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clumping behaviour of the drill waste suggesting that perhaps a smaller amount of dnll muds may be
available for flocculation than modelled. Modifications to the bbit model have been undertaken at the

Bedford Institute of Oceanography since the 1997 EIS report was prepared and revised model predictions
may reflect these changes.

The drill waste piles were considerably smaller than modelled. The lower volumes of drill cuttings
discharged from Venture may contribute to this finding, however, Thebaud cuottings discharges were
relatively close to predicted, yet the drill cuttings pile was approximately half the radivs. Drill cuttings piles
were visible within 70 m of the discharge pipe at Venture and Thebaud. Elevated levels of total petroleum
hydrocarbons (TPH) and barium were generally found at 250 and 500 m from the drilling platforms and were
short-lived. Dispersion or burial appeared to occur within a six month period and is likely attributed to
sediment transport. These EEM surveys demonstrate the dynamic nature of the seabed; a well documented
feature of Sable Island Bank. A single storm event has the capacity to transport sediment equivalent to the
annual rate.

Sediment toxicity was observed in amphipod mortality testing and in echinoid fertilization testing at stations
throughout Venture, Thebaud and North Triumph fields for the baseline surveys. Amphipod mortality
toxicity effects and elevated TPH and barium concentrations in sediment were correlated and found along
the predicted prevailing currents. The echinoid fertilization toxicity test does not provide reliable results that
correlate with other observations. Continued use of this test must be addressed in further SOEI EEM
surveys. Microtox testing on sediment samples from all fields during baseline and drlling phase surveys
showed no toxicity. There did not appear to be any significant effects that could be attributed to dnlling
activity for inorganic or organic contaminants other than barium and TPH.

The abundance of epifaunal macroinveriebrates is very patchy and highly variable both spatially and
temporally. The dominant epibenthic organism at Venture and Thebaud are sand dollars. Brittlestars are
common as well at North Triumph, but are relatively rare at Venture and Thebaud. The active nature and
megaripple features of the seafloor at the shallower Thebaud and Venture sides precludes stable colonisation
of many epifaunal organisms and accurate sampling by remote means. The silter sediment at North
Triumph is a more suitable habitat for brittlestars. No obvious effects beyond the drill waste pile on benthic
fauna or habitat are evident.

For mussels moored at Venture, sensory evaluation and body burden determination of hydrecarbons revealed
that no obvious flavour or odours were detected differently from the controls or any other mooring site.
Hydrocarbons are detected in tissues but appear not to be causing taint. Scallops collected from natural beds
in the project area, showed low levels of aliphatic hydrocarbons in baseline and drilling phase surveys. No
taintl was detected in sensory evaluations.
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The data generated from observations of manne mammals and seabirds made by trained observers provided
no evidence of avoidance or attraction to the project area by these animals. Observers have recorded
sightings of groups of baleen and toothed whales, and seals within the immediate vicinity of the RGII and
Santa Fe Galaxy platforms. The cetacean species are seen feeding and/or with young. It is realistic to
assume that any marine mammal observed from these fixed platforms is also within the acoustic range of
the sound spectra radiating from the drilling activities.

Bird migration trends by the platforms mirror Sable Island area patterns. All common species were observed
both far and in close proximity to the platform and did not generally appear to avoid the platform area. Low
incidence of dead birds and the high frequency of the surveys suggest there was likely no large scale bird
fatalities in the vicinity of the platforms.

For the ongoing offshore EEM program, the practicality, logistics and analytical limitations of some
parameters should be reviewed, as well as consideration for modifications of sampling locations and effort.
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1.0 INTRODUCTION

In 1997, Sable Offshore Energy Incorporated (SOEL) obtained a Development Flan Approval from the
Canada—Nova Scotia Offshore Petroleum Board (CNSOPB) to develop the Sable offshore natural gas fields
located 160 to 200 km off the south coast of Nova Scotia, Canada (Figure 1.1). Under the Development Plan
Approval, the Environmental Effects Monitoring (EEM) MacLaren is necessary to test the predictions made
in the Environmental Impact Statement (SOEI 1996, MacLaren Plansearch 1997 a,b), to assess the impact
of various discharges, and to collect data that will be useful for environmental management decisions.
This document presents the results of the EEM work to date as of December 31, 1999 and includes baseline
and multiple EEM sampling events during drilling, depending upon the stage of development at each field.
At the Venture field, one baseline and three drilling surveys were conducted. At Thebaud, one baseline and
two drilling survey were conducted, and at North Triumph two baseline and one drilling surveys were
conducted.

This EEM document is part of the environmental approval processes required by CNSOPB,; it also
demonstrates SOEI's commitment to sound environmental practices. The EIS described what was known
about the project as of October 1996, the environment at the Sable Island Bank sites, and the potential for
interaction between the environment and the project. The EEM program has shed considerable light on the
modeling predictions of the EIS and has broadened the understanding of the dynamic nature of the receiving
environment at some fields relative to dalling activity undertaken to date. As the project continues, more
information of the short— and long—term fate and effects of drll wastes will be obtained for use in
management decision making for the offshore oil and gas industry on the Scotian Shelf.

1.1 Environmental Management Plan

The offshore EEM program is an integral component of SOEI's Environmental Management Plan (EMP)
(SOEI 1999). The objectives of the EMP are to:

. ensure that operations activities are undertaken in an appropriate manner and that any impacts on the
environment associated with operations activities are minimised and monitored; and

. anticipate and minimize the risk of potential effects from unexpected incidents, such as hydrocarbons
or other chemical spills, and ensure that appropriate contingency plans are in such place in the event
of such incidents.

The EMP outlines the study design of the drlling phase EEM program. The EEM program incorporates the
SOEI fisheries observer program, established through the Offshore Fisheries Liaison Committee, which
contributes significantly to the database of offshore environmental features.
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The Sable Offshore Energy Inc. Environmental Effects Monitoring Advisory Group (SEEMAG), as a part
of the EMF, serves an important role in setting standards and providing review for the EEM program. Since,
its inception in January 1998, SEEMAG has met four times in 1998 and three times in 1999. The group
continues to evaluate progress of the EEM and 1o provide feedback on the design and relevance of individual
monitorng activities.

The EEM program also embodies the Health, Safety and Environmental Policy in the philosophy of
continuous improvements, and the conduct and adherence of employees during the offshore surveys. In
respecting the Code of Practice for Sable Island, SOEI supporis environmental studies including bird surveys
and air quality monitoning.

1.2 EEM Design

The objective of the EEM program is to test whether the effects of discharging drill wastes into the marine
environment occur within the zones of influence predicted by the EIS. The goal of the EEM program is to
assist decision making by providing feedback to SOEI, CNSOPB, stakeholders, and the public.

Environmental measurements are concentrated within the area of the platforms where meaningful changes
are expected to occur and where the point source discharge is located. However, concerns for the Gully and
the potential transport of drill wastes to that area indicated that monitoring on a regional basis is required.
This regional monitoring also addresses specific questions about cumulative effects from other sources on
the Sable Bank, including the SOEI gas fields and the Cohasset-Panuke development.

Selected attributes considered for inclusion into the drilling phase EEM program are: water quality in the
water column and benthic boundary layer; sediment quality; benthic habitat; shellfish taint and body burden;
marine mammals; and seabirds.

The basic strategy of this monitoring design is to take environmental measurements at sufficient spatial
coverage over the course of the drilling and production phases to determine drilling material deposition,
movement, and fate/impact of discharged waste. The sampling program was based on a standard gradient
to background grid design commonly used to monitor effects from offshore oil and gas developments. This
sampling grid consists of major and minor axes with sampling conducted at specific points on these axes.
The major axes align with the mean current and most probable storm path directions of drilling and
production waste discharges, as predicted by modelling (MacLaren Plansearch Limited 1997ab).

1.3 Current Stage of Offshore Development

Initial Tier [ development planning included five wells to be drilled at Venture, four wells at Thebaud and
three wells at Morth Triumph. As of December 31, 1999 five wells at Venture had been drilled to
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completion or partially, four wells at Thebaud are virtually completed and one well at North Triumph was
completed.

Water based muds were batch drilled in the upper portion of each well at each field before proceeding with
drilling using the synthetic-based mud, NovaPlus™. This product is composed of silica, gypsum.
diethylenetriamine, methyl alcohol, sodium chloride, calcium hydroxide, calcium chleride and synthetic
hydrocarbon (oligomer). Hydrocarbons extracted by gas-liquid chromatography from a sample sent to
DalTech's Canadian Institute of Fisheries Technology, occur in cluster of six peaks coinciding with C,~C
aliphatic hydrocarbons. The Material Safety Data Sheet for NovaPlus™ is provided in Appendix A. There
Was no acute aquatic toxicity in mysid shrimp toxicity tests.

The cuttings material ranges from shale to coarse grain sands. The type of drill bit, solids removal in the
mud system, and the formation type dictates the ultimate size of the material discharged.

1.4 Objectives
This EEM program involves the collection of repeated measurements of environmental variables to detect
changes that are directly or indirectly attributable to drill waste discharges. The EEM program is undertaken

with the following primary objectives:

. to verify whether the effects of discharging drill wastes into the marine environment occur within
the zones of influence predicted by the EIS;

. to evaluate the effectiveness of mitigation and identify the need for improved or altered mitigation;
. to provide an early waming of undesirable change in the environment;

. to provide results to the Canada—Nova Scotia Offshore Petroleum Board, other regulatory authorities,
stakeholders and public so that there can be informed decision making; and

. to contribute to the knowledge base of the Scotian Shelf and improve environmental understanding
of cause-and-effect relationships related to offshore oil and gas developments.

1.5 Scope
This report focuses on the Tier [ development up to December 31, 1999 and includes the natural gas well

sites at Venture, Thebaud and North Triumph. This date is significant as the CNSOPB stipulated in
Condition 21 of the Development Plan Decision Report that after December 31, 1999, discharges of low
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toxicity mineral oil on cuttings shall not exceed 1% LTMO by weight on cuttings, unless authorized. The
synthetic-based muds used for drilling fall into this category of LTMO's.

Drilling at Venture commenced June 20, 1998, followed by commencement of development drilling at

Thebaud on November 22, 1998, Drilling at the North Triumph gas field commenced in November 1999
to complete one well before the December 31 deadline, and 15 currently suspended.

1.6 Report Organization

Section 2 provides a chronology of drilling in Tier I up to December 31, 1999, Information on the volume
of drill cuttings, muds, and percent oil on cuttings released are provided for each well.

Section 3 presents the results for the baseline and drilling surveys conducted from June 1998 to November
1999, Development drilling at each field was staggered, hence the number of drilling surveys varies.

Section 4 compares the predicted model resulis for the distribution and dispersion of drill waste with
measured values at each gas field.

Section 5 summarizes the report findings, Section 6 provides recommendations for consideration in the
ongoing SOEI EEM surveys. References are provided in Section 7.

Appendices are presented under separate cover in Volume 2.
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2.0 CHRONOLOGY OF OFFSHORE DRILLING OPERATIONS

This section describes the dnlling progress, and the amount of drill cuttings and mud discharged at each of
the three fields in the Tier I phase of the SOEI EEM Program as of December 31, 1999. This information
is provided by SOEI drilling engineers and M-1 Drilling Fluids Canada Ltd. Figure 2.1 illustrates the well
depth and development status up to December 31, 1999. '

All wells were initially batch drlled with water—based mud followed by contineed use of water-based mud
and eventually switching to synthetic—based mud, when required. Figure 2.2 illustrates the drilling dates
and associated dnll mud type for all wells. Table 2.1 shows the total volumes of cuttings and mud by type
and the percentage of oil on cuttings discharged.

Table 2.1 Volume of Mud and Cuttings Discharged From Each Well
Well Val. Of Vol Of Vol. OF Vol. Of % 0il on Cuttings Discharged
WBM WBM SBM SBEM

nr=noi reported

+= il all volumes reporied

The mean percentage of oil discharged with the drill cuttings is below the Offshore Waste Treatment
Guidelines (NEB er al. 1996) limit of 15 %.
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2.1 Venture

In the criginal project description (SOEI 1996), five wells were planned for the Venture field. Five wells
had undergone drilling activity at the Venture field by the end of 1999 (Figure 2.1). Three of these wells
were considered to be “ready to flow”. Mo new wells will be drilled at this field unless there is a change in

gas demand or project scope in the future (1. Pettit, SOEL pers.comm.). Figures 2.3 and 2.4 illustrate the
EEM survey schedule relative to the discharpe of drill cuttings.

Venture 1

Drilling operations commenced at the Venture 1 well site on June 20, 1998 with the use of water-based mud
(WBM) (Figure 2.2). The use of WBM for drilling continued until July 31, 1998 with completion of the
upper portion of the well. Over this period 1,600.7 m® of WBM cuttings were discharged. The volume of
WMB discharged was not recorded.

Drilling recommenced with the use of synthetic—based mud (SBM) on September 6, 1998 and continued
until December 22, 1998, The final discharge of SBM cuttings occurred on December 22, 1998 and total
SBM totaled 369.9 m®, The final discharge of SBM occurred on December 28, 1998, A total of 151.2 m*
of 5SBM was discharged.

Two EEM sampling surveys coincided with the drilling activity at this well. The coinciding dates were July
10-14, 1998 and again on November 13 and 14, 1998 in conjunction with December 9-14, 1998,

Venture 2

Drilling with WBM occurred at the Venture 2 well on June 12, 1998 and July 4 and 5, 1999, The volumes
of WBM cuttings or mud released were not recorded.

Venture 3

Initial WBM drill activities were carried out between June 18, 1998 and June 24, 1998. Drilling with WBM
recommenced on January 18, 1999 and continued until February 3, 1999. The final discharge of WBM
cuttings occurred on February 3, 1999 but the final discharge of WBM did not occur until Feb 8, 1999. A
total of 279.6 m® of WBM cuttings and 1,530.7 m' of WBM were discharged.

Drilling with SBM began on February 9, 1999 and continued until March 7, 1999, This dnlling was
completed between March 23, 1999 and June 2, 1999 when the final discharge of SBM cuttings occurred.
However, the final discharge of SBM occurred on June 10, 1999. A total of 286.1 m' of SBM cuttings and
573.3 m’ of SBM were discharged over this drilling period.
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Figure 2.3 Venture Cuttings Discharges
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Figure 2.4 Venture Cuttings Discharges
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No EEM surveys coincided with WBM or SBM drilling at the Venture 3 well.
Venture 4

Drilling with WBM occurred between June 16, 1998 and June 29, 1998 at the Venture 4 well. A total of
98.7 m" of WBM cuttings were discharged to the marine environment over this period. The volurne of mud
discharged was not recorded.

Drilling with SBM began on March 9, 1999 and paused on March 17, 1999. Drilling recommenced on June
16, 1999 and continued until July 29, 1999 when the final total depth was attained and the final discharge
of SBM cuttings occurred. The final discharge of SBM did not occur until August 9, 1999 when all
activities to finalize preparation for production were completed. This drilling generated 497.8 m® of SBM
cuttings and 568.3 m’ of SBM discharged.

The drilling activities at the Venture 4 well coincided with the EEM survey which took place between June
16, 1999 and June 21, 1999,

Veniure 5

The WBM drilling of the upper portion of the Venture 5 well proceeded on June 14 and 15, 1998 and July
7-9, 1998. A total of 213.8 m” of WBM cuttings were discharged during this period. All WBM cuttings
were released over three days. One 567 m’ dump of WBM was recorded at the end of the WBM section;
however, no other volumes of WMB use was recorded.

SBM drilling of the lower portion of the Venture 5 well began on Aug 9, 1998 and was suspended on August
30, 1998. This drilling recommenced on November 9, 1999 and was ongoing at year end of 1999, To that
date, 501.7 m® of SBM cuttings and 528.6 m” of SBM had been discharged.

The drilling activity at the Venture 5 well coincided with an EEM survey between Nov 6, 1999 and Nov 10,
1999,

2.2 Thebaud

A total of five wells were drilled at the Thebaud field to the end of 1999, By year end, the Thebaud 2 and
Thebaud 3 wells were considered to be ready to produce gas. Thebaud 4 was surface drilled; casing
problems rendered this well inoperable. Figures 2.5 and 2.6 show the EEM survey schedule relative to the
discharge of cuttings.
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Figure 2.5 Thebaud Cuttings Discharges
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Figure 2.6 Thebaud Cuttings Discharges
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Thebaud 1

Drilling with WBM at the Thebaud 1 well began on December 26, 1998 and was completed on January 3,
1999. A total of 165.5 m’ of WBM cuttings were discharped over the course of WBM drilling. The volume
of WBM used was not recorded.

SBM drilling began on July 28, 1999 and was suspended on August 10, 1999, It had not recommenced by
year end 1999, A total of 330.6 m® of SBM cuttings and 536.7 m’ of SBM were discharged.

Mo EEM surveys coincided with WBM or SBM drilling of the Thebaud 1 well.
Thebaud 2

Drilling with the use of WBM commenced on Nov 18, 1998 and was completed between December 22-25,
1998. This drilling generated 361.2 m’ of WBM discharged cuttings. The volume of WBM discharged was
not recorded.

SBM drilling began on March 29, 1999 and was completed on May 6, 1999 when a pipe became stuck in
the well. Though drilling ceased on this date, the final discharge of SBM occurred on May 23, 1999, A total
of 244.6 m* of SBM cuttings and 536.7 m’ of SBM were discharged over the course of drilling the Thebaud
2 well.

Mo EEM surveys coincided with the drilling of Thebaud 2.
Thebaud 3

The upper portion of the Thebaud 3 well was drilled with WBM commencing on November 25, 1998 and
was completed on Dec 5, 1998. A total of 360.6 m* of WBM drill cuttings were released throughout the
WEM drilling phase of Thebaud 3 with the majority of these discharges occurring on the final two days of
WBM drilling. Three records of WBM discharge were reported; a minimum volume of 288 m® was
discharged.

SBM drilling began on Jan 9, 1999 and was temporarily suspended on March 9, 1999 for moving the dnlling
apparatus to the Thebaud 2 well. SBM dnlling recommenced on May 27, 1999 and continued until
completion on June 15, 1999 when final total well depth was attained. Preparation work on Thebaud 3
continued to June 28, 1999, when the final discharge of SBM occurred. Discharges of SBM cuttings totaled
391.5 m® and 446.4 m® of SBM.

Drill-related activities coincided with an EEM survey between June 16, 1999 and June 21, 1999.
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Thebaud 4

Initial drilling of Thebaud 4 began on November 19, 1998 and was completed on December 11, 1998.
Drilling relied completely on the use of WBM and a total of 166.2 m® of WBM drill cuttings and 310 m® of
mud were discharged to the marine environment. Drilling was suspended at Thebaud 4 and no future
drilling at this site is planned.

The drilling activity at Thebaud 4 did not coincide with any EEM surveys.
Thebaud 5

The upper portion of the Thebaud 5 well was drilled using of WBM between November 24, 1999 and
December 18, 1999. A total of 369.0 m* of WBM cuttings were discharged with the majority of the cuttings
being discharged during the final three days of WBM drilling. The records show that at least 362 m” of
WBM were bulk dumped.

Drilling recommenced with the use of SBM on Dec 14, 1999 and was ongoing at year end 1999,
To this date, 315.7 m® of SBM cuttings and 313.0 m* of SBM had been discharped.

None of the drilling activity at the Thebaud 5 well coincided with EEM surveys.

2.3 North Triumph

At year end 1999 only the North Traumph 1 well had been drilled. This one well was considered (o be ready
to produce natural gas at this time. Figure 2.7 shows the EEM survey schedule relative to the volume of

cuttings discharged.
North Triumph 1

Drilling with WBM commenced on October 3, 1999 and was completed on October 10, 1999, In total,
286.1 m’ of WBM drill cuttings, 484 m® of WBM were bulk dumped and at least 32 m* of WBM from the
solids removal equipment were discharged over the course of the WBM drilling at North Triumph 1.

Drilling with SBM began on October 14, 1999 and was completed on October 27, 1999 when the final
discharge of SBM occurred. Activities to ready well for production continued until November 3, 1999.
A total of 194.1 m® of SBM drill cuttings were discharged along with 194.5 m® of SBM. The majority of
the SBM cuttings and SBM were discharged over the initial six days of SBM drilling at North Triumph 1.

The drill-related activities at the North Triumph | well coincided with an EEM survey between October 28,
1999 and Movember 5, 1999,

E ‘2.,} 1999 Annual Report = Final Repart = March 20000 Page 9
W _Izl.J#_.



Figure 2.7 North Triumph Cuttings Discharges
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3.0 MONITORING RESULTS

The drilling phase sampling design focuses upon the seabed because sediments are the ultimate destination
for persistent chemicals in the marine environment from the release of drill fluids and cuttings. The two
most common chemical contaminants associated with offshore oil and gas platforms are hydrocarbons and
metals. Particulates from drill wastes in the benthic boundary layer are also considered in the program
because there may be potential effects on scallops on the Bank. This section presents the results of the
drilling surveys undertaken from November 1998 through to November 1999 and compares the findings
with the baseline surveys.

3.1 Sampling Design

The sampling design and methodologies for sampling are described in detail in the baseline and drilling
design report (JWEL 1998). The monitoring program for the drilling areas was based on a radial design,
with samples located at regular distances along axes extending away from the drill site, like spokes in a
wheel. (Figure 3.1) Axes 3 and 7 were aligned with the expected prevailing current direction (MacLaren
Plansearch, 1997a,b). Axes 1 and 5 were placed at right angles to that direction. The methodologies or
sampling regime have not been significantly revised from the original program design.

Water Column Quality

During the drilling phase, water samples are collected from the water column in the winter and summer
season along the predicted prevailing current direction, from the platforms to verify plume modelling
predictions of drll wastes in the water column. Samples have been analyzed for particle size and
hydrocarbons. A CTD profile is taken at each station to support the physical oceanographic program.

Benthic Boundary Layer (BBL)

Water from the benthic boundary layer (BBL) is sampled using similar equipment to the CABLE (eg. Niskin
bottles) developed by the Bedford Institute of Oceanography (BIO) specifically for this task. Water samples
are analysed for suspended particulate matter and barium on a bi-annual basis over the drilling phase.
Inorganic particle size spectrum analysis for bentonite signature is provided by BIO on a limited number of
samples.

Sediment Quality

To menitor drill waste distribution, sediment is collected by a grab sampler and analysed for a suite of
metals, hydrocarbons and toxicity. Sediment samples are collected bi—-annually over the drilling phase at
all stations for each platform.
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Benthic Habiiat

Benthic habitat and epifaunal species are recorded at each sampling site using underwater still photography
and video cameras to provide qualitative and quantitative assessments of changes to this environmental
component. These surveys are undertaken to verify model predictions of areal extent of drill waste on the
seabed. Infaunal macroinveriebrate samples are collected in the North Triumph field. Post—storm seabed
scour surveys conducted by SOEI are used to assess the dimensions of dnll waste piles.

Taint and Body Burden of Fish and Shellfish

Taint and hydrocarbon shellfish analysis have been-assessed in caged mussels and in scallops from natural
occurring scallop beds near the gas fields. The drilling EEM program includes using caged mussels to
monitor for taint and body burden of contaminants along a transect from each platform in the direction of
prevailing current. The caged shellfish are retrieved and analysed quarterly. Scallops are collected annually
from wild stocks.

Marine Mammals and Seabirds

Year-round offshore monitoring of marine mammals and seabirds are conducted by trained offshore
observers on platforms and vessels.

3.2 Water Column Monitoring

321 Ohjective and Analysis

The objective of collecting physical oceanographic data is to provide supporting information to the EEM
program. The data characterizes the water column within the projected zone of influence providing spatial
and temporal charactenstics of stratification,

Hydrographic parameters, especially density, may potentially influence EEM results through their direct and
indirect relationship to current patterns. Summer stratification can lead to variations in the vertical tidal
current patterns and will affect the ocean response to wind events. The nature and importance of this
influence near Sable Island is presently an area of active research. It has been recently noted (COA, 1997).
that variations in tidal flows can be related to minor vanations in stratification resulting from a few days of
settled sunny summer weather. High currents due to spring tides and storms will tend to reduce stratification
and hence the Sable area features tidal patterns which may vary on meteorological time scales. The
hydrographic component of the 1999 EEM program was primarily the summer and fall surveys
supplemented by CTD casts conducted during field trips to deploy or recovery environmental equipment.
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The data provide an overall view of the seasonal hydrographic regime, showing slight stratification in
summer and little stratification in winter, but do not provide enough detail to characterise minor temporal
variations in stratification. Plans to acquire continuous hydrographic profiles are an important part of the
existing EEM program, however, a number of operational challenges must be overcome. Acquisition
strategies associated with collecting hydrographic data on meaningful temporal and spatial scales are
currently under development, funded by SOEI's R&D program.

Overall hydrographic results during the summer and fall surveys are shown in Table 3.1.

A transect line from the jacket along the axis of predicted prevailing current was completed at distances 250,
500, 800, 1000, and 2000 m from the drilling platform. As depicted in Tables 3.2 to 3.4, samples were
collected from the surface, mid-water and near bottom at Venture, Thebaud and North Triumph.

3122 Venture Results

Total petroleum hydrocarbons were below the estimated quantitation limit (EQL) of the laboratory for all
stations sampled during the drilling surveys except at mid—water depth 250 m from the Venture platform
in the June 1999 survey, and 2000 m mid-water depth in the Fall 1999 survey. The concentrations were
0.001 mg/l (the EQL) and 0.002 mg/L, respectively.

Relative to further sampling stations, total suspended solids (TSS) concentrations were elevated in the
mid-water samples collected 250 and 500 m from the Venture platform during the first drilling survey
(Table 3.2), suggesting the presence of a plume. Chlorophyll a showed no change relative to the change in
TSS suggesting that the elevated TSS levels did not affect light attenuation and primary production. Based
on the information presented in Section 2.0, well drilling at Venture 4 was ongoing at the time of the June
1999 EEM survey. However, no plume was visible at that time. The possible plume from the first drilling
survey at Venture cannot knowingly be attributed to bulk dumps of water—based mud as date specific
discharge information was not recorded at the platform.

No other elevated TSS concentrations were observed during subsequent surveys at Venture, even though
well drilling at Venture 1 coincided with the Fall 1998 EEM waler quality sampling.
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Table 3.1 Summer and Fall Hydrographic Data

Depth T:P'EPWH.EEJ Sﬂ-:ﬁr (psu) Sigma (kg/m3)
e —y . 1004
Mean Summer Hydrography at Shaflow Sites (<27m)
surface 12.01 3157 e
mid-depth 11.34 3170 24.15
bottom 10.91 31.76 24.27 I
Mean Summer Hydrography at Intermediate Depih Sites (2Tm< £ <T0m)
surface 11.92 31.71 24.05
mid-depth 832 3194 24.65
bottom 785 32.17 25.03
Mean Summer Hydrography al Deep Sites (T0m-<)
surface 11.78 31.52 23.93%
mid-depth 4,86 32.17 25.44
battom 380 3262 25.91
Mean Fall Hydrography at Shallow Sites (<27m)
surface 1L.27 .76 23.43
mid-depith 11.28 3111 23.70
botbom 1L.27 3112 23.70
Mean Fall Hydrography at Intermediate Depth Sites (2Tm«= & <70m)
surface 10.91 30.85 23.56
mid-depth 10.90 31.18 .82
botbom 914 31.59 24.40
Mean Fall Hydrography at Deep Sites (T0m<) 1
surface 1104 I 23.67
mid-depth 10.50 31.11 23.83
bottom 4.72 32.53 25.74
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Table 3.2 Total Suspended Solids (TSS) and Chlorophyll a Concentration in the Water Column
at Venture Field

Chlorophyll 2 (mg/m")
June 1999 | Oct/Nov. | June 1999 Nov/Dec Oct/Nov,
1999 1998 1999

28 23 03 i F: 1.8

3o L6 0.3 09 1.5

21 1.1 03 0.8 1.6

2.6 L4 0.5 0.7 1.4

d. 1 1.8 0.4 08 1.2

32 L3 0.5 0.6 1.7

28 1.4 0.4 1.0 12

2.7 14 0.5 038 1.6

27 1.7 0.8 0.9 1.7

4.8 18 0.5 0.7 1.6

30 22 0.5 09 1.a

26 19 0.6 09 0.8

V-2000-3 | surface L5 21 13 0.3 08 1.2
maddle L4 23 L7 0.6 Lo 1.1
bottom 1.1 2.1 21 0.6 0.7 1.4

323 Thebaud Results

Drilling at Thebaud 4 coincided with water quality sampling of the June 1999 EEM survey, and no elevated
concentrations of TSS nor suppression of primary production were observed (Table 3.3). Total petroleum
hydrocarbons were less than the analytical EQL for all stations sampled during the drilling surveys.
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Table 3.3 Total Suspended Solids (TSS) and Chlorophyll a Concentration in the Water Column

at Thebaud Field
Station Depth TSS Chlorophyll a
(mg/l.) (mg/m’)
Jume 1999 OretMov. June 1999 OctMov,
1999_ 1999 i
T-150-3 surface 30 23 03 2.2
middle 4.0 1.5 0.4 20
bottom 4.2 3.6 0.8 24
T-500-3 surface 4 24 0.3 23
midd|e ig il 0.4 24
I bottom 4.4 3.4 05 24
T-800-3 surface 15 1.8 0.3 25
middle 3.0 1.7 0.4 25
bottom il 3B 0.8 2.4
T-1000-3 | surface 7 23 0.3 25
middle 30 1.9 04 1.8 E
botiom 18 4.2 0.5 24
T-200-3 | surface 1.6 23 0.4 3.0
middle 21 1.6 0.5 27
botlom ——d 2.1 0.8 2.7 i

3.2.4 North Triumph Results

Water quality samples were collected for the first time at North Triumph just after drilling activity at North
Triumph 1 had ceased and no elevations in TSS were detected (Table 3.4). Total petroleum hydrocarbons
were below the EQL of the laboratory for all stations sampled dunng the dnlling surveys.

s
I |
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Table 3.4 Total Suspended Solids (TSS) and Chlorophyll @ Concentration in the Water Column
at the North Triumph Field

Chiorophyll a
(mg/m")

Movember 1900

33 Benthic Boundary Layer

3.3.1 Objectives

Monitoring for suspended particulate matter (SPM) and barium in the BBL. was undertaken in a spatial and
temporal context at each gas field. These results were used to evaluate whether drill waste flocculant was
present at concentrations predicted by the modeling to adversely affect commercially important shellfish
species. Research studies on developing predictive models and sampling technology for flocculation in the
benthic boundary layer are ongoing (Muschenheim e al. 1995, Muschenheim and Milligan 1996, Milligan
ef al. 1997},

The BBL study is designed to address specific questions from which the following null hypothesis is derived
for statistical analysis:

. Does benthic boundary layer flacculent occur in pre-drill conditions? What are its characteristics in
terms of specific tracers of particle size and the presence of petroleum hydrocarbons and barium?
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. Can benthic boundary layer flocculent be consistently identified and sampled with existing available
technology by a gradient-to-background approach?

H;  The concentration of barium and suspended particulate matter in water samples from the benthic
boundary layer are not significantly higher during drilling operations.

332 Data Analysis

Conceptually, if drilling activities were to increase benthic boundary layer SPM concentrations, and if this
SPM were enriched with barium (from drilling muds}, then there should be a strong and positive relationship
between benthic boundary layer SPM- and barium concentrations. For each drilling platform, the
relationship between benthic boundary layer SPM concentration and total barium concentrations in the SPM
{all measurements from all stations) was first examined by linear regression. Both variables were first
log—transformed in order to improve the heterogeneity of the variance. There was no significant relationship
{p<0.05) between benthic boundary layer SPM and barium concentrations at Venture or Thebaud. There
was a significant regression relationship (p=0.008) at North Triumph, however, the relationship was very
weak (r=0.082).

To further evaluate the potential environmental effects of drilling activities, the benthic boundary layer SPM
concentrations (g/L) and barium concentrations (ug/g in the SPM) were compared between near-field
(=3,000 m from the drilling platform) and far-field (>3,000 m from the drilling platform) arcas, to determine
whether there are major effects within the near-field area. The data were tested using nested Analysis of
Vanance (ANOVA), with Field (near-field or far—ficld) and Time (baseline, or after up to 6, 12 or 18
months of drilling activity) as main effects. As no significant differences were expected at the time of the
baseline survey, the FieldxTime interaction term is of particular interest in assessing differences that may
be attributable to the drilling activities.

Subsequently, effects within the near—field area were assessed, again using nested ANOV A, with Distance
{250, 500, 1,000 and 3,000 m from the drilling platform) and Time (as before) being main effects, and the
DistancexTime interaction again being of particular importance with respect to detecting effects that may
be attributable to the drilling activities.

In any statistical testing program where a large number of tests are carmied out, there is a risk that random
factors will occasionally lead 1o the conclusion that a statistically significant effect exists, where in fact there
is no real difference. Using the conventional statistical probability level (p) of a=0.05, this will occur in
about one test in twenty. In onder to aid in interpreting the importance of statistically significant differences
where doubt may exist as to whether they are true effects of the project, four principles were identified
during the study design phase. These were the principles of:
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. proximity (differences are more likely to be attnibutable to the project if they are observed in close
proximity to the source of the disturbance);

. adjacency (differences are more likely to be attributable to the project if two or more adjacent
locations are affected);
. multiplicity (differences are more likely to be attnbutable to the project if two or more parameters

are affected simultaneously); and
. duration (differences are more likely to be attnbutable to the project if they persist over time).

Although each of these principles is evaluated independently, they can be taken cumulatively to establish
a weight of evidence suggesting that observed statistically significant differences either are, or are not, true
effects of the project.

333 Near-Field vs. Far-Field

Differences between the near-field and the far-field were evaluated for each of the three drilling areas
scparately, using nested ANOVA (testing for effects due to Field, Time, and Field<Time). As noted above,
the data for the dependent variables benthic boundary layer SPM concentration (ug/L) and barium
concentration in the SPM (ug/g) were first log-transformed to improve the heterogeneity of the variance.
At Venture, the baseline survey was conducted in June 1998 (Time 1), with drilling surveys in November
1998, June 1999 and November 1999 (Times 2, 3 and 4). At Thebaud, the baseline survey was also
conducted in June 1998 (Time 1}, with drilling surveys carmied out in June 1999 and November 1999 (Times
3 and 4). At North Triumph, the baseline surveys were conducted in November 1998 and June 1999 (Times
2 and 3) with a drilling survey in November 1999 (Time 4).

The results of the statistical testing are summarized in Table 3.5. In general, these results show that there
were a number of significant differences, overall, between the near-field and the far—field. The predicted
differences that would indicate an effect attributable to dnlling activity would include higher SPM and
barium concentrations in the near—ficld than in the farfield. Likewise, SPM and barium concentrations
would be predicted to increase after the baseline survey if there were an effect attributable to drilling.

3.3.3.1 Venture

At Venture, the benthic boundary layer SPM concentration did not differ significantly between near-field
and far-field, or over ime (Figure 3.2). The barium concentration in SPM, however, showed a significant
FieldxTime interaction (p=0.044) and to Time (p=0.004). These differences reflected higher barium
concentrations overall in November 1998 (drilling) than in November 1999 (drlling) (Figure 3.3). In
addition, the barium concentration was lower in the near-field than in the far-field in November 1998, but
higher in the nearfield than in the far-field in November 1999. None of these differences appear to be
attributable to drilling activities.
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Table 3.5 Results of Nested ANOVA, with Coding for Field (Near vs. Far), Time (Date of Survey),
and Field=«Time Interactions at Venture, Thebaud and North Triumph

A Probability (p) of Difference Being Significant
Time FieldxTime
Ventore-SPM 0183 0611 0.673
I‘-rmmr&rﬁarium 0.616 0.004 0.043
Thebaud-SPM 0467 0.1 0349
Thebaud-Bariom 0.014 0.053 0048
North Triumph-SPM 0.810 0.514 0.044
| North Triumph-Barium 0.193 <0.001 0.384

3.3.3.2 Thebaud

At Thebaud, the benthic boundary layer SPM concentration showed no significant Field=<Time interaction,
however, there was a significant Time effects (p=0.001). The SPM concentration was higher overall in
Novernber 1999 than in June 1998 or June 1999 (Figure 3.4). The barium concentration in SPM did show
a significant Field=Time interaction. Barium level was lower overall in the near-field than in the far-field.
In addition, the barium concentration was greater in the far—{ield than in the near-field during the baseline
survey (June 1998) and in November 1999 (Figure 3.5). None of these differences appear to be attributable
to drilling activities.

3.3.3.3 North Triumph

At North Triumph, the benthic boundary layer SPM concentration did not differ significantly between
near—field and far-field, or over time (Figure 3.6). The barium concentration, however, showed significant
differences attributable to Time (Figure 3.7). This effect was caused by higher barium concentrations
reported during the first baseline survey (November 1998) than second baseline in June 1999 or the drilling
survey in November 1999. This difference does not appear to be attributable to drilling activities.

33.4 Within the Near-Field Area
Within the near—field area at each drilling site, effects on the benthic boundary layer SPM and barium

concentrations due to Distance, Time, and the DistancexTime interaction were tested using nested ANOVA,
The results of these analyses are sumnmarized in Table 3.6.
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Table 3.6 Results of Nested ANOVA, with Coding for Distance (250, 500, 1,000 and 3,000 m),
Time (Date of Survey), and DistancexTime Interactions at Venture, Thebaud and

North Triumph
Variable Probability (p) of Difference Being Significant
I Distance Time Distancesx Time
Venture-SFM 0.057 D.09E 0.921
Venture-Barium 0.017 0.093 0.778
| Thebaoud-SPM 0481 0002 0.276
Thebaud-Barium 0.791 0.002 0.583
North Triumph-SPM 0.226 0.154 0.011
Morth Tri Bariwm 0233 <0001 0.547
3341 Venture

At Venture, there were no significant differences for benthic boundary layer SPM concentrations,
attributable to the DistancexTime interaction, Distance or Time effects. Barium concentrations in the SPM
did vary significantly as a function of Distance from the drilling platform. However, further testing of this
main effect using Tukey's HSD test found that the barium concentration at 1,000 m was higher overall than
concentrations at 250, 500 or 3,000 m. This difference does not appear to be related to the drilling activities.

3.34.2 Thebaud

At Thebaud, there was a significant difference for the benthic boundary layer SPM concentration,
attributable to Time (p=0.002). Benthic boundary layer SPM concentrations were found to be higher overall
in June 1999 than in November 1999, however, neither of these surveys was significantly different from the
baseline survey. Analysis of banum concentrations in the SPM likewise found an effect attributable to Time
(p=0.002}, and as for the SPM concentration, further analysis showed that the barium concentration was
higher overall in June 1999 than in November 1999. Again, the overall barium concentrations recorded
during these surveys did not differ significantly from barium concentrations recorded during the baseline
survey. Both SPM and barium concentrations were extremely low (generally lower than the values recorded
during the baseline survey) in samples collected at Thebaud during November 1999, These differences do
not appear to be related to the drilling activities.
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3.3.4.3 North Triumph

At North Triumph, there was a significant DistancexTime interaction for the benthic boundary layer SPM
concentrations (Table 3.6). This difference was caused by SPM concentrations at a distance of 1,000 m
during the June 1999 survey, than were recorded at other times. Analysis of barium concentrations found
a significant effect due to Time (p=<0.001). Further investigation showed that barium concentrations were
significantly higher overall at North Triumph during the first baseline survey (November 1998) than in June
or November 1999 surveys. These differences do not appear to be related to the drilling activities.

3.3.5 Particle Size Analysis

Eight filtered samples from each survey period were submitted for Inorganic Particle Size Spectra (IPSS)
analysis at the Bedford Institute of Oceanography for the detection of particulate drill waste by looking for
the particle size of bentonite (<dp). The selection cnterium for choosing the candidate samples was those
BBL samples with the highest barium concentrations. The low sample number permitted for analysis is
limited by the availability of technical assistance of the BIO lab.

The first eight samples included the four 250 m Venture stations collected during the baseline and the Fall
1998 survey for comparison with drilling operations. Results of the analysis showed that there were no
drilling waste—sized particles in the collected samples (Appendix B).

Eight filtered samples from the June 1999 survey include: from Venture stations V=500 on axis 3, V=1000
on axis 1, and Gully station G3; from Thebaud stations T-1000 on axis 7, T-3000 on axes 5 and 6; from
MNorth Triumph stations NT-5000 on axis 5 and NT-20000 on axis 7. Results of the [PSS shows that
bentonite—size particles were not present (Appendix B).

33.6 Summary of Effects
Owerall, this analysis shows little evidence for the detection of flocculated drill waste in benthic boundary
layer SPM. There were no significant differences in either SPM or barium concentrations in the benthic

boundary layer around the Venture, Thebaud or North Triumph drilling platforms, that can be attnbuted to
drilling activities and bentonite is not present as a component in the SPM.

34 Sediment Chemistry
34.1 Objectives

The study design was intended 10 address specific questions, and to allow the testing of specific null
hypotheses, regarding the potential effects of drilling on the marine environment. Operational monitoring
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of sediment quality is intended to answer the following question with respect to the effects of drilling on
sediment quality.

. Have the concentrations of contaminants in sediment changed? If so, can these changes be
correlated with sediment toxicity or changes in benthic habitat along a gradient from the platforms?
This question is formulated into a null hypothesis that can be tested statistically.

H,:  Drilling operations have not significantly changed the concentration of trace metals, petroleum
hydrocarbons, or sediment grain size distnbution.

Rejection—of this null-hypothesis (at the probability level p<0.05)-will lead to the acceptance of the
alternative hypothesis that drilling activity has caused significant change in the marine environment. A
statistically significant change may or may not have ecologically significant implications. Therefore,
acceptance of the alternative hypothesis must be accompanied by an evaluation of the ecological relevance
of the magnitude of the change that has been detected.

3.4.2 Statistical Approach

The statistical approach to evaluating the monitoring data has been structured to consider three levels of
scale.

1) Testing for overall differences between near-field stations (3,000 m of less from the drilling
platform) and far-field stations (more than 5,000 m from the drilling platform) at each specific
platform. This testing will be used to assess whether there are “gross” effects attributable to drilling
activities, that cause an overall change within 3 km of the platform. This testing is carried out using
a nested Analysis of Variance design, incorporating coding for near-field or far-—field stations, and
the date of the survey (1, 2, 3, or 4). Of greatest interest are effects due to “Field” (which may
identify overall natural differences between near—field and far-field areas. Effects due to “Time"
can identify changes over time that occur in both the near—field and the far—field. A significant
“FieldxTime" interaction term would identify a difference between the near—field and the far-field
that does not exist at all imes.

2) Testing for local effects as a function of Time or Distance, within 3,000 m of each specific platform.
These tests are camied out using a nested ANOVA, and consider time (up to four sequential surveys
over a two—year period), distance from the drilling platform (250, 500, 1,000 and 3,000 m), and the
TimexDistance interaction (potentially significant differences that may not exist at all times or
distances from the platform). It is the interaction term that is most likely to identify genuine effects
of drilling, as the data sets include the baseline surveys that were carried out prior to significant
drilling operations.
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3 Testing for the effects of dnlling near platforms in general. This test is carried out by pooling the
results obtained so far from all four platforms, and using the nested ANOVA design to look for
general effects attibutable to the presence and activities of drilling platforms on the Scotian Shelf.

In contrast to other work on the effects of offshore dnlling platforms in the marine environment (Kennicutt
et al. 1996), the present study design treats all effects (Distance, Axis, and the DistancexAxis interaction)
as fixed effects. As a consequence, the results of the analysis are specific to each platform and time.

In any statistical testing program where a large number of tests are carmied out, there is a risk that random
factors will occasionally lead to the conclusion that a statistically significant effect exists, where in fact there
is no real difference. Using the conventional statistical probability level (p)-of e=0.05, this will occur in
about one test in twenty. In order to aid in interpreting the importance of statistically significant differences
where doubt may exist as to whether they are true effects of the project, four principles were identified
during the study design phase. These were the principles of:

. proximity (differences are more likely to be real if they are observed in close proximity to the source
of the disturbance);

. adjacency (differences are more likely to be real if two or more adjacent locations are affected);

. multiplicity (differences are more likely to be real if two or more parameters are affected
simultaneously); and duration (differences are more likely to be real if they persist over time).

