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1 INTRODUCTION

11 Context

Wardell Armstrong International (“WAI”) was commissioned by Polymetal JSC (“PM”) to undertake an
Environmental and Social Impact Assessment (“ESIA”) of the Kyzyl Gold Project (“the Project”) in
Auezov, East Kazakhstan. The ESIA and accompanying Non-Technical Summary (“NTS”) were publically
disclosed in December 2015.

PM seeks financing from the European Bank for Reconstruction and Development (“EBRD”) and this
Supplementary Environmental & Social Report (“SESR”) has been prepared following discussions with
PM and EBRD to bring the ESIA, and other environmental and social documentation, and the Project
in line with the environmental and social requirements of the EBRD. These requirements are the
Performance Requirements (PRs), which for part of the EBRD’s Environmental and Social Policy of May
2014,

In this context, the ESIA should be seen as the primary document with the SESR comprising
supplementary information, with its chapters referring back to the ESIA when relevant. This report,
together with the ESIA and its supporting documents, together form the ESIA disclosure package which
is now disclosed for a minimum of 60 days in line with the EBRD’s Public Information Policy (2014)
before the Project is presented to the EBRD’s Board of Directors for approval. A new Non-Technical
Summary has also been compiled to succinctly communicate the key findings of the ESIA and the SESR.

1.2 Structure
This SESR report is structured to align with the ESIA, complementing the original report chapter by
chapter. The chapter structure is as follows:

Chapter Title
Introduction

Regulatory Framework

Project Description

Environmental and Social Baseline

Environmental and Social Impact Assessment

Alternatives Assessment & Safety Requirements

Consultation and Disclosure

Cumulative Impact Assessment

Ol N V| B[ W|IN|F

Environmental and Social Management Plans

This report supplements the ESIA to align the Project with the EBRD PRs, in particular by presenting
additional baseline data on hydrology, air quality, noise, biodiversity and socioeconomic aspects to
inform a more robust assessment of impacts associated with the Project on these aspects of the
physical, biological and social environment. This report further includes additional information on the
standards to be applied by the Project (with reference to EBRD PRs and EU standards); consultation
and information disclosure commitments; information on the different alternatives considered in the
design of the Project; design safety considerations and additional mitigation measures to avoid,

KZ10061 Final V1.0 Page 1.1
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reduce, mitigate and/or compensate/offset impacts associated with the Project. These measures are
captured in a set of updated framework Environment and Social Management Plans.

The EBRD’s Performance Requirements apply not just during the development of the Project but
during operation and closure as well. To ensure that the Project is aligned with the Bank’s
requirements, the ESIA disclosure package includes an Environmental and Social Action Plan (ESAP),
which will form part of the financing agreements between PM, which includes a list of actions that
require implementation by PM during the life of the Project, building on the E&S documentation
already developed such as E&S management plans. The ESAP is disclosed as a draft to be finalised
after the disclosure period has expired.

1.3 EBRD Disclosure Requirements

The EBRD’s disclosure period for this project is a minimum of 60 days, whereby the ESIA disclosure
package, including this SESR report, will be made available on the websites of the local Akimats,
Polymetal and EBRD in English, Russian and Kazakh (not English on Akimat’s website). In addition, the
ESIA disclosure package will be available in various locations in the Project area including at PM and
Akimat offices in Auezov and EBRD’s office in Ust-Kamenogorsk. In order to communicate the findings
of the ESIA and SESR a series of public hearings “Information Sessions”) will be held in Auezov,
Shalabay and Ust-Kamenogorsk during which the Project will present the Project and the ESIA
documentation and respond to oral and written questions from meeting attendees and the public.
The ESIA disclosure package will be available during these information sessions in both Russian and
Kazakh. A number of copies of the NTS will be available in Russian and Kazakh for members of the
public to take away with them. The full disclosure plan, together with future consultation and
information disclosure commitments, can be found in the Stakeholder Engagement Plan (“SEP”)
included with the SESR.

KZ10061 Final V1.0 Page 1.2
October 2016



Chopter 2. A POLYMETAL

CONTENTS
2 REGULATORY FRAMEWORK ....ccuiiuiiieiieniieiiniiieiieniieiioiciaiersiiessissisersssssssssssssssssssnsssnssansans 2.1
2.0 INTErOQUCTION .ttt ettt s e st e e s be e e beeesabeesbbeesabeesabaesnssaesabeeenns 2.1
2.2 Relevant International Standards ........c..eevieiiiiiiiiieei e 2.2
221 THEMATIC OVEIVIEW ...eiiiiiiiiiiiiiee ettt e e s bee e s s bee e e s sabae e e s sbeeeeenaneeas 2.2
2.2.2 Categorical Exceptions and Prohibitions........ccccceeiieiiiiiicciiii e 2.2
2.3 EBRD Performance REQUIFEMENTS .......uuiiiiiiiee et e ettt ee vt e e e tae e e eetae e e e rae e e eearaeeeenns 2.3
2.3.1 World Bank Group IFC Standards and GUIdaNnCe ........cccuvveeeveeeeecciiiieeee e 2.4
2.4 Requirements of EBRD PRs, relevant to the Project.......ccccccueeeieciieiiccieec e 2.5
2.5 Standards by Environmental ASPECt........ccuuiiiiiiiei it 2.11
2.5.1 LT LT @ TUF- ] ) A 2SR 2.11
2.5.2 AMDBIENT QIF QUATTEY..eeiiiiiie e e e e e 2.12
2.53 NOiSE and ViIBration ......cceiiiiiiiiii e 2.14
254 Yo 11 PSSP 2.16
TABLES
Table 2.1: Summary of the differences between components within IFC and EBRD standards for
sustainability (SOUrce: World Bank).......ccceeccuiiiiieeiiie et eiee ettt et estre e s re e etve e sbeestaeesaaeeebaeennaes 2.1
Table 2.2 Summary of standards used to inform Project Compliance Standards...........cccceeeecuveeennns 2.6
Table 2.3: Water Quality GUIAEIINE VAlUEBS .........eviiieiiiee ettt e e e e e 2.11
Table 2.4: Ambient Air Quality STandards.........cooceiiiiiiiiiie e 2.12
Table 2.5: EMiSSiON LIMit VAlUBS .......iicieiiiiiciecees ettt svee e ste e st e e saee s st e saaeesneeesbeeesnneenns 2.14
Table 2.6: Kazakh ReguIatory LIMItS ......ciicuiiiiiiiiiiicciiees ettt s e s e e e s saeae e e e saaeee s 2.14
Table 2.7: WHO Noise LeVel GUIAEIINES.......covcviiriiiiiieiiieeiieeste ettt sttt sire e sbe e sbeeesareeeas 2.15
Table 2.8: Comparison of ACGIH Threshold Limit Values (TLVs) for Exposure of the Hand to Vibration
in X, Y or Z Direction and Daily Exposure in EU Directive 2002/44/EC ........ccoveeeveeeeveeeveeeeeeeeereeennes 2.15
Table 2.9: European Vibration Directive (2002/44/EC) EXposure LimitS.......cccceevveevreevreeneenreenenennne. 2.16
Table 2.10: Relevant IFC and EBRD Requirements that Relate to Soils.........cccccveeeevciieeiccieee e, 2.16
Table 2.11: Reference Values for Potential Soil Contaminants .........ccccevvcvieeiiciieeeniiee e, 2.17
Table 2.12: Summary of Project Standards...........eeeviiiee i e e e 2.19
KZ10061 Final V1.0 Page i

October 2016



Chopter 2. A POLYMETAL

2 REGULATORY FRAMEWORK

21 Introduction

The project will be subject to laws, regulations and standards of the Republic of Kazakhstan (RoK) as
well as international best practice, notably the EBRD Performance Requirements (2014) and the
International Finance Corporation’s (IFC) Performance Standards of 2012. The Project will be required
to meet the most stringent of these standards, whether they are international or Kazakh standards.
Chapter 2 Regulatory Framework of the Kyzyl ESIA (2015) provides a description of the relevant
legislative, regulatory and administrative framework, together with targets for environmental and
regulatory compliance and a summary of the status of the project permitting at that time. Refer to
Chapter 2 of the ESIA for full details of the regulatory framework.

Whilst Chapter 2 of the Kyzyl ESIA (2015) focused on how the project relates to the IFC performance
Standards, this SESR extends this analysis to the European Bank for Reconstruction and Development’s
(“EBRD"”) Performance Requirements (“PRs”) and other relevant policies and guidance, such as EU
Directives that are applicable to the project, in accordance with lender requirements that were not
considered in the ESIA. This chapter provides a broad comparison between EBRD PRs the and World
Bank’s International Financial Corporation (“IFC”) Performance Standards (“PS”) that were considered
in the ESIA (see Table 2.1 and the following sections).

Table 2.1: Summary of the differences between components within IFC and EBRD standards for
sustainability (Source: World Bank)

Guidelines,
. . Environmental Sourcebooks,
Over-arching Operational . Access to
. . and Social . Manuals for
Policy Requirements for . Information | |, .,
. Review . Good Practice
Statement Borrowers/Clients Policy
Procedures (selected
examples)
. Environmental Public .
EBRD Environmental Performance . . Guidance for
. . ] and Social Information .
(2014) | and Social Policy | Requirements (PRs) . Clients
Procedures Policy (2014)

Guidance Notes;
Environmental,

. Health and
Environmental
L . Access to Safety
IFC Sustainability Performance and Social . o
. . Information Guidelines;
(2012) Policy Standards (PSs) Review . .
Policy (2012) Interpretation
Procedures
Notes; Good
Practice
Materials
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2.2 Relevant International Standards
2.2.1 Thematic overview
IFC PSs and EBRD PRs are broadly consistent with respect to the broader themes they cover, namely:

. Environmental and Social Assessment and Management;

° Strategic Environmental Assessment;

° Protection of Natural Habitats;

° Pollution Prevention and Abatement;

° Cultural Heritage;

. Land Acquisition and Tenure and Involuntary Resettlement; and
° Indigenous Peoples.

More specifically, in terms of detailed coverage of environmental and social impacts and risks, IFC PSs
and EBRD PRs both cover the following:

o Biodiversity, ecosystem services and natural resource management;

° Climate change;

. Community and worker health and safety;

. Disability and health;

. FPIC and/or reference to the UN General Assembly Resolution on the Rights of Indigenous
Peoples;

° Human Rights;

° Gender;

. Sexual Orientation and Gender Identity (EBRD only);

° Vulnerability and Impoverishment;

. Labour and Working Conditions;

. Stakeholder Engagement; and

. Resource Efficiency.

2.2.2 Categorical Exceptions and Prohibitions

Both the EBRD PRs and IFC PSs comprise a number of categorical “exclusions” or similar, lists of
“prohibited” projects, activities and products that they will not support either through direct
investment and/or indirectly.

. EBRD’s “Environmental and Social Exclusion List,” Appendix | of the Environmental and Social
Policy (ESP), states that “EBRD will not knowingly finance, directly or indirectly, projects
involving the following...” In addition, EBRD has published on its website a list of other types
of projects it does not finance, such as defence sector, tobacco, etc., although these are not
cited in the Exclusion List accompanying the ESP.

. IFC’s Policy on Environmental and Social Sustainability states that, “there are several types of
activities that IFC does not support, either through its investments or advisory services. These
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activities are set out in the IFC Exclusion List.”* The IFC “Exclusion List” applies to all IFC
financing with diverse supplemental exclusions applicable to the following three categories of
indirect lending:

(i) all financial intermediaries;
(ii) microfinance activities; and
(iii) trade finance projects.

The Kyzyl Project does not hit any of these criteria.

23 EBRD Performance Requirements

The EBRD promotes environmentally and socially sound and sustainable development in the full range
of its activities, whenever possible. EBRD seeks to ensure that the projects they finance are socially
and environmentally sustainable, respect the rights of affected workers and communities and are
designed and operated in compliance with applicable regulatory requirements and good international
practices. To this end, the EBRD has defined ten PRs covering the key areas of environmental and
social issues and impacts:

. PR 1: Assessment and Management of Environmental and Social Impacts and Issues

. PR 2: Labour and Working Conditions

. PR 3: Resource Efficiency and Pollution Prevention and Control

. PR 4: Health and Safety

. PR 5: Land Acquisition, Involuntary Resettlement and Economic Displacement

. PR 6: Biodiversity Conservation and Sustainable Management of Living Natural Resources
° PR 7: Indigenous Peoples

. PR 8: Cultural Heritage

. PR 9: Financial Intermediaries

. PR 10: Information Disclosure and Stakeholder Engagement

The PRs are meant to help clients improve the sustainability of their business operations, in particular
in avoiding adverse impacts on workers, communities and the environment. If avoidance is not
possible, negative impacts should be reduced, mitigated or compensate for, as appropriate. New
facilities or business activities financed by the EBRD must be designed to meet the Performance
Requirements from the outset, as outlined in the EBRD’s Environmental and Social Policy.2

Direct investment projects must meet PRs 1 to 8 and 10; Fl projects (provision of funds to a financial
intermediary such as a local bank to be on-lent) must meet PRs 2, 9 and the occupational health and
safety requirements of PR 4. Each PR defines, in its objectives, the desired outcomes, followed by
specific requirements for projects to help clients achieve these outcomes. Compliance with relevant
national law is an integral part of all PRs. With respect to the Project, the following PRs apply: PR 1, 2,

1 IFC Policy on Environmental and Social Sustainability, para. 19
2 EBRD:http://www.ebrd.com/who-we-are/our-values/environmental-and-social-policy/performance-
requirements.html|%20
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3,4,5,6,8and 10. PR 7 does not apply as there are no indigenous people, as per the definition in PR
7, have been identified. PR 9 does not apply as EBRD is considering providing direct financing to the
Project.

The EBRD’s Environmental and Social Policy makes provisions for the categorisation of Projects. A
project is categorised A when it could result in potentially significant adverse future environmental
and/or social impacts which, at the time of categorisation, cannot readily be identified or assessed,
and which, therefore, require a formalised and participatory environmental and social impact
assessment process. A list of indicative Category A projects is presented in Appendix 2 of the Policy.
A project is categorised B when its potential adverse future environmental and/or social impacts are
typically site-specific, and/or readily identified and addressed through mitigation measures.
Environmental and social appraisal requirements may vary depending on the project and will be
determined by the EBRD on a case-by-case basis.

The Project is included in the EBRD’s list of indicative Category A projects: Activity 14. Large-scale peat
extraction, quarries and open-cast mining, and processing of metal ores or coal. Category A projects
are required to undergo a comprehensive ESIA including public disclosure thereof prior to
consideration of the Project for financing by the EBRD’s Board of Directors.

2.3.1 World Bank Group IFC Standards and Guidance

As a development institution with a mission to promote private sector growth and job creation in the
developing world, the IFC helps clients understand the business case for social and environmental
responsibility: lower costs, less political risk, better community relations, higher productivity, and
brand enhancement.

In the context of the IFC’s Sustainability Framework, the IFC Performance Standards (“PS”) are used
to identify, assess, manage and monitor risk for proposed development projects, with the most recent
2012 revision highlighting the importance of social and ecological aspects of project development
assessments. The eight IFC PS are:

. PS1: Assessment and Management of Environmental and Social Risks and Impacts

. PS2: Labour and Working Conditions

. PS3: Resource Efficiency and Pollution Prevention

° PS4: Community Health, Safety, and Security

. PS5: Land Acquisition and Involuntary Resettlement

. PS6: Biodiversity Conservation and Sustainable Management of Living Natural Resources
. PS7: Indigenous Peoples

. PS8: Cultural Heritage

Performance Standard 1 establishes the importance of (i) integrated assessment to identify the
environmental and social impacts, risks, and opportunities of projects; (ii) effective community
engagement through disclosure of project-related information and consultation with local
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communities on matters that directly affect them; and (iii) the client’s management of environmental
and social performance throughout the life of the project.

Performance Standards 2 through 8 establish objectives and requirements to avoid, minimize, and
where residual impacts remain, to compensate/offset for risks and impacts to workers, Affected
Communities, and the environment. While all relevant environmental and social risks and potential
impacts should be considered as part of the assessment, Performance Standards 2 through 8 describe
potential environmental and social risks and impacts that require particular attention. Where
environmental or social risks and impacts are identified, the client is required to manage them through
its Environmental and Social Management System (ESMS) consistent with Performance Standard 1.3
The IFC has developed detailed Guidance Notes for each of the Performance Standards which provide
additional information on the meaning of the PS and guidance on its practical application.

24 Requirements of EBRD PRs, relevant to the Project

The PRs are broadly consistent with the IFC Performance Standards but also include requirements,
such as a project compliance with all relevant EU Directives, specifically with respect to environmental
and social aspects. Table 2.2 provides a summary of the additional requirements that have been
considered in the SESR, together with a brief outline of where the analysis is located, by chapter. For
a summary of the requirements of project compliance with IFC PSs by general theme (refer to the
ESIA). How the standards identified in the ESIA and SESR will be addressed during the project life, has
been considered in the Environmental and Social Management Plan (“ESMP”), which has been
updated in the SESR. Table 2.2 provides a summary of project compliance with EBRD PRs and relevant
EU Directives, together with a reference to national Kazakh legislation. From this summary, the SESR
requires that the Project adopt the most stringent (by comparison of national and EBRD / EU
performance requirements as the Project Standard (see also Tables 2.3 to 2.11).

3 IFC:http://www.ifc.org/wps/wcm/connect/115482804a0255db96fbffd1a5d13d27/PS English 2012 Full-
Document.pdf?MOD=AJPERES
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Table 2.2 Summary of standards used to inform Project Compliance Standards

General theme

Local (Kazakhstan legislation)

EBRD/EU

Applied in the SESR

Environmental and
Social Assessment
and Management

The Environmental Code, Aug 2011 and Dec 2014

Instruction of Environmental Impact Assessment
Conduction of Proposed Economical. Other Activities
during Development of Pre-planning, Planning, Pre-
design and Design Documentation, approved by Order
of Minister of Environmental Protection of RK No.204-p
of 28.06.2007

PR1: Environmental and Social Appraisal
and Management

PR9: Financial Intermediaries

PR10: Information Disclosure and
Stakeholder Engagement

The ESIA provides the detailed analysis of the
baseline condition (both environmental and
social). The SESR provides additional information
required to ensure conformance with the
following:

PR1: improving specific aspects of the baseline
and impact assessment to align with PRs and EU
Directives (see Chapters 4 & 5, plus updated
framework management plans).

PR9: Not applicable

PR10: Specific requirements for the disclosure of
the ESIA and SESR (see updated Stakeholder
Engagement Plan (SEP) (SEP — MP10).

Strategic
Environmental
Assessment

The Environmental Code, Aug 2011 and Dec 2014

PR1: Environmental and Social Appraisal
and Management

Not applicable in this case, as the Project is site
specific

Protection of
Natural Habitats

Law on Specially Protected Natural Territories (July
2006, amended Sep 2014)

Law on ‘About the Protection, Reproduction and Use of
the Animal World’ (2004)

Forest Code of RoK 477-11 (2003)

PR6: Biodiversity Conservation and
Sustainable Management of Living
Resources

EU Habitat Directive (92/43/EC)

EU Birds Directive (2009/147/EC)

EU Ground
water (2006/118/EC) Directives

The SESR includes additional information on:

o Noise baseline, to accurately characterise the
current environment for the people living in the
local community

e Biodiversity additional baseline data with
respect to flora, invertebrates and raptors.
Reassess surveys of aquatic ecology. The
purposed of the additional surveys was to
establish the presence, or confirm the absence,
of priority species and critical habitat in
accordance with EU Directives (see Chapter 4).
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Table 2.2 Summary of standards used to inform Project Compliance Standards

General theme

Local (Kazakhstan legislation)

EBRD/EU

Applied in the SESR

EU Water Framework Directive
(Directive 2000/60/EC

e Water resources undertake additional
assessment of the design and control of surface
and ground water, with reference to potential
impacts (associated with the watercourse and
its users) downstream, in accordance with EU
Directives.

Pollution
Prevention and

Separate legislation for Soils (GOST Natura Protection.
Soils); Air; Surface and Underground Waters; Water

PR3: Resource Efficiency and Pollution
Prevention and Control

EU Mining Waste Directive (2006)
EU Reference Note (BREF 25 BAT) for
Management of Tailings and Waste Rock

in Mining Activities - 2009

EU Landfill Directive

The management of mining waste with reference
to acid rock drainage has been addressed in the
ESIA and not considered further in the SESR.

The management of tailings and waste rock has
been considered with reference to Alternatives
(Chapter 6 and a Chapter 3 which considers safety
aspects)

The management of non mining wastes considered
in the ESIA

Abatement

EU Medium Combustion Plant Directive | The SESR provides predictions of air quality

(2015/2193) resulting from the emission from coal fired boilers
supplying heat to the mine and separately to the

EU Air Quality Directive (2008/50/EC) homes in Solnechniy and Auezov, in order to
determine compliance with EU Directives on

EU Industrial Emissions Directive industrial emissions and air quality. The Directive

(2010/75/EU) that applies to coal fired boilers to be used at the
Project come into force in 2018 and provides dates
for compliance, for plant in use prior to that date.
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Table 2.2 Summary of standards used to inform Project Compliance Standards

General theme

Local (Kazakhstan legislation)

EBRD/EU

Applied in the SESR

EU Urban Wastewater Directive
(91/271/EEC)

Waste water treatment considered in the ESIA and
this Directive does not directly apply to the
Project.

Physical Cultural
Resources

The Law of RoK 1488-X11 (July 1992, amended Jan
2014) on the Protection and Use of Objects of Historical
and Cultural Heritage

PR8: Cultural Heritage

There is no additional information in the SESR —
refer to ESIA

Land Acquisition
and Tenure and
Involuntary
Resettlement

Land use and protection regulated by the
Environmental Code and the RoK Land Code (2003, Nov
2015) as well as the Rules of Land Preservation (2003)

PR5: Land Acquisition, Involuntary
Resettlement and Economic
Displacement

PR10: Information Disclosure and
Stakeholder Engagement

The SESR has information on the following:

e Further information on the procedures that
were followed during the acquisition of
properties

Labour and Working

RoK Labour Code No. 251-111 (2007)

PR2: Labour and Working Conditions

PR4: Health and Safety

‘Workers Accommodation Processes and
Standards: A guidance note by IFC and

There is no additional information in the SESR —
refer to ESIA

Health & Safety issues have been considered
further in the design of the project, described in
Chapter 3 of the ESIA. In this chapter, the SESR has

Conditions EBRD: August 2009’ considered the safety aspects of the design criteria
adopted for the waste rock dump and the tailing
pond dam.

There is no additional information in the SESR —
refer to ESIA
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Community Health,
Safety and Security

Article 115 of Subsoil Law (“Ensuring Subsoil Use
Conditions Safe for Population and Staff”)

Rules on Public Hearing Conduction, approved by Order
of Minister of Environmental Protection of RK No.135-p
of 07.05.2007

Rules on Access to Environmental Information Relevant
to Environmental Impact Assessment (EIA) Procedure
and Decision-Making Process on Proposed Economical
and Other Activities, approved by Order of Minister of
Environmental Protection of RK No.233-p of 25.07.2007

Rules on Conduction of Public Hearing while
Considering Application for Approval or Change of

PR4: Health and Safety

PR10: Information Disclosure and
Stakeholder Engagement

The SESR provides further information on the

management and control of arsenic that is present

in the ore and can enter the environment from a

number of sources including:

e Dust emissions from mining operations and
from the existing tailings pond;

e Elevated concentrations in soil, from
contamination and deposition of dust; and

e Through process and refining of the ore,
including offsite during smelting.

The implications of the EU Directive 2008/50/EC

compared to the Kazakh standard for arsenic in air

have been considered in Chapter 4

The SESR documents the requirements of the 60-
day disclosure required by EBRD, including
availability in three languages — Kazakh, Russian
and English. In addition, the requirements for
public dissemination of the ESIA / SESR findings are
detailed in the SEP.

There is no additional information in the SESR —
refer to ESIA

There is no additional information in the SESR —
refer to ESIA

Kz10061
October 2016

Final V1.0

Page 2.9




Kyzyl SESR
Chapter 2

A POLYMETAL

Table 2.2 Summary of standards used to inform Project Compliance Standards

General theme

Local (Kazakhstan legislation)

EBRD/EU

Applied in the SESR

Tariffs (Prices, Rates) of Entities which are Natural
Monopolies. Approved by Decree of RK Government
No. 376 of 21.04.2003

Code of RoK ‘On people’s health and the healthcare
system’ (Sep 2009, amended Oct 2015)

There is no additional information in the SESR —

refer to ESIA
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25 Standards by Environmental Aspect

The following tables show a comparison of international standards by each environmental aspect, the
project standards that will be applied to the design and management of the project have been
highlighted in bold font and summarised in Table 2.12.

2.5.1 Water Quality
The project will adhere to the IFC Environmental, Health, and Safety Guideline values for water quality

in Mining which are highlighted in bold text in the following table.

Table 2.3: Water Quality Guideline Values

Kazakhstan Kazakhstan WHO Drinking .
Parameter ] ) Lo IFC3 EU Health * Unit
Fisheries! | Drinking Water ! Water 2
Aluminium - - 0.2 - 0.2 mg/|
Ammonium ion 0.5 - - - 0.5 mg/|
Antimony - - 0.02 - 0.005 mg/|
Arsenic 0.05 0.05 0.01 0.1 0.01 mg/|
Barium - - 0.7 - - mg/|
Boron 0.017 0.5 0.5 - 1.0 mg/|
Cadmium 0.005 0.001 0.003 0.05 0.005 mg/|
Chloride - - - - 250 mg/|
Chromium - - 0.05 0.1 0.05 mg/|
Copper 0.001 1.0 2.0 0.3 2.0 mg/|
Cyanide - - 0.07 0.1 0.05 mg/|
Flouride 0.05 1.5 1.5 - 1.5 mg/|
Iron 0.1 - - 2.0 0.2 mg/|
Lead - - 0.01 0.2 0.01 mg/|
Magnesium 40.0 - - - - mg/|
Manganese 0.01 - 0.4 - 0.05 mg/|
Mercury 0.00001 0.0005 0.006 0.002 0.001 mg/|
Molybdenum - - 0.07 - - mg/|
Nickel 0.01 - 0.07 0.5 0.02 mg/|
Nitrate ion 40.0 45.0 50 - 50 mg N/I
Nitrite ion 0.08 3.3 0.2 - 0.5 mg N/I
Selenium - - 0.01 - 0.01 mg/|
Sodium - - - - 200 mg/|
Sulphate ion 100.0 - - - 250 mg/|
Uranium - - 0.015 - - mg/|
Zinc 0.01 1.0 - 0.5 - mg/|
Oil products 0.05 0.3 - 10 - mg/|
Phenols 0.001 0.001 - 0.5 - mg/|
BOD5 3 3 - 50 - mg/|
coD - - - 150 - mg/|
Temperature - - - <3° differential - Degree
pH - - - 6-9 >6.5and <
Total
Suspended - - - 50 - mg/|
Solids
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Table 2.3: Water Quality Guideline Values
Kazakhstan Kazakhstan WHO Drinking 3 . .
Parameter . .4 Lo 1 , IFC EU Health Unit
Fisheries Drinking Water Water
Source:

1 A.Jumagulov, A. Nikolayenko, I. Mirkhashimov. The Regional Environmental Center for Central Asia. Water quality

standards and norms in the Republic of Kazakhstan. Almaty, 2009.
?  WHO's Guidelines for Drinking-water Quality, Geneva, 1993

consumption. Nov 1998.

International Finance Corporation: Environmental, Health, and Safety Guidelines-Mining. Dec 2007.
European Union Drinking Water Standards. Council Directive 98/83/EC on the quality of water intended for human|

2.5.2 Ambient air quality

Table 2.4: Ambient Air Quality Standards

IFC Guideline L L.
EU Directive Kazakh limit*
. . Values (WHO
Parameter Averaging Period L 2008/50/EC? ug/md
Guideline Value) 3
3 ug/m
ug/m
1hr - - 300
Particulate Matter - PM1o 24-hour 150! 50 -
Annual 70! 40 -
One time - 30
Arsenic 24 hr - 3
Annual 0.006
1hr 200 200 -
Nitrogen dioxide (NO.) 24 hr - - B
Annual 40! 40 40
1hr -
Sulphur dioxide (SO2) 24 hr 1252 125 125
Annual - - -
1hr 30,0002 - -
Carbon Monoxide 24 hr 10,000 -
Annual - - -

recommended guidelines.

3 EU Directive 2008/50/EC

Based on new Kazakh Sanitary Norms and Rules #168, 25, January, 2012

1 World Health Organization (WHO). Air Quality Guidelines Global Update, 2005. PM 24-hour value is the 99t
percentile. Interim targets are provided in recognition of the need for a staged approach to achieving the

2 These standards are not included in the WHO Air Quality Guidelines Global Update 2005 but can be found in
the WHO Air Quality Guidelines for Europe (WHO, 2000).

Arsenic

In ambient air, metals, metalloids and their compounds are mainly encountered as part of particulate

matter. The emissions of Arsenic associated with industrial and mining operations generally include

flue gas emissions, in which the arsenic normally occurs as compounds condensed on the surface of
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particles and the vapour phase emissions constitute only a small extent of the emissions[1]. The
Kazakhstan national standard for Arsenic relates to the concentrations of arsenic in total suspended
particulates and refers to short term instantaneous emissions. The EU Standard refers to the arsenic
concentrations in ambient air based on PMjo sampling and relates to long term annual period.

The EU’s Position Paper - Ambient air pollution by AS, CD and NI compounds states that based on size
distribution analysis, the TSP and PMjo based data are more or less comparable for arsenic as it is
enriched in the fine modes. The Paper also states that the results based on TSP sampling thus
overestimates PMjo based concentrations only by about 10 % or less at rural and urban background
stations and about 20 % or less at industrial sites. This conclusion has been drawn by the assessment
of arsenic concentrations measured near sites with point source of arsenic emissions (flue gas
emissions).

For the Kyzyl project, there are no flue gas emissions of arsenic as there are no current or future plans
to smelt ore at Kyzyl. The sources of arsenic emissions associated with the site primarily include wind-
blown dusts from sources that contain elevated arsenic, from contaminated land, or from the
mechanical processing (open pit, haulage, crushing, screening and tailings management (former
tailings lagoon). In general, 95% of particles associated with windblown dusts arising from mineral
workings have been found to be between 10 and 75um, which indicates that the PMo fraction
constitutes less than 5% of the windblown dusts. Since the source of arsenic at the Kyzyl project
includes only windblown dust, the results based on TSP sampling cannot be considered representative
of PMyo sampling, taken in isolation.

The Kazakhstan standard provides a reference for the short term effects and includes arsenic in
particulates >PM;o. However, because the health effects from arsenic are associated with long term
exposure to arsenic present in the environment, the EU standard is based on annual averages,
therefore for future environmental monitoring for the Kyzyl project, the arsenic content of the PMyg
fraction will be defined as the relevant quality standard (see also Chapter 5.2).

[1] Ambient air pollution by AS, CD and NI compounds - Position Paper — European Commission (October 2000)
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Table 2.5: Emission Limit Values
EU Medium EU Industrial L. N
. L. IFC’s Emission Guidelines for
Combustion Plants Emissions . .
Parameter . . . . Small Combustion Facilities
Directive Directive L. 6
na a5 Emissions (3MWth — 50MWth)
(mg/Nm?) (mg/Nm?)
0.5 percent Sulphur or lower
. percent Sulphur if commercially
Sulphur oxides 400 400 . . N
available without significant
excess fuel cost
Nitrogen Oxides 300 300 N/A
Total suspended 20 30 96 ppm (Electric generation)
particulates 150 ppm (Mechanical drive)

2.5.3 Noise and Vibration

Kazakh regulation 3.01.035-97 “Sanitary rules and norms for Maximum permissible noise levels in
residential and public buildings and housing areas” provided by Polymetal sets out details of national
regulatory limits as presented within Table 2.6.

Table 2.6: Kazakh Regulatory Limits

Type of Premises or Area Time Max. La dB

Areas immediately adjacent to residential buildings, rest homes for 7 am—-11pm 70
elderly/disabled, kindergartens, schools and other educational

institutions, libraries 11lpm—7am 60
Recreation areas in the territory of building estates and residential

- . 7am—11pm 75
building blocks, rest houses, rest homes for elderly/disabled;
playgrounds of kindergartens, schools and other educational

11pm—7am 65

institutions

It should be noted that the national regulatory limits provided in Table 2.6 are for maximum
instantaneous noise impacts. Therefore should only be used to assess the noise impact from
instantaneous noise, such as blasting.

The limits do not cover the LAeq average day and night-time noise levels and therefore, it is considered
appropriate to assess the day and night-time noise impact to the IFC EHS Guidelines.

IFC Environmental Health and Safety Guidelines; General EHS Guidelines;

The International Finance Corporation (IFC) has produced General EHS Guidelines for noise, which are
summarised in Table 2.7. They make reference to noise from facilities and stationary noise sources,
and are commonly applied as design standards for industrial facilities. Whilst they offer general

4 Directive (EU) 2015/2193 of the European Parliament and the Council of 25 November 2015 on the limitation of emissions
of certain pollutants into the air from medium combustion plants
5 Directive 2010/75/EU of the European Parliament and the Council on industrial emissions
6 |FC's General EHS Guidelines: Environmental - Air emissions and ambient air quality
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guidance on noise effects, the IFC has indicated that they are not directly applicable to transport or
mobile noise sources.

Measurements are to be taken at noise receptors located outside the project property boundary.

Table 2.7: WHO Noise Level Guidelines

Maximum Allowable Ambient Noise Levels,
Laeq,1hr, dBA Free field
Receptor - - -
Daytime Night-time
07:00 - 22:00 22:00-07:00
Residential, institutional, educational 55 45

Therefore, the absolute noise levels of 55dB(A) and 45dB(A) will be adopted as compliance criteria by
the Project for both day and night periods respectively.

Workplace Vibration

The Threshold limits as determined by ACGIH for hand arm vibration and the European Vibration
Directive Exposure Limits (2002/44/EC) for whole body vibration in the workplace exposure are
summarised in Table 2.8.

Table 2.8: Comparison of ACGIH Threshold Limit Values (TLVs) for Exposure of the Hand to Vibration in X,
Y or Z Direction and Daily Exposure in EU Directive 2002/44/EC
Maximum value of frequency weighted

Total Daily Exposure Duration (hours) (ACGIH) . e L
acceleration (m/s?) in any direction

4 to less than 8 hours 4
2 to less than 4 hours 6
1 to less than 2 hours 8

Less than 1 hour 12

] . Maximum value of frequency weighted
Daily exposure (EC Directive - 2002/44/EC) . . L
acceleration (m/s?) in any direction
Daily Exposure Limit Value 8hr ( DELV) 5

Daily Exposure Action Value (DEAV) 2.5

There is no direct comparison between the two sets of guidelines, as the ACGIH has values dependent
on duration of exposure and is based on any single axis exceeding 4m/s2. The EU DELV identifies 5m/s2
as the vector sum of the three axes and is based on an 8hr exposure time. There is no major difference
in standard between the two; therefore, the Project will use the EU Daily exposure limits as it is multi
directional compliance criteria.

Whole body vibration identified as ACGIH limits are identified by Z and XY vector graphs; however,
ACGIH also refers to the EU Exposure Limit of 0.5m/s? action level. The EU Directive (2002/44/EC)
uses limits on any of the three axes and the Project will use the EU exposure limits as compliance
criteria (see Table 2.9).
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Table 2.9: European Vibration Directive (2002/44/EC) Exposure Limits
Type Daily Exposure Action Value Daily Exposure Limit
(m/s?) (m/s?)
Whole body vibration 0.5 1.15

2.5.4 Soils
The EBRD Performance Requirements that relate to soils are set out in Table 2.10.

Table 2.10: Relevant IFC and EBRD Requirements that Relate to Soils
Performance Standard /

. Requirements
Requirement

Consider in an integrated manner the potential environmental

Environmental and impacts, including that of soil, associated with the proposed
PR1 | Social Appraisal and project. Minimize, mitigate, or offset / compensate for adverse
Management impacts and to identify, and where feasible adopt, opportunities

to improve environmental performance.

Technical characteristics of the installation, its geographical
location and local / ambient environmental conditions shall be
. . considered to apply pollution prevention and control
Pollution Prevention . . . .
PR3 technologies and practices (techniques) that are best suited to all
and Abatement . L . L
EBRD polluting activities in all economic activities, and from effluents
and emissions at the facility level, to a regional and global level

where appropriate.

The sustainable use and management of natural resources, in all

Biodiversity types of habitats, irrespective of whether they have been
PRG Conservation and disturbed or degraded previously, or whether or not they are
Sustainable protected or subject to management plans. This is to achieve no

Management of Living net loss / net gain of biodiversity in the affected habitat. Soils
Natural Resources support these habitats and the ecosystem services they provide,

and consequently are to be considered in the same way.

Reference Values for the Concentration of Potential Contaminants in Soils

To assess the content of potential contaminants the Kazakh MAC and background values were used.
For comparative purposes, the concentrations were also compared to the United Kingdom General
Assessment Criteria (GAC) guidelines. The GAC guidelines conform to EU directives and are continually
updated. They provide values for specific groups of uses which vary in exposure pathways and
therefore provide more informative assessment than comparison with the general Kazakh MACs.

The UK Environment Agency (EA) have published their recommended approach on undertaking
human health risk assessments in the UK, their revised Contaminated Land Exposure Assessment
technical guidance (CLEA model), in January 2009. In addition, the EA have released Science Reports
SC050021/SR2 and SC050021/SR3 along with a new CLEA Model (Version 1.06) to calculate revised
Soil Guidance Values (SGV). At the time of writing, SGVs for a number of potential contaminants have
been published (i.e. benzene, ethylbenzene, toluene, xylene, phenol, mercury, selenium, arsenic,

nickel, cadmium and dioxins).
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The Chartered Institute of Environmental Health (CIEH) and Land Quality Management (LQM)
produced a set of Generic Assessment Criteria (GAC) using the CLEA model in 2009. This report
provided GAC (i.e. screening values or trigger concentrations) values for a number of potential
contaminants including:

. Aliphatic and aromatic hydrocarbon fractions;

. Individual Polycyclic Aromatic Hydrocarbons (PAH);

. Selected volatile organic compounds and semi-volatile organic compounds; and

. Metals and non-metals - beryllium, boron, cadmium, chromium, copper, vanadium and zinc.

Additionally, members of the Environmental Industry Commission (EIC) undertook an initiative to
produce a further set of GAC values in December 2009 to complement the SGVs published to-date by
the EA and GACs published by CIEH/LQM. This report has provided GAC values for a number of
potential contaminants including:

. Metals - antimony, barium and molybdenum;
° Phthalates;

. Halogenated organics;

. Selected hydrocarbons; and

. Selected phenols.

More recently, in January 2015, CIEH and LOM produced Suitable for Use Levels (S4ULs); a further set
of assessment criteria to support generic quantitative risk assessment (GQRA) which are “intended to
provide a complete and updated replacement for the ‘old’ LQM/CIEH GAC.” These, most recent, values
for residential areas with plant uptake (RPU) and allotments (ALLOT) were used in this assessment.
These values are much lower than limits for commercial and industrial sites, but they were deemed
appropriate due to largely undisturbed and uncontaminated character of the Project area.

Table 2.11: Reference Values for Potential Soil Contaminants
GAC
Form MAC
ALLOT! RPU?
Analyte -
Concentration
mg/kg
c (cu) Total - 520 2400
opper (Cu
PP Labile 3 - -
Total 32 80 200
Lead (Pb) -
Labile 6 - -
. Total - 620 3700
Zinc (Zn) -
Labile 23 - -
Arsenic (As) Total 2 43 37
Manganese
Total 1500 - -
(Mn)
Cadmium (Cd) Total - 1.9 11
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Table 2.11: Reference Values for Potential Soil Contaminants
GAC
Form MAC
ALLOT!? RPU?
Analyte -
Concentration
mg/kg
. 150
Vanadium (V) Total 91 410
Mercury (Hg) Total 2.1 21 1.2
Fluorine (F) Labile 2.8 - -
. . Total - 53 130
Nickel (Ni) -
Labile 4 - -
Boron (B) Total - 45 290
Beryllium (Be) Total - 35 1.7
Cobalt (Co) Labile 5.0 - -
. Il (labile) 6.0 15300 627
Chromium
VI (total) 0.05 1.8 6
Iron (Fe) Total - - -
Molybdenum
Total - - 670*
(Mo)
Antimony (Sb) Total 45 - 550*
Selenium (Se) Total - 88 250
Cyanide (CN) Total - - -
Petroleum
Total - 1200%** 1600**
hydrocarbons
1 — maximum values for use as allotments (gardens)
2 —maximum values for residential use with plant uptake
* — EIC values for residential use without plant uptake, ALLOT and RPU S4UL values were not
available
** _ SAUL values for Aliphatic + Aromatic EC >44-70 hydrocarbons
Note: Project standards for soil contamination will be based on the S4ULs, to take account
of landuse at the time of reclamation and rehabilitation of the mine. These standards will be
take account of the reference values quoted and articulated in the Mine Closure and
Reclamation Plan to be finalised a minimum of two years prior to closure of Kyzyl mine.

A summary of the project standards defined in the ESIA and used to specific target criteria in the
framework management plans have been summarised in Table 2.12.
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Table 2.12: Summary of Project Standards
Water resources
Parameter Project standard Unit
Aluminium 0.2 mg/|
Ammonium ion 0.5 mg/|
Antimony 0.005 mg/I
Arsenic 0.01 mg/|
Barium 0.7 mg/I
Boron 0.5 mg/|
Cadmium 0.001 mg/I
Chloride 250 mg/I
Chromium 0.05 mg/|
Copper 0.3 mg/I
Cyanide 0.05 mg/|
Flouride 1.5 mg/I
Iron 0.2 mg/|
Lead 0.01 mg/I
Magnesium 0.05 mg/I
Manganese 0.05 mg/|
Mercury 0.0005 mg/I
Molybdenum 0.07 mg/|
Nickel 0.02 mg/I
Nitrate ion 0.2 mg N/I
Nitrite ion 0.2 mg N/I
Selenium 0.01 mg/I
Sodium 200 mg/|
Sulphate ion 250 mg/I
Uranium 0.015 mg/|
Zinc 0.5 mg/I
Oil products 0.3 mg/|
Phenols 0.001 mg/|
BOD5 3 mg/I
coD 150 mg/|
Temperature <3%differential Degree Celsius
pH 6-9 mg/I
Total Suspended Solids 50
Air quality
Parameter Averaging Period
Particulate Matter - 50 Sahr ug/m?
PM1o
40 Annual pg/m?3
Arsenic 30 (TSP) One time pg/m?3
3 (TSP) 24hr pg/m?3
0.006 (in air) Annual pg/m?3
Nitrogen dioxide (NO2) 200 1hr pg/m?3
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Chapter 2
Table 2.12: Summary of Project Standards
Air quality
Parameter Averaging Period
40 Annual pg/m?3
Sulphur dioxide (SO2) 125 24hr pg/m?3
Carbon Monoxide 30,000 1hr pg/m?3
10,000 24hr pg/m?3
Emission limit values (Coal fired boilers)
Future (EU medium
Current — Project sized combustion plant
Parameter
Standard directive) — Project
Standard
Sulphur oxides 0.5% sulphur or less in 400 mg/Nm?3
coal
Nitrogen Oxides n/a 300 mg/Nm3
Total suspended
. 150 20 mg/Nm3
particulates
Noise
Parameter Project Standard Time period
Daytime 55 07:00 —22:00 Laeg,1hr, dBA Free field
Night-time 45 (temp operations 55) 22:00 - 07:00 Laeq,1hr, dBA Free field
Vibration — Occupational exposure (Hand and whole body)
Parameter Project Standard Exposure period
4 4 to less than 8 hours Maximum value of
Total Daily Exposure 6 2 to less than 4 hours frequency weighted
Duration 8 1 to less than 2 hours acceleration (m/s?) in
12 Less than 1 hour any direction
Daily exposure
Daily Exposure Limit Maximum value of
5 8hr (DELV) .
Value frequency weighted
Daily Exposure Action 25 8hr (DEAV) acceleratl'on (r'n/sz) in
Value (DEAV) any direction
Whole body 0.5 Daily Exposure Action (m/s)
Value
1.15 Daily Exposure Limit (m/s?)
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3 PROJECT DESCRIPTION

The following text provides further detail in relation to the stability of a number of project design
features, including the open pit, waste dump and tailings storage facility. This additional detail also
provides further information in respect the seismic design of these features.

3.1 Introduction to Stability Assessment

Polymetal Engineering have undertaken the open pit mine design for the Kyzyl gold deposit on behalf
of Polymetal Mining. The design considered the geological information available for the area to
interpret a geological structure and thereby design the mine to optimise ore extraction whilst
maintaining the stability of the open pit.

The deposit occurs along the Kyzyl Shear Zone within Carboniferous sedimentary rocks. These form
part of the Kalbinsky synclinorium and the strata are generally inclined to the north. The Kyzyl Shear
Zone is also inclined to the north at about 40 degrees. Mineralisation was predominantly controlled
by the geological structure and took place in four phases, with the third phase being the most
important for gold mineralisation.

The deposit is therefore structurally complex and the mineralisation and host rocks are heavily
fractured. Stability is an issue for site safety for the mine operatives and economic feasibility regarding
continuity of the operation of the mine. The geotechnical stability of the open pit and associated
waste dumps have been assessed in detail as part of the mine design.

3.2 Open Pit Mine

3.2.1 General mine layout

There is an existing open pit in the mineral deposit and this will be extended by these proposals to a
footprint that is 2,400m long by 860m wide, and 320m to 390m deep. The pit will be excavated with
30m benches and 10m bermes, giving a pit wall slope angle of 41 to 48° and bench angles of 50 to 80°.

