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1.0 Summary

On January 12, 2006, the Canada-Nova Scotia O#sRetroleum Board (the Board)
was notified by ExxonMobil Canada Properties (EXobil), operator of the Sable
Offshore Energy Project (SOEP), of a leak of mohgene glycol (MEG) into the
ocean. The leak came from a 3 inch carbon steeflifie that transports MEG from the
central Thebaud production complex to the sateAitma production platform. These
facilities are part of the SOEP offshore productifecilities that are located
approximately 200 kilometers off the coast of N@cotia.

MEG is an industrial anti-freeze that is injectatbia natural gas pipeline to prevent the
formation of hydrates, or “ice plugs”, which carusa a blockage of the pipeline and can
lead to integrity and safety concerns.

Analysis of production information determined ttta volume of MEG that was released
into the ocean was as much as 158 m

At the time of the notification, ExxonMobil advisélte Board that it would take the steps
necessary to suspend use of the 3 inch MEG flovdgsoon as possible, but that it could
not be immediately suspended due to safety concefrsconMobil conveyed that it
needed to continue to inject MEG into the Alma toeebaud natural gas pipeline as
current concentrations were below the thresholdll&yprevent hydrate formation.

The requirement to initiate safe shutdown procesled conclude them as soon as
possible was confirmed in writing by the Board'si€€hConservation Officer on the
following business day (January 13, 2006).

The Board immediately commenced an investigatiorthed incident to determine its
cause, and to determine if there were cases ofongpiance to regulatory requirements.
ExxonMobil was fully cooperative throughout thiy@stigation.

The investigation identified that the leak camenfra cracked elbow on the sub-sea
flowline, near the base of Thebaud platform. Asmyindicated that the crack in the
elbow was caused by metal fatigue that had indiatea result of bending loads, possibly
related to observed axial movement of the pipe.

MEG is known to have a low toxicity, and an envirental impact assessment of the
potential effects of this spill concluded thatstunlikely that there would have been any
measurable effects on marine species resideneimitinity of the platform.

The Board’s investigation concluded that certairrexdive actions should be taken by
ExxonMobil to prevent recurrence.
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2.0 Regulatory Framework
2.1  Board Authority

The Board was established in 1990 by the proclamatf the Canada-Nova Scotia
Offshore Petroleum Resources Accord Implementafioh S.C. 1988, c¢.28 by the
Government of Canada, and tlanada-Nova Scotia Offshore Petroleum Resources
Accord Implementation (Nova Scotia) A&N.S. 1987, ¢.3 by the Province of Nova
Scotia (“Accord Acts”).The Board is the independent joint agency of thierfal and
provincial governments responsible for the regatabf petroleum activities in the Nova
Scotia Offshore Area, including:
- health and safety for offshore workers;

protection of the environment during offshore pletuon activities;

management and conservation of offshore petrolasources;

compliance with the provisions of the Accord Adtsitdeal with Canada-Nova

Scotia employment and industrial benefits;

issuance of licences for offshore exploration asdetbopment; and

resource evaluation, data collection, curationdisttibution.

2.2 Applicable Legislation and Regulation$

The legislation governing offshore oil and gas\aiiéis in the Nova Scotia Offshore is
the Accord Acts cited above.

Offshore oil and gas production activities musbdle conducted in accordance with the
Nova Scotia Offshore Area Petroleum Production @uhservation Regulationshich
are promulgated under the Accord Acts

Pursuant to the Accord Acts, any offshore develagmproject requires that a
Development Plan be approved. Furthermore, thedueton and Conservation
regulations cited above require that there be i@ Wroduction Operations Authorization
(POA) in place, and an approved Environmental tmte Plan. At the time of this
incident, all required approvals and authorizativese in place.

Prior to issuing a POA, a Certificate of Fitnessl anDeclaration of the Operator are
required.

