The physical conditions under which offshore hydrocarbon exploration, development and production
activities occur impact engineering designs, operational procedures and environmental impacts
associated with any contaminant releases to the marine environment. Uncertainties in the physical
parameters discussed in this section can be dealt with through standard approaches such as increased
factors of safety included in engineering designs and operational procedures, while environmental
concerns can be reduced through the incorporation of additional spill prevention measures into offshore
equipment. The net effect of high uncertainties in the physical conditions under which offshore
activities are to occur is to increase the cost of offshore activities and reduce the economic feasibility of
a given project, rather than to limit the technical feasibility of offshore exploration.

5.0

ENGINEERING

The objective of this section is to review the significant engineering issues that impact the economics
and safety of exploration and development activities for the offshore oil and gas industry. The focus of
the following sub-sections is on recent technological advances and operational procedures, particularly
those relevant to British Columbia offshore areas. Advances in the areas of safety and risk management
have been outlined. The performance of existing offshore structures under severe seismic and climatic
conditions is also reviewed to qualitatively assess the reliability of the current state-of-practice in the
offshore oil and gas industry.
There are five sequential phases in a typical offshore oil and gas development:
•

seismic and geophysical surveys;

•

exploration;

•

development;

•

production; and

•

decommissioning.

Important engineering and technological aspects of each of these phases, as well as the performance and
risk associated with these activities, are discussed in the following sections.

5.1

Seismic and Geophysical Surveys

The initial geophysical surveys are undertaken to provide a three-dimensional (3-D) image of subsurface
geological structures. The seismic surveys are primarily used to identify the “areas of closure,” which
sometimes act as hydrocarbon traps. The feasibility of exploratory holes depends on the size of these
hydrocarbon traps. Seismic surveys must be properly planned and designed in relation to the geology of
the study area. They are seldom effective in the first attempt and several surveys may be needed for
achieving the necessary definition and confidence. The initial seismic surveys are also used to estimate
the fluid pressure in the formations and to identify the presence of gas, although it is not possible to
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distinguish gaseous hydrocarbons from other naturally occurring gases such as carbon dioxide or
nitrogen. Enhanced accuracy of seismic surveys and innovative use of these data have increased the
success ratio of offshore oil and gas exploration drilling and reduced the cost of these operations and
their environmental impact.
Seismic surveys involve measurements of travel times of reflected or refracted seismic waves. The
interpretation of seismic data requires assumptions regarding the transmission characteristics of the
geologic units. Therefore interpretation of seismic data requires judgement and experience. Until drill
holes are completed to confirm the subsurface conditions the inference from seismic surveys only
provide indications of probable conditions.
Further geophysical surveys are undertaken before, during and after exploratory drilling. These surveys
include gravity and geomagentic surveys, shallow seismic surveys and other seabed mapping surveys for
detailed geological hazard assessment. Additional geophysical measurements are carried out during
exploratory drilling (Measurement While Drilling or MWD) to assess the formation pressures and
porosity.
The developments in information technology and communication have resulted in utilization of broadband seismic data, and a significant reduction in turn-around time between generation and analysis of
geophysical data, leading to virtually real-time project management for an exploratory drilling program.
This, in turn, has greatly reduced the risks of borehole instability and blowout and consequent
occupational hazard and environmental impacts.
5.1.1

Seismic Survey

A conventional 2-D seismic survey involves towing the arrays of source and receivers from a survey
vessel in a single row. An acoustic wave is generated from the source and the arrival of the wave
reflected or refracted from the boundaries between different geologic units is recorded. Air Guns are
often used to generate acoustic waves and hydrophones to record the reflected or refracted waves. A
typical surveying program would include several such recordings along parallel survey lines spaced 0.5
to 1 km (0.3 to 0.6 mile) apart, usually in two orthogonal directions. The appropriate orientation of
these lines requires a good understanding of the geologic structure within the study area. These surveys
are undertaken under favourable weather conditions so that the quality of sound recording is acceptable.
From the interpretation of 2-D seismic survey data, the subsurface structure of a vertical slice is deduced
and the slices from individual survey lines are treated as stand-alone results. Subsequent interpretation
involves identification of geological relationship between neighbouring vertical slices to develop a 3-D
subsurface map. The quality of a 2-D seismic interpretation depends on the experience and insight of
the geophysicist into the acoustic characteristics of the geologic material being surveyed.
Since 1975, 3-D recording and interpretation techniques have become available involving simultaneous
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recording of reflected acoustic waves by a set of parallel arrays of hydrophones. A 3-D survey provides
a significantly greater amount of information for survey grids (instead of survey lines of a 2-D survey)
that may be spaced as closely as 100 m (330 feet) apart. Improved computer capabilities allows for the
rapid analyses and interpretation of the vast amount of information generated in a 3-D seismic survey.
This advance has resulted in more reliable and detailed subsurface imaging and an improved prediction
of drilling results. Initially 3-D survey was utilized solely for oil or gas field development optimization
but in the past ten years has become a valuable exploration tool to identify smaller exploration targets.
The latest development is the 4-D or time-lapse measurement, where recording devices are buried in the
seafloor over an oil field. This technique is mainly utilized in reservoir management and to assist in the
judicious drilling of late field life development wells to maximize recovery.
Air Guns primarily generate compression waves (p-wave) by blowing a compressed air pulse into
seawater. The array of source and recorders are towed by the survey vessel in a single row in a 2
dimensional (2-D) survey, or in multiple rows in a 3-D survey. A portion of the seismic energy
generated by the air guns gets converted into shear waves (s-waves) at the water-soil interface. Since
water cannot transmit shear wave, the reflection pattern of s-waves cannot be measured with a receiver
array towed above seafloor. The subsurface information contained in the s-waves is, therefore, lost in a
conventional seismic survey. Use of multi-element geophones placed at the seafloor for recording the
s-waves has also begun in recent years to utilize the information (Huffman and Castagna, 2001).
5.1.2

Supplementary Geophysical Information

Supplementary geophysical data are obtained from gravity and geomagnetic surveys. The gravity and
magnetic surveys allow identification of “anomalies” or variations from regional averages and
subsequently improve the 3-D picture of a sedimentary basin. These are relatively inexpensive
compared to seismic surveys and the measurements are sometimes utilized in converting seismic travel
times to depths. Modern high-resolution aero-margnetic surveys are flown from specially equipped
aircraft at 60 to 90 m (200 to 300 feet) altitude and can provide details such as fault trace and near
surface volcanic rock.
Additional data are collected during drilling (i.e., Measurement While Drilling or MWD), which include
vertical seismic profiling, magnetic resonant imaging (MRI), gravity and resistivity measurements. The
first MWD tools went in service in 1978. Neutron Porosity Measurement capability was added to these
tools in 1987, geo-steering and pressure detection capabilities in 1993 and MRI in 1997. These tools
can now operate over broader pressure and temperature ranges and in various chemical environments.
For instance, resistivity devices are available for use in water- oil- and synthetic- based drilling muds.
MWD is also extensively used for controlling hole trajectory and steering in multilateral and horizontal
directional drilling.
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5.1.3

Seabed Mapping Technologies

The geophysical survey techniques described above are used primarily to map deep subsurface
structures with the intent of identifying hydrocarbon reservoir rocks and the associated trapping
structures. Additional information is needed on sea floor and shallow subsurface geology, seabed
geotechnical properties and morphology for the following objectives:
•
•
•
•
•

to optimize the design of the subsurface seismic survey program and to aid in interpretation of
survey results;
to assess regional and site-specific geohazards;
to optimize the selection of drilling rigs and placement of drill holes;
to define design parameters for sea floor installations;
to assess the environmental impacts of exploration and subsequent phases of offshore oil and gas
activities (development, production and decommissioning).

