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DIAGNOSTICS AND RENOVATION METHODS FOR STEEL
PIPELINES
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Abstract. The article explores the analytical challenges and potential applications of diagnostic equipment and
tools for cost-effective restoration of aging pressure pipeline systems at minimum costs for water transportation.
The study focuses on a section of a water supply network made of steel pipes that requires repair and restoration
due to corrosion damage and wall thinning.

The paper presents an analysis of effective non-destructive pipeline diagnostic methods, details the design and
technical specifications of the domestic diagnostic system HeatScan. Provided are sample magnetograms that
indicate defect zones and the absolute residual wall thickness at the defect locations. The benefits of the
HeatScan system over the Inspector Systems flaw detector are also shown.

To identify the most cost-effective pipeline repair method, three alternative technologies for inserting polymer
pipes into the existing pipeline are considered, along with a calculation of the energy consumption for water
transportation. It is noted that the most cost-efficient repair method could be the Swagelining technology, which
involves pre-compressing the polymer pipe with the subsequent straightening. Information on the return-on-
investment period for the diagnostic system when used in pipeline restoration projects is provided.

Keywords: pipelines, diagnostics, repair methods, energy consumption, return on investment period

JAUATHOCTHUKA CTAJIBHBIX TPYBOITPOBO/J0B U METO/1bI
NX PEHOBAIINNA

B.A. Opnos, C.II. 3omxun, /I.B. Ilooonan

HarmonaneHeIl MccaenoBaTenbckuii MOCKOBCKHI TOCYJAPCTBCHHBIN CTpouTeNbHbIH yHUBepcuTeT (HUY MI'CY),
r. Mocksa, POCCH

AHHOTanus. B cTaTthe paccMaTpHBaIOTCs MOUCKOBBIE 3a1a41 AHATM3a U BO3MOYKHOTO HCIIONIB30BaHMUs 000PYIOBAHUS 1
TPHOOPHON 0a3bl 1O WATHOCTHKE [UTSI PEIICHMS] BOIMPOCOB S(PQPEKTUBHON PEKOHCTPYKIMHM BETXMX HAMOPHBIX
TPYOOIPOBOAHBIX CeTel P MUHUMAJIBHBIX JICHEKHBIX 3aTpaTax Ha TPAHCTIOPTHPOBKY BOAIBL. OOBEKTOM HUCCIICOBAaHHH
SIBIISIETCSI Y4acTOK CTaJIbHOM BOJOMPOBOIHOM CETH, KOTOPBIH TOJJIEKUT PEMOHTHO-BOCCTAHOBUTEIILHBIM OIEpaIisiM B
CBSI3H C HATMYKEM JIe(DEKTOB B BUJIC KOPPO3MOHHBIX MOBPEKICHUN U YTOHEHHSI CTEHOK.

[Mpencrasnen aHanu3 3pHEKTUBHBIX METOOB JIMArHOCTHKY TPYOOIIPOBOIOB METOIaMH HEpa3pyIIAOIIEro KOHTPOJIS,
olycaHa KOHCTPYKIMSI W IIPUBEACHBI TEXHHYECKUE XapaKTEPUCTHKU W Pe3yJbTaTbl pabOT OTEUEeCTBEHHOIO
Jmartocruyeckoro komruiekca HeatScan. IpuBenensl 00pasipl MarHUTOrpaMM, CBHJICTEIBCTBYIONIMX O HAJIWYUN
Je(eKTHBIX 30H W aOCOJIOTHBIX BEJIMYMH OCTaTOYHOW TONIIMHBI CTEHOK B Mectax jaedextoB. [lpencrapieHs!
npenmymiecTBa Komruiekca HeatScan ro cpaBaenuro ¢ nedexrockoriom Inspector Systems.

