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Abstract


The aim of this work was to investigate the influence of an extremely aggressive atmosphere on the metallic structures and equipment of a platform undergoing decommissioning. The methodology included bibliographical research, data collection on accidents caused by corrosion; prior selection of sites; visual inspection; and curation of the data collected. The results showed severe damage to structures, equipment and accessories caused by the intense aggressiveness of the environment. The limitations involved access to information on accidents and incidents related to corrosive processes in this environment. This work is original because it covers the effects of an extremely aggressive atmosphere in the studied environment. The conclusion is that corrosion on platforms in such conditions poses serious risks of structural collapse, as well as potential harm to workers and the environment.
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1. INTRODUCTION

Brazil is currently undergoing a major transformation in the oil and gas industry. With the discovery of large exploration fields in ultra-deep waters, the national oil industry has invested in new technologies to make commercial production viable in these fields. The revitalization of so-called mature oil fields has also been a major focus, as has been the case with one of Brazil's important sedimentary basins: the Campos Basin, located in the state of Rio de Janeiro (RJ). The projects to revitalize mature oil and natural gas exploration fields in the Campos Basin have investments of more than US$18 billion scheduled for the next four years and therefore require the use of exploration and production units with more advanced technologies to meet the demands of the new projects. However, for new large units to begin their production process in mature fields, it is necessary to remove less efficient units (Agência Petrobras, 2023).

As a pioneer in Brazilian deepwater exploration and production, the Campos Basin has oil and natural gas exploration and production systems that are more than 30 years old. The consequence of this is the obsolescence of technology and the failure to meet the new demands of exploration and production in increasingly deep water, due to technological limitations. In addition, some platforms have a much longer lifespan compared to their exploration and production time, as they have gone from floating units to oil and natural gas platforms through the hull conversion process. As a result, pathological problems arise more quickly compared to units that were not built from hulls that have a history of operation. Some of the pathological problems caused by ageing are structural integrity, reduced thickness of systems (hull, bulkheads in cargo and ballast tanks, collision tank structures, submarine, boiler and others) and holes in lines or tanks (Costa, 2019; Misra, 2016).

All these problems caused by the ageing process of marine units, combined with the extreme aggressiveness of the offshore environment and the fall in oil and natural gas production in oil fields, can be determining factors in the operator's decision to decommission its exploration and production system. According to da Silva & Mainier (2009), the justification for decommissioning offshore units in mature fields, either individually or in combination, is based on the low production capacity of obsolete units, falling productivity and production costs. The decommissioning of offshore oil and natural gas systems can be understood as a set of activities aimed at abandoning a well or closing down an oil and gas exploration, production or storage unit, as is planned for the following units: P-07, P-08, P-09, P-12, P-15, P-18, P-19, P-20, P-25, P-26, P-32, P-33, P-35, P-37 and P-47, whose production curve from January 2020 to December 2022 is shown in Figure 1 (Agência Nacional do Petróleo, Gás Natural e Biocombustíveis, 2023; M’Pusa, 2017).



Figure 1. Decline in production on Campos Basin oil platforms with approved decommissioning.

In the Campos Basin region, there is an interest in maintaining the continuity of exploration and production in mature fields by installing more modern oil and natural gas production units. To this end, in order for the new units to be installed, it is necessary to decommission aging systems that are less economically advantageous or have become obsolete. By the end of 2022, 96 Installation Decommissioning Programmes (IDPs) had been submitted to the Brazilian government body responsible for regulating, contracting and supervising the economic activities that make up the oil industry (Brazilian National Agency for Petroleum, Natural Gas, and Biofuels - ANP), 25% of which belonged to the Campos Basin. The IDPs are programmes that incorporate information, procedures and studies needed to plan and carry out decommissioning activities. Among the programs submitted are those whose analysis has been temporarily suspended and those whose analysis has been definitively suspended. In the latter case, the operator must submit a new PDI to the ANP (Agência Nacional de Petróleo, Gás Natural e Biocombustíveis, 2023; Agência Petrobras, 2023).