In this section, the technologies currently used to map and interpret the features and characteristics of
the sea floor and shallow subsurface are summarized. These techniques include swath or multibeam
bathymetry, sidescan sonar, acoustic seabed classification, high resolution seismic reflection profiling,
visual observations, seabed sampling, laboratory testing and in situ measurements of geotechnical
parameters.
5.1.3.1 Navigation and Positioning
An integral part of any seabed mapping or sampling procedure is accurate positioning. Historically,
LORAN C was the most commonly used navigational method for regional surveys in Western Canadian
waters. The accuracy of the LORAN C system varies with location, depending on position relative to
the fixed base stations. In the Queen Charlotte and Hecate Basins, positional error based on LORAN C
can be up to one nautical mile (Vaughn Barrie, pers. comm.).
In recent years, access to the satellite-based Global Positioning System (GPS) has become essentially
universal. The Global Positioning System was originally designed for the U.S. military and is funded
and controlled by the U.S. Department of Defense (DOD). The system consists of a set of 24 or more
satellites that each orbit the earth once every 12 hours. Signals from at least four individual satellites are
required in order to calculate position in three dimensions together with an accurate time signal. Signal
access is available to civilian users world-wide with the use of a GPS receiver (Dana 2000).
Prior to May 2000, signal accuracy for non-military users was intentionally degraded by the DOD
through the implementation of selective availability, a time-varying bias in the satellite signals.
However, post-processing of the data using differential methods relative to fixed base stations allowed
higher levels of accuracy to be achieved. In the early 1990’s, the Canadian Coast Guard installed a
network of differential base stations at British Columbia lighthouses. In the United States, the Federal
BC Offshore Oil & Gas Technology Update ♦ JWEL Project No. BCV50229 ♦ October 19, 2001

Page 70

Aviation Agency has established the Wide Area Augmentation System (WAAS), blanketing North
America with a differential signal available to most new “high-end” GPS receivers
(http://gps.faa.gov/Programs/WAAS/waas.htm).
Since May 2000, selective availability has been turned off, allowing general access to the non-degraded
signal. Current levels of accuracy for GPS are on the order of 100 m in horizontal position for basic
readings from the GPS satellite system, with accuracy on the order of several metres using the
differential system. Differential carrier-phase tracking with Real Time Kinematic (RTK) processing,
although not yet in common use, achieves centimetre-level accuracy in both horizontal and vertical
position for a moving remote receiver (Dana 2000; GeoAcoustics Ltd. 2000).
As a result of the accuracy of the currently-available navigation and positioning systems, subsea data
can be accurately located, improving our ability to locate facilities away from hazardous areas and
assisting in engineering evaluations to design for hazards.
5.1.3.2 Swath Bathymetry
Perhaps the most significant recent advancement in seabed mapping technologies has been the
widespread adoption of swath bathymetry techniques for both precise water depth measurement and
mapping of sea floor morphological features. A swath bathymetry system uses high frequency acoustic
pulses generated by hull-mounted transducers to measure travel time between the ship and the sea floor.
While a single beam echosounder obtains a single depth measurement under the survey vessel for each
acoustic “ping”, swath systems obtain many measurements across a transect perpendicular to the ship’s
path.
Many different types of systems and methods are available for swath bathymetric measurements. These
include multibeam systems consisting of an array of individual narrow-beam transducers, mechanical or
electronic scanning of a single beam, electronic beamforming systems and phase comparison techniques.
Although many different types of systems are available, all essentially measure discrete reflections from
small patches of sea floor. The term multibeam bathymetry is often used interchangeably with swath
bathymetry to describe the general technique, rather than to identify a particular type of system.
The widespread application of swath bathymetric survey techniques has been facilitated by the
combination of accurate navigation through GPS, high-speed digital data acquisition systems and
advancements in both transducer technology and digital data processing techniques. With achievable
swath widths on the order of five to ten times water depth, high-resolution bathymetric maps with
complete coverage of the sea floor can be readily developed. Although survey resolution and accuracy
are functions of water depth, ship speed and system configuration, typical values would be on the order
of a few metres horizontal resolution and centimetres in vertical accuracy in shallower waters (David
Mosher, pers. comm.). An example of a bathymetric map generated from a multibeam system is shown
in Figure 5.1.
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Figure 5.1

Colour-banded bathymetric map developed from multibeam data collected near
Werner Bay, Queen Charlotte Islands (from Josenhans and Harding 1999)

In addition to accurate mapping of bathymetry, swath systems have provided valuable information for
the mapping and interpretation of surficial morphological features, and for the accurate assessment of
submarine slope stability. Figure 5.2 shows an example of multibeam data collected off Mapleguard
Spit, on the east coast of Vancouver Island. In the top image, bathymetric data have been presented in a
sun-illuminated format, highlighting bottom morphology. The middle image shows slope angle in a
plan-view format, while the bottom image shows the depth profile along a selected cross-shore transect.
Backscatter data, although not shown in Figure 5.2, can also be used to aid in interpretation of seabed
texture and surficial morphology.
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Figure 5.2

Morphology (top) and slope angle (middle) images and depth profile (bottom) of the
southern failure lobe at Mapleguard Spit on Vancouver Island. The profile is at a 1:1
scale (from Mosher et al. 2001).

5.1.3.3 Sidescan Sonar
Sidescan sonar systems have long been the traditional method for imaging the sea floor for purposes of
surficial morphological assessment. A sidescan sonar uses a wide-angle beam to measure the acoustic
reflectivity of the sea floor, providing information on surficial texture in addition to morphology.
Sidescan systems are typically towed in a “fish” close to the seabed in order to enhance the
measurement of sea floor reflectivity. As a consequence of this operational configuration and the
available data processing methods, sidescan systems do not give accurate bathymetric information.
However, horizontal resolution is much higher than for a multibeam system, allowing better resolution
of seabed morphology (Philip Hill, pers. comm.).
Although the basic technology behind these systems has remained unchanged in recent years,
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improvements in transducers and system electronics have led to significant increases in signal quality.
In addition, digital systems and sophisticated post-processing software packages are now available,
greatly improving the ease with which scale-corrected mosaics of the sea floor can be developed.
Figure 5.3 shows a sidescan sonar mosaic of the area near Grief Point, on the east coast of the Strait of
Georgia.

Figure 5.3

Sidescan sonar mosaic of the Grief Point landslide. Water depths range from 20 m
in the north to 220 m in the southwest area of the image (from Mosher et al. 2001).

Recent efforts have focused on the development of interferometric systems, which use phase comparison
between two or more vertically-spaced receiving elements in the sonar transducer to produce swath
bathymetric measurements. Given the similarity between these systems and side scan sonar arrays,
signal output can also be presented in a manner similar to a sidescan sonogram (GeoAcoustics 2000;
Geen 1999).
5.1.3.4 Acoustic Seabed Classification
Both sidescan sonar and multibeam bathymetry systems provide measurements of acoustic backscatter,
or seabed reflectivity. Measurements are displayed as two-dimensional images, or sonograms, of the sea
floor. The sonograms are then visually interpreted by an experienced marine geoscientist in order to
determine the material composition of the seabed (e.g. soft mud, sand and gravel, bedrock, etc.) and the
nature of sea floor morphological features. The process is extremely qualitative and relies heavily on
the expertise of individual interpreters.
In recent years, quantitative methods have been developed to characterize the composition and
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complexity of the seabed based on measured properties of the acoustic return signal from existing
bathymetric and sidescan sonar systems. Pioneered for use with single-beam echosounders, acoustic
seabed classification systems analyze a suite of characteristics of the return signal to statistically group
the surveyed seabed into a number of distinct classes. Each class represents a unique combination of
physical and biological characteristics. Maps of the survey area can then be developed showing the
spatial extent of each class, representing the acoustic diversity of the sea floor. An example is shown in
Figure 5.4, for the Race Rocks Marine Protected Area to the west of Victoria, BC.

