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EXECUTIVE SUMMARY

AMEC Earth & Environmental and Hurley Environment Ltd., on behalf of Accent Engineering
Consultants Inc., are submitting the results of the 2007 Environmental Effects Monitoring (EEM)
program for the Sable Offshore Energy Project (SOEP) to ExxonMobil Canada Properties
(EMCP).

The SOEP offshore EEM program has focused on the effects of drilling and production activities
at Tier 1 sites (i.e. Venture, Thebaud, North Triumph) since 1997. With the majority of the
development drilling completed and the start-up of operations at Tier 1 sites by 2000, EEM
surveys undertaken in 2001 to 2003 focused on the effects on sediments and bottom fauna of
exposure to intermittent discharges of muds/cuttings during drilling and continuous produced
water discharges during operations. The 2005 program addressed start-up activities at Tier 2
sites (Alma in 2003 and South Venture in 2004) whilst considering lessons learned from the Tier
| EEM Program and information presented at the 2003 Offshore Environmental Effects
Monitoring Workshop held at the Bedford Institute of Oceanography which called for greater
emphasis on monitoring fish health effects. There were no drilling or construction activities at
SOEP offshore facilities during 2007 rather steady-state production operations only.

The 2007 SOEP offshore EEM program builds on the results and lessons learned to date, in
particular from the 2006 EEM program, and recommendations made by the CNSOPB EEM
Review Committee which includes representatives of Fisheries and Oceans Canada,
Environment Canada, and the Canadian Environmental Assessment Agency.

The SOEP offshore EEM program was designed to address relevant predictions made during
the SOEP Environmental Assessment (EA) process. The EEM components were based on
valued ecosystem components (VECs) identified during the EA process and components
identified by Sable Offshore Environmental Effects Monitoring Advisory Group (SEEMAG) and
the EEM study team. The SOEP offshore EEM is intended to be ‘adaptive’, efficient and
meaningful. Therefore, the monitoring plan is adjusted annually by dropping or adding
monitoring components or sampling sites with the prior approval of the CNSOPB EEM Review
Committee based on the latest monitoring results and scientific information or to address new
Project activities. Following review of the 2006 results and consultations with the CNSOPB EEM
Review Committee, produced water chemistry, air quality, seabird monitoring, beached seabird
surveys, mussel body burden, sediment chemistry, sediment toxicity, and thermal discharge
monitoring were monitored in 2007.

A subsea inspection program was planned for 2007. The scope of the planned program was
similar to previous years and included inspections by ROV at the base of the Thebaud jackets
and along the pipeline route. The video records from these surveys were to be examined as
part of the EEM program. The 2007 inspection program commenced in July. However, the
supply / support vessel needed as a base to launch the ROV and house the associated crew
experienced mechanical difficulties early in the program. The vessel was unavailable for
approximately three months while repairs were carried out. Attempts were made to source a
replacement support vessel, but none were readily available. Once the vessel was returned to
service, the scope of the subsea survey was adjusted to focus on priority areas of the pipeline
that could be inspected in the limited weather window that remained. As a result the inspection
data available for EEM purposes was not of sufficient detail and quality to meet the intended
EEM program scope. A full survey of the pipeline and base of the Thebaud jacket is planned for
2008 and this activity will be included in the 2008 EEM plans.



The ExxonMobil Offshore EEM Team worked cooperatively with government agencies during
2007 notably DFO COOGER and the Canadian Wildlife Service.

Key findings of the 2007 program were:

Produced Water Chemistry and Toxicity (Section 2)

Barium, boron, iron, strontium, and ammonia levels at Venture are the highest observed
of the platform sites monitored in 2006 and 2007. The concentrations of the same
elements at South Venture and Thebaud show an increasing trend from 2005 to 2007
sample times. At Alma, values are stable between the two years and are much lower
than for the other platforms.

Total Petroleum Hydrocarbon concentrations for all samples/platform locations were
below the OWTG limits for oil in water.

The 2007 bioassay results using three-spined stickleback and sea urchin fertilization for
PW from Thebaud, Venture, South Venture and Alma can be interpreted as being
acutely toxic based on regulations for other industries.

There was no difference in activity of the EROD enzyme between treated and untreated
cod suggesting that exposure to the 4% level of PW does not result in activation of this
enzyme system.

The discharge rates of PW at SOEP platforms, which are considerably less than at other
existing or proposed East Coast offshore facilities, combined with the higher tidal energy
on Sable Island compared to the Grand Banks means that PW constituents will likely to
be diluted to background levels within a few metres of the mouth of the discharge
caisson.

Air Quality (Section 3)

There appears to be recent air quality data available from EC for the Sable Air Quality
Monitoring Station. This data will be incorporated in the scope of the 2008 program.

Most observations from the Thebaud platform were that the flare plume was typically
either clear or very light gray. There appeared to be a general improvement in flare
plume colour towards the latter half of the year.

Seabird Monitoring (Section 4)

Based on the limited seasonal dataset collected in 2007, there is insufficient information
to state conclusively whether the SOEP platforms attract seabirds based on analysis of
transect data. Interpretation of seabird observation data in the vicinity of the SOEP
platforms is complicated by the nearby presence of Sable Island, which supports
colonies of many bird species.

il



Several predominantly land-based birds likely died of trauma caused by collisions with
superstructures on the Thebaud platform (October 10) and on a DFO research vessel
(October 7).

Application was made for a “Migratory Bird Damage Permit” to scare and kill Great
Black-back Gulls and Herring Gulls on the Alma Platform.

Beached Seabird Observations (Section 5)

During 2007, the corpses of 776 beached gannets, tubenoses, gulls and alcids were
collected on Sable Island. Alcids comprised 65.1% of total birds recovered.

For all species combined, the oiling rate for birds coded for oil (i.e. with >50% of body
intact) was 3.8%. The highest rate for a seabird group, 7.1%, was observed in alcids.

The oiling rate observed in 2007 was the lowest recorded since 2000.

Of the 3 samples collected and analysed, none contained light or mid-range distillate
fuels, or condensates that would be typical of oils produced on offshore gas facilities
such as SOEP processing platforms off Sable Island. The contamination source for the
single sample containing fuel oil could have been one of any offshore operations in the
region, including fishing and military vessels, freighters and container ships, and offshore
energy vessels and facilities.

Although only 3 samples were collected in 2007, the results of generic identification of
these oils are consistent with results of samples collected during 2000 to 2006, which
indicated that crude oil discharges were likely responsible for a large proportion of
pelagic tar and oiled seabirds observed on Sable Island.

Mussel Body Burden (Section 6)

The concentrations of aliphatic hydrocarbons in both the control and test samples were
lower than those of the most recent previous survey (2005).

The aliphatic hydrocarbon profile reported is typical of that produced by naturally
occurring phytoplankton.

Sediment Chemistry (Section 7)

All sediment samples tested in 2007 resulted in non-detect mercury values which is
consistent with earlier data at the same locations near Thebaud and Gully reference
sites.

Barium concentrations at the 2007 Thebaud sites are relatively unchanged from the
2005 values — slightly higher than baseline values only at 250 and 500 ‘downstream’ of
Thebaud wellhead platform. The barium concentrations recorded at the Gully reference
sites fall within the range of background or baseline levels.

il



e Total Petroleum Hydrocarbons concentrations were below the current analytical
detection limit at all 2007 sampling locations near Thebaud and the Gully reference
sites.

Sediment Toxicity (Section 8)

¢ No toxic responses (amphipod mortality of 30% or greater) were observed in 2007 using
the amphipod, Eohaustorius estuarius, at any of the far-field Gully reference or nearfield
Thebaud platform sampling sites.

e Toxic responses in sediments collected at the sampling site nearest this platform (i.e., T-
250m) in the years immediately following drilling (1999-2002) appear to have stabilized
at the baseline level (<10% in 1998) since the fall of 2003 from a high of 81% in the
spring of 1999.

e |n earlier years, sediment toxicity (as a measure by amphipod survival) appeared to be
related to the concentration of TPH rather than the concentration of Barium.

Thermal Discharge Monitoring — Thebaud Compression Platform (Section 9)
e Verification of persistence and spatial distribution of excess temperature above ambient
seawater resulting from discharge of seawater cooling medium from the Thebaud

Compression Platform could not be determined due to the loss of the near-field
thermistor moorings.

v
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1.1  OVERVIEW

AMEC Earth & Environmental and Hurley Environment Ltd., on behalf of Accent Engineering
Consultants Inc., are submitting the results of the 2007 Environmental Effects Monitoring (EEM)
program for the Sable Offshore Energy Project (SOEP) to ExxonMobil Canada Properties
(EMCP).

The SOEP offshore EEM program has focused on the effects of drilling and production activities
at Tier 1 sites (i.e. Venture, Thebaud, North Triumph) since 1997. With the majority of the
development drilling completed and the start-up of operations at Tier 1 sites by 2000, EEM
surveys undertaken in 2001 to 2003 focused on the effects on sediments and bottom fauna of
exposure to intermittent discharges of muds/cuttings during drilling and continuous produced
water discharges during operations. The 2005 program addressed start-up activities at Tier 2
sites (Alma in 2003 and South Venture in 2004) whilst considering lessons learned from the Tier
| EEM Program and information presented at the 2003 Offshore Environmental Effects
Monitoring Workshop held at the Bedford Institute of Oceanography which called for greater
emphasis on monitoring fish health effects. There were no drilling or construction activities at
SOEP offshore facilities during 2007 rather steady-state production operations only.

The 2007 SOEP offshore EEM program builds on the results and lessons learned to date, in
particular from the 2006 EEM program, and recommendations made by the CNSOPB EEM
Review Committee which includes representatives of Fisheries and Oceans Canada,
Environment Canada, and the Canadian Environmental Assessment Agency.

1.2 BACKGROUND

The SOEP offshore EEM program was designed to address relevant predictions made during
the SOEP Environmental Assessment (EA) process (refer to Table 1-1). The EEM components
were based on valued ecosystem components (VECs) identified during the EA process and
components identified by Sable Offshore Environmental Effects Monitoring Advisory Group
(SEEMAG) and the EEM study team. The SOEP offshore EEM is intended to be ‘adaptive’,
efficient and meaningful. Therefore, the monitoring plan is adjusted annually by dropping or
adding monitoring components or sampling sites with the prior approval of the CNSOPB EEM
Review Committee based on the latest monitoring results and scientific information or to
address new Project activities. Based on these criteria, the applicability of specific EA
predictions and EEM components to the 2007 program are addressed in Tables 1-1 and 1-2.
Finally, a summary of findings from the 2007 EEM program and a suggested plan for the 2008
EEM program in given in Table 1-2.

A subsea inspection program was planned for 2007. The scope of the planned program was
similar to previous years and included inspections by ROV at the base of the Thebaud jackets
and along the pipeline route. The video records from these surveys were to be examined as part
of the EEM program. The 2007 inspection program commenced in July. However, the supply /
support vessel needed as a base to launch the ROV and house the associated crew
experienced mechanical difficulties early in the program. The vessel was unavailable for
approximately three months while repairs were carried out. Attempts were made to source a
replacement support vessel, but none were readily available. Once the vessel was returned to
service, the scope of the subsea survey was adjusted to focus on priority areas of the pipeline
that could be inspected in the limited weather window that remained. As a result the inspection
data available for EEM purposes was not of sufficient detail and quality to meet the intended
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EEM program scope. A full survey of the pipeline and base of the Thebaud jacket is planned for
2008 and this activity will be included in the 2008 EEM plans.

1.3 OBJECTIVES AND GOALS
The SOEP EEM program is undertaken with the following primary objectives:

e To verify predictions made during the EA process;

e To evaluate the effectiveness of mitigation and identify the need for improved or altered
mitigation;
To provide an early warning of undesirable change in the environment; and

e Toinform the CNSOPB, other key regulatory authorities, and stakeholders.

1.4 THE EEM TEAM

Figure 1-1 shows the organization of the offshore EEM Team led by AMEC Earth &
Environmental and Hurley Environment Ltd. Several firms were contracted to carry out specific
assignments related to their specific area of expertise. Special thanks are extended to
government agencies participating in the 2007 program. DFO COOGER (Ken Lee and Brent
Law) provided sediment samples near the Thebaud platform and the Gully MPA for chemical
and toxicity analyzes. DFO (Les Burridge) also carried out PW chemistry and acute and
sublethal toxicity analyses on a sample of Thebaud PW provided by the client. The Canadian
Wildlife Service (Carina Gjerdrum) offered considerable assistance with seabird monitoring and
data analysis.

1.5 FIELD TRIPS

Supply vessels were used to carry CWS seabird observers between the shorebase and offshore
facilities (refer to chapter on seabird monitoring). CWS also provided reference seabird data
collected by their observers on a vessel of opportunity (i.e. CCG vessel Hudson). During
September, four moorings supporting temperature loggers were deployed at Thebaud for the
purpose of collecting time series temperature data in support of the Compression Platform
cooling water discharge thermal plume monitoring program (refer to chapter on thermal
discharge monitoring). During August, the CCG vessel, Hudson, was used by DFO COOGER
researchers to collect sediment samples near Thebaud and the Gully MPA (refer to Chapters 7 -
Sediment Chemistry and 8 — Sediment Toxicity) and to receive produced water samples from
the platform for chemical analysis and toxicity testing (refer to Chapter 2 — Produced Water).

1.6 REFERENCE MAP

A reference map (Figure 1-2) showing the location of the SOEP offshore facilities and pipelines
and one-page summaries providing overviews of special environmental areas (i.e., Sable Island
(Figure 1-3) and the Gully MPA (Figure 1-4) are also included in the report.

1.7 REPORT ORGANIZATION

This report consists of an assemblage of component study reports relating to specific EEM
requirements. Each component study report was prepared using a concise and standard format
to facilitate information summarization and readability. To the extent possible, references were
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provided for detailed methodological or analytical procedures. Detailed results were generally

attached at the back of the respective component study report.

Table 1-1 EA Predictions and Relevant EEM Components

EA Prediction '

“The loss of fishing opportunity that
would result from exclusion of
fishing vessels from around
offshore facilities is insignificant in
comparison to the overall fishing
area available.”

“Underwater noise from
construction activities or from
platform operations will not be
above ambient noise levels in the
Gully.”

“Due to the localized occurrence of
fouling, the overall impact on the
communities in the vicinity of
production structures is not
expected to be significant.”

Relevant EEM Component

See note in adjacent
column.

Underwater Noise and
Marine Mammals

Benthic Habitat and Fish
Density

Applicability to 2007 EEM
Program

Offshore commercial fisheries
interests formally agreed not to seek
compensation for 500 m safety
zones around SOEP facilities. Thus,
loss of fishing opportunity has never
been a component of the SOEP
EEM program, However, observers
supplied by the fishing industry have
been placed on various offshore
vessels and platforms for extensive
periods to increase fishing industry
awareness of offshore gas
operations and collect marine
mammal and seabird data.

N/A — Noise associated with SOEP
drilling and production activities has
been shown to have minor
contribution to the overall noise field
and estimated to be well below the
prolonged noise threshold level
known to induce behavioral
responses in marine mammals and
sea turtles even at the monitoring
station closest to the platform (i.e.,
250m). No drilling or pile driving
activities were carried out at SOEP
platforms during 2007. Thus,
underwater noise was not a
component of the 2007 SOEP EEM
program.

Marine growth on platform jacket
legs is dominated by the blue
mussel, a species which is not
commonly found in natural
concentrations on Sable Island
Bank. Also, refer to Table 1-2.

1

Unless otherwise noted, the predictions apply only to routine construction and operations activities (i.e.,

not accidental events) as stated in the Executive Summary of the SOEP — EIS Vol. 3.
Z As stated in Section 5.2.1.6 of the SOEP — EIS Vol. 3.
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EA Prediction '

“The discharge of cuttings
contaminated with oil-based drilling
muds will not lead to significant
biological impacts on commercial
fish or shellfish species.”

“The potential for tainting of
scallops (or other bottom-living
organisms) by hydrocarbons
beyond the fishing exclusion zone
is low.”

“Impacts of effluent discharges
(e.g. produced water) were
considered to have no significant
impacts on the marine
environment.”

Relevant EEM Component

Benthic Habitat and Fish
Density

Sediment Chemistry and
Toxicity

Fish Health

Scallop Taint and Body
Burden

Produced Water Chemistry
and Toxicity
Mussel Body Burden

Applicability to 2007 EEM
Program

Oil-based drilling muds (e.g, diesel,
LTMO) were never used for drilling
SOEP wells. The vast majority of
wells were drilled with a
combination of water-based muds
(WBM) and synthetic-based muds
(SBM). There is no regulated
discharge limit for WBM; the vast
majority of SBM drill waste was
skipped to shore for treatment and
disposal (i.e., not ocean
discharged). No toxic responses to
sediment indicator species have
been shown at the nearest sampling
station to the platform (i.e. 250m)
since the fall of 2003. Overall health
of Atlantic cod using a variety of
bioindicators, captured directly
under the Thebaud platform in 2005
was similar to fish from a far-field
reference site. Also refer to Table 1-
2 and relevant chapters in this
report.

There are no scallop beds in the
immediate vicinity of any SOEP
platform. Testing to date on scallops
from Sable Island Bank has shown
tissue hydrocarbons to be biogenic
in origin and taste panels have
noted no off-flavours or odours
associated with hydrocarbon taint.
Thus, scallop taint and body burden
were not a component of the 2007
EEM program.

The principal conclusion coming out
of the recent International
Conference on Produced Water
held in St. Johns, Newfoundland
was that produced water effects do
not extend beyond the immediate
mixing zone of the discharge, thus
effects at the population level are
highly unlikely. Hydrocarbons in
mussels collected from platform
jacket legs have been shown to be
of biogenic origin (i.e., derived from
phytoplankton). Also refer to Table
1-2 and relevant chapters in this
report.
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EA Prediction ' Relevant EEM Component

“Air emissions were considered to  Air Quality on Sable
have no significant impacts on the  Flare Plume measurements
marine environment.” at Thebaud

“Lights [from work lights and gas Seabird Vessel Transects
flares] may attract migrant bird

species, especially in fog and/or

low cloud and rain.”

Applicability to 2007 EEM
Program

Air quality monitoring in 2003/4 on
Sable Island has shown that air
shed contaminants are principally
derived from the continental
mainland. It remains unknown if
whether emissions from SOEP
offshore platforms can be detected
on the island. Also refer to Table 1-2
and relevant chapters in this report.

Observations over several years by
full-time independent observers
stationed on Thebaud, the only
SOEP platform with a flare, have
shown that seabirds are not
particularly attracted to this platform
under any weather condition
including fog, and/or low cloud and
rain. Occasionally, some land birds
have taken refuge or stranded and
died on the platform, presumably
after flying off course from their
normal migration routes, typically
during a severe storm. Alma is the
only unmanned SOEP platform that
has attracted large numbers of
seabirds, in particular black-back
and herring gulls to the extent of
becoming a safety issue for
helicopter operations. Also, refer to
Table 1-2 and relevant chapters in
this report. Based on the limited
seasonal dataset collected in 2007,
there is insufficient information to
state conclusively whether the
SOEP platforms attract seabirds
based on analysis of transect data.
Interpretation of seabird observation
data in the vicinity of the SOEP
platforms is complicated by the
nearby presence of Sable Island,
which supports colonies of many
bird species.

% As stated in Section 5.2.1.9 of the SOEP — EIS Vol. 3.
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EA Prediction '

“Because of the importance of
Sable Island and the Gully, special
attention will be paid to these
areas in the development of
monitoring.”

Relevant EEM Component

Air Quality on Sable
Oiled seabird surveys on
Sable Island
Underwater Noise and
Marine Mammals
Sediment Chemistry and
Toxicity

Applicability to 2007 EEM
Program

Concentrations of drill waste
chemical indicators (Ba, TPH, Hg) in
sediment sampled at least once
annually at several stations near the
Gully since 1997 have been found
to be within the range of
background or baseline levels and
in many cases below the analytical
detection limit. Noise from drilling
and production activities at Venture,
the platform closest to the Gully,
has been shown to be a minor
component of the background noise
field even at the monitoring closest
known to the platform (i.e., 250m).
For additional discussion on noise
see comment above under the
‘underwater noise’ component.
SOEP has supported beached bird
surveys on Sable Island by the
resident biologist since 2000. The
oiling rate, which is largely related to
crude oil discharges (i.e., unrelated
to SOEP offshore gas operations)
was the lowest on record in 2007
and has been on a downward trend
since 2000. Also, refer to Table 1-2
and relevant chapters in this report.

* As stated in Section 7.4 of the SOEP — EIS Vol. 3.
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Table 1-2: Summary of Findings

Location

Environmental
Component

Type of
Monitoring/Analysis

Plan for 2007

2007 Findings

Plan for 2008

Thebaud

Benthic & Fish
Habitat

Fish Density (ROV
videotape analysis)

— Examine video from
scour survey

— Estimate average fish
density of commercial fish
species.

— Comparative analysis
with previous observations
where feasible.

— [Note: If Atlantic cod,
compare with 2006
observations]

— ROV survey video coverage of platform was
limited due to mechanical difficulties and
subsequent availability of the survey vessel
(see Section 1.2 above) and restricted by poor
visibility.

— Examine video from
scour survey

— Estimate average fish
density of commercial fish
species.

— Comparative analysis
with previous observations
where feasible.

— [Note: If Atlantic cod,
compare with 2006
observations]

Cuttings Pile Analysis

— Examine video from

— ROV survey video coverage of platform was

— Examine video from

(ROV videotape scour survey at wellhead limited due to mechanical difficulties and scour survey at wellhead
analysis) platform subsequent availability of the survey vessel platform to confirm
(see Section 1.2 above) and restricted by poor | previous finding that
visibility. cuttings pile is no longer
present.
Sediment Toxicity (amphipod — No plans to — DFO collected and analyzed samples taken | — Discontinue
only) at 250, 500, & collect/analyze further at 250, 500 & 1000 m from platform
1000m from platform sediment samples; Explore — As per results since 2003, no toxic
along predominant opportunities with COOGER | responses (based on amphipod survival) at
current axis to acquire samples/data any nearfield sampling site
during DFO research survey
planned for August 2007
Chemistry (Barium, — No plans to collect/ — DFO collected and analyzed samples taken | — Discontinue

TPH, Strontium,
Ammonium, and
Sulphides) at 250,
500, & 1000m from
platform along
predominant current
axis

analyze further sediment
samples;

Explore opportunities with
COOGER to acquire
samples/ data during DFO
research survey planned for
August 2007

at 250, 500 & 1000 m from platform

— Barium concentration clearly above baseline
only at 250m stn.

— TPH and Hg concentrations were below
analytical detection limits
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Location Eg‘(’)‘::;‘(’)'r‘l‘:':‘tta' Monito1;!i,r=)§/x:|alysis Plan for 2007 2007 Findings Plan for 2008
Shellfish Taint and body — Analyze body burden — Mussel scraping taken from jacket leg — Analyze body burden
Thebaud burden for mussels only: consistent with 'downstream' of PW discharge caisson. only: consistent with
(jacket scraping) previous programs. — Total aliphatic hydrocarbons (TAH) lower previous programs.
{Reference samples — Ensure jacket leg than most recent (2005) previous mussel body | — Ensure jacket leg
for each species to be | selected for scraping is burden sample from platform; hydrocarbon selected for scraping is
sourced from situated 'downstream’ of PW | profile indicates TAHs are biogenic in origin situated 'downstream’ of
commercial seafood | discharge caisson. (produced from naturally occurring PW discharge caisson.
outlets} phytoplankton) and not from petroleum
hydrocarbons.
Seabirds Observations — Invite CWS offshore — Based on the limited seasonal dataset — Continue supply vessel
recorded on supply seabird specialist (or collected in 2007, there is insufficient transect surveys.
vessel transects from | designate) to participate in information to state conclusively whether the — If feasible, station
shorebase to platform | transect survey(s) SOEP platforms attract seabirds based on seabird specialist aboard
(&between platforms) analysis of transect data. Interpretation of Standby vessel at Thebaud
and along selected seabird observation data in the vicinity of the to make day/night
reference transects. SOEP platforms is complicated by the nearby observations of possible
presence of Sable Island, which supports seabird mortality due to
colonies of many bird species. flare.
— Several predominantly land-based birds — Continue to consult with
likely died of trauma caused by collisions with CWS re Alma platform/bird
superstructures on the Thebaud platform interactions.
(October 10) and on a DFO research vessel
(October 7).
— Application was made for a “Migratory Bird
Damage Permit” to scare and kill Great Black-
back Gulls and Herring Gulls on the Alma
Platform.
Air Quality Visual observations of | — Record flare plume status | — Flare plume was typically either clear or very | — Record flare plume

the Flare Plume from
platform.

(using EC supplied smoke
chart) along with concurrent
weather conditions on the
platform.

light gray (#1 or #2 on NSDOEL Smoke Chart).
There appeared to be a general improvement
in flare plume colour towards the latter part of
the year. — See Section 3 of this report.

status (using EC supplied
smoke chart) along with
concurrent weather
conditions on the platform.
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Environmental

Type of

Location Component Monitoring/Analysis Plan for 2007 2007 Findings Plan for 2008
Main Fish Habitat Fish Density (ROV — Entire subsea pipeline — ROV survey video coverage of platform was | — Entire subsea pipeline
Subsea videotape analysis from Thebaud to shore limited due to mechanical difficulties and from Thebaud to shore
Pipeline to along exposed planned to be surveyed in subsequent availability of the survey vessel planned to be surveyed in
shore sections of pipeline) 2007. (see Section 1.2 above) and restricted by poor | 2008.

— Examine pipeline visibility. — Examine pipeline
inspection videos from same inspection videos from
sections of the pipeline as same sections of the
analyzed in 2005 to enable pipeline as analyzed in
comparison of snow crab 2005 to enable comparison
densities. of snow crab densities.
— Identify general sediment — Identify general
type from video imagery. sediment type from video
imagery.
Gully MPA | Sediment Toxicity (amphipod — No plans to — DFO collected and analyzed samples taken | — Discontinue
Boundary only) collect/analyze further at 4 Gully MPA reference sites.
sediment samples; Explore — No toxic responses (based on amphipod
opportunities with COOGER | survival) were observed.
to acquire samples/data
during DFO research survey
planned for August 2007.
Chemistry (Barium, — No plans to — DFO collected and analyzed samples taken | — Discontinue
TPH, Strontium, collect/analyze further at 4 Gully MPA reference sites.
Ammonium, and sediment samples; Explore — Barium concentrations were within range of
Sulphides) opportunities with COOGER | background or baseline levels.
to acquire samples/data — TPH and Hg concentrations were below
during DFO research survey | analytical detection limits.
planned for August 2007.
Sable Air Quality Analysis of continuous | — Summarize data - Awaiting data from EC for further analysis - Summarize data
Island monitoring data which | analyzed in conjunction with analyzed in conjunction

includes nitrogen
oxides, sulphur
dioxide, particulate
matter (total and fine)
polyaromatic
hydrocarbons, and
volatile organic
compounds.

