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Interactions between fishing vessels and oil and gas infrastructure can result in damage to fishing gear, loss of fishing time/access, and risks to
crew health and safety. The spatial and temporal patterns characterizing previous incidents (and subsequent losses) between fishers and oil
and gas infrastructure were quantified and used to identify key risk factors associated with fisheries losses. Between the years 1989 and 2016,
1590 incidents that resulted in a financial loss, vessel abandonment, or an injury/fatality for UK commercial fishers were recorded. The annual
number of recorded incidents decreased by 98.6% over a 27-year period. The majority of past incidences resulted in financial losses (rather
than injuries or fatalities) and were associated with interactions between single otter trawlers and oil and gas production-related debris. The
odds of an incidence occurring varied according to substrate type and fishing intensity. A risk-model for pipeline—fishing interactions in the
Fladen Ground showed that there was significant spatial heterogeneity in the risk of an incident along a pipeline according to the angle and
intensity of fishing. The results highlight the need to include the full spectrum of potential losses in fisheries impact assessments associated
with the installation and decommissioning of oil and gas assets.
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Introduction

A significant quantity of infrastructure has been installed in the
North Sea to support the offshore oil and gas industry, including
pipelines, wellheads, and platforms. There are no restrictions on
fishing around oil and gas infrastructure, except for within the
500 m exclusion zones enforced around actively producing plat-
forms (Petroleum Act 1998). Commercial fishing activities in the
North Sea frequently share space with other marine industries in-
cluding the oil and gas industry, offshore renewables and dredg-
ing (Jentoft and Knol, 2014; Stelzenmiiller et al, 2016).
Interactions between commercial fishing vessels and oil and gas
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infrastructure can lead to negative consequences for both the in-
frastructure integrity and commercial fishing operations
(Herlianto et al., 2012; Wu et al., 2015). For commercial fishers,
these consequences can include damage or loss of gear, loss of
fishing time, spoilt catches (due to oil, chemicals or clay deposits
entering nets) and/or injuries/fatalities (Side, 1999; Gémes and
Green, 2013; Lucchetti et al., 2017).

Pipelines and cables are of particular concern to fishers because
of their wide spatial distribution across the North Sea, and the
potential for “clay berms” or “free spans” to be associated with
them (DNV, 2006; Hintzen, 2016). Clay-berms, created during
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pipeline trenching and burial, are long features consisting of ir-
regular mounds of disturbed substratum that lie parallel to the
pipeline (de Groot, 1982). Trawl gear can foul on the clay depos-
its, putting gear and vessels under strain or spoiling the catch (de
Groot, 1982; MAIB, 2006). Free spans (sections of pipeline that
lie unsupported above the substratum) tend to occur on irregular
seabeds or as a consequence of sediment erosion from underneath
a pipeline (Park and Kim, 1997). Trawl doors, clump weights or
other towed gear can become snagged under free spanning sec-
tions of pipelines, potentially risking crew safety or damage to
gear (de Groot, 1982; Van der Abeele et al., 2013). Understanding
the risks, and consequences, of interactions between commercial
fishing and pipelines (as well as other oil and gas infrastructure)
is necessary for the planning of new installations, maintenance of
existing assets, and, as the industry matures, optimizing decom-
missioning solutions to ensure that impacts to the commercial
fishing industry are minimized. Over the next ten years, the num-
ber of pipelines and installations that will require decommission-
ing is set to rapidly increase (Philip et al., 2014). In the north east
Atlantic, decommissioning practices are primarily driven by the
OSPAR 98/3 decision to prohibit the disposal of installations off-
shore (IOGP, 2017). The decision does not cover pipelines and
individual nations are able to establish their own legislation. In
order to set pipeline decommissioning regulations, and decide
whether in situ pipeline decommissioning should be permissible,
regulators require an evidence-base on the interactions between
other marine users and pipelines. The current UK decommission-
ing guidelines state that, in general, pipelines which are trenched
or buried to a depth of >60cm (measured from the top of the
pipeline) may be decommissioned in situ, while operators should
seek to remove all small diameter, exposed pipelines (BEIS,
2018). The exact decommissioning method is, however, selected
on a case by case basis through a comparative assessment process
that evaluates the safety implications, cost, technical feasibility
and impacts to the environment and other maritime users of the
different pipeline decommissioning options. The comparative as-
sessment process is used in many hydrocarbon producing
nations, and again requires an evidence-base to evaluate potential
impacts to other users of the sea (IOGP, 2017).

