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Abstract: The main problem in ensuring reliability of water discharge networks are corrosion processes that
develop in sewage wells, deep manifold wells and pipeline made of concrete and reinforced concrete. They are
also the cause of up to 70% of the total number of accidents in concrete and reinforced-concrete manifolds. The
present article gives a brief scan of the modern views on the process of microbiological corrosion of sewage
manifolds and facilities. This article presents the results of examination of a well manifold in Saint Petersburg
and the analysis of the data of that examination. The interrelation is demonstrated between concentrations of
hydrogen sulphide in the areas under vaults and the rate of structures destruction. In Russia, sewage manifolds
and facilities are designed in accordance with SNiP 2.04.03-85 and their corrosion-protection is regulated by
SNiP 2.03.11-85. However, these normative documents do not fully ensure the long service life of reinforced-
concrete structures. The authors offer a new method for examining sewage network objects on the example of
a well in a deep tunnel manifold and practical recommendations for designing such facilities.
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INTRODUCTION life of  such  facilities  should  be  at  least  35-40  years

Uninterrupted operation of sewage systems ensures degrading of sewage pipelines amount to billions Euro per
the proper sanitary conditions for the population [1]. At year [8]. At the moment, the process of corrosion is the
the same time, manifold failures often cause technogenic most significant as the manifolds degrading is examined
disasters. A large number of accidents is recorded for [4, 5, 9].
reinforced-concrete manifolds, pipelines and their facilities
transporting sewage water in Moscow, Saint Petersburg MATERIALS AND METHODS
(Fig. 1), Krasnodar, Ufa, Kursk and other cities [2].

An analysis of numerous accidents with such The examination program includes: visual inspections
facilities, which tend to happen more often lately, shows of wells with measuring the thickness of the degraded
that from 24% [3] to 70% [1] of such accidents are caused layer  of   concrete;   measuring    gas   concentrations
by corrosion of concrete in the vault part of pipelines and (H S, CO , O , CH )  in  well  shafts  during  a  certain
manifolds; the rate of such corrosion can have the rate of period of time (40-50 hours for one observation) using
up to 5 [4], 20 [1], 40 [6] mm per year. Due to the dramatic automatically recording gas analyzers; measuring
rate  of  corrosion,  the  average service life of manifolds temperature and humidity; microbiological analysis of
is about 10.5 years [6] and is no longer than 15-18 years biological film on various surfaces in the well and on
(in Russia [7]), whereas the normative operational service technological equipment.

[7]. On a large scale, the expenses related to corrosion
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Fig. 1: Destruction of sewers and their facilities in Saint Petersburg

The Main Part: Modern views on the process of destroy it. Porosity of concrete grows. Mycelium of fungi,
microbiological corrosion. Theoretically, microbiological as it penetrates into concrete, facilitates attaching other
corrosion (MBC) has been investigated quite well. In microbes and penetration of their products into the depth
accordance with [1], the MBC process can be of concrete. During this stage concrete still retains
conventionally divided into three stages: 1-abiotic mechanical strength [10]. In accordance with investigation
neutralization of concrete surface; 2-contamination by [11], the length of the second stage of corrosion can be
neutrophilic microbes (NPM), 3-contamination by 13-24 months.
acidophilic microbes. When the pH factor on the concrete surface drops to

During the first stage, which can take 3-6 months [1], pH ~ 4, it is the critical moment in the process of
sulphate-reducing microbes (SRM) in the biofilm on the biodegradation [12] - the third stage of MBC.
bottom of the manifold produce hydrogen sulphide and Contamination by acidophilic sulfur-oxidizing microbes
carbon dioxide. These gases make their way into the (ASOM) starts [1, 10, 11]. Acidophilic thionic bacilli,
under-vault area and condense into a condensate film. mainly, Acidithiobacillus thiooxidans, are the most
The concrete surface is saturated with products of significant producers of sulphuric acid [12]. Activity of
hydrogen sulphide oxygenation with the oxygen from the acidophilic microbes leads to further decrease of pH value
air-sulphur,  thiosulphate, polythionates and various to pH ~ 1-2 [14]. In accordance with modern views on
forms of carbon dioxide [1, 10]. Weak acids formed in the microbes-biodestructors [12], some neutrophilic thiobacilli
condensation  layer  react with alkali in the concretes, can  retain  vitality  and  ability  for  reproduction  under
such as lime hydrate, gradually decreasing the pH factor pH = 2. The third stage of microbiological corrosion is
of the concrete surface down to pH ~ 9 [1]. characterized with abrupt rise in the rate of material

