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1

SCOPE

Sika specialist in the renovation of waste water treatment plant completes its offer with a new mortar Sika MonoTop®4400 MIC based on the Technology using 100% Calcium Aluminate (cement & aggregates) for the refurbishment of
concrete and masonry structures subjected to biogenic corrosion (also called Microbial Induced Corrosion).
The scope of this paper is to review typical refurbishment projects that were carried in the past using this 100% Calcium
Aluminate Technology.

2

BACKGROUND

The General Assembly of the U.N. has established 8 goals for the Millennium Development in 2011; the 7th goal being to
(1)
ensure environmental sustainability. The 2015 report indicates that the provision of sewers is continuously increasing
and since 1990 2.1 billion people have gained access to improved sanitation.
(2)

W. Kaempfer estimates that in Germany around 9% of defects encountered in sewers are from corrosion due to gas
attack (refer to picture 1) – The same author estimates that 40% of concrete structures in sewerage systems suffer this
form of corrosive attack.
Many sewers around the world are made of concrete
pipes with concrete manholes to access them and carry
out inspection and maintenance.
In developed countries, these concrete sewers are on
average 40 to 60 years old – in some European cities
many have been in service for more than 70 years, whilst
in emerging countries the sewers can be relatively new.
(3)

Picture 1: Sewer defect distribution

J. Herisson in his thesis indicates that 40 to 50% of
backflow tanks present high concentrations of H2S
(Hydrogen Sulphide); increasing to 70% in rural areas. In
(4)
France, a study carried out in 1989 by an independent
laboratory (CSTB) showed that 26% of the sewerage
system was impacted by corrosion issues (More than
1’106 clients with a total sewer length of 49’281 km).

Several factors are responsible for the formation of Hydrogen Sulphide (H2S):
Sewerage systems are rightly built to accommodate future expansion.
Therefore they are overdesigned and their lengths are becoming longer
and longer
Reduction of water consumption leads to the reduction of effluent flow
speeds
Changes in design of the sewerage system (e.g. near Paris, the sewers
were running for a century without significant damage – but due to
repartition of the flow to different treatment plants, corrosion damage
has occurred in many places during the last 20 years).
Climatic warming also accelerates biochemical reaction speeds.
This sulphurous gas in contact with moisture and bacteria, will condensate in
the form of sulphuric acid. This acid has a dual attack mechanism on the
cement matrix (combined acid and sulphate attack). Refer to picture 2 for a
schematic of the biogenic corrosion principle.

Picture 2: Biogenic corrosion principle

Portland cement based concrete or repair materials are very sensitive to this attack and can be damaged and deteriorate
(3)
in a very short period of time. J. Herisson reported a concrete access manhole showing severe corrosion damage just 5
years after construction – refer to picture 3.
More recently, at a small waste water project in Holland, the concrete manholes were in need of repair after just 3 years
from their installation, yet concrete manholes for the storm water release network installed at the same time and
adjacent to it were not showing any sign of defects or deterioration(refer to pictures 4 & 5).
Technical Article

External diffusion

Review of reference projects using Calcium Aluminate
Technology for the mitigation of Microbial Induced
Corrosion

REFURBISHMENT

August 2019, Ver.: 6
MDo/08-2017

3/7

Picture 3: Concrete sewer access
Picture 4: Sewer access concrete
Picture 5: Storm water concrete
manhole not showing any sign of
manhole just 5 years after
manhole just 3 years after
corrosion
construction
construction
Calcium Aluminate Cement has been used in sewerage systems since the 1940’s. The initial incentive to use this cement
was its superior resistance to sulphate containing soils, fast return to service and superior abrasion resistance compared
to normal OPC concrete. It was also shown, by different academic teams, that specimens made totally of calcium
aluminate – i.e. that both the binder AND the aggregates are calcium aluminate – were presenting a much superior H2S
biogenic corrosion resistance. This is the reason for the key importance of 100% Calcium Aluminate Technology. More
detailed information on this aspect can be found in references 5, 6 and 7.

