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ABSTRACT

The purpose of this Final Graduation Project is to investigate exploring the different work processes, to
visualize the occupational exposure to H,S hydrogen sulfide of a worker in the oil field, their atmospheric
environment, working conditions, work environments, dangers and risks, in order to guarantee compliance
with the permissible limits in current occupational health and safety regulations. In the oil industry, H,S is
present in the atmosphere of all processes, various plants, batteries and locations because it is part of oil and
gas, high concentrations can cause damage to health, or even death by suffocation and high contamination
to the environment. For this, surveys were carried out obtaining data and analyzing the information of the
workers of the different sectors, the majority have little knowledge of the exposure to H,S, the potentiality
and severity of this gas, the work they do is dangerous.

Keywords: H,S (Hydrogen Sulfide, Hydrogen Sulfide, Hydrogen Sulfide Gas, Hydrogen Sulfide); Concentrations;
Repeated or Prolonged Exposure; Working Conditions; Working Environment; Oil; Damage to Health; Death.

RESUMEN

El propésito de este Trabajo Final de Graduacion es investigar explorando los diferentes procesos de trabajo,
para visualizar la exposicion laboral al H,S sulfuro de hidrogeno de un trabajador en el ambito petrolero, su
ambiente atmosférico, condiciones laborales, entornos de trabajo, peligros y riesgos, con el fin de garantizar
el cumplimiento de los limites permisibles en la normativa vigente de seguridad y salud ocupacional. En la
industria petrolera el H,S se encuentra presente en la atmosfera de todos los procesos diversas plantas,
bateria y locaciones pues es parte de petroleo y gas, las altas concentraciones puede causar dafo para
la salud, o incluso hasta la muerte por asfixia y contaminaciones elevadas al medio ambiente. Para ello
se realizo encuestas obteniendo datos y analizando la informacion de los trabajadores de los diferentes
sectores, la mayoria tiene poco conocimiento de la exposicion al H,S, la potencialidad y severidad que tiene
este gas, el trabajo que realizan es peligroso.

Palabras clave: H,S (Sulfuro de Hidrogeno; Acido Sulfhidrico; Gas Sulfhidrico; Hidrégeno Sulfurado);
Concentracion Permisible; Exposicion Repetida o Prolongada; Condiciones de Trabajo; Entorno de Trabajo;
Petroéleo; Danos a la Salud; Muerte.

INTRODUCTION
The oil industry represents one of the most dynamic, complex, and risky sectors in the industrial field,?
where working conditions require rigorous safety, occupational health, and environmental planning.G4%

© 2023; Los autores. Este es un articulo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribucion y reproduccion en cualquier medio siempre que la obra original
sea correctamente citada


https://doi.org/10.56294/evk202350
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.56294/evk202350
https://orcid.org/0000-0003-0257-1176

eVitrokhem. 2023; 2:50 2

Within this context, this research focuses on the analysis of the risks associated with hydrogen sulfide gas
(H2S) exposure in three companies operating in different oilfields in the province of Chubut, Argentina: YPF
(Comodoro Rivadavia - Escalante - Trébol oilfields), PAE Pan American Energy (Dragon Hill) and CAPSA (Diadema
Argentina).®”® This research aims not only to identify the hazards faced by workers but also to analyze the level
of knowledge, prevention, and training regarding the handling of hazardous chemicals, especially H2S.®1%1

The methodological design of this study is exploratory, descriptive, and comparative, with a quantitative-
qualitative and cross-sectional approach.(>'3 Data were collected in the field through surveys, interviews,
and the use of specialized measuring instruments, such as calibrated gas detectors, as well as direct observation
of procedures in various operational areas. The sample consisted of randomly selected personnel from each of
the companies, ensuring representativeness and diversity in functions and tasks. ('>16.17)

Through the analysis of the collected data, significant deficiencies in awareness, training, and the practical
application of preventive measures were identified. In many cases, operational staff do not adequately
recognize the hazards associated with Hz2S, do not have access to the necessary documentation, and do not
follow standardized procedures.('®1%20) This scenario poses significant risks to both the health of workers and
the safety of the facilities.?"??

This paper aims to make an initial contribution to comprehensive improvement in oilfield risk management,
proposing lines of action and recommendations to enhance safety culture and reduce the incidence of adverse
events related to hazardous chemical agents.

How does the level of knowledge, training, and application of preventive measures influence exposure to
H-2S gas in workers of companies operating in oilfields in the province of Chubut?

Objective

The primary objective of this research is to investigate how the risks associated with H2S, an extremely
toxic, flammable, and corrosive gas naturally present in hydrocarbon extraction and treatment processes, are
managed. It also seeks to evaluate the working conditions, the personal protective equipment (PPE) used, the
documentary protocols available, and the training of personnel about this hazard.

METHOD
Design

The present investigation has an exploratory scope with the purpose of highlighting the fundamental aspects
of a specific problem already studied, descriptive to identify the characteristics of the population and the
different processes and places, comparative, 3 (three) companies providing the same service in various fields
were purchased.

The type of research is transversal; it was carried out in the field with data collection of the different
processes with measuring instruments only once in the 3 (three) companies to be purchased in oilfields: YPF
Comodoro Rivadavia - Escalante - Trébol. PAE Pan Amerycan Energy Dragon Hill. CAPSA Diadema Argentina.

