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Abstract: The research summarized in this article highlights that tunnelling operations represent some of
the most complex activities in the construction sector, regarding both technology and occupational health
and safety. The underground environment, confined working space, use of high-power equipment,
mechanized transport, hyperbaric conditions, and the need for interventions within the excavation chamber
give rise to specific occupational risks. The study analysed the responsibilities of the parties involved in the
project, site organization, and the key technological processes that can impact worker safety. Furthermore,
risks associated with each execution phase were identified and evaluated, and technical, organizational, and
procedural measures were established to reduce risk levels and protect personnel. The results demonstrate
that the use of TBM technology significantly contributes to mitigating risks specific to conventional
excavation methods by limiting workers' direct exposure to the excavation face, reducing ground instability,
and increasing process automation. However, this technology introduces new challenges regarding risk
management related to working in confined spaces, ventilation, atmospheric monitoring, hyperbaric
operations, and emergency management.

Keywords: Tunnel Boring Machine (TBM), Occupational Health and Safety (OHS), risk analysis, Kinney
method, company-specific OHS plan.

1. Introduction

Compliance with occupational health and safety legislation is an essential component of conducting
economic activities safely and efficiently [1], [2]. In this context, Government Decision no. 300/2006 [3]
regarding minimum health and safety requirements for temporary or mobile construction sites plays a
fundamental role in regulating the responsibilities of all parties involved in construction work—from
investors and designers to contractors and workers. This decision establishes a clear framework for
mandatory occupational risk prevention measures, site organization requirements, and the conditions for
cooperation and coordination among the various entities carrying out simultaneous activities on the same
site. Failure to comply with legal provisions can lead not only to the imposition of sanctions but also to
serious workplace accidents, with consequences for the health and lives of workers as well as for the
execution of construction projects.

In the construction sector, characterized by a high level of occupational risk, the development and
implementation of the Specific Health and Safety Plan (PSS) constitute both a legal obligation and an essential
measure for preventing workplace accidents and occupational illnesses. In accordance with the provisions of
Government Decision no. 300/2006, this document must be prepared by every contractor carrying out activities
on the construction site and continuously adapted to the specific nature of the work, the identified risks, and the
actual conditions under which the activity takes place. The importance of the PSS lies in the fact that it serves
as the primary operational tool for planning, coordinating, and controlling health and safety measures
throughout the execution of the works [3]. The plan includes an analysis of risks specific to each work phase,
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prevention and protection measures, the responsibilities of the individuals involved, emergency response
procedures, and the coordination mechanisms among all participants in the execution process [4].

The subject of this research is the substantiation and development of the specific Health and Safety Plan
for the construction of the Poiana Tunnel, part of the Al Sibiu-Pitesti Motorway project (Section 3:
Cornetu-Tigveni). This project represents one of Romania's most significant road infrastructure investments,
forming an integral part of Pan-European Corridor IV, which ensures connectivity between Central and
Western Europe and the Port of Constanta.

Site organization is a fundamental component of occupational health and safety management in tunnel
construction. When TBM (Tunnel Boring Machine) technology is employed, site organization takes on
particular importance due to the complexity of the technological process, the specific conditions of the
underground environment, and the interdependence between surface operations and activities carried out
inside the tunnel [5].

Unlike conventional construction sites, where activities take place in open areas allowing for great
flexibility in workspace organization, tunnel construction involves confined spaces with limited evacuation
options and a constant reliance on the operation of auxiliary systems [6]. Consequently, the site layout must
be designed to allow excavation, transport, installation, and supply operations to proceed simultaneously
without creating additional risks for personnel [7].

As excavation progresses, site organization must be continuously adapted to changing working
conditions. The advancement of the tunnel necessitates the progressive relocation of temporary facilities, the
updating of access routes, and the reconfiguration of operational areas. This dynamic requires periodic
inspections and the continuous reassessment of risks associated with underground activities [8].

The ventilation system is a defining element of TBM tunnelling operations. Unlike surface-level works,
where natural air exchange aids in the dispersion of pollutants, air quality in the underground environment
depends entirely on the efficiency of the ventilation systems [9]. These systems must ensure a supply of fresh
air, the removal of dust particles and gases generated by operational activities, and the maintenance of
environmental conditions suitable for work activities. From this perspective, ventilation is not merely a
technical utility but an essential measure for preventing occupational risks [10].

These specific features necessitate the rigorous identification and management of occupational risks as
early as the work planning stage. In this context, developing a specific Health and Safety Plan tailored to the
project's characteristics is essential for conducting operations safely and for protecting the lives and health of
the workers involved in the tunnel's construction [11].

Failure to properly prepare and implement the PSS plan can lead to serious incidents resulting in human,
material, and financial losses, as well as the imposition of sanctions by competent authorities. At the same
time, a well-developed security plan fosters a prevention-oriented organizational culture by raising
awareness and instilling a sense of responsibility among all those involved in the work process [12].

The Site-Specific Health and Safety Plan should certainly not be viewed merely as an administrative
document, but rather as a risk management tool tailored to the dynamics of the construction site and the
specific characteristics of each project. Its proper implementation aims to reduce occupational risks, prevent
workplace accidents, and ensure a safe working environment for everyone involved in the project [13].

2. Analysis of technological execution processes in relation to worker health and safety

2.1. Brief project description
The Sibiu—Pitesti Motorway is an integral part of Pan-European Corridor 1V, which traverses Romania
from west to east along the Nadlac—Arad-Timisoara—Lugoj—Deva-Sibiu—Pitesti-Bucharest—Constanta route.
The route of Section 3 of the Sibiu—Pitesti Motorway runs between the localities of Cornetu and Tigveni—
spanning from km 44+500 to km 81+900—with a length of approximately 37.40 km. This section lies within
the administrative territory of two counties:
e Arges County;
e Vélcea County.
The Poiana Tunnel is located between km 60+021 and km 61+721, and has a length of 1.7 km, double
track, which means a total length of 3.4 km, of which:
e natural tunnel length 1.7 km;
o artificial tunnel length of approximately 116 m for both ways (approximately 70 m for Sibiu
Portal and approximately 46 m for Pitesti Portal).
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The average elevation of the tunnel is 775 meters above sea level. Within this motorway section, the
Poiana Tunnel represents one of the most complex infrastructure projects undertaken in Romania, both
technologically and from the perspective of occupational health and safety management. Constructing the
tunnel using TBM (Tunnel Boring Machine) technology involves carrying out operations in a complex
underground environment characterized by specific risks associated with working in confined spaces,
mechanized transport, high-power equipment, artificial ventilation, hyperbaric conditions, and interventions
within the excavation chamber.

The Poiana Tunnel (Fig. 1) will be constructed by excavating two galleries—one for each track—with
the following main characteristics, in accordance with the Technical Requirements:

e carriageway width: 8.5 m;
e sidewalk width: >1.0 m;
e tunnel clearance: >5.0 m.
For each gallery, the total length will exceed 1,700 m. In detail:
e tunnel 1 (Sibiu —Pitesti): 1780.00 m
e tunnel 2 (Pitesti —Sibiu: 1778.11 m)

The project beneficiary is the National Company for Road Infrastructure Administration S.A.; the

number of workers on site is 500, and the estimated duration of the works is 16 months.

if
=
1

Fig. 1. The tunnel subject to construction: relevant sections

2.2. Technical characteristics of the TBM excavation method
Adopting a circular cross-section (Fig. 2.a) maximizes the load-bearing capacity of the final lining,
minimizing the risk of damage from asymmetrical thrusts (Fig. 2.b).

25 s . ] L
Fig. 2. Technical features of the TBM excavation method: a) circular cross-section maximizes the load-bearing
capacity of the final lining; b) minimization of damage risk in the event of asymmetric thrusts; c) precast final linings;
d) superior mechanical properties and strength class.

Mechanized excavation minimizes stress relief in the rock mass, the degradation of geotechnical
properties, and associated risks. Prefabricated final linings offer superior mechanical characteristics (Fig. 2.c)
(regarding strength class and quality control). The concrete segments, sealing system, and annular gap grout
prevent seepage through the lined tunnel, thereby protecting existing aquifers from drying out or partial
subsidence. Mechanized excavation minimizes the risk of face instability (Fig. 2.d) through a closed
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excavation process with adequate face pressure, while also minimizing changes to the initial ground stress
state and, consequently, the interaction with any potential landslide masses. Furthermore, mechanized
excavation minimizes ground deformations and the impact on pre-existing structures [14].

