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Seabirds are vulnerable to oil pollution, particularly in cold-water regions. We investigated the response of small
spills (b7.95m3) at offshore production platforms inNewfoundland, a region recognized for seabird diversity and
abundance. In three environmental assessments for oil production operations Environment Canada requested
monitoring and mitigation of small spills potentially impacting seabird populations; suggestions supported by
two independent reviews. An industry spill response plan states that operators would collect systematic obser-
vations on spills and deploy countermeasures where possible. Operators' spill reports were obtained under an
Access to Information request. There were 220 daytime spills with sheens (out of 381 spills; 1997–2010). Of
these, six reported time to oil dispersion and eleven the presence or absence of seabirds. Industry self-
reporting has not permitted an evaluation of the impact of chronic oil spills on seabirds.We recommend that in-
dependent observers be placed on platforms to systematically collect data on spills and seabirds.
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1. Introduction

Environmental assessments for offshore oil production projects
predict that small spills (defined as b7.95 m3) will occur with higher fre-
quency than larger spills (N7.95 m3; e.g., Mineral Management Services
2007; ExxonMobil Canada Properties, 2011). Yet our understanding of
small spills at offshore hydrocarbon platforms and their association to
seabird mortality remains weak (Dicks et al., 1982; Mosbech, 2000;
Wiese et al., 2001; McCrary et al., 2003; Fraser and Ellis, 2008a; Ellis
et al., 2013; Ronconi et al., 2015). Monitoring of small spills could provide
information on (Kirby and Law, 2010): 1) short and long term impacts to
themarine environment; 2) distinguishing spill impacts from other types
of impacts (e.g., oil sheens from legal discharges fromproducedwater, see
Fraser et al., 2006); and 3) a comparison of spill response efforts.

In areas with high concentrations of seabirds, researchers have sug-
gested that chronic pollutionmay have greater population-level impacts
than a single large spill (e.g., Exxon Valdez, 42,000 m3; Hunt, 1987; Piatt
et al., 1991; Wiese and Robertson, 2004; O'Hara and Morgan, 2006;
Renner and Kuletz, 2015; Ronconi et al., 2015). In cold-water environ-
ments, diving seabirds in particular have a high risk of mortality from
very small amounts of oil pollution due to loss of insulation and resulting
hypothermia (Jenssen et al., 1985; Jenessen, 1994; Lock et al., 1994;
Wiese and Ryan, 2003; O'Hara and Morandin, 2010). Due to their life-
history strategies (low reproductive rates, delayed maturity, high adult
survivorship), seabird populations are also sensitive to small changes in
adult mortality (Wooller et al., 1992). In many parts of the world there
are, or will be, offshore oil extraction projects in cold waters with high
concentrations of seabirds (e.g., North Sea [Tasker et al., 1986; Ollason
et al., 1997; Fraser et al., 2008], Falkland Islands [Pakhomov and
McQuaid, 1996; White et al., 2002], Tasmania [Bretagnolle and Thomas,
1990; Bernecker and Totterdell, 2012], Newfoundland and Labrador
[Burke et al., 2012] andCanadian arctic [Wong et al., 2014]). Asmost sea-
bird populations are declining (International Union for Conservation of
Nature, 2012), many species using these regions are also of conservation
concern (e.g., rock hopper penguin, Eudyptes chrysocome [Cuthbert and
Sommer, 2004]; erect crested penguin, Eudyptes sclateri [Taylor,
2000]); and thick-billed murre, Uria lomvia [Kålås et al., 2010]). Offshore
oil platforms attract seabirds (Tasker et al., 1986; Baird, 1990;Wiese et al.
2001; Montevecchi, 2006; Burke et al., 2012; Ronconi et al., 2015), thus
increasing the likelihood of exposure to localized oil pollution. In the ab-
sence of on-platformmonitoring (see Montevecchi et al., 1999; Ronconi
et al., 2015) the main approach to assess oil production spills is through
beached bird surveys (e.g., Camphuysen and Heubeck, 2001). However,
the move towards extraction activities further offshore means that sea-
birds oiled from platform spills are less likely to be detected or will be
under-represented in such surveys (Robertson et al., 2012). Collecting
standardized observations on seabirds from offshore platforms could
help evaluate the risk small spills pose to various seabird populations
(Montevecchi et al., 1999; Ronconi et al., 2015).

In this context, we first surveyed environmental impact statements for
three oil production projects in Newfoundland and Labrador (NL) for their
consideration of chronic oil pollution and impacts on seabirds. We then
evaluated the subsequent reporting of and response to small spills from
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the oil production projects. The Grand Banks off NL supports an estimated
40million seabirds annually (Montevecchi andTuck, 1987) and as of 2016,
there are four offshore oil production projects all over 300 km offshore
(Fig. 1). While regional beached bird surveys provide oil-related mortality
estimates (Wiese and Ryan, 2003; Wiese and Robertson, 2004; Wilhelm
et al., 2009), it is unlikely that they detect seabirds oiled by spills from
platforms so far offshore (Wilhelm et al., 2007; Robertson et al., 2012).