Both the fishing and offshore oil and gas industries have a
number of responsibilities in relation to minimizing the risks of a
serious incident arising from interactions between fishing gear
and oil and gas infrastructure and/or debris in UK waters.
Operators are required to consult with the commercial fishing in-
dustry before authorization will be granted for pipeline construc-
tion. The operator must demonstrate that they have considered
the impacts to fishing activities and satisfy the regulator that steps
have been taken to avoid or reduce interference with fishing by
the pipeline (Petroleum Act 1998). Once a pipeline (and any as-
sociated protective materials) has been installed, operators must
take “reasonable steps to draw attention to the presence of the
pipeline” in order to reduce potential pipeline damage and ensure
the safety of other marine users (Pipeline Safety Regulations,
1996). Typically, operators will notify the UK Hydrographic
Office (UKHO) of pipeline locations. Operators are also encour-
aged to submit pipeline locations to the Kingfisher Information
Service, which collates information on subsea hazards and distrib-
utes it to the fishing industry through bi-monthly bulletins (BEIS,
2018). In 2001, the “FishSafe” unit was developed using the
Kingfisher spatial information. The unit can be used on board
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vessels during fishing operations, and alerts skippers to approach-
ing hazards, based on the vessel’s GPS.

When pipelines, and protective structures, are decommis-
sioned, operators must inform the same information services
(Kingfisher and the UKHO) of any infrastructure that will be left
on the seabed. After decommissioning works are completed,
operators must provide evidence that the seabed is clear of debris
or snagging hazards (BEIS, 2018) This is typically done through
sidescan sonar surveys and/or controlled trawling surveys of the
area by a fisheries organization, who then issue a seabed clearance
certificate (BEIS, 2018). During the operational phase of infra-
structure, operators must notify the relevant authorities (includ-
ing UK Government’s Department of Business, Energy and
Industrial Strategy, the Maritime and Coastguard Agency, and
fisheries organizations) of any dropped objects, and take reason-
able measures to locate and retrieve the objects to prevent them
becoming a snagging or safety hazard to other marine users
(DECC, 2016).

Whilst there are no legal restrictions preventing fishing in the
vicinity of pipelines, vessel owners must ensure that their crew
follow safe working practices. This includes undertaking a thor-
ough risk assessment prior to commencing fishing operations
and taking action to avoid risks and dangerous practices
(Merchant Shipping and Fishing Vessels Regulations, 1997).
Additionally, there is a legal obligation to avoid damaging pipe-
lines (Pipeline Safety Regulations, 1996).

The level of risk posed by pipelines (operational or in situ
decommissioned) to commercial fishing activities will be influ-
enced by the pipeline properties (e.g. diameter), the installation
method (buried or surface laid), the substratum type, and nature
and intensity of fishing in the vicinity. The angle that fishing gear
is pulled across a pipeline also significantly alters the risk that
gear becomes snagged (DNV, 2006). More acute crossing angles
result in a longer period of interaction between trawl gear and the
pipeline, leading to an increase in the probability of trawl-door
destabilization (DNV, 2006). A trawl door is considered
destabilized when it is dragged on its back along the seabed,
thereby digging into the substrate and potentially becoming
snagged under nearby pipelines (DNV, 2006; Wu et al,, 2015).
In order to understand the risks and consequences of fisheries—
infrastructure interactions, data on the spatial and temporal
patterns of interactions are required. Previous fishing risk assess-
ments [e.g. for the Brent field pipeline decommissioning pro-
gramme (Shell U\.K\. Limited, 2017)] employed data held by the
Marine Accident Investigation Board (MAIB) on fishing-pipeline
incidents that resulted in fatalities or injuries. The risks of future
fishing-related injuries or fatalities for decommissioned pipelines
were then calculated from the MAIB data using the “Potential
Loss of Life” (PLL) framework for individual pipelines. The PLL
is an offshore industry standard for evaluating safety risks and
represents the per capita fatality risk during an operation (Flage
and Aven, 2009). The MAIB register lists 27 previous incidents
involving pipelines and fishing vessels over a 25-year period.
These incidents include the sinking of the FV “Westhaven” vessel
after a trawl door became snagged under a span, and the sinking
of the FV “Harvest Hope” after the vessel’s tickler chain snagged
on clay boulders over a pipeline (Side, 1999; MAIB, 2006). There
are no legal requirements to report snagging incidents to the
MAIB, and only incidents that are of serious concern from a
safety perspective (i.e. injuries, fatalities or “near-misses”) are
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recorded. The MAIB register, therefore, does not record interac-
tions between fishing gear and pipelines that lead to financial
losses for the fishers. Modelling the impacts and risks to fishing
from different pipeline installations, management, or decommis-
sioning scenarios using only the MAIB data means that the full
spectrum of oil and gas related impacts to the commercial fishing
industry might be underestimated.

