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Executive Summary

The White Rose Environmental Effects Monitoring (EEM) program was designed to evaluate the
environmental effects of Husky Energy’s offshore oil drilling and production 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-southeast of St. John’s, Newfoundland, and 50 km from both the Terra Nova 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
“publicly available to interested stakeholders in a timely manner”.

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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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
Technology), Mary Catherine O’Brien (Manager at Tors Cove Fisheries Ltd.), Dr. Paul
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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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 (Hg) will always state “no effects”, even if
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 “compliance” target in this context.

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).

Sampling Design

In the Baseline Characterization (“baseline”) and the EEM programs, sediment was
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.

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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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 ‘West’ stations were
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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Table 1-1 Table of Concordance Between Baseline (2000) and 2008 EEM Stations
EEM Program Corresponding Station Name
Station Name during the 2000 Baseline Program

1 F1-1,000

2 F1-3,000

3 F1-6,000

4 Not Sampled in 2000

5 F2-2,000

6 F2-4,000

7 F2-10,000

8 F3-1,000

9 F3-3,000

10 F3-6,000

11 F3-18,000

12 Not Sampled in 2000
13 F4-2,000

14 F4-4,000

15 F4-10,000

16 F5-1,000
17 F5-3,000

18 F5-6,000

19 Not Sampled in 2000
20 F6-2,000

21 F6-4,000

22 F6-10,000

23 F7-1,000

24 F7-3,000

25 F7-6,000

26 F7-18,000

27 Not Sampled in 2000
28 F8-2,000

29 F8-4,000

30 F8-10,000

31 Not Sampled in 2000
C1 GH2-3

C2 GH2-4

C3 GH2-5

C4 GH2-6
C5** Not Sampled in 2000
N1 GH3-3

N2 GH3-5

N3 GH3-6

N4 Not Sampled in 2000
S1 GH1-3

S2 GH1-4

S3 GH1-6

S4 GH1-2

S5* Not Sampled in 2000
NAL Not Sampled in 2000
NA2 Not Sampled in 2000
NA3 Not Sampled in 2000
NA4 Not Sampled in 2000

Notes: - For 2000 baseline stations, only those stations retained for the EEM program (37 in total) are listed.

Additional baseline stations sampled in 2004 and 2006 are not listed in the above Table, but see text

and Figures for details.
* Not sampled in 2005 because of drilling activity.
** Not sampled in 2008 because of drilling activity.
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2.0

2.1

Scope

This document, White Rose Environmental Effects Monitoring Program 2008
(Volume 1), provides summary results, analysis and interpretation for the White Rose
2008 EEM program. Presentation of results has been structured to provide a logical
sequence of information on the physical and chemical environment, benthos and
commercially important species that prey on these food sources. Where feasible, results
from the baseline and previous EEM programs are compared to 2008 results. Since
analysis of results are often highly technical, a summary of findings section is included at
the end of each results section. The discussion section of the report provides
interpretation of results and an overall assessment of potential project effects with
respect to monitoring hypotheses (Section 1.7).

Most methods are provided in Volume 1. However, some more detailed methods as well
as ancillary analyses are included in Appendices (White Rose Environmental Effects
Monitoring Program 2008 (Volume 2)). Raw data and other information supporting
Volume 1 are also provided in Volume 2.

Background Material

The executive summary and discussion section of this document are written for a
general audience. The methods and results sections assume a certain level of
understanding of EEM survey design and statistical analysis. References to statistical
methods used are provided in the reference section of this document. The most useful
references, as well as other standard references are provided below. In addition to
these, the EEM program draws on a number of general readings from the biochemical,
biomedical, agriculture and hydrological literature.

Armsworthy, S.L., P.J. Cranford and K. Lee (Editors). 2005. Offshore Oil and Gas
Environmental Effects Monitoring: Approaches and Technologies. Battelle Press,
Columbus, Ohio.

Canadian Journal of Fisheries and Aquatic Science. 1996. Volume 53 (this volume
provides reviews of GOOMEX studies).

Ellis, J.L. and D.C. Schneider. 1997. Evaluation of a gradient design for environmental
impact assessment. Env. Monitor. Assess. 48: 157-172.

Environment Canada. 1998. Reference Method for Determining Acute Lethality of
Sediment to Marine or Estuarine Amphipods. Report EPS 1/RM/35.
Environment Canada Environmental Protection Service, Ottawa, ON.

Environment Canada. 2002. Biological Test Method: Reference Method for
Determining the Toxicity of Sediment Using Luminescent Bacteria in a Solid-
Phase Test. Report EPS 1/RM/42.

Environment Canada. 2005. Pulp and Paper Technical Guidance for Aquatic
Environmental Effects Monitoring. http://www.ec.gc.ca/EEM/English/PulpPaper/
Guidance/default.cfm.

Gilbert, R.O. 1987. Statistical Methods for Environmental Pollution Monitoring. Van
Nostrand Reinhold, New York, NY. 320 pp.
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Green, R.H. 1979. Sampling Design and Statistical Methods for Environmental
Biologists. John Wiley and Sons, Toronto, ON.

Green, R.H. 1993. Application of repeated measures design in environmental impact
and monitoring studies. Austral. J. Ecol., 18: 81-98.

Green, R.H., J.M. Boyd and J.S. Macdonald. 1993. Relating sets of variables in
environmental studies: The Sediment Quality Triad as a paradigm.
Environmetrics, 44: 439-457.

Ludwig, J.A. and J.F. Reynolds. 1988. Statistical Ecology: a Primer on Methods and
Computing. John Wiley & Sons, New York, NY. 337 pp.

Quinn, G.P. and M.J. Keough. 2002. Experimental Design and Data Analysis for
Biologists. Cambridge University Press, Cambridge, UK. 537 pp.

Schmitt, R.J. and C. W. Osenberg (eds.). 1996. Detecting Ecological Impacts: Concepts
and Applications in Coastal Habitats. Academic Press, San Diego, CA. 401 pp.

van Belle, G. 2002. Statistical Rules of Thumb. John Wiley & Sons, New York, NY. 221
pp. (more recent rules of thumb are posted at http://www.vanbelle.org).
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3.0 Acronyms

The following acronyms are used in this report.

Acronym Definition

ANCOVA Analysis of Covariance

ANOVA Analysis of Variance

AR Among Reference Areas

BAT Best Available Technology

BTEX Benzene, Toluene, Ethylbenzene and Xylene
CCME Canadian Council of Ministers of the Environment
Cl Confidence Interval

CL Confidence Limit

C-NLOPB Canada-Newfoundland and Labrador Offshore Petroleum Board
C-NOPB Canada-Newfoundland Offshore Petroleum Board
CR Completely Random

CVv Coefficient of Variation

DFO Fisheries and Oceans Canada

EEM Environmental Effects Monitoring

EIS Environmental Impact Statement

EPA U.S. Environmental Protection Agency

EQL Estimated Quantification Limit

EROD 7-ethoxyresorufin O-deethylase

FFAW Fish, Food and Allied Workers Union

FPSO Floating, Production, Storage and Offloading Facility
HC Hydrocarbon

I1ISQG Interim Sediment Quality Guidelines

LEC Lowest Effective Concentration

MDL Method Detection Limit

MFO Mixed Function Oxygenase

NEB National Energy Board

NMDS Non-Metric Multidimensional Scaling

OWTG Offshore Waste Treatment Guidelines

PAH Polycyclic Aromatic Hydrocarbon

PC Principal Component

PCA Principal Component Analysis

PEL Probable Effects Levels

QA/QC Quality Assurance/Quality Control

RDL Reportable Detection Limit

RM Repeated Measures

ROV Remotely Operated Vehicle

SBM Synthetic-Based Mud

SD Standard Deviation

SQT Sediment Quality Triad

SR Study versus Reference Areas

TEL Threshold Effects Levels

TOC Total Organic Carbon

UCM Unresolved Complex Mixture
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Acronym Definition
VEC Valued Ecosystem Component
WBM Water-Based Mud
WRAG White Rose Advisory Group
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4.0 Project Activities

4.1

4.2

4.3

Introduction

This section reports on both drilling and production activities in the White Rose Field and
summarizes the authorized discharges and spills associated with these operations.