Historically, the decision to decommission oil and natural gas platforms in shallow waters has preceded platforms installed in the Gulf of Mexico, Figure 2, a region under the jurisdiction of the United States of America. According to de Almeida et al. (2017), most of the platforms in the Gulf of Mexico have already been decommissioned; in the period between the beginning of 2002 and January 2016, the Bureau of Safety and Environmental Enforcement (BSEE) received 2,601 requests for licenses to decommission oil and natural gas platforms in the Gulf of Mexico. Of this total, more than 1,000 units were decommissioned between 2010 and 2014, at a cost of around US$9 billion; however, as of July 2019, of the 7,209 oil units installed in the Gulf of Mexico under US jurisdiction, only 1,852 oil and gas platforms are still producing (Oudenot et al., 2017). Not far from this, exploration and production units installed in the North Sea, when compared to units located in the Gulf of Mexico, according to Herrera Anchustegui et al. (2021) and Stacey & Livsey (2016), of the 1. 357 units that were operating in the North Sea with an average production age of 25 years, around 470 platforms, 5,000 wells, 10,000 kilometers of pipelines and 40,000 concrete blocks are expected to be dismantled by 2050, due to the fall in the price of a barrel of oil in 2014 and the ageing of exploration and production units.



Figure 2. Oil and natural gas production units in operation in the Gulf of America. Source: https://monitor.skytruth.org (2024)

The decommissioning of oil and gas exploration and production systems is a complex process, whose complexity is not only due to compliance with government requirements (Brazilian Navy, IBAMA and ANP, for example), but also due to the lack of national experience in this process, which leads these units to remain in their location much longer than desired (de Souza K. A et al., 2021). One of the consequences of this, in addition to changes in investment priorities, is degradation due to corrosive processes that result in loss of containment, collapse, embrittlement and deformation of structures. This, in addition to imposing changes in the distribution of efforts, can also be a determining factor in the occurrence of unenviable events, such as accidents and incidents involving people or equipment.

1.1 Shipbuilding steels

In order to guarantee the durability of ship structures, shipbuilding steels, unlike general purpose steels, which are only guaranteed for their chemical composition, according to Usiminas (2020), shipbuilding steels for the construction of rings and blocks require mechanical properties to be guaranteed in environments with a high degree of aggression, according to those belonging to the CX corrosivity category of International Standard 12944-2 (2017). Another specificity of naval steel is that in addition to being governed by ASTM International A131/A131M (2019), it also needs to be certified by the main international classification bodies, such as:

	➢ American Bureau of Shipping (ABS);


	➢ Bureau Veritas (BV);


	➢ Det Norske Veritas (DNV);


	➢ Germanischer Lloyd (GL);


	➢ Lloyd’s Register of Shipping (LR);


	➢ Nippon Kaiji Kyokai (NK);



The classification societies also have the task of establishing minimum specifications for naval steels for structural applications, which the shipowner must comply with. In order to fulfil these requirements, manufacturing processes, heat treatment and deoxygenation methods are controlled. These controls also extend to the chemical composition of the material and the minimum values for tensile strength, yield strength, elongation and shock resistance; it is also necessary for the metal part to have good resistance to fracture and good weldability (de Brito & Gordo, 2004).

The physical, chemical and mechanical properties inherent in steels with structural applications allow them to be divided into two groups, as mentioned by Misra (2016): current unalloyed steels and high-strength steels. The first group is designated by grades A, B, C, D and E, which are different from each other due to the chemical composition and microstructure of the material, although they have the same values for tensile strength, yield strength and post-rupture deformation. Another parameter for distinguishing the grades of naval steel is the capacity to absorb energy in the presence of notches, which varies depending on the magnesium content, the method of deoxidisation and grain refinement, and the heat treatment applied.

For high-strength steel grades, the distinction from current unalloyed steel grades, whose minimum yield strength is around 235 MPa, is made by the existence of three yield strengths, as shown in Table 1, and by the impact temperature. The latter varies from - 40 ºC to 20 ºC for current unalloyed steels and - 60 ºC to 0 ºC for high-strength steels.

Table 1. Yield strength for high-strength steels and impact temperature.