The geological structure involves the strata dipping to the north such that the southern slopes of the
open pit lie close to the angle of dip. The northern slopes cut across the sequence of strata and are
slightly steeper.

3.2.2 Assessment of Borehole Information

The proposed excavation has been designed having regard to the stability of the geological strata,
based on a programme of sampling and testing. The open pit mine has been investigated by 460
boreholes, producing 10721 samples for various laboratory tests.

The physical and mechanical properties of the deposit rock have been assessed by the Russian
National Scientific Research Institute of Hydrogeology and Geotechnical Engineering (VSEGINGEO)
and the results of their study have been incorporated in to the stability assessment. Similarly, the
physical and mechanical properties of the ore deposit have been studied by the Institute of Mining
Academy of Science of Kazakh Soviet Socialist Republic (IGD An of KazSSR) and the results have also
been utilised in the stability assessment.
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The Rock Quality Designation (RQD value) has been assessed from the fracturing in the borehole cores
within a 100m thick layer around the final profile of the open pit. The geology of the final pit profile
and the RQD results have been used to divide the pit into 6 domains, three of which have been
classified as comprising weakly fractured rock and three are moderately fractured rock, although the
RQD values of the latter lie close to the limit of the weakly fractured classification.

3.2.3 Stability Analysis

These 6 geo-mechanical domains have been analysed using Rocscience’s slope stability software Slide,
which has been licenced in Russia and certified for use (Conformance Certificate No ROSS
SA.SP15.H00678). The software has been developed in Canada by Rocscience and is one of the
internationally recognised programs for slope stability assessment. The calculations have been
undertaken in compliance with the factors of safety recommended in the “Regulations on ensuring
slope safety at coal strip mines” published in 1998 by the Research Institute of Mining Geomechanics
and Mine Surveying (VNIMI), Saint Petersburg. These regulations have been approved by the
Gosgortechnadzor (State Mining Control) and recommend that a minimum safety factor of 1.5 is used
for surface mine slopes, which are also applicable to open pit mines.

The results of the stability assessment produced factors of safety ranging from 1.51 to 2.83 for the six
geo-mechanical domains. These comply with the regulatory requirements of the VNIMI, which
requires the factors of safety to exceed 1.5.

In terms of good practice applied in the European context, recommended factors of safety for slope
stability vary from 1.25 to 1.5, depending on the circumstances and the level of confidence in the
available data. The Russian regulatory requirements are, therefore, comparable in terms of
recommended factors of safety, and the stability analysis has been undertaken using internationally
recognised software.

33 Waste Dump

3.3.1 Waste Dump Construction

The mining waste will be deposited in a waste dump located on topographically level or gently inclined
ground to the north of the mine. The waste will be deposited on a sandstone substrate in two main
lifts up to 50m high with a 2m wide bench in between.

The material will be a coarse rock waste and slope angles are reported to range from 26 to 29°,
although cross section from the stability calculations appear to show steeper angles up to 34°.
Stability is an issue for site safety in relation to the mine operatives during site operations, and
potentially to any third parties in the immediate vicinity of the outer slopes during site operations and
also during closure

3.3.2 Stability Analysis
The slopes have been analysed for representative parts of the waste dump using material properties
determined by laboratory testing and the certified Rocscience Slide software referred to above. The
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resulting factors of safety range from 1.260 to 1.736. These all exceed the regulatory requirements of
the VNIMI, which requires a minimum factor of safety of 1.05.

In terms of good practice applied in the European context, recommended factors of safety vary from
1.1to 1.3 depending on the circumstances and the level of confidence in the available data. The higher
factors of safety would be required where third parties are likely to be affected e.g. where vulnerable
structures or services are located near the base of the slope. Lower factors of safety are acceptable
in more remote areas. The Russian regulatory requirements are therefore comparable in terms of
recommended factors of safety, and the stability analysis has been undertaken using internationally
recognised software.

3.3.3 Construction Method and Waste Composition

Constructing the dump in 50m high lifts is acceptable for coarse rock fill with a consistent waste
stream. However, issues have been experienced in the European context where weaker rocks and
clays occur whereby the material forms a weak layer parallel with the slope due to the method of
construction. As coarse rock builds up over this weaker surface the effect can be to reduce the factor
of safety and cause slope failure. As a result of this experience best practice recommends constructing
waste dumps in smaller horizontal lifts of 2 to 5m height.

Construction in smaller lifts would be impractical in this situation, however, the operator should be
alert to the potential risk and manage any weaker materials by depositing them in horizontal layers
within the body of the waste dump rather than near the outer slopes.

3.4 Tailings Storage Facility

3.4.1 Tailing Embankment Construction

The Tailings Storage Facility (TSF) comprises an earthworks embankment that forms a dam across an
existing valley feature. The tailings will be deposited in a lagoon behind the embankment by
settlement of the solid particles, the tailings will therefore accumulate as mining proceeds. The dam
has therefore been designed to be constructed in three stages as the tailing accumulate, reaching a
maximum height of 35m.

A geotechnical investigation of the tailing embankment site was carried out by the East Kazakhstan
Geological Investigation center" (VK CGl), in 2014 and reported upon in 2015.

The design of the TSF has taken account of local regulations and guidance, whereby the TSF was
categorized as follows:

. Category of hydraulic engineering facility - Il, in accordance with SNiP RoK 3.04-01-2013,
Appendix 2 (Construction Norms and Rules of the Republic of Kazakhstan);
. Criticality rating of the facility - Il —normal, in accordance with RDS RK 1.02-04-2013 (Criticality

Rating of Construction and Urban Planning Projects);
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. Service life category (for hydraulic structure depending on the dam height and base material)
- lll, approved in accordance with the Guidelines for Design and Construction of Slurry
Reservoirs and Tailings Storage Facilities in the Metallurgical Industry" cl.3.25, Table 1;

. Seismic rating of the embankment construction site based on the ground conditions - 6;

3.4.2 Stability Analysis

Cross sections were presented to show proposed construction profiles and properties of the
construction materials for stability analysis. The Safety Factor Ksaf was calculated in PLAXIS 2D, which
is a two-dimensional finite-element software designed for calculation of deformation, stability and
ground water filtration in geotechnical assessments.

Calculation in PLAXIS is based on the finite elements method. In this method the stress components
on the slip plane are determined by the elastic solution for ground mass based on the deformation
modulus and Poisson lateral expansion coefficient of the soil. This is the most suitable approach for
an earthworks embankment retaining water and accumulated tailings.

PLAXIS was developed in the Technical University of Delft upon the initiative of the Dutch Ministry of
Public Works (Rijkswaterstaat). PLAXIS is targeted at the complex geotechnical issues, which allows
for modelling of soil behaviour and interaction between structures and soil, and is used worldwide in
geotechnical engineering and design.

The stability of embankment 1 downstream slope was calculated for three design cases:

1) phase 1 and 2 with downstream slope ratio 1:2.0; phase 3 and 4 with downstream slope ratio
1:2.5 without geomembrane on the upstream face;

2) phase 1 and 2 with downstream slope ratio 1:2.0; phase 3 and 4 with downstream slope ratio
1:2.5 with geomembrane on the upstream face;

3) phase 1 and 2 with downstream slope ratio 1:2.5; phase 3 and 4 with downstream slope ratio
1:3.0 with geomembrane on the upstream face;

Each calculation was run in 17 phases to assess the stability at various stages of construction and
operation. The software calculates the Safety Factor Ksaf and determines its minimum value for each
of the three design cases:
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3.4.3 Stability Results
The stability results from

the design report are presented in the table below:

Table 3.1: Stability Results

Calculation stage: Calculation 1 Calculation 2 Calculation 3
Phase 1 dam stability 1.407 1.437 1.985
Phase 1 dam stability with tailings; 1.250 1.267 1.646
Phase 2 dam stability 1.394 1.408 1.976
Phase 2 dam stability with tailings; 1.084 1.108 1.528
Phase 3 dam stability 1.543 1.643 1.959
Phase 3 dam stability with tailings; 1.208 1.219 1.617
Phase 4 dam stability 1.374 1.464 1.945
Phase 4 dam stability with tailings; 1.109 1.119 1.559

The standard Safety Factors Ksaf are determined with regards to the category of the facility in
accordance with SNIP RK 3.04-01-2013 "Hydraulic engineering facilities. Main Design Regulations" and
range from 1.10 to 1.25 for special load combination and from 1.2 to 1.4 for basic load combinations.

The slope is considered stable if the following condition is observed:

_K K
Ko, 25
' K
H (Formula 8, SNIP RoK 3.04.02-2008)
where KH - safety factor based on the criticality of the facility (KH,=1,20 for class Il,in accordance with

SNiP RoK 3.04.02-2008 “Dams Made of Soil Materials” Table 9);

Kc. - safety factor based on load combination (Kc.=1,00 for basic load combination in accordance with
SNiP RoK 3.04.02-2008 “Dams Made of Soil Materials” Table .10);

Km =1,00 - service factor (Km=1,00 for equilibrium condition calculations in accordance with SNiP RoK
3.04.02-2008 “Dams Made of Soil Material” Table 11).

12.10
1.0

K 1.2

The examples of calculation 1 and 2 show that the slope ratios 1:2 and 1:2.5 have the safety factor
Ksaf lower than the above standard value for the class |l facilities. The report therefore recommended
that slope ratio should be 1:3, with berms every 10 m of height to ensure higher stability and for safety
reasons.
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The results of calculations indicate that, if no geomembrane is placed on the upstream slope, the
downstream slope loses its stability due to groundwater seepage. The report therefore also
recommended that the embankment design should exclude water seepage from the lagoon through
the embankment.

According to the geological investigations, the clay on the mine site does not meet the specifications
to be used for construction of impervious clay barrier, due to its swelling and heaving properties.
Therefore, geomembrane materials that meet the tailings dam construction specifications should be
used for the impervious barrier.

3.4.4 Embankment Foundation Conditions

The designs of soil embankments built on the non-rock foundation should, generally, include
preparation and levelling of the base by stripping of vegetation and the layer penetrated by the roots
of trees and bushes, or holes made by burrowing animals, as well as removal of soil containing more
than 5% of organic inclusions by weight or the same amount of highly soluble salts. (SNiP RK 3.04-04-
2006. Foundations of Hydraulic Engineering Facilities).

The report also recommends the design of embankment foundation areas should include the removal
or replacement of soft materials (or materials softened during construction) and frozen superficial
materials, where these could change their physical, mechanical and thermal characteristics when
thawed. Removal should be from surface to a depth below which the soil characteristics (with
potential improvement) satisfy the requirements of stability, base robustness and design filtration
pattern. (SNiP RK 3.04-04-2006. Foundations of Hydraulic Engineering Facilities).

3.4.5 Summary of Recommendations

The above analysis uses internationally recognized software that is suitable to the type of structure
being assessed. The analysis is comprehensive taking the various construction and operational stages
into account. The factors of safety are comparable to those used in European settings and closely
follow local regulations and standards, which in turn will be based on worldwide experience.

Based on the above analysis the report makes the following recommendations:

. The recommended slope ratio of the downstream face is 1:3 with berms every 10 m of height

to ensure higher stability and for safety reasons;

. Placement of geomembrane on the upstream slope as an impervious barrier;
. Removal of top soil and its stockpiling for further use in TSF closure;
. Removal of highly swelling and medium-heaving clay in the dam base. The layer of clay should

be removed to the freezing depth in the area of the downstream toe and replaced with the

hard rock.

These recommendations have been included in the design of the Tailings Storage Facility. There were
no recommendations relating to the operation of the facility.
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3.5 Seismic Design

The report includes allowance for seismicity in the stability assessment. It is prudent to ensure that
the detailed designs include a factor of safety to take into account seismic risk. The factors of safety
for the designed slopes presented above were therefore derived from the stability assessments that
incorporate an allowance for seismic acceleration.

The proposed mine is located in an area designated by the Global Seismic Hazard Assessment Program
(GSHAP, 1999) as having low seismicity. This is defined as having a 10% chance of exceeding a seismic
event that produces a peak horizontal ground acceleration of up to 0.4m/sec? (equivalent to 4% g)
over a 50-year design life. This approach has been adopted by the European standard, Eurocode 8,
for assessing seismic design standards for buildings.
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4 ENVIRONMENTAL & SOCIAL BASELINE

4.1

Introduction

In light of the EBRD’s environmental and social requirements for ESIA, this chapter addresses gaps in

the ESIA baseline for noise, dust, water, biodiversity and social aspects related to displacement of

people and fishing activities in and around the Project area.

Table 4.1: Summary of Additional Baseline Work

Section Aspect Action Main Conclusions Relevant appendices
. . . L e Noise monitoring
Strengthening noise The noise monitoring results .
. oo e ] locations (see
. baseline around the indicate that the existing noise .
4.2 Noise . . o . Appendix 4.1)
proposed mine site and levels are within the prescribed .
. . e Environmentally
in the Project area standards. o
sensitive receptors
Cross reference to dust baseline is . .
. e Air quality
provided. th
management has
Strengthened dust Additional analysis that relate to &
. . . been updated to
baseline by referring to the occupational health and
4.3 Dust . . . . . take account of the
original baseline datain | environmental impact of dust
. . chapter 4 reference
ESIA containing arsenic has been
. . to the dust
identified and cross referenced to .
baseline.
Chapter 5.
The waste rock dump stream
diversion will almost double the
flow within the receiving channel of
Holodniy Klyuch brook but
indications are that this will only
cause localised out-of-bank
Addresses gaps in ESIA flooding and scouring at the
water baseline relating diversion outlet during the very
to aquatic flora and highest flows in spring.
fauna and water quality | Mine water discharges are likely to .
. . . . e Hydrology baseline
information particularly | be an order of magnitude smaller
photos 2016
along Akbastaubulak than flows that currently occur £ .
e Excavations ma
4.4 Water brook. Also information | within the Akbastaubulak brook P
. . . e Polymetal Channel
from a hydrological during high flow snow melt
. . . . Stream Diversion
study of conditions conditions in spring. R Vol 1
eport Volume
downstream of the The Akbastaubulak brook and P
proposed waste dump Holodniy Klyuch/Mayran brook
diversion outlet on contain five species of fish and two
Holodniy Klyuch brook. species of crayfish none of which
are reported by the survey as being
endangered or as being specific to
this area.
Previous mine water discharge has
exceeded Kazakhstan Maximum
Permissible Concentrations for
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Table 4.1: Summary of Additional Baseline Work
Section Aspect Action Main Conclusions Relevant appendices
arsenic, cadmium, selenium, and
sulphate.
No fishing takes place at
Local fisherman survey Akbastaubulak brook
. . e Household
4.5 Socio-economic . o .
Clarification of Resettlement clarified to show that resettlement details
resettlement process process was voluntary and in line
with EBRD PR5 requirments
No critical habitat or Priority
Additional baseline data | Biodiversity Features in or around . .
. e Ornithological
around presence of the Project Area
report 2016
flora, raptors and Ecol t AK
e Ecology repor
46 Biodi it butterflies. No endangered or rare species B kg\2/01§
. iodiversi roo
y found in Akbastaubulak brook ] Heath
Ecological report for the * Baﬁe ﬂeaF;c N
area around Steppe eagle (IUCN Red Book — zglsr y Repor
Akbastaubulak brook Endangered) spotted within the site
though no nests found
4.2 Noise

Noise surveys were carried out in August, 2016 by LLP ‘Laboratory — Atmosphere’ to assess the

acoustic environment in the vicinity of the development site, including noise from existing

installations, to determine the potential impact at proposed receptors.

Noise measurements were taken at five monitoring locations; considered to be representative of

ambient noise levels.The noise monitoring locations were identified based on the proximity to the

proposed mine operations and other noise sources such as vehicular traffic and include the

settlements of Auezov and Solnyechni. Receptors such as Auezov School, which is sensitive to increase

in noise level was also considered. The details of the noise monitoring locations are presented in Table

4.2 and their locations are shown in Appendix 4.1.

Table 4.2: Noise Monitoring Locations
Location Description Latitude Longitude
NQ-1 Northern extent of Auezov settlement (residential) 49°42'50.62"N 81°34'31.03"E
NQ-2 Southern extent of Auezov settlement (residential) 49°42'23.07"N 81°34'50.55"E
NQ-3 Auezov school 49°42'21.90"N 81°34'9.36"E
NQ-4 Eastern extent of Auezov settlement (residential) 49°42'52.57"N 81°35'17.55"E
NQ-5 Solnyechni village (residential) 49°42'4,50"N 81°35'52.44"E

Attended day-time noise monitoring was carried out sequentially during 29™" , 30" and 31° August,

2016.
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The noise measurements were made using Class 1, integrating sound level meters, mounted vertically
on tripods 1.5m above the ground and at a distance of more than 3.5 meters from any reflective
surfaces.

All noise monitoring took place during dry and calm weather conditions. The sound level meters were
calibrated both before and after the noise surveys. No drift in the calibration during the survey was
noted.

For the purpose of this assessment and in accordance with WHO guidelines, daytime hours are taken
to be 0700 to 2300 hours and night-time hours to be 2300 to 0700 hours.

The attended noise measurements were taken over 1 hour periods during the daytime and night time
survey. A weighted?, Leq?, Loo® and Lio* were recorded. The maximum and minimum sound pressure
levels were also recorded to provide additional information. The summary of the noise monitoring
results are presented in Table 4.3 and the locations are shown in Appendix 4.1.

Table 4.3: Noise Monitoring Results
Location Daytime Nightime
Leq dB(A) Loo dB(A) Lio dB(A) Leq dB(A) Lso dB(A) Lio dB(A)

NQ-1 45 41 47 38 37 42
NQ-2 41 38 42 39 38 39
NQ-3 39 37 42 36 34 37
NQ-4 46 42 46 40 37 40
NQ-5 411 38 43 37 36 39
WHO

Standards >3 ) ) 4 ) )

The noise monitoring results indicate that the existing noise levels are within the prescribed standards.

4.3 Dust

A complete Particulate Matter (PM1o and PM3.s) and Dust baseline can be found in Chapter 4.4 (Pages
123-132) of the ESIA. The impact of dust on the health and safety of workers and local populations, as
well as on the environment, is directly relevant to EBRD PRs 2, 3, 4 and 6.

Fugitive dust emissions come from salvage activities at the Project site, from roads as well as from
exposed surfaces around the mine site. A summary of dust particulate results (Table 4.4.7 on Page
132, of the ESIA) shows that the PMso 24 hour average (ug/m?3) is 26.69 and the PM,.s 24 hour average
(ng/m3) is 2.27, both below WHO guidelines of 50 and 25 pug/m3, respectively.

1 A’ Weighting An electronic filter in a sound level meter which mimics the human ear’s response to sounds at different
frequencies under defined conditions of sound energy as the time-varying sound pressure levels.
Leqg Equivalent continuous noise level; the steady sound pressure which contains an equivalent quantity
3 L90 The noise level which is exceeded for 90% of the measurement period.
4 L10 The noise level which is exceeded for 10% of the measurement period.
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Arsenic concentrations in Total Suspended Particulate (TSP), were measured at 13 points along the
Sanitary Protection Zone (SPZ) boundary as part of the baseline studies. These measurements were
used to assess compliance with the national limits, based on a single set of measurements for 20-
minutes interval at each of the 13 locations, as a representative sample for Quarter 1 to Quarter 3 —
2014 and subsequently Quarter 2 — 2015. The baseline study found that the daily mean arsenic
concentrations in total suspended particulates along the boundary of the current SPZ range from 1.44
to 2.35pug/m3and are well within the Kazakh maximum permitted concentrations of 3ug/m3for one
time concentrations.

Due to the limited data set obtained for each quarter, which is not sufficient for calculating the long
term average coupled with the data relating to arsenic concentrations in total TSP rather than PM,
it is not possible to compare this data with the EU standard of 0.006pg/m?3 for annual averages.
Furthermore, the EU’s ‘Ambient air pollution by AS, CD and NI compounds - Position Paper’ states that
‘Data from shorter sampling intervals (for example daily or weekly means) can be higher by orders of
magnitude. Consequently, the baseline data obtained to validate arsenic concentrations in air with
national standards is not comparable with either the annual or half yearly means’ that are required to
assess long term environmental exposure to arsenic in air. In order to develop the baseline, further
sampling of TSP and PMy, will be collected over a period of one week repeated during the summer
months to calculate the annual mean and assess compliance with the EU standard of 0.006ug/m?3 for
arsenic in air at the boundary of the SPZ.

The environmental baseline data will be supplemented with monitoring within the SPZ in work areas
to confirm that arsenic in air concentrations do not exceed an occupational workplace exposure limit
of 0.01mg/m? (typical European standard) (Refer Air Quality Management Plan).

The concentrations of Arsenic monitored in the ambient air can be attributed to increased
geochemical background in the region. Measures for minimising dust emissions have been included
in the Air Quality Management Plan.

To monitor potential health effects, workers biomonitoring will be carried out as part of routine
worker health testing to monitor the Arsenic concentrations in urine using a internationally recognised
arsenic in urine limit of 35-50pg/l (ACGIH). If exceedances are observed, additional measures for
minimising arsenic (in dust) exposure will be identified and implemented and worker hygiene
monitoring wil be continued on a regular basis. Polymetal will maintain a dialogue with local medical
providers to monitor local health conditions. No health risks to workers or the local community as a
result of previous mining activities, including potential arsenic in dust risks, have been identified to
date (following consultation with local medical providers).

4.4 Water

This section addresses gaps in the Project’s water baseline, specifically presenting further analysis of
hydrological, topographic, aquatic flora and fauna data. This will facilitate an assessment of channel
capacity and flow conditions downstream of the mine excess water discharge outlet on the
Akbastaubulak brook and waste rock dump diversion channel outlet on the Holodniy Klyuch brook.
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4.4.1 Proposed Design of Diversion Channel and Mine Discharge Outlet

Mine development Stage 1 will include development of the open pit, waste dumps and ore stockpile
from 2016 to 2026 including a watercourse diversion to protect the waste dump and a discharge outlet
to dispose of excess water from the mine site. Stage 2 is scheduled from 2026 to 2039 and includes
development of underground facilities from the base of the open pit and the continued operation of
the stream diversion and mine water outlet.

Waste Dump Diversion Channel

The Akbastaubulak brook and its tributary, the Kyzyltu brook, flow south through the footprint of the
proposed waste rock dump. In order to protect the stability of the waste rock dump, a protection dike
for each creek will be constructed. Protection dike No. 1 (containment dam No 1) will block the Kyzyltu
brook valley resulting in the formation of a settling pond and protection dike No. 2 will block the
Akbastaubulak brook valley also resulting in the formation of a settling pond. The water that collects
in the settling ponds will be conveyed westwards to the Holodniy Klyuch brook via a stream diversion
channel (Appendix 4.2. - Drawing Number 1). The channel has been designed to handle an estimated
flow of 2.96m3/s with a 3% annual exceedance probability (see Appendix 4.2 - Drawing Number 3).

The waste rock dump diversion channel inlet will therefore divert all runoff from the upper catchment
of the Akbastaubulak brook and its tributaries into the Holodniy Klyuch brook up to discharges
equivalent to the diversion channel capacity. This will almost double the flow in the Holodniy Klyuch
brook which studies show can be conveyed by the existing channel, and halve the flow in the lower
reaches of the Akbastaubulak brook. A description of the changes in hydrology is provided in Section
4.11 and Chapter 5.

The outlet of the waste rock dump diversion channel will discharge into the upper reaches of the
Holodniy Klyuch brook whereafter flow will continue southwards for a distance of approximately 4 km
before entering the Kyzylsu river. The diverted flow within the Holodniy Klyuch brook will enter the
Kyzylsu river a short distance downstream of its existing discharge point (Akbastaubulak brook) and
thus the diversion will not have an appreciable impact on the Kyzylsu river flow.

The area at the diversion channel outlet is relatively flat with a gradient of less than one percent (see
Table 4.1 in Appendix 4.5) and lies within a broad well vegetated flood plain (Figure 4.1 and
photographs in Appendix 4.4) with two distinct channels (see Appendix 4.2 - Cross Section 1 on
Drawing Number 4). In line with best practice the gradient of the diversion channel outlet will be
closely matched to that of the receiving channel and be oriented at an acute angle to the receiving
channel to minimise scouring of the stream bed and opposite bank.

Infrastructure within or adjacent to the Holodniy Klyuch brook downstream of the waste dump
diversion channel outlet which could potentially be impacted by the diversion outflow includes:

. Road crossing 2km downstream of diversion channel outlet comprising a ford with no
discernible man made structure.
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. Small number of dwellings and cultivated areas on right bank of Holodniy Klyuch brook
approximately 3 km downstream of diversion channel outlet. Closest dwelling is
approximately 80 m from brook.

. Minor road crossing with culvert about 4 km downstream of diversion channel outlet and
close to the confluence of the Holodniy Klyuch brook and Kysylsu river.

Figure 4.1: Area at Proposed Waste Dump Diversion Channel Outlet

Mine Water Discharge Outlet

During open pit mining, rain, snowmelt and groundwater (“open pit water”) will flow into the mined
out area of the open pit. The open pit water will be pumped via a pressure pipeline to the pit water-
settling pond. The settling pond will be located within the existing abandoned open pit. After
satisfying process water and firewater supply requirements excess water will be discharged to the
Akbastaubulak brook (Appendix 4.3 - WAI Drawing 3.7 and Figure 4.2).

The Akbastaubulak brook in the vicinity of the discharge outlet has a well vegetated, relatively flat and
wide floodplain (Figure 4.2) containing a number of braided channels. In line with best practice the
pipe outlet will discharge onto a rock protection apron and be oriented at an acute angle to the
receiving channel to minimise scouring of the stream bed and opposite bank.

The anticipated annual volume of intercepted open pit water during Stage 1 is 413,000 m3/yr and the
total estimated annual volume of water intercepted during Stage 2 is 2,094,000 m3/yr (Appendix 4.3 -
WAI Drawing 3.5 and 3.6). The mine water balance (Appendix 4.3 - WAI Drawing 3.5 and 3.6), which
considers average annual flows, indicates that the mine water treatment plant will discharge to the
Akbastaubulak brook 34,510 m3/yr (0.001 m3/s) in Stage 1 and in Stage 2 the mine water treatment
plant will discharge to the Akbastaubulak brook 1,411,500 m3/yr (0.045 m3/s). Table 4.4 provides a
seasonal breakdown of anticipated water pumping rates from the open pit and underground mine.
This suggests that highest flows can be expected during the spring snowmelt and summer rain storms
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when flow rates in receiving watercourses are likely to be greatest. The mine water discharge would
be in the region of 0.05 to 0.07 m3/s in Stage 1 and 0.12 to 0.18 m3/s during Stage 2.

Table 4.4: Water Pumping Rates for Pit Dewatering

Heavy Rain Snowmelt | Summer Winter
Eastern pit area: Open pit mining 1608 1152 504 not specificed m3/day
Western pit area: Open pit mining 4032 2904 1248 not specificed m3/day
Total Stage 1 5640 4056 1752 0 m3/day
Total Stage 1 0.065 0.047 0.020 0 m3/s
Eastern pit area: Underground mining 4104 2832 1584 1080 m3/day
Western pit area: Underground mining 11736 7776 4680 3432 m3/day
Total Stage 2 15840 10608 6264 4512 m3/day
Total Stage 2 0.183 0.123 0.073 0.052 m3/s

Source: Table 3.11 of the Project Description chapter

Figure 4.2: Receiving Channel at Proposed Mine Water Discharge Outlet

Infrastructure within or adjacent to the Akbastaubulak brook downstream of the mine water discharge

outlet includes:

. Minor road crossing comprising a culvert located approximately 200m downstream of the

discharge outlet.

. 9 Ha of cultivation on left bank of Akbastaubulak brook approximately 1 km downstream of
discharge outlet. Existing median flow rates within Akbastaubulak brook during the summer
growing season are in the order of 1 I/s to 5 I/s (Table 30 Hydrometeorlogical Report, EK
Geological Survey Center, 2014) and are unlikely to be sufficient to sustain a water supply to
a cultivated area of 9 Ha. Furthermore, the absence of diversion channels and pumps suggest
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that dryland farming is practised. Soil moisture conditions during the summer growing season
will be maintained by incident rainfall and to a lesser extent seepage from the previous spring
snowmelt runoff from the southern flanks of waste rock dumps which will flow into the
Akbastaubulak brook channel will be insufficient in magnitude or duration to be benefit for

irrigation.
. Cemetery on right bank approximately 2.5 km downstream of the discharge outlet.
. Minor road crossing comprising two culverts located close to the confluence of the

Akbastaubulak brook and Kyzylsu river 4 km downstream of the discharge outlet.
° Wetland at confluence of Akbastaubulak brook and Kyzylsu river which appears to overlap the
floodplain of both watercourses and thus its primary water source is indistinct.

Note that household/potable water is supplied to current mine infrastructure and Auezov
settlement from the surface water intake at the Kyzylsu river water reservoir (located in a
neighbouring catchment) and from the underground water well intake located in the Kyzyltu
river valley (to north of mine site). A new pipeline from the Kyzylsu reservoir is proposed to
augment current supplies. None of these intakes will be affected by the diversion channel or
mine water discharge.

4.4.2 Hydrological Data

The monitoring network in watercourses surrounding the mine site is shown in Appendix 4.3 - WAI
Drawing 4.8.1. Available data has been documented in the ESIA Water Resources baseline chapter
Section 4.8.2 and additional relevant data is reproduced in Table 4.5: . Given the relatively short length
and coarse temporal resolution of records at monitoring points within the survey area it is assumed
that values of flow frequency were estimated from longer gauge records of nearby catchments and
transposed to the survey area by a proportioning of catchment area.

Surface water monitoring points were installed by the Bakyrchik Mine as early as 2004. Reported data
comprises monthly flow records of 10 Years (2004 to 2014) at gauges on the Akbastaubulak brook
(GP25) and Kyzyltu (GP18) brooks upstream of the diversion inlet and mine water outlet.

An extensive network of 16 surface water monitoring points was set-up in 2015 to monitor stream
stage and surface water quality in the vicinity of the mine site. Four monitoring points are located on
the Akbastaubulak brook and Kyzyltu brooks upstream of the mine site and on several of its right-bank
tributaries and provide weekly water level records between November 2014 and April 2015.

In addition to the above records a flow record of more than 30 years is available for the Kyzylsu river
at Ostrikovka village. This gauge has a catchment several orders of magnitude greater than the
catchment upstream of the mine.
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On average, annual precipitation is 335 mm and annual potential evaporation is 910 mm. In general
precipitation exceeds evaporation in July, August and September when soil moisture storage will be
replenished. The contribution to annual flow in watercourses is typically:

° snow melt/surface runoff-— 54%
. groundwater — 37%
. rainfall/surface runoff — 9%
Kz10061 Final V1.0 Page 4.9
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Table 4.5: Hydrologic Characteristics of Water Courses in the Survey Area
Maximum flow .
. . Maximum flow
Long-term AFlow rate of low- during spring . .
. L ) during spring
Catchment Average Cross-section average water period in ayear | and autumn in )
Gauge L. Length, . . . . and autumn in
Description area catchment elevation annual with 95% probability a year with .
No. km . a year with 3%
km? altitude m m water flow m3/s 0.5% .
3 . probability
m3/s probability 3
3 m3/s
m3/s
Mairanbastau 0.0004drying,
1 4.02 2.77 420 385 0.002 . 0.87 0.57
brook - mouth freezing
Holodniy Klyuch 0.002drying,
2 21.4 4.38 410 348 0.011 . 3.17 2.06
brook - mouth freezing
Akbastaubulak .
0.001drying,
3 brook. - upstream 5.8 1.89 425 395 0.003 . 1.28 0.84
. freezing
cross-section.
Kyzyltu brook. - 0.001drying,
4 7.14 3.46 440 395 0.004 . 1.85 1.20
mouth freezing
Akbastaubulak
brook - in front of 0.002drying,
5 15.7 5.7 420 360 0.008 . 2.84 1.84
the Auezov/ freezing
Chalobai road
Akbastaubulak 0.003drying,
6 32.6 11.4 410 350 0.017 . 4.54 2.96
brook. - mouth freezing
Kyzylsu river -
13 . 1010 101 600 350 1.35 0.10 352 229
Chalobai.
Notes: # Drying and freezing are possible in individual years
KZ10061 Final V1.0 Page 4.10
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4.4.3 Hydrological Analysis

Waste Dump Diversion Channel

The required capacity of the proposed waste dump diversion channel has been investigated (see
‘Stream Diversion Design Report’ Appendix 4.5). The diversion channel has been designed with a
capacity to convey a spring flow event from the upstream catchment with an estimated 3% annual
exceedance probability. The origin of reported design flow estimates for locations throughout the
survey area is not provided. However, it is apparent that the diversion channel design discharge
capacity of 2.96 m3/s corresponds to the reported 3 % annual exceedance probability flow at the
confluence of the Akbastaubulak brook with the Kyzylsu river (see gauge no. 6 in Table 4.5: ). The
catchment of gauge no. 6 is five times greater than the catchment upstream of the diversion inlet
which appears to be in the vicinity of gauge no. 3.

The Stream Diversion Design Report also includes an assessment of the channel capacity of the
Holodniy Klyuch brook downstream of the diversion outet. This provides an estimate of water levels,
flow velocity and discharge at six locations downstream of the diversion outlet (see Appendix 4.2 -
Drawing no. 4) during a design flow event in spring corresponding to a 0.5 % annual exceedance
probability. The results are summarised in Table 4.6: and show that flows in the receiving channel will
typically double because of the diversion.

The stream diversion analysis appears to have derived design flow estimates for the receiving channel
(Holodniy Klyuch brook) from data at gauge no.2. This gauge is located close to the confluence of the
Holodniy Klyuch brook and Kyzylsu river and its catchment is approximately double that of the
catchment upstream of the diversion inlet. Also, the analysis of downstream impacts on water levels
during a 0.5% annual exceedance probability conservatively assumes that the diversion channel can
convey flows in excess of the design capacity (2.96 m3/s). In reality flow in excess of the channel
capacity would pond at the diversion channel inlet or spill onto surrounding lands and less flow would
reach the Holodniy Klyuch brook than has been considered in the analysis. The analysis demonstrates
that Holodniy Klyuch brook will be able to convey the combined flow from the diversion and the
exsting flow from the Holodniy Klyuch brook within its existing channel.

An inspection of average annual flows along Akbastaubulak brook (Table 4.7) suggests the waste dump
diversion channel will reduce flow in the downstream reach of Akbastaubulak brook by about 0.008
m3/s (annual average).This is about half the existing average annual flow at the outlet of the
Akbastaubulak brook (0.017 m3/s). It is assumed that this flow rate does not include any flow
contribution from the existing waste water treatment plant in Auezov (anticpated contribution from
waste water treatment plant during operation phases are 45m? per day in Stage 1 and 122m? in Stage
2). To place this into the context of the regional river system, the average annual flow in the Kyzylsu
river near its confluence with the Akbastaubulak brook is 1.35 m3/s. Thus flows in Akbastaubulak brook
are several orders of magnitude smaller than the flow in the Kyzylsu river and the localised loss of flow
along the Akbastaubulak brook due to the diversion is relatively small in a regional context.
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Table 4.6: Flow Characteristics Downstream of Diversion Channel Outlet
0.5% AEP
0.5% AEP 0.5% AEP
. 3% AEP 0.5% AEP . Over bank
Location Brook Water Level Flow Velocity .
Flow (m3/s) | Flow (m3/s) Water Width
(m) (m/s)
(m)
Upstream of Holodni
olodni
diversion y 2.06 3.17 N/A € N/A € N/A €
Klyuch
outtlet
Kyzyltu
At diversion ey
inlet and 2.96 4,548 N/A € N/A € N/A €
inle
Akbastau
Downstream Holodni
olodni
of diversion y 5.02 7.71 N/A € N/A € N/A €
Klyuch
outlet
A Cross Holodniy
. 5.02 7.71 375.38 1.44 103.69
Section 1 Klyuch
A Cross Holodniy
. 5.02 7.71 373.40 1.33 0
Section 2 Klyuch
A Cross Holodniy
. 5.02 7.71 371.55 1.25 0
Section 3 Klyuch
A Cross Holodniy
. 5.02 7.71 354.15 1.18 0
Section 4 Klyuch
A Cross Holodniy
. 5.02 7.71 351.62 1.33 0
Section 5 Klyuch
A Cross Holodniy
. 5.02 7.71 349.48 1.41 0
Section 6 Klyuch

Notes: * see WAI Drawing No. 34 01 03 020 19 for locations. B this flow exceeds design capacity of diversion.
€ N/A information is not available from the Stream Diversion Design Report and cannot be estimated due to
lack of cross section data

Mine Water Discharge Outlet

An analysis of impacts on the Akbastaubulak brook receiving channel downstream of the mine waste
water discharge outlet has not been previously carried out. The analysis of impacts on water levels
and flow velocity is prevented by an absence of topographic data with which to define the receiving
channel profile. However, it has been possible to show that the proposed rate of mine water discharge
will not exceed the existing flow capacity of the receiving channel as presented below. The potential
impacts are assessed in Chapter 5 Section 5.4.3.

Mine affected water will be treated to IFC guideline standards prior to discharge to the Akbastaubulak
brook (Chapter 2 Table 2.3) and is therefore not expected to adversely affect water quality or aquatic
ecosystems. Descriptions of the aquatic ecology and water quality of Akbastaubulak brook are
presented in Sections 4.4.4 and 4.4.5, respectively, and the potential impacts of the diversion and
mine discharge are assessed in Chapter 5 Section 5.4.3.
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Flow conditions in Akbastaubulak brook in the vicinity of the mine water discharge outlet will be
reduced by the construction of the waste dump diversion channel which is situated upstream of the
proposed mine dumps and discharge outlet. The diversion channel will divert runoff from an area that
is about 40 percent of the catchment upstream of the mine into the neighbouring catchment of the
Holodniy Klyuch brook. Indications are that this reduction is likely to average 0.008 m3/s (annual
average).

Groundwater contributes to flow within the Akbastaubulak brook downsteam of the proposed
diversion but previous groundwater modelling has shown that mine dewatering at the pit is likely to
capture most of this contribution in the vicinity of the mine.

Therefore, excepting for a relatively small amount of runoff from the southern flanks of the waste rock
dumps the Akbastaubulak brook channel adjacent to the mine discharge outlet will have very little
natural flow. The natural flow will increase as the area contributing runoff to the Akbastaubulak brook
channel increases in a downstream direction. Natural flows within Akbastaubulak brook are expected
to gradually increase to an average annual flow of about 0.01 m3/s at its confluence with the Kyzylu
river. This excludes any contribution from mine water discharge.

Mine water discharges will be greatest during development Stage 2. Due to the year-round need for
underground mine dewatering, mine water discharges will occur during both high flow snow melt
conditions in spring and low flow or freezing conditions in winter. From Table 4.4 it is estimated that
mine water discharge during spring snowmelt conditions is likely to be 0.12 m3/s whilst during winter
months it would be 0.05 m3/s. The average annual mine water discharge will be 0.045 m3/s.

The results of the hydrological analysis involving a comparison of relative flow rates from the mine
discharge outlet with existing flows in the receiving Akbastaubulak brook are summarised in Table 4.7
and illustrate their relative magnitude by season. The flow data shows that:

. Average annual mine water discharges (0.045 m3/s) are likely to be an order of magnitude
greater than existing flows within the receiving channel of Akbastaubulak brook (0.008 m3/s).
Following construction of the waste dump diversion channel, flows within Akbastaubulak
brook will reduce to near zero at the mine discharge outlet.

. During low flow conditions in winter mine water discharges (0.052 m%/s) are likely to be an
order of magnitude greater than existing flows within the receiving channel of Akbastaubulak
brook (0.002 m3/s). Weather conditions in winter months are likely to cause a freezing of the
receiving channel whilst the water from the underground mine will be relatively warm and
thus free flowing for some distance downsteam of the discharge outlet until influenced by
temperature conditions at the surface.

. During high flow snow melt conditions in spring mine water discharges (0.12 m3/s) are likely
to be an order of magnitude smaller than existing flows that within the Akbastaubulak brook
(1.84 m3/s). This suggests that the mine water discharge would not exceed the downstream
channel capacity of the Abastau Brook that coincides with its existing natural flow condition.
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Table 4.7: Flow Characteristics Downstream of Mine Discharge Outlet
. average annual
95% AEP 3% AEP Spring 0.5% AEP
i . i - flow (m*/s) ®
Location Brook Winter Low High Flow Spring High
Flow (m3/s) (m3/s) Flow (m3/s)
Upstream of discharge outlet (no | Akbastaubul
. . 0.002 1.84 2.84 0.008
upstream diversion) # ak brook
Upstream of discharge outlet Akbastaubul 0 0 0 0
(with upstream diversion) ak brook
From mine water discharge L
pipeline 0.052 0.12 0.12 0.045
outlet (Stage 2)
Downstream of discharge outlet
Akbastaubul
near gauge 5 (no upstream 0.054 1.96 2.96 0.053
. . ak brook
diversion)
Downstream of discharge outlet
. Akbastaubul
near gauge 5 (with upstream 0.052 0.12 0.12 0.045
. . ak brook
diversion)

Notes: A this assumes catchment runoff upstream of the mine water outlet is similar to the estimated flow at the location

of gauge no. 5 located further downstream. 8 Appendix 4.3 - WAI Drawing 3.5 and 3.6.

4.4.4 Aquatic Flora and Fauna

In July 2013, a survey and water sampling exercise was carried out at ten locations in and around the
mine site to identify aquatic flora and fauna (Figure 1 in Appendix 4.6). This included a survey site at
Dalniy quarry on the Mayran brook about 1 km upstream of the stream diversion outlet (description
Section 2.1 Appendix 4.6). The survey site at Zagadka (Sorokovaya) quarry is in an area that is close to
the confluence of the Akbastaubulak brook and Kyzylsu river but does not appear to be on the
Akbastaubulak brook channel (Figure 4 Appendix 4.6). No survey was carried at Quarry No. 5-6 and in
any case its coordinates suggest it is located to the west of the Akbastaubulak brook. Despite this
apparent shortfall the report makes observations about the reaches of the Akbastaubulak brook
upstream of the mine site.

A summary of the survey report’s findings as they relate to the Holodniy Klyuch/Mayran brook
(receiving watercourse of stream diversion channel) and Akbastaubulak brook (receiving watercourse
of mine water discharge) are as follows.

Holodniy Klyuch/Mayran brook at Dalniy quarry upstream of the stream diversion outlet contains five
species of fish and two crayfish, none of which are unique to this area or on the IUCN Red List as
Endangered:

. The study area is lacking in higher order crustaceans with only two species of crayfish
(Amphipoda Gammarus lacustris Sars) and Decapoda (Astacus leptodactylus Eschscholtz)
being found in streams and water storage basins.

° Prussian Carp (Carassius gibelio).

. Roach (Rutilus rutilus) are the most numerous species of fish in the survey area.
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. Common Minnow (fresh-water) (Phoxinus phoxinus) is most prevalent in unspecified stream.
. Gudgeon (Gobio gobio).
. River Perch (Perca fluviatilis).

Akbastaubulak brook contains five species of fish and one crayfish none of which are reported as being
endangered or specific to this area:

. Crayfish (Amphipoda Gammarus lacustris Sars) are present throughout the survey area.

. Prussian Carp (Carassius gibelio) are present in the upper reaches of the Akbastaubulak brook
and in the Dalniy quarry.

. Common Minnow (fresh-water) (Phoxinus phoxinus) is prevalent in unspecified streams.

. Tench (Tinca tinca).

. Gudgeon (Gobio gobio).

. Bearded Stone Loach (Barbatula toni).

The algal flora of water bodies is mainly represented by diatom and green algae. The largest biomass
is a characteristic of slow flowing water in natural water bodies which have a strong organic matter
supply, such as the Kyzylsu rervoir and Alaiagyr dam. The smallest biomass is typical found in quarries.

The higher order water flora consists of hygrophilous and hydrophilic forms. Most common are plants
such as southern reed, narrow-leaved cattail, sedges and various species of pond weed.

Plankton in the examined water bodies includes 35 species. Water bodies are dominated by rotifers
and occasionally by cladocerans. The nature of nutrient status depends on the supply of organic
matter and in water bodies it varies from B-mesotrophic to ultra-oligotrophic.

The survey report recommends that in order to monitor the health of the ecosystem the distribution
of species such as: caddis flies and worms, Common Minnow, Gudgeon, Siberian Loach and larvae of
Diptera and Tench should be monitored. It is further recommended that the occurrence of any
deformities in fish should be documented as an indicator of pollution in receiving waters.

4.4.5 Surface Water Quality

The close proximity and similarity in land use and geology of the Holodniy Klyuch and Akbastaubulak
brooks means their water quality of the two watercourses will be similar. Therefore, the diversion of
water from the Akbastaubulak brook is unlikely to cause changes in the water quality of the Holodniy
Klyuch Brook.

During the previous continuous operation of the mine, mine drainage water was normally pumped
into the tailing dam via a pipeline. Following the cessation of operations it has been reported that
mine drainage water was allowed to enter the Akbastaubulak brook.
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The numerous waste dumps and non-economic ore stockpiles together with the open or backfilled
open pits contribute to groundwater recharge and subsequently to groundwater inflows to the mine.
Also, the original ESIA has reported that the pit groundwater interacts with the rocks of the ore-body
causing the quality of dewatering to differ from fresher water abstracted in the Kyzylsu wellfield.

The original ESIA (ESIA Appendix 4.8.2) reported available water quality data for mine drainage in 2012
and 2013 and data for the Akbastaubulak brook in 2015 (reproduced in Table 4.8). These data shows
that the mine water discharge exceeded Maximum Permissible Concentrations in drinking water for
arsenic, cadmium and sulphate. Also, it has been reported that groundwater concentrations were
above the Maximum Permissible Concentrations in drinking water for a similar set of parameters
(arsenic, cadmium, sulphate, manganese, and nitrate) in a number of boreholes. This tends to confirm
the interaction of deeper groundwater with the ore body.