Environment Canada [EC
Contact: Michael Hingston].
— Compare air quality
measurements on Sable
Island with systematic flare
plume measurements at
Thebaud to assess potential
interactions.

and reporting (M. Hingston, EC. pers.comm.)
Preliminary analysis to date by EC (see poster
by Waugh et al. in Section 3 of this report)
indicates that all pollutant (i.e., SO2, NOx)
concentrations measured on Sable Island are
at much lower levels than in Halifax with the
exception of PM2.5 which is believed to be
high on Sable Island due to sea-salt aerosols.

with Environment Canada
[EC Contact: Michael
Hingston].

— Compare air quality
measurements on Sable
Island with systematic flare
plume measurements at
Thebaud to assess
potential interactions.

Page 1-10




Location Eg‘(’)‘::;':r‘l‘:':ta' Monito1;!i,r=)§/x:|alysis Plan for 2007 2007 Findings Plan for 2008
Seabirds Monthly Oiled Bird — Coordinate with Zoe — The oiling rate (2.3%) in 2007 was the — Coordinate with Zoe

Surveys Lucas, Independent biologist | lowest on record since 2000. Lucas, independent
(summarization of and resident of Sable Island. | — Of the three samples collected and biologist and resident of
monthly surveys- analyzed, none contained light or mid-range Sable Island.
collected over a 2-3 distillate fuels or condensates that would be — Use CWS methodology
day period - and typical of oils produced on SOEP facilities. for determining oiling rate.
inclusion in annual
EEM report).

Thebaud Fish Health MFO, gross pathology | — Summarize fish health - DFO could not provide fish health data since - Collaborate with DFO

and histopathology for
fish (at platform).

indices obtained from 2007
DFO bottom trawl! groundfish
survey for selected sampling
station(s) on Sable Island
Bank.

— Delineate and
characterize thermal plume
from compression platform.
— Investigate possible
attraction of fish to thermal
plume.

there were no bottom trawl sampling tows in
close proximity to any of the SOEP offshore
platforms in 2007 (M. Showell, DFO,
pers.comm.).

- Verification of persistence and spatial
distribution of excess temperature above
ambient seawater resulting from discharge of
seawater cooling medium from the Thebaud
Compression Platform could not be determined
due to the loss of the near-field thermistor
moorings.

COOGER to characterize
PW plume using chemical
and microbial tracers.
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Environmental

Type of

Location Component Monitoring/Analysis Plan for 2007 2007 Findings Plan for 2008
Thebaud, | Produced Water | Toxicity analysis as — OWTG expectation - PW at all SOEP platform locations can be — OWTG expectation
Venture, per OWTG (2002) — Continue use of same interpreted as being toxic based on 2007 — Continue use of same
South bioassay species [Confirmed | bioassay test LC50 results using two fish bioassay species
Venture with Ken Doe, EC]. species - three-spined stickleback (6.25 -33%) | [Confirmed with Ken Doe,
and Alma and Atlantic cod (3.24-5.29 %), Microtox (0.53- | EC]

— Discuss possible
synergies re PW
sampling/analysis with Ken
Lee, DFO.

13%), and sea urchin fertilization (0.11-6.11%).

- However, the relatively low PW discharge
rate compared with other east coast offshore
facilities combined with the higher tidal energy
on Sable Island compared to the Grand Banks
means that PW constituents are likely to be
diluted to background levels within a few
metres of the mouth of the discharge caisson.

- The observed mortality levels were possibly
caused by polyaromatic hydrocarbons (K.
Doe, and P. Jackman, EC, pers. comm.) even
though measured TPH levels were below the
regulatory limits and phenol concentrations
were below concentrations known to be lethal
to fish (L. Burridge, DFO, pers.comm.). High
salinity levels - up to 210 ppt undoubtedly
contributed to the toxicity of some samples.

-There was no difference in activity of the
EROD enzyme between treated and untreated
cod suggesting that exposure to the 4% level
of PW does not result in activation of this
enzyme system (L. Burridge, DFO,
pers.comm.).
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Environmental

Type of

Location Component Monitoring/Analysis Plan for 2007 2007 Findings Plan for 2008
Thebaud, Produced Water | Chemistry analysis as | — OWTG expectation — Total Petroleum Hydrocarbon — OWTG expectation
Venture, per OWTG (2002) concentrations for all samples/platform
South locations were below the OWTG limits of 30
Venture mg/L (30 days) and 60 mg/L (24-hour) for oil in
and Alma water.

— Barium, boron, iron, strontium, and
ammonia levels at Venture are the highest
observed of the platform sites monitored in
2006 and 2007. The concentrations of the
same elements at South Venture and Thebaud
show an increasing trend from 2005 to 2007
sample times. At Alma, values are stable
between the two years and are much lower
than for the other platforms.
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Figure 1-1: EEM Team
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Figure 1-2 SOEP Offshore Facilities and Pipelines Reference Map
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Figure 1-3 Sable Island

SABLE ISLAND

Location g Tk, i

160 km SE of Canso, NS i “"’"";, .
Dimensions ke e AL

42 km x 1.5 km (3400 ha) B Yo - L il
Administration ot L G L e
1 Migration bird sanctuary administered by Iy .~ — . NovaScotia .,

Canadian Wildlife Service 5 v, >
2 Access regulated by Canadian Coast Guard - .

(Sable Island regulations) : gl R
Physiography i Wy "
3  Beaches, sand dunes, inland fields of grass

and heath, and freshwater ponds LT S Sable Island
4  Constantly re-shaped by winds, currents, )

waves and tides
Climate Station
5  Temperate oceanic, milder than mainland 1. Collection of weather data and atmospheric research
6 -5to +5°C in winter, peak at 25°C in summer 2. Maintenance of aids to navigation
7  Average wind ~ 20 knots, mainly NW 3. Scientific research
8  Windiest place, least sunshine, most fog in NS 4. Support services for offshore energy industry

Vegetation

5. 40% of land surface vegetated mainly by sandwort, marram-forb, marram-sparse grassland, marram-fescue,
shrub heath, cranberry heath, pond edge herbaceous plant communities

6. Only 1 tree (small pine) surviving from a planting

7. 175 plant species, including 6 species rare in NS

Wildlife
9  Birds -- 330 species sighted including breeding birds, migrating birds, and waterfowl
-- 14 nesting species: Ipswich Savannah sparrow (special concern) nesting exclusively on the island
(early June-early August); Common and Arctic terns with very small numbers of the endangered
Roseate tern (May-July); Leach’s Storm petrel; gulls; shorebirds and ducks
10 Seals -- Grey seals (largest breeding population in the world, late December to early February) and
Harbour seals (late May to early June), both year-round residents
-- Several hundred juvenile Harp and Hooded seals and one or two Ringed seals come ashore for a
few hours or days during winter and early spring
11 Wild horses: 200-350 animals, descendants of domestic horses brought to the island during the late 1700s

12 Invertebrates: 600 species including 3 moths, 1 beetle, 1 nematode, 1 freshwater sponge that are endemic
References

Breeze, H., D.G. Fenton, R.J. Rutherford and M.A. Silva. 2002. The Scotian Shelf: An Ecological Overview for
Ocean Planning. Canadian Technical Report of Fisheries and Aquatic Sciences 2393.
Sable Island Green Horse Society Website - http://www.greenhorsesociety.com

Not to be used for other applications without the express written permission of Hurley Environment Ltd., geoff@hurleyenvironment.com
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Figure 1-4 Gully Marine Protected Area (MPA)
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References

R.J. Rutherford and Breeze. 2002. The Gully Ecosystem. Can. Manuscr. Rep. Fish. Aquat. Sei. 2615; wi +28pp.
Website from ESSIM an the Gully - hftp:#wew mar.dfo-mpo.ge.ce/oceansielessimigully/assim-gully-e_hitm!

Mot fo be used for other applicaficns without the exprass witlen permission of Hurley Environmant Lid | gecffifhurzysnvironmeant.com

Page 1-17



Page 1-18



2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 2 — Produced Water Chemistry & Toxicity

2.0 PRODUCED WATER CHEMISTRY AND TOXICITY
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2.1 BACKGROUND

The Offshore Waste Treatment Guidelines (OWTG) [7] specify that the composition and
toxicity of produced water from each production installation be analyzed and the results
submitted to the Chief Conservation Officer on an approved schedule.

Analysis of produced water (PW) composition is to be carried out twice yearly for the
following parameters: aluminum, antimony, arsenic, barium, boron, cadmium, chromium,
cobalt, copper, iron, lead, magnesium, molybdenum, nickel, phosphorus, selenium, silver,
strontium, thorium, tin, uranium, vanadium, zinc, mercury, ammonia nitrogen, sulphur, and
Total Petroleum Hydrocarbons.

Annual aquatic toxicity testing is to include the Sea Urchin Fertilization test and at least two
other bioassay tests (e.g., early life stage of fish, bacteria, algal species, etc.) satisfactory to
the Chief Conservation Officer. The tests should be conducted contemporaneously with one
of the twice-yearly chemical characterization tests. Besides the Sea Urchin Fertilization test,
Dr. Ken Doe of the Environment Canada Toxicology Laboratory in Moncton, NB has also
recommended the Threespine Stickleback test as an indicator of fish toxicity and the
Microtox test as an indicator of toxicity at the cellular level.

For 2007, PW samples were collected from the Thebaud production platform and the
satellite platforms: Alma, South Venture and Venture. PW from North Triumph platform was
routed to the Thebaud platform for treatment and discharge. The PW samples underwent
chemical analysis, and toxicity analysis using Microtox, Sea Urchin Fertilization, and
Threespine Stickleback tests.

A PW sample was also gathered by Department of Fisheries and Oceans Canada (DFO) at
Thebaud on August 13, 2007. The sample was tested for acute fish toxicity using Atlantic
cod, and for EROD (ethoxyresorufin-O-deethylase) activity, which is an indicator of exposure
to PAHs. The lethality tests were run onboard Hudson (Aug. 14-15, 2007), and at Saint
Andrews Biological Station (SABS) (Oct 2007).

Background on Threespine Stickleback test

The acute lethality test with seawater-acclimated Threespine Stickleback (Gastreostreus
acculeatus) (TSS) has been used by Environment Canada and several Canadian
laboratories concerned with evaluating the potential toxic effects of effluents discharged into
estuarine or marine environments [4].

Background on Microtox test

The basic technology of the Microtox Test System is based upon the use of luminescent
bacteria, specifically the strain Vibrio fisheriNRRL B-11177, to measure toxicity from
environmental samples. When properly grown, luminescent bacteria produce light as a
byproduct of their cellular respiration. Cell respiration is fundamental to cellular metabolism
and all associated life processes. Bacterial bioluminescence is tied directly to cell
respiration, and any inhibition of cellular activity (toxicity) results in a decreased rate of
respiration and a corresponding decrease in the rate of luminescence. The more toxic the
sample, the greater the percent light loss from the test suspension of luminescent bacteria.
Bacterial bioluminescence has proved to be a convenient measure of cellular metabolism
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and consequently, a reliable sensor for measuring the presence of toxic chemicals in
aquatic samples. Strain 11177 was originally chosen for the acute and chronic tests
because it displayed a high sensitivity to a broad range of chemicals.

Background on Sea Urchin Fertilization test

The Sea Urchin Fertilization test is a common marine bioassay used for routine
environmental monitoring, investigative evaluations, and/or regulatory testing of effluents
and sediment pore waters.

22 GOAL

To examine the potential aquatic toxicity of produced water from the Thebaud and the
satellite platforms using indicator species and to perform chemical characterization tests as
per the OWTG [7].

2.3 OBJECTIVES

e Analyze produced water collected at the Thebaud and the satellite platform locations
for aquatic LC50 toxicity testing and chemical composition.

e Compare results with monitoring data at the same locations.

e Utilize data in developing a strategy for future monitoring.

2.4 2007 SAMPLING

Note: Produced water samples, which were supplied by ExxonMobil, were collected and
analyzed following procedures supplied by Maxxam Analytics Inc. as outlined in Attachment
2-1.

Collection Thebaud: Venture: S. Alma:
Date(s): Jan. Oct. Vent Jan.
11/07 7/07 ure: 19/08
Aug. Nov. Dec.
13/07 20/07 15/0
Nov. 7
26/07
Dec.
9/07
Platform: Thebaud, Venture, South Venture, Aima
Type of Produced water
Sample::
Test Taken directly from the discharge caisson (prior to going
Sample overboard).
Locations:
Reference None
Sample
Locations:
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Sample
Preparation:

Sample Bottles were provided by Maxxam Analytics Ltd.
as follows (see Attachment 2-1):
Thorium — 50ml plastic with nitric acid preservative
BTEX/TPH — 3 x 40ml amber vials preserved with copper
sulphate and 2 x 250ml glass bottles
Metals (dilute and shoot) - 50ml plastic with nitric acid
preservative
Metals (seawater) — 2x500ml plastic acid rinsed bottles
Mercury — 100 ml amber glass preserved with potassium
dichromate in 17% nitric acid
Ammonia — 100ml amber glass with sulphuric acid
preservative
Total Phosphorous — 100 ml amber glass with sulphuric acid
preservative
Nitrogen — 100ml amber glass with sulphuric acid
preservative
Amec E&E supplied an HDPE container for the Harris
Industrial Testing Service Ltd. sample.

Sampling
QA/QC:

Each bottle (supplied by the Maxxam laboratory to ensure
the integrity of the samples) was filled to the top but not to
overflowing (i.e. no headspace) to ensure no loss of
preservative and kept cold until shipping to the lab (not
frozen).

Samples were stored in sealed cooler with a frozen gel pack
to keep samples cool. They were shipped to shore by
helicopter following sample collection. The samples were
then delivered to Maxxam Analytics Inc. for chemical testing.
For toxicity testing, the samples were placed in the HDPE
container on the Thebaud Platform. The samples were
shipped to shore by helicopter following sample collection.
They were collected by Harris Industrial Testing from the
heliport. Subsamples were extracted from each, and then
shipped to the subcontractors for toxicity testing.
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The following describes the sampling details for the sample taken by DFO at Thebaud
platform:

Contractor: Dr. Ken Lee & Dr. Les Burridge,
Fisheries and Oceans Canada

Collection Date(s): Aug. 13, 2007

Platform: Hudson

Type of Sample:: Produced water

Test Sample Thebaud platform

Locations:

Reference Sample None

Locations:

Sample Bulk samples in acid washed nalgene jerry cans (10
Preparation: L). Containers were sealed on arrival on board

Hudson and stored at ~4°C.

Sampling QA/QC: e Each container (supplied by BIO staff) was filled to the
top but not to overflowing (i.e. no headspace) to ensure
no loss of sample and minimal exposure to air and kept
cold until shipping to the lab (not frozen).

e Samples were stored in cooler on board ship and were
transferred to St. Andrews Biological Station.

Atlantic cod for the DFO fish toxicity tests were obtained from the St. Andrews Biological
Station cod genome project. The cod ranged in length from 8-12.2 cm (mean = 9.9 cm) for
the Hudson test — no weights collected aboard ship. In lab studies the fish were 11.6 — 18.1
cm (mean =14.4) and weighed from 12 to 58 g (mean=27g)

In addition to lethality tests an experiment was conducted on board the Hudson in which
juvenile cod were exposed to a sub-lethal concentration of PW from the Thebaud site. Cod
were held in 4% PW for up to 72 hours. Periodically (T=6, 12, 24, 48 and 72 h) 5 fish were
sacrificed and tissues collected, flash frozen in liquid nitrogen and held for biochemical
analysis. The exposure solutions were changed daily and dissolved oxygen concentrations
were maintained at >75% throughout the exposure. Gills, muscle, liver, and blood (plasma)
was collected from these fish. All liver tissues have been analysed for ethoxyresorufin-O-
deethylase (EROD) activity. Activity of this enzyme is considered an indicator of exposure to
PAHSs.

2.5 ANALYSES
Contractors:

1. Harris Industrial Testing Service Ltd. (Threespine Stickleback for all platforms)

2. AquaTox Testing & Consulting Inc. (Microtox and Sea Urchin Fertilization for all
platforms)

3. Stantec (Microtox and Sea Urchin Fertilization for Thebaud platform only)

4. Maxxam Analytics Inc. (Chemical Parameters for all platforms)

5. Department of Fisheries and Oceans (Acute lethality test and EROD induction on
cod using Thebaud PW sample from Aug. 13/07)

Page 2-5



2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 2 — Produced Water Chemistry & Toxicity

2.5.1 Parameters Analyzed

Parameters

Analysis Method

Cellular metabolism

Microtox Test [3]

Egg fertilization

Sea Urchin Fertilization Test [1]

Acute fish toxicity

Threespine Stickleback (TSS) [4]

BTEX/TPH

(BTEX =Benzene, VPH (Volatile petroleum hydrocarbons)
toluene, by Combi-Pal and TEH (total
ethylbenzene, extractable hydrocarbons) by Gas
xylenes TPH = total chromatography - flame ionization
petroleum detector (GC-FID)

hydrocarbons)

Chemical Inductively Coupled Plasma Mass
Characterization Spectrometry (ICP-MS)

Sulphur and Inductively Coupled Plasma Optical
Magnesium Emission Spectrometry (ICP-OES)
Mercury Cold Vapour Atomic Absorption
Ammonia-N Colorimetric Test

Phosphorous Colorimetric Test

Nitrogen Total Kjeldahl Nitrogen Test

Acute fish toxicity of
PW to Atlantic cod®

Juvenile cod (Gadus morhua). 24 hr static
exposure in 2 L glass jars on board Hudson.
Aerated. Mortality recorded at 1, 3, 6, 12
and 24 hr.

Juvenile cod (Gadus morhua). 24 hr static
exposure 25 L glass aquaria at St. Andrews
Biological Station Aerated. Mortality
recorded at 1, 3, 6, 12 and 24 hr. LC50
determined.

EROD induction in
Atlantic cod livers®

Juvenile cod (Gadus morhua) exposued for 72
hr to 4% Thebaud PW. Daily water changes,
water aerated. Fish sampled periodically,
sacrificed, livers removed and stored at -80°C
until analysed for EROD activity in livers.

® Atlantic cod for the DFO fish toxicity tests were obtained from the St. Andrews Biological Station
cod genome project. The cod ranged in length from 8-12.2 cm (mean = 9.9 cm) for the Hudson
test — no weights collected aboard ship. With respect to the SABS test, the fish were 11.6 — 18.1
cm (mean =14.4) and weighed from 12 to 58 g (mean=27g)

® Gills, muscle, and blood (plasma) was also collected from these fish. These tissue samples are

being held at -80 C; however, there are no plans to analyse these samples in the near future (L.
Burridge, [1]).
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252 QA/QC

The QA/QC procedures for the each laboratory involved with the various testing included the
use of duplicates, method blanks, surrogates, spikes and certified reference materials where
applicable. For further details on QA/QC procedures refer to Attachment 2-1.

2.6 RESULTS

Table 2-1 summarizes the results of the chemical analysis of the produced water samples
taken at Thebaud, Venture, South Venture, and Alma platforms. The Total Petroleum
Hydrocarbon (TPH) concentrations for the five samples ranged from Not Detected (<5 mg/L)
to 14 mg/L.

Table 2-2 summarizes the results of toxicity testing of the most recent samples of produced
water collected from the three platforms.

Detailed laboratory reports are included as Attachments 2-3 (Fish Toxicity), 2-4 (Microtox),
and 2-5 (Sea Urchin Fertilization).

LC50 for the DFO toxicity tests was determined using Toxstats software. The Spearman-
Karber method was deemed the most appropriate calculation. Three LC50 estimates were:
5.29%, 4.12% and 3.24% Thebaud PW mixed with ambient salt water. The average LC50 is
4.22% (SD=1.02). No control fish died. The results are summarized in Table 2-3 to Table
2-5.

DFO analyzed the PW for phenols in the water used to expose the cod for the 72 hours.
The results of these tests are shown in Table 2-6. None of the compounds are present in
concentrations that are reported to be lethal to fish. The bulk of the published work with cod
and alkylphenols deals with sub-lethal responses.

2.7 SUMMARY AND CONCLUSIONS

e Figure 2-1 is a plot of the PW chemical parameters (barium, boron, iron, strontium,
ammonia, TPH) with the highest observed concentration values from 2005 to 2007
data. Barium, boron, iron, strontium, and ammonia levels at Venture are the highest
observed of the platform sites monitored in 2006 and 2007. The concentrations of
the same elements at South Venture and Thebaud show an increasing trend from
2005 to 2007 sample times. At Alma, values are stable between the two years and
are much lower than for the other platforms.

e Total Petroleum Hydrocarbon concentrations for all samples/platform locations were
below the OWTG limits [7] of 30 mg/L (30 days) and 60 mg/L (24-hour) for oil in
water.

e Comparison of the 2007 toxicity results with earlier data are plotted in Figure 2-2.
There appears to be a slightly increasing trend in toxicity data from 2005 to 2007 for
TSS and Sea Urchin at Venture and Thebaud. Toxicity values at South Venture and
Alma approximate those at Thebaud and Venture for 2006 and 2007. Microtox
values at Thebaud remain relatively stable from 2005-2007, whereas the 2007 value
at Venture indicates a decrease in toxicity from 2006. No historic microtox data is
available at Alma and South Venture to enable comparisons with 2007 data.
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Although there is no pass/fail concentration criterion stipulated by the OWTG (2002)
[7] for TSS, the 2007 results can be interpreted as being toxic based on regulations
for other industries, such as pulp and paper, which consider any effluent with greater
than 50% mortality at 100% concentration to be a failure [6]. Dr. J. Sprague of the
University of Guelph [8], a recognized expert in fish toxicology, classifies as
"practically non-toxic" any value above 10,000 mg/L or 1 percent for fish.

There are no pass/fail criteria for the Microtox and Sea Urchin Fertilization tests. The
results for these tests at all platform locations fall within the range of results for most
produced water samples that have been tested in Environment Canada’s Toxicology
Laboratory (Moncton, NB). The observed mortality levels were possibly caused by
polyaromatic hydrocarbons (K. Doe [6], and P. Jackman [5], Environment Canada,
pers. comm.) even though measured TPH levels (Section 2.6) were below the
regulatory limits and phenol concentrations (Table 2-6) were below concentrations
known to be lethal to fish (L. Burridge, DFO, pers.comm.). High salinity levels - up to
210 ppt (Attachment 2-3) undoubtedly contributed to the toxicity of some samples.

There was no difference in activity of the EROD enzyme between treated and
untreated cod suggesting that exposure to the 4% level of PW does not result in
activation of this enzyme system (L. Burridge, [1]).

Further, the discharge rates of PW at SOEP platforms are considerably less than at
other existing or proposed East Coast offshore facilities. To illustrate, the 2007
average discharge rate for SOEP platforms was .007m3/sec compared with
discharges at Hibernia (.22m3/sec), the past CoPan project (.21m3/sec), or the
recently-approved Deep Panuke project (.07m3/sec). The lower discharge rate
combined with the higher tidal energy on Sable Island compared to the Grand Banks
means that PW constituents will likely to be diluted to background levels within a few
metres of the mouth of the discharge caisson.
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Figure 2-1 Comparison of historic PW chemistry samples.
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Figure 2-2 Comparison of toxicities at SOEP platforms.
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Table 2-1 Chemical Composition of Produced Water’

Sampling Date 20 Nov.’07 | 26 Nov ‘07 | 09 Dec ‘07 | 16 Dec 07 | 21 Jan’08
Chemical Reportable

z::%mvﬁtfés 38 | Ynits Detfﬂ"i'fs'"ty VENTURE | THEBAUD | THEBAUD Vgg'll'Jl-IJ-:E ALMA
(2002)

Thorium ug/L 200 <200 <100 <100 <50 <1
Mercury ug/L 0.04 <0.04 <0.01 0.01 <0.01 0.02
Aluminum ug/L 10000 <10,000 <1000 <1000 <1000 <100
Antimony ug/L 2000 <2000 <200 <200 <200 <20
Arsenic ug/L 2000 0.5 0.1 0.3 0.2 <0.1
Barium ug/L 5000 1,100,000 380,000 470,000 640,000 11,000
Boron ug/L 5000 31,000 12,000 16,000 6200 3300
Cadmium ug/L 0.1 0.8 0.2 0.2 <0.1 <0.1
Chromium ug/L 0.5 15 1.0 7.0 0.7 2.1
Cobalt ug/L 0.1 0.9 0.4 0.3 0.4 2.7
Copper ug/L 0.1 14 14 0.7 0.5 0.6
Iron ug/L 5000 130,000 56,000 87,000 58,000 21,000
Manganese ug/L 200 29,000 5400 7700 5300 206
Lead ug/L 500 34.2 8.6 6.0 1.3 0.5
Molybdenum ug/L 2000 <2000 <200 <200 <200 <20
Nickel ug/L 0.5 25 5.9 8.2 6.3 23.3
Selenium ug/L 5000 <5000 <500 <500 <500 <50
Strontium ug/L 5000 2,300,000 610,000 830,000 820,000 30,000
Sulphur mg/L 5 150 - - 48 14
Tin ug/L 2000 <2000 <200 <200 <200 <20
Uranium ug/L 100 <100 <10 <10 <10 <1
Vanadium ug/L 2000 <2000 <200 <200 <200 <20
Zinc ug/L 1 290 440 1400 30 5
TPH mg/L 1 4 <5 14 2 6
Ammonia-N° mg/L 10 230 72 92 83 18
Nitrogen mg/L 10 200 70 66 78 20
Phosphorus mg/L 0.04 0.11 0.06 0.07 0.06 0.02

" The PW sample taken at Thebaud on Aug. 13/07 was clear and clean. The PW sample from Nov. 26/07 was
pale yellow in colour with a large amount of iron precipitate. The PW sample from Venture was rusty red in
colour with a film on the surfacer. The PW sample from South Venture was orange in colour and opaque. The
PW sample from Alma was clear and colourless, with an iron-like precipitate after aeration. All samples had a
strong petroleum odor.

