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Executive Summary

McGregor GeoScience Ltd. (McGregor) was contracted by Encana Corporation for
provision of Environmental Effects Monitoring (EEM) services for the Deep Panuke
Project. Since its inception in 2011, the objective of this project has been to provide a
monitoring program addressing all production operations-related environmental effects
monitoring commitments made during the Deep Panuke regulatory process as outlined
in the 2007 Comprehensive Study Report (CSR) and environmental effects predictions
made during the 2006 Environmental Assessments (EAs). The Deep Panuke EEMP
builds on results and lessons learned to date from the Sable Offshore Energy Project
(SOEP) EEM program which has been carried out on Sable Island Bank since 1997.

The Deep Panuke offshore EEM program was designed to address the following
objectives:
e identify and quantify environmental effects;
e verify predictions made during the EA processes;
e evaluate the effectiveness of mitigation and identify the need for improved or
altered mitigation;
e provide an early warning of undesirable change in the environment; and,

e assist in identifying research and development needs.

With ‘First Gas’ (full production rate) delayed to December 2013, no sampling for
Produced Water Chemistry and Toxicity, Marine Water Quality Monitoring, Sediment
Chemistry and Toxicity, and Fish Health Assessment was conducted. The 2013 survey
program was limited to the monitoring of:
e Fish habitat alteration on the subsea production structures (section 6.4 of the
EEMP):
o PFClegs;
o protective mattresses;
o SSIV valve;
o wellheads; and,
o exposed sections of the pipeline to shore.
e Marine wildlife observations (section 6.6 of the EEMP):

o marine mammals and sea turtles observations,
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o stranded-bird observations;
o beached bird observation on Sable Island;
o Ocean Tracking Network (OTN) tagged species program; and,
o Acadia University’s research study on assessment of bird-human
interactions at offshore installations.
Air quality monitoring (section 6.7 of EEMP):
o air quality monitoring on Sable Island; and,
o flare plume observations on Deep Panuke.

The results of the 2013 EEM program include the following:

Fish habitat alteration:

Epifauna colonization of WHPS at all well site locations observed had similar
species density and assemblages as the survey in 2012. Species composition
was relatively homogenous across all wellhead sites.

Dominant fish species at the WHPS continue to be pollock (Pollachius sp.) and
cunner (Tautogolabrus adsperus). Sculpins (Myoxocephalus sp.) were also found
this year at the WHPS and the base of the riser caisson, and were not present in
the 2012 survey. Like the 2012 survey, Atlantic cod (Gadus morhua) were not
present in 2013.

Wellheads and protective structures continue to act as an artificial reef/refuge as
evidenced by the colonization of the structures as mentioned in the 2006 EA
predictions. The structures are attracting fish from the surrounding areas and
providing shelter in an otherwise relatively featureless seafloor.

There was an increased abundance of blue mussel Mytilus edulis at the base of
the riser caisson, becoming the dominant species colonizing the area, as
opposed to the hydroid Tubularia sp. in 2012. Possible colonization of hydroids
on a Cuprotect coverage area on the flowlines at the riser caisson (e.g. D-41).

Marine wildlife observations:

Four bird strandings were reported. In two instances the birds were unharmed
and later released and in the other two instances the birds ended up dying.

Both the supply vessels the M/V Atlantic Condor and the M/V Ryan Leet reported
wildlife sightings in 2013. The M/V Atlantic Condor observed three mike whales
and one fin whale in May of 2013, a seal in June and a whale in August, along
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with various untagged gulls year round. The Ryan Leet observed two pilot
whales, a minke whale, approximately 10 porpoises and a grey seal in May of
2013.

e As part of the Acadia bird study, ongoing monitoring of bird movements was
conducted from May to December on Sable Island, Country Island, Bon Portage
Island, Conrad's Beach and North East Nova Scotia, where 343 birds were
tagged in 2013. In 2013, vessel based VHF receivers were active throughout the
entire tagging period and birds were effectively detected without interference
from VHF “noise”. The installation of bird monitoring equipment on the PFC was
postponed until spring 2014.

e Ongoing monitoring of oiling rates in beached birds on Sable Island was
conducted over the course of 10 surveys carried out between January 1, and
October 1, 2013, where 461 beached seabird corpses were collected. Fulmars
and shearwaters accounted for 25.8% of total corpses recovered, and alcids
comprised 55.5%. Of the 461 corpses, 217 (47.1%) were complete (>70% of
body intact). The oiling rate for all species combined was <0.5%.

e The Ocean Tracking Network (OTN) tagged 20 juvenile female blue sharks in
July/August of 2013. All twenty sharks were picked up on acoustic receivers in
the region, however no detections of tagged blue sharks were obtained from
Encana platforms or the Encana ROV in the period between July 2013 and
December 2013.

Air Quality Monitoring:

e Air emissions were monitored on Sable Island throughout 2013. There was one
event where the NOy emissions ‘spike’ threshold (1-hr period) was exceeded,
likely not as a result of O&G operations. Three H,S spikes were investigated and
determined to be due to instrument drift rather than O&G operations.

