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Abstract
Jadranski naftovod take a host of measures to ensure that their pipeline systems operate in a safe,
economic and environmentally friendly way. External inspections, such as foot and road patrol along the
pipeline route and remote monitoring are only part of standard maintenance. The majority of pipeline
maintenance is done by pipeline PIGs - highly sophisticated machines equipped with GPS tracking and
sensors. These smart PIGs travel inside the pipe to identify and locate anything out of the ordinary, like
minute cracks or corrosion. This information is used to judge the severity of the defect and help repair crews
locate and repair the defect quickly.
Experts from various areas are included to perform tasks connected with the repair of the pipeline, so it is
important to unite data about location, landowners, the level of damage and dynamics of the process in one,
for every authorised user, accessible place. GIS is a tool that can successfully satisfy these requirements and
enable transparent access to information.
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Introduction
JADRANSKI NAFTOVOD, dioničko društvo (JANAF Plc.), headquartered in Zagreb, Croatia, is managing
an oil pipeline system designed and built in the period from 1974 to 1979, as a modern, efficacious, and
cost-efficient crude oil transportation system for both local and foreign users. Along with crude oil
transportation, other major activities of JANAF Plc. are also reloading and storage of crude oil and
petroleum products.
The JANAF system was built as an international crude oil transportation system from the Port and
Terminal of Omišalj, Island of Krk, Croatia to both local and foreign refineries in Eastern and Central
Europe. The designed capacity of the pipeline amounts to 34 million tons of oil annually (MTA), while its
installed capacity is 20 MTA.
The JANAF system consists of the following, as shown in Fig. 1:
 Crude oil handling Omišalj Terminal on the Island of Krk, with storage tank farm of 1.000.000 m3
and 60000 m3 for petroleum products; the accompanying pumping and metering stations and the
Port of Omišalj.
 Pipeline around 622 km long comprising the following sections:
o Omišalj – Sisak
o Sisak – Virje – Gola
o Virje – Lendava
o Sisak – Slavonski Brod
o Slavonski Brod – Sotin
 Crude oil handling terminals in Sisak, Virje and Slavonski Brod, with storage tank farms
(100,000m3 in Sisak and 40,000m3 in Virje), the accompanying pumping and metering stations.
 Submarine oil pipeline Omišalj-Urinj, linking the Omišalj Terminal with INA -Oil Refinery in
Rijeka.
 Petroleum products terminal Žitnjak-Zagreb (capacity: 142,000 m3).
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JANAF has a total storage capacity of 1.54 million m3 for crude and 202,000 m3 for petroleum
products (JANAF.HR).

Fig.1, JANAF System

JANAF GIS
Historically, the JANAF data or maps have been the repositories of the facility data and spatially
referred data. Later on, the computer-aided-design (CAD) alignment maps replaced the hand-drafted
alignment maps. Although the alignment sheets today still represent a major part of the Company
operation, GIS has replaced the alignment sheets as the repository for pipeline facility information.
GIS eliminates the maintenance of multiple data sets in separate departments of an operating
company. Software applications and data reports for individual departments are used together with the
data from the central GIS data repository in order to meet specific data requirements. As the central GIS
database is updated and maintained, the updated facility data are utilized in their applications. GIS also
provides the user with many analysis functions, including the ability to perform spatial queries
(ENVIRONMENTAL-EXPERT.COM).
Enterprise GIS is gaining momentum, by facilitating the integration of all operations into a simple
centralized database, utilities can minimize data redundancy and update changes in the system more
efficiently. The GIS system allows for centralized monitoring, display and analysis with all information on
location and condition of an oil pipeline.
JANAF-GIS data are obtained by digitizing archival documentation and collecting data by surveys. The
data are centralized in the GIS database of JANAF.
Data organization in JANAF GIS
Since all collected spatial data must be organized in a meaningful way, layers presenting certain
related data are used. Objects in GIS generally can be divided into two abstractions: discrete objects or
vector data type and continuous fields or raster data type.
Furthermore, in a GIS vector data type, geographical features are expressed by considering those
features as geometrical shapes. Different geographical features are expressed by different types of
geometry: as points, lines or polylines and polygons. Points, lines, and polygons are the elements of
mapped location attribute references.
Spatial data in JANAF-GIS are maintained for the pipeline route, as well as for all related installations
and facilities necessary for the operation, management and control system.
In JANAF GIS similar objects are organized in groups of layers as shown below in Fig. 2.
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Fig. 2, Organization of layers in JANAF-GIS

