Pre prints.org

Article Not peer-reviewed version

Assessing the Potential Impact of

Fugitive Methane Emissions on Offshore
Platform Safety

Stuart N. Riddick * , Mercy Mbua , Catherine Laughery, Daniel J. Zimmerle

Posted Date: 30 September 2025
doi: 10.20944/preprints202509.2485.v1

Keywords: offshore; gas production; safety; explosion

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4539945
https://sciprofiles.com/profile/2480724
https://sciprofiles.com/profile/4440050
https://sciprofiles.com/profile/1746708

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2025 d0i:10.20944/preprints202509.2485.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Assessing the Potential Impact of Fugitive Methane
Emissions on Offshore Platform Safety

Stuart N. Riddick >*, Mercy Mbua 2, Catherine Laughery 2 and Daniel J. Zimmerle 2

! Department of Science, Engineering and Aviation, University of the Highlands and Islands Perth, Crieff
Road, Perth, PH1 2NX, UK

2 Methane Emission Technology Evaluation Center (METEC), Energy Institute, Colorado State University,
Fort Collins, CO 80524, USA

* Correspondence: stuart.riddick.perth@uhi.ac.uk

Abstract

One of the biggest risks to safety on offshore platform safety is the ignition of high pressure natural
gas streams. Currently, the size and number of fugitive emissions on offshore platforms is unknown
and methods used to detect fugitives have significant shortcomings. To investigate the frequency,
size and potential impact of fugitives, a data collection exercise was conducted using incidents
reported, leak survey data and independent measurements. The size and number of fugitives on
offshore facilities were simulated to investigate likely areas of safety concern. Incident reports
indicate in 2021 there were 113 reports of gas leaks on 1119 offshore facilities suggesting 0.02 fugitives
per Type 1 facility (older, shallow water platforms) and 0.31 fugitives per Type 2 facility (larger
deeper-water facilities). Leak survey data report 12 fugitives per Type 1 facility (average emission 0.6
kg CHa h leak?) and 15 fugitives per Type 2 facility (average emission 1.5 kg CHas h leak).
Reconciliation of direct measurements with a bottom-up model suggests that the number of fugitive
emissions generated from the leak report data is an underestimate for Type 1 platforms (44 fugitives
facility; average emission 0.6 kg CHa4 h leak?) and in general agreement for the Type 2 platforms
(15 fugitives facility; average emission 1.5 kg CHa h' leak™). Analysis of the fugitive emission rates
on an offshore platform suggests that gas will not collect to explosive concentration if any air
movement is present (> 0.36 mph), however, large volumes of air (~600 m?®) near representative leaks
on the working deck could become explosive in hour-long zero-wind conditions. We suggest that
wearable technology could be employed to indicate gas build up, safety regulations amended to
consider low-wind conditions and real-world experiments are conducted to test assumptions of air
mixing on the working deck.

Keywords: offshore; gas production; safety; explosion

1. Introduction

Globally, 29% of all crude oil (27 MMbbl day~') and 28% of all natural gas (27 MMboe day™) is
produced offshore [1,2]. Saudia Arabia (13% global production) and Brazil (12%) are the largest
offshore producing countries while the largest production regions are the Persian Gulf, the Gulf of
Mexico, West Coast of Africa, and the North Sea. In 2022, almost all US offshore oil and natural gas
production took place in the Gulf of Mexico, where an average of 1.8 million barrels per day (15% of
the total US crude oil) and 0.8 Tcf natural gas (2.3% of the total US natural gas) is produced by 1119
production platforms [2—4].

Offshore platforms operating in the Gulf of Mexico typically consist of a deck that is fixed in
place above well heads on the seafloor by either a rigid structure (e.g. legs) or a floating structure
tethered via cables. Produced oil, gas and water are separated then either stored, exported to shore,
or processed on the working deck. Typically, production platforms can be categorized into: Fixed Leg
(806 operating between Texas and Louisiana in the Gulf of Mexico in 2023; Figure 1), Caisson (253),
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Spar (17), Semi-Submersible (15), Tension leg (17), Well Protector (6), Compliant tower (2), Floating
Production, Storage and Offloading (FPSO) facilities (2), and Mobile Production Units (1). A full
description of each type can be found in Lyons et al. (2016) [5] and a brief summary in Riddick et al.
(2025) [6], but more usefully they can be grouped into two types (described in Section 2.1).
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Figure 1. Location of oil and gas production platforms in the Gulf of Mexico. Type 2 facilities include Spar, Semi-
Submersible, Tension leg, Well Protector, Mini Tension Leg, Compliant tower, Floating Production, Storage and
Offloading (FPSO) facilities, and Mobile Production Units.