Figure 5.4

Multibeam bathymetry and acoustic seabed classification from single beam
echosounder for Race Rocks, British Columbia (from Quester Tangent Corporation
2000).

While acoustic seabed classification systems do not directly measure traditional index properties of the
seabed (e.g. sediment grain size, bulk density, etc.) or morphological characteristics (e.g. bedform height
and spacing), changes in acoustic class do represent changes in the combination of these and other
parameters. As for other mapping tools, ground-truthing is required.
Seabed classification has received recognition as a habitat mapping tool (Smity et al. 2001), and can be
used as a preliminary survey tool to select sites for in situ seabed investigations. Acoustic seabed
classification has been accepted as a reliable method for mapping seabed diversity by the scientific
community, and the Canadian Hydrographic Service has proposed that it become a component of
operational hydrography. Acoustic classification is only now being adopted for commercial applications
(Bill Collins, pers. comm.). Ongoing research into acoustic seabed classification is being conducted
through the Canadian Acoustic Remote Sensing Facility (C-MARS) at the University of Victoria
(http://www.c-mars.ca).
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5.1.3.5 High Resolution Seismic Profiling
Multibeam and sidescan sonar systems give two-dimensional, plan views of the sea floor. High
resolution seismic profiling methods are used to view the seabed as two-dimensional, vertical slices,
allowing subsurface definition of features such as faults, historic failure surfaces, subbottom horizons
and gas-charged zones. These methods use low-frequency acoustic signals from a variety of source
types (pingers, boomers, sparkers, airguns and water guns), so as to allow signal penetration into the
seabed. Changes in acoustic impedance within the seabed cause partial reflection of the signal back to
the source, allowing depth below the seabed of the reflecting surfaces to be calculated. High resolution
seismic profiling methods typically use higher frequencies than those used in deep seismic work
(Section 5.1.1), permitting the near-surface seabed structure to be mapped in greater detail, but reducing
the extent of signal penetration into the seabed (see Terra Remote Sensing Inc. 1999 for a more detailed
description).
As for sidescan sonar systems, the basic technology behind these systems has remained relatively
unchanged in recent years. The major advancements have been in the digital processing and postprocessing of the signal, allowing for easier interpretation of reflectors and sub-bottom features.
Figure 5.5 shows a high resolution seismic profile (Huntec Deep Tow System) transecting the landslide
deposit shown in Figure 5.3.
Towed three-dimensional sensor arrays are not used in high resolution seismic profiling, since the
required sensor spacing, as determined by the signal frequency, is not generally achievable under marine
conditions. The use of geophones placed at the sea floor to measure shear waves is a topic of current
research (Philip Hill, pers. comm.).

Figure 5.5

High resolution seismic reflection profile crossing the Grief Point submarine
landslide.
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5.1.3.6 Visual Observations
Visual observations of the seabed are invaluable for a number of uses, including the ground-truthing of
geophysical survey information, the collection of additional surficial textural and morphological data,
the assessment of sea floor habitat and the identification and enumeration of plant and animal species.
Figure 5.6 shows an image of a sponge reef in Hecate Strait.

Figure 5.6

Sponge reef in Hecate Strait.

Seabed images can be collected from frame-mounted cameras dropped over the side of a ship, from still
or video cameras mounted on a “fish” towed behind a ship, or from remotely operated or autonomous
underwater vehicles. Remotely operated vehicles (ROVs) are controlled through a cable system
connected to a surface support vessel, but can move independently of the surface vessel and are
routinely used for route survey work. Autonomous underwater vehicles (AUVs) can operate
independently of surface ships, but are still considered to be in the development phase. Submersible
vessels, available for specialized projects, are generally too expensive for use in routine survey work.
Samples of seabed sediments are collected for a variety of uses including measurement of engineering
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properties and indices, chemical analysis and biological assessment. Shallow sampling near seafloor is
generally carried out using weighted core tubes dropped from a distance above the seafloor. If deeper
sampling is required casing is lowered from a drill-ship so that a hole can be drilled to the required
depths for intermittent sampling of soil and rock through the casing.
Recent advancements in seabed testing have been primarily in the area of in situ testing of geotechnical
and acoustic seabed properties, minimizing the effects of sample disturbance encountered in more
traditional sampling and laboratory testing approaches. In-situ testing is also more economical than the
traditional methods based on sampling and laboratory testing and permits a more extensive sub-surface
coverage of the study area in a given field program.
5.1.3.7 Seabed Sampling and In-situ testing
A variety of cone penetrometer tests (CPT) are available for in situ measurements of geotechnical
properties of the seabed. In this approach, an instrumented probe with a conical tip is pushed into the
seabed at a controlled rate. Engineering indices measured during a CPT can be correlated to soil
strength, pore water pressure and resistance to liquefaction. Downhole seismic measurements can also
be carried out during a CPT to assess soil behaviour under small-strain conditions.
In pressuremeter testing (PMT), a cylindrical inflatable probe is inserted into a borehole. The borehole
can either be pre-drilled or a self-boring probe can be used. After insertion of the pressuremeter into the
borehole, the probe is inflated with hydraulic fluid, allowing the stress-strain characteristics of the
sediments to be measured in situ. In-situ pressuremeter testing can also be undertaken using a
pressuremeter equipped with a cone penetrometer tip. Such a device is called the cone pressuremeter or
full-displacement pressuremeter.
5.1.4

Information Technology

Steady and continuing progress over the last few years in information processing, both in terms of speed
and volume has dramatically improved the ability of the oil and gas industry to conduct its exploration
and development activities in a scientifically-based and predictable manner.
Improvements in signal processing and sensor technology have permitted the process of interpretation of
geophysical data from the realm of art to that of science. Hardware and software capabilities have
permitted successful exploration, development and production in more and more varied geological
settings at reduced risk and greater economic benefit.
Given the increasing importance of industries in the information technology sector in British Columbia,
the provincial economy is likely to benefit from the software, hardware and analytical services that may
be procured by the oil and gas industry within the province.
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5.1.5

Noise Issues in Geophysical Survey and Exploratory Drilling

Seismic survey is one of the loudest underwater noise-source (see Table 5.1). The effect of noise from
seismic surveys and drilling on marine fauna has been the focus of intense research in recent years. The
following sources provide outlines of these efforts in Australia and the US:
•
•

www.appea.com.au/environment/proj_seismic.html; and
www.gomr.mms.gov/homepg/regulate/environ/marmam/sperm_research.html.

Table 5.1

Sub-Sea Noise Levels

Noise Source

Max (dB)

Remarks

Undersea
Earthquake
Seafloor
Volcano
Eruption
Airgun Array
(Seismic)
Lightning Stike
on Water
Surface
Seismic
Exploration
Devices
Container Ship

272 dB

Ml 4.0 (energy integrated over 50 Hz Wenz, 1962.
bandwidth)
Massive steam explosions
Deitz and Sheehy, 1954; Kibblewhite, 1965;
Northrop, 1974; Shepard and Robson, 1967;
Nishimura, NRL-DC, 1995.
Compressed air discharged into
Johnston and Cain, 1981; Barger and Hamblen,
piston assembly
1980; Kramer et al., 1968.
Random events during storms at sea Hill, 1985; Nishimura, NRL-DC, 1995.

