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1.0 INTRODUCTION 

1.1 Project Setting and Field Layout 

Husky Energy, with its joint-venturer Petro-Canada, is in the process of 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 North (N), Central 
(C) and South (S) drill centres. Drilling will occur at the North Amethyst (NA) drill centre 
in the summer of 2008. (Figure 1-2). These four drill centres are considered in the 
sections that follow.  

Work to determine if drilling could occur to the West of the field is ongoing. Possible 
extension of the Environmental Effects Monitoring Program to include assessment of 
effects in the West, or at the South White Rose Extension drill centre are provided in 
Appendix A.  

 

 

Figure 1-1 - Location of the White Rose Oilfield 
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Figure 1-2 - Active Drill Centre Location at White Rose 
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1.2 Project Commitments 

Husky Energy submitted a Development Plan Application (DPA) for White Rose to the 
White Rose Public Review Commission in March 2001. In its Environmental Impact 
Statement (Part One of the White Rose Oilfield Comprehensive Study (Husky Oil 2000)) 
submitted as part of the DPA, Husky Energy committed to develop a comprehensive 
environmental effects monitoring (EEM) program for the marine receiving environment. 
This commitment was integrated into Decision 2001.01 (C-NLOPB 2001) as a condition 
of project approval. The EEM program would test effects predictions made in the EIS, 
detect changes in the marine receiving environment, and determine whether the 
changes were caused by the White Rose project.  

Also as noted in the C-NLOPB’s Decision Report (Condition 38 - Decision 2001.01), 
Husky Energy committed, in its application to the C-NLOPB, to make the results of its 
EEM program available to interested parties and the general public. The C-NLOPB also 
noted that in correspondence to the White Rose Public Hearings Commissioner, Husky 
Energy stated its intent to make both EEM reports and environmental compliance 
monitoring information “publicly available to interested stakeholders in a timely manner”. 
In fulfillment of Condition 38 noted above, Husky Energy will, in its Environmental 
Protection Plan, describe how it will make environmentally related information available 
to the public. 

As stated in its Comprehensive Study (Husky Oil 2000), Husky Energy supports the 
concept of a regional EEM approach, noting that such an approach would have to 
involve all operators in the area.  As such, Husky Energy has had and will continue to 
have discussions with its fellow operators on this subject and will report to the C-NLOPB 
on the outcome of those discussions, recognizing the C-NLOPB’s interest in this area. 

1.2.1 Additional Project Commitments 

Since submission of the original EEM design, Husky Energy has revised its DPA. As a 
result, two additional conditions related to Environmental Effects Monitoring have been 
incorporated into Decision Report 2007-02 related to South White Rose Extension and 
Decision Report 2008-03. 

Condition 2008–03.01 

The Proponent, prior to commencing drilling operations at the North Amethyst drill 
centre, shall submit for the approval of the Chief Conservation Officer an amended 
Environmental Effects Monitoring program design. 

Condition 2007-02.01 

The Proponent, no later than six months prior to commencing drilling operations at the 
South White Rose Extension drill center, shall submit, for the approval of the Chief 
Conservation Officer, an amended Environmental Effects Monitoring Program Design 
that considers drilling and production activities associated with the South White Rose 
Extension drill center. 
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This document addresses both of these additional conditions and is updated to 
incorporate improvements made to the White Rose EEM program since it was first 
implemented in 2004 (see Section 1.4 for details).  

1.3 Environmental Effects Monitoring 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 Guideline (NEB et al. 2002). 

Objectives to be met by the EEM program are: 

• Confirm the zone of influence of project contaminants; 

• Test biological effects predictions made in the EIS; 

• Provide feedback to Husky Energy for project management decisions requiring 
modification of operations practices where/when necessary; 

• Provide a scientifically defensible synthesis, analysis and interpretation of data; 

• Be cost-effective, making optimal use of personnel, technology and equipment; and, 

• Communicate results to the public. 