2. Regulatory framework

The offshore oil and gas regulatory agency, the Canada-Newfound-
land and Labrador Offshore Petroleum Board (C-NLOPB, formerly C-
NOPB), is an independent joint federal-provincial board (Government
of Canada, 1987). The C-NLOPB issues authorizations for offshore oil
Fig. 1. Eastern Canada Seabirds at Sea (ECSAS) survey data showing Dovekie (Alle alle) distribut
from CanadianWildlife Service— Environment Canada (Carina Gjerdrum) collected according t
shipwasmoving, within transect, and not following the ship (see Gjerdrum et al., 2012). Them
birds are detected within the 300 m transect) and the data are therefore underestimates.
activities, is the lead responsible authority in environmental assessment
processes and ensures compliance to environmental protection plans
(see Van Driel and MacDonald, 2002; Erlandson Consulting Inc.,
Petroleum Research Atlantic Canada, 2004; C-NLOPB, NDa). Environ-
ment Canada is the regulatory agency responsible for the Migratory
Bird Convention Act (Government of Canada, 1994), an international
treaty designed to protectmigratory birds in general and from oil pollu-
tion specifically (Section 5.1(1)). As a federal agency with relevant ex-
pertise, Environment Canada participates as a responsible authority in
environmental assessment review processes for oil and gas activities
and is consulted for the duration of a project (Van Driel and
MacDonald, 2002). The C-NLOPB has a Memorandum of Understanding
with Environment Canada that outlines their respective roles for off-
shore oil development (C-NOPB, 1988; C-NLOPB and Environment
ion and abundance fromMay to November (maximum counts/km2 per 15° grid). Data are
o the Eastern Canada Seabirds at Sea survey protocol and area based on sightings while the
ap shows relative densities and are not corrected for differences in detectability (i.e., not all
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Canada, 2015). While the Canadian Wildlife Service (Environment
Canada) has worked with industry to develop seabird sampling proto-
cols (see Baillie et al., 2005; Gjerdrum et al., 2012), the C-NLOPB is iden-
tified as the lead agency that investigates spills fromoffshore operations
(Canadian Wildlife Service, 2012). Due to the regulatory complexity of
these relationships, we sought to evaluate how Environment Canada's
comments on chronic oil pollution articulated in the environmental as-
sessment processes (see Section 5) were operationalized with respect
to oil spill reporting and response.
3. Spill reporting and response plans

In the event of an oil spill, CanadianWildlife Service (2012) advises:
1) hazing or release of scare devices to prevent birds contacting oil;
2) mechanical dispersing of small oil spills; 3) monitoring using ship-
based survey approaches; and 4) releasing drift blocks to estimate
bird mortality (see Wiese and Jones, 2001). Ship-based surveys, devel-
oped by Environment Canada, are standardized observations of seabirds
using scanning techniques and include recording of weather, visibility
and sea state (Gjerdrum et al., 2012). Gjerdrum et al. (2012) specifically
note that negative observations are important.

Operators must have an Environmental Protection Plan which in-
cludes an Oil Spill Response Plan, as part of the permitting process
(Erlandson Consulting Inc.,Petroleum Research Atlantic Canada, 2004;
National Energy Board et al., 2011) which includes “contingency plans,
including emergency response procedures, to mitigate the effects of
any reasonably foreseeable event thatmight compromise safety or envi-
ronmental protection…” (Government of Canada, 2010:9). Operators
are required to report spills (The Canada-Newfoundland and Labrador
Atlantic Accord Implementation Act s161 (2); Government of Canada,
1987). The C-NLOPB has Incident Reporting and Investigation Guide-
lines, identified as non-statutory or mandatory (C-NLOPB, 2012). The
C-NLOPB (2012: forward) notes “The onus is on the operator to comply
with the Act and the regulations and be able to demonstrate to the ap-
propriate Board the adequacy and effectiveness of the methods
employed to achieve compliance.” Written notification of location,
date, time, description of “operations and relevant environmental con-
ditions at the time of incident”, immediate and planned responses; sub-
stance, volume “and information/observations of environmental
impact” is requested for hydrocarbon releases (C-NLOPB, 2012:11).

While we requested and received spill response plans for each oper-
ator, and would like to compare individual plans with the realized re-
sponses, their public status remains unclear1 (see also Office of the
Auditor General, 2012). However, the Canadian Association of Petro-
leum Producers (CAPP, 2009) provided a generic spill response plan
for the C-NLOPB which we briefly summarize for small spills.

Responses to spills are tiered according to type and size. Discrete
spills which occur during production operations (batch spills) typically
fall under a “Tier 1” category, where operators use resources on site
(i.e., on platforms; Armsworthy et al., 2003; CAPP, 2009; Turner et al.,
2010). A Tier 1 response could include: “natural dispersion, mechanical
dispersion and containment and recovery” CAPP (2009). Natural disper-
sion is self-evident.Mechanical dispersion uses a boat propeller to break
up oil. Containment and recovery (also called a mechanical response)
would use one or more booms and skimmers available on site (Mobil
Oil, 1985; Petro Canada, 1997; Husky Oil Operations Ltd., 2000; Turner
et al., 2010). An independent review of spill response capability for
1 ExxonMobil response plan states “ExxonMobil Canada use only, Property of HMDC”.
Husky Oil response plan states “CONFIDENTIALITY NOTE: All rights reserved. No part of
this document may be reproduced or transmitted in any form or by any means without
the written permission of Husky Energy.” Suncor (2008; Terra Nova) appears to have no
such restrictions. See also http://www.cnlopb.ca/news/nr20100722.shtml.
this region identifies the environmental conditions for a containment-
recovery response as wave height ≤2 m and visibility ≥0.5 nm (Turner
et al., 2010).

In all cases, surveillance and monitoring were identified as “Always
necessary” and “…the only response in poor conditions” (CAPP,
2009:19; see also Husky Oil Operations Ltd., 2000). Specific to seabirds,
CAPP (2009:6.1, 19, 23) states that “Surveillance [is] necessary to deter-
mine distribution of wildlife and potential for impact by floating oil…”
and “Supply vessel crews or offshore personnel may be taskedwith ini-
tial seabird surveys before seabird specialists can be dispatched to the
scene of an offshore oil spill.” Husky Oil Operations Ltd. (2000: 522)
identifies “Surveillance to determine distribution of wildlife and poten-
tial for effects” as a “Potential response option”. The deployment of drift
blocks is also noted as a possible action (CAPP, 2009; see also Table 1).