198 dB

Includes vibroseis, sparker, gas
sleeve, exploder, water gun and
boomer seismic profiling methods.
Length 274 meters; Speed 23 knots

Supertanker

190 dB

Length 340 meters; Speed 20 knots

Blue Whale

190 dB

Fin Whale

188 dB

Vocalizations: Low frequency
moans
Vocalizations: Pulses, moans

Offshore Drill
Rig
Offshore Dredge
Humpback
Whale
Bowhead Whale
Right Whale
Gray Whale

185 dB

Open Ocean
Ambient Noise

> 255 dB

255 dB
250 dB

212-230 dB

185 dB
180 dB

Motor Vessel KULLUK; oil/gas
exploration
Motor Vessel AQUARIUS
Fluke and flipper slaps

180 dB
175 dB
175 dB

Vocalizations: Songs
Vocalizations: Pulsive signal
Vocalizations: moans

74-100 dB (71-97 Offshore central CA; higher (≥ 120
dB in deep sound dB) when vessels present.
channel)

Reference

Johnston and Cain, 1981; Holiday et al., 1984.

Buck and Chalfant, 1972; Ross, 1976; Brown,
1982b; Thiele and Ødegaard, 1983.
Buck and Chalfant, 1972; Ross, 1976; Brown,
1982b; Thiele and Ødegaard, 1983.
Cummings and Thompson, 1971a; Edds, 1982.
Watkins, 1981b; Cummings et al., 1986; Edds,
1988.
Greene, 1987b.
Greene, 1987b.
Thompson et al., 1986.
Cummings and Holiday, 1987.
Cummings et al., 1972; Clark 1983.
Cummings et al., 1968; Fish et al., 1974; Swartz
and Cummings, 1978.
Urick, 1983, 1986.

Source: atoc.ucsd.edu/ASTpg.html, see web-page for reference listing
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Guidelines have emerged as a result of these research to minimize the effect of seismic survey on marine
fauna (e.g., ISR, 2001; JNCC, 1998).
Noise issues on occupational health and safety have also been examined (e.g., HSE, 1999). As a result,
it is recognized that the ambient noise exceeds the 90 dB limit applicable in the UK in isolated areas on
the offshore oil and gas platform. Exploratory drilling activity is unlikely to elevate the ambient noise
beyond 55 dB limits at a distance of 400 m (1,300 feet) from the drilling platform (US DOE, 1999). The
workers’ exposure to such a high noise level is therefore intermittent. Operational guidelines have
developed from these efforts as outlined in CNSOPB (1998) and HSE (1999).

5.2

Drilling Technology in Offshore E&P

Following seismic survey and data analysis, an exploration and delineation drilling program is
developed. A local geophysical survey and geotechnical investigation is undertaken around the
proposed drilling locations to identify the geological and environmental hazards and risks, as discussed
in Section 4, before finalizing the actual location. Exploratory drilling and production can be carried out
using one of the following concepts.
Fixed Platforms, which are supported on the seafloor, provide excellent support for offshore oil and gas
operations under various weather conditions. Fixed Platforms have been utilized in water depths of up
to 1,000 m (3,300 feet) however the costs become excessive as depths increase. They include Jacket
Barges and Jack-up Rigs (Figure 5.7).

Figure 5.7

Offshore Drilling Units

From left: Jacket Barge, Jack-up Rig, Semi-submersible Unit, Drill Ship, and a TLP with tie-backs
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Figure 5.8

Water Depths in the Offshore Lease Areas

For deeper water or heavy loading conditions, large gravity structures have been utilized, e.g., Hibernia
and Troll A. A fixed platform is amenable to retrofitting to accommodate changes in load carrying
requirements and may therefore provide economical option to address potential future development
issues. However, they are affected by seafloor stability and would require special provisions to account
for earthquake and other geological hazards, or be located to avoid these problems. A further limitation
of jacket barges and gravity structures is decommissioning costs at the end of field life. As shown in
Figures 5.8 and 5.9, the water depths in the offshore lease areas around the Queen Charlotte Islands
generally exceed 50 m (160 feet). Jacket barges are usually not employed where water depth exceeds
50 m. Such a platform would therefore be unsuitable in many potential target areas. The earthquake
and tsunami hazards in these areas are also high. However, fixed gravity structures are being used in
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areas of high earthquake hazard elsewhere. Hence, this concept may be suitable from an engineering
perspective in the offshore areas around the Queen Charlotte Islands in the development and production
phase.
The second option is based on Floaters, e.g., Tension Leg Platforms (TLP), Submersibles,
Semi-submersibles, Spars, Truss-Spars, Single Column Floaters (SCF), Floating Production Storage and
Offloading units (FPSO), and Drill Ships. Figures 5.7 and 5.10 illustrate of some of these designs.
These units can be fabricated and transported to the wellhead for installation. The decommissioning of
these units is simple. However, these units can only accommodate a smaller number of wells than a
fixed platform and are less adaptable to the changes in load carrying requirements because of space
constraint and stability issues. This option is likely to be favoured in the exploration phase around the
Queen Charlotte Islands.

Figure 5.9

Water Depths in the Offshore Oil and Gas Exploration and Production

In subsea completion the wellhead and equipment such as a Blowout Preventer (BOP) stack are
positioned on the seafloor and connected to the floating drilling vessel using a “marine riser.”
Subsequent production operations involve flow lines placed on the seafloor linked to a pipeline system
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in case of gas or a floating production vessel in case of oil. In a dry-tree concept the wellhead
equipment and accessories are supported on a platform above water.
In a conventional drilling program, a large diameter (about 1.1 m or 431⁄3 inch) hole is drilled from
seafloor to a depth between 30 and 60 m (100 and 200 feet) and a steel casing (or conductor) of slightly
smaller diameter is inserted and cemented in place. Below that depth, a smaller diameter hole (about
650 mm or 251⁄2 inch) is advanced to about 250 m (820 feet) depth and a casing of slightly smaller
diameter is inserted and cemented in place. Up to this stage, drilling is generally carried out with
seawater and a high viscosity polymer additive for hole-stability and the spent drilling fluid is returned
to the seafloor. The BOP stack is then lowered on a marine riser and connected to the wellhead.
After wells are completed they are normally connected to, and operated from, a production facility that
can be up to 60 to 100 km (40 to 60 miles) away from the well, leading to significant capital cost
savings. These distances are limited by the water temperature (in cold water wax tends to come out of
the hydrocarbon and collect on the inner surface of the pipe) and the wellhead pressure. Subsea
completion and tieback is based on wet trees installed on the seafloor. An alternative concept is based
on a dry-tree system that places wellheads above the well itself on fixed or floating platforms. Dry
Completion Units (DCUs) serve as permanent drilling, work over and production units and are deployed
in such a development with an FPSO unit (Clarke and Kaalstad 2001).

Figure 5.10

A Truss-SPAR Rig is Being Transported

The BOP prevents blowouts by controlling efflux of formation fluid out of well bore by sealing around
the drill pipe. With the marine riser connected, drilling proceeds further with drilling fluid returned to
the drill rig for analysis, recycling and treatment. “Zero discharge” drilling can be undertaken from this
stage in environmentally sensitive locations (see SCCRWP 1993), which prevents drilling mud
discharge into the sea.
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Drilling technology has gone through significant advances to extend the reach of offshore exploration
and production to greater water depths. The safety and environmental records of offshore oil and gas
drilling has also improved significantly over recent years. Table 5.2 lists some of the issues considered
during the development of a drilling program. Some of the solutions presented in Table 5.2 have not
been fully developed as yet. However these technologies are indicative of the ongoing research and
development to minimize risks and maximize the economy of operations. Given the rapid advances in
the technology of offshore oil and gas exploration and production, and the complexity of the operations,
regulatory agencies should avoid excessive reliance on prescriptive regulations. Such an approach could
restrict innovative solutions.
The main advances in offshore oil and gas exploration, delineation and production drilling over recent
years include the following:
•
•
•
•
•
•

horizontal and multilateral drilling;
slimhole drilling, use of Coiled Tubing (CT), slim risers and casing drilling;
riser-less drilling;
advanced mooring and dynamic positioning;
improvements in BOP, top drive, mud pump and riser design; and
permissible platform discharges.

