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BP Azerbaijan Overview of Environmental Monitoring Studies over the period - 1995-2017

This document presents an overview of the integrated Environmental Monitoring Studies conducted by BP
Azerbaijan at ACG and SD areas in 1995-2017. This overview was published by BP, as the operator, on
behalf of Azeri, Chirag and Gunashli the Azerbaijan International Operating Company (AIOC), Baku-Thbilisi-
Ceyhan (BTC) and Shah Deniz/SCP (South Caucasus Pipeline) partners. The aim of the overview is to provide
stakeholders and the public with an easily-accessible synopsis of the environmental monitoring work which
has been undertaken and data with non-technical descriptions of the offshore contract areas Azeri-Chirag-
Gunashli (ACG) and Shah Deniz (SD), around its onshore terminal (Sangachal) and along Azerbaijan oil and
gas pipelines.

©BP 2019

Acknowledgements:
BP as the operator and on behalf of ACG, BTC and SD/SCP partners would like to acknowledge with thanks
the following organizations and group of experts for their contribution to the offshore, nearshore and onshore
monitoring studies:

* ACG and SD Environmental Sub-Committee and the Monitoring Technical and Advisory Group

*  BP AGT Region Communication and External Affairs

* BP AGT Region Regulatory Compliance and Environment Organisation

»  BP AGT Region Survey & Geospatial Data Management Team

» James McNee, International Environmental Monitoring Consultant

Authors-compliers:

* Faig Askerov, Regional Director, Regulatory Compliance and Environment; BP AGT Region

* Nargiz Garajayeva, Environmental Advisor Lead, Regulatory Compliance and Environment; BP AGT
Region

* Nijat Hasanov, Area Environmental Team Leader in Midstream Operations, Regulatory Compliance
and Environment; BP AGT Region

* Saadat Gaffarova, Regulatory Compliance, Advocacy and Permitting Team Leader, Regulatory
Compliance and Environment; BP AGT Region

The overview document could also be found on the web-site: www.bp.com/azerbaijan



Contents

Foreword from BP AGT regional PreSidENt. . ......ccuuiiiiiiiiiiie ettt e e e ettt e e e e e e e e e e eabs et e e e s esaneeeeeeensseeeeesanees 4
T INTRODUGCTION ..ttt ettt ettt e et ea bt e 4 a st e st e e e bt e bt e ea bt e e E et 2m b e e b et ek e em e e e bt e em b e e emeeenb e e emeeenbeessbeeneenneean 5
P == Ted (o (o 1¥ [ o IR O P PO OU PP OPPPPTPRRN 7
P B == Yo gl o] g T a1 o] o RSSO 8
B2 1 o T30 1 4o a1 (4 T TSSOSO 8
b T =Ty o L= g T a1 o] g Vo U TRSPPUPPPN 8
2.2.2. NEArSNOIE MONITOMNG . ... ittiiiee ettt ettt e e ettt e e e e et aeeee e e e s sateeeeeeasasteeeeee s ssseeeeeeeasssseaeesaanssaeeeeesansnneeeeaasneeens 8
2.2.3. ONSNOIE MONITOMING. ...ttt ettt ettt et e et et e e st e e ea bt e e et et e e st et e eabe e e e s bt e e eabe e e s neeenbneeannee 9
3. Offshore Ambient Environmental MONITOTING .......coiiiiiiiii e 11
3.1. Offshore monitoring METhOAOIOGY ........eii ettt et e e et e e e ne e e ante e e sneeeennneeeanneeeenes 12
R Tt I = =T o g T ToaE 7= T g o] 1 o RSP RRRRT 12
B T BV T () ST 40T o) [T RSP RRT SR 13
3.1.3. Plankton SAMIPIING ....ccouiiiiiiieiie ettt ettt et e e bt e e be e e e 13
3.2. Azeri-Chirag-Gunashli (ACG) CONFACE AT .........uiiiiiiieiiii ettt e e naes 14
3.2.1. ACG REJIONAI SUIVEY ...ttt ettt e e oottt e e e e ettt e e e e e mte e e e e e e e naeeee e e nbaeeeeeeaannseeeaeaaannnnneas 15
3.2.2. Central AZEri PIatfOrm ........oiiiiiet ettt 20
3.2.3. E@St AZEri PIatfiorm... ..ot 24
3.2.4. WEST AZETT PlatfOrM. ..ttt ettt et a et eebe e e e b e e e abe e nae 29
3.2.5. Deepwater GUNashli PIAtfOrm ...........ooiiii ettt 32
B I G I @ o1 = To T o = x 0 o RSP ERRS 35
3.2.7. West Chirag PlIatform ... ..o ettt e ettt e et e e et e e e ante e e smne e e e nseeeanteeeeneeeeaneeeeanneeennns 40
3.2.8. ACG- Sangachal Subsea Export Pipeling ROULE.............coiiiiiiiiiiiiiiiiie et 44
3.3. Shah Deniz (SD) CONIrACE AT A ......ceeiiiieiiiee ettt e et e e e ettt e e e e st e e e e s aasbeeeeaesaasseeeeeaasssseeeeeaannseeaeesannnes 48
3.3.1. Shah Deniz REGIONAI SUMVEY .......coiiiiiiiiit ittt ettt e et e ettt ete e e s nr e e e anreeenaes 48
3.3.2. Shah Deniz AlPha PIatfOrmm .........ooiiee ettt s e e e e nae 50
3.3.3. SDX-4 WEII SHEE ...ttt ettt bttt ae e bttt b et h ettt h bbbt 55
3.3.4. SDX-5WEII SHEE ...ttt b et h et ne et 57
3.3.5. SDX-B WEII SHEE ...veiiieeeiie ettt ettt ettt ettt e e he e ekt eem et e bt e e ae e e bt e R bt e ne e et e e Rt e e neeent e nreeenreenres 58
3.3.6. SDIIFWEF WEII SHEE ...ttt ettt a ettt e et ekt et e e bt e n bt enbeenbeesnbeeseeeneeesteeenneeees 58
3.3.7. Shah Deniz Phase || BaSEliNe SUIVEYS.........oooiiiiiiiii ettt 62
3.4. 2017 BASEIING SUMVEYS ...ttt e ettt e e oottt e e e oo ae ettt e e e e atee e e e e e e meeeee e e nsseeeaeaaannsneeaeaaannneeeaaeaannes 63
3.5. Environmental summary of OffShOre fIeldS..........oouiiiiiiie e e 63
3.6. Regional Water & PIanKtOn SUMVEYS..........ooiiiiiiiiiii ettt e et e e e ettt e e e e et e e e e e e st e eeseesssseeeeasnnsseeaeessnnnes 63
3.6.1. ACG & ACG-Sangachal pipeline route water & plankton SUIVEYS...........coocuiiiiiiiiiiiiie e 63
3.6.2. Shah Deniz Plankion SUMVEYS. .......c.uiiiiiiii ittt ettt e et e e bre e e eeaneeeeas 68
4. Nearshore Environmental Ambient MONItOIING .........eiii it e et e e e et e e e e eneeeeas 71
4.1, SANGACNAI BAY SUMVEYS. .....ei ettt ettt e et e e e ettt e e aeeeean et e e ameeeeeneeeeameeeeaaeeeneeeesnneeeeneeeennseeeanneeenn 72
4.1.1. Sangachal Bay enVviroNmMENtal SUINVEY ...........ccociuuiiiiiiiiiiiiee ettt e ettt e e e e e e e e s et e e e e e e ssareeeesasssseeeeeesnnnes 72
4.1.2. SDIl SANGACNAI BAY SUINVEY ....ccoiiiiiiiieiiiieii e et e ettt e e e ettt e e e e et e e e e e e sasbaeeae e s nssseeaeasssseaeeeannsseeeeeeannsns 76
5. SpecCific ENVIFONMENTAI STUGIES .......eoiiiiiiiiii ettt ettt et e et e e e nnn e e e aneeenaes 81
L0 IR =TT o 4 To g1 (o] 1o Vo ISR PRSPPI 82
5.1.1. In-situ biomonitoring in Sangachal Bay: baseline studies using the bivalve mollusc Mytilaster lineatus, 2000........ 82
5.1.2. In-situ biomonitoring in Sangachal Bay using the bivalve mollusc Mytilaster lineatus, May-September 2004......... 82

5.1.3. In-situ biomonitoring at the Chirag 1 platform using the bivalve mollusc Mytilaster lineatus,
JUNE-SEPLEMDEI 2003..... . oottt e et e e e e e ettt e e e e et ate e e e e e et teeeeeeanbaetaeeaaannteaeeeannrreaeeeearaaaaeeeanre 83
I 1S oI/ [o] 11 (o] 4T PSPPSR PR TPPPOTSRN 83

2|



5.2.1. Fish Monitoring, SANGachal BaY ..........ccuiiiiiiiiiiii ettt ettt e et e e e sne e e e e e e nneeeeaneeeeanes 83

5.2.2. SD2 pipeline trenching, Sangachal Bay fish monitoring .............cooooiiii oo 84
RS ARS 1= o r= E SR Y [ 1 (o] e PSPPSR PPPPOTRR 85
5.3.1. Sangachal Bay, seagrass MappiNg SUMVEYS ........ccoiuiiiruiiiiiiieaaiet et et e ettt e e et e e s eiee e e e e aireee e 85
5.3.2. SDII Sangachal Bay, seagrass Mapping SUMVEYS .........ccceiiiueeiiaaiaiieeeeaaaaaiteeaeaaaaeaeeaeaaaaneeeeaeaaaneeeaeaaaseeeens 85
5.4. Caspian S@al MONITOING. ........eeeiiiee ettt et e ettt e ettt e e et e e s et e e et aeeeanseeeaneeeeanaeeeaseeannseeeanseeeanneeeeanseeeanseeennn 86
5.5. Caspian MiCroDIOIOGY SUMVEY .........oiiiiiiiiiiieeeeeite et e e ettt e e e ettt e e e e e st e e e e e e sataeeee e s e sasaeeeesassseeesaasssseeeeeaasssenaeessnnses 87
5.6. Monitoring produced water discharges using passive membrane samplers ............cccocoiiiiiiiiieiiic e 88
5.7. Conclusions from offshore and iNShore MONILONING.........ccuiiiiiiiii e 89
6. Onshore Ambient Environmental MONITOIING ...........oiiiii ettt e e e ettt e e e e e e e e e e e enneeeeas 91
6.1. Onshore environmental surveys MethodOIOGY ..........cueeeiiiieiiiie et et e et e et eenee e s nneeeeanaeeeenes 92
6.1.1. Terrestrial @COSYSIEIMS ..ottt e e e ettt e e ettt e e e e et e e e e e e e nnnneeeas 92
6.1.1.1. Vegetation cover & SOil Stability.............ooiiiiiiiiii e 92

L I B 1o I T ) 1 (o s o OSSP P PSPPSR 94
6.1.1.3. Mammals & herpetofauna MONItOMING .........coiiiiiiiii e 94
6.1.2. Ambient air QUAlILY @NAIYSIS ... .. .o e e e e e e et e e e e e naaeeas 95

L 200 7 I T g To I (=T 4 ¢ 0 T a1 (] T o RO RRRRT 95
6.1.2.2. Short term (real-time) MONITOTING ........coiiiiiiiiiiie et e e e e e e e e s s e e e e e e e snaraeeaeeesasseeeas 95
6.1.3. Ground & SUIface Water @NAIYSIS .......coiuiiiiiiii ittt ettt e e b e e e e e 96
6.1.4. Wetland ECOSYSIEIMS ......oo ittt ettt et e bt e e et e et e e e br e e e anre e nae 96

L I = U = TP OEPTRPOPPRPPPPRP PR 96

LG S (o - SO PP U PP PPTOPR TP 96
(ST I S VA= | (=T o [N =111 PRSP PUR PP 96

L I S T T I o 1Y o ] 1 Y PP UPPP PSRN 97
6.2. Sangachal Terminal (ST) MONItOriNG SUIVEY FESUILS ........c.uiiiiiiiiiiii et 97
6.2.1. Ambient @ir QUAIILY SUIVEY ..... ... ittt e e e ettt e e e e e et e e e e eee e e e e e aannseeeaeaaannneeeas 97
6.2.2. Ground and surface water quality MONItOMING .......coiiuiiiiiiiie e s 107
6.2.3. Soil stability and vegetation COVer MONItOMING ........coouiiiiiiii e 123
6.2.4. Mammal and herpetofauna MONITOMING ..........oiiiiiiiiiii et e e s 134

L T =11 o I 4o a1 (o] 4 1oV [PPSR P PP UPRI 137
5.2.6. WEHIANAS SUIVEY ......oiiiiiiiieit ettt ettt e bt e e et e ettt e bt e e e et e een e e e enne e e e neee s 144
6.3. Serenja Hazardous Waste Management Facility (HWIMF) .........oooiiiiiie et 145
6.3.1. Ambient air quality MONITOTING ......cooiiiiiiie et et e e e e e e e e 145
6.3.2. Serenja HWMF ground water MONItOTING..........oiiiiiiiiiiiie e e ettt e e e et e e e e e e e e e e sraeeae e s enaeeeas 154
6.3.3. Serenja HWMF soil & vegetation MONItOMING .......ccoiiiiiiiiii e e 165
6.4. Azerbaijan EXPOrt PIPEIINES ......c..eiiiiii ittt n 172
6.4.1. Ambient air quality MONITOTING ......coiiii e e st e e et e e e e e e eee e e anneeeas 172
6.4.2. Ground & surface water quality MONItONING ........uiieiiiie e e e et e e e e aaeee s 174
6.4.3. Bio restoration (Vegetation COVEI) SUMNVEY...........oiiiiiiiiiiii ettt e et e e e e e saaraeaeeeaanaes 176
6.5. ONShore MONItOFING SUMIMAIY .......uiiiiiiiiiiiiee et e e et ee e e e et e e e e e e e aeeeeeeeasantaeeeeesanssseeaeeeaseeeeeeaasssseaeeeannssneeeensn 179
6.6. Conclusions from onshore Monitoring PrOGramMIME .........c.cuuiiiriiiiiiiee ittt ettt e e e e s 180
A =10 10120 F= 2SRRI 183
[ ) o7 o 1773 OSSR 185
(€] [o X T= T VAo ) i (=1 11 0TSSP PP R PPRPRR 187
8. LiSt Of TADIES & FIGUIES ... .eeieiiie ettt ettt e ettt e e a et ea et e e sttt e et et e e b e e e st et e enneeesneee s 191
SR T = o RSP SRUURPRRTI 191
S e [o U= P OO O PSP E P ROT PP OPPRPTI 193



Foreword from BP AGT regional president

For more than 27 years that we have been in Azerbaijan,
BP has been committed to conducting a safe and
environmentally sound business that benefits all our
stakeholders and the wider society.

We safely and reliably operate giant oil and gas fields in
Azerbaijan, which have contributed to the development of
the Caspian Sea as a modern hydrocarbon province. The
work we do in the Caspian, both in the Shah Deniz and the
Azeri-Chirag-Gunashli (ACG) fields represents one of the
highest levels of activity we have anywhere in the world.
In addition, the Sangachal terminal and the vast network
of pipelines spanning three countries are part of the
infrastructure that has turned the Caspian into an important
regional energy hub.

In our business we aspire to no accidents, no harm to
people and no damage to the environment. Monitoring the
environment in our contract areas to understand the impact
of our operations, and taking the necessary actions to prevent or mitigate this impact is a major component of our strategy.
It is one of the key regulatory compliance requirements reflected in the relevant governmental agreements and essential
in maintaining our license to operate.

Throughout the history of our operations in Azerbaijan, BP has been using best practice approach to the environment
using its internationally certified ISO 14001 Environmental Management System. Prior to execution of any new project and
before development commences, a baseline environmental monitoring is conducted to provide information on ambient
environment at the project location. Monitoring surveys are continued during the project and operational phases, through
award-winning Environmental Monitoring Program (EMP) model established in the AGT region. Results of operational and
ambient environment monitoring studies related to discharges and emissions in the contract areas are analyzed and used
to continuously improve our operations.

Working in consultation with various stakeholders, including the Ministry of Environment and Natural Resources, the
Academy of Sciences, SOCAR, and several NGOs, we have so far conducted more than 250 environmental monitoring
surveys, both terrestrial and marine, between 1995 and 2017. These studies have provided sufficient data to achieve
a good understanding of the environmental status and trends within the areas surrounding BP’s onshore and offshore
operational sites.

This presented report is a result of all the environmental monitoring activity of BP in Azerbaijan over the past two decades.
It is a comprehensive summary of what we have learned about the environment in the areas and communities where we
operate. By publishing this overview, we aim to share this data with public. We hope and believe it can serve as a good
database for anyone who wants to study the environment of Azerbaijan and the Caspian Sea.

Gary Jones
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Introduction

from BP AGT regional director,
Regulatory Compliance and Environment

The aim of this overview is to provide stakeholders and the
public with a basic summary of the monitoring work which
has been undertaken by BP in Azerbaijan to characterise
and understand changes to the marine, coastal and
terrestrial environments in BP Azerbaijan contract areas
between 1995 and 2017.

BP Azerbaijan, Georgia and Turkey (AGT) region has
conducted environmental monitoring around its operational
facilities since the commencement of exploration and
production in the environmentally sensitive area of the
South Caspian Sea in 1995. Production Sharing
Agreements (PSAs) were signed in 1994 for the
development of the Azeri-Chirag-Gunashli (ACG) field, and
in 1996 for the development of the Shah Deniz (SD) field,
one element common to both the PSAs is a requirement to
carry out environmental monitoring.

BP and its co-venturers in the ACG and SD projects
have made a significant investment in environmental
monitoring and have commissioned a substantial volume
of environmental monitoring work over the past 25 years.
Monitoring began with the commencement of the Early Oil
Project and has continued in support of the ACG Phase-1,
Phase-2 and Phase-3, West Chirag, and SD Stage-1
and Stage-2 developments offshore, and the Sangachal
Terminal Expansion project in the coastal environment.
Environmental studies include baseline surveys, monitoring
surveys, pre and post-drilling surveys, and long-term
“background” trend studies.

Between 1995 and 2003, the primary purpose of monitoring
was to describe the baseline environmental conditions at
future operational locations. The only operational offshore
location prior to 2005 was the Chirag production platform,
which was constructed by the State Oil Company of the

Republic of Azerbaijan (SOCAR) and was brought into full
production by BP and its partners. The primary aim of the
baseline monitoring was to provide information to support
the development and publication of Environmental Impact
Assessment (EIAs) for new developments.

In 2003, BP recognised that a more coordinated approach
would be required when the new developments became
operational from 2005 onwards, and the Integrated
Environmental Monitoring Programme (IEMP) was
designed to meet this need. The design of offshore and
onshore monitoring studies was reviewed, and methods
were improved and standardised to ensure that impacts
and trends could be clearly identified. At the same time, a
long-term monitoring schedule was established, to ensure
that the necessary resources and expertise would be
available.

Following BP’s change to a functional organisational
structure, the Integrated Environmental Monitoring
Programme was renamed the Environmental Monitoring
Programme (EMP), this renaming was necessitated by the
expanded scope of the environmental function which now
covers all aspects of ambient and operational environmental
monitoring within Azerbaijan, Georgia and Turkey.

In 2009, the AGT region EMP model was awarded the BP
group exploration and production segment Health Safety
Environmental Award for continuous improvement. Up
to now AGT region’s environmental monitoring has been
based on the ISO 14001 environmental management
systems process approach and serves to implement BP
Upstream Operating Management System (OMS) group
essentials 3.6.1 and 3.6.2. The process flow diagram in
Figure 1.1 below shows the AGT region environmental
monitoring process.
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Figure 1.1 AGT region environmental monitoring process flow diagram

The period from 2004 to 2018 saw a substantial expansion
in BP’s activities in Azerbaijan with the addition of 7 (seven)
new offshore installations. The inception of the EMP - with
regular review and improvements to the monitoring studies
- has delivered substantial data, resulting in a greater
understanding of the interactions between our operations
and the environment.

In Azerbaijan, from 2004 to the end of 2017, the EMP had
completed a total of 209 ambient monitoring studies. Of
the 16 surveys conducted in 2017, seven (7) were offshore
marine surveys (Chirag-1, WA, DWG, SDA environmental
surveys) including three BP Global Projects Organisation
(GPO) related baseline surveys, and nine (9) were onshore
monitoring surveys covering Sangachal Terminal (3
surveys), AZ Export Pipelines (3 surveys) and the Serenja
Hazardous Waste Management Facility (three surveys).