In 2015, when it is presumed there was no mine water discharge, the receiving channel exceeded
Maximum Permissible Concentrations for drinking water for cadmium, only. This tends to confirm the
freshness of the shallow superficial alluvial aquifer which groundwater piezometry suggests feeds
surface water features, at least in part.

There are no surface water abstractions for potable use on the Akbastaubulak brook but the stream
sustains fish species common to the local area. The IFC Environmental, Health, and Safety Guidelines
for water quality in Mining are the most appropriate international standard (Table 2.5.1 in Chapter 2)
and will augment the existing monitoring suite. However, water quality monitoring should account for
the aquatic habitat through the application of a biocriteria based monitoring programme where
selected fish species are recorded during stream surveys. The fish surveys are recommended on an
annual basis to complement the water quality sampling. Additional fish surveys will be undertaken in
2017 following the compeletion of the water diversion channel.

Table 4.8: Surface Water Quality Records
. . Akbastaubulak brook
Mine Drainage Water . .
downstream of mine site
2012 2013 PES5 PES6
Parameters | Concentration Concentration Concentration Concentration
(mg/1) (mg/1) (mg/1) (mg/1)
Ammonium
Salt 0.185 0.11 0.15 0.16
Arsenic 0.176 0.185 0.0256 0.0136
Cadmium 0.0071 0.0058 0.0012 0.0062
Chloride 56.62 65.77 12.02 4.01
Copper 0.008 0.0016 0.0013 0.0028
Fluorine 0.4 0.37 0.80 0.74
Iron 0.034 0.037 0.061 0.042
Lead 0.0007 <0.01 0.0003 0.0004
Manganese 0.018 0.031 0.091 0.004
Nitrates 5.06 3.3 0.40 3.90
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Table 4.8: Surface Water Quality Records
Mine Drainage Water Akbastaubulak I?roolf
downstream of mine site
2012 2013 PES5 PES6
Parameters | Concentration Concentration Concentration Concentration
(mg/1) (mg/1) (mg/1) (mg/1)
Nitrite 0.027 0.0515 0.019 0.025
QOil 0.04 0.1 <0.02 <0.02
Selenium 0.0094 0.024 0.006 0.005
Sodium 99.9 97.05 99.0 95.5
Strontium 2.3746 0.76 2.173 1.703
Sulphate 556.2 566.25 60.1 44.9
Zinc 0.0052 0.013 0.0016 0.0022

4.5 Socioeconomic Items
This section addresses gaps relating to the Project’s social baseline, specifically presenting results from
a survey of local fishermen and addressing issues within the ESIA’s land acquisition section.

4.5.1
Polymetal carried out an interview-based survey of local fishermen in August 2016 in order to verify

Local Fishermen Survey

whether any fishing takes place around Akbastaubulak brook, both upstream and downstream of the
planned diversion. In total, 6 fishermen were interviewed. All the interviewed fishermen were male
residents of Auezov, with an average age of 47.

The interviewees reported fishing at the Kyzyl-Su River (all) as well as at Ala-Aygyr water reservoir (1)
and Kyzylsu water reservoir (1). They reported fishing up to 2 or 3 times per month, taking fish
exclusively for their own consumption (not selling it on). They reported catching carp (family
Cyprinidae), perch (genus Perca), pike (family Esocidae) and Siberian roach (Rutilus rutilus lacustris).

All 6 fishermen reported that they never fish at Akbastaubulak brook.

4.5.2 Land Acquisition and Voluntary Resettlement
This section provides a more detailed understanding of the Project’s land acquisition process.

Overview

Official documents indicate that Polymetal has resettled residents from 27 properties on
Sotsialisticheskaya Street. The land acquisition negotiation process has been completed and all
agreements have been finalised. Since the official deadline for residents to vacate their properties was
1 May 2016, all households have physically relocated, all compensations have been executed and all
properties have been subsequently demolished. WAI has been supplied with the official
documentation confirming the demolition of all properties and documents supporting Polymetal’s
account of the resettlement process (see Appendix 4.7) for a List of Households, Household History
and Timeline for Demolition).
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Voluntary Resettlement

According to EBRD PR 5 on Land Acquisition, Involuntary Resettlement and Economic Displacement,
resettlement is considered involuntary when affected individuals or communities do not have the right
to refuse land acquisition, or restrictions on land use, that result in displacement.

In the early stages of the project, before open pit optimisation, the SPZ included three houses on
Sotsialisticheskaya Street. At that point, BMV initiated relocation proceedings for all 27 households on
the street, given their proximity to the SPZ boundary. As the Project developed, the open pit boundary
was moved away from the village and the SPZ was moved accordingly, meaning that all 27 households
were outside the SPZ. In this context, the process carried out at Kyzyl is considered to have resulted
in voluntary resettlement of affected residents because affected residents, all living outside the SPZ,
chose to sell their properties when Polymetal approached them and because Polymetal showed
intention during meetings to adapt the mine plan in order to eliminate the need for resettlement.
Informed consent was obtained from all 27 households displaced as a result of the Project.

Summary of Resettlement Process

Polymetal held the first meetings with small groups of the potentially affected households in October
2014. The initial meeting was to explain the mine plan concept and potential land acquisition
requirements. Polymetal was undecided whether to acquire the land and properties of Potentially
Affected Parties at this point and were considering making changes to the mine plan, in order to
accommodate the response from residents who would be affected. The outcome of these meetings
was that all residents wanted to sell their properties through negotiated transactions.

In further discussions with affected residents Polymetal offered them two options: a) physical
resettlement (alternative accommodation provided by Polymetal), and b) negotiated sale of their
property. All the affected households selected the second option (b) of directly selling their property
to Polymetal.

A second meeting was then held during December 2014 with individual affected households to review
the conditions of housing and the land attached to the property, including outbuildings and other
structures, in order to produce a price estimate. Fruiting trees and cropping plants were not included
within the evaluation. The third meeting was held with the household members during January 2015
in order to negotiate price and terms of the transfer. All meetings were documented and the outcomes
were reviewed and agreed with the meeting participants.

Polymetal developed a Resettlement Procedure to provide a framework for implementation of the
land acquisition and voluntary resettlement process. The Resettlement Procedure outlines broader
principles, approaches and processes to take forward land acquisition in a consistent and uniform
manner.

The land acquisition process was implemented from October 2014 to August 2016, when the
properties were demolished, and all transaction agreements have been completed. All residents of
Sotsialisticheskaya Street were given a deadline (1 May 2016) to move out of the properties, a date
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which was listed in the contract documentation. Some residents stayed in their homes until just before
May 2016 because they needed more time and/or required help from friends and family to plan and
carry out their move.

All legal transaction agreements have been completed and no further land acquisition is required for
the project. All of the properties which have been acquired were demolished with the aim of
cultivating the land by June 2016.

4.6 Biodiversity

This complementary baseline focuses on understanding the differences in sourcing of baseline
information for the ESIA, in particular to distinguish between primary and secondary data. Further,
this work aims to address gaps in biodiversity information around the site, relating them to EBRD’s
Performance Requirements (PR6 — Biodiversity Conservation and Sustainable Management of Living
Natural Resources), and to strengthen baseline data around the large heath butterfly and migratory
raptors. Also, this chapter aims to provide complementary baseline information and biodiversity
impact assessment analysis and mitigation measures focusing on the biodiversity of Akbastaubulak
brook brook and downstream to the confluence with the Kyzylsu River.

In accordance with EBRD’s PR6, none of the areas affected by the project may be considered “priority
biodiversity features” which are defined as including:

(i) threatened habitats;

(ii) vulnerable species;

(iii) significant biodiversity features identified by a broad set of stakeholders or governments (such
as Key Biodiversity Areas or Important Bird Areas); and

(iv) ecological structure and functions needed to maintain the viability of priority biodiversity
features.

Priority Biodiversity Features, as defined by EBRD, are a subset of biodiversity that is particularly
irrepleable or vulnerable, but at a lower priority level than critical habitats

4.6.1 Sourcing of Baseline Information for the ESIA
The biodiversity baseline provided in the ESIA sources information from primary (obtained on-site by
WAI or other consultants) and secondary (desk-based studies) data.

A number of field studies have been undertaken at the Project site (summarised in Table 4.9.2 below)
under differential field survey areas and sampling strategies according to the taxonomic group being
studied. A brief explanation of the methodologies employed is provided in Section 4.9 of the ESIA,
which describes the baseline for each taxonomic group. Surveys were carried out for the Project study
area, which includes the Project’s footprint and also areas that might be exposed to disturbance,
pollution or other effects on the Project.
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Table 4.9: Summary of Ecological Surveys Undertaken

Date Survey

Review of literature

Preliminary study - Mammals

Preliminary study - Birds
Autumn 2010

Preliminary study - Reptiles

Preliminary study - Amphibians

Geobotanical field surveys

Review of literature

Breeding Bird survey

Walk through route survey - Mammals

June 2011 Walk through route survey — Reptiles

Walk through route survey - Amphibians

Walk through route survey - Invertebrates

Survey of fishermen - Fish

September to October 2011 Additional ornithological survey — autumn migration.
July 2013 Field survey - Aquatic Ecology

July 2013 Field Survey — Sand lizard populations

July 2013 Review of literature and field survey - Invertebrates

The field studies show that whilst the golden eagle (Aquila chrysaetos) and large heath butterfly
(Coenonympha tullia) have been spotted in the region, neither were observed on site during the
survey periods.

4.6.2 Strengthening of Baseline Data on Large Heath Butterfly and Migratory Raptors

Migratory Raptors

Between 2010 and 2016, a number of bird surveys were carried out in and around the Project site
(Table 4.2.2).

Table 4.10: Summary of Bird Surveys
Date Survey
Autumn 2010 Review of literature and preliminary study
June 2011 (including breeding bird survey) Including breeding bird survey
Sep - Oct 2011 Ornithological field survey
August 2016 Ornithological field survey - eagles

A single individual golden eagle (Aquila chrysaetos) was observed circling at very high altitude over
the area planned for the new tailings facility on 1 October 2011. This species is listed in the Red Book
of Kazakhstan as rare (Category lll) but is considered a species of ‘Least Concern’ in the IUCN Red List.
The golden eagle does not breed on the Project site, therefore nesting birds of the species are not
likely to be influenced by land take or the area of influence of the mine.

In August 2016, an ornithological field survey of the open pit area, involving 22 transects and 12
observation points at the Project’s sanitary protection zone and buffer zone found steppe eagle
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(Aquila nipalensis) active within the SPZ area and the village of Auezov. The species is listed in the Red
Book of Kazakhstan and on the IUCN Red List (as Endangered). Remains of dead rooks and what was
presumed to be a raptor were found in the area along the transmission line within the SPZ area.

No prey bird nests or likely nesting areas, were found within the SPZ area, following an assessment by
experienced external experts (who was also informed by discussions with local community, during
social surveys on the prescence of raptors in the area). In accordance with EBRD PR®6, it can be
confirmed that the land within the Project footprint has no Critical Habitat. Surveys have identified
that the habitat influence by the Project is not characterised by any of the EBRD’s key defining
features, which are:

(i) Highly threatened or unique ecosystems (the baseline surveys, confirmed by an additional
survey in August 2016, confirmed that no threatened or unique ecosystems were present
within the Project footprint);

(i) Habitats of significant importance to endangered or critically endangered species (baseline
surveys confirmed that there were no habitats that were of specific importance to any
endanged or critically endangered species);

(iii) Habitats of significant importance to endemic or geographically restricted species (baseline
surveys confirmed that no habitats, significantly important endemic or geographically
restricted species were identified within the project footprint);

(iv) Habitats supporting globally significant migratory or congregatory species (baseline surveys
confirmed that no significant migratory or congregatory species were present with the SPZ, or
surrounding area);

(v) Areas associated with key evolutionary processes (none were identified as present in the
baseline surveys); or

(vi) Ecological functions that are vital to maintaining the viability of biodiversity features
necessary (none identified as present in the baseline surveys).

Large Heath Butterfly

Complementary detail was provided regarding the July 2013 invertebrate survey, in particular relating
to the presence of the large heath butterfly (Coenonympha tullia). During the survey, the large heath
was not found within the area of the Project. It was observed in the buffer zone (more than 5 km from
the site facilities) and depressions of the SPZ 2km from the industrial area. The species was not
recorded in the preliminary survey of 2011. In a survey carried out in August 2016 (see Appendix 4.6),
the large heath butterfly was identified within the Project area but amounted to an insignificant
proportion of the sample. The large heath butterfly has not yet been assessed for the IUCN Red List
but itis listed as a Category lll (rare) species in the Red Book of Kazakhstan and ‘Vulnerable’ in the Red
Book of European butterfly species. Taken together, the two surveys indicate that, although the site
is suitable for such a species, it does not contain any evidence of large heath butterfly and is therefore
not a Critical Habitat as defined in EBRD’s PR6, nor does the Project area comprise Priority Biodiversity
Features (defined in PR6). Both the survey in Appendix 4.6 and those presented in the baseline studies
for the ESIA confirm that similar habitat extends accross the steppe grasslands that surround the
footprint of the Project. In addition, the baseline studies presented in the ESIA identified evidence of
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populations of large heath butterfly in adjacent areas of habitat that will not be affected as a
consequence of mining operations described in Chapter 3 of the ESIA.

The August 2016 baseline survey (Appendix 4.6) identified that a small number of individual species
of false ringlet butterfly (Coenonympha oedippus) are present within the Project footprint. This species
is listed as Near Threatened on the IUCN Red List. Baseline study report in the ESIA (see Chapter 4),
identified that this species is also present within the habitat of the wider area.

The Project area is not considered to contain Priority Biodiversity Features for either the false ringlet
and the large heath butterflies, as described by EBRD’s PR6. False ringlet butterflies were found in very
low concentrations and previous surveys showed that the species is also present across the wider
region, meaning the Project area does not comprise critical habitat for this species. The large heath
butterfly was also found in the region adjacent to the project area and the Project area is not thought
to comprise any of the Priority Biodiversity Features, as defined by the EBRD earlier in this chapter.

4.6.3 Complementary Biodiversity Baseline Around Akbastaubulak brook

A baseline ecological study around Akbastaubulak brook was carried out by “The Wild Life Laboratory”
ecological surveyors in 2013 and has now been made available to WAI (see Appendix 4.6). Some
species were noted in the brook, namely leech (Erpobdella octoculata) which is the only species of
leeches and some aquatic insects, including backswimmers (Notonecta glauca) and water boatmen
(Corixia linnaei). The survey noted that in 1995, young species of Tench (Tinca tinca) were caught at
the outlet of one of the dams in the Akbastaubulak brook, however, the study shows that no
endangered or rare species are present at and around Akbastaubulak brook.

4.6.4 Conclusions

WAI developed this biodiversity baseline through site surveys supported by consultation with
stakeholders and external experts. External experts were deployed in order to minimise the risk of
vulnerable species or critical habitats being overlooked. Conclusions and further actions are
summarised in Table 4.10 below.

In accordance with PR6 (EBRD), the most sensitive biodiversity features are defined as Critical Habitat,
which comprise one of the following:

(i) Highly threatened or unique ecosystems;
(ii) Habitats of significant importance to endangered or critically endangered species;
(iii) Habitats of significant importance to endemic or geographically restricted species;
(iv) Habitats supporting globally significant migratory or congregatory species;
(v) Areas associated with key evolutionary processes; or
(vi) Ecological functions that are vital to maintaining the viability of biodiversity features described
ini-v above.
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In this context, the Project area does not comprise any habitat that can be defined within this
framework and, although the large heath butterfly and steppe eagle were spotted within the Project
area, the same habitat extends far beyond the Project boundary and into the adjacent region.

Further, none of the habitats were considered of significant importance or supporting globally
significant concentrations of migratory species. The site does not support highly threatened and/or
unique ecosystems or those of significant social, economic or cultural importance to local
communities or areas associated with key evolutionary processes. As a result, Critical Habitat (as
defined in PR6) does not apply to the assemblage of flora and fauna within the project footprint.
Further, the additional ornithological survey undertaken in August 2016 identified that the habitat,
within the project footprint was of medium importance to birds on the basis of assemblage of species
present (see Appendix 4.6 and Chapter 4 of the ESIA). Consequently, the area within the project
footprint has not been assessed as a Priority Biodiversity Feature (PBF), in the context of definition in
PR6.

Similarly, additional lepidopterofauna surveys undertaken in August 2016 identified limited suitable
habitat which was not equally represented outside of the project area, and although a few individual
spcecies of false ringlet butterfly (Coenonympha oedippus) were observed, these are not considered
a vulnerable specieces and therefore would not fall under the definition of a PBF. Furthermore, the
abundance of similar habitat that surrounds the project footprint is known to provide suitable habitat
for both large heath and the false ringlet butterfly (see Chapter 4 of the ESIA). These populations that
have been observed outside the Project footprint would not be adversely affected by mining and
ancillary operations (see Chapter 5 of the ESIA).

The relevant aspects of biodiversity features at Kyzyl in comparison with the requirements of PR6, has
been summarised in Table 4.11 confirming that no further actions are required with respect to critical
habitat and priority biodiversity features.
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Table 4.11 Relevant aspects of biodiversity features at Kyzyl in line with EBRD’s Performance Requirement 6 definitions of Critical Habitats and Priority Biodiversity
Features

Priority biodiversit
Critical habitat v v

. features as per EBRD Biodiversity baseline surveys and relevant aspects at .
as per EBRD PR6 Definition/examples Action needed
5 PR6 (2014), paragraph Kyzyl
(2014) para 14
12
Ecosystems that are at risk of significantly
decreasing in area or quality; have a small
spatial extent; and/or contain
concentrations of biome-restricted
species. For example:
- Ecosystems listed as, or meeting . .
o . - Baseline survey showed that there are no highly
criteria for, Endangered or Critically . i
. threatened or unique ecosystems present within the
Endangered by the IUCN Red List of . ) . o
o natural habitats that will be disturbed, within the
(i) Highly Ecosystems .
. o . Project area.
threatened or - Areas recognised as priorities in official . . , o . .
. . . . . - The Project area contains a ‘brownfield’ land with a No further action
unique regional or national plans, such as (i) Threatened habitats . ] . . ]
. o . history of industrial use; further to the current project, | required
ecosystems National Biodiversity Strategy and . . . . .
. it has historically not been determined to be of high
Action Plans

. . priority/significance to conservation of biodiversity in
- Areas determined to be of high
o L Kazakhstan.
priority/significance based on
systematic conservation planning
carried out by government bodies,
recognised academic institutions
and/or other relevant qualified

organisations (including internationally-

recognised NGOs).

5 Modified from EBRD Guidance Note | Biodiversity Conservation and Sustainable Management of Living Natural Resources
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Table 4.11 Relevant aspects of biodiversity features at Kyzyl in line with EBRD’s Performance Requirement 6 definitions of Critical Habitats and Priority Biodiversity
Features

Priority biodiversit
Critical habitat v v

. features as per EBRD Biodiversity baseline surveys and relevant aspects at .
as per EBRD PR6 Definition/examples Action needed
5 PR6 (2014), paragraph Kyzyl
(2014) para 14 1

Desk studies data identified potentially eight plant species
that are listed within the Red Book of Kazakhstan,
including: Steppe peony; Spring asphodel, Hyssopus
macranthus Boriss, Prairie Crocus (Pulsatilla patens), Bent

Areas supporting species at high risk of tulip, Wild Rosemary (Rhododendron tomentosum),
ii) Habitats of extinction (Critically Endangered or Euphorbia macrorrhiza, and Ludwig’s iris (Iris ludwigii) (see
significant Endangered) on the IUCN Red List of Appendix 4.9.5 and Appendix 4.9.6 of the ESIA). Of these,
importance to Threatened species (or equivalent field surveys within the Project affected area (completed
endangered or national/regional systems). For example: (i) Vulnerable species in 2010), identified that Wild Rosemary (R. tomentosum) | No further action
critically o Alliance for Zero Extinction sites was present on land near the existing mine footprint. The | required
endangered ¢ Animal and plant species of community conservation status is identified as least concern, due to it
species interest in need of strict protection as widespread geographical presence in the habitats of the
listed in EU Habitats Directive (Annex Russian Altai. In Kazakhstan, the species is recorded as
V). rare, therefore mitigation has been identified to either

conserve (from disturbance), where present or translocate
in advance of disturbing top soil. None of the species fall
within the category of Priority Biodiversity Feature, with

respect to the extent of the project affected area.
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Table 4.11 Relevant aspects of biodiversity features at Kyzyl in line with EBRD’s Performance Requirement 6 definitions of Critical Habitats and Priority Biodiversity

Features

Critical habitat
as per EBRD PR6
(2014) para 14°

Definition/examples

Priority biodiversity
features as per EBRD
PR6 (2014), paragraph

12

Biodiversity baseline surveys and relevant aspects at
Kyzyl

Action needed

(iii) Habitats of
significant
importance to
endemic or
geographically

Areas holding a significant proportion of
the global range or population of species
qualifying as restricted-range under
Birdlife or IUCN criteria. For example:

o Alliance for Zero Extinction sites

i) Significant
biodiversity features
identified by a broad
set of stakeholders or
governments (such as

No endemic or geographically restricted species were
found by baseline surveys both within and adjacent to the
Project footprint.

No further action
required

restricted o Global-level Key Biodiversity Areas and | Key Biodiversity Areas
species Important Bird and Biodiversity Areas or Important Bird
identified for restricted-range species Areas)

Areas that support a significant proportion

of a species’ population, where that

species cyclically and predictably moves
iv) Habitats from one geographical area to another
supporting (including within the same ecosystem), or
globally areas that support large groups of a - ) )

L . . o See ii) above, with comments regarding steppe eagle, a

significant species’ population that gather on a

(concentrations
of) migratory or

cyclical or otherwise regular and/or
predictable basis. For example:

migratory raptor
e No other globally significant concentration of migratory
species was found in this survey

No further action
required

congregatory e Global-level Key Biodiversity Areas and
species Important Bird and Biodiversity Areas
identified for congregatory species
e Wetlands of International Importance
designated under criteria 5 or 6 of the
Ramsar Convention.
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Table 4.11 Relevant aspects of biodiversity features at Kyzyl in line with EBRD’s Performance Requirement 6 definitions of Critical Habitats and Priority Biodiversity

Features

Critical habitat
as per EBRD PR6
(2014) para 14°

Definition/examples

Priority biodiversity

features as per EBRD
PR6 (2014), paragraph

12

Biodiversity baseline surveys and relevant aspects at
Kyzyl

Action needed

(v) Areas
associated with
key evolutionary
processes

Areas with landscape features that might
be associated with particular evolutionary
processes or populations of species that
are especially distinct and may be of
special conservation concern given their
distinct evolutionary history. For example:
e |solated lakes or mountaintops
e Populations of species listed as
priorities by the Edge of Existence
programme.

No areas associated with key evolutionary processes were
identified by surveys on the Project site. Its historical
legacy as a mining area make it highly unlikely that key
evolutionary processes exist within the Project’s SPZ area.

No further action
required

(vi) Ecological
functions that
are vital to
maintaining the
viability of
biodiversity
features
described (as
critical habitat
features)

Ecological functions without which critical
biodiversity features could not persist. For
example:

e Where essential for critical biodiversity
features, riparian zones and rivers,
dispersal or migration corridors,
hydrological regimes, seasonal refuges
or food sources, keystone or habitat-
forming species.

(iv) Ecological structure

and functions needed

to maintain the viability

of priority biodiversity

features

No areas associated with vital ecological functions were
identified by surveys on the Project site. Its historical
legacy as a mining area make it highly unlikely that such
functions exist within the Project’s SPZ area.

No further action
required
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5 ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT

5.1 Introduction

This impact assessment chapter complements the ESIA in the areas of air quality (5.2), noise (5.3) and
water including aquatic ecology (5.4). The detailed assessment of other environmental and social
aspects can be found in the original ESIA.

5.2 Air Quality Assessment

5.2.1 Arsenic in Dust

The impact assessment for fugitive dust emissions including respirable particulate matter and Arsenic
have been discussed in detail in Section 5.6 of the original ESIA report. This section provides additional
assessment for the Arsenic emissions associated with the existing and proposed operations.

5.2.2 Emission Sources
The existing and proposed sources of Arsenic emissions associated with the Project are listed below:

Existing Sources

The Bakyrchik mining site has been operational since 1956, and mining activity has continued on site
intermittently to the present day. Due to historical mining activities there are several existing waste
dumps and a number of existing open pits within the project area, some of which have high
concentrations of arsenic.

The site comprises land contaminated with arsenic which when subject to wind erosion can result in
the release of arsenic into the air together with dust. This may include areas around a now
decommissioned roaster. A tailings storage facility was also required as part of the historical
operations which has dried up over the years, and as a result has high arsenic concentrations. The
tailings storage facility has not been closed and is exposed to wind which may contribute to the high
concentrations of arsenic observed in the baseline monitoring results (Refer Section 4.4.5 of the
original ESIA report). Following further study as to determine the composition of the historic tailings,
measures for creating a temporary barrier through use of High Density Polyethylene (HDPE) liner or
geotextile membrane could be a reasonable option to ensure the contents of the tailing storage facility
are contained and are not exposed to winds. With such containment in place windblown arsenic from
the facility is anticipated to be negligible.

The arsenic waste landfill site, to the east of the Project area was previously used to dispose arsenic
waste material generated from the processing of ore. The arsenic waste material was stored in sealed
bags in the facility. The landfill is no longer in use, and will not be used for the Project. It has been
rehabilitated by capping with a 0.5mm plastic geotextile and a 0.5m layer of sandy loam material, and
is therefore not considered to be either an existing or ongoing source of fugitive dust emissions
containing arsenic.

Sources associated with Proposed Operations
The proposed operations will involve ore preparation facility which includes crushing of ore and
transfer, by the conveyor, to ore processing facility which comprises a mills and flotation circuit. The
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ore preparation operations may generate fugitive emissions of arsenic dust, however the ore
processing entails wet processes only and therefore any emissions of arsenic dust will be limited. The
ore processing does not involve any thermal treatment and is therefore not likely to result in vapour
phase emissions of arsenic. The emissions associated with the processing of ore to concentrate are,
therefore, anticipated to be negligible.

5.2.3 Potential Impacts to Air Quality

Local Weather Conditions

In order to provide information on how air emissions and dust deposition might be affected by local
weather conditions, wind speed and wind direction data were obtained from the Shalabay weather
station?® for the period 1938-2013 (wind data for 1986 to 2009). An analysis of the wind data is
presented in Section 5.6.4 of the ESIA report and suggests that calm or very low wind speeds (i.e. 1m/s
or less) occur for 50% of the time (Refer Table 4.2.4 of the ESIA report) and the majority of wind speeds
recorded (i.e. 98%) are below 10m/s.

The proportion of time when the dust sensitive receptors may be located downwind of the Kyzyl
project based on the analysis of wind direction data from the Shalabay weather station is estimated
to be 2609-4241 hours (Refer Table 5.6.7 and Table 5.6.8 of the ESIA report). Further, all dust sensitive
receptors (Refer Section 5.6.3 of the ESIA report) are located more than 250m from the closest areas
of working and it is therefore, predicted that larger dust particles, and a large proportion of medium
size particles, will be deposited before reaching the sensitive receptors.

A wind speed of 5.5-6.0m/s is required to raise some dust, but higher wind speeds would be required
to raise significant volumes. The wind data in Chapter 4.2 of the original ESIA report, identifies that
approximately 88% of winds would be expected to be 5m/s or below in an average year. As a result,
the number of working hours in which wind blows over the site towards the receptors in an average
year is considered to be an overestimate, as it includes lower wind speed data that cannot be isolated
in this analysis.

Although precipitation levels in the local area are not considered to be high, due to the continental
type climate, there is an average annual precipitation rate of 335mm. This includes the approximately
150 days per year when mean temperatures are below 0°C, and therefore precipitation will occur as
sleet and/or snow. During these conditions, the potential for dust dispersion is low. In addition, during
the period of snow cover, dust emissions are also considered to be low.

Taking into account the distances involved and the local weather conditions, the effect magnitude is
considered to be negligible. Applying medium receptor sensitivity and negligible magnitude identifies
the effect is likely to be negligible, and so the impact of arsenic dust on the community health will not
be significant.

1 Bakyrchik Mining Venture LLC, The Bakyrchik Gold Deposit, MINE AND PROCESS PLANT CONSTRUCTION, 34.01.06.001.00
PZ3, St Petersburg, 2015
KZ10061 Final V1.0 Page 5.2
October 2016




Croptor s A POLYMETAL

As described in Section 5.2.1, measures for creating a temporary barrier through use of High Density
Polyethylene (HDPE) liner or geotextile membrane is proposed to ensure the contents of the tailing
storage facility are contained and are not exposed to winds. This will be informed by further study into
the composition of the historic tailings to determine whether there is an legacy arsenic risk or not.
The Project will carry out additional monitoring of Arsenic in air to assess compliance with the EU
ambient air quality standard of 0.006ug/m? (annual mean for arsenic) outside the SPZ and to identify
additional mitigation measures if required. This will be completed with workplace air quality
monitoring against a limit of 0.01 mg/m? arsenic in air.

Considering the legacy issues associated with the site, with respect to arsenic, to the Project will carry
out workers biomonitoring as part of routine worker health testing to monitor the arsenic
concentrations in urine using an internationally recognised arsenic in urine limit of 50ug/l (ACGIH). If
exceedances are observed, additional measures for minimising arsenic (in dust) exposure will be
identified and implemented and worker hygiene monitoring will be continued on a regular basis.
Polymetal will maintain a dialogue with local medical providers to monitor local health conditions. No
health risks to workers or the local community as a result of previous mining activities, including
potential arsenic in dust risks, have been identified to date (following consultation with local medical
providers.

5.3 Combustion Sources

This section provides detailed air quality assessment for the point source of emissions associated with
the operation phase of the project. During Phase 1 of the project, two new boiler houses (village boiler
house and mine boiler house) will be constructed and the existing Auezov boiler house will be
decommissioned. The village and mine boiler house will have a total installed capacity of 7.5MW (3
boilers (1 as backup) of 2.5MW each) and 12.5MW (5 boilers (1 as backup) of 2.5MW each)
respectively. The boilers will be coal fired and will provide heat for the settlement, mining and
processing facilities’ needs. The mine boiler house will also include one 1.6MW diesel fired boiler. The
fuel combustion associated with the boilers will result in emissions of nitrogen oxides (NOx), sulphur
oxides (SOx), total suspended particulates (TSP or dust) and carbon monoxide (CO).

In summary, the following emission sources have been considered for the air quality assessment:

. Mine — Boiler House
o 4 boilers in operation and 1 standby with coal combustion of 635kg/hr for each boiler
— operational for 206 days in a year
o 1 oil fired boiler 1.6MW which will be operational for 145 days in a year
. Auezov Boiler House
o 2 boilers in operation and 1 standby with coal combustion of 635kg/hr for each boiler

— operational 365 days a year
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5.3.1 Assessment Methodology

Air Dispersion Modelling

The emissions associated with the operation of these boilers have been estimated using a steady state
air dispersion model, AERMOD (Lakes Environmental model version 9.1). The assessment has been
carried out based on a worst-case approach and therefore all boilers have been assumed to be
operational for the entire year and seasonal variations have not been accounted. Meteorological data
comprising of a complete series of hourly values of surface observations and upper soundings
prepared with the MM5 prognostic model has been used.

The model produces computed concentrations that are the Process Contribution (PC). These process
contributions have then been added to the ambient background concentrations to give a total
Predicted Environmental Concentration (PEC) at pre-identified environmental sensitive receptor (ESR)
locations assessed (i.e. ESR 1-5) (Refer Figure 5.1 below).

Figure 5.1: Receptors considered for Air Quality Assessment
More details are presented in Appendix 5.1 Air Quality Assessment.

Impact Significance

The significance of any environmental effect is determined by the interaction of magnitude and
sensitivity. The impact significance matrix used for assessing air quality related impacts is the same
as the default matrix defined in Section 5.1 (Table 5.1.3) of the ESIA report.
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The methodology for determining sensitivity of receptor is presented in Table 5.1.6 of the ESIA report
and the same methodology has been used. For the significance of the impact, new guidance has
become available since the publication of the ESIA report (Refer Table 5.1 and Table 5.2) and has been
used.

Table 5.1: Methodology for Determining Sensitivity
Sensitivity Methodology
The location is tolerant of change without detriment to its character, and is of low or local

Minor importance, for example industrial and agricultural activities, that are at a low risk from
being affected by changes in air quality.

The location has moderate capacity to absorb change without significantly altering its
Medium present character, or is of high importance. For example, residential dwellings and
communities.

The location has little ability to absorb change without fundamentally altering its present
character, or is of national importance. For example, hospitals, and commercial / industrial
High premises, which have a requirement for clean air to maintain operations; and vegetation
that is sensitive to changes in air quality and / or the deposition of particulates in terms of
species composition and habitat quality.

The location is of the highest sensitivity to changes in air quality, or is of international
importance. For example, highly sensitive high-tech operations that require clean air and

Very High e . . . . . .
operate air filtration units; and specific habitats that are of international importance and
sensitive to changes in air quality and / or particulate deposition.
Table 5.2: Methodology for Determining Significance
Long-term % Change in concentration relative to Ambient Air Quality Limit (AQL)
average
concentration at
] 1 2-5 6-10 >10
receptor in
assessment year
75% or less of . o . .
Negligible Negligible Minor Medium
AQL
76-94% of AQL Negligible Minor Medium Medium
95-102% of AQL Minor Medium Medium High
103-109% of AQL Medium Medium High High
110% of AQL Medium High High High

5.3.2 Air Dispersion Modelling

Emission Sources

The flues associated with each boiler within the village/mine boiler house will be accommodated
within a single shared stack. Each stack has been included as a point source within the model and the
parameters included in the model are shown in Table 5.3.

KZ10061 Final V1.0 Page 5.5
October 2016



Croptor s A POLYMETAL

Table 5.3: Model Parameters for Stack Emissions

. . 1.6MW Oil Fired . .
Parameter Mine Boiler House . Village Boiler House
Boiler
Total Installed Capacity 12.5MW 1.eMW 7.5MW
5 boilers (4 . .
. ) . . . 3 boilers (2 operational,
Boiler Configuration operational, 1 1 boiler
1 standby)
standby)
Number of stacks 1 1 1
Stack Location 111142, 5520396 111129, 5520430 107937, 5520237
Stack Diameter 1.0 0.3 0.8
Stack gas flow (Am3/s) 12.9 1.2 8.3
Temperature of exhaust gases
75 60 70
(°C)
Stack efflux velocity (m/s) 16.47 16.47 16.47
Stack height (m) 31.8m 6m 31.8m

Emission Limits

The EBRD refers to the EU emission standards for the projects it finances. The EU’s Industrial Emissions
Directive is one of the main EU instrument regulating pollutant emissions from industrial installations.
The Industrial Emissions Directive (IED) was adopted on 24 November, 2010. The IED applies to all
combustion plants with a total rated thermal input of or greater than 50 MW.

While smaller and bigger plants were covered by respective EU directives, the emissions from medium
combustion plants were not regulated at EU level at the time of preparation of the ESIA report. On
November 10, 2015, the European Council adopted the Medium Combustion Plant Directive, to limit
the emissions from combustion plants of medium size (e.g. 1 MW to 50 MW capacity).

The EU’s Medium Combustion Plant Directive, regulates emissions of SO,, NOx and dust into the air
with the aim of reducing those emissions and the risks to human health and the environment they
may cause. The Directive regulates pollutant emissions from the combustion of fuels in plants with a
rated thermal input equal to or greater than 1 megawatt (MWth) and less than 50 MWth.

The emission limits prescribed in the Directive are presented in Table 5.4.
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Table 5.4: Emission Limit Values

EU Medium EU Industrial L. -
. L. IFC’s Emission Guidelines for Small
Combustion Plants Emissions R . L.
Parameter i . . . Combustion Facilities Emissions
Directive Directive
(3MWth - 50MWth)*
(mg/Nm?)? (mg/Nm?)*
0.5 percent Sulphur or lower percent
Sulphur Oxides 400 400 Sulphur if commercially available
without significant excess fuel cost
Nitrogen Oxides 300 300 N/A
Total suspended 20 30 96 ppm (Electric generation)
particulates 150 ppm (Mechanical drive)

The European Council has agreed the following timeframes for the adoption of the emission limits
prescribed in the Medium Combustion Directive:

. for bigger existing plants (5-50 MW): from 2025
° for smaller existing ones (1-5 MW): from 2030
. for new plants: after a transposition period of two years following entry into force (20

December, 2018 onwards)

The Directive will be applicable to new plants after a transposition period of two years of coming into
force and therefore any plant installed before 20 December, 2018 will be exempt. In this instance, the
project boilers will comply with IFC’'s emission guidelines for small combustion facilities if installed
before 20™ December, 2018. In case the boilers are installed after this date, they will comply with the
EU Medium Combustion Plant Directive. Further, since each proposed boiler is below the 5MW
threshold, the 2030 timeframe for adoption would apply.

Emission Factors

The emission rates included in the AERMOD model are presented in Table 5.5.5. To assess the impacts
of NOx, the total emissions for NO; have been calculated as the total of emission factor provided for
NO; and equivalent NO; emission factor for NO. Similarly, for SOx, all emissions have been considered
as SO, in the model and then compared with the ambient air quality standards for SO..

Table 5.5 : Emission Rates

Emission Factors

Parameter Mine Boiler House 1.6MW oil fired boiler Village Boiler House
mg/m? g/s mg/m? g/s mg/m? g/s
Total Suspended
. 70.7 0.728 - - 70.7 0.472
Particulates
Sulphur Dioxide (SO2) 598.3 6.2 651.7 0.6 598.3 4.0

2 Directive (EU) 2015/2193 of the European Parliament and the Council of 25 November 2015 on the limitation of emissions
of certain pollutants into the air from medium combustion plants
3 Directive 2010/75/EU of the European Parliament and the Council on industrial emissions
4 IFC’'s General EHS Guidelines: Environmental - Air emissions and ambient air quality
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Table 5.5 : Emission Rates
Emission Factors
Parameter Mine Boiler House 1.6MW oil fired boiler Village Boiler House
mg/m? g/s mg/m? g/s mg/m? g/s
Nitrogen Dioxide (NO2) 140.3 1.4 274.2 0.26 140 0.94
Carbon Monoxide (CO) 379.0 3.9 2160.0 2.1 379.0 2.5

5.3.3 Assessment of Impacts

The modelling results for the study area are provided in Table 5.6 and indicate that the maximum
predicted environmental concentrations will be below the limits specified by both national limits and
international guidelines considering a worst case with all boilers in operation throughout the year
(Refer Appendix 5.1 for detailed results at each receptor location).

Table 5.6: Estimated Ground Level Concentrations
Maximum Ambient Air Quality
Predicted Predicted Limits (AQL) (ng/m?3)
. Background .
Averaging Process . Environmental
Pollutant . . Concentration . .
Period Contribution (ug/m?) Concentration EU/IFC National
m
at ESRs He (ng/m3) Limit Limits
(ng/m’)

Total 1-hour 14.5 - - - 300
Suspended 24 — hour 1.3 39.5 40.8 150/50 -
Particulates A | 0.08 70/40

(TSP) nnua . -

1-hour 1229 - - - -
Sulphur Dioxide
24 —hour 10.8 8.5 19.3 125 125

(S02)

Annual 0.9 - - - -

. 1-hour 28.9 - - 200 -

Nitrogen
L 24 —hour 2.6 20.5 23.1 - -
Dioxide (NO)
Annual 0.3 - - 40 40
1-hour 77.0 - - 30,000 -
Carbon
. 24 —hour 12.9 - - 10,000 -
Monoxide (CO)
Annual 1.2 - - - -

The results indicate that the predicted environmental concentrations are within the prescribed
ambient air quality limits for all pollutants and the contribution from the boilers associated with the
project is minor except for sulphur dioxide for which the emissions are considered to be moderate.
Since, the Medium Combustion Plant Directive will be applicable to new plants after a transposition
period of two years of coming into force, any plant installed before 20 December, 2018 will be exempt.
In this instance, the project boilers will comply with IFC’s emission guidelines for small combustion
facilities if installed before 20" December, 2018. In case the boilers are installed after this date, they
will comply with the EU Medium Combustion Plant Directive. The following mitigation measures have
been recommended to ensure compliance with the IFC’'s emission guidelines for small combustion
plant:
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. Use of low sulphur fuel (less than 0.5%) and/or use of a flue gas desulphurisation unit
. Use of higher efficiency dust removal equipment such as high efficiency cyclones or Electro-

static Precipitators.

Furthermore, the plants will have to comply with the Medium Combustion Plant Directive by 2030.

5.4 Noise

Detailed noise modelling exercise for the construction and the operation phases of the project was
carried out and presented in Section 5.7 of the ESIA report. Subsequent to completion of the ESIA
report, additional noise surveys have been carried out and this section presents an update to the
operational phase noise assessment with consideration to the background concentrations available
as a result of these surveys.

5.4.1
The potential noise impact at existing receptors considered have been assessed by comparing the

Operation Phase — Noise Assessment

noise levels predicted for the operational phase of the project with the ambient noise level limits
prescribed by WHO guidelines, which should not be exceeded during daytime (07:00-23:00) and night-
time (23:00-07:00) periods. The predicted daytime noise values in the nearby communities during the
2016 (opening year), 2019 and 2027 operational phases are compared to these values in Table 5.7,
Table 5.8 and Table 5.9 respectively.

Table 5.7: 2016 (Opening Year) Operational Phase Assessment Daytime Noise Impact
. . Daytime
Background | Predicted Site Resultant Noi
oise
Receptor Noise Levels Noise Level, Noise Level, L Difference
(dB) Lacq (dB) Laeq, dB(A) Criteria, Laeq
Aeq Aeq, (dB)
ESR 1 — Solnechnoye 41 40 43 55 -12
ESR 2 — North West
45 54 55 55 0
Auezov
ESR 3 — North East
46 51 52 55 -3
Auezov
ESR 4 — East Auezov 46 52 53 55 -2
ESR 5 — North East
46 52 53 55 -2
Auezov
Table 5.8: 2019 Operational Phase Assessment Daytime Noise Impact
. . Daytime
Background | Predicted Site Resultant Noi
oise
Receptor Noise Levels Noise Level, Noise Level, . Difference
(dB) Lncq (dB) Lncq, dB(A) Criteria, Laeq
Aeq Aeq, (dB)
ESR 1 — Solnechnoye 41 40 43 55 -12
ESR 2 — North West
45 49 51 55 -4
Auezov
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Table 5.8: 2019 Operational Phase Assessment Daytime Noise Impact
. . Daytime
Background | Predicted Site Resultant Noi
oise
Receptor Noise Levels Noise Level, Noise Level, L. Difference
(dB) Lacq (dB) Lacq, dB(A) Criteria, Laeq
Aeq Aeq, (dB)
ESR 3 — North East
46 48 50 55 -5
Auezov
ESR 4 — East Auezov 46 47 50 55 -5
ESR 5 — North East
46 49 51 55 -4
Auezov
Table 5.9: 2027 Operational Phase Assessment Daytime Noise Impact
. . Daytime
Background Predicted Site Resultant Noi
oise
Receptor Noise Levels Noise Level, Noise Level, L Difference
(dB) Laeq (dB) Laeq, dB(A) Criteria, Laeq
Aeq Aeq, (dB)
ESR 1 - Solnechnoye 41 38 43 55 -12
ESR 2 — North West
45 43 47 55 -8
Auezov
ESR 3 — North East
46 46 49 55 -6
Auezov
ESR 4 — East Auezov 46 45 49 55 -6
ESR 5 — North East
46 48 50 55 -5
Auezov

It can be seen that the daytime noise levels during the operational phases of 2016, 2019 and 2027 will
be below the WHO Guidelines at all receptor locations. It should be noted that these predictions
represent a “worst-case” scenario and that for the majority of the operational phases the noise impact
at sensitive receptors would be less.

The output from the noise prediction model, showing noise emission from Project operational phase
during the daytime are presented in Drawings 5.7.1, 5.7.2 and 5.7.3 for 2016, 2019 and 2027 of the
original 2015 ESIA report. It should be noted that the unshaded parts of the contour plots represent
areas where the predicted site noise level is less than Laeq55dB (in compliance with WHO daytime
noise levels).

The significance of this impact in None- Small, when compared to the sensitivity of the receptor in
accordance with the impact assessment criteria set out in Table 5.7.2 of the ESIA report.

The night-time noise levels arising from the operational phases of 2016, 2019 and 2027 have been
assessed in Table 5.10, Table 5.11 and Table 5.12.
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Table 5.10: 2016 (Opening Year) Operational Phase Assessment Night-time Noise Impact

. . Night-time
Background Predicted Site Resultant Noi
oise
Receptor Noise Levels Noise Level, Noise Level, L Difference
(dB) Lacq (dB) Lacq, dB(A) Criteria, Laeq
Aeq Aeq, (dB)
ESR 1 - Solnechnoye 37 40 42 45 -3
ESR 2 — North West
38 54 54 45 9
Auezov
ESR 3 — North East
40 51 51 45 6
Auezov
ESR 4 — East Auezov 40 52 52 45 7
ESR 5 — North East
40 52 52 45 7
Auezov
Table 5.11: 2019 Operational Phase Assessment Night-time Noise Impact
. . Night-time
Background Predicted Site Resultant Noi
oise
Receptor Noise Noise Level, Laeq Noise Level, Criteri Difference
riteria,
Levels (dB dB Laeq, dB(A
(dB) (dB) Aeq, dB(A) Lncq (dB)
ESR 1 — Solnechnoye 37 40 42 45 -3
ESR 2 — North West
38 49 49 45 4
Auezov
ESR 3 — North East
40 48 49 45 4
Auezov
ESR 4 — East Auezov 40 47 48 45 3
ESR 5 — North East
40 49 50 45 5
Auezov
Table 5.12: 2027 Operational Phase Assessment Night-time Noise Impact
Night-time
Background | Predicted Site Resultant gN .
oise
Receptor Noise Levels Noise Level, Noise Level, Criteria. L Difference
riteria,
(dB) Lacq (dB) Lacg, dB(A) () Aed
ESR 1 — Solnechnoye 37 38 40 45 -5
ESR 2 — North West
38 43 44 45 1
Auezov
ESR 3 — North East
40 46 47 45 2
Auezov
ESR 4 — East Auezov 40 45 46 45 1
ESR 5 — North East
40 48 49 45 4
Auezov

It can be seen that the night-time operational phases occurring in 2016 and 2019 will be above the

WHO Guidelines at all receptor locations within Auezov. Marginal exceedances are expected at three
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receptors in Auezov during the night-time periods of 2027. The receptor location at Solnechnoye will
be below the WHO Guidelines during the operational phases of 2016, 2019 and 2027.

