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Executive Summary

The White Rose Environmental Effects Monitoring (EEM) program was designed to evaluate the
environmental effects of Husky Energy6 s o f filsdnlllmg &id mroduction activities for the
White Rose Development. Program design drew on the predictions and information in the White
Rose development plan Environmental Impact Statement (EIS) and its supporting modeling
studies on drill cuttings and produced water dispersion. A baseline study to document pre-
development conditions was conducted in 2000 and 2002. This study, combined with
stakeholder and regulatory agency consultations, initiated the detailed design phase of the
program. Further input on EEM program design was obtained from an expert advisory group
called the White Rose Advisory Group (WRAG). The WRAG has reviewed results and provided
interpretation and feedback for each program to date - 2004, 2005, 2006 and 2008.

The purpose of the EEM program is to assess environmental effects predictions made in the
EIS and determine the area demonstrably affected by Husky Energy activities in the White Rose
Field. In accordance with the design protocol, the program is updated to accommodate
expansions and the establishment of new drill centres within the White Rose Field.

Seabed sediments and commercial fish species from the White Rose Field (Study Area) are
sampled in each program year to assess environmental effects. The sediment samples are
collected for physical, chemical and toxicity testing and an evaluation of benthic (seafloor
invertebrate) communities. The selected commercial fish species, American plaice (a common
flatfish species) and snow crab (an important commercial shellfish species), are sampled to test
for contaminants (body burden), taint and, for plaice, various health indices. A series of
measurements (length, weight, maturity, etc.) are also made on each species. Figure 1
illustrates the components of the EEM program.
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This report provides the results from the fourth year of sampling under the program conducted
in the late spring (commercial fish survey) and early fall (sediment survey) of 2008. The findings
are interpreted in the context of results of previous sampling years and the baseline data
collected pre-development.

In 2008, seafloor sediments were sampled at 30 locations along transect lines radiating from the
centre of the development and 17 locations surrounding the Northern, Central, Southern and the
planned North Amethyst drill centres. This allowed an assessment of environmental conditions
over an area of 1,200 km? (approximately 40 by 38 km) around the White Rose Field. Physical
and chemical analyses were conducted on the sediment samples and toxicity tests were
performed to determine if the sediments sampled were toxic to bacteria (Microtox) and a marine
amphipod (a small crustacean). In addition, seafloor invertebrate infaunal species (i.e., species
living in the sediment) were identified and enumerated for community analysis.

Hydrocarbons and barium, both constituents of drill muds, were used as indicator chemicals to
estimate the zone of influence for project activities'. Concentrations of hydrocarbons and barium
were elevated near drill centres and concentrations decreased with distance from drill centres,
as expected. Sulphur and, to some extent, sulphide concentrations were also elevated within
0.5 to 1 km of drill centres. The zone of influence of project contaminants estimated from
hydrocarbon concentrations extended to 10 km from source. This result is consistent with drill
cuttings dispersion modeling that predicted a zone of influence of approximately 9 km. The zone
of influence estimated from barium concentrations extended to 2 km from source. Overall,
hydrocarbons were a better indicator of drilling activity than was barium. The concentrations of
both chemicals in White Rose sediments were within the range of concentrations observed at
other offshore oil and gas developments.

There continues to be no detectable project effects on benthic invertebrate community
richness?. However, there was evidence of project effects on total abundance, standing crop®,
polychaete (a marine worm) abundance and the abundance of amphipods. Values for each of
these variables were lower at higher hydrocarbon concentration and values decreased with
proximity to drill centres. In 2008, effects on the polychaete Paraonidae extended to
approximately 4 km from source and effects on standing crop extended to approximately 1.5 km
from source. These distances extend further than the 500-m predicted in the EIS for effects on
benthic invertebrate. Nevertheless, the spatial extent of effects on Paraonidae and standing
crop in 2008 was generally consistent with recent literature on the effects on benthic
communities from other offshore oil developments. The spatial extent of effects on total
abundance, amphipod abundance and the abundance of the polychaete Spionidae could not be
estimated in 2008 because relationships (decreases in numbers with proximity to drill centres)
were weak.

