PO-PSO-CO & SYLLABUS of VARIOUS PROGRAMS

Sr. No PROGRAM NAME Pg. No.
1 PGD (CHEMICAL SCIENCEYS)
2 PGD (ENGINEERING SCIENCES)
3 PGD (LIFE SCIENCES)
4 PGD (PHYSICAL SCIENCES)
5 M. Tech
6 M. Phil. (CHEMICAL SCIENCEYS)
7 M. Phil. (PHYSICAL SCIENCEYS)
8 M.Sc. (ENGINEERING SCIENCEYS)
9 Ph.D. (APPLIED SYSTEMS ANALYSIS)
10 Ph.D. (CHEMICAL SCIENCEYS)
11 Ph.D. (ENGINEERING SCIENCES)
12 Ph.D. (LIFE SCIENCES)
13 Ph.D. (MATHEMATICAL SCIENCES)
14 Ph.D. (PHYSICAL SCIENCES)
15 Ph.D. (MEDICAL & HEALTH SCIENCES)
16 INTEGRATED Ph.D. (DOUBLE DEGREE) -

ENGINEERING SCIENCES




INTEGRATED Ph.D. (DOUBLE DEGREE) -

17 LIFE SCIENCES

18 INTEGRATED Ph.D. (DOUBLE DEGREE) -
MATHEMATICAL SCIENCES

1 INTEGRATED Ph.D. (DOUBLE DEGREE) -

PHYSICAL SCIENCES

20 DMRIT

21 M.Sc. (PHYSICAL SCIENCES)

22 M.D.

23 D.M.

24 M.Ch.

25 Dip. R. P.

26 INTEGRATED M.Sc. (CHEMICAL SCIENCES)

27 INTEGRATED M.Sc. (LIFE SCIENCES)

28 INTEGRATED M.Sc. (MATHEMATICAL SCIENCES)

29 INTEGRATED M.Sc. (PHYSICAL SCIENCES)

30 M.Sc. (NURSING)

31 PGDFIT

32 M.Sc. (CLINICAL RESEARCH)

13 INTEGRATED Ph.D. (SINGLE DEGREE) -

ENGINEERING SCIENCES




PGD IN CHEMICAL SCIENCE

(PROGRAM CODE: CHEMO00)

Program Code : CHEMOO0

Programme Outcome

Building strong foundation in
areas of chemical and nuclear
sciences

Prepare young chemists for
pursuing research in frontier areas
of chemical and nuclear sciences

Train the manpower for DAE in
chemical aspects in nuclear
science and technology

Prepare the manpower for
societal and strategic areas of
DAE

1. BARC

e (SYLLABUS

e (PSO-CO

2. IGCAR

e |SYLLABUS

e |PSO-CO




PGD IN ENGINEERING SCIENCE

(PROGRAM CODE: ENGG00)

To provide DAE with a manpower trained

Program Code : Programme | i the nuances of Nuclear Science &
ENGGO00 Outcome Technology
Building strong foundation in the area of
engineering and nuclear sciences
Expose the young students to state-of-the
art experimental techniques and
development of experimental facilities
Teach fundamental aspects pertaining to
latest developments in the field of
engineering and nuclear sciences
Understanding the role of engineering
sciences in DAE programmes
Understating the role of engineering
sciences in societal and strategic
programmes
1. BARC 4. IGCAR
e [ SYLLABUS
e (SYLLABUS
e | PSO-CO
e |PSO-CO
2. BARC- AMD
GEOLOGY & GEOPHYSICS 5. RRCAT
* | SYLLABUS * [SYLLABUS
e [ PSO-CO
e |PSO-CO

3. BARC - NFC

SYLLABUS

PSO-CO




PGD IN LIFE SCIENCE

(PROGRAM CODE: LIFE(0)

Program Code : LIFEOO

Programme Outcome

To provide DAE with a manpower
trained in the nuances of Nuclear
Science & Technology in Life
Sciences

Building strong foundation in the
area of Life and nuclear sciences

Expose the young students to state-
of-the art experimental techniques

Teach fundamental aspects
pertaining to latest developments in
the field of Life and nuclear sciences

Understanding the role of Life
Science in DAE programmes

Understanding the role of biology in
societal and strategic programmes

1. BARC

e |SYLLABUS

e (PSO-CO




PGD IN PHYSICAL SCIENCE

(PROGRAM CODE: PHYS00)

Program Code : PHYS00 Programme Outcome

To provide DAE with a manpower
trained in the nuances of Nuclear
Science & Technology in Physical
Sciences

Building strong foundation in the area of
physical and nuclear sciences

Expose the young students to state-of-the
art experimental techniques

Teach fundamental aspects pertaining to
latest developments in the field of
physical and nuclear sciences

Understanding the role of physics in
DAE programmes

Understanding the role of physics in
societal and strategic programmes

1. BARC

SYLLABUS

PSO-CO

2. IGCAR

SYLLABUS

PSO-CO




M.Tech.

(PROGRAM CODE: ENGGO01)

Program Code : ENGGO1 Programme Advanced knowledge in
Outcome engineering science with
required knowledge in
Physics and mathematics
for understanding complex
engineering problems
Training in working with
various equipment,
computational tools and
familiarizing with
simulation and modeling
1. BARC 5. RRCAT
e | SYLLABUS e |SYLLABUS
e |PSO-CO e |PSO-CO
6. IPR
2. BARC- AMD
GEOLOGY & GEOPHYSICS * [SYLLABUS
e |PSO-CO

3. BARC - NFC

e [SYLLABUS

e [PSO-CO

4. IGCAR

e [SYLLABUS

e |PSO-CO




M.Phil. in CHEMICAL SCIENCE

(PROGRAM CODE: CHEMO02)

Program Code : CHEMO2

Programme Outcome

Building strong foundation in
fundamentals of core subjects in
chemical sciences including
Inorganic, Nuclear, Physical and
Analytical Chemistry

Development of skills in applying
the basic knowledge in chemical
sciences to applications in DAE

programme

Skill developments in effective
communication of scientific results

Development of skill set necessary
for starting a research career in
chemical sciences and allied areas

Appreciate the central role of
chemistry in DAE programmes and
apply these to take up research in
key issues such energy, health and
medicine.

1. BARC

2.

SYLLABUS

PSO-CO

IGCAR

SYLLABUS

PSO-CO




M.Phil. in PHYSICAL SCIENCE

(PROGRAM CODE: PHYS02)

Program Code : PHYS02

Programme Outcome

Manpower development with the
ability to apply basic concepts and
methods in physics to research
problems.

Training in working with
interdisciplinary subjects with
physics as one of the disciplines

Developing an understanding of
modern mathematical methods and
using them in the research
environment.

1. BARC
e (SYLLABUS
e (PSO-CO

2. IGCAR
e [ SYLLABUS
e | PSO-CO

3. RRCAT
e [ SYLLABUS

e (PSO-CO




M.Sc. in ENGINEERING SCIENCE

(PROGRAM CODE: ENGG03)

Program Code : ENGGO03 Programme Apply the knowledge of Natural
Outcome sciences, mathematics and engineering
sciences to the solution of complex
engineering problems in the field of
specialisation
Ability to Identify new research problem,
formulate the problem, to find the
appropriate best solution to the complex
engineering problem with relevant input
from research literature, performing the
requisite experiments and computational
calculation
1. BARC
e |SYLLABUS
e |PSO-CO
2. IGCAR
e |SYLLABUS
* |PSO-CO
3. IPR
e SYLLABUS

PSO-CO




Ph.D.in APPLIED SYSTEMS ANALYSIS
(Program Code: APSA04)

Program Code : APSA04

Programme Outcome

To conduct policy-oriented research
into problems involving multi-
disciplinary approach

1. NISER

e |SYLLABUS

e |PSO-CO




Ph.D. IN CHEMICAL SCIENCE

(PROGRAM CODE: CHEMO04)

Program Code : CHEMO04

Programme Outcome

Foundation in the fundamentals of
core chemical sciences fields
including those in Analytical,

Inorganic, Nuclear and Physical
Chemistry.

Skill development in critical
thinking and problem solving
applied to scientific problems.

Development of skills to clearly
communicate the results of
scientific work in oral, written and
electronic formats to both scientists
and the public at large.

Development of skill set necessary
for starting a research career in
chemical sciences and allied areas

Appreciate the central role of
chemistry in DAE programmes and
apply these to take up research in
key issues such energy, health and
medicine.

1. BARC

e |SYLLABUS /PSO-CO

2. IGCAR

e [ SYLLABUS

e | PSO-CO

3. NISER

e (SYLLABUS

e (PSO-CO




Ph.D. IN ENGINEERING SCIENCE

(PROGRAM CODE: ENGG04)

Program Code : Programme | Manpower development with the ability to
ENGG04 Outcome apply basic concepts and methods in
physics, mathematics and engineering to the
complex engineering problems.
A thorough understanding of knowledge
within their research area in engineering
sciences and basic understanding in allied
areas
Skill development in critical thinking and
problem solving applied to complex
engineering problems.
Development of  skills to clearly
communicate the results of engineering
research work in oral, written and electronic
formats to both technocrats and the public at
large.
Development of skill set necessary for
starting a research career in engineering
sciences and allied areas
Appreciate the central role of engineering
sciences in DAE programmes and apply
these to take up research in key issues like
advanced reactor design, reactor safety,
material development etc.
1. BARC
e (SYLLABUS
e (PSO-CO
2. IGCAR
e |SYLLABUS
e | PSO-CO
3. VECC
e | SYLLABUS
e |PSO-CO
4. IPR
e (SYLLABUS

e | PSO-CO




Ph.D. IN LIFE SCIENCE
(PROGRAM CODE: LIFE(04)

Program Code : Programme

LIFE04 Outcome A thorough understanding of knowledge

within their research area in life sciences and
basic understanding in allied areas

Skill development in critical thinking and
problem solving applied to scientific
problems.

Development of skills to clearly communicate
the results of scientific work in oral, written
and electronic formats to both scientists and

the public at large.

Development of skill set necessary for starting
a research career in Life sciences and allied
areas

Appreciate the central role of life sciences in

DAE programmes and apply these to take up

research in key issues such food, agriculture,
health and medicine.

1. BARC 4. IMSc

e | SYLLABUS

e |SYLLABUS /PSO-CO

* [ PSO-CO

2. SINP 5. NISER

e |SYLLABUS

e | SYLLABUS

* |PSO-CO

* [PSO-CO

3. TMC

e | SYLLABUS

*| PSO-CO




Ph.D. in MATHEMATICAL SCIENCES

(PROGRAM CODE: MATHO04)

Program Code : MATHO04

Programme Outcome

At the end of the program, the
student should be knowing the basic
concepts and tools in the core
subjects of pure mathematics to
undertake research for thesis work.

1. HRI

| SYLLABUS

e| PSO-CO

2. IMSc

e | SYLLABUS

e | PSO-CO

3. NISER

e |SYLLABUS

e | PSO-CO

Ph.D. in COMPUTER SCIENCES

(PROGRAM CODE: MATHO04)

Program Code : MATHO04

Programme Outcome

A deep understanding of
foundational and theoretical
aspects of Computer
Science

Development of critical
analytic skills applicable
across sub-areas

Development of self-
direction and originality in
problem-solving

1. IMSC

2.

o| SYLLABUS

¢| PSO-CO

NISER

o | SYLLABUS

¢ | PSO-CO




Ph.D. IN PHYSICAL SCIENCE

(PROGRAM CODE: PHYS04)

Program Code : PHYS04 Programme Outcome Manpower development with the
ability to apply basic concepts and
methods in physics to research
problems.

Training of manpower to take up
research in frontier areas of physics
Building human resource in carrying
out R&D in physical and nuclear
sciences
Training of manpower in working in
interdisciplinary subjects with physics as
one of the subjects
1. BARC 6. IPR
e [ SYLLABUS
e ([SYLLABUS /PSO-CO
e [ PSO-CO
2. IGCAR 7. 10P
e | SYLLABUS e (SYLLABUS
e (PSO-CO ¢ (PSO-CO
3. RRCAT 8. HRI
e |SYLLABUS e | SYLLABUS
e | PSO-CO e | PSO-CO
4. VECC 9. IMSc
* |[SYLLABUS e [SYLLABUS
e (PSO-CO e |PSO-CO
5. SINP 10. NISER
e | SYLLABUS e (SYLLABUS
e | PSO-CO e | PSO-CO




Ph.D. IN MEDICAL & HEALTH SCIENCES
(PROGRAM CODE: HLTH04)

Program Program Knowledge and scientific

Code: Outcomes competencies: research methods,
HLTHO04 information literacy, scientific writing,
professional conduct, ethics and
Integrity, and awareness of
interdisciplinary contexts.

Organization and management
competencies: project management,
self-management, and teaching.

Training in application of Nuclear
Medicine in diagnosis and therapy
of diseases.

1. TMC

e | SYLLABUS

e | PSO-CO




INTEGRATED Ph.D. in ENGINEERING SCIENCE
(DOUBLE DEGREE)
(Program Code: ENGGO05)

Program Programme Manpower development with ability to apply
Code : ENGGO5 | Outcome basic concepts and methods in physics to
engineering problems

Skill development in working in
interdisciplinary research problems

Developing understanding of modern
mathematical methods and using them in
research environments

Ability to apply the basic knowledge in
engineering science to DAE programme

1. BARC
e [SYLLABUS
e [ PSO-CO

2. IGCAR
e | SYLLABUS

e [ PSO-CO




INTEGRATED Ph.D. LIFE SCIENCES

(DOUBLE DEGREE)
(Program Code: LIFEQ5)

Program Code :
LIFEQ5

Programme
Outcome

To provide DAE with manpower trained in the
nuances of Nuclear Science & Technology in
Life Sciences

Building strong foundation in the area of Life
and nuclear sciences

Expose the young students to state-of-the art
experimental techniques

Teach fundamental aspects pertaining to latest
developments in the field of Life and nuclear
sciences

Understanding the role of Life Science in DAE
programmes

Understanding the role of biology in societal
and strategic programmes

1. IMSc

e |SYLLABUS

¢ | PSO-CO




INTEGRATED Ph.D.

MATHEMATICAL SCIENCES

(DOUBLE DEGREE)
(Program Code: MATHOQ05)

Program Code : MATHO05

Programme
Outcome

Original research in chosen
specialized area

Knowledge of literature in
chosen area and related areas

Ability to apply concepts and
techniques in problem solving

Ability to communicate clearly
both orally and in writing

Ability to critically evaluate
current research

1. IMSc

e SYLLAB

US

e |IPSO-CO




INTEGRATED Ph.D. in PHYSICAL SCIENCE

(DOUBLE DEGREE)
(Program Code: PHYS05)

Program Code : | Programme Manpower development with the ability to
PHYSO05 Outcome apply basic concepts and methods in physics to
research problems.

Training of manpower with the ability to work
in interdisciplinary subjects, particularly those
in the interface of different disciplines in
physics.

Developing an understanding of
modern mathematical methods and using them
in the research environment.

Training of manpower which has the
ability to work in diverse areas and adapt
to change in professional and national
requirements.

1. HRI
e SYLLABUS
e ([PSO-CO

2. IMSC
e | SYLLABUS
e (PSO-CO

3. NISER
e | SYLLABUS

e | PSO-CO




DIPLOMA in MEDICAL RADIOISOTOPE
TECHNIOQUES
(DMRIT)
(Program Code: HLTHO7)

Program Code :HLTHO7 Programme To develop human resource, in the

Outcome form of Nuclear Medicine

Technologist, for nuclear medicine

departments of various hospitals in

the country, possessing specialized
knowledge in theoretical &

experimental nuclear medicine
techniques.

Understand techniques in
Scintigraphy and PET-CT for
application of radioisotopes in

nuclear medicine -diagnosis & -
treatment.

To develop theoretical and practical
knowledge and the required
competencies to function in a
nuclear medicine setup.

To be able to adopt and apply, both
established and evolving techniques
& technologies, in
radiopharmaceutical formulations,
for both SPECT & PET agents,
nuclear medicine imaging techniques
and laboratory applications like
radioimmunoassay (RIA),
Immunoradiometric assay (IRMA)
and other related methods.

1. BARC

e [SYLLABUS

e |PSO-CO




M.Sc. in PHYSICAL SCIENCES

(Program Code: PHYS(08)

Program Code : PHYSO08

Programme
Outcome

Develop manpower with the ability to
apply basic concepts and methods in
physics to understand diverse phenomena.

Develop manpower with the ability to
work in interdisciplinary subjects,
particularly those in the interface of
physics and engineering

Develop manpower with the
understanding of modern mathematical
methods and the ability to apply them in

any quantitative analysis.

1. HRI

e [ SYLLABUS

e [ PSO-CO




M.D.
(PROGRAM CODE: HLLTH09A)

Program Code : HLTHO09 Programme Ability to provide evidence-based
Outcome treatment to the patient.

Well informed about the established and
evolving biomedical and Clinical sciences
and ability to apply the knowledge for
patient’s care in the area of specialisation.

Ability to communicate with the patient
effectively about health care advice and
treatment.

Ability to carry out professional work by
maintaining high ethical standards.

I. M.D.(PATHOLOGY)

1. TMC

e | SYLLABUS

e (PSO-CO

II. M.D. (RADIO - DIAGNOSIS)
1. TMC

e (SYLLABUS

e (PSO-CO

III. M.D. (RADIATION ONCOLOGY)
1. TMC

e (SYLLABUS

e (PSO-CO

IV.  M.D.(MICROBIOLOGY)

1. TMC

o (SYLLABUS

e [PSO-CO




V. M.D. (NUCLEAR MEDICINE)

1. BARC 2. TMC
e (SYLLABUS e |SYLLABUS
e [PSO-CO e | PSO-CO

VI. M.D. (PALLIATIVE MEDICINE)

1. TMC

e |SYLLABUS

e |[PSO-CO

viI. M.D. AIMMUNO - HEMATOLOGY & TRANSFUSION MEDICINE)

1. TMC

e (SYLLABUS

e |PSO-CO

VIII. M.D. (ANESTHESIA)

1. TMC

o [ SYLLABUS

e [ PSO-CO




D.M.

BACK TO MAIN

(PROGRAM CODE: HLTH10A)

Program Code : HLTHI10A

Programme Outcome

Ability to diagnose health
Issues and provide
comprehensive care to the
patient in the area of super
specialization.

Ability to carry out all
necessary diagnostic and
therapeutic procedures as

required in the area of super
specialization.

Extensive knowledge in the
area of super specialization and
the ability to apply the
knowledge for optimal
treatment of the patient.

Ability to counsel parents and
relatives of the patient with
empathy and compassion

Ability to design and execute
research projects and interact
with medical colleagues in
multiple disciplines

Ability to conduct teaching
sessions, bedside seminars and
lectures

I. D.M.(MEDICAL ONCOLOGY)

1. TMC

e (SYLLABUS

e |PSO-CO

II. D.M.(PAEDIATRIC ONCOLOGY)

1. TMC

e |[SYLLABUS

e (PSO-CO




III.  D.M. (GASTROENTEROLOGY)

1. TMC

e [SYLLABUS

e |PSO-CO

IV. D.M.(CRITICAL CARE MEDICINE)

1. TMC

e [SYLLABUS

e [PSO-CO

V. D.M. (ONCOPATHOLOGY)

1. TMC

e [SYLLABUS

e | PSO-CO

VI. D.M.(ANTERVENTIONAL RADIOLOGY)

1. TMC

e |SYLLABUS

e |PSO-CO




M.Ch
(PROGRAM CODE: HLTH10B)

Program Code : HLTH10B | Programme Development of trained man power in
outcome Oncology.

Building strong foundation in clinical
research and surgery.

1. M.Ch (SURGICAL ONCOLOGY)

e | SYLLABUS

e | PSO-CO

2. M.Ch (GYNECOLOGICAL ONCOLOGY)

e SYLLABUS

e (PSO-CO

3. M.Ch (PLASTIC SURGERY & RECONSTRUCTIVE SURGERY)

e (SYLLABUS

e (PSO-CO

4. M.Ch (HEAD & NECK ONCOLOGY)

e | SYLLABUS

e | PSO-CO




Post M. Sc. Diploma in Radiological Physics (Dip. R. P.)
(Program Code: HLTH11)

Program Code : HLTHI11 Programme Outcome Apply principles of basic science
concepts in understanding,
analysis and predication
To introduce interdisciplinary
subjects/concepts/ideas for
interdisciplinary application of
Medical Physics and ionising
radiation safety concepts.

To introduce advanced ideas and
techniques required in emergent
area of Medical Physics and
radiation safety in cancer care.
To develop human resources with
specialization in theoretical and
experimental technique as well as
radiation safety required for
medical, industrial and research
applications of ionizing radiation.

1. BARC

e [ SYLLABUS

e [ PSO-CO




INTERGRATED M.Sc. in CHEMICAL SCIENCES
(Program Code: CHEM13)

Program Code : CHEM13 | Programme Ability to learn and engage in emerging
Outcome areas of chemical science
Ability to collaborate and work in
interdisciplinary areas of science where
chemistry knowledge is required
Ability to pursue a career in chemical
research
Human resource with knowledge base in
theoretical and experimental chemistry
Ability to work on societal problems
involving chemistry
Ability to apply the basic concepts and
principles of chemistry in solving real life
problems

1. NISER

e SYLLABUS

e [ PSO-CO




INTEGRATED M.Sc. In LIFE SCIENCES

(Program Code: LIFE13)

Program Code : LIFE13

Programme Outcome

Ability to learn and engage in
emerging areas of bioscience

Ability to collaborate and work in
interdisciplinary areas of science
where bioscience knowledge is
required

Ability to pursue a career in
bioscience research

Human resource with knowledge
base in theoretical and experimental
bioscience

Ability to work on societal problems
involving bioscience

Ability to apply the basic concepts
and principles of bioscience in
solving real life problems

1. NISER

e (SYLLABUS

e (PSO-CO




INTEGRATED M.Sc. in MATHEMATICAL
SCIENCES
(Program Code: MATH13)

Program Code : MATH13 | Programme The Integrated M.Sc. Program in
Outcome Mathematics aims to provide
comprehensive training to the students so
that they will be able to build a carrier in
Mathematics for themselves

The program aims to train people who are
oriented towards research and teaching in
both basic and advanced areas of
Mathematical sciences.

After successful completion of this
program students will be able to apply
knowledge of Mathematics in different
fields of science and technology.

