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1. COURSE GOALS

The purpose of the discipline is to get acquainted with modern theoretical basics and
practical approaches and technologies for the remediation of polluted and disturbed
environmental systems.

2. LEARNING OUTCOMES

The mastering of the discipline "Modern remediation technologies" is aimed at the
formation of the following competencies (parts of competencies) in students:

Table 2.1. List of competencies formed by students during the development of the
discipline (LEARNING OUTCOMEYS)

Code Competence Indicators of competence achievement
(within the framework of this discipline)
able to manage the project |GC -2.1 able to formulate a project task based on the
at all stages of its life problem posed and the way to solve it
cycle. GC-2.2 able to develop a project concept, formulates a goal,
GC -2 tasks, justifies the relevance, expected results and scope of
their application
GC-2.3 knows how to develop a project implementation
plan taking into account possible risks, plans the necessary
resources
Able to use special and GPC -2.1 Knows the basics of ecology, geoecology,
new sections of ecology, |environmental economics and circular economy, as well as
geoecology and nature environmental management
management in solving GPC -2.2 Able to use environmental, economic and other
GPC-2 |research and applied special knowledge and algorithms to solve professional
problems of professional |problems
activity. GPC -2.3 Able to find, analyze and competently use the
latest information and modern techniques in the
performance of research and applied tasks
Able to apply GPC -3.1 Knows the principles and methods of
environmental research environmental monitoring of environmental components
methods to solve research |GPC -3.2 Owns analytical methods for monitoring
and applied problems of  |pollutants and physical impacts and processing the
GPC-3 . - . . .
professional activity information received
GPC -3.3 Able to develop systems for environmental
monitoring and control in production and solve applied
problems in professional activities
Possession of the basics of |[SPC-3.1 Able to plan the introduction of modern approaches
design, expert-analytical |and methods, equipment and computing systems to solve
SPC -3 activities and research problems in the professional field
using modern approaches |PC-3.2 Owns the basics of design and expert-analytical
and methods, equipment |activities
and computer systems
Able to develop standard |SPC-5.1 Able to develop and plan the implementation of
environmental measures  |standard environmental measures, taking into account
SPC-5 . . . . ) :
and assess the impact of  |international practice and the requirements of national
planned facilities or other |legislation




Code Competence Indicators of competence achievement
(within the framework of this discipline)
forms of economic SPC-5.2. Has the skills to assess the impact of planned
activity on the structures or other forms of economic activity on the
environment environment
SPC-5.3 Knows the requirements for the preparation and
implementation of programs for the environmental
modernization of enterprises, the introduction of BAT, the
organization of environmental monitoring, accounting and
reporting
Able to develop standard |SPC-6.1 Capable of detecting inconsistencies in the state of
environmental measures  |environmental components with the requirements of
and assess the impact of  |national and international standards
SPC-6 |planned facilities or other |SPC-6.2 Able to develop programs for monitoring natural
forms of economic complexes under conditions of technogenic loads and
activity on the programs for environmental rehabilitation of territories
environment

3. COURSE IN HIGHER EDUCATION PROGRAMME STRUCTURE

The discipline "Modern remediation technologies " refers to Compulsory Disciplines of
the Higher Education Program.

Within the framework of the higher education program, students also master other
disciplines and/or practices that contribute to expected learning outcomes of the discipline
"Modern remediation technologies ".

Table 3.1. List of Higher Education Program components that contribute to expected
learning outcomes

Previous Disciplines Subsequent Disciplines
Code Competence (Modules) (Modules)
able to manage the Management of Management of energy
project at all stages environmental-economic resources / MeHeHKMEHT
of its life cycle. risks / YmpaBieHue 3K0JI0ro- | pecypcoB SHEPreTUKU
SKOHOMHYECKUMHU PUCKaAMH BapuaTtuBHas koMnoHeHTa
Management of natural [IponsBoacTBEHHAs IPAKTHKA
resources / MeHeHKMEHT / Production practice
IPUPOJHBIX PECYPCOB HUP / Research work
GC -2 )
Industrial nature management | YueOHas npakTuka /
and economics / Educational practice
[TpombInuieHHOE [Ipennumiomuas npakTuka /
IIPUPOIONOIIB30BaHUE U Pre-graduate practice
SKOHOMHKA
HayuHo-uccnenoBarenbckas
pabora / Research work
Able to use special Estimations of natural Methodology of scientific
and new sections of | resources / Ouenku creation / MeTtonomnorus
GPC -2 | ecology, geoecology | mpuUpOIHBIX PECYpPCOB Hay4yHOTO TBOpYECTBA
and nature Economic aspects of natural | Modern technologies for
management in resources management / nature protection /