All these layer groups actually contain coherent layers. Furthermore, all layers represent several
objects having the same geometry and similar features.
For example, Figure 3 shows the layers contained within the “main pipeline” layer group and the
objects represented within that particular layer.
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Fig. 3. Layers in “main pipeline” layer group
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Pipeline integrity
Although pipelines are the most reliable and safe option compared to other methods of transportation
possibilities, accidents and thefts can and do occur. In such cases, leak detection systems can help
minimize damage to the people, the environment, and the company image as well as the high costs of
repair, renovation, indemnity, breakdowns and the lost value of the oil that has been released.
Pipeline integrity threats can be classified into three categories, as follows:
• Time dependant – internal and external corrosion and stress failures
• Stable – manufacturing related defects, welding / fabrication defects and equipment
• Time independent – third party / mechanical damage, incorrect operations and unforeseen and
weather related outside forces. (ENVIRONMENTAL-EXPERT.COM)

Damage detection by PIG
In order to prevent potential risk, we undertake certain measures to detect defects before they could
have an impact on the pipeline system security. The pipelines are monitored utilizing the leak detection
systems, which are operated:
• non-continuously,
• continuously with external measurements,
• continuously with internal measurements.

In this paper, we will deal with the damages detected by smart pigging, a device which gives the largest
amount of data on the pipeline condition of.
Pipeline pigs are used for a variety of tasks in the pipeline integrity management. This includes
cleaning the pipelines, separating product batches, as well as gauging pipeline condition. It can help gain
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valuable information about corrosion, cracks, wall thickness as well as existing leaks in pipelines. In this
case, we use the term smart pigging. To perform pigging, a pig is inserted into the pipeline using a pig
launcher. The pig advances through the pipeline, propelled by the medium and gathers the data along the
way. A receiver is used to guide the pig out of the pipeline in order to subsequently analyse the collected
data. Various techniques are used to collect the pipeline information using smart pigs; two of the most
common are the magnetic flux leakage method and the ultrasonic principle.
Modern intelligent or "smart" pigs are highly sophisticated instruments that include electronics and
sensors that collect various forms of data during their trip through the pipeline. They vary in technology
and complexity depending on the intended use and the manufacturer.
The electronics are sealed to prevent leakage of the pipeline product into the electronics since
products can range from being highly basic to highly acidic and can be of extremely high pressure and
temperature. Many pigs use specific materials according to the product in the pipeline. Power for the
electronics is typically provided by on-board batteries which are also sealed. Data recording may, by
various means, range from the analogue tape, digital tape, or solid-state memory in more modern units.
During the pigging run the pig is unable to directly communicate with the outside world due to the
distance under the ground or under the water and/or the materials that the pipe is made of. For example,
the steel pipelines effectively prevent any significant radio communications outside the pipe. It is,
therefore, necessary that the pig uses internal means to record its own movement during the trip. This
may be done by odometers, gyroscope-assisted tilt sensors and other technologies. The pig records this
positional data so that the distance it moves along with any bends can be interpreted later to determine
the exact path taken.
PIG measurement analysis and defining critical location
Surface instruments that record the pig’s passage by either audible, magnetic, radio-transmission or other
means often accomplish location verification. The sensors record when they detect the passage of the pig
(time-of-arrival); this is then compared to the internal record for verification or adjustment. The external
sensors may have Global Positioning System capability to assist in their location. A few pig passage
indicators transmit the pig's passage, time and location, via satellite uplink. The pig itself cannot use GPS
as the metal pipe blocks satellite signals.
After the pigging run has been completed, the positional data from the external sensors is combined with
the pipeline evaluation data (corrosion, cracks, etc.) from the pig to provide a location-specific defect map
and characterization. In other words, the combined data reveals to the operator the location, type and size
of each pipe defect. This information is used to judge the severity of the defect and help repair crews
locate and repair the defect quickly without having to dig up excessive amounts of the pipeline. By
evaluating the rate of change of a particular defect over several years, proactive plans can be made to