1. NISER

e (SYLLABUS

e | PSO-CO




INTEGRATED M.Sc. IN PHYSICAL SCIENCE
(PROGRAM CODE: PHYS13)

Program Code : PHYS13 Programme

Outcome Building the manpower with ability to

apply basic concepts and methods in
physics to understand diverse phenomena.

Building of manpower with the ability to
work in interdisciplinary subjects,
particularly those in the interface of physics
and engineering

Understanding of modern mathematical
methods and ability to apply them in
any quantitative analysis.

1. NISER
e | SYLLABUS

e | PSO-CO




M.Sc. NURSING

(PROGRAM CODE: HLTH15)

Program code: HLTH15 Program Outcome

Developing skilled man power
with knowledge of patient care.

Building trained man power for
patient care, assisting the docter,
effective oral communication
and ethical practises.

1. TMC

e |[SYLLABUS

e [PSO-CO




PGDFIT

(PROGRAM CODE: HLTH16)

Program Code :

Programme Outcome

To develop highly skilled human

HLTHI6 resource in nuclear medicine
technology.
1. TMC
e |SYLLABUS

e (PSO-CO




M. Sc. in CLINICAL RESEARCH

(Program Code: HLTH17)

Program Code : HLTH17

Programme
Outcome

To train the students in various aspects of
clinical research — Ethics, Guidelines and
Rules; and roles and responsibilities of a
clinical research professional.

This will also enable the individual to be a
good trained knowledgeable clinical research
person while supporting new drug development
and clinical trials.

To be able to participate in clinical trials
management, including planning and
execution of the trial and be a part of the
multidisciplinary team delivering ethical
clinical trials meeting all national and
international norms and guidelines.

1. TMC

SYLLABUS

PSO-CO




INTEGRATED Ph.D. ENGINEERING SCIENCE

(SINGLE DEGREE)

(PROGRAM CODE: ENGGI18)

Program Code :
ENGG18

Programme
Outcome

To provide DAE with a manpower trained
in the nuances of Nuclear Science &
Technology

Building strong foundation in the area of
engineering and nuclear sciences

Expose the young students to state-of-the
art experimental techniques and
development of experimental facilities

Teach fundamental aspects pertaining to
latest developments in the field of
engineering and nuclear sciences

Understanding the role of engineering
sciences in DAE programmes

Understanding the role of
engineering sciences in societal and
strategic programmes

1. BARC

e | SYLLABUS

e [ PSO-CO

2. IGCAR

e |SYLLABUS

e |PSO-CO




BACK TO MAIN

Revised Syllabi after approval of:
BARC Training School Chemistry Committee

(Date of meeting: 28-05-2018)

HBNI BoS (Chemical Sciences)
(Date of meeting: 1-06-2018)

HBNI Academic Council
(Date of meeting: 30-06-2018)

Submitted to BARC Training School on 3-07-2018

SYLLABUS FOR

PGD in Chemical Sciences
under BARC
(Program Code: CHEMO00)

SYLLABUS - 2018

CHEMICAL SCIENCES




COURSE STRUCTURE-CHEMISTRY

FOUNDATION COURSES
S. No Subject Title Course Hours Credits | Marks
Code
1 Mathematics, Quantum Chemistry & Computational Methods| CY501 40+10 4 150
2 Analytical Chemistry CY502 40+8 4 150
3 Material Science CY503 20+5 2 75
4 Radiation Detection and Measurements CY504 20 2 75
5 Nuclear and Radiochemistry CY505 40+8 4 150
6 Thermodynamics CY506 20+4 2 75
FOUNDATION TOTAL 180+35 18 675
CORE COURSES
S. No Subject Title Course Hours Credits | Marks
Code
1 Lasers CY601 10 1 50
2 Electronics & Chemical Instrumentation CY602 20+4 2 75
3 Production and Applications of Radioisotopes CY603 20+4 2 75
4 Reactor Physics and Reactor Chemistry CY604 20 2 75
5 Molecular Structure & Spectroscopy CY605 30+6 3 125
6 Radiation and Photochemistry CY606 30+8 3 125
7 Chemistry in Nuclear Fuel Cycles CY607 40 4 150
8 Advanced Chemical Kinetics & Dynamics CY608 20+4 2 75
9 Health Physics and Radiation Biology CY609 20 2 75
10 | Research Methodology CY610 20 3 100
11 Safety in Chemical and Radiochemical labs CY 611 10 1 50
CORE TOTAL | 240+26 25 975
“Fatori
ELECTIVES (Any Two) 4 Credits
S. No Subject Title Course Hours Credits | Marks
Code
1 Nanomaterials, Chemical Sensors CY701 20 2 75
2 Soft Condensed Matters CY702 20 2 75
3 Nuclear Probes for Material Characterization CY703 20 2 75
4 Molecular Bioorganics CY704 20 2 75
5 Laser Spectroscopy CY705 20 2 75
6 Actinide Chemistry CY706 20 2 75
7 Computational Chemistry CY707 20 2 75
8 Advanced NMR Spectroscopy CY708 20 2 75
9 Atmospheric Chemistry CY709 20 2 75
10 Statistical Analysis CY710 20 2 75
ELECTIVES TOTAL 40 4 150
| THEORY TOTAL | 460+61 47 1800
NON-SUBJECT ASSIGNMENTS
S.No. Subject Title Course Code Credits Marks
1 Viva Voce CY591 - 6 200
2 Mini Project CY592 - 9 300
3 Seminar CY593 - 2 100
TOTAL 17 600

Total Contact Hrs: 460+61 (Tutorials); Total Credits: 64; Total Marks: 2400

Note: Credit Requirement for PhD: 60

Marks are calculated using the formula (As per BOS decision)

2*Hours+20*Credits (Nearest multiple of 25)




BARC TRAINING SCHOOL ~-MUMBAI : COURSE WORK SYLLABI - 2018

mmaryv Table and Index-

hemical Scien

FOUNDATION COURSES
S.No. Course Course Title Lectures | Marks | Credits | Sem Page
Code No.
1 CY501 Mathematics, Quantum Chemistry & Computational 40 150 4 1
Methods
2 CY502 Analytical Chemistry 40 150 4 1
3 CY503 Material Science 20 75 2 1
4 CY504 Radiation Detection and Measurements 20 75 2 1
5 CY505 Nuclear and Radiochemistry 40 150 4 1
6 CY506 Thermodynamics 20 75 2 1
CORE COURSES

11 CY601 Lasers 10 50 1 2
12 CY602 Electronics & Chemical Instrumentation 20 75 2 1
13 CY603 Production and Applications of Radioisotopes 20 75 2 2
14 CY604 Reactor Physics and Reactor Chemistry 20 75 2 2
15 CY605 Molecular Structure & Spectroscopy 30 125 3 2
16 CY606 Radiation and Photochemistry 30 125 3 2
17 CY607 Chemistry in Nuclear Fuel Cycles 40 150 4 2
18 CY608 Advanced Chemical Kinetics & Dynamics 20 75 2 2
19 CY609 Health Physics and Radiation Biology 20 75 2 2
21 CY 610 Research Methodology 20 100 3 2
20 CY 611 Safety in Chemical and Radiochemical labs 10 50 ! )




BARC TRAINING SCHOOL ~-MUMBAI : COURSE WORK SYLLABI - 2018

ELECTIVE COURSES

S.No. C(?:;Ze Course Title Course Coordinator | Lectures | Marks | Credits | Sem P;;gf
20 CY701 | Nanomaterials and Chemical Sensors 20 75 75 SS
21 cy 70 Soft Condensed Matters 20 75 75 SS
22 CY703 Nuclear Probes for Material Characterization 20 75 75 S5
23 CY704 Molecular Bioorganics 20 75 75 S5
24 CY705 Laser Spectroscopy 20 75 75 S5
25 CY706 Actinide Chemistry 20 75 2 SS
26 CY707 Computational Chemistry 20 75 2 SS
27 CY708 Advanced NMR Spectroscopy 20 75 2 SS
28 CY709 Atmospheric Chemistry 20 75 2 SS
29 CY710 Statistical Analysis 20 75 2 SS

NON-SUBJECTASSIGNMENTS
22 CY591 Viva Voce NA 200 6 SS
23 CY592 Mini Project 11 Weeks| 300 9 SS
24 CY593 Seminar NA 100 2 SS




FOUNDATION COURSES

CY 501: Mathematics, Quantum Chemistry and Computational Methods (40/10/10)

Differential Equations & Integral Transforms

Introduction to differential equations: order and degree; Different methods of solution; Overview of Legendre,
Lagurre and Hermite differential equations;
Introduction to Fourier series, Fourier transform and Laplace transform.

Vector Calculus
Vector differentiation and integration: Concepts of gradient, divergence and curl; Laplacian operator.

Matrix Algebra
Elementary operations and elementary matrices. Solution of linear equations; Similarity transformations;
Eigenvalues and eigenvectors; Diagonalization and inversion of matrices.

Group Theory and Symmetry in Chemistry

Concepts of groups, sub groups and classes; Symmetry elements, and symmetry operations; Point groups and
matrix representations; Great orthogonality theorem and its importance in chemistry, Reducible and irreducible
representations; Character Tables and their applications to spectroscopy, molecular geometry and chemical
reactions.

Quantum Chemistry

Postulates of quantum mechanics, Classes of operator: Linear and Hermitian, Physical significance of eigen value
in quantum mechanics; Boundary value problem in quantum mechanics; Exactly solvable problems: Particle in a
box and ring; simple harmonic oscillator; rigid rotor and hydrogen atom; Approximation methods: Variation
method; perturbation theory for time-independent and time dependent systems; Many-electron systems: Hartree-
Fock theory and beyond; Chemical binding in simple molecular systems: Valence bond and molecular orbital
theories; Concept of LCAO and introduction to ab-initio and semi-empirical molecular orbital calculations of
molecules; Extended systems: From bonds to bands; Applications to few simple molecules.

Computer Programing and Numerical Methods

Computers and modeling in chemistry; Basics of computer programming: Variables, constants, input/output and
control statements, arrays, functions, and subroutines. Computer oriented numerical methods: Newton-Raphson
method for finding roots, differentiation, integrations by quadrature techniques, solutions of differential
equations, diagonalisation and inversion of matrices. Curve fitting. Basics of computer simulation: Monte Carlo
and molecular dynamics simulations.

References

[1] M.R. Spiegel. Advanced Mathematics for Engineers and Scientists, Schaum’s Outline Series (1983).

[2] K.F. Riley, M.P. Hobson and S.J. Bence. Mathematical Methods for Physics Engineering, Cambridge
University Press (1998).

[3] M.R. Spiegel. Theory and Problems of Vector Analysis, Schaum’s Outline Series (1981).

[4] F.A. Cotton. Chemical Applications of Group Theory, Wiley (1971).

[5] S.F.A. Kettle. Symmetry and Structure: Readable Group theory for Chemists, John Wiley (1995).

[6] A. K. Mukherjee and B. C. Ghosh. Group Theory and Chemistry: Bonding and Molecular Spectroscopy,
University Press, 2017.

[7] LN. Levine. Quantum Chemistry, Prentice-Hall (1994).

[8] A.K. Chandra. Introductory Quantum Chemistry, Tata McGraw Hill (1979).

[9] V. RajaRaman. Computer Oriented Numerical Analysis, Prentice Halls India, 3rd ed. (1999)

[10] William E. Mayo. Programming with Fortran 77, Schaum Outlines Series, McGraw Hill, International ed.
(1995).




CY 502: Analytical Chemistry (40/8/5)

Introduction
Relevance of Analytical Chemistry in Atomic Energy Programme, Terminologies in Analytical Chemistry,
Quality Assurance in Analytical Chemistry, Accreditation and its importance

Separation Technique

Solvent extraction: Principles and Applications, Conventional solvent extraction, Liquid membranes, Bulk
membranes, Supported and Emulsified liquid membrane, Super critical fluid extraction (SFE).

Ion Exchange: Principles and Applications, Conventional ion exchange, Solid Phase Extraction (SPE)
Chromatography: Principles and Applications, Gas chromatography (GC), High Performance Liquid
Chromatography (HPLC), Ion chromatography (IC), Supercritical fluid Chromatography(SFC),Capillary
electrophoresis.

Electrochemical Techniques

Introduction to the oxidation and reduction process, equilibrium electrochemistry, Activity, Nernst equation,
Butler-Volmer equation, Tafel treatment. Potentiometry/potentiometric titration and ion Selective Electrodes
(ISE), Modified electrodes.

Electrochemical double layer, Mass transfer processes, Fick’s law of diffusion, Polarisation, Voltammetry &
Polarography, working electrode, reference electrode and counter electrodes, Votammetric techniques like; Linear
sweep voltammetry, Cyclic voltammetry, Pulse and Stripping Voltammetry, Coulometry and Amperometry,
Hydrodynamic voltammetry.

Electrochemical Impedance spectroscopy and modelling of the electrochemical interface. Electrochemistry at
ultramicro electrode, Scanning Electrochemical Microscopy, electrochemistry at confined geometry and detection
at single molecule level, Hyphenated in-situ spectro-electrochemical techniques.

Spectrochemical Techniques

An introduction to spectrometric methods, Performance Characteristics of instruments, Calibration of instrumental
methods, Quantitative aspects of spectrochemical measurements.

Atomic Absorption spectrometry(AAS), Sources of radiation(Hollow Cathode lamp, Continuum Source), Atom
cell, Flame Atomic Absorption Spectrometry (FAAS), Electrothermal Atomic Absorption Spectrometry
(ETAAS), Cold vapor Atomic Absorption Spectrometry (CVAAS), Hydride generation Atomic Absorption
Spectrometry (HGAAS), Types of Interferences in AAS and Background correction methods.

Optical Emission Spectrometry, Emission sources: Flame, Inductively Coupled plasma, Glow Discharge, DC-
Arc, Inductively Coupled Plasma Optical Emission Spectrometry(ICP-OES), Types of interference in ICP-OES
and background correction methods, Laser Induced Fluorescence(LIF).

Mass Spectrometry

Basic principle, Ion sources: Thermal Ionisation (TI), Electron Impact(EI), Inductively Coupled Plasma(ICP),
Glow Discharge(GD), Laser Ablation (LA), Secondary lonisation (SI), Resonance Ionisation (RI), Matrix
Assisted Laser Desorption and Ionisation (MALDI), mass analysers: Magnetic Sector, Quadrupole, Time of Flight
(TOF), Ion Cyclotron Resonance(ICR),detectors: Faraday Cup, Channeltron and Daly detector, resolution,
abundance sensitivity, Laser Induced Breakdown Spectroscopy (LIBS), Resonance lonization Mass Spectroscopy
(RIMS) Hyphenated Technique - IC-MS, HPLC-MS, GC-MS.

Thermal Methods
Principle and applications, Thermogravimetric Analysis (TGA), Derivative Thermogravimetric Analysis (DTG),
Differential Thermal Analysis (DTA), Differential Scanning Calorimetry (DSC), Evolved Gas Analysis (EGA)

Nuclear Methods
Principle of Activation Analysis — Neutron Activation Analysis (NAA), Charged Particle Activation Analysis
(CPAA), X-ray fluorescence (XRF) spectrometry: Principles, methodology and matrix effect.

Statistics in Chemical Analysis
Accuracy, Precision, Errors in quantitative analysis, Classification of errors, Propagation of errors, treatment of
errors, Normal distribution, Tests of Significance and Confidence Limits, Reporting of analytical results



Laboratory Experiments (Any Five)

. Determination of trace impurities in high purity materials by AAS.

. Application of electroanalytical methods to trace analysis.

. Anion analysis by ion selective electrode.

. TGA and DTA study of inorganic compounds

. Neutron Activation Analysis of trace constituents in a complex matrix

. Analysis of an alloy sample by EDXRF

. Chromatographic separation and measurement of the components in a mixture
. Isotopic Analysis by Mass Spectrometry

O DN W~

References

[1]. Encyclopaedia of Analytical Chemistry: Applications, Theory and Instrumentation, Editor R. A. Meyers,
John Wiley & Sons Ltd. (2000).

[2]. Fundamentals of Analytical Chemistry, D.A. Skoog, D. M. West, F. J. Holler, S.R. Crouch, 8th Edition,
Thomson (2004).

[3] Principles of Instrumental Analysis, D.A. Skoog, F. J. Holler, T. A. Niemann, 5th Edition, Saunders College
Publishing (1998).

[4]. A text book of Quantitative Analysis, A.I. Vogel, S5th Edition Revised by G. H. Jeffery, J. Bassett, J.
Mendham and R. C. Denney, ELBS (1989).

[5] Solvent Extraction of Metals, A. K. De, S. M. Khopkar and R. A. Chalmers, Van Nostrand, Reinhold (1970).
[6] Ion Exchangers, F. Helfferich, McGraw Hill (1962).

[7] Introduction to Modern Liquid Chromatography, L. R. Snyder and J. J. Kirkland, 2nd Edition, Wiley (1979).
[8] High Performance Liquid Chromatography : Principles and Methods in Biotechnology, Editor E. D. Katz,
John Wiley and Sons, Chichester (1996)

[9] Atomic Absorption and Emission Spectroscopy, A. Metcalfe, Wiley (1987).

[10] Introduction to Mass Spectrometry: Instrumentation and Techniques, John Roboz, Interscience (1968).

[11] Inductively Coupled Plasma Spectrometry and its Application, Editor Steve J. Hill, Sheffield Academic
Press (1998).

[12] Thermal Analysis, T. Daniels, Kogan Page (1973).

[13] Electrochemical Methods, A. J. Bard and L. R. Faulkner, 2nd Edition, Wiley (2001).

[14] Principles of Activation Analysis, P. Kruger, Wiley Interscience (1971).

[15] Principles and Practices of X-Ray Spectrometric Analysis, E. P. Bertin, Plenum Press New York, Fourth
Edition (1984).

[16] Statistics and Chemometrics for Analytical Chemistry, J. N. Miller and J. C. Miller, Sixth Edition, Pearson
Education Limited (2010).

CY 503: Material Science (20/5/2)

Crystal Structure

Different types of unit cells, Space lattices, Miller indices, atomic packings, radius ratio, structures of NaCl, CsCl.
ZnS, diamond, CaF,, perovskite, double pervoskites, pyrochlores, spinels, garnet structure and framework solids,
aperiodic systems, symmetry, relevance of crystal structures to nuclear materials (glass, ceramics, intermetallics
and alloys).

Powder X-ray Diffraction Technique for Phase Identification

Concept of X-ray diffraction, reciprocal space, Ewald construction, structural and scattering factors, grain/particle
size effects, different techniques of recording diffraction patterns, indexing of diffraction patterns, Diffraction data
files and their utility, Neutron diffraction, electron diffraction.

Types of Bonding in Solids
Van der Waals interactions, Lennard-Jones potential, crystals of inert gases, ionic bonding, Madelung energy and
its calculation in the case of NaCl/CsCl, covalent bonding, hydrogen bonding.



Defects in Solids

Defects and defect concentration, dependence on temperature, 0- D, 1- D, 2-D defects, Experimental methods for
their characterisation, color centres, phase transitions, classification with examples, dependence of phase
transition on T and P, thermodynamic classification of phase transitions, order- disorder phase transitions,
austenite- martensite phase transitions in alloys. Solid solutions, their significance, simple and complex solid
solutions, methods to characterize solid solutions.

Transport Properties of Solids
Ionic conductivity, electronic conductivity, dielectric, ferro, piezo and pyro electric materials. structural basis and
applications, superconductivity, thermal conductivity with examples.

Basic techniques for characterization
Concept of various characterization techniques based on X-rays and electrons: XRF, EPMA, XPS, AES, EELS
and their application with examples

Methods of material preparation and processing
Solid state reactions and soft chemical routes, concepts of annealing, sintering and calcination, processing
techniques like spin coating, powder coating, screen printing etc.

Laboratory Experiments: (Any two)

1. XRD characterization, indexing and cell parameter determination
2. Micro structure of metal/alloy by metallography and SEM

3. Electrical resistivity and its temperature dependence

References

[1]. Introduction to solid state physics — Charles Kittle

[2] Solid-state chemistry and physics, Vol. 1 & 2 — (Ed) P. F. Weller

[3] A first course in materials science — V. Raghavan

[4] Modern aspects of solid-state chemistry — C.N.R. Rao

[5] New Directions in solid-state chemistry — C.N.R. Rao and J. Gopalakrishnan

[6] Solid-state chemistry and its applications — Anthony R. West

[7] The powder method in X-ray crystallography — Leonid V. Azaroff and M. J. Buerger

[8] Solid-state chemistry techniques (Ed) — A. K. Cheetam and Peter Da

[9] Advanced Techniques for Materials Characterization” Eds. A. K. Tyagi, M. Roy, S. K. Kulshreshtha, S.
Banerjee, Trans Tech Publications Ltd, Switzerland (2009)

[10] Functional Materials: Preparation, Processing and Applications, Eds. S. Banerjee and A. K. Tyagi, Elsevier
Publishers (2011)

[11] Solid State Chemistry: An Introduction, by Lesley E. Smart, Elaine A. Moore

[12] Principles of the Solid State by H. V. Keer

CY 504: Radiation Detection and Measurement (20)

Interaction of Radiation with Matter

Interaction of Heavy Charged Particle with matter

Tonization in gaseous medium, Bragg's curve, stopping power, Bethe Equation for stopping power, Range of
heavy charged particle and straggling, Range energy relationship.

Interaction of Fast Electrons with Matter

Comparison with heavy charged particle, LET for electron, Bremsstrahlung radiation, Cerenkov radiation, Bethe
Equation, path length and range of electrons, Attenuation and absorption of B particles, Backscattering of B- and
Positron annihilation.

Interaction of Electromagnetic Radiations (y, X-Rays) with Matter
Photoelectric Effect, Compton Scattering, Pair Production, .Variation of cross section for different process with

y energy and Z of the medium, Attenuation and Absorption of gamma rays

Interaction of neutrons with matter
Elastic and Inelastic Scattering of neutrons and slowing down, nuclear reactions
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Radiation Detectors

Principle of Radiation Detectors: Pulse height spectrum, Counting Characteristics, plateaus, Detection
efficiency, Energy resolution, Dead time, Counting Statistics

Gas filled Detectors

Ionization Chamber, Proportional counter, GM counter

Scintillation Detectors
Organic and Inorganic scintillators, Liquid scintillation counter, Pulse shape discriminator, Solid state
scintillation detectors: Nal(TI), CsI and LaBr; detectors

Semiconductor Detectors
p-n junction, HPGe detector for gamma ray spectroscopy, Clover detectors, Si(Li) for x-ray spectroscopy,

Silicon detectors for charged particle spectroscopy

Neutron Detectors
BF3, 3He gas filled counters.