The Bureau of Safety and Environmental Enforcement (BSEE) is America’s lead agency charged
with advancing safety, environmental protection and conserving natural resources related to energy
development on the U.S. Outer Continental Shelf (OCS) for facilities in the Gulf of Mexico west of the
87.5¢ latitude and areas offshore the North Slope Borough of Alaska [7]. The mission statement of
BSEE is to promote safety, protect the environment, and conserve resources offshore through
vigorous regulatory oversight and enforcement. The BSEE 2023-2026 Strategic Plan has four goals
(People, Protection, Reliability, and Sustainability) which are guided by five core principles (Culture,
Communication, Coordination, Collaboration, and Commitment). The first goal, People, aims to
attract, develop, and retain a diverse, skilled, and engaged workforce. Protection aims to reduce risk
to people and the environment in offshore operations. Reliability aims to deliver consistent reliance
on systems and tools that sustain trust, transparency, and accountability. Sustainability advances the
conservation of natural resources through conscientious and responsible energy development.
BSEE’s Center for Offshore Safety (COS) is focused on requiring Safety and Environmental
Management System (SEMS) tools, good practices, and the implementation of techniques based on
API Recommended Practice 75 (API RP 75). API RP 75 provides a framework for companies to
evaluate and improve their safety and environmental protection programs. Organizations can
mitigate risks and better protect their workforce and the environment by incorporating the API RP
75 guidelines into their operations. API RP 75 serves as a benchmark for best practices in safety and
environmental protection within the oil and gas sector and encourages a proactive approach to safety
management rather than a reactive one. As part of the BSEE remit, operators are responsible for
implementing a SEMS program throughout the life of their offshore operations. This requires a
commitment to hazard identification, risk management, and continual improvement as well as the
goals of operational integrity and safety and environmental protection. US OCS contractors and
drillers seeking a SEMS certificate are required to complete an audit which includes details of risk
assessment and risk controls (Element 3) and safe work management and safe work practices
(Element 5), both of which are directly affected by the presence of fugitive emissions which are
hitherto not considered in the audit.
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Despite the systems in place, upstream oil and gas production is one of the most dangerous
occupations in the US. In 2023 and of the 382,928 people directly employed in the oil and gas upstream
sector [8], 78 fatal injuries occurred in oil and gas extraction activities [9]. The fatal work injury rate for
oil and gas (20.4 per 100,000 full-time workers) is larger than other private sector industries, agriculture-
forestry-fishing-hunting (20.3), transportation/warehousing (12.9), construction (9.6), and seven times
larger than the national average (3.3). Five occupational health risks for offshore workers are defined
by the UK Health and Safety Executive (musculoskeletal disorders; hazardous substances; physical
hazards; biological hazards; and psychosocial hazards) [10] which generally tracks with the causes of
fatal injuries in the US (transportation events: 51% of offshore fatal events; contact with objects and
equipment: 13%; fires and explosions: 13%; exposure to harmful substances/environments: 13%; others:
7%) [9,11-13]. While most of the causes of fatal events happen to an individual, offshore fires and
explosions have been highlighted in as being relatively rare but catastrophic in outcome where single
events can result in multiple fatalities [12-15].

Methane gas is the primary component of natural gas (between 70 and 95%) and is generally
considered harmless to an individual unless it collects within a space to a mixing ratio of between 4%
(lower explosive limit) and 14% (upper explosive limit) where the methane enriched atmosphere can
ignite and/or cause an explosion. The BSEE has identified ignition of high pressure natural gas
streams as a primary fire hazard [16] and offers guidance on best practice for offshore leak detection
including using primary protection (SCADA-based methods that monitor flow, pressure, and
temperature indicate leaks) and secondary protection (sensors to detect small leaks) [17].