	AH
	32
	36
	40



	DH



	EH



	FH



	Yield stress
	315 MPa
	350 MPa
	390 MPa



	Impact temperature in degrees Celsius



	- 60
	- 40
	-20
	0
	20



	Steel grade



	-
	CS, E
	D
	B
	A



	FH
	EH
	DH
	AH
	-




Adapted from Misra (2016)

Thus, to guarantee the durability of the project, the choice of the grade of steel that will be used in the various structures that make up a ship is suggested by de Brito and Gordo (2004), that the criteria adopted should consider the place of installation or function and the thickness of the part. To illustrate this, ordinary carbon steel for shipbuilding can be used to make the ship's beams and their transverse elements, the deckhouse and internal floors. High-strength steels, on the other hand, are suitable for use in local reinforcement of gantry cranes for crane jibs, flare support and vessel mooring guide supports, for example (Misra, 2016).

1.2 Corrosion in the offshore environment

The offshore environments under the jurisdiction of the Brazilian government are typical temperate climate locations, categorized as extremely aggressive according to International Standard 9223 (2012), with mass losses ranging from 1,500 g/m2 to 5,500 g/m2 (low carbon steel) and 200 g/m2 to 700 g/m2 (zinc). Thickness losses are around 60 µm to 180 µm (low carbon steel) and 8.4 µm to 25 µm (zinc), in all cases, after the first year of exposure. The corrosive process is a way in which the material returns to its natural state and is described by Gentil (2017) as heterogeneous or electrochemical chemical reactions that occur between the surface of the metallic material, in general, and the corrosive medium. The ways in which this phenomenon occurs can be classified in terms of their morphology, causes or mechanisms, mechanical factors, corrosive medium and the location of the attack.

Morphologically, in the offshore environment, corrosive processes can occur around the weld bead, in a generalized way, and in cracks and alveoli, in a more common way. In processes involving welding, Zeemann (2013) describes that there is a preference for the corrosion process to be established in the welded regions, due to the occurrence of galvanic effects, residual stress and surfaces - gaps. In the first case, the occurrence is due to the difference in chemical composition between the base metal and the weld metal, associated with the presence of an aqueous medium (or the accumulation of precipitation - electrolyte), enhancing localized corrosion, especially intergranular corrosion. In the case of residual stress, this is greater in the weld region and favors the mechanisms of stress corrosion, fatigue corrosion and hydrogen embrittlement. Finally, surface effects can give rise to localized corrosion, which is caused by surface discontinuities in the weld region when not properly machined.

When the corrosive process is widespread, as shown by Pannoni (2015), the uniform loss of mass across the entire metal surface is noticeable, and can occur by electrochemical or chemical means (wet or dry). The high concentration of chlorides and sulfides in the form of salts present in the oceans are transported into the atmosphere and settle on exposed metal surfaces in offshore environments. Considering the high humidity in offshore environments, this becomes extremely aggressive: there is a high probability that the water present in the atmosphere will react with salts deposited on the surfaces of offshore metal structures. In view of this, important considerations in structural design, such as the choice of material, prevention and treatment of atmospheric corrosion, are associated with most of the problems involving metallic corrosion due to external exposure of primary and secondary structures on offshore platforms (Gentil, 2017).

In honeycomb corrosion (Figure 3), the surface is characterized by the formation of cavities with small diameters and great depths, which can lead to holes in the part (Ballesteros et al., 2009).



Figure 3. Alveolar corrosion.

It is common in semi-protective film-forming materials or with electrolyte deposition (seawater in suspension), or with the favoring of differential aeration, which consists of a type of corrosion caused by the difference in oxygen concentration in the electrolyte; that is, the higher the concentration, the more cathodic the region will be (ABRACO, 2017).

When material degradation begins in crevices, a concentration pile is formed, similar to the galvanic corrosion process. In this case, there is a difference in the concentration of ions or gases dissolved in the electrolytic solution between two regions of the same metal part, with deterioration in the region where there is a lower concentration of ions or dissolved gases (Callister & Rethwisch, 2020). Gaps are opening a thousandth of a centimeter (01) thick that are conducive to the entry and stagnation of electrolyte. Stagnation occurs between the openings in the metal part, which also serves as a deposit for dirt or corrosion products, providing conditions for dissolved oxygen to be exhausted in a localized way, starting the metal oxidation process in that region. This is possible due to the movement of electrons from electrochemical reactions to adjacent regions of the metal, where they will be reduced. Figure 4 shows this process occurring in a threaded connection along a fire-fighting line.