These developments are discussed in the following sections. Several other promising technologies,
(e.g., seabed drilling) are currently being researched by the industry and are likely to be available
commercially within a few years.
Table 5.2

Drilling Issues and Available Technology

Group

Problems

Solution

Capabilities and Limitations

Riser
load

Loss of riser and BOP, loss
of well, frequent riser
disconnects and time-loss,
and mud weight limitations

Slim riser

Restricts hole-size

Lighter riser material

Expensive

Buoyancy support

Expensive, takes space, increases drag

Drag reducing fins

Expensive, difficult handling

Seabed and Riser-less drilling

Are being field tested

Riser load reduction

Discussed above

Dynamic positioning

Expensive

Fibre-rope mooring

Takes time to install

Loads on
Rig

Stability, weather-related
downtime, limited welland water- depth capability

Seabed and Riser-less drilling
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Table 5.2 (Continued) Drilling Issues and Available Technology
Group

Problems

Solution

Capabilities and Limitations

Drilling
Problems

Riser disconnect

Improved connectors

Increase angle of riser disconnects

Slim riser

Reduces mud displacement time

Seabed and Riser-less drilling

Removes pressure on BOP

Well
Control

Long-kill / choke lines

Seabed drilling

Hydrate blocking of BOP

Injection of chemicals

Mud solids settling in riser

Seabed or riser-less drilling

Long bottoms-up time
(time for fluid return from
bit to rig floor) and high
mud pressure

Seabed or riser-less drilling or
slim riser

Shallow gas

Rig selection

Improper rig selection can lead to rig loss
(e.g., Petromar 5 in the South China Sea)

Avoid shallow gas areas

Shallow seismic survey should identify
shallow gas areas prior to exploration drilling

Mud weighting
Gas blocking agents in
cement, back-pressure while
cement is setting and diverter
Time,
cost and
impact

Drilling time

Rig day rate

Risk of cost overrun

5.2.1

Preset Mooring

Reduces seabed disturbance and
environmental impact

Casing drilling (Shepard et al.,
2001)

Reduces bore size, decreases mud use and
environmental impact

Twin derrick drill rigs

Cuts trip time significantly. Twin derrick
rigs are more common in deepwater drilling.

Slim riser

Reduces cost and impact but sacrifices
options

Riser-less drilling

Expensive

Slim riser

Reduces cost and environmental impact but
sacrifices hole size and options

Horizontal and Multilateral Direction Drilling

Since the post World War II years, directional drilling has become a standard option. Initially the
technique was purely used as a means of economically overcoming downhole problems without having
to abandon the well and starting with a new well. Since the 1960s it has become a standard oil and gas
development planning tool by permitting well drilling from a single surface location to targets thousands
of metres away (laterally) from the drilling location. The use of this technique in the offshore areas has
allowed operators to avoid the costs of multiple offshore drilling structures. This method has also been
used in the last 20 years in subsea completions in conjunction with seafloor-based multiwell templates
and associated well control equipment.
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Figure 5.11

Multilateral-Horizontal Wells in the Zuata Field, Faja, Venezuela

More recently multilateral drilling (Figure 5.11) has become available involving drilling a single well
bore followed by drilling of several horizontal drainage holes into the sections bearing hydrocarbons to
improve the efficiency of oil and gas extraction. Horizontal drilling can overcome geological anomalies
such as sealing faults. Proper application of this technology requires considerable knowledge about the
local geology and the nature of the hydrocarbon pool. Deviated and horizontal drilling, in order to be
successful, require excellent depth control, which is not usually available from seismic survey. Such
information can only be obtained from the drilling of vertical exploration holes. Both deviated drilling
and horizontal multilateral drilling techniques are widely used in onshore oil and gas developments in
northeast British Columbia.
5.2.2

Slimhole and Casing Drilling

The hole-diameter in slimhole drilling is smaller than that in conventional drilling. The advantage of a
smaller hole is the reduction in the amount of drilling mud and cuttings. For instance, a borehole with
86 mm (33⁄8 inch) bottom diameter produces only one-third the volume of cuttings compared to a
standard 216 mm (81⁄2 inch) bore to the same depth. When used with Coiled Tubing (CT), this method
typically produce 40 dB noise at 400 m (1,300 feet) compared to 55 dB in conventional drilling. Among
the disadvantages of slimhole drilling is the fact that this method limits the options for reservoir control
and extraction.
In casing-drilling techniques, casings are installed as the drill-bit advances allowing a smaller hole size
as in the slimhole method. This method has similar advantages and limitations as slimhole drilling.
Graves et al. (2001) describes a recent application of the slimhole technology in the Gulf of Thailand.
5.2.3

Riserless Drilling or Dual Gradient Drilling (DGD)

Among the most significant problems in oil and gas production are those concerning fracture gradients
and pore pressures. A relatively small increase in pore pressure or drop in fracture gradient from one
drilling section to the next can cause a blowout in the first case or lost circulation in the second. The
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usual solution is to set casing across the problem zone. However, as a result the hole may become
smaller and it may not be possible to deliver the hydrocarbon economically. An alternative approach is
a new technology known commonly by the misnomer “riserless drilling” and more appropriately as
“dual gradient drilling” or DGD.
During traditional drilling practices, mud is pumped down the drill string, through the bit and up the
annulus between the casing and the drill string to the surface. Mud viscosity is designed to carry drill
cuttings back to the surface for disposal and the density is such that the natural pressure of the formation
can be contained. In DGD, however, the fluids are diverted and pumped via a separate riser to the
surface when they return to the seafloor rather than through the annulus. The heavy mud above the
seabed, separated from the well bore by the pumps, does not exert influence on exposed formations and,
as a result, improves well control.
The DGD procedure developed by Shell replicates conventional drilling in that the drilling fluid is
processed to remove large bits of 'gumbo' and cuttings of greater than 1⁄4 inch before being pumped back
via electrical submersible pumps (ESPs). The gumbo and cuttings larger than 1⁄4 inch are discharged at
the seafloor. In contrast, Conoco and DeepVison systems send all returns to the surface with zero
discharge. They differ from each other in that Conoco uses seabed triplex pumps, while DeepVison uses
centrifugal pumps. The DGD technology is still considered experimental and has not been used
extensively.
5.2.4

Advanced Mooring and Dynamic Positioning

Dynamic positioning and the use of preset suction pile moorings are being increasingly utilized in
offshore oil and gas developments. Environmentally benign synthetic mooring lines are also being used
to a greater extent rather than steel cables. Suction piles for mooring are often installed with a Remote
Operated Vehicle (ROV), ensuring minimal environmental impact.
Dynamic positioning systems compensate for the wind, waves and current, allowing a Mobile Offshore
Drilling Unit (MODU) to hold position with a maximum excursion of 1 percent of water depth. In other
words, if the water depth is 1000 m (3300 feet), a dynamically positioned MODU can maintain position
to within 10 m of station. These systems rely on computer control of thruster azimuths, rudders and
propellers using inputs from gyrocompass wind sensors, real time Differential Global Positioning
System (DGPS), Microwave Positioning System, underwater sonar beacons and hydro-acoustic beacons.
Such systems coupled with improved onboard motion compensation equipment allow for safer drilling
in deeper water and environmentally sensitive locations.
5.2.5