1.4 Supporting Information for EEM Program Design 

The design of the White Rose EEM program provided in this document draws on a 
number of sources including:  

• The White Rose EIS (Husky Oil 2000); 

• Drill cuttings and produced water dispersion modelling (Hodgins and Hodgins 2000); 

• The White Rose baseline characterization program (Husky Oil 2001); 

• Input from the White Rose Advisory Group (WRAG); 

• Stakeholder consultations; and 

• Consultations with regulatory agencies. 

This revised plan has also been updated, where appropriate, to include relevant actions 
issuing from discussions with various authorities on the EEM program since 2003. A full 
list of the actions taken on EEM design issues based on these discussions has been 
developed for Husky Energy’s internal tracking purposes (Document Number:  
WR-HSE-RP-0726 HDMS # 004024588). 
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1.4.1 White Rose EIS 

The White Rose EIS (Husky Oil 2000) made a series of predictions about potential 
project effects.  These predictions were based on whether or not Valued Environmental 
Components (VECs) interacted with the project.  A VEC-project interaction was 
considered to be a potential effect if it could change the VEC, or change the prey 
species or habitats used by the VEC. VECs identified for White Rose included: fish and 
fish habitat, fisheries, marine birds, marine mammals and sea turtles. The anticipated 
severity of effects on each VEC was ranked on a scale that considered relative 
magnitude (high, medium, low, negligible), geographic extent (less than 1 km2, 1 to 10 
km2, 11 to 100 km2, 1001 to 10,000 km2, greater than 10, 000 km2, or unknown), 
frequency (less than 10 events per year, 11 to 50, 51 to 100, 1001 to 200, or greater 
than 200 events per year, or unknown) and reversibility.  

Effects on each VEC were assessed by a discipline expert who considered: 

• The location and timing of the interaction; 

• Drill cuttings and produced water chemical zone of influence modelling exercises for 
White Rose; 

• The literature on similar interactions and associated effects (including the Hibernia 
(Mobil Oil 1985) and Terra Nova (Petro-Canada 1995) EISs); 

• When necessary, consultation with other experts; and 

• Results of similar effects assessments and especially, monitoring studies done in 
other areas. 

Only EIS predictions on fish, fish habitat and fisheries are relevant to the EEM program 
proposed in this document. Husky Energy will monitor effects on marine birds, marine 
mammals and sea turtles through various other initiatives, including monitoring of 
occurrence of these species from project platforms and vessels using weather observers 
trained in these observations and, developing an action plan for recovering and 
releasing birds following collisions with project platforms. Details on these initiatives will 
be provided elsewhere. This document also only addresses project effects from 
development and regular operations at White Rose. Monitoring plans in the event of 
accidental events, including large oil spills, are addressed in Document Number EC-M-
99-X-PR-00029-001. 

In general, development operations at White Rose were expected to have the greatest 
effects on near-field sediment quality, through release of drill cuttings, while regular 
operations were expect to have the greatest effect on water quality, through release of 
produced water. Effects of other waste streams (e.g., deck drainage and domestic 
waste, bilge discharge) on sediment and water quality were considered small relative to 
effects of drill cuttings and produced water discharge. The anticipated distribution of drill 
cuttings and produced water (Section 1.4.1.2) was therefore central to determination of 
effects. 
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1.4.1.1 Summary of Biological Effect Predictions 

Effects of drill cuttings on benthos were expected to be mild (low magnitude) within 
approximately 500 m of drill centres but fairly large (low to high magnitude) in the 
immediate vicinity of drill centres. 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 from the point of discharge. 

Effects of produced water (and other liquid waste streams) on water quality were 
expected to be localized near the point of discharge (see Section 1.4.1.2 for the 
chemical zone of influence of produced water). Liquid waste streams were not expected 
to have any effect on sediment quality and benthos and low magnitude effects on water 
quality and plankton.  Direct effects on adult fish were expected to be negligible.  

Further detail on effects and effects assessment can be obtained from the White Rose 
EIS (Husky Oil 2000). For the purpose the EEM program, testable hypotheses that draw 
on these effects predictions and on drill cuttings and produced water modelling (Section 
1.4.1.2) are developed in Section 2.2.1. 