It should be noted that the noise model predictions assume down wind conditions for all sensitive
receptor locations. It has been found, based on average wind rose data from the Shalabay weather
station®, located approximately 5km south-west of the Kyzyl Project, for approximately 50% of the
year sensitive receptors will be located up-wind from the mining operations. Therefore, the
predictions represent a “worst-case” scenario and the noise impact at sensitive receptors would be
less.

Additional calculations have been undertaken to quantify the likely noise impact as sensitive receptors
when considering the average meteorological conditions throughout the whole year. The results
predict a reduced impact to those presented within this report at all receptor locations of between 2
to 3 dB(A).

When comparing the predicted specific noise levels, at ESR 1 (Solnechnoye), from the operation
phases of 2016, 2019 and 2027, with the WHO Guidelines, the magnitude of the noise impact of the
operational phase is considered to be Negligible. The significance of this impact is None when
compared to the sensitivity of the receptor using Table 5.3 of the ESIA report.

When comparing the predicted specific noise levels, at ESR’s 2 to 5 (Auezov), from the operation
phases of 2016, 2019 and 2027, with the WHO Guidelines, the magnitude of the noise impact of
operational phase is considered to be Medium to Large at receptor locations in Auezov. The
significance of this impact is Substantial in the short term and Moderate in the long term, when
compared to the sensitivity of the receptor. The following measures have been proposed to mitigate
the noise impacts:

. Installation of noise barrier such as greenbelt development or acoustic fence along the
boundary of the site adjoining Auezov settlement;

. Scheduling of operations to minimise noise generating activities such as drilling during night
time;

o Use of increased temporary noise limits for night time of up to 55dB(A) LAeq for periods of up

to eight weeks in a year at specified noise sensitive properties;
. Regular monitoring of noise levels at Auezov to ensure compliance with the proposed
increased temporary noise limits.

These measures will be informed by ongoing noise monitoring.

5 Bakyrchik Mining Venture LLC, The Bakyrchik Gold Deposit, MINE AND PROCESS PLANT CONSTRUCTION, 34.01.06.001.00
PZ3, St. Petersburg, 2015
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5.5 Water Assessment
This section provides an assessment of activities which may potentially cause impacts to the water
environment during the operation phase of the project.

Groundwater modelling by SRK (2015) demonstrated that Akbastaubulak brook is likely to receive
base flow contribution from a minor, shallow alluvial aquifer between the months of August and April.
Monitoring has shown this water to be relatively fresh. A deeper, major aquifer occurs in the Lower
Carboniferous fractured bedrock. Where the bedrock is not confined by the Pavlodar clay aquitard
there is a high degree of connectivity with the shallow, alluvial aquifer near the surface.

During Phase 1 of the project, open pit mining activities will include dewatering of the pit and prior to
2018 will involve discharge of excess water to Akbastaubulak brook. Also, operation of the waste
dump will require modification of surface water catchments and channels leading to the re-direction
of flow from the Kyzyltu and Akbastaubulak brooks into the Holodniy Klyuch brook. Drainage from
waste dump slopes will be discharged via settling ponds into nearby watercourses, including
Akbastaubulak brook. After 2018, all water from pit dewatering will be recycled to help supply the
water demands of the processing plant.

Dewatering of the open pit will create a cone of depression. Groundwater modelling by SRK shows
that this will extend away from the open pit about 4 km to the south, and 2.8 km to the west and east.
Therefore, a large proportion of the groundwater inflow to the open pit will originate from nearby
streams (Akbastau, Kholodnyi Klyuch and Benzymiannyi brooks). The modelling indicates that base
flow in the Akbastaubulak brook could be reduced by 60 and 70 percent in the 5th and 10th year of
mining, respectively.

During Phase 2, underground mining activities will involve further dewatering activities. The existence
of the waste dump will maintain the requirement for re-direction of flow from the Kyzyltu and
Akbastaubulak brooks into the Holodniy Klyuch brook. The impacts of Phase 2 on groundwater flow
have not been modelled at this stage but will be done so prior to Phase 2.

Due to the interaction of groundwater with the ore-body mineralisation of groundwater will occur.
Maximum permissible concentrations were found to have been exceeded in 2015 for the following
parameters: arsenic, cadmium, selenium, manganese, total iron, lead and strontium.

During mine operations potentially contaminated water reaching the aquifer water table will be
contained by pit dewatering and the associated cone of depression. Potentially contaminated
groundwater will therefore tend to flow towards the pit rather than away from the mine area.

Mine closure will curtail dewatering operations in the open pit and underground mine and discharge
of mine water to Akbastaubulak brook will cease and as a result flow will decrease significantly on
closure. The maintenance of waste dump integrity will require the continued diversion of flow from
the Kyzyltu and Akbastaubulak brooks into the Holodniy Klyuch brook. Flow within the Akbastaubulak
brook at the mine discharge outlet will continue to be significantly reduced receiving base flow
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contributions from groundwater, the Auezov wastewater treatment plant and a small amount of
surface runoff from the southern side of the waste rock dump.

During closure dewatering operations will cease and any contaminated groundwater will have the
potential to move away from the mine area under recurrent natural hydraulic gradients.

5.5.1 Assessment Methodology

Hydrological Analyses

Estimates of flow within the receiving channels downstream of the diversion channel outlet (Holodniy
Klyuch brook) and mine water discharge outlet (Akbastaubulak brook) have been derived from a
frequency analysis of flow records from nearby catchments and transposed to the survey area by
means of proportioning catchment areas.

Water levels and flow velocity along the Holodniy Klyuch brook downstream of the waste dump
diversion channel have been estimated using the Chezy open channel flow equation and surveyed
profiles of the channel. A similar analysis for the Akbastaubulak brook downstream of the mine water
discharge outlet was not possible due to the lack of channel profile survey data.

The stream diversion could almost double the flow within the Holodniy Klyuch brook during a 1 in 200-
year rainfall event, but calculations indicate that this will only cause localised out-of-bank flooding and
scouring at the diversion outlet.

Mine water discharge will be an order of magnitude smaller than reported estimates of existing flows
within Akbastaubulak brook during the high flow period of spring snowmelt. Therefore, water levels
and flow velocities downstream of the discharge are unlikely to exceed the existing conveyance
capacity of the Akbastaubulak brook and therefore will not contribute to flooding or erosion.

A description of aquatic flora and fauna that can be expected along the receiving watercourses
downstream of the diversion channel outlet and mine water discharge outlet has been obtained from
observations made during an aquatic flora and fauna survey and sampling study.

Impact Significance

The significance of any environmental effect is determined by the interaction of magnitude and
sensitivity. These attributes have been determined from the same matrices used in the original ESIA
and have been reproduced here in Table 5.13, Table 5.14 and Table 5.15.
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Table 5.13: Magnitude of Effects with Respect to the Water Environment
Impact - N
. Guideline Criteria
Magnitude
Minimal or few detectable changes in baseline resource, which are either
Negligible of short duration or infrequent periodicity, such direct control or
management is not required.
Detectable change to the baseline resource, such that preconstruction and
Low during operations there would be ongoing deterioration in underlying
characteristics or quality of the baseline situation in the absence of
standard good industry practice to protect the water environment.
Loss of, or alteration to the baseline resource such that post development
Moderate characteristics or quality would be partially changed during construction
and operational phase. Sustained mitigation strategy required through to
post closure phase.
Total loss of, or alteration to, the baseline resource such that post
High development characteristics or quality would be fundamentally and
irreversibly changed. Detailed mitigation strategy combined with offsite
compensation is required to reduce the magnitude of the effect.
Table 5.14: Water Receptor Sensitivity Value
Sensitivity . . .
(value) Typical Descriptors Hydrogeology / Hydrology Descriptors
e A water body or aquifer of local importance (villages or
Low importance receptor; hamlets) for water supply, food production, income or
Abundant; Local importance amenity value;

Minor or scale; Resilient to change; | ® A water body of moderate amenity value;

Potential for substitution | e A water body of low amenity value with casual access,
within the local area. e.g. along roads;

e An area of aquatic ecosystem of low sensitivity.

e A water body of regional importance (towns, cities or
Low to medium importance nomadic communities) for water supply, food
receptor; Relatively abundant; production, income or amenity value;

Medium Regional important or scale; An aquatic ecosystem of regional importance;
Reasonably resilient to A regionally important aquifer for water supply, surface
change; Potential for water support, food production or amenity value;
substitution. An area of aquatic ecosystem of regional importance or

moderate sensitivity.

A water body of national importance in an area used for
Medium to high importance national water supply, national food production,
receptor; Relatively rare; national income or national amenity value;

High National importance or scale; An aquatic ecosystem of national importance or high
Fragile and susceptible to sensitivity;
change; Limited potential for A nationally important aquifer in an area used for
substitution. national water supply, national surface water support or

national food production.
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Table 5.14: Water Receptor Sensitivity Value
Sensitivity . . .
(value) Typical Descriptors Hydrogeology / Hydrology Descriptors
value
Any water body which forms a boundary between, or
) ) flows through, two or more countries;
Very high importance .
Any water body that is bounded by two or more
receptor; Extremely rare; . . .
. . countries or within one country but provides a
International importance or
. . . necessary channel between the open sea and other
Very High scale; Very fragile; Highly
. country;
susceptible to change; Very ) . ) . .
. . A highly sensitive aquatic ecosystems of international
limited potential for )
I importance;
substitution.
A water dependent world heritage site or other water
dependent site of international significance.
Table 5.15: Water Impact Significance Matrix
. Sensitivity
Magnitude - - - -
Very High High Medium Minor
High Major Major Moderate Moderate
Moderate Major Major Moderate Minor
Low Moderate Moderate Minor Negligible
Negligible Minor Minor Negligible Negligible

5.5.2 Potential Receptors

The Holodniy Klyuch brook downstream of the waste dump diversion outlet contains the following

infrastructure that could be impacted by the water environment:

. Road crossing 2km downstream of diversion channel outlet comprising a ford with no

discernible man made structure. The road appears to be of local importance.

. Small number of dwellings and cultivated areas on right bank of Holodniy Klyuch brook
approximately 3 km downstream of diversion channel outlet. The closest dwelling is

approximately 80 m from the brook and dwellings are assumed to be occupied.

. Minor road crossing with culvert about 4 km downstream of diversion channel outlet and

located close to the confluence of the Holodniy Klyuch brook and Kyzylsu river.

The upper reaches of the Holodniy Klyuch/Mayran brook contains five species of fish (Prussian Carp,

Roach, Common Minnow, Gudgeon and River Perch) and two species of crayfish (Amphipoda and

Decapoda) none of which are unique to this area or reported on the IUCN Red List as Endangered or
important to the local economy.

The Akbastaubulak brook downstream of the mine water discharge outlet contains the following

infrastructure that could be impacted by the water environment include:

. Road crossing comprising a culvert located approximately 200m downstream of the discharge

outlet. The road appears to be of local importance.
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. 9 Ha of cultivated land on left bank of Akbastaubulak brook approximately 1 km downstream
of discharge outlet. It is not known whether farmers use Akbastaubulak brook for irrigation
water. Existing median flow rates within Akbastaubulak brook during the summer growing
season are in the order of 1 I/s to 5 |/s (Table 30 Hydrometeorlogical Report, EK Geological
Survey Center, 2014) and are unlikely to be sufficient to sustain a water supply to a cultivated
area of 9 Ha. Furthermore, the absence of diversion channels and pumps suggest that dryland
farming is practised. Soil moisture conditions during the summer growing season will be
maintained by incident rainfall and to a lesser extent seepage from the previous spring
snowmelt and the Akbastaubulak brook channel.

. Cemetery on right bank approximately 2.5 km downstream of the discharge outlet.

. Road crossing comprising possibly of two culverts located close to the confluence of the
Akbastaubulak brook and Kyzylsu river 4 km downstream of the discharge outlet. The road
appears to be of minor importance.

. Wetland at confluence of Akbastaubulak brook and Kyzylsu river which overlaps the floodplain
of both watercourses and its primary water source is therefore indistinct.

The upper reaches of Akbastaubulak brook contains five species of fish (Prussian Carp, Common
Minnow, Tench, Gudgeon, Bearded Stone Loach) and one species of crayfish (Amphipoda) none of
which are reported by the survey to be endangered or as being specific to this area.

After consideration of the above listed locations the original ESIA classification of receptors has been
retained, i.e. “The brooks located in the project area are generally small streams, which flow broadly
in a northeast to southwest direction”. Collection of flow data has been sporadic, but it was observed
that the flow within the brooks is ephemeral between the months of August and March. The local
abundance of fish species and the ephemeral nature the Akbastaubulak and Holodniy Klyuch means
that the brooks are considered to have Minor sensitivity.”

The location of cultivated land adjacent to the Akbastaubulak brook suggest that it is a potential
receptor. However, the absence of water abstraction infrastructure and the small magnitude of
summer flow together with the small dimensions of the channel (less than 0.5m deep and up to 1.2m
wide) make it unlikely that the sustenance of agriculture is reliant on flows within Akbastaubulak
brook.

Polymetal carried out an interview-based survey of local fishermen in August 2016 interviewing 6
fishermen who are residents of Auezov. The interviewees reported that they did not fish from the
Akbastaubulak brook and it is therefore assumed there is no fishing in the Akbastaubulak brook along
the reach downstream of the mine.

It is uncertain to what extent the wetland at the mouth of the Akbastaubulak brook depends on flow
from the Akbastaubulak brook as the wetland appears to overlap with the floodplain of the Kyzylsu
river. The much greater and more sustained flow regime of the Kyzylsu river is more likely to dominate
the health of the wetland relative to the contribution from the Akbastaubulak brook.
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Therefore, whilst the presence of cultivated land and wetland along Akbastaubulak brook represent
potential receptors, the absence of a dependence on flow from Akbastaubulak brook conforms to the
overall Minor sensitivity rating for receptors.

5.5.3 Potential Impact

The following assessment of potential impacts to water resources is divided into four sections, and
only includes any additions or changes to those reported Section 5.9.4 of the original ESIA Water
Impact Assessment for the three phases of the project:

Surface water quantity;
Surface water quality;
Groundwater quantity; and

el

Groundwater quality.

1 Surface Water Quantity — Construction Phase
No additions to original ESIA.

1 Surface Water Quantity — Operational Phase
Waste dump diversion - Akbastaubulak brook downstream of inlet.

As a result of the diversion of flow from Akbastau and Kyzyltu brooks into Holodniy Klyuch brook and
pit dewatering activities, the flow in Akbastaubulak brook downstream of the WRD will be reduced.
There are no known surface water abstractions that could be affected by the reduced flows along the
watercourse between the diversion inlet and the confluence of Akbastaubulak brook and Kyzylsu river.
The reduction in flow (due to the removal of runoff from the upper catchment and groundwater
drawdown) is likely to result in a High magnitude of change to the stream receptor and its aquatic
flora and fauna. The receptor has Minor sensitivity due to the absence of unique flora and fauna and
the location of sensitive infrastructure outside of flow paths. Impacts will therefore be of Moderate
significance.

The potential for a moderate magnitude of impact on aquatic flora and fauna is supported by the
continued presence of species in the unaffected reach upstream of the stream diversion and in other
watercourses throughout the region.

The potential for a moderate magnitude of impact on surface quantity (stream flows and level) is
reduced by the positive effect of mine water discharge and surface runoff from the southern sides of
waste dumps which will discharge into Akbastaubulak brook. The potential impact should also be
viewed in the context of the size of the Akbastaubulak brook downstream of the inlet relative to the
overall catchment of the Kyzylsu river. The Kyzylsu river will see no overall reduction in flows as a
result of the diversion because both the Akbastaubulak brook and the Holodniy Klyuch brook drain to
it.
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Waste dump diversion - Holodniy Klyuch brook downstream of outlet

As a result of the diversion of flow from the Akbastau and Kyzyltu brooks into the Holodniy Klyuch
brook to the west, the flow in the Holodniy Klyuch brook downstream of the diversion outlet will be
increased.

A hydrological analysis has shown that the diversion of flow from the Kyzyltu and Akbastaubulak
brooks, upstream of the waste dumps, into the Holodniy Klyuch brook could more than double the
flow of extreme events (0.5% annual exceedance probability) along the Holodniy Klyuch brook. This
would cause out-of-bank flooding within 200 m of the diversion outlet but thereafter flows are likely
to be contained by the existing channel along much of the remaining reach to its confluence with the
Kyzylsu river. Flows during more frequent less extreme events are unlikely to cause flooding at the
diversion outlet.

The velocities of diverted flows during the 0.5% annual exceedance event in the vicinity of the ford
road crossing downstream of the diversion outlet are relatively slow and unlikely to cause scouring of
the crossing point. Flow during more frequent less severe events is unlikely cause any scouring.

The containment of diverted flows within the existing channel of the Holodniy Klyuch brook would
therefore not impact the dwellings and cultivated areas on the right bank of the lower reaches of
Holodniy Klyuch brook.

The hydrological analysis suggests that flows within the Holodniy Klyuch brook will be doubled by the
diversion during a 0.5% annual exceedance event. There is potential for such an extreme event to
exceed the capacity of the road culvert close to the confluence with the Kyzylsu river. However, the
floodplain is broad in this area providing significant additional storage and any flooding associated
with the culverts lack of capacity would be localised and temporary.

The increase in flow and velocity is not expected to adversely affect aquatic flora and fauna within the
existing natural channel.

The increase in flow downstream of the diversion outlet is likely to result in a Low magnitude of
change to the stream receptor because flow is contained within the channel over most of its length
and the increase in velocity is not excessive. The receptor has a Minor sensitivity due to the absence
of unique aquatic flora and fauna and the location of sensitive infrastructure outside of flow paths.
Impacts will be of Negligible significance.

Mine water discharge — Akbastaubulak brook downstream of outlet

During open pit mining and underground mining water will be drained from the working area and
collected within an in-pit sump. Prior to 2018 excess water from the in-pit sump will be discharged to
Akbastaubulak brook after appropriate treatment to guideline standards. After 2018 it is expected
that all dewatering water will be transferred to the processing plant to support mine water supply.
Discharges from the Auezov wastewater treatment plant (WWTP) will increase due to the treatment
of mine domestic water and effluent comprising 45 m3/day in Stage 1 and 122 m3/day in Stage 2.
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A hydrological analysis shows that the quantity of excess water to be discharged to Akbastaubulak
brook is likely to be an order of magnitude greater than flows within the brook during low flow
conditions. During the period when water within the Akbastau channel is frozen discharges of warmer
water from underground dewatering operations may pond at the discharge outlet due to downstream
ice barriers. The extent of ponding and its potential to overflow on to nearby areas will depend on
local topography and rates of freezing. Field studies and a review of satellite imagery suggests that the
receiving channel at the discharge outlet is a braided channel within a relatively wide (150 m)
floodplain with flows passing through a road culvert about 200 m downstream of the mine discharge
outlet. The potential for mine water to pond upstream of the culvert should an ice blockage occur can
be mitigated by frequent inspection of the culvert and clearance of debris or ice.

The hydrological analysis also shows that mine water discharges are likely to be an order of magnitude
smaller than flows that currently occur (without the proposed waste dump diversion channel) along
the Akbastaubulak brook during high flow snow melt conditions in spring. The braided nature of the
receiving channel suggests that gradients are relatively flat in the vicinity of the discharge outlet and
that scouring from outflows will be restricted to the immediate area around the pipe outfall. The small
magnitude of mine water discharge relative to prevailing natural flows along the Akbastaubulak brook
means that mine water discharges will not create new instances of out-of-bank flooding or channel
erosion. Therefore, mine discharge will have minimal or no impact on infrastructure in or along the
downstream reach or its aquatic flora and fauna.

There is likely to be a Low magnitude of change to the stream receptor for a short period (up to 2018)
because the mine discharge has the potential to cause a detectable change to low flow conditions. It
is unlikely that this change in flow would cause a deterioration in the underlying characteristics of the
baseline situation. This receptor has Minor sensitivity due to the absence of unique aquatic flora and
fauna and the location of sensitive infrastructure outside of flow paths. Impact will be of Negligible
significance.

There is a positive aspect to the mine water discharge in that the addition of water downstream of
the diversion partially compensates for the impact of the diversion.

1 Surface Water Quantity — Closure

It is anticipated that mine dewatering will cease and the greater magnitude of evaporation compared
to precipitation will ensure a negative water balance and prevent pit overflow. Surface water
discharges to Akbastaubulak brook will have ended resulting in No Further Impact.

Drawdown of groundwater levels and the resulting capture of base flow from watercourses will end
due to the cessation of mine dewatering activities. Also, runoff will continue to discharge into the
downstream reach of Akbastaubulak brook from the southern slopes of the waste dump but
discharges from the Auezov wastewater treatment plant will revert to pre-mining levels. However,
the diversion of a significant proportion of the catchment will remain and therefore, the significance
will remain Moderate for the Akbastau downstream of the waste dump diversion inlet and Negligible
for the Holodniy Klyuch downstream of the diversion outlet.
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1 Mitigation and Monitoring Measures for Impacts to Surface Water Quantity

During the mine operations actions will be required to prevent blockage of the road culvert
downstream of the mine discharge outlet on the Akbastaubulak brook. This will allow unimpeded flow
of mine water discharge and prevent inundation of the road.

There are potential cumulative impacts of the diversion and discharge on the Akbastaubulak brook,
for example the diversion will remove water and the mine water discharge will add water to the brook.
Mine water discharge and discharge from the Auezov waste water treatment plant could potentially
compensate for the removal of water upstream of the WRD depending on the timing and quantity of
water released.

Because the waste dump diversion channel will alter the flow regime in both the Akbastaubulak brook
and Holodniy Klyuch brook it is important that these changes are monitored. This will involve
monitoring of flow in the diversion channel and upstream of its outlet into Holodniy Kyluch brook.
Also, monitoring in Akbastaubulak brook at the weir on the crossing point immediately downstream
of the mine site. This monitoring location is downstream of the Auezov waste water treatment plant
and it will be necessary to measure outflows from the plant to establish the relative contributions to
flow within the brook.

Agricultural land in the locality of the brooks, is supported by rain fed soil moisture, should soil
moisture content reduce in the vicinity of the Akbastaubulak brook, due to increased overland flow
into the brook, crops can be supported by irrigation fed from the Holodniy Klyuch brook. Therefore,
following construction of the diversion, monitoring of the agricultural land adjacent to the
Akbastaubulak brook downstream of the mine site will be undertaken to establish the need for
irrigation. If any irrigation is required, the Project will implement a scheme that continues to support
the agricultural activities adjacent to the Akbastaubulak brook. This monitoring will be supported with
a dialogue between the project and farmers. The monitoring will also include highlighting the
occurrence of any invasive species which demonstrably have been brought to the site as result of the
Kyzyl project. Should an invasive species be identified then remedial actions will be undertaken to
remove them.

2 Surface Water Quality — Construction
No additions to original ESIA.

2 Surface Water Quality — Operation

Waste dump diversion - Akbastaubulak brook downstream of inlet

There is the potential for a slight change to the water quality of the Akbastaubulak brook due to a
reduction in downstream flow. Potentially contaminated groundwater from the mine site will be
prevented from reaching watercourses due to the induced groundwater gradients towards the mine
by pit dewatering. The magnitude of change will be negligible. The receptor has Minor sensitivity as
there are no known water abstractions along the downstream reach and aquatic flora and fauna is not
unique to this watercourse. Impacts will be of Negligible significance.
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Waste dump diversion - Holodniy Klyuch brook downstream of outlet

There is likely to be Negligible magnitude of change to the stream receptor which has Minor
sensitivity because water quality upstream of the diversion inlet on the Akbastaubulak brook is likely
to be similar to the water quality in the receiving Holodniy Klyuch watercourse at the outlet given the
close proximity of both catchments. Impacts will be of Negligible significance.

Mine water discharge — Akbastaubulak brook downstream of outlet

The water pumped out as part of mine dewatering will be collected within an in-pit water settling
sump (open pit 2) and thereafter transferred to the process plant to support mine water supply or the
tailings storage facility. Excess water will be treated and discharged to the environment prior to 2018.
Thereafter, all water will be re-used in the plant.

Excess water to be discharged from the pit will be treated to a standard that complies with appropriate
environmental regulations, (see Table 2 in Section 2.5). There will be no need for a mixing zone to
achieve compliance with water quality threshold values in the receiving channel and treatment
standards will be compatible with requirements to maintain the status of potential receptors.
Consequently, there will be Negligible magnitude of change to downstream water quality. The
receptor has Minor sensitivity as there are no known water abstractions along the downstream reach
and aquatic flora and fauna is not unique to this watercourse. Therefore, the significance of impacts
is Negligible.

2 Surface Water Quality — Closure

It is anticipated that mine dewatering will cease along with surface water discharges to Akbastaubulak
brook. This will end any impacts caused by surface discharge of mine water. There will be No further
impact.

Potentially acid forming rock will be placed away from the edges of waste dumps and encapsulated
by non-acid forming material isolating it from surface runoff and preventing its transport off-site.

Evaporation is far greater than rainfall creating a negative water balance for the open pit.
Consequently, the open pit may have a negative water balance during closure, in effect creating a
‘sink’ for groundwater. It is uncertain whether this will occur or whether pit water levels will return
to pre-mining levels and restore natural groundwater gradients in surrounding rock. If the latter is the
case, then there is potential for contaminated or acidic water to migrate to nearby watercourses.

The Mine Closure and Water Management Plans include mitigation and monitoring strategies for
acidic mine water. The plans are preliminary and require ongoing development.

Where surface water features have been diverted, the continued operation of the Site will maintain
their previous impact and the significance will remain Negligible for the Akbastau downstream of the
WRD and Negligible for the Holodniy Klyuch downstream of the diversion outlet.

KZ10061 Final V1.0 Page 5.22
October 2016



Croptor s A POLYMETAL

2 Mitigation and Monitoring Measures for Impacts to Surface Water Quality

In addition to monitoring of water quality in Akbastaubulak brook upstream and downstream of the
mine discharge outlet it is essential that the health of the aquatic ecosystem is monitored by
periodically recording a distribution of species including: caddis flies and worms, Common Minnow,
Gudgeon, Siberian Loach and larvae of Diptera and Tench. It is also required that the occurrence of
any deformities in fish are flagged as an indicator of pollution in receiving waters. It is expected that
monitoring the water quality of waste water treatment discharges will also be carried out as part of
the normal functioning of the plant.

3 and 4 Groundwater
No additions to original ESIA in terms of groundwater quantity or quality which reported a high
magnitude and moderate significance.

During operations pit dewatering will lower the groundwater level in the pit and induce groundwater
flow towards the mine preventing the migration of potentially contaminated groundwater. After
closure groundwater levels will rise within and around the open pit towards pre-mining levels.
However, it is unclear whether groundwater levels will recover completely, a condition that would be
required in order to establish natural groundwater gradients and allow contaminated groundwater to
migrate away from the mine site. Any contaminants or acidic water that does move away from the
open pit will be diluted within the surrounding aquifer.

The Mine Closure and Water Management Plans include mitigation and monitoring strategies for
acidic mine water during closure. The plans are preliminary and require ongoing development.

5.5.4 Summary of Impact Significance

The significance of impacts is a product of receptor sensitivity and magnitude of change as described
in the input significance matrix shown in Table 5.16, and Table 5.17. The significance of the project to
the surface water environment is summarised in the tables below for water quantity and quality.

No changes have been made to the baseline description of groundwater and the original impact
assessment has not changed.

Table 5.16: Impact Significance Matrix for Identified Surface Water Quantity Receptors
Receptor Magnitude of Change
Receptor e .

Sensitivity | Negligible Low Moderate High

Akbastaubulak brook

downstream of diversion Minor Moderate

channel inlet*

Holodniy Klyuch brook

downstream of diversion Minor Negligible

channel outlet
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Table 5.16: Impact Significance Matrix for Identified Surface Water Quantity Receptors

Receptor Magnitude of Change

Receptor Y — i
Sensitivity | Negligible Low Moderate High

Akbastaubulak brook
downstream of mine Minor Negligible
discharge outlet

No active or on-going mitigation required — delivered through design and
(no colour) . .
industry best practice;

Active and ongoing mitigation required. Measures designed to reduce the

. level of significance on the water environment. Framework management
Notes (light grey) . e
plans have been developed to define the mitigation strategy and/or

reduce the level of uncertainty associated with a specific impact;

The sensitivity of the receptor is such that mitigation and/or offsite
compensation would not be sufficient to reduce them to non-significant;

* The Akbastaubulak brook sustains local fish populations and offers little other value, particularly when
compared to the main Kyzylsu river channel that it joins 4km downstream of the mine. The assignment
of minor sensitivity and moderate impact significance is therefore conservative and precautionary.

Table 5.17: Impact Significance Matrix for Identified Surface Water Quality Receptors

Receptor Magnitude of Change
Receptor - — -
Sensitivity | Negligible Low Moderate High
Akbakstau brook
downstream of diversion Minor Negligible
channel inlet
Holodniy Klyuch brook
downstream of diversion Minor Negligible
channel outlet
Akbastaubulak brook
downstream of mine Minor Negligible
discharge outlet
No active or on-going mitigation required — delivered through design and
(no colour) . .
industry best practice;
Active and ongoing mitigation required. Measures designed to reduce the
. level of significance on the water environment. Framework management
Notes (light grey) . e
plans have been developed to define the mitigation strategy and/or
reduce the level of uncertainty associated with a specific impact;

The sensitivity of the receptor is such that mitigation and/or offsite

compensation would not be sufficient to reduce them to non-significant;
Within the matrix the effects that are defined as major and moderate are considered to be ‘significant’
in ESIA Terms.

5.5.5 Residual Impacts
No additions have been made to the residual impacts identified by the original ESIA except to restate
that there is the potential for residual impacts on aquatic ecology along the Akbastaubulak brook due
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to changes in the natural flow regime due to the waste dump diversion channel and mine water
discharge.

This impact should be considered in the wider hydrological context as it relates to a small section of a
relatively minor tributary of the Kyzylsu river. Furthermore, the mine water discharge proposed to this
stretch of the Akbastaubulak brook will partially compensate for the loss of flow due to the diversion.
Continued monitoring of aquatic flora and fauna and a review of mine water discharge quantities is
recommended.

5.6 Biodiversity

A further biodiversity impact assessment is not required because recent surveys confirm that the
Project area does not hold critical habitat or Priority Biodiversity Features for raptors or butterflies
(see Chapter 4).
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6 ALTERNATIVES ASSESSMENT AND SAFETY

6.1 Introduction to Alternatives Assessment

The information contained within this chapter should be read in conjunction with the original
Alternatives section of the ESIA (Chapter 6). This alternative assessment supplements those
alternatives previously presented in the ESIA (see Chapter 6) and provides evidence of the further
options considered in relation to the site design and location of mine related infrastructure.

The original ESIA Alternatives chapter contained a stability assessment, further information has been
provided in relation to this as part of the projects design in Chapter 3 (Project description) of the SESR.

6.2 Selection of Waste Rock Dump location

The waste rock dump location was a result of consideration of options around the site and to some
extent a prioritization process taking into account the location of other mine facilities. The open pit is
located over the economically exploitable ore deposit and therefore its location is determined by the
exploration results and mine design. Taking account of the need to minimise haulage distances to
minimise costs and reduce potential environmental factors such as noise and dust generation, the
preferred location of the waste dump is therefore in the immediate vicinity of the open pit.

In consideration of the surrounding area, the ore body and previous workings extend to the east and
west of the proposed open pit. Whilst these are not currently part of the mine proposal, in order to
avoid sterilisation of any future potential the waste dump was not located over the lateral extensions
of the ore body structure. Furthermore, parts of the ore body to the east have already been extracted
and the proposals include utilising these voids as pit water sumps.

The area to the south of the open pit includes the existing villages of Solnechniy and Auezov. There is
also the location of future mine infrastructure to the south west and the existing processing plant and
tailings facility to the south east. Space for a waste dump was therefore limited and parts of the area
were topographically undulating, making them less suitable for stable construction of the base layers
and the subsequent layering of waste rock during construction.

The area to the north was not occupied by other existing or proposed land uses, although the area to
the north west includes a river valley with two watercourses. The area immediately north of the open
pit was topographically suitable being relatively flat and geotechnically suitable in having competent
sandstone strata at shallow depth to form a suitable foundation for the waste dump. One minor
watercourse crosses the location, but this also crosses the proposed open pit and requires diversion.
The site was also immediately adjacent to the open pit and was therefore selected as the most suitable
site for the waste dump.

6.3 Tailing Storage Facility and Processing Plant Location

The existing tailings storage area was located to the south east of the open pit within a topographic
valley. The existing processing plant was also located between the open pit and the tailings facility
and it was desirable for them to be located close to the open pit to minimise transport distance,
preferably with the plant located between the mine and the tailings facility.
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Both the processing plant and tailings lagoon were capable of expansion and the valley to the south
of the tailings facility had sufficient capacity to contain the projected tailing volumes. Previously the
Kyzyl-Tu brook valley, located to the north, was considered, but this did not have the required capacity
and is located in a vast area of steppe habitat.

Having regard to the discussion in section 6.2 above, the areas to the east and west and to the south
west of the open pit were not topographically suitable or available for establishing tailings storage,
and the area to the north was more suitable for the waste rock dump. Therefore, the location of the
TMF takes advantage of the existing infrastructure and maintaining future management of the tailings
facility through a combination of existing infrastructure and purpose constructed tailing lagoon and
dam.

The existing infrastructure was originally put in place to minimise environmental and social risks. It is
in proximity to the mine site yet far enough from Auezov and Solnyechni settlements (approx. 2 km
from each) to minimise environmental and social risks to these. After consultation with local
stakeholders, Polymetal have agreed to maintain a corridor of space between the fenced-off TMF and
Solnyechni village territory, where herders can graze the livestock belonging to residents of Auezov
and where residents of eastern Auezov and Solnyechni carry out agricultural activities (much of it on
state land but activity that has carried on for over 20 years and is vital to livelihoods). The TMF is also
at a distance of 1 km from the major waterways and reservoirs to the south of the project and from
the main railway line (approximately 1.5 km), which also runs to the south of the project in a broadly
east-west direction. The underlying strata of the TMF were shown to be stable in nature.

6.4 Other Aspects
Alternatives were considered for Project design as well as in order to guide the decision making
processes around Project design.

6.4.1 Processing ore concentrate

Due to the chemical content of the concentrate that results from the flotation process, specialist
processing plant is required to efficiently refine the gold concentrate. It is currently proposed that the
dewatered concentrate will be transported to the Shalabay railway station, via road, where it will be
placed on to a freight railway car. Once on the freight rail network the majority of the concentrate
material will be transported to the final processing plant in Amursk, Russia. It should also be noted
that limited amounts may also be sent to a suitable processing plant in China for smelting and roasting.

The alternative arrangement of undertaking further processing on site was assessed and discounted
for a number of environmental and social reasons. Off-site processing allows the Kyzyl scheme to
avoid having to import cyanide into the project, therefore removing a number of potential adverse
environmental effects associated with its use, including additional transportation impacts. Using the
existing plant at Amursk also helps to support the existing operational roles located there.

The Amursk plant accepts similar concentrates from a number of other gold mines, thus avoiding the
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need for further individual processing plants on these sites. This centralised processing plant reduces
the environmental footprint of this operation compared to several individual plants performing the
same function. The Kyzyl project will further support this centralised processing plant by not installing
an associated processing facility on site.

Undertaking additional processing on site would require significant further investment in additional
plant and processing (ADR) within the mine complex. However, the resultant concentrate from this
plant would still require further processing off site to refine the gold. Despite the potential for further
jobs to be created on site at Kyzyl associated with the additional processing, this option was
discounted. The additional highways movements associated with the use of the Shalabay rail way
station and the requirements to review the off-site facilities that undertake the final processing were
judged as being acceptable compromises compared to the benefits of avoiding further processing on
site.

6.5 District heating boiler and boiler for the mine

A coal fired district heating system currently provides heat and hot water to the properties within
Solnechniy and Auezov villages. This coal fired boiler will be replaced with a new and more efficient
coal fired plant. The heat at the mine is provided by a separate boiler, which is also coal fired and this
will also be replaced as part of the Kyzyl project.

The alternative of replacing the centralised district heating with heating units within individual
properties, apartment blocks and commercial units was discounted as being impractical given the
scale of works that would be required to each property and their supporting infrastructure.
Furthermore, if the centralised boiler was replaced with a larger number of smaller, most likely coal
fired boilers would be required and the operational efficiency for coal combustion would be
significantly reduced. As a consequence, an alternative to that of retaining the central district heating
system was not a viable option. In addition, the infrastructure associated with the centralised heating
system is in place and works efficiently for both residents and commercial properties.

Despite coal’s high carbon content, the installation of a replacement coal fired boilers has a number
of practical benefits that alternative fuel sources and heating arrangements such as gas and oil (both
heating oil and gas oil). The alternative of considering gas and oil as a fuel source for the district heating
scheme was discounted due to the practicalities of delivering these fuels to this remote area. Auezov
and the wider area does not have an available access to a piped gas (or gas oil) network therefore, the
use of these as alternative to solid fuel would require both specialist transportation (as would heating
oil) and containment to deliver fuel to the centralised heating system, which would require significant
further infrastructure investment. Coal is likely to be sourced from the Sarykol field of Maikuben basin
within Kazakhstan and can be stored in stockpiles that would have low ongoing maintenance costs.
Whilst oil (gas oil and heating oil) and gas, like coal, would need to be transported to the site via road,
the heat generation in relation to the capacity of haulage vehicle would be greater for coal compared
to the equivalent compressed or liquid gas, or heating oil. As a result of the above considerations, the
continued use of a coal fired district heating system has been assessed as being the most efficient and
practical solution for the Kyzyl project.
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The use of renewable fuels such as biomass is currently not practical in this part of Kazakhstan, given
its remote location and absence of timber as the most readily available alternative solid fuel to coal.
However, as the market for biomass expands in the country, as a whole, there are options in future to
consider co-firing of biomass with coal, should this option become available on a commercial scale.

6.6 Akbastaubulak brook diversion

There are a number of potential alternatives to the existing proposed diversion of the Akbastaubulak
brook channel, these include the creation of a storage dam upstream, diverting water from the north
around the waste dumps or the re-alignment of the waste dump itself.

The first potential alternative is the storage of flow from the upstream catchments in a dam and use
the high potential evaporation rate to dispose of water accumulating during the spring snow melt.
Such a storage body would have a number of negative environmental impacts including the seasonal
inundation of a large area of natural ground and undisturbed channels of watercourses immediately
upstream of the mine. It would also result in the net loss of water from the Kyzylsu river catchment.
The storage of water would impose a risk on downstream areas/infrastructure that would create the
need for a highly engineered embankment with appropriate material (clay core and rockfill) that may
not be readily available.

The second alternative would be to convey water from areas to the north of waste dumps around the
waste dumps and back into Akbastaubulak brook to the south. If favourable gradients are not available
for gravity flow, then pumping of water would be required and balancing storage to reduce the size
of pumps. The use of pumps would be an expensive undertaking and creates a risk of inundation of
unprotected areas should mechanical failure or power outage occur.

The gradient between areas to the north and south of the waste dumps makes it feasible for water to
flow by gravity. However, there is limited space available for the positioning of the waste dump due
to existing mine infrastructure and to prevent sterilisation of the ore body. Due to volume of waste
material the waste dump needs to straddle the Akabastau brook valley (topography is generally
gradual). A north — south diversion channel would therefore need to follow a path to the west of the
dump where gradients begin to climb rather than fall preventing the creation of a gravity flow channel.

The final option would be the realignment of the waste dump footprint to remain outside the natural
flow path of the Akbastaubulak brook with provision of protection measures to the toe of the dump
to prevent erosion during high flow events which would help minimise environmental impacts.
However, due to the large volume of waste material and the limitations on available space a
separation of the dump into smaller dumps to maintain existing watercourses is not feasible. It would
also add to the logistics of rock placement and therefore costs.

It is concluded that the placement of the waste dump across the valley of the Akbastaubulak brook
and the diversion of its catchment runoff into Holodniy Klyuch brook is the most practical and
technically competent option taking account of the cost of managing waste rock, the limitation on
space (and minimising the footprint of the WRD, topographic (or landform) constraints and the need
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for active water management, to minimise the impacts downstream, including on infrastructure.

6.7 Concentrate processing and rail facilities

The anticipated volume of concentrate taken from the site for further processing is 86,000 tonnes per
annum. Due to the volume of material produced, the cost of undertaking further processing on site is
not economically viable. It is likely that processed material will be sealed and packaged into bags on
site and then transported without the need for specialist loading facilities to the Shalabay station. Due
to the scale of the operations required to transport the expected volume of material, no alternatives
Shalabay station were assessed as it is the closest rail facility to the site (Charsk Station is the next
closest being a further 40km away from the site compared to Shalabay).

6.8 New road (Bursak bypass)

The highway between Shalabay and the Kyzyl will be subject to an increase in vehicle movements
resulting from the transport of workers, materials, and contractors to and from the site (see Chapter
5.12 of the ESIA). To reduce the impact of this change on the highways network, the project includes
the construction of a new road (the Bursak bypass road) will direct public traffic coming from the west
(Shalabay) around Auezov, the new processing plant, haul road and TSF re-joining the main road to
the east of the project.

The alternative, of not constructing the bypass, would be to continue to direct a project related traffic
through the centre of Auezov past residential properties and other local facilities (shops and
restaurants). A significant number of the vehicles using the site will be larger trucks, and running these
through the existing village of Auezov would result in increased levels of noise and dust, and surface
wearing of the local road network.

Whilst the bypass will not eliminate the need for all mine related vehicles to go through Auezov, the
new road will help to alleviate the impact of mine traffic compared to the use of the existing road
network. Following the construction of the bypass, the risk of accidents between local traffic and mine
vehicles will be reduced, as mine traffic will be directed away from using the road in the built up areas
of Auezov. Road construction, will also result in temporary employment opportunities and should be
developed to foster training opportunities for the local community, in construction related activities.
The potential environmental impacts of the temporary construction of the road and the retrenchment
of workers (although most will be contractors) once the road has been completed are assessed as
being acceptable compared to the benefits delivered through the construction of the new road.

6.9 Proposed water pipeline

Polymetal are constructing a new pipeline from the Kyzylsu reservoir, located approximately 7km
south of Auezov. This pipeline will be the main source of water supply to the Auezov settlement once
stage 1 has commenced. The supply from the pipeline will augment water that is currently abstracted
from a groundwater borehole.

The purpose of installing the pipeline was to reduce reliance from water abstraction from the Kyzyltu
bore field. Once the proposed water pipeline from the Kyzylsu reservoir has been constructed, the
Kyzyltu bore field would be retained as a backup, should the project water requirements change (e.g.
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as a result of seasonal variations in flow, processing requirements or emergency measures). At the
current time, being restricted to one water source (groundwater) may result in operational delays to
the mining programme and associated management requirements. The benefits that result as a
consequence of constructing a reliable source of water supply for the Kyzyl project and to the residents
of Auezov mitigate the short term environmental disturbance which will occur during the construction
of the pipeline.

6.10 Transmission line diversion

Power will be supplied from the national power transmission grid via a new, approximate, 6km length
220kv transmission line, supported by steel pylons with overhead cables, delivering power to purpose
designed 110/35/6Kv main transformer substation with 2 x 25,000Kva transformers via 6Kv package
outdoor switch gear, located close to the process plant.

An alternative of using large scale renewable energy to power the mine instead of taking electricity
direct from the Kazakhstan national grid was discounted due to a number of factors. The industrial
power requirements for a mining operation of this size would be greater than could practically and
reliably delivered through renewable energy sources alone without a substantial storage facility.
Large areas of ground mounted solar PV or wind would generate a renewable source of power, but
has the drawback of intermittent supply. Therefore, renewable schemes would require supply both to
the grid (when generation exceeded demand) and from the grid, to balance supply both to the mine
and to residents in Auezov.

The development of hydroelectric power scheme(s) would have the benefit of provide a constant
energy source, however, the power output from run of river schemes (given that a suitable gradient
exists) would be well below what would be required to operate the mine and supply electricity to the
community in Auezov.

Diesel generators could be employed on site but their use would result in significantly greater
environmental effects in terms of noise and air quality emissions. Furthermore, the increase in diesel
use will also generate further highways movements to bring fuel into the site, this would unnecessarily
increase the projects carbon footprint. The electricity sourced from the Kazakhstan national grid will
have a lower carbon footprint than using a number of individual diesel generator plants on site.