During the summer of 2008, samples of American plaice and snow crab were collected at the
White Rose Study Area and at two Reference Areas, located approximately 28 km to the
southwest and northwest of White Rose. As noted above, samples were analyzed for chemical
body burden and taint. In addition, analyses were also performed on American plaice for a
variety of fish health indices, as outlined in Figure 1. Physical measurements taken on American
plaice and snow crab (length, weight, maturity, etc.) were used as supporting information for
analyses of body burden, taint and health.

YIn the report that follows, it is not assumed that these two chemicals cause effects. Based on available literature, it is
possible that hydrocarbons and barium directly or indirectly cause effects, but it is also possible that less easily
detected correlates of these two indicator chemicals cause effects.

“Number of taxonomic groups per station.

%Wet weight of all organisms collected per station.
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In 2008, metal and hydrocarbon concentrations in American plaice and snow crab tissue
continued to show that body burden in these species is unaffected by project activities.
Furthermore, the results of taste tests, carried out at the Marine Institute, demonstrated that the
two species were not tainted. Indicators of fish health used to evaluate potential effects on
America plaice showed that the general health and condition of this species was similar in the
Study and Reference Areas.

The results for both American plaice and snow crab are consistent with work in previous
program years and with the predictions of the EIS.

Conclusion: Overall, project effects at White Rose in 2008 remained limited. The spatial
distribution of drilling discharges, as determined by sediment concentrations of hydrocarbons
and barium, approximated the predictions made in the EIS. Effects on benthic invertebrates
were noted and the spatial distribution of effects on the abundance of the polychaete
Paraonidae and standing crop exceeded EIS predictions. However, these effects are consistent
with recent literature on effects on benthic invertebrates from other offshore oil developments.
American plaice and snow crab metals and hydrocarbon body burdens were not affected by
project activity. Edible tissue from American plaice and snow crab was not tainted and American
plaice health was comparable between the White Rose Study Area and the Reference Areas.
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1.2

Introduction
Project Setting and Field Layout

Husky Energy, with its joint-venture partner Petro-Canada, is developing the White Rose

oilfield on the Grand Banks, offshore Newfoundland. The field is approximately 350 km
east-sout heast of St . Johnos, Newfoundl and, and
Hibernia fields (Figure 1-1). To date, development wells have been drilled at three drill

centres: the Northern, Central and Southern drill centre (Figure 1-2). The North

Amethyst satellite tie-back (see Figure 1-3) is a new project that will begin production in

late 2009 or early 2010. Development drilling in the North Amethyst drill centre is
scheduled start in early 2009.
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Figure 1-1 Location of the White Rose Qilfield

Project Commitments

Husky Energy committed in its EIS (Part One of the White Rose Qilfield Comprehensive
Study (Husky Oil 2000)) to develop and implement a comprehensive EEM program for
the marine receiving environment. This commitment was integrated into Decision
2001.01 (C-NOPB 2001) as a condition of project approval.

Also, as noted in Condition 38 of Decision 2001.01 (C-NOPB 2001), Husky Energy
committed, in its application to the Canada-Newfoundland and Labrador Offshore
Petroleum Board (C-NLOPB), to make the results of its EEM program available to
interested parties and the general public. The C-NLOPB also noted in correspondence
to the White Rose Public Hearings Commissioner, that Husky Energy stated its intent to
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make both EEM program reports and environmental compliance monitoring information
Apublicly available to interested stakehol ders