1.4.1.2 Drill Cuttings and Produced Water Dispersion Modelling 

Husky Energy modelled the potential dispersion patterns of drill cuttings and produced 
water (project discharges expected to have the greatest effect on environment; see 
Section 1.4.1) as part of its EIS (Husky Oil 2000). Based on this assessment, the zone of 
influence of drill cuttings, defined here as the zone where project-related physical or 
chemical alterations might occur, is not expected to extend beyond approximately 5 km 
from source. The zone of influence for produced water is expected to extend to less than 
3 km from source.  These dispersion pattern results were used to assess the spatial 
extent of effects in the EIS (see Section 1.4.1.1) and to establish the baseline survey 
grid.  Model results will continue to be used as a point of reference for assessment of 
EEM results. 

1.4.2 Baseline Characterization Program 

The White Rose baseline characterization program was designed to provide information 
on existing conditions at White Rose before development drilling and construction 
began. Much like the EEM program, marine resources targeted for monitoring for this 
program were selected based on findings reported in the EIS (see Section 1.4.1.1 and 
also Section 2.1). The spatial layout of stations around White Rose for the baseline 
survey was established given the anticipated distribution of drill cuttings (Section 
1.4.1.2). The overall finding from this survey was that the area surrounding White Rose 
is uncontaminated, notwithstanding prior exploratory drilling and current production 
operations in the Jeanne d’Arc Basin. 
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1.4.3 Stakeholder Consultation 

1.4.3.1 White Rose Environmental Effects Monitoring Advisory Group 

Husky Energy committed to organizing an “expert stakeholder group” to help develop the 
EEM program and potentially provide input into the ongoing interpretation of EEM 
results. Members of the WRAG included (in alphabetical order): 

• Leslie Grattan, Consultant; 

• Dr. Roger Green, University of Western Ontario; 

• Dr. Doug Holdway, University of Ontario Institute of Technology; 

• Mary Catherine O’Brien, Lawyer, Manager at Tors Cove Fisheries Ltd.; 

• Dr. Paul Snelgrove,  Memorial University; and 

• Dr. Len Zedel, Memorial University. 

The WRAG and the Husky Energy design team met on three occasions (July 22, 
September 8 and October 27, 2003) and also exchanged information throughout the 
design process. During the first meeting (July 22), the WRAG discussed the draft design 
document which had been previously provided for review. Most of the recommendations 
made by the WRAG were made during this meeting and remaining meetings were held 
either to clarify WRAG position or to bring additional information to the WRAG (including 
comments from the public and regulators on the EEM design). Minutes from WRAG 
meetings, along with a table of concordance summarizing discussion items and Husky 
Energy resolutions are provided in Appendix B.  

1.4.3.2 Consultations with Regulators and Public Information Session 

A public information session was held in St. John’s on October 16, 2003. There, Husky 
Energy provided the public with a general overview of the EEM program and asked for 
feedback. A separate meeting was held with regulatory agencies to discuss the design. 
The consultation report issuing from these meetings is provided as Appendix C. This 
consultation report was also provided to the WRAG (Section 1.4.4.1) for discussion 
during the October 27th meeting. 

1.4.3.3 Public Access to EEM Design Document 

This EEM design document will be made available to the public once it is finalized, after 
regulatory review. 

2.0 MONITORING STRATEGY 

2.1 Marine Resources to be Monitored 

The proposed EEM program is designed around the monitoring of those marine 
resources targeted during baseline data collection (and these follow closely from the 
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VECs assessed in the White Rose EIS (Husky Oil 2000)).  In addition, given the 
similarity in production platform and project design (floating production, storage and 
offloading (FPSO) facility, risers, drill centres) between Terra Nova and White Rose 
(except for scale of project), the White Rose EEM program closely resembles the Terra 
Nova EEM program. 

Specifically, data will be collected on sediment quality, water quality and commercial fish 
species. Proposed EEM components are summarized in Figure 2-1 - Environmental 
Effects Monitoring Components.  Details are provided below.  

