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Vii

BASIC TERMS AND DEFINITIONS

Customer, Company

Consultant

Project Operator

Stakeholders

GBS LNG & SGC Plant
(Complex)

Process Train

Associated facilities

Arctic LNG 2 Project (Project)

Utrenniy Terminal (Port)

Salmanovskiy (Utrenniy)
license area

Field

Principles of the Equator

IFC Performance Standards

! The Equator Principles. A financial industry benchm
Equator Principles Association, 2019.

Arctic LNG 2, LLC

Ramboll CIS LLC, an independent environmental and social consultant

The organization responsible for managing the project at the construction,
commissioning, operation and decommissioning phases (Arctic LNG 2, LLC)

Persons or groups directly or indirectly affected by the Planned activity, as
well as those who may be interested in its implementation and / or are able
to influence it in a favorable or unfavorable way

The gravity-based structure Complex for production, storage and offloading
of liquefied natural gas and stabilised gas condensate, which includes three
process trains and onshore infrastructure

The gravity-based structure Complex will include three process trains for
the production, storage and offloading of liquefied natural gas (LNG) and
stabilised gas condensate (SGC) with a stated annual capacity of about 6.6
million tons of LNG each. The total peak capacity of SGC production can be
as much as 1.6 million tons per year

Facilities that meet the following conditions: 1) they are not funded by the
Project (by the planned activity); 2) they would not be built or expanded
without the Project (the Planned activity fails to be implemented); 3) they
ensure the viability of the Project (Planned activity)

The Project, including, along with the GBS LNG & SGC Plant construction
of the Utrenniy Terminal (Port) and development of the Salmanovskoye
(Utrenneye) oil and gas condensate field (OGCF) (Project Operator - ‘Arctic
LNG 2’ LLC)

A section of the Sabetta seaport, the purpose of which is to provide offshore
logistics for gas carriers and tankers for LNG and SGC offloading, reception
and storage of processing and construction cargo

A subsoil plot of federal importance, including the Salmanovskoye
(Utrenneye) oil and gas condensate field, within which Arctic LNG 2 LLC
was licensed to use the subsoil resources - License No. CFL 15745 NE dated
06.20.2014 for the exploration and production of hydrocarbons

Facilities and activities involved in setting up the Salmanovskoye
(Utrenneye) OGCF to ensure production and preparation of raw materials
for production of LNG and SGC, and providing engineering resources to all
the facilities of the Arctic LNG 2 Project

The internationally accepted environmental and social risk management
system for financial organizations, including 10 key provisions (principles)!

A set of environmental and social sustainability requirements of the
International Finance Corporation which the organizations to be funded
must follow throughout the lifecycle of an investment project. Available at:
http://www.ifc.org/performancestandards

ark for determining, assessing and managing environmental and social risk in projects. The
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Environmental, social and
health impact assessment
(ESHIA)

Planned activity’s (Project’s)
area of influence*

The area of influence of air
pollutant emission sourcess

Areas with controlled habitat
quality indicators

Social impact area

viii

In the IFC terminology, the process of identifying, predicting and assessing
the significance of favorable (positive) and adverse (negative)
environmental and social project impacts, including a description of the
project implementation conditions, analysis of alternative options for the
Planned activity, consideration of global, transboundary and cumulative
impacts including their possible quantitative representation, an impact
management programme. In the terminology of the International
Association for Impact Assessment (IAIA?) - the process of identifying,
predicting, assessing and mitigating environmental and social impacts, as
well as other adverse effects of the Planned activity, before making
a decision on its implementation

The land and water area, including: 1) land plots and water area sections,
within which the Planned activities are directly implemented; 2) other land
and water areas used or controlled by the Project’s operator and its
subcontractors (contractors); 3) land and water areas where the associated
facilities are sited (see the corresponding definition); 4) land and water
areas that may be subjected to cumulative impacts from the Planned activity;
5) land and water areas potentially affected by impacts from unplanned but
predictable developments caused by project-related activities that may
occur later or at a different location. The Project’s area of influence does
not include the area of dispersion of impacts which can be observed with a
no-project version (abandonment of the Planned activity) or without the
Project

For a sole air pollutant emission source it is the circumference of the largest
of the two radii, the first of which is equal to ten times the distance from
the source to the point of the ground level concentration of the pollutant
having the greatest prevalence (among the pollutants emitted by this
source), and the second one is equal to the distance from the emission
source to the most distant contour line of the ground level concentration of
the pollutant, equal to 0.05 one time MPC. For the totality of air pollutant
emission sources it is land or water areas that include all single source
influence areas within this totality, as well as the 0.05 one time MPC
contour for the estimated total concentration of each pollutant emitted by
the totality of sources

Areas, where the existing hygienic air standards for chemical, biological
and physical factors must be strictly followed. These include areas such as
residential development, cottage development, sports and children's
playgrounds, landscape and recreational areas, recreation areas, resorts,
sanatoriums, rest homes; horticultural partnerships, collective or individual
dachas and garden plots; sports facilities; educational and childcare
facilities; general medical treatment and rehabilitation facilities

Areas and communities that may experience positive and negative impacts
of the planned (project related) and associated activities

2 Global leader among best practice networks as regards impact assessment for informed decisions concerning policies, programs, plans, and

projects (http://www.iaia.org/).

4 The definition is consistent with the IFC terminology (IFC Policy & Performance Standards and Guidance Notes. Glossary and Terms
- http://www.ifc.org/). In this and all other common cases, the term “project” is a traditional synonym of the phrase “planned activity”. As applicable

to the ESHIA subject, the term Project (capitalized
Salmanovskoye (Utrenneye) OGCF Facilities Setup,
and operation of the Port (Utrenniy Terminal).

in the text) covers the activity under assessment designated as “Arctic LNG 2” to include
construction and operation of the GBS LNG & SGC Plant (LNG Complex), and construction

51In the terminology of MRR-2017 (Dispersion Modeling of Harmful Air Pollutants. Approved by the Russian Ministry of Nature Order 273 dated June

006, 2017).
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ENVIRONMENTAL BASELINE

Historical Studies of the Natural Environment in the Project Area. Environmental Baseline

Until recently, the Gydan Peninsula was one of the less studied territories of the Russian Arctic, which is
largely due to lack of development and inaccessibility. Systematic studies of the natural environment in the
area began with the work of the Gydan expedition of the USSR Academy of Sciences (Gorodkov, 1928,
1932, 1944, etc.), the Russian Geographical Society (Sapozhnikov, Nikitina, 1923, etc.) and the Russian
Botanical Society (Tolmachev, 1926). The economic importance of the Gydan ecosystems of that time was
limited to ensuring the productivity of reindeer pastures (Govorukhin, 1933).

Kara Sea surrounding the Gydan Peninsula has been systematically studies since the end of 19th century.
Originally, the studies were focused on navigation conditions and development of coastal areas
(hydrographic, meteorological and climate studies, forecasting ice conditions); the marine biological and
radiation-ecological studies started in second half of 20th century.

A new page in the history of studies of the peninsula landscapes and surrounding water areas was turned
by large-scale explorations, which were carried out here in the 1960-70s through the joint efforts of oil and
gas companies and specialized research institutes. Between 1975 and 1993, 13 hydrocarbon fields were
discovered and explored within Gydan, eight of which are gas fields — Gydanskoye, Antipayutinskoe, Toto-
Yakhinskoye, Minkhovskoye, Mostochno-Minkhovskoye, Vostochno-Bugornoye, Trekhbugornoye, and
Shtormovoye fields, and two are oil and gas condensate fields — Utrenneye and Geofizicheskoye.

The associated environmental and geographical studies complemented and updated the results of the
previous work and collected new data on the peninsula and the the Ob Estuary of the Kara Sea. As of the
mid-1990s, the total human-induced disturbance of the Gydan’s landscapes was estimated at hundredths
of a percent (Agbalyan, 2015); that is, this large land mass remained nearly pristine. Kara Sea, in contrast,
has long been exposed to anthropogenic impacts of disposal of wastes and nuclear testing, extensive
navigation, import and accumulation of large quantities of pollutants carried by river flows (Matishov et al.,
2017)3, and in the Ob Estuary - also fishery impacts.

In the 2000-2010s, in the context of a growing overall interest in the Arctic and in the development of its
resources, a series of comprehensive expeditions were organized to carry out ecosystem surveys and take
samples of the natural environments for substance analysis. In addition, as regards the areas of
construction and operation of engineering structures, the knowledge of the land and water areas is
complemented by the data obtained through operational environmental monitoring.

In particular, to assess the impact of the pipeline corridor connecting the Nakhodkinskoye field to the
Yamburgskaya compressor station (with a 22-kilometer two-pipe underwater crossing through the Taz
Estuary), hydrogeochemical surveys were carried out on the Messoyakha and Monguiribei rivers
(Moskovtchenko, 2003). The baseline and operational environmental self-monitoring of PiterGaz LLC of
2010 contributed to a much better understanding of the aquatic ecosystems of the Taz Estuary within the
boundaries of the Tota-Yakhinsky and Antipayutinsky subsoil areas. FGBOU VPO Tyumen State University
carried out detailed surveys on the peninsula lakes (Kremleva et al., 2012). The “Gazflot” LLC (2000-2009)
and the Northern UGMS (“Yamal-Arctic — 2013") expeditions collected extensive data on the Ob Estuary
ecosystems.

3 G. G. Matishov et al. Kara Sea Studies at the present stage of development of the Arctic // The Arctic: Ecology and Economy. 2013. No.1 (9). pp.
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Figure 7.1.1: Location of the designed site of the Plant and Port, and the Salmanovskiy (Utrenniy) LA in relation to
the nearest territories with special conservation status*

4 Referenced sources:

Wetlands of Russia - WWF, The Wetlands International’s Program for Russia. Official Internet Site at http://www.fesk.ru/

Wetlands of Russia. Volume 3. Prospective Ramsar Wetlands. - M . :Wetlands International Global Series No. 3 , 2000.490 p.

Master Plan and Land Use Regulations for Inter-settlement Areas — Dept. of Infrastructure, Construction and Residential Policy, Tazovskiy Municipal

District Council. 2015.

Important Bird Areas. Volume 2. Western Siberian IBA of International Importance - Moscow: Russian Bird Conservation Union (RBCU), 2006. 334

p.

Designated Conservation Areas of Russia: Present-Day and Prospective Status. Eds.: V.G. Krever, M.S. Stishov, [.A. Onufrenya - WWF Russia, 2009.

Russian Bird Conservation Union (RBCU). Official website at http://www.rbcu.ru/
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The Atlas issued recently by Arctic Research Center LLC (2016) with the support of Rosneft was a major
compilation of a large array of data on the Kara Sea ecosystems and their resistance to anthropogenic
impacts.

A number of comprehensive studies were devoted to Gydan’s population centers and addressed medical,
ecological and epidemiological issues. The results of the studies were published by specialists of Scientific
Center for Arctic Exploration (YNAO, Salekhard), Research Institute of Medical Problems of the Far North
(YNAO, Nadym), Department of Hospital Pediatrics of the St. Petersburg Pediatric Medical Academy and
the Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences
(Novosibirsk).

In recent years, much attention has been paid to the conservation of biological diversity of the Gydan
tundra landscapes, and to this end, in addition to the existing protected areas, of which the one nearest to
the proposed Plant site is the Gydan Reserve (108 km to the north-northeast), it is planned to establish
Yuribey protected natural landscape of municipal significance (70 km to the southeast of the future LNG
and SGC Plant and Terminal, refer to Figure 7.1.1). The territory of the planned DCA has been subjected
to detailed environmental studies (Gudovskikh et al., 2016), which demonstrated the need to assign
conservation status to this area, to preserve unique complexes of hypoarctic tundra, fish breeding grounds,
wildlife nesting sites, and to prevent poaching.

In 2016, the Government of the Yamal-Nenets Autonomous Okrug launched a comprehensive study
program for the Gydan Peninsula, the main goal of which was to avoid mistakes during the first wave of
the district’s industrial development (first and foremost the Yamal Peninsula) and to collect comprehensive
background data on Gydan before the start of large-scale development of its hydrocarbon fields. The five-
year research program was prepared by the Arctic Research Centre together with the Research Institute of
Ecology and Sustainable Use of Natural Resources of the Tyumen State University, Institute of Water and
Ecology, Institute of Earth Cryosphere of the Siberian Branch of the Russian Academy of Sciences,
Roshydromet’s Arctic and Antarctic Research Institute and other research centers and institutes of Moscow,
St. Petersburg, Tyumen, Novosibirsk and Irkutsk. Along with integrated ecological-landscape research, the
Program provides for the reinstatement of the state environmental monitoring network in Gydan.

Information in this section refers to the published results of the above-listed scientific and applied
environmental studies in the Gydan Peninsula and in the water area of the Ob Estuary, but the main
attention was paid to the results of pre-FEED engineering survey. The onshore part of the survey was
conducted in stages for the territory of the Salmanovskiy (Utrenniy) License Area (FSUE PINRO, 2012), the
early field development facilities sites (RusGazEngineering LLC, 2014; EnergoGazEngineering LLC, 2017),
the areas of the proposed site of the Plant (together with the area of the required 1,000 m sanitary
protection zone) and the Port (TsGEI LLC and Uralgeoproekt LLC, 2017), and for the sites of the field and
airport facilities (PurGeoCom LLC, 2017-2019). The borders of the corresponding work sites are shown in
Figure 7.1.2. Findings of the above studies are supplemented nowadays by the operational (local)
environmental monitoring in the whole license area conducted by IEPI JSC (2018 - to date).
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Not less attention is being paid to studying and conservation of aquatic ecosystems of the Kara Sea. In
particular, the World Wildlife Fund (WWF) organized comprehensive studies to identify priority areas of the
marine environment within the Russian sector of the Arctic for conservation of biodiversity. The first
published results of this work provide information on the availability of biodiversity data for specific water
areas along the Northern Sea Route: Figure 7.1.3 shows the index map of products of multiplication of the
number of independent data sources by the data quality factor.

@?@v bl
e Y

A o8t i Wrangel|Istan:

e1i3d 284 &
: Be g
tH 3 h o4
HE i
3 11 i ‘x ¥ o C;IDO Navarin
R L 22 ST - .
o b a

INewSiDerian]is

Novaya . Zemly. SevernayarZemiya

Data Coverage Index
0-8

Area of Project Implementation [:] 9-18

P 19-28
B 2-37
| BN

— —)
0 250 500 750 10531 EResearch area

Figure 7.1.3: Availability of biodiversity data for the marine ecosystems of the Russian sector of the Arctic®

It can be seen that the level of knowledge about the ecology of the Ob Estuary and outer area of the Ob-
Yenisei estuarial system is high compared to other sections of the Kara Sea, and this information is currently
supplemented by a significant body of detailed data collected through the environmental surveys and
ecological monitoring for the NOVATEK's projects (Figure 7.1.4).

Specifically for the Arctic LNG 2 Project, the offshore part of the survey was conducted by FSUE PINRO
FSUE (2012) for the water area of the Ob Estuary within the license area, by EcoExpressService LLC (2013)
- for the quayside construction area, by NPF DIEM (2014) - for two alternative Plant location sites, InzhGeo
LLC (2017) - for the proposed locations of the Plant facilities, Fertoing LLC (2017) - for the dredging and
dumping sites, FPFI AANII (2017) - for the extensive part of the water area including the Plant and Port
facilities and extending upstream about 15 km (Figure 7.1.3).

5 Solovyev B., et al. Identifying a network of priority areas for conservation in the Arctic seas: Practical lessons from Russia // Aquatic Conserv: Mar
Freshw Ecosyst. 2017;27(S1):30-51.
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The supplementary studies were focused on the benthic communities in the areas of underwater technical
operations (ZMI MGU LLC, 2019), as well as marine mammals communities in vast areas within the Ob
Estuary (Marine Mammals Scientific Expedition Center NEZ “Morskiye Mlekopitajushchiye, 2018).

In 2018-2019 two projects with partially overlapping areas — Yamal LNG and Arctic LNG 2 - simultaneously
launched the comprehensive monitoring programme for marine ecosystems of the Ob Estuary.
The monitoring activities are conducted by FRECOM LLC and IEPI JSC supported by other companies
(boundaries of the study areas are shown in Figure 7.1.4). The first results that are available by present
are included in this Section. The Operators — OJSC “Yamal LNG"” and LLC “Arctic LNG 2” - have agreed the
marine environmental monitoring program that they will conduct in turns within the combined area of
influence of the two projects; in the current year, LLC “Arctic LNG 2" is responsible for the monitoring.

Yoo -4
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Atmospheric Conditions

Climate

According to the Kdppen-Geiger classification of climates the proposed site of the Plant and associated
facilities is characterized by tundra climate, denoted by the international index "ET":. The B.P. Alisov
climatological system’ adopted in Russia classifies the region as an area with polar climate of Arctic variety,
which southern border (the transition to subarctic climate) is defined by the average perennial position of
the Arctic atmospheric front and lies 100-200 km south of the Arctic LNG 2 Project sites.

N /\ Weather monitoring stations

A @ Hydrological stations

[« Airport "Utrenniy"

= | Arctic LNG 2 Project
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Figure 7.2.1: Weather monitoring stations in the Project area (location of the GBS LNG & SGC Plant is shown for
orientation)

The quantitative data on the meteorological conditions of the area under review were recorded over the
past 70-80 years by the network of hydrometeorological stations, of which the ones nearest the designated
borders of Plant and Port sites are Tadebya-Yakha (70 km south), Seyakha (100 km south-west) and

6 L. McKnight, Darrel Hess. Climate Zones and Types: The Képpen System // Physical Geography: A Landscape Appreciation. — Upper Saddle River,
NJ : Prentice Hall, 2000. — P. 200—201.

7 B. P. Alisov. Geographic types of climates // Meteorology and Hydrology. 1936. No. 6.
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Tambey (100 km north-west), see Figure 7.2.1. All three observation points, like the main facilities of the
Arctic LNG 2 Project, are located on the coast of the Ob Estuary, which ensures the similarity of their
climatic conditions and the possibility of extrapolation of meteorological data.

Common to the climate of the entire Arctic belt is the dominance of Arctic air masses with low temperatures,
low absolute and high relative moisture content, and high transparency. The high-latitude geographical
position of the region (71° north) determines the low level and pronounced irregularity of solar radiation
input depending on the season, and therefore the underlying surface conditions are unsupportive of
warming the near-ground atmosphere. Orographic obstacles to the movement of air are practically non-
existent, and the relief’s impact on the atmospheric circulation can mainly be felt at the micro level. The fact
that the Arctic LNG 2 Project is located in the Atlantic sector of the Arctic Region results in its periodic
exposure to Atlantic air masses, which is most noticeable during the warm season.

In the context of the ESHIA, the most important climate characteristics are:

e low temperatures: the prevalence throughout the year of freezing temperatures in near-ground air
with an absolute minimum of approximately minus 52°C; extremely rare recurrence of stable
periods with temperatures above 10°C (they are considered active vegetation periods) with the
average temperature of the warmest month, August, of around 7.5°C and the absolute historical
maximum of 30.1°C; the duration of the frost-free period does not exceed 50-70 days - the
standard duration of the heating period is 292 dayss.

e excessive atmospheric humidity: the value of the annual humidity factor, defined as the ratio of
precipitation and evaporation, is greater than 1.5; about 330 mm of precipitation falls annually,
with 43 mm falling in September - the annual maximum;

e accumulation of bulk precipitation in the snow cover, average thickness of which at the beginning
of the snow-melting period reaches 30-35 cm, and the accumulation period lasts from September
to May;

e seasonal long-term soil freezing which limits the subsurface runoff and removal of mobile
compounds from the active layer with a thickness of 0.2-0.3 m in icy peat to 1.5-1.8 m in sands
with low ice content;

e atmospheric circulation similar to monsoon type with the prevalence of northerly winds in summer
and southerly winds in winter, constantly high air humidity, low frequency of thunderstorms and
calm periods, high frequency of cloudiness and advective fogs;

e high wind loads on the earth's surface causing a redistribution of snow masses over the relief
elements during the cold period of the year and creating favourable conditions for the development
of aeolian processes during the short warm period;

e seasonal alternation of constantly high and constantly low illumination of the earth's surface.

The conditions listed above ensure a high self-purification capacity of atmospheric air in the proposed
location area of the Arctic LNG 2 Project.

7.2.2 Air quality

The main source of information on air quality in the Yamal-Nenets Autonomous Okrug is the state
monitoring data published in the form of annual reports “On the environmental situation in the Yamal-
Nenets Autonomous Okrug”. Samples of near-ground air are taken and tested on a regular basis by two
organizations: Center for Hygiene and Epidemiology in YNAO - in Noyabrsk, Nadym, Novy Urengoi, Tarko-
Sale, Muravlenko, Salekhard and Labytnangi, and the complex laboratory for monitoring environmental
pollution of the Yamal-Nenets Center for Hydrometeorology and Environmental Monitoring — at a single
stationary post in the city of Salekhard. The results of their long-term observations show that the air at the
sampling sites is in general hygienically safe, and the levels of polluting substances are within the
permissible limits.

All posts of the state network for monitoring air quality are located several hundreds of kilometers away
from the Plant and Port sites, and cannot serve as a source of background pollutant concentrations for
assessing the impact of the planned activity. During preparation of the design documentation, these
concentrations were officially requested from the territorial office of Roshydromet, determined by
calculation and presented in the form of an information letter (Table 7.2.1).

8 Territorial Planning Scheme of Tazovskiy Municipal District. - Approve by Resolution of the District Duma of the Tazovskiy Municipal District No. 7-
8-91 dated December 16, 2009 (as amended in 2017)
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Table 7.2.1: Background and maximum allowable concentrations (mg/m?3) of pollutants in the Arctic LNG 2 Project
area

Background

Hazard

MAC o.t./m.a.°
class O

Substances concentration,
mg/m3

Dust (suspended particles) 0.195 3 0.5/0.15
Nitrogen dioxide 0.054 3 0.2/0.04
Nitrogen oxide 0.024 3 0.4/0.06
Sulphur dioxide 0.013 3 0.5/0.05
Carbon monoxide 2.4 4 5.0/3.0
Hydrogen sulphide 0.004 2 0.008/ N/a
Benz[a]pyrene 0.15-10° 1 N/a /1-10°®

The large concentration of sources of impact on air quality nearest the Plant and Port sites (70 km north-
west) is the site of Yamal LNG project facilities including a natural gas liquefaction facility, offshore terminal,
airport, residential quarters, and gas field. Environmental monitoring within their area of influence did not
reveal any exceedance of MACs and TSELs for a wide range of controlled compounds.

Air sampling and analysis was conducted in 2019 under the local environmental monitoring and operational
environmental control programs for different facilities of the Arctic LNG 2 Project including:

e Onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCFv;

e Berth structures at the Salmanovskoye (Utrenneye) OGCF;

e Power supply complex No. 2 and gas flow-line from GWP No.16 to Power supply complex No.2x;
e Producing well stock of GWP No.16 and well No.304P:.

The program of operational environmental control and local environmental monitoring included spot
sampling of air and testing of the following pollutants:

e Nitrogen dioxide;

e Nitrogen monoxide;
e Sulphur dioxide;

e Carbon monoxide;
e Hydrogen sulphide;
e Carbon char (soot);
e Particulate matter;
e Formaldehyde;

e Methanol;

e Ethylbenzene;

e Methane and methane hydrocarbons, etc.

The air quality results of the operational and local environmental monitoring demonstrated that in June,
August and September 2019, ground-level concentrations of all controlled components at all sampling
points were below the lower detection thresholds of the respective measurement methods (Table 7.2.2),
and below the maximum allowable concentrations for air quality in residential areas.