In 1975, a scheme was established to provide financial com-
pensation to UK commercial fishers for losses arising from off-
shore oil and gas operations, including loss of fishing time or
seabed access, and damage or loss of gear and/or catch. The fund
is financed by the UK oil and gas industry and is administered by
the UK industry representative body Oil and Gas UK (OGUK).
Between 1989 and 2013, claims totalling £11.5 million were sub-
mitted to the fund (Goémes and Green, 2013). A record of each
claim, including details of the date, location, and nature is main-
tained by OGUK. These records represent a data source for analy-
sing the spatial and temporal patterns in fishing—pipeline
interactions and developing a detailed understanding of the likely
consequences when interactions do occur.

This study had three aims:

(1) To understand spatio-temporal trends in fisheries losses aris-
ing from interactions with oil and gas pipelines and other
infrastructure.

(2) To develop a fishing risk model for pipelines within the
Fladen Ground to demonstrate how spatial fisheries data can
be used to aid pipeline management and decommissioning
decisions.

(3) To provide a common evidence base on infrastructure—
fisheries interactions for regulators, the oil and gas, and com-
mercial fishing industries, to facilitate effective, transparent
decision making.

Methods

Data sources

Records of fisheries losses suffered by UK vessels interacting with
oil and gas within UK waters were obtained from the OGUK’s
Fishermen Compensation Fund. The dataset records 1574 claims
submitted between 1989 and 2016 and included information on
the incident date, description, vessel name, and location. The
most recent year with the total annual figures available was 2015.
Records of pipeline—fishing incidents that were not present in the
compensation claim database were extracted from the MAIB
database. Spatial data on oil and gas infrastructure and free span
locations in the North Sea were obtained from the Common Data
Access database, maintained by OGUK (CDA, 2013). The pipe-
line dataset included pipelines and oil and gas-related cables,
which are frequently laid alongside pipelines (Oil and Gas UK,
2013). The dataset only included “significant” free spans which
are >0.8 m high over distances of 10m or more. Since data on
the burial status of pipelines were not available, exposed and bur-
ied pipelines are not distinguished in the analysis. Fishing track
data for the years 2007-2015 were obtained from the Vessel
Monitoring System for UK registered vessels operating demersal
gear according to the methods of Rouse et al. (2017a, b). Data on
the location of other potential snagging hazards (shipwrecks and
other oil and gas substructures including anchor blocks,
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manifolds, moorings, and debris) were obtained from the UKHO
and OGUK (CDA, 2013), respectively.

Analysis

Each incident was categorized into one of eight classes (debris,
unknown, wires, pipelines and protective coverings, anchors, loss
of fishing time, gear or access, spoilt catch, production infrastruc-
ture, cables) based on the description of the incident. A gear type
was assigned to each incident, by matching the incident date, ves-
sel name and registration with records from the EUROPA Fishing
Fleet Registry (http://ec.europa.eu/fisheries/fleet/).

To understand temporal trends in fishing—pipeline incidents,
the number of incidents was calculated for each year. Incidents
with no positional information were then removed from the data-
set. Each incident was classified as occurring on mud, sand,
mixed sediment, coarse sediment or rocks, and boulders by spa-
tially overlaying the incident data with the EMODnet seabed sub-
strate data layer (Stevenson, 2012). A log-linear model (Agresti,
2013) was fitted to the data to explore whether the frequency of
incidences varied according to substrate type. The model was fit-
ted to a contingency table of incident frequencies (excluding
claims relating to loss of access to fishing grounds), for three lev-
els of substrate types (mud, sand or mixed, with the mixed cate-
gory combining the mixed, coarse and rock/boulder categories
extracted from the EMODnet substrate layer) and three levels of
fishing intensity (high, medium, or low). Incidents were
categorized as occurring in areas of high, medium, or low fishing
intensity by spatially overlaying incident records with
standardized data layers of fishing intensity for vessels operating
otter trawls produced by ICES (ICES, 2017). The mean fishing in-
tensity (hours) plus or minus one standard deviation was used to
define the thresholds for high, medium, or low fishing intensity.
Inclusion of fishing intensity enabled the confounding effects be-
tween fishing effort and substratum type to be removed (e.g.
where highest fishing effort is associated with a particular substra-
tum type). Models with and without an interaction term between
fishing intensity and substrate were compared using a likelihood
ratio test and AIC (Crawley, 2012). The odds of an incident oc-
curring on each substrate according to fishing intensity were cal-
culated as the ratio of conditional probabilities (Agresti, 2013).
An alternative method, which would allow for the relationship
between incident frequency and the relative quantities of infra-
structure to be modelled, would have been to delineate polygons
of the six categories of substrate and fishing intensity combina-
tions and then sum the number of incidents and quantity of in-
frastructure in each polygon. However, due to the relatively low
number of incidents and short spatial scales over which substrate
and fishing intensity change, this method results in a high num-
ber of polygons with zero incidents. Such zero inflation prevented
the data from being modelled in this way.