& Ammonia is reported as ammonia-N. This is done so that all nitrogen sources are reported as concentration of
N and are then added to compare to total N. Therefore ammonia-N should always be less than total nitrogen-N.
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Toxicity Test

Threespine
Stickleback Fish
Toxicity

Microtox

Sea Urchin
Fertilization

Table 2-2 Toxicity of Produced Water
96 Hour LC50/IC50 Value

Thebaud
Aug 13/07:
<6.25%
(--%)
Nov 26/07:
7.11%
(6.55-7.71%)
Aug 13/07:
0.53%
(0.49-0.58%)
Nov 26/07:
1.19%
(0.98-1.44%)
Aug 13/07:
6.1%
(5.7-6.4%)
Nov 26/07:
0.11%
(0.07-0.14%)

Venture

Oct 7/07:
8.25%
(7.23-9.41%)

Oct 7/07:
13.0%
(12.8-13.1%)

Oct 7/07:
0.69%
(0.47-1.00%)

(95% confidence limits in brackets)

S. Venture

Dec 15/07:
17.8%
(12.5-25%)

Dec 15/07:
12.2%
(10.1-14.7%)

Dec 15/07:
0.37%
(0.15-0.51%)

Alma

Jan 19/08:
33.0%
(28.9-37.6%)

Jan 19/08:
1.44%
(1.27-1.64%)

Jan 19/08:
0.54%
(0.38-0.70%)

[Note: LC50 is the medial lethal concentration, i.e., the concentration of material in the water that is
estimated to be lethal to 50% of the test organisms.]
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Table 2-3 Hudson Lethality Test August 14-15, 2007

Concentration
0
10%
7%
4%
2%
1%

LC50 =5.29 %

LC50 = 3.24%

LC50 =4.12%

Mortality at 24 h (n=5 per test)

[ecNeoNaelé Né) N

Table 2-4 SABS Lethality Test #1 Oct 17-18, 2007

Concentration
0
10%
6%
3.6%
1.8%

Mortality at 24 h (n=5 per test)
0

5
5
3
0

Table 2-5 SABS Lethality Test #2 Oct 22-23, 2007

Concentration

Mortality at 24 h (n=5 per test)

0 0
10% 5
6% 5
3.6% 1
1.8% 0
Table 2-6 Phenols Present in Thebaud PW
Thebaud Thebaud
Sample D | 49 pw T=0hr 4% PW T=72hr
Units ng-ml-1 ng-ml-1
phenol 2171.21 527.46
o-cresol 57.53 30.12
m & p-cresol 563.40 276.78
2,6-dimethylphenol 95.19 42.25
2-ethylphenol 180.37 99.05
2,4 and 2,5-dimethylphenol 379.52 206.22
3 and 4-ethylphenol 261.61 162.68
2,3-dimethylphenol 37.58 23.63
2-isoproplyphenol 48.06 24.40
2-proplyphenol 29.64 16.54
3 and 4-isopropylphenol 114.65 69.36
2-sec-butylphenol 12.15 8.12
3 and 4-tert butylphenol 37.61 24.25
4-sec-butylphenol 19.48 15.51
4-isopropyl-3-methylphenol 10.19 9.79
4-nonylphenol n.d. n.d.
3. Phenols (ng-ml™”) 4018 1536
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Attachment 2-1 Produced Water Sampling and Analysis Procedures
Maxxam Analytics Inc.
Collection of Produced Water:

The samples that are collected directly from the discharge pipe should be sampled into the
bottles supplied by the laboratory to ensure the integrity of the samples.

Produced Water / Filtration of Produced Water / Sub-Sampling Procedures / Salinity,
pH, Oxygen

N/A to laboratory

Nutrients

The nutrient samples that are taken for ExxonMobil are to be analysed for Ammonia and
Total Phosphorous and should be sampled in 100 ml amber glass bottles that contain a
sulphuric acid preservative supplied by Maxxam Analytics. Fill the bottle but not to
overflowing and keep cold until shipping to the lab (not frozen).

TKN — 100 ml amber bottle preserved with sulphuric acid

Inorganics (SPM)

N/A to laboratory

Metals

The following are the bottles needed for metals analysis:

Seawater metals — 2x500ml acid washed plastic bottles. The samples are preserved at the
lab, once preserved hold time is 6 months.

Dilute and Shoot Metals — 1x50ml plastic vial (field filtered if required by field protocol)
preserved with nitric acid dropper (can be supplied by lab)

Thorium - 1x50ml plastic vial (field filtered if required by field protocol) preserved with nitric
acid dropper (can be supplied by lab)

Mercury — 100 ml amber bottle preserved with Potassium Dichromate in 17% Nitric Acid
supplied by the lab. Fill the bottle but not to overflowing and keep cold (not frozen).
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Organics

The bottles required for BTEX/TPH are 2x250ml glass plus 3x40ml amber vials that contain
a copper sulphate preservative. The holding time is 7 days from date sampled. The vials
must be filled to the top and contain no headspace being careful not to fill to overflowing to
ensure no loss of preservative.

Methods and method summaries of analysis are available upon request.
Quality Control

Blank samples can be supplied by the client to run as samples within the laboratory. They
will be treated the same as all other samples.

Field and Trip blanks can be supplied to the client upon request and can be run as actual
samples.

Maxxam Analytics follows a very stringent QA/QC Program with the analysis of duplicates,
method blanks, surrogates, spikes and certified reference materials where applicable.

General Info on Sampling / Preparing to go to the field / Locating Site Stations / Field
Notes / Observations

N/A to laboratory
Sampling Equipment Containers

The following is what the Produced Water for ExxonMobil has been analysed for in the past
as well as bottles required:

Thorium — 50ml plastic with nitric acid preservative

BTEX/TPH — 3 x 40ml amber vials preserved with copper sulphate and 2 x 250ml glass
bottles

Metals (dilute and shoot) - 50ml plastic with nitric acid preservative

Metals (seawater) — 2x500ml plastic acid rinsed bottles

Mercury — 100 ml amber glass preserved with potassium dichromate in 17% nitric acid
Ammonia — 100ml amber glass with sulphuric acid preservative

Total Phosphorous — 100 ml amber glass with sulphuric acid preservative

TKN — 100ml amber glass with sulphuric acid preservative

Sampling Collection Methods

N/A to laboratory

Preservation / Holding Times

BTEX/TPH — 7 days keep cold at 4C

Metals — 6 months after they are preserved — should be to the lab within 7 days
Mercury — 28 days with preservative

Ammonia — 28 days with preservative

TP — 28 days with preservative
TKN - 28 days with preservative
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Analytical Methods

BTEX/TPH — Atlantic PIRI Guidelines — we run VPH (Volatile petroleum hydrocarbons) by
Combi-Pal and TEH (total extractable hydrocarbons) by GC-FID and then the Modified TPH
is calculated.

Metals — ICP-MS

Mercury — Cold Vapour Atomic Absorption

Ammonia — Konelab

Total Phosphorous — Colorimetric

TKN — subcontracted to Maxxam Mississauga

Other Considerations

N/A to laboratory
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Attachment 2-2 Letters from Harris Industrial Testing Service

HARRIS INDUSTRIAL TESTING SERVICE LTD.
1320 Ashdale Rd. Site 13 Box 8 RR #1 Mt. Uniacke

Nova Scotia BON 1Z0
Phone: 902 757-0232 Fax: 902 757-0973
E-mail: hits@ns.sympatico.ca

Geoff Hurley

Hurley Environment Ltd.
58 Parkedge Crescent
Dartmouth NS

B2V 2V2

Dear Geoff:
I received the results from the Echinoid Fertilization test yesterday.

The results of the three tests: Threespine stickleback (TSS), Microtox and Echinoid
fertilization, indicate that the Thebaud produced water is toxic.

As noted in the individual reports, the produced water was clear and clean with a salinity of
30 ppt and had a strong petroleum odour.

The TSS test, with an LC50 value of < 6.25%, was observed to have turned a rusty red colour
in all concentrations during the test. A minimum volume of 20 litres was requested but only
10 litres were received. A one litre subsample of this produced water was required for the
Microtox and Echinoid fertilization, leaving only nine litres for the LCs test. A previous
sample of Thebaud produced water (Jan. 07) resulted in an LC50 value of 11.7%. As with
this latest sample, it was clear and clean with a strong petroleum odour and turned rusty red
during the test. “The Offshore Waste Treatment Guidelines” August 2002 do not have a
pass/fail criteria however most effluent discharge regulations stipulate that if an effluent has
greater than 50% mortality at 100% concentration, it fails.

The Microtox results with an IC50 result of 0.53% (0.49 — 0.58) is more toxic than the
previous Microtox test of 3.68% (3.61 — 3.76). Again the Guidelines do not stipulate a
pass/fail number.

The Echinoid fertiliazation IC25 result of 6.1% (5.7 — 6.4) is less toxic than the previous
Thebaud sample with an IC25 of 2.58% (2.09 — 3.32). Again no pass/fail criterium is
available.

The results of these three tests indicate that the Thebaud produced water sampled on August
13 2007 is toxic. The cause of the toxicity is most likely high petroleum levels. If chemical
analysis was performed on the sample, it will probably indicate this to be the case.

Best regards,

Gary Harris
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HARRIS INDUSTRIAL TESTING SERVICE LTD.
1320 Ashdale Rd. Site 13 Box 8 RR #1 Mt. Uniacke

Nova Scotia BON 170
Phone: 902 757-0232 Fax: 902 757-0973
E-mail: hits@ns.sympatico.ca

Amec Earth & Environmental
Aubrey Beaver

32 Troop Ave. Unit 301
Dartmouth N.S. B3B 171

Re: Thebaud Produced Water Summary
Dear Aubrey:

The following is a discussion of the results of the three tests (Nov. 27 07): Threespine stickleback
(TSS), Microtox and Echinoid fertilization.

As noted in the individual reports, the produced water was pale yellow in colour with a large amount
of iron precipitate, a salinity of 82 ppt and a petroleum odour.

The TSS test results gave an LCs, value of 7.11% (6.55 —7.71). Previous samples of Thebaud
produced water (Jan. 11 and Aug. 13 2007) resulted in LCs values of 11.7% (9.41 — 14.5) and <
6.25% respectively. All had strong petroleum odours.

“The Offshore Waste Treatment Guidelines” August 2002 do not have a pass/fail criteria however
most effluent discharge regulations stipulate that if an effluent has greater than 50% mortality at
100% concentration, it fails.

The Microtox test results gave an ICs, value of 1.19% (0.98 — 1.44). 'The Guidelines do not stipulate
a pass/fail number. Previous Microtox tests (Jan. and Aug. 2007), gave ICs, values of 3.68% (3.61 —
3.76) and 0.53% (0.49 — 0.58) respectively.

The Echinoid fertilization IC,s result was 0.11% (0.07 — 0.14). Previous Echinoid fertilization tests
(Jan. and Aug. 2007), gave 1Cy5 values of 2.58% (2.09 — 3.32) and 6.1% (5.7 — 6.4) respectively.

The results of these three tests indicate that the Thebaud produced water sampled on November 27
2007 is toxic. The cause of the toxicity is most likely high petroleum levels. Chemical analyses

performed on the sample, would probably indicate this to be the case.

Table 1: Summary of Thebaud Produced Water Toxicity Results of Samples Taken in 2007

Date Threespine stickleback Microtox Echinoid Fertilization Salinity ppt
(100% conc.)
Jan. 11 07 11.7% (9.41 — 14.5) 3.68% (3.61 —3.76) 2.58% (2.09 -3.32) 30
Aug. 13 07 <6.25% 0.53% (0.49 — 0.58) 6.1% (5.7-6.4) 20
Nov. 27 07 7.11% (6.55-"7.71) 1.19% (0.98 — 1.44) 0.11% (0.07-0.14) 82
Best regards,
Gary Harris
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HARRIS INDUSTRIAL TESTING SERVICE LTD.
1320 Ashdale Rd. Site 13 Box 8 RR #1 Mt. Uniacke

Nova Scotia BON 170
Phone: 902 757-0232 Fax: 902 757-0973
E-mail: hits@ns.sympatico.ca

Megan Tuttle
Exxon Mobil
1701 Hollis St.
Halifax NS
B3J 3M8

Nov. 06 2007
Dear Megan:

I received the results from the Echinoid Fertilization and the final report for the Microtox
tests yesterday. The following is a discussion of all of the results.

The results of the three tests: Threespine stickleback (TSS), Microtox and Echinoid
fertilization, indicate that the Venture produced water is toxic.

As noted in the individual reports, the produced water was rusty red in colour with a film on
the surface, a salinity of 210 ppt and a petroleum odour.

The TSS test gave an LCsg value of 8.25%. A previous sample of Venture produced water
(Nov. 06) resulted in an LC50 value of 4.4%. Both samples had very high salinities,
however in the previous test salinity was not the cause of toxicity as the sample was still
lethal at normal salinities. This Venture sample was not toxic once normal salinity values
were reached through dilution.

“The Offshore Waste Treatment Guidelines” August 2002 do not have a pass/fail criteria
however most effluent discharge regulations stipulate that if an effluent has greater than 50%
mortality at 100% concentration, it fails.

The Microtox test gave an ICsy of 13% (12.8 — 13.1). The Guidelines do not stipulate a
pass/fail number.

The Echinoid fertiliazation test gave an ICys result of 0.69% (0.47 — 1.00). There is no
pass/fail criterium available.

The results of these three tests indicate that the Venture produced water sampled on Oct.
2007 is toxic. The cause of the toxicity is most likely high petroleum levels. Chemical

analysis, if performed on the sample, would probably indicate this to be the case.

Best regards,
Gary Harris
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HARRIS INDUSTRIAL TESTING SERVICE LTD.
1320 Ashdale Rd. Site 13 Box 8 RR #1 Mt. Uniacke

Nova Scotia BON 170
Phone: 902 757-0232 Fax: 902 757-0973
E-mail: hits@ns.sympatico.ca

Jan. 28 2008

Megan Tuttle
Exxon Mobil
1701 Hollis St.
Halifax NS
B3J 3M8

Re: South Venture Produced Water Summary
Dear Megan:

The following is a discussion of the results of the three tests (Dec. 15 2007) conducted on
South Venture Produced Water using: Threespine stickleback (TSS), Microtox and Echinoid
fertilization.

As noted in the individual reports, the produced water was orange in colour and opaque, with
a salinity of 89 ppt and a petroleum odour.

The TSS test results gave an LCs value of 17.8% (12.5 —25%). A previous sample of
South Venture produced water (July 07 06) resulted in an LC50 value of 19% (15.3 —
23.6%).

“The Offshore Waste Treatment Guidelines” August 2002 do not have a pass/fail criteria
however most effluent discharge regulations stipulate that if an effluent has greater than 50%
mortality at 100% concentration, it fails.

The Microtox test gave an ICsg value of 12.2% (10.1 — 14.7). The Guidelines do not
stipulate a pass/fail number.

The Echinoid fertiliazation IC,s test result was 0.37% (0.15 — 0.51). The Guidelines do not
stipulate a pass/fail number.

The results of these three tests indicate that the South Venture produced water sampled on
Dec. 15 2007 is toxic. The cause of the toxicity is most likely high petroleum levels.

Chemical analysis, if performed on the sample, would probably indicate this to be the case.

Best regards,
Gary Harris
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HARRIS INDUSTRIAL TESTING SERVICE LTD.
1320 Ashdale Rd. Site 13 Box 8 RR #1 Mt. Uniacke

Nova Scotia BON 170
Phone: 902 757-0232 Fax: 902 757-0973
E-mail: hits@ns.sympatico.ca

Feb. 20 2008

Megan Tuttle
Exxon Mobil
1701 Hollis St.
Halifax NS
B3J 3M8

Re: Alma Produced Water Summary
Dear Megan:

The following is a discussion of the results of the three tests conducted on Alma Produced
Water using: Threespine stickleback (TSS), Microtox and Echinoid fertilization.

As noted in the individual reports, the produced water was clear and colourless with an iron-
like precipitate after aeration and a petroleum odour.

The TSS test results gave an LCs value of 33.08% (28.9 —37.6%). The sample had a low
salinity of 6 ppt, but this would not be a factor as TSS is a euryhaline organism able to
tolerate wide ranges of salinity.

“The Offshore Waste Treatment Guidelines” August 2002 do not have a pass/fail criteria
however most effluent discharge regulations stipulate that if an effluent has greater than 50%
mortality at 100% concentration, it fails.

The Microtox test gave an ICsy value of 1.44% (1.27 —1.64). The Guidelines do not
stipulate a pass/fail number.

The Echinoid fertiliazation 1C,s test result was 0.54% (0.38 — 0.70). The Guidelines do not
stipulate a pass/fail number.

The results of these three tests indicate that the Alma produced water sampled on Jan. 19
2008 is toxic. The cause of the toxicity is most likely high petroleum levels. Chemical

analysis, if performed on the sample, would probably indicate this to be the case.

Best regards,
Gary Harris
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Attachment 2-3 Fish Toxicity Report — Thebaud Aug. 13, 2007

ESHTOXICITY REPORT (LCu.)

Client:  Amec Earth & Envirenmeittal
Adddress: 32 Togop Ave Unit 30
Durtmouth, W5 B3B8 121

Lozation:

Teat Facifity. Harris Industreal Testing Senvice Lil
137300 Ashdale Bd., Somh Rewvden, RES] bt Uninedoe
Pown Seotin, Canadn BT LED Tel, 002 75700232

Congact Aubrey Fleaver

Fax: S02 757-0573 E-mnal: HIT 3@nssympsheo.ci

Thas imbormtary i acorenirad By ihe Carmdiay A rosvmog for Smeranmsemiod Amlynen’ Dafurmoses
Tl et bise il I M rpnd i o i st ol LS cehealiaion:

| SampbeLocation Thebaud Matform Produced Water Loh il # T-336
Sanpling bMethod Dol supeied | Sumple Hemopemaed: Ho S ol ot sumplied by client
Dinte Time Collected | Aug 13 3007 — Hrs Reccived Aug_14 2007
EaatesT e Started A 152007 1520 Hes Cimpheted A 192007 1520 Hrs
Semple Deserption, | Thear and clean, strong patrodeum odaur

Tesi Information - Pre-tes Parmmeters | L0080

Reterence; Method: andatory 30 minse pre-aermtion: Mumiber of fich per vessel:
EFS LEREL July 1550 Fate; 6.3 £ 1 mlimnT Test  §0 Copred |0
Type. LCy Time 1450 hrs 0.0 Tamgl Liading Density: (05 g/
Lab ®dethind 0y Tax UR Comtimsed: mn (&@_ hrs
Tatal: 30 mm DO 16 mpl Mean wet weight
Test Crpansm: Threespine stickleback: 025 g + {05 g 5D
Comt"d throughoat tast by nEssone Rarge: O18 g- 032 §
Prequeg Temperature. 160 O Tronnt Baeh &, 18 Sdean furk bengath
Predest D0 50  mpl Stack Tank Mosmalty: 0% 1-Sdwys | JT8mm £ 039 mm 50
Froqest pH: 54 pH Adpsmted Bo priar o test Range: 26 mm- 79 mm
I'_"m.l.',l'.i"i.l}". = pScm Teat Volume: 5. L Photopersd. 16LATD Lus: 100 - 500
Salmity of Semple: 20 pot Depthi 90 em Test Durntion: 96 hors [ Bt
Comtrol: _300. ppt Replicate solusons: Mo Dhlubion Water: Seawater
Analysiz)l G Haris Tempernture: 158 1°C
Te= Parameters
Initkal (0 Hr) Final (9 Hry) Teat Results
Cone. | Temp | D02 pH sl Temp: [RS8 rH # e Comments
Ya rC | omgl Tt *C | mpl Dead | Stressed
w (e | 16 | &0 | 20 150 | 8% | i L _:'ﬁ'ff,"j,“;ﬂ”;l‘;‘_.'];'m
b 1] 50 KA 73 25 150 85 T6 18T Al doad 7 185 s
25 5.0 35 T4 2% 150 87 a0 Lo Al el o 1E 1w
x5 30 %1 T8 3 150 B3 a1 T Al dead 5 155 hee.
% Toal ey lows 3 E9. 5 hrs, AR
.25 50 g1 a0 0 150 Ba g1 L el 20
il 150 #1 a2 30 150 a5 %2 [ ]
9 Hour LOg Valee = <625 4% oy Confidence Lamizs; = %6 - % Susdstical hlethod: =
Reference Towmeant Dam for Phenol: Halch #1% | Dake: 173 9 How D05~ 190 mg'L

084 Conl Limdts: I606 - 216 mpl

[ Hstorical Phenc Mean: 170 m/L

Wit Limatz + 2 800 150 - 221 mel

Comments: Coloar chenge overnight to nsty red, mast ohservabie i the heghest cone

Transcsibed by (O Haeris P

Avghorized by GHarrs

A Huphirs

€L Haeris

A Hupbweis b Diate; Aug. JF 2067

Famn M. 88 Verson Moo I Bevesid g 702007
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Fish Toxicity Report — Thebaud Nov. 26, 2007

ELSH TOXICITY REPORT (10 }

Client:  Amec Earth & Environmental Test Fasihty:  Hams Indusinal Testing Serviee Ll
Address: 32 Troop Ave: Usil 301 Loeaton: 1320 Ashdale Rl Site 13 B 8 South Rawdon

Drarvmaisth, W5 B3B 141 RE # M Unincke NovaSootn  Candds BN 170
Contact  Aubdey Beaver Pl o002 T37.0232  Fae 902 7300073 hitg@ns aympatscs ca

RAMPLE AT A
SumpbeLocatm. Thelbsud Blatfeem Prodoced Water — Koy 07 Lals I3, & Tty
Sampling Methad: Cnb Sam ple Homopenazed: Mo Samgrer Eon Sweet
Pl Time Collecied, Wy, 26 2007 1400 Hrs Recepred: Do, 27 20M0F
it Time Btarted; Dere, ZRZ0HT | 175 Hes Completed:  Deg 022007 1115 Hrs
Spmple Description;  Pale vellow m coloar and clegs, with petsoleum odos
TEST INFORMATION and PRE-TEST PARAMETERS [ 104%%) TEST CONDITIONS
[Canlimsedi

Reference. Method!
EFG EPS 1RM0 July 1960
Type: Ly  Tox DB

Test Crganiam . Theeespene stsckleback

Pre-test Temperature: 155 0
Preomt DL 11 mpl.
FretesipH 63 Adqusted Mo
Conduchvity of Semgpie:

LG Q0 piSdem

Salmoy of Semple #3 pp
Salmity of Control: 30" ppa

Anabyst(s) A Huvhers &G Homs

hlandstony 30 mimee pre-garmtion:
Fabe: 654 1 mliman,

Time: 1045 hree [0 *T ] mgt
Continued: min G hars

Lieading Dlensaty: (035 g/l

hdenn wet weight
Gi3p + (]4 g 8D

Cort'd throwsghicat test by nrstone Fange: 032 g- 047 g
TEST CONDITIONS henn fixrk Tevigth

_Mhmm = 346mm B0

TSS Bach . 18 Range: 32 mm- _43 mm

Maortality: L3 % over T-days prior la fest

Phatopenod: 16L/ED L 104 - 500
Static: Test - Dhrstion: 86 hours
Cremrol Thbobon Winler:  Seawaber
Tempersure: |53 1%

Test Volume: (0 L Depth: 177 -om
Fapleeate sohaiong: Mo
Mumber of fishi per vesel: 10

TEST PARAMETERS RESULTS
Laitual {13 Ezg) Finsil (9% Hix}
Cone  Temp RO g Zalin Temp  TRdE e Mumber Numsbser Commients
L o mgl [t *C mpl Dead Stressed

Wy 155 *I1 &4 63 50 %0 67 1k LYo LY hrx
Al ey loge ) B 75 Res. ALl

0 50 *=1& 7 i 45 30 7o LD dett i 24 8rs

2540 145  *IE T4 45 45 ¥4 72 110 Al ey Jus i | 758, Al

ilemd i 24 hrw
125 145 7R s i 145 T T 110 Some with q. |oe i 1,74
Iz Al dem 23 3 hre
(e’ 150 #3 T¥ 32 C 1 R 74 110 70 e i 24 hrs
(=18 145 B4 B2 an S S Wil
a6 HOUR LGy, RESULTS

Ll Value: T11%
D58 Confidenee Limits: 6353 % - .71 %
Statistical Method:  Spernman karber - Toelada

Referenee Substance: Pherol
GG O 13352530 mpl

REFERENCE TOXICANT DATA:
Test Date: Moy, 28 — Deg, 022007
Historical Phenol Bdeare (71 mpL

Hatch: 18
5 Herar L0 Tor Phewal: 17,7 mpd,
Waming Limia + 2 300 135220 mg'L

Fomm Mo, 50 Veemn Mo, 1 Revsed: Oa. 13 1007

1.2
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Comments: * The T 00 meter was st io e maxhm o salinity seiting of $0 ppt. As salinily ncreases. [V measusemants
decrease.  Reported measum-ements are hogher than the irue measmements. We were unable to0 measure nctual D) s due to the
limitatsons of the instrument Cones, 25, 12 5, 625 % temed braght vellow: after pre-peration and all cones. had ormnge sopumed
st Al weamanation

Transanibed by: O Hiens i A Hiphers 8. Harrie
Authorized by, GRarir A Hwbew  x  Dabe Dee 032007
Arcrofieal by i Comaniay A mecxavon far B { fonriiem] ol tos (EAEALY

Tt ¥ (e endedd de D et b il Tl ooy ol b cr e rivlinatlon,

Fann Mo 50 Verson No. 1 Revieed Ol 153067 142
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Fish Toxicity Report — Venture Oct. 7, 2007

EEH TOXICITY BEPORT (1.0 )
Client:  Exxen Mobil Canada Teat Facifity:  Hams Industral Testing Service Lil.
Address.  Foanders Souare Locatean 1300 Ashedale Bd. Site 13 Box ® South Rewdon
Halifx. B.5 ER 51 bt Uniacke Nova Sootin Candds  BOR 120
Comdacd:  Mepan Tultle FhooWd JR7-0232 Fax: 502 7570073 hitsEna sympstico.ca
SAMPLE DATA
SamphaLochtion, Wanre Plasform Prochecsd Water Labll # T417
Sampling Methad: Uzahb Sample Hemopenezed: Yes  Sampler E Beaum
MabeTime Collecsad:  Chet. 07 2007 1630 % 1640 Hra Feceived: Ot (8 2007
Dinbe Time: Started; Dt (15 2007 1200 Hrs Tompleted: Ot 13 2007 1200 Hes
Spmple Description:  Basy-red m coloe, clondy with oilv-gas odows and g film at the sampée surlizee
TEST INFORMATION and PRE-TEST PARAMETERS {1(40%:) TEST CONDITIONS
[Caniiinsedi
Eeleranse Melhod, Mandatory 30 mim:se pre-zemibom: Londing Denaty: 048521
EPS EPS IVRMA0 July 1956 Fate; 6521 mlimmnT,
Type: LTy Tex Bl Time 1130 hes P00 T4 mpl hlenn wet weighs
Tem Ovpanism . Throespine stsckleback  Cordinoed,  min @@ hes G456 g & 0]l g s
Dt s thrmsghosit best by nmstene Range: 036 g- 071 g
Prodest Temperatare: 160 0
Prequgt Dy * 850  mpd, TEST CONDITIONS Jdean fork length
Pretegtpl 38 Adjusted Mo Maimm £ 455mm 5D
TS5 Barch & 18- Range: 3 mm- _45 mm
Cendaitivity of Samplel - uSiem Blorindty: 0 % ovor ¥ daysprice o test
Saleuly of Sample 210 pgit Photperiod: T6L/AD Luw 100 - 50
Sielmsty of Conred 29 ppa Dot Volume: 10 L Depthe 17T em St Test- Dissben 96 hours
Replecote soluions; Mo ConrolThilution Water: Seawater
Analysis) A Huyhers & 3. Homee Muamber of fish per vessel [0 Temperaiure: 153 1907
TEST FARAMETERS RESULTS
[nitinl {0 Hrst Eimal {96 Hrsh
Cane  Tedp Lk pHl Zalin Temp [y pH Number MNum her Camments
5, " mpd e ¢ mpl Dead Stressed
b1 160 T4 6.3 i35 1500 215 G4 LT Al e 2 25 hrs
25 160 *T4 L] 75 150 =74 6.8 L T Al dead 4 2.5 hr
TLs 15.5 "1 T1 54 145 978 T4 i L T ﬂihmﬁ‘;]'ﬁil'.l_wlﬂiﬂd
6.2% 16.0 13 73 EH 15.0 T8 T L1 I sheggisiig 21 s Ldbeud
44 e
313 155 T.5 T8 ER] 150 TR T wWin
s 1611 1 B P 50 R 81 L
06 HOUR 14 RESULTS

L Volue: R25%
w4 Confidence Limits:  7.23 % - 24l %
Su=tical Method:  Speruman Kasher « Tosshss

REFERENCE TOXICANT DATA: Beich: 15
Refererce Substuce: Bhonal  Test Date: Gt 60— 152007 06 Fleir [y Tor Phenal! 17.7 mpL

el 125250 mpl, Historiail Phenol Maan 171 mg'l Wrtnng Limits £2 500 13.3 - 220 myg/L

Comments: * The [0, meter was st to the maxbnum salinity ssiting of 42 ppt. Assaliniy noreasss, [0 measusements
decrense,  Reported mensurements are higher than the irue menmzements, We were unable (o measure setunl [0 5 due sothe
Iimustiens of the matrument. Test started at 50%a cont. due to high salmity which s kniown to be fethaol te TSS

Transczibod by (O Haeriz X A Hiuphers £k Hasria
Avthorized by GHarrs A Hupbers bt Ciate; Cacr 13 MW7
Aucerdad by e Conmdine daseclatiog b B ! Asarivioa Lab s (ARALL

Tiler fet A fry tibie Pepary dx ity ke acope P W aecredliotion.