Earlier monitoring activities, from 1995-2003, consisted of
38 studies, these were mostly baseline studies which were
conducted to provide a description and assessment for the

6 |

preparation of Environmental & Social Impact Assessments
(ESIAs). All of these ESIAs have been made available to
the public and have been the subject of public consultation.

Environmental monitoring programmes were undertaken
with great support and contribution from the ACG and SD
PSA Environmental Subcommittee, and the Monitoring
Technical Advisory Group (formerly Research Monitoring
Group) which include representatives from ACG and SD
partners, Ministry of Ecology and Natural Resources of
the Republic of Azerbaijan (MENR), SOCAR, Oil and Gas
Research and Design Institute, and the Azerbaijan National
Academy of Sciences.

Overall, the monitoring studies conducted by BP between
1995 and 2017 have provided sufficient data to achieve a
good understanding of the environmental status and trends
within the areas surrounding BP’s onshore and offshore
operational sites.

Faig Askerov
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Before describing the monitoring activities and results, it is useful to briefly consider the purposes of monitoring, and the

types of monitoring which are regularly carried out.

2.1. Reasons for monitoring

Monitoring is a requirement of the PSAs and is therefore
a legal obligation. Since 1995, all monitoring studies
specified in relevant ESIAs have been discussed with, and
approved by, two national bodies before being carried out.

1. The Government environmental regulator: initially
this was the State Committee on Ecology and
Natural Resource Use, later replaced by the
present MENR; and

2. The Research and Monitoring Group: established
in compliance with PSA requirements to assist
in the design and management of monitoring
programmes, and consisting of representatives
of government and SOCAR. The Research and
Monitoring Group was the precursor to the current
Monitoring Technical Advisory Group.

2.2. Types of monitoring

BP’s activities take place in two main ecological zones:

a) The marine environment within Sangachal Bay and
the offshore contract areas.

b) The terrestrial environment around the Sangachal
Terminal, the Serenja Hazardous Waste Management
Facility, and the export pipeline routes.

There are three major aspects to the BP AGT region
ambient environmental monitoring programme; offshore
monitoring; nearshore monitoring; and onshore monitoring.

2.2.1. Marine offshore monitoring

Offshore ambient environmental monitoring is conducted
at sites where potential impacts to the marine environment
exist from the presence of production platforms, drilling
rigs and subsea pipelines. The presence of impacts are
identified and their magnitude assessed by conducting:

e Baseline studies: these are conducted before
development is initiated to provide a general
understanding of the environment and the ecology
within the area, and also to identify any unusual or
sensitive ecological features which might affect the
design or final location of a development.

8 |

The PSA requirement for monitoring was based on a desire
by all parties to ensure that the environmental impacts of
developments were properly managed and minimised.
Monitoring also ensures that any impacts which are
unanticipated, or which are greater than expected, can be
detected and remedied.

By delivering reliable scientific evidence on the status of
the environment, monitoring provides assurance to all
stakeholders that the environment is being effectively
protected and that all laws are being complied with.
Additionally, monitoring is a practical part of BP’s
environmental management system, ensuring that the
correct protective/mitigating actions are taken in a timely
manner.

e Regional studies: these cover the areas outside
those thought to be directly impacted by BP
operations. These areas are considered to be
“control” areas against which any environmental
changes within the BP operational areas can be
compared. These areas provide information on the
general ecological health of the system and help to
identify natural environmental and ecological trends
and processes.

e Ambient environmental monitoring at
operational sites: these provide an assessment
of the impact of BP operations. Data from these
studies are usually compared to data from the
baseline and regional studies.

o Exploration well pre and post-drilling surveys:
these are carried out before and after the drilling
of single exploration wells to assess the impact of
drilling discharges.

2.2.2. Marine nearshore monitoring

Nearshore ambient environmental monitoring is conducted
within Sangachal Bay to monitor potential environmental
changes arising from operations at Sangachal Terminal
and/or the installation/presence of subsea pipelines. The
presence of impacts are identified and their magnitude
assessed by conducting:
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e Baseline studies: these are conducted before
development within Sangachal Bay is initiated to
provide a general understanding of the environment
and the ecology within the area, and also to identify
any unusual or sensitive ecological features
which might affect the design or final location of a
development.

e Ambientenvironmental monitoring: these provide
an assessment of the impact of BP operations
within Sangachal Bay, such as the installation and
presence of subsea pipelines, Sangachal Terminal
operations, marine logistics and transportation.

e Monitoring “control” areas: monitoring of selected
indicator species is carried out at remote control
areas where environmental conditions are clean
(positive control area) or contaminated (negative
control area). The data is used to assess the
condition of these selected indicator species within
areas potentially affected by BP activities.

The field and laboratory methodology for marine and
nearshore monitoring is described in detail in Section 3.

2.2.3. Onshore monitoring

Onshore ambient environmental monitoring is conducted
to monitor potential impacts from operations at Sangachal

Terminal, Supsa Terminal, waste management facilities
and BP AGT region pipelines. The presence of impacts are
identified and their magnitude assessed by conducting:

e Baseline studies: these provide a general
understanding of the environment and the ecology
at a particular location before development
commences.

e Ambient environmental monitoring at
operational sites: these provide an assessment
of the impact of BP activities at operational sites,
such as Sangachal Terminal, export pipelines pump
stations, waste management facilities, etc.

e Monitoring “control” areas: monitoring of control
sites effectively isolate the environment from one or
more stressor, thereby allowing more rigorous and
focused assessment of the effects of BP’s activity
on the environment.

The field methodology for onshore environmental
monitoring is described in Section 6.

In addition to the regular monitoring around Sangachal
Terminal, annual surveys of migrating and overwintering
birds were conducted along the entire coastline from
Apsheron to Astara. These surveys were not directly related
to operational activities but were conducted to ensure that
BP has information on the location of all nationally and
internationally significant bird feeding and roosting areas.
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Environmental Monitoring Ambient Monitoring

BP has been conducting environmental monitoring at
offshore operational sites since 1995. Table 3.1 gives

Environmental Monitoring

a breakdown of the monitoring survey schedule at each
offshore location between 1995 and 2017.

Table 3.1 Offshore environmental survey schedule 1995 - 2017

ACG Regional X X

Central Azeri X X X

East Azeri X

West Azeri X X

Deep Water Gunashli X

Chirag X | X X

West Chirag X

ACG - Sangachal Pipeline
route

SD Regional X | x| x

Shah Deniz Alpha X

SDX-4

SDX-5

SDX-6

SDII-WF

Shah Deniz Bravo

SDII East North Manifold

SDII East South Manifold

SDII West Manifold

SDII West South Manifold

X X X | X [X

Shafag Asiman

ACE Platform

SDX-8

X Survey Carried Out

3.1. Offshore monitoring methodology

3.1.1.Benthic sampling

Sediment samples are collected using a double 0.1
m? Van Veen grab sampler to collect samples of 10 to
15 centimetres sediment depth from the surface of the
seabed. Samples are collected for physical, chemical and
macrobenthic analysis.

 Physical analysis

o Particle-size distribution
o total organic matter content
o carbonate content

 Chemical analysis — hydrocarbons

o Total petroleum hydrocarbons,
o  Unresolved complex mixture (UCM)
o 2-6ring PAH
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o Low molecular weight PAHs -
naphthalenes, phenanthrenes, and
dibenzothiophenes (NPD)

o USEPA 16 PAH

o If present, the quantity of HC based
drilling fluid compounds.

« Chemical analysis - sediment metals
o As, Ba(HNO,), total Ba (by fusion), Cd,
Cr, Cu, Fe, Hg, Mn, Pb, Zn
» Macrobenthic analysis

o Taxonomy
o Abundance

o Biomass
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3.1.2. Water sampling

Water samples for physicochemical analyses are collected
using a Niskin water sampler. Temperature/depth profiles
are measured using a CTD profiler.

Water samples are analysed for

+BOD & COD
« Total suspended solids (TSS)

3.1.3. Plankton sampling

Plankton samples are collected using a double bongo net
system - 2 coarse-mesh nets (200um) for zooplankton and 2

fine-mesh nets (53pum) for phytoplankton and zooplankton.

Each plankton sample is analysed for zooplankton and
phytoplankton

» Taxonomy
« Abundance
» Biomass

On some surveys phytoplankton samples are also collected
using Niskin water samplers. This is carried out to provide
a qualitative cross-reference of the data acquired from the
53um Bongo nets.
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3.2. Azeri-Chirag-Gunashli (ACG) Contract Area

The Azeri Chirag Gunashli (ACG) Contract Area  *ACG Phase 2 — East and West Azeri Platforms
covers approximately 432km? and lies approximately ., A\cG Phase 3 — DWG platforms

120km east of Baku (Figure 3.2.1). The Contract Area, _
which is operated by BP on behalf of the Azerbaijan  *ACG FFD —West Chirag Platform

International  Operating Company (AIOC), has been  The position of operational platforms within the ACG

developed in phases and to date has included: contract Area is shown in Figure 3.2.2.
* Early Oil Project (EOP) — Chirag-1 Platform Operations at the ACG field began in November 1997 with
« ACG Phase 1- Central Azeri Platform the start-up of production from the Chirag-1 platform.
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Figure 3.2.1 Location of the ACG Contract Area
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Figure 3.2.2 Platform positions within the ACG Contract Area

In 1995 a comprehensive environmental baseline study
was carried out. The purpose of the study was to

» Assess the state of the environment in
the area likely to be affected by AIOC’s
exploration and production operations

« Provide the basis for subsequent
environmental impact assessment (EIA) and
contingency planning

» Establish the reference (i.e. “baseline”)
for interpretation of data gathered during
environmental monitoring of AIOC’s
exploration and production operations.

As part of the study an offshore survey was carried out
covering the ACG contract area, the ACG — Sangachal
pipeline route, and the coastal area adjacent to Sangachal
Bay. As the study was designed to characterise a very
large area, by necessity, the distribution of sampling points
was sparse. However, the sampling and analysis scope
was comprehensive and included

« Marine geology
o Seabed geomorphology
o Sediments

- Water column and atmosphere
o Hydrography
o Water chemistry
o Air quality

- Biology
o Macrobenthos
o Phytoplankton
o Zooplankton
o lcthyoplankton
o Microbiology
o Fish tissue analysis

In addition, the study included coastal bird and seal surveys
and provided an assessment of the coastal sensitivity to oil
spills.

3.2.1. ACG Regional Survey

Regional baseline surveys were initially carried out within
the ACG Contract Area in 1995 and 1996. In 2004 the
survey design was updated to achieve coverage across
the entire contract area and provide background data that
can be used when identifying and assessing impacts at
operational sites. The ACG regional surveys have been
conducted biennially from 2004, the most recent survey
was carried out in 2014.

The up to date survey design consists of 12 sample stations,
six of which were included in the 1995 and 1996 surveys.
Figure 3.2.3 gives the location of the ACG regional survey
sample stations.
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Figure 3.2.3 Location of ACG Regional benthic survey stations

The sediment characteristics recorded in 2014 were northwestern part of the survey area (1, B, W6 & C). The
comparable to those recorded in previous surveys, with  variation observed at these locations is representative of
most samples being predominantly composed of silt and sampling a patchy seabed environment, rather than real
clay particles (Figure 3.2.4). The greatest between-survey  changes to the sediment structure.

differences have been recorded at stations within the
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Figure 3.2.4 Station average mean particle size, ACG Regional surveys 1995 to 2014
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Hydrocarbon concentrations are low at the majority of
stations and have varied little over the monitoring period
(Figure 3.2.5). Stations closest to the operational platforms,
B, 4, W6, 26, D, 46, and 62 show no evidence of widespread
impacts. An increase in hydrocarbon concentration was
recorded at station 26 in 2014, but the results indicate this
was due to an increase in natural compounds rather than
an input from production related activities.

As was the case in previous surveys, samples from stations
22 and 33 were distinctive with higher concentrations of
THC and PAH. These stations lie in deep water adjacent to
and below large mud volcanoes. The very fine, high-organic
content sediments sampled at these positions are likely to
have originated from these natural geological features,
which intermittently emit very fine clay mud, which contains
varying concentrations of hydrocarbons.
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Figure 3.2.5 Station average THC concentrations (ug.g-1), ACG Regional surveys 1995 to 2014

The concentrations of metals in 2014 were consistent with the

levels recorded on previous surveys. Metals concentrations
are influenced by the natural physical characteristics of the
sediment, with higher concentrations often associated with
silt and clay. The highest levels of temporal variability have
been recorded at stations B, C and W6 where sediments are
composed of heterogeneous coarse grained particles and
variable proportions of silt and clay.

Concentrations of barium have been consistently higher at
contiguous stations W6 and C throughout the monitoring
period (Figure 3.2.6). An association has been identified at

these positions between Ba content and the larger particle
size fractions. This is illustrated by the corresponding lower
concentration of Ba and low mean particle size at station C
in 2008. Ba fusion was added to the ACG Regional survey
analytical scope in 2006; no data is available for pre-2006
surveys.

There is a reasonable degree of consistency in the physical
and chemical data over time, indicating that at the majority
of stations, ACG operations have had no observable
regional impact.
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Figure 3.2.6 Station average Ba fusion concentrations (mg.kg-1), ACG Regional surveys 2006 to 2014
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Regionally, the most abundant taxa in the macrobenthic As observed in previous surveys, the highest benthic

community are amphipods, cumacea and oligochaetes. abundances in 2014 were recorded at stations A, B W6,

The composition of the communities recorded are mainly C and 62: all located in water depths of <200m, while

influenced by natural environmental factors such as lower abundances and community diversity were found

sediment structure and water depth. at stations in water depths of >350 m (4, 22, 33 and 46)
(Figure 3.2.7).

Abundance N.m
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S U187 TR e

4 B OWs 23 € 26 3% 0O 45 53 2 W3I0H
Stafion

Figure 3.2.7 Macrofaunal abundance (N.m"'), ACG Regional surveys 1995 to 2014

There is no evidence of spatial or temporal trends that could Figure 3.2.8 gives an overview of the spatial and temporal
be related to operational activities at the ACG platforms, physical, chemical and biological characteristics across the
indicating that the ACG regional survey stations continue ACG survey area.

to provide background data across the ACG Contract Area.
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3.2.2. Central Azeri Platform

Baseline surveys were initially carried out at Central Azeri (CA)
in 1998 and 2001. In 2004, the survey design was updated
from a basic cross design to a triangular grid design, and a

Studies Environmental Monitoring

biennial monitoring survey schedule was implemented. Figure
3.2.9 gives the Central Azeri sample station array used in the
monitoring surveys from 2004 to 2016.
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Figure 3.2.9 Central Azeri survey 2004 to 2016 sampling stations

Sediments within the Central Azeri survey area are
heterogeneous and are generally characterised as being
dominated by coarser grained fractions over the finer
silt/clay fractions, with very low proportions of the mid-
range sand fractions. In 2016 the physical composition

of sediments at the majority of sample stations were very
similar to previous surveys. Although some variation has
been observed at individual stations over the monitoring
period, the spatial distributions and overall survey wide
characteristics have remained stable

Table 3.2.1 Sediment physical properties: Central Azeri surveys 1998 to 2016

Mean diameter pm 595 625 341 396 382 457 352 332 372
Carbonate content % 67 69 58 53 61 58 55 59 63
Organic content % 2.2 1.7 24 2.8 21 2.7 2.6 2.4 1.7
Silt/Clay content % 17 16 29 28 26 27 29 27 26
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Hydrocarbon concentrations were generally low throughout
the survey area in 2016. The lowest THC concentrations
were present in the NE and SE corners of the survey area,
while the highest concentrations were present at stations
in the northwest quadrant of the survey area and station 9

529400

CA 2016 - THC pg.g”

529600 529800 530000

Nearshore Environmental Specific Environmental
Studies

Onshore Ambient
Environmental Monitoring

Summary List of Tables & Figures

directly to the northeast of the platform (Figure 3.2.10). The
proportions of UCM and NPD were indicative of weathered
material being present throughout, with no evidence of
recent inputs of THC or PAH being identified at any station.

I
530600

I
530400

530200

Figure 3.2.10 Spatial variation of THC concentrations (ug.g™), Central Azeri survey 2016

The higher THC concentration at station 9 in 2016 was
partly due to the combined presence of low concentrations
of hydrocarbon-based drilling fluids SBM & LTOBM.
Signatures of these materials were detected at 8 and 4
stations respectively in 2016; the concentrations present
were low or very low and are not expected to have a
negative impact on the benthic communities present.

Synthetic based drilling mud (SBM) was first detected in
sediments around CAin 2004 after an accidental spill which
occurred in 2002. No other inputs have taken place and the

SBM present has degraded and reduced in concentration
on all subsequent surveys at CA.

The 1998 to 2016 survey area hydrocarbon average values
are provided in Table 3.2.2. Overall the 2016 results are
comparable to those recorded on previous surveys, as were
the spatial distributions of all hydrocarbon parameters. Other
than the presence of small concentrations of hydrocarbon-
based drilling fluids, there is no evidence to suggest that
operations at CA are influencing the hydrocarbon content
of sediments within the survey area.
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Table 3.2.2 Sediment hydrocarbon concentrations: Central Azeri surveys 1998 to 2016

THC g.g" 42 43 34 39 17 24 32 36 40
AL ND ND ND ND ND ND ND ND 5
Mg.g

SBM pg.g" ND ND 27 11 8 7 2 2 3
T 342 163 294 196 165 163 139 139
PAH ng.g™

ND Not detected

The variability in the concentration of most metals over the
survey area in 2016 was low. The concentrations present
were similar or within the ranges observed on previous

surveys and were unrelated to operational activates at CA
(Table 3.2.3).

Table 3.2.3 Sediment metal concentrations: Central Azeri surveys 1998 to 2016

As NM 6.0 1.4 1.2 9.9 13.2 10.6 10.4 9.7
Ba HNO, 2183 6956 6424 9200 6339 6780 6185 5734 6613
Ba fusion NM NM 9829 10651 8584 10035 10721 10598 10797
Cd 0.23 0.54 0.17 0.43 0.36 0.92 0.191 0.194 0.167
Cr 34.9 271 34.4 40.6 48.0 45.7 41.6 35.1 41.3
Cu 24.7 18.0 191 21.3 22.9 22.5 22.5 211 16.9
Fe 19104 14471 19229 25698 27026 24944 23543 21680 20505
Hg 0.050 0.030 0.130 0.036 0.031 0.057 0.028 0.032 0.010
Mn NM NM NM 384 411 413 413 380 374
Pb 30.0 18.8 16.0 16.9 19.3 14.6 13.5 13.0 10.8
Zn 59.7 39.6 50.8 49.6 61.9 56.3 60.3 53.3 49.6

NM Not Measured

Water based drilling muds (containing large quantities of
barium sulphate which is used as a weighting agent to
ensure well stability during drilling) have been discharged
to the seabed around the platform between 2002 and
2016. These discharges have led to increased barium
concentrations in sediments close to the platform (within
500m).

22 |

Although the area of elevated Ba concentrations remains
present, the range, mean, and variability of total Ba
concentrations at stations within 500m are slightly lower in
2016 than those reported in 2010 to 2014 (Figure 3.2.11).
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Figure 3.2.11 Spatial variation of Ba fusion concentrations (mg.kg-1), Central Azeri survey 2014 & 2016

Macrofaunal abundance and species richness were
generally high throughout the CA survey area in 2016. As
observed on previous years, the macrofaunal community
was numerically dominated by amphipod crustaceans and
the community structure was related to sediment physical
properties; more abundant and species rich communities
were present in areas where sediments have a higher
proportion of coarse grained particle size fractions.

The community at stations within the historical Ba footprint
area had a slightly lower taxonomic richness and higher
annelid abundance than the surrounding stations in 2016.
Although the communities were numerically dominated by
amphipods, species rich and with a high overall abundance,
the slightly different community structure may be due to
localised disturbance from the discharge of WBM drilled
cuttings.
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When compared to previous survey data (Table 3.2.4),
the 2016 community was found to be very similar to the
communities present in 2012 and 2014. Changes in the
overall community structure have been identified over the
1998 to 2016 monitoring period. However, these reflect
faunal changes over a much wider area, and are not
considered to be associated with operations at Central
Azeri.

Nearshore Environmental Specific Environmenta
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The only notable impacts from operational activities at
Central Azeri are an area of elevated Ba concentrations from
the discharge of WBM drill cuttings and low concentrations
of hydrocarbon based drilling fluid from accidental spills.