Although each of these principles is evaluated independently, they can be taken cumulatively to establish
a weight of evidence suggesting that observed statistically significant differences either are, or are not, true
effects of the project.

3.43 Data Screening

Overall, the analysis of sediments has shown non-detectable results for all or virtually all samples submitted
for the PAH (polycyclic aromatic hydrocarbon) and BTEX (benzene, toluene, ethyl benzene and xylenes)
compounds, Likewise, concentrations of the low molecular weight (C,~C,,) in the total TPH (total
petroleum hydrocarbon) compounds have also been uniformly non—detectable. Therefore, the discussion
of potential organic contaminants will be limited to the heavier (C,-C,, and C,,~C,;) hydrocarbons, as
represented by TPH (the sum of C; to Cy; hydrocarbons).

Among the inorganic analytes, concentrations of antimony, arsenic, beryllium, boron, cadmium, cobalt,
copper, lithium, molybdenum, mercury, nickel, selenium and tin have been less than or at the analytical
detection limits in virtwally all samples submitted. Therefore, the discussion will be limited to total
inorganic carbon (TIC), total organic carbon (TOC), aluminum, barium, chromium, iron, lead, manganese,
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strontium, thallium, uranium, vanadium and zinc. Of these, barium is considered to be a key element for
monitoning purposes because it is a constituent of barite, a clay-like mineral used in dnlling muds.

The Canadian Council of Ministers of the Environment has developed marine sediment quality guidelines
for a number or inerganic and organic substances (CCME 1999). These guidelines are expressed as “interim
sediment quality guidelines” (ISQG) and “probable effect levels™ (PEL). The ISQG guidelines represent
the lowest concentration of a substance at which an adverse effect on manne biota may be expressed,
whereas the PEL guidelines represent the concentration at which an adverse effect is likely 1o be observed.
Table 3.7 shows the ISQG and PEL values for selected heavy metals monitored in this EEM program.

Concentrations of all-of these elements-were below the relevant ISQG-levels in all samples. Appendices B
io D provide the lab analytical data on sediments for each of the fields. Canadian sediment quality
guidelines are also available for a variety of PAH compounds. As noted above, these compounds were
uniformly non—detectable in the study area (<50 ug/kg). In some cases, the ISQG concentration for PAH
compounds is less than 50 ug/kg, although the PEL concentration is always higher. There is no evidence
that drilling activities have changed the baseline concentrations of PAH compounds at any of the drilling
sites.

Table 3.7 CCME Guidelines for Selected Metals in Marine Sediments (mg/kg)

As part of the overall quality assurance and quality control plan for the monitoring program, field duplicate
samples were collected at selected sampling stations. In addition, laboratory duplicate samples were also
processed. The field duplicate samples incorporate at least three sources of varation (field variation
between samples; sub—sampling variation in the laboratory, and analytical uncertainty), whereas the
laboratory duplicate samples incorporate sub-sampling vanation and analytical uncertainty.
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By comparing the analytical results for the field and laboratory duplicate samples with the results for the
“original” sample collected at that location, the reliability and reproducibility of the field sampling and
analytical processes can be assessed. Table 3.8 provides Pearson correlation coefficients @ values) for both
field and laboratory quality assurance samples. For three representative varjables (barium, iron and lead),
the “original” and “duplicate™ data have been plotted to provide a graphical illustration of the data quality
(Figure 3.8).

There are three general patterns observed in the data, as outlined below.

. For sediment grain size, comrelation coefficients for both the laboratory and the field replicate data
are similar. This indicates that the main factor influencing data quality for the sediment grain size
variables (gravel, sand, silt, clay) is the laboratory sub—sampling and analytical process (i.e.,
imperfect homogeneity in laboratory sub—samples, and/or uncertainty associated with laboratory
measurements).

. For some elemental components of the sediment (e.g., barium), field and laboratory variability are
also of similar magnitude, indicating that laboratory sub-sampling and analytical uncertainty are the

major sources of uncertainty. However, the data for both field and laboratory QA data sets have very low
variability ® values of 0.979 and 0.958, respectively). These findings support the selection of barium as an
indicator of drilling effects, as it exhibits low natural variability in the field, and is reliably measured in the
laboratory.

. For other elements (e.g., iron, lead), variation associated with the field duplicates is the main source
of uncertainty, while the laboratory replicates have low uncertainty. This indicates that natural
variability between samples collected in the field is a larger source of uncertainty than the analytical
process,

Owerall, the laboratory QA samples indicate that the data are of high quality. For some variables (including
TIC, chromium, cobalt, copper, iron, lead, manganese, nickel and zinc), the field QA data indicate that there
may be high natural variability in the offshore environment. Most of the variables retained in the data set
as being routinely present at detectable concentrations (TIC, TOC, Al, Ba, Cr, Fe, Pb, Mn, 3r, T1, U, V, Zn)
were log-transformed prior to analysis, to improve the homogeneity of the variance. In the case of TPH,
where it was necessary to code “non—detectable™ values as 0, rather than one-half of the detection limit, the
£ =log (X+1) transformation was used. Sediment particle size data (gravel, sand, silt and clay), normally
expressed as percentages or proportions, were corrected using the arcsin square root transformation
(Z = arcsinv’X), which is particularly relevant for values outside the range of 0.3 to 0.7 (Steel and Torrie
1960). All statistical analysis was carried out using SYSTAT™ Version 6.0 for Windows.
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Table 3.8 Analysis of Quality Assurance Data for Transformed Parameters, Sable Offshore
Energy EEM Program, 1998-1999,

Parameter Field Duplicates Laboratory Duplicates
Pearson n Pearson n Comment
M o
Total Incrganic Carbon 0.767 I8 0.967 24 limited range of values
Total Organic Carbon 0.506 18 0.797 24
Aluminum 0.857 38 0.973 41
Arsenic 0.738 38 0.565 41
Barium 0.922 38 0.942 41
Chromium 0.707 38 0.926 41
Clohalt 0.550 s 0.786 4]
Copper 0.294 38 0.B96 4] [
Iron 0.679 38 0.936 41
Lead 0.745 38 0.942 41
Manganese 0688 38 0.79% 41
Nickel 0.659 38 0.972 41
Strontium 0.832 3 0.952 4l
Thallium 0.892 s 0.B45 41 limited ramge of wvalues
Uranium 0447 38 0.834 41 limited range of valucs
Yanadium 0.698 38 0.934 4]
Zinc 0.663 38 0.829 4l
TFH 0931 38 0.950 40 often non—detectable
Gravel 0.720 £ 0712 4l often non-detectahle
Sand 0.831 38 0,500 41
Silt 0.8%94 38 0.516 41 often non—detectable
Cla 0.787 38 0.512 41
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Figure 3.8  Comparisons of log—transformed field replicate and laboratory replicate data (mg/kg) with
“original” data for (a) barium, (b) iron and (c) lead. Samples selected as field replicates are
not the same as those selected as laboratory replicates.
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344 Sediment Chemistry at the Gully

The data set for the Gully consists of five sampling stations, that have been sampled on each of the four
consecutive surveys. As a result, it is possible to test for differences over Time (with the five sampling
stations as replicates). It would also be possible to test for differences between stations at the Gully.
However, as there were no exploration or drilling activities at the Gully, and these samples were collected
to provide assurance that activities near Sable Island were not affecting this area, detecting differences
between stations at the Gully is of considerably less interest than detecting differences over time.

Using ANOVA, differences between the four sequential surveys were tested, using Time as a treatment, and
the five stations as replicates. Time was coded as 1 (June 1998), 2 @™November 1998), 3 (June 1999), or 4
(November 1999). In performing this analysis, we disregard the fact that by repeatedly sampling the same
stations, they become technically pseudoreplicated over Time. Three statistically significant differences (ie.,
p=0.03) were detected among the variables examined (i.e., the transformed “retained vanables”, as above).
Differences were detected for:

. total inorganic carbon (TIC, p=0.0031), with TIC at Time 1 > Time 3, and TIC at Time 2 > Times
3 and 4,

. total petroleum hydrocarbon (TPH, p<0.0001), with TPH at Time 3 > Times 1, 2 or 4; and

. barium concentration in the benthic boundary layer floc (p=0.0036), with barium at Time 2 > Times
1 and 4.

These differences, although statistically significant, do not appear to be related to drilling activities. There
is no plausible reason why TIC in sediments at the Gully should decrease over time as a result of dnlling
activities clsewhere. Interpretation of the TPH results is complicated by the fact that the sensitivity of the
analysis improved over time, and detection limits varied from 15 mg'kg to <3 mg/kg. As a result, it was
decided to code “less than™ values for TPH as zero, rather than one—half the detection limit value. With
improved analytical sensitivity, TPH was generally detected at all sampling stations during the June 1999
survey (Time 3). The TPH concentrations measured at sites in the Gully area ranged from 2.65 mg/kg to
5.45 mg/kg. These TPH concentrations are consistent with background TPH concentrations measured at
far-field stations around the drilling platforms at that time, and would not have been detectable during the
baseline survey. Therefore, the TPH resulis do not appear to indicate an effect attributable to dnlling
activity.
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34.5 Sediment Chemistry at Venture
3.4.5.1 Near—Field vs. Far-Field

Differences between the near—field and the far-field were evaluated for the four survey dates, using nested
AMNOVA (testing for effects due to Field, Time, and Field=Time), and data that were either log—transformed
or arcsine square rool transformed, as appropriate, to improve the homogeneity of the variance. The resulis
of the statistical testing are summarized in Table 3.9. There were no significant differences in the
Field=Time interactions. In general, these resulis show that most of the significant differences occur in the
Field effect, which indicates that the lower concentrations of analytes (TIC, TOC, thallium, gravel, silt and
clay) are in the near—field than in the far-field. In contrast, (but inevitably as the sediment grain size
fractions must sum to unity) there tended to be more sand present in near—field samples than in far-field
samples. The 1998 annual report found this result to be a function of water depth; the deeper more quiescent
water experiences less resuspension of fine particles (JWEL 1999).

Temporal changes (p<0.0001) observed at both the near-field and the far-field included a tendency for TIC
to increase over time (with an FieldxTime interaction term that approached significance); and a tendency
for TOC to decrease over time. The TPH concentrations exhibit a Time effect (p<0.0001); concentrations
were highest in June 1999, and were also higher in November 1998 than in June 1998. The clay content of
sediments was higher overall in November 1999 than in June 1999,

Owverall, these changes are probably indicative of natural vanability (differences attributable to “Field” or
minor calibration shifts at the analytical laboratory (TIC, TOC, gravel, silt and clay are all near to, or often
less than the analytical detection limits). This conclusion is supported by the fact that the most of the
variables for which significant difference were detected are either not expected to be affected significantly
by drilling activities (e.g., TIC, thallium, gravel, sand), or the direction of the difference runs counter to the
trend that would be expected for an effect of drilling (e.g., silt, clay, TOC). For TPH, the significant effect
at Time 3 (June 1999) may be an antifact of the low detection limits achieved by the laboratory for these
samples. At other times, detection limits of <3 mg/kg were coded as 0 mg/kg.

As there were no large—scale differences between near-field and far-field that were indicative of an effect
of drilling that affected the entire near-field area, it was considered appropriate to examine possible effects
within the near-field area (250 to 3,000 m).

3.4.5.2 Within the Near-Field Area

Potentially significant differences within the near-field were evaluated using a nested ANOVA model with

four Distances (250, 500, 1,000 and 3,000 m) and four Times (June 1998, November 1998, June 1999 and
MNovember 1999). The results of the ANOVAs are presented in Table 3.10. Of particular interest in this
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Table 3.9 Comparison of Near-Field and Far-Field Samples at Venture, using Nested ANOVA.

Probability (p) of Difference Being Significant (*) or Highly Significant (*#)
Fleld I_T'!nr.l'.l?lri | Time !]IE&AI | Field = Tim | Comment
TIC 00001 == p<0.0001** p=0.0517 Mear—field < far—field, both increasing over
{approaching time (although the far—field may tend to
significance) increase more than the near-ficld).
TOC p=0.0001 = e D001 ** pee=il 464 Mear—field « far—field, both decreasing ower
tirne.
Thallium p0.0001** p=0.9830 p=0.9830 Near-field < far-field overall.
TPH p=0.6706 p=.000]** p=0.4143 TPH higher overall in June 1999 than af ather
times; TPH higher in Novemnber 1998 than in
June 1998,
Gravel p=0.0192* p=l.6534 p=0.9724 Mear—field < far—field overall.
Sand p<0.0001** p=0.5944 p=0.9932 Mear-field > far-field overall.
Sl prec0.0001** p=0.9711 p=0.6499 Near-field < far—field overall.
Clay p<0.0001** p=0.0216* p=0.5107 Mear-field < far-field overall; clay somewhat
higher overall in November 1990 than in June
1994,

L ———————
Only those variables where a significant difference was present in the ANOVA model are presented here. All other variables examined showed no signiﬁ.:m

differences. A p value of more than 0.05 is considered 1o be statistically non—significant.
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Table 3.10  Tests for Significant Differences Due to Distance, Time, or the DistancexTime Interaction at Venture, using Nested
ANOVA.

Probability (p) of Difference Belng Significant (*) or Highly Significant (**)

Time = Distance x Time Comment
w0, D ** 0.0712 TIC increases over Time, 1<l<3<d
00250= <) (WD ] == 0.5632 Distance 3000 > 250, 500, 1000

Times 1, 2 » Times 3, 4

Aluminum Q.0002== 0.1447 0.5487 Distance 250 < 1000

Barfum 0.0143= 0.1359 0.2870 Diistance 3000 < 250, 100
Chromium 0.0005%* 0.7330 0.6718 Distance 250 < 500, 1000, 3000
Iron 0.0008%* 0.3346 0.8093 Distance 250 < 500, 1000, 3000
Lead 0.0003%* 0.3814 06967 Distance 250 < 300, 1000, 300
Manganese 0.0008* 0.1329 0.8753 Distance 250 < 500, 1000, 3000
Strontium 0.0008** 0.3325 0.5920 Distance 1000 > 250, 3000
Vanadium 0,000 % 0.5825 0.7715 Distance 250 < 500, 1000, 3000
Zinc 0.0103* 0.7375 0.6244 Distance 250 < 1000

TFH 0.0007 % <0001 ** 04020 Diistance 250 > 500, 3000

Time 3 > Times 1, 2, 4

I Sile 0.7350 00263 0.5738 = Times 2,1 < Times 1, 4
! Only those vanables where a significant difference was present in the ANOVA model sre presanted here, All other vanables examined showed no significant
differences. A p value of more than (U035 is conskdered o be statistically non—significant.
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analysis is the DistancexTime interaction term, which would indicate the presence of a significant difference
at one or more distances, that was not present at all times. This would be the expected condition for effects
due to the drilling platform, that could not exist at the time of the baseline survey (June 1998).

Significant differences of various kinds were detected using the nested ANOVA for the transformed values
of TIC, TOC, aluminum, barium, chromium, iron, lead, manganese, strontium, vanadium, zinc and TPH.
In addition, a significant difference was also observed in the silt content of sediments near the Venture
drilling platform. Owerall, these results indicate that there were no significant DistancexTime interactions
that would identify an effect that occurred only afier the baseline survey.

There were a number of clearly inter—commelated differences that were attributable to Distance, and indicate
that the natural sediment quality is not completely uniform across the near-field area. In particular,
concentrations of chromium, iron, lead, manganese and vanadium were lower overall at the 250 m distance
than at other distances, and concentrations of aluminum and zinc were lower overall at the 250 m distance
than at 1,000 m. Concentrations of TIC increased over time at all distances, however, concentrations of
TOC were higher during the two 1998 surveys than in 1999, and higher overall at the 3,000 m distance than
at distances closer to the drilling platform.

For barium and TPH, there are some indications of effects that are attributable to the drilling activities. The
barium concentration in sediment was higher overall at the 250 and 1,000 m distances than at the 3,000 m
distance (Figure 3.9). A boxplot of barium concentration in sediment over the entire sampling grid is
presented in Figure 3.10. This plot is useful for comparing the distribution of values between sampling
surveys with respect to the variability on observations and displays summary statistics for the distribution.
Identification of outliers is also facilitated by the plots. Barium levels appear to have increased slightly over
time as the median value of both 1999 surveys are higher than the 1998 surveys. An elevated barium level
i5 observed at 250 m from the drll centre on axis 5 in the November 1999 survey. The V-15000-3 site
shows consistently elevated banum levels for all surveys which may indicate a source of barium
contamination in the vicinity of this site. The closest abandoned drilled well is 5 km northeast along the
same axis,

TPH was higher overall at the 250 m distance than at 500 or 3,000 m, and was also higher overall during
the June 1999 survey than during the other three surveys (Figure 3.11). There was, however, no significant
interaction between Distance and Time. As noted above, the analysis of the TPH data is made somewhat
more complicated by the variable detection limits. However, inspection of the raw data indicates that it is
reasonable to conclude that concentrations of TPH were measurably increased near the drlling platform at
the time of the June 1999 survey. Concentrations appear (o have declined again by the time of the November
1999 survey.
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Figure 3.10 Venture Sediment Chemistry

Barium

Total Inerganic Carbon

&
¥

(]
(=]
?

Banum (mg/kg)

-k
o
T

w VIR . g paee-a

1 n? T [ | ]
= -1
TRk 0.6 2 W
“yuniceas |
I’ - .5} -] EE SR e
l:l.-ﬂ--'-' 0 V- e At ]
| E
E_' 0.3 O imets O Ll
=
0.2 Swamme e - F
= B3 =gy
B 1 Bl [
0.0t

ﬁ*& ??”}# Eﬁq E?:"}Eg

Sample Event

P

Sample Event

Box Plot Interpretation

= Far Qut=ide Value

« Dutakde Value

—— Upper Valus

THih Percentile
Median
251h Percentile

=t Lower Value

M denotes median in
non=standard plots.



BASELINE
JUNE 1998

FALL 1998

i

JUNE 1999

FALL 1999

LEGEND

fasoo

=1500

=500
=500
—80

Total Petroleum Hydrocarbon (mgiKg)

& Sample Locations

FIGURE 3.11
TOTAL PETROLEUM
HYDROCARBONS IN

SEDIMENT

Venture Well & Gully Sites

&
SABLE
[ FhOJECT]

wa | Jatques Whitford
¥ J Emvironment Limited




For the sediment grain size analysis, the only significant differences detected in the near-field were recorded
for silt content. The silt content was significantly lower at times 2 and 3 than at times | and 4. This does
not appear to be an effect that could be attributable to the presence of the platform.

3.4.53 Summary of Observed Effects at Venture

There were no large-scale differences between near-field and far-field that were indicative of an effect
attributable to dnlling activities at the Venture platform. Within the near-field, there was some evidence
suggesting an increase over time in barium concentrations near the platform, although this effect was not
statistically significant and concentrations remained within the range of natural variability observed during
the baseline surveys. Similarly, there was some indication that the TPH concentration at some stations
250 m from the platform may have increased over baseline concentrations after dnlling began, although this
effect appeared statistically as a Distance effect, and not as the DistancexTime interaction which would have
provided definitive statistical evidence. In this regard, a TPH concentration of 75.2 mgfkg was detected at
the 250 m distance on Axis 7 during the November 1998 survey, and concentrations of 37.4 and 29.3 mg/kg
were detected at the same distance on Axes 3 and 7 during the June 1999 survey. By November 1999, the
highest concentration was 15.2 mg/kg, recorded at the 250 m distance on Axis 5.

34.6 Sediment Chemistry at Thebaud

Copper levels in sediment collected around the Thebaud field show near identical ranges and median values
over the course of these surveys. The fact that the November 1999 survey displays the highest percentage
of detectable copper levels indicates that drilling activity may be causing in increase in the copper levels in
sediment over the course of time.  An outlier at 500 m along Axis 7 during this survey indicates a potential
effect from drilling waste discharges. Sediment nickel levels show a similar increasing trend over time
indicating that this parameter may also be affected by drilling activity. This is further supported by the fact
that the November 1999 survey results have a higher median value as well as a larger range.

Meither lead nor zinc levels display any trend over the course of time. This suggests that these parameters
have not been affecied by the drilling activities performed at the Thebaud site. Cadmium levels remain
undetectable for all sample stations.

Total organic carbon (TOC) levels in sediment from Thebaud do not show an increase in median values in
either of the drilling surveys as compared to the baseline median TOC value. The box plots of both drilling
surveys show outlier values yet of elevated TOC levels that occur at a minimum of 9,000 metres from the
jacket; drilling activity is not believed to be the source of this carbon.

£ 1999 Annual Report « Final Report = March 20000 Page 33 @
s :



3.4.6.1 Near-Field vs. Far-Field

Differences between the near-field and the far-field were evaluated for the three survey dates, using nested
ANOWVA (testing for effects due to Field, Date, and Field<Date), and data that were either log—transformed
or arcsine square root transformed, as appropriate, to improve the homogeneity of the variance. At Thebaud,
the baseline survey (Time 1) was carried out in June 1998, with two dnlling surveys (Time 3, June 1999 and
Time 4, November 1999). There was no survey camed out at Thebaud at Time 2 (November 1998). The
results of the statistical testing are summarnized in Table 3.11. In general, these results show that there were
no significant Field Time interactions, though marginally for TPH. There are a few significant differences,
overall, between the near-field and the far-field. The concentration of TIC was found to be lower in the
near-field than in the far-field. The concentration of TOC in sediments was higher overall in June 1998
than in later surveys. There were minor (offsetting) differences in the silt and clay content of sediments
between June 1998 and November 1999,

For barium, there were statistically significant effects attributable 1o Field (near—field was higher overall than
far—field) (Figure 3.12). For TPH there were significant effects attributable to Field and Time. These results
reflected higher TPH concentrations overall in the near-field than in the far-field, and higher TPH
concentrations at the time of the June 1999 survey than duning the surveys of June 1998 or November
1999(Figure 3.13).

Overall, the differences associated with barium and TPH appear to be indicative of effects attributable to
drilling. These effects are explored in more detail below, by examining the significance of variation within
the near-field zone. The differences observed for other variables appear to reflect large—scale environmental
or temporal variability.

3.4.6.2 Within the Near-Field Area

Within the near-field area at Thebaud, effects due to Distance, Time, and the DistancexTime interaction
were tested using nested ANOVA (Table 3.12). TPH exhibited the only significant effect due to the
DistancexTime interaction (p<0.009). This difference reflected higher overall TPH concentrations in
sediments at Thebaud during the June 1999 survey than during the June 1998 (baseline) or November 1999
surveys. The significant Distance effect indicated higher overall TPH concentrations at 250 m during the
June 1999 survey than at other times or distances (Figure 3.13).

There were no significant differences for TIC or TOC. A suite of metals were generally found to exhibit
low concentrations at the 1,000 m distance, when compared to the 250 m, 500, and 3,000 m. Associated
with this tendency was a higher gravel content and lower silt content at the 1,000 m distance. Therefore,
the results for the metals were assumed to be caused by natural variability in sediment quality, with low
element concentrations being associated with higher gravel and lower "fines” content in the sediment
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Table 3.11  Comparison of Near-Field and Far-Field Samples at Thebaud, using Nested ANOVA.
—
Variable' Probability (p) of Difference Being Significant (*) or Highly Significant (**)
" Field rfFar Time (1,2, 3 Fleld = Time Comment
TIC p=0.0195* p<0.0001** p=0.0905 near—field < far—field; Time 1 <3, 4
TOC pe0.1180 pe0.000]%* p=0.4960 Time 1> 3,4
Barium pu(,0387* p=0.4373 p=0.1972 near-field > far-field
TPH p=0.0010** P D001 ** 00544 near—field > far-field; Time 3> 1, 4
silt p=0.0578* p=0.0488* p=0.2503 Time 4> 1
C p=0.5691 p=0.0020* p=0.9888 Time 1> 4
' Only those variables where a significant difference was present in the ANOVA mode] are presented here. All other variables examined showed no significant

differences. A p value of more than 0.05 is considered to be siatistically non-significant.
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e Table 3.12  Tests for Significant Differences Due to Distance, Time, or the DistancexTime Interaction at Thebaud, using Nested

ANOVA.

Variable' | Probabillty (p) of Diference Being Significant (*) or Highly Significant () |
Distance Time Distance x Time Comment

TIC p=0.2538 p<0.0001** p=0.7847 Time 1 <3, 4

TOC p<0.9913 p<0.0001** p=0.5431 Time 1 >3, 4

Aluminum p=0.0027* p=0.0599* p=0.9695 1000 m < 250 m, 3000 m

Barium p=0.0006** p=0.0336* p=0.2966 Time3>1,4; 1000 m <250 m

Chromium p=0.0021* p=09718 p=0.9142 1000 m < 250 m, 3000 m

Iron p=0.0032* p=0.9325 p=0.8533 1000 m < 250 m, 3000 m

Lead p=0.0007** p=0.3643 p=0.8615 1000 m < 250 m, 300 m, 3000 m

Manginese p=0.0016* p=0.7923 p=0.9158 1000 m < 250 m, 500 m, 3000 m

Strontium p=0.0022* p=0.5948 p=0.9403 1000 m < 250 m, 3000 m

Uranium p=0.0276 p=0.5689 p=0.3090 1000 m < 250 m

Vanadium p=0.0037* p=0.9509 p=0.8858 1000 m < 250 m, 3000 m

Zine p=0.0042% p=0.8018 p=0.6213 1000 m < 250 m, 500 m

TPH p<0.000] ** p<0.0001%* p<0.0099* Time 3 > 1, 4; 250 m > 1000 m, 3000 m;

TPH elevated at 250 m Distance at Time 3
Gravel p=0.0389* p=0.7824 p=0.3743 1000 m > 250 m, 3000 m
Silt p=0.0004%* p=0.1942 p=0.2904 1000 m < 250 m, 3000 m
l Clay 0918 - pd-]-m Tirme 4 < |

=
! Only those variables where a significant difference was present in the ANOVA model are presented here.  All other variables examined showed no significant
@ differences. A p value of more than 0.05 is considered to be statistically non-gignificant.
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For barium there were significant effects attnbutable to Time and Distance. These differences reflected
higher barium concentrations overall in June 1999 than during the June 1998 (baseline) or November 1999
surveys; and higher barium concentrations overall at the 250 m distance than at 1,000 m. This Distance
effect mirrors the effect due to Distance that was noted above for many other elements, and may be in part
a result of natural variation near the drilling platform. A boxplot of barium concentration in sediment over
the entire Thebaud sampling field is prezented in Figure 3.14. Median barium levels and ranges are similar
for baseline and drilling surveys. The exception are the three outliers at 250 m and 500 m observed in the
June 99 survey.

This observation is supported by the fact that these same sites displayed higher toxicity levels and black oily
globules were found in sediment samples (Section 3.5). These globules produced a “carbon fingerprint™
nearly identical to NovaPlus™ dnll mud (Figure 3.15).

3.4.6.3 Summary of Effects at Thebaud

Owerall, this analysis shows that there were few significant differences between the near—field and far—field
at Thebaud, and that these are mainly atiributable to natural variation. However, higher overall
concentrations of barium and TPH were detected within the near=field. When effects within the near—field
arca are examined in detail, there appears to be significant natural variation at the 1,000 m distance, where
slightly coarser sediments display lower concentrations of many elements than were observed at other
distances. Concentrations of barium and TPH were significantly higher during the June 1999 survey than
at other times, and were higher overall at the 250 m distance than at other distances.

Barium concentrations of up to 760 mg/kg (two to three times the background concentration) were detected
at the 250 m distance near Thebaud in June 1999, Also in June 1999, a barium concentration of 650 mg/kg
was detected at the 500 m distance on Axis 3. However, the barium concentrations retumned to the
background range (100 to 300 mg/kg) by November 1999, likely through sediment transport.

Duiring the June 1999 survey, a TPH concentration of 1,546 mgfkg was detected at a distance of 250 m on
Axis 3. TPH concentrations at 250 m on other Axes were lower, ranging from 24.7 to 586 mg/kg. TPH
concentrations were also elevated, although without causing a statistically significant response, at some of
the 300 m and 1,000 m distances. A TPH concentration of 324 mg/kg was detected at 500 m on Axis 3 (the
concéntrations on other Axes at that distance were all less than 20 mg/kg). A TPH concentration of 35.5
mg/kg was detected at 1,000 m, also on Axis 3 (the concentrations on other Axes at 1,000 m were all less
than 5 mg/kg. The significant DistancexTime interaction term for TPH, caused by high TPH concentrations
at the 250 m distance during June 1999, clearly signals an effect of the drilling platform. TPH levels returmed
to background levels by the November 1999 survey.
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Figure 3.14 Thebaud Sediment Chemistry
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3.4.7 Sediment Chemistry at North Triumph

Copper and nickel levels in sediment collected from the North Triumph site show no effects from drilling
activity. A consistent median value and range are observed between the drill survey and the two baseline
surveys as well as similar percentages of samples with detectable levels of both these parameters. Levels
of lead found in this sediment did not change between the baseline surveys and the drilling survey,
Cadmium levels remain undetectable for all sample stations.

£ine levels in the sediment surrounding the North Triumph site were somewhat variable over time with a
number of sample stations producing valves outside the normal range in all surveys, No drill-related effects
are suspected to have occurred as the surveyassociated with-drilling events in fact shows the lowest median
zinc levels with the smallest range of values. Two of the three stations which show values outside the
normal range for this drilling survey in fact show higher levels in the baseline surveys.

Analysis of total organic carbon (TOC) levels found in the sediment surrounding the Nosth Triumph site do
show an increase in median values and range in the drilling survey for the November 1999 data as compared
to the baseline surveys. An outlier is shown at 500 m along Axis 7, as well as at a control distance of 20
km.

34.7.1 Near-Field vs. Far-Field

Differences between the near—field and the far-field were evaluated for the three survey dates, using nested
ANOVA (testing for effects due to Field, Date, and FieldxDate), and data that were either log-transformed
or arcsine square root transformed, as appropriate, to improve the homogeneity of the variance. At North
Triumph, two baseline surveys were carried out, in November 1998 and June 1999, with one drilling survey
(Movember 1999). The results of the statistical testing are summarized in Table 3.13.

For TOC, barium and TPH, there were significant Field<Time interactions. For TOC, the concentration
recorded after drilling began was higher than concentrations measured during the two baseline surveys. For
barium, the interaction term reflected the fact that barium concentrations were higher in the near—field than
in the far—field during the third survey after drilling began, but not during the two baseline surveys
(Figure 3.16). For TPH there were effects attributable to the Field«<Time interaction, as well as main effects
attributable to Field and Time. These results reflected higher concentrations in the near—field than in the
far field during the November 1999 survey, or during other surveys, as well as higher TPH concentrations
overall in the near-field than in the far-field, and higher TPH concentrations during the third (November
1999) survey than during the baseline surveys (Figure 3.17).
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" Table 3.13

Comparison of Near-Field and Far-Field Samples at North Triumph, using Nested ANOVA.

I Variable' Probability (p) of Difference Being Significant (*) or Highly Significant (**)
Field rfFar Time (1,2, 3 Field = Time Comment

TIC p=0.0295* pe0.0001 ** p=0.9465 near—field > far-field; time 1<2<3

TOC pe=0.0323% p<0.0001 ** p=lLO22d® near-field > far=field; time 1>2.3; near-field >
far-field at tirme 3

I Aluminum p=0.0013* p=0.0010** p=0.TE98 near=field > far-field; time 1>2>3

Barium p=0.0001%* p=0.1617 p=0.0217* near-field > far-field; near-field > far-field at
time 3

Chromium p=0.0161* p=0.8197 p=0.3694 near-field > far-field

[ron p=0.0172# p=0.9480 peil4588 near—field = far—ficld

Lead p=0.0007+* p=0.5517 p=0.8789 near—field > far—field

Manganese p=0.0205* p=0.7464 p=0.4470 near-field > far-field

Strontium pr=0. 03+ p=0.9271 p=0.3047 near-field = far—field

Thallium p=0.0011* p=0-2568 p=0.7365 near-field > far-field

Uranium p=0.0191* p=0.7172 p=0.9860 near—field > far—field

Vanadium p=0.0151* p=0.9036 p=0.3650 mear=field > far—field

Zinc p=0.0173* pe0.0001 ** p=l. 5463 near=field > far-field; time 132, 3

TPH 000 ** p=0.0248* p<0.0001%* near=field > farfield; time 3>1; near—field >
far- field at time 3

Gravel p=i.0029* p=0.5969 p=0.3992 near—field < far-field

Sile p=0.0051* p=0.0235* p=0.9203 near-field > far-field; time 3»2

Cla 0080 ASEE 7 near-field > far—field

1 Only those variables where a significant difference was present in the ANOVA model are presented here. All other variables examined showed no significant

differences. A p value of more than 0.05 is considerad w0 be statistically non-significant.
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In general, the ANOVA results show that most of the significant differences indicated higher concentrations
of analytes (TIC, aluminum, chromium, iron, lead, manganese, strontium, thallium, uranium vanadium) in
the near-field than in the far-field. There tended to be less gravel present in near—field sediments, with
correspondingly more fines (silt and clay) present. This difference between the near—field and the far—field
at North Triumph may account for many of the significant differences noted above, as most trace elements
are preferentially concentrated onto fine particles. Significant differences over time were noted for
aluminum, zinc, and silt. The concentration of aluminum tended to increase steadily over time, and the
concentration of zinc was higher during the June and November 1999 surveys than during the November
1998 survey,

Ovwerall, many of these changes (i.e., the majority of the differences associated with inorganic variables) are
indicative of natural variability or large—scale gradients between near-field and far-field areas. For barium
and TPH, the differences that are seen are indicative of effects attributable to drilling. These effects are
explored in more detail below, by examining the significance of variation within the near-field zone.

3.4.7.2 Within the Near—Field Area

Within the near-field area, effects due to Distance, Time, and the DistancexTime interaction were tested
using nested ANOWVA (Table 3.14). There was a significant DistancexTime interaction for TIC , barium,
zinc and TPH. TIC concentration was lower at the 3,000 m distance during the November 1999 survey than
at other times. Concentrations of TIC present in the near—field at North Triumph were significantly higher
during the first baseline survey (November 1998) than during the second baseline survey (June 1999). The
TIC concentration was also higher overall at distances of 250 and 1,000 m from the drilling platform that
at a distance of 3,000 m from the platform. The TIC concentration at North Triumph was higher overall
during the November 1999 survey than during the two baseline surveys, although there were no significant
distance effects or interactions.

For barium concentration in sediments at North Triumph, there was also a significant main effect attributable
to Time. The interaction indicated higher barium concentrations at a distance of 250 m from the platform
in November 1999 than during the baseline surveys, although banium concentrations at other distances did
not appear to be significantly changed. The main effect (Time) reflected higher barium concentrations
overall within the near-field November 1999 than at other times. A boxplot of barium concentration in
sediment from North Triumph is presented in Figures 3.18. The drilling survey has a median barium level
and range nearly identical to both baseline surveys. Possibly drill-related effects were observed at three sites
at 250 m and 300 m of the jacket where values exist well outside the range of other barium levels from this
site. This possibility of drll-related effects is further supported by higher toxicity levels being observed at
these same sites with elevated barium levels (Section 3.5).

LN 1999 Annual Report « Final Report « March 20000 Page 40 @
::::ig;j;_-



Figure 3.18 North Triumph Sediment Chemistry
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Table 3.14  Tests for Significant Differences Due to Distance, Time, or the DistancexTime Interaction at North Triumph, using Nested
ANOVA.
Variable' Probability (p) of Difference Being Significant (*) or Highly Significant (**)
| Distance Time Distance x Time Comment .

TIC p=0.0057* p=0.0257* p=0.0208* Time 2 (baseline) = 3 (haseline); Distance d<],
3; TIC lower at Distance 4, Time 4 than ai other
tmes.

TOC p<l. 4883 p0.0001=* p=0.8062 Time 4> 2,3

Aluminum p=ll. 7655 p=0U0071* pe=i). 9854 Time 4 < 2

Bariam p=0.15T7 p=0.001 3% p=0.0180* Time 4 > 2, 3; barium is elevated ai a Distance I
of 250 m at time 4 {November 1999)

Jinc p=.9952 P 000 p=0.0433 Time 2 = 3, 4; zinc is elevaied a1 a Distance of
250 mat Time 2 (baseline)

TFH p=0.0191* peDO02** p0.003 3= Time 4 =3, 2: Distance | =4; TPH 15 elevated
at a Distance of 250 m at Time 4 (November
1 i

Only those variables where a significant difference was present in the ANOYA model are presented here.  All other variables examined showed no significant
differences. A p value of more than 0,05 is considered to be statistically non—significant.
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For TPH, there was also a significant effects due to Distance and Time. The significant interaction term was
caused by higher TPH concentrations measured at a distance of 250 m during November 1999 than at other
times and distances. The significant Time effect reflected higher overall TPH concentrations in sediments
at North Triumph during the November 1999 survey than during the two previous (baseline) surveys. The
significant Distance effect indicated higher overall TPH concentrations at 250 m than at 3,000 m.

The zinc concentration was higher overall during the baseline survey, and was elevated at a distance of 250
m during the first baseline survey, although not during the following surveys. The boxplot shows a
consistent outlier of elevated zinc at 300 m on axis 7 and at 3000 m on axes | and 2 duning the November
SUrveys.

3.4.7.3 Summary of Effects at North Triumph

Owerall, this analysis shows significant differences between the near-field and far-field at North Triumph
that are attributable to natural variation for many inorganic variables. However, higher concentrations of
barium and TPH within the near-field, and in particular at a distance of 250 m from the drilling platform,
during November 1999, are indicators that drilling activities have influenced sediment quality.

Banum concentrations at the 250 m distance reached 1,900 mg'kg on Axis 7 and 1,200 mg/kg on Axis 1
during the November 1999 survey., Concentrations of barium found at the same distance on Axes 3 and 5
did not exceed 250 mg/kg (within the normal background range). Dunng the same survey, a banum
concentration of 580 mg/kg was reconded at the 300 m distance on Axis 7, although barium concentrations
on the other Axes at that distance likewise did not exceed 250 mg/kg.

Concentrations of TPH at North Triumph were observed to be as high as 2,440 mg/kg (3,620 mg/kg in a
field duplicate sample) on Axis 7 at the 250 m distance in November 1999, and elevated concentrations were
also noted at that distance on Axes 1 and 5. TPH concentrations of 613 mg'kg and 52.7 mg'kg were
observed at the 500 m and 1,000 m distances on Axis 7. Concentrations of TPH on the other Axes were
much closer to the background range.

3.4.8 Overall Effects of Drilling Platforms on Sediment Quality

The overall effects of the three drilling platforms in sediment quality were assessed by combining all of the
near—field survey data sets for the individual platforms and survey dates. Prior to combining the data sets,
it was confirmed by an analysis of Field, Distance and FieldxDistance that there were generally no
significant differences between platforms at the time of the baseline surveys. Coding of the overall data set
included the following categones:
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. Survey (baseline, or after up to 6, 12, or 18 months of drilling activity);
. Distance from the platform (250, 500, 1,000 or 3,000 m)

. Axis (only axes 1, 3, 5 and 7 were represented at all distances); and

. Season (summer or fall).

In the present study design, the axes were aligned with the expected major tidal excursion and water currents
directions, such that axes 3 and 7 were aligned with the expected directions of sediment transport, and axes
1 and 5 were at nght angles to this expected direction. Therefore, in each case, the axis numbers are
inherently meaningful, and most sediment or contaminant deposition would be predicted to occur on axes
Jand 7.

The available data represented five baseline surveys (one each at Venture, South Venture and Thebaud, and
two at North Triumph), three surveys following up to six months of drilling (Venture, Thebaud and North
Triumph); two surveys following up to one year of drilling (Venture and Thebaud); and one survey (Venture)
following up to eighteen months of drilling activity.

Using the available data, the following ANOVA models were constructed.

. A nested ANOVA coding for Distance, Axis, Season, DistancexAxis, SeasonxAxis,
DistancexSeason, and DistancexAxisxSeason. This ANOVA was used to confirm that there were
no significant differences attributable to Axis, and to evaluate the importance of Season as a factor
affecting contaminant concentrations near the drilling platforms.

. A nested ANOVA coding for Survey, Distance and DistancexSurvey. In this ANOVA, the axes
were Lreated as replicates (having confirmed that there were no significant Axis effects), and the
effects of Distance from the platform, and time elapsed since the first dnlling were evaluated.

In comparing the main effects for all the drilling platforms, there were few significant main effects
(Distance, Axis or Season) associated with the inorganic parameters (Table 3.15). The concentration of TIC
and TOC in sediments were found to be significantly higher in fall than in summer. The percentage of sand
in sediment was slightly lower, while the silt and clay sized fractions were slightly higher in fall than in
summer. For TIC and TOC, significant effects attributable to Survey were found (Table 3.16), with lower
overall TIC and TOC concentrations recorded in November 1998 and June 1999, than in June 1998 or
November 1999,
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Table 3.15 Comparison of Main Effects for All Drilling Platforms, Using Nested ANOVA.
Probability (p) of Difference Being Significant (*) or Highly Significant (**)
I A xis Senzon Comment
TIC p=0.5370 p=0.6560 pe=0L D] Q** TIC in fall > TIC in sumemer.
TOC p=0.9381 p=0.1450 p=0.0046* TOC in fall > TOC in summer.
Alueminum
Barium P00 3> p=0.5337 p=00 T Ba at 250 m = 500, 1,000 and 3,000 m
Ba in fall > Ba in summer.
Significant DigtancexSeason interaction present
{p=0n.0e0400).
Strontinm p=0.2649 p=0.1833 p=0.0349* Srin fall > Sr in summer.
Thallium
Uranium p=0.6671 p=0.9442 p=0.0420* UV in fall = 1 in sumsmer,
TPH p=0.0003** p=0.2546 prec0. 0] *= TPH at 250 m = 50, 1,000 and 3,000 m.
TPH in fall > TPH in summer.
Sand p=0.8960 p=0.2650 p=0.0085* Sand in fall < Sand in summer,
Silt p=0.9504 p=l.542% p=0, 001 O+ Silt in fall > Silt in summer.
Cln L3651 J277 L0328 Clay in fall > ifi SUMmET.
1 Only those variables where a significant difference was present in the ANOVA model are presented here.  All other variables examined showed no significant
differences. A p value of more than 0,05 is considered to be statistcally non—-significant,
2 Significant DistancexAxis interactions were present for Al, Cr, Fe, Pb, Mn, Sr, V and Zn. This mteraction term imdicates differences in concentrations of these metals

on some axes, al some distances. These differences are pitributable 1o natural variation in the environment.
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Table 3.16 Comparison of Survey and Distance Effects for All Drilling Platforms, Using Nested ANOVA.
Variahle' Probability (p) of Difference Being Significant (*) or Highly Significant (**)
5 Distance Su x Distance Comment
TIC Pl 0006 p=0.9153 p=, 1815 Surveys P1 and P2 < B and P3.
TOC p<0.000] ** p=0.8796 p=0.9152 Surveys P1 and P2 < B and P3.
Barium pe0. 0001+ p=0.0010%* p=0.0008** Survey P1 > P2, B.
Distance 250 > 500, 1,000, 3,000 m.
[ No differences during survey B, but significant
difference present during survey P1.
|| Lead p=0.0241 pai), 2233 p=l) 4262 Survey P3 > P2.
TPH P D001 ** pai. 0001 %* p=0.0023* Survey P1 > P2, P, B; Survey P2 > B.
il Distance 250 = 500, 1,000, 3,000 m.
Mo differences during survey B, but significant
differsnces nt during s Pl.