The study employs a quantitative-qualitative approach, utilizing numerical data collection and analysis to
establish behavioral patterns, causal explanations, and predictions. The design was non-experimental because
there was no manipulation of the variables; only the phenomena were observed.

Population and sample

The research was conducted using a comparative population sample of 3 companies that provide services in
the locality of Comodoro Rivadavia, Trébol, Escalante Dragon Hill, and Diadema Argentina, including Oilfields
YPF, PAE Pan American Energy, and CAPSA. The population data were provided by the safety, health, and
environment departments of each company, as well as Chiappori Nicolas, Gamarra Gisella, and Villares Alfonso.
A small group of people were randomly selected and contacted personally. The sampling was conducted through
a mathematical calculation for qualitative studies with a finite population, ensuring representativeness.

The finite population sample size was calculated using the following formula:

N*Z2p*q
AN -1)+ 22 *p*q

N = Size of the population or universe (120).

Z = Statistical parameter that depends on the confidence level (50 % = 0,674). e = Maximum accepted
estimation error (6,00 %).

p = Probability of event success (50,00 %).

q = Probability that the event does not occur (50,00 %).

n = Target sample size (25,15).
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Data collection tool

It is used as a tool for data collection and requires consent signed by the respondents and consent signed
by the proxy of one of the companies for the use of measuring and photographic equipment in the different
areas of work. Individual surveys consist of a consent form and questions with multiple-choice answers, which
the respondent must complete. This will be done in person, personally, and from any web browser or mobile
device through an invitation link to the Google Forms platform. Before sending and carrying out the surveys,
the person was contacted by telephone.

Another tool used in situ was a measuring equipment, a detector of 4 gases: 0Oz, CO, H2S, and LEL, model
SP-MGT-P SK 0909213, with its respective calibration dated 06-05-2021 and an expiry date of 06-11-2021. It is
worth noting that the calibrations of this equipment are performed every 6 months.

Certifications are attached as an Annex. The form is attached as Annex.

Data analysis
The data obtained from the surveys will be tabulated in an Excel spreadsheet and graphically represented as
needed. The frequency of occurrence of specific responses is assessed to determine the population’s exposure.

Time frame
The present research work was developed in 3 months, starting from the collection of information, carrying
out the surveys, analysis of data obtained, and the formulation of conclusions.

RESULTS

The collection of data and information was carried out using a list of questions in person and with a Google
form, carrying out all the personnel to be surveyed; with this, we tried to delve into the range of ages working
in the oilfields, categories, jobs performed, areas and processes, exposure to H,S and how it affects health,
materials, and environment to which they are exposed, associated risk factors, working conditions, and
environment.

Requested documentation to be implemented for the different jobs in the companies or sites.

It was also discovered that the people surveyed have little knowledge of this gas, how to recognize it, and
how to act when it is present, despite working in an environment where it is constantly present and being aware
of the PPE that should be used for tasks involving exposure.

2% soe 1%

M Rada Tilly - Chubut M Salta .argentina . MSarmiento Chubut

M Tierra del Fuego EMTucuman M Diadema - Chubut - Argentina
M Lanus, Pcia de Bs As. M Las Heras Mendoza M Puerto San Julian - Santa Cruz
m Comodoro Rivadavia chubut  mCordoba mCaleta Olivia - Santa Cruz

Figure 1. Place of residence
According to the data and information from the surveys, there are personnel working in the oilfields of the

city of Comodoro, Rivadavia, Province of Chubut, who are not from the city but who work under a labor regime.
For example, they work 25 days and rest for 10 days.
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Figure 2. Age ranges

The ages of the staff in the different areas and tasks vary in the 3 (three) companies.

Tareas Generales Amolador
7% 6% Encargado de

cuadrilla
10%

Soldador ,
Supervisor

23% 0%
Laboratiro
2%
Montadores
Retrista 6%

4%

Obras Civiles
15%

Operadores
9%

Figure 3. Job Vacancies

Puestos de Trabajos Tareas Principales

Mantenimiento de Instalaciones, limpieza,

Tareas Generales .
saneamiento.

Imagen N° 1y 1. Operarios reali

TP Prefabricado de caﬁer.ias, piping, Trabajos en
caliente.

Figure 4. 1-2 Operators cleaning and sanitising the facilities

https://doi.org/10.56294/evk202350 ISSN: 3072-7944


https://doi.org/10.56294/evk202350

5 Rodriguez AC, et al

Prefabricado de caiierias, piping, Trabajos en
caliente.

Figure 6. 4-5 Confined space welding with scaffolding on cutting tank, south floor

Operadores Manejo de equipos, (camiones, hidrogruas, gruas).

Figure 7. Heavy Equipment Operators: Truck, Hydrocrane, and Crane Operation
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Control de la produccion en baterias, planta y boca
de pozo.

Recorredor

Figure 8. Rigger performing production control at the wellhead

Obras Civiles Construccion de obras civiles.

Figure 9. Chamber formwork

Montadores Montadores de Equipos, (AIB, Bombas, Piletas, etc).

Figure 10. Two crews working together to change the strobe on the mule head
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Retrista Movimiento de suelo y excavaciones.