Northern Drill Centre

Central Drill Centre

ot
o

Southern Drill Centre

Figure 1-2 Current Field Layout at White Rose

Northern Drill Centre

Central Drill Centre Ty I%y
R e

Southern Drill Centre

North Amethyst

Figure 1-3 Field Layout after Development of the North Amethyst Drill Centre

1.3 EEM Program Design

Husky Energy submitted an EEM program design to the C-NLOPB in May 2004, and this
design was approved for implementation in July 2004. The design drew on information
provided in the White Rose EIS (Husky Oil 2000), drill cuttings and produced water
dispersion modelling for White Rose (Hodgins and Hodgins 2000), the White Rose
Baseline Characterization program carried out in 2000 and 2002 (Husky Energy 2001;
2003), stakeholder consultations and consultations with regulatory agencies. A revised
version of the EEM program design document to accommodate the planned
development of the North Amethyst drill centre was submitted to the C-NLOPB in July
2008.
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1.4

15

The original program was designed with the input of an expert advisory group that
included Leslie Grattan (Environmental Planning Consultant), Dr. Roger Green
(University of Western Ontario), Dr. Douglas Holdway (University of Ontario Institute of
Technol ogy), Mary Catherine O6Brien ( Ma
Snelgrove (Memorial University) and Dr. Len Zedel (Memorial University). The White
Rose Advisory Group (WRAG) continues to provide input on interpretation of EEM
results and on program refinements, as required. In 2008, Dr. Roger Green, Dr. Douglas
Holday and Dr. Roger Green provided feedback on the report. Fishing interests on the
WRAG were represented by Jamie Coady of the Fish, Food and Allied Workers Union
(FFAW). WRAG comments on the 2008 EEM program and comments from the
regulatory community on the 2006 EEM program are provided in Appendix A.

EEM Program Objectives

The EEM program is intended to provide the primary means to determine and quantify
project-induced change in the surrounding environment. Where such change occurs, the
EEM program enables the evaluation of effects and, therefore, assists in identifying the
appropriate modifications to, or mitigation of, project activities or discharges. Such
operational EEM programs also provide information for the C-NLOPB to consider during
its periodic reviews of the Offshore Waste Treatment Guidelines (NEB et al. 2002).

Objectives to be met by the EEM program are to:
e estimate the zone of influence of project contaminants;
e test biological effects predictions made in the EIS (Husky Oil 2000);

e provide feedback to Husky Energy for project management decisions requiring
modification of operations practices where/when necessary; and

e provide a scientifically-defensible synthesis, analysis and interpretation of data.
White Rose EIS Predictions

The White Rose EIS assessed the significance of effects on Valued Ecosystem
Components (VECs). VECs addressed within the context of the Husky Energy EEM
program are Fish and Fish Habitat and Commercial Fisheries (Husky Oil 2000). As such,
predictions on physical and chemical characteristics of sediment and water, and
predictions on benthos, fish and fisheries apply to the EEM program.

In general, development operations at White Rose were expected to have the greatest
effects on near-field sediment physical and chemical characteristics through release of
drill cuttings, while regular operations were expected to have the greatest effect on
physical and chemical characteristics of water, through release of produced water. The
zone of influence” for these two waste streams, predicted from a modeling study for
White Rose (Hodgins and Hodgins 2000) was not expected to extend beyond
approximately 9 km and 3 km from source for drill cuttings and produced water,
respectively. Effects of other waste streams (see Section 4 for details) on physical and

* The zone of influence is defined as the zone where project-related physical and chemical alterations might
occur.
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1.6

chemical characteristics of sediment and water were considered small relative to effects
of drill cuttings and produced water discharge.

Effects of drill cuttings on benthos were expected to be low to high in magnitude® within
approximately 500 m, with overall effects low in magnitude. However, direct effects to
fish populations, rather than benthos (on which some fish feed), as a result of drill
cuttings discharge were expected to be unlikely. Effects resulting from contaminant
uptake by individual fish (including taint) were expected to range from negligible to low in
magnitude and be limited to within 500 m of the point of discharge.

Effects of produced water (and other liquid waste streams) on physical and chemical
characteristics of water were expected to be localized near the point of discharge. Liquid
waste streams were not expected to have any effect on physical and chemical
characteristics of sediment or benthos. Direct effects on adult fish were expected to be
negligible.