! Only those variables where a significant difference was present in the ANOWVA model are presented here.  All other variables examined showed no significant

differences. A p value of more than 005 is considered to be statistically non—signifscant.
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There was commonly in the case of metals (aluminum, chromium, iron, lead, manganese, strontium,
vanadium and zinc) a significant DistancexAxis interaction term. In no case was the varjability that led to
the significance of this interaction term associated with the 250 m distance, and in general it appeared to be
caused by variation on Axis 7 at the farther distances. Some metals had marginal or highly significant effect
due Season, as well as a SeasonxDistance interaction. All of these differences appear to be due entirely 1o
natural background variation, and may be disregarded.

Using the second model (Table 3.16) There is a significant Survey xDistance interaction for barium and
TPH. In the case of barium, effects due to Distance (p=0.0003) and Season (p<0.0001) were highly
significant, while all other terms in the nested model were non-significant. The Distance effect was found
to indicate that the barium concentration was higher overall at 250 m than at all other distances. The Season
effect was found to show that barium concentrations were generally higher in the fall than in the spring.

The second model tested for barium (Table 3.16) found a significant SurveyxDistance interaction
(p=0.0023), as well as highly significant main effects (p<0.0001). The SurveyxDistance interaction captured
significantly higher barium concentrations at the 250 m distance after six months of drilling activity, than
at other imes or distances. Barium concentrations were highest overall after six months of drilling, and
declined such that they were no longer significantly different from the baseline concentrations after 12 and
18 months of drilling.

For TPH, effects due to Distance (p=0.0003) and Season (p<0.0001) were also highly significant, while all
other terms in the nested model were non—significant (Table 3.15). The Distance effect was found to
indicate that the TPH concentration was higher overall at 250 m than at other distances. The season effect
showed that TPH concentrations were higher overall in the fall than in the spring.

The second model tested for TPH (Table 3.16) likewise found a significant SurveyxDistance interaction
(p=0.0023), as well as highly significant main effects (p<0.0001). The interaction captured significantly
higher TPH concentrations at the 250 m distance after six months of drilling activity, than at other times or
distances such that they were no longer significantly different from the baseline concentrations after 12 and
18 months of drilling.

Overall, the results obtained to date suggest that the effects of drilling on sediment quality are greatest during
the first six months after the platforms are established; both barium and TPH concentrations declined after
12 and 18 months of drilling activity. The effects of drilling were most pronounced at a distance of 250 m
from the platform. Effects were rarely significant at 500 m although trend lines suggested slight but
statistically insignificant effects may have extended to a distance of up to 1 km after six months of drilling.
The significant seasonal effects suggest that winter weather may aid in dispersing (or burying) contaminants
released by drilling activity. There did not appear to be any significant effects that could be attributed to
drilling activity for inorganic or organic contaminanis other than barium and TPH.
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349 Summary of Sediment Chemistry Results

The marine sediments near Sable Island are predominantly sandy, with small amounts of clay present. No
significant differences have been observed in sediment grain size composition near the drilling platforms
(at distances of 250 m or greater) that can be attributed to the dnlling activities.

In general, concentrations of the PAH compounds, the BTEX compounds, and many trace metals have been
consistently non—detectable in the vicinity of the drilling platforms near Sable Island.

For those trace elements that are routinely detected (with the exception of barium), no significant changes
have been observed that do not appear to be attributable to natural variation (temporal or spatial} in the
environment,

For barium, there have been statistically significant increases in concentrations observed at the 250 m
distance, and individual observations of elevated barium concentrations extend in some cases (0 a distance
of 1,000 m from the drilling platforms (although these individual observations are not sufficient to cause
a statistically significant response),

Observations for TPH are similar to those for barium, with statistically significant responses detected at the
250 m distance, and individual observations extending to a distance of 1,000 m (although again, these
individual observations are not sufficient to cause a statistically significant response).

To date, concentrations of barium and TPH around the drilling platforms have not been observed to increase
over time; rather they have been highest following the first period of drilling, and declined thereafter.

3.5 Sediment Toxicity

35.1 Ohjectives and Analysis

A battery of three toxicity assays, two assays with sensitive organisms are used in standardised testing of
marine sediments. These assays test the inhibition of echinoid fertilization (using Litichinus pictus) and
amphipod mortality (using Rhepoxinius abronius). The third test, Microtox™, used a strain of luminescent
marine bacteria (Vibrio fischeri). Sediment toxicity testing was conducted to detect and measure if chemical
contaminants associated with drill waste discharges are responsible for significant changes in sediment
toxicity. As with the sediment chemistry attribute, the study of sediment toxicity was designed to address
questions regarding drill waste effects, such as:

. Has sediment toxicity changed during the drilling phase? If so, does this occur along a gradient from
the platform?
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This question is formulated in a null hypothesis for statistical analysis.
Hy:  The drlling operation has not significantly changed the toxicity of the sediment.

Amphipod survival and echinoid fertilization results were compared between stations using ANOVA to
evaluate vanation attributable to Time, Direction and Distance, as well as TimexDirection, Time xDistance
and DirectionxDistance interactions. The data were log-transformed (Log X+1) to improve the
homogeneity of the vanance. The SAS Statistical package was used for the ANOVA.

352 Sediment Toxicity at Venture
Amphipod Survival

Very low toxicity is observed for all rounds of baseline and drilling testing for the amphipod mortality test
using the marine amphipod Rhepoxinius abronius. A sample is considered to exhibit a toxic effect if the
sample mortality is greater than 30% more than that of the control sample in accordance with Environment
Canada's interpretation guidelines (Aquatic Toxicological Section). Both the Gully (Figure 3.19) and
Venture (Figure 3.20) sites have not shown any toxic effects in any of the four rounds of environmental
effects monitoring. Table 3.17 provides the statistical results of toxicity testing at Venture, Statistically
examining the % mortality, there was a significant difference between stations in the TimexAxis interaction
{(p=0.0284); however, this differences is mainly between difference stations on differences axis at difference
times. There is a significant between the overall baseline result with those from the November 1998 data
along axis 1 (p=0.0133), but this trend does not persist, nor is there any distance associated with this
observation. Also there is a significant difference along axis 3 from the November 1998 compared to the
June 1999 data (p=0.0117), however there is no clear trend with specific stations.

Table 317 Tests for Significant Differences Due to Time, Axis, Distance, TimexAxis,
TimexDistance or TimexAxis at the Venture Stations

Probahility (p) of Difference l:hﬂmmunt
Axiz | Distance | TimexAxls | TimexDistance | AxisxDistance
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Figure 3.19
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Figure 3.20
Venture Amphipod Mortality
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Echinoid Fertilization

Orver the course of four rounds of EEM monitoring, 45 echinoid fertilization tests have been performed from
the pore water from Venture sediment samples. Of these 45 samples, eight were found to exhibit a
sub-lethal toxic effect (a difference of more than 25% from a control sample) (Figure 3.21). These samples
were evenly distributed over the first three rounds of sampling including the baseline. There were no
significant differences with the interactions nor effects (Table 3.17). These effects do not appear to be
associated with drilling activity. ANOVA of the echinoid fertilization data shows no significant difference
between any interaction or variable.

A total of 20 echinoid fertilization assays have been completed over four rounds of EEM sampling at the
Gully. A toxic effect existed in 45% of all samples (Figure 3.22). As these toxic effects were evenly
distributed over the four sample events including baseline, these sub-lethal toxic effects are not considered
to be drilling activity related.

Microtox™

All rounds of sampling related to drilling activity have produced Microtox™ results of >98684 mg/L for all
sample locations. These results represent an IC50 endpoint of >100%, as calculated by Microbics Software
and graphical validation. These results indicate no toxic effect being observed in Vibrio fischeri.

3.53 Sediment Toxicity at Thebaud

Amphipod Survival

Marine sediments from the Thebaud field have shown a toxic effect in the marine amphipod Rhepoxinius
abronius in one of the three rounds of EEM monitoring (Figure 3.23). Both the T-250-3 and T-250-7
samples displayed amphipod mortality rates above 80% and were considered to be highly toxic. These
samples both contained small globules of an oily material that were sent to Seatech Ltd. for identification.
These globules were subsequently found to have gas chromatograph “fingerprints” nearly identical to those
of a sample of Nova Plus drill mud (Figure 3.15). This evidence correlates these toxic results with drilling
activity at the Thebaud site. ANOVA of the data shows no clear patterns of significant difference between
the stations with time, distance or axis (Table 3.18).
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Figure 3.21
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Figure 3.22 Gully Echinoid Fertilization
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Figure 3.23
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Table 3.18 Tests for Significant Differences Due to Time, Axis, Distance, TimexAxis,
TimexDistance or TimexAxis at the Thebaud Stations

Probability (p) of Difference Being Significant

Tims Axis | Distance | TimexAxis | TimexDistance | Axis«Distance
0717 0.9EE 06762 0.5059 0.7542

0.07 0177 , D.1565

Echinoid Fertilization

A total of 16 samples exhibiting a toxic effect in the echinoid fertilization test were observed for the 38
assays spanning three rounds of EEM sampling (Figure 3.24). These effects were not considered to be
related to drilling activity as the baseline sampling in fact yielded the highest percentage of toxic effects.

ANOVA of the echinoid fertilization tests show no trends with respect to a gradient effect as there are no
significant differences at the 5% level between stations (Table 3.18).

Microtox™

All rounds of sampling related to drilling activity have produced Microtox™ results of >98684 mg/L for all
sample locations. These results represent an endpoint (1C50) of =100%, as calculated by Microbics Software
and graphical validation. These results indicate no toxic effect being observed in Vibrio fischeri,

3.54 Sediment Toxicity at North Triumph
Amphipod Survival

Sediments from the North Triomph field exhibited toxic effects to Rhepoxinius abronius in two rounds of
testing (Figure 3.25). Significant differences occur in the TimexDistance and TimexAxis interactions and
in the Time effect (Table 3.19). The NT-20000-3 station showed an amphipod mortality of 32% during the
EEM study in November 1998. As this survey was a baseline for the North Triumph field, this toxic effect
is not considered to represent a drill activity—related effect. The November 1999 sampling found three
samples showing a toxic effect. All three sites are within the 250 metre radius of Morth Triumph
{(NT-250-1, NT-250-5 and NT-250-7) and displayed mortality rates between 30% and 56%. These results
are assumed to be due to drill waste effects. This finding is supported by high sediment barium (an indicator
of drilling mud presence) levels at two of the three sites (NT=250-1 and NT-250-7). Statistically, there is
a significant difference in the November 1999 250 m stations compared with the first and second baseline
surveys at 250 m (p=0.002 and 0.012, respectively) and 500 m (p=0.027 and 0.009, respectively) from the
platform.
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Figure 3.24
Thebaud Echinoid Fertilization
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Figura 3.25 North Triumph Amphipod Mortality
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Table 3.19  Tests for Significant Differences Due to Time, Axis, Distance, TimexAxis,
TimexDistance or TimexAxis at the North Triumph Stations

— = —
Variable Probability (p) of Difference Being Significant
Time Axis | Distance | TimexAxis | TimexDistance

— e e e e e e —— = e

Amnphipod oz 0148 0.7E3G 0.0335 Qo017

Echimnid (1] 0279 OGRS 04883 h.2514

LN S —————————————————————

Echinoid Fertilization

A total of 42 echinoid fertilization assays were performed over the course of two baseline and one drilling
survey at the North Triumph field. Toxic effects were evident in 71% of the samples from the drilling
survey and 57% of baseline samples (Figure 3.26). ANOVA of the echinoid fertilization data shows highly
vanable data. There are no significant differences in the interaction terms, however, there was a highly
significant Time effect (Table 3.19). The two baseline surveys significantly differ (p=0.0001}, therefore
there is a time effect, and therefore the first baseline survey significantly differs from the November 1999
drilling survey (p=0.0001}). The November 1999 survey does not differ significantly from the second
baseline survey. (p=0.18).

Microtox™

All rounds of sampling related to drilling activity have produced Microtox™ results of 98684 mg/L for all
sample locations. These results represent an IC50 endpoint of >100%, as calculated by Microbics Software
and graphical validation. These results indicate no toxic effect being observed in Vibrio fischeri.

Summary of Sediment Toxicity

The amphipod survival test using Rhepoxinius abronius has proven itself to be an accurate indicator of dnll-
related toxic effects as samples showing high toxicity in this test comrelated with high levels of barium and
TPH. The echinoid fertilization test using Litichinus pictus has shown little to no correlation with results
of sediment chemistry sampling and as such does not appear to be an effective sub-lethal toxicity test for
the Sable Offshore Energy EEM Program. The Microtox™ test using Vibrio fischeri does not appear to be
sensitive to possible drill-related effects as no test result has shown any toxic effect for any sample from any
round of sampling.
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Figure 3.26

Morth Triumph Echinoid Fertlization
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3.6 Benthic Habitat and Community
3.6.1 Objective and Analysis

The distribution and abundance of mega-epifaunal species will be used in conjunction with sediment
chemistry and toxicity resulis to provide a holistic assessment of sediment quality and assess whether a
correlation exists among the triad of parameters. The study design was intended to address specific
questions, and to allow the testing of specific null hypotheses, regarding the potential effects of drilling on
the marine environment. Monitoring of benthic habitat and epibenthic megafauna is intended to answer the
following questions.

. Has the benthic habitat in the nearfield or farfield changed from the observed baseline or reference?
. Has benthic habitat and epifaunal species relative abundance changed with distance from each
drilling site? If s0, can these changes be correlated with sediment chemistry and toxicity?

. Are changes in benthic habitat consistent or prolonged with time along a gradient?
. Is benthic habitat and epifaunal species abundance useful as an EEM candidate attribute?

The key null hypothesis with respect to the effects of drilling activity on the benthic epifauna was:

H,: the population density of observed epifaunal organisms has not been changed by the drilling
operation.

Rejection of this null hypothesis at the & = 0.05 level would lead to acceptance of the altemative hypothesis,
that drilling activities have resulted in changes in the population density of the observed epibenthic
OTganisms.

3.62 Epibenthic Community

Epibenthic macroinvertebrates species were surveyed at each sampling site using still photography in an
underwater frame and housing, and underwater video camera. Counts of species observed in cach frame
provide a value for density of benthic organisms over a much larger area than would be sampled by
traditional grabs or corers (Table 3.20). The abundance data were transformed (log X+1) prior to regression
analysis, to improve the homogeneity of variance.

The predominant organisms observed during the baseline surveys included sand dollars and brittle stars,
although small numbers of crabs, gastropods, sea stars, and sea anemones were also observed. DFO has
recently conducted various benthic habitat evaluations using their underwater videograbs and CAMPOD
along a transect from the Gully to Venture (D, Gordon, pers. comm).
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3.6.2.1 Venture

The abundance of sand dollars and brittlestars was scored at Venture during the baseline (June 1998) survey,
and in three subsequent surveys (November 1998, June 1999 and November 1999). Summary statistics for
the abundance of these organisms at each distance from the Venture field are provided in Table 3.20. The
abundance of sand dollars at Venture was highly variable (ranging from 0 to 140/m?), however, the median
abundance was generally low (0 to 2.6/m?).

Regression analysis for the baseline survey (June 1998) found that the abundance of sand dollars increased
significantly with distance away from the drilling platform (p = 0.003). There was no significant change
with distance for the-abundance of brittlestars, which were not observed in the Venture survey area during
any of the four surveys.

Table 3.20  Abundance of Sand Dollar and Brittle Star at Venture, North Triumph, and Thebaud.

Drill Platform Sand Dollar (Wm®) Brittle Star (#/m®)
i Ihuia Median Range Median

Yenture
June 1998 (baseling) 0-4a 2.6 1]
Movember 1008 0-48 i
Tune 1944 0 =140 2.5
November [909 0—43 ]
Morth Triumph
Movember 1998 (baseline) 0=33 Tl 0=118 0.5 |
June 1999 (baseline) 0=83 106 0= 59 0.9
MNovember 1999 0-138 0 0 - 6 L]
Theband
June 1998 (baseline) 0= 163 16 0 Q I
June 1999 0-57 0.26

IHuv:mh:: 19949 0-107 2.5

The abundance of sand dollars also increased significantly (p=0.006) with distance from the Venture
platform during the November 1998 survey. In June 1999, the abundance of sand dollars was again observed
to increase significantly with distance away from the platform (p = 0.005). In November 1999, the
abundance of sand dollars was not related to distance from the platform.

Owerall, these results indicate that the abundance of sand dollars is patchy at Venture and that some suitable
habitat appears to be located in the far-field. The consistent increase in the abundance of sand dollars with
distance from the platform existed prior to drilling and can not be considered an effect of drilling.

! @
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3.6.2.2 Thebaud

At Thebaud, the abundance of sand dollars (Table 3.20) was also variable, ranging from 0 to 163/m®. No
brittlestars were present at the sampling stations.

Regression analysis for the baseline survey (June 1998) found that the abundance of sand dollars did not
change significantly with distance away from the drilling platform. In June 1999, the abundance of sand
dollars was again observed to be independent from the distance away from the platform. In November 1999,
the abundance of sand dollars was again unrelated to distance from the platform.

Owerall, these results indicate that the abundance of sand dollars is patchy at Thebaud, and brittlestars are
extremely scarce, or absent. There was no relationship between the abundance of sand dollars and distance
from the platform that could be attributed to drilling activities.

3.6.2.3 North Triumph

At North Triumph, the abundance of sand dollars (Table 3.20) was also variable, ranging from 0 to 83%/m’.
Bnttlestars were more frequently present at North Triumph than at Venture and ranged in abundance from
0to 128/m?,

Regression analysis for the two baseline survey (November 1998 and June 1999) found that the abundance
of sand dollars did not change significantly with distance away from the drilling platform. The abundance
of brittlestars did not change with distance from the platform during the November 1998 survey, however,
brittlestar abundance decreased significantly with distance from the drilling platform during the June 1999
baseline survey (p = 0.008).

In November 1999 (the first drilling survey at North Triumph), the abundance of sand dollars was observed
to increase significantly (p = 0.004) with distance from the platform, whereas the abundance of brittlestars
decreased (p = 0.02) with distance from the platform.

Owerall, these results indicate that the abundance of sand dollars and brittlestars is patchy and highly variable
at Morth Triomph. There was generally no relationship between abundance and distance from the platform
that could reasonably be attributed to drilling activities.

3.6.3 Summary of Benthic Epifauna Results

The use of video and still photography to record the abundance of benthic epifauna is a practical tool for

monitoring purposes. However, the abundance of these organisms tends to be patchy and may be highly
variable both spatially and over time. Hence, although these organisms are readily identified and counted
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in photographic images, the statistical power to detect change in the environment is inherently low. Sand
dollars are common and ubiquitous on Sable Island Bank. Bnittle stars were common at North Triumph, but
not at Venture or Thebaud. Other organisms were observed too rarely to be considered useful for monitoring

purposes.

3.64 Cuitings Pile Surveys

As part of the post—storm scour survey around the drill rigs and jacket legs using a remotely—operated
vehicle (ROV), a quantitative assessment of cuttings pile was possible at Venture and Thebaud. There is
no survey data for North Triumph at this time. The position of each rig to its respective jacket/platform is
provided in E.

3.64.1 Venture

A total of four ROV survey showing the extent of the cuttings pile were provided by SOEI's Subsea
Coordinator (S. Hart, pers. comm) for the Venture field. The survey dates were September 20, October 17,
October 20 and December 6, 1999.

The highest point of the pile appears to be centred around the east drive rack on the starboard leg of the RG
I (Photos 1 to 3). This pile has formed below the drill cuttings discharge pipe. The pile comes up over the
top of the spud can at this point (Photo 2). Based upon the height of the spud can, the cuttings pile height
is estimated to be approximately three metres. From the peak of the pile, the side slopes decline down the
MNE and SE faces. The edge of the dnlling retums around the starboard leg were measured by sonar. Table
3.21 provides the dimensions of the drill waste pile over each of the four surveys.

Table 3.21 Dimensions of the Drill YWaste Pile at Venture

Sept. 20, 1999 3 22 25 70 nfa
Oct. 17, 1999 3 22 26 66 60 (NE)
Oct. 20, 1999 3 22 25 66 58 (NE)
Dec. 6, 1999 3 23 _n | 513 60

NE refers I:;.Nurﬂlﬂ.sl direction from discharge point.
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3.6.4.2 Thebaud

Two ROV post—storm scour surveys were conducted at the Thebaud field on November 5 and 25, 1999,
The entire wellhead platform for Thebaud appears to be encompassed by the cuttings from information
provided by the operator of the ROV. Atleg A2 of the wellhead platform, the cuttings pile appears to be
one metre in height. Table 3.22 provides the dimensions of the drill waste pile over the two surveys.

Table 3.22 Dimensions of the Drill Waste Pile at Thebaud

Mov. 5, 1999 | 43 29 2 22

Mov. 25, 1999 1 34 29 46 15 I

3.7 Taint and Body Burden

3.7.1 Objective and Analysis

This program component establishes levels of tissue chemical contaminants and organoleptic quality using
taint testing evaluations for mussels and scallops and determines if the sublethal effects of petroleum
hydrocarbon uptake are observed in higher trophic levels; and whether there are demonstrable effects
harmful to the marketing of fish products. Sublethal effects, such as growth reduction or impairment of
reproduction are cumrently being analysed at the Bedford Institute of Oceanography through toxicity testing
of NovaPlus™, the synthetic oil-based mud used for the EEM Program. Published information on these
studies are not available.

A null hypothesis was formulated to statistically test the effects of discharging dnll wastes into the water
column on commercially important shellfish species.

H,: The drlling operation has not significantly changed taint determination andfor petroleum
hydrocarbon in shellfish in the project area.

3.7.2 Caged Mussel Quality at Venture

The first set of moored mussels at Venture were set in August 1998 and retrieved in October 1998. Only
three of seven sets (from 500 m, 4 km and 30 km sites) were retrieved due to loss of gear from vessel and
seismic activities. The 30 km site is the reference set and is located south of Sable Island between the
Venture and Thebaud jacket locations. Figure 3.27 shows the locations of moored mussels used in taint
testing for the SOEI EEM.
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Appendix G provides the sensory evaluations and hydrocarbon analysis data for mussel tissues. The results
of sensory (taste and smell) evaluation showed a significant difference at the 5% level in the odour of
mussels located at the 4 km site (bottom set) compared to the 30 km reference bottom set. There was no
significant difference found in the odours among the other samples and no significant differences found
among the flavours of any samples compared.

The body burden analysis for hydrocarbons are presented in Table 3.23. The analysis showed that the
bottom samples from the 30 km site are similar (o the 4 km bottom samples except for a longer chain length
hydrocarbons from C,, onwards. This result indicates a different phytoplankton was available to mussels
at this site as shown in previous studies for this type of hydrocarbon (Zhou er al. 1996). At the 500 m site,
the gas-liquid chromatograms differ from the 4 km and 30 km sites in having a baseline bulge in the
oil-base mud region (C,, to Cy). The high peaks of pristane indicates that the mussels were healthy and
feeding. These chromatograms are displayed in Appendix G.

Table 3.23  Aliphatic Hydrocarbon Concentration in Blue Mussel Tissues Following Three Months
Exposure (August 1998 to October 1998)

Sample Aliphatic Hydrocarbons (ppm, wet tissue)
Total from C, to 0l Base Mud
500 m bottom net 4.1 0.3
S0 m top net 4.1 0.4
4 Jem bortom met 1.7 03
4 km top net 2.5 0.4
30 km bottom net 1.9 04
30 kem top net 23 03
Eﬂkmtnilih Hlﬂl& 1.9 0.4

The second set of moored mussels from Venture were retrieved in April 1999, six months after deployment.
Seven partial sets were retrieved from 500 m (top only), 1000 m (top only), 2000 m (top only), 4 km (iop
and bottom), 10 km (top only), 13 km (top and bottom) and 30 km reference (tops and bottoms). A sample
of the mussels from the source aquaculture farm (Indian Point Marine Farms, Mahone Bay) were also
assessed. It is believed that sediment transport removed the bottom nets; other bottom founded gear was
alzo lost at the same time.,

The results of the sensory evaluation showed no significant difference between the source mussels and
samples obtained from a Sobey's grocery store. Sensory evaluation of the mussels placed offshore showed
no significant differences among any of the sites.
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The chromatograms of the hydrocarbon analysis showed small amounts of hydrocarbons in the source,
reference and 13 km samples (Appendix G). The top samples from the 500 m site showed the highest
amount of total hydrocarbons, particularly in the base mud cil region (3.04 mg/L) (Table 3.24). The 1000
m (top), 2000 m (top) and 4 km (top and bottom) and the 10 km sites showed a moderate amount of
hydrocarbons present with a small baseline base mud oil envelope present (1.98 — 0.12 mg/L).

A third set of mooring were placed at Venture and Thebaud in April 1999, but were removed within a few
days as they were an obstacle to seismic exploration and SOEI pipeline construction activities occurming at
that time. A fourth set of moorings were se during the November 1999 survey and were retrieved in
February 2000. Appropriate analysis had not been completed on these samples in time for inclusion in this
report.

Table 3.24  Aliphatic Hydrocarbon Concentrations in Blue Mussel Tissues After Six Months
Exposure (October 1998 to April 1999)

Samples Aliphatic Hydrocarbons (ppm, wet tissue) I
Total from C;, to C il Base Mud
Indian Fi. Source Mussels 224 0.12
500 m top net 7.54 304
1000 m top net 5.25 .71
2000 m top net 549 0.62
4 km top net 547 1.98
4 km bottom net 345 0.42
9.5 km top net 548 1.34
13 km top net .22 0.34
13 km bottom net 1.71 031
30 km reference top net 1M 024
310 km reference bottom net 2.24 .52

373 Summary of Moored Mussel Effects at Venture

The highest concentration of aliphatic hydrocarbons detected in musse] tissues in the base mud oil region
was at 3.04 mg/L at the 500 m site where despite chemical presence no flavour or odours were detected
differently from the references or any other site. The high peaks of pristane are evidence of healthy feeding
mussels. Monitoring with moored mussels at Cohasset-Panuke found aliphatic hydrocarbons at 44.5 mg/L
at 500 m from the platform (Zhou er al. 1996)
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374 Scallops

In September 1999, a second round of scallop (Placopecten magellanicus) collections from natural beds was
undertaken through a charter from Scotia Trawlers Lid. of Lunenburg, N.S., from three test areas (north of
Venture, south of Thebaud and west of North Triumph) and a reference arca located between the mainland
and Sable Island (Figure 3.28). For the study, 150 scallops were obtained from each of the test sites and 200
scallops were collected from the reference site. The shellfish were kept frozen onboard the vessel and
delivered frozen to the Canadian Institute of Fisheries Technology (CIFT) in Halifax, for analysis.

Taint Testing

In the sensory evaluation, the panelisis compared scallops purchased at the Atlantic Superstore to the
reference scallops. A significant difference at the 1% level in flavour of the scallops was detected, but no
significant difference was found in odour. There was no significant difference in this comparison in the
1998 baseline evaluation.

There was no significant differences detected between reference scallops and those from the Venture or
Thebaud sites in either flavour or odour. The baseline analysis of the Thebaud sample detected a 5% level
difference in odour, but not in flavour from the reference scallops. In 1999, the scallop from North Triumph
{pre—drilling) showed a significant difference at the 5% level in flavour from the references but there was
no significant difference in odour. Table 3.25 shows the sensory evaluation data.

Table 3.25 Results From Sensory Triangle Tests in Sea Scallops

Test Sample Reference Ddour Besult Flavour Result
Sample
" Level of Correet Level of Correct
Significance Judgements Significance Judgements
==

Atlantic Reference MS B/18 1% 11718
Supersiore
Venture Beferemce MS 218 M5 e
Thebaud Reference NS 6/18 NS SIIE
Morth Triw Reference M5 918 5% IV1E

Body Burden

Table 3.26 provides the level of aliphatic hydrocarbons present in the Cy, to C,, region. Chemical analysis
for hydrocarbons in adductor and rings/roe tissues showed slight and low molecular weight hydrocarbon
contamination of the adductor muscles from Thebaud samples.
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The rings/roes of the Reference, Venture and North Triumph sites were relatively free of obvious and
unexpected hydrocarbons. Ringfroe tissues from Thebaud were heavily contaminated with numerous
volatile hydrocarbon emerging in the C; to C,, region of the gas-liquid chromatographic analysis. The
hydrocarbons are clearly of a petroleum origin. To match these hydrocarbons with other possible sources
of contamination, such as onboard the ship during collection, automotive grade diesel and gasoline fuels
were subjected to gas-liquid chromatography. There was no match with these products (Appendix G). It
is believed that the water-soluble fraction of a parent mixture of hydrocarbons that is rich in hydrocarbons
between the alkanes C; and C,, is the source. Gas condensate exhibits this characteristic suggesting that
condensate was in the water column at or near the Thebaud scallop collection site.

Table 3.26 Concentration of Aliphatic Hydrocarbons in Scallop Tissues

Aliphatic Hydrocarbons (ppm, wel tissue)

Taotal From C10 to C24
Sampling Period
Baseline Baseline

Reference adductor muscle 1.6 345 0.4 1.52
Reference rings and roes A7 3.03 0.6 0.63
Venture adductor muscle 1.5 5.06 03 3.49
Venture rings and roes 1.6 im 03 0.5
Venture rings and roes, dup. 4.46 032
Thebaud adductor muscle 2.7 4,84 03 1.83
Thebaud rings and roes 27 27.21 0.3 19.01
North Triomph adductor muscle® 1.43 0.87
Morth Tri rings and ross® 3.61 0.3

* — denotes baseline samples

To verify the condensate source, samples of the tissues and extracts were sent from DalTech to Seatech Lid.
for comparison with samples of drilling mud standards from COPAN and SOEI These samples were
analyzed for oil identification by cold solvent extraction followed by gas chromatography with flame
ionization detection (GC/FID). The chromatograms generated from this procedure were compared
(fingerprinted) with oil standards from Thebaud condensate, NovaPlus™, diesel fuel and COPAN
condensate (Figures 3.29 to 3.31). The cil components found in the scallops exist in the same boiling range
as the condensate, however, the distribution of these components is not identical and there is no match with
the other hydrocarbon sources. Metabolism of petrogenic hydrocarbons by the scallops may modify the
hydrocarbon signature. The source of hydrocarbon may be from natural seepage.
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3.8 Marine Mammals
3.8.1 Ohbjective

The purpose of this component is to evaluate if the noise levels from SOEI EEM Program activities on the
Sable Island Bank alier the behaviour of marine mammals relative to the platforms. This is assessed through
the use of trained observers on offshore platforms. This study component is not suitable for statistical
analysis however, valuable information can be obtained in the trends of manine mammals observed.

The opportunity for observation of manne mammals in the SOEI offshore gas fields is unique to the Scotian
Shelf with stable platforms, circa 3033 m above sea level. As experience is gained through the employment
of dedicated observers, as well as increasing input from the interested workforce on the platform, the
observational data can be refined. As with any survey or marine wildlife, observations can be restricted by
sea-state and visibility, less so from a fixed platform. However, since the platforms of observation are either
fixed or are holding positions for extended period (eg. Saipem 7000 heavy lift crane) the data are not directly
comparable to surveys from moving vessels and aireraft. Dive time and surface exposure factors, of specific
marine mammals, must be included in the equation, as well as their possible attraction or repulsion to the
structure or onboard activity. Table 3.27 provides a schedule of observers and observation periods for 1999
at each field.

Table 3.27 Oil and Gas Observer Program: Observer Coverage 1999

Jan.1-8; Mar.12- Apr.2

Feb.19- Mar.12; Apr.2-23; May 14- Jun.4; June 25- 30; Aug.6-27;
Sept.10-Oct.5

Jan 8-20, Dee,7-22 Down-manned rig on Dec 22
Apr3-May 14; Tun4-25; Jul. 19- Aug. 6; Aug. 27-Sept.10
Dot 12- Nov.2: Nov. 19-Dec.?

Thebaud
Mike Mattarall Jan.1-7; Jan.28-Feb.9, Feb.23-Mar 8; Mar.23-Apr.6; Apr.20-May 4;

Scot Buron Jan.6-28; Feb.9-23; Mar.8-23; Apr.6-20; Jun.1-22; Jul.13-27;
Sepl14-Oct.§;

Mike Corporon May 17-31; Jun.22-Jul. 13; Jul.27-Aug. 10; Sept.3-14 Down-manned rig on Auog. 10

William Lloyd Oct.5-19; Dec.13-27

Eric Strowbridge | Mov.29-Dec.13; Dec 27-31
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3.8.2 Observations From Venture

To year end of 1999, a total of 542 marine mammal observation surveys were performed from the deck of
the Rowan Gorlla II stationed at the Venture field. A typical marine mammal survey represents a 60 minute
period three times a day in which a trained observer surveys the marine environment surrounding the rig
generally from an elevated point such as a helideck scanning for any sign of marine mammal activity ranging
from actual mammal sighting to tell-tale signs such as “blows”™ from whales. These observations include nine
whale and two seal species. Of these 542 surveys, visibility of less than one kilometer was encountered in
19 surveys as a result of poor weather. No marine mammals were observed in 83% of these surveys. A total
of 19 baleen whales, 184 toothed whales and 154 seals were observed from June 1998 to the end of
December 1999

383 Observations From Thebaud

A total of 214 marine mammal observation surveys were performed on the deck of the Santa Fe Galaxy I
stationed at the Thebaud gas field from November 1998 to the end of December 1999. These observations
included five whale and two seal species. Of these 214 surveys, visibility of less than 1 kilometre (due to
weatherjwas encountered in 23 surveys. No marine mammals were observed in 58% of all marine mammal
surveys at this location. A total of 62 baleen whales, 304 toothed whales and 59 seals were observed over
the course of these surveys at Thebaud. Minke whales accounted for 94% of all baleen whales observed
from this location.

It is realistic to assume that any marine mammal detected visually from these fixed platforms, is also within
the acoustic envelope of most, if not all, of the sound effects spectra radiating from the site.

To date, the year—round observations of marine mammals from the fixed structures and ships represent the
maost continuous observational effort ever in this region of the Scotian Shelf. There are no comparable data
available for comparison with this time series of sightings off Sable Island, except to relate the numbers of
whales observed from platforms to data from commercial whaler log data of 1966-1972 (Sutcliffe and
Brodie 1977).

384 Whales

Both baleen whales, toothed whales and seals frequent the area, sometimes feeding and/or with young within
the immediate vicinity of the platform. Fixed structures, as well as those moored for extended periods,
typically become a focus for marine production (eg. reef effect) which further attracts marine life. What is
not known is whether the degree of marine mammal activity is more or less than that prior to petroleum-—
related industrial activity. Based on the distribution or large whales from 1966-1972, as observed by skilled
commercial whalers (Sutcliffe and Brodie 1977), the present areas of SOEI activity immediate to Sable
Island, was not sufficiently attractive, even though this area was within their vessel range and between two
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gites of hunting activity in the Gully and slopes of Western Bank, as well as other feeding grounds to the
southwest. Figure 3.32 shows the whaling effort between 1966 and 1971 (Sutcliffe and Brodie 1977).

Present densities of large whales within the site are not high, nor were they in the 19605-1970s. Had there
been reliable concentrations of large whales in these areas: fin, sei, bottlenose and sperm whale, the whalers
would have exploited them. There is another factor here: that the bottom topography and ocean dynamics
are not conducive to plankton concentration sufficient for large numbers of baleen whales (Sutcliffe and
Brodie 1977).

Observers are sighting juveniles within groups of toothed and baleen whales. Whales care for their young
for extended periods (one to three years), therefore the presence of young cetaceans within groups that
approach the site may imply some conditioning of the adults to the offshore activity. By contrast, the
presence of solitary juvenile seals may simply reflect their curiosity (or naivety). Parental investment by
seals ranges several days to several weeks.

3B.5 BSeals

The population of grey seals on Sable Island continues to expand, having increased more than 100-fold since
the early 1960s and placing increasing feeding requirements on the prey resources immediate (o the island.
The latest estimates of grey seal pup production for Sable Island exceed 30,000 and may be as high as 35,000
(D. Bowen, pers. comm.). Estimating a ratio of 5:1 (1 year+:pups) the seasonal pl:lp'l:l]ﬂ.tlﬂl‘l attributed to
Sable Island ranges 150,000 — 175,000.

The grey seal, because of its larger numbers is observed most frequently within the immediate vicinity of
the platform structure, sometimes between the support legs, feeding on fish. The grey seal is one of the more
wary seals, compared to the harbour seal, for example. The observations of feeding scals imply some
behavioural conditioning to the presence of the structure. The continued expansion of this grey seal
population suggests that the present level of industrial activity is not inhibiting access to feeding areas.

It is important to note here that there are now several generations of grey seals assuming 4-5 years to sexual
maturity in females) that have been bom on Sable Island, in the presence of off—island structures and related
industrial activity. This behaviour is in marked contrast to the recent shifts of breeding colonics along the
Nova Scotia coast, apparently in response to past bounty hunting and culling programs (pers. obs. P. Brodie).

The relative isolation of Sable Island may be its greatest attraction to grey seals, rather than the availability
of food. Adults haul out on the beaches after they have exploited resources, stored as fat reserves, from
other areas of the NW Atlantic.

The greatest demographic change in this area over the past 35 years has been the continued expansion of the
grey seal, in terms of numbers, biomass and more importantly, aggregate surface arca, Aggregate surface
area of a warm bodied marine mammal is a useful relative index of energy requirement: in terms of thermal
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maintenance and propulsive costs (Brodie and Pasche 1983, Brodie 1984). This index has implications on
the food reserves required to support this population expansion.

The grey seal has continued to expand to unprecedented numbers during the exploration and production
activities of Sable Island. If prey abundance or distribution of feeding effort were negatively affected by
these activities, it should be manifested in the present status of this species.

Girey seal increase have been attributed to an overall decline in large predatory sharks, a consequence of the
change in technology and incidental catch of sharks by the swordfishing industry (Brodie and Beck 1983).

The dramatic increase in grey seals and their expanding use of the Sable Island beaches in tum, has placed
increasing pressure on the harbour seal colony on Sable Island. The harbour seals, as well, were considered
to be the more vulnerable to shark predation in the immediate vicinity of Sable Island due to their smaller
body size and their May-June pupping season, which may be coincident with increasing numbers of
predatory sharks as the ocean temperature rises in summer (Brodie and Beck 1983). In addition to possible
social pressure on Sable Island harbour seals, the expansion of grey seals could be at the expense of other
marine mammals, however, this is difficult wo quantify.

3.9 Marine Birds

3.9.1 Offshore Seabird Monitoring

Observers were trained to observe birds both from the offshore platforms and ships associated with the Sable
Offshore Energy EEM Program. However, since there are consistent data for Venture and Thebaud, and
suitable controls are unavailable, statistical analysis of the data will be limited. There were no observations
made from North Triumph. Seabird abundance and activity is related to the drilling platforms by
considering trends. The presence of trained observers permits the year-round study of seabird activity near
the platforms and in the waters surrounding the platforms, a unique opportunity.

Observers atiended a three day training session in 1998 and a refresher course in 1999, both conducted by
TWEL, which instructed them how to identify scabirds and conduct seabird surveys. Two new observers
were trained in 1999. The training session and refresher course involved two days of classroom instruction
and one day in the field.

Three types of surveys that observers are conducting while in the vicinity of the platforms include:
+ Ten Minute Platform-based Surveys;
+ Platform Dead/Exhausted Bird Surveys; and
+ Ten Minute Ship-based Surveys.

Details on the survey methodologies are provided in the baseline and drilling design repont (TWEL 1998).
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Venture
Platform-based Surveys

Platform-based surveys have been conducted on the Rowan Gorilla II (Venture) since June 13, 1998,
Results of 1998 surveys are discussed in the 1998 annual report (JWEL 1999). Three observers conducted
surveys (in rotation) on the platform in 1998 and two additional observers were added to the rotation in
1999, Several gaps exist in the data when observers were not on board the platform. A total of 605 surveys
were conducted over 237 days between January | and December 23, 1999, There is no record of any surveys
conducted after dark (i.e., under the platform lights) in 1999. An average of 2.6 surveys were conducted per
day in both 1998 and 1999,

In 1999, 12,500 birds were recorded over the year. The five most numerous species encountered were
Herring Gull, Great Black-backed Gull, undetermined shearwater species, Greater Shearwater and Northern
Gannet (Figure 3.33). If it is assumed that the undetermined shearwater species was the more common
Greater Shearwater, this species would be the second most numerous species recorded. Mo birds were
sighted in 19% of the surveys. Figure 3.34 shows the number of seabirds per survey at cach platform. A
total of 18 marine bird species were identified, and 8 land bird or inland waterfow] species were identified.
The 8 land birds species included various sparrows, hawks and warblers. Relatively few (22 in total)
land-based birds were recorded on the Rowan Gorilla I in 1999, suggesting that the platform lights did not
attract large numbers of land-based birds.

All of the common species were observed both far from and in close proximity to the platform, and did not
generally appear to be avoiding the platform area. More gulls were counted within 300 m of the platform
than beyond 300 m. However, shearwater numbers were generally greater beyond 300 m, mostly due to
large flocks observed at a distance in June and July. This is not likely evidence of avoidance of the platform,
as most shearwaters were observed within 300 m of the platform in November, 1999, Twice as many
gannets were counted beyond 300 m of the platform as within 300 m, however due to the difference in arcas
within each zone, this cannot be considered as evidence of avoidance of the platform.

Flaring activity was recorded during 11 surveys conducted over five days between October 19 and
November 11, 1999, The only reaction recorded was that birds (mostly gulls) moved away from the flare
boom, however, they remained in the vicinity of the platform. No fatalities were observed to occur as a
direct result of flaring. As flaring was recorded in less than 2% of the surveys, flaring was likely a rare event
in 1999,

Platform Dead/Exhausted Rird Surveys

In 1999, 301 walkabouts were conducted over 229 days; a total of 13 birds in 10 surveys were recorded.
Maost of these were land-based birds, and most were found dead or died shortly after being discovered. An
immature Herring Gull was the only dead marine bird recorded. Most of the birds were small, warbler- or
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Figura 3.33 Seabird Species Composition by Fleld (1999)
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Figura 3.34 Number of Beabinds par Survey by Fiald
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sparrow-sized birds, however, the wing of an American Kestrel was discovered during one of the
walkabouts, and a Peregrine Falcon, which was unable to fly, was air-lifted to the mainland for treatment.
This falcon was later returned to the environment to continue its migration south after a short stay at the
Atlantic Raptor Rehabilitation Centre in St. Margaret's Bay, N.S. (Appendix H). The low incidence of dead
birds and the high frequency of the surveys suggest there was likely no large scale fatalities in the vicinity
of the Venture platform.

392 Thebaud
Platform-based Surveys - Santa Fe (alaxy Il and Thebaud Production Platform

In 1998, one of two observers conducted platform-based surveys on the Santa Fe Galaxy II starting on
November 20. The surveys conducted from the Santa Fe Galaxy II were the first for both observers. One
more observer joined the rotation in 1999, and another only conducted surveys in January, Surveys
continued in 1999 on the Santa Fe Galaxy II until September 13, and surveys resumed at the Thebaud site
on a production platform October 6. Only one survey was conducted in November 1999,

In 1999, 644 surveys were conducted over 257 days at the Thebaud well, an average of 2.5 per day. The
numbers of surveys conducted each day dropped to only one or two on the production platform, from an
average of three per day on the Santa Fe Galaxy II. When the observers were on the platform, they tended
to complete surveys nearly every day, weather permitting.

More than 9,000 birds were recorded at the Thebaud well in 1999. The five most numerous species
encountered Greater Shearwater, Herming Gull, Northem Gannet, Great Black-backed Gull and Black-legged
Kittiwake (Figure 3.33). No birds were recorded in nearly 22% of the surveys. Figure 3.34 shows the
number of seabirds per survey at each platform. The number of birds per unit effort in 1999 was comparable
at Thebaud to that from the Rowan Gorilla IT at Venture for the same period, as was the distribution of
species. A total of 17 marine bird species were identified, and 10 land bird or inland waterfow] species were
identified. Relatively few (43 in total) land-based birds were recorded at Thebaud in 1999, suggesting that
the platform lights did not attract large numbers of land-based birds.