Several top-down methods, including driving, tall tower, aircraft and satellite surveys [18-23],
have been used to detect and quantify methane emissions from onshore oil and gas operations and
estimate normalized methane losses at between 2 and 4 % of production. Currently, normalized
methane loss from offshore oil and gas production is estimated by bottom-up approaches at 0.4% [24]
and many studies have recently reported on discrepancy between the expected and observed
emissions [25-27] with offshore emission thought to be underestimated by a factor of five [28]. Even
though direct measurement of whole facility offshore emissions have been developed using
downwind, aircraft and satellite methods [29-40], fugitive emissions on offshore facilities are
detected by operators only using methods that directly find emissions. Audio, visual, and olfactory
(AVO) surveys are conducted when an offshore worker uses their senses to detect emissions. These
surveys are limited by access, background noise and the surveyor’s innate abilities. More recently,
leak detection and repair (LDAR) surveys have been conducted using optical gas imaging (OGI)
cameras that use infra-red absorption to indicate the presence of methane, however, these cameras
can only detect emission greater than 130 g CHa4 h-1, the detection is limited by operator experience,
access and background temperature, and emission cannot be detected in wind speeds more than 9
m/s (21 mph) [41].

To our knowledge, the only available data on the number and size of offshore fugitive emissions
are either leakage incidents reported to BSEE [11], those reported to the US Bureau of Ocean Energy
Management (BOEM) and used as part of their annual emission inventory from the Gulf of Mexico
[42], or inferred from the direct measurement of emissions [29,30,40,43]. Using each of the sources
has strengths and weaknesses, however, data are available and could be used synergistically to
generate a holistic view of offshore fugitive emissions. The BSEE incident reports cover all events
from all offshore practices and therefore should give a geo spatial spread of events. The BOEM data
do not report emissions from all facilities, however, they include surveys that are looking for leaks
from a sub-set of operating platforms. Inferring fugitives is difficult from direct measurements as
total facility emissions include vented and combustions emissions as well as those unintended,
therefore, methods must be used to disaggregate them.

Given the discrepancy between onshore and offshore normalized methane loss, the importance
of better understanding the expected number of fugitives with regard to safety and the potential
shortcomings of current offshore fugitive detection methods, this study aims to better understand the
size and frequency of fugitive emissions on offshore oil and gas production facilities and determine
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whether this could be a real problem. Specifically, we aim to 1. Conduct a data collection exercise
using incidents reported to BSEE, size-number of fugitives reported to BOEM and independent
measurement data to better understand the size and number of fugitives on offshore production
facilities in the Gulf of Mexico; then 2. Use the size/number estimates superimposed onto a virtual oil
production facility to investigate likely areas of safety concern. It is anticipated this study will help
better inform safety protocols when working on manned offshore facilities and how best to prepare
for visits to unmanned facilities.

2. Materials and Methods
2.1. Platforms in the Gulf of Mexico

As mentioned in Section 1, similarities in location, production rates and installed equipment
exist between types of platforms. Here, and following the description in Riddick et al. (2025) [6], we
describe how platforms in the Gulf of Mexico can be grouped into two facility types. Type 1
prototypical facilities are platforms that are fixed to the seabed that operate in shallower water (<200
m) and are closer to shore (< 50 nm from shore). These are unmanned, typically older, have lower
average facility production rates (178 bbl oil day?; 620 Mscf day?), have little or no processing
equipment and both oil and gas are exported to shore via pipelines [3]. Type 2 prototypical facilities
operate farther from shore (> 50 nm from shore) in deeper water (> 200 m). These platforms are
manned 24 hours a day, have higher average facility production rates (4032 bbl oil day; 2928 Mscf
day™), and have processing equipment across the working deck (oil storage tanks, compressors and
power generation). Henceforth, unmanned Fixed Leg, and Caisson platforms are defined as type 1
prototypical facilities while manned Fixed Leg platforms and all types of production platforms are
defined as Type 2 (Figure 1).

2.2. BSEE Safety Reports

BSEE uses a performance-based approach, the Safety and Environmental Management System
(SEMS), that integrates and manages offshore operations to enhance the safety and environmental
performance of operations by reducing the frequency and severity of incidents [44]. The four
principal SEMS objectives are: 1. focus attention on the influences that human error and poor
organization have on incidents; 2. the continuous improvement in the offshore industry's safety and
environmental records; 3. encourage the use of performance-based operating practices; and 4.
collaborate with industry in efforts that promote the public interests of offshore worker safety and
environmental protection.

SEMS regulation requires all operators submit safety incident reports to BSEE [11]. The safety
incidents detail injuries, loss of well control incidents, collisions, and other incidents occurring
offshore. These also include gas leakage events which can include gas leaks events reported by
workers on the facility (i.e. detected through AVO), leak events that resulted in a fire, leaks detected
by gas alarm systems and false alarms. For use in this study, data on the number of events reported
to BSEE from each type of facility was collated as used to generate estimates of the number of leaks
per facility for each type of facility.