2.3. OSH specifics: risks reduced a priori

Mechanized excavation with TBM, compared to traditional excavation, allows for a further reduction in
risks for workers, by:

o further risk reduction due to the absence of machinery and personnel at the working face during
excavation;

o further reduction of the risk of falling objects, as personnel work in a protected environment;

o reduced health risks for workers associated with dust, fumes, and noise generated by the movement
of conventional excavation machinery;

e outdoor air is supplied to the TBM via a fan and dedicated ducting; machine-mounted sensors
constantly monitor concentrations of oxygen, CO, CO2, and H2S;

e pressure sensors at the excavation face and methane concentration sensors significantly reduce the
risk of serious accidents; all sensors are continuously monitored by experienced operators;

e guaranteed tunnel stability in the event of abandoning the excavation face: with traditional
excavation methods, abandoning the face often leads to sloughing, rockfalls, or even collapses in complex
ground conditions;

e resuming operations therefore entails risk profiles that are completely eliminated by mechanized
excavation;

o the presence of an emergency refuge chamber and evacuation equipment on the TBM prevents
casualties in the event of an accident;

o safe transport of excavated material using (electrically powered) conveyor belts—material is
transported directly to the primary storage area;

¢ minimal human involvement in excavation operations: personnel come into direct contact with the
active excavation face (cutterhead) only during maintenance operations performed under hyperbaric
conditions; during normal operation, the work environment is confined to the interior of the TBM.

2.4. Action in Emergency Situations

Given the complexity of the tunnelling operations and the risks inherent to underground work,
emergency management is a crucial component of the project's occupational health and safety system. To
mitigate the consequences of potential accidents and ensure a rapid, effective response, organizational,
technical, and medical measures have been established to protect personnel in the event of emergencies—
such as workplace accidents, fires, flooding, gas releases, technical failures, hyperbaric incidents, or other
events that could compromise worker health and safety [15].

a. Organization of emergency response

As part of the project, specific procedures for managing emergency situations are being developed,
establishing staff responsibilities, communication flows, and protocols for alerting, evacuation, and
intervention. All workers receive periodic training on:

e recognizing emergency situations;

e alarm and evacuation procedures;

e administering first aid,;

e Uusing emergency response equipment;

o response measures for fires, floods, gas releases, and hyperbaric incidents.

The training of the personnel is verified through periodic simulation exercises and practical applications
carried out on the construction site and inside the tunnel. To ensure a rapid response in the event of accidents
or medical incidents, a medical intervention team is permanently available within the project, 24 hours a day.
The team consists of:

e physician;
e NUrse;
e ambulance driver.

Medical personnel are trained to provide emergency medical care and to manage accidents specific to
tunneling operations and hyperbaric interventions. Depending on the severity of the incident, injured
individuals may be transported to medical facilities designated in the project's Emergency Plan.
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b. First aid equipment
For rapid intervention in the event of accidents, the construction site and tunnel are equipped with:
first aid kits, one for every 25 persons;
automated external defibrillators (AEDs): 3 units (1 — Gate 1; 1 — Gate 2; 1 — TBM);
eyewash stations;
stretchers for evacuating injured persons;
emergency communication equipment;
first aid stations located in areas designated in the site layout plan.
The exact location of these facilities is marked and communicated to all workers during OHS training
and emergency procedures.
c. Hyperbaric intervention chamber
Given that operations are conducted under hyperbaric conditions, the project includes a hyperbaric
chamber in addition to the one integrated into the TBM. Located at the surface and operated by qualified
personnel, this chamber is designed to provide medical treatment and monitoring for incidents associated
with high-pressure exposure. It enables the application of specific therapeutic procedures and serves as an
essential component of the emergency response system for activities carried out within the TBM's excavation
chamber.
d. Refuge and survival chambers
To protect personnel working underground, the tunnel is equipped with refuge chambers located at
intervals of approximately 500 meters. These spaces are designed to ensure the survival of personnel in the
event that immediate evacuation is not possible due to fire, flooding, major equipment failure, or other
emergencies. Each refuge chamber:
o issized for approximately 24 people;
ensures autonomy for a minimum period of 48 hours;
has breathable air reserves;
is stocked with drinking water and emergency supplies;
is equipped with external communication systems;
features emergency lighting and environmental parameter monitoring;
is equipped with first aid gear and materials necessary for temporary survival.
Intervention and evacuation equipment
he project provides:
signposted escape routes;
emergency and escape lighting;
emergency communication systems;
fire-extinguishing equipment;
tunnel atmosphere monitoring systems;
equipment for personnel evacuation and rescue.
All equipment is periodically inspected and maintained in proper working order. The implementation of
these measures aims to ensure an efficient emergency response capability, reduce intervention time, and limit
the consequences for workers, equipment, and the environment.

......—'_{D......

3. Conduct of site operations: work phases, equipment used and personnel involved

3.1. Organization of the TBM excavation process and identification of hazard sources
An overview of the TBM technology used for tunnel construction, its operating principles, and the key

activities performed during excavation highlights the specific nature of underground works, the factors
influencing occupational health and safety, and the sources of potential hazards. The following section
presents an analysis of the technological stages involved in tunnel excavation and identifies the main
categories of risk arising from TBM operation, the interaction between personnel and equipment, and the
specific conditions of the underground environment:
Excavation of the working face

operation of the cutterhead,;

interaction with the ground,;

mechanical risks;

risks arising from local collapses and inflows.
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Installation of precast segments
o handling of segments;
o use of the erector;

e risks of impact, crushing, and falling loads.

Annular space injection
e use of pumping systems;

e exposure to high pressures;
e contact with the products used.

Transport of excavated material
e conveyor belts;

e MSVs (Multi-Service Vehicles);
e entanglement and collision risks.

Transport of segments and materials

e loading and unloading operations;

e mechanized handling;

o interference with personnel movement.

Personnel movement in the tunnel

e access routes;
e  crossing areas;
e emergency evacuation.

Mechanical and electrical maintenance work

o hazardous energies;

e Lock-Out/Tag-Out procedures;
e interventions on installations.

Work in confined spaces
e access to restricted areas;

e potentially hazardous atmosphere;

o work environment monitoring.
Interventions in the excavation chamber and hyperbaric works

e access to the cutterhead:;

e compression and decompression;

e decompression sickness;
o specific control measures.

Factors that exacerbate the severity of accidents

o limited space;
restricted escape routes;

o simultaneous operations.

long distances to the outside;
ventilation dependent on mechanical systems;

vol. 32, issue 3/ 2026
pp. 1-25

Table 1 summarizes the work phases, the means/equipment used, and the exposed personnel.

Table 1. Work phases, means and equipment used, and exposed personnel

Tunneling works

Work stages

Portals

Pile drilling (hole excavation,
1. reinforcement installation,
concreting, pile head
preparation, anchor ties)

Means / equipment used
Drilling rigs
Concrete mixer trucks
Dump trucks
Crane
Excavators
Front-end loaders
Dump trucks.

Personnel involved
Work supervisors
Drilling rig operators
Machine and equipment operators
Load slingers
Laboratory technicians
Mechanical fitters
Surveying workers.

Mechanized TBM excavation
Maintenance and intervention
works in the excavation
chamber

Air compressors

Pneumatic tools

Mechanical tools

MSV (Multi-Service Vehicles)
Hyperbaric chamber

Rescue chamber.

Work Supervisors

Machine and Equipment Operators
Team of Mechanical Fitters
Doctor

Nurse.
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Tunneling works
\[o} \ Work stages \ Means / equipment used Personnel involved
- MSV — Multi-Service Vehicles .
S - Work Supervisors
Prefabrication plants for - Cranes - Riqaers / Slingers
tunnel lining segments - Concrete mixer trucks i Mgghine and g uibment Operators
- Reinforcement of - Concrete pumps : =quip P
3. - Mechanical Fitter Team
segments - Formwork systems - Carpenter Team
- Concreting of segments |- Concrete injection systems pen’
. - - Steel Fixer Team.
- Watertightness gaskets. |- Air compressors

- Pneumatic tools.

- Work supervisors
- Load slingers/riggers

Transport and assembly of MSV — Multi-Service Vehicles - Lifting e_quipment operators
4. the segments Cranes - Mechanical fitter team
- TBM — Tunnel Boring Machine. - TBM operator team
- Machine and heavy equipment
operators.

3.2. Applicable minimum occupational health and safety requirements

In the construction sector, site operations must be conducted in compliance with occupational health and
safety (OHS) requirements to prevent workplace accidents and occupational illnesses. Collaboration between
the client and the contractor plays a crucial role in ensuring a safe working environment for everyone
involved in the execution of the works.

The beneficiary's responsibilities regarding occupational health and safety

The beneficiary is obliged to create the necessary framework for carrying out the work in conditions of
occupational health and safety, by:

o designating health and safety coordinators;
ensuring the preparation and updating of the Health and Safety Plan for the construction site;
providing the contractor with information regarding risks present at the site;
verifying the existence of documents and authorizations required for carrying out activities;
monitoring compliance with prevention and protection measures throughout the duration of the
works;
o facilitating cooperation among all participants in the construction process.