All of the common species were observed both far from and in close proximity to the platform, and did not
generally appear to be avoiding the platform area. More gulls were counted within 300 m of the platform
than beyond 300 m, and there was little difference in shearwater numbers within and beyond 300 m.
Gannets were just as likely to be flying within 3() m of the platform as beyond 300 m, however they were
more likely to rest on the water at a distance from the platforms.
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There was no record of any night-time surveys conducted on board the Santa Fe Galaxy Il in 1998, however,
of 14 surveys conducted under the platform lights between January 12 and April 16, 1999, birds were seen
on only one occasion (30 Great Black-backed Gulls resting within 7 m of the platform). It is not known,
however, whether or not this is a seasonal trend, as night time surveys were not recorded for the rest of the

year.
Platform Dead/Exhausted Bird Surveys

In 1999, 218 walkabouts were performed over 200 days, which is 84% of the days between the first and last
survey conducted in 1999, Five birds in five different surveys were found dead, including three land-based
birds (Northem Junco, a juvenile Gray Jay, and a Northern Parula Warbler), a shore bird (Black-bellied
Plover) and a marine bird (Thick-billed Murre). The low incidence of dead birds and the high frequency of
the surveys suggest there was likely no large scale fatalities in the vicinity of the Thebaud well.

393 Population Trends
Procellariidae

In decreasing abundance, Greater Shearwater, Northern Fulmar and Sooty Shearwater occur regularly in the
vicinity of Sable Island (Brown, 1986). Shearwater abundance is lowest during the winter months after they
have migrated to the southern hemisphere. Greater Shearwaters are most abundant during the period from
July to September while Sooty Shearwaters are most abundant between April and June (Brown, 1986).
MNorthern Fulmars are present in the vicinity of Sable Island throughout the year, but are most abundant
between October and December, and are least abundant between January and Apnl.

At Venture, Greater Shearwaters were most common in September and October in 1998, presumably en
route to the southern hemisphere (Figure 3.35), which mirrors the trend for the Sable Island area (Brown
1986)was similar in 1999, however, the peak shifted to June. As expected, Sooly Shearwater observations
were few in 1999, Of note is that no Northern Fulmars were observed in any of the 1998 surveys, however,
up to five Northern Fulmars at a time were recorded over 18 surveys in October, 1999,

Al Thebaud, shearwaters were also most common in June in 1999, presumably returning from breeding in
the southern hemisphere (Figure 3.35). Their distribution loosely mirrors the trend for the Sable Island area
(Brown, 1986). In 1999, 71 Sooty Shearwaters were recorded over the spring/summer. Northern Fulmars
encounters were infrequent; four were recorded in January 1999, and up to seven birds were recorded over
12 surveys in seven days in October, 1999,

The area around Sable Island supports high densities of Greater Shearwaters in companison to other areas
in Atlantic Canadian waters. Densities of Sooty Shearwater and Northern Fulmar in the Sable Island area
are moderate in comparison to densities in other areas of Atlantic Canada.
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Figura 3.35 Shearwater Spp. Occurrence by Fiald
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Greater Shearwaters have generally been one of the most abundant and frequent species recorded during the
platform-based surveys. Other shearwaters have been relatively rare, as have Northern Fulmars, Therefore,
there is no obvious change in the distribution of procellarids in the vicinity of Sable Island.

Storm-petrels

Two species of Storm-petrel, Leach’s Storm-petrel and Wilson's Storm-petrel are regularly reported in
Atlantic Canadian waters (Brown, 1986). Relatively high numbers of Leach's and Wilson's Storm-petrels
are found the waters around Sable Island as compared to other areas of Atlantic Canada. Large numbers of
Leach's Storm-petrels arrive in Canadian waters in May. They remain plentiful off Sable Island until early
autumn when they migrate south following the end of the breeding season. Wilson's Storm-petrels spend
the austral winter in the northern hemisphere. Migrating birds begin to appear in large numbers in the
vicinity of Sable Island in May and remain abundant until August when they begin to migrate south.
Wilson's Storm-petrel is the most abundant of the two species.

Both species have been recorded near the platforms in spring and summer, and have been found resting or
dead on the platforms during the daily walkabouts, in all seasons, however, their numbers have been small.
Due to their small size, they are likely being missed during platform-based surveys.

Northern Gannets

Northern Gannets are most abundant in the vicinity of Sable Island during the months of June and July. The
birds present in the vicinity of Sable Island at this time may be subadults or failed breeders. Northem
Gannet numbers are typically very low during the fall and winter months when they migrate to the
southeastern coast of the United States and the Gulf of Mexico. The concentrations of Northern Gannets
found around Sable Island are similar to those found in most areas of Atlantic Canada except for the vicinity
of breeding colonies where concentrations are very high.

At Venture, Northern Gannets had very low numbers in 1998 until October to December, when flocks were
on their south bound migration (Figure 3.36). In 1999, Northern Gannets only peaked in November. This
differed from the Thebaud well, whene Northern Gannet numbers peaked in March, 1999, likely migrating
to breeding colonies in the Gulf of St. Lawrence (Figure 3.36). Most Northern Gannets recorded from the
platforms were migrating through the area, however there was no evidence of avoidance of the platforms.

Larids

At least 13 species of laridae (gulls, temns, jaegers and skuas) have been recorded in the PIROP data for the
region (Brown, 1986). Hemming Gull, Great Black-backed Gull and Black-legged Kittiwake account for most
of the larid species observed within the region, and this same trend was found at the Venture and Thebaud
wells in both 1998 and 1999 (Figures 3.37 to 3.39). All of these species display the same seasonal
abundance patterns. The lowest numbers of larids are present during the period from April to June. At this
time gulls and kittiwakes are gathered at their coastal breeding colonies and tend to forage in close proximity
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Figura 3.36 Northern Gannet Doourrence by Field
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Figura 3.37 Herring Gull Occurrence by Fleld
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Figure 3.38 Great Black-backed Gull Dccurrence by Field
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Figure 3.39 Black-legged Kittiwake Occurrence by Field
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to the colonies. Both Hermring Gull and Great Black-backed Gull breed on Sable Island. Larid numbers
increase through the summer and peak during the period between October and December. Al this time adult
and juvenile larids have dispersed from their breeding colonies and are foraging at sea. Land numbers
decrease between January and March, probably as a result of a combination of mortality and movement of
birds to their colony sites.

The waters around Sable Island support relatively high concentrations of Heming Gulls and Great
Black-backed Gulls in comparison to other areas of Atlantic Canada. This may reflect the presence of large
colonies of both species on Sable Island. Herring and Black-backed Gulls have generally been two of the
most abundant and frequent species recorded during the platform-based surveys, and of the other larids,
Black-legged Kittiwake were the most abundant. Population densities of Black-legged Kittiwakes are
generally lower in the waters around Sable Island than in other areas of Atlantic Canada. The data at both
Venture and Thebaud supports the trend of peak abundance of all three species in the fall (Figure 3.37-3.39).

A single Long-tailed Jaegar was recorded at Venture in February, 1999, and Great Skuas were recorded at
Venture in October/November over 4 surveys. At Thebaud, up to three Great Skuas were recorded over five
days in July, August and September, and an estimated 350 were recorded resting within 300 metres of the
Thebaud production platform in December, however the latter observation is suspect and has not been
confirmed. The rarity of these species is not unexpected, so cannot be attributed to the platforms.

Terns were generally observed at a distance from the platform at Venture, and likely are associated with
Sable Island (the Venture well is approximately 14 km from Sable Island (Figure 3.40). About 20 times the
number of tems were recorded in 1999 than were recorded in 1998, and they were recorded almost three
times more often. At Thebaud, Common Temns were only recorded in January by the observer that
conducted surveys in January and at no other time at the Thebaud well (Figure 3.40). This suggests that
there was likely observer bias introduced in the results.

Alcids

Five alcid species can be expected to occur in the region including Dovekie, Common Murre, Thick-billed
Murmre, Razorbill, and Atlantic Puffin. All of these species are pelagic species that typically stay away from
land except for their breeding colonies. In general, these species are most abundant in the waters around
Sable Island during the winter months, particularly during the months of January and February (Brown,
1986). Numbers decline during the spring as these birds congregate at their breeding colonies . Alcids
disperse from these colony sites in the autumn and reach the Sable Island area in early winter. This pattern
is similar for all of these species although there are some differences in the time they are present in the Sable
Island area (Brown, 1986). The area around Sable Island generally supponts a relatively low population
density of all of the alcid species in companson to other areas of Atlantic Canada. The highest densities are
typically found in the waters around Newfoundland
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Figure 3.40 Common Tern Occurrence by Field
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Alcid sightings by observers have been quite rare, however, this is not surprising given their coloration and
size. Dovekies have only been seen within 300 m of the platforms (likely due to their small size). Murres
have been recorded on 25 occasions at Thebaud but only once at Venture. The only dead alcids recorded
during walkabouts was a Razorbill in December, 1998, discovered following a major storm, and a
Thick-billed Murre discovered in March, 1999, all on the Santa Fe Galaxy I,

3.94 Summary of Seabird Observations

Bird migration trends by the platforms mirror Sable Island area patterns. All common species were observed
both far and in close proximity to the platform and did not generally appear to avoid the platform area. Low
incidence of dead birds and the high frequency of the surveys suggest there was likely no large scale
fatalities in the vicinity of the platforms. No fatalities were observed to occur as a direct result of flaring.
As flaring was recorded in less than 2% of the surveys at Venture, flaring is likely a rare event during drilling
of the wells.

3.10 Sable Island EEM Studies

This section provides summaries of the oiled seabird beach surveys and the air quality monitoring for
detection of flare emissions from Venture. Both surveys monitor for effects originating from the offshore
platforms that may affect Sable Island or can be monitored from the island. Sable Island provides a unique
platform upon which to augment the offshore EEM program.

3.10.1 Oiled-Seabird Beach Surveys

Through the use of beach surveys, possible interactions between the seabird population and hydrocarbons
produced by gas production activities offshore were examined. With the exception of the sandy plain area
(on south side of island), the beach was examined from tideline to the base of the vegetated dunes. Along
the sandy plain the area of beach surveyed extends from tideline to roughly 50 metres inland. Seabird
carcasses were collected; examined for oiling, entanglement and experimental markings such as legbands;
and were removed from the beach. Protocol provided by John Chardine of the Canadian Wildlife Service,
was used for recording numbers and rates of oiling. Selected oiled specimens were sent to Seatech Lid.,
Halifax, for oil identification.

A total of 11 beached seabird surveys of the north and south sides of Sable Island were carried out by Zoe
Lucas in 1999. One survey was performed each month with the exception of August. Table 3.28 shows
number of seabirds and the respective percent oiled for the main groups of seabirds found as carcasses. For
1999, the numbers of ciled seabirds found and species composition were consistent with patterns observed
on Sable Island in previous years by this same observer,

il samples from selected oiled seabirds were sent Seatech Ltd, Halifax for oil identification. Table 3.29
shows results from the analysis of samples from January and February 1999. 0il specimens collected during
the latter part of 1999 have not yet been analyzed.
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Table 3.28 Results of Beached Seabird Surveys For 1999

E__ January | Febroary | March | April | May | June | July | September | Otober | Movember | December | Total
Tubenose Spp. | # found 0 2 11 5 3 108 § 13 2 g 7 150
% otled 0 i} 0 20.0 0 27 | 143 0 55 0 336 446
Northemn # found i 1 0 1 1 0 0 2 7 21 g 42
Gannet
% oiled o L] o o 0 0 1] S0 L] L] 0 2.6
Gull Spp. # foand ) 7 B 4 7 & 7 I i 19 i BS
% piled 0 143 o 0 5000 0 i] a 0 0 0 29
Murre Spp. # found & 189 79 42 B 2 a I i 0 14 £
% oiled 0.0 40.0 750 519 0 0 0 0 0 0 100.0 525
Davekie Wl found 5 1060 i i2 2 il i} i 0 10 45 200
% oaled 250 0.4 B1.S 100.0 0.0 0 Q i L1} a T2 TG it
Atlantic Puffin # foaand ] a3 T 1 o 0 ] 0 L] 1 10 5=
o naled 25.0 36 0 | 1] 0 _E_ 1] 1] L] L] SO0 2h.6
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Table3.29  Hydrocarbons Analysis from Oiled Seabird Carcasses Collected During January and
February 1999

weathered bunker

lube oil, burker
weathered bunkes
e @il
weathered bunkes
unknown mid-range ol
weathered distillate

All oiled carcasses were contaminated with very dark, thick oil; the oil usually having a crusty, hardened
outer layer. Of the eight oiled specimens analyzed, one was found to be partially contaminated with
weathered Cohasset condensate. It would appear that this bird encountered lube/bunker in more massive
guantities and then may have encountered a slick of Cohasset condensate before arriving on Sable Island.
No other analyzed samples displayed contamination from oil traceable to the drilling activity offshore of
Sable Island. '

3.10.2 Flare Emissions

Sable Offshore Energy Incorporated contracted Seatech Lid to conduct a study of flare emissions from
offshore operations at the Venture field and other fields during facility start up. During start up, well
contents, primarily gas, but also some condensate, water and drilling fluids are managed by flaring at the test
well. Due to this uncontrolled mixture, soot, Volatile Organic Compounds (VOCs), and nitrogen dioxide
{NO, among other NO,) could be released.

Passive monitoring systems (MO, passive samplers, VOC dosimeters, and particle deposition collectors)
were installed on October 28, 1999. Figure 3.41 displays the location of samplers. The samplers were
retrieved on November 28 and 29, 1999, and new dosimeters/filters installed.

3.10.3 Passive Collectors

The results for nitrogen dioxide dosimeters, VOCU dosimeter and particulate deposition collectors are
reported in Table 3.30.

The Sable Island stations had very low levels of NO, and VOCs. The Halifax reference station also displayed
low levels of these contaminants.
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Table 3.31 Airborne Particulate Deposition Trap Data

Summary

Mass Retained By Trap Deposition (g/m*day) | Number of Days Sampled
0.0050 0,002 32
(L2558 0011 32
0.0440 0.019 32
Deg n'a 32

For the one month survey, the levels of NO, and VOCs both on Sable Island and in Halifax were typical of
levels found for these contaminants in other similar urban and isolated areas (Seatech Ltd. 2000). The
particle deposition collectors showed no evidence of soot to justify further analyses (i.e. for PAHS).
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The mass of particles retained by the particle deposition collectors ranged from 5.0 mg at station #1 to 44.0
mg at station #3 (Table 3.30). The Halifax reference sample was partially destroyed and unable to be
analysed for particulate mass. Microscopic examination of the Sable Island filters revealed the particulate
to consist primarily of a fine grained brown sand. The Halifax reference station also displayed some fine
grained sand, and some loose organic material. No further analyses (i.e. PAHs) were performed as no
evidence of soot was found on any of the four filters. Deposition rates for the four stations are calculated in
Table 3.31.

Table 3.30 NO,, VOC and Deposition Trap Data

IF
NO, VOC (ug/m”) Mass
Retained
Station ID | (up' By Micro Exam
m') | benzene | toluene elhylbenzene | xyvlenss | n-hexane | Collector

#1 (Sahle) | 1.4 ND ND ND ND ND 5.0 Fine brown particalate;
quanz grains; fine sand
and loose organic

Ik

#2 (Sable) | 1.1 ND ND ND ND ND 258 Fine brown particalate
and very fine graimed
sand.

#3 (Sable) | 16 ND NI ND ND MD 44,0 Dark brown fine
particolaie; organic
material and mostly fine
grained sand.

4 (Halifax | 12.8 0.6 1.1 ND 0.5 ND partially | Very dirty; large pieces

Reference) destroyed | of organic material and
fine prained sand.

* All results corrected for badge andlor solvent blanks,

Motes:
- Area of particle deposition collector = 0007 m?

- Traps, VOC and NO, badges were deployed for 32 days: Oct 28 - Nov 29, 1999,
-ND_, =<0.2 ug/m*
- NDiyyopy = 0.2 ug/m®*
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4.0 DISCUSSION

This section provides a comparison of data results from the various EEM study components obtained from
monitoring surveys conducted at the Venture, Thebaud and North Triumph gas fields with the EIS model
predictions (MacLaren Plansearch 1997 a,b). The objective of the EEM program is to test whether the
effects of discharging drill wastes into the marine environment occur within the zones of influence predicted
by the EIS.

4.1 Model Predictions

One of the main data inputs into the models are the volumes of drill muds and cuttings predicted to be
discharged for each well based on depth of well drilled. Table 4.1 shows the comparison between the
predicted volumes of dnll cuttings discharged with the measured volumes as of December 31, 1999. The
actual volumes of discharged cuttings i a minimum of half the predicted values, except for Theband where
the velumes of predicted and measured volumes of SBM cuttings are accurate.

The long-term and shori-term fate of drill cuttings and mud in the benthic boundary layer and on the
seafloor were predicted using existing knowledge and modeling techniques at that time (MacLaren
Plansearch 1997). Four models were used to predict the dispersion and transport of drill waste discharges
including:

. a near-field (short— term) plume dispersion and particle settling model (Koh—Chang type model};

. a model for predicting the drill cuttings and mud solids deposition based on grain size distribution
and settling velocity (Stokes Law)

. the FATE model on long-term fate of the drill cuttings, through sediment transport processes under
normal and storm conditions

. the BBLT (benthic boundary layer transport) model which predicts the transport of suspended
flocculated material and fine particles

Model simulations were run considering the discharge of drill waste from a single well and total wells drilled
at each field for the Tier I phase.

4.1.1 Plume Dispersion

From the discharge of drill fluids, oceanographic modelling predicted that a visible plume may exist for
several kilometres from the discharge point (MacLaren Plansearch 1997b). The plume was predicted to
narrow and cover less than 2% of the surface area and last only a few hours. At Venture and Thebaud,
settling of synthetic-based mud and cuttings was predicted to occur rapidly and within 800 m of the
platform.
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Table 4.1 Comparison of Predicted and Measured Drill Cutting Volumes (m3) From Each Platform
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4.1.2 Drill Waste Deposition

Modelled distribution of drill muds and cuttings on the seafloor were presented as areal spread and thickness
of deposit based on drilling waste quantities (MacLaren Plansearch 1997b). Table 4.2 shows the predicted
radii of hydrocarbon concentrations from the discharge of drill wastes at Venture, Thebaud and North
Triumph.

Table 4.2 Predicted Concentrations, Layer Thickness and Riological Effects From Drill Wastes
at Venture, Thebaud and North Trinumph

Biological Effect

smotherng with
pronounced toxicity
and tainting

50¢% reduction in
sbundance and
diversity

diversity and
abundance at

background, only
sengitive species lost

no noticeable effect

Through modelling, the cutting mounds were predicted to be a maximum height of 3.5 m at Venture, with
an initial spread to 1 mm thickness out to 400-500 m radius. At Thebaud, the estimated maximum mound
height is 1.0 m with an initial spread to 1 mm thickness out to 500-600 m. Because of the dynamic nature
of the ocean in these shallow sites, it was predicted that 80-90% of the deposited cuttings will be dispersed
to below detectable levels within one year. Sediment transport modelling predicted that the spread of fine
grained materials will be to the east, north, and west-southwest directions from North Triumph, and to the
north and east from Venture and Thebaud (MacLaren Plansearch 1997h)

4.1.3 Benthic Boundary Layer Transport

Benthic boundary layer transport (bblt) modelling was applied at the three gas ficlds, as well as at
Cohasset-Panuke for comparison and model verification with an active drilling site. An OBM concentration
of 83 ppm was found at 250 m following completion of drilling at COPAN.
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For the SOEI EEM Program, the bbli model predicted that drilling mud fines under the conditions of a
continuous daily release model scenario with a release rate of 3,000 kg/day for 30-40 days would generate,
an OBM concentration of 0.1 mg/L within 5 to 15 km from the discharge (MacLaren Plansearch 1997h).
The seasonal dispersion pattern of OBM in the BBL was modelled to occur in a north and east direction from
Venture; in a northwest and southeast direction from Thebaud; and southwest and southeast directions from
North Triumph.

4.14 Taint

The zone of influence upon scallops is the distance, as predicted by modelling (MacLaren Plansearch
1997a,b), to be the extent of drill mud transport. From the results of lab experiments conducted at the
Bedford Institute of Oceanography, an OBM concentration of 1-2 mg/L in the BBL is considered toxic to
scallops (Cranford in press, MacLaren Plansearch 1997a,b). This concentration is predicted to extend 10-15
km from Venture and 10-12 km from Thebaud,

A dissolved hydrocarbon concentration of | mg/L is considered the level required to induce taint over a
limited duration of exposure (MacLaren Plansearch 1997b). A distance of 15 km is the predicted outer range
where scallops may accumulate some body burden of hydrocarbons. Fish exposed to drilling muds do not
readily accumulate hydrocarbons and only fish feeding in the zone of severe benthic community effects
(where the hydrocarbon concentrations are >1,000 ppm) may develop taint (MacLaren Plansearch 1997b).
Distances of 300400 m and 400-600 m from Venture and Thebaud, respectively, includes these predicted
zones of influences.

4.2 Drill Waste Effects at Venture

Three ROV surveys surmounding the Venture jacket and the RGII rig provide information on the dimensions
of the cuitings pile boundary. The boundary of the cuttings pile visible to the ROV operator was assumed
to represent a 1.0 cm cuttings depth as heights less than 1 cm may not be accurately discernable through the
use of an ROV. This boundary was compared to the predicted 1.0 cm cuttings pile contour in Figure 4.1.
These model predictions were based on an assumed volume of 5,612 m® of cuttings being discharged at the
Venture field whereas only 2,622 m” of cuttings were actually discharged. At 150-300 m from the cuttings
discharge point, this drill waste layer thickness was predicted to:

. contain hydrocarbon concentration at the 10,000 ppm range,
. smother all benthos, and
. have pronounced toxicity and tainting cffects.

The ROV survey shows that the maximum observable radius of the cuttings pile for any of the three ROV
surveys was approximately 66 m in the October 17, 1999 survey. The October 20, 1999 survey showed a
maximum radius of the cuttings pile of 63 m and 60 m in the December 6, 1999 survey. These values
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suggest that the cuttings pile may have reduced from the October 20 survey to the December 6 survey, The
benthos is smothered under the thick dnll waste layer to the edge of the pile. The pile edge is abrupt
(measured by ROV at 20-30 cm high) as shown in Photo 4 with little evidence of smothering beyond.

Elevated levels of total petroleum hydrocarbons in sediments were detected in the second drilling survey
(June 1999), at the 250 m distance along the northeast and southwest directions (axes 3, 5 and 7) at
concentrations between 20-30 ppm, well below the 10, 000 ppm predicted. Hydrocarbon concentrations
at 500 m and beyond were within background levels and below the predicted 10 ppm where biological
effects are expected.

Sediment metal concentrations were not modelled in the Environmental Impact Assessment Report (SOEI
1996, MacLaren Plansearch 1997). However, barium has proven o be a reasonable indicator of drill wastes
(Hartley 1996, Kennicutt er al. 1996). There were no significant increases in barium in the Venture field
samples; however barium concentration at the 250 m station on axis 5 in the November 1999 survey shows
a slight increase indicating a potential for an effect in this area. TPH at this station is not particulary
elevated, but this is an area to observe for potential change.

No toxic effects upon amphipod survival were found at any of the Venture or Gully stations during any of
the surveys. Echinoid fertilizations showed random toxic effects throughout the field in baseline and drilling
surveys, and were not correlated to TPH concentration. No toxic effect in the Microtox™ tests resulted at
any station in any survey. Pronounced toxic effects were predicted to result where hydrocarbon
concentrations were in the 10,000 ppm range such high levels have not been detected to date as discussed
above,

Sensory evaluations and body burden testing for hydrocarbons at Venture have shown low levels of
hydrocarbon in the il base mud region in blue mussels and scallops tissues. A significant odour difference
in bottom moored mussels 4 km away was the result of a phytoplankion species in the first moored set; no
taint in flavours were detected. Subsequently, tainting has not been detected in the scallop or mussels tested
over the past 18 months of offshore drilling at any of the moored stations. Analysis of suspended particulate
matter for flocculated drill wastes has shown no evidence of drill waste in the benthic boundary layer.

4.3 Drill Wastes Effects at Thebaud

Two ROV surveys undertaken at the Thebaud jackets and Santa Fe Galaxy rig provide information on
dimensions of the cuttings pile boundary. The model predictions were based on an assumed volume of
3,785 m® of cuttings being discharged at the Thebaud field whereas 2,705 m® of cuttings were actually
discharged from the Santa Fe Galaxy II at Thebaud. For Thebaud, at 100 m from the cuttings discharge
point, this drill waste layer thickness was predicted to:
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be 1.0 cm thick;

. contain hydrocarbon concentration at the 10,000 ppm range;

smother all benthos, and
. have pronounced toxicity and tainting effects.

The ROV survey showed that the maximum radius of the cuttings pile was observed to occur at
approximately 43 m in the November 5, 1999 survey and 47 m in the November 25, 1999 survey. This
indicates that modeling overestimated the areal extent of the cuttings pile boundary. Smothering of benthic
fauna would result within the 47 m radius which is half the distance predicted (Figure 4.2).

The closest sampling distance is 250 m from the platform. Between 400600 m, the drill waste layer
thickness was predicted to :

. be 1.0 mm thick;
. contain hydrocarbon concentrations of 1,000 ppm; and
. cause a 50% reduction in abundance and diversity.

The 1.0 mm thickness in drill waste layer is virually impossible to measure as this would represent a dusting
over the surface of the sandy seafloor of the thickness equivalent to the grain size of sand.

Elevated petroleum hydrocarbons were detected at 250 and 500 m sampling radii in the first drilling survey
(June 1999). Axes 3 and 7, located along the direction of predicted prevailing current exhibited the highest
concentrations. The highest TPH level was at the 250 m station (1550 ppm), which falls within the
prediction concentration for the 400-600 m range. The other stations at 250 and 500 m had levels <590
ppm, which is approximately half of the predicted concentration for that distance range. At distances >800
m, there was a slight elevation along axis 3 at 1000 m (35.5 ppm) which is within the order of predicted
order of magnitude. Attenuvation of drill waste from source appears to occur along axis 3 in an easterly
direction as predicted. The high concentrations at the 250 and 500 m distance are not evident in the
following November 1999 survey indicating that sediment transport is burying surficial sediments or
biodegradation of these synthetic-based muds is occurring. In aerobic conditions, NovaPlus™ drill mud is
biodegraded by 72% in 28 days where it is biodegraded by 38+% in 128 days in anaerobic conditions (Darryl
Cullum, pers. comm.).

Elevated barium concentration in sediments comelates exactly with elevated TPH values at the 250 m
stations on axes 3 and 7, and with the 500 m station on axis 7 in the June 99 survey. Barium levels at all
stations are similar to background for all other remaining surveys.
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No reduction to the magnitude of 50% in abundance or diversity was evident in the dominant epifauna
species. The diversity of epibenthic species is naturally very low,

Amphipod mortalities occurred in the June 99 drilling survey at the two 250 m stations where high levels
of hydrocarbon (1550 and 586 ppm) were detected. Low levels of toxicity were present during that survey
at two other stations, however, TPH was <10 ppm. These mortalities were not evident in the following
November 1999 survey, as well the TPH levels had decreased significantly (<25 ppm). The echinoid
fertilization test showed random toxic effects at 4-5 stations for every survey including the two baseline
surveys. No correlation with TPH exists. The two 250 m stations with the elevated TPH noted above, had
percent fertilizations >79%. No toxic effect in the Microtox™ tests resulted at any station in any survey.

Sensory evaluations of mussels for Thebaud are currently undergoing analysis and the results are not
available for this report. No obvious taint was detected in wild scallops collected downstream from the field
area. Adductor muscle in some Thebaud scallop were lightly contaminated with volatile hydrocarbons.
Fingerprinting of these scallop tissues with known sources from SOEI COPAN and diese] fuel did not find
a match. Analysis for barium and bentonite sized particles in SPM for flocculated drill waste in the BBL
showed that drill wastes were not detected during the surveys.

4.4 Drill Waste Effects at North Triumph

No ROV survey data are available for the North Triumph cuttings pile to allow comparison between the
actual data and modeling predictions.

Assuming that the 1 em boundary limit is suitable to delineate the drill waste pile for reasons previously
discussed above, the modelling predicted an areal extent of 40-80 m. The closest sampling distance is 250
m from the platform. Between 100-200 m, the drill waste layer thickness was predicted to :

. be 1.0 mm thick;
. contain hydrocarbon concentrations of 1,000 ppm; and
. cause a S50% reduction in abundance and diversity.

During the first drilling survey for this field in the November 1999, three of the four 250 m stations (on axes
1,5 and 7) had elevated TPH between 53.4 and 2440 ppm. Axis 7 had the highest level and is the axis of
predicted prevailing current. TPH attenuates to 500 m at 613.0 ppm and to 1000 m at 52.7 ppm, beyond
which TPH is at background levels. These concentrations with distance approximate that which was
modelled for North Triumph.

Barium concentrations are elevated by an order of magnitude at the same 250 m and 500 m stations with
elevated hydrocarbons noted above.
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No reduction in the magnitude of 50% in abundance or diversity was evident in the dominant epifauna
species. The diversity of epibenthic species 15 naturally low, but somewhat higher than Venture and
Thebaud where considerable scouring of the seafloor occurs.

Amphipod mortality tests shows toxic effects at the 250 m stations along axes 1 and 7. The station on axis
7 had the highest overall TPH and barium levels and also the lowest amphipod survival. Sieved sediment
from axes 1 and 7 had visible black oil globules. A baseline sample at 20,000 m had a toxic effect on
amphipods; this result is not related to this project. The echinoid fentilization test shows no toxic effect on
the two 250 m stations (>70% fertilization) that correlate with the elevated TPH, barium or high amphipod
mortality results. For the November 1999 drilling survey, 9 of 14 stations had toxic results to fertilization,
For the baseline surveys 13 of 14 and 4 of 14 stations had toxic effects on echinoid fertilization.

Sensory evaluations with moored mussels from North Triumph are currently undergoing analysis and the
resulis are not available for this report. Mo obvious taint was detected in wild scallops collected
downcurrent from the field area. Analysis for barium and bentonite sized particles in SPM for flocculated
drill waste in the BBL showed that drill wastes were not detected during the surveys.
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3.0  CONCLUSIONS

The main conclusion that can be drawn from these 1999 offshore EEM program results is that the models
used in the EIS predictions overestimated the extent of impact from the discharge of dnilling wastes . The
Joint Public Review Panel Report concluded that the SOE Project was not likely to cause significant adverse
environmental effects, provided that appropriate mitigation was applied. Therefore, the effects observed in
the field to date validate the conclusions of the EIS and in fact, are far less of an impact than anticipated.
Specific project conclusions for EEM Program componénts are as follows.

The appearance and disappearance of detectable drill waste within 250 m and 500 m at Venture and
Thebaud between drilling surveys demonstrates the dynamic nature of the seabed in Sable Island
Bank shallow waters (Amos er al. 1988). Photo 4 depicts a buried ADCP deployed at Venture,
which occurred sometime over a three month recording period provides a visual reference to the
significance of sediment transport in the area.

‘There did not appear to be any significant effects that could be attributed to drilling activity for
inorganic or organic contaminants other than barium and TPH.

All amphipod mortality toxicity effects and elevated TPH and barium concentrations in sediment
were found along the prevailing currents as established in the sampling design, but at concentrations
far less than predicted.

The drill waste piles were considerably smaller than modelled.

The active nature and megaripple features of the seafloor at the shallower Thebaud and Venture sides
precludes stable colonisation of many epifaunal organisms and accurate sampling by remote means.
The siltier sediment at North Triumph is a more suitable habitat for brittlestars, and the more
quiescent nature of sediment transport at the deeper depths permits a more diverse benthic
community to develop.

Reasons for not detecting fMocculated drill wastes could include: that the periodic sampling does not
coincide when floc is present; or that floc is not generated from the discharge of the NovaPlus
synthetic=based drill mud in the quantities anticipated through modelling. The longterm fate
modelling assumed “the estimated drill cuttings sediment distribution contained a large fraction of
non—cohesive characteristics, it is likely that a large percentage of the cuttings mound distribution
will erode under similar conditions as the natural bottom material” (MacLaren Plansearch 1997 ab).
The drill waste has been described by SOEI personnel as sticky, perhaps the cohesive factor was
originally underestimated. The underwater post-scour storm video shows clumping of the drll
wasle suggesting that perhaps a smaller amount of drill muds may be available for flocculation than
modelled.
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Hydrocarbons are detected in shellfish tissues but appear not to be causing taint.

It is realistic to assume that the marine mammals observed from the fixed platforms is also within
the acoustic range of the sound spectra radiating from the drilling activities.

Low incidence of dead birds and the high frequency of the surveys suggest there was likely no large
scale bird fatalities in the vicinity of the platforms. None of the oiled seabirds found on Sable Island
beaches contained hydrocarbons traceable to the SOEI EEM Program.

Over a one month monitoring period, October - November, 1999, Sable Island air quality was not
affected by flare emissions from SOEI Operations.

The experience gained to date warrants the consideration of modifications of the sampling program
which is an inherent feature of the feedback system of EEM programs and a SOEI commitment in
the continuous improvement process of the EMP,
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MATERIAL SAFETY DATA SHEET

NOVAPLUS

m._iua[

".;?“ S—=/0

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

TRADE NAME:

APPLICATIONS:

EMERGENCY TELEPHONE:

SUPPLIER:

. TELEFHONE:

FA:

CONTACT PERSON:

KOVAFLUS
Syrithetlie-based drilling fuid.
281-551-1600 '
Supplied by & Business Unltof

MILLLC

.0, Box 42847, Hewston, Texns TI242-2843
Sea cover sheet De [oeal supplier, Oy
2E]-561-1509

2B1-561-T240

Sam Haskin ‘ i

2. CCMPOSITION, INFORMATION ON INGREDIENTS

INGREDIENT NAME:
S, enpniline, musiz
Silica, erystalline, Cristobalile
Silea, erymalling, Tridymile

Uypsen
Eectliylencifinmine
dfethy] eloohol
Sodiuwm chlende
Calefum kydrmxide
Caleium chloride
Synthelic hydreearbon

COMPOSITION COMMENTS:
mm.:muwﬂw&uﬂuﬂﬂ-ﬁmﬁmtﬂlqm

Drilling fiuid is a highly somplex and varistls biend of sovernl propriciany products, Esch deilling (uid is designed 1o

meed the drilling requirenenis of & spesific well. During the deflling process the campoi

CAS No.: CONTENTS: EPARO:

14B0R- 3.7

lad84-28.)

15488323

13387-34-1

111400

57-95-1 - 5000 |ba
THAT 145

1305020

1043524

TPO:

o and physeal propertics of

the drilling Juid are comstantly changing: therefore a complels disclasure of o pardeulur Duid's camposifion i impoctical.

The ingraficnls limed sbave s eonstitsents of ke various products which may be peesent in 8 NOVAFLUS fhad,

Synibetis lydrocarban is a synthete oligomer ahich is the liquid (rectien of Se fuid, rypically 60-80% by voluma.

3

HAZARDS IDENTIFICATION
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EMERGENCY OWVERVIEW: )
CAUTION] MAY CAUSE EYE, SKIN AND RESPIRATORY TRACT REITATION. Avoid contact with eyes, skin
and clothirg. Aveid breathing sirborne product. Kesp container elescd, Use with sdequaie ventilaion. Wash thoraughly
This praduet is wfan ba tan brown [iquid Dile snd eontain spille Kecp out of sewers arid walarwmys,
light .

ACUTE EFFECTS:

INHALATIOMN: Lrviteting to the respituiory twed i inhaled,

INGESTION: Mlny cause pustric distros, nevaca and vomiting if ingested,

SHIN: Iritaticg ta the akin

EYES; Imitating to the eyes.

CHRONIC EFFECTS:

CARCINQGENICITY: :

TARC: Mot Ested, OFHA: Mot regulated NTP: Mot [isted.

ROUTE OF ENTEY: |
; + Inhalétion. Skin exdior oys coniacl. i

TARGET ORGANS:
Fespimtocy sytlem, lungs Skin Eyes.

4, FIRST AlID MEASURES

INHALATION:  Move the expaqed persan to mﬁnmmmmmmﬁmwmmmm

INGESTION: Drink & enuple of glasses waler ar milk. Do pot give victim anything 1o drink of he i unconscious. Get madical sention,

SKIN: Wash sicdn tharsughly with soap spd water, Remeve eonteminated elathing. Gel medical sttenSon if amy diseomiart
eontinwe.

EYTES: Prompily wesh cyes with loe of water while [ifling the eye lids. CopSinue ta Arse far o1 beast 15 minssa, Get medical

abienGon il amy discomfoe continuss

5. FIRE FIGHTING MEASURES

ALTO |GNITION TEMP. [*F): ND
FLAMMABILITY LIMIT - LOWER([%):  MD
FLAMMABILITY LIMIT - UPPER{%:): D

EXTINGLISHING MEDLA®
Carbon diengde (COTY Dry chemicls, Foam, Waler aprey, [og or mist.

SPECiAL FIRE FIGHTING PROCEDURES: : q
Wear posilive pramare, scll~contined breathing appariua (SCHA ) end protectva e [ghsing clothing (iscluding fire
fighting helmet, coat, pants, boots, and glovea), IF protective equipment is not avdlabls or nog uscd, fight fre Fom 4
piotesicd [ocalicn or safe dittanss

UMUSUAL FIRE & EXPLOSION HAZARDS:
e wsugoa] G or explasion hazardy moted.

HAZARDOUS COMBUSTION PRODUCTS:
[mitating paseshaporsTumes. Oides aft Carban

F I



16048 . NOVAPLUS

8. ACCIDENTAL RELEASE MEASURES

FERSONAL PRECAUTIONS:

ﬂhmpﬁpﬂuqﬂpﬂ{hlﬁmmuu

EF[I_L CLEAN-UP PROCEDURES:

thﬂmdwu&wmﬁuﬂpﬁwumﬂmkﬂwﬂm Ihhh;hudnthuppqum

later dispesel, Do not conteranate drirage o

=

7. HANDLING AND STORAGE

HANDLING PRECAUTIONS:

Viztilats well, aveid brosthing vapore. Thse spproved mﬂﬁwmthMhﬂ.%ﬁil
pratective elothing fir prolanged expostars and/or high eoncestrations. Eys wash snd mergeney sherver must be
m.uuummmsh hnds afien and dunlldu'thb;*hmnudnd.

STORAGE F'HE"-'AUTIEIHE )
o apenial precairtion for seming.

8. EXPOSURE CONTROLS, PERSONAL PROTECTION

INGREDIENT MAME: CAS No.:
Silica, crysialEne, quartz 14808607
Silica, erystalline, Cristobalils 1445445
Siliea, esysmlline, Tridymile 154568.32.3
Gyprym 13397-24-5
mlmmjm quj-:-ﬂ;ﬂ
Sodium chieride - TE47-14-5
Caleiuen bydrocide 1305-62-0
Caleiom ehioids 100 3 534
Synthedc hydrocarken

IMGREDIENT COMMENTS:

I DSHA PEL:

TWA: STEL:

15

25D Bk
5

15

3

ji

ACGIHTLV: OTHER:

TWA: STEL: TWA:
ol

0045

005

i 5k
2615k 34

3

3 o=

STEL:

UNITS:
g3

.mah!

eng/ma
resp.dun
mg'm3
oal
dumt

mg’m3

respodus
mgfm3

= OSHA, PELs for Minersl Dusts contsining erystalline silica are 10 mghma / (%Si02+2) for quartz and L2 the caleulated
quartz vales for crisobalits and widymits. * Exporure limits sre for Oll min, minersl. Exposur lmit for Particulaes Not
Othersise Clesife! (FHOC) ke appliaable to misteserosols of 10 1618

PROTECTIVE EQUIPMENT:

ENGINEERING EE'LI":'TH:'DLS:

kecp warker exposuns below the applicbla limit,

A

© 00

appropriale cngineering contrals such 11, exhaus ventilation and prosess enciosure, ta reduse air conlaminstion and
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VENTILATION:  Supply nahsml or mechaniza] ventilaton sdegusie 1o sxtuest sirbome product and keep expegures bl the applicabic
limats

RESPIRATORS: If sxpased to particulstcslssregsls:

Uz ot least & WIOSH-wppeoved N5 hall-mack dispossble of reumesble partieslate respirator, In werk snvironments

eeevbaiping oil mistiscrascl hﬂmimwmmmm:rmtmm
If exposed to organic vepar:
Uss & KIOSHMEHA-approved crganis vaper respisuton.

PROTECTIVE GLOVES:

Chemiieal resiztant gloves required for profonged of repaated comtact, Use protestive gloves made oft Impermenble
mnaterial. Such as, Mitrle. ar beaprens,

EYE PROTECTION:

PROTECTIVE CLOTHING:
mewmhpm@uﬂmw&m s rubber boots, Wear long-sleeve impermeabe
coveralls for toms aad limd prfestion whensver heivy experors 1 anticipated. Milrle- af neopreie-costed mlan or
eqavilent malerial is recomenended, Tyvek coveralls may be subshuted during hat wather, If Tyvek coveralls becoms
tern o safursted change them immadiately, )

HYGIEMIC WORK PRACTICES:
Use w barmer cream Whﬂﬁ@ﬂﬂmw:nmmmwpmuﬁum Fallow
manmafscheers resconmendalions.

Proapdy romavae net-imperviois clothiag that becarmes wet or contaminated.

Wash promptly with soap & wiier 1 skin bocomes contamisated, Da not wash siin with diess] oil, gassline ar stong
delotgenis, such as rig wash Change weark clothing daily if'there is any potability of confamination. Wash gniire body
with peap aeed water ot end of cach expegume pevied, Use apprapists hand latian 18 prevent defafting and eracking of shda

Iwnhhniﬂmnr-[-iduﬂl.lq:nim mmm@mnﬂilnhu i thoroughly clewncd before
wezring. This may mquine washing several ticnes in hot water.

8. PHYSICAL AND CHEMICAL PROPERTIES

AFPEARANCE/IPHYSICAL STATE: Liquid.

COLOR: Grey. to Brawn,

ODOR: Hydrocarban

SOLUBILITY DESCRIPTION: Irsoluble in water,

BOlUNG POIMT [*F, interval): 545 FRESSURE: Tommiy
DEMSITYISPECIFIC GRAVITY (gfml): lb-n24 TEMFERATURE ("F1 68
VAPOR DENSITY (air=1): HD

VAPOR PRESSURE: WD . TEMFERATURE(Fk
EVAPORATION RATE: WD REFEREMCE:
pHVALUE, DILUTED SOLUTION: Mia, COMCEMTRATION (%)
PARTITION COEFF. {log Pow]: B.57 (Base Miad - 10 1618)

10. STABILITY AND REACTIVITY

STABILITY: Monmally siable,

CONDITIONS TO AVOID:
e,

HAZARDOUS POLYMERIZATION:
14411 ot pelymenze,

417
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POLYMERIZATION DESCRIPTION:
Mot relevant,

MATERIALS TO AVOID: o
Strong oxidizing agents.