Table 3.2.4 Taxa in survey area and station average abundance (N.m) for major taxonomic groups, Central Azeri

surveys 1998 to 2016

Taxa 2 3 6 6 7 7 6 4 3
Class
Polych
olychaeta n.m2 504 557 292 98 278 665 354 192 506
Taxa 1 2 3 3 3 3 3 3 3
Class
Oligochaeta —" 626 597 516 219 236 1131 202 253 361
Order Taxa 3 ! ! ° ° ° ! ° °
Cumacea S 10 39 87 72 46 104 124 97 53
Taxa 21 23 21 14 29 37 28 28 29
Order
Amphi
mphipoda nm? | 1227 | 1285 | 1837 | 525 | 718 | 2038 | 1770 | 3479 | 4803
Taxa 1 2 2 2 2 2 1 1 L
Order Isopoda
n.m?2 11 2 31 11 3 9 3 3 4
Class Insecta n.m? 50 166 84 18 4 4 6 23 13
Taxa 17 7 17 5 7 14 15 13 15
Class
Gastropoda nm? 41 12 125 7 5 23 83 61 68
Taxa 2 4 4 2 2 6 3 3 4
Class Bivalvia
n.m2 55 64 954 351 17 209 117 114 94

3.2.3. East Azeri Platform

A baseline survey was carried out at East Azeri (EA) in
2002. This was followed by a biennial monitoring schedule
which commenced in 2006.

The 2002 baseline survey comprised 15 stations arranged
in a triangular grid design centred on the platform position.

24 |

An additional 6 stations were added to the design in 2006,
extending the survey area to 1000m from the platform. The
position of stations 2, 3, 4, 8 & 9 were moved from the 2002
location to allow safe clearance of seabed assets. Figure
3.2.12 gives the East Azeri sample station array used in the
2002 to 2016 monitoring surveys.
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Figure 3.2.12 East Azeri Survey 2002 to 2016 sampling stations

Sediments within the East Azeri survey area are
heterogeneous with a wide range of particle sizes present
in most samples. In 2016 finer sediments with lower
carbonate content were present at stations in the centre
of the survey area to the southwest of the platform, and on
the eastern and north-eastern flank of the survey area. This
general spatial distribution has remained fairly constant
over recent surveys.

Some variation has been observed in the survey wide
physical characteristics over the 2002 — 2016 monitoring
period (Table 3.2.5). The differences between vyears,
particularly in mean diameter, are likely the result of
sampling a physically heterogeneous environment, rather
than the result of changes in the physical characteristics
over large parts of the survey area. Overall the results from
the most recent surveys have been consistent and similar
to those recorded on the baseline survey.

Table 3.2.5 Sediment Physical properties: East Azeri surveys 2002 to 2016

Mean 112 293 116 204 149 121 125
diameter ym
Carbonate

o 47 49 48 46 46 50 53
content %
Organic 3.2 33 3.3 3.2 3.0 25 2.8
content %
=il 62 62 63 58 63 62 52
content %

Hydrocarbon concentrations were generally low throughout
the survey area in 2016. Aromatic and aliphatic compounds
were strongly correlated and the general composition was
indicative of heavily weathered material being present
throughout the survey area.

The spatial distribution of hydrocarbon concentrations in
2016 was similar to those observed on previous surveys
at EA. The concentration of TPH was generally higher at
stations within the northern third and eastern half of the
survey area and reduced in a NE-SW gradient (Figure
3.2.13).
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Figure 3.2.13 Spatial variation of TPH concentrations (ug.g™'), East Azeri survey 2016

Low concentrations of HC drilling fluid compounds have There has been very little variation in the THC and PAH
been detected in a small number of samples on each concentrations over the monitoring period (Table 3.2.6).
survey from 2006 to 2016. The HC drilling fluid present Concentrations are generally low and are consistent with
originated from a small pre-2006 spill during drilling and background levels recorded within the ACG Contract Area.
concentrations have decreased substantially over the Other than the low concentrations of hydrocarbon-based
survey period; from an average level of 21 ug.g™' in 2006 to drilling fluids present on each survey, there is no evidence
5 ug.g'in 2016 (Table 3.2.6). to suggest that operations at EA are influencing the
hydrocarbon composition of sediments within the survey
area.

Table 3.2.6 Sediment hydrocarbon concentrations: East Azeri surveys 2002 to 2016

THC pg.g" 14 30 13 18 15 29 29
HC Drill Fluid pg.g™ ND 21 9 6 5 2 5
Total 2-6 Ring PAH ng.g" 50 129 77 71 78 82 79

ND Not Detected

The variability in the concentration of most metals over the surveys and were unrelated to operational activates at East
survey area in 2016 was low. The concentrations present ~ Azeri (Table 3.2.7).
were similar or within the ranges observed on previous
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Table 3.2.7 Sediment metal concentrations: East Azeri surveys 2002 to 2016

As 4.4 10.3 7.9 12.3 9.2 9.4 71
Ba HNO, 1153 4985 3156 3235 3579 3375 3352
Elajsion NM 6256 3717 4372 5014 5447 4993
Cd 0.17 0.31 0.29 0.58 0.19 0.18 0.16
Cr 47.7 42.5 49.6 39.9 46.9 45.7 36.5
Cu 26.2 32.1 30.1 247 26.8 281 18.8
Fe 20713 21020 23468 18534 22912 23491 17090
Hg NM 0.024 0.030 0.029 0.025 0.025 0.008
Mn 406 478 468 377 470 475 359
Pb 23.0 11.8 10.8 11.2 12.7 11.9 10.8
Zn 45.6 45.4 55.1 48.1 58.0 60.6 41.7

NM Not Measured

Water based drilling muds (containing large quantities of
barium sulphate) have been discharged to the seabed
around the platform between 2006 and 2016. These
discharges have resulted in a high variability in the
concentration of Ba over the survey area and elevated
barium concentrations at stations close to the platform
(within 500m). The footprint and magnitude of elevated Ba

4432300

concentrations has remained relatively stable since 2008,
with the highest concentrations present at stations directly
to the SE and NE of the platform. Figure 3.2.14 gives the
distribution of Ba (fusion) concentrations in 2014 and 2016
and indicates that the levels have reduced between the
2014 and 2016 surveys.
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Figure 3.2.14 Spatial variation of Ba fusion concentrations (mg.kg™), East Azeri survey 2014 & 2016

The 2016 macrofaunal community at East Azeri was
numerically dominated by amphipod crustaceans which
accounted for 77% of the total abundance. The macrobenthic
community varied in abundance and taxonomic richness
over the survey area. As observed on previous surveys,
the community structure was related to sediment physical
properties, with more abundant and species rich communities
present in areas where sediments have a higher proportion
of coarse grained particle size fractions.

When compared to previous East Azeri survey data, the
2016 community was found to be very similar in composition
and distribution to the communities present in 2012 and
2014. On average, the abundance of amphipods, cumacea
and annelids have increased from the numbers present in
2012 and 2014 (Table 3.2.8).

Changes in the overall community structure have been
identified over the 2002 to 2016 monitoring period. However,
these reflect faunal changes over a much wider area, and
are not considered to be associated with operations at East
Azeri.

There was no evidence to suggest that operations at East
Azeri have negatively affected the benthic macrofauna
within the survey area. The only impacts identified from
production/drilling operations are an area of elevated Ba
concentrations from the discharge of WBM drill cuttings,
and low concentrations of hydrocarbon based drilling fluid
from accidental spills.

Table 3.2.8 Taxa in survey area and station average abundance (N.m2) for major taxonomic groups, East Azeri surveys

2002 to 2016
| 2002 | 2006 [ 2008 [ 2010 | 2012 [ 2014 [ 2016 |

Class Taxa 3 2 7 7 4 4 3
Polychaeta n.m?2 527 135 30 185 68 27 105
Class Taxa 3 3 3 3 3 3 3
Oligochaeta n.m= 315 314 161 485 129 105 131

Taxa 5 5 4 5 4 5 4
Order Cumacea ™= " 76 123 12 76 68 120 153
Order Taxa 28 14 20 20 24 23 26
Amphipoda n.m? 767 335 209 589 390 727 1307

Taxa 1 2 1 1 1 1 1
Order Isopoda P

n.m 2 26 2 6 4 3 4
Class Insecta n.m2 340 19 2 0 1 3 2
Class Taxa 9 7 6 1" 11 9 7
Gastropoda n.m2 51 9 2 6 10 7 6

. . Taxa 3 2 3 4 1 2 1

Class Bivalvia nm? 45 34 1 4 0 0 0
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3.2.4. West Azeri Platform

Two baseline surveys were conducted at West Azeri
(WA) in 1998 and 2002, followed by a biennial monitoring
programme which commenced in 2005.

In 2002, the station array was updated from the basic cross
design used in the 1998 baseline survey, to a triangular
grid design comprising 15 sample stations. The 2002
design was used as the basis for all subsequent monitoring
surveys. An additional 6 stations (16-21) were added to the
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Figure 3.2.15 West Azeri survey sampling stations

Sediments within the West Azeri survey area are
heterogeneous with a wide range of particle sizes present
in most samples. Due to the heterogeneous nature of
sediments, differences in the physical characteristics have
been identified at individual stations over the monitoring
period. While changes in the spatial distributions have
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2002 design in 2005 - extending the survey area to 1000m
from the platform, and a further 2 stations (22 & 23) were
added to the array in 2007; the 2007 design was used in all
subsequent monitoring surveys.

Figure 3.2.15 gives the West Azeri sample station array
used in the 2007 to 2017 monitoring surveys. Due to the
presence of seabed assets, the position of a number
of stations have been altered over the 2002 to 2017
monitoring period.

been observed over time, the 2017 spatial patterns were
broadly similar to those observed in 2013 and 2015. On
average, from 2007 to 2017, sediments in the survey area
have generally become finer and silt/clay content has
slightly increased (Table 3.2.9).

Table 3.2.9 Sediment physical properties: West Azeri surveys 1998 to 2017

:\J"rﬁa” diameter 668 565 647 503 541 442 374 280 363
Carbonate % 70 62 58 62 58 67 61 56 62
Organics % NR 2.9 3.0 24 35 35 23 24 2.1
Silt/Clay % 18 27 27 28 33 29 33 39 34

With the exception of station 3, located approximately
300m northwest of the platform, the hydrocarbon
concentrations recorded throughout the survey area in
2017 were comparable to regional background levels. The
high hydrocarbon concentration recorded at station 3 in
2017, and in previous surveys, was due to the presence

of an historic, highly weathered input, and was unrelated
to discharges from operations at the WA platform. The
hydrocarbon contamination at station 3 likely originates
from the drilling of the Azeri-2 well, which occurred prior
to the commencement of AIOC’s operations in the West
Azeri field.
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Variable quantities of hydrocarbon (HC) based drilling
fluids have been detected within the survey area in all
surveys from 2005 onwards. No operational discharges
of HC based drilling fluid have taken place at West Azeri,
the concentrations detected over the survey period
are consistent with the small spills of drilling mud which
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have been reported, and are not indicative of operational
discharges of hydrocarbon based drilling fluid. HC drilling
fluid concentrations in sediments around West Azeri have
decreased over the monitoring period from the peak values
recorded in 2005 (Table 3.2.10).

Table 3.2.10 Sediment hydrocarbon concentrations: West Azeri surveys 1998 to 2017

THC (ug.g”) 53 28 41 44 34 26 34 57 68
2-6 PAHs (ng.g™") 262 116 175 158 186 119 137 137 244
HC Drilling Fluid (pg.g™) ND 0 13 6 6 3 2 1 3
ND Not detected

The average concentration of most metals within the
survey area have remained relatively consistent over the
2002 to 2017 monitoring period (Table 3.2.11). The higher
mean concentrations of arsenic in post-2005 surveys were
due to the presence of naturally occurring arseno-ferrous
minerals at isolated stations in each survey, and were
unrelated to operational activities at WA.

Elevated concentrations of a number of metals have
been recorded at station 3 in all surveys at WA - including
the 2002 baseline survey. This feature is related to the
presence of drilling waste from pre-AlOC operations within
the West Azeri field.

Water based mud (WBM) drilled cuttings have been
discharged to the seabed around WA between 2005

and 2017. These discharges have resulted in an area of
elevated sediment barium concentrations within 500m
of the WA platform location. Although some variability
has been observed at individual stations, the footprint of
elevated Ba concentrations has remained relatively stable
between 2005 and 2017, with the highest concentrations
consistently recorded at stations 8 and 13. The distribution
of sediment Ba concentration in 2015 and 2017 are
provided in Figure 3.2.16. From 2009 there has been a
general reduction in the Ba concentration levels recorded
within the contamination footprint; the levels recorded
in 2015 and 2017 were similar to the post-drill minimum
recorded in 2007.

Table 3.2.11 Sediment metal concentrations: West Azeri surveys 1998 to 2017

As NM 6.4 15.8 14.3 17.5 16.8 15.5 17.2 15.5
Ba HNO, 1500 1485 6128 14741 7116 7247 6231 5392 6051
Ba Fusion NM NM 29377 20084 27636 24804 21626 18347 23800
Cd 0.29 0.24 0.2 0.41 0.52 0.3 0.23 0.24 0.2
Cr 37 34 47 36 47 42 44 43 39
Cu 31 22 22 26 27 24 26 24 19
Hg 0.05 0.02 0.057 0.045 0.051 0.024 0.025 0.031 0.042
Fe 21000 19523 24117 23226 26452 25702 26708 27728 20663
Mn NM 307 NM 395 457 441 476 485 423
Pb 35 26 26 19 26 21 19 19 12
Zn 78 37 59 57 76 68 68 72 50

NM Not measured
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Figure 3.2.16 Spatial variation of Ba fusion concentrations (mg.kg™), West Azeri survey 2015 & 2017

The macrobenthic community recorded in 2017 was broadly
similar to the communities present on recent surveys at
West Azeri, with overall diversity and abundance being
dominated by amphipods (Table 3.2.12). The changes in
overall community structure recorded during the survey
period (2002-2017) reflect faunal changes observed over a
much wider area, and are not considered to be associated
with operations at West Azeri.

The communities at stations within the discharge affected
area were abundant and species rich and numerically
dominated by amphipods - the abundance of which had
increased on all consecutive surveys from 2011. No
negative community changes were observed between

2015 and 2017 at stations 8 and 13 - the two stations most
affected by drilling discharges.

Distinctly different benthic communities have been
consistently recorded at stations 1 and 3 in all surveys
conducted since 2005. The lower abundance and
taxonomic richness, and distinct chemical characteristics
at these locations, are likely related to pre-AlOC drilling
operations.

The only impacts identified from production/drilling
operations at West Azeri are an area of elevated Ba
concentrations from the discharge of WBM drill cuttings,
and low concentrations of hydrocarbon based drilling fluid
from small accidental spills.
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Table 3.2.12 Taxa in survey area and station average abundance (N.m2) for major taxonomic groups, West Azeri surveys

2002 to 2017
Class Taxa 4 6 6 6 6 4 ° >
Polychaeta |, 2 372 1012 1616 756 746 380 737 1123
Class Taxa 3 3 2 ¢ & 3 3 3
Oligochaeta n.m-2 491 574 273 486 135 147 154 183
Order Taxa 2 5 ! ’ 8 ! ! 6
Cumacea n.m?2 2 198 180 59 106 80 45 57
Order Taxa 16 26 30 25 33 31 30 31
Amphipoda n.m?2 1079 2729 1325 1337 1624 2669 3711 3836
Order Taxa 1 2 2 2 2 1 1 2
Isopoda n.m? 2 15 23 17 9 1 2 1
Ok n.m2 831 79 27 14 8 12 13 16
Insecta
Class Taxa 3 4 4 4 4 3 4 4
Bivalvia n.m?2 190 839 365 326 338 303 134 72
Class Taxa 6 6 20 12 15 12 9 10
Gastropoda n.m?2 82 2 112 46 76 72 32 36

3.2.5. Deepwater Gunashli Platform

A baseline environmental survey was conducted around
the Deepwater Gunashli (DWG) platform location in 2001,
the baseline survey was followed by a biennial monitoring
programme which commenced in 2007. In 2007 the station
array was updated from the basic cross design used in the

G CA‘7-0 1
4449600 ] ; ' — ' =
6 17
T +
4449400 | 2 23 =
+ +
4449200 | 1 =
3+
4449000 | 2 —+ 4 5
+ + +
4448800 - H
18 26 DWG 19
4448600 + i | 9 1£ F
+
11 12 14
4448400 + + —+
13
4448200 | 1£ + L
4448000 24'4, 2<|§ [
20 21
4447800 | F
™ GCA?- 14 ™

T T T T | T T T T T
513400 513600 513800 514000 514200 514400 514600 514800 515000 515200

Figure 3.2.17 DWG Survey sampling stations
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2001 baseline survey, to one based on a triangular grid
design comprising 26 sample stations.

Figure 3.2.17 gives the DWG sample station array used in
the 2007 to 2017 monitoring surveys. Due to the presence
of seabed assets, the position of a number of stations have
been altered slightly over the 2007 to 2017 monitoring
period.
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Sediments throughout the DWG survey area are
heterogeneous and variable on both a small and large
spatial scale. The mean diameter (um) mean result in 2017
was the lowest recorded over the monitoring period (Table
3.2.13). This follows a trend observed from 2007, where
the mean particle size has reduced from 371 to 85um.
The mean proportion of silt/clay in 2017 and 2015 were
very similar and were slightly higher than the mean values
observed in previous surveys.
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Mean diameter and gravel content were lower at most
stations in 2017 compared to 2015, whereas silt/clay
content had remained relatively unchanged. Considering
the patchy nature of sediments, and the overall differences
between vyears, the distribution patterns of physical
characteristics have remained relatively stable, with
coarser sediments with a lower silt-clay content present at
stations within the centre of the survey area.

Table 3.2.13 Sediment physical properties: DWG surveys 2001 to 2017

Mean diameter ym 270 371 283 178 175 154 85
Silt/Clay content % 37 42 51 51 58 60
Carbonate content % 38 31 23 34 32 33
Organic content % 3.9 4 4.3 4.5 3.9 4.2 4.5

Sediment hydrocarbon concentrations vary across the
DWG survey area. The spatial pattern has been relatively
consistent throughout the 2001 to 2017 monitoring period;
higher concentrations are present at stations within the
southwestern and north-eastern quadrants of the survey
area. Although concentrations were relatively high at
some stations, the hydrocarbon compounds present within

sediments in all DWG surveys were heavily weathered and
were not related to operations at DWG.

Small quantities of hydrocarbon based drilling fluid were
detected at two stations in 2013, three stations in 2015,
and a single station in 2017; these materials originated
from small spills of SBM and LTOBM which occurred in
2013 and 2015.

Table 3.2.14 Sediment hydrocarbon concentrations: DWG surveys 2001 to 2017

THC (ug.g™”) 35 41

Total 2-6 Ring PAH (ng.g™") 324 481

379 304 426 289 526

For the majority of metals the variation across the survey
area has been low on all surveys and the survey wide
average concentration has remained relatively consistent
over the 2001 to 2017 monitoring period (Table 3.2.15).
The lower concentrations of Cd, Cu, Pb and Zn in the 2017
survey were due to analytical variation from a change in the
laboratory service provider.

The metal composition in sediments at the DWG location
differs to other ACG platform locations; associations
between metals present at other locations are absent within
DWG sediments, and the concentration of manganese and
arsenic are generally higher at DWG than in other areas
(Table 3.2.15). Additionally, high concentrations of Ba are

present in areas located at distance from the platform.
These features have been recorded on all surveys at DWG,
including the 2001 baseline survey, and are not related to
drilling/production activities at DWG.

Water based mud (WBM) — containing high levels of barium
sulphate - and WBM drilled cuttings have been discharged
to the seabed at DWG between 2005 and 2009; from
2009 there have been no operational drilling discharges
at DWG. Although no consistent footprint of elevated Ba
concentrations has been identified at DWG, previous
surveys have identified transient, elevated concentrations
of Ba at stations adjacent to the platform, which may
indicate the presence of WBM/ WBM drilled cuttings.
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Table 3.2.15 Sediment metal concentrations: DWG surveys 2001 to 2017

As NM 45.3 30.2 43.0 43.4 32.4 249
Ba HNO, 4067 3641 2187 1636 2131 1324 1126
Ba total (fusion) NM 4942 2753 2243 3941 2790 3489
Cd 0.25 0.31 0.26 0.16 0.17 0.15 0.09
Cr 43.7 59.1 61.6 60.3 61.2 54.5 57.0
Cu 204 23.6 26.6 23.6 254 254 17.4
Fe 48008 53008 39970 44247 42304 40175 33567
Hg 0.02 0.04 0.02 0.04 0.04 0.04 0.04
Mn 1917 4155 1229 1346 1913 1744 1844
Pb 48.4 47.5 38.7 38.0 37.5 31.1 12.0
Zn 73.2 75.5 64.8 791 76 75.3 43.9

NM Not Measured

The macrobenthic community in 2017 was numerically
dominated by amphipods and polychaetes (Table 3.2.16).
When compared to previous DWG survey data, the
macrobenthic community in 2017 had a lower abundance
of amphipods, while polychaete abundance was higher.
The reduction in amphipod abundance was observed
across the entire survey area between 2015 and 2017, and
was not restricted to individual stations or localised areas.
Polychaete distributions in 2015 and 2017 were almost
identical, the only difference was the higher abundance
recorded in 2017.