Figure 11. Probing and excavation for repair of 2” line

Responsable de las tareas en sector/drea de trabajo.

Encargado de cuadrilla . ) )
Firma el permiso como ejecutante.

Figure 12. Coordination of work with supervisor and crew leader

Supervisar los frentes de trabajos en los diferentes

Supervisor
sectores.

Figure 13. Supervisors observing concrete setting tasks
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Laboratorista Separacion de agua, petréleo y analisis de los

mismos.

A B

Figure 14. A. Sampling at the wellhead B. Separation into test tubes of hydrocarbons extracted from the wellhead,
water, and oil

31a4q
21a30 2%

Figure 15. Experiences

Years of experience in the jobs.
Related to the area, types of work, tasks to be performed and work environment.
Details of the services provided at the different sites, divided by category.

Energia Aero
__generacion.

7% :
Energia Aero

En:ergia gasy / ______generacion., Obra
petrol:o., qi?ra y y construccion.
construccion. _ 1%
6%

Energia gas y
petréleo., Energia
Aero generacion.

6% ——— Energiagasy

petréleo.
65%

Figura 16. Work Area
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The items are divided into areas with their respective responsible persons, management and middle
management.

32%
1%

5%

5%

1%

M Otros: Obras

M Otros: Varios

H Produccion.

® Produccion.

® Produccion., Otros:

® Trabajo con tension.

HTrabajo de lzaje., Mantenimiento., Produccion.

® Trabajo en Altura., Obras Civiles., Mantenimiento., Otros:

M Trabajo en Altura., Produccion.

M Trabajo en Altura., Trabajo con tension.

M Trabajo en Altura., Trabajo de Izaje., Trabajo con tension., Mantenimiento., Produccion., Otros:

M Trabajo en Altura., Trabajo en Espacios Confinado.

M Trabajo en Caliente.

M Trabajo en Caliente., Mantenimiento., Produccién.

M Trabajo en Caliente., Trabajo en Espacios Confinado., Trabajo de lzaje.

M Trabajo en Espacios Confinado., Trabajo con tension., Produccion.
Figure 17. Types of work they do

Different tasks are performed by operating personnel in the oilfield industry.

The guidelines followed by operators for different jobs include taking precautions to ensure the safety
of people and facilities, identifying hazards, and assessing risks to determine control measures that prevent
accidents—promoting the development of a culture based on safe work practices.

The first step in implementing a permit-to-work system is to identify the jobs, tasks, or operations to which
it is applicable. These jobs require the issuance of one or more WPs through a Risk Analysis or a Decision Tree

from which each area can draw up its reference list and record it in the Register. It is clarified that these
guidelines are neither exhaustive nor limiting and should be taken as a guide to applying for Work Permits.
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The Applicant, together with the Authorising Officer, shall be responsible for analyzing the work using the
Decision Tree to determine whether a Permit to Work is required.

Flow diagram

Tarea rutinaria? 1

E3 : Js._y

v L}

rl iTarea critica? —_ —‘ {Tarea critica? }— £Se modifica algo?

] ; s L | ]
! i L

5| | NO * | Sl |

v . B
— ‘ [ sl | NO I
l Hacer PT Hacer PT [
v ; Y
h 4 r T =
I 1 z Vuelve criticala ATS/
¢Personal éTareas = tarear’ ‘ PO
competente? simultaneas? ] :
= !| : . B — L)
sl | NO . S ¥ | sl | NDJ
| | - -| 4 NO sl | .
: T
iDebe ser asis.tido por. . Hacer PT | v . v ey,
responsable de la instalacion ? _— ATS/ | Hacer PT | Hacer PT e
[ PO g
. P <
si | nNo
| ATS equivale a ARO/PRP o equivalente
v . 2
- PO= Procedimiento Operativo
Hacer PT ATS/PO il P

Figure 18. Flow diagram
When work is carried out on the premises of another person in charge and, the tasks are non-critical. It will

be sufficient to have an ATS or an entry authorization endorsed by what would be the figure of the Authorising
Officer if the Work Permit System were applied, for which the work is divided according to the following table:

So_h'lcitan_te Autorizante Ejecutante
Confeccién y firma PT Valida y firma PT Revisa y firma PT

Process diagram

Identificacién de ™ Tildado de las = Revisién de la lista
riesgos y definicién casillas de |a lista de de verificacién del
de medidas para verificacién del Permiso
realizar la tarea Permiso l

i

Ei§CUt3“tE Autorizante y Ejecutante
Realiza la tarea Cierran el PT

~ Realizacién de
% Mlnl.::cdb Seguridad Verificacién que el trabajo se haya completado y
o ae” ot Ioicio las condiciones de |a instalacién, orden y limpieza.
3 4 S Retirar todos los bloqueos, aislamientos o
. ﬁéistf_lh.ucién de copias dispositivos preventivos.
del PT: Restablecer las condiciones normales de
Original:Sitio I seguridad del drea y/o equipos involucrados.
. Duplicado: Autoriza La firma del permiso de trabajo implica el acuerdo
r y i!cir.wn.w:lmlento de las condiciones de entrega del
sitio.
B .
2tk £ Una vez cerrado el Permiso serd
T archivado por (2) anos:
Fn'ual\.f«sr.lu_ﬂ ela Original: Departamento Seguridad

tarea Duplicado: Autorizante
Figure 19. Process diagram
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Table 1. Examples and Control Measures for Work

Confined spaces

(An enclosed or partially
enclosed space that is
not designed for human
occupancy. It has accesos
y salidas limitadas para su
ingreso y egreso).