HAZARDOUS DECOMPOSITION PRODUCTS:
Ho specifie bazardows decomposilon produsts noted,

11. TOXICOLOGICAL INFORMATION

TOXICOLOGICAL DATAL

Comasive cffecte. dhows.  Skin .Bat Slightly - modetely imintng
TOXICOLOGICAL INFORMATION: '
Tamicolagical dals fat majos compatent{s)
Component: Diethyienetriamine
TOXICOLOGIGAL DATA? n
Carmosive effects. Eys imitation 1=t Tabbit. T50 ug - Severs [mitation
Carradive effects, 24 baours, Soin Rabbil =] mg - Hevere [mimtien
ToXlc DOSE -LD Sk . [CE0 mgkp (ol rat) I l
ToXic DOSE - LD 50: . 1020 mg'kg (dn-rbi)
Camponenk: Mathyl alcohel
ToXICOLOGICAL DATA:
Comedive elfests, 24 hours,  Eye. Rabkat. 100 mig - Moderais Imistion
Comative ellois, © 2dhaers. Skn " Habhit 20eng - Medenie Imiadon
Aculs Licity. Lhls Gl Human 143 mglkg
ToXiC DOSE - LD S SE2B mg/kg (oval Tat)
ToXIC CONC, - LT 50: G4000 pponidh (inbrrai]
Component: Sodium chlorlde
Toxic DOsE - LD S0z 3000 myig (e=al ra)
Companent: - Calziurm hydreelds
ToXiC DOSE - LD 53 T340 kg (ool rt)
Campenent: Calcium chlarids
TOXIC DOSE - LD 50 1000 mgfkg (onl rat)

12. ECOLOGICAL INFORMATION

IC 50, 72 HRS, ALGAE, mgli: 2,048
BlOACCUMULATION; %

Ma besscsumadation i exposied dus i the high melesylar weight
BIODEGRADABILITY: ’

Feadily bisdsgradable under sevabie conditions, T2% in 28 duys, by OECD Method 308,
S&CUTE AQUATIC TOXICITY:

Pagses muysid shrinyp tooinicy lest requiired by Gralf of Mexics NFDES permit, LCS0 valucs ars bypically >200,000 ppm

- T |
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13. DISPOSAL CONSIDERATIONS

WASTE MANAGEMENT: . . i
Centast M-T's Envirsamental Affuirs Depariment for watle management ssnistance,

ISFOSAL METHODS: 3
. Recover and reclaim or recyele, [fprantieal. Should this product berneme & waxts, dizpaze afin o permittcd indursial
lundfiil. Ensure that coatalpers are emply by RCRA eriteris prise to dispsssl in s permitted industrial lundfil,

14, TRANSPORT INFORMATION

GEMERAL: RQ=Hn
U.S, DOT:
U5, DOT CLASS: ol regaladed,
A i o
CANADIAM TRANSFORT:
TDGR CLASS: Hot regalates,
SEA TRANSPORT:
IMDE CLASS! Mot regulaied, -rm
AIR TRANSFORT:
lcAD CLASS: Haot tegulated.
15, REGULATORY INFORMATION
REGULATORY STATUS OF INGREDIENTS: T -
NAME. CASMo:  TSCA; CERCLA: SARA ID2: SARA 313: DSL{CANE
Silies, erpstelline, quasts 14808-60-T Yes Ko Ma Ha Yex
Silizs, erysialling, Cristotalite 19454-48-1 Yea Ko o s Yot
Silica, erystdliee, Teidymite 15488-32-3 Yo Ha g ol Yex
Chypesym 13972435 Ya Mo Ha He Yea
Ciethylerebdarnine 111200 Yes Mo Mo Ha Yei
plethyd sleohal ET-55-1 Yes Yes He Y= Tea
Sedium chlaride . TeaT-14-5 Yes Ma Mo Ma Y
Caleium bydradde 1305-£2-0 Yes* Mo Ho Ha Yed
Calejum ehlende 10043524  Yes No Mo Mo Yes
Synifetio hydrocarban Yz No He Ho Yes
S FEDERAL REGULATIONS:
WASTE CLASSIFICATION: Drilling Auids used in il and gas well drilling ere clessificd ss Non-buzsrdocs Odfield Wasie
oW,
REGULATORY STATUS: Thia Produet ¢ its eamgeness, i mixtanc, is !ruhjntl-m [allawing regulstions (Mol meant 1o

be il ineliaive - selested regulatons represened);
SARA 311 Cafegonier;

1: [menadisls (A cute] Fealth Ellests.

1 Delayed (Chrondc) Health Effecce

T3CA: The ingredients of thay product are ow the TSCA, Invensory.

STATE REGULATIONS:

&7
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STATE REGULATORY STATUS:

CANADMMAN REGULATIONS:
LABELS FOR SUPPLY:

REGULATORY STATUS:

" This Maderial Safuty Duts Shoct bas boen

mmnhwﬂnm,llwﬂﬁhﬂmﬂmwmn
Bz alll incloalve - gelocied regulations ropresented ).
Sea nppreprials Stele regulsfioea forell and gaa E& T wasica,

prepared in complence with the Copdraled Produse
Regulationa, DA - Other Toxic Effects: Very Tonis Matarial

16. OTHER INFORMATION

NPCA HMIS HAZARD INDEX:
FLAMMARBILITY: ;:
REACTIVITY:

NPCAHMIS PERS. PROTECT. INDEX:

=2 hindersis Hazned

| Slight Hazmnd i
0 Minimal Hazard

X Ask your supervisor for puidanes

USER NOTES: M = Notapplicable WD = Mat determined -

INFORMATION SOURCES: CSHA Pamtiaible Exposure Limits, 25 CFR 1910, Subpart Z, Sectioa 19101000, Air
CenamiranLs,
ACGTH Theeshed Limdt Yalues and Biological Expomire [ndices [or Chermical Subsinaess
ard Phywical Agents (latest edifina), -
IARC bs on the Evalustion of the Carinogenic Fisk of Chemizals 1o Humans,
Hh.lﬂﬂl'ﬂ lecales, Coal Dust, and pans-Aramnid Fibeils, Vel, 88, Word Health
Urganization, Lyon, Fmace, 19597,
Sux's Dengerous Propenics of Indusinal baterialy, Sth ed,, Lewds, B.J 5S¢, (ed), VIR, Mew
Yook, Hew Yark, (19570 B

FPREPARED BY: Sam Hosldn

REVISION Mo Q

MEDS STATUS: Approved.

DATE: Jupe 24, 1998

DISCLAIMER: i

Hm!!ﬁmdﬁmﬂnﬂmﬂ;mfﬁ::ﬁﬂhhmnhwmﬁmﬂp‘nﬂmﬂhdﬂn“wmw

zach wof ol th preden 1 coenply with Ut requircnues of all spplicabls la=s regpuing e and dicparal offthiy produa. Acdidonal infarmation will ke

ligrain 13 iresla o | poured harpumedar,

7
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Appendix B-1
Particle Size Analysis Results for Fall 1998



Particle Size Analysis Results Fall 1898

I@: 890622001 980622002 980622003 990622004
Filter B 17 104 __ 110__
WD V-250-78 V-250-58 V-250-38 V-250-18
fotal ppm 0.047378304 0.068452802 0.013786791 0.019881799
Diameter
0.87| _ 0.001571201 0.002113061 0000436291 0.000487468
1.00] __ 0.001801028 0.002367190 0.000450872 0.000518476
1.15| __ 0.002018077 0002755010 | 0.000485102 0.000561096 |
1.32]  0.002248400 0.003050133 0000510807 0.000613519
1.52]  0.002445581 0.003313265 0.000565487 0000703395
174 __ 0.002581052 0.003466080 0.000608560 0.000725655
2.00] _ 0.002675224 0.003618592 0000834237 0.0007 52052
2.30 0.002694001 0.003750452 0.000652470 0.000830678
2.64| _ 0.002752858 0003873085 0.000663797 0.000890835
3.03]  0.002856746 0.003848878 0.000698450 0.000500606
3.48] 0003021245 0.004283213 0.000783844 0.000808855
400]  0.003022264 0004693994 0.000840554 0.001057662
4.58 0.002864457 0.004481421 0.000771574 0.001026254
5.28]  D0.00249753z 0.004076685 0.000780812 0.001045140
B.0B| __ 0.002281165 0.003672432 0.000882317 0.0071080625
6.86] _ 0.002015368 0.003292753 0.000810415 0.001110817
B.00| __ 0.001679528 0.002775009 0.000846813 0.001032739
B.18]  0.001315136 0002335885 0.000564277 0.000987552
10.56] _ 0.001151052 0001838545 0000505362 0.000955123
12.13] __ 0.001054817 0.001536248 0.000402235 0.000887270
13.93]  0.000856243 0.001453327 0000360687 0.000764428
16.00] _ 0.000645278 0.000875120 0.000303849 0.000554034
18.36] __ 0.000481143 0.000801231 0.000141865 0.000568423
21.11] _ 0.000321104 0.000575447 0.000148530 0.000445047
2425 0.000289710 0.000382783 0.000141581 |  0.000207884
27.86] _ 0.000232153 0.000207626
32.00

.76




Particle Size Analysis Results Fall 1998

ﬁn 990622005 990622006 390622007 990622008
Filter 5 20 a7 43
WD V-2560-5-D1 V-250-7-01 V-250-3-01 V-250-1-D1
fotal ppm 0.028347508 0.031607238 0.028309516 0.027799959
Diameter =
087 0.000700872 0000850890 0000873715 0, 000682814
1.00 0.000754416 0.001024934 0.0007 25780 0.000746603
1.15 0.000800017 0001071338 Q.0007 76718 0.000819603
1.32|  0.000876390 0.001143642 0.000845880 0.000902593
1.52 0.000971027 0.001204277 0.000917571 0.001002344
1.74 0.001014200 0.001288020 0.001013020 0.001019091
2.00 0.001061613 0.001276380 0.001087202 0.001031243
2.30] _ 0,001061088 0.001282237 0.001162081 0.001048877
2.64 0.001151018 0.001320155 0.001102304 0.001089838
3.03 0.001059606 0.001338913 0.001243850 0.001181671
3.44 0001253226 0001277455 0001332736 0.001210437
4.00 0.001235166 0.001316908 0.001355657 0.001347577
4,59 0001211711 0.001 263667 0.001328045 0.001329309
528 0.001307485 0.001266108 0.001360513 0.001417605
B.06 0.001391552 0.001348182 0.001418371 0.001518524
B.96 0.001451487 0.001333180 0.001490805 0.001541190
8.00 0.001477145 0.001331937 0.001483965 0.001594543
8.18 0.001327277 0.001178284 0.001361660 0.001468358 |
10,56 0,001 285062 0.001 190066 0.001 293501 0.00137 783
12,13 0.001589224 0.0014593999 0.001274371 0.0014B0558
13,93 0,0016378487 0, 001390345 0.001331387 0,001330677
18.00 0.001285838 0.001268737 0.001215285 0.000815542
18.38 0, 000783085 0,000845185 00600824020 0, 000675908
21.11 0.000565863 0.000644088 0.000558344 0.000568444
24.25 _ 0.000416328 0.000504651 0.000276769 0.000339672
27.85 0.0002346450 0.000402852 0.000340752 0.000240017
32.00 0.000340837 0.000414856 0.000500358
36.76 0.000451817




Appendix B-2
Particle Size Analysis Results for June 1999



Concentration, ppm
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Jacques Whitford Project # 12989-8303 BBL samples

FILTER & [Ba] ug Gur |0 NUMBER VOLUME (mi} ASHWT | samples beaker |
NT-5000-5-D3 10.1]000208001 4000] 0.00017] 8.2419] 8.24173]
T-3000-6-03 6.71000208002 4000]  0.0008]  9.0909
T-3000-5-D3 4.9|000208003 4000]  0.0006 8.025
NT-20000-7-D3 49000208004 4000  0.0021]  B.12%8
V-500-3-D3 4.8|000208005 4000] 0.00088]  B.1488]
1-1000-7-D3 4|000208005 4000] 0.00c28] B.1176
V-1000-1-D3 3.9(000208007 4000] 0.00038]  7.9548
G3-03 3.8|000208008 4000| 0.00071] B8.2856




Particle Size Analysis Results for June 1999

OUR ID 000208001 DODZ08002 000208003 DO0Z0800 000208005 000208006
Sampbe ID |NT-5000-5-D3 | T-3000-6-03 T-3000-5-03 NT-20000-7-03 | V-500-3-03 T-1000-7-03
Total ppm 0021434524 0030166785 (0.C0A52068
s'.I 000071 D458 O BO0S0EE0G 0. 000006431
B 0000728123 000055 TEAR 00004111
7 0.000TEA5TS D.001CA1ET2 000107081
8 0.00082228) 0.001175834 0.001 130783
g 0.000&20178 0.001 270664 0.0012E3318 0.001203831
10 0.000aTTETY 0,001 354004 0.001091715] 0.00127337 0.001325103 0.00M13HET1
1] 0000934931 0.00140262 0,001 150407 0.001388194 0.001 387604 0001311225
12] 0000963302 0.001503613 0.001205501 0001525326 0.001825092 0001502607
13| 0001071621 0001537562 0.001 162201 0001606475 0.00185 1632 0.0071462731
14] 0001172418 0.0015008 0.001277119] 0001604269 0.001504546 0.001465316
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Appendix C: Laboratory Analytical Data for Sediment
from “The Gully™ and Yenture Field

Appendix C-1: June 1998 Gully Data
Appendix C-2: Fall 1998 Gully Data
Appendix C-3: June 1999 Gully Data
Appendix C-4: Fall 1999 Gully Data
Appendix C-5: June 1998 Venture Data
Appendix C-6: Fall 1998 Venture Data
Appendix C-7: June 1999 Venture Data
Appendix C-8; Fall 1999 Venture Data
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Appendix C-1: Laboratory Analytical Data for Sediment
from “The Gully”, June 1998

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity
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TABLE 3a; Peirolenms Hydrocarbons ai Gelly Sations - June 1998
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Appendix C-2: Laboratory Analytical Data for Sediment
from “The Gully™, Fall 1998

Table 1: Trace Elements
Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality
Table 5: Toxicity
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TABLE Ib: Perrolemm Flydrocarbens af Gully Sistions - November 1998
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TARLE 4h; Sediment Quality 31 Gelly Siatjom - November 1998
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TABLE 5ha Toxbcity at Gully Stations - Movember 1998
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Appendix C-3: Laboratory Analytical Data for Sediment
from “The Gully”, June 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polyveyelic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity
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TABLE 4g: Sediment (uallty st Gully Siations - June 19599
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Appendix C-4: Laboratory Analytical Data for Sediment
from “The Gully”, Fall 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Cuality

Table 5: Toxicity
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TABLE 2d: Peiroleum Hydrocarbons ai Gelly Sations - Movember 1999
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Appendix C-5: Laboratory Analytical Data for Sediment
from Venture Field, June 1998

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity
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TARLE In: Trace Elements af Venture Drill Site - June 1958 {Contiaued)
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Appendix C-6: Laboratory Analytical Data for Sediment
from Venture Field, Fall 1998

Takble 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity
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E <3 < 00| <2 <2 23 20 <2 &
200 I <00l | 2 21 55 ol 7] 7
1ED <3 <00l | 32 €3 7] il <1 ]
Lab Dep
£ <3 < 0] <3 <] ai =N} oy 7
] <3 o 10K i ] i ] ) 1 o ] T
ILasts Db _E <2 o 10| i ] i ¥ !I o ] B
o e d 1 £ £ L i
1] < 200 < 57 0] < |
44 < 0,05 32 <2 el '] <3 T
55 <3 < 2 2 <3 X5 1 <2 2
1.aks D, [ 2 < 0l 2 3 k1] 2 ]
a2 L] <00 ] L ™ 2 L)
ILab Dup - <3 < M 3 L b E i
L] L | < i ¥ <] -l-_l il <
Field Dop |41 <3| <o | <3 | <32 2 Bl | <3
170 z <00 | 2 | =<2 [ 13| <3
Jak < = 3 <3 7 1,2 <3 o
e <3 enml | <2 | =2 F) i €3 []
Lab Diep. 75 <3 00| | =2 € 14 ] £ ]
Ed o2 < i ) i E 2 i) 7
Ti] <37 <00l | 2 ¥ [ 0] 23 i




TARLE Ih; Priroleem Hydrssabens a1 Vesturs Diill Sie - Mevember 1998

Bexsrms | Telomsa | Caiptbrmcsns | Xywmis | CeCon | Cokm | Carlo | TEM (b || TPH
e T e T g Ly ﬂrl e
<0025 | <0035 | <0035 | <005 | <35 | <i5 | <I3 =M | <28
<0025 | <0025 | <0025 | <085 | <35 | <i5 | = <W__| <15
<0025 | <0025 | <0025 | <005 | <25 | <B5 3 < W <325
<0029 | <0028 | <0025 | <003 | <35 | 752 FYE 752 | 752
':D_._g'l‘_'i 'II'EI o QIS 105 o ] < j4 <15 = 50 <315
o (RS | < 00Ts 'EUE ‘E{I.Il_;} 'CI_.! = |5 i | 2= 3 =325
& €003 ) <0035 ) <omdy | <003 | <25 | <if ) <I <M <423
Lab Dup.
0025 | <0035 | <0025 | <0005 | <25 | <05 =15 FET <115
0025 | 0028 | =002% | <008 | =25 | 074 | <028 [ 07l |
<0023 | <0023 | <0023 | <063 | <23 | 1 | <028 W [
FildDup | X = = )
<[RS | <0 0Ts < 00ZE ‘H]I:_IF <25 < |5 <15 < 3 <135
Field Dup. | <0023 | <0028 | <0028 | <008 | <25 | <13 <15 < 3 <24
<0008 | <0035 | <0633 | <003 | <33 | 0864 | 4w a0 130
<0015 | <00 < 0025 <0 0§ "'-'1_5 < |§ "n_LI: < M "-‘]i_
<0025 | <0025 | <0025 | <005 | <25 | <15 <15 < M <37
LabDup. | <0023 | <0033 | <0023 <003 | <23 | =18 <15 FET ]
<0035 | <0033 | <0023 | <008 | <23 | <3 | <3 163 800
LabDup | <0035 | <0033 | <023 | <005 | <25 | <135 | <32 1 .00
20035 | <0035 | <0025 | <008 | <25 | 005 | 144 [T 1.80
<0038 ) <002 0033 | <603 | <2 <13 <13 =10 ot L2
<0035 | <0025 | <0035 | <005 | <25 | 0382 | 137 % 175
Ficld Dup | <0005 | <0035 | <0035 | <005 | <25 | <035 | <034 ] 000
20008 § £002% <1025 < 0nd =245 LAk FFE] 118 L]
Field Dup, | <0035 § 0049 < 0025 o1 <215 0,352 [ F] fi'd L!l__
<0025 | <0025 <0025 | <005 | <29 | <I5 <15 <30 <12 5
Field Dup. | <6025 -'EI.'l.I?_H = {038 < 004 =34 =% <5 < 30 £33 %
<0023 | <0028 | <0025 | <008 | <35 | 0908 | 304 3l 108
<0025 | <0W25| <0025 | <005 | <35 | =I5 | <13 <30___| <323
<0025 | <0025| <0035 | <005 | <25 | <04 | <18 ] G
LabDup | <0025 | <0025 ] <0028 | <003 | =23 | <08 | <13 125 oo0 |
< 002% | <0.02% < 0.025% < (10s =25 =i <15 <30 €125
i <0028 | <0028 < G024 < (105 =34 1.0 14 a7 jal
E_1 S = - i) i
< 002E | <0025 < DO2E < 0% <25 0522 64T L] 7
0025 | <0025 | <0025 | =005 | <35 | o437 | 1M ] Tl
<0025 | <0015 | <00 <005 | €25 <5 < |5 " R
<0025 | <0025 | <0023 | <008 | <25 | <03 |5 < 30 <313
LabDup | <0035 | <0038 | <0035 | <003 | =38 | <13 <13 = W T e
< 0025 | <0025 0TS = [ 05 ‘-’2_.? |5 %15 = ¥ X3 5
LabDup, | <0025 | <0035 | <0025 | <005 | =25 | <Is <15 < W0 <315
0025 | <0035 | =0025 | =005 | 225 | 0D3B6 | OE CT] 000
Field Dup, | <0023 | <0025 | <0028 | <068 | <23 | 110 131 [T] 762
= 0 2S | =008 o ks BT <3 5 (L] 1.3 136 2485
<0035 | <0835 | <0015 | <005 | <38 | 181 | 4e8 | 138 16
<0035 | <0025 < 0TS < 0 5 2.5 ¥4 T3 130 2.87
Lak Dup
<} 135 | =05 < (hITS o L5 g & < |5 < 1§ o 30 Lk
D015 | <0008 | <0025 | <008 | €25 141 21 T 152 |




TABLE 3 Palycycdic Aromatis Hydra¢arbani al Venturg Dl Siie - November | 5958

B _ 3K i | - | — — i L i ! — - 5
L] < 00§ < {05 <003 <005 ] <005 < [LOF
=00 <008 <008 < 005 2005 <0.0% =00
<003 <00% <005 <008 <003 <008 <00%
<008 = (0% <005 = 004 <005 < 00% =0.0%
<003 <003 <003 <003 | <003 | <003 <003 _|
<005 <005 <0.03 <008 <00 <0.03 <005 |
*E}E = 00§ < 0% ] = 005 < 00 < 00§
<0105 <005 <005 <003 <00 <008 <008
= 005 o ) 0 (105 -EI:l.‘_-IE oL LS <0 <08
<005 o ) G < (05 < Q04 o S < 0 < [0
=005 =005 =005 < 0,03 <005 =003 005 |
<005 <008 FIT] <0,0% < 008 <008 <008
FTiTL] <008 <004 <003 FTT] <008 <008
< 00§ fng; =005 = (L0 L] < 0§ <0 0§
<005 <008 <005 <0,0% FT L] <008 =008
-itl_g_ -tﬂg o 1G5 -II}E o QU o 105 005
<005 <005 <05 <003 <005 <005 <005
=008 05 -ﬁ]E = .08 <l < 05 <005
<003 ETH <003 <005 | <00 <005 | <o0s
<005 <003 <008 <008 <005 <004 <009
=00 <005 < 1 0§ =04 « () < L5 -l:ﬂl'.!d_
<003 <005 <008 <003 <0 < 004 <00 |
< Q0 < 005 ] <00% < D3 = 0 0§ <005
<005 <005 <005 <005 <05 <005 <005
<008 <008 <003 =005 | <003 | <003 <005
< B0E < 005 « 005 'E{III_I- < DS « 0 0§ <008
< D0E -GEIE < Q0S 'HJ.E 00§ < 00 < 00S
<005 <005 <005 =005 <0038 <00 <004
-EII._ﬂS =008 < 0L0E <005 L IE ] o L0 o 00
<003 <0.03 <003 <005 <005 <003 <005
<008 <008 <003 <008 <008 <003 <003
<005 =005 <005 200§ <005 <005 2005
<005 <00% <005 <008 <00% <005 <005
= (.08 < 0% < 0.0% ETT ] < {1 0% < b (1% <f0f |
< 0% -Eﬂ-.ﬂ! < 10S = 005 <0105 < B 0S -El'.'ﬂ_ﬁ_
<008 <005 <003 <005 <005 <005 <005
<008 <005 <005 <005 <00 <005 <005
< <0045 £ 0% 2008 2008 L] < 0%
{105 < 00%F o 05 o« 008 '-".'Iﬂg-'_ o (0E o (b
<004 <003 <0.03 <008 <005 <003 <008
<008 < 005 = 0.0% <008 <005 <0035 <005
<005 =005 <005 <005 <008 <005 <005
£ 005 =05 £ .05 <00 =008 =003 <003
<003 <003 <0.03 <803 __| <083 | <003 <0.03
<005 <005 <0.0% <005 <005 <005 <005
<0 < {113 <[4 oo .00 < @5 < {105 < {105
i e — —— — PP




TABLE b Polyeyclic Aransatic Wydrocarbens a4 Vesiere Drill S5ie - November 195E { Continued)

T S i e——— = eemm—m—— e — e—————
Fleseunioam | Fyross | Bessisjoatbeuimss | Chrpess | Bussalh Beaa(h i snthins | Deman{s pperas
FLY <0.05_ | <003 | <003 <08 <003 <0.03 <003
<00y | <ois <013 <005 <008 <003 _ <005
<005 | <008 <00 <005 <005 <008 <005
<005 | <003 <003 <005 =005 <005 <005
<005 | <00 <003 <005 <00 <0is <005
< [0S = 0 [ <005 < 0% = QLS < 00% <005
=0 <005 =005 =005 <005 =005 =005 |
Lok Bup
<005 _| <00 <008 <o <00 <003 <008
<005 | <608 <008 <005 <003 <003 <008
< [0S < 005 <005 < 0% < QLG <005 <05
Fiehd Dug.
< 0% =004 =005 = 00% =008 < 105 = 00%
Fichd e < (L0 o 0.0 < 305 « (05 o (05 'ﬂl.ll!- L ik
<008 | <008 <0105 <005 <005 <005 <005
< 00F < 00S = D05 < 0% < 00 < (05 < 0ag
=008 || <003 <005 =005 <0 =00 =008
LabDup_| <003 | <005 =005 <003 | <005 <005 <003
=005 ] = D0S = .05 < 005 <005 <005
Labs Dug
<003 __| <003 <005 <00 <00 <003 <0
< 00§ < S = 035 < 0 0§ < 005 =005 = 05
< 0% < 004 = 15 < 1 0§ < (5 < (10§ <1 04
301 Fickd Dup. <00 | <008 <005 <0 <003 <00 FTTH
" -7 < 0% < 005 < 0E < [} 0§ = E05 <005 < 0§
fvao00.7 | FeidDup, | <005 | <008 <0.0% <005 < 004 =008 <0
- 30005 1, = 00% o (0% < Q0% =00 = (i <155 B4
W M- Ficld H <0 0§ < 00§ < S < 00§ = 00 <008 <0 0§
V-6000- <005 | <003 <005 <008 <005 <005 <0058
V5000 <005 <0.0% < 004 <105 <04 = {105 =008
V-a000.7 =083 | <0.03 <003 <085 <008 <00 <003
V-6000-7 Lab Dup 7 &
- | D00 | <005 | <008 =008 Z0.05 < 0.0% =005 2005
V- I0000.3 <005 | <005 <005 <00 < 0.0% <00 <005
V- 10000 3 LabDup_| <003 | =003 =003 <0 <003 <005 =008
s | e % <05 L0105 < 0.0% £ 0 < R0S < L5 < {05
fv-10000-7 <005 | <005 <008 <003 <003 <005 <005 |
- | SO00- | <005 = 005 <00 <005 <005 <005 < 005
_1 5000-3 =00 <005 =008 <005 <00 =00 = 015
V.1 5000-2 LabDup_| <003 | <003 =05 <003 <003 <005 <008
1 S000-3 <008 | <005 <00 <005 <005 <004 <005
-1 5004-3 Lab Dug. <005 <005 <{ s <005 <005 <004 < 00
-1 50004 =008 =0 0% =05 =304 =0 =005 =005
- 1 50004 Field Dup < 04 <) 05 <65 < Q0% l'-[l-[E =008 < @08
{v-13000.3 <005 | <008 =005 <005 <003 <005 <003
= | -5 = 005 <) 0§ ﬂﬂ.ﬁj_ =005 < 00§ ‘iﬂlirl'__ﬁ =005
E.m:um 005 | <008 =005 <005 =005 <003 <005
| S000-7 Lab Dup =004 <003 <005 <0048 <00 o£ QL <045
| Jd-E < 1 5 <) 05 =0 1§ <005 <00 =005 < 05
Eﬁuu <003 | <0 =00 <005 =003 <Bi3 <hin0h |




TABLE X Palyeyelic Aromatle Hydracarbens o Venlwre Drill 5ite - Movember 195 (Canlfsned)

Ferylens [P e ey R T Ry e — Benapighiiparyion I
—— =t oys
-350-1 -:-ﬂ.tl_l < 008 o« 004 < 00
-250-3 <003 <0.03 <003 <005 |
5.5 <005 < 003 < 005 < 00

2507 = 00% <= 0s <305 =005

[t 500 | <008 < .05 < LS5 <005

%5003 < 0i0% < 005 < s =008

I-500.5 =005 =004 <005 2004

EM Lah D
-500-7 <005 <003 <0.03 <00
[ < 0§ <05 < 0 0 = 00

Wl <008 < 0005 < 0.0% <06

Ve 0003 Fiehd Dup_

V- 10005 <003 < 0.0% <005 _ <003
-] -5 Field Dup <008 <0035 < 0,05 <005
1000 T <005 < 003 < 0,05 < 004
30001 =005 = {04 < 004 = 00
30003 L <085 <05 < 005 < 005

E.m.l Lab Dup <005 < 0,05 < 00% < 005

<009 <003 <03 <004
Lab Dup. L . o
<005 < 0,05 < 0,05 <005
<005 < 1,03 < .05 < 005
<005 < 0,08 < 0.05 < (3 15
Ficld D < 0 0§ < 0.0% = 05 < O
~ <008 <0.0% <0.03 0.0
[ Fild Dep <a0d <005 <008 <003
<005 <005 < 1,05 < 005
Field Do, = i i <14 < {10% = {4
<008 <003 =003 <005
< 005 <01 05 < (.05 = L0
<008 <008 <005 T

b Dp
<008 <005 <003 <008
<005 <005 = 0,05 <008
Lab Dup < 004 <1004 <008 < {103
<0105 <005 <0.0% <005
<005 <005 o 00 <005
<003 <005 <005 =005
<005 <005 <008 < {05
Lab Dup < 00% <004 <005 <08
5 <0.05 <005 o {05 o i) S
Lab Duip <005 <005 < 005 < 0.0
<00% <005 < 0 0% <005
Field Dhip <00% <005 < 0 0% <005
= 0% = {05 <008 =00%
< 00§ <005 ] 0ol
< {h0%S = [ (8 < i 0 <l 0%
Lab Dup <008 <008 <00 <004
:-ﬂ-ﬂ o (b4 -till}_j o« (0 (5
<0as <005 <00 005




TABLE 4b: Sediment Quality at Yenture Brill Sile - November 1993

etnl Tnory, Larbem | Teisl Org, Cerben Brar, ™ u..u_ﬂ__EF_:[,h__r_Er
il
W"—lm_- _E H =1, We | =<0 L E&'T
PSS (i [} <1, .1 . 1 T A (v F
BRI [ [ <1, L 0.0 OE | v <030 |
L [N (VK] =X [ 0.0 A Lk =030
] <01 [iF] <0, (] <0 0.7 [T ]
T-EH-1 [ (] =1, L <. [ L o0 |
P (il (] =, LLE] 0. i TS =k
VT Tab Dup,
ST < 1.1 (i ¥] [N L] < B0 [k [ ]
V=T~ 1.0 (] o 1.1 o LA [ [ uis |
W= TORH T : [l (g A LA | L] T ] ]
- TEHH-3 Field Dup, aoary [{EE]
TR T [ =11 [ =0 L] [t < |
T Field Dhipr. <101 (%] <. LR = 0.1 (K] (] <0 |
VB [ 1) = 0,1 piAl = L1 K [0 mas |
- T 1 <01 i < 1.1 L] 00 [k (X 1k}
V=001 <l 0 <] ] <01 1] [I00H B0 |
LB L] Tab Drp. <0 (i) <,1 Lo <{.1 Tk
] 0.1 o 0.1 L] o 01 K] pood | =oi0 |
Lab Dap.
B[ 7K | i) =00 ] (] [if] 17 cood ik
- 5 =X (1] =01 [ E] =111 [iF] [T <030
-t (=X B < 0.0 (k] < 0,1 (K] [ kL]
- | Pl Drop. ] 0. <01 Wl <] ¥ | T 17 033
= (A [i %] <00 2 il ar TARAH [
= i) Field Thap. (A %] <0 [ W] | OE T LEE
= 0.0 ] =00 ] 0.1 AT | DA T[]
= Field Tug. E00 ] =00 ] i [k ] T 005 L]
K] ] =00 o] =01 (<K ] T Ry L
<00 0.3 <0 (] =11 oE [ [EH
T T ¥ <0l [ - 3 [X ] [ [EH
RO-T [ak Tup.
A ] (K] (] .6 T4 (1] i TR a0
TOHY | [i¥] (1] [ 0.1 [k ] [EE
C T3k Tup. =00 [T ] ] [
- <0 [X] =00 2] <101 ] AHH T
. L1 | = 0.0 (2] VK] [k ] ] [
1 ] (] (K] K] LEE] ] ] I =il 50
150001 [ L] K] L] (1] L] [0 iR
] Tab [hip, [E] Th [} (L]
- ] [E] (K] <01 Wih (X3 B [ECCT =0, 30
- T | Tk Dup. R GUN L 5
z | [ (1] % .1 W | <ol k] i s i B
150004 Field Bup, 0.l (K] <0 [T <0, K] 00005 FET
-1 5000-5 . 02 04 <] 94| <. [ 10 00 03]
I;:-mma ] K] [T 0.4 [TF] ] 010006 &S
« 1 5000-1 [ ] [iF] <0 99.2 [A] .7 0 00T 015
-1 5000-7 Lab Dup, ] [TE <0 [T
- | 0003 0.5 1.4 =01 6.4 i 1.9 0.6083 <0.30
R i1 az oz <01 2 <00 0.9 [l k] I:La]




TABLE Sb: Towlcity s Venlwre Dirill Sile - November 1958

Amza Seipade | AmpluposSurhval | Gchincid Faniuson
siise_id IlqilmJ-l g 'lg g Marulit % | Castrsl Mapiliiy % | % Foniissie ] EC38
5 1 G ST |
-2%0- Fi 1.0 (TN | (P
350 = 100%
) ) .90 =100% | > 100%
K] b1 [ w5 ] 7
] T30 el ] 100 |
E 2 B3 =00
Tak Tup.
E] 2 5270 M1 | >0
Ficld Dup.
7 3 #2170 >100%
_Lab Dup — BN SR
<l 05 <01 ] 2 §5.00 = 100
Lab Dup
[ z 96,30 > 100%
Field Dup
<008 0 0% i ] .10 100
Ficld Dn 005 =005 s 3 %0 00 S100% |
Field Dup.
Lab Dup
Lab Tup
Lab Dup
Lsb Dup
Field Dup
_Lab Dup
; B 05 <008 % 3 71 00 20 | =i




Appendix C-7: Laboratory Analytical Data for Sediment
from Venture Field, June 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity



TABRLE fer Trace Elemewnis ai Ventore Drill Site - June 1959

Atmiram | Antimssy e | Bariem | BorySlam | Barsa | Cofmium | Chrsmism | Cobaw | Coppar | desm | hesd | Liieem
= oleyhe L oneny Lompty Lophe | ophy loehy Loyt Loy love by Loeny lonl o)
£100 <1 2 170 | <5 | <5 | <03 5 I | <2 | 000 | 4 | <5

LabDwp. | 3800 | <3 2 170 | <5 | <5 | <403 4 <1 | =2 | om0 | 4 | =5
B | <32 2 30 | <5 | <5 | <03 [ I | <2 | Do | 3% | =

g100 | <3 F 200 | <5 | <% | <03 [ 1| <3 | 1900 | 34 | =<

TH00 <1 2 170 | =<5 | <5 | <03 i 1 4 1900 | 38 | <3

oo | <3 2 240 | <35 [ <5 | <03 6 | <2 | 30 | 5 | =<

0| <1 2 180 | <% | <5 | <03 5 1 | <3 | 00 | 42 | <

13 <2 E] vl <% 2% | =0 3 4 13000 | 5 <5

12000 | <1 2 210 | <5 | <5 | <03 F] 3| 790 | 66 | <5

g0 | <32 2 W | <5 | <5 | <03 3 I | <2 | 2600 | 44 | <5

g0 | <3 2 0 | <3 [ <3| <3 <2 | 10 | 46 | <5

o | <3 2 | <5 | <5 | <03 3 | eooo | 63 | <3

5600 | <32 2 30 | <3 | <5 | <03 4 <2 | 2100 | 34 | <4

#5001 <3 =1 160 <3 =5 | =03 3 ol <1 500 | 15 <

13000 | <3 ] 20 | <5 | <5 | <03 1 2 2 | 60 | &7 | <3

13000 | <3 2 210 | =35 | =8 | <03 i | <2 | qiw | 53| =<5

13000 | <32 3 W0 | <5 | <3 | <03 13 2 3_| 9o | &3 | <5

LabDup. | 13000 | <2 | 2 220 | <5 | <5 | <03 13 2 3_| w0 | 7 | =3
Field Dup. | 13000 | <32 3 30 | <5 | <8 | <03 1% 3 2 | 760 | 84 | <8
13000 | <3 ] 0 | <35 | <5 | <03 1 2 1| | 71 | <5

00| <3 F a0 | <35 | <5 | <03 i =1 | <2 | 3200 | 33 | =3

W | <3 ] B | <5 | <5 | <03 5 | 3 | 800 | 4 | <3

000 | =<3 | =<3 | MW <5 | =5 | =03 2 <1 | =3 | 1500 | 24 | =8

14000 <32 2 120 <3 <3 | =04 12 2 2 7200 7 < §

BOe | =<2 | 2 40 | <5 | <5 | <03 i | 2| 800 | 45 | <3

Sa00 | <32 1 60 | <5 | <5 | <03 5 | =3 | 2900 | 43 | =3

W00 | <2 | <3 | 130 | <8 | <8 | <03 3 <1 | <2 | 1oo0 | 39 | <3

15000 | <2 | 32 %0 | <5 | <5 | <04 F F] F 600 | 74 | <3

13000 | <32 2 | 300 | <8 | <5 | <03 il [ 3 500 | 54 | <3
FleldDup. | 13000 | =3 | 3 | 30 | <8 | <5 | <03 | 2 3 |2 | 10000 | 83 | =5
100 <1 3 150 | <5 | <5 | <03 3 <1 | <3 | 200 | 51 | =5

10000 | <32 i 170 | <5 | =5 | <03 7 T | =2 | wo0 | 56 | <5
FicldDup, | 10000 | <2 [ %0 | <5 [ <5 <0 7 1| <2 | ¥mo0 | &1 | <3
20000 | <32 5 360 | <5 | <5 | <0 4 ] 3 | Tebo | &9 | 8

00 | <3 2 170 | <3 | <5 | <03 2 <i | <2 | 10 | &1 | <5

o | <3 2 30 | =<5 | <5 | <03 ] 1 SH0 | 15 | <3

LabDep | 19000 | <2 1 0 | <5 | <5 | <03 i =1 5100 | 74 | =<3
19000 | <3 2 30| <5 | <% | <63 1 1 ?_| &m0 | 83 | <5

M0 | <3 z 150 | <3 | <5 | <03 5 I | <2 | %00 | 38 | <%

G000 | <32 2 W0 | <3 | =85 | =03 | 10 ] 3 | 4w | 73 | <5

Ficd Dup. | 14000 | <3 2 W0 | <5 | <5 | <03 7 || <2 | 3500 | 35 | <38
I0s | <31 F 190 | <35 | <5 | <03 3 <V | <2 | o000 | 48 | <%




TABLE Ie; Trace Elemienis al Yionlure Drill Site - Juse 1999 (Contisueid)

L - - W IF . N - N e - = -~
2500 B4 % < 041 <1 %3 <05 i3 [X] ] [1F] kil [F]
240 Labs Dup, [17 £ 3 = 01 L] <3 <[5 41 gl =3 i 2 7
-350-3 40 <1 <001 <3 21 =05 45 ol <3 L 7 13
2807 10 L <001 <3 <2 <05 EL] ol <1 il, &
E—_&Eﬂ-l ﬂ ! < 000 <3 ot | '“Lﬁ 40 ol % d . &
o {n ] 59 £33 = 0l ] <] <5 53 ol £ ] . E]
5005 i 1 <00] [ =2 <1 =05 43 ol & 0.2 7 )
5007 430 <3 < 001 E ] 51 <05 58 0l % ] 045 iL) FL ]
W 000D | 250 o3 < QU0 ] <l {15 55 ol <1 0.4 Fii] 17
- 1000-3 53 < < 0.1 <3 <3 <05 '!!- ol <7 03 7 T
- 1 -5 3B <1 e L] ] F] <1 =0.5 52 ol EF] [[F] 7 7
W D07 150 <3 < 00l 1 =1 =03 32 ol <2 0.3 ] 13
W00 1 4 <3 = .00 <3 % <{.5 3% [N <1 03 i ]
- 3000432 p2] £} = Gl <} <] B R 1] [N EF 3 [] [
I\"-]DW—I pril =3 = 0.a) i =1 =03 k1] ol =2 0. 8 ]
VM- 100 <1 = 0.0l i %1 < .5 53 0l <1 [l 12
{fv-3000-3 300 o3 = (L0 ] <] < {5 1] ol o3 a4 25 12
I!-]Wﬂ-i Lah Duip 252_!]_ <3 < 0ol 2 <2 <03 7 (] <3 K] FT 18
W 34 Ficld Dwuip. T <] < .00 ] <1 <{5 56 0l < 04 20 5
- 3015 218 <3 < 0.0 3 <3 =03 47 i1 = a4 ] fi
V-JHH-T 4 =1 < [0 < 3 <3 < .5 ET 0. < 03 7
W B HH-E 5] <) < L0l o ] €3 <05 Al 0. o 0l [
W 0003 17T =} = (Ll o ] a2l <05 17 [ ] fl 5 [
W00 5 210 <3 = [0l 3 o 3 <05 &l .2 =3 [V E] 1% 14
-6000-7 §40 <3 = {01 ! <] <05 4 0.1 <3 B3 14 13
o (- 51 <] < .01 o L] <05 46 0.1 <Z [ ¥} 7 ]
fiw-10600-3 1] <3 = {0 < . LK ] ] 0.1 =3 (TN L] []
I';-lm—i- 210 =2 < 1] ) <2 < 05 &6 0.2 =2 0.3 19 15
10000-7 [FI] <X < {10 1 L <05 7] 0.1 < | 15 1
-1 D007 Field Dup. 2590 <1 < {10 3 <3 <04 ih 0.1 <3 .5 I3 18
« 0 5000:1 k] <l < (.01 ] <1 <05 40 0.1 <} 03 9 10
-1 $ie-2 35 =1 <{.01 2 <3 =04 0 .1 <2 0.3 12 L]
-} 5000-2 Fichd Dup. 49 < 3 =04 7] <7 <05 45 1. =2 32 13 £
30003 | (W} ] <001 4 o) B E ] & 0.2 <} 04 19 [E}
Fv-1 5004 21 <1 “u'ﬂ_.'ﬂl <] =3 'IES- a3 1 0l <1 0.3 4 T
L 0005 150 ] < {101 2 oL} < (L5 iy 02 <} 04 12 1
- | 5005 Laks Dhip, 140 <3 < {01 ] <3 <05 ﬁ_'f 0.2 < 0.3 11 12
| R 280 o < {01 <X <05 T [ il 05 1 1%
| S000-7 44 <31 = 041 F =31 03 15 0. <3 .2 i i
W= 1 500008 130 <1 =0 3 <1 =05 83 | 03 et | 04 13 13
V-1 50004 Fleld Dup. 43 EF < 001 2 =3 <4 57 [ <3 [[E] [ 1]
W 000 28 EF] <00 <3 3 <05 47 al E] 02 5 T