° One time maximum (o.t.) - short-term exposure limit, and mean daily (m.d.) - annual average limit set in GN 2.1.6.3492-17 for air pollution in
urban and rural settlements

10 | ocal environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.1. Final Report on the environmental monitoring of the Salmanovskoye (Utrenneye) oil, gas and condensate field
in 2019. Institute of Environmental Survey, Planning and Assessment (IEPI), M, 2020

11 LLC “Arctic LNG 2” Report 2019 on the organization and results of the operational environmental control of the Berth structures infrastructure at
the Salmanovskoye (Utrenneye) OGCF, IEPI, M, 2020

12 | LC “Arctic LNG 2" Report 2019 on the organization and results of the operational environmental control of the negative impact facilities (NIF) -
Power supply complex No.2, gas flow-line from GWP No.16 to Power supply complex No.2. IEPI, M, 2020

13 LLC “Arctic LNG 2" Report 2019 on the organization and results of the operational environmental control of the producing well stock, IEPI, M,

2020
M RAMBJLL
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Table 7.2.2: Air pollutant detection thresholds and maximum allowable concentrations

Controlled pollutants Detection threshold MACo.t.'* MACm.d. Allowable level'®

Particulate matter <0.26 0.5 0.15 -
Benz[a]pyrene <0.0005 - 1-10°

CHa, % vol. <0.005 0.0075
CO, mg/m3 <0.1 5.0 3.0 -

NO, mg/m3 <0.1 0.4 0.06 -

NO2, mg/m3 <0.1 0.2 0.04 -

S0z, mg/m3 <0.1 0.5 0.05

NHs, mg/m? <0.2 0.2 0.04

7.2.3 Harmful physical impacts

Adverse physical impacts regulated in Russia include ionizing radiation of all known types, noise, vibration,
and non-ionizing electromagnetic radiation of various frequency ranges. Due to the fact that the land and
water area selected for the Arctic LNG 2 Project consists of undisturbed landscape characterized by localized
and low-intensity development, remoteness and low density of sources of harmful physical impacts, the
measurements of noise levels under the operational control and local environmental monitoring program
in 2018 were conducted at the operational and construction sites of the Arctic LNG 2 Project facilities.

Acoustic conditions in the location area of the Arctic LNG 2 Project are determined by a combination of
natural and technogenic sources of sonic vibrations. Among the first, the main role is played by near-
ground air movements and wind-caused noises of contacting media - water bodies, vegetation, snow cover,
etc. The main anthropogenic source of noise for the land and water area are currently the berth structures
and related operations - particularly transport, as well as Power Supply Complex No.2 and well pads.
Construction work at the Project facilities also contributes to the acoustic conditions.

The levels of noise measured at two points under the operational environmental control program during
three days in 2018 during the maintenance dredging activities in the water area of Utrenniy LNG & SGC
Terminal® did not exceed the noise limits for residential areas at day and night time (55 dBA and 45 dBA,
respectively).

In 2019, the operational environmental monitoring included measurements of noise levels within the scope
of the OEC program of the Salmanovskoye (Utrenneye) oil, gas, and condensate field facilities setup. The
measurements were conducted during the construction activity one time during 6 days, at the day and
night time. The noise impacts were monitored at two stations in the TSF area (sanitary facilities) at the
construction sites of GWP No.16 and the Power Supply Complex, where presence of construction workforce
is expected.

Equivalent noise levels within the range of 60.1-67.2 dBA were recorded at the construction site of GWP
No.16, with the maximum levels at 72.4-77.8 dBA. Higher levels of noise are reported at the site of Power
Supply Complex No.2 - 75.4-79.4 dBA and 86.3-92.4 dBA, respectively. During the whole period of the
measurements, the noise levels never exceeded the MAL level for all types of permanent workplaces in
industrial premises and territories, which is set at 80 dBA (equivalent sound level) and 95 dBA (maximum
sound level). The main components of the sound pressure are the technogenic noises from operational
systems.

4 GN 2.1.6.3492-17 “Maximum allowable concentrations (MACs) of polluting substances in air in urban and rural settlements”

15 GN 2.1.6.2309-07. Outdoor and indoor air, health safety of air. Tentative safe exposure levels (TSEL) of pollutants in the atmospheric air of
populated areas. Hygienic standards

6 Operational Environmental Control Report in relation to dredging activities in the water area of Utrenniy LNG & SGC Terminal, Federal State
Unitary R&D Enterprise “AeroGeologia”, M. 2018

7 Local environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.3. Final Report on the Operational Environmental Control of the Salmanovskoye oil, gas, and condensate field
facilities setup. Gas supply for the power supply facilities to support construction, hydraulic filling and drilling operations. Book 1. Explanatory note.
IEPI JSC, M., 2020
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Physical factors monitoring during construction of the Utrenniy Terminal facilities was conducted in August
and September 2019, at eight points:.

The main sources of noise were man-caused - operating plant at the berth structures (loading cranes, etc.),
watercraft, road traffic, adjacent construction sites, helicopter noise. The resulting noise is a totality of
continuous and intermittent fluctuating and pulse noises. The detected natural noises were caused by
movement of near-surface air, waves and voices of birds, and their contribution was much smaller.

The levels of noise recorded during different periods are similar. Equivalent noise levels were within the
range of 40.2-47.5 dBA, maximum - 52.3-64.7 dBA. The level of noise never exceeded the permissible
standard during all periods of measurements.

Radiation-ecological conditions at the designed locations of the Field, Plant and Port are generally
favourable and environmentally safe.

The program of all engineering surveys conducted in 2012-2017 included on-foot gamma survey of the
territory and a number of related measurements. The total of 630 point measurements of gamma activity
and 315 measurements of radon flux density (alpha radioactivity) were carried out within the designated
borders of the Plant’s onshore facilities. The obtained values are typical for uncontaminated areas with
strong Quaternary sediments: y- activity at 2.9 pR/h corresponds to the ambient dose equivalent of 0.08-
0.15 pSv/h and radon flux density not exceeding 25 MBg/m?:s. Local gamma background anomalies are
low-intensity (up to 22 pR/h) and lithogenous: they have been found to be associated with lenses of dark-
coloured sands with a relatively high content of radioactive elements.

Similar characteristics of the radiation-ecological situation were obtained in the course of surveys of the
onshore Port facilities and the Field, which indicates their homogeneity across a vast area without
pronounced radiation anomalies.

In 2018, the environmental monitoring of the Salmanovskoye (Utrenneye) oil, gas and condensate field
included radiation-ecological studies* comprising:

¢ Gamma-radiation survey in the key sections with the total area of 6.1 ha within the construction
sites and adjacent territory;
e Determination of gamma-ray external dose equivalent (GRDE) at 62 control points.

Samples of soil, water and sediments were subjected to gamma spectrometry analysis in laboratory:

e Determination of specific activity of natural radioactive nuclides (potassium-40, radium-226,
thorium-232) and cesium -137, effective specific activity of natural radioactive nuclides in samples
of soil and bottom sediments;

e Determination of volumetric activity of cesium-137, total alpha activity, and beta activity in water
samples.

Intensity values of background gamma radiation within the whole area of 6.1 ha vary between 0.05 and
0.13 pSv/h, with the average level of 0.09 uSv/h. The gamma-radiation survey did not identify any zones
where radiometer readings would exceed the average level for the area by two or more times; the gamma
radiation rate is within 0.3 pSv/h. Therefore, no local radiation anomalies are present within the surveyed
area, in accordance with p. 5.2.3 of MU 2.6.1.2398-08.

The rate of gamma-ray ambient dose equivalent at the control points within the monitoring area is within
the range of 0.07-0.13 pSv/h. Thus, in accordance with the criterion of p.5.8 in MU 2.6.1.2398-08, the
surveyed areas meet the sanitary and hygienic safety standards in terms of gamma radiation exposure
rates for construction of any facilities without restrictions.

Results of gamma spectrometry analysis of samples of soil and ground indicate low activity of natural
and technogenic radionuclides (Table 7.2.3).

18 |ocal environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.2. Operational environmental control of the berth structures infrastructure at the Salmanovskoye (Utrenneye)
OGCF. Final Report by IEPI JSC, M., 2019

19| LC “Arctic LNG 2” Report 2019 on the organization and results of the operational environmental control of the Berth structures infrastructure at
the Salmanovskoye (Utrenneye) OGCF, IEPI, M, 2020
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Table 7.2.3: Specific activity of natural radioactive nuclides (NRN) and cesium-137 in samples of soil

Specific activity of natural radioactive nuclides (NRN),

Sampling Bq/kg Eff. spec. act., Cs-137,
point Bq/kg Bq/kg
K-40 Ra-226 Th-232
11-1p 330 14 10 56 less than 3
11-2p 290 10 14 55 less than 3
11-3p 80 less than 8 less than 8 less than 22 less than 3
12-2p 212 17 12 52 3
2-1p 230 9 18 53 less than 3
8-1p 244 less than 8 13 46 less than 3
3-1p 260 12 8 45 less than 3
Background
ithi h

within the 1 5y 8 13.6 12.5 - 3
Salmanovskiy
License Area

Effective specific activity of NRNs in tested soil varies within the range of 22 to 56 Bg/kg. The measured
average and maximum levels of Aeff are by far lower than thresholds for intervention (370 Bqg/kg for
construction materials for public buildings and facilities in accordance with SanPiN 2.6.1.2523-09 and
p. 5.1.5 of SP 2.6.1.2612-10). The maximum measured activity of NRNs does not trigger any restrictions
on handling and use of soil. The measured values match the weighted average level of NRN activity
characteristic of the whole area of the Yamal-Nenets Autonomous Okrug.

In accordance with the Instruction on gamma-spectrometric determination of technogenic radionuclides in
soil samples, the measured specific activity of technogenic isotope 137Cs was compared with the background
global precipitation on the earth’s surface being 5-15 Bqg/kg. Specific activity of 137Cs in soil within the
surveyed area does not exceed 3 Bqg/kg.

Measured specific activity of NRNs in samples of bottom sediments was as follows: less than 9-16 Bg/kg
for 226Ra, less than 10-16 Bq/kg for 232Th, 210-370 Bq/kg for 40K.

Effective specific activity of NRNs in tested bottom sediments varies within the range of 31 to 62 Bqg/kg.
The measured average and maximum levels of Aeff are by far lower than thresholds for intervention (370
Bg/kg for construction materials for public buildings and facilities).

Samples of water from surface water bodies within the surveyed area were sent for spectrometric
testing for determination of activity of radioisotopes. Specific total alpha activity varies from less than 0.02
to 0.14 Bq/I, total beta activity is from less than 0.1 to 0.37 Bqg/l. These values are by multiple times
smaller than threshold levels in p.4.3.2 of SanPiN 2.6.1.2800-10 (0.2 and 1.0 Bg/kg), therefore, further
examination of isotopic composition of the waters is unnecessary.

Non-ionizing electromagnetic field of industrial frequency and other frequency ranges within the
designated Project sites was not investigated, but, as in the case of the acoustic field, we can assume its
natural and non-anomalous character with localized low-intensity disturbances only in the immediate
vicinity of the power plants, transformers, power transmission lines and other similar sources located near
the wharf, on the sites intended for material and technical resources and personnel.

7.2.4 Conclusions

1. The climate of the area under review is one of the most uncomfortable in Russia due to the high
(up to 30%) rate of recurrence of the combination of low temperatures, high humidity and high
wind speed; low natural illumination during the polar night; deficit of ultraviolet radiation over 5-6
months; dangerous weather phenomena throughout the year (negative air temperatures, intense
precipitation, blizzards, icing, squalls, fogs).

2. The climatic conditions ensure high self-purification capacity of atmospheric air in the proposed
location area of the Arctic LNG 2 Project.
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3. The level of harmful physical impacts within the Salmanovskiy (Utrenniy) License Area is mainly
determined by natural factors and by the operation of the existing Field facilities.

4. In the absence of local technogenic sources of ionizing radiation, the corresponding indicators for
the land and water areas under review also correspond to natural values and, to a lesser extent,
to the impact of remote sources. Surveys within the designated borders of the Plant, Port and Field
did not reveal any anomalies in gamma background or other ionizing radiation parameters, which
current level is determined by the presence of gamma-ray sources scattered throughout the soil
cover and the geological environment, as well as their influx with cosmic radiation and the presence
of radioactive elements of different origin in atmospheric aerosols.

5. 1In general, it can be concluded that background level of air pollution and harmful physical impacts
in the area of the Arctic LNG 2 Project facilities is safe for humans and biota.
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Surface Water

The Ob Estuary

7.3.1.1 General

The Ob Estuary is the largest among the bays of the Kara Sea and at the same time the closing waterbody
of the Ob River basin which is the inundable (liman-type), microtidal and heavily stratified estuary.
The estuary is around 800 km long and from 30 to 75 km wide whereas its depths are relatively small and
vary from 10-12 m in the south to 20-22 m in the north.

The total water area of the Ob Estuary is 40,800 km?2 with average water capacity of about 400 km3. A close
value - 400-450 km3/year - is typical for the annual river water inflow to the Arctic Ocean from the Ob
basin. The Ob River accounts roughly for 75 % of this volume and the rest is delivered to the Ob Estuary
by tributaries, groundwater, and atmospheric precipitation. The fresh-water area is about 30,000 km?2.
The Ob Estuary drains the onshore areas and also acts as a heat sink, therefore, its water is diluted with
fresh water and relatively well warmed.

The Ob ranks first in Russia by the catchment area and stretches through a few natural zones, highlands
and lowlands. The largest part of the watershed is represented by the weakly drained and heavily
waterlogged West Siberian Plain that functions as a natural regulator of river flow and determines water
and bottom sediment chemistry, including near the mouth. The Ob Estuary features a variety of soil types:
sandy and sandy-silt soils prevail in the delta area; all nearshore areas of the Estuary are covered with
sand that gradually becomes silted with increasing water depth; bluish-grey silts cover the bottom in the
deep-water areas. There are no pebble or rocky soils in the Ob Estuary.

The Ob Estuary is entirely situated in the tundra zone characteristic of the harsh arctic and subarctic
climate; in the central and northern parts, it drains areas with ubiquitous permafrost occurrence. At that,
the waterbody is distinguished with intricate hydrodynamic behavior resulting from the interplay of sea and
river waters against the background of the multidirectional tidal and wind-driven circulation, various ice
events, and complex coastline lithodynamics.

The hydrological regime of the Ob Estuary is non-uniform because of its long stretch in the meridional
direction and related differences of hydrological, hydrochemical, and hydrobiological characteristics.
Therefore, it is commonly accepted to divide the Ob Estuary into three parts with respect to natural
conditions: river (southern) - from the Ob River mouth to the line of 70° NL , central - from parallel 70° NL
down to the line connecting the Tambey River mouth (Yamal peninsula) and Cape Taran on Gydanskiy
peninsula (the Port and Plant’s location), and northern - from Cape Taran as far as the outlet to the Kara
Sea (Figure 7.3.1). Processes in the “river” part that does not contact saline sea water are defined by the
river flow. In the “sea” part with the southern boundary drawn by isohaline 0.5 %o, river and sea waters
are mixed. Between these two parts, there is an intermediate area exposed to intermittent influences of
the mixing zone through the tidal and wind-driven circulation (IEPI, 2020)x.

Information provided in this Section largely refers to the central and northern parts of the Ob Estuary and
to the water area that either will be engaged in the planned activity or will be exposed to its impacts
(Figure 7.3.1).

20 Final Report on the Comprehensive environmental studies of the Ob Estuary in the area of potential impact of the Arctic LNG 2 Project and
adjacent water areas, Phase 3. Book 2. IEPI, Moscow, 2020.
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Figure 7.3.2: Bathymetric data of the Ob Estuary water area in the area of the existing berth structures (1 km north
from the Plant’s boundary)

Source: LNG NOVAENGINEERING LLC, 2018
7.3.1.2 Hydrologic and ice conditions of the Ob Estuary

The river flow is a major and permanent factor that persistently affects water and ice patterns of the Ob
Estuary. A branched network of tundra rivers that comprises numerous lakes supplies the estuary with
additional water owing to a spacious water catchment of the West Siberian Plain. Also, the wind pattern
dramatically influences hydrology of the Ob Estuary. In the summertime, winds facilitate water mixing and
its saturation with oxygen. During winter seasons, winds influence tidal currents either intensifying or
weakening them. In autumn, winds prevent freezing by breaking ice and carrying it away to the open
spaces of the estuary.

The water level patterns of the Ob-Taz Estuary are shaped under the influence of tidal and wind-induced
events and depend on morphology of the river channel and ice conditions. Tidal waves, 0.5 m high in the
Kara Sea, rise 2-3 times higher at the entrance to the narrow section of the bay and then gradually come
down actually to zero in the middle of the Ob delta.

The water level in the estuary drops (downsurges) during periods of long-duration winds of south bearings.
Upsurges (water level rising) are induced by north, west and north-west winds. South-west winds may
cause some level rising. Wind-driven level fluctuations are more intensive at the south boundary of the
estuarine coastal area (Cape Yam-Sale). The highest upsurges over the observation period in the northern
part of the Ob Estuary were registered at the 60-letiye VLKSM observation station - 1.10 m and at the
Tambey station - 0.80 m. The highest downsurge values marked at these stations were 0.87 and 0.61 m,
respectively (FPFI AANII, 201222),

Water levels in the Ob Estuary have a well-pronounced seasonal trend conditioned by a strong influence of
spring flood runoff from local catchments of influent rivers. Commonly, mean monthly levels recorded at
almost all stations are higher in May-July than in other months and lower over March-April periods. An
elevated water table nearby the north boundary of the estuary is also marked in December—-February.

Mean, maximum and minimum water levels according to monitoring data of the marine
hydrometeorological station Tambey are:

e Mean multi-year water level - minus 29 cm BSD-77 (Baltic Sea Datum);

e Maximal design annual level with 100-year frequency - 128 cm BSD;

¢ Maximal design annual level with 50-year frequency - 118 cm BSD;

e Maximal design annual level with 20-year frequency — minus 147 cm BSD.

21 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Technical report on results of environmental
survey. Subsection 1. Offshore facilities. 2017-423-M-02-U311.1 (3000-P-NE-SRV-04.01.01.00.00-00). LNG NOVAENGINEERING LLC, 2018

22 Technical Memo “Summary of Archive and Field Data on Hydrometeorological and Ice Conditions in the Area of the Salmanovskoye Field (northern
part of the Ob Estuary) in Support of Pre-Project Development of the Material Offloading Facility Concept”. — FPFI ANII, 2012.
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During field studies in the vicinity of the Salmanovskiy (Utrenniy) license area (AANII, 201723) in April-
June 2017, a span of water level fluctuations near the berth structures was 127 cm. Level variations caused
by wind-driven events ranged up to 91.4 cm.

Permanent, tidal and wind currents are observed in the Ob Estuary. Permanent currents originate from the
Ob flow and are directed northward; their velocity does not excel 0.05-0.1 m/s. Tidal currents with
a velocity up to 0.6-0.7 m/s occur in the far north-western section of the Ob Estuary. Wind currents are
associated with north and south winds.

Velocity of summary currents in the surface layer is as high as 1.4 m/s. Maximum velocity in the bottom
layer (20 m) is 0.48 m/s. Maximum frequency of summary currents is marked in the surface layer in the
north and south directions.

Analysis of the spatial and time variations of current velocities in the middle and northern zones of the Ob
Estuary (Final Report on the Comprehensive environmental studies of the Ob Estuary in the area of potential
impact of the Arctic LNG 2 Project and adjacent water areas, IEPI 2020) showed that north-bound transport
process is observed throughout the eastern part of the Ob Estuary (at the right shore), mainly due to the
permanent current generated by the rivers discharging into the southern sections of the Ob and Taz
Estuaries. In the studied area, permanent currents follow north-eastern direction, however in general they
are defined by the configuration and orientation of the coastline.

Significant influx of water from the Kara Sea is observed in the bottom layer in the northern and middle
sections of the Ob Estuary. Average monthly velocity of such currents is generally as low as few
centimeters. The influx onsets at the western shore and further develops along the central channel through
the deepest sections.

Wind waves in the Ob Estuary are generated during the ice-free season (July-October). Stronger wind
waves in the water area are generated under the action of north and south winds. Nature and intensity of
the wave agitation largely depend on the ice situation in the Kara Sea, because it determines wave fetch,
and on wind conditions. Stronger wind waves are generated under the action of steady north and south
winds. Frequency of waves 1 m in height and less is 50-60% during the overall navigation period. At a wind
speed of 10-15 m/s, average wave heights are between 1.0 m and 1.5 m. The number of days with storms
in the Ob Estuary is about 40% (Table 7.3.1). Waves sometimes may be as high as 4 to 5 m.

Table 7.3.1: Wave conditions recurrence in the Ob section of the Kara Sea

Wave conditions recurrence by months, %

Wave height, m

August September October July-October

<1 66 65 57 52 60
1-2 23 23 25 22 23
2-3 10.5 11.5 17 25 16
3-5 0.5 0.5 1 1 1

Source: FPFI AANII, 201224
Easterly and westerly winds give rise to the formation of big hummocks along the estuary coastline.

The natural navigable period in the estuary is as short as 70-90 days and can be merely extended using
icebreakers. By monitoring data of the Tambey station, the ice season duration in the Ob Estuary is from
275 to 290 days. Its maximum was recorded in the vicinity of Tambey settlement (322 days). The duration
minimum of 271 days was registered at the Tambey monitoring station, and 266 days at other stations.
The estuary is free of ice between July and October. Ice cover is at its maximum in April-May and a mean
thickness of fast ice is 150 cm during these months. The maximum ice thickness is 240 cm. Measurements
taken near the berth structures in April 2017 indicated that the ice thickness varied from 94 cm to 200 cm
and was 140 cm on an average.

First ice appears at the end of the autumn cooling period. Water freezing starts with young coastal ice in
near-shore areas that gradually develops into fast ice. Over the entire ice season, tidal cracks develop
along the estuary shoreline at a 20-180 m distance from the shore. Hummocks may build shore-parallel
ridges, three and more in number, along the cracks.

23 Utrenniy Liquefied Natural Gas and Stabilised Gas Condensate Terminal. Technical Report on results of the engineering and hydrometeorological
survey (processing and review of monitoring data collected during field studies in the 2016/2017 ice season). vol. 5.3. FPFI AANII, 2017

24 Technical Memo “Summary of Archive and Field Data on Hydrometeorological and Ice Conditions in the Area of the Salmanovskoye Field in Support
of Pre-Project Development of the Material Offloading Facility Concept”. FPFI AANII, 2012

Yoo -4



Environmental Baseline 7-19

Ice ridging in the Ob Estuary intensifies from south to north. Moreover, depending on the wind speed and
direction during the ice drifting period, heavily ridged ice sections (patches) may stretch forth for dozens
of kilometers. A higher measured height of the "sail" portion of ice ridges is 300 cm and constituent ice
blocks are 140 cm thick.

Ice exaration processes are common within the surveyed area. Grounded ice hummocks (so-called
stamukhas) are usually located on land-fast ice at depths of more than 6-8 m. Ice exaration was studied
in the area of the Plant siting in 2014. The studies revealed that the seabed was densely covered with
gouges at depths of more than 9-10 m. At 8-15 m depths, there is a likelihood of gouges of up to 1.5 m in
depth and 3-5 km in length. The alongshore direction of gouges predominates. Gouging is pervasive at 11-
22 m depths; dominating are gouges of 1-2 m in depth and above 7 km in length.

An inherent feature of the May-July ice pattern in the northern part of the estuary is presence of the flaw
polynya. Its boundary changes the position both throughout the year and from year to year depending on
the severity of winter.