Solid State Nuclear Track Detectors (SSNTD)
Basic principle and applications

Application of Radiation Detectors in Nuclear Probes

References
[1] Radiation detection and measurement, G.F. Knoll, John Wiley & Sons

CY 505: Nuclear and Radiochemistry (40/8/5)

Radioactivity
Radioactivity, Radioactive decay laws, Half-life and radioactive equilibria.

Nuclear Stability
Concept of nucleus, Nuclear mass and Binding energy, Nuclear force.

Nuclear Models
Liquid drop model, Shell model, Concept of spin, Parity electric and magnetic moments, Isomerism.

Modes of Decay
o decay, B decay, Electron captures, y de-excitation, Internal conversion.

Nuclear reaction and fission

Q value equation, Reaction threshold, Centre of mass system, Cross-section for neutron and charged particle
induced reactions , Nuclear Temperature, Compound nucleus mechanism, Nuclear fission: observables and
models, Synthesis and separation of heavy and trans-actinides, Accelerators, Application of accelerators in ion
beam analysis

Techniques in Nuclear Chemistry
Target preparation and target chemistry, Radiochemical separations, Concept of tracer and carrier, Chemical yield,
Radiochemical purity, Application of radiotracers in chemical sciences, Determination of half-life.

Laboratory Experiments (Any Five)
1.  GM Counter: plateau, statistics and dead time
2. Gamma-ray spectrometry using Nal(T1l) and HPGe detector: Energy Calibration, Resolution, Efficiency
3. Separation of actinides using solvent extraction technique
4. Alpha spectrometry




5. Determination of half-life of a radioisotope
6. Solid State Nuclear Track Detector
7. Separation of fission products / Transient equilibrium

References

[1] Nuclear and Radiochemistry (1981) — G. Friedlander, J. Kennedy, J. M. Miller and J. W. Macias
[2] Atomic Nucleus (1955) - R. D. Evans

[3] Source book of Atomic Energy (1969) - S. Glasstone

[4] Man made elements (1963) - G. T. Seaborg

[5] Essentials of Nuclear Chemistry (1982) - H. J. Arnikar

[6] The Chemistry of Transuranium Elements (1971) - C. Keller

[7] Fundamentals of Radiochemistry, IANCAS Publication, 2007

CY 506: Thermodynamics (20/4)

Introduction to Chemical and Statistical Thermodynamics

Laws of thermodynamics, Fundamental equations and thermodynamic potentials, Introduction to statistical
thermodynamics, Einstein and Debye theories of specific heats of solids, Phase transitions, Thermodynamics of
solutions, ideal and regular solution models.

Chemical Equilibrium
Solid-gas equilibrium, Ellingham diagram.

Relation between Thermodynamics and Phase Diagrams

Binary and ternary phase diagrams, CALPHAD definition of phases, Degree of freedom rule and lever-rule,
Calculation of simple binary phase diagrams from thermodynamic properties, Chemical potential variations across
phase diagrams

Phase Diagram and Thermodynamics of Nuclear Fuels

Relevant phases for nuclear fuel applications, Change in chemical potentials with compositions of virgin fuels,
Change in chemical potentials with burn-up, Thermodynamics of Fuel-Clad and Coolant-Clad interactions,
Thermodynamics of molten fluorides, Concepts of metastable materials.

Experimental Thermodynamics
Calorimetric measurements, Vapor pressure measurements, Estimation of thermodynamic quantities

References

[1] Introduction to Thermodynamics of Materials (Fourth Edition) by D. R. Gaskell (2003) Taylor & Francis
Books, Inc., New York

[2] The Principles of Chemical Equilibrium by K. Denbigh (Fourth Edition) (1981) Cambridge University Press,
Cambridge

[3] Materials Thermodynamics by Y.A. Chang and W.A. Oates (2010), John Wiley & Sons, Hoboken, New
Jersey.

[4] Fundamentals of Classical and Statistical Thermodynamics by B.N. Roy (2002) John Wiley & Sons,
Hoboken, New Jersey, England

[5] Comprehensive Nuclear Materials, R.J.M. Konings, T.R. Allen, R.E. Stoller, S. Yamanaka, Elsevier 2012.
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CORE COURSES

CY 601: Lasers (10/0/1)

Basic principles - Spontaneous & stimulated emission, population inversion, laser components, Einstein
coefficients, optical amplification, optical & electrical pumping, rate equations (two, three and four level laser
systems)

Properties of laser beams - coherence (spatial and temporal), monochromaticity, intensity, polarization

Optical resonators — Types, properties, spatial field distribution in resonators, stable & unstable resonators, gain
and losses in the cavity, Q-factor, threshold condition, laser modes (longitudinal and transverse),

Types & some laser systems - Solid state lasers, gas lasers, dye lasers, diode lasers, fiber lasers, free electron laser
and quantum cascade lasers, tunable lasers

Generation of short and ultrashort pulses - Q-switching and mode locking, chirp pulse amplification
Non-linear optical techniques — Phase matching, harmonic generation, optical parametric oscillator & amplifier
Modulation in laser pulses-amplitude, wavelength, temporal

Characterization of laser pulses - Measurement of the pulse temporal profile (electronic & optical), spectral
measurements (interferometric), amplitude - phase measurements (FROG)

Laser applications & laser safety.

References

[1] Laser Spectroscopy: Basic Concepts and Instrumentation- W. Demtroder
[2] Laser Fundamentals-William Silfvast

[3] Laser and Non-linear Optics- B. B. Laud

[4] Principles of Lasers- O. Svelto and D. C. Hanna

[5] Laser Safety- Roy Henderson and Karl Schulmeister

Laboratory experiment: Time-frequency bandwidth relationship for laser pulses-Checking the Heisenberg
uncertainty principle

CY 602: Electronics and Chemical Instrumentation (20/4/5)

Electronics

DC & AC Fundamentals: Concept of charge, current, voltage, power, Ohms law, AC —Sinusoidal, Peak & RMS
values, Frequency.

Electronic components: Resistors, capacitors, diodes, transformer

Power Supply, Rectification, Filter, Line/Load Regulation, Regulator Chips, Low Voltage & High Voltage
power supplies, SMPS.

Analogue Electronics
Operational Amplifiers, Ideal Characteristics, Inverting, Non-invertingAmplifier, Integrator, Comparator,
Summer, Pulse Amplifier and Instrumentation Amplifier.

Digital Electronics

Number system and Logic gates - Decimal, Binary and Hexadecimal number systems, Logic gates, Flip Flop,
Counter, Decoder, Display Device.

Analog to Digital Converters and Digital to Analog Converters
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Instrumentation

Concept of Instrumentation, Order of instruments, concept of broad specifications (accuracy, precision etc),
Voltmeter and Current meter, concept of Multimeter & concept of loading.

Signal & Noise: Concept of Noise & Signal, dB, S/N ratio and improvement techniques.

Transducers: Transducers and their applications (temperature sensors, PMT, photo diode and vacuum gauges)
Signal analysis & Processing: Selective signal amplification, filter, Lock-in-amplification, Boxcar Averager,
Fast Fourier Transform.

Computer in Labs
PCs & interfacing concepts, RS232, USB ports, Embedded systems, Lab View programming.

References:

[1] Basic electronics for Scientists- McGraw Hill International (1977) - J. J. Brophy

[2] Basic Electronics - Bernard Grob McGraw Hill Book Co.

[3] Electronic Principles — Tata McGraw Hill Pub. Malvino

[4] Operational Amplifiers and linear integrated circuits —Prentice Hall of India Ltd.-Robert Conghlin, Fredrick
Driscoll

[5] Art of Electronics, Cambridge University Press, London - Paul Horonitz and Winfield Hill
[6] Digital Principles and applications Tata McGraw Hill - Malvino& Leach

[7] Instrumental methods of chemical analysis, McGraw Hill - Ewing

[8] Introduction to instrumental analysis, McGraw Hill Book Co. - Robert D. Bramn.

[9] Principles of instrumental analysis by Skoog , Holler and Neiman (Fifth Edition)

[10] Electronic Instrumentation & Measurement technique - W D Cooper & A. D. Helfrick

[11] Optimisation of Electronic Measurement - Enke, Croach, &Florlicks

[12] Myer. Kuts, Temperature Control- Wiley (1968)

[13] S. Dushman and J.M. Lafferty- Scientific foundations of vacuum techniques, Wiley (1962)

CY 603: Production and Applications of Radioisotopes (20/4)

Introduction to the course
Relevance and contribution of the isotope program in DAE.

Production of Radioisotopes

Need for radioisotope production, Basic principles and different routes of radioisotope production using nuclear
reactors and charged particle accelerators. Szilard-Chalmers effect and its utility in radioisotope production.
Derivation of equation to calculate production yields in nuclear reactors and charged particle accelerators,
Calculations of production yields; Bateman’s equation and its utility in production yield calculations.

Production of some important radioisotopes in nuclear reactor and in cyclotron, Selection of target material,
Methods of target preparation, Methods of processing of irradiated targets, Methods of production of some
important radioisotopes (such as, 3%/33P, ©Co, 82Br, Mo, ®™Tc, '2°I, 1311, 137Cs, 153Sm, '66Ho, !7"Lu, 8¢188Re, '"Ir,
and llC 13N 150 18F 44Sc 64Cu 67(}a 68Ge 89Zr ]23/]241 20]T1 etc.).

Concept of radionuclide generators; Growth and decay of activity in a radionuclide generator; Different types
radionuclide generators with special emphasis to *Mo-**"Tc generators along with their relative advantages and
disadvantages; Few other important generator systems such as, Ge-%3Ga, °Sr-0Y, 3¥W.-13%Re etc.

Applications of Radioisotopes in Medicine

Concept of nuclear medicine and radiopharmaceuticals, Classification of radiopharmaceuticals, Characteristics of
diagnostic (SPECT and PET) and therapeutic radiopharmaceuticals. Basis of designing radiopharmaceuticals,
Preparation of radiopharmaceuticals and Methods of radiolabeling.

New approaches in radiopharmaceuticals chemistry - *™Tc-tricarbonyl method, *™Tc-nitrido method, *™Tc-
HYNIC method etc., Advantages of new approaches.

Some important organ-specific diagnostic radiopharmaceuticals (myocardial imaging, brain imaging, renal
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imaging, tumor and inflammation imaging, receptor-specific imaging agents etc.). Radioimmunoscintigraphy
(RIS), PET radiopharmaceuticals - Principle and applications.

Concepts of brachytherapy and teletherapy.

Therapeutic radiopharmaceuticals for some specific applications [Metastatic Bone Pain Palliation (MBPP),
Radiation Synovectomy (RSV), Peptide Receptor Radionuclide Therapy (PRRT), Radioimmunotherapy (RIT)
etc.]

Quality control of radiopharmaceuticals - physicochemical and biological quality control tests.

Industrial Applications of Radiation Technology

Fundamental aspects of radiation processing and radiation technology, Radiation sources and effects of ionizing
radiation on materials, Comparison of different radiation sources for different applications, Radiation dosimetry
for industrial radiation sources.

Radiation polymerization vis-a-vis conventional polymerization, Polymerization kinetics and polymer
characterization, Radiation effects on Polymers under different conditions, Theories of radiation crosslinking.

Radiation induced modification of polymers for industrial and environmental applications, wire and cable
crosslinking, surface curing and grafting, heat-shrinkable materials, radiation cured polymer coatings and
radiation grafted functional polymers for various applications, radiation degradation of polymers and applications,
etc..

Radiation processed polymers for healthcare applications, Introduction to radiation sterilization of medical
products (process, Dio value, SAL, inactivation factor and safety factor), hydrogels and their property
standardization using radiation for wound dressings, radiation processed drug delivery devices.

Radiation processing of food, Objectives and dose limits for different food items
Radiation chemistry aspects of radiation hygienization of sewage sludge process and process control
Radiation processing of flue gases and radiolysis of flue gas components

Radiation induced enhancement in the functional attribute of blends and composites, Introduction to rheology of
polymers, crosslinking and degradation behavior of multi-phase system, microscopic and mechanical
characterization of blends and composites.

Application of radioisotopes as tracers in process optimization, trouble shooting in industries and sediment
transport in harbours.

Application of Radioisotopes as Tracers

Principle and industrial applications of radiotracers, Process optimization and trouble shooting in industries-
blockage location in buried pipelines, Leak detection in buried pipelines & industrial systems, Wear rate of anti-
fungal paints, Flow rate determination in industrial processes.

Environmental isotopes and artificial radioisotopes in hydrology. Application of environmental isotopes in
studying ground water salinity, pollution, recharge etc., Artificial radioisotopes in studying dam seepage, effluent
dispersion etc.

References

[1] Manual for Reactor Produced Isotopes. IAEA-TECDOC-1340, IAEA, 1999.

[2] Fundamentals of Radiochemistry. D.D. Sood, A.V.R. Reddy, N. Ramamoorthy. Indian Association of
Nuclear Chemists and Allied Scientists, 2004.

[3] Radiopharmaceuticals: Chemistry and Pharmacology, Adrian D. Nunn. Marcel Dekker, 1992.

[4] Fundamentals of Nuclear Pharmacy, G.B. Saha, Springer-Verlag, 1984.

[5] Radionuclides in Therapy, R.P. Spencer, R.H. Sievers, A.M. Friedman. CRC Press, Boca Raton, 1987.

[6] PET in Oncology: Basics and Clinical Applications, J. Ruhlmann, P. Oehr, H.J. Biersack. Springer-Verlag,
1998.

[7] ICRU Report (1980) Radiation Quantities and Units, ICRU Publications, 33

[8] An Introduction to Radiation Chemistry. J.W.T. Spinks and R.J. Woods, John-Wiley, New York-London-
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Sydney, 1990.

[9] Radiation Processing of Polymer Materials and its Industrial Applications K. Makuuchi, S. Cheng, Wiley,
2012.

[10] Dynamic Mechanical Analysis: A Practical Introduction. K.P. Menars, CRC Press, Boca Raton, 1999.
[11] Industrial application of radioisotopes. G. Foldiak.

[12] Guide Book on Radioisotope Tracers in Industry - Tech. Rep. Series 316, IAEA, Vienna, 1990.

[13] Environmental Isotopes in Hydrogeology. Ian Clarke and Peter Fritz, Lewis Publishers, NY, 1997.

CY 604: Reactor Physics and Reactor Chemistry (20)

Fission, Energy from fission, Burn-up, Spontaneous and induced fission, Chain reaction, Fissile-Fissionable-
fertile materials, Prompt and delayed neutrons, Four factor formula, Neutron interaction with matter, Fission
products, Critical mass, Neutron Diffusion Theory, Multiplication factor, Reactor kinetics and control.

Different types of homogeneous and heterogeneous reactors, Components of reactors.

Introduction to the types of water cooled power reactors & their process systems. Schemes of preparation of
dimineralized water, Variation in properties of water and heavy water as a function of temperature and pressure.
An overview of types of corrosion, methods of evaluation of corrosion and its prevention. An overview of
materials of construction for the different components of reactor systems. Hot Conditioning of PHT circuit in
PHWR. An overview of water chemistry regimes in BWR, PWR & PHWR.

Principles and processes relevant to chemistry control in primary heat transport systems. Radioactivities in reactor
waters & their control. CRUD generation and activity transport in the primary heat transport system of reactors
its control. Radiolysis of water, related hazard, and its control, Reactivity control through chemistry: Use of
soluble neutron poisons- for chemical shim and for emergency shutdown. Purification of reactor cover gas by
Catalytic recombination and adsorption techniques.

Chemistry control in secondary heat transport system, pH control methodologies of secondary system, Scaling
and methodology of its control in secondary system.

Chemistry control in the tertiary heat transport system, Bio-fouling and its control methodologies.

References

[1] R.A. Knief: Nuclear Energy Technology (1981).

[2] S. Glasstone and M.C. Edlund: The elements of Nuclear Reactor Theory (1952).

[3] P. Cohen: Water Coolant Technology in Power Reactors, American Nuclear Society, U.S.A (1980).

[4] Proc. Int. Conf. on water chemistry in Nuclear Reactor Systems organized by British Nuclear Energy Society,
U.K.(1977,1980,1983,1986,1989,1992).

[5TH. H. Uhlig: Corrosion and Corrosion Control, John-Wiley & Sons, N.Y., (1985)

[6] International Atomic Energy Agency, Coolant Technology of Water Cooled Reactors, [AEA-TECDOC-667,
Vols. 1-4,Vienna

[7] M. Benedict, T.H. Pigford and Levi: Nuclear Chemical Engineering.

[8] S. Glasstone & A. Sesonske: Nuclear Reactor Engineering, Vol I & II, CBS Publications, Delhi (1977)

CY 605: Molecular Structure and Spectroscopy (30/6/4)

Coordination Chemistry

Werner’s Coordination theory, Valence Bond Theory, Crystal Field Theory, splitting of “d” orbital in different
geometry, Jahn Teller effect, Thermodynamic effects of crystal field, Coordination chemistry of lanthanide and
actinide ions, Brief introduction to group theory, Application of group theory for d-d transition, Racah parameters,
electronic spectra of complex ions, Tanabe Sugano diagram, nephelauxetic effect, ligand metal orbital overlaps,
magnetic properties and susceptibility measurements of complex ions, drawbacks of CFT, f-f transitions in
lanthanides.
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Molecular orbital theory and construction of molecular orbital diagram from concepts of group theory, MO's for
Sigma bonding in AB¢ molecules, tetrahedral AB4 case, MO's for pi bonding in ABs molecules, Metal organic
framework materials. Dissociative & associative reaction mechanism of ligand replacement in octahedral and
square planar complexes, trans effect and its implications.

Characterization Techniques of Complexes

NMR: Basic Principles of NMR Spectroscopy, Chemical Shift, Spin-Spin Coupling, Decoupling Experiments,
Pulse NMR, Relaxation Effects, Two-Pulse Experiment, T1-Measurment, T-2 measurement, solid state NMR,
ESR: Basic Principles of ESR Spectroscopy, The g-value, Hyperfine Coupling, Electron Nuclear Double
Resonance (ENDOR), Mossbauer spectroscopy

Electronic, Vibrational and Rotational Spectroscopy

Classification of molecules, their characteristic spectral features and selection rules, pure microwave, Rotational
Raman, Vibrational and rotational vibrational spectroscopy, IR and Raman spectroscopy.

Basic principles of Fourier transform spectroscopy (FTIR, FT-RAMAN).

Surface enhanced Raman spectroscopy (SERS), Terahertz spectroscopy, Nonlinear optical methods, sum &
difference frequency generation (SFG & DFQG).

Synchrotron radiation and its application in spectroscopy, X ray absorption based techniques (XANES, EXAFS)
X ray Photoelectron Spectroscopy.

Doppler-free high-resolution spectroscopy

Laboratory Experiments

[1] Electronic spectra of a transition metal complex .d-d transitions.
[2]NMR

[3]FT-IR

[4] Raman

References

[1] Advance Inorganic Chemistry - F.A.Cotton and G.Wilkinson

[2] Physical Methods in Inorganic Chemistry - R.S. Drago

[3] Modern Coordination Chemistry — Lewis and Wilkins

[4] Introduction to ligand fields - B.N. Figgis

[5] Ligand field theory - C.J. Ballhausen

[6] Comprehensive Inorganic Chemistry - Huchey

[7] Molecular Spectroscopy - C.N. Banwell

[8] Infra red spectra of Inorganic and coordination compounds - K. Nakamoto
[9] Laser spectroscopy: Basic concepts and instrumentation - W. Demtroder

CY 606: Radiation and PhotoChemistry (30/6/4)

Radiation Chemistry

Interaction of High-energy Radiation with Matter

Chemical consequences, absorption coefficients, G-values, track entities and LET effects, radiation sources.
Diffusion kinetics and homogeneous reaction stages, time scales of events in radiation chemistry, ion-pairs, ion-
molecule reactions

Radiation Chemistry of Water and Nonpolar Liquids

Radiolysis of water & heavy water, radical and molecular yields, material balance, chemical dosimetry
Radiolysis of non-polar solvents, geminate recombination, electron salvation

Radiation chemistry of micro heterogeneous systems and ionic liquids

Comparative aspects of radiolysis of liquids, solids and gases

Experimental Techniques
Detection of primary species and free radicals using pulse radiolysis coupled with optical absorption
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spectroscopy, ESR, conductivity, resonance Raman spectroscopy
Evaluation of absolute rate constants, pK values of transient species, one-electron redox potentials, picoseconds
pulse radiolysis

Application

Radiolytic synthesis of nanoparticles

Radiation chemistry of water at high temperature and high pressure
Radiation chemistry of antioxidants and radioprotectors.

Photochemistry
Photophysical Processes

Electronic transitions, oscillator strength, selection rules

Franck-Condon principle, absorption, emission and fluorescence excitation spectra, charge-transfer spectra.
Deexcitation processes - fluorescence, phosphorescence, delayed emission, triplet-triplet annihilation, heavy
atom effect, kinetics of excited state processes, quantum yields of photo-processes

Fluorescence anisotropy

Photophysical processes in semiconductors, multiphoton processes

Environment effect- polarity, viscosity (anisotropy), temperature

Photochemical Processes

Excited state acid-base properties, redox potentials, geometry, dipole moments

Kinetics and mechanism of processes like photo-dissociation, photo-ionization, electron transfer, energy
transfer, proton transfer, supra-molecular interactions

Experimental Techniques

Steady-state absorption and fluorescence techniques

Time-resolved absorption and fluorescence techniques like time-correlated single photon counting, fluorescence
up-conversion, nanosecond laser flash photolysis and ultrafast pump-probe spectroscopy; single molecule
spectroscopy, fluorescence correlation spectroscopy

Applications
Photosynthesis, vision, solar energy conversion, photocatalysis, fluorescence sensors.

Laboratory Experiments

Radiation Chemistry

[1] Fricke dosimetry and estimation of G-values.

[2] Study of free radical reactions using pulse radiolysis technique.

Photochemistry

[1] Fluorescence quenching studies: determination of quenching rate constant.

[2] Excited state properties: determination of acid dissociation constant using absorption & fluorescence
techniques.
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[7] A. J. Swallow, Reaction of free radicals produced from organic compounds in aqueous solution by means of
radiolysis. Prog. React. Kin. 9, 1978, 195.

