

The following aspects needed to be 
investigated and addressed: 
•Assessment of water resources avail 

able for the mine 
• Investigation of options for construc­

tion of a salinity barrier. A previous 
study had proposed a large and rela­
tively expensive gated spillway with 
hydraulically operated gates at the 
site on the Anony River. 

• Ensuring that any upstream increase 
in flood levels caused by a barrier 
would be minimal, so as to minimise 
the impact on local communities liv­
ing adjacent to the lakes. The risk of 
a breach through the narrow coastal 
dune strip under flood conditions as 
a result of higher flood levels caused 
by the salinity barrier also had to 
be minimised. 

• Mitigation against the risk of flow re­
versal as a result of an extreme high 
tide or an extreme storm surge caus­
ing saline water to enter the lake sys 
tern from the estuary. 

• Allowing for the passage of any hoat 
traffic past the barrier. 

• Assessing the impact of the 
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barrier on the periodic development 
of a sand bar A km downstream at the 
river mouth. 

Oesign challenges 
The basic concept for the salinity bar­
rier was established at an early stage 
- a wide spillway on the left bank exca­
vated in the rock outcrop and a rockfill 
weir across the Anony River was con­
structed using the material excavated 
for the spillway. A wide spillway with 
a low spillway crest level would allow 
the passage of floods with minimal 
increase in flood level relative to the 
natural state. 

However, a conflicting requirement 
was to have the spillway crest level as 
high as possible so as to minimise the 
risk of saline flow reversal when down­
stream estuarine water levels were 
higher than the spillway level under 
storm surge conditions. 

A major consideration in favour of 
the rockfill type construction was that 
it should be possible to construct the 
weir in the wet. i.e. without the con­
struction of temporary coffer dams. 
The construction of coffer dams would 
have added significant cost to the 
project, as well as increasing the envi­
ronmental impact during construction. 
It was diff icult to justify the construc­
t ion of two coffer dams of say 6 m total 
height to facilitate the construction of 
the weir of 9 m total height. 

The second consideration in favour 
of the rockfill type construction, was 
that the foundation conditions for the 
weir were far from ideal and favoured 
an embankment design that could ac­
commodate settlement. Although 
there was the rock outcrop on the left 
bank of the river, rock levels dipped 

away sharply to the extent that the 
depth to rock on the right bank was 
about 20 m. 

The rockfill weir needed to be imper­
meable enough to prevent seepage of 
saline water through the dam under 
adverse hydraulic gradient. This would 
occur under storm surge conditions, or 
when the mouth of the estuary closed. 
The closure of the estuary mouth by 
a sand bar is a dry season occurrence 
when flows out of the estuary are low. 
Under these conditions the water level 
in the estuary downstream of the weir 
could end up higher than that in the 
lake system as a result of wave action at 
the mouth feeding water into the estu­
ary during high tide. The remoteness 
of the site, its environmental unique­
ness and the unusual operating condi­
tions required that each aspect of the 
structure was subject to rigorous anal­
ysis and review to ensure that it would 
work under a multitude of operating 
conditions and flow situations. The 
following section gives a brief outline 
of some of the challenges faced by the 
professional team and the correspond­
ing solutions that were developed. 

Implementation construction challenges 
Because the final design chosen was 
dependent on a particular construc­
tion methodology, the suggested con­
struction methodology was outlined in 
detail in the specification for the weir. 
The tenderers were requested either 
to confirm that they would follow this 
methodology or submit an alternative. 
As it turned out. the successful con­
tractor. Colas, decided to follow the 
suggested methodology of construc­
tion with very minor amendments. The 
design and supervision team worked 

through the key construction challeng 
es with Colas at a workshop arranged 
before construction commenced to dis­
cuss the methodology of construction. 
Weekly meetings were subsequently 
held with the contractor to discuss 
progress and review the contractor's 
approach to the likely challenges that 
could be encountered. 

The methodology for blasting and 
excavation of the rock cut spillway 
The specification required that Colas 
submit a blast design, including hole 
arrangement and charges for each 
blast in advance of dri l l ing. This was 
reviewed and approved by a blasting 
specialist to provide further quality as­
surance. The actual rockfill excavated 
was well graded and the contractor re­
moved larger stones for riprap protec­
tion on the upstream and downstream 
face of the rockfill embankment. Some 
larger pieces of rock were broken with 
a machine. 

The geotextile was accurately laid 
underwater on the riverbed, ensur­
ing that no obstructions in the river 
debris on the riverbed would damage 
this. Divers were deployed with video 
cameras to inspect the riverbed for any 
items that may damage the geotextile. 
Since there are crocodiles in the estu­
ary, special precautions were taken by 
Colas to protect the divers during this 
operation. After the surface of the bed 
had been cleaned, the geotextile was 
laid, using a purpose made barge that 
rolled the geotextile out as the barge 
progressed on an alignment set by a 
preset cable across the river. 

Clearing the right bank dune 
The right hank dune is very Steep, 
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