2.2. LDAR Reports Published by BOEM

The number of leaks and size of fugitive emissions were generated using leak detection and
repair (LDAR) data presented in the BOEM 2017 Gulfwide Emission Inventory Study [42]. For this
inventory, 5% of active platforms reported having an active LDAR program with 91% of facilities
conducting annual surveys and 9% conducting monthly surveys. Data show that surveys were
conducted using optical gas imagers (91% of leaks) or by visual inspection (9%) [42]. To generate
figures for actual number of fugitives per platform and size of average leaks, we extracted all
measurement data from the 54 facilities in the 2017 BOEM inventory and disaggregated by
prototypical facility type.
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2.3. Measured Methane Emissions

Estimating fugitive emission from offshore facilities using measurement data requires an
understanding of facility emission during normal operation, which can be subtracted from the total
measured emission to give the total fugitive emission rate. Following the calculation presented in
Riddick et al. (2025) [6], total working emissions from Type 1 facilities can be calculated from
intermittent bleed pneumatic controllers (4.9 controllers per well; 2.6 wells per facility), process
equipment (chemical injectors and dehydrators), produced water storage tank (43 bbl water h'), and
high pressure 2-phase and low pressure 3-phase separators. Similarly, emissions from type 2 facility
can be calculated from intermittent bleed pneumatic controllers (4.9 controllers per well; 4 wells per
facility); process equipment (treater, headers, chemical injectors and dehydrators); condensate/oil
storage tanks (0.3 M bbl oil h'); a produced water storage tank (0.2 Mbbl water h'); 9 low pressure 3-
phase separators; one high pressure 2-phase separator; a glycol dehydrator; and gas turbines driving
dry seal centrifugal gas export compressors. Fugitive emission rates for both types of facility are taken
from the results of the BOEM LDAR reports (as described in Section 2.2).

Whole facility measured methane emission data were taken from 294 platforms in the Gulf of
Mexico: 151 measured using an aircraft-mounted spectrometer [29]; 52 measured using aircraft mass-
balance [30]; and 103 using downwind dispersion approach [40]. Following Riddick et al. (2025)
[6,45], these data were separated into types 1 and 2 and filtered using QC/QA criteria which results
in emissions from 43 facilities that were most likely to be operating under normal operations, i.e. high
confidence in measured data and no upset conditions or maintenance. The bottom-up operating
emissions were subtracted from these 43 measured emissions to generate average fugitive emission
rates from type 1 and type 2 facilities.

2.4. Case Study: Fugitive Methane Accumulation on a Production Platform

2.4.1. Platform Description

Even though there are common features to platform types (i.e. caisson, fixed leg and FPSO), the
design and layout of each platform is not uniform. This means methane accumulation could vary
significantly between individual structures. For the purposes of this study we make several
assumptions about the facility design and investigate if it is possible for methane from fugitive
emission to accumulate to the lower explosive limit (LEL) of methane and, if so, what environmental
conditions would make this possible and how long would take. The assumption made are:

1. Pipes carrying methane are external and valves/flanges are not found within sealed volumes (i.e.
pipes do not pass through internal rooms) and are naturally vented by the wind.

2. The working deck area has floors and ceilings that are impermeable to gas flow, the sides are
open but the area is separated by solid walls.

3. Fugitives emit at a continuous rate.

2.4.2. Size and Typical Locations of Fugitive Emissions

Using BOEM 2017 Gulfwide Emission Inventory Study [42], data were collected on the types of
leaks observed on the 43 Type 1 and 11 Type 2 platforms and maximum, minimum and average
emission rates calculated (kg CHas h?), as well as the probability of the type of leak occurring (i.e.
being detected on an LDAR survey). The largest leaks (average > 0.1 kg CH4 h-') with a higher-than-
average chance of being detected (probability > 0.25) were then used to investigate accumulation.

2.4.3. Estimating Accumulated Methane Concentrations

To investigate potential maximum methane concentrations resulting from fugitives, a simple
dilution approach is used. It is assumed that methane is emitted from gas pipework on the working
deck where there is no vertical dispersion but gas can disperse horizontally with the wind. We also
assume that the working deck has a height of 3 m and comprises sections separated by solid walls,
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but gas can move when wind moves the air [46]. The methane concentration of methane LEL (Cu, g
m?3) can be calculated from the fugitive emission rate (Q, g s') and the flow of air through the working
deck (F, m?® s) (Equation 1). Here we assume the wind speed is a proxy for flow of air through the
working deck.