Snow Crab and American Plaice Taint
Snow Crab and American Plaice Taint

Snow Crab and American Plaice Body Burden
Snow Crab and American Plaice Body Burden

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

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

Snow Crab and American Plaice Morphometrics and Life History 
Characteristics

Snow Crab and American Plaice Morphometrics and Life History 
Characteristics

Commercial FishCommercial Fish

Physical Characteristics: Oxygen, Temperature, 
Salinity, pH (Collected during the Baseline Program)

Physical Characteristics: Oxygen, Temperature, 
Salinity, pH (Collected during the Baseline Program)

Chemical Characteristics: Metals and Hydrocarbons
(Collected during the Baseline Program)

Chemical Characteristics: Metals and Hydrocarbons
(Collected during the Baseline Program)

Further Monitoring Planned within the Context of Produced 
Water Discharge Monitoring

Further Monitoring Planned within the Context of Produced 
Water Discharge Monitoring

WaterWater

Particle size, Organic and Inorganic Carbon, Metal and Hydrocarbon 
Concentrations

Particle size, Organic and Inorganic Carbon, Metal and Hydrocarbon 
Concentrations

Toxicity: Bacterial Luminescence (Microtox); Amphipod Survival
Toxicity: Bacterial Luminescence (Microtox); Amphipod Survival

Benthic Infauna Community Structure 
Benthic Infauna Community Structure 

SedimentSediment

 
Figure 2-1 - Environmental Effects Monitoring Components 

2.1.1 Sediment Quality 

Husky Energy made a commitment in the EIS (Husky Oil 2000) to monitor contaminants 
in sediments and their effects on benthic organisms. Regulatory agencies identified oil 
contamination of sediments and effects on benthic organisms as a key indicator of 
sediment quality and the scientific community has routinely monitored sediment quality 
as part of monitoring programs. Sediments are the ultimate sink for persistent chemicals 
and particulate matter emitted from well development.  

Methods to assess the quality of sediments and associated fauna have evolved from 
basic chemical analysis to more exhaustive studies that integrate physical, chemical and 
biological testing. Three general types of testing are currently used: 

• Sediment Chemical And Physical Testing; 

• Sediment Toxicity Testing; and 

• Assessment of Benthic Infaunal Community Structure. 
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These tests constitute the Sediment Quality Triad (SQT), an integrative or weight-of-
evidence approach (e.g., Long and Chapman 1985; Chapman et al. 1987; Chapman 
1992). Assessment of all three SQT components provides more convincing evidence of 
the spatial extent and magnitude of contamination than would any single component. 

The SQT approach has been applied to assess the status of sediments near offshore oil 
platforms in the North Sea (Chapman 1992) and in the Gulf of Mexico (Chapman et al. 
1991; Chapman and Power 1990; Green and Montagna 1996). The project team has 
applied the SQT approach in numerous British Columbia studies of industrial and 
municipal discharges and contaminated sites, in the Voisey’s Bay mine/mill baseline 
characterization, and the Terra Nova baseline and EEM programs. Sediment chemical 
and physical characteristics, toxicity and benthic infaunal community structure were 
measured in the White Rose baseline survey, and will be measured in the White Rose 
EEM program. 

2.1.2 Water Quality 

A water quality monitoring program was developed within the context of produced water 
discharge monitoring. This approach is consistent with the approach used in Section 
2.1.1 for sediment quality monitoring. In both cases, the anticipated zone of influence of 
the most widely distributed project discharge (drill cuttings on the one hand and 
produced water on the other) is used to establish the location and type of samples to be 
collected. 

To date, the following tasks have been accomplished toward the development of a water 
quality monitoring program: 

• 2004 to 2005  – Development of a methodology to validate the White Rose 
produced water dispersion model.  Report submitted to the C-NLOPB titled 
“Produced Water Monitoring at White Rose Phase 1: Plume Mapping and Model 
Validation.  