B memsix BeisBACHWS HauOojee SKOHOMHYHOTO METOJA pEMOHTa TPyOONpOBOJa PacCMOTPEHBI TpU
QIIbTEPHATHBHBIC TEXHOJOTHH MPOTSATUBAHMS B CTApblil TPyOONIPOBOJ MOJIMMEPHBIX TPYyO W NPOBEICH pacyeT
NOTpeOIeHHs HJICKTPOIHEPIUM Ha TPAHCIIOPTUPOBKY BOABL. BEIABIEHO, 4TO Hanbojiee SKOHOMHYHBIM METOJIOM
pPEMOHTa, MOXET CIY)XUThb HPUMCHEHHE TEXHOJOTHU MPEeIBAPHTEIBHOTO CXKATHA IOJIUMEPHOH TpyOBl M
nociuenymromero pacnpamieHus Swagelining. IIpencraBieHsl JaHHBIC O CPOKE OKYIIaéMOCTH AUArHOCTHYECKOTo
KOMILIEKCa [IPH €r0 MCIOIb30BAHUH Ha JMHEHHBIX 00BbEKTaX PeKOHCTPYKIIUH TPYOOIIPOBOIOB.

KaioueBbie c10Ba: TpyOOIPOBOJIbI, THATHOCTHKA, METOJIbI PEMOHTA, YHEProNOTpedIeHHE, CPOK OKYTAeMOCTH

INTRODUCTION and rural pipeline infrastructure are tasked with

maintaining efficient operation of utility
Organizations and enterprises involved in networks. This is achieved through extensive
construction, repair, and modernization of urban use of diagnostic systems to assess the technical
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condition of specific sections of underground
pipelines, including culvert crossings, and to
select the optimal repair method for these
networks [1].

Particular emphasis is placed on conducting
diagnostics under challenging conditions (for
instance, in wells where pipeline access is
difficult), during emergency excavations
requiring prompt measurements, and when
laying steel pipelines in urban areas with
uniform and non-uniform layers of backfill soil,
where steel degradation may occur, etc. [2]. The
primary objective of diagnosing pressure
pipelines is to promptly identify any operational
failures and minimize the impact in an
emergency. It is necessary to consider such
factors as the type and parameters of defects, the
actual thickness of the pipe wall after prolonged
use, and the residual life of steel pipelines. The
concluding phase of pipeline network
restoration programs involves selecting the most
urgent reconstruction project and the best
method of pipeline restoration, focusing on
trenchless repair technologies, i.e., without
excavation work (with or without access inside

the pipeline).
The modernization of diagnostic work on aging
operational sections of water supply and

drainage networks, including culverts, should be
carried out by using (or purchasing) new
process equipment and its subsequent testing.
This requires a thorough analysis of the market
for diagnostic devices, up-to-date regulatory and
technical documentation, scientific literature, as
well as information available on the official

websites of companies that manufacture
equipment for inspecting and repairing
underwater pipeline crossings and offer

diagnostic, installation, and repair services for
such facilities [3].

Comprehensive diagnostics of underwater
pipeline crossings can be categorized as either
external or internal. External diagnostics
involve locating the pipeline, inspecting its
surface (either visually or with simple
measuring tools), instrumentally examining the
pipeline surface and insulation, and monitoring
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channel processes. Internal diagnostics are
carried out by putting instruments and devices
inside the pipeline to assess its technical
condition. The surface and internal examination
of underwater pipeline crossings is conducted
using  non-destructive  testing  methods:
magnetographic, ultrasonic, electromagnetic,
and radiographic [4].

Several non-destructive testing methods can be
used to assess the technical condition and
position of underwater pipeline crossings
relative to the seabed profile, according to an
analysis of the diagnostic equipment used [5, 6]:
1) Magnetographic methods (based on recording
changes in magnetic field lines in the zone of
pipe wall and insulation defects).

2) Ultrasonic methods (based on changes in the
reflection of ultra-short sound waves in the zone
of pipe defects).

3) Electromagnetic = methods  (similar  to
magnetographic ones, but involve the use of
electromagnetic sensors rather than magnetite
Sensors).

4) Radiographic methods (based on the use of y-
radiation).

There are two primary categories of methods for
inspecting pipelines using electromagnetic
phenomena [7, 8]:

- methods that measure the electromagnetic
fields generated by the pipelines themselves;
these methods are based on measurements of the
fields created by the pipelines, and

- methods for measuring electromagnetic fields
induced on the pipeline using specialized
systems and devices.

