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In major-accident hazards plants, regulated by Italian Legislative Decree 105/2015 (implementing European Directive 2012/18/EU), all significant events (accidents and near misses, but also anomalies and non-conformity) occurred in the last decade are reported in a specific legislative format called “operational experience”. Since 2016, these documents have been collected by National Institute for Insurance Against Accidents at Work (Inail) into a specific repository named EsOpIA (Operational Experience and Artificial Intelligence) that applies Machine Learning (ML) techniques to automatically extract and classify concepts and relations and makes them available for sharing among different stakeholders. The archive contains over 6000 reports, used for research purposes. Starting from the data collected in EsOpIA, this study presents a first Italian characterization based on accident, near misses and anomalies occurred in upper-tier Seveso establishments since 2000. The type of event, the critical equipment and barriers implemented are considered. This analysis is not merely statistical; rather, a new approach to studies at different levels of detail, taking advantages by NLP (Natural Language Processing) and ML capabilities. Results contribute to support establishments’ operators and Seveso inspectors and to improve plants’ safety by developing specific methodologies and guidelines. 
Introduction 
The management of accidents and near misses originates in specific industrial sectors (aeronautical, nuclear, and chemical) characterized by a lower number of events but catastrophic consequences (Gnoni and Saleh, 2017). In facilities with major accidents hazards, regulated by Legislative Decree 105/2015 (implementing European Directive 2012/18/EU, known as Seveso Directive), such events result in the loss of containment of hazardous substances, and their evolution is correlated with the functioning of technical, organizational and managerial barriers, both preventive and protective ones. The Seveso Regulation requires that the management of significant events be integrated into the broader Safety Management System (SMS) that is verified by Public Authorities and implemented based on a well-defined methodology. In Italy, the Operational Experience (OE) format is used by establishment’s operators to record and analyze events that have occurred in their plant or in similar facilities over the last decade. Since 2016, these documents have been collected and analysed by Inail (National Institute for Insurance against Accidents at Work) through EsOpIA (Operational Experience and Artificial Intelligence) a document archive which uses Artificial Intelligence (AI), particularly Machine Learning (ML) and Natural Language Processing (NLP) techniques. EsOpIA is currently the only ontology-based repository not only of accidents, but also of near misses, anomalies and non-conformities recorded in establishments subject to the Seveso Decree. AI techniques, particularly ML, are used to extract insights from large amounts of data. Previously, Kurian et al. (2020) applied ML to define a custom library that more efficiently supports incident reporting methods; Paltrinieri et al. (2019) suggested a risk assessment approach based on ML, Xu and Saleh (2021) provided a detailed overview of different categories of ML and the related models and algorithms used in in reliability and security applications. 
Objective 
The use of EsopIA enables knowledge sharing and supports the proactive prevention process, particularly for major incidents, through access to a structured knowledge system. EsOpIA has been designed to provide stakeholders, including inspectors, operators, and workers, but also researchers, with knowledge support on safety matters. During a problem analysis, indeed, information about similar events can be useful to understand how it has been dealt with and resolved elsewhere. Another scope of using EsOpIA is to be able to make a transversal analysis on how some "historical/traditional" risks are still present and what are the barriers that intervene to avoid or mitigate the consequences (Ansaldi et al. 2018). A more innovative use is the possibility of intercepting emerging risks. Examples of new risks are the presence of new substances that interact with old materials, or new substances with new materials or changes due to climate change (e.g. rain, storm) or electrical risks (Vallerotonda et al., 2022). Unlike the studies conducted so far, the aim of this article is to provide an initial overview of the accidents, near misses, and anomalies that have occurred in the Italian Seveso plants since 2000 and collected in the EsOpIA repository. EsOpIA can extract that information because is based on ML techniques and an ontological model that interprets the concepts at the same way, those common and relevant to the context (loss of containment, equipment, people) and those “outside” the context.
Materials & Methods
Documents in EsOpIA
EsOpIA is the archive, organized and supported by Inail, gathering the major accidents and the operational experiences (incidents, near-misses, and anomalies) occurred in Italian upper-tier Seveso establishments, a few reports on pressure equipment failure inside Italian companies and post-accident reports. EsOpIA repository, in November 2025, counts 6192 documents, shared as follows: 4 major accidents, 165 pressure equipment failure documents, 6023 operational experiences. Pressure equipment failure reports are a collection of a few of Local Health Agencies in Italy and describe the damage of the pressure equipment and their causes, while the other documents are related to the Seveso world and are organized into special formats.
