
W AT E R  T R E A T M E N T

IMPI
for mine water treatment

I
MPI - Integrated Mana ged Passiv e Tr eat -
ment Process technolo gy - has been devel-
oped and patented by William Pulles of Pulles
Howard & De Lange and Professor Peter Rose of

Rhodes University in response to the urgent need for
a low-cost, self-sustaining, low-maintenance passive
treatment system to address the problems of acidifi-
cation and salinisation (in terms of sulphate) at oper-
ating, defunct and closed mines throughout South
Africa.

The IMPI process, says Dr Ralph Heath, a director
of Pulles Howard & De Lange, can do this at less than
half the capital cost required for an active system,
which would use, among other capital-intensive ele-
ments, electricity and chemical dosing.

Indeed, IMPI can treat a megalitre per day of mine
water at a relatively low capital cost of R3-million to
remove one tonne per day of sulphate at an operating
cost which translates to 60c per cubic metre.
“Operational costs are less than one-tenth of an alter-
native system,” Dr Heath points out.

Although it realises significant cost savings,the IMPI
is able to do more than any similar passive treatment
system has ever been able to do - it can
• sustain high levels of SO4 reduction;
• remove SO4 at high efficiencies (100 times higher

than it could when research began);
• re m ove toxic heavy metals ve ry efficiently (87-95%);
• neutralise acid mine drainage;and
• passively and biologically remove elemental sulphur

from the process.

IMPI,explains Dr Heath, is the product of research
into “a water treatment system that utilises naturally
available energy sources such as topographical gradi-
ent, microbial metabolic energy, photosynthesis and
chemical energy and requires regular but infrequent
maintenance to operate successfully over its design
life.” The minimum design life of an IMPI treatment
plant is 15 years.

THE IMPI PROCESS

Essentially, continues Dr Heath, the IMPI process
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involves the subdivision of the overall mine-water
treatment process into individual units, each designed
and optimised to perform a key function (see
Schematic of the IMPI process).There are four differ-
ent stages in the IMPI process:

1. Degrading Packed Bed Reactor (DPBR):This reac-
tor is packed with multiple layers of specially select-
ed carbon sources (electron donors) and also
receives regular inputs of readily available carbon.
Primarily, this unit rapidly conditions the influent by
removing dissolved oxygen, establishes the desired
redox conditions and produces elevated levels of
sulphides and alkalinity in the first portion of the

reactor.The remainder of the reactor is devoted to
the optimised hydrolysis of lignocellulose material
and the production of volatile fatty acids (VFAs).
The effluent from this reactor will contain reduced
levels of metals and sulphate and elevated levels of
sulphides,alkalinity,VFAs and nutrients.

2. Primary Sulphide Oxidising Bioreactor (PSOB):This
reactor contains very little carbon source and
mainly oxidises sulphides to elemental sulphur for
removal from the reactor while minimising changes
to the VFAs, nutrients and redox conditions.

3. Secondary Sulphate Reducing Reactor (SSRR):This
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reactor contains a specially selected single carbon
source rather than a multiple layer, multi-carbon
source. It primarily utilises the volatile fatty acids
produced in the degrading packed bed reactor and
removes additional sulphate down to the required
l eve l . The effluent from this reactor contains
reduced levels of metals, sulphate,VFAs and nutri-
ents and elevated levels of sulphides and alkalinity.

4. Secondary Sulphide Oxidising Bioreactor (SSOB):
This reactor contains very little carbon source and
principally oxidises sulphides to elemental sulphur
for removal from the reactor.

“If required,a final aerobic polishing stage could be
added, primarily to remove residual levels of volatile
fatty acids and nutrients.The individual units could be
combined in a tapered-up or tapered-down configura-
tion (one DPBR to many SSRRs or vice-versa),depen-
ding on the design duty of the reactors,” says Dr
Heath.

DESIGN

IMPI technology has been designed in three pri-
mary configurations:
• IMPISURE for the reduction of sulphates, metals

and acidity;
• IMPIMATE for reducing metals and acidity;and
• IMPIPLUME for in-situ remediation of contaminant

plumes.

“The technology has been designed so that it can
be maintained regularly (every two to four weeks) but
i n f re q u e n t ly. One of the major reasons prev i o u s
attempts at passive treatment technology have failed

to perform over the long term is the lack of a mainte-
nance programme,” Dr Heath points out.

THE PILOT PLANT

IMPI is now ready to be implemented throughout
the mining industry, based on the knowledge gained
over seven years from a pilot plant,designed by Pulles
Howard & De Lange, at Vryheid Coronation Colliery,
with fundamental research funding from the Water
Research Commission (WRC), the mining industry
and the Department of A rts Culture Science &
Technology’s Innovation Fund. Dr Heath explains that
this plant has been divided into four primary compo-
nents:

1. Four small sulphate reducing units (SSRU s )
arranged in series with additional units intended to
remove the sulphides (see Configuration of small
sulphate reducing units).

2. Two large sulphate-reducing units (LSRUs) operat-
ing in a single step and arranged in parallel (see
Configuration of large sulphate reducing units).

3. Six organic substrate testing units (OSTUs) operat-
ing at very small scale in parallel.

4. Post treatment units comprising an aerobic wetland
and oxidation cascade to address contaminants ad-
ded or not re m oved in the sulphate-reducing 
units.

PERFORMANCE

The performance of IMPI, says Dr Heath, can best
be evaluated by studying the effective removal of sul-
phates, increasing pH and removal of metals (see
Typical performance of a DPBR column).“We know

that the process is highly effec-
tive. Now we just have to
refine it, t h rough full scale
i m p l e m e n t a t i o n , to achieve
higher rates and more concen-
trated sulphur,” says Dr Heath.

With additional funding
from the WRC, the pilot plant
at Vryheid Coronation Collie-
ry will continue to operate
until March 2004 and the sul-
phide oxidation process is cur-
re n t ly being re f i n e d . “ T h e
Water Research Commission
continues to play an integral
role in the development of 
the IMPI process - without 
the WRC, we would not have
come this far,” says Dr Heath.Typical performance of a degrading packed bed reactor (DPBR) column.
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