For each incident, the distance to the nearest feature in the
“pipeline”, “shipwreck”, or “substructure” datasets was calcu-
lated. The feature with the smallest distance was assigned as the
nearest hazard to each incident. For each UK pipeline, the num-
ber of incidents categorized as occurring on pipelines, cables, or
unknown hazards within 1000 m either side was calculated. A dis-
tance of 1000 m was selected to be consistent with previous fisher-
ies—pipeline interactions studies (Glabraith and Rice, 2004;
Hintzen, 2016; Rouse et al., 2017b). The probability that an inter-
action between fishing gear and a pipeline led to an incident was
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calculated according to the methods of Shell U.K. Limited (2017).
The annual number of incidents categorized as occurring on
pipelines, cables, or unknown hazards were calculated. This num-
ber was divided by the annual number of mobile demersal fishing
tracks crossing each pipeline for every year between 2007 and
2015 (years of fishing data available) and averaged across the nine
years.

Fishing risk model

A fishing risk model was fitted to pipelines within the Fladen
Ground, an area of muddy substrate in the northern North Sea
(Figure 1), to demonstrate how fishing activity and pipeline-
related incident data can be used to identify high-risk pipelines
and model future fisheries losses. The Fladen Ground was selected
because it is characterized by a uniform substrate type and hosts
intense fishing activity and oil and gas exploitation. To account
for the fact that the fishing intensity is not uniform across the en-
tire Fladen Ground, pipelines were first divided into sections,
according to whether they occurred in high, medium, or low fish-
ing intensity areas (using the methods described above). Pipeline
sections that occurred within the 500 m fisheries exclusion zone
around platforms were then removed. For each pipeline section,
the total length of associated free spans was calculated. The an-
nual risk of an incident occurring was calculated for each pipeline
section according to Equation (1). For every track crossing the
pipeline section, the base probability of a crossing resulting in an
incident was multiplied by a risk weighting for the angle of that
crossing and the length of free span associated with the pipeline
section. The individual track risks were then summed and divided
by nine (number of years of track data) to give the annual risk of
incidents.

Risk of incident =

>~ (probability crossing results in incident x Angle weighting x Spanning factor)
9

Eq. 1

Angle risk weightings were calculated using angle-specific
snagging rates derived by Wu et al. (2015). In order to derive a
function enabling prediction of risks across the full range of
crossing angles, a range of polynomial functions linking snagging
rate and angle were assessed. A polynomial order was selected
based on empirical assessment of the fitted line and the underly-
ing data (Figure 2). The spanning factor was calculated according
to the methods of Shell U.K. Limited (2017) as the proportion of
that pipeline section that was free spanning. For example, a 10-
km pipeline section with a 1-km free span was assigned a span-
ning factor of 1.1.

Results

The total number of pipeline—fishing incidents was 1590, 539 of
which had no positional information available. The vast majority
of incidents led to a financial loss (99.6%), rather than vessel
abandonment (0.3%) or fatalities/injuries (0.06%). The only inci-
dent that was reported to result in injuries/fatalities was the sink-
ing of the FV “Westhaven” vessel. This single incident was
associated with four fatalities. The Westhaven was included in the
calculation for both fatality/injury and loss of vessel. The majority
of incidents were caused by oil and gas production-related debris
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Figure 1. Location of fishing incidents (black dots) with oil and gas
infrastructure for which claims were submitted to the compensation

claim or were reported to the MAIB. The shaded area shows the
Fladen Ground in the northern North Sea.