¢ No systematic flare smoke data was compiled for 2013, however, the flare is
monitored on the platform during walk-arounds and was observed to be burning
cleanly the majority of the time. Systematic flare smoke monitoring was initiated
in February of 2014, recording flare smoke shade twice a day using the

Ringelmann smoke chart.
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In accordance with objectives stipulated in the Offshore Production EEMP, it is

anticipated that the 2014 EEM sampling program will provide analyses and observations

for the following monitoring components:

Produced water chemistry and toxicity (section 6.1 of EEMP);
Marine water quality monitoring (section 6.2 of EEMP);
Sediment chemistry and toxicity (section 6.3 of EEMP);

Fish habitat alteration analyses (section 6.4 of EEMP);

Fish health assessment (section 6.5 of EEMP);

Marine wildlife observations (section 6.6 of EEMP); and

Air quality monitoring (section 6.7 of EEMP).

McGregor GeoScience Limited %
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1 INTRODUCTION

McGregor GeoScience Ltd. (McGregor) was contracted in 2011 by Encana Corporation
(Encana) to provide environmental effects monitoring services and data analysis for the
Deep Panuke Project. McGregor undertook data analysis and report production as per
the Offshore Production Environmental Effects Monitoring Plan (EEMP) (Encana, 2011:
DMEN-X00-RP-EH-90-0003). This 2013 report represents the third yearly report
submitted to Encana.

The 2013 EEM project team consists of:

e McGregor GeoScience Ltd. for subsea video data analysis and project
reporting;

e SBM/Encana personnel from PFC and supply/standby vessels MV Atlantic
Condor, MV Ryan Leet and MV Intrepid for marine mammal, sea turtles and
bird observation, and for flare plume analysis;

e Acadia University for bird monitoring research;

e Zoe Lucas Consulting for Sable Island beached bird survey;

e Kingfisher Environmental Health Consultants for Sable Island air quality
monitoring; and

e Ocean Tracking Network for acoustic survey of tagged species.

Table 1.1 provides an overview of the 2013 EEM program including relevant
environmental effects monitoring (EEM) components and survey timing. No produced
water, water quality or sediment sampling took place in 2013, as First Gas occurred in
December 2013 (see section 1.1). These monitoring components including fish health
assessment will resume in the 2014 sampling program.

McGregor GeoScience Limited 14
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Table 1.1 Overview of 2013 EEM Program

EEM Component(s)

2013 EEM Program

Survey Timing

Fish Habitat Alteration

Inspection of ROV video data to determine development

. of benthic communities at the wellheads, wellhead July to September 2013
Section 6.4 of EEMP protection structures, PFC legs and pipelines.
PFC Marine Wildlife . . . )
Observations Summarize PFC and vessels observations, including Continuous

Section 6.6 of EEMP

stranded birds.

Assessment of bird-human
interactions at offshore
installations

Section 6.6 of EEMP

Study combined multiple, automated instrument-based
monitoring techniques (VHF, satellite telemetry) to
quantify patterns of individual and population level bird
activities on and around offshore installations.

Between May and December
2013.

Oiled Bird Study conducted
on Sable Island
Section 6.6 of EEMP

Ten surveys for beached seabirds were conducted on
Sable Island. Species identification, corpse condition and
extent of oiling were recorded for seabird specimens.

Between January 1 and
October 1, 2013

OTN tagged species survey
Section 6.6 of EEMP

Acoustic receivers on offshore oil and gas infrastructure
complementing existing receivers to monitor tagged
animals including 20 Blue sharks.

Between July 2013 and
December 2013

Air Quality Mark Gibson
Section 6.7 of EEMP

Monitoring of air emissions with air quality monitoring
instruments deployed on Sable Island

Continuous

Flare Plume observations
Section 6.7 of EEMP

No systematic smoke data was compiled in 2013, but the
flare was monitored continuously by cameras and
visually. Systematic flare smoke monitoring was initiated

Continuous camera and visual
observations.
Smoke monitoring twice a day

in 2014 using the Ringelmann smoke chart. initiated in February 2014.

1.1 DEEP PANUKE BACKGROUND

The Deep Panuke project is located offshore 250km southeast of Halifax, Nova Scotia,
approximately 45km to the West of Sable Island in water depths ranging from 42m to
50m (Figure 1.1a).

The project involves offshore production, processing and transport via a nominal 559mm
(22 inch) pipeline to an interconnection with the Maritimes & Northeast Pipeline (M&NP)
facilities near Goldboro, Nova Scotia. The M&NP main transmission pipeline delivers to
markets in Canada and the Northeast United States. The condensate produced offshore
is treated and used as fuel on the production field centre (PFC). The Deep Panuke
project facilities consist of a PFC which includes a hull and topsides facilities, four
subsea production wells (H-08, M-79A, F-70, and D-41) (Figure 1.1b and 1.1¢), a
disposal well (E-70) and associated subsea flowlines and control umbilicals, and a gas
export pipeline to shore.