The Kyzyl Projects relative isolated location necessitates a reliable power supply which could not be
delivered in a cost effective way within this part of Kazakhstan. Installing new infrastructure is the
most practical solution for to upgrade the supply of power form mining operations.
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7 CONSULTATION AND DISCLOSURE

71 Introduction

Wardell Armstrong International (“WAI”) was commissioned by Polymetal JSC (“PM”) to undertake an
Environmental and Social Impact Assessment (“ESIA”) of the Kyzyl Gold Project (“the Project”) in
Auezov, East Kazakhstan. The ESIA and accompanying Non-Technical Summary (“NTS”) were publically
disclosed in December 2015 (see ESIA Chapter 7, for details).

PM seeks financing from the European Bank for Reconstruction and Development (“EBRD”) and this
Supplementary Environmental & Social Report (“SESR”) has been prepared following discussions with
PM and EBRD to align the project disclosure in accordance with the environmental and social
requirements of the EBRD. These requirements are published through Performance Requirements
(PRs), which form a part of the EBRD’s Environmental and Social Policy of May 2014.

In this context, the ESIA (specifically the consultation and disclosure of the project that has taken place
to date and recorded in Chapter 7 of the ESIA, together with the Stakeholder Engagement Plan (SEP,
see MP10 of the ESIA) are the primary documents that have recorded the disclosure process. Prior to
the involvement of the EBRD as principle project funder, the Non-Technical Summary (NTS) was the
only document that had been translated into Kazak. All other documents, include the ESIA were
available in Russian and English. This method of disclosure has not, to date, alighed with the
Performance Requirements and the EBRD’s Public Information Policy. The ESIA identified that 8% of
the local community in Zharminsky District are native Russian speakers, therefore 92% of local
Affected Populations may not able to review the technical documents in a language which is
understandable to them, as the native language version of the documents has not been made
available during disclosure of the ESIA.

Furthermore, additional requirements for the disclosure to conform with PR10 have been discussed
and agreed between the EBRD and Polymetal. These requirements have been articulated in this
chapter of the SESR and in the updated SEP (SEP — MP10). The SESR, together with the ESIA and its
supporting documents, form the complete ESIA disclosure package which will be publically available
for a minimum of 60 days in line with the EBRD’s Public Information Policy (2014), before the Project
is presented to the EBRD’s Board of Directors for approval. The Non-Technical Summary contains a
succinct version of the findings of the ESIA and SESR.

7.2 International Good Practice
As part of the ESIA process, a Stakeholder Engagement Plan (SEP — MP10) has been prepared and will
be developed further as the Project progresses through construction and into operations.

The ESIA disclosure requirements of the SEP has been augmented in order to disseminate information,
on the Project, to the publicin three languages: Kazakh, Russian and English. The purpose of disclosure
is to inform stakeholders about the Project, the programme for development and the associated
environmental risks and mitigation strategies that have been addressed in the ESIA and accompanying
SESR. In addition, the purpose of the SEP is to ensure the comprehensive dissemination of information,
in order to encourage stakeholders to engage with both the Project and Polymetal as developers and
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operators of the mine. The ESIA and SESR also provide the framework for ongoing consultation,
methods for external communication of the Project programme and a grievance procedure which is
now fully operational in Auezov and Shalabay villages, and should be reviewed on a regular basis.

7.2.1 EBRD Requirements

‘Good practice’ relating to EBRD PRs requires that the project proposers (Polymetal) develop positive
relationships with stakeholders and build a consensus through mutual trust and respect to ensure
early, timely and regular communication with local community and stakeholders. This requires a
commitment to increasing the involvement and participation of stakeholders in a project. This will be
done through disseminating information widely amongst stakeholders in a transparent manner and
providing stakeholders with regular opportunities to discuss aspects of a project, including time to ask
questions and obtain information as the Project is developed through construction and into the
operational phase. This includes establishing a formalised grievance procedure, which is currently
operating in an efficient manner, but will require regular review to ensure that it is maintained.

EBRD PR10 necessitates identification of all project stakeholders in the process of developing and
implementing a SEP. Its objectives are to:

. Outline a systematic approach to stakeholder engagement that will help clients build and
maintain a constructive relationship with their stakeholders, in particular the directly affected
communities;

. Promote improved environmental and social performance of clients through effective
engagement with the project’s stakeholders;

. Promote and provide means for adequate engagement with affected communities
throughout the project cycle on issues that could potentially affect them and to ensure that
meaningful environmental and social information is disclosed to the project’s stakeholders;
and

. Ensure that grievances from affected communities and other stakeholders are responded to
and managed appropriately.

7.2.2 EBRD Information Session Requirements

In accordance with PR10, following disclosure by the EBRD and in order for the local community and
interested stakeholders to become familiar with the findings of the ESIA and SESR, a series of three
Information Sessions will be organised, one session each in the communities of Auezov, Shalabay and
Ust-Kamenogorsk. The Information Sessions will be open for a period of 3 hours each within
one calendar day and in accordance with the ESIA and SESP disclosure schedule, published prior to
the events taking place. Sessions will be organised and staffed by Polymetal employees, who have a
detailed working knowledge of the Project programme and the findings of the ESIA and SESR, in order
to inform discussion during the Information Session.

Printed versions of the ESIA and SESR will be made available to the local communities, in addition to
general information regarding the project (general plan, layout plan). Disclosure of the ESIA and SESR
will also be available electronically on the official website for the Akimat and the Polymetal website

KZ10061 Final V1.0 Page 7.2
October 2016




Croptor 7 A POLYMETAL

(by the time an announcement of the Information Session, is made in the press). An announcement
with the locations and opening times for the information sessions will be made in the local press (a
minimum of two sources), 14 days prior to the Information Sessions. Additional invitations will be sent
to Akimat, to the Auezov and Shalabay villages. Any questions received electronically, or through
representatives during the Information Sessions, will be recorded and included in the report.

Specific format

In order to comply with EBRD PR10 requirements, each information session should start with a short
presentation on the project, the ESIA and SESR, and a summary of the main findings. This can be
presented by a company representative and supported by a slideshow/PowerPoint presentation or
similar. The presentation will be followed by a question and answer format, to encourage discussion
and the exchange of information. Public hearings tend to last approximately 2 hours, but will depend
on the number and nature of questions that are asked.

At least one copy each of the full ESIA (last year’s ESIA and supplementary SESR report) should be
available in Russian and in Kazakh. Multiple copies of the Non-Technical Summary should be available
in Russian and Kazakh for people to take away with them. The number depends on prior experience
with meetings in the area but a minimum of 10 Russian and 10 Kazakh copies should be available at
each of the Information Sessions. The presentation can be in Russian, however, a Kazakh speaking
presenter should be available to answer questions and translate, as required. The Information
Sessions should be organised so that they can be held midway through the 60-day disclosure period.
It is important to publish the period during which further questions and opinions can be received by
email/letter/phone, which is usually no less than 14 days after the event.

The full package of ESIA documents will be made available on the website of Akimat, Polymetal and
EBRD. English, Russian and Kazakh versions should be on the Polymetal and EBRD sites. Russian and
Kazakh versions should be hosted on the Akimat site.

7.2.3 Summary of Information Disclosure and the SESR Report

PR10 defines best practice for disclosure of information relating to the Project. To that end, all
information will be disclosed in the local languages (Kazakh and Russian at Kyzyl), and in a manner
that is accessible and culturally appropriate.

As a Category A Project, EBRD require evidence of participatory engagement (meetings) to complete
ESIA process and inform the 60 day disclosure period. Therefore, in addition to updating this chapter,
to ensure conformance with PR10 and the accompanying SEP (MP10), there is a requirement for the
Project Proposer to:

. Update and complement the ESIA work were gaps are identified in the analysis, through
supplementary studies, these have been reported in the SESR;

. Update the SEP and Non-Technical Summary (NTS), to take account of the requirements of
PR10 and supplementary information within the SEP;
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. Translate the ESIA package, including supplementary documents and the SESR, into Kazakh.?
All Environmental and Social information relating to the Project should be available in Kazakh,
Russian and English.

. Disclose the current ESIA, the supplementary documents, management and mitigation plans,
SEP, and NTS in English, Russian and Kazakh on the EBRD website in its London headquarters
and in the Kazakhstan EBRD Resident Office, the client’s (Polymetal’s) website and locally in
various locations for a minimum of 60 calendar days prior to consideration of the Project by
EBRD’s Board of Directors;

° Where new developments have occurred since the December ESIA was released, there will be
a need for further meetings to update stakeholders, unless these activities are included in the
disclosure of the updated ESIA; and,

. Recipient stakeholder groups should acknowledge potential Project Affected Parties,
including those who took voluntary resettlement to Ust-Kamenogorsk.

1 Appendices may be translated into Kazakh in response to requirements
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8 CUMULATIVE IMPACT ASSESSMENT

8.1 Introduction

This chapter provides supplementary information in relation to a number of cumulative impacts that
were not assessed in the production of the original ESIA. These effects relate to the following matters;

. Potential cumulative effects caused by offsite processing of concentrate
. Cumulative effects upon water abstraction

. Cumulative effects of the diversion of the Akbastaubulak brook

. Cumulative effects upon Living Natural Resources.

The cumulative effects are discussed in the context of the EBRDs Performance Requirements 1, 3 and
6.

8.2 Cumulative effects final processing location

Due to the complex nature of the final processing required, concentrate material produced from the
Kyzyl project will be removed from the site and processed at specialist facilities. At this stage plants
Amursk, Russia and in China have been identified as potential destinations for the final processing.
Potential cumulative effects created at these locations as a result of the additional processing caused
by the Kyzyl produced concentrate has not been assessed at this stage.

To ensure that any potential cumulative effects are minimised as much as is practically possible,
Polymetal will commit to undertaking appropriate due diligence of their supply chain network and this
will include the final processing locations for the Kyzyl produced concentrate. This due diligence will
include an assessment of the environmental controls in place at the processing plant to ensure it
confirms to the appropriate control measures.

8.3 Cumulative impact on water abstraction and supply

The Kysylsu surface water supply reservoir is located on the Kyzylsu River about 8km south of the Kyzyl
mine and regulates the flow of the Kyzylsu River. It is used as a surface water intake to supply potable
water to the current mine infrastructure and the Auezov village via a water pipeline. The Auezov village
also takes water from the Kyzyltu wellfield.

A new pipeline will be constructed between Auezov village and Kyzylsu reservoir and following the
commencement of Stage 1, the Kyzylsu reservoir will be the main source of water supply to Auezov
village. Thereafter, Auezov village will still have the option to abstract water from the Kyzyltu wellfield,
if necessary, but this would only happen under exceptional circumstances where water supply from
Kyzylsu reservoir is cut off.

During mine construction and prior to construction of the new pipeline between the Kyzylsu reservoir
and Auezov village there will be a period when water supply for mine construction and water supply
to the Auezov village may both draw on the Kyzyltu borefield. Requirements for water use during
construction will be relatively small and are not predicted to affect the available supply to Auezov

village, which can in any case draw on the Kyzylsu reservoir through its existing pipeline.
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During mine operations water for processing will be sourced from pit dewatering and water reclaimed
from the new tailings storage facility. When necessary, water from the Kyzyltu borefield will be used
to make up for water losses in the process water system, or in an emergency for fire-fighting. Also,
the borefield will be used as the source of potable and household water for mine facilities. Therefore,
once operational the mine will not rely on water from the Kyzylsu reservoir which will then be the
primary water supply for Auezov village and therefore, any associated cumulative effects will be
minimised and no significant effects are predicted.

8.4 Cumulative impacts as a result of the Akbastaubulak brook diversion

The diversion of flow from Akbastaubulak brook into Holodniy Klyuch brook will cause a significant
reduction in the flow of Akbastaubulak brook downstream of the mine site (see page 5.18 in Chapter
5 for further details). This will have most effect in the reach of the Akbastaubulak brook immediately
downstream of the mine site. The magnitude if the impact will reduce, as flow increases towards the
confluence of the Akbastaubulak brook and Kyzylsu river as runoff from the remaining catchment
increases and the channel benefits from treated mine water discharge. The Akbastaubulak brook is
not used for water supply and any effect of changes to the flow regime will be on aquatic ecology and
over a relatively localised scale due to the relatively small size of the watercourse, as such potential
for cumulative effects will be minimal. Mine water discharges will be treated to a standard that is
commensurate with the water use of the downstream channel.

The diversion of flow from Akbastaubulak brook into Holodniy Klyuch brook will result in flow from
Akbastaubulak brook entering the Kyzylsu river several hundred metres downstream of its existing
outlet. Both the existing and future outflow points of diverted flow into the Kyzylsu river are six
kilometres downstream of the Kyzylsu river reservoir and therefore will not result in a cumulative
impact upon the reservoir inflow or its water supply. Also, the close proximity of the existing and
future outflow points into the Kyzylsu river means that its flow regime (magnitude and distribution)
will remain unchanged.

The diversion will typically double the flow in the Holodniy Klyuch brook. The Akbastaubulak brook
and Holodniy Klyuch brook are in close proximity to each other and thus geology, soils and land cover
will be similar and water quality characteristics comparable. It is therefore not anticipated that the
diversion would cause any change to the water quality of Holodniy Klyuch brook or the Kyzylsu river
and thus have no cumulative impact on water users or the aquatic ecology.

8.5 Cumulative impact on Living Natural Resources (LNR)

As a result of the nature of the operations and land take involved with the Kyzyl project, there is the
potential that a number of different environmental effects could combine and result in a cumulative
effect upon LNR surrounding the site. This cumulative impact could have an effect upon the
biodiversity surrounding the site and upon those who depend upon the land for their livelihoods (i.e.
agricultural users).
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To reduce the potential for cumulative effects occurring on LNRs, measures will be put in place to
ensure that sensitive ecological receptors and users around the site remain closely monitored. As a
result of this monitoring, if required, remedial actions will be undertaken.

The key issues in relation to potential cumulative impacts will be monitored, and the following actions
undertaken:

. Annual ongoing surveys of the vegetation surrounding the project will be undertaken;

. Surveys will assess the quality of the vegetation around the site, including where applicable,
crop yields from farming activities. Remedial action will be taken to improve these areas
should it be demonstrated that the Kyzyl project has resulted in degradation of these
resources.

Subject to the above monitoring and management steps being undertaken, any potential cumulative
effects upon LNR will be minimised and no significant effects are predicted.
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9 ENVIRONMENTAL & SOCIAL MANAGEMENT

9.1 Introduction

Several Environmental & Social Management Plans (“ESMPs”) were updated to complement the ESIA
and to take into account EBRD requirements (see Table 9.1).

At this stage in the development process the management plans will provide a framework for the
ongoing control of a number of different facets of the site’s operation. Polymetal will continue to
develop each of these documents into full plans as the site progresses, ensuring that they reflect site
specific conditions and incorporate any up to date best practice measures.

Table 9.1: SESR Amendments to ESMPs Compared to the ESIA Published in December 2015

ESMP# Plan Action

Updated to reflect complementary data obtained for the SESR
regarding water levels, aquatic flora and fauna. This
specifically for the assessment of impacts downstream of the
waste dump diversion outlet and mine water discharge outlet
on the Akbastau brook and Holodniy Klyuch brook,
respectively.

Additions to original water management plan are:

e Requirement for the monitoring of water quality upstream
and downstream of mine water discharge outlet to assess
compliance with the conditions of the environmental
approval process (To IFC Environmental, Health and Safety

1 Water and Wastewater Guidelines for water quality in Mining, see Chapter 2 and

Management

Table 2.3);

e Controlled discharge of mine water to Akbastau brook in
mitigation for reduced flow caused by the waste dump
diversion channel;

e Winter inspection and clearance of debris/ice from nearby
culvert on Akbastau brook that could potentially impede
the passage of mine water discharge and natural flow
leading to inundation of the roadway;

e Monitoring of water flow availability and selected aquatic
species to assess the health of the downstream ecosystem
and recording the occurrence of deformities in fish to
highlight instances of pollution in receiving waters.

Tailings Storage No change — see ESIA
Waste No change — see ESIA
Emergency Response and Spill

4 & . v Resp P No change — see ESIA
Prevention

Updated to commit to progressive restoration and

< Mine Closure and Rehabilitation rehabilitation, where appropriate to use a range of

Plan techniques including active methods of seeding and
vegetation.
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Table 9.1: SESR Amendments to ESMPs Compared to the ESIA Published in December 2015

ESMP# Plan Action

Updated to reflect complementary data obtained for the
SESR, specifically on emissions from the Project. The
6 Air Quality assessment includes the management of arsenic in dust.
Details regarding reference to relevant international best
practice standards and emissions limits now added.

7 Soil Erosion No change — see ESIA

Updated to reflect complementary data obtained for the
8 Biodi it SESR, specifically on the presence of butterflies and raptors
iodiversi

Y within the Project area. Further details provided in relation

the management of impacts upon the Akbastaubulak Brook.

9 Traffic No change — see ESIA

Updated to describe the proposed disclosure plan for the

10 Stakeholder Engagement updated ESIA to EBRD standards

11 Cultural Heritage No change — see ESIA

12 Chance Finds Procedure No change — see ESIA

13 Social No change — see ESIA

14 Noise Updated to reflect complementary data obtained for SESR.
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Drawing 3.5: Water consumption and diversion flow chart in the period of the deposit open pit mining
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o A POLYMETAL

4 ENVIRONMENTAL & SOCIAL BASELINE PHOTOGRAPHS

4.1 Water Resources

Figure 4.1: Locations of Photographs
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o A POLYMETAL

Figure 4.2: Akbastau Brook at Proposed Waste Dump Diversion Channel Inlet (Photo 1)

Figure 4.3: Akbastau Brook at Proposed Waste Dump Diversion Channel Inlet (Photo 1)
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o A POLYMETAL

Figure 4.4: Akbastau Brook Downstream Proposed Waste Dump Diversion Channel Inlet (Photo 2)

Figure 4.5: Akbastau Brook Downstream Proposed Waste Dump Diversion Channel Inlet (Photo 2)
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o A POLYMETAL

Figure 4.6:Akbastau Brook Downstream Proposed Waste Dump Diversion Channel Inlet (Photo 3)

Figure 4.7: Akbastau Brook Near Auezov Village Water Treatment Facilities (Photo 4)
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o A POLYMETAL

Figure 4.8: Akbastau Brook Near Auezov Village Water Treatment Facilities (Photo 4)

Figure 4.9:Akbastau Brook Downstream of Water Treatment Facilities (Photo 5)
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o A POLYMETAL

Figure 4.10: Akbastau Brook Downstream of Water Treatment Facilities (Photo 5)

Figure 4.11: Confluence of the Akbastau brook with Kyzylsu River (Photo 6)
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o A POLYMETAL

Figure 4.12: Confluence of the Akbastau Brook With Kyzylsu River (Photo 6)

Figure 4.13: Confluence of the Akbastau Brook With Kyzylsu River (Photo 6)
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o A POLYMETAL

Figure 4.14: Waste Dump Diversion Channel (Photo 7)

Figure 4.15: Waste Dump Diversion Channel (Photo 7)
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o A POLYMETAL

Figure 4.16: Waste Dump diversion channel (Photo 8)

Figure 4.17: Waste Dump diversion channel (Photo 8)
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o A POLYMETAL

Figure 4.18: Junction of Waste Dump diversion channel and Kholodniy Klyuch brook (Photo 9)

Figure 4.19: Junction of Waste Dump diversion channel and Kholodniy Klyuch brook (Photo 9)
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o A POLYMETAL

Figure 4.20: Junction of Waste Dump diversion channel and Kholodniy Klyuch brook (Photo 9)
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BBenenue

B HacTosimed TPOEKTHOM [OKYMEHTAIMM PACCMATPHUBACTCS  MPOEKT
CTPOUTENBCTBA PYCIOOTBOAHOIO KaHaja pyubeB Kb3puity u AxOactayOymnak. [lanHas
MIPOEKTHAsl TOKYMEHTAIMs 3aTparuBaeT TOJIbKO PEIICHUS IO PYCIOOTBOJHOMY KaHaly,
BCE TEXHUUYECKHUE PEIICHUS 110 OTKPHITOM pa3paboTKe MECTOPOKIACHUS U Pa3MEIICHUIO
OTBaJIa TMYCTHIX MOPOJA TPEJCTaBICHbl B TMPOEKTE MPOMBIIUICHHOW pa3paboTKu
MECTOPOKEHHUS OTKPBITHIM CIIOCOOOM.

[IpoexkTHas JOKyMEHTalMsl TOArOTOBJIEHa HA OCHOBaHUE 3aJaHusd Ha
MPOEKTUPOBAHUS, TPUIOKEHUE A.

[log cTpOUTENBCTBO pPYCIOOTBOJHOTO KaHalla MPEANoJiaraeTcs apeHaa
3eMENIbHOTO ydYacTka oOmied miomaasio 9,8 ra u3 cocraBa TocyaapCTBEHHOM
coOCTBEHHOCTH Ha OCHOBaHUU [oroBopa apeH/1pl 3eMEIbHOr0 yyacTKa, npuiioxenue b.

HononaurensHo otaenbHoi  kHurot TOO  «Jlaboparopus-Atmochepar
pa3pabotaH pasnen «OxpaHa OKpYyKarolen Cpeb».

[Ipy nOpOEeKTUpPOBaHMM HACTOSIIIETO pa3leia MCIOJb30BaHbl CIIEAYIOLINE
MaTepHabl:

— Pazpen 3 «TexHonorudeckue perieHusi Mo pa3pabOTKe MECTOPOKICHHUS.
OTKpBITBIE TOpPHBIE PAaOOTHD) 30J0TOPYAHOE MECTOpoXkaeHHe bakbIpuuk,
BoITONIHEHHBIM Dwmanom AO «Ilomumerann uxxuHupuHr» B PK, B
2015

— TexHuueckuidi OTYET O TPOBEICHUM  HWHKEHEPHO-TE€OJIE3NUECKUX
W3BICKAaHUW Ha IUIOMIAJKE CTPOUTEIHCTBA OOBEKTOB HHQPPACTPYKTYPHI
TOPHO-000TaTUTENLHOTO KOMOMHATa Ha MECTOPOXKIEHUU «baKbpIpuuKy,
BeimostHeHHBIN TOO «TiRex», Pecnybnuka Kazaxcran, B 2014 r.;

— TexHuyeckuid OTYET MO HWHKEHEPHO-T€OJOTUYECKHM H3BICKAHUSAM IOJ
CTPOUTEIIBCTBO OOBEKTOB U COOPYKEHHM IUTOMIAAKU pyaHuKa s [Ipoexra
MPOMBIIIJIEHHOW pa3pabOTKH MECTOPOKICHUSI OTKPBITBIM CIIOCOOOM Ha
MecTOpoXkIeHnH «bakslpunk» B oc. Ay330B, KapmuHckoro paiiona, BKO,
BbIoJHEHHBIT  TOO  «l'eonoropa3zsenounass komnanus  «Tomaszy,

Pecny6muka Kazaxcran, B 2015 1.5
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— TexHHUYECKH OTUET O MPOBEAECHUH UHKEHEPHO-TUIPOMETEOPOIOTHUECKUX
U3bICKAaHUN Ha IUIOHIAJIKE CTPOUTETHCTBA OOBEKTOB HHOPACTPYKTYpPHI
['OKa na mecropoxnennu «bakbipunk», BeinonHeHHbIH TOO «BK nentp
reoJIOTUUECKUX u3bIckanui, Peciybnuka Kazaxcran, B 2015 r.;

— HHXeHEpPHO-Te0Ie3NYECKUE H3bICKaHUS 10 PYy4bl0 XOJOJHBIN KIIIOY,
BBINIOJIHEHHBIE Mapkiuenaepckoil ciyx0oit TOO «BI'TI», PecnyOnmka

Kazaxcran, B 2015 r.
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1 Kparkas xapaKTepucTHKAa PalHOHA CTPOUTEIbCTBA

B apMuHHCTpaTMBHOM OTHOLIEHHMH 30JI0TOPYIHOE MECTOpOXieHne bakbipunk
pacnonoxkeHo Ha Tteppuropun JKapmuHckoro paiioHa Boctouno-Ka3zaxcranckoi
obnactu Peciy6nmku Kazaxcran B ceBepo-3amannoit uactu Kanbunckoro xpeora.

[lnomans MeCTOPOKAEHHUs cocTaBiusieT okono 1,8 km?. KoopauHatel meHTpa
momaau: 49°43'07" cesepHoit mmpoThl U §1°35'23" BOCTOYHOM JOJITOTHI.

O6nactHoit ueHtp . Y crb-Kamenoropck Haxoaurcs B 90 kM Ha CEBEpO-BOCTOK
OT MECTOpOXKJeHUs. B HemocpeacTBeHHON OIM30CTH OT MPEAIPUSITHS Ha IOT0-3araj
HaxoauTcsi pabouuil nmoc. Ay’30B, B 4 kM K 3anany — noc. [llanabaii, B 2 KM Ha 1or —
noc. COIHEUHBIN.

O0630pHast kapTa paiioHa MECTOPOXKICHHS TIpuBeieHa Ha pucyHke (Pucynok 1.1).

HUudpactpykrypa B pailoHe MECTOPOKIEHUS bBaKbIpuuWK JOBOJBHO XOPOIIO
pa3BHUTa: UMEIOTCSI aBTOMOOMIIbHBIE TIOPOTH, pab0Uuil MOCENIOK ¢ KBaTU(UITUPOBAHHON
paboueit cuioi, auHUU 2InekTpornepenad (JIDII) ¢ pesepBoM MOIIHOCTH U
BOJIOCHA0OXKEHME, JOCTATOYHOE [UIsi OOeCTeueHUs NPEeAnpusiTUsS U HaceIeHUs
XO3IUCTBEHHO-TTUTHEBON U TEXHUUECKOUN BOJIOM.

TpaHncriopTHass cBsi3b mnpeAnpuatTus u mnocenkoB Ays3oB u Illamabait ¢
obnacTHBIM 1IeHTpOM U T. Cemeii, koTopblii Haxoautcs B 170 kM K ceBepo-3amaiy,
OCYIIECTBIISIETCS TI0 aBTOJIOPOTaM C T'PaBUMHBIM U acPalibTOBBIM MOKpbITHEM. B paiione
TAaK)K€ HMMEETCA CEThb I'PYHTOBBIX IIPOCEIOYHBIX JOPOT, TPYIHONPOXOAUMBIX JUIS
TpPaHCIOPTa B BECEHHIOIO PACIyTUILY U B IEPUOJ CHEXKHBIX 3aHOCOB 3UMOIA.

bimkanmass  JKEJIE3HONOPOKHAsE CTAaHUMUSIT HOBOW  JKEJIE3HOW  JOpOru
VYerp-Kamenoropek — Hlap — Anmatel pacnonokeHa B moc. [llanabaii, a y3noBas

xKene3HoiopoxHas cranuus Yapek — B 50 kM oT noc. Ay330B.

Duauan
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% Mmxuaupuan
B Pecny6s1uke Kazaxcran

IIpoeKT pycJI00TBOAHOr0 KaHAIA
-



34 01 03 02019 -113.1 9
Tom 1

Pucynok 1.1 - OG30pHas kapTa palioHa MECTOPOKICHUS

DNeKTpoCcHa0KEHNEe HACEJIEHHBIX MYHKTOB M MPOM3BOICTBEHHBIX OOBEKTOB
ocymectBiusiercs mo JIOII snexrpocetn Boctouno-Kaszaxcranckoit oOmactu ot
Ycerp-Kamenoropekoit I'9C, naxomsimieidics B 90 KM K CEBEPO-BOCTOKY  OT

MeCTOpOKaeHUs bakbIpuuK.
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Hcrounrkom MIPOU3BOICTBEHHOTO u X035CTBEHHO-ITUTHEBOTO
BOJIOCHA0XKEHHUS SIBJISIETCS BOJIOXpaHmnile Ha p. KbI3buicy, a Takke MoA3eMHbIE BOJIbI
AKCIUTYaTUPYEMOI0 ydacTka Bojo3abopa KbI3bITY €O CpelHEroJOBBIM BOJIOOTOOPOM
1,0-1,3 TeIC. MY/CyT.

Cob6ctBenHo, bakbipunkckuiit pyaHuk Haxomautcs B 500-800 M oT ceBepHOM
OKpauHbl 1OC. Ay330B. OCHOBHOI BHJ NEATEIHLHOCTU MPEANPUITHS — J100bIYa U
nepepaboTKa 30JI0TOCOAEPKAIMX PyA bBaKbIpUMKCKOro MECTOpPOXKIEHHUs, KOTOpOe
npuypouyeHo K KbI3bU10BCKO 30HE CMSITHSL.

B reorpaduueckoM OTHOLIEHHMH paccMaTpUBAEMblii palloOH MPUYpPOUYEH K
ceBepo-3amnaaHbiM otporam KanbuHckoro xpebdra. Penbed tepputopun npeactapiser
co00#l paculeHEeHHOE HU3KOTOpbEe TPSI0BO-YBAIUCTOTO M MEIKOCOTOYHOTO OOJIHKA.
OO6muit ykiIoH penbeda HaAMpaBlIEH C CEBEPO-BOCTOKA Ha IOro-3amaj. AOCOIIOTHBIC
OTMETKH 3€MHOM MTOBEPXHOCTU B ATUX K€ HAIIPABJICHUSAX CHIbKaroTcs oT 450-600 M Ha
Bogopaszaenax 1o 320-350 m B nonunHax p. Ke3puicy u ee mpuTokoB. OTHOCUTEIBHBIE
MPEBBILICHUS, B 3aBUCUMOCTH OT ITYOMHBI SPO3HUOHHBIX BpE30B, U3MEHstoTCs oT 20-30
10 50-60 M, Ha OTAEIBHBIX ydacTKax 10 70-80 M.

KpyTtusna ckioHOB OOJbIIEH YacTH Mallas U CpEIHsSS, CKIOHBI H3pE3aHbl
JoraMu ¥ JIONIMHAMH, COTPSDKEHHBIMH C JIOJIMHAMHU MEJKUX py4ybeB M pedek. Ha
BEpIIMHAX BOJOPA3JEIOB M MX CKIOHAaX TIOYBEHHBIM TMOKPOB pa3BUT cliado,
MOJICTUJIACTCS] CKATBbHBIMU TPEIIMHOBATHIMHU TOPHBIMU TIOPOJIaMU, YTO OJArOnpHUsTHO
CKa3bIBaeTCAd Ha TMUTAHWHM TOA3EMHBIX BOJ 3a CYeT WH(MIbTpanuu aTMOChEpHBIX
OCAaJIKOB.

['e0n0ro-TMTONOTUUECKOE  CTPOEHUE  XapaKTEepU3yeTcs  CIEAYIOUUMU
Pa3HOBUAHOCTSIMU TPYHTOB:

— UYETBEPTUYHBIE COBPEMEHHBIE OTJIOKEHUS, MPEIACTABICHHbBIE TOBCEMECTHO

C TIOBEPXHOCTH TOYBEHHO-PACTUTEIBHBIM CIIOEM — TYMYCHPOBAaHHBIM
CYTJIMHKOM C COJIep>KaHHUEM JApECcBbl U Menkoro mebHs ot 5 go 30 %.
MouiHoCTh MOYBEHHO-PACTUTENBHOTO ciios cocTaisieT oT 0,05 M 10 1,0 m;
—  JIeTIOBUATBLHO-TIPOTIOBHAIBHBIC CPETHE-BEPXHEUETBEPTUYHBIE OTIOKEHHUSI,
NPE/ICTABIICHHBIC CYMECIMU M CYIJIMHKAMH, KaK OJHOPOJHBIMU 0Oe3
BKJIFOUEHUH, TaK U ¢ BKIIFOYECHUEM 00JIOMOYHOT0 MaTepurasa B BUAC TPECBbI

u mebHsa or 5 10 30 %. MOIHOCTh CyNnecyaHO-CYTJIMHUCTBIX TPYHTOB

Duauan
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BappupyeT B npenenax or 0,30 mo 1,70 M. MouHoCTh Jen0BUAIBHO-
NPOJTIOBUATIBHBIX MIEOCHUCTO-IPECBIHUCTBIX W APECBSIHUCTBIX TPYHTOB
m3Mmensierca B npegenax ot 0,35-0,50 m 10 6,80 M;

— CKaJIbHbIE TOPOJIbI TAJe030s1 — OCAJ0YHbIE MOPOAbl HUKHEro KapOoHa
KOKnekTUHCKON CBUTHI, MPE/ICTABICHHbIE WHTEHCUBHO BBIBETPEIIBIMU U
TPEIIMHOBATHIMH, PACCIAHI[OBAHHBIMU [I€CUaHUKAMU, aJIEBPONIECUaHUKAMU
U ajieBpoiuTaMu. B BepxHell 30He THnepreHe3a UCXOAHbIE MAaTEPUHCKHUE
HOPO/IbI U3MEHEHBI JI0 PYXJISIKOBOTO COCTOSIHMSI U COCTOSIHUSL «pa300pHOI
CKaJIbl», GOPMHUPYS Ha OTAEIBHBIX Y4aCTKaX PHIXJIbIA KOPEHHON AIIIOBUN U
KOpPY BbIBETPUBAHUS ME3030MCKOT0 BO3pacTa.

Knumat paiioHa pe3ko KOHTHMHEHTAJIbHBIH ¢ OOJBIIMMH CYTOYHBIMH,
CE30HHBIMU W TOJOBBIMH aMIUIUTyJaMH KOJICOAHUM TEMIlepaTyphl BO3AyXa, YTO
ornpesensercs TTy00OKUM BHYTPUKOHTHHEHTABHBIM TOJIOKEHHEM TEPPUTOPUHU. 3UMa
3/1eCh CYpOBasi, JIETO CPABHUTENILHO MTPOJIOHKUTENBHOE U KapKOE.

I[Io maHHBIM MHOTOJIETHHX HaOmoaeHud Ha MereoctaHuun «lllamadaii»
CpelHerofoBasi Temmeparypa BO3AyXa B MHOrojetuu cocrasiger +2,6 °C,
cpeAHeMecsuHas TeMIleparypa Bo3ayxa sHBaps — muHyc 15,7 °C npu MuHUMYyMmE
Munyc 49 °C; cpennemecsiuHas Temneparypa Bo3ayxa B utose coctasisier +20,5 °C npu
Makcumyme +41°C. Bpicokue JIeTHHE TeMIlepaTypbl NPUBOAAT K HHTEHCUBHOMY
MCIIapEHUIO JIETHUX OCAJKOB C TOBEPXHOCTH MOYBHI.

[Ipu cpenneronoBoit MHOrojeTHeW cymme ocaakoB 50 % obecrieueHHOCTH
335 MM ncnapeHus ¢ BOJHOM MOBEPXHOCTH COCTABIAIOT 915 MM, ¢ cymm — 268 MmMm. B
TEIUIBIA Tepuoja Toja (ampenb-oKTAO0ph) Bbimamaer B cpeanem 70 % ot oOmiero
KOJIMYECTBAa OCAJKOB, CPEIHEMHOTOJIETHEE KOJMYECTBO OCAJKOB TEIJIOr0 Mepuoia
cocTaBisieT 233 MM.

Cpenusis poAOIHKUTENHHOCTh 0€3MOPO3HOTO Mepuoa coctabiser 102 .
Cpennee 4yncio JHEH CO CHEXHBIM MOKPOBOM — 148. YCTONUMBBIN CHEXHBIN MOKPOB
YCTaHABJIMBACTCS B HaUaje BTOPOU JACKabl HOSOPSI, CXO/ CHETa OTMEYAeTC s B MEPBOI
JIeKaJie anpers.

BricoTa CHEXHOro IOKpoBa B palOHE KpalHE HEpaBHOMEpPHAas W3-3a

3HAYUTEIILHOU PACHICHCHHOCTHU penbe(ba N IIOCTOSAHHO-AYIOIIHUX BETPOB. Co CKJIOHOB
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3amaJiHOW W IOKHOM DJKCIO3UIIMU CHEr CJyBaerca B Jiora, Ije 00pa3yrorcs
3HAYUTENbHBIC 3aHOCHI.

Cpennsis BbICOTa CHEXKHOTO TTOKpPOBa 710 24 CM MPU OOBIYHBIX CYPOBBIX 3UMaX,
00yCJIOBNIMBAET MPOMEpP3aHHE TOYBO-TPYHTOB 70 1 ™M u Ooziee, TpH ITOM
CpPEIHEMHOTOJICTHUHN 3amac BOABI B CHEXXHOM I[IOKpPOBE Ha HAyalo0 CHETOTasHUSA
COCTAaBJIIET OKOJIO 53 MM.

[Ipeobnanaroiiee HampaBiIeHUE BETPOB B XOJIOJHBIN MEPHOJ FOTO-BOCTOYHOE.
CpennerosioBas CKOpOCTh BeTpa 3,2 M/C, B XOJOJHBIN mepuoa — 3,8 M/C, B TEIUIBbIMA
nepuoa — 2,7 m/c.

[ToBTOpsieMOCTh HallpaBlIeHUM BeTpa npuBeacHa B Tabnuie (Tadmaumna 1.1).

Tabnuna 1.1 - Cpeansist rogoBast moBTopsieMocTs (%) HampaBlieHU BeTpa Mo pyMmOam

HanpasJsienne BeTpa C CB B 0B | 1O 103 3 C3

IToBTOpsIEMOCTH
HanpasJIeHUH BeTpa, %o

9 8 10 23 14 10 11 15

[To xnaccudpukaunn CHull PK 2.04-01-2010 paiion moc. Ay330B OTHOCHUTCS K
KJIMMAaTHYECKOMY paiiony I, mogpaiiony B.

Teppuropuss ~ palioHa  XapakTepuU3zyercs OTHOCHUTEIIBHO pa3BUTOMN
ruporpauueckoil CeThlo, KOTOpasi TpelcTaBieHa pyubsimu Maiipanbacray,
Xonoansiii Kimrou, Axbacray, Keizpuity, AxOactayOynak u Anaiirelp. Bce BomoToku
paiioHa MecTopoxaeHHS «baKbIpUuK» SIBISIIOTCS MpuToKamu p. Kb13puicy u oOpa3ytor
e€ Oacceilin. Pexa KbI3bLICy, B CBOIO Ouepe/ib, BIIaIaeT Ha JIeBOOepexkbe B p. UpThil.

Pexa Kb13buicy nporekaer B 4 KM K 10ro-3amnajy oT nocejika Ay330B, SBISETCS
OCHOBHOU BOJIHOM apTepuelt paifoHa U OepeT Havalo 1ajeko 3a ero mnpeaeiaMu K 1ro-
BOCTOKY. B menom Oacceitn p. KbBbuicy Bkimodaer 14 OCHOBHBIX MPHUTOYHBIX
BOJIOTOKOB, OTHOCSIIUXCS K V Kiaccy, o0mas MpoTsKEHHOCTh KOTOPBIX COCTaBIISET
okou1o 390 kM. O6m1as wiomaas Bogocoopa — 3 030 km?. [{nuna p. Kesuicy IV kinacca
cocrasiisieT 175 kM. Yerbe p. Kbi3buicy, Ha Bnajgenuu B p. UpTei, pacnonaraercs B
30 km toro-ocrounee moc. Illyns6unck. Ctok p. Kbi3buicy 3aperyiampoBan
BOJIOXpaHuIuiieM, kotopoe ucnoib3dyerca TOO «bITl» kak oAMH M3 MCTOYHHKOB

XO3IMUTBEBOI'O BOZ[OCHa6)KeHI/I$I.
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[TouBEeHHBIN MOKPOB paliOHA IUIOLIAAKHA CTPOUTEIBCTBA IPEACTABIEH TEMHO-
KalITaHOBBIMA  II€CYAHBIMU  MAJIOMOIINHBIMM  mouBaMu. llpuneraromme K
MECTOPOXKJICHUIO CEIbCKOXO3SIICTBEHHBIE YTOAbs MPEICTaBICHbI TACTOUILIAMHU.

PacTuTenbHOCTh palloHa TUIMYHO CTEMHAs. Y4YacTKM Pa3sHOTpaBbsi B IOMMax
PEUKH, PYYbEB M JIOTAX YEPEIYIOTCS C KOBBUIbHO-3J1aKOBOM ()IIOpPO Ha CyXHX CKIIOHAX
Y XOJIMax. Y4acTKaMM pa3BUTHI 3apocin Kaparas. JIeCHsIX yronuii HeT.

’KuBoTHBIM MUp paiioHa OeneH. Peako BCTpedaroTCsl BOJIKH, JHCHI, KOPCAKU.
IITni Toxke mano. MHOTO rpbeI3yHOB, 3M€EH, KJIEIIEH, HO PAalOH HE OTHOCUTCS K OITACHBIM
0 KJICIIEBOMY SHIEPaIUTY.

B cnucke HacenenHbix nyHKTOB Pecnyomuku Kazaxctan no BKO,

PAacCIIOIOKCHHBIX B CEHCMHMYHBIX paﬁOHaX, ITOCCJIOK Ay330B OTCYTCTBYCT.
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2 FI/IIIPO.]IOI‘H‘ICCKI/IG H3BbICKAHUA H THAPOXUMHYECCKHE
HCCJICI0OBAHU Ha PEKax U BOAOTOKax paﬁOHa MECTOPOKIACHUA

«bakbIpUYnK»

2.1 HaoOawaennssi 3a PpPacxXoAHbIM PeKMMOM W  TeMIlepaTypoi

MOBEPXHOCTHBIX BOJ

['mapomerpuyeckue U rUAPOTEPMUUYECKUE HCCIIET0BAHUS HA MOBEPXHOCTHBIX
BOJIOTOKAaxX BKJIOYAJIM IIECTHAAUaTh OOOpPYIOBaHHBIX TUAPOINOCTOB — CTBOPOB
rujposiornueckux Haodmonenuit (Pucynok 2.1):

— TTI-1 — pyu. Maiipan6acray, yCTbe;

— ITI-2 — py4. XoJOaHBIN KIIHOY, YCTHE;

— [ITI-3 — p. AkbGacray, BepXHUil CTBOp, UICTOKH;

— [ITI-3a — p. AkGacray, HI>KHUIA CTBOD, YCThHE;

— I'TI-4 — p. KbI3bUITY, BEpXHHI CTBOP, UCTOKH;

— I'TI-4a — p. KbI3b1ITYy, HUKHHM CTBOP, YCThE;

— TTI-5 — p. AxbOacrayOymak, mepen moporoi Aynzos-lllanmabaii, BbImIe

cOpoca ¢ OUHCTHBIX COOPYKEHUH;

— TTI-6 — pyu. AkbGactayOynak, HUXe cOpoca C OUUCTHBIX COOPYKCHH;

— TTI-7 — pyu. 6e3 Ha3Banust Ne 1 B moc. Ay330B, yCThe;

— T'TI-8 — p. Anaaiirelp, BEpXHHI1 CTBOP;

— I'TI-9 —pyu. 6e3 Ha3zBanus Ne 2 1eBoOEpEKHBIN MPUTOK p. ATTAalTbIP, YCTHE;

— [ITI-10 — pyu. 6e3 Ha3zBanus Ne 3 mpaBoOepeXHbIN MPUTOK p. Anaaireip,

UCTOKH;

— ITI-11 — pyu. 6e3 Ha3zBanus Ne 3 mpaBoOepeXHBIN MPUTOK p. Anaaireip,

yCTbE;

— ITI-12 — p. Anaaiireip nepea BOJOXpaHWINLIEM;

— [ITI-13 — p. Anaaiirelp, ycTbe;

— TITI-14 — p. Kesincy, y c. llanabaii.

B nenom Gacceitn p. Ke3puicy Bkitoyaet 14 0CHOBHBIX TPUTOYHBIX BOJOTOKOB,
OTHOCAUIMXCA K V Kiaccy, o0uias NpoTsHKEHHOCTh KOTOPBIX COCTaBIsAeT 0KoJo 390 kM.

O6m1as muomans Bogocoopa — 3 030 xm?. Jlmuna p. Kessuicy IV knacca cocraBinsiet
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175 km. Yerbe p. Kbi3buicy, Ha BnageHuu B p. Mpreim, pacnonaraercs B 30 KM roro-
BocTouHee noc. lynpOuHCK.

BennunHbl MaKCUMaIbHBIX PacXo0J0B BOAbl BECEHHUX U JOKJIEBBIX MaBOJAKOB
pa3NTUYHON O00ECTIEUeHHOCTH, a TaKKe BEJIMYMHBI TOJOBOTO CTOKAa pa3InYHOU
00€CTIeUeHHOCTH JJIsI BBIIIIEYKA3aHHBIX TUIPOTIOCTOB MTpUBEIeHbI B Tabnuiax (Tabnuia
2.2-Tabnuma 2.4).

Pe3ynbTaThl MOJIEBBIX 3aMEPOB PACXOJIOB CTOKA M TEMIIEPATYPHI PEK U PYUbEB
paiiona MectopoxaeHus «bakplpuuk» B OTY4ETHBIN mepuoi ¢ HosiOpsa 2014 roma mo
amnpenib 2015 rona nmpuBoasaTcs B Tabauiie (Tadmmma 2.1).

TemrmepaTypa BOAbl B 3aBUCUMOCTH OT BPEMEHHU roja Ha BOJOTOKAaX pailoHa
Bappupyet B npegenax 2.50C - 9.10C. JlegoBeie siBI€HUS HA BOJAOTOKAX OTMEYAIOTCS C
MepBOM Nekaabpl JeKaOpsi 10 BTOpOM Jekaisl MapTa. BCKpbhITHE BOIOTOKOB H
JIeIOXOIHBIE SIBICHUS (PUKCHPYIOTCS CO BTOPOH-TpeThed NeKaabl MapTa 0 MepBOU
JIEKaJIbl arpelis.

