Classification:
Issue Purpose

Unclassified
AFU

BM Code:EP.17.03.07.03
July, 2006

Sakhalin Energy Investment Company LTD.
Comparative Environmental Analysis of the
Piltun-Astokh Field Pipeline Route Options.
Сравнительный анализ воздействия на окружающую среду вариантов
маршрута трассы трубопровода Пильтун-Астохского месторождения.
Document Number 0000-S-90-04-T-7462-00-E
Revision 03

The copyright of this document is vested in Sakhalin Energy Investment Company LTD. All rights
reserved. Neither the whole nor any part of this document may be reproduced, stored in any retrieval
system or transmitted in any form or by any means (electronic, mechanical, reprographic, recording or
otherwise) without the prior written consent of the copyright owner. The contents of this controlled
document shall not be altered without formal approval of the document Custodian.

Comparative Environmental Analysis Of The Piltun-Astokh Field Pipeline Route
Options.

Rev 03

Document History
Filename

0000-S-90-04-T-7462-00-E.pdf

Date

Issue

Custodian

30-Nov-04

01

11-Feb-05

02

10-Jul-06

03

James
Robinson
James
Robinson
James
Robinson
(Refer
Rev.02)

Process
Owner
Andrew
Pearce
Andrew
Pearce
Andrew
Pearce
(Refer
Rev.02)

Authoriser

Consulted

Distributed

Andrew
Pearce
Andrew
Pearce
Andrew
Pearce
(Refer
Rev.02)

Revision Details
Rev

Location of Change

Brief Description of Change

01

First Issue.

02

Approved for Use.

03

All individual files have been combined in to one file
for convenience. No change to the data was done.

0000-S-90-04-T-7462-00-E

BM Code:EP.17.03.07.03
Page 2 of 2

Comparative Environmental Analysis of the Piltun-Astokh Field
Pipeline Route Options

Rev 02

Executive Summary
Project Background
Sakhalin Energy Investment Company (SEIC) is developing oil and gas reserves in
the Sea of Okhotsk off the northeast coast of Sakhalin Island in the Russian Far
East. The Sakhalin II project is being developed under a Production Sharing
Agreement between the Government of the Russian Federation and SEIC.
The project is being implemented in two phases. Phase 1 commenced oil production
from the southern part of the Piltun-Astokhskoye (PA) Field with the installation of the
Molikpaq drilling and production platform. The Molikpaq (PA-A) began production in
mid-1999 and produces oil typically from early June to mid-December during the icefree season. The oil is transferred from PA-A via a sub-sea pipeline to a floating
storage and offloading tanker (FSO) and periodically offloaded from the FSO to
shuttle tankers. During the ice-season, production is shut-in and the FSO leaves
Russian waters. Phase 2 is an integrated oil and gas development that will allow
year-round oil and gas production from the PA Field, as well as establish
uninterrupted gas and condensate production from the Lunskoye Field to the south.
The PA Field is located near summer and autumn feeding grounds of the Western
Gray Whale (WGW), a species that is listed as endangered by the Russian
Federation and, since the year 2000, has been listed as critically endangered by the
International Union for the Conservation of Nature (IUCN). Owing to the proximity of
the feeding grounds to the PA field and SEIC’s ongoing commitment to ensure that
the impact from its activities on the WGW population are minimised, SEIC has
sponsored a broad range of WGW research and monitoring programmes annually
since 1997. The programmes have been developed in consultation with independent
whale researchers and have been aimed at gathering information regarding
population size, distribution on the feeding grounds, site fidelity, fecundity, general
health, behaviour, food sources and distribution. In addition to providing information
for the Sakhalin II environmental impact assessments (EIAs), the results have also
been used to assist the Company in developing specific WGW mitigation and
protection measures relative to the Company’s planned oil and gas development
activities.
SEIC carried out multiple EIAs for Phases 1 and 2 of the Sakhalin II project beginning
with the initial Project Feasibility Study in 1992. Between 2002 and 2003, both a
Phase 2 EIA and a specific Western Gray Whale EIA were developed addressing the
project’s potential impact on the WGW population. These EIAs concluded that
potential impacts to the WGW could result from, among other things, noise,
disturbance of the physical environment associated with dredging and installation of
sub-sea pipelines, oil spills, and collision with vessels. However, with mitigation
measures in place, potential residual impacts were assessed as acceptable.
Russian Government technical and environmental approval of Phase 2 was received
in December 2003 and construction is now under way. Phase 2 includes installation
of the PA-B platform north of PA-A, and installation of a platform at Lunskoye.
Additional Phase 2 activities include: i) installing offshore pipelines from the PA
platforms to shore with a common landfall; ii) installing pipelines from Lunskoye to
shore; iii) constructing an onshore processing facility (OPF) near Lunskoye; iv)
constructing a Liquefied Natural Gas (LNG) processing plant and an Oil Export
Terminal (OET) in Aniva Bay; v) installing an onshore pipeline system to transport
hydrocarbon production from the north to the LNG plant and OET at the south of the
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island at Aniva Bay; and vi) installing an offshore pipeline and associated tanker
loading facilities in Aniva Bay (see Figure 1).
The PA-B and Lunskoye combined drilling/production topside facilities will each be
placed on a separately installed concrete gravity-based structure (CGBS). The oil
and gas produced at the offshore platforms will be dehydrated to prevent internal
corrosion before entering the pipelines. The outside surface of the pipe will be
coated with asphalt enamel for protection against external corrosion from the
seawater, and cathodic protection will be installed along the entire length of pipeline
both onshore and offshore to provide further assurance against external corrosion.
The design factor for the burst strength of the PA Field offshore pipeline is twice the
factor normally applied as an industry standard. In addition the offshore pipelines will
be buried to a minimum depth of 2m in sediment for protection against potential
physical damage from ice scour and vessels.
The current proposed route for the pipeline system at PA Field runs from PA-B south
to PA-A, and then due west from PA-A in a single pipeline corridor to shore with a
landfall south of Piltun Bay. The landfall section of the pipeline passes through the
southern end of the WGW feeding area at Piltun on its way to shore. This route forms
the basis upon which Russian Government approvals were obtained; however one of
the conditions issued by the state environmental expert review stated that additional
acoustics studies should be carried out with respect to WGW impacts.
Recent Developments
In 2003, additional seabed surveys were conducted as part of the final detailed
engineering design process. These surveys indicated that the required burial depth
for a section of the offshore pipeline should be deeper than originally designed to add
an additional margin of safety associated with ice scouring and seabed mobility. This
will result in a longer construction period and will require larger and potentially noisier
construction vessels and equipment. Additionally, instead of relying on published
acoustics data for various vessel types, during 2003 and 2004, SEIC implemented an
acoustics monitoring programme to acquire source noise level measurements for the
specific vessels and equipment that would be used for offshore pipeline construction
at Piltun. In some cases the measured levels were higher than anticipated from the
literature.
After reviewing the new information, SEIC announced in April of 2004 that it would
reschedule the 2004 offshore pipelines construction work in the PA Field until 2005-2006,
and at the same time implemented an integrated environmental and engineering work
programme designed to re-evaluate noise and other impacts and ensure minimal
disturbance to the WGW. Offshore pipeline construction work during 2004 was then
focused on pipeline construction at the Lunskoye Field and Aniva Bay further south, which
was previously planned for completion later in the construction period.
In the event that impacts from constructing the original pipeline would be reassessed
as unacceptable with regard to the WGW, SEIC also identified and assessed two
alternative pipeline routes located further east and south of the original route and
outside the Piltun WGW feeding area. The overall work programme for 2004 was
then expanded to include an evaluation and comparison of the three Piltun pipeline
route alternatives with regard to WGW impact. For comparative purposes, the
original route from PA-A to shore was designated as the Base Case; Alternative 1
comes to shore approximately 20 km south of the Base Case; and Alternative 2
comes to shore approximately 12km south of the Base Case (see Figure 2).
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The 2004 environmental and engineering programme was executed by Russian and
international scientific and engineering firms and included marine noise source level
and transmission loss measurements, development of a 3-D acoustics model to more
accurately predict sound levels from construction and operations activities and oil
spill quantitative risk assessment and trajectory modelling. Additionally, the
Company carried out a variety of other environmental and engineering surveys of
both the offshore and related onshore sections of the route alternatives, and
completed another season of extensive WGW surveys (ongoing since 1997). The
body of information obtained from past surveys, studies, and EIAs, combined with the
information obtained from the 2004 programme, has enabled SEIC to assess impacts
and establish mitigation measures to ensure that the WGW is not adversely impacted
by the Company’s planned offshore activities at the PA Field.
The Comparative Environmental Analysis
The “Comparative Environmental Analysis of the Piltun-Astokh Field Pipeline Route
Options” (hereafter referred to as the CEA) brings together the body of work
referenced above and should be considered as supplementary and complimentary to
the WGW EIA and other related SEIC documentation.
The primary purpose of the CEA is to identify and analyse the main sources of
impact to the WGW from SEIC’s construction and operations activities, evaluate the
magnitude of the impacts and outline mitigation measures that could reduce the
impacts to acceptable levels. It compares the advantages and disadvantages from
an environmental perspective for the three Piltun pipeline route alternatives, including
their landfalls and connective routes to the main north-south onshore pipeline
associated with the development of the PA Field. The report also includes an
environmental analysis of associated platform installation activities, long-term
operations and cumulative impacts associated with other Sakhalin offshore oil and
gas development activities relative to the WGW.
The CEA report will be used internally by SEIC to support its overall decision-making
process with regard to selection of the optimum PA Field pipeline route option. In addition to
WGWs and the environment, other significant factors that will be considered in the decisionmaking process include technical feasibility and safety, Russian Government approvals,
project schedule implications and project economics.
IUCN Independent Scientific Review Panel
In an effort both to retain transparency and to obtain additional input regarding the
approach SEIC has taken to managing work in the environmentally sensitive areas
on and around Sakhalin specifically with regard to WGW conservation, SEIC
announced in August 2004 that it had commissioned the IUCN (The International
Union for the Conservation of Nature) to convene an Independent Scientific Review
Panel (ISRP). The ISRP’s brief was to review the Company’s environmental
analyses and impact assessments and the effectiveness of mitigation measures to
minimise the impact of its operations on the WGW as it develops the Sakhalin II
Phase 2 project. The objectives of the ISRP are as follows:
•
•

Establish an independent expert opinion of the issues and scientific knowledge
pertinent to the conservation of WGW and related key elements of biodiversity in the
context of proposed development under the Sakhalin II Project;
Analyse the potential risks and impacts of the project for the conservation of the WGW
and related key elements of biodiversity. The analysis covered, inter alia, the
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proposals for siting, routing and operation of the oil and gas exploration, production
and transportation infrastructure;
Assess the projected effectiveness of the proposed mitigation measures and identify
alternatives if necessary;
Assess the requirements for monitoring of the impacts of the Project on biodiversity,
and especially on the health and survival of WGW, in terms of the adequacy of what
has been proposed and any additional or alternative monitoring measures that could
provide useful information.

In order to assist the ISRP to carry out their evaluation, SEIC worked with the ISRP
from August 2004, providing EIA and related documentation, attending Panel briefing
sessions and submitting the CEA report to the ISRP on November 30th, 2004. The
CEA was posted on SEIC’s public website on February 12th, 2005 and a report from
the ISRP will be published on the IUCN website on February 16th. Following receipt
of the report from the ISRP, the Company will take into consideration the findings and
recommendations prior to finalising its construction plans for the future.
CEA Structure
Chapter 1 of the CEA includes a brief introduction to outline the project background,
history and recent developments that have led to the writing of the CEA. Chapter 2
describes the technical aspects of SEIC’s development activities, including
construction methods, schedule, and a description of the facilities. Chapter 3
comprises an overview of the current knowledge of the ecology of the WGW.
Chapters 4 through 7 include a review of the primary sources of potential impact on
the WGW from SEIC’s planned offshore activities including noise, food resources,
collision and oil spills respectively. The comparative assessment for the onshore
segments of the pipeline associated with the corresponding offshore alternatives is
described in Chapter 8. An overview of the cumulative impacts is presented in
Chapter 9 and a summary of the conclusions is presented in Chapter 10.
The remainder of this Executive Summary is structured to follow the content of the
CEA.
WGW Ecology
SEIC-sponsored WGW research and monitoring has been focused on enhancing the
understanding of potential anthropogenic impact associated with underwater noise,
assessing environmental effects from platform operations and helping establish and
verify the effectiveness of mitigation measures aimed at the various sources of
potential impacts from SEIC’s offshore oil and gas development. From the WGW
research and monitoring effort, the size of the WGW population feeding offshore NE
Sakhalin Island adjacent to Piltun Lagoon is currently estimated at approximately 100
and it is likely that this area constitutes the primary summer and autumn feeding
habitat for this population. A population of approximately 24,000 Eastern Gray
Whales is found on the other side of the Pacific but there is no known interaction
between the stocks.
When the ice begins to break up in the Sea of Okhotsk (typically late May), WGWs
begin arriving at the shallow coastal waters off the northeast coast of the island to
feed during the summer and autumn. They leave the area to begin the migration
south during October and November before the ice returns. It is thought that WGWs
spend the winter and early spring in the South China Sea breeding and calving
before beginning their annual return to the Sea of Okhotsk.
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Within the Piltun area, feeding whales are typically sighted within 6 km of the
shoreline in water depths of 20 m or less over a distance of approximately 90 km
from north to south. In 2001, aerial and marine surveys identified a second feeding
area south of the Piltun area and east of Chaivo Bay in water depths ranging from
30-65 m. Studies indicate that WGWs migrate between and utilise both the Piltun
and Chaivo feeding areas during the summer and autumn feeding season. The
Chaivo offshore feeding area, although very rich in prey biomass, is more variable in
terms of whale distribution and abundance and no mother/calf pairs have been
observed in this area. The WGW feeds predominantly on benthic (seabed-dwelling)
organisms that they consume by ploughing into the sediment and then extract by
filtration against baleen plates as they expel associated sediment.
WGW do not form dense aggregations in the Piltun feeding area, but scatter along
the coast, alone or in groups of two, only occasionally forming clusters. The number
of whales using an area may be related to the distribution and abundance of food
species present in the area.
Using the results of WGW research and monitoring along with environmental impact
assessments carried out for the Sakhalin II project, a number of general mitigation
measures have been developed to minimise potential impacts from SEIC’s offshore
activities. To ensure a consistent and co-ordinated strategy to protect the WGW,
since 2001 the general mitigation measures have been developed into specific WGW
protection programmes (WGWPP). The WGWPP, produced by SEIC in consultation
with marine mammal and WGW experts, are publicly available on SEIC’s website.
They include a summary of relevant project construction and operations activities and
related potential impacts and a description of protection measures that apply to
specific marine activities, including ongoing Phase 1 operations and Phase 2
construction activities such as dredging and pipelaying.
Noise
Anthropogenic noise will be generated by the planned construction and operational
activities, primarily during platform installation and pipeline construction. Such noise
has the potential to affect the WGW. The propagation of noise in the ocean is highly
dependent on the characteristics of the sound source and the environment in which
the sound travels. The relatively near-shore, shallow water environment of the Piltun
feeding area is less conducive to long-range sound propagation then the open
ocean. This is primarily due to the significant attenuating influences of the seabed
and sea surface.
Continuous underwater sounds of the types associated with offshore pipeline
construction and platform installation may affect WGWs if the received sound levels
are high enough to induce avoidance behaviour or cause temporary or permanent
hearing impairment. Based on published studies regarding marine mammals and
noise, in most cases a temporary avoidance by whales of small portions of feeding
areas or migration routes is not likely to result in biologically significant impacts to the
population. However, because the WGW is critically endangered and relies heavily
on the Piltun area for feeding, the impact of industry-related noise on the whales at
Piltun has been assessed in considerable detail by the Company and is addressed in
this document.
There are no measured audiograms available for any baleen whale and the hearing
capabilities of gray whales are currently unknown. Based on the range of frequencies
in their calls, the optimum hearing range is considered to be between ~20 Hz and 2-4
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kHz. Quantitative information on the reactions of gray whales, especially feeding gray
whales, to continuous anthropogenic sounds of the types associated with offshore
pipeline construction and platform installation is very limited. Most available
information relates to migrating or breeding whales that appear to be less tolerant of
anthropogenic sounds than feeding gray whales.
To facilitate the assessment of potential impact to the WGW from noise generated by
its construction and operations activities and to support its overall WGW protection
and mitigation efforts, SEIC commissioned the development of a 3D Acoustic Model
in 2004 that enables the prediction of noise levels and attenuation through the Piltun
offshore environment. This model can predict propagation profiles from point
sources, such as a platform or a single vessel, and from multiple sources as well
such as dredgers, pipelay barges and support tugs, collectively known as a pipeline
spread. As part of the development and validation of the model in 2004, SEIC
carried out a comprehensive acoustic monitoring programme that included extensive
transmission loss and source level measurements on vessels used during pipeline
construction activities at Lunskoye, and carried out acoustics studies in the PA Field
area as well.
SEIC is using the resulting enhanced modelling capability as a tool to more
accurately assess potential noise impacts to the WGW from planned PA Field marine
activities. Although various studies have been performed on the behavioural
reactions of gray whales to anthropogenic noise (pulsed and continuous), little
information is known about the impact threshold from noise generated by dredging
and pipelaying operations. Based on the information available, SEIC has used a
noise threshold level of 120 dB for impact assessment purposes. The criterion
considered of major importance in quantifying noise impacts on WGW is the number
of whales potentially impacted i.e. showing avoidance behaviour, within a certain
area for a particular duration. For this purpose, WGW density distribution
calculations were performed for the months July-November using relevant
distribution data based on years of aerial, vessel based and shore based survey
data. Noise contour maps were generated showing the area potentially exposed to
sound energy from offshore construction activities in a certain month (see Figure 3).
Combined with the WGW density calculations, the total number of whales present
within any part of the feeding area exposed to a level >120 dB was calculated.
By matching the results of noise predictions using the model to the analysis of
several years’ work in WGW observations, a sophisticated method of predicting
acoustic impacts on the WGW was developed and is described in this section of the
CEA. This method was then applied to the modelling of the pipeline construction
scenarios and platform operations.
Food Resources
As benthic feeders, the seabed and the quality and quantity of the benthos are
crucial to the WGW during the summer and autumn feeding period. Therefore, an
assessment of the potential impacts of the project on food resources was included in
the CEA.
Physical, chemical and biological marine surveys have been carried out annually by
SEIC in the PA Field area since 1998 to determine and characterise the environment
and in particular the seabed. Specific benthic characterisation studies in the WGW
feeding areas have also been undertaken since 2001.
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The coastal marine environment off the northeast Sakhalin coast is physically
dynamic, being affected by a strong diurnal tidal regime, by heavy wave action in
autumn and by ice through the winter and spring months. This seasonal freeze and
thaw cycle, together with the nutrient-bearing influence of the Amur River from the
north and the local inputs from the northeastern coast lagoon systems, result in a
particularly productive marine environment. Evidence of a localised upwelling
between Piltun and Chaivo Lagoons can also be seen in nutrient data, seawater
temperature and other parameters mapped for the Sea of Okhotsk.
The annual oceanographic studies sponsored by SEIC have indicated lower levels of
nutrients in surface waters than in deeper seawater layers of the water column.
Whether this is indicative of a local hotspot of primary productivity, reflects normal
primary productivity for the wider area as a whole, or is merely showing localised
enrichment from deeper upwelling water, is difficult to determine. Over the northeast
Sakhalin coast, sediment types are heterogeneous in distribution and dominated by
medium to fine sands.
From Nyiskiy Bay in the south to Tropto Bay in the north, amphipods and isopods are
generally the most abundant groups in water depths less than 15 m, with the highest
densities occurring patchily along the shoreline between the northern and southern
limits of Piltun Bay in depths of 5-15 m. This area of higher abundance adjacent to
Piltun Bay corresponds with the distribution and abundance of WGW sightings. Off
Piltun, WGW tend not to feed in waters deeper than 15-20 m where the seabed is
characterised by lower concentrations of amphipods. It is consequently considered
highly likely that amphipods are a key component of the WGW diet.
The implication of the dynamic coastal environment is that the benthos is a product of
this and is dependent on a certain type and level of physical disturbance for its
continuing existence. The degree to which the benthos is disturbed each winter by
ice scouring is not known. However, the benthos of the shallow inshore WGW
feeding area at Piltun is likely to be most affected by this type of disturbance. The
offshore feeding area (in water depths greater than 30 m) is unlikely to receive any
direct physical disturbance from winter ice.
The PA Field in general does not support benthos of a type that is favoured as a food
source and is not an area favoured by feeding WGW. In any case, studies indicate
that the installation and operation of the PA-A complex has had no significant impact
on benthos outside the 250 m radius from the platform and has therefore had no
impact on potential WGW food sources. The situation at PA-B can be expected to be
similar.
For any of the pipeline routes, the main disturbance will arise through the dredging
and backfilling activities necessary to bury the pipelines for protection from ice scour.
The severity, extent and duration of the disturbance impact is determined by the size
of the area affected, the presence of a potential food source and proximity to known
whale feeding areas. Only the Base Case route alternative has some potential to
affect currently utilised WGW food resources.
Following completion of construction, benthic recovery will proceed via recolonisation from either side of the undisturbed areas bordering the relatively narrow
pipeline construction corridor. This will supplement the natural benthic regenerative
processes that operate annually following the natural disturbances from WGW
feeding, ice scour and wave action. Recovery is expected within one to two seasons
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and the physical presence of the pipeline will have no long-term effects on the
sediment or benthos in its vicinity.
Vessel Collision
As identified in prior SEIC EIAs, there is a potential risk of collision between vessels
constructing and servicing the PA field and WGWs transiting and feeding in the area.
A direct relationship exists between the volume of ship traffic and ship speed and
the number and severity of ship-whale collisions that can be expected. The risk of
ship-whale collisions can be considered lowest when the number of vessels is low
(particularly in areas known to be regularly frequented by whales), vessel speed is
less than 10 knots, and marine mammal observers (MMOs) are present on the
vessels. The risk of collisions can also be considered low when the maximum
number of vessels (and distances travelled) is restricted to transiting within
designated shipping lanes that are located outside of the primary areas used by
WGWs.
Since 2003, MMOs have been present on all principal vessels used by SEIC to keep
a lookout for marine mammals and to advise on actions necessary in cases where
they are observed in close proximity to vessels. Prior to 2003, members of the crew
were instructed to record marine mammal sightings. MMOs prepare observation logs
of all sightings and subsequent measures taken during the surveys. This data is
routinely loaded into an SEIC database, and the information is used to help develop
mitigation measures in the WGW protection planning process.
Few whales have been sighted close to the PA-A platform and to date all reports
made by the MMOs confirm that there have been no marine mammal collisionrelated incidents associated with Phase 1 or Phase 2 activities. The proposed PA-A
to PA-B pipeline is located in an area where WGWs have not been frequently
sighted. The Base Case route from PA-A to shore runs through the southern edge of
the Piltun feeding area, while the pipeline routes proposed under Alternatives 2 and 1
are located 12 km and 20 km to the south relative to the Base Case route.
The closer an activity is being carried out to the Piltun feeding area, the higher the
risk of WGW collisions. Although the potential numbers of whales present in the
area is highest for the Base Case route, the likelihood of a ship-whale collision is low
once the appropriate mitigation measures have been applied. These include use of
MMOs, establishing construction corridors, and designating specific corridors for
transiting vessels supporting operations.
Oil Spill Risk
Previous SEIC EIAs have concluded that the impact from a major oil spill could be
significant to the WGW population and that a control framework will be required for
the project lifetime.
Building upon these past EIAs, Phase 1 oil spill planning, oil spill trajectory modelling
and other related oil spill studies and activities that have been ongoing since 1997,
an oil spill Quantitative Risk Assessment (QRA) was commissioned by SEIC during
2004 to compare oil spill risk from current oil transport and transfer operations
(Phase 1) with proposed pipeline operations (Phase 2), and to compare the oil spill
risk from the three PA Field pipeline alternatives.
The frequency per year of the range of spill volumes from a variety of sources was
calculated taking into account the design and operating controls in place. The
0000-S-90-04-T-7462-00-E Rev 02
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assessment was based on industry databases, peer-reviewed research, expert
judgement and SEIC studies. Oil spill release volumes were then modelled for
different consequence scenarios using fluid dynamics calculations and historical
databases for release volumes.
The QRA concluded that the risk from pipeline operations is dominated by releases
from very small holes that could result in release rates that may be undetectable by
the leak detection system, but over a period of time (e.g. one week), could result in
substantial volumes of oil being lost. Although these risks are low, the finding
stresses the importance of corrosion control, pipeline condition monitoring and lowlevel leak detection procedures.
The QRA also concluded that the Phase 2 development yields an overall
improvement in oil spill risk compared to oil export operations at PA-A, both in terms
of likelihood (spill frequency) and potential spill volumes. Introduction of a second
platform in the PA Field will increase the risk of a blowout over the existing case of
one operating platform. SEIC have a systematic approach to the reduction of
blowout risk both through rigorous design standards and specific operating
procedures. For each platform, the design QRA leads to the development of a
platform HSE Case in which hazards and mitigation of risks are described in detail
and then they are reduced to a level that is determined to be as low as reasonably
practicable and with acceptable residual risk.
In order to more fully assess environmental impact, additional oil spill trajectory
modelling was undertaken during 2004 to determine the areas potentially impacted
by oil from spills occurring at various pipeline and platform locations. The primary
output from the model is spill location or “excursion envelopes”, which indicate the
area within which a slick is likely to be located under a range of wind and sea
conditions. These envelopes also indicate likely times between spillage and impact
at locations on the perimeter of the envelope. In particular, the envelopes indicate
average times of impact to waters over WGW feeding areas and provide a visual
image of comparative risk of different locations of spill source (e.g. pipeline
alternatives).
Trajectory modelling of potential pipeline leaks has shown that leaks located further
to the south impact surface waters over the inshore WGW feeding area more slowly
than those located along the Base Case route. This indicates a reduced potential for
adverse effects due to a greater time available for response actions, more time for
evaporation of volatiles, and a greater dilution and natural dispersion of oil entrained
in the water column.
Oil may affect whales through physical impact or through indirect pathways. The
possible pathways for harmful effects of oil through physical impact include surface
contact, ingestion, inhalation of vapours, and irritation of exposed tissues. Much of
the literature relating to oil effects on whales is speculative however, with relatively
little empirical data available.
If bottom sediments are impacted by oil, and if that oil is persistent, bottom-feeders
such as gray whales could be exposed to hydrocarbons long after a spill has
dissipated from the surface. However, data on the impact to cetaceans of prolonged
exposure to hydrocarbons in bottom sediments and food sources is lacking. Spills
from buried sections of the pipeline may result in contamination of overlying
sediments and the extent will depend on the size of the spill, depth of pipeline section
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and sediment characteristics. The persistence of sediment-bound oil will depend on
the above and also the degree of ice scour (sediment reworking) that occurs over
winter. Only the Base Case route could result in direct oil impact on the sediments
within the identified WGW feeding area, and amphipods appear to be particularly
sensitive to the effects of oil. However, the low probabilities of spillage together with
pipeline design and other proposed mitigation and response planning reduce the risk
of a spill and hence impact to a very low level.
Onshore
In addition to the offshore pipeline route alternatives, the terrestrial environmental
impacts of the corresponding landfalls and onshore pipeline corridors are addressed
in the CEA.
Since 1998, SEIC has carried out numerous onshore environmental surveys and
literature reviews to optimise the location of the proposed onshore pipeline route.
These surveys, encompassing the area of the Base Case route, formed the basis
upon which the proposed Base Case route was selected. The Base Case route has
been evaluated through the Russian approvals process that required both a design
and environmental review, and was further evaluated in the Phase 2 project EIA.
Residual impacts following implementation of mitigation measures were considered
acceptable.
For the CEA, key onshore environmental receptors were identified and compared
between the three routes following site-specific environmental surveys of the two new
alternatives during 2004. Key receptors identified included various Red Data Book
species, fauna, vegetation, surface water, hydrology and socio-economic factors.
Potential impacts to key onshore receptors from pipeline construction and operation
were determined and their potential effects on the key receptors were compared
between the Base Case and the alternatives.
Cumulative Effects
Cumulative effects refer to the impacts on the environment that result from a
combination of past, existing and future human activities. Cumulative impacts can
result from individually minor but collectively significant actions taking place over a
period of time. A discussion of offshore cumulative impacts is appropriate because
cumulative impacts, rather than the isolated impacts associated with specific SEIC
operations, are ultimately more likely to have effects on WGWs and their
environment.
Human activities off northeast Sakhalin include hydrocarbon exploration and
development, commercial vessel traffic, fishing and coastal development. The
migratory nature of the WGW and the adverse impacts that these whales may
experience in waters distant from the PA Field contributes to the complexity of the
issue. With respect to WGW impacts, the activities of SEIC are basically limited in
extent to northern Sakhalin Island and its associated offshore regions, with
transportation corridors operating toward the south and Aniva Bay. In contrast, the
migratory WGW spend a significant portion of the year (November-May) in or
travelling to and from their winter range that is thought to be the South China Sea.
Within the CEA, the cumulative impact section is focused on the area of oil and gas
development activities offshore NE Sakhalin.
There are currently seven defined prospective areas with delineated oil and gas
fields along the northeast coast of Sakhalin. However, only one other project in the
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vicinity of SEIC’s offshore development activities on the northeast Sakhalin coast has
a development plan approved by the Russian Federation and offshore construction
activities planned during the next few years. Based on information in the public
domain, SEIC is aware that a platform and offshore pipeline will be installed offshore
Chaivo during 2005 and that production activities are likely to commence during
2006.
Noise will also be generated by the PA-A, PA-B and Chaivo platforms during
production operations and the potential noise footprint from this activity was also
modelled. For the operations phase, the analysis of noise impact on the WGW was
conducted using a more conservative noise threshold of 110 dB due to the
continuous nature and long duration of the operations period. The model output
shows that the 110 dB noise contours remain well offshore from the Piltun feeding
area and well inshore of the offshore feeding area and therefore no cumulative noise
impact associated with platform operations is anticipated. In addition to the noise
generated by the platforms, vessels will also be supporting offshore operations and
this activity was also modelled at both PA-A and PA-B. The model indicated that the
110 dB noise threshold from transiting support vessels does not impact the feeding
areas.
While the addition of third-party offshore production operations does increase the
overall risk of an oil spill in the region, produced oil offshore in the northeast will be
transferred to shore via pipeline rather than shipping via tankers. Production at
Lunskoye will be predominantly gas and condensate and oil from the offshore fields
to the north is relatively light with consequently a relatively short persistence at sea.
Also, shorelines in the region are predominantly sandy with some bedrock and
boulders and so persistence of oil on shorelines is also likely to be relatively short.
Marsh areas with soils rich in organic material, in which oils can persist, are sheltered
within lagoons and are thus protected from spills occurring offshore. Protection of
these lagoons is given the highest priority in the existing SEIC oil spill response
plans, and bay-protection deployments are regularly exercised. Additional offshore
developments on the Sakhalin Shelf can be expected to adopt similar standards to
those of Sakhalin II.
Any consideration of the possible cumulative impacts facing WGW on their migration
route and wintering/calving grounds is speculative since the actual migration route(s)
and location of the wintering/calving grounds are unknown. If, as currently
presumed, WGW migrate to the South China Sea, they may follow a migration route
that takes them along the east coast of Korea or west coast of Japan before entering
the East China Sea and finally the South China Sea. This region is among the most
heavily developed in the world, with extensive industrial development along the
coasts. Since WGW numbers are so low, any adverse impacts in any areas of their
range would likely be significant.
As future Sakhalin oil and gas prospects develop, it will be incumbent on relevant
operators and stakeholders to review planned schedules of works and operations
with the aim of ensuring that potential cumulative impacts upon the WGW are
identified and properly mitigated.
Conclusions
The criteria developed for measuring impacts from anthropogenic noise on the WGW
reflect the current state of knowledge of the WGW and are considered to be
conservative. The Acoustic Model developed as part of this CEA is a state of the art
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tool for understanding the propagation of noise in the marine environment. The
criteria and tools have been and will continue to be used to predict and assess noise
impact from all SEIC construction and operations activities, individually and
collectively.
The noise impact from pipeline construction activities on the WGW is acceptable for
all three potential Piltun route options, provided that appropriate mitigation measures
are in place during construction. Pipeline construction along Alternative 1 has the
least potential noise impact on the WGW and requires no mitigation, and
construction along Alternative 2 potentially requires some minor mitigation.
Construction along the Base Case route requires specific mitigation, including winter
dredging, summer construction over two seasons, and selected pipelay spreads to
minimise noise impact to acceptable levels.
Assessment of potential noise impact from PA-B platform installation activities and
Phase 2 preparatory work at the PA-A platform is ongoing and will focus on noise
mitigation of tugs. Ongoing operations at PA-A since installation in 1998 have had
no recognised detrimental noise effects on the resident WGW population. Long-term
operation of the offshore platforms will not result in significant noise impact to the
WGW.
With regard to food resources, dredging of the Base Case route will result in the
temporary loss of a small part of the feeding area. Benthic recovery will proceed by
re-colonisation from either side of the narrow pipeline route corridor, along with
natural benthic regenerative processes that occur there annually following natural
disturbances from WGW feeding, ice scour and wave action. The biomass of food
species tends to decline toward the south and appears to be less favoured by
feeding WGWs. Construction of Alternatives 1 and 2 will have no significant impact
on WGW food resources.
Collision risks are lower for the two alternative routes when compared with the Base
Case. However, pipeline construction spreads progress at a low speed and
mitigation methods are well established to achieve an acceptably low collision risk.
Though the potential for collision risks will increase with the number of vessels
operating in an area, the majority of these operations will be in areas with infrequent
WGW sightings. Mitigation methods are well established from Phase 1 and have
contributed to a zero collision record to date.
The overall risk of an oil spill from the offshore Piltun pipeline system is very low and
considered acceptable. The expected volume from any spill is an order of magnitude
less than that from existing Phase 1 transport facilities because pipeline operations,
based upon worldwide industry statistics, have inherently less risk than that of tanker
operations.
The risk to benthos from oil spills is difficult to quantify. The only pipeline route with
potential to directly impact the benthos in the WGW feeding area in the event of a
pipeline leak is the Base Case. However, the conservative pipeline design makes
the likelihood of a leak occurring extremely low. Leak detection and pipeline gauging
will ensure that if a leak does occur it will be detected with minimum delay followed
by corrective action.
The overall environmental impacts from onshore pipeline construction along the three
onshore route options are considered acceptable provided appropriate mitigation
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measures are put in place. Mitigation includes minimisation of soil erosion during
construction, minimisation of run-off to surface waters, suitable construction period
for wetland crossings, horizontal direction drilling of Chaivo Lagoon, winter crossing
of key rivers, and exclusion zones around Steller’s Sea Eagle nests during the
nesting season. The onshore Base Case route requires the least mitigation, followed
by Alternative 2, followed by Alternative 1.
SEIC has demonstrated that with suitable mitigation all three pipeline routes are
acceptable in terms of environmental impact in general and impact on the WGW in
particular. The Base Case is therefore considered to be acceptable, provided
appropriate mitigation measures as outlined in the CEA are implemented prior to and
during construction activities. The report shows that the more southerly alternative
offshore routes evaluated require fewer mitigation measures as potential impacts to
the WGW diminish with distance from their feeding area.
The Acoustic Model will be further developed through 2005 in order to refine offshore
mitigation methods and better understand the acoustic implications of current and
future operations. All future construction activities close to sensitive WGW areas will
be studied using the same methodology as applied in this CEA in order to reduce
impacts to as low as reasonably practicable, and to ensure that cumulative impacts
are considered and managed. A comprehensive WGW monitoring programme will
be developed and carried out during all construction activities to ensure that impacts
from activities are maintained within the defined acceptable limits.
The impact criteria and mitigation methods developed in this CEA will be
incorporated into SEIC’s 2005 WGWPP. This plan will be binding upon SEIC and its
contractors. An overall offshore construction plan will also be developed and
maintained such that cumulative impacts from concurrent activities are understood
and impacts remain within defined, acceptable limits.
SEIC will continue to work on environmental aspects related to planned activities in
an effort to continually improve the Company’s environmental performance and
minimise impacts to the environment. The Company will also continue to ensure that
the valuable knowledge that has been acquired on the WGW is shared with, and
made available to other oil and gas operators on the Sakhalin Shelf, the Russian
Government, and the wider scientific and public communities in due course.

Figure 1.1

Sakhalin II Project Phase 2 Facility Locations

Figure 1.2

Proposed Offshore Pipeline Routes

Figure 1.3

Noise Contour Map
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1.0

INTRODUCTION

1.1

Sakhalin II Oil and Gas Development

Sakhalin Energy Investment Company (SEIC) is developing oil and gas reserves in
the Sea of Okhotsk off the north-east coast of Sakhalin Island in the Russian Far East.
The project is being developed under a Production Sharing Agreement between the
Government of the Russian Federation and SEIC. The shares in Sakhalin Energy
Investment Company are owned by Royal Dutch/Shell, Mitsubishi, and Mitsui.
The Sakhalin II project is being implemented in two phases. Phase 1 initiated seasonal
oil production from the southern part of the Piltun-Astokhskoye (PA) Field with the
installation of the Molikpaq offshore drilling and production platform. Following
Russian Government approvals of the Phase 1 project in mid-1998, the Molikpaq
platform, also known as PA-A, was installed later that year with oil production
commencing in mid-1999. PA-A produces oil for approximately six months of the
year, typically from early June to mid-December during the ice-free season. The
produced oil is transferred from PA-A via a sub-sea pipeline to a floating storage and
offloading tanker (FSO) moored near the platform. The oil is periodically offloaded
from the FSO to shuttle tankers and distributed worldwide. With the presence of ice in
the northern Sea of Okhotsk, generally from December through May, production is
shut-in and the FSO leaves Russian waters.
Russian Government approval of Phase 2 of the Sakhalin II project was received in
December 2003 and construction is now under way. Phase 2 is an integrated oil and
gas development that will allow year-round oil and gas production from the PA Field,
as well as establish uninterrupted gas and condensate production from the Lunskoye
Field to the south (Figure 1.1).
This phase includes installation of the PA-B platform north of PA-A, and installation
of a platform at Lunskoye to develop hydrocarbon reserves at each field. Additional
Phase 2 activities include: 1) installing offshore pipelines from the PA platforms to
shore with a common landfall due west of PA-A; 2) installing offshore pipelines from
Lunskoye to shore; 3) constructing an onshore hydrocarbon processing facility near
Lunskoye; 4) constructing a Liquefied Natural Gas (LNG) processing plant and an Oil
Export Terminal (OET) on the southern end of the island; 5) installing an onshore
pipeline system to transport hydrocarbon production from the north to the LNG plant
and OET in the south; and 6) installing a sub-sea pipeline and offshore tanker loading
unit in Aniva Bay.
Year-round production from Molikpaq is due to start in the winter of 2006/2007.
Shipping of the first cargo of LNG from Phase 2 is scheduled to commence in
November 2007 when the LNG plant is fully commissioned.
1.2

Western Gray Whales

The PA Field is located proximate to important summer and autumn feeding grounds
for the Western Gray Whale (WGW), a species that is listed as endangered by the
Russian Federation, and since the year 2000 has been listed as critically endangered
by the International Union for the Conservation of Nature (IUCN). Due to the
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proximity of the feeding grounds to SEIC’s PA Field development and SEIC’s
ongoing commitment to ensure that the impact from its activities on the WGW
population are acceptable, SEIC (together with other offshore operators) has
sponsored a broad range of WGW research and monitoring programmes annually
since 1997. The programmes have been developed based on recommendations from
independent researchers and whale scientists, and have been aimed at gathering
information regarding population size, distribution on the feeding grounds, site
fidelity, fecundity, general health, behaviour, prey type, and prey distribution.
Research and monitoring has also been focused on enhancing understanding of
potential anthropogenic impact associated with underwater noise, to assess
environmental effects from platform operations, and to help establish and verify the
effectiveness of mitigation measures aimed at the various sources of potential impacts
from SEIC’s oil and gas development.
From the WGW research and monitoring effort, the size of the WGW population
feeding offshore Sakhalin is currently estimated at approximately 100. When the ice
begins to break up in the Sea of Okhotsk, typically during late May, WGWs begin
arriving at the feeding grounds in the shallow coastal waters off the north-east coast of
the island. They feed during the summer and autumn, and then leave the area to begin
the migration south during October and November before the ice returns. Although
not yet certain, it is thought that WGWs spend the winter and early spring in the South
China Sea, breeding and calving before beginning their annual return to the Sea of
Okhotsk.
The WGWs have a preferred feeding area off the northeast coast of Sakhalin adjacent
to Piltun Bay, primarily in water depths of 20 m or less. The whales are typically
sighted feeding in the area within 6 km of the shoreline over a distance of
approximately 90 km from north to south. The PA Field is adjacent to the southern
part of this area. Aerial and marine surveys identified a second feeding area in 2001
south of the Piltun area and east of Chaivo Bay in water depths ranging from 30-65 m.
Studies indicate that WGWs migrate between and utilise both the Piltun and Chaivo
feeding areas during the summer and autumn feeding season. The Chaivo offshore
feeding area, although very rich in prey biomass, is more variable in terms of whale
distribution and abundance, and no mother/calf pairs have been observed in this area.
While other gray whale sightings have occurred periodically in the region - off the
central east coast, north-west coast and northern tip of Sakhalin, the Kuril Islands and
Kamchatka Peninsula - systematic monitoring surveys have not been carried out in
these areas and it is not certain how or if these sightings relate to the WGW
population in the Piltun (and Chaivo) area. In any case, as WGWs have demonstrated
high site fidelity to the Piltun feeding area, it is considered critical to the viability of
the WGW population. As the Piltun feeding area could potentially be impacted by
SEIC oil and gas development activities, it remains the area of focus for the company.
Using the results of WGW research and monitoring along with environmental impact
assessments carried out for the Sakhalin II project, mitigation measures have been
developed to minimise potential impacts from SEIC’s offshore activities on the
WGWs summering at Piltun. Since the inception of Phase 1, mitigation measures
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have been implemented by SEIC and its contractors via marine mammal mitigation
plans.
To ensure a consistent and co-ordinated strategy to protect the WGW from potential
impacts that might arise through current and proposed oil and gas development
activities, the early mitigation plans have evolved into specific WGW protection
programmes (WGWPPs). The WGWPPs, developed by SEIC in consultation with
marine mammal and WGW experts and publicly available on SEIC’s website, include
a summary of relevant project construction and operations activities and related
potential impacts, and a description of protection measures that apply to specific
marine activities, including ongoing Phase 1 operations and Phase 2 construction
activities such as dredging and pipelaying. The WGWPPs also describe ongoing
associated WGW monitoring and research, which SEIC has committed to continue
supporting throughout the construction and operations phases of the Sakhalin II
project.
WGWPPs will continue to be developed and implemented by SEIC and its contractors
for all relevant Phase 2 marine construction and operations activities including
pipeline installation, platform installation and future operations. To date, there have
been no adverse incidents involving WGWs from Sakhalin II offshore construction
and operations activities.
1.3

PA Field Pipeline Construction

SEIC has carried out multiple Environmental Impact Assessments (EIAs) for Phases 1
and 2 of the Sakhalin II project beginning with the initial Project Feasibility Study in
1992. Most recently, between 2002 and 2003, both an international EIA and a specific
Western Gray Whale EIA were developed that addressed, among other things, the
project’s potential impact on the WGW population. WGW monitoring studies carried
out between 1997-2002 were used to help develop the EIAs.
The main objectives of the EIAs specifically in relation to the WGWs were to:
•
•

•
•

Provide background information of what is currently known about the WGW
Identify potential sources of impacts on WGWs that might arise directly
through project activities or indirectly as a result of cumulative impacts
created in combination with other projects, and assess the likely magnitude
and significance of those impacts
Develop mitigation measures to eliminate or minimise potential adverse
impacts to levels as low as reasonably practicable
Develop monitoring programmes to fill information gaps and verify the
effectiveness of mitigation measures

The EIAs concluded that potential impacts to the WGW could result from, among
other things, noise and disturbance of the physical environment associated with
dredging and installation of sub-sea pipelines at PA Field, oil spills, and collision with
vessels. However, with mitigation measures in place as recommended in the EIAs,
potential impacts were assessed as acceptable.
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The current proposed route for the pipeline system at PA Field runs from PA-B south
to PA-A, and then due west from PA-A in a single pipeline corridor to shore with a
landfall south of Piltun Bay (Figure 1.2). The landfall section of the pipeline passes
through the southern end of the WGW feeding area at Piltun on its way to shore from
the PA-A platform. Impacts from this route were specifically evaluated during the
EIA process described above, and were determined to be acceptable based on the
information available at that time. The pipeline route as described forms the basis on
which Russian approvals were obtained in 2003 and on which the offshore pipeline
installation contract was subsequently awarded.
However, in 2003, additional seabed surveys were conducted as part of the final
detailed engineering design process. These surveys indicated that the required burial
depth for a section of the offshore pipeline was deeper than originally designed to add
an additional margin of safety associated with ice scouring and seabed mobility. This
would result in a longer time period to complete the construction activities, and would
require larger and potentially noisier construction vessels and equipment.
Additionally, instead of relying on vessel acoustics data, in late 2003 SEIC began
acquiring source noise level measurements for the proposed pipeline construction
equipment, and in some cases the measured levels were higher than anticipated.
In the first quarter of 2004, based on a review of past data along with the most
recently acquired information, SEIC concluded that further studies were required in
order to assess further the potential impacts of noise on the WGWs from PA Field
development activities. Therefore, the 2004 construction activities at Piltun were
rescheduled to commence no earlier than 2005, and a comprehensive technical noisemonitoring programme was implemented during pipeline installation at Lunskoye
during 2004, in addition to the ongoing 2004 WGW research and monitoring
programme at Piltun. The programmes were aimed at enhancing the overall
understanding of potential impacts on WGWs and to establish effective mitigation
measures to ensure adequate protection of the WGWs at Piltun.
At Lunskoye during 2004, SEIC carried out a comprehensive series of acoustic source
level and transmission loss measurements on vessels used during pipeline
construction activities there, as most of the equipment used at Lunskoye will also be
used for pipeline construction at the PA Field. Marine acoustic measurements were
also conducted in the PA Field on survey and supply vessels, and again at the PA-A
and proposed PA-B platform locations. SEIC also commissioned development of a
3D noise model that enables prediction of noise attenuation through the Piltun
offshore environment from point sources such as a platform or single vessel, and from
multiple sources such as a pipeline spread. The resulting enhanced modelling
capacity has enabled SEIC to assess accurately potential noise impacts to the WGW
from all planned Piltun marine activities.
In addition to the work described above, during 2004 two alternative PA Field to
shore offshore pipeline routes were evaluated. The evaluation utilised the new noise
model together with all available information from surveys, monitoring, research and
studies conducted through 2004. Both pipeline route alternatives are located further
east and south of the original route and come ashore outside the Piltun WGW feeding
area. Parallel with an evaluation of noise propagation in the Piltun feeding area
associated with pipeline construction of all three route alternatives, onshore and
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offshore environmental and engineering surveys were also carried out on these routes
during 2004.
1.4

Comparative Environmental Analysis

The analysis of environmental impacts associated with the original PA Field offshore
pipeline route and route alternatives is summarised in the following pages of this
report. Collectively this report is designated as a “Comparative Environmental
Analysis” (CEA), and should be considered as supplementary to the previous WGW
EIA, and is to be read in conjunction with the other reference material on the WGW.
The CEA includes an offshore environmental evaluation for each individual route
option and assesses the magnitude of impact on the WGWs. An environmental
evaluation of the associated pipeline landfall locations and upper onshore sections of
each route are also presented considering onshore sensitive habitats such as lagoons,
wetlands and endangered species. The CEA also includes a comparison of the overall
environmental advantages and disadvantages of the three alternatives.
In addition to the pipeline evaluation, the report also contains an evaluation of the
noise from current Phase 1 operations and an assessment of noise associated with
long-term production operations at the PA Field. A cumulative analysis of noise is
also presented that includes oil and gas development activities planned by SEIC and
other operators in the vicinity of the PA Field. The evaluation of the noise associated
with installation of the new PA-B platform is currently being undertaken.
As addressed in previous EIAs, additional WGW impact criteria include oil spill risk,
disturbance of the WGW benthic food source, and risk of collision with construction
equipment and support vessels. To be able to make a comparative assessment of oil
spill risk, SEIC commissioned a quantitative oil spill risk assessment during 2004
along with oil spill trajectory modelling of various spill scenarios. This work, along
with a current assessment of potential impact to WGWs from an oil spill, is
summarised within the CEA. Additional benthic field investigations and
review/analysis of all available benthic data were also conducted in 2004, together
with an updated evaluation of collision risk. This work is also summarised within the
CEA.
The CEA report will be used to support the overall decision-making process with
regard to selection of the optimum PA Field pipeline route option both offshore and
onshore. In addition to WGWs and the environment, other significant factors that will
be considered in the process include technical feasibility and safety, Russian
Government approvals, project schedule implications, and project economics. The
decision process is appropriate to the sensitivity of work being carried out in an area
of high environmental importance. As has been committed to in the EIA, any
combination of pipeline route option and construction methodology that resulted in an
unacceptable impact to the WGW population would not be selected.
The CEA report will also establish the appropriate WGW mitigation measures to be
implemented by SEIC and its contractors during all phases of PA Field construction
and future operations. These WGW mitigation measures will form the basis of the
future 2005/2006 WGWPPs and as such will become binding commitments for SEIC
and its contractors through all phases of pipeline construction and platform
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installation. The CEA will also provide a basis for future WGWPPs during long-term
production operations.
1.5

CEA Report: Development and Review

SEIC technical specialists together with specialist consulting firms and personnel on
contract to SEIC worked together to develop the CEA report. The areas of expertise
engaged to develop the report included marine acoustics, acoustics modelling,
platform and pipeline engineering, whale/marine mammal ecology, benthos, oil spill
risk assessment, oil spill trajectory modelling, environmental impact from oil spills,
terrestrial flora and fauna, aquatic ecology, and environmental impact assessment.
Other disciplines were called upon as required.
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2.0

SAKHALIN II PILTUN PROJECT DESCRIPTION

2.1

Sakhalin II Project

Sakhalin II is the phased integrated oil and gas development of the PiltunAstokhskoye (PA) Field and Lunskoye Field, both located off the north-east coast of
Sakhalin in the Sea of Okhotsk. (Figure1.1). The PA reservoir contains primarily oil
and associated natural gas and the Lunskoye reservoir contains natural gas and
condensate. This section of the report describes the two-phased offshore development
of the PA Field, which is located adjacent to an important Western Gray Whale
(WGW) feeding area.
2.2

Project Design

As described in Chapter 1, Sakhalin II is being developed over two phases. Phase 1
established seasonal oil production from the PA Field with installation of the PA-A
platform in 1998 and commencement of oil production in July 1999. Phase 2 includes
installing two further platforms offshore, an additional platform at the PA Field north
of PA-A, and a single platform at the Lunskoye Field some 120 km to the south.
Phase 2 also includes installing offshore and onshore pipeline systems, an onshore
production facility, and a LNG processing plant and Oil Export Terminal (OET) on
the southern end of the island for year-round production and export of LNG and oil.
A number of project design alternatives have been evaluated, beginning with the
original Sakhalin II project feasibility study in 1992. Initially, up to five platforms
were considered for installation at the PA Field to fully develop hydrocarbon reserves
there, and up to three platforms were proposed for Lunskoye. Additionally, various
offshore pipeline design alternatives were considered, including installing two
separate landfalls from the PA Field, and installing an offshore pipeline connecting
PA Field with Lunskoye, with one single landfall coming ashore at Lunskoye.
The current approved project design includes two platforms at PA Field and one at
Lunskoye, a single PA Field pipeline landfall due west of the PA-A platform, and a
separate Lunskoye Field landfall due west of the Lunskoye platform. The reduction in
the number of platforms required at each field reflects advances in horizontal drilling
technology that allow full reservoir development from fewer surface installations
strategically placed, thus minimising the overall offshore environmental footprint of
the project.
The single PA Field pipeline landfall option west of the PA-A platform was selected
based on the following:
•
•
•
•

Overall environmental footprint from PA Field development is minimised by
routing the pipelines from both platforms in one corridor to a single landfall
location over the shortest distance from PA-A to shore.
Impact to the WGW population was assessed as being acceptable.
The environmental and engineering aspects of the landfall location and
onshore section of the pipeline were favourable.
As the shortest route to shore, it required the least time for construction and
was the lowest cost alternative.
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•
•

•

Using the shortest route to shore minimises the volume of oil that could
potentially be spilled from a rupture under ice.
As there are currently only onshore pipeline construction companies in Russia,
the shortest distance to shore maximises the onshore length of the pipeline
system and allows for greater involvement of Russian construction
contractors. SEIC has a commitment to the Russian Government to maximise
Russian content in the execution of the project.
Maximising the onshore segment of the pipeline enhances the opportunity for
gasification of the towns of northern Sakhalin.