The Certificate of Fitness is to be issued by ohdéive certifying authorities that are
designated in thBlova Scotia Offshore Certificate of Fitness Regoitet The certifying
authority is contracted by the operator of the patien installation (ExxonMobil). The
certifying authority is required to certify thatetlilesign, construction, transportation and
installation of a production installation is in cphance with the regulations, is fit for the
purpose for which it is to be used and can be opeéraafely without polluting the

! Although mirror legislation and regulations existiérally and provincially, for convenience, thipog
references section humbers in the federal vergiblegislation and regulations.
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environment, and will continue to be so if the alisition is maintained in accordance
with the inspection, maintenance and weight corgrograms approved by the certifying
authority. The Certificate of Fitness that incladbe Thebaud to Alma MEG flowline
was issued by Lloyd’s Register (as certifying autgp on October 16, 2003, with an
expiration date of October 10, 2008.

The Declaration of Operator is signed by a senificer of the company to which a POA

is issued (ExxonMobil), and states that the equign@ad installations are fit for the

purposes for which they are to be used, the opgrairocedures relating to them are
appropriate for those uses, and the personnel whtoabe employed in connection with
them are qualified and competent for their emplaymerhe Declaration of Operator is
submitted prior to the issuance of the POA, artles amended from time to time.

3.0 Incident Description
3.1  Background Information

The 3 inch Thebaud to Alma MEG flowline is parttbe SOEP production facilities

located offshore Nova Scotia. The SOEP produaasal gas from five offshore fields,

namely Thebaud, North Triumph, Venture, Alma anditBoventure. All natural gas

produced from these fields is routed by interfipldelines to a centralized processing
platform located at the Thebaud field, and themdparted to shore by way of a 26”
pipeline. The SOEP is operated by ExxonMobil.

Figure 1: Sable Offshore Energy Project — Faciligs
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MEG, which is a type of industrial antifreeze, ged as an additive to natural gas when it
is transported by pipeline so as to prevent themédion of hydrates. Given the pressure
and temperature under which the SOEP pipelinesatgpemoisture contained in the
natural gas can cause formation of hydrates, @& pitgs”, which, if large enough, can
lead to a blockage of the pipeline. This can leaohtegrity and safety concerns as well
as impact production.

Appendix | to this report contains a schematichaef MEG system that operates between
the centralized Thebaud processing platform andAlhea satellite platform. MEG is
delivered from the Thebaud platform to the Almatfolan through the 3 inch carbon
steel flowline. At the Alma platform, MEG is thenjected into the 12 inch interfield
pipeline that transports the natural gas from theaAproduction field to the centralized
Thebaud processing platform. The Thebaud proogdanility then separates the MEG
from the gas, and recycles it back to the satelatforms like Alma.

3.2  Description of Incident

Although the leak of MEG into the natural envirommhewas not identified by
ExxonMobil personnel until January 12, 2006, dasdenavailable during the course of
the investigation from ExxonMobil’'s Production Imfoation Management System
(PIMS) showed that, on January 6, 2006, the raftoaf of MEG being received at the
Alma platform from the Thebaud processing platfdregan to drop. This was measured
by a flow meter installed at the Alma platform (iéed as FE-6129 in the schematic
included in Appendix 1). The flow meter steadigcorded lower values, trending down
from approximately 32 fiday to approximately 9 frday by January 9, 2006. By the
morning of January 10, 2006, flow as recorded by #ima flow meter fell to
approximately O rfiday, and a low flow alarm was transmitted into toatrol room at
the centralized Thebaud platform. This initiatedaaitomated process shutdown of the
Alma platform, as per design.

The Control Room Operator (CRO) evaluated the sgoaand was not able to identify
the cause of the alarm. It was suspected at e tihat the Alma flow meter to which
the alarm was attached was not functioning coyecilhe CRO disabled the flow alarm
to prevent additional automated process shutdoamndg, restarted production from the
Alma platform shortly after the shutdown occurred.

An ExxonMobil intervention team was dispatched amived at the Alma platform later

in the afternoon of January 10, 2006. The intetieenteam reportedly inspected the
subject flow meter and checked for platform leaddswhich none were found. The
intervention team re-routed the flow of MEG to bgpahe flow meter based on a
suspicion that the strainer affixed to it may beggled, and the team departed so that the
helicopter could reach shore prior to nightfall.