(including scaffolding poles, safety equipment and metal frame-
works: Table 1). Over one-fifth of the claims were classified as
“unknown”, where a loss was suffered but the source could not
be identified. Of the incidents categorized as “Unknown”, ~64%
occurred in locations where pipelines were the closest hazard
(Table 1). Pipelines and protective coverings (including rock
armouring and grout bags placed on top of pipelines) accounted
for approximately 13% of all claims over the 28-year period. The
nearest hazards to incident locations included pipelines, ship-
wrecks, and subsurface structures. However, pipelines were the
nearest hazard to the majority of incidents across all claim types
(Table 1). Vessels operating single otter trawls were responsible
for 58% of the claims. The remaining vessels operated a range of
gear types including midwater/beam trawls, dredges, seine/gill/
trammel nets, pots and traps, and set longlines, but each gear cat-
egory represented no more than 5% of total claims. Information
on gear type was unavailable for 19% of claims. Claims were sub-
mitted from 647 vessels, with the number of claims per vessel
ranging from 1 to 19.

Temporal and spatial trends

The annual number of incidents showed a general decrease from
the 1980s to the present date (Figure 3). In 2015, the number of
incidents was 20 times lower than it was in 1990, when incidents
peaked at 140. There were 224 (8.3% of total) UK pipelines that
had an incident (categorized as relating to a “pipeline”, “cable”,
or “unknown hazard”) within 1000 m. The probability that an in-
dividual event of fishing gear crossing a pipeline would lead to an
incident was estimated as 7.86 x 10, The majority of incidents
occurred in the northern North Sea (Figure 1), and 60% of all
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Table 1. Percentage of incidents according to category, and the percentage of each category that was assigned pipelines, shipwrecks, or

substructures as the nearest hazard.

Nearest hazard

Percentage
Claim type of claims Pipeline Substructure Wreck
Debris 24% 64.1% 6.42% 29.4%
Unknown 23% 63.9% 8.33% 27.8%
Wires 18% 58.0% 10.8% 31.2%
Pipelines and protective coverings 13% 88.1% 3.41% 8.52%
Anchors 7% 62.8% 14.1% 23.1%
Loss of fishing time, gear or access 5% - - -
Spoilt catch 4% 61.3% 22.5% 16.3%
Production infrastructure 4% 67.4% 14.0% 18.6%
Cables 3% 53.3% 10.0% 36.7

Data are not provided for claims categorized as loss of fishing grounds, gear or access since these represent instances when vessels could not access grounds or
gear due to oil and gas construction/maintenance activities, including towing of oil rig sections through fishing grounds.
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Figure 2. Risk weightings used in the Fladen risk model according to crossing angle between fishing gear and pipelines. Dots represent the
snagging rates extracted from Wu et al. (2015). The line represents the sixth-order polynomial fitted to the point data to facilitate

interpolation of snagging rates at any angle of crossing.

claims occurred on muddy substrate. The inclusion of an interac-
tion term between fishing intensity and substrate significantly im-
proved the log-linear model of incident frequency (likelihood
ratio Xz 165, df = 4, p < 0.01), meaning that the effect of substrate
on incident frequency varied according to the level of fishing in-
tensity (Table 2). For higher fishing intensity areas, the odds that
an incident would occur were 11.4 times higher on mud com-
pared with sand, and 7.35 times higher on mud compared with
mixed ground. In contrast, in low fishing intensity areas, the odds
that an incident would occur were 17.9 times higher on sand
compared with mud, and 22.2 times higher on mixed ground
compared with mud.

The results of the Fladen Ground risk model are shown in
Figure 4, with darker pipelines sections representing those with a
higher annual risk of an incident. The annual risk of incidents for
pipeline sections ranged from 0 to 6.1 x 10>, and showed spatial
heterogeneity along pipeline sections.

Discussion

Analysis of past incidents between UK fishing vessels and pipe-
lines has provided novel insight into the consequences of interac-
tions between mobile fishing and pipelines, which contributes to
the evidence base required for pipeline installation and decom-
missioning decisions. The overwhelming majority of previous
incidents that resulted in a loss led to a financial impact rather
than a safety-related issue (vessel abandonment, injury, or fatal-
ity). This suggests that operators and regulators must incorporate
gear damage and loss of fishing time into risk calculations if com-
prehensive comparative assessments are to accompany installa-
tion or decommissioning programmes. The results highlight that
debris was the most frequent cause of incidents and this has pre-
viously been recognized as a safety issue by operators, regulators,
and the fishing industry (Dyson, 2000). Recovery of debris is a
challenging aspect of decommissioning and has significant
safety and cost implications (Dyson, 2000). Increased fisheries
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Figure 3. Annual number of incidents between oil and gas
infrastructure and commercial fishing vessels that resulted in
financial loss, vessel abandonment, fatality, or injury.