Design Improvements for BOP, Top Drive and Mud Pump

Recent advances in Blowout Preventer (BOP) design include increased redundancy (4 or more ram
cavities), higher pressure rating (100 MPa or more: see www.ansys.com/action/industrial_equipment
/stewart.htm) and faster reaction time (some of these models react in 10 to 20 seconds, see
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www.ntnu.no/ gemini/1993-dec/23.html). Modern marine riser designs include faster connectdisconnect and autoshear mechanisms with the ability to prevent mudflow during emergency shut off.
Top drives and mud pumps are becoming available with increasing torque, pressure and power rating.
The Ocean Confidence semi-submersible drill rig, for instance, is equipped with four 2,200 hp mud
pumps capable of developing 52 MPa (7,500 psi) mud pressure. These developments have made
offshore oil and gas exploration and production activities and multilateral drilling feasible in deeper
water and have lead to better well control. They have also improved controls and reduced the risk of
spill and blowout related environmental impacts.
5.2.6

Platform Discharges

5.2.6.1 Drilling Mid and Discharge of Cuttings
The purpose of drilling mud is to lubricate and cool the drill-bit and flush the cuttings. Drilling muds
are water-based (WBM) for shallow exploration (typically up to 760 m or 2,500 feet water depth) and
oil-based (OBM) or synthetic-based (SBM) for deeper drilling. In offshore California, the WBM
typically consists of (see Appendix B, SCCWRP 1993):
•
•
•
•
•

deflocculating agent: a natural clay called bentonite, 14 to 100 g/l;
weighting agent: Barium Sulfate or barite ≤ 1.28 kg/l of mud in California;
thinning agents: lignosulfate derived from low specific heat lignite and sulfate pulping of wood chips
(3 to 43 g/l);
pH and ion control agents (typically caustic soda to maximize deflocculation and to keep lignite in
solution); and
other special purpose additives are also used including cellulose polymers, lubricants, sodium
bicarbonate, biocides, mineral oil, and vegetable oil.

Recent research indicates that the environmental impact of seafloor discharge of WBM-laced drill
cuttings is limited to 50 to 100 m (165 to 330 feet) from the point of discharge. Although the WBM is
relatively environmentally benign, its efficacy is limited in deep drilling requiring the use of a
significant quantity of mineral oil in an otherwise water-based formulation. Such a formulation is called
oil-based mud (OBM). The residual mud in OBM drilling contains oil. Concerns regarding their
toxicity and persistence have lead to regulations that prohibit their seafloor disposal (e.g., California) or
impose severe restrictions on allowable oil-content in drill cuttings that may be discharged on seafloor
(e.g., the 1997 UK regulation). Environmental concerns about OBMs lead to the development of SBMs
based on special chemicals (e.g., ethers and polyalphaolefins) which are relatively non-toxic and
biodegrade better than oil additives. However, laboratory experiments indicate that many types of SBM
do not degrade at rates much different from OBM.
Consequently, limiting or eliminating discharge of all non-WBM laced cuttings on seafloor is a recent
focus as discussed in Section 6 in greater detail. The use of OBM and/or SBM is however expected to
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continue but the cuttings will either be injected into an underground formation offshore or brought back
to shore for treatment and reuse or disposal on land (see UK Offshore Operators Association 1999
Environmental Report at www.oilandgas.org.uk/issues/). The following on-line resources provide
synopses of regulatory environments regarding drilling muds in many jurisdictions:
•
•

www.bakerhughes.com/inteq/Fluids/environmental_affairs/; and
www.offshore-environment.com/drillingwastecontents.html.

5.2.6.2 Miscallenous Acqueous and Atmospheric Discharges
Oil and gas are always found in conjunction with formation water and the oil and gas bearing formations
are almost always underlain by formations that are 100 percent water bearing. Water is therefore
frequently produced with hydrocarbons (Production Water). In case of gas pools, the interstitial
formation water usually constitutes a very small proportion of production, but water vapour mixed with
gas will normally condense out as pressure decreases. Such condensation water is not saline. Water
discharges are therefore not commonly a big concern for gas pools.
The production of oil tends to be accompanied by the production of saline water. The volume or
produced water increases as the pool is depleted with time. Disposal of such water may be problematic
if it is not compatible with the seawater of the area. In offshore oil and gas developments the produced
water is usually re-injected into the formation that produced the oil. Re-injection usually assists in
maintaining reservoir pressure. If re-injection is not appropriate an alternative formation suitable for
water disposal is identified.
When oil production is stored offshore before it can be transported to shore by a shuttle tanker, the
storage tank cannot be emptied of oil without admitting seawater. The storage tank cannot be filled
without expelling the seawater (Displacement Water). Construction of an oil pipeline to shore, if
economical, eliminates this problem.
Disposal of produced water and displacement water has to comply with strict regulatory limitations in
terms of hydrocarbon content.
Other aquatic discharges may include:
•
•
•
•

wash and drainage water;
sewage and sanitary waste;
spills and leakage; and
cooling water.

Primary sources of atmospheric emissions may include (composed mainly of carbon dioxide, carbon
monoxide, methane, volatile organic carbons and nitrogen oxides):
•

flaring, venting and purging gases;
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•
•
•

combustion processes (e.g., engines and turbines);
fugitive gases from loading operations and tankage; and
losses from process equipment.

A survey of international practice and law on these emissions can be found at the following UN Energy
Program web-site: oef.unep.ch/management/PaperLegisl.PDF. As discussed in Section 6.1.5, in general
these discharges are very small relative to the ocean environment.

5.3

Development, Operations and Decommissioning

Successful discovery of recoverable hydrocarbon reserves may lead to the development of the oil and
gas field. Pre-production development activities include the following:
•
•
•
•
•

detailed geophysical surveys;
local geological hazard evaluations (See Section 4: includes shallow geophysical surveys,
getechnical investigations and oceanographic measurements);
engineering design of the well system;
engineering design of the production and offloading facilities; and
fabrication, transportation and installation of these facilities.

A development decision is usually based on limited knowledge. For instance a development decision
may be made after the completion of 3 or 4 exploration wells over 2,000 to 4,000 hectare (5,000 to
10,000 acre) area depending on the size of the pool. Uncertainty in the estimated volume of
hydrocarbons may be ±50 percent at this stage. A decision is then taken to determine the number of
wells that will be required to exploit the reserve. If the number of wells is small there is a large risk that
the recovery will be uneconomically low. An attempt to minimize the techno-economic uncertainty by
drilling more appraisal wells before development commitment sets back the development time frame
and depresses the present worth of the project. Such a strategy also increases the initial investment.
Changing the development parameters after project commitment is made adds to the costs and delays in
commissioning. This can lead to added exposure to economic risks of currency fluctuation, inflation
and commodity prices.
The project decision therefore needs to take into consideration:
•
•
•
•

A margin of potential error measured by risk analysis. An appropriate margin in the economic
parameters such as target internal rate of return for the proponent and government share (royalty);
Recognition of opportunities the development offers in long-term spin-off benefits to the province in
terms of niche industrial development opportunities;
Work force training requirements and local employment opportunities;
A process of rapid development plan adaptation as the information gaps become defined. The
development plan should therefore have flexibility and may include for example the possibility of
the wells being drilled in a different manner than was originally envisaged;
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•

•

Anticipation of continued investment in additional facilities, including facilities to bring on stream
marginal satellite hydrocarbon pools as production begins to decline and processing capacity
becomes available; and
Early recognition of the costs of proper decommissioning of the facility.