The purpose of this section is to provide context for the interpretation of the results from
the EEM program.

Project Activities

Activities associated with the White Rose Development Project to date fall into four
general categories:

e construction and installation operations for the original White Rose Field were
completed in Fall 2005. For more details, refer to the 2005 EEM Report (Husky
Energy 2006);

e drilling operations including completions, delineation and exploration (ongoing for
the foreseeable future by one or more drill rigs);

e SeaRose Floating Production Storage and Offloading (FPSO) platform operations
(ongoing for the foreseeable future); and

e supply vessel operations (ongoing for the foreseeable future).

In late 2009 or early 2010, White Rose is scheduled to start producing from the North
Amethyst drill centre.

In mid-November of 2005, production operations (i.e., oil and gas production, storage
and offloading to a tanker) began at the White Rose Field once hook up, commissioning
and introduction of HCs to the SeaRose FPSO were completed.

Development drilling from the drill rig GSF Grand Banks continued in 2006 through
2008, as did normal supply and standby vessel operations. Delineation and exploration
drilling operations from the drill rig Henry Goodrich took place between August and
December 2008.

Drilling and Completions Operations

As mentioned, drilling activities continued in 2006 through 2008. Husky Energy employs
both water-based muds (WBMs) and synthetic fluid-based drill muds (SBMs) in its
drilling programs. WBMs are used for the upper two drill hole sections, which is riserless
drilling, while SBMs are used in deeper hole sections, especially during directional
drilling operations, where drilling conditions are more difficult and hole stability is critical
to safety and success.

There have been a number of continuous improvement initiatives undertaken in
chemical management for the drilling side of the White Rose operation. In 2006, the
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drilling group undertook a “Total Fluids Management” approach for White Rose drilling
operation. This includes both chemical and mechanical best available technology (BAT)
to reduce the discharge volumes and overall environmental footprint from drilling
operations.

The “Total Fluids Management” approach has facilitated a number of drilling fluid
formulation changes and maintenance of the Lowest Effective Concentration (LEC)
focus in all drilling products. This approach is extremely focused on reduction of overall
chemical discharge to the environment. This has also facilitated operational procedural
changes in some cases, primarily the replacement of the traditional barite and bentonite
sweep mud with viscosified NaCl brine for riserless or drilling in the first two hole
sections of each well.

The traditional prehydrated barite and bentonite sweep mud formulation was replaced
with NaCl brine viscosified with guar gum for riserless drilling in November of 2005. The
rationale behind the change was to minimize the amount of debris in the glory hole to
improve Remotely Operated Vehicle (ROV) visibility, eliminate visible on-water
phenomenon and minimize the overall discharge of chemicals to the marine
environment. Since its introduction in November of 2005, the viscosified NaCl brine has
been used in the first two hole sections, or the WBM sections, of every well for the White
Rose development.

The use of viscosified NaCl brine at a weight of 1200 kg/m? has proved to be effective in
reducing the amount of debris in the glory hole and, in turn, has made ROV operations
more efficient. Table 4.1 outlines the difference in volume of product discharged
between three traditional wells, using barite and bentonite, and three viscosified NaCl
brine wells, which use NaCl salt and guar gum. The viscosified NaCl brine reduces the
volume of product discharged to the marine environment by 48%. The result of the
toxicity studies has indicated the LCs° is approximately the same for both systems;
however, the environmental load has been reduced by almost 50 percent.

Table 4-1 Volume of Traditional Barite and Bentonite Sweep Mud versus Viscosified
NaCl Brine in Riserless Drilling
Traditional Wellg Viscosified NaCl Brine Wells
Product Volume Discharged (kg) Volume Discharged (kg)
(E-18 1, E-18 2, E-18 3) (E-18 4, E-18 5, E-18 6)
Barite 248,000 n/a
Bentonite 215,000 n/a
NaCl Salt n/a 210,000
Guar Gum n/a 10,000
Total Volume Discharged 463,000 220,000
Toxicity LCsg >5% (50,000 mg/L) >5% (50,000 mg/L)

6 LCso: The concentration of the chemical that kills 50% of the test animals in a given time.
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4.3.1 Drilling Mud and Completion Fluids Discharges

Table 4.2 summarizes the volumes by year and drill centre of drill cuttings and WBMs
discharged during development drilling activities. The months during which drilling
activities took place are also indicated.

Table 4-2 Cuttings and WBM Discharges from 2003 to September 2008
Months with Drilling Activity -
9] —~~
5 w E
Drill S %% -é %/
T c
< O G
g | "2
A [a)
Northern N/A N/A
2003 | Central N/A N/A
Southern 1,476 1,588
Northern 682 456
2004 | Central 655 473
Southern 537 761
Northern N/A N/A
2005 | Central 1,748 1,674
Southern 552 783
Northern N/A N/A
2006 | Central 1,749 1,282
Southern 638 932
Northern N/A N/A
Central 655 867
2007 | Southern N/A N/A
Well K
03* 619 718
Northern 653 726
2008 | Central 651 985
Southern 557 753
Total Discharge at Northern Drill Centre 1,335 1,182
Total Discharge at Central Drill Centre 5,458 5,281
Total Discharge at Southern Drill Centre 3,760 4,817
Total Field Discharge 11,172 11,998
Note: - *Well K 03 is a Delineation Well.

Table 4.3 summarizes the volumes by year and drill centre of drill cuttings and SBMs
discharged during development drilling activities. The months during which drilling
activities took place are also indicated.
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Table 4-3 Cuttings and SBM Discharges from 2003 to September 2008

Months with Drilling Activity E{‘ 5 -

g s | of

—_ o _c ~ [Ofe]
Year Drill clals|=|>lc|l=|2|alw]|=|o0 g'é) g %.5 g § S
cente |58 18\2|215|3|2§|8| 8|8, foe | Lk

g © 3

b= © [a)

8 n

2003 Northern N/A N/A N/A
Central N/A N/A N/A

Southern 416 957 228

2004 Northern 350 473.1 35
Central 253 1,197 141

Southern 1,193 3,358 512

2005 Northern N/A N/A N/A
Central 1,291 2,382 482

Southern 741 1464 157

2006 Northern N/A N/A N/A
Central 1,268 3,163 335

Southern 1,028 1,927 185

2007 Northern 409 719.9 71
Central 1,291 2,382 241

Southern N/A N/A N/A

Well K 03* 437 775 65

2008 Northern 771 1,765.6 202

Central 483 979 88

Southern 668 1,518 151

Total Discharge at Northern Drill Centre | 1,530 2,958.6 308
Total Discharge at Central Drill Centre | 4,586 10,103 1,287
Total Discharge at Southern Drill Centre | 4,046 9,224 1,233
Total Field Discharge | 10,599 | 23,060.6 2,893

Note: - *Well K 03 is a Delineation Well.