Deep Panuke is a sour gas reserve with raw gas containing approximately 0.18 mol %
hydrogen sulphide (H.S). The offshore processing system consists of separation,
compression (inlet and export), gas sweetening, gas dehydration, gas dewpointing (via

McGregor GeoScience Limited 15
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Joule-Thompson), condensate sweetening and stabilization, and produced water
treatment and disposal. Once H,S and carbon dioxide (acid gas) have been removed
from the raw gas stream to acceptable levels, the acid gas is injected into a dedicated
underground disposal well.

In November 2007, Encana entered into an agreement with Single Buoy Moorings Inc.
(SBM) for the engineering, procurement, fabrication, installation and commissioning of
the Deep Panuke PFC. In addition to the provision of the PFC, SBM will provide
personnel to help ensure a smooth transition from the development phase into the
project’s production phase, and will be responsible for the long-term operations of the
production facilities, including logistics. During the production operations phase at Deep
Panuke, Encana will remain the operator of record but SBM will own and operate the
production facility and oversee day-to-day field operations, as directed by Encana,
including production, marine, helicopter and onshore logistics.

Significant project’s milestones achieved in 2013 are as follows:
e June 3: start of flaring (nitrogen and buy-back natural gas);
e August 7: first well opened, start of acid gas flaring;
e August 11: export gas to market; and
e December 17: Production Acceptance Notice (‘First Gas’) and start of steady-
state production with production capability reaching approximately 300 million
cubic feet per day.

The general project location of the Deep Panuke EEMP is shown in Figure 1.1a.
Rendering of the production platform and the wellheads are shown in Figure 1.1b and
schematic of the Deep Panuke subsea production structures referenced in this report
can be seen on Figure 1.1c.

McGregor GeoScience Limited 16
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Figure 1.1a Deep Panuke Subsea Production Structures - General Overview (From Offshore Production EEMP - May 21 2011)
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Figure 1.1b Deep Panuke Production Field Centre Rendering (From Offshore Production EEMP - May 21 2011)
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Figure 1.1c Deep Panuke Subsea Production Structures - PFC Area (From Offshore Production EEMP - May 21 2011)
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2 COMPONENTS

2.1 PRODUCED WATER CHEMISTRY AND TOXICITY

2.1.1 Background

Produced waters, which are generated during the production of oil and gas, represent a
complex mixture of dissolved and particulate organic and inorganic chemicals varying in
salinity from freshwater to concentrated saline brine (Lee & Neff, 2011). The physical
and chemical properties of produced water vary widely depending on the geological age,
depth, geochemistry of the hydrogen-bearing formation as well as the chemical
composition of the oil and gas phases in the reservoir and processes added during
production. On most offshore platforms, these waters represent the largest volume
waste stream in oil and gas exploration and production operations (Stephenson, 1992).

There is concern about the ocean disposal of produced water because of the potential
danger of chronic ecological harm. The chemicals of greatest environmental concern
include aromatic hydrocarbons, some alkylated phenols and a few metals. These
chemicals, if present in high enough concentrations lead to bioaccumulation and toxicity

in marine organisms.

The proposed Deep Panuke produced water compliance monitoring program is
designed to meet testing and reporting requirements from the Offshore Waste Treatment
Guidelines (OWTG) (CNSOPB, C-NLOPB, NEB, December 2010) and is outlined in the
Deep Panuke Production Environment Protection and Compliance Monitoring Plan
(EPCMP) (DMEN-X00-RP-EH-90-0002).

The OWTG specify a maximum limit of 30 mg/L (30-day weighted average) and 44 mg/L
(24-hour arithmetic average) of oil in produced water discharged to the marine
environment. Encana’s design target for Deep Panuke is 25 mg/L (30-day weighted
average). The concentration of oil in produced water will be measured at least every 12
hours and a volume weighted 30-day rolling average calculated daily.

McGregor GeoScience Limited 20
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Formation water was not produced in 2013. However, water of condensation is present in the
gas and drops out during gas processing. This water was discharged through the produced
water system starting on September 8, 2013, mostly as batch releases. Produced water quality
and toxicity monitoring will start in 2014.

2.2 MARINE WATER QUALITY MONITORING

2.2.1 Background
The 2006 Deep Panuke Environmental Assessment (EA) (p. 8-38) made the following specific
predictions with respect to water quality dispersion:

e The maximum discharge rate of produced water will be 6,400 m®day (266.7 m*hr) and
2,400 m*/hr for cooling water giving a dilution rate of 9:1;

e The project’s produced water treatment facilities are expected to treat produced water so
that H,S concentration prior to mixing with cooling water does not exceed 1 to 2 ppmw;
and

e Produced water will be mixed with cooling water prior to discharge. Upon being released
to the marine environment, discharged water will be rapidly diluted by ambient currents
and background oceanic mixing as per Table 2.1 below (Table 8.18 from the 2006 Deep
Panuke EA).