4. Materials and methods

4.1. Study area

Three ongoing oil production projects, all 300 km or more offshore,
were the focus of this study, Hibernia (Mobil Oil, 1985), Terra Nova
(Petro Canada, 1997) and White Rose (Husky Oil Operations Ltd.,
2000; Fig. 1). Hibernia is a 224 m high gravity-based platform which
started producing oil in 1997. The project was approved for expansion
and is expected to continue to 2036 (Hibernia Management and
Development Company, 2009). Terra Nova andWhite Rose are Floating,
Production, Storage and Offloading (FPSOs) platforms. Terra Nova
began producing oil in 2002 and is expected to last 18 years. White
Rose started production in 2005 andwith a recent extension it will con-
tinue an additional 25 years to 2040 (C-NLOPB, 2015). In addition to the
platforms and drilling rigs, tankers are used to transport oil.

Seabirds most vulnerable to oil pollution are those that spend the
majority of their time on the water (Montevecchi et al., 1999;
Mosbech, 2000; Lock et al., 1992).Wilhelm et al. (2009) identify 14 sea-
bird species commonly found oiled in NL beached bird surveys: auks
(thick-billed murre, common murre U. aalge, dovekie Alle alle, Atlantic
puffin Fratercula arctica, black guillemots Cepphus grylle); gulls (herring
Larus argentatus, great-black backed Larus marinus, black-legged kitti-
wakes Rissa tridactyla, ring-billed Larus delawarensis), northern gannets
(Morus bassanus), northern fulmars (Fulmarus glacialis), long-tailed
ducks (Clangula hyemalis), common eiders (Somateria mollissima) and
greater shearwaters (Puffinus gravis). From ship-based surveys on the
Grand Banks, Burke et al. (2012) report greater shearwater, common
murre, northern fulmar and great black-backed gull as the most com-
mon species offshore. In both summer and fall, high auk densities
were found near the Hibernia platform and a drilling rig, respectively
(Burke et al., 2012).

4.2. Environmental impact statements

Three sequential environmental impact statements, Hibernia (Mobil
Oil, 1985), Terra Nova (Petro Canada, 1997) andWhite Rose (Husky Oil
Operations Ltd., 2000) were used for this analysis. We compiled com-
ments from Environment Canada, panel reviews (Hibernia and Terra
Nova) or a Commissioner's review (White Rose) and the C-NOPB on
small hydrocarbon spills from the environmental assessment process,
as well as provide the predictions for batch spills from each impact
statement.

4.3. Analyses of spill reports

Through the Access to Information and Privacy Act (Government of
Canada, 1985), we received rawdata in the form of original reports sub-
mitted by operators to the C-NLOPB for spills that occurred between
1997 and 2010 from production projects (i.e., projects with a produc-
tion license; spills were from submersibles, drilling rigs and production

http://www.cnlopb.ca/news/nr20100722.shtml


Table 1
Environmental impact statement predictions and comments from Environment Canada, review panels and regulator during the environmental assessment process for three offshore oil and gas projects with respect to small oil spills and seabirds in
Newfoundland and Labrador 1985–2001 (emphases on chronic oil pollution and monitoring is ours).

Project Batch spill environmental impact Environment Canada's comments on draft EISa Panel or Commissioner's review Regulator's (& responsible authority's) response
statement predictions, mitigations for recommendations or
seabirds & response commitments

Hibernia “Summary of worst-case potential impacts prior to “2.2 Marine Birds….Since seabird mortality following “The Panel concludes that large numbers of seabirds “…effects monitoring will occur both during routine
(1985) mitigation — large crude oil transfer spill” [800 m3] an oil spill bears no predictable relationship to the could be killed in the event of an oil spill and operations and in response to an oil spill or

for seabirds — negligible to minor. “Mitigation amount of oil spilled, Environment Canada is as prevention is the best option to deal with this blowout….The Proponent's effects monitoring
measures — operational safety and accident concerned with the incidence of small chronic oil possibility” program should be developed taking into
prevention; oil spill response plan.” (No impact releases as with the occurrence of a large accidental “The Panel recommends that a monitoring plan consideration the recommendations of appropriate
predictions for smaller spills; see Mobil Oil oil spill. The proponent should be required to more should be developed taking into account the government agencies made at the Panel hearings. The
1985:81,194). fully evaluate the risk to seabird populations and viewpoints of the responsible government agencies Board intends to request the advice of other

propose mitigative measures to reduce or eliminate and allowing for publication of results. The government agencies during the development with
“As per the contingency plan, oil spill response teams the loss of even small quantities of oil.” (bold ours; government agencies should consult with interested the proponent of the requirements of an acceptable
are activated immediately, and oil spill Environment Canada 1985: 4) public groups concerning the monitoring program.” effects monitoring program. The responsibility for
countermeasures suitable for the occasion are (Hibernia Development Project, Report of the developing the program to meet government
implemented as soon as spill control operations and “3.7.2 Limits of Detection….Any reduction in seabird Environmental Assessment Panel 1985:33, 40) requirements resides with the Proponent.” (C-NOPB
environmental conditions permit. A number of populations and/or fish stocks must be very large 1986:80)
considerations establish best type and level of before it can be detected in such a monitoring
countermeasures. Real-time surveillance (visual and program. However substantial, and possibly
remote sensing) is invaluable in this task. It can irreversible, ecological (and economic) impacts can
identify behavior and fate of the slick, as well as occur with very little prior indication. The inability to
establish the distribution of many of the biological detect an impact should not be interpreted as ‘no
resources that may interact with oil.” (Mobil Oil impact’. Accordingly, the Hibernia Development
1985:101) Monitoring Program should carefully examine

methods and techniques for monitoring low level
“The analysis of residual impacts resulting from impacts in order to facilitate the introduction of
‘important’ accidental events does reveal one mitigative measures as required before such
potentially major concern: seabirds and oil impacts become critical….” (Environment Canada
spills….Mobil's chief mitigation measure is its 1985: 53).
commitment to clean, safe operations, and to
awareness, training, and planning in the
countermeasure areas. However, even with the best
operation and training, oil spills can still occur. In
many instances, no mitigation may be possible once
oil is spilled…” (Mobil Oil 1985:108).