Previous Disciplines

Subsequent Disciplines

Code Competence (Modules) (Modules)
solving research and | DxoHOMHUYECKHE aCTIEKTHI CoBpeMeHHbIE TEXHOJIOTUU
applied problems of | mpupoomMOIBE30BaHMS 3aIIUTHI OKPYIKAIOIIEH CpPeIbl
professional History and methology of Environmental standards and
activity.. ecology and natural resources | nature management /
management / Uctopus u DKOJIOTUYEeCKHE CTaHJapThl U
METOJIOJIOTUS SKOJIOTHH U MPUPOIOTIOIH30BaHUE
PHUPOAOIIOIL30BAHUS Management of water
Iternational collaboration / resources / YpaBieHue
MexayHapoaHoe BOJIHBIMHU pecypcamu
COTPYAHUYECTBO Environmental-economic
Hayuno-uccnenoBarenbckas | aspects of environmental
pabora / Research work projects / Dxoioro-
HKOHOMHUYECKUE ACTIEKTHI
9KOJIOTHYECKHUX MPOEKTOB
Environmental noms for
sustainability /
DKOJIOTUYECKUE HOPMBI JJIs
YCTOHYMBOTO Pa3BUTHUSA
Engineering ecology /
NuxxeHnepHas 3KoJIorus
Monitoring of environmental
impacts / MOHUTOpUHT
AKOJIOTUYECKUX BO3ICUCTBUI
Industrial safety /
[IpomblieHHas
0€301MacHOCTb
Simulation and prevention of
accidents / MonenupoBaHue
U IIPEAYIPEKICHUE aBapUl
YueOHas mpakTuKa /
Educational practice
[TpousBoacTBEHHAs MpPaKTHUKa
/ Production practice
HUP / Research work
[IpenaumnioMHas mpakTuka /
Pre-graduate practice
Able to apply Estimations of natural Modern technologies for
environmental resources / OLeHKH nature protection /
research methods to | mpupoHBIX pecypcoB CoBpeMeHHbIE TEXHOJIOTUU
solve research and Economic aspects of natural | 3amuThl OKpy Karoien cpeabl
applied problems of | resources management / Management of energy
professional activity | DKOHOMHUYECKHE aCIIEKThI resources / MeHeHKMEHT
GPC-3 IPUPOIONOIB30BaAHUS PECYpPCOB SHEPIE€TUKH

HayuHno-uccnenoBarenbckas
pabora / Research work

Management of water
resources / YrpaBieHue
BOJIHBIMHU PeCypcamu
Environmental-economic
aspects of environmental
projects / Dxosnoro-




Code

Competence

Previous Disciplines
(Modules)

Subsequent Disciplines
(Modules)

YKOHOMUYECKHUE ACTICKTHI
9KOJIOTUYECKHUX MPOCKTOB
Environmental noms for
sustainability /
DKOJIOTUYECKUE HOPMBI JJIs
YCTOHYMBOTO pa3BUTHUSA
Standards of environmental
management and
occupational safety /
CranmapThl 9KOJIOTHIECKOTO
MEHE/PKMEHTA M OXPaHBI
TpyAa

Occupational safety and
HSE-audit / Oxpana Tpyna u
HSE-ayaut

Wastes: Landfills, Processing
and Recycling / OTxonpbr:
XpaHEeHHe, 3aXOpOHEHUE,
PEIUKITIHT

Surface water quality:
modeling and management /
KadecTBO MOBEpXHOCTHBIX
BOJI: MOJCIIUPOBAHHE U
MEHEDKMEHT

VYyeOHast mpakTHka /
Educational practice
[Ipon3BocTBEHHAs IIPAKTUKA
/ Production practice

HUP / Research work
[MpennuriomHast mpakTUKa /
Pre-graduate practice

SPC -3

Possession of the
basics of design,
expert-analytical
activities and
research using
modern approaches
and methods,
equipment and
computer systems

Estimations of natural
resources / OLieHKH
MIPHPOJIHBIX PECYPCOB
Economic aspects of natural
resources management /
DKOHOMHUYECKHE aCICKThI
MPUPOJIONIOIB30BaAHUS
HayuHo-uccnenoBarenbckas
pabora / Research work