Table 2.1 Summary of Discharged Water Far-Field Dispersion Modelling Results

. Oxygen
lert:;ce Dilution Temperature | Salinity Hydrocarbon H.S Concentration
Discharge (Discharge/Background Anomaly Anomaly | Concentration | Concentration Relative to
Site Waters) (°C) (PSU) (mg/L) (PPMW) Background
(%)
EP’;S o No dilution 25 6.25 8 0.2 0
Site .
(seafloor) 10:1 2.5 0.6 0.28 0.02 90
500m 70:1 0.4 0.1 0.04 0.003 98
1km 100:1 0.25 0.06 0.03 0.002 99
2km 400:1 0.06 0.02 0.007 0.0005 100
End of discharge caisson at a depth of 10m

Note: discharge water consists of produced water mixed with cooling water (9:1 mixing ration)

The Deep Panuke Production EPCMP (DMEN-X00-RP-EH-90-0002) provides more recent
information on the design of the PFC produced water system. The current system is designed
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for a produced water rate of 6,400 m*/d (266.7 m®/hr). After treatment and sampling, the treated
produced water goes down the seawater discharge caisson located in the PFC SE leg and is
mixed with the spent 3,340 m®hr cooling water inside the leg prior to discharge into the ocean
environment at a depth of approximately 26m below Lowest Astronomical Tide (LAT).
Therefore, the dilution ratio for a maximum produced water rate has increased from 1:9 to 1:13,
with the discharge depth changed from 10m to 26m below LAT.

The field sampling program in 2011, reported in the 2011 Offshore Environmental Effects
Monitoring for Deep Panuke Program Annual Report (DMMG-X00-RP-EH-90-0001.03U),
concluded that metal, non-metal, hydrocarbon and nutrient concentrations were all found to fall
below threshold levels as defined by the Canadian EQG (Environmental Quality Guidelines).
This data set represents baseline levels measured prior to the PFC becoming operational.

It should be noted that the Offshore Production EEMP included the following areas of
collaborative research with DFO COOGER under the Marine Water Quality Monitoring and Fish
Health Assessment components:

e apply contaminant dispersion/risk assessment models (DREAM/EIF) using sampling
results and physical oceanographic data to research environmental risk from produced
water discharge and to identify the major components of concern;

e run in situ (lab) biodegradation studies to research persistence of contaminants of
concern; and

e refine assay methodology to research fish egg fertilization success and development
using produced water from the Deep Panuke PFC.

In 2013, COOGER have advised that with the recent changes in COOGER structure/mandate,
they are not able to collaborate on the EEM work previously discussed. They are no longer
using the DREAM model or conducting research on biological effects of contaminants. These
research collaboration initiatives were put forward in the EEMP because of COOGER’s active
engagement in produced water research activities at the time, including collaboration with other
local operators. In this context, Encana volunteered to contribute to this work. Because
COOGER is no longer conducting this research, Encana will not pursue a collaborative research
agreement in these areas. However, Encana will be conducting the monitoring components

from the EEMP to verify environmental impact assessment predictions related to water quality
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and fish health, including water quality sampling and mussel and fish testing. This approach
was approved by the CNSOPB in December 2013.

2.2.2 EEMP Goal
e To validate predictions regarding water quality dispersion made in the 2006 Deep
Panuke EA predictions #1, 3, 4, 5, 6, 11 & 13 in Table 3.1].

2.2.3 Objectives
e Analyze key water quality parameters in seawater samples collected on the PFC (i.e.
prior to mixing with cooling water and discharge to marine environment) and at several
locations away from the Deep Panuke PFC; and
e Analyze key water quality parameters in seawater samples collected at sites in the
vicinity of the PFC.

2.2.4 Sampling

No sampling took place in 2013 since start of production was postponed and resulting produced
water discharges didn’t start until September 2013, mostly as batch discharges. This limited
discharge history is not expected to result in detectable levels of contaminants in the
environment. The Water Quality Monitoring Program will resume in 2014.
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2.3 SEDIMENT CHEMISTRY

2.3.1 Background

Chemical contamination of sediments in the vicinity of offshore gas platforms can be the
result of discharges of mud/cuttings during drilling and completion, produced water
during production operations and/or accidental releases (i.e., spills). While effects are
anticipated to be localized, such contamination can be potentially toxic especially to
bottom-dwelling fauna. Bioassay analysis using a suitable indicator species is a useful
technique for evaluation of the toxicology of sediments collected at various distances

from the source of contamination.

Analytical parameters for sediment chemistry initially used in the SOEP EEM program
were the following: full metal (24 parameters) scan, grain size analysis, C6-C32
hydrocarbon scan, benzene, ethylbenzene, toluene, xylene, polycyclic aromatic
hydrocarbons, organic and inorganic carbon, ammonia and sulphide. With the exception
of barium and TPH concentrations in the near-field area (within 1,000 m of a discharge
site) along the direction of the prevailing current, all other parameters showed no
significant differences from levels measured during baseline surveys and from other
near-field and far-field reference stations. Consequently, the number of stations and
parameters for recent sediment samples taken for the SOEP EEM program was first
reduced to three near-field stations (at 250 m, 500 m and 1,000 m) downstream of the
main production platform at Thebaud and a few key parameters and finally discontinued
from the program because of non-detectable/background levels for measured

parameters.