Terra Nova “Summary of worst-case potential impacts of “Environment Canada would like to emphasize that 5.10 Oil spills “The Board acknowledges the risk of small batch
(1997) accidental spills” batch spill of 800 m3 — negligible to all spills of all sizes are a threat to birds and that on “The possibility of a major oil spill is clearly the spills occurring during the life of the project…and

minor for seabirds. the Grand Banks, which is one of the richest areas of prospect most feared by the public. Not only are such commends the proponent for its stated ‘zero
“Small spills — Marine biota” predicted mortality, the NW Atlantic at any time of the year, any spill is events dramatic, but the impacts are immediately tolerance’ policy toward these spills. The Board notes
with negligible to minor magnitude. likely to have a major impact.” (Environment Canada visible. Further, given the nature of the environment, that the Accord Act takes a ‘zero tolerance’ approach

1997: 19) the possibility of effective mitigation is quite remote. to oil spillage, forbidding the spillage of any oil and
Mitigation — preventing spills and “minimizing Therefore, a concern for long-term repercussions by declining to define any ‘minimal acceptance’
environmental damage once a spill has taken place” Recommendation 27: “In the development of oil spill must remain...lesser spills, which may have amount in this context. The Board believes that
and the Environmental Protection Plan. contingency plans, spills of all sizes should be disproportionately large consequences…may thorough advance planning for monitoring effects of
(Petro Canada 1997: Tables 5.7-23, 5.8-1, pp. 5-130,) included (from chronic discharges to very large spills result from failure in normal production activities… an oil spill is a necessary precaution and will ensure

(e.g., blowouts)).” (Environment Canada 1997: 21) the possibility of a spill, however minimal, occurring that this is addressed in the Proponent's contingency

(continued on next page)
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Table 1 (continued)

Project Batch spill environmental impact Environment Canada's comments on draft EISa Panel or Commissioner's review Regulator's (& responsible authority's) response
statement predictions, mitigations for recommendations or
seabirds & response commitments

“Although prevention of oil spills will be a primary at some point in the life of the project is real. e plans…. The Board also notes that oil spill
focus, Petro-Canada will…ensure that the appropri- Recommendation 31: “The proponent should have at Proponents state that they are committed to contingency plans typically provide for the
ate spill response capability is in place for all phases its disposal, and readily available, bird scaring zero-tolerance for release predicated upon th best deployment of drifting buoys following a spill. These
of the Terra Nova Development.” (Petro Canada devices or other countermeasure equipment, design and the highest standards of safety…. are designed to move with the spilled material and to
1997:6-5) specifically intended to minimize impacts on Recommendation 57: The Panel recommends hat be remotely tracked to give an indication of the spill

seabirds.” (Environment Canada 1997: 23) the Board require the Proponents to adopt a location. The deployment of a larger number of
“An offshore spill is likely to spread quickly and break zero-tolerance policy for oil spills.” (Terra No ‘drifters’ to simulate the movement of dead oiled
up in rough weather conditions. Recommendation 32: “The proponent should Development Project Environmental Assessm t birds…may be feasible in most cases; however, their
Countermeasure operations away from the describe other methods that would be used to reduce Panel 1997: 55) recovery may not be possible…and therefore less
spill source will be successful only if accurate and the risk of marine birds contracting oil, if an oil useful in estimating seabird mortalities….
up-to-date information on the oil's properties and release were to occur in the area.” (Environment “A contingency plan specifically designed to Nevertheless, the Board will ensure that the
behaviour slick sizes, and projected movement are Canada 1997: 23) measure the impact of an oil spill on seabir s is Proponent's spill response plan provides for the
known. Updated slick information for a Terra Nova necessary. Oiled birds recovered at sea and o hore provision of a stockpile of ‘drifters’…and for their
oil spill will be obtained through continuing must be counted. The release of a known num er of deployment when conditions permit…(C-NOPB
surveillance activities.” (Petro Canada 1997: 6–7) drifters at the time of any spill, and their subs uent 1997:53).

recovery along with affected birds, will provi a
measure of recovery effectiveness in the cond ions
prevalent at the time and by extrapolation w
provide an estimation of the spill's total impa .
Recommendation 74: The Panel recommends hat
the Board ensures that preparations to eval te
the effects of oil spills be done in advance o ctual
events….In the event of a spill, evaluation of e
impact must begin with the dispersal of drift and
the careful collection of all oiled seabirds and rifters
in the area of the spill and on beaches.” (Terr ova
Development Project Environmental Assessm t
Panel 1997:62)

Husky Oil Batch spills [800 m3] were predicted to be significant, “Section 5.8 clearly shows that the waxy nature of “There are two main sources of environment “The Board generally concurs with the Proponent's
Operations with a magnitude between low and high. Regulative White Rose crude, if that were the product to be impacts on birds according to participants wh statements respecting offshore oil spills. A
Ltd., 2000 mitigation – “Contingency Plan” and Project specific spilled, is persistent, stays on the surface and can addressed this issue. They are…contact with l contingency plan for oil spill response is a required

mitigation – “Training, preparedness, prevention, have disastrous effects on marine birds which sheens from small spills….A constant theme ring component of the Environmental Protection Plan and
cleanup, inventory” (no environmental effects frequent the area of the White Rose project. It is the public sessions was the insufficient level the adequacy of these contingency plans is reviewed
predictions for small spills; Husky Oil Operations Ltd., strongly recommended that this issue be readdressed monitoring to determine the impact on seabi s of by the Board prior to authorizing the corresponding
2000:Table 5.9-4). to ensure that small spills are treated with the level offshore operations. Recommendation 5.13: T e activities.” (C-NOPB 2001:129)