On completion, a well bore needs to be cleaned of residual cuttings. This is done by
flushing with “completion fluids” consisting primarily of sodium chloride or potassium
formate brines. Table 4.4 summarizes the volumes of completion fluids discharged
during the well completions by year and drill centre. The months during which these
activities took place are also indicated.
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4.3.2

Table 4-4 Completion Fluid Discharges from 2003 to September 2008
Months with Drilling Activity
S
S o
5k
Drill £ o0&
Year c | o = = > e | = o| al = > ) K]
cene | &8 2|5 E|5(3/5(8|82 & 8ot
80
O S
T
Northern N/A
2003 Central N/A
Southern N/A
Northern N/A
2004 Central N/A
Southern 1619
Northern N/A
2005 Central 1,015.96
Southern 1,372
Northern N/A
2006 Central 901.1
Southern 476
Northern 150
Central 573
2007 Southern N/A
Well K 03* N/A
Northern N/A
2008 Central 186
Southern 250
Total Discharge at Northern Drill Centre 150
Total Discharge at Central Drill Centre 2,676.06
Total Discharge at Southern Drill Centre 3,717
Total Field Discharge 6,543.06
Note: - *Well K 03 is a Delineation Well.

Other Discharges from Drilling Operations

Between October 2006 and September 2008, a total of 253.1 m3 of bhilge water from
drilling operations has been discharged. All bilge water is treated in an oily water
separator prior to release to reduce HC content to 15 ppm or less (in accordance with
Offshore Waste Treatment Guidelines (OWTG: NEB et al. 2002)). In total, 3.8 kg of
dispersed HCs were released to the marine environment from bilge water. Similarly, all
deck drainage is collected and treated to reduce HC content to 15 ppm or less. There
has been approximately 5423.3 m3 of deck drainage reported during this period, which
represents a transfer of 81.4 kg of dispersed HCs to the marine environment.

Water and ethylene glycols are routinely discharged during function testing of a seabed
blowout preventer and subsea flowline valves. In total, over the reporting period,
approximately 167 m3 of water and glycols have been discharged from these sources, of
which approximately 53.6 m3, or 32% of the total volume, has been the active
ingredients.
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4.4

4.5

FPSO Production Operations

The primary points of HC discharge to seawater for the SeaRose FPSO are from the
bilge, the slops tanks and produced water. Bilge and slops water discharge is permitted
under the OWTG, following a separation process, to reduce the oil in water content to
less than 15 pmm. Bilge water on the SeaRose FPSO is typically directed towards the
slops tanks to discharge. Slops tanks are reservoirs for collecting both rainwater
(washed over the production facility from open and closed drains) and the redirected
bilge water. Contents of the slops tanks undergo oil/water separation and testing prior to
discharge to a level of less than 15 ppm HC as per the OWTG. Between October 2006
and September 2008, a total of 7,036 m3 of water was released from the slops tanks,
representing 44.57 kg (6.3 ppm) of dispersed HCs to the marine environment.

Produced water is a by-product of oil production and is a combination of water entrained
within the reservoir (formation) and seawater injected into the reservoir to maintain
pressure. Produced water is removed from crude oil through a series of separation
processes in the Production Train. Produced water has two regulatory limits for oil in
water, as per the OWTG: a 24-hour arithmetic mean is to be less than 60 ppm, whereas
a volume weighted 30-day rolling average is to be less than 30 ppm. Produced water for
White Rose was first realized on March 9, 2007, and between that date and September
2008, 996,6 m3 of produced water was released, representing 25,363 kg (25.4 ppm) of
dispersed HCs to the marine environment.

Seawater is pumped aboard the SeaRose FPSO and is circulated around equipment as
cooling water to reduce operating temperatures. Approximately 9,840 ms3 is discharged
daily from the cooling water system. To prevent biofouling within the cooling water
system, the seawater is treated with chlorine and is managed such that the residual
chlorine level at discharge is 0.5 ppm or less, approximately the same as drinking water.
Between October 2006 and September 2008, the monthly average concentration of
chlorine prior to release was 0.25 ppm.

Supply Vessel Operations

All offshore facilities and operations are supported by supply and standby vessels.
Normal vessel operations involve discharge of treated sewage and bilge water that
contains 15 ppm or less of dissolved and dispersed oil and are released in accordance
with MARPOL (73/78) requirements.
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5.0

5.1

Sediment Component
Field Collection

The Sediment Component of the 2008 EEM Program was conducted from September
17 to September 21, 2008, using the offshore supply vessel Gabarus. Sampling dates
for the baseline program and EEM programs are summarized in Table 5-1. Sediment
stations for the baseline and EEM programs are shown in Figures 1-5 to 1-9 (Section 1).
More details on the baseline survey can be found Section 1 and in Husky Energy (2001).
More details on the year 1, 2 and 3 EEM programs can be found in Husky Energy (2005;
2006; 2007). Geographic coordinates and distances to drill centres for EEM stations
sampled in 2008 are provided in Appendix B-1.

Table 5-1 Date of Field Programs
Trip Date
Baseline Program September 9 to September 19, 2000
EEM Program Year 1 September 26 to October 11, 2004
EEM Program Year 2 September 16 to September 22, 2005
EEM Program Year 3 August 14 to August 18, 2006
EEM Program Year 4 September 17 to September 21, 2008

Sediment samples were collected using a large-volume corer (mouth diameter = 35.6
cm, depth = 61 cm) designed to mechanically take an undisturbed sediment sample over
approximately 0.1 m? (0.0995 m?) of seabed (Figures 5-1 and 5-2). Three cores were
performed at each station to collect sufficient sediment volume for assessment of
sediment physical and chemical characteristics, toxicity and benthic community structure
(SQT components; see Section 1). Sediment samples collected for physical and
chemical analyses, as well as for archive, were a composite from the top of all three
cores (Figure 5-3). Sediment was sampled with a stainless steel spoon at the surface of
the cores but at least 2 cm away from the corer walls (i.e., over an areas of
approximately 0.078 m? and down to a depth of approximately 0.5 to 1 cm. Most of
these samples were stored in pre-labelled 250-mL glass jars at -20°C. However,
sediment for sulphide analysis was stored at 4°C. Sediment samples collected for
toxicity were taken from the top 7.5 cm of one core and stored at 4°C, in the dark, in a 4-
L pail (amphipod toxicity) and a Whirl-Pak (bacterial luminescence). Sediment samples
for benthic community structure analysis were collected from the top 15 cm of two cores
and stored in two separate 11-L pails’. These samples were preserved with
approximately 1 L of 10% buffered formalin. Benthic invertebrate counts from these two
samples were later pooled for analysis.

7 . . .
Those chemistry samples collected from the same core as benthic community samples made up
approximately 3% of the volume of sediment sampled for benthic community analysis.
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Figure 5-3 Allocation of Samples from Cores

Sediment chemistry field blanks composed of clean sediment obtained from Maxxam
Analytics were collected for stations 18, 20 and NA4. Blank vials were opened as soon
the core samples from these three stations were brought on board the vessel and
remained opened until chemistry samples from these stations were processed. Blank
vials were then sealed and stored with other chemistry samples. Field duplicates were
collected for sediment chemistry at stations 5, 11, 29, C4 and S3. Both field blanks and
field duplicates were assigned randomly to stations.

The following Quality Assurance/Quality Control (QA/QC) protocols were implemented
for collection of samples to ensure sample integrity and prevent onboard contamination.
Core samples were immediately covered with clean, plastic-lined metal covers and
moved to a working area near the laboratory facility. Sampling personnel were supplied
with new latex gloves for each station. The laboratory facility and sampling tools were
washed with isopropanol then rinsed with distilled water between each station to prevent
cross-contamination between stations. Processed samples were transferred to cold
storage within one hour of collection.

Laboratory Analysis
Physical and Chemical Characteristics

Sediment samples were processed for particle size, HCs and metal concentration
(Tables 5-2 and 5-3). Particle size analysis was conducted by Jacques Whitford in St.
John’s, Newfoundland and Labrador. HC and metal analyses were conducted by
Maxxam Analytics in Halifax, Nova Scotia. Methods summaries from both these
laboratories are provided in Appendices B-2 and B-3, respectively.
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Table 5-2 Particle Size Classification
fxgn(t:vlvzsr?lhf)lcatlon Size Range (mm) PHI Scale Range
Gravel 2to 64 -1.000 to -6.000
Sand 0.063to 2 3.989 to -1.000
Silt 0.002 to 0.063 8.966 to 3.989
Clay < 0.002 < 8.986

Note: -  Silt + clay fractions are referred to as "fines".