The contractor's responsibilities regarding occupational health and safety
The contractor is responsible for organizing and carrying out activities in safe conditions and has the
obligation to:
o implement the measures set out in the Health and Safety Plan;
e conduct health and safety training for workers prior to the start of work and on a periodic basis, in
accordance with legal requirements;
o provide personal protective equipment appropriate to the existing risks;
use work equipment that is compliant and technically inspected;
identify and assess the risks specific to the activities being performed;
monitor compliance with safety measures by own personnel and subcontractors;
immediately report incidents, accidents, and hazardous situations.

Cooperation between the client and the contractor
To prevent occupational risks, the collaboration between the beneficiary and the entrepreneur must be
based on:
e continuous exchange of information regarding risks and preventive measures;
coordination of activities carried out simultaneously by multiple contractors;
participation in periodic health and safety meetings;
establishing responsibilities and communication protocols for emergencies;
verifying the implementation of protective measures defined in the OHS documentation.
All measures and decisions regarding occupational health and safety must be recorded in specific
documents and brought to the attention of all persons involved.
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Organization of OHS activities on the construction site
The following measures shall be observed during the works.:
e access to the construction site is permitted only for authorized and trained personnel,;
hazardous work areas will be appropriately marked and cordoned off;
access and evacuation routes will be kept clear and in good condition;
work at heights will be performed only using collective and individual protection systems;
temporary electrical installations will be inspected and operated safely;
fire prevention and extinguishing measures will be ensured;
periodic inspections regarding compliance with OHS requirements will be conducted.

Emergency management

The beneficiary and the contractor must collaborate to:

o developing and implementing emergency response procedures;

e training workers in first aid and evacuation;

e ensuring the necessary equipment for emergency interventions;

e organizing periodic evacuation and response drills.

From an occupational health and safety perspective, collaboration between the client and the contractor
is essential for carrying out site activities safely. Through constant communication, effective coordination,
and compliance with legal obligations regarding occupational health and safety, worker protection and
accident prevention are ensured, and the work is carried out under optimal safety conditions.

4. Tools of the applied semi-quantitative assessment method

Risk assessment is carried out in three distinct stages, corresponding to the progression of activities on
the construction site [16]:

i.  During the work design and planning stage—specifically when determining execution methods and
developing operational plans (e.g., the site organization plan), designing technical and logistical areas
required for operations (installations, storage areas, workshops, offices, etc.), and determining the means of
execution, including contracting, subcontracting, or outsourcing activities;

ii. Before the commencement of operational activities—a stage intended to validate the assessment
conducted during the design phase and, where appropriate, to supplement it by accounting for operational
details that could not be identified earlier, such as the specific type of lifting equipment used, safety data
sheets for substances and materials, or actual on-site working conditions;

iii. During the execution of the work, whenever significant changes to execution processes occur—
such as changes in work technology, the introduction of new installations or machinery, the opening of new
work fronts, the use of new materials or substances, the emergence of interfering activities (e.g., additional
subcontractors), or following accidents, incidents, or hazardous situations.

The analysis must take into account the actual conditions under which activities are carried out, as well
as the level of compliance with the minimum requirements established by applicable legislation—
requirements that must be strictly observed regardless of the nature of the work performed (e.g., the
equipping of machinery and work equipment, compliance with regulations regarding electrical installations,
requirements applicable to temporary works etc.) [17].

The assessment method applicable to the three stages previously identified is based on the
recommendations of the European Agency for Safety and Health at Work, which provide guidelines for
conducting a proper and effective occupational risk assessment. The main stages of the assessment process
are as follows [18]:

e hazard and at-risk person identification — identifying workplace factors that could cause accidents or
occupational illnesses, as well as the workers potentially exposed to these hazards;

e risk assessment and prioritization — analyzing identified risks by estimating the severity of
consequences and the likelihood of occurrence, followed by classifying risks based on their level of
importance;

e determining preventive measures — identifying the technical, organizational, and protective measures
required to eliminate or control residual risks;

o implementing established measures — applying prevention and protection measures by developing
and executing a priority-based action plan;

o documenting the assessment — preparing the necessary documentation to ensure the traceability of
activities performed and measures implemented;
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e monitoring and reviewing the assessment — verifying the effectiveness of implemented measures and
periodically re-evaluating risks to ensure the assessment remains up-to-date with evolving activities and
working conditions.

The risk assessment covering all three previously identified stages (the design stage, the stage prior to
the commencement of works, and the stage involving significant modifications or the occurrence of
accidents / incidents) is carried out by the site's OHS officer and approved by the Contractor's Representative
[19]. The heads of the Design, Construction, and Work Area Management departments have the following
responsibilities:

o to make available to the OHS officer all information and documents necessary for conducting a
comprehensive assessment of the risks and hazards specific to the activities being carried out (execution
methods, preliminary design documentation, plans, models, work schedules, etc.);

o to ensure that the risk assessment results and the established measures are integrated into and applied
within the final documents and the operational activities carried out on the construction site.

For an accurate risk assessment, it is necessary to identify—based on the project or working
conditions—potential sources of danger and the individuals exposed to the risk of a harmful event arising
from these sources [20]. The assessment can be carried out using various methods: semi-qualitative
mathematical models, best practice guidelines, logical reasoning, standardized checklists, and statistical
techniques [21]. The chosen method must always be documented in the Risk Assessment Document or the
specific Occupational Health and Safety Plan. Presented below is the Kinney-Wiruth semi-quantitative
method, which was applied in the present study and is extensively substantiated and described in the
specialized literature [22], [23], [24]. The formula adopted for calculating the risk level is as follows: [25]:

R=PxGXE

where:
P =the probability of the event occurring (table 2);
G = the severity of the consequence (table 3);
E = exposure factor depending on the number of exposed workers (table 4).

Table 2. Probability rating scale for identified risks

Classification of the probability of OHS events Value Level

= There is a direct link between the identified deficiency and the occurrence
of potential harm to workers

= Such harm has already occurred due to the same deficiency—whether

Very likely within the same company, in similar companies, or in similar operational
situations

®= The occurrence of harm resulting from the identified deficiency would
come as no surprise to the Organization.

= The identified deficiency could cause harm, even if not automatically or
directly.
Likely = There are known instances where the deficiency was followed by harm. 3 B

= The occurrence of the hypothetical harm would elicit moderate surprise
within the Organization.

= The identified deficiency could cause harm only under an unfortunate
combination of circumstances

Low likelihood [=  Only very rare past occurrences are known 2 A

®= The occurrence of the hypothetical harm would come as a
major/moderate surprise to the Organization.

= The identified deficiency could cause harm as a result of the simultaneous

occurrence of several independent and unlikely events

No such episodes are known to have occurred 1 0

®= The occurrence of such harm would be met with skepticism within the
Organization.

Unlikely
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Table 3. Severity rating scale for consequences
Classification of OHS incident severity Value | Level

Very serious

Events resulting in:
= Fatal accident

® Permanent injuries, regardless of the actual number of days off work, involving
permanent disability > 15 points.

Events resulting in:
® Permanent injuries, regardless of the actual number of days off work, involving

S permanent disability of < 15 points.
= Accidents with a prognosis of > 40 days (serious or very serious accidents).

Relevant Events causing:
®  Accident with a prognosis of > 3 and <40 days
Events causing:

Modest "  Accident with a prognosis of < 3 days
Low An event that does not resu_lt in the injured worker refraini_ng from work _and can 1 0
be addressed through: medical treatment; temporary reassignment of duties.

Table 4. Classification of exposure classes regarding the risk associated with identified hazards

Classification of OHS event exposure

High = QOver 20 exposed workers, even if not at the same time.
Significant  |= Between 11 and 20 exposed subjects, even if not simultaneously.
Average =  Between 6 and 10 exposed subjects, even if not simultaneously

Limitated = Up to 5 exposed subjects, even if not simultaneously

The risk level classification matrix is presented in Table 5. The resulting R-value is compared against
the matrix in Table 6. If the numerical value falls within the green zone, the risk may be considered
acceptable; in all other cases (yellow, orange, and red zones), preventive and/or protective measures must be
implemented to bring the risk value back to an acceptable level (green zone). The numerical risk value (R)
and the identified preventive and protective measures must be recorded in the risk assessment form.

Specific risk assessments—such as those for exposure to noise, vibrations, electromagnetic fields,
chemical hazards, fire, etc.—must be conducted using mathematical models proposed or established by
nationally or internationally recognized bodies [26]. Based on this analysis, the technical, organizational, and
procedural measures required to prevent risks and protect workers exposed to hazards must be identified,
alongside precautionary measures aimed at continuous improvement [27].