of effort and importance that they deserve. Given the Commissioner recommends that the Board re uires
Extensive information on oil spill response is present higher frequency expected with smaller spills, and the proponent to conduct a program of resea h to
in the impact statement (see Table 6.10–2 provides a the variety of products that can be spilled...the establish the effects from its operations on arine
list of response options). Under “Strategies” Husky issue must not be viewed as a trivial matter.” birds in general and specifically with respe
notes that “if there are birds nearby, the use of (Husky Oil Operations Limited 2001: 240) to…oil spills.”
physical or chemical dispersion should be considered (Clarke 2001:88, 91)
to remove the oil from the sea surface…” (522). “…Environment Canada strongly recommends that

the proponent commit to a monitoring program for
“In the unlikely event of an accidental oil spill, Husky marine birds during development and production
Oil will implement a dedicated oil spill monitoring stages of the White Rose project….This information
program that focuses on marine birds in particular.” would be especially useful in the event of an
(Husky Oil Operations Ltd., 2000: 534). accidental release, minor or major, to determine

impacts associated with the release of product.”
(Husky Oil Operations Limited 2001:240)

a Environment Canada was recognized as a regulatory authority in the Terra Nova (see C-NOPB, 1996; Environment Canada, 1997; Erlandson Consulting Inc., Petroleum Resea Atlantic Canada, 2004) and White Rose projects (Husky Oil Op-
erations, Ltd., 2000; see also van Driel and MacDonald, 2002). The federal agency also submitted substantial technical comments for the Hibernia project (see also Sec. 46 Canada ewfoundland and Labrador Atlantic Accord Implementation Act;
Government of Canada, 1987).
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platforms)2. In this analysis, we focused on “small” spills (defined by
Petro Canada [1997] and Husky Oil Operations Ltd. [2000] as spills
b7.95m3). We crosschecked the data received from the Access to Infor-
mation request with data posted on the regulator's website (http://
www.cnlopb.ca/information/statistics.php#environment) and queried
the C-NLOPB who provided clarification where necessary. A cross-
check was not possible for spills b0.001 m3 as no details were provided
on the C-NLOPB'swebsite for these spills. Therefore, for spills b0.001m3

where the operator did not estimate volume,we used 0.00099m3 as the
spill volume to include those spills in the summary statistics. If wave
height or visibility was provided as a range, we used the maximum
andminimumvalues, respectively. If ameasure of visibilitywasnot pro-
vided, but was noted as “good” or “clear”we recorded it as greater than
0.5 nm; “very poor”was rated as less than 0.5 nm. If units were “miles”
or visibility recorded in fractions with no units we assumed both were
nautical miles. We coded each release time to local daylight or night-
time hours based on the time of year using timeanddate.com.

Using the operators' reports we asked:

1) What was spilled and how much?

2) When did the releases occur (time the spill occurred, when it was
discovered or reported) and in what weather conditions? Specifical-
ly, how many releases occurred during the day and with weather
conditions which may have permitted: a) observations on the spill
and on seabirds in the vicinity (see CAPP, 2009); and
b) countermeasures (i.e., containment-recovery or mechanical dis-
persion)? Observations on a spill and seabirds can occur in a wide
range of conditions during daylight hours (see CAPP, 2009;
Gjerdrum et al., 2012). Countermeasures require conditions where
wave height b2 m and visibility N0.5 nm (hereinafter a “counter-
measures window”; Turner et al., 2010).

3) What actions were taken by the operators following a release?
4) What was the average time to dispersion for daytime spills? Sheen

dispersion data are necessary to estimate possible interactions
with seabirds (Fraser et al. 2006; see also Montevecchi et al., 1999).

5) The number of synthetic based fluids or mud spills resulting in
sheens (Fraser and Ellis, 2008c; O'Hara and Morandin, 2010; see
also House of Assembly NL, 2010; C-NLOPB, 2011).

6) How many spill reports included information on seabirds and what
details were included?
4.3.1. Evaluation of operators' forms
We evaluated the spill report forms for the standardization of for-

matting, for seabird information and time to spill dispersion.
2 The request: Information on all spills from oil production activities within the Canada-
Newfoundland and Labrador's jurisdiction between 1997 and 2010: a) The number of
spills which had a response team on site to clean or contain the spill; b) details for each
spillwhich had a response team, specifically: name of operator; date and time of spill; vol-
ume of spill; substance of spill; estimated date and time of arrival of response team at the
spill site; description of the response team (number of responders and their spill response
qualifications) spill recovery technology and the practices/strategies employed; estimated
volumes of spilled material recovered; and disposal practices of recovered spill material
(how transported; where disposed).
Of the oil production spillswhich had a response team, information is requested on: a) the
number of spills which had a dedicated, trained person collecting data on seabirds andma-
rinemammals observedwithin the vicinity of the spill. Here “dedicated”means theperson
was fully focused on collecting data and was conducting no other task; b) details for each
of these spills which had seabird and marine mammal data collected: name of operator;
date and time of spill; estimated date and time of arrival of the dedicated, trained person
at the spill site; training and qualifications of the person collecting data; location(s) of data
collection; data collection methods and technology used; the dates and times of data col-
lection, and the process for reporting data (who received the data and when).
5. Results

5.1. Environmental assessments

All three environmental impact statements reviewed provided spill
environmental effects predictions for a relatively large batch spill
(800 m3), but effects predictions for small spills were present only for
second of the series of three (Terra Nova; Table 1). For all three environ-
mental impact statements Environment Canada expressed concern and
requested monitoring of chronic oil pollution (Table 1). The Terra Nova
Review Panel and the White Rose review Commissioner both provided
clear recommendations on monitoring small spills with respect to in-
creasing the understanding of the impacts on seabirds (Table 1). The
C-NLOPB had varying responses for each project around monitoring
the impacts of, or responding to oil spills (Table 1).
5.2. Spill data

From 1997 to 2010, there were 381 spills b7.95m3 with an average
(±SD) spill volume of 0.12 ± 0.54 m3 from production platforms
(Table 2). As a wide variety of events caused releases we categorized
each spill: 1) “crude”, “mixed oil”, “oil”, “residual oil”, “hydrocarbon”,
“oily water” (n = 126); 2) “hydraulic oil”, “seal oil”, “lubricating oil”,
“deck wash”, “diesel oil”, “diesel fuel”, “helicopter fuel”, “brine diesel”
(n = 149); 3) “produced water”(n = 14); 4) “synthetic based fluids”,
“synthetic basedmuds” (n=38); 5) “condensate”(n=11); and 6) “un-
known”, “unidentified” (source of sheening not identified; n = 43). In
instances where multiple substances were spilled, the first category
was used if crude was involved.