awareness among the oil and gas industry, and initiatives to clear
debris and declare areas safe for fishing, e.g. by Scottish
Fishermen’s Federations, are seeking to address this issue and
should see snagging on seabed debris decrease in the future.
Similarly, the high proportion of incidents categorized as
“unknown” suggests that increased communication between oil
and gas operators and the fishing industry, and sharing of spatial
data on hazardous areas after incidents have occurred, could in-
crease our understanding of the nature of interactions and, conse-
quently, reduce the number of incidents. Pipelines were identified
as the nearest hazard to the location of the majority of incidents,
for all claim types. This is most likely a result of the widespread
distribution of pipelines across the North Sea, and potentially be-
cause some vessels actively target pipelines, and associated fish
aggregations, within fishing grounds (Rouse et al., 2017a, 2018).
The spatial patterns of incidents found in this study largely re-
flect trends in UK fishing. The greatest number of incidents oc-
curred on mud in the northern North Sea, which is also where
the majority of UK mobile demersal fishing is concentrated
(Kafas ef al., 2012). It would be expected that substrate would in-
fluence the risk of trawl gear becoming snagged on obstructions,
independently from the relationship between fishing intensity
and substrate type (Nord Stream, 2009). This is due to the poten-
tial for hazardous clay berm formation in soft sediments after
pipelines have been trenched, and the behaviour of pipelines and
trawl doors in soft sediments (MAIB, 2006; Linnane et al., 2000;
Nord Stream, 2009; Rességuier et al., 2009). If exposed pipelines
sink into soft sediments, the force required to pull trawling gear
over the pipeline is smaller and therefore the chance of snagging
is reduced (Nord Stream, 2009). However, softer sediments also
allow trawl doors to partly penetrate the substrate beside the
pipeline, which increases the risks of destabilization and probabil-
ity of snagging (Askheim and Fyrileiv, 2006; Linnane et al, 2000;
Nord Stream, 2009). The results of the present study show a
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contradictory effect of substrate type on incident frequency
according to fishing intensity. In low fishing intensity areas, the
odds of an incident occurring were higher on coarser ground
(sand and mixed substrate) relative to mud, while in high inten-
sity fishing grounds the reverse was true. It is possible that this
pattern may be explained by the relative quantities of obstruc-
tions and hazards (which could not be accounted for in the mod-
el—see Methods section) present on different substrate types,
exposed to various levels of fishing intensity, across the North
Sea. If, for instance, sandy areas exposed to low fishing intensity
support a higher quantity of oil and gas infrastructure than low
fishing intensity muddy areas, the influence of substrate type on
snagging may only account for a small proportion of the total
snagging risk. Wu et al. (2015) suggest that trials and numerical
modelling of snagging events that specifically examine the effects
of substrate properties would be necessary to inform individual
pipeline risk calculations according to substrate type.

The spatial trends of incidents presented in this study must be
contextualized with temporal trends, especially when calculating
the numbers of incidents that are associated with individual pipe-
lines or other hazards. The reduction in incidents has occurred
despite increases in both the total pipeline length installed in the
North Sea (120% increase in installed pipeline length between
2001 and 2015) and the overall level of offshore oil and gas activ-
ity (CDA, 2013; Oil and Gas UK, 2013). This trend may be
explained by a number of factors, including improvements in
communication between the fishing and oil and gas industries,
improved infrastructure mapping, and advances in vessel GPS
technology (Oil and Gas UK, 2013; Eigaard et al., 2014). In par-
ticular, the introduction of the “FishSafe” unit in 2001 is likely to
have significantly increased awareness among fishers of offshore
infrastructure locations.

The decreasing number of incidents (Figure 3) that led to a fi-
nancial loss, injury or fatality over the past 28 years means that a
relatively higher annual incident rate would be attributed to older
pipelines. The annual incident rate would be calculated as the to-
tal number of incidents associated with a pipeline (since installa-
tion) divided by the total number of years that the pipelines has
been present on the seabed. If improvements in GPS and data
sharing are the principal drivers of the decrease in incidents, then
older pipelines would be expected to be associated with a higher
frequency of incidents, regardless of the specific risk posed by the
individual pipeline. The annual incident rate for individual pipe-
lines could not be calculated in the present study due to incom-
plete data on the pipeline age. The temporal decrease in incidents
should serve as further encouragement for continued, and en-
hanced, sharing of data between the oil and gas industry and the
fishing community.