As previously observed at DWG, the community variation
in 2017 was associated with the physical characteristics

of the sediments and depth. It is possible that the lower
amphipod abundance in 2017 may be associated with the
general reduction in coarser grained sediments across
the survey area. However, it is also likely that the change
between years is the result of natural faunal variation.

Changes have been identified in the community composition
and structure over the 2001 to 2017 monitoring period.
These changes represent widespread regional variations
and are not related to operational activities at DWG. There
was no evidence to suggest that operations at DWG have
negatively affected the benthic macrofauna within the
survey area.

Table 3.2.16 Taxa in Survey Area and Station Average Abundance (N.m2) for Major Taxonomic Groups, DWG Surveys

2001 to 2017

Taxa 5 5 7 6 3 3 3
Class Polychaeta

n.m2 235 29 72 118 21 92 383
Class Taxa 5 4 4 3 3 3
Oligochaeta n.m?2 547 92 170 105 91 86 91

Taxa 6 3 3 5 3 4 3
Order Cumacea

n.m=2 31 2 2 28 59 10 29

. Taxa 21 35 37 35 29 30 30

Order Amphipoda

n.m= 1295 1211 1343 2644 2872 1560 971

Taxa 1 1 1 1 1 1 1
Order Isopoda

n.m? 7 1 4 11 2 2 4
Class Insecta n.m? 9 7 1 2 <1 0 1

Taxa 7 16 12 14 15 10 2
Class Gastropoda

n.m? 26 29 31 42 45 39 5

Taxa 1 4 5 3 2 3
Class Bivalvia

n.m? <1 28 1
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3.2.6. Chirag Platform

This first survey at Chirag was carried out in 1998. This
was not a baseline survey, as production had commenced
at the platform with several wells being drilled before the
1998 survey. However, the area around the Chirag platform
was included in the 1995 AIOC environmental baseline
study. The 1998 survey was followed by a survey in 2000.
The 1998 and 2000 survey station arrays differed to the
array used on later surveys at Chirag.

From 2004 a biennial monitoring programme was
implemented. The survey design consisted of 30 sampling
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stations, arranged in circles at 250, 500, 750, 1000, and
1200 metres from the platform. In 2006 an additional three
stations were added to the 2004 design on a bearing of
045° (grid), the direction of greatest impact identified by
the 2004 survey. This design was used on all subsequent
biennial surveys at Chirag (Figure 3.2.18 A).

In addition to the biennial monitoring surveys, reduced
scope surveys focussing on the area within 500m from
the platform and designed to detect the spread of drilling
discharges were introduced in 2015 and 2017 (Figure
3.2.18 B).
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Figure 3.2.18 Chirag surveys 2004 - 2017 sampling stations

On average there was very little change in mean diameter
or silt clay content within the 2017 survey area over the
2004-2017 monitoring period. The mean diameter results
in surveys carried out between 2012 and 2017 exhibited
the greatest similarity and were generally lower than the

values observed on 2004-2012 surveys (Table 3.2.17).
Although localised differences have been observed
at individual stations over recent surveys, the general
distribution patterns of key physical parameters have
remained consistent.

Table 3.2.17 Sediment physical properties: Chirag surveys 1998 to 2017

Mean diameter ym 403 363 695 685

609 704 457 503 366 403 433

Silt/Clay % 34 40 28 27

33 32 33 30 31 35 36

The spatial distributions of hydrocarbon parameters in
2017 were similar to those observed on recent surveys at
Chirag. Higher THC concentrations are generally present
at stations to the north of the platform extending 600m west

and 700m northeast (Figure 3.2.19). The composition of
the hydrocarbon compounds present in all samples were
indicative of weathered material being present throughout,
with no samples containing freshly deposited material.
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Figure 3.2.19 Spatial variation of THC concentration (ug.g), Chirag survey 2017

LAQ drilled cuttings have been discharged to the seabed at
Chirag between 1998-2009 and 2013-2017. The presence
of LAO has been detected in samples on all surveys from
2004 onwards. The highest concentrations were recorded
in surveys carried out in 2004 and 2006, concentrations
then reduced on each consecutive survey until 2015 and
2016 when higher concentrations were recorded (Table
3.2.18).

The LAO contamination footprint area has remained
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relatively stable over the three most recent surveys: centred
on station 34 and extending to the northeast and west. The
concentration at station 34 was substantially lower in 2017
from the level recorded in 2016 and to a lesser extent 2015.
Despite the continued discharge of LAO drilled cuttings
at Chirag, the spatial extent of the LAO contamination
footprint in 2017 and the recorded concentrations have
reduced from those recorded in previous surveys (Figure
3.2.20).
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Figure 3.2.20 Spatial variation of LAO concentration (ug.g™'), Chirag surveys 2016 & 2017
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Table 3.2.18 Sediment hydrocarbon concentrations: Chirag surveys 1998 to 2017

THC, pg.g™ 596 | 553 154 163 43 38 79 50 90 66 41
TPH, pg.g”’ 596 | 553 92 69 33 34 76 50 79 34 40
Total 2-6 ring PAH, ng.g™! 1756 | 666 | 645 | 403 184 | 217 | 483 | 227 | 220 | 208 154
LAO, ug.g™ NM NM 111 121 26 11 11 2 38 65 1
LAO Stations detected NM NM 17 28 11 15 12 5 9 8 6

The concentrations of most metals have remained have remained relatively stable over recent surveys. The
consistent over the monitoring period (Table 3.2.19). highest concentrations were recorded at stations to the
Average barium concentrations and the spatial extent and northwest and northeast of the platform (Figure 3.2.21).
magnitude of the footprint of elevated Ba concentrations
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Figure 3.2.21 Spatial variation of Ba fusion concentrations (mg.kg™), Chirag surveys 2016 & 2017
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As NM NM 31 30 22 27 29 25 NM 29 NM
Ba HNO, 1359 | 7160 | 7853 | 13358 | 9587 | 15093 | 6322 | 6493 NM 5998 NM
Ba Total (fusion) NM NM | 26389 | 19066 | 13015 | 19724 | 13938 | 16040 | 16469 | 14525 | 15522
Cd 0 NM 0.21 0.43 0.48 0.46 | 0.241 | 0.207 NM 0.210 NM
Cr 37 44 44 46 44 47 40 44 NM 40 NM
Cu 26 22 21 26 22 23 25 2.5 NM 24 NM
Fe 23160 | 31064 | 25958 | 33070 | 28258 | 29820 | 29535 | 28429 | NM | 30758 | NM
Hg 0.04 0.03 0.07 0.03 0.03 0.04 | 0.029 | 0.034 NM 0.038 NM
Mn NM NM NM 506 455 508 617 486 NM 489 NM
Pb 29 23 22 21 17 25 17 18 NM 17 NM
Zn 81 75 56 65 57 76 70 69 NM 72 NM

The macrobenthic community in 2017 was very similar in
composition to the communities present on recent surveys,
and continues to increase in abundance throughout the
survey area - particularly in amphipods and polychaetes
(Table 3.2.20).

Increases in abundance have been observed at stations
previously identified as being impacted by discharges

at Chirag. However, station 34, the station closest to
the discharge point and historically the most affected by
discharges, remains biologically distinct. It is likely that
the chemical composition of sediments around station
34 combined the on-going discharges are inhibiting the
recovery at station 34 which has been observed at other
previously impacted stations.

Table 3.2.20 Taxa in survey area and station average abundance (N.m2) for major taxonomic groups, Chirag surveys 1998

to 2017

Taxa 5 6 3 3 3 3 3 3 3 3 3
Oligochaeta

n.m-2 701 745 514 281 85 115 101 103 84 197 177

Taxa 2 4 ) ) 6 6 ) ) 4 B 2
Polychaeta

n.m-2 229 412 221 123 81 441 319 228 438 579 634

Taxa 23 13 10 12 13 27 23 25 23 28 26
Amphipoda

n.m= 485 841 414 272 79 457 672 | 2049 | 1179 | 2264 | 2743

Taxa 1 1 2 2 1 1 1 1 1 1 1
Isopoda

n.m= 46 15 8 14 1 4 4 4 3 6 3

Taxa 4 3 5 5 3 5 7 6 5 6 5
Cumacea

n.m= 104 103 74 76 7 30 111 84 59 73 205
Insecta n.m-2 7 46 148 20 1 1 1 1 0 1 0

Taxa 7 7 7 1 4 3 8 6 1 8 5
Gastropoda

n.m-2 22 7 129 0 4 1 6 2 0 3 4

Taxa 3 3 4 ) 2 3 4 ) B ) B
Bivalve

n.m-2 306 14 | 1021 220 18 78 145 69 6 39 19
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3.2.7. West Chirag Platform

A baseline survey was carried out at West Chirag in 2003.
The 2003 survey comprised 15 stations arranged in a
triangular grid and was centred 500m SW of the West Chirag
platform location. When the planned platform position was
revised, an additional baseline survey was carried out
in 2009, comprising 12 stations centred on the updated
platform position. A post platform installation survey was
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Figure 3.2.22 West Chirag (2003 & 2014) & COP (2009)
sample stations

carried out in 2014. The 2014 survey design added 11
stations to the 2009 sample station array. An overlay of the
2003, 2009 and 2014 sample station positions are provided
in Figure 3.2.22.

From 2016 a biennial monitoring schedule was implemented
at West Chirag. The 2016 monitoring survey sampled the
2014 survey station positions (Figure 3.2.23).
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Figure 3.2.23 West Chirag sample stations 2014 & 2016
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Sediments within the West Chirag survey area are
heterogeneous with a wide range of particle sizes presentin
samples from across the survey area. In general sediments
within the survey area were coarser in 2016 than observed
on previous surveys (Table 3.2.21). Although some variation
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was observed in the physical characteristics at a small
number of stations between 2014 and 2016, the overall
spatial distribution has remained relatively consistent over
the monitoring period.

Table 3.2.21 Sediment physical properties: West Chirag surveys 2003 to 2016

Mean diameter ym 319 398 382 575
Carbonate % 51 47 49 60
Organic % 2.8 3.5 2.7 2.0
Silt/Clay % 40 48 40 27

Hydrocarbon concentrations were low throughout the
survey area in 2016. As observed on previous surveys
at West Chirag, the spatial distributions of aromatic and
aliphatic compounds were independent of each other
and the general composition was indicative of heavily
weathered material being present throughout the survey
area (Figure 3.2.24).

THC concentrations were similar to those recorded on
previous surveys, while 2-6 ring PAH concentrations were

lower (Table 3.2.22). The concentration and composition of
all compounds were consistent with the background levels
recorded within the ACG Contract Area.

Hydrocarbon based drilling fluid compounds were detected
at low concentrations in a number of samples in 2014 and
2016. The distribution and concentrations recorded in 2016
were unchanged from those observed in 2014 when the
material was first detected. The source of the contamination
was a small spill of OBM which occurred in 2014.
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Figure 3.2.24 Spatial variation of TPH & 2-6 ring PAH concentrations, West Chirag survey 2016

For the majority of metals, the variation across the survey
area has been low on all surveys and the survey wide
average concentration has remained relatively consistent
over the 2003 to 2016 monitoring period (Table 3.2.23).

Barium in the form of barites in WBM was discharged to the
seabed during MODU drilling operations between 2010 and
2013, these discharges have resulted in higher average Ba
(fusion) concentrations within the WC survey area in 2014
and 2016 (Table 3.2.23). Since the installation of the West
Chirag platform there have been no drilling discharges; all

WBM & LTOBM drilled cuttings have been reinjected back
into the well.

In 2016, the spatial distribution of elevated Ba
concentrations has remained consistent to that observed
in 2014, but has increased in size (Figure 3.2.25). As no
additional discharges have taken place between the 2014
and 2016 surveys, the larger footprint observed in 2016 is
likely due to the spread of previously discharged material
by natural physical processes.

Table 3.2.22 Sediment hydrocarbon concentrations: West Chirag surveys 2003 to 2016

THC (ug.g™) 22 12 24 23
HC drilling fluid (ug.g) ND ND 2 2
2-6 PAHs (ug.g™") 250 209 174 125

ND Not Detected
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Table 3.2.23 Sediment metal concentrations: West Chirag surveys 2003 to 2016
As 9 16 18 19
Ba HNO, 4908 5362 4954 6832
Ba fusion NM 6731 9997 12844
Cd 0.18 0.31 0.16 0.16
Cr 39 53 48 50
Cu 23 24 22 19
Fe 19910 27429 29906 26157
Hg 0.110 0.036 0.033 0.010
Mn 453 553 609 662
Pb 15 18 15 12
Zn 53 56 63 61
NM Not Measured
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Figure 3.2.25 Spatial variation of Ba fusion concentrations (mg.kg'), West Chirag surveys 2014 & 2016
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The 2016 West Chirag macrobenthic community was
abundant and taxonomically rich and similar in composition
to the community present in 2014 (Table 3.2.24). As
observed on previous years, the community structure within
the survey area was generally related to sediment physical
properties, with more abundant, diverse and species rich
communities present in areas where sediments have a
higher proportion of coarse grained particle size fractions
and lower proportions of silt and clay content.

A general reduction in the abundance of amphipods was
observed throughout the survey area between 2014 and
2016, while an increase was observed in the abundance of
polychaetes. As these changes were observed throughout
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the entire survey area, it is expected that they represent
natural faunal variation and are unrelated to operational
activities at West Chirag.

There was no evidence to suggest that operations at West
Chirag have negatively affected the benthic macrofauna
within the survey area. The only impacts identified from
production/drilling operations are an area of elevated Ba
concentrations from the discharge of WBM drill cuttings
which took place prior to the installation of the platform,
and low concentrations of hydrocarbon based drilling fluid
from an accidental spill which occurred in 2014.

Table 3.2.24 Taxa in survey area and station average abundance (N.m2) for major taxonomic groups, West Chirag

surveys 2003 to 2016

Taxa 4 5 1 4
Class Polychaeta
n.m2 348 1043 108 243
Taxa & & & &
Class Oligochaeta
n.m= 559 249 178 235
Taxa 3 6 6 5
Order Cumacea
n.m= 9 47 74 47
Taxa 20 36 34 34
Order Amphipoda
n.m= 419 2123 2387 1982
Taxa 2 2 1 1
Order Isopoda
n.m=2 5 4 3 2
Class Insecta n.m= 123 13 2 0
Taxa 5 3 5 5
Class Bivalvia
n.m2 10 17 16 7
Taxa 18 23 16 7
Class Gastropoda
n.m2 45 300 65 57

3.2.8. ACG- Sangachal Subsea Export
Pipeline Route

Environmental surveys along the ACG-Sangachal export
pipeline were carried out in 2000 and biennially between
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2006 and 2014. The survey design comprises 15 seabed
stations along the ~85 km pipeline route between the Chirag
platform and the Sangachal Terminal (Figure 3.2.26)
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Figure 3.2.26 Location of ACG Pipeline survey area and seabed sample stations

The physical and chemical characteristics of sediments
along the pipeline route have exhibited a clear pattern on
all surveys. A general distinction can be made between the
stations from the eastern and western parts of the survey
area, the demarcation point being stations 6 and 7, south
of Zhiloy Island.

The eastern part of the pipeline route (stations 1 to 6)
was characterised by very low levels of all hydrocarbon
fractions, with total hydrocarbon concentrations at station

6 close to the lower detection limit of the analysis on
all surveys. At stations 7 to 15, concentrations of all
hydrocarbon fractions were higher. Total hydrocarbons
generally increased from stations 7 to 15, approaching
Sangachal Bay. The distribution along the pipeline route
and the heavily weathered nature of the hydrocarbon
compounds present is indicative of historical contamination
from coastal sources.
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Figure 3.2.27 Sediment THC concentrations (ug.g'), ACG-Sangachal pipeline route surveys 2000 to 2014.
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The concentrations and distributions of most metals have
not changed significantly over the period of surveys. In
general the distributions were related to the levels of
sediment silt/clay content along the pipeline route. Notable
exceptions were the distributions of Ba and Hg (Figure
3.2.28).

Barium concentrations, which are taken as being indicative
of drilling waste on the seabed, were elevated at either end
of the pipeline route, i.e. at stations within the ACG contract

Nearshore Environmental Specific Environmenta

Onshore Ambient Summary List of Tables & Figures

Studies Environmental Monitoring

area, and at the shallowest stations in Sangachal Bay.

Mercury concentrations are lowest at stations located
on the eastern end of the pipeline route; within the ACG
contract area. From station 6 moving west, concentrations
increase and are highest at stations 12 and 13. As with
hydrocarbon contamination, the distributions of Ba and
Hg are indicative of historical industrial contamination,
unrelated to BP activities.
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Figure 3.2.28 Sediment Ba & Hg concentrations (mg.kg™"), ACG-Sangachal pipeline route surveys 2000 to 2014.
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Although there has been a significant turnover of species;
which reflects changes observed over the wider region,
the structure of the macrobenthic communities of the
pipeline route have remained stable over the fourteen year
monitoring period.

All surveys have identified a clear demarcation between
the more abundant and taxonomically rich communities in
the offshore, eastern part of the survey area, and the sparser
communities dominated by bivalves and polychaete worms,
present in the more coastally-influenced, shallower western
part. Figure 3.2.29 gives the total taxa and abundance
results from the 2014 survey, which illustrates the general
pattern observed on all surveys along the pipeline route.

From the results received over the 2000 to 2014 monitoring
period, there has been no evidence to suggest that BP
operations have influenced the physical, chemical or
macrobenthic community characteristics along the pipeline
route.
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Figure 3.2.29 Abundance (N.m?) & taxonomic richness, ACG-Sangachal pipeline route survey 2014.
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3.3. Shah Deniz (SD) Contract Area

The SD contract area in the Azerbaijan sector of the Several exploration wells have been drilled in the SD
Caspian Sea is approximately 15 km south of the nearest contract area including the Stage 1 Alpha platform (SDA)
land, Shahdilli spit (Figure 3.3.1). Water depth ranges which was installed in 2006.

from 20 to over 700 metres, the seabed slopes generally

downward from northwest to southeast.

The SD Bravo platform was started-up in July 2018.
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Figure 3.3.1 Location of the Shah Deniz Contract Area

3.3.1. Shah Deniz Regional survey

Regional environmental surveys have been
1998, 2000, 2001, then biennially from 2005

conducted in survey design comprises 13 sample stations spread across
to 2015. The the SD contract area (Figure 3.3.2)
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Figure 3.3.2 Sediment sample station positions, Shah Deniz Regional surveys 1998 to 2015

Sediments in the Shah Deniz Contract Area were of two three stations in the central part of the contract area (26, 27,

types. At the majority of stations, the sediments consisted and 29) sediments are coarser with a wide range of particle
entirely or almost entirely of silt and clay particles. While at size classes present (Figure 3.3.3).
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Figure 3.3.3 Station average mean diameter, SD Regional surveys 1998-2015
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Over the survey area, the lowest hydrocarbon concentrations
have been consistently recorded at stations 26, 27, 29, and 30.

On average total hydrocarbon concentrations were highest
during the period 1998 to 2001; after 2001 a large decrease
was recorded in all measured hydrocarbon compounds
over the whole survey area. The lowest hydrocarbon

concentrations were recorded in 2005 or 2007; since that
period, most concentrations measured have increased
by a small amount, but the variations were not consistent
at all stations (Figure 3.3.4). There was no evidence
that operations in the contract area have affected the
hydrocarbon levels at any of the regional stations.
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Figure 3.3.4 Station average total hydrocarbon concentrations, SD Regional surveys 1998-2015

The pattern of metal concentrations over the contract area
appears to be mainly influenced by the natural sediment
variability and results have changed very little over the
period of surveys. The lowest levels of most elements
were found at station 29, with low levels also at stations
26 and 27, and for some elements station 30. The results
of successive surveys show a consistent distribution and
concentration of most metals, with no evidence of continuing
trends of increasing or decreasing concentrations.