Figure 4. Corrosion in the threaded connection gap of a fire line.

In equipment where the gases produced are released into the atmosphere at high temperatures, the process known as hot corrosion can occur. Hot corrosion is an accelerated process of material deterioration when its surface is at high temperatures in the presence of contaminating salts. In overheated metal structures it is caused by the combined action of metal oxidation and the reaction of the oxide formed with salts (such as sodium and potassium) present in the air or deposited in the hot zones of the equipment. These salts give rise to a molten salt which, when it liquefies, destroys the protective oxide layer; and in cases where these salts combine with sulphur gas from burning fossil fuels, more complex and aggressive compounds are formed (Biava, 2019; Rijeza, 2020).

One of the ways to combat the deleterious effects of corrosion on offshore units is through maintenance teams or maintenance campaigns. Maintenance campaigns are large volumes of work carried out by a floating safety maintenance unit, with investments that can reach 220 million US dollars and are aimed at ensuring and re-establishing the integrity of oil and gas exploration and production platforms to guarantee the safety of people, navigation and environmental protection. However, in the decommissioning process these campaigns stop taking place and there is a reduction in the platform's maintenance teams, causing losses in managing the effects of the degradation of the installation and equipment, which become more severe the longer the unit remains on lease without producing (Agência Nacional de Petróleo, Gás Natural e Biocombustíveis, 2020; Agência Petrobras, 2022).

It should be emphasised that the integrity of ships and offshore platforms is one of the pillars needed to guarantee activities, whether in operation or in the decommissioning phase, and its absence is a cause for concern for oilfield operators, in terms of installation and process safety, social, economic and environmental issues. In addition, problems related to the mechanical integrity of the marine unit can result in delays to the schedule of decommissioning activities, or even make it temporarily impossible to exit the lease (Animah et al., 2016; Palkar & Markeset, 2012).


2. METHODOLOGY

The following is a case study of an oil platform in the process of being decommissioned, located in the Campos Basin, in the south-east of Brazil. The methodology applied to its development sought, through a bibliographical survey, to bring to the reader the types of corrosion that occur in this environment and variables such as human resources, prioritization of activities aimed at decommissioning the offshore unit and delays in the schedule for leaving the lease, which produce scenarios of severe corrosion of structures, equipment and accessories.

2.1 Bibliographic Research

The bibliographic survey considered published works on the shipbuilding industry and corrosion processes, with the aim of gathering information or prior knowledge on the problem of corrosion on offshore platforms undergoing decommissioning. With the aim of providing an up-to-date exploration of the subject, we opted to search for works published between 2017 and 2023; however, due to the relevance of certain older works to the research, they were also considered in this work.

2.2 Data collection

Data on the subject was collected from the Brazilian control bodies, as well as photographic records that would enable the reader to understand more. The data requested on the occurrence of events (accidents, incidents, records of non-conformities and others) dates from January 2015 to December 2021, requested through the Brazilian Federal Government's Access to Information portal and was directed to the operators of exploration and production fields, the Brazilian Navy and the ANP. However, based on the Brazilian Access to Information Law, some requests were not answered.

2.3 Acquisition and processing of data

The data on accidents involving the collapse of structures due to corrosion was obtained from the Oil Workers' Union of Northern Rio de Janeiro - SINDIPETRO NF. The trade union organisation proved to be an option for acquiring data, given the employer's legal obligation to notify the worker's union of accidents. The records collected were reports of accidents at work (CAT) that occurred between January 2015 and December 2021, the aim of which was to identify incidents whose triggering factor was related to corrosion of structures, equipment or fittings. After analysing the events, it was not possible to distinguish accidents whose contributing cause was corrosion of structures, equipment and accessories from those where this cause was not present. Therefore, the data obtained was not used in this research.