Table 5. Risk level classification grid
Exposure

25 125 250 500

PxG

10
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Table 6. Risk interpretation tool for prioritization
Risk value Risk level Recommended action
1- 20 Continuous monitoring
21-99 Low To be scheduled for the short/medium term

100-999 Acceptable To be scheduled urgently
> 1000 Immediate actions

In situations where the residual risk level is considered unacceptable (according to the criteria set out in
Table 6), the OHS department establishes additional prevention and protection measures that must be
implemented to reduce the risk to an acceptable level.

Following the implementation of the established preventive and protective measures, a risk re-
evaluation is conducted to determine the residual risk level and verify the effectiveness of the adopted
measures. Conditions identified as presenting residual risk must be continuously monitored, and the risk
assessment must be reviewed and updated whenever changes occur in working conditions, technological
processes, or risk factors present on the site [28].

5. Assessment of foreseeable risks and development of the specific safety plan

Occupational risk assessment

By systematically applying the previously described method, a risk assessment was conducted for the
two work phases: Phase | — Execution of piles for the portals, involving pile drilling, cleaning the borehole
base, pile reinforcement, concreting, casing extraction, base grouting, pile head preparation, shotcreting of
portal walls, and drilling for tensioning anchors (identified hazards are listed in lowercase in the risk
assessment sheet in Table 7); Phase Il — Mechanized TBM operations (maintenance and intervention work
in the excavation chamber—identified hazards are listed in uppercase in Table 7). The characteristics
considered during the identification and quantification of risks regarding occupational accidents and illnesses
are summarized below:

v Activity: tunnelling operations;

v Personnel involved: 20 individuals: work supervisors, machine and heavy equipment operators,
tunnel boring machine operators, steel fixers/concreters, carpenters, unskilled laborers, survey workers,
laboratory technicians, crane operators, load slingers, lifting equipment operators, welders, mechanics/fitters,
sandblasters, painters, asphalt workers;

v" Means/Equipment used: chainsaws, excavators, bulldozers, dump trucks, motor graders, road
rollers, hydraulic binder transport trucks, hydraulic binder spreading equipment, motor scrapers, water
tankers, drilling rigs, conveyor belts, shotcreting equipment, formwork systems, concrete transport trucks,
concrete pumps, concrete injection equipment, cranes, front-end loaders, aerial work platforms, self-
elevating platforms, scaffolding and falsework, concrete vibrators, hand tools and work devices, welding
equipment, pressure vessels, electric generators, sandblasting equipment, air compressors, asphalt pavers,
asphalt dump trucks, sweeper trucks, TBM (Tunnel Boring Machine), hyperbaric chamber, refuge chamber,
MSV (Multi-Service Vehicles);

v Hazardous materials/substances used: industrial gases, bituminous emulsion, paint, thinner;

v Personal Protective Equipment (PPE): Safety helmet, safety footwear, reflective vest, safety
glasses, protective gloves, ear muffs/earplugs, safety harness for working at heights, dust masks.

Table 7. Results of the occupational risk assessment for tunnel construction using a TBM
Initial risk | | Residual risk

Hazards R= Prevention and protection measures

RINGH NEN e ‘PG‘E

- Unauthorized access to the drilling rig is prohibited, as is
workers climbing onto or off the rig while it is in operation;

- The drilling rig must be operated only by authorized and
specially trained personnel;

- Manual intervention to change components is prohibited;

- Maintenance and cleaning of the rig must be performed by 11 5 | 10
authorized personnel only when the rig is shut down and the E
drive motors are stopped and secured against accidental
startup;

- If maintenance work must be performed while one or more
machine functions are active, it must be carried out in
accordance with precise, approved, and mandatory

Entanglement or
being pulled 500
towards moving 2125 10
parts (at the drilling

rig)
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Initial risk | Residual risk

Hazards P G = Prevention and protection measures

PG E

instructions, as well as the manufacturer's technical
recommendations and safety rules;

- Starting the rig without the protective guards for moving
parts in place is prohibited;

- Wearing loose-fitting clothing or garments with loose sleeves
that do not fit snugly against the body is prohibited.

- Signage indicating the risk of falling — access restriction;

Falling into 3000 |- Fencing off work areas and mandatory installation of a metal 500
unmarked drilled 31100| 10 R.I.  |safety barrier around the borehole (minimum height of 1.5m); {2 | 25 | 10
holes (D) |- Prohibition of access to the work area for persons without

official duties.

- Use of standardized ladders;

- Use of PPE specific to working at heights;

- Use of collective protective equipment (guardrails);
3000 |- Proper training of workers regarding the safe performance of 500
Fall from a height | 3 |{100| 10 R.I. |work at heights, work methods, and the correct use of safety| 2| 25 | 10
(D) |harnesses;

- Personnel performing work at heights must hold medical
clearance from an occupational health physician stating "FIT
FOR WORK AT HEIGHTS."

- Use of certified, authorized, and properly marked load-
rigging and securing components that are in good condition, in
accordance with PT ISCIR regulations;

- Inspection of load-rigging and securing components prior to
use;

- Prohibition of manually guiding or positioning loads

Handling heavy
reinforcement

elements W'th a 2000 suspended from the lifting equipment hook; guidance must be 250
crane — failureof | 2 |{100| 10 R.I. - . ’ 1125 10
binding elements — D) performed remotely, using only guide ropes; o
crushing of - Passing unde_rneath a load suspended from the lifting
workers equipment hook is prohibited;
- Load-lifting operations must be continuously supervised by
the person in charge of the work;
- Operating loads with the crane is prohibited when wind
speeds exceed the limits specified by regulations.
- Leveling the surface in the work area;
- Maintaining order and cleanliness on work platforms;
- Mandatory use of: safety helmet, safety footwear, and
Snagging, tripping o1y 500 protectl_ve gloves; . 50
> came-level fall 5110 - Ensuring the safe movement of workers; 1| 5 |10 E
- Marking excavations, pits, and obstacles;
- Removing obstacles from the work area or marking them if
removal is not possible;
- Cables must be suspended and properly marked.
Gas emissions 500 ;)E(r;;uring ventilation in enclosed spaces where welding takes 10
resulting fromthe | 2| 25 | 10 p "d' iate training f Kers: 111 |10| RA
welding process roviding appropriate training for workers; A)
- Restricting worker access to the work area.
Thermal radiation - Use of welding masks or protective screens;
during welding — - Use of protective equipment (heat-resistant gloves, leather
contact with molten 500 |apron, leggings, etc.); 10
metal particles 2125 10 - Adherence to the specific instruction "Metal Cutting and{1| 1 | 10 | R.A.
propelled into the Welding" (A)
atmosphere and
with hot surfaces.
. 150 - - - . 20
Contact with sharp 3l 5 |10 - Use of protective equipment specific to the work; ol 1 10| RA
or pointed surfaces - Maintaining order and cleanliness at the workplace. (.A)'
- Handheld power tools must be inspected before use;
- Power cables must be suspended on wooden supports;
Working with 3000 |° The use of safety goggles is mandatory; 500

handheld power 3 100! 10 RI |- The use of power tools not equipped with an automatic shut-
tools — electric (I.D). off mechanism (dead-man switch) is prohibited,;

shock - The use of power tools without protective guards for moving
parts is prohibited.
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Prevention and protection measures

- Individual handling of heavy and bulky materials is prohibited,;
- Personnel shall be trained in accordance with occupational
health and safety instructions regarding manual load handling;

Residual risk

- The use of power tools without protective guards for moving
parts is prohibited.