Farm Mo SH Verson Moo I Bevesid Ool 15 347 Falall
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Fish Toxicity Report — South Venture Dec. 15, 2007

EEH TOXICITY BEPORT (1.0 )
Client:  Exxen Mobil Canada Teat Facifity:  Hams Industral Testing Service Lil.
Address.  Foanders Square Locatean 1300 Ashedale Bd. Site 13 Box ® South Rewdon
Halifux K5 ER 51 bt Uniacke Nova Sootin Candds  BOR 120
Comdacd:  Mepan Tultle FhooWd JR7-0232 Fax: 502 7570073 hitsEna sympstico.ca
SAMPLE DATA
SamphaLochtion, South Veriare Plaiform Prodwcsd Water LabIly &8 T-525
Sampling Methad: Czab Sumple Hemopenized: Yes  Sampler Lo Santiago
MabeTime Collecsad: D 15 2007 0204 Hrs Fecemed. D 17 20607
Dinbe Time: Started; Diec 18 2007 1500 Hrs Completed:  Tlee, 32 2007 1300 Hs
Spmple Desoription:  Drange in cobour and opague with petroleam: adear,
TEST INFORMATION and PRE-TEST PARAMETERS {1162 TEST CONDITIONS
[Caniiinsedi
Eeleranse Melhod, Mandatory 30 mim:se pre-zemibom: Londing Denaty: 03 a8l
EFS EPE [RMA0 July 1950 Fate; 651 mlimnT,
Type: LTy Tex Bl Time 1230 hes D00 26 Tmpl henn wet weighs
Tem Ovpanism | Throespine stsckleback  Cordinoed;,  min @@ hes 03g® 007 gsD
Cemt s thrsghosit test by amstone Range: 037 g- 050 g
Prodest Temperatare: 160 0
Prequgt D0y =8 mpd, TEST CONDITIONS Wdean fork length
Preestpl 39 Adjusted Ne MImm & 36 mm 53
TS5 Barch & 18- Range: 3l mm- 42 mm
Cendaitivity of Samplel - uSiem Blorindty: 0 % ovor ¥ daysprice o test
Saleuly of Sample  #8% pra Photoperiod: T6L/ETY Lus: 1060 - Sk
Halmity of Coniroll. _32 ppa Teat Volume: 10 L Dephe §77  em Staske Test- Dhistion: 56 hours
Feplzeate soluitens: Mo Conrol Thilution Water: Seawater
Analysiis) A Huders & G Homs Humber of fish per vessed: 10 Temperature. 15+ 177
TEST FARAMETERS RESULTS
Lnitial {2 Hra} Final (%6 Hers)
Cont  Temp Thid pH  Zalin Temp [ pH Number Number Camments
L " mal e ¢ mpl Dead Stpessed
W 160 %67 60 89 150 *16 66 110 AT
] 14.5 - £1] T 549 (B o 5. Tk [ 1] Al dend 2 2ihra
25 40 *g1 1A 4i 150 *17 15 LU T Al ihead £ 33 hrs
iX3 140 3 T4 3H (1 T3 1% iK1
.25 140 ] i 35 1500 T4 i UL
(el 120 %3 b 3 |50 R0 LR L]
Ui HOUR L RESULTS
Ls Value: 178 %

o3t Confidence Limats; 125 ™ - 19 %
Stgmtical Mothod  Binemwl - Stephan’s

REFERENCE TONICANT DATA:  Hach: 1B
Reference Substunce: Phenc Test Dante: Mow. 2% — Dee, 03 2007 495 Hour LCss for Phenol: 137 mpl,
GG OL. 125250 mpl Historical Fhenol Mean: 171 gl Wamning Limits £ 2 310 133220 mg/l.

Comrieats: * The D00 metes was set o the maxhmum salinigy segting of #0ppt.  Asalinoy increasess. D00 mensuem ents
decrease.  Reported messur-emens ane higher than the tree measunements: We were unable 1o méasure soiuml Doois due foothe
Tirmitaticns af the instrument.

Transeribed by % Havms x A Hophers G, Hams
Authosized by EHarris . Huvders % Do Dge 37 3047
Arvreciiet b e Conanon Susockaien for B  Aneiseheal b ter (CAEALE

Wi by niefaslad frv tiLls moporr dn il it !\-ap;e-&p’nh:.wc.miw.lm

Farm Mo SH Verson Moo I Bevesid Ool 15 347 Falall
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Fish Toxicity Report — Alma Jan. 19, 2008

EZH TOXICITY BEPORT (10}
Chieml:  Eooum Mol Cnada Teat Facifity: Harris Industnnl Testing Service L.
Address  Fourders Sguare Locatsen: 1330 Ashdale Bd.  Site 13 Boxd South Rewdon
Halifzs M5 RE #1 b Unincle . NovaSootin - Canads  BON 120
Comtact:  hMegan Tulils Fhoo2 7370232 Faxe B02 757-00973  hits@na sympsiicoen
HAMPLE DATA
Fample’L ocatiom: Alkma Flatform Cwveroard Produced Water Lab I # B35
Sampling blethod: Grab Smtrple Homopemzed: Yes  Hamipher o Santisgo
DrabeTime Collecsod:  Jun. 19 2008 £145 Hrs Received: Jan T 2008
Diate Time Started; Fan 21 2608 §315Hrs Completed;  Jan 25 2008 1315 H
Spmpie Deserption:  Chear and eofouriess wath o petraloum o<lour and an ron-like preciptute afier srabion
TEST INFORMATION and FRE-TEST PARAMETERS (10602 TEST CONDITIONS
[Coniumsedi
Relerence, hMethnd: Tandatony 30 mimste pre-sembion; Lonchng Densaty; O 3k aT
EPS EPS TRMI0 July 125940 Bate: 6.5 ] mlimnT,
Tyge: L Tex BB Time 1245 lis D00 B8 mal. Nlann wit weighs
Test Crpanisimn. Threegpine stickleback  Continued;,  min 42 has Al g £ Gl g S0
Comt"d throigghost test by arstone Range: 039 g- 078 g
Proaest Temperotare: 155 0
Frea DO 88 mpl TEST CONDITIONS hean fuork length
PretestpH A0 Adjusted He &4 Imm £ 36Emm 5D
: T55Baich & 18 Range: 400 mm - 49 mm
Candaetly ity of Sumple: 10180 pSian Morinldy: 0 % ower 7 days prioe o test
Salmuly of Sample & pp Photoperiod: 16LAETT Luse 1060 - Sk
Salmity of Control 290 pp Tesi Velume: 10 L Dephc 077 em Siatic Test- Dhration: 86 hours
Eeplipate sohsvems. Mo Control Dilation Water: Beawater
Analysiis) A Hudbers £ 5 Haoms Number of fish per vesel: 10 Temperature. 151 197
TEST FARAMETERS RESULTS
. Liitizal {12 Hrs) Final {96 Hrs)
Cone  Temp T} pH Salin Tomp D3 pH Number M ber Commenis
L "t gk e T mgl Dead Stressed
[t 1410 iR 49 T 14,0 L] 51 LI L All thead 17 3 hrs.
% dead T o loms i 20 hrs
30 140 1 i9 17.7 4.5 T T LU Fidend, T eq loss 4 62 hrs
L0 ehead 5% D6 fire.
% 150 L] L] o 4.5 ] TH L | shenrl i 20 o,
izs 155 BE T4 2% 14.5 Ta T L L]
625 150 9 T Z7E 4.5 B0 i1 1
il 150 8.k 19 20 145 8.2 f.3 i1

e HOLUR L RESULTS
L Vidue: 3500 %
059 Confadence Limits; 280 3% - 374 %
Stmtmtical Method:  Spearman Kasher - Toxstats

REFERENCE TOXICANT DATA:  Bach: 18
Referenee Subssanes: Fhenol Test Deate: Jam, |8 — 32 2008 o5 Howr L Tor Phenol: 165 mpd
L 123216 Mgl Historiesl Phenol Mean: 171 mg/L Warning Limita £ 2300 13420 7 mgl.

Cemmments”
Tramsceibed by O Hismie X A Hupbers G Hams
Authorzed by GHary £ A, Fipbvrs Diate; [ee, 272007
Avepaidiad by vhe Ciuncacon bisovchaiion for Ev ) Aol ytiend L i [CAEALL
T e ool (e 4008 oot Lyl e asopye o o ace nediieation,
Farm Mo, S8 YESm Mol Revessd O 13307 Falafl
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Attachment 2-4 Stantec Microtox Report — Thebaud Aug. 13, 2007

Slastec Conmuling 134

OX*ACUTE TOXICITY
11H Wrhalan Baanet Rad PR MICROT
Geelph (. HIH 6O TEST RI-.'.I‘IJH.I
e (4] P e (RET) TRELATE Fape lof 2
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AquaTox Microtox Report —Thebaud Nov. 26, 2007
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AquaTox Microtox Report —Venture Oct. 7, 2007
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AquaTox Microtox Report — South Venture Dec. 15, 2007
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AquaTox Microtox Report — Alma Jan. 19, 2008
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Attachment 2-5 Stantec Sea Urchin Laboratory Report —Thebaud Aug. 13, 2007
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AquaTox Sea Urchin Laboratory Report —Venture Oct.7, 2007
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AquaTox Sea Urchin Laboratory Report —South Venture Dec. 15, 2007
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AquaTox Sea Urchin Laboratory Report —Alma Jan. 19, 2008
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3.0 AIR QUALITY

Photo of Sable Island Horses courtesy Sable Island Green Horse Society
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3.1 BACKGROUND:

The Sable Island Air Monitoring Program began in mid-2003. The results of this monitoring,
which covered data collected in 2003 and 2004, was last reported in the SOEP 2005 Annual
Report which was prepared in collaboration with Environment Canada. Since the issuance of
that report, issues with equipment calibration and quality assurance/quality control have delayed
data analysis (M. Hingston, EC, pers. comm. December, 2007). However, it has come to our
attention that EC staff presented a poster at the Sustainability and Environmental Research
Symposium, Dalhousie University, Halifax, March 14th 2008 (Attachment 3-1; Also available in
pdf format at www.greenhorsesociety.com) which appears to include air quality monitoring
results for Sable Island from 2005-2007 incl. This data will be related to wind conditions and
flare observations on the Thebaud platform with anomalies in Sable Island air quality in the
2008 program.

3.2 GOAL

The intent of program is to provide feedback to so as to promote continuous improvement in
reducing flare emissions.

3.3 OBJECTIVES

To provide baseline information on ambient air quality on Sable Island.
e To monitor trends in air quality as Nova Scotia offshore oil and gas exploration is
expanded.

3.4 SAMPLING METHODOLOGY:

Survey Date: Daily

Platform: Thebaud

Type of Sample: Flare Plume Observations

Number of Samples/Station: Twice daily

Equipment: NSDOEL Smoke Chart

Sampling QA/QC Occasional simultaneous observations
by independent observer

3.5 ANALYSIS

a) Parameters Analyzed
Parameters Analysis Method

Matching shade of smoke from flare
with nearest shade on the chart

Flare plume colour

b) Analysis QA/QC: Occasional simultaneous observations by independent
observer
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3.6 RESULTS’

Table 3-1: Flare Plume Observations

Month Total No. | No. of Obscured" Flare Plume Shade
of Obs. Obs. Clear | #1 | #2 Comments

January 55 4 15 36 N/A

February 18 3 9 6 N/A | Period of observations
- Feb 10-19

March 62 8 18 34 N/A | No flare for 3 days due
shutdown

April 59 11 23 23 2

May N/A N/A N/A N/A | N/A | No observations
reported for month

June 54 24 10 16 1

July 55 19 14 17 N/A | Flare extinguished for
3 obs. periods; Plant
shut in for one day

August 55 5 17 28 4

September | 34 3 28 3 N/A

October 61 2 45 N/A | N/A | Plant shutdown for 7
days

November | 57 N/A 55 N/A | N/A | Plant shutdown for 1
days

December | 61 N/A 51 2 N/A | Plant shutdown for 4
days

3.7 SUMMARY AND CONCLUSIONS

There appears to be recent air quality data available from EC for the Sable Air
Quality Monitoring Station. This data will be incorporated in the scope of the 2008

program.

Most observations from the Thebaud platform were that the flare plume was typically
either clear or very light gray (#1 or #2 on NSDOEL Smoke Chart: Attachment 3-3).
There appeared to be a general improvement in flare plume colour towards the latter

half of the year.

° For detailed results refer to Attachment 3-2.

' Due to fog, rain, snow, etc.

Page 3-3




2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 3 — Air Quality

Attachment 3-1 EC poster presented at the Sustainability and Environmental Research Symposium.

Air Quality in the Tail-pipe of North America — Sable Island Perspective
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DATE
JAN 01-2007
JAN 01-2007
JAN 02-2007
JAN 02-2007
JAN 03-2007
JAN 03-2007
JAN 04-2007
JAN 04-2007
JAN 05-2007
JAN 05-2007
JAN 06-2007
JAN 06-2007
JAN 07-2007
JAN 07-2007
JAN 08-2007
JAN 08-2007
JAN 09-2007
JAN 09-2007
JAN 10-2007
JAN 10-2007
JAN 11-2007
JAN 11-2007
JAN 12-2007
JAN 12-2007
JAN 13-2007
JAN 13-2007
JAN 14-2007
JAN 14-2007
JAN 15-2007
JAN 15-2007
JAN 17-2007
JAN 18-2007
JAN 18-2007
JAN 19-2007
JAN 19-2007

JAN 20-2007

JAN 20-2007
JAN 21-2007

JAN 21-2007
JAN 22-2007
JAN 22-2007
JAN 23-2007
JAN 23-2007

JAN 24-2007

JAN 24-2007

Attachment 3-2 Thebaud Flare Plume Observations

TIME
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1800 HRS
1300 HRS
1600 HRS
1200 HRS
1700 HRS
1300 HRS
1700 HRS
1300 HRS
1700 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1700 HRS
1200 HRS
1700 HRS
1200 HRS
1700 HRS

1200 HRS

1700 HRS
1300 HRS

1700 HRS
1100 HRS
1700 HRS
1100 HRS
1700 HRS

1100 HRS

1900 HRS

PLUME COLOR

CLEAR

CLEAR

CLEAR

#1 FROM SMOKE CHART
CLEAR

CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
OBSCURED IN FOG
OBSCURED IN FOG
CLEAR

CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

CLEAR

CLEAR
#1 FROM SMOKE CHART

CLEAR
CLEAR
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

#1 FROM SMOKE CHART

CLEAR

SIZE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
N/A
N/A
N/A
N/A
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL

COMMENTS
MODERATE N WINDS
MODERATE N WINDS
STRONG SSE WINDS
STRONG SSE WINDS
GALE FORCE WEST WIND
GALE FORCE WEST WIND
MODERATE SSW WINDS
MODERATE WEST WINDS
MODERATE SW WINDS
MODERATE SW WINDS
LOW CEILING IN FOG AND RAIN
LOW CEILING IN FOG AND RAIN
GALE FORCE WEST WIND
GALE FORCE WEST WIND
LIGHT SW WINDS
MODERATE SOUTH WINDS
MODERATE N WINDS
MODERATE N WINDS
LIGHT W WINDS
LIGHT W WINDS
MODERATE WEST WINDS
MODERATE WEST WINDS
MODERATE WEST WINDS
MODERATE WEST WINDS
STRONG SW WINDS
STRONG SW WINDS
LIGHT E WINDS
LIGHT E WINDS
GALE FORCE WEST WIND
GALE FORCE WEST WIND
GALE FORCE NW WIND
STRONG NORTH WEST WIND
STRONG WEST WIND
MODERATE SOUTH WINDS

LIGHT SOUTH WINDS
GALE FORCE WESTERLY
WINDS

GALE FORCE WESTERLY
WINDS

STRONG NW WINDS
STRONG TO GALE FORCE NW
WINDS

GALE FORCE NW WINDS
GALE FORCE NW WINDS
LIGHT NE WINDS

LIGHT / MODERATE
MODERATE / STRONG N'LY
WINDS

STRONG / GALE FORCE NW
WINDS
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JAN 25-2007
JAN 25-2007
JAN 26-2007

JAN 26-2007
JAN 27-2007
JAN 27-2007
JAN 28-2007
JAN 28-2007

JAN 29-2007
JAN 29-2007

DATE
FEB 10-2007

FEB 10-2007
FEB 11-2007
FEB 11-2007
FEB 12-2007
FEB 12-2007
FEB 13-2007
FEB 13-2007
FEB 14-2007
FEB 14-2007

FEB 15-2007

FEB 15-2007

FEB 16-2007

FEB 16-2007

FEB 18-2007

FEB 18-2007
FEB 19-2007

FEB 19-2007

DATE
MAR 01-2007
MAR 01-2007
MAR 02-2007
MAR 02-2007
MAR 03-2007
MAR 03-2007
MAR 04-2007
MAR 04-2007
MAR 05-2007
MAR 05-2007
MAR 06-2007

MAR 06-2007
MAR 07-2007

1200 HRS
2000 HRS
1100 HRS

1900 HRS
1100 HRS
1400 HRS
1100 HRS
2100 HRS

1100 HRS
1600 HRS

TIME
1400 HRS

2000 HRS
1300 HRS
1900 HRS
1200 HRS
1600 HRS
1100 HRS
1600 HRS
1100 HRS
1800 HRS

1200 HRS
1900 HRS
1300 HRS
1900 HRS
1300 HRS

1900 HRS
1300 HRS

1800 HRS

TIME
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1600 HRS

1900 HRS
1100 HRS

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

OBSCURED IN SNOW
OBSCURED IN SNOW
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

PLUME COLOR
NO 1 FR. SMOKE CHART

CLEAR

CLEAR

NO 1 FR. SMOKE CHART
NO 1 FR. SMOKE CHART
OBSCURED IN SNOW
CLEAR

CLEAR

NO1 FROM SMOKE CHART

CLEAR
OBSCURED IN FOG AND
RAIN

CLEAR
CLEAR

CLEAR
NO 1 FR. THE SMOKE
CHART
NO 1 FR. THE SMOKE
CHART

CLKEAR

OBSCURED

PLUME COLOR

#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

CLEAR
CLEAR

NORMAL
NORMAL
NORMAL

N/A

NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL

SIZE
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
N/A

NORMAL
NORMAL
NORMAL
NORMAL

OBSCURED
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL

OBSCURED

SIZE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL

MODERATE WNW WINDS
LIGHT WESTERLY WINDS

STRONG NE WINDS
GALE / STORM FORCE NE
WINDS

STORM FORCE NW
STORM FORCE NNW WINDS
STRONG WESTERLY WINDS

LIGHT NW WINDS
STRONG NE WINDS, LIGHT
SNOW

GALE FORCE NE WINDS

COMMENTS

STRONG NW WINDS
MODERATE TO STRONG NW
WINDS

STRONG NW WINDS
STRONG NW WINDS
MODERATE WEST WINDS
STRONG WSW WINDS
GALE FORCE NW WINDS
GALE FORCE NW WINDS
LIGHT VRBL WINDS

MODERATE SE WINDS
GALE TO STORM FORCE
SOUTHERLY WINDS
GALE TO STORM FORCE
SOUTHERLY WINDS
GALE FORCE WESTERLY
WINDS

GALE FORCE WESTERLY
WINDS

LIGHT WESTERLY WINDS

LIGHT SOUTHERLY WINDS

MODERATE EASTERLY WINDS
STRONG NE WINDS AND
MODERATE SNOW

COMMENTS
MODERATE SE WINDS
MODERATE SE WINDS
MODERATE W WINDS
MODERATE W WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE W WINDS
MODERATE W WINDS
MODERATE SW WINDS
MODERATE SW WINDS

SW 30 TO 40 KNOTS

SW 35 TO 45 KNOTS - SNOW
SHOWERS REDUCED
VISIBILITY

NW 35 TO 42 KNOTS - SNOW
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MAR 07-2007
MAR 08-2007
MAR 08-2007
MAR 09-2007

MAR 09-2007
MAR 10-2007
MAR 10-2007
MAR 11-2007

MAR 11-2007

MAR 12-2007
MAR 12-2007
MAR 13-2007
MAR 13-2007

MAR 14-2007

MAR 14-2007
MAR 15-2007
MAR 15-2007

MAR 16-2007
MAR 16-2007

MAR 17-2007

MAR 17-2007

MAR 18-2007
MAR 18-2007
MAR 19-2007

MAR 19-2007
MAR 20-2007
MAR 20-2007
MAR 21-2007
MAR 21-2007
MAR 22-2007
MAR 22-2007
MAR 23-2007
MAR 23-2007
MAR 24-2007
MAR 24-2007
MAR 25-2007
MAR 25-2007
MAR 26-2007
MAR 26-2007
MAR 27-2007
MAR 27-2007
MAR 28-2007
MAR 28-2007
MAR 29-2007

2000 HRS
1100 HRS
2000 HRS
1200 HRS

1600 HRS
1200 HRS
1800 HRS
1200 HRS

1900 HRS

1200 HRS
1800 HRS
1200 HRS
1800 HRS

1200 HRS

1900 HRS
1200 HRS
1800 HRS

1300 HRS
1700 HRS

1200 HRS
1600 HRS

1200 HRS
1700 HRS
1100 HRS

1700 HRS
1200 HRS
1900 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS

OSSCURED IN SNOW
NO 1 FR. SMOKE CHART
NO 1 FR. SMOKE CHART
CLEAR

CLEAR
NO 1 FR. SMOKE CHART
CLEAR
NO 1 FR. SMOKE CHART

OBSCURED

NO 1 FR SMOKE CHART
CLEAR
NO 1 FR SMOKE CHART
CLEAR

CLEAR

CLEAR
CLEAR
NO 1 FR SMOKE CHART

NO 1 FR SMOKE CHART
CLEAR

OBSCURED
OBSCURED

CLEAR
NO 1 FR SMOKE CHART
CLEAR

CLEAR

NO 1 FR SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG

#1 FROM SMOKE CHART

OBSCURED
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL

OBSCURED

NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL
NORMAL
NORMAL

NORMAL
NORMAL

OBSCURED
OBSCURED

NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NA

NA

NA

NA

NORMAL

SHOWERS REDUCED
VISIBILITY

MODERATE TO HEAVY SNOW
REDUCED VISIBILITY

LIGHT NW WIND
LIGHT NW WIND

STRONG NW WINDS
STRONG NW WINDS
MODERATE SNOW SHOWERS

MODERATE WESTERLY WINDS
MODERATE SW WINDS

STRONG SOUTHERLY WINDS
DENSE FOG VISIBILITY
REDUCED

STRONG TO GALE FORCE NW
WINDS

STRONG NW WINDS
MODERATE SSW WINDS

LIGHT WSW WINDS
MODERATE TO STRONG
SOUTH WINDS

STRONG TO GALE FORCE SSW
WINDS

STRONG SSW WINDS

STRONG SSW WINDS
STRONG SSE WINDS, RAIN AND
FOG

STRONG SSE WINDS
STRONG SSE WINDS, DENSE
FOG

STRONG SSE WINDS, DENSE
FOG

GALE FORCE SE WINDS AND
MIST

LIGHT WEST WINDS

GALE FORCE WSW WINDS
STRONG TO GALE FORCE WSW
WINDS

MODERATE SOUTH WINDS
GALE FORCE SOUTH WINDS
GALE FORCE NW WINDS
GALE FORCE NW WINDS
GALE FORCE NW WINDS
GALE FORCE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE NW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
GALE FORCE NW WINDS
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MAR 29-2007
MAR 30-2007
MAR 30-2007
MAR 31-2007
MAR 31-2007

DATE
APR1-2007
APR1-2007
APR2-2007
APR2-2007
APR 3-2007
APR 3-2007
APR 4-2007
APR 4-2007
APR 5-2007
APR 5-2007
APR 6-2007
APR 6-2007
APR 7-2007
APR 7-2007

APR 8-2007

APR 8-2007
APR 9-2007

APR 9-2007

APR 10-2007
APR 10-2007
APR 11-2007
APR 11-2007
APR 12-2007
APR 12-2007
APR 13-2007

APR 13-2007
APR 14-2007
APR 14-2007
APR 15-2007
APR 15-2007
APR 16-2007
APR 16-2007
APR 17-2007
APR 17-2007

APR 18-2007

APR 18-2007

APR 19-2007

APR 19-2007
APR 20-2007
APR 20-2007

1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS

TIME
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1500 HRS
1700 HRS
1100 HRS
1700 HRS
1100 HRS
1700 HRS
1200 HRS
1700 HRS
1200 HRS
1700 HRS