TABLE 3¢ Petrodeam Hydrocabons ot Ventars Dirill Sie - Jume 1999

B e i - -WE- L SR e - =] — - &
240 | <0025 | <0035 <0035 | <00f | <25 .36 | 099 2.3 116
1501 LabDup. | <0025 | <0035 | <0025 | <008 | <2, FE¥] FICE 136 336 |
E-:L'm <0025 | <o0as | <0025 | <005 | <2 348 16 1740 374
V-1507 <0025 | <0028 | <0025 | <00f | <28 | 268 | 18 2932 FEE
K] <0025 | <0035 | <0035 | <005 | <25 1.23 1.5 17 173
-500-3 <0035 | <0025 | <0025 | <008 | <285 | 438 | 146 K 85|
BT 025 | <0035 | 0025 <005 | <25 1.37 1.58 195 1.95
5007 <0025 | <005 | =002% | <005 | =24 206 1.7H 18 T
fiGeie- | <0035 ] <0025 | <0025 | <005 | <25 | 0657 [EE] [.5% 199 |
-1 G003 <0025 <0015 | <0035 | <0@5 | <25 | 468 1.63 631 [
g.pms <0033 | <0033 | <0028 | <008 | <23 | 0963 140 FIE] 7.66
o | G <0025 | <0.025 | < 0.025 <005 | <15 1.1 1.ES 4.05 405
_3000-1 <0025 | <0028 | <0035 | <005 | <25 | 079 156 246 146
F-:m—: <0035| <0025 <0035 | <008 | <38 1 151 231 1.3
V0.1 <0025 | <0035 | <0025 <005 | <25 127 106 143 343
- 3000-4 <0028 | <0025 | <0025 | <005 | <25 1.26 FIE] 145 ERTS
E—ams ~ <0025 | <0028 <0025 | <008 | <15 | O0EM I.TE 2.5l 181
0005 LabDwp. | <0025 | <0025 <0025 | <005 | <25 | 0.725 1.47 2.20 FE]
V-3000-3 FieldDup. | <0025 | <0005 | <0.025 | <008 | <2 1.6 iT4 43 [ET]
I-..r.gum.ﬁ <0035 | <0005 | <0025 | <00 | <1 143 1 3m ELE]
W00 <0025 | <0.025 | <0025 | <005 | <25 | 08 [EF 166 165
W-1000-4 <0025 | <0025 | <0025 | <005 | <25 ] 138 2.8 FEL]
P 6000-1 <0025 | <0025 | <0035 | <009 | <25 | 0695 113 E (K3
I_Tms <0023 | <0.025 | <0035 <008 | <213 | O.TH [EF] 2.4 2107
Wi 7 <0025 | <0025 ] <0025 | <008 | <25 | 0625 ] [EE .73
- 000 | <0025 | <0025 | <0028 | <005 | <25 ] 1.7 5.55 5.5 |
- | DO0a0-3 <0025 | <0008 < 0,025 <008 | =13 ] 14 564 Jas
{v-10000-5 <0025 | <0025 | <0025 | <005 | <35 166 | in 1,90 189
-1 0025 | <0025 | <0025 | <005 | <25 .79 1.8 452 i.62
~10000-7 Ficld Dup. | <0.025 | <0025 | <0028 | <008 | <235 | 1.1 2.1 321 3.21
I-.r.rsm1 0025 | <0025 | <0025 | <005 | <25 | 2 1.5 587 5ET
V- | 50042 £0.025 | = 0.025 < 0,025 <004 | =14 CLEZR 1,43 264 1.6%
W1 5000-2 Field Dup. | <0025 | <0025 | <0025 | <008 | <35 [ 172 4.37 6,09 i
V-1 5000-1 € 0028 | <0005 ] <0035 | <005 | <24 (KT FIE7] [EL] [EF
V- 5000-4 | <0025 | <0025 | <0025 | <008 | <25 FEF] 1.96 528 [Tl
-] S000-3 <0025 | <0025 | <0025 | <005 | <25 11 .62 295 165
VoI SO00-5 LabDup | <0025 | <0025 | <0038 | <008 | <23 141 168 IR [T
Iv-15000-6 <0025 | <0025 ] <0035 | <008 | <35 | 458 6.03 10,71 o7
Bv-15000-7 cQEs | <0025 | <oors | <005 | =25 | 07ES 119 198 D
150001 <0025 | <0025 | <0025 | <003 | <24 164 554 B0 .49
|l.r.|sum4 Field Dup. | < 0025 | < 0015 <0025 | <005 | =25 1.06 163 6. 5.74
W2 D0 <0025 | <0025 | <0025 | <005 | <15 | 0817 1.7 152 150




TABLE 3¢: Pelyeytlic Aromatic Hydeocarbons at Venture Deill Side - Jane 1999

eghihaiens | Idlafiiasphilainss | I-Melbylasphaices | Acasphiiglies | Atxmsphthtss | Flmerrdt | Piemsathroes | Asilarscos
W"" e L .4 L] — e .
2301 < 0.0% < .05 < 00 fl!ﬂ! < [LO% < 0% < (0§ < [L05
I"ll'-]‘.'iﬂ-l LLab Dwip. o .05 <0.05 < B05 o 05 < ROs < B0S o [ 05 < .04
fe-280-3 < 00,05 <005 < 0,0 =005 < 0% < [LQ5 o [ < {105
l'ul'-iﬂl-? < .05 <005 o 05 <05 <= 0s B4 LY [ 065 = {1,045
fv-soa.| = (1,05 = {105 < 008 < 0% < 0% < 0,05 < (05 < [1L05
I:;'il:l:l-:i < .05 < 0.05 o« .05 o .05 « 05 < .05 o [.055 < {105
005 =05 = [.05 < 005 < 00§ < 0% {EIH- < Oe§ < .05
5007 =003 <00 <008 <005 <005 | <005 | <008 <0.03
- [ - | < 005 <04 = LS < 005 < DS o 305 o S < .0
«1i0H00-1 < .05 <005 o (30 < Lg% < Q0% < (L0 < [0 < 1,04
1003 = 0.0% < 0.0% = 005 =005 =005 =008 < 0,05 <0.05_|
1000-7 <005 _ <005 <0.05 <003 <005 | <005 | <008 <0.08
Edml < {05 <005 o {5 < g <08 4TI < (3 0§ <004
- 30002 <005 <005 < [0S < LIS = LS = [0S el 1] < 005
3000-3 <005 <005 <005 <005 <005 | <005 | <005 | <0.05
o J 0004 = {05 <005 o (105 o (05 < [1,05 o [0 < [ 08 < 0048
-3000-5 - =003 =008 <005 =003 <005 | <003 | <003 <005 |
3000-5 Lab Dup. | <0.05 <005 <005 <0.05 <005 | <0.05 | <008 < 0.05
W Ji5 Ficld Diap. < 0% o 08 o {105 o< .05 o .05 o ) 05 o k04 < 005
- 006 <008 = 0 < (103 < 005 = .03 < {104 < 0,045 = 0.0%
W-3HH-7 < 00§ ":I_ﬂ_ﬁ = 05 < 0K = ﬂ;ﬁ < 01,05 < (1,05 < 005
WA 00H0-B < 005 ‘IUE_I < {105 < 01,05 < .05 < 105 <005 < 005
0003 < 005 < 005 < {105 < 0,08 < .08 o {104 < 004 < .05
I'I.I'-IS-I'H;IJ‘-S = Al = 005 < {105 <004 =005 < .05 <1005 =005
V-6000-7 <005 <0.08 <005 <003 <005 | <003 | <003 <005 |
= | (M- < P05 <« (105 < {105 < .05 < .05 =05 < 005 < 005
WL D003 o 0 o (S < {05 < 005 < {0,058 < {05 <005 < 0.0%
B 1000-4 < Mg < [Ed = 0,05 = 0,05 < 005 <005 < 0,05 = 005
Iv-:mmw <008 <0.08 <008 <005 <005 | <005 | <005 | <0u0s
W R0 Field Dup. & 05 o« (L5 < 005 < .05 =< 0,05 < .05 < 005 « 0L0%
IE-H’DW—I < 3§ < (h04 ﬂﬂ_.lE < 005 < 005 <005 ﬂﬂ:.'l < 00%
=1 5:000-2 L] t_'!';‘ﬂ."r <005 < 005 < 005 < .05 <0f < 005
I"u'n!mn] Field Dup. < [0S < [0S = 00% =005 =008 =00% <005 = (05
-1 5:000-3 < (05 f—'ﬂi = 005 < Q05 < QLS < Q.05 < Q0% o 05 !
=1 20004 <[085 < (105 < Q08 <005 < 008 < f0s < 00% < b 0
150005 = =005 =005 <005 <005 <005 | <005 | <005 | <005
« 1 5005 Lab: Dnip. < (.05 < D5 < 005 < 00§ < 05 o [ 0 o« 0G5 a ()05
l'lll'nlm < 1,05 < 1,05 o LGS < 0% = 0E =303 < 0L0d < {05
- | 50007 < {.05 < 0,05 = .05 < Q0% < 30§ = .05 < 0§ < .05
I 5000-8 < [0 '!l].ﬂ? < 05 < 005 o 35 o (.0 < 105 < {105
« | 0008 Field Dup. <0 < (L0 < 0od < [oF < (0% < 0,0 < 0% < 0,05
v 0o00-4 < 004 =003 = 0od =008 =00% = 0.0% <0.03 =005 |




TABLE Jo; Pelycyclic Aromatic Hydrocarboas st YVenture Drill Site - Jwne 1999 (Continwed)

| [P [ e— O p——  W—" [y T EE——— | Beare{k worasibaps | Brassisiprrrms
-,
V2501 <0os | < n.?i < (L0 < 0.05 <0.05 = 0,05 < (.05
250- Lob Dugp. o Q0§ o (05 < 105 = {05 =008 = 00% <= 0,05
2503 <005 | <003 <005 <005 <003 <005 < 0.05
W-2150-7 < 05 o 105 < (05 < 005 < Q0E =005 < .05
V-500-1 <008 | <0.0 < 0.05 < 0.03 <0.05 < 0.05 < 0.03
S00-3 < 305 < (103 = (.03 <0 0% =005 =005 < .05
-500-5 <008 | <008 <005 < 0.05 <0.05 <005 <0.05
5007 < {05 < {105 < 005 < .05 « 005 < 005 =005
o | 0. | = (0g =04 = [L0% =005 =005 =00% = 0.0%
- 00§ i!ﬂi < .05 < 0105 < D08 < 00§ < 005 < .05
V- 1000-5 <008 | <00 <003 <00 <008 =005 < 0.05
e | 0. 7 = [0S = {08 =005 =00 =308 = {08 <0,05
300401 < [}.08 < {105 < 0,05 < 005 < 00% < 00% =005
V-3000- <005 | <003 < 0.0 < 0.05 < 0.0 < 0.0% = 0.0
WM o ). 05 < {105 = 005 <005 a0 < 00% <003
|'|"a]ﬂll.'ﬂ-ll < [0,0% < {103 < [,0% < Q0% =008 < 00% <005
-3000-5 _ < 005 < {105 < {105 < (.08 < (.05 < 008 <005
W31 Lab Dup. < 005 < .05 < 005 < 005 = (005 = Q0% = 00k
- 3HH-4 Fhzld Dup, < 0.0% < 0,05 < 0,05 < 00§ < .04 < 005 < 0085
- HHHI-6 < {10 "=li|£_5 < 0,05 < [L0§ <= [L05 < 00§ = 00§
-3000-7 <00 <005 <008 <003 <005 <008 <008
patiiii ] <00 < 008 < 008 < 04 =005 = 005 < AL
500H)-] < 0.0% < Q0% < 0.05 < 0.05 < .05 < 00§ < (A5
E-mml-: <005 | <005 <005 < 0.03 <003 < 0.05 < 0.0F
~5001-T < 005 < Q0% <005 < .05 < .05 o< 005 o< 0%
B [ CriN] < 00% < j0s < Q0% < (.04 = [0.05 = 00§ = 0EL
E'-lm-a < 0.0% < Q0% < 00§ < 1,05 < 0,05 = 0.05 < 005
- § 0005 o 005 o B0 < 005 o« .05 < (.05 o (.05 = 0%
« R0 = 004 < (h % = 00t < {104 < 0.0% = 0,08 = 005
- O T Fleld Dasp < Q0% < (0§ = 005 < {1.04% < 00% < 1,04 = [.05
V- 5000 | < Q0% <[5 < [} 05 < {105 < 0.05 < 0,05 o (105
Wl 50000, 2 < [L05 o« (L5 < 0§ < (05 < 0.0% =005 < 0,08
-1 5000-2 | _Ficld Dug =00 | <005 = 0,05 = 0,05 < Q.05 = 0.04 = 0.05
e | 50003 o 05 o< (05 o€ 0,05 o )05 =005 < 005 <005
W | S 000-4 <= .04 < [0 = {108 <005 <005 < 0,05 < [,0%
V- | 50005 < [0 *H]-E-S < [0S < 105 <00 < .05 <004
Wl S000:5 Ly Dup. < [0 <105 <004 < {L.03% < [0 14 < 0.05% < {1035
N1 5000-6 = (.03 = 0.05 =005 <005 =005 =005 <005
=1 50T £ 045 < {05 = (105 < 0% = 30§ < (0% < {08
-1 5000-8 < {105 <005 < {05 < 045 < B0 < 00§ < .05
= SHH-E Fuzld Dhip. < 005 < {105 < .05 < 00§ o 305 <005 < 00%
=20000-4 <005 < (.05 < 005 < 005 o (2% <00% < 003%




TABLE Jg: Pelycyclic Aromatic Hydrocarbons a1t Yenbore Drill Site - Juse 1999 {(Continmed )

L:::L&.ﬂ_ msts =ets 'ﬂ_l
-1 = <005 < .05 <0.05 < 004
V=250 Lab Dup. <003 <0.08 <003 =0.08 |
V-150-3 <005 < 0.0 < 005 < 0.0 |
v-2587 <0.05 =0.03 <003 <0.08 |
V-500- =005 < .05 < 0.05 < 005 |
V=500 < 0.05 < 0,04 <003 < 0,05
V-500-5 < 0.05 < 0,05 < 0.05 < .05 |
V5007 < {04 < [}, < ()08 < 0,04 ]
V-1 0001 <005 <005 <005 < .04
V-1000-3 < 005 <0.05 < 0,05 < 0.03 '
V-1 000- <0.05 < 0.03 =0.05 < 0,05
V- [ 000 < .05 < .04 <0.05 < 0,05 1
V-3000-1 <005 < 004 < 0,03 < 0,08
V-3000-2 <0.08 < 008 < 0.08 < 0,05 I
fiv-3000-3 <005 <005 - < 0.05 < .05
V-3 000-4 < 0.05 < 004 < 0.03 < 0.04
V-3000-5 =004 < 0,03 < 0.08 = 0,08
V-3000-5 Lab Dwp. <0.05 <005 < 0.08 < 0,05
ffv-3000-5 Field Dup. <0.05 < 0.05 < 0.04 <0.08
- JOHI-4 < 004 = (L4 < 0.0% = {1.04
W-3000-7 < 0.0% =005 < 0,03 <{.05
V-3000-E <008 <003 < 0.03 < 0.03
-&000-3 < 00§ <005 < 0.04 < 0.0%
-5000-5 < .04 =005 £ 0.0 < .05
v -6000-1 <003 < 0.05 < 0.05 < 0.03
V- 10000-1 <005 < 0.05 < 0.05 < 0.03
-1 0000-1 <004 <003 < 0.0% <003
V-1 0000-5 <005 < 0.05 = 0.05 < Q.05
[-10000-7 < 003 <005 < (.03 <05
V= D007 Ficld Dup. = (.05 =005 = 0.05 <005
V-1 5000-1 < 0,05 < 0.05 < 0.05 < 0.05
V-1 3000-2 <005 < (.08 < 0.0% <0.0%
-15000-2 Ficld Dup = 0.05 =005 < 0.05 <005
«1 $000-1 < .05 < (.05 < (.05 < 0.03
V-1 30004 = 0,03 <0408 = 003 <005
V-1 5000-5 = = 0,03 < 0.05 <005 < (.05
-1 5000-5 Lab Dup. <00 <005 < 0.05 <005
W | SO0 =04 <003 < (0% <008
V-1 5000-7 <005 <005 < (.05 <0.05
V-1 3000-8 <008 =003 < 0.0% <08
V-1 5000-8 Ficld Dup. < 0,08 <005 < 0.05 <005
{v-20000-4 <005 <005 < (.05 < 005




TABLE 4g: Sedimcat Quality a1 Venture Drill Silg - Jung 1999

e e e e e
- —h
. AN A G T L .
Lab Tup. <1 %] <11 [X3
4 (X} <0l < (. A <1, ¥ T ((F 7]
4] =00 =10, T =10, i LiNRA | 40 |
I ] K] i) [T <. ] L =050
| iA] =00 A T =0 ] FCiEF] [E
-S00-5 (] i1 < [}, T, <, W7 (s}
Ry 1] < 0.0 ) ] <, L L] [N
- i ] 41| 1] ] 0.0 1] i
A (2] 3:1] =0 ] =01 [ %] [0 (]
- X [ = 0.0 . = 0.0 | L [
B [ ¥ <01 il o] <00 1] “GLARRT %
- i i (K] LAl ] LR L] LCCiES [l ]
% [ ] K] [ =01 ] =00 ] [ofT =020
¥} <] i, ] < 0.0 0% YT 027
- T <M (i} Wy | <0l | LI o
5 ] - ¥ =1, II# .| (R] AT nar |
B [T 'ﬁﬂ% = L1 3 ] 3
= [ %! =0 [ L20 < 0.4 L) TLH [V [1]
.1 0.1 A g 01 [ ) TLONH] o |
B [ T [iR] | Ty <00 [l B o0s =00
[} =1 <11, T2 <00 [l [ ETii]
[N [ K] =1 (T8 =00 .7 [T VEF IR
Fi%] [i] = TH <00 L] oo | <oam |
¥, LA = . .1 K] L] iy
] X 0.1 1] LI .6 A L] ahan |
¥ [ 04 0.1 T .1 or | ookE | =nom |
T OHHA- 5 [(8] [(E i LAl .1 K] [T (EES
- Y [(] (] i k] 0.1 (K] [ ]
TR Freid Dup, [F] 1] =101 (2] FYiA] T 0018 =000
- [ ] [l [N} (XN [i] T3 0.0 <020
[E] [] ] EL 1 k] [ LA | ;
) Field Tip. i [ T4 ; ¥} T s <t
] ) < 0.1 T X ] oy |
(1] (1] AR
| [ 1% <] ] i b T (A =0
LT A 0.1 TEE A K] [T (L]
[h Dup. | TE.T [ ]
5 s (o] | FLE] (] i ECTE Ei ¥
T [N] [N <, (] < (kL1 [iT I .
T (¥} <00 IR T TE | (indis = ]
Ficld Dup. (1] <6l | _ 9d | § ] i3 T v (k]
[ < i1 =01 =7 <1 [V} TLIHHTY il 1]




TABLE %z Toxicity al Vestwre Drill Site - June 1999

A mmanis Salphade Amphigsd Sared Echinald Favilasilss [r——
e Camtred Wpresiity 3. | % Fortilantion [l £Ca
Lab Dup. 1
135 <20 3 363 OF.10% 1% I
139 <30 3 BZ5 =1 0% ]
iy =30 3 1K =100% =1 00%
[i]3 <3 i 3 L1 1] = 2l
&7 7] 7 3 8.5 >100% =100
23 <0 i 3 ] A2 MM =107
(AL <20 i | ma =1 0% > 100%
1,96 <20 il 3 773 =100 =1 0%
o 255 <30 7 3 765 =100 =100%
Ui iz s
Ficld Dup. 338 <20 B ] BO.E ~100% >100%
0.54 <20 2 3 56.5 =10 =100%
Fachd Dup
Field Dup.
= |
Lab Dup.
Ficld Dup.
247 <20 3 ] 253 EL00% >100P%




Appendix C-8: Laboratory Analytical Data for Sediment
from Venture Field, Fall 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity



TABLE li: Traee Elements 8t Venture Drill Site - Nevembsr 1999

Alsmisem | Asdmiay | Arsosic | Burtwm | DorySem | Borts | Codaminm | Chrominm | Cobahl | Copper |  beom | Lasd | Liiklem
L::&-J‘_!m** L. - R AR e
V-250-1 w0 | <2 2 60 | < <5 | <03 4 <2 | 3100 | 4 | =<5
V-250-3 10000 | <32 3 W0 | <5 | <8 | <03 3 =3 | 400 | &35 | <s
V2803 B0 | <3 | =2 B | <5 | <5 | <03 1 <% | M0 | 41 | =<5
V2507 TI0_ | <2 ] B | <=5 | <5 | <03 1| <2 | 200 | 335 | <3
l_':-ml B neoo | <2 2 218 | <5 | <5 | <03 19 F) i | 90 | 76 | <5
-500-1 LabDup. | 10000 | <2 ] 300 | <5 | <85 | <03 7 3 3 000 | 61 | <5
V5003 10000 | <] 2 220 | <5 | <5 | <03 1 <1 00| 48 | <5
¥-500-3 9900 <3 2 19 | <5 | <35 | <03 ] 1 3 | w00 | 585 | <
v -300-5 Ficld Dup. | 9100 <3 ] 180 | <35 | <=5 | <03 4 ' | =3 | 2300 | 43 | <
V-500-7 - 11000 | <1 2 20 | <5 | <5 | <03 3 ] i 57 | <
V5007 Lab Dup.
- 1000-1 1 10460 < 2 2o <% <5 i:ﬂ__] 5 ] <l _Lﬂ]{l 51 o §
V-1000-1 000 | <12 2 210 | <5 | <5 | <03 7 ] 5000 | 55 | <5
1005 10000 | <3 2 180 | <5 | <5 | =063 [ ] ™0 | 17 | <%
10007 12000 | <3 ] U0 | <8 | =85 | <03 14 ] 3| w600 | 87 | <5
V30001 7900 <1 | <32 | 150 | <5 | <5 | <63 3 I_| <2 | 200 | 36 | <5
V-3000.2 A T ] 160 | <3 | <5 | <03 3 i | <z | 200 | 4 | <3
V-3000-3 e 12000 | <32 2 200 | <5 | <5 | <03 [ 2 ] | o000 | kI | <5
30003 LabDup | 12000 | =3 2 | 20 | =8 | =5 | <03 07 ] 3 | %0 | 8 | <5
30004 1300 <2 1 230 =3 =35 | =03 n ] 4 14000 | 94 <5
-3000-5 2000 _| <2 T _| W0 | <35 | <5 | <03 1§ ] 1| o | 99 | <3
30005 Lo | <32 2 | 20 | <5 | <3 | <03 [E] 2 3 | &0 | 13 | <5
V30007 0| <3 F] i | <35 | <3 | <3 ] I | <2 | 3am | 38 | <3
V-3000-8 70 | <2 | =<3 | 140 | <8 | =3 | <03 ] I | <z | 2606 | 38 | <3
—6000-3 3900 | <3 | <3 | 130 | <8 | <35 | <03 <2 | <1 | <3 | iod | 31 | <5
V-6000-5 12000 | <32 3 20 | <85 | =5 | <03 i 5 5| 2000 | 13 | <3
W-H000-7 LLICE] =2 2 17 <8 <3 | <03 k] 2 k] W00 | 635 <5
V- 100001 12000 | <2 F W | <3 | <35 | <03 [ | z_| 4300 | 69 | <3
E-mmn-l FildDup | 0900 | =<2 F 20 | <8 | <5 | <03 7 | 3 | ame | & | <3
-10000-3 — [ s | <2 | =3 | 120 | <5 | <3 | <03 3 | =i | =<z | 00 | 26 | =3
-10000-3 LabDup | 5000 | <2z | <2 | 10 | <5 | <3 | <03 <3 | <1 | <2 | ®80 | 33 | <3
-1 00003 15000 | <2 2 20 | <3 | =4 | <03 i3 4 3| 10000 | 95 | <3
-10000-7 11000 | <32 3 W0 | <5 | <3 | <03 I ] 3| oo | 78 | <5
E-ISMI]—I 700 | <2 3 i70_| <5 | <5 | <03 & i 2| 300 | 62 | <3
fiv-15000-1 FicllDup. | S200 | <2 3 100 | <35 | <5 | <03 q <] 7| 2000 | 46 | <3
fv-15000-2 BS00 | <2 1 10 | <5 | <5 | <03 7 i 2| w000 | 63 | <5
- 03000-3 15000 =2 ] L] <3 =5 | <03 15 2 1 7000 9 ]
150004 B0 | <3 ] 190 | <35 | <5 | <03 3 1 <3 | 20 | 47 | <8
-1 5000-3 16000 | <3 2 20 | <5 | =5 | <03 13 3 T | &o00 | B4 | <3
V130006 1 EO0 FE 3 1T FT 25 FTE] F F 3 EEDD T Y
V150006 Ficid 17000 | <2 ] 20 | <5 | =5 | <03 g 3 A | 12000 | BE | <3
V-1 5000-7 5100 <3 F] o8 <5 | =5 | <03 3 <1 | <2 | 3300 | 24 | <5
V-13000-8 510 <2 | <2 | 158 | <5 | <5 | <03 4 <1 | =2 | 1400 | 35 | <3
V-1 5000-8 Lab Dup. | 8000 <1 ] 180 | <5 | <5 | <03 5 ] <1 | 200 | 47 | =
200004 0000 | <32 ] 300 | <35 | <5 | <03 [l T | <3 | 2600 | § | <5




TABLE 1d: Trace Elements 81 Venture Drill Sive - November 1999 (Continued)

m-_ S—— e ————
Masgusass | Mlelyhdessm | Bhavrary Har Sriatas | Thilles Tia (Urssiem | Vesddiem Tiag
L L Siif. | sels | wene, walr oo e[ meho | o=elr et | Sene
L] <2 <00l | €2 | <% <05 1% [N} <2 02 7 7
100 <1 <001 | 2 <2 <0.5 50 al <2 a3 1o 10
37 <3 <00l | <2 | =2 <03 I 0.1 =3 0l 5 &
7 <1 <00l | <2 | <2 <05 34 0l ¥ 02 & [
170 <} <001 | 2 <2 <05 51 0.l <3 [X] 22 20
LsbDwp | 250 =1 <001 | 2 =1 <05 [ 0.1 =1 03 16 15
] <2 <001 | 2 <2 <05 50 ] <2 02 [ ]
10 <2 <001 | 2 <2 <05 47 0l =1 02 I ]
FidDup | 43 <] <001 | 1 <2 =05 | M [ 3 02 3 7
. 370 ¥ <04 E <2 <05 i [ < ik ] a2 23
Lih Dup.
[ <2 <001 | 2 <2 <03 2 @l <1 (¥ ) ]
160 <1 =041 ] <1 <03 7] ] =1 ik} 13 1
310 <1 <001 [ 2 <1 | <05 a9 0 <3 05 20
340 <2 <00l | 2 <2 <05 &0 [ <32 04 24
&2 2 001 | <2 | <2 <05 19 0. <2 [ & 1
53 <1 <001 | <2 | <2 <08 L] 0.1 <3 02 & 7
350 <1 <001 | 1 <2 <05 56 0l L 04 15
Lab Dup. | 300 <1 <001 | <2 <05 3% | el <3 04 21
570 <1 <001 | i <2 < 0.5 57 01 =2 as 29 23
500 <2 <001 | <1 <05 ] (X} <1 0.7 28 12
260 <1 <001 | 2 ] <05 ] 0l [F] (Y] 20 6
76 <1 <001 | < ¥ < 0.5 i ] <3 8.2 ] 7
[T <1 <00l | < =1 | <05 33 0 ¥ 0.3 [
9 <] <00l | < <2 <05 10 0 <3 o
1000 <3 <001 | 4 <3 =04 54 ol ] Ll L] 4l
T80 =1 <00 | 2 %] = 0.5 42 ] =3 o4 L] 5
94 <3 <001 | 2 <2 <05 5t 0.3 <3 (K] 2 2
FieldDup. | 66 <3 <00l | 2 <32 =04 30 0l =3 02 ] ]
e 10 <2 <001 | <2 | <2 < 0.5 10 0.1 <3 02 3 ]
Lab Dup. 9 <3 <00l | <3 | <3 < 0.5 26 0l ¥ 0.3 2 5
140 <3 <001 | 3 <3 <0.8 63 0.2 <3 08 26 18
i <2 <001 | 3 =2 <0.5 51 ol =2 0§ 25 18
~15000- | [ <1 <001 | 2 <3 =05 ad [ <3 3 [ 1
B-IHMI Field Dup. | <1 =001 | <3 | <2 < 0.5 29 | ol =3 0.2 7 &
V- 15000.3 53 <} <00l | 3 <] <0.5 a4 0. ¥ 03 1l 7
V-1 5000-3 100 ¥ <001 | 3 <3 <0.5 B2 0.2 <2 0.4 19 13
V- | 5000-4 45 <2 <001 | <2 ]| =<2 <0.5 45 0. <2 0.2 [} 6
V-1 5000-5 1m0 <3 <001 | 3 <3 <08 72 0.3 <3 0.4 19 17|
=1 5000 140 <2 =001 | 3 ¥ < 0.5 7 0.2 23 0.6 2 18
V- 50006 Ficld Dup. [ 450 <1 <00l | 4 <] 0.5 76 0.2 <2 0.8 T i3]
n <2 <001 | <2 | <2 <0.5 26 | <ol | <2 0.2 7 1
- 26 <3 =001 | <2 | <2 <05 33 .1 ] 0.2 5 [
h Durp. [ <1 =001 | <3 ] <2 =0.5 45 . ] 0.2 [ 1
45 <2 <001 | <2 | <32 <05 48 0. =2 0.2 7 1




TABLE 2d: Peirgleum Hydrocsbons st Venture Drill Siie - November 1595

- m—- —— e c———
Bymrss | Tolems | Ebylbessns | Xylmo gl CoyiCm CnChp | TEH T, Ll T
Fﬂhul Erplicuin_ g gy o ] -=| | mpfkg -ﬁ
2501 <0025 | <0025 < QU025 <003 <15 [T 1.2 <] B
E-zm <0025 | <0025 | <0025 | <005 | <28 | 361 | 095 3,54 354
<2505 <0025 | <0.025 < 02 £ {105 <15 143 (I 15.2 152
250-7 <0025 | <0025 | <0035 | <003 | <28 | 243 | 048 33 33|
5001 <0025 | <0025 < 025 =005 | <25 01395 b6 <3 <3
-500-1 labDup, | <0025 | <0008 | <0025 <008 | =34 | 6434 754 <3 =3
- 501 <0025 | <0035 | <0025 tﬂ-._ﬂ-ﬁ <15 053 1.19 < <3
<5005 <0025 | <0025 < 025 £ (105 <15 057 1.33 £ ] <3
500-5 Field Dup. | <0023 | <0023 | <0035 | =005 | <25 | 0641 | 0868 =3 <3
50T <0025 | <0025 < {25 < [.05 25 0T .00 <] 3
50T Lab Dup.
- 11HK- <0025 | <0033 < QO2S =005 =15 [T 1.1 <3 w3
< 11{H)] <0025 | <0025 < 025 £ 005 <15 <25 <025 <] Ly
-10040-5 <0038 | <0025 | <0038 <005 | =38 | <038 | <038 <3 =
- 1T <0025 | <0025 | <0015 < {.05 £215 -H'IE <02 <3 =
< 3001 < 0025 | <0025 < 0025 £ 05 w15 o 128 <02 ] -t
fv-3000-2 <0028 | <0.024% < QY = 0,08 35 <02 | <028 e ] <3
-3000-3 — | <005 | <0025 | <0025 | <008 | =23 | <02 | <038 <3 =3
20001 Lab Dup. | <0025 | < U025 <0035 <005 <15 <015 <015 ] < ]
- 0004 < QGRS | <0025 < Q0TS =00 L35 <025 | <025 il o ]
N0 5 <0Eas | <0028 < 0ugas =0 =34 <0 | «02s <3 o
- 1000 =005 | = 0.2 | < Q035 ﬂ:IE 225 | <025 | =035 <3 < ]
+ J0- <0025 | <0025 | < 002§ < 005 =15 423 077 =3 < ]
0004 = 102 | <0iI2s £ 02§ < QL0 235 <028 | <025 | <l
G000 <0025 | <0035 | <0.005 <008 | <23 | <025 | <029 <3 <3
00§ <0035 | <0025 | <003 =005 | <15 <015 | <015 <3 < ]
SO0 T <025 | <Oars o [02S < 05 £S5 <02 | <D2§ iy o ]
10000-1 <0023 | <0025 | <0035 | <005 | =38 | <638 | <039 <3 <3
« | B0l | Faeld Diap. | < 0,035 | < 00! < 035 <005 <15 <035 | <035 <3 <3
| (- TR T < (025 < 005 <35 < 0214 <125 =g <3
= | (O Lob Dagp. | <0L0Q5 ) < 005 < D025 < 005 < 1.5 bl LR <23 <3 <3
| (005 025 | < 002s < 0025 < JLD§ ]S < 25 < .23 .| ]
- | 0000-7 <0005 | <0038 | <0005 <003 | 225 | <025 | <025 =3 <1
W | S000: 1 = 0025 | < 002§ < (L0248 < (.05 1§ o 25 £ 25 <3 <]
W+ | 50001 Fochd Dup. | <0025 ) <0025 | <0035 | <005 | <25 | <025 | <025 =3 =3
H- 1 0002 <025 | <0025 < 0.025 < 05 <15 | <023 <025 ¥ ]
-] 5000-3 <0025 | <0028 <0028 < [LBE <35 < .25 <025 <3 =]
-1 SHH-4 < .ﬂﬁ_ < {035 < 0.025 1!05 <15 5 ﬂi < 0,25 <3 <3
W] S000-5 = 0025 | <0025 = {025 <105 <15 <25 <25 <l g
R—Iﬁﬂﬂi}-ﬁ <0035 ﬂﬂ.ﬂli' < {1,025 < .05 <15 *HH_S ﬂﬂ'!_! <3 =
| S0H0-8 Feld Dup. | <0.02% [ <0025 < 0,025 < (105 <15 <25 <25 o ] <
-1 500i-7 <0023 | <0035 | <0025 < (03 <25 | =025 | =023 < ] =1
= S0H3-B <0025 | <0025 < 0025 = DS <15 < 023 <0.25 <3 <3
| 50008 Lok Dup | <0028 | <0005 < {025 < (L0 <35 < {25 < {25 <3 ]
H-20000-4 <1025 | < 002s < 025 < (106 <15 < .25 < 25 <l <]




TABLE }: Polycyclic Aromatic llydrocarbons at Yentare Dirill Site « Movember 1999

Mephtbslens | 3-Mcikyimaphohnioas | |-Sisibyimepihsoe | Acrasphikgh dibons | Flusrens |
Raplicate kil i =piy mpheg = = =gl =gy
< 005 <005 < (.05 < 05 <005 | <005 [ <005 <005 |
= 005 = 003 = 0.03 < 0,03 < 0,05 = 005 < 1.05 < .05
< Q.05 < QS =0.05 =[0G = 0,05 = 005 <005 < 0.05
<005 <008 <008 < L3 <005 <005 < .03 < 0.05
= = 005 < Q05 < 0.0 < [L05 < Q.05 < 0.0 < .05 =< 0.05
Lab Dup. < 03 pd ik < 005 < (03 = 0,03 = {0 < .05 < 05
= 0.05 < 0,03 = 0,08 < 0,05 <005 | <005 | <005 <005 |
< [0S < QU0 o« (05 < 0,05 < (.03 < 003 =03 =045
Field Dup. | < 0,05 <005 < 0.0 <005 <005 = 0.05 < 0.03 =< 0,05
_ < (.05 = 005 < (.05 =< 0.05 < 0,05 < Q.05 < i.03 = 0,05
Laks Dup.
< 005 < 005 < 0,05 < 0.05 < Q.05 < 0.05 < .05 = .05
o (0% < QL0 < 045 = .05 < QDS < QA% <0403 <0035
< 008 <008 =005 € (.05 <008 =00s =005 =445
= 0,03 = (.05 = 003 <005 = QG5 =00 <005 < 045
< 0.0 <005 = 0.05 < 0.05 <005 | <00 <0 < (.05
< {00 < (13 = 0,05 < Q0% = 0o <= =00 = 005
= {0 < (.0 =0.0% = (0,08 < 008 = (.05 < 005 < 005
Lab Dup. | < 0.0 <0.05 < 0.05 <005 <00 <005 | <00 <005
= 0,05 < (.05 =003 < Q03 < (0] = 005 <003 = 0.0%
=< b.04 < 0,05 = 0% < Q0§ < fL0d < 00 = 0,03 =005
< 0.0 < .03 €005 =005 £ 003 = D.0G = 005 =005
= {AK < [0.05 = QA5 < QU5 (.10 < {04 = (L0 = L0
=003 < .03 = 00% = s = {10 = (.10 < (.03 = .03
< 005 <003 <005 =003 = 0u0G <005 =003 =0
< Q05 <005 < DO% = D05 < {103 < (05 = (.05 < 005
< .05 = .03 = Q0% = (LA < (.0 = 0.05 = 003 = (.0F
fv-10000-1 % 0.03 = 0.05 =005 = 005 = 005 = 0,05 =005 | <005
V- 10001 Ficid D = Q03 L < .0F = 005 < (.03 = 0.03 = 0.0F = 0.0F
W= | OEM- 3 - .04 « 01,03 < (.08 < (L < {104 < .08 < 0.0% < 0.08
h—mmu LebDup | <008 <00 <0.05 <005 <005 | <005 | <008 < 0.0
= D=5 =008 =00 < 0L < (05 = .03 = 0.05 < 0,05 = {03
fv-10000-7 <0.05 < 008 <005 < 003 <005 | <005 | <003 <005 |
Y- 15000-1 = 005 = QU0 S = 005 = .05 1 =< 005 = 003 = (L5
F-!SIMD-I Field Dup. |  <=0u0% <003 < (.04 < 0,04 < {1,045 = 0,035 < 0,05 < [0
-1 500 -2 < (.05 < QU0 S < (.05 < 003 = 0.05 = 0.05 < (.05 =< 0.05
W' 1 54K <0.0§ < 00 < (.03 = (i3 < (.03 = (.03 = 0,05 < 045
-15000-4 <0.05 < 0.05 <005 < 0,03 <005 | <005 | <003 <005 |
-1 S000-5 < (L5 = 0UaS < (03 < 0.05 < Q.05 < 005 < Q.05 < Q.05
=1 $000-& < 003 < Ul < (.03 < {03 < 0,05 = 0.0% = 0.0% <0405
F:rlm:-u Field Dup. | =< 0.03 < 0.05 < 003 < 0.05 <005 [ <005 | <003 < 0.05
=1 0007 < .05 = (.l < (.03 < {03 = 0,03 = 003 = 0,035 < 0,035
- S00-3 . = 0,05 <008 < 0,05 =005 = 0,05 <005 = 0,05 =045
-1 §ied-A Lak Drup. << 00§ < (05 =« .05 < .05 < Qu0S < Q.05 = 005 < Q05
i il < .05 <« (LOF = {05 < {05 < {03 < 005 < 0,05 < 005




TABLE Jd: Polycyclic Aromatic llydrecarbons s Yenture Drill Site « Movember 159 (Contimued)

Flacraniieny Fprima Beic|ijinthrsorme | Chrysrer Benzsbifmerenibamn Bracsk Hrarenibamn Besar{ajprrmae
Usique indian b | Mepliceds i i =g =gy =gy = =gy mphy |
V-250-1 <00s | <008 < (.05 <005 < .03 < 0.05 < 0.0
Wa 2503 o (S < (L5 < (1035 = (108 = 0.03% = 005 < 1,03
N-150-5 <00s | <008 < 0.05 <005 < (.03 < .05 < 0.03
=240-7 < DS < 3.0 <105 = 0E = 1,04 = {05 =004
V-500-1 < 005 < [0S < {105 < .05 < {105 < {105 <« 1,05
V500 Ll Dhup. < @At < 005 <05 = 0% = .04 < 0% = (08
V=500 <005 | <00s < 0.05 <0.05 < 0,05 < 0.05 < 003
VL5005 o 005 o (.05 < {105 o .05 o« (105 < (L0535 o ), 05
-500-5 Fleld Dup: <= 0B < [, < 0,03 < (LS =< {10 < 0,05 < o
S00-T < QLS < (L0 < {105 o L0E < 005 < 005 o ). 05
VAT Lab Duup.
AL < 00§ < 0.0 =005 & QL IF = 0,05 = 005 = (0,15
I"lf-IDDIH- o (05 o 05 o (105 o [1L05 o .05 < .05 o ). 05
W -5 < [ < .04 < 01,04 = B0E <2 1,04 < 0,05 < .04
b~l|l}l}~:l' < (.05 < 0.03 < 005 < 0.05 < 0,05 < 005 < (115
e 3= 1 o (05 o (.05 < (105 o (30§ o« (.05 <« .05 o (105
e JINH- < (g < (L5 < {1.0% = (0§ = {004 = [0S o (108
V- 3000-3 i < [0 < .05 < {08 < [, 0§ < 0,04 < {105 < 0,04
[v-3000-3 Lak Dup. o (05 < .05 -tﬂ_.‘gi < (05 -tﬂ‘.[lﬁ < 005 < .05
- L -4 < (105 < [1.04 < {103 < (g < {105 < 05 < (.05
I - BH- 5 < (0% < (104 < {104 = [0 = 0.0% < 0.0% = {03
- JOH-5 < 05 < .04 = 005 < 0,05 < 0,05 < 0,05 < 0,085
N-3000-7 <0 | <0.08 <0.05 <003 < 0.05 < 0.05 < 0.05
s HO00-B < (05 o 05 < 105 o (L5 < .05 < .05 o .05
503 = (1,04 = 1,04 = 0.0% < (0% =0,0% =005 < 1,04
-SlHK)-5 = 105 = 0,055 = 005 < LG =005 < {05 ]
Iv.am.r < (104 < [L05 < {105 < (105 < .05 < {L0S o« .05
- 1 MM | < [0 < {04 <005 < {14 < 1,04 < .08 < )04
=000 Ficld Dhup. < 0.05 < [0S =003 = 005 =003 < 005 < 1,05
F-ibﬂtﬂ-ﬂ < {105 < (L0 <05 < (103 <005 = 005 < .05
= | G003 Lab Dhip. < (L5 < [1L05 < Q05 <045 < 0,05 < 005 < {05
f- it 4 < 05 < 005 o [0S o€ [0S <00 o 005 o« .05
<[ D007 < (04 <005 < (0% <04 <010 = 00s < 0035
E-Iﬁ:ﬂ-l <005 < {1,035 < Q0% = 0,05 < Q.05 < 008 < {108
o Sl | Field Dup < .05 < {05 < Q0% < 005 < 005 o 005 < .05
- | SI00-2 < 0,05 = 0.0% <00 =085 £ 00% =00 <00%
- | 000-3 < .05 <005 < Q0% < iE ':L'IES iD.EE < 005
Wi | S 000004 <005 <005 o Q05 < .05 < Q05 < 005 < 005
- | S000-5 < 0,03 <003 < (.0 =A% < 00k = QA < 0,035
I'\"-tim < L0 <005 < (G35 <005 < Q05 < Q0% < 005
F- S000-¢ Field Daip. <00% < 00% B L <00% < 00% = 008 <i00%
- | 5i0)- < 005 <005 < 004 =005 < 008 < (0§ <008
e | SO0 B <005 <« 005 < Q5 = {05 _<0.05 = Q03 < 00§
k-lﬂlﬁﬁ-! Lob Dhap. < 005 < 005 o 335 < 005 < Q05 o OLOE o 00T
200004 < 005 < 005 o 0§ < 005 o 10§ o (05 o Q05




TABLE 34: Falycyclic Aromatic Thydrocarbens st Venture Drill Site = Movember 1999 (Con tnsed)

Farpiees Imfavetlddchiprrens | Oibseainddesibrscass | Oestighiperyiens
muty =gy =gy mglag
< L5 < 005 < LS o (L0
< 005 <005 < 05 < 0.05
= 005 005 of 105 o ()05
< (L85 = QL4 < {1,048 < 0,04
- < (045 < 005 < L5 o« 005
Lab Bup < (.05 <003 < 0.0 <00
< 005 < 005 oo (L0 oL (04
« ()05 =008 < 1.0 < 1,04
Field Dup. < 0 i < 0.0% < 0,045 < 03
= < L5 <005 < (LS = .05
Lah Dup.
< .05 « QL0S kU1 =< 0.03
< .03 < QL5 < 0.05 ]
o {1,045 « DU0E = {104 = (04
< .08 <0.0% < {103 < 0,03
< 0,05 < 0.05 < 0,05 < 0,05
< {10 = 008 < (.04 =003
ﬁh?_ﬁ < Q0% <005 < .05
Lah Dwup. < [1.05 < (JLOF < {104 .05
o 05 i (305 = 0% < 004
= [0 < 0.0% < (.04 < .05
= 0,05 = 005 < 005 <003
< [0.05 o« (10§ = {105 < {105
= {05 o (105 = {L0s < {105
< 008 < [0.05 <003 <003
<005 = 0.05 =04 = Q05
=04 < [.0§ < 00 < Q.08
< {0 o .05 < (008 < 0%
Feld Dup. <00 < (08 < 0% <008
=005 {05 o (05 o 005
Laks Dup. < 00§ <« .04 < Qg <00%
FT < 0,05 < QL0 < 00§
< 0.05 < 005 <005 <005
o [ OF <0048 < (L < (0%
Field Dup. = Q.05 = 0,05 < QLS = (05
< 30§ < .04 < [0 < (105
< 0§ <003 < 005 < 005
< .08 < 0.03 <0.08 <005
< (.8 < 008 < g < [0, 04
- = .03 = Q.05 = 0,05 = 0.05
Field Doup. o {305 <005 o [0S o {105
<004 <1003 < [,04 < 03
_ < 0,08 <005 < 0,04 < 0,04
Lab < 003 < 005 < .04 Ik
= uﬁ_ < Q05 < (L0 < {105