Inail is one of the technical Body for the Competent Authorities responsible for the implementation of Decree 105/2015; its technicians are members of specific commissions responsible for evaluating the adequacy of the SMS and collecting post-accident information to the European Commission. During the SMS’s Seveso inspections, the establishments’ operators provide the inspectors with the OE occurred in the last ten years inside their plant. The OE reports have been collected through periodic surveys conducted by Inail respect to SMS’s inspections. The surveys cover three years of inspections at a time, in accordance with the national three-year plan and the annual regional planning. Since the Decree came into force, the last survey has been conducted in 2023, but the archive is also periodically updated following inspections thanks to the contribution of the inspectors, this paper refers to the archive updated to December 2025. Finally, the available operational experience reports contain events recorded by operators for the last 10 years of operation at their own facility or at similar facilities starting from 2000, thus EsOpIA provides an overview of at least twenty years of events at the Seveso plants.
EsOpIA model 
The search functionalities are through natural language and filters based on the model excerpt entities, to automatically extract information and, hopefully, knowledge from the documents, ML techniques are applied. EsOpIA model, described in detail by (Ansaldi et al. 2021), contains the main representative concepts used in the reports, that are the following entities: EVENT, APPARATUS, SUBSTANCE, BARRIER, PEOPLE, and ACTIVITY. EVENT describes what occurred and is specialized into the following sub-entites: LOSS of containment; FAILURE referring to failure, damages and any errors or wrong actions; DETERIORATION deal to defects and mechanisms that cause integrity problems or decrease efficiency; MAJOR the events that have the potential to generate major accidents; SUCCESS refers to positive events that made a contribution to interrupt the incident escalation. APPARATUS entity has two sub-entities: EQUIPMENT and COMPONENT, this latter is part of the former. SUBSTANCE mainly refers to the hazardous fluid involved. BARRIER refers to technical (e.g. devices) and organizational barriers (e.g. procedures) involved. PEOPLE indicate the role of people mentioned in the report, and ACTIVITY describes which work was taking place when the event occurred. The excerpt entities (the words in the text) are, therefore, the instances of the ontological entities. The entities, however, are not sufficient to fully represent the story contained in the report; indeed, words are part of the speech, but without any specifications it is impossible to understand if they have significant or irrelevant role in the story. Thus, the ontological model EsOpIA is compounded also by the following relationships: RELATED_TO a generic relation, PART_OF a connection between entities, INVOLVES related to a substance, and CAUSES describing causal connections between events. The ML adopted, ©IBM Watson Knowledge Studio, is a supervised method; experts in Seveso matters trained the system annotating entities and relations in a sample set of documents (Ansaldi et al 2021). Annotation is an iterative process that ends when ML system reaches significant level of learning, through evaluation of a few parameters, including precision, recall and measure of predictive performance (F1 score). Thus, this model is deployed and used in EsOpIA archive and search application.
Results 
To provide a comprehensive overview of the Seveso sector based on the near misses collected in EsOpIA, the type of event, the critical equipment and barriers implemented have been considered. Seven macro-sectors have been individuated, starting from type of industrial activity defined in Italian Decree (Section 4.1); for each macro-sector, the main events closely related to a potential accident have been researched (Section 4.2). For equipment, a detailed search on tanks and pipelines has been conducted (Section 4.3). One of EsOpIA’s peculiarities is the automatic recognition of relationships among entities, particularly the cause relationship (CAUSES) allows user to extract what caused an event, an example has been reported in Section 4.4. The search has been conducted in natural language. From the total returned documents, only those classified as “Near Miss” (i.e. OE reports) have been considered, applying the filter on document type. 
Seveso establishments and documents in EsOpIA 
In Italian Seveso legislation (Annex V) 39 industrial typologies are defined; however, some affinities among them exist, thus, the authors grouped them into  7 macro-sectors (MSs). In MS1 metal processing and treatment have been considered; MS2 refers to the industrial activities involving oil and petroleum products, MS3 describes activities working with chemicals and related products, LPG/LNG are collocated in MS4,  MS5 macro-sector involves explosives and pyrotechnical goods, MS6 deals with waste management and MS7 refers to activities not considered in the previous sectors, including the "Other" item indicated by the Decree. Table1 provides an overview of the establishments and their OE’s reports in EsOpIA. For each MS, it shows: the types of industrial activities as described in Annex V of Italian Decree (second column); the total of upper tier establishments in EsOpIA and, in brackets, the number of those ones notified according to Italian legislation (third column) according to internet Seveso Portal; the total of OE documents stored in EsOpIA (fifth column). The percentage contribution of establishments in EsOpIA and EO documents is indicated in columns 4 and 6 respectively.