There have been large variations in the macrobenthic
community statistics over the period of the monitoring
programme (1998-2015), but the spatial distribution of
the different macrobenthic communities identified has
remained consistent; being influenced by distance from
shore, water depth and the physical structure of sediments.
The most diverse and abundant communities are found
at stations 26, 27, and 29 located with the central part of
the survey area where sediments are coarse grained and
heterogeneous; amphipods were an important feature of
the macrobenthos at these positions.

The communities present at shallow water stations (20-
25) in the northern part of the contract area have been
variable over time with moderate abundance and low
taxonomic richness, while the deepest stations (28, 31 and
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32) have supported a sparse benthic community based on
oligochaetes. The macrobenthic communities recorded
on recent surveys were entirely consistent with historic
observations and there is no evidence of an impact from
operations in the area.

3.3.2. Shah Deniz Alpha Platform

A baseline survey was carried out at the Shah Deniz Alpha
Platform (SDA) location in 2001, this was followed by a
pre-installation survey in 2005 and a biennial monitoring
programme from 2007.

The 2001 baseline survey comprised 14 stations arranged
in a triangular grid pattern centred on the platform location.
An additional 6 stations (15-20) were added to the array in
2005, extending the survey area to a distance of 1000m
from the platform. Figure 3.3.5 gives the sample station
positions for all surveys carried out at SDA from 2001".

“In 2007 the position of stations 10 and 11 were moved to allow
safe clearance of seabed assets. The revised positions were used
in all future surveys.
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Figure 3.3.5 SDA sample stations 2001 - 2017

The SDA survey area straddles a transition between two
different types of sediment, the characteristics of which
have remained stable over the 2001 to 2017 monitoring
period (Table 3.3.1). At the three northernmost stations
(1, 15, and 16) the seabed was composed of well sorted,
very fine silts, with high organic matter and a very high

silt/clay content. The sediments at all other stations are
coarse grained with low proportions of silt and clay (Figure
3.3.6). Stations 2 and 3 lie on the transition between the
two sediments - the characteristics at these positions have
fluctuated between the two main sediment types throughout
the monitoring period.
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Figure 3.3.6 Contour plot of mean particle diameter (um), SDA survey 2015
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Table 3.3.1 Sediment physical properties: SDA surveys 2001 to 2017

Mean diameter um

184

180

181

230

158

149

144

141

Silt/Clay content %

21

29

29

28

25

28

28

28

The composition and concentration of hydrocarbons from
across the SDA survey area, on all monitoring surveys,
were typical of the regional background for the sediment
types present; higher concentrations are naturally present
in the fine silt clay sediments within the northern third of the
survey area (Figure 3.3.7).

Compounds associated with the SBM component of the
WBM system used at SDA were detected in samples from
seven stations in 2015 and 2017, and from one station in
2013. Although a slightly different spatial distribution was
observed in the 2015 and 2017 surveys, the stations where
the compounds were detected were generally consistent on
both surveys: predominantly located to the west, southwest
and south of the platform.

The SBM concentrations present in 2013 and 2015 were
typically low (>25 ug.g™'), while higher concentrations were
present in 2017. The highest average concentrations in
2017 were recorded at stations 7 (230ug.g™"), 11 (42ug.g™")
and 12 (28ug.g’). At all other stations the concentrations
were very low, ranging from below the detection limit to
11ug.g™”' (Figure 3.3.8).

The 2017 mean THC concentration was the highest

recorded over the 2001 to 2017 monitoring period (Table
3.3.2). The increase in the mean concentration between
2015 (75 ug.g™") and 2017 (139 pg.g') was influenced by
higher background concentrations recorded at stations 1
and 3, and to a lesser extent station 7 - where the higher
concentration in 2017 was due to the presence of SBM.
When the data from these stations were excluded, there
was very little difference in the mean concentrations
between 2015 (x = 25 pg.g™") and 2017 (x = 28 ug.g™").

Hydrocarbon concentrations are generally higher in
surveys conducted between 2013 and 2017. It is possible
that the higher THC concentrations in post-2011 surveys
reflect a general increase in the concentration of sediment
hydrocarbons across the survey area. However, as the
small differences correspond to a change in the laboratory
service provider, which took place in 2011, the higher
concentrations may be the result of analytical variation.

With the exception of the high background concentrations
at stations within the north of survey area, and the elevated
concentration at station 7 (from the presence of drilling
discharges), the THC concentrations in sediments around
SDA are low.

Table 3.3.2 Sediment hydrocarbon concentrations: SDA surveys 2001 to 2017

THC pg.g” 100 55 35

39 40 68 75 139

Total 2-6 ring PAH ng.g”' 388 214 230

247 264 336 247 312
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Figure 3.3.7 Spatial variation of THC concentrations, SDA survey 2017
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Figure 3.3.8 Spatial variation of SBM drill fluid concentrations, SDA survey 2017

The variation in sediment metal concentrations across the
SDA survey area were generally related to the sediment
silt and clay content and were typical of the regional
background composition for the sediment types present.

As a result of the discharge of WBM drilled cuttings at
SDA, elevated concentrations of Ba have been recorded at
stations directly adjacent to the platform.

After an increase in the Ba concentration at stations 11, 12
and 14 between 2013 and 2015, the footprint of elevated
Ba concentrations — indicating the presence of discharged

WBM drilled cuttings — has remained relatively stable
between 2015 and 2017, and includes stations 11, 12 and
14: south of the platform, and station 7: 250m west of SDA
(Figure 3.3.9).

The mean concentration of barium (fusion) was highest in
the two most recent surveys at SDA. These higher mean
concentrations were due to the higher concentrations
present at stations directly to the south and west of the
platform; at all other stations the Ba concentrations were
low and typical of the regional background concentration.
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Table 3.3.3 Sediment metal concentrations: SDA surveys 2001 to 2017
As 9 8 10 13 12 1" 12 10
Ba HNO, 1343 532 892 703 1465 1578 2323 3647
Ba Fusion NM 1260 1830 1145 1987 2183 3999 6469
Cd NM 0.12 0.16 0.18 0.16 0.15 0.15 0.12
Cr 28 42 29 33 31 34 30 33
Cu 16 10 14 11 12 15 14 10
Fe 15330 18066 20329 19073 19901 20057 19519 17717
Hg 0.031 0.029 0.034 0.031 0.049 0.039 0.039 0.051
Mn NM NM 588 606 643 634 639 608
Pb 22 9 10 12 10 1 1 15
Zn NM 35 35 40 44 44 45 38
NM Not Measured
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Figure 3.3.9 Spatial variation of Ba fusion concentrations (mg.kg"), SDA surveys 2015 & 2017
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The 2017 macrobenthic community in the SDA survey area
was numerically dominated by amphipod crustaceans and
polychaetes. The abundance of all other taxonomic groups
was low (Table 3.3.4).

While the average abundance of most taxonomic groups
in 2017 was comparable to the communities present in
previous surveys, the average abundance of polychaetes
increased substantially between 2015 and 2017, becoming
the numerically co-dominant taxa with amphipods. Although
the survey wide average abundance of amphipods was

comparable to the averages recorded in previous surveys,
large variations in abundance were observed at individual
stations between 2015 and 2017.

The greatest reduction in amphipod abundance and
increase in polychaete abundance between 2015 and 2017
was observed at stations directly to the west and south of
the SDA platform. As this localised area corresponds to the
drilling discharge contamination footprint, it is possible that
the faunal variation observed within this area may have
been influenced by drilling discharges from SDA.

Table 3.3.4 Taxa in survey area and station average abundance (N.m) for major taxonomic groups, SDA surveys

2001 to 2017

Taxa 5 6 7 7 5 5 5
Class Polychaeta

n.m2 1270 1909 1262 953 504 249 605 4117

Taxa 3 4 3 3 3 3 3
Class Oligochaeta

n.m= 325 265 137 177 173 134 117 118

Taxa 8 10 13 10 9 9 8 7
Order Cumacea

n.m2 149 237 253 52 67 139 194 117

Taxa 29 28 33 33 31 30 32 29
Order Amphipoda

n.m= 703 2074 1806 1757 1831 3113 4151 3962

Taxa 2 2 2 1 1 1 1 1
Order Isopoda

n.m2 4 14 2 2 1 2 1 <1
Class Insecta n.m= 33 45 32 25 2 1 4 1

Taxa 4 18 27 18 12 12 12 5
Class Gastropoda

n.m2 37 108 209 22 11 8 15 5

Taxa 5) 5 5 4 3 5 4 )
Class Bivalvia

n.m= 384 1095 172 51 21 26 13 6

3.3.3. SDX-4 Well Site

A pre-drill baseline survey was carried out at the SDX-4
well site in 2005 and was followed by a post-drill survey
in 2008. The location of the SDX-4 well site within the
SD contract area is provided in Figure 3.3.10. The 2005
baseline survey comprised 7 stations arranged in a cross
design centred on the well site, while the post-drill survey
comprised 22 stations (Figure 3.3.11).
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Figure 3.3.10 Position of SDX4, SDX5, SDX6 & SDII-WF Well Sites

1 2
4407400 | + + -
+
4407200 u
4407000 :3. ‘!;. B
+ +
4406800 5+ 6_,_ 7_,_ %. |
44066009 10 11 SDX4 12 13 14
+ + + + + + +
4406400 | 15 16 17 18 B
+ + + +
4406200 +19 20 + u
+ +
4406000 u
+
4405800 u
2;] 22

Figure 3.3.11 SDX-4 sampl

56 |

I T I

I T
450600 450800 451000 451200 451400

+ 2005 Baseline Stations
+ 2008 Post-Drill Stations

e stations, 2005 & 2008 surveys

4
T T

I T
451600 451800 452000 452200 452400



Offshore Ambient
Environmental Monitoring

Sediments within the SDX-4 survey area, on both surveys,
were a homogenous very fine silt/clay with almost no
variation across the survey area.

Hydrocarbon and metal results from the 2008 post-drill
survey were very similar to those recorded during the
2005 baseline survey, and were characteristic of the

concentrations recorded from comparable locations and
depths within the SD contract area.

Higher levels of Ba were recorded at two stations adjacent
to the platform in 2008, possibly indicating the presence
of small amounts WBM discharged during drilling (Figure
3.3.12).
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Figure 3.3.12 Ba fusion concentrations, SDX-4 post-drill survey 2008

The macrobenthic community was characterised by low
abundance and species richness throughout and was
dominated by annelids. Overall, the community present
was similar to those present in the 2005 SDX4 baseline
survey and the results from previous surveys from a similar
depth and location. There was no evidence of impact to
the macrobenthic community from the drilling operations
at SDX-4.

3.3.4. SDX-5 Well Site

A baseline survey was carried out at the SDX-5 (Figure
3.3.10) well site in 2007 and was followed by a post drill
survey in 2010. The survey design consisted of 13 sample
stations, the layout of stations is given in Figure 3.3.13.
Due to the presence of a Navy prohibited area, no samples
could be taken west of stations 14, 9, 4 & 1.
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Figure 3.3.13 SDX-5 sample stations, 2007 & 2010 surveys

+ T T T
459700 459800 459900 460000

| 57



Offshore Ambient
Environmental Monitoring Ambient Monitoring

Introduction Background

Nearshore Environmental Specific Environmental
Studies Environmental Monitoring

Onshore Ambient Summary List of Tables & Figures

Sediments within the SDX-5 survey area, on both surveys,
were a homogenous very fine silt/clay with almost no
variation across the survey area. Slightly coarser sediments
were present at station 8 (adjacent to the well site) in 2010,
suggesting the presence of discharged drill cuttings.

The presence of hydrocarbon compounds indicative of
SBM were detected in samples from stations 4 and 8. SBM
drilled cuttings were not intentionally discharged during
drilling at SDX-5. It is possible that the SBM present at
stations 4 and 8 was the result of a discharge of WBM
cuttings which were contaminated with SBM drilling fluids.

Very high concentrations of Ba (fusion) were recorded at
station 8 in 2010, indicating the presence of discharged
water based driling mud. Other than slightly higher
concentrations at stations 3 and 11, the Ba levels at all
other stations were unchanged from those recorded in
2007.

As a result of the depth of the survey area (>500m),
the macrobenthic community on both surveys was
characterised by extremely low abundance and species
richness throughout.
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With the exception of the SBM and high concentrations of Ba at
station 8, the metal composition and hydrocarbon content
in sediments in 2010 were similar to those recorded in the
2007 baseline survey, indicating that contamination from
drilling discharges at SDX-5 was isolated to station 8 -
directly adjacent to the well site.

3.3.5. SDX-6 Well Site

A baseline survey was conducted at the SDX-6 well site in
2008 (Figure 3.3.10). A post-drill survey will be carried out
on completion of the drilling/construction activities.

3.3.6. SDII-WF Well Site

A pre-drill baseline survey was carried out at the SDII-WF
well site in 2009 and was followed by a post-drill survey
in 2016. The location of the SDII-WF well site within the
SD contract area is provided in Figure 3.3.10, above. The
position of the SDII-WF sample stations is provide in Figure
3.3.14, below.
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Figure 3.3.14 SDII-WF sample stations, 2009 & 2016.

The geographical variation in the physical characteristics
and survey area mean values in 2016 were similar to those
observed in 2009 (Table 3.3.5).

Total hydrocarbon concentrations at a number of stations
were heavily influenced by high concentrations of
compounds associated with hydrocarbon-based drilling
fluids. The highest concentrations were centred on station
7 located directly to the southeast of the well cluster and
extended predominantly to the east, southwest and south
of the well site. These compounds were either absent or
present in very low concentrations in the north-western half
of the survey area (Figure 3.3.15).

The spatial distributions of PAH and TPH in 2016 were
very similar to those observed in 2009. An increase in the
concentration of TPH and PAH was recorded throughout
the survey area in 2016 (Table 3.3.5); the increase in the
concentration of both measures were generally highest at
stations within the south-eastern half of the survey area.
The relationship between the distribution of HC drilling fluid
compounds and the increase in TPH or PAH was weak,
suggesting that, in general, the large increases in TPH and
PAH recorded in 2016 were not entirely related to drilling
discharges.

Table 3.3.5 SDII-WF physical characteristics & hydrocarbon concentrations: survey area mean values, 2009 & 2016

Mean diameter um 26 22
Silt/Clay % 66 61
TPH pg.g™" 34 154
2-6 Ring PAH ng.g™ 232 179
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Figure 3.3.15 Station average hydrocarbon-based drilling fluid concentrations, SDII-WF post drill Survey, 2016

The distribution of most metals was associated with natural
variations in sediment silt & clay content and the survey
wide concentrations were relatively similar on both surveys
(Table 3.3.6). The discharge of WBM has resulted in a
highly elevated concentration of Ba at station 7 directly

to the SE of the well cluster. The footprint of elevated Ba
concentrations (>10,000mg.kg™") extends 550m east, 300m
west and 450m south from the centre of the well cluster
(Figure 3.3.16).

Table 3.3.6 SDII-WF sediment metals: survey area mean concentration (mg.kg'), 2009 & 2016

T

~ ETEEET

As 18 11
Ba HNO3 325 3101
Ba Fusion 489 18272
Cd 0.13 0.11
Cr 60 45
Cu 21 19
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Fe 26371 22806
Hg 0.05 0.01
Mn 525 520
Pb 16 13
Zn 63 55
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Figure 3.3.16 Spatial variation of Ba (fusion) concentrations (mg.kg™'), SDII-WF post-drill survey, 2016

Overall the 2016 macrobenthic community had fewer
taxa and a lower average abundance than the community
present in 2009. Community changes with regard to
polychaete community structure and gastropod presence
were consistent with regional fluctuations and were not
associated with drilling activities (Table 3.3.7).

The similarity between the 2009 and 2016 macrobenthic

communities was found to be lowest at stations within the
combined Ba and HC drilling fluid contamination footprint,
with the greatest change being observed at station 7. The
community change within this area was characterised by a
reduction in oligochaete abundance greater in magnitude
than that observed in other parts of the survey area, and
an absence of polychaete species.

Table 3.3.7 Taxa in survey area & station average abundance (N.m?) for major taxonomic groups, SDII-WF 2009 baseline

survey & 2016 post-drill survey

Taxa 4 3
Polychaeta

n.m? 55 30

Taxa 4 3
Oligochaeta

n.m? 607 253

Taxa 8 7
Cumacea

n.m? 62 178

Taxa 20 14
Amphipoda

n.m= 128 120

Isopoda n.m= 0 1
Insecta n.m? 24 3
Bivalvia n.m=2 0 <1
Taxa 13 0
Gastropoda
n.m? 4 0
Taxa 51 30
Total
n.m? 879 585

| 61



Offshore Ambient
Environmental Monitoring

The greatest impact from drilling discharges was observed
at station 7: 100m SE of the well cluster. The highest
concentrations of Ba and HC drilling fluid compounds were
recorded at this position along with the greatest community
change.

The combined Ba and HC drilling fluid contamination
footprint covered an area 550m east and 450m west
and south from the centre of the well cluster. As the
macrobenthic communities within this area exhibited
the least similarity to the 2009 baseline community, it is
likely that drilling discharges have influenced the different
community structure present within this wider area.

3.3.7. Shah Deniz Phase Il Baseline
Surveys

As part of the Shah Deniz Phase Il development, baseline
surveys were carried out in 2011 at the planned position
of the

»  Shah Deniz Bravo Platform (SDB)
- SDIl East North Manifold (SDEN)
- SDIl East South Manifold (SDES)
»  SDIl West Manifold (SDW)

- SDIl West South Manifold (SDWS)

The planned location of each installation and centre point
of each baseline survey is shown in Figure 3.3.17.

The objective of each survey was to provide data on
the current status of the benthic environment, providing

information on the physical characteristics, sediment
chemistry (hydrocarbon and metal content) and
macrobenthic fauna (species abundance & biomass) at
each location. Post-installation surveys will be carried out
at each location when drilling/construction activities have
been completed.
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Figure 3.3.17 Planned position of SDII installations
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3.4. 2017 Baseline Surveys

Baseline surveys were carried out at the following locations
in 2017

Post-drill/installation surveys will be carried out at each
location on completion of the drilling and construction
activities.
- Shafag Asiman Field — Proposed platform location
» ACG Contract Area — ACE - Azeri Central East

proposed platform location
« SD Contract Area — SDX-8 well site proposed

SD3 platform location

3.5. Environmental summary of offshore fields

Table 3.5.1 Summary of the environmental status of offshore platform locations

Elevated barium concentrations recorded at Spatial variations associated with natural
. 1998- stations located within 500m of the platform (4 . . )
Central Azeri 2016 due to WBM discharge differences in sediment structure. No evidence of
No significant hydrocarbon contamination. any influence from activities at the platform.
Elevated barium concentrations recorded at S W e A e D (e
East Azeri 22%9]26' stations Iocate.d within 300m 9f the platform differences in sediment structure. No evidence of
g;ceirzﬁ:x\rlsc!\:: ?:L)Sr?tr“;r:?:a.\tiyr? significant any influence from activities at the platform.
High levels of weathered, hydrocarbon-based, ) o ) )
drilling fluid and heavy metals (from Pre- Most of the spatial variability is associated with
AIOC activity) recorded 300m northwest of natural differences in sediment structure. Distinctly
2002- the platform. Elevated barium concentrations different benthic communities consistently recorded
West Azeri 2017 recorded at .stations located within 300m of northwest of the platform. The sparse communities
. present at these locations are likely related to pre-
the pla_ltform due _to \_/\_/BM discharge. AIOC drilling operations and there is no evidence of
El:nte;/r[gi?\g(t;iz:ffrsc:gmmrféizr:ltt r;iir;ﬁ;rsgn any influence from recent BP operations.
Elevated barium concentrations recorded at Spatial variations associated with natural
DWG 22%(117' stations Iocateq ‘_Nith"? 500m of the platform differences in sediment structure. No evidence of
%L;estigr#iﬁ?ﬁggr%:;?ggﬁrg;tamination any influence from activities at the platform.
Lower abundance of amphipods recorded at
stations within the area historically affected by
drilling discharges.
Evidence of deposition of synthetic OBM Despite the general recovery observed over recent
- . P Y surveys within the area historically affected by
. 1998- cuttings (increased levels of hydrocarbons, . . . h
Chirag 2017 barium and metals) recorded in sediments drilling discharges, the community at the station
collected within 500-600 m of the platform adjacent to the discharge point remains distinct.
P ’ The lack of recovery at this position is likely due to
ongoing drilling discharges.
Other spatial variations observed are associated
with natural differences in the sediment structure.
Elevated barium concentrations recorded
2009- at stations located within 400m to the north, Spatial variations associated with natural
West Chirag 2016 west and northeast of the platform due to diffe!'ences in sedimeqt .sltructure. No evidence of
WBM discharge. No significant hydrocarbon any influence from activities at the platform
contamination.
Elevated barium concentrations and SBM S.patial varigtions are .associatedl with natura! .
2001- drilling fluid compounds recorded at stations differences in the sediment physical composition.
SDA 2017 located within 300m to the south and west of Possible macrofaunal variation - reduced amphipod
. ) abundance and increased polychaete abundance - at
the platform due to WBM drilling discharge. stations within the drilling discharge affected area.
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3.6. Regional Water & Plankton Surveys

Water quality and plankton sampling have been carried out
within the ACG and SD contract areas and along the ACG-

Table 3.6.1 Water & plankton survey schedule 2000-2015

Sangachal Pipeline route between 2000 and 2015 (Table
3.6.1).
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3.6.1. ACG & ACG-Sangachal pipeline
route water & plankton surveys

Figure 3.6.1 below gives the position of the ACG Regional
water sampling stations and pipeline route plankton
sampling stations. Figure 3.6.2 gives the position of the
ACG survey area plankton sampling stations.