Photochemistry

[1] K. K. Rohatgi-Mukherjee, Fundamentals of Photochemistry; Wiley Eastern: New Delhi, 1978.

[2] J. B. Birks, Photophysics of Aromatic Molecules. Wiley Interscience, New York, 1970.

[3] J. R. Lakowicz, Principle of fluorescence spectroscopy, 3rd ed.; Springer: New York, 2006.
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[5] R. P. Wynes, Principles and Applications of Photochemistry. Oxford Science Publications, 1988.

[6] A. Gilbert, J. Baggott, and P. J. Wagner, Essentials of molecular photochemistry, Blackwell Science Inc.
Cambridge, USA, 1991.

[7]1 D. V. O'Connor and D. Phillips, Time Correlated Single Photon Counting. Academic Press, New York
(1984).

[8] J. N. Demas, Excited State Life Time Measurements. Academic Press, New York, 1983.

CY 607: Chemistry in Nuclear Fuel Cycle (40)

Separation and purification of uranium and thorium from their ores, Principles of isotope separation, enrichment
of uranium, systematics and processes.

Conversion processes for preparation of UO,, (U,Pu)O,, UC, (U,Pu)C, UN (U,Pu)N, metals and alloys.
Separation and purification of zirconium from its ore, Principle and process for heavy water production.
Fuel fabrication processes and chemical quality control

Behavior of nuclear fuels (thermal/fast) during irradiation

Post irradiation studies, fuel clad chemical interaction, Burn-up etc.

Thermo-physical and themo-chemical aspects of fuel, Properties of oxide, carbide, nitride and metallic fuel
materials, Coated particle based fuels.

Cladding, moderator, coolant materials and their properties, Liquid metal coolants like sodium and lead-
bismuth, Chemical aspects of corrosion, Monitoring and maintenance of the purity of coolant.

Reprocessing of thermal and fast reactor fuels, chemistry of various process PUREX, THOREX etc., Systematic
and process of pilot plant CORAL, Challenges in reprocessing of fast reactor fuel.

Waste processing and management, classification of waste and treatment practices of gaseous, liquid and solid
waste.

Vitrification of high level liquid waste, Partitioning of actinides from high level liquids waste, Decontamination
process.

Nuclear safety, Management of H,, Xe, Kr, I, and tritium in operating nuclear power plants

References

[1] D.R. Olander: Fundamental Aspects of Nuclear Reactor Fuel Elements: USERDA Report TID-26711
(1976)

[2] D. Wilson: The Nuclear Fuel Cycle, From Ore to Waste, Oxford University Press Inc. New York (1996)
[3] E. Glueckauf, Atomic Energy Waste: Its Nature, Treatment and Disposal, Interscience Publishers Inc. New
York (9161)

[4] R. L. Murray and J. A. Powell: Understanding Radioactive Waste, 4th Edition, Columbus: Battelle Press
(1994)

CY 608: Advanced Chemical Kinetics and Dynamics (20/4)

Intermolecular interaction potential, Collision theory, Potential energy surfaces, Activated complex theory,
adiabatic and non-adiabatic reactions, Landau-Zener crossing, Lindemann’s theory of unimolecular reactions,
energy transfer, fall-off region and its limitations, Hinshelwood’s Treatment. Rice-Ramsperger and Kassel (RRK)
model, and Marcus refinement of RRK model (RRKM) for the calculation of rate constants of simple unimolecular
reactions.
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Molecular beam experiments, types & characteristics of molecular beams, scattering as a probe; differential cross-
section; quantum mechanical approach to elastic scattering; conservation of angular momentum — Newton
diagram, lab—to-centre of mass transformation, reaction cross section - reaction probability; opacity function —
steric factor; reactive asymmetry — angular distribution in reactive collisions — direct reaction versus collision
complex; forward, backward, and forward—backward scattering; potential energy contour diagram, reactions with
early & late barrier. Different molecular energy transfer processes. Laser based spectroscopic techniques- LIF,
REMPI, CRDS, detection and measurement of trace constituents and free radicals, rate coefficient measurement,
chemical kinetics and dynamics studies, atmospheric chemistry.

IR laser chemistry, laser isotope separation, mode and bond selective chemistry, intramolecular vibrational energy
redistribution (IVR), coherent control of chemical reaction,
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[2] Molecular reaction dynamics and chemical reactivity - R. D. Levine and R. B. Bernstein, Oxford University
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[3] Chemical dynamics via molecular beam and laser techniques - R. B. Bernstein, Clarendon Press, Oxford
(1982)
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[5] Introduction to molecular dynamics and kinetics - G.D.Billing and K.V. Mikkelsen, Wiley, NY (1996)

[6] Chemical Kinetics and Dynamics - J F. Steinfeld, J.S. Francisco and W. L. Hase, Prentice Hall International,
Inc. IIT, New Jersey (1999).

[7] Chemical Kinetics and Reaction Dynamics — P.L. Houston, McGraw-Hill Higher Education, (2001).
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CY 609: Health Physics and Radiation Biology (20)

Health Physics

Fundamentals of Radiation Protection

Radioactivity, lonizing radiation, Radiation quantities and units, Basis and structure of the system for radiation
protection, System of radiological protection for human, natural radiation.

Basic Radiation Physics and Radiation Dosimetry Aspects

Interaction of radiation with matter, External and internal radiation hazards in nuclear and radiation facilities,
Radiation dosimetery: basics, concepts and definitions, External radiation dosimetry and dosimetry of internally
deposited radio nuclides, Radiation detection principles, Monitoring instruments and Personnel monitoring
devices

Operational Monitoring and Safety Aspects of Facility Design

Exposure situations as per ICRP-103 recommendations, Control of external and internal radiation hazards,
Radiation dose limits and its basis, General principles and techniques of radiation monitoring, air activity and area
contamination, Assessment and control of radiation hazards in nuclear fuel cycle facilities with special reference
to metallurgical, radiochemical and radioisotope facilities and fuel reprocessing plants, Criticality safety aspects,
Environmental safety aspects during operation of nuclear and radiation facilities, Industrial hygiene and safety
aspects during operation of nuclear and radiation facilities.

Radiological Safety Aspects in Design of Radio-Chemical Laboratories
Safety aspects of design of radiochemical laboratory, its types and operational aspects, Partial
containment/confinement systems and ventilation system in a laboratory.

Emergency Preparedness and Response System at Nuclear and Radiation Facilities
Classification of radiation emergency, Emergency preparedness and response system, Reference levels and

guidance values for emergency workers.

Basic Radiation Radiobiology
Water radiolysis, Free radicals and its reactions with biological systems, Oxygen effect.
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Radiation damage at bio-molecular level, Damage to DNA and chromosomes (single and double structural breaks,
chromosomal aberrations) and its biological consequences, Radiation damage to membrane and its biological
consequences, Major health effects of radiation exposure.

Mode of interaction of different types of radiation with biological systems, Track structure, Concept of LET,
Radiobiological effectiveness (RBE), Radiation dose units with reference to radiobiology, Direct and indirect
effect of radiation.

Molecular and Cellular Effects of Radiation

Assay for radiation damage in human cells (survival curve), Physical and biological factors affecting the cellular
radio-sensitivity, Dose and dose rate effect, Dose fractionation, Inverse dose rate effect, Oxygen enhancement
ratio and Optimum LET, Radio-protectors and radio-sensitizers.

Cell cycle arrest and radiation damage repair, Cancer and its induction by radiation, Radiobiology of cancer
radiotherapy approaches

References
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[2] International Commission on Radiological Protection (ICRP) Publication-103, 2007
[3] IAEA- BSS- GSR Part-7, 2015
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CY 610: Research Methodology (20)

Objectives and types of research: Motivation and objectives - Research methods vs. Methodology. Types of
research — Descriptive vs. Analytical; Applied vs. Fundamental; Quantitative vs. Qualitative; Conceptual vs.
Empirical.

Research Formulation — Defining and formulating the research problem - Selecting the problem - Necessity of
defining the problem - Importance of literature review in defining a problem - Literature review — Primary and
secondary sources - reviews, treatise, monographs-patents - web as a source - searching the web - Critical literature
review - Identifying gap areas from literature review - Development of working hypothesis.

Research design and methods - Research design — Basic Principles - Need of research design - Features of good
design — Important concepts relating to research design - Observation and Facts, Laws and Theories, Prediction
and explanation, Induction, Deduction, Development of Models. Developing a research plan - Exploration,
Description, Diagnosis. Experimentation: Proper approach - Importance of recording observation, maintaining the
records, sample history, transparency in data recording. Determining experimental and sample designs.

Value of Statistics; Errors and Statistics - Limitation of analytical methods; Accuracy; Precision; Classification of
errors; Minimisation of errors; Significant figures and computations; Standard Deviation; Normal Distribution;
Comparison of results - students’s t test; F-test; Chi Square test; propagation of errors.

Reporting and thesis writing — Structure and components of scientific reports - Types of report - Technical reports
and thesis - Significance - Different steps in the preparation — Layout, structure and Language of typical reports -
Ilustrations and tables - Bibliography, referencing and footnotes - Oral presentation - Planning - Preparation -
Practice - Making presentation - Use of visual aids - Importance of effective communication - Computers in
Chemistry, Usage of packages such as, Excel, AIM2000, ChemCraft, etc. Manuscript drafting based on
‘Experimental data and Literature Survey’.

Application of results and ethics - Environmental impacts - FEthical issues - ethical committees -
Commercialisation - Copy right - Royalty - Intellectual property rights and patent law — Trade Related aspects of
Intellectual Property Rights - Reproduction of published material - Plagiarism - Citation and acknowledgement -
Reproducibility and accountability.
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CY 611 Safety in Chemical and Radiochemical labs (10)

Chemical labs

Definition of chemical safety and its assessment, general chemical safety awareness, Classification of chemicals:
Corrosive, Flammables, explosives, toxics, pyrophoric, carcinogen. Chemical which create lachrymation and
smoke, Entry of such chemicals into human/biological system and its consequences, precautionary and safe
methods for handling such chemicals, Compatibility issues with chemicals, Understanding the Safety Data Sheets
(Material Safety Data Sheets) for different chemicals. Storing different chemicals, incompatible chemicals,
making inventory of chemicals, labelling chemicals depending upon its nature, safe disposal of chemicals,
precautions and safe operating procedures (SOP) to be taken into consideration for chemical spills, chemical
protective clothing, chemical accidents and their classification and consequences, Emergency Procedures during
chemical accidents, Personal Protective equipment from chemical exposure, precautions to be taken with chemical
which need to be refrigerated. Safe practices while using vacuum lines and laser. Fire safety and different types
of fire extinguishers.

Radiochemical labs

Classification of laboratories, classification of radioactive zones in the laboratory, ventilation, Shielding and
dosimetry requirements for handling different types of radioactivity, Radioactivity handling in fume-hoods and
glove boxes, Movement of radioactivity within the lab, Washing of radioactive glass wares, Disposal of
radioactive aqueous and organic waste, Disposal of compressible and non-compressible radioactive waste, fire
safety in radioactive labs, Personnel radiation monitors, Managing personnel and laboratory contamination,
Precautions in a radioactive lab and emergency procedures.
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ELECTIVE COURSES

CY 701: Nanomaterials and Chemical Sensors (20)

An overview of the course

Physics of nanomaterials

Finite size systems, cluster science, bulk versus nanomaterials, quantum confinement effects in nano-regime,
evolution of electronic structure from atoms to bulk, density of states, dimensionality and its effect on electronic
structure, surface effects, calculation of surface-to-volume ratio for different structural arrangements, size
dependent physico-chemical properties, carbon based materials (0D, 1D, 2D and 3D).

Chemistry of nanomaterials
Top down and bottom up approaches for synthesis of nanomaterials, such as laser ablation, ball-milling,
sputtering, combustion, metathesis, sol-gel etc.

Common characterization techniques for nanomaterials
Characterization techniques at different length scales, application of XRD, TEM, SEM, AFM and DLS for
characterization of nanomaterials.

Properties of nanomaterials

Fundamentals of Semiconductors, direct and indirect band gaps, semicounductor in nano-dimesnions (quantum
dots, core-shell nano-particles of semiconductors), metallic nanoparticles and surface plasmon, an overview of
magnetic, optical and catalytic properties of nanomaterials.

Applications of nanomaterials

Nanomaterials in energy conversion (solar cell, rechargable batteries, supercapacitors and materials for hydrogen
energy), nanomaterials for bio-applications (drug delivery), environmental applications (sorbents) and DAE
application.

Chemical sensors and their applications

Threshold limit values (TLV) of common toxic species, selection of sensor materials mechanism of sensing action,
features of sensors (selectivity, response time, reproducibility and regeneration), typical examples of
nanomaterials based sensors for H»S, NH3, SO», and heavy metal ions, common bio-sensors, sensors for DAE
applications.
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CY 702: Soft Condensed Matter (20)

Introduction to Soft Matter

Forces, energies, length and time scales in soft matter. Soft matter systems (colloids, surfactant / micellar systems,
gels, polymer solutions, polymers, polyelectrolytes, microemulsions, membrances, biological macromolecules),
Interactions (electrostatic, van der Walls, hydrophilic and hydrophobic interactions, depletion interaction).
Viscous, elastic and viscoelastic behavior, Liquids and Glasses, Soft matter in nature:
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Experimental techniques to investigate structure and dynamics in soft matter

Scattering techniques (Small-angle X-ray scattering (SAXS), Ultra-small-angle-X-ray scattering (USAXS),
Small-angle (SANS) Static and Dynamic light scattering (SLS & DLS)

Colloids

Introduction, Brownian motion of colloidal particles. Sterically stabilized and Charge stabilized colloids, Colloidal
interactions, Liquid phase synthesis of colloidal particles, Structural ordering, Dynamics, Phase Transitions [Gas-
liquid, Melting /freezing, Glass Transition, Crystal-amorphous]

Surfactants
Types of surfactants, Micellization, Langmuir- Blodgett films, Monolayer, Bilayers and Vesicles, Lyotropic
liquid crystalline phases, Micro emulsions.

Polymers and Polyelectrolytes

A single ideal chain, mean-squared end to-end distance, radius of gyration. Gaussian chain, Freely joined chain.
Excluded volume, solvent quality, theta-temperature. Polymer solutions : Flory-Huggins theory, osmotic pressure,
scaling laws for good solvents, Size of a polymer in semi-dilute solutions : osmotic pressure, light scattering,
intrinsic viscosity, Classes of gels : physical gels, chemical gels and photo-polymerized gels, Sol-Gel transition,
Swelling and shrinking of gels, theory of gelation. Polyelectrolytes : Debye-Huckle theory, Donnan equilibrium,
manning condensation. Dynamics of polymeric liquids : Maxwell model. Rouse theory, Zimm theory, Reptation
theory : tube model, reptation dynamics, self —assembly and order-disorder transitions of diblock copolymers

Applications of Soft Matter

Nanoparticle suspensions as heat transfer fluids. Colloidal assemblies in liquid-liquid extraction systems. Ionic
liquids as extractants. Foams and Gels for decontamination. Foamability of surfactants. Dynamic interfacial
tension and foamability. Defoamers, Soft matter in drug delivery and diagnostics.
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[11] Neutrons, X-rays and Light: Scattering Methods Applied to Soft condensed matter” P. Linder, T. Zebu Eds.
(North Holland-Elsevier, 2002)

[12] Dynamic light scattering: Applications of Photon Correlation Spectroscopy. R. Pecora (Plenum, 1985).
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CY 703: Nuclear Probes for Material Characterization (20)

Positron Annihilation Spectroscopy

Introduction to positron, positronium, formation and its systematic, Experimental techniques, applications in
molecular solids, defect studies in metals, alloys and semiconductors, Slow positron accelerators and associated

developments in materials characterization.

Ion beam analysis
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Introduction to ion beam analysis, Rutherford backscattering spectrometry, elastic recoil detection analysis,
nuclear reactions analysis, particle induced gamma ray emission, particle induced X-ray emission-Theory and
applications.

Neutron Scattering Techniques
Neutron Sources, Properties of Neutron, Neutron Scattering Lengths and Cross-sections, Coherent and Incoherent
Neutron Scattering

Small-Angle Neutron Scattering
Scattering from General Two Phase Systems, Scattering from Fractal Aggregates, Nuclear vs. Magnetic Scattering

Small-Angle Neutron Scattering Instrumentation
Experimental Aspects, Data Treatment

Analysis of Small-Angle Neutron Scattering Data
Model Independent Analysis, Model Dependent Analysis, Contrast Variation

Applications
Nanomaterials, Colloids, Biological Systems, Porous and Fractal Structures)

X-ray absorption Spectroscopy

Introduction of X-ray absorption spectroscopy including different processes of absorption of X-rays in materials,
Theoretical formalism of EXAFS, Derivation of the EXAFS equation with physical interpretation, Experimental
techniques with some introduction to Synchrotron radiation, Data analysis (EXAFS & XANES), Usefulness of
the EXAFS technique in material characterization- with few case studies.
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CY 704: Molecular Bioorganics (20)

New paradigm in synthesis

Rational synthetic design, convergent and divergent strategies, multi-component and domino reactions, sequential
reactions, high-throughput synthesis, organocatalysis, substrate and reagent controlled asymmetric synthesis
New paradigm in synthetic approaches

Green strategies, atom economy, bio-catalysis and solvent engineering, microwave and sono-chemistry, non-
conventional reaction media (room temperature ionic liquids, super critical fluids, florous phase, super-heated
steam), template-driven synthesis.

New paradigm in functional targets
Design and synthesis of functional molecules/ molecular assemblies, non-covalent interactions, electro-magnetic

radiation active organics, organic-inorganic hybrids, organics in nuclear fuel cycles.
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CY 705: Laser Spectroscopy (20)

Coherence properties of radiation fields
Temporal and spatial coherence, coherence volume, degree of coherence, coherence of atomic systems.

Widths and profiles of spectral lines
Natural line width, Doppler width, collisional broadening of spectral lines, transit time broadening, homogeneous
and inhomogeneous line broadening, spectral line profiles in liquids and solids.

Nonlinear optical mixing techniques
Phase matching, second harmonic generation, sum frequency and higher harmonic generation, difference
frequency generation, optical parametric oscillator and amplifier, tunable Raman laser, Gaussian beams.

Spectrometers, interferometers, wavemeters and detectors

Basic concepts of spectrometers and interferometers, different kinds of interferometers - Michelson
interferometer, Mac-Zhender interferometer, Fabry - Perot interferometer, multilayer dielectric coatings,
interference filters, tunable interferometers. Webmeters - Michelson, Sigmameter, Fabry - perot and Feazeu.
Detectors — photoconductive and photovoltaic detectors, fast and avalanche photodiodes, photodiode arrays,
photomultipliers, multichannel platesand image intensifiers.

Absorption and emission spectroscopic techniques

High sensitivity methods of absorption spectroscopy - cavity ring down spectroscopy. Laser induced fluorescence
spectroscopy, photoacoustic spectroscopy, optothermal spectroscopy, ionization spectroscopy, optogalvanic
spectroscopy.

Nonlinear spectroscopy

Nonlinear absorption, saturation of inhomogeneous line profiles, hole burning spectroscopy, lamb dip
spectroscopy, saturation spectroscopy, polarization spectroscopy, multiphoton spectroscopy, Doppler free two
photon spectroscopy, saturated interference spectroscopy.

Laser Raman spectroscopy
Stimulated Raman, coherent anti-Stokes Raman spectroscopy (CARS), Resonance Raman and surface enhanced

Raman scattering.

Applications of laser spectroscopic techniques in physics, chemistry and biology

CY 706: Actinide Chemistry (20)

Position in Periodic Table: Electronic configuration, The Actinide Concept, Transuranium elements.

Actinide Spectroscopy: Electronic states, Atomic properties, UV-visible absorption and emission spectroscopy.
Time resolved fluorescence spectroscopy (TRFS).

Electronic structure and bonding: Introduction to ‘f’ orbitals and their splitting in the ligand field. Relativistic
effect and its consequences. Modern techniques for understanding the bonding in actinide compounds.
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Co-ordination Chemistry: lonic radii, Coordination number, Hydration Energy.

Redox Behavior: Redox potentials, Eh-pH diagrams, Variable oxidation states, lonic species, unusual oxidation
states in actinides and their stabilization, Thermodynamic/ kinetics of redox reactions, Disproportionation.

Hydrolysis of Actinides: Hydrolysis, Polymerization / Depolymerization.

Auto-radiolysis: Auto-radiolytic effects in aqueous solutions, Auto-radiolysis effects in solid compounds of
actinides.

Complexation behaviour with inorganic/organic ligands: Ion-exchange, Solvent extraction methods for
actinides (inter and intra-group separations), Complexation reactions relevant in CQC of nuclear fuels, Analytical
chemistry of transplutonium elements, Lanthanides-actinide separation, SANEX process.

Actinides in the Environment: Natural abundance of actinides, Oklo phenomenon, Actinide speciation in aquatic
environment, Complexation with naturally occurring organics such as humic acid and fulvic acid, Sorption and
Migration, Interaction with rock, clay, mica etc. Formation and migration of radiocolloids.

Biochemistry of Actinides: Actinide-microbe interaction, Actinide migration in the food chain, Fixation in
human, Pu in blood, Intra-cellular uptake of Pu, Sequestering using chelation therapy, Bioremediation of nuclear
wastes.

Transactinides: Production, Rapid separation techniques, Atom-at-a-time chemistry. Aqueous chemistry of
elements 104, 105 and 106

References

[1] J.J. Kratz, G.T. Seaborg and L.R. Morss; The Chemistry of Actinide Elements, 2nd Edition, Vol. 1&2,
Chapman & Hall, New York (1986).

[2] J.J. Katz, L.R. Morss, J.Fuger, and N.M. Edelstein; Chemistry of Actinide and Transactinide Elements, 3rd
edition, Springer, Berlin Volume 1-5, (2006).

[3] J.C. Bailar, H.J. Emelius, R. Nyholm and A.F. Trotman-Dickenson; Comprehensive Inorganic Chemistry,
Vol. 5, Pergamon Press, Oxford (1973).

[4] A.J. Freeman and C. Keller (Eds.); Handbook of Chemistry and Physics of the Actinides, Vol. 1-6, North
Holland Publishers, Amsterdam (1986).