handling and 25 | 10 500 . The route taken by the worker while carrying loads must be 10 50
transport of loads free of obstacles and must not be unstable or slippery; E
by carrying them - Material transport shall be mechanized whenever possible;
directly - Only workers who are physically fit for the task shall be
assigned.
Moving mobile - Issuing audible and visual signals during maneuvering
equipment: operations;
striking, trapping, 500 | Use of reflective personal protective equipment (PPE); 50
snagging, dragging 25| 10 - Movement of workers within the area shall take place only 10
under wheels, along designated and properly marked access routes; %
being struck by - Proper signaling of hazards;
drilling material.
- Use: protective gloves, safety goggles, rubber boots;
- The pouring pump shall be positioned so that the pouring
30 [point is within the pump operator's line of sight; 20
Shotcreting 1110 E - Starting the pump shall be signaled audibly and shall take 10 | RA.
place only after receiving a confirmation signal to begin (A)
pouring from the worker responsible for handling the concrete
distribution hose.
Skin conditions 30 |- Protective gloves must be worn; 20
caused by contact 110 E - Waterproof rubber protective boots must be worn. 10 | RA.
with concrete - In the event of skin contact, wash immediately with water. (A)
- The use of hearing protection and safety goggles is mandatory;
. . - Pressure hoses must be connected to tools using only metal
Working with 100 |clamps; 10
Bﬁggrrﬁa:gc tools — 5110 - The use of pngumatic tools not equipped with a self-locking 10 | RA.
noise. vibration device is prohibited; (A)
' - Monitoring of the work environment and comparison with
legal limits.
- Continuous monitoring of flammable gas concentrations
3000 using multi-gas detectors; 10
Natural gas 1000 10 R1 I Prohibition of open flames and smoking inside the tunnel, 0] RA
seepage (I‘)). unless specifically authorized for such activities; (.A)'
- Avoidance of welding, grinding, cutting, and metal-on-metal
mechanical impacts within the tunnel.
- Carrying out demining operations prior to the commencement
of excavation work;
10000 | Properly instructing workers on the measures to be taken in 10
Unexploded 100 10 RI the event that unexploded ordnance is discovered; 0] RA
ordnance (ammo) 0 (I‘)). - Prohibiting the touching, moving, or displacing of discovered (.A)'
ordnance, whether manually or using machinery;
- Notifying authorized companies to clear the discovered
ordnance.
- Daily safety briefing;
IMPACT FROM - Use of personal protective equipment (protective gloves,
SPECIFIC TOOLS, safety goggles, overalls, etc.);
IMPLEMENTS, - Pre-use inspection of work equipment;
AND WORK 750 | U_se of |mpro_v!sed or defective tools, hand tools, and work 10
DEVICES - 25 | 10 devices is prohibited,; _ _ _ 0] RA
PUNCTURE, - Removal or bypassing of safety devices and protective A '
SCRATCHING, elements on work equipment is prohibited; A)
CUTTING, INJURY - Training workers on the safe use of tools and work devices;
ZEEHTANDS OR - Proper storage of reinforcement mesh;
' - Storage of material scraps in designated areas immediately
after they are generated.
- Handheld power tools must be inspected before use;
- Power cables must be suspended on wooden supports;
VHVESS_'SSL\I’DV'TH 3000 |- The use of safety goggles is mandatory; 10
POWER TOOLS — 100| 10 R.I. |- The use o_f power tools not _equip_ped wi_th_ an automatic shut- 10 | RA.
ELECTROCUTION (D) |off mechanism (dead-man switch) is prohibited; (A)
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P G

WORKING WITH

- Mandatory use of hearing protection and safety goggles;
- Pressure hoses must be connected to tools using only metal
clamps;

- Use of pneumatic tools not equipped with an automatic shut-

the handling of
hazardous
materials.

person to communicate information and control the movement
of the load.
- Ensure appropriate equipment is used for lifting heavy loads.

HAND-HELD 100 |off device (dead-man switch) is prohibited; 10
PNEUMATIC 5 | 10 - Worker training regarding the risks; 10 | RA.
TOOLS —NOISE, - Monitoring of the work environment and comparison with (A)
VIBRATION legal limits;

- Action plan to mitigate exceedances of legal limits;

- Provision of tunnel lighting in accordance with applicable

standards.

- Individual handling of heavy and bulky materials is

prohibited;

- Personnel shall be trained in the manual handling of loads in
CONDITIONS accordance with occupational health and safety instructions
CAUSED BY THE 500 |(IPSSM); _ _ 10
MANUAL 25 | 10 - The route taken by the worker while carrying loads must be 0] RA
HANDLING AND free of obstacles and must not be unstable or slippery; A)'
CARRYING OF - Material transport shall be mechanized whenever possible; (
LOADS - Only workers who meet the necessary physical requirements

shall be assigned to the task;

- Tunnel lighting must be provided in accordance with

applicable standards.

- Worker training

- Only specially qualified workers with relevant experience

and the necessary competence to perform the task shall be

assigned;
ATMOSPHERIC 3000 | Workers without experience shall be continuously supervised 10
PRESSURE 100! 10 R by a competent person; . 10! rRA
DIFFERENCES - v |- It is strictly prohibited to assign workers who do not hold N
GAS EMBOLISM ®) " |medical clearance for working in compressed air. A)

- All workers must be instructed and trained for fire response;

- All persons involved in the lockout/tagout procedure must

undergo a medical examination and be declared medically fit

to perform this procedure;
Lack of
GENERAL
OHS/FIRE 3000 - 10
SAFETVIENVIRO) 3 |100| 10 | R | Ses conmeneianork s personel 00 OB,y | |30 | e
NMENTAL (D) Y 9 : A)
TRAINING UPON
SITE ENTRY
ACTIVITY-
SPECIFIC
TRAINING AND
MEDICAL
TESTING: - All personnel must participate in workplace training and
The worker 3000 |istruction. 10
themselves is 100l 101 RI T Qualified and competent personnel shall be used for activities 10! RA
considered a (I.D). corresponding to the ass_igned work tas_,ks. _ (A)'
hazard if they do - No one shall b_e permitted to work in compressed air unless
not comply with medically authorized.
health and safety
standards or are
unfit for the task.
MANUAL - Use personnel experienced in manual load handling;
HANDLING OF - Limit manual lifting to a maximum of 50 kg.
LOADS: - Follow safe manual lifting procedures to prevent injury.
Back injury, 3000 |- If the load exceeds one person's capacity, arrange for a 10
injuries, cuts, and 100! 10 RI second person t_O El_SSISt; _ 10! rRA
abrasions during o | When a load is lifted by more than two people, designate one A)
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- Access to the tunnel shall be conducted in accordance with a
Standard Operating Procedure, which must be strictly
adhered to;
ENTRANCE - Only designated pedestrian access paths and walkways shall
AND EXIT be used;
(TUNNEL): - Adequate ventilation within the tunnel shall be ensured;
Unauthorized - Gas concentrations within the tunnel shall be monitored
o regularly;
EZZZ?Z’ST“ppmg 3 (100! 10 3£?O - Workf?ermits shall be issued for personnel maintaining the 11 1 | 10 ng
L . traffic routes; .
Asphyxiation. ®) | Mobile, temporary safety barriers shall be installed in work A)
Personnel struck areas and at the safety perimeter of moving equipment;
by moving - Scaffold towers with access ladders or lifts shall be provided
equipment. for access from the surface into the tunnel;
- The continuous use of high-visibility protective equipment is
mandatory;
- The audible warning systems of MSVs (Multi-Service
Vehicles) shall be checked daily;
WORK IN - The Standard Operating Procedure for tunnel access must be
CONFINED strictly followed;
SPACES: - A confined space entry permit must be obtained before
Untrained entering the confined space;
personnel. - Access to confined spaces shall be permitted only for persons
Inadequate trained and competent to perform tasks in restricted spaces;
ventilation - Oxygen Iev_els and the presence of flammable and toxic gases
o 3000 must be continuously monitored; 10
Suffocation due - A portable gas detector must be provided for periodic use at
to Oxygen 3 100 10 R' 4-hour interValS' 1 1 10 R.A.
3 (D) o - A)
deficiency. - Ensure space ventilation and guarantee that the minimum
Presence of fresh air flow rate supplied to the confined space does not fall
flammable and below 0.30 m3/min/person.
toxic gases. Fire - A portable fire extinguishing system must be provided in the
and explosion. fire-hazard zone.
- Fire-fighting training must be conducted monthly.
- Adequate lighting must be provided inside the tunnel, in
accordance with specifications, to suit pedestrian needs.
- Before entry, the door seals and their closing and locking
systems must be checked;
- If the seals are dirty, clean them and apply a thin layer of
silicone spray;
- Check the seal and integrity of the viewing window; the
viewing window must be clean and free of scratches;
HYPERBARIC - Ensure that all door ball valves are in working order;
CHAMBER PRE- - Do not place flammable materials inside the hyperbaric
CHECK (MAN 3000 chamber; ] . . . . 10
LOCK): 31100 10 RI |- Perform a \{lsu_al inspection for issues such as mechanical 1l1110! RA
Aiir losses, Slips, D) damage, both inside and out; o _ A)
Displacements, - Ensure that safety valves and pressure monitoring devices are
Falls in working order;
- Check the air supply hoses;
- Regularly check the operation of the telephone and
emergency communication systems;
- Ensure the fire suppression system is operational for chamber
sessions;
- The access area to the man-lock must be clear and free of
obstructions.
- The air compressor must have a valid certificate of
conformity;
PRE-CHECK OF - Use hoses that are certified to relevant standards and of the
appropriate size;
(T;gl,fﬂﬁgéssom 3 100! 10 3|§ ?O - Check the compressor against the checklist before operation; 11 1 |10 ng\
Hose burst (b)' - Periodically check the _mteg_rlty and proper functlom_ng_of the (A)'
Injury valves, as well as the calibration of working pressure limits;
- Periodically drain/purge condensate (water) from the air
lines.