As described in Chapter 1, while the PA Field pipeline design was being finalised in
late 2003 and early 2004, it became apparent that additional information was required
to ensure that impacts to the WGW population from offshore development of the PA
Field would remain acceptable. Deferring the 2004 PA Field pipeline installation
activities allowed time for additional studies to be undertaken in 2004 that would
enable impacts to be more fully assessed and appropriate mitigation measures
developed prior to commencement of pipeline construction. The deferment also
allowed the opportunity to evaluate two additional offshore pipeline routes, both with
a landfall outside of the WGW feeding area at Piltun.
This chapter includes a description of the existing Phase 1 development, and a
description of the Phase 2 project including the PA Field pipeline route alternatives
developed in 2004.
2.3

Sakhalin II: PA Field Phase 1 Development

Phase 1 facilities, collectively referred to as the Vityaz Production Complex (Figure
2.1) include:
•
•
•
2.3.1

A drilling and production platform known as Molikpaq or PA-A
A 324 mm diameter, 2 km long pipeline from PA-A to a single anchor leg
mooring buoy known as the SALM
A 1 million barrel capacity double-hulled floating storage and offloading
tanker (FSO) that is moored to the SALM
PA-A Platform

The PA-A platform was installed approximately 17 km offshore in a water depth of
30 m in September 1998. It is a 111 m x 111 m steel caisson-type platform set on the
sea floor. The platform accommodates 164 people year-round and is equipped with a
drilling rig, production facilities, power generation equipment, water injection
facilities, gas injection facilities, drilling mud and cuttings injection facilities, an
accommodation module, canteen, offices, and a helipad. Personnel transfers occur via
helicopter, and by crew boat during the ice-free season when weather prevents air
transfers. Production is currently limited to some six months a year during the ice-free
season.
PA-A allows for production volumes of up to 90,000 barrels/day of liquid and 74
million cubic feet per day (MMCFD) of gas. Initially, 13 oil-producing wells and one
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Figure 2.1

The Vityaz Complex

gas injection well were drilled between December 1998 and December 2000. First oil
production from PA-A was achieved in July 1999.
A water flood project was initiated in June 2002 to boost reservoir pressure and
increase oil production and ultimate recovery. The drilling programme involves
drilling six water injection wells, four production wells, and three gas injection wells.
Drilling recommenced in September 2003 and since that time, one drilling mud and
cuttings re-injection (CRI) well, two water injection wells and one dual gas
injection/water injection well have been drilled to date, with one more water injection
well to be drilled by March 2005. Water injection commenced in March 2004. The
CRI well drilled in March 2004 was the last well drilled with water-based mud. Since
then, the platform has been converted to using oil-based mud for extended-reach
horizontal drilling. All oil-based mud and cuttings will be injected into the CRI well.
Drilling will recommence in 2008 to complete the water flood project. Most of the
wells were directionally drilled and penetrate the main producing interval about 2000
m beneath the sea floor.
The current oil production rate is about 60,000 barrels/day. Since initiating
production, more than 60 million barrels of oil have been produced and exported from
the Vityaz complex.
During 2006, additional production facilities will be installed at PA-A to allow
production to continue year-round. This project is called the Molikpaq tie-in project
(MTI) and is part of the Phase 2 work programme. The MTI facilities will dehydrate
the oil to sales specification and process gas for transport in the pipeline system. The
MTI project will require the lift of facilities modules on to PA-A, currently planned
for September 2006. The lift will occur using an anchor-moored heavy-lift barge and
is expected to take 7-10 days.
2.3.2

Offloading Facilities

From June to December during the ice-free season, oil is produced from the PA-A
platform to the FSO through the sub-sea pipeline. The FSO is able to hold about two
weeks of production at current production rates. Every eight to twelve days, typically
500,000 to 700,000 barrels of oil are offloaded from the FSO to export tankers and
shipped to markets around the world (Figure 2.1).
As ice begins to form in December, oil production is shut-in at the platform, the FSO
is disconnected from the SALM, which is then lowered to the sea floor, and the FSO
transports the final cargo of the season from the Vityaz Production Complex. The
FSO typically returns to Vityaz in June as the ice begins to break up. At that time, the
SALM is raised from the sea floor, the FSO is reconnected, and production is once
again initiated from the PA-A platform.
2.4

Sakhalin II: PA Field Phase 2 Development

2.4.1

PA-B Platform
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Figure 2.2

The PA-B Topside

Phase 2 includes installing the PA-B platform over the northern part of the PA
reservoir to fully develop the PA Field hydrocarbon reserves, and installing offshore
pipelines from the PA Field to shore to enable year-round production.
The PA-B combined drilling/production topside facilities will rest on a concrete
gravity-based structure (CGBS). The platform has been designed for year-round
operations under prevailing ice conditions, low ambient air temperatures, high wind
and wave conditions, and ground/platform movements from seismic events.
The topside is an integrated deck design consisting of five main decks with a total
area of approximately 8000 m2 (Figure 2.2). Well-head equipment, drilling
equipment, oil and gas processing equipment, accommodation facilities and other
auxiliary equipment will be located within this topside structure. Main and auxiliary
equipment will be located separately on the platform, with the flare and well head area
located at one corner opposite the accommodation facilities to ensure maximum
safety. A helipad will be located on the platform’s western side.
The base of the CGBS consists of a concrete base caisson of 94 m x 91.5 m and 11.5
m in height. Four conical concrete shafts rise 39 m in height from the base caisson to
support the topside facilities (Figure 2.3). The south-east leg of the platform will be
used as the well bay, the northeast leg will be used for the oil and gas pipelines, and
the north-west leg will be used as storage for fuel and drilling fluids. The south-west
leg is designated as a utility leg containing primarily seawater pumps.
2.4.2

Platform Location

The planned location of the PA-B platform was carefully selected taking into account
various factors, including:
•
•
•
•
•
•

Hydrocarbon reserves distribution, feasible drilling reach and total well length
Avoidance of shallow gas hazards
Avoidance of shallow faulting
Competence of the seabed
Avoidance of palaeo-channels filled with soft shale
Distance to the WGW feeding area at Piltun

Shallow gas hazards in sediments underlying the sea floor pose a fire and explosion
threat during drilling operations and should be avoided whenever possible. A large
shallow gas area is located east of the planned platform location. Numerous shallow
faults are also indicated to the south and south-east of the location, and a large palaeochannel covers a broad area to the south and south-west extending north-west of the
platform site. Figure 2.4 is a three-dimensional (3D) depiction of the platform’s
location relative to the structure. Core samples taken in the channel indicate soft
shale, and for structural engineering reasons, the platform cannot be placed on top of
such lithology.
2.4.3

Site Preparation

The sea floor at the site of the PA-B platform consists of dense to very dense sand.
Minimal dredging at the site will be performed in 2005 to level the location in
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Figure 2.3

Concrete Base Caisson for PA-B Platform

preparation for installation of the CGBS. A trailing suction hopper dredger (TSHD)
equipped with a suction pipe and drag head will be used to level an area of about
12,000 m2 (110 m x 110 m), and in the process, approximately 7500 m3 of sand will
be removed and relocated east of the platform site. The levelling operation is
expected to take a maximum of two days. Impacts from all construction operations
are considered later in the CEA.
2.4.4

Platform Installation

Installation of the PA-B platform facility will occur in two stages. In 2005 the CGBS
will be towed to site, de-ballasted, and set on the sea floor. Rock and gravel will then
be placed around the base of the CGBS for scour protection immediately following
installation. In 2006 the topside facility will be towed to site and positioned on the
CGBS so that the topside rests on the four concrete support shafts that extend upwards
from the concrete base.
The CGBS and topside components are currently under construction in separate
locations. The CGBS is being constructed at Vostochny Port near Nakhodka, which
is about 200 km east of Vladivostok, while the topside’s deck is being fabricated in
the Samsung Heavy Industries’ yard in Geoje, South Korea.
The tow-out of the CGBS from the construction bay at Vostochny to the platform site
at Piltun will take about 18 days. The route that will be followed is indicated in
Figure 2.5. Three ocean-going tugs will tow the facility, accompanied by an offshore
support vessel that is able to serve as a substitute if needed. An additional tug will act
as an escort vessel during the voyage.
Upon arrival at the planned PA-B location, the CGBS will be positioned using the five
tugs involved in the tow-out. Once positioned, the tugs will be attached via winches
at their bows to pre-installed anchors and to the CGBS via their sterns. The winches
will be used to guide the base facility into its intended position. As such, the
propulsion systems for the tugs will not be required, thereby minimising marine noise.
The procedure of lowering the CGBS to the sea floor will take about one-and-a-half
days. To prepare for the topside facility, the legs of the CGBS will then be levelled to
the required elevation, and devices will be installed into the legs that enable the
topside deck installation on to the CGBS.
Immediately after installation of the CGBS, rock and gravel will be placed around the
base of the platform to prevent washout from the sea bed around the structure. This
embankment will be between 1 and 4 m high and approximately 10 to 15 m wide at
the sides, increasing to around 20 to 30 m at the corners. The rock and gravel will be
sourced from either Primorski Krai, Russia, or from the Hong Kong region, and will
be barged to the platform location. The approach route for the barges will be similar
to that used to install the CGBS and the topside. The rock and gravel will be dumped
using a side-dumper vessel for the majority of rock and, where accurate rock
placement is required, using a “fall pipe” rock-dumping vessel. This operation will
require up to 30 days to complete.
Towage of the topside’s deck from Geoje is planned for July 2006. The deck will be
transported to the site on a barge designed to fit between the exposed legs of the
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CGBS. Three ocean-going tugs will engage the tow with one additional tug standing
by during the voyage. The tow to the PA-B location will take about 16 days.
The topside’s deck will be installed by the float-over method, which has previously
been used to mate similar offshore structures. Upon arrival at the site, the barge will
first be manoeuvred into the pre-mating position by the tugs, and then moored to the
pre-installed mooring system. The barge will be manoeuvred into position between
the CGBS shafts and de-ballasted until the topside deck is fully supported on the legs
of the CGBS. The actual mating operation will be completed in one day with the
vessels on location for approximately two weeks.
2.4.5

Platform Operation

The PA-B platform has been designed as a drilling and production facility. The
platform will have 45 well slots designed to accommodate 20 to 30 producing wells
incorporating gas-lift, and up to 18 water-injection wells. A dedicated cuttings reinjection (CRI) well is planned, with potential for further CRI via the annuli of several
suitable production and water injection wells.
Initially, 21 oil-producing wells and 15 water-injection wells are planned from the
PA-B platform, with drilling scheduled to commence in January 2007 and expected to
be completed in late 2011. Production wells will range in depth from 1800 to 2400 m,
and will extend out as far as 6.5 km from the surface location. The first oil and gas
production from PA-B is scheduled to commence in July 2007.
Processing facilities on the platform will separate and dehydrate the produced oil and
gas before entering the export pipelines, and produced water will be injected. When
fully operational, the PA-B facility will be able to export over 70,000 barrels/day, 100
MMCFD of associated gas, process 4,000 m3 per day of produced water, and re-inject
over 19,000 m3 per day of water into the reservoir. The pipelines to shore will enable
year-round production from the PA Field.
The first well scheduled from PA-B is the CRI well. It will be drilled with non-toxic
water-based mud that will be discharged. All subsequent wells will be drilled with oilbased mud to allow extended horizontal drilling. All the oil-based mud and cuttings
will be injected into the CRI well.
The PA-B platform will be permanently manned, with the number of resident
personnel varying according to operational requirements. The accommodation
facilities are designed to hold 100 permanent and 40 temporary personnel. Drilling
operations will require that a full crew occupy the facility. During periods of no
drilling or maintenance, the platform will operate with minimum core staff and
maintenance personnel. Helicopters will be used for crew transfers as with PA-A.
Vessels will be used primarily to transport equipment, materials, and fuel. Once
associated gas is flowing, it will be used as fuel to power the platform.
2.4.6

Offshore Pipeline Systems

An integrated offshore and onshore pipeline system will link the two PA platforms to
the onshore processing facility (OPF) and then onwards to the LNG plant and OET.
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Figure 2.5 Tow route to be followed during CGBS tow-out.

This section deals with the PA Field’s offshore pipeline systems. The onshore pipeline
is discussed in Chapter 8.
The four 356 mm diameter offshore pipeline segments, comprised of separate oil and
gas pipelines each for PA-A and PA-B, will be tied into two 508 mm diameter oil and
gas pipelines onshore that will run to the OPF about 170 km to the south. There the oil
and gas from PA Field will be combined with Lunskoye production and transported to
the south end of the island through a 1219 mm diameter gas pipeline and 610 mm
diameter oil pipeline.
The Piltun pipeline route (Figure 1.2) is designated in this document as the Base Case
route. In 2003, additional extensive seabed surveys were conducted along the full
extent of the offshore Base Case route that provided the data necessary to fully assess
seabed mobility. A detailed ice scour survey was also conducted during 2003 using
side scan sonar and high-resolution multi-beam scanning to identify and measure ice
scour dimensions and determine the water depth below which seabed gouging could
be expected. Comparison of the 2003 survey results with previous surveys indicated
that ice scour was deeper than estimated during the front-end engineering phase of the
project, and that seabed mobility was more than had been concluded previously. As a
consequence, the designed pipeline burial depth was increased in places to protect the
pipelines from the predicted ice gouges and lower seabed profiles.
As stated in Chapter 1, in view of the additional dredging scope resulting from the
design modifications, SEIC deferred commencement of the installation of the Piltun
pipelines originally scheduled for the summer of 2004 in order to reassess impact of
the change on the WGWs. Additionally in 2004, alternative pipeline routes from the
PA platforms were identified for consideration. Taking into account pipeline route
alternatives considered and eliminated in the past, the number of alternatives to be
evaluated in 2004 in addition to the base case was narrowed down to two. The
alternative route locations were selected primarily based on their potential impact on
the WGW feeding areas, and the availability of suitable locations for the landfall.
The Base Case pipeline route and both Alternatives 1 and 2 are shown in Figure 1.2
and described in Table 2.1.
Table 2.1 Sakhalin II Project Offshore Pipelines from PA-A and PA-B Platforms

Pipeline Route

Description

Base Case

One oil and one gas pipeline from PA-B to shore
One oil and one gas pipeline from PA-A to shore
One oil and one gas pipeline from PA-B to shore
One oil and one gas pipeline from PA-A to shore
One oil and one gas pipeline from PA-B to shore
One oil and one gas pipeline from PA-A to shore

Alternative 1
Alternative 2

Length
(Km)
42
17.5
71
46
61
37

The Base Case route departs from land at a point about 15 km south of the mouth of
Piltun Bay. From there, the route follows an easterly course along a gently sloping,
undulating seabed composed of fine sands overlaying a base of stiff clays for the 17.5
km to the PA-A platform. Some mobility of the bottom sediment is apparent as
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indicated by scattered sand waves up to 1 m or more in height. Sub-bottom profile
surveys also indicate a few scattered boulders in an area about 8 km from shore.
From the PA-A platform, the Base Case route trends almost due north for about 13
km and then turns in a north-westerly direction for the remaining distance to the PA-B
platform location. Water depth is consistent, and averages about 30 m for this section
except for the final 3 km prior to PA-B where it shallows to about 27 m. The sea
floor is generally sandy but there are also several patches of boulders scattered along
this route segment.
Offshore, both Alternatives 1 and 2 extend eastward from PA-B and then southward,
passing about 5 km to the east of the PA-A platform. Alternative 2 continues south
about 8 km and then turns south-west and eventually west toward a landfall about 12
km south of the Base Case landfall position. From here, the route continues almost
due west onshore until it intersects the Base Case onshore pipeline route.
Alternative 1 is routed about 15 km south of the PA-A platform before turning southwest and then west. The landfall for Alternative 1 is about 8 km further south than
Alternative 2, or about 20 km south of the Base Case landfall position (Figure 1.2).
This route lies midway between the two identified WGW feeding areas. Onshore from
its landfall, Alternative 1 is directed south-west to a fairly narrow section of Chaivo
Bay, and then westward about 16 km to where it intersects the Base Case onshore
pipeline route.
Engineering surveys were conducted on both alternative offshore routes during 2004,
employing similar methods to the 2003 surveys. For both routes, the seabed is
predominantly smooth, covered by rippled sand and similar to the Base Case route.
The maximum water depth is 43 m for Alternative 1 and 40.5 m for Alternative 2. A
dense boulder field was located on Alternative 2 over a 2.5 km section approximately
15 km south of PA-B. The survey results are under review to confirm that the
alternative offshore pipeline routes are also free of active faults.
2.4.7

Offshore Pipeline Design

The materials selected to construct both offshore and onshore pipelines have been
designed in accordance with the Project-Specific Technical Specifications (PSTS)
developed for the Sakhalin II project. The PSTS reflects state-of-the-art industry
standards for the design and construction of safe pipelines.
The four offshore pipelines will be fabricated of grade X52 steel, and the onshore
pipelines will be fabricated of grade X65, both grades having the required properties
to remain ductile and withstand extreme winter temperatures. Pipe size for both oil
and gas offshore lines will be 356 mm in diameter, and the line pipe wall thickness
will be 14.3 mm for the main offshore pipeline sections and 17.5 mm for the platform
sections. The Base Case pipeline diameter of 356 mm can be retained for the longer,
alternative routes by adding friction-reducing agents to the production stream.
Oil and gas produced at the offshore platforms will be dehydrated before entering the
pipelines to prevent internal corrosion. The outside surface of the pipe will be coated
with asphalt enamel for protection against external corrosion from the seawater, and
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cathodic protection will be installed along the entire length of pipeline both onshore
and offshore to provide further assurance against external corrosion.
The design factor for the burst strength of the PA Field offshore pipeline (i.e. to
prevent bursting of the line from internal pressure) is twice the factor normally
applied as an industry standard. This equates to a doubling of pipe wall thickness over
what is commonly used in similar offshore pipelines. Together with the active
external and internal corrosion prevention measures (see above), the rate of corrosion
will be very low. This provides assurance that corrosion leaks should not develop
during the operational life of the pipeline (see also Section 7).
In addition to increased wall thickness above code requirement the offshore pipelines
will be buried to a depth of 2 m minimum for protection against potential damage
from ice that could scour the seabed. The approximate water depth beyond which ice
scouring does not occur and for which burial is not required has been conservatively
estimated to be 30 m. Buried sections of the pipeline will have a specific gravity of
1.9 to prevent them from surfacing (by flotation) in case of disturbance to the seabed
from factors such as ice, storm-induced hydrodynamics and seismic activity. In
addition to the corrosion coating, the pipeline will be encased in a concrete coating
that will further protect the pipe from damage during installation and, in the case of
unburied sections, provide stability against currents and wave action throughout the
operational life.
A “pig” is the term used for a device that is sent through a pipeline for cleaning or
inspection of pipe condition. Inspection pigs can detect metal loss and calliper pigs or
gauging pigs can detect pipe deformation. The entire length of the pipelines will be
pigged for metal loss inspection periodically during operations over the lifetime of the
project. Before commissioning the pipelines will be pressure tested and confirmed to
be free of dust or other deformation by running a gauging pig. This is discussed
further in Chapter 8.
2.4.8

Construction

At Piltun, the offshore pipelines will be installed in a dredged trench over almost the
entire length of the route. The width of the trench will vary depending on the number
of pipelines. In water depths less then 30 m, the dimensions of the trench for the two
lines from the PA-B platform to PA-A will be 10 m wide at the base and 30 m at the
top. From PA-A to the landfall the four pipelines require a trench with a width of 20
m at the base and a width of 40 m at the top.
Dredged material will be stockpiled to the side of the trench and re-utilised to backfill
the trench once the pipelines have been installed. Burial of the pipelines will protect
them from potential ice scour. The total width of the construction corridor along the
sections of the pipeline route that will be dredged will be about 250 m wide.
In preparation for trenching and installation of offshore pipelines scheduled for 2006,
two 356 mm pipeline sections, each about 300 m long, will be placed on the seabed
during 2005 near the PA-A platform using a pipe-laying vessel. Immediately
thereafter both sections will be pulled through the PA-A J-tubes (steel conduits
installed in the platform) using platform-based winches. Prior to commencement of
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this operation, the platform rock scour protection above the J-tube inlets will be
removed for access to the J-tube entries. Rock removal will occur using a sub-sea
mass-flow excavation tool or a grab crane, both to be operated from a work vessel.
The rock scour protection will be reinstated immediately upon completion of the pipe
pull-in operations. Reference is made to Section 4 for further details on pipeline
construction vessels.
Early in 2006 a cofferdam will be installed at the location selected for the PA Field
landfall to a water depth of approximately 7 m. The soil within the cofferdam will be
removed to a level required for pipeline burial prior to the installation and subsequent
tie-in of the landfall sections (Figure 2.6).
Up to three dredgers, including cutter suction dredgers (CSD) and trailer hopper
suction dredgers (TSHD), will mobilise to remove seabed boulders from the selected
pipeline route and to prepare the trenches for the offshore sections of the four
pipelines. One dredger will be used to prepare the trenches at the shore approach in
advance of pipe-laying activity, and to backfill once the pipelines have been installed.
Two other dredgers will be used to trench the offshore sections in advance of pipelaying. One of these will be fitted with special cage (Figure 2.7) that will be used to
remove boulders found along the route. This method was successfully applied in
2004 for the removal of boulders along the Lunskoye pipeline route.Once the
pipelines are installed, a TSHD will be used to backfill the offshore pipeline sections.
A CSD will perform the inshore dredging from the seaward end of the cofferdam to a
distance of approximately 1.2 km from shore. Reference is made to Section 4 for
further details on pipeline construction vessels.
Two pipe-laying vessels will be required for completion of the installation of the
pipelines in 2006. Once the pipe-laying process is completed, the sub-sea pipelines
will be connected to the platform piping At PA-A the connection will be to the J-tube
sections installed in 2005 (see above), and at PA-B the connection will be to pipeline
sections pre-installed on the CGBS during its onshore fabrication at Vostochny Port.
Upon completion of all construction work, the pipelines will be cleaned internally
with filtered seawater, pressure tested, dewatered, and dried in preparation for
introduction of hydrocarbons. The seawater will be filtered before discharge to the
seas at the offshore platform locations.
The construction method and equipment will be similar for all three-route alternatives
except that additional dredging equipment will be necessary for the increased
dredging volumes along the alternative routes.
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Figure 2.6
A cofferdam will be installed at the location selected for the PA
Field landfall.

3.0

WESTERN GRAY WHALE ECOLOGY

3.1

Introduction

This section of the CEA discusses relevant background information about western gray whales (WGW). It
includes a detailed description of their distribution, present and past status, behaviour, feeding ecology, and
body condition. Detailed background information on the WGW is presented because it has been identified as
a primary biological offshore receptor of interest for the Sakhalin II project (together with the benthic
resources upon which the whales rely). Detailed impact assessments for other endangered whale and
pinniped species have not been included in this CEA for the reasons outlined below:
•

Available information and research evidence suggests that the potential environmental impacts of the
Sakhalin II project upon other endangered and vulnerable marine mammals in the waters around
Sakhalin Island and the Sea of Okhotsk are very low. This has been assessed through a process of
Environmental Impact Assessment (EIA) and reported in the International EIA Volume 2: Platforms,
Offshore Pipelines and Landfalls and Volume 5: LNG & OET (Sakhalin II Phase 2 Environmental
Impact Assessment, 2003). Additional information is further provided in a supplementary chapter to
the EIA.

•

Although several other endangered marine mammal species are known to occur in the region
(bowhead whale, North Pacific right whale, fin whale, sei whale and Steller sea lion), these species
are present in very low numbers and are considered much more flexible in their habitat selection and
distribution. No centres of species concentration or critical habitat (such as feeding areas, as is the
case for the WGW) are present close to the Piltun area. In addition, the WGW is thought to be
primarily a benthic feeder while the other marine mammal species feed on non-benthic prey. The
main sources of potential impact for these species are similar to those for the WGW: noise, collisions
with vessels, and impacts from oil spills.

•

With the implementation of the mitigation measures in the WGWPP and supplementary activityspecific measures (that are subject to updates as new information becomes available), the impacts to
the WGW and the other marine mammals will be reduced to as low as is reasonably practicable
(ALARP).

Taking the above-mentioned considerations into account the only two offshore receptors considered to be of
direct relevance for this CEA are the WGW and the benthos upon which they feed.

3.2

Research and Monitoring Studies

SEIC is keenly aware of the sensitivities relating to the WGW and is concerned about the potential impacts
of its oil development activities on the whale and its primary feeding grounds. Since 1997, SEIC, in cooperation with other operators, has commissioned and provided financial and logistical support for numerous
WGW research and monitoring projects. These include aerial, vessel-based and shore-based surveys of
WGW distribution, behaviour, photo-identification of individual WGW, distribution and composition of
WGW prey, and acoustic measurements of ambient and anthropogenic underwater noise.
A list of studies specifically related to the WGW is provided in Table 3.1.
Table 3.1 WGW Studies Conducted since 1997 under a Joint SEIC/ENL Research Programme
Year

Survey

Institute/Contractor

Authors

US-Russian
Programme (TAMU,
Kamchatka Inst.,
RAS)

Würsig, B., et al. (1999)

COMBINED STUDIES
1997

Gray whales summering off North-east
Sakhalin (Photo-ID, Behaviour, Acoustic)

1

Year

Survey

Institute/Contractor

Authors

1998

Gray whales summering off North-east
Sakhalin (Photo-ID, Behaviour)

Würsig B, et al. (2000)

1999

Marine Mammals Studies Offshore Northeast Sakhalin in 1999 (Acoustic, Aerial)
Gray Whales off Sakhalin Island, Russia:
June – October 1999, A Joint US–Russian
Scientific Investigation

US-Russian
Programme (TAMU,
Kamchatka Inst.,
RAS)
IBM

1999

2000

Marine Mammals Studies Offshore Northeast Sakhalin in 2000 (Acoustic, Aerial)
Gray Whales off Sakhalin Island, Russia:
June – October 2000, A Joint US–Russian
Scientific Investigation

US-Russian
Programme (TAMU,
Kamchatka Inst.,
RAS)
IBM

Sobolevsky E I (2000)
Weller D W , Würsig B,
Burdin A M, Reeve S H and
Bradford A L (2000)
Sobolevsky E I (2001)

US-Russian
Programme (TAMU,
Kamchatka Inst.,
RAS)
US-Russian
Programme (TAMU,
Kamchatka Inst.,
RAS)

Weller D W, Würsig B,
Burdin A M, Reeve S H and
Bradford A L (2001c)

The Abundance, Distribution, and
Movement Patterns of Gray Whales
(Eschrichtius robustus) in Coastal Waters
off the North-east Sakhalin Island Coast in
2002, based on the Aerial Survey Data
2002
Abundance, Distribution and Behaviour of
Gray Whales (Eschrichtius robustus)
Offshore North-eastern Sakhalin in 2002
2003
Distribution, abundance and certain
behavioural traits of the Korean-Okhotsk
population of Gray whales off the Northeast Sakhalin coast 2003 (Aerial)
2003
Distribution and abundance of Marine
mammals on the North-east Sakhalin shelf,
Russia 2003: vessel-based surveys
2004
Distribution and abundance of Marine
mammals on the Nort-east Sakhalin shelf,
Russia 2004: vessel-based surveys
PHOTO-IDENTIFICATION STUDIES

TINRO

Blokhin S A, Doroshenko N
V and Marchenko I P (2003a)

TINRO

Blokhin S A, Vladimirov V L,
Doroshenko N V, Maminov
M K and Perlov A S (2003b)
Blokhin S A, Yazvenko S B
and Doroshenko N V (2004)

2002

2000

2001

Gray Whales off Sakhalin Island, Russia:
June – October 2001, A Joint US–Russian
Scientific Investigation

Weller D W, Burdin A M,
Bradford A L, Tsidulko G A,
Ivashchenko Y V and
Brownell R L, Jr. (2002)

DISTRIBUTION AND ABUNDANCE STUDIES
2002

TINRO

TINRO (submitted to
IWC)

Maminov,M K (2004)

TINRO

In Preparation

Photo-identification of the OkhotskKorean Gray Whale (Eschrichtius
robustus) Population in 2002
2003
Photo-identification of the OkhotskKorean Gray Whale (Eschrichtius
robustus) Population in 2002/2003
2004
Photo-identification of the OkhotskKorean Gray Whale (Eschrichtius
robustus) Population in 2004
BEHAVIOUR STUDIES

IBM, RAS

Yakovlev Y and Tyurneva O
(2003)

IBM (submitted to
IWC)

Yakovlev Y and Tyurneva O
(2004)

IBM, RAS

In Preparation

2002

Russian and US
researchers
Diploma thesis

Würsig B, Gailey G,
Sychenko O and Petersen H
(2003)
Sychenko O A (2004)

Russian and US

Gailey G, Sychenko O and

2003
2003

Western Gray Whale Occurrence Patterns
and Behaviour: Shore-Based Observations
off Sakhalin Island
Behaviour ecology of female/calf pairs of
western gray whales (Eschrichtius
robustus) off Sakhalin Island, 2002-2003
Western Gray Whale Behaviour and

2

Year

Survey

Institute/Contractor

Authors

Movement Patterns: Shore-Based
Observations off Sakhalin Island, July September 2003
2004
Western Gray Whale Behaviour and
Movement Patterns: Shore-Based
Observations off Sakhalin Island, July
-September 2004
BENTHIC STUDIES

researchers

Würsig B (2004)

Russian and US
researchers

In Preparation

2001

Benthic research in the feeding area of the
Western Gray Whale in 2001
2002
Benthos and prey studies in feeding
grounds of the Okhotsk-Korean population
of gray whales
2003
Benthos and prey studies in feeding
grounds of the Okhotsk-Korean population
of gray whales
2004
Benthos and prey studies in feeding
grounds of the Okhotsk-Korean population
of Gray Whales
ACOUSTIC STUDIES

IBM, RAS

Fadeev V I (2002)

IBM, RAS

Fadeev V I (2003)

IBM, RAS

Fadeev V I(2004)

IBM, RAS

In Preparation

2001

Results of Acoustic Studies Within and
Adjacent to the Piltun-Astokh License
Area
Results of Acoustic Studies between
Molikpaq and Piltun and near Chaivo Bay

POI, RAS

Transmission Loss Studies on the Northeast Sakhalin Shelf 2001 and 2002
Acoustic Studies on the North-east
Sakhalin Shelf, Volume 1: Equipment,
Methodology and Data
Acoustic Studies on the North-east
Sakhalin Shelf, Volume 2: Analysis,
Conclusions and Recommendations
Acoustic Studies on the North-east
Sakhalin Shelf

POI, RAS

Borisov, S.V., A.V.
Gritsenko, A.N. Rutenko and
A.V. Hodzevich (2002)
Borisov S V, Gritsenko A V,
Kruglov M V, Korotchenko R
A and Rutenko A N (2003)
Kruglov M V and Rutenko A
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The studies noted above have significantly increased overall understanding of WGW ecology. The
following sections summarise the information currently available. Analogues on eastern gray whale ecology
are included, where relevant, to supplement the available information on WGW when specific WGW
information is not available.

3.3

Status of the Population

3.3.1

Population Size

The western Pacific (Okhotsk-Korean) gray whale, hereafter referred to as the WGW, population is one of
the most endangered in the world (Clapham et al., 1999; Hilton-Taylor, 2000; Weller et al., 2002a). It is
listed as a Category I species (endangered) in the Red Data Book of the Russian Federation (Red Data Book
of the Russian Federation, 2000) and is currently considered “endangered” by the United States Government
(USFWS, 1997). This population was recently reclassified as “critically endangered” (facing an extremely
high risk of extinction) by the IUCN-World Conservation Union (Hilton-Taylor, 2000; Weller and Brownell,
2000). The IUCN Red List criteria used to support this reclassification were as follows: (1) the population is
geographically distinct, and (2) the population plausibly contains less than 50 reproductively active animals
(Hilton-Taylor, 2000; Weller and Brownell, 2000; Weller et al., 2002a, 2002b).
3

Little is known about the historical population status of WGW. Reliable population estimates prior to 1990
are not available (Berzin et al., 1988, 1990, 1991; Blokhin et al., 1985; Brownell et al., 1997; Sobolevsky
1998, 2000, 2001; Vladimirov 1994; Votrogov and Bogoslovskaya 1986; Weller et al., 1999, 2000, 2001b,c
2002a; Würsig et al., 1999, 2000). However, some researchers have suggested that the pre-exploitation
population may have been 1,500 - 2,000, or even as high as 10,000 animals (Yablokov and Bogoslovskaya,
1984).
The predictable and highly coastal migration of the gray whale made it an easy target for shore-based
whalers. Nineteenth-century whaling of various types by Japan, Russia and the United States devastated the
population in the western North Pacific and Sea of Okhotsk (Henderson, 1984). The WGW was considered
extinct as late as the early 1970s (Bowen, 1974), but information on catches off Korea and sightings in the
Okhotsk Sea showed it to be extant (Blokhin et al., 1985; Brownell and Chun, 1977) and surviving as a small
remnant population that summers off north-eastern Sakhalin Island (Berzin, 1974; Brownell and Chun, 1977;
Weller et al., 1999, 2000, 2001a, 2002a; Würsig et al., 1999, 2000).
In the mid-1990s, estimates of the number of surviving WGWs ranged from 100 to approximately 250
animals (Blokhin, 1996; Brownell, 1999; Perlov et al., 1996; Vladimirov, 1994), although the latter figure is
now considered unreliable. A total of 131 WGWs were identified off north-eastern Sakhalin Island between
1994 and 2003 (Weller et al., 2004); however, not all of these can be assumed to have survived. Population
estimates based on photo-identification monitoring studies sponsored by SEIC and others (Sobolevsky, 2000,
2001; Weller et al., 2000, 2001b, 2002a, 2002b, 2004; Würsig et al., 1999, 2000; Yakovlev and Tyurneva,
2004) suggest that the number summering off Piltun Bay, which most likely represents a significant
proportion of the entire population, is approximately 100.
The historical range of the WGW has not been systematically surveyed, and therefore the size of the entire
population is currently unknown. With the discovery of a second feeding area approximately 70 km off
Chaivo Bay in 2001 (Maminov and Yakovlev, 2002), it is possible that the size and range of this population
are larger than previously thought. Some sources speculate that the population could be as large as 120
(Vladimirov, 2002). However, with no substantial sightings reported from other areas, it is likely that the
north-east coast of Sakhalin Island constitutes the primary summer feeding habitat for this population.
3.3.2

Population Threats

Small populations face specific challenges to survival based on population demographics and external threats
(Clapham et al., 1999). Species may be considered especially prone to extinction when:
•
•
•
•
•
•
•
•
•
•

The species exists in one or a few populations
The population is small
The species requires a large home range
The species is migratory
The species has a large body size
The species has a low rate of increase
The species has little genetic variability
The species possesses specialised niche requirements
The species forms temporary or permanent aggregations
The species is hunted

All these characteristics are evident, to varying degrees, in the WGW.
The WGW population is currently known from a single location, is estimated at 100, is a migratory species
with a large home range, has a large body size (and hence large nutritional requirements), a low rate of
increase, is genetically distinct (at the population level) from the eastern gray whale, has specialised niche
requirements (primarily being a benthic feeder), forms temporary or permanent aggregations (presumably on
its breeding grounds) and is likely subject to some illegal hunting.
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The chance of population recovery for the WGW is likely to be constrained by a variety of demographic
factors. Small populations are inherently more vulnerable than large populations to stochastic changes in
parameters such as sex ratio or birth rate (Clapham et al., 1999; Gilpin and Soule, 1986). The number of
calves seen between 1997-2003 has ranged from a low of 2 in 1997 to a high of 11 in 2003 (Weller et al.,
2004; Yakovlev and Tyurneva, 2004). Genetic analysis from 108 of 131 gray whale biopsy samples show an
overall male-biased sex ratio, with 59.1% males to 40.9% females; among calves, 68% were male and 32%
female. Between 1995 and 2003, researchers were able to identify just 23 reproductively active females in
the population, although there may be as many as 28 based on the presence of five calves that were already
weaned prior to their first sighting (Weller et al., 2004). In addition to the high incidence of male calves and
the low number of reproductive females, first-year calf survival rates are low - 0.70 compared to 0.95 for
non-calves (Bradford, 2003; Bradford et al., 2004). Calving intervals are also longer in the WGW; 2 to 4
years, with an overall mean of 2.8 years, compared to an average two-year interval in the eastern gray whale
(Weller et al., 2004).
Although there is no evidence to date to suggest that WGW have limited genetic diversity, DNA
fingerprinting from 22 North Pacific right whales suggested that they were inbred (Schaeff et al., 1997);
raising the possibility that inbreeding may exist in other small populations of baleen whales. Genetic studies
have confirmed that WGW are genetically and geographically distinct from the eastern gray whale (LeDuc et
al., 2002), but that there may be some intermingling (although not apparently interbreeding) with eastern
gray whale males on the feeding grounds (Lang et al., 2004).
In addition to demographic factors, the recovery of the WGW population is also affected by anthropogenic
threats throughout its range. Although the WGW has been officially protected from commercial whaling
since 1938, some level of whaling is known to have continued for at least the next two decades. Intentional
poaching in the southern portion of their range (Baker et al., 2002; Brownell, 1999; Brownell and Kasuya,
1998) and incidental catches associated with coastal net fisheries off southern China, Korea and Japan have
also been reported (Kato, 1998; Kim, 2000; Zhou and Wang, 1994). Although the migration route taken by
WGW and their ultimate destination for the winter are unknown, it is likely that the whales pass through
regions with substantial near-shore shipping and industrialisation, with the associated high risks of
disturbance, exposure to pollution, and the probability of ship strikes (Weller et al., 2004).
In contrast to the WGW, the eastern gray whale population has recovered substantially despite also being
decimated by commercial whaling. From an estimated low of about 1,500 animals in the mid-1940s, the
eastern gray whale population grew to near-maximum historical levels (~24,000 individuals) by the mid1990s, and was removed from the US endangered species list in 1994 (59 FR 31094, 16 June 1994). The
eastern gray whale population declined from a peak of approximately 26,000 in 1997-1998 to a current level
of about 17,000 animals. This decline has been linked to possible food limitation on their summering
grounds in the Bering Sea (Moore et al., 2001; Rugh et al., 1999).

3.4

Distribution

The WGW is a long-range, seasonally migrating species; however, little is known about the distribution of
the WGW outside its summer feeding grounds (Sobolevsky, 2000; Weller et al., 1999).
3.4.1

Summer Feeding Areas

Historical data suggest that the WGW may once have had a broader distribution in the Sea of Okhotsk, with
sightings reported in Sakhalinskaya, Ulbanskii, Shelikhov, Akademiia and Tugurskii bays, the coastal waters
of Sakhalin Island, Penzhinskaya and Gizhiginskaya bays in the northern Sea of Okhotsk, and in the waters
west of Kamchatka (Blokhin et al., 2003a,b, 2004; Krupnik, 1984; Perlov et al., 1996; Risting, 1928;
Vladimirov, 1994; Yablokov and Bogoslovskaya, 1984).
Currently, two WGW feeding areas are known along the north-east Sakhalin Island coast (Blokhin et al.,
2002; Maminov, 2003, 2004). Most WGW are observed feeding in shallow waters (<20 m, with an average
of ~10 m) near-shore at Piltun Bay in an area that extends for about 90 km along the coast (Figure 1.x)
(Berzin et al., 1988, 1990, 1991; Blokhin et al., 1985, 2002, 2003a,b, 2004; Brownell et al., 1997; Gailey et
al., 2004; Maminov, 2003, 2004; Sobolevsky, 1998, 2000, 2001; Vladimirov, 1994; Votrogov and
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Bogoslovskaya, 1986; Würsig et al., 1999, 2000). In 2001, a second feeding area was discovered offshore
from Chaivo Bay in 35-65 m of water. As many as 83 WGW sightings were recorded on one September day
during surveys in that offshore area, and at the same time WGW were still present and feeding in the Piltun
Bay area. Both feeding areas were used by large numbers of whales in 2002 and 2003; however, in 2004
only a few whales were observed in the offshore feeding area (Blokhin et al., 2002, 2003a,b, 2004; Maminov
2003, 2004).
Sightings of WGW elsewhere in the Sea of Okhotsk are rare (Kato and Kasuya, 2002; Kato and Tokuhiro,
1997; Yamada et al., 2002; Zhu, 1998, 2002). A WGW observed to be feeding near-shore off the south-west
end of Paramushir Island (one of the most northern Kuril Islands) matched to a whale identified in the USRussian photo-ID catalogue of the Piltun area. Similarly, two of four gray whale photographs collected
opportunistically outside north-east Sakhalin Island have been matched to this photo-ID catalogue (Burdin et
al., 2002; Weller et al., 2002a). Sightings of gray whales known to use the Piltun area elsewhere in the Sea
of Okhotsk confirms the suggestion that, although WGW show high site fidelity to the Piltun feeding area,
some whales can be absent from this area during any given field season (Weller et al., 1999, 2000, 2001b,c
2002a, 2004; Würsig et al., 1999, 2000; Yakovlev and Tyurneva, 2003, 2004).
3.4.2

Winter Breeding Areas

Sightings of WGW in other parts of their presumed range, including waters off China, South Korea and
Japan are rare (Kato and Kasuya, 2002; Kato and Tokuhiro, 1997; Weller et al., 2001a, 2002a; Yamada et
al., 2002; Zhu and Yue, 1998). The long-held belief that their wintering grounds were along the south coast
of the Korean Peninsula has not been recently substantiated (Henderson, 1972, 1984, 1990; Rice, 1998).
Wintering grounds are now believed to be located in the South China Sea, possibly along the coast of
Guangdong province and/or around Hainan Island (Omura, 1974; Rice, 1998; Wang, 1978, 1984; Zhu and
Yue, 1998). However, specific calving sites have never been reported. It is not known whether a reliance on
coastal lagoons for calving (as is the case for the eastern gray whale population) is a characteristic of this
species throughout its range.
3.4.3

Migration Routes

The WGW migration is closely related to ice conditions within their feeding grounds with a few whales
beginning to arrive in late May when ice has left the area, and a few remaining until late November when the
ice returns (Blokhin et al., 2003a,b, 2004; Sobolevsky, 2000). The migration routes used by WGW are
presently unknown, but most specialists believe that the majority of animals leave their feeding grounds by
migrating along the east coast of Sakhalin Island and then through La Perouse Strait, south of Sakhalin
Island (V. Vladimirov, pers. comm. 2002; Weller et al., 2001a). In August and September 2003 and 2004,
WGW were observed near-shore of the Lunskoye project (SEIC Marine Mammal Observers Database, 2003,
2004), suggesting a migration route along the east side of the island. Some researchers have also suggested
that whales may migrate along the north coast and then through Tatar Strait on the western side of Sakhalin
Island, (Sobolevsky, 2000; Yablokov and Bogoslovskaya, 1984). Once the whales leave Sakhalin Island
they are believed to move south through the Sea of Japan, around the Korean Peninsula, through the Yellow
Sea, East China Sea, and then into the South China Sea (Wang, 1991; Zhu Qian, 2000).
The summer feeding and winter breeding grounds of the eastern gray whale, and the migration routes used
between them are well known. Eastern gray whales are highly coastal during their migration, staying in
relatively shallow water except when crossing between the headlands of large bays in order to stay on a
direct course.
3.4.4

Movement Patterns

WGW show seasonal and annual variability in their distribution and abundance in the Piltun and offshore
feeding areas (Blokhin et al., 2003a,b, 2004; Gailey et al., 2004; Maminov, 2003, 2004; Weller et al., 2000,
2001b,c; Würsig et al., 1999, 2000). No whales are present in the region during approximately four months
of the year (January to April) when ice cover is extensive. The general pattern, with annual fluctuations
because of environmental conditions, is as follows: small numbers of whales begin to arrive in the area in
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May, increasing in numbers during June and July. The abundance of whales fluctuates during the summer
with highest numbers of whales observed in August and September, and slowly declining numbers during
October and November as the whales begin their southward migration.
During the feeding period, WGW do not form dense aggregations in the Piltun feeding area, but scatter along
the coast, occasionally forming clusters. Observed group sizes for WGW range from two to ten whales, but
most whales are sighted alone or in groups of two (Blokhin et al., 2003a,b, 2004; Maminov, 2004; Weller et
al., 1999, 2004; Yakovlev and Tyurneva, 2004). Similar group sizes have also been observed in the offshore
feeding area (Maminov, 2004; Yakovlev and Tyurneva, 2004). Group size and aggregations of feeding
eastern gray whales have been correlated with the abundance of prey present in a location (Dunham and
Duffus, 2001, 2002). When prey patches were small, these whales were observed to distribute themselves
across the landscape as solitary feeders, but when prey densities were high, whales were observed to
aggregate in large groups. Eastern gray whales forage where prey densities are high and this can reflect local
areas of high secondary productivity or “hotspots”, and changes in whale distribution may indicate when
conditions that support productivity change (Moore et al., 2003). Therefore, the number of whales using an
area may be related to the distribution and abundance of prey present in the area.
Results from the photo-identification studies have shown frequent movements of WGW between the two
feeding areas, with some whales moving over 20 km within a 50 km2 area (Yakolev and Tyurneva, 2003,
2004a,b). The distribution of WGW in the offshore area has been shown to correspond with the distribution
and abundance of whale prey, particularly ampeliscid amphipods (Fadeev, 2002, 2003, 2004). Seasonal
shifts in whale distribution are likely to occur as whales reduce and deplete their own prey habitat (i.e. topdown effects) or as the biomass and quality of prey fluctuates throughout the season (i.e. bottom-up effects).
Seasonal variability in the distribution of feeding eastern gray whales has also been reported, and gray
whales along the eastern Pacific coast have been observed to travel within and between feeding areas and to
change prey types within and between seasons, partly in response to the distribution and abundance of prey
(Darling et al., 1998; Dunham and Duffus, 2001, 2002; Meier, 2003). Although whales show strong sitefidelity to the Pacific North-west, the distribution of these whales from California to Alaska is variable
within and between years, involving significant interchange of whales between feeding areas (Calambokidis
et al., 2002).
To date, the majority of mother/calf pairs in the Piltun feeding area have been observed within 1 km of shore,
and other whales seen mainly within 2 km of shore. No mother/calf pairs have been observed in the offshore
feeding area off Chaivo Bay (Yakovlev and Tyurneva, 2003, 2004) in any of the years from 2001 to 2004.

3.5

Food

The gray whale is unique because it feeds predominantly on benthic (seabed-dwelling) organisms (Mizue,
1951; Nerini, 1984; Pike, 1962; Rice and Wolman, 1971; Zenkovich, 1934, 1937; Zimushko and Lenskaya,
1970). Gray whales consume benthic prey by ploughing into the sediment and extracting prey by filtration
against baleen plates as they expel associated sediment (Oliver et al., 1983, 1984; Ray and Schevill, 1974).
This method of feeding leaves large (average 1.6 m long) oval depressions in the sea floor that gradually
infill over time and are re-colonised by benthic organisms (Nerini, 1984; Nerini and Oliver, 1983; Oliver and
Slattery, 1985; Thomson and Martin, 1984). Eastern gray whales are opportunistic foragers and have also
been observed to feed on small epibenthic (near-seabed) or planktonic (throughout the water column)
crustaceans (Dunham and Duffus, 2001, 2002; Kim and Oliver, 1989; Nerini, 1984).
Gray whales are large animals weighing between 20,000 - 37,000 kg. To sustain themselves during the
summer-fall feeding period and during migration and breeding, when little or no feeding occurs, gray whales
must consume significant quantities of food. Daily consumption by adult eastern gray whales is known to
reach 1,000 –1,200 kg, with one feeding event approximating to 200 - 300 kg (Highsmith and Coyle, 1992;
Thomson and Martin, 1984). To obtain this amount of food during the day, the whales have to feed at sites
rich in prey (Thomson and Martin, 1984).
Since gray whales have a relatively short season in which to feed, any change in distribution or quantity of
their prey could result in reduced food consumption. Whales that do not eat enough may lose weight,
making them less able to complete their long migration, or - for females - less able to carry a foetus to term
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or suckle it after birth. Studies conducted on the eastern gray whale population suggest that access to feeding
habitat is closely linked to calf production (Perryman et al., 2002).
Some non industry-funded benthic studies were conducted along the east coast of Sakhalin Island in the
1980s and early 1990s to document the general distribution and abundance of benthic organisms (Koblikov,
1986; Kussakin et al., 2001). However, these studies did not sample shallow near-shore waters (<10 m water
depth) where WGW were observed to feed. Initial WGW prey studies involved limited sampling where gray
whales were observed feeding in the Piltun feeding area. Samples collected near feeding whales in the Piltun
feeding site by scuba divers in 1995 (Sobolevsky, 2000) indicated that scavenging amphipods, mainly
Pontoporeia affinis, Anisogammarus pugettensis, and Eonaustorius eous eous, comprised the largest group.
The two isopods, Synidotea cineria and Saduria entomon, and various species of bivalve molluscs were also
observed in the area. Gray whale faecal samples collected near feeding whales in the Piltun feeding site in
1998 indicated that they had been feeding primarily on amphipods and isopods (Würsig et al., 1999), both
known to be common in the benthos of the area (Sobolevsky, 2000). In addition to amphipods and isopods,
whale faecal samples contained unidentified zoea (pelagic crab larvae).
Although swarms of porcelain crab larvae are an important prey source for eastern gray whales summering
in Clayoquot Sound, Vancouver Island, Canada (Dunham and Duffus, 2001, 2002), the role of crab larvae or
other planktonic prey in the diet of WGW is unknown. In 2001, divers conducting a benthic study along the
north-east coast of Sakhalin Island repeatedly noted large unidentified invertebrate swarms 5 to 10 cm above
the seabed in the vicinity of Piltun Bay in waters 5 to 15 m in depth (Fadeev, 2002). Swarms of epibenthic
mysids have been identified as a prey source for eastern gray whales foraging in near-shore coastal waters
from California to the Bering and Chukchi seas (Dunham and Duffus, 2001, 2002; Guerrero, 1989; Kim and
Oliver, 1989; Patterson, 2004; Wellington and Anderson, 1978); however, it is unknown if epibenthic
invertebrates are a prey source for WGW. Studies of feeding in eastern gray whales have indicated that
diving behaviour and directional movement patterns of whales significantly change in response to different
prey types (i.e. benthic, epibenthic, planktonic) and feeding location (Bass, 2000; Guerrero, 1989). Shorebased behavioural studies of WGW in the Piltun feeding area during baseline years (i.e. no industrial
activity) have reported variations in whale diving behaviour that indicated whales may have been feeding on
an epibenthic or planktonic prey source (Gailey et al., 2004); however this has not been confirmed.
Prevalent invertebrate species at shallow depths (5-20 m) along Piltun lagoon include the amphipods
Pontoporeia affinis, Eohaustorius eous eous, Eogammarus schmidti and Pontharpinia longirostris, the
polychaete Onuphis shirikshinaiensis, the isopod Synidotea cinerea and the bivalve molluscs Megangulus
luteus, Macoma lama, Siliqua alta and Mysella spp. The sand dollar Echinarachnius parma and the
cumacean D. bidentata occur in this shallower region also, but in comparatively reduced numbers. From
Nyiskiy Bay in the south to Tronto Bay in the north, amphipods and isopods are the most abundant groups in
water depths shallower than 15 m, with the highest densities occurring patchily along the shoreline between
the northern and southern limits of Piltun Bay in depths of 5-15 m. This area of higher prey abundance
adjacent to Piltun Bay corresponds with the distribution and abundance of WGW sightings (Blokhin et al.,
2004; Fadeev, 2003, 2004). Waters typically not used by gray whales for feeding adjacent to the Piltun
feeding area were characterised by lower concentrations of potential gray whale prey or by unsuitable
species for feeding (i.e. sand dollars). From Odoptu Bay in the north, south to the entrance of Piltun Bay,
within the depth range 8-10 m in the main inshore whale feeding ground, average macrobenthic biomass was
495 g/m2 in 2002 and 202 g/m2 in 2003. Within this area, amphipods and isopods (mainly Pontoporeia
affinis) accounted for 221 g/m2 in 2002 and 162 g/m2 in 2003. This equates to 45% of the biomass in 2002
and 80% in 2003. In water depths greater than 15 m, amphipods contributed just 1-3% of the faunal biomass
in 2003, compared to the 67-85% contributed by the sand dollar. Furthermore, the great majority of
amphipod individuals were larger than 6 mm in length (86% of P. affinis, 100% of Eogammarus schmidti,
and 48% of Eohaustorius eous), and therefore within the size range known to be useful as food to gray
whales (Rice and Wolman, 1971).
Studied for the very first time in 2002, the offshore feeding area was found to be a highly productive area
dominated by tube-dwelling benthic ampeliscid amphipods, and was comparable in species composition and
richness to eastern gray whale feeding areas in the Bering and Chukchi seas (Fadeev, 2003, 2004). The
maximum amphipod biomass collected in the offshore feeding area was 1,312 g/m2 and the average biomass
of amphipods where whales were feeding was ~460 g/m2. However, because whales have been observed
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diving up to 65 m to feed in this area, the energetic cost of diving to such deep areas is unknown. In both the
Piltun and offshore feeding areas, prey is patchy and whales have been observed to concentrate feeding
efforts on patches of high prey density.
Although most WGW are observed in the Piltun and offshore feeding areas, small numbers of feeding
whales have been observed along the entire north-east coast of Sakhalin Island, suggesting that there are
patches of prey habitat present throughout this area. For example, south of the Piltun feeding area at
Nabilskii Bay (51°40'N), a benthic community dominated by ampeliscid amphipods (mainly Ampelisca
eschrichti) has been observed similar to that observed offshore from Chaivo Bay. The mean biomass of this
ampeliscid amphipod assemblage was estimated at 393 g/m2, of which 56% was Ampelisca eschrichti
(Koblikov, 1986). However, it is unknown if gray whales use this area for feeding. Small numbers of whales
have also infrequently been observed feeding in near-shore waters adjacent to Lunskii Bay (SEIC Marine
Mammal Observer Database, 2003, 2004) and similar feeding events are likely along the entire north-east
coast of Sakhalin Island where small patches of suitable prey occur at concentrations sufficiently high for
feeding.

3.6

Body Condition

Systematic photo-identification surveys of WGW off Piltun Bay were conducted between 1997 and 2003
(Weller et al., 2000, 2001b, c, 2002b; Würsig et al., 1999, 2000; Yakovlev and Tyurneva, 2003, 2004).
Analyses of the images obtained enabled researchers to determine that in the period 1999 to 2003, some
whales appeared emaciated or “skinny”.
According to Brownell and Weller (2001) and Weller et al., (2002a) a “skinny whale” possesses at least one
of the following characteristics: (1) obvious sub-dermal protrusions of the scapula from the body with
associated thoracic depressions at the posterior and anterior insertion of the flipper; (2) the presence of
noticeable concavities around the blowhole and head; and (3) a pronounced ridge around the neural/dorsal
spine of the lumbar and caudal vertebrae resulting in the appearance of a bell-shaped body and a “bulge”
along the lateral flank.
The percentage (and number) of skinny whales observed in the Piltun feeding area were as follows (Weller et
al., 2004):
•
•
•
•
•

1999 – 23.2% (16 of 69 whales)
2000 – 51.7% (30 of 58 whales)
2001 – 29.2% (21 of 72 whales)
2002 – 11.8% (9 of 76 whales)
2003 – 4.0% (3 of 75 whales; 2003 data does not include skinny cows with calves)

Data from the all-Russian photo-ID team (Yakovlev and Tyurneva, 2004) estimated the number of skinny
whales in 2003 as seven out of 81 (8.6%), excluding eight skinny cows with calves (the all-Russian team
uses slightly different criteria than Brownell and Weller [2001] to define a skinny whale). Of these seven
skinny whales, 3 were observed in the Piltun feeding area, and 4 were seen in the offshore feeding area
(Yakovlev and Tyurneva, 2004).
The numbers of skinny WGW appears to have been declining since 2001, although numbers have been
variable; no dead WGW have been seen in any year. Observations of individuals have also confirmed that
whales can be skinny one year and healthy the next, or vice versa (Weller et al., 2004). Of 13 whales sighted
each year between 1999 and 2003, six (46.1%) were skinny in one year, four (30.8%) in two years, and three
(23.1%) in three years. No whales were seen to be skinny in four and five subsequent years (Weller et al.,
2004).
The presence of skinny females in 2000 was simultaneous with the birth of fewer-than-expected calves,
based on the number of females with calves in 1998 (Weller et al., 2001b). However, female gray whales
with calves can be expected to be thinner than normal due to the increased energetic demands of raising a
calf (Perryman and Lynn, 2002; Pettis et al., 2004; Thompson and Hammond, 1992).
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In addition to the characteristics of skinny whales outlined above (Brownell and Weller, 2001; Weller et al.,
2002a), in 2003, nine WGW were observed by the all-Russian photo-ID team to have sloughing skin. Of
these nine whales, eight were observed in the Piltun area and one in the offshore feeding area. Four of the
nine were also classed as skinny whales (Yakovlev and Tyurneva, 2004). Emaciation and skin sloughing
have recently been used as indicators of health in the endangered North Atlantic right whale (Pettis et al.,
2004).
Simultaneously with the identification of skinny animals among western gray whales, skinny whales were
also observed in the much larger eastern gray whale population. In the case of the eastern population, many
apparently undernourished whales died during winter in the lagoons of Baja California, and during their
northward migration in 1999 (LeBoeuf et al., 2000). In 2000, nearly twice as many eastern gray whales died
in the wintering lagoons of Baja California (LeBoeuf et al., 2000), compared to during 1999. Some
researchers have postulated that there may have been a large-scale climatic/oceanographic regime shift
affecting overall productivity in the North Pacific region (LeBoeuf et al., 2000). It has been hypothesized
that such a regime shift resulted in increased sea-surface temperatures, which in turn resulted in reduced
secondary productivity in the North Pacific region (Agler et al., 1999), including the summer feeding
grounds of gray whales (LeBoeuf et al., 2000). It is conceivable that these large-scale
climatic/oceanographic events may have affected the entire North Pacific region and thus may have had
simultaneous and similar impacts on both the western and the eastern gray whale populations (Brownell and
Weller, 2001). Possible causes of skinniness in both the western and eastern populations of gray whale are
discussed in detail in the WGW EIA.
Prey studies conducted along the north-east coast of Sakhalin Island suggest that over-exploitation of food
resources is not a likely cause of emaciation in WGW. Studies conducted during 2001, 2002 and 2003
indicated high invertebrate biomass in both the Piltun and offshore feeding areas (Fadeev, 2002, 2003, 2004).
It is conceivable, though unlikely, that some other factor(s), such as disease or anthropogenic impacts during
winter, migration, and/or the summer feeding period, may have affected the WGW population. It is
reasonable to conclude that the causes of emaciation in both gray whale populations are complex, variable,
and still largely unknown.
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4.0

NOISE

Underwater noise is an important factor when evaluating the impacts of industrial activities on the
marine environment. This is particularly true for SEIC’s Piltun field development, which is
adjacent to the Piltun feeding grounds of the WGW.
Anthropogenic noise generated by the planned construction and operational activities associated
with platform installation and pipeline construction has the potential to affect the WGW. The
potential impacts that these development activities may have on the WGW are addressed along with
the following topics:
•
•
•
•
•

Noise source characteristics for various vessels and planned activities that include these vessels
Development and validation of an acoustic model used to predict noise transmission
Propagation characteristics and noise contours relative to WGW distribution and abundance in
the Piltun feeding area
Evaluation of various construction scenarios and mitigation measures involving various
combinations of vessels with differing source levels and noise characteristics
Assessment of the impact of received noise levels on WGWs.

Noise evaluations for several pipeline construction scenarios and both the current and future
operations at Piltun have been completed, and are presented in Section 4.6. The analysis of
installation noise for the PA-B facility is ongoing.
4.1

Characteristics of Noise

Underwater noise in the ocean has many sources – both man-made (anthropogenic) and natural:
•
•

Anthropogenic noise is produced mainly by cargo shipping, sonar systems and offshore
industrial operations; pleasure craft and fishing vessels also contribute significantly to the
overall anthropogenic noise field in many areas
Natural sources of underwater noise include wind, breaking waves, earthquakes and rain

When considering the impact of introducing a new source of underwater noise, either on a shortterm or on a prolonged basis, the pre-existing ambient noise must be taken into account in terms of
the possible additive impact that the new source may bring when introduced into an already noisy
environment. Ambient sound levels should be regarded as a relevant component of the acoustic
footprint especially when predicting noise impact potential on the basis of modelled estimates of
sound propagation from additional sources.
The propagation of noise in the ocean is highly dependent on the characteristics of the sound source
and environment in which the sound travels. Whilst the ocean is, in general, a much better carrier of
sound than the atmosphere, to the point that whales are known to communicate through
vocalisations over distances of hundreds of kilometres, it should be recalled that such extremes of
propagation can only be achieved for very low frequencies in very deep water. The relatively nearshore, shallow water environment of the Piltun feeding area is much less conducive to long-range
sound propagation due mainly to the important attenuating influences of the seabed and sea surface.
In shallow water, the noise-conducting ability of the ocean is strongly determined by:
•
•

Bathymetry
Seabed properties
1

•
•
•

Water sound speed profile
Sea-surface properties
Frequency of the noise

The reason for greater sea surface and seabed influence on noise propagation conduction in shallow
water than in deep water is that in shallow water the sound reflects from these interfaces quite
frequently while in deep water sound can travel significant distances before interacting with the
bottom or surface. Hard sea-bed, such as rock, tends to reflect more acoustic energy back into the
water than soft sea-bed, such as mud. In shallow depths, as a consequence, seas with hard bottoms
are normally better at propagating sound for longer distances than seas with soft bottoms. The
situation in shallow water is further complicated for low frequency noises, such as those produced
by industrial operations. In these cases there are conditions that can result in very good or very
poor sound conduction characteristics that only a sophisticated numerical model can accurately
predict.
A thorough but general (i.e., non-technical) introduction to the rudiments of underwater sound can
be found in “An Introduction to Underwater Industrial Noise Produced by Offshore Operations”
(Hannay, 2004).
4.2

Previous Noise Studies

Underwater noise produced by anthropogenic activities offshore Sakhalin Island in proximity to the
WGW feeding areas could have an impact on the WGW. SEIC considers protection of the WGW
as an important issue that will remain relevant for the full duration of the Sakhalin offshore oil and
gas development. The company is committed to ensure that impact associated with the various
development activities are reduced to As Low As Reasonably Practicable (ALARP). Significant
information has been obtained about the levels of noise that will be radiated by construction-related
activities into the feeding areas. Sound level and transmission loss measurements performed during
Lunskoye and Piltun noise monitoring programmes in 2004, along with results from previous years’
acoustic programmes performed at Piltun, allow SEIC to more accurately predict potential impact
on the WGW and to establish effective and specific mitigation measures.
A short description of the acoustic studies conducted in 2001-2003 is outlined in this section. The
Lunskoye and Piltun 2004 acoustic programme is described in Section 4.3.
4.2.1

2001 Acoustic Study

Scientists from the Pacific Oceanologic Institute in Vladivostok conducted this study. The objective
of the acoustic programme in 2001 was to determine the spectral characteristics of noise generated
by the Vityaz production complex and the acoustic propagation between the complex and the WGW
feeding area at Piltun. Acoustic measurements were taken with autonomous sonobuoys (recording
frequencies in the range of 10 Hz to 5 kHz) near the mouth of Piltun Bay, and from the PA-A
(Molikpaq) platform in a diagonal line into the WGW feeding area toward the Piltun lighthouse.
To enable identification of specific components in the acoustic spectra, separate noise
measurements were taken on the PA-A platform, being: (1) 2 injection pumps, and (2) ballast
chambers located near the hull of the PA-A facility. Additionally, noise from the support/standby
vessels operating in the area was recorded.
The results of these studies are as follows:
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•

Measurements of the acoustic background noise in the area offshore of Piltun Bay indicate
that the loudest noise sources for frequencies below 1,000 Hz were support vessels. The
level of broadband noise increased by 15-20 dB when one of these vessels was moving.