Work at height

(When a tarea se realice a
una altura a mas de 1,80
mts con respecto al plano
inferior).

Electrical installations
(applies to electrical
installations carried out
by our own and contracted
personnel).

Excavation

Example of activities

Task planning / medidas de control

Example of activity s

Planning of the tasks / measures to be

taken control

Example of activities

Task scheduling / control measures

Example of actividades

Planning of tasks / measures for
control

Reservoir tanks, reservoir pools, well chambers, pits and/or
sewers, drainage chambers, cisterns.

Crude oil heaters, treaters.

Places where there is a risk of accumulation of gases,
vapours or oxygen deficiency.

Excavations/trenches deeper than 1,20m depth.

Carry out energy isolation of the installation.

Carry out the corresponding atmospheric measurements.
Personnel trained and authorised to enter Confined Space.
Have and disseminate the contingency/emergency plan.

Work on ramps, scaffolding, walkways.

Work on AIB reduction gearboxes that do not have a basket.
Work on repeater antennas.

Work on roofs and overhangs.

Identify which personal fall protection equipment to use
and how to use it.

Check fall protection equipment before use.

Always be attached to an anchorage point.

Work without voltage

Work with voltage in remote MV installations
Work with voltage in contact MV installations.
Work with voltage in LV.

Work with safety voltage.

Work without VOLTAGE by
applying  THE 5 GOLDEN
RULES.

Visibly isolate the installation.
Lock the necessary cutting
and sectioning devices in the
open position using danger/
lockout/safety padlock cards.
Check that there is no voltage
in each phase using the
appropriate equipment.
Install grounding and short-
circuit systems at all points
where voltage may be
present.

Delimit the work area or
zone.

Work with voltage applying
the 5 golden rules.
Verify that personnel
qualified for TCT.

Verify work methods in
associated instructions.
Check the certifications of
gloves, sleeves, sheaths,
blankets, hydro-lifts with
baskets, and other regulatory
elements in force.

Use the PPE required for
these tasks:

Dielectric helmet with chin
strap, insulated footwear,
eye protection.

Insulated gloves suitable
for the voltage of the
installation.

Insulated maneuvering poles,
voltage detectors or testers.

are

Once the work is completed, the person responsible for the
work and the person responsible for the consignment

carry out the release.

Excavation/trenching deeper than 1,20 mt.
Excavations/trenches where interference is suspected or

known to exist.
Scarification work.

Confirm that potential interferences have been identified.
Determine the type and number of escape routes.
Mark and delimit the work area.

Verify that ground movement is being properly managed to
avoid cave-ins.

Dispose of the removed soil at a distance from the edge of
the excavation.

When the excavation is more than 1,80 m deep, a safety
harness and lifeline must be provided.

Implement protection methods for the entry of personnel
into excavations and trenches.
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Exposure
In all processes in various operational areas there is the presence of chemicals from the extraction of

hydrocarbons.
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Plantas., Plantas., Otros: Baterias., Otros: o e Baterias., Otros:
Oleoductos., 3% 5 2% / 7% s 3%
Gasoductos., Otros: 4 Oleadinias:
4% B Ba—

 Plantas.
[ 10%

Plantas., Baterias.
2%

Plantas., Baterias.,
Oleoductos., Otros:

21%
Figure 20. Areas where chemicals are present
Areas where the person has knowledge of the presence of chemicals.
17%
4%
79%
M Fisicos: Explosivos, Inflamables (Fisicos). MMedio ambiente: Toxicidad para el medio acuatico.

M Salud: Toxicidad Aguda, Sensibilizante (Salud).

Figure 21. Hazard exposures

Hazards that the person who is exposed on a daily basis in the workplace believes he/she is exposed to.
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6%

4%

2%

MExplosivos., Liquidos inflamables., Gases a presién., Corrosion cutdnea., Irritacion cutdnea., Peligro por aspiracion.,
Peligro para el medio ambiente., Peligro para la capa de ozono., Otros:

MLiguidos inflamables., Liquidos comburentes., Gases a presion., Irritacion cutdnea., Peligro por aspiracién., Peligro para
el medio ambiente., Peligro para la capa de ozono.

MLiguidos inflamables., Liquidos comburentes., Gases a presion., Peligro por aspiracion., Peligro para el medio ambiente.,
Peligro para la capa de ozono.

MPeligro por aspiracion., Otros:

HMPeligro por aspiracion., Peligro para el medio ambiente.

HOtros:

HPeligro para el medio ambiente.

MPeligro para la capa de ozono., Otros:

HLiguidos comburentes., Peligro por aspiracion., Peligro para la capa de ozono.

MIrritacion cutanea., Peligro por aspiracién., Otros:

MGases a presidn.

HMGases a presion., Irritacidn cutdnea., Peligro por aspiracion., Otros:

MExplosivos., Toxicidad aguda., Corrosion cutanea., Irritacion cutdnea., Peligro por aspiracion.

M Corrosion cutdnea., Irritacidn cutdnea., Peligro por aspiracidn.