[TonyuyeHHbIE pacXo/IHbIE XapaKTEPUCTUKU BOJOTOKOB pailOHa MECTOPOKICHUS
3a riepuoj ¢ Hostopst 2014 1. mo mapt 2015 T. BKIIOYHUTEIBHO, OTPAKAIOT B OCHOBHOM HX
MEXEHHbIE OCEHHE-3UMHHE pacCXOJibl, KOTJIa TMOBEPXHOCTHBIM CTOK PEK U PY4YbEB
dbopMupyeTcss B OCHOBHOM 3a CYET JPEHUPOBAHMS B HUX IMOA3EMHBIX BoJ. Hawaio
MEXXEHHU Ha BOJIOTOKaxX pailoHa (PUKCHUPYETCsS yKe BO BTOPOM JieKkaje aeKkadps, riryxas
MeKEeHb MPUXOIUTCS Ha KOHEI] PeBpalis — Hayallo MapTa U CMEHSETCSl Ha OOJBIITMHCTBE
MEJKUX BOJOTOKAaX paloHa MECTOPOXKIEHHUS YaCTUYHBIM W TIOJHBIM TEpeMep3aHueM
pycedn.

Ha p. Ke3binTy — BEpXHUI CTBOP MIPH MPOBEACHUH 3aMEPOB pacxojia ¢ HOSAOPs
no anpens (I-1 Jgekana) CTOK peKd OTCYTCTBOBaI, YTO OOYCJIOBJICHO, MO-BUIUMOMY,
JIPEHUPYIOMINM BIMSHUEM CKBOXHHHOTO Bomo3abopa «KbI3pUITY» B BEpPXOBbE
p. Ke3puity. PaccpenoToueHHble Mo MI01IaId POJTHUKOBOM pa3rpy3Ku MOA3EMHBIX BOJT
YeThIpe JKCIUTYaTaI[MOHHBIE BOJ03a00pHBIE CKBAKUHBI TIEPEXBATHIBAIOT OCHOBHOMU
MO/3€MHBIN CTOK B BEPXOBhE CEBEPHOM UaCTH IJIOINIAIU BOJOCOOPHOTO OacceiiHa peKHu.
Crok p. Kembuiry nHabOmonmaercs B 0,5-0,8 kM Huke (roro-zamajHee) yyacTKa
MOJI3eMHOTO BOJ103a00pa MO JOJTUHE PEKH.

Ha OCHOBHBIX KpYIHBIX peukax pailoHa MECTOPOXKACHHUS — p. AJaalThlp U

p- KBIBLIJIC}I riryxass OCCHHC-BUMHAA MCKCHb IIpW TOJICBBIX THAPOJIOTHMYCCKUX
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u3bickanusax 2014-2015 rr. ormeudanach B KOHIE (¢eBpais — Hadale mapra. Pycna
YKa3aHHBIX PEK Ha 3aMEpHBIX THIPONOCTaX B 3WMHUNA TEPUOJ C TOBEPXHOCTU
MpPaKkTUYECKH HE MepeMep3ald, YTO CBA3AHO C MEPUOJUYECKUMHU IOMYyCKAMH U3
BOJIOXpaHUJIUINA Ha P. Aslaalirelp. 3aMepbl pacxoJ0B BOJOTOKOB B IEPBOM JeKaje
ampesnsi XapaKTepu3ylOT HadalbHYI0, HO HE MAaKCUMalbHYIO (a3y BECEHHETO

ITIOJIOBOAbA-ITABOJKA.
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Pucynok 2.1 - Cxema pacroyio)eHus: MyHKTOB HAOJIIOICHHIMA
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Tabmuma 2.1 - Pe3ynbpTaThl HaOIIOICHU 32 PACXOIHBIM, PEKUMOM U TEMIIEPATYPOH MMOBEPXHOCTHBIX BojipaiioHa MecTopoxacHUs «bakpipunk» TOO «bI'TI»

IMyHnxTbl HA0II0AEeHU

>, = a o o o 29 aS) = o z z £ 5 S
3amepbi: & E 5:’2 5:’8 E‘g ;32 ii go = E".g z o = = ::‘: g = > =
. X - [3) ] wa v-) = o N
weon e | msE& | 98z | 2583 |&85] v335 | §35 | wiE |9 %2 58| w55 | 285 |SfwE i oEgE ofg| nEE
wo | p =2i | ESS | E€% |2€E| ESE | =55 | EES |ERES £z | EEE | B |2izieizb|2EE2EE| 223
KBapTaI pn-)g_ ~ % 2 L‘éi ["é; ~ZE ;_é; pgg pngg L‘é L‘EE hé; r-fg gué >=r.‘§=%:.‘5>} ugé‘
= = . 2 : = . 2 : 2 < © % . . B . . . : o . =
E >, =7 g [=7 = =7 g =" = < 3 = - [ g -2 2 <2 =] = =7 .
= g @ < = & & & 2 g <
2014r. & fac 5,1 26,4 8,4 14,8 10,8 53,4 231 29,1 46 21,3 13,6 46,5 115,4 127 2364
Hos6ps Q / - — —
I wi/c | 0,00141 | 0,0073 | 0,0023 | 0,0041 0,003 0,015 0,064 0,008 0,013 0,0059 | 0,0038 0,013 0,032 0,035 0,66
cKaaa
AT . 7,6 6,8 6,6 6,5 6,4 5,8 5.8 8.8 7,4 48 3,9 6,0 5,8 5,4 5,6 9,1
2014 . Qe 2,4 18,6 6,8 11,4 7,6 59,3 264 34,4 39 19,0 12,5 42,8 110,8 116 2510
HII{;ZggZa w3 /c 0,0007 | 0,0052 | 0,0019 | 0,0032 0,0021 0,016 0,073 0,0095 0,011 0,053 0,0035 0,012 0,031 | 0,0322 0,70
o 8,1 7,0 6,0 6,2 6,3 5,6 5.8 8,6 7.2 45 4,1 5,6 5.4 4.8 5.4 8,6
2014 . e 41 61,4 237 28,7 96,4 129 2420
JIC, JIC, JIC - JIC, —_— JIC JIC JIC JIC
Hoxabps | @iz 1 8 * | oot 8 0,017 0066 | 0,008 8 ! ! ! 0027 | 0036 | 067
nexana . 6,9 7,0 5,6 6,0 6,1 5,6 5,6 8,2 8,0 42 4,0 5.2 5.4 4.6 5,0 8,4
22( 1a46 r. Qe 54,3 241 25,3 88,0 105 2534
pit b JIC JIC JIC JIC - JIC _— JIC JIC JIC JIC
e Wi /c . . 8 A 8 0,015 0,067 0,007 A " " A 0,024 | 0,029 0,703
Aerana t,c 6,1 5.8 5.4 5.8 6,0 5,4 5,4 8,0 7,2 4,0 3.8 5.0 5.2 4,2 5,0 8,0
201% T. e 118 1967
JIC JIC JIC JIC - JIC JIC JIC JIC JIC JIC JIC JIC JIC
nexadpb e I it )l 1 A G A A A a A A A 0,033 0,55
III nexana
. 6,0 5,6 5.2 5,6 5.8 5,0 5.2 7,6 7,3 3,6 3,8 48 5,0 4,0 46 7,6
2015T. 8 Jaac 136 2126
HHliapB Saveys nen nen nen nen - nen nen nen nen nen Ten en JIen en 0,038 0,59
nekana to.c 4.8 4.5 4,8 5,6 5.4 4,8 5,1 7,2 3.4 3,6 3,8 - 4,0 3.8 4.4 7,4
2015T. e 124 1774
JIC, JIC, JIC JIC - JIC, JIC JIC, JIC, JIC JIC JIC JIC, JIC,
aps e n 2 A A A A A A A A 8 A A 0,034 0,492
nexana o, 4,6 44 4.6 5,5 5.2 4,9 5,0 7.2 3,0 3,4 3,6 - 3,8 3,8 42 7.4
2015T. e 1584
SIHBaph Q w3/c Ien Jen nen nen - aen aen nen nen nen e e nen nen e 044
III nexana
e 44 4,0 45 5,5 5.2 4.6 5.2 7.2 3,0 3,2 3,6 - 3,8 3,6 42 7.2
2015 . M3 /4ac 1720
deppans Qs /c en e Ten Jen - men nexn nen nexn en nen nen nen nexn e 048
L ncxana . 42 4,0 4,5 54 5,0 4,6 5.2 7,5 3,0 3.2 - - 3.8 3,6 4,0 7.2
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IIynkTsI HaOI00EHU T
g“o NS = = = = = .
. > = -3 -2 -3 -y < % = -3 = = = ) . <
SAMEPLE | aoacre = 2 2| £8| £3| P& =S =S| @ 2| Fg|_ i T £ % "z
. ° 78 | 9Sg | 9585|885 135 | $3°5 | wzg |9,88 w3~ | %ES | 92325 |S2cE a3 EsE 28y 2T
veean, | puermkn |z £% | 52| Zos hgE| cdE | 2% | 58 |2EEE 2fr | 2EE | 2E | REDESEgG SEsE 2fE| 23
KBapTa RS | E2E2 | =m2E |E2E| C2E | DZE ~29% KR5S Egs | EEEF | g |Eg28|EgeegESgs 8| B3
| % TE|TZE e | TEE | g % SE| os= | % g s g 2%
= = =2 - =2 = E < 3 2 = 2 a2 & 5 = & = = “
= 2 <=z 5 5 S : <
2015 . w3 Juac 1685
deBpaib Q R nen nen nen nen - nen nen nen nen nen nen nen nen nen nen 3168
I -
neKana t°,c 4,0 3,8 4,4 5,4 4,6 4,6 5,2 7,6 2,8 33 - - 3,9 3,6 4,0 6,8
2015 . 3 Juac 1564
despab Q vy nen nen nen nen - nen nen nen nen nen nen nen nen nen nen 0434
III nexana ’
t°,c 4,0 3,6 4,5 5,8 4,3 4,8 5,2 7,5 2,7 3,0 - - 3,8 3,5 4,0 6,6
2015 . 3 Juac 164 1472
Maprt Q / nen nen nen nen - nen nen nen nen nen nen nen nen nen
I M3/c 0,046 0,408
Aickana t%,c 3,8 3,5 4,6 5,6 4,0 5,0 5,6 8,2 2,7 3,0 - - 4,4 3,5 3,8 6,2
2015 TI. M3/qac 173 1365
MapT Q vy nen nen nen nen - nen nen nen nen nen nen nen nen nen 0,048 0.38
I
JeKana t°,C 4,0 34 4,5 5,8 3,6 5,2 5,9 6,4 2,5 3,5 4,0 - 4,8 3,8 4,0 6,0
2015 r. QM3/qac 31,6 74,3 41,0 61,4 68,6 83,0 274 49 76 27,0 18,4 39,6 79 216 2808
IIIMapT M3/c 0,0088 0,021 0,0114 0,017 0,019 0,023 0,076 0,0136 0,021 0,0075 0,0051 0,011 0,022 0,06 0,78
JieKaa
t°,C 6,2 3,8 5,4 6,2 2,8 6,4 6,5 5,8 3,2 3,5 4,5 5,4 3,7 3,6 5,4
2015r. QMs/qac 45,4 91,1 59,8 70,3 105,4 188,6 286 61 91 39 38,9 94,6 210 268 9165
arIpIeJIL m3/c 0,0126 0,0253 0,0019 0,0195 0,029 0,052 0,079 0,017 0,025 0,011 0,011 0,026 0,058 0,074 2,54
neKana t°,C 7,6 5,9 6,7 7,2 5,8 7,0 7,2 6,4 4,8 4,6 5,2 - 5,9 3,5 4,0 5.8
3
[Tpumeuanne: o603HaueHUS: Q- HAOIIOJICHUS 33 PACXOIOM BOJBI, MMgl/I:C;
t° - HabJroIeHKs 3a TeMIeparypoit Boasl, 'C;
3HAaK (-) yKa3bIBaeT Ha OTCYTCTBUE CTOKA
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Tabmuna 2.2 - Moxyns ctoka 1 %-00ecneYeHHOCTH U BEIMYMHBI MAKCUMAIILHBIX PACXO0B BOJBI BECEHHHX ITaBOJAKOB Pa3IMYHON
00ecreueHHOCTH, M>/c

Monyab Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon
HaumMeHoBaHMe BOIOTOKA croka 1 %, 0,1 %, 0,5 %, 1%, 3 %, 5 %, 10 %, 25 %, 50 %,

I*c/km? mlc m’/c m’/c mlc mlc m’/c m’/c m/c
py4. Matipanbacray ycTbe 176 1,03 0,87 0,71 0,57 0,48 0,37 0,25 0,15
py4. XONIOmHBINA KITIOY YCThE 120 3,76 3,17 2,58 2,06 1,75 1,37 0,90 0,54
p. AxOacray BepXHHii CTBOD 180 1,52 1,28 1,04 0,84 0,71 0,55 0,37 0,22
p. Kebutry yerse 210 2,19 1,85 1,50 1,20 1,02 0,80 0,53 0,32
- Axbactay n1epes 1oporoft 147 337 2,84 231 1,84 1,57 122 081 048
AynzoB-Hanobaii
py4. AxbactayOynak ycThe 113 5,39 4,54 3,69 2,96 2,51 1,96 1,29 0,78
py«. bes nassars Ne | 5 164 091 0,76 0,62 0,50 042 033 0,22 0,13
oC. Ay330B yCThE
P. AJTaaiiTbIp BEPXHHI CTBOP 349 9,28 7,82 6,36 5,08 432 337 222 1,34
pyu.be3 HazBanwst Ne 2
TIeBOOEPEIKHBIH TPUTOK 338 11,3 9,55 7,77 6,21 5,28 4,12 2,72 1,63
Anaalirslp, ycTbe
pyu. be3 HazBanmst Ne 3
TPaBOOEPEIKHBIN TIPUTOK P. 168 2,66 2,11 1,71 1,35 1,02 0,84 0,55 0,27
AnaaifreIp, UCTOKU
pyu.be3 HazBanmst Ne 3
TIPaBOOEPESIKHBIN TIPHTOK 225 3,14 2,64 2,15 1,72 1,46 1,14 0,75 0,45
p. AJaaiireIp, yCThe
- ANAQHIIp 1EpeL 197 18,2 15,30 12,44 9,95 8,46 6,59 435 2,61
BOJIOXPAHWITHIIIEM
P. Anaaiireip ycthe 142 228 19,23 15,63 12,50 10,63 8,28 547 328
p. Kesbuicy - ¢.Yanobai 283 418 352 286 229 195 152 100 60,1

/
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Tabnuma 2.3 - MakcuManabHbIE pacXo bl BOJIbI JIETHE-OCEHHHX JI0K/IEBBIX MABOJKOB Pa3IMYHON 00€CTICYEHHOCTH, M3/c

Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon Pacxon
HauMeHoBaHHe BOJOTOKA 0,1 %, 0,5 %, 1 %, 3 %, 5 %, 10 %, 25 %, 50 %,
m3/c mi/c mi/c m3/c mi/c mi/c mi/c mi/c
pyd4. Maiipanbacray ycTbe 0,32 0,25 0,19 0,14 0,11 0,074 0,036 0,019
py4. XOJOAHBIN KITFOY yCThE 1,15 0,93 0,70 0,50 0,39 0,27 0,13 0,070
p. AkbOacray BepXHUil CTBOP 0,47 0,38 0,28 0,20 0,16 0,11 0,054 0,028
p. Ke3puity ycthe 0,67 0,54 0,41 0,29 0,23 0,16 0,077 0,041
p. Axbacray nepex roporoit 1,03 0,83 0,62 0,45 0,35 0,24 0,12 0,062
Ay330B-Yanobai
py4. AkOactayOymak yCcThe 1,65 1,33 1,0 0,72 0,56 0,39 0,19 0,10
pyd. bes naspaim No 1 8 0,28 0,22 0,17 0,12 0,094 0,065 0,032 0,017
moc. Ay330B yCThe
p. Anaaifrelp BEpXHUI CTBOP 2,83 2,28 1,72 1,24 0,96 0,67 0,33 0,17
pyu. bes HazBanus Ne 2
TIeBOOEPEIKHBINA TIPUTOK 3,46 2,79 2,10 1,51 1,17 0,82 0,40 0,21
Anaalrsip, ycTbe
pyu. be3 HazBanus Ne 3
PpaBOOEPEKHBIA MPUTOK 0,75 0,59 0,42 0,31 0,25 0,14 0,078 0,034
p. Anaairelp, HICTOKH
pyu. be3 HazBanus Ne 3
MpaBOOEPEKHBINA TPUTOK 0,96 0,77 0,58 0,42 0,33 0,23 0,11 0,058
p. Anaairelp, ycTbe
p. Anaaffreip nepes 5,54 447 3,36 2,42 1,88 1,31 0,64 0,34
BOJIOXPaHUITUIIEM
p. Anaairelp ycThe 6,96 5,61 4,22 3,04 2,36 1,65 0,80 0,42
p. Kebuicy - c.Hanobai 127 102 77,3 55,6 433 30,1 14,7 7,73

AN
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Ta6muna 2.4 - ['010BOM CTOK pa3sIMIHON 00ECIIEYEHHOCTH BOAHBIX 0OBEKTOB Ha TEPPUTOPHUH U3BICKAHUI, M>/¢

22

R 01%, | 05%, | 1%, | 3%, | 5%, | 10%, | 25%, | 50 %, | 75%, | 90 %, | 95 %, | 99 %,
A M3/c m3/c M3/c M3/c M3/ M3/c M3/c M3/c M3/c M3/c M3/c M3/c

pyu. Maiipan6actay ycTbe 0,01 | 0008 | 0,007 & 0,006 | 0,005 | 0,004 | 0,003 | 0002 0,001 | 0001 | 00003 | 0,0002
pyH. XOJO/HbIH KITIOY YCTbe 0,054 | 0,046 | 0,037 | 0032 | 0,026 | 0,022 | 0015 | 0,009 | 0,005 | 0003 | 0,002 | 0,001
p. AkGacTay BepxHumii CTBOp 0,015 | 0,012 | 001 | 0009 | 0,007 | 0,006 | 0,004 | 0,003 | 0,001 | 0001 | 0,001 | 0,0003
p. K3ty yeTbe 0,020 | 0,017 | 0,013 | 0012 | 0,010 | 0,008 | 0,005 | 0,003 | 0,002 | 0001 | 0,001 | 0,0003
P- Axbacray niepea 10poroi 0,039 | 0,033 | 0,027 | 0023 | 0,019 | 0016 | 0011 | 0,007 & 0004 | 0002 | 0,001 | 0,001
Aya3oB-Yanobait
pyu. AkGacTaybymak ycThe 0,083 | 0,070 | 0,057 | 0049 | 0,041 | 0,033 | 0023 | 0,014 | 0,008 | 0004 | 0,003 | 0,001
pyd. bes naspanmi Ne 1 8 0,010 | 0,008 | 0,007 | 0006 | 0,005 | 0,004 | 0,003 | 0,002 | 0,001 | 0001 | 0,0003 | 0,0002
noc. Ay»30B yCTbe
p. AnaaifrsIp BepXHHii CTBOD 0,074 | 0,062 | 0,050 | 0043 | 0,036 | 0,030 | 0020 | 0,013 | 0,007 | 0,0039 | 0,003 | 0,001
pyu. be3 HazBanus Ne 2
NTeBOBEpEsKHBIi IPHUTOK 0,088 | 0,074 | 0061 | 0052 | 0,043 | 0035 | 0024 | 0,015 | 0009 | 0005 0,003 | 0,002
Anaalirelp, yCThE
pyu. be3 HazBanus Ne 3
NpaBoGepEKHBIi IPUTOK 0,026 | 0,022 | 0,018 | 0015 | 0,013 | 0,011 | 0007 | 0,0085 | 0,002 | 0001 | 0,0007 | 0,0006
p. Allaaiirelp, ICTOKH
pyu. be3 HazBanus Ne 3
NPaBOGEPEKHBIH TPHTOK P. 0,029 | 0,025 | 0,020 | 0017 | 0,014 | 0,012 | 0,008 | 0,010 | 0,003 | 0002 | 0,001 | 0,001
ATnaairelp, ycTbe
p. Anaaiireip nepex 0,18 0,15 0,12 0.11 | 00889 | 007 | 0,050 | 0031 | 0,017 | 0010 | 0,006 0,003
BOJIOXPaHWIHIIEM
p. Anaaifrsip ycrbe 0,83 0,70 0,57 0,49 0,41 0,33 023 0,14 | 0,080 | 0,044 | 0,029 | 0,014
p. Kbisbuicy - ¢.Yano6ait 6,62 558 | 4,5360 | 3,89 3,24 2,66 1,83 1,13 0,64 0,35 023 0,11

Duauan
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2.2 Haﬁ.moz(e}mﬂ 34 YPOBHCHHBIM PECKUMOM MMOBEPXHOCTHBIX BO

HaGmronenns 3a ypoOBHEM IOBEPXHOCTHBIX BOJI Ha BOJOTOKAax pailoHa
MECTOPOXK/ICHHUS 3aKIIIOYaJIUCh B U3MEPEHUHU OTHOCUTEIHHOU U a0COIIOTHOW OTMETKH
ype3a Bobl (B banTuiickoil cucreme BBICOT) OT HUBEJIMPOBAHHOIO HYJISI BEpXa CBaU.
[Tpu 3aMep3aHuy TOBEPXHOCTHU BOBI U JIEJOBBIX SBJICHUAX B 00OPYAOBAHHBIX JIYHKAX
3aMepsiiach TOJIIMHA JbAa. Pe3ynbTaTel HAOMIOACHH 32 YPOBHEM IMOBEPXHOCTHBIX BOJT
Y JIEZIOBbIE XapaKTEPUCTUKHU CTOKA 3a Mepuo/1 Hab o ieHni ¢ Hosi0ps 2014 r. 1o Havano
nepBoit aekassl anpens 2015 r. orpakens! B Tabnuie (Tabmuma 2.5).

AOCOIIOTHBIE OTMETKH YPOBHSI BOJbI NMOBEPXHOCTHBIX BOJ PEK M PYy4YbEB
paifoHa MecTopoxaeHUs «bakbpIpuuk» B MEPHOJ TIIYyXOW MEKeHU (KOHel (eBpalis-
HayaJi0 MapTa) B 3aBUCHMOCTH OT HUX THIICOMETPUYECKOrO pAaclOJOKEHUs Ha
MECTHOCTH M3MEHSI0TCA B mpenenax 358,29-440,64 m, B HayalibHOU (ha3e BECEHHETO
MOJIOBOJIBSI-TIABOJIKA TIPH OTKPBITOM pycie 358,5-441,0 M. AMmuTyna KoixeOaHus
YpOBHS I TaHHOTO nepuoaa HabmoaeHuit coctaiser 0,21-0,36 m. MakcumanbHas
K€ aMIUTUTya KoieOaHus YpOBHS BOJABI Ha BOJOTOKAX paiioHA MECTOPOXKICHHS IO
JAaHHBIM MHOTOJIETHUX HaOmoaeHuit Kasrunpomera, B 3aBUCUMOCTH OT BOAHOCTH I0/1a,
MPUXOJUTCS MUK MAaBOJKa — HAa cepeAnHy-KoHel| anpens u coctasuger 0,50-1,5 m. o
BoaHocTH 2014 ron u 3uMHe-BeceHHui nepuon 2015 roga ans pailoHa geBoOepexbs

HpTeita xapakTepu3yercs Kak OJIM3KUHN K CpeTHEMY.

Dunuan
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Tabmuma 2.5 - Pe3ynbrarsl HaOMI0IeHN 32 YPOBHEM MMOBEPXHOCTHBIX BOJ paiioHa MecTopokaeHus «bakpipunk» TOO «bI'TI»

IMynxTbl HA0I0AeHUT

> - & S = )
s ; £ 0 = = g g 2 = 2 .
ey £ % 2§ £F eF eF 29 e8| f s§ | i, 3 TR R
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= £ 2§ 2f| LE| LE 2 < & & ig R s s g 2 2 3
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A0c. oTMm.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2014 . B"IC"T}? 010,93 092 | 1,18 0,75 Oreyr. 0,91 0,84 1,02 0,42 0,99 0.86 0,96 1,06 0,88 0,72 128
Hos6ps DOARI 1, M
11 JeKana TOJ'II]_II/IHa - - - - - - - - - - - - - - -
JIbAa, M
A0c. oTMm.
ypoeus | 397,71 | 360,8 | 417,82 | 397,95 | Orcyr. | 404,84 397,86 361,7 420,43 440,87 438,89 436,72 396,62 394,82 358,38 361,72
BOJIBI, M
AOcC. oTM.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBam, M
2014 . B"ICOT;‘ 0 101 1,02 | 1,26 0,86 | Orcyr. 1,05 0,88 1,10 0,48 1,05 0,92 0,89 1,09 0,91 0,76 1,36
Hos6ps ]?FOHH , M
11 ekaya OJILIHE 0,03 | 0,02 | 0,03 0,02 - ; - - - - - - - - -
JbJIa, M
AOc. oT™M.
yposus | 397,63 | 360,7 | 417,74 | 397,84 | Orcyr. | 404,70 397,82 361,62 42037 440,81 438,83 436,79 396,59 394,79 358,34 361,64
BOJIBI, M
Abc. oTMm.
Hyna Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBam, M
2014 . zz;:;fif 1,13 | 1,14 | 139 0,97 | Oreyr. 1,12 0,94 1,19 0,54 1,12 0,95 0,96 1,14 0,95 0.81 1,45
Hlexatps Tonum’Ha
I nekana o 0,08 | 006 | 0,10 0,08 0,05 0,06 - 0,01 0,04 0,03 0,04 0,03 - - -
AOc. oTM™.
ypoBHs | 397,51 | 360,58 | 417,61 | 397,73 | Orcyr. | 404,63 397,76 361,53 42031 440,74 438,80 436,72 396,54 394,75 358,29 361,55
BOJIBI, M
AOc. oTM™.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2014 . BHCOT}? MO0 113 | 122 | 143 1,05 Oreyr. 1,18 0,99 1,16 0,58 1,16 0,95 1.0 1,17 0,99 0,78 1,52
neKabpb 1;01151 . M
11 nexana OTMHIMHE 0,12 | 0,16 | 0,16 0,14 0,13 0,11 ; 0,03 0,06 0,05 0,04 0,05 . - -
JIbAa, M
AOc. OTM.
ypoeus | 397,51 | 360,5 | 417,57 | 397,65 | Orcyr. | 404,57 397,71 361,56 420,27 440,70 438.8 436,68 396,51 394,71 358,32 361,48
BOJBI, M
duaunan
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AOc. oT™.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2014 . EEIC;T}?H; 1,22 | 1,18 | 143 1,05 | Orcyr. 1,16 1,03 1,11 0,69 1,19 0,95 1,0 1,17 1,03 0,74 1,56
nexabpb TH >
111 nexana J‘;ﬁ;ﬂia 0,16 | 0,15 | 016 | 0,17 0,15 0,14 0,03 0,11 0,10 0,08 0,07 0,05 0,07 - -
AOC. OTM.
ypoeus | 397,42 | 360,54 | 417,57 | 397,65 | Orcyr. | 404,59 397,67 361,61 420,16 440,67 438.8 436,63 396,51 394,67 358,36 361,44
BOJIBI, M
AOC. OTM.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 . EEIC;T}?I;’ 122 | 1,18 | 142 1,03 | Orcyr. 1,18 1,05 1,07 0,69 1,22 0,95 1,0 1,17 1,03 0,81 1,61
SHaBapp TH 2
I nexaya J‘I’:;“;a 020 | 0,17 | 0,15 0,16 0,15 0,16 0,03 0,11 0,10 0,09 0,07 0,10 0,06 0,02
AOC. OTM.
yposHs | 397,42 | 360,54 | 417,58 | 397,67 | Orcyr. | 404,57 397,65 361,65 420,16 440,64 438.8 436,68 396,51 394,67 358,29 361,39
BOJIbI, M
AOcC. oTM™.
Hyna Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 T. EZIC;TEIS 122 | 1,18 | 140 1,03 Oreyr, 1,18 1,05 1,14 0,68 1,22 0,95 1.0 1,17 1,03 0.81 1,68
STHBapb TH 2
11 nexana ;jﬁ“ﬁa 020 | 0,17 | 0,15 0,16 0,15 0,16 0,02 0,11 0,10 0,10 0,11 0,09 0,10 0,10 0,05
AOcC. OTM.
yposus | 397,42 | 360,54 | 417,6 | 397,67 | Orcyr. | 404,57 397,65 361,58 420,17 440,64 438.8 436,68 396,51 394,67 358,29 361,32
BOJBI, M
AOcC. OTM.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 T. EEIC;T}?H; 120 | 1,8 | 140 1,03 Oreyr. 1,18 1,05 1,12 0,68 1,22 0,95 1.0 1,17 1,03 0.81 1,68
SIHBaph TH >
11 nexana J‘;:;;“;‘a 020 | 0,18 | 0,15 0,16 0,15 0,17 0,02 0,11 0,10 0,10 0,10 0,10 0,10 0,12 0,21
AOc. oM.
ypoBHs | 397,44 | 360,54 | 417,6 | 397,67 | Orcyr. | 404,57 397,65 361,60 420,17 440,64 438.8 436,68 396,51 394,67 358,29 361,32
BOJIBI, M
duaunan
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AOc. oT™.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
CBaM, M
2015 T. EEI;;T}?H; 120 | 1,18 | 1,40 1,03 Oreyr. 1,18 1,05 1,06 0,68 1,22 0,95 1,0 1,17 1,03 0.81 1,68
DeBpanb >
I nexana T;f;;“ﬁa 020 | 0,18 | 0,15 0,16 0,16 0,17 0,06 0,11 0,10 0,10 0,10 0,10 0,10 0,12 0,19
AOC. OTM.
YPOBHS 397,44 | 360,54 | 417,6 | 397,67 | Orcyr. | 404,57 397,65 361,66 420,17 440,64 438.8 436,68 396,51 394,67 358,29 361,32
BOJIBI, M
AOC. OTM.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 . Eé’;i(l’f i‘f 120 | 1,18 | 1,40 1,03 | Orcyr. 1,18 1,05 1,12 0,68 1,22 0,95 1,0 1,17 1,03 0,81 1,68
theBpaib 2
1l nexana Tg:;“;a 020 | 0,18 | 0,15 0,16 0,16 0,17 0,08 0,11 0,10 0,10 0,10 0,10 0,10 0,12 0.21
AOC. OTM.
YpOBHS 397,44 | 360,54 | 417,63 | 397,67 | Orcyr. | 404,57 397,65 361,60 420,17 440,64 438.8 436,69 396,51 394,67 358,29 361,32
BOJIbI, M
AOcC. oTM™.
Hyna Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 T. EZI;[:;T}?IS 120 | 1,18 | 140 1,03 Orteyr. 1,18 1,05 1,04 0,68 1,22 0,95 1.0 1,17 1,03 0.81 1,68
(hespanb 2
11 exama T;’f;“;‘a 020 | 0,18 | 0,15 0,16 0,16 0,17 0,08 0,11 0,10 0,10 0,10 0,10 0,10 0,12 0,26
AOcC. OTM.
yYpOBHS! 397,44 | 360,54 | 417,6 | 397,67 | Oreyr. | 404,57 397,65 361,68 420,17 440,64 438.8 436,68 396,51 394,67 358,29 361,32
BOJIBI, M
AOcC. OTM.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 T. EEI;;T}?H; 1,16 | 1,14 | 134 0,96 Oreyr. 1,14 1,02 0,98 0,64 1,20 0,95 0,98 1,17 1,03 0.81
Maprt 2
I nexana TE:;“;“ 0,18 | 0,15 | 0,12 0,13 0,14 0,15 0,01 0,09 0,09 0,10 0,09 0,10 0,10 0,12 0,26
AOc. oM.
YPOBHS 397,48 | 360,58 | 417,66 | 397,74 | Otcyr. | 404,61 397,68 361,74 42021 440,66 438.8 436,7 396,51 394,67 358,29 361,32
BOJBI, M
duaunan
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AOc. oT™.
Hyns Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBau, M
2015 T. EEI;;T}?H; 1,10 | 1,11 | 1,28 0,88 0,95 1,03 0,98 0,72 0,57 1,17 0,95 0,98 1,14 1,0 0.81 1,68
MapT >
11 nexana T;f;;“ﬁa 0,05 0,09 | 0,10 0,09 - 0,04 0,13 - - 0,08 0,10 0,09 0,10 0,07 0,10 0,26
AOC. OTM.
ypoBHs | 397,54 | 360,61 | 417,72 | 39782 | 4389 404,72 397,72 361,90 420,28 440,69 438,8 436,7 396,54 394,7 358,29 361,32
BOJIBI, M
AOC. OTM.
Hyna Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
CBam, M
2015 . EEIC;T}?I;’ 0,72 | 0,82 | 1,08 0,74 0,80 0,94 0,89 0,76 0,43 1,02 0,83 0,79 0,77 0,81 0,66 1,64
MapT Toﬂ I/I’Ha
111 nexana o - 0,03 - - - - 0,02 - - - - - - - - 0,24
JIbAA, M
AOC. OTM.
yposus | 397,92 | 360,9 | 417,92 | 397,96 | 439,05 | 404,81 397,81 361,96 420,42 440,84 439,92 436,89 396,91 394,89 358,44 361,36
BOJIbI, M
AOcC. oTM™.
Hyna Bepxa | 398,64 | 361,72 | 419,0 | 398,7 | 439,85 | 405,75 398,7 362,72 420,85 441,86 439,75 437,68 397,68 395,7 359,1 363,0
cBam, M
2015 T. EZIC;TEIS 054 | 0,62 | 0,89 0,61 0,76 0,68 0,65 0,72 0.35 0.86 0,72 0,68 0,63 0,70 0,60 1,10
arpeb TH 2
II[eKaJla OJImHHa - - - - - - - - - - - - - - - -
JIbJa, M
AOcC. OTM.
ypoBHs | 398,10 | 361,1 | 418,11 | 398,00 | 439,09 | 405,07 398,05 362,0 420,50 4410 439,03 4370 397,05 395.0 358.5 361,9
BOJIBI, M
duaunan
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3 PycaoorBoaHoii kanaJ pyubeB Kbi3bliTy u Akdacray

3.1 Onucanue OCHOBHBIX TEXHHYECKNX pelieHU i

PycnooTBogHOI KaHal MpOEKTUpYyeTcs Mg oTBoja pyd. Kbty u
py4y. AxbOactayOynak ¢ TEppUTOPUHU IUIOLIAJKH MPOMBILUIEHHOIO MPEANPUATUS Ha
KOTOPOU IJIAHUPYETCS pa3MeIlaTh OTBAJIBI ITyCTOW IMOPOJIBI U BECTU OTKPBIThIE TOPHBIE
paboThl. Pycio0oTBOAHON KaHal paclojiOKEH CEBEpHEEe OTBajla IYCTOM MHOpPOJAbl U
3aKaHYMBAETCS BIAJECHUEM B pyd. XOJOAHBIN KITOY.

KoHn¢urypanuss pyciooTBOJHOTO KaHajla pa3[elieHa Ha JiBa ydacTKa, 4TO
00yCJIOBJIEHO peibe)OM MECTHOCTH.

ITepBslil y4aCTOK MUMEET MPOTAKEHHOCTh 2,5 KM, YKIJIOH JHA | %o, IIUPHUHY 11O
nHy — 2,0 M, KpyTu3Hy oTkocoB — 1:1,5. JIHO u OopTa 3aKperieHbl KAMHEM, KPYITHOCTBIO
Hcp=0,1 m (0,05-0,15 m). Tonmuua kperuienus — 0,3 M. MakcumanbHas pacueTHas
ckopocTh B kKaHane — 1,0 m/c. MakcumanbpHasi r1yOMHa MpHU IPOIYCKE MOBEPOUYHOTO
pacxona — 1,25 m.

BTtopoil ygacTox umMeeT npOoTsKEHHOCTh 2,4 KM, YKIOH AHA 13,3 %o, mMpHUHY
mo auy — 2,0 M, kpytu3Hy otkocoB — 1:1,5. JlHo u OopTa 3aKpeIieHbl KaMHEM,
kpynHocThio JIcp=0,2 M (0,1-0,3 m). Tonmuna kpemnenust — 0,6 M. MakcumanbHast
pacyeTHas CKOpOCTh B KaHaje — 2,5 m/c. MakcumanbHas TiyOMHa OpH MPOITYyCKe
noBepovyHoro pacxoaa — 0,64 m. IlnaH, npoaonabHBIA TPOGUITE U TUIIOBBIE CEYCHUS
KaHaJ1a npeacrasieHbl Ha yeprexkax 34 01 03 020 19-I'P, nucrtsr. 2, 3.

[To pe3ynpraramM  pacyeToB  pacueTHas  NPONYCKHas  CIOCOOHOCTb
pyciooTBoAHOTO KaHana coctaBisier Q P=3 % =2,96 m*/c u moBepoyHOrO pacxojaa
Q p-05%=4,54 m’/c.

Pacyer mpomyckHOH CHOCOOHOCTH PYCIIOOTBOJHOTO KaHajla NpPUBEICH Ha

pucynke (Pucynok 3.1).

Dunuan
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I'mapaBinve cKMii pacueT KaHa/ia
(Onpenejienne BeJJHYHH Pacxo/a M CKOPOCTH )

1. Ucnoab30BaHHAs JIHTE paTypa:

1.Cnparounnk no ruapaemmaecknM pacuetaM Jlox penakuueii [1.1 Kucenera.
Mockea.Cipoiinzmar.1983r.(I'.6)

2T uapoTtexHmyeckue coopy:keHna.CIpaBoyHHK IIPOEKTHPOBIIIKA.
Mockea.Cipoiinznar.1983r.(m.3.3.2)

3T'umpapmika P P.Uyraee (['1.6)

2. UcxoaHble JaHHBIE

[TapameTpsl Bemmnna En. mam. Haumenoranue
hmake. 0,64 M M axkcuManbHad Iy O1iHa BOJEI B KaHAIE
b 2,00 M [upuHa KaHAaMA 110 HY
1 0,01300 VEKII0H Ha KaHalla
n 0,0275 Koad dumre Hr nrepoxopaTtocTH KaHATA.
1,5 Koad dumire Hr 3am0xeHns oTkoca

3.PacyerHblie ¢ opMy.ibl

W= (b+mh)h M2 IUIONIAE KIBOTO CEUSHNS KaHalla
X= b+2h(1+1112)1 2 M IUTHHA CM OUEHHOTO TIEpHM eTpa
R=W/X M TUpABITHUECKHUI pamiyc
C= 1/n*R"° k03¢ drment [le3n
Q= WC(Ri)1 2 M3/c  |pacxojIBOJHI B KaHATE
V= C(Ri)1 2 M/C  |CKOpOCTh BOJBI B KaHAIE

4.Pe3yabTarhl pacueTa 3Ha4e HHIl pacxoJa H CKOPOCT H:

h Y X R C Q \Y%

M M M M M3/c M/c
0,000 0,00 2,00 0,000 0,00 0,00 0,00
0,064 0,13 223 0,060 22,76 0,085 0,64
0,128 0,28 2,46 0,114 2532 0,27 0,97
0,192 0,44 2,69 0,163 26,88 0,54 1,24
0,256 0,61 2,92 0,209 28,01 0,39 1,46
0,320 0,79 3,15 0,252 28,89 1,31 1,65
0,384 0,99 3,38 0,292 29,62 1,81 1,83
0,448 1,20 3,62 0,331 30,25 2,38 1,98

0,505 1,39 3,82 0,364 30,73 2,95 2,12
0,576 1,65 4,08 0,405 31,27 3,74 227

0,640 1,89 431 0,440 31,71 4,54 2,40

Pucynok 3.1 - I'mapaBinueckuii pacdyeT pycilOOTBOJHOIO KaHAIa
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3.2 CrpouTebHO-MOHTAaKHbIE PAa0OTHI

PyciiooTBOIHOM KaHaN SBIISETCSA 36MIIIHBIM COOPYXEHUEM, COTJIACHO TpaduKy
CTPOUTENBCTBA OOBEKTOB 10 MPOEKTY MPOMBILUIEHHON pa3pabOTKH MECTOPOKIACHUS
OTKPBITBIM CIOCOOOM BCE CTPOUTENBHO-MOHTaXKHBIE PAa0OTHI MO JTaHHOMY OOBEKTY
OynyT BeinodHEeHbI B 2016 roay B TeueHHe 3-X MECAIICB.

OcHOBHBIMH paboTaMU TPHU CTPOUTEIHCTBE PYCIOOTBOJIHOTO KaHajia OymyT:
BbIEMKa IpyHTa IO Tpacce KaHajla M KpeIUICHHE JHAa KaHajla KaMHEM pa3iIn4HON
KPYIIHOCTH B 3aBUCUMOCTH OT ykjioHa. Ha nepBoM stane CMP npou3BoauTHCS BEIEMKA
rpyHTa B 00beMe 155,4 Teic. M? 5kckaBaTopom thna D0-4121 emkocTts koBma 1,25 M3,
Jlajee TPOU3BOAUTHCS 3achIIKa KAMHEM IIEPBOTO M BTOPOrO ydacTKa JIHA KaHaja.
TpancnoptupoBka kamHs J0 Mecta npousBoactBa CMP  ocymecTBisiercs
aBrocamocBasiamu tuna KAMA3-6520. IlepBbiii y4acTOK 3achlIaeTCs KaMHEM

kpynHocTeio 100 Mm. B 00veme 6,1 ThIC. M

, BTOPOH y4aCTOK KaMHEM KpPYIHOCThb
200 MM B 00BbemMe 9,9 ThIC. M°. VIUIOTHEHHME KaMHsS Ha IEPBOM M BTOPOM yYacTKe

MPOU3BOJIUTHCS PYYHBIMH dJIEKTpHUeCKUMH TpamboBkamu ND-4502 u M13-4505.
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4 Pacuer BOZONPONYCKHOM CIIOCOOHOCTH Py4bsi XO0JOHBIN KJIIOY

Pyueir XosmomHblii KIHOY NPOTEKAET 3allalHEEC IMPOECKTUPYEMOM IUIOLIAAKU
OpeanpusaTUs U sBisieTcst npuTokoM peku Kei3puicy. Tak kak Bech 00beM OTBOJIUMBIX
PYCIOOTBOIHBIM KaHAIOM BOJI Oy/eT cOpachiBaThesl B pydeld XOJ0IHbIHN KITI0Y, C LIETIBI0
000CHOBaHMSI BO3MOXKHOCTU TMPOMYCKAa JAaHHOTO OObeMa BBIMIOJHEHBI PACUETHI,
KOTOpBIE MOATBEPKAAIOT BO3MOKHOCTH cOpoca BOAbl 0€3 HETaTUBHBIX MOCIEICTBUMN
JUIsL OKpyxatoieil cpeapl. [1nan u nonepednsie npo@uiid Mo pycity pyubs XOJOJHbBIN
K104 npejnctaBiaeHbl Ha yepTexe 34 01 03 020 19 — I'P, nucrt. 4. JlaHHble MaTepraibl
MOATOTOBJICHBl HA OCHOBE MAapKIIEHIEPCKONW CHEMKHU pyclia pydbs CIEHUATACTAMHU
TOO BI'TI B 2015 rony.

['unponornyeckue XapakTepUCTHUKUA  pydbsi  XOJOJHBIM  KIIOY  ObUIK
OTpeIeNICHbI I TUAPOIOTUUECKOTO CTBOPA, PACIIONIOKEHHOTO B YCThE PYUbsl.

B mepuon mpoxoxaeHHs BECEHHETO IMOJOBOIbS PACXOAbl B YCTbE PYy4bs
XOJIOAHBIN KJTI0Y COCTABIISAET IS MTaBOIKA ¢ 00eciedeHHOCThIO 3 % — Qp=3 ¢, =2,06 M*/c
¥ JUIs TaBoJKa ¢ odecriedeHHOCThIo 0,5 % — Qp=o59% =3,17 M¥/c.

PycnooTBogHo#l kaHanm oOecriedyMBaeT OTBEJACHHUE PACXOJOB BECEHHETO
1oJI0BOIbs pyubeB KbI3buITy 1 AkOacTtayOynak B pyueit Xonoaublii ko4, CyMMapHbIi
pacueTHbIl pacxo pyubeB Kbi3puiTy M AkOactayOynak cOCTaBIsieT AJi MaBOJKA C
obecreueHHOCTRIO 3 % — Qp=3 % =2,96 M>/c 1 1715 MaBoaKa ¢ ooecredeHHoCcThIo 0,5 % —
Qpr-05%=4,54 M’/c.

MakcumanbpHble pacyeTHBIE PAcXOJbl, MPOTEKAIINAE MO Py4bl0 XOJOIHBIN
KITIOY TIOCIIE BIIAJICHUsI PYyCIIOOTBOHOTO KaHaja py4ybeB Kb3puiTy 1 AkbactayOyinak B
pyciio pyubs XOJIOJHBIN KJIIOY, COCTABIISIOT: pacueTHbIA pacxon Q p=3 4 =5,02 M*/c u
noBepouHbIit pacxox Q p=os% =7,71 M¥/c.

BenuunHbl pacXxo10B JOXKIEBBIX IMABOJKOB pyubeB AkbOactayOynak, Ke3suity
u XOJOJHBIA KJFOY, HE TMPEBHIMIAIOT BEJIUYMHBI PACXOJ0B IMABOJKOB BECEHHETO
MOJIOBOJIbSI COOTBETCTBYIOIIEH OOECIICYEHHOCTH, MMO3TOMY IPOITYCKHAsI CIIOCOOHOCTH
KaHalla W pyclia pydbsl OMpeneNsgach Ha OCHOBAaHWU BEIWYMH IMAaBOJKOB HMMEHHO
BECEHHETO MOJIOBOIbS.