[5] G.R. Choppin and M.K. Khankhasayev; Chemical Separation Technologies and Related Methods of Nuclear
Waste Management, Kluwer Academic Publishers, Netherlands (1999).

[6] G.R. Choppin and J. Rydberg; Nuclear Chemistry, Theory and Application, Pergamon Press, Great Britain
(1980).

CY 707: Computational Chemistry (20)

Introduction: Revision to Classical Mechanics, Revision to Quantum Mechanics

Force Field Methods: Force Field Energy , Stretching, Bending, Out-of-plane bending, Torsion, van der
Waals, Electrostatic, cross terms, Validation of Force Fields, Advantage & Limitations.

Optimization Techniques: Finding Minima-Steepest descent, Conjugate gradient methods, Newton—Raphson
methods; Finding Saddle Points-linear and quadratic synchronous transit, gradient norm minimization,
Newton—Raphson; Conformational Sampling and the Global Minimum Problem; Stochastic and Monte Carlo
methods; Simulated annealing.

Electronic Structure Methods: Self Consistent Field Theory, Restricted & unrestricted HF, Semi-empirical
Methods.

Electron Correlation Methods: Configuration Interaction Methods, Multi Configuration Self-Consistent Field,
Many Body Perturbation Theory, Couple Cluster Method.

Basis Sets: Slater and Gaussian Type Orbitals, Pople style basis sets, Dunning—Huzinaga basis sets,
Correlation consistent basis sets, Plane Wave Basis Functions, Basis Set Superposition Errors.

Density Functional Methods: Kohn—Sham Theory, Reduced Density Matrix Methods, Exchange—Correlation
Functionals-Local Density Approximation, Hybrid or hyper-GGA methods, DFT Problems.

Wave Functional analysis: Population Analysis Based on Basis Functions, Population Analysis Based on the
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Electrostatic Potential, Population Analysis Based on the Electron Density, Localized Orbitals, Natural Atomic
Orbital and Natural Bond Orbital Analysis.

Molecular Properties: Perturbation Methods, Derivative Techniques, Electric Field Perturbation, Magnetic
Field Perturbation.

Simulation Techniques: Monte Carlo Methods, Molecular dynamics methods.

Computer Laboratory Work: Ab initio electronic structure calculation of small systems-designing of input
using a visualization program, running an electronic staructure calculation applying GAMESS program,
analyzing output manually and using visualization program.

References

[1]. An Introduction to Computational Chemistry by Frank Jensen (Wiley)

[2]. Essentials of Computational Chemistry: Theories and Models by Christopher J. Cramer (Wiley)

[3]. Electronic Structure: Basic Theory and Practical Methods by Richard M. Martin. (Cambridge University Press)
[4]. Molecular Quantum mechanics by Atkins & Friedman

[5]. Computer Simulation of Liquids by Allen & Tildesley

CY 708: Advanced NMR Spectroscopy (20)

The basics of NMR experiment
Basics of NMR spectroscopy, Pulse NMR, The mechanisms of relaxation, The components of a modern NMR
instrument, Basic data acquisition and processing

The NMR of Important Nuclei
Chemical shifts for 'H, '3C and 3'P nuclei, Homolnuclear and heteronuclear couplings (J), Factors that influence
the sign and magnitude of J

Double Resonance Techniques and Complex pulse sequences
Decoupling experiments (homonuclear and heteronuclear), Nuclear Overhauser Effect (NOE), Distortionless
Enhancement by Polarization Transfer (DEPT) Experiments

The study of dynamic processes by NMR
Reversible and irreversible dynamic processes, Reversible complexation and chemical shift reagents, Variable
temperature NMR, Determination of activation parameters

Two-Dimensional NMR Spectroscopy
Basics of 2D NMR experiments, '"H-'H Correlation Spectroscopy, 'H-'*CCorrelaion Spectroscopy,

Nuclear magnetic resonance in solids

Basic NMR interactions in the solid state and their relative magnitudes, Chemical shift tensors and their
orientation, Dipolar and quadrupolar couplings, Electron Paramagnetic effects in solid state NMR, Differences in
the solid state NMR spectra from spin %2 and quadruple nuclei, Detection of NMR signals in solids, Wide line and
zero field NMR experiments

High resolution Solid State NMR experiments

Magic Angle Spinning (MAS) NMR experiments, Side band manipulations and line shape analysis in MAS NMR
experiments, Evaluation of chemical shift anisotropy parameters form side band intensity analysis, Cross
Polarization Magic Angle Spinning (CP MAS) NMR experiments with suitable examples, Probing the local
environmentaround nuclei and measurement of inter-nuclear distances by different solid state NMR techniques,
Variable temperature MAS NMR experiments, Multi Quantum (MQ) MAS NMR experiments, Application of
solid state NMR techniquesfor characterization of glasses, porous and amorphous materials, polymers,
biomaterials, nano-materials, hybrid-materials, catalysts etc.,

Principle of NMR imaging.

References:
[1] Understanding NMR Spectroscopy, 2nd Edition, James Keeler, Wiley, 2008
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[2] Becker Edwin D., High Resolution NMR: Theory and Chemical Applications, 3rd Edition, Academic Press
1999.

[3] A complete introduction to modern NMR spectroscopy, R. S. Macomber, Wiley Interscience, 1998.

[4] Sanders, Jeremy K. M. and Brian K. Hunter. Modern NMR spectroscopy: a guide for chemists, Oxford; New
York : Oxford University Press, 1987.

[5] Solid state NMR in Materials Science: Principles and Applications By Vladimir I. Bakhmutov, CRC Press,
Boca Raton (2012)

[6] C. A. Fyfe, Solid State NMR for Chemists, CFC press, Guelph (1983)

CY 709: Atmospheric Chemistry (20)

Structure of Atmosphere
Physical characteristics, Chemical Composition, Carbon, Hydrogen and oxygen cycle.

Atmospheric Radiation

Terrestrial and solar radiation, Energy balance for Earth and Atmosphere, Radiative flux, Actinic flux;
Spectroscopy, Absorption of radiation by atmospheric gases and aerosols, Absorption by O, and O3, Radiative
forcing, Photolysis rate as a function of altitude.

Chemistry of Troposphere and Stratosphere

Stratosphere - Chapman mechanism - HOx, NOx cycle

Troposphere - Hydroxyl radicals and other tropospheric oxidants, Photochemical cycles of NO,, NO and O3 ,
Chemistry of NOy, carbon monoxide, Methane, Definition of tropospheric lifetimes, Importance of gas phase
kinetics.

Atmosphere Pollutants
Oxides of nitrogen, Volatile Organic Compounds (VOCs), Halogenated compounds, Sulfur compounds and
particulate matter.

Effects of pollution

Photochemical smog - production of ozone and NOx; trends in trophospheric ozone concentration, relationship of
VOCs and NOx to O3, atmospheric chemistry of ozone and its precursors, chemistry of sulfur and nitrogen
compounds, Acid Deposition.

Global effects of pollutio
Green House Effect, Global Warming Potential, Stratospheric Ozone Depletion, Ozone depletion Potential,
Montreal / Kyoto protocol.

Laboratory and field measurements

Techniques for species identification and quantification, Aerosoles - formation, sampling and characterization.
Experimental methods to study reactions of importance in the atmosphere (Laser Induced Fluorescence,
Chemiluminescence, Cavity Ring Down Spectroscopy).

References

[1] Introduction to Atmospheric Chemistry, D.J. Jacob, Princeton University Press, 1999.

[2] Atmospheric Chemistry and Physics, from Air Pollution to Climate Change, J.H. Seinfeld and S.N. Pandis,
Wiley-Interscience.

[3] Introduction to Atmospheric Chemistry, P.V. Hobbs, Cambridge University Press, 2000.

[4] Chemistry of the Upper and Lower Atmosphere, Finlayson-Pitts and Pitts, Academic Press.

[5] Atmospheric Chemistry, A.M.Holloway and R.P.Wayne, RSC Publishing.

[6] Chemistry of Atmospheres, R. P.Wayne, Oxford University Press, 1991.
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CY 710: Statistical Analysis (20)

Population and Sample, Treatment of data, Frequency distribution, Measure of central tendency, Measure of
variability, Probability distribution, Probability, Discrete distribution, Continuous distribution, Sampling theory,
Sampling distribution, Sampling distribution of means, Statistical inference, Test of hypothesis and significance,
One tailed and two tailed tests, Type I and type II errors, Operating characteristic curves and power of a test,
Sampling distribution of variance, F distribution, Chi-square distribution, Curve fitting, The method of least
squares, Regression, Correlation theory, Linear correlation, Multiple correlation, Analysis of variance, One-way
ANOVA, Two-way ANOVA, Factorial designs.

References

[1] Murray R Spiegel, Statistics: Schaum’s outline series

[2] F. J. Dixon and W. J. Massey, Introduction to statistical analysis

[3] S. N. Deming and S. L. Morgan, Experimental Design: A chemometric approach

[4] Zivorad R. Lazic, Design of experiments in chemical Engineering

[51 J. N. Miller, J. C. Miller, Statistics and chemometrics for analytical chemistry, Sixth edition

NON-SUBJECT ASSIGNMENTS

CY 591: Viva Voce

In addition to the formal assessment carried out by the method of written examinations, a viva voce examination
is also conducted in each semester. The objective of the examination is to assess the grasp of the basic concepts
in the courses covered and also to examine the aptitude of the student to apply the knowledge gained in individual
subjects to establish linkages and solve problems across domains.

CY 592: Mini-Project

The 11 week Mini-Project is prescribed as an integral part of the training school curriculum. It is carried out in the third
trimester on completion of the foundation and core courses. The principle objective of carrying out a Mini- Project is to
provide a hands-on experience to the trainee of working in an ongoing project of the Department. If feasible, the Mini-
Project is linked to the M.Tech. Project and the future work profile of the trainee, thus providing a meaningful synergy
between the training, M Tech Project and work profile of the trainee. The experience gained in formulating and
executing a scientific/technical problem and the possible pathways to its solution serves as value addition to the training
provided. Interactions with senior scientists/technologists during the project work provide useful insights into the
methodologies of research, development and deployment adopted by the BARC scientists and technologists.

The trainee compiles a project report highlighting the scope, methods and deliverables of the project followed by a
seminar presentation to an expert committee of the work carried out. The Mini-Project carries a weightage of 300 Marks,
225 being awarded by the expert committee and 75 by the guide.

CY 593: Seminar

As a part of the course curriculum, all trainees have to make a seminar presentation. For this purpose, the trainee is
asked to choose a topic of presentation based upon his/her aptitude and area of research interest. The objective of this
exercise is to inculcate skills in the trainee on aspects such as analysis of the experimental data, details discussion on
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the results and hypothesis presented and drawing of meaningful conclusions. A Seminar Committee constituted for this
purpose evaluates the presentation based upon attributes such as scientific content, quality of presentation and ability of
the trainee to defend the subject of presentation. A maximum of 100 marks have been allocated for the seminar.
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CH-1:

CH-2:

CH-3:

CH-4:

CH-5:

CH-6 :

CH-7 :

CH-9 :

CH-10:

CH-11:

CH-12:

CH13:

Mathematics and Computational methods (6 credits)

Chemical Thermodynamics (6 credits)

Electrochemistry and Corrosion Science (4 credits)

Introduction to Materials Science and Engineering (6 credits)

Analytical Chemistry for Nuclear Fuel Cycle (6 credits)

Chemical Instrumentation and Laboratory Techniques (6 credits)

Health Physics and Radiation Sciences (6 credits)

Chemistry of Fuel Cycle-I(6 credits)

Chemistry of Fuel Cycle-II: Actinide chemistry and separation science (6 credits)
Materials for Nuclear Reactors and Fuel Cycle Processing Systems (6 credits)
Nuclear and Radiochemistry (6 credits)

Corrosion Science and Engineering (6 credits)

CH-14 Quantum Chemistry & Group Theory (6 credits)

CH-15:

CH-16 :

CH-17 :

Molecular Spectroscopy (6 credits)
Lasers and Application (6 credits)

Nanomaterials and Advanced Chemical Sensors (6 credits)

CH-RM: Course on Research Methodology (3 credits)



CH-1: Mathematics, computational methods, numerical analysis and
computer programming

Course content

1. Differential Equations & Integral Transforms: Linear differential equations: Series
method of solution; Legendre, Lagurre and Hermite differential equations. Use of ladder operators
for solutions to differential equations; applications to quantum chemistry.

Orthogonal Polynomials and Special functions — Dirac Delta function, gamma function, error
function. Introduction to Fourier series, Fourier transform and Laplace transform — applications in
quantum chemistry and spectroscopic techniques — FT-NMR, FT-IR.

Convolutions of functions, use of Fourier transforms in convolution, Applications in chemistry.

2. Vectors: Vector differentiation and integration: Concepts of gradient, divergence and
curl and their physical significance. Orthogonal vectors, Gram-Schmidt process — applications in
quantum chemistry. Vector fields in space — Gauss and Stokes theorem with applications.

3. Matrix Algebra: Elementary operations and elementary matrices. Rotation matrices,
Similarity transformations; Applications of numerical techniques in matrix algebra to evaluate
eigenvalues and eigenvectors; Diagonalization and inversion of matrices. Applications in
chemistry.

4. Numerical Methods: Newton-Raphson method for finding roots, differentiation,
integrations by quadrature techniques, solutions of differential equations.

Book suggested

1. Advanced Mathematics for Engineers and Scientists, M.R. Spiegel, Schaum’s Outline
Series(1983).

2. Mathematical Methods for Physics Engineering, K.F. Riley, M.P. Hobson and S.J. Bence,
Cambridge University Press (1998).

3. Theory and Problems of Vector Analysis, M.R. Spiegel, Schaum’s Outline Series (1981).
4, Computer Oriented Numerical Analysis, V. RajaRaman, Prentice Halls India, 3rd ed.
(1999)

5. Mathematical Physics, E. Butkov, Addison-Wesley Publishing Company, California
(1968).



CH-2: Chemical Thermodynamics

Course content

1. Laws of Chemical Thermodynamics: Thermodynamic laws, thermodynamic properties
of the system, criterion for equilibrium, Heat engines, Helmholtz energy, Gibbs energy, Closed
system, Maxwell’s equations, Gibbs-Helmholtz equation.

2. Behaviour of Gases: Gas laws, ideal gas and deviations from ideality, Vander Waal’s
equation, equation of state, critical phenomena, Thermodynamic treatment of non-ideal gases, gas
mixtures.

3. Solutions: Raoult’s and Henry’s laws, activity of a component in solution, Gibbs-
Duhem equation, Properties of Raoultian ideal solutions, Colligative properties, Non ideal and
regular solutions, Partial and Integral thermodynamic property evaluation, alpha function, Gibbs
free energy of formation of regular solutions, Criteria for stability of regular solutions, Miedema’s
model, associated solution model, sub-regular solutions, Models for ternary systems such as
Colinet’s model.

4. Phase Equilibria: Phase rule, Gibbs Free energy as a function of temperature and
pressure, Equilibrium between a vapor and a condensed phase in a single component system,
Graphical representation of phase equilibria in a single component system, Gibbs energy and
thermodynamic activity, phase diagrams- single component, binary and ternary diagrams, simple
calculation of thermodynamic properties from phase diagram, pressure-composition diagrams,
CALPHAD and models for optimization of phase diagrams.

5. Reactions in Gases and Condensed Phases: Reaction equilibria in homogeneous and
heterogeneous media, effect of temperature and pressure on equilibrium constant, Le Chatlier’s
principle, Reaction equilibria in H2/ H20, CO/CO2 systems, Ellingham diagrams, Effect of phase
transformation, use of different standard states for representing reactions in condensed phases,
phase stability diagrams, application of phase diagrams in material systems.

6. Statistical Thermodynamics: Entropy and disorder in an atomic scale, concept of
microstate, most probable microstate, influence of temperature, Boltzmann equation, partition
functions, configurational entropy and thermal entropy.

7. Experimental Thermodynamics: Calorimetry - classification of calorimeters, different
types of calorimeters, heat capacity measurements, thermochemical calorimetry, estimation of
thermodynamic quantities.

Vapor pressure measurements- static methods, transpiration, boiling point method, isopiestic
method, Knudsen effusion method , Langmuir evaporation method, role of mass spectrometry for
study of vaporization reactions, second and third law methods, Gibbs energy functions from
spectroscopy data, measurements at very high temperatures.

Galvanic cell EMF methods for activity measurements, - solid electrolyte and molten salt EMF
methods.

Measurement of oxygen and carbon potentials — gas equilibration/ EMF methods



Determination of phase diagrams- spot technique, thermal analysis, enthalpies of transformations,
transformation temperature, order of transformation, DTA, TGA, thermal expansion, resistivity- as
a function of temperature , thermal diffusivity, measurement of thermal diffusivity and thermal
conductivity.

Books Suggested:

1. Physical Chemistry, G W Castellan, Addison Wesley, 1971

2. Introduction to Metallurgical Thermodynamics, David R Gaskell, McGraw Hill, 1973.

3. Physical Chemistry, P W Atkins, 7th Ed, Cambridge University Press, 2004.

4. Principles of Chemical Equilibrium with Applications in Chemistry and Chemical
Engineering, K Denbigh, Cambridge University Press, 1981.

5. Chemical and Process Thermodynamics, 2nd Ed, B G Kyle, Prentice Hall, 1992.

6. Thermodynamics, G N Lewis, M Randall, revised by K S Pitzer and L Brewer, McGraw
Hill, 1961.

7. Differential Scanning Calorimetry: An Introduction for Practitioners, G W H Hohne,
Springer Verlag, 1996.

8. Characterisation of high temperature vapours, Ed by J L Margrave, John Wiley, New York,
1967.

0. Physicochemical Measurements in Metal Research, Ed by R F Bunshah, Wiley
Interscience, New York, 1970.



CH-3: Electrochemistry

Course content

1. Electrolytes — Different electrolyte systems (aqueous, ionic melts and solid electrolytes)
and their conductivities; Debye-Huckle theory, Techniques for measuring electrical conductivities
- DC and AC techniques

2. Electrochemical cells - Electrochemical potentials, Nernst equation and electrochemical series,
Molten salt and solid electrolyte based cells

3. Electrode processes and kinetics — Diffusion layers & characteristics of the diffusion layers,
over potentials, Butler-Volmer and Tafel equations, polarisable and non-polarisable electrodes,
reference electrodes, voltammetric techniques, polarography, Cyclic Voltammetry, rotating
electrodes and micro-electrodes, chronpotentiometric and chronoamperometric techniques,
elucidation of mechanisms of electrochemical reactions.

4. Applications of electrochemical principles - Electro-analytical techniques and
electrochemical sensors; energy conversion and storage systems (fuel cells and batteries);
thermochemical data measurements.

Reference Books:

1. “Electrochemical Methods: Fundamentals and Applications”, AJ Bard & LR Faulkner, Wiley,
New York, 1987.

2. “Electrode Dynamics”, AC Fisher, Oxford University Press, Oxford, 1996.

3. “Electrochemistry”, P.H. Reiger, Prentice-Hall International, Englewood Cliffs, 1995.

4. “Solid electrolytes and their Applications”, (Ed) E.C.Subba Rao, Plenum, New York, 1980.

5. “Electrochemistry”, C. M. A. Brett and A. M. O. Brett, Oxford University Press, 1993.

6. “Laboratory Techniques in Electroanalytical Chemistry”, 2nd Ed., by P. T. Kissinger and W.
R.Heineman, Marcel Dekker, 1996.

7. “Chemical Sensor Technology”, Vol.2, (ed) T.Seiyama, Kodansha Ltd., Tokyo, 1989.

8. “Chemical Sensor Technology”, Vol.3, (ed) N.Yamazoe, Elsevier, Amsterdam, 1991.

9. “Solid State Gas Sensors”, P.T.Mosley and B.C.Toefield, Adam Hilger, Bristol, 1987.

10. “Advances in Electroanalytical Chemistry”, Vol.2, A.J.Bard, Macel Dekker, New York, 1967.

11. “Fuel Cell Systems”, L.J.M.J.Blowmen and M.N.Mugerwa, Plenum Press, New York, 1993.



CH-4: Introduction to Materials Science & Engineering

Course content

1. Structure, Bonding & Defects in Solids: Single crystal & polycrystalline materials,
Unit cell, Crystal symmetry, Bravais lattices, point groups & space groups, Miller indices,
Cohesive forces in crystals, Madelung energy and its calculation for NaCl and CsCl, Crystal
structures, Close packing, lonic Radii and Radius ratios, Common crystal structures of elements &
compounds, Factors influencing crystal structures, Structure-property relations, Defects in solids,
Thermodynamics of defect formation, Non-stoichiometry, lonic conduction, Solid electrolytes.

2. Diffraction Techniques: Diffraction phenomenon, X-ray, neutron and electron
diffraction, Bragg’s Law, Size and shape of unit cell, Basics of crystal structure determination,
Powder diffraction and single crystal methods, Phase identification by XRD, Powder diffraction
data base, Indexing of diffraction patterns and lattice parameter calculation, Rietveld refinement,
Particle size & residual stress determination by XRD.

3. Microstructure & Microscopy: Microstructure - origin and significance, Optical &
electron microscopy

4. Physical Properties: Mechanical properties, Fracture, Strengthening mechanisms,
Thermal expansion, Thermal conduction, Thermoelectric effects, Electrical and magnetic
properties - metals, semiconductors and insulators, Band picture of solids, Ferroelectric materials,
Superconductors, Magnetic properties, Magnetic domains, Optical properties, Non-linear optical
properties, Lasers, Fibre optics & applications.

5. Chemical Reactivity of Solids: Factors affecting chemical reactivity, Diffusion,
Surfaces of solids, Surface analysis techniques — ESCA, Materials at very low and high
temperatures, Materials under pressure, Radiation damage in solids, Corrosion.

6. Synthesis of Materials: Solid state reactions, Wet chemical reactions and precursor
techniques, Combustion synthesis, Sol-gel process, Soft chemical reactions, Crystal growth
techniques with examples, Thin films, Nanocrystalline materials, Sintering.

7. Phase Diagrams & Phase Transformations: Phase diagrams — significance,
experimental & computational methods of phase diagram determination, Classification of phase
transformations, Order-disorder transitions, Nucleation and growth theory, diffusion-controlled
and diffusionless transformations, Thermal analysis techniques.

Books suggested:

1. Materials science and technology: a comprehensive treatment, (18 Vols.) Ed. R.-W. Cahn,
P. Haasen and E.J. Kramer, VCH, Weinheim, 1991.