3

REFERENCES

In the following chapters, some references are presented where SewperCoat® 100% Calcium Aluminate Mortar has
been used.

3.1

WASTE WATER COLLECTION CHAMBER, ORMOND BEACH, FLORIDA USA, 1994

The City of Ormond Beach in Florida used to face recurrent problems of concrete deterioration due to Microbial
Corrosion. Every 5 years, significant refurbishment works had to be carried out.
In 1994 the Primary Waste Water Collection Chamber was refurbished because
in some areas after less than 5 years’ service, the corrosion was already so
severe that the embedded reinforcing bars were exposed by section and cover
losses of 25 to 100 mm from the concrete surfaces.
The refurbishment work was carried out using a repair mortar with 100%
Calcium Aluminate Technology that was applied using the low pressure, wet
spray method. The whole chamber (~2.7 m x 3.7 x 4.9 m) was repaired in less
than 8 hours (following thorough surface preparation).
Regular inspections were made after the completion of this refurbishment work.
In 2009 after 14 years in service, the repaired lining was still in excellent
condition, unlike the pipes and pump casings that were heavily corroded.
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3.2

SEWAGE PUMPING STATION, TRIGNAC-ST-NAZAIRE, FRANCE, 1996

Originally built in 1978, this sewage pumping station was set up to reduce the proliferation of unwanted bacteria, with
cleaning of solid deposits carried out twice a year and the regular addition of calcium nitrate to inhibit the formation of
hydrogen sulphide (H2S). Despite these measures, in summertime the levels of H2S could reach very high levels (up to
500 ppm). In 1996 after almost 2 decades in
service, the concrete surfaces were damaged in
many areas and in need of repair and
refurbishment. Mortars using 100% Calcium
Aluminate Technology was selected for these
repair works and they were applied using the dry
spray process.
20 years later in 2016, the structure was
thoroughly inspected and the surface of the
repair mortar was still sound and hard and pH was measured at around 3.7. The steel pump casings and pipework on the
other hand, were all showing signs of significant corrosion. In 2019, the structure was again inspected by some Belgium
authorities (Flammish WWTP syndicate, external body organising the local standard (BENOR) accreditation) and found no
evolution of the mortar thar remains sound and pH at the same level.

3.3

SEWER ACCESS MANHOLES, GOSFORD, SOUTH WEST AUSTRALIA 2001

In 2001, Gosford City Council refurbished the concrete surfaces of two sewer access
manholes that were heavily damaged from corrosive attack using 100% Calcium
Aluminate Technology based repair mortar.
This region is in close proximity to the ocean with undulating land, meaning that
depending on the level of waste and rainfall, some areas of the sewerage system can
have extended retention times and consequent high H2S levels. This meant that the
OPC concrete originally used to build these assets was in poor condition by this time
and was deteriorating rapidly.
After being refurbished, these manholes were regularly inspected and after a further 8 years in this aggressive
environment, the mortar surface was found to be hard and serviceable with no signs of debonding.

3.4

SEWAGE DISCHARGE CHAMBER, SINGAPORE, 2008

Concrete structures around the discharge chamber for the Ayer Rajah District were previously protected with an HDPE
membrane lining. However due to the prevailing high humidity and temperature conditions in Singapore, which were
favorable to microbial growth, biogenic corrosion was accelerated and the lining peeled-off over
time. The structure was then fully exposed and severe damage
started to occur, yet new structures could not be built due to
environmental constraints in this Public Park. Hence the decision
was made to repair and refurbish the seven chambers using a 40
mm thick layer of 100% Calcium Aluminate Technology based
mortar, applied by the dry spray process.
This repair work therefore lasted only few days, but when 2.5 years
later the chambers were inspected, despite the high levels of H2S, the surface of this repair mortar remained sound.
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3.5