Table 5-3 Sediment Chemistry Variables (2000, 2004, 2005, 2006 and 2008)

. RDL .
Variables Method 2000 | 2004 | 2005 | 2006 | 2008 Units
HCs
Benzene Calculated 0.025 0.025 0.025 0.03 0.03 mg/kg
Toluene Calculated 0.025 0.025 0.025 0.03 0.03 mg/kg
Ethylbenzene Calculated 0.025 0.025 0.025 0.03 0.03 mg/kg
Xylenes Calculated 0.05 0.05 0.05 0.05 0.05 mg/kg
Cs-C10 Calculated 25 2.5 25 4 3 mg/kg
>C10-Can GC/FID 0.25 0.25 0.3 0.3 0.3 mg/kg
>C-Cs GC/FID 0.25 0.25 0.3 0.3 0.3 mg/kg
PAHs
1-Chloronaphthalene GC/FID NA 0.05 0.05 0.05 0.05 mg/kg
2-Chloronaphthalene GCI/FID NA 0.05 0.05 0.05 0.05 mg/kg
1-Methylnaphthalene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
2-Methylnaphthalene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Acenaphthene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Acenaphthylene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Anthracene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Benz[a]anthracene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Benzo[a]pyrene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Benzo[b]fluoranthene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Benzo[ghi]perylene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Benzo[K]fluoranthene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Chrysene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Dibenz[a,hJanthracene GCI/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Fluoranthene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Fluorene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Indeno[1,2,3-
cd]pyrene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Naphthalene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Perylene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Phenanthrene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Pyrene GC/FID 0.05 0.05 0.05 0.05 0.05 mg/kg
Carbon
Carbon LECO 0.1 0.2 0.2 0.2 0.2 a/kg
Organic Carbon LECO 0.1 0.2 0.2 0.2 0.2 g/kg
Inorganic Carbon By Diff 0.2 0.3 0.2 0.2 0.2 a/kg
Metals
Aluminum ICP-MS 10 10 10 10 10 mg/kg
Antimony ICP-MS 2 2 2 2 2 mg/kg
Arsenic ICP-MS 2 2 2 2 2 mg/kg
Barium ICP-MS 5 5 5 5 5 mg/kg
Beryllium ICP-MS 5 2 2 2 2 mg/kg
Cadmium GFAAS 0.05 0.05 0.05 0.05 0.05 mg/kg
Chromium ICP-MS 2 2 2 2 2 mg/kg
Cobalt ICP-MS 1 1 1 1 1 mg/kg
Copper ICP-MS 2 2 2 2 2 mg/kg
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. RDL .

Variables Method 5000 5004 5005 5006 5008 Units
Iron ICP-MS 20 50 50 50 50 mg/kg
Lead ICP-MS 0.5 0.5 0.5 0.5 0.5 mg/kg
Lithium ICP-MS 5 2 2 2 2 mg/kg
Manganese ICP-MS 2 2 2 2 2 mg/kg
Mercury CVAA 0.01 0.01 0.01 0.01 0.01 mg/kg
Molybdenum ICP-MS 2 2 2 2 2 mg/kg
Nickel ICP-MS 2 2 2 2 2 mg/kg
Selenium ICP-MS 2 2 2 2 2 mg/kg
Strontium ICP-MS 5 5 5 5 5 mg/kg
Thallium ICP-MS 0.1 0.1 0.1 0.1 0.1 mg/kg
Tin ICP-MS 2 2 2 2 2 mg/kg
Uranium ICP-MS 0.1 0.1 0.1 0.1 0.1 mg/kg
Vanadium ICP-MS 2 2 2 2 2 mg/kg
Zinc ICP-MS 2 5 2 5 5 mg/kg
Other
Ammonia (as N) COBAS NA 0.25 0.3 0.3 0.3 mg/kg
Sulphide SM4500 NA 2 0.2 0.2 0.2 mg/kg
Sulphur LECO NA 0.02 0.02 0.002 0.01 % (W)
Moisture Grav. 0.1 0.1 0.1 1 1 %

Notes: -  The acronym EQL (Estimated Quantification Limit) was used in previous years instead of RDL

(Reportable Detection Limit). The two terms are fully interchangeable and relate solely to the
merger between Phillip Analytics and Maxxam Analytics and the various terminologies used by
these two laboratories.

- The RDL is the lowest concentration that can be detected reliably within specified limits of
precision and accuracy during routine laboratory operating conditions. RDLs may vary from
year to year because instruments are checked for precision and accuracy every year as part of
QA/QC procedures®.

- NA = Not Analyzed.

Within the HCs, benzene, toluene, ethylbenzene and xylenes (BTEX) are aromatic
organic compounds which are detected in the Cg-C1o range commonly referred to as the
gasoline range. >C,,-C,; is referred to as the fuel range and is the range where
lightweight fuels like diesel will be detected. The >C,;-C3, range is where lubricating oils
(i.e., motor oil and grease), crude oil and, in some cases, bunker C oil, would be
detected. HCs in all ranges include both aromatic (ring), n-alkane (straight chain) and
isoalkane (branched chain) compounds. Polycyclic aromatic hydrocarbons (PAHS) are a
diverse class of organic compounds that are composed of two or more fused aromatic
benzene rings.

Gas chromatography is used to assess concentrations of HCs in the Cg-Cs, range (see
Appendix B-3). When complex HC mixtures are separated by chromatography, the more
unique compounds such as the n-alkanes separate as individual peaks. Isoalkanes, on
the other hand, are such a diverse group with so little difference in physical
characteristics that they tend not to separate into distinct peaks in the chromatogram but
rather form a “hump” in the chromatogram. This hump is often referred to as the
Unresolved Complex Mixture (UCM). The drill mud base oil (PureDrill IA35-LV) used at
White Rose is a synthetic isoalkane fluid consisting of molecules ranging from >C,-C;.
Most of the components of PureDrill IA35-LV form an UCM that starts around the

8 Typically, Maxxam Analytics sets the RDL at 2 to 10 times the MDL (Method Detection Limit) calculated
using the EPA (U.S. Environmental Protection Agency) protocol. The 2 to 10 times MDL factor for RDL
established by Maxxam Analytics is based on a number of considerations including details of the analytical
method and known or anticipated matrix effects. The matrix is any material, chemical, physical property of
the real world sample that can affect the analytical determination.
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retention time of Cy; n-alkane (2.25 min) and ends around the same time as C,; n-
alkanes (approximately 7.4 min) (Figure 5-4). The highest peaks in a chromatogram of
PureDirill IA35-LV have retention times similar to those of n-alkanes of C,,-Cyg Size.

Pure DrillA35-LV (500 ppm)

0 2 4 6 8§ min

Figure 5-4 Gas Chromatogram Trace for PureDrill IA35-LV
5.2.2 Toxicity

Jacques Whitford’s Science Laboratory Division in St. John’s, Newfoundland and
Labrador, conducted the sediment toxicity analyses. All sediment samples were
examined using the amphipod survival bioassay and the bacterial luminescence assay
(Microtox). Both bioassays used whole sediment as the test matrix. Tests with lethal
endpoints, in this case amphipod survival, measure survival over a defined exposure
period. Tests with sublethal endpoints measure physiological functions of the test
organism, such as metabolism, fertilization and growth, over a defined exposure period.
Bacterial luminescence, in this case, was used as a measure of metabolism. Tests that
rely on sublethal endpoints are a potential gauge of the long-term effects.