According to the weather monitoring data, ice completely disappears in the studied section of the Ob
Estuary by the third decade of July, on an average.

In summer, water temperature on the estuary surface follows the air temperature trend and tends to
dropping from south to north. Near-bottom water temperature in the northern part of the estuary may be
below 0° C. In winter, freshwater temperature is around 0° C and takes negative values in the north of the
estuary.

The salinity interface (halocline brought about by a strong vertical salinity gradient in the water column) in
the northern part of the estuary is bent towards the estuary in near-bottom layers and exposed to
significant migrations. Intra-annual river flow fluctuations contribute at most to this section shifting. In the
summertime, seawater with 30% salinity permeates through the estuary for around 10 km. Saline water
spreads inwards the estuary at a distance of 210 km in autumn and up to 340 km in winter. In winter,
salinity in the northern part of the Ob Estuary has vertical distribution: it is 8.0-9.0%o0 near the surface and
up to 18.0-19.0%o0 near the bottom. A difference in salinity between the surface and bottom layers in the
summer season is not that pronounced: surface water salinity is 1-2%o0 in July and 5%eo0 in September. In
summer, salinity is 6-9%o0 at a depth of 8 m.

The waters in the southern section of the Ob Estuary are fresh. In winter, water salinity in the middle part
of the Ob Estuary slightly increases. In the northern section, the diluted water flows upon layers of salty
sea water, i.e. only one third part at the top of the water column is fresh. Water salinity measurements in
the estuary within the Salmanovsky (Utrenny) license area performed by SPG ENGINEERING in 2018
demonstrated homogeneity of the thermohaline parameters of water column in summer, due to the strong
impact of fresh-water river flow. E.g., average measured salinity in the surface and bottom layers was
1 permille and 1.22 permille, respectively. In winter, when river flow is minimal, the difference in salinity
between the surface and bottom layers of water can be as large as 20 permille.

Table 7.3.2 summarises data on salinity of the Ob Estuary water area within the water area of the Plant
and Port construction.

Table 7.3.2: Average and extreme water salinity levels at the standard depths in the area of the Salmanovskoye
(Utrenneye) OGCF during the periods with and without ice, permille

Summer (July-September, 2012-2017) ‘ Winter (February-April, 2012 & 2017-2018)

Water layer, m ——7‘

Average Maximum Minimum Average Maximum
0 0,04 0,99 1,26 2,43 4,68 4,86
5 0,04 1,00 1,26 2,50 4,73 5,43
10 0,04 1,09 1,31 3,0 8,73 14,8
Bottom layer 0,04 1,22 1,59 8,68 11,89 25,09

Source: LNG NOVAENGINEERING LLC, 201825

In 2019, the Institute of Environmental Survey, Planning and Assessment (IEPI JSC) conducted marine
survey within the scope of the Comprehensive environmental studies of the Ob Estuary in the area of

25 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 3. Technical
report on results of hydrometeorological survey. Subsection 1. Offshore facilities. Book 1. Text part. Explanatory note. Document code 2017-423-

M-02-UrMN1.1. VOL. 3.1.1 LNG NOVAENGINEERING LLC, 2018.
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potential impact of the Arctic LNG 2 Project and adjacent water areas, and determined the following
parameters:

e Vertical distribution of water temperature, salinity and turbidity;
e Velocity and direction of currents;
e Water transparency.

The marine ecology survey was conducted during 17-22 September 2019, concurrently with construction
of the Utrenniy Terminal and maintenance dredging activities in the Port water area.

Conclusion from survey:

e Spatial variations of water temperature and salinity are small, whereas temperature of the surface
layer is only slightly higher than at the bottom.

e In terms of salinity distribution, situation is quite the opposite: average salinity in the bottom layer
is higher than at the surface, which reflects the natural hydrological conditions of the Ob Estuary.

e Turbidity in the bottom layer is also slightly higher.

e Transparency depth at all monitoring stations varied between 0.5 and 1.5 m, which is within the
typical range for the Ob Estuary and correlates well with the published and historical data.

Therefore, findings of the field survey demonstrated that spatial distribution of hydrological parameters
(water temperature, salinity, turbidity, as well as velocity and direction of currents) generally match the
background values characteristic of the studied section of the Ob Estuary in the given period of the year.

7.3.1.3 Hydrochemical parameters of the Ob Estuary

The chemical composition of the central part of the Ob Estuary results from the dynamic interaction and
contacting of freshwater flow and seawater running from the Kara Sea through the Ob bar. The transition
zone, which hydrochemical parameters are prone to seasonal and yearly variability, extends for several
hundreds of kilometers. By modeling and monitoring data, it almost reaches the Taz Estuaryz.

Hydrochemical characteristics of the Ob Estuary are based on the Inzhgeo LLC survey 2017 in the water
area of the Plant and Port hydraulic structures, supplemented by the comprehensive studies of the Ob
Estuary in the area of potential impact of the Arctic LNG 2 Project conducted in 2019 (IEPI, 2020)>.

Chloride ions predominated in the salt composition; the concentration of chlorides in water varied over
a range of 120.7-134.9 mg/dm3, the content of sulfates was much lower - within 2.69-2.88 mg/dm3. The
content of hydrocarbonates ranged from 79.3 to 85.4 mg/dm3. Sodium and potassium varied over 71.5-
81.5 mg/dms3.

Total hardness of water varied within 2.0-2.2 mg-eq/dm3, which is considerably higher than total hardness
of river flows. Water in the Ob River is categorised as “very soft” whereas water in the Ob Estuary falls
under the “soft” category.

Surface water of the estuary pertains to the group of neutral (6.5-7.5 pH units) and weak alkaline (7.5-8.5
pH units) compounds. Hydrogen contained in the studied samples varied from 6.98 to 7.61 units and was
7.48 pH units at an average. According to the survey conducted in 2019, water in the Ob Estuary is weak
alkaline - 7.65-7.98 pH units.

The dissolved oxygen concentration in water samples - 8.2-8.8 mg 0O,/dm3 - was in conformity to
regulations (6 mg/l, minimum). Absolute concentrations of dissolved oxygen measured in 2019 varied
between 10.72 mg/I and 13.58 mg/l and never dropped below the standard limit.

Chemical oxygen demand (COD) in a few samples exceeded MPC (30mg O,/dm?3; regional background -
32.8 mg 0,/dm3) both in the surface and in the bottom layer. The exceedances fluctuated from 1.1 to 5.3
MPC. COD in other samples was either below MPC or below the sensitivity of the measuring method, i.e.
less than 10 mg O,/dm3. Elevated COD levels (more than 30 mg/l) were recorded in a half of the samples
tested in 2019. Apparently, dissolved oxygen is consumed to oxidize organic matter which is carried in
abundant quantities by the Siberian rivers, and for the extensive chemical, biochemical and
physicochemical processes in the mixing zone of sea and river water. The high COD levels indicate the
natural conditions of the Ob Estuary rather than technogenic pollution.

26 N. A. Diansky et al. Assessment of impact of the access channel to the Sabetta Port on the change of hydrology of the Ob Estuary using numerical
simulation // Scientific Research in the Arctic. The Arctic: Ecology and Economy. 2015. No. 3 (19). pp. 18-28.

27 Comprehensive environmental studies of the Ob Estuary in the area of potential impact of the Arctic LNG 2 Project and adjacent water areas.
Final Report. Phase 3. Book 1. IEPI JSC. 2020. 287 p.
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Biochemical oxygen demand (BOD) varied over 3.5-5.4 mg O,/dm?3 and was 3.7 mg O»/dm?3 on an average,
which is beyond regulatory 2.1 mg O,/dm?3 established for fisheries. In surface water, BODs values are apt
to seasonal and daily fluctuations that depend on the water-dissolved oxygen concentration and on
temperature. The BOD intra-annual dynamics exhibit three maximumes: at the end of the ice season (March-
April), in the warmest season (July), and at the beginning of the ice season (November). The maximum
ingress of readily oxidisable organic matter occurs with groundwater in the late subglacial period. The
summer maximum relates to the temperature rise. Higher BODs levels are inherent in waterbodies fed by
bogs which are abundant in the surveyed area. In 2019, BODs levels in the studied water area varied within
the range of 0.50-1.8 mgO,/I and satisfied the applicable requirements.

A specific feature of West Siberian natural waters is elevated content of ammonium compounds. In the
natural conditions, the concentration of ammonium compounds exhibits natural variations due to
photosynthesis processes in aquatic ecosystems: their concentration decreases during spring and summer
seasons as a result of assimilation by plants and increases in autumn and winter in response to the
enhancing organic matter decomposition. As established by the studies performed in summer 2019, the
maximum concentration of ammonium nitrogen in the Ob Estuary within the Arctic LNG 2 Project Aol was
50 pg/l and did not exceed the set MAC limit (2900 ug/l). According to the reported data, ammonium
concentration varied within the range from less than 20 pg/l (2018) to 860 g/l (2015) (IEPI, 2020).

The content of nitrite ions in the samples is within MPC and in some samples it is even lower than the
sensitivity of the measuring method - below 0.003 mg/I. Nitrogen nitrite levels in the tested samples in
2019 did not exceed 0.005 mg/I. Nitrite ions were also traced at a low level from 0.7 to 4.5 mg/I, 1.6 mg/I
at an average, which is considerably below regulatory 40.0 mg/I. Also, the level of nitrates in 2019 was far
below the limit value.

Content of phosphates which are actively consumed by phytoplankton, phytobenthos and aquatic higher
plants depends on the phase of life activity of biota in the water body. During 2012-2018, phosphate
concentrations varies between 5 pg/l and 140 pg/l, without exceeding the permissible level of 150 pg/I.
Concentrations measured in 2019 were consistent with the phosphate values reported by the previous
studies.

Sulphate content in the tested samples varied from below the detection threshold of the measurement
method (less than 25 mg/l) to 50 mg/l and never exceeded the fishery water standard of 2500 mg/I. The
previous studies reported sulphate concentrations in the Ob Estuary water within the level of year 2015 -
37 mg/l. Concentration of chlorides ranges between 19 mg/l and 340 mg/l and correlates well with the
historical data.

Magnesium levels in the Ob Estuary water vary from 2.5 mg/l to 26 mg/l and never exceed the limit value
of 940 mg/I. According to historical data, Mg concentration in water in year 2013 did not rise above 15 mg/I.
Sodium concentration in the Ob Estuary water varies within a wide range: from 5.9 mg/l to 127 mg/I.
Maximum concentration of sodium in water in 2015 was 81.5 mg/I. Given the standard limit of 7100 mg/I,
no excessive levels of sodium in the Ob Estuary water are ported at present or historically.

All waterbodies in the Ob-Irtysh basin feature elevated levels of total iron in water. Exceedances of the
limit value for iron (0.05 mg/l) have been reported in the studied area throughout the period of previous
surveys, with the exception of year 2017. The following maximum levels of iron in the Ob Estuary have
been reported: in 2013 - 1.27 mg/I, in 2014 - 0.23 mg/I, in 2015 - 0.102 mg/l, in 2018 - 3.8 mg/I. The
high levels of iron in water of the Ob Estuary is consistent with the geochemical background at the regional
level which also exceeds MPCrisn by 12.6 times.

7.3.1.4 Chemical contamination of water in the Ob Estuary

Studies of the Ob Estuary water quality in the ranges of the Salmanovskoye (Utrenneye) OGCF, including
in the LA offshore area, have been conducted since 2012 as part of environmental surveys for preparation
of the design documentation (2013) and in the course of environmental monitoring (2015) during berth
infrastructure construction, the operational environmental control and local environmental monitoring, as
well as Comprehensive environmental studies of the Ob Estuary in the area of potential impact of the
Arctic LNG 2 Project and adjacent water areas (IEPI, 2019). This section of the ESHIA refers to the following
sources of data:
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e Operational environmental control (OEC) and local environmental monitoring (LEM) at the
Salmanovskoye OGCF berth structures 2018-2019=z;

e IEPI JSC Final Report on the Comprehensive environmental studies of the Ob Estuary in the area
of potential impact of the Arctic LNG 2 Project and adjacent water areas;

e Technical Report of Inzhgeo LLC39, having conducted surveys in the offshore area of the Plant in
2017, with account of data from earlier surveys that allow assessment of the Ob water quality
dynamics in the studied region from 2012.

According to the Federal Agency for Fishery, the Ob Estuary is classified as water object of the top fishery
category. The extent of water pollution is assessed against the maximum permissible concentrations
(MPCirish) of chemical elements in water bodies of fishery importance, or in absence of such limits — against
the standards for water bodies used for public water supply, amenity, domestic and drinking water
production. The main controlled parameters are suspended solids, phenols, petroleum products, heavy
metals, surfactants, benzo[a]pyrene.

Testing results in 2013 and 2017

Background levels of suspended solids measured in 2013 in the Ob Estuary water within the area of the
Salmanovskoye (Utrenneye) field varied within the narrow range of 14.8-17.6 mg/dm3. A maximum
concentration of suspended solids, 24.8 mg/dm3 (MPCfish 10 mg/dm3), was detected in the littoral zone.
Suspended solids concentrations measured during survey in August 2017 (Inzhgeo, 2017) after the
dredging works varied from 40 to 970 mg/dm3 with 311.9 mg/dm3 on an average in the samples taken
from the surface layer and 92.3 mg/dm?3 in the samples from the deeper layers.

By the results of the baseline studies of 2013, the averaged surface water sample had a 3.22-fold
exceedance of MPCssh by nickel and 1.08-fold exceedance by arsenic. A 1.17-fold exceedance of MPCsish by
nickel was detected in the averaged sample of bottom water. No seawater contamination with heavy metals
was found in the samples in 2017. Contents of mercury, copper, lead and cadmium in surface layers were
below the sensitivity threshold of the measuring method.

Baseline studies in 2013 included measurements of highly toxic carcinogenic substances - benzo[a]pyrene
and organochlorine compounds. Benzo[a]pyrene was not found in water samples from the Ob Estuary - its
concentration was below the detection threshold (0.5 ng/dm3). Concentrations of organochlorine
compounds too were below the detection threshold in 100% of the samples. Survey 2017 did not detect
these pollutants in the sea water either.

Petroleum products in a majority of the water samples taken from the surface and from the seabed are
within the MPCssh limit of 0.05 mg/dm3. The content of petroleum products on the shorefront was higher
than MPCssh by a factor 1.1-1.6 in some samples from the bottom layer.

During the baseline studies in 2013, concentrations of phenols, viz. products of the biochemical
decomposition and transformation of organic compounds, did not exceed the background levels in the
Lower Ob - 0.0005 mg/dm3. In 2017, concentrations of phenols were slidghly higher than permissible limit
(MPCfish - 0.001 mg/dm3) and were 1.3*MPCsish at an average and 2.4*MPCrish at @ maximum.

Increased levels of iron were reported by all surveys. Iron content in all samples exceeded MPCssh by 15
(2013) to 20 times (2017).

Results of the operational environmental control (2018) and local environmental monitoring (2019)

Activities under OEC 2018 included taking water samples at the point of discharge of treated wastewater
into the Ob Estuary, and at three points located 500 off the discharge point (to the south-east, north-west,
and south-west of the discharge outlet). The controlled parameters included BODs, suspended solids,
petroleum products, COD, total dissolved solids, temperature, pH, dissolved oxygen, and general properties
of water (odour, colour, transparency, floating matter).

28 LLC “Arctic LNG 2" Report 2018 on the organization and results of the operational environmental control of the Berth structures infrastructure at
the Salmanovskoye (Utrenneye) OGCF - Moscow, 2018, 130 p.

2% Local environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Operational environmental control of the berth structures infrastructure at the Salmanovskoye (Utrenneye) OGCF. Final
Report. - Moscow, 2019. 300 p.

30 Technical Report of Inzhgeo LLC based on the environmental survey for preparation of design documentation “"GBS Plant for production, storage
and offloading of liquefied natural gas and stabilized gas condensate”, 2017.

31 Technical report on design survey. Environmental survey. Berth structures infrastructure at Salmanovskoye (Utrenneye) OGCF.
Morstrojtechnologia LLC, 2013
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No failures of the applicable standards were detected:

e Suspended solids concentrations at the discharge point met the requirement set in the Decision on
the water body allocation for use (10 mg/l);

e Content of petroleum products was not greater than 0.05 mg/|;

e BODs in all samples varied between less than 0.5 mgO,/I and 0.95 mgO>/I (standard limit is 2.1
mg/|l at 20°C);

¢ Total dissolved solids varied from 50 mg/I to 200 mg/|l, whereas the standard limit is 1000 mg/I.

Elevated COD values were measured in two samples taken at one point (SW of the discharge point) in
August and July, that exceeded the MPC value by 3.3 and 1.5 times, respectively. No exceedance was
reported in September.

Water sampling for LEM 2019 was conducted at 5 stations and covered two testing horizons (Figure 7.3.3).
The monitoring stations are arranged as follows: two stations at the outer corners of the quay wall, and
three stations in the marine area away from the berth. The location scheme of the sea water pollution
monitoring stations is shown in Figure 7.3.4.

Sampling point coordinates, sample indices, sampling depth, and water temperature were registered at
each station. In addition, records were kept of the observed colour, odour, abnormal turbidity, surface film,
foam and other objects on water surface, death of fish and other aquatic organisms.

Figure 7.3.3: Taking seawater samples from boat (left) and from the quay wall (right). Source: LEM, 201932

In most cases, the integral quality parameters of the tested water were within the limits set by SanPiN
2.1.5.980-00, however, with minor deviations of a number of indicators.

All samples demonstrated the odour values of between 0 (mainly in August-September) and 1 unit (mainly
in July), transparency from 21 to >30 cm, and presence of colour. Hydrogen index varied between 6.8 and
7.9 units meaning that the water is neutral/weak alkaline. Based on the oxidation-reduction potential
((-50)-(-76) mV), water in all periods of testing can be characterized as reducing medium. Dissolved
oxygen concentrations in water varied between 7.4 and 10 mg/dm?3. BODs was within 1.4 mgO,/dm?3. About
half of the samples (13 out of 30) taken from both horizons had slightly elevated (less than twofold) COD
levels (up to 28 mg/dm?3). Suspended solids concentrations in water from both horizons during all periods
varied within the narrow range of 5-10 mg/dm3.

The range of dissolved solids concentrations was wide - from <50 mg/dm?3 tp 6900 mg/dm3. The highest
values (2900-6900 mg/dm3) were measured in all samples taken from both horizons in September 2019,
mainly due to high concentration of chlorides (in excess of the limit value for fishery waters (RF Ministry of
Agriculture Order No. 552 of 13.12.2016) MPCssh by 4-10 times) and sulphates (exceedance of MPCssh by
2-4.6 times). However, this result does signify “pollution” but rather reflects the influx of saline sea water

32 Local environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Operational environmental control of the berth structures infrastructure at the Salmanovskoye (Utrenneye) OGCF. Final

Report. - Moscow, 2019. 300 p.
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into the area close by the river estuary. Testing in July and August did not find any exceendaces of this
sort.

Values measured at some stations were slightly above MPCssn for phosphates and ammonium-ion, and
above MPCgom for silicon. Total nitrogen concentration in all samples was below the detection threshold of
the QCA method (10 mg/dm3). Phosphorus concentrations in water varied between < 0.02 and 0.31
mg/dm3.

The range of variations of iron levels differed between the testing periods, the highest values were
measured in August (31 to 59 times MPCsisn). Absence of significant differences between values measured
in samples from different stations and horizons during the same period signifies alteration of hydrochemical
conditions at the regional level rather than local-scale supply of the metal.

Along with elevated levels of iron in August 2019, samples from both tested horizons at all stations had
slightly increased concentration of cadmium (twofold MPC4om, maximum), however without exceeding
MPC;sish; and zinc concentrations in samples from the surface layer at stations A1 and A2 were slightly (up
to 1.9 times) higher than MPC;ish.

Concentrations of manganese and copper were above the permissible levels in 19 and 18 samples out of
30, respectively, whereas 18 samples failed both standards. Most failures were detected during the period
of August-September. The greatest exceedances of copper standard are 7-fold MPCssh. The most significant
exceedances of MPCsish for manganese (by 48-51 times) were reported in September at stations A2, A4 and
A5,

Concentrations of other heavy metals (cobalt, nickel, lead, chromium, mercury) and arsenic in all samples
were below the limits set by all regulatory documents.

No excessive concentrations of petroleum products were found in the water samples. The only exception is
petroleum products concentration of 1.1*MPCssp, in surface water layer at station A5 in July.

Slightly elevated content of phenols (up to 2.4 times MPCssh) were found in six samples over the whole
period of testing. Seven samples had excessive concentration of benzo[a]pyrene (up to 4.6 times MPCfish).

In terms of bacteriological quality, all samples demonstrated either absence of controlled organisms or
(for total coliform bacteria) their presence in quantities by 10 and more times smaller than the permissible
limit set in SanPiN 2.1.5.980-00.
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Monitoring posts

Post Sample
index index
. A3 S011963 sea water (surface)
o A2 S0119631 sea water (bottom)
o F3 $1219063 bottom sediments
. w2 8011967 wastewater
11a ’ atmosphere air

Spot-6 system shot, dated 07.08.2019

Figure 7.3.4: Location scheme of marine water pollution monitoring stations, 2019

Source: LEM, 20193

33 Local environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control of the operational sites. Operational environmental control of the berth
structures infrastructure at the Salmanovskoye (Utrenneye) OGCF. Final Report. - Moscow, 2019. 300 p.
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Results of the Comprehensive environmental studies of the Ob Estuary in the area of potential impact of
the Arctic LNG 2 Project and adjacent water areas (IEPI, 2020).

The total of 104 samples were taken for hydrochemical testing at 45 stations including at the soil dumping
site. Samples at stations in the areas with water depths greater than 10 m were taken from three horizons
(surface, intermediate and bottom); in shallower locations only bottom and surface layers were tested.
Besides the integrated marine monitoring stations, the survey used four stations in the coastal area - in
estuarian sections of Nyaday-Pynche and Khaltsyney-Yakha Rivers.

The results of testing of the main hydrochemical parameters of sea water (salinity, transparency,
suspended solids, concentration of dissolved oxygen, COD, BODs, iron, nitrates, nitrites, phosphates,
chlorides, etc.) are shown in sub-section 7.5.1.3. Information on the content in sea water of the main
pollutants that can be toxic to aquatic life (heavy metals, petroleum products, phenols, synthetic
surfactants) is summarised below.

Heavy metals. None of the samples contained nickel, cadmium, lead or chromium in excess of the applicable
standards for fishery water quality. Concentrations of zinc, mercury and cobalt in the surveyed water area
of the Ob Estuary were below the detection threshold.

In 2019, concentrations of copper varied from below the detection threshold of the measuring method (less
than 0.001 mg/I) to 0.005 mg/I in the middle horizon at the dumping site. None of the samples failed the
copper standard of 0.005 mg/| for fishery water, and only in one sample concentration of copper was
1*MPC.

Minor exceedances of MPC for manganese by up to 1.2 times (the permissible level is 0.05 mg/l) were
found in three samples taken from the bottom layer in the dumping area.

Phenols. Phenol concentrations in the tested samples were below the detection threshold (less than 0.0005
mg/l), whereas MPCiss is 0.001 mg/I. No failures of the standard were detected.

Petroleum products. Maximum permissible concentration of petroleum products in waterbodies of fishery
significance is 0.05 mg/l. Survey 2019 demonstrated petroleum products concentrations in the studied
water area of the Ob Estuary below the threshold level of the measuring method (less than 0.04 mg/l).