• November 2005 – Field trials to test the use of rhodamine to map a produced water 
plume on the Grand Banks. Report submitted to the C-NLOPB title “A Rhodamine 
Dye Study of the Dispersion of Produced Water Discharged from the Terra Nova 
FPSO”.  

• 2006 – Workshop with invited experts to discuss field trial results and Husky 
Energy’s overall approach to water quality monitoring.  

• 2007 – Attendance and participation in the International Produced Water 
Conference held in St. John’s in October 2007.  

• 2007-2008 – Ongoing sampling of produced water to obtain detailed 
characterization information.  

Husky Energy’s current activities toward the development of a produced water 
monitoring strategy are aimed at better defining the zone of influence for produced water 
through constituent-based modeling. This approach will better assess the distribution 
and concentration of constituents of concern within the produced water stream and may 
result in the identification of natural tracers that could then potentially be used for in-situ 
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monitoring and model validation. Once these tasks are accomplished, Husky will assess 
the best available options, given constituent distributions and concentrations, to assess 
project effects on water quality. A more detailed description of this work is provided in 
the White Rose Water Quality Monitoring Program report, attached as Appendix K.   

2.1.3 Commercial Fish 

The public and regulators have expressed considerable concern about potential project-
related effects on fish, which are, ultimately, the VEC of interest for this EEM program.  

On the East Coast of Canada, in the Gulf of Mexico and in the North Sea, researchers 
have studied hydrocarbon fate and effects on groundfish and shellfish (Dey et al. 1983; 
Payne et al. 1983; Neff et al. 1985; Berthou et al. 1987; Strickland and Chassan 1989; 
Paine et al. 1991; 1992). The Hibernia and Terra Nova EEM programs include 
assessments of fish tissue chemistry (body burdens), taste and health (physiological, 
biochemical and histological indicators). 

The White Rose EIS (Husky Oil 2000) states that a program to monitor tainting in fish 
will be implemented and a DFO position statement (DFO 1997) recommends that a well 
designed tainting detection program be initiated around development sites for assurance 
purposes. The DFO position statement also identifies bioaccumulation (i.e., contaminant 
body burden) as an issue. In the White Rose baseline survey, American plaice 
(Hippoglossoides platessoides) were collected for assessment of metals and 
hydrocarbon body burdens, health and taste. Snow crab (Chionoecetes opilio), another 
commercially important species, were also collected for assessment of body burdens 
and taste. These two species will continue to be collected and assessed in the EEM 
program. 

2.2 Sampling Design 

2.2.1 Monitoring Hypotheses 

Monitoring, or null (Ho), hypotheses have been established as part of previous EEM 
programs on the Grand Banks. These hypotheses are implicit to the design and analysis 
models described in Section 2.2.2 (also see Appendices D and E on analysis, and power 
and robustness, respectively), and were made explicit in both the Hibernia and Terra 
Nova EEM programs to focus and guide interpretation and reporting of results. Null 
hypotheses differ from EIS effects predictions. They are an analysis and reporting 
construct established to assess effects predictions. Null hypotheses (Ho) 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 are proposed for the White Rose EEM program:  

• Sediment Quality: 

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

- Ho: The distribution of produced water from point of discharge, as assessed using 
moorings data and/or vessel-based data collection, will not differ from the 
predicted distribution of produced water. 

• 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. 

- 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 hypothesis is developed for American plaice and snow crab body burden, as these 
tests are considered to be supporting tests, providing information to aid in the 
interpretation of results of other monitoring variables (taste tests and health).  

2.2.2 Sampling Design  

2.2.2.1 Sediment Quality  

In the baseline survey carried out in 2000, three types of sediment quality stations were 
sampled: 

• 28 transect stations, distributed regularly over the Study Area; 

• 18 drill centre stations, located within 1 km of the proposed location of the three 
more central drill centres; and, 

• Two Reference Areas, one (south-southeast) approximately 35 km from the 
development, and the other (northwest) approximately 85 km from the development. 