1100 HRS

1700 HRS
1100 HRS

1700 HRS
1100 HRS
1700 HRS
1200 HRS
1800 HRS
1100 HRS
1800 HRS
1200 HRS

1800 HRS
1200 HRS
1400 HRS
1100 HRS
2100 HRS
1100 HRS
1700 HRS
1200 HRS
1700 HRS

1200 HRS
1600 HRS
1200 HRS

1600 HRS
1200 HRS
1600 HRS

N FLARE PSD
N FLARE PSD
N FLARE PSD
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

PLUME COLOR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

#2 FROM SMOKE CHART
#2 FROM SMOKE CHART
OBSCURED

OBSCURED

#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
CLEAR

CLEAR

CLEAR
CLEAR

CLEAR
#1 FROM SMOKE CHART
CLEAR
CLEAR
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR
CLEAR

OBSCURED IN FOG

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

OBSCURED

OBSCURED

OBSCURED
OBSCURED
CLEAR

CLEAR
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

NORMAL
NORMAL

SIZE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
OBSCURED
IN FOG

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED

OBSCURED
OBSCURED
NORMAL

NORMAL
NORMAL
NORMAL

GALE FORCE NW WINDS
GALE FORCE NW WINDS

COMMENTS
STRONG NW WINDS
STRONG NW WINDS
LIGHT N WINDS
LIGHT N WINDS
MODERATE EASTERLY WINDS
MODERATE EASTERLY WINDS
MODERATE NNW WINDS
MODERATE NNW WINDS
DENSE FOG
DENSE FOG
MODERATE WSW WINDS
MODERARE WSW WINDS
LIGHT SSW WINDS

LIGHT EASTERLY WINDS
GALE / STORM FORCE SW
WINDS

GALE / STORM FORCE SW
WINDS

STRONG SSW WINDS
STRONG / GALE FORCE SSW
WINDS

LIGHT WNW WINDS
LIGHT WNW WINDS
LIGHT NW WINDS
LIGHT NW WINDS
LIGHT NW WINDS
LIGHT NNW WINDS
STRONG SE WINDS

FOG AND MIST

LIGHT SOUTH WIND
LIGHT SOUTH WIND
LIGHT NORTH WIND
MODERATE ENE WIND
MODERATE EAST WIND
MODERATE EAST WIND
GALE FORCE EAST WIND

GALE FORCE EAST WIND
GALE FORCE NORTH EAST
WIND

GALE FORCE NORTH EAST
WIND

GALE FORCE NORTH EAST
WIND

GALE FORCE NORTH EAST
WIND

MODERATE ENE WIND
MODERATE EAST WIND
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APR 21-2007
APR 21-2007
APR 22-2007
APR 22-2007
APR 23-2007
APR 23-2007
APR 24-2007
APR 24-2007
APR 25-2007
APR 25-2007
APR 26-2007
APR 26-2007
APR 27-2007
APR 27-2007
APR 28-2007
APR 28-2007
APR 29-2007
APR 29-2007
APR 30-2007

DATE
JUN 01-07
JUN 01-07

JUN 02-07
JUN 02-07
JUN 03-07
JUN 03-07
JUN 04-07

JUN 04-07

JUN 05-07

JUN 05-07

JUN 06-07

JUN 06-07
JUN 07-07
JUN 07-07

JUN 08-07

JUN 08-07

JUN 09-07
JUN 09-07

JUN 10-07

JUN 10-07

JUN 11-07

JUN 11-07

JUN 15-07

1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS

TIME
1100 HRS
1600 HRS

0900 HRS
1700 HRS
1000 HRS
1800 HRS
1000 HRS

1700 HRS
0900 HRS
1700 HRS
1100 HRS

1600 HRS
1200 HRS
1700 HRS

1100 HRS
1900 HRS

1100 HRS
1600 HRS

1000 HRS
1600 HRS
1100 HRS
1700 HRS

1200 HRS

CLEAR

CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
#1 FROM SMOKE CHART
CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

CLEAR

OBSCURED

OBSCURED

OBSCURED

OBSCURED

#1 FROM SMOKE CHART

PLUME COLOR
#1 FROM SMOKE CHART
CLEAR

OBSCURED IN FOG

#1 FROM SMOKE CHART
CLEAR

CLEAR

#1 FROM SMOKE CHART

CLEAR

OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG

OBSCURED IN FOG
#1 FROM SMOKE CHART
CLEAR

#1 FROM SMOKE CHART
#1 FROM SMOKE CHART

OBSCURED IN FOG
CLEAR

OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED
OBSCURED
OBSCURED
SMALL

SIZE
NORMAL

NORMAL
OBSCURED
IN FOG

NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
OBSCURED
IN FOG
OBSCURED
IN FOG
OBSCURED
IN FOG
OBSCURED
IN FOG

NORMAL
NORMAL

NORMAL

NORMAL
OBSCURED
IN FOG

NORMAL
OBSCURED
IN FOG
OBSCURED
IN FOG
OBSCURED
IN FOG
OBSCURED
IN FOG
OBSCURED
IN FOG

MODERATE ENE WIND
MODERATE EAST WIND
MODERATE ENE WIND
MODERATE EAST WIND
MODERATE ENE WIND
MODERATE EAST WIND
MODERATE ENE WIND
MODERATE EAST WIND
MODERATE SW WIND
MODERATE SW WIND
MODERATE W WIND
MODERATE W WIND
LIGHT SE WIND
MODERATE W WIND
MODERATE SW WIND
MODERATE SW WIND
MODERATE SW WIND
MODERATE SW WIND
LIGHT VARIABLE WINDS

COMMENTS
LIGHT WINDS
LIGHT WINDS

LIGHT NW WINDS

LIGHT EASTERLY WINDS
MODERATE EASTERLY WINDS
MODERATE SE WINDS

MODERATE EASTERLY WINDS
MODERATE TO STRONG SE
WINDS

STRONG SE WINDS
MODERATE TO STRONG SSW
WINDS

MODERATE TO STRONG SSW
WINDS

MODERATE TO STRONG SSW
WINDS

MODERATE WSW WINDS

MODERATE WSW WINDS
LIGHT / MODERATE
NORTHERLY WINDS
LIGHT / MODERATE
NORTHERLY WINDS

LIGHT EASTERLY WINDS
LIGHT EASTERLY WINDS
DENSE FOG MOD./ STRONG
EASTERLY WINDS

MOD / STRONG EASTERLY
WINDS

MODERATE SE WINDS
MODERATE SE WINDS

MODERATE SE WINDS
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OBSCURED
JUN 15-07 1600 HRS OBSCURED IN FOG IN FOG MODERATE SE WINDS
OBSCURED
JUN 16-07 1200 HRS OBSCURED IN FOG IN FOG MODERATE SE WINDS
OBSCURED
JUN 16-07 1600 HRS OBSCURED IN FOG IN FOG MODERATE SE WINDS
OBSCURED
JUN 17-07 1200 HRS OBSCURED IN FOG IN FOG MODERATE WSW WINDS
OBSCURED
JUN 17-07 1600 HRS OBSCURED IN FOG IN FOG MODERATE WSW WINDS
OBSCURED
JUN 18-07 1200 HRS OBSCURED IN FOG IN FOG MODERATE WSW WINDS
OBSCURED
JUN 18-07 1600 HRS OBSCURED IN FOG IN FOG MODERATE NW WINDS
JUN 19-07 1200 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE NW WINDS
JUN 19-07 1600 HRS CLEAR NORMAL MODERATE NW WINDS
JUN 20-07 1200 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE NW WINDS
JUN 20-07 1700 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE NW WINDS
JUN 21-07 1200 HRS PLANT SHUT IN MODERATE SE WINDS
JUN 21-07 1700 HRS PLANT SHUT IN MODERATE SE WINDS
OBSCURED
JUN 22-07 1200 HRS OBSCURED IN FOG IN FOG MODERATE WSW WINDS
OBSCURED
JUN 22-07 1600 HRS OBSCURED IN FOG IN FOG MODERATE SW WINDS
JUN 23-07 1200 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE WSW WINDS
JUN 23-07 1600 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE SW WINDS
JUN 24-07 1200 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE WSW WINDS
JUN 24-07 1600 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE SW WINDS
JUN 25-07 1200 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE WSW WINDS
JUN 25-07 1600 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE SW WINDS
JUN 26-07 1400 HRS CLEAR NORMAL MODERATE SW WINDS
JUN 26-07 1700 HRS CLEAR NORMAL MODERATE SW WINDS
OBSCURED
JUN 27-07 1100 HRS OBSCURED IN FOG IN FOG MODERATE WNW WINDS
MODERATE TO STRONG WNW
JUN 27-07 1700 HRS CLEAR NORMAL WINDS
OBSCURED  MODERATE SOUTHERLY
JUN 28-07 1100 HRS OBSCURED IN FOG IN FOG WINDS
OBSCURED
JUN 28-07 1700 HRS OBSCURED IN FOG IN FOG STRONG SSW WINDS
JUN 29-07 1100 HRS FLARE IS NOT LIT NOT LIT MOODERATE WSW WINDS
OBSCURED  LIGHT TO MODERATE
JUN 29-07 1700 HRS OBSCURED IN FOG IN FOG WESTERLY WINDS
JUN 30-07 1100 HRS #1 FROM SMOKE CHART ~ NORMAL MODERATE WSW WINDS
JUN 30-07 1700 HRS #2 FROM SMOKE CHART ~ NORMAL MODERATE WSW WINDS
DATE TIME PLUME COLOR SIZE COMMENTS
JUL 01-07 1100 HRS CLEAR NORMAL LIGHT WSW WINDS
JUL 01-07 1800 HRS CLEAR NORMAL LIGHT WSW WINDS
JUL 02-07 1100 HRS CLEAR NORMAL LIGHT WESTERLY WINDS
JUL 02-07 1800 HRS CLEAR NORMAL LIGHT WESTERLY WINDS
JUL 03-07 1100 HRS OBSCURED IN FOG OBSCURED  LIGHT SE WINDS
JUL 03-07 1700 HRS NO1 FROM SMOKE CHART ~ NORMAL LIGHT EASTERLY WINDS
JUL 04-07 1100 HRS CLEAR NORMAL LIGHT SW WINDS
JUL 04-07 1900 HRS CLEAR NORMAL MODERATE SW WINDS
MODERATE SOUTHERLY
JUL 05-07 1100HRS ~ NO 1 FROM SMOKE CHART ~ NORMAL WINDS
MODERATE SOUTHERLY
JUL 05-07 1800 HRS NO 1 FROM SMOKE CHART ~ NORMAL WINDS
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JUL 06-07 1000 HRS
JUL 06-07 1500 HRS
JUL 07-07 1100 HRS
JUL 07-07 1800 HRS
JUL 08-07 1000 HRS
JUL 08-07 1600 HRS
JUL 09-07 1100 HRS
JUL 09-07 1800 HRS
JUL 11-07 1000 HRS
JUL 11-07 1600 HRS
JUL 12-07 1000 HRS
JUL 12-07 1800 HRS
JUL 13-07 0800 HRS
JUL 14-07 1000 HRS
JUL 14-07 1700 HRS
JUL 15-07 1000 HRS
JUL 15-07 1700 HRS
JUL 16-07 1000 HRS
JUL 16-07 1700 HRS
JUL 17-07 1000 HRS
JUL 17-07 1700 HRS
JUL 18-07 1000 HRS
JUL 18-07 1700 HRS
JUL 19-07 1000 HRS
JUL 19-07 1700 HRS
JUL 20-07 1000 HRS
JUL 20-07 1700 HRS
JUL 21-07 1000 HRS
JUL 21-07 1700 HRS
JUL 22-07 1000 HRS
JUL 22-07 1700 HRS
JUL 25-07 1500 HRS
JUL 25-07 1700 HRS
JUL 26-07 1100 HRS
JUL 26-07 1800 HRS
JUL 27-07 1000 HRS
JUL 27-07 1900 HRS
JUL 28-07 1000 HRS
JUL 28-07 1900 HRS
JUL 29-07 1000 HRS
JUL 29-07 1600 HRS
JUL 30-07 10000 HRS
JUL 30-07 1600 HRS
JUL 31-07 1000 HRS
JUL 31-07 1600 HRS

CLEAR

CLEAR

FLARE EXTINGUISHED
FLARE EXTINGUISHED
FLARE EXTINGUISHED
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
PLANT SHUT IN

PLANT SHUT IN

NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
OBSCURED IN FOG
OBSCURED IN FOG

NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG
OBSCURED IN FOG

NO1 FROM SMOKE CHART
NO1 FROM SMOKE CHART
CLEAR

NO 1 FROM SMOKE CHART
CLEAR

CLEAR

OBSCURED IN FOG
OBSCURED IN FOG

OBSCURED IN FOG

CLEAR
OBSCURED IN FOG
OBSCURED IN FOG
CLEAR
CLEAR

NORMAL
NORMAL
NO FLARE
NO FLARE
NO FLARE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED
OBSCURED
OBSCURED
OBSCURED
OBSCURED
OBSCURED
NO FLARE
NO FLARE
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED
NORMAL
NORMAL
OBSCURED
OBSCURED
OBSCURED
OBSCURED
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

OBSCURED
OBSCURED

OBSCURED

NORMAL
OBSCURED
OBSCURED
NORMAL
NORMAL

STRONG SOUTHERLY WINDS
STRONG SOUTH WEST WINDS
LOW VIS IN FOG

LOW VIS IN FOG

MODERATE WSW WINDS
MODERATE SSW WINDS
LIGHT NW WINDS

LIGHT AIR, VARIABLE WIND
LIGHT AIR, VARIABLE WIND
LIGHT AIR, VARIABLE WIND
STRONG SOUTHERLY WINDS
STRONG SOUTH WEST WINDS
STRONG SOUTH WEST WINDS
LIGHT SW WINDS

LIGHT SW WINDS

LIGHT SW WINDS

LIGHT SW WINDS

LIGHT SW WINDS

LIGHT SW WINDS

MODERATE SSW WINDS
LIGHT NW WINDS

MODERATE SSW WINDS
STRONG SOUTH WEST WINDS
STRONG SOUTH WEST WINDS
STRONG SOUTH WEST WINDS
MODERATE SSW WINDS
LIGHT NW WINDS

STRONG SOUTH WINDS
STRONG SOUTH WINDS
STRONG SOUTH WINDS
STRONG SOUTH WINDS
MODERATE SW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
MODERATE WESTERLY WINDS
LIGHT WESTERLY WINDS

LIGHT SOUTH WEST WINDS
MODERATE SOUTH WEST
WINDS

LIGHT SOUTH WEST WINDS
LIGHT SOUTH SOUTH WEST
WINDS

MODERATE SOUTH
SOUTHWEST WINDS

MODERATE SW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
MODERATE SW WINDS
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DATE TIME PLUME COLOR SIZE COMMENTS

LIGHT TO MODERATE NW
AUG 01-07 1000 HRS OBSCURED IN FOG NORMAL WINDS
AUG 01-07 1600 HRS NO 1 FROM SMOKE CHART NORMAL LIGHT NW WINDS
AUG 02-07 1000 HRS OBSCURED IN FOG OBSCURED LIGHT NE WINDS, DENSE FOG
AUG 02-07 1600 HRS CLEAR NORMAL LIGHT NE WINDS, DENSE FOG
AUG 03-07 1000 HRS NO 2 FROM SMOKE CHART NORMAL LIGHT SOUTHERLY WIND

MODERATE SOUTHERLY
AUG 03-07 1500 HRS NO 1 FROM SMOKE CHART NORMAL WINDS

MODERATE SOUTHERLY
AUG 04-07 1000 HRS CLEAR NORMAL WINDS

MODERATE SOUTHERLY
AUG 04-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS
AUG 05-07 1000 HRS CLEAR NORMAL LIGHT SOUTHWEST WINDS
AUG 05-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL LIGHT SOUTHWEST WINDS
AUG 06-07 1100 HRS NO1 FROM SMOKE CHART = NORMAL LIGHT NORTHERLY WINDS

VERY LIGHT NORTHEAST
AUG 06-07 1700 HRS NO1 FROM SMOKE CHART = NORMAL WINDS
AUG 07-07 1100 HRS NO1 FROM SMOKE CHART = NORMAL STRONG SOUTHERLY WINDS
AUG 08-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL STRONG SOUTHERLY WINDS
AUG 08-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL STRONG SOUTHERLY WINDS
AUG 09-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL STRONG SE WINDS
AUG 09-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL GALE FORCE NW WINDS

MODERATE SOUTHERLY
AUG 10-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 10-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 11-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 11-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 12-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 12-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 13-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 13-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 14-07 1000 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 14-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 15-07 1000 HRS NO1 FROM SMOKE CHART  NORMAL WINDS

MODERATE SOUTHERLY
AUG 15-07 1600 HRS NO1 FROM SMOKE CHART = NORMAL WINDS

MODERATE SOUTHERLY
AUG 16-07 1000 HRS CLEAR NORMAL WINDS

MODERATE SOUTHERLY
AUG 16-07 1600 HRS CLEAR NORMAL WINDS
AUG 17-07 1000 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 17-07 1600 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 18-07 1000 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 18-07 1600 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 19-07 1000 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 19-07 1600 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 20-07 1000 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 20-07 1600 HRS CLEAR NORMAL MODERATE SW WINDS
AUG 21-07 1700 HRS NO1 FROM SMOKE CHART = NORMAL LIGHT EASTERLY WINDS
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AUG 21-07 1900 HRS NO1 FROM SMOKE CHART ~ NORMAL LIGHT EASTERLY WINDS
AUG 22-07 1100 HRS NO1 FROM SMOKE CHART ~ NORMAL LIGHT SOUTHWEST WINDS
AUG 22-07 1900 HRS NO 1 FROM SMOKE CHART ~ NORMAL LIGHT NW WINDS
AUG 23-07 1100 HRS NO1 FROM SMOKE CHART ~ NORMAL LIGHT NORTHERLY WINDS
AUG 23-07 1900 HRS NO2 FROM SMOKE CHART ~ NORMAL LIGHT NE WINDS
MODERATE SOUTHERLY
AUG 24-07 1200 HRS CLEAR NORMAL WINDS
MODERATE TO STRONG
AUG 24-07 1800 HRS CLEAR NORMAL SOUTHERLY WINDS
GALE FORCE SOUTHERLY
AUG 25-07 1200 HRS CLEAR NORMAL WINDS
AUG 25-07 1800 HRS OBSCURED IN FOG OBSCURED ~ STRONG SOUTHWEST WINDS
AUG 26-07 1200 HRS OBSCURED IN FOG OBSCURED  LIGHT SOUTHWEST WINDS
AUG 26-07 1800 HRS OBSCURED IN FOG OBSCURED  LIGHT SOUTHWEST WINDS
AUG 27-07 1100 HRS CLEAR NORMAL LIGHT NORTHWEST WINDS
MODERATE NORTHWEST
AUG 27-07 1800 HRS NO 1 FROM SMOKE CHART ~ NORMAL WINDS
AUG 28-07 1100 HRS NO 2 FROM SMOKE CHART ~ NORMAL LIGHT VARIABLE WINDS
VERY LIGHT WINDS, SMOKE
AUG 28-07 1700 HRS NO 2 FROM SMOKE CHART ~ NORMAL NEARLY VERTICAL
DATE TIME PLUME COLOR SIZE COMMENTS
MODERATE SOUTHERLY
SEP 05-07 1000 HRS CLEAR NORMAL WINDS
MODERATE SOUTHERLY
SEP 05-07 1700 HRS CLEAR NORMAL WINDS
SEP 06-07 1000 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 06-07 1700 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 07-07 1000 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 07-07 1700 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 08-07 1000 HRS OBSCURED IN FOG OBSCURED  VERY LIGHT WINDS
SEP 08-07 1000 HRS OBSCURED IN FOG OBSCURED  VERY LIGHT WINDS
SEP 09-07 1000 HRS CLEAR OBSCURED  MODERATE N WINDS
SEP 09-07 1700 HRS CLEAR OBSCURED  MODERATE N WINDS
SEP 10-07 1000 HRS CLEAR OBSCURED  VERY LIGHT WINDS
SEP 10-07 1700 HRS CLEAR OBSCURED  VERY LIGHT WINDS
SEP 11-07 1000 HRS CLEAR NORMAL STRONG SOUTHERLY WINDS
SEP 11-07 1700 HRS CLEAR NORMAL STRONG SOUTHERLY WINDS
SEP 21-07 1700 HRS NO 1 FROM SMOKE CHART ~ NORMAL LIGHT EASTERLY WINDS
SEP 21-07 2000 HRS CLEAR NORMAL LIGHT SOUTH EAST WINDS
LIGHT TO MODERATE SE
SEP 2207 1000 HRS CLEAR NORMAL WINDS
LIGHT TO MODERATE SE
SEP 2207 1900 HRS CLEAR NORMAL WINDS
LIGHT TO MODERATE SE
SEP 23-07 1000 HRS CLEAR NORMAL WINDS
LIGHT TO MODERATE SW
SEP 23-07 1700 HRS NO 1 FROM SMOKE CHART ~ NORMAL WINDS
MODERATE TO STRONG NW
SEP 24-07 1000 HRS CLEAR NORMAL WINDS
MODERATE TO STRONG NW
SEP 24-07 1900 HRS CLEAR NORMAL WINDS
SEP 25-07 1000 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 25-07 1500 HRS CLEAR NORMAL MODERATE NW WINDS
SEP 26-07 1000 HRS CLEAR NORMAL STRONG WSW WINDS
SEP 26-07 1100 HRS CLEAR NORMAL STRONG WSW WINDS
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SEP 27-06
SEP 27-07
SEP 28-07
SEP 28-07
SEP 29-07
SEP 29-07
SEP 30-07
SEP 30-07

DATE
OCT 01-07
OCT 02-07
OCT 02-07
OCT 03-07
OCT 03-07
OCT 04-07
OCT 04-07
OCT 05-07
OCT 05-07
OCT 06-07
OCT 06-07
OCT 07-07
OCT 07-07
OCT 08-07
OCT 08-07
OCT 09-07
OCT 09-07
OCT 10-07
OCT 10-07
OCT 11-07
OCT 11-07
OCT 12-07
OCT 12-07
OCT 13-07
OCT 13-07
OCT 14-07
OCT 14-07
OCT 15-07
OCT 15-07
OCT 16-07
OCT 16-07
OCT 17-07
OCT 17-07
OCT 18-07
OCT 18-07
OCT 19-07
OCT 19-07
OCT 20-07
OCT 20-07
OCT 21-07
OCT 21-07
OCT 22-07
OCT 22-07
OCT 23-07

1000 HRS
1700 HRS
1000 HRS
1300 HRS
1000 HRS
1700 HRS
1100 HRS
1700 HRS

TIME
1100 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS

CLEAR

NO 1 FROM SMOKE CHART

CLEAR
CLEAR
OBSCURED IN FOG
CLEAR
CLEAR
CLEAR

PLUME COLOR

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
OBSCURED IN FOG
OBSCURED IN FOG
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
NORMAL
NORMAL
NORMAL

SIZE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
OBSCURED
OBSCURED
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NO FLARE PLANT SHUT DOWN
NO FLARE PLANT SHUT DOWN
NO FLARE PLANT SHUT DOWN
NO FLARE PLANT SHUT DOWN
NO FLARE PLANT SHUT DOWN

MODERATE WSW WINDS

LIGHT NE WINDS

MODERATE SOUTH WINDS

STRONG SSE WINDS
LIGHT SW WINDS

MODERATE NW WINDS

STRONG NW WINDS

MODERATE NW WINDS

COMMENTS

LIGHT NW WINDS
LIGHT W WINDS
LIGHT W WINDS
LIGHT W WINDS
LIGHT W WINDS

SW WINDS

SW WINDS
MODERATE W WINDS
MODERATE W WINDS
MODERATE W WINDS
MODERATE W WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
STRONG NW WINDS
MODERATE W WINDS
MODERATE W WINDS
SE WINDS

SE WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

SW WINDS

STRONG SSW WINDS
STRONG SSW WINDS
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OCT 23-07 1600 HRS NO FLARE PLANT SHUT DOWN

OCT 24-07 1200 HRS NO FLARE PLANT SHUT DOWN

OCT 24-07 1600 HRS NO FLARE PLANT SHUT DOWN

OCT 25-07 1200 HRS NO FLARE PLANT SHUT DOWN

OCT 25-07 1600 HRS NO FLARE PLANT SHUT DOWN

OCT 26-07 1200 HRS NO FLARE PLANT SHUT DOWN

OCT 26-07 1600 HRS NO FLARE PLANT SHUT DOWN

OCT 27-07 1200 HRS NO FLARE PLANT SHUT DOWN

OCT 27-07 1600 HRS NO FLARE PLANT SHUT DOWN

OCT 28-07 1200 HRS CLEAR NORMAL STRONG NW WINDS

OCT 28-07 1600 HRS CLEAR NORMAL STRONG NW WINDS

OCT 29-07 1200 HRS CLEAR NORMAL STRONG NW WINDS

OCT 29-07 1600 HRS CLEAR NORMAL STRONG NW WINDS

OCT 30-07 1200 HRS CLEAR NORMAL STRONG NW WINDS

OCT 30-07 1600 HRS CLEAR NORMAL STRONG NW WINDS

OCT 31-07 1200 HRS CLEAR NORMAL STRONG NW WINDS

OCT 31-07 1600 HRS CLEAR NORMAL STRONG NW WINDS

DATE TIME PLUME COLOR SIZE COMMENTS

NOV 01-07 1100 HRS CLEAR NORMAL LIGHT NW WINDS

NOV 02-07 1200 HRS CLEAR NORMAL LIGHT W WINDS

NOV 02-07 1600 HRS CLEAR NORMAL LIGHT W WINDS

NOV 03-07 1200 HRS CLEAR NORMAL LIGHT W WINDS

NOV 03-07 1600 HRS CLEAR NORMAL LIGHT W WINDS

NOV 04-07 1200 HRS CLEAR OBSCURED SW GALES

NOV 04-07 1600 HRS CLEAR OBSCURED SW GALES

NOV 05-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS

NOV 05-07 1600 HRS CLEAR NORMAL MODERATE NE WINDS

NOV 06-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS

NOV 06-07 1600 HRS CLEAR NORMAL MODERATE NE WINDS

NOV 07-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS

NOV 07-07 1600 HRS CLEAR NORMAL LIGHT N WINDS

NOV 08-07 1200 HRS CLEAR NORMAL LIGHT N WINDS

NOV 08-07 1600 HRS CLEAR NORMAL LIGHT N WINDS

NOV 09-07 1200 HRS CLEAR NORMAL MODERATE N WINDS

NOV 09-07 1600 HRS CLEAR NORMAL MODERATE N WINDS

NOV 10-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS
MODERATE 2 STRONG NE

NOV 10-07 1600 HRS CLEAR NORMAL WINDS

NOV 11-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS
MODERATE 2 STRONG NE