Toal laseg, Carbea | Tatal Org, Carbes Torwel % Sed % | SM® _u?_n o e ] BaCemiass ]
 sintian (i |Replcaie ki |—;;-!
i} Ef -2?1 LN . AN . 'ﬂ'ﬁ? [
(L | i =00 0,0 LR (] (K] LR a8 |
2514 [ < 0.1 < 0.1 [N (5N (X ] [ <han
EE AR < 0.1 po k] =001 .7 [EGLE 3
AT [} 0.0 0.1 [N} 3] [VF ] L] <
TE-] Tab Dup, [ =10, =00 <o (il i}
ST [ =, < 0.1 A <0.1 i TRRA =i
AT (i i, A 2| ol 1] T 0.3
B Field Dup, (%] =00 =01 2] i (L L] .58
TEWET (] =0 =10, [ ] (o] 7 | o008 =030
EWRT Tab Gup.
ARTCT - (1] <] <A1 =] [N I T CHHIH 141
W= T00-1 (i} < 0.1 <01 | ™ [ (VL] TS i |
AT (1] =100 10,1 =R =101 N [ [il:K]
- TT-T (1] £ 0.0 E 0.0 T 10,1 ] [T =130
T [ il < 0,1 LA <111 ] [l <[},200
T (VK] (A A ] =100 (K] LR [k L
rg i B [ ] 4] =00 <o =00 T GECCE =0 |
- Lab T (%! [FA] = 0.1 [T <101 K]
o LK ﬂ.] 'IEJ t'ﬁfl ﬂ < {1 | m ﬂ.ﬂ-
-3 000-3 [i¥! < 0.1 0] WY | ol I [T <033 |
TR (1] | C1:N] 5] 0.1 I noons | 088 |
R Ty . =0 =0 =00 T k]
T T i, = Y 1 T =30
i il. =0 (A (L] i [ X
V- ii. A = BL1 i < 0] T I [FEL]
T (1] <01 L] Wy | <ol I (X <0, a0
AT [ O] 4] 'L 1k ] ol <40
oI Field Thup. (K] [l [1¥] Ta.0 (1] [ <0 |
T [ bl C:1] LEE] ] ] i3 =
- IO b [(¥] [ A TR 1 T
TR X 3 =00 LT K] i i LT =020 |
TRT ] <0l <0l [ <0l 1 [iYiCE [ F7]
AL T3 s LK [ FE] L] Tk Th s <
o] S Fizld Dup, | [ TH [1E] 4 T3 [P = 1]
TRV T <00 [T Ty ] ] [
1AL ¥ | (¥ =00 Lkl 04 ] T =030
TR [1¥] <01 [N} [ <l L] [ <, 2}
AR (i) <11 <1 e 1A 1 . =
TR | [N (] LEE] ] L 1. =
TG00 Field Dup. T | ] L] i i Th. T W
- 1S T [ ] <) =00 fch] < Ik| g 0, (s [1311]
W | §000-K i . 0l 98.2 1.4 13 0.0009 .25
-15000-4 Lab (L] [E 03 (5K i 11
2R 03 1,1 <0,0 EE <14 | 1 10,0043 <03

)



TABLE 5d: Toxicity st Venture Drill Siee - November 1999

Ammsals Ealpbids A piped Sape el Erhinaid ]| Forilasies
ﬂ * % Casirsl Mlar h.] i Pl st 1CH
= 5 T w
~250-3 <040 <1l 3 ] CEN EET
V2303 TR <10 a [ SR | 100
P <10 1 [ G100 >
50 <1l [l 1] G50 =100
Lab Dup.
] <10 4 [ B =1 % =1 00%
<0.30 <10 I 0 [TX] =100% | =lo0%
Ficld Dop T <10 5 [ 1] =100% 100
<030 =10 T i} ik ] =100 =00
Lt Dup <050
<150 =1 £ ] i£0 = 100% | 0
<050 <1l & ] 53 =100 = 00%
Lab Dup.
=i 50 =1{l [l ] 150 =10 =100
<i).50 <id 7 0 T6.5 > 100" > 1 00%
Field D
Lab Dup,
Field Dup,
Field Dup.
Lab Dup. e
ol 50 <0 ] 1] [TTK] >100% > 00%




Appendix D: Laboratory Analytical Results for
Sediment from Thebaud Field

e Appendix D-1June 1998 Data
o Appendix D-2June 1999 Data
e Appendix D-3Fall 1999 Data



Appendix D-1: Laboratory Analytical Results
for Sediment from Thebaud Field, June 1998

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4; Sediment Quality

Table 5: Toxicity



TABLE la: Trece Elements st Thebsod Dirill Site - Jone 1998

Amiasm | Anbmemy | Areme | Saiem | Beli=m| Bera | Cidmism | Chromiem | Cobs | Cipper | Irem | Lesd
ok ld - [Repllciie b . |- gy =iy mphy e O iy myhg | mghy | sply | =phg )
280 | 1 = z 210 <$ < <0.3 20 2 ] 13200 [ £30 |
3303 12700 < 2 200 ] < <03 B ] <i__| 6%0 | 560
15500 = 2 i <4 <5 | <03 I ] <2_| 60 | &80
13300 2 ] FIT = <5 | <03 I ] ] 5200 | &
12000 <2 z ] < <5 | <03 I F 2 1100 | 580 |
000 = < 121 < <5 | <03 1 <i < 200 | 300
LabDup | 6110 < = 2] = =5 | <03 1 ] <1 | 0 | 300
14700 < 2 70 =1 <5 | <03 I ] 2 6530 | &40
6320 = <2 [E] <3 <5 | <b3 3 < <2 | 2000 | 250
6110 < < 120 < <5 | <03 2 < < 1300 | 150
Laks Diup T o E L et -d]-_! 1 - ] !_. 1_“;
E5E0 = i < <5 | <03 E ] < 00| 180
£350 = <2 ] <3 <5 | <03 1 < <1 | 2300 | 230
11100 ! < 300 =3 =5 | <03 7 ] <1 | 0 | 450
3130 <1 <} 140 <5 =4 <3 1 i =3 600 1A
55930 ] <2 o <5 24 = E] £1 =7 1B 30
14500 < ] 350 =X <4 | <03 y ] <2 | 6% | &30
15900 < ] FET] =3 <5 | =03 2 3 1| 16700 | &s0
17100 <2 3 280 =3 <5 | <03 B ] <2 | s40 | &0
15700 <2 3 240 <3 =5 | <3 I i <2 | &0 | 700
.ﬂ} ] <3 =1 <5 <5 <[.¥ 5 I <1 fed ] 4 [
fi] <2 <2 120 <3 <5 | <03 3 <1 <2 1700 | 270
L <3 <2 150 <$ <5 | <03 7 | <3 | 40 | 530
5500 <3 <3 T <5 = <0.3 2 <I <3 | 1300 | 230 |
18000 < 250 <5 < <03 13 2 3 7610 | 730
18500 = 280 <s <3 <03 1 i F 8610 | 7.60 |
6080 < <3 100 < <! <03 2 <2 | 1900 | 260 |
Field Dup. | 5000 - 83 < < <03 3 <2 | 2000 | 230
B9 <2 F 30 < < <03 5 <t | M0 | 360
6890 <3 <1 an <5 < | - < <2 | 1m0 | 30
TabDup | 7570 = <1 al =3 <5 | =] < <2 | 190 | 130
3000 = = 210 =5 < | <03 & | <z | 10 | 480
21200 a 7 300 =5 = | =1 13 2 ] B0 | 820
1100 2 ] 170 <5 | <5 | <63 & 1 <2 | 4000 | 430
Ficld Dup_ | 10000 <2 ] 160 <5 <5 | a3 5 1 <3| 4000 | 400
13600 <2 2 M <5 < | =3 12 F TS| 660
Lab Dup | 13400 ) <1 200 <5 < | =3 il 2 6380 | 6.30
12000 =] 3 300 <3 < | =03 H ] 2 10000 | 880
i = ] 100 = 4| ] = <2 1000|300
17300 =) 3 T = <4 | <3 il i 1 6730 | 740
Ficld Dup. | 16600 =] 3 25 ) <3 | <1 i i 2 6640 | 730
- &9ED 2 ] 10 <3 <5 | <03 & ! <2 | 4300 | 330
SEED =3 < I <3 <5_| <03 F < < 1600|410
LabDup | 6610 a —a I <3 <3 <0 3 F = <3 800|330
1RGO0 ] 2 260 =3 <3 <03 14 2 2 @720 | 130
350 < <i 110 <3 <5 | <0 < <3 1500 | 200
Fickd Dup_| 3840 <2 ! ] <3 I = <3 2 160
— —




TAILE Ja: Trace Ebemenis at Thebaod Drill Sie - Juse 1998 [Continaeed)

Litbism | Mangantss | Mebybbesam | Marcery | Michel | Selcmbim | Strsafms | Thaliae | Tﬁv__ﬁ. T
e e i TR R | mohy
<h 40y <3 <0 3 <] k1] (il <=3 M ];.I' ;H]_
<5 130 <1 <l 200 <3 46 5] ?_I]' <3 ﬂg I3 10
<5 20 o) <1 ¥ 3040 ] [ [FN]i] g {4 i5 i2
L] 120 o) LiTidl L] L] LT N1 1] L .4 4 r
L3 ] er [iX1]} .00 L] i1 (il {1] =7 1T 5 F
<4 i2 < <00 < <] 28 0 ED <32 j- ] 7
L& Dhip ] 17 <1 <0 [} 1:]_ ] . u_m <7 ¥ 5 7
<5 I_}l} o3 ﬂ}l y]ﬂ ] 58 [Nl L+ k] 15 12
] k! -ﬂ_ -:i.;I}I o) L] 25 [N 1] =2 10 4 5
e o ] L ]| il L] 2 [N 1] <3 .10 k] 5
Laly Dg: L 17 ) E=ki]] <3 «] 24 (KR H ] <3 20 [ 7
=5 28 =} LR | 2,00 =1 £ ol =7 .20 7 E
<8 an <3 <. (bl <3 <2 30 [N 11] =¥ LR 5 7
<3 53 <7 001 200 <3 47 0ol 4?! LI ¥
<3 52 <3 <[ <3 =3 a2 o F <3 .2
=5 12 L] <[ki¥l L. =3 i ¥ i L 1
<5 140 < <0l 200 <3 ] )20 <] 41 E 11
<3 520 <2 =001 400 <2 [l 0.10 <1 1] ) |
=5 B4 &3 #.'I.ﬂ i.'.'_I:I ] [iH] 2 =3 030 11 ia
[ 120 2 angl | 200 | [ 20 < | o 15 12
o 50 L= <0 Lr Lr 110 =3 0 X 7 E
o 16 L] L i) | o L 4. 10 w3 [l ] il T
o 110 ol afi g ]_J_:I:I ] [ l_]_.1[l ) 0.3 14 it
b 14 i ol -l:! o] . [N [1] =3 0 k] 5
b= (il L= =1 01 g ] ] Tl [0 1] =3 05 4 13
] 130 L] <X 01 ]_E o] T4 0.3 L] (ol 1] 15 13
5 16 ke Lol L7 o] }_ 0.1a L] [N {] i &
Field Dup. ad i? Ln =i il L= =} v [l [a] 3 [uk: [] & &
af 15 L] = 0l 204 £} 37 [ [x] 3 (ke 1] i ]
L5 ] ] = Gl Lr =} 31 (10 {x] 2 [l 4 &
ILab Cup. L] 43 ] < Gl L L ] 34 [iN]x] =3 020 h 7
<5 E] <2 ool | 200 | <2 52 020 <2 020 5 3
<5 10 <2 o0l | 100 <1 i (5[] <2 .60 ] 16
< 47 3 <0 [ F | Q ol i [N 1[¥] x| (N ]1] 9 o
Fisld Diup < 16 = 0.1} e | <1 | 39 010 <2 0.20 g i
. !.'r_l]n i Ll 2.0 ] 58 i N 1i] <X 0,40 I8 13
Lady Dup =5 70 =) il | 200 ] 54 [l 1] = 040 I3 12
<5 250 <3 <[ 400 <3 a0 .30 =3 0D 1% 17
=5 3h <J < i} <3 <3 28 F.E <] !I 3 ]
=¥ | 50 <3 <[l 300 <3 ﬂ l.l[r_ <] 50 15 13
Fazld E b I._S{P ) i LEL] L _E 020 ] 040 14 12
L4 52 £ L ]| 200 ] 13 10 =¥ 03X 11 7
<5 |16 Ex} L il 3 <3 = [ L] =r 030 4 7
Lab Dep =i 2% =3 =04 =3 <3 12 0,10 <] 030 4 7
=% 250 <3 <01 pyis] =3 71 0,30 <] ] :'i-:l_ 18 L
=5 (i k) <01 =2 =7 21 410 <3 oo -4 &
Freld Dup L] 20 ay Lo ili}] La] L] 7 {14 ) [ul 4] -1 ki




TABLE 2n: Petrolemm ydrocarbons af Thebawd Drill Site « June 15598

TR TR T T I T e L T T |
R

O l-==*‘ L LR i e e W AL B L RS S SRS
T-250-5 Oles | <o0en | <ones <000 SR R <30 5 [i1] s F
T-330-3 <0023 | <0033 | <00 <003 <1t <130 <138 <300 PN
L= <l les | <0hes | =il <l ] =[50 =[50 % [V P
T30 1 <O Es | chiies ) A GER] <[30 [ T:] A PR
T35 0023 | CO02% | ooes EE =17 =150 Z[30 =100 =123
T- 5003 Lab Dup, <[l 3% | <0028 | <0028 <005 <15 L ER 5.0 17 <34
I “O025 | 0025 | ooes i1, 00 ] <I30 | <i30 Ea 1] GFET
T-500-7 =003 | <0035 | <0088 =01 SR =150 <150 <30.0 = FE]
T-T000-1 clbes | <00en | <o0zy <005 R <150 <150 <00 SILy
T- T | Lab Fup, | <0025 | <0025 <y {125 <), [ <15 <150 <|5.0 <A <1l%
T- 1IR3 G R T X <150 =[50 [ 1]

-5 O NEs | o0as | iy o0 iy EFE] =150 =I0.0 =115
T= TR ] ] 4 T 15 3R] <130 <30 T3
TI000-1 SIS | O0a% | s =007 =17 ETEN] =130 300 T

(T-30RH-2 EO0ES | <0035 | <o0is =05 <L <150 <150 <00 <31,
LB <f {25 | <0E <025 <03 <, <150 <130 <300 <3l
T-HRH OIS | <0078 | <ot | o ] =150 <300 <he.3
T-JARA- <O0ES | <O0Es | =00l L <33 ] <[5, ] <5 |
LBLCOE: T ES | COOEE | EE w13 | <isd <] 5 CHL 0 TR
T TR T TGES | LOOEE | =i L] =K R G EE <300 =557
TI000-E EO01% | <00d%| =005y EE L] =37 RN ] =150 =500 =137
T-EaRH- 1 SO02% | <O02%| =002 ETiTE] F ] FEX SR CEL K] T
T Z 0003 <0 0S| <0 0 <3 <004 <15 <50 <154 < Wi <}l.5
= <D0 | <has | =hoay B <35 =150 G <300 <158 |
[ T-E-5 R0 | =0, <l =T 0% G =[50 G| RN <JL3 |
(T2t~ wh ey | ik il i B =[50 <150 K] <323 |
[T-200-1 Fichd Duap. | <0005 | <0025 | <% i % <I3 HEL] <[5h <Hi0 <113
TRl 00T | o OEy | =cikoas <0 i g <[50 L] < W0 A
T 50001 0005 | <0005 | <0008 ET T 3] Zi30 E R =100 =157
TG Lok Dup. | <0.00F | <00a% | =002 =008 =17 FJEN] 2150 =00 =Ii5 |
-G 1 <(03% | <0085 | <0008 < s <35 <50 <l5a <HI{ <315 |
Em-a WO (<005 <0 | @ | Si | <50 | <58 | <00 | <15 ]
-] e O L T - T I - T I L] L] 3 ]
T Field Dup. | <0023 | <0.045 | <0.003 [EiE] R K] HEL] [ ] <113
TI-T <0035 | <0005 | <0053 E2 T 5] =[50 =30 =100 3 B
T-T2000-3 Lab Dup. | <002 e <1025 <005 <} <150 <50 <304} <315
IS EL E L <IF, <. =[50 L [T G
T- T 035 | chlies [ «oonas 0 e AN L] i [i15] E K|
=1 2000 <0028 | =002 | <0023 =100 =35 =13, =150 P55 =333
T 1 2 Field Dup. | <0025 <l Ai2% <025 <5 R 150 <150 % [V <315
Tl an- ELFE BTG L =108 =i % =03, LR A0 GrET
T~ T i 4% | cuas | <o 08 1| <Ly CAEL ] CA ] [ 1] E P ]
T T 2B [ab Dup. | <0008 | <00es | <obes | <0 =] <30 RN R[] <113

5 C 0% | 200 | =i =011 R <150 <[5 10 <3010 2.3

- - U025 | <0025 | <0l <0).0% = E] <1 5.0 <| 5.0 <300 <id3 |
[T= TR Tield Dup. | <0025 | <0025 [ =S 1] E A T30 L] TN LA PR




TABLE 3a: Polyeyellc Aramatie Hydrocarbons ot Thebaud Drill Side - June 1598

b T e [ P P e T
wanies
. ﬁ__ﬁ__ﬁ__ﬁ__ﬁ_ _ﬁ__ﬁ_
T-350-3 < 05 =003 <[ 0% =008 T ETiTiE] =0,0% <08 |
T-a50-5 <005 G G w0 G T 05 Gl <hos |
T 3507 <ha% = (5] i [E1i L L] i g |
T-A00-1 LT i =0 <005 ELE] .08 0,03 =1,
L] G s | ouus <05 T T
A5 TabGup. | =005 i 113 <5 T <05 T <15 i},
T4 EoliE] L (I =L < X 1% k] FTT L] <000
- S0-7 <Q U3 <005 <0 0% <[5 < 1% <05 <0 0% <lh (5
T T 1 <08 =] <0 L] ] <1 05 C L s |
T Tab Tp. | =003 CE i 51T i T L] ETEE
(T- TS L] R .08 wih.0 i < o G .00
T-T000-7 i =05 | 008 ET T .08 E =008
T3 <0a% =003 =00t <000 <008 <008 <008 <0,
=i < 15 <05 =i} L] <05 <0 015 <0
TSI I <05 =T <0s | < T e <hhe |
L] mes | A .0 <11, s <1510 L] =i |
T-3000-5 L L o oIl 0 s | i E L] s |
T-3000-5 A E] L T ] [N .0 [iLiE T EE
TR <00 0 0 200 =008 iYL =00 =0 <008 |
T-3TRHI-E <00 <005 <00 G <005 <1 03 0.0 <l i
| oo < 10 <100 Gk <00 <0, g (] EE
5] G VI < Gk <05 G E <0 0% <hos |
i =L i E ] T <, s =T
T 08 i .08 ol T <l g 1]
¥ <05 .08 EIL = (T s X T L <hns |
b Feeld Dup. | <0.03 .08 0 .07 o T I L E L s |
=007 ol 1.0 ol i 108 = L “'*-Tﬂfn‘s_.
=000 =608 0. 0] = ] 0.0 <001 T =i
Lok Thup. =0, =008 0.0 0.1 0.0 <01 Tk =R
<fh (5 <008 <[3 0 I <008 <0103 <0304 <[10
<[} <005 <11, 0 <1104 <l 0% <1175 <) 0 <
i) <05 ] <f 0% =i}, 5 e <I1.1e Sl
. [ Freld Dup. | <0.05 w0 G (K E <A0E | <00n <l
] =03 .00, i = LE) e T L CiLE (I
;) Tab Dup, | =003 =000 =008 =003 <068 | <008 | <00 =0
<110 <105 <15 <05 T <1105 <005 |
3 <07 i S .05 L G (E w008 | S00% |
TField Bup, =00,.05 0.0 <[1,0% 0% <004 | =0.0% L] 0 |
) =N =008 =00 =008 =003 008 | <008 LI |
5 EE_E‘! Eg ﬁ EE qﬂ.ﬁ E‘ﬂ =013 =005 |
“Tab Dup. | <008 . I L] =T, <0 05 Gl
I I 05 5 G G LE EOLE] <005 =]
] =003 =00, ) L] 0.3 o003 EiiE i
- Feld ﬂ i <l S ] ENiiE] E= 1R IE] EOIE] B E1E] B




TADBLE Ja: Polycyclic Aromsiic llydracarbons st Thebuud Drill Siies = Juse 1998 (Contisued)
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TABLE 3s: Pelyeyelic Aramatic Fiydrocarbons al Thehaud Drill Side - Jone 1998 (Canlinwed)

i

isensisplamisracims  |Desasighiperyieas

e

<0

L]

0

1

5

<00%

L]

L]
EeI]

T

<05
eI

AT
G
=T 0%
=h0e
<1 (1§
0
<.
il
=00
2000
=000
<5
<1105
.0
L
w07
Lk
I E]
05
=007
<03
=0.0%
<h05
L
<005
<08
<005
<l
=T ]
=00y
=05
L]
]
L]
210 0
=005
L

<[} [
<03
01,03
=
<{1.03
<1115
T-&-7 | Facid Dup. s
-
008 03
Lak Thup. . =0,
=010 <005
EE =<0,05
{1,038 -
Field Dup. i 00|
GETG £10 e |
<05 < 115
% L
=008 E i
Field Daip, <h0E <0 015
<h0s Gl
<THs <18 0%
Lah Thap. <5 1]
LT =T
il Tl
Fich Thap. <TRIS G L




TABLE da: Sediment Qmality at Thebawd Drill Site - June 1958

I Taial laarg, Corboa | Totd Qg Carban | Grawe % | Seed % [ S0 % | Clay % B |ma Cassienn
] =000 K] =00 GES | 0.1 ] T =03
5 <0110 1,40 <, BB [] I.1 21 .72
7 ] i), 0.1 e | W (R Toat il
T3 1 ] 13 | T | =il T |OO0IEET| =03 |
T-300-3 (AT L] =00 B | =00 WE [OmlmnG] <03 |
TS5 | Lab Dup. AL .40 =] W | =il [E]
T35 e [] (1] <01 | WHE | 0.4 T noo0y | <03 |
T30 0,10 .30 (%] GES | =0l (i) T ]
T 10001 =10 .30 (V%] | =6l | GE [T <03 |
T-To-T I.ab Dup, ETiN ] 20 (V¥ W | <00 ik ]
B [ <010 .30 e T <t | | LRI k]
T-TT0-5 A L] [ i o [k [T CiiN ]
T (] (1] L0 2] 0.1 1 it =0T
T=a000-1 (AL (1] | 0 | ] ] T0.CHIH (X1
=302 R (1] [1X] W | =0l ] R =
T- 30001 <L 10 0,350 <11 GEE 1 1.1 LA K]
TR <010 L] <=t ] BES | 0] ] Ei) <3
(TS5 (A a0 < BE4 | 00 | 1§ st
TS5 AL [l <ol | GEY | Wl ] G F
T-3000-7 =000 [ il I | ol i foony | =63 |
T LM .10 0.10 (1% TEY | =i 0% | Da%ed | mad |
T-60H)- 0.1o 0,20 <l w1 <{1. oy 00006 0.81
T-G000-3 <010 030 < e [ (] Rk L]
] T .40 ET] & | ) ] ] ]
T-60HH-5 .30 1,50 <l g2 | a3 ) _ | osp
G000-7 010 0.0 0.2 990 | <0 0.7 [AOE] <03 |
G000-T Fieid Dup. .11 0 [¥! 992 | <l 7
_GIKN-E 0,20 [T < | gl | =0l i 00024 =03
Ewm-: 0.10 030 <0 894 | <0 0.7 0.0023 <03
002 Lak Dup. 010 [F] [ 93 | ol 0.6
-HN-3 0.0 034 =1 8.5 | =l 1.1 00004 =03
LQ000-5 030 0,50 <l | 835 | o 15| oo 036
000-7 010 020 0| 993 | <l (K] ] GEE
000-T Field Dup. 0.20 .20 <l | 993 [ <0l 0.7
1 1001 0.10 .40 <} | 989 | ol 1 ). 0001 ]
L1 1000-3 Lab Dup. K] T =l TEN 1
E.am 1.00 0.70 <01 [ 97 [N 1.8 ]
L1 10004 020 .30 ()| ] il [E] ] ] l
- | -5 030 .40 <0, FTEN Y 16 0.0023 Q.51
E Field Dup, 020 [T .| QB6 | <ol [E]
- 3000-7 030 0.20 <0, 9.1 | <0l : 0.002% ol
e a1 0.20 0. 988 | <0l z 0002 ]
T-17000-4 Lab Dup a0 020 =l g1 | =0 i2 00032 240
200001 .40 0.60 <, 9E4 | 02 14 0,000 K]
El ] .10 0.20 34 95, <0 K] [T [T
] Ficld Dup. 0.3 .30 E. FEE 0.2 1




TABLE 5a; Teaizity st Titbaud Drill S8e - June 1998

o el el Sarvival Echiosid Feribiosoa Slcroian
"] Mariskry % Clomirad Mariskiy % % Fartifianilen Elia
%—I& L8 T L5 O |

] 1 FL > 1005
r 1 %] >100%
7 ] L] =

Lab Oup.
& z 9.5 *100%%
[ I 45 100
[ 1 0.3 > 100%%
] 2 9135 > 100

Fusld Dwp

Lab Dp

Field Dugp.

Lab Dup.

Fiedd Dup.

Lab Dup.
] i [} > 100
[ z 845 >100%

Field Dup




Appendix D-2: Laboratory Analytical Results
for Sediment from Thebaud Field, June 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyclic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity



TABLE Ib: Trace Eleasenis af Theband Dirill Site - June 15599

B o e b s Bt b s s

B by Ariwi Timimm L Cadmjam | Chigmiem Celali || Capper L Eaudd
] S A P - N AR - SR S SR

~ 11000 <32 <1 260 <8 | <8 | <0} 17 2 3 12000 | 7.1

Lab Dup | 11000 <1 2 40 < <5 | <03 14 2 2 T80 | 5k

3000 < z B10 < <3 | <03 E ] =3 | 3900 | %4

S000 < 2 300 <5 | <5 | <03 12 2 <2 | 72m | &6

10000 <2 <2 T80 =8 | =3 | <03 6 | <2 | o0 | &

900 <31 2 150 <5 | =<5 | <43 10 ] <2 | 4500 | 5.1

Fiehd Dup. | 11000 <3 F 35 <5 | <5 | <03 7 | <3 | 3300 | a6

5100 <3 <1 650 <5 | =5 | <03 3 <1 <1 | [0 | 27

1 5000 <3 i 160 <8 | =3 | <03 [ 2 3 G500 | 12

6600 <2 2 M| <5 | <5 | <03 4 <1 <3 | 2300 | 19

300 <2 <2 150 <5 | <5 | <03 1 <1 <3 | 2o | 3.

7200 <3 2 150 <5 | <5 | <03 1 < <3 | 2w | 3

[0 <2 <1 10 €5 | =5 | =03 1 < =2 | 1300 | 2

9300 < 2 5 < =5 | =<a [ | <t | 3mo | a3

Ficld Dup. | 7900 < F i < =5 | <0 [ <1 <t | B | 33

7500 < 2 [0 <5 | <5 | =a] 5 | <3 | a0 | 43

5600 <2 =3 110 <8 | =5 | <03 [ <1 =3 | 2400 | 23

14000 <2 2 249 <f§ | <5 | <3 g | 3 <3 | 40 | 87

16000 <2 3 280 <5 | <5 | <03 13 <1 | 60 7

15000 <2 3 270 <8 | <3 | <03 10 <1 | 500 | 62

15000 <1 3 240 <=5 | < <03 i F ] 600 | 64
Lab Dup. | 15000 <2 3 240 <5 | =5 | <03 ] <3 100 | 63 |

Field Dup. | 14000 <2 3 20 <8 | <3 | <03 I <3 400 | 7
5800 <2 1 10| <5 | <5 | <03 5 i <1 | 00 | 36 |

&40 <2 F 140 <35 | <5 | <o3 4 <1 <3 | 2300 | 126

4500 =3 =3 100 <3 | =5 | =<nJ 3 < <2 A | 2

6200 <2 <1 120 <3 | =5 | <o 1 < <1 W0 | 16

16000 <1 3 230 <35 | <3 | <0 i 2 <2 | 6200 | &1

15000 ¥ [ 300 <5 | =5 | =t Iz | <2 | 800 | &7

£ <l } )] <5 <35 =03 ] 1 =1 504 1t

5100 <1 ] m <5 | <5 | <03 1 1 <3 | 2800 | 36

G106 <1 <3 0 <3 | =<3 | <b3 i i <3 | 2500 | 4%

e £2 =2 180 =3 =35 =03 § I =31 2400 18
20000 <1 3 320 <35 | <3 | =03 12 2 2 [0 T |

3100 <1 3 140 <5 | <35 | <03 5 1 <2 | 3200 | 35

Lab Dup | 7800 <3 3 150 <5 | =5 | <03 5 ] <2 | 3800 | 33

13000 <3 2 210 <8 | =8 | =03 i ] <2 | sion | 87

23000 <1 4 330 <5 | <=5 | <03 17 2 2 10000 | @

Ficld Dup. | 22000 <2 i 330 <35 | =5 | <03 15 F 2 EXO | 87
6100 <3 <1 110 <5 | = <0 F <1 <2 00| 238 |

1 5000 <1 3 240 <5 | = <. ] <1 | 40 6

5300 <2 [ 97 <5 | <35 | =03 B ] =2 | %900 2

G000 <1 2 110 <5 | <35 | <03 4 1 <1 | 2100 ]

17000 <3 2 260 <5 | =8 | <03 14 2 2 T 6.5

2500 <3 3 Bt <5 | =5 | =03 3 <1 <3 | 200 | 19




TABLE ib: Trage Elemenis af Thebaud il Site - June 1999 (Canfineed)

Mungamems | Moibiesam | Marcery | ks | Sermiem | Shver | Strostiem | Thalem || T | Uramm | Vaasdem|  faes
= e o N SN WA e S
150 =3 < 1,1} ] 3 K] I FH] ] 05 1] 11
130 F] <001 ] <3 <5 48 ol <2 0.3 3 T3l |
T 3 <001 2 ¥ <13 65 il £2 [ ] [ I
160 =31 < {01 ] <3 <05 62 _ [7F] <2 04 17 15
FE} =3 <001 ] F] K] &0 ] 32 b2 7 |
120 F] <001 ] ¥ <05 45 (] <2 03 12 11 I
-A00-1 Ficld Dup, <5 7] <3 < 01,01 2 ¥ K] 7] ] 2 0z io 7
E-m-a <5 13 =3 < {01 & <3 <05 40 ] <32 [iF] 4 |
5004 <5 250 3 o {101 3 [F] {5 [3] [(H] ¥ 0s 12 O *
fr-so07 < § 25 <3 < {101 <3 <3 < {15 % ] <7 [¥] 3 3
| EECE o< § 13 [F] <001 [F] ¥ {5 iz 7] 2 (K] 5 A
10003 3 4 =1 <101 3 =3 FTTE] 13 ] 23 [(E] 5 7
E-lnm-s < 5 1] <3 <{,01 <3 <1 <, zi il <2 04 4 5
10007 I 70 [F] <001 ] ¥ o 1. [E] ] <2 [ i [
10007 Ficld Diag, FE 2 =3 <0 =32 ] <. E™ ] £ . 5 &
Eaum-l <5 100 <3 <{1.0] F] <3 <, H ] <2 0z T 10
10002 €5 13 ¥ ] o {101 [F] 3 <. 1 ] ] ol 3 7
-3000-3 <3 EH =2 =001 r =2 =05 -7 {2 X (k] 12 1]
30004 <5 150 <3 <001 i <3 E ] 0.2 ] 04 17 14
3000-5 < § ] ¥ = (0] F] <3 <{5 &E [ <2 03 12 1]
lr-3000-6 FE] K] 3 < oL0] 7 ] ] [T [ 3 4 17 5
-3000-5 Lah <5 120 IF <001 F] <3 =3 [ 2 <3 4 i 3
300G Facld Dup. <5 EB < 3 <001 1 <2 <05 T (¥ ¥ 7 ] 2
BT < 1] ¥ < 001 <3 <3 <03 3 ] ¥ ¥ 7 7
3000-E e B CF] < 000 ¥ [F] <05 27 [ I 7] & q
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TABLE 3b: Fetrobtam Hydrocarbons af Thebaod Drill Site - June 159599
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TABLE 3b: Polyeyelic Aromstic Hydroearbons at Thebsod Drill Site - Jane 1999
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TABLE 3 Palyeyelic Aromatie Hydrocarbons ai Thebawd Deill Sites - June 1999 (Cantinsed)
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TAELE 3b: Pelycyclic Aramatic Hydrocarbens ai Theband Drill Site - Jane 1999 [{Continsed)
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TABLE 4b; Sediment Quality af Thebawd Drill Siee - June 1993
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TABLE 5b: Toxicity at Thebaud Drill Sie - June 1999
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Appendix D-3: Laboratory Analytical Results
for Sediment from Thebaud Field, Fall 1999
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TANLE 1¢: Tesce Elemesis af Thebaod Dirill Site « November 1599 {Continaed)
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TABLE 2¢: Petroleum Hydracarbons s Thebaod Dirill Sig - Movember 1999
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Appendix E: Laboratory Analytical Results
for Sediment from North Triumph Field
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Appendix E-1: Laboratory Analytical Results
for Sediment from North Triumph Field, Fall 1998

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polyeyclic Aromatic Hydrocarbons
Table 4; Sediment Quality

Table 5: Toxicity
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TAHLE 3a: Pelyeyelic Aromatic Hydrocarbons st Norih Triumph Drill Site - November 1998 {Continund)
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o (15 o 105 = 0 0F = il 0F {1 ) 08 < (05
=005 =005 o 3 0§ « ) (3§ <0 < ) 0 < {105
<0s < {05 < ) OF =<0 0§ < {05 ={ 08 < {05
<[5 = {05 = 1 05 < i 05 (1] = ) 0% )05
- CAR.




tinwed]
beer I'#RE {Con

Siee - Moves

bons af Mol Trivesph Drisl

lypdrocar

omalic

' yelie Ar

TABLE Jaz iralye

Benaofgijprryiens
[ b fm o El e
Paryiass Tacrma{ll 2 Jcilipyrran e :
- <o <005
< 0 o 06
& i L < 0
< {103 o (15 e o
oo iR <003 <005
< 0% < s e 06
< (105 Sr o0
Field Dup. = 005 i =
< (105 o =
< [0 e &
Lah Dup. LTIk o <o =
-EM_S < 004 {U_E qu_':‘-}
i o S o
< (1015 SiL o -
Field Dup. = 0,05 = .
: f ‘Eﬁ <005
Lsb Dup. <005 L o
< 040% T -
<005 — -
: i = [0s e
Lot Dup. < {08 < .0% e oo
<06 <005 i <a0:
Lsb Dup. <005 =008 L o
=0 0% <00% e <0
= (.05 = (.05 <005 <o
=0 0% <0 e <00;
Lak Dup, =003 =04 e oo
1 I <04 ii—_ﬁ <20
<005 =00 o <003
=005 {0 S 250
< 0 05 < 10 =00 2to
o 005 o 11015 L Sou
-:D?:'r Ealnk] S <o0;
e i <008 < 005 < 105
=00 <008 Sia: os
Lab Dip. < ({1 < 0 05 Ly on
< QLS o [ 05 =08 o
<003 « [0 e on
< .05 o [0 o o0
< LS < (05 S 0w
<04 < [ o o0
<04 < (048 T <ot
<105 S oo 2
<005 < DS Sa <o
o ot = 10105 <005
<005 < 005 = 001 <=1 5
<05 o qn[E
< i0s T
< {105




TABLE 4s: Sedlment Quality at Morih Trinmph Drill Shie - Movember 1998
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Appendix E-2: Laboratory Analytical Results
for Sediment from North Triumph Field, June 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polycyelic Aromatic Hydrocarbons
Table 4: Sediment Quality

Table 5: Toxicity



TARBLE 1b: Traor Elements at Morth Triwmph Drill Site - Jume 1999
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TABLE [h: Trage Elements ai Morih Triumpl Drill Sige - Jene 1999 (Coatinued)
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TABLE 2b: Peiroleum Il ydrecabons si Morth Trimmph Dirill Sive -

June 1999

easems | Tolmms | Eibgtimsss | Xytmm | CrCw | CoCm | CoCm | TENICoCal | THI
Hupiicasa ld mphy =gty mplag =xke mphy |
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TABLE 3b; Pelyeyclic Arematic Hydrocarbons st Nerth Trimmph Drill Site - Jane 1999

Maphthaleas | 1 ifiplasphibaless | ieiiylasplialess | Acmsphibyises i 0 Fhmmamit
= i ] = =gty e | -E'll =gty L
< 005 < 0,05 < 0.05 <005 <005 | <005 | <005 < 0.05
<005 =003 <0.03 <0.05 <o0s | <om | <os | <005 |
< (L0 < 0.03 < .05 o 005 < 005 o 0% o O0OE o (105
= 1.0 = .04 <005 =005 =048 < 0,05 < Q05 <= (L5
Figld Dup. < (105 = [.05 < 005 < 005 < Q05 < 05 < (0% < .03
< .04 <004 < 008 =008 < Q08 <008 < 005 <005 |
< 005 <005 <005 <005 <05 | <005 | <008 <0.05
= (105 < (04 < 0% < {035 < 008 < 04 < 0% < (0%
< 004 < 0.05 "'lﬂ'.l! =005 <005 = (LOF < 05 < .05
< [0S < {05 < 005 <008 < 0% < 0% < 008 = (08
= 004 < {04 < 0% < 0048 < 00 < QU0% < 008 < [0
<003 <003 <003 <005 <005 | <003 | <0l <005
= {05 = 005 -« 005 < 0045 < 008 < (0 < [ 08 < 0108
= 045 = 005 < 005 ﬂﬂﬂ_ﬁ = 005 = (s < 0L.05 < [.105
< .05 < {L.05 <005 =005 < 00 o (1015 < (L0 < (1105
< {105 < [L05 « LOF < 005 o 115 o 10} < (L < 0.0
Field Dup. =005 =004 o (08 < @8 < ad < (g < 0 <108
<005 _| <0.03 <0.08 <008 <005 | <005 | <008 < 0.3
< 005 < Q0% < [(1.05 < (0§ < 005 < (10§ < [ [ < (105
I.oh Dhap. <008 <0.0% < 08 = oy < s < 0 < 0 0% <), 08
Z00s =005 <005 =005 =005 | <008 | <003 | <005 |
=005 . < 05 = 0.03 o LD o [0S oL [0 oL )0 o 105
< Q0% < Q0% < {105 < [L0§ < [0S < [, 0§ < [0 = {145
= 005 < Q0% < .05 < [0LB5 < (.05 < (04 < {105 < {105
< 0.0 <04 o [ 05 o [L05 o [0 oL [0 o (k04 o )04
< QL0 <00 < )15 < (a5 1] < (05 < [0S < {105
<008 <008 <003 <008 <005 | <005 | <005 | <003
<00 <005 <005 <008 <005 | <005 | <008 <008
Field Dhip. o (00 < (L0F < ), 5 2 [ [ 0 < [ 04 < 0,04 < 0,04
<0.05 <005 <005 <0.05 <005 | <005 | <005 <005
< [0S < (0§ = 105 o= [1L105 Rl ] < 005 <005 = .05
= 00 < (08 = o) 04 = 104 < 004 = 0,08 = 0,048 -Hl;l.-ﬂ-!_
<0.05 <005 <005 < 0.05 <005 | <005 | <0405 <005
< [0S < (.05 < {105 = .05 < {.03% < {05 <005 <005
- <008 <0.0% <008 =003 <005 | <005 | <003 <008
LabDup_ | <0.08 < 0.0 <008 <003 <008 | <005 | <008 <0.08
< (.04 (110 < 0,05 <004 < {.03 €043 <0035 < 005
<005 =005 =005 <005 <005 < .05 < .05 < 0.05
= (L0 < 104 < {105 < 0,08 <0038
< [.04 < 0.05 < 005 < .03 <005
<008 <005 <003 <003 <005
< 004 <) 05 = 003 = {105 < .08
Field Dup. | < 0.05 <0.08 <005 =003 <005
<0.05 <105 <005 <008 <0.08
< {05 'Gﬂl}_ﬁ_ < D05 < Q.05 < 0 0F




TABLE 3b: Palycyclic Aramatic lydrocarbons st Morth Triusph Drill Site = June 1989 (Continsed)

-'H"—*"-——-'-%— W .1 oL
2 < (15 <005 <04 < .05 < 0.05 < 005 < 005
Lab Dup, < {105 <{0% <008 < 1,0 < {1 <00 < (.08
=005 [ <005 < 0.05 < 0.03 < (.05 <005 < 005
< (1035 =005 <008 < 3,05 = 0,05 < 00t <005
Field Dhip. < {105 < 045 < D% < (105 < [0S < 0% < Q0%
= {05 = {105 <0.0% < 1.0 = .05 <00 = 00s
= 03 % Q.05 = 0.05 = 0.05 = .05 L] < (05
<105 <005 o« 00§ < 1,05 < 0,05 = 0% = A%
< {103 < 0.0 < Q0% < 0,03 < 0,05 <005 < QQ5
<005 | <008 <005 < 0.05 <0.08 <008 <008
<005 o« 005 < Q0% < {1.04 = 0.05 = 0% = 0%
<005 | <005 <005 < 0.05 <005 < 0.05 <005
< 005 o Q05 o 005 < {1L045 = .05 = A% = (b 0%
< 003 < 008 < Qo < 0.0 < {1405 < 0% ]
< (105 < 00 < 00§ < 11,05 'Elilgi *:EDS o (10§
=005 < 0.0 < 005 o 105 <005 o 05 < (M08
Field Dwp. < 005 < Q0% < (0% =004 < 0.0% = 0% < (b 0%
<005 < (0% < 035 < 0.0% <005 < 00§ <[} 05
~ <005 | <008 <0.05 < 0.05 <005 <005 <0.05
Lab Diop. < 0% o 0L o 005 < .05 «< 005 < (0§ < 0%
< 0AE < .0 = .0 < 1,04 < 008 = 0,08 < .05
<008 | <nn6s <008 < 0.0 <005 _ <0.03 <0.05
=3 000-7 < QLS ﬂliﬁ <« (.05 <005 < 005 £ (L0 < .05
'« 3000 B < (LS o [} 0§ o (105 <005 = 0% < 00,08 = 0,08
< [0 < [0 < (05 = 0,05 < 00§ =0.03 = 00,05
T <003 <0.05 <00 < 0.0 < 0.05
i QLS o 05 < .05 < 005 = 0 < 0.05 =< .05
< [, 0§ < [.03 < {1,048 < 0,08 < 008 < {),05 < {105
FickdDup. | <005 | <0.08 <003 < 0.05 < 0.05 <0.05 <(0.05
o (b § < 05 = 0.05 < 005 o< (05 = .05 =003
< (b 08 = (.04 <008 = BAL < (i < b5 < {08
< (105 ig;_ﬂlﬁ <005 < 0% <005 <005 <03
< (104 =005 <005 = 0% = 0% -l:ﬂ_lE < 005
=005 | <003 <005 <0.05 < 0,04 <005 < 0.05
=05 < [L0% < 005 w08 = (.05 < 00% < 0%
1.l Dup, < {05 =045 <008 < [}, 005 < {}, 06 <005 FITT I |
<005 | <008 < 0.05 <005 < 0.0 <00 <008
<44 < {05 < 005 o ()05 o< .05 o 005 < (A%
=00 <005 <00t < 0% <005 = Q0% < H0g
< {05 <005 <05 < 01,05 < .05 < 00§ <« (.05
< 105 tﬂ.ﬂ_._! « 005 o (105 <005 = 00§ <= (0L
<005 <0435 =008 < 0,04 < 0,05 < 00§ < 005
Figld Dhwip. <005 < 005 < Q0§ < 05 < 005 o< Q0E o 0L
= 0% = AL <= @A < 0.0% < .05 < 008 < 0%
<005 < 00 < 0L 20,048 £10,0% 2 (05 = B0s