On January 12, 2006, an intervention crew retutoethe Alma platform. During this
afternoon intervention, the flow meter was agaieaied and then put back in service. A
pressure test of the MEG flowline was performedhilé/conducting this pressure test, a
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MEG flow line low pressure alarm was transmittedite Thebaud control room, and the
control system initiated an automated process skrdof the Alma facility, as per
design. Alma production was subsequently restaged a second MEG delivery pump
was started on the Thebaud platform to boost ME@lfhe pressure. With the second
pump running, the MEG flow meter on the Alma platficagain recorded flow.

On the evening of January 12, 2006, the Board wdsally informed by ExxonMobil of
a possible leak in the MEG flowline. ExxonMobilbsequently informed the Board later
that evening that it had confirmed that the MEGwline was in fact leaking.
ExxonMobil stated that it would take the MEG flomdi out of service as soon as
possible, but that the flowline needed to remaisarvice in the short term. This was to
allow ExxonMobil to attempt to bring the level ofB\N& that is injected into the Alma to
Thebaud natural gas pipeline up to the require@llés prevent hydrate formation.
ExxonMobil conveyed that the concentration of MEQhis 12" pipeline was below the
threshold to prevent the formation of hydrates #wild cause a blockage. This could
lead to an elevated safety risk for those persowel would be tasked with trying to
remove such a blockage, should it occur.

On the morning of January 14, 2006 ExxonMobil sbutd the Alma MEG flowline.
4.0 Regulatory Response

Section 60 of théNova Scotia Offshore Area Petroleum Production @mhservation
Regulationgequires an operator to suspend a production aperairthwith where the
continuation of that operation would cause a sjpilb the natural environment that
exceeds the limits specified in the environmentatgrtion plan or any limit specified in
a requirement of the production operations authtion.

Upon receiving verbal notification of the leak candary 12, 2006, ExxonMobil was
reminded of its obligations under Section 60 of theove cited regulation. The
requirement to initiate safe shutdown proceduresttie defective portion of the MEG
system, and to conclude them as soon as possibkalso confirmed in writing by the
Board’s Chief Conservation Officer on the followibgsiness day (January 13, 2006).

The Board considered the possibility of hydratemfation at the time the verbal
notification was provided, and concurred with Eximbil’'s determination that an

immediate shutdown could result in an increasekl tosthe safety of personnel should
they have to subsequently deal with a hydrate lalgek In making this determination,

the Board did take into account the fact that thectty of MEG being released into the
environment was low.

Section 67 of the above cited regulation requihes €hief Conservation Officer or the
Chief Safety Officer to investigate or cause toireestigated any incident, accident or
other event at a production site that results, auld result, in a spill into the natural
environment exceeding the limits specified in theinmental protection plan or in the
requirements of the production operations authttdma Upon receiving notification of
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this incident from ExxonMobil, the Board immediatelssigned conservation officers to
investigate this incident using officer powers afed to them under the Accord Acts.

5.0 Investigation Findings

5.1  Technical Analysis and Findings

A horizontal section of the MEG flowline containitige leaking elbow was cut-out and
retrieved from its installed sub-sea location byx&XMobil using a remote operated

vehicle. The sample was inspected by magnetidcpestand a crack indication was
detected in the intrados of the upstream elbow@frémoved section.

Figure 2 — Photograph of horizontal cut-out sectiorof MEG flowline. Red arrow
shows direction of flow. White arrow indicates loation of leak.

Figure 3 — Outside surface of the intrados of elbowontaining a crack indication.
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The elbow was sent by ExxonMobil to MetallurgicarGultants Inc. of Houston, Texas
for failure analysis. Their report included theldaling findings and conclusions:

1.

The elbow that leaked exhibited longitudinal crattiet initiated in the base metal
and weld metal on the inside surface in the intsado

The crack surfaces showed the characteristic appearof fatigue cracks. The
appearance of the cracks indicated that the creeffsonsible for the leak had
started on the inside surface of the elbow, butetheere also similar cracks that
initiated on the inside surface in the weld metal an the outside surface.