Between the end of the second half of 2021 and the first half of 2022, image records were acquired through visual inspection on an offshore platform undergoing decommissioning, which depict the problem of corrosion in offshore units undergoing decommissioning, with an average production time of 25 years, drawing an analogy with the references brought up in this research. The preliminary selection of the inspected locations took into account their proximity to the side, stern, and bow of the offshore platform, which are regions close to the waterline. Areas of dust and moisture accumulation, as well as structures with concentrated loads and different metals in contact, received special attention as they are preferred locations for corrosion development. The engine room was also considered for inspection because it contains fungicide emissions from fossil fuel combustion, chemical vapors, moisture, and salts captured by the ventilation system or from leaks in saltwater pipes that pass through the interior of the environment.

Finally, the choice to inspect an offshore platform in the Campos Basin took into account the largest number of decommissioning processes in Brazil, and the fact that most of its production systems are over 25 years old. In addition, for this work, an offshore unit was considered that was behind schedule in completing the activities necessary to enable removal from the location, which resulted in it remaining in the operating area for a longer period than planned, with a reduction in preservation and maintenance activities, as well as in-house and contracted labor.


3. RESULTS AND DISCUSSION

This section presents records of damage caused by corrosion processes on a platform undergoing decommissioning, as well as proposals for structural recovery or preservation of integrity. However, it is important to emphasize that, in the case of an offshore system undergoing decommissioning, the interest in the integrity of critical safety structures and systems, such as the fire ring, is focused on the safety of people, the installation, and the environment. Thus, the damage recorded is related to structural bonds, structural collapse, structural weakening, and deformations that compromise or may compromise the integrity of the system.

3.1 Structural collapse

The lighting systems of a unit are designed to ensure good visibility in sheltered areas or at night. To ensure the continuity of the services necessary for decommissioning, they must be kept intact and in good working order, at least until the final destination of the offshore platform, unlike what occurs in Figure 5. In both cases, there was corrosion of the flat plate connected to the structure, base of the metal pole, causing severe loss of mass at the base of the poles (A1 and B), as detailed in “A2.” In addition, in “A1,” in the area highlighted in red, there is evidence of severe corrosion at the connection between the equipment support and the metal pole.



Figure 5. Collapses due to corrosion of the base of metal lighting poles.

Given its importance for the continuity of activities, in order to recover the structure, the areas affected by corrosion (including the floor) must be cleaned by mechanical treatment (using a pneumatic descaler, commonly known as a pneumatic needle scaler, or sander), replacement of the flat plates at the base, and painting. It is important that the weld beads on the base are finished in such a way as to prevent the accumulation of electrolyte and solids.

Below, Figure 6, in the riser receiving area, which is located near the physical boundaries of the offshore unit, “A” shows the corrosion-induced weakening of the cylindrical support of a decommissioned oil line, causing it to rupture and forcing the flanges (details A1 and A2) to support the section of the line. In “B,” the damage was more significant in the regions of the spool weld bead, which tend to accumulate dirt and electrolyte, completely compromising the line's load-bearing capacity, which needed to be shored up with tubular profiles. Considering that in both cases there is no interest in recovering the structure, which has already been decommissioned, the risk of structural collapse can be mitigated by cutting and removing it.



Figure 6. Damage to lines and accessories.

3.2 Deformations

The fire ring, Figure 7, is responsible for the forced flow of water to fight fires in fixed systems, such as deluge, hydrants, manual and automatic cannons. In the section of the fire ring on the main deck of the marine unit, near the side of the platform, lateral buckling and twisting of the “U” profile (records B and C) occurred, which supports the lower generatrix of the section. Although the profile is painted, corrosion is noticeable in the bending region of the flange (record B) welded to the vessel's floor, where there is a concentration of stresses. In the detail shown in “C,” a crack area can be seen in the metal profile, with the rupture occurring at the right end of the “U” profile.



Figure 7. Deformation and crack in metal profile.

To avoid overloading the support by redistributing loads, precisely in the displacement of the section of the line that results in increased stress, the failed structural element can be replaced by another non-metallic support, fixed with epoxy resin, for example.

In the section of the fire ring inside the engine room—an area subject to fungicidal gas emissions (CO, CO2, and H2) from equipment, high temperatures, and humidity—although damage has not yet occurred in registers ‘A’ and ‘B’ in Figure 8, the deformation of the angle iron that supports part of the fire ring section imposes bending stress on the bolt connecting the clamp and angle iron, where the greatest amount of mass loss is observed on the flange in contact with the lower generatrix of the piping. It is important to note that the actions to which the structure is subject are not only due to the weight of the ring section and the water column inside: the forces generated by the transfer of fluid mass and vibrations transmitted by the operation of the fire pumps when the system starts up must also be considered.