repair the pipeline before any leakage, or environmental damage occurs.
PIG results typically include a list of indications identified, their locations, their types, and some measure
of their severities. When the operator’s confidence in the PIG results is high, the potential impact of each
indication on pipeline integrity is ranked in order of severity to establish a prioritized response list. After
defining gathering data about critical location, cathode protection experts determine priority of repairs.
This equipment continually registers the passed distance and all inhomogeneities of the pipeline as welds,
corrosion, flanges, screens, outlets, spherical valves, bends, etc. These data serve for the repair or
replacement of the corroded or weakened parts of the pipeline. All lines of the transit systems with
pipeline diameter from 324 to 911 mm in the overall length of 622 km were inspected in that way. The
passed distance is then checked from outside by the so-called markers located on the surface above the
pipeline axis, what are in principle the timed devices which are magnetically switched off after the pig
passage under the pipeline. The pig at the same time registers the marker stationing. The distance passed
in the pipeline is then corrected by the registered time of pig passage, known the spatial distance between
the markers and the known velocity of pig movement. Each registered inhomogeneity in the pipeline can
be thus exactly positioned (as the distance from the initial point of inspection stage).
Data preparation for critical location
A surveyor expert overlaps positon of this location with cadastral maps to get a list of cadastral plots
where repairs of the pipeline will be performed, as well as neighbouring parcels that could be used for
access to site and landfill of excavated material. All information about the position of the location where
repairs will be executed such as ID of location, pipeline route, milestone, the number of the cadastral
parcel, municipality, crop on land, pipeline route, PIG measurement date and distance from existing
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objects on the pipeline route, are entered in GIS. From this information, a legal expert finds information
about owners of land where work on the pipeline will be carried out.
After gathering all relevant data in one place, the expert team goes on the field to see the situation on
the spot.
The expert team consists of:
 Surveyor
 Agronomist
 Legal expert
The geodetic engineer points the location, identifies the cadastral plot where the works are performed.
The agronomist determines the real situation about crops and class of land on the field and the data
necessary for making reports for damage assessment. The legal expert meets the landowners and informs
them on the upcoming works and indemnity method and payment deadlines.
The information on the landowners and date of notifying the landowners are entered in the database,
adding it to previously entered data about the certain location where the pipeline repair is planned.
Without notification to the landowner regarding the works commencement, the repair crew cannot begin
with repairs. Landowners should be informed of the starting date and approximate coverage of the area
where works will be performed. When the landowner notification is entered in GIS, a green light for
setting-out location and beginning of works is given.
Setting-out the pipeline defects location
The main problem is that the accuracy of distance measured by the pig is much lower that the possibilities
of geodetic methods. The pig does not move at a constant speed, since its velocity is, besides the gas
pressure, affected also by a rapid up- or down-slope of the pipeline or by a local friction change in the
pipeline, etc. Thus, at the passed distance of 10 km the error of pig can make several tens metres, but at
the distance of about 40 km, this error may attain hundreds metres. Finding the defect location on the
pipeline surface would thus be very inaccurate and would cause additional time and repair cost losses.
Therefore the markers were located on each 1.5 – 2 km above the pipeline, surveyed geodetically and the
exact space distance between the markers along the pipeline was calculated and in this way, the error in
defect location on the pipeline was minimised. In spite of reduced distance, the difference between the
exact length of the geodetically determined curve and the length of curve determined by the pig was from
several cm to several metres. This problem of pig inaccuracy would be eliminated, if all welds on the
pipeline would be geodetically surveyed always prior to its burial during its construction in the past (the
welds could serve as the natural markers with exactly known co-ordinates).
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GPS and pipe locator are used for setting out pipeline. First, by GPS, we set out PIG coordinates. These
coordinates are approximate. With pipe locator, we find where exactly the pipeline is. In addition,
important data, for digging, is the depth of pipe, which could be obtained by pipe locator.
The setting out date is entered in the database. After setting out is made, the repair crew can begin with
digging and repairing pipeline defects.
Pipeline repairing

