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INNOVATION IN CORROSION
MONITORING IN SEWERS

USE OF NOVEL PHOTONIC SENSORS FOR HUMIDITY
MEASUREMENTS IN GRAVITY SEWERS

ABSTRAC

Humidity plays a key role in microbiologically induced
corrosion of concrete gravity sewers. Minor reductions
in humidity can reduce corrosion rates. No reliable long-
lived (>1 week) humidity sensors are available, thus
limiting the development of useful models to better
manage corrosion. This paper describes the successful
evaluation of purpose-built photonic sensors for five
months in the sewer. Survival of the photonic sensors
in this environment demonstrated their suitability for
longer-term sewer monitoring. The use of photonic
sensors provided on-line, long term, continuous
humidity data in a way that was not possible in gravity
sewers prior to this study.

INTRODUCTION

Sydney Water’s current Sewer Rehabilitation Program
costs about A$50m annually. The program mainly relies
on chemical addition to minimise hydrogen sulphide
(H2S) transfer from the wastewater to the sewer air,
and ventilation. It has been developed based through
collaborative and in-house research (Wells et al., 2009;
Joseph et al,, 2002; Wang et al., 2013; Gonzalez el al,,
2014). Determining corrosion rates of concrete sewers
remains a research gap. Determination will enable
prediction of the end-of-service-life of sewers and,
more selectively identify where to carry out sewer
rehabilitation.

The 2008-2013 collaborative Australian Research
Council Linkage Optimal Management of Corrosion
and Odour Problems in Sewer Systems identified that
humidity plays a fundamental role in the conversion

of H2S into sulphuric acid and that potentially minor
reductions in humidity can reduce corrosion rates. The
air within the gravity sewer has high humidity (typically
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above 90%) and variable concentrations of gaseous
H2S and biofouling material. Such an aggressive
environment makes the continuous measurement of
humidity difficult.

Accurate and long term humidity measurements will
enable a quantitative correlation between allowable
H2S in sewer air and acceptable corrosion rates < 0.5
mm/year. Our experience using commercially available
electrical sensors has demonstrated that they
typically fail after around one week in our
gravity sewers. This has limited the
development of a useful model to
better understand and inform
management of corrosion.
Therefore, the influence
of humidity on the rate

of corrosion of sewer
concrete is over-looked.

This is the key driver

to trialing newly
developed humidity
sensors that provide
on-line, long term,
continuous humidity
data in the aggressive
environment of gravity
sewers (Alwis et al, 2017).
This paper describes

the development and
performance of photonic
sensors with specialised,
tailored coatings designed to
operate under highly biofouling and
corrosive conditions.
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the photonic sensors were grated followed by |
coating with the photosensitive polyimide. The
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series to detect both humidity and temperature.
The photonic sensors (Figure 1) were packaged

Figure 2. Diagram describing the mechanism of Fibre Bragg
Grating in photonic sensors

in two polymeric materials (epoxy resin or
polyether ketone, PEEK) to maximise their
durability and minimise biofouling.

The response of the sensors was evaluated using

a commercial Fibre Bragg interrogation system for
multi-wavelength analysis of the sensors response. The
calibration of the sensors was carried out by placing
them in contact with air that had known relative
humidity in a closed container. Calibration was carried
out prior to installation in the sewer air and after five
months exposure. For comparison, a commercially
available humidity sensor was also installed in the sewer.

Sensors Fabrication

The photosensitive sensors used in this study were
manufactured by City, University of London (CUL)
and their collaborators. CUL has carried out extensive
research over the last 25 years on both fundamentals
and development of photonic sensors to be used in
industrial applications (Grattan, 2013).