Out of 381 spills, 352 reported time of day: 306 (86.9%) occurred
during daylight hours and 46 (13.1%) at night (Table 2). Two hundred
and sixty two (68.8%) reports had a complete description of theweather
at the time of the spill (i.e., wave height and visibility); 131 had a wave
height of ≤2 m and 214 had a visibility of ≥0.5 nm.

Out of 381 spills, 241 created sheens and 220 of those occurred dur-
ing daylight hours. The size and coloring of sheens were often used to
estimate spill volume (using the “Thickness Appearance Rating”, Cana-
dian Coast Guard Tar Code; CAPP, 2009). Where no sheening occurred,
spill volume was sometimes estimated through pressure and volume
loss. In some cases the problem causing the sheen was ongoing and so
it was difficult to measure the amount of time the sheen was present
and in some cases phrases like “a few hours” were used to describe
time to sheen dispersion. Six reports provided the actual time (3.2%
out of 220 daytime spills with sheens) to dispersion (average ± SD,
82 ± 61 min). Fourteen out of 28 synthetic based spills (including
both fluid and muds) in daylight hours reported sheens.

Overall, 17 reports (4.5%, out of 381) provided some observation on
seabirds (12 negative, i.e., no birds observed and five positive i.e., birds
present). There was no apparent temporal trend of these 17 reports
(2—1997, 3—1998, 2—1999, 1—2000, 1—2003, 3—2007, 4—2008, and
1—2009). Eleven reports (5%, out of 220) provided information seabirds
for daytime spills with sheens. Information on seabirds was typically
provided beside a question on the form specifically asking for wildlife
observations (e.g., “Are there hazards to persons/property/wildlife, ma-
rine bird?”; see below).

One-hundred and sixty one (61.5%) spills occurred outside the coun-
termeasure window; 47 (12.3%) spills with visible sheens occurred in-
side the countermeasure window (Table 2). Overall, 21 (5.5% out of
381) report some action beyond observing the spills: mechanical dis-
persion, boom deployment, scaring birds and/or deploying a tracking
buoy. Three responses within the countermeasure window used me-
chanical dispersion via a boat propeller (n = 2, average volume =
0.01 ± 0.00 m3) or deployed a boom (n = 1, volume = 0.00045 m3).
Eleven responses (average volume= 0.61± 1.23m3) occurred outside
the weather limits and one outside countermeasure window (n = 1,

http://www.cnlopb.ca/information/statistics.php#environment
http://www.cnlopb.ca/information/statistics.php#environment
http://timeanddate.com


Table 2
A summary of spill data from three oil production projects in NL from 1997 to 2010.

Total number of production spills from reports and average ± SD volume 381; 0.12 ± 0.54 m3

Number of spills with complete [i.e., wave height & visibility reported] weather description, out of total amount of spills (%) 262/381 (68.8%)
Number of spills occurring during the day, out of total number of spills with time provided 306/352 (86.9%)
Number of spills occurring at night, out of total number of spills with time provided 46/352 (13.1%)
Number of spills reported causing a sheen 241/381 (63.3%)
Number of spills reported causing a sheen during the day, out of total number of spills with time of spills provided 220/352 (62.5%)
Number of spills reported causing a sheen at night, out of total number of spills with time of spills provided 11/352 (3.1%)
Number of spills causing a sheen during daytime with good visibility, out of total number of daytime spills with time provided 109/306 (35.6%)
Number of spill reports providing time to dispersion (in minutesa) of a sheen, out of total number of spills where sheens were observed 6/241 (2.3%)
Number of spill reports with informationb on seabirds, out of the total number of spills reported 17/381 (4.5%)
Number of spill reports with informationb on seabirds, out of the total number of spills reported causing a sheen on the water during the day 11/220 (5.0%)
Number of spills that could have had a counter-measurec (i.e., spills during the day, with wave height ≤ 2 m, visibility ≥0.5 nm and visible sheen) and
average ± SD volume

47/381 (12.3%);
0.005 ± 0.016 m3

Number of spills that had a counter-measurec out of total number of spills that were potentially recoverabled 3/47 (6.4%)

a In two additional reports a qualitative statement was provided on sheen persistence.
b Either negative (i.e., seabirds not present in area) or positive observations.
c Counter-measure refers to the use of mechanical dispersion, boom deployment, and/or scaring birds (CAPP 2009).
d Overall, there were 21 occurrences where operators responded to spills, but, only three fell in the counter-measures window to allow a possible response.
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volume = 4 m3). The remaining six were missing weather or time of
day information.

5.3. Spill form format and seabirds

There were different modes of communication (notes from phone
calls, emails, faxes, pollution incident reports from Environment
Canada etc.) and types of spill report forms (n=33) from the operators
and their contractors. Documents had different titles (e.g., “Flash
Report”, “Environmental Incident Report”, “Incident Information Sum-
mary”, “Environmental Incident andNumber”, “Hazardous EventNotifi-
cations”, “LOC [Letter of Compliance] Event report”). The most
frequently used form was the “Oil or Chemical Spill Notification Form”
(n = 172). In total, three forms included a question on seabirds. Two
forms (i.e., “Pollution Incident Report” and “Initial Incident Report”) in-
cluded the following questions: a) “Environmental Impact/ Conse-
quences/ Number of Oiled Birds/ Number of Dead” (submitted form
November 9, 2008); b) “Are there hazards to persons/property/wildlife,
marine bird?” (submitted forms between December 1, 1999 to Decem-
ber 10, 1999); or c) “Figure for slick location, drift direction and pres-
ence of seabirds” (submitted forms between August 2, 2006 to January
5, 2007). Three additional forms had more general questions about en-
vironmental impact but did not reference seabirds specifically
(i.e., “Probable coastal site and habitat at site impact?”, “Information/ob-
servations of environmental impacts” or “Release or damage to the en-
vironment?”). In the last year of our dataset (2009–2010), the most
commonly used forms were the “C-NLOPB — Incident Notification”
form (n = 13) and the “Oil of Chemical Spill Notification Form” (n =
13), neither form asked for observations on seabirds.