M Explosivos.

MExplosivos., Gases a presion., Otros:
Figure 22. Daily exposure to hazards

Dangers that are exposed on a daily basis in the activity carried out by the operative in the workstations
performing the different tasks.
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Otros: _
7%

Inhalacion de gases
provenientes de la
descomposicion de
materias organicas.,
Otros:

19%

Manipulacion de productos
quimicos., Otros:
44%

Figure 23. Chemical exposure

Table 2. Level of knowledge of hazards and exposures when handling chemicals

Inhalation of gases from the Fossil fuels come from living organisms, resulting from the
decomposition of organic matter. transformation of organic matter, initially by bacterial action, and
then by transformations due to the increase of temperature by
burial together with sediments, in sedimentary basins.
Gases from crude oil extraction, sulphur, hydrogen sulphide H,S.
hydrogen sulphide H,S.

Handling of chemicals. Crude oil and its derivatives, e.g. paraffin, water, heavy oils,
paraffins and asphalts.
Lubricating chemicals for petroleum.

Inhalation of chemical Soot is the result of incomplete combustion of hydrocarbons.
chemicals. hydrocarbons. Example: chimneys.
Others. Solid and liquid airborne particles suspended in air, complex

mixtures containing, inter alia, dust, pollen, soot, smoke and small
liquid droplets.

suspended in the air, complex mixtures containing, among other
things, dust, pollen, soot, smoke and small liquid droplets.

Gas inflamable.

Olor caracteristicoa ( 2%
huevos podridos.,
Sabor dulce.
35%

Incoloro., Olor Gas inflamable., Olor
r

caracteristico a —— caracteristico a huevos
huevos padridos. podridos., Sabor dulce.

24% 37%
Figure 24. Characteristics of H,S
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H,S can be perceived even at low concentrations, it has particular characteristics.

__22%

M Control de proceso.

MControl de proceso., Espacios confinados., Manejo de quimicos.

M Espacios confinados.

M Espacios confinados., Manejo de quimicos., Trabajo en laboratorio.
M Manejo de quimicos.

MManejo de quimicos., Trabajo en laboratorio., Otros:

MMuestreo.

MMuestreo., Control de proceso., Trabajo en caliente., Manejo de quimicos., Trabajo en laboratorio.
M Muestreo., Espacios confinados., Manejo de quimicos.
EMuestreo., Manejo de quimicos.

EMuestreo., Manejo de quimicos., Trabajo en laboratorio.

M Muestreo., Trabajo en laboratorio.

M Otros:

MTrabajo en caliente.

MTrabajo en caliente., Espacios confinados.

MTrabajo en caliente., Manejo de guimicos., Trabajo en laboratorio.
M Trabajo en laboratorio.

Figure 25. Tasks with more exposure to chemicals

In the development of these works, different tasks are carried out under various environmental conditions.
The fluid produced by the wells, whether it is gas, oil, or water, arrives via pipelines to enter the battery.

Process control flow chart

Figure 26. Process control flow chart

https://doi.org/10.56294/evk202350 ISSN: 3072-7944


https://doi.org/10.56294/evk202350

17  Rodriguez AC, et al

Tos, irritacion ocular, Comienzan a irritarse
pérdida del sentido los ojos.

delolfato despuésde 2%
2 a 5 minutos.,... :

Se detecta Olor intenso y desagradable, pero
facilmente, olor e tolerable., Tos, irritacién ocular,
moderado. pérdida del sentido del olfato
34% después de 2 a 5 minutos., Otros:...

Figure 27. Effects where an exhibition has been presented

Symptoms associated with the presence of H,S.

46%

54 %

MAntropogénicas: Combustiones incompletas de combustibles fésiles, procesos industriales como el procesado Kraft del

papel, plantas de aguas residuales, hornos de cogquizacidn y fabricacion de acero.
MMNaturales: Descomposicion de materia orgdnica (pantanos, turberas, lodazales de marea) y, en menor medida, los
volcanes.

Figure 28. H,S emission sources

Hydrogen sulphide occurs both naturally and as a product of human activities.

Deterioro del Vehiculo de fluido Debilita la
inseguro. ___integridad
- 11% estructural.
) 14%

material., Vehiculo
de fluido inseguro.
2%

Deteriorodel
material.
50%

Figure 29. Effect of H,S on metals
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All small concentrations of H,S can or do strongly accelerate the corrosion of metals.

52%

M Anemametro. M Anemometro., Detector 4 gases., Detector mono gas.
MDetector 4 gases. W Detector 4 gases., Detector mono gas.
MDetector mono gas. HMOtros:

Figure 30. Gas Detector

H,S is highly flammable, explosive, and extremely toxic. To accurately monitor all areas where this gas may
pose a risk, a variety of gas detectors are available to detect H,S, including personal multi-gas detectors and
single-gas monitors.

Petréleo., Gas Agua de Cloacas., Agua
natural., Erupciones _ formaciénC. estancada.,
volcanicas. 5% _Cloacas. Erupciones
6% \ T 1% _ volcénicas....

Erupciones
- volcanicas., Otros:
1%

as natural.