15




Revista Minelor — Mining Revue
ISSN-L 1220-2053 / ISSN 2247-8590

vol. 32, issue 3/ 2026
pp. 1-25

Residual risk
\p G \ E

Initial risk |

Hazards Prevention and protection measures

P G

- Maintain the required working pressure (at the face) based on
geological conditions. The maximum working pressure is 3.5
bar;

ventilation.

AIR SUPPLY: - The compressed air used must be of breathable air quality;
- Air supply - Maintain a pressure of 6-8 bar for the compressed air supply
system and the breathable air in the control chamber;
malfunctions 3000 |- Ensure ?n ogygen (02) supply to the control cabin at a 10
. . 100| 10 R.1.  |pressure of 10 bar; 10 R.A.
) C.02 poisoning (D) |- All couplings must be sealed to prevent air/O2 leakage; (A)
- Airfoxygen - Verify that the set pressure remains constant;
leaks - If the oxygen (O2) pressure in the supply line exceeds the
- Fire maximum limit, the safety valve must discharge; connect a
discharge line to vent the O2 to a safe location;
- Increase chamber ventilation to reduce the CO2 concentration
inside the hyperbaric chamber.
- The man-lock supervisor shall record all stages of the
intervention (entry into and exit from the man-lock and the
excavation chamber, as well as compression and
decompression times);
HYPERBARIC - Repeated or multiple exposures must be avoided,;
CHAMBER - No one shall work in compressed air exceeding 3.50 bar;
SUPERVISION - Persons without a cutterhead access permit shall not be
(MAN LOCK): 3000 |allowed to enter the excavation chamber; 10
- Unsuitable person| 3 1100{ 10 | R.I. |- The man-lock supervisor must be a competent person; 10 | RA.
- Lack Of_ _ (D) |- The man-lock supervisor maintains continuous communication (A)
communication with person working inside the excavation chamber;
Miscommunication - The man-lock supervisor and the workers inside the man-lock
; - Lack of control and the excavation chamber must communicate clearly;
- The man-lock supervisor shall not allow more than 3 persons
to enter the main man-lock;
- The man-lock supervisor shall not leave the supervision post
until the last person has exited the chamber.
- Compressed air operations must be performed by a
competent, qualified, authorized, and trained person;
- Working in compressed air is strictly prohibited for
LOCKING / individuals not certified as medically fit;
ggb%%’é's@h / - A chart showing compression and decompression times must
DECOMPRESSION be displayed at the man lock entrance;
MAN LOCK / - Do not allow individuals to remain in the man lock longer
HYPERBARIC than the prescribed duration specified in the chart;
CHAMBER,; - The LO-TO (Lockout/Tagout) procedure must be strictly
- High temperature 3000 |followed; 10
- Toxic gases 100| 10 R.I. |- Pay close attention to the compression and decompression 10 | RA.
- Atmospheric (D) |stages; (A)
pressure - Immediately identify and report any signs of decompression
differences/variatio issues following lock-in;
ns - Flammable materials are not permitted inside the man lock;
- Stress/Fatigue - The man lock supervisor must maintain continuous
- Fire hazard communication with workers inside the excavation chamber;
- Gas detection must be performed; work must be halted if
concentrations exceed permissible limits;
- A water-based fire suppression system must be provided at
the personnel airlock and the excavation chamber.
- Maintain constant pressure (exhausted air must be replaced
.'T_EFESS\'(\'SE'F':'BSL%EIC by an equal amount of fresh air).
CHAMBER (MAN - If the O2 pressure in the supply Ilpe is excessive, the safety
LOCK): valve must open to reduce the risk of fire. The oxygen
- Serious health discharge line must be routed to a safe area.
hazard 3000 |- All couplings must be sealed to prevent air/O2 leaks. 10
- Fire 100 10 R.I. |- A permanent telephone link must be maintained between the 10 | RA
- Poisoning/suf (D) |intervention operator and the Man Lock Supervisor. (A)
focation - Optimal and efficient fresh air circulation must be ensured
- Loss of inside the Man Lock to prevent suffocation/intoxication and to
pressure reduce humldlty
- Noise - Provide noise attenuation systems during Man Lock
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-The TBM cutterhead/milling rotor must be stopped before

entering the Man Lock antechamber.

-Turn the key on the control cabin panel to the "Off" position,

remove it, and hand it over to the intervention operator.

-Open access to the cutterhead/milling rotor maintenance

control panel.

-Insert the key into the cutterhead maintenance control panel
ENTRY OF (external position).
PERSONS INTO -Turn off the maintenance switch and secure it against restart
THE HYPERBARIC using a personal LO-TO padlock.
CHAMBER -Personnel are prohibited from being in the working chamber
ANTECHAMBER 3000 while the cutterhead position is being changed.
(MAN LOCK); R1 -Rotating the cutterhead (clockwise and/or counter-clockwise) 10
- Falling 31100( 10 D must be performed by the intervention operator using the|1| 1 | 10 | R.A.
materials ©) remote control. (A)
- Falls of persons -The temperature of the working chamber must be
- Fatigue continuously monitored.
- Dehydration -A sufficient supply of ORS (oral rehydration _so_lution) packets
- Injury/death must be kept in the lock chamber. A sufficient supply of

drinking water must be ensured.

-Reposition the cutterhead.

-Before entering the antechamber, the TBM main key must be

turned to the "OFF" position and kept outside the Man Lock

(with the Man Lock Supervisor).

-A permanent telephone connection must be maintained

between the intervention operator and the Man Lock

Supervisor.

- Check the stability and permeability of the tunnel face.

- Workers in the hyperbaric zone must immediately move from
WORKS IN THE the excavation chamber to the main chamber if a loss of
EXCAVATION pressure occurs due to water ingress or a tunnel face collapse.
CHAMBER: 3000 |- Before entering the excavation chamber, check for loose 10
- Falling 31100| 10 | R.I. |rocks that could fall. 11 ]10| RA
materials o) |- Uncontroll_ed bentpnite feed into the exc_ava_tior_l pre-chamber (A)
- Falls of persons must be avoided while personnel are working inside.

- Never block escape routes with cables, ropes, or other

materials.

- Adequate lighting must be provided for the work area.
EXITING THE - After com_pleting the work, ensure that all personnel have left
EXCAVATION the excavation chamber.
CHAMBER: - Close the door.
- Fatigue 3000 |- Operate the access door locking system. 10
- Dehydration 31100| 10 R.I. |- Turn the key on the cutterhead maintenance control panel to{ 1| 1 | 10 | R.A.
- Injuries (D) |the "cabin control” position, remove it, and take it with you. (A)
- Physical disorders - In_sgrt the key into the control cabin panel: “cabin control”
- Mental disorders position. )

- Press the "cabin control release" button.
hi;g\ﬁl\ng - Only authorized, qualified, and competent personnel may
OPERATIONS FOR perform I_ifting and han_dling operations._ _
CUTTERHEAD - All lifting tools, equipment, and devices must be inspected
WEAR PARTS: using a checklist prior to being put into service.
- Operations 3000 |- The use of damaged or non-certified lifting tools, equipment, 10
performed by 31100| 10 | R.I. |or devices is strictly prohibited. 1{1]10| RA
unqualified or (D) |- All lifting tools, equipment, and devices (manual hoists, (A)
untrained persons. chains, slings, etc.) must be in good condition. They must
- Use of damaged possess a valid certificate issued by a third party (ISCIR).
or non-certified - Standing, passing, or performing work beneath suspended
tools. loads is strictly prohibited.
MEANS AND - Ensure and verify the audio communication system and
MODES OF equipment connecting the excavation chamber, the control
COMMUNICATION 3000 |cabin, and the man lock chamber before work begins. 10
- Lack Of _ 31100| 10 R.I. |- Provide a dynamic telephone that operates independently off 1| 1 | 10 | R.A.
communication or (D)  |an external power supply. (A)
poor - The man lock supervisor must maintain continuous
communication communication with workers inside the excavation chamber.
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- Loud howling / - The man lock supervisor and the workers must communicate
whistling sound- clearly.
Communication - The volume control must be properly adjusted. Ensure that
malfunction the microphone and speaker are functioning correctly.

- Ensure that the cables are correctly connected.

- The operator must hold a valid authorization and a valid

physical/medical fitness qualification or certificate.
OPERATION OF - All installations, equipment, machinery, power tools, and
INSTALLATIONS hand tools must be in good condition, free from defects or
AND EQUIPMENT; 100! 10 3;?0 makeshift modifications. 1l 10
- Malfunction of 00 D) |- Safety, locking, and interlocking systems, as well as all 01 RA
installations and ©) components of the overall system, must be approved by a third A)
equipment party.