Several other methods have been utilized for
detecting leaks from underwater pipeline
crossings, such as analyzing pressure diagrams
along the pipeline's length at its initial and final
points, as well as optical methods that involve
introducing a fluorescent dye into the pumped
medium and subsequently detecting it under a
certain light spectrum above the pipeline's
location [9-13].

Acoustic methods, which are based on recording
sound signals arising from liquid turbulence
when it flows into a low-pressure space [14,
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15], and physical methods, which use measuring
devices to track pressure levels and flow in the
pipeline system [16], are also utilized.

It's crucial to note that in Russia, there is no
approved regulatory and technical
documentation  governing the inspection
procedures for underwater water supply and
sewerage culverts. Existing regulations, such as
SP 272.1325800.20161, are centered around
visual diagnostic methods for drainage systems,
as well as methodological guidelines for
assessing the technical state of other systems
like heating, hot water, cold water, and
wastewater disposal.

The external inspection of underwater pipelines
involves monitoring parameters such as pipeline
shape, characteristics of the water body's bottom
beneath the pipeline, thickness of the soil layer
covering the pipeline, condition of corrosion
protection, overall technical state of the
pipeline, and geotechnical properties of the
surrounding soil.

Inline diagnostics of such structures are
typically conducted in several stages. First, the
internal cavity of the diagnostic area is cleaned
to a level mandated by regulatory and technical
documentation. This is followed by the
deployment of special profile-measuring and
defect-detecting devices (including robotic
devices), with a subsequent prompt analysis of
the gathered data. Then, a stress-corrosion
device is deployed. Finally, a comprehensive
analysis of the diagnostic study results is
conducted and documented in specific reports.
Inline inspection makes it possible to monitor
parameters such as pipe geometry alterations,
metal loss due to corrosion, presence of cracks
and erosion, as well as pipeline profile, including
shifts in plan or elevation caused by soil erosion.
Russian scientists are working on innovative
instrument systems that facilitate diagnostic
studies of underwater culverts. Specifically, a
method [17] for evaluating the technical condition
of underwater utilities has been developed that
makes it possible to promptly obtain real-time
information about the object's condition, even as
the vessel is passing over the pipeline being
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diagnosed. This method employs hydroacoustic
tools to measure seabed topography and assess the
technical condition of the pipeline, including the
state of its insulation coating, based on
electromagnetic field parameters.

The paper [18] showcases the successful use of
the long-wave ultrasound system Wavemaker
developed by Guided Ultrasonics Ltd. from the
UK for diagnosing and monitoring hard-to-reach
pipelines. One of the key benefits of the
Wavemaker system 1is its ability to gather data
on the condition of a pipeline up to 50 meters
long by installing a special ring with
piezoelectric transducers at a single network
point, eliminating the need to move it along the
entire pipeline length. The system package
comprises a control unit and WavePro software
for a personal computer. The system can
identify zones of crack formation, corrosion,
and mechanical damage with metal loss of up to
5%, as well as welded joint defects. A
significant advantage of this system is that
there's no need to strip all insulation from the
pipeline, as it is enough to strip it only at the
ring's installation point. The existence of flange
connections does not impact the effectiveness of
the diagnostics. The manufacturer also offers
various types of fastening ring transducers for
ultrasonic scanning.

Russian organizations engaged in the operation
and examination of underwater pipeline crossings
have gained positive experience using domestic
electronic information systems (IS "Duker" and
IS "Duker 2.0") [19]. These systems not only store
and organize information about the facility but
also provide a comprehensive assessment of the
technical condition of underwater crossings, and
generate report documentation, including data
visualization.

Currently, the diagnostics of underwater gas and
oil pipelines are performed using advanced and
highly precise equipment, including multibeam
and narrow-beam echosounders, hydroacoustic
(ultrasonic) profilers, side- and circular-scan
sonars, devices for measuring water flow
direction and speed, as well as satellite
navigation systems [20-22].
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Side-scan sonars are advised for use in deep waters
and large water bodies. Conversely, 360-degree
sonars are suitable for use in areas with limited
depth and confined spaces. Side-scan sonars
generate ultrasonic pulses directed at the seabed at
a sharp angle and then record the reflected signals.
There are analog and digital versions of sonars,
with the latter considered more advanced.