Modern technologies for
nature protection /
CoBpeMeHHbIE TEXHOJIOTUN
3aLIUThI OKPYKAIOLLEH CpeIbl
Management of energy
resources / MeHeIKMEHT
PECypCOB SHEPTeTUKH
Environmental noms for
sustainability /
DKOJIOTUYECKUE HOPMBI JJIs
YCTOWYMBOTO Pa3BUTHUSA
Engineering ecology /
NuxxeHepHas 3KoJIorus
Monitoring of environmental
impacts / MOHUTOpUHT
AKOJIOTMYECKUX BO3ICUCTBUI
VYueOHas mpakTuka /
Educational practice




Previous Disciplines

Subsequent Disciplines

Code Competence (Modules) (Modules)
[Ipon3BoacTBEHHAs IIPAKTUKA
/ Production practice
HUP / Research work
[MpenaumiomHast mpakTHKa /
Pre-graduate practice
Able to develop Estimations of natural Management of water
standard resources / OieHKH resources / YrpaBieHue
environmental MIPUPOTHBIX PECYPCOB BOJHBIMH PECypCaMH
measures and assess | Management of Environmental-economic
the impact of environmental-economic aspects of environmental
planned facilities or | risks / YrpaBnenue sxonoro- | projects / Dxoioro-
other forms of SKOHOMUYECKHUMH PUCKaAMHU SKOHOMHUYECKHUE ACTICKTHI
economic activity on | YueOHas npakTuka / AKOJIOTUYECKUX ITPOEKTOB
the environment Educational practice Environmental statistics /
Hayuno-uccnenoBarenbckast | DKoJIornyeckast CTaTUCTHKA
pabora / Research work Environmental accounting
and reporting /
DKOJOTHYECKUN YUET U
OTYETHOCTh
SPC-S Wastes: Landfills, Processing
and Recycling / OTxonpbr:
XpaHEeHHe, 3aXOpOHEHUE,
PELMKINHT
Surface water quality:
modeling and management /
KauecTBO mOBEpXHOCTHBIX
BOJI: MOJCIIMPOBAHHE U
MEHEDKMEHT
[IponsBoacTBEHHAs IIPAKTUKA
/ Production practice
HUP / Research work
[MpennuriomHast mpakTUKa /
Pre-graduate practice
Able to develop Management of natural Management of energy
standard resources / MeHEKMEHT resources / MeHeKMEHT
environmental NPUPOIHBIX PECYpPCOB PECYPCOB SHEPTETHKH
measures and assess | Modern technologies for Environmental noms for
the impact of nature protection / sustainability /
planned facilities or | CoBpeMeHHBIE TEXHOJIOTHH DKOJIOTNYECKUE HOPMBI AJIs
other forms of 3aIIUTHI OKPYIKAIOMIEH CPeibl | YCTOMYMBOTO PA3BUTHS
SPC-6 economic activity on | Industrial nature management | Environmental statistics /

the environment

and economics /
[IpomeiinenHoe
PUPOIONOIB30BaHUE U
HYKOHOMHUKA

Economic aspects of natural
resources management /
ODKOHOMMYECKHUE aCIIEKThI
MPHUPOIONOIB30BaAHUS

DKoNornyecKas CTaTHCTHKA
Environmental accounting
and reporting /
DKOJIOTUYECKUH yUeT u
OTYETHOCTH

Wastes: Landfills, Processing
and Recycling / OTxompr:




Previous Disciplines Subsequent Disciplines

Code Competence (Modules) (Modules)
Standards of environmental XpaHeHHe, 3aXOpOHEHUE,
management and PEIMKINHT
occupational safety / Surface water quality:
Cranmaptsl 3xosornueckoro | modeling and management /
MEHEKMEHTa U OXPaHBI KauecTBO MoBepXHOCTHBIX
Tpyaa BOJI: MOJICITMPOBAHUE U
Occupational safety and MEHE/KMEHT
HSE-audit / Oxpana tpyna u | Industrial safety /
HSE-aynut [IpomblineHHas

0€30MacHOCTb

Simulation and prevention of
accidents / MonenupoBaHue
U IIPEAYIPEKICHUE aBapUN
YueOHas mpakTuKa /
Educational practice
[Tpon3BoICTBEHHAS IPAKTHUKA
/ Production practice
HayuHno-uccnenoBarenbckas
pabora / Research work

HUP / Research work
[IpenaumnioMHas mpakTuka /
Pre-graduate practice

4. COURSE WORKLOAD AND ACADEMIC ACTIVITIES
Workload of the course «Modern remediation technologies » is 2 ECTS.

Table 4.1. Types of academic activities during the period of the HE program mastering