NOV 11-07 1600 HRS CLEAR NORMAL WINDS

NOV 12-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS
MODERATE 2 STRONG NE

NOV 12-07 1600 HRS CLEAR NORMAL WINDS

NOV 13-07 1200 HRS CLEAR NORMAL LIGHT N WINDS

NOV 13-07 1600 HRS CLEAR NORMAL LIGHT N WINDS

NOV 14-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS
MODERATE 2 STRONG NE

NOV 14-07 1600 HRS CLEAR NORMAL WINDS

NOV 15-07 1200 HRS CLEAR NORMAL LIGHT W WINDS

NOV 15-07 1600 HRS CLEAR NORMAL LIGHT W WINDS

NOV 16-07 1200 HRS CLEAR NORMAL MODERATE NE WINDS
MODERATE 2 STRONG NE

NOV 16-07 1600 HRS CLEAR NORMAL WINDS
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NOV 16-07 1200 HRS
NOV 17-07 1600 HRS
NOV 18-07 1200 HRS
NOV 18-07 1600 HRS
NOV 19-07 1200 HRS
NOV 19-07 1600 HRS
NOV 20-07 1200 HRS
NOV 20-07 1600 HRS
NOV 21-07 1200 HRS
NOV 22-07 1600 HRS
NOV 23-07 1200 HRS
NOV 23-07 1600 HRS
NOV 24-07 1200 HRS
NOV 24-07 1600 HRS
NOV 25-07 1200 HRS
NOV 25-07 1600 HRS
NOV 26-07 1200 HRS
NOV 26-07 1600 HRS
NOV 27-07 1200 HRS
NOV 27-07 1600 HRS
NOV 28-07 1200 HRS
NOV 28-07 1600 HRS
NOV 29-07 1200 HRS
NOV 29-07 1600 HRS
NOV 30-07 1200 HRS
NOV 30-07 1600 HRS

DATE TIME
DEC 01-07 1200 HRS
DEC 01-07 1600 HRS
DEC 02-07 1200 HRS
DEC 02-07 1600 HRS
DEC 03-07 1200 HRS
DEC 03-07 1600 HRS
DEC 04-07 1200 HRS
DEC 04-07 1600 HRS
DEC 05-07 1200 HRS
DEC 05-07 1600 HRS
DEC 06-07 1200 HRS
DEC 06-07 1600 HRS
DEC 07-07 1200 HRS
DEC 07-07 1600 HRS
DEC 08-07 1200 HRS
DEC 08-07 1600 HRS
DEC 09-07 1200 HRS
DEC 09-07 1600 HRS
DEC 10-07 1200 HRS
DEC 10-07 1600 HRS

CLEAR

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

CLEAR

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

PLUME COLOR

CLEAR
CLEAR
CLEAR
CLEAR

CLEAR
CLEAR
CLEAR

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL
OBSCURED
OBSCURED
OBSCURED
OBSCURED
NORMAL
NORMAL

SIZE

NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

MODERATE NE WINDS
MODERATE 2 STRONG NE
WINDS

LIGHT W WINDS
LIGHT W WINDS
MODERATE NE WINDS
MODERATE NE WINDS
MODERATE NE WINDS
MODERATE NE WINDS
LIGHT W WINDS
LIGHT W WINDS
LIGHT W WINDS
STRONG S WINDS
MODERATE N WINDS
MODERATE N WINDS
STRONG S WINDS

STRONG S WINDS
MODERATE 2 STRONG NE
WINDS

MODERATE 2 STRONG NE
WINDS

GALE FORCE S WINDS
GALE FORCE S WINDS
GALE FORCE NW WINDS
GALE FORCENW WINDS
STRONG SSE WINDS
STRONG SSE WINDS
PLANT SHUT IN

PLANT SHUT IN

COMMENTS

PLANT SHUT IN
PLANT SHUT IN

PLANT SHUT IN
PLANT SHUT IN

PLANT SHUT IN

PLANT SHUT IN

PLANT SHUT IN

PLANT SHUT IN
MODERATE WNW WINDS
MODERATE W WINDS
MODERATE WNW WINDS

MODERATE WNW WINDS
MODERATE 2 STRONG WNW
WINDS

MODERATE 2 STRONG WNW
WINDS

MODERATE 2 STRONG SSW
WINDS

MODERATE 2 STRONG SSW
WINDS

MODERATE NW WINDS
MODERATE NW WINDS
LIGHT WNW WINDS

LIGHT WNW WINDS
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DEC 11-07
DEC 11-07
DEC 12-07

DEC 12-07

DEC 13-07
DEC 13-07
DEC 14-07
DEC 14-07

DEC 14-07
DEC 14-07
DEC 15-07

DEC 15-07
DEC 16-07
DEC 16-07
DEC 18-07
DEC 18-07
DEC 19-07
DEC 19-07
DEC 20-07
DEC 20-07
DEC 21-07
DEC 21-07
DEC 22-07
DEC 22-07
DEC 23-07
DEC 23-07
DEC 24-07
DEC 24-07
DEC 25-07
DEC 25-07
DEC 26-07
DEC 26-07
DEC 27-07
DEC 27-07
DEC 28-07
DEC 28-07
DEC 29-07
DEC 29-07
DEC 30-07

DEC 30-07

DEC 31-07

1200 HRS
1600 HRS
1200 HRS

1600 HRS

1200 HRS
1600 HRS
1200 HRS
1600 HRS

1200 HRS
1600 HRS
1200 HRS

1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1600 HRS
1200 HRS
1700 HRS
1200 HRS

1700 HRS

1200 HRS

CLEAR
CLEAR
CLEAR

CLEAR

CLEAR
CLEAR
CLEAR
CLEAR

CLEAR
CLEAR
CLEAR

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
CLEAR
NO1 FROM CHART
CLEAR
CLEAR

CLEAR

NO1 FROM CHART

NORMAL
NORMAL
NORMAL

NORMAL

NORMAL
NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

NORMAL

LIGHT WNW WINDS
LIGHT WNW WINDS

LIGHT S WINDS
MODERATE 2 STRONG W
WINDS

MODERATE 2 STRONG W
WINDS

MODERATE NW WINDS
LIGHT NW WINDS

LIGHT NW WINDS
MODERATE 2 STRONG NW
WINDS

MODERATE 2 STRONG NW
WINDS

MODERATE 2 STRONG NW
WINDS

MODERATE 2 STRONG NW
WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS

LIGHT NNW WINDS
LIGHT E WINDS
STRONG SW WINDS
STRONG SW WINDS
LIGHT W WINDS

LIGHT W WINDS

LIGHT NNW WINDS
LIGHT NW WINDS
STRONG E WINDS
STRONG E WINDS
MODERATE NW WINDS
MODERATE NW WINDS
LIGHT NW WINDS
LIFGT SW WINDS
STRONG WESTERLY WINDS
MOD. TO STRONG WESTERLY
WINDS

VIS. REDUCED IN SNOW
SHOWERS
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Attachment 3-3 NSDEL Smoke Chart

Instructions for use

1. Hold cinan 8 arms length
2. Wiew smoke al approximately reght anglas o line of travef of smoks
3. Maich shade of smoke with nearest shade an chart

1 2

Movs Sl

™ p'* Department of the
JE*L Environment

Smoke Chart

instructiong fof Use on Reverse Sue
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4.0 SEABIRD MONITORING

Photo: Sable Island Green Horse Society
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4.1 BACKGROUND

Seabird monitoring observations have been made on a relatively continuous basis at the
Thebaud production (gas) platform since 1999 by independent observers supplied by Offshore
Oil and Gas Observer Group Ltd. (OGOP). The OGOP received periodic training in seabird
identification from various experts including CWS biologists. CWS has considered that these
observations provided a general appreciation of seabird/platform interactions but were unable to
be used to fully assess the relative distribution of seabirds around the platform since the
observations were restricted to a single location and therefore limited field of view. In 2005 and
2006, as an alternative to earlier observations at a single location (i.e., a platform) by OGOP
observers, a transect gradient approach was adopted involving systematic observations of
seabirds by CWS biologists along supply vessel transits to and from offshore platforms which
offered the possibility of detecting changes in density of seabirds in relation to distance from
SOEP offshore manned and unmanned gas platforms off Nova Scotia. The latter approach was
continued in 2007 but was supplemented for purposes of comparison with observations taken in
other areas of the Scotian Shelf (i.e., not along regular supply vessel tracks to and from SOEP
platforms) by CWS observers aboard ‘vessels-of-opportunity’ as part a multi-year monitoring
program to document the distribution and abundance of seabirds in offshore areas of Atlantic
Canada. This program receives support from the Environmental Studies Research Fund, a fund
administered by the National Energy Board with funding from offshore oil and gas operators.

Apart from birds observed during systematic surveys, there were two bird encounter events
reported in the Sable Island Bank area at roughly the same time. On October 10, an ExxonMobil
crew found several dead birds on the Thebaud platform. The species ranged from goldfinches
and other passerines to Leach's storm-petrels. On October 7, CWS biologist Carina Gjerdrum
reported that several dozen warblers arrived on a DFO research vessel and that she counted 30
dead immature Blackpoll Warblers.

It should be noted that ExxonMobil Canada Properties did apply for a “Migratory Bird Damage
Permit” to scare and kill Great Black-back Gulls and Herring Gulls on the unmanned Alma
platform. The gulls were creating a serious health hazard and posed extremely high risk for a
possible bird strike during helicopter operations.

42 GOAL

e Determine the extent of attraction of seabirds to SOEP manned and unmanned offshore gas
platforms.

e Document the distribution and density of seabirds around the SOEP production area.

4.3 OBJECTIVES

Compare seabird observational data along platform and ‘reference’ transects on Sable Island
Bank.
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4.4 2007 SAMPLING

Reporting Organization: Hurley Environment Ltd. in association with CWS

Collection Date(s): Sept. 29,30, Oct. 5-18.

Platform: Sept. 26,27: Ryan Leet
Oct. 23-24; Oct. 26- 28: Panuke Sea
Sept 29-30; Oct. 5-18 CCG Hudson

Type of Sample:: Visual observations of seabirds in accordance with Canadian
Wildlife Service Protocol [1].

Test Sample A total of 125 surveys @ 5-10-min (52 on PS; 73 on RL) were

Locations: conducted on the two supply vessels (i.e., Panuke Sea &

Ryan Leet) while in transit to/from the shorebase in
Dartmouth or between SOEP offshore platforms (Thebaud,
Venture, South Venture, and North Triumph) [Note: No
transects were made to/from the Alma platforml].

Reference Sample A total of 401 surveys @ 5 to 10-min were conducted along
Locations: transects carried out on board the Canadian Coast Guard
vessel (CCG) Hudson whilst steaming at random locations on
or near the Scotian Shelf.

Sample Preparation: | CWS data sheets then archived in Microsoft Access
Database

Equipment: Binoculars
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Sampling QA/QC: Observations were made by Canadian Wildlife Service
seabird biologist and seabird observers contracted by CWS,
following a standardized protocol [1] which is summarized
below.

Surveys are conducted while looking forward from the bridge,
scanning ahead to a 90° angle from either the port or
starboard side, limiting observations to a transect band 300m
wide from the side of the platform. A series of ten-minute
observation surveys are conducted, regardless if birds are
present or not, with an attempt to ensure consistent coverage
throughout the day. Observations are not conducted when
visibility is poor (i.e., when the entire width of the 300m
transect is not visible due to rain or fog).

The transect is scanned continuously by eye, to count and
identify birds present in air or on water. Binoculars are used
to confirm the species identification, and other details, such
as age, moult, carrying fish, etc. Observed birds on the sea
surface are continuously recorded throughout the ten-minute
period, and their distance from the platform is estimated.

Flying birds are not recorded continuously throughout the 10-
minute period, as this would overestimate bird density.
Instead, flying birds are recorded using instantaneous counts,
or “snapshots”, at regular intervals throughout the
observation period. The number of snapshots conducted
depends on the speed of the platform.

4.5 PARAMETERS ANALYZED

Parameters Analysis Method
Abundance - Data collected by the observer during the trips were entered
and into an MS ACCESS database designed by the CWS.
Distribution of | - The analysis was focused on the six most frequently observed
Seabirds species on platform and reference transects (Tables 4-1 and 4-

2 respectively).
- The density (birds/km?) of each of these species was plotted
separately as shown in Figs.4-1 — 4-6 incl.

4.6 RESULTS

The Greater Shearwater was by far the most commonly sighted species on supply vessel and
reference transects (Tables 4-1 & 4-2). Other frequently observed species were the Northern
Gannet, Black-legged Kittiwake, Herring Gull, Northern Fulmar, and Great Black-backed Gull
and Leach’s Storm Petrel.
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Greater Shearwaters were widely abundant in surveyed areas on the Scotian Shelf including
most SOEP platform locations (Fig. 4-1). Of the other five (5) frequently sighted species
(Tables 4-2 to 4-6 incl.), the Northern Gannet (Fig 4-2) and Black-legged Kittiwake (Fig. 4-3)
were most common over the Scotian Shelf in marine areas on the western end of Sable Island.
With reference to the SOEP, these two species were frequently sighted in the vicinity of the
Thebaud platform (which is located off the southwestern end of Sable Island) but not other
platforms.

4.7 SUMMARY AND CONCLUSIONS

e The Greater Shearwater was by far the most widely and commonly sighted species on
reference and supply vessel transects. This species spends the austral winter in Atlantic
Canada and are migrate in the fall to breeding grounds in the southern hemisphere. Greater
Shearwaters are often observed following vessels at sea, in the hope of scavenging any
food scraps discharged from the ship.

e Other frequently observed species were the Northern Gannet, Black-legged Kittiwake,
Herring Gull, Northern Fulmar, and Great Black-backed Gull. These species are known to
actively participate in ship following — taking advantage of the artificial upwelling created by
a vessel’s wake and residual effect of the disturbance of the sea surface.

e The observer data indicated that the Northern Gannet and Black-legged Kittiwake were
most common over the Scotian Shelf in marine areas on the western end of Sable Island
during September/October, 2007. The Thebaud platform is located within this area.

e |f the SOEP platforms provide additional foraging, refuge or attraction due to lights, seabird
densities should be noticeably higher in the immediate vicinity of the platforms. Based on
the limited seasonal dataset collected in 2007, there is insufficient information to state
conclusively whether the SOEP platforms attract seabirds based on analysis of transect
data. Interpretation of seabird observation data in the vicinity of the SOEP platforms is
complicated by the nearby presence of Sable Island, which supports colonies of many bird
species. .

e While there were no seabird transect surveys carried out in the vicinity of the Alma platform,
this unmanned platform has recently attracted enough Black-back Gulls and Herring Gulls
to create a high risk of bird strike during helicopter operations. Gulls (or other bird species)
are not a safety issue at other unmanned SOEP platforms.

¢ Reports from the UPEI Veterinary College indicate that injured birds encountered on the
Thebaud platform (October 10) and on a DFO research vessel (October 7) died of trauma
(Attachments 4-2, 4-3, 4-4). CWS has suggested that the trauma of these predominantly
land-based birds was likely caused by collisions with superstructures after the birds were
disoriented by the artificial lights on the structures. It is unclear if the birds were seeking
refuge during their natural migration or after being blown off course.

4.8 REFERENCES
[1]  Environment Canada, July 2006. Standardized Protocols for Pelagic Seabird Surveys

from Moving and Stationary Platforms, Version 1.2. Canadian Wildlife Service,
Environment Canada — Atlantic Region, Dartmouth, Nova Scotia.
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Table 4-1 Numbers of seabirds observed during supply vessel surveys

Common Name Number observed % of Total Observed
Greater Shearwater 556 61%
Northern Gannet 144 16%
Black-legged Kittiwake 60 7%
Herring Gull 51 6%
Northern Fulmar 27 3%
Great Black-backed Gull 26 3%
Leach's Storm-Petrel 11 1%
Sooty Shearwater 10 1%
Atlantic Puffin 6 1%
Manx Shearwater 3 0%
Pomarine Jaeger 2 0%
Parasitic Jaeger 1 0%
Common Murre 1 0%
Wilson's Storm-Petrel 1 0%
Red Phalarope 1 0%
Great Skua, Bonxie 1 0%
Unknown Gull 1 0%
Common Tern 1 0%
Black Guillemot 1 0%
Manx Shearwater 1 0%
TOTAL 905
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Table 4-2 Numbers of seabirds observed during reference surveys

Common Name Number observed % of Total Observed
Greater Shearwater 1629 73
Northern Fulmar 145 6
Herring Gull 88 4
Greater Black-backed Gull 64 3
Great Black-backed Gull 64 3
Northern Gannet 55 2
Black-legged Kittiwake 41 2
Leach's Storm-Petrel 27 1
Atlantic Puffin 24 1
Dovekie, Little Auk 22 1
Unknown Gull 18 1
Pomarine Jaeger 13 1
Coreys Shearwater 13 1
Sooty Shearwater 12 1
Unspecified Storm Petrel 12 1
Common Murre 3 0
Wilson's Storm-Petrel 1 0
Red Phalarope 1 0
Laughing Gull 1 0
TOTAL 2233
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Figure 4-1 Observed density of Greater Shearwater
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Figure 4-2 Observed density of Northern Gannet
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Figure 4-3 Observed density of Black-legged Kittiwake
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Figure 4-4 Observed density of Herring Gull

Herring Gull
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Figure 4-5 Observed density of Northern Fulmar
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Rpan Liet Paivek: 224

Rifwfiice
o b g ] L] -

@ 5w @ L]

Qe @ @ P

C::9® @
@ =50 . . f

O @ Blorthem Fulmar chasreed - (

"*‘ Eccen Mok i Piafoim locatons

Page 4-13



2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 4 — Seabird Monitoring
Figure 4-6 Observed density of Greater Black-Backed Gull

Gr. Black-backed Gull
density (birdstkm?)
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Attachment 4-1 List of species code for seabirds seen within the Atlantic Waters of

Canada’s Exclusive Economic Zone (EEZ).

Common name

Latin name

COMMON, REGULAR OR FREQUENTLY SEEN SPECIES

Atlantic puffin

Black Scoter
Black-legged Kittiwake
Common Eider
Common Murre
Double-crested Cormorant
Dovekie

Great Black-backed Gull
Glaucous Gull

Great Cormorant
Greater Shearwater
Great Skua

Herring Gull

Iceland Gull

Leach's Storm-Petrel
Long-tailed Jaeger
Manx Shearwater
Northern Fulmar
Northern Gannet
Parasitic Jaeger
Pomarine Jaeger
Razorbill

Red-breasted Merganzer
Sooty Shearwater

Surf Scoter

Thick-billed Murre
White-winged Scoter
Wilson’s Storm-Petrel

Fratercula arctica
Melanitta nigra

Rissa tridactyla
Somateria mollissima
Uria aalge
Phalacrocorax auritus
Alle alle

Larus marinus

Larus hyperboreus
Phalacrocorax carbo
Puffinus gravis
Stercorarius skua
Larus argentatus

Larus glaucoides
Oceanodroma leucorhoa
Stercorarius longicaudis
Puffinus puffinus
Fulmarus glacialis
Morus bassanus
Stercorarius parasiticus
Stercorarius pomarinus
Alca torda

Mergus serrator
Puffinus griseus
Melanitta perspicillata
Uria lomvia

Melanitta fusca
Oceanites oceanicus
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INFREQUENTLY OR RARELY SEEN BIRDS

Audubon’s Shearwater Puffinus Iherminieri
Black-headed Gull Larus ribindus

Black Guillemot Cepphus grille

Black Scoter Melanitta nigra
Common Tern Sterna hirundo

Cory’s Shearwater Calonectus diomedea
Great Cormorant Phalacrocorax carbo
Harlequin Duck Histrionicus histrionicus
lvory Gull Pagophila eburnea
Lesser Black-backed Gull Larus fuscus

King Eider Somateria mollissima
Long-tailed Duck Clangula hyemalis

Red Phalarope Phalaropus fulicaria
Red-necked Phalarope Phalaropus lobatus
Ring-billed Gull Larus delawarensis
South Polar Skua Catharacta maccormicki

Attachment 4-2 Correspondence between CWS and ExxonMobil related to October,
2007 Bird Encounter Events — Email from Andrew Boyne (CWS) to Doug Bliss (CWS)
Oct. 23/07.

“Doug;

This note is just to let you know where things stand with respect to the fall-out and
subsequent death of passerines and seabirds on Thebaud platform off Sable Island. On
October 10, an ExxonMobil crew found 77 carcasses. They put most overboard but sent 21
to shore which subsequently were sent to the NS Museum. We have not speciated the all
the carcasses yet, mainly because we do not have a lab here and many of the birds were in
rough shape, having been scavenged, presumeably by gulls, but the species range from
goldfinches and other passerines to Leach's strom-petrels. ExxonMobil has sent 8 more
birds to shore. We are now in possession of all of the carcasses, including those sent to the
NS Museum and plan to ship them to AVC on Thursday for autopsies.

We suspected this was a migration fall-out presumable caused by unfavourable winds
pushing birds offshore and then being attracted to the lights on the rig. However, on October
7 on the DFO research cruise that Carina was on they had several dozen warblers arrive on
the ship which was on the Scotian Shelf. Carina counted 30 dead immature Blackpoll
Warblers and she has collected 5 which will also be sent to AVC.

The interesting points are 1) Carina felt the birds she collected where in very good body
condition with lost of fat on their breasts and 2) the weather would not suggest that high
winds or any fronts would have pushed birds offshore. Presumeably something else moved
them offshore or that this is a natural migration corridor. Being migration season one would
expect tired birds looking for a safe haven but you'd expect that these events would be more
regular during migration considering the number of vessels and platforms on the Scotian
Shelf.
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Zoe Lucas was not on Sable during this period to shed any light on whether Sable Island
received a similar influx of migrants.

We are unable to ship the birds to AVC until Thursday because they are stored in
environmental emergencies' freezer which is in a secure room and they are all at the REET
meetings until Thursday. The lack of freezer space at Queen Square is a major problem.
With Jon Stone's space cleaned out we now have space for a freezer. | know budgets are
tight but we can purchase a small chest freezer for under $500 dollars. Can you please
advise whether this is something we may be able to pursue?

Thanks, Andrew”

Attachment 4-3 Correspondence between CWS and ExxonMobil related to October,
2007 Bird Encounter Events — Letter to Andrew Boyne (CWS) from Greg MacDonald
(EMC) Nov. 26/07.

“Thank you for meeting with representatives of ExxonMobil Canada and the CNSOPB on
November 9th, 2007 to discuss the October 2007 bird encounter events on the Thebaud
platform. This meeting helped clarify roles and responsibilities as well as expectations, in
the event of any future incidents.

As discussed at our meeting, there were similar observations of birds encountered on a
DFO research vessel operating on the Scotian Shelf during the early October timeframe.
The preliminary reports from the UPEI Veterinary College indicate that the birds collected on
the Thebaud platform and the DFO research vessel died of trauma. As suggested by you
and Carina Gjerdrum, this trauma was likely caused by collisions with the superstructures
after the birds were disoriented by the artificial lights on the structures.

We look forward to receiving the final results of the analysis that UPEI conducted on the
collected birds and the development of the bird collection protocol by CWS for use in the
offshore.

We look forward to continuing our cooperation with CWS and the CNSOPB.
Kind regards,

J. Gregory MacDonald”
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Attachment 4-4 Report from Atlantic Veterinary College - 2007 Bird Encounter Events

A3 ™ a8 16:36 AIEEERETL FOETMOSTEM &0t PaGE  ag7ay
Canadian Cooperative Centre Canadien Coopératif
Wildlife Health Centre de la Santé de la Faune

il g Arorion Telsphuar Far: Fliwpandi o sl wireaies |
e 6] Parfedagy hith) pigant Llelte s L] b DLW LR L 1 AEE-SE-2N
i e i CCWHC INC # 000000847
ek AVC # A29311-07
-

Submitter:

Andrew

Boyne
AfHead, Species ai Fisk Recovery Unit
Canadian Wikdife Sendce, Ervironment Canada
45 Aldemay Drive, 18th Floor {mailingl’ Tth Fioor {office)
W, Yy Parkelege Dartmouth, M5, B2Y 2MN6
DR NSt BO2-426-1000 fax: B02-426.-5434

ol i
w01 R

vt SPECIMEN ATION AN

A total of 33 birds of varous species were submified for necropsy to the CCWHG
Aﬂanﬂ:“hﬂmhﬂmaﬂnﬂﬂmﬁmm“.ﬂum
driliing platfonm (iat 43.00500 deg. lon -60.24204 deg). Almost 100 birds had
SR — baen found on the platiomm in the space of 5 weeldl. The birds submitted weme
- coliected between the 10™ and the 22™ of October, 2007, The species submitted
e incuded Leagh's Storm Petrel, Blackpoll Warbiar, White-throated Sparmow,
L B Yelow-rumped Wartiler, Common Yelliowthroat, American Redstar,
T As par submiligr: The samples in the clesr bags fled iogether were sent fo
et the M.5. musaum of naturai kistory first and then tranafered ta CWS,
Dartrmouth. They were collected en Osiober 111h,
Thee birda (n the garbage (bl u::hagﬁ and the red bags wara collected on the
12th of Qotober, and on {he 15" and 22°
interesiingly, an obssrser oul an a DFO research crew reported a die-off of

g v upwands of 50 warblers an the 8" of Oclober, which was the day before the birds
gy wirs firs1 found on the Thebaud piatiorm. The observer lelt that the birds were in

;?I
B

pond physical eondition. Some of thesa birds were also examined by COWHC
=gy Allantic (COWHC INCHOD0000841, AVCH A20063-07). They were in good body
- condilion and likely died of traumatic lesions.