SEWER ACCESS MANHOLES, ADELAIDE, SOUTH AUSTRALIA, 2009

Several sewer access manholes in Adelaide were severely degraded to the extent of requiring complete replacement –
with equally severe cost and time constraints (requiring up to 4 days of road closure).
Therefore in 2009 four small manholes (Ø1.2 and height from 3.0 to 4.2 m) were
selected for a trial in refurbishing them with 100% Calcium Aluminate Technology
based mortar. The necessary surface preparation and spray application of the repair
mortar was all carried out from the surface, as no operatives were able to enter the
manholes during the works, due to their small size and the risks involved due to high
levels of H2S in the sewerage system below. The surface preparation was done using
high pressure water jetting and the spray application of the repair mortar used a
spinning head, similar to those for pipe-lining works.
Close to 5 years later, these same manholes were inspected and were all found to be in good conditions with hard and
sound surfaces – As a result South Australian Water has since routinely specified 100% calcium aluminate mortar repairs.

3.6

WASTE WATER TREATMENT PLANT, DUBAI, UAE, 2016

Because much of the waste water arrives at Dubai Sport City STP in tanker
trucks, significant quantities of hydrogen sulphide gas (H2S) are released in the
grit settlement chambers of the plant. This H2S level combined with the high
temperatures year round in Dubai creates very severe H2S induced biogenic
corrosion conditions. After only few years in service, the inert liner protecting
the concrete tanks was progressively deteriorating to failure, allowing corrosion
of the concrete structure itself.
The challenge for the operator was find a durable solution, which would NOT
interrupt the sewage treatment process. The longest period of downtime
allowed was only 4-hours.
Based on this very stringent constraint, traditional concrete repair systems could not be considered. However, based on
previous successful manhole refurbishment with 100% Calcium Aluminate Technology based mortar, the operator
decided to use this technology for the repair works. Additionally, they also used a special accelerated curing compound,
so that some section could be open to service within just 1 hour of the repair works being completed.
Refurbishment took place in stages – the first 4 hours for surface preparation and then the second allowing 4 hours for
re-profiling with the calcium aluminate mortar and the curing compound – The complete refurbishment was achieved in
4 cycles of 4 hours each, spread over 3 days – thereby not interrupting the overall sewage treatment process.

3.7

SEWER INTERCEPTOR, PARIS REGION – PHASE 1, FRANCE, 2016

For around a century, this mains sewer interceptor was used at full capacity without any sign of significant deterioration.
However, over the last 20 years, due to changes in the distribution of the waste water to different treatment plants, the
flow of the waste water was reduced in this section, allowing the onset of
microbial induced corrosion.
In 2006, an initial refurbishment project was done using traditional concrete
repair mortars, and then in 2013, a survey was carried out that showed these
repair mortars had very quickly degraded in these conditions. In some areas,
between 3 to 7 cm of concrete section and cover was lost due to biogenic
corrosion.
After a thorough investigation and initial trials, 4’500 linear meters of the
2
interceptor (approx. 23’500 m ) was carried out using 100% Calcium Aluminate
Technology based mortar. A minimum 25mm thickness of the mortar was
placed using the low pressure, wet spray process, using hose lengths up to 70 m – and in some places, the pump was
placed above ground and the hoses taken through available access points.
The whole repair project took only 4 months to be completed, meeting the tight schedule required by the owners.
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4

CONCLUSIONS

The references presented above clearly show the different advantages and properties of 100% Calcium Aluminate
Technology.
•
•
•

Ease of placement.
Durability – proven extended service life.
Rap[id installation and completion, even with difficult access and tight schedules

Sika offers various products for this market: Sika MonoTop®-4400 MIC 100% Calcium Aluminate Mortar, Sika
MonoTop®-2400 Réseaux (“Réseaux” means Sewer in French) – is a repair mortar for sewers not subject to biogenic
corrosion), and Sika MonoTop®-3400 Abraroc highly abrasion resistant mortar for areas in water and waste water
treatment plants exposed to hydraulic abrasion. With this range of materials, Sika now provides products to cater for all
of the concrete protection and/or refurbishment needs of waste water and sewerage systems and treatment plants
worldwide.
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