Bun yueGHoii pagoThi TOTAL Semesters
1 2 3 4
Contact academic hours 34
Incl.:
Lectures 17 17
Lab work
Seminars 17 17
Self-study 22 38
Evaluation and assessment 16 16
Ac.hours 72 72
Total workload ECTS 2 )
5. COURSE CONTENTS
Table 5.1. The content of the discipline (module) by type of academic work
- Type of
Name of the. discipline Content of the section (topics) acZ(Ii)emic
section o .
activity*
Remediation Remediation technologies: main tasks and Lectures,
technologies: main tasks | characteristics; classification: physical methods; | Seminars




and characteristics; | chemical methods; biological methods; in situ

classification and ex situ technologies

Soil remediation | Soil remediation technologies: practical Lectures,

technologies examples, efficiency, standards. Efficiency and Seminars
risks

Remediation of | Remediation of wastewater: practical examples, | Lectures,

wastewater efficiency, standards. Efficiency and risks Seminars

Remediation of waste | Remediation of waste landfills: practical Lectures,

landfills examples, efficiency, standards. Efficiency and | Seminars
risks

6. CLASSROOM EQUIPMENT AND TECHNOLOGY SUPPORT
REQUIREMENTS

Table 6.1. Classroom equipment and technology support requirements
Specialized learning,
laboratory equipment,
software and materials for
the mastering the course

Classroom for
Academic CLASSROOM EQUIPMENT
Activity Type

An auditorium for conducting lecture-type
Lecture clasges, equipped with a set of specialized i
furniture; a board (screen) and technical means
of multimedia presentations.

Classroom, equipped with a set of specialized
furniture; whiteboard; a set of devices includes
portable multimedia  projector, laptop,
Seminars projection screen, Stable wireless Internet | -
connection. Software: Microsoft Windows,
MS Office / Office 365, MS Teams, Chrome
(latest stable release), Skype

An auditorium for independent work of
students (can be wused for seminars and
Self-studies conspltgtions), équipped with a set .of i
specialized furniture and computers with
access to an electronic information and

educational environment.

7. RECOMMENDED SOURCES FOR COURSE STUDIES

. Main reading:

Sethi R., Di Molfetta A. Groundwater Engineering: A Technical Approach to
Hydrogeology, Contaminant Transport and Groundwater Remediation. — Springer, 2019.

Sanyal S. K. A textbook of soil chemistry. — Daya Publishing House, A division of
Astral International Pvt. Limited, 2018.

Zhang C. Soil and groundwater remediation: fundamentals, practices, and
sustainability. — John Wiley & Sons, 2019.

Additional sources:



1. Sharma J. Introduction to phytoremediation—a green clean technology //Available at
SSRN 3177321. - 2018.

2. Hou D. (ed.). Sustainable remediation of contaminated soil and groundwater: materials,
processes, and assessment. — Butterworth-Heinemann, 2019..

Internet-sources:

1. Electronic library system of the RUDN and third-party electronic library systems,
to which university students have access on the basis of concluded contracts:

- electronic library system of the RUDN University http://lib.rudn.ru/MegaPro/Web

- electronic  library system «YHuBepcuTeTcKas  OWOIMOTEKAa  OHJIANHY»
http://www.biblioclub.ru

- electronic library system FOpaiit http://www.biblio-online.ru

- electronic library system «Koncynpsrant ctyaenra» www.studentlibrary.ru

- electronic library system «Jlaab» http://e.lanbook.com/

- electronic library system «Tpowutikuiit MocT»

2. Databases and search engines:

- electronic fund of legal and regulatory and technical documentation
http://docs.cntd.ru/

- Yandex search engine https://www.yandex.ru/

- Google search engine https://www.google.ru/

- abstract database SCOPUS http://www.elsevierscience.ru/products/scopus/

Educational and methodological materials for independent work of students during
the development of the discipline/ module *:
1. A course of lectures on the discipline "Modern remediation technologies".

* - all educational and methodological materials for independent work of students are placed in accordance with
the current procedure on the discipline page in the Telecommunication educational and Information System!

8. MID-TERM ASSESSMENT AND EVALUATION TOOLKIT

Evaluation materials and a point-rating system* for assessing the level of competence
formation (part of competencies) based on the results of mastering the discipline "Modern
remediation technologies" are presented in the Appendix to this Work Program of the
discipline.

* - evaluation toolkit and ranking system are formed on the basis of the requirements of the relevant local
regulatory act of the RUDN (regulations / order).
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