Cu=2 M

Time taken to reach LEL (f, s) can be calculated using Cum, Q, F, the density of air (p, g m?) and

the volume of the working space (V, m% (Equation 2).

= MV )

(@-pF)

3. Results
3.1. BSEE Safety Reports

In 2021, there were 544 individual offshore safety incidents reported to BSEE from 1119
platforms operating in the Gulf of Mexico. 113 of these incidents were related to fugitive emissions
with 68 events reported by workers on the facility, 13 that resulted in a fire, 13 correctly detected by
gas alarm systems and 19 false alarms (Table 1). Of the 94 true fugitive emission reported to BSEE, 76
were reported from the 242 platforms manned 24 hours a day while 18 were reported from the 877
unmanned platforms. Using the BSEE incident reports, there were an average of 0.02 fugitives per
facility reported on Type 1 facilities and 0.31 fugitives on Type 2 facilities.

Table 1. Summary of number of leaks reported to BSEE for each platform type.

Platform Total Number of Number of Number of fugitives on Number of fugitives
Type number of manned fugitives on manned facilities per facility
facilities facilities unmanned facilities
Caisson 253 2 0 0 0.00
Well 6 0 0 N/A 0.00
protector
Fixed Leg 618 0 18 N/A 0.03
(unmanned)
Fixed Leg 188 188 26 26 0.14
(manned)
SPAR 17 16 10 10 0.59
Semi- 15 14 9 9 0.60
Submersible
Tension leg 14 14 22 22 1.60
MTL 3 3 0 0 0.00
Compliant 2 2 6 6 3.00
tower
FPSO 2 2 3 3 1.50
MPU 1 1 0 0 0.00
PTF 1 877 2 18 0 0.02
PTE 2 242 240 76 76 0.31

3.2. LDAR Reports Published by BOEM

In the 2017 Gulfwide Emission Inventory Study there were 54 LDAR surveys reported from 54
offshore platforms, 43 Fixed Leg, 1 FSPO, 3 Semi-Submersibles, 3 Spar and 4 Tension Leg platforms
(Table 2). For the 43 Fixed Leg platforms, there were 537 fugitives detected (average 12 fugitive
emissions per platform) with an average emission rate of 0.64 kg h-l. There were fewer fugitive
emissions found on the FPSOs (4 total; 4 average), but more on the Semi-Submersibles (54 total; 18
average), Spar platforms (49 total; 16 average) and Tension Leg platforms (61 total; 15 average).
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Emission rates from the larger platforms are also larger than the average emissions from the simpler
facilities (Table 3). We assume the Fixed Leg platform data are representative of the number and size
of fugitive emissions from prototypical facility type 1 facilities, resulting in 12 fugitive emissions per
facility with an average emission of 0.62 kg CHas h-! leak'. Type 2 facilities are the others resulting in
an average of 15 fugitive emissions per facility with an average emission rate of 1.46 kg CHa4 h".

Table 2. Summary of number of leaks reported to BOEM for each platform type.

Type Platforms Fugitives Fugitives per Average Emission (kg h'! Average
surveyed detected facility facility) Emission
(kg ht

fugitive?)
Fixed Leg 43 537 12 7.7 0.62
FPSO 1 4 4 11.9 2.99
Semi- 3 54 18 28.3 157

Submersible

Spar 3 49 16 20.8 1.27
Tension Leg 4 61 15 21.4 1.40
PTF 1 43 537 12 7.7 0.62
PTF 2 11 168 15 22.2 1.46

3.3. Measured Methane Emissions

3.3.1. Type 1 Platforms

Using the bottom-up approach outlined in Section 2.3, the total operational emissions from a
prototypical facility type 1 are estimated at 5.1 kg CHa4 h-! with the largest emissions from pneumatic
controllers (2.0 kg CHs h-') and produced water treatment (2.2 kg CHs h"). This emission corresponds
to aloss of 2.7 % of the average facility production of 480 kg CHs h'. Average emission from 33 Type
1 platforms was estimated at 17.6 kg CHs h1, and when compared against facility specific production
rates, the median production loss is estimated at 8 %.