- No part of the safety, locking, or interlocking systems may be

replaced without approval.

- Always use the right tool for the task. Makeshift solutions are

not permitted.

- Use appropriate tools powered by safe voltages (<110 V).

- Ensure that all appropriate safety guards are installed and

functional.
HAND - Never carry a tool by its cable or hose.
$88t§{POWER - Never pull on the cable or hose to disconnect it from the

i» power source.

- Electric shock 5 | 10 100 7 Use both hands to operate the tool. 11 1 |10 ng
- Numbness of - Follow the manufacturer's instructions for lubrication and A)
the body accessory changes. A)
- Noise pollution - Maintain a stable stance and good balance while using a
- Hearing loss power tool.

- Remove damaged portable power tools from service and label

them "Do Not Use."

- Ensure rotation of tasks and appropriate work intervals.

- Keep cables and hoses away from heat sources, oil, and sharp

edges.
LIGHTING - Provision of emergency power supply (battery backup) to
SYSTEM: 100 |maintain the electricity supply even in the event of a mains 10
- Reduced 5] 10 power failure. 111 |10| RA
visibility - Monitoring and ensuring light intensity appropriate for the (A)

work being performed is required.
ENVIRONMENTAL 50 |0 Any waste resulting from maintenance activities and spills 10
PROTECTION; 5| s must be removed and stored in appropriate containers. 111110l RA
- Pollution: - Collection of contaminated wash water and disposal as 'A '
accidental spills hazardous waste. (A)

- In the event of an emergency, appropriate medical kits and

qualified/trained personnel capable of treating affected staff

must be available on-site.

- Refuge chambers (with a capacity of 20 persons) must be

provided within the TBM.

- First aid personnel must be present on-site.
SITUATII DE - All personnel must participate in fire-fighting
URGENTA: training/briefings and be familiar with fire-fighting measures.
- Riscuri pentru 50 |- Emergency contact numbers must be displayed near the site. 10
sinatate 515 - An Emergency Rescue Team (ERT) must be present on-site. 1| 1 | 10 | R.A.
- imbolnavire - All persons subject to the "Man Lock™ procedure must be (A)

P trained on the operation of the communication system, the

- Leziuni alarm signaling system, and the fire suppression system.

- Suitable pumps must be available.

- A multi-service vehicle must be available near the TBM to

transport an injured or affected person to the evacuation shaft

area.

- A transport basket must be available to bring the victim to the

surface using a mobile or gantry crane.

The implementation of the measures is continuously ensured throughout the duration of the work by the
site manager or work site supervisor.
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Substantiating the specific health and safety plan

High-risk and specific zones

The Project Manager, together with the site coordination staff, is required to identify, assess, and
continuously monitor areas of high and specific risk associated with the tunnel construction works. These
areas will be appropriately demarcated and marked, and access to them will be restricted to authorized
personnel who are properly trained and equipped. Given the specific nature of the operations performed
using the TBM, the primary areas of high and specific risk are:

o the excavation face and cutterhead area;
the excavation chamber and areas where hyperbaric work is performed,;
the TBM area and associated auxiliary installations;
the area for transporting precast segments and handling suspended loads;
the area containing conveyor belts and excavated material removal systems;
vehicle and service train traffic routes within the tunnel;
areas containing medium- and low-voltage electrical installations;
storage and supply areas for fuels, lubricants, and other hazardous substances;
areas at risk of fire and explosion;
confined spaces and areas where hazardous gases may accumulate or oxygen levels may be depleted;
o areas for the assembly and maintenance of mechanical and hydraulic equipment.

Hazards associated with activities carried out in high-risk areas have been identified and assessed, and
specific measures have been established to eliminate or reduce occupational risks. Specific procedures and
work instructions have been developed for high-risk activities and communicated to workers prior to the
commencement of work. To prevent accidents and protect workers' health, the following measures shall be
applied, as appropriate:

o delineation and marking of work areas and hazardous zones;
e access control for high-risk areas;
continuous monitoring of the tunnel atmosphere;
verification of ventilation and communication system functionality;
implementation of Lockout/Tagout procedures for equipment interventions;
use of personal protective equipment appropriate to the identified risks;
periodic inspection of equipment, machinery, and installations;
compliance with procedures regarding hyperbaric work and access to the excavation chamber;
provision of facilities for first aid and emergency response;
keeping evacuation routes and access paths clear at all times;
monitoring compliance with occupational health and safety measures by all personnel on site.

All persons carrying out activities within the project are required to comply with the provisions of the
specific Health and Safety Plan, work instructions, and established prevention and protection measures, as
well as the directives of the personnel designated to coordinate occupational health and safety activities.

Management of training, information, and instruction in the field of OHS

All workers involved in the execution of the work receive general introductory and periodic training
tailored to the specific activities performed and the risks present on the construction site. The training
process covers applicable legislation, general and specific risks, first aid measures, emergency procedures,
and rules regarding the use of work equipment and personal protective equipment.

Workers are kept informed on an ongoing basis through "toolbox talk" meetings, posters, and
informational materials, as well as through communication regarding any changes in the execution process.
Training effectiveness is verified through periodic testing, field observations, inspections, and internal audits.
For high-risk activities, workers must possess the qualifications, authorizations, and competencies required
by applicable legislation. Furthermore, personnel with responsibilities regarding OHS, emergency situations,
and first aid provision participate in specialized training programs designed to ensure the effective
management of risks and emergencies on the site.

Management of worker health surveillance

Health surveillance management aims to ensure worker protection against occupational risks specific to
TBM (Tunnel Boring Machine) tunneling operations and to maintain workers' fitness for work throughout
the project's duration. Health monitoring is conducted in accordance with applicable national legislation and
is tailored to the specific conditions of underground work.
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The occupational health service assists in identifying and preventing occupational conditions associated
with mechanized excavation and tunneling, continuously monitors personnel health, and provides
recommendations on adapting work tasks to the workers' physical and psychological characteristics.
Particular attention is paid to monitoring respiratory, musculoskeletal, and auditory conditions, as well as
those linked to exposure to high pressures or specific underground working conditions. For interventions
within the TBM excavation chamber or other activities performed under hyperbaric conditions, workers
undergo additional medical evaluations and must meet specific medical fitness requirements. These activities
are carried out according to approved procedures, under appropriate medical supervision, and in compliance
with compression and decompression protocols.

Management of Personal Protective Equipment (PPE)

The process of managing personal protective equipment (PPE) encompasses identifying requirements,
procurement, distribution, and worker training on proper use, as well as periodic inspection and maintenance.
Equipment is selected based on the specific nature of the activities performed and the results of the
occupational risk assessment.

Each worker receives the necessary equipment before commencing work and is required to use it
correctly throughout the entire workday. Furthermore, workers receive training on how to use and maintain
the equipment, as well as how to report any damage or non-conformities.

To ensure the continued effectiveness of protective measures, the equipment undergoes periodic
inspections, and any items showing defects or wear are replaced immediately. Compliance with the rules
regarding the use of personal protective equipment is continuously monitored.

Tunnel construction site setup and organization

For the tunnel project, site organization aims to ensure a continuous operational flow between the portal
area and the excavation face, while maintaining an adequate level of safety for all personnel involved in the
construction process. To this end, distinct zones are established for personnel access, equipment movement,
material storage, machinery maintenance, and emergency management.

Access to the tunnel is controlled through specific procedures that allow for the continuous monitoring
of personnel underground. The need for such a system arises from the specific nature of the working
environment, where significant distances from the portal and the potential for unforeseen events necessitate
constant knowledge of the number and location of individuals inside the tunnel.

Particular attention is paid to setting up the temporary infrastructure required for the TBM's operation.
The machine's functioning relies on complex auxiliary systems, including power supply, industrial water
networks, compressed air installations, drainage systems, and communication infrastructure. Without these,
the excavation process cannot be carried out safely and efficiently. Consequently, the layout and
organization of the tunnel worksite constitute not merely a logistical task but a complex risk management
process that helps protect worker health and safety while ensuring the continuity of the execution process.

Traffic routes and danger zones

Unlike conventional construction sites, where access routes can be easily modified as work progresses,
the transport infrastructure for TBM-excavated tunnels is constrained by the underground spatial
configuration and the placement of technical installations. As excavation advances, a complex transport and
supply system develops within the tunnel, comprising service trains, specialized vehicles, lifting equipment,
utility pipelines, electrical cables, and conveyor belts for muck removal. The coexistence of these elements
creates numerous points of potential interference that must be identified and managed as early as the work
planning stage.