	MS
	Macro-sector 
(Activities in Annex V Decree 105/2015)
	EsOpIA’s
establishments
	Establ./total
(%)
	OE
in EsOpIA
	OE/total
(%) 

	MS1
	Metal processing and treatment
 (4, 5 , 6, 7)
	16 (29)
	5%
	140
	2%

	MS2
	Oil & Petrochemical
(8, 9, 10)
	45 (60)
	14%
	897
	15%

	MS3
	Chemical
(17,18, 19, 22, 23, 24, 38)
	129 (176)
	41%
	3428
	57%

	MS4
	LPG/LNG
(13, 14, 15)
	61 (111)
	20%
	506
	8%

	MS5
	Explosive
(11, 12)
	15 (26)
	5%
	161
	3%

	MS6
	Waste
(20, 21)
	8 (11)
	3%
	143
	2%

	MS7
	Other
(1, 2, 3, 16, (25 ÷ 37), 39)
	38 (92)
	12%
	707
	12%

	
	TOTAL
	312 (505)
	100%
	5982
	100%


Table 1: Italian Seveso establishments and their contribution in EsOpIA

The total number of documents 5982 is lower than the OE reports in the archive (6023) because mining activities (41) haven’t been considered in this paper. Compared to the total number of notified establishments in each MS, those present in the repository are in the most cases almost 50% of the total. It is reasonable to deduce that the documents collected are elevated if the number of inspections is the highest. Furthermore, every MS is a grouping of activities: MS2 includes both refineries and the energy and fuel storage sector, MS3, in addition to chemical plants, also contains pesticide and fertilizer, and pharmaceutical plants. MS4 includes highly standardized activities in which the OE sheets contain frequently reports of historical accidents that occurred in similar warehouses in European and non-European countries, but they are not included in EsOpIA. MS6 is a relatively new area, so the total number of documents is lower than the others. The large number of documents in MS7 suggests the need for more in-depth analysis, particularly in relation to logistics and distribution activities or "Other Activities" category, which may include significant events with lesser-known characteristics than the more generally studied sectors.
Search starting from types of events 
The EVENT concept is the starting point of this search, it is always present in the documents, because is the reason of itself document existence. In this study, a general search has been reported, and the the number of documents related the events “loss of containment”, “failure”, “fire” and “explosion” have been considered. By searching these terms, the total number of documents is: Loss (1701), Failure (401), Fire (612) and Explosion (58). As mentioned above, only documents related to OE have been considered; thus, after the application of the filter “Near Miss” on document type, the results are the following: Loss (1636), Failure (393), Fire (447) and Explosion (53). 
The results provide a first overview of the situation in the MSs, it is possible to refine the search to better characterize the events.
A first overview of the situation in the MSs related to the near misses associated to general loss, failure, fire and explosion for each MS has been shown in Table 2. 
Table 2: OE’ documents for macro-sectors 
	MS 
	Loss
	% OELoss
	Failure
	%OEFailure
	Fire
	%OEFire
	Explosion
	%OEExpl

	MS1
	
	39
	2%
	18
	5%
	33
	7%
	4
	8%

	MS2
	
	317
	19%
	46
	12%
	110
	25%
	0
	0%

	MS3
	
	950
	58%
	209
	53%
	134
	30%
	29
	55%

	MS4
	
	130
	8%
	74
	19%
	53
	12%
	7
	13%

	MS5
	
	11
	1%
	3
	1%
	34
	8%
	7
	13%

	MS6
	
	32
	2%
	3
	1%
	32
	7%
	0
	0%

	MS7
	
	157
	10%
	40
	10%
	51
	11%
	6
	11%

	Total (NM)
	
	1636
	100%
	393
	100%
	447
	100%
	53
	100%



The highest number of documents is associated to “loss of containment”, research could be refined by identifying the types of loss and their extent. MS3 shows the highest number of undesirable events; this result is aligned with the greater number of records in the archive and of establishments. Reasonably, the number of explosions is low because they are generally associated to major accident and not to near misses. Regarding fires, the search also includes documents that mention the start of a fire. Even in the case of “failure”, more information would be available by identifying specific equipment. 
Among events that lead to a loss of containment there are deterioration mechanisms, so the search with the terms “corrosion” (286), “wear” (226), “crack” (110), “fatigue” (36) and “thinning” (5) has been considered. Corrosion has been examined in depth, identifying 242 OE documents. The search has been refined by considering the equipment that appears most frequently: piping, tank and pump. 
The results are shown in Table 3. 