Figure 8. Screw bending and deformation of the angle bracket supporting the spool.

Given the possibility that the plastic patella of the angle iron supporting the detached section of the ring has already formed and the loss of mass has been verified, it is feasible to shore up or suspend the spool using hoists so that the lower angle iron can be replaced. The vertical angle brackets and clamp must be mechanically treated with a pneumatic needle scaler or sander and painted for corrosion protection, as well as the new one to be installed. The connection bolts need to be replaced and a strip of polymeric material must be applied to the inside of the clamp, as well as to the flange of the angle bracket that is in contact with the lower generatrix of the spool.

Closing the topic on deformations, Figure 9 shows the conveyor belt of an offloading line, responsible for its accommodation and transfer, loaded with its own weight, the weight of the trolley (A1, orange arrow) and the weight of the offloading hose, indicated by the yellow arrows at ‘A’ and ‘B’. The structure shows signs of corrosion along its entire length, with the section indicated at B showing the most severe damage. This is because the concentrated load, together with the loss of mass due to excessive proximity to the support region, favoured the phenomenon of crippling of the structure, which can be interpreted as a localised failure caused by the ‘crushing’ of the web.



Figure 9. Crippling in the conveyor belt column of an offloading line.

In this case, the decommissioning of the offshore unit is in the stage of cleaning, inspection and repair of the cargo tanks, when necessary. In view of this, offloading operations have been suspended. Therefore, considering the reduction in available manpower and the expectations for removal of the platform from the location, it is recommended to remove the offloading hose, conveyor rollers and trolley, in order to reduce the load on the structure. As for the clipping of the structure, the section of the conveyor belt from the downstream column to the upstream column can be removed, considering the failed column as a reference, reducing the consumption of man-hours worked for the planning and execution of the activity.

3.3 Degradation of structural connections

Connections in metal structures are areas that deserve close attention in extremely aggressive environments. These are areas that, when designed abnormally, i.e., without finishing or openings that prevent the accumulation of solids and water in crevices, are prime locations for corrosion to occur. In Figure 10, the truss structure receives loads from part of the floor of a production module and equipment on it. In the first detail highlighted, A, the top of the vertical bar, unlike the original configuration, remains restricted to vertical displacement only. In ‘B’, the node at the base of the structure highlighted, the loss of mass due to the advanced corrosion process resulted in the loss of the bond at the lower end of the diagonal, allowing the displacements proposed by the arrows drawn in ‘B’. To mitigate the problem, tubular profiles were used to prevent displacements in the structure.



Figure 10. Degradation of welded connections and changes in structural bonds.

In order to prevent the overall collapse of the structure, it is necessary to carry out the service design for: cutting the segments with mass loss; mechanical treatment of the top base region and other necessary points; replacement and welding of the removed segments, paying attention to the weld bead finishes that favour water drainage; painting and application of hydrophobic coating on the truss nodes.

Similar to what occurred in Figure 10, the space truss located in the middle of the offshore platform, Figure 11, upper deck, shows almost total degradation of the node at a high height of the space truss, formed by welded profiles. One of the functions of this structure, formed by welded H-profiles, is to receive the loads transmitted by equipment on the grating floors. In this case, tubular profiles were also installed to prevent the node from shifting. To eliminate the risk of global collapse of the structure and the possibility of damage to people and equipment, as well as to the environment, the same process suggested in Figure 10 can be applied.



Figure 11. Local failure in the spatial truss node due to excessive mass loss caused by corrosion. Figure 1.

3.4 Damage to floor plates, grates and beams

The plates used for floors on decommissioned platforms are also subject to corrosion, as shown in Figure 12. As a palliative solution, loose metal plates were placed on the floor, which does nothing to prevent the advance of widespread corrosion and loss of mass, responsible for the opening of cracks in the module floor plate. This situation can become a real trap for users, who, unaware of the extent of the damage to the structure, will have their perception of risk reduced due to the false sense of security conveyed. Therefore, it is essential to assess the extent of the damage caused by generalized corrosion, removing and replacing areas with significant loss of mechanical strength, in addition to performing mechanical treatment and painting.



