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Mine drainage water treatrment

iNn Vietnam

Development and implermentation of a method for removing iron
and manganese and for the separation of coal dust.
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FROJECT SITE: Wistnam, Provinoes of Quang Minh, town of Yang Danh (red clircle)

TIN: Research Association for Mining
and Emviroament (RAME) in Vietnam
- a joim project supported by Germany's
Federal Minisiry for Education and Be-
search (Busdesministerium FGr Bildung wnd
Forschung - BMBF) - is currently setting
up & pilot plant for mine water treatment in
Vietnam. As part of the project’s research
ficus on water management and water treats
ment, the project partners LMBY Interna-
tional GmbH {coontination and monitoring),
eta AG (sate analysis and facility planning),
and GFI GmbH, Dresden (proces develop-
ment and scientific montoring), in collabo-
ration with the Vistnamese project partners,
have developed an active treatment method
for mine water. The methad, adapted to the
project site of Vang Danh and its regional
comditions, 15 now being implemented on
sile,

Site characteristics

Morth Vietnam's high-quality anthracie
coal respurces are extracied through open-
pit mining or underground mining for en-
ergy generation and for export. As Vietham's
economy is rapkdly growing and in need of
mone energy sources, and as coal mining 13
a major pillar of the Yietnamese economy
fL the expansion of coal miniag 18 poo-
moted by the povernment. The concom Hant
increase of environmental burdens, such as
the pollution of rivers due to mine water
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discharge, are recognised problems in Viet-
mam and necessitated for the installation of
mine waler treatment plants (MW TFL

In the cosl mining district surmourding the
town of Vang Danh in morth-castern Viet-
pam {[mage 1), amhracite coal is extracted
underground . Mine water, diffused in the
entire mining arsa as a result of mine drain-
age operations in several gallerics, currenily
still flows above-ground and largely un-
treated into the receiving rivers (Image 2),
and from there info Ha Long Bay, which is
a designated UNESCO World Heritage Site.
As part of the project’s mulii-year, onsite
mamiloring companent, the hydro-chemical
characteristics of the various branch car-
rents of the mine water were ientified and
recorded. Based on these findings, the
acidic mine waler i% iron- and mManganese-
rich and charncterised by a high solid con-
tent, consisting predominantly of suspended
coal dust (visually identifiable in Image )
For the design of the plant, the expected
composition of the mixed influent water was
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defined according to the moniforing results
(see Table 1) The concentrations to be
achieved by the treatment are prescribed by
Wictnam's statutory threshold values for
industrin] wastewsier (Table 1),

Moreover, the flow volumes of the mine
waier discharge are determined by means of
current meters, salt tracers, and fluorescent
tracers. The monitoring results showed high
daily and seasonal fluctuations for the prop-
emy parameters a5 well as for the flow vol-
UIBEs,

Proceoss development

in Garmany

The planning process was accompanied by
extensive laboratory tests and test plant ex-
periments that were performed and evalu-
ated at GFI in Dresden /2, 3, &, Within this
framework, a pilot-scale MWTF was also
developed (Image 3) and set up for method
testing and the training of Vietnamess
skilled labour, All tests were performed
with gite-specific waler properties and in-
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clude, tests of the pH-value-dependent sedi-
mentation of hydrosides iron and manga-
nese, sccimentation 1ests on the absiractbon
af the sludge generated by ihe treaiment
process, and tests of various methods For
remaval of the manganese.