2. Encyclopedia of materials: science and technology, (11 Vols.) K.H.J. Buschow et al.,
Elsevier, Amsterdam, 2001.

3. Introduction to solid state physics, C. Kittel, VII Ed, John Wiley & Sons, 1996.

4. Solid state chemistry and its applications, A.R. West, John Wiley & Sons, 1984.

5. The structure and properties of materials, (4 Vols.) Ed. J. Wulff, Wiley Eastern, 1974.

6. Materials science and engineering: an introduction, V Ed, W.D. Callister, John Wiley &
Sons, N.Y ., 2003.



7. Introduction to materials science and engineering, K.M. Ralls, T.H. Courtney and J. Wulff,
Wiley Eastern, 1978.

8. Elements of x-ray diffraction, B.D. Cullity, Addison — Wesley, 1978.

9. Analytical chemistry by open learning: X-ray methods, C. Whiston, John Wiley & Sons,
1987.

10. X-ray diffraction: a practical approach, C. Suryanarayana and M. Grant Norton, Plenum,
1998.

11. The science and engineering of materials, IV Ed D.R. Askeland and P.P. Phule,
Brooks/Cole, 2003.

12. The physics and chemistry of materials, J.I. Gersten and F.W. Smith, John Wiley & Sons,
2001.

13. Metallic materials: physical, mechanical and corrosion properties, P.A. Schweitzer, Marcel
Dekker, 2003.

14. Introduction to Solids, L.V. Azaroff, Tata McGraw-Hill, Bombay, 1960.

15. Materials science and engineering: a first course, III Ed V. Raghavan, Prentice Hall of
India, 1996.
16. Understanding materials science: history, properties, applications, R.E. Hummel, Springer

Verlag, N.Y., 2004.

17. Crystal growth: processes and methods, P. Santhana Raghavan and P. Ramasamy, KRU
Publications, Chennai.

18. Preparative methods in solid state chemistry, P. Hagenmuller, Academic, 1972.

19. Thin film deposition: principles and practice, D.L. Smith, McGraw-Hill, 1995.

20. Properties of materials, M.A. White, Oxford Univ. Press, 1999.



CH-5: Analytical Chemistry for Nuclear Fuel Cycle

Course content
l. Instrumental Methods — Principles and Applications:

Spectrochemical Methods: Detectors- Photomultiplier Tube (PMT), Charge Coupled Device
(CCD), Charge Injection Device (CID), Spectrometers — Czerny Turner, Echelle, Sample
Introduction Devices — Flame, Electrothermal, Laser Ablation, Direct Sample Insertion Devices,
Interferences, detection limits, sensitivity, Absorption Spectrometry — Flame Atomic Absorption
Spectrometry, (FAAS), Electrothermal Atomic Absorption Spectrometry (ETAAS), Optical
Emission Spectrometry (OES) with Inductively Coupled Plasma (ICPOES), Glow Discharge
(GDOES), Fluorescence Spectrometry — Laser Induced Fluorescence (LIF), Recent advances —
Continuum Source ( CS-AAS), Single Atom Detection.

Mass Spectrometry: Mass Analysers — Magnetic, Quadrupole, Time of Flight (TOF), Ion
Cyclotron Resonance, Features — Resolution, Dispersion, Abundance, Sensitivity, Detectors —
Faraday Cup, Channeltron, Daly, Ion Sources —Thermal Ionisation (TI), Electron Impact, ICP, GD,
Laser Ablation (LA-ICP), Secondary lonisation (SI), Resonance lonisation (RI), Matrix Assisted
Laser Desorption and Ionisation (MALDI), Hyphenated Technique — ICP-MS, HPLC-MS, GC-MS.

Thermal Methods: Thermogravimetric Analysis (TGA), Derivative Thermogravimetric Analysis
(DTG), Differential Thermal Analysis (DTA), Differential Scanning Calorimetry (DSC), Evolved
Gas Analysis (EGA).

Nuclear Methods: Activation Analysis — Neutron Activation Analysis (NAA), Charged Particle
Activation Analysis (CPAA), X-ray fluorescence (XRF) spectrometry, lon Beam Analysis —
Backscattering Spectrometry (BS), Particle Induced [J-ray Emission (PIGE), Nuclear Reaction
Analysis (NRA), Elastic Recoil Detection Analysis (ERDA), Particle Induced X-ray Emission
(PIXE).

2. Separation Techniques — Principles and Applications:

Solvent Extraction Technique: Conventional, Liquid Membranes — Bulk, Supported and
Emulsified, Solid Phase Extraction (SPE).

Ion Exchange: Conventional and Membranes.

Chromatography: Gas chromatography (GC), High Performance Liquid Chromatography
(HPLC), Ion chromatography (IC).

3. Statistical Methods in Chemical Analysis: Methods of sampling and associated errors,
Classification of errors, Propagation of errors, treatment of errors, Normal distribution, Tests of
Significance and Confidence Limits. Method of Least squares — linear and non-linear, weighted
least squares formalism, constrained least squares fitting

4. Laboratory Experiments (any 5):

Determination of trace impurities in high purity materials by AAS.
Application of Electroanalytical Methods to trace analysis

TGA and DTA study of inorganic compounds

Neutron Activation Analysis of trace constituents in a complex matrix



Analysis of an alloy sample by EDXRF
Anion analysis by ion selective electrode.

Chromatographic separation and measurement of the components in a mixture

Isotopic Analysis by Mass Spectrometry

Books suggested:

1. Fundamentals of Analytical Chemistry, D.A. Skoog, D. M. West, F. J. Holler, S.R. Crouch,
8th Edition, Thomson (2004).

2. Principles of Instrumental Analysis, D.A. Skoog, F. J. Holler, T. A. Niemann, 5th Edition,
Saunders College Publishing (1998).

3. A text book of Quantitative Analysis, A.l. Vogel, 5th Edition Revised by G. H. Jeffery, J.
Bassett, J. Mendham and R. C. Denney, ELBS (1989).

4. Statistics for Analytical Chemistry, J. C. Miller and J. N. Miller, 2nd Edition, Wiley (1998).



CH-6: Chemical Instrumentation and Laboratory Techniques

Course content

1. Passive Circuit Elements and Configurations: Circuit behaviour of resistors,inductors
and capacitors; the potential divider and the wheatstone Bridge (resistive and capacitive), R-L-C-
circuits as filters and resonance circuits.

2. Electronic Devices and Their Role in Power Conversion and Amplification: The
junction diode, SCR, triacs and their role in rectification and AC power control; bipolar transistor
and IGBT and their role in linear/switched mode power supplies and in amplification of signals;
constant current power supplies Inverter circuits; issues in measurement of signals - Concept of
input impedence and the role of J-FETs and MOSFETs.

3. Operational Amplifiers and their Various Functionalities: The basic OP-AMP and its
desired characteristics; the inverting amplifier, the non-inverting amplifier, summing configuration;

The differentiator and integrator circuits; comparator; precision rectifier; waveform generation.

4. Fundamental Issues Related to Chemical Instrumentation: Role of chemical
instrumentation in the nuclear fuel cycle, with relation to selectivity, sensitivity and automation
amenability.

The basic anatomy of excitation with energy source-interaction with analyte-detection of the effect
produced; issues related to selectivity; sensitivity and detection limits; sources of noise and
measures to minimize the effect; boxcar integrator, lock-in-amplifier.

5. UV-VIS-IR Instruments: Phenomenon of resonant absorption and Beer’s law of
photometry; implementation of Beer’s law in a spectrophotometer; compensation for spectral
response of the detector; slit servo mechanism for compensation of optical emission.

Atomic absorption spectrophotometer-flame ionization, compensation for molecular absorption,
hollow cathode lamp excitation for high specificity.

Atomic emission spectrometry-principles, instrumentation and data interpretation
Laser fluorescence spectrometry-laser basics, three stage power supply for flash lamp excitation.
Non dispersive spectrometer- FTIR - principle, data collection scheme.

6. X-Ray Spectrometry: Generation of X-Rays, The X-Ray tube, setting the energy and
intensity; Bragg’s law; X-Ray fluorescence, X-Ray diffraction, ESCA for surface analysis.

7. Mass Spectrometry: Ion sources-thermal ionization, Knudsen effusion and electron
impact ionization, inductively coupled plasma source, Laser induced vapourisation, spark source.
Magnetic analysers, quadrupole analysers, time-of-flight analysers.

Detectors-faraday, SEM, Channeltron.

Mass scanning, peak centering, signal handling and digitization and counting.

8. Thermal Analysis: Thermal excitation - furnaces, temperature profiling and furnace
power control.

Thermal effects - TGA, DTA, DSC, dilatometry.

Thermal measurements - thermocouples, RTDs, signal conditioning and handling.



0. Additional Methods of Analysis: Gas chromatography - mobile and stationary phases;
separation on the basis of retention time; TCD and FID detectors.

Instrumentation for pH meters and conductivity meters; automated titro-processors and applications
of coulometry.

Radioactive assay based on multi-channel gamma ray spectrometry.

10. Digital Electronics: Logic gates; flipflops, counters, astable and monostable
multivibrators; decoders; logic families; data conversion-various types of ADCs and DAC:s.

Microprocessor systems-processor architecture, memory circuits, I/O subsystems; interfacing
techniques; assembly language programming.

11. Laboratory Techniques: Machine Drawings Projections: orthographic — 1st & 3rd
Angles

pictorial; Oblique: Perspective. Conventional representation of common features and sections;

Dimensioning and tolerancing; Scales, lines and lettering; Threads; Fastenings. Brief Introduction

of AutoCAD and its use, common drawing and edit commands.

Vacuum systems - equipment for vacuum generation - rotary pumps, diffusion pumps, ion pumps,
turbo molecular pumps; Generation of high temperatures, measurement of vacuum and
temperatures, centrifuges, chemicals and laboratory safety.

12. Vacuum Generation and measurements: Kinetic theory of gases — Velocity distribution
— Mean free path — Monolayer formation — vacuum units — Viscous and molecular Flow regimes —
Reynold’s and Knudsen Numbers viscosity and thermal conductivity of gases — Gas release from
solids — vaporization — out gassing — diffusion — permeation — Vacuum pumps — Titanium
Sublimation pumps — Ion pumps — Cryogenic pumps and maters for construction of Vacuum
chamber.

Gauges: Thermal conductivity, cold cathode, hot cathode ionization gauges and their Principle of
operation.

Books suggested:

1. Principles of Instrumental Analysis, D. A. Skoog and J. Leary, McMillan Publishers,
2. Instrumental Methods of Analysis, H. H. Willard, L. L. Merritt, Jr., J. A. Dean, F. A. Settle,

Jr. CBS Publishers and Distributors, New Delhi 1986.

3. A text book of Quantitative Analysis, A.l. Vogel, 5th Edition Revised by G. H. Jeffery, J.
Bassett, J. Mendham and R. C. Denney, ELBS (1989).



CH-7: Health Physics and Radiation Sciences

Course content

1. Interaction of Radiation With Matter: Ionization in gaseous medium, Bragg's curve,
stopping power, Bethe equation, range of particles and straggling, LET, attenuation and absorption
of beta particles, backscattering, photoelectric, compton and pair production processes for gamma
radiation, variation with gamma energy and Z of medium, attenuation and absorption of gamma
rays, elastic and inelastic scattering of neutrons.

2. Radiation Detection and Measurement: Principles of radiation detectors, counting
characteristics, detection efficiency and energy resolution, dead time and counting statistics, Gas
filled detectors, scintillation processes and detectors, organic and inorganic scintillators, Nal(TI),
LaBr3, semiconductor detectors, p-n junctions, germanium and silicon detectors, room temperature
semiconductors, neutron detectors including bubble detectors, solid state nuclear track detectors,
nuclear probes - positron annihilation, perturbed angular correlation, mossbauer effect.

3. Shielding and Dose Calculations: Shielding (beta, gamma and neutron sources).
Shielding from mixed sources; calculation of dose for point, line and volume sources.

4. Dosimetry: Definition of various dosimetric terms (exposure, absorbed dose, equivalent
dose, effective dose, concept of radiation and tissue weighting factors and their importance,
Activity, Specific activity (SI units and Old units), radiological, biological and effective half-life
and their relation and the concept of the same and their importance. Concept of ALI and DAC.

5. Radiation Protection Principles: Radiation protection philosophy, objectives and
principles of radiation protection, Dose limits to occupational workers and members of public,
Dose constraints, Investigation limits. Types of exposure (natural, occupational, medical and
public).

External and internal exposures; routes of intake of radioactive material. Use of personal
dosimeters (Film badge, TLDs, pocket dosimeters). Calculation of internal dose, Exposure
measurement: Free air and Air wall chambers (concept of wall thickness should be given),
exposure-dose relationship, Bragg-Gray principle.

Fundamentals of ICRP respiratory model, entry through ingestion, GI track model, wholebody
counting and bioassay techniques.

6. Radiation Protection Procedures: Procedures followed in radiation work places,
supervised and controlled areas, work permits, contamination control methods (air-borne, surface
and personnel), swipe samples, and rubber areas, spill pack (gloves + absorbing paper),
decontamination and de-corporation techniques; bore wells and inspection chambers; precautions
during radioactive source storage and handling.

Types of radiation monitors / radioactivity measurement methods adopted for radiation protection.
Personnel monitoring, area monitoring and stack monitoring.

7. Waste Management: Radioactive waste classification and management — An overview.
8. Emergency Preparedness: Nuclear accidents, emergency preparedness and management:

reasons for accidents, classification of accidents, International Nuclear Event Scale, types of
emergency, emergency preparedness, counter measures.



0. Nuclear Fuel Cycle Applications: Radiological aspects and environmental impact of

FBRs. Criticality safety and Radiological aspects in nuclear cycle facilities.

10. Regulatory Details: Atomic Energy Act, National and International regulatory bodies,
their role and responsibilities, Radiation Protection Rules, Nature of duties and responsibilities of
Radiation Safety Officer / Health Physicist, radio toxicity and classification of laboratories, design
of lab for radioactive work, Safe handling of radioisotopes, Transport of radioactive materials.

11. Basic Radiobiology: Interaction of ionizing radiation with living cells, Ionizing
radiations, excitation and ionization process, basic structure and components of cell, chemical and
biological consequences of radiation action, radicals and reactions in cell killing, direct and indirect
effect and relevant biological damage.

12. Molecular and Cellular Effects of Radiation: Radiation action and organizational level
in cell, Damage to DNA, single and double structural breaks in units membrane dose and survival
curve, cellular radioactivity, radiobiological effectiveness and linear energy transfer Dzz dose, rate
effect, dose fractionation, Mitotic delay, chromosome aberration and mutations by radiation action
on cells.

13. Modification of Biological Effects of Radiation: Oxygen effect, OER, Chemical radio
sensitizers, Chemical radio protectors, Mechanisms of action and importance in nuclear research
programme.

14. Radiobiology and Radiotherapy: Radiation and cancer, cell cycle and radiosensitivity,
rationale of using radiation for tumor cell kill, problems.

15. Basics of Radiation Chemistry: Interaction of high energy radiation with matter, G-
values, radiation induced reactions in solids, liquids and gases.

Laboratory Experiments:

Plancheting, alpha counting and spectroscopy

Counting characteristics of gas detectors

Half life determination and attenuation coefficient determination

High resolution gamma spectrometry

A S e

Dose Measurements: Whole Body Counting laboratory, Bio-dosimetry laboratory, TLD
personnel monitoring services laboratory.

Demonstrations:

1. Use of Personnel Protective Equipment (PPE): Proper checking and wearing of gloves,
and other plant dresses (shoe covers, boiler suits, overcoats etc).

Respirators (dust, gas mask, self contained breathing apparatus, and fresh air-line) TLD, Film

badge, neutron film, criticality badge and bubble detector



2. Use of Radiation Monitoring Equipment: Installed and Portable Radiation Monitors:
AGM (audio and visual alarm, setting up of alarm limits); staplex air sampler (estimation of air-
borne activity-both alpha and beta-gamma), different types of survey meters (low to high range),
ALSCIN and GM based contamination monitors (side window and end window, hand and foot
monitor, cloth monitor), continuous air monitor, criticality alarm system.

Books suggested:

1 Introduction to Health Physics by Herman Camber

2. Biological Effects of Radiation by J. E. Coggle

3. Radiobiology for Radiologist by Eris J. Hall

4 Detection and Measurement of Radiation - Glenn T Knoll.



CH-9: Chemistry of Fuel Cycle-I

Course content

1. Recovery of the starting compounds bearing U, Pu or Th from their primary and
secondary sources. Mining, beneficiation, pre-concentration, purification and recovery.

2. Oxide Fuels: Preparation of UO2, PuO2, MOX and ThO2. Physical and chemical
properties, phase diagrams of relevance, control of phase composition and stoichiometry, fuel
fabrication flow sheet and quality control.

3. Advanced Ceramic Fuels: Carbides U-C, Pu-C, U-Pu-C, U-Pu-C-O and U-Pu-C-O-N,
Nitrides U-N, Pu-N, U-Pu-N. Physical and chemical properties, phase diagrams of relevance,
control of phase composition and stoichiometry, fuel fabrication flow sheet and quality control.

4. Advanced Fuel Fabrication Techniques: Oxides, Methods based on sol-gel and novel
techniques. Carbides; sol-gel method, direct pressing and arc casting.

5. Preparation of U, Pu and Th.

6. Alloy Fuels: Historical over view of the alloy fuel development, alloys (U-Zr, U-Pu-Zr,

U-RM, U-Pu- MA), dispersions and composites — Salient physical and chemical properties,
relevant phase diagrams, fabrication and quality control.

7. Inert Matrix Fuels for Partitioning and Transmutation: A brief account on the
current developments.

8. Fuel — Clad Interaction: Significance of FCCI and FCMI. Specifics pertaining to
oxide, carbide and metallic fuels. Role of chemical thermodynamics in the prediction and
understanding of Fuel clad chemical compatibility.

9. In Pile Behaviour of Fuels: Chemistry and redistribution of fission products, role of
chemical potentials of the constituents in the breach of clad in oxide, carbide and alloy fuel pins
and detection mechanisms.

Books suggested:

1. Donald R. Olander, Fundamental aspects of nuclear reactor foel elements fundamental
aspects of nuclear reactor foel elements, Springfield, BTIS, 1985.

2. H. J. Matzke, Science of Advanced LMFBR fuels, North Holland, Amsterdam, 1986.

3. M. Benedict and T.H. Pigford, Nuclear Chemical Engineering, Mc Graw Hill, New York,

1957. (Specific journal articles and other references will be cited during the lectures)



CH-10: Chemistry of Fuel Cycle-II

Course content

1. Actinide Chemistry: Discovery of actinide elements, electronic structure, oxidation
states, inter-conversion of oxidation states, complexes of actinide ions, actinide contraction,
comparison of actinides with lanthanides. Actinides in environment.

Purification of actinides using techniques such as ion-exchange, Solvent Extraction, Liquid
membranes and Chromatographic Methods.

Hydrolysis, colour, spectroscopy and magnetic properties of actinides, nuclear properties of
actinides, decay modes.

Thorium: isotopes, occurrence and production; Uranium: isotopes, occurrence, resourOces and
production.

Transuranium Elements: production of transuranic elements, Neptunium, Plutonium, Americium
and Curium; Actinide synthesis by heavy ion reactions.

Fission Product Chemistry.

2. Aqueous Reprocessing: Introduction to nuclear fuel reprocessing; Need for reprocessing;
PUREX, TRUEX, THOREX.

Latest developments. Solvent extraction for actinide purification; basic principles, introduction to
extractants, classification of extractants.

Purification of uranium, plutonium; lanthanide actinide separations.

3. Pyrochemical Reprocessing: Introduction to non aqueous reprocessing: Objectives and
advantages of non aqueous reprocessing in fast reactor fuel cycle, Advanced fuel cycle flowsheets
involving non aqueous reprocessing, Recent trends in pyrochemical reprocessing of oxide and
metallic fuels.

Oxide electrowinning flowsheet, Pyrochemical reprocessing of metallic fuels (IFR process) -
Integral Fast Reactor Concept, Differences in electrorefining and electrowinning.

4. NUMAC: Importance of Nuclear Material Accounting; techniques used for analysis of
nuclear materials.

NUMAC with techniques such as Potentiometry, Coulometry, Amperometry.

Mass Spectrometry, Calorimetry, Gamma counting, neutron counting etc. Advantages and
drawbacks of individual methods.

5. Post Irradiation Techniques: Introduction to post-irradiation examination methods of
nuclear reactor fuels; importance of PIE methods, burn-up measurements; NDE testing of fresh
fuel pins.

Non-destructive evaluation of irradiated fuels (X-ray and neutron radiographic examination of fuel
pins, Fission gas analysis, Metallographic examinations).

6. Nuclear Waste Management: Introduction - industrial waste, nuclear waste & its
speciality, generation of radioactive wastes, radioactivity in the environment, Solid, liquid &
gaseous wastes, international classification. Basic philosophy & methods of radioactive waste
management, environmental monitoring. HLW & spent fuel waste. Radioactive waste
immobilization matrices & their ultimate disposal.



Reference Books

1. “Handbook of Physics and Chemistry of Rare Earths: Lanthanides Actinides” G.T.
Seaborg, Vol.18,(Eds., K.A. Schneider, Jr., L. Eyring, G.R. Choppin and G.H. Lander), Elsevier
Science, Amsterdam (1994).

2. “The Chemistry of Actinide Elements”, J.J. Katz, G.T. Seaborg and L.R. Morss, Vol. 1 and 2,
2nd Ed., Chapman and Hall, New York (1986).

3. “Handbook of Physics and Chemistry of Actinides”, A.J. Freeman and C. Keller,North
Holland Amsterdam, Vol.3 (1985), Vol.4 (1986), and Vol.6 (1991).

4. “The Chemistry of Transuranium Elements”, C. Keller,Verlag Chemie GmbH, Germany
(1971).

5. “Summary of the Properties of Lanthanide and Actinide Elements” G.T. Seaborg and
D’E.Hobart in ‘Frontiers in Nuclear Chemistry’, Eds. D.D. Sood, A.V.R. Reddy and P.K. Pujari,
IANCAS publication, Mumbai (1996)

6. “The Chemistry of Plutonium” J.M. Cleveland, Gordon and Breach Science Publishers,
Newyork, 1970

7. “Solvent Extraction of Metals”, A. K. De, S. M. Khopkar and R. A. Chalmers, Van Nostrand,
Reinhold (1970).