A variety of laboratory-based sediment toxicity bioassays were originally used in the
SOEP EEM program to evaluate potential lethal and sublethal effects on organisms
representing several different trophic levels - amphipod (Rhepoxynius abronius) survival,
echinoderm (Lytechinus pictus) fertilization and bacterial luminescence of Vibrio fischeri
(Microtox). Within a relatively short period (two to three years of sampling), the
echinoderm fertilization and Microtox tests were discontinued as the results did not
correlate with trends in sediment chemistry results. However, the marine amphipod
survival test has proved to be the most reliable indicator of sediment contamination and
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was a valuable monitoring parameter in the SOEP EEM program until this EEM
component was discontinued after 2007.

At the Deep Panuke site, produced water and hydrocarbon spills are the only potential
sources of TPH in sediments since only WBM was used during drilling and completion
activities. While barium was a component of WBM used to drill the production wells in
2000 (M-79A and H-08) and 2003 (F-70 and D-41), it was not a component of WBM
used for the 2010 drilling and completion program (drilling of the new E-70 disposal well
and recompletion of the four production wells), which instead used brine as a weighting
agent.

The 2008 Baseline Benthic Study provided comparative data on sediment quality for the
2011 EEM program. Results from the 2008 Baseline Benthic Study indicated that the
concentrations of metals in offshore sediments collected at the Deep Panuke site
(pipeline route and PFC area) in 2008 (before the 2010 drilling and completion program
but post drilling of the four production wells) were within background ranges found in
other offshore studies on Scotian Shelf sediments (in particular, mercury levels were
non-detectable).

The field sampling program in 2011, reported in the 2011 Offshore Environmental
Effects Monitoring for Deep Panuke Program Annual Report (DMMG-X00-RP-EH-90-
0001.03U), concluded that metal, non-metal, hydrocarbon and nutrient concentrations
were all found to fall below threshold levels as defined by the Canadian EQG
(Environmental Quality Guidelines).

2.3.2 EEMP Goal
To validate predictions re sediment toxicity made in the 2006 Deep Panuke EA [EA
predictions #1, 2, 3, 4,5, 6, 7 & 8 in Table 3.1].

2.3.3 Objectives
e Determine the dispersion of key drilling and production chemical parameters at
drill sites and production site;
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2.3.4 Sampling

No sampling took place in 2013, since start of production was postponed and resulting
produced water discharges didn’'t start until September 2013, mostly as batch
discharges. This limited discharge history is not expected to result in detectable levels
of contaminants in the environment. The Sediment Chemistry Monitoring Program will
resume in 2014. Section 6.3.5 from the EEMP indicates that sampling at the wellhead
locations may be discontinued after one year if the results show no signs of
contamination from drilling and completion activities. The 2011 chemistry and toxicity
survey (no samples were collected in 2012 or 2013 because of production delay) clearly
concluded that all metal, non-metal, hydrocarbon and nutrient concentrations were found
to fall below threshold levels as defined by the Canadian EQG and that all collected
sediments were non-toxic. Therefore, sampling at the wellhead locations will be
discontinued for the 2014 sediment chemistry and toxicity survey. The program will focus
on the sampling locations downstream and upstream of the PFC site (i.e. 4 near-field
sites at 250, 500, 1,000 and 2,000 m downstream of PFC along prevalent current
direction (SW) and 2 far-field reference sites at 5,000 m upstream and downstream).

2.4 SEDIMENT TOXICITY

2.4.1 Background

A variety of laboratory-based sediment toxicity bioassays were originally used in the
SOEP EEM program to evaluate potential lethal and sublethal effects on organisms
representing several different trophic levels - amphipod (Rhepoxynius abronius) survival,
echinoderm (Lytechinus pictus) fertilization and bacterial luminescence of Vibrio fischeri
(Microtox). Within a relatively short period (two to three years of sampling), the
echinoderm fertilization and Microtox tests were discontinued as the results did not
correlate with trends in sediment chemistry results. However, the marine amphipod
survival test has proved to be the most reliable indicator of sediment contamination in
the SOEP EEM program.

The field sampling program in 2011, reported in the 2011 Offshore Environmental
Effects Monitoring for Deep Panuke Program Annual Report (DMMG-X00-RP-EH-90-
0001.03U), presented results from a laboratory-based sediment toxicity bioassays
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conducted in accordance with Environment Canada’s “Biological Test Method:
Reference Method for Determining Acute Lethality of Sediment to Marine or Estuarine
Amphipods”, EPS 1/RM/35, December 1998. Lab method “Tox 49” was used for the
bioassay using Eohaustorius estuarius as the test species on sediments collected during
the 2011 monitoring program. All sediments were found to be non-toxic.