Synthetic surfactants. As a result of laboratory testing of water samples from all stations in the Ob Estuary,
concentrations of synthetic surfactants were below the threshold level of the measuring method (less than
0.01 mg/l) and never exceeded the permissible limit.

The general conclusion of the integral assessment of water in the studied area of the Ob Estuary is that the
water can be characterized as very clean and clean (Figure 7.3.5). 75% of all tested samples of water fall
under water quality Class II - “clean”. In the zone close by the water area of the Utrenniy Terminal, water
quality is classified as “very clean” and “clean”. In the area close by the dumping site, water quality in 29
out of 30 samples taken from the Ob Estuary is characterised as “clean”, whereas concentrations of iron
are elevated as high as 1.9*MPC.

Summary

Studies of sea water quality that were conducted in 2013-2019 in the Ob Estuary area exposed to potential
impact of the Arctic LNG 2 Project demonstrated that the sea water pollution is mainly of natural origin,
due to the geochemical features of the territory reflecting the regional geochemical background.

In some years, elevated concentrations of phenols and ammonium nitrogen were found in surface water
layer of the Ob Estuary. There is a likelihood it could be a consequence of the pollutants transport by the
Ob River and its tributaries from the vast catchment of the Ob basin with intensive production of
hydrocarbons.

Above-MPC concentrations of iron, copper and manganese are primarily associated with natural specificity
of the tundra region.
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Figure 7.3.5: Sea water quality reported as a result of field studies in 2019
Source: Comprehensive environmental studies of the Ob Estuary in the area of potential impact of the Arctic LNG 2

Project and adjacent water areas. Final Report. IEPI JSC. 2020
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Rivers

7.3.2.1 General

Hydrographic network in the territory of the Salmanovskoye (Utrenneye) oil, gas and condensate field
belongs to the drainage area of the Ob and Gydan Estuaries within the catchment area of the Kara Sea. It
is composed of numerous rivers with perennial flow, intermittent streams, and small lakes (Figure 7.3.6).
The river network density in the studied area is 1.41 km/km2. Its most developed sections are located
within the water catchment area of the Ob Estuary (Environmental Survey, 20173).

Rivers within the catchment basin of the Ob Estuary:

¢ Khaltsyney-Yakha River with tributaries - Lerui-Yakha and Saabri-Yakha Rivers; Syabuta-Yakha 1st
River; Syabuta-Yakha 2nd River; Syabuta-Yakha 3rd River; Nyaday-Pynche River; Parejlaga-Yakha
River; Lutigan-Yakha River; Ngara-Khorty-Yakha River with tributaries - Ngarakha-Yakha and
Nado-Yakha Rivers, as well as 34 unnamed streams. All above rivers and streams can be described
as small, with drainage areas of less than 1000 km? (Environmental Survey 2012>) and length is
100 km or shorter;

Rivers within the catchment basin of the Gydan Estuary:

e Najta-Yakha, Yara-Yakha, Mange-Yakha, Yesya-Yakha, Yaromichu-Yakha, Nyaulata-Yakha,
Salpada-Yakha Rivers are medium-sized rivers with drainage areas larger than 1000 km? but
smaller than 50000 km?, and their tributaries are small rivers with drainage areas of less than 1000
km?2.

As a rule, rivers in the tundra zone are small lowland streams. Rivers of the first and second order are
characterised by high sinuosity. Smaller tributaries are often just fes kilometers long, and less sinous. The
downward gradient is usually insignificant, the flow is slow, with the highest values recorded during the
spring flood period.

Mineral content in the rivers’ waters is extremely low, due to the weak chemical erosion of soil. In summer,
lowland rivers demonstrate a weak acidic reaction. According to the existing classification, surface waters
in the Gydan Peninsula fall under the category of ultra fresh and environmentally clean water objects.

Knowledge on the hydrology and ice conditions of rivers in the Gydan Peninsula attributed to the right
shore of the Ob Estuary is hardly available, and not a single monitoring station has been provided for
hydrological observations on the rivers. Monitoring post MG-2 Tadebeyakha functioned during 1950-1994
at the point located 70 km to the north of the Syadaj-Yakha River mouth, however it was intended for
monitoring hydrological and ice conditions in the Ob Estuary, but not in the rivers (Figure 7.3.7).

34 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 4. Technical
report on results of environmental survey. Part 2. Onshore facilities. Book 1. Text part. Explanatory note. Document code 2017-423-M-02-U312.1.
Vol. 4.2.1. - TsGEI LLC, 2017. 254 p.

35 Assessment of Background (Baseline) Status of Environmental Components of Onshore and Offshore Areas of the Salmanovskiy (Utrenniy) License
Area (Yamal-Nenets Autonomous Okrug) Based on Results of the Environmental Survey. Technical Report. - Arkhangelsk, FSSUE PINRO, 2012. 297

:
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Figure 7.3.6: River drainage basins in the territory of the Salmanovskiy (Utrenniy) License Area

Source: Ramboll, 2020
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Figure 7.3.7: Hydrological observations map of the Yamal and Gydan Peninsulas
Source: IGMI, 20173
7.3.2.2 Hydrographic and hydrometric characterisation of rivers

Owing to plain-type terrain and permafrost occurrence close to the ground surface local watercourses have
shoaly valleys, shallow sinuous river channels, low banks, insignificant longitudinal gradients, and sluggish
currents. Channels of small rivers are connected by a system of lakes and bogs. Above-floodplain terraces
are waterlogged and abundant in oxbow lakes and ancient natural levees.

36 Utrenniy Liquefied Natural Gas and Stabilised Gas Condensate Terminal. Technical report on results of hydrometeorological survey. Uralgeoproekt
LLC, 2017. 49 p.
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A current velocity is typically from 0.05 to 0.3 m/s. In the river head, it can be as high as 2.0 m/s during
floods and freshets. A channel width of larger rivers varies from 30 to 60 m and depth from 0.2 to 2.0 m.
Gradients are usually minor — not more than 2%.

Commonly, river channels are weakly incised and have a trough shape owing to the predominance of lateral
erosion. Thermoerosional impact of river waters is responsible not only for substantial reshaping in the
river channel per se but also for its fast migrations within the floodplain due to banks washout and wearing
away. The most extensive bank destruction and bottom sediment migration occur during the spring flood
season when the river water content and current velocities increase.

Hydrographic characteristics of major watercourses and their tributaries in the territory of the Salmanovskiy
(Utrenniy) LA are shown in the table below.

Table 7.3.3: Hydrographic and hydrometric characteristics of surface water bodies in the territory of the
Salmanovskiy (Utrenniy) LA

Drainage
area, km?

1 Ob Estuary Kara Sea Kara Sea 800 30-80 km <25
2 | Khaltsyney-Yakha River 54.5 209.5 7-30 01>
3 Nyaday-Pynche River 21.6 65

. 0.25-
4 Syabuta-Yakha 1st River Ob Estuary 16.6 51.7 2-9.5 0.4
5 Syabuta-Yakha 2nd River 19
6 Syabuta-Yakha 3rd River 19
7 Stream 7 4.4 9 0.6
8 Stream 6 1.5 3 0.4
9 Sabri-Yakha River Khaltsyney-Yakha 15
10 Lerui-Yakha River Ob River 15.5 31.9 4 0.3
11 Stream 5 Estuary Lake 0.8 0.5 0.41
12 Stream 8 3.0 5 0.5
13 Stream 1 Unnamed stream 1.5 2.82 0.08
14 Ngara-Khorty-Yakha River Ob Estuary 93
15 Nado-Yakha River 32
16 Lassi-Yakha River 28
17 Yaram—KI:iziI::a-Yakha Ngara-Khorty- 25
18 Peru-Yakha River vakha River 16
19 Parejlaga-Yakha River 22
20 Lutigan-Yakha River 15
21 Najta-Yakha River 255 3730
22 Yesya-Yakha River sa'pa}fi\algakha 183 1760
23 Mange-Yakha River 178 1020
24 Salpada-Yakha River Gydan Estuary 74 188.41
25 Right Yara-Yakha River 68.2 232.8 3.4 1.5
26 | Yaromichu-Yakha River 47.5 375 1.9-58 0.43-

Gydan Salpada-Yakh 0.8
27 Stream 4 Eotuar e 13.7 14.7 0.24
28 Serako-Ya-Yakha River Y 8.7 17.7 2 0.6
29 Stream 3 6.57 0.4 0.2
30 Yabtarmasyo River 4.7 25.8 7.2 0.7
31 | Middle Yara-Yakha River teft Yara-Yakha | 7.9 71.4 0.5 -
32 Stream 2 Right Yara-Yakha | 4 5 1.3 0.21
River

33 Stream 9 Unnamed stream 2.5 1.3 0.4

Source: GK RusGasEngineering CISC, 20143’ ; TsGEI LLC, 20173%, NIPIGAZ JSC, 2018*

37 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document
code 143.01.00-02-196-13/11, Vol. 4.1. - GK RusGazEngineering CJSC, 2014. 340 p.

38 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 4. Technical
report on results of environmental survey. Part 2. Onshore facilities. Book 1. Text part. Explanatory note. Document code 2017-423-M-02-U312.1.
Vol. 4.2.1. - TsGEI LLC, 2017. 254 p.

3% Salmanovskoye (Utrenneye) OGCF Facilities Setup, Phase 5. Technical report on results of environmental survey. Part 2. Task area of PurGeoCom
LLC. Book 1. Text part. NIPIgaspererabotka JSC, 2018.
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The largest watercourses that drain the Salmanovskiy (Utrenniy) license area to the Ob Estuary are the
Khaltsyney-Yakha and Nyaday-Pynche rivers (Figures 7.3.8, 7.3.9). Their detailed description is provided
below.

The Khaltsyney-Yakha River originates from the south-eastern part of stow Nyadasoty. Its total length is
54.5 km. Total catchment area is 210 km2., The catchment sits entirely within the Salmanovskoye
(Utrenneye) OGCF in the typical Arctic tundra zone. The river has many tributaries, among which larger
are the Lerui-Yakha and the Sabri-Yakha. The total river network density is 1.55 km/kmZ2. The river channel
is winding and freely meandering. An average gradient of the lateral river profile is 1.1 %. Relief is flat with
numerous gulches, gullies and streams that cut through the catchment area towards the main river channel.
Watersheds are 30-40 m above the water level. The valley is trough-shaped and 0.5-2.5 km in width. There
are many small lakes within the catchment which are mostly located near the main channel in middle and
lower catchment sections. A few lakes situated at the valley bottom in the estuarine part have surface area
of more than 0.2 km?2. A total lake percentage is around 1.69%. Most of the lakes are roundish. River banks
are predominantly represented by sandy soils, which is why deflation processes and different variants of
mass wasting under the gravity are common on slopes and edges. Figure 7.3.8 shows a general view of
the Khaltsyney-Yakha River valley.

The Lerui-Yakha River is the right-bank tributary of Khaltsyney-Yakha River, with a discharge point 21 km
upstream the estuary. The river is 15.5 km in length, with indistinct valley of approximately 0.8-0.9 km in
width. The slopes are gentle, overgrown with grass and low shrubs. Waterlogged lows are also present.
The floodplain is low, dual-sided, 100-150 m in width, overgrown with moss and grass. The river channel
in the studied area is moderately sinuous. The river has sandy bed and shores. The left bank is gentler,
while the right one is bluff and rises to the height of 0.6-0.7 m. At the time of survey (NIPIGAZ, 2018), the
depths varied within the range from 0.2 m to 1 m. The main channel width is 4-23 m. In the left-bank
floodplain, there is an arm 15 m off the main channel.

Figure 7.3.8: Valley of the Khaltsyney-Yakha River

Source: Report by IEPI JSC, 2020%

2. Salmanovskoye (Utrenneye) OGCF Facilities Setup, Phase 5. Technical report on results of environmental survey. Part 2. Task area of
Uralgeoproekt LLC. Book 1. Text part. NIPIgaspererabotka JSC, 2018

4% | ocal environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.1. Final Report on the environmental monitoring of the Salmanovskoye (Utrenneye) oil, gas and condensate field

in 2019. - Moscow, IEPI JSC, 2020. 187 p.
RAMBGLL
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Total length of Nyaday-Pynche River (Figure 7.3.9) is 20 km, section width is 2.7 m. The widest section
within the license area is 10.6 m, and the narrowest is 1.92 m. Maximum depth in the monitoring section
is 0.47 m. Depth at the pool is 0.36 m, at the rapids 0.1 m. The catchment area of the Nyaday-Pynche
River covers the total area of 65 km?2 within the License Area. It extends from east to west for 13 km. The
catchment sits entirely within the typical tundra region. The river catchment area is occupied by moss and
grass vegetation, with dwarf willows of 0.1 m in height on the banks. The Nyaday-Pynche and its tributaries
are characterised by high sinuosity. Relief is flat with numerous gulches, gullies and streams that cut
through the catchment area towards the main river channel. A total river network density is 1.61 km/km?
A gradient of the Nyaday-Pynche is 2.72 9. The river valley is asymmetric, V-shaped. The right-hand
and left-hand slopes of the valley are flat and turfed. The floodplain is dual-sided, symmetric. The river
channel in the studied area is clearly expressed, sinuous. Small lakes located near the main channel in the
lower catchment are roundish. Total lake percentage is below 1%. Banks are steep — up to 1.5 m.

Figure 7.3.9: Valley of the Nyaday-Pynche River

Source: Report by PurGeoCom LLC, 2019

The largest river in the Salmanovskiy (Utrenniy) LA that discharges into the Gydan Estuary is Salpada-
Yakha. The river length is 74 km, catchment area - 188.41 km?2. The river catchment area is occupied by
moss and grass vegetation with dwarf willows on the banks.

The river valley is asymmetric, box-shaped. The floodplain is wide, asymmetric: the right-hand side is up
to 800 m in width, the left-hand side is up to 80 m (Figure 7.3.10). The widest section of the river within
the studied area is 28 m, the narrowest is 7.5 m. Maximum depth at the pool is 1 m, at the rapids 0.2 m.
Bottom sediments are composed of sand.

41 Utrenniy Airport Technical report on results of environmental survey - Tyumen: PurGeoCom LLC, 2019
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Figure 7.3.10: Valley of the Salpada-Yakha River

Source: Report by NIPIgaspererabotka JSC, 2018+

Stream No. 1. The stream originates at lake No.3 and discharges to the Ob Estuary (Figure 7.3.12).
The watershed elevation is just above 40 m (BSD). The stream is 1 km in length. Its catchment area of
3.88 km?2 features an undulating upland terrain with gullies that cut through the catchment area towards
the main channel. The symmetric catchment area is 1.6 in its widest section and stretches from west to
east. The catchment sits entirely within the arctic tundra region. The river network density is 1.0 km/km?.
The channel is sinuous. The edge of the stream valley is elevated by maximum 1 m above the waterline.
The stream channel edge elevation above the water line is 10-30 cm. The channel width varies between
1 m and 7 m in different sections of the stream valley. The stream channel in the upper and middle reaches
is relatively shallow-cut, with the maximum depth of 1 m, with the bottom consisting of sand and silt.
In meanders, water depth of 2 m can be observed during tides. In the upstream section, average flow
velocity was 0.20 m/s, maximum - 0.29 m/s. The flow rate was 0.014 m3/s, at the width of 2.0 m and
maximum depth of 0.15 m. The stream water surface gradient between the source and section No.2 was
2.2 %o.

Stream No. 2. The stream originates at lake No.6 and discharges to the Ob Estuary (Figure 7.3.12).
The watershed elevation is just above 40 m (BSD). The stream is 0.82 km in length. Its catchment area is
4.49 kmZ2. The symmetric catchment area is 2.6 in its widest section and stretches from south-west to
north-east. The catchment sits entirely within the arctic tundra region. The terrain is plain. Total bog
percentage in the catchment area is approximately 8 %. The river network density is 1.07 km/km?2- The
channel is sinuous. The edge of the stream valley is elevated by maximum 1.5 m above the waterline. The
stream channel edge elevation above the water line is 20-50 cm. The channel width variations range is
fairly broad - from 2.5 m to 25 m. The stream bed is fairly deep-cut (for the permafrost zone), with depths
varying between 0.5 m and 1.6 m and bottom consisting of sand and silt. The flow rate measurements
were conducted during low water. In the downstream section, the flow rate was 0.024 m3/s, at the average
velocity of 0.15 ms, width 2.4 m, maximum depth 0.12 m. The stream water surface gradient between the
source and downstream section was small and constant 0.05 %eo.

7.3.2.3 Flow and level patterns of watercourses

The river’s hydrology is characterized by prevailing surface runoff with an extremely small proportion of
groundwater feed.

Rainwater inflow is significantly smaller than that of snow, however its contribution is still larger than inflow
from underground sources. The major water source for rivers is winter precipitation. Rain precipitation
contributes about 15% to the annual flow. Feed from soil is hardly present, because of permafrost.

The watercourses have clearly pronounced periods of spring-summer floods and summer-autumn and
winter low water. The summer-autumn low water level is disturbed by rainfall floods with water levels and
flow rates not higher than those of spring floods.

42 Salmanovskoye (Utrenneye) OGCF Facilities Setup. Phase 5. Technical report on results of environmental survey. Part 2. Task area of PurGeoCom
LLC. Book 1. Text part. NIPIgazpererabotka JSC. 2018. 274 p.
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Floods on watercourses in the Project area are characteristic of rather high and sharp waves induced by
rapid surface water runoff and weak influence of the floodplain, river bed and lake regulation. Spring floods
on local rivers begin in early June. Snow melting is irregular: it first occurs at watersheds and later in river
valleys and depressions. Water runs by river channels frozen through to the bottom above ice gradually
eroding it. In the phase of flood upsurge, floodplains and river and stream channels are partially filled with
packed snow which, to a great extent, constrains water streams and is responsible for the additional water
level elevation. The flood reaches its peak around mid-June approximately in two weeks after its onset.
A water level rise is 2-5 m; it is accompanied by large river overflows and plain flooding. Spring-summer
flood accounts for 70-80% of the annual discharge of local rivers and for as high as 90-95% at smaller
streams. The flood depletion is lengthy and extends for 35 days on an average, though it may last from 15
to 50 days. Water level declines slowly, due to the poor filterability of frozen ground. The flood termination
is not clearly expressed since its discharge smoothly transits into summer-autumn low water.

The summer-autumn seasonal level is retained after a spring flood decline until late September on small
rivers and until mid-October on medium and large rivers of the Gydan Peninsula. The water content in the
rivers reduces during this period and discharge volume is 20-30% of the annual total. Summer-autumn
low water is occasionally interrupted by rainfall freshets. These are related both to rainfall and to melting
of packed drift snow in basins at higher air temperatures. Another factor that influences the river flow build-
up is melt water from underground ice thawing. Rainfall freshets are sporadic during the summertime
whereas in autumn they occur in series. By monitoring data, the watercourses with catchments less than
1 km in area may dry out in the summer.

The most long-lasting and low water hydrological season is the winter low water period that can last for up
to 8.5 months. Soil, which is the single water source during this time, depletes and the flow rate
continuously drops early at the beginning of steady negative temperatures. Whereas water levels in the
rivers and streams normally rise due to ice that obstructs the free flow area. In some years, flow decreases
so intensively that hanging ice, sometimes arranged in several tiers, remains on streams. There is
a likelihood of an emergence of ice mounds, which are rather small on shallow streams - less than 0.5 m,
on crossed-over watercourses in the first months of winter low water (October-November). Ice glaze 0.3 m
thick may form in ravines resulting from freezing of water coming out to the surface from the soil-ground
layer that was not completely frozen.

Large ice mounds formed by relatively constant runoff at the beginning of winter low water may emerge
on the rivers Khaltsyney-Yakha and Nyaday-Pynche. A majority of the rivers get completely frozen in the
second half of October. No ice drift is observed on streams and river heads. Ice melts and is washed out
right there. Sometime ice drift may occur on the Khaltsyney-Yakha causing a drastic increase in water
turbidity.

7.3.2.4 Ice regime of watercourses

The longest and most shallow-water hydrological season on the rivers of Gydan Peninsula is the winter low-
water period that starts after the air temperature transition through 0° C and extends for 8.5 months.

Ice formations would normally appear in the local rivers after October 10, i.e soon after the air temperature
transition through 0°C, in the form of coastal ice, slush ice, and sometimes grease ice (only on larger and
medium rivers). Coastal ice is persistent and is observed every year. The periods of coastal ice on rivers
can differ in duration. In case of sharp fall in temperatures and early onset of winter, coastal ice is observed
during one or few days, but protracted freezing period can extend presence of coastal ice by several weeks.
Floating-ice drift on small and medium rivers is a very seldom or non-existent phenomenon. Ice cover
appears when coastal ice closes up. The fast-ice period in the surveyed area begins on October 15.
The freeze-up duration is 210-250 days.

The ice cover thickness varies within a wide range, depending on severity of the winter and on local
influencing factors. Its average value is 150-200 cm, while the maximum thickness of ice is about 250 cm.
In winter, permafrost fully blocks additional feed for smaller rivers, which cuts down their flows in winter
and results in complete freezing of the rivers.

The time of disappearance of the ice cover in spring vary between 2-4 June (early spring) and 7-8 July
(late spring) depending on specific features of the river and weather conditions. On small rivers, ice melts
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down in the same place. Medium and large rivers develop torrential flows that break ice blocks off the
frozen-through sections, and ice jams buildup.

Ice jams build up during the 3 to 5-days period of maximum water levels with the most intensive motion
of ice. Jam centers on rivers gravitate to narrower channel sections and multiple bends. Ice concentrations
and jam centers do not extend long.

7.3.2.5 Transport of sediments

7.3.3

Rivers receive large quantity of loose material from eroding channel and denudating banks and valley
slopes, which results in a sharp increase of water turbidity.

At first, water flows on top of ice and snow and quantity of mineral material transported from the catchment
area is insignificant. As a rule, river water washes out snow scarps on concave banks before the snow
course is fully degraded. This results in denudation of landslide sections in the places where river channels
contact valley walls, and intensive scouring by flow of melt water. Therefore, even though rivers flow mostly
in snow banks they carry significant quantity of suspended solids. The above process is responsible for
transport of a large mass of suspended and traction sediment load. As a result, during the period of
existence of snow course, and especially after its disappearance, the flow bed (surface of ice) is covered
with 20-30 cm layer of sediments.

Transport of suspended solids starts when ice breaks off the river bed. Water turbidity in rivers peaks at
the decline of high water period, as channel scouring intensifies and ground thawing starts - this process
is responsible for washing material from the catchment area surface down to the river bed. The observation
data show that 99% of annual discharge of suspended solids occurs in spring, i.e. spring high water
accounts for almost whole annual quantity of suspended solids transport. The lowest turbidity is reported
in late summer.

Average turbidity level in rivers with predominantly sandy banks is about 25 g/m3, in rivers with significant
quantity of clayey fractions in valley walls - about 900 mg/m?3 (NIPIgaspererabotka, 2018).

Lakes

The Salmanovskiy (Utrenniy) license area is characterised by a rather high abundance of lakes (about 5%).
Shallow and small lakes with water surface area of not more than 0.1 km? (93% of the total lake area)
predominate. Lakes with more than 0.5 km?2 water surface area account for less than 1%. Almost all lakes
pertain to water catchments of rivers running into the Gydan Estuary. These are lakes Njolyako-Yambto
(F = 0.5 km?), Vytjorto (F = 0.7 km?), Yabtarmato (F = 1.7 km?), Nenyagto (F = 1.8 km?), Tangusumto
(F = 2.1 km?), Syngrjoto (F = 6.3 km2), and 27 nameless lakes with surface area from 0.5 km tol km,
and six nameless lakes of more than 1 km? in area (Environmental Survey, 2012)4,..