Amphipod survival tests were conducted according to Environment Canada (1998)
protocols using the marine amphipod Rhepoxynius abronius obtained from West Beach,
Whidbey Island, Washington State (USA). R. abronius is a standard and widely used
test species. Although it is not native to the East Coast, related species in the family
Phoxocephalidae were among the more abundant amphipods in White Rose benthic
invertebrate communities. Tests involved five replicate 1-L test chambers with
approximately 2 cm of sediment and approximately 800 mL of overlying water (Figure 5-
5).
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Figure 5-5 Amphipod Survival Test

Each test container was set up with 20 test organisms and maintained for 10 days under
appropriate test conditions, after which survival was recorded. An additional test
container was used for water quality monitoring only. Negative control sediment was
tested concurrently, since negative controls provide a baseline response to which test
organisms can be compared. Negative control sediment, known to support a viable
population, was obtained from the collection site for the test organisms. A positive (toxic)
control in aqueous solution was tested for each batch of test organisms received.
Positive controls provide a measure of precision for a particular test, monitor seasonal
and batch resistance to a specific toxicant, as well as standardize results to which the
results for other samples may be tentatively compared. Ancillary testing of total ammonia
and sulphides in overlying water was conducted by an ammonia ion selective probe and
colorimetric determination, respectively.

Samples were processed within six weeks of sample collection, meeting the storage
time requirements recommended by Environment Canada guidelines (Environment
Canada 1998).
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The bacterial luminescence test was performed with Vibrio fishcheri. This bacterium
emits light as a result of normal metabolic activities. The Microtox assay was conducted
according to the Environment Canada (2002) Reference Method using the large volume
solid phase assay. Analysis was conducted on a Model 500 Photometer with a computer
interface. A geometric series of sediment concentrations was set up using Azur solid
phase diluent. The actual number of concentrations was dependent on the degree of
reduction in bioluminescence observed. Negative (clean) and positive (toxic) controls
were run concurrently with the test samples. Reduction of light after 15 minutes was
used to measure toxicity. Data interpretation for 2004, 2005, 2006 and 2008 was
conducted as outlined in Environment Canada’s (2002) Reference Method. Data from
the 2000 (baseline) program were reexamined using the criteria outlined in Environment
Canada (2002) because analyses in 2000 were conducted using earlier Environment
Canada guidelines (small volume solid phase assay; Environment Canada 1992).
Reinterpretation of 2000 data using Environment Canada (2002) did not alter any of the
2000 interpretations.

All Microtox tests were initiated within six weeks of sample collection, meeting sediment
storage time requirements recommended by Environment Canada guidelines
(Environment Canada 2002).

5.2.2.1 Results Interpretation

The statistical endpoint for the amphipod toxicity test is the determination of whether the
biological endpoint (percent survival) differs statistically from the control or reference
sample, calculated using the Dunnett's Test with the TOXCALC computer program
(Tidepool Scientific Software 1994). The statistical endpoint for the bacterial
luminescence toxicity test is the determination of whether the biological endpoint
(bioluminescence) for the sample is significantly different from the negative control (0%),
calculated as the I1Cs,’ value.

Sample toxicity was assessed using standard toxicity testing statistical programs
coupled with interpretation guidelines and direction provided by Environment Canada (K.
Doe, pers. comm.). The amphipod survival tests results for sediments were considered
toxic if the endpoint (mortality) exhibited a greater than a 30% reduction in survival as
compared to negative control sediment; and the result was statistically significantly
different than mortality in the negative control sediment. Amphipod survival was also
compared to Reference station sediment (stations 4, 12, 19 and 27). In this case, the
amphipod survival test results for sediments were considered toxic if the endpoint
(mortality) exhibited a greater than a 20% reduction in survival when compared to
Reference station sediment; and the result was statistically significantly different than
mortality in the reference sediment.

For the bacterial luminescence assay, as noted in above, Environment Canada has
published a new reference method for Solid Phase Microtox Testing. The new reference
method (Environment Canada 2002) contains new interim guidelines for assessing
Microtox toxicity. Sediments with levels of silt/clay greater than 20% are considered to
have failed this sediment toxicity test (are toxic) if the 1Cx is less than 1,000 mg/L as dry
solids.

° An ICs0 (50% inhibitory concentration) is the concentration of a substance that produces 50% of the
maximum possible inhibitory response to that substance.
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5.2.3

For any test sediment from a particular station that is comprised of less than 20% fines
and that has an ICs, of 2 1,000 mg/L (dry weight), the 1Csy of this sediment must be
compared against a sample of “clean” reference sediment or negative control sediment
(artificial or natural) with a percent fines content that does not differ by more than 30%
from that of the test sediment. Based on this comparison, the test sediment is judged to
have failed the sediment toxicity test if, and only if, both of the following two conditions

apply:

1. its ICs is more than 50% lower than that determined for the sample reference
sediment or negative control sediment; and

2. the ICsqs for the test sediment and reference sediment or negative control sediment
differ significantly.

Benthic Community Structure

All 2008 samples were provided whole to Arenicola Marine Limited (Wolfville, Nova
Scotia). Individual cores samples were processed separately but data were pooled for
data analysis (see Section 5.3.4).

Sandy samples were washed through a 0.5 mm sieve. Samples with larger proportions
of coarse material (gravel and shell) were elutriated and sieved by directing a high
volume (1 L/s) flow of freshwater into the sample, tilting the sample bucket and catching
the overflow on the sieve. This washing removed the silt/clay and finer sand fractions
from the samples. The procedure was adjusted to leave coarser sediment fractions in
the pail. The flow suspended the less dense organisms (e.g., polychaetes) and
separated small gastropods and clams which, with a suitable balance of flow in and out
of the bucket, could be separated as well. Elutriation was continued until the water
leaving the pail was free of organisms and when no additional heavier organisms could
be seen after close examination of the sediment. Usually, larger organisms such as
scallops and propeller clams were separated manually as they were found. Barnacles
and sponges were scraped off rocks. With coarser sediments such as gravels, which
were occasionally encountered, a 1.2 cm mesh in combination with the 0.5 mm screen
was used to aid in separating the organisms. Organisms were placed in 70% alcohol
after sieving.

All samples were sorted under a stereomicroscope at 6.4x magnification, with a final
scan at 16x. After sorting, substrate from 10% of samples was reexamined by a different
sorter to determine sorting efficiency. Efficiency levels of 95% or better were achieved
(i.e., the first sorter recovered 95% or more of the organisms recovered by both sorters
combined). Wet weight biomass (g/sample) was estimated by weighing animals to the
nearest milligram at the time of sorting after blotting to remove surface water. None of
the samples were subsampled.

Organisms were identified to the lowest practical taxonomic level, typically to species,
using conventional literature for the groups involved (Appendix B-4). All organisms were
identified by Patricia Pocklington, a specialist in marine benthic invertebrate taxonomy.

Benthic invertebrate samples for 2004, 2005 and 2006 were also processed by
Arenicola Marine Limited. Benthic invertebrate samples from 2000 were processed by
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5.3

53.1

Pat Stewart of Envirosphere Limited. Methods and the level of taxonomy were similar to
those used for the 2004 to 2008 samples (see Husky Energy 2001 for details).

Data Analysis
Major changes in analyses relative to analyses conducted in past years were:

1. station 31, within 0.4 km of delineation well K-03 (drilled in 2007), was excluded
from all distance analyses;

2. distance from the North Amethyst drill centre (inactive in 2008 and prior years) was
added to Repeated Measures (RM) regression analyses comparing years;

3. Simpson’s diversity (D) and evenness (E) were dropped from analyses of benthic
invertebrate communities; and

4. analyses of abundances of several sub-dominant Polychaete taxa were added
(these analyses were considered exploratory and are provided in Appendix B-5).