This is the beginning of the second stage of MBC, destruction [1]. Under the influence of sulphuric acid, the
when  neutrophilic  sulfur-oxidizing microbes (NSOM) calcium oxide hydrate turns into gypsum; then a more
start to populate the concrete surface [1, 10, 11]. It was destructive reaction between gypsum and tricalcium-
found that such microbes include the following microbe aluminate starts inside the cement matrix on the border of
types: Thiobacillus, Thiomonas, Hallothiobacillus, the decaying and intact concrete, with formation of the
Starkeya, Thiospira and Paracoccus [12]. During the mineral ettringite [1, 10, 15], which causes abrupt increase
second stage of corrosion process, these microbes in the volume of the degraded concrete [16].
generate H SO  by oxygenation of H S, which diffuse into Destruction of the protection layer of concrete2 4 2

the condensation film [1, 4, 11]. In accordance  with [1], causes denudation of the reinforcement rods. Their
the generated sulphuric acid reacts with silicate and surface is populated with aggressive thionic bacilli
carbonate compounds in the cement component of Acidobacillus ferrooxidans. They obtain energy for their
concrete, which forms gypsum that is mechanically weak. activity by oxidizing bivalent iron to trivalent iron
Gypsum formation causes an increase in the volume of oxidizing sulphur compounds with formation of sulphuric
degraded concrete by about 124% [13], which weakens acid [12]. The scheme of the corrosion process is
the structure of cement. During the entire second stage, presented in fig. 2.
the pH factor of concrete surface continuously decreases Inspection of a sewage manifold in Saint Petersburg.
[1]. Starting from the value p  = 7, concrete is gradually The tunnel manifold “Backup facility for sewage manifold
populated with micromicetic fungi that push their thin near Muzhestva square” in Saint Petersburg was
filamentous cells into fractures of the surface layer and commissioned  as short time ago as in 2007, but intensive
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Fig. 2: Stages of MIC

Fig. 3: Plan of the sewer subjected to research

degradation of its facilities (the well) is already detected through pressurized  water  ducts  7.5  km  long. The
in it. In order to estimate the reasons for degrading, a length  of  the  manifold  is  4.34  km,  the  inner  diameter-
group of experts headed by Dr. Sci. Tech., Professor V.M. 2-2.4  m;  the  manifold  has  7  wells  10-20  m  deep;  the
Vasil’ev inspected that facility [17]. wells  have  various  purposes  (Fig.  3).   The  manifold

Sewage manifold transports household, industrial was  constructed  by  the   method   of   shield  driving;
and rain sewage waters, including the portion arriving 3.75 km of the manifold are protected by polyethylene
from the sewage pump station (SPS) “Piskaryovskaja” coating.
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Fig. 4: Results for determining concentrations of gases in Shaft No. 10, 17-18 of May, 2011

Table 1: Comparison of the states of structures in three wells
Facility Well No. 10 Well No. 8 Well No. 1

State of structures
State of shaft and decks Corrosion to 40 mm, intense degrading of the Corrosion 30-40 mm, no denudated Local damage to reinforced-concrete

entire reinforced-concrete coverage, reinforcement rods found; local damage coating
no denudated reinforcement rods found to composite decks

State of technological Active corrosion of ladders and railings, Normal state of ladders and railings Normal state of ladders and railings
equipment more than 50% of material destroyed

Table 2: Comparison of corrosion development in three wells
Facility Well No. 10 Well No. 8 Well No. 1
Material of shaft Reinforced concrete Reinforced concrete Reinforced concrete
Material of decks Reinforced concrete Composite Reinforced concrete
Material of technological equipment Stainless steel Composite Stainless steel
Function of facility  Hydraulic conditions Differential cell with connection Observation platform without connection Turning observation platform
Concentration
H S under T = 20°C (ppm) Min. 0 1 42

Average 16 11 11
Max. 57 43 23

Concentration
H S under T = 27°C (ppm) Min. 3 N/A N/A2

Average 59
Max. 120

pH On the walls 4.0-3.0 4.0 N/A
On the equipment 3.0 1.0-2.0 N/A

Percentage H SO (g/100g) On the walls 0.55-0.7 0.19 N/A2 4

On the equipment 3.3 1.7-3.2 N/A
Number of particular groups 
of microbes (CFU, kl/g) SRM 10 -10  (significant ) 10 -10  (significant) N/A3 4 * 2 4