\_ Petréleo., Agua de

” | | formacién.,
Petrd EO-.IGHS - Petialic . Erupciones
natural. = G
: 2 volcéanicas.
6% Erupciones |Petréleo., Cloacas.
volcanicas. 8% 6%

6%

Figure 31. Places where H,S is found
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H,S occurs naturally in crude oil, natural gas, volcanic gases, and hot springs. It can also be produced as a
result of bacterial degradation of organic matter.

Hierro. ~ Acero.
Fibra de vidrio., _ \ 23%
—_ 4% g
Otros:
Acero.,
Hierro.
4%
4 Acero.,
Hierro., Fibra
| de vidrio.,
Fibrade ) s
vidrio. ~ “__ Aluminio.
36% 2%
5 g : Aluminio., Acero.,
Aluminio., Hierro. __— } i hY
o Hierro., Fibra de _ Aluminio., Acero.
! vidrio.... 7%

Figure 32. Pipe materials that do not corrode with H,S Hydrogen Sulphide acid

Documentation

To carry out work in various areas and processes within deposits, a series of documentation must be complied
with by applicable laws, decrees, resolutions, standards, operational work procedures, and work permits that
have been authorized to perform the tasks.

Procedimiento Procedimiento
operativo., operativo., Manual
Instructivo de buenas practicas. Analisis de riesgo.
operativo., Analisis 1% Is 22%
de riesgo., Manual 7
de buenas practicas. : Analisis de riesgo.,

24% Manual de buenas

‘practicas. 1%

' Instructivo
\_ operativo., Analisis
de riesgo. 5%

y ‘_Manual de buenas

acticas. 4%
Procedimiento _~ practicas

operativo., Analisis |

de riesgo. 30%
Procedimiento —/

[ Ninguno. 4%
operativo. 9%

Figure 33. Cassifications and knowledge of documents
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For the activity they carry out, there is a document that establishes the safety standards to carry out these
activities safely.

Procedimiento
operativo., Manual

Procedlrr.uento de buenas practicas, 1 [
operat_wo., Hojas de seguridad., | ,'
Instructlr'a de Ficha técnica. ™ Iu |
trabajo. 1% N '. .
31% \

\_ Hojas de
seguridad.,
Ficha técnica.
1%

L Instructivo de
trabajo.
3%

\_ Instructivo de
trabajo., Analisis de
riesgo., Manual de

Procedimiento
operativo., Hojas de

- - d
segurl,dat_i-, Ficha ¥ '. buenas practicas,
b / Hojas de seguridad.,
6% / M Ve Ficha técnica.
o Procedimiento / T R 7%
Procedimiento operativo. | practicas, Hojas de
operativo., Andlisis 5 | seguridad., Ficha L Manual de buenas
i 2% Ninguno. _/ i i
de riesgo. % técnica. practicas
13% 2% 4%

Figure 34. Documentation for chemical handling

The company and its operators have a document that establishes and outlines the activities to be carried out
for the handling of chemicals; however, there is a lack of knowledge and training among operating personnel.
Attached as an Annex is a risk analysis of different tasks, safety sheets, and operating procedures.

Fichatécnica.  Ficha técnica.,
7% Instructivo de

' " trabajo. Fichatécnica,,

3%  Procedimiento de

_ trabajo.

16%

Hojasde
seguridad:;”
Instructivo de

Hojas de seguri
Hojas de seguridad.

trabajo.... Ficha técnica.,
Procedimiento de 13%
trabajo., Instructivo Hojas de seguridad.,
de trabajo. Ficha técnica.
1% 23%

Figure 35. Accessible documentation
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Operational personnel have access to the documentation enabling them to carry out the work, operating
procedures, risk analysis, safety data sheets and work permits.

Derrames y fugas de Exposicion y efecto a Exposicion y efecto alasalud.,
quimicos., Primeros auxilios. la salud. a Primeros auxilios.
N . | Manipulacién de quimicos
Peligros y riesgo., Exposiciény N
efecto a la salud. Y
AN | Manipulacién de quimicos,

. - Almacenamiento de quimicos.
Primeros auxilios. ___

____ Manipulacién de
quimicos,
Exposicién y
efecto a lasalud.,
Primeros auxilios.

Peligros y riesgo.,
Primeros auxilios.

Peligros y riesgo.,

Exposicion y efectoa .
la salud.,.ll:-'rlmerus ' Manipulacién de
audies: A quimicos, Peligrosy
riesgo.
Peligros y riesgo., /
Derrames y fugas de Peligros yriesgo., Almacenamiento
quimicos., Exposicién de quimicos., Exposicion y efecto a ] ]
y efecto a la salud. la salud., Primeros auxilios. Peligros y riesgo.

Figure 36. Staff training

With the data obtained from the surveys, we observe the training topics that the operational staff receive
in the field, meeting rooms, or canteens, which they are exposed to daily during their activities.

lzajes., Bloqueosy

etiquetados. Otros:
4% 20%
| | e Vs .
| |
Excavaciones., En | | Vs

altura., Otros: | |
3% {

Excavaciones.
5%

Espacios confinados.,
En altura., Izajes.,
Bloqueos y
etiquetados., Otros:
4%

\_En caliente., En frio.

%

En caliente., En frio., En
altura., Eléctrico.,
Blogueos y etiquetados.