A rather dense lacustrine network was formed in the conditions of a low heat amount and excessive
moisture on spacious flatlands with a permeability barrier formed by frozen rock. Lakes occupy up to 40%
of area in some sections such as laidas and river valleys.

Almost all lakes pertain to water catchments of rivers running into the Gydan Estuary. The lakes have low
shores witch are largely overgrown, and sticky bottom. Lakes, for the most part, are shallow and freeze
through to the bed.

Lakes within the LA boundaries can be assigned, on the basis of basin origin, to the following genetic types
(IGMI, 2015%):

e glacial accumulative lakes formed within a distribution range of fluvioglacial features and located
in low-lying sections of terrain;

e thermokarst lakes originated from permafrost thawing;

e water-erosion lakes to include river-made ones; and

43 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document
code 143.01.00-02-196-U3/11, Vol. 4.1. - GK RusGazEngineering CJSC, 2014. 340 p.

2. Salmanovskoye (Utrenneye) OGCF Facilities Setup. Phase 5. Technical report on results of environmental survey. Part 1. Task area of
Uralgeoproekt LLC. Book 1. Text part. NIPIgazpererabotka JSC. 2019. 272 p.

4 Assessment of Background (Baseline) Status of Environmental Components of Onshore and Offshore Areas of the Salmanovskiy (Utrenniy) License
Area (Yamal-Nenets Autonomous Okrug) Based on Results of the Environmental Survey. Technical Report. - Arkhangelsk, FSSUE PINRO, 2012.
297 p.

4 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field, Vol. 1.3 Technical Report on hydrometeorological
survey. Urengoygeoprom LLC, Novy Urengoy, 2015. 106 p.
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e lagoon lakes.

Erosion waterbodies preponderate in river valleys whereas thermokarst lakes prevail at interfluves. Many
lakes are interconnected by meandering rivers and have discharge. Larger flow-through lakes connected
with the sea by rivers are located on upper sections of the watershed.

Floodplain lakes are formed in widened river bottomlands as a result of erosion-accumulative activity of
rivers or filling of floodplain depressions with melt water. Such lakes dominate in the territory of the
Salmanovskiy (Utrenniy) license area. They are rather small in area and shallow, freeze through to the
bottom in the winter season and have subdued bed relief.

Oxbow and salt lakes of water-erosion origin pertain to the relict category. They are usually small and
reside on floodplain and above-floodplain terraces. Contours of lakes reshape stepwise from the crescent
to elliptical form depending on the river terrace height and distance from the shore. Salt lakes are more
shallow and irregularly shaped. They are abundant on floodplain terraces and in widened and estuarial
areas of river valleys.

Larger lakes are of thermokarst origin. Their basins were formed as a result of permafrost thawing. In the
studied area, such lakes are Nyanto (Figure 7.3.11), Tangusumto and Yabtarmato.

—— e ———

Figure 7.3.11: The Nyanto Lake
Source: Report by NIPIGAZ, 20184
7.3.3.1 Lake regime

A key water feed source for lakes, like for rivers, is melt water. To a less extent, they are replenished by
rainwater. The role of groundwater is insignificant and its inflow occurs merely during the warm season.

Melt water flows to almost all open and closed lakes from water catchments confined by slopes of lake
basins. An exception is open lakes to which waters ingress from basins of inflowing tributaries.

Discharge from most of open lakes takes place over the warm season. Some lakes discharge only during
the snow melting period, in temporary streams by hollows. In the wintertime, runoff from lakes, except for
channel ones, stops because outflowing rivers are completely frozen.

Tundra lakes are characteristic of a short open water period (2-2.5 months). Ice breaks up in June - early
July. They get covered with ice at the end of September and sometimes even earlier. The ice cover thickness
reaches 3-3.5 m.

Maximum water levels of lakes confined to watersheds are observed in the middle of June-beginning of
July in five or six days after mean daily air temperatures transit through 0° C. Melt water is accumulated
above ice and, after snow bridges in marshes and streams are destroyed, intensive runoff starts and the

46 Salmanovskoye (Utrenneye) OGCF Facilities Setup. Phase 5. Technical report on results of environmental survey. Part 2. Task area of PurGeoCom

LLC. Book 1. Text part. NIPIgazpererabotka JSC. 2018. 274 p.
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water level drops drastically. A yearly level amplitude on watershed lakes normally is 0.2-0.3 m. It may
rise up to 0.5-0.6 m on the lakes having a rather large catchment area. Spring discharge from lakes
proceeds on the surface of streams and marshes because soil is still frozen. As the level drops and marshes
melt, discharge from a majority of the lakes occurs inside the soil body.

The period of summer-autumn low water which, as a rule, is interrupted by rainfall freshets begins after
the flood. The period starts in the first half of August and lasts until mid-September for around 40 days.
Minimum levels of lakes fall at July-August. Then the level somewhat rises because of rainfalls and reduction
of evaporation from the water surface. During the winter onset, streams and marshes freeze up and lake
drainage ceases.

Principal features of the thermal regime of Gydan Peninsula lakes are insignificant heating of water mass
in the summertime, its fast cooling in autumn, and low water temperatures over the ice period. An annual
water temperature mean for lakes is 1.5-2° C and a temperature maximum in the surface layer in summer
is not more than 15-20° C.

7.3.3.2 Ice regime

7.3.4

Lakes within the license area are covered with ice during 8.5-9 months per year. Shallow waters in lakes
contribute to their rapid freezing. Generally, ice cover forms on lakes of various size at the same time,
namely in 1-2 days after a stable transition of mean daily temperatures through 0° C; however, larger
lakes may freeze 3-5 days later due to intensive winds.

An average ice accumulation rate at the beginning of the winter season (October-November) is 1.0-1.5
cm/day and then it drops to 0.6 cm/day. An average thickness of ice is estimated at 157 cm and in some
years it may be as thick as 190 cm. Most of the lakes freeze up entirely by early March even during warm
winters owing to shallow water. Relatively small quantities of non-frozen water remain only in deeper lakes
(3.5 m and more) because the ice thickness usually does not go beyond this value.

Melt water in the spring season covers ice with a 0.2-0.3 cm layer. As regards small lakes, ice does not
float up to the surface there and melts without breaking loose from the bottom. On larger lakes, ice floats
up in central parts when the water level rises and flange ice emerges. Ice persists on lakes for 15-20 days
after the water level sets at a maximum; meanwhile, as the lake size reduces and its flow-through capacity
increases, the ice breaking rate grows (IEI, 2012)+.

Bogs

The Gydan Peninsula pertains to the zone of polygonal and Arctic mineral sedge bogs and is located within
the Arctic tundra subzone. The northern part of the zone is predominantly represented by polygonal ridge-
hollow and ridge-lake complexes (low shrub-sedge-green moss vegetation on ridges and sedge-hypnum in
hollows). The southern part is dominated by polygonally jointed complexes. Polygons are characteristic of
low shrubs, green mosses and lichens along with sphagnum or hypnum species.

Polygonal bogs are abundant in river and stream valleys, on sea coasts as well as encountered on poorly
drained sections of river watersheds. Their typical morphological characteristic is a net structure of the
surface formed by frost-splitting of frozen peaty soils into tetragonal, pentagonal and hexagonal blocks. In
individual cases, polygons take on a roundish or oval shape given their smooth angles. Cross dimensions
of the polygons vary from 5-10 m to 25 m. In the oldest cracks, ice blocks covered with 20-80 cm layer of
peat reach through the whole peat layer and penetrate into the underlying mineral bog soil.

Relatively flattened and poorly broken watersheds with closed lakes and bogs have restricted distribution
and are located mainly at a distance of more than 20-30 km from the Ob Estuary shoreline. Low
waterlogged sections are distributed by strips along river valley bottoms and on the periodically flooded Ob
Estuary shore.

Bogging starts where soil is over-moistened by surface and ground waters. The process is under the
influence of bog vegetation such as sedge and moss and is characteristic of gleying of the mineral part of
soils as well as of peat formation.

Peat deposit of polygonal bogs is in a frozen state because its seasonal thawing depth does not go beyond
0.5-1.0 m even in the warmest years. Peat deposit thickness in such bogs varies over a broad range,

47 Assessment of Background (Baseline) Status of Environmental Components of Onshore and Offshore Areas of the Salmanovskiy (Utrenniy) License
Area (Yamal-Nenets Autonomous Okrug) Based on Results of the Environmental Survey. Technical Report. - Arkhangelsk, FSSUE PINRO, 2012. 297
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depending on the location: it is around 0.2-0.5 m on flood plains and terraces and typically 1-2 m, although
sometimes 3-5 m, in depressions of watershed spaces (Environmental Survey, 2015)<.

The hydrological pattern of the studied area has not been investigated. The principal feed source for the
bogs is melt water; storm water merely accounts for 20 %. The bogs are completely frozen for a larger
part of the year (7-8 months).

Hydrological conditions of the area are characterised by a presence of a suprapermafrost groundwater
aquifer linked with an active layer (0.6-1.5 m in the time of the surveys) which thaws in the summertime
and completely freezes in the winter season; its lower permeability barrier is formed by permafrost soils.

Surface water quality

7.3.5.1 Common features

Nature of soils and a bogging degree of river basin will be determinant factors for the chemical composition
of surface water in the Salmanovskiy (Utrenniy) license area. Peaty soils in the studied area are well
developed. The most pronounced feature of tundra soils is their low mineralisation in all water regime
phases because readily soluble salts such as chlorides and sulfates are washed out by atmospheric
precipitation. Also, weak water permeability of frozen soils and grounds is beneficial for forming waters
with a very low content of salts.

The by-season chemical composition of water depends on the origin of inflowing waters. During spring
floods, these are basically overland and topsoil runoffs generated by snow melting.

Minimum mineralisation of below 15 mg/l occurs at the flood peak. Decomposition products of both
vegetative and animal origin are leached out during spring floods from peaty-boggy soils and sphagnum
mosses of the upper peat layer and waters are enriched with humus organics, in particular, organic acids.
It is manifested in more intensive color, lower pH and a less pronounced hydrocarbonate profile of water,
which results in a relative increase of the content of sulfate (or chloride) anions in ionic water.

Water feed of rivers changes over a period between the flood and summer low water after melting of the
snow bulk. Waters from the soil mass and upper strata of grounds migrate to river channels. These waters
are distinguished with slightly elevated mineralisation.

Maximum concentrations, however not above 200 mg/l, are marked during the winter low water period.
During this period, its value varies notably as function of the water content differentiated by years.

7.3.5.2 Assessment of water quality in the territory of the Salmanovskoye (Utrenneye) OGCF

Materials used for surface water quality assessment for the Salmanovskiy (Utrenniy) LA are listed below:

- Materials of the local environmental monitoring at the Salmanovskoye OGCF (IEPI JSC, 2020)%
including analysis of water samples from the inland and coastal water bodies within the
Salmanovskoye (Utrenneye) OGCEF;

- Materials of the operational environmental control of construction of the early development facilities
at the Salmanovskoye (Utrenneye) OGCF (IEPI JSC, 2018)=;

- Materials of environmental survey (TsGEI LLC, 2017)s which included testing of water samples
from the location area of the GBS LNG & SGC Plant onshore facilities and its sanitary protection
zone: two nameless streams (Streams Nos. 1 and 2), 4 waterlogged sections within the site
boundary (Nos. 1, 2, 7, and 8), and 4 nameless lakes in the Plant’s area of influence (Lakes Nos.
3,4,5,and 6. Figure 7.3.12);

48 Salmanovskoye (Utrenneye) OGCF Facilities Setup. Phase 5. Technical report on results of environmental survey. Part 1. Task area of
Uralgeoproekt LLC. Book 1. Text part. NIPIgaspererabotka JSC, 2018. 272 p.

49 Local environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.1. Final Report on the environmental monitoring of the Salmanovskoye (Utrenneye) oil, gas and condensate field
in 2019. - Moscow, IEPI JSC, 2020. 187 p.

50 Operational environmental control of construction of the early development facilities at the Salmanovskoye (Utrenneye) oil, gas and condensate
field. Final Report. Book 1. Explanatory note. - Moscow, IEPI JSC, 2018. 146 p.

51 GBS Plant for production, storage and offloading of liquefied natural gas and stabilized gas condensate. Design documentation. Section 4. Technical
report on results of environmental survey. Part 2. Onshore facilities. Book 1. Text part. Explanatory note. Document code 2017-423-M-02-U312.1.
Vol. 4.2.1. - TsGEI LLC, 2017. 254 p.
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- Materials of environmental survey (NIPIgaspererabotka JSC, 2018)= including testing of samples
from 38 waterbodies, including those affected by the utility corridors, falling within the area of
influence, and designated for use as sources of water supply;

- Materials of environmental survey (GK RusGasEngineering CJSC, 2014)= which included surface
water sampling (35 samples) from watercourses and large waterbodies crossed by projected routes
and located in close proximity to the Plant and Port facilities; and

- Materials of environmental survey (FSUE PINRO, 2012)s which provide general characterisation of
the baseline environmental status at the Salmanovskoye (Utrenneye) oil and gas condensate field,
including surface waterbodies.

Location area of the Salmanovskoye (Utrenneye) OGCF Facilities Setup

The 2012 studies conducted in the territory of the Salmanovskoye (Utrenneye) OGCF characterise the
surface water quality in seven local waterbodies and watercourses. The tested waterbodies at that period
exhibited high concentrations of iron compounds - above 12*MPCsg, at some points, of copper — up to
2.1*MPCssh, and zinc - up to 2.4*MPCssh. Concentrations of petroleum products, surfactants and phenols
were found to be varying from the analytical detection limit to 0.5 - 0.6*MPCrsh. Measurements of low
molecular chlorinated hydrocarbons indicated that their content in surface water was low (by orders of
magnitude lower than regulatory values for public water supply, drinking, and amenity and domestic uses).

Environmental survey 2018 included testing water samples in the Salmanovskiy (Utrenniy) license area by
two contractors of NIPIgaspererabotka JSC in two areas. Studies in the territory of the Northern dome were
conducted by Uralgeoproekt LLC, and in the territory of the Southern and Central domes - by PurGeoCom
LLC. The testing program covered 38 surface water bodies including 25 watercourses crossed by the utility
corridors, 8 water bodies falling within the area of influence of the Project facilities, and 2 unnamed lakes
designated for use as sources of water supply (water intake facilities Nos 3.1 and 3.2. Figure 7.3.12), and
1 unnamed lake considered as a temporary source of water supply for the period of construction (temporary
water intake facility No 9g. Figure 7.3.12).

Survey in the location area of the Field Northern dome (NIPIgaspererabotka JSC, 2018, task area of
Uralgeoproekt LLC) identified concentrations of petroleum products in excess of MPCrish:

e from 2 to 4.2 times MPCssh in samples from unnamed lakes within the system of lagoon lakes in
the coastal zone of the Ob Estuary;

e up to 3*MPCqish in unnamed streams (right-hand tributaries of the Khaltsyney-Yakha River), at the
design location of well pad No.15;

e 2*MPCyshin the Lerui-Yakha River (right-hand tributaries of the Khaltsyney-Yakha River), 3 km
from the designed location of gas well pad No.17, and 1.6*MPCjssn in unnamed stream, tributary
of the Lerui-Yakha River;

e 3*MPCsgn in the Nyaday-Pynche River.

In Khaltsyney-Yakha River, petroleum products concentrations were within the permissible limits;
the petroleum products content corresponds to 0.005 mg/dm3.

At the surface water quality monitoring station at the unnamed lake (designed temporary water intake,
quarry No.9g), exceedance of MPCssh limits were reported for iron (3.3 MPC) and petroleum products
(3 MPC).

The unnamed lakes (planned water intake facilities No.3.1 and 3.2) are located near the floodplain of
Khaltsyney-Yakha River, 1.3 km north of the berth of the Salmanovskoye (Utrenneye) OFCF facilities.
The samples failed the MPCqyom standards for BOD (up to 5*MPC) and COD (1.2*MPC).

By the microbiological and parasitological criteria, the lake water (water intake facilities Nos. 9g, 3.1 and
3.2) is characterised as pure: no presence of intestinal infection agents, viable helminth eggs,

52 Salmanovskoye (Utrenneye) OGCF Facilities Setup. Technical report on results of environmental survey. Part 1. Task area of Uralgeoproekt LLC.
Book 1. Text part. NIPIgazpererabotka JSC. 2018. 272 p.

2. Salmanovskoye (Utrenneye) OGCF Facilities Setup. Technical report on results of environmental survey. Part 1. Task area of PurGeoCom LLC.
Book 1. Text part. NIPIgazpererabotka JSC. 2018. 274 p.

53 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document
code 143.01.00-02-196-1311, Vol. 4.1. - GK RusGazEngineering CISC, 2014. 340 p.

54 Assessment of Background (Baseline) Status of Environmental Components of Onshore and Offshore Areas of the Salmanovskiy (Utrenniy) License
Area (Yamal-Nenets Autonomous Okrug) Based on Results of the Environmental Survey. Technical Report. - Arkhangelsk, FSSUE PINRO, 2012. 297
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thermotolerant coliform bacteria, coliphages was detected. Measured total volumetric radionuclide activity
was below the threshold.

Testing in the area of Central and Southern domes of the Salmanovskiy (Utrenniy) LA (NIPIgaspererabotka
JSC, 2018, task area of PurGeoCom LLC) identified minor (up to 1.3 times MPCssn) exceedances of
petroleum products concentrations in the Right Yaru-Yakha River, in the unnamed river (right-hand
tributary of the Salpada-Yakha River), and in the unnamed stream discharging into the Ob Estuary.
No excessive levels of petroleum products were found in the Salpada-Yakha River.

In general, environmental survey 2018 of surface waters within the Salmanovskiy (Utrenniy) LA identified
minor exceedance of standards for fishery waterbodies in terms of total iron (by up to 36 times), ammonium
ions (by 7 times), nitrites (by 2.5 times), manganese (by 1.6 times), and in some samples - zinc (by up to
3.7 times).

Monitoring of surface water bodies within the Salmanovskoye (Utrenneye) OGCF in 2018-2019 (IEPI, 2018-
2020) identified excessive levels of iron and manganese in all samples, which correlates well with findings
of previous studies. It should be noted that iron and manganese are typomorphic chemical elements in the
monitored landscapes. To a large extent, both elements are present in the form of compounds with organic
matter. Therefore, the reported results do not signify technogenic pollution of surface waters with the
concerned elements.

Measured concentrations of many components exceeded background levels (more than twofold):
ammonium ion, chlorides, sulphates, nitrates, phosphates, lead, copper, nickel, zinc, phenols, and anionic
surfactants. In general, compared to the previous year, the extent of surface waters pollution against
background increased in the Lerui-Yakha and Nanyakha 2nd River.

In 2019, visual inspection of water surface and shores for signs of contamination with petroleum products
and other technogenic pollutants identified signs of contamination (remains of drilling mud and litter) only
on the north-eastern shore of the Yabtarmato Lake, 70 km to the west of well No.265. As compared to the
monitoring results in 2018, surface water in the Yabtarmato Lake, besides the typomorphic elements (iron
and manganese), still contained elevated concentrations of nickel, lead, copper, zinc, phosphates and
phenols. This anomaly is due to technogenic causes and is a result of historical contamination identified by
the previous monitoring activities.

Studies in the location area of Plant and Port

The chemical composition and contamination of water (10 samples) in surface waterbodies and
watercourses in the territory of the GBS LNG & SGC Plant were tested in the course of engineering surveys
and environmental studies (TsGEI LLC, 2017) under the Arctic LNG 2 Project. The mapped sampling points
on water bodies and streams are marked in Figure 7.3.12.

Generally, the 2014-2017 surveys identified a few distinctive features of waterbodies in the area of the sea
Port and Plant. Water in the explored streams and lakes is ultra fresh, soft and with a rather low color
intensity and suspended particulate concentration. The content of major water anions and cations let
ascribe water of the studied waterbodies to the chloride-hydrocarbonate type of sodium, magnesium and
calcium groups; by hydrogen ion concentration, they are categorised as neutral or weak acidic.

Hydrochemical analysis data (Table 7.3.4) indicate that water in rivers, streams and lakes in the surveyed
area is within the MPC limits for public water supply, drinking, and amenity and domestic uses by actually
all chemical parameters (MPCgom)®. Exceptions are cadmium, iron and ammonium nitrogen concentrations
that sometimes reach 2*MPC4om (according to the Consultant, as concerns iron and ammonium ions, it is
not an issue of chemical contamination but just particular natural attributes of the chemical composition of
local water).

Also, a few parameters were reported to be above MPC for fishery waterbodiess. All of the surveyed
waterbodies are indicative of concentrations exceeding regulatory limits for fishery. Concentrations of iron
varied from 0.12 to 0.78 mg/Il and of copper from 0.003 to 0.012 mg/l and were 8- and 12-fold higher than
respective MPCs for fishery. A few waterbodies had above-MPCssh incidences by manganese, lead and zinc.

55 GN 2.1.5.1315-03 Maximum Permissible Concentrations (MPC) of Chemicals in Water Bodies Used for Public and Drinking Water Supply and for
Amenity and Domestic Needs (brought into effect by the Regulation of the RF Ministry of Health No. 78 of April 30, 2003).

56 Order of the RF Ministry of Agriculture No. 552 “On Approval of Water Quality Standards for Fishery Water Bodies, Including Maximum Permissible
Concentrations of Harmful Substances in Waters of Fishery Water Bodies” of December 13, 2016.
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Of special concern is mercury detected in some waterbodies in a high concentration: in most of water
samples from waterlogged sectionss” and streams in the Plant area, it exceeded MPC for fishery sometimes
being as high as 10-28*MPCssp®. Materials of engineering surveys of TsGEI LLC (2017) interpret this fact
as one of the chemical contamination indicators for the tested waterbodies and watercourses that gains its
maximum in one of the littoral lakes (denoted as waterlogged section No. 1 in Figure 7.3.12). In the
Consultant’s opinion, there is no sufficient evidence to existing water contamination with mercury or
associated elements and compounds in the absence of a proven source of such impact.

First, the mercury concentration in water and bottom sediments of the same waterbodies in the Plant area
does not exhibit a clear correlation: particularly, the element was not detected in bottom sediment of Lake
No. 1 where higher Hg concentration in water was measured (0.28 mkg/l) meanwhile in Stream No. 1 with
the maximum mercury content in bottom sediment (0.015 mg/kg) the Hg concentration in water did not
go beyond the low detection limit.

Second, the sensitivity of measurement procedures is very close in value to MPC for mercury. Third, many
researchers of Arctic waterbodies earlier determined higher concentrations of mercury both in water and
in bottom sediments and the origin of those mercury anomalies was not always unambiguously explained.

In particular, accumulation of mercury and several associated elements such as cadmium and uranium was
found out in the water area of Periptaveto Lake and a humber of other waterbodies on the Gydan Peninsula.
It could be a result of long-standing impact of remote sources via a mercury transfer by air and its fallout
with precipitation®.

It is important to highlight that in this case elevated Hg contents were detected exactly in bottom sediments
whereas the aquatic medium of lakes remained environmentally safe. A significance of the remote transfer
as a factor of background pollution of Arctic landscape features with mercury has been ascertained by
numerous studies in Russian and Canadian sectors®. The YNAO territory is marked with regionally
meaningful mercury accumulation in vegetation and its migration by food chains and accumulation in
reindeers. Alongside with that, there are encountered local anomalies of the element confined to sites of
historic economic activity — in all such instants, mercury is identified as an associated micro component of
chemical contamination with petroleum products and various components of wastee.