A key aspect of traffic organization is the delineation of pedestrian routes. Personnel movement to the
tunnel face, assembly areas, or intervention points must take place along dedicated routes that are clearly
marked and—to the extent possible—separated from areas used for transporting materials and equipment.

Particular attention must be paid to the movement of service trains used to supply the TBM and
transport the precast segments required for the tunnel lining. This equipment operates in confined spaces
with limited visibility and restricted room for manoeuvring around obstacles. Consequently, their movement
must adhere to strict rules regarding travel speed, movement signalling, and communication between
operators and personnel in the area. Transporting precast segments is another high-risk activity. The
considerable weight and dimensions of these elements, combined with the need to handle them in confined
spaces, can lead to serious accidents if the load loses stability or lifting systems fail. Therefore, transport
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routes must be kept clear at all times, and handling operations must be coordinated to prevent personnel from
entering the operating radius of suspended loads. In TBM-excavated tunnels, the removal of excavated
material is frequently carried out using conveyor belts. While these improve process efficiency, they also
introduce specific risks associated with entrapment, entanglement, or crushing points. For this reason,
conveyor belts must be equipped with protective guards, emergency stop devices, and measures to prevent
unauthorized access to hazardous areas. Crossing points for conveyor belt routes must be restricted to
specially designated and clearly marked locations.

In addition to areas designated for transport, the tunnel contains other spaces characterized by a high
level of risk. Notable among these are the excavation face, the cutterhead area, the excavation chamber, high-
pressure hydraulic systems, electrical equipment, segment installation zones, and areas where maintenance
work is performed. Access to these zones is restricted to personnel who are authorized, trained, and
specifically designated to carry out the respective activities.

A particular risk associated with tunnelling operations is the interference between activities taking place
simultaneously in the same work sector. Operations such as material transport, segment installation,
maintenance, and electrical work may occur concurrently, creating situations where individual risks can
mutually compound. For this reason, the layout of traffic routes must be continuously coordinated with the
analysis of simultaneous operations (SIMOPS) so that conflicts between activities can be identified and
eliminated before work begins.

Storage of materials on the construction site and inside the tunnel

Storage areas are organized to allow safe access for personnel and equipment without disrupting the
technological process. Materials are arranged in an orderly and stable manner to prevent shifting, tipping, or
damage during handling and use. Prefabricated segments, spare parts, consumables, and other materials
required for TBM operations are stored in locations that facilitate efficient supply to the work face and
minimize the risk of accidents. Hazardous or flammable materials, as well as those posing potential health or
environmental risks, are stored separately in compliance with applicable safety requirements.

Proper organization of storage areas helps maintain order and cleanliness within the tunnel, reduces
occupational risks, and ensures the continuity of the construction process.

Waste management

During TBM operations, the main categories of waste consist of excavated material, packaging, scrap
metal, waste from equipment maintenance, and municipal waste generated by personnel.

To prevent accidents and maintain a safe working environment, waste is collected separately and
periodically removed from work areas. Uncontrolled accumulation can impede the movement of personnel
and equipment, hinder evacuation during emergencies, and create additional risks of tripping, slipping, or
fire.

Excavated material is continuously removed via the technical systems integral to TBM operations,
ensuring that work proceeds without disruption or operational bottlenecks. Other waste categories are
temporarily stored in designated areas and disposed of through authorized operators, in compliance with
applicable legal requirements.

Temporary installations and utilities

For tunnelling operations, artificial lighting is essential for ensuring safe working conditions, given the
absence of natural light and the specific nature of the underground environment. Lighting systems are
designed to provide the visibility required for carrying out work, personnel movement, and equipment
operation.

In addition to general lighting, localized lighting systems are used in areas where tasks requiring a high
degree of precision are performed. Safety and emergency lighting systems are also installed to facilitate
personnel evacuation and rapid response in the event of a power outage or emergency situation.

The electrical systems used for TBM operations supply power to the technological equipment, lighting
systems, and auxiliary installations required for the construction process. Given the specific underground
conditions, these systems are designed and operated to minimize the risks of electric shock, fire, and
accidental power interruption. All electrical installations are clearly identified, protected, and subject to
periodic inspections by authorized personnel. Any faults detected are rectified before the systems are put
back into operation, and the results of the inspections are recorded in the relevant documentation.
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Ventilation is one of the most important auxiliary systems used in tunnel construction, serving to ensure
environmental conditions suitable for underground operations. The ventilation system is sized to provide the
necessary fresh air supply, exhaust dust and gases generated by technological processes, and maintain
appropriate working environment parameters.

System operation is continuously monitored, and air quality parameters are periodically checked to
identify any situations that could compromise worker health and safety. Should faults occur or permissible
limits be exceeded, the necessary measures are taken to restore normal working conditions.

Simultaneous operations (SIMOPS) and interface documents

TBM tunnelling involves the simultaneous execution of numerous interdependent activities, carried out
by different teams using equipment with distinct functions. Under these conditions, the management of
simultaneous operations (SIMOPS) is an essential tool for accident prevention and the efficient coordination
of activities within the underground workspace. In TBM tunnelling projects, the effective application of
SIMOPS principles helps minimize interference between activities, optimize resource utilization, and prevent
accidents arising from the simultaneous conduct of multiple operations in a confined space. Consequently,
the management of simultaneous operations constitutes a key component of the occupational health and
safety management system implemented at the worksite.

6. Conclusions

The research conducted highlighted that tunnelling operations represent some of the most complex
activities in the construction sector, both from a technological standpoint and regarding occupational health
and safety. The underground environment, confined working space, use of high-power equipment,
mechanized transport, hyperbaric conditions, and the need for interventions within the excavation chamber
give rise to specific occupational risks that necessitate rigorous prevention and control measures. The study
analyzed the responsibilities of the parties involved in the project, site organization from an occupational
health and safety perspective, and the key technological processes that can impact worker safety.
Furthermore, risks associated with each execution phase were identified and evaluated, and technical,
organizational, and procedural measures were established to reduce risk levels and protect personnel.

The analysis results demonstrate that the use of TBM technology contributes significantly to reducing
risks specific to conventional excavation by limiting workers' direct exposure to the excavation face, reducing
ground instability, and increasing process automation. However, the technology introduces new challenges
regarding risk management related to working in confined spaces, ventilation, atmospheric monitoring,
hyperbaric operations, and emergency management. The major risks identified within the project are associated
with hyperbaric operations, cutterhead interventions, and potential tunnel fires (summary table 8).

Table 8. A summary of the major risks identified
Causes Consequences Measures

Hyperbaric works

Incorrect decompression

Decompression sickness

Medical supervision

Medically unfit personnel

Barotrauma

Hyperbaric procedures

System malfunctions

Serious accident

Limiting exposure

Cutterhead interventions

Accidental start-up Crushing Lockout-tagout
Hazardous atmosphere Asphyxia Work permit
Confined space Fatal injury Gas monitoring
Rescue plan
Fire in the tunnel
Electrical faults Intoxications Ventilation

Open-flame work

Burns

Fire extinguishers

Fuels and lubricants

Difficult evacuation

Evacuation drills

Equipment overheating

Suspension of work

Fire work permit

A key aspect highlighted in the paper is the importance of implementing an efficient occupational health

and safety management system based on planning, continuous risk assessment, staff training, and ongoing
monitoring of working conditions. Regarding risk assessment, occupational risks for exposed worker
categories were identified and quantified using a semi-quantitative Kinney-type method. Applying the tools
of this method during the risk assessment process enabled the formulation—for subsequent adoption and
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implementation—of the most appropriate measures to minimize risks associated with specific hazards. The
effectiveness of preventive measures depends directly on cooperation among the client, the contractor, OHS
coordinators, and workers, as well as on adherence to established procedures for high-risk activities.

Furthermore, the analysis highlighted the pivotal role of emergency response measures. The availability
of a dedicated medical team, hyperbaric chambers, refuge chambers, atmospheric monitoring systems, and
first-aid equipment significantly enhances intervention capabilities and helps mitigate the consequences of
adverse events.

Developing a specific Health and Safety Plan for the tunnel in question demonstrates that risk
management must be approached as a continuous process, integrated into every stage of construction. This
plan is not merely a legal requirement mandated by Government Decision no. 300/2006, but a practical
management tool that enables hazard identification, the implementation of preventive measures, and the
assurance of a safe working environment for everyone involved in the project.

In conclusion, the objectives of this study have been met: an applied analysis of the health and safety
requirements specific to TBM tunnel construction was conducted, and a tailored Health and Safety Plan—
adapted to actual site conditions—was established. Proper implementation of the measures outlined in this
plan contributes to reducing occupational risks, preventing workplace accidents, protecting workers' health,
and ensuring the safe execution of one of Romania’'s most important road infrastructure projects.
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