En frio., En altura., lzajes. En caliente., Espacios
|

5% confinados., En altura., i
Iz;%;s. En caliente., En frio., Espacios confinados.,
En caliente., Excavaciones., Espacios confinados., Iz:i,:s.
En altura., Izajes., Bloqueos y etiquetados. En caliente., En frio., Excavaciones., En altura., lzajes.

5% 12%

Figure 37. Work permits
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Work permits must be signed by authorising personnel, area personnel and the person performing the task.

1% 4%

M Dar aviso/comunicar a emergencia. M Mo afecta a la piel el contacto.

M Otros: M Quitarme la ropa lavarme y ponerme la misma ropa.
Figure 38. How to act

In the event of contact with chemical products, proceed as indicated in the GHS product safety sheet. After
first action on site, proceed to role activation.

14%

MNo lo sé.

M Segln aperadora/yacimiento.

M Seglin empresa.

MSegun empresa., Segin aperadora/yacimiento.
M Segin hoja de seguridad.

MSegin hoja de seguridad., Segin aperadora/yacimiento.

Figure 39. Emergency roles
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Each operator and company has its designated emergency roles, which apply to any event, regardless of its
nature.

Relation to Personal Protective Equipment and Training.

Depending on the exposure, the amount of gas in the air, and the type of work, employees are required to
wear different levels of PPE.

1% __
%

1% 1%
I [ —1% 1%
- _10%

83%
M Calzado de seguridad., Proteccion Craneana.

M Guantes acorde a |a tarea., Calzado de seguridad., Proteccion respiratoria., Proteccién ocular., Proteccidn Craneana.,
Otros:

M Otros:

M Proteccion Craneana.

M Proteccion ocular., Proteccion Craneana.

M Proteccion respiratoria.

M Ropa de trabajo.

M Ropa de trabajo., Calzado de seguridad.

M Ropa de trabajo., Guantes acorde a la tarea., Calzado de seguridad., Proteccidn ocular.
Figure 40. Personal protective equipment

The companies provide you with the appropriate personal protective equipment for the tasks by means of
job planning and risk analysis.

It is observed that personnel lack knowledge of the appropriate PPE for tasks. Supervisors and middle
management ensure that all work is carried out and chemical products are handled using the proper PPE.

Personal protective equipment (PPE) for the different exposures.

These correspond to any equipment, apparatus, or device specially designed and manufactured to protect
the body from damage caused by accidents at work or occupational diseases and must be provided after an
analysis of the work or planned work to be carried out. The characteristics and/or data sheets of these devices
are attached as an appendix.
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Mascara buco-nasal __ | -
con filtro., Otros: \\\ ! ;

4% ——___ Barbijos., Otros:
2%
Mascara
buco-nasa
con filtro.,
Barbijos.,
Otros:
5%
Mascara buco-nasal Mascara buco-nasal
con filtro., Barbijos. con filtro.
24% 51%

Figure 41. Personal protective equipment for work with chemicals
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Figure 42. PPE Selection Matrix for Different Occupational Hazards
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DISCUSSION

In this scientific manuscript, we wanted to show the working conditions of 3 (three) companies working in
3 (three) oilfields located in the Province of Chubut, Comodoro Rivadavia City, the dangers that workers are
exposed to in different areas, sectors, and the exposure to H,5S Hydrogen Sulphide Gas or Hydrogen Sulphide
Gas in the work they carry out in their professions. 32425

No information was found in the SRT sources regarding the risks and dangers in the oil activity in terms of
H,S exposures, intoxications, occupational diseases, accidents, and/or fatalities in the different activities in
oilfields in the Argentine Republic, nor information from official published statistics, only the answers of the
survey participants were analyzed, comparing the level of knowledge of personal dangers with the occurrence
of situations of exposure to H,S.®2728)

From the health system, the danger that workers face when exposed to hydrogen sulfide gas, which is highly
toxic and causes numerous accidents, is clearly expressed, not only in open work areas but also in areas of
natural accumulation. This is why it is necessary to have atmosphere monitoring systems, as well as portable,
fixed, and wireless gas detectors and breathing equipment (such as self-contained breathing apparatus, masks,
cartridge chambers, and air supplies) to protect workers when necessary. %3031

According to the risks and operational and waste management controls for H,S in the facilities, some adverse
situations may occur, including explosions, uncontrolled fires, spills, and environmental contamination. 23334
It is, therefore, essential to consider that in any risk analysis, worst-case scenarios and protective measures
are taken into account.®>%3) This creates logistics not only in terms of safety measures but also in terms of
reaction measures for these scenarios since a material such as H,S, which is not only toxic but also flammable
and explosive, necessitates minimizing risks. 83940

The installation of specialized equipment is vital to mitigate or resolve possible scenarios in an emergency
beyond the control of the facility’s security forces. Contained Breathing Apparatus (SCBA), or Breathing
Apparatus), designed and developed to supply breathable air in atmospheres immediately hazardous to health
and life. @42

During the leak, H,S can mix with water or other liquid elements and become soluble, causing a reaction that
creates toxic liquid elements. These elements, when present in high concentrations, become very dangerous.
Therefore, body protection is required to contain the spill and prevent it from reaching other operating parts.
(43,44,45)