3.3.2. Type 2 Platforms

The calculated total emission from processing equipment on deep water, higher production
platform facilities is estimated at 64.2 kg CHa4 h-1, with the largest emissions from the liquid storage
tanks (48.9 kg CHa4 h-'), water storage tanks (8.2 kg CHa4 h'), and pneumatic controllers (3.1 kg CHas h-
1). This emission corresponds to a normalized methane loss of 2.5% of production of the average
facility production of 3495 kg CH4 h''. Average emission from 19 Type 2 platforms was estimated at
35.5 kg CHs+h', and when compared against facility specific production rates, the median production
loss is estimated at 2.6 %.

3.4. Simulating Methane Emissions

3.4.1. Size and Typical Locations of Fugitive Emissions

Data in the BOEM 2017 Gulfwide Emission Inventory Study show that fugitives from gas
connectors, ‘other equipment’ related to gas pipework and valves on gas lines are encountered during
every LDAR survey of a Type 1 facility with emissions ranging from 0.001 to 7.6 kg CH4 h
(Supplementary Material Table S1). Fugitive emissions from oil and water pipelines are both less
likely and emit at a lower rate when encountered. Even though emissions from gas pipelines
(connectors, ‘other equipment” and valves) are less likely, the emission on Type 2 facilities are much
larger (0.1 to 15 kg CH4 h'). Emissions from water and oil pipelines on Type 2 platforms are similar
to those on Type 1 facilities.
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3.4.2. Estimating Accumulated Methane Concentrations

Any non-zero wind speed will dilute all fugitives encountered during the BOEM 2017 Gulfwide
Emission Inventory Study to below the LEL (Figure 2). The highest emitting fugitive, 15 kg CH4 h"!
emission detected from ‘other equipment’ on a gas line, would need a wind of 0.16 m s (0.36 mph)
to dissipate the methane. However, in the Gulf of Mexico there are many periods of zero wind
conditions with between 4% and 19% of the time in November and October having zero-wind
conditions, respectively (Supplementary Material Figure S1). During zero wind conditions methane
concentrations from the largest measured emissions (15 kg CH4 h') can build up to LEL in areas as
large as 14 m by 14 m in one hour on Type 2 platforms and up to 9 m by 9 m spaces on Type 1

platforms (Figure 2).
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Figure 2. Blank bars show the calculated wind speeds required to disperse gas from fugitive emission types
reported in the BOEM 2017 Gulfwide Emission Inventory Study. Grey bars show the length and width of spaces

where methane concentrations from? can build up to LEL during zero wind condition.

4. Discussion
4.1. Likely Size and Number of Fugitive Emission Sources

This study investigates estimating the number and size of fugitive methane emissions from
offshore oil and gas production platforms in the Gulf of Mexico using a range of data sources.
Individual production platforms vary even within specific type and to simplify our main findings
they were defined as two types of facilities. Type 1 facilities fixed to the seabed, operating in shallower
water closer to shore, unmanned, older, have lower production rates (178 bbl oil day; 620 Mscf day-
1), negligible processing equipment and product is exported to shore via pipelines. Type 2 facilities
are farther from shore in deeper water, manned 24 hours a day, have higher production rates (4032
bbl oil day; 2928 Mscf day™), has processing equipment, gas is piped to shore and oil is generally
stored on the platform.

Of the 544 safety incidents reported to BSEE from the 1119 platforms operating in the Gulf of
Mexico in 2021, 94 were fugitive emissions: 76 fugitives from 242 manned platforms; and 18 fugitives
from 877 unmanned platforms. This corresponds to an average of 0.02 fugitives per Type 1 facility
and 0.31 fugitives per Type 2 facility. Significantly, these reports highlight the shortcomings of
current leak detection approaches (gas detection alarms and AVO surveys): 1. Even though alarms
are installed on the facilities, it is just as likely that a fugitive emission will result in a fire than be
detected by the alarm (the cause of this is currently unknown but likely the result of poor mixing of
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air); 2. If the alarm sounds, it will more likely be a false alarm than an actual fugitive (steam from
showers is the most common cause of triggering alarms); 3. Either there are more leaks on newer
Type 2 facilities than older Type 1 facilities, or a large number of leaks remain undetected on
unmanned facilities.