Jlns1 onipeienieHust CHOCOOHOCTH pycia pydbsi XOJOAHBIN KITFOY MPOMYCTUTH HE

TOJIBKO PAacXOJIbl, MOCTYIAIIINE ¢ COOCTBEHHON BOJIOCOOPHON TUIOMIANN PYUbs, HO U
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pacxoapbl, IOCTYNAOIIME IO PYCIOOTBOJHOMY KaHaly, ObUla  BBIIOJHEHA
Torniorpaduueckas CheMKa pyclia pydbs W IIECTh MONepeyHUKoB. [lomepednsie
npopunu Ne 1, 2, 3 pacrnonoxeHsl B palloHE BMAJEHUS PYCIOOTBOJHOIO KaHaja.
[Tonepeunsie mpoduu Ne 4, 5, 6 pacnosioKeHbI OJIUKE K YCThIO PYUbs.

Ha ocHoBanuu Tonorpaduyeckoil CbeMKH OIpEAENIEHbl CPEAHUE YKIIOHBI JIHA
Pyubs M ILIOLIAb )KMBOTO CEUEHHs B Py4be IIPHU npomycke pacxona Q=7,71 m¥/c.

Cpennuit ykiioH nHa pyubsa —u3mensiercs ot 1=0,094 no 1=0,005. bopra pycna
U ToliMa TMOKpPBITHI rycTod TpaBoi. KoadduumeHnt mepoxoBaTocTH pyciia MPUHSIT
n=0,04. KoaddurmeHT mepoxoBaTocTu moimMel mpuHIT n=0,15.

B pacuetnbix npoduiax Ne 2, 3, 4, 5, 6 BbIX0J BOABI U3 pyclia Ha TOWUMY NpuU
MPOXOXKICHUH MTaBOIKa ¢ pacxoqoMm 7,71 m*/c He Habmoaercs. Beixo Ha movimy OyeT
HaOMOaaThCsAd TONMBKO B paiioHe mpoduis Ne 1. I'panunia 3aTaminBaeMoil MONMBI
MIpUBE/ICHA Ha IJIaHe pyubsd XoJaoAHbIN KiIto4. (ueptex 34 01 03 020 19 —I'P, nucr 4).

Pacuer mpomyckHOM CIOCOOHOCTH pyclia pydbs XOJOIHBINA KITIOU MPUBEICH
HIKe Ha pucyHke (PucyHnok 4.1).

Ha ocHoBanuu rpaduueckux mMaTepuajoB U BBITIOJHEHHBIX PAcueTOB PYCIIO
pyubsi XO0JIOTHBIN KITF0OY 00ECIIeYnBAET MPOIMYCK pacxoaa ¢ obecrneueHHocThio 0,5 % —
Qr-05%=7,71 M’/c.

CuTyalluoOHHBIA TUJIAH PACIOJIOXKEHUS PYCIOOTBOJHOTO KaHajla pPyYbeB
Ke3puity u AxOactayOymak u pydbss XOJOIHBIM KIIIOY TIPUBEICH HAa 4YepTexe

3401 03 020 19 —I'P, nucr 1.

Dunuan
{ AO «IToaumeTann
% Mmxuaupuan
B Pecny6sinke Kazaxcran

IIpoeKT pyc/I00TBOAHOr0 KaHAIA
-



340103 020 19 - 113.1

Tom 1

1. Henmooib 30BAHHASA JTHTEpaTypa:
2 I'unp oTeXHHHeCKHe COOpY ke, CIIp aB OYHHK [P OKTHP OBIITHKA.

M ockBa.CTpoiinsnar.1983r.( m.3.3.2)
3 I'mnpaenuka P.P.Uyraes (I'11.6)

CHuI12,06,03-85 M enHopaTHBHEIE CHCTEMEI B coopy keHns (Hepa3MBIBarOIIHe CKOP OCTH)

2. HcxoaHble JaHHBIE: (3a1101HH BbideIe HHOe OHPI030BbIM NBeTo! T almima Nol

33

ITapamerpsr  Em H3M. HamveHoBamie
i VHIIOH [THA KaHamna
n Ko3tb¢ mmienT 1mep OXOBATOCTH KAHATA.
w M2 ITTIOMIAME KHBOTO CeeHHA KaHala
X M IUIHHA CMOYEHHOTO TIEPHMETPa
3.PacueTHBIE (OPMYJ/IBI
R= WX M THIOpP ABTHMeCK I pamiy ¢
C= 1/n*R!® k03 durment lezn
Q= WC(Ri)!? M3/c  |pacxon Bomsl B Kamane
V= C(Ri)!? wc  |ckopocts BomEI B Kanane
4 Pe3y nTAThI pacieTa 3HAYEHHH PAcXoJa H CKOPOCTH:
Hase
cTBOpa HaseaHue (i n W X R C Q AY
M M M M3/c we
1 pycro -n 0,009 0,04 1,50 3,61 0.416] 21.60] 2,02 1,35
pycro-n 0,009 0,04 2,60 5,70 0.456] 2193 3,73 1,44
noma 0,009 0,15 12,50 94,00 0,133 4,76 2,10 0,17
7,86
2 pycno -n 0,009 0,04 2,40 9,00 0.267] 20,06] 236 0,98
pycro-n 0,009 0,04 420 10,00 o0.420] 21.63] 559 1,33
7,94
3 [pyeno 0,009 004 6.20) 1550] 0.400] 2146] 776] 125
4 pycno 0,006 0,04 6.55| 13.70] 0478 22,11 7,76 1,18
5 pycno 0,005 0,04 5.80| 890 0652] 2328] 7,71] 1,33
6 pycno 0,005 0,04 5500 7.70] 0714 2364 777 141

PucyHok 4.1 - Pacder BOJOIIPOITYCKHOM CITOCOOHOCTH PY4bsi X OJIOTHBIN

K04
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INTRODUCTION

Minor streams, creeks and related fauna in the different regions of Kazakhstan are ex-
tremely poor studied. Usually such examinations cover the major water systems of a high
commercial importance. This largely explains the lack of data on the many mostly non-
exploited species. Commercially valuable species inhabiting these basins are also little studied
because of the low, unexploited populations. However, these populations give certain contri-
bution to the common genofond of species too and examination of their biological parameters
allows to evaluate species response to particular external factors, as well as to determine con-
sistent pattern of dynamic processes taking place in the populations, etc.

Under the conditions of anthropogenic influence, these water systems are the most
vulnerable. Ingress of significant quantities of pollutants usually leads to degradation and dis-
appearance of biohydrocenosis in the small rivers. This is caused by the weak recovery capac-
ity in case of low water content.

These waterways play important role in the lives of local communities, which are of-
ten highly dependent on these ecosystems’ condition. Therefore, maintaining stable condition
of the biohydrocenosis is of the significant socio-economic importance too.

The aim of this research is to study biological diversity of aquatic ecosystems availa-
ble in the Kyzylsu river basin (the left-bank tributary of Irtysh river) in the influence zone of
Bakyrchik Mining Enterprise LLP (hereinafter to be referred as “BME”).

The objectives of this research included the following issues:

1. Assessment of the aquatic and coastal fauna diversity;

2. Assessment of the aquatic wildlife diversity;

3. Assessment of the condition of main fish species’ populations in the examined wa-

ter bodies;

4. Preparation of recommendations related to monitoring and preservation of the hy-

drobiocenoses.

Research objects included main water bodies located in the BME territory as well as in
its influence zone:

Water body of Dalniy quarry

Water body of Dalniy quarry No.1

Water body of quarry No. 2

Water body of quarry No. 5-6

Water body of Zagadka (Sorokovaya) quarry
Kyzylsu water-storage basin

Alaiagyr dam

Alaiagyr creek

Bezymyannyi creek

Akbastaubulak creek

This study allowed to obtain data on the flora and fauna diversity of this area, to assess
condition of populations of several major fish species, as well as develop recommendations
for monitoring condition and conservation of the water bodies’ ecosystems.
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CHAPTER 1. MATERIALS AND TECHNIQUES

The material was collected in the process of field visits conducted in July 2013. Ten
water bodies were examined, 30 samples of zooplankton, zoobenthos, and phytoplankton (10
samples of each species) were analyzed. Sampling sites are shown in Figure 1.

Figure 1 — Sampling points in the examined region (black circles represent sampling locations)

Sampling and analysis of hydrobiological samples were carried out according to the
respective technique [1]. Hydrobiological material was collected in accordance with the gen-
erally accepted methods [2, 3]. Zooplankton samples were taken by filtering 100 liters of wa-
ter through the Apshtein net with the subsequent sample fixation with the help of 40% forma-
lin solution.

Identification and calculation of plankton organisms under the laboratory conditions
was carried out with the help of MBS-10 and MCX-300 microscopes. Well-known identifica-
tion guides [4-7] were used in the process of species composition identification. Zooplankton
organisms were counted in the certain part of the sample in the Bogorov’s chamber followed
by the subsequent examination of the half of a sample volume or the entire remaining part
with the aim of identification of the large and rare species. Linear - weight dependence equa-
tions [3] were used for calculation of the individual weight of zooplankters. The number and
weight of all development stages were taken into account for every crustaceans’ species. The
number of species and weight index of all identified species were then summarized with re-
spect to the main groups of organisms and the community as a whole. The number and weight
of zooplankton were calculated for 1 m* of water column.

Benthic samples were taken with the help of a scraper equipped with 1.0 m? catch fol-
lowed by samples washing in the different mesh sieves. Benthic organisms were placed in 4-
10% formalin solution. 10% formalin solution was used in case of presence of the significant



number of the bivalve shellfish in the sample, because water from the mantle cavity diluted
preservative solution. Samples were kept in the wide-mouthed jars made of dark glass. Sam-
ples were placed in the Petri dish in order to calculate the number of organisms; forms, which
were identified in the process of organisms’ calculation, were distributed with respect to sys-
tematic groups up to the type, class, or unit level followed by the more detailed determination
of systematic species position up to the genus and species level, with the exception of diffi-
cult-to-detect organisms’ groups [7-13]. Weighing was carried out after the preliminary sam-
ple drying in the weighing cups on the analytical scales. Determination of the abundance and
biomass indices was performed according to methodological recommendations’ provisions
[14].

Analysis of algae present in collected water samples was carried out. Samples were
taken by a simple drawing of 0.5 liter of water followed by samples’ fixation in 4% formalin
solution, thickening, qualitative and quantitative processing. Phytoplankton concentration was
carried out by the sedimentation method. Species identification was performed with the help
of identification guides and "Biolam" microscope. Number of cells was counted with the help
of the Goryaev’s counting chamber, biomass was calculated by summation of the individual
populations’ biomass [15]. Food capacity of the water body was determined according to pro-
visions of S.P. Kitaev’s technique [16].

Ichthyological analysis included determination of linear dimensions, weight, fatness,
morphological and physiological indicators, female fertility and age of species, in some cases
it included back calculation of growth rates too.

Determination of linear-weight parameters was carried out according to the standard
methods’ provisions [17]. Fatness was calculated with the help of two indicators - Fulton’s
(Qr) and Clark’s (Qc) [18]. Absolute individual fecundity (AIF) was calculated according to
the standard method involving the weighed amount and gonads’ ratio [19].

Morphological and physiological indicators were determined by weighting the indi-
vidual organs (liver, heart) and were presented in the form of the carcass mass indices [20].

Species age was determined according to the annual rings’ method. For that purpose,
scales were taken from the carps (except tench), operculum from the other families’ repre-
sentatives (pickerels and perches) and the tench [18].

Statistical processing of collected material was carried out by L.A. Zhivotovsky [21]
with the help of MS Office Excel 2003 and MS Office Excel 2007.



CHAPTER 2. CHARACTERISTICS OF EXAMINED WATER BODIES
Five manmade and five natural water bodies were studied in the examined area.

2.1 Water Body of Dalniy Quarry

Water body area is 4.4 hectares. It is A-shaped. Weak border thickets consisting of
reeds and cats tail (Figure 2) grow along the water edge on the quarry slopes. Water body
depth in these places reaches 3-5 m. On the open part of the water body it comes to 15 m
depth. Of all man-made water bodies this basin has some productivity because of organic mat-
ter, which comes into it from the Mairanbastau creek, (the tributary of the Kholodnyi klyutch
creek). Water body co-ordinates: N 49° 44' E §1° 33'.

Figure 2- Water body of Dalniy quarry

2.2 Water Body of Dalniy Quarry No. 1
Water body area is 0.6 hectares, it is of the irregular oval shape. Its depth reaches to 20
m. It is the ultra-oligotrophic pond. Water body co-ordinates: N 49° 45' E 81° 31".

2.3 Water Body of Quarry No. 2

Water body area is 6.2 hectares (Figure 3). In addition to that there is the isolated basin
in the Northern part of the water body. Isolated basin, which is fed by the subsurface water
outlet, is also there in the southern part of the quarry.

Water body has the curved bow like shape. Water body depth increases by steps ac-
cording to design of waste material transportation system from the quarry. Maximum depth
reaches 30 m. Water body co-ordinates: N 49° 43' E 81° 36'.

2.4 Water Body of Quarry No. 5-6

This basin was under pumping out during the water bodies’ research period, therefore
no study was conducted in this water body. Water body area at that time was 0.7 hectares.
Water body co-ordinates: N 49° 43' E 81° 33".



Figure 3 - Water body of quarry No. 2, the approach available in the Northern part
2.5 Water Body of Zagadka (Sorokovaya) Quarry

Water body area is 0.4 hectares. It is oval in shape (Figure 4). Shores are steep, almost
naked. Depths gradually increase up to 12 m. Water body co-ordinates: N 49° 42' E 81° 31".

Figure 4 — Water body of Zagadka (Sorokovaya) quarry



2.6. Kyzylsu Water-Storage Basin

This water-storage basin was built on the same-name river. Its area makes about 38.6
hectares. It is water body of the run-off-river type with the reasonably deep water floods in its
Western part (Figure 5). Right bank is steep, left one is sloping covered with border thickets
consisting of reeds and cats tail. Soft underwater vegetation is present up to 5 m depths.

Figure 5 — Kyzylsu water-storage basin

Main depths are within 4-5 m range, in the shallow water depth is about 2-3 m. Maxi-
mum depth comes to 20 m. Water body co-ordinates: N 49° 38' E 81° 33'.

2.7 Alaiagyr Dam

Water body is formed at the confluence of the Alaiagyr and Bezymyannyi creeks
(Figure 6). Its area makes 7.6 hectares. Toe wall is currently broken. Depths reach 3.5 m, the
average water depth is 1.5-2.0 m. This water body is of the freezing up type. In winter situa-
tion is saved only by the streams joining this water body.

Thickets of hard surface vegetation do not form strong border, but the Eastern part of
water covered space together with the adjacent area is heavily overgrown. Soft floating vege-
tation spreads along the entire water body bed. Dam co-ordinates: N 49° 41' E 81° 36'.

2.8 Alaiagyr Creek

Creek length is 7.9 km up to the confluence into the Alaiagyr dam and 7.2 km from
the dam exit up to the confluence into the Kyzylsu river (Figure 7). Its width in the headwa-
ters rarely exceeds 2 m. Below the Alaiagyr dam this creek represents small stream with the
formed flood bed of 5-10 m width. Alaiagyr creek joins Kyzylsu river near the railway bridge.

Creek co-ordinates: from N 49°42'E 81°41'up to N 49° 39'E 81° 32"



Figure 6 — Alaiagyr dam

Figure 7 — Alaiagyr creek in the headwaters

2.9 Bezymyannyi Creek

Creek length is 4.7 km. Creek co-ordinates: from N 49°43'23" E 81°39' 13" up to N
49° 41' 25" E 81° 37' 17". 1i is the narrow watercourse with the considerable stream flow.
Near the Alaiagyr dam it joins the same-name stream.
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2.10 Akbastaubulak Creek

Creek length is 12.1 km. It is the less water flowing confluent of Kyzylsu river com-
pared to Alaiagyr river. Several dams of agriculture purpose (Figure 8) are built on this
creek’s bed. Akbastaubulak creek flows into the Kyzylsu river near Shalabay village.

Figure 8 — Akbastaubulak creek at the outlet from one dam

Akbastaubulak creek co-ordinates: from N 49°44'E 81° 34' up to N 49°42'E 81° 30'".
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CHAPTER 3. AQUATIC VEGETATION

3.1. Phytoplankton and Periphyton

Special hydrochemical conditions of examined water bodies produce peculiar algoce-
nosis, in which predominant forms are represented by the diatomic algae as well as by the
rheophilic and eurytopic algae of the other groups. Limnophilic forms are added to these algae
in the reed thickets. Due to high water exchange in streams this area’a microflora is rather
poor with respect to variety of species. All water bodies are dominated by the Navicula, Dia-
toma, Synedra, Zygnaema, Scenedesmus, Pediastrum and Chlorella genus species. Oscillato-
ria genus species are the most frequently encountered ones of the blue-green algae. On the
whole the latter group was rather small. Main concentration of phytoplankton and periphyton
biomass was located in the reed thickets growing near banks.

More eutrophic water bodies such as the Kyzylsu water-storage basin and Alaiagyr
dam had the highest phytoplankton biomass index, which comes to about 5.4-9.5 mg/1 level.
Euglena algae presence in samples considerably increases phytoplankton biomass in these wa-
ter bodies. Phytoplankton biomass fluctuations in streams lie within 0.9 to 3.1 mg/I range,
which is probably normal for these water bodies. In case of water bodies situated in quarries
alflora biomass indicators lie within 0.2-1.5 mg/l range. Green and Chrysophyte algae domi-
nated in creeks and streams, diatomic algae mostly grew in water bodies situated in quarries.

3.2 Higher Aquatic Vegetation

Hard surface vegetation covers negligible areas of water bodies situated in quarries. In
the water-storage basins and along the streams’ banks vegetation is richer with respect to
numbers and species. Hygrophilous macroflora is mainly represented by common reed
(Phragmites communis Trin.), narrow-leaved catoptric (Thypha angustifolia L.) (Figure 9)
and lake bulrush (Scirpus lacustris L.). Clumps of flowering rush (Butomus umbellatus L.),
sedges (Carex spp.) (Figure 10), willow grass (Polygonum amphibium L.), water mint (Men-
tha aquatica L.), branched burr (Sparganium erectum L.), common bladderwort (Utricularia
vulgaris L.) and water plantain (4lisma plantagoaquatica L.) grow along the shores and in the
shallow water. Willows (Salix spp.) and introduced tree species grow along the banks.

Submergent vegetation is mainly represented by the following kinds of pondweed:
common floating pondweed (Potamogeton natans L.), shining pondweed (P. lucens L.), fen-
nel-leaved pondweed (P. pectinalis L.), curly-leaved pondweed (P. crispus L.), clasping-
leaved pondweed (P. perfoliatus L.) and their hybrids. The following vegetation can be also
met: meakin (Myriophyllum spicatum L.), morass-weed (Ceratophyllum demersum L. and C.
submersum L.), spiral wild celery (Vallisneria spiralis L.). Musk grass (Charaphyta) can be
also quite frequently seen. Neuston flora is represented by the scarce ivy-leaved duckweed
(Lemna trisulca L.). Occasional bushes of Canadian pondweed (Elodea canadensis Michx.)
were also noted in the Kyzylsu water-storage basin.

Because of the considerable depth of water bodies the growing environment condi-
tions do not allow to create favorable conditions for mass development of underwater com-
munities and emergent vegetation. At the same time the areas occupied by the hard emergent
vegetation are quite sufficient for ensuring normal functioning of the natural water bodies’
ecosystems. Development of adequate hydrophytocoenotic communities is not possible in the
water bodies, which are situated in quarries.

In the whole biological diversity and quantitative characteristics of the micro and
macroflora correspond to hydrological characteristics of water bodies and the level of organic
matter inflow to them.
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Figure 9 — Narrow-leaved catoptric in the headwater of the Alaiagyr creek

Figure 10 — Sedge clumps on the bank of the Zagadka quarry’s water body
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CHAPTER 4. AQUATIC ANIMALS

4.1 Plankton Communities
Diversity of planktonic organisms’ species in the examined water bodies includes
about 35 species:
Rotatoria class
1. Asplachna priodonta Gosse, 1850
2. Brachionus angularis Gosse, 1851
3. B. urceus (L., 1758)
4. Filinia longiseta (Ehrenberg, 1834)
5. Filinia sp. cf- cornuta (Weisse, 1847)
6. Keratella cochlearis (Gosse, 1851)
7. K. quadrata (Muller, 1786)
8. Lecane luna (Muller, 1776)
9. Notholca squamula (Muller, 1786)
10. Polyarthra luminosa Kutikova, 1962
11. P. remata Skorikov, 1896
12. Pompholyx sulcata Hudson, 1885
Crustacea class
Cladocera subclass
13. Alona quadrangularis (O.F. Muller, 1785)
14. A. guttata Sars, 1862
15. Bosmina longirostris Schoedler, 1866
16. B. coregoni Baird, 1857
17. Ceriodaphnia reticulata (Jurine, 1820)
18. C. laticaudata RE. Muller, 1867
19. Chydorus ovalis Kurz, 1875
20. Ch. spaericus (O.F. Muller, 1785)
21. Daphnia longispina O.F. Muller, 1785
22. D. pulex Leydig, 1860
23. D. cucullata Sars, 1862
24. Moina macrocopa (Straus, 1820)
25. Polyphemus pediculus (Linnaeus, 1761)
26. Sida cristallina (O.F. Muller, 1776)
27. Simocephalus serrulatus (Koch, 1841)
Copepoda subclass
28. Arctodiaptomus bacillifer (Koelbel, 1885)
29. Eudiaptomus graciloides (Lilljeborg, 1888)
30. E. vulgaris (Schmeil, 1898)
31. Cyclops abyssorum Sars, 1863
32. C. strenuus Fischer, 1851
33. C. vicinus Uljanin, 1875
34. Eucyclops serrulatus (Fischer, 1851)
35. Mesocyclops leuckarthi (Claus, 1857)

The basis of quantitative composition of zooplankter communities included several
types of the following species: A. priodonta, K. cochlearis, P. remata (Rotatoria), D. long-
ispina, Ch. ovalis, C. reticulata (Cladocera), C. abyssorum, Eu. graciloides (Copepoda).
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Zooplankton biomass index in the water bodies ranged from 8.551 to 0.583 g/m® (Ta-
ble 1). According to these data water bodies belong to ultraoligotrophic, B-oligotrophic and p-
mesotrophic types.

Table 1 — Zooplankton numbers (number of specimen/m*) and biomass index (g/m?) in the
examined water bodies

Water body Numbers ]?;%r:;ss Trophicity level [16]
Kyzylsu water-storage basin 11.65 5.347 -mesotrophic
Alaiagyr dam 9.53 8.551 -mesotrophic
Alaiagyr creek 5.19 1.540 B-oligotrophic
Bezymyannyi creek 4.11 1.363 B-oligotrophic
Akbastaubulak creek 5.58 2.315 B-oligotrophic
Water body of Dalniy quarry 7.58 3.342 -mesotrophic
Water body of Dalniy quarry No.1 3.03 0.583 ultraoligotrophic
Water body of quarry No. 2 3.37 1.772 B-oligotrophic
Water body of Zagadka quarry 4.11 2.202 B-oligotrophic

Planktocoenosis of the most part of water bodies is of the rotiferic nature. This group
dominates in numbers, but because of the low individual weight indicators it does not play
significant role in the plankton biomass formation in water bodies. The only exception is the
Alaiagyr dam water body, where the nature of planktonic fauna was cladoceranic (dominated
by cladocerans). The same can be partly said about the Kyzylsu water-storage basin.

The level of food capacity currently available in the Kyzylsu water-storage basin and
Alaiagyr dam water body may provide acceptable conditions for ensuring trophism of fish-
plankton feeders’ and juveniles’ populations. Accordingly commercial and recreational fish-
ing may be developed in these water bodies.

Trophicity level of water bodies situated in the quarries is very low - up to the ultraoli-
gotrophic one because of the low organic matter content in their water. The only exception is
water body of Dalniy quarry, organic matter to which is being supplied by the Mairanbastau
stream.

4.2. Benthos and Nektobenthos
Benthofauna of examined area is represented by about 50 species, which belong to the
following five classes.

4.2.1 Oligochaetes (Oligochaeta)

Lumbricidae family

Earthworms Lumbricus terrestris L., 1758 were occasionally found in the coastal ben-
thic samples taken in the Kyzylsu water-storage basin. Probably it is not the native form and it
was brought from some other water bodies.

It is the amphibious species which prefers habitation in the wet soil under the layer of
fallen leaves, but it can live in the aquatic environment too.

4.2.2 Leeches (Hirudinea)

Erpobdelidae family

Leech Erpobdella octoculata (L., 1758) is the only species of leeches, which was de-
tected in the benthofauna of this region. It was found in the Kyzylsu water-storage basin,
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Alaiagyr dam water body, Alaiagyr and Akbastaubulah creeks, but this species was not de-
tected in the quarries’ water bodies. It is a predator.

4.2.3 Pearl Shell Bivalved Molluscs (Bivalvia)

Unionidae family

Both naiad species were found in the Kyzylsu water-storage basin only, which has
conditions suitable for large bivalves’ habitation.

Swan mussel Colletopterum ponderosum (Pfeiffer, 1825) is the most dispersed species
in the bentofauna of this water body.

Swan mussel Colletopterum piscinale (Nilsson, 1822) - Only one instance of this spe-
cies presence was found in this water body.

Fingernail clam Pisidiidae family

Fingernail clam Pisidium amnicum O. F. Miiller (1774) — Several instances of this
species presence were noted in the Kyzylsu water-storage basin.

4.2.4 Gastropods (Gastropoda)

This class is represented by 8 species mainly preferring standing-water habitat, but one
species (L. intermedia) is fairly well adapted in the flowing water systems too.

Pectinibramchia suborder

Valve snails (Valvatidae) family

Cincinna depressa (Pfeiffer, 1828) This species was noted in the Kyzylsu water-
storage basin.

Bythinidae snails’ family

Bithynia tentaculata (L., 1758) — This species was noted in the Kyzylsu water-storage
basin. One of potential intermediate hosts of Opistorchis felineus species (Siberian liver
fluke), which is the opisthorchis causative agent (Figure 11).

Figure 11 — Bythinidae Bithynia tentaculata snail’ shell from the Kyzylsu water-storage basin

Pulmonata suborder

Pond snail Acroloxidae family

Pond snail Acroloxus lacustris (L., 1758) — Only one instance of this species presence
was noted in the Alaiagyr dam water body.
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Pond snails Limnaeidae family

The great pond snail Lymnaea stagnalis (L., 1758) - This species was noted in the wa-
ter body of Dalniy quarry (the main basin and the isolated Northern water body, in which this
species were noted in large numbers), the Alaiagyr dam water body and the Kyzylsu water-
storage basin.

Pond snail Lymnaea fragilis (L., 1758) — This species was noted in the Kyzylsu water-
storage basin.

Pond snail Lymnaea auricularia (L., 1758) - This species was noted in the Kyzylsu
water-storage basin, water bodies of Alaiagyr dam and Dalniy quarry.

Pond snail Lymnaea intermedia Lamarck, 1822 - This species was noted in the water
body of quarry No. 2 and Alaiagyr creek.

Fresh water snails Planorbidae family

Pond snail Anisus acronicus (Férussac, 1807) - This species was noted in the Kyzylsu
water-storage basin (Figure 12)

Figure 12 — Pond snail Anisus acronicus from the Kyzylsu water-storage basin

4.2.5 Crustaceans (Crustaceae)

Higher crustaceans’ fauna in the studied area is rather poor, it consists of two species
from the two orders: Amphipoda, and Decapoda.

Crayfish Amphipoda order

4.2.5.1 Pond amphipod (Gammarus lacustris Sars, 1864) — This is one of the wide-
spread species in the examined area. This species was found in the streams and water-storage
basins. It probably does not live in the quarries because of the big water depths and predators’
presence or it has been eaten away, with the exception of water body of Dalniy quarry, in
which it regularly comes from the Mairanbastau creek. Especially dominant this species was
noted in the upper courses of streams, where virtually no natural enemies of this species exist.

Crayfish Decapoda order

4.2.5.2 Crayfish (4stacus leptodactylus Eschscholtz, 1823) — This species was collect-
ed in the Alaiagyr creek’s water system, including its upper courses, water bodies of quarry
No. 2 and Zagadka, Kyzylsu water-storage basin and Alaiagyr dam water body.

Slow growing form of crayfish, length of which rarely exceeds 8 cm (from the rostral
thorn to the end of the central plastron), is available in the water body of quarry No 2. This is
mainly explained by the acute shortage of food organisms in this water body.

Somewhat larger specimens of up to 13 cm long crayfish were found in the water body
of Zagadka quarry. Some crayfish from this water body had blue shell coloration (Figure 13).
The reasons of such color variations are not clear, but intermediate color crayfish were noted
along with the ordinary and blue color species.

Crayfish also inhabits Kyzylsu water-storage basin and Alaiagyr dam water body, in
which quite ordinary species with respect to growth rates for adventitious systems’ conditions
were noted.

17



Figure 13 — Crayfish Astacus leptodactylus from the water body of Zagadka quarry (from
right to left: ordinary colour, blue colour and intermediate type of color)

4.2.6 Insects (Insecta)

Habitat consisting of about 35 species of insects, which belong to 6 orders, was noted
in the examined water bodies’ area. Mostly these species were represented by the instar stag-
es, but number of groups, such as Hemiptera and partly Coleoptera was also detected in the
adult stage.

4.2.6.1 Dragonflies Odonata

Dragonflies represent one of the most dominant insect groups in the benthos of exam-
ined water bodies. Dragonflies often play significant part in the nutrition of fish, such as river
perch, at the time dragonflies actively prey upon the other insects too. In total 10 species from
6 families were noted in the examined water bodies.

Agrionidae family

Agrion virgo (L., 1758) — This species was noted in the Kyzylsu water-storage basin,
water bodies of Alaiagyr dam and Dalniy quarry.

Lestidae family

Lestes nympha (Selys, 1840) — This species was noted in the Kyzylsu water-storage
basin.

Coenagrionidae family

Coenagrion puella (L., 1758) — This species was noted in all natural water bodies.

Coenagrion pulchellum (van der Linden, 1823) — This species was noted in all natural
water bodies.

Ischnura elegans (van der Linden, 1823) — This species was noted in all natural water
bodies. Adult species were observed along the banks of all examined water bodies.
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Gomphidae family

Gomphus vulgatissimus (L., 1758) — This species was noted in the Alaiagyr, Bezymy-
annyi creeks and Kyzylsu water-storage basin.

Aeschnidae family

Aeschna viridis Eversman, 1836 — This species was noted in the water body of Alaia-
gyr dam and Kyzylsu water-storage basin.

Aeschna cyanea (O. F. Miiller, 1764) — This species was noted in the Kyzylsu water-
storage basin.

Corduliidae family

Somatochlora metallica (van der Linden, 1885) — This species was noted in the upper
reach of Alaiagyr creek.

Epitheca bimaculata (Charpentier, 1825) — This species was noted in the Alaiagyr
creek.

4.2.6.2 Hemiptera

This is the richest insects’ order with respect to number of species. Total 16 insects’
species belonging to 5 families were found in the water bodies of examined area.

Nepidae family

Bonsinolt ckoprinon Nepa cinerea L., 1758 — This species was noted in the Kyzylsu
water-storage basin.

Panarpa Ranatra linearis (L., 1758) — This species was noted in the water bodies of
Dalniy quarry, Alaiagyr dam and the Kyzylsu water-storage basin.

Corixidae family

Corixia affinis Leach, 1817 — This species was noted in the Kyzylsu water-storage ba-
sin.

Corixia linnaei (Fieber, 1848) — This species was noted in the water body of Dalniy
quarry, Mairanbastau creek and in the Akbastaubulak creek system.

Sigara gebleri (Fieber, 1848) — This species was noted in the water bodies of Dalniy
and Zagadka quarries.

Sigara semistriata (Fieber, 1848) — This species was noted in the water bodies of
Zagadka quarry, quarry No. 2 and in the Alaiagyr creek.

Sigara fossarum (Leach, 1817) — This species was noted in the Alaiagyr and Bezymy-
annyi creeks, water body of Alaiagyr dam.

Sigara falleni (Fieber, 1848) — This species was noted in the low course of the Alaia-
gyr and Bezymyannyi creeks, water body of Alaiagyr dam.

Cymatia coleoptrata (Fabricius, 1776) — This species was noted in the Bezymyannyi
creek.

Notonectidae family

Notonecta lutea Mueller, 1776 — This species was noted in mass number in the North-
ern isolated part of quarry No. 2 water body.

Notonecta glauca L., 1758 — This species was noted in the Alaiagyr dam water body,
the Akbastaubulak creek and the Kyzylsu water-storage basin.

Veliidae family

Velia affinis Kolenati, 1856 — This species was noted in the Bezymyannyi and Ak-
bastaubulak creeks.

Gerridae family

Limnoporus rufoscutellatus (Latreille, 1807) — This species was noted in the Ak-
bastaubulak creek and water body of Dalniy quarry.

Gerris paludum Fabricius, 1794 — This species was noted in the water body of Alaia-
gyr dam.
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Gerris costae (Herrich-Schdffer, 1853) — This species was noted in the Akbastaubulak
creek, water body of Zagadka quarry and in the Kyzylsu water-storage basin.

Gerris odontogaster (Zetterstedt, 1828) — This species was noted in the water body of
quarry No. 2 (the main part).

4.2.6.3 Coleoptera

Predaceous diving beetles’ (Dytiscidae) family

Great diving beetle Dytiscus marginalis L., 1758 — This species was noted in the water
body of Dalniy quarry No. 1 (adults) and the Alaiagyr creek (grubs).

Platambus spp. — This species was noted in the Kyzylsu water-storage basin, water
bodies of Alaiagyr dam and Dalniy quarry. There are several hard-to distinguish species.

4.2.6.4 Diptera

In spite of presence of suitable habitat stations in some areas, Diptera maggots were
rather rarely sampled in all water bodies of the examined area.

Only one Ephydridae sp. maggot was caught in the water body of Alaiagyr dam, sev-
eral Chironomidae specimens were caught in the Kizilsu water-storage basin, which were not
identified with respect to certain species.

4.2.6.5 Stone Flies (Plecoptera)

Stone flies are rather widely distributed in the natural water bodies of this region,
reaching particular abundance in the streams and rivers with the noticeabl water e current.
Species diversity is rather poor - only one species was found. It is possible that because of the
ecological characteristics of some other species they can also dwell in the examined area, but
due to the working season they were not recorded in samples.

Leuctridae family

Leuctra fusca L., 1758 — This is rather dominant species in the Alaiagyr, Akbastau-
bulak and Bezymyannyi creeks. This species can be found under the rocks or other objects
present in the water bodies with the noticeable water current. Lower part of the Alaiagyr creek
plays quite a significant role in perch nutrition.

4.2.6.6 Caddis Flies and Worms (Trichoptera)

Caddis flies and worms represent quite normal inhabitants of mainly flowing waters of
the examined area. Species diversity is limited to 4 species belonging to 2 families.

Annulipalpia suborder

Hydropsychidae family

Hydropsyche ornatula McLachlan, 1878 — These species can be found under the rocks
in the Alaiagyr and Bezymyannyi creeks, they stay in the refuges made of sand, stone rubbles,
which are attached to the bottom of the large rocks. These species were found in the examined
areas in the rather bulk quantities.

Integripalpia suborder

Limnephilidae family

Potamophylax rotundipennis (Brauer, 1857) — This species was noted in the the Ak-
bastaubulak and Bezymyannyi creeks.

Limnephilus flavicornis (Fabricius, 1787) — This species was noted in the Kizilsu wa-
ter-storage basin (Figure 14).
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Figure 14 - Fragment of caddis L. flavicornis house, Kizilsu water-storage basin

Limnephilus decipiens (Kolenati, 1848) — This species was noted in the bulk quanti-
ties in the upper reach of Alaiagyr and Akbastaubulak creeks.

4.3. Ichthyofauna

4.3.1. Prussian Carp (Carassius gibelio (Bloch, 1782))

This species was mainly recorded in the Akbastaubulak creek’s system with the cas-
cade of small dams, which ensure appropriate conditions for this limnophilic species habita-
tion. Water steam takes young fishes to the creek’s bed and water body of Dalniy quarry,
where it is recorded in the diet of perch.

4.3.2 European Carp (Cyprinus carpio L., 1758)

This species is widely used for stocking water bodies with fish. In the examined area it
was found in the water body of Zagadka quarry (Figure 15). Local stories tell about habitation
of 20 kg carps in the water body of Dalniy quarry No. 1 and some other water bodies, but all
such stories are baseless. Food potential for ensuring this weight increase should be at the
mesotrophic level at least, which was not observed.

Actual growth rates of carps sampled from the water body of Zagadka quarry are
shown in Table 2. These data allow us to characterize this population as extremely slow grow-
ing and unproductive.

Table 2 — Back calculation of growth rate of carp sampled from the water body of
Zagadka quarry

Age Linear growth, cm.
1 2 3 4
4+ 6.3 9.3 12.3 15.5
3+ 6.1 8.5 12.4
2+ 6.6 10.8
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Figure 15 — Carp sampled from the water body of Zagadka quarry

Carps from the water body of Zagadka quarry reach puberty on the fourth year of their
life with a body length exceeding 15 cm and body mass above 100 g. Carps at the age of 5
years already had one egg-laying.

Carps group from the water body of Zagadka quarry is probably self-replicating popu-
lation, although it has extremely low intensity of reproduction, which is caused by the oligo-
trophic food potential. Plankton and periphyton with the insignificant fraction of aerial insects
represent the basis of this food potential.

According to the questionnaire data certain carp population is available in the Kyzylsu
water storage basin, in which presence of productive carp population is really possible.

4.3.3 Dace (Leuciscus leuciscus (L., 1758))

This is a moderately rheophilic species, which is available in the Alaiagyr creek and
water body of Alaiagyr dam. i also represents the primary species forming fauna of quarry
No. 2 water body (Figure 16).

Liver index of examined populations is sex and age dependent (Table 3). Large indices
are characteristic for females and larger (older) specimens. Differences between samples col-
lected from the water bodies of Alaiagyr dam and quarry No. 2 on the one hand and the
Alaiagyr creek on the other hand are related to dimensional characteristics.

Table 3 - Morphophysiological indices of Dace obtained on the basis of results collected from
three examined populations

HSI CSI
Water body
Total Females Males Total Females Males
Alaiagyr dam 1.54 1.90 1.18 0.14 0.14 0.14
Alaiagyr creek 1.21+0.10 | 1.23+0.17 | 1.21£0.09 | 0.15+0.01 | 0.15+0.01 | 0.15+0.01
Quarry No. 2 1.55+0.11 1.71£0.19 | 1.41+0.11 | 0.11£0.004 | 0.12+0.01 | 0.11£0.005
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Figure 16 — Dace sampled from the water body of quarry No. 2

Low heart indices of dace sampled from the quarry are likely associated with the total
saving of energy consumption, including significant movements in the water column. This is
possible because of the lack of predators, insufficiency of animal food in this water body they
make up by consumption of weed growing on the quarry rocks and stones.

Maturity degree with respect to the gonadosomatic index is also susceptible to the
size-sexual dependency (Table 4). GSI value increase of dace sampled from the quarry is as-
sociated with the increase of reproduction intensity in order to maintain stable population in
the harsh conditions of food shortage.

Table 4 - Gonadosomatic index of dace sampled from three quarries of the examined area

Water body Females Males
Alaiagyr dam 48.95 4.89
Alaiagyr creek 42.43+5.15 3.36+0.33
Quarry No. 2 51.1343.38 4.95+0.64

Sex structure of the examined populations is characterized by the approximately equal
ratio of sexes. The fecundity of females is higher in the neaTnyeckux water bodies compared
to the fast water current in the Alaiagyr creek. However, dimensional characteristics of sam-
ple make some contribution here too (Table 5). Fecundity of daces sampled from the water
body of quarry No. 2 is slightly higher, which indicates the relatively unfortunate reproduc-
tion situation.
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Table 5 — The fecundity of dace females sampled from three examined water bodies

Water body F.I (t.housand pcs.) . R.FSL (pc./cm) . RFm pc./g)
Limits Average Limits Average Limits Average
Alaiagyr dam - 9.5 - 565 - 111
Alaiagyr creek 2.9-11.2 5.4 224-744 393 75-208 149
Quarry No. 2 7.9-15.6 10.3 445-872 579 78-166 108

Aerial insects and periphyton are present in the diet of dace inhabiting water body of
quarry No. 2, while aerial insects and macrophytes are also available in the water body of
Alaigyr dam. Stomach fullness indices of the water body of quarry No. 2 are equal to 16.2%eo
and 12.7%o of the Alaiagyr dam water body. Fatness indices of dace sampled from the water
body of Alaiagyr dam are higher compared to specimens from the water body of quarry No. 2
and all the more for dace sampled from the creek. In both cases this is explained by the food
supply situation. Water bodies of quarry and creek have less food compared to the Alaiagyr
dam water body (Table 6).

Table 6 — Fatness indices of dace sampled from the examined water bodies

Water body Qr Q
Total Females Males Total Females Males
Alaiagyr dam 2.01 2.07 1.95 1.79 1.78 1.81

Alaiagyr creek 1.7240.04 | 1.71+0.05 | 1.75+0.07 | 1.57+£0.03 | 1.52+0.03 | 1.63+0.05

Quarry No. 2 1.92+0.02 | 1.86+0.03 | 1.97+0.03 | 1.70+0.02 | 1.68+0.03 | 1.71+0.03

On the whole, noted facts of the ill-being of dace populations are associated with the
shortage of food resources. No evidence regarding pollutants’ impact on the population &
biological parameters of species in the studied hydrocoenoses was provided.

4.3.4 Roach Rutilus rutilus (L., 1758)
It is the most popular species in the examined area. It was noted in the water bodies of

Dalnyi quarry, quarry No. 2, Zagadka quarry, Alaiagyr dam, Kyzylsu water storage basin and
in the Alaigyr creek downstream of the dam (Figure 17).

Figure 17 — Roach sampled from the water body of Dalnyi quarry
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Morphophysiological indices of roach sampled from the examined water bodies show
ambiguous variability trends (Table 7). The only thing, which you can more or less confident-
ly state, is the increase of CSI value of specimens sampled from the fast running water (such
as the Alaiagyr creek). There is also some tendency to CSI value increase in males, with the
exception of water body of Dalnyi quarry. However, small sample size does not allow us to
make concrete conclusions.

Table 7 - Morphophysiological indices of roach sampled from the examined water bodies

Water body HSI CSI
Total Females Males Total Females Males

Kyzylsu water stor- ; 1.54+0.29 ; 0.13+0.003 | 0.13£0.003 | 0.14+0.01
age basin
Zagadka quarry 1.17 1.05 1.42 0.10 0.10 0.10
Quarry No. 2 - 1.55 - - 0.12 -
Dalnyi quarry 1.20 1.10 1.39 0.12 0.13 0.10
Alaiagyr dam 1.39+0.18 1.48+0.29 1.31+0.25 0.13+0.01 0.12+0.01 0.14+0.01
Alaiagyr creek - - - 0.15 0.15 0.14

Hepatosomatic index was higher in the roach specimens sampled from the natural wa-
ter bodies and one specimen, which was sampled from the water body of quarry No. 2. Roach
sampled from other man-made water bodies shown greatly reduced HIS value. This is proba-
bly explained by the food type or size-age characteristics of samples.

Macrophytes mainly were noted in the diet of roach sampled from the Kyzylsu water
storage basin, plankton and benthos were also present there. In the Alaiagyr creek this species
consumes higher aquatic vegetation, in the water bodies of quarries - periphyton and insignif-
icant fraction of aerial insects in the water body of Zagadka quarry. Fatness index of roach
sampled from the examined water bodies is shown in Table 8.

Table 8 — Fatness indices of roach sampled from the examined water bodies

Qs Q.

Water body Total Females Males Total Females Males
Kyzylsu water stor- | 5005 | 2.0620.02 | 2.042005 | 1.84£0.02 | 1.8420.02 | 1.850.03
age basin
Zagadka quarry 2.38 2.36 2.43 2.17 2.12 2.28
Quarry No. 2 - 2.27 - - 1.96 -
Dalnyi quarry 2.14 2.18 2.08 1.92 1.94 1.90
Alaiagyr dam 2.21+0.05 | 2.3240.05 | 2.11+0.04 | 2.02+0.04 | 2.10+0.05 | 1.934+0.03
Alaiagyr creek 2.01 2.03 1.99 1.84 1.88 1.80

As can be seen from Table 8, specimens sampled from the man-made and Alaiagyr
dam water bodies were more well-fed. This can be explained by low numbers of roach in
them, absence of large mass of trophic competitors and large predators, in case of the Alaia-
gyr dam it can be explained by the high food capacity of that water body.

With respect to gonads’ maturity level, which was estimated according to the gona-
dosomatic index, roach sampled from the examined water bodies is subdivided into three
groups: increased indices (water body of the Alaiagyr dam), medium values (Kyzylsu water
storage basin, water bodies of Zagadka quarry and quarry No. 2) and low values (water body
of Dalnyi quarry and Alaiagyr creek).
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Table 9 - Gonadosomatic index of roach sampled from the examined water bodies

Water body Females Males
Kyzylsu water storage basin 15.17+0.67 5.30+1.40
Zagadka quarry 16.99 4.80
Quarry No. 2 16.97 -
Dalnyi quarry 11.20 4.05
Alaiagyr dam 19.78+2.82 7.40+0.31
Alaiagyr creek 10.00 3.45

The increase of GSI value of roach sampled from the water body of Alaiagyr dam is
caused by the need to ensure intensive reproduction at the expense of grazing significant pro-
portion of roach by predators. Low indices of specimens sampled from the Alaiagyr creek are
related to dimensional parameters of sample. The reasons of decreased GSI value of roach
sampled from the water body of Dalnyi quarry are unknown.

Sex structure of population is characterized by the significant predominance of fe-
males over males, which it is 9:1 for the Kyzylsu water storage basin. Equal ratio was ob-
served for water body of Alaiagyr dam only, which indicates high reproduction intensity.