Table 3: Corrosion related to specific equipment
	MS 
	Pipeline
	%Pipeline
	Tank
	%Tank
	Pump
	%Pump

	MS1
	0
	0%
	1
	0%
	0
	0%

	MS2
	24
	10%
	10
	4%
	11
	5%

	MS3
	43
	18%
	40
	17%
	29
	12%

	MS4
	4
	2%
	3
	1%
	0
	0%

	MS5
	0
	0%
	0
	0%
	0
	0%

	MS6
	0
	0%
	0
	0%
	0
	0%

	MS7
	6
	2%
	1
	0%
	3
	1%

	Total (NM)
	77
	32%
	55
	23%
	43
	18%



OE documents recording corrosion show that pipelines are the equipment with the highest percentage. The results suggest further investigation into the causes, especially if related to maintenance and aging monitoring. For MSs with a zero percentage, it is necessary to investigate the specific equipment reported in the documents. Finally, further research has been carried out on the barriers. It was searched the generic event “failure”, EsOpIA identifies 941 total documents which became  884 documents applying the filter “Near Miss”.
Subsequently, the most frequent technical barriers that failed have been investigated, including the fire prevention system. The number of events that have reported a failure of fire prevention system for each MSs is: MS1(0), MS2(3), MS3(12), MS4(17), MS5(0), MS6(1) e MS7(0). Despite the high value found for MS3, it is still low when considering the types of activities and the number of registered documents.
Search starting from equipment 
The analysis of critical technical systems is an aspect of safety management related to the specific equipment involved in accidental or unintended events. An example of search in EsOpIA starting from specific equipment or components has been shown in this paper. The generic term “Tank” has been searched and EsOpIA has identified 2496 documents and selects 2465 applying the filter to OE documents. Another filter on type of event has been applied selecting deterioration, failure and loss of containment. For each one, the more frequent events are considered. The same search has been conducted by searching “Pipeline” (1018) documents containing the term in EsOpIA and 902 related OE documents. Results of more frequent events related to deterioration, failure and loss of containment for tanks and pipelines are shown in Table 4. For tanks, the analysis can be refined for different types of corrosion (acid, external, under-insulated, interstitial, etc.). As for leaks, different terms can be found in the data sheets to indicate the same thing, and it's important to pay attention to usage and synonyms.

Table 4: Frequent events related to tanks and pipelines
	Equipment
	Deterioration
	Failure
	
	
	Loss
	
	
	

	
	Corrosion
	Wear
	Thinning
	Damage
	Collapse
	Rupture
	Hole
	Leakage
	Release
	Spillage

	Tank
	81
	79
	43
	138
	70
	
	67
	596
	241
	342

	Pipeline
	102
	29
	72
	56
	
	198
	70
	314
	316
	134



CAUSES relationship
Starting the search from the generic event “leakage”, word classified by the system as an individual of LOSS entity, EsOpIA identifies 1109 documents containing this term and which belongs to the CAUSES relations, 1 major accidents, 10 related to pressure equipment failure, the others (1098) are operational experiences. Using the filters it can have an overview of the causes, the equipment, the consequences, and the barriers involved. Most deterioration mechanisms caused loss of containment (leakage) including corrosion (62), cracking (36), wear (31), obstruction (15), vibration (13), mechanical stress (9), aging (5). Looking at the equipment involved in the corrosion mechanism, pipeline (30) is the most frequently affected, followed by tank (17) and reactors (10). A few consequences are beginning of fire, controlled by the intervention of workers with the appropriate fire-fighting devices. It is also interesting look at the terms classified as SUCCESS events, they reflect the recognition of this event (e.g. notice, detect, intercept) other refer to intervention and alarm actions (e.g. raise the alarm, warn, interrupt, prompt recovery, report).
Conclusions 
This study is the first Italian analysis of events of varying severity occurring in process plants using an ontology-based document archive. Starting from the documents in EsOpIA, the results are not statistically processed, but are information obtained through analyses that take into account the entity-relationship model on which the repository is based. It is therefore a starting point for targeted or multi-level detailed investigations using NLP and ML capabilities. It should be noted that the number of documents associated with Seveso activities does not necessarily indicate that a specific MS has recorded a higher number of near misses; only an analysis of the individual documents can confirm or deny this inference. A high result may reflect greater sensitivity in detecting and recording near misses and a higher level of safety culture. The results show that the macro-sector with the largest number of documents is the chemical sector (MS3), and therefore it can also be considered the most representative of the activities covered within it. The high number of documents in MS7 suggests the need for more in-depth analysis, particularly in relation to logistics and distribution activities and the "Other Activities" category, which may include events with lesser-known characteristics than the more widely known and regularly studied sectors. For all searches, the terms used for the search may seem obvious and too general both the context and the archive's capabilities, but this was a deliberate choice to show the overview of the study. 

Nomenclature
AI – Artificial Intelligence, EsOpIA - Operational Experience and Artificial Intelligence, ML – Machine Learning, MS – Macro-sectors NLP – Natural Language, OE - Operative Experience, Process, SMS Safety Management System
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