•

Noise from the PA-A platform has pronounced tonal and narrowband acoustic components,
with spectral levels 10-15 dB higher than background close to the platform. More noise is
generated during periods of oil off-loading because of the increased number of vessels
involved. However, noise generated by stationary and moving industrial sources is
attenuated significantly prior to reaching the Piltun feeding area. The spectral levels of tonal
and narrowband signals for frequencies below 500 Hz recorded at two locations near the
Piltun lighthouse at ~10m depth, did not exceed 85 dB re 1 µPa/Hz.

•

Due to the operating failure of the buoys near the Piltun lighthouse ~10m depth and the poor
low frequency response of the analogue sonobuoys, an effective analysis of broadband
transmission loss could not be undertaken.

4.2.2

2002 Acoustic Study

Scientists from the Pacific Oceanologic Institute, Vladivostok, and P. P. Shirshov Institute of
Oceanology, Moscow, conducted this acoustic study. The objective of the study was to characterise
temporal and spatial variations in the amplitude and frequency of anthropogenic noise originating
from the PA-A platform and from other activities occurring in the area. Received noise levels were
measured near the platform and in the Piltun feeding area near the mouth of Piltun Bay.
New digital sonobuoys were employed to record noise frequencies from 1-2600 Hz, and an analog
sonobuoy was used to capture acoustic data in the band from 1 Hz- 10 kHz. Results from the
summer 2002 programme are as follows:
•

The broadband noise levels recorded near the PA-A platform increased as the jack-up drill
rig Okha was towed to a location near the platform by two tugs and the icebreaker
Magadan. This increase was more than 15 dB above average ambient conditions at
frequencies <1 kHz and ~10 dB at frequencies >1 kHz. The maximum level recorded near
PA-A reached 108 dB re 1 µPa2/Hz at frequencies between 100–500 Hz.

•

In the WGW feeding area near the mouth of Piltun Bay the anthropogenic noise from the
jack-up rig towing operation increased by ~6 dB at frequencies between 100-500 Hz
reaching ~90 dB re 1 µPa2/Hz. At frequencies between 500-3500 Hz it increased by ~9 dB
reaching ~70 dB re 1 µPa2/Hz and between 4-5 kHz the increase was less than 4 dB.

•

Measurements near Piltun Bay show that for frequencies below 1 kHz support vessels were
the primary acoustic noise source. The tug Smit Sakhalin was the main source of acoustic
noise during oil offloading operations; it is used to stabilise a shuttle tanker when it is
moored to the oil storage tanker Okha. Noise in the frequency range from 100-500 Hz
generated by the Smit Sakhalin reached levels of ~112 dB re 1 µPa2/Hz at location a.5 (near
PA-A) and ~75 dB re 1 µPa2/Hz at location in the Piltun feeding area. Tonal and narrow
band noise with frequencies less than 35 Hz reached ~95 dB re 1 µPa2/Hz in the gray whale
feeding area near the mouth of Piltun lagoon.

Oil offloading operations near the PA-A platform do not appear to produce a significant noise level
increase. Anthropogenic noise levels in the Piltun feeding area during tanker offloading operations
for comparable broadband frequency ranges generally did not exceed noise levels generated by a
heavy rainstorm in the feeding area.
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4.2.3

2003 Acoustic Study

Noise transmission loss studies were continued in the Piltun Bay area. The objective of the Piltun
programme was to continue with transmission loss measurements from PA-B location to estimate
potential increases in anthropogenic acoustic noise from planned oil development activities.
Results from this 2003 summer programme are as follows:
•

Using an artificial noise to simulate PA-B operations, transmission loss measurements from
the PA-B platform location into the Piltun feeding area indicated that transmission losses
were at a minimum between 100-200 Hz and that the higher frequency sound attenuated
more rapidly. In the 100-200 Hz range, the noise was attenuated by 60 dB from the PA-B
location to the 10 m water depth.

•

Noise impulses from an ongoing seismic survey at Lunskoye recorded at the Lunskoye
monitoring station on the southern edge of the deeper water WGW feeding area offshore
Chaivo lagoon ranged from 135 to 141 dB (pulsed noise).

4.3

2004 Noise Monitoring and Modelling Programme

SEIC contracted the services of JASCO Research Ltd, British Columbia, in 2004 to develop a
sustainable and realistic modelling capability to guide noise assessment and control through the
phases of pipeline construction, platform installation and operations. The main components of
SEIC’s noise management strategy were as follows:
•

Identify operations and construction activities that produce significant levels of noise

•

Quantify as much as possible noise levels produced by each construction activity and future
platform operation through dedicated source level and transmission loss measurement
programmes

•

Determine relevant noise thresholds for WGW hearing and sensitivity to noise through
extensive literature review and expert judgement

•

Develop a model that predicts sound levels and noise contour zones around multiple sound
sources involved in construction and installation activities and operations of platforms in
close proximity to the WGW feeding areas

•

Based on the model and monitoring results identify and suggest noise mitigation methods,
or modifications to construction activities and operations that will minimise or eliminate
impacts on the WGW to ALARP

•

Monitor WGW behaviour and distribution, and measure sound levels during pipeline
construction activities and platform operations to ensure acceptable levels are maintained
within sensitive areas, to adapt mitigation measures if necessary, and to validate model and
WGW impact predictions

•

Develop quality assurance / quality control (QAQC) methodology for ensuring accuracy and
consistency of the established sound level and transmission loss measurements and
modelling approaches

A description of the noise studies and a general summary of results are included in this section.
Also included is how the field information was used to develop the acoustic model and an outline of
how this model has been applied and implemented.
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4.3.1

2004 Acoustic Study

The primary objective of the 2004 acoustic programme was to quantify noise levels produced by
each construction activity and future platform operations through dedicated source level and
transmission loss measurements. These source level measurements were used as input into the
acoustic model, whereas the transmission loss data was mainly used to validate the accuracy of the
model. The monitoring programme in 2004 consisted of two parallel noise studies conducted at
Lunskoye and Piltun. Source level measurements were also conducted offshore Darwin, Australia in
order to obtain source level measurements of a specific pipelay barge (Semac) involved in pipelaying activities as this vessel was not present during the Lunskoye construction activities and is
being considered for Piltun pipeline construction.
Objectives
Lunskoye monitoring programme
Conducted by Pacific Oceanologic Institute (POI), Vladivostok and JASCO, the objective of this
programme was twofold:
•

•

To obtain high quality acoustic source level data for as many vessels as possible involved in
the 2004 Lunskoye pipeline construction activities that are planned to be used in future
Sakhalin II offshore activities. These included dredgers, pipe layers, and survey and support
vessels. These source levels are an important input for sound propagation modelling at the
Piltun area for which similar activities are planned.
To provide measurements of received sound levels simultaneously at different ranges from
the construction activities (vessel spreads) with the dual purpose of giving: (1) a direct
measure of the noise propagation from specific activities in conditions similar to the Piltun
area; and (2) to generate acoustic transmission loss profiles against which the predictions of
the numerical model can be verified. The sound measurements can then be used as an
analogue for predicting noise transmission at Piltun.

Piltun monitoring programme
Conducted by Pacific Oceanologic Institute, Vladivostok, with assistance from JASCO, the main
objectives of this programme were twofold:
•
•

To provide measurements of ambient sound levels at a number of locations within the Piltun
feeding area adjacent to ongoing Piltun operations.
To provide controlled transmission loss measurements along 12 transects from various
locations on the planned pipeline routes (Base Case, Alternatives 1 and 2 routes) shoreward
to the 20 m isobath of the Piltun feeding area. Together with parameters such as ocean
sound speed profiles these measurements were used for validation of the noise model, i.e. to
compare sound measurements with acoustic model predictions.

Results from both of these programmes, combined with measurements from the 2001-2003 acoustic
studies, were used to validate the comprehensive acoustic model.
Field measurements, Lunskoye
Noise measurements were conducted using two different types of sonobuoys:
•
•

Analogue sonobuoys capable of recording sound frequencies from 10 Hz to 10 kHz
Digital sonobuoys to record frequencies from 1 Hz to 2.6 kHz.
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The sonobuoys were accompanied by a hydrophone suspended above the ocean bottom and radio
telemetry link to a station on a support vessel. Sonobuoys of each type were sometimes paired to
record acoustic data from 1 Hz to 10 kHz at a given site.
Source level and received level measurements
Source level data was measured for a significant number of vessels and activities involved in
trenching and pipe-laying operations at Lunskoye. These included:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

JFJ De Nul – Transit, dredging, spud change, anchor winches
Pompei – Spoil dumping, dynamic positioning on floating line
Cristoforo Colombo – Dredging loaded and unloaded, manoeuvring on thrusters, unloading
hopperwell
Gerardus Mercator – Boulder removal, dredging, operating suction pipe, repositioning
Fujisan Maru – Transit, standby
Setouchi Surveyor – Manoeuvring on various thrusters, transiting, operating acoustic pinger
Castoro 2 – Shore pull, pipe-lay, displacement by anchor pull
AHT Katun – Anchor handling, transit
AHT Britoil 51 – Anchor handling, transit, assisting pipe carrier to C2
Temp – Assisting pipe carrier to C2
Neftegaz 22 – Transit
DN43 – Maintaining floating line
Miss Sibyl – Transit, ship docking operations (approach, hold, departure)
DN68 – Transit, survey
Akademic Shokalsky – Transit, operating air-guns and boomer
Trias – Survey
Yamaha 26 – Transit, survey
Oparin – Transit, operating active sources, survey
Professor Gagarinskiy – Transit, survey

For each source level measurement, a single hydrophone was deployed with sensitivity low enough
not to be saturated by vessel noise at close range. These hydrophones were connected by cable to a
PC-based data acquisition system on the deployment vessel which was most often an inflatable
small craft but on occasion the support ship at anchor in low noise stand-by mode. Depending on
depth and operational requirements, the hydrophone either rested on the sea floor in a support frame
(which required the deployment vessel to be at anchor) or was weighted and suspended from a
semi-submerged float that reduced noise from wave-induced motion (in which case the deployment
vessel usually drifted).
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Received noise level measurements on tracks of four or more analogue and/or digital hydrophone
locations were obtained for the following pipeline construction activities:
•
•
•
•

JFJ De Nul and Cristoforo Colombo – Dredging singly and in conjunction with other vessels
Castoro 2 spread – Pipe laying, anchor displacement, docking of pipe carrier
Gerardus Mercator – Dredging
Various tugs – Transit

To record these measurements, multiple hydrophones were deployed at precisely determined
locations along tracks following bathymetric features (e.g. entirely in shallow water or from deep to
shallow water or vice versa). Acoustic data was collected for two to three hour periods while
activities of one or more separate vessel spreads were under way. These recordings occurred over
distances of up to several kilometres, while logging as accurately as possible the operations and
positions of the vessels. The attenuation of sound with distance was calculated by collecting noise
data at multiple hydrophone locations.
Transmission loss profiles
From the source and received level noise measurements, operational acoustic transmission loss
profiles were generated. These profiles were determined through simultaneous noise measurements
of absolute sound amplitudes at multiple sonobuoys situated along straight-line tracks originating at
the activity source. Bathymetric profiles along the tracks between each source and receiver were
also recorded because this information is required for accurate modelling. These profiles are a vital
and integral part of testing and refining the acoustic model.
Field measurements, Piltun
Ambient noise measurements
Multiple hydrophone deployments were utilised for the existing ambient noise level measurements
for durations of up to two weeks. These hydrophones were deployed at determined locations within
the Piltun feeding area adjacent to ongoing operations at Piltun. Analyses of these noise recordings
are under way but results are not yet available.
Transmission loss measurements
Multiple digital Autonomous Underwater Acoustic Recorders (AUARs) designed to accurately
record frequencies between 1 Hz and 15 kHz were deployed to perform transmission loss
measurements. These measurements were conducted along 12 propagation transects originating at
source positions along the three prospective pipeline routes and ending at receiver positions in the
Piltun feeding area (Figure 4.1). A single active acoustic source (or various sources at different
times) capable of emitting a range of controllable sound frequencies at known source levels was
deployed at key locations along the transects. A calibrated hydrophone was also positioned close to
the source to record its sound intensity at one or more of the hydrophones used in the ambient level
measurements. The noise source was repositioned at locations along the proposed pipeline routes
so that they were aligned along a single radial to the receiver position thus providing directly
comparable propagation loss data.
High quality transmission loss data was recorded between sound frequencies ranging from 23 Hz up
to 10 kHz along the 12 propagation tracks. Corresponding transmission losses were calculated
between planned major facility locations and the monitoring stations. These results, including data
from previous acoustic studies in the Piltun area and high-resolution sound velocity profile and
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bathymetry measurements, were used to validate and refine the acoustic propagation engine that is
incorporated within the acoustic model.
4.3.2

Acoustic Model Development

Source and transmission measurements taken off the north-east coast of Sakhalin were used to
establish an acoustic model for predicting the propagation of sound levels within the Piltun feeding
area. The methodology used to develop this model is described in this section. Also included are
hypothetical examples of how the model is utilised to predict sound intensity distribution based on a
neutral and a downward refracting velocity profile. These examples illustrate the ability of the
model to accurately portray the effect of the medium on the propagation of the sound, which cannot
be achieved with less sophisticated estimation methods.
The marine operations noise model includes the following components:
Acoustic source level database
The source level database is derived from the dedicated sound level measurements for each noise
source (e.g. vessel, platform, etc.) to be used in SEIC’s construction and operation activities. The
database contains the frequency-dependent acoustic level of each source referenced to a standard
distance of 1 m. These levels are used with the acoustic propagation model (see below) to compute
received sound levels at any distance from the sources.
Acoustic propagation model
This advanced computational acoustics algorithm is used to predict transmission loss (TL)
parameters. TL is a measure that defines the difference between the source level (SL) and the
received sound level (RL) at distance from the source. For example, if the source level of a vessel is
180 dB re µPa//1m, and TL is 60 dB at 1 km distance, then the received level (RL) at 1 km distance
from the source will be 120 dB re µPa. In practice, TL is a function not only of distance but also of
sound frequency. Frequency dependence is especially important in shallow water and at low
frequencies. In the operation of the model the received level in narrow frequency bands is obtained
by subtracting the computed frequency specific TL values from the corresponding frequencydependent source levels. Modelled broadband sound levels are then determined by summing the
narrow-band received levels. The mathematical model utilises the advanced but well-established
Parabolic Equation approach. The model is capable of accounting for the measured ocean sound
speed profile, bathymetry and bottom parameters including compressional and shear wave
propagation in the seabed.
Impact threshold criteria
In order to gauge impacts on marine species it is important to consider the loudness of the noise at
each frequency in relation to the hearing capability of the species at the corresponding frequency.
For example, if the frequency of an industrial sound lies outside the range of audible frequencies for
a species then the sound would be inaudible and no impact would occur. Dominant frequencies of
pipe-laying, platform construction and platform operations noises are predicted to be substantially
within the audible frequency range of the WGW, which allows meaningful estimations of impact to
be based on broadband received levels. If the frequency-dependent hearing sensitivity curve
(audiogram) of the whales was known (which is not the case), the model’s ability to predict
frequency-specific received levels would allow a full spectral comparison of the noise against the
audiogram for a more specific assessment of audibility.
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The marine noise model features GIS-based operational scenario definition and noise contour map
rendering, automatic sampling of digital seafloor elevation and an advanced Parabolic Equation
acoustic model. The acoustic propagation algorithm utilised for the underwater sound version is a
modified version of the programme RAM (acronym for Range-Dependent Model) by Michael
Collins, U.S. Naval Research Laboratory. Because the original RAM model does not account for
shear wave losses caused by the significant bottom interactions that occur in shallow or near-shore
environments, shear wave losses have therefore been incorporated into the marine noise model
using the complex density approach outlined by Zhang and Tindall (1995). Furthermore the selfstarter (procedure to generate the initial acoustic field at the source) from RAM has been replaced
by a weighted Gaussian approach, known as Green’s starter, to account for the partially depthdistributed nature of noise from large vessels in the near field. This enhanced starter provides
essentially identical results as Collins’ self-starter in the far field, but is more accurate in the
prediction of noise at closer ranges.
The parameters that define the running of the model are primarily related to the acoustic
environment in which the sound propagates both in the water column and in the sea bottom. Table
4.1 below provides an overview of all the parameters on which modelling is based, their influence
on the results, their variability in time and location, and the degree of confidence to which they are
known. On the basis of this analysis the model can be considered a sufficiently reliable forecasting
tool for use in noise control planning and decision-making.
Table 4.1 Acoustic Model Parameters
Model
parameter
Source noise
spectrum
Bathymetry

Influence on
results
High

Topographic
variability
N/A

Seasonal
variability
N/A

High

High

None

Sound velocity
vertical profile in
water column

Moderate

Medium

Sound velocity
vertical profile in
bottom sediment

Moderate

Sound
attenuation
vertical profile in
bottom sediment
Density vertical
profile of bottom
sediment

Low

Shear wave
velocity in
bottom sediment

Moderate

Shear wave
attenuation in
bottom sediment

Low

Low (assumed
uniform over
area of
modelling)
Low (assumed
uniform over
area of
modelling)
Low (assumed
uniform over
area of
modelling)
Low (assumed
uniform over
area of
modelling)
Moderate
(model can use
variable local
values)
Moderate
(assumed
uniform over
area of
modelling)

Low

None

None

None

None

None

Confidence level
High (based on direct field
measurements)
Adequate (based on available 5metre GIS contours validated
against survey lines)
Adequate (based on average of
measurements made at Piltun in
2004 summer season)
Adequate (based on published
absolute sound speeds and
sound speed gradients for
similar terrigenous sediments)
Adequate (based on published
average for similar terrigenous
sandy-silt and silty-sand)
Adequate (based on published
density values and density
gradients for terrigenous sandysilt sediments, Hamilton, 1980)
Adequate (based on fitting
modelled transmission loss to
experimental TL data collected
at Piltun in 2004)
Adequate (based on average of
published shear attenuation
values for continental terrace
diluvial sands and clays,
Hamilton, 1976)
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The model allows the specification of any number of sources, and can compute absolute sound
levels produced by each source at distance either in a two-dimensional (2D)(range and depth) or
three-dimensional (3D) sample space. 3-D results are computed by running the 2-D model along
multiple radials emanating from each source, an approach sometimes referred to as “N x 2D”. To
provide fine resolution coverage of an area of interest while optimising the speed of computation,
the software includes a polar tessellation algorithm that generates new outward propagating radials
between existing ones when the angular separation becomes greater than a specified tolerance. This
avoids the computational burden of generating an extremely dense fan of radials all the way from
the source point in order to maintain fine spacing at long ranges. Because the sound field is sampled
on a different radial grid for each source, at the end of the run the sound level distributions for the
individual sources are re-sampled on a common, regular Cartesian grid and summed to compute the
overall sound levels and noise contours.
Figure 4.2 below provides a comparative example of the detail in which the model can predict the
sound intensity distribution in the water column down-range of a sound source, and its dependence
on ambient conditions. The outputs in the upper and lower panels are generated from two similar
hypothetical noise scenarios that differ only in the acoustic properties of the water column. This
shows how a difference in the acoustic medium characteristics can cause markedly dissimilar noise
levels at some distance from a source, a well-documented physical reality that is correctly reflected
by the numerical model. The variation in propagated sound level is quantitatively clearer in the
graphs in Figure 4.3 in which the maximum broadband intensity over any depth has been picked at
every range step to generate a conservative noise propagation plot.

Figure 4.2 Broadband sound level range-depth plots for a hypothetical sound source radiating through two
identical propagation environments. The top image shows a neutral water sound velocity profile, and the
lower image shows a downward refracting profile. The latter causes more significant attenuation due to
increased interaction with the bottom.
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Figure 4.3 Broadband sound level versus range plots for an hypothetical sound source radiating through
two identical propagation environments, one having a neutral water sound velocity profile, the other a
downward refracting profile.

Implementation of the model
The main purpose for the development of the acoustic model is to determine the extent of
ensonification in the Piltun feeding area from planned pipeline construction and platform
installation activities and from long-term operations noise at Piltun. The development of the noise
model relies on validation and ground-truthing information gathered from source level and
transmission loss measurements at Lunskoye and Piltun in 2004, and data from previous years of
acoustic studies.
The steps involved in the implementation of the modelling strategy are summarised below. The first
three steps of the process have been accomplished prior to this report. The results from step 4 are
described in the remaining portion of this chapter and step 5 is in progress based on the results of
step 4.
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STEP 1:
Inventory the model requirements, gather available information for input in the model, and identify
gaps in knowledge and information.
STEP 2:
Develop guidelines to ensure consistent approaches for source level (SL) and transmission loss (TL)
measurements. Guidelines discussed between JASCO and Pacific Oceanologic Institute (POI), the
Russian monitoring contractor, to ensure effective implementation.
STEP 3:
Perform source level and operational transmission loss field measurements at Lunskoye during
dredging, pipe-laying and backfill operations. Carry out sound propagation and transmission loss
field measurements at Piltun. Develop, test, and refine the acoustic model based on monitoring
results available from previous studies and from the measurements obtained at Lunskoye and Piltun.
STEP 4:
Apply the acoustic model to pipeline construction activities at Piltun for the Base Case and the
pipeline route alternatives. Scenario modelling will also include platform installation activities, and
will provide a spatial and time distribution of all major sound sources in the area. Based on the
model output, define potential impacts on the WGW and run different scenarios for pipeline
construction and platform installation to reduce the noise levels and impact to acceptable. This is an
iterative process that involves various experts to include acousticians, acoustic modellers, pipeline
engineers, platform engineers and marine mammal scientists.
STEP 5:
Implement an extensive acoustics and WGW monitoring programme during periods of planned
pipeline construction and platform installation activities. The purpose is to closely observe WGW
distribution and behaviour, evaluate the effectiveness of various mitigation measures, and modify, if
necessary, the approach. The objective is also to validate the acoustic model in terms of the
predicted noise footprint, and attempt to validate WGW impact predictions in relation to received
sound levels.
Model validation
Transmission loss measurements
A dedicated acoustic measurement programme was carried out offshore Piltun Bay in summer
2004. This programme was designed specifically to collect transmission loss (TL) data for
validating the propagation model. The TL measurements were obtained using sound broadcast by
transducers operated through a set of discrete frequencies between 20 Hz and 10 kHz from locations
on the proposed pipeline routes. The source locations for all tracks are given in Table 4.2. Source
levels of the transducer were measured continuously using a calibrated hydrophone placed near the
transducer. Digital recordings of the broadcast pressure signals were made at locations inside the
whale feeding areas with calibrated autonomous recording buoys. The acoustic recordings were
later analysed to obtain received levels, and transmission loss was computed by subtracting the
received level from the source level.
Detailed bathymetric and water sound speed profile measurements were made during the 2004
transmission loss programme at Piltun. Sound speed profile measurements were made at several
positions along the respective transmission loss paths (between source and sonobuoy locations)
generally within a few hours of the time of signal broadcast. The bathymetric profile measurements
were made using an accurate (±1m) echo sounder by sailing between each source and receiver
location.
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Table 4.2 Transmission Loss Source Positions
TL Profile
Piltun: PTL1
Piltun: PTL2
Piltun: PTL2
Piltun: PTL2
Piltun: PTL3
Piltun: PTL3
Piltun: PTL4
Piltun: PTL4
Piltun: PTL4
Piltun: PTL5
Piltun: PTL5
Piltun: PTL5
Piltun: PTL6
Piltun: PTL6
Piltun: PTL6
Piltun: PTL7
Piltun: PTL7
Piltun: PTL8
Piltun: PTL8
Piltun: PTL8
Piltun: PTL9
Piltun: PTL9
Piltun: PTL10
Piltun: PTL10
Piltun: PTL11
Piltun: PTL11
Piltun: PTL11
Chaivo: PTL12
Chaivo: PTL13

Source Locations
PTL1-A
PTL2-A
PTL2-B
PTL2-C
PTL3- B
PTL3- C
PTL4-A
PTL4-B
PTL4- C
PTL5-A
PTL5-B
PTL5- C
PTL6-A
PTL6-B
PTL6-C
PTL7-A
PTL7-C
PTL8-A
PTL8-B
PTL8-C
PTL9-A
PTL9-B
PTL10-A
PTL10-B
PTL11-A*
PTL11-B*
PTL11-C*
PTL12-A
PTL13-A

Latitude
52° 56' 00" N
52° 54' 58.9" N
52° 54' 49.9" N
52° 54' 30.6" N
52° 54' 05.1" N
52° 52' 32" N
52° 51' 02" N
52° 50' 47.5" N
52° 50' 30.8" N
52° 47' 00" N
52° 47' 13.4" N
52° 47' 44.3" N
52° 43' 08" N
52° 43' 21" N
52° 43' 25" N
52° 38' 25" N
52° 42' 55.5" N
52° 34' 42.4" N
52° 37' 14.7" N
52° 42' 53.3" N
52° 33' 18.7" N
52° 35' 59.4" N
52° 32' 07.7" N
52° 36' 05.4" N
52° 30' 04.4" N
52° 32' 02.1" N
52° 36' 09.5" N
52° 28' 13" N
52° 26' 41" N

Longitude
143° 29' 53.8" E
143° 37' 25.9" E
143° 35' 13.8" E
143° 30' 36.6" E
143° 35' 29.6" E
143° 32' 00.8" E
143° 38' 36" E
143° 36' 40.2" E
143° 34' 27.5" E
143° 38' 59" E
143° 37' 37.3" E
143° 34' 29" E
143° 39' 18" E
143° 36' 25" E
143° 33' 01" E
143° 39' 18" E
143° 28' 00.9" E
143° 39' 01.7" E
143° 35' 21.2" E
143° 27' 08.9" E
143° 34' 46.7" E
143° 30' 27.3" E
143° 28' 14.2" E
143° 25' 39.4" E
143° 22' 39" E
143° 22' 38.5" E
143° 22' 36.5" E
143° 19' 12" E
143° 21' 06" E

Parameter values
Water sound speed profiles used for model runs were defined based on the sound speed
measurements made during the Piltun measurement programme. An example of the sound speed
measurements for track PTL2A is given in Figure 4.4. The measurements made along each track
were averaged to generate a non-range-dependent profile for the respective tracks. The bathymetric
measurements were input directly to the model for the respective runs. Figure 4.5 shows the
bathymetry measurement for PTL2A. Range 0 is at the PTL2A source position. The receiver
location was at 14.6 km for that track.
No specific measurements of bottom density, compressional wave speed and compressional
attenuation, shear wave speed or shear wave attenuation were obtained during the 2004 Piltun
programme. Consequently a base set of values for these parameters was used derived from
published information on geo-acoustic properties of the seabed given in Hamilton [1981 and 1976].
Compressional wave speed and attenuation and sediment density and density gradient are based on
values for sandy-silt on the continental terrace for terrigenous sediments. The shear wave speed is
computed from Hamilton’s regression equation for silt clay using the seafloor compressional speed
value. The shear attenuation co-efficient is based on the average of values for diluvial sand and clay
(19.8 dB/λ) and for diluvial sand (7.4 dB/λ). The base values for all parameters are given in Table
4.3.
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Table 4.3 Base Values for Model Parameters
Parameter
Compressional speed
Compressional gradient
Density
Density gradient
Comp. attenuation
Shear speed
Shear attenuation

Figure 4.4 Water Sound Speed Profile at five
Locations on Track PTL2A

Base Value
1652 m/s (at seafloor)
1 s-1
1772 kg/m3 (at seafloor)
1.1 kg/m4
0.14 dB/λ
392 m/s
13.6 dB/λ

Figure 4.5 Bathymetry for Track PTL2A

Model and measurement comparisons
Model runs were performed along each of the measurement tracks using as inputs the measured
sound speed profiles and bathymetric profiles. Parameters that were not measured directly were
initially fixed at the Base Case values shown in Table 4.3. The modelled frequencies included all
1/3-octave band centre frequencies between 10 Hz and 2 kHz. Example 2-D model results for
PTL2A, PTL5A and PTL11A are shown in Figures 4.6, 4.8, and 4.10. The model TL values at the
sea floor at the range corresponding to the sonobuoy locations were plotted against measured values
in order to allow direct comparisons with measured TL data. Plots of PTL data for source locations
2A, 2B, 2C, 5A, 5B, 5C, 11A, 11B, 11C are shown in Figures 4.7, 4.9 and 4.11.
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Figure 4.6 2-D Transmission loss at 200 Hz and 2 kHz for PTL2A. The pressure field
at 200 Hz penetrates the seabed to a greater extent than at 2 kHz. Modal structure
in the water column is also apparent at 200 Hz but not at 2 kHz.

Figure 4.7 Transmission loss measurements (symbols) and model predictions (solid line) versus frequency for
PTL2A, PTL2B, PTL2C at receiver ranges 15.3, 12.1 and 7.4 km respectively.
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Figure 4.8 2-D Transmission loss at 200 Hz and 2 kHz for PTL5A.

Figure 4.9 Transmission loss measurements (symbols) and model predictions (solid line) versus frequency for
PTL5A, PTL5B, PTL5C at receiver ranges 16.6, 15.0 and 11.4 km respectively.
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Figure 4.10 2-D Transmission loss at 200 Hz and 2 kHz for PTL11A.

Figure 4.11 Transmission loss measurements (symbols) and model predictions (solid line) versus frequency for
PTL11A, PTL11B, PTL11C at receiver ranges 18.2, 14.6 and 6.9 km respectively. Propagation is predominantly
along-shore.

Summary
Model predictions for the nine tracks included in this report were found to be in reasonable
agreement with measurements. The measurements themselves were relatively self-consistent in that
the scatter over small frequency changes was fairly small (generally less than about 10 dB). Overall
the best model-data agreement occurred between 600 Hz and 2 kHz.
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Tracks PTL2A, PTL2B and PTL2C lead from the north end of the offshore pipeline Alternatives 1,
2 and Base-Case toward shore. Model agreement with data for all three of these tracks was very
good above 600 Hz; the model curve passes through the centre of the data point scatter and the rms
difference is approximately only 5 dB. However this data indicates a step increase in transmission
loss by 10 to 15 dB below 500 Hz, which the model does not predict. Rather, the model shows
relatively uniform TL down to 200 Hz with a rapid increase in TL below 100 Hz. The increase in
TL below 500 Hz indicated by data is difficult to explain physically because the water depth
(everywhere greater than 25 m) is large enough to easily support wavelengths for frequencies down
to at least 200 Hz. We note also that measurements on other tracks including those adjacent to PTL2
tracks do not show similar behaviour. As a result there is some question about the reliability of the
100 Hz to 500 Hz TL measurement values for these tracks.
There was limited data (only four points above 100 Hz) for PTL5A and PTL5B. However, the
model results appear to match these fairly well with mismatch being similar to the data scatter. Data
for PTL5C (starting near the Base-Case route close to the PA-A platform) showed a very large
amount of scatter and included non-realistic TL values at higher frequencies. Consequently those
data are likely not reliable.
The model predictions for all three tracks, PTL11A, PTL11B and PTL11C match measurements
well at most frequencies. However the model predictions give approximately 10 dB more loss for
PTL11A and approximately 5 dB more loss for PTL11B than the data in the frequency range 600
Hz to 1,500 Hz. The predictions for PTL11C are very good at all frequencies. The PTL11 tracks are
oriented along-shore in water depths of approximately 20 m. They start on the shore approaches of
the three pipeline alternatives and lead north towards and into the whale feeding area.
4.4

Noise and Western Gray Whales

Continuous underwater sounds of the types associated with offshore pipeline construction and
platform installation may impact WGW in three general ways:
•
•
•

If received sound levels are high for a long duration, permanent hearing impairment could
occur
If received sound levels are not as high or occur for durations that are less than the sound
threshold that can cause permanent hearing impairment, temporary hearing impairment
could occur
If received sound levels exceed the “comfort thresholds” of whales, they are likely to move
away from or deflect from the sound source and temporarily avoid portions of feeding
and/or migration areas

Permanent or temporary hearing impairment could interfere with the ability of whales to
communicate, socialise, and behave normally and are likely to result in biologically significant
impacts to the population. Normally, temporary avoidance by whales of small portions of feeding
areas or migration routes is not likely to result in biologically significant impacts to the population.
However, in the case of the critically endangered WGW, which relies heavily on the Piltun area for
feeding, such an assumption cannot be made. Hence, the number of whales potentially impacted at
the Piltun feeding area as a result of industry-related noise has been assessed in considerable detail
in this document.
The information is not available to accurately calculate the combinations of received continuous
noise levels, frequencies, and durations of exposure necessary to cause permanent or temporary
hearing impairment for the WGW. Estimates of received noise levels for various durations that
could cause hearing impairment for toothed whales and pinnipeds (Richardson et al. 1995:368-369)
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are not appropriate for estimating levels that may cause hearing impairment for gray whales.
Because of the lack of information and many assumptions necessary to estimate received sound
levels that could cause permanent or temporary hearing impairment in WGW, the focus of this
noise impact assessment is on known behavioural reactions of primarily migrating gray whales to
various source levels of continuous noise (Richardson et al. 1995:287; Tyack and Clark 1998; Buck
and Tyack 2000).
4.4.1

Hearing Capabilities of Western Gray Whales

There are no measured audiograms available for any baleen whale, and the hearing capabilities of
gray whales are currently unknown (Richardson et al. 1995). The following discussion about gray
whales’ hearing capabilities is inferred from the structure of their hearing organs and from the types
of sounds they emit.
Gray whales’ ears are particularly adapted for hearing low frequency sounds typically below 1 kHz
(Ketten, 1994). Gray whales are also known to produce sounds in high frequency ranges, i.e. <100
Hz to 2 kHz (Cummings et al. 1968; Crane and Lashkari 1996; Dahlheim and Ljungblad 1990;
Dahlheim et al. 1984; Moore and Ljungblad 1984; Ollervides 2001).
Dahlheim et al. (1984) found that most energy in eastern gray whale vocalisations ranged between
327 to 825 Hz for calls with source levels ~142 dB re 1 µPa @ 1 m. Calls have been described as
knocks, grunts, moans, pulses and clicks (Richardson et al. 1995). In general, there are no
behavioural correlations associated with these sounds (Ollervides 2001), except those associated
with bubble blasts and exhalations (Dahlheim et al. 1984). Cummings et al. (1968) recorded gray
whale underwater blow sounds ranging from 15-175 Hz and infrequent bubble-type signals ranging
from 15-305 Hz. Similar sounds have been recorded for breeding, migrating and feeding gray
whales (Dahlheim et al. 1984; Moore and Ljungblad 1984; Crane and Lashkari 1996; Ollervides
2001). Eastern gray whales appear most vocal while in their southern breeding lagoons off Baja
California. They are only moderately vocal during migration and infrequently vocalise while in
their northern feeding areas (Dahlheim 1987 in Richardson et al. 1995; Crane and Lashkari 1996).
Based on their known vocalisation spectrum, Malme et al. (1989) estimated the hearing sensitivity
and frequency range of gray whales, assuming that the frequency of maximum hearing sensitivity is
about 2 ½ octaves above the frequency of maximum vocal output (as in humans). Malme’s
theoretical audiogram for gray whales suggested that they might be able to hear sounds in the range
8 Hz to 10 kHz, with the maximum hearing sensitivity probably around 700 Hz. However, based
on the range of frequencies in their calls, the optimum hearing range is likely between ~20 Hz and
2-4 kHz (Richardson et al. 1995).
4.4.2

Reactions of Gray Whales to Underwater Noise

Quantitative information on the reactions of gray whales, especially feeding gray whales, to
continuous anthropogenic sounds of the types associated with offshore pipeline construction and
platform installation is very limited. Most available information relates to migrating or breeding
whales, which appear to be less tolerant of anthropogenic sounds than are feeding gray whales
(Richardson et al. 1995). Therefore, by relying heavily on reactions of migrating gray whales to
noise, the assessment of noise impacts on feeding whales could be conservative.
Information on eastern gray whales exposed to various types of anthropogenic and/or natural
sounds show a wide variety of behavioural responses (Richardson et al. 1995; Moore and Clarke
2002; Dahlheim 1987; Bryant et al. 1984). Breeding/calving gray whales avoided Guerrero Negro
Lagoon, a small lagoon adjacent to the larger Scammon Lagoon, Baja California, Mexico, during a
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period of increased dredging and commercial shipping from 1957 to 1967. Gray whales reoccupied
the lagoon in later years after dredging and ship traffic abated (Bryant et al. 1984). Although sound
source levels and frequency ranges to which the whales were exposed were not measured, gray
whales could apparently hear the sounds produced by the industrial activities in this area and
avoided the area. Conversely, Jones and Swartz (1984) reported that there was no evidence that
gray whales moved out of San Ignacio Lagoon, Baja California, Mexico, when whale-watching
vessels were present. This suggests that these different types and levels of anthropogenic sounds
did not affect their behaviour, or that they had habituated to them.
Reactions of WGW to pulsed noise sources (seismic surveys) near their feeding grounds has been
reported by Würsig et al. (1999), Weller et al. (2002), and Johnson (2002) on Sakhalin Island,
Russia. Weller et al. (2002) suggested that gray whales off Sakhalin Island shifted their distribution
into the southern portion of the Piltun feeding area, i.e. away from the northern region where a
month-long seismic survey was conducted. They observed that once seismic stopped, however, the
distribution of whales returned to pre-seismic conditions. Other more quantitative studies
(summarised in Johnson 2002) indicated that only a small shift in the number of gray whales (four
to five) was actually attributable to the seismic operation versus natural movements within the
feeding area. Regardless of the levels of impacts, however, the high rates of annual return and
seasonal site fidelity to this region by WGW since consistent studies were initiated in 1997 suggests
that they have not been displaced from their summer feeding grounds off north-east Sakhalin by
anthropogenic noise. On the other hand, these studies suggest that WGW respond to sounds
produced by ongoing industrial activities off north-east Sakhalin Island.
Some habituation to noise has been documented in gray whales. An initial negative reaction to
noise by a gray whale calf being rehabilitated in captivity occurred in response to pool cleaning
activities that used “scrapers” (+64 dB re 1 µPa2/Hz between 50 Hz and 10 kHz). Over time, this
calf showed no reaction to this same noise source, suggesting that it had habituated (Wisdom et al.
2001).
Anthropogenic sounds with received levels slightly less than ambient noise levels in the
corresponding frequency band (i.e. with signal-to-noise ratio, SNR, <0 dB) are unlikely to cause
disturbance to gray whales, even if faintly audible (Richardson et al. 1995). However, Malme et al.
(1983) found that gray whales reacted to killer whale calls even when the received level of the calls
was similar to the ambient noise level (SNR ≈ 0 dB). Thus, gray whales can hear sounds close to or
at ambient levels, especially if the frequency is relatively distinct from ambient frequencies. A
captive gray whale calf responded to playbacks of gray whale calls with peak frequencies between
400-800Hz and SNR just above the ambient noise of the pool (95 dB re 1 µ Pa). Once the calf was
weaned and consuming solid foods, it no longer responded to playback sounds (Wisdom et al.
2001).
Rovero et al. (1994) used sound to lure a juvenile gray whale out of the Petaluma River in
California in May 1994. Gray whale sounds in the range 100-900 Hz were broadcast at a source
level of 153 dB re 1 µPa at 1 m. The calf was attracted by the sound and followed its source over a
period of several hours, though it appeared to lose interest when the separation exceeded 100 m.
Received sound levels in the very shallow water channel (3-4 m deep) were estimated by a
parabolic equation model to be 123 dB near the river bottom at a range of 50 m and 120 dB at 200
m (Rovero et al. 1994).
Playback studies to assess the behavioural responses of gray whales to underwater signals produced
at different frequencies and amplitudes in the wild have been conducted by Dahlheim (1987; as
reported in Richardson et al. 1995 and Moore and Clark 2002), Dahlheim and Ljungblad (1990),
Malme et al. (1983, 1984, 1986), and Tyack and Clark (1998)). In general, reactions to
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anthropogenic sounds produced within the 50Hz – 1 kHz range were strongest for animals in nearshore shallower waters (Malme et al. 1983, 1984; Tyack and Clark 1998).
Malme et al. (1983, 1984) documented short-term responses of migrating gray whales exposed to
sounds from various petroleum activities including seismic and drilling platform sounds.
Continuous sounds from a drillship, semi-submersible rig, drilling platform, production platform,
and helicopters were used in the playback experiments and had a frequency range of 5–315 Hz. In
addition, sound stimuli from a single air-gun and an air-gun array had a frequency range of 50 Hz –
1 kHz. Migrating gray whales were able to detect and respond to drilling platform and helicopter
stimuli at a range that corresponded to a SNR of ~0 dB, again indicating that they have hearing
thresholds below prevailing ambient noise levels (Malme et al. 1983). Malme et al. (1984) also
reported that gray whales slowed down or turned away from air-gun pulses when received levels
exceeded 160 dB re 1 µPa. Gray whales exposed to continuous noise levels <120 dB re 1 µPa
demonstrated a low (~0.10) probability of avoidance (Malme et al. 1984). Overall, Malme et al.
(1984) and Malme (1993) concluded that a 0.5 probability of avoidance occurred when continuous
received noise levels exceeded ~ 120 dB.
Tyack and Clark (1998) found that migrating gray whales avoided exposure to a SURTASS-LFA
continuous sound source moored inshore near the majority of migrating whales when the frequency
band of stimuli was between 160-330 Hz with received levels near 120 dB re 1 µPa (playback
source levels 170-185 dB re 1 µPa at 1 m). When the sound source was broadcast offshore at source
levels of 185-200 dB re 1 µPa at 1 m, which produced comparable received levels in the migration
corridor, responses were greatly reduced (Tyack and Clark 1998), suggesting some form of
sensitivity to the location of the source. This research found that 50% avoidance of the sound source
by migrating gray whales occurred at a received level of 138-141 dB re 1 µPa (Tyack and Clark
1998, Buck and Tyack 2000).
Inferences on the hearing range of gray whales have also been made based on playback of pure
tones. Dahlheim and Ljungblad (1990) examined the hearing sensitivity of gray whales in breeding
lagoons to tones at various frequencies and amplitude levels. While their sample sizes were too low
to fully document their hearing capabilities, their study did suggest that gray whales in the wild are
most sensitive to frequencies between 800 Hz (95 dB re 1 µPa) to 1.5 kHz (142 dB re 1 µPa). This
is well within the known vocalisation range of gray whales. Dahlheim and Ljungblad (1990) found
that gray whales did not respond to tones with frequencies greater than 1.9 kHz produced at the
highest projected levels during the study (145 dB re 1 µPa at 1 m).
In general, a very small proportion of gray whales respond to received continuous broadband noise
levels < 120 dB re 1 µPa. In the following assessment of noise impacts on WGW, 120 dB has been
adopted as the noise threshold above which most (~70%) gray whales are predicted to avoid some
portion of their feeding area.
4.5

Noise Impact Assessment Methodology

4.5.1

Introduction

Noise from offshore construction activities along the north-east Sakhalin coast has the potential to
affect the distribution, abundance, behaviour, and general well-being of the western gray whale
while on and near their feeding grounds. Extensive studies along the north-east coast of Sakhalin
carried out from 1997 to date have provided considerable baseline information on the general
ecology of the WGW that is useful in assessing impacts. Aside from observations made during PAA installation and different seismic surveys in the area, there is limited information of oil and gas
exploration and development activities on WGW while on their feeding grounds (see Section 4.4.2
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on “Reaction of western gray whales to noise”). Hence, this noise impact assessment also relies
heavily on all available information on eastern gray whales and other baleen whale species.
The scope of this noise impact assessment is as follows:
•

The area of focus is the Piltun feeding area, close to the planned pipeline construction and
PA-B platform installation. Of the two locations where whales have been observed feeding
on the north-east Sakhalin shelf, offshore Chaivo and near shore at Piltun, the Piltun feeding
area is considered to be of most importance with regard to SEIC’s offshore activities. The
WGW have shown high site fidelity at Piltun, and this is also where mother/calf pairs are
present. The Chaivo offshore feeding area, although very rich in prey biomass, is more
variable in terms of whale distribution and abundance, and no mother/calf pairs have been
observed in this area. Additionally, there were relatively few whales observed in the
offshore feeding area in 2004. The Piltun area is also in closer proximity to the PA Field
development than the Chaivo area. For these reasons the focus in this impact assessment is
on the Piltun feeding area only.

•

The impact assessment focuses only on behavioural changes as a result of noise disturbance
and not on permanent or temporary hearing impairment. Because of the lack of information
to estimate received continuous noise levels that could cause permanent or temporary
hearing impairment in western gray whales (Richardson et al. 1995), the noise impact
assessment is focused on known behavioural reactions of gray whales (primarily migrating
individuals) to varying levels of continuous noise (see Section 4.4.2).

4.5.2

Noise Impact Criteria

The criteria considered to be of main relevance in assessing noise impacts on the WGW are:
•

Abundance of whales, expressed as numbers of whales potentially impacted by continuous
noise levels >120 dB.

•

Size of the feeding area not exposed to noise levels of >120 dB, expressed as a percentage
of the total feeding area that remains available for feeding for the majority of the whales.
The definition and discussion of feeding area is provided below.

•

Duration of exposure to noise levels of >120 dB that will likely elicit behavioural
(avoidance) responses, expressed as a percentage of the total feeding season.

The determination of the impact levels for each criterion is based on available information and
professional judgement. Because many gaps in knowledge on the ecology and behavioural
responses of WGW still exist, several assumptions have been made to allow determination of
impact levels. These assumptions are as follows:
1. All whales are equal in terms of their “value” to the population and in their behavioural
reactions.
2. The population of WGW occupying the Piltun area is composed of adult and sub-adult
individuals of various ages and sexes, and females with young-of-the-year male and female
calves. Additionally, some whales appear emaciated/malnourished or “skinny”. In the
noise impact assessment process, all WGW are considered of equal value because
information on behavioural responses is not available for whale age, sex or body condition.
3. The assumption is that migrating and feeding WGW will show similar reactions to noise.
Although extensive behavioural research on other baleen whales, e.g. the bowhead whale
(Balaena mysticetus), has indicated that migrating individuals are more responsive to pulsed
noise in the marine environment than are feeding individuals (Richardson et al. 1986, 1999;
Miller et al. 1999, 2002), this has not been demonstrated for continuous noises and gray
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whales. Using avoidance criteria (percent avoidance) for feeding gray whales that are based
on migrating gray whales is likely a conservative approach.
4. Habituation to prolonged noise exposures is not assumed. Although habituation could be
expected if the noise source is stationary or nearly so and/or if whales are especially
attracted to the area (by food), there is not enough evidence to support this assumption for
the WGW.
5. There is no significant avoidance behaviour at noise levels < 120 dB.
6. The avoidance behaviour of individual whales is assumed to result in shifts within the Piltun
feeding area and/or to the Chaivo offshore feeding area, but not outside these two feeding
areas.
7. All whales (except mother/calf pairs) have access to the Chaivo offshore feeding area.
8. Whales that avoid noisy areas will re-occupy these areas after cessation or reduction in
sounds to levels below the avoidance threshold.
9. Whale abundance along the NE Sakhalin coast varies, with some whales arriving in May,
peaks noted in August and September, and some whales leaving the area in October. Most
whales have left the Piltun feeding area by late November.
10. Sufficient food is available in the Piltun feeding area to support WGW that have been
observed in this area.
11. Shifts in whale distribution within the Piltun feeding area are considered acceptable. Gray
whales are known to move throughout the Piltun feeding area on a daily basis, presumably
in response to prey distribution and abundance. Such shifts from one area to another are
considered normal and acceptable.
12. Prey densities are known to vary considerably over time and space within the Piltun feeding
area during the ~150 day feeding season. However, because insufficient quantitative
information exists about the seasonal or spatial changes in prey abundance in the Piltun
feeding area, variations in prey densities in the impact assessments have not been
considered.
13. The area ensonified at noise levels >120 dB is considered to be unavailable to 70% of the
average number of whales occupying that area.
14. All WGW feed with uniform intensity, i.e. all have the same residence time and same
feeding success while they are in the Piltun feeding area.
Number of Whales Potentially Impacted
The criterion considered to be of major importance in quantifying impacts on WGW is the number
of whales potentially impacted, i.e. showing avoidance behaviour, within a certain area. For this
purpose, density distribution maps were created from available systematic surveys (those conducted
using systematic approaches under conditions of adequate sighting conditions) from 2002 and 2003
aerial surveys, 2002 and 2003 vessel surveys, and most of the 2004 vehicle-based surveys1. The
2001 aerial survey data and some 2004 vehicle-based survey data was not taken into account
because the abundance and distribution of the whales observed were not considered to represent
baseline data, i.e., data was potentially affected by concurrent nearby seismic surveys. Due to the
different nature of the aerial, vessel and vehicle distribution surveys, there are two factors that
needed to be taken into account when comparing this data.
1

As most of the 2004 distribution data from the aerial survey needed to undergo QA/QC and data collection was still ongoing when this
assessment was conducted, only the 2004 vehicle-based data was included in this analysis as they provided most information due to
the high survey effort.

23

These differences are:
•

The probability that some whales were below the surface and therefore not counted when
the area was surveyed;

•

The reduced probability of sighting a whale at greater distances from the observer
(Buckland et al. 1993).

Combining the data mentioned above, density maps were created for the months July-November2.
The maps displayed maximum and average numbers of whales per km2 for all 1.5 km2 cells
sampled within the Piltun feeding area. Noise contour maps showing noise generated by a specific
offshore activity in a certain month were overlaid on the density map for that particular month. The
total number of whales present in that portion of the feeding area ensonified at a level >120 dB was
calculated. Based on available literature (Richardson et al. 1995; Tyack and Clark, 1998), the
average percent avoidance by whales in areas ensonified at levels >120 dB was 70%. This average
percent avoidance was considered conservative because it was based on responses to intermittent
continuous noise by migrating, not feeding, gray whales. As noted earlier, feeding baleen whales,
e.g. bowhead whales, are known to be more tolerant to loud anthropogenic noise than are migrating
bowhead whales.
The impact levels specified below are based on professional judgement taking into account the
observations of the avoidance behaviour of whales in the Piltun feeding area during a seismic
survey in 2001 (see Johnson 2002) and results of WGW monitoring surveys in subsequent years
(2002-2004). The shifts of a small number (up to four to five) of gray whales within the Piltun
feeding area during the seismic survey have not resulted in any subsequent detectable impact on the
WGW population, based on the current level of sampling and sampling methodologies. The total
abundance of gray whales using the Piltun area has not declined, the number of “skinny” whales has
not increased, and relatively high numbers of mother/calf pairs have been observed in years since
2001. Therefore, the assumption is that impact to no more than five whales (not displaced from the
feeding area) is acceptable and that this will not cause impact on population levels.
Impact levels for numbers of whales potentially impacted:
High
Low

=
=

>5
≤5

Size of the remaining available area
In addition to the numbers of whales that potentially avoid areas exposed to noise levels of > 120
dB, the actual area that remains available to the whales to resume feeding (the area outside the 120
dB zone of ensonification) is another criterion considered to be of importance. Prior to calculating
the percentage of area remaining for feeding, the size of the total area used by the majority of the
whales to feed was defined based on the following data:
•
•
•

Whale distribution and density (maximum density in any year for the entire Piltun area),
including sightings of mother/calf pairs
Whale prey (amphipod) biomass (assuming that amphipods are the most important prey
species in the Piltun feeding area)
Whale feeding locations, i.e. where feeding activity of whales has been confirmed (mud
plumes, observed feeding behaviour).

Plotting all three of the above spatially (superimposing), identifies those parts of the feeding area
where high densities of feeding WGW have been consistently observed and where many
2

Because of the greatly reduced sampling effort in June, the number of whales in this month was estimated to be about 50% of the
numbers recorded in July. This is based on a comparison of the average number of whales in June (n=6 surveys in late June) with those
in July (n=60 surveys), and acknowledging that in early June very few whales are present in the Piltun feeding area.
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mother/calf pairs have been recorded. This area is referred to as the Piltun feeding area (Figure
3.1).
The impact levels presented below, are expressed as a percentage of the total Piltun feeding area
that is not exposed to noise levels >120 dB, and where feeding habitat is assumed to be still
available. These levels are based largely on professional judgement, taking into account
assumptions 8 to 11, above.
Impact levels for % of Piltun feeding area remaining available:
High
Low

=
=

< 90%
≥ 90%

Duration of impact
The duration of the impact is defined by the amount of time a certain offshore activity (dredging,
pipe-laying, site preparation, platform installation) is estimated to occur and hence the duration that
the whales are exposed to certain noise levels. This duration is expressed as a percentage of the total
feeding period. The total feeding period of WGW was estimated using histograms of the numbers of
whales sighted and the number of whale feeding plumes recorded during systematic aerial and
shore-based surveys. Based on this data the total feeding period was estimated at 150 days, i.e.,
June through October.
Similar to the other impact criteria, the impact levels for duration are based on professional
judgement, taking into account assumptions 7 and 12 above.
Impact levels for duration of impact:
High
Low

=
=

> 7 days (> 5% of feeding period)
≤ 7 days (≤ 5% of feeding period)

Impact assessment methodology
The actual impact assessment consists of three steps:
1. Quantifying the impact for each of the individual criteria (using available data)
2. Determining the impact level for each criteria (H, L)
3. Evaluating the potential biological impact of each scenario based on predetermined
combinations of impact levels of each criteria (Table 4.4)
To assess the >120 dB (broadband re 1 uPa) noise contours of underwater noise generated by
offshore pipeline and platform installation, a 3D noise model was developed with a Geographic
Information System (GIS) interface that enabled prediction of the expected noise footprint from
various planned offshore construction scenarios. By comparing these noise contour maps with the
whale density maps for each month and the size of the Piltun feeding area, the impact criteria, i.e.
the number of whales showing avoidance behaviour and the proportion of the feeding area that
remains available, can be quantified for each construction scenario. Duration of the noise levels was
determined for each scenario from the offshore construction schedule.
Three possible categories were determined in the impact matrix based on SEIC commitment to
avoid biological (i.e. potential population level) impacts on WGW (Table 4.5). Consistent with the
terminology used in the International EIA and the WGW Technical EIA, the definitions of these
categories are as follows:
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1. Not Acceptable: This category is designated if a significant portion of the population is
affected (defined as > 5), likely causing a decline in local abundance and/or change in
distribution. Because of the very low population size, deprivation of the opportunity for a
number of whales to feed adequately during a season could potentially affect the entire
population. In order to avoid potential biological impacts, mitigation measures must be
applied to reduce the Not Acceptable level of impact to one of the categories listed below.
If the impact level for the number of whales is HIGH, then the impact classification is not
acceptable.
2. Marginal: This category is designated if only a small portion of the population is affected
but the integrity of the population could be threatened due to a long duration of impact and
exclusion from a large proportion of the feeding area. Further major mitigation measures,
i.e. cessation of noisy activities, need to be applied to reduce marginal impacts to an
acceptable level.
The impact is within this category if the impact level for the number of whales is LOW and
the level for the size of the remaining available area and duration of impact is HIGH.
3. Acceptable: This category applies to impacts that are not distinguishable from natural
variation. No further mitigation is required.
The impact is within this category if the impact level is LOW for the number of whales in
combination with a LOW level for at least one of the remaining criteria, i.e., size of
remaining available area and duration of impact.
Table 4.5 Impact Matrix
Number of whales
potentially impacted

Duration of
Impact

Size of Remaining
Available Area

Categories

High
High
High
High
Low
Low
Low
Low

High
High
Low
Low
High
High
Low
Low

High
Low
High
Low
High
Low
High
Low

Not Acceptable
Not Acceptable
Not Acceptable
Not Acceptable
Marginal
Acceptable
Acceptable
Acceptable

4.6

Noise Assessment Results

4.6.1

Introduction

The extensive noise investigations conducted during the summer of 2004 yielded substantial source
and transmission data that was used to develop an acoustic model for predicting noise propagation
within the Piltun feeding area. The model, combined with the noise impact assessment strategy,
provide the tools necessary for estimating relative levels of potential impact to the WGW.
Noise models of the current operations and for each succeeding development phase planned at
Piltun have been conducted, and the impacts analysed. For the pipeline project, the potential noise
impact to the WGW from five potential pipeline construction scenarios has been evaluated. These
scenarios are as follows:
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1. Base Case route – summer construction
2. Base Case route – winter dredging, summer pipelay and winter backfilling
3. Base Case route – winter dredging, summer pipelay and winter backfilling, additional noise
mitigation for specific vessels.
4. Alternative 1 route– summer construction
5. Alternative 2 route – summer construction
Table 4.4 contains the results of the impact analysis for each of the five construction scenarios
outlined above. The noise transmission maps show the extent of predicted noise levels for all the
individual construction periods related to these five scenarios.
The results of this noise impact assessment are presented in the following section. The
methodology used to determine the assessed impacts from pipeline construction is described in the
previous section (4.5). The pipeline construction scenarios including construction period and
proposed equipment are outlined in Table 4.6. The proposed equipment including noise source
histograms and maximum levels are contained in Table 4.7. Both these tables and the noise
transmission maps for all operations phases (individually labelled) are included in volume 2 of this
CEA report.
4.6.2

Current Operations

Various drilling and production activities, including offloading of oil to tankers and helicopter
flights, have occurred at or in the vicinity of the platform since commencement of operations.
These activities plus the presence of support and supply vessels have all contributed to the overall
noise attributable to this facility.
Sources of noise
Noise measurements of the PA-A platform were performed during an 18-hour continuous
monitoring carried out from 16.15 10 September 2004 to 10.40 11 September 2004. During the
monitoring period, several operations (including oil production, water injection and drilling) were
occurring at the platform. The supply/standby vessel, Smit Sibu, was also in the vicinity as was the
oil storage tanker, (FSO) Okha. Other standard equipment, outlined in the following table, operated
nearly continuously on the platform while the measurements were performed.
Table 4.8 PA-A Standard Equipment Operational during Noise Measurement Period

PA-A Equipment
Diesel generator #2
Diesel generator #4
IP gas compressor
HP gas compressor
Turbine generator
WI turbine driven pump B
Glycol heater A
Glycol heater C
Rig air compressor A

Rig air compressor B
Auxiliary air compressor
Ballast water pump P1
Ballast water pump P2
Ballast water pump P4
Generator seawater pump A
HP flare
IP flare
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Field methodology
Radio-telemetry sonobuoys were placed at distances 140 m, 1 km and 3 km from the platform to
measure noise transmission losses with distance from the platform. However, noises produced by
the monitoring vessel obscured the relatively low platform noises at the 1 km and 3 km sensors
except the nearest sonobuoys (140 m). The entire time record from this sonobuoy is shown in
Figure 4.12. Also, the offshore storage tanker, Okha, was located on station at the SALM,
approximately 2,000 m away from PA-A throughout the monitoring period.