2.4.2 EEMP Goal
To validate predictions re sediment toxicity made in the 2006 Deep Panuke EA [EA
predictions #1, 2, 3, 4, 5, 6, 7 & 8 in Table 3.1 from the Offshore EEMP].

2.4.3 Objectives
= Use a suitable indicator species to evaluate acute toxicity of sediments collected
at drill sites and at the production site.

2.4.4 Sampling

No sampling and laboratory-based sediment toxicity bioassays tests took place in 2013
since start of production was postponed and resulting produced water discharges didn’t
start until September 2013, mostly as batch discharges. This limited discharge history is
not expected to result in detectable levels of contaminants in the environment. The
Sediment Toxicity Monitoring Program will resume in 2014. Sampling at the wellhead
locations will be discontinued in 2014 and the program will focus on the sampling
locations downstream and upstream of the PFC site (i.e. 4 near-field and 2 far-field
reference sites) (see section 2.3.4).

2.5 FISH HABITAT ALTERATION

2.5.1 Background

Fish habitat is predicted to be enhanced to a minor extent from a “reef” effect due to
additional habitat created by the Deep Panuke subsea production structures (i.e. PFC
legs, spool pieces, protective mattresses, SSIV valve, subsea wellheads and exposed
sections of the subsea export pipeline to shore) and possibly a “refuge” effect associated
with the creation of a safety (no fishing) zone around PFC facilities. Underwater ROV
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video camera surveys at the SOEP and COPAN platform areas have shown that
exposed subsea structures on Sable Bank were colonized predominantly by blue
mussels, starfish, sea cucumbers, sea anemones and some fish species (most likely
cunners), and occasionally by crustaceans (e.g. Jonah crabs). Sea stars, sea anemones
and hydroids were also commonly observed on subsea platform/wellhead structures in
association of mussel aggregations. It is well know that mussels are a preferred prey
species of sea stars. Concentrations of small redfish have been observed at most span
locations along the SOEP subsea pipeline to shore and snow crabs are frequently
encountered on many exposed sections of the pipeline. It is highly unlikely that the
proposed subsea pipeline, where unburied, would constitute a significant concern as a
physical barrier to the migration of most crustacean species (Martec Ltd. et al. 2004).
Snow crab is the main commercial-sized crustacean species commonly observed
near/on exposed sections of the SOEP subsea pipeline to shore. Cunners and pollock
were the most commonly observed fish species at SOEP platforms. Hurley and Ellis
(2004), in their review of EEM results of drilling, concluded that the spatial and temporal
extent of discharged drill wastes appears to be related to mud type, differences in the
number of wells/volume of discharges, oceanic and environmental conditions such as
current speed and direction, water depth or sediment mobility at the drilling location.
Changes in the diversity and abundance of benthic organisms were detected within
1,000 m of drill sites, most commonly within the 50 m to 500 m range of drill sites.
Benthic impacts in the Deep Panuke production field are anticipated to be negligible
given the low biological diversity and highly mobile sand bottom characteristic of
shallower areas of Sable Island Bank. Based on the results of dispersion modeling
carried out for the 2006 Deep Panuke EA, discharged mud/cuttings were predicted to
have smothering effects over a relatively small area (cone with a base radius of 20 m
from the drill site for subsea release of cuttings and with a base radius of between 30 m
— 160 m depending on the particle settling rate for surface release of cuttings). Such
effects (if any) are likely to be relatively transient (less than one year) with the marine
benthic community rapidly colonizing affected areas (i.e., returning them to baseline
conditions). One new well (disposal well E-70) was drilled as part of the 2010 drilling and
completion program; the other Deep Panuke wells were drilled in 2000 (M-79A and H-
08) and 2003 (F-70 and D-41) and were re-completed in 2010 (i.e. no cuttings piles
involved) so no cuttings piles remain at these locations. The 2011 EEM work confirmed
that there was no cutting pile at the E-70 location or any of the other well sites. The 2008
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Baseline Benthic Study provides comparative data on benthic mega-faunal diversity as a
basis for assessing potential impacts on fish habitat from the 2010 drilling and
completion program and the Deep Panuke production subsea structures.

2.5.2 EEMP Goal
To validate predictions made in the 2006 Deep Panuke EA re fish habitat alteration from
subsea production structures [EA predictions #1, 2, 3, 4, 5,6, 7, 8,9 & 10 in Table 3.1].

2.5.3 Objectives
e Assess the extent of fish habitat created by new hard substrate provided by
subsea production structures installed for the Deep Panuke project. Compare
species found and coverage of structures to previous years.

2.5.4 Sampling
Collect annual remotely-operated vehicle (ROV) video-camera imagery of the following:
e Epibenthic community near subsea production structures (i.e. PFC legs, spool
pieces, protective rocks and mattresses, SSIV valve and subsea wellheads and
exposed sections of the export pipeline to shore) during planned activities such

as routine inspection surveys, storm scour surveys, etc.