6. Discussion

For three environmental assessments over a 15 year period, a regu-
latory authority, Environment Canada, repeatedly requestedmonitoring
and mitigation for the possible impact of chronic oil spills on seabird
populations. For two of the environmental assessments, the review
panel/review Commissioner recommended plans to measure impacts
of small spills on seabirds. However, based on the forms obtained evi-
dence that these recommendationswere implementedwas lacking. Op-
erators had three possible ways of responding, the first two must co-
occur in order to have data on seabird and spill interactions (see
Mosbech, 2000): 1) observe and record spill dispersion time (or time
sheen drifts out of sight); 2) observe and record seabird presence or ab-
sence in the areawhile spill was present; and/or 3) deployment of boom
ormechanical dispersion of oil. Of six reports that provided spill disper-
sion time, only one also provided information on seabirds. Hence, there
were few data available to evaluate interactions even thoughmost spills
occurred, or were detected, during the daylight hours.

For this analysis, we used a conservative approach to assess the
number of spills which could have had seabird observations or
attempted a counter-measure: the visibility and wave height criteria
were those identified by an independent review (Turner et al., 2010);
and we assumed spill and seabird observations could only occur during
the day. The spill data were crosschecked with the C-NLOPB. While po-
tentially relevant data were redacted in the response/remedial action
section in 14 reports, the missing information is unlikely to change the
overall conclusions. The data used were the original reports submitted
by the operators and would be the basis of any final reports submitted
to the C-NLOPB. The C-NLOPB, in response to our request for informa-
tion on spills that had trained observers (see Section 4 Materials and
Methods) referred us to the spill reports, but noted that operators are
not required to submit information on observer qualifications (see
Section 3 Spill reporting and response).

The information in the reports was variable and inconsistent.
Weather was not always included perhaps due to variation of reporting
format (e.g., photocopying may not have included the page on weather
for some reports; see also Baillie et al., 2005). However, consistent and
standardized formatting is important for logistics, post-spill analyses
and improving offshore operations (Christou and Konstantinidou,
2012). Since 2010, the C-NLOPB asked operators to use a standardized
form, but the request still falls under guidelines (C-NLOPB, 2012). For
spills less than 0.025m3, operators are asked to submit written notifica-
tion via the form. The form allows operators to determinewhich factors
are environmentally “relevant”, and it does not specifically ask for ob-
servations on seabirds (or wildlife) or time of spill dispersion (“Descrip-
tion of site operations and relevant environmental factors at the time of
the incident”; C-NLOPB, 2013). Thus, the lack of data is likely an ongoing
issue. Missing data from reports probably resulted in an underestimate
of the number of spills where countermeasures may have been de-
ployed. At a minimum, 47 spills were within the countermeasure win-
dow. While the response plan identifies a number of variables which
would be considered in deciding on a countermeasure (see Husky Oil
Operations Ltd., 2000; CAPP, 2009), an effort to contain even a small
spill provides an ongoing opportunity to evaluate the effectiveness of
emergency plans (see Christou and Konstantinidou, 2012).

The industry's oil spill response plan clearly articulates the use of
surveillance andmonitoring for Tier 1 spills (CAPP, 2009), aswell as fol-
lowing Canadian Wildlife Service's seabird survey protocol. There were
few reports (Table 2) that included any information on seabird presence
or absence during a daytime spill, and none provided evidence of fol-
lowing the seabird protocol. As individual operators' spill response
plans appear to be protected under Sec. 119 of the Atlantic Accord Act
(see Fraser and Ellis, 2008b), any further analysis at the operator level
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is not possible at this time.Without data on seabird presence or absence
and sheen dispersion time, we are unable to make any conclusions on
these interactions or estimate the cumulative impact upon seabirds
from production operations (Kirby and Law, 2010; Krausman, 2011).
Lack of estimated oiling rates also prevents Environment Canada from
seeking compensation for seabird mortality (see Wiese, 2002;
Canadian Wildlife Service, 2004; Robertson et al., 2012).

Spills from offshore oil platforms are perhaps proportionately a
lower source of seabird mortality compared to other sources, though a
regional comparison for all sources of oil pollution is lacking
(Committee on Oil in the sea, 2003). For example, illegal ship-sourced
discharges are a significant source of seabird mortality in NL with a
mean annual estimate of 315,200 ± 45,600 (Wiese and Robertson,
2004; see also Wilhelm et al., 2009). Nonetheless, researchers have
stressed the need for a better understanding of seabirdmortality associ-
ated with small spills from oil and gas activities (Dicks et al., 1982;
Burger, 1993; Montevecchi et al., 1999; Wiese et al., 2001; Fraser and
Ellis, 2008a; Ellis et al., 2013; Ronconi et al., 2015); an issue clearly
highlighted in the environmental assessment processes (Table 1). In
cold water systems seabird mortality from hypothermia is linked to ex-
posure to relatively small amounts of oil. For example, Jenessen and
Ekker (1991) found a significant effect for eiders on water when ex-
posed to 70 ml of oil (see also Jenessen, 1994 for review). O'Hara and
Morandin (2010) found Hibernia crude and synthetic based drilling
fluids (from Terra Nova) changed auk feather structure with a sheen
thickness (N0.1 μm) and suggested mortality may result from these
changes. The vulnerability to low concentrations of oil means even
very small spills spread out over an area could cause seabird mortality.
To assess the possible cumulative impact of 220 daytime small spills
with sheens requires species-specific information on the frequency of
exposure to those spills.