Figure 4.12 Spectrogram and broadband (8 Hz to 10 kHz) noise levels received on bottom-mounted
hydrophone at 140 m range from the PA-A platform.

The acoustic recording clearly shows that several consistent tonal peaks between 20 Hz and 200 Hz
are present in the noise generated by the platform. The data was partially obscured below 20 Hz for
much of the recording period by water-flow noise during tidal change. The high tidal current also
caused the anchored sonobuoys to drag approximately 100 m in an arc around the platform, and this
dragging induced the non-acoustic spikes in the data between 19.00 and 24.00 10 September 2004.
A slack tide between 02.00 and 05.00 11 September 2004removed the flow noise and the full
spectral emissions down to 8 Hz were clearly obtained. At approximately 05.30 11 September, the
Smit Sibu (ice-breaker class supply tug) approached and operated near the platform. Its noise
signature remained apparent until approximately 08.00. At 09.00 11 September 2004 the acoustic
monitoring vessel Igor Maksimov began retrieval of all three buoys, and her noise saturated the
final hour of recording.
The short time period of platform-only noise between 02.00 and 05.00 11 September 2004
facilitated computation of accurate source levels between 8 Hz and 10 kHz. These levels are
presented in Figure 4.13.
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Figure 4.13 PA-A Operational 1/3-octave Band Source Levels.

Transmission loss model
A noise transmission map was generated for the current Phase I operations (Figure 4.47). Input
noise sources included drilling and production operations noise at the PA-A facility and a supply
vessel. The oil storage tanker, Okha, was also anchored at the SALM about 2 km away.
Predicted noise levels to 110 dB, which represents all the noise generated by the PA-A platform
operations, are shown on the map. The noise levels do not extend into the Piltun feeding area. This
is consistent with the measured received noise levels monitored during prior years of acoustic
studies in the Piltun area.
Conclusions
Operations at the PA-A facility have been active since installation in September 1998. Noise and
WGW studies were initiated about this same time and have continued each year thereafter.
Although WGW monitoring efforts have varied from 1997 to date, there have been no observable
changes in the distribution and abundance of WGW since the installation of the PA-A platform.
Additionally, feeding plumes observed during aerial surveys since 2001 demonstrate that whales
continue to utilise the entire Piltun area for benthic feeding (Yazvenko et al. 2002, Blokhin et al.
2003, 2004).
Results from WGW photo-identification studies conducted in the Piltun feeding area by the USRussian team in the period prior to and after PA-A platform installation (1995 – 2003) have shown
that there is a strong site fidelity to the north-east coast of Sakhalin Island, i.e. the same individuals
have been observed using the Piltun feeding area over this period. Over the whole survey period, a
total of 131 individuals have been identified (Weller et al. 2004). Results from the photoidentification studies of the all Russian team conducted in both the Piltun and offshore feeding area
in 2002-2003 indicate at least 81 individual whales (Yakovlev and Tyurneva 2004). Population size
estimates based on the long-term study in the Piltun area estimate the total population to be at ~100.
The presence of mother/calf pairs relative to the total number of observed whales has varied from
1997-2003 (Weller et al., 2004) but has not decreased over the years (see Section 3.3.2). The
number of “skinny” whales decreased since first observed in 1999, with a low number of three in
the Piltun area in 2003 (Weller et al., 2004; Yakovlev and Tyurneva 2004). The exact cause of this
phenomenon is still unknown (see Section 3.6).
29

From the ongoing studies and observations, one conclusion is that since operations commenced at
and around the PA-A facility, there have been no recognised detrimental effects on the resident
WGW population. The results from previous years’ acoustic studies combined with the most recent
data seem to support this conclusion. Measured and modelled received levels in the feeding area are
below noise levels considered to elicit behavioural responses in gray whales.
4.6.3

Installation of PA-B Platform and PA-A Modules

Installation of the PA-B CGBS and topside facilities and PA-A modules will include the following
activities:
•
•
•
•
•
•
•

Site preparation
Tow-out and placement of CGBS
Scour protection installation
Tow-out of topsides
Mounting of topsides on CGBS
Hook-up and commissioning of topsides
Installation of two PA-A facility modules

The CGBS is scheduled to be installed during 2005. The topsides will be towed to site and mated
with the CGBS in July 2006. In addition, the PA-A facility modules will also be installed in 2006.
These planned activities and the associated noise that they will generate will coincide with the noise
from ongoing production operations at the PA-A facility. Pipeline construction activities, which are
currently scheduled to begin in 2006, will not coincide with installation of the CGBS but will
coincide with the topside tow-out and installation.
Assessment of noise
Each stage of the above processes has the potential to generate significant noise levels. The CGBS
and topside facility are currently under construction in separate locations. The CGBS is being
constructed at Vostochny Port, near Nakhodka, which is about 200 km east of Vladivostok, while
the topside’s deck is being fabricated in the Samsung Heavy Industries’ yard in Geoje, South Korea.
The installation of the PA-B platform facility is still in the planning stage. Although the methods of
installing the CGBS and topside are known, specific towing and support vessels that will be
employed for each of the outlined installation stages have not yet been finalised. Consequently,
noise transmission loss models for site preparation, towing, and equipment-positioning scenarios
have not been completed.
The PA-B platform location is situated about 6 km east of the Piltun feeding area in a water depth
of about 30 m. Preliminary transmission loss models run for several pipeline construction scenarios
indicate that noise propagating shoreward from deeper water will not attenuate as rapidly as noise
propagating in shallow water parallel to shore. Since many of the support tug vessels generate high
levels of noise while operating, these activities will require careful planning and co-ordination with
pipeline construction activities in order that the noise levels meet the noise impact criteria as
established in Section 4.5. This will be finalized prior to initiation of platform installation.
The noise assessment process is in progress and will be analogous to the assessment used for the
pipeline construction scenarios.
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4.6.4

Pipeline Construction

Introduction
The importance and reasons for adding a pipeline system to the overall development scheme for the
PA Field has been explained in Chapters 1 and 2 of this analysis. Three pipeline routes are
currently under consideration, and each route implies certain construction requirements to properly
install the pipe.
The installation process at Piltun will involve dredging, pipe-laying, and support vessel activities
and will require a minimum of one summer season. Within water depths of 30 m or less, the pipe
will need to be buried to protect it from ice scour that can occur during winter months. Regardless
of the route chosen, these activities will occur adjacent to the Piltun feeding area for the WGW.
The level of noise generated and to what extent this noise may impact the whales within this
feeding area are significant issues.
Noise generated by various pipeline construction scenarios is evaluated in this section. The number
of construction periods and corresponding equipment requirements define each of these scenarios.
The acoustic model is used to predict noise levels produced by these different combinations of
construction equipment. Due to increased pipeline length and additional dredging volumes for the
alternative routes, the periods and vessel combinations vary considerably (see Table 4.6). The
potential impact to the WGW from the modelled noise levels is determined by applying the Noise
Impact Assessment Methodology (Table 4.4) described in Section 4.4.3.
Pipeline construction overview
For all offshore pipeline construction scenarios, the following basic operations will be performed:
•
•
•
•
•
•

Dredging with Cutter Suction Dredger (CSD) for the shallow water route section landfall
that cannot be reached by the Trailer Hopper Suction Dredger (THSD)
Dredging and boulder removal with THSD for all route sections in water depth less than 30.
This work can also be performed by a CSD but would result in less efficient operation
Pipe-lay
Backfill of the dredged trenches (CSD for landfall and THSD elsewhere)
Connection of subsea pipelines with platform
Flooding, gauging, testing, and dewatering of the installed pipelines.

The preferred construction period off the north-east coast of Sakhalin is during the summer season
from June to late October. The remaining months are characterised by low ambient temperatures,
frequent freezing storms in November and December, and iced seas from the end of December until
end of May. Operations performed during the winter months, especially during periods of sea ice,
will require modified equipment, ice breaker support and an increased safety and schedule risk due
to varying sea ice and weather conditions.
The initial design of the construction scenarios for all of the pipeline route possibilities is based on
installing the pipe during the summer of 2006. Three dredging and two pipe-laying equipment
spreads would be used to complete the work in one season, regardless of route. Since both
alternative routes are longer and require additional dredging, construction periods for both dredging
and pipe-laying vessels would be longer.
The option of splitting the offshore pipeline construction activities between winter and summer
seasons was addressed. This approach would be advantageous if noise predictions from multiple
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equipment spreads, especially dredging which is inherently more noisy, proved to exceed levels that
could cause behaviour changes to the whales. The study led to the following conclusions:
•
•

•

Late autumn and winter dredging with a THSD along the routes should be possible with iceclass dredging equipment. Winter dredging would require the support of ice breakers.
Pipelay with the presence of early winter ice is in principle, feasible. However, forecasting
ice thickness is difficult, and the practicality of implementing an alert system to abort
operations in a safe and timely manner whilst at the same time progressing the work is
impractical. Furthermore, finding the suitable number of icebreakers required to support a
spread-moored lay-barge is not likely. Based on these considerations, pipeline installation
during the winter period is not considered practical.
The option to perform the pipeline landfalls during the winter season is not considered
feasible. Severe storms, which frequent the November/December period will cause
numerous interruptions of operations performed by the CSD, and rapid backfilling of the
trenches in shallow water. The combined effects will make it unlikely that the landfall
scope can be completed successfully during the winter period.

Based on these assessments, construction activities, with the exception of dredging during the
winter season off the northeast coast of Sakhalin, would likely be difficult and is not further pursued
as an option in the CEA. Dredging by THSD is the only construction activity which is realistically
feasible during the winter season, and that assumes availability of suitable icebreaker protection.
Acoustic sources
Source level measurements data was collected for a significant number of dredgers, pipe-lay, and
support vessels at Lunskoye in summer 2004 (Section 4.3.1) Additional source level measurements
were also performed for vessels that did not mobilise to Lunskoye.
A summary of the function and capacity of each vessel is provided in Table 4.7. Also included is a
representative acoustic histogram and the broadband level (dB re 1 uPa) that each vessel produces
while actively working. A picture of each vessel is also included. Generally speaking, anchorhandling tugs and the vessels that operate on dynamic positioning (survey vessel, CSD support
vessel Pompei) are the noisiest vessels. The THSD is slightly less noisy on average. The pipelaying vessel C2 and the CSD are the quietest class among this equipment.
The measured noise source levels of pipeline construction equipment were input into the acoustic
model used to generate the transmission loss maps presented in this section. The major noise
sources are also referenced by name on these maps.
Transmission loss models
Acoustic signatures for five separate pipeline construction scenarios were evaluated for this
analysis. This included three separate scenarios for the Base Case route and one scenario each for
the other two alternative routes. Each of these scenarios is outlined further in Table 4.6. Included
are the individual construction periods, associated equipment and activity descriptions, and a list of
the typical vessels that would be employed.
Initially, summer season dredging and pipe-laying construction scenarios were evaluated for each of
the pipeline routes under consideration. These initial plans were designed from a construction
efficiency viewpoint with no consideration for noise. A noise transmission model was generated
for a worst-case spread combination for each of the three routes. The resulting noise transmission
maps are shown in Figures 4.15 – 4.17.
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The potential impact to the whales was assessed for all three routes and is shown in Table 4.4. On
the basis of these noise predictions, Alternative #1 route was judged acceptable, Alternative #2
route was marginal, and the Base Case route was not acceptable.
Base Case route
Careful analysis of the construction configurations and associated equipment showed that the noise
impact criteria could not be achieved with two pipe-laying and dredger spreads working
concurrently which would be required for a summer-only installation. Initial mitigation efforts
focused on reducing the number of construction activities during the summer season.
Consequently, dredging activities, which generate the most noise, were scheduled during the winter
period except for a brief period of trench cleaning with the smallest THSD in early summer. This
scenario is titled Base Case Route-2006 Summer Pipe-lay and Winter Dredging/Backfill.
Construction details are indicated in Table 4.6.
The noise transmission maps for this mitigated scenario are shown in Figures 4.18- 4.21. The
extent of the predicted noise levels decreased and this resulted in an overall reduction of the impact.
The number of whales potentially impacted is low (two to three), but both the duration and
percentage of the area that is remaining available does not meet the criteria for acceptance (Table
4.4). Further mitigation is needed to reduce impacts to acceptable.
The mitigation applied in the second scenario involved removal of the noisiest pipe-lay spread
(Semac) and using only the remaining pipe-lay spread, the Castoro 2, thereby extending these
activities over two summer seasons. This mitigation further reduced the overall construction noise,
but not yet to acceptable levels.
As tugs were identified to be relatively noisy, additional mitigation efforts were focused on
minimising noise emissions from tugs. The pipeline construction equipment mobilised for
Lunskoye was selected on a functional basis, and was operated normally without consideration for
their potential noise source levels. This mitigated scenario assumed the same construction
schedules and equipment as the second, but included a reduction in source level of –10 dB for both
the survey vessel and anchor handling tug attending the pipe-lay vessel, the Castoro 2. These noise
reductions are considered to be well within the range of what is technically achievable for vessels of
this type.
Figures 4.22 - 4.25 indicates the noise transmission maps for this third scenario. As is evident,
reducing the noise outputs of both the survey and anchor-handling tugs significantly reduces the
area and number of whales potentially impacted. The assessment calculations are indicated in
Table 4.4 under the BC winter dredge without Semac scenarios. Using these mitigation techniques,
all the construction periods for this scenario are judged to be acceptable.
Alternative pipeline routes
Detailed construction scenarios for installing pipe during the preferred summer period were
designed for both Alternatives #1 and #2 routes, to confirm acceptance throughout the entire
construction period. Both were designed with optimum spread configurations and no noise
mitigation efforts for any of the specified equipment. Construction details for both these scenarios
are outlined in Table 4.6. The number of construction periods is different, as the detailed periods do
not cover equal scenarios for both routes. Additionally Alternative 2 route requires a slightly longer
construction period due to the presence of some large sand waves that need additional dredging
effort.
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Alternative 1
The noise transmission maps representing 10 separate construction periods correspond to Figures
4.26 – 4.35. Only the AS1-1, AS1-2, AS1-4, and AS1-5 construction periods have associated noise
levels above 120 dB that extend into the WGW’s feeding area. For these periods, the area affected
within the feeding area and the number of whales potentially impacted is very small. Overall
impact from construction noise for all dredging and pipe-laying periods is judged to be acceptable.
Alternative 2
The noise transmission maps representing 11 separate construction periods correspond to Figures
4.36 - 4.46. These maps show that the noise impact is acceptable for all periods (see Table 4.6).
Conclusions
Installation of the base case route is acceptable provided the following construction mitigation
measures are implemented:
•
•
•

The majority of the dredging activities with the THSD will need to be scheduled during the
winter season when no WGW are present.
Pipelaying operations will need to be conducted with only one lay spread and will need to
employ a quieter vessel such as the Castoro 2. The use of one spread will extend pipelaying
operations into two summer seasons.
Noise reduction measures will need to be investigated and employed for both survey and
anchor handling tug vessels. These could include replacement with quieter vessels,
modifications of existing vessels, or changing the mode of operation.

Impact on the WGW has been assessed to be acceptable for both pipeline routes with summer
installation within a single season.
4.6.5

Production Operations

Production operations at Vityaz production complex have been ongoing since 1999. Every five to
six months for the past six years, WGW in the Piltun feeding area have been exposed to underwater
noise from the PA-A platform, associated standby vessels, and other marine activities. The
received noise levels into the Piltun feeding area from these operations have not resulted in any
detectable impact on the WGW population, based on the current level of sampling and sampling
methodologies.
Phase 2 operations at PA-A will eliminate the Vityaz marine terminal, removing a potential noise
source. However, it will involve the addition of a second platform at PA-B. Additional noise will
be generated from drilling and production activities on the platform, and from associated support
vessels.
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Sources of noise
Noise measurements of the PA-A platform facility were obtained in September 2004. The recorded
noise levels included production, water injection, and drilling activities on the platform and a
supply/standby vessel.
The PA-B facility, unlike the PA-A platform, will be a CGBS structure. Both drilling and
production activities will be conducted from the PA-B facility. Noise level measurements have not
yet been acquired from a similar platform structure, although CGBS structures are predicted to be
quieter. For the worst-case noise-modelling scenario, source levels measured for the PA-A facility
were also assumed for PA-B.
The noise transmission map generated for operation of both PA-A and PA-B facilities is shown in
Figure 4.47.
Impact to WGW
Noise generated from production operations at the PA-A and PA-B platform facilities will exist for
the life of the project, i.e. for 30-40 years. Although WGW are present in the Piltun feeding area
for only about half the year, and some habituation to low levels of long-term noise is likely, such an
assumption may not be prudent for a critically endangered whale. Accordingly, noise assessments
for production operations occurring over this duration might require a lower continuous noise
threshold for WGW impacts than for shorter-term continuous noise.
Based on the results in Figure 4.47, impacts to WGW from long-term continuous noise generated
by production operations at PA-A and PA-B are considered to be acceptable over the 30+-year life
of the Sakhalin II Phase 2 project.
4.6.6

Monitoring and Mitigation

Introduction
Based on the noise footprint predictions from offshore construction activities related to pipeline
construction and platform installation near the Piltun feeding area during 2005 and 2006, a variety
of mitigation measures are considered to reduce noise and associated impacts on WGW’s. During
the noise impact assessment process for the pipeline alternatives, several technical mitigation
measures have already been identified and modelled to verify effectiveness (spread configuration
and vessel noise reduction).
Additional mitigation measures considered for noisy operations include:
•
•

Implementation of real-time WGW and noise monitoring programmes to provide
information necessary to evaluate the effectiveness of established mitigation measures while
construction and operation are taking place;
Establishment of “shut-down” criteria in the event that the real-time noise monitoring
programme indicates noise levels and impacts on the whales near the Piltun feeding area that
are higher than predicted, and considered unacceptable.
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WGW research and monitoring programmes 2005-2006
SEIC-sponsored WGW research and monitoring programmes have been in place off the north-east
coast of Sakhalin Island since 1997. As in previous years, the 2005 and 2006 WGW monitoring
programmes will be composed of a suite of studies designed to provide information about WGW
and their marine acoustic environment. The 2005-2006 studies will add another two years to the
eight-year (1997-2004) accumulation of knowledge on the biology of the WGW, and will help
evaluate potential impacts on WGW from planned industry operations adjacent to the Piltun feeding
area during 2005 and 2006.
The main focus of the monitoring programme during 2005 and 2006 will be threefold:
1. Monitoring the predicted potential impacts of introduced noise on the WGW.
2. Evaluation of effectiveness of the mitigation measures in order to adapt them if deemed
necessary.
3. Further validation of the noise transmission loss models.
Noise from offshore activities has the potential to significantly impact the feeding activity and
hence feeding success of the WGW. The 2005/2006 monitoring programme will be designed such
that integration of the results from acoustic studies, behavioural studies, prey studies and
distribution and abundance studies will occur.
Acoustic monitoring
Acoustic monitoring in 2005 and 2006 will include the following aspects:
•

Ongoing verification and validation of the predicted noise footprint from Piltun pipeline
construction activities, using Lunskoye construction activities in 2005 as an analogue.

•

Recording on a real-time basis received noise levels along the outer margin of the Piltun
feeding area using a series of sonobuoys. Data will be relayed to shore or vessel-based
stations were it will be analysed and evaluated relative to industry activities occurring in the
study area. The data, along with information about the distribution and abundance of WGW,
will assist in deciding whether to invoke additional noise mitigation measures during
construction.

•

Recording received noise levels at the perimeter of the Piltun feeding area during
construction activities positioned at locations close to the behavioural stations will provide
the important information about possible behavioural reactions of whales to specific noise
levels.

Distribution and abundances surveys
Aerial surveys are designed to provide quantitative and systematically collected information on the
distribution and abundance of the WGW and WGW feeding plumes in the Piltun feeding area, the
offshore feeding area, and over a broader area of the north-eastern Sakhalin coast. Vehicle-based
monitoring of the distribution and abundance of WGW will provide systematically collected
distribution data from established sampling stations from Odoptu Bay in the north to Chaivo Bay in
the south on a daily basis.
The 2005 and 2006 aerial survey programmes and vehicle based programmes will satisfy the broad
objectives of documenting whale abundance in the study area, and will also meet the more specific
objectives related to the planned construction activities in 2005 and 2006. These more specific
objectives will document distribution and abundance of the WGW and WGW feeding plumes
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(mainly by aerial surveys) “before, during and after” periods of peak construction activity in 2005
and 2006 and will provide data that can be used in Before-After-Control-Impact (BACI) analyses to
evaluate noise impacts on the WGW. The 2005-2006 aerial-based and vehicle-based survey effort
will involve daily data transfers to a central data repository, and near real-time analysis and
mapping of whale distribution data.
Behaviour monitoring
Systematic behaviour monitoring studies were initiated in the Piltun feeding area in 1997. These
studies are designed to provide information on WGW abundance and behaviour using several
quantitative survey methods, i.e. scan sampling, focal animal tracking and detailed behaviour
documentation. As in 2004, two teams of behavioural scientists will conduct daily surveys from
fixed observation stations along the Piltun coast during 2005 and 2006.
Studies in 2005 and 2006 will be co-ordinated with the acoustic monitoring programme so
behavioural data can be interpreted and evaluated relative to both natural environmental variables
and anthropogenic noise-related variables.
Prey monitoring
Prey distribution and abundance are likely a major influence on the distribution and abundance of
WGW’s. Information from this study will help understand major food-related influences on WGW
distribution and abundance during years when construction activities may also cause impacts.
Studies in 2005 and 2006 will focus mainly on sampling near feeding WGW’s, and in a select
number of randomly chosen sites within the established prey sampling grids established in 2002.
4.7

Conclusion

A 3D acoustic model with GIS interface was developed and used to predict potential noise impacts
of five pipeline construction scenarios for three pipeline route alternatives. To provide reliable
source level input, an extensive noise monitoring programme was executed that provided
representative data for pipeline construction and dredging vessels, as well for current PA-A
operations.
By matching the results of noise predictions using the newly developed model to the analysis of
several years’ work in WGW observations, a sophisticated method of predicting acoustic impacts
on the WGW was developed. This method was then applied to the modelling of the pipeline
construction scenarios and platform operations. Work on noise modelling of platform installation
activities is in progress.
The results of the above work confirm that construction of the Base Case route is acceptable
provided dredging is performed during the winter season, pipe-laying is extended through two
summer seasons, and noise from attending vessels is reduced. The work also confirmed that
summer installation for both alternative routes is acceptable without the need for significant
rescheduling.
Operations at the PA-A facility have had no recognised detrimental effects on the resident WGW
population. Measured and modelled received levels in the feeding area are below noise levels
considered to elicit behavioural responses in gray whales.
Long term operational noise generated by the PA-A and PA-B facilities has been assessed based on
the assumption that the operations at the PA-B facility are equal to those of the current PA-A
operation. Results show no noise levels of concern within the Piltun feeding area and impacts on the
WGW are predicted to be similar to those for the current operations and hence acceptable.
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Noise impact evaluation of the installation of the CGBS and topsides has not been included in this
CEA, because planning of these activities is not yet complete. An impact analysis similar to that
used to assess noise impacts from pipeline construction activities will be applied to the PA-B
platform installation activities.
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5.0

FOOD RESOURCES

5.1

Introduction

As described in Chapter 3, the western gray whale (WGW) is unique because it feeds predominantly on
benthic (seabed-dwelling) organisms. The whales plough into the sediment and extract their prey by
filtration against baleen plates as they expel the associated sediment.
The International EIA and the EIA addendum provide background information on the benthic ecology of the
project area and the anticipated impacts of disturbance from the planned development. This section
summarises what is known about the food resources of the WGW and then considers the nature of the
relative impact arising from the construction activity (physical disturbance and pollution impacts) associated
with the three pipeline route alternatives (as described previously in Chapter 2). Phase 2 development
includes installation of a second platform (PA-B) and offshore pipelines running from PA-B to PA-A and
from PA-A to shore. Offshore construction and installation of these facilities will result in disturbance of the
sea floor. While most of the disturbance will be limited to the construction period, some lesser level of
disturbance will be ongoing for the life of the project.

5.2

Benthos off North-east Sakhalin

5.2.1

Distribution and Characterisation

The physical and chemical environment
The coastal marine environment off the north-east Sakhalin coast is physically dynamic, being affected by a
strong diurnal tidal regime, by heavy wave action in autumn and by ice through the winter and spring months
(ASL, 2000). Tidal streams flood and ebb north and south along the coast at speeds of up to 1.45 meter per
second (m/s) in the Piltun-Astokhskoye field area. Significant wave heights reach 6 m in autumn, whilst
maximum wave heights of 11.75 m have been measured. Both these factors influence the benthic
environment, resulting in mobile seabed sediments that consist predominantly of coarse sands and gravels
that are patchy, both spatially and temporally (Rudall Blanchard Associates, 2003). In addition, the sea ices
over between December and May, and the pack ice ploughs and scars the seabed from the shoreline to water
depths of 30 m or less. This seasonal freeze and thaw cycle, together with the nutrient-bearing influence of
the Amur River from the north and the local inputs from the Piltun, Chaivo, Nyiskiy and Nibilsky lagoon
systems, results in a particularly productive marine environment. Evidence of a localised up-welling
between Piltun and Chaivo can also be seen in nutrient data, seawater temperature and other parameters
mapped for the Sea of Okhotsk (See Figure 5.1; Sapoznikov and Levitus, 2001).
Hydrological data from August 2001 illustrates a localised irregularity in the structure of the water column
directly offshore from Piltun Bay, and appears to confirm the existence of a deep-water up-welling in the
area in the summer months (Fadeev, 2002). The influence of a localised cold saline intrusion is apparent in
Figures 5.2 and 5.3.
SEIC characterisation studies since 1998 (e.g. DVNIGMI, 2001; SakhNIRO, 1999) have indicated lower
levels of nutrients in surface waters than in deeper seawater layers of the water column. To the extent this is
indicative of a local hotspot of primary productivity, reflects normal primary productivity for the wider area
as a whole, or is merely showing localised enrichment from deeper up-welling water, is difficult to
determine.
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Figure 5.1: Sea surface temperature, salinity, nitrate, and phosphate mapped for the Sea of Okhotsk, summer
averages 1990-1997 (Sapoznikov and Levitus, 2001)
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Figure 5.2: Temperature of near-surface (left) and near-seabed (right) water samples, August 2001 (Fadeev,
2002). Values given as °C
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Figure 5.3: Salinity of near-surface (left) and near-seabed (right) water samples, August 2001 (Fadeev, 2002).
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The sedimentary environment
Over the north-east Sakhalin coast, sediments are patchy in distribution and dominated by fine to medium
sands. Fine sands are prevalent in water depths less than 20 m between Piltun and Odoptu but further
offshore, medium sands are dominant. However, fine sands characterise most of the offshore whale feeding
area off Chaivo to 50 m (Fadeev, 2002, 2003, 2004; FESTU, 2004). The proportion of silt present in
sediments is generally low, but reaches approximately 6% in a shallow strip close to the shore and around the
entrances to Piltun and Odoptu bays. The fine sands of the offshore whale feeding area typically incorporate
5-6% silt. Patches of muddier sediment (up to 20%) also occur between 25-45 m in the Piltun-Astokhskoye
field (Fadeev, 2002, 2003). Coarser, more gravely sediments occurred in a patchy fashion across the study
area in a manner unrelated to water depth. Diver observations and detailed site surveys also indicated the
widespread occurrence of sand waves and other evidence of current and wave action to depths of 30 m, as
well as occasional outcrops of bedrock and boulders.
Between Piltun and Chaivo bays, the fine sands generally characteristic of areas shallower than 20 m were
observed to include patches of mixed sediments with significant admixtures of gravel, pebbles and shell
debris (Fadeev, 2002). All pipeline routes in the inshore area shallower than 10-15 m are dominated by
relatively well-mixed fine sands (Fadeev, 2002; FESTU, 2004).
5.2.2

Previous Studies

Piltun-Astokhskoye field 1998 studies
In 1998, the seabed sediments of the PA field were mainly fine to medium sands, being finer and muddier on
the deeper eastern flank of the field, and coarser, more gravely and patchy in depths of 20 m or less on the
western flank (CSA, 1999a,b, c, d; DVNIGMI, 1999; SakhNIRO, 1999; appendix pages 287-290). The
benthos across the Piltun-Astokhskoye field in 1998 (within the depth range 20-50 m) was numerically
dominated by the cumacean Diastylis bidentata. This was accompanied by a wide variety of frequently
occurring amphipods in lesser numbers, including Wecomedon minisculus, Protomedia popovi and
Eohaustaurius eous. Other ubiquitous taxa included the bivalve mollusc Mysella spp. and unidentified sea
anemones (SakhNIRO, 1999). Overall, in terms of both frequency of occurrence at stations in the survey
grid and biomass, the sand dollar Echinarachnius parma and cumacean D. bidentata characterised the field.
Both species were present at more than 50% of the stations sampled, and both dominated the macrofaunal
biomass. Total biomass in 1998 averaged 1,337 g/m2 (range 9,7-17,062 g/m2). Approximately 92% of this
was accounted for by E. parma, 6% on average was accounted for by D. bidentata, and less than 1% by other
taxa. Slight variations to this picture occur because of the patchy and dynamic nature of the sedimentary
environment in the area.
Around the PA-A site itself, and in other areas in the southern half of the PA field, numbers of D. bidentata
were reduced to the extent that other taxa (Eohaustorius eous, Mysella spp., E. parma, and other species of
amphipod, bivalve, or polychaete) became numerically dominant. Even at these stations, however, E. parma
still tended to dominate in terms of biomass. Overall, faunal density was highest in the northern half of the
field to the east of the PA-B location (50,000-100,000/m2 due solely to D. bidentata; SakhNIRO, 1999, page
402). Biomass over the field varied from <100 to >10,000 g/m2 – again being highest in the northern half in
general, but with all the variation being due to patchiness in sand dollar distribution (SakhNIRO, 1999, page
408).
Along the proposed Base Case route between PA-A and the shore, D. bidentata, E. parma, Eohaustorius
eous and other amphipods dominated numerically (SakhNIRO, 1999). The sand dollar tended to dominate
the biomass in water depths of 20 m or more. Closer inshore, the fauna tended to become less diverse, and
was characterised by relatively small numbers of lyssianassid and oedicerotid amphipods (usually including
E. eous), an isopod Synidotea spp., and the cumacean Diastylopsis tenuis. Total faunal biomass along the
Base Case route ranged between 60-2,724 g/m2, being concentrated at the deeper end of the route where sand
dollars were more frequent. Amphipod biomass averaged 39 g/m2 along the whole route.
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Piltun-Astokhskoye field – post-1998 studies
The overall picture of dominant species and distribution, in terms of both numbers of individuals and
biomass in more recent characterisation and monitoring surveys, appears unchanged from that described
above (DVNIGMI, 2001 2002a,b; Rudall Blanchard Associates, 2003; SakHydromet, 2000).
Whale prey studies, 2001-2003
Intensive sampling from 2001 to 2003 was conducted in sampling grids within: (1) the whale feeding area at
Piltun (Fadeev, 2002, 2003, 2004) and the offshore feeding area (Fadeev, 2003, 2004); and (2) control zones
where WGW have not been observed feeding (Fadeev, 2002, 2003, 2004). Samples were also taken
opportunistically at locations where WGW were observed feeding to provide further information regarding
the identity and abundance of WGW prey. Benthic samples were collected with a van Veen grab (0.2 m2).
Epibenthic and planktonic samples were collected with an epibenthic net and Jedi net, respectively.
Underwater video was also taken in all sampling locations. These studies provide benthic data from wide
areas along the coast between Pilton and Chaivo, for water depths between 10-50 m; very limited sampling
was conducted in water <10 m deep so that inferences about benthic communities at those depths should be
treated with caution.
Prevalent species at shallow depths (5-20 m) adjacent to Piltun Bay include the scavenging amphipods
Pontoporeia affinis, Eohaustorius eous eous, Eogammarus schmidti and Pontharpinia longirostris, the
polychaete Onuphis shirikshinaiensis, the isopod Synidotea cinerea and the bivalve molluscs Megangulus
luteus, Macoma lama, Siliqua alta and Mysella spp.. The sand dollar Echinarachnius parma and the
cumacean D. bidentata occur in this shallower region also, but in comparatively reduced numbers. From
Nyiskiy Bay in the south to Tropto Bay in the north, amphipods and isopods are the most abundant groups in
water depths shallower than 15 m, with the highest densities occurring patchily along the shoreline between
the northern and southern limits of Piltun Bay in depths of 5-15 m. This area of higher prey abundance
adjacent to Piltun Bay corresponds with the distribution and abundance of WGW sightings (Blokhin et al.,
2003, 2004; Fadeev, 2003, 2004; ). Off Piltun, WGW tend not to feed in waters deeper than 15-20 m where
the seabed is characterised by lower concentrations of amphipods and by high numbers and biomass of sand
dollars. From Odoptu Bay south to Piltun, within the depth range of 8-10 m in the main inshore WGW
feeding ground, average macrobenthic (prey and non-prey species) biomass was 495 g/m2 in 2002 and 202
g/m2 in 2003. Within this, amphipods and isopods (mainly Pontoporeia affinis) accounted for 221 g/m2 in
2002 and 162 g/m2 in 2003. This equates to 45% of the biomass in 2002 and 80% in 2003. In water depths
greater than 15 m, amphipods contributed just 1-3% of the faunal biomass in 2003, compared to the 67-85%
contributed by the sand dollar. Furthermore, the great majority of amphipod individuals were larger than
6 mm in length (86% of P. affinis, 100% of Eogammarus schmidti, and 48% of Eohaustorius eous), and
therefore within the size range known to be useful as food to WGW (see Rice and Wolman, 1971). Off
Piltun Bay, waters >20 m were dominated by the sand dollar E. parma and the cumacean D. bidentata.
Although eastern gray whales have been observed to feed on cumaceans (S. Moore pers. comm., March
2004; Nerini, 1984), WGW have not been observed to forage on D. bidentata (the main cumacean present
off the north-east Sakhalin coast), most of which are smaller than 6 mm. Figures 5.4 and 5.5 illustrate
amphipod and total biomass at Piltun, for the years 2002 and 2004 respectively.
5.2.3

Current Study, Methodology and Findings

Piltun-Astokhskoye field studies, 2004
In 2004, samples were taken along the Base Case pipeline route and Alternatives 2 and 1 to assess the
benthic communities along the proposed routes. Analyses of the data collected are currently ongoing.
Prey studies, 2004
A subset of stations sampled within the Piltun and offshore feeding areas in 2003 was sampled in 2004. In
the offshore area, three extra lines of grid samples were added to the east of the grid sampled in 2002 and
2003 in order to include areas where feeding WGW were observed in 2003. Samples were also collected
opportunistically where WGW were observed feeding in both the Piltun and offshore feeding areas. The
5

2004 distribution of WGW was unusual in that most of them were observed in the Piltun area and very few
were observed in the offshore area. In addition, in the Piltun area, the number of WGW feeding outside the
15-m isobath seemed to be higher (up to 40%) than in 2003 (~10%). Finding out why this occurred became
one of the main objectives of the prey studies and therefore sampling at feeding points was emphasized.
Benthic samples were collected with van Veen (0.2 m2) and Petite Poner (0.025 m2) grabs. Epibenthic and
planktonic samples were collected with an epibenthic net and Jedi net, respectively. Underwater video was
also taken in all sampling locations (Table 5.1).
Table 5.1 Summary of Samples Collected in 2004
Area

Piltun area
Offshore area
WGW feeding points
Total

Grab Sample

Epibenthic Net

Standard Plankton
Net

Locations (samples)

Samples

Samples

64 (195)
32 (96)
52 (156)
148 (447)

0
0
84
84

56
0
70
126

Samples collected in the Piltun and offshore feeding areas in 2004 have not yet been analysed in sufficient
detail to allow any conclusions or comparisons with previous years. Expansion of the sampling grid in the
offshore feeding area will allow better understanding of the size and boundaries of the Ampelisca amphipodrich area. Preliminary analysis of the grid samples in the offshore area indicates that the biomasses there are
similar to those observed in 2003. In light of these results, changes of benthic prey biomass in the offshore
area are unlikely to be the cause of the near-absence of WGW in the offshore area in 2004. In September
2004, patches of high biomass planktonic pteropod molluscs (“sea angels”) were observed in the Piltun
feeding area, although it is unknown if the WGW were using these as a food source.

5.3 Physical Disturbances
The main potential disturbance risks to the benthos, and hence to the food supply of the WGW, are from
direct physical disturbance of the seabed during installation and construction, and from accidental oil spills
and other marine pollution. Since oil spill risks are dealt with separately (see Chapter 7), only the potential
sources of physical disturbance and marine pollution will be discussed below. These disturbances can be
categorised into natural disturbance and anthropogenic disturbance arising from both the
installation/construction phases of the Phase 2 project and the operational phase.
5.3.1

Natural Disturbances

As discussed above, the coastal marine environment off the north-east Sakhalin coast can be considered
physically dynamic. Tidal streams along the coast reach speeds of up to 1.45 m/s in the Piltun-Astokhskoye
field. Significant wave heights reach 6 m in autumn, whilst maximum wave heights of 11.75 m have been
measured. The sea ices over between December and May, and pack ice ploughs and scars the seabed.
Whilst maximum ice sheet thickness off Piltun is typically between 1-2 m, pack ice thickness can be 3-4 m
with ice keels of 10-15 m. When driven by the wind, ice gouges the seabed, and whilst most gouging is
restricted to water depths <10 m, ice plough marks can occur as deep as 30 m. All of these factors cause
significant physical disturbance to the benthic environment, resulting in mobile seabed sediments that are
patchy both spatially and temporally. The implication of this is that the marine benthos is a product of this
physically demanding environment, and is dependent on a certain type and level of physical disturbance for
its continuing existence. The degree to which the benthos is disturbed each winter by ice scouring is not
known. However, the benthos of the shallow inshore WGW feeding area at Piltun is likely to be most
heavily affected by this type of disturbance. The offshore feeding area, in water depths greater than 30 m, is
unlikely to receive any direct physical disturbance from winter ice.
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5.3.2

Disturbances from PA-A Installation and Operations

The PA-A location is approximately 10 km from the Piltun feeding area. The most recent available benthos
dataset from the PA-A monitoring programme is from the October 2003 environmental monitoring survey
(DVNIGMI, 2004).
Sediments characteristics
Sediments across the survey station grid show great spatial variability, ranging from fine muddy sands to
coarse sands with a significant gravel component. Sediments within 500 m of the PA-A location to the north
and west generally consist of coarse sands and gravels, within which the benthos is highly variable and
numerically dominated by a variety of taxa, including the cumacean Diastylis bidentata, the amphipod
Anisogammarus pugettensis, the bivalve molluscs Crenella decussata and Mysella spp., ampharetid
polychaetes, and a large predatory polychaete Nephtys caeca. In terms of biomass, the cumaceans are
heavily dominant (28%), followed by sea anemones and bivalve molluscs.
Medium and coarse sands occur mostly to the south within 1,000-3,000 m of PA-A and support a similar
range of species, but include higher numbers of the sand dollar Echinarachnius parma. The faunal biomass
in these sediments is dominated by E. parma (25%), amphipods (15%) and sea anemones (15%). On the fine
sands prevalent at greater distances, the dominance of the sand dollar is even greater.
Prior to platform installation or appraisal drilling taking place, sediments around the PA-A location consisted
mainly of coarse sands and gravel. The ground preparation prior to installation of the PA-A platform in 1998
involved removal of some of the gravel to a disposal area nearby and replacing it with sand dredged from
another suitable area. This resulted in minor increases in the fine sand and mud content of sediments within
250 m of the PA-A, which over subsequent years were washed out again to become indistinguishable from
background conditions (DVNIGMI, 2002). In 1998, prior to platform installation or drilling, the cumacean
Diastylis bidentata and the bivalve mollusc Mysella spp. numerically dominated the coarser sediments found
within 1000-3000 m of the planned location. On the sandy sediments beyond this, the main taxa were sand
dollars, together with D. bidentata and various amphipod species. Thus, a faunal gradient related to natural
changes in sediment type existed across the PA-A location prior to its development.
Species assemblages
Since 1998 the same patterns have been observed, although both seasonal and annual variation has been
evident over the area as a whole in the relative numbers and biomass of E. parma and D. bidentata. On a
small scale, within 125 m of PA-A, slight reductions in the abundance of a very limited number of taxa have
been indicated on occasion; however such variations have been short term and difficult to discern or
characterise against the highly variable background.
Impacts to benthos
The dredging and spoil-dumping operations that preceded the installation of the PA-A were also monitored.
Within the spoil disposal area, a small increase in the proportion of gravel present in sediment samples was
detected. This was accompanied by changes in abundance of three numerically important species
immediately following the disturbance: the amphipods Ischyrocerus anguipes and Orchomene pacifica,
together with the bivalve mollusc Mysella spp. In the area that was dredged to provide sand for the PA-A
site, no changes in sediment type were evident immediately following the PA-A installation, although a
reduction in abundance was noted for one species, the polychaete Exogone gemmifera. Other changes were
entirely attributable to seasonal variation over the four months between the “before” and “after” surveys.
However, these minor species changes were not subsequently discernible, and the changes in sediment type
were not evident after two years.
In terms of contamination of the environment by metals or hydrocarbons, annual monitoring studies have
shown that no significant inputs to the seabed around the PA-A platform have occurred since 1998.
Sampling has shown no hydrocarbon contamination at the site in the water column or sediments. A drilling
site-related gradient in sediment barium concentration was evident in the 1999 survey, but this had
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disappeared by the time of the 2001 survey. This gradient may have disappeared sooner, but variation in the
analytical methods used does not allow that determination.
The conclusions from each of the monitoring surveys to date suggest that the impacts from installation and
operation of the PA-A platform have been minor and limited to within 125-250 m of any specific disturbance
source. The effects of one-off disturbances such as dredging appear to become undetectable within
approximately two years. It is likely that there is a continuing minor impact from the physical presence of
the PA-A structure within a radius of 125-250 m. This will be due mostly to tidal scouring effects on
sediment type, which in turn will affect the local benthos. Overall, the impacts from the different aspects of
installation and operation of the PA-A complex have been minor in terms of severity, extent and duration.
Impacts to WGW food resources
In terms of the WGW, the PA field in general does not support benthos of a type that is favoured as a food
source. In addition, it is some 17 km offshore and is not an area favoured by feeding WGW. Studies
indicate that the installation and operation of the PA-A complex has had no significant impact on benthos
outside the 250 m radius from the platform, and has therefore had no impact on potential WGW food
sources.
5.3.3

Footprint of Disturbance at PA-B

The proposed PA-B location is approximately 12 km offshore from Piltun in just over 30 m of water. This
location is approximately 7 km east of the Piltun feeding area.
Sediment characteristics and species assemblages
The sediment in the immediate vicinity of the PA-B location is characterised by medium sands, and the
benthic assemblages are dominated numerically by the cumacean Diastylis bidentata, together with
amphipods such as Wecomedon minisculus, Protomedia popovi and Eohaustaurius eous eous. In biomass
terms the fauna is usually heavily dominated by the sand dollar Echinarachnius parma and the sea anemone
Epiactis arctica. Other ubiquitous taxa include the bivalve mollusc Mysella spp. Total faunal biomass in the
region of the PA-B location averaged 200 g/m2 in 2001 (DVNIGMI, 2002) whilst samples taken near the
PA-B location in 2004 ranged between 213-709 g/m2 (FESTU, 2004). No contamination of the seabed
around the proposed PA-B location has been evident in any of the characterisation or monitoring surveys
undertaken to date (e.g. FESTU, 2004).
Impacts to benthos
The offshore location, and the methods and scale of installation and construction activities for the PA-B
structure are comparable to those at PA-A. At the PA-A location, the impacts from the various aspects of
installation and operation have been minor in terms of severity, extent and duration. It is therefore likely that
the impacts at PA-B will be similar. Seabed levelling prior to installation of the PA-B platform could
theoretically re-mobilise sediment-bound contaminants. However, monitoring programmes have shown that
there are no accumulations of contaminants in sediments at the PA-B location and therefore installation
activities will not result in benthic contamination. The physical footprint of the PA-B CGBS will be 110 m x
110 m.
Impacts to WGW food resources
The seabed at the PA-B location does not support benthos of a type that is favoured as a WGW food source.
As with the PA-A platform further south, the installation (including seabed levelling) and operation of the
PA-B platform will affect a small area in relation to the shelf area off north-east Sakhalin. Placement of the
PA-B will have no significant impact on the benthos and no impact on the potential food sources of WGW.
In addition, since there will be re-injection of muds and cuttings (with the exception of the initial well), no
sediment or marine contamination in the vicinity of PA-B is expected.
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5.3.4

Pipeline Construction Disturbances

The proposed Base Case and two alternative offshore pipeline routes running south from PA-B are situated
between 12 and 25 km offshore from Piltun in water depths of 30-40 m. The Base Case route links with the
PA-A installation before heading almost due west to a landfall at the southern end of Piltun Bay. Alternative
routes 2 and 1 head 12 and 20 km further south of PA-A respectively, before turning west to landfalls at the
northern end of Chaivo Bay.
Sediment characteristics
In general terms, the three routes pass over similar seabed types and benthos assemblages for most of their
length. Over the whole area, sediments are patchy in distribution and dominated by fine to medium sands.
Fine sands are prevalent in water depths <15-20 m, but further offshore medium sands are dominant. No
evidence of contamination of sediments by hydrocarbons or metals has been found anywhere along the
proposed pipeline routes (FESTU, 2004).
Species assemblages
Water depths greater than 15-20 m are characterised by the sand dollar Echinarachnius parma and the
cumacean Diastylis bidentata. Assemblages are dominated numerically by the cumacean D. bidentata,
together with amphipods such as Wecomedon minisculus, Protomedia popovi and Eohaustaurius eous eous.
In biomass terms the fauna is usually heavily dominated by the sand dollar E. parma and the sea anemone
Epiactis arctica. One other ubiquitous taxon is the bivalve mollusc Mysella spp.
From Chaivo Bay in the south to Odoptu Bay further north, amphipods and isopods are the most abundant
groups in water depths shallower than 15 m, with the highest densities occurring patchily along the shoreline
between the northern and southern limits of Piltun Bay in depths of 5-15 m. Prevalent species here include
the amphipods Pontoporeia affinis, Eohaustorius eous eous, Eogammarus schmidti and Pontharpinia
longirostris, the polychaete Onuphis shirikshinaiensis, the isopod Synidotea cinerea and the bivalve
molluscs Megangulus luteus, Macoma lama, Siliqua alta and Mysella spp. The amphipods and isopods
within this narrow coastal strip appear to form the basis of the main food resource for the WGW (Fadeev,
2002, 2003, 2004), and this corresponds with information on diet from feeding observations and from
stomach contents analysis from WGW elsewhere (Nerini, 1984; Rice & Wolman, 1971).
Impacts to benthos
This section focuses on potential impacts to the Piltun feeding area since the other known feeding area, off
Chaivo Bay, is approximately 20 km south of the most southerly pipeline route alternative and no physical
disturbance of that area will result from the planned construction activity.
For each of the pipeline routes, the main disturbance will arise through the dredging and backfilling activities
necessary to bury the pipelines for protection from ice scour. The severity, extent and duration of the
disturbance impact are determined by the size of the area affected, the presence of a potential food source
and proximity to known whale feeding areas. Only the Base Case route alternative has some potential to
affect currently utilised WGW food resources.
Pipeline routes between PA-B and PA-A will contain two main lines and will be laid in a trench 30 m wide.
Spoil from the trench will be spread over the seabed within a 100 m wide corridor separated from the trench
by a 100 m wide undisturbed strip. Therefore the total width of seabed to be physically disturbed for the
deeper part of the offshore routes has been estimated at 250 m. As sediment will be released into the water
column during dredging and small volumes re-suspended from the spoil heap, a worst-case potential benthic
smothering effect has been estimated at 500 m in width for this section of the pipeline.
Downstream from PA-A, routes will contain four main lines and will be laid in a trench 40 m wide. Spoil
from the trench will be reused for backfilling and temporarily dumped within a 300 m wide corridor
separated from the trench by a 100 m wide undisturbed strip. Therefore the total width of seabed to be
physically disturbed for this shallower part of the offshore routes has been estimated at 450 m. As sediment
9

will be released into the water column during dredging and small volumes re-suspended from the spoil heap,
a worst-case potential benthic smothering effect has been estimated at 1,000 m in width. In general, the eastwest section of the pipelines in water depths ≤30 m will have a smothering effect over a wider area than the
north-south section both because of the greater volume of dredging and hence spoil, and the effect of the
predominantly north to south prevailing current.
Impacts to food sources
For the greater part of all proposed routes, the seabed disturbance will not affect WGW feeding habitat, or
areas supporting potential WGW food resources. The landfall areas for each alternative route support small
areas of potential WGW prey resources. Only the Base Case passes through the feeding area. The biomass
of prey also tends to decline toward the south and appears to be less favoured by feeding WGW (Blokhin et
al., 2003, 2004; Fadeev, 2002). Nevertheless, taking a precautionary approach, the area encompassing the
three landfalls probably supports amphipod biomass within the range 25-150 g/m2 (FESTU, 2004; Fadeev,
2003). Table 5.2 indicates the worst-case for area of disturbance to food resources.
For the offshore parts of the pipeline routes alternatives, recovery of disturbed seabed is likely to proceed
relatively quickly because of the dynamic and heterogeneous nature of the area. The shallow (<20m) benthic
communities, which include the amphipod food resource, are naturally subject to major physical disturbance,
and recover from storms and sea ice scouring on an annual basis. Recovery will proceed by re-colonisation
from either side of the narrow pipeline route, to supplement the natural regenerative processes that operate
there annually following the natural disturbances from WGW feeding, i.e. ice scour and wave action.
Table 5.2 Disturbance to Food Resources
Pipeline Route

Total Length
(km)

Total Seabed
Area Disturbed
(km2)

Length within
the Piltun
feeding area
(km)

Worst-case Area of
Disturbance to Food
Resource (km2)

Base Case
Alternative 2
Alternative 1

42.0
61.1
71.3

17.3
23.8
27.0

3.0
0.0
0.0

3.0 (0.625%*)
0.0
0.0

* Total size of the Piltun feeding area is 480 km2

Base Case route
The limited area to be disturbed by dredging and pipe-laying is on the southern extremity of the Piltun
feeding area. The landfall approach, in water depths less than 15 m, does support benthos of a type and
quantity that WGW could use. Although the pipeline landfall is within the area where WGW have regularly
been observed to feed, primary high-quality feeding habitat will not be significantly split or fragmented by
pipeline installation operations.
With regard to the benthos itself, the impacts from pipeline installation are anticipated to be small. This is
due to the small area that would be affected, and the faster-than-normal recovery processes likely to occur
close to shore. The International EIA provides information on the anticipated construction-related impacts to
the seabed. It stated that an estimated area of 610 000 m2 of seabed along the pipeline route would be
directly affected during construction, with a total seabed area of 17.3 km2 disturbed by construction activities
(such as the stockpiling of dredged material for backfill). Monitoring of the effects of dredging and
installation of the PA-A platform showed no initial impact beyond approximately 250 m from the site of
operations, and substantial recovery of the benthos since installation (TEO-C, book 8, Volumes 2A and 2B,
2002). Based on these results, it is predicted that construction impacts will be localised and medium term
with seabed recovery expected within one to three years.
Alternative 2 route
The area to be disturbed by dredging and pipe-laying is located approximately 6 km south of the Piltun
feeding area, and does support limited potential prey resources for WGW, albeit at lower densities than the
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near shore feeding area adjacent to Piltun Bay (Fadeev, 2002, 2003, 2004). Although WGW have been
observed in low densities near this route, most were reported to be travelling and not feeding near the
proposed route. However, it is possible that travelling WGW would stop to feed for short periods of time
(i.e. hours) if they opportunistically encountered patches of prey resources at high concentrations.
With regard to the benthos itself, the impacts from pipeline installation are anticipated to be small. This is
due to the small area to be affected and the faster-than-normal recovery processes likely to occur. WGW
have not been observed to feed in this area and the distribution and abundance of prey appears to be suboptimal for efficient, regular foraging.
Alternative 1 route
The area to be disturbed by dredging and pipe-laying is located approximately 13 km south of the Piltun
feeding area, but does support limited prey resources for WGW, albeit at lower densities than the near shore
feeding area adjacent to Piltun Bay. Therefore, the potential WGW prey in the area to be disturbed are at
concentrations that are likely below the threshold limit that is of interest for WGW. Although WGW have
been observed near this route in low densities, most were reported to be travelling, and limited feeding
behaviour (i.e. milling) has been reported. It is possible that travelling WGW would stop for short periods of
time (i.e. hours) to feed if they opportunistically encountered patches of prey resources at high
concentrations.
With regard to the benthos itself, the impacts from pipeline installation are anticipated to be small. This is
due to the small area to be affected, and the faster than normal recovery processes likely to be operating.
WGW do not appear to feed regularly in this area and the distribution and abundance of prey appears to be
sub-optimal for efficient, regular foraging.
Conclusion
For the Base Case route, the risk is that, although this landfall is on the edge of the area normally used by
WGW for feeding, WGW would be discouraged from using the specific locality for an entire summer season
and that the disturbed area may not recover for some period (one to three years) following dredging and
pipe-laying, with the result that whales may not immediately return to the area to feed. This is only
important if for some reason the whales need to feed in this specific section of their feeding area. Examples
of such reasons might be, for example, unpredicted variations in food biomass distribution, or Phase 2
impacts provoking avoidance of other parts of their feeding range.
Both the alternative routes are outside known WGW feeding areas and so no direct impact to the feeding
areas will occur. Alternative 1 carries the least risk since it is furthest away from the WGW feeding area.