When an operator discovers that a segment of its pipeline contains an anomaly or defect, one extreme
option is to shut down the pipeline, remove or release its contents, cut out the segment, and replace the
cut-out segment with new pipe. This approach is usually very costly in terms of both lost revenue and
disruption of service. For this reason, pipeline operators typically utilize in-service repair methods to
restore the integrity of the operating pipeline without removing it from service.
Well-planned procedures and skilled, trained personnel are key factors in minimizing risk when inservice repair is chosen as the response to the discovery of an anomaly or defect. Following the discovery
of an anomaly or defect in an operating pipeline, a prudent operator considers the issues related to safety
before undertaking an in-service repair. These issues include:
• evaluation of the necessity and the degree of pressure reduction before excavation,
• consideration of personnel and public safety during excavation,
• a collection of critical information on the pipeline,
• characterization of the anomalies and location by direct inspection and testing during the
excavation.
After excavation and prior to application of the repair, the carrier pipe shall be completely exposed and
cleaned to bare metal to an extent necessary to reveal all of the anomaly or anomalies. The nature and
extent of each anomaly shall be determined and documented.
Most common method for repairing pipeline is a protective sleeve. Care should be taken to ensure that
full encirclement repair sleeves and fittings fit snugly around the pipe. This increases the effectiveness of
the reinforcement provided by the repair sleeve or fitting and minimizes the complications associated
with fillet welding in the presence of a gap.
After the repair has been inspected and accepted, the pipe shall be recoated and backfilled. Prior to
backfilling, the following steps shall be taken to restore the protective coating.
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All exposed surfaces shall be cleaned of rust, scale, weld slag, weld splatter, flux, charred coating, and
other foreign material. Oil and grease shall be removed with a non-oily solvent, and sharp edges, burrs,
tack welds, arc burns, and slivers shall be removed by grinding prior to sandblasting or equivalent surface
treatment. Surfaces that are to be coated shall be sand blasted or prepared by an equivalent treatment to
white metal that is free of scale, weld slag, weld splatter, foreign matter, and shading caused by previous
coating or rust impingement in the anchor pattern. Prepared surfaces shall not be allowed to stand
overnight without the specified coating.
Surveying
After the setting-out, uncovering the pipeline and repair of the found defect, the repaired point on the
pipeline, new welds or old visible ones that were not registered during the construction are measured for
the position and elevation above sea-level. The pipeline administrator then includes the new and
corrected data into the GIS. In this way, also the old data on the pipeline position and elevation that were
in the past measured by surface location with the aid of electromagnetic locators (with pipeline depth also
detected with the aid of those locators) have been corrected. All features on repaired pipe must be
measured in details while the pipe is still uncovered.
After surveying – hole can be backfilled, but final measurement of damage on land caused during
repairing process will be taken after all repair crew and equipment leave the site. The area of damaged
surface is provided to the agronomist as necessary data for damage assessment report.
Damage assessment and indemnify payment
In damage assessment report, the agronomist identifies the condition of ground after completion of
works. On the basis of the data collected before the beginning of works on crops and quality of ground,
a unit price is formed. That price is multiplied with an area of damaged surface, provided by the surveyor,
and thus the value of damage assessment is obtained. The level of damage and some specific factors may
affect the price, so the area of damaged surface must be classified by type of crops and level of damage to
make a fair evaluation that will cover crop losses for this year harvest, and eventually losses in the next
few harvests.
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After the agronomist gives an assessment to the legal expert, he prepares an indemnity agreement
between landowners and JANAF. The agreement determines that the parties agree on the estimated value
for indemnity and payment deadline.
Conclusion
The aim of introducing GIS in JANAF is to have all data collected in one place. The most important data
refer, among others, to the threats to the pipeline system safety and security, and also to process of
repairing defects. It is a complex process, and every step is dependent and cannot start before previous.

Since many problems have been observed in terms of communication and information transfer from
the whole host of experts and field workers, from which some are outsourced, who are involved in the
process of repairing the pipeline, it was necessary to consider different solutions that might be helpful and
practical. The problem especially occurred when one step in procedure could not start before the
previous one is finished, for example – the field crew must get information about setting out location and
agreement of landowner, to begin with works.
Owing to the use of some GIS extension, the entire process is made easier and faster. Now, at the same
moment, all participants in the process can see the total list of locations where certain works need to be
made, as well as the location where work is in process or finished. Moreover, all data are centralized in
one place, and every authorized user has access to them. Integration with GIS allows positioning of any
data without the need to search on other maps.
Integration with GIS has provided for many other advantages to be gained, such as:
• improved decision making – decisions are made easier because specific and detailed information
are presented about one or more locations,
• improved communication between all departments and employees involved since the visual
format is easily understandable,
• easy recordkeeping – geographical changes are easily recorded in GIS by those responsible for
recording the changes,
• geographical information management – knowing what is and will be occurring in a geographic
space in order to plan a course of action,
• possibility of spatial and attribute queries – defined by milestones, types, operator, date, etc.
Finally, one of the crucial things in the work process itself is to know the stage of a certain case. Thus,
not only superiors, but each and every GIS user can control dynamics of tasks and progress. The entire
process is made transparent and controllable, allowing seeing – whether everything runs normally or
process gets stuck in some phase, and who is responsible for that. That gives the employees a sense of
team participation, indirectly motivating them to perform quicker and better their tasks in the process.
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