Therefore, the study reported here underpins a body
of research carried out by CUL in the development and
application of photonic sensors (Alwis et al., 2017);

Additional

Teflon layer
protecting the'g
sensor

Alwis et al., 2013a); Alwis et al., 2013a; Alwis et al.,
2013b; Bremer et al,, 2014a, Bremer et al,, 2014b; Sun et
al.,, 2012)

Fundamentals of Photonic Sensors
Operation of the FBG-based humidity sensor is
based on the swelling of a moisture sensitive polymer
polyimide (Pl) coated on the sensing element. The
expansion of the coating layer, as a result of moisture
absorption, induces a secondary strain effect on the
polymer-coated FBG, causing the optical fibre to
stretch. A low energy laser beam is sent into the fibre
containing the sensors, where a particular wavelength
from each FBG sensor will be reflected back.

The reflected wavelength depends on the grating
period which varies with the expansion of the fibre
due to moisture absorption in the coating and/or
thermal effects. The wavelength variation indicates
the RH levels in the sewer environment which can be
calculated by the calibration data for each sensor.
Any temperature induced wavelength shift in the RH
sensors will be “decoupled” using the information
from the wavelength shift of the bare grating
(uncoated). Thus, any strain or temperature
change applied to the sensing element perturbs
the effective refractive index and the period
of the FBG, consequently causing the Bragg
wavelength to shift (Figures 2 and 3).

The FBGs used as the basis of the humidity

Metal sensors were written into the fibre at specific,
3"’;‘_:‘"" known wavelengths of 1558.8 nm, 1552.9 nm,
pm:ezm 1559.4 nm and 1558.8 nm. These wavelengths

jacket are convenient for available laser sources and

used with commercial interrogation systems.

Figure 1. Close up photograph of photonic sensor, with PEEK

packaging, used in this study.
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1 The results indicated that the
photonic sensors produced
on strong dynamic responses
E and accurately recorded
— TR . L.
E e e the high humidity levels
.E A3tRH (between 97 and 100% RH).
— BRI .
E FESURH Furthermore, in two cases
0.4 == WTwhH where the humidity was rapidly
lowered by removing them for
oo exposure to the ambient air,
the sensors rapidly responded
ol I ] and measured ~100% humidity
1534 1634 3 16344 15346 15348 1838 18382 1635 4 15356 is358  when replaced in the overhead

WevsenaTRinm) tank. The gaseous hydrogen

sulphide concentration typically
varied during the day between
5 and 130 ppm by volume.

Figure 3. Reflection spectra of Pl coated FBG sensor at different humidity levels.

The sensors were temperature compensated with an

uncoated, and therefore humidity-insensitive, set of FBGs \' 4 liﬂ'lc'uﬂ
4 \ al goes on
that were written at wavelengths of 1540.4 nm, 1543.6 nm, _ L N the tank
1542.4 nm and 1542.7 nm. This arrangement allowed each |
of these wavelengths to be easily differentiated by their Cross-calibration
. T with a conventional
primary wavelength characteristics. electrical zensor

The multiple PI coatings on the FBGs were prepared e
in-house using a dip-coating system that was used to Optical fibre sensor in e

. . . 3D printed epoxy sensor |
create the multilayers needed. Coatings are built up from ackagnt —S___
multiple layers of the polymer material which is applied
and then baked between each layer. The humidity sensors

. . . . .lo{)nul fibre sensor housed
were packaged in either epoxy resin or PEEK to provide ||| In PEEK packaging
durability in the aggressive environment. \

Figure 4. Sensors set up to monitor the sewer air. It includes
The humidity sensors were evaluated in situ to photonic and conventional humidity sensors and one hydrogen
examine their durability, time response and stability sulphide sensor.

over 5 months.

TESTING SITE

The experimental program was carried out in the
head space of a balancing tank that is in line between
the building wastewater from Sydney Water’s

on the tank
T~

Parramatta head office and the on-site wastewater ;‘J
treatment plant (Figures 4 and 5). .

cables connecting

. . the sensors to the

Figure 4 shows the photonic sensors and one interrogatorunit
|

commercially available electrical sensor used for

comparative purposes. The experimental set up also
incorporated one sensor (Odalog) for continuous
monitoring of both gaseous hydrogen sulphide

and temperature.

Figure 5. Installation of sensors set up in sewer.
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humidity sensor took longer to saturate.
110 - Also, after saturation was reached, the
100 1 '('— — time to respond was longer. This is
90 - probably due to condensation on the
80 1 sensing component of the electrical
humidity sensor.