2.5.5 Analysis

2.5.5.1 Subsea Structures
Subsea inspection videos of the wellhead areas (spring and fall 2013) and of the PFC

area (summer 2013) were provided on DVD recordable discs and viewed with video
software. After initial viewing, inspection tasks, length and subsea structure were
recorded for each video segment. A qualified marine taxonomist analyzed the general
visual inspection (GVI) with the aid of inspection drawings to identify all mega-fauna
associated with each structure. Detailed notes were kept on the colonization for parts of
each structure, and abundance values (SACFOR scale; Joint Nature Conservation
Committee, 2011) calculated for all epifauna encountered.

Fish abundance was calculated for the subsea structures. Each species encountered
was identified and given approximate estimates for abundance. 2013 data was
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compared to the 2012 video data (spring and fall 2012 for the wellheads and fall 2012 for
the PFC).

2.5.5.2 Cuprotect Coated Structures

Subsea inspection videos of structures coated with the Cuprotect antifouling products in
the PFC riser/spools area (winter 2013) were provided on DVD recordable discs and
viewed with video software. Cuprotect coated structures include sections of pipeline
spool covers, flange covers, vortex induced vibration (VIV) suppression strakes, disposal
flowline and export pipeline in the PFC riser caisson area. After initial viewing,
inspection tasks, length and subsea structure were recorded for each video segment. A
qualified marine taxonomist analyzed the general visual (GVI) video with the aid of
inspection drawings to identify all mega-fauna associated with each structure. Detailed
notes were kept on the colonization for parts of each structure, and abundance values
(SACFOR scale; Joint Nature Conservation Committee, 2011) calculated for all epifauna

encountered.

2.5.5.3 GEP and Flowlines

Videos of the export pipeline subsea inspection survey (August and September 2013)
were provided on external hard drive and viewed with Visual Review video software.
After initial viewing, exposed and unexposed sections of GEP and production flowlines
were recorded for each video segment. A qualified marine taxonomist analyzed the
video with the aid of inspection drawings to identify all fish and mega-fauna associated
with each pipeline. Thirty six videos of ~250 to ~500 m each from KP 23 to 98 (exposed
GEP) from the 2013 survey data (same locations as surveyed in 2011 and 2012) were
analyzed and quantitative values were recorded for all fish and epifauna encountered.
Small organisms, (i.e. shrimp) were given abundance values due to their sometimes
large numbers and small size. Colonial species were also given abundance values (e.g.
encrusting algae and encrusting sponges) as they are not able to be quantified.

Video was sub-sampled for the GEP video footage to analyze all exposed sections of
the pipeline. Ten kilometre intervals were chosen starting at KP 23.222 and qualitative
data was standardised to 1-km reaches. Fauna was assessed by major group in 8
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videos across the exposed GEP for graphical analysis and compared with data obtained
from the 2011 and 2012 surveys.

Areas of the GEP and flowlines that were outside the sub-sampled area of exposed GEP
from KP 23 to KP 98 were also reviewed. Remaining pipe from KP 10 to KP 22, KP 126
to KP 137 and KP 166 to KP 168, and flowlines (coming from wellheads H-08, M-79A, E-
70, F-70 and D-41) were reviewed and divided into exposed and buried pipe, and bottom
types for the buried sections (e.g. covered in sand or rock). Abundance values were then
given for each segment (SACFOR scale; Joint Nature Conservation Committee, 2011)
and summarized into characterizing species for each bottom type.

2.5.6 Analysis QA/QC

All identifications were agreed upon by two taxonomists and compared to species from
the 2011 and 2012 reports for reference. All structures shown in the video were
identified using the commentary (if present - no commentary was available for WHPS D-
41) on the video for validation.

2.5.7 Results

2.5.7.1 Subsea Structures

e Abundances and species present were comparable to the 2012 survey of the
WHPS at each location. Common species observed include the dominant blue
mussel Mytilus edulis, the hydroid Tubularia spp., the orange-footed sea
cucumber Cucumaria frondosa, the frilled anemone Metridium senile, and the
sea star Asterias vulgaris.

e Zonation was observed occurring on each WHPS in different locations. The
bottom zone was mainly colonized by mussel (Mytilus edulis), sea cucumbers
(Cucumaria frondosa) and hydroids ( Tubularia spp.) in varying densities, and the
top zone was colonized mainly by blue mussels (Mytilus edulis) and frilled
anemone (Metridium senile) (Tables 2.2 and 2.3; Figure 2.1a-e). Dense
mussels extended from 0.5-4.0 metres above the seafloor to the top of the
structure. Total fouling of the WHPS was estimated to be between 85% to 95%
for all structures. Significantly higher abundances of Mytilus edulis and Metridium

McGregor GeoScience Limited 31
DMMG-X00-RP-EH-90-0002.02R



Environmental Effects Monitoring for Deep Panuke
Program Annual Report 2013

senile were observed, and less Tubularia was found, in 2013 than in 2012
(Tables 2.2 and 2.3).
Sculpin (Myoxocephalus sp.) was the only fish species that lives on the sea
bottom on the WHPS.