"

DIAGNOSIS AND INTERPRETATION
Diagnosis:
SN . Pubving Trauma, scute, likely due 1o collisicn
re ot B
“m " Interpretation and conclusions: _——
[ el The mafority of the birds examined were in excellent o good bady condition, with

ofly & fiw thin onas In the mik. The ones in good body condition would have
probably compliled ihe autumn migeation euccessiully,

Approsdmately 30-40% had definkive evidence of trauma, such as bleeding in
muscle or body cavities (hemorrhages), Hlssue tearing or bane breaking
{Tractures). Most birds had at least some suggestion of trasuma, although

Erghinter wit mepan from Feberl, Pevicad sed Termociol Govoroonms, the Carsdom Wikdliife Frderstise sed due Mux el Foorsren
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Tre

Miost of the specias examined are migratory birds thal ware on thair way South
when they wen found dead on the offshore platioom,  Most long-distance
migrants, especially gmall birds, fiy al night: they may travel continuolsly or land
dally around surndise io rest and forspe. 'When traveling over water or cnsuitabls
habitats, birds that normailly stop each day may fiy withoul a8 break for longer
peniods. For example, Bleckpoil Warblers migrele ovardand in spring, but auviumn
migrants travel nonsiop over open ocean from southenstern Canada and

ihe norihaastam United States to their windaring grounds 0 northam

South Amarica

Mass maortality evants in migrating birds ane well dooumented. These stualions
have been associated with multiple causes, hul, desple the pracipitating
eliology, traumg is the proximate causa of death In many instances. As you are
ety aware, lighted structures (1.e., 80 buildings, lighthouses and radio towers
and masls) are related to this type of casualty, especially in naarctic-neoptropical
miigrants that fiy at night (blackpoll warblers are included in this group). The light
disorients the birds resuling in collision. Air cuments running io ciose Lo the
ground/ocean surface can resull in the birds bedng expotad 1o tall sbnackmes that
they would not normally hil or even cansioer while fiying ol hgher alttudes.
There was 8 similar report of migrating bird moriality on a coasiguard vessel
(CCWHG INC #000000841) the day befors these birds were found on the
platform. Those bérds also had evidence of freuma and had been seen fying
around & light on the coasiguard vessel on the night prior fo their death. This
supports he idea of disorientation due to ighted siructures on the vessel and on
the platform. Why doas this not happen every year? For this 1o happen, the air
currents running south wauld have to include in their path the platlarm and
wessel, and b low enough fo allow contact with the bulldings, ae they tend to iy
g0 high up undar normal clrcumstances that no comact with buildings Is possible.
This is likety to b an exception this year, as similar episodes have not been
recorded on the Thebaud platform in the past. Adverse weaiher can also
facilltate collisions with tall bulidings. Ve consulted the Environment Canada and
Sabie Island weathar reports for the area close fo the platiomm. Nothing
significant was reconded between Ociober 7-22, although on the 77, the wind
was the simngest (NW 30-258kmmr).  Visibility remained pood and there was lahi
rain during that parod of time. Whether this had any impact on the rouls the
birds took on thoss daye remains WhCSrLaim,

To rule put an infectious cawse of death, histology (microacopy) and bacterinlogy
tests were performed on some of the birds examined. Bacteriology was negative
for any significant baoherial organism capahie of cauting dissase. and
microscopically there was no evidancs of bacierial lesions in any of the

Estubilshed with suppae frem Faders!, Preniealpl pad Terieels] Govermmente, e Canad i Wikdiif Federabion wnd the Max Bef Founilition
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Infection af the fime of death,

A few birds had incidental lesions that were not directly associated with the causze
of death. Mamely, there was & blzckpoll with filarlasis in the blood, and a white-
throated spamow with sarcocystosis in the breast muscle and flukes In tha liver
(see hisicioglc findings). The only other l=sion that probabiy contributed ta death
was the renal gout found in another white-throated sparrow. Renal gout often
ocours in dehydrated birds and can lpad o dealh. A this particular spamew did
nod have any obviows signs of rauma, i may have actually died of dehydration.

DETAILED DIAGNOSTIC FINDINGS

NECROPSY FINDINGS:

gk %
Leach™s Storm Petred 81, 38,1 g, sex unknown, immature, geod body condilion. There
was braging onlefl side of the body, in the muscles of the bazs af the nech,
appregimatesy 1.5 em in lenglh, following the verlobral spine. Fistology 1D A

Leach's Sterm Petrel #2, 45 g, s5% vnknown, very good body condition. Thars was
hemarrhage on the fAght pecioral mussle, approximately 1x1.5 cm, Hislology 10 B.
Biackpall Warblar, 20,3 g, sex urknown, immiatuse, very good body condiion. There
was subcutzneous hemaorrhage af the base of the neck, on fhe it sde and on the it
Inguinal region, The skull was difusesy Beck-red. Hiztology I0: D,

Sparrow (possibly white-throsted sporrow), weight not recorded, male, very good
body sondilion. The dorssl muscles of the thorax and Bolh wings were dark fed

[hamorrhegic. possibly),

Eed Bag #1:
Yelow-rempad Warbler, 8.3 g, s=x unknown, modésaie o poor bedy condifian, Tha
glzzard was smpty. THers war white specks over [he liver, lungs and heart [suggestng
visceral goul), The cercass was much decomposed,

Red

White-throated Sparrow, 19 g, mais (idenffied histelogically), moderats to poor body
conditizn, The gizzard was emphy. The kidnsywe wane mottled white and red {froren at -

80 deg). Fistology 10: H.
Red Bag #3:

Axial skeleton (wings) only. Photograph was taken, Pasitive identication or nesropsy
axamination were not possible,

Red 8ag #4:

White-throated Sparrow, 15.2 g, s#x urknows, poor Bedy condition, Mo signicant
leslona were nated.

White-throated Sparrow, Band#2261-09726, Skeleton ooly, sxaminafion was not
poasible a5 lilfle ko no soefl Bssue remalned.

Clear Bag #7:

American Redstart, 155 g (wet). sex unknown, very good body condition. Thers was
dark red decaloralion of the caudal kit Inbercostal muscles (suggesting hermorrimse),
The lhier waz pale, kidrieys wese mattlied,

Centre Canadien Coopératif
de Ia Santé de la Faune

Telophaax Pu; Thamrrie Wl Habwadd Tt b Lane
T i} ANEELH OATHTELTAT.CS, b-paiigtzan

Eafabiliehid with suppan Fom Federal, Previecial and Terrbionin] Govermsienss, e Canadian Wildlifs Federatinn and e Max Eell Foundation
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Centre Canadien Coopératif
Wildlife Health Centre de la Santé de la Faune

lland s B Telephear i Fkomex Wal; Hrd sl Lrlrmniion Lise
bl BT PHEERGE b Ry LR [ SR e | RRALETGLNELIA -T2
o M

ink :‘:-:‘:deEAMHR:Iﬂ Redstart (possible), 13.7 g (wel), sex upkmown, moderate to poor body
sz REL condition. Mo significand lesions wess nobed,
mﬂm;‘; Blaskpall Warkler 4, 23,7 g (wet), male, adult, very good body congition. The sxuil
Z1AaPT wins bright réd. The lver was pale, Histoloay 10 E
Blackpoll Warbler 82, 21.1 g (wet), sex unknown, very good body condition, The skull
was bright red, The bird was frozen at -80 deg.
Blackpoll Warbler #3, 24.1 ¢ (wat), male, adult, very good body condillan. There wens
2 emall red areas in the skull, The bird was frozen af -B0 dag
Clear Bag §3-
weemiis  Blackpoll Warkler £1. 221 g (wet), male, first winfer (possibly), very gnad body
ey § v conditian. The skull Was Ixﬁ.h'l red.

Canadian Cooperative

s Blackpoll Warbler £3, 73.8 o (wet). famale, firsi winler {possibly), very good bady
L 0N R condition.  Thene were 2 small dark fed areas in e skull,

e St Blackpoll Warbler #3, 268.5 g (wel], 22 unknown, first winler {possibly), very good body
condition. There was some biood in the irachesl lumen, dark red lungs and 2 red spofs
an tha skull. Approximately 2ee of pale yellow fiuid wers present in the abdomen.
Hishology 1D F.

Blackpoll Warbler #4, 10.8 g [wat), mala, firsd winker [possily], very good body
conidition. There was some blood in the fraches, The skl was bright red.

atws  Approxmstely Zec of pals yeliow fluid wers present in the abdomen.

et ot Blackpaoll Warbler #5, 25.8 g fwat), sax unknewn, firel winter (pessibiy), very good body
e candition. Hall tha skull was brght red, Approximalely 2oc of pale yelow fluid were
Bk PO present i the abdomen.

P 3 Cl F

haliaml Leach's Storm Petrel £3, weight not recorded, sax unknown, poor body conditlon, The

carcaes wae much decompossd, an examination wae not posedie.

Leach's Storm Petred #d, weight not recardas, sax unknown, modersle body condition,
adipoas tigewe was orange linted and very olly, &8 was the gastric mucoss (normal in
pairafs), The carcass was much decomposed, an examinaton was nol possibie.

[ Clear .58

:f::;-{-en: Biackpoll Warbler, weizhl not recorded, sex unknown, very gocd body camddlan. The
gk, ¥ skull had muitiple small red spots, There wes some biood in frachea snd small amaunis
e g of yellaw fiuid n the abdomen,

==a Common Yellowthroat {poasible), B.5 g (wek), sex unknown, modersie to poar bady

condition.  The carcass was markedly decomp osed,

Unidentified Warbler £1-4, weighl ned recorded sex unknown, all in poor body candifion
and 2 of tham markedly decompooad.

Unidentified, pozsible Polrsl, headless carcass, wing span 18 centmelesrs. femala
wary good body condifion, The muscies ai the baso of the neck were dark red-black and

b dry, The musdes of the dorsal side of the thorax were difussdy red, The giezard

Sl vt e by contained a few seeds and, possivly, part of an exosketeton from an insect. Histology
i at tppemid i

e BE 10

e SRR Clear Bao #5: _

e White-throated Sparrow 81, 15,1 g, sex enkniown, marked decomposilon precluded a

detalled examination.

White-throsted Sparrow 82, 25,5 g, make. Thers were red epols wilth @ white rim an the
skul, approctimately 1-3 mm o diameber. There was red discolorstion fofiowing the skull
suturs lines and nemarrhags oh the base of the head and crandal neck muscles. Tha

Estabfiched withy suppoet fom Federal, Provinsal and Torrilorisl Goeesnmanmte the Casdian WildSife Fedsrptbon seud ihe Mg Befl Foundation
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Teleplic: o Lpsieasie Yeil Harorsl Tefes i L
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otk Vetney Crinpe PO wICET Spine was fractured, There were a few feathers in the gizzard. The lungs ware

.'nl-:ldp-nr FAL diffuzely red.

ety White-throated Sparrow #3, 31.6 g, sex not recorded, good body condilion. The skl

Claar was red, Therewas a lear in the jeft dorsal side of the thoracic savily, with fracturod s

and hemarthage in the intercosial muscles. The lungs were red and the gizeard was
emply. Hisjology I0; &,
White-throated Sparroe #4, 20,8 g, =ex not recorded. The skull was red, Thera was
hemerhages on the dorsal eide of the thorax, The wings were red. The sbdomins

viscora were mafkedly decomposed. The gizeard was emply.

Slnioh . White-throated Sparrow #8, 26,3 g, sex no! recorded, poor body condidion. Tha
shunty ol ik GATDSES |5 Markedly decompoaed, preciusng 3 detaled eamination. The glzzand
e contaans only grit

o ratyy eI

il HIBTOLOGIC FINDINGS:
A, Leach's Storm petrel (black bag #1, patral #1):
Thers is marked to severe sutolysis that somewhal grecludes 3 very detailed
examination. Fasimorem filamentous bacleral overgrowth s pramisenl in several

parabronehi (arfact)

T Mo significant d=sione are pressnt In the sactions of brain, lunp, heart, kidnay, skaletal
1, s Fubming musele Spleen, liver, proverdricsus, gizzard and intestine,
e By Leach’s Storm petrel (black bag#2, petrel #2):
L There is marked 1o savere awolysis (hat somesvhat precludes & very delailesd

.._-'.','.T: P examination.
2R Thisre @re mullifocal acule hemorrhages that expand the endo and parimysium of the
s pacloral muscle, Subcapsule hemorrhege/necrosis is focally present in the |er

Ko significant lesians are sresent in the seclions of brain, hearl, kidney. splean,
mroventriculus, gizzard and inkesiine,
C, Unidentified patrel (cloar bagtd, petrel):
There is marked o severe gutolsi that somewhsl precludes a very detalied
e T axaminaiion.
A Fuhalag g Mo significant lesions are present in the sections of brain, luag, skeletal muscle hearl,

w0 kidney, ovary, oviduch, proveniriulus, sizzard and inlestine.

jphi e D, Blackpoll Warbler [black bagf2, blackpoll):

ok 4 Thare is marked b severa 2ulelysis that somewshat precludes a very dstailed
i examinatian.,

Thers afe multilaeal acube hemorrhages thal expand the endo and pefimysum of the
pactoral musde. Subcapsule hemarrhagenecroats (s focally present in the lver,
Mo significant lesions are prasent in the sections of brain, hean, Kidrey, spleen, agrenzl
gland, provenirculus, sizzard and intestine.
Ty E, Blackpoll Warbler [clear bagifl, blackpolifi):
v by There ls marked b severs autolysls thal somewhat precludes a very detailed
i examination. In the bBlood wessels of the king, there sre many fubular basophilic

- structures, losg and thin. that suggest nematode misrofiana but with [ille definiten: to
va A confirm their identily.

Mo eigndficant ieslons are present in the sections of brain, hear, kdney, provenircules,
glzzard ard inbesting,

F. Blackpall Warbler (clear bagh?, blackpoll#3):

Thers is eevere autnlysis that somewhal precludes a very detalled examination,

Enie'rizahed itk sippac froes Federal. Provdecial and Terraorial Govemmenny, e Crnadien Wildlife Federmion and ihe Max Bell Foadation
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adeeit Bormn Tlihere: Elciieaic W '
lb:;-c:ﬁr‘:::mr i L e [LERE s o1 DADUETQ?TEI.:'. m:::;m":'m i
Yy -.-,t,h,",".,,,,.cpNu significant kesions ane pragen i the ssctisna of brain, heart, kidnay, fung, liver,
;::Inluﬂn" RE praventiculue, gizzard and intesiine.
Threiy At G, White-throated Sparrow [clear bag¥#s, sparrowiE):
ClA 4P Thers is severe autolysis that somawhat preciudes 5 vory detailed examination,
Tharz are several intraceliular cyste Miled wilh myriads of protozoal zoies [Eanskstant
with Savcooyslie Bp, bradyroiles) in the pactoral skeleta! muscle,
The lumen of what appears o be a large tie dudt in the Iver sontains wall defined
frematode egas in what | assumed 0 be an aulolylic adull fuks,
_r"k'n significant lesiona ane presant in the sections of braim, heart, kidney, lusg and
b o intagtine,

wianiy i H, White-throated Sparrow (ned bag¥2, sparrow):

=i Thers ia severe aulofysis that somewhat precludes o very delatied mamination,
i 15 e Them are many clusters of monoouclear cells sumounding star-shapad orysial deposits

g Elily in the renal parenchyma (depesits of uric acid),
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5.0 BEACHED SEABIRD SURVEYS

Photos: Sable Island Green Horse Society
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5.1 BACKGROUND

Since 1996, regular surveys for beached oiled birds have been conducted on Sable Island
to monitor trends in numbers and rates of oiling in beached seabirds, and to collect
specimens of contamination for gas chromatographic analysis to generically identify oil

types.

Results of analysis of oil samples collected during 1996-2005 have been reported in Lucas
and MacGregor [1].

5.2 GOAL

By monitoring numbers and oiling rates in beached seabirds on Sable Island, industry and
regulators can identify and correct potential sources of oil contamination arising from
industry operations.

5.3 OBJECTIVES

- To monitor trends in oiling rate in beached seabird corpses.
- To generically identify oil types found on seabird feathers and in pelagic tar.

5.4 2007 SAMPLING
Contractor: Zoe Lucas, Sable Island

e Between January 1 and December 31, 2007, nine surveys for beached oil and oiled
seabirds were conducted once every 30-40 days on Sable Island. Due to persistent
beach flooding (and Grey Seal breeding colonies in December), no surveys were
conducted during May, August and December.

e All surveys were conducted by Zoe Lucas.

e Species identification, corpse condition and extent of oiling were recorded for seabird
specimens. When possible, the time since death was estimated based on freshness of
tissues and degree of scavenging.

e The oiling rate is the fraction of oiled birds of the total number of birds, coded for oil (i.e.
with > 50% of body intact) during 2007.

e Samples of beached pelagic tar and oiled feathers, representing contamination on
various seabird species, and at various beach locations on the island, were collected.

e Qil samples were packaged in aluminum foil, labeled, kept frozen for periods ranging
from one week to several months, and delivered to the laboratory for gas
chromatographic analysis (Maxxam Analytics). Interpretation of GC/FID results were
conducted by MacGregor & Associates (Halifax) Ltd.

¢ Qil specimens were solid samples (pelagic tar or oiled seabird feathers) and were

dissolved directly in dichloromethane. This extract, filtered to remove solids, was injected
on a glass capillary column (SPB-1) in an HP 5890 Gas Chromatograph with Flame
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lonization Detector (GC/FID). Outputs from the GC were retrieved on HPChem station,
and chromatograms were produced and assessed manually. Concurrently standard oils
such as Bunker C, Scotian shelf crude and condensate, marine diesel, and hydrocarbon
n-alkane marker standards (C6-C16 and C18-C32) were run under the same conditions.
This permitted identification of the n-alkane peaks in the chromatograms. N-alkane
peaks were not quantified: only relative concentration calculations based on peak height
were undertaken

¢ Qil samples found on the beach and bird corpses on Sable Island were identified as
representing separate discharge events on the basis of date, bird corpse condition, and
oil characteristics.

Survey Date January —-December 2007
Platform Beach, Sable Island

Type of Sample Oil on beach, oiled seabird feathers
Test Sample Locations n/a

Reference Sample Locations | n/a

Number of Samples 9 surveys, 3 oil samples
Sample Preparation frozen
Equipment Collection by hand from the beach using

glass or metal foil containers

5.5 ANALYSIS

Analysis of 3 oil samples collected from the beach and from feathers of beached seabird
corpses in February and June 2007.

5.5.1 Parameters Analyzed

Parameters Analysis Method

HCR, MHCP, URM,
URM/MHCP ratio

gas chromatograph (GC/FID)

5.5.2 QA/QC

Maxxam Analytics is a CAEAL facility (Canadian Associates of Environmental Analytical
Laboratories).

5.6 RESULTS

Results are presented in Table 5-1, Table 5-2 and Table 5-3
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5.7 SUMMARY AND CONCLUSIONS

e During 2007, the corpses of 776 beached gannets, tubenoses, gulls and alcids were
collected on Sable Island. Alcids comprised 65.1% of total birds recovered.

e For all species combined, the oiling rate for birds coded for oil (i.e. With >50% of
body intact) was 3.8%. The highest rate for a seabird group, 7.1%, was observed in
alcids.

e The oiling rate observed in 2007 was the lowest recorded since 2000 (Figure 5-1).

e Of the 3 samples collected and analysed, none contained light or mid-range distillate
fuels, or condensates that would be typical of oils produced on offshore gas facilities
such as SOEP processing platforms off Sable Island. The contamination source for
the single sample containing fuel oil could have been one of any offshore operations
in the region, including fishing and military vessels, freighters and container ships,
and offshore energy vessels and facilities.

e Although only 3 samples were collected in 2007, the results of generic identification
of these oils are consistent with results of samples collected during 2000 to 2006,
which indicated that crude oil discharges were likely responsible for a large
proportion of pelagic tar and oiled seabirds observed on Sable Island.

5.8 REFERENCES
[1] Lucas Z. & C. MacGregor. 2006. Characterization and source of oil contamination

on the beaches and seabird corpses, Sable Island, Nova Scotia, 1996-2005. Marine
Pollution Bulletin 52: 778-789.
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Table 5-1 Beached seabird corpses collected on Sable Island during 2007. Monthly humbers,
and annual oiling rate for birds coded for oil (i.e. with > 50% of body intact).

Total | Total | o
Species Jan | Feb | Mar | Apr | Jun | Jul | Sep | Oct | Nov | birds coded rate og,
found | for oil
Northern 0 0 1 0 10 0 0 1 3 15 15 0
Gannet
Tubenoses 2 2 19 7 12 | 35 13 9 9 108 77 1.3
Gulls 16 11 62 | 20 | 24 8 148 112 0
Alcids 54 | 105 | 113 | 164 | 55 8 0 505 196 7.1
Total 72 | 118 | 195 | 191 | 101 | 51 14 15 19 776 400 3.8

Table 5-1 Three discharge events identified in 3 oil samples collected on Sable Island during

2007
Date il e Matrix Generic Identification of Oil
Samples
Feb 15 Alcid Crude. Slight weathering.
June 4 Beach Crude. Slight weathering.
June 17 Shearwater Fuel oil. Weathered.

Table 5-2 Discharge events identified by generic oil source of samples collected on Sable
Island during 2000-2007

Year | Crude oil | Fuel oil | Bilge | Total
2000 6 1 1 8
2001 12 2 2 16
2002 5 3 2 10
2003 6 2 8
2004 6 6
2005 9 9
2006 5 1 6
2007 2 1 3
Total 51 10 5 66
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Figure 5-1 The oiling rate for 2007 is a percentage of birds coded for oil (i.e., with > 50% of
body intact, CWS beached seabird survey protocol). Red = all birds combined; green = alcids
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6.0 MUSSEL BODY BURDEN

JE

5 h\

t—-‘ YR |

— il ih..

Page 6-1



2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 6 — Mussel Body Burden

6.1 BACKGROUND

Thebaud, the main production platform, has been in production since December 1999. As
part of the on-going EEM program, shellfish have been collected and analyzed at the site to
determine hydrocarbon tainting as a result of drilling in each area.

Mussel collection occurred at Thebaud from 1999 to 2002, 2005, and for this year's EEM
program. For the first two years of sampling, moorings were set at 250m, 500m, 1000m,
2000m, 4000m, 10km, and 15km from the platform. Due to increased drilling activity in
2001, and potential risk of damage to the mussel moorings, mussel collection was modified
to scraping the mollusks from the rig legs. Samples were removed at the surface (0-1m
depth) to provide a sample close to the produced water caisson. In 2003, mussels were
unavailable for sampling because of natural sloughing in wave action, which sometimes
occurs when mussels reach their maximum size and density.

Most of the current energy at Thebaud (about 70%) is due to elliptical tidal flow. In this
average daily sense all jacket legs are all within the ‘zone of initial dilution’ of the produced
water (PW) plume. The envelope defined by average tidal excursion is about 2-3 times the
mean flow (i.e. prevailing current). Thus, each leg will be exposed to the PW discharge
plume twice per day for some period. For sampling purposes, all jacket legs are the same'".
The argument to be ‘downstream’ of the platform is stronger when related to far-field
monitoring sites.

6.2 GOAL

The primary objective of the testing program is to evaluate environmental test samples for
evidence of hydrocarbon tainting.

6.3 OBJECTIVES

e characterization of hydrocarbon profiles relative to previously analyzed reference
condensate samples
e determine flesh moisture, flesh total lipid content and lipid class composition

"' For 2007, mussels were collected from the east leg of Thebaud platform for analysis.

Page 6-2



2007 Annual Report — SOEP Offshore Environmental Effects Monitoring Program
Section 6 — Mussel Body Burden

6.4 2007 SAMPLING

Contractor: AMEC Earth & Environmental

Survey Date: September 20, 2007

Platform : Fast Rescue Craft (FRC)

Type of Sample: Whole mussels

Test Sample Locations: Thebaud platform, east leg

Reference Sample Control Mussels, purchased at Superstore by Amec Earth &
Locations: Environmental

Number of Samples/Station: | One test and one reference sample

Sample Preparation Live test mussels were picked out and scrubbed clean under
(i.e. preservation): running tap water and then frozen (~30°C). The control
mussels were all alive but were cleaned and frozen as the test
samples.
Equipment: NA
Sampling QA/QC: NA
6.5 ANALYSIS

Contractor: Canadian Institute of Fisheries Technology

6.5.1 Parameters Analyzed

Parameters Analysis Method

Flesh moisture A.O.C.S Official Method Ca 2c-25

Flesh total lipid content Solvent extraction according to [1]

Lipid class composition latroscan thin-layer chromatography-FID

Characterization of hydrocarbon profiles
relative to previously analyzed reference
condensate samples

Saponification, column chromatography and GC
analysis (for details, see QA/QC section)

6.5.2 QA/QC

From each of the two samples, several frozen organisms were randomly chosen. The meats
were removed from the shells. A homogenized sample of the meats was prepared from
each of the two samples for hydrocarbon, lipid and moisture analyses. A blank consisting of
distilled de-ionized water was carried through the hydrocarbon analysis.

Hydrocarbons were isolated by saponification with pentacosane added as internal standard.
Recovered hydrocarbons were purified using solid phase extraction cartridges following the
method of Ackman et al. (1997). This method isolates both aliphatic and polycyclic aromatic
hydrocarbons. Hydrocarbons were then analysed using a Perkin Elmer Autosystem capillary
gas chromatograph equipped with a flame ionization detector (FID) and a splitless injection
system. The analytes were separated on a DB-1MS column, 60 m x 0.25 mm x 0.25y phase
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(Chromatographic Specialties Inc., Brockville, ON). Conditions and temperature were as
follows: FID 300°C, injector temperature 250°C, initial column temperature of 60°C held for
15 minutes and then increased at a rate of 13%/min to a final temperature of 280°C, and held
for 90 minutes.

6.6 RESULTS

The mussel testing results are summarized in Table 6-1, Table 6-2, and Table 6-3 below.
An example of the hydrocarbon profile for a typical mussel sample is shown in Figure 6-1.

Table 6-1 Moisture and Lipid Contents (% wet weight) of the Mussels

Moisture Lipid

Sample Site Location Contents (%) | Contents (%)

Thebaud Platform — East leg 89.25 1.13

Control 88.44 1.00

Table 6-2 Lipid Classes (latrocan area %°) in the Mussels

Sample Site Location Triacylglycerol | Free Fatty Acid | Sterol | Polar Lipid
Thebaud Platform- east leg 10.0 TR 4.6 85.4
Control 6.7 TR 5.6 87.7

# uncorrected for latroscan detector response
TR = present at trace levels

Table 6-3 Aliphatic Hydrocarbons of Importance (ppm, dry tissue basis) in the Mussels

’ Aliphatic Polycyclic Aromatic Notable Hydrocarbons
Sample Site Location ygrocacrbgns Hydrocarbons Pristane 21:6°
10 - VY24
(ppM) (PPM) (ppM) (ppM)
Thebaud Platform leg 14.28 ND 0.20 ND
Control 3.35 ND TR ND

@ The specific alkane pattern suggests a possible biogenic origin for the aliphatic HC’s
n-heneicosa-3,6,9,12,15,18-hexaene, a hydrocarbon derived from algae.
ND = not detected; TR = present at trace levels

6.7 SUMMARY AND CONCLUSIONS

e The concentrations of aliphatic hydrocarbons in both the control and test samples
were lower than those of the 2005 survey (Figure 6-2).

e The presence of polycyclic aromatic hydrocarbons (PAH) and an unresolved
complex matrix in the GC chromatograms would indicate petrogenic hydrocarbon
tainting. There is no evidence of either in the samples analyzed here. Furthermore,
the aliphatic hydrocarbon profile reported is typical of that produced by naturally
occurring phytoplankton. The hydrocarbon profile of both the test sample and control
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contained the same biogenic hydrocarbon species in the same relative proportions;
only the total amounts differed. There is no difference in the aliphatic hydrocarbon
profile in test or control samples (i.e., ratio of even to odd carbon numbered
aliphatics is the same in both sample types).; Thus, it is expected that the elevated
levels of hydrocarbons in the test sample, as compared to the control, should not be
a concern because those aliphatic hydrocarbons are almost certainly derived from
phytoplankton.