70

S
E 60 Epoxy packaging . .
50 1 Furthermore, visual observations of
—— PEEK packaging X . .
40 4 I the photonic sensors indicated that
30 - the aggressive and biofouling sewer
20 T T T T T T T T T T T J conditions had only minor impact on

0 1 2 3 4 5 6 7 8 9 10 11 12

Time (No. of days) the physical integrity of the photonic

sensors after 5 months.

Figure 6. Performance of sensors with different polymeric packaging. The data shown were measured every

The temperature of the gas phase was around 20-23 15 minutes over a period of four weeks.

degrees during the day and night.

Thus, the sensors showed their dynamic capability
as they could respond to drastic increases and
decreases in humidity. The results showed that
the thinner coating takes less than 15 minutes

to saturate while thicker coatings take nearly an
hour for saturation. However, the sensitivity of the
thicker coating is approximately more than 2.5
times that of the thinner coating.

Depending on the application, it should therefore
be possible to select the coating thickness to
achieve faster response or higher sensitivity.
Thinner coatings for rapid response are more
suitable for this study.

By comparison, the commercially available electric Figure 8. Sensors after 5 months in the sewer showing
minimum biofouling (Left to right: Epoxy packaged sensor,
conventional electrical sensor, PEEK packaged sensor,
hydrogen sulphide sensor).

f-“j At the end of the four weeks the photonic sensors
PILS were left in the sewer, experiencing the same harsh
conditions, for four further months.

gy g o \'— \““—h"\dﬂd—n— At the end of that time (a total of five months), the

photonic sensors were removed and examined and

Warvelength Shift (nm)

re-calibrated in the laboratory at four known relative
humidity levels.

Tiere (homn)

This assessment of the calibration carried out in the

laboratory after the sensors were removed from the
Figure 7. Effect of the thickness of the humidity

sensitive polymer on sensor response.

sewer, after the five months exposure, showed the
performance of the photonic sensors was unchanged.
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Shorter time for optical sensor to stabilize at high humidity level compared to electrical sensor

aggressive sewer environment demonstrated
their suitability for longer-term sewer

monitoring over current monitoring options.
| This has not been possible before.
;;w1 The use of photonic sensors, as part of Sydney
2 \ Faster response Water’s Corrosion and Odour Strategy, will
80 - time of optical improve the monitoring of humidity and
sensor (green) to help optimise ventilation. It will also provide
70 -~ changes in humidity valuable information for the design and
60 | compared to management of future sewer systems.
L electrical sensor The | . _
50 | (purgle) e |hformat|on g‘enerated Wl.” also be used
to refine the predicted corrosion rate model
40 - L»\ under different humidity levels.
39 - This collaborative project has now been
expanded into the Australian Research
20 Council Linkage project “Putting Photonics
25/06/2015 26/06/2015

into Sewers” that will run between 2017 and

Figure 9. Detailed response time comparison between the photonic

and electrical sensors.

2019 with Macquarie University, CUL and
Sydney Water.

This demonstrated that the integrity of their
performance had been maintained over the five months
of exposure. Further work is underway to measure
relative humidity continuously with sensors of this type
thus and to verify their long-term performance.

This is attributed to the selection of suitable polymeric
packaging that was virtually unaffected by the
biofouling environment (Figure 8).

Comparison Between Photonic & Electrical
Humidity Sensors

The response time of the electrical sensor is much
longer than that of the photonic sensor. The shorter
response time of the photonic sensors, as well as

the durability of the packaging design protecting
the sensors, are the major advantages for humidity
monitoring in gravity sewers (Figure 9).

CONCLUSION

This is a significant innovation in photonic sensors that
they can now be used in these “dirty” environments.
This has also allowed in-situ long-term monitoring
under conditions where current technology fails.

This study has shown that photonic sensors are a
realistic alternative to current electrical sensors to
monitor relative humidity in the range where hydrogen
sulphide is converted into sulphuric acid.

The ability of photonic sensors to survive in the
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