In addition to assessing the impacts of installations and/or
decommissioning on the commercial fishing sector, the present
study also suggests that there are significant opportunities to re-
duce and/or mitigate the risk of fisheries impacts. Analysis of re-
gional scale data on infrastructure, incidents, and fishing activity
enables key risk factors associated with fisheries losses to be iden-
tified. Knowledge of these risk factors can then be used to assess
whether individual pipelines, or other infrastructure, are located
within high-risk areas based on fishing type/intensity, substrate-
type, and angle of approach. For instance, otter trawls were the
most common gear type associated with incidents. This may re-
flect the fact that otter trawl gear is more prone to snagging or
that otter trawls are the most frequently employed gear type for
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Table 2. Probabilities of incidents occurring on three substrate types, conditional on fishing intensity.

Substrate

Fishing intensity Sand

Mixed Mud

High 0.0190
Medium 0.839
Low 0.142

0.0294
0.794
0.176

0.216
0.776
0.00795
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Figure 4. Results of fisheries risk model for the Fladen Ground
(white area). Darker lines represent pipeline sections with a higher

annual risk of a fisheries incident.

UK vessel (in 2015, otter trawls were used 49% on of UK fishing
trips). Using publically available data on the fishing type and in-
tensity associated with individual pipeline sections (Scottish
Government, 2017; Rouse et al., 2017b), operators and regulators
can make evidence-based decisions on pipeline management and
monitoring frequency. Our results show that efforts to bury pipe-
lines and clear clay berms should focus on pipeline sections in
areas of high intensity otter trawling. Additionally, a higher fre-
quency of pipeline integrity monitoring should be targeted at
these areas, since the chance of pipeline damage is likely to be
higher.

The Scottish Government is currently in the process of making
data on the angle of interaction between VMS fishing tracks and
individual pipelines sections publically available. With data on
fishing angle and intensity, operators can apply risk models to es-
timate the annual probability of a fisheries incident occurring on
individual pipeline sections. The annual risk can then be com-
bined with data on expected pipeline degradation rates (e.g. over
several centuries) to estimate the lifetime risk of fisheries-related
fatalities and financial losses if a pipeline were to be decommis-
sioned in situ. Such assessments could also include data on
expected future changes in fishing activity and location according

climate-related shifts in suitable fish habitat (Serpetti et al, 2017).
The risk model presented in this study serves as a demonstration
of how fisheries data may be used for pipeline management and
highlights that fisheries risk can vary over relatively short spatial
scales, even along a single pipeline. The model could be applied
to pipelines in any nation where VMS data are available, includ-
ing outside of British waters. In the North Sea, non-UK vessels
are known to have snagged on UK and non-UK pipelines. For ex-
ample, Wu et al. (2015) report nine incidents of lost gear result-
ing from Norwegian vessels snagging between 2011 and 2013,
while Maale (2011) reported seven snagging events on the
Norwegian Shelf between 2000 and 2003. However, there are no
equivalent compensation schemes for fisheries losses in non-UK
North Sea countries, and as such incident data has not been col-
lated in a comparable format (Gémes and Green, 2013).The fish-
eries risk model presented in this study must be applied with
caution for decommissioning decisions since it excludes a num-
ber of factors that would be expected to effect the likelihood of an
incident. The development of a universally applicable fisheries
risk model for pipelines and other infrastructure in the North Sea
is currently limited by the lack of studies that quantify the proba-
bility of snagging according to various risk factors, as well as the
availability of infrastructure and fisheries-related data (Wu et al,
2015; Rouse et al., 2017a). The angle risk weightings used in this
study were derived from a numerical model based on snagging
trials (Wu et al., 2015). The numerical model was less able to suc-
cessfully simulate snagging scenarios when the crossing angle was
small (<10°), meaning that certainty in risk estimates will be
lower where there is a high frequency of low angle crossings.
Furthermore, angle risk weightings were only derived for one gear
type, but snagging probability varies with both gear type (e.g.
beam, dredge, otter) and individual gear design (e.g. size and
shape of otter trawl doors) (Wu et al., 2013, 2015, and references
therein). Moreover, the exact gear configuration of individual
vessels is not included in standard spatial fisheries datasets, pre-
venting gear type from being included in risk models.