For specialists working in construction and
pipeline maintenance, where precise location
and depth of underground objects is crucial,
radio telescopes like the Radiodetection
RDS8100 [23, 24] are an essential tool.

Pipeline swabs (also known as smart pigs) have
gained popularity for in-line diagnostics of gas
and oil pipelines [25]. These devices provide
simultaneous information about the pipeline's
spatial configuration, the geometry of the pipe
walls, and allow for monitoring of the network's
technical condition through integrated non-
destructive testing systems (typically of
magnetic or ultrasonic types).

A detailed description of these devices'
functions and their application in design
solutions can be found in the article [26].

METHODS AND MATERIALS.

To choose the optimal diagnostic complex
design, we studied the main types of products
offered by both Russian and international
manufacturers for the diagnostics and repair of
water supply and sewerage pipelines. As a result
of collection, processing, and analysis of
information, it was proposed to use Russian-
made equipment, specifically the HeatScan
diagnostic complex from the Russian company
Octanta. The study was carried out with the
direct participation of representatives from JSC
Mosvodokanal.

The HeatScan complex 1is designed for
measuring pipeline wall thickness in zones of
area thinning and for detecting defects during
continuous in-line diagnostics of steel pipelines
using a magnetic inspection method (Figure 1).
No prior preparation of the pipe is required. The
diagnostic robot in the complex is equipped
with six tracks, enabling it to traverse areas with
large deposits on the pipeline walls, and can
monitor the condition of metal through a deposit
layer up to 30 mm thick.

Figure 1. HeatScan robot
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The robot is operated by a technician inside
the autolaboratory, which is a mobile control
panel for the complex, located near the robot's
pipe entry point. The robot is loaded into the
pipe through a 600x600 mm process cut,
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either inside a heat recovery chamber or at
pipeline pits.

Table 1 summarizes the robot's
capabilities for pipeline diagnostics.

technical

Table 1. Technical specifications and capabilities of the HeatScan complex.

Range of inspected pipe diameters, mm 400-1600
Range of pipe wall thickness, mm 3-16
Length of inspection, m 500

mm

Thickness of deposits on the pipe's inner surface,

15 (up to 30 with reduced sensitivity)

Size of detected/measured defects, mm

- a through defect of 6 mm diameter

Performance, m/h

no less than 100

Number of branches passed, pcs 2
Passing through tees yes
Measurement error from the remaining wall | 20
thickness in the defect zone, %

Relative humidity, % 100%
Range of working temperatures, °C 0-70

Presented below are the additional technical
specifications for the HeatScan diagnostic
system (KMBT/I-01), which has wvalid
calibration certificates:

- manufactured in 2018 by NPO Oktanta LLC in
the Russian Federation,

- equipped with programs for remote control,
data processing, and pipeline technical
condition report generation, including defect
coordinates (MFC control),

- design type: portable,

- performance: no less than 100 m/h;

- voltage: 220 V, 50 Hz,

- power consumption: no more than 1 kVA.

RESULTS

Experimental studies of the HeatScan diagnostic
system efficiency for in-pipe diagnostics were
carried out at the Mosvodokanal JSC facility.

The diagnosed facility was a 158.4 m long steel
pressure pipeline for process water (Figure 2).
Pipeline design parameters: outer diameter
500 mm, wall thickness 10 mm. The diagram in
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Figure 3 illustrates the coding of loading points
and travel routes (No.1 and No.2) as an
example.

Figure 3 also shows the points where hydraulic
tests were conducted and the locations of
vertical attachments (risers).

Figure 2. The pipeline's location
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Figure 3. Loading point and travel routes

The magnetic inspection revealed critical
defects that are detailed in Tables 2 and Table 3.
The process of recording and coding the
inspection results involved documenting the
travel distance covered by the diagnostic
system (m), as well as the angular coordinates

of points within the pipeline's circumference
(degrees). Measurements were taken from the
cross-sections of the pipeline for each of the two
routes. The angular coordinate was measured
counterclockwise, with the top of the pipe
circumference taken as zero.