At the early stage the development parameters should consider known and unknown environemntal
conditions. The generic databases would be augmented for the area to be developed by site specific data
collected during the exploration phase. It is not uncommon to position a platform and its cluster over a
pre-existing well location. Occasionally, an exploration well may even be used in a subsequent
production phase.
After the number of wells has been determined and the reserve per well has been estimated, site-specific
environmental and geotechnical information are obtained for system design and risk management.
Depending on the development options under consideration these activities are may include:
•
•
•

•
•
•

Site-specific geotechnical and geophysical data acquisition;
Geologic hazard assessment based on historical hydro-meteorological observations, earthquake
activity and soil stability;
Assessment of risk acceptable to the stakeholders and regulators: experience from a jurisdiction with
physical and environmental issues similar to British Columbia offshore can be of use in developing
the acceptable level of risk;
Development of a risk-based design for production, offloading and piping facilities;
Development of risk-based operational procedures; and
Development of contingency measures (spill protection, accidents and force majeure): these should
include a collapse state design for the Maximum Credible Design parameters, e.g., the Maximum
Credible Earthquake (MCE) applicable in the area of development. Under such extreme loading, the
facilities should allow a rapid shut down and evacuation to minimize the impact on environment and
preclude loss of life. Passive strategies such as avoidance of problem locations (such as potentially
active faults) also significantly enhance system reliability.

The regulatory approval process should also consider the estimated risk associated with the operation of
the offshore oil and gas development and whether it is within the tolerance of the stakeholders. A
procedure should also be in place to facilitate the participation of local industry in the development
activity.
The decommissioning activities would include obtaining the necessary permits and clearance, plugging
the well, ridding the structures of hydrocarbons, removing the platform and clearing the site. These
costs are typically borne by the lessee (see, e.g., Sanders 1998). A number of offshore oil and gas
operations in California and the Gulf of Mexico (GOM) have come to the end of their commercial lives.
A number of the old platforms in the GOM have been converted to artificial reefs and are managed by
the Park Service. They attract large schools of fish and are very popular attractions for recreational
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fishing and scuba diving. A considerable experience is therefore in place regarding the fundamental
issues (see, e.g., MMS Report 98-0023). Consultation is in progress on issues including whether the
offshore structures can remain in place and function as an artificial reef, who would bear the liability if
such a strategy is adopted, what variety of marine life is attracted by such reefs and relative benefits to
commercial and sport fisheries.

5.4

Performance and Risk

5.4.1

Earthquake Risk and Performance

Risk based earthquake design is used routinely in civil engineering for operational basis design. Such a
methodology involves estimation of a probabilistic earthquake from historical seismicity of a given area
that has a probability of exceedance associated with a risk level that the stakeholders and regulators
deem acceptable. Such an earthquake is called the Operational Basis Earthquake (OBE). The offshore
oil and gas facilities are then designed so that under the OBE, they remain operational with a minimum
need for maintenance and repair and no accident. See, for instance, Carr and Preston (1999) for an
application of such a design procedure for a deepwater gas pipeline. Although, the current state of
practice uses the 1 in 1,000 year earthquake as the OBE
(Iwan et al. 1992; see also
www.mms.gov/tarprojects/171.htm), the assumption could be modified depending on the risk tolerance
of the local regulators and stakeholders. A more severe loading (MCE) is assumed to design the
facilities for collapse contingencies as discussed in Section 5.3.
Computer programs are used to analyze the critical fixed, floating and submerged components of an
offshore oil and gas facility, for earthquakes representative of the OBE and the MCE, to check system
reliability and identify failure modes. The structural systems are similarly checked for the anticipated
ground movements related to liquefaction, slope-stability and hydrodynamic effects (e.g. tsunami) if
appropriate. These results are then used to minimize or manage earthquake-related risk (see Section
5.4.5).
Such a design philosophy has been adopted over the last decade in design of offshore oil and gas
facilities in seismo-tectonic environments similar to or more severe than those in British Columbia
offshore. For example, for the design of the existing oil and gas platforms in offshore Azerbaijan, an
M8 earthquake was assumed as the Operational Basis Earthquake (OBE). The more recent design
philosophy in that area involves use of an M10 event as the MCE. The Molikpaq stationary production
platform was designed for an M7 event as the OBE. These structures have not experienced an
earthquake as severe as the OBE. However, a few case histories are available in which fixed offshore
oil and gas facilities withstood significant earthquake events satisfactorily (Table 5.3).
As discussed earlier, the technology is available to identify potentially active faults and unstable soils
and locate offshore oil and gas facilities away from these areas, if the estimated ground movement can
not be economically accounted for in design.
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Table 5.3

Performance of a few platforms in earthquakes

Platform

Date of event

Water Depth

Magnitude

Damage

Ekofisk

May 7, 2001

76 m fixed

4.2

None reported

Chirag 1

Nov 25, 2000

120 m twin jacket

6.3

None

Tyonek

Several

46 m fixed

>5

None

Jan 7, 1994 (Northridge)

33 m fixed

6.7

MMS reports no damage, 1 small spill

California

5.4.2

Spill

Available data up to 1985 indicate that urban and industrial wastes and vessel operations account for
37 percent and 33 percent of oil in sea, respectively (Figure 5.12). About 7 percent of oil in the sea is
due to hydrocarbons seeping naturally out of fissures. Such oil seeps are observed at a number of
locations in the Queen Charlotte Islands. About 9 percent is absorbed from the atmosphere. About
14 percent of the oil in the sea is directly attributable to the oil industry, 12 percent of which is due to
accidents involving oil tankers and the remaining 2 percent from offshore oil and gas exploration and
production activities.

Figure 5.12

Oil in the Sea

Recent data indicate that spills larger than 50 barrels have decreased considerably over the years (MMS
2001). For offshore platform operations, 34,047 spills of 50 barrels or more were reported in the US
Outer Continental Shelf (OCS) between 1964 and 1984 for every billion barrel of oil handled. The
corresponding number between 1985 and 2000 was 821. Major causes for spills larger than 1,000
barrels in US OCS operations is presented in Figure 5.13. MMS reports 17.5 barrels of spill per million
barrels of oil produced in the US Federal Lease Areas in 1999 and has a target of reducing the figure to
5.05 by 2001 (MMS, 2000).
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Figure 5.13

Causes of Large Spill in US OCS (based on MMS, 1997 data)

The majority of offshore exploration and production wells in Canadian waters are drilled using SBM.
Available information on the E&P activities since 1997 in Newfoundland and Nova Scotia indicate that
the spillage-related discharge from offshore operations are about six orders of magnitude smaller than
the production volume (see Table 5.4).
Table 5.4

Canadian Offshore Spill Data

Year(1)

Spill in m3
Exploration

Production in m3

Production

Oil

Gas
6

Water
6

0.13×104

1997-1998

4.00

4.00

0.76×10

1998-1999

0.10

4.00

4.10×106

1.06×109

Not reported

5.60

5.20

6.05×106

1.88×109

1.48×104

0.16

8.43

8.39×106

2.39×109

20.07×104

1999-2000

(2)

2000-2001
Notes.

1.
2.

0.16×10

From the Annual Reports of the CNOPB.
Includes information contained in CNSOPB Annual Report of 1999-2000.