Populations of roach from the Kyzylsu water storage basin and water body of Alaiagyr
dam are quite numerous and they have some commercial potential. This species in the man-
made water bodies are represented by the sparse self-reliant populations. No obvious signs of
pollution impact on the reduction of roach population were noted.

4.3.5 Common minnow (fresh-water) (Phoxinus phoxinus (L., 1758))

This is rheophilic species. Its greatest number was reached in the streams. This species
was not noted in the Kyzylsu water storage basin, water bodies of Alaiagyr dam and quarries,
including water body of Dalnyi quarry, which is joined by the Mairanbastau creek (Figure
18).

Figure 18 — Common minnow (fresh-water) sampled from the Mairanbastau creek at its in-
flow to the water body of Dalnyi quarry (fixed sample)

4.3.6 Bream (Abramis brama (L., 1758))

This species was noted in the Kyzylsu water storage basin only, where it is considered
as the introduced species. Proportion of this species in the catches was rather small, 7 speci-
mens only were caught: 4 females and 3 males.
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Figure 19 — Bream sampled from the Kyzylsu water storage basin

Fatness indices of specimens sampled from the Kyzylsu water storage basin were at
the satisfactory level (Table 10) as well as the other indexes.

Table 10 — Morphophysiological indices of bream sampled from the Kyzylsu water storage
basin

Index Females Males
GSI 19.28 4.57
HSI 1.49 1.32
CSI 0.11 0.12
Qs 2.18 2.12
Qe 1.99 1.95

Remains of benthic organisms and detritus were found in the diet of bream sampled
from the Kyzylsu water storage basin.

It can be assumed that bream available in the Kyzylsu water storage basin is represent-
ed by the stable population. It is difficult to judge about its size, but probably this species
form small clusters of commercial importance in this water body. No ontogenetic abnormali-
ties and disorders were noted in the sampled specimens.

4.3.7 Tench (Tinca tinca (L., 1758))

In 2013 this species was noted in the Kyzylsu water storage basin only (Figure 20). In
1995 young species, hibernating by burying in the water body detritus, were caught as the
outlet of one of the dams available in the Akbastaubulak creek.

Caught tench was represented by the large mature specimens. Sex ratio was equal to
1:3 with the tendency towards males domination. This research was conducted in the end of
July, which is the post-settlement period for tench, and females probably have not yet started
active feeding. Most likely, sex ratio in the population is almost equal.
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Figure 20 — Tench sampled from the the Kyzylsu water storage basin

Indicators of nutritional status of tench sampled from the Kyzylsu water storage basin
were at the good level (Table 11). High values of GSI indices of females in the post-settlement
period can be explained by the fact that they did not finish egg laying. Its remnants were pass-
ing fat resorption stage. No sex differences were observed with respect to morphological
characteristics.

Table 11 — Morphophysiological indices of tench sampled from the Kyzylsu water storage ba-
sin

Index Females Males
GSI 29,25 2,47
HSI 1,54 1,53
CSI 0,11 0,11
Qs 3,02 3,01
Qe 2,75 2,77

Tench in this water body forms sufficient commercial aggregations and it can be used
for capture. No developmental anomalies were noted there.

4.3.8 Gudgeon (Gobio gobio (L., 1758))

This species was found in the water system of Akbastaubulak creek only (including
Kholodnyi klyutch and Mairanbastau creeks) (Figure 21). Gudgeon was not noted in the other
water bodies. Its penetration to the upper reaches of the Alaiagyr creek is prevented by the
dam. It is difficult to explain gudgeon absence in Alaiagyr creek below the dam. According to
all indicators it should come to Alaiagyr creek from the Kyzylsu water storage basin. This
reasoning perhaps can be confirmed in the process of the more detailed examination.
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Figure 21 — Young gudgeon sampled from the Akbastaubulak creek (registered specimen)

4.3.9 Siberian loach (Cobitis melanoleuca Richardson, 1925)

This species is localized in the water system of Alaiagyr creek (Figure 22). It was not
found in the water body of Alaiagyr dam, it is also missing in the diet of predatory species. It
can be found in the running water only, which distinguishes this population from the other
species, that can inhabit in the low flow water bodies.

Figure 22 — Siberian loach sampled from the Alaiagyr creek behind the Alaiagyr dam (regis-
tered specimen)

4.3.10 Bearded stone loach (Barbatula toni (Dybowsky, 1869))

This rheophilic species was noted only at the considerable water flow in the Alaiagyr,
Bezymyannyi and Akbastaubulak creeks (Figure 23). In the light of recent revisions [23, 24]
its taxonomic status is not completely understood yet, but most probably bearded stone loach
from tributaries of Kyzylsu belongs to the trivial B. toni.

Figure 23 — Young bearded stone loach sampled from the Bezymyannyi creek (registered speci-
men)

4.3.11 Freshwater cod (Lota lota (L., 1758))

This is coldwater, oxyphilic species. According to the questionnaire data it resides in
the Kyzylsu water storage basin. Freshwater cod was not sampled because of mismatch of
sampling season and its environmental features.
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4.3.12 Pike (Esox lucius L., 1758)

In the examined area this species inhabits in the Kyzylsu water storage basin and water
body of Alaiagyr dam (Figure 24). It is also available in the upper and lower reaches of
Alaaigyr creeek, to which pikes from the Kyzylsu river come too.

Specimens of up to nine years (8+) old (Table 12) were found in the catches. Pikes
contrary to perch are characterized by the tendency to growth rate increase. This can be prob-
ably explained by increase of victims’ number (which is particularly assumed for the perch).
In the Kyzylsu water storage basin males grow somewhat faster compared to females, growth
rates of both sexes in the water body of Alaiagyr dam are approximately the same.

Figure 24 — Pike sample from the water body of Alaiagyr dam

Table 12 — Back calculation of pike growth rate in the Kyzylsu water storage basin and water
body of Alaiagyr dam

. Linear growth rate, cm per year
Water body Generation I 5 3 4 5 ¢ 7 g
Alaiagyr dam | 2004 163 | 229 | 27.2 | 33.8 | 38.1 | 41.4 | 44.7 | 47.9
2005 185 | 259 | 30.8 | 345 | 394 | 43.1 | 45.6
2006 18.6 | 26.5 | 314 | 35.0 | 38.1 | 413
2007 19.2 | 252 | 314 | 34.7 | 38.3
2008 19.0 | 26.1 | 32.1 | 35.6
2009 19.3 | 24.3 | 28.7
Females 18.8 | 254 | 30.8 | 347 | 383 | 41.8 | 45.1 | 47.9
Males 19.0 | 24.7 | 30.2 | 34.7 | 38.5
Kyzylsu wa- | 2007 174 | 228 | 274 | 322 | 37.7
ter  storage | 7008 17.6 | 24.0 | 29.9 | 33.9
basin 2009 183 | 249 | 298
2010 139 | 214
Females 17.7 | 22.7 | 27.5 | 30.8 | 36.4
Males 17.2 | 242 | 29.8 | 343 | 39.0
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In general according to available data [22] pike in the examined water bodies grows
more slowly compared to the other water bodies of Kazakhstan.

In the process of morpho-physiological parameters’ study it was noted that pike has
certain dimensional variation with respect to cardiosomatical index (Table 13).

Young specimens with the carcass weight (body weight without bowels) up to 350 g
have higher cardiosomatical index compared to larger specimens. This can be probably ex-
plained by the higher agility of small animals because they are forced not only to hunt but to
escape from predators (larger pikes) too.

Table 13 — Variability of cardiosomatical index (CSI) values of pikes sampled from the Ky-
zylsu water storage basin and water body of Alaiagyr dam

Carcass weight, g Water body of Alaiagyr dam | Kyzylsu water storage basin
Upto350¢g 0.14+0.004 0.15+0.019
Above 350 g 0.11+0.005 0.08+0.002
Total: 0.12+0.005 0.09+0.032

CSI values of pikes sampled from the water body of Alaiagyr dam are slightly higher
compared to pikes caught from the Kyzylsu water storage basin. In this case it is possible that
this phenomenon can be explained by the lesser pollution impact, because Kyzylsu water
storage basin is situated rather far from mining areas. Hepatosomatic index increase (Table
14) is also related to this factor.

Table 14 — Level or hepatosomatic index (HSI) values of pikes sampled from the Kyzylsu wa-
ter storage basin and water body of Alaiagyr dam

Water body Total Females Males
Alaiagyr dam 1.38+0.29 1.41+0.31 1.33+0.26
Kyzylsu water 0.98+0.26 1.01+0.25 0.95+0.28
storage basin

Species characteristic of pike’s habitats are present in its diet in the examined water
bodies. For example, roach and perch, approximately in equal proportions, were noted in the
food bolus of pikes sampled from the Alaiagyr dam water body. In the Kyzylsu water storage
basin tench is added to these components of pike’s diet.

Fatness values of pikes sampled from the examined water bodies are found at the high
level (Table 15).

Table 15 — Fatness values of pikes sampled from the Kyzylsu water storage basin and water
body of Alaiagyr dam

Water bod Qr Q.
ater body total females males total females males
Kyzylsu water | 56,605 | 1.0040.06 | 0.99+0.04 | 0.95£0.05 | 0.95:0.06 | 0.94+0.04
storage basin
Alaiagyr dam 1.02+0.11 1.05+0.08 0.98+0.14 | 0.92+0.07 | 0.944+0.03 0.89+0.10

4.3.13 River perch (Perca fluviatilis L., 1758)
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In the examined area perch inhabits the following water bodies: Dalnyi and Zagadka
quarries, Alaiagyr dam, Alaiagyr creek in the middle and lower reaches, Kyzylsu river and
Kyzylsu water storage basin (Figure 25).

Figure 25 — Perch sampled from the water body of Zagadka (Sorokovaya) quarry

Specimens of up to 11 years old were noted in the examined water bodies. Back calcu-
lation of perch growth index has shown gradual decline of growth rate from 2003 to 2009

(Table 16).

Table 16 — Back calculation of perch growth rate in the examined water bodies

Linear growth rate, cm per year

Water body Generation ] 5 3 4 5 3 - g 5 10
Kyzylsu water | 2003 74 | 11.1 |12.6 | 14.1 | 17.1 | 20.0 | 22.3 | 24.5 | 252 | 28.2
storage basin 2005 7.1 {100 | 123|156 |17.5]19.3|21.2|234 - -

2006 6.8 | 95 |12.0|14.1|16.3 |18.0]20.0 - - -
2008 6.6 | 94 | 125|145 | 16.1 - - - - -
2009 6.6 | 89 | 114|132 - - - - - -
Alaiagyr dam 2006 6.6 | 89 | 122145 |16.5] 185 | 21.1 - - -
2008 6.0 | 85 |10.7 | 12.7 | 14.6 - - - - -
2009 6.3 | 88 | 11.0 | 13.0 - - - - - -
Alaiagyr creek | 2011 6.0 | 8.8 - - - - - - - -
Dalnyi quarry | 2005 6.8 1021421169 |19.0 | 21.0 | 23.0 | 25.0 - -
2006 6.2 | 95 | 12.5]150|17.4]20.0 | 222 - - -
2007 6.2 [ 104|124 152 |17.9]20.0 - - - -
2008 54 | 83 | 13.1 (154|173 - - - - -
Zagadka quarry | 2007 6.8 [ 105132159 |18.6 | 203 - - - -
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In principle, all populations show rather good linear growth rates, even in the oligo-
trophic water bodies. This is explained by the diet type. Oligotrophic characteristics of water
bodies represent limiting factor at the early ontogenesis stages only. Basic population was
formed exactly during this period. Therefore, perch in quarries’ water bodies is represented by
the small but stable populations, which have enough food resources such as fish and benthic
invertebrates.

Slowdown of growth rates is most probably explained by the increase of species num-
ber of in water bodies and depends on generations’ yield.

Morphological indication shows environmental species’ conditions in general terms
only. Hepatosomatic index values are primarily characterized by the dietary dependence.
Populations showing themselves as predators and benthophages have larger HSI values com-
pared to facultative zooplanktophages (Table 17).

Table 17 — Variability of morphophysiological indices of perch sampled from three examined
water bodies

HSI CSI
Water bod
ater body total females males total females males

Kyzylsu water

storage basin 1,23+0,09 | 1,34+0,11 0,98+,10 | 0,12+0,005 | 0,12+0,01 | 0,12+0,11
Alaiagyr dam 0,77£0,04 | 0,78+0,05 | 0,71+0,01 | 0,11+0,01 | 0,11+0,01 | 0,13+0,02
Alaiagyr creek 1,21+0,06 | 1,25+0,05 0,97 0,15+0,01 | 0,14+0,005 0,18
Dalnyi quarry 1,07+0,14 | 1,00+0,17 | 1,32+0,14 | 0,13+0,004 | 0,12+0,01 | 0,14+0,01

So larvae of dragonflies and fish (roach at the age of 2+ years) are present in diet of
perch sampled from the Kyzylsu water storage basin, the same dragonflies and fish (perch at
the age of 1+ years and carp at the age of 0+-1+ years) are present in the diet of perch sam-
pled from the water body of Dalnyi quarry. In the Alaiagyr dam water body this species feeds
on zooplankton and fish (roach at the age of 0+ years). Thus perch sampled from the first two
water bodies consumes food, which a priori contains more pollutants in its tissues, both be-
cause of the lifestyle as well as its life duration. This is also true for perch sampled from the
water body of Zagadka quarry, where it was eating crayfish, its average HSI value is equal to
1.32. Diet of specimens sampled from the water body of Alaiagyr dam had less "contaminat-
ed" food mainly because of the short period of its existence.

Morphophysiological indices of perch sampled from the Alaiagyr creek are quite dif-
ferent, but in this case we can see natural HSI value increase in the young groups (2+ years
old). Their diet was dominated by nektobenthos (freshwater hoppers), though benthos (stone
flies) and zooplankton were also present.

At the same time we cannot exclude influence of generation variability of morpho-
physiological parameters (Table 18).

Table 18 — Age variability of morphophysiological indices of perch sampled from three exam-
ined water bodies

Age
Water body o | = | or o | o o
HSI
Kyzylsu  water | 1.18+1.07 | 0.84+0.01 - 1.45+0.18 1.37 1.04
storage basin
Alaiagyr dam 0.82+0.17 | 0.734+0.08 - 0.84+0.14 - -
Dalnyi quarry - 0.69+0.14 0.80 1.25+0.36 0.99 -
CSI
Kyzylsu  water | 0.10£0.01 | 0.14+0.01 - 0.12+0.01 0.13 0.11
storage basin
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Alaiagyr dam 0.12+0.01 | 0.12+0.02 0.10+0.01

Dalnyi quarry - 0.130.01 | 0.12 | 0.13£0.01 | 0.11 -

Examined samples have their own unique weight ratios with respect to internal organs.
And most probably they depend not only on the habitat but on the sex & age structure of sam-
ples and some other factors too.

Fatness index (Table 19) of perch sampled from the examined water bodies was at the
satisfactory level.

Table 19 — Fatness values of perch sampled from three examined water bodies

Water body Qr Qc
Total Females Males Total Females Males
fgfg;ss‘ilnwater SOT= 1 5 1540.05 | 2.2240.06 | 1.9640.06 | 1.98+0.04 | 2.05+0.04 | 1.83+0.06
Alaiagyr dam 2.02£0.04 | 2.00£0.05 | 2.09+0.10 | 1.90+0.04 | 1.90+0.05 | 1.93+0.11
Alaiagyr creek 2.16£0.06 | 2.19£0.06 2.03 1.99+0.04 | 2.02+0.04 1.86
Dalnyi quarry 2.25+0.07 | 2.26£0.09 | 2.23£0.002 | 2.07+0.06 | 2.08+0.07 | 2.02+0.04

Thus evaluating these two predators we can state that perch and pike sampled from the
examined water bodies had fairly good indices for specimens living in small water bodies. In
some cases contamination may probably affect formation of morphological and physiological
indicators, but the size-age variability is of a big importance.

Populations of these types from the Kyzylsu water storage basin and Alaiagyr dam
water body can be used in the fishing industry, specimens from the other water bodies can be
used for a sport and recreational fishing.
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CHAPTER 5. RECOMMENDATIONS FOR MONITORING CONDITION AND PRO-
TECTION OF THE AQUATIC BIOCENOSES IN THE BME INFLUENCE ZONE

Species diversity of flora and fauna of this region has formed at the junction of steppe
zone and mountain-steppe associations of Northern part of Kalbinskiy ridge. Its unique fea-
ture lies in the mix of species, imposing different, sometimes polar, preferences and require-
ments related to ecosystem.

Any offset of environmental factors in this or that direction will lead to disbalance
within ecosystems of this region and change of predominants. It is impossible to categorically
state whether it will be for good or for evil, but unique feature of the region will be definitely
lost.

In this connection the issue regarding necessity to monitor biological diversity of the
region is to be solved. In this case we would like to suggest to use a set of simple instruments
in order to monitor aquatic flora and fauna of the region.

It is necessary to assess condition of species characterized by narrow reaction norms
with respect to some important ecosystem indices. These objects should be noticeable and
well-defined for a average skilled expert.

Such objects should include the following: caddis flies and worms, common minnow,
gudgeon, Siberian loach on the one hand and larvae of Diptera and tench on the other hand
(with respect to oxyphility, relation to lotic water condition and stability to eutrophication).

First of all for these objects we should monitor the range of their distribution in water
bodies of the region, which will be considered as the simplest indicator of ecosystem’s dy-
namics. In addition to that, in case of fish being the more simple and accessible objects, it is
necessary to take into account emergence of various abberation forms, which represent indica-
tors of developmental disorder of the organisms. In this case type and frequency of these vio-
lations will be considered as the main indicator.

Assessing dynamics of these indicators we can follow up eutrophication or oligo-
trophicity tendencies of water bodies, appearance of external anthropogenic factors and many
other reasons, which may cause the change of populations’ and ecosystems’ dynamics.

As to the program of measures aimed at preservation of existing biohydrocenosis we
would like to recommended to raise level of Alaiagyr dam water body by 2 meters, that is
possible by restoration of the dam and construction of bypass channel, which will allow to
discharge excess flood water from the water body and maintain necessary level.

Considering the fact that water bodies of Alaiagyr dam and Kyzylsu water storage ba-
sin are currently included in the reserve fund of local importance water bodies we would like
to recommended BME management to take them for use through the tender invited by the
Akimat of the East Kazakhstan region. This will allow to ensure overall control over these
water bodies and carry out necessary social policy by the way of organization of commercial
fishery as well as sport and recreational fishing.

It goes without saying that measures aimed at the protection of hydrocoenoses should
include the following: prevention of various pollutants’ ingress into water sources as well as
unreasonable technological modifications of water body course, floodplain and catchment ba-
sins.
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CONCLUSION

Thus, at present flora and fauna of the examined area are represented by various types
of plain, piedmont and mountain complexes, which creates really unique character of this re-
gion’s biohydrocenoses.

10 water bodies of natural and man-made origin with different nutrient status were in-
vestigated.

Algal flora of water bodies is mainly represented by the diatom and green algae. The
largest biomass is characteristic of slow current natural water bodies with the strong organic
matter supply such as Kyzylsu water storage basin and water body of Alaiagyr dam. The low-
est indices are typical for water bodies situated in the quarries.

The higher water flora consists of hygrophilous and hydrophilic forms. Most common
plants are the southern reed, narrow-leaved cattail, sedges and various species of pondweed.

Plankton of the examined water bodies includes 35 species. In number the most part of
water bodies is dominated by rotifers and rarely by cladocerans. The nature of nutrient status
depends on the organic matter supply and in water bodies it varies from B-mesotrophic to ul-
traoligotrophic.

Benthal fauna consists of about 50 species. It includes numerous larvae of dragonflies,
caddis flies and worms, Hemiptera (bugs), gammarids. The last species form mass swarms
along all streams and creeks of the region. Crayfish Astacus leptodactylus Eschscholtz is met
in 4 water bodies. In the water body of Zagadka quarry it forms an interesting blue color form,
origin of which is not clear.

Area ichthyofauna is represented by 13 species, out of which only 2 (carp and bream)
are considered introduced species. With respect to numbers it is dominated by roach, perch,
pike, in the creeks and streams - by common minnow and bearded stone loach.

Condition of these species’ populations is quite satisfactory. No developmental disor-
ders were authentically noted in the specimens of all examined species, which could be
caused by the pollutants’ impact. Number of species in future may be used for fishery.

In order to ensure ecosystem condition monitoring it is recommended to use the set of
simple tests, which includes the following:

1. Assessment of distribution changes of 4 fish species and 2 insects’ orders (with re-
spect to larvae);

2. Measurements of abnormal specimens’ proportion in the populations of clearly dis-
tinguishable and dominant species.

In order to ensure biohydrocenoses’ protection and preservation it is recommended to
carry out reconstruction of Alaiagyr dam. It is also recommended to take for use fishery re-
sources of the Kyzylsu water storage basin and Alaiagyr dam.

In addition to the above, it is necessary to prevent ingress of pollutants to water cours-
es and to avoid anthropogenic destruction of river beds, floodplains and catchment areas of
water bodies unless necessary.
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Address Owner
Sotsialisticheskaya st., 1-1 A.K.Trushlyakova
Sotsialisticheskaya st., 1-2 K.Akhmetbaev

Sotsialisticheskaya st., 2-1

M.D.Zhangubekov

Sotsialisticheskaya st., 2-2

D.R.Musabaev

Sotsialisticheskaya st., 3-1

B.K.Sembinov

Sotsialisticheskaya st., 3-2

T.S.Pevchenko

Sotsialisticheskaya st., 4-1

0.B.Zalesnykh

Sotsialisticheskaya st., 4-2

A.M.Trushlyakov

Sotsialisticheskaya st., 5-1

D.P.Dementyev

Sotsialisticheskaya st., 5-2

K.K.Zhanuzakova

Sotsialisticheskaya st., 5A-1

S.K.Zhakupbaev

Sotsialisticheskaya st., 5A-2

G.l.Kazakova

Sotsialisticheskaya st., 6-1

I.A.Zotova

Sotsialisticheskaya st.,, 6-2

A.T.Zhanuzakova

Sotsialisticheskaya st., 7-1

A.Zh.Masalimov

Sotsialisticheskaya st., 7-2

D.N.Dolsylkhanov

Sotsialisticheskaya st., 8-1

Zh.Zhakiyanov

Sotsialisticheskaya st., 8- 2

V.l.Pravdyuk

Sotsialisticheskaya st., 9 - 1

R.K.Murzakhanova

Sotsialisticheskaya st., 9- 2

N.V.Pushkareva

Sotsialisticheskaya st., 10-1

K.S.Sadvakasova

Sotsialisticheskaya st., 10 -2

N.K.Patsuk

Sotsialisticheskaya st., 11 -1

V.V.Pushkarev

Sotsialisticheskaya st., 11/2-4

S.U.Zhumagulov

Sotsialisticheskaya st., 11 - 3

E.l.Karpushina

Sotsialisticheskaya st.,, 12-1

0O.K.Kadyrkhanov

Sotsialisticheskaya st.,, 12-2

R.Zh.Bitikova
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Action

Deadline

Note

Submission of lists and scanned copies of documents of title for the buildings in
Sotsialisticheskaya street to E.A.Sasenov for further work

18/04/2016

Result: Preparation of the general list
of real state properties subject for
post-utilization

Wwithin a week ONiZR (Center of real estate properties and land resources) shall issue and
request for post-utilization of all buldings.

20/04/2016

Result: permission for demolition

Procurement of permits for post-utilization

22/04/2016

The permit will be directed to the legal department. Director general will determine the
deadline and managers responsible for demolition

22/04/2016

Result: Notification of the responsible
managers and preparation for
demolition.

Start of demolition. Garbage removal. Reclamation.

01.05.2016 - 13.06.2016 ,
postponed till 20.06.2016

Result: to prepare the order for
utilization. Demolition of the buildings

Upon completion of demolition, E.A.Sasenov shall obtain the statement on demolition and
submit it to the legal department for registration

15 working days

Result: statement on demolition, no
registration

1) Submission of the statements for registration.
2) Submission of scanned statements with legal marks to ONiZR to E.A.Sasenov to re-issue
the end use of the lands.

02.06.2016 A visit to the PSC is
planned to submit the statements
for registration. 09.06.2016
Statements were obtained

Result: Registered statements on
demolition for each building

E.A.Sasenov will re-issue the end use and submit the new docs for the lands to the legal
departnebt for registration and storage.

The deadline extended till
01.08.2016 Upon E.Sasenov's
request, the deadline was
prolonged till 31.08.2016.

Result: change of the end use of the
lands
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Appendix 5.1 A POLYMETAL

1 INTRODUCTION

This report provides a detailed air quality assessment for the point source emissions associated with
the operation phase of the Kyzyl Gold Project.

During Phase 1 of the project, two new boiler houses, village boiler house and mine boiler house,
will be constructed and the existing Auezov boiler house will be decommissioned. The village and
mine boiler house will have a total installed capacity of 7.5MW (3 boilers (1 as backup) of 2.5MW
each) and 12.5MW (5 boilers (1 as backup) of 2.5MW each) respectively. The boilers will be coal
fired and will provide heat for the settlement, mining and processing facilities’ needs. The mine
boiler house will also include one 1.6MW oil fired boiler which will provide heat for the mining
facilities.

1.1 Objectives

This assessment aims to predict the contribution from the operation of the boilers to the local air
quality. The main objectives of this assessment are to provide quantitative information and a better
understanding of the potential impacts from pollutants emitted from the following sources:
e Mine —Boiler House
O 4 boilers in operation and 1 standby with coal combustion of 635kg/hr for each
boiler — operational for 206 days in a year
0 1 oilfired boiler 1.6MW which will be operational for 145 days in a year
e Auzeov Boiler House
O 2 boilers in operation and 1 standby with coal combustion of 635kg/hr for each
boiler — operational 365 days a year

To accomplish these objectives, the aerial dispersion of pollutants has been carried out using the
steady-state Gaussian plume dispersion model, AERMOD. The assessment has been carried out
based on a worst-case approach and therefore all boilers have been assumed to be operational for
the entire year and seasonal variations have not been accounted.

The results obtained from the model were compared with the Ambient Air Quality Limits specified in
the Rules of the Republic of Kazakhstan and other international guidelines (WHO, International
Finance Corporation and European Union).

2 NATIONAL AND INTERNATIONAL AIR QUALITY STANDARDS

Air pollution is regulated by the Environmental Code in the Republic of Kazakhstan. Permits for air
pollution are issued within the integrated permitting regime. Limits for discharge of pollutants into
the air are defined in the permits for environmental emissions, issued by the Ministry and Akimats.
Kazakhstan has established standards for acceptable levels of each contaminant in the air (New
Sanitary Norms and Rules of the Republic of Kazakhstan #168, 25 January, 2012).

KZ10061 Draft V0.1 Page 4
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Table 1 below lists the Kazakh standards for ambient air quality, along with the international
standards presented in the International Finance Corporation (IFC) Environmental, Health, and
Safety (EHS) Guidelines, which refers to the World Health Organisation Air Quality Guidelines (WHO,
2005), and in the European Directive EC/50/2008 on ambient air quality (EU, 2008).

Table 1: Ambient Air Quality Standards

IFC Guideline ..
Parameter Averaging Period V.a Iuc..es (WHO EU Directive Kaz;:;‘r:;mt
Guideline Value) 2008/50/EC3?
pg/m3
1hr - - 300
Particulate Matter - PM1o 24-hour 150° 20 -
Annual 70! 40 -
1hr 200! 200 -
Nitrogen dioxide (NO2) 24 hr - - R
Annual 40! 40 40
1hr -
Sulphur dioxide (SO2) 24 hr 1252 125 125
Annual - - -
1hr 30,0007 - -
Carbon Monoxide 24 hr 10,0007 10,000 -
Annual - - -

1 World Health Organization (WHQ). Air Quality Guidelines Global Update, 2005. PM 24-hour value is the 99t percentile.
Interim targets are provided in recognition of the need for a staged approach to achieving the recommended guidelines.

2 These standards are not included in the WHO Air Quality Guidelines Global Update 2005 but can be found in the WHO Air
Quality Guidelines for Europe (WHQO, 2000).

3EU Directive 2008/50/EC

“Based on new Kazakh Sanitary Norms and Rules #168, 25, January, 2012

3 BACKGROUND AIR QUALITY

The Environmental Code of Republic of Kazakhstan requires monitoring of ambient air quality on the
boundary of the designated SPZ, according to the approved industrial environmental control
programme. The detailed results are provided in Chapter 4.4 of the Environmental and Social Impact
Assessment report for the project and the maximum concentrations recorded for the monitoring
points during 2015 are presented in Table 2.

Table 2:Background Concentrations
Pollutant Baseline Concentration (ug/m3; | Ambient air quality standard (ug/m3;
24-hour maximum) 24-hour mean)

. TSP: 150.00
Particulate Matter (PMuo) 39.54 PM1o: 50.00
Nitrogen Oxides (NO2) 20.53 NO:z: 40.00
Sulphur dioxide (SO2) 8.47 125
KZ10061 Draft V0.1 Page 5
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/\ POLYMETAL
4 MODEL DESCRIPTION

AERMOD (Lakes Environmental model version 9.1) is a comprehensive multi-level air dispersion
modelling system based upon the Gaussian theory of plume dispersion. The model simulates the
essential atmospheric physical processes and provides refined concentration estimates over a wide

range of meteorological conditions and modelling scenarios.

The model uses input data, including the characteristics of the release (rate, temperature, velocity,
height, location etc.), the terrain, meteorological data and the locations of the buildings in the
vicinity of emission sources, to predict the concentration of the substance of interest at a specified
point. The concentrations of the pollutants are calculated for each hour of the year and for each
receptor within the grid. The maximum values (or average values, depending on the environmental

specifications) are calculated for each receptor.

5

5.1

The flues associated with each boiler within the village/mine boiler house will be accommodated
within a single shared stack. Each stack has been included as a point source within the model and

EMISSION SOURCES

Stack Characteristics

the parameters included in the model are shown in Table 3.

Table 3 : Model Parameters for Stack Emissions

Parameter Mine Boiler House 1.eMW Oil Fired | Village Boiler House
Boiler
Total Installed Capacity 12.5MW 1.6MW 7.5MW
Boiler Configuration 5 boilers (4 1 boiler 3 boilers (2
operational, 1 operational, 1
standby) standby)

Number of stacks 1 1 1
Stack Location 111142 5520396 111129, 5520430 107937, 5520237
Stack Diameter 1.0 0.3 0.8

Stack gas flow (Am3/s) 12.9 1.2 8.3
Temperature of exhaust 75 60 70
gases (°C)
Stack efflux velocity 16.47 16.47 16.47

(m/s)

5.1.1

The EBRD refers to the EU emission standards for the projects it finances. The EU’s Industrial
Emissions Directive is one of the main EU instrument regulating pollutant emissions from industrial
installations. The IED was adopted on 24 November, 2010. The IED applies to all combustion plants

Emission Limits

with a total rated thermal input of or greater than 50 MW.

Kz10061
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Appendix 5.1 A POLYMETAL

While smaller and bigger plants were covered by respective EU directives, the emissions from
medium combustion plants were not regulated at EU level at the time of preparation of the ESIA
report. On November 10, 2015, the European Council adopted the Medium Combustion Plant
Directive, to limit the emissions from combustion plants of medium size.

The EU’s Medium Combustion Plant Directive, regulates emissions of SO,, NOx and dust into the air
with the aim of reducing those emissions and the risks to human health and the environment they
may cause. The Directive regulates pollutant emissions from the combustion of fuels in plants with a
rated thermal input equal to or greater than 1 megawatt (MWth) and less than 50 MWth.

The emission limits prescribed in the Directive are presented in Table 4.

Table 4: Emission Limit Values
EU . Medium EU. Ir\dustrlal IFC’s Emission Guidelines for
Combustion Plants | Emissions . -
Parameter Directive Directive Small Combustion Facilities
Emissi MWth - 50MWth)?3
(mg/Nm?)! (mg/Nm?)? missions (3 50 )
0.5 percent Sulphur or lower
sulphur dioxide 400 400 percent Sulphur if commercially
available without significant
excess fuel cost
Nitrogen Oxides 300 300 N/A
Total suspended 96 ppm (Electric generation)
particulates 20 30 150 ppm (Mechanical drive)

The European Council has agreed the following timeframes for the adoption of the emission limits
prescribed in the Directive:

e for bigger existing plants (5-50 MW): from 2025

e for smaller existing ones (1-5 MW): from 2030

e for new plants: after a transposition period of two years following entry into force (20
December, 2018 onwards)

Unless the boilers are exempted from the Directive, the boilers for the proposed project are installed
after December 20,2018, the emission limit values specified in the Medium Combustion Plant

Directive will apply to the project.

5.2 Emission Rates

1 Directive (EU) 2015/2193 of the European Parliament and the Council of 25 November 2015 on the limitation of
emissions of certain pollutants into the air from medium combustion plants

2 Directive 2010/75/EU of the European Parliament and the Council on industrial emissions

3 IFC’'s General EHS Guidelines: Environmental - Air emissions and ambient air quality
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5.2.1 Assumptions

The following assumptions have been made to calculate the emission factors based on the data
provided in the technical design report for the boilers.

. The total emissions for NO, have been calculated as the total of emission factor provided for

NO; and equivalent NO; emission factor for NO using the following equation:
Total Emission Factor for NO,
= Emission factor for NO,

46(molecular weight of NO,
30(molecular weight of NO)

+ Emission factor for NO x

. A dust removal efficiency of 85% has been considered for the cyclones and the emission
factors for total suspended particulate have been carried out using the following equation:

Emission Factor for TSP = Emission Factor before mitigation x (1 — 0.85)

5.2.2 Emission Factors

The emission rates included in the AERMOD model are presented in Table 5.

Table 5 : Emission Rates
Parameter Emission Factors
Mine Boiler House 1.6MW oil fired boiler Village Boiler House
mg/m? g/s mg/m? g/s mg/m?® g/s
Total Suspended
Particulates 70.7 0.728 - - 70.7 0.472
Sulphur Dioxide (SO2) 598.3 6.2 651.7 0.6 598.3 4.0
Nitrogen Dioxide (NOz) 140.3 1.4 274.2 0.26 140 0.94
Carbon Monoxide (CO) 379.0 3.9 2160.0 2.1 379.0 2.5

The emission factors for TSP and SO2 for the mine and village boilers exceed the EU’s Medium
Combustion Plant Directive and additional mitigation measures have been discussed in Section 7 of
the report.

6 MODEL INPUT DATA
6.1.1 Meteorological Data

Pre-processed meteorological data using the MM5 prognostic model, which uses data provided by
the National Centres for Environmental Prediction (NCEP) Global Reanalysis was purchased from
Lakes Environment for use in the model. MMS5 is designed to simulate or predict mesoscale (from 5
to 100 km) atmospheric circulation and uses meteorological data provided by a vast network of
meteorological stations. It then uses conservation equations to calculate how the wind field would
behave in between met stations.
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The meteorological data used in the model comprised of a complete series of hourly values of
surface observations and upper soundings for the study area during the period 2015. The surface
dataset included wind speed, wind direction, dry bulb temperature, cloud cover, and ceiling height.
Upper soundings include wind speed, dew point, atmospheric pressure and measurement height.
The windrose for the meteorological data for the period 2015, with the main wind direction from the
South, is shown in Figure 1.

Figure 1: Wind rose for MMS5 Pre-processed Data (wind blowing from) for the Project Area, 2015

The surface observations, upper soundings and land use parameters (albedo, Bowen ratio and
surface roughness) were used as input data in the meteorological pre-processor AERMET to
calculate the boundary layer parameters (friction velocity, Monin-Obukhov length, convective
velocity scale, temperature scale, mixing height and surface heat flux). The output of the AERMET
pre-processor comprised of two files that were used as inputs into the AERMOD air dispersion
model.

6.1.2 Topography

Elevated terrain was used in the model and the AERMAP pre-processor was used to account for
terrain features, using terrain data of the area provided by the client.
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6.1.3 Receptors

The assessment has focused on five receptors in the settlement of Auezov and nearby hamlet of
Solnyechni, all of which are residential in nature. The details of these receptors are provided in
Table 6 and Figure 2.

Table 6: Sensitive Receptor Locations Included in the Dispersion Modelling Assessment

Location Approximate Distance and Bearing
to Point Source of Emissions (m)
R R t
ecep Address eceptor Latitude Longitude
tor Type
Mine Boiler Village Boiler
House House
Northern corner
2252 1025
EsR1 | of Auzeov Residential | 49°42'50.62"N | 81°34'31.03"E ! !
settlement northwest northeast
Southern corner
ESR 2 | of Auzeov Residential | 49°42'23.07"N | 81°34'50.55"E 1817, 1443,
southwest southeast
settlement
Auzeov school
ESR 3 Residential | 49°42'21.90"N 81°34'9.36"E 2634, west 646, east
Eastern corner of 2098
ESR 4 | Auzeov Residential | 49°42'52.57"N | 81°35'17.55"E 1318, west th ’ :
settlement along northeas
Solnyechni
village along . . 2780,
ESR 5 . Residential | 49°42'4.50"N | 81°35'52.44"E 1130, south
Bakyrchik-Bursak southeast
bypass road

Figure 2: Environmental sensitive receptor locations
In addition to the identified receptor locations, a uniform Cartesian grid has also been modelled. The
parameters of the modelled Cartesian grid are included in Table 7.

Table 7 : Uniform Cartesian Grid Parameters
Parameter X Y
South West Grid Coordinates 107170 (81°33'9.063" E) 5518191 (49°41'16.452"N)
Number of Points 21 21
Spacing (m) 306.55 294.59
Length (m) 6131.0 5891.8
Total Number of Grid Receptors 441
KZ10061 Draft V0.1 Page 10
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6.1.4 Building downwash effects

The presence of buildings can affect plume rise and the initial dispersion of pollutants within the
atmosphere. Turbulent wake zones can be created around buildings that force pollutants to the
ground instead of allowing them to rise freely within the atmosphere. Building downwash occurs as
the wind flows over and around buildings and impacts the dispersion of pollution from nearby
stacks. To account for these effects, the dimensions of the nearby buildings, as available from the
design drawings were incorporated in the model. The free standing machinery and the piping
network was not included for building downwash effects as it couldn’t be accurately represented in
the model.

Table 8 : Buildings considered in the model

Description Base Building Easting (X) Northing (Y)
Building Elevation Height
(m) (m)

BLD 1 Mine Boiler House 460 8.2 111133 5520420
- Building (81°36'17.998") (49°42'37.551")

BLD 2 Hopper - Mine Boiler 460 5.82 111173 5520427
House (81°36'19.962") (49°42'37.87")

BLD_3 Village Boiler House 380 8.2 107917 5520262
Building (81°33'38.706") (49°42'24.959")

BLD 4 Hopper - Village Boiler 380 5.8 107950 5520262
House (81°33'40.346") (49°42'25.036")

BLD 5 1.6MW Boiler Building 460 5.65 111130 5520437
(81°36'17.788") (49°42'38.092")

7 RESULTS AND DISCUSSIONS

This section provides details of the model output and results. The maximum concentrations
estimated at the receptor locations have been added to the background concentrations available for
the area (as described in Section 3) to calculate the Predicted Environmental Concentrations. The
Predicted Environmental Concentrations (PEC) have been compared to the Ambient Air Quality
Limits for human health.

7.1 Total Suspended Particulates(TSP)

The maximum predicted concentrations at each of the receptor locations are provided in Table 9.
The background concentrations available for PM10 have been used to estimate the predicted

environmental concentrations in the absence of background concentrations for total suspended
particulates.

Table 9 : Estimated Concentrations - Total Suspended Particulates
Receptor Averaging Maximum Background Predicted Ambient Air Quality
Period Predicted Concentration | Environmental | Limits (AQL) (ug/m3)
Process (ng/m3)* Concentration WHO National
Contribution (ng/m3) Guideline | Limits
KZ10061 Draft V0.1 Page 11
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(ng/m?)
ESR 1 1-hour 2.64 - - - 300
24 — hour 0.47 39.54 40.01 150/50 -
Annual 0.05 - - 70/40 -
ESR 2 1-hour 2.70 - - - 300
24 — hour 0.55 39.54 40.09 150/50 -
Annual 0.04 - - 70/40 -
ESR 3 1-hour 3.37 - - - 300
24 — hour 0.84 39.54 40.38 150/50 -
Annual 0.10 - - 70/40 -
ESR 4 1-hour 15.98 - - - 300
24 — hour 1.06 39.54 40.60 150/50 -
Annual 0.08 - - 70/40 -
ESR5 1-hour 14.54 - - - 300
24 — hour 1.28 39.54 40.82 150/50 -
Annual 0.08 70/40 -

* - Background concentrations for PMip

The results indicate that the predicted environmental concentrations are within the prescribed
ambient air quality limits and the contribution from the boilers associated with the project is minor.
Unless the boilers are exempt from the Medium Combustion Plant Directive, and are installed after
December 20, 2018, it is recommended that a higher efficiency dust control system such as
Electrostatic Precipitator is considered to comply with the EU’s Medium Combustion Plant Directive.

7.2 Sulphur Dioxide(S0O,)

The results for the maximum predicted concentrations and predicted environmental concentrations
at each of the receptor locations for sulphur dioxide is presented in Table 10.

Table 10 : Estimated Concentrations —Sulphur Dioxide
Receptor | Averaging | Maximum Background Predicted Ambient Air Quality
Period Predicted Concentration Environmental Limits (AQL) (ug/m?3)
Process (ng/m3) Concentration(pg/m3) IFC/EVU National
Contribution Guidelines | Limits
(ng/m3)
ESR 1 1-hour 22.28 - - - -
24 — hour 3.96 8.47 12.43 125 125
Annual 0.52 - - - -
ESR 2 1-hour 23.17 - - - -
24 — hour 4.66 8.47 13.13 125 125
Annual 0.40 - - - -
ESR 3 1-hour 28.46 - - - -
24 — hour 7.14 8.47 15.61 125 125
Annual 0.88 - - - -
ESR 4 1-hour 135.05 - - - -
24 —hour 8.98 8.47 17.45 125 125
Annual 0.75 - - - -
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ESR 5 1-hour 122.95 - - - _
24 — hour 10.87 8.47 19.34 125 125
Annual 0.91 - - - _

The results indicate that the increase over the background concentrations is significant, however,
this is due to the lower baseline concentrations in the region due to its pristine settings and is within
the prescribed EU/IFC/national guidelines. Unless the boilers are exempt from the Medium
Combustion Plant Directive, and are installed after December 20, 2018, it is recommended that low
sulphur coal is considered and/or a flue gas desulphurisation system is considered for the project to
meet the EU’s Medium Combustion Plant Directive.

7.3 Nitrogen Dioxide (NO,)

The process contribution and predicted environmental concentrations for nitrogen dioxide are
presented in Table 11.

Table 11 : Estimated Concentrations — Nitrogen Dioxide
Receptor Averaging Maximum Background Predicted Ambient Air Quality
Period Predicted Concentration | Environmental | Limits (AQL) (ng/m3)
Process (ng/m3) Concentration | WHO/EU | National
Contribution (ng/m3) Guideline | Limits
(ng/m?)
ESR 1 1-hour 8.42 - - 200 -
24 — hour 1.08 20.53 21.61 - -
Annual 0.13 - - 40 40
ESR 2 1-hour 9.75 - - 200 -
24 — hour 1.30 20.53 21.83 - -
Annual 0.11 - - 40 40
ESR 3 1-hour 6.70 - - 200 -
24 — hour 1.68 20.53 22.21 - -
Annual 0.22 - - 40 40
ESR 4 1-hour 31.75 - - 200 -
24 — hour 2.11 20.53 22.64 - -
Annual 0.20 - - 40 40
ESR 5 1-hour 28.90 - - 200 -
24 — hour 2.56 20.53 23.09 - -
Annual 0.25 - - 40 40

The results indicate that the predicted environmental concentrations are well within the ambient air
quality limits.
7.4 Carbon Monoxide (CO)

The model results for Carbon Monoxide are presented in Table 12.
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Table 12 : Estimated Concentrations — Carbon Monoxide
Receptor | Averaging Maximum Background Predicted Ambient Air Quality
Period Predicted Concentration(pug/m3) | Environmental | Limits (AQL) (ug/m3)
Process Concentration WHO National
Contribution (ng/m3) Guideline | Limits
(ng/m3)
ESR 1 1-hour 66.32 - - 30,000 -
24 — hour 7.86 - - 10,000 -
Annual 0.50 - - - -
ESR 2 1-hour 76.78 - - 30,000 -
24 — hour 9.64 - - 10,000 -
Annual 0.47 - - - -
ESR 3 1-hour 52.81 - - 30,000 -
24 — hour 6.15 - - 10,000 -
Annual 0.69 - - - -
ESR 4 1-hour 84.62 - - 30,000 -
24 — hour 8.00 - - 10,000 -
Annual 0.77 - - - -
ESR 5 1-hour 77.04 - - 30,000 -
24 — hour 12.95 - - 10,000 -
Annual 1.15 - - - -

The results indicate that the estimated process contribution from boiler is negligible and will
therefore not result in exceedances of the ambient air quality limits.

8 CONCLUSIONS

Dispersion modelling using AERMOD was undertaken for the boilers associated with the project and
the process contribution of TSP, SO,, NO, and CO were compared against the ambient air quality
limits (for the protection of human health) prescribed by EU/IFC and national guidelines.

The results of the assessment indicate that, for the receptor locations assessed, the short and long
term predicted concentrations for all the pollutants modelled, lie within the respective ambient air
quality limits. Unless the boilers are exempt from the Medium Combustion Plant Directive, and are
installed after December 20, 2018, the following mitigation measures have been recommended to
ensure compliance with the Medium Combustion Plant Directive:

. Use of low sulphur fuel and/or use of a flue gas desulphurisation unit

. Use of higher efficiency dust removal equipment such as high efficiency cyclones or Electro-

static Precipitators.
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