While the length of free spans was included in the current risk
model, span height and the proximity of spans to track crossings
were not included. The height of a free span affects the probabil-
ity that a trawl door may become “wedged”, defined as a door
that has been pulled fully underneath a pipeline and is stuck at
the opposite side to the warp line (Askheim and Fyrileiv, 2006;
DNV, 2006). The critical span height, above which trawl boards
may become wedged, is calculated as 0.7 multiplied by half the
trawl board height (DNV, 2006). However, even for spans below
this critical height, and for pipeline with no spans, “part-pene-
tration” otter trawl snags can occur, where the trawl gear digs
into the substrate next to a pipeline and becomes stuck (DNV,
2006). For beam trawls, part-penetration snags will only occur
when the span gap is greater than beam trawl height, and wedge
spans are not applicable to beam trawls (Wu et al, 2015). In
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addition to data on gear types used by individual vessels, quanti-
tative data on wedging probability as a function of span height,
and the relationship between snag type (wedging or part-
penetration) and crew safety and/or loss of fishing time would be
required to incorporate the effects of span height into incident
risk models. Furthermore, regional assessments of incident risks,
which incorporate span effects, would require data on all spans to
be collated, rather than the current practice of only collating data
on spans with a height of > 0.8 m (CDA, 2013). The presence of
rock armouring or other pipeline protection structures is another
factor that will alter the probability of fishing gear snagging on a
pipeline (Oil and Gas UK, 2013). Rock armouring, in the form of
graded crushed rock, is frequently laid on top of pipelines with a
smooth 1 in 3 profiles to mitigate snagging hazards (Oil and Gas
UK, 2013; Pidduck et al., 2017). Again, neither quantitative data
on the relationship between rock armouring and snagging risk,
nor regional scale data on the location of armouring are currently
available.

Two final, and significant, limitations to undertaking incident
risks assessments, particularly at a regional scale, are the lack of
data on pipeline burial status and the range of environmental
conditions across the North Sea. The model presented for the
Fladen Ground does not differentiate between buried and ex-
posed pipeline. The likelihood of fishing gear physically interact-
ing with buried pipelines is low, however on certain substrate
types, clay berms may be associated with buried pipelines
(Rességuier et al., 2009). The proportion of pipelines that are sur-
face laid is estimated to be approximately 13% (Rouse et al.,
2018), however data on the location of these pipelines are not
readily available. Individual operators will be able to adjust risk
assessments at the time of installation or decommissioning using
their own in house data, but incorporating burial status into re-
gional models is not currently possible. Additionally, the burial
status of pipelines can change over time (Gowen et al., 1980;
Staub and Bijker, 1990). This is particularly true in the southern
North Sea where the dynamic environmental conditions fre-
quently lead to re-exposure of previously buried pipelines and the
development of spans on pipeline sections that have been span-
free for significant periods of time (e.g. decades) (Angus and
Moore, 1982). Modelling future fisheries risks on such pipelines
is likely to be highly complex and require a high frequency of
pipeline monitoring and continual updating of risk models.

Despite the low number of incidents in recent years, the safety
implications of snagging events are potentially very serious. As
such, regulators continue to oblige operators to provide evidence
to demonstrate in situ decommissioned infrastructure does not
present a snagging hazard that could interfere with fisheries oper-
ations. This obligation has been reiterated in recently published
decommissioning guidelines and is unlikely to change over the
medium term (~10years), during which approximately 30% of
UK pipelines will require decommissioning (Oil and Gas UK,
2016). This study represents the first assessment of interactions
between commercial fisheries and oil and gas infrastructures that
integrates previous incident data from multiple sources and high-
resolution spatial fisheries data. It offers a significant improve-
ment on assessments so far based only on fatality and injury data.
The results show that there is significant spatial and temporal var-
iation in past fisheries losses, and certain gear types were more
frequently involved in incidents. Fishing intensity, angle, and sub-
strate were identified as specific factors influencing incident risk.
The fishing risk model presented serves as a demonstration of the
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methods that can be used by operators to evaluate future incident
risks as part of the comparative assessment of decommissioning
options. The fishing risk model could be applied in multiple juris-
dictions, where equivalent data are available, and can be used to
facilitate transparency in the decision-making process for the in-
stallation and decommissioning of pipelines. However, significant
opportunities exist to further improve models of fisheries losses
arising from oil and gas operations and infrastructure. These in-
clude both quantitative assessments of snagging risk factors and
access to additional datasets, including the history of incidents
between non-UK vessels and oil and gas infrastructure. Overall,
the present study should serve as an incentive to both the oil and
gas, and fisheries, industries to enhance data sharing practices in
order to improve risk models and reduce the frequency and sever-
ity of incidents. The results also highlight the need to include the
full spectrum of potential losses in fisheries impact assessments to
maximize the opportunities to conduct offshore decommission-
ing in a fisheries-sensitive manner.
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