The water column was stratified on all surveys, with a major
temperature decline of more than 10 °C between 15 and 40
metres water depth. This pronounced thermocline isolates
the surface layer from the deeper sub-thermocline layer.

Turbidity and salinity of water samples showed spatial
variation indicative of an influence of proximity to land.
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Stations closer to shore had lower salinity and higher
turbidity/suspend solids (TSS) than stations further
offshore. Concentrations of metals were generally low, and
the variation was patchy. Iron concentrations, however,
displayed a fairly clear influence of proximity to land, with
highest concentrations found at the stations with high
TSS levels. Hydrocarbon content, BOD and COD were
generally below the detection limit in all samples over the
monitoring period.

Nutrient levels were generally higher in samples collected
from below the thermocline, indicating that the removal of
nutrients by phytoplankton metabolism was more prevalent
in surface waters above the thermocline.
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Figure 3.6.2 Location of ACG regional plankton sample stations
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Plankton samples were collected at 15 stations in the ACG
contract area and 5 stations along the ACG-Sangachal
Pipeline route. Samples were collected by surface trawls
of ~100m, using a double bongo net system with mesh
sizes of 53 and 200um.

Table 3.6.2 below gives the number of phytoplankton taxa
recorded for each main taxonomic group on all surveys
from 2004. The data has been separated between the
samples collected within the ACG contract area and
samples collected along the pipeline route.

The number of taxa recorded in 2014 is the highest
recorded in the ACG contract area, which is mainly due to a
large number of bacillariophyta (diatom) species. It should
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Studies
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also be noted that the five chlorophyta species recorded in
2014 is the highest observed in the survey area.

There has been little change in recent surveys in the total
number of taxa and distribution between taxonomic groups
at stations along the pipeline route. As observed within the
ACG survey area, there has been an increase in the number
of chlorophyta species in 2014. However, the number of
cyanophyta species has reduced at pipeline stations, with
the single species in 2014 the lowest number recorded.
The large numbers of bacillariophyta species observed at
offshore ACG stations are not present at coastal pipeline
stations.

Table 3.6.2 Taxonomic richness of major phytoplankton groups, ACG regional and pipeline route surveys, 2000-2014

Cyanophyta 5 6 7 7 9 3 6
Bacillariophyta 16 12 18 10 11 12 23
Dinophyta 9 6 11 13 12 8 13
Chlorophyta 1 0 0 1 1 1 5
Euglenophyta 0 0 0 1 0 0 0
Total : 31 24 36 32 33 24 47

Cyanophyta 7 2 4 5 7 4 1

Bacillariophyta 10 4 14 17 7 13 14
Dinophyta 5 5 9 8 10 9 8
Chlorophyta 1 0 0 0 1 1 3
Total : 23 11 27 30 25 27 26

Table 3.6.3 below gives the zooplankton species recorded
in 53 um and 200 ym net samples from 2006 to 2014.

Cladocera were the most species rich group in ACG 200
pUm net collected samples on all surveys. Overall there has
been very little change in the number of species recorded
in each group between 2006 and 2014. When the pipeline
and ACG data are compared, a generally higher number
of Cladoceran species are present in ACG samples than
pipeline samples, and although being consistently present
in pipeline samples, Rotatoria are absent from ACG
samples. This indicates a difference in the composition of
coastal and offshore zooplankton communities.

In numerical terms, and as a proportion of zooplankton
biomass, the zooplankton community was dominated
at all stations by the copepod Acartia tonsa. The other
ecologically significant observation was the presence in
all samples of the invasive ctenophore Mnemiopsis leidyi.
Its density in 2014 ranged from 34 to 67 individuals per
cubic metre of seawater, a similar but less spatially variable
density to the 16 to 94 individuals per m® recorded in 2012.
This organism appears to have become established as a
permanent component of the zooplankton in the middle
Caspian Sea, but has not been found at the high densities
known to have caused environmental problems in other
seas.
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Table 3.6.3 Taxonomic richness of zooplankton groups, ACG regional and pipeline route surveys, 2006-2014

Cladocera 4 4 4 4 4 3 4 4 2 1
Copepoda 1 2 2 2 2 1 2 2 2 2
Ostracoda 1 1 1 1 1 1 1 1 1
Rotatoria 1

Mysidea Nauplii 1

Cumacaea larvae 1

Polychaete larvae 1 1 1 1 1
Cirripedia Nauplii 1 1 1 1 1 1 1 1 1
Mollusc larvae 1 1 1 1 1 1 1 1
Scyphozoa 1

Ctenophora 1 1 1 1 1

Cladocera 2 2 2 3 3 2 2 3 1 2
Copepoda 1 1 1 2 2 1 1 1 2 2
Ostracoda 1 1 1 1
Rotatoria 3 3 2 1 3 3 2 1
Mysidea Nauplii 1

Cumacea larvae 1

Polychaete larvae 1 1 1 1 1
Cirripedia Nauplii 1 1 1 1 1 1 1 1 1
Mollusc larva 1 1 1
Scyphozoa

Ctenophora 1 1 1 1 1
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Figure 3.6.3 gives the location of plankton sampling stations within the SD contract area.
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Figure 3.6.3 Location of SD regional plankton sample stations

The number of taxa, distribution of taxa between major
phytoplankton groups, and identity of the commonest
species in 2015 was different to the communities described
in recent surveys (Table 3.6.4). Diatoms (Bacillariophyta)
and dinoflagellates (Dinophyta) have consistently been

important constituents of the phytoplankton community
and have remained as such. In 2015, more dinoflagellate
species and many more diatom species were recorded.
Conversely, there were fewer species of blue-green algae
(Cyanobacteria).

Table 3.6.4 Species diversity of major phytoplankton taxonomic groups, Shah Deniz regional surveys 2000-2015

Cyanophyta 2 4 © 8 6 6 &
Bacillariophyta 3 8 7 13 12 9 21
Dinophyta 5 9 & 12 14 14 16
Chlorophyta 0 0 1 1 1 1 2
Total 10 21 18 34 33 30 42

The number of taxa found in each zooplankton survey in the
SD contract area is shown in Table 3.6.5. The 2015 survey
shows a continuing recovery from the sparse community
recorded in 2005 and 2009. The zooplankton community in
2015 was similar to the community present in 2011, though

68 |

less variable over the survey area. As in all the previous
Shah Deniz contract area regional surveys, Acartia tonsa
was the dominant taxon, adult specimens constituting, on
average, 39% of the individuals and 80% of the biomass.
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Table 3.6.5 Zooplankton taxonomic richness, Shah Deniz regional surveys 2000-2015

Taxa | 20 18 2 6 6 8 9 13 9 13 11 15
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4.1. Sangachal Bay Surveys

4.1.1. Sangachal Bay environmental
survey

Environmental surveys are carried out at Sangachal Bay
(Figure 4.1.1) to monitor potential environmental changes
arising from operations at Sangachal Terminal and/or the
installation/presence of pipelines within the Bay.

r__-_-____ﬂ

Aganaran Paninnugls -

L___

Figure 4.1.1 Sangachal Bay location
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Surveys were initially conducted in 2000 and 2003,
comprising 24 sediment sampling stations located within
the northern coastal sector of the bay (North of 4449000N).
In 2006 the survey design was updated to a triangular grid
design comprising 57 sediment stations - covering a larger
area within the Bay, and 5 water and plankton sampling
stations (Figure 4.1.2)". From 2006, surveys have been
carried out at Sangachal Bay in 2008, 2010, 2013 and
2015.

* Over the 2006 -2015 monitoring period the position of a number
of sediment sampling stations have been moved slightly from their
original 2006 position.
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Figure 4.1.2 2006 Sangachal Bay sediment (A) and water (B) sampling stations

The physical characteristics of sediments within the bay
cover a wide range; from homogenous very fine silt clays
to heterogeneous coarser grained sediments. From 2006

the survey wide physical characteristics and distributions
within the Bay have remained relatively stable (Table 4.1.1).

Table 4.1.1 Sediment physical properties: Sangachal Bay surveys 2000 to 2015

Mean Diameter pm 310 361

402 263 288

Silt/Clay % 44 44

45 48 44

There is a high level of variability in the hydrocarbon
characteristics of the sediments across the survey area
but distribution patterns have remained broadly similar
over time. The highest concentrations have consistently
been recorded at stations on the eastern boundary of the
survey area, particularly at stations 61 and 62 extending to
the southeast of the Bay, marking the transition to the more
heavily contaminated sediments in the deeper waters outside
of Sangachal Bay (Figure 4.1.3). The higher hydrocarbon
concentrations outside the Bay originate from historical
industrial sources and are not related to BP operations.

Although the distribution pattern did not alter, increases
in hydrocarbon concentrations were recorded at eastern
stations in 2013 and 2015, resulting in a higher survey
area average concentration (Table 4.1.2). The compounds
present were heavily weathered and characteristic of those

present in sediments outside of the bay. It is likely that
the increases in concentration were the result of inputs of
contaminated sediments from outside of the Bay, by natural
physical processes.

The concentration and spatial distribution of sediment
metals have remained stable over the monitoring period
(Table 4.1.3). The majority of metal exhibit the same
spatial pattern as sediment silt/clay content, while barium,
mercury and lead had a similar distribution to hydrocarbon
compounds, indicating the influence of more heavily,
historically contaminated sediment from outside the bay.

There has been no evidence that BP operations have
influenced the hydrocarbon and metal composition of
sediments within Sangachal Bay over the 2000-2015
monitoring period.
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Figure 4.1.3 THC concentrations, Sangachal Bay survey 2015

Table 4.1.3 Sediment metal concentrations, Sangachal Bay surveys 2006-2015

As 23 18 20 17 18
Ba HNO, 366 318 288 354 331
Ba total (fusion) NM 368 455 451 453
Cd 0.20 0.27 0.38 0.28 0.28
Cr 43 48 36 42 37
Cu 31 30 25 27 25
Fe 28885 27468 22542 26155 24585
Hg 0.038 0.039 0.037 0.039 0.039
Mn 738 663 564 664 642
Pb 15 16 15 15 16
Zn 64 63 50 59 58

NM Not Measured
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The macrobenthic communities were, as previously
observed, highly variable in species composition, biomass,
and abundance across the survey area. The macrobenthic
community in 2015 was largely similar to that observed
in 2013, with communities in both surveys dominated by
polychaetes, oligochaetes and bivalves (Table 4.1.4).

The different communities were broadly grouped
geographically and the patterns in the faunal distribution
was related to the physical characteristics of the sediment.
There was no relationship between faunal communities
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and the distribution of hydrocarbons or metals and so no
indication that contamination has had an impact on the
macrobenthic community in any part of the survey area.

The community composition has varied over the survey
area, particularly between the pre and post 2010 surveys,
with the later having a higher abundance of polychaetes.
Overall the macrobenthic communities in Sangachal Bay
appear to be dynamic, but relatively stable on average over
the period of surveys.

Table 4.1.4 Total taxa and station average abundance (N.m) for major taxonomic groups, Sangachal Bay surveys 2006

to 2015

Taxa 3 5 4 5 5
Polychaeta

N.m2 144 105 437 2772 1500

Taxa 2 4 4 4 4
Oligochaeta

N.m2 44 151 1140 677 436

Taxa 1 1 0 0 2
Cumacea

N.m2 0 0 0 1 1

Taxa 5 12 5 8 14
Amphipoda

N.m2 2 9 2 4 76
Decapoda N.m?2 0 0 6 1 3
Insecta N.m2 7 0 1 0 41

Taxa 2 3 0 4 4
Gastropoda

N.m2 1 4 0 129 148

Taxa 3 3 3 3 3
Bivalvia

N.m2 965 808 544 698 1541

The analysis of the water samples collected in 2015
showed no significant variation between stations and the
results were similar to those recorded in previous surveys
in the bay, showing no evidence of contamination of the
water column.

The phytoplankton community of Sangachal Bay in 2015
was richer in species, due to an increase in the number of
diatom taxa observed (Table 4.1.5). The overall structure
of the phytoplankton community has remained stable with
diatoms the dominant group both numerically and in terms
of biomass in all surveys.

Table 4.1.5 Species diversity of major phytoplankton taxonomic groups, Sangachal Bay surveys 2006-2015

Cyanophyta 8 10 12 5
Bacillariophyta 16 22 19 35
Dinophyta 6 7 10 9
Chlorophyta 0 1 1 6
Total 30 40 42 68

| 75



Introduction Background Offshore Ambient

Environmental Monitoring  Ambient Monitoring

As observed on previous surveys, the zooplankton
composition in Sangachal Bay was low in species (Table
4.1.6). The community was numerically dominated by
non-native species, particularly the copepod Acartia tonsa

Nearshore Environmental Specific Environmenta
Studies

Onshore Ambient
Environmental Monitoring

Summary List of Tables & Figures

and to a lesser extent the ctenophore Mnemiopsis leidyi.
Cladocerans, which had not been recorded since the 2006
survey, were present in the 2015 samples.

Table 4.1.6 Species diversity of major zooplankton taxonomic groups, Sangachal Bay surveys 2006-2015

Cladocera 3 0 0 2
Copepoda 2 3 2 2
Ostracoda 1 1 1 1
Cirripedia 1 1 1 1
Bivalvia 1 1 1 1
Annelida 1 0 1 1
Ctenophora 1 2 2 1
Rotatoria 0 0 0 1
TOTAL 10 8 8 10

4.1.2. SDIl Sangachal Bay survey

In 2011 additional surveys were implemented within
Sangachal Bay to monitor the potential impacts from the
installation of the Shah Deniz Phase 2 export pipeline. The
first and second surveys in 2011 and 2014 were conducted
prior to the pipeline installation to provide baseline data.
The 2016 survey was the first survey designed to detect
impacts from the trenching works and the installation and
operation of the pipelines.

-
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The SDII Sangachal Bay survey area straddles the northeast
sector of the existing Sangachal Bay environmental
monitoring survey area (Figure 4.1.2). The 2016 survey
was based on the 2011 and 2014 survey designs and
consisted of 45 sediment sampling stations and 5 water
and plankton sampling stations. Figure 4.1.4 gives the
2016 SDII Survey sample station layout and indicates the
years in which samples were collected at each of the 2016
sediment sample stations.
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Figure 4.1.4 2016 SDII Sangachal Bay sampling stations & years sampled

The range and average values for all parameters have
remained stable between 2011 and 2016 (Table 4.1.7).
Although some changes have been identified at individual
stations, the overall spatial distributions of each parameter
have remained relatively similar between the 2014 and

2016 pre and post-installation surveys. Overall there is
no evidence to suggest that the SDII pipeline installation
works have modified the physical nature of sediments
within Sangachal Bay.

Table 4.1.7 Sediment physical properties: SDIl Sangachal Bay surveys 2011 to 2016

Mean diameter ym 320

264 227

Silt & Clay content % 23

31 32

The highest concentrations of THC and PAH were present
in samples from stations on the south-eastern edge of the
sample area which marks the transition to the more heavily
contaminated sediments in the deeper waters outside of
Sangachal Bay. There was a general gradient present from
the low concentrations present at nearshore stations in the
northwest of the survey area, to the highest concentrations
on the south-eastern edge of the survey area (Figure 4.1.5).

The range and average values for all hydrocarbon
parameters have remained stable between 2014 and 2016.
Although some changes have been identified at individual
stations, the overall spatial distributions of each parameter
have remained relatively similar between the 2014 and
2016 pre and post-installation surveys. Overall there is
no evidence to suggest that the SDII pipeline installation
works have influenced the hydrocarbon characteristics of
sediments within Sangachal Bay.
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Figure 4.1.5 Spatial variation of THC (ug.g™) concentrations, Sangachal Bay surveys 2014 & 2016

Table 4.1.8 THC and PAH concentrations, SDIl Sangachal Bay surveys 2011-2016

THC ug.g”’ 58

207 179

Total 2-6 ring PAH ng.g™ 125

230 220

As observed on previous surveys within Sangachal Bay, a
strong positive inter-correlation was present between Cu,
Cr, Fe, Mn, Pb and Zn. The distribution of these metals
were similar to sediment silt & clay content, with higher
concentrations present at stations where silt & clay content
was greatest. For most metals the concentrations were
greatest at stations on the south-eastern edge of the survey
area, with the lowest concentrations present at stations in
the centre of the northern half of the survey area.

The 2016 spatial distributions and average concentrations
were generally comparable to those observed in 2014.
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Variability between years for the Cu group of associated
elements generally corresponded to changes in sediment
silt/clay content. Overall there is no evidence to suggest
that the SDII pipeline installation works have influenced the
metal characteristics of sediments within Sangachal Bay.

Specific activity of six radionuclide isotopes was determined
in a single sediment sample from four stations. Results
were similar to those recorded in 2014 and were lower than
the levels recorded at offshore locations.

As observed on previous surveys within Sangachal Bay the
2016 macrofaunal community was numerically dominated
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by polychaetes and bivalves which accounted for >90% of
the total abundance.

Examination of the previous survey data identified a slight
change in the community between 2011 and 2014, and
a strong similarity between the communities present in
2014 and 2016. The dissimilarity between the community
present in 2011 and those present in 2014 and 2016 was
mainly due to the absence of gastropod species of the
genus Caspiohydrobia in 2011 and the low abundance
of the polychaete Manayunkia - which was the dominant
polychaete taxa in 2014 and 2016.

The only notable differences between the 2014 and 2016
communities were a lower average abundance of annelid
taxa and a higher average abundance of bivalves in 2016
(Table 4.1.9). Examination of the individual station data
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indicates that the reduction in the species abundance
between 2014 and 2016 was observed throughout the
survey area, including stations located >3km from the
pipeline route. Overall there were no changes identified
that could be associated with the installation of the SDII
export pipelines.

Water samples taken from within the Bay were
representative of uncontaminated inshore waters and
the plankton community was similar in abundance and
taxonomic richness to the communities present on
previous surveys carried out within Sangachal Bay. Overall
there is no evidence to suggest that the SDII pipeline
installation works have influenced the physical or chemical
characteristics of sediments or negatively affected the
macrobenthic communities within Sangachal Bay.

Table 4.1.9 Total taxa and average abundance (N.m2) in survey area for major taxonomic groups, Sangachal Bay surveys

2011 to 2016

N.m2 940 3279 2167
Polychaeta

Taxa 5 5 5

N.m2 277 585 258
Oligochaete

Taxa 2 2 2

N.m2 7 44 42
Amphipod

Taxa 6 13 12
Insect N.m2 0 8 37

N.m2 715 1053 2279
Bivalve

Taxa 3 3 3

N.m? <1 220 125
Gastropod

Taxa 1 5 4
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In addition to the routine monitoring surveys carried out
at offshore and inshore operational sites, BP conducts
a number of non-routine studies which are designed to
monitor impacts from specific activities.

5.1. Biomonitoring

5.1.1. In-situ biomonitoring in
Sangachal Bay: baseline studies
using the bivalve mollusc Mytilaster
lineatus, 2000

A three-month study was carried out in 2000 to assess
the water quality within Sangachal Bay. Bivalve molluscs,
Mytilaster lineatus were deployed in cages in the vicinity of
the Sangachal terminal outfall, and were also exposed to
samples of the same effluent in the laboratory.

The primary purpose of the study was to assess the potential
impact of discharges in terms of sublethal physiological
stress, and (for the field component of the study) to relate
physiological response to changes in tissue concentration
of heavy metal and hydrocarbon contaminants. The
study also aimed to provide a technical evaluation of the
methodology for field deployment and the methodology for
feeding rate measurement.