MF 9.5 · 10 -5.5 · 10 (very high) 2.1 · 10 -2.4 · 10 (very high) N/A** 5 6 4 7

NSÎM 6 · 10 -2.5 · 10 (average) 5 · 10 -6 · 10 (average) N/A1 2 1

ASOM 5 · 10 -1.2 · 10 (average) 5.0 · 10 -7 · 10 (very high) N/A1 2 1 5

IDM 5 · 10 -7 · 10 (high) 5.0 · 10 -2.5 · 10 (very high) N/A*** 1 3 1 7

Notes:*-characteristics are given by the highest value; cells in the table show the range, because several samples in different locations of the well were taken;
** micromicetic fungi;
***iron-destructing microbes.

This manifold is of particular interest for maximum concentrations of hydrogen sulphide were
investigating the processes of microbiological corrosion detected-57 ppm (80.9 mg/m ). This is more than 8x the
that cause destruction of materials. In particular, there is maximum allowable concentration (MAC) specified for the
a differential in the well No. 10 itself and in its approaches, operating zone of sewage facilities. The diagram in Fig. 4
as well as usage of composite materials in the shows that the hydrogen sulphide concentration was
technological equipment of the well No. 8. significantly higher than the MAC during the entire

As a result of the inspection, a relationship was period of measurements.
found between concentrations of hydrogen sulphide and In the process of investigation, the state of several
the state of reinforced-concrete structures. For example, in wells was analyzed; the results for the most typical three
the well No. 10 that suffered the most from corrosion, wells are presented in tables 1 and 2.
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Fig. 5: State of structures subjected to research

Fig. 6: Results for determining concentration of gases in manhole before Piskaryovskaya  pumping station 5-6 of
October, 2011 and in Shaft No. 10, 7-8 of July, 2001

The data show that the conditions of the corrosion pores in the structure of the material and,
process in the wells No. 10 and No. 8 are similar and quite correspondingly, the impossibility for the filamentous
aggressive. In accordance with [15], the processes of cells of fungi, sulfur-oxidizing microbes and the acid
microbiological corrosion influence practically any produced by them to penetrate inside the material.
material. In this case, the degradation of reinforced Fig.  5.  shows  the  destruction  of  reinforced-
concrete in both wells, as well as destruction of concrete and metallic structures in the well No. 10,
technological equipment made from stainless steel in well technological equipment in the well No. 8 from composite
No. 10 is easily explainable. Partial destruction of decks materials and partial damage of a metallic ladder in the well
made from composite materials is explained by incorrect No. 1.
selection of the type of this material (resin binder) for Special attention must be paid to the additional
such aggressive conditions. Under similar parameters, discharges of untreated sewage waters into the sewage
composite materials, in any case, deteriorate at a slower system by unscrupulous subscribers. The diagrams in
pace than metals. This can be explained by absence of (Fig. 6) show such events and growing concentrations of
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hydrogen   sulphide   in   the   well   No.  10  with  the 4. Zhang, L., P. De Schryver, et al., 2008. Chemical and
maximum concentration H S - 120 ppm. In such cases,2

concentrations H S can be many times higher than the2

MAC for the operating zone, which indicates quicker
microbiological corrosion caused by higher content of
organic matter in the sewage.

CONCLUSIONS

Microbiological corrosion of sewage manifolds is a
complex multistage process. In different locations of
the same facility (manifold) the process of corrosion
goes at different rates. Corrosion is particularly
intense in the locations with higher levels of
turbulence and de-gassing of sewage liquid.
Concentration of hydrogen sulphide in the
atmosphere of the facility is the basic index of the
problem that makes it possible to detect the rate of
corrosion.
Among the reasons for intense process of
microbiological  corrosion  in  the  wells  of  the
examined   manifold,   the   hydraulic  conditions
should be noted that facilitate the corrosion:
differentials in the well No. 10 and before it; long
pressurized pipeline from the SPS “Piskaryovskaja”;
volley of sewage into the well upstream of that pump
station.
In the aggressive conditions of operation, it is
recommended to use the materials of the maximum
possible chemical resistance (protection of
reinforced-concrete structures, usage of composite
materials for technological equipment).
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