5.4

Relative Risk

The Base Case route passes through the Piltun feeding area and has the potential to cause some disturbance
to the potential food resources of the WGW. The areas to be disturbed by dredging and pipe-laying for the
Alternatives 2 and 1 routes also have some potential to disturb prey resources for WGW, though outside the
identified feeding areas and at much lower densities than for the Base Case route. Table 5.3 indicates the
relative impact based on proximity to the Piltun feeding area, and on the relative density of the available
WGW food that might be disturbed by construction activity.
Table 5.3 Relative Impact between the Pipeline Route Alternatives

Base Case
Alternative 2
Alternative 1
+ = Relative impact

Proximity to the Piltun
Feeding Area

Area of Disturbance to
Food Resource

+++
++
+

++
+
+
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5.5

Platform and Pipeline Operations

5.5.1

Platform Discharges

Drilling and production operations have been ongoing at the PA-A platform since 1999. Thirteen production
wells, four water injection wells, a gas injection well, and a cuttings re-injection (CRI) well have been drilled
and over 60 million barrels of oil have been produced from the platform, all with no noticeable impact to the
surrounding waters or benthic communities.
A variety of liquids are generated at the PA-A platform. Drilling-related wastes typically include drill mud
and cuttings, completion fluids, produced water, and oily wastewater collected on the platform from drilling
and production process modules. The usual range of domestic and rig-related liquid waste streams is also
present. Once in operation, the planned PA-B platform facility will generate similar waste streams. Drilling
wastes from PA-B (except for the initial cuttings injection well) will be re-injected, not discharged.
Safeguarding the environment is a fundamental element of SEIC’s offshore operations. Prior to
commissioning PA-A operations, SEIC developed a comprehensive discharge monitoring plan. The goal
was and continues to be the effective management of all produced waste streams so as not to impact
surrounding water quality, benthic communities, or the WGW. The key elements of this plan are shown in
Table 5.4.
Table 5.4 Management Policies for Liquids from the PA-A and Planned PA-B Platforms

Waste Streams

Management Policy
PA-A Platform

DRILLING WASTES
Water-based Mud and Cuttings
Oil-based Mud and Cuttings
Completion Fluids
Produced Water
Produced Sands
Contaminated Rig/Equipment Wash
Oils - Lubricating and Synthetic
Oily Sludges
DOMESTIC LIQUID WASTES
Grey Water
Laundry and Service Waters
Oil-contaminated Laundry Water
Rain Water
Reverse Osmosis

PA-B Platform

Discharged
Injected
Injected
Planned Injection
Injected
Injected
Recycled
Recycled

Injected (except CRI)
Injected
Injected
Planned Injection
Injected
Injected
Recycled
Recycled

Discharged
Discharged
Injected
Discharged
NA

Discharged
Discharged
Injected
Discharged
Discharged

Since a low-toxicity water-based mud system was used at PA-A to drill the initial wells, the residual fluids
and cuttings from these wells were shunted 10 m below the sea surface and discharged. Various domestic
liquid waste streams have also been discharged from the PA-A facility. Beginning in early 2004, drilling
operations switched to a synthetic-oil-based drilling mud system to enable directional drilling of additional
wells. Prior to beginning these wells, a CRI was drilled for injection of all drilling fluids, cuttings, and any
associated contaminated fluids. Since completing this well, all subsequent drilling fluids have and will
continue to be injected.
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All production and water-injection wells planned from the PA-B platform will also be drilled with a
synthetic-oil-based mud system. The initial CRI well will be drilled with water-based mud, so these fluids
and cuttings will constitute the only drilling discharges from the platform. As is typical in the early
production stages of most fields, little if any water has been produced with the oil. Water production is
expected to occur soon at the PA-A platform because of recent commencement of water re-injection to
maintain reservoir pressures and improve oil production rates and recovery. When this occurs, all produced
water will be injected back into the producing formation. This policy will also apply at the PA-B platform
facility.
Despite the discharge of water-based drilling mud and cuttings during the first two years of drilling at the
PA-A platform location and again for a limited time between 2003 and 2004, monitoring studies have shown
little if any impact to the surrounding waters and benthic communities. Since completing the CRI well in
2004, there have been no discharges of drilling or contaminated fluids from the PA-A. Treated domestic
waste streams will be discharged to the surrounding waters from both platforms. To support this discharge,
both platforms will be equipped with state-of-the-art sewage treatment facilities. All discharge activities will
be carried out in full compliance with Russian Federation regulations and stringent environmental standards.
These discharges will be controlled and monitored on-platform, and off-platform through a programme of
effects-based monitoring (see Section 5.5.2). Planned long-term operations from both the PA-A and PA-B
facilities will not impact the ecology of the surrounding waters, based on the evidence from six years of
operations and effects monitoring at the PA-A.
5.5.2

Long-term Monitoring

Monitoring of water quality and the surrounding benthic communities has occurred since the PA-A platform
facility was installed in 1998. These programmes were established to ensure that operations activities were
not causing negative impacts in the area surrounding the platform.
A similar monitoring programme is also planned for the PA-B platform facility. These monitoring
programmes will continue periodically for the life of the operation at both the PA-A and PA-B facilities. If
any significant impacts are detected, the cause will be determined and appropriate measures will be enacted
to prevent further impact.
Drilling and production operations at the PA-A platform site have had little if any measurable impact to the
surrounding waters and benthic community. This is despite the fact that water-based drilling mud and
cuttings were discharged for several years, and that small discharges of domestic waste streams continue.
At PA-A, since early 2004 forward, there have been no discharges of drilling-related waste streams. These
wastes are collected and injected using a dedicated CRI well. Furthermore, a zero discharge policy for
drilling-related wastes will also be in place for PA-B operations. The only exception will be discharge of
mud and cuttings from the initial CRI well.
5.5.3

Conclusions

The operation of the two platforms and associated pipelines is expected to have no effect on the benthos used
by WGW, and hence no effect on the WGW. The area offshore in the vicinity of the two platform locations
is not used as a food resource, and it appears to offer no potential as a whale feeding area. Furthermore, with
the exception of oil spills (addressed in Chapter 7), it is very unlikely that there will be any operational
activities in the PA field as a whole that could affect the existing whale food resources.
5.5.4

Acceptability

There are no specific standards of acceptability of impact in relation to food source disturbance.
WGW are known to move throughout the Piltun feeding area on a daily basis, presumably in response to
prey distribution and abundance. Such shifts from one part of the feeding area to another are considered
normal and acceptable. Prey densities are known to vary considerably over time and space within the Piltun
feeding area during the ~150-day feeding season. However, because insufficient quantitative information
exists about the seasonal or spatial changes in prey abundance in the Piltun feeding area, variations in prey
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densities have not been considered in the impact assessment. The part of the Piltun feeding area through
which the Base Case route passes, therefore, is assumed to be of equivalent value to any other part.
However, since the area of seabed disturbed is 3 km2 (Table 5.2) or 0.625% of the feeding area as a whole,
this is considered acceptable. Impacts to this area are expected to recover and become available to the WGW
within one to three seasons of the initial disturbance.
The seabed areas of Alternative routes 2 and 1 do not play any identifiable role in providing food resources
for the WGW and therefore, on this basis, these two routes are acceptable in terms of food disturbance
impact to the WGW.
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6.0

COLLISION

6.1

Introduction

As identified in prior environmental impact assessments carried out by SEIC for the Sakhalin II project (e.g.
2002 International EIA and the 2003 Western Gray Whale EIA) there is a potential risk of collision between
vessels servicing the PA Field and WGWs transiting and feeding in the area. The current study is
complementary to previous studies carried out by SEIC, including prior risk assessments and EIAs.
A direct relationship exists between the amount of ship traffic and ship speed and the number and severity of
ship-whale collisions. Certain assumptions about the risk of ship-whale collisions can therefore be made
(Laist et al., 2001), as follows:
•
•
•
•
•
•

All types and sizes of vessels can hit whales
Ships over 80 m in length cause most severe or lethal injuries
Vessels travelling over 12-13 knots cause most severe or lethal injuries
Serious injuries to whales rarely occur if struck by vessels travelling at speeds of less than 10 knots
Whales struck by vessels are usually not seen beforehand, or are seen too late to be avoided
The risk of ship-vessel collisions increases in poor visibility

The risk of ship-whale collisions can be considered lowest when the number of vessels is low (particularly in
areas known to be regularly frequented by whales), vessel speed is less than 10 knots, and marine mammal
observers (MMOs) are present on the vessels. The risk of collisions can also be considered low when the
maximum number of vessels (and distances travelled) is restricted to transiting within designated shipping
lanes that are located outside the primary areas (e.g. Piltun feeding area) used by the WGW.
This section addresses the risk of WGW collision during construction activities in the Piltun area for the
Phase 2 project and from vessels attending the PA-A and PA-B platforms and performing pipeline
inspections during the operational phase.
The assessment covers:
•
•
•
•
•

Experience to date
Platform installation
Pipeline installation
Platform operations including pipelines
Comparative risk of the pipeline route options

6.2

Experience To Date

6.2.1

Previous Phase 1 and 2 activities

The Phase 1 PA-A platform (Molikpaq) was towed out and installed in 1998 and oil production commenced
in July 1999. In the years preceding installation of the platform numerous site surveys took place as well as
seismic surveys and exploration drilling. Vessel movements to support PA-A operations include: supply and
other support vessels such as oil spill response, the FSO and the shuttle tankers. Surveys and exploration
drilling have also been conducted for Phase 2 throughout the Phase 1 PA-A operations.
Vessel activities associated with the Phase 2 development include:
• Environmental monitoring studies around PA-A
• WGW studies
• Ice scour surveys along the proposed pipeline routes
• Hydrobiological surveys
• Engineering and seismic surveys
• Tow-out route surveys for platform installation
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These surveys do not take place simultaneously and the average duration of a survey is one to two months.
Generally, during four months of the six-month ice-free season, there have been six survey vessels present in
the Piltun area, or about one to two per month. Transit speeds to and from the PA Field are about 10-12
knots. During the surveys, vessels operate in a limited area and vessel speeds are much lower (max. 3-4
knots).
MMOs have been present since 2003 on all principal vessels to keep a lookout for marine mammals and to
advise on responses necessary in case marine mammals are observed in close proximity to vessels (prior to
2003 members of the crew were instructed to record marine mammal sightings). MMOs prepare observation
logs of all sightings and measures taken during the surveys. All sightings recorded by the MMO are put into
a SEIC database. MMOs also record injured or dead marine mammals that they encounter during their
surveys, although to date no dead WGW have been observed.
Few whales have been sighted close to the PA-A platform and to date all reports made by the MMOs (or
other vessel personnel) confirm that there have been no marine mammal collision-related incidents
associated with the PA-A project or with the activities required for the Piltun Phase 2 development.
6.2.2

Implemented mitigations

The Western Gray Whale Protection Programme (WGWPP - the primary document for the specification of
mitigation measures) was first issued in 2001, with updates to the plan in 2002 and 2003. For the 2003 and
2004 offshore activities at Lunskoye, specific WGWPPs have been developed. The following mitigation
measures were implemented for collision risk:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Identification of three WGW sensitivity zones
Seasonal implementation of mitigation measures
All vessels registered with the Offshore Marine Coordinator
MMOs placed on all key vessels
Marine mammal awareness training given to contractors
All vessels required to keep to speed limits specified for designated areas
SEIC construction vessels, supply vessels, and crew-change vessels associated with PA-A
activities directed to travel south of the main WGW feeding area to avoid crossing this vicinity
Tanker traffic escorted to and from the Vityaz offshore loading facility
Appropriate measures taken when potentially disturbing activities could not be delayed
When WGW are sighted while vessels were under way, vessels to remain parallel to the animal’s
course, and to avoid excessive speed or abrupt changes in direction
All vessels are to attempt to maintain a distance of at least 1,000 m from WGW and 500 m from
any other large whales or dolphins
All whale sightings are documented by the MMO or other designated individuals on board the
vessel
All whale collisions or near-collisions are documented and reported
All incidents of dead whales, including stranded or floating animals, are to be fully documented
and reported

These measures were effective in ensuring that no ship-whale collisions occurred during past Phase 1 and
Phase 2 field activities, and will be applicable also to the future Phase 2 activities (see Section 6.6).

6.3

Phase 2 Platform Construction

The engineering activities required for the Piltun Phase 2 operations at the PA-A and PA-B locations are
described in Chapter 2 and include the towing of the CGBS from Vostochny port and the topside from
Korea.
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6.3.1

PA-B tow-out/install

The PA-B location is approximately 12 km offshore from Piltun in just over 30 m of water. This location is
approximately 7 km east of the Piltun feeding area.
The location, methods and scale of installation and construction activities, including the supply and survey
vessels for the PA-B platform, will be comparable to those at PA-A. At the PA-A location, the impacts from
the various aspects of installation and operation have been minor in terms of severity, extent and duration.
The impacts of the PA-B activities should be similar or better as mitigation measures have been further
developed. The activities at PA-A associated with Phase 2 are of a reduced nature (two lifts) when compared
with the original installation and hence their impact should be less.
As outlined in Chapter 2, installation of the PA-B platform facility will occur in two stages:
•

Installation of the Concrete Gravity-Based Structure (CGBS): The CGBS will be towed (in 2005) to
the site and de-ballasted so that it rests on the sea floor. Tow speed will typically be 4-5 knots and
will take approximately 18 days. Prior to the installation, the seabed will be levelled. This is a shortduration activity of about one day though the vessel involved is likely to be in the vicinity for a total
of about seven days. Scour protection, i.e. rock and gravel, will be placed around the base of the
CGBS immediately following its installation. Rock and gravel placement will take approximately
30 days to complete.

•

Installation of the topside: The topside facility will be towed (in 2006) to site and positioned so that
it rests on the four concrete support shafts that extend upwards from the concrete base. Transit
speeds during towing of the topside facility will typically be 4-5 knots and will take approximately
16 days.

The offshore route that will be followed is far outside the normal coastal migration route presumably used by
the WGW. Once approaching the platform site, the towing spreads will reduce their speed and essentially
remain stationary for final installation. Vessels involved in platform placement are restricted to the
immediate vicinity of the PA-B set-down area. Key towing vessels will also have MMOs on board to
monitor for the presence of any marine mammals.
6.3.3

Evaluation of Risk Platform Construction

The PA-B location (12 km offshore from Piltun, 30 m water depth, approximately 7 km east of the Piltun
feeding area) does not support benthos of a type that is favoured as a food source by the WGW (see Chapter
5) and few WGWs have been sighted close to the PA-B location. Based on current sighting data, few WGW
are expected to occur in the vicinity. It is anticipated that vessels involved with the installation of PA-B will
encounter a very limited number of whales.
Spreads for the towing of the PA-B components will be travelling at speeds of 4-5 knots and will have
MMOs on board. The selection of the offshore tow routes should minimise the likelihood of encounters with
migratory WGWs, since the WGWs are expected to migrate close to shore (as is the case for eastern gray
whales). The risk of collisions during the towing of the platform components is therefore considered
extremely low.
The offshore location, and the methods and scale of installation and construction activities, including the
supply and survey vessels for the PA-B platform, will be comparable to those used to date at the PA-A. At
the PA-A location, there have been no ship-whale collisions impacts during the various aspects of
installation and operation. The same may be expected for the 2005 and 2006 platform installation activities
and the ongoing Phase 1 activities.
Although the likelihood of a ship-whale collision is low in the vicinity of PA-A and PA-B and, indeed, along
the tow-out routes, mitigation measures will be employed to reduce the probability of a harmful encounter to
ALARP. These mitigation measures are summarised in Section 6.6.
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6.4

Pipeline Construction

The Base Case pipeline route traverses the southern tip of the main WGW feeding area whereas the two
alternative routes are located further south (see Section 2.4.6).
6.4.1

Construction Activities During the WGW Season

The pipeline installation scenarios addressed in the CEA vary and are described in detail in Chapter 4. The
number of spread days for three example scenarios have been summarised in Table 6.1 to illustrate the likely
variation in number of spread days for the different routes. The number of spread days in Table 6.1 exclude
the days that these spreads operate at the PA-A and PA-B location. As stated in Section 6.3.3, these are
areas of infrequent WGW sightings and such activities should therefore be excluded.
.
Table 6.1 Number of Pipeline Construction Spread Days during the WGW Feeding Season (including standby)

Route and installation
scenario

Spread

Duration
(days)

Base Case with winter
dredging/summer pipelaying
(summer days only)

Pipe-laying Spread 1
Pipe-laying Spread 2
Trench cleaning by trailer hopper suction dredger
(THSD)
Dredging/Backfill by cutter suction dredger (CSD)
Total no. of days
Pipe-laying Spread 1
Pipe-laying Spread 2
THSD Dredging/Backfill Cleaning
CSD Dredging/Backfill
Total no. of days

117
32
7

Pipe-laying Spread 1
Pipe-laying Spread 2
THSD Dredging/Backfill Cleaning
CSD Dredging/Backfill
Total no. of days

80
73
109
71
333

Alternative 2 with
dredging and pipe-laying
during WGW feeding
season

Alternative 1 with
dredging and pipe-laying
during WGW feeding
season

6.4.2

64
220
75
56
94
120
345

Evaluation of Risk

The evaluation of collision risk is based on three main criteria:
•
•
•

Speed of the vessels
Number of vessel days
Potential number of whales present in the area of construction

Speed of the vessels
For all construction activities, the pipe-laying and dredging operations proceed at about 1-3 km per day.
Consequently, at such low speeds the spreads should not prove to be a collision risk to the WGW. The fastermoving vessels are the supply ships, which will be operating between 7-17 knots during good weather and
under daylight conditions, depending on their location, with lower speeds implemented during periods of low
visibility, at night and at restricted corridors (see Section 6.6).

4

Number of vessel days
The number of vessel days for Alternative routes 1 and 2, with all construction conducted in the summer, is
significantly higher than for the Base Case route with winter dredging (333 and 345 days respectively, versus
220 days). This means that, although vessels will be present during the whole WGW feeding season for all
three routes, the vessel density will be higher for the alternative routes compared to the Base Case.
Potential number of whales present
The pipeline proposed to connect the PA-A and PA-B is located in an area where whales have not been
frequently sighted. The Base Case pipeline route from the PA-A platform to shore runs through the southern
edge of the Piltun feeding area, while the pipeline routes proposed under Alternatives 2 and 1 are located 12
km and 20 km to the south relative to the Base Case route respectively. On the basis of shore approach
anchor patterns in 2004, a corridor of 1600 m is needed for placement of anchors and sufficient tug turning
circles. This will apply for all the routes. Calculations of the average number of whales present in that area
showed that the number is higher for the Base Case route than for either of the alternatives (see Table 6.3).
It can be concluded that the closer to the Piltun feeding area the higher the risk of collisions. Although the
potential numbers of whales present in the area is highest for the Base Case route, the likelihood of a shipwhale collision will be low because of the very low speed of the spreads, the regulated speed of supporting
vessels, the presence of MMOs, and the other mitigation measures outlined in Section 6.4.3.

6.5

Production Operations

As previously specified, both of the platform locations are outside the Piltun feeding area and whales have
been sighted infrequently in proximity to either platform location.
Experience gained to date from activities surrounding operation of the PA-A provides data for predicting
future impacts of full-field development. Marine operations have been performed by SEIC at PA-A and
along the proposed Base Case route since 1998. There have been no reported ship-whale collisions from
1998 to the present.
PA-A operations in 2004 were supported by a variety of supply vessels and other vessel traffic, which can be
regarded as representative of the preceding years of operation. Marine traffic intensity during the ice-free
season in 2004 is summarised in Table 6.2. A similar level of vessel activity is anticipated for the PA-B
operations (without the shuttle tanker and FSO).
Table 6.2 Marine Traffic Intensity for 2004
Vessels

Transits (/month)

Speed (knots)

Miss Sybil
IRBIS
Smit Sakhalin
Smit Sibu
Icebreaker

15
Permanent
4
4
Winter only

Shuttle Tanker
FSO at SALM

3
Transit only at beginning and end of
season

17
11
11
17
Not relevant for collision
impact
13.5-15
Stationary

The fact that there have been no marine mammal collision-related incidents associated with PA-A operations
would suggest that the implemented WGW collision mitigation measures have been appropriate and
effective in avoiding ship-whale collisions.
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During future operations of the PA-A and PA-B platforms, each location will be serviced by a variety of
support vessels, including supply boats (providing equipment, materials, and fuel) and emergency response
vessels. A 500 m safety zone will be established around the platforms.
Vessels transiting to each of the platforms will keep to designated shipping lanes. The specific location of
the shipping lanes is currently being assessed. These lanes will be established well to the east of the areas
used by the WGW including the offshore feeding area located off Chaivo Bay.
As part of normal operations, the pipeline routes will be visually inspected once a year using divers and/or
remotely operated vehicles (ROV). Survey vessels will support these activities. These operations will be
performed with a survey vessel travelling at speeds up to 3 knots. Where possible, inspections will be
performed when WGW density is low. Whales are more likely to be encountered during annual surveys
along the section of the Base Case route that passes through the feeding area than at either of the platform
locations or along Alternatives 1 or 2.
6.6

Collision Mitigation Plans

An update of the WGWPP for the 2005 construction season, based on all currently available information, is
in progress and will be finalised in Quarter 1, 2005. The mitigations outlined below will form the basis of the
updated protection programme.
In general, the risk of ship-whale collisions can be effectively mitigated by:
•
•
•
•

Limiting the number of vessels
Controlling vessel routes
Limiting vessel speed
Using MMOs

Although the likelihood of a ship-whale collision is low in the vicinity of both platforms, the pipeline route,
and along the designated shipping routes, mitigation measures will be employed to further reduce the
probability of a harmful encounter. The following standard mitigation measures will be used to reduce the
likelihood of ship-whale collisions in all phases of SEIC’s operations:
•

Identification of the Piltun feeding area, based on new available data (Figure 3.1) and application of
strict rules for operations in this area with regard to speed limits and definition of working corridors

•

Prior to mobilisation all relevant personnel on vessels receive a briefing with regard to the Marine
Control Guidelines and the mitigation measures that apply for its activity and area of operation

•

Establishment of specific shipping lanes/corridors for transferring vessels

•

Vessels will not traverse the feeding area unless essential for safety, or specifically required and
authorised

•

Appropriate navigational corridors will be defined for shipping

•

Speed limits for vessels in the Piltun and offshore feeding area are as follows:
7 knots – during daylight and good visibility
5 knots – during reduced visibility and at night

•

Speed limits for vessels outside the Piltun and offshore feeding area feeding area are as follows:
17 knots – within shipping lanes
10 knots – outside shipping lanes during daylight and good visibility
7 knots – outside shipping lanes during reduced visibility and at night

•

Establishment of a limited zone of operation for vessels involved in specific offshore activities
(pipeline installation, CGBS and topsides installation)
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•

Transiting vessels will attempt to maintain a minimum of 1,000 m separation from WGW and other
whale species. If a whale surfaces in the vicinity of, or is heading toward, the vessel, all
precautionary measures possible need to be taken to avoid collisions. This may include stopping,
slowing down, and/or steering away from the whale until it has been determined that the potential
danger has passed

•

Vessels moving at a speed of less than 5 knots (in the feeding areas) or 7 knots (outside the feeding
areas) will maintain course and speed unless there is an imminent risk of collision. In case of a
collision risk with a whale they should stop if it is safe to do so until it has been determined that the
potential danger has passed

•

Vessels will not pursue, head off, encircle whales, or cause groups of whales to separate

•

Vessels will not cross directly in front of or in the immediate vicinity of moving or stationary
whales. When moving parallel to whales, vessels will operate at a constant speed no faster than the
whales

•

Unexpected manoeuvres and sudden changes in speed and or direction from support vessels and tugs
will be avoided. It is noted that manoeuvring options would be limited for heavy transport such as
vessels towing barges, but in those cases normal movements are already slow and deliberate, and
unlikely to pose a collision risk for WGWs

•

At least two trained MMOs will be present on key vessels to keep continuous watch for WGWs and
other marine mammals. All marine mammal sightings will be recorded on specific data sheets

•

All crew members will attempt to maintain a watch for marine mammals, regardless of whether or
not the MMOs are on watch

•

All cases of collisions will be reported immediately and documented on special forms by the MMO
to SEIC’s HSE

6.7

Comparative Risk

6.7.1

Relative Risk

As outlined in Section 6.4.2, the evaluation of collision risk is based on three main criteria:
•
•
•

Speed of the vessels
Number of vessel days
Potential number of whales present in the area of construction
Table 6. 3 Relative Risk (unmitigated) between the Pipeline Route Alternatives
Base Case

Pipeline Installation
PA-A & PA-B Joint
Operations (including
pipelines)
Number of Whales
estimated within 800 m of
pipeline corridor1

+++
++
0.455

Alternative 2
++
+
0.173

Alternative 1
+
+
0.098

0 = No impact on the receptor is expected
+ = Relative impacts of each route alternative. This ranking is a relative one rather than an absolute one. A score of +
does not infer the same level of impact between different sources, merely a comparative value within a source.
1

The number of whales within 800 m on either side of the pipeline corridor based on estimated densities.
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Installation of the Base Case pipeline route will result in more whales being encountered and thus a greater
risk of collision, than under either of the other two alternatives. Table 6.3 below shows the relative risk
between the pipeline route alternatives, based on likelihood of increased presence of WGWs. This is an
unmitigated situation since, in practice, a mandatory lower speed limit within the Piltun feeding area, and the
additional mitigation measures outlined in Section 6.6, will effectively decrease the risk of a vessel-whale
collision for all routings.
6.7.2

Overall Risk

There have been no ship-whale collisions associated with the PA Field since PA-A activities began in 1998.
However, despite this record, SEIC recognises that the risk of ship-whale collisions exists with all projects
that involve shipping.
Use of MMOs and vessel speed restrictions are expected to effectively mitigate the risk of collisions along
all possible pipeline routes. Any vessels en route to, or in the vicinity of, either platform or the pipeline
routes will either be restricted to designated shipping routes or will be travelling at speed limits appropriate
to their location and the prevailing conditions.
Following construction and installation of the PA-B platform and the pipelines between PA-A, PA-B and
shore, the number of vessels associated with operations will decline. Vessel traffic along the pipeline routes
will be limited to planned annual surveys to inspect the line.
6.7.3

Acceptability

Overall, probabilities of ship-whale collisions are low, and have been minimised through adoption of
collision mitigation plans (see Section 6.6).
Based on the experience, evidence and mitigation controls, SEIC believes that the risk of vessel-whale
collision has been reduced to ALARP and is acceptable for the three pipeline route alternatives, platform
installation and future PA Field operations, particularly in view of the following:
•
•
•
•
•
•
•

Lack of any collision incidents associated with SEIC PA-A activities to date
Experience gained from the PA-A operations to assess the potential risk of ship-whale collisions for
future phases of the Sakhalin II development
Few WGWs have been observed close to the PA-A or the proposed PA-B location
Use of MMOs
Vessel speed restrictions
Designated shipping routes
Contact and co-operation with other marine operators and authorities

In light of the fact that there have been no collision incidents to date, and in view of the continued use of
active mitigation measures as outlined above, ship-whale collisions will not represent a significant risk for
continuing operations.
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7.

OIL SPILLS

7.1

Introduction

Oil spill risks, the possible impacts to the marine environment from an oil spill, and the
design, control and mitigation approach have been discussed previously and presented in the
international-style Environmental Impact Assessment (EIA), the Western Gray Whale
Environmental Impact Assessment (WGW EIA), and the platform design Quantitative Risk
Assessment (QRA).
This chapter summarises the above work and then discusses further work performed in 2004
to assess risks of oil spills, their potential impacts, and the mitigation measures that will be
used to control potential impacts. The chapter is laid out as follows:
7.2
7.3
7.4
7.5
7.6
7.7
7.8

QRA of oil transport operations
Blowout risks
Oil spill trajectory modelling for the Piltun area to determine how an oil slick
may travel
Potential impacts to the WGW and benthos from oil spills
Mitigation methods used in pipeline design
Mitigations used for oil spill response
Conclusions

Phase 1 operations in the Piltun area have continued since 1999 with only minor oil spills, and
with no adverse impacts to the WGW. However, the WGW EIA concluded that the impact
from a major oil spill could be significant to the whale population, and so a control
framework was required for the project’s lifetime.
Controls put in place to limit the risk of an oil spill in Phase 1 operations included:
•
•
•

Rigorous state-of-the-art pipeline and platform design standards
Inspection and maintenance programmes to maintain the integrity of the design
Operating standards and procedures to ensure that the facilities are operated within
the appropriate design envelope.

In the unlikely event that spill prevention controls fail and a spill occurs, controls to minimise
environmental impact included:
•
•
•

7.2

Regular surveillance and an early warning leak detection system that will shut-in
production and minimise spill volume
Development and implementation of oil spill response plans with site-specific
environmental sensitivities identified
Strategic availability of oil spill response resources and equipment including landbased and vessel-based on-site response capability and trained personnel.

Summary of Quantitative Risk Assessment

The full QRA report made in 2004 for the oil transport operations is included in the reference
documentation. A summary of the work is given here.
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7.2.1

Scope

A QRA was commissioned by SEIC (Risktec 2004) to compare oil spill risk from current oil
transport and transfer operations (Phase 1) with proposed pipeline operations (Phase 2), and
to compare the oil spill risk from the three PA Field pipeline alternatives against one another.
The scope of the QRA did not address consequences of oil spills to sea on the environment, as
this work was undertaken in separate oil spill trajectory modelling studies and past and
current EIA studies.
7.2.2

Oil Transport QRA Methodology

Facilities considered
Facilities and components from which oil could be released are:
•

•

Phase 1 assets including:
Piltun-Astokh (PA) A platform
PA-A platform to SALM pipeline
Floating Storage and Offloading vessel (FSO) Okha
Shuttle tankers operating within 150 km of PA-A
Phase 2 assets:
PA 14” oil pipelines to shore (Base Case)
PA 14” oil pipelines to shore (Alternative 1)
PA 14” oil pipelines to shore (Alternative 2)
PA-B platform.

The Phase 1 structures (SALM, oil export line to the SALM, FSO) and shuttle tanker
operations will be wholly replaced by the Phase 2 offshore PA oil pipeline network.
The focus of the QRA was on Piltun-Astokh activities. Shuttle tanker releases were
considered only within a 150 km operating area of PA-A.
The onshore section of the Phase 2 pipeline were not considered in this assessment, nor were
releases from Phase 2 PA gas pipelines.
Platform blowouts were not considered in the QRA report but information on these has been
taken from existing platform QRAs and summarised here.
QRA hazard identification and analysis
The hazard identification process formed the basis for a quantitative frequency and
consequence assessment of credible hazardous scenarios. In the frequency analysis, projectspecific event trees were developed for:
•
•

Phase 1 crude export (FSO, SALM and shuttle tankers) scenario assessments based
on FSO data that was subsequently modified for project-specific hazards and risk
factors; and
Offshore PA oil pipelines scenario assessments based on generic industry data that
was subsequently modified for project-specific hazards and risk factors.

Hazard identification was performed from a combination of an extensive historical data and
literature review and discussion with SEIC project personnel. For each facility (e.g. PA-B
14” offshore oil line) oil spill hazards (e.g. loss of hydrocarbon containment), causes of
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hazard release (e.g. ice scour), consequences of hazard release (e.g. full bore rupture of
pipeline, isolation of pipeline), and controls (e.g. leak detection system, burial depth, ice scour
surveys) have been identified.
Using event trees, the frequency per year of the range of consequences from a hazard release
has been calculated (e.g. undetected pinhole, detected full bore rupture) accounting for the
controls in place. The assessment has been based on industry databases, peer-reviewed
research, expert judgement, and SEIC studies.
Oil spill release volumes have been modelled for different consequence scenarios using fluid
dynamics calculations and also using historical databases for release volumes.
7.2.3

Oil Transport QRA Results

Spill frequency
Spill frequencies were calculated for the various components of Phase 1 and Phase 2
developments and these are shown in Table 7.1.
Table 7.1 Oil Spill Frequencies

Source (all Scenarios)
FSO/Shuttle Tanker
PA-A SALM and Pipeline
PA-A Pipeline Base Case
PA-A Pipeline Alternative 1
PA-A Pipeline Alternative 2
PA-B Pipeline Base Case
PA-B Pipeline Alternative 1
PA-B Pipeline Alternative 2

Release Frequency/Year
7.6 x 10-2
1.4 x 10-3
1.8 10-3
2.9 x 10-3
2.5 x 10-3
2.7 x 10-3
3.8 x 10-3
3.5 x 10-3

The assessment also found that the risk from pipeline operations is dominated by releases
from very small holes which result in release rates that cannot be detected by the leak
detection system, but over a substantial period of time (e.g. seven days), could result in oil
spills of over several hundred cubic metres in sise.
Although these risks are low, the finding does stress the importance of corrosion control,
pipeline condition monitoring and low-level leak detection procedures in pipeline operations.
Maximum credible spill volume
Potential volumes of oil spills were calculated from industry-average figures and are reported
in the QRA Report (Risktec 2004). Maximum credible spill volumes were also calculated and
these are summarised in Table 7.2. Frequencies shown in Table 7.2 indicate the likelihood of
the maximum credible spill and do not reflect the average spill frequencies shown in Table
7.1.
The maximum credible releases assume that the leak detection system operates. However, the
risk calculation takes into account failures in leak detection. Both the reliability and
sensitivity of the leak detection system is of critical importance. Pipeline leak detection
consists of automatic leak detection as well as manual surveillance and periodic pigging to
detect pipeline irregularities.

-4Table 7.2 Calculated Maximum Credible Spill Volumes and Frequencies
Option

Position

Release

PA-A Pipelines
Base Case 1 km
Rupture
Alternative Midline
Rupture
1
Alternative 1 km
Rupture
2
PA-B Pipelines
Base Case
1 km
Rupture
Alternative Midline Rupture
1
Alternative 1 km
Rupture
2
Phase 1 Tanker Operations
FSO and
Tank
Tanker
Puncture

Initial Release
Initial
Time to
Volume
Release
m3
mins

Subsequent release
Subsequent
Time to
Volume
Release
m3
mins

Frequency
of Event

97
96

12
12

210
319

142 hrs
216 hrs

3.6 x 10-4
5.7 x 10-4

97

12

244

165 hrs

5.1 x 10-4

97
97

12
12

210
319

115 hrs
175 hrs

5.5 x 10-4
7.6 x 10-4

97

12

244

133 hrs

6.9 x 10-4

14850

54

-

-

6.1 x 10-4

Comparison of Phase 2 and Phase 1 oil export systems
The Phase 2 development produces an overall improvement in oil spill risk from oil export
operations, both in terms of likelihood (spill frequency) and potential spill volumes. This is
illustrated in Figure 7.1, which shows the calculated potential annual frequency of release
from the current Phase 1 operations and the three Phase 2 PA offshore oil pipeline options.
The Phase 1 export frequencies include contributions from those parts of Phase 1 that will be
replaced by the Phase 2 pipelines, namely:
The PA-A platform to SALM pipeline
The FSO
Shuttle tankers operating within 150 km of PA-A.

8.0E-02
Release Frequency / Year

•
•
•

7.0E-02
6.0E-02
5.0E-02
4.0E-02
3.0E-02
2.0E-02
1.0E-02
0.0E+00
Phase I

Phase II (base
case)

Phase II
(alternative 1)

Phase II
(alternative 2)

Figure 7.1 Oil Spill Frequency Comparison between Different Project Phases for Oil Export
Systems
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The oil release frequencies for oil transport operations (not including blowout frequencies)
range from 4.6 x 10-3 per year for the Phase 2 pipeline option incorporating the Base Case PA
routing, to 7.5 x 10-2 per year for the Phase 1 FSO and shuttle tanker export system. Overall,
there is an order of magnitude difference between the offshore release frequency from current
Phase 1 export operations and the Phase 2 PA offshore pipelines. A significantly lower
release frequency can be expected from year-round offshore pipeline operations than from
seasonal FSO and shuttle tanker operations.
These results also indicate that there is little difference between the Phase 2 route options in
terms of potential spill frequency.
Figure 7.2 presents a comparison of the risked volumes that could be expected from Phase 1
operations compared with the Phase 2 operations using industry-wide average release figures
(SEIC 2004). Each of the possible Phase 2 pipeline routes is shown. This comparison shows
that the probabilistic assessment of annual oil volume release from Phase 2 pipeline
operations, using industry wide averages, will be significantly lower than the probabilistic
volumes associated with Phase 1 and shuttle tanker operations.
Based on these analyses, the risked annual oil release for the Phase 2 pipelines is estimated to
be in the range of 5 – 7 m3 per year, which is an order of magnitude lower than the risked
probabilistic average related to Phase 1 operations. For comparative purposes, Table 7.3
shows the actual oil spill volumes recorded from the Vityaz complex since 1999. This shows
that the annual average release rate has approximated to only 60 litres per year. In other
words, SEIC’s actual operational experience on Phase 1 operations reflects an annual leak
rate that is only 0.1% of the probabilistic assessment derived using worldwide industry
averages.

Risk (m^3 released / year)

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
Phase I

Phase II (base
case)

Phase II
(alternative 1)

Phase II
(alternative 2)

Figure 7.2 Risk Comparison (Oil Volumes) between Different Project Phases Export Systems

Overall, Phase 2 will pose a significantly lower oil spill risk from oil transportation than
current operations (Figures 7.1 and 7.2).
The existing “Vityaz” complex has produced oil since 1999. During this time, there have
been a number of oil spills but these have been small and infrequent (see Table 7.3).

-6Table 7.3 Volume of Oil Spilled at Vityaz and Ratio of Oil Spilled to Oil Produced

Year

1999

2000

No. of Spills
8
23
Oil Spilled
2.0166/
0.1675/
bbl/litres
274.
22.1
Oil Produced 1,058,665/ 12,361,993/
bbl/tonnes
143,500 1,672,160
Ratio
0.19x10-5 0.13x10-7

2001

2002

6
2
0.00022/
0.0004/
0.025
0.051
15,014,521/ 10,770,981/
2,034,000 1,459,723
0.1x10-10
0.3x10-10

2003

Total

4
0.0052/
0.69
10,300,000/
1,390,500
5x10-10

43
2.1891/
295.29
49,506,160/
6,699,883
3.26х10-7Е

These low statistics reflect the existing spill prevention methods. However, despite this
record, SEIC recognises that the risk of marine oil spills exists with all projects that involve
shipping, marine construction, or oil and gas exploration and production and that the Sakhalin
II project involves, and will involve, all of these. Consequently, the Phase 1 development has
a substantial on-site spill response capability and these capabilities will be enhanced to
provide the Phase 2 facilities with a similar response capability.

7.3

Platform Blowouts

SEIC have produced a QRA for each of the platforms (SEIC 2003, 2004) and both
development and production blowouts have been addressed in these (Scandpower 2002, 2004
cited in Risktec 2004). The frequency assessments are conservative, because they assume
that the maximum planned number of wells is operational from day one.
Release rates have been extracted from the QRA reports to provide an indication of the
volume of potential blowout releases from the Piltun field. In these calculations it has been
assumed that a production blowout will continue for a number of days until external
intervention to plug the well has been successful. In many cases blowouts cease due to
collapse of the well-shaft or else release volumes are reduced through fire.
The blowout frequencies are taken from the platform design QRA reports. Indicative liquid
release rates are summarised in Table 7.4.
Table 7.4 Blowouts by Platform
Platform
Total estimated blowout release frequency per year
Estimated maximum liquid release rate per day, m3

PA-A
3.2 x 10-4
14,200

PA-B
4.67 x 10-4
14,200

Introduction of a second platform in the Phase 2 Project, PA-B, will increase the risk of a
blowout over the existing case of only one operating platform. SEIC has a systematic
approach to the reduction of blowout risk to ALARP through careful design and operation.
For each platform the design QRA leads to the development of a platform HSE Case, in
which hazards and mitigation of risks are described in detail and demonstrated to be ALARP.
For the PA-B platform at the current stage, the HSE Case has not yet been completed. As an
example of the approach taken and the types of mitigation used, the Vityaz Complex HSE
Case is included as a reference (Vityaz HSE Case).
7.3.1

Review of Blowout Data for relevance to Oil Spill Assessments

The data used in blowout assessments in the platform QRAs is intended for the purpose of
ensuring that risks to personnel from all stages of the well engineering process are ALARP.
As such, they include figures on shallow gas events that occur before the well has reached the
reservoir, and well releases that are managed on the platform, and do not result in over-side
discharges.
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The PA-A and PA-B blowout figures are both based on the SINTEF introduce abbreviation in
full data contained in Scandpower reports on the SINTEF data (2002 for Molikpaq and 2004
for PA-B).
The assessment below takes the same source data used in both PA-A and PA-B QRAs and
extracts the data relevant to blowouts that would lead to an over-side spill. The same data
used in the QRAs has been used, together with the same allowances for factors relevant to
Sakhalin operations.
Blowouts – Drilling
The QRA figures include allowance for both shallow gas and deep drilling activities. Only
deep drilling releases are relevant to major reservoir releases. The QRA also includes well
releases, which are releases that are managed and contained on the platform.
The blowout frequency per well reservoir drilling of oil wells in the 2004 report is 5.3 x 10-5
per well. Frequency of blowout during completion activities is 7.3 x 10-5. Taking the drilling
plan of three wells per year, this gives a 3.8 x10-4 per year probability of a blowout when
drilling and completing a well. The PA-B QRA takes 25% of the SINTEF worldwide blowout
data on the basis that there is hydrostatic balance in the wells and that North Sea Standard
well control techniques are in place. A similar allowance can be applied to PA-A, where the
same conditions apply. This gives a figure of x 9.5 x 10-5 for PA-B. An annual figure of two
wells drilled per year is more suitable for PA-A, giving 6.3 x 10-5 probability for that
platform.
Blowouts - Workover
One workover per year is planned, with a blowout probability of 1.4 x10-4. This was excluded
from the PA-B QRA on the basis of benign reservoir characteristics, but included in PA-A at
4.7 x10-5 per year, after allowance for reservoir characteristics. This is a reasonable figure to
use for both platforms.
Blowouts - Production
Production blowout figures used in the QRAs include allowance for both normal blowout and
external causes.
Normal production blowout frequency is 7 x 10-6. Taking 29 wells on PA-B, this gives an
annual frequency of 2 x10-4. For PA-A, with 16 wells, this would be 1.1 x10-4. No reduction
is made from the basic SINTEF data.
External causes are quoted in the Scandpower report as varying greatly and having no
relevance in areas adopting North Sea Standards of well control. For Sakhalin, it is probably
most appropriate to take the earthquake survivability of the platform as the frequency of
external causes release. This has been assessed in the PA-B QRA as 1.25 x10-4. For PA-A,
this figure is expected to be lower, and 1 x10-4 would be a reasonable assumption.
Totals – Blowout probability per annum
For PA-B, therefore, the total blowout probability per annum is 4.67 x10-4.
For PA-A, therefore, the total blowout probability per annum is 3.2 x10-4.
7.3.2 Overall Piltun-Astokh Oil Spill Probabilities
There is an overall reduction in spill probabilities for the entire complex when Phase 2
operations continue after Phase 1 operations. This is shown in Figure 7.3.
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Release Frequency / Year

8.0E-02
7.0E-02
6.0E-02
5.0E-02
4.0E-02
3.0E-02
2.0E-02
1.0E-02
0.0E+00
Phase I

Phase II (base
case)

Phase II
(alternative 1)

Phase II
(alternative 2)

Figure 7.3 Comparison of Leak Frequency between Phase 1 and Phase 2, including Platform
Blowouts, Pipeline and FSO/Tanker Releases.

7.3.3

Comparison of Phase 2 Pipeline Alternatives

Figures 7.1 and 7.2 show that there is no significant difference between the three PA pipeline
routes in terms of oil spill frequency, annual release volumes and maximum credible spill
volume.

Mitigation measures for all options are such to reduce the absolute risk of a leak from
the lines to extremely low levels and are considered ALARP. Mitigation measures for
the pipelines are described in detail in Section 7.6.
7.4

Oil Spill Trajectory Modelling Study for Piltun-Astokh

7.4.1

Scope of Trajectory Modelling Study

Trajectory modelling was undertaken to determine the areas that are likely to be impacted by
oil from spills at various locations. The primary output from the model is spill location or
“excursion envelopes”, which indicate the area in which a spill is likely to be located under a
range of wind and sea conditions. These “envelopes” are indicative of likely times between
spillage and impact at locations on the perimeter of the envelope. In particular, the envelopes
indicate average times of impact to waters over WGW feeding areas and provide a visual
image of comparative risk of different locations of spill source (e.g. pipeline alternatives).
Modelling is also undertaken to determine likely directions in which a slick is likely to travel
and to determine the time, location and probability of shoreline impacts. The latter is used, in
association with oil fates modelling, in shoreline response planning. Shoreline impact output
is included in Volume 2 of the EIA.
For this exercise, three typical months were selected for modelling purposes, April (spring),
August (summer), and October (autumn), as these are considered to show typical
meteorological conditions. Winter conditions have not been modelled at this stage because
studies are concentrated on potential impacts on whales and whale feeding areas.
Spill scenarios were modelled at a number of locations along the pipeline route, at existing
and future platform locations and at the FSO. Pipeline locations were selected so as to cover
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the length of the pipeline, and were not based on higher or lower spill frequency
considerations.
Pipeline leaks at three locations on each of the alternative pipelines were modelled:
•
•
•

An inshore spill, located 1 km from the shoreline
A spill at 10 km offshore (approximately the 20 m depth contour)
A leak at each of the platforms.

Locations modelled are shown in Figure 7.4.
Volumes modelled were based on the maximum credible spill volumes calculated by the
QRA and listed in Table 7.2.
Multiple runs for different volumes of leak occurring in the same place were not run for
individual locations because the “excursion envelopes” obtained as model output are not
greatly influenced by volume. It should be noted that the “envelopes” show the perimeter
within which a slick will be located at any given time and do not reflect the area covered by
the slick itself. Slick area calculations are shown in Figure 7.5.
7.4.2

Trajectory Modelling Methodology

Model used
The “VOS” model, version 3.8, was used for modelling of oil trajectories. This model was
developed by the Russian Far Eastern Regional Hydro-meteorological Research Institute
(FERHRI). Since its first version (1995) the model has been widely applied for
environmental impact assessment under the Sakhalin Shelf exploration projects during 1995–
2003, and other projects such as:
•
•
•

Joint Russia-USA training conducted by Ministry of Emergency in 2001
Pacific Navy exercises in 2003
Far East Regional OSR Plan and others.

The model is currently used on several Russian Far East seas, including:
•
•
•

Okhotsk Sea: north-eastern and eastern Sakhalin Shelf, Sakhalin Bay, Aniva Bay, and
La Perouse/Soya Strait
Japan Sea: Tatar Strait, Amur Liman, and Peter the Great Bay
Bering Sea: Anadyr Bay, Bering Strait.

The modelling procedure itself is described in (Kochergin et al. 1998, 1999a, 1999b, 2000a,
2000b 1998; Bogdanovsky et al. 2001, 2003).
Hydro-meteorological data used in oil spill modelling
Among the sources of hydro-meteorological information used there are:
•

National Centres for Environmental Prediction (NCEP)/National Centre for
Atmospheric Research (NCAR) re-analysis dataset including collection, analysis and
forecast of meteorological data to recover global six-hour discreet meteorological
fields starting from 1948. FERHRI used air temperature data and surface atmospheric
pressure data to calculate 10-year wind fields.
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•
•

Sea-water temperature and salinity data by Generalized Digital Environmental Model
(GDEM) from the US Naval Oceanographic Office Data was used to calculate
seawater temperature fields and recover seawater density for sea currents modelling.
Regional Oceanographic Data Centre (RODC) of FERHRI to verify hydrometeorological data obtained from other sources.

The following hydro-meteorological data is needed to model oil behaviour in the sea:
•
•
•
•
•

Air temperature to calculate oil evaporation
Surface wind speed and direction to take account of oil wind drift and calculate oil
evaporation and wave height
Surface currents velocity and direction to assess oil transport by sea currents and
calculate oil slick spread and turbulent deformation
Seawater temperature to assess physical and chemical properties of oil in water
Wave height to calculate oil dispersion and emulsification.

Stochastic modelling of oil behaviour in the sea was based on 10-year monthly data typical
for each season (1990–1999) and spatial and temporal variables of wind and sea currents.
Surface wind data was used as per the points of regular 2.5 × 2.5° grid calculated over
NCEP/NCAR re-analysis pressure data. Surface wind speed was calculated over atmospheric
pressure (geostrophic wind) with account of isobar curvature (cyclostrophic wind) and
ageostrophic component. Changing direction and lowering speed of wind due to surface
friction were calculated according to empiric correlation of atmosphere stability and pressure
magnitude (Zilbershtein and Popov 2002).
When calculating oil dispersion and emulsification, wave height was estimated as a function
of wind speed:
Adjustment of wind speed (u) to the height of 10 m (z) (z = 1 m):
1

 10  7
u10 = u z ⋅  
 z 
Wind stress was calculated over the following formula:

u = 0.71 ⋅ u10

Wave height was calculated according to:

H = 0.0248 ⋅ u 2
Models of oil behaviour at sea
The following models have been used in our evaluations to simulate oil behaviour in the sea:
•
•

•

Hydro-meteorological models, including hydrodynamic non-stationary threedimensional (3D) baroclinic free-surface model and atmosphere model, etc.
FERHRI’s trajectory model “VOS” describing the oil slick transport under certain
hydrometeorological conditions. Modelling includes calculation of the oil slick area,
assessment of shoreline impact, statistical assessment of oil spread and oil spread
probabilities.
“ADIOS II”, describing processes occurring in the oil slick, such as changing oil
density, viscosity, surface tension, evaporation, dispersion, emulsification, etc.
ADIOS has been developed by the US National Oceanographic and Atmospheric
Administration (NOAA).
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Figure 7.4 Location of Spill Modelling Scenarios

(Note: Boarding area is used for vessel anchoring during Phase 1 operations.
It will not be used in Phase 2.)
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7.4.3

Results of Trajectory Spill Modelling

The maximum credible spill volumes have modelled for each spill scenario envisaged.
Results are provided below. Additional maps are provided in the CEA Volume 2.
General
As noted in Section 7.3.1, the model shows the “envelope” within which a slick will probably
be present in the time indicated and these do not reflect the size of the slick within that
perimeter. The size of the slick will depend on spill volumes, weathering, wind, sea state and
current speeds. Slick area calculations are shown in Figure 7.5 and these should be
considered when interpreting the trajectory model output.
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Figure 7.5 Slick Areas for Volume Spills (km2)

Figure 7.6 illustrates the probabilities of net direction of slick movement over a period of 30
days for spills at the FSO in spring. Similar output for summer and autumn are provided in
Volume 2 of the CEA. In spring, drift is relatively random but becomes predominantly
towards the north-east in summer. This swings to the south-east in autumn. This is a pattern
common to all scenarios and locations.
Full excursion envelopes for spills at the FSO were run for a full 30-day period regardless of
the likely persistence of the crude oil slick.
Existing Phase 1 facilities
Figure 7.7 shows the 48-hour spill “excursion envelopes” for spills from the FSO in spring
and also shows the position of the WGW feeding areas.
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Figure 7.6 Direction of Slick Movement from FSO Location (14,846 m3 of Vityaz Crude Oil):
Spring
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Figure 7.7 Slick Trajectory Envelopes for Spills from FSO (14,846 m3 of Vityaz Crude Oil):
0–48 Hours Spring (Shaded area is WGW feeding area)

Pipeline construction
During construction and installation of the offshore pipeline network that will link the PA-A
and PA-B platforms’ production to shore, a number of pipeline construction and dredging
pipe-lay vessels will be employed. Tugs will be used to help position these vessels and a
number of support boats will regularly visit the construction areas. Associated with this
construction activity is the risk of an accident or weather-related incident that could result in
spillage of diesel fuel oil, lubricating oil or heavy fuel oil from a vessel. A number of leak or
spill scenarios have been identified in the Oil Spill Response Plan for the 2004 Lunskoye
Pipeline Construction and these are summarised in Table 7.5. These types of events are
typical for all construction activities, and the table below will be used as a model for 2005
activity. The risk of a severe vessel incident, such as a grounding, is very low and, if it occurs
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adjacent to the Piltun-Astokh construction site, is unlikely to result in severe damage to the
vessel. This is because shorelines in the region are sandy.
Potential oil spill volumes from construction activities are generally small but may impact the
surface waters over known or suspected inshore WGW feeding areas due to the proximity of
the construction sites to these.
For pipeline Alternatives 1 and 2 routes, this is unlikely to be within six hours of the spill,
allowing time for evaporation of volatiles and physical dispersion of a portion of the slick.
This is indicated by the pipeline leak trajectories (Figures 7.8 and 7.9). The extent and speed
of the consequent break-up will depend on weather conditions, principally wind, but is likely
to be significant in the case of diesel oil spills (Table 7.5). However, high sea states will
result in a large proportion of fuel oil becoming entrained in the water column (Table 7.6) and
this may result in a localised adverse effect on marine biota. In shallow inshore areas this
may impact benthos.
The probability of spilt oil impacting benthic communities will depend on:
•
•

•

The proximity of the spill source to the community (likelihood of slick dissipation)
Winds and currents:
trajectory
speed and degree of entrainment of oil into the water column
depth of penetration of suspended oil particles
Depth of the community.

Table 7.5 Identified Oil Spill Scenarios during Offshore Pipeline Construction (Oil Spill
Response Plan for the 2004 Lunskoye Pipeline Construction)

Incident
Pipeline leakage during bunkering or tank
overflow during bunkering (spill could be
overboard, on deck or within space)
Spill on deck from equipment tanks (spill
likely to be contained in tank trays)
Break in hydraulic hose on dredger
Vessel casualty: Collision or hull failure,
based on loss of largest tank
Vessel casualty: Grounding severe collision,
fire/explosion, i.e. total loss of vessel

Source (Vessel)

Volume (m3)

Any

0.4m3 (1)

Any

3-5 l

Any
CSD
Pipe laying vessel
THSD

10-15 l
493.5 m3
470 m3
2415 m3
353 m3

Oil Type
Diesel or
HFO
Diesel Fuel
Oil or HFO
Hydraulic oil
HFO
Diesel
HFO and
Diesel

Slicks of diesel oils tend to be broken up quickly through the combined influences of
spreading, evaporation and physical dispersion. Calculation of this is shown in Volume 2 of
the CEA and summarised in Table 7.6.
Table 7.6 Relative Fates of Diesel Oil under Various Winds and Sea Conditions (Sea
Temperatures 10oC)
Time
12 hours
24 hours
48 hours

Fate
Evaporated
Physically Dispersed
Remaining on Sea Surface
Evaporated
Physically Dispersed
Remaining on Sea Surface
Evaporated
Physically Dispersed

5 Knot
4%
0%
96%
18%
0%
82%
36%
0%

15 Knot
9%
59%
32%
10%
83%
7%
11%
89%

25 Knot
<3%
85%
<10%
<3%
97%
0%
3%
97%

- 16 Remaining on Sea Surface

64%

0%

0%

Heavy fuel oils vary in their formulation but, as with diesel oils, physical dispersion is the
dominant factor influencing slick persistence at sea at higher winds and sea states.
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Figure 7.8 Slick Excursion Envelopes Relative to Piltun WGW Feeding Areas
Spills from Base Case, Alternative 1, Alternative 2, all at 1 km from Shore (Summer)

Base Case

Alternative 2 (Middle)

Altenative 1 (Southern)

- 18 -

Figure 7.9 Summer Oil Slick Excursion Envelopes for Spills from a Rupture 10 km Offshore. 0-48 hours

(a) Base Case

(b) Alternative 2 (Middle)

(c) Alternative 1 (Southern)
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Phase 2 Operations – Trajectory modelling of Piltun pipelines route alternatives
Figures 7.8 and 7.9 show 0-48-hour excursion envelopes for spills at 1 km and 10 km
respectively offshore for each route alternative for summer spills. Results for other seasons
and locations are shown in Volume 2 of the CEA.
Figures 7.10 and 7.11 show the excursion envelopes for pipeline spills at PA-A and PA-B
platforms. Excursions for all types of oil release at the same location will give similar results
and so are not reproduced here.
7.4.5

Phase 2 Operations – Oil Slick Persistence

The oil spill trajectory modelling figures (Figures 7.10 and 7.11) show that while oil spills
from both the Phase 1 and Phase 2 Vityaz facilities may impact the surface waters over
known or suspected WGW feeding areas, this is unlikely to be within six hours of the spill.
The persistence of an oil slick is an important consideration in interpreting the modelling
output, particularly the slick excursion envelopes. These envelopes have a tendency to be
similar for slicks of varying volumes, although the area of the slick within each will be
volume dependent. For light to medium oils, such as diesel and Vityaz crude, small volumes
tend to dissipate rapidly through the combined effects of evaporation and physical dispersion.
Higher wind speeds, which increase slick velocity, also increase the rate of slick break-up and
so the resultant excursion of the oil may be limited. For example:
•
•

15,000 m3 of Vityaz crude is likely to persist at sea for approximately:
>120 hours at with 5 knot winds in summer (15oC)
less than 36 hours with 15 to 25 knot winds.
3
100 m of Vityaz crude is likely to persist at sea for approximately;
>120 hours at with 5 knot winds in summer (15oC)
less than 18 hours with 15 to 25 knot winds.

Small spills therefore may have a localised effect, particularly in high winds and sea states.
This allows time for evaporation of volatiles and physical dispersion of a significant portion
of the slick. Importantly, this dissipation occurs in relatively deep open waters allowing for
dilution of any naturally dispersed oils and dissolved hydrocarbons.
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Figure 7.10 Zones of Maximum Oil Spread (48-720 h) from PA-A: Summer.

The extent and speed of the break-up of the slick will depend on weather conditions,
principally wind. These, together with current velocity will also determine vertical and lateral
dissipation of suspended or dissolved hydrocarbons.
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Figure 7.11 Zones of Maximum Oil Spread (48-720 h) from PA-B: Summer.