Given predictions on effects on sediment and water quality, anticipated effects on Fish
and Fish Habitat and Commercial Fisheries were assessed as non-significant in the
White Rose EIS (Husky Oil 2000).

Further details on environmental assessment methodologies can be obtained from the
White Rose EIS (Husky Oil 2000). For the purpose of the EEM program, testable
hypotheses that draw on effects predictions are developed in Section 1.7.

EEM Program Components

The two primary objectives of the White Rose EEM program (Section 1.4) are to
estimate the zone of influence of project contaminants and test biological effects
predictions made in the EIS. As such, the program will ultimately be divided into three
components, dealing with effects on Sediment Quality, Water Quality and Commercial
Fish species. The Water Quality Component of the White Rose EEM program is
currently under development and is not dealt with in this report. Assessment of Sediment
Quiality includes measurement of alterations in chemical and physical characteristics,
measurement of sediment toxicity and assessment of benthic community structure.
These three sets of measurements are commonly known as the Sediment Quality Triad
(SQT) (Chapman 1992; Chapman et al. 1987; 1991; Long and Chapman 1985).
Assessment of effects on Commercial Fish species includes measurement of body
burden, taint, morphometric and life history characteristics for snow crab and American
plaice and measurement of various health indices for American plaice. Components of
the 2008 EEM program for White Rose are shown in Figure 1-4. Further details on the
selection of monitoring variables are provided in the White Rose EEM Program Design
document (Husky Energy 2004, 2008).

® Low = Affects 0 to 10 percent of individuals in the affected area; medium = affects 10 to 25 percent of
individuals; high = affects more than 25% of individuals.
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Particle size, Organic and Inorganic Carbon, Metal
and Hydrocarbon Concentrations
Sediment - Toxicity: Bacterial Lumninescence (Microtox);

Amphipod Survival
| Benthic Community Structure I
| Snow Crab and American Plaice Body Burden .
| Snow Crab and American Plaice Taint I

. . American Plaice Health Indicators: Haematology,
Commercial Fish Histology of Gill and Liver, Mixed Function
Oxygenase

Snow Crab and American Plaice
Morphometrics and Life History Characteristics

Figure 1-4 EEM Program Components
Monitoring Hypotheses

Monitoring, or null (Hg), hypotheses have been established as part of the White Rose
EEM program. Null hypotheses are an analysis and reporting construct established to
assess effects predictions. Null hypotheses (Ho) wi || al ways state
effects have been predicted as part of the EIS. Therefore, rejection of a null hypothesis
does not necessarily invalidate EIS predictions, nor should such predictions be
considered a ficomplianceo target in this

The following monitoring hypotheses apply to the Sediment Quality and Commercial
Fish Components of the White Rose EEM program:

e  Sediment Quality:

- Ho: There will be no change in SQT variables with distance or direction from
project discharge sources over time.

e Commercial Fish:
- Ho(1): Project discharges will not result in taint of snow crab and American plaice

resources sampled within the White Rose Study Area, as measured using taste
panels.
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- Ho(2): Project discharges will not result in adverse effects to fish health within the
White Rose Study Area, as measured using histopathology, haematology and
MFO induction.

No hypotheses were developed for American plaice and snow crab body burden and
morphometrics and life history characteristics, as these tests were considered to be
supporting tests, providing information to aid in the interpretation of results of other
monitoring variables (taste tests and health).

1.8 Sampling Design

In the Baseline Characterization (Abaselineod)
sampled at discrete stations in the immediate vicinity of drill centres and along transects
extending to a maximum of 28 km along north-south, east-west, northwest-southeast
and northeast-southwest axes (see Figures 1-5 to 1-9). Commercial fish were sampled
in the vicinity of the drill centres (Study Area) and at more distant Reference Areas (with
no intermediate distances) (see Figures 1-10 to 1-13). The sediment sampling design is
commonly referred to as a gradient design while the commercial fish design is a control-
impact design. Additional information on the baseline program and the EEM program
can be found in the White Rose EEM design document (Husky Energy 2004). In 2008,
Husky Energy revised the EEM design document (Husky Energy 2008) to accommodate
planned development at the North Amethyst drill centre.

In keeping with EEM program objectives (Section 1.4) and EIS predictions of cuttings
distribution (Section 1.5), analysis of the sediment portion of the EEM program relies first
on estimating a zone of influence relative to drill centres for drill cuttings. Two indicators
of drilling activity, barium and >Cy,-C,; hydrocarbons (HCs) are used. Barium is a major
constituent of water-based and synthetic-based drill muds and >C4,-C,; HCs are a major
constituent of synthetic-based drill muds (see Section 4 for details). The spatial extent of
biological effects on sediment variables (effects on benthic invertebrates and/or
laboratory toxicity tests) is then defined in relation to drill centres and in relation to
indicators of drilling activity.

1.8.1 Modifications to Sediment Component

There are some differences between sediment stations sampled for baseline (2000) and
for EEM programs (2004, 2005, 2006 and 2008). A total of 48 sediment stations were
sampled during baseline (Figure 1-5), 56 stations were sampled for the 2004 EEM
program (Figure 1-6), 44 stations were sampled for the 2005 EEM program (Figure 1-7),
59 stations were sampled in 2006 (Figure 1-8) and 47 stations were sampled in 2008. In
all, 36 stations were common to all sampling programs. As part of EEM program design
(Husky Energy 2004, 2008), seven redundant stations in the immediate vicinity of drill
centres were eliminated for the EEM programs. These stations were sampled during
baseline because the final location of the central, northern and southern drill centres had
not been established. Two remote reference stations located 35 km south-southeast and
85 km northwest of White Rose were eliminated for the EEM programs because of their
distance from the development and because sediment chemistry results from baseline
sampling showed that the northwest reference station might not be comparable to other
stations. Two 18-km stations were eliminated because of redundancies with other
stations (see Husky Energy 2004 for details).
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1.8.2

Original station additions for the EEM program included four reference stations at 28 km
from the centre of the development, one station along the north axis at approximately
8 km from the centre of the development, three drill centre stations located
approximately 300 m from each of the Northern, Central and Southern drill centres.
However, in 2005, one of these stations (station S5) could not be sampled because of
drilling activity at the Southern drill centre. In 2004, six drill centre stations were sampled
at 1 km from the proposed location of each of more northerly and more southerly drill
centres to provide additional baseline data should drilling occur at these drill centres
(see Figure 1-6). Since there are no immediate plans to drill at these centres, these
stations were not sampled in subsequent programs. Similarly, 14
sampled in 2006 around the proposed location of the West-Alpha and West-Bravo drill
centres located to the northwest of the Central drill centre (Figure 1-8). In 2008, stations
C5 and 17 could not be sampled because of drilling activity and four new stations were
added to the EEM program around the North Amethyst drill centre (Figure 1-9) (drilling is
scheduled to begin at North Amethyst in early 2009). These four stations along with
stations 14 and 18 were also sampled in 2007 to provide additional pre-drilling baseline
information for that drill centre. Table 1-1 provides a summary of changes between the
2000 baseline program and the 2008 EEM program as well as station nhame changes
that were proposed in the EEM design document to simplify reporting of results.

Modifications to the Commercial Fish Component

For American plaice and snow crab, sampling for the baseline program (2000 and 2002)
occurred in the White Rose Study Area and in one Reference Area located 85 km
northwest of White Rose. For the EEM program, this Reference Area was replaced with
four Reference Areas located roughly 28 km northwest, northeast, southwest and
southeast of the development. Figures 1-10 to 1-13 provide trawl locations for the 2004,
2005, 2006 and 2008 EEM programs. The fisheries exclusion zone in 2004 was larger to
accommodate possible drilling at the NN and SS drill centres. In 2008, heavy
commercial fishing activity for crab in Reference Areas 3 and 4 precluded sampling.
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