The environmental assessment processes for these projects allow
other regulatory authorities to provide their expertise (van Driel and
MacDonald, 2002; Erlandson Consulting Inc. and Petroleum Research
Atlantic Canada, 2004). The concerns Environment Canada raised
were reflected in the recommendations by two of the independent re-
views (Table 1). From the recommendations compiled, several issues
can be identified. First, the main emphasis of the spill predictions for
all three projects was focused on large spills, despite Environment
Canada's comments on small spills. Second, a clear response to the rec-
ommendations to address the issue of small spills was not always evi-
dent in the regulator's decision reports. Third, because approval for Oil
Spill Response Plans occurred after the environmental impact statement
phase, there was no public opportunity to understand how or if these
plans met the recommendations and no associated level of acceptable
risk was articulated (see Mosbech, 2000). As a result of the lack of
data, future production environmental impact statement predictions
will not be informed by previous experience (see ExxonMobil
Properties Canada, 2012) and a weak environmental assessment pro-
cess is perpetuated (Fraser et al., 2006; Fraser and Russell, in press).

Baillie et al. (2005; Environment Canada, plus one representative
from industry) describe industry's participation in collecting bird abun-
dance data from drilling rigs (from spring 2000 to end of 2002; Terra
Nova), exploration activities (White Rose) and the Hibernia platform
(1997–1998). The latter was “required” by the C-NOPB as part of the en-
vironmental assessment process (Baillie et al., 2005). The summary data
provided seabird abundance (fall abundance ranging from 81 to 190
birds per day) and included observations of oiled birds (see also Burke
et al., 2005), but none were linked with oil spills, thus we were unable
to cross-reference spill reports. The authors evaluated the quality of the
data collected by the operators and some recommendations were to:
1) collect oil spill “disturbances” with the seabird surveys; 2) ensure
that dedicated observers be highly qualified and standardized; 3) stan-
dardize data collection; and 4) collect data that contributes towardsmea-
suring seabird densities (see also Montevecchi et al., 1999). Seabird
densities using ship-based surveys (Gjerdrum et al., 2012) may be used
to model population level impacts of small spills, but at minimum quality
information on the spill behaviormust also be collected (Mosbech, 2000).

Industry self-reporting has not contributed to understanding how
small spills from production operations impact seabird populations
(see also Burke et al., 2012). It is possible that the C-NLOPB has these
data and is aware of these issues, but is constrained by the Atlantic Ac-
cord Act (i.e., Sec. 119, see Fraser and Ellis, 2008b and below) from di-
vulging it. However, if this were the case, we would expect the new
spill reporting form to address this issue (see above; C-NLOPB Incident
Notification Form 2013). Unfortunately, there were so few reports of
the presence or absence of seabirds that we could not analyze trends in
reporting. To improve reporting standards, spill reports could be cross
referenced with remote sensing or aerial surveillance efforts (Transport
Canada, 2015); the latter could also be used for daytime seabird observa-
tions with qualified personnel using high quality imaging cameras
(Duron et al., 2015). Ronconi et al. (2015) recommend the use of instru-
ment based approaches (such as radar and thermal imagingwhich allow
for night-time observations on seabirds) and independent observers to
counteract the weakness of industry's self-reporting and positively im-
pact the quality of reporting and the response system overall.

The independent reviews of the Terra Nova and White Rose produc-
tion projects both recommended independent observers on platforms
(Terra Nova Development Project Environmental Assessment Panel,
1997; Clarke, 2001; see also Natural History Society of Newfoundland
and Labrador, 1997; Montevecchi et al., 1999; Burke et al., 2012). In the
fishing industry observers provide standardized, unbiased data
(e.g., Brooke, 2012). The oil and gas industry, supported by the regulator,
has resisted calls for independent observers on production platforms (C-
NOPB, 1997). However, the C-NOPB (1997:3) acknowledged that “in all
of its decisions respecting the approval of activities in the Newfoundland
Offshore Area, it has adopted an approach which is consistent with the
definition of the precautionary principle…”. With respect to third-party
observers “TheBoardwishes to emphasize, however, that should such cir-
cumstances arise, it is fully prepared to adopt a different regulatory ap-
proach, including consideration of full-time on-site oversight of the
operations concerned.” (C-NOPB, 2001:139). We would argue that the
analyses in this paper provide such a circumstance: trained independent
observers, supported by instrument-based technologies (Ronconi et al.,
2015) are the only and immediate way forward (see also Office of the
Auditor General of Canada, 2012).

Placing independent observers on platforms would likely not result
in data being publicly available because there are significant legislative
obstacles that constrain the C-NLOPB from releasing such information
(Sec.119 of the Atlantic Accord Act; see Fraser and Ellis, 2008b). After
2008, some data have been released (e.g., the data used in this paper).
However, details of important documents cannot be discussed in public
forums (e.g., spill response plans) and thus the Atlantic Accord Act re-
mains a significant challenge in understanding the interactions and im-
pacts of this industry on seabird populations.

Theworld-wide decline ofmany seabird populations requires a con-
certed effort to minimize all sources of adult mortality (see
International Union for Conservation of Nature, 2012). Current and fu-
ture offshore oil operations in regions with high seabird densities
should use independent observers to collect data (Ronconi et al.,
2015) on seabird density estimates, seabird behavior, seabird mortality
associated with light attraction (Wiese et al., 2001; Montevecchi, 2006;
Burke et al., 2012; Fraser, 2014; Fraser and Russell, in press) and oil spill
behavior (Montevecchi et al., 1999). The data could be housed centrally
(e.g., Seabird Information Network; World Seabird Union, ND) and aid
our understanding of the proportional contribution ofmortality that re-
sults from this industry.
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