A finite element analysis of the piping system aaded that cyclic in-plane
bending loads produced by 35mm of relative axiavemoent at a pipe support
would cause stresses of an orientation and magnsuéficient to cause fatigue
cracks at the leak location.

X-ray diffraction indicated that the internal dep®svere sand, barium sulfate and
mill scale. There was no evidence of significarteinal corrosion in the MEG
flowline.

The cracked elbow exhibited satisfactory and appatgly uniform wall
thickness, microstructure and hardness. The tepsijgerties and composition of
each elbow satisfied the requirements of CSA Z2U5dr Grade 359. No
manufacturing defects were observed.

Residual stress measurements by the ASTM E837 didlieg technique
indicated that the residual stresses were not exees

The leak was caused by longitudinal fatigue cratlksd initiated on the inside
surface in the intrados of an elbow. The locatiod arientation of the fatigue
cracks indicated that they were caused by cyclingblane bending loads,
probably related to the observed axial movemerthefpipe. Identification of the
source of the axial movement was beyond the scbfifeaeport.

ExxonMobil’s internal investigation identified th#éte mechanism of flowline support
coupled with intermittent movement of the Thebalatfprm was a possible cause of the
fatigue. At the time of the failure, the intertaitt Thebaud platform movement was
being evaluated by ExxonMobil.
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5.2  Environmental Analysis and Findings
5.2.1 Permissible MEG Discharges

In the approved Environmental Protection Plan fr SOEP, ExxonMobil commits to
adhering to th&uidelines Respecting the Selection of Chemicaéntied to be Used in
Conjunction with Offshore Drilling and Productiorctvities on Frontier Landshat are
jointly published by the Canada-Nova Scotia Offgh®&etroleum Board, the Canada-
Newfoundland and Labrador Offshore Petroleum Boand, the National Energy Board.
Consistent with these guidelines, the approved fenmental Protection Plan identifies
that low concentrations of MEG will be dischargedhim the produced water stream
emitted from the Thebaud platform into the ocedrhis discharge stream consists of
water that is produced from the natural gas wedinfrthe underground formations.
Produced water is treated prior to discharge piilgnar remove hydrocarbons; however,
small amounts of MEG do remain (typically up to®m) parts per million).

It is important to note that the Guidelines refdrte above apply to the selection of
chemicals planned for discharge, and are not ietrid address unplanned discharges
such as releases of undiluted MEG. These Guidetieguire that regulators be consulted
and further risk assessment be considered showdhiopnal discharges of MEG from
production installations exceed 1000 tonnes per.yé&xxonMobil does monitor and
report the discharge of MEG to the CNSOPB, andr tbperational discharge in 2006
was reported to be approximately 172.6 tonnes &8.3LnY). In comparison, the
unplanned discharge of undiluted MEG resulting fittva subject leak totaled as much as
175 tonnes (or 158

In addition to the limits allowed for in the Guideds, a condition was affixed to the POA
issued on December 5, 2004 stating that “the Opewdtall exercise due diligence to
limit discharges of Monoethylene Glycol (MEG), aotther deleterious substances, into
the marine environment.”

5.2.2 Environmental Impact Assessment

ExxonMobil commissioned a third party consultantafiéc Limited) that was acceptable
to the Board to study and assess the risks to marnganisms that may result from the
MEG that was discharged during this incident. Mex report concluded that it is
unlikely that there would be any measurable effectsmarine species resident in the
vicinity of the platform. The report does, howeveacknowledge that MEG
concentrations may be sufficient to cause sub-ettiacts within a small zone, less than
100 meter radius from the source. These conclaswere based on: (i) a previous
environmental risk assessment of monoethylene glgtecharges at the Thebaud
platform carried out by Martec in 2001; (ii) thesuéis of modeling of the unplanned
discharge for dilution and concentration of MEGratying distances; and (iii) a review
of recent literature on MEG toxicity to marine ongams.
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The dispersion modeling completed by Martec predi¢hat the concentration of MEG
would be between 1300 and 1810 mg/L at 10 meters the source, 70 and 190 mg/L at
100 meters from the source and 0.8 to 4 mg/L atr@Bers from the source, based on
assumed discharge rates. In its report, Martdessthat these concentrations are well
below acutely lethal concentrations for marine sgedwhich is generally >10,000
mg/L), but that sublethal inhibition of algal grdwinight be expected within 10 meters
of the source. Furthermore, it is understood MBG does not bioaccumulate and can
be readily metabolized. The report does recogthaethere are uncertainties due to the
fact that the MEG concentrations were not meastoedhlidate the model results, and
there are relatively few data reports on toxicityvEG to marine species.