The spatial layout of baseline stations is shown in Figure 2.2.  For ease of review, station 
names used during baseline will not be used in subsequent programs. Station names 
during baseline collection involved a series of alpha-numeric codes identifying type of 
stations and approximate distance to drill centres. These baseline stations have now 
been assigned more concise codes. A table of concordance between baseline station 
names and new station names is provided in Table 2-1. Station deletions or additions 
noted in Table 2-1 are explained in the text that follows.  

The objective of the baseline design was to provide stations representing a range of 
distances from sources of contamination (e.g., drill centres). This is a regression or 
gradient design, suitable for testing for increases or decreases in SQT variable values 
(=Y) with distance from source (=X). Regression designs are particularly suitable when 
there are multiple sources (e.g., drill centres). Distances (and if need be, directions) from 
each source are treated as multiple X variables (see Appendix D for details on data 
analysis). If contamination and effects occur, regression designs also provide a broad 
range of SQT variable values for assessing correlations among those variables. 
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Replication (=subsampling) within stations within year is unnecessary. Stations are the 
appropriate replicates for statistical analyses. The optimal strategy is usually to sample 
more stations as opposed to collecting more subsamples per station (Cuff and Coleman 
1979).  When the same stations are re-sampled over time, regression designs are 
Repeated Measures (RM) regression designs. 

Table 2-1 - Table of Concordance between 2000 Baseline and EEM Sediment Station Names 

EEM Transect 
Station Name 

2000 Baseline 
Station Name 

EEM Drill Centre 
Station Name 

2000 Baseline 
Station Name 

1 F1-1,000 C1 GH2-3 
2 F1-3,000 C2 GH2-4 
3 F1-6,000 C3 GH2-5 
4 Not Sampled in 2000 C4 GH2-6 
5 F2-2,000 C5 Not Sampled in 2000 
6 F2-4,000 N1 GH3-3 
7 F2-10,000 N2 GH3-5 
8 F3-1,000 N3 GH3-6 
9 F3-3,000 N4 Not Sampled in 2000 
10 F3-6,000 S1 GH1-3 
11 F3-18,000 S2 GH1-4 
12 Not Sampled in 2000 S3 GH1-6 
13 F4-2,000 S4 GH1-2 
14 F4-4,000 S5 Not Sampled in 2000 
15 F4-10,000 NA1 Not Sampled in 2000 
16 F5-1,000 NA2 Not Sampled in 2000 
17 F5-3,000 NA3 Not Sampled in 2000 
18 F5-6,000 NA4 Not Sampled in 2000 
19 Not Sampled in 2000 Removed from program GH1-1 
20 F6-2,000 Removed from program GH1-5 
21 F6-4,000 Removed from program GH2-1 
22 F6-10,000 Removed from program GH2-2 
23 F7-1,000 Removed from program GH3-1 
24 F7-3,000 Removed from program GH3-2 
25 F7-6,000 Removed from program GH3-4 
26 F7-18,000 Removed from program F1-18,000 
27 Not Sampled in 2000 Removed from program F5-18,000 
28 F8-2,000 2000 Baseline Reference Stations 
29 F8-4,000 Removed from program SSE and NW Reference 
30 F8-10,000   
31 Not Sampled in 2000   

 

Transect Stations 

Twenty-six of the 28 transect stations sampled during baseline will be re-sampled in the 
EEM program. To accommodate the possible expansion of the field, four new transect 
stations (stations 4, 12, 19 and 27) will be added at 28 km from the centre of the 
development (Figure 2-3). The constraint used to establish location for these stations 
was that none of them should be closer than 20 km from the nearest drill centre. 
Because of these additions, two 18-km stations, sampled during baseline, will be deleted 
along the northeast-southwest axis (stations F1-18,000 and F5-18,000). However, 18-
km stations along the northwest-southeast axis (direction of prevailing currents) will be 
retained. One additional sampling station (station 31) will be added for the EEM 
program: Station 30, because of proximity to a potential more northerly drill centre (see 
Appendix A for the location of potential drill centres).  
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