Of the 54 LDAR surveys reported in the 2017 Gulfwide Emission Inventory Study, there was an
average of 12 fugitives per Type 1 facility (average emission of 0.62 kg CH4 h! leak) and 15 fugitives
per Type 2 facility (average emission rate of 1.46 kg CHa4 h1). This suggests that the actual number of
fugitives is 600 times larger than the number of leaks currently detected by alarms or AVO surveys.
The LDAR surveys show fugitives from gas pipelines are ubiquitous on Type 1 faculties and almost
always present on Type 2 facilities. Emission rates are highest from gas pipelines on both Type 1 and
2 facilities and average emissions are a factor of 3 higher on Type 2 facilities. The main shortcoming
of LDAR surveys is that they are inherently biased low and emissions can only be detected/quantified
where they can be accessed.

Validation of the number/size of fugitive emissions generated from the BOEM reported LDAR
surveys can be determined using whole facility emission estimates. For Type 1 facilities, the bottom-
up total facility emission (including the 12 fugitives facility! and average emission of 0.62 kg CHa4 h-!
leak™) was estimated at 5 kg CHs h! (produced gas loss of 2.7%) while the average measured emission
loss was 17.6 kg CH4 h-! (produced gas loss of 8 %). For Type 2 facilities, the bottom-up total facility
emission (15 fugitives facility! and average emission of 1.46 kg CHs h! leak!) was estimated at 64 kg
CHs h' (produced gas loss of 2.5%) while the average measured emission loss was 36 kg CH4 h'
(produced gas loss of 2.6 %). The agreement between the percentage of gas loss between the bottom-
up and measured emissions for Type 2 facilities suggests that the fugitive emission rate is reasonably
good and a fugitive emission rate of 1 % of production is a good estimate for these types of facility.
For Type 1 facilities, the disagreement between the percentage of gas loss between the bottom-up
(2.7%) and measured emissions (8%) suggests the number and size of fugitives generated by the
LDAR reports (2% of produced gas) is likely an underestimate and a fugitive emission rate of 7.3%
of production a more reasonable estimate. A larger normalized fugitive emission rate from Type 1
facilities, as compared to Type 2, is in-line with current thinking that older, unmanned platforms
undergo less maintenance and likely adversely affected by the effects hurricanes on the edges of the
Gulf of Mexico where the wind and wave action is at its maximum [29,30]. If we assume that the
average emission rate reported by the LDAR surveys is reasonable, the number of fugitives is 3.7
times higher than the 12 reported, therefore, we suggest Type 1 facilities could have an average of 44
fugitives and average emission of 0.62 kg CHa h'! leak.

One point of note is that if LDAR surveys were to be conducted on the gas lines alone it is
estimated that there would be a reduction in emissions of 72% (taking Type 2 platform LDAR surveys
only; Supplementary Material Table S1). Valves and ‘other equipment’ on the gas lines are the largest
emitters and concentrating on these could significantly reduce the extent of the pipelines surveyed
and the time taken to do the survey making this a less onerous and more effective task.

4.2. Safety Implications

The analysis presented in Section 4.1 suggests that the number of fugitives on most production
platforms in the Gulf of Mexico is significantly underestimated (by around a factor of 3), however,
that does not necessarily correlate to increased safety concerns. Calculations suggest that even in very
low wind speeds or ventilation rates (air movement greater than 0.36 mph) methane cannot
accumulate to LEL near the largest of observed leaks (15 kg CHa4 h') (Figure 2). This may help to
explain why gas alarms set to identify %LEL appear to be poor at detecting fugitives that could result
in a fire.

Additionally, as produced gas has no odour and background noise on facilities is high, the
likelihood of detection through AVO is reduced significantly. With the development of low-power
and lower-cost methane sensors [47,48], it is possible that wearable technology could be developed
to report the location of methane concentration across a facility as workers move around the
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platforms. The major difficulty in developing this for offshore are the safety requirements
(certifications including ATEX, IECEx and FM-approved) that can make sensor development for
offshore prohibitively expensive.

The major safety concern for fugitives on offshore platforms is the risk of an explosive
atmosphere in zero-wind conditions. Historical meteorological data suggests that zero-wind
conditions occur in the Gulf of Mexico every month with occurrences higher in late summer and
autumn (July through October) with the highest in July (11% of working hours are zero-wind). In
these conditions large volumes of air on the working deck could become explosive (methane > LEL)
, up to 14 m by 14 m near the 15 kg CHa4 h-! leak. This is of particular concern for workers conducting
hot work (welding or grinding) or those arriving at unmanned facilities. Here again, we suggest that
wearable technology could alert the worker to methane build up or that safety regulations are
amended to consider low-wind conditions as hazardous.