7.4.6

Pipeline Risk

Trajectory modelling of pipeline leaks has shown that leaks located further to the south
impact surface waters over the inshore WGW feeding area more slowly than those located
along the Base Case (Figures 7.8 and 7.9). This indicates a reduced potential for adverse
effects due to:
•
•
•

Greater time for response actions
Greater time for oil evaporation of volatiles
Greater dilution and natural dispersion of hydrocarbons entrained in the water
column.
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7.5

Potential Effects of Oil Spills on Western Gray Whales and Benthos

7.5.1

Whales

General considerations
Oil may affect whales through physical impact or through the indirect pathways illustrated in
Figure 7.2. The possible pathways for harmful effects of oil through physical impact include:
•

•
•
•

Surface contact e.g. skin damage due to chemical burning or irritation, or absorption
through the skin. The skin of cetaceans is considered to be relatively impermeable to
oil (Geraci and St Aubin 1982; Bratton et al. 1993) compared to other marine
mammals. Marine mammals with heavy pelage (such as fur seals) are likely to be
more severely affected by direct oiling than cetaceans and true seals (Geraci and St
Aubin 1990).
Ingestion. Direct ingestion of oil is considered unlikely as most marine mammals do
not drink large amounts of sea water.
Irritation of exposed tissues such as eyes and respiratory pathways.
Inhalation of vapours.

Much of the literature relating to oil effects on whales is speculative, with relatively little
empirical data on which to determine vulnerability of sensitivity assessments. Consequently,
a conservative or “precautionary” approach is used throughout this assessment and in oil spill
response planning.
Data from actual spills provides the main source of information regarding oil effects, but such
information is sparse (MMS 2002), with few documented spills impacting marine mammals.
The Exxon Valdez spill did impact marine mammals, and several hundred harbour seals and
several thousand sea otters died as a result of this incident. Generally, oil spills have resulted
in few marine mammal deaths (Geraci and St Aubin 1990; St Aubin et al. 1984; Loughlin
1994; Evans and Raga 2001; Moore and Clarke 2002). Controlled data on the effects of oil
on mammals is limited due to a reluctance to undertake controlled laboratory experiments on
mammals, particularly marine mammals.
Determining a causal relationship between spilt oil and an effect on wildlife is not always
easy to establish in post-spill studies. For example, following the Exxon Valdez oil spill, 14
orca whales from a resident pod “disappeared” over a two-year period and are presumed dead
(Loughlin 1994). However, it has not been established whether this loss was due to
mortalities because of the oil spill or to other factors, or a combination of factors. Other
cetaceans (including 25 gray whales) found dead following the spill are considered to have
died of natural or other causes (Geraci 1990; Moore and Clarke 2002).
Geraci (1990) provides a summary of reported oil spill impacts on cetaceans generally, from
the 1969 Santa Barbara spill (California) to the 1989 Exxon Valdez spill (Alaska).
Possible avoidance of oil by cetaceans
There are few reports or studies relating specifically on the interaction of grey whales and oil
slicks and so it is unclear whether they can detect surface oil (Moore and Clarke 2002). The
recorded data on other cetaceans also leads to no firm conclusions. While some reports
conclude that cetaceans do not avoid oil slicks others have suggested otherwise.
Research has been undertaken to examine the reactions of gray whales to natural oil seeps off
California (Evans 1982; Kent et al. 1983). One of the oil seeps studied releases a minimum
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of 4.77 m3 (30 barrels) of oil daily. Researchers documented swimming speeds, surface
behaviour, dive times, and respiratory rates of small groups of whales, and found that when
entering oiled waters, the animals would modify their swimming speeds and occasionally
their direction, although there appeared to be no consistent pattern to this. In oiled waters, the
gray whales spent less time at the surface, blowing less frequently but faster. However, not
all the whales appeared to respond to the presence of oil.
During the 1969 Santa Barbara oil spill, gray whales were observed swimming through the
slick (Easton 1972). Within weeks of the spill, six dead gray whales were found onshore or
floating in the vicinity of the spill. Only two of the animals were fresh enough for necropsy
examination and both were thought to have died from natural causes, not from any spillrelated effect. It was concluded that these elevated numbers were due to the increased level
of surveying rather than to the spill (Geraci 1990).
Following the Regal Sword spill south-east of Cape Cod, Massachusetts, in 1979, humpback
and fin whales (and possibly a right whale) were observed surfacing and feeding in the middle
of a heavy slick. Observers noted no difference in behaviour between cetaceans within the
slick and those beyond it (Goodale et al. 1981).
During the “Ixtoc-I” oil well blowout in the Gulf of Mexico (June 1979 to March 1980),
spinner and bottlenose dolphins and unidentified porpoises were observed in areas containing
oil-coated debris; all the animals appeared healthy and free of oil. Porpoises that were bowriding vessels veered to avoid tar balls. This was the only obvious reaction to oil (Bergey
1979), but does suggest that some cetaceans can detect at least tar balls. The Ixtoc-I blowout
was a very large spill in which an estimated near 4,000 m3 of light oil were released daily.
Experiments with captive bottlenose dolphins (Geraci et al. 1983; Smith et al. 1983; St Aubin
et al. 1985) involved exposing the animals to a variety of oils and oil mixtures. The dolphins
were able to detect oil on water, with thicker formations more easily detected than thin
sheens.
Effects of physical contact
Studies on the effects of direct contact of petroleum products to cetacean skin have
demonstrated that the marine mammals do not react to the type of prolonged exposure that
would cause severe reaction in other mammalian species (Hunter 1968; Hansborough et al.
1985). Where histological changes were evident, they healed within a week of the exposure.
Experiments appear to show that the cetacean epidermis is a near-complete barrier to
hydrocarbons (Geraci and St Aubin 1990; Bratton et al. 1993. Although exposure of discrete
areas of captive bottlenose dolphins’ (Tursiops truncatus) skin to crude oil and gasoline for
0.5-1.25 hours initially resulted in “small blisters” (Geraci and St Aubin 1982; 1990), normal
colour returned within 2 hours. Geraci and St Aubin (1985) concluded there was no evidence
of damage or loss of integrity, possibly because dolphins do not exhibit a vascular reaction to
contact with petroleum products. Similarly, although the mid and outer layers of the skin of a
live stranded sperm whale (Physeter macrocephalus) were damaged by a 7—12-hour
exposure to oil and gasoline, the basal layer and underlying dermis were undamaged.
Geraci and St Aubin (1985) also reported no difference in healing between two shallow
epidermal wounds in uncontaminated dolphin skin and two wounds contaminated with oil for
0.5 or 1 hour, suggesting that oil contamination did not seriously impair the healing process.
In the wild, cetaceans are more likely to be exposed to weathered crude oil rather than the
fresh, more toxic crude oil used in these experiments, suggesting that effects would be less
than those demonstrated under these controlled conditions (Geraci and St Aubin 1980).
Geraci (1990) also concluded that cetacean skin impeded the penetration of petroleum
compounds. However, there have been no laboratory tests of oil contamination of gray whale
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skin and inferences are drawn from small sample-size studies on other species. Specifically,
Albert (1981) suggested that rough or damaged skin (such as the barnacle-covered skin of a
gray whale) may be more susceptible to oil contamination and subsequent bacterial infection
than the smooth skin of the majority of other cetaceans.
It has been speculated that gray whales may experience irritation to their eyes and tactile hair
follicles upon contact with oil (Geraci 1990), but there is no available evidence to refute or
confirm this.
The potential for baleen whales to have their baleen plates fouled by oil has also been a focus
of concern. Because baleen whales rely on filtering their food from the water through their
baleen plates, any fouling that diminishes feeding efficiency or increases the likelihood of
ingesting oil could have implications for individual survival. Researchers have
experimentally oiled baleen from a variety of species for prolonged periods of time and then
analysed the baleen for any deterioration in structure. No significant changes were detected.
Attempts to determine whether oiling diminished baleen function indicated that under some
conditions there could be a 5-10 percent decrease in filtration rate (Braithwaite 1983).
More detailed studies (Geraci and St Aubin, 1982, 1985) demonstrated that oiling increased
resistance to flow across the baleen, but also showed that over 70 percent of the oil was lost
from the baleen within 30 minutes and that over 95 percent of the oil cleared after 24 hours.
This data suggests that a baleen whale that suffered oiling of its baleen might have its feeding
efficiency reduced for, at most, a few days. Stranded gray whales, examined after the Exxon
Valdez spill, had oil on their baleen but not in their digestive tracts, suggesting that the baleen
was fouled after the animals died (M Dahlheim, pers. comm. in Moore and Clarke 2002).
•
•
•
•

Cetaceans do not appear to consistently avoid oil slicks.
At least some species are able to detect some oils (indicated by avoidance behaviour).
Cetacean skin is largely impermeable to hydrocarbons, although surface layers may be
damaged by crude oils and gasolene.
Baleen appears to be only temporarily affected by oiling.

Possible inhalation of volatile hydrocarbons
Cetaceans that encounter fresh oil may inhale volatile hydrocarbons evaporating from the
surface of the slick. Toxic monoaromatic hydrocarbons such as benzenes, toluenes, xylenes
and low molecular weight aliphatics with anaesthetic properties may be present (Etkin 1997).
Inhalation of concentrated petroleum vapours can cause inflammation of mucous membranes,
lung congestion, or pneumonia (Carpenter et al. 1977; Hansen 1985; Geraci and St Aubin
1990). Volatile hydrocarbons, such as benzene and toluene, that are inhaled are rapidly
transferred into the bloodstream from the lungs. These chemicals may accumulate in the
brain and liver, resulting in neurological disorders and liver damage (Geraci and St Aubin
1982; Geraci and St Aubin 1990).
Because hydrocarbon vapours dissipate rapidly, a cetacean would have to be in the immediate
vicinity of the spill during its first few hours for such acute effects to occur (Geraci and St
Aubin 1990; Bratton et al. 1993). The precise duration of this risk will depend on oil
characteristics (proportion of light fractions, spreading rate, etc), size of the spill (i.e. area of
the sea covered) and prevailing weather (temperature and wind speeds).
•
•

Inhalation of volatile hydrocarbons could potentially result in inflammation of mucous
membranes, lung congestion, pneumonia, neurological disorders and liver damage.
Exposure to harmful volatile hydrocarbons is limited to the first few hours of a spill.
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Possible ingestion of oil
Oil is a systemically harmful substance and ingestion may result in gastrointestinal irritation,
vomiting, pneumonia, and even death (Zieserl 1979). If absorbed into the bloodstream,
hydrocarbons travel throughout the body and can have severe effects on the central nervous
system. However, captive studies where dolphins and seals were forced to ingest machine oil
have shown minimal or no toxic effects (Geraci and Smith 1976; Geraci and St Aubin 1990).
It has been calculated (Geraci and St Aubin 1990) that a cetacean might be at risk from a fuel
oil if it ingested the equivalent of 15 ml/kg. This is roughly equivalent to:
•
•
•
•

An adult harbour porpoise consuming 1 litre of fuel oil
A bottlenose dolphin consuming 3-4 litres
A pilot whale consuming 30 litres
A 40-tonne gray whale consuming 600 litres.

To ingest such volumes a cetacean would have to feed in the vicinity of a substantial spill for
a prolonged period of time, something that would be appear unlikely (particularly in the midst
of an active spill response).
If bottom sediments are impacted by oil, and if that oil is persistent, bottom-feeding cetaceans
(such as gray whales) could be exposed to hydrocarbons long after a spill has dissipated from
the surface (Geraci and St Aubin 1990). However, data is lacking on the impact to cetaceans
of prolonged exposure to hydrocarbons in bottom sediments and prey items.
Concerns have also been raised over the possible physical effects of ingestion of tar balls or
weathered oil. The narrow oesophagus of baleen whales has suggested to some researchers
that a tar ball could become lodged there or at the junction between the oesophagus and
stomach and that this could result in death (Albert 1981; NMFS 1999).
While “skim-feeding” whales such as bowheads or right whales may potentially ingest more
oil than “gulp feeders” (such as blue or fin whales), gray whales may be exposed to oil due to
their versatile feeding habits, both skimming and bottom-feeding (Geraci and St Aubin 1990).
The likelihood of a whale ingesting a tar ball, and any impact that results, remains
speculative.
•

There is little information available on the likelihood or potential consequent effects of
hydrocarbon ingestion on cetaceans.

7.5.2

Potential Impacts of Oil Spills on Prey Species

Spills from buried sections of the pipeline may result in contamination of overlying
sediments. The extent of these will depend on the size of the spill, depth of pipeline section
and sediment characteristics such as:
•
•
•
•

Sediment grain size and interstitial spaces
Degree of consolidation (sediment mobility)
Level of organics within the sediment
Levels of biological activity (e.g. burrowing).

The persistence of sediment-bound oil will depend on the above and also the degree of ice
scour (sediment reworking) that occurs over winter. Only the Base Case pipeline route could
result in direct oil impact on the sediments within the identified WGW feeding area.
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However, as demonstrated in Section 7.2.4, the low probabilities of spillage, together with
pipeline design and other proposed mitigation, reduce the risk of a spill to a very low level.
Oil may affect whales indirectly and one mechanism for this is through effects on prey
species. This may occur through:
•
•

Uptake of hydrocarbons by food species:
rendering them unpalatable (“tainting”), or
consequent uptake by predators
Depletion of food species stocks due to the impact of oil.

In the case of benthic food species, the likelihood of either will depend on the possibility of
oil impacting the benthic sediments or being present in the water column close to the sea
floor. This is largely dependent on proximity to surface oil (depth) and proximity to oil
impacted shorelines.
Potential impact of oil on the sea floor
Oil can impact sub-tidal sediments through four main mechanisms:
•
•
•
•

Oil particles can be driven down to sediments by wave action
Surface oil can weather, lose buoyancy and eventually sink
Surface oil can become associated with particulate matter suspended in the water and
eventually sink
Sediment-bound oil from impacted shorelines can become remobilised and be
deposited in offshore sediments.

Studies of past oil spills suggest that it is rare for large quantities of oil spilled at sea to
directly impact the seabed below low water (Baker et al. 1999). Studies of large spills
suggest that overlying water has a “cushioning” effect on the underlying sediments and biota
and this prevents surface oil from having more than a light and relatively short-lived impact
on fish and other sub-tidal organisms. Results of studies conducted in Prince William Sound
show that the Exxon Valdez spill was typical in this respect (Baker et al. 1999).
Where large amounts of oil are dispersed into the water by storms and high-energy wave
action, there may be a local acute effect or a sub-lethal narcotic effect on sub-tidal benthic
organisms, but this was generally very short lived as the contaminating oil was rapidly
dispersed.
However, benthic impact with consequent incorporation of oil into sediments has occurred.
During the Braer spill (Shetland Islands, UK) 84,700 tonnes of a light crude oil were released
from the vessel in hurricane-force winds. An estimated 35 percent of the oil (almost 30,000
tonnes) was deposited on the seabed in water depths of 2 to 100 m over an area of 4,000 km2
(Kingston 1999). Benthic impact was also observed after the Tsesis spill (Elmgren et al.
1980), the Florida barge spill (Sanders et al. 1980), the Amoco Cadiz spill (Dauvin and Gentil
1990), the Exxon Valdez spill (Jewett et al. 1999), and the 1996 North Cape spill (McCay
2001). It is worth noting that all cases involved very large spills of oil in very shallow waters
(most were vessel groundings), in high wind and wave (i.e. mixing) energies and sediments
impacts were largely localised to the vicinity of the oil release. The effects of these incidents
are discussed in the sections below.
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Potential for uptake of hydrocarbons by food species
All the marine mammals found in the project area are carnivores, and rely on invertebrates,
fish, or other marine mammals for food. Consequently, it has been postulated that these
marine mammals may be at risk from ingesting oil-contaminated food (Moore and Clarke
2002).
Benthic invertebrates may take up petroleum hydrocarbons from contaminated sediments,
food and water (Neff 1979, 1984; Capuzzo 1987) but, as noted in Section 7.3.1, soluble
petroleum hydrocarbons are more bioavailable than those in suspension, bound to sediments
or incorporated into plant or animal tissues (Pruell et al. 1987; NRC 2003). However, they
are generally only present in low concentrations and even these are rapidly diluted. This,
coupled with the ability of organisms to depurate hydrocarbons, suggests that soluble
hydrocarbons are not a significant source of contamination of food species. Sediment
hydrocarbons are a more likely source of tissue hydrocarbons, but in this case the source is
more likely to be soluble hydrocarbons in interstitial waters than sediment bound oil (Pruell et
al. 1987).
The importance of the distribution of the oil is illustrated by the Braer spill, where sedimentincorporated oil provided a long-term pathway for exposure to infauna such as the burrowing
Norway lobster (Nephrops), which remained contaminated for over five years. This oil had
little or no effect on epifaunal species such as the epibenthic lobsters (Homarus) and reduced
tissue levels of PAH hydrocarbons to background levels within one month (Kingston 1999).
Bivalve molluscs appear to accumulate higher concentrations of hydrocarbons and retain
them longer than other taxa (Neff and Anderson 1981; Capuzzo 1987) whereas crustaceans
appear able to eliminate these compounds from their tissues relatively rapidly (Malins 1977;
Lee 1981). In any case, depuration is commonly achieved in invertebrates within days or
weeks in the absence of a hydrocarbon source.
Potential depletion of WGW food species resources
The most sensitive sub-tidal benthic organisms appear to be the crustaceans. Effects on the
crustacean fauna were documented in the Tsesis (Elmgren et al. 1980), Florida barge
(Sanders et al. 1980), Amoco Cadiz (Dauvin and Gentil 1990), Exxon Valdez (Jewett et al.
1999) and North Cape spills (McCay 2001).
Amphipods, appear to be particularly sensitive. Amphipods are one of the few benthic fauna
groups exhibiting low abundance in areas of natural petroleum seepage in the Santa Barbara
Channel (Davis and Spies 1980). Spies (1987) notes that benthic amphipods are among the
first marine animals killed as a consequence of oil spill and that their populations are slow to
recover. Studies following the Exxon Valdez spill showed differences in amphipod densities
six years after the spill (Jewett et al. 1999). Benthic amphipods are a significant food
resource for gray whales.
Not all spills demonstrated adverse effects in sub-tidal habitats. A study of the possible
effects of tar residues from the Haven oil spill in Italy revealed no discernable differences
between tar-affected and non-affected benthic communities (Guidetti et al., 2000). The
Exxon Valdez oil was generally not discernable below 40 meters in most portions of Prince
William Sound and was never found in measurable quantities below 100 m depth, and a study
of deep benthic communities found no differences between various areas that could be
attributed to oil from the spill (Feder and Blanchard 1998). The study by Jewett et al. (1999)
found few consistent community-wide effects of oiling.
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•
•
•
•

Effects on benthic communities will depend on the degree of exposure to oil. This
will depend on the source of the release, depth and wave energy.
Duration of effects will depend on persistence of oil in sediments.
Benthic amphipods may be particularly sensitive to oil impact.
It is rare for large quantities of surface oil to impact the seabed below low water.

7.6 Pipeline Design and Mitigation
Failure records show that probability of failure of oil and gas pipelines is mainly related to:
a. external interference from human activities
b. internal/external corrosion
c. material/welding defects
d. extreme environmental conditions.
This section addresses the measures implemented to achieve minimum leakage probability in
the pipeline sections located between the PA-A platform and the landfall location as these are
most critical with regard to impact on the WGW and associated benthic community.
7.6.1

External Interference from Human Activities

The key sources for external interference are fishing, merchant vessels and construction
activities. Strategies for the management of external hazards were addressed during the
design of the pipelines in the Frequency of External Interference Report document (SEIC
2004).
This report is the key source for the comments below and was also used to estimate spill
frequencies and volumes used in this section (Risktec 2004).
The fact that the pipeline is buried in the sea floor in water depths of less than 30 m eliminates
the potential for interference from fishing activities during the operational phase of the
development.
Following completion of the construction activities, there will be no SEIC commercial vessels
navigating the inshore Piltun waters except for:
•
•
•

Vessels supplying the operational platforms (not allowed into the WGW feeding area)
Vessel performing survey activities such as pipeline inspection
WGW sighting surveys.

The probability of interactions between the pipelines and anchors, either dragged or dropped,
for each of the two oil lines over the section between the PA-A platform and the landfall
location has been calculated at 8.2 x 10–8 per km per year (SEIC 2004). The loss of
containment frequency rate will be less then this rate as not every contact will lead to a loss;
in particular, this is because the pipeline sections will be buried during their operational life.
Two other potential causes of shipping damage to pipelines are:
•
•

Foundering, which involves a vessel sinking exactly on top of the pipeline, or
Grounding where a vessel drifts to the shore due to mechanical failure and impacts
the pipeline occurs.

The rate of geometric interference (ship footprint on pipeline trench) from ship sinking is less
than 10-6 per year (SEIC 2004). As the pipelines will be buried and have been designed to
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allow significant deformations, only a fraction of the interferences and only for the shallowest
covers would lead to loss of containment.
Based on the very low rate of contact from grounding vessels calculated for Aniva Bay, risk
of contact from grounding vessels was not quantified further for the Piltun pipelines.
It may be concluded from the above that loss of containment from external interference from
third parties during operation is marginal, and that at worst undesirable external interference
that can lead to releases might occur due to pipeline damage incurred during the construction
activities.
A dedicated inspection at the end of construction will ensure that such damage has not
occurred. Caliper pigging and pressure testing at completion will discover damage that has
occurred during construction to ensure construction integrity is maintained.
7.6.2

Internal or External Corrosion

Concrete coating, passive anti-corrosion coating and cathodic protection of the pipeline,
together with the low risk of external interference, indicate a non-significant risk to the
pipeline from external corrosion.
The export oil pipelines from the PA-A/B platforms will be transporting processed crude with
less than 0.5% basic sediment and water (BS&W). Routine pig cleaning will be performed to
remove any water build-up, solids, scale or corrosion products. Given the low level of BS&W
and routine pig cleaning, the PA-A/B oil pipelines are considered as having a low internal
corrosion potential. Pipeline operation manuals will be in place before commencement of
operations specifying the requirements for oil dehydration and sampling. The manuals will
also require the evaluation of the results of the oil sampling as input for a real-time internal
corrosion prediction and feedback to the platform operators on the requirement for meeting
the maximum allowable water content of the oil. Such evaluations will also address the
requirements for additional operational pigging in response to a rare production upset.
The wall thickness of the pipeline as installed is 14.3 mm, whereas less than 10 mm is
required for pressure containment. Provided the pipeline is operated as intended, this surplus
wall thickness provides a design life well in excess of the 30 years’ expected project lifetime.
Despite the above predictions, the pipeline will be inspected for metal loss from internal and
external corrosion within two to three years of commencement of operation, which is well
before the corrosion could have in metal loss that could lead to a leak and loss of
containment. Inspection will be done with an internal inspection tool covering the full
circumference of the pipelines over its length from the platform to the pig-trap station near the
landfall location.
From the above it is concluded that internal and external corrosion will not present a
significant risk.
7.6.3

Material or Construction Defects

Historical databases for pipeline failures (as used for the QRA) reflect experiences with
pipelines in the North Sea over a period since commencement of oil and gas operations in the
1960s, and are not representative of the failure rates for modern pipeline design, constructed
and operated in accordance with latest industry practices.
Probabilistic-based research on loss of containment from material and construction defects for
pipelines meeting the current industry requirements suggests a negligible contribution to
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failure statistics from such defects, i.e. lower than 10-6 per year per km. A significant
contribution to further reduce such a marginal figure can be expected from testing
procedures/equipment currently in force for the pipes in the pipe mill and the pressure testing
of the completed pipeline at the end of construction.
The specific design of the Piltun pipelines will reduce the already low marginal failure rates
from material and construction defects, which are the following:
•
•
•

The Piltun pipelines have been designed with a hoop stress design factor that is
significantly better than the design factors commonly used. The Piltun pipelines have
therefore a much larger tolerance for defects when compared with other pipelines.
The pipe for the Piltun pipe is seamless and hence failure of the longitudinal seam is
not possible.
The selected steel grade (X-52) for the pipeline is such that failure of the girth welds
is unlikely, and that failures form workmanship are less likely than is typical in
offshore pipelines.

All the above indicates a very low probability of failure of the Piltun pipelines due to material
and construction defects, and actual failure rate can be anticipated to be well below 10-6 per
km per year.
7.6.4

External Environmental Conditions

Earthquakes in the region are severe; however in the subject pipeline section it has been
demonstrated that travelling seismic waves are not able to damage the pipeline.
The earthquake return periods considered in the design of offshore pipelines are the
following:
•
•

The strength level earthquake (SLE), associated to a return period of 200 years
The ductility level earthquake (DLE), associated to a return period of 2,000 years.

The following design criteria have been applied:
• The pipeline shall withstand the SLE with minimum or no damage. Under this event, the
pipeline shall continue to operate with minimal interruption of normal operation and no
extensive repairs. The return period for the SLE event has been assumed to be equal to 200
years.
• The pipeline shall survive the DLE without rupturing. Under this event, extensive damage
could occur to the pipeline, which would interrupt operation and require repair at one or
more locations. The return period for the DLE event has been assumed to be equal to
2,000 years.
The pipeline section is buried and severe wave storms are therefore not able to give a load to
the buried pipelines that could lead to lateral or vertical movement triggering a failure mode.
Design against damage from ice loads (gouging and pitting) has been based on the
requirement that the probability of exceeding a deformation greater than maximum
permissible strain should be less than 10-4 per year for each of the pipelines. This translates
into a probability rate of 2 x 10-6 per km per year average over the two lines. To achieve this
rate, a depth of burial of 2 m is required at all times.
The seabed at the inshore Piltun area is mobile and due allowance had to be made by adding
the maximum predicted vertical movement of the seabed to the required depth of burial

- 31 -

(approximately 0.8 m on average for the first 5 km). The approach is conservative as the
minimum seabed levels are extreme values and the average depth of burial will therefore
always be in excess of the minimum 2 m.
Therefore the probability of loss of containment due to ice gouging should also be less than
10-6 per year per km.
7.6.5

Pipeline Mitigation Procedures

The overall probability of loss of containment due to external interference and
material/construction defects is negligibly low and further reduction can be achieved based on
the implementation of the following mitigations:
•
•
•

Pipelines and restricted access areas shall be marked on admiralty charts and on area
charts in use by the Sakhalin gas and oil operators and other users of the Piltun area.
The design and construction of the pipelines, including quality assurance and control,
shall be in accordance with current industry practices. As-built documentation shall
confirm adherence to the required specifications and required depth of pipeline burial.
Upon completion of pipeline construction, the pipelines shall be inspected with
calliper pigs to confirm that the lines are free of damage (such as dents, wrinkles or
buckles) and hydro-tested.

The likelihood of pipeline damage from environmental conditions is also low, based on the
design against damage from seismic activity and ice gouging. In order to confirm that pipe
sections and axis deformations are below a level for which minor defects can only be detected
by the leak detection system over a substantial period of time, the following mitigation shall
be in place:
•
•
•

7.7

Pipelines shall be gauged after significant seismic events to confirm that the pipeline
remains free of deformation
Ice movements shall be monitored during the ice season and the pipeline shall also be
gauged during periods of stamuka crossings
If pipeline deformation is found, then further investigation shall be performed to
assess in detail the extent of deformation for engineering criticality evaluation.

Oil Spill Mitigation

SEIC recognises that the risk of marine oil spills exists with all projects that involve shipping,
marine construction, or oil and gas exploration and production.
Consequently, the Phase 1 development has implemented a number of oil spill mitigation
measures including spill prevention (see Table 7.7) and oil spill response preparedness. These
will be developed and improved further for Phase 2 operations.
The current operations have a considerable response capacity. On site, this is based on the
dedicated Oil Spill Response Vessel, Irbis, which holds two containment and recovery
systems. A third system is stored on the Molikpaq. The Irbis has two “on-deck” daughter
craft to deploy boom and is supported by supply and other vessels.
Onshore resources, based at Nogliki, are designed to provide a rapid response for protection
of the lagoon entrances.
Both marine and shoreline (lagoon) response capability is exercised each year.
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SEIC will avoid the use of dispersants as an oil spill response measure in or near the WGW
feeding area unless it can be demonstrated that the dispersants are safe and will not have an
impact on the WGW or their food source.
Table 7.7 Summary of Spill Prevention Strategies at the Vityaz Complex
Prevention of Structural Failure
Specific phenomena such as wind, waves, current, temperature, tide, marine growth, chemical components of air
Design
and water, snow and ice, earthquakes, tsunami, and seiche have been addressed.

Facilities are protected from the effects of corrosion by a corrosion protection system and anti-corrosive coatings
Corrosion
which take into account the possible existence of stress corrosion, corrosion fatigue during the facilities’ life.
Protection
Inspections Regular inspections will be carried out to monitor the condition of the structure.
Blowout Prevention
SEIC uses the best available and safest drilling technology in order to enhance the evaluation of conditions of abnormal pressure and
to minimise the potential for a blowout. Specific measures include the following:
Rig floor supervision is maintained on a 24-hour-per-day basis unless the well is secured.
Training
Rig personnel are trained in accordance with the requirements of the established trade standards.
Onboard the Molikpaq there is a log for registration of the training and refresher courses undertaken by the rig
personnel with specification of the dates.
Procedures Results obtained during the final phase of field exploration and development drilling are used to determine the
range of expected reservoir pressures.
Drilling muds are formulated to a density and viscosity to maintain a positive downhole pressure during drilling.
The quantities, characteristics, use, and testing of drilling mud and the related drilling procedures are designed and
implemented to prevent the loss of well control.
Mud tests are performed on a routine periodic basis in accordance with API practices to monitor and maintain the
necessary mud quality for safe operations.
The quantities of mud and mud materials maintained onboard will take into consideration the anticipated drilling
conditions, storage capacities, weather conditions, and estimated time for delivery.
Drilling operations will be suspended in the event of insufficient quantities of mud and mud materials.
The risk of drilling into an adjacent well will be minimised by the adoption of rigorous procedures which track the
location of the well as it is being drilled and calculate its proximity and projected path with respect to adjacent
wells.
A well casing and cementing plan is developed describing the casing and cementing programme to be used.
Heavy lifts are strictly controlled around the well head areas.
necessary, wells will be shut-in during heavy lift operations.
Equipment Well control equipment is designed and used in a manner which assures well control in foreseeable circumstances,
including sub-freezing conditions.
Working pressure rating of well control equipment will be greater than the expected pressure to which it may be
subjected.
Well control equipment includes the accumulator, the diverter, blowout preventers, and safety valves.
The accumulator provides the force to activate blowout preventers including independent primary and backup
power sources.
The diverter system provides a means of diverting any shallow gas encountered to the flare.
The blowout preventers (BOPs) close the well bore, preventing the uncontrolled release of hydrocarbons to the
atmosphere.
The BOP system will consist of multiple types of preventers, including annular preventers, pipe rams, and blind
rams.
On producing wells, surface and sub-surface safety valves will be installed to prevent uncontrolled flow.

Blowout Prevention Continued
Well control equipment is inspected and maintained to assure that the equipment functions properly.
Testing

Periodic functional tests of the well control equipment are carried out in accordance with recognised industry
standards to verify proper operation. Typically, this includes testing the BOP systems when installed and at least
every seven days thereafter.
Well control drills are carried out.
A well control plan will outline the specific assignments of each drill crew member and establish a prescribed time
for completion of each required action.
The time for the drilling crew to complete the required actions are recorded on the driller's daily report.

Process System Upsets
Process system upsets include potential hydrocarbon leaks, fires, and explosions.
Preventive and protective measures will be taken to reduce the risks from process system upsets.
Compliance with codes and standards (together with establishment of adequate training programmes and adherence to safe operating
procedures) will significantly reduce the risks from process system upsets.
Formal hazard analysis studies identified in published industry standards have been undertaken to ensure that process-related
hazards have been identified, analysed, and controlled.
The primary risk-reduction principles applied will include preventing hydrocarbon leaks, minimizing the chances of ignition if a leak
occurs, and preventing escalation in the event of a fire or explosion.
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SEIC follows safe operating procedures and safe systems of work which are necessary to minimise hazards.
Procedures include an emergency response plan. The process system meets published regulatory standards, including Russian and
International standards such as the standards of the American Petroleum Institute (API), American Society of Mechanical Engineers
(ASME), American National Standards Institute (ANSI), International Standards Organization (ISO), National Fire Protection
Association (NFPA), and others as appropriate for the specific application.
An emergency shutdown system is provided to initiate appropriate shutdown and isolation actions to prevent escalation of abnormal
conditions into a major hazardous event.
Hazard and operability (HAZOP) studies of the process system have been performed.
An emergency depressurisation system is provided to reduce the duration/magnitude of uncontrolled hydrocarbon releases and to
minimise the likelihood of pressure vessel failure.
A qualitative review to assess the potential risks to drilling, production, and accommodation areas of the facility from dropped and
swinging objects has been carried out.
Exposure of equipment/piping to potential physical damage from dropped objects due to drilling, workover, or logistical operations
is minimised.
Curbs, gutters, drip pans, and drains are installed in deck areas to collect all contaminants. A drainage system is provided for the
containment and proper disposal of liquid hydrocarbon releases.
Oil drainage is piped to a properly designed, operated, and maintained collection and treatment system, which prevents discharge of
oil into offshore waters.
The system segregates the open and closed drain systems from each other. Open drains from hazardous and non-hazardous areas are
also segregated.
The capacity/design of the drainage system in the process module and well head areas is sufficient to handle the worst-case spill
coincident with activation of the deluge system.
A hazardous operation study of the entire drainage system (including the existing Molikpaq drainage system, and for the system
designed for the FSO) has been carried out that envisages precautionary measures for offshore drilling and production well work
during adverse weather and sea conditions. In the event of a catastrophic platform failure, the maximum amount of oil that could be
released would be the amount of oil stored on Molikpaq, in the risers, and in drainage from attached pipelines.
Additional release of oil from the wells will be prevented by the presence of the sub-sea valves on the wells.
The FSO and SALM are designed to limit the amount of oil that could be released in the event of a structural failure.
Measures include double bottom hull, ice-class-rated hull, fish plates on the main deck, compartmentalisation of oil storage, and
breakaway couplings on the loading hose.

7.7.1

Marine Operations

In order to mitigate risks further, a number of spill prevention measures are implemented
during Phase 1 Marine Operations, and these will be carried through into Phase 2. These
include:
•
•
•
•
•
•
•
•
•
•
•
7.7.2

Refuelling will operate under a permit system
Loading hoses will be routinely inspected and maintained pollution response
equipment onboard will be maintained in a constant state of readiness at all times
Operational procedures will be in place onboard vessels for all operations that involve
the handling of fuel, oil and oily effluents
All vessels will have a Shipboard Oil Pollution Emergency Plan (SOPEP) in
compliance with Regulation 26 of Annex 1 of MARPOL 73/78
Vessels will have an International Oil Pollution Prevention Certificate (IOPP)
Relevant personnel will be adequately trained in oil spill response
Safe and environmentally sound procedures for using petroleum products will be in
place and followed
Bunkering will not take place within three nautical miles of the shoreline
No bunkering will be permitted within the WGW feeding area and additional
protection methods will be employed if bunkering is needed close to the feeding area
Bunkering is only permitted during good weather conditions
Deck drains will be blanked off during bunkering to avoid discharging overboard
Conclusions

Overall, probabilities of leaks are low, and have been minimised through platform and
pipeline design and leak detection systems (see Section 2.4.7). If automatic leak detection
fails, the volume of oil spilled from offshore pipelines is highly dependent on the length of
time before the leak is detected by other means. These may include fly-bys of the offshore
pipeline corridor and the vigilance of platform and plant operators.
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Oil spill risks associated with construction activities are considered to be low due to small
potential spill volumes and spill prevention mitigation.
Due to the high integrity of the pipeline design and construction methodology, the absolute
risk of a pipeline spill is considered acceptable for all three pipeline routes. In terms of
relative risk to inshore WGW feeding areas, the construction activity associated with the
southernmost pipeline route offers the least risk and the Base Case the most risk. However, in
all cases the risks are assessed as low based on small potential spill volumes and mitigation
procedures.
Overall there is a net improvement in the quantity of spill risks with the development of Phase
2 operations. However, with the introduction of a second platform, the risk of a blowout will
increase, because there are two platforms instead of one and an increase in the number of
wells. This risk has been managed to a level that is as low as reasonably practicable
(ALARP).
Only in the case of the Base Case pipeline route is there the potential for direct impact by
fresh oil on the benthos within the inshore WGW feeding area. This could result from a
rupture or small, undetected leak. However, as has been demonstrated in this section, the
probability of a leak occurring is extremely low and mitigation strategies (leak detection,
pipeline inspections) will be implemented to ensure that any leak is rapidly detected.

8.0 ONSHORE ASSESSMENT
8.1 Introduction
This section contains a comparative analysis of the three pipeline routes onshore. The Base Case and
proposed alternatives (1 and 2) each have a different landfall point. The Base Case crosses north of
Chaivo Lagoon and south of Piltun Lagoon, whilst the alternatives cross different areas of Chaivo Lagoon
and eventually join the main pipeline Right of Way (ROW) running south (Figure 8.1).
Since 1998, SEIC has carried out numerous onshore environmental surveys and literature reviews to
optimise the location of the proposed onshore pipeline route. These surveys, which encompassed the area
of the Base Case route, formed the basis upon which the final route was selected and which the relevant
onshore sections of the Phase 2 EIA were developed. The scope and data from these prior surveys also
formed the basis upon which additional onshore surveys were designed and executed during 2004 for the
two alternative pipeline routes.
This section of the CEA describes the key onshore environmental receptors identified and compared
between the three routes. The contractors who actually executed the field surveys during 2004 (some of
whom were involved in prior-year surveys) were asked to produce a matrix of the key environmental
parameters, and to compare the sensitivity of these parameters for the two alternative routes. That
comparison was used as a basis for the current comparative assessment of the three onshore route
alternatives.
As a conclusion of this section, an overall assessment of absolute acceptability of each of the three route
alternatives is presented, along with a determination of relative acceptability with regard to the key
receptors and required mitigation. Mitigation measures will continue to be refined to ALARP during the
final stages of detailed engineering design during 2005.
Table 8.1 lists the key receptors that have been considered as potentially sensitive to pipeline construction
and/or operations.
Table 8.1 Onshore Sensitive Receptors
Onshore Sensitive Receptors
Land-take
Summarises information on land-take
Fault crossings
Summarises information on fault crossings
Vegetation
Summarises information on:
Class I forest and forest vegetation
Coastal vegetation
Wetland vegetation
Hydrology
Summarises information on:
Water bodies
Water courses
Groundwater
Fauna
Summarises information on:
Ichthyology
Amphibians and reptiles
Birds
Red Data Book species
Mammals
Socio-economics
Summarises information on:
Reindeer herding
Subsistence/Commercial Fishing
Archaeology
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8.2 Description of Key Onshore Sensitive Receptors
The following sections detail information pertaining to each alternative route for the receptors listed in
Table 8.1.
8.2.1 Land-take
Alternatives 1 and 2 arrive onshore at 20 and 12 km south of the Base Case landfall respectively. The
overall onshore land-take therefore varies between routes and is summarised in Table 8.2.
Table 8.2 Land-take of the Three Pipeline Routes
Receptor/Aspect
Land-take

8.2.2

Base Case
36.9 km

Alternative 2
32.3 km

Alternative 1
20.0 km

Fault Crossings

The Base Case and the alternative routes each cross one major fault, the Piltun Goromai, a right-lateral
strike-slip fault. The principal seismic issue associated with a buried pipeline is the differential
displacement imposed on the pipeline across the fault due to an earthquake. Seismic shaking is not
considered a critical design issue for a buried pipeline. At active fault crossings, the pipeline is designed
to accommodate the differential displacement. Table 8.3 summarises the crossing locations for the
alternatives.
Table 8.3 Fault Crossings of the Three Pipeline Routes
Receptor/Aspect
Fault crossings

8.2.3

Base Case
The Base Case crosses
the fault between KP 18
and 19.

Alternative 2
s Alternative 2 crosses
the fault between KP 18
and 19.

Alternative 1
Alternative 1 crosses the fault at KP
14, east of the Federal road.

Forest Vegetation

The Chaivo-Piltun study area is located within the northernmost of the three main vegetation sub-zones
present on Sakhalin. This is the larch forest sub-zone, which is characterised by the dominance of larch
(Larix spp.) that replaces Japanese spruce (Picea ajanensis) as the dominant tree species above latitude
51.30N. Other significant components of the flora include Japanese stone pine (Pinus pumila) and
lichens (Cladonia spp.) that are abundant in open woodland on dry, sandy soils. Small bogs may be
fringed by Siberian alder (Alnus hirsuta). River valleys are occupied by Populus suaveolens, Salix
udensis, Salix rorida and Chosenia arbutifolia forests.
Forest vegetation effectively comprises four key tree species (larch, fir, spruce and alder) that occur in
varying abundance and associations. Of these, larch forest, comprising Dahurian larch (Larix gmelinii) is
the most extensive and widely distributed, occupying more than 30% of the forest habitat type present in
the area. This species occurs in mosaic habitats with other key species, notably Japanese stone pine,
cowberries and sphagnum in wetland areas. In areas where ground disturbance has not occurred,
encrusting lichen communities dominated by species of Cladonia are present. Generally, the larch and
stone pine communities are not botanically diverse due to the effects of previous forest fires. The loss of
vegetation and subsequent soil disturbance, erosion and leaching resulting from exposure to fire has led to
the predominance of low-level shrubs characteristic of disturbed habitat. A slow regeneration in the
forest habitat is noted in some areas with Middendorf birch (Betula middendorffii), willowherb
(Epilobium sp.) and reedgrass (Calamagrostis langsdorffii) dominating.
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In damper areas some dark coniferous forest is present with Japanese spruce and Erman birch (Betula
ermanii) and an understorey of Dahurian larch, Sakhalin fir (Abies sachalinensis) and aspen (Populus
tremula).
Base Case
The main vegetation types are distributed as follows:
10% - marshy reedgrass and sedge meadows
19% - low-land oligotrophic sedge sphagnum marshes
19% - highly oligotrophic marshes
12% - highly oligotrophic larch sphagnum marshes
17% - larch forest with Japanese stone pine and lichens
23% - burned-out forests
The burned-out forests are typically 10 to 20 years old with a noted regeneration in the areas of larch
forest. Plant communities are typical of the north-eastern part of Sakhalin. No Red Data Book (RDB)
plant species were found and reindeer lichen is sparsely present along the route. Podzolic soils (leached
and mainly formed in cool, humid climates) are typical of the area.
The anthropogenic load is medium, and caused by fires. It is worth noting, however, that this route has
already been partially cleared along the ROW. The 4 km area from the coast has not been cleared, nor
have the sections of Class I forest. In total, 19 km of the first 30 km of Base Case ROW has been cleared
of vegetation.
Alternative 2
The main vegetation types of the east-west section of the route are distributed as follows:
50% -- larch forest with Japanese stone pine and lichens
15% -- low-land oligotrophic sedge sphagnum marshes
12% -- highly oligotrophic marshes
10% -- hygrophilous larch marshes
13% -- burned-out forests
There are both 10 to 20-year-old burned-out forests with a noted regeneration of larch (10%) and fiveyear-old burned-out forests characterised by vegetation typical of the first fire-successional stage (3%).
Plant communities are typical of north-eastern Sakhalin. A RDB lichen species (Bryocaulon
pseudosatoanum) was found, as was a RDB moss (Dicranum drummondii). No reindeer lichen were
present.
The anthropogenic load is medium, mainly caused by fires. Podzolic soils are typical (80%) and the
quality of humus is very low with the humic horizon not clearly defined.
The Base Case and Alternative 2 share approximately 15 km of the route following their intersection
between KP18 and 19. The main vegetation types of this north-south section are distributed as follows
and are present on the Base Case and Alternative 2 pipeline route:
60% - larch forest with Japanese stone pine and lichens
3% - lowland oligotrophic sedge sphagnum marshes
4% - highly oligotrophic marshes
3% - hygrophilous larch marshes
30% - burned-out forests
Burned-out forests are 10 to 20 years old with a noted regeneration in larch forests. Plant communities
are typical of the north-eastern part of Sakhalin. No reindeer lichen were present. The anthropogenic
load is high, mainly caused by fires. Soils are generally podzolic with a thin humic horizon.
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Alternative 1
The main vegetation types are distributed as follows:
40% - burned-out forests
20% - slightly disturbed larch and dark coniferous forests, late-stage successional forest
15% - highly oligotrophic marshes
20% - larch forest with Japanese stone pine and lichens
5% - low-land oligotrophic sedge sphagnum marshes
There are both 10 to 20-year-old burned-out forests with a noted regeneration of larch and dark coniferous
forests (16%), and five-year-old burned-out forest characterised by vegetation typical of the first firesuccessional stage (24%).
Generally, the plant communities are typical of north-eastern Sakhalin but dark coniferous plant
communities typical of middle Sakhalin are also found. Three RDB lichen species (Bryocaulon
pseudosatoanum, Menegazzia terebrata, Lobaria pulmonaria) were found. No reindeer lichen were
found.
The anthropogenic load is very high, mainly caused by fires and fire-induced soil erosion. Podzolic soils
are typical (70%). The humic horizon is not expressed and the level of humus is very low.
Class I Forest
The rationale of categorisation of Class I forest is to perform a water and erosion protection function, and
to protect ecologically sensitive habitats. In this area of northern Sakhalin, they serve as protective belts
along the major river banks of the Ossoi, Nutovo, Malyi Garomai and Bolshoi Garomai rivers and the
Federal road (Figure 8.2). Table 8.4 displays the distance of Class I forest crossed by the routes.
Table 8.4 Distance of Class I Forest Crossed by the Three Pipeline Routes
Receptor/Aspect
Distance of Class I
forest crossed

8.2.4

Base Case
2.6 km

Alternative 2
2.5 km

Alternative 1
0.6 km

Coastal Vegetation

The extent of coastal habitat/vegetation is generally delimited by the surf splash-zone or highest tidal
limit. However, saline influence may extend further inland owing to the effects of salt spray and the
presence of numerous brackish water bodies within the coastal sandbar complex associated with Piltun
and Chaivo Lagoons. As it is difficult to accurately define this zone, coastal and marine vegetation is
commonly considered to be that present between the first or second coastal ridges of the sandbar
complex.
The vegetation of the second coastal ridge has developed over a relatively long period of time without
significant saline influence and therefore resembles non-maritime plant communities. For the three
routes, this vegetation community comprises Dahurian larch and Japanese stone pine on the sandy coastal
ridges. The second coastal ridge is separated from the first ridge by numerous depressions with damp and
wet transitional areas (see Wetland Vegetation below, for further description). The first coastal ridge
consists of relatively recent sand deposits, sometimes comprising significant areas of open sand.
The vegetation community is typified by Japanese rose (Rosa rugosa) and mixed-herb species such as
saw-wort (Saussurea sachalinensis), wormwood (Artemisia opulenta), seaside ragwort (Senecio
pseudoarnica), sea-pea (Lathyrus japonicus) and other meadow herbs. Mobile and semi-fixed dunes
occur along the immediate coastline above the mean high water mark. These support species of lyme
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grass (Leymus spp.), with the large-head sedge (Carex macrocephala), tree-lupin (Thermopsis
lupinoides), Bei Sha Shen (Glehnia littoralis) and oyster plant (Mertensia maritima).
8.2.5

Wetland Vegetation

A number of wetland habitats are present within the study area, ranging from open-water lagoons and
riverine habitats through to complex mosaics of marsh-forest vegetation communities.
Within the “coastal zone” between the first and second ridges, there are a large number of water-bodies
(brackish immediately adjacent to the shore) surrounded by peat bogs with Sphagnum spp. and mixed
grass communities. Sedges such as Lyngbye’s sedge (Carex cryptocarpa) or mixed-herbs and reedgrass
(Calamagrostis spp.) occur, along with coastal species such as umbellifer Angelica gmelinii, Scot’s
lovage (Ligusticum scoticum) and marsh pea Lathyrus palustris, which grow here depending on the
degree of moisture. The water-bodies within the wetland complex support some aquatic macrophytes,
notably pondweed (Potamogeton spp.) and eelgrass (Zostera spp.) in the brackish waters of the main
Chaivo Lagoon.
Sparsely forested bogs typically occur along the western fringe of the coastal plain, along watercourses
and at the small deltas where rivers run into Chaivo Lagoon. These oligotrophic to mesotrophic wetlands
comprise small specimens of Dahurian larch with Sphagnum spp., other mosses (e.g. Hypnum spp.),
sedges, buckbean (Menyanthes trifoliata), cotton grass (Eriophorum spp.) and reedgrass (Calamagrostis
spp.).
8.2.6

Hydrology

Hydrological conditions within the study area vary with the geology, soil characteristics and vegetation
cover. Generally, however, the hydrology of the area can be considered under three broad groupings:
water-bodies, watercourses (surface water), and groundwater.
A large number of variable-sized permanent water-bodies occupy depressions on the Chaivo sandbar on
the eastern side of Chaivo Lagoon. These are typically shallow (average water depth < 1m) with beds
formed from peaty-silt overlying fine sand. They are likely to be oligotrophic in nature and
rainwater/snow-melt fed. Along the immediate coastline, changes in the sediment dynamics of the
fringing dune system (erosion and accretion) may lead to the loss of or formation of water-bodies or
temporary salinity changes over time.
Chaivo Lagoon itself is a large water-body that connects with the open sea to the south of the proposed
most southerly route (Alternative 1). It is relatively shallow (<5 m), with variable salinity depending on
the interplay between freshwater and saline inputs.
The rivers of northern Sakhalin share a number of characteristic features that are largely reflective of the
low relief of the coastal plain and the predominance of sandy soils. Typically, these rivers are
characterised by relatively low flow velocities, freely meandering channels, sandy and pebbly river-bed
sediments and extensive, waterlogged floodplains. Data suggests that approximately 60% of their flow is
groundwater derived, fluctuations in which affect their overall flow regime. Compared with other rivers in
Sakhalin they have higher summer and winter water levels, a higher component of underground run-off,
more prolonged and steady falls and rises in water level associated with rainfall and snow-melt as a result
of the buffering capacity of the sandy soils. Owing to their location in northern Sakhalin, these rivers tend
to be frozen for the longest duration of any of the rivers on the island. Bank and channel erosion is
commonplace leading to lateral channel movement and meandering because of the largely unconsolidated
nature of the sediments through which they flow. This has led to the formation of wide meander-zones
with large numbers of cut-offs, swamps and waterlogged oxbows.
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Within the study area there are also numerous small streams, typically with channel widths of 0.5 - 1.5 m
and average water depths of 0.1 - 0.3 m with sand-sand/clay beds. A number are ephemeral and dry out
during the summer months. Typically, they possess narrow floodplains (<100 m wide), dominated by
grasses, sedges, mosses and coniferous trees in forested areas.
Two main aquifers are developed in the river valleys and coastal areas of north Sakhalin. A variable
thickness of Quaternary sands, gravels and interbedded clays is widely developed, with a water table
depth (from the surface) that varies from 0.5 - 20 m. The depth of the groundwater decreases closer to the
coast. In many parts of the coastal plain and the main river floodplains, this aquifer is covered by an
impermeable layer of loams and clays (6 – 9 m on which peat has developed). Generally, the waterbearing sands are characterised by good filtration properties and the aquifer is maintained via infiltration
of rainwater, underground run-off from mountain massifs and through flow of surface water.
Underlying the aquifer formed by Quaternary deposits is a water-bearing complex of Pliocene deposits.
This sequence includes several horizons separated by layers of clay-rich sands and sandstones. The
uppermost water-bearing horizon is of the ground type, while the lower ones are of the confined-water
type. In the north-Sakhalin plain, the water-bearing horizons are represented by argillaceous sands of
varying granularity with thin interlayers of clays and gravels. Nearly everywhere, they are covered by
Quaternary sediments 12−15 m thick. The groundwater is of a gravitational or weakly confined type. The
depth of the water table is dependent on relief (from 1−2 to 20 m in valleys, up to 40−60 m on
watersheds).
Base Case
The Base Case crosses four major rivers - the Ossoi, the Nutovo, the Malyi Garomai and the Bolshoi
Garomai.
Watercourses are of freshwater type, neutral with a рН in the range 6.5 - 7.5, characterised by satisfactory
oxygenation and high CO2 content, which results in natural removal of biochemical breakdown products
from organic materials, both in water and in bottom sediments.
Practically all the watercourses may be assessed as slightly polluted. Pollution of watercourses with
inorganic substances (iron, copper, and zinc) exceeds the Maximum Permissible Concentration (MPC)
under Russian Federation legislation in most cases. This is presumed to occur via natural sources as a
result of their hydrogeological dynamics. Somewhat higher content of stable organic compounds is
connected with the natural physicochemical conditions of forming organic substances of natural origin.
The increased content of phenols observed in some watercourses may be attributed to natural processes of
metabolism of aquatic organisms and biochemical disintegration of organic substances. The average
content of oil products in almost all the watercourses is above MPC, which is connected with
anthropogenic factors including the onshore oil industry.
Alternative 2
Alternative 2 crosses the Nutovo, Malyi and Bolshoi Garomai rivers. It also crosses Chaivo Lagoon with
a span of approximately 600 m. This crossing lies at the far north of the lagoon and lies between the
lagoon mouth and the Ossoi river.
The Chaivo Lagoon may be considered as slightly polluted. The lagoon is characterised by:
• Content of biogenic substances (compounds of nitrogen, phosphorus and silicon), which is within
the MPC levels
• Elevated content of stable organic compounds connected with natural phenomena
• Elevated concentrations of phenols
• Elevated concentrations of oil products connected with anthropogenic factors
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Alternative 1
Alternative 1 does not cross any major rivers but does have the longest crossing of Chaivo Lagoon with a
span of approximately 1.2 km. This crossing lies between the mouth of the lagoon and the rivers Ossoi,
Nutovo, Malyi and Bolshoi Garomai. Chaivo Lagoon may be considered as slightly polluted, as
described under Alternative 2 above.
8.2.7

Ichthyology

The recorded fish fauna is typical of northern Sakhalin and consists of assemblages characteristic of the
variable salinity of the water-bodies present in the area. The waters of Chaivo Lagoon support species
typical of estuarine habitats including resident species such as the blenny (Acantholumpenus mackayi),
eelpout (Zoarces elongatus), several species of stickleback, and starry flounder (Platichthys stellatus).
The lagoon is also used by a number of migratory species, such as Japanese smelt (Hypomesus
nippoensis), East Siberian char (Salvelinus leucomaenis) and rudd (Tribolodon spp.), and the young of
marine species such as saffron cod (Eleginus gracilis) and pacific herring (Clupea pallasii). The fish
fauna of the freshwater bodies and streams present in the study area is less diverse than that of Chaivo
Lagoon and includes Nikolsky’s loach (Misgurnus nikolskyi), lake minnow (Phoxinus perenurus
sachalinensis), sticklebacks and freshwater smelt (Hypomesus olidus).
The most numerous salmonid species in Sakhalin rivers are:
• Humpback or pink salmon (Oncorhynchus gorbuscha)
• Chum or calico salmon (Oncorhynchus keta)
• Cherry salmon or salmon trout (Oncorhynchus masou)
• Silver or coho salmon (Oncorhynchus kisutch)
Together the first two species represent some 95% of all salmonid species found on the Island.
Humpback salmon (Oncorhynchus gorbuscha) is a migratory species that feeds in the marine
environment and returns to rivers for spawning. The beginning of migration and subsequent mass
migration of humpback salmon occurs during the summer mean water-flow period and ends with the
autumn flow increase. Humpback salmon spawning grounds are characterised by clean water and a
substrate composed of pebbles and gravel with minimal sand impurities. Humpback salmon redds
(spawning nests) require a substrate with continuous water flow (up-welling) through the gravels.
Humpback salmon spawning is primarily governed by water turbidity. Sediment loads of 220 to 930 mg/l
do not impede migration; however, spawning occurs only if turbidity remains below 20 mg/l. Young fish
migrate from the rivers from the beginning of May until the beginning of July.
Chum salmon (Oncorhynchus keta) spawning runs occur in autumn in the north-eastern part of the island.
Spawning runs differ in terms of location and size. The autumn chum salmon spawning run takes place in
river basins between the end of August and November. Spawning of chum salmon is rather prolonged and
spawning fish may be observed as late as March. Chum salmon prefer to spawn in protected places in
small rivers where the bottom is covered with fine pebbles and gravel. In autumn, chum salmon spawn in
places where water is up-welling through substrate gravels. Young fish migrate to the rivers from the
beginning of May until the beginning of July.
Although cherry salmon (Oncorhynchus masou) and silver salmon (Oncorhynchus kisutch) are few in
number, silver salmon are more numerous than cherry salmon in rivers of north-eastern Sakhalin. Cherry
and silver salmon fry occupy similar biotopes, inhabiting coastal rivers and shallow waters at different
times of the year. They winter in rather deep, sheltered places. Downstream migration of silver salmon
fry occurs from mid-June to early August and that of cherry salmon fry from early July to early August,
while both coincide with the summer low-water level, the first half of the humpback salmon spawning run
and the beginning of the chum salmon spawning run.

