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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 OUTCOMES)

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 / MeHePKMEHT
of its life cycle. risks / YpaBneHue 3KoJjoro- | pecypcoB 3HEPTE€TUKH
HKOHOMHUYECKUMH PUCKAMH BapuaruBHas KoMIoHEeHTa
Management of natural [IpousBoacTBEHHAs MpaKTUKa
resources / MeHeKMEHT / Production practice
IIPUPOJIHBIX PECYPCOB HUP / Research work
GC-2 .
Industrial nature management | YueOHas npakTuka /
and economics / Educational practice
[TpomsbliieHHOE [TpenaumniomHas npakTuka /
MIPUPOIONOIB30BaHUE U Pre-graduate practice
HKOHOMHKA
HayuHno-uccnenoBarenbckas
pabota / Research work
Able to use special Estimations of natural Methodology of scientific
and new sections of | resources / OneHKHn creation / Meronosorus
GPC -2 | ecology, geoecology | mpupOAHBIX pecypcoB Hay4HOI'0 TBOpPYECTBA
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 | DxoHOMHYECKHE aCTIEKTHI CoBpeMeHHbIE TEXHOJIOTUU
applied problems of | mpupo0MOIL30BaHMS 3aIIUTHI OKPYIKAIOIICH CpPeIbl
professional History and methology of Environmental standards and
activity.. ecology and natural resources | nature management /
management / ctopus u DKOJIOrUYeCKHe CTaHJapThl U
METOIOJIOTHSI DKOJIOTHH U MIPUPOJIOTIONIE30BAHHE
OpUPOAOII0Ib30BaHUS Management of water
Iternational collaboration / resources / YpaBieHue
MexayHapoHoe BOJIHBIMHU pecypcamu
COTPYAHUYECTBO Environmental-economic
Hayuno-uccnenoBarenbckas | aspects of environmental
pabora / Research work projects / Dkoioro-
HKOHOMHYECKUE ACTIEKTHI
HKOJIOTUYECKUX MTPOEKTOB
Environmental noms for
sustainability /
DKOJIOTUYECKUE HOPMBI IS
YCTOHYMUBOTO Pa3BUTHSI
Engineering ecology /
WuxeHepHas 3KOJIOTHs
Monitoring of environmental
impacts / MOHUTOpUHT
AKOJIOTUYECKUX BO3JCUCTBUI
Industrial safety /
IIpombinneHHas
0€301MacHOCTb
Simulation and prevention of
accidents / MoaenupoBaHue
U IIPEAYIPEKICHUE aBapUN
VYuebHas npakTuka /
Educational practice
[Tpon3BoiCTBEHHAS TPAKTHUKA
/ Production practice
HUP / Research work
[TpenauriomHast mpakTuka /
Pre-graduate practice
Able to apply Estimations of natural Modern technologies for
environmental resources / OnieHKH nature protection /
research methods to | mpupoaHBIX pecypcoB CoBpeMeHHbIE TEXHOJIOTUU
solve research and Economic aspects of natural | 3amuThl OKpy>Karomien cpeabl
applied problems of | resources management / Management of energy
professional activity | DKOHOMHUYECKHE aCTIEKTHI resources / MeHePKMEHT
GPC-3 MIPUPOJONOIB30BAHMS pPECYpPCOB SHEPTETUKHU

HayuHno-uccnenoBatenbckas
pabora / Research work

Management of water
resources / YpaBieHue
BOJHBIMU pecypcamMu
Environmental-economic
aspects of environmental
projects / DKkoJ0oro-




Code

Competence

Previous Disciplines
(Modules)

Subsequent Disciplines
(Modules)

HKOHOMHYECKUE ACTIEKTHI
HKOJIOTUYECKUX MTPOEKTOB
Environmental noms for
sustainability /
DKOJIOTUYECKUE HOPMBI IS
YCTOHYMBOTO Pa3BUTHSI
Standards of environmental
management and
occupational safety /
CraHIapThl SKOJIOTHIECKOTO
MEHE[KMEHTa U OXPaHBI
TpyAa

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

Wastes: Landfills, Processing
and Recycling / OTxosI:
XpaHEeHHE, 3aXOPOHCHUE,
PELHKIITHT

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

Y4eOHas mpakTuka /
Educational practice
[Tpon3BoCTBEHHAS TPAKTHUKA
/ Production practice

HUP / Research work
[penauniuomHas npakTuka /
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 / O1ieHKu
MIPUPOJIHBIX PECYPCOB
Economic aspects of natural
resources management /
DKOHOMHYECKHUE aCTIEKThI
MPUPOIONOIB30BaAHUS
HayuHno-uccnenoBarenbckas
pabota / Research work