Apart from mercury, local anomalies in Gydan peninsula waterbodies were found for elements such as
chromium, antimony and rubidiums: which are exotic for this region. Their emergence is to be elucidated
in future investigations. In the Consultant’s view, above-permissible concentrations of cadmium detected
in waterbodies in the Plant area (see above) should also be ascribed to this category.

A number of the measured parameters of water samples reflect the presence and composition of organic
compounds in waterbodies: dissolved oxygen activity, color intensity, oxygen demand indices (BODs and
COD), concentrations of petroleum hydrocarbons and mono- and polyaromatic compounds.

In response to the presence of readily oxidisable organics, BODs varied from <2 to 5 mgOy/I, which is
beyond the standard in most of the surveyed waterbodies. Total content of dissolved organic substances
in surface water of the surveyed watercourses assessed on the basis of COD ranged within 5-19 mg/l;
minor MPC exceedances were found in three waterbodies.

57 Following the survey of waterbodies with reference numbers 1, 2, 7 and 8 that were described in the engineering survey materials as “lakes”, it
was found that they are located in the onshore area of the Ob Estuary (laida) which is exposed to flooding multiple times every year. Therefore, in
the design documentation these depressions that are filled with sea water during dizygial tides and wind surge (and combination thereof) are
referred to as “waterlogged sections of laida” (or just “waterlogged sections”) with the same reference numbers..

58 Maximum permissible gross concentration of mercury on inland fishery waterbodies is 0.01 mkg/| and for seawater - 0.1 mkg/I.

59 V. Y. Khoroshavin et al. Project for the comprehensive study of lacustrine ecosystems in Tazovsky Municipal District: first findings // Scientific
Bulletin of YNAO (Obdoria: Ecology of the Arctic Region). 2016. Issue 4. pp. 93-98.

0 F. F. Pankratov. Atmospheric mercury distribution trends in the Russian Arctic on the basis of long-term monitoring results. Author’s abstract of
PhD thesis in Engineering - StPb: 2013.

Leitch D.R. Mercury distribution in water and permafrost of the lower Mackenzie Basin.... Master of Science Thesis. Submitted to the Univ. of
Manitoba. 2006.

51 Ye. V. Agbalyan, A. A. Listishenko. Accumulation of pollutants (mercury and cadmium) in soil, vegetation and animals // Scientific Bulletin of
YNAO (Obdoria: Ecology of the Arctic Region). 2017. Issue 3. pp. 4-9.

62 R. A. Kolesnikov et al. Current status of natural-territorial complexes and assessment of accumulated environmental damage on Vilkitsky Island
// Scientific Bulletin of YNAO (Obdoria: Ecology of the Arctic Region). 2017. Issue 3. pp. 11-20.

53 N. V. Yurkevich. Assessment of the geochemical composition of natural surface waters of the Gydan Peninsula // INTEREXPO GEO-Siberia.
Novosibirsk: Publishers of Siberian State University, 2017. pp. 150-155.

Jono -4



Environmental Baseline 7-43

Petroleum products in surface water generally varied from amounts below the detection threshold to
0.42 mg/Il. For chemical analysis, oil derivatives are extracted from water using organic solvents, which is
why this analytical group always includes a broad spectrum of bitumenous compounds of natural genesis.
Their spectral and other characteristics are similar to those of petroleum products such as waxes, resins,
lipids, oils, and humus substances. Their concentration may be up to a few milligrams per 1 L of water; in
the Consultant’s view, concentrations of this group of chemicals provided in the surveys and environmental
monitoring materials were measured in the absence of visual signs and pollution sources, so they should
be associated with a release of natural bitumoids rather than with an ingress of liquid hydrocarbons into
the water environment.

Concentrations of phenols in surface water of most of the surveyed waterbodies were below the detection
threshold. However, above-MPC phenol concentrations were found in the samples from Lakes Nos. 5 and
6. Of note here is that peat and other organogenic materials always contains some amount of natural
organic compounds which are analytically close to phenols. The fact that phenols were detected in the
samples does not attest to their being contaminated and should be regarded as an important indicator of
local water.

Concentrations of benzo[a]pyrene and surfactants in all the studied waterbodies were below the detection
threshold.

7.3.5.3 Integral assessment of surface water quality in the area of the Utrenniy Terminal (Port) and GBS LNG & SGC
Plant

Integral assessment of waterbodies pollution was performed in accordance with the methodical guidelines
set forth in RD 52.24.643-2002%: on the basis of laboratory data, a waterbody was categorised by pollution
complexity (combinatorial aspect) and classed from times (multiplicity) of MPC exceedance, a pollution
level was assessed as function of a complex of pollutants, and a water quality class was established.

64 RD 52.24.643-2002. Methodical Guidelines.The method of integral assessment of the surface water contamination level based on hydrochemical

indicators.
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Table 7.3.4: Content of chemicals in surface water samples (2017)

Parameter

Str-6,
Stream 2

Waterlogge
d section 1
(5))

Waterlogge
d section
2 (L-6)

Waterlogge
d section -
7(L-8)

Waterbody (sample reference)

Waterlogge
d section -
8 (L-9)

Lake 3
(L-4)

Lake 4
(L-7)

Water intake
facility 3.1

Water intake
facility 3.2

Water intake
facility,
quarry 99

MPCrisn®®

M PCdom66

YNAO

background

67

BODs, mgOy/I 3 4 4 3 4 <2 <2 <2 3 5 11,01 11,08 8,11 2 2 1.57
COD, mgOy/! 10 15 15 9 14 5 7 6 8 19 18,94 19,06 13,95 15-30 15 32.8
suspended  solids, 4.4 3.8 4.6 4.1 10.6 5.4 5 4.9 4.7 4.3 <0,5 <0,5 2,13 +25 to +25 to
mg/dm background background
Efgt;g'rf]‘jm products, | ¢ 47 0.25 0.07 =005 0.05 <0.05 <0.05 0.06 <0.05 0.42 0,094 0,085 0,15 0.05 0.3 0.028
3
Surfactants, mg/dm <0.01 <0.01 <0.01 <0.01 <0.01 0.012 0.011 <0.01 <0.01 <0.01 <0,025 <0,025 <0,025 0.1 0.5 0.032
Phenols, mg/dm? <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 | <0.0005 | <0.0005 | 0.001 | 0.0018 <0,0005 <0,0005 <0,0005 0.001 0.001 0.0006
NHs*, mg/dm? 0.15 0.24 0.36 0.2 0.23 0.14 0.15 0.14 0.16 0.29 - - - 0.5 1.5
NOs’, mg/dm?3 0.15 <0.1 0.32 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.19 <0,10 <0,10 <0,1 40 45 0.52
PO.4, mg/dm? 0.05/0.15/0.
0.015 0.019 0.012 0.017 0.014 0.014 0.016 0.017 0.019 0.022 <0,05 <0,05 < 0,05 > - 0.038

Ni, mg/dm? 0.002 <0.0002 <0.0002 0.003 0.003 <0.0002 0.003 <0.0002 | <0.0002 | <0.0002 <0,005 <0,005 <0,005 0.01 0.02 0.0029
Zn, mg/dm’® 0.002 0.011 0.007 <0.001 <0.001 <0.001 <0.001 | <0.001 | <0.001 | <0.001 0,0078 0,007 <0,005 0.01 1 0.0095
Fe, mg/dm? 0.6 0.78 0.29 0.23 0.34 0.22 0.12 0.087 0.24 0.36 0,112 0,098 0,33 0.1 0.3 0.63
Cu, mg/dm® 0.008 0.012 0.01 0.003 0.004 0.005 0.003 0.008 0.005 0.004 0,001 0,001 0,003 0.001 1 0.0013
Mn, mg/dm? 0.029 0.092 0.003 0.005 0.021 0.006 0.002 0.004 0.002 0.022 0,006 0,005 0,007 0.01 0.1 0.041
Pb, mg/dm’® 0.009 0.003 0.006 0.005 0.009 <0.0002 | <0.0002 | 0.001 <0.0002 | 0.009 <0,002 <0,002 <0,002 0.006 0.01 0.0017
NO,", mg/dm? 0.027 0.03 <0.02 0.026 0.033 0.026 <0.02 0.031 <0.02 0.047 - - - 0.08 3.3 0.017
S0.%, mg/dm? 7.5 7.2 <2.0 6.8 <2.0 13 11.9 8.4 8.6 10.6 15,90 27,14 20,72 100 500 1.98
ClI, mg/dm? 16 55 10 11 14 19 22 22 22 61 39,17 49,65 42,54 300 350 7.64
F', mg/dm? <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 - - - 0.75 1.5 -
Si, mg/dm? 0.31 0.22 0.22 0.27 0.24 0.18 0.21 0.15 0.18 0.26 1,4 1,7 <0,50 10 10 -
HCO3, mg/dm? 12.2 30.5 12.2 12.2 21.4 21.4 18.3 18.3 <10 33.6 - - 48,80 - - -
Ca?* mg/dm’® 3 8 4 3 4.01 4 4 5 4 8 70,14 74,15 70,14- 180 - -
Mg?*, mg/dm? 1.82 6.1 2.43 1.82 2.43 3.03 3.64 3.04 2.43 7.3 28,580 29,790 13,38 40 50 -
Na*, mg/dm? 5.2 47 2.9 3.6 5.2 4.4 4.7 5.3 4.5 46 41,400 33,700 31,30 120 200 -
K*, mg/dm? <1 1.28 <1 <1 <1 <1 <1 1.13 <1 1.32 1,250 1,110 2,60 50 - -

3 -
Cd, mg/dm 0.001 0.002 0.001 0.001, 0.001 0.002 0.002 0.003 <o.2000 0.001 0,002 0,002 <0,002 0.005 0.001
Hg, mg/dm? 0.00009 | <0.00001 | 0.00028 | 0.00015 | 0.00015 | <0.00001 | <0.0000 | 0.00018 | 0.00011 | <0.0000 <01 <01 <01 0.00001 0.00005 -

1 1 I I I

3 -
As, mg/dm <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 0,005 0,005 0,005 0.05 0.01
Odour, points 0 1 1 1 0 0 0 0 1 1 1 1 1 - - -
Taste, points 0 1 1 1 0 0 0 0 1 1 - - - -
Color, degrees 13 20 26 17 25 13 12 11 14 23 9,1 8,9 49,7 - - -
Total hardness, _ _ ) ) ) -
degrees 0.3 0.9 0.4 0.3 0.4 0.45 0.5 0.5 0.4 1
Dry residue, mg/dm’ <50 97 <50 <50 <50 <50 <50 <50 <50 100 210 220 140 - 1000 -
nggq[f]pyre”e <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 | <0.0005 | <0.0005 | <0.0005 | <0.0005 <0,0005 <0,0005 <0,0005 - 0.01 i

Legend: Red - exceedance of MPC for fishery; Yellow — exceedance of background pollution indicators for YNAO rivers; Bold type - exceedance of MPC for utility and domestic water uses. Dash «-« denotes unavailable data or regulatory value/standard.
Source: TsGEI LLC, 2017¢

85 Order of the RF Ministry of Agriculture No. 552 “On Approval of Water Quality Standards for Fishery Water Bodies, Including Maximum Permissible Concentrations of Harmful Substances in Waters of Fishery Water Bodies” of December 13, 2016.
66 GN 2.1.5.1315-03 Maximum Permissible Concentrations (MPC) of Chemicals in Water Bodies Used for Public and Drinking Water Supply and for Amenity and Domestic Needs (brought into effect by the Regulation of the RF Ministry of Health No. 78 of April 30, 2003)

67 Reference Guide on the application of average regional content values for monitored components at monitoring sites when assessing the state and level of environmental pollution in the Yamal-Nenets Autonomous District. - Bratsk: YNAO Department of Natural Resources Regulation, Forest Relations and the Development of
the Oil and Gas Complex, 2014. 19 p.

%8 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 4. Technical report on results of environmental survey. Part 2. Onshore facilities. Book 2. Text appendixes. Document code 2017-423-M-02-1312.2. Vol. 4.2.2. - TsGEI LLC, 2017. 314 p.
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The most informative tools of integral water quality assessment are specific-combinatorial water quality
index (SCWQI) and water quality class (a water quality level established within an interval of numeric
values representing individual properties and composition of water which characterise its suitability for
a certain user type).

SCWAQI is evaluated from frequency and multiplicity of MPC exceedance by a few parameters and may
fluctuate from 1 to 16 (0 for clean water) depending on the water pollution level. A higher index corresponds
to a lower water quality. The SCWQI-based water quality classification suggests 5 classes of surface water
(Table 7.3.5).

Table 7.3.5: Classification of water quality in waterbodies based on the specific combinatorial water quality index
(SCWQI)

Characterisation of the SCWQI without account

for critical pollution SCWOTjatik=0:9

(1 CPI)

Class and subclass water pollution
condition indices (CPI)

Class 1 Conditionally clean 1 0.9
Class 2 Weakly polluted (1, 2] (0.9; 1.8]
Class 3 Polluted (2; 4] (1.8; 3.6]
subclass "a" Polluted (2; 3] (1.8; 2.7]
subclass "b" Heavily polluted (3; 4] (2.7; 3.6]
Class 4 Dirty (4; 11] (3.6; 9.9]
subclass "a" Dirty (4; 6] (3.6; 5.4]
subclass "b" Dirty (6; 8] (5.4; 7.2]
subclass "c" Very dirty (8; 10] (7.2; 9.0]
subclass "d" Very dirty (8; 11] (9.0; 9.9]
Class 5 Extremely dirty (11; oo] (9.9; 0]

Results of the integral assessment of water pollution in streams and lakes are summarised in Table 7.3.6.
Also, integral pollution indices are depicted in the schematic map showing the current environmental status
of surface waters (Figure 7.3.12).

Typical pollutants for virtually all waterbodies are iron, copper, and, less frequently, manganese.

¢ A majority of the local waterbodies and watercourses are characteristic of heavy pollution and fall
under class 3b. The key pollutant in such lakes and streams is mercury in extremely high quantities.
It could be a result of long-standing impact of remote sources via a mercury transfer by air and its
fallout with precipitation®®. Significance of the remote transfer as a factor of background pollution
of Arctic landscape features with mercury has been ascertained by numerous studies in Russian
and Canadian sectors’®. The YNAO territory is marked with regionally meaningful mercury
accumulation in vegetation and its migration by food chains and accumulation in reindeer’!. Also,
there are local anomalies of the element confined to sites of historic economic activity - in all such
instants, mercury is identified as an associated micro component of chemical contamination with
petroleum products and various components of waste.

A few waterbodies in the area are characterised as weakly polluted and conventionally clean; however,
some above-MPC concentrations of copper and iron have been detected.

No relationship between the water quality and location within the surveyed territory has been established.
In the Consultant’s view, chemical composition parameters of the surveyed waterbodies in the Plant area
determined in the course of the engineering surveys largely reflect their natural status rather than
technogenic pollution; therefore, water quality assessment in wording of RD 52.24.643-2002 (Table 7.3.6)
shows only how water chemistry measures up to regulatory standards set for waterbodies of domestic and
of fishery uses.

59 V. Y. Khoroshavin et al. Project for the comprehensive study of lacustrine ecosystems in Tazovsky Municipal District: first findings // Scientific
Bulletin of YNAO (Obdoria: Ecology of the Arctic Region). 2016. Issue 4. pp. 93-98.

70 F. F. Pankratov. Atmospheric mercury distribution trends in the Russian Arctic on the basis of long-term monitoring results. Author’s abstract of
PhD thesis in Engineering - StPb: 2013.Leitch D.R. Mercury distribution in water and permafrost of the lower Mackenzie Basin.... Master of Science
Thesis. Submitted to the Univ. of Manitoba. 2006.

71 Ye. V. Agbalyan, A. A. Listishenko. Accumulation of pollutants (mercury and cadmium) in soil, vegetation and animals // Scientific Bulletin of
YNAO (Obdoria: Ecology of the Arctic Region). 2017. Issue 3. pp. 4-9.

72 R. A. Kolesnikov et al. Current status of natural-territorial complexes and assessment of accumulated environmental damage on Vilkitsky Island
// Scientific Bulletin of YNAO (Obdoria: Ecology of the Arctic Region). 2017. Issue 3. pp. 11-20.
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Table 7.3.6: Summary data on surface water contamination level

7-46

Assessment by RD 52.24.643-2002

Characterisation of the water

‘é Complexity of water Classification of water quality based on pollution level based on
[ pollution WQI and SCWQI multiplicity of MPC exceedance
o
= (parameters above MPC)
£
a
. % Water category and >
+ O pollution data Class and Characterisation of ]
o= characteristic, =ubclass the water pollution s =
£ % complexity factor condition = I
2§ (%) &
Site of the onshore facilities of the GBS LNG & SGC Plant and Utrenniy Terminal
II, by several Cu, Mn,
Stream 1 ingredients and Fe,
(Str-5) parameters BODs, Pb petroleum Hg
(37 %) products
II, by several BODs, Cu,
Stream 2 ingredients and Mn, Fe, _
(Str-6) parameters Zn, COD petroleum
(37 %) products
II, by several
Waterlogged ingredients and COD, Pb, BOD:s, Cu,
section 1 parameters petroleum Fe Hg
(L-5) (37 %) products
II, by several
Waterlogged L
section 2 ingredients and BODs Cu, Fe Hg
(L-6) parameters
(21 %)
III, by a complex of
Waterlogged ingredients and Oz, Pb, BODs, Cu,
section 7 petroleum Hg
(L-8) parameters products Mn, Fe
(42 %)
Waterlogged _II, by_ several
section 8 ingredients and 1 Conventionally clean - Cu, Fe -
(L-9) parameters !
(11 %)
Area of influence
II, by several
Lake 3 (L-4) ingredients and 1 Conventionally clean Fe Cu -
parameters (11 %)
II, by several 0,
. ingredients and .
Lake 4 (L-7) parameters 2 Weakly polluted per_tgghecljt? Cu Hg
(25 %) P
II, by several
Lake 5 (L-3)|  ingredients and phenol BODFsé Cu,
parameters (25 %)
BODs, Cu,
Lake 6 HIi?\ZZeZigcr)]Ep;i)é of phenols, | Mn, Fe, _
(L-2a) parameters (42%) COD, Pb | petroleum
products

Source: GK RusGasEngineering CISC, 201473 ; TsGEI LLC, 20177*

73 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document
code 143.01.00-02-196-13111, Vol. 4.1. - GK RusGazEngineering CJSC, 2014. 340 p.

74 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 4. Technical
report on results of environmental survey. Part 2. Onshore facilities. Book 1. Text part. Explanatory note. Document code 2017-423-M-02-U3112.1.

Vol. 4.2.1. - TSGEI LLC, 2017. 254 p.
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Figure 7.3.12: Surface water quality in the area of the Utrenniy Terminal and GBS LNG & SGC Plant

Source: GK RusGasEngineering CJSC, 201475; TsGEI LLC, 20177%; NIPIGAZ JSC, 201877

75 Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document code 143.01.00-02-196-U3/11, Vol. 4.1. - GK RusGazEngineering CJSC, 2014.

340 p.
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76 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Design documentation. Section 4. Technical report on results of environmental survey. Part 2. Onshore facilities. Book 3. Text appendixes, graphic appendixes. Document code 2017-423-M-02-M312.3. Vol. 4.2.3. - TsGEI
LLC, 2017. 132 p.

77 Salmanovskoye (Utrenneye) OGCF Facilities Setup. Technical report on results of environmental survey. Part 1. Task area of Uralgeoproekt LLC. Book 1. Text part. NIPIGAZ JSC. 2018. 272 p.
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Nature use restrictions pertinent to surface waterbodies

7.3.6.1 Water protection zones and coastal protection belts

In compliance with Article 65 of the Water Code of the Russian Federation, water protection zones are set
up around waterbodies adjacent to the shoreline (boundaries of a waterbody) of rivers, streams, channels,
lakes, and water reservoirs in order to prevent contamination, littering, silting and water depletion of
surface waterbodies and conserve the habitat of aquatic biological resources and other flora and fauna
species’8. Special conditions of economic or other activities are established in water protection zones.

Coastal protection belts are provided within water protection zones where additional restrictions apply to
economic or other activities. A width of the coastal protection belt is defined depending on the inclination
of the shore slope of a water body and is thirty meters for counter or zero gradient slopes, forty meters for
slopes with inclination below 3 degrees, and fifty meters for slopes inclined at three or more degrees.

Widths of water protection zones and coastal protection belts of rivers, streams, channels, lakes, and water
reservoirs situated outside cities and other populated localities are determined from the waterbody’s
boundary.

Sizes of water protection zones of the main watercourses in the surveyed area (pursuant to Article 65,
Section 4, p. 3 of the RF Water Code) are listed in the Table 7.3.7.
Table 7.3.7: Dimensions of restricted use territories/zones set up for surface waterbodies

Watercourse length, km Minimal water protection @ Coastal protection
zone width, m belt width, m

/ waterbody area, km?

1 Ob Estuary 800 km 500 50
2 Salpada-Yakha River 74 km 200 50
3 Right Yara-Yakha River 68 km 200 50
4 Khaltsyney-Yakha River 55 km 200 50
5 Yaromichu-Yakha River 44 km 100 50
6 Middle Yara-Yakha River 28 km 100 50
7 Nyaday-Pynche River 21.1 km 100 50
8 Syabuta-Yakha 1st River 16 km 100 50
9 Lerui-Yakha River 15 km 100 50
10 Serako-Ya-Yakha River 8.7 km 50 50
11 Stream 9 5 km 50 50
12 Stream 10 4.8 km 50 50
13 Yabtarmasyo River 4.7 km 50 50
14 Stream 4 3.4 km 50 50
15 Stream 7 1.1 km 50 50
16 Stream 6 0.57 km 50 50
17 Stream 5 0.56 km 50 50
18 Stream 3 0.46 km 50 50
19 Stream 8 0.23 km 50 50
20 Yabtarmato Lake 0.5 km? 50 -
21 Waterlogged section 1 0.22 km?

22 Waterlogged section 2 0.45 km?

23 Lake 3 0.015 km?

24 Lake 4 0.003 km?

25 Lake 5 0.0048 km?

26 Lake 6 0.00425 km? n/a

27 Waterlogged section 7 0.18 km?

28 Waterlogged section 8 0.0013 km?

29 Lake 9 0.001 km?

30 Lake 10 less than 0.5 km?

31 Lake 11 0.007 km?

Source: Environmental Survey 201479; fishery characteristics Nos. 18°, 1488!, and 36182

78Water Code of the Russian Federation No. 74-FZ of 03.06.2006 (with amendments and additions in force from 01.01.2016)

7% Early development facilities at the Salmanovskoye (Utrenneye) oil, gas, and condensate field. Technical report on environmental survey. Document
code 143.01.00-02-196-1311, Vol. 4.1. - GK RusGazEngineering CJSC, 2014. 340 p.

80 Fishery characteristic No. 1 for lakes and nameless streams in Tazovsky Municipal District of YNAO of Tyumen Region as of 11.01.2018, Lower
Ob Branch of FPFI GlavRybVod

81 Fishery characteristic No. 148 for the Khaltsyney-Yakha and Salpada-Yakha Rivers and Yabtarmato Lake in Tazovsky Municipal District of YNAO
as of 26.11.2013, FPFI Nizhneob'rybvod

82 Fishery characteristic No. 361 for the Khaltsyney-Yakha and Lerey-Yyakha Rivers, nameless streams and nameless lakes in Tazovsky Municipal

District of YNAO of Tyumen Region as of 21.12.2017, Lower Ob Branch of FPFI GlavRybVod
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The water protection zone for watercourses having a length of less than ten kilometres from the source to
the mouth coincides with the coastal protection belt (CPB of Streams 1, 2 and others-50 m); a CPB width
for the Ob Estuary is 50 m.