In addition to the specific field study, laboratory
measurements were conducted for verification of the health
and sensitivity status of the test species Mytilaster.

The physiological health of the experimental bivalves
was assessed by measurement of feeding (filtration)
rate; feeding rate is (in many aquatic species) a sensitive
indicator of general sublethal contaminant-induced stress.

One batch of bivalves was deployed at Sangachal on
30th July 2000. Half of these animals were returned to
the laboratory after 6 weeks, and a fresh batch of bivalves
were placed in the cages on this occasion. The remaining
half of the original batch were left in the cages, and were
returned, together with the second batch of animals, after a
further five weeks of exposure.

Measurements of growth, feeding rate, and tissue
contaminant concentrations, indicated that there was
no adverse effect of surface water quality during the
deployment period. All bivalves grew well, feeding rates
increased in all exposure groups, and contaminant
concentrations declined from pre-deployment levels in all
exposure groups. The results were considered to represent
‘baseline’ conditions under a low-discharge scenario.
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» Address governmental/regulatory requirements
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* Meet internal BP commitments

5.1.2. In-situ biomonitoring in
Sangachal Bay using the bivalve
mollusc Mytilaster lineatus,
May-September 2004

Biomonitoring of water quality in Sangachal Bay using
caged mussels (Mytilaster lineatus) was carried out
between May — September 2004. The aim of the study was
to assess potential impacts from trenching activity.

Three batches of mussels were exposed for successive
periods of approximately 4-7 weeks each, and a long-
term group was deployed for 16-17 weeks. Moorings were
located at five stations in Sangachal Bay (two to the east
of the pipeline trenching activities, three to the west, at
different distances from the shore); one reference station
was located in Zagulba at the north coast of the Absheron
Peninsula (also the collection site for mussels).

Overall survival during deployments was 95-99%. Almost
all test animals increased in size during deployment period,
and there were no particular differences between stations
in Sangachal Bay. The growth rate within Sangachal Bay
was higher than the rate observed in mussels deployed at
the Zagulba reference site.

Filtration ability of mussels was generally higher in post-
deployment groups compared to pre-deployment animals
and there were no recorded increases in the concentration
of hydrocarbon or metals within the tissues of animals
deployed within Sangachal Bay.

Variations observed in the measured responses are
considered to be within range of natural variation. There
was no evidence to suggest that trenching operations had
negatively affected water quality within Sangachal Bay.



5.1.3. In-situ biomonitoring at the
Chirag 1 platform using the bivalve
mollusc Mytilaster lineatus,
June-September 2003

A thirteen-week study was carried out in 2003 to assess
exposure impacts related to cooling water discharges from
the Chirag platform. A copper-chlorine anti-foul system
is used within the cooling water system which results in
elevated copper concentrations in the discharged cooling
water.

Bivalve mussels Mytilaster lineatus (Gmelin) were deployed
in cages at four stations surrounding the platform. At three
of the stations, three consecutive batches of animals were
deployed for a short-term period of 4 weeks, while at the
fourth station a single long-term batch was deployed for the
full thirteen week period.

After each period of deployment, the cages with Mytilaster
were returned to the laboratory for analysis of

- metals Fe, Zn, Cu, Cd & Hg in tissue
- total hydrocarbons (THC) in tissue

» evaluation of physical parameters; weight & shell
length

« sub-lethal stress indicator; filtration rate

* micronuclei frequency; a method used to indicate
exposure to genotoxic compounds

The same set of measurements were conducted on animals
acclimated in the laboratory but not deployed in the field.

5.2. Fish Monitoring

5.2.1. Fish Monitoring, Sangachal Bay

In 2000-2001 four surveys were performed at Sangachal
Bay to provide information on the status of resident fish
populations. Species abundance, temporal distribution and
community composition as well as two different collection
techniques were evaluated. Measurements of selected
physiological parameters; micronucleus frequency, level
of blood albumen protein, and heavy metal concentrations
were performed to provide baseline data to assess
environmental impacts arising from the BP operations
within Sangachal Bay.

Monitoring studies were carried out in 2002/2003, 2004,
2005, 2008 and 2009. The objective of fish monitoring in
Sangachal Bay is to monitor the presence, contamination
levels and health status of fish populations, with sandsmelt
(Atherina mochon caspia) and gobies (Neogobius fluviatilis
pallasi) serving as indicator species. The analytical
parameters in the study were chosen to detect possible
exposure to metals and polycyclic aromatic hydrocarbons
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Almost all test animals showed an increase in size during
the deployment periods. With the exception of the third
short-term batch, the survival rate was high for all batches
of bivalves, with all animals recording an increase in
filtration rate from pre-deployment levels.

Metal concentrations were found to have increased in
animals at two stations during the first short-term batch
deployment. This increase was observed for all metals,
excluding mercury. There was no increase in the levels in
animals at the third short-term station during this period.

The concentration of metalsin the tissue of animals deployed
during the second and third short-term deployment and the
thirteen-week long-term deployment, were either lower
than or similar to the pre-deployment concentrations.

Hydrocarbon concentrations were generally higher in all
animals after the deployment period. The UCM proportion
of the THC was similar in pre and post deployed animals.
From the analysis carried out, it was not possible to
determine the source of the hydrocarbons.

Increased levels of micronuclei frequency were observed in
gill tissue of bivalves after all deployment periods compared
to the levels in pre-deployed mussels; similar levels were
observed between the stations. The increased levels in
deployed animals may indicate the presence of mutagenic
agents, but may also be a response in the animals to
stresses induced by the collection, transportation and
deployment processes, temperature changes, or maturity
stages of the animals. Overall the micronuclei frequency
results were inconclusive.

There was no conclusive evidence that the discharge of
cooling water had negatively impacted the test animals.

(PAH), as well as recording any indications of genotoxic/
histopathological effects in the fish collected.

Three sites within Sangachal Bay were sampled on all
surveys. In addition to the three monitoring sites, fish were
collected at 2 (clean) references sites and one positive
control (presumed contaminated) site; this was reduced to
1 reference site and no positive control site for the 2008 &
2009 surveys. Fish were collected using a hand-held trawl
net at all sites, and transported alive to the Laboratory for
subsequent processing. Water quality measurements were
carried out at the fish collection sites on each sampling
occasion.

The micronuclei response and PAH metabolite levels
were consistently higher in fish collected from the positive
(contaminated) control site. Metal and PAH exposure levels
for sandsmelt and gobies collected from Sangachal Bay
observed low variation over the monitoring period and were
generally similar to those recorded for fish collected at the
(clean) reference site.
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Metal concentrations in fish muscle were comparable
between both species with the exception of mercury and
zinc, levels of which were higher in sandsmelt; a pattern
observed over the monitoring period. There were no trends
observed between the study stations in the concentration of
metals in either species. The levels recorded on all surveys
were relatively similar and are regarded as background
levels of metals in fish.

A range of different histopathological disturbances were
observed in liver and in gills from the two study species.
Some disturbances were observed in fish collected from
Sangachal Bay and also from the (clean) reference
site. However, the nature of the disturbances in fish
from these stations can be regarded as reversible and
their frequency did not indicate that the individuals were
significantly affected. More severe disturbances - and at a
higher frequency - were noted for both species collected
from the positive control site. These findings indicate that
fish from the positive control site were more affected by
contamination than those collected at the reference site
and from within Sangachal Bay.

In general, fish collected from within Sangachal Bay
demonstrated levels of the monitoring parameters in line
with levels recorded for the clean reference site, indicating
that the conditions for resident fish in Sangachal Bay, over
the monitoring period, were similar to those at the reference
site with regard to the investigated parameters.
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5.2.2. SD2 pipeline trenching,
Sangachal Bay fish monitoring

Three fish monitoring surveys were carried out within
Sangachal Bay between 2014 and 2016 to assess impacts
from trenching activities related to the installation of the
SD2 export pipeline.

Surveys were carried out pre, during and on completion of
the trenching work. Samples were collected from six sites
within Sangachal Bay and from one (clean) reference site
and one (contaminated) positive control site. The reference
and control sites were consistent with those used in
previous Sangachal Bay fish monitoring surveys.

With the exception of PAH metabolites, the parameters
were consistent with those measured on previous
Sangachal Bay fish monitoring surveys:

- Water quality at sampling stations

- Population density of two resident fish species
(silverside Atherina boyeri caspia and gobies
Neogobius sp.)

« Length, weight (hence condition factor), sex,
maturity and liver and gonadosomatic indices for
general health status assessment

- Metals in biological tissue for assessment of
levels of metal exposure in the environment

«  Micronucleus assay for assessments of potential



mutagenic effects

- Histopathological analyses for assessment of
morphological changes or anomalies in liver and
gills.

5.3. Seagrass Monitoring

Specific Environmental
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The results from the study did not identify any impacts
to fish collected from within Sangachal Bay. The pattern
of results were similar to those recorded on previous fish
monitoring studies; in general, fish collected from within
Sangachal Bay demonstrated levels of the monitoring
parameters in line with levels recorded in fish collected
from the clean reference site.

5.3.1. Sangachal Bay, seagrass
mapping surveys

Seagrass mapping surveys were carried out within
Sangachal Bay in 2001, 2003, 2006 and 2008 to monitor
impacts from the installation of pipelines and operations at
Sangachal Terminal.

The surveys utilised a combination of drop-down
video sampling, video transects and Acoustic Ground
Discrimination System (AGDS) for mapping the physical
properties of the seabed. The AGDS data was interpreted
through information supplied by the video records and grab
samples. The video transects were designed so that the
borders/extents of any seagrass beds could be determined
in order to monitor any future change.

Footage from the video transects indicate that the seagrass
beds within Sangachal Bay appear to be very densely
populated and where seagrass does occur it almost always
occupies 100% coverage. There is therefore very little
variation in seagrass density within the seagrass beds.

Seagrass presence/absence results, obtained from video
samples, shows consistency between the most recent
surveys carried out in 2006 and 2008. The increased
presence of seagrass reported in the 2006 survey was
reflected in the 2008 data.

There was no evidence that operations had affected the
presence or density of seagrass habitats within Sangachal
Bay.

5.3.2. SDIl Sangachal Bay, seagrass
mapping surveys

Seagrass surveys were carried out within Sangachal Bay
to assess the impacts from the installation of the SDII
export pipeline. A survey was conducted in 2014 prior to
the pipeline installation to provide baseline data. A follow
up survey was carried out in 2016 to detect impacts from
the trenching works and the installation of the pipelines.
The surveys utilised a combination of drop-down video
sampling and video transects.

Both surveys identified that seagrass habitats were
restricted to areas of the bay which are shallower than
approximately 5m in depth and occupy sediment types
which are sandy with some gravel component and limited
silt or clay content. As depth increases and the incident
light level decreases there is a cessation in the presence of
seagrass and some occurrence of algal film.

The coverage and distribution of seagrass in 2016 was
very similar to that found in 2014. However, the quality
of the seagrass was noted to have changed in the 2016
video footage, with the vast majority of seagrass being
colonised by epiphytic growth. The 2016 video footage also
showed an increased presence of finer sediments within
the seagrass.

Algal film presence and distribution decreased considerably;
very little was present in the 2016 survey, but was a notable
feature in video data from 2014. Macroalgae presence has
increased slightly and appears to coincide with locations
where mussel beds have colonised areas between the
seagrass.

If the observed changes are related to trenching and
pipeline installation works, it is expected that any effects to
the seagrass habitats will be temporary.
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To establish the potential impacts of BP’s activities, Caspian
seal specialists have been preparing studies compiling the
latest information on seal presence, behaviour, migration
and status within Azerbaijani waters and across the
Caspian Sea since 2010 as part of the ESIAs completed
for projects within the ACG, SD and SWAP Contract Areas.
In 2016 the previous studies were updated with the latest
available data to focus specifically on seal status and
presence within the SWAP Contract Area where seismic
survey activities were planned. The study identified periods
of expected low and peak seal presence during the planned
seismic survey period.

During the seismic survey activities to mitigate the potential
disturbance to seals from seismic survey operations,
a visual survey for seals within 500m of the source was
carried out prior to the commencement of the soft-start’
procedure. This was implemented for all seismic source
vessels operating in water depths greater than 2 metres.
The pre soft-start observation process is summarised in
Figure 5.4.1 below.

To ensure the Caspian Seals autumn season migration
was not impacted by seismic operations a protocol was
put in place involving a team of seal experts conducting
observations from a dedicated vessel. The purpose of the
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Figure 5.4.1 MMO (Marine Mammal Observation) Soft-
Start Protocol

observations was to ensure the seals were outside of the
temporary buffer zone around the seismic vessels when
seismic activities commenced as well as to record the
seals present within the wider area and on the islands. The
observations started on 1 October 2016 and lasted until
15 December 2016. Observations were conducted around
the islands of the Absheron archipelago within 2-8km from
the seismic operation area using high resolution cameras
and binoculars. Seal experts recorded 154 seals around
the islands of the Absheron archipelago. No seals were
detected within the temporary buffer zone established
around the seismic vessels when activities were in
progress or inside the buffer zone of the Absheron National
Park during the monitoring period.

Seal observations were also recorded during the offshore
EMP surveys undertaken in 2017 at the SDA, Chirag, DWG
and WA platforms, as well as at the proposed ACE platform
location. A total of 33 seals were observed between 26
May 2017 and 27 June 2017. The greatest number of
seals (15) were observed at the DWG platform, with 12
seals observed across three separate sightings on 31 May
2017 and 3 seals observed as a group on 3 June 2017.
The fewest seals (1) were observed at the SDA platform.
In general seals were observed during calm sea conditions
predominantly during May.

“The soft-start is a gradual increase in the power output of the seismic source. A soft-start is carried out to allow animals to leave the survey

area prior to the air guns being operated at full power.
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5.5. Caspian microbiology survey

In 2013 a survey was carried within the ACG and SD
contract areas to characterise the microbial community
within the water column and surface sediments, and to
determine the oil degradation potential of the microbial
communities present. The Caspian Sea survey was part
of an international multi-region programme to determine
the oil degradation potential in areas where BP conduct
offshore operations. The results of the studies will be used
in the development of oil spill response plans.

In all sample sites there were major distinctions in
composition and abundance between the surface and
deep-water bacterial communities. Gammaproteobacteria
were dominant at all sites and depths, suggesting the
presence of oil-degraders. In sediment samples, similar
taxonomic groups were present across all stations:
Deltaproteobacteria, specifically sulphate-reducing
bacteria (SRB) were more abundant at anaerobic or
microaerophilic stations, which is a natural condition for the
Caspian Sea. It is known that SRB can degrade a wide
range of oil constituents including alkanes, benzene, and
PAHSs.

Lab based studies carried out to assess the degradation
of hydrocarbons by the microbial communities present;

in aerobic and anaerobic conditions, determined that
the half-life for total hydrocarbon was approximately 11
days anaerobically and 15 days aerobically - in the deep
water environment, low oxygen concentrations appear to
have allowed the microbial community to adapt to higher
biodegradation rates then even under aerobic conditions.

From the results of the study, it was determined that if a
spill or leak were to occur in the Caspian Sea it is expected
that the same groups of bacteria observed in the laboratory
experiments would respond to oil biodegradation.

It was concluded that the addition of nutrients for bio
stimulation would not have much effect on biodegradation
rates given the already low 11-15 day half-lives; however,
dispersant application, would definitely help disperse the
oil to form small oil droplets (given the currents in the
Caspian Sea) and make it more inherently biodegradable.
Since nutrient additions are likely to cause stimulus of other
problems like hazardous algal blooms and eutrophication
in general, once a spill is controlled and as much of the
oil as can be contained or removed, natural attenuation
should be the goal.

I#!'ﬂj I-_IE

-
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5.6. Monitoring produced water discharges using passive

membrane samplers

From 2009, onshore separated Produced Water (PW)
has been sent to the Long Term Produced Water (LTPW)
plant at Sangachal Terminal for mechanical and chemical
treatment after which it is returned offshore to the Central
Azeri (CA) Compression and Water Injection Platform (CA-
CWP) via a dedicated PW pipeline for re-injection into the
reservoirr.

In order to assess the potential impact of produced water
discharges to the offshore environment - as part of the ACG
PWDP ESIA Addendum - a monitoring programme was
implemented utilising passive membrane samplers with
the aim of identifying and quantifying organic and inorganic

pollutants associated with produced water discharges.

In 2013-2014 a trial study was carried out to assess the
suitability of the methodology and sampling equipment,
and in 2015 a monitoring programme was implemented
at the Central Azeri platform; a single array of membrane
samplers was deployed to a depth of 10 metres for a period
of 1 month on each sampling round. The sampler array
was located on the southwest corner of the CA platform,
downwind of the prevailing wind direction.

Table 5.6.1 gives the passive membrane sampler
deployment schedule at CA.

Table 5.6.1 Passive membrane sampler monitoring schedule

2015 RN1 01/08/2015 30/08/2015
2015 RN2 03/10/2015 03/11/2015
2016 RN1 15/03/2016 15/04/2016
2016 RN2 26/06/2016 02/08/2016
2016 RN3 18/10/2016 18/11/2016
2016 RN4 16/12/2016 16/01/2017
2017 RN1 01/03/2017 29/03/2017
2017 RN2 28/06/2017 28/07/2017

Monthly average concentrations of the following parameters
were determined for each sampling round.

« (C9-C36 alkanes
- EPAlist 16 PAH’s

- NPD PAH’s

- C1-Phenols

»  Octylphenols and Nonylphenols
« BTEX

- PAH's

* Heavy metals

The results were compared against the results from the
analysis of produced water samples and samples collected
from an offshore control site.

In 2016 a leakage of commingled injection water was
discovered at the CA and DWG platforms. Due to the
implementation of the monitoring programme at CA, the
potential impact of the leak could be assessed. The highest
volumes of PW discharged from the leak at CA took place
during rounds 1 and 2 in 2016.

The concentrations of phenols, BTEX and a large number
of individual PAH compounds were below the detection
limit on all sampling rounds.
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Concentrations of C9-C36 alkanes ranging from 0.62 —
5.41 ug/l were detected during the monitoring period. The
highest concentrations of 4.34 and 5.41 ug/l were detected
in rounds 2 and 3 in 2016, while the concentration in 2016
RN1 was below the MDL. All recorded concentrations
of C9-C36 alkanes were below the national standard of
50ugl/l.

Where detected, the concentrations of C9-C36 alkanes,
PAHs, nonylphenols and metals were all within the
applicable national and EU environmental standard.

A nonlinear positive correlation was observed between the
volume of produced water discharged and the detection
and recorded concentrations of C9-C36 alkanes, PAHs
and nonylphenols. In sampling rounds when the volume of
discharged produced water was lowest, the concentrations
of these parameters were lower than on rounds when higher
volumes had been discharged. This indicates that the PW
discharged at CA is dispersing and is not accumulating in
the vicinity of the platform.

As the volume of PW discharged at CA is significantly
higher than the volumes discharged at all other platforms,
it was concluded that the concentrations of the measured
parameters at other platforms, as a result of PW discharges,
would be present at a lower concentration than those
observed at CA, and would also be within the applicable
environmental standards.
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5.7. Conclusions from offshore and inshore monitoring

The results from the recent surveys carried out at offshore
locations indicate that there has been no increase in the
levels of contamination at operational sites, and where
contamination was previously recorded — often a legacy of
contamination from several years ago - there was evidence
of a slow recovery.

The only observed impact at platform locations was a
defined footprint of elevated Ba levels from the discharge
of water-based drilling mud or WBM drilled cuttings. At
most locations the extent and magnitude of the Ba footprint
has either remained stable or has reduced in size.

Hydrocarbon content within sediments at operational sites
is typical of the background composition with no evidence
of hydrocarbon contamination from production activities.
Compounds signifying the presence of hydrocarbon-based
drilling fluids have been observed at low concentrations
in sediments around a number of platforms. With the
exception of the Chirag platform, these materials are not
discharged as part of the drilling programmes and their
presence is either due to small spills of drilling fluid or are
related to the SBM component of the WBM used at some
fields.

The discharge of LAO drilled cuttings at Chirag has
resulted in a larger LAO contamination footprint. The
spatial extent and magnitude of LAO contamination at
Chirag reduced significantly on consecutive surveys from
2006, but increased in 2015. From 2015 the area affected
has remained stable but the concentration levels present
within were found to have reduced in the most recent
survey carried out in 2017.

A continual and sustained recovery has been observed in
the Chirag macrobenthic community at stations previously
identified as being impacted by drilling discharges. The
communities present now generally exhibit the same
characteristics as those observed at stations located at
distance from the platform, outside the previously affected

area. The only exception was one station located adjacent
to the discharge point were the community continues to
remain distinct.