Table 2. Indicators at outer diameter of a new pipeline di=1000 mm

Route Zone Distances and  angular | Minimum remaining | Comments
number | number | coordinates of points along | wall thickness, mm
the pipeline's circumference
meters/degrees
1 1 15.6/186 5.5 -
38/261 3.7 -
38/13 6.3 -
42.5/149 3.8 -
3 42.8/233 3.7 -
43.1/163 5.1 -
48.2/219 2.5 Corrosion area
48.4/123 <1 with
4 48.2/204 <1 spot
2 48.6/196 <1 thinning
49.2/179 <1 and substantial
49.1/135 <1 defect area
5 51.9/195 3.7 -
51.6/52 4.0 -
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Table 3. Experimental data for the second route (zones 6-9)

Route Zone Distances and angular | Minimum remaining | Comments
number number coordinates of points along | wall thickness, mm
the pipeline's circumference
meters/degrees
2 6 61.1/261 3.9 -
79.7/167 29 -
7 80.2/85 3.5 -
80.5/191 3.6 -
8 84.4/204 3.2 -
9 118.3/244 5.4 -

Below are selected magnetograms of
defective zones with the most significant
defects (see Figures 4 and 5).

IIIIIi’!IﬂIII :

Figure 4. Illustration of defects and their areas on route 2 (Zone 4)

Figure 5. lllustration of defects and their areas on route 2 (Zones 7 and 8)
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Thus, as the magnetograms indicate, the most
defective zones for the earliest pipeline failure
are the coordinates of 5 points along route 2
(zone number 4), which have a bright trace and,
accordingly, the minimum values of the residual
wall thickness (less than 1 mm), which is less
than 10% of the original wall thickness and it
indicates the exhaustion of the pipeline's
resource. Thus, the wide and bright trace on the
magnetogram of Figure 4 indicates the need to
replace the dilapidated pipeline as soon as
possible or reconstruct it using appropriate
methods. In turn, Figure 5 shows only minor
small traces, for example, from 3.7 to 6.3 mm
(zones 1, 2 and 3 along route 1), which allows
us to assess the condition of the pipeline as
satisfactory at this point in time. As for the data
on route 2 (zone numbers 6-9), the so-called
"average values" of the residual wall thickness
are observed here. In this case, the technical
condition of the pipeline should be considered
as potential for reconstruction.

When comparing the diagnostic results of the
HeatScan system with those of the Inspector
Systems flaw detector, which was also tested at
the research site as an alternative device for
assessing pipeline condition, it is clear that
HeatScan is superior. Specifically, for larger
defect areas, the differential signal from the
Inspector Systems flaw detector showed quite
low values that did not accurately represent the
actual corrosion zone.

Regarding the restoration methods, the most
suitable solution for a timely repair could be
pulling new polymer pipes inside the old steel
pipeline, which has an inner diameter of
480 mm, using the appropriate technologies
[27], 1.e.:

- A deformed U-shaped pipe with an outer
diameter of 450 mm, an inner diameter of
428 mm (SDR 41), and a wall thickness of
11 mm.

- A pipe pre-compressed using Swagelining
technology with an outer diameter of 500 mm,
an inner diameter of 454.32 mm (SDR 41) after
straightening, and a new wall thickness of
12.84 mm.
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- A Primus Line hose with an outer diameter of
450 mm, an inner diameter of 437 mm, and a
wall thickness of 6.5 mm.
It's important to note that there will be no
significant  alterations in the hydraulic
characteristics of the pipeline when using the
repair methods presented, as the hydraulic
friction coefficient £ of new pipes is
considerably lower than that of old steel ones.
The optimal choice among the technologies
presented above is determined by calculating
the annual energy savings AE1» for each unit
length of the restored pipeline. The energy
calculation is performed using the following
formulas (1 and 2) [28].
AE1n=[9.81-0%(4s- An)-24-3651m, (1)
where AEim is the amount of electricity saved,
kWh/year; Q is the flow rate of water supplied
by the pipeline, m%s; As and A, are the
resistivity coefficients of the old and new pipes,
respectively; mp is the efficiency factor of the
pumping unit; 24 is the number of pump
operating hours per day, h; 365 is the number of
days in a year.