Designing, constructing, reconstructing, commissioning, and operating economic and other facilities within
water protection zones are permitted given that they are adequately equipped to ensure protection of water
bodies from contamination, littering, silting, and water depletion. Such facilities shall be selected taking
into account environmental regulations such as maximum permissible discharges of pollutants and other
substances and microorganisms.

Activities prohibited within water protection zones:

1) use of wastewater for soil fertility control;

2) arrangement of graveyards, animal burial sites, disposal sites for industrial and domestic wastes,
chemicals, explosives, toxicants, venomous and poisoning agents, and burial sites for radioactive
waste;

3) aerial pest control;

4) vehicular traffic and parking (except special transport vehicles, traffic on paved roads and parking
in special areas with hard pavement);

5) location of fueling stations, fuel and lubricants stores (with an exception of refueling stations and
fuel stores at port sites, shipyards, and inlandwaterways infrastructure, subject to compliance with
the environmental regulations and the RF Water Code), as well as technical maintenance workshops
used for technical inspection, repair, and washing of motor vehicles;

6) arranging of storage facilities for pesticides and agrichemicals, and application of pesticides and
agrichemicals;

7) discharge of wastewater, including drainage water; and

8) prospecting and production of commonly occurring mineral resources (except for prospecting and
production of commonly occurring mineral resources by subsoil users within the boundaries of the
mining allotment and (or) geological allotment allocated to such users in compliance with the
Russian Federation law on the basis of the approved technical design in accordance with the Federal
Law “On Subsoil” No. 2395-1 of February 21, 1992).

Further restrictions within coastal protection belts prohibit:

1) land ploughing; and
2) arrangement of erodible soil banks.

7.3.6.2 Fishery characteristics of surface waters

Watercourses and waterbodies in the Project area are assigned to different fishery categories on the basis
of regulatory fishery characteristics Nos.1%, 148+ and 361 in compliance with the Order of the Federal
Agency for Fishery No. 818 of 17.09.2009 “On Establishing Categories of Fishery Water Bodies and Specific
Features of Capture Production (Catch) of Aquatic Biological Resources Inhabiting them and Assigned to
Fishery Sites” (Table 7.3.8).

Table 7.3.8: Fishery categorisation of waterbodies in the Plant area

Waterbody name Fishery category®®

Ob Estuary
Khaltsyney-Yakha River
Nyaday-Pynche River
Salpada-Yakha River
Lerui-Yakha River

Lake 1

Lake 2

Lake 7

Yabtarmato Lake
Stream 5

Top

First

83 Fishery characteristic No. 1 for lakes and streams in Tazovsky Municipal District of YNAO of Tyumen Region as of 14.01.2018, Lower Ob Branch
of FPFI GlavRybVod

84 Fishery characteristic No. 148 for the Khaltsyney-Yakha and Salpada-Yakha Rivers and Yabtarmato Lakes in Tazovsky Municipal District of YNAO
of Tyumen Region as of 06.11.2013, Federal Agency for Fishery, Lower Ob Area Department

85 Fishery characteristic No. 361 for the Khaltsyney-Yakha and Lerey-Yakha Rivers, nameless streams and nameless lakes in Tazovsky Municipal
District of YNAO of Tyumen Region as of 21.12.2017, Lower Ob Branch of FPFI GlavRybVod

86 In accordance with the Order No. 818 of the Federal Agency for Fishery, dated 17 September, 2009, “On Establishing Categories of Fishery Water
Bodies and Specific Features of Capture Production (Catch) of Aquatic Biological Resources Inhabiting them and Assigned to Fishery Sites”
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Waterbody name Fishery category®®

Stream 6 First
Stream 7
Stream 8
Lake 4
Lake 5 Second
Lake 6
Lake 9
Lake 11

Source: Fishery characteristics Nos. 187, 148%, 361%°

7.3.6.3 Standards of permissible impact on surface water

7.3.7

In accordance with Russian environmental law®°, specific impact limits (IL) are established for each
waterbody which then serve as a basis for calculation of permitted volume of abstraction of natural water
under the Water Use Agreement. The IL calculation methodology is approved by the RF MNR Order No.328
of 12.12.2007 “On approval of guideline methodology for development of impact limits for waterbodies”.

This methodology provides for adoption of impact limits for abstraction of water (ILabst) to be established
as constant values and applied starting from the calculation base year with certain probability, so as to
prevent in any significant change in the waterbody parameters beyond the long-term natural
seasonal variations. The limits are established for each waterbody at different sections, and for the whole
catchment area, so that sufficient water resource is always available for the terminal waterbody in the river
basin to maintain its ecosystem. Intake (abstraction) of water resources is characterised by the total
volume of permanent abstraction of water from a water management section of waterbody over certain
period of time (year, season, month) in the most critical water availability conditions (95% probability),
depending on the prevailing uses of the water resource (irrigation, drinking water supply, etc.). For rivers
with unregulated flow, so called “environmental flow” (EF) is defined as an environmentally safe flow rate
in specific section that supports normal functioning of the aquatic and near-water ecosystems at the
permanent abstraction of permissible volume of water from the river.

In accordance with the Integrated Water Management Scheme (IWMS) for the Taz River basin (approved
by the Lower Ob Basin Authority, Order of 04.08.2014 No0.265), impact limits (IL) have been established
for the water management section 15.05.00.002 comprising the catchment areas of the rivers that
discharge into the Kara Sea between the Taz Estuary and the border of the basin of Yenisei Estuary.
The Project area is located within this section.

The IL values provided the basis for establishing the limit of 16,355.24 M m?3 per year for water
management section (WMS) No. 15.05.00.002 - i.e. the maximum volume of water that can be abstracted
from the WMS without damaging the natural environment and designated function of the waterbody.

The limit for wastewater discharge into surface waterbodies is set at 14,718.20 M m? per year.

Bottom sediments

7.3.7.1 General

Bottom sediments are among the most stable components of aquatic ecosystems which reflect basic
physicochemical and biological processes occurring inside waterbodies. They play a crucial part in the
turnover of chemical elements and are kind of a water pollution indicator since substances precipitate from
water and accumulate in bottom sediment in a concentrated state. Content of all substances is normally
much higher in bottom sediments than in water. Bottom sediments fixate results of long-standing
anthropogenic exposure of a water basin. In the conditions where sediment-related physicochemical
parameters such as pH, dissolved oxygen and bacterial activity are changeable, pollutants are likely to
dissolve in water and become a source of secondary seawater pollution.

Regulations for rating pollutant concentrations in bottom sediments are unavailable in Russia. Previously,
so-called Dutch lists which provide data on pollutant concentrations and levels of hazard, including that of

87 Fishery characteristic No. 1 for lakes and nameless streams in Tazovsky Municipal District of YNAO of Tyumen Region as of 11.01.2018, Lower
Ob Branch of FPFI GlavRybVod

8 Fishery characteristic No. 148 for the Khaltsyney-Yakha and Salpada-Yakha Rivers and Yabtarmato Lakes in Tazovsky Municipal District of YNAO
as of 26.11.2013, FPFI Nizhneob'rybvod

8 Fishery characteristic No. 361 for the Khaltsyney-Yakha and Lerey-Yyakha Rivers, nameless streams and nameless lakes in Tazovsky Municipal
District of YNAO of Tyumen Region as of 21.12.2017, Lower Ob Branch of FPFI GlavRybVod

% RF Government Resolution No. 881 of 30.12.2006 “On procedure for adoption of impact limits for waterbodies”
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remediation urgency, were applied to assess pollution against international standards. In the Netherlands,
conventional assessment criteria for bottom sediments fell from practice after a procedure for assessing
the bottom sediment quality had been brought into compliance with the EU Groundwater Directive under
the Water Framework Directive. For that reason, no comparison of results of bottom sediment testing,
carried out for the Project’s territory, with regulatory values was made.

According to the guidelines of RD 52.24.609-2013 “Organising and Conducting of Observations of the
Content of Pollutants in Bottom Sediments of Water Bodies”, bottom sediment pollution levels were
assessed through a comparison of pollutant concentrations from test results with their background contents
in bottom sediments.

The studies of 2017 comprised, alongside with bottom sediments, assessment of beach deposits
(Figure 7.3.13) because the latter are closer to bottom sediments than to soils by their physicochemical
properties and formation pathway.

Figure 7.3.13: View of coast from Station No.15
Source: INZHGEO LLC, 2017**
7.3.7.2 Sea bottom and beach sediments

The Ob Estuary is a typical estuarial bay where sections with soft silty bottom are infrequent; however,
exactly these are characteristic of elevated concentrations of pollutants from various classes. A rate of
recent sedimentation in the Ob Estuary is not high and is 0.1-0.13 cm/year on an average. More essential
are water and sediment exposure to a long-range transfer of pollutants by rivers running across oil and
gas production areas to which pollutants are carried by on-land and underground flows from drilling rigs
and process facilities.

Bottom sediment studies in the Ob Estuary have been ongoing since 2011. This report uses the materials
2018-2019 of the operational environmental control at the berth structures of the Salmanovskoye
(Utrenneye) OGCF by IEPI JSC, and findings from the survey of bottom and beach sediments in the territory
of the Salmanovskoye (Utrenneye) OGCF performed in 2017 by Inzhenernaya Geologia LLC. Pollutant
concentrations, taken as background values, were drawn from the 2012 Report of PINRO “Assessment of
Background (Baseline) Status of Environmental Components of Onshore and Offshore Areas of the
Salmanovskiy (Utrenniy) License Area (Yamal-Nenets Autonomous Okrug) Based on Results of the
Environmental Survey”. The results are discussed below.

By the grain-size composition, the bottom sediments are characterised by predominance of sand (94.8-
95.2 %), i.e. they fall under the lithological category of pure sand. Specific gravity of bottom sediment
samples varied between 3.6 and 4.7 g/cm3.

Petroleum hydrocarbons (petroleum products) can accumulate in bottom sediment because their
photochemical and biological decomposition rates at negative temperatures are very low. Both natural

°1 GBS Plant for production, storage and offloading of liquefied natural gas and stabilised gas condensate. Technical report on the environmental

survey for preparation of design documentation. - IEI1. - InzhGeo LLC, 2017. 277 p.
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decomposition processes of plant residues and industrial accidents may be sources of their occurrence in
waterbodies. Studies during 2017-2019 demonstrated that the content of petroleum products actually in
all bottom sediment samples is below 5.0 mg/kg (detection threshold of the method). Only one sample
taken from the surface layer had a concentration of 14.63 mg/kg, which is twice higher than the
background.

Phenols are products of the biochemical degradation and organic matter transformation in water and in
bottom sediments. Additionally, there is a possibility of industry-associated contamination of aquatic
ecosystems by these substances. Phenols were found in bottom sediments in quantities below the detection
threshold (0.05 mg/kg) in actually all samples with the exception of one sample from the surface layer.

The content of organochlorine compounds in the analysed samples both from the surface and from the
depth is below the detection threshold.

The content of surfactants in bottom sediments is from 2.11 to 6.4 mg/kg and 3.74 mg/kg on an average.
Polycyclic aromatic hydrocarbons of technogenic origin, namely benzo[a]pyrene, are below the detection
threshold (less than 0.005 mg/kg).

Concentrations of all heavy metals in bottom sediments in the surveyed area are within safe levels.
Concentrations of the most unsafe substances (1st class of hazard) are:

e mercury — concentration in 6 samples is below the detection threshold - 0.015 mg/kg; by archive
data, its background concentration is 0.012 mg/kg. Mercury concentration in those samples, where
it does not go beyond the detection threshold, is slightly higher than the background and varies
from 0.016 to 0.037 mg/kg;

e cadmium - concentration is from <0.01 (the detection threshold) to 0.022 mg/kg vs. the
background value of 0.47 mg/kg;

e arsenic — concentration is not above 0.35 mg/kg vs. the background value of 1.23 mg/kg;

e lead - from 0.38 to 2.28 mg/kg vs. the background - 5 mg/kg; and

e zinc - maximum concentration detected was 8.3 mg/kg, which is less than the background -
22.02 mg/kg.

Concentrations of moderately hazardous metals of 2nd class of hazard - nickel and copper - do not go
beyond background values. Nickel varies from 1.06 to 4.53 mg/kg, with the background being 9.6 mg/kg,
and copper from 0.21 to 2.18 mg/kg vs. the background of 8.8 mg/kg.

The chromium concentration in 7 samples is higher than the background value of 1.37 mg/kg. Maximum
exceedance of the background concentration by chromium is 3-fold.

The average content of low hazard (3rd class) manganese is 23.3 mg/kg, which is much lower than the
background (129 mg/kg).

The concentration of iron is quantitatively much higher than the total content of all other metals and is
above the background (417.7 mg/kg). Its concentrations range within 921-4987 mg/kg with 2204 mg/kg
on an average.

The surveys of 2017 comprised a radiation survey of the onshore and offshore areas of Plant construction
which attested to their radiation safety. The radiation background is low, uniform and without local radiation
abnormalities. Contents of natural and technogenic radionuclides in bottom and beach sediments and in
seawater were found to be consistent with background values and within safe levels.

Therefore, it is concluded that the level of bottom sediments pollution in the area of influence of the berth
structures is very low, based on all key controlled parameters.

7.3.7.3 Bottom sediments of surface waterbodies

Pollutants content in bottom sediments in the area of the Salmanovskoye (Utrenneye) OGCF is
characterised using the reports of IEPI JSC (Final Report on the environmental monitoring of the
Salmanovskoye field*2, Final Report on the operational environmental control®). The results are discussed
below.

92 | ocal environmental monitoring of the onshore and offshore areas of the Salmanovskoye (Utrenneye) OGCF and operational environmental control
of the operational sites. Phase 3.1. Final Report on the environmental monitoring of the Salmanovskoye (Utrenneye) oil, gas and condensate field
in 2019. - Moscow, IEPI JSC, 2020. 187 p.

93 Operational environmental control of construction of the early development facilities at the Salmanovskoye (Utrenneye) oil, gas and condensate
field. Final Report. Book 1. Explanatory note. - Moscow, IEPI JSC, 2018. 146 p.
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Since no official standards are available for the content of pollutants in bottom sediments, assessment of
the level of sediments pollution refers to the official MPC/TAC limits for soil. The assessment also referred
to the data at the regional level on concentrations of metals in bottom sediments of waterbodies in Tazovsky
Municipal District (Reference Guide on the application of average regional content values for monitored
components at monitoring sites when assessing the state and level of environmental pollution in the Yamal-
Nenets Autonomous District).

By the mechanical composition, the bottom sediment samples consist of sand and sandy light loam.
The reaction of bottom sediments aqueous extract is neutral or weak alkaline - 6.5-7.6.

Measured values of all controlled parameters in bottom sediments are below the limit levels for soil.
The highest concentrations were found in peaty bottom sediments that actively sorb various substances
and function as a geochemical barrier, and in the sample from the Yabtarmato Lake.

The same samples demonstrated iron, lead, chromium, zinc, copper and nickel concentrations above the
background levels. Content of anionic surfactants in all samples exceeded the background by 45-130 times.

Pollution of bottom sediments in the Yabtarmato Lake and tributary of the Khaltsyney-Yakha River with
heavy metals has been observed since the early stages of the monitoring activity (since year 2015).
Concentrations of the controlled parameters vary between seasons, but their overall levels hardly change.
All identified anomalies are related to the accumulated environmental damage in the area of old exploration
well on the shore of the Yabtarmato Lake, and plugged and abandoned well No.281 on the bank of the
Khaltsyney-Yakha River.

The petroleum products concentrations are within the permissible limit for soil (1000 mg/kg, in accordance
with the RF MNR letter of 27 December 1993 No.04-25), with maximum levels (630 mg/kg) found in sandy
sediments (sample from the north-eastern shore of the Yabtarmato Lake).

7.3.8 Summary

1. The designed location of the Project and associated facilities is in the water area of the Ob Estuary
of the Kara Sea and on the Gydan Peninsula shoreline which is abundant in diverse waterbodies -
rivers, streams, lakes, and bogs. Therefore, water, as well as hydrochemical and hydrobiological
conditions in the affected waterbodies are of a high significance, both in terms of their exposure to
the Project activities, and in the context of using the resources as sources of water supply.

2. Prior to the engineering surveys within the Salmanovsky (Utrenny) license area, rivers and lakes
in the examined section of the Gydan Peninsula actually remained unexplored. The Ob Estuary, on
the contrary, was thoroughly investigated, particularly for the purposes of another NOVATEK
project - Yamal LNG, and in relation to associated operations for widening and deepening of the
sea channel through the Ob Bar to ensure year-round navigation.

3. The Ob Estuary is the terminal element of the largest Russian water system. Its unique hydrological
and hydrochemical parameters are impacted by global climate processes and demonstrate a
strongly pronounced seasonality and interannual dynamics. Specific features of the Ob Estuary in
the concerned section of its middle part that will receive the impacts from the planned activity are
related to the long-standing (for more than 8-9 months) ice cover, unstable river flow patterns
disturbed by a joint action of tidal and wind-induced events, and high bottom sediment mobility
due to shallow depths, flowing water and ice impacts, and active erosion of shores.

4. The results of hydrochemical studies of waterbodies within the Salmanovskoye (Utrenneye) OGCF
and the Ob Estuary sections in the area of the designed Project facilities, generally, demonstrate a
low level of anthropogenic pollution. The elevated levels of total iron, copper and manganese found
in most of the surveyed waterbodies are a feature of the regional background in West Siberia,
rather than effect of pollution.

5. The permissible levels of impact and maximum allowed abstraction of water approved for water
management section No. 15.05.00.002 in the Taz River basin indicate availability of significant
surface water resources in the Project area that can be used for water supply. However, economic
activity using waterbodies (water intake, discharge of wastewater, construction within the water
protection zone) shall be managed taking into account the fishery category of the concerned
waterbodies (Ob Estuary and major rivers within the Salmanovskoye (Utrenneye) OGCF are
categorized as waterbodies of the highest fishery category), and their use by indigenous people,
e.g. traditional fishing grounds.
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Subsoil and Terrain

General stratigraphy. The genesis and composition of extracted hydrocarbons

The presence of significant hydrocarbon reserves within the Gydan Peninsula territory and the Ob Estuary
water area under consideration is essential for the Project. The geological section of the West Siberian
Plate, the northern part of which is occupied by the Project site, is divided into three rock complexes®*:

e Paleozoic consolidated basement, represented by granite-gneisses and lying at a depth of more
than 12-15 km;

e Triassic intermediate volcanic-sedimentary complex of variable thickness - from 1 to 5 km;

e Mesozoic-Cenozoic sedimentary cover up to 11 km thick.

It is to the latter that industrial-grade hydrocarbon deposits are confined, with natural gas prevailing within
the area. Reservoirs are associated with deposits across a wide stratigraphic range - from the contact zone
between the basement and the sedimentary cover to the younger deposits of the Upper Cretaceous.

According to its structural and tectonic features, the Salmanovskoe (Utrennee) field is a multi-deposit
anticlinal®> type deposit and is confined to the Pekssed dome-shaped uplift. At this stage of its study (since
1979 to date), the field has been found to include 34 hydrocarbon deposits with high quality indicators,
16 of which are gas deposits, 15 are gas condensate deposits, 2 are oil and gas condensate deposits and
1 is an oil deposit®°,

Reservoirs are associated with the Mesozoic deposits of the so-called Aptian-Albian-Cenomanian productive
complex and occur at depths of up to 2 km, mainly ranging from 1 to 1.5 km. The Aptian-Albian-
Cenomanian deposits of the Pokurskaya series (suite) belong to the Upper Mesozoic-Lower Cenozoic
structural-formational complex of the West Siberian platform and are one of the main regional hydrocarbon
reservoirs. With a total thickness of 800-1200 m, their characteristic feature is the alternation of terrigenous
continental and regressive shallow-sea sediments with substantially clayey transgressive sediments of the
open sea basin.

It has been established that the main source of gas saturating the reservoirs of the Pokurskaya series is
the organic matter of the humus type, which is present both in a dispersed form in sandy-silty and clayey
rocks, and in a huge mass of coalified residues that saturate the entire rock mass*. The gas is dominated
by methane (97-99% mol.); the presence of its homologues, including ethane, propane, and butane, varies
from traces to 0.3% mol. Of the non-hydrocarbon impurities, the most characteristic are molecular nitrogen
(N2, about 0.8% mol.), carbon dioxide (CO2, about 0.1% mol.), helium (about 0.01% mol.) and hydrogen
(about 0.0001% mol.)s.

The main productive characteristics of the Salmanovskoye (Utrenneye) oil and gas condensate field, which
is the largest for the two adjacent oil and gas areas, Gydan and Yamal, are given in Chapter 5 (Table 5.2),
projections of deposits onto the earth's surface (the so-called deposit areas) are shown in Figure 5.1.

The reservoirs of the field are separated from the earth's surface by a thick layer of sedimentary rocks,
a significant part of which are Quaternary sediments. Geologically important events that took place during
the Pleistocene and Holocene were of crucial importance to their formation. Neotectonic movements and
the associated transgressions and regressions of the Arctic Basin led to the formation of a complex of Late
Pleistocene-Holocene terraces of marine and lagoon-marine genesis. The composition of those terrain-
forming rocks is described in more detail in the following sections.

Terrain and exogenous geological processes

The land mass of the Gydan Peninsula is confined between two large estuaries, with the distance from the
Plant and Port (Ob Estuary coast) to the nearest Gydan Estuary waterline being approximately 65 km; the

%4 A.A. Kurkin. Clarification of the oil and gas potential of the Eastern Yamal on the basis of a detailed model of geological development. Diss. of
cand. of geol.-min. sciences. Tyumen, 2019.

%5 M. 1. Paneeva Kalinina L.M. Model of the geological structure of the Gydan and Salmanovskoye fields // Geology and Geochemistry of Oil and Gas.
Earth Sciences. Current State. — Materials of the 5th All-Russian School-Conf. Novosibirsk: 2018. Pp. 101-103.

% The development of oil or oil and gas condensate deposits is not provided for by the Project.

%7 Salmanov F.K. et al. Preconditions for the formation of large and unique gas fields on the Arctic shelf of Western Siberia // Geology of oil and gas.
2003. No. 6. Pp. 2-11.

%8 As exemplified by the composition of gas produced at the KGS 16 wells. Development of the Salmanovskoye (Utrenneye) oil and gas condensate
field. Gas supply to the power supply facilities for construction needs, hydraulic soil placement and drilling. Project Documentation. Section 1.
Explanatory Note. - JSC NIPIGAZ, 2019.
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License Area is associated with the western, relatively elevated, coast of Gydan which is asymmetrically
divided into the western and eastern parts by the watershed located 3-25 km from the Ob Estuary
waterline.

The main exogenous forms within the studied area have been formed under the conditions of geological
and geomorphological heterogeneity of the continental coast and high ice cover of the Kara Sea, which
significantly limits the intensity of the impact of sea waves on the coast. The nearly universal distribution
of permafrost is also an important condition. In general, the topography of the coastline within the selected
area is characterized by flattened sea plains, which rose above sea level in late-glacial and post-glacial
periods. The low-lying coast is represented by flat waterlogged laidas with an abundance of lakes.

The main stages of terrain formation in this area were associated with marine transgressions and
regressions due to climatic-eustatic and tectonic reasons. As a result, the terrain has a step-structure,
whose geomorphological levels (terraces) were formed mainly by marine abrasion or accumulation in the
Late Pleistocene-Holocene (over the last 10-20 thousand years) in the process of intermittent lowering of
the Arctic basin.