With the exception of the localised impact at Chirag, and
a possible localised community variation at SDA, the
macrobenthic communities present at platform survey sites
were characteristic of the wider area and there was no
indication of impacts from production activities. Community
variation is generally associated to sediment structure,
with more abundant and diverse communities present in
areas where sediments were heterogeneous with higher
proportions of coarse grained particle size fractions.

There was evidence of macrobenthic community change
at most offshore survey areas over the monitoring period,
across both the ACG and the Shah Deniz contract areas.
These changes reflect natural variation and are unrelated
to operational activities. Observed community changes
include a general increase in the abundance of amphipods,
particularly of the genus Gammarus and Corophium, and
a change in the polychaete community structure, with
Hypania invalida and Hypaniola kowalewskii reducing
in abundance and occurrence and Manayunkia Caspica
becoming the numerically dominant polychaete species.

An extensive inshore monitoring programme has been
carried out in the area within and surrounding Sangachal
Bay. A wide range of surveys have been conducted
including; bio-monitoring using caged mussels; monitoring
impacts to fish; seagrass habitat surveys; benthic
environmental surveys; and water column and plankton
surveys. Over the monitoring period these surveys have
confirmed that the inshore environment at Sangachal Bay
is similar to other coastal reference sites and the activities
related to the installation of export pipelines within the
bay have not resulted in significant impacts to the seabed
environment, water column or the species present.
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Onshore Ambient Environmental Monitoring is carried
out at Sangachal Terminal, Serenja Hazardous Waste
Management Facility and at facilities along the Azerbaijan
Export Pipelines; Baku-Tbilisi-Ceyhan Pipeline (BTC),
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Western Route Export Pipelines (WREP) and South
Caucasus Pipeline (SCP).

Table 6.1 below gives schedule of monitoring surveys
carried out at each facility and pipeline route.

Table 6.1 Onshore environmental monitoring surveys at BP facilities; schedule of completion

. . . 2006, 2010,

Ambient air quality 2003-2017 2004-2017 2005-2017 2013, 2017
. BL 2001 1998 BL,
Ground and surface water quality 2006-2017 2001-2017 2004-2017 N/A
Soil stability and vegetation 2006-2016 2016-2017 N/A N/A
cover
Faunal survey (excluding birds) 2011-2016 N/A N/A N/A
. 2001/02 BL,

Birds survey 2008-2016 N/A N/A N/A
Wetlands 2002-2016 N/A N/A N/A
Bio restoration N/A N/A 2007-2017 N/A

BL - Baseline

N/A - Not Applicable

6.1. Onshore environmental surveys methodology

6.1.1. Terrestrial ecosystems
6.1.1.1. Vegetation cover & soil stability

This monitoring programme measures 4 key indicators of
soil condition (and ecosystem functioning) namely: 7.bare
soil cover, 2. vegetation cover, 3.soil stability; and 4. crust
(macrobiotic) cover. At each monitoring point three 100m
transects were extended uphill.

«  Perennial plant cover and bare soil cover were
measured directly off the outer edge of the 100m
(start at 0 m and end at 100m) transect tape.

o Plant and bare soil patch size was
calculated along with percentage cover
and patch size of life-forms (grass, shrub
or forb)

o Asite descriptive bare patch index (BPi)
and vegetation patch index (VPi) was
calculated for each site.

- Soil stability (SS) samples were collected from the
surface and sub-surface (3-4cm depth) at three
random locations on each transect.
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o SS analysis was assessed (from not
stable —1 to stable - 6) using a modified
Slake Test.

o Surface and sub-surface SS was
calculated for protected (i.e. with an
overlying perennial plant canopy) and
unprotected soils and as an average
value.

»  Microbiotic crust cover is presented in the form of
the ratio of crust to cover (CCr).

o 0.5m x 0.5m quadrat subdivided into
0.01m?segments was used to measure
CCr.

o Ten quadrats were sampled along each
100m transect line.

o CCrwas calculated for each canopy type
at each monitoring site; bare soil, shrub-
covered area, grass/forb-covered areas

The 4 indicators - BPi, VPi, SS and CCr were categorised
as detailed in Table 6.1.1.1.1 below.
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Table 6.1.1.1.1 Ecosystem Condition Values (ECV) generated from indicator ranges

List of Tables & Figures

BPi 0-50 51-100 101 -150 >150
VPi >50 25-49 10-24 <10
SS 41-6 3.1-4 21-3 1-2
CCr >0.25 0.10-0.24 0.01-0.09 <0.009

Each plot has 4 ECVs, which were added to achieve a
combined secondary score, known as the Ecosystem
Condition Category (ECC). The ECC have a range of

Table 6.1.1.1.2 Ecosystem Condition Categories (ECC) generated from ECVs

4 threshold limits, each with a designated category, as
shown in Table 6.1.1.1.2. The lower the overall ECV score,
the ‘better’ the ecosystem condition.

<8 Very Good
9-10 Good
11-12 Threatened
13-16 Deteriorated
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6.1.1.2. Bird monitoring

The Bird Survey is based on a fixed-duration point count
method consisting of survey locations within 2.5km of the
centre of Sangachal Terminal, and two points at the edge
of the coastline along Sangachal Bay that were used to
survey over-wintering water fowl within Sangachal Bay. The
sample points are located 250m apart, and given the 100m
radius of the survey, this leaves a minimum 50m “buffer”
between adjacent survey sites to minimize the potential for
duplicate observations.

The bird count period is 10 minutes at each monitoring
point. The survey includes identifying the species of each

Nearshore Environmental Specific Environmental
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bird, the number of individuals, their status (juvenile/adult)
and gender (male/female) if possible, and their location
which is then recorded on the datasheet.

Surveys are carried out during early mornings, beginning
30 minutes after dawn and proceeding for a period of not
more than five hours thereafter. The two coastal sites are
monitored differently than the terrestrial sites. Observations
are restricted to a 1km distance into Sangachal Bay and
did not include terrestrial areas. Care is also taken to avoid
overlap between D1 and D2 in order to not count the same
birds more than once.

6.1.1.3. Mammals & herpetofauna
monitoring

The investigations are based on the visual observations
made along dedicated walking routes. Surveyors collect and
register as much data as possible (species identification,
number and status [age, sex etc.] of individuals, habitat
conditions etc.). The key aim is to identify the species via
direct and indirect observations.

From the location of the station the surveyors walked a
transect line as shown in Figure 6.1.1.3.1. The direction
of the initial line was selected by the surveyors in the field.
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The field of search along each line was 10 m either side of
the line resulting in a surveyed belt of 20m for each line and
therefore an area of survey of 1000 square meters per line
making 3000 square meters per survey station.

Along each of the line walks the surveyors collected data
on direct evidence of mammals, reptiles and amphibians;
essentially these were actual sightings of individuals.
In addition, indirect evidence was recorded. Such signs
included faeces, footprints, burrows or other living areas.
The location of direct and indirect observations along the
walk route was recorded.
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Figure 6.1.1.3.1 Mammals & herpetofauna survey walking
route

Small mammal traps were deployed in the evening
with suitable baits and rechecked for captures early the
following morning. Trapped animals were identified to
species level. All trapped animals were released unharmed
in the trapping location.

’
6.1.2. Ambient air quality analysis
o . . .
6.1.2.1. Long term monitoring 3 ]
+ NOx, NO and NO, and SO, were sampled -
using passive diffusion samplers fitted with . }

triethanolamine impregnated filters. Samplers
were placed in the field for 30 days.

+ VOC’s and Benzene was sampled using thermal q e
desorption tubes. The specified time of exposure -
is two weeks per sampler, so two samplers were | 1
deployed sequentially at each sampling site to
obtain a four-week exposure period. The averages _] |
of the two-week sampling are produced to provide [o——
the four-week averaged results. =1

6.1.2.2. Short term (real-time) monitoring : : =

Real-time monitoring is included in the ST AAQ monitoring
programme. The Real-time monitoring station is
programmed to provide continuous hourly results for the
atmospheric concentrations of the measured parameters
and meteorological data.

 Nitrogen oxides were measured using
Chemiluminescence Nitrogen Oxides Analyser.

+  Sulphur dioxide (SO,) was measured using a UV
Fluorescence analyser. pa

« PM10 was measured using a BAM 1020
Particulate Monitor.
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6.1.3. Ground & surface water analysis

« Monthly groundwater level measurements
around ST and Serenja HWMF were measured in
boreholes and also in piezometers located around
the ST produced water storage ponds and the
Serenja bio-remediation cells. The piezometers
are used to monitor the integrity of the ST
produced water storage ponds and the Serenja
bio-remediation cells.

- Water samples were collected using bailers
provided with low flow discharge valves to
limit sample aeration. Samples were stored
in appropriate containers and returned to the
laboratory for testing — the suite of parameters
varied for the monitoring sites and are listed in the
individual chapters.

« ST Ground and surface water samples are
analysed for the following parameters:

- Conductivity

- pH

- Inorganics; fluoride, chloride, sulfate

- Metals; As, Ba, Cd, Cr, Cu, Pb, Li, Mn, Fe,
Hg, Ni, TI, V, Zn

- Benzene, Toluene, Ethylbenzene, Xylene,
(BTEX)

- TPH, Polycyclic Aromatic Hydrocarbons
(PAHSs)

- Total phenols

6.1.4. Wetland ecosystems
6.1.4.1. Fauna

Conducted via visual observations, the focus of the survey
was vertebrate fauna only (excluding birds — as these
are covered in the ST bird monitoring survey). A high
level approach was taken which involved collation of data
through direct observation of the species concerned, and
the collection of indirect evidence of presence (burrows,
nests, footprints, etc.).

At each survey site the vertebrate fauna present, and the
numbers of each species present, were observed and
recorded for the area encompassing a 10m radius from the
centre of the survey station. A standard ten minutes survey

9 |

Nearshore Environmental Specific Environmental
Studies Environmental Monitoring

Onshore Ambient Summary List of Tables & Figures

period was used. Any additional faunal species which were
observed during the other elements of the survey work
were recorded.

6.1.4.2. Flora

The survey covers the higher plant species only. A high-
level approach was taken which involved collation of data
through direct observation.

While walking to the survey stations within the wetland
areas, the species of wetland flora encountered were
recorded. At each survey station, the flora present was
observed and recorded for the area encompassing a 10m
radius from the centre of the survey station. Estimates of
the cover contributed by each species were also recorded.

6.1.4.3. Water quality

Where standing or flowing water was present at a wetland
survey station, in-situ measurements were recorded and
samples were collected into appropriate containers for the
analysis of the following parameters:

«  PpH
- Water temperature

- Ambient temperature
»  Electrical conductivity
- Salinity

e Turbidity

» Dissolved oxygen

- Total petroleum hydrocarbons (TPH) and
polycyclic aromatic hydrocarbons (PAHs)

«  Polychlorinated biphenyls (PCBs)

+ Phenols
« Heavy metals (As, Ba, Cd, Cr, Cu, Fe, Hg, Pb,
and Zn)

«  Nutrients (ammonia, nitrite, nitrate, total nitrogen
and total phosphorous).
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6.1.4.4. Soil chemistry

Soil or sediment samples were collected from the upper
10 cm of the ground surface at each survey station and
transported to the laboratory for analysis of the following
parameters:

- PCBs

*  Phenols
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e Heavy metals (As, Ba, Cd, Cr, Cu, Fe, Hg, Pb,

and Zn)
- Sulphates
e Chlorides

« Carbonates.

6.2. Sangachal Terminal (ST) monitoring survey results

6.2.1. Ambient air quality survey

Monitoring of ambient air quality around ST is mandated in
the ACG Phase 1,2 and 3 ESIA's (2001, 2002 & 2004), Shah
Deniz Stage 1 ESIA (2002), lender requirements (World
Bank), and Azerbaijan national legislative requirements.

Ambient air quality monitoring surveys have been
conducted in the vicinity of the ST for more than 15 years.
The first ambient air quality assessments were carried
out in 1997 (air quality baseline prior to Early Oil Project
- EOP), using diffusive samplers, and then again in 2000
during EOP operations.

A regular long-term ambient air quality monitoring

programme was initiated in 2003, to assess wind-dispersion
patterns for the main pollutants emitted by the stacks and
other sources at Sangachal Terminal, and to assess their

impacts on the local area. Passive samplers were situated
at 12 stations within and around the Sangachal Terminal.
The parameters measured were; NOx, SO,, VOC'’s, PM10,
BTEX, HC: C5-C10.

In 2007 the survey design was modified to include better
coverage of natural (undeveloped, unpopulated) areas to
the north, west, and east of the terminal, and additional
monitoring locations between the ST and the Sangachal
and Umid settlements. Of the 13 stations in the updated
monitoring design, seven (AAQS6, 7, 8, 9, 10, 11, and 12)
were existing locations used during the 2003 to 2006
monitoring surveys (Figure 6.2.1.1). The parameters
measured in the 2007 monitoring survey were

+ Long-term: NOx, SO, & VOC's.
+  Short-term: NOx, SO,, and PM10.
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Figure 6.2.1.1 2007 ambient air quality sample points

Further updates to the monitoring programme were carried
out in 2008 and 2009. In 2008 four additional long-term
monitoring stations (AAQ19-AAQ22) were added to the
previous 13 stations that were deployed in 2007. In addition
to the seventeen long-term stations, a real-time monitoring
station (RTMS) was established at AAQ23 (Figure 6.2.1.2)
in order to assess short-term temporal variations in the
ambient air quality in real time.

The 2008 programme consisted of three rounds of long-
term measurements, each of one month duration. The
parameters measured were

+ Long-term: NOx, SO,, VOC's, benzene & CO.
+ Realtime: NO, NO,, NOx, SO,, and PM10

Due to technical difficulties the real-time station was only
operational for part of the year, measuring only NOx and
S0,

In 2009, the sampling frequency was increased to four
rounds of long-term measurements, each of one month
duration, carried out once in each quarter. Passive diffusion
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samplers were deployed at the existing seventeen long-
term monitoring stations, measuring:

. Long-term: NO, NO,, SO,, VOC’s & benzene

The RTMS - AAQ23 is located approximately 2.8 km
downwind of the ST and 1 km upwind and NNE of the
Sangachal settlement. It is programmed to provide
continuous hourly results for the atmospheric concentrations
of the following parameters, and meteorological data

- PM10

+ SO,

+ NOx, NO &NO,

*  Air temperature

«  Wind speed & direction
From 2009 the long-term and real-time sample station
layout and parameter list have remained consistent. The
results of the monitoring programme are assessed against

the national and European Union (EU) air quality standards,
these are provided in Table 6.2.1.1 below.
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Table 6.2.1.1 Applicable ambient air quality standards
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PM10 50 EU average daily —not to be exceeded more than 35 2008/50/EC, p31 2010
times per calendar year

PM10 40 EU annual average 2008/50/EC, p31 2010
" . N3086-84, USSR,

SO, 50 Azerbaijan average daily Health Ministry 1984

so 350 EU one-hour av.erage - not to be exceeded >24 times in 2008/50/EC, p30

2 a calendar year; margin of tolerance 150ug m-3

S0, 125 S;fverage daily — not exceeded > 3 times in a calendar 2008/50/EC, p30 2010
. . N3086-84, USSR,

NO 60 Azerbaijan average daily Health Ministry 1984
. . N3086-84, USSR,

NO, 40 Azerbaijan average daily Health Ministry 1984

NO, 40 EU average annual — no margin of tolerance after 2010 2008/50/EC, p30 2010

NO 200 EU daily average, not to be exceeded more than 18 2008/50/EC, p30 2010

2 times per year.

. . N3086-84, USSR,

Benzene 100 Azerbaijan average daily Health Ministry 1984

Benzene 5 EU average annual - December 2000 decreasing by 1 2008/50/EC, p30 2010

pug m-3 every 12 months afterwards
Total VOC NA NA
Total VOC NA NA

ST operations and construction activities may affect the
surroundings by the release of airborne pollutants. There
are a number of potential sources of pollutants both

Table 6.2.1.2 Atmospheric pollutants generated at the Sangachal Terminal

directly from, and indirectly associated with, the activities
at the terminal. The relevant sources, pollutant types and
patterns of release are presented in Table 6.2.1.2 below.

. - Particulat

Construction activities N?DX,CCL;S es

Welding Zaér::cglzagiz Irregular, daytime

Painting VOCs

Transportation LD Regular, daytime
NO,, SO,, CO

| Terminal operation |

Flares NO,, CO, CH4

Heaters NO,, CO, CH4 Regular, 24 hours

Generators NO,, CO, SO, (if diesel used), CH4

Spills VOCs Irregular, 24 hours

Storage Tanks VOCs Irregular
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Being downwind of the terminal and upwind of the
settlement, the RTMS location was originally considered
as suitable. However, during the 2016 survey period, the
station was also generally downwind of a power station
which was built in 2008, and became operational shortly
after this. This power station is located approximately 600
meters north of the RTMS.

The power station is believed to make a significant
contribution to the measurement results at the RTMS
- generally masking the results from the ST, as the
atmospheric emissions from these two sources will be
combined during the prevailing wind direction.

The power station is stated to use natural gas as its
main fuel, with the main emissions likely being nitrogen
oxides (NOx), primarily in the form of nitrogen monoxide
(NO) with a generally smaller quantity of nitrogen dioxide
(NO,). However, it is also capable of using heavy fuel oil

Onshore Ambient
Environmental Monitoring

for combustion, which will give rise to potentially increased
emissions of particulates and of sulphur dioxide (SO,).

Results from the RTMS have a tendency to show high levels
of PM10 in exceedance of the air quality standard. Levels
are higher in the spring and summer months when local
conditions are dry and dusty. Figure 6.2.1.3 below gives
the polar plot for hourly PM10 concentrations recorded
during the 1%, 2", 3 and 4" quarter of 2017.

The results show that the samplers are picking up
particulates from all directions, but predominantly from the
south, west and east; the directions of the local road and rail
network. The high levels of airborne particulates within the
survey area are likely from the pick-up and transportation
of the fine dry dusty soils present in the region. There is
no evidence to link the PM10 levels to operations at the
terminal.
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Figure 6.2.1.3 Polar plot diagram for PM10 concentrations quarters 1, 2, 3 and 4, 2017
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Monthly real-time measurements of nitrogen oxides have
exceeded the air quality standard in previous years. It
is suspected that the source of the higher results is the
adjacent third-party operated power station (600m from the
RTMS) which uses natural gas as its main fuel source -
resulting in emissions of nitrogen oxides.

Figure6.2.1.4to Figure 6.2.1.8 give the long-term monitoring
annual average results of each measured parameter over
the 2008 to 2017 monitoring period. Ambient air quality
standards are given in Table 6.2.1.1 and are also noted in
the title of each figure. The upper bar chart in each figure
gives the results from northerly stations, while the lower bar
chart gives the results from southern, downwind sample
points.

The terminal sources of NOx are designed to direct
emissions into the atmosphere, where — as shown through
dispersion modelling — they rapidly disperse. It was
identified in the SDII ESIA that local sources, including
vehicle traffic, would have a greater influence on NOx
levels than operations at ST.

The pattern of NO results over the nine-year period has
varied at individual stations (Figure 6.2.1.4). With the
exception of the results from 2009, the lowest concentrations
were consistently recorded at stations AAQ16, AAQ19,
AAQ15, AAQ17 and AAQ1; all of which are located on the
northern and north-western side of the terminal.

Onshore Ambient
Environmental Monitoring

The highest concentrations have generally been recorded
at station AAQ23 and AAQ12. As AAQ12 is located directly
adjacent to the terminal boundary, the higher concentrations
present may be influenced by activities at ST; it should be
noted that a continual downward trend has been recorded
at AAQ12 from 2014 onwards.

It is unlikely that the maximum levels recorded at station
AAQ23 are related to ST activities, as lower levels have
been recorded at intermediate sample points AAQ13 and
AAQG. The likely source of the higher levels at AAQ23 is
the third-party operated power station.

Although the concentrations are essentially low and well
within the national air quality standard concentration of 60
ug.m3, a relatively continuous upward trend was present
in the data at a number of sample points, notably AAQ18,
AAQ13 and AAQ14, all of which are located to the south
of the ST. The upward trend was reversed in 2017, with
lower concentrations being recorded at all three stations.
As these sample points are located adjacent to the terminal
road network, it is possible that the variation at these
positions may have been influenced by vehicle traffic.

Nitrogen oxide (NO) was not measured in surveys
conducted prior to 2009. Overall the average concentrations
of NO between 2009 and 2017 have been low and within
the national air quality standard concentration.
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Figure 6.2.1.4 Nitroge