In the summer 2013 survey of PFC legs, dense mussels (Mytilus edulis) and

hydroids (Tubularia spp.) were observed over entire legs, whereas high

abundances of Cucumaria frondosa and Asterias vulgaris were found on the sea

bed around the legs (Table 2.4).

Table 2.2 Spring 2013 Survey of GVI of WHPS

Wellhead 2012 2013 2013
Site Structure Fauna Abundance Abundance Number Description
Mussels begin at 3.0 m on
legs and covering inside of
WHPS (May) Mytilus edulis A S - structure
E-70 Asterias vulgaris @) O -
Metridium senile F A - Poor visibility
Cucumaria frondosa R C -
Tubularia? spp. A C -
Mussels begin at 0.5 m on
legs and covering inside of
WHPS (Mar) Mytilus edulis A S - structure
F-70 Asterias vulgaris F F -
Metridium senile C A -
Tubularia? spp. A F -
Mussels begin at ~ 4 m on
WHPS (May) Mytilus edulis C S - legs
Asterias vulgaris C F -
Metridium senile C A -
Cucumaria frondosa C C -
D-41 Tubularia? spp. A R -
Subsea tree Mussel coverage on an
(May) Mytilus edulis - F - anode
Asterias vulgaris R 0 3 Little coverage, appeared to
h |
Metridium senile A F - ave been cleaned
Cucumaria frondosa - O -
Tubularia? spp. F - -

* Abundance values are based on the SACFOR scale (S = superabundant; A = abundant; C = common; F = frequent; O =
occasional; R = rare)
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Table 2.3 Fall 2012 Survey of GVI of WHPS

Wellhea Structure Fauna 2012 2013 2013 Description
d Site Abundance Abundance Number
WHPS I;_gg{gsoe;ggfjs S S ) Cunner are congregating at
o “Z ~70 A ~100 higher level of structure,
aaspersus pollock are around lower
Metridium senile C A - level.
H-08 Asterias vulgaris R F - Mussels begin at 0.5 m on
Cucumaria frondosa ) R } legs, inside and outside.
Tubularia? spp. A F -
Myoxocephalus sp. 3 C 4
Polachius sp. ~100 A ~100
WHPS Mytilus edulis A S - Cunner are congregating at
Tautogolabrus higher level of structure,
adspersus ~150 A ~80 pollock are around lower level
Metr/q/um semlfa C A i Mussels begin at 2.0 m on
Asterias vulgaris C F - legs
M-79A Cucumaria frondosa C C -
Tubularia? spp. A C -
Campanulariidae? sp. - R -
Myoxocephalus sp. 1 O 1
Polachius sp. ~100 A ~50
* Abundance values are based on the SACFOR scale (S = superabundant; A = abundant; C = common; F = frequent; O =

occasional; R = rare)

Table 2.4 Summer 2013 Survey of GVI of PFC legs (No 2012 data for comparison)

Wellhead 2013 2013
Site Structure Fauna Abundance Number Description
PFC Few marine growth on concrete base and
Legs Cucumaria frondosa F - structure on it, with hydroid on pipes
Sea stars and cucumbers in patches on
VTS_12 Asterias vulgaris ] - the base
(Jul) Tubularia? spp. A - Dense mussels covering entire leg
Mytilus edulis S -
High abundance of Cucumaria frondosa
Metridium senile F - and Asterias vulgaris on sea bed
Cucumaria frondosa R - Poor visibility
Few marine growth on concrete base and
VTS 13 Asterias vulgaris C - structure on it, with hydroid on pipes
(Jul)_ Tubularia? spp. A - Dense mussels covering entire leg
Mytilus edulis S -
High abundance of Cucumaria frondosa
Metridium senile F - and Asterias vulgaris on sea bed
Myoxocephalus sp. @) 2
Cucumaria frondosa R - Poor visibility
Few marine growth on concrete base and
VTS_14 Asterias vulgaris ] - structure on it, with hydroid on pipes
(Jul) Tubularia? spp. A - Dense mussels covering entire leg
Mytilus edulis S -
High abundance of Cucumaria frondosa
Metridium senile F - and Asterias vulgaris on sea bed
VTS 15 A few hydroids and sea starson concrete
(Jul) Cucumaria frondosa R - base and structure on it
Asterias vulgaris C - Dense mussels covering entire leg
Tubularia? spp. A -
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Wellhead 2013 2013
Site Structure Fauna Abundance Number Description
High abundance of Cucumaria frondosa
Mytilus edulis S - and Asterias vulgaris on sea bed
Metridium senile F -
Myoxocephalus sp. O 2
Cucumaria frondosa R - Poor visibility
Few marine growth on concrete base and
VTS_16 Asterias vulgaris C - structure on it, with hydroid on pipes
(Jul) Tubularia? spp. A - Dense mussels covering entire leg
Mytilus edulis S -
High abundance of Cucumaria frondosa
Metridium senile F - and Asterias vulgaris on sea bed
Cucumaria frondosa C - Abundant Asterias vulgaris on sea floor
Asterias vulgaris F - Dense hydroids covering entire structure
SSIV (Jul) Tubularia? 