TABLE b Pelyeyelic Aromatic |hvdrecarbens 5t Nerth Trinmph Drill Site - June 1999 (Costbaued)

i = ETEEET
Parytran T s £ 1 3-clpyrama 4 b b s e Dy o i iy B
— e o e s o . S—
= [B.0% = [),0% < 04 = 0,05
Lah Eﬂ EUDE < [.05 < (05§ < 005
< (L0 < {104 ] < 0,05
- IJE -;El:rj k3 l!_n_j’ < 005
Field Dap. < 00§ <[.0% 4Tl 20.0%
=0 D_.F & -ILDS & E < ﬂ_!:llvus
< 005 < .05 < k0§ =005
= 305 =0.04 = (104 <= .05
<005 <008 <0.05 <008
i 105 < {104 = (04 < 0,03
= 0.0 < 01,05 < 0§ < 0,05
< 0.0 < 0.0 < L0 < 0.03
o 005 < 05 o< [L05 < 005
< (04 <0.0% < 104 < 0.0%
e ] <005 < 0,03 < {05
< 0,03 <005 < 0,05 < 0.05
Fichd Dup. o< [0S < 0% < 103 =005
< {105 < 0,0% < 0,05 < Q0%
= <005 <005 <003 <00
L Dup. < 005 < 0.0% < 105 <00
=04 < 00% < 0.0% <0 ﬂ_ﬁ
< {105 < {05 <005 < .05
<005 <005 <005 <005
< 105 < 00F o 0048 < 0a%
<005 < 30% <00% < H0%
=005 < 0§ < 005 < BO§
< l'lg_i < QLGS < 0L0S < BO5
< 0% o 00 < 00% < 0%
Field Dup, <008 < 0.0 = QL% = 005
=005 < 05 < Q0§ < 10§
E4sT:l1 it LY < 0 AL < [ 0%
< Q05 o [0S < 00§ < .05
o 0§ < [L05 < (05 = 0,08
< QLGS < (05 < (LG5 < (1,05
o Qg < (1.05 o [ 06§ < 105
Lab Dup, <008 < 0,03 < 0.0% <01,03
< [0 < {105 o [0S o {105
= 004 <003 <004 =008
< 0,08 <005 < 0,05 < 0.03
< [L05 < 005 < .05 R Lk
< (0% < 01,05 < {1045 < 005
<05 - < 005 < {105 < [.0%
Ficld Dup. < (.03 =008 < .04 <005
< [ < .05 = [L05 < {05
<00 <0.05 <005 <008




TABLE 4b: Scdiment (uality ai North Trelemph Dirill Site - Juse 1993

Wanisll lirg. Clsrivina - | Tamall D, Caribains o v, [ B Y o |
F [ he |
2 LI = 0.1 ﬂ: HI H! m
: <] L [E] [FL]
(] [ ] S rk ] ] T3 [
i [ EL] ] (K] ] L]
K] [ =1, L] i 1.1 =530 |
(K] [N <1, 3.0 04 0e <[1.20
(VK| ] [ TR [ [+ I
(TS [ Z0.1 (] L] ] R
15 [ il ik [ 14 [FE]
K] (K] [N} (0] (%] Il <130
.5 (%] <101 E ] [ T <han |
[ [k Al ] L] |+ %]
A (K] LAl K] 3 ] G
T [ <0 ] i3 [
07 0.2 <1, [LE] 1.4 (1]
i <1k =i, ik p =030 |
A 1, <, ] [
3 [} [ g ; .
e [ 4 uTy 1 [ I
[E] ' 1
[ (il 0.1 .1 K] iy |
] T, =01 ET ] ] [ilk]
3 i (il I ] =030
X 0. <10, L E | ] (k1]
T [k} < 1] 1.4 <120
A L] =1, BT I [ 5
K] [k (] o6 e <20
[ [ (/] LI B =0.a0 |
(K] 0.1 (] L %] ([
[ =000 =0, LLE ] =030
(K] (] <1 [ K] .1 (1]
(Al 1] < 0.1 T L5 - [V 1]
[} (<A ] (TS (] K]
(R} < 0.1 CXl ] <0 0
[k ] a. < 0.1 3] K] <020 |
1.5 FT] I
R (<R < 0.1 L ] ok
(%] [} L0 TE 5 (%] x|
K] K] =00 ] T3 L T
(1] < 01 [H] (L [T} <0 B
[ik] 1] =00 TR I K]
[ [k <00 HE.T E 1]
0k ol F] [T E <030
o4 Bl <0l 516 11 <020
[iF] [F] 0.1 5.1 0.7 .82
S—




TABLE 5k Tenieiry a1 Morik Triumph Drill S5e - June 1999

Ammneein aalakidy Harvhenl Echiackd Feridlcuises Bl irrpaen
I‘b#— ™| ‘hfaerinlity Cuuired Muriabey % Fendbaden (fm ] ] ECSS
:.E__ +_ ] 5 T I (T T
Leb Dup.
87 <20 ¥ 3 [1E Bl Sl |
=] <20 7 3 B > 100 =000 |
Field Dup. K 20 ] 3 T R =10
TT% 511] | ] FI] VI ST
521 <20 3 3 [T =100% =100
335 <20 ] ] 513 > 100% > D0
T =20 4 (5] e > 00
564 <20 0 703 >100% =00
6.92 <20 [ 5E =100 =00
Field Dup.
116 <30 15 355 78.20% =00
Lak Dup,
500 <2 5 1) =100 1 D%
3.46 <30 7 a7 > 1P > 1007
[ Ficld Dup.
Lab Dup
Ficld Dup.
T <20 & 3 A% =100%% =100%
148 511 7 1 B0 =100% =100




Appendix E-3: Laboratory Analytical Results
for Sediment from North Triumph Field, Fall 1999

Table 1: Trace Elements

Table 2: Petroleum Hydrocarbons

Table 3: Polyeyclic Aromatic Hydrocarbons
Table 4; Sediment Quality

Table 5: Toxicity



TABLE [er Trace Elemsents al Morth Trivmph Drill Site - Movember 1999

Alumbaws | Anfinosy | dremic | Berdem | Bopliss | Bersa | Cuiohe | Chramiam | Cobal | Coppar iras Lesd | Lithiam

.:HJJ. ST

-250-1 500 =1 =2 | 120 =5 | <5 ] <03 5 2 2 45 | <5
-230-1 ] =2 =2 2z =3 <3 | =03 7 I 2 3500 | 36 | =3
-250-5 B100 <1 <1 | 250 <5 | <5 | <03 5 I <1 | 2900 | 46 | <5
~250.7 100 <3 €3 | 1900 | <5 | <% | <03 [ ] <2 | 2600 | 43 | =5
-250-7 Ficld Dup. | 4500 =1 =2 | oo | <5 | <5 | <03 1 <1 | <2 | 1200 | 29 | <5
5300 <l <2 |80 <§ | <5 | <03 2 <l | <2 M0 | 28 | <5

_ looog | <3 <2 | 3250 <5 | <5 | <03 5 ] 2 o0 | 61 | <5

Lab Dup.

S0 =2 €3 | I <8 | =3 | <03 ] ] 2 100 | 34 | <3

11000 | <3 2 | 5w | <5 | <5 | <03 i 1 | 40 | 63 | <35

o | <3 =1 | 160 =5 | <5 | <03 i ] 300 | 59 | <5

e =2 =3 200 bt} <¥ | =0 ] I 2 00 | 34 | <3

Lab Dup. | 9000 =1 =2 | 170 =§ | <5 ]| <03 6 1 <2 | 3m | a9 | <5

B500 <1 <2 | 190 <5 | <5 | <03 5 | <2 | 2900 [ 44 [ <5

9700 <3 21 | 20 § | =5 | <0l i | ] 000 | 54 | <3

13000 =2 2 o] %35 =3 | =02 I F 2 5600 | 62 =5

9300 <1 <2 | 1M <5 | <5 | <03 7 | ] 4000 | 51 | <5

10008 | <3 <2 | 190 <§ | =3 | <03 7 | ] W00 | 54 | <3

7500 L %2 150 <5 =5 | =04 L I =2 2500 | 42 =3

7100 < <2 | 118 <5 | <5 | <03 1 1 <2 | 2300 | 38 [ «<:

Field Dup. | 7200 <] <2 | 13 <§ | =5 | =03 4 <] | =3 | 2100 | 39 | <3

B400 23 | <3 | 160 <3 | 5 | <03 B 1 =2 | 3300 | 47 | <3

7400 <2 | <1 | 160 =5 | <5 | <03 3 1 <2 | 2600 [ a2 | <3

1000 [ <2 2 200 <5 | <5 | <03 10 1 2 900 | 53 | <5

Lab Dup. | 11000 <3 <1 | 210 <3 | <5 | <03 ] 1 2 4600 | 5B | <%

9600 | <z | <2 | 190 | <5 | <5 | <03 B 1 <z | 3500 | 45 | <5

13000 | <2 2 2140 <§ | <5 | <03 H F] 2 élng_| 7 <5

FiddDup | 13000 | <2 | @ | 230 | <3 | <5 | <63 | 10 1 T | s | 6 | <

E200 <2 | =<2 170 =5 | <5 | <03 & ] =2 | 3200 | 45 | <

b €2 | <3 150 «§ | <5 | <03 ] ] <2 | 300 | 48 | <5

K] o | =3 170 | =5 | <083 & I 2 3300 | 49 =35

E100 <2 | <3 170 <5 | <5 | <03 5 ] <3 | 3800 | 44 | <5

4440 =2 =32 o1 bk =5 | =03 =2 =1 =3 50 1 £

M0 <1 <2 4 <§ | <5 | <03 <2 <l | <2 150 | 14 ] =
s =1 z 210 =35 <¥F | =03 i | 2 3 | &l <5 |

4200 <1 <1 7 =5 | <5 | <03 2 <l | <2 | 1ioa | 34 | <5

Lab Dup | 4500 =3 ¥ k6 € | <3 | <03 2 <l | =2 | 1300 | 34 | <3

6200 =1 =2 | 130 <5 | <5 ] <03 i =1 | = 1900 | 38 | <5

400 <1 <3 | 150 5§ | <5 | <03 3 1 5 00 | 44 | <5

13000 | <3 x 240 2§ | =5 | =03 § | ] 000 | k4 | <3

0| <z | <2 | & <5 | <5 | <04 2 <) | <2 | 0 | 21 | <5

100 <2 | <2 | & <§ | <3 | <03 i 1 < | 2370 | 46 | <5

4000 < 2 50 % 2§ | =03 g i 4600 | 63 | <%

o | < F 2la < <5 | <03 1l [ 5300 5 | <5

Field Dup. | 12000 | « 2 10 < <5 | <03 ] ] 4700 5 | <5

3700 <1 <2 7 <5 | <5 | <03 1 =1 | <2 630_| 19 | <5




TABLE lc: Trace Elements at Morth Triwmph Drill Site - November 1798 [(Continwed)

= = == -= T e = [I= 3 = e
Meriwry | Wikel | Eebwms b Slpwntinim | Thilliam Tha Usimbaim | Vamadies Thme
L B ] L =N L S = = L = . 3
<4, . <3 <{,5 i | 0,1 <X 2 T i
0,001 1 ¥ <5 5h 0.2 ¥ 04 i) 9
= {41 2 < oy E E (18 t ] D._:-I
<0l | =2 o« <5 n 1. <} [F]
<001 | <2 | <2 | <065 | 4 | 01 | <2 | 02 3 [
o {0 E¥] ¥ <5 F1] 0. ¥ 0.2 f F
< .4 2 <3 <05 54 .2 <3 0.3 g 8
< L F <l T E] &l [ €1 K] i ]
<001 ] ¥ <{.5 [T] 02 %2 0.4 1] [
] ] ¥ .5 57 0.2 <l A 12 ]
< 0,01 3 =2 <035 1 0.2 ] 0.4 ki g
= {101 1 ] =5 [ 1.1 <31 0.3 g [
o 1.0 ] ] o5 [T [ i} 0.3 ] ]
« 0,01 F] F] ] 50 0.1 < ] 1T T
=40.01 E < <08 &0 0.3 2 0.6 [ 13
< 1001 2 | <3 <05 # | 01 22 [ ]
« .01 2 ] 05 51 02 ) [ ] ]
<041 | =2 <2 =05 41 0.1 =3 03 1 T
<l [ o3 w3 <5 1 [ <l ¥ fi &
<001 | =2 " ] T . ] 02 3 []
<001 | 7 | <3 | <05 | 43 | o1 | <z | a3 ] i
<0l | w2 ¥ < .5 1% [ <1 03 7 ]
< Bl ] %3 ET ] (7] FE] ¥ o 14 1
<001 [ 2 <7 <05 55 [F] <3 ] 13 i
oo |7 1~ <7 T<05 T4 T 02 | <3 1 o3 9 9
< 0l ] <} <5 (7] CE <3 [T 17 15
Facld 260 EF! < [0l 1 EF <05 [E] [5F] 3 .5 14 il
120 <3 o (0 1 CF <05 [T .l ¥ ] K] [ g
T] <3 <00l | <2 <3 0.4 L] a,l < K] ] ]
(1] <l il ] ¥ <05 | 4% al <1 (K] [ 7
[E] <3 00l | «3 ¥ ETE] 17 ol ¥ (K] 7 7
16 %3 <00l | =2 ] <5 2l <, ¥ 0 3 [
11 <3 <0l | <2 < o .5 K] <] T ¥ ] 1
1140 <3 < Ll 1 ¥ <05 51 [ZF] <3 .3 11 9
n ¥ w0l | 3 ¥ < .5 21 (] < 02 1 5
Lab Dup, 4 <2 <00l | <3 EF] <05 24 ] < (] 1 5
53 <1 <001 | <2 F <05 36 ol ¥ )l § [
i IF] <00l | =2 ] 0.5 ] 0.l ] K] 1 []
150 ¥ < 0,01 i L 205 61 0.2 <32 0.5 13 1
1 <3 il | =2 ¥ <5 FT] 0.l < [N ] [
2] ¥ <00l | =3 <} <05 44 . < 13 | 7 ]
[[7] o« o 001 3 ¥ .5 0 [i¥] < }.5 [F 13
- a4 <3 < 001 ] <3 0.5 53 0.2 ¥ ] [E} 13
Tield Dup, | 130 <3 |<ooi| 2 | <2 | <65 | 55 | 03 | <z | o3 [F] 3
12 ) <00 | €2 23 205 ] < 8.0 <3 o1 ] 4




TAHBLE g Peiroleus Hydrocabons ai Morik Triuveph Dreil] Sie - November 1999

—
TEH {CarCal

Baparns | Telsesw | Wikplesaess | Nybis CoCia Co-Cm Car-Cyy. bl
patien ki Roplicata W | mphy | mpiy mphy iy | omphy | mply | mply mgy mphg
-250-1 <0025 | <00ds | <om2s [ <008 [ <25 [ 547 13.9 il 561
-250-3 <0025 f<0ds | <0025 | <005 | <25 [ 458 | 204 191 791 |
<0025 | cobds | <0023 | <005 | <25 | 463 6.9 534 534
<0005 <0025 | <0005 | <005 | <25 | 10 1o 440 2440
<0025 | co2s | <0028 | <005 | <25 | sse0 | 422 5620 5620
<0025l <0025 | <0028 | <005 | <25 | 132 .58 16.4 168
<0025 | <0025 | <0025 | <005 | <25 | 3.1 5. 06 1l 371
<0005 | <0035 | <0025 | <005 | <25 | 658 5.55 4.1 14.1 |
<0008 <0028 | <0025 | <005 | <25 | 86 F] 613 13
<0023 | <0025 | =005 | <005 | <23 | 649 645 [FE] [FX]
<0025 | <00ds | <0025 | <008 | <35 | 31 168 598 5.78
<bmsl<o0ds| <0ms | <005 | <29 | 307 13t 638 636
<0005 | <0025 | <00xs | <005 | <25 | 73 [] 13.3 133
<0025 | <025 | <0028 | <008 | <25 | 463 [ 527 527
<0008 | o3y | =0d3s | <008 | <33 | =033 | =033 <3 <13
<005 | <o02s| <025 [ <005 | <25 | 249 114 564 564
<0025 ) <0025 | <002s | <005 | <25 | 413 477 89 [X]
<0025 [ <003t | <0025 | <005 | <235 | 244 rn 516 5.16
<0025 | <0038 | <0025 | <00os | <28 | <035 | <033 <3 <3
J<o0asl<oms| <0025 | <005 | <25 | 0.834 | 238 331 32
<0025 | <0025 | <025 | <005 | <25 | <025 | <025 <) <3
<0028 | <0038 | <0028 | <008 | <28 | 300 16 562 562
<0025 J<oops | <0025 | <005 | <25 | 365 3. 6.7h 678
<0025 ) o025 | <0025 | <005 | <35 | 3.4 3] [X1] 6.4%
< 0,03F | =043 < Qks ] <15 =03 | <038 < <
<0035 ) <0025 | <0025 | <005 | <25 | <025 [ <0325 <3 <3
<0005 Pcogds | <002S | <005 | <25 | <025 | <025 ] <]
<0023 | <0023 | <obzs | <003 | <235 | <025 | <038 L <)
<0.005 <0025 | <of2s | <005 | <25 | <035 | <025 < <]
<0025 | 0028 | <0025 | «<0d | <25 | <028 [ <025 < <]
<0025 | <0028 | <Qozs | <008 | <25 [ 2178 293 5.7 i1
<0025 | <0025 | <0l2S | <005 | <25 | <025 | <025 <] <3
<0025 | <0028 | =0025 < ), 05 <34 <038 | =038 <3 <
<0035 | <0025 | <0025 | <005 | <25 | <025 [ <0328 <3 <3
<0025 | <0025 | <0025 | <005 | <25 | <028 [ <025 <1 <1
<0025 | <p025]| <0025 | <008 | <25 | <0328 | <028 <3 <3
<0025 | <0005 | <0025 | <005 | <25 | <025 | <025 <3 =3
<0028 | <002 | <oms | <008 | <25 | 184 158 [T 1E2
<0025 | <0035 | <0025 | <005 | <25 | <025 | <028 <3 <3
<0025 [ <0028 | <0025 | <005 | <25 | <025 | <025 <3 <)
<0025 | <0ias | <om <008 | <25 | 1.4 136 413 418
<0025 | <0025 | <02 <005 | <25 | 1w LI <3 =3
<0025 | <0025 | <0028 | <005 | <25 | <025 [ <0325 <3 <3
[NT-20000-3 FheldDup. | <0025 | <0025 | <0025 | <005 | <25 | <0325 | <0325 <3 <3
[NT-20000.7 <0025 | <0025 | <0025 | <005 | <25 [ <025 [ <035 <3 <3
T e — — e —




TABLE 3oz Palycychic Aromatic Hydrecarbons at Morth Triemph Dridl Site - Nevember 1999

I e TP e RN T gy [ p— e [ p—— [ — T An
Usigue nisten ol | Hephosic =gy =gtz i mpky mrlz =pke
pT-250-0 < 005 < 005 < .05 <0035 0z 00 =045 < {05
-250-3 <045 < 0.0% < 0.05 < .05 < 0.05 < 0.05 < .05 <0.05
e lif] < 008 = 00§ < {1,035 < (.05 < {05 = {05 = 1,05 = {05
-250-7 <005 <005 < 0,03 < 0.05 008 <005 | <003 < 0.05
=337 Field Dup. | <003 < 00§ = 005 =005 0B =005 =05 ={.08
-500-1 < 008 = 005 = 0405 < 005 = 0,05 = {105 = {105 = 0035
=311 < 005 < 00§ o {105 < {05 < .05 < {05 = .05 = {05
-500-3 Lab Dup
-500-5 < Q05 < Q0% =< 0.05 <0035 = {003 <005 <05 <005
Ed!ﬂ-? <008 < 0% < 1,05 <003 oa7 <05 <05 < {108
<[ (00 | < Q0% <008 < {},05 < (.03 < {03 < {103 <0.05 < {104
=l 0a3ed-3 < 005 < Q05 < (.05 < 0.05 <0035 <005 <005 < {.05
-Ho-; Lab T <008 <08 = 0.03 =003 =003 <045 =043 <005
-1 0- <005 <005 < 1.0 < 0.05 <005 | <005 | <005 <005
-1 00K <005 <005 < .03 < 0.05 <005 | <005 | <003 <0.03
3000 1 < 0uhd = Qbd = 0.04 =005 = {45 < (.04 < {404 = {103
-3000-2 <003 <005 < 0.0 < 0.0% <005 | <005 | <003 <003
=303 <« .05 “ 0.0 = 103 < .05 < {105 < 005 < {05 < .05
-3000-4 = 0.05 =08 =008 < 0.05 <045 < 0.5 < 0.05 <0405
-3000-5 _ <005 < 0.05 = 0.03 < 0.05 <005 | <005 | <008 <005 |
<3 0005 Ficld Dup. <« 05 <« (.05 < {105 < 005 < {05 < 005 < {105 < .05
< (i < .05 < 0,05 <0035 < {05 < Q0% <04 <0035
< 005 < 0.05 <005 < (.05 <005 | <005 | <005 <005 |
<« (05 <« (05§ < .05 < 005 < {105 <005 = 005 < .05
1.ab Dup. < (05 < (0% < {108 < 008 <03 <008 = .08 <005
< (105 < (L0 =005 < (.05 =008 =00k =i0.0% <0035
<005 =005 <005 <0.05 <005 | <005 | <005 <005 |
Ficld Dup. o .05 o« (L0 < {.05 < 005 < Q05 < 005 < 005 < 005
< {04 < (.05 <005 < 0b3 < 0.0% < 0G5 < 0% < 0.05
< .05 = 00 =005 = 0.a5 = 0,85 =05 = Q.05 = Q.05
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TAHBLE 3&: Polycyclic Aromatic Hydrotarboss st Morth Triemph Drill Site - November 1999 (Continued)
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TARLE %z: Toxicity st Narth Trimmph Drill Site - November 1599
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Appendix F: Location of Rigs to its Respective Jacket/ Platform

o Appendix F-1: Location of Santa Fe Galaxy IT in Relation to Thebaud
Wellhead Platform

o Appendix F-2: Location of Rowan Gorlla II in Relation to Venture
Jacket



Appendix F-1
Location of Santa Fe Galaxy II in Relation
to Thebaud Wellhead Platform
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Appendix F-2
Location of Rowan Gorilla I in Relation
to Venture Jacket
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Appendix G: Results of Sensory Evaluations
and Hydrocarbon Body Burden in Shellfish

Appendix G-1: Evaluation of Mussels for Tainting Hydrocarbons
December 23, 1998

Appendix G-2: Supplementary Report (to December 23, 1998) on
Evaluation of mussels for Tainting Hydrocarbons January 18, 1999
Appendix G-3: Evaluation of Mussels for Tainting Hydrocarbons June
15, 1999

Appendix G-4: Evaluation of Naturally Occurming Scallops for Tainting
Hydrocarbons November 19, 1998

Appendix G-5: Evaluation of Naturally Occurring Scallops for Tainting
Hydrocarbons December 2, 1999



Appendix G-1
Evaluation of Mussels for Tainting Hydrocarbons
December 23, 1998



Table 1

Average Weight of Mussels, Mussel Shells and the Mussel Animals

Sample

500 m, #1, bottom
500 m, #1, top

4 km, #4, bottom
4 km, #4, top

30 km, #6, bottom
30 km, 36, top

Weight of Intact Weight of

Mussel (gm) Shell (gm)
18.54 8.47
16.33 B.74
15.82 B.03
13.38 1.26
15.69 8.60
17.83 8.47

Table 2

Weight of Water
and Meat (gm)

10.07
7.89
71.79
6.62
7.09
9.37

Amount of Aliphatic Hydrocarbons in the Mussels (ppm, wet tissue basis)

Sample

500 m, #1, bottom
500 m, #1, top

4 km, #4, bottom
4 km, #4, top

30 km, #6, bottom
30 km, #6, top

o

Aliphatics Hydrecarbons
Total from Cy to Cyy* BMO " Region

4.1 0.5
4.1 0.4
1.7 0.3
15 0.4
1.9 0.4
23 0.5
1.9 0.4

The specific alkane pattern suggests a possible biogenie ongin for the Aliphatics

hydrocarbons
Base Mud Oil



Table 3

% Lipid in Mussels
Sample % Lipid
500 m, #1, bottom 0.69
300 m, 31, top 0.84
4 km, 34, bottom 0.82
4 km, 34, top 0.88
30 km, 36, bottom 0.51
30 km, #6, top 0.78
Table 4

Level of Significance in differentiating Between the Off-Shore Control and
Test Samples by Sensory Evaluation as Determined by the Triangle Test

Test Sample Control Sample Odour Result Flavour Results

Level of Correct® Level of Correct®
Significance Judgement Significance Judgements

500 m, #1, bottom 30 km, #6, bottom MS® 5/18 NS 18
500 m, #1, top 30 km, #6, top NS 5f18 NS 18
4 km, #4, bottom 30 km, #6, bottom e 10/18 NS 118
4 km, #4, top 30 km, #4, top NS 6/18 NS 918
" Number of panelists comrectly identifying the odd sample/total judgements.

b

NS = not significant



Figure A
Triangle Test -Mussels

Wame:

Date:

Please evaluate these samples for any abnormal or undesirable odours or flavours. Two of these'
samples are identical, the third is different.

A. ODOUR: Test the samples in the order indicated and identify the odd sample.

Code Check Odd Sample

B. FLAVOUR: Test the samples in the order indicated and identify the odd sample.

Code Check Odd Sample

Comments:




Appendix A

Statistical Chart Triangle Test®

Number of Sensory | Number of Correct Answers Necessary to Establish Level of
Panelists Significance
5% 1% 0.1%

7 5 ] 7
8 6 7 8
9 6 7 8
10 7 8 9
11 7 8 9
12 8 9 10
13 8 9 10
14 9 10 11
15 9 10 12
16 10 11 12
17 10 11 13
I8 0 12 13
19 11 12 14
20 11 13 14

* From Larmond, 1977
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Appendix G-2
Supplementary Report (to December 23, 1998) on Evaluation of Mussels
for Tainting Hydrocarbons
January 18, 1999



latroscan Lipid Composition of Whole Mussel Soft Tissues (area%; average of 5 analyses each)

500 m, #1, bollom
500 m, #1, top

4 km, #4, bollom
4 km, #4, top

30 km, #6, bollom
30 km, i, top

ND = None Delected

Triacylglyeeride
(%)

17.6%£1.1
17.6£1.2
17.0+0.6
15.2¢1.1
10.00.5
17.6£1.2

Free Faily
Acid (%)

3.5+0.5
4,0+0.4
1.4+0.3
1.3£0.1
1.4+0.8
1804

Table 1

Alcohol
(%)

ND
ND
ND
ND
ND
ND

Total Sterol
_{1’5]

4.5+0.3
4.4+0.2
5.240.2
4.4+0.4
4.5+0.2
4.6+0.3

Diacylglyceride Monoacylglyceride Polar

(%)

ND
ND
ND
ND
ND
ND

(*4)

ND
ND
ND
ND
ND
ND

Lipids (%)

74.3£9.2
T4.024.4
74.5£5.9
T9.1£7.0
£4.1£6.8
T4.0+9.8



Report of December 23, 1998
Table 2 - Revised

Amount of Aliphatic Hydrocarbons in the Mussels (ppm, wet tissue basis)

Sample Aliphatics Hydrocarbons
Total from C,q to C, BMO ® Region

500 m, #1, bottom 4.1 0.5
500 m, #1, top 4.1 0.4
4 km, #4, bottom 1.7 0.3
4 km, #4, top 2.5 0.4
30 km, #6, bottom 1.9 0.4
30 km, #6, top 2.3 0.5
30 km, #6, top, lab duplicate 1.9 0.4

s The specific alkane patiern suggesis a possible biogenic origin for the long-chain
aliphatic hydrocarbons
L Base Mud Oil
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Appendix G-3
Evaloation of Mussels for Tainting Hydrocarbons
June 15, 1999



Table 1

Level of Significance in Differentiating Between the Off-Shore Control and Test Samples by Sensory Evaluation as determined by the
Triangle Test.

Tesi Sample Control Sample Odour Resulis Flavour Results
Level of Correct® Level of Comect®
Significance Judgement Significance  Significance
13 km Gully, #8, top Control, #10, top NS /18 NS 9/18
13 km Gully, #8, bottom Control, #10, bottom NS 4/18 NS 4/18
9.5 km, Gully, #7, top Control, #10, top NS 8 NS T/18
4 km, Venture, #6, top Control, #10, top NS 18 MS /18
4 km, Venture, #6, bottom Control, #10, bottom M3 5/18 NS T8
2 km, Venlure, #5, top Control, #9, top NS 618 NS /18
1 km, Venture, #4, top Control, #10, top NS 4/18 MS 5/1%
500 m, Venture, #3, top Control, #9, top NS 918 NS 918
Sobey"s commercial mussel Indian Point mussel NS 1020 NS 920
Farms

®  Wumber of panelists correctly identifying the odd sample/total judgements.
" NS = not significant



Table 2

Amount of Aliphatic Hydrocarbons in the Mussels (ppm, wet tissue basis)

Sample Aliphatics Hydrocarbons®
Total from Cyy to ':1.1_ BMO® Region

Indian Pt Reference Mussels 2.24 0.12
Control - top #10 2.24 0.24
Control - bottom #10 2.11 0.52
13 km Guily - top #8 2.22 034
13 km Guily - bottomn #8 1.71 0.31
9.5 km Guily - top #7 5.48 1.34
4 km Venture - top #6 5.47 1.98
4 km Venture - bottom #6 3.45 0.42
2 km Venture - top #5 5.49 0.62
1 km Venture - top #4 3.25 0.71
500 m Venture - top #3 7.54 3.04

. Blank values not subtracted.

¥ Base Mud Oil



Figure A
Triangle Test -Mussels

Name:

Date:

Please evaluate these samples for any abnormal or undesirable odours or flavours. Two of these
samples are identical, the third is different.

A. ODOUR: Test the samples in the order indicated and identify the odd sample,

Code Check Odd Sample

B. FLAVOUR:  Test the samples in the order indicated and identify the odd sample.

Code Check Odd Sample

Comments:




Appendix A

Statistical Chart Tnangle Test*

MNumber of Sensory | Number of Correct Answers Necessary to Establish Level of
Panelists Significance
2% 1% 0.1%
7 < & 7
8 6 7 8
9 6 7 8
10 7 8 9
11 7 8 9
12 8 9 10
13 8 9 10
14 9 10 11
15 9 10 12
16 10 11 12
17 10 11 13
18 10 12 13
19 11 12 14
20 11 13 14

* From Larmond, 1977
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Appendix G-4
Evaluation of Naturally Occurring Scallops for Tainting Hydrocarbons
November 19, 1998



Table 2 - Revised

Amount of Aliphatic Hydrocarbons in the Scallop Adductor Muscles and Rings

and Roes (ppm, wet tissue basis)
Sample Aliphatics Hydrocarbons
Total from C,; to C,," BEMO* Region®

TW-I-C adductor muscle 1.6 0.4

rings and roes 3.7 0.6
IW-I-T adductor muscles 2.7 0.3

rings and roes 2.7 0.3
TW-I-V adductor muscles 1.5 0.3

rings and roes 1.6 0.3

% The specific alkane pattern suggests a possible biogenic origin for the aliphatic
hydrocarbons.

. Base Mud Oil



Takle &

Level of significance in differentiating berween the off-shore control and test samples as
determined by the Triangle Test

Test Sample Control Sample Odour Result Flavour Result

Level of Correct’ Level of Correct!
Significance  Judgements Significance Judgements

Atlantic Superstore JW-I-C NSP 4/9 N3 4/9
JW-I-T JW-I-C 5% 11/18 NS 8/18
JW-I-V TW-I-C N3 B/18 NS S/18

‘Number of panelists comrectly identifying the odd sample/total judgements

¥NS = not significant



Appendix A

Statistical Chart Triangle Test®
Number of Sensory | Number of Correct Answers Necessary to Establish Level of
Panelists Significance
5% 1% 0.1%

7 3 6 7
8 6 7 8
9 5] 2 8
10 7 8 9
11 7 B 9
12 8 b 10
13 8 9 10
14 9 10 11
15 9 10 12
16 10 11 12
17 10 11 13
18 10 12 13
19 11 12 14
20 11 13 14

* From Larmond, 1977



Appendix B

Aromatic Hvdrocarbons

Waphthalene
1-Methylnaphthalens
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
2,3,5-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene :
1-Methylphenanthrene
Fluoranthene

Pyrense
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluaranthene
Benzo[e|pyrens
Benzo[z]pyrene

Perylene



Appendix G-5
Evaluation of Naturally Occurring Scallops for Tainting Hydrocarbons
December 2, 1999



Table 1

Average Height and Weight of Scallops and Average Weight of the Scallop Shells,
Adductor Muscles and Rings and Roes

Sample Heightof Weightof  Scallop Shell  Adductor Muscle Rings and Roes
Shell (cm) Scallop (gm) Weight (gm)  Weight (gm) Weight (gm)
JW-TI-C 15.0:0.7 376.3258.7  191.1+£31.6 46,122.8 136.6+32.4
JW-1I-V 13.8+0.5 313.7£75.3  177.9+£35.2 32.645.9 97.5+£52.9
JW-II-T 14.50.5 332.9224.5  171+18.3 41.223.6 114.4£12.9
JW-II-N 12.3:0.8 197.6249.0  96.6%36.7 20.8£2.9 74.9£24.3
Table 2
Amount of Aliphatic Hydrocarbons in the Scallop Adductor Muscles and Rings
and Roes (ppm, wet tissue basis) '
Sample Aliphatics Hydrocarbons
Total from C,yto C24°  BMO" Region

JW-II-C adductor muscle 3.45 1.52

rings and roes 3.03 0.63
JW-II-V  adductor muscles 3.06 3.49

rings and roes random 3.07 0.50

rings and roes, random duplicate  4.46 0.32
JW-I-T adductor muscles 4-3-% 1.33:

rings and roes 27.21 19.01
JW-II-N adductor muscles 1.43 0.87

rings and roes 3.6l 0.30
a The specific alkane pattern suggests a possible biogenic ongin for the aliphatic

hydrocarbons.
b Base Mud Oil

c Includes volatile hydrocarbon contamination.



Tahle 3

% Lipid of Adductor Muscles and Rings and Roes of Scallops

Sample % Lipid
JTW-II-C adductor muscles 0.79
nngs and roes 1.17
JW-II-V adductor muscles 0.82
rings and roes 0.80
JW-II-T adductor muscles 1.21
rings and roes 1.21
JW-II-N adductor muscles 0.77

rings and roes 0.72



Table 4

Lipid Class Composition of Scallop Adductor Muscles and Scallop Rings and Roes (area %)

Sample Hydrocarbon

JW-1I-C Adductor Muscles
IW-1I-V Adductor Muscles
JW-1I-T Adductor Muscles
JW-1I-N Adductor Muscles
TW-II-C Rings and Roes
TW-1I-V Rings and Roes
IW-II-T Rings and Roes
JW-1l-N Rings and Roes

* uncorrected for detector response
MND: not detected
TR: trace

ND
ND
ND
ND
ND
ND
ND
0.8

Triacylglycerol

ND
ND
ND
ND
39.2
12.1
3.9
13.0

Free Fatty
Acid

ND
ND
ND
ND
1.3
| [
1.0
0.5

Sterol

3.5
6.4
5.5
6.5
1.5
1.8
1.1
22

Monoacylglycerol

ND
ND
ND
ND
0.4
TR
ND
TR

Polar
Lipid

4.5
93.6
04.5
93.5
57.6
B5.0
66.0
B3.5



Table 5

Level of Significance in Differentiating Between the Off-shore Control and
Test Samples as Determined by the Triangle Test.

Test Sample Control Sample Odour Result Flavour Result
Level of Comect'  Levelof | Correct
Significance Judgements Significance Judgements
Atlantic Superstore  JW-[I-C NS 818 1% 11/18
JW-II-V JW-II-C NS 4/18 NS 4/18
IW-IL-T TW-II-C NS 6/18 NS 518
TW-II-N TW-II-C NS /18 5% 10/18

a MNumber of panelists correctly identifving the odd sample/total judgements
b NS = not significant
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Appendix A

IS0

[ Tydrocarbon
£3. 1

&
gERH

latroscan chromatogram of analysis of scallop rning and roe lipid. Figure A (JW-[I-N)
showing hydrocarbon, Figure B (JW-[I-T) showing almost no hydrocarbon.



Appendix B
Aromatic Hydrocarbons

Maphthalene
1-Methylnaphthalene
Biphenyl
2,6-Dimethyinaphthalene
Acenaphthylene
Acenaphthene
2,3,5-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene
|-Methylphenanthreéne
Fluoranthene

Pyrene
Benzo[a)anthracene
Chrysene
Benzo[b]fluoranthens
Benzo[k]fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene

Perylene



Appendix C

Triangle Test - Scallops

MName:

Date:

Please evaluate these samples for any abnormal or undesirable odours or flavours. Two of these
samples are identical, the third is different.

A. ODOUR: Smell the samples in the order indicated and identify the odd sample.

Code Check Odd Sample

B. FLAVOUR: Taste the samples in the order indicated and identify the odd sample,

Code Check Odd Sample

Comments:




Appendix D

Statistical Chart Tnangle Test®

MNumber of Sensory Number of Correct Answers Necessary to Establish Level of
Panelists Significance
5% 1% 0.1%
7 5 6 7
8 & 7 8
9 6 7 8
10 7 8 9
11 7 g 9
12 g 9 10
13 B 9 10
14 9 10 11
15 9 10 12
16 10 11 12
17 10 11 13
18 10 12 13
19 11 12 14
20 11 13 14

* From Larmond, 1977



Appendix E

Preparation of Water-Soluble Crude Qil Fraction
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ML
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Fig. 4. (a) GLC chromatogram of Flotta North Sea crude oil; (b) GLC
El:l.mmﬂm-gl'a.m of water-soluble fraction extracted from the same crude
oil hylrﬂcipm:aring plate extraction column under conditions of an
excessive reciprocation speed (260 strokes/min) at a flow rate of sea-
water of 220 ml/min and a flow rate of crude oil of 2.9 ml/min; settling
time, 5 h at 5°C '

Enrichment of shorter- chain volatile petroleum hydrocarbons highly soluble in
seawater. From Zhou er al,, 1994,
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Details of shorter-chain hydrocarbons, especially aromatics, soluble in seawater. From
Heras er al., 1992,
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Figure 3.1. GLC hydrocarbon profile of the blended condensate.

Blended natural gas well condensate used for former scallop tinting studies. From

Emst f al., 1989,
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numbered peaks.

Water soluble fraction (WSF) of natural gas condensate used for former scallop tainting
studies. From Emst er al., 1989.



Appendix H: Information on Recovery of Injured Raptor
» Appendix H-1: Halifax Chronicle Herald Article from October 23,
1999
+ Appendix H-2: Letter from Atlantic Raptor Rehabilitation Centre



Appendix H-1
Halifax Chronicle Herald Article from October 23, 1999



Saturday, October 23, 1999

Oil rig crew saves falcon

By Brian Haves / Stafl Reporter

Some birds have all the luck. especially a migrating peregrine falcon that crash-landed Last
week onto the deck of an ofTshore drilling rig.

Oil workers aboard Rowan Garilla Il were going about their business when they nodiced the
troubled and disoriented bird winging by with no place to go.

When the falcon hit the deck., the oilmen's off-duty daily routing changed as they became
involved in a rescue mission many will not soon forget.

Jim MacDonald, lead building supervisor for the Sable Offshore Energy Inc.-leased rig, said
the falcon was first spotted flying around the plasform the day before and became trapped in
an enclosed area from which the bird eouldn’ My,

"It was a different kind of bird from the seagulls and sparrows we normially see out here,” he
said.

Mir. MacDonald said the bird sparked a lot of interest among the crew, who were able to
corral it inside an old television box.

"We gave it fish ond chicken to eat and made a perch fior him to stand on. He was pretty well
docile when we cought him. He was premy well beat.”

Mr. MocDonald speculated that a strong westerly wind that day may have blown the bird
farther oul to sea than normal.

"They were able to identify the raptor from a bird book and wanted 1o know what to feed the
peregring and how to prepare it for transport by helicopter to Halifax,” Elaine Kew, director
of the Atlantic Raptor Rehabilitation Centre in Masons Point, said of the phone call she got
Monday from Alvin Titus. a fisheries observer aboard the rig who also tracks bird species in
the area. 23

Ms. Kew said the bird was slated to be iransported the next day by helicopter, but weather
conditions forced cancellation of the Might.

But a crew with Canadian Helicopters Intemational had the falcon under its wing when she
arrived at Halifax Intemational Airport on Wednesday aftemoon.

The lively, young peregrine was secured in a large cardboard box with a sign that read “keep
fingers out of the holes.” she added.

Informed the falcon may have damaged its wing, Ms. Kew ook the bird directy 1o the
Dartmouth Veterinary Hospital for a thorough examination.

The wing was in good shape, but the faboon had a very low body weight and oil on is upper
feathers from taking up o defensive position agamst some machinery on the rig, she said,
After the examination and a good washing, the peregrine was taken o the centre - a not for
profit. all-volunteer facility that cares for binds of prey.

The faleon was fed road-killed deer meal, vitamin drops, and placed in a box by a fireplace
te dry off, Ms, Kew said,

Thie bird is now housed in dee facilings Mlight unit for howks and falcons, and althowgls atill
unable o My, safl are confident the falcon will regain is strength,

Hopefully the peregrine. taken off the endangered species list lost year, can be released ina
moath oF 50 bt continue its joumey (o warmer climes in the Southern Hemisphere, she said,
She praised the rig’s crew for giving the voung falcon o second chance and changing the
course of i3 fragile life.

"Without the intervention of the crew . . . this young peregrine falcon, making its first
migration south, would have died of starvation,” she said.

Saturday, October 23, 1909 The Halifax Hernld Lintited



Appendix H-2
Letter from Atlantic Raptor Rehabilitation Centre



November 17, 1999

Ta: mmﬂ'ﬁ#MEﬂHll

_ This aficmoon at 3:30 the Peregrine Falcon took flight and continued her joumey
migrating south. Owver the past few weeks, she exercised in one of our flight units and
dined on pheasant, grouse, ducks and rodeats. During the Peregrines recovery she
remained undisturbed and isolated, The keed bone (breast bone) was protruding
indicating that she had been wnsnccessful bomting. Your subsequent intervention and her
stay ot the ARRC has provided the necessary care and build up of muscle tissoe required
for flight US Fish end Wildlife Band No. 180715714 was placed on her left leg, she
weighed 1311 grams. This was a first year hatched Peregrine Falcon. We are situszed on
a peninsuls in St Margeret's Bay, an idesl releass site for this young Peregrine. Our next
door neighbour has a lorpe field sloping down into Schooner Cove, Owver the years this
has become our runway strip for many of the lage mptors. With strong wingbeats she
Peninsula,

Even thaugh the Percgrine Falcon was twien of T the endengered species list, thds
Falcon remains threarened Canada remains cantions about therr survival and maintains
records on all Peregrines that have made contact with humans.

During the Peregrine's stay and on ir's release we have taken photos for our files.
When the relesse photos are developed, I will send them to you, Thank you for your
compession and concern for this fragile wildlife. Watch the skies for us.

Milee and Elaine Kew