8. “Ion Exchange and Solvent Extraction : A Series of Advances”, Editors J. A. Marinsky and
Y. Marcus, Marcel Dekker Inc. (1998).

9. “Ion Exchangers”, F. Helfferich, McGraw Hill (1962).

10. “Introduction to Modern Liquid Chromatography”, L. R. Snyder and J. J. Kirkland, 2™
Edition, Wiley (1979).

11. “Analytical Chemistry”, R.V.Dilts, Van Nostrand (1974).

12. “Modern Practice of Gas Chromatography”, by R.L.Grob and E.F.Bary, 4™ Edition, Wiley-
Interscience.

13. “Practical Supercritical Fluid Chromatography and Extraction”, M. Caude, D. Thiebaut,
Eds.) Harwood Academic Publishers (1999).

14. “Supercritical Fluid Extraction”, M.A.Mchugh and V.J.Krukonis, Butterworth Heinemann,
2" Edition, 1994

15. “Fundamentals of Analytical Chemistry”, D.A. Skoog, D. M. West, F. J. Holler, S.R.
Crouch, 8" Edition, Thomson (2004).

16. “Principles of Instrumental Analysis”, D.A. Skoog, F. J. Holler, T. A. Niemann, 5t Edition,
Saunders College Publishing (1998).

17. “A text book of Quantitative Analysis”, A.I. Vogel, 5™ Edition Revised by G. H. Jeftery, J.
Bassett, J. Mendham and R. C. Denney, ELBS (1989).



CH-11: Materials for Nuclear Reactors and Fuel Cycle Processing
Systems

1. Fundamentals of reactor physics and different reactor systems

a) Fission reactors: Thermal reactor, fast reactor, advanced reactor, b) Fusion reactors:
Thermonuclear reactor

2. Health Physics and Radiation Sciences

Interaction of radiation with matter, Radiation detection and measurement — use of gas filled
detectors, scintillators, semi-conductor detectors, neutron detectors, Radiation Units and Limits.

Hazards Control and Evaluation, Biological effects of radiation, Dose and dose limits for
occupational workers and members of public, Radiation Protection Procedures, Dosimeters.

Transport and release, Classification of nuclear waste and their management —Emergency
Preparedness, Radiation Chemistry, G-values, radiation induced reactions in solids, liquids and
solids.

3. Introduction to Reactor Materials

Moderators (Requirements, properties of D,O and graphite), Control rod materials
(Requirements, properties), Coolants (Requirements, properties and handling - water, liquid
sodium, lead-bismuth alloys, helium, CO,), Cover gas (Cover gas purification, monitoring for
hydrogen, fission gases)

4. Introduction to Coolant chemistry:

Na, Pb-Bi and Pb-Li chemistry: Monitoring and maintaining purity of coolants, on-line
monitoring using EC monitors, sampling and analysis.

Water chemistry (Introduction to fast reactor water chemistry, condenser cooling and process
water chemistry, de-mineralising plant and condensate polishing unit chemistry, on-line
monitoring, biological shield cooling water chemistry, related analytical techniques, Chemical
aspects of corrosion in liquid metal coolant systems

5. Fuel reprocessing: Chemistry of Actinides with respect to reprocessing, Aqueous methods -
Purex, Thorex, use of novel extractants, Non-aqueous methods - pyrochemical processes.

Books Suggested:

1. S. Glasstone, Source Book on Atomic Energy, Allied East-West Press Pvt. Ltd.,
NewDelhi.

2. S. Glasstone and Sesonske, Nuclear Reactor Engineering, Chapman Hall, London, 1994.

3. H.U. Borgstedt and C.K. Mathews, Applied Chemistry of the Alkali Metals, Plenum Press,
1987.

4, C.C. Addison, The Chemistry of the Liquid Alkali Metals, John Wiley and Sons, 1984.

5. Power Plant Chemistry: A practical guide, Buecher Braid, Penwell, Oklahoma, 1997.

6. Modern Power Station Practice, III Edition, Pergamon, NY, 1992.



CH-12: Nuclear and Radiochemistry (CH12)

Course content

1. Nuclear Properties: Concept of nucleus, nuclear spin, parity, electric and magnetic
moments, isomerism, nuclear mass and binding energy, elemental abundance, radioactive decay
laws, radioactive equilibria, Bateman's equation, liquid drop and shell models.

2. Nuclear Structure and Decay Modes: Nuclear force, structure of complex nuclei, liquid
drop, shell and collective models, nucleon emission, beta decay, gamma de-excitation and internal
conversion, selection rules.

3. Nuclear Reactions and Accelerators: Basic principles and energetics, cross sections,
nuclear fission, charge and mass distribution in fission, compound nucleus reactions, direct

reactions, types and details of accelerators.

4. Radiochemical Separations: Concepts of traces, chemical yields, radiochemical purity,
applications.

5. Nuclear Techniques: Nuclear probes, PAC, NDA and on-line monitoring.

6. Radio-isotope Production: Basic principles of isotope production in both reactors and

accelerators, Szilard - Chalmers effect and its utility, concept of generators, Moly generators.
7. Applications of Radioisotopes: Concepts of nuclear medicine and radio-
pharmaceuticals, SPECT, PET, brachytherapy and and teletherapy Radio-immuno assay,

industrial, agricultural and biological applications.

Laboratory Experiments:

1. Fission product separation and transient equilibrium.

2. Separation of actinides using ion-exchange or solvent extraction
3. Neutron activation analysis.

Books Suggested:

1. Nuclear and Radiochemistry (1981) - G. Friedlander, J. Kennedy, J.M. Miller and
J.W. Macias

. Atomic Nuclear (1955) - R.D. Evans

. Source book of atomic energy (1969) - S. Glasstone

. Essentials of Nuclear Chemistry (1982) - H.J. Arnikar

. The chemistry of Transuranium Elements (1971) - J. Keller

. G.R. Chopin and Rydberg: Nuclear Chemistry, Theory and Applications, Pergamon Press,
Great Transuranium elements and transactinides.

7. Manual for reactor produced isotopes, IAEA-TECDOC-1340 (1999)

8. Radionuclides in therapy - R.P. Spencer, R.H. Sievers, A.M. Friedman. CRC Press (1987

9. Radioimmunoassay: Principles and Practice, M.R.A. Pillai and S.D. Bhandarkar, 2nd

Edition, BARC, 1998

10. Industrial applications of radioisotopes - G. Foldiak

AN AW



CH-13: Corrosion Science and Engineering (CH13)
Course content

1. Thermodynamics of Aqueous Corrosion: Electrode processes — electrode potential, free
energy, EMF series, potential measurements with reference electrodes, three electrode systems,
computation and construction of Pourbaix diagrams of Fe, Al, Ni and Zn, practical use of E-pH
diagrams. Chemical Vs electrochemical mechanisms of corrosion reactions, corrosion rate
expressions.

2. Kinetics of Aqueous Corrosion: Corrosion current density and corrosion rate, exchange
current density. Polarization — activation control, Tafel equation, mass transport control, mixed
potential theory and behavior of galvanic couples in acidic environments, effect of oxidizer,
combined polarization, factors affecting polarizations and rate of corrosion. Passivity,
potentiostatic polarization curves, factors affecting passivity, mechanism of action of passivators.
3. Forms of Corrosion: General corrosion — atmospheric corrosion, galvanic corrosion,
general biological corrosion. Localized corrosion — filiform corrosion, crevice corrosion, pitting
corrosion, localized biological corrosion.

Metallurgically influenced corrosion-inter granular corrosion, de-alloying. Mechanically assisted
corrosion — erosion corrosion, fretting corrosion, corrosion fatigue. Environmentally induced
cracking — mechanisms of stress corrosion cracking and hydrogen embittlement.

4. Corrosion in Reactor and Reprocessing Plants: Corrosion in liquid sodium, cooling
water, sea water; Corrosion in nitric acid — effect of flow, environment and metallurgical variables
of materials.

5. Prevention and Control of Corrosion: Corrosion control by design. Selection of
corrosion resistant materials — alloying, stainless steel and brass. Oxidation resistant materials,
control of high temperature oxidation. Cathodic and anodic protection methods. Use of inhibitors-
types. Corrosion in cold water pipes — Langalier saturation index.

6. Corrosion Monitoring: Introduction — On-stream monitoring — Electrical resistance,
linear polarization, hydrogen test probe, ultrasonic testing, radiography and corrosion coupons.
Off-stream monitoring equipments — Acoustic emission testing, eddy current inspection, liquid
penetration inspection.

7. Corrosion Testing: Purpose and classification. Dimensional charge — Ultrasonic thickness
measurements, eddy current, microscopic examination. Weight charge — Specimen preparation,
test conditions and evaluation of results for overall corrosion, SCC, IGC. Electrochemical
techniques — Polarization curves, Tafel extrapolation, linear polarization, AC impedance methods
(EIS).

Books Suggested:

1. Herbert H. Uhlig and R.Winston Revie, “Corrosion and corrosion control — An introduction
to corrosion science and engineering”’, Third Edition, John Wiley & Sons, 1985.

2. Mars G. Fontana, “Corrosion Engineering”, Third Edition, Mc Graw Hill Inc., 1987.

3. D.A.Jones, Principles and prevention of corrosion, Second Edition, Prentice Hall Inc, 1996.
4, ASM hand book — Vol 13: Corrosion, ASM International, 2001.

5 Philip A. Schweitzer, “Corrosion and corrosion protection handbook™, USA, 1983.



CH-14: Quantum Chemistry and Group Theory
1. Fundamental principles

Brief review of the fundamentals of quantum mechanics — postulates, measurements, operators, de
Broglie equation, Heisenberg principle, Schrodinger Equation.

2. Exactly solvable problems

Particle in a box with walls at infitine and finite potential; Double box potential, tunneling, effect
of barrier height on splitting of degenerate energy levels and its application in understanding
double well potential. Particle in a ring. Simple harmonic oscillator, rigid rotor, hydrogen atom
problem solution using both the power series method and ladder operators.

3. Approximation methods

Variation method, perturbation theory for time-independent and time dependent systems; Many-
electron systems: Hartree-Fock theory and beyond; Chemical binding in simple molecular
systems: Valence bond and molecular orbital theories; Concept of LCAO and introduction to ab-
initio and semi-empirical molecular orbital calculations of molecules.

4. Group Theory

Symmetry elements and operations, point groups, matrix representation, reducible and irreducible
representations, the Great Orthogonality theorem, direct product representation, projection
operators.

5. Applications of Group Theory in Chemistry
Vibrational problem, hybridization, SALC, ligand field theory.
Reference Books

1. “Quantum Chemistry”, I. N. Levine, Allyn & Bacon, Inc. (Boston) Sed. (2000).

2. “Introduction to Quantum Chemistry”, F. S. Levine, Cambridge Univ. Press (2002).

3. “Quantum Chemistry”, W. Kauzmann, Academic Press (1957).

4. “Chemical Applications of Group Theory”, F. A. Cotton, Wiley Eastern Limited, (1989).

5. “Group Theoretical Techniques in Quantum Chemistry”, C. D. H. Chisholm, Academic Press
(1976).



CH-15: Molecular Spectroscopy
1. Vibrations and rotations of diatomic molecules, selection rules, nuclear spin statistics.

2. Electronic spectroscopy of diatomic molecules, coupling of angular momentum, Hunds
coupling cases, term states of molecules, potential energy functions — analytical and numerical
(e.g. RKR), Dissociation energy, Franck Condon principle, numerical methods to evaluate Franck
Condon factors.

3. Vibrations of polyatomic molecules — classical mechanics of vibrations, symmetry and normal
vibrations — applications of group theory.

4. Experimental techniques in spectroscopy: Fourier transform spectroscopy (FTIR, FT-
RAMAN), time resolved FTIR and its applications in absorption and emission studies. Laser
based experimental methods, Introduction and application of Terahertz spectroscopy.

5. Studies on ultrafast processes: Nanosecond and picosecond laser flash photolysis,
fluorescence time domain spectroscopy with special emphasis on energy transfer and electron
transfer reactions and studies on excited state properties.

6. NMR & ESR: Basics of NMR and ESR, Multipulse techniques in NMR, FTNMR, 2D-NMR.
Time domain ESR, Electron Nuclear Double Resonance (ENDOR)-principle and applications.

Reference Books:

1. “Introduction to Lasers Physics”, K. Shimoda, Springer Verlag, 1984 Berlin

2. “Laser Spectroscopy basic concepts and Instrumentation”, W. Demtroder, Springer 2003,
Berlin.

3. “Molecular Spectroscopy”, C. N. Banwell, 4 Edn, Tata McGraw Hill, Delhi.

4. “Infra red spectra of Inorganic and coordination compounds”, K. Nakamoto, 5 Ed, John Wiley
1978, NewYork.



CH-16: Lasers and Their Applications

Introduction to Lasers

1. Rate equation for absorption, induced and spontaneous emission, Einstein’s A and B
coefficients — Concepts of laser action and population inversion — rate equations for two, three and
four level systems.

2. Laser and its sub-systems — Optical amplifier — optical resonator — excited state pump —
Properties of laser beams — Spatial and temporal coherence.

3. Different types of passive resonators, modes of a passive resonator — Active resonators — Gain
& Threshold condition for lasing actions — laser modes — Gain saturation and mode competition —
spatial and velocity hole burning.

4. Wavelength and Intensity stabilization of lasers — turning of wavelength of lasers — prisms,
grating and elations — controlled wavelength turning — Selection of axial modes, Experimental
realization of single mode.

5. Generation of short pulses — Q-switching and mode locking — active and passive methods

6. Principles of various types of lasers — UV, vis & IR lasers, metal vapour lasers, solid state
lasers, Gas lasers, Dye lasers, Semiconductor-diode laser and free electron laser

Laser Spectroscopic Techniques:
Important features of lasers useful for spectroscopy — monochromaticity, directionality, high
intensity, tunability, short pulses etc. Advantages of lasers for spectroscopy — high sensitivity and

selectivity. Short review of spectral line broadening mechanisms.

Doppler-limited spectroscopy

a) High sensitivity methods of Absorption — frequency modulation, intracavity absorption.
b) Photoacoustic spectroscopy; c) Resonance ionization spectroscopy combined with
mass spectrometry — multiphoton processes; d) Optogalvanic spectroscopy

Laser Induced Fluorescence: a)  Molecular Spectroscopy by LIF; b) Experimental aspects
and advantages of LIF (c¢) LIF in supersonic molecular beams

Laser Raman Spectroscopy: (a) Linear Raman Spectroscopy; (b) Non-linear Raman
Spectroscopy — Stimulated Raman scattering (c¢) Coherent Anti-Stokes Raman Spectroscopy
(CARS)

Analytical applications of lasers: a)Laser induced break down spectroscopy, cavity ring down
spectroscopy; (b) Atmospheric measurements with LIDAR

Laser material interactions: a) Vaporization, desorption and ablation. b) ~ Surface
modification; c) Laser cooling (d) Laser Induced Chemical Reactions/ Laser Isotope
Separation



Reference Books:

1. “Introduction to Lasers Physics”, K. Shimoda, Springer Verlag, 1984 Berlin

2. “Laser Spectroscopy basic concepts and Instrumentation”, W. Demtroder, Springer 2003,
Berlin.

3. “Principles of lasers”, O. Svelto and D. C. Hanna, Plenum, 1989, New York
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CH 17 - Nano materials and advanced chemical sensors

Introduction

Nanoscale— its importance, definitions, nanomaterial science- One dimension, Two dimensions
(carbon nanotubes, inorganic nanotubes, nanowires, biopolymers), Threee dimensions
(nanoparticles, fullerenes C-60, dendrimers, quantum dots) properties (electrical, optical,
mechanical & chemical)

Synthesis and characterization

Synthesis -Chemical methods (precipitation, sol-gel, CVD, ion-exchange, dispersion), Physical
methods (milling, PVD, pyrolysis, ion-implantation). Consolidation of nanopowders — sintering
introduction, theories of sintering, sintering of nanomaterials, novel methods for consolidation of
nanopowders. Characterization — X-ray techniques, spectroscopic techniques, electron beam
techniques, optical methods

Applications

Structural and functional ceramics, coatings, sensors, power sources, additives and catalysts,
composites, lubricants, magnetic materials, medical implants & nuclear ceramics. Sintering —
introduction, theories, methods for consolidation and sintering of nanostructured materials
Introduction to chemical sensors

Fundamental definitions and principles; rationale of sensor design and operation; basic theoretical
considerations

Electrochemical Sensors

(Potentiometric Sensors, Voltammetric and Amperometric SEensors)
Ion selective electrodes(ISEs) — principles, solid (glass and fast ion conductor based) and liquid
membrane based electrodes, Electrochemical gas sensors, Semiconductor devices (ISFETs,
MOSFETs), Conductance gas and vapour sensors based on metal oxides, semiconductors and
conducting polymers. Biosensors- oxygen and glucose biosensors; mediated enzyme electrodes
and enzyme field effect transistors (ENFETS).

Piezoelectric Sensors

Piezoelectricity and mechanical resonance: stress, strain and polarization; constitutive
relationships; equations of wave motion and wave representation.

The transverse-shear mode sensor, or quartz crystal microbalance: application to gas- and liquid-
phase sensing; applications to VOC sensing, immunosensing and biosensors.

Optical Sensors

IR and UV sensors - semiconductors - optical irradiation — recombination - Quantum efficiency -
p-n junctions - IV characteristics - forward bias and reverse bias - applications.

Micro Electro Mechanical System (MEMS) based sensors and electronic noses

Cantilever based sensors — Sensing Principles, types of cantilevers, use of different detection
techniques, examples and applications

Chemometrics as applied to chemical detection and identification; Olfaction and electronic noses;
Salient features

Sensor fabrication methods

Sensor configurations and geometries, Use of nano-materials in sensors

Thin/thick film formation techniques (physical, chemical and LB film formation techniques),
MEMs based sensor fabrication

Surface analysis and characterization



Practicals

Testing of a solid electrolyte based potentiometric oxygen sensor
Testing of an amperometric sensor for oxygen
Fabrication and testing of a thick-film hydrogen sensor
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3. Chemistry of Nanomaterials Vol 1 and 2, Eds. C.N.R. Rao, A. Muller, A.K.
Cheetam, (Wiley-VCH, Weinheim, 2004)

4. Nanoscience and Nanotechnology (Ed.) B.S. Thomar, IANCAS Bull., Vol. VI, No.2,
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5. J. Janata, Principles of Chemical Sensors, Kluwer Academic Publishing Plenum,
Dordrecht, 1989.

6. T. Seiyama Ed. , Chemical Sensor Technology, Vol. 1 and 2 Elsevier, Amsterdam,
1988.and 1990

7. Chemical Sensor Technology, Vol. 3, (N. Yamazoe Ed. )Elsevier, Amsterdam, 1991.
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9. H. Baltes, W. Gopel, J. Hesse Eds. , Sensors Update Volumes 1 to 6 , Wiley-VCH,
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Chemical and Environmental Sensing, Kluwer Academic Publishing, Dordrecht,
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13.  “Solid State Gas Sensors’, (eds. P.T. Moseley, B.C. Toefield), 1987, Bristol, Adam
Hilger.

14. S.R. Morrison: ‘The Chemical Physics of Surfaces’, 1; 1978, New York, Plenum
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CH-RM: Course on Research Methodology

Unit-I - Objectives and types of research: Motivation and objectives — Research methods vs.
Methodology. Types of research — Descriptive vs. Analytical; Applied vs. Fundamental;
Quantitative vs. Qualitative; Conceptual vs. Empirical.

Unit-II - Research Formulation — Defining and formulating the research problem - Selecting the
problem - Necessity of defining the problem - Importance of literature review in defining a
problem — Literature review — Primary and secondary sources — reviews, treatise, monographs-
patents — web as a source — searching the web - Critical literature review — Identifying gap areas
from literature review - Development of working hypothesis.

Unit-III - Research design and methods — Research design — Basic Principles- Need of research
design — Features of good design — Important concepts relating to research design — Observation
and Facts, Laws and Theories, Prediction and explanation, Induction, Deduction, Development of
Models. Developing a research plan - Exploration, Description, Diagnosis. Experimentation:
Proper approach - Importance of recording observation, maintaining the records, sample history,
transparency in data recording. Determining experimental and sample designs.

Unit-IV — Value of Statistics; Errors and Statistics — Limitation of analytical methods; Accuracy;
Precision; Classification of errors; Minimisation of errors; Significant figures and computations;
Standard Deviation; Normal Distribution; Comparison of results — students’s t test; F-test; Chi
Square test; propagation of errors.

Unit-V - Reporting and thesis writing — Structure and components of scientific reports - Types of
report — Technical reports and thesis — Significance — Different steps in the preparation — Layout,
structure and Language of typical reports — Illustrations and tables - Bibliography, referencing and
footnotes - Oral presentation — Planning — Preparation — Practice — Making presentation — Use of
visual aids - Importance of effective communication —Computers in Chemistry, Usage of
packages such as, Excel, AIM2000, ChemCraft, etc. Manuscript drafting based on “Experimental
data and Literature Survey”. Unit-VI - Application of results and ethics - Environmental impacts -
Ethical issues - ethical committees - Commercialisation — Copy right — Royalty - Intellectual
property rights and patent law — Trade Related aspects of Intellectual Property Rights —
Reproduction of published material — Plagiarism - Citation and acknowledgement -

Reproducibility and accountability. [7 hrs]
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PREFACE

The Department of Atomic Energy (DAE) has the multi pronged mandate of the utilisation of
the power of the atom towards generation of power, development of advanced technologies,
directed research in various scientific and engineering disciplines, production of radioisotopes
for societal applications in medicine and agriculture and towards national security. In order
to become self reliant and self sustaining in this high technology area, the need for generating
highly skilled manpower and ensuring its continuous availability was indispensable. Thus in
1957, the BARC Training School (BARCTS) was established as a centre for in house training of
professionals. These professionals today form the backbone of the Nuclear Power Programme.
More than 9000 trainees have graduated from BARC TS over the last 61 years and provide the
technological leadership in DAE for all its important programmes. Over the last five and a half
decades, the BARCTS has grown into a model institute, recognised internationally as a school
of excellence.