The findings of the study are consistent with tlai8l's review of the potential impacts
of MEG on the marine environment.

5.2.3 Regulatory Analysis and Findings

The Board investigation was carried out by way @iducting interviews, and collecting
and analyzing documentation.

The investigation did identify certain noncompliaacto regulatory requirements. In
addressing these, the Board has available to un@ber of compliance and enforcement
tools, including:

Seeking voluntary compliance;

Issuance of safety officer / conservation officetices, directions and
orders;

Suspension / revocation of an authorization toycant work or activities;
Cancellation of rights; and

Prosecution

The above options are typically used in a generagjqession to achieve compliance.
However, any option may be exercised directly, asnted necessary by the Board
(within the scope of the authority of individuaatmembers). In making the decision as
to the appropriate response to a noted noncomgjdahe following factors are taken into
consideration:

1) the seriousness of the personal injury, or danfemm a spill or waste, or potential
thereof;

2) the intent of the alleged violator;

3) whether the noncompliance is a repeat occurrence

4) whether there were attempts by the Operatorngr ather person to circumvent
Accord Act requirements;

5) the history of compliance by the alleged viotato

6) the willingness to co-operate with Officers loé tBoard,;

7) the need for deterrence, specific or general;

8) the existence of other enforcement actions hgraduthorities; and,
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9) consistency in approach with other Board dension compliance / enforcement
matters.

After considering the above criteria, and takintpiaccount the fact that it is unlikely

that there would have been any measurable harnatmenorganisms from the release of
MEG, it was determined that the Board would seelkintary compliance by way of a

commitment by ExxonMobil to implement certain catree actions to prevent

recurrence.

6.0 Corrective Actions to Prevent Recurrence

As previously discussed, the metallurgical analgdishe failed section of the Alma to
Thebaud MEG flowline determined that the failuresvdaie to a fatigue crack in a subsea
flowline elbow. The positioning of the MEG flowline maintained by support brackets
designed to be attached to the Thebaud platforra.prasence of these support brackets
coupled with intermittent movement of the Thebalatfprm was identified as a possible
cause of the fatigue. In 2007 the Thebaud platforavement was eliminated through
the addition of a grouting material inside the folah’s jacket legs to stabilize and further
support the platform.

There are three other MEG flowlines of similar semed metallurgy installed at the
Thebaud platform in the vicinity of the Alma to THaad MEG flowline. As a follow up

to this incident, these flowlines were examinedha field to confirm their integrity in

both 2006 and 2007 using visual examinations angnets particle inspection. In
addition, they have been, and will continue todujected to periodic pressure tests.

The Thebaud Central Control Room operator monitoesflow rate and pressure within
the MEG system through the control system. Asliavoup to this incident, the leak
detection logic and alarm mechanism within the ldatection system have been updated
so that they alarm earlier. Operations are touspended where the evidence suggests a
possible unauthorized release to the sea.

In keeping with the concept of continuous improvamésarnings from incidents such as
this are taken into account during regular reviewd updates to ExxonMobil's pipeline
integrity management systems, which include detai@zard assessments that are
performed on flow lines and pipelines.

The Board has in place an effective monitoringesysto evaluate Operator compliance
with health, safety and environmental regulatonguieements while conducting
authorized petroleum related activities. Such nwooimg programs include following up
on identified corrective actions to assure thay thave been effectively implemented.
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Appendix |

G-3509A, MEG Pump

Thebaud MEG Flow
meter, FE-3509

A 4

G-3509B, MEG Pump

Thebaud production facilities —
separate gas and MEG, then
MEG is filtered and reclaimed
to recycle to the satellite
facilities, like Alma.
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