Three major contributors to the spills in Atlantic Canada offshore are:
•
•
•

SBM spillage;
overflow from platform open drain system; and
hydrocarbon spillage due to flare malfunction.
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The necessity of strict control of the well circulatory system and a close scrutiny of deck drains and flare
design is therefore apparent. A design review of deck drains was undertaken by CNOPB (CNOPB
1999). The available spill containment system could not be deployed in many cases due to inclement
weather (CNOPB 1998; 1999; 2000). However, these accidents did not affect the local fauna
noticeably.
The Production Water is typically routed through hydro-cyclones and air-stripping systems to ensure the
hydrocarbon content of formation water discharged into the sea is below regulatory limits. The
regulatory limit for hydrocarbon content for materials that can be discharged in sea is typically 30ppm.
This limit needs to be addressed in connection with potential impacts on the environment in British
Columbia offshore.
Undersea oil and gas pipelines are wrapped in corrosion resistant coatings and occasionally buoyancy
resistant concrete coatings, both of which reduce the risk of spills. Spills related to pipeline operations
in the US Outer Continental Shelf (OCS) have registered improvement, albeit not as dramatic as those
related to platform operations. Between 1964 and 1984 their operations resulted in 34,874 spills of 50
barrels or more per billion barrel of oil handled. The number declined to 9,122 between 1985 and 2000.
As discussed in Section 5.4.5, these systems can be designed for a level of risk that the stakeholders and
regulators deem acceptable.
5.4.3

Blowout

All oil and gas located underground is at high pressure. If the natural ‘formation’ pressure exceeds the
pressure applied by the column of drilling mud in the drill casing, there will be an uncontrolled flow of
oil or gas from the wellhead into the surrounding environment. Such an accident is known as a blowout.
During exploratory drilling, gas may also flow from pockets penetrated before the intended reservoir is
reached and before wellhead prevention equipment is installed. This is known as a shallow blowout.
The drilling activity for the production phase takes place after a considerable amount of exploratory
geophysical surveys and geotechnical investigation has taken place. Consequently, the risk associated
with production drilling is lower compared to those in exploratory drilling. Worldwide data indicate that
the probability of blowouts is higher during exploration drilling than during development drilling: 1
shallow gas blowout per 200 wells during exploration against 1 per 500 wells for development (see
oef.unep.ch/background/bgnote.htm). During production, the frequency of blowout drops sharply; there
is an average of 1 blowout per 1000 well before production, with this figure dropping to 1 per 20,000
wells for oil and 1 per 10,000 wells for gas during production.
The only recorded blowout in Atlantic Canada occurred in 1984 at the Uniake-G72 Well off Sable
Island involving only 1500 barrels of condensate (The Maritime Award Society of Canada 2001).
Twelve blowouts have occurred between 1986 and 1995 in exploration activities in offshore US Federal
lease areas. The corresponding figure for the development activities is 15. As illustrated in Figure 5.12,
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blowout was a significant cause for large oil spills in US OCS prior to the 1970’s. However, the
historical spill data indicate that the contribution of blowouts to large oil spills is declining remarkably
with no spill larger than 1,000 barrel ascribable to a blowout since 1970 in Federal lease areas. Only
one blowout-related spill of magnitude greater than 1,000 barrels has been reported since 1988 in the
entire US offshore oil and gas operations. A production well blowout in September 1992 caused a
spillage of 11,500 barrels in Louisiana State waters.
Seismogenic and biogenic gas is known to be present in many offshore locations in British Columbia.
However there is a considerable experience of carrying out drilling and exploration in the presence of
shallow gas (e.g. South China Sea and offshore Sumatra). Operational procedures have evolved in
Canada in recent years to minimize these risks. For instance, the CNSOPB stipulates use of a 254 mm
(minimum) diameter diverter system in the Sable Island operations to address the issue
(collections.ic.gc.ca/sable/envoffsh.htm). MMS (1995) also outlines the available well-control options
while drilling in shallow gas areas and describes the recent research undertaken in the US on this topic.
There is a significant benefit to the operator of the facility to reduce or minimize the potential for well
blowouts. Cost implications related to blowouts provide huge incentive to minimize their potential.
5.4.4

Miscellaneous Accidents

Miscellaneous accidents include trawl and anchor damage, collision and structural and equipment
failure. Of these, trawl and anchor damage continues to be a major contributor to large marine oil spills.
Consequently, many jurisdictions do not allow navigation within a certain distance of an offshore oil and
gas facility. In Atlantic Canada boat traffic and fishing are normally excluded from within 500 m of a
drilling rig or production platform, or 50 m from its anchors, whichever is greater (CEF Consultants
Limited 1998). The CNSOPB Sable Island operations do not allow anchoring of vessels within 200 m
(656 feet) of any submarine pipeline. Drill stem cut off and pipeline layout should be finalized in a
manner so as to avoid trawl and anchor damage.
5.4.5

Risk Based Design Procedures

Risk-based procedures are available for designing offshore facilities (see, Vinnem 1999). Procedures,
such as Quantified Risk Assessment (QRA), are routinely used in designing industrial facilities for
relatively rare natural hazards such as earthquakes and hurricanes. The objective of a QRA is to provide
an estimate of the risk of an accident and to compare the probability with the level of risk acceptable to
the stakeholders and regulators. A QRA begins with system definition (i.e., a conceptual design of the
offshore facility and activities). Hazard Identification is the next stage of a QRA, in which possible
accident scenarios are reviewed. The third stage is a Frequency Analysis that involves estimation of the
likelihood of a given accident scenario. Previous experience can be used in Frequency Analysis.
Alternatively, in the absence of a reasonable body of experience, as is the case in British Columbia
offshore, quantitative modeling can be undertaken for the purpose. Parallel to Frequency Analysis,
Consequence Modeling is undertaken to estimate the consequence of each possible accident scenario.
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After the frequency and consequences of each event are estimated, they are combined to estimate the
overall risk. The QRA is also used to identify issues that need special attention in detailed engineering
and regulatory review.
5.4.6

Health and Safety Issues

Table 5.5 presents the recent health and safety data from the Atlantic Canada offshore oil and gas
industry. These data compare favourably with the industry averages published by the Workers’
Compensation Board of British Columbia.
Table 5.5

Occupational Health and Safety

Year

Jurisdiction

Atlantic Canada Offshore Oil & Gas
Industry: Lost Time per 100 Person Year

Injury Rate in BC: All Industry
Average per 100 Person Year

1997-1998

Newfoundland

2.40 hours

4.4 hours

1998-1999

Newfoundland

2.90 hours

4.2 hours

1999-2000

Newfoundland

2.34 hours

4.1 hours

1999-2000

Nova Scotia

0.85 hours

4.1 hours

2000-2001

Newfoundland

2.55 hours

4.0 hours

Note. Canada Newfoundland Offshore Petroleum Board (CNOPB) and Canada Nova Scotia Offshore Petroleum Board
(CNSOPB) report lost time against person hours. Person years were converted to person hours by dividing by 52×40.
The British Columbia data are from Workers’ Compensation Board of British Columbia (2000).

5.5

Summary

This section has attempted to provide information to the reader that demonstrates the advances in
engineering technology as applied to offshore oil and gas developments. The physiological setting in
offshore British Columbia, as outlined in Section 4, has been used to assess the relative ability of the
industry to provide safe and environmentally acceptable facilities in this region.
While there are some issues, such as earthquake risk, in offshore British Columbia that are more
significant than many other regions of the world, some locations can be referenced where similar risks
exist. With adequate financial investments to cover appropriate investigations, and adequately designed
equipment and facilities, exploration and development activities can result in safe and environmentally
acceptable operations.

6.0

BIOLOGICAL/ECOLOGICAL ENVIRONMENT

This section provides a description of the project-related activity/discharge and its interaction with the
environment. Possible effects of the project activity/discharge are discussed in terms of key components
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