7

Salmonids are the most important fish for commercial fishing within Sakhalin rivers. Salmonid
commercial fishing is occasionally conducted in Chaivo Lagoon by fishing organisations, depending on
the year’s fish abundance. Practically every year, tribal enterprises fish for salmonids. The northernmost
commercial fishing area in the lagoon is located between the islands of Soniga and Irkimbu and is crossed
by Alternative 1. The lagoon area crossed by Alternative 2 does not coincide with any commercial
fishing area.
The Sakhalin taimen (Parahucho perryi) is an anadromous salmonid that may grow up to 2 m in length
and is listed in the RDB of Sakhalin. It occurs in the shelf waters of north-east Sakhalin during the
summer and autumn months, but migrates to freshwater to spawn during the spring as soon as the ice
breaks. Typically, the main spawning grounds for this species are the lower and middle stretches of
rivers. After hatching, the young fish typically remain in the river for at least three years before
undertaking migration to coastal waters. Taimen primarily remain close to the coast to feed and may even
enter river mouths in winter.
The Nutovo has a total spawning area in the main river channel of nearly 16,000 m2, which amounts to
over 8% of the water surface area. The following salmonid species are believed to spawn in the Nutovo:
humpback salmon, cherry salmon, chum salmon, and silver salmon. Humpback is the dominant species.
The humpback salmon spawning grounds are located in the upper and middle reaches of the river. The
share of spawning grounds located downstream of the pipeline crossing area amounts to 15%. The
predominating river bottom in the spawning grounds consists of small and medium-sized pebblestone
with sand-and-gravel fill. The current velocity ranges within 0.4 - 0.5 m/s. The quality of the spawning
grounds is considered high. The bottom sediments in the crossing range consist of sand and silt. No
spawning grounds were found in this area. Sakhalin taimen are also believed to spawn in this river. The
location of their spawning grounds is unknown but is likely to be upstream of the pipeline crossing based
on analogous other rivers where they are found.
The following salmonids spawn in the Malyi Garomai river: humpback salmon, cherry salmon, chum
salmon, and silver salmon. Humpback salmon is the dominant species. The humpback salmon spawning
grounds are located in the river’s upper and middle reaches. Their total area in the main river channel is
24,000 m2, which amounts to over 9% of its water surface area. The share of spawning grounds located
downstream of the pipeline amounts to 18%. The predominating river bottom in the spawning grounds
consists of small and medium-sized pebblestone with sand-and-gravel filler; the predominant current
velocity is 0.5 m/s. The quality of the spawning grounds is high. The bottom sediments in the crossing
range consist of sand and silt. No spawning grounds were found in this area.
The following salmonids spawn in the Bolshoi Garomai river: humpback salmon, cherry salmon, chum
salmon, and silver salmon. Again humpback dominates the salmonid ichthyofauna. The humpback
salmon spawning grounds are located in the river’s middle and lower reaches. They are scattered and in
poor condition owing to high silt content in the sediment, possibly as a result of surface run-off. The
predominant sediments in the spawning grounds consist of small-sized pebblestone and sand. The
prevalent current velocity ranges within 0.6 - 0.8 m/s. The total spawning ground area in the main river
channel is over 33,000 m2, which amounts to 14.5% of the river’s water surface area. The share of
spawning grounds located downstream of the pipeline amounts to 18%. The bottom sediments in the
crossing range consist of sand and silt. No spawning grounds were found in this area.
Table 8.5 summarises the ichthyology for the three pipeline routes.
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Table 8.5 Ichthyology for the Rivers Crossed by the Three Pipeline Routes
Receptor/Aspect
Ichthyology

8.2.8

Base Case
The route crosses the
Ossoi, Nutovo, Malyi
Garomai and Bolshoi
Garomai. The Ossoi is
considered to be a
salmon spawning river
with the spawning area
of 5,000 m2 upstream of
the crossing range.

Alternative 2
This route crosses the
Nutovo, Malyi Garomai
and Bolshoi Garomai and
is therefore similar to the
Base Case. Crosses
Chaivo Lagoon with a
span of approx 600 m.
This crossing lies at the
far north of the lagoon
and lies between the
lagoon mouth and the
Ossoi river.

Alternative 1
Neither salmonid spawning areas, nor
rare or protected species were found in
any of the water-bodies surveyed along
the proposed route.
Crosses Chaivo Lagoon with a span of
approx 1200 m.
Anadromous fish will have to cross this
pipeline route between the mouth of
Chaivo Lagoon and the four major
rivers listed under the Base Case.

Amphibians and Reptiles

Five species of amphibians and reptiles were recorded during the surveys of the study area, representing
over 70% of the Skahalin Island amphibian and reptile fauna. The recorded species were the viviparous
lizard (Lacerta vivipara), Siberian salamander (Hynobius keyserlingi), Far Eastern frog (Rana dybowskii),
Siberian wood frog (Rana amurensis) and asiatic toad (Bufo gargarizans). All these species are well
distributed across Sakhalin and are considered typical of the environments in which they were found. The
majority of animals were found in less disturbed larch forests and riparian habitat. There was no apparent
difference in the herpetofauna between the three considered routes.
8.2.9

Birds

The bird assemblage of the study area can be divided into a number of communities that are characteristic
of the main habitat types present and are either resident or migratory.
The coastal wetlands and areas of open water support a suite of waterbird species including: several
species of duck such as mallard (Anas platyrhynchos) and teal (Anas crecca); waders such as redshank
(Tringa totanus) and spotted greenshank (Tringa guttifer); Sakhalin subspecies of dunlin (Calidris alpina
actites) - wood sandpiper (Tringa glareola), snipe (Gallinago gallinago) and long-toed stint (Calidris
subminuta); and the Aleutian (Sterna aleutica) and common terns (Sterna hirundo) - Slavonian grebe
(Podiceps auritus) and red-throated diver (Gavia stellata). Of particular importance are the recorded
breeding Steller’s sea eagle (Haliaeetus pelagicus), white-tailed sea eagle (Haliaeetus albicilla) and
colonies of spotted greenshank, Sakhalin dunlin and Aleutian tern.
The wetlands Chaivo form an important staging area in the spring and autumn for waterbirds. Species
that use the area include: large numbers of Bewick’s swans (Cygnus columbianus bewickii); ducks e.g.
long-tailed duck (Clangula hyemalis), scaup (Aythya marila), goldeneye (Bucephala clangula) and black
scoter (Melanitta americana); geese; and numerous species of wader. The northern part of the lagoon
system supports important numbers of Bewick’s swans during October, while the central area supports
large numbers of ducks in September. The area is also used as a staging post by returning migrants on
their way to breeding grounds in the Arctic, with the spring Bewick’s swan migration lasting from the end
of April until the end of May.
Areas of Japanese stone pine along the shore and further inland support a distinctive bird assemblage
dominated by small passerines, notably dusky willow warbler (Phylloscopus fuscatus), Pallas’s willow
warbler (Phylloscopus proregulus), skylark (Alauda arvensis), carrion crow (Corvus corone), Siberian
rubythroat (Luscinia calliope), pine grosbeak (Pinicola enucleator), stonechat (Saxicola torquata) and
green-headed wagtail (Motacilla taivana). Part of this assemblage is also present in more wooded areas
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where both larch and Japanese stone pine predominate and also in areas of burnt stone pine and larch.
Areas of larch forest support typical forest species such as siskin (Spinus spinus), jungle crow (Corvus
macrorhynchos), oriental bullfinch (Pyrrhula griseiventris), willow tit (Parus montanus) and brambling
(Fringilla montifringilla). In fire-affected areas, species more associated with open-ground or sparselyforested areas are more abundant, notably olive-backed pipit (Anthus hodgsoni), skylark, and rustic
bunting (Emberiza rustica). The more densely forested areas, including the area of dark coniferous forest,
support species such as Siberian bluechat (Tarsiger cyanurus), pine grosbeak and willow ptarmigan
(Lagopus lagopus).
8.2.10 Red Data Book (RDB) species
In view of the wetland coastal areas around the lagoons being of such importance to nesting and
migrating bird species, particular attention was paid to RDB species during the ornithological surveys
(Figure 8.3).
Steller’s sea eagle (Haliaeetus pelagicus)
Steller’s sea eagle (SSE) is the largest of eight species of sea and fish eagles in the genus Haliaeetus. In
terms of its overall distribution, it occurs only in eastern Asia, breeding in eastern Russia and wintering
mainly there and northern Japan (Birdlife International 2001). Its IUCN status is “vulnerable”.
The majority of the population of this species is found near to the coast of eastern Russia mainly on the
Kamchatka peninsula on the coast and islands of the Sea of Okhotsk and Bering Sea coasts as well as
large inland lakes along the lower Amur. Smaller numbers nest in Chukotka and on northern Sakhalin
Island, the Shantar Islands and at least some of the Kuril Islands.
There is some uncertainty regarding estimated numbers of both breeding pairs and total global population
of SSE. Birdlife International (2001) states that the most recent information indicates that there are 1,830
– 1,900 breeding pairs and that the total global population is probably 4,600 – 5,100. According to the
International Working Group for the Steller’s (Sea) Eagle Conservation “O-Washi-net” (IWGSEC
(estimated) 1999), there are 280 (breeding) pairs on Sakhalin Island. Following surveys in the 1990s,
Masterov (1998) estimated that there were 110 nesting pairs and 160 non-breeding birds. Masterov et al.
(2000), using a predictive model of spatial distribution of nesting territories, calculated that there were
434 potential nesting territories on Sakhalin. It was also estimated (on the basis of transect surveys) that
the total number of birds on the island was 560, comprising 64.2% adults (i.e. 359 adults, and therefore
potential breeding birds).
Nesting SSEs are most common in the coastal zone, where rocky shorelines, wooded river valleys, bays
and inlets are preferred. In the interior, nesting occurs less frequently in river valleys and on lakes.
Throughout the breeding range, nests are usually built in trees and occasionally on cliffs. Nests are often
used for several years in succession, but alternate nests are often built, usually close to the previous nest.
The start of the breeding season depends on the conditions at the end of winter, but is typically late
February/early March. Hatching usually occurs in May and the young fledge in August on Sakhalin
Island. Breeding success is around 0.5 young per pair per annum.
The wintering range is, to some extent, congruent with the breeding range. Many sea eagles are resident
within the breeding range, in winter moving only to open water. Others gradually move south during
autumn and by winter appear outside the breeding range. The timing, duration and extent of migration
depend on ice conditions and the availability of food. Each winter, drifting ice on the Sea of Okhotsk
drives many sea eagles south. The majority of birds winter on Kamchatka with another large portion of
the population wintering on Hokkaido, Japan. The majority of birds nesting on Sakhalin Island appear to
move south to Hokkaido and the southern Kuril Islands.
The diet of the SSE consists principally of salmonids taken alive or dead. The species’ distribution and
seasonal appearances are dictated largely by the availability of the fish supply. The remainder of the diet
is highly variable and important only when the principal food supply is scarce.
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A number of ornithological surveys have been undertaken in north-east Sakhalin which provide
information on the breeding status of the SSE. Determining the exact number of breeding pairs is
complicated by the fact that nest location and breeding success may change yearly (pairs have alternative
nests within the same territorial area) and, therefore, the number of nests located in any one area may
fluctuate over time. No SSE nests were identified within 1 km of the Base Case. Seven nests, including
three reproductive and four inactive, were recorded within 1 km of Alternative 1. Three nests, including
one reproductive and two inactive, were noted within 1 km of Alternative 2.
White-tailed sea eagle (Haliaeetus albicilla)
The population of the White-tailed sea eagle is estimated at 5,000 - 7,000 pairs, but the size of the Russian
population is poorly known. Key centres of population are Scandinavia, Russia and Western Europe. Its
IUCN status is “near threatened”. The total population present on Sakhalin is not well documented;
however, it is estimated that there are about 100 breeding pairs (Zykov et al. based on data 1983-1989).
The White-tailed sea eagle is distributed sporadically over much of Sakhalin, but is more commonly
encountered in the central part than in the north or south. It breeds along the valleys of the Tym and
Poronai rivers, on the north-eastern coast where it is often found in association with the SSE, and along
the coast in Terpenyia and Aniva Bays.
On Sakhalin this species is largely migratory, with the bulk of the population wintering in northern Japan.
Some birds may remain on Sakhalin for the winter. Breeding birds return during March to April and
remain until August to early September. Nest sites are chosen in March, with nests being built at the top
of tall trees. A well-built nest may be used for several years in a row. Typically migrating/wintering
birds remain on the coast. Its diet consists of fish, waterbirds, small mammals and carrion.
Threats to the breeding population include increased human activity and disturbance, and loss of breeding
habitat due to infrastructure development.
Spotted greenshank (Tringa guttifer)
The global population of the spotted greenshank is estimated at fewer than 1,000 birds and could number
a few hundred (Birdlife International 2001). There are presumably fewer than 20 pairs in total on the
north coast of the Sea of Okhotsk and it is estimated, from surveys in the 1980s, that there are around 50
pairs breeding in northern Sakhalin. It became extinct in southern Sakhalin in the 1940s or 1950s. The
spotted greenshank is listed as “endangered” by the IUCN.
The breeding population in Sakhalin is confined to the north, with birds recorded in several of the bays.
Available information indicates that birds arrive in northern Sakhalin in spring, with the return migration
of adults occurring in late July to early August, with juveniles leaving in early September (Birdlife
International 2001). Preferred breeding habitat comprises areas of boggy wetlands with sparse larch cover
close to the coast (up to 10 km away). Nesting takes place in larch trees, typically 0.5 - 2.5 km away from
feeding areas (notably saline lagoons). The nests are built from larch twigs and epiphytic lichens. Eggs
are laid during the first two weeks of June, with hatching taking place two to three weeks later and
fledging by August. Observational data indicates that this species nests in diffuse colonies of three to ten
pairs where suitable habitat occurs. The spotted greenshank non-breeding range is not fully understood,
but significant numbers have been reported in South Korea, mainland China, Hong Kong and Taiwan on
passage, and in Bangladesh, Thailand, Cambodia, Vietnam and peninsular Malaysia during winter
(Birdlife International, 2001)
Its diet consists of sticklebacks (Pingitius spp.), oligochaetes, polychaetes, small crustaceans, molluscs
and other aquatic and terrestrial invertebrates. The spotted greenshank faces a number of threats,
including the loss of wetland breeding habitat to infrastructure development, and disturbance due to
human activity. Illegal hunting is one of the main threats to this species in its breeding grounds on
Sakhalin. Increased predation pressure due to habitat fragmentation may also pose a major threat. The
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fact that this species nests in small colonies suggests that potential habitat loss/change or increased levels
of disturbance could affect all or most of the breeding birds in a colony.
Spotted greenshanks were observed exhibiting breeding behaviour in the vicinity of Alternative 1.
According to expert evaluation of the sightings and the associated habitat, it was estimated that up to three
spotted greenshank pairs could be nesting in the area.
Aleutian tern (Sterna aleutica)
The global population of Aleutian tern is currently estimated at 30,000 – 35,000, of which 7,200 – 13,000
occur in Siberia. Breeding occurs in June and July and migratory patterns are poorly known. The Aleutian
tern possibly over-winters in the South China Sea area and then returns to breeding sites in May to June
with the return migration taking place in August to early September.
Aleutian terns are colonial nesters and typically nest on islands located in lagoons, estuaries and at river
mouths. They may also breed in diffuse colonies in marshy areas on the outskirts of areas of larch forest.
The birds form twig-lined nests in depressions on the ground and lay between one to three eggs. Chicks
normally hatch in the second week of July and fledge in late August to early September. Due to their
ground nesting habit, this species is particularly prone to predation by foxes, bears and crows.
On Sakhalin this species breeds primarily along the north-eastern coast, the Terpeniya Peninsula, Aniva
Bay and the north-western coast. Available information indicates that Sakhalin supports approximately
2,300 breeding pairs, with about 1,000 of these occurring in the north-east between Nabilsky and Piltun
Lagoons (Zykov et. al. 1998).
Its diet consists of small fish, particularly sticklebacks, which it catches in shallow lagoon or coastal
waters. Major threats include increased human activity during the breeding season and infrastructure
development, which may result in the loss of coastal breeding habitat.
Sakhalin dunlin (Calidris alpina actites)
Calidris alpina actites is a subspecies of dunlin with a population currently estimated at 900 worldwide
and an estimated 560 breeding adults (Birdlife International 2001). This subspecies is probably an
endemic breeding bird in Sakhalin but is confined to the north-east of the island. Birds normally arrive
from their wintering grounds (presently unknown) during late May and leave in autumn (August to
September). There is no apparent data confirming the total breeding population on the Island and
available data is largely incomplete. A survey in 1987 of suitable habitat around Piltun Lagoon recorded
about 30 breeding pairs in an area of 6 km2 (Zykov et al. 1998).
Breeding habitat comprises coastal wetlands where it forms diffuse colonies of 5 to 15 pairs. The nest
site is typically a depression in grassy marshland, often immediately adjacent to water-bodies. The clutch
of four eggs is normally laid in the first half of June, hatching occurs in late June and the chicks fledge in
the first half of August. Prior to migration the birds gather along the open coast and shoreline of the
major lagoon systems. The total population levels present on the north-east coast during migration are
unknown.
Its diet consists of various invertebrates, including small crustaceans, insects and seeds. Major threats to
the ecological integrity of the population present on the Island include habitat loss due to infrastructure
development, disturbance to critical habitat (breeding and migratory) due to increased human activity
(including shooting during the hunting season) and habitat fragmentation.
Base Case
The surveys that were conducted along the Base Case did not yield a significant number of rare bird
species observations. The nearest observed SSE’s nest is approximately 1.6 km away from the pipeline
ROW. The Aleutian tern and SSE were observed near the landfall area.
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Alternative 2
Six rare bird species were found within 1 km of the pipeline corridor, while nesting grounds were
revealed for two of them. SSEs’ nests were observed within 1 km of the proposed route. One nest was
located within 0.5km of the route and two nests were located between 0.5 – 1 km of the route. One whitetailed sea eagle was observed perching. A Sakhalin dunlin nest was observed nearby the coastal section
of this route, as were several specimens of Sakhalin dunlin. Also observed were one black-billed
capercaille (Tetrao parvirostis), an osprey (Pandion haliaetus), and a whooper swan (Cygnus cygnus).
Alternative 1
In terms of bird presence, the area near to this route displayed the greatest abundance of nesting bird
species. Seven rare bird species were found within 1 km of the proposed southern alternative pipeline
corridor, while nesting grounds were revealed for five of them. Several species, such as the spotted
greenshank, the SSE, white-tailed eagle, Aleutian tern and the Sakhalin dunlin, have been observed in
close proximity to this pipeline route. Also recorded were one long-toed stint (Calidris subminuta) and
one sharp-tailed sandpiper (Caldris acuminata).
The 2004 survey noted the presence of seven SSE nests within 1 km of the proposed pipeline corridor.
Four nests were located within 0.5 km of the route. Two of the four contained a reproductive pair. Of the
three nests located between 0.5 – 1 km of the route, one contained a reproductive pair.
A white-tailed sea eagle was observed flying 3 km off the intersection of this route with the Base Case.
Neither nests nor nesting grounds were revealed. However, the white-tailed sea eagle is likely to nest in
the areas adjacent to Chaivo Lagoon.
Within this proposed pipeline corridor an estimated three pairs and two nesting grounds of the spotted
greenshank were observed. Numerous nests of the Sakhalin dunlin were found. Sixteen birds and two
nests of the Aleutian tern were recorded, and birds were at various times observed flying over typical
habitats.
The 2004 survey results indicate that this area should be considered critical for maintaining the status of
RDB and rare bird species on Sakhalin Island.
8.2.11 Mammals
The mammal fauna recorded through dedicated observation and trapping is considered to be
representative of the habitats present in north-east Sakhalin. Small ground mammals, notably insectivores
and rodents, dominate the fauna with six species of shrew: Laxmann’s (Sorex caecutiens), least (Sorex
minutissimus), slender (Sorex gracillimus), large-toothed (Sorex daphaenodon), even-toothed (Sorex
isodon) and long-clawed (Sorex unguiculatus); and seven species of rodent: Siberian chipmunk (Tamias
sibiricus), grey-sided vole (Clethrionomys rufocanus), ruddy vole (Clethrionomys rutilus), Sakhalin vole
(Microtus sachalinensis), wood lemming (Myopus schisticolor), long-tailed birch mouse (Sicista caudata)
and Korean field mouse (Apodemus peninsulae). Of the larger mammals, northern pika (Ochotona
hyperborea), mountain hare (Lepus timidus) and fox (Vulpes vulpes) were sighted, while activity signs
indicative of raccoon dog (Nyctereutes procyonoides), brown bear (Ursus arctos) and reindeer (Rangifer
tarandus) were observed. The capture of wood lemming during the fieldwork was notable as this species
is listed in the Sakhalin RDB. Population levels of small mammals were noted as being very low,
probably due to the disturbed nature of the forest habitat as a result of forest fires in the late 1990s.
Wood lemming (Myopus schisticolor)
The wood lemming is widely distributed through coniferous forests of northern Europe and Russia.
However, it is a rarely encountered species in Sakhalin and has only previously been recorded in seven
areas (Tymovskoe, near Nogliki, Pobedino, Trudovoe, on the south-west spurs of the East-Sakhalin
Mountains, the Vitnitsa river and Tunaicha). Its population levels have probably been significantly
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reduced owing to the loss of old-growth forest because of fire, and numbers are unlikely to recover
following forest fires and the resultant reduction in its favoured food items.
On Sakhalin, the species is found in deciduous and spruce-fir forest with well-developed moss cover and
good growth of berry-bearing undergrowth (e.g. cowberry, blueberry and whortleberry). Wood lemmings
frequently nest in underground burrows, particularly in the winter, although they do not hibernate. They
feed largely on mosses and plant roots, and probably on insects. From the 2004 surveys, three lemmings
were found along Alternative 2 to the west of Chaivo Lagoon. According to the survey team, no
conclusions may be drawn from this as wood lemmings may be found in the study area wherever there
are suitable habitats undamaged by fire.
8.2.12 Reindeer herding
The pipelines will come ashore in the north of Nogliki District and the south-eastern edge of Okha
District in an area used by Uilta (Orok) reindeer herders as summer reindeer pasture (between mid-May
and August). These pastures extend north of the Base Case ROW to the southeastern shores of Piltun
Lagoon and south of the Alternative 1 ROW to the Botasino and Khanduza rivers. Between these points,
much of the pipeline ROW and access roads cut across reindeer pastures (Figure 8.4).
The nearest settlements to the Piltun Landfall site are Piltun (population 230) to the west and Val (pop.
1,347) to the south. Val is home predominantly to oil workers and reindeer-herding families. While the
Chaivo area does not contain any large settlements, local communities are active in fishing and hunting.
Reindeer herders are present and use nearby pastures for calving. Unemployment is generally high in
smaller communities where there are no enterprises to stimulate employment.
Five to seven Uilta families (representing the herder co-operative Valetta and enterprise Bayausa) use this
area for grazing domestic reindeer. Approximately 20 to 25 men are involved and generally herd about
110 to 120 reindeer. Their families live in Val, south of the spring/summer pastures. In summer, the
women and children spend about two months in the herders’ camps near Piltun and Chaivo Lagoons.
Reindeer pastures are tundra and open woodlands with shrub, moss and lichen vegetation. These
ungulates pasture all year round often depending on fruticose lichens known under the collective name of
“yagel”. The role of yagel as a reindeer forage is especially high in winter, when green forage and even
dry grass are usually unavailable. Once yagel is disturbed, it can take several decades to grow back.
However, yagel is not the main forage of reindeers. It provides the animal with energy as there are
special enzymes in reindeer stomachs that help to split the complicated molecules of the fungal
component of lichen, but is poor in proteins, mineral substances and vitamins. The reindeer also eat green
and dry grass, mosses, shrub branches and leaves. Studies have shown that typically yagel provides only
26% of reindeer food in winter, 7% in spring, 4% in summer and 8% in autumn.
SEIC has an ongoing dialogue with the reindeer herders and during 2004 invited them to discuss the
alternative onshore pipeline routes. Their opinions have been included in the text below.
Base Case
The Base Case crosses an area used as reindeer pasture during the spring and summer. In 1989 and 1998,
fires severely damaged many of these spring and summer pastures. A section of the proposed baseline
route transects these burnt pastures. The pasture area now comprises 15,000 ha of burnt pasture, 7,500 ha
of spring pasture and 17,500 ha of summer pasture.
Alternative 2
Alternative 2 crosses sections of both spring and summer pasture used by the reindeer herders of Val.
Only a very small area of burnt pasture lies on the proposed path of Alternative 2. The reindeer herding
families of Val define this alternative route as a pristine environment because of the lack of burnt
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pastures. This area is a reindeer calving ground. Overall, reindeer herding families consider this
alternative as the highest value to them.
Alternative 1
This route is in close proximity to infrastructure developments of other onshore operators. It crosses
approximately 5 km of summer pasture and a similar section of burnt pasture. Only a very small area of
spring pasture is crossed. This territory has already been affected by other construction activities. Overall,
this alternative is the preferred pipeline route for reindeer herders.
8.2.13 Subsistence/Commercial Fishing
Fishing, gathering, and to a much lesser extent, hunting are integral parts of the lives of many Sakhalin
residents. Recreational fishing and gathering is popular throughout Sakhalin although of less importance
to urban than rural populations. In rural communities, especially in central and northern parts of the
island, personal-use subsistence fishing, gathering, and some hunting are important elements of many
households. These resources are also sold to generate cash for other household necessities. People
engage in fishing, hunting and gathering year-round.
Commercial fishing is of major importance to Sakhalin. The commercial fishing industry provides over a
quarter of the region’s total industrial output and export volume.
The Sea of Okhotsk is of national importance to Russia as a fishing ground, supporting a high diversity of
species. Sakhalin’s fishing industry is predominantly concentrated towards the south of the island,
although fishing activities and settlements occur throughout coastal areas.
There is a well-established Russian regulatory system to calculate compensation for damage to fish
resources and mitigation measures to be implemented. Compensation is not paid to individual
commercial fishing enterprises.
There are both indigenous and non-indigenous commercial enterprises in the Nogliki District. Enterprises
are allowed to fish for non-salmon species using commercial quotas. Salmon are caught commercially on
a small scale in Chaivo Lagoon using special permits. However, enterprises are generally prohibited from
fishing for salmon stocks in the coastal lagoons.
The industry is in decline, and because of the lack of technological innovation has a low competitive
ability for products exported to the international market. Over-fishing and poaching in the Sea of
Okhotsk is considered to have affected the major fish stocks. Fishing activity in the Piltun and Lunskoye
fields is considered to be low, with small local vessels confined predominantly to the near-coastal waters
(SakhNIRO, 2003).
8.2.14 Archaeology
Various archaeological settlements are located on the Chaivo coast, mainly near rivers. Multilayered
settlements predominantly consisting of dwelling pits occur in the Chaivo area. These settlements date
from the late Neolithic to modern times. Material uncovered in archaeological digs includes ceramics,
stone and metallic items.
Base Case
There are no sites of archaeological interest present on the Base Case route. The nearest locations of any
sites of interest are the separate ancient pit dwellings located on the river of Bolshoi Garomai, north of the
town of Val. Modern objects of interest, such as past encampments of reindeer breeders and the drilling
rig of 1950—1960, were discovered on the baseline route, but it is unlikely that protection is required for
these objects.
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Alternative 2
Alternative 2 directly crosses one archaeological settlement, Chaivo Gribnoi 1, and passes two other
settlements. Chaivo Gribnoi 1 contains a total of 32 pit dwellings, with a maximum of three pit dwellings
in the pipeline route transect (Figure 8.5). Chaivo Gribnoi 1 consists of semi-subsurface dwelling pits
and concentric earth-fills with a small pit in the centre. The settlement extends to a 1 m deep cultural
layer.
Alternative 1
This route directly crosses three archaeological settlements, namely Chaivo 1, Chaivo 27, and Chaivo 31,
and passes close to approximately 14 others (Figure 8.6). Chaivo 1 is the largest and most important
archaeological site in northern Sakhalin. This settlement contains a total of 216 pit dwellings, with 15 pit
dwellings in the pipeline ROW. Chaivo 1 is a multilayered settlement, dating from Neolithic to modern
times.
Chaivo 27 is also located along the ROW and consists of a very deep, complicated cultural layer and
approximately seven pit dwellings. Chaivo 31 consists of four pit dwellings and a deep cultural layer.

8.3 Onshore Sources of Impact
Onshore construction and operations activities may impact upon the sensitive receptors listed in the
environmental baseline, Section 8.2. It is important to understand what these onshore activities entail, to
be able to assess the potential impact on individual receptors. Table 8.6 summarises the various
anticipated onshore activities and is further elaborated on in this section.
Within the onshore section of the ROW, a fibre optic cable (FOC) will be laid and buried several metres
east of the oil pipeline for the full 800 km distance from the landfall to the LNG/OET. The purpose of the
FOC is to provide a data transport system for the pipeline telemetry systems and interconnection of the
primary operational facilities. A microwave radio station will be installed alongside the pipeline landfall
and will be used to maintain communications with the Piltun platforms.
The chosen method for FOC installation will be ploughing, which has less ground disturbance and allows
the pipeline to be laid at a faster rate than the standard pipeline trenching technique. Where watercourses
are to be crossed, the cable laying technique will be used that will result in the lowest turbidity effect,
thereby minimising environmental disturbance to the watercourse. In the case of Chaivo Lagoon, the
FOC crossing will adopt the same horizontal directional dredging (HDD) technique as for that of the
pipeline crossing. Rivers classified with the highest significance for fisheries will have a FOC conduit
laid at the same time as the pipeline is built. This will minimise the disturbance to these river bottoms.
Table 8.6 Onshore Sources of Impact
Onshore sources of impact
Construction activities

Operations

Summarises information on:
Landfall
Onshore pipe-laying
Wetland areas
River crossings
Lagoon crossings
Summarises information on:
Physical presence of pipeline
Pipeline rupture

In light of the above, it has been decided that FOC impacts will not be assessed separately within the
comparative assessment but assumed to be equal to or less than the impacts generated by the pipeline
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installation. As the assessment involves a comparison between the alternatives and the Base Case rather
than an absolute assessment, this is considered an appropriate approach.
8.3.2

Pre-construction Activities

Potential sources of impact associated with the onshore pipeline consist of those associated with
construction of the pipeline and those associated with operations following commissioning of the system.
Sources of impact may either be primary, such as the physical presence of personnel or machinery, or
secondary, such as the erosion of soil as a result of this construction.
8.3.3

Construction Activities

Landfall
The current plan involves pulling the pipeline ashore within the area of a cofferdam. This will extend
from the beach to several tens of metres out into the coastal zone. The cofferdam is a temporary structure
and will be removed following the installation of the pipelines.
The landfall works will be carried out with standard construction equipment (bulldozers, loaders, and
cranes) with the addition of a vibrating pile hammer for installation of sheet piles. Some equipment may
be landed from sea via a temporary beach-landing facility and some may be brought by road constructed
within the ROW.
Prior to commencement of the works, a pre-excavation control survey will be carried out and a fence will
delineate the working areas. Topsoil will be stripped and stockpiled in a designated storage area chosen to
minimise potential environmental impact and overall project footprint.
Before cofferdam installation, the trench area will be excavated to a level of approximately 2 m. The
cofferdam consists of sheet-piled walls, set at a width of 15—20 m. An open trench will be excavated and
the excavated material will be handled by the bulldozer and stockpiled on each side of the trench.
After pulling of the pipelines, the backfilling of the cofferdam trench will be executed with an excavator
using the reverse method of excavation. The stockpiled material will be placed in the excavation until the
original beach level is reached. The topsoil material will be reinstated and contoured to the original
profile.
Key sources of impact associated with the installation of the cofferdam include:
• Physical presence of personnel and machinery
• Noise associated with installation of sheet pile
• Noise associated with other machinery
• Temporary land-take
• Emergency/unplanned activity
Onshore pipe-laying
The standard method for construction of onshore pipelines is the “spread” technique. A spread is defined
as the manpower and equipment necessary to carry out construction from surveying the route at the start
of construction through to restoration at the end of construction.
The work is conducted on a moving assembly-line basis with each sequential activity maintaining a
constant rate of progress. The rate at which the spread advances is determined by the nature of the terrain,
the frequency of special sections and other environmental factors, such as weather.
In addition to the main spread teams, other teams may be mobilised to undertake special activities such as
road and river crossings, which require some variation in standard methods. In sections of particularly
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sensitive environment, modifications may be made to standard spread techniques and to timing of
construction with a view to mitigating environmental impacts.
In general, the teams operating along the construction spread comprise those involved in:
• Preparation of the ROW (clearing and grading)
• Pipe trench excavation
• Trench preparation
• Line pipe stringing
• Field bending of pipes
• Welding
• X-ray and inspection
• Field joint coating
• Lowering and laying pipe
• Backfilling of trench
• Hydro-testing
• Reinstatement and restoration
Prior to pipeline construction, the pipeline ROW (approximately 40 m wide) will be cleared and graded.
Two trenches (one for oil and one for gas), each about 1.5 m deep and separated by a minimum of 13 m,
will be excavated. The individual sections of pipe will then be placed along the ROW prior to being
welded, inspected by X-rays and lowered into the trench by lifting equipment. Typically, the trench is
excavated following the welding activities. The trench will then be backfilled and the pipeline tested to at
least 1.25 times the design pressure using water. The ROW will be reinstated to pre-construction
condition apart from a small road (10 m wide) that will be maintained along the ROW to provide access.
All construction activities are undertaken within the ROW. In this case the width will be up to 40 m,
although it may be increased adjacent to crossings, particularly of major rivers and lagoons. The ROW
will be cleared of trees, shrubs, and brush that will be disposed of according to approved procedures. The
grading operation will prepare the ROW for trenching and pipeline installation by cutting and filling to
the proper profile and cross slope (depending on the season).
Topsoil will be stripped and stockpiled separately and erosion control measures will be installed (e.g.
brush piles or silt fencing) where required. Standard trenching equipment will be used (e.g. wheeled
trenchers/backhoes) depending on the season. If the spoil is unsuitable for backfill it will be removed
from site and replaced with suitable backfill soil. The pipeline trench will be opened only as far in
advance of the pipeline crew as necessary to minimise the effects of erosion and soil instability.
Pipes are transported from laydown areas to the ROW and laid on cradles parallel to the trench. Where
the pipeline changes direction, bends are installed either factory-made (hot) or field (cold bends)
depending on the severity of angle. The pipes are welded together (multiple passes are required by
different welding crews) and subjected to 100% non-destructive testing. Any faults detected are then
repaired or cut out and replaced and then re-inspected until the specified standard is reached. After
welding and X-raying, the bare metal at the joint is blast cleaned and coating applied.
The pipeline coating is inspected by means of an electronic detector and any defects repaired before
lowering in. The pipeline is lowered into the prepared trench using side booms, located to maintain a
specified radius of bending. The trench is then backfilled. Reinstatement activities such as re-seeding and
re-contouring can then begin.
Prior to commissioning, the pipelines will be cleaned, gauged and then hydro-tested. Wherever possible,
chemical use will be avoided and water volumes minimised. Optimum water sourcing points, discharge
points, testing sequencing, chemical use and timing will be subject to evaluation to minimise
environmental impact to ALARP prior to hydro-testing.
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Key sources of impact associated with the installation of the pipeline through non-wetland areas include:
• Physical presence of personnel and machinery
• Noise associated with machinery
• Disturbance to soil and hydrological profile
• Permanent land-take along ROW
• Temporary land-take at crossings
• Emergency/unplanned activity (oil/chemical spill)
Wetland areas
Wetland areas are generally of high ecological value and require specific construction methodologies
depending on the type of wetland. The two types of wetland relevant to these areas are peat bogs and
hydro-morphic alluvial wetlands.
Wetlands will have specific construction methodologies associated with them that will be developed on a
case-by-case basis but would typically include construction during the winter and the use of ice roads to
bear the weight of the construction equipment. For peat bogs, the trench will typically be opened only for
as much trench as can be filled in one day. Preserving the hydrological regime is a key challenge in
wetland crossings.
Key sources of impact associated with the installation of the pipeline through wetlands include:
• Physical presence of personnel and machinery
• Noise associated with machinery
• Disturbance to soil and hydrological profile
• Permanent land-take along ROW
• Emergency/unplanned activity (oil/chemical spill)
River crossings
There are two primary methods of crossing water bodies, namely wet-cut trenching and open-cut dry
crossing.
Wet-cut methods can be regarded as the standard, and the method is used worldwide in the majority of
watercourse crossings. In the wet crossing method, a trench is dug, a pre-welded and hydro-tested pipe
section is lowered into the trench, and the trench is backfilled while the stream continues flowing in the
stream/river channel (through the work site). Sediment disturbance and transport may be severe,
depending upon the water velocity and the nature of the substrate that is being excavated. However, the
crossing can be undertaken relatively quickly and is normally used to cross small watercourses and/or
rivers that are less ecologically sensitive. Crossings are, in general, best constructed in periods of low
flow to minimise sediment transport distances.
Crossing methodologies (dry trenching techniques) that involve water diversions to allow work in “dry”
stream/river beds include:
• Frozen stream construction (no water flow)
• In-line flume pipe
• Damming and pumping of stream in-line
• Diversion of stream by dam or other means
Open-cut dry methods minimise the degree of sediment mobilisation and, subject to certain
considerations, are the most appropriate methodology for crossing watercourses with high biological or
fisheries sensitivity. The larger, more ecologically sensitive rivers will therefore be crossed by one of the
dry trenching methods, subject to technical review on a case-by-case basis.
Key sources of impact associated with river crossings include:
• Physical presence of personnel and machinery
• Noise associated with machinery
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•
•
•
•

Temporary land-take (at crossings)
Erosion of banks and sediment deposition
Disturbance to hydrological regime
Emergency/unplanned activity

Lagoon crossings
For Alternatives 1 and 2, Chaivo Lagoon will be crossed by HDD. This involves a well bore similar in
terms of procedure to that of drilling oil and gas wells. The well bore is drilled beneath the bed of the
watercourse. The process involves the use of drilling mud under pressure to facilitate the removal of
cuttings from the borehole and to maintain hole integrity (prevent wall collapse). Once the hole is
complete, a pre-welded and hydro-tested section of pipe is then pulled through the mud-filled well bore
for tie-in.
HDD use specialised equipment and drilling techniques requiring the continuous circulation of
pressurised drilling fluid to keep the borehole open. A potential environmental impact associated with
this method arises from the need for pressurised drilling fluid, which must be located very near to the
fracture gradient of the surrounding soils. HDD may lead to drilling fluids being unintentionally released
to the surface and into the water body (frac-out).
Key sources of impact associated with HDD include:
• Physical presence of personnel and machinery
• Noise associated with machinery
• Temporary land-take (at crossings)
• Construction of a temporary artificial island
• Erosion of banks
• Frac-out
• Disturbance to hydrological regime
• Emergency/unplanned activity
8.3.4

Operations

Physical presence of pipeline
Key sources of impact associated with the physical presence of the pipeline include:
• Changes to the hydrological regime
• Permanent land-take along the ROW
Pipeline rupture
Key sources of impacts associated with a pipeline rupture include:
• Discharge of volatile hydrocarbons into the atmosphere
• Discharge of hydrocarbons to water bodies
• Discharge of hydrocarbons to soil

8.4 Comparative Onshore Assessment
In this section, a description is provided of potential impacts to key onshore receptors from pipeline
construction and operation. The Base Case and both alternative routes have been assessed and a
comparative assessment of impacts provided. Key receptors have been reviewed in Section 8.2, with
reference to their baseline situation. Section 8.3 has been used to correlate sources of impact to the key
receptors to assess potential impacts and their relative magnitude.
The segment of onshore pipeline included in the following environmental assessment is the entire upper
section of each of the three pipeline route alternatives from their respective landfall locations to the
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common intersection at approximately KP 37 (see Figure 8.1). The remaining length of onshore pipeline
to the south of this point is common to all three alternatives, and has been previously assessed (see Phase
2 project EIA). The impacts will be compared between these upper sections of the three routes and a
comparative “ranking” will be provided. The ranking is of a relative nature and is used as a comparative
measure to relate the three routes to each other based on the key receptors evaluated. Receptor impact is
assessed for the time of year when it is considered most vulnerable. A general discussion on types of
mitigation measures appropriate and available is also included in this section.
If no impact on a receptor from a particular source is expected, then it will be shown as 0 within the
matrices. Potential impacts are rated as +, ++ or +++, indicative of the relative impacts of each route
alternative. The ranking system is based on the expert judgement of both SEIC personnel and the survey
contractors as to comparative levels of impact for the key receptors. Whilst assessment is partly of a
subjective nature, the principles employed enable comparative determination between the likely levels of
impact/significance for each of the route options. Where absolute data is available, then direct and
objective quantitative comparisons between parameters have been made based on statistical difference
between routes.
It should further be noted that for any given receptor there may be several different sources of impact.
The matrices do not seek to compare between sources of impact, i.e. as this ranking system is a relative
one and not absolute, a score of + does not infer the same level of impact between different sources,
merely a comparative value within a source.
The assessment is presented primarily in matrix format for ease of viewing but will be supplemented with
additional text for clarification and with details of potential mitigation measures that may reduce impact.
These mitigation measures will be refined during detailed design. Impact reduction will be ongoing
during the detailed design process, in line with SEIC’s commitment to ALARP.
The Conclusions section discusses overall “acceptability” of each pipeline route alternative based on the
results of the environmental surveys, and utilises the previous Phase 2 project EIA in which an evaluation
of the Base Case has already been completed.
8.4.1

Permanent Land-take
Source of
Impact
Permanent landtake along ROW

Potential Impact(s)
Alteration to land
use

Base Case
Direct loss of
approx. 37 km.

Loss and change of
natural habitats

Increased access
into isolated
areas

Comparison Rating
Loss and change of
natural habitats

+++
ROW already
partially cleared.

Increased fire risk

Area of existing
medium
disturbance
(mainly caused
by fires).

Disturbance to
wildlife

Comparison
Alternative 2
Direct loss of
approx. 31 km
(including lagoon
crossing).
++
Area of medium
disturbance
(mainly caused by
fires).

Alternative 1
Direct loss of
approx. 19 km
(including lagoon
crossing).
+
Area of very high
disturbance
(mainly caused by
fires and fireinduced erosion).
Due to proximity
to existing
development
activities, impact
comparatively
low.
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Disturbance to
soil

Comparison Rating
Increased erosion
Reduction of
fertility

+
ROW already
partially cleared.

++
Low humic content
and thin topsoil.

+
Low humic
content and thin
topsoil.

++

++

Existing risk of
erosion.

Soil degradation
Change in surface
run-off

Soil has low
humic content
and thin topsoil.

Comparison Rating

+

Permanent land-take along the pipeline ROW is an accepted impact of onshore pipeline construction. The
footprint of land-take is minimised to the width needed to construct and maintain the pipelines throughout
their operational life and in accordance with this the ROW will be approximately 40 m wide.
During the construction phase, soil erosion is recognised as a potential consequence of removing
vegetation and stripping topsoil; hence the pipeline ROW will have an erosion protection and soil
remediation plan specific for local conditions. Following construction, the ROW will be contoured and
revegetated with suitable native plant species. The ROW will not be allowed to pass through successional
floral stages and will remain covered only with grasses and shrub vegetation during the operations phase.
No trees will be allowed on the ROW as they may potentially interfere with access, cause physical
disturbance via their roots and alter the hydrology of an area, both seasonally and over the operational
lifetime of the pipelines.
With the Base Case already partially cleared, public access and disturbance from human and natural
sources are issues. Should the Base Case not be selected, it will be re-cultivated and restored as closely to
its original state as possible.
8.4.2

Forest Vegetation and Class I Forests
Source of
Impact
ROW clearing

Disturbance to
soil

Potential Impact(s)
Base Case
2.6 km of Class I
forest crossed.

Comparison
Alternative 2
2.5 km of Class I
forest crossed.

Comparison Rating
Waste generation

++
Stump disposal
from clearance to
landfill.

++
Stump disposal
from clearance to
landfill.

+
Stump disposal
from clearance to
landfill (less
clearance of
forest).

Comparison Rating
Increased erosion

++
ROW already
mostly cleared.

++
ROW already
partially cleared.

+
No forest cleared
to date.

Existing risk of
erosion.

Existing risk of
erosion.

Future risk of
erosion.

Future risk of
erosion.

Future risk of
erosion.

Resource loss

Reduction of soil
fertility

Alternative 1
0.6 km of Class I
forest crossed.

Soil degradation
Change in surface
run-off pattern
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Disturbance to
habitats

Comparison Rating
Alteration to, loss or
fragmentation of
natural habitats

+++
Loss of typical
northern Sakhalin
habitat.

++
Loss of typical
northern Sakhalin
habitat.

+
Loss of typical
northern Sakhalin
habitat.

Unplanned
events
(Construction)

Comparison Rating
Degradation of
natural habitats as a
result of potential
oil or chemical spill

+
Class I forest
protects
watercourses and
Federal road. Four
water courses no
longer protected
by forested buffer.

+
Class I forest
protects
watercourses and
Federal road.
Three water
courses no longer
protected by
forest buffer.

+
Class I forest
protects Federal
road.

Risk to water and
sediment quality
and aquatic
wildlife.
Risk of soil
contamination.

Unplanned
events
(Operations)

Comparison Rating
Degradation of
natural habitats as a
result of potential
oil spill

Comparison Rating

Risk of soil
contamination.

Risk to water and
sediment quality
and aquatic
wildlife.
Risk of soil
contamination.

+++
Class I forest
protects
watercourses and
Federal road. Four
water courses no
longer protected
by forested buffer.

++
Class I forest
protects
watercourses and
Federal road.
Three water
courses no longer
protected.

Risk to water and
sediment quality
and aquatic
wildlife.

Risk to water and
sediment quality
and aquatic
wildlife.

Risk of soil or
groundwater
contamination.

Risk of soil or
groundwater
contamination.

+++

++

+
Class I forest
protects Federal
road.
Risk of soil or
groundwater
contamination.

+

Class I forest is of value in itself and as a water protection feature. Removal of forest results in the loss of
a natural resource and may lead to increased soil erosion and changes in surface water run-off.
Commercial grade timber will be removed from the forests prior to general clearance. Where possible,
timber will be utilised during construction – directly, as a fuel source for local communities, or chipped
into mulch to be used in the reclamation process. In forest areas it is especially important to keep within
the agreed ROW boundaries and to minimise the construction footprint.
Russian Federation legislation covers the impact of the change in land use via an established system of
natural resource compensation payments. The value of the forestry resource is calculated according to set
methodologies. The resultant charges are subject to review by Russian authorities and payments will be
made by SEIC to the appropriate funds.
Alternative 1 contains little Class I forest, as it crosses no major watersheds. The other forest areas it
contains are already subject to very high disturbance from fires and anthropogenic sources.
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The Base Case and Alternative 2 contain approximately the same amount of Class I forest. The Base
Case has had most of the non-Class I forest already cleared. Alternative 2 has some fire-damaged forest
areas but is largely undisturbed by human influence.
Following removal of the Class I forest, care will be taken to minimise changes in surface water run-off
directly into the rivers. Slope steepness, construction of drainage channels and physical systems such as
silt fences or straw bales may be used to reduce sediment input into watercourses. Non-essential
equipment will not be placed close to river banks and refuelling will not take place within the river water
protection zones.
8.4.3

Watercourses
Source of
Impact

Potential Impact(s)

Pipeline
watercourse
crossings

Physical presence

Base Case

Access roads

Unplanned
events
(Construction)

Alternative 1
No river
crossings.

Comparison Rating
Watercourse
siltation, bank
erosion leading to
change in
hydrological
conditions
Comparison Rating
Disturbance to fish
(siltation of
spawning areas,
disturbance to
migration)

+
Increased potential
for water column
and river-bed
change.

Personnel and
machinery at river
banks.
+
Increased
potential for
erosion,
reinstatement
required.
+
Increased
potential for water
column and riverbed change.

+
RDB species:
Sakhalin taimen
(Nutovo), other
salmonids (Ossoi,
Malyi and Bolshoi
Garomai).

+
RDB species:
Sakhalin taimen
(Nutovo), other
salmonids (Malyi
and Bolshoi
Garomai).

0
No major rivers
crossed.

Comparison Rating
Degradation or loss
of natural habitats

++
Four major rivers
crossed.

+
Three major
rivers crossed.

0
No major rivers
crossed.

Comparison Rating
Increased poaching

++
The Base Case
route crosses four
rivers, implying
that increased
access may also
increase poaching.

+
This route crosses
three rivers,
implying that
increased access
may also increase
poaching.

0
No major rivers
crossed.

Comparative Rating
Surface water
contamination,
degradation or loss
of natural habitats
as a result of

++
Increased potential
for water and
sediment
contamination and
risk to wildlife in

++
Increased
potential for water
and sediment
contamination
and risk to

+
No risk for
watercourse
contamination.

Comparison Rating
Temporary landtake outside ROW
at river crossings

Physical
presence

Comparison
Alternative 2

Personnel and
machinery at river
banks.
+
Increased potential
for erosion,
reinstatement
required.

0
No potential for
bank erosion, no
reinstatement
required.
0
No risk for riverbed.
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Unplanned
events
(Operations)

potential oil or
chemical spill
during construction

short term.

wildlife in short
term.

Comparison Rating
Surface water
contamination,
degradation or loss
of natural habitats
as a result of
potential oil spill
during operations

+
Increased potential
for water and
sediment
contamination and
risk to wildlife
over long term.

+
Increased
potential for
water and
sediment
contamination
and risk to
wildlife over long
term.

0
No risk for
watercourse
contamination.

Comparison Rating

+

+

0

While rivers are an important element of the northern Sakhalin ecosystem, in the context of this
assessment they are primarily being reviewed with respect to salmonids. Aside from the biodiversity
associated with wild salmon stocks, fish and fisheries are a key resource on Sakhalin. They are
commercially fished as well as a subsistence resource, particularly in the north of the island. The
Sakhalin taimen is a Sakhalin RDB species and must also be considered.
Each river crossing will be reviewed on a case-by-case basis to decide on the most suitable method of
crossing. This review will have several elements including the location and extent of salmon spawning
areas in the vicinity of the crossing and downstream from it, in addition to engineering considerations.
Seasonality is an important factor in assessing the impact of a particular crossing and it is likely that the
crossing of the spawning rivers would take place during the winter when the watercourse is frozen,
thereby minimising sediment redistribution.
If crossings are attempted during periods when there is water flow e.g. winter when the water column is
not entirely frozen, mitigation measures will be implemented (e.g. physical barriers such as silt fences
placed downstream of the crossing to minimise sediment redistribution).
Alternative 1 crosses no watercourses of significance for spawning salmon and this is therefore not a key
receptor for this route. Both the Base Case and Alternative 2 cross the Nutuvo, which is listed as a river
where the Sakhalin taimen spawns in addition to other salmonids. The Base Case and Alternative 2 cross
three and two other salmon spawning rivers, respectively. No spawning areas have been observed at the
crossings themselves, but some do lie downstream of the crossings.
The impact on subsistence fishing will vary with each route because of the number of rivers that are
crossed by each pipeline. General potential mitigation for subsistence fishing may include:
• Consultation with potentially affected communities
• Provision of alternative transportation if people are not able to access rivers due to pipeline
construction
• Work with local communities to ensure access is not blocked to roads and paths historically used
to access fishing areas.
8.4.4

Lagoons
Source of Impact
Pipeline lagoon
crossings

Potential Impact(s)
Physical presence

Base Case
No lagoon
crossing.

Comparison
Alternative 2
Personnel and
machinery at
lagoon banks.

Alternative 1
Personnel and
machinery at
lagoon banks.

Comparison Rating

0

+

+
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Physical presence

Temporary landtake

No lagoon
crossing.

Increased potential
for bank erosion,
lagoon siltation,
reinstatement
required.

Increased potential
for bank erosion,
lagoon siltation,
reinstatement
required.

Comparison Rating
Disturbance to
natural habitats

0
No lagoon
crossing.

+
Neither salmonid
spawning areas,
nor rare or
protected species
revealed at
crossing area.

+
Neither salmonid
spawning areas,
nor rare or
protected species
revealed at
crossing area.

Pipeline crossing
may have minor
impact upon fish
populations
migrating to/from
the Ossoi River.

Pipeline crossing
may have minor
impact upon fish
populations
migrating to/from
the Ossoi, Nutovo,
Malyi and Bolshoi
Garomai rivers.

Access roads

Comparison Rating
Increased
poaching

0
No lagoon
crossing.

+
This route makes
one lagoon
crossing, implying
that increased
access may also
increase poaching.

++
This route crosses
Chaivo Lagoon.
Increased access
may therefore
increase poaching
in the lagoon.

Unplanned events
(Construction)

Comparative Rating
Potential oil or
chemical spill,
frac-out

0
No lagoon
crossing.

+
Increased potential
for water
contamination in
short term.

+
Increased potential
for water
contamination in
short term.

Increased threat to
wildlife, although
to a lesser extent
than Alternative 1.

Increased threat to
wildlife.

Unplanned events
(Operations)

Comparison Rating
Potential oil spill,
frac-out

0
No lagoon
crossing.

+
Increased potential
for water and
sediment
contamination and
risk to wildlife in
long term.

++
Increased potential
for water and
sediment
contamination and
risk to wildlife in
long term.

Comparison Rating

0

+

++

Lagoons are important, sensitive habitats along the north-east coast of Sakhalin. Not only are they
important in their own right but they also form a habitat for nesting and migrating birds and numerous
fish species. Anadromous salmonids pass though these lagoons on their way to spawn in the river
systems.
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Impacts to Chaivo Lagoon should be minimised and it is likely that, if technically feasible, the
engineering solution chosen to cross the lagoon will be by HDD.
The Base Case does not cross a lagoon and, therefore, is not considered a receptor for this route. Both
Alternatives 1 and 2 cross Chaivo Lagoon, although Alternative 2 crosses it at a much narrower and less
environmentally-sensitive point. Construction of Alternative 1 entails drilling a greater distance and this
may increase the impact on the lagoon by requiring additional land-take along the bank for equipment. A
further potential impact is the fact that salmonids are present in all four rivers crossed by the pipeline and
will have to pass the HDD for Alternative 1 during migration to and from the mouth of the lagoon.
Although a correctly executed HDD has no direct impact on the lagoon, the presence of machinery along
the banks may increase erosion and place sediment into the lagoon. This can be minimised by reducing
the construction footprint to as small as possible and having physical protection measures such as silt
fences in place, or execute HDD during winter.
Furthermore, it is likely that the characteristics of the lagoon banks dictate that the HDD be undertaken
during the winter when the soil is frozen and the drilling rig can be transported most easily into the area.
This is the least sensitive period of the year for the lagoon and any construction impacts are therefore
minimised. With these mitigation measures in place, potential impacts to the lagoon will be minimised
for construction activities. Additional design measures should also be considered to minimise
hydrocarbon loss to the lagoon in the event of an unplanned event during the pipelines’ operational life.
8.4.5

Wetlands
Source of Impact
Clearing and
Construction

Physical
presence

Potential
Impact(s)
Temporary landtake

Comparison Rating
Alteration to soil
structure and
hydrological
conditions

Base Case
No additional
land-take to
ROW.

Comparison
Alternative 2
No additional
land-take to ROW.

Alternative 1
May be need for
wider ROW for a
permanent road to
assist in
machinery
movement if not
constructed in
winter.

0
Wetlands less
sensitive to
changes in water
table, run-off,
changes in
salinity.

0
Wetlands less
sensitive to
changes in water
table, run-off ,
changes in
salinity.

+
Wetland system
sensitive to
changes in water
table, run-off,
changes in
salinity.

Soil structure may
be altered by
physical presence
of vehicles.

Soil structure may
be altered by
physical presence
of vehicles.

Owing to high
degree of soil
saturation and
numerous lakes,
the hydrologic
conditions may
be altered by
opening ground
and laying pipe.
Soil structure may
also be altered by
the physical
presence of
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vehicles.

Unplanned
events
(Construction)

Unplanned
events
(Operations)

Comparison Rating
Disturbance to
natural habitats

+
Wetland habitat.

+
Wetland habitat,
little open
standing water;
however some
sensitive species
were identified
occupying the
peripheral area of
the proposed
pipeline route.

++
Wetland habitat
with considerable
open standing
water, sensitive to
hydrological,
topographical
change. Identified
as sensitive
habitat for birds,
which could be
disturbed if
hydrologic regime
and vegetative
community is
altered.

Comparison Rating
Potential oil or
chemical spill

+
Short-term
contamination of
wetland areas.

++
Short-term
contamination of
wetland areas.

+++
Short-term
contamination of
comparatively
larger area of high
value wetland
habitat.

Comparison Rating
Potential oil spill

+
Long-term
contamination of
wetland areas.

+
Long-term
contamination of
wetland areas.

++
Long-term
contamination of
comparatively
larger area of high
value wetland
habitat.

Comparison Rating

+

+

++

Wetlands are high value, sensitive ecosystems and are sensitive to changes as a result of anthropogenic
impact. Temporary hydrological changes caused by construction on the pipeline or the physical presence
itself may lead to permanent change in water movement and drainage patterns over time; e.g. by altering
the height of the water table. This may be particularly relevant in these areas where there is such a
pronounced annual cycle of freeze-thaw. A thorough understanding of hydrogeology and good pipeline
construction technique and design can reduce this impact. Hydrogeology surveys were undertaken during
Q3 2004 and SEIC is currently awaiting the results.
Final detailed engineering design will evaluate insulation requirements of the pipeline passing through the
wetlands and weighting of the pipeline to achieve negative buoyancy to minimise movement during
periods of thaw.
The coastal area of Alternative 1 is considerably wetter than the equivalent areas on Alternative 2 or the
Base Case. Alternative 1 has large permanent and semi-permanent expanses of open water and saturated
landscape, as well as temporary seasonally wet areas. This is a high-value wetland habitat in terms of
habitat and productivity.
Trenching and pipe-laying will require specialised construction techniques, depending on the season, in
order to protect the integrity of the wetland characteristics. Seasonality of construction is a factor in the

28

extent of impact, while vehicle presence and associated compaction of soil would be an issue during thaw
periods.
The types of wetland found along the Base Case and Alternative 2 are similar with fewer saturated areas
of standing water and a somewhat drier composition. Hydrological change is likely to be less of an issue
than for Alternative 1 in these two areas. The wetland areas of Alternative 1 are also associated with a
higher density of nesting RDB species that could be influenced by a change in habitat.
It is likely that the characteristics of the wetland for all three options dictate that construction through the
wetlands be undertaken during the winter when the soil is frozen and the equipment can be transported
most easily into the area. This is the least sensitive period of the year for the wetland and is
recommended in terms of overall environmental impact.
8.4.6

Steller’s Sea Eagle (SSE)
Source of
Impact
Increased access
into isolated
areas

Potential
Impact(s)
Physical presence

Comparison Rating
Noise

Base Case
No SSE nests
located within
1km of ROW.