But it must also be considered that in these concentrations, H,S could cause an uncontrolled fire or, in the
worst case, a sudden and violent explosion. It would be worth considering more drastic measures in the event of
a fire. As a self-igniting element, the burning of this gas could take several hours; a typical fire-fighting device
with a duration of 60 minutes may be insufficient. In this case, closed-circuit equipment may be an option, as
these devices provide breathable air for more than 4 hours. “4")

For personnel inside a confined facility, such as a platform where escape is impossible, who must wait for
emergency responders to arrive, they should be sheltered from a fire or explosion in specially designed spaces

that can withstand extreme conditions and provide life support until evacuation personnel enter the platform.
(48,49,50)

v A
o A £ ! Y LA e :
Figure 43. Operator leaving a confined space wearing respiratory protection
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By having the support of safety equipment for daily use or specialized solutions, as well as training and
education for its personnel, to protect the most important thing: their lives.®"5?

To carry out their activities, companies must comply with the management systems of the operators, which
provide them with the required working conditions, including operations, work permits, and authorizations.
This ensures compliance with procedures to maintain the safety of operations and facilities, as well as the
physical integrity of workers. 33455

As a result of the analysis of the workstations and the execution of the tasks, the lack of information and
training of the operative personnel and middle management concerning this was corroborated: ¢%57:5%

e Drafting of work permits to carry out the tasks; this affects both the applicant and the person
enabling the work (operating personnel) and the executor (the person in charge of the crew who signs
the WP).

e The presence of H,S in areas and work sectors where tasks are frequent and daily, whether in
production processes or civil works and piping.

e The absence of atmospheric gas detectors at the work fronts, especially in classified areas, either
due to lack of equipment or lack of knowledge that atmospheric measurements should be carried out.
The effect of toxic gases, the atmospheric environment where an individual may be, depends on the
time they are exposed to the gas as well as the concentration of the gas; adverse effects are generated
in the organism, irritating the soft tissues of the body, such as the eyes, nose, throat, and lungs. High
concentrations quickly dampen the sense of smell, and continuous exposure can cause asthma attacks,
respiratory distress, unconsciousness, and death.

e The daily exposure of personnel in different areas is high, as all tasks carried out in the oilfields
involve the presence of H,S from the venting of any hydrocarbon-conducting installations. Attached as
an annex is the gas measurement protocol provided by the operator to enable tasks in areas classified as
plants or batteries.

The presence of risk analysis for tasks at the work fronts, along with the corresponding permit, is also
observed. When speaking with and questioning the crew, they indicate a lack of knowledge regarding the risk
analysis, including how to interpret it, the steps involved, hazards, severity, probability, and countermeasures
to be taken. 960,61

The operating procedures for all tasks in the surveyed companies are not available,©>%3¢4 nor are the safety
sheets. It should be noted that the operating personnel state that they do not have the documentation in
physical form, which they must request from their supervisor, who provides it to them. 56

The Company and Operator Policies are mandatory corporate policies, and non-compliance with them is
strictly enforced for all personnel. ©7:68:69

The Personal Protective Equipment (PPE) provided by the companies is sufficient for the tasks that the
personnel perform. Still, it was observed in the field that the operational personnel do not take care of them,
nor do they carry out maintenance or keep them in a place where they are not exposed to deterioration. It is
necessary to conduct investigations, field visits, and audits of work fronts to engage more with the operational
personnel, as it is evident that there is a lack of training, awareness, planning, hazard identification, risk
assessment, and unsafe work environments, and to determine the safety measures to prevent accidents.
Records of audits and field visits are attached as annexes. "

It should be noted that it is advisable to train all workers on the characteristics, properties, and risks of H,S,
to inform on the use of personal protective equipment, first aid, and emergency and rescue plans, applying safe
work rules and procedures, complying with existing legal provisions in this respect and, last but not least, first
aid practices and rescue and evacuation drills for the injured or intoxicated.

The collection of data that exists to date is fundamental when it comes to assessing the risks of an activity
that has been carried out for years, in different ways, at various scales, and is not given the importance
it deserves in the work context. However, the totality of the evaluation of exposure to H,S is still far from
providing solutions. This work is a contribution to this and future research and not the only definitive measure
to eradicate the risk; in the annexes, Work Permits establish the minimum mandatory conditions for the control
of work with significant risks through the implementation of written documents and a methodology called to
improve the management of Operational Safety which is notoriously what is not reflected in practice.

CONCLUSIONS

In conclusion, the conditions to which workers are exposed in the oil industry are not adequate. The presence
of H2S, the characteristics of the atmospheric environment, the working environment, inherent hazards, risks,
and the lack of preventive or mitigation measures, as well as poor training of operating personnel in various
areas, represent serious deficiencies. In addition, atmospheric gas measurement equipment and their respective
certifications are not systematized in the companies’ operating procedures.
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This final work has been highly enriching, as it has allowed us to understand the diverse realities of the oil
industry and to integrate multiple areas of knowledge, all of which are interconnected with other practices
and tasks within the sector. At the same time, it was possible to deal directly with technical content on a highly
relevant and topical subject, such as risk analysis at the worksite, actively involving all members of the crews.

Finally, it is encouraging to think that this work may serve as a contribution to future academic research,
the development of protocols, or at least as a basis for further study of a little-known topic that has been the
subject of study in different parts of the world for some time.
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