According to the classification of coasts in the Arctic region presented in the Atlas of the Kara Sea®?, the
western coast of the Gydan Peninsula, at the site of the designed Plant, Port and neighbour Field facilities
falls into the category of accumulative shallow, lagoonal/bay and deltaic shores with extensive laida
surfaces. The bottom landscape of the water area which is planned to be used is mainly represented by
a shoreface, its above-water part consists of successive surfaces of foreshore, laida, first and second marine
terraces (Figure 7.4.1).

The bottom terrain of the coastal parts of the water area is sloped in the direction predominantly
perpendicular to the coast. The 10 m isobath passes at a distance of 1.5-5.7 km from the waterline. For
comparison: within the site of the Plant’s onshore installations, which are located 500-550 m from the
waterline, the absolute elevations of the land surface reach 18 m, that is, the average land slope is 3-4%,
whereas out in the sea it is lower by an order of magnitude, 0.2-0.7%.

The shoreface surface is represented by the rolling alongshore sand bars, complicated by gouged furrows
1.0-1.5 m deep with embankments (elevation up to 0.7 m) and pressure bars (up to 1 m high) resulting
from ice action. Notably, the areal transformation of the sea floor by ice exaration within the area in
question — 1,000 m from the waterline up to the depth of about 15 m — increases with distance from the
coast. Exogenesis of the shoreface takes place under the conditions of maximum physical and mechanical
loads of external factors and without long interruptions, in contrast to the land processes, whose intensity
noticeably decreases in the conditions of winter freezing and being covered with snow-ice mass.

% Kara Sea. Ecological Atlas. - M.: Arctic Research Center LLC, 2016. 271 p.
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Figure 7.4.1: Ob Estuary coastline and Gydan Peninsula terrain in the vicinity of the proposed Plant and Port site
and the neighboring Accommodation Facilities

The boundary between land and sea in the vicinity of the Plant and the Port is represented by a transitional
foreshore zone, a wide (up to 70-100 m between the upper and lower sections of the License Area, 30-50
m, or about 10% of the area, within the proposed site of the Plant’s onshore installations) gently inclined
accumulative formation of fine-grained material, passively flooded by the tides and drained at low tides
(Figure 7.4.2 a). Due to the gentle initial slope, low wave activity and positive asymmetry of tidal speeds,
the foreshore surface within the area in question is mainly exposed to slow sedimentation processes that
produce horizontally layered fine-grained sands and siltstones with marks of ripples and drainage channels
of river and tidal waters. Within the zone bounded by the spread of syzygial tides, the foreshore basically
corresponds to the so-called quadrature water zone with a water supply of 70-80%. The hypsometric range
of sea level fluctuations is limited by the absolute marks "-1.46 m" and "+1.13 m".

Higher up the profile, within the so-called /aida, young accumulative Holocene formations are flooded during
infrequent storm surges, and subaerial processes play a significant role in the general development of the
terrain. In contrast to the shoreface, higher vegetation is characteristic of the laida, and conditions in
microrelief depressions are favourable for peat and sapropel accumulation. The swampiness is combined
with the abundance of lakes, whose upper hypsometric level, 2-3 m abs., marks the laida boundary. Within
the proposed site of onshore installations (including temporary installations), the laida accounts for
approximately 50% of the area (Figure 7.4.2 b, c).

The transition from the laida to the next elevation levels - the Late Pleistocene first and second marine
terraces - is underlined by a pronounced ledge, 5-10 m high, with gentle convex slopes prone to destruction
by a wide range of exogenous processes: gravity-based (sinking, sloughing), downslope (solifluction,
erosion) and deflationary, stimulated by cryogenic processes (congelifraction, frost heave). The impact of
the sea does not exist at these levels, but the foot of the terrace ledge is exposed to seasonal flooding.
Within the proposed site of the Plant’s onshore installations, the most elevated is the surface area with
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absolute elevation of 16-18 m, located at the distance of approximately 500 m from the coast (Figure 7.4.2
d, e, f).

Figure 7.4.2: Terrain and manifestations of exogenous geological processes in the Salmanovsky (Utrenny) License
Area

From left to right, from top to bottom: a - foreshore; b - sandy swells of beach deposits of the laida; c — marshy
mouth of a nameless stream within the laida; d - marshy lakeshore within the first marine terrace; e -
manifestations of thermokarst (depression in the lower left corner) and frost heave (knoll in the upper right corner)
within the first marine terrace; f - drainage trough; g, h, i - erosion slope of the second marine terrace with cracks
and deflation. - TsGEI LLC, 2017.

The valley network that connects several hypsometric levels within the proposed site of the Plant’s onshore
installations is poorly developed and is represented by two small troughs which drain the northern part of
the allotted land and join together to form a single drain channel at the point where the laida turns into the
foreshore (Figure 7.4.2 c).

The stability of the terrain in the area under review is determined by the direction and intensity of
exogenous processes (Table 7.4.1). The area of the planned activity includes land and water areas with
diverse manifestations of high-intensity exogenous geological processes typical for the Russian Arctic
Region, their most important features being seasonality (mostly typical for land areas) and high sensitivity
to technogenic impacts.

The most stable is the terrain of the laida’s lacustrine-paludal complexes which may be threatened primarily
by the destruction of the shores and the change in the water regime during construction. By contrast,
the slopes of the second marine terrace, which are prone to gravitational, erosion and deflation, cryogenic
and other exogenous processes, are very sensitive to technological impacts. The stability of the shoreface,
foreshore and valley network is recognized to be low too, but unlike the stable equilibrium that is
characteristic for the undisturbed slopes of the Gydan marine terraces, here the terrain features are being
continuously altered by ice gouging, downcutting and lateral erosion, and by water accumulation.
Intermediate stability is typical for the slightly inclined surfaces of the sea terraces, including the laida and
the foreshore.
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Table 7.4.1: Salmanovsky (Utrenny) License Area exogenous geological processes and terrain stability

ed dae end d > - N
ordae 0, e ane @, J
absolute elevation to the = 4 - -
o) o) o - «
Second Main surface Moderate
eco Edge Low
marine Slope Low
terrace Foot Moderate
Main surface Moderate
thJEZTme' Moderate  to
Laida High
complexes
Valley
network Low
Foreshore Moderate
Shoreface Low
- Process is commonplace and plays a major role in terrain formation
Relative assessment of Process is typical for the element in question but does not play a major role
DEGP&HP intensity: Process may occur in different years or locally within the element
Process occurrences have not been recorded and are unlikely

In general, in terms of dangerous natural processes, according to the criteria set forth in SP
115.13330.2016, the proposed site of the Plant, the Port, and the Accommodation Facilities associated with
the Plant is considered to be extremely dangerous, its areal incidence of DEGP&HP being 75%. Local
environmental monitoring which is being carried out by IEPI JSC since 2018 within the licensed area has
revealed a number of manifestations of exogenous processes triggered by the construction of the Project
facilities (Table 7.4.2).

The construction of buildings and structures of the Project is carried out on filled areas. Sands are used as
fill material, which, if not sufficiently held in place by geomaterials, rubble fill or vegetation during
construction, is susceptible to wind action and erosion (caused by significant precipitation or snow melting),
as well as slipping (when the embankment is in the zone of seasonal flooding). The slopes of constructed
embankments and temporary soil dumps may be equally subject to such processes. As a result of those
processes, erosion grooves, gullies and mudslides are formed, as well as the corresponding fan cones and
deluvial plumes of various morphometries, which can often spread beyond the embankment areas.
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Figure 7.4.3: DEGP&HP at the Salmanovskoye OGCF

a - Development of deflation processes in the vicinity of the utilities corridor to APGU #3 (Photo by JSC NIPIGAZ,
2018). b - Development of abrasion processes along the shores of one of the lakes. c - Lateral erosion of the
Khaltsiney-Yakha river channel 350 m southeast of open pit No. 9. d - Development of flooding on the surface of
the marine terrace 120 m northeast of the Multi-purpose berthing facility (b-d - Photo materials by JSC IEPI, 2019)

Manifestations of such processes were observed in the course of local environmental monitoring on the
slopes of road embankments, hydraulic dumps and quarry sides, at some construction sites.

In terms of area, flooding caused by blocking of surface and subsurface runoff by soil embankments
(Figure 7.4.3, d) was the most widespread phenomenon.

Table 7.4.2: Register of manifestations of dangerous exogenous geological processes and hydrological phenomena,
technogenically intensified or posing an engineering hazard for the Project's facilities
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development
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(active, fading,
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type

(geomorphological reference:
level / form of terrain)

(L ET L))
Manifestation is caused solely
L . by natural causes.
1 sK::tIEsilgaesltY:fkgjarrI:yeIr\l?fg 350m || ateral erosion Active Eevelopment could be
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structures
The surface of the Khaltsiney- Triggered by the blockage of
2 Yakha river floodplain, 300 m Flooding Active natural runoff by a road
east of quarry No. 9 embankment
3 Laida surface 120 m NE of the Floodin Active Flooding develops in the wake
berth 9 of machinery
) Triggered by the blockage of
4 Laida surface 70 m NE of the Flooding Active natural runoff by a road
berth
embankment
Manifestation is caused solely
Khaltsiney-Yakha river bed 150 m by natural causes.
5 west of the intersection with the Lateral erosion Active Development could be
road to well 294 hazardous to engineering
structures
6 The_ suﬁace Qf a gently sloping Linear erosion Active Erosion develops on a filled
plain, filled site of well 281 area
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Source: JSC IEPI, 2019

The embankments themselves are subject to destruction not only by water-erosion processes, but also by
deflation (Figure 7.4.3, a). The latter is not included in the register of hazardous manifestations of
DEGP&HP, but is almost ubiquitous and leads to the gradual transfer of sandy and silty material of soil
embankments to the adjacent undisturbed territories. In some cases, over time, aeolian landforms may
take shape - deflation basins, small dunes and ridges, sand accumulations in terrain depressions.

DEGP&HP manifestations, which pose a threat to engineering structures, are primarily associated with
channel erosion (including the so-called thermal erosion and coastal thermal abrasion). In particular,
the active erosion of the banks of the river Khaltsinei-Yakha (Figure 7.4.3, c) can pose a hazard to the
highways and pipelines located on the floodplain (Points 1 and 5 of the DEGP&HP Register).

In general, the 2019 observations showed the absence of large-scale impacts of the construction work on
the intensity and focus of DEGP&HP in the Salmanovsky (Utrenny) license area. Anthropogenic activation
of exogenous processes has caused few occasional manifestations and is localized in the immediate vicinity
of the facilities under construction. The company has kept a unified register of hazardous manifestations
of exogenous geological processes recorded in the license area (Table 7.4.2) and ensures the continuity of
environmental monitoring.

A schematic map of DEGP&HP manifestations identified during the 2019 monitoring is shown in
Figure 7.4.4. The construction of new Project facilities is being designed and implemented taking into
account the data obtained in relation to the development of DEGP&HP.

Ob Estuary seafloor topography and cryolithodynamics90

At present, the Ob Estuary is a gently sloped shallow-water abrasion-accumulative delta of an estuarine
type with sluggish water current. Its bottom topography is complicated by the troughs stretched along the

100 Based on materials by V.V. Motychko, A.Yu. Opekunov, V.M. Konstantinov, L.F. Andrianov. The main features of morpholithogenesis in the
northern part of the Ob Estuary // Vestnik SPbGU. Series 7. 2011. Issue. 1
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axis of the gulf, which, apparently, are pradolinas of the Ob. Large sand spits, bars and ridges up to 5-7 m
high and up to 15 km long form in the vicinity of nearly all the large capes exposed to alongshore alluvial
flows. The transfer of sedimentary material in the central part of the gulf is caused by the alluvial flow of
the river. On the subsea portion of the shoreface (at the depth of 8-10 m or more) within the zone exposed
to wave action, the movement of material by alongshore alluvial flows proceeds mainly in the reverse
direction, southward, which is caused by north winds prevailing in the ice-free period. At the same time,
leeward sections of the coast are characterized by the transfer of material northward. In the areas of
convergence of alongshore alluvial flows, they are unloaded to form various accumulative forms.
Accumulation of material is also observed in the mouths of the rivers flowing into the Ob Estuary.

The coast in the vicinity of the proposed site of the Plant and the Port belongs to the abrasion-accumulative
type, which is characterized by the existence of coastal ridges of ice hummocks and piles, which leads to
the formation of two to five ice bars of hummocks. Coastal areas are periodically flooded by tides and
surges, as well as during seasonal floods.

Subsoil

The terrain described in Sub-section 7.4.1 consists of a thick, up to several hundred meters, complex of
quaternary formations represented by dispersed grounds (soils), from gravel to clay, with a predominance
of clayey loam, sandy loam, fine sand and silt. Different geological and genetic complexes of sediments are
generally characterized by a set of certain types of dispersed materials: as a rule, clays are most typical
for rock formations of marine origin; coastal-marine, lagoonal-marine and alluvial formations are
characterized by a sandier composition.
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The surfaces of the terraces, floodplains, and the laida were exposed to exogenous geological processes
(frost cracking, the formation of rewired ice, thermokarst, thermodenudation, waterlogging, etc.), which in
turn led to the accumulation of lacustrine-paludal sediments, including organogenic sediments.

At the depth of up to 20 m or less within the proposed site of the Plant and the Accommodation Facilities
the following series of geological and genetic complexes of deposits has been identified (in age-descending
order):

¢ lagoonal-marine Upper Pleistocene sediments of the second marine terrace (ImQIII);

e alluvial Upper Pleistocene-Holocene deposits of the first terraces above the floodplain (allI-1V);

e alluvial-deluvial Upper-Pleistocene-Holocene sediments of the valleys of small watercourses
(adIII-1V);

e lacustrine-paludal Upper-Pleistocene-Holocene deposits on the surface of the coastal plain, the
lagoonal-marine terrace and the terrace above the floodplain (IbIII-IV);

¢ lagoonal-marine Holocene sediments of the marine laida (ImIV);

e alluvial-marine Holocene sediments in lower floodplains of rivers (amQlV);

e alluvial Holocene sediments in floodplains of rivers (alV);

e lacustrine-paludal Holocene sediments on the surfaces of the laida and the floodplains (IbIV).

Each of the lithological complexes is briefly described below.

The complex of Upper Pleistocene lagoon-marine deposits (ImIIl,.3) of the second marine terrace with
a thickness of up to 15 m is mainly represented by silty and fine sands. Sandy loam and clayey loam have
a much smaller development and are found in the form of lenses and interlayers.

The complex of Upper Pleistocene-Holocene alluvial deposits (alll - IV) of the first terrace above the
floodplain occurs fragmentarily. By its structure, the terrace is erosive-accumulative, its base is composed
of Upper Pleistocene lagoonal-marine sediments (ImIIIs4). By its composition, the deposits of the complex
are represented by two types of sections: 1) sands with interlayers and lenses of sandy loam and clayey
loam, 2) interbedding of sand, sandy loam, less often clayey loam. Sands are fine and silty, heterogeneous,
with admixture of organic substances, interlayers of gravelly sands are found in places of contact with
underlying sediments. The total thickness of the complex’s sediments is 3-5 m.

The complex of the Upper Pleistocene-Holocene alluvial-deluvial deposits (adlll - IV ) is widely developed
on watershed surfaces within the entire territory of the Salmanovskoye (Utrenneye) Field and is confined
to the valleys of small rivers and streams. It consists of two types of subsoil strata sections: 1) the
alternation of sandy loam, sand, and clayey loam; 2) clayey loam with interlayers and lenses of sand, sandy
loam, clay. The composition of the alluvial-deluvial deposits is determined by the composition of the
enclosing strata forming adjacent watersheds and slopes. The total thickness of the complex’s sediments
is 2-10 m.

The complex of Holocene lagoon-marine deposits of the laida (ImIV) is distributed locally, stretching in
a narrow strip 200-250 m wide along the coast of the Ob Estuary. In terms of composition, the deposits of
the complex are represented by two main types of sections: a) sands and sandy loams with interlayers of
clayey loam; b) interlayering of sandy loams, sands, clayey loams, underlain by loam from the depth of
8 m. As a rule, the upper horizons of type one sections, to the depth of 3-4 m, are composed of sands,
from fine to silty, less often of a surface layer of sandy loam or clayey loam. The total thickness of the laida
sediments is 3-5 m.

The complex of Holocene alluvial-marine sediments (amlV) is confined to the floodplains of the lower
reaches of rivers (Khaltsyney-Yakha, Nyaday-Pynche, etc.). The formation of these sediments is directly
related to the ingression of the Ob Estuary onto the rivers in the Holocene as well as with the present-day
wind-induced and tidal phenomena. It consists of two basic types of sections: 1) sands with lenses of sandy
loam and clayey loam; 2) interbedded sands, sandy loams, clayey loams, less often, clays. In general, fine
and dusty sands are dominant in the sections. Across the entire section, deposits often contain inclusions
of plant residues. The total thickness of the complex’s sediments does not exceed 3-10 m.

The complex of Holocene alluvial deposits (alV) forms floodplains and channels in the valleys of large rivers
within the area in question. During the Holocene Climate Optimum, as a result of thermo-denudation
processes, the area occupied by river floodplains increased due to the destruction of low above-floodplain
terraces and adjacent lower slopes and the formation of a single floodplain surface with elevations of 2.5-
5 m above the waterline. The deposits of the complex are represented by three main types of sections in
different parts of the floodplain. Maned floodplains and river shoals are composed of sands with lenses of
sandy loam and clayey loam; the section of levelled and poorly drained floodplains is represented by
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interlaying sands, sandy loams, clayey loams, less often, clays. In depressions, sandy-loamy sediments
are often overlain by a layer of peat up to 0.5 m thick.

In general, the river valleys are characterized by lateral transition from sandy section (alluvium in the
channel) to predominantly sandy-loamy section in the leveled rear parts of the floodplain (floodplain
alluvium). Channel alluvium (channel facie) is represented by fine and silty homogeneous sands. Channel
alluvium is characterized by a clear oblique and lenticular lamination due to variation in the dispersion and
color of the rocks. Floodplain facies are mainly characterized by clayey loam and sandy loam with iron
interlayers, numerous non-decomposed plant residues. Floodplain facies are distinguished by the
persistence of individual layers. The total thickness of floodplain sediments is 3-15 m.

The complexes of the Upper Pleistocene-Holocene and Holocene lacustrine-paludal sediments (IbIII-IV,
IbIV) are widely spread throughout the second lagoon-marine terrace, river floodplains and on large
fragments of the first above-floodplain terrace and, less widely, on the Eemian coastal plain and the laida.
Lacustrine-paludal sediments are confined to flat, undifferentiated, poorly drained parts of watersheds, to
the rear parts of the floodplains and the first above-floodplain terrace, they fill lakeside hollows, khasyrey,
runoff channels and other depressions in the terrain. Overlying peat deposits mostly occur at the depths of
0.5-1.0 m from the surface, however, some wells on watersheds have sections with the peat layer thickness
of up to 2.0-2.5 m. In most cases, peat is moderately decomposed. For irregularly drained maned
floodplains the thickness of the peat layer can reach 0.8-1.3 m. Peat sediments of small thickness (up to
0.5 m) are underlain by peaty materials of various texture - from sands and sandy loams to clayey loams
and, less often, clays. The total thickness of the complex’s sediments does not exceed 3 m in most cases.

Permafrost

The Project implementation site is characterized by the continuous distribution of permafrost rocks (PR)
with the thickness of up to 200-500 m: and low values of their average annual temperatures. Continuity
of the frozen strata is broken from the surface only under water bodies - by taliks under lakes and river
channels; and on the laida and in the mouths of the rivers flowing into the Ob Estuary - by sections where
cooled saline rocks have been developing.

The rock temperature is determined by a large number of natural factors. Within the area in question low
air temperature is an important factor, together with such factors as local geological and geographical
situation, terrain, snow and the degree of surface drainage. The snow cover and the conditions determining
its distribution over the area (the terrain, the direction and speed of winter winds) have a decisive impact
on the temperature regime of the soils and subsoil ground materials within the surveyed area.

The lithological composition of permafrost rocks is predominantly sand, with medium ice content (0.2-0.4),
the rocks have a layered-mesh and massive texture with thick synergetic and ice-soil veins. Salinity type
is chloride, degree ranges from weak (0.05-0.2%) to medium (0.5-1.0%). Seasonal thawing of permafrost
rock is shallow, reaching the depth of 0.6-0.8 m.

The average annual temperature of permafrost rocks inside taliks ranges from minus 8 to 0°C, with the
average value ranging between minus 5 and minus 6.5 °C. Very cold frozen rocks with temperatures
reaching minus 9°C belong to the most elevated barren areas. On marshy watersheds, the temperature of
the rocks is somewhat higher (from minus 5 to minus 7°C). The highest temperature (between minus 1,
and minus 2°C) is usually typical for snowy areas, such as gullies, ravines, talwegs, and also at the edges
of dry lake basins and floodplains overgrown with brush. For beach sediments in the Ob Estuary the
temperature of permafrost rocks is minus 3-4°C.

Directly within the proposed site of the Plant’s onshore installations the temperature of permafrost rocks is
minus 3,7+0,5°C on the average, reaching minus 5-6°C at the depth of 25 m. The seasonal thawing of
these soils starts on June 10-15; the maximum thickness of the seasonally thawed layer has been recorded
on August 10-20. Freezing usually starts on October 1-5 and ends by October 25-30 (during which period
congelifraction processes are most intense).

The permafrost rock stratum is heterogeneous and sometimes contains cryopegs (see Section 7.4.7) and
gas hydrates (7.4.6). The latter may cause emergency situations, since they may give rise to the explosive
deformation of rocks and the formation of deep craters. In the affected coastal area of the Ob Estuary and
in the mainland Gydan Peninsula (within the license area), their manifestations are unlikely and none were
found during engineering surveys. Those phenomena and processes are discussed in more detail in the
following section in relation to the entire territory of the Salmanovsky (Utrenny) license area.

101 Their lower boundary has not been identified by surveys
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Gas showings in permafrost rocks

Gas hydrates (mainly methane hydrates) are one of the most important regionally significant engineering
risk factors for the territory under review. Due to the phenomenon of self-conservation, some of them
remain in a "suspended" state in the upper horizons of the geological environment even after a climatically
conditioned lowering of the roof of a continuous low-temperature zone, i.e. they are relics of previous
geological eras. The technological hazard of such gas hydrates, described as metastable, is due to their
sensitivity to temperature, pressure, chemical and mechanical impacts (when, for example, drilling fluids
or artificially injected wastewater and gas mixtures enter the reservoir), and global warming reduces their
temperature while increasing gas hazard of their enclosing strata. The decomposition (dissociation) of gas
hydrates followed by the release of large volumes of gas and an increase in in-situ pressure may occur
either suddenly or over a long period of time as the heat wave spreads from engineering structures, the
earth's surface or water bodies.

During the geological study of the territory of the Yamal oil and gas region (OGR), to which the
Salmanovskoye (Utrenneye) field has recently been assigned, the bulk of metastable gas hydrates (the
abbreviation MHZ is used in special literature for the zone containing them) was reported in the depth
range between 60 and 120 m below the modern earth's surface, and therefore this problem is of greatest
relevance for drilling exploration and production wells for hydrocarbons. On the gas hazard map of the
permafrost zone (Figure 7.4.3), the entire territory of the Salmanovsky (Utrenny) license area belongs to
the distribution zone of metastable gas hydrates of the so-called “non-fusing” type - their base is not in
contact with the top of the hydrate stability zone,

102 gV, Perlova et al. Gas hydrates of the Yamal Peninsula and the adjacent shelf of the Kara Sea as a complicating factor in the development of
the region // Vesti gazovoy nauki. Heading "Problems of resource support for gas producing regions of Russia". 2017. No. 3 (31). Pp. 255-262.
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