These changes are described in more detail in the text that follows.
General Approach
Analyses of sediment quality data included:

1. analyses of correlations among variables for 2008 and between these variables and
depth and distances from drill centres;

2. comparison of depth and distance relationships among years (2000, 2004, 2005,
2006 and 2008); and

3. multi-year assessment of relationships between benthic invertebrate community
variables and concentrations of >C;,-C,; HCs.

The distance relationships tested “attenuation with distance” hypotheses. >C,-C,; HCs
(constituents of SBMs and indicators of drilling activity) were the best chemistry predictor
(X) of biological responses (e.g., effects on in-situ benthic invertebrates or laboratory
toxicity test results).

Given the large and complex multivariate sediment quality data set, there were
reasonable alternatives available at almost every step in analyses. The general strategy
was to try different approaches (e.g., parametric versus non-parametric analyses; use of
chemical concentrations versus distance as X in regression) as opposed to minor
variations of the same approach. Suggestions from external reviews of past reports were
also incorporated whenever possible. Specific analyses are described below and in
Appendix B-5.
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Statistical significance was defined based on the standard o level (p < 0.05). However,
emphasis was on:

1. results significant at p < 0.01 and especially p < 0.001 (highlighted in bold in
Tables);

2. strong correlations (i.e., |r| or |rs| > 0.5 and especially > 0.7); and

3. notable differences over space and time, especially those representing potential
project effects.

There were many cases where strong/large natural and project-related effects were
observed at low p (i.e., << 0.05), and it is reasonable to place the emphasis on these
less equivocal and usually more relevant results. However, the White Rose program and
data analyses, particularly for the multi-year data set, were powerful enough to detect
some small natural and project-related effects at p < 0.05 of lesser environmental
relevance. These results were always reported for interested readers.

Correlations were used as general measures of the strength of relationships (not
necessarily a measure of cause-effect or environmental interest) between variables.
When correlations were high (greater than 0.7 or less than -0.7 for physical and
chemical characteristics, and greater than 0.5 or less than -0.5 for invertebrate
community variables), parametric regressions predicting Y from X were usually provided.

Any definition of “large” differences will be subjective and differ among variables. The
basic approach used in this report was to ask if extreme values of some Y variable were
more likely to occur at extreme values of X variables of interest (e.g., distances from drill
centres; concentrations of indicators of drilling activity; after versus before drilling
began).

All log transformations were log;o rather than natural log (loge) transformations. More
details on data transformations are provided in Appendix B-5. All analyses were
conducted using SYSTAT 11 software.

5.3.1.1 Analysis of 2008 Data

For analysis of 2008 data, the first step was to calculate summary statistics and
multivariate summary measures required for further analyses. Bivariate Spearman non-
parametric rank correlations (rs) within and among SQT components were then
calculated and tested. Spearman rg are parametric or Pearson correlations (r) between
the ranks of two variables. In many cases, the correlations within SQT components were
tests of redundancy of variables expected to be related for statistical or natural reasons
rather than tests of meaningful environmental relationships.

Multiple regression/partial correlation analyses assessing relationships between SQT
variables (Y) and distance and depth (X) were then conducted. Both Y and X variables
were rank-transformed (rank-rank regression or correlation). The distance measure used
was distance to the nearest active drill centre (Min d). Min d was a useful summary
distance measure, particularly for plotting distance relationships in two dimensions.
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The rank-based analyses addressed the qualitative question: was Y more likely to
increase, decrease or remain the same as X increased? In some cases, this was the
only appropriate and relevant question. However, in other cases, more quantitative
parametric models were of interest for distance relationships. For these analyses, the
basic model was a linear regression of Y on Min d (= X), with Min d and often Y log-
transformed. Then, hockey-stick (threshold) models, with Min d as X, were fit. Hockey-
stick models assume that Y increases or decreases with increasing distance (X) (the
“shaft” of the hockey stick) up to some threshold distance (X;) and then does not vary
with X (the “blade”). The hockey-stick regressions were useful for estimating zones of
influence based on chemical variables or the spatial extent of effects for biological
variables (threshold distances (X1)), or in some cases, indicating that zones of influence
or the spatial extent of effects could not or should not be estimated.

To assess the hockey-stick models, the basic question was “did adding a threshold
significantly reduce the residual or error variance of regression estimates relative to the
simple bivariate Y-X model (i.e., did hokey-stick models provide a better fit)?” (see
Appendix B-5 for the test used).

station 31, within 0.4 km of a delineation well (K-03) drilled in 2007 and with high levels
of barium and HCs, was included in all correlation analyses of relationships among
sediment physical, chemical and biological variables but excluded from all analyses of
distance relationships.

5.3.1.2 Comparison Among Years

The Repeated Measures (RM) regression model described in Appendix B-5 was used to
compare regressions on depth and distances from each of the four drill centres (X
variables) among years. Distances from the North Amethyst drill centres (inactive in
2008) were included to provide an assessment of baseline conditions at that drill centre.
The RM approach can only be used to analyze stations re-sampled every year. For most
variables, emphasis was on the 35 stations sampled in all five years (excluding station
31), which allowed a comparison to baseline (2000). However, ammonia, sulphide and
sulphur were not measured in 2000, so analyses of those variables were conducted on
the 39 stations sampled in 2004, 2005, 2006 and 2008. Reference stations 4 and 19,
sampled in 2004, 2005 and 2006, were excluded from these four-year RM analyses
because depths at these stations were extreme and would have a large influence on any
analysis of depth effects. Similarly, station 31, which was sampled every year, was also
excluded from RM analyses because the high HC and barium values noted in 2008 as a
result of delineation drilling at K-03 would have affected distance relationships. For the
RM analyses, distances were log-transformed, some Y variables were log-transformed,
and depth was not transformed.

Multiple regression slopes were calculated for each year for stations included in RM
analyses and were used to summarize general depth and distance trends. The multiple
regression slopes for each X variable are adjusted for the effects of other X variables.
When Y and X are log-transformed, the slopes are power functions. For example, a
slope of 1 indicates that Y increased linearly with X and a slope of 0.5 indicates that Y
increased with the square root (0.5™ power) of X. Overall distributions, medians (50"
percentiles), and 20" and 80" percentiles were used to assess net changes over time.
The 20™ and 80" percentiles were calculated using non-parametric methods (Gilbert
1987) since overall distributions were rarely normal (see Section 5.4 for data
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distributions). Appendix B-5 discusses multiple regression slopes and non-parametric
percentiles in more detail.

For selected Y variables, threshold distances (X;) were compared among 2004, 2005,
2006 and 2008 to qualitatively assess if estimated zones of influence or the spatial
extent of effects changed. These analyses included all stations sampled within each
year, except that 2008 data from station 31 were excluded. The distance measure used
was distance from the nearest active drill centre (Northern and Southern drill centres in
2004; Northern, Central and Southern drill centres in 2005, 2006 and 2008).

Non-parametric rs between Y variables and distance from the nearest active drill centre
were also calculated within each year, and provided as a general summary. The
Northern and Southern drill centres were assumed to be “active” for calculation of
distance correlations for 2000, since those two drill centres were the first to be active in
the next sample year (2004).

As mentioned in Section 1.8, six stations near the North Amethyst drill centre were
sampled in 2007, and again in 2008. Limited RM and other analyses were conducted on
2007 data, with methods and results provided in Appendix B-5.

5.3.2 Physical and Chemical Characteristics
5.3.2.1 Groups of Variables

Physical and chemical sediment characteristics were divided into four groups of
variables:

1. sediment particle size and total organic carbon (TOC) content;

2. known constituents of drill muds and indicators of drilling activity (>C,,-C»; HCs and
barium);

3. metals other than barium; and
4. other variables (ammonia, sulphide, sulphur, redox and >C,;-C3, HCs).