0
No SSE nests
located within 1
km of the
proposed pipeline
ROW.
Disturbance low
but may impact on
feeding habitat at
the landfall area.

Comparison Rating
Disturbance to
critical habitats,
established
breeding sites
and feeding areas

+
Coast and
wetlands critical
habitat for SSE.
Comparatively
less sensitive
wetland area
present.

Comparison
Alternative 2
One SSE nest
located within 0.5
km of ROW. Two
SSE nests located
within 0.5-1.0 km
of ROW.
The proposed
pipeline corridor
may impact on
nesting behaviour.
+
Three SSE nests
located within 1
km of the proposed
pipeline ROW.
Noise could impact
primary feeding
habitats and flight
paths in the bay
and at landfall.

++
Lagoons and
wetlands critical
habitat for
SSE,although
wetland area
present is smaller
and less sensitive
than that covered
by Alternative 1.

Alternative 1
Four SSE nests
located within 0.5
km of ROW.
Three SSE nests
located within
0.5-1.0 km of
ROW.
The proposed
pipeline corridor
may impact on
nesting behaviour.
++
Seven SSE nests
located within 1
km of the
proposed pipeline
ROW.
Noise could
impact primary
feeding habitat
and flight paths in
the bay, across the
barrier beach, and
at landfall.
+++
Lagoons and
wetlands critical
habitat for SSE.
Lagoon habitat is
comparatively
larger and more
environmentally
sensitive. The
barrier beach
between the
lagoon and the sea
has an open
landscape where
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visual and noise
disturbances
impact over a
larger distance.
The ROW crosses
the flight path to
feeding areas of
birds nesting
along the Bolshoi
Garomai River.

Unplanned
events
(construction)

Unplanned
events
(Operations)

Comparison Rating
Potential oil or
chemical spill

+
Short-term
contamination of
wetland/coastal
areas affects
feeding.

++
Short-term
contamination of
wetland/coastal
areas affects
feeding.

+++
Short-term
contamination of
comparatively
larger wetland and
coastal areas
affects feeding.

Comparison Rating
Potential oil spill

+
Long-term
contamination of
wetland/coastal
areas affects
feeding.

+
Long-term
contamination of
wetland/coastal
areas affects
feeding.

++
Long-term
contamination of
comparatively
larger
wetland/coastal
areas affects
feeding.

Comparison Rating

+

+

++

SSE may be considered an indicator species for the overall health of the ecosystem. Changes in
population levels and distribution may be indicative of changes to the wider environment as feeding
success is closely linked with breeding success. The coastal and lagoon areas are key feeding habitats for
the species and impacts on these receptors may affect both prey and the ability of the birds to find prey.
The Base Case ROW passes through an area not currently inhabited by nesting SSEs. The route does not
interfere with the flight paths of birds flying to coastal areas for feeding. Alternative 1 crosses through an
area near the coast with numerous lakes, and crosses Chaivo Lagoon. The ROW occupies an area
between the coastal feeding area and several nest locations and could influence the flight path of eagles
flying to coastal areas for feeding. Alternative 1 also has four nests within 200 - 500 m of the ROW.
Such areas would require specific attention for mitigation. Alternative 2 also crosses Chaivo Lagoon;
however, the area impacted in the bay itself and between the bay and coastline is comparatively less than
Alternative 1. The ROW could influence the flight path of eagles flying to coastal areas for feeding;
however, the size of the influenced area is comparatively smaller than Alternative 1 and the quality of the
habitat is lower in that there are fewer lakes and open-water feeding areas. There is one nest located
within 500 m of the ROW. This area would require specific attention for mitigation.
Specific mitigation measures may include:
•

Timing of construction in important areas for SSEs by acknowledging their migratory status and
thus avoiding sensitive periods for fledgling, etc. (e.g. the ROW clearance and construction
scheduled in the winter months, outside the nesting season)

•

Establishment of a buffer zone within which no construction activity will be permitted during the
nesting season
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•

8.4.7

Establishment of a buffer zone around SSE nests within which certain activities that may lead to
disturbance (e.g. refuelling, storage, waste and materials stockpiling, accommodation camps, and
water abstraction and discharge) should not take place.
Other RDB Bird Species
Source of Impact
Increased access
into isolated
areas

Disturbance to
soil and
hydrology

Unplanned
events
(Construction)

Potential Impact(s)
Physical presence

Base Case
No nests located
close to ROW.

Comparison
Alternative 2
Nests of one
species located
close to ROW.
Scare effect
decreases
reproductive
success.

Alternative 1
Several nests of a
number of species
located close to
ROW. Scare
effect decreases
reproductive
success.

Comparative Rating
Noise

0
No nests located
close to ROW.

+
Solitary nests of
two species
located close to
ROW. Scare effect
decreases
reproductive
success.

++
Several nests of a
number of species
located close to
ROW. Scare
effect decreases
reproductive
success.

Comparative Rating
Disturbance to
natural habitats,
established
breeding sites and
feeding habitats

0
No significant
number of rare
bird species
observed.

+
Six rare bird
species observed,
nesting grounds
for two of them
revealed, majority
of rare bird species
prefer to nest
further south in the
wetland area
between the
lagoon and sea
coast.

++
Seven rare bird
species found
within the
proposed pipeline
corridor, nesting
grounds for four
of them revealed.

Comparative Rating
Disturbance to
nesting grounds

0
No nesting
grounds
revealed.

+
Nesting grounds
for one rare bird
species revealed.

++
Nesting grounds
for four rare bird
species revealed.

Comparative Rating
Potential oil or
chemical spill

0
No rare species
located close to
pipeline.

+
Short-term
contamination
impacts on
breeding success
of rare species.

++
Short-term
contamination
could impact on
breeding success
of rare species as
critical area.
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Unplanned
events
(Operations)

Comparative Rating
Potential oil spill

0
No rare species
located close to
pipeline.

+
Long-term
contamination
impacts on
breeding success
of rare species.

++
Long-term
contamination
heavily impacts on
breeding success
of rare species as
critical area.

Comparative Rating

0

+

++

When population numbers are low, reproductive success becomes particularly important and any impacts
become magnified in a species context. Breeding takes place during a distinct season and there are
clearly times of the year when birds are most vulnerable to disruption. Construction activities should be
timed during the year so as to minimise impact.
Alternative 1 has a number of RDB species in the vicinity of and along the proposed ROW. This is a high
value wetland ideal for nesting birds.
Alternative 2 appears to be of less value as habitat to nesting RDB bird species.
No nests of RDB species were identified along the Base Case.
As discussed in the Wetlands section (above), it is likely that any construction through the wetlands takes
place during the winter months when there are no RDB birds in the area. Construction should not take
place through the wetlands during the time that RDB birds are nesting and breeding. Providing that
construction takes place outside the sensitive periods for RDB birds, the impact to these species from
pipeline construction activities should be minimised.
8.4.8

Reindeer Herding
Source of Impact
Clearance of the
ROW

Impact(s)
Direct loss of
reindeer habitat

Comparative Rating
Behavioural
disturbance

Base Case
Direct loss of 4.9
ha of spring
pasture, 19.3 ha
of summer
pasture, 31.7 ha
of burnt pasture.
Much of this area
has already been
cleared.

++
Mainly
disturbance of
grazing patterns,
with minor
disturbance of
calving patterns
due to small
section of spring
pasture being

Comparative Level
Alternative 2
Direct loss of
comparatively
larger areas of
summer pasture.
Spring pastures
largest of three
routes. Only very
small burnt pasture
loss.

++
Disturbance of
both grazing and
calving patterns
due to the ROW
passing through
previously
undisturbed
pastures.

Alternative 1
Direct loss of
areas of summer
and burnt pasture
similar in size to
those of the Base
Case. Only a
very small
section of spring
pasture present in
the ROW of this
route.
+
Disturbance of
grazing patterns
due to the ROW
passing through
previous
undisturbed
summer pastures.
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present in the
ROW.

Construction of
access roads

Emergency/
unplanned
activity
(Construction
and Operations)

Comparative Rating
Increase in
poaching

+
Construction of
access roads may
increase the
chance for
poaching in the
summer pastures.
However, as the
ROW is already
cleared, the risk
of increased
access already
exists.

++
Construction of
access roads will
increase the
chance of
poaching in the
spring and summer
pastures.

+
As third party
facilities already
present adjacent
to this route, it
seems likely that
existing access
roads will be
utilised; thus no
increased access
is anticipated in
this area beyond
that already
existing.

Comparative Rating
Release of
hydrocarbons to
air, soil and water

+
Disturbance to
reindeer grazing/
calving patterns.

++
Disturbance to
reindeer grazing/
calving patterns.

+
Disturbance to
reindeer grazing
patterns.

Comparative Rating

+

+

+

Although the Base Case and the alternatives cross different sections of spring, summer and burnt pasture,
impacts on reindeer herders will be similar for all three routes. Alternative 2 crosses what the Val reindeer
herders consider to be “pristine” environment, as none of the pastures crossed by the proposed pipeline
are burnt. Grazing patterns on all three routes and calving patterns on the Base Case and Alternative 1
may be disturbed during construction of the pipeline. Potential impacts include:
• Deer may stray further than usual if they are frightened by noise, light, increased dust and traffic
• The risk of accidents and/or poaching is greater as reindeer stray further away from the herding
camp
• The reindeers’ response to construction activities such as changes in traffic, presence of
construction equipment, human activity, night-time lighting, increased noise and dust levels is
unpredictable
• Temporary or permanent changes in the reindeers’ habitat may occur
• Seasonal migration routes and grazing areas may be blocked, hindered or otherwise rendered
inaccessible
It is important to note that the ROW has already been cleared for the Base Case route, suggesting that
many of the potential impacts relating to the ROW clearing have already occurred on that route.
Potential mitigation measures could include:
• Maintain an active and ongoing consultation and information programme with Uilta reindeer
herders – inform them of construction and operation activities and help them maintain herding
activities as normal where possible
• Avoid the construction of new roads and try to use old roads as much as possible, close access
roads newly constructed by SEIC near spring and summer pastures and restrict access of
strangers, minimise use of roads for company transport and open the access roads for the reindeer
herders
• Re-cultivate temporary access roads after construction is completed and develop a soil restoration
programme
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•
•

8.4.9

Winter construction on snow pads to minimise the need to strip existing vegetation other than
directly over the pipeline trenches
Provide assistance to reindeer herders to prepare and submit proposals for the development and
support of local indigenous reindeer herding enterprises
Archaeology
Source of Impact
Clearance of the
ROW

Hydrological
changes

Emergency /
unplanned
activity
(Construction)

Emergency /
unplanned
activity
(Operations)

Impact(s)
Physical
disturbance of
archaeological
sites

Base Case
No archaeological
findings
uncovered on the
Base Case route.

Comparative Level
Alternative 2
One
archaeological
site present in the
ROW, with a
further two sites
located nearby
within 500 m of
the ROW.

Alternative 1
Largest
archaeological
settlement in
northern Sakhalin
present in ROW,
with a further two
smaller settlements
present in ROW
along with 12 other
sites located
nearby within
500m of the ROW.

Comparative Rating
Damage to
archaeological
sites due to rise in
the water table

0
No archaeological
findings
uncovered on the
Base Case route.

+
Changes in the
water table due to
pipeline
excavation may
potentially
damage three
archaeological
settlements.

++
Changes in the
water table due to
pipeline excavation
may potentially
damage 15
archaeological
settlements.

Comparative Rating
Release of
hydrocarbons to
soil

0
No archaeological
findings
uncovered on the
Base Case route.

+
A spill may
potentially
damage three
archaeological
settlements.

++
A spill may
potentially damage
15 archaeological
settlements.

Comparative Rating
Release of
hydrocarbons to
soil

0
No archaeological
findings
uncovered on the
Base Case route.

+
An oil spill may
potentially
damage three
archaeological
settlements.

++
An oil spill may
potentially damage
15 archaeological
settlements.

Comparative Rating

0

+

++

The number of archaeological findings varies significantly between the Base Case and the alternative
routes. No archaeological findings were uncovered along the Base Case, whereas several important
archaeological findings were discovered on both alternative routes. Alternative 1 crosses the largest
archaeological site in northern Sakhalin, suggesting that the impact on this route will be comparatively the
largest. Alternative 2 also contains several archaeological sites, but these are neither as numerous nor
extensive as those present on Alternative 1.
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The main impact arising from construction will be physical disturbance to existing archaeological sites.
Sites will either need to be excavated or removed as the ROW is cleared.
Potential mitigation includes:
• Pipeline re-routing to avoid archaeological sites
• Determining protection zones and consequent monitoring during construction period
• Excavation of archaeological sites

8.5 Conclusions
As previously discussed, the Base Case route has previously been evaluated through the Russian
approvals process that required both a design and environmental review, and was further evaluated in the
Phase 2 project EIA. Residual impacts following implementation of certain mitigation measures are
considered acceptable.
As with the Base Case, the two pipeline route alternatives are acceptable subject to implementation of
appropriate mitigation measures to ensure adequate protection of the key receptors. Mitigation includes
but is not limited to:
•
•
•
•
•
•
•
•
•
•
•

Minimisation of erosion of ROW during construction with appropriate remediation plan
Minimisation of run-off to rivers and lagoon
Suitable design and construction period for wetland crossings
Appropriate measures to minimise impact on hydrology
HDD of Chaivo Lagoon
Appropriate fault crossing design
Appropriate spill prevention and, at critical locations, containment design
Winter construction through salmon-spawning rivers
Exclusion zones around SSE nests
Excavation or avoidance of archaeological sites
Ongoing consultation with local and indigenous people

With implementation of appropriate mitigation measures, residual impacts from the construction and
operation of pipeline route Alternatives 1 and 2 are considered acceptable with regard to impact to the
onshore environment.
Detailed mitigation and monitoring plans will be required for whichever option is selected, and will be in
place prior to commencement of construction as per the Base Case.
In terms of relative acceptability, based on the nature of the key receptors and the required level of
mitigation that must be applied to assure residual impacts are acceptable. The route requiring the least
amount of mitigation is the Base Case followed by Alternative 2 and then Alternative 1.
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1.1.A Statistical Estimation

Figure 1.1.1 Oil transport direction probability. Spring.
Point Of Release - Platform A Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.2. Oil transport direction probability. Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.3. Oil transport direction probability. Autumn. Point Of Release - Platform A, Base Case
Pipeline, crude oil spill 96 m3
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1.1.B Potential Oil Slick Location Envelopes

Figure 1.1.4. Potential Oil Slick Location Envelopes (6-48 h). Spring.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.5. Potential Oil Slick Location Envelopes (48-720 h). Spring.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.6. Potential Oil Slick Location Envelopes (6-48 h). Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.7. Potential Oil Slick Location Envelopes (48-720 h). Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.8. Potential Oil Slick Location Envelopes (6-48 h). Autumn.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.9. Potential Oil Slick Location Envelopes (48-720 h). Autumn.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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1.1.C Oil Location Probabilities

Figure 1.1.10. Oil location probability zones within 120 hours after the spill. Spring
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3

 RE A – C o n s u l ti n g C o . Lt d, 2 0 0 4 , V la d i vos t o k
P er f or me d f or «S a kh a li n E n er g y »

. 11/27

REA
–
Consulting
Co. Ltd

APPENDIX 1 -Modeling Results, Point Of Release - Platform A Base Case Pipeline, crude oil spill 96 m3

Draft version,
26.11.2004

Figure 1.1.11. Oil location probability zones within 720 hours after the spill. Spring.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.12. Oil location probability zones within 120 hours after the spill. Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.13. Oil location probability zones within 720 hours after the spill. Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.14. Oil location probability zones within 120 hours after the spill. Autumn.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.15. Oil location probability zones within 720 hours after the spill. Autumn. Point Of
Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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1.1.D Zones of Potential Shoreline Impact

Figure 1.1.16. Zones of potential shoreline impact. Spring.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.17. Zones of potential shoreline impact. Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.18. Zones of potential shoreline impact. Autumn.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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1.1.E Shoreline Impact Probability
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Figure 1.1.19. Total shoreline impact probability. Point Of Release - Platform A, Base Case Pipeline,
crude oil spill 96 m3
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Figure 1.1.20. Stranded oil probability. Spring.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3

 RE A – C o n s u l ti n g C o . Lt d, 2 0 0 4 , V la d i vos t o k
P er f or me d f or «S a kh a li n E n er g y »

. 21/27

REA
–
Consulting
Co. Ltd

APPENDIX 1 -Modeling Results, Point Of Release - Platform A Base Case Pipeline, crude oil spill 96 m3

Draft version,
26.11.2004

Figure 1.1.21. Stranded oil probability. Summer.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.22. Stranded oil probability. Autumn.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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Table 1.1.1. Shoreline impact probability (%) by shore zones.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
№ zone

Time after oil release, hour
6

12

24

48

72

120

240

360

480

600

720

Spring
7

-

-

-

-

-

-

-

-

-

-

0.006

8

-

-

-

-

-

-

-

-

0.081

0.223

0.22

9

-

-

-

-

-

0.004

1.3

3.4

4.6

6.3

8.4

10

-

-

-

0.002

0.002

0.638

3.8

7.7

12

15

16

11

-

-

5.5

18

25

34

42

46

45

45

44

12

-

-

-

0.721

3.1

7.9

10
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11

11

11
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-

-

-

-

-

-

-

1.5

1.6

1.6

1.6

Total

-

-

5.5

19

28

42

58

70
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81

Summer
9

-

-

-

-

0.021

0.207

0.258

0.249

0.265

0.266

0.291

10

-

-

-

0.003

0.007

0.144

2

2.8

3.2

3.2

3.2

11

-

-

0.81

7.6

11

14
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16
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12

-

-

0.1

2.4

5.7

9.6

14
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-

-

-

-

-
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0.859
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-

-

-

-

-

-

0.6
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-

-
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3

-

-

-

-

-

-
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-

-

0.015
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4

-

-

-

-

-

-

-

-

-
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5

-

-

-

-

-

-

-

-
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0.037

0.468

6

-

-

-

-

-

-
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0.063
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7

-

-

-

-

-

-
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0.456
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0.452

0.446

8

-

-

-

-

0.004

0.672

1

1.1

1.3

1.3

1.1

9

-

-

-

0.338

1.1

2.3

3.9

5

6.5

6.9

7

10

-

-

-

0.282

0.808

2.6

6.2
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7.2

8.3

8.6

11

-

-

2.7

8.1

12

14
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12

-

-

1.5

2.5

3.1

3.5

4.3

4.7

4.7

4.6

4.6

20

-

-

-

-

-

-

-

-

-

-

0.023

Total

-

-

4.2
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36
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1.1.F Oil Slick Area, Perimeter And Thickness
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Figure 1.1.23. Change of average oil slick area (km2) at sea surface. Point Of Release - Platform A,
Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.24. Change of average oil slick perimeter (km) at sea surface. Point Of Release - Platform
A, Base Case Pipeline, crude oil spill 96 m3
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Figure 1.1.25. Change of average oil slick thickness (mm) at sea surface. Point Of Release - Platform
A, Base Case Pipeline, crude oil spill 96 m3
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1.1.G Typical Situations

Figure 1.1.26. Typical trajectories of oil transport for three seasons.
Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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1.1.H Situations Of The Fastest Oil Slick Appearance Ashore And In The GW
Feeding Areas

Figure 1.1.27. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons. Point Of Release - Platform A, Base Case Pipeline, crude oil spill 96 m3
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1.2.A Oil Transport Direction Probability (without taking stranded oil into
account)

Figure 1.2.1. Oil transport direction probability. Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.2. Oil transport direction probability. Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.3. Oil transport direction probability. Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.2.B Potential Oil Slick Location Envelopes

Figure 1.2.4. Potential Oil Slick Location Envelopes (6-48 h). Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.5. Potential Oil Slick Location Envelopes (48-720 h). Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3

 RE A – C o n su l t i n g C o . Lt d, 2 0 0 4 , V la d i vos t o k
P er f or m e d f or «S a kh a li n E n er g y »

6/27

REA
–
Consulting
Co. Ltd

APPENDIX 2. MODELING RESULTS. Point Of Release - Platform B Base Case Pipeline, oil spill

97 m3

Draft version,
26.11.2004

Figure 1.2.6. Potential Oil Slick Location Envelopes (6-48 h). Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.7. Potential Oil Slick Location Envelopes (48-720 h). Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.8. Potential Oil Slick Location Envelopes (6-48 h). Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.9. Potential Oil Slick Location Envelopes (48-720 h). Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.2.C Oil Location Probabilities

Figure 1.2.10. Oil location probability zones within 120 hours after the spill. Spring
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.11. Oil location probability zones within 720 hours after the spill. Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3

 RE A – C o n su l t i n g C o . Lt d, 2 0 0 4 , V la d i vos t o k
P er f or m e d f or «S a kh a li n E n er g y »

12/27

REA
–
Consulting
Co. Ltd

APPENDIX 2. MODELING RESULTS. Point Of Release - Platform B Base Case Pipeline, oil spill

97 m3

Draft version,
26.11.2004

Figure 1.2.12. Oil location probability zones within 120 hours after the spill. Summer
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.13. Oil location probability zones within 720 hours after the spill. Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.14. Oil location probability zones within 120 hours after the spill. Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.15. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3

 RE A – C o n su l t i n g C o . Lt d, 2 0 0 4 , V la d i vos t o k
P er f or m e d f or «S a kh a li n E n er g y »

16/27

REA
–
Consulting
Co. Ltd

APPENDIX 2. MODELING RESULTS. Point Of Release - Platform B Base Case Pipeline, oil spill

97 m3

Draft version,
26.11.2004

1.2.D Zones of Potential Shoreline Impact

Figure 1.2.16. Zones of potential shoreline impact. Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.17. Zones of potential shoreline impact. Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.18. Zones of potential shoreline impact. Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.2.E Shoreline Impact Probability
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Figure 1.2.19. Total shoreline impact probability.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.20. Stranded oil probability. Spring.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.21. Stranded oil probability. Summer.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.22. Stranded oil probability. Autumn.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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APPENDIX 2. MODELING RESULTS. Point Of Release - Platform B Base Case Pipeline, oil spill
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Table 1.2.1. Shoreline impact probability (%) by shore zones.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3

Time after oil release, hour

№ zone
6
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7

-

-

-

-

-

-

-

-

-

-
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-

-

-

-

-

-

-

-

-
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-

-

-

-
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3.6
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-

-

-

-
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3.5

5.8
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7.9
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1

1

1

1
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-

-

-

-

-

-
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-

-

-

-

-

-
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8

-

-

-

-

-
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9

-

-

-

-
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-

-

-
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-
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-
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13

-

-

-

-
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1.2.F Oil Slick Area, Perimeter And Thickness
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Figure 1.2.23. Change of average oil slick area (km2) at sea surface.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
100
summer
autumn
Perimerer, km

75

spring

50

25

0
0

100

200

300

400

500

600

700

800

Time, hour

Figure 1.2.24 . Change of average oil slick perimeter (km) at sea surface.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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Figure 1.2.25. Change of average oil slick thickness (mm) at sea surface.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.2.G Typical Situations

Figure 1.2.26. Typical trajectories of oil transport for three seasons.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.2.H Situations Of The Fastest Oil Slick Appearance Ashore And In The GW
Feeding Areas

Figure 1.2.27. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons.
Point Of Release - Platform B Base Case Pipeline, oil spill 97 m3
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1.3.A Oil Transport Direction Probability (without taking stranded oil into
account)

Figure 1.3.1. Oil transport direction probability. Spring.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.2. Oil transport direction probability. Summer.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.3. Oil transport direction probability. Autumn.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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1.3.B Potential Oil Slick Location Envelopes
1.3.B-1.

Primary Rupture, volume 194 м3

Figure 1.3.4. Potential Oil Slick Location Envelopes (6-48 h), Spring.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3
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Figure 1.3.5. Potential Oil Slick Location Envelopes (48-720 h). Spring.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 194 м3
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Figure 1.3.6. Potential Oil Slick Location Envelopes (6-48 h). Summer.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 194 м3
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Figure 1.3.7. Potential Oil Slick Location Envelopes (48-720 h). Summer.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 194 м3
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Figure 1.3.8. Potential Oil Slick Location Envelopes (6-48 h). Autumn.
Point Of Release – Piltun-A Base Case Pipeline, 1 km offshore, Crude Oil Spills 194 м3
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Черновая версия,
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Figure 1.3.9. Potential Oil Slick Location Envelopes (48-720 h). Autumn.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3
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1.3.B-2. Primary Leak, volume 44 м3

Figure 1.3.10. Potential Oil Slick Location Envelopes (6-48 h). Spring.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 44 м3
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Figure 1.3.11. Potential Oil Slick Location Envelopes (6-48 h). Summer.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 44 м3

Er r or ! Re f ere nc e s o ur c e n ot f o un d.
 RE A – C on su l t i n g C o . Lt d , 2 0 0 4 , V la d i vos t o k
P er f or m e d f or «S a kh a li n E n er g y »

. 12/30

REA
–
Consulting
Co. Ltd

APPENDIX 3 -MODELING RESULTS.. Point Of Release - Piltun-A Base Case Pipeline,1 km
offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.12. Potential Oil Slick Location Envelopes (6-48 h). Autumn.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spill 44 м3
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PROBABLE FOR OIL LOCATION DISTRIBUTION

Figure 1.3.13. Oil location probability zones within 120 hours after the spill. Spring
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.14. Oil location probability zones within 720 hours after the spill. Spring.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.15. Oil location probability zones within 120 hours after the spill. Summer.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Черновая версия,
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Figure 1.3.16. Oil location probability zones within 720 hours after the spill. Summer.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.17. Oil location probability zones within 120 hours after the spill. Autumn.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.18. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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1.3.D Zones of Potential Shoreline Impact

Figure 1.3.19. Zones of potential shoreline impact. Spring.

Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Черновая версия,
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Figure 1.3.20. Zones of potential shoreline impact. Summer.
Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.21. Zones of potential shoreline impact. Autumn.

Point Of Release - Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.22. Total shoreline impact probability. Point Of Release - Piltun-A Base Case Pipeline,1
km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.23. Stranded oil probability. Spring.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.24. Stranded oil probability. Summer.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.25. Stranded oil probability. Autumn.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Table 1.3.1. Shoreline impact probability (%) by shore zones.
Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
№ zone

Time after oil release, hour
5
10
Spring

0.5

1

2

3

15

20

25

30

7

-

-

-

-

-

-

-

-

0.032

0.058

8

-

-

-

-

-

-

-

0.023

0.104

0.106

9

-

-

-

-

0.155

0.136

1.2

1.5

2.3

2.8

10

-

-

-

0.085

0.186

1.9

3.8

6.6

8.4

9.8

11

53

60

69

73

80

81

81

79

77

76

12

-

-

0.705

1.3

3.5

5.4

5.8

5.6

5.7

6.2

-

0.858

0.881

0.863

0.846

89
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94

95

95

13

-

-

-

-

Всего

53
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69
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84
Summer

9

-

-

-

-

-

-

-

-

-

0.122

10

-

-

-

-

0.149

1.7

2.2

2.9

2.8

2.8

11

44

50

54
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61

12

-

0.071

1

2.3

4

6.7

7.5

7.7

8.8

9.2

13

-

-

-

-

-

0.007

0.025

0.024

0.024

0.024

Всего

44
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Autumn
3

-

-

-

-

-

-

-

-

0.013

0.03

4

-

-

-

-

-

-

-

-

0.25

0.917

5

-

-

-

-

-

-

-

0.005

0.015

0.129

6

-

-

-

-

-

-

0.047

0.063

0.066

0.101

7

-

-

-

-

-

0.139

0.231

0.23

0.224

0.222

8

-

-

-

-

0.009

1.2

1.3

1.4

1.4

1.4

9

-

-

0.148

0.695

2.4

4.8

6.9

7.8

7.8

7.9
7.9

10

-

-

0.045

0.191

1.3

5

5.9

6.5

7.5

11

29

36

40

44

45

44

45

45

44

44

12

-

-

0.189

1.1

1.6

1.5

1.9

2

1.9

1.9

13

-

-

-

-

0.309

0.318

0.307
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1.3.F Oil Slick Area, Perimeter And Thickness
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Figure 1.3.26. Change of average oil slick area (km2) at sea surface. Point Of Release – Piltun-A
Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.27 . Change of average oil slick perimeter (km) at sea surface. Point Of Release – PiltunA Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.28. Change of average oil slick thickness (mm) at sea surface. Point Of Release – PiltunA Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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Figure 1.3.29. Typical trajectories of oil transport for three seasons(hours). Point Of Release –
Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills 194 м3 and 44 м3
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1.3.H Situations Of The Fastest Oil Slick Appearance Ashore And In The GW
Feeding Areas
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Figure 1.3.30. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons. Point Of Release – Piltun-A Base Case Pipeline,1 km offshore, Crude Oil Spills
194 м3 and 44 м3
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. MODELING RESULTS for Piltun -A Pipeline Base case, 10 km away from shore, crude oil spill 194
m3 and 45 m3

Draft version,
22.11.2004

1.4.A Oil Transport Direction Probability (without taking stranded oil into
account)

Figure 1.4.1 Oil transport direction probability. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Spring.
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Figure 1.4.2. Oil transport direction probability. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Summer.
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Figure 1.4.3. Oil transport direction probability. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Autumn.
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1.4.B Potential Oil Slick Location Envelopes
1.4.B-1. Initial Release, Rupture with volume 194 m3

Figure 1.4.4. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 194 m3. Spring.
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Figure 1.4.5. Potential Oil Slick Location Envelopes (48-720 h). Point Of Release - Piltun -A
Pipeline Base case, 10 km away from shore, crude oil spill 194 m3 . Spring.
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Figure 1.4.6. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 194 m3. Summer.
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Figure 1.4.7. Potential Oil Slick Location Envelopes (48-720 h). Point Of Release - Piltun -A
Pipeline Base case, 10 km away from shore, crude oil spill 194 m3. Summer.
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Figure 1.4.8. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 194 m3. Autumn.
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Figure 1.4.9. Potential Oil Slick Location Envelopes (48-720 h). Point Of Release - Piltun -A
Pipeline Base case, 10 km away from shore, crude oil spill 194 m3. Autumn.
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1.4.B-2. Primary Leak, volume 45 m3

Figure 1.4.10. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 45 m3. Spring.
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Figure 1.4.11. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 45 m3. Summer.
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Figure 1.4.12. Potential Oil Slick Location Envelopes (6-48 h). Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spill 45 m3. Autumn.
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1.4.C Oil Location Probabilities

Figure 1.4.13. Oil location probability zones within 120 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Spring
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Figure 1.4.14. Oil location probability zones within 720 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Spring.
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Figure 1.4.15. Oil location probability zones within 120 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Summer.
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Figure 1.4.16. Oil location probability zones within 720 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Summer.
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Figure 1.4.17. Oil location probability zones within 120 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Autumn.
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Figure 1.4.18. Oil location probability zones within 720 hours after the spill. Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3. Autumn.
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1.4.D Zones of Potential Shoreline Impact

Figure 1.4.19. Zones of potential shoreline impact. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Spring.
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Figure 1.4.20. Zones of potential shoreline impact. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Summer.
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Figure 1.4.21. Zones of potential shoreline impact. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3. Autumn.
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Figure 1.4.22. Total shoreline impact probability. Point Of Release - Piltun -A Pipeline Base case,
10 km away from shore, crude oil spills 194 m3 and 45 m3.

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

. 23/30

REA
–
Consulting
Co. Ltd

. MODELING RESULTS for Piltun -A Pipeline Base case, 10 km away from shore, crude oil spill 194
m3 and 45 m3

Draft version,
22.11.2004

Figure 1.4.23. Stranded oil probability. Spring. Point Of Release - Piltun -A Pipeline Base case, 10
km away from shore, crude oil spills 194 m3 and 45 m3.
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Figure 1.4.24. Stranded oil probability. Summer. Point Of Release - Piltun -A Pipeline Base case, 10
km away from shore, crude oil spills 194 m3 and 45 m3.
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Figure 1.4.25. Stranded oil probability. Autumn. Point Of Release - Piltun -A Pipeline Base case, 10
km away from shore, crude oil spills 194 m3 and 45 m3.
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Table 1.4.1: Shoreline impact probability (%) by shore zones. Point Of Release - Piltun -A Pipeline
Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3.
№ zone

Time after oil release, hour
Время после начала разлива, час
72
120
240
360

6

12

24

48

480

600

720

7

-

-

-

-

-

-

-

8

-

-

-

-

-

-

-

-

-

0.031

0.049

-

0.136

0.281

9

-

-

-

-

-

-

0.272

0.857

2.5

3.5

5.1

10

-

-

-

-

0.01

0.779

6.5

3.5

6.9

11

13

15

11

-

3.4

17

33

42

52

58

58

57

56

55

12

-

-

0.022

1.3

3.4

7

9.5

10

9.8

10

9.8

13

-

-

-

-

-

-

-

1.2

1.3

1.3

1.3

Total

-

3.4

17

34

46

60

72

79

83

86

87

Spring

Summer
10

-

-

-

-

-

0.217

2.1

2.6

3.1

3.1

3

11

-

0.909

8.7

19

22

25

28

29

30

30

30

12

-

-

0.398

4.5

7.5

11

14

14

15

16

16

13

-

-

-

-

-

0.67

1.4

1.4

1.4

1.4

1.4

14

-

-

-

-

-

-

-

0.062

0.062

0.062

0.061

Total

-

0.909

9.1

24

30

37

44

47

49

50

50

Autumn
3

-

-

-

-

-

-

-

-

-

0.016

0.018

4

-

-

-

-

-

-

-

-

-

0.209

0.704

5

-

-

-

-

-

-

-

-

0.011

0.011

0.194

6

-

-

-

-

-

-

-

0.05

0.054

0.058

0.107

7

-

-

-

-

-

-

0.233

0.373

0.363

0.353

0.353

8

-

-

-

-

0.004

0.566

1.4

1.6

1.6

1.6

1.6

9

-

-

-

0.167

0.811

2.6

5.1

6.8

7.7

8.1

8.4

10

-

-

-

0.214

0.677

2.1

4.7

5

5.9

7.1

7.5

11

-

2.4

10

19

22

24

27

28

28

27

27

12

-

-

0.021

0.705

1.1

2.4

2.7

3

2.9

2.9

2.9

13

-

-

-

-

-

0.07

0.143

0.276

0.269

0.262

0.262

20

-

-

-

-

-

-

-

-

-

-

0.005

Total

-

2.4

10

20

24

32

41

45

46

48

49
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1.4.F Oil Slick Area, Perimeter And Thickness
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Figure 1.4.26. Change of average oil slick area (km2) at sea surface. Point Of Release - Piltun -A
Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3.
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Figure 1.4.27 . Change of average oil slick perimeter (km) at sea surface. Point Of Release - Piltun A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3.
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Figure 1.4.28. Change of average oil slick thickness (mm) at sea surface. Point Of Release - Piltun A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3.
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1.4.G Typical Situations

Figure 1.4.29. Typical trajectories of oil transport for three seasons(hours). Point Of Release Piltun -A Pipeline Base case, 10 km away from shore, crude oil spills 194 m3 and 45 m3.
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1.4.H Situations Of The Fastest Oil Slick Appearance Ashore and in the GW
Feeding Areas.

Figure 1.4.30. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons. Point Of Release - Piltun -A Pipeline Base case, 10 km away from shore, crude oil
spills 194 m3 and 45 m3.
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1.5.A Oil transport direction probability (without taking stranded oil into
account)

Figure 1.5.1. Oil transport direction probability. Spring.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3
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Figure 1.5.2 . Oil transport direction probability. Summer. Point Of Release - Piltun-A Pipeline
Alternative 1, 1 km away from shore, crude oil spill 194 m3
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Figure 1.5.3 . Oil transport direction probability. Autumn. Point Of Release - Piltun-A Pipeline
Alternative 1, 1 km away from shore, crude oil spill 194 m3 .

Er ror ! Refe re nce so ur c e not fo u n d.
 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 5. 4/27

REA
–
Consulting
Co. Ltd

APPENDIX 5. Modeling Results, Point Of Release Piltun-A Pipeline Alternative 1, 1 km away from
shore, crude oil spill 194 m3

Draft version,
18.11.2004

1.5.B Potential Oil Slick Location Envelopes

Figure 1.5.4. Potential Oil Slick Location Envelopes (6-48 h). Spring. Point Of Release - Piltun-A
Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.5 . Potential Oil Slick Location Envelopes (48-720 h). Spring. Point Of Release - Piltun-A
Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.6. Potential Oil Slick Location Envelopes (6-48 h). Summer. Point Of Release - Piltun-A
Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.7. Potential Oil Slick Location Envelopes (48-720 h). Summer. Point Of Release - PiltunA Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.8. Potential Oil Slick Location Envelopes (6-48 h). Autumn. Point Of Release - Piltun-A
Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.9. Potential Oil Slick Location Envelopes (48-720 h). Autumn. Point Of Release - PiltunA Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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1.5.C Oil location probabilities

Figure 1.5.10 . Oil location probability zones within 120 hours after the spill. Spring. Point Of
Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.11. Oil location probability zones within 720 hours after the spill. Spring. Point Of
Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.12. Oil location probability zones within 120 hours after the spill. Summer
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.13. Oil location probability zones within 720 hours after the spill. Summer
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .

Er ror ! Refe re nce so ur c e not fo u n d.
 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 5. 14/27

REA
–
Consulting
Co. Ltd

APPENDIX 5. Modeling Results, Point Of Release Piltun-A Pipeline Alternative 1, 1 km away from
shore, crude oil spill 194 m3

Draft version,
18.11.2004

Figure 1.5.14. Oil location probability zones within 120 hours after the spill. Autumn.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.15. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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1.5.D Zones of Potential Shoreline Impact

Figure 1.5.16. Zones of potential shoreline impact. Spring.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.17. Zones of Potential Shoreline Impact. Summer.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.18. Zones of potential shoreline impact. Autumn
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .

Er ror ! Refe re nce so ur c e not fo u n d.
 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 5. 19/27

REA
–
Consulting
Co. Ltd

Draft version,
18.11.2004

APPENDIX 5. Modeling Results, Point Of Release Piltun-A Pipeline Alternative 1, 1 km away from
shore, crude oil spill 194 m3

1.5.E Shoreline Impact Probability
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Figure 1.5.19. Total shoreline impact probability.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.20. Stranded oil probability. Spring.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.21. Stranded oil probability. Summer.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.22. Stranded oil probability. Autumn.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Table 1. Shoreline impact probability (%) by shore zones.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .

№ zone
6

12

24

48

Time after oil release, hour
Время после начала разлива, час
72
120
240
360

480

600

720

Spring
7

-

-

-

-

8

-

-

-

-

9

-

-

-

-

10

-

-

-

0.354

11

36

48

57

12

-

-

-

-

-

-

-

-

0.011

0.029

-

-

0.002

0.002

0.159

0.24

0.235

0.235

0.826

1.5

2.8

3.5

4.5

5.5

0.889

2.7

7.9

12

16

17

18

66

71

78

78

75

72

70

68

-

0.031

0.274

1.1

1.9

1.9

2.4

2.8

13

-

-

-

-

-

-

-

-

0.006

0.006

0.005

Total

36

48

57

67

72

82

88

92

93

94

95

Summer
9

-

-

-

0.15

0.243

0.405

0.39

0.378

0.372

0.367

0.381
5.2

10

-

-

-

0.003

0.017

0.778

3.1

4.6

5.2

5.2

11

30

42

49

54

59

61

63

64

65

64

65

12

-

-

-

0.003

0.081

0.863

2.5

3.3

3.4

3.5

3.8

Total

30

42

49

54

59

63

69

72

74

74

74
0.015

Autumn
3

-

-

-

-

-

-

-

-

-

-

4

-

-

-

-

-

-

-

-

-

0.302

0.99

5

-

-

-

-

-

-

-

-

0.015

0.025

0.155

6

-

-

-

-

-

-

-

0.056

0.08

0.088

0.12

7

-

-

-

-

-

0.003

0.075

0.184

0.193

0.189

0.188

8

-

-

-

-

0.034

0.244

1.8

2.1

2

2.1

2

9

-

-

-

0.618

1.8

4

7.5

9.6

10

11

11

10

-

-

0.16

1.4

3

5.5

10

12

12

12

13

11

21

27

32

37

41

41

40

39

38

38

37

12

-

-

-

-

-

0.445

0.457

0.804

0.845

0.828

0.825

Total

21

27

32

39

46

51

60

63

64

64

65
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1.5.F Oil slick area, perimeter and thickness
300
summer
autumn
spring

Area, km2

200

100

0
0

100

200

300

400

500

600

700

800

Time, hour

Figure 1.5.23. Change of average oil slick area (km2) at sea surface.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.24. Change of average oil slick perimeter (km) at sea surface.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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Figure 1.5.25. Change of average oil slick thickness (mm) at sea surface.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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1.5.G Typical situations

Figure 1.5.26. Typical trajectories of oil transport for three seasons.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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1.5.H Situations Of The Fastest Oil Slick Appearance Ashore and in the GW
Feeding Areas.

Figure 1.5.27 . Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons.
Point Of Release - Piltun-A Pipeline Alternative 1, 1 km away from shore, crude oil spill 194 m3 .
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1.6.А Oil Transport Direction Probability (without taking stranded oil into
account)

Figure 1.6.1. Oil transport direction probability. Spring. Point Of Release -Piltun-A Pipeline
Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.2. Oil transport direction probability. Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 6. 3/27

REA
–
Consulting
Co. Ltd

APPENDIX 6. MODELING RESULTS, Point Of Release- Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3

Draft version,
24.11.2004

Figure 1.6.3. Oil transport direction probability. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.B Potential Oil Slick Location Envelopes

Figure 1.6.4. Potential Oil Slick Location Envelopes (6-48 h). Spring.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.5. Potential Oil Slick Location Envelopes (48-720 h). Spring.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.6. Potential Oil Slick Location Envelopes. (6-48 h). Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.7. Potential Oil Slick Location Envelopes. (48-720 h). Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 6. 8/27

REA
–
Consulting
Co. Ltd

APPENDIX 6. MODELING RESULTS, Point Of Release- Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3

Draft version,
24.11.2004

Figure 1.6.8. Potential Oil Slick Location Envelopes. (6-48 h). Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.9. Potential Oil Slick Location Envelopes. (48-720 h). Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.C Oil Location Probabilities

Figure 1.6.10. Oil location probability zones within 120 hours after the spill. Spring
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.11. Oil location probability zones within 720 hours after the spill. Spring.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.12. Oil location probability zones within 120 hours after the spill. Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.13. Oil location probability zones within 720 hours after the spill. Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.14. Oil location probability zones within 120 hours after the spill. Autumn
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.15. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.D Zones of Potential Shoreline Impact

Figure 1.6.16. Zones of potential shoreline impact. Spring.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 6. 17/27

REA
–
Consulting
Co. Ltd

APPENDIX 6. MODELING RESULTS, Point Of Release- Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3

Draft version,
24.11.2004

Figure 1.6.17. Zones of potential shoreline impact. Summer.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.18. Zones of potential shoreline impact. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.E Shoreline Impact Probability
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Figure 1.6.19. Total shoreline impact probability. Point Of Release -Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3
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Figure 1.6.20. Stranded oil probability. Spring. Point Of Release -Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3
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Figure 1.6.21. Stranded oil probability. Summer. Point Of Release -Piltun-A Pipeline Alternative 1,
10 km away from shore, crude oil spill 194 m3
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Figure 1.6.22. Stranded oil probability. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Table 1.6.1. Shoreline impact probability (%) by shore zones.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
Time after oil release, hour

№ zone
6

12

24

48

72

120

240

360

480

600

720

Spring
7

-

-

-

-

-

-

-

-

-

0.015

0.015

8

-

-

-

9

-

-

-

-

-

0.009

0.014

0.013

0.223

0.318

0.312

-

-

0.22

1.6

3.3

4.9

6.5

10

-

-

0.096

8.3

0.646

0.926

3.4
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18
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24

11

-

2.4

25

15
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55
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57
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12

-

-

-

-

0.04

0.151

0.708

2.3

2.2

2.4

2.4

13

-

-

-

-

-

-

Total

-

2.4

15

31

41

59

-

-

0.053

0.053
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74

81

84

86

88
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9

-

-

-
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0.168

0.528

0.509

0.503

0.507

0.499

0.499
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-
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0.025

1.2
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2.2
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0.909
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-

-

-
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-

-

-

-

-
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0.013
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0.109

0.107

0.107

Total
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-

-

-
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5

-

-

-

-

-

-

-
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-

-

-

-

-

-
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7

-

-

-

-

-
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0.174

0.234

0.224

0.219
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8

-

-

-

-
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2.5
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2.8

2.8

2.7

9

-

-

0.306

1

2.1

4

6.6

8.6

9.6

9.9
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10

-

-

0.225

2

3.9

6.5

11
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11

-

1.8

8.9

17
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-

-

-

-

0.143

0.979

1

1.2

1.2

1.1

1.1

13

-

-

-

-

-

0.184

0.332

0.321

0.308

0.3

0.298

Total

-

1.8

9.4
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1.6.F Oil Slick Area, Perimeter And Thickness
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Figure 1.6.23. Change of average oil slick area (km2) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3

100
summer
autumn
Perimerer, km

75

spring

50

25

0
0

100

200

300

400

500

600

700

800

Time, hour

Figure 1.6.24. Change of average oil slick perimeter (km) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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Figure 1.6.25. Change of average oil slick thickness (mm) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.G Typical Situations

Figure 1.6.26. Typical trajectories of oil transport for three seasons.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.6.H Situations Of The Fastest Oil Slick Appearance Ashore And In The GW
Feeding Areas

Figure 1.6.27. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons.
Point Of Release -Piltun-A Pipeline Alternative 1, 10 km away from shore, crude oil spill 194 m3
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1.7.A Oil transport direction probability (without taking stranded oil into
account)

Figure 1.7.1. Oil transport direction probability. Spring. Point Of Release -Piltun-A Pipeline
Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.2. Oil transport direction probability. Summer. Point Of Release -Piltun-A Pipeline
Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.3. Oil transport direction probability. Autumn. Point Of Release -Piltun-A Pipeline
Alternative 2, 1 km away from shore, crude oil spill 194 m3
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1.7.B Potential Oil Slick Location Envelopes.

Figure 1.7.4. Potential Oil Slick Location Envelopes. (6-48 h). Spring. Point Of Release -Piltun-A
Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.5. Potential Oil Slick Location Envelopes. (48-720 h). Spring. Point Of Release -Piltun-A
Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.6. Potential Oil Slick Location Envelopes. (6-48 h). Summer. Point Of Release -Piltun-A
Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.7. Potential Oil Slick Location Envelopes. (48-720 h). Summer. Point Of Release -PiltunA Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.8. Potential Oil Slick Location Envelopes. (6-48 h). Autumn. Point Of Release -Piltun-A
Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.9. Potential Oil Slick Location Envelopes. (48-720 h). Autumn. Point Of Release -PiltunA Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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1.7.C Oil location probabilities

Figure 1.7.10. Oil location probability zones within 120 hours after the spill. Spring
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.11. Oil location probability zones within 720 hours after the spill. Spring
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.12. Oil location probability zones within 120 hours after the spill. Summer
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.13. Oil location probability zones within 720 hours after the spill. Summer
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.14. Oil location probability zones within 120 hours after the spill. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.15. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 7. 16/28

REA
–
Consulting
Co. Ltd

APPENDIX 7. Modeling Results, Point Of Release Piltun-A Pipeline Alternative 2,
1 km away from shore, crude oil spill 194 m3

Draft version,
23.11.2004

1.7.D Zones of Potential Shoreline Impact

Figure 1.7.16. Zones of potential shoreline impact. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.17. Zones of Potential Shoreline Impact. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.18. Zones of potential shoreline impact. Autumn
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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1.7.E Shoreline Impact Probability
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Figure 1.7.19. Total shoreline impact probability.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.20. Stranded oil probability. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.21. Stranded oil probability. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.22. Stranded oil probability. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Table 1. Shoreline impact probability (%) by shore zones.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
№ zone

Time after oil release, hour
Время после начала разлива, час
72
120
240
360

6

12

24

48

480

600

7

-

-

-

-

-

-

-

8

-

-

-

-

-

-

-

9

-

-

-

-

0.064

0.33

720

-

-

0.006

0.02

-

0.09

0.206

0.203

0.639

1.7

2.3

3.2

4.1
15

Spring

10

-

-

-

-

-

0.648

4.5

8.5

12

14

11

40

49

57

67

72

79

80

78

75

74

72

12

-

-

-

-

0.035

0.868

2.2

3.2

3.1

3.5

3.9

13

-

-

-

-

-

-

-

0.006

0.015

0.017

0.017

Total

40

49

57

67

72

81

88

91

93

94

95

9

-

-

-

0.069

0.107

0.096

0.089

0.088

0.086

0.084

0.153

10

-

-

-

-

-

0.686

2.4

3.3

4

3.9

3.9

11

32

42

49

54

58

60

62

64

63

63

63

12

-

-

-

0.15

0.526

1.8

4

4.9

5.3

5.7

5.9

Summer

13

-

-

-

-

-

-

-

0.002

0.002

0.002

0.002

Total

32

42

49

54

59

62

68

72

73

73

73

-

0.01

0.02

Autumn
3

-

-

-

-

-

-

-

-

4

-

-

-

-

-

-

-

-

-

0.324

1

5

-

-

-

-

-

-

-

-

0.008

0.02

0.122

6

-

-

-

-

-

-

-

0.063

0.092

0.101

0.13

7

-

-

-

-

-

0.003

0.108

0.254

0.264

0.259

0.257

8

-

-

-

-

-

0.015

1.5

1.7

1.7

1.7

1.7
9.3

9

-

-

-

0.453

1.4

3.6

6.6

8.4

9.1

9.2

10

-

-

0.014

0.333

1.2

3.2

7.6

8.9

9.5

9.8

10

11

24

29

34

39

43

44

43

42

41

41

41

12

-

-

-

-

0.346

0.963

0.95

1.4

1.4

1.4

1.3

Total

24

29

34

40

46

51

59

62

63

64

64
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1.7.F Oil slick area, perimeter and thickness
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Figure 1.7.23. Change of average oil slick area (km2) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3.
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Figure 1.7.24. Change of average oil slick perimeter (km) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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Figure 1.7.25. Change of average oil slick thickness (mm) at sea surface.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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1.7.G Typical situations

Figure 1.7.26. Typical trajectories of oil transport for three seasons.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3
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1.7.H Situations Of The Fastest Oil Slick Appearance Ashore and in the GW
Feeding Areas.

Figure 1.7.27. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons.
Point Of Release -Piltun-A Pipeline Alternative 2, 1 km away from shore, crude oil spill 194 m3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 7. 27/28

REA
–
Consulting
Co. Ltd

APPENDIX 7. Modeling Results, Point Of Release Piltun-A Pipeline Alternative 2,

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

1 km away from shore, crude oil spill 194 m3

Draft version,
23.11.2004

APPENDIX 7. 28/28

APPENDIX 8.

MODELING RESULTS.
Point Of Release - Piltun-A Pipeline Alternative 2,
10 km away from shore, crude oil spill 194 m 3

REA
–
Consulting
Co. Ltd

APPENDIX 8. MODELING RESULTS, Point Of Release - Piltun-A Pipeline Alternative 2,
10 km away from shore, crude oil spill 194 m 3

Draft version,
24.11.2004

1.8.A Oil Transport Direction Probability (without taking stranded oil into
account)

Figure 1.8.1. Oil transport direction probability. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.2. Oil transport direction probability. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure1.8.1. Oil transport direction probability. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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1.8.B Potential Oil Slick Location Envelopes.

Figure 1.8.2. Potential Oil Slick Location Envelopes. (6-48 h). Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.3. Potential Oil Slick Location Envelopes. (48-720 h). Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.4. Potential Oil Slick Location Envelopes. (6-48 h). Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.5. Potential Oil Slick Location Envelopes. (48-720 h). Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3

 RE A – Co n s ul ti n g Co . Ltd , 2 0 0 4 , V la d ivo s to k
P e r fo r me d fo r «S a k h a li n E n e r g y »

APPENDIX 8. 8/27

REA
–
Consulting
Co. Ltd

APPENDIX 8. MODELING RESULTS, Point Of Release - Piltun-A Pipeline Alternative 2,
10 km away from shore, crude oil spill 194 m 3

Draft version,
24.11.2004

Figure 1.8.6. Potential Oil Slick Location Envelopes. (6-48 h). Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure1.8.7. Potential Oil Slick Location Envelopes. (48-720 h). Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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1.8.C Oil Location Probabilities

Figure 1.8.8. Oil location probability zones within 120 hours after the spill. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.9. Oil location probability zones within 720 hours after the spill. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.10. Oil location probability zones within 120 hours after the spill. Summer
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.11. Oil location probability zones within 720 hours after the spill. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.12. Oil location probability zones within 120 hours after the spill. Autumn
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.13. Oil location probability zones within 720 hours after the spill. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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1.8.D Zones of Potential Shoreline Impact

Figure 1.8.14. Zones of potential shoreline impact. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.15. Zones of potential shoreline impact. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.16. Zones of potential shoreline impact. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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APPENDIX 8. MODELING RESULTS, Point Of Release - Piltun-A Pipeline Alternative 2,
10 km away from shore, crude oil spill 194 m 3

1.8.E Shoreline Impact Probability
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Figure 1.8.17. Total shoreline impact probability.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.18. Stranded oil probability. Spring.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.19. Stranded oil probability. Summer.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.20. Stranded oil probability. Autumn.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Table 1.8.1. Shoreline impact probability (%) by shore zones.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude
oil spill 194 m 3
Time after oil release, hour

№ zone
6

12

24

48

72

120

240

360

480

600

720

-

-

-

0.063

0.074

Spring
7

-

-

-

-

-

-

8

-

-

-

-

-

-

-

-

0.261

0.334

0.327

9

-

-

-

-

-

0.081

1.4

3.2

4.7

6.2

7.9

10

-

-

-

0.198

0.241

2.1

7.4

13

17

19

20

11

-

2.8

15

32

42

55

61

59

57

55

54

12

-

-

-

0.011

0.47

1.6

2.7

4.3

4.2

4.4

4.3

13

-

-

-

-

-

-

-

0.218

0.3

0.3

0.293

Total

-

2.8

15

32

42

59

73

79

83

86

87

Summer
9

-

-

-

-

0.013

0.306

0.33

0.324

0.321

0.327

0.327

10

-

11

-

-

-

0.457

0.448

0.703

3.2

4.3

5.2

5.2

5.1

0.909

9.4

22

26

29

30

32

32

33

12

-

-

33

-

1

3.7

6.4

8.9

10

11

12

12

13

-

-

-

-

-

0.04

0.136

0.176

0.226

0.227

0.225

Total

-

0.909

9.4

24

30

36

43

47

49

50

50

3

-

-

-

-

-

-

-

-

-

0.015

0.025

4

-

-

-

-

-

-

-

-

-

0.286

0.88

5

-

-

-

-

-

-

-

-

0.018

0.035

0.22

6

-

-

-

-

-

-

0.003

0.117

0.118

0.12

0.152

7

-

-

-

-

-

-

0.188

0.229

0.22

0.216

0.214

8

-

-

-

-

-

0.815

2

2.2

2.3

2.3

2.3

9

-

-

0.103

0.948

2

3.9

6.5

8.3

9.2

9.5

9.6

10

-

-

-

0.787

2.1

4.2

8.2

8.9

9.5

10

11

11

-

2.1

9

18

21

22

24

24

24

23

23

12

-

-

-

0.183

0.336

1.3

1.4

1.6

1.5

1.5

1.5

13

-

-

-

-

-

0.031

0.221

0.248

0.238

0.234

0.232

Total

-

2.1

9.1

20

25

32

42

46

47

48

49

Autumn
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1.8.F Oil Slick Area, Perimeter And Thickness
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Figure1.8.21. Change of average oil slick area (km2) at sea surface. Point Of Release -Piltun-A
Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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Figure 1.8.24. Change of average oil slick perimeter (km) at sea surface. Point Of Release -Piltun-A
Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
10
summer
autumn

Thickness, mm

1

spring

0.1

0.01

0.001

0.0001
0

20

40

60

80

100

120

Time, hour

Figure 1.8.25. Change of average oil slick thickness (mm) at sea surface. Point Of Release -Piltun-A
Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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1.8.G Typical Situations

Figure 1.8.26. Typical trajectories of oil transport for three seasons.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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1.8.H Situations Of The Fastest Oil Slick Appearance Ashore And In The GW
Feeding Areas

Figure 1.8.27. Situations of the fastest oil slick appearance ashore and in the GW feeding areas for
three seasons.
Point Of Release -Piltun-A Pipeline Alternative 2,10 km away from shore, crude oil spill 194 m 3
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