Modern technologies for
nature protection /
CoBpeMeHHbIE TEXHOJIOTUU
3alIUThI OKPYKAIOIIEH CPeIbl
Management of energy
resources / MeHeI>KMEHT
PECYPCOB DHEPTETUKU
Environmental noms for
sustainability /
DKOJIOTUYECKHUE HOPMBI IS
YCTOMUYMBOTO pa3BUTHS
Engineering ecology /
WnxeHepHas 3K0JI0THs
Monitoring of environmental
impacts / MOHUTOpPHHT
DKOJIOTUYECKHX BO3JACHCTBUH
VYuebHas mpakTuka /
Educational practice




Previous Disciplines

Subsequent Disciplines

Code Competence (Modules) (Modules)
IIpon3BOACTBEHHAs PAKTUKA
/ Production practice
HUP / Research work
[MpenauriomHast mpakTuka /
Pre-graduate practice
Able to develop Estimations of natural Management of water
standard resources / OieHKH resources / YrpaBieHue
environmental MPUPOIHBIX PECYpPCOB BOJIHBIMHU PECypcamu
measures and assess | Management of Environmental-economic
the impact of environmental-economic aspects of environmental
planned facilities or | risks / YnpaBnenue skosnoro- | projects / 9konoro-
other forms of HYKOHOMHYECKUMH PHUCKaMHU HYKOHOMHYECKUE ACTIEKTHI
economic activity on | YdeOHas mpakTuka / AKOJIOTHYECKUX TTPOCKTOB
the environment Educational practice Environmental statistics /
Hayuno-uccnenoBarenbekast | JKoOIOrHdecKast CTaTHCTHKA
pabota / Research work Environmental accounting
and reporting /
DKOJIOTUYECKHUI yUeT U
SPC-5 OTYETHOCTH .
Wastes: Landfills, Processing
and Recycling / OTxonpr:
XpaHEeHHE, 3aXOPOHCHUE,
PELHKIITHT
Surface water quality:
modeling and management /
KadecTBO MOBEpXHOCTHBIX
BOJI: MOJICIMPOBAHUE U
MEHEKMEHT
[Tpon3BoCTBEHHAS TPAKTHUKA
/ Production practice
HUP / Research work
[MpenauriomHast mpakTuka /
Pre-graduate practice
Able to develop Management of natural Management of energy
standard resources / MeHeIKMEHT resources / MeHeIKMEHT
environmental IPUPOHBIX PECYPCOB PECYpCOB SHEPTETUKH
measures and assess | Modern technologies for Environmental noms for
the impact of nature protection / sustainability /
planned facilities or | CoBpeMeHHBIE TEXHOJIOTHH DKOJIOTUYECKHUE HOPMBI IS
other forms of 3aIIUTHl OKPYKAIOMIEH Cpe/Ibl | YCTOMYMBOTO Pa3BUTHUS
SPC-6 economic activity on | Industrial nature management | Environmental statistics /

the environment

and economics /
ITpomsInieHHOE
IPUPOJIOTIONIL30BAHKE U
SKOHOMHKA

Economic aspects of natural
resources management /
DKOHOMHUYECKHE aCTICKThI
PHUPOIOIOIB30BAHHUS

DKoJIorn4ecKasl CTaTUCTHKA
Environmental accounting
and reporting /
DKOJIOTUYECKUH yUeT U
OTYETHOCTh

Wastes: Landfills, Processing
and Recycling / OTxonpbl:




Previous Disciplines

Subsequent Disciplines

Code Competence (Modules) (Modules)
Standards of environmental XpaHEeHHe, 3aXOPOHEHHE,
management and PELMKIIHT

occupational safety /
CraHgapThl 9KOJIOTHYECKOTO
MCHEDKMCHTA U OXPaHBbI
Tpyna

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

Surface water quality:
modeling and management /
KauecTBO MOBEpXHOCTHBIX
BOJI: MOJICJIMPOBAHUE U
MEHE/KMEHT

Industrial safety /
IIpomslineHHas
0€301acHOCTb

Simulation and prevention of
accidents / MoaenupoBaHue
U IIPEAYIPEKICHUE aBapUN
VYueOHast mpakTHKa /
Educational practice
[Tpou3BoCTBEHHAS IPAKTHUKA
/ Production practice
HayuHo-uccienoBarenbckast
pabota / Research work
HUP / Research work
[TpenmuruioMHas mpakTHka /
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

Buj yueOHoit padoThl TOTAL 1 Sze meste; 5 4
Contact academic hours 34
Incl.:
Lectures 17 17
Lab work
Seminars 17 17
Self-study 22 58
Evaluation and assessment 16 16
Ac.hours 72 72
Total workload ECTS ) )

5. COURSE CONTENTS
Table 5.1. The content of the discipline (module) by type of academic work
- Type of
Name of th? discipline Content of the section (topics) academic
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 classps, 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), c?quipped 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  OuOIMOTEKa  OHJIAWH»
http://www.biblioclub.ru

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

- electronic library system «KoncynbpTanT cryaenray www.studentlibrary.ru

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

- electronic library system «Tpowutikuit 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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