-5.7276

-5.1359
As =0.0017d ,  An=0.0004d

)
where d is the inner diameter of the pipeline, m.

In the calculations, it was assumed that the flow
rate of transported water (0=0.23 m’/s, the
efficiency factor of the pumping unit n, =0.9,
the inner diameter of the old pipeline =480 mm
and the new diameters d of polymer pipes when
using the relevant renovation technologies were
438, 454.32 and 437 mm.

Therefore, by substituting the initial data into
formulas (1 and 2), the following energy saving
values are obtained for water transportation
through the pipeline after its restoration using:

— a deformed U-shaped pipe
-5.1359
AEm = [9.81-0.23%(0.0017-0.48 -

-5.7276
0.0004-0.428 ):24-365] / 0.9 = 25.644 kWh
per year per each meter of pipeline length
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— a precompressed pipe
-5.1359
AEm = [9.81-0.23%0.0017-0.48 -

-5.7276
0.0004-0.45432 ):24:365] /09 =
43.015 kWh per year per each meter of pipeline
length

—a hose
-5.1359
AE1m = [9.81-0.233(0.0017-0.48 -

-5.7276
0.0004-0.437 ):24:365]/ 0.9 = 32.386 kWh
per year for each meter of pipeline length

Therefore, the maximum energy saving
potential during water transportation through the
restored pipeline will be achieved by utilizing
the Swagelining technology. In this scenario, the
average energy savings will be 25-40% higher
than when wusing the previously discussed
alternative repair technologies.

The expected savings of water supply network

operating  organizations  purchasing  the
HeatScan  diagnostic  complex (KMBT-01)
amounts to 46.0 million rubles. When

purchasing the complex, it is highly desirable
that the equipment's return on investment period
does not exceed one year. Therefore, relevant
market research was conducted, specifically
analyzing the potential use of the complex for
diagnosing steel pipeline networks in the area
serviced by Mosvodokanal JSC.

Concerning the return on investment period, a
preliminary calculation was made, based on the
length of steel networks that need diagnosing,
with the condition that the cost of the HeatScan
complex is not exceeded.

Based on the budget data incorporated into the
automated "Stroyinformresurs" program and the
current prices for 2023, diagnosing (video
inspection of a steel pipeline 158.4 m long and
500 mm in diameter with preliminary washing
and drying operations) costs 81,346.73 rubles.
To achieve the desired return on investment
period for diagnostic equipment using the
HeatScan complex and implementing the
aforementioned restoration technologies, the
total length of steel pipeline networks diagnosed
annually should not exceed

Vladimir A. Orlov, Sergey P. Zotkin, Dmitry V. Podolyan

89 km (0.1584 x 46,000,000 / 81,346.73). This
figure falls within the range of annual diagnostic
and pipeline restoration targets set by
Mosvodokanal JSC.

CONCLUSIONS

1. Following an analysis of advanced diagnostic
tools for assessing the condition of pressurized
steel pipelines, Russian-made equipment — the
HeatScan diagnostic complex — was identified
and tested on an actual site.

2.Based on the results obtained from the
operation of the HeatScan diagnostic complex,
which identifies the locations and nature of steel
pipeline defects, three trenchless repair
technologies were suggested as alternative
renovation options, which involve pulling new
polyethylene pipes into the existing pipeline.

3. The calculations showed that the most
significant economic benefit in terms of energy
savings for water transportation through the
pipeline post-restoration was achieved when
using Swagelining technology.

4. An estimate has been made of the length of
pipeline networks that can be diagnosed to ensure
a return on investment for the diagnostic complex.
5. The main directions for the implementation of
the results of the conducted research may be the
widespread use in the practice of water utilities of
the described in-line diagnostic complexes and
alternative options for the reconstruction of
pressure pipelines of water supply systems that
ensure the effect of energy saving.
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