The academic activities of BARCTS are carried out by the Human Resource
Development Division (HRDD) from its campus situated at Anushakti Nagar, well away from
the hustle and bustle of Mumbai, nestling between wooded hills and sylvan surroundings, close
to the BARC premises. This crucible of learning has been a focus of attraction to many a bright
young talent, eager and willing to learn, guided and mentored by an academia drawn from the
pool of experts available within DAE. Hailing from some of the best universities in India, they
are nurtured with care and concern, by means of a holistic approach to training and
personality development. A judicious mix of academics, practical training and soft skills
training is imparted at the Training School and at the state of the art laboratories of BARC. A
well equipped hostel with sports, recreation, and internet facilities provides the right
environment needed for wholesome development. The lure of a professionally challenging
career with opportunities for upgradation of skills, an objective merit recognition based career
growth pattern and attractive compensation packages have attracted the best talents to
BARCTS.

The BARCTS has two principle programmes, the One-Year Orientation Course for
Engineering Graduates and Science Post-Graduates (OCES) and the DAE Graduate
Fellowship Scheme (DGFS)

Orientation Course for Engineering Graduates and Science Post-Graduates (OCES)
OCES is the flagship programme of the BARC Training School and its affiliates. Under this
scheme, engineering graduates from eight engineering disciplines- Mechanical, Chemical,
Metallurgy, Civil, Electrical, Electronics, Instrumentation & Computer Science and Science

Post-Graduates from Physics, Chemistry & Biological Sciences are selected and imparted a



rigorous one year training in the field of Nuclear Science and Technology. In addition to the
above 11 disciplines, selected post graduate candidates from the Physics and Chemistry
disciplines are also inducted into a course specifically designed for the purpose of providing a
holistic training in all aspects of radiological safety. This course has been named as
“Radiological Safety Engineering’ course.

The curriculum provides multidisciplinary training in topics relevant to the nuclear
industry, frontier areas of science and technology and some super specialized areas. Training
is imparted by adjunct faculty comprising the scientists and engineers working in various
projects of DAE. In this manner, not only the objective of training but also the greater task of
seamless and effective knowledge transfer from the expert to the acolyte is carried out
successfully. The scheme also ensures the retention of the trained manpower within the
Department thereby maximising the benefits of the training programme to the Department.

A total of about 150 courses in the above disciplines comprising more than 4000
lectures are delivered by more than 500 adjunct faculty members from BARC and other

educational institutes during this period.

OCES Training Objectives: It involves one year of academic and training programme at the
BARC Training School. The training programme aims to ensure that the selected candidates
are provided with the necessary facilities and opportunities to acquire knowledge and develop
skills for meeting the challenging technological goals of the country in the field of nuclear S&T.
The training courses are organized in a structured manner as detailed below
¢ Foundation courses impart multidisciplinary training in the topics relevant to the
nuclear industry.
e Core courses bring all selected candidates from different universities to the same or
common level of understanding in the core subjects of the respective disciplines.

e Elective courses impart training in few specialized areas in respective disciplines.

OCES graduates are also eligible for the award of Post Graduate Diploma in Nuclear
Science/Engineering & Technology of HBNI. After joining the DAE, the eligible OCES graduates
can undertake one year project work leading to the award of M.Tech./M.Phil. Degree of the
HBNI



DAE Graduate Fellowship Scheme (DGFS)

In order to meet the requirement of highly specialised professionals in specific areas, DAE
initiated the DGFS Programme for inducting engineers at MTech level in collaboration with the six
IITs viz. Bombay, Delhi, Kanpur, Kharagpur, Madras, Roorkee and BHU in addition to some other
elite institutes such as NIT Rourkela and ICT, Mumbai. The scheme strengthens the research-
education linkage with premier institutes of the country in the areas of interest to DAE and provides
useful synergy between the nuclear sector and the academia

Under this scheme, trainees selected for the OCES programme as well as one of the above
institutes pursue the M.Tech degree under the sponsorship of DAE. On completion of the MTech
degree, the candidates are absorbed into DAE as a Scientific Officer with advance increments. These
Fellows then undergo a 4-month Orientation Course for DGFS Fellows (OCDF) after successful
completion of M.Tech.

Orientation Course for DGFS Fellows (OCDF)
Several topics of interest to the Department do not form part of the MTech curriculum. To provide
an exposure to such topics, the DGFS Fellows undertake a four months orientation course in the
BARC Training School (Orientation Course for DGFS Fellows- OCDF) after successful

completion of their MTech. Programme.

This document furnishes the course structures of all disciplines and syllabi of the courses

conducted by the BARC Training School under each discipline.
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Annexure-I

REVISED CREDITS
FOR
COURSES IN ENGINEERING
SCIENCES



COURSE STRUCTURE - MECHANICAL ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code

1 Accelerator Physics and Technology EN501 40 4 150

2 Engineering Mathematics EN502-505 30 4 125

3 Health Physics and Rad & Indl Safety ENS506 20 2 75

4 Nuclear Fuel Cycle Technology EN508 35 4 150

5 NPP & Advanced Reactor Concepts EN509 40 4 150

6 Reactor Physics and Engineering ENS510 55 6 225
Foundation Total 220 24 875

CORE ENGINEERING (MECHANICAL)

S.No. Subject Title Course Hours | Credits | Marks
Code
1 Code design for PVP EN610 60 6 250
2 Computational fluid Dynamics and Heat Transfer EN611 50 6 200
3 Finite Element Method EN621 30 4 125
4 Fracture Mechanics EN622 40 4 150
5 Mechanics of Solids EN624 40 4 150
Core Total | 220 24 875
ELECTIVES MECHANICAL)- Any 3 Courses- 9 Credits
S.No. | Subject Title Course Hours | Credits | Marks
Code
1 Advanced Computational Techniques EN701 30 4 125
2 Fluid Power Technology EN709 25 2 100
3 Machine Design EN711 25 2 100
4 Material Science in Nuclear Engineering EN712 25 2 100
5 Multi-scale material modelling EN715 30 4 125
6 Nuclear Emergencies EN716 35 4 150
7 Reliability Engineering EN718 25 2 100
8 Vibration EN721 25 2 100
ELECTIVES TOTAL (APPROX) 90 6-12 350
| | THEORY TOTAL | 530 | 54-60 [ 2100 |
NON-SUBJECT ASSIGNMENTS
S.No. | Subject Title Course Credits Marks
Code
1 VivaVoce-1& VivaVoce-II EN591 2 200
Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600
M.TECH. THESIS WORK (SECOND YEAR)
| 1 | Thesis Work | Dissertation | 32 |

Total Contact Hrs: 530; Total Credits: 98-104; Total Marks: 2700

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60



COURSE STRUCTURE - CHEMICAL ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code
1 Accelerator Physics and Technology ENS501 40 4 150
2 Engineering Mathematics EN502-505 30 4 125
3 Health Physics and Rad & Indl Safety ENS506 20 2 75
4 Nuclear Fuel Cycle Technology ENS508 35 4 150
5 NPP & Advanced Reactor Concepts EN509 40 4 150
6 Reactor Physics and Engineering ENS510 55 6 225
Foundation Total | 220 24 875
CORE ENGINEERING (CHEMICAL)
S.No. Subject Title Course | Hours | Credits
Marks
Code
1 Advanced Chemical Reaction Engineering EN601 25 2 100
2 Advanced Mass Transfer EN604 25 2 100
3 Code design for PVP EN610 30 4 125
4 Computational Fluid Dynamics and Heat Transfer EN611 50 6 200
5 Nuclear Chemical Engineering EN628 35 4 150
6 Process Dynamics and Control EN634 45 6 200
7 Process Modeling, Simulation and Optimization EN635 45 6 200
CORE TOTAL | 225 30 950
ELECTIVES (CHEMICAL) — Any 3 Courses - 9 CREDITS
S.No. | Subject Title Course | Hours | Credits
Marks
Code
1 Advanced Computational Techniques EN701 30 4 125
2 Fluid Power Technology EN709 25 2 100
3 Material Science in Nuclear Engineering EN712 20 2 75
4 Membrane Technology EN714 35 4 150
ELECTIVES TOTAL (APPROX) 90 8-10 350

| THEORY TOTAL | 535 | 62-64 | 2175 |

NON-SUBJECT ASSIGNMENTS

S.No. | Subject Title Course Credits Marks
Code
1 VivaVoce-1& VivaVoce-II EN591 2 200
Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600

M.TECH. THESIS WORK (SECOND YEAR)

1 | Thesis Work | Dissertation | 32 |

Total Contact Hrs: 535; Total Credits: 106-108; Total Marks: 2775

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60




COURSE STRUCTURE - METALLURGY

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. | Subject Title Course Hours | Credits | Marks
Code
1 Accelerator Physics and Technology ENS501 40 4 150
2 Engineering Mathematics EN502-505 30 4 125
3 Health Physics and Rad & Indl Safety ENS506 20 2 75
4 Nuclear Fuel Cycle Technology ENS508 35 4 150
5 NPP & Advanced Reactor Concepts EN509 40 4 150
6 Reactor Physics and Engineering ENS510 55 6 225
Foundation Total | 220 24 875
CORE ENGINEERING (METALLURGY)
S.No. Subject Title Course Hours | Credits | Marks
Code
1 Corrosion EN615 15 2 75
2 Extractive Metallurgy EN620 40 4 150
3 Mechanical Metallurgy EN623 30 4 125
4 Nuclear Materials EN628 50 6 200
5 Nuclear Metallurgy EN629 30 4 125
6 Physical Metallurgy EN630 40 4 150
7 Process Control & Instrumentation EN631 25 2 100
CORE TOTAL | 230 26 925
ELECTIVES METALLURGY) Any 3 Courses- 9 Credits
S.No. Subject Title Hours | Credits | Marks
1 Advanced Computational Techniques EN701 30 4 125
2 Digital Signal Processing & Image Processing EN706 30 4 125
3 Image processing and Machine Vision EN710 30 4 125
4 Materials Characterization EN713 20 2 75
5 Multi scale Material Modeling EN715 30 4 125
6 Nuclear Chemical Engineering EN628 35 4 150
7 Nuclear Emergencies EN716 35 4 150
8 Welding Science & Technology EN723 25 2 100
ELECTIVES TOTAL (APPROX) 90 8-12 350
| | THEORY TOTAL | 540 | 5862 | 2150 |
NON-SUBJECT ASSIGNMENTS
S.No. Subject Title Course Credits Marks
Code
1 VivaVoce-1& VivaVoce-II EN591 2 200
2 Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600
M.TECH. THESIS WORK (SECOND YEAR)
| 1 | Thesis Work | Dissertation | 32 |

Total Contact Hrs: 540; Total Credits: 102-106; Total Marks: 2750

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60(through course work and two viva)



COURSE STRUCTURE - CIVIL ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code

1 Accelerator Physics and Technology EN501 40 4 150

2 Engineering Mathematics EN502-505 30 4 125

3 Health Physics and Rad & Indl Safety ENS506 20 2 75

4 Nuclear Fuel Cycle Technology EN508 35 4 150

5 NPP & Advanced Reactor Concepts EN509 40 4 150

6 Reactor Physics and Engineering ENS510 55 6 225
Foundation Total 220 24 875

CORE ENGINEERING (CIVIL)

S.No. Subject Title Course Hours | Credits | Marks
Code
1 Civil Engg Design of Concrete & Steel Strct [ EN608.1 30 4 125
2 Civil Engg Design of Concrete & Steel Strct 11 EN608.2 30 4 125
3 Design Basis Hazards & Geotechnical Engg EN621 40 4 150
4 Earthquake Engineeing & Structural Dyanmics EN609 45 6 200
5 Finite Element Method EN626 30 4 125
6 Mechanics of Solids EN624 40 4 150
Core Total | 215 26 875
ELECTIVES (CIVIL)- Any 3 Courses- 9 Credits
S.No. | Subject Title Course Hours | Credits | Marks
Code
1 Advanced Struct Dynamics & Earthquake Engg EN724 30 4 100
2 Construction Materials, Management & Quality EN614 30 4 100
3 Safety & Reliability of Civil Engineering EN722 25 2 100
4 Project Management EN717 25 2 100
ELECTIVES TOTAL (APPROX) 80 8-10 300
| | THEORY TOTAL | 515 | 58-60 | 2100 |
NON-SUBJECT ASSIGNMENTS
S.No. | Subject Title Course Credits Marks
Code
1 VivaVoce-1 & VivaVoce-II ENS591 2 200
Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600
M.TECH. THESIS WORK (SECOND YEAR)
| 1 | Thesis Work | Dissertation | 32

Total Contact Hrs: 520; Total Credits: 102-104; Total Marks: 2600

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60



COURSE STRUCTURE - ELECTRICAL ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code
1 Accelerator Physics and Technology ENS501 40 4 150
2 Engineering Mathematics EN502-505 30 4 125
3 Health Physics and Rad & Indl Safety EN506 20 2 75
4 Material Science in Nuclear Engineering (EE) EN508 20 2 75
5 Nuclear Fuel Cycle Technology EN509 35 4 150
6 NPP & Advanced Reactor Concepts ENS510 40 4 150
7 Reactor Physics and Engineering ENS501 55 6 225
FOUNDATION TOTAL | 240 26 950
CORE ENGINEERING (ELECRICAL)
S.No. Subject Title Course | Hours | Credits | Marks
Code
1 Advanced Electrical Engg. Design I EN602 20 2 75
2 Computer Based System Design | EN612 25 2 100
3 Electrical Systems for Nuclear Power Plants ENG618 30 4 125
4 Modern Control Systems Design and Simulation EN625 35 4 150
5 Process Control & Instrumentation EN633 30 4 125
6 Reactor Control Engineering and Instrumentation | EN637-8 35 4 150
7 Reliability Engineering EN639 20 2 75
CORE TOTAL | 195 22 800
ELECTIVES (ELECTRICAL) Any 3 Courses- 9 Credits
S.No. Subject Title Course Code | Hours | Credits | Marks
1 Advanced Electrical Engg. Design 11 EN702 25 2 100
2 Artificial Intelligence and its Applications EN703 30 4 125
3 Computer Based System Design 11 EN704 25 2 100
4 Digital Signal Processing & Image Processing EN706 30 4 125
5 Image Processing & Machine Vision EN710 30 4 125
6 Signal Conditioning, Recovery and EMI Aspects EN719 25 2 100
7 Software Engineering EN720 25 2 100
ELECTIVES TOTAL (APPROX) 90 6-12 350
| THEORY TOTAL | 525 | 54-60 | 2100 |
NON-SUBJECT ASSIGNMENTS
S.No. | Subject Title Course Code Credits Marks
1 VivaVoce-1 & VivaVoce-11 EN591 2 200
2 Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600
M.TECH. THESIS WORK (SECOND YEAR)
1 | Thesis Work | Dissertation | 32 |
Total Contact Hrs: 525; Total Credits: 98-104; Total Marks: 2700

Note: Credit Requirement for M.Tech: 92 (60+32)

Credit Requirement for Non Trg Sch M.Sc.(Engg): 60(through course work and two viva)




COURSE STRUCTURE - ELECTRONICS ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code

1 Accelerator Physics and Technology ENS501 40 4 150

2 Engineering Mathematics EN502-505 30 4 125

3 Health Physics and Rad & Indl Safety ENS506 20 2 75

4 Material Science in Nuclear Engineering (EE) ENS508 20 2 75

5 Nuclear Fuel Cycle Technology EN509 35 4 150

6 NPP & Advanced Reactor Concepts ENS510 40 4 150

7 Reactor Physics and Engineering ENS501 55 6 225
FOUNDATION TOTAL | 240 26 950

CORE ENGINEERING (ELECTRONICS)

S.No. | Subject Title Course | Hours | Credits | Marks
Code
1 Advanced Electronic Circuit Design Techniques EN603 30 4 125
2 Advanced Nuclear Instrumentation EN605 40 4 150
3 Embedded & Computer Based Sys. Design EN619 45 6 200
4 Modern Control Systems Design and Simulation EN625 35 4 150
5 Process Control & Instrumentation EN633 30 4 125
6 Reactor Control Engineering and Instrumentation | EN637-8 35 4 150
7 Reliability Engineering EN639 20 2 75
CORE TOTAL 200 28 825
ELECTIVES (ELECTRONICS) Any 3 Courses— 9 Credits
S.No. | Subject Title Course Hours | Credits | Marks
Code

1 Artificial Intelligence & Applications EN703 30 4 100
2 Digital Signal Processing & Image Processing EN706 30 4 125
3 Embedded Electronics Software EN707 25 2 100
4 Image Processing & Machine Vision EN710 30 4 125
5 Signal Conditioning, Recovery and EMI Aspects | EN719 25 2 100
6 Software Engineering EN720 25 2 100
ELECTIVES TOTAL (APPROX) 90 6-12 350

| ] THEORY TOTAL | 530 | 60-66 | 2125

NON-SUBJECT ASSIGNMENTS

S.No. | Subject Title Course Code Credits Marks
1 VivaVoce-1 & VivaVoce-11 EN591 2 200
2 Practicals EN592 1 100
3 MiniProject EN593 9 300
TOTAL 12 600

M.TECH. THESIS WORK (SECOND YEAR)

| 1 | Thesis Work | Dissertation | 32

Total Contact Hrs: 530; Total Credits: 104-110; Total Marks: 2725

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60 (through course work and two viva)



COURSE STRUCTURE - INSTRUMENTATION ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code

1 Accelerator Physics and Technology ENS501 40 4 150

2 Engineering Mathematics EN502-505 30 4 125

3 Health Physics and Rad & Indl Safety EN506 20 2 75

4 Material Science in Nuclear Engineering (EE) EN508 20 2 75

5 Nuclear Fuel Cycle Technology EN509 35 4 150

6 NPP & Advanced Reactor Concepts ENS510 40 4 150

7 Reactor Physics and Engineering ENS501 55 6 225
FOUNDATION TOTAL | 240 26 950

CORE ENGINEERING (INSTRUMENTATION)

S.No. | Subject Title Course | Hours | Credits | Marks
Code
1 Applied Process Instrumentation EN607 40 4 150
2 Computer Based System Design | EN612 25 2 100
3 Modern Control Systems Design and Simulation EN625 35 4 150
4 Reactor C&I and Human Machine Interface EN636 40 4 150
5 Reactor Control Engineering and Instrumentation | EN637-8 35 4 150
6 Reliability Engineering EN639 20 2 75
CORE TOTAL | EN639 20 775
ELECTIVES (INSTRUMENTATION) Any 3 Courses-- 9 Credits
S.No. | Subject Title Course | Hours | Credits | Marks
Code
1 Artificial Intelligence & Applications EN703 30 4 125
2 Computer Based System Design 11 EN706 25 2 100
3 Digital Signal Processing & Image Processing EN707 30 4 125
4 Image Processing & Machine Vision EN710 30 4 125
5 Signal Conditioning, Recovery and EMI Aspects EN719 25 2 100
6 Software Engineering EN720 25 2 100
ELECTIVES TOTAL (APPROX) 90 8-12 350

| THEORY TOTAL | 525 | 54-58 | 2075 |

NON-SUBJECT ASSIGNMENTS

S.No. | Subject Title Course Credits Marks
Code
1 VivaVoce-I & VivaVoce-II EN591 2 200
2 Practicals EN592 1 100
3 MiniProject EN593 9 300
TOTAL 12 600

M.TECH. THESIS WORK (SECOND YEAR)

1 | Thesis Work | Dissertation | 32 |

Total Contact Hrs: 525; Total Credits: 98-102; Total Marks: 2675

Note: Credit Requirement for M.Tech: 92 (60+32)
Credit Requirement for Non Trg Sch M.Sc.(Engg): 60 (through course work and two viva)




COURSE STRUCTURE - COMPUTER SCIENCE

NUCLEAR ENGINEERING (FOUNDATION COURSES)

S.No. Subject Title Course Hours | Credits | Marks
Code
1 Accelerator Physics and Technology ENS501 40 4 150
2 Engineering Mathematics EN502-505 30 4 125
3 Health Physics and Rad & Indl Safety EN506 20 2 75
4 Material Science in Nuclear Engineering (EE) EN508 20 2 75
5 Nuclear Fuel Cycle Technology EN509 35 4 150
6 NPP & Advanced Reactor Concepts ENS510 40 4 150
7 Reactor Physics and Engineering ENS501 55 6 225
FOUNDATION TOTAL | 240 26 950
CORE ENGINEERING (COMPUTER SCIENCE AND ENGINEERING)
S.No. Subject Title Course Hours | Credits | Marks
Code
1 Advanced Operating Systems EN606 25 2 100
2 Computer Graphics & Visualisation EN613 35 4 150
3 Distributed Computing EN616 45 6 200
4 Networking & Information Security EN6627 40 4 150
5 Reactor Control Engineering EN637 15 2 75
6 Software Engineering and Formal Methods EN640 40 4 150
CORE TOTAL | 200 22 825
ELECTIVES (COMP. SCIENCE AND ENGINEERING) Any 3 Courses— 9 Credits
S.No. | Subject Title Course Hours | Credits | Marks
Code
1 Artificial Intelligence & Applications EN703 30 4 100
2 Data Base Management System & Web Technology | EN705 30 4 100
3 Digital Signal Processing & Image Processing EN706 30 4 125
4 Embedded Electronics Software EN707 25 2 100
5 Feedback Control System EN708 25 2 100
6 Image Processing & Machine Vision EN710 30 4 125
3 ELECTIVES TOTAL (APPROX) 90 6-12 350
| THEORY TOTAL | 530 | 54-60 | 2125
NON-SUBJECT ASSIGNMENTS

S.No. | Subject Title Course Code Credits Marks
1 VivaVoce-I & VivaVoce-II ENS591 2 200
2 Practicals EN592 1 100
3 MiniProject ENS593 9 300
TOTAL 12 600

M.TECH. THESIS WORK (SECOND YEAR)
1 | Thesis Work | Dissertation | 32

Total Contact Hrs: 530; Total Credits:

Note: Credit Requirement for M.Tech: 92 (60+32)

98-104; Total Marks: 2725

Credit Requirement for Non Trg Sch M.Sc.(Engg): 60 (through course work and two viva)




FOUNDATION COURSES

ENS501: Accelerator Physics and Technology
Basic Accelerator Physics (5)

Introduction to accelerators; basic concepts; DC accelerators; Cockcroft — Walton, Van de Graaff and tandem Van
de Graaff; linacs; cyclotrons; synchrotrons;

Ion sources.

General equations of motion in a combined electric and magnetic field, beam rigidity; relativistic expressions, weak
and strong focusing principle; condition for strong focusing.

Concept of magnetic field index; introduction of