The Yiemamese threshold values for pH,
iron, amd solid coment are 10 be met with
the standard active mine waler reatment
method vsing acration, neutralisation, and

Introduction of untrested
milne walar ifn 6 alfesm
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the subsequent separntion of selid particles,
However, manganess is generally — particu-
larly in high concentrations such as in this
scenario — much more difficult io sepamie
oo the aquecus substance, whereas iron in
an aerated reaction basin can be separated
in a fully oxidized state from the aqueous
substance a1 a pH value of 7, the scparation
of manganese requires pH valoes in the or-
der of 10 (Image 4). However, the quantity
of neatralising agents required to gemerale
such pH values would make this method
economically unviable as well as counter-
productive with regard 1o actually treating
the water {Table 1). For this reason, the
treatment method was designed to remove
manganese in both an economically and
environmentally iable manner. A/,

The resolts of the 1eus accompanying the
pmj-:.;l shoved that at a pH value of around
G and with an economcally reasonable use
of neutralising agents amd wathout a trans-
gression of the Vietnamese pH threshold
value, some S0P (wiw) of the manganese
content could alresdy be separated through
sorption and pro-rafa oxidation from the
aguseus substance,

The remaining S0% (wi'w) are subjected 1o
a complemeniary manganese removal
method based on the catabytically acceler-
ated oxidation of Mn(Il} in manganese ox-
idle fixed bad filiers,
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Frecedural adaptation to

Vietnamess cenditions

Based on the research resulis, a treatment

concept was developed for the site of Vang

Danh and adapied to the site-specific condi-

tions in Vietnam for its procedural imple-

EENL Al

I Climatic conditions in North Vietnam
with frequent tormential rains in the sum-
meer meonths are taken into consideration

TEST PLANT EXFERIMENT

I To adapt the plant 1o kocal conditions and
requirements, the Yietnamese Project
Partners were actively integrated right
from the start in cach decision-making
phase of the planning and construction of
the facility.

Technical implamentation of
tha mina watar treatmant
plant

mage 3

Mine water treaatment plant at GFl GmbH, Dresdan

by ensuring the scparation of surface wa-
ter Flows from mine water Mows.

I The strongly varying mine waler proper-
ties and flow volumes afe homogenized by
mixing the different inflowing gallery
WlETs,

I To minimise the need for space and to
ensure the secure operation of the process
and control of the plant, modern technol-
opy is used sccording 1o German stand-
ards.

| To minimise cosis, the process should be
designed o rely as much as possible on a
minimum number of simple, inexpensive
resources and materials that can be ac-
guired within Vietnam.

The MWTP If'll:.|r|.;gi1l|.|dinal section m Image
5) was d.n:l.'igr::d for a flow valume of 500
m¥h. Its capacity can be expanded, 10 two
further stages, 1o 2400 mYh for a three-level
cperation, To prepare for the comsilerable
increase in the volume of mine water flows
resulting from the expanded mining activi-
ties, the collected raw water is channelled 10
the plant via closed pipes. As part of the
system contrel, the inflow is subjected to an
MID-based flow volume measurement. The
inflow alse has a controlled sliding gate as
an emergency slopper, which channcls the
mine waier during mainienance proceduares
of in cases of a high inflow volume on a
pro-rata basis through a bypass around the
plant
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The mine water flows by gravitation into the
reaction basin, which, with a volume of
275 me? and a required residence time of af
least 10 minutes, s designed for o capacity
of approximately 1600 m¥'h,

Al this stage, the pH value is increased 1o 9.0
h}' :dd.il'lg a lime malk suspension, The re-
qulr‘td hjdl:m:d'l:lnbc 1% sbored in fao closed
gilox and added 1o the hasin vin two SCparate
dosing slatons.
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In addition, a contredlable sddition of oxy-
gen is provided to the basin by means of
mammoth pumps, which also serve 1o gen-
erate turbulence and to add the neutralising
agend. In the basin, iron is fully oxidised and
manganese is parly cxidised before being
transformed imio insobuble deposits, A fur-
ther portion of the manganese content is also
separated from the solutien by means of
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For the mechanical separation of ns solid
content fooal dust and other sedimemnts), the
water is then channelled, vin a plemum, to
the sedimentation unit. which consists of the
following three partial tanks for each
planned phase {(each 800 mYh):

I Inbasin |, a polyacrvlamide is turbulently
added. and a horizonial stirring mechs-
nism is wsed to support flocculaten.