4.3. Safeguarding Offshore Facilities

This study has used existing data to infer the number/size of fugitives on offshore platforms,
how this could affect safety, and what operators can do to mitigate the effect of fugitives on workers’
safety. The major short coming is that there is currently no clear way to test the assumption made in
a real-world environment. The likelihood is that the air flow around the working deck is more
complex than assumed here and complete airflow past aerodynamic obstructions is improbable
resulting in small volumes of explosive air near fugitives.

One way to test this is to develop a controlled release offshore facility like the METEC-Offshore,
that has been funded by the U.S. Department of Energy’s Office of Fossil Energy and Carbon
Management. The main aim of this facility is to test methods that quantify whole facility emissions
and better understand how solution quantification uncertainty changes in different environmental
conditions. However, this facility could also be used to better understand how safety in affected by
the presence of fugitive emissions.

Experiments of the facility could be used to optimize policy that safeguards against safety risks
associated with fugitive emissions using both continuous monitoring and survey methods and
testing against protocols that were developed for the METEC Advancing Development of Emissions
Detection (ADED) project [49-51]. Relatively small controlled releases of methane in line with the
observed during actual LDAR surveys could be used to simulate fugitive emissions from likely
emission points across a facility (up to 44 fugitives for Type 1 facilities). These controlled releases
would ideally simulate the duration, frequency and size of typical fugitives, as measured at offshore
facilities and modelled using METEC’s Mechanistic Air Emissions Simulator (MAES) [52,53].

Controlled release experiments could include informing safety protocol when approaching an
unmanned facility, how these could differ in changing environmental conditions, establishing safe
environments when near potential ignition sources (hot work, lightning or sparks), and testing the
ability of continuous or wearable monitors to detect localize and quantify emissions from fugitives.
Following ADED protocols, survey method and continuous monitoring performers could be invited
to test leak detection and quantification solutions and report the presence of an emission, the location
of the source and the emission rate.

An offshore measurement program could be implemented to better understand potential risks
and help BSEE to achieve their core strategic goals of: People, Protection, Reliability, and
Sustainability. Controlled emission experiments conducted in an offshore environment could be used
to investigate the effects of fugitive emissions on safety when approaching unmanned facilities,
working on facilities and how best to monitor for fugitives. Here we suggest the presence of fugitives
will likely affect any facility risk assessment and alter safe work practices.

5. Conclusions

This study investigates the frequency, size and potential impact of fugitives using incidents
reported to the Bureau of Safety and Environmental Enforcement (BSEE), size-frequency data
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reported to the US Bureau of Ocean Energy Management (BOEM) and independent measurement
data. BSEE safety records indicate in 2021 there were 113 reports of gas leaks on 1119 offshore facilities
(68 identified using audio, visual, auditory methods; 13 that resulted in a fire; 13 detected by gas
alarm systems; and 19 false alarms)., This corresponds to an average of 0.02 fugitives per Type 1
facility and 0.31 fugitives per Type 2 facility. BOEM’s Gulf-wide Offshore Activity Data System data
show 12 and 15 fugitives per facility per year with average emission rates of 0.6 and 1.5 kg CHs h! on
smaller-inshore facilities and larger-deeper platforms, respectively. Direct measurement data
reconciled with a bottom-up model suggests that the number/size of fugitive emissions generated
from BOEM reported LDAR data underestimate the number for the smaller near-shore platforms (44
fugitives facility! and emission 0.6 kg CHa h-! leak) and are about right for the larger deeper facilities
(15 fugitives facility! and emission of 1.5 kg CHs h! leak!). Analysis of the fugitive rates shows that
gas will not collect to explosive concentration if any air movement is present (> 0.36 mph), however,
large volumes of air on the working deck could become explosive in prolonged zero-wind conditions.
While wearable technology could be employed to indicate gas build up, it is suggested that safety
regulations are amended to consider low-wind conditions and that real-world test should be
conducted to test the assumptions made on air flow across the working deck.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1— Table S1 Minimum emission rate, maximum emission rate, average
emission rate and probability of specific leak types occurring on a facility generated from LDAR emissions
reported to BOEM.; Figure S1 A. Total number of hours per month and number of hours during working hours
(9 to 5 local time) of zero wind conditions in the Gulf of Mexico (using data from Venice, LA as a proxy). B. Total
time and time during working hours (9 to 5 local time) of zero wind conditions in the Gulf of Mexico expressed

as a percentage.
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