Sediment particle size was expressed as % contributions of gravel, sand and fines (silt +
clay). Both fines and TOC content could be altered by drilling activity. WBMs and SBMs
and drill cuttings are finer than the predominantly sand substrate on the Grand Banks,
and SBMs have a higher organic carbon content than natural substrates. Particle size,
as a physical habitat variable, and TOC, as an indicator of food availability for deposit
and filter feeders, can also affect benthic invertebrate communities.

SBMs have elevated concentrations of >C3,-C,; HCs, which rarely or never occur at
detectable levels in natural sediments on the Grand Banks. Barium, as barium sulphate
(barite), is a constituent of both WBMs and SBMs, but barium also occurs naturally in
marine sediments. Baseline barium levels at White Rose ranged from 120 to 210 mg/kg.

Metals other than barium, several of which (e.g., aluminum, iron) occur naturally at high
concentrations in marine sediments, were primarily treated as reference metals, or
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indicators of the natural variance of barium concentrations that might be expected in the
absence of drilling.

Sulphur, as sulphate in barite, is an important constituent of drilling muds, but also
occurs naturally at high levels. Ammonia and sulphide levels are typically high, and
redox levels are low, in sediments where decomposition or degradation of natural or
synthetic organic matter is extensive. High ammonia, sulphur and sulphide levels, and
low redox levels, can adversely affect toxicity test organisms and in-situ invertebrate
communities.

>C,-C3; HCs are not a constituent of SBMs but could originate from other
anthropogenic sources (e.g., deck discharges). However, when >C;,-C,; HC
concentrations are high, there is also an analytical “spill-over” effect, with some >C,-C»;
HCs appearing as >C,;-Cs, HCs.

5.3.2.2 Statistical Analysis

For analysis of 2008 data, Spearman rank correlations (rs) were calculated within and
among groups of sediment physical and chemical variables. Rank-rank distance-depth
regressions were also tested. In these analyses, Y values less than RDL were treated as
tied for the lowest rank. Parametric hockey-stick models were also tested for >Co-Cy;
HCs and barium concentrations, which were strongly affected by distance from the drill
centres.

Barium, fines, TOC levels and concentrations of metals other than barium (i.e., Metals
Principal Component 1 (PC1) scores; see below), were compared among years in RM
regression models based on the 35 stations, excluding station 31, sampled in all five
years (2000, 2004, 2005, 2006, 2008). >C.5-C,; HCs (not detected in 2000), and
ammonia and sulphur (not measured in 2000), were also analyzed in RM regression
models based on the 39 stations sampled in the four EEM years (stations 4, 19 and 31
excluded). All Y variables except Metals PC1 were log-transformed. Estimates of the
zones of influence (threshold distances: X1) based on concentrations of >C;o-C,; HCs
and barium were also compared among the four EEM years (2004 to 2006; 2008).

Principal Components Analysis (PCA') was used to derive a summary measure of
concentrations of metals other than barium for analyses of 2008 and multi-year data.
Metals analyzed were aluminum, chromium, iron, lead, manganese, strontium, uranium
and vanadium. These metals were detected in every sample in all years.

In 2000 and 2004, RDLs for >C4,-C,; HCs were reported as 0.25 mg/kg. In 2005, 2006
and 2008, RDLs were reported as 0.3 mg/kg. The change in RDL was simply rounding
to better reflect the precision of the measurements; the analytical method did not

1% pCA identifies the major axis of covariance (PC1) among the original variables (i.e., concentrations of the
eight metals), which is also the major axis of variance among samples (i.e., stations). The minor axis (PC2)
is the axis accounting for the largest amount of remaining covariance among variables and variance among
samples that is independent of (uncorrelated with) PC1. Positions of samples along the PC axes can be
expressed as scores (weighted averages of original variable values), and the scores used for further
analyses. The scores are standardized, so that the overall mean is 0 with standard deviation (SD) = 1. Metal
concentrations were log-transformed prior to conducting the PCA. The sediment metals PCA was based on
data from all sample years, including 2007 data from six stations near the North Amethyst drill centre,
because comparisons were made among years. The sediment metal and other PCAs in this report were
based on correlation rather than covariance matrices.
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5.3.3

534

change. For parametric statistical analyses, all concentrations less than the RDL of
0.3 mg/kg were set at ¥2 that RDL (0.15 mg/kg).

In 2004 and 2005, there were five sulphur values less than the RDL of 0.02%. In 2006,
there were eight values less than 0.02%, but the RDL for 2006 was lower than in
previous years (0.002% instead of 0.02%). All values less than 0.02% in 2006 were set
at 0.02% for comparisons among years in parametric tests.

Toxicity

In 2008 and in previous years, no analyses of results for bacterial toxicity tests were
conducted because all samples were non-toxic, with 1Css greater than the highest
concentration tested (98,600 mg/kg in 2000; 197,000 mg/kg in subsequent years).

For 2008, rank correlations between amphipod survival in toxicity tests versus distance
from the nearest active drill centre and sediment physical and chemical characteristics
were calculated. A qualitative comparison of amphipod survival among years was also
conducted for all stations with less than 70% survival in at least one year. Samples with
70% or greater survival cannot be considered toxic based on comparison to control
sediments, even if survival is 100% in those control sediments, because the reduction in
survival will not be greater than 30%. Samples with 70% survival or greater have also
never been classified as toxic based on comparison to Reference sediments.

Benthic Community Structure

5.3.4.1 Groups of Variables

In 2008, three summary benthic community variables were analyzed in detail:
1. total abundance (number of organisms collected per station);

2. standing crop (wet weight of organisms collected per station); and

3. taxonomic richness (number of taxa collected per station).

Abundances of the following four taxa were also analyzed in detail: Paraonidae
(Polychaeta), Spionidae (Polychaeta), Tellinidae (Bivalvia) and Amphipoda. Paraonidae,
Spionidae and Tellinidae were the three most abundant taxa. Although Amphipoda were
relatively rare, they were included in analyses of individual taxa because they are
generally considered sensitive and were also reduced in abundance near drill centres
and at high >C1,-C,; HC concentrations in past years (Husky Energy 2007).

Prior to 2008, overall community composition measures (axis scores) based on Non-
metric Multidimensional Scaling (NMDS) were also analyzed in detail (Husky Energy
2007). Effects on overall community composition are important, and NMDS is a useful
non-parametric multivariate analogue of PCA generally preferred for benthic invertebrate
community analysis (Clarke 1993). NMDS was conducted on benthic invertebrate
community data for 2008 and past years based on relative (%) abundances of all taxa,
and results are provided in Appendix B-5 and also summarized in Section 5.5.3. NMDS
was excluded from more detailed analyses because:
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1. scores for individual NMDS axes can be difficult to interpret and/or are not easily
adapted to the univariate analyses used for other summary measures and individual
taxon abundances;

2. previous NMDS analyses generally demonstrated that apparent project-related
effects on community composition were largely related to abundances of the
dominant taxa, especially Paraonidae (Husky Energy 2007); and

3. the two-dimensional qualitative graphical approach for analysis of NMDS used in
Husky Energy (2007) and Appendix B-5 is probably the most effective approach for
identifying project-related effects on overall community composition.

Simpson’s diversity (D) and evenness (E) were analyzed in past White Rose EEM
reports (Husky Energy 2005, 2006, 2007) but were not analyzed in 2008. These past
analyses indicated that diversity, and especially evenness, were insensitive to project
effects. There are also statistical problems associated with analyzing diversity and
evenness, which are derived from richness and abundance (Green 1979).

Nemerteans, nematodes, oligochaetes, ostracods and copepods were excluded from all
variables except standing crop. These small organisms are poorly recovered with the
0.5 mm mesh used. Most of the excluded organisms would have made a negligible
contribution to standing crop because of their small size™*.