I Im basin 2, the maturation of the foc takes
place wnder a decreased and well con-
trelled turbulence, generated with a verti-
cal paddle mechanism.

I Im basin 3, the suspended solbd paricles
are separated by means of lamella separa-
iors,

The base of bazin 3 has scrapers, which,

cquipped with sludge pumps, channel the

solid particles to a sbodge thickener and then

o i decanter, which ensures a sluclge dehyedra-
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The advantage of the sedimentation plant
over the traditional sedimentation basin
{round hasin s that it is considerably smaller,
which minimises construction costs, This
means that there is enough room on the
smuall area of land available to construct the
rectangular tanks used in the thres expan-
£30M SIATES.

Following the separation of solid particles,
the turbidity-free water is channelled to the
manganese removal stage, consisting of a
group of Z0 parallel-connected fixed bed
fabters with a filter surface of 100 nv®, The
filters are filled with a manganese ore as
falter material in order o catabytically ac-
celerate the progress of manganese removal,
The dissolved manganese remaining in the
waler 15 catalytically oxidised in the filters,
which have a bottom-to-1op through-flow,
and forms solid particles that are then re-
maved through contimeal backwashing of
the filers. The separated manganese sludge
is transferned in two alternately supplied and
cleared sedimentation basins, where it can
settle during a residence time of four days.
A bypass consiructed as an overflow chan-
nels the water to be treated, which cannot
pass through the manganese filter plant
during maintenance works, anound the filier
plant, The drainage of the manganese re-
moval stage has a sampling chamber for
monitoring and mainteRance purposes, and
from which the treated water i channelbed
1o the discharge system.

The processing equipment deseribed in-
cludes redundat |:|-:|'I1 lut.'l-cid:l[}' and :I:ﬂ:_:l
sensing instruments installed ar varous lo-
cations, These allow the plant to be con-
trelbed largely automatically and ensure that
monitoring data can be supplied for scien-
tific analysis during commissiening as well

Research and development

ms for plant monitoring purposes during
normal operations, Other elements of the
plant are an adminisiration and storage
building, lime silos, a flocculation aid
preparation and dosing sTation, COM[Nessors
for the manganese remaval and acration, as
well as areas For the access roads and the
surface water drainage.

Plant construction

Based om the facilny planning described and
in close consuliation with the German and
Vietnamese project partners, the MWTF is
currently under consiruction (official start
of construction was November 2009, Image
6}, Image 7 shows the construction works
compieted by the Vietnamese project pari-
pers in lnnwary 2001,

Summary and proapacts

S0 far, experience shows that the planning
processes for international projects man-
aged in cooperation by bath partics, and in
which the local partmers are integrated into
the planning and construction operations,
can be expected 1o take considerably longer
than uswal. Freguent person-0o-perssn con-
tacis and consuliations are required. For
these reasons, the different geographic,
cularal, economic, political, and legal con-
ditions of the partner countrics must be
taken into consideration. It cannol be as-
summed that decision and planning processes
in the partmer countries will proceed in the
same way as they woull in Crermany.

The project successes achieved so far werne
realized thanks to a high degree of flexibil-
iy in the approach and manner of managing
operations by both parties, The MWTF is
slated 1o be finished before 20011, Measures
for training the future staff are currently in

PLANT CONESTRLUECTION: Elulipl thickener (front) and asdimamiatian Frages 7
basln (Back) of the first expansion stags (January 2011)
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preparation. Following the completion of
ithe plani, 8 commissioning process and a
monitoring of the control of the developed
treatment technodogy will be performed by
the Cierman and Yietnamese project part-
Ers.

The research and development tasks re-
guired for the process development were
financed in part by the Pederal Ministry for
Education and Besearch, The German pro-
Ject partners thank the Federal Ministry for
Education and Rescarch for its suppor
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