Figure 12. Effects of corrosion on metal floors and beams.

It should be noted that covering the module floor with aluminum sheets without performing the appropriate treatment will make it difficult to visualize the progress of the corrosive process and, consequently, to satisfactorily assess the structural safety of the floor and structures connected to it.

Figure 13 also reports problems involving the structure's floor, but this time related to grating floors. In the first record, A, there was total degradation of the flanges and part of the web of the continuous beam, which receives the loads transmitted by the grating floor. With the damage caused by corrosion in the weld area, only part of the web area remains attached to the frame. In the second case, B, there was degradation of the weld between one of the landing beams and the adjacent beam. As a result, the ends of the profiles, where the connection was broken (the parts are only touching), now behave as ‘free’, allowing vertical and transverse displacements, as detailed in ‘B’. As a secondary effect, twisting may occur in the landing and step grating, producing tensile stresses in the fastening clamps of the landing floor grating and twisting in the bolts connecting the beams and steps.



Figure 13. Corrosion failure at the beam-column (A) and beam-beam (B) intersections.

While record ‘B’ will require removal of the affected section, mechanical treatment, replacement of the removed part and painting; in ‘B’ it is possible to adopt structural reinforcement, after adequate treatment of the corrosion, by gluing or welding flat plates and/or angle irons to the web and/or flange of the beams, according to the analysis made by the designer, taking the necessary care in the finish to avoid water accumulation at the intersections of the structures.

3.5 Puncture in corroded structure

Some damage to metal structures occurs outside the field of vision of facility users, as they are in places that are difficult to access or at high altitudes, such as the case of the “witch's hat” over the hot gas discharge opening of an offshore turbomachine, as shown in Figure 14. In this case, the heated gases produced by the combustion of fossil fuel in the turbo compressor triggered the process of hot corrosion in the equipment's exhaust, producing widespread corrosion and reducing the mechanical strength of the material. The consequence of this was a puncture in the shell (B), which had to be removed (C) so that wind loads would not blow it onto people and equipment on the oil platform.



Figure 14. Puncture in metal shell.

Although the assessment of the integrity of elements such as the “witch's hat” is hampered by its location, it is possible to use drones with cameras to view and assess damage to structures such as this.


4. CONCLUSIONS

The decommissioning of offshore units is a complex activity that requires the interaction of various areas of engineering and raises certain concerns among operators of exploration and production fields. This concern is not only due to the high costs involved in the process, but also to schedule delays, environmental issues, structural integrity, and industrial safety. This paper addressed the issue of loss of structural integrity or failures, both of which are the result of corrosion processes in an extremely aggressive environment on oil and natural gas exploration and production platforms, resulting in structural collapse, deformation, loss of structural connections, and the emergence of stresses not considered in the normal operation of the structures, which can cause serious problems in the routine operation of the offshore unit.

Visual inspections of parts, accessories, and structures revealed the severity of the corrosion process in an extremely aggressive environment, intensified by the decommissioning phase of the offshore unit. As a result, there are risks of structural collapse and the possibility of harm to workers and the environment, which must be controlled to avoid consequences resulting from workplace accidents. Such incidents can cause delays in the decommissioning schedule of the offshore unit due to pending issues imposed by regulatory agencies, embargoes or interdictions, as well as legal proceedings related to compensation claims and the repair of workers' physical integrity.

Finally, considering the importance of protecting the integrity of workers and preventing accidents and incidents on the offshore platform being decommissioned, it is essential to maintain actions aimed at controlling corrosive processes, recovering structures or, when necessary, removing them, if these do not generate negative impacts on activities essential to decommissioning. Thus, to prevent undesirable events from occurring in these units, it is essential to train and maintain teams specialized in analyzing risks associated with corrosive processes, as well as to implement control measures that act as barriers to eliminate or minimize the risks inherent in these accident scenarios. These actions are crucial to prevent damage to the health of workers, the environment, and the company's assets, in addition to safeguarding its image before investors and competent authorities.
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