No taste panel evaluations were carried out on platform sampled mussels as a
precautionary health measure for panelists.

6.8 REFERENCES

[1]

[2]

Ackman, R.G., Heras, H. and Zhou, S. 1997. Improvements in recovery of
petroleum hydrocarbons from marine fish, crabs and mussels. In New Techniques
and Applications in Lipid Analysis. Ed. McDonald and Mossoba. AOCS Press.
Zhou, S., R. G. Ackman, J. Parsons, 1996. Very long-chain aliphatic hydrocarbons
in lipids of mussels (Mytilus edulis) suspended in the water column near petroleum
operations off Sable Island, Nova Scotia, Canada. Marine Biology (1996) 126:499
507 _9 Springer-Verlag.
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Figure 6-1 Hydrocarbon profile of mussel sample taken from Thebaud platform
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Figure 6-2 Concentration of Aliphatic Hydrocarbons in Blue Mussels at Thebaud
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[Note: The absence of UCM. Sharp, well-defined peaks suggest a biogenic origin of the aliphatic
hydrocarbons.]
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7.0 SEDIMENT CHEMISTRY
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7.1 BACKGROUND

Thebaud, the SOEP main production platform, has been in production since December,
1999. Oil-based muds/cuttings from wells drilled prior to January 1, 1999 were discharged
under Offshore Waste Treatment Guidelines (OWTG) [1] criteria of 15 g/100g (on a wet
solids basis) oil content. Qil-based muds/cuttings from most wells drilled at Thebaud were
shipped to shore. Water-based muds/cuttings from all well top-hole sections have been
ocean-discharged at all platform locations without treatment as per the OWTG.

Sediment toxicity has been monitored at Thebaud site since 1998. No sediment sampling
was carried out in 2004 for operational reasons. The CNSOPB EEM Advisory Committee
agreed that sediment chemistry was not required at Thebaud or near the Gully MPA in 2006
since the concentrations of key drill waste indicators (i.e., Barium (Ba) and Total Petroleum
Hydrocarbon (TPH)) in 2005 approximated 1998 baseline (pre-drilling) levels or were non-
detectable (i.e., Mercury (Hg)). In 2007, DFO COOGER kindly offered to collect and
analyze sediment samples collected in the near-field Thebaud area at three sites (i.e.,
250m, 500m and 1000m from the platform along the prevailing current axis) and at four far-
field reference stations near the Gully MPA (see Table 7-1 & Figure 7-1) which would allow
for further verification of earlier results.'?

7.2 GOAL

To examine sediments collected by DFO COOGER near Thebaud platform and the Gully
Marine Protected Area for chemical indicators of drill wastes.

7.3 OBJECTIVES

¢ Analyze sediments for key potential chemical indicators (TPH, Ba, Hg) of drill wastes
at three near-field sampling stations along the major current axis at the Thebaud
platform location and at four far-field reference sites near the western boundary of
the Gully Marine Protected Area; and,

e Compare results with available historical monitoring data at the same locations

'2 EEM sediment sampling has not been undertaken at Venture and North Triumph platform locations since 2003
when key drill waste chemical indicators returned to 1998 baseline concentration levels. The 2005 EEM program
also showed low or non-detectable concentrations of key drill waste indicators near the South Venture platform
following discharges of oil-based muds/cuttings (under a discharge limit of 6.9 mg/I oil content) during work-overs
at that location in 2004/5. Sampling at Aima was not required since all SBM/cuttings generated during drilling
were shipped to shore for treatment and disposal.
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7.4 2007 SAMPLING

Agency: DFO (COOGER/Particle Dynamics Lab) — Bedford Institute of Oceanography

Collection Date(s):

August 13, 2007 (Thebaud)
August 23, 2007 (Gully Sites)

Platform:

CCGS Hudson

Type of Sample:

Core samples

Test Sample Locations:

Thebaud (250m, 500m, 1000m)
(see Figure 7-1 & Table 7-1)

Reference Sample
Locations:

Near Gully Marine Protected Area Sites G1, G2, G3a, G4a
(see Figure 7-1 & Table 7-1)

Sample Preparation:

Bottom sediment samples for trace metal analysis were
collected using a hydraulically damped slow corer. This
equipment preserves the sediment water interface in tact.
Samples are collected in polycarbonate tubes and then
extruded and sliced in 2cm intervals and stored cold (<4C) in
plastic containers while at sea. Samples are sub-sampled,
dried, sieved and sent for analysis upon returning to the lab.

Equipment:

Hydraulically damped slow core.

Sampling QA/QC:

e Duplicate samples were taken at each site for analysis

e GPS used for station keeping

e A new cleaned slo-sore polycarbonate tube was used for
each collected core

7.5 ANALYSIS

Agency: DFO (Particle Dynamics lab) — Bedford Institute of Oceanography; RPC,
Fredericton, NB. (trace metal analysis by HF digestion)

7.5.1 Parameters Analyzed
Parameters Analysis Method
Mercury EPA245.5
TPH Atlantic PIRI
Barium EPA6020A
Aluminum EPA6020A
Strontium EPA6020A

7.5.2 QA/QC

At collection, bottom sediment samples were stored cold at sea. Upon returning to the
Particle Dynamics Lab, BIO, the samples were dried at <60 C until the entire sample was
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dry, which generally took between 24 to 48 hours. Once dry, samples were sieved through
a Tmm mesh to remove larger sand grains and possible shell fragments. A representative
5g sub-sample was sent to RPC, Fredericton for analysis of a standard suite of 31 trace
metals including Barium (Ba) using total HF digestion or EPA6020A. The same samples
were also analyzed for mercury (Hg) using EPA245.5 methodology. Sediments from the 0-
2cm and 2-4cm depth strata were analyzed. Remaining samples down core will be
analyzed in a future contract to RPC.

7.6 RESULTS

Historic summary results for key chemical indicators (i.e. TPH, barium, and mercury) are
shown in Figure 7-2, Figure 7-3 and Table 7-2 to Table 7-4, inclusive. Sediment chemistry
results for aluminum and strontium for 2007 are given in Table 7-5.

7.7 SUMMARY AND CONCLUSIONS

e All sediment samples tested in 2007 resulted in non-detect mercury values (<0.1
mg/Kg) which is consistent with earlier data at the same locations (Table 7-4).

e Barium™ concentration at the 2007 Thebaud sites remained relatively unchanged
from the 2005 values (Table 7-2, Figure 7-2). The values at T-250 and T-500 are
higher than the 1998 baseline concentrations of 200 & 107 mg/kg, respectively at
those locations. The 2007 barium concentration at T-1000 (166 mg/kg)
approximated the 1998 baseline level of 170 mg/kg.

e When sediment grain size is taken into account (as indicated by the Ba/Al ratio,
Figure 7-5), the barium concentration recorded at T-250 was clearly outside the
range of background levels which would indicate the presence of residual drill mud at
this sampling location. Since the 2005 value at T-250 was within the range of
background levels, it could be inferred that the distribution of residual drill mud is
patchy in the immediate vicinity of the platform. The sample taken at T-500 was
borderline outside while the T-1000 sample was within the background range of
values.

e The barium concentrations recorded at all Gully sites were slightly higher than the
baseline levels recorded in the 1998 spring survey (Table 7-2, Figure 7-2). The
exception is G3, which had a barium value of 118 mg/kg, which approximated the
baseline level of 120 mg/kg for that site.

e When sediment grain size is taken into account (as measure of the Ba/Al ratio,
Figure 7-4), the barium concentrations recorded at the Gully reference sites, fall
within the range of background or baseline levels.

e Total Petroleum Hydrocarbons (TPH) concentrations were below the current
analytical detection limit (20 mg/kg) at all 2007 sampling locations near Thebaud and
the Gully sites (Figure 7-3, Table 7-3). This is consistent with the 2005 findings, with
the exception of the slight indication (29 mg/kg) of TPH at the T-250 station in 2005.

'3 Barium is also a natural constituent of many types of clay. Ingested barium appears to remain in the gut rather
than actually bioaccumulating in tissues (pers. Comm. J. Payne, DFO).
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e Based on records of drilling discharge indicators from 1998 to 2007 at reference
stations along the Gully MPA boundary (G2, G3 and G4), (Table 7-2 to Table 7-4,
Figure 7-2 and Figure 7-3), there has been no evidence of drilling waste reaching the
Gully over this period. TPH values have been very low or non-detectable and barium
concentrations have been within the range of baseline levels (78-140 mg/kg) at these
stations.

7.8 REFERENCES
[1] National Energy Board, Canada-Newfoundland Offshore Petroleum Board, Canada-

Nova Scotia Offshore Petroleum Board, August 2002. Offshore Waste Treatment
Guidelines.

Table 7-1 GPS Co-ordinates of 2007 Grab Sample Locations

Site Latitude (North) | Longitude (West)
Thebaud 250 43°53.538 060°11.825
Thebaud 500 43°53.529 060°11.581
Thebaud 1000 42°53.459 060°11.179

Gully G1 44°07.877 059°29.491
Gully G2 44°06.163 059°19.931
Gully G3a 44°04.356 059°18.669
Gully G4a 44°00.781 059°14.767
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Figure 7-1 Location of Sampling Sites
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Figure 7-2 Barium concentration in sediments taken at Gully and Thebaud sites
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Figure 7-3 TPH concentration in sediments taken at Gully sites, and Thebaud and South
Venture sites
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Table 7-2 Barium results for sediment samples at Thebaud and Gully sample sites

BARIUM

(mgkg) | 1250 | T-500 | T-1000 | G G2 | G3* | G4~
1998-1 200 107 | 170 | 120 | 78 120 | 140
~  ~ " | 260 | o7 100 130
1999-1 610 650 150 | 150 | 130 140 140
1999-2 | 260 | 120 | 120 o
2000-1 | 1200 | 900 | 210 | 200 | 98 120 110
2000-2 | 890 665 130 | 150 | 120 110 130
2001 790 | 1200 | 190 | 130 | 100 104 130
2002 1200 | 810 130 | 240 | 110 100 140
2003 1100 | 1100 | 120 | 220 | 120 120 135
2005 593 345 175 | 240 | 105 120 147
2007* 596 314 166 | 160 | 126 118 168

*Average of the 0-2 cm and 2-4 cm top sections of the cores
**Sediment samples were actually collected at G3a and G4a locations in 2005 and 2007

Table 7-3 TPH results for sediment samples at Thebaud and Gully sample sites

(molkg) | T-250 | T-500 | oo | @1 | G2 | &3 | G4
19981 | ND | ND | ND | ND | ND | ND | ND
1992/ //’ | ND 0 0 0
19991 | 1550 | 324 | 365 | 2.65 | 545 | 4.99 | 5.13
1999-2 | 178 | 913 | ND | ND | ND | ND | ND
2000-1 | 486.8 | 28301 | 27 | ND | ND | ND | ND
2000-2 | 449.35 | 45315 | 036 | ND | ND | ND | ND
2001 360 | 564 | ND | ND | ND | ND | ND
2002 4686 |14605| N0 " I = =~
2003 | 35962 | 7634 | ND | 1.037 | ND | ND | 0562
2005 29 ND | ND | ND | ND | ND | ND
2007 ND ND | ND | ND | ND | ND | ND

**ND = Not Detected, with a detection limit ranging between 0.25 and 32.5 mg/kg.

NOTE: 1998-1 values are from pre-drilling baseline survey.
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Table 7-4 Mercury results for sediment collected at Thebaud and Gully sampling locations

MERCURY

(marka) T-250 | T-500 | T-1000 | G1 | G2 G3 G4
= W— e o |

2001 //////////////////////////////////////////////////////
s @
2003 ////////////////////////////////////////////////////

2005

2007 ND ND ND ND ND ND ND
**ND = Not Detected, with a detection limit of 0.01 mg/kg.

Table 7-5 Sediment chemistry results for 2007.

. Aluminum | Strontium
Station ID (mg/Kg) (mg/Kg)
Thebaud 250m East 16250 79.5
Thebaud 500m East 15350 71.5
Thebaud 1000m East 8765 38
Gully 1 8795 44.5
Gully 2 6520 32.5
Gully 3 6830 31
Gully 4 9195 43
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Figure 7-4 Ba/Al ratios for Gully sampling sites
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Figure 7-5 Ba/Al ratios for Thebaud sampling sites
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8.0 SEDIMENT TOXICITY
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8.1 BACKGROUND

Thebaud, the SOEP main production platform, has been in production since December,
1999. Oil-based muds/cuttings from wells drilled prior to January 1, 1999 were discharged
under Offshore Waste Treatment Guidelines (OWTG) [3] criteria of 15 g/100g (on a wet
solids basis) oil content. Qil-based muds/cuttings from most wells drilled at Thebaud were
shipped to shore. Water-based muds/cuttings from all well top-hole sections have been
ocean-discharged at all platform locations without treatment as per the OWTG.

Sediment toxicity has been monitored at Thebaud site since 1998. No sediment sampling
was carried out in 2004 for operational reasons. The CNSOPB EEM Advisory Committee
agreed that sediment chemistry was not required at Thebaud or near the Gully MPA in 2006
since the concentrations of key drill waste indicators (i.e., Barium (Ba) and Total Petroleum
Hydrocarbon (TPH)) in 2005 approximated 1998 baseline (pre-drilling) levels or were non-
detectable (i.e., Mercury (Hg)). In 2007, DFO COOGER kindly offered to collect and
analyse sediment samples collected in the near-field Thebaud area at three sites (i.e.,
250m, 500m and 1000m from the platform along the prevailing current axis) and at four far-
field reference stations near the Gully MPA (see Figure 8-1 & Table 8-2) which would allow
for further verification of earlier results."

8.2 GOAL

To examine sediment toxicity near the SOEP main processing platform and the Gully Marine
Protected Area.

8.3 OBJECTIVES

e Use a suitable indicator species to evaluate acute toxicity of sediments collected at
three near-field sampling stations along the major current axis at the Thebaud
platform location and at four far-field reference sites near the western boundary of
the Gully Marine Protected Area;

e Compare results with available historical monitoring data at the same locations; and,

e Utilize data in developing a strategy for future monitoring.

'* EEM sediment sampling has not been undertaken at Venture and North Triumph platform locations
since 2003 when key drill waste chemical indicators returned to 1998 baseline concentration levels.
The 2005 EEM program also showed low or non-detectable concentrations of key drill waste
indicators near the South Venture platform following discharges of oil-based muds/cuttings (under a
discharge limit of 6.9 mg/l oil content) during work-overs at that location in 2004/5. Sampling at Aima
was not required since all SBM/cuttings generated during drilling were shipped to shore for treatment
and disposal.
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8.4 2007 SAMPLING

Agency: DFO (COOGER/Particle Dynamics Lab) — Bedford Institute of Oceanography

Collection Date(s): August 13, 2007 (Thebaud)
August 23, 2007 (Gully Sites)
Platform: CCGS Hudson
Type of Sample: Core samples (Depths 0-2cm and 2-4cm)
Test Sample Locations: Thebaud (250m, 500m, 1000m)

(see Figure 8-1 & Table 8-2)

Reference Sample Locations: Near Gully Marine Protected Area Sites G1, G2, G3a, G4a
(see Figure 8-1 & Table 8-2)

Sample Preparation: Bottom sediment samples were collected using a
hydraulically damped slo corer. This equipment preserves
the sediment water interface in tact. Samples are collected
in polycarbonate tubes and then extruded and sliced in
2cm intervals and stored cold (<4C) in plastic containers
while at sea. Samples are sub-sampled, dried, sieved and
sent for analysis upon returning to the lab.

Equipment: Hydraulically damped slo corer.

Sampling QA/QC: e Duplicate samples were taken at each site for analysis

e GPS used for station keeping

¢ A new cleaned slo-core polycarbonate tube was used
for each collected core.

8.5 ANALYSIS
Agency: Harris Industrial Testing Service Ltd.

8.5.1 Parameters Analyzed

Parameters Analysis Method

Ten samples were tested using Benthic

LC(50) amphipod Eohaustorius estuarius [1]

8.5.2 QA/QC
All samples were held in the dark at 4 + 2°C until testing.
e The Eohaustorius were collected from Yaquina Bay, Newport, Oregon, USA by
Northwestern Aquatic Sciences on August 14, 2007 and were received at HITS on
August 17, 2007. The organisms were acclimated and held in aerating seawater at

15 £ 2°C (test temperature) in collection site sediment until the commencement of
testing.
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8.6

The control sediment used for this test was the normal sediment from the
Eohaustorius habitat, provided by the supplier.

Tests were conducted in 1L jars (pre-rinsed with seawater) with ~ 175 ml of sediment
and 775 ml of seawater.

Each sediment and the control had 5 replicates with 20 test organisms per vessel.

Test organisms were exposed for 10 days (August 20-30, 2007) to continuous
fluorescent lighting (756 lux) and light aeration.

Dissolved oxygen, pH, and temperature were monitored a minimum of five times
throughout the test. Ammonia (NH3) and salinity were measured initially and at
termination

A Reference toxicant test was conducted with these organisms in seawater only, in
the dark and with no aeration for a period of 96 hours.

RESULTS

All monitored parameters, i.e., dissolved oxygen, pH, temperature and salinity, were
within acceptable levels throughout the 10-day exposure.

Control mortality did not exceed 10%.

The reference toxicant results with Cadmium Chloride fell within the Warning Limits
(i.e., £ 2 S.D. from the mean) derived from the historical data generated by this
laboratory. (See Table 8-1)

Based on the criteria below, none of the near-field Thebaud or far-field reference
samples taken near the Gully MPA are considered to be toxic. (See Table 8-3;
Toxicity Summary for Eohaustorius estuarius [Conducted August 13 and 27, 2007])

Environment Canada EPS 1/RM/35 [2], recommends the following two-part guidance
when judging the pass/fail of each sediment:

“Test sediment from a particular sampling station and depth is judged to have failed
this sediment toxicity test if the mean 10-day survival rate for the replicated groups of
test organisms exposed to this sediment is more than 20% lower than that in the
reference sediment and is significantly different.

Reference sediment is defined as a field-collected sample of presumably clean
(uncontaminated) sediment, selected for properties (e.g., particle size, compactness,
total organic content) representing sediment conditions that closely match those of
the sample(s) of test sediment except for the degree of chemical contaminants.
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If a reference sediment is unavailable, the test sediment is judged to have failed this
sediment toxicity test if the mean 10-day survival for the replicate groups of test
organisms exposed to this sediment is more than 30% lower than that in the control
sediment and is significantly different. Control sediment is defined as: “clean
sediment which does not contain concentrations of one or more contaminants that
could affect the survival or behavior of the test organisms. Control sediment might
be natural sediment from an uncontaminated site, or formulated (reconstituted)
sediment. This sediment must contain no added test material or substance, and
must enable an acceptable survival rate for the test organisms during the test. The
use of control sediment provides a basis for interpreting data derived from toxicity
tests using test sediment(s).”

The Gully sediment samples cannot be strictly considered as ‘reference’ in the strictest
sense according to the Environment Canada definition. Hence, the 30% toxicity limit was
used for comparison purposes.'® The ‘control’ sediment used for this test was the normal
sediment from the Eohaustorius habitat, provided by the supplier.

Table 8-1 Eohaustorius estuarius Reference Toxicant Results with Cadmium Chloride

Test 96 Hour LC50 (mg/L)
Aug. 20-24, 2007 149 (C.L.: 12.5-17.6)
Historical Mean 19.2

Warning Limits 11.0-33.6

8.7 SUMMARY AND CONCLUSIONS

¢ No toxic responses (amphipod mortality of 30% or greater) were observed in 2007
using the amphipod, Eohaustorius estuarius, at any of the far-field Gully reference or
nearfield Thebaud platform sampling sites.

e Toxic responses in sediments collected at the sampling site nearest this platform
(i.e., T-250m) in the years immediately following drilling (1999-2002) appear to have
stabilized at the baseline level (<10% in 1998) since the fall of 2003 from a high of
81% in the spring of 1999 (Figure 8-2).

e |n earlier years, sediment toxicity (as a measure by amphipod survival) appeared to
be related to the concentration of TPH rather than the concentration of Barium (see
Section 4, Sediment Chemistry).

"> From an EEM point of view however, the Gully MPA samples provide suitable far-field reference data for
comparison with platform sites.
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Figure 8-1 Location of sampling sites
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Table 8-2 GPS Co-ordinates of 2007 Grab Sample Locations'

Site Latitude (North) L‘zs\?;‘s‘:f'e
Thebaud 250 43°53.538 060° 11.825
Thebaud 500 43°53.529 060° 11.581

Thebaud 1000 42°53 459 060°11.179
Gully G1 44°07.877 059° 29,491
Gully G2 44°06.163 059° 19.931
Gully G3a 44°04.356 059° 18.669
Gully Gda 44°00.781 059° 14.767

Table 8-3 Toxicity Summary for Eohaustorius estuarius

SampleID | LabID | Rep1 | Rep2 | Rep3 | Rep4 | Rep5 Jg:fa'f{y
G-1 #7354-A | 1 2 0 0 2 5
G-2 473548 | 1 2 0 1 1 5
G-3 #7-354C | 0 0 0 0 0 0
G-4 #7.354D | 0 1 0 0 0 1

control Control 0 0 1 0 0 1
T-250 #7-336-A | 0 0 0 2 1 3
T-500 #7.336B | 0 0 0 0 0 0

T-1000 | #7-336-C | 0 0 2 1 0 3

control Control 0 0 1 0 1 2

'® Sediment used in the analysis was taken from the top 4 cm of the core sample.
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Figure 8-2 Amphipod Mortality (%)
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9.0 THERMAL DISCHARGE MONITORING - THEBAUD COMPRESSION
PLATFORM
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9.1 BACKGROUND

ExxonMobil Canada Properties commissioned a compression platform at the Thebaud field
in November 2006 with steady-state operation since February 2007.

Although the compression platform has already been subject to a full and thorough
environmental assessment (Joint Public Review Panel 1997), as acknowledged by the
Canada-Nova Scotia Offshore Petroleum Board (CNSOPB), ExxonMobil undertook a
monitoring program to address the requirement for environmental due diligence which would
verify that the Compression Project is within the scope of the overall project assessed and
approved in 1997.

The Compression Platform utilizes an indirect seawater cooling system consisting of a
closed loop, cooling medium for the transfer of heat from process fluids to the cooling
medium and an open, seawater loop for the transfer of heat from the cooling medium to the
seawater.

The addition of cooling water discharge from the Thebaud compression platform provides a
substantial increase in discharge volume compared with the Produce Water plume. As
previously reported by ExxonMobil (ExxonMobil [1]), numerical dispersion simulations
indicate that temperature alteration due to thermal discharges from the compression
platform during routine operations will be confined to the nearfield platform area (i.e. < 200
m from the discharge caisson) and will represent a minor proportion of the total variability to
which marine organisms are exposed in this environment.

9.2 GOAL

Collect data on the average footprint of the excess heat discharged to the environment as
cooling water medium for the Thebaud Compression Platform.

9.3 OBJECTIVES

e To ground truth numerical dispersion predictions of cooling water discharge from
Thebaud Compression Platform.
e To provide sound physical basis to guide future EEM planning.

9.4 MONITORING PROGRAM

During a September field program, four moorings supporting temperature loggers were
deployed at Thebaud for the purpose of collecting time series temperature data in support of
the Compression Platform cooling water discharge thermal plume monitoring program.

Near-field moorings were deployed at nominal distances of 100 m, 200m and 500 m from
the discharge caisson of the Thebaud Compression Platform along a bearing of
approximately 175°T (Figure 9-1). A single far-field mooring was deployed as a control site
1,500 m from the discharge caisson along the same bearing. Coordinates for each mooring
are presented in Table 9-1.
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Table 9-9-1 GPS Co-ordinates of 2007 Grab Sample Locations

Range Bearing (°T) | Water | Latitude (North) LEMIITEE
from (West)

from Depth Datum

Platform Platf Dec

(m) atform (M) | Deg. | Dec. Min. | Deg. Min.
100 m 175 32 43 53.433 60 11.963 WGS84
200 m 175 33 43 53.417 60 11.900 WGS84
500 m 175 35 43 53.345 60 11.708 WGS84
1,500 m 175 30 43 53.087 60 11.031 WGS84

Figure 9-1 Diagram showing placement of Near-Field Thermistor Moorings relative to
Discharge Caisson.
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Temperature loggers (thermistors) were vertically spaced at depths of 0.5m, 1 m, 2 m and 5
meters at each of the 4 sites, with thermistors at 28 m depth at the 100 m and 1,500 m sites
plus an additional thermistor at 20 m depth at the 1,500 m site. Figure 2 presents the
mooring diagram showing vertical placement of the thermistors.
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Figure 9-2 Mooring diagram showing placement of Temperature Loggers.
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HOBO U22 Water Temp Prov2 and TidbiT v2 temperature loggers, manufactured by the
Onset Computer Corporation, were set to record temperature values at 2 minute sampling
intervals. Two minute intervals allowed for sufficient memory for a 60 day sampling program
whilst providing adequate temporal resolution for detection of excess temperature of the
cooling water plume against ambient temperatures. The stated accuracy of the thermistors
is 0.2°C over a range of 0°to 50°C with a resolution of 0.02°C at 25°C.
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The thermistors were deployed for a planned maximum duration of 60 days on September
9, 2007. Due to weather and operational restrictions for access to vessels, the recovery trip
was postponed until early February 2008. During recovery of the 1,500 m mooring on
February 9, the mooring parted below the sash weight resulting in loss of the lower 3
thermistors. The thermistor at 0.5m was also missing. The 100m, 200m and 500m
thermistor mooring high-flyers were all missing from their respective locations representing a
catastrophic loss to the measurement program (comment from vessel crew indicated all
moorings were on site about 2 weeks prior to the recovery trip).

9.5 RESULTS

Excess temperature monitoring of the compression platform cooling water discharge above
ambient seawater was not completed due to the loss of the near-field thermistors,

Data from the 1m, 2m and 5m control thermistors are presented below (Figure 9-3). Of note
is the agreement between thermistors during well mixed conditions and the apparent solar
heating captured by the 1m and 2m thermistors (Figure 9-4). These data suggest sound
methodology in the approach to the program.

Figure 9-3 Time series temperature data for 1m, 2m & 5m thermistors at the Control Site.
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Figure 9-4 Time series temperature data from Sept. 17 to Sept. 24 showing
periods of solar heating at the Control Site.
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9.6 SUMMARY AND CONCLUSIONS
Verification of persistence and spatial distribution of excess temperature above ambient
seawater resulting from discharge of seawater cooling medium from the Thebaud

Compression Platform could not be determined due to the loss of the near-field thermistor
moorings.

9.7 REFERENCES

[1] ExxonMobil Canada, 2006. Compression Project Environmental Review
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