5.3.4.2 Statistical Analysis

For all analyses of invertebrate communities, abundances of each taxon in the two cores
collected at each station were summed (i.e., variable values were “per station” rather
than “per sample”). Genera and species within families (or occasionally higher
taxonomic levels) were pooled and families were used as the basic taxonomic unit for
analyses. For the White Rose samples, there was good agreement at the family level
between the taxonomist used in 2000 and the taxonomist used in 2004, 2005, 2006,
2007 and 2008. At lower taxonomic levels (i.e., genus and species), there were some
differences, predominantly attributable to differences in the taxonomic level that the two
taxonomists used, especially for juveniles, and differences in the treatment of uncertain
identifications. Appendix B-4 provides abundances of lower-level taxa (usually species)
for the 2007 and 2008 samples. Family assignments of lower-level taxa were
standardized by first using families from Gosner (1971), a general East coast reference.
Assignments were then updated using Kozloff (1987), a general West coast reference.
Most taxa collected are found on both the East and West coasts, and family-level
taxonomy has not changed much in the last few decades.

Richness (S) is the number of taxa (families) per station. NMDS was based on relative
(%) abundances of taxa (families) (see Appendix B-5 for details).

Summary statistics for invertebrate community variables were calculated over all 47
stations sampled in 2008. Rank correlations (rs) among the variables were also
calculated. Rank correlations between invertebrate community variables versus

™ 1n some environments, usually nearshore, nermerteans and oligochaetes can make some contribution to
standing crop when they are abundant and larger organisms (for instance, echinoderms) are rare or absent.
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sediment physical and chemical characteristics and amphipod survival in laboratory
toxicity tests were also calculated for 2008 samples.

Rank-rank distance-depth relationships were analyzed, followed by more specific
parametric regression analysis when warranted. The RM regression model described in
Section 5.3.1.2 was used to compare invertebrate community variables among years
(2000, 2004, 2005, 2006 and 2008). Threshold distances for selected variables were
compared among EEM years (2004, 2005, 2006 and 2008). A comparison to those few
stations sampled around the North Amethyst drill centre in 2007 is provided in Appendix
B-5.

For parametric analyses, all variables were log-transformed. Log (Y + 1) transformations
were used for Paraonidae and Amphipoda when abundances of 0 occurred.

5.3.4.3 Concentration-Response Relationships

5.4

541

A concentration-response approach was used to assess relationships between
invertebrate community variables (biological response or Y) and sediment >C,,-C,; HC
concentrations (X) over the four EEM program years (2004, 2005, 2006 and 2008).
Using >Cjp-C,; HCs as an X variable addressed some problems with analysis of
distance effects. The spatial distribution of >C,,-C,; HC concentrations will incorporate
directional and other non-distance and localized project effects, especially around
individual drill centres. A single chemical X variable may also be a simpler and better
predictor of community Y variable values than one or more distance X variables.

The first step was to calculate and compare rank correlations between invertebrate
community variables (Y) and >C,o-C,; HCs (X) among the four EEM years using van
Belle tests (Appendix B-5). The next step was to assess alternative parametric
concentration-response models for community variables most strongly correlated with
>C;0-C,; HC concentrations. In most cases, and as for distance, the models assessed
were bivariate linear regressions versus hockey-stick models with a threshold
concentration added. For parametric analyses, >Ci,-C,; HC concentrations and all
community variables were log transformed.

Results
Physical and Chemical Characteristics

Appendix B-3 provides summary statistics for sediment physical and chemical
characteristics occurring at or above RDL in 2000, 2004, 2005, 2006 and 2008. All
variables measured on sediment are provided in Table 5-3. Toluene was detected at
levels close to RDL in one sample in 2005 and was not detected in other years. >C15-C,;
and >C,;-C3, HCs have been detected in 2004, 2005, 2006 and 2008, but not in 2000.
With the exception of naphthalene, which was detected in 2000, PAHs have never been
detected in sediment samples. Commonly detected metals in all four sampling years
were aluminum, barium, chromium, iron, lead, manganese, strontium, uranium,
vanadium and zinc.
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5.4.1.1 Analysis of 2008 Data

Correlations Within and Among Groups of Variables (2008)

Sediments sampled in 2008 and previous years were predominantly (usually more than
90%) sand. One or both of the “ “non-sand” components, gravel and fines, was expected
to be negatively correlated with sand content, since percentages of the three particle
size categories sum to 100%. Gravel content was usually the major non-sand
component by weight in 2008 sediment samples, and varied among stations from less
than 0.1 to 4.6%. Fines content varied from 0.7 to 2.4%. Gravel and fines content were
strongly and significantly negatively correlated with sand content, and weakly and not
significantly positively correlated with each other (Table 5-4). Based on these
correlations, sand was considered redundant and eliminated from further analyses.

Table 5-4 Spearman Rank Correlations (rs) Among Particle Size Categories and TOC
(2008)
% Fines % Sand % Gravel
% Sand —0.560***
% Gravel 0.201 —0.888***
TOC 0.385** -0.102 -0.103
Notes: *p < 0.05; **p < 0.01; ***p < 0.001 (in bold).

n = 47 stations.

TOC levels in sediments collected in 2008 were low (0.6 to 2.1 g/kg, or 0.06 to 0.21%)
and did not vary widely among stations. TOC levels were weakly but significantly
positively correlated with fines content (Table 5-4). Organic matter (i.e., TOC) should be
associated with finer particles but the expected positive correlation between the two
variables has rarely been strong over the narrow range of TOC and fines values at
White Rose.

Concentrations of the two primary drill mud constituents, >C,,-C,; HCs and barium, were
strongly and significantly positively correlated (Table 5-5). This correlation was expected
since both WBMs and SBMs were used at all drill centres and barium is a constituent of
both types of muds. >C,-Cs, HC concentrations were positively correlated with
concentrations of both >C,,-C,; HCs and barium. >C,;-C3, HCs were not included in
further analyses because >C,;-C3, HC concentrations were correlated with >Cy-C,; HC
concentrations, may represent analytical “spill-over” of the latter HC group and
concentrations of >C,;-C3, HCs were low (less than 0.3 to 15 mg/kg dry weight).

Table 5-5 Spearman Rank Correlations (rs) Among HC and Barium Concentrations
(2008)
>C10-C21 HCs Barium
Barium 0.816***
>Cy1-Cs2 HCs 0.750*** 0.532***
Notes: *p < 0.05; **p < 0.01; ***p < 0.001 (in bold).

n = 47 stations.

Concentrations of the eight other frequently detected metals in sediments collected in
2000, 2004, 2005, 2006, 2007 and 2008 were positively correlated with each other and
with the first Principal Component (Metals PC1) derived from these concentrations
(Table 5-6). Metals PC1 accounted for more than 60% of the total variance among the
205 samples and was used as a summary measure of total metals concentrations for
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further analyses. The secondary axes of variance (PC2 and PC3) accounted for minimal
variance and were not further analyzed.

Table 5-6 Correlations (r) Between Concentrations of Frequently Detected Metals and
PCs Derived from these Concentrations (2000, 2004, 2005, 2006, 2007 and
2008)
Correlation (r) with:
Metal PC1 PC2 PC3
Iron 0.920 0.267 0.076
Manganese 0.865 0.343 0.058
Aluminum 0.827 -0.036 0.072
Strontium 0.801 -0.540 0.039
Vanadium 0.792 0.219 0.153
Chromium 0.779 0.168 0.188
Uranium 0.672 0.092 -0.729
Lead 0.604 —-0.739 0.020
% variance 62.1 13.9 7.6
Notes: -  Metals are listed in descending order of their correlation with PC1.

- |r1=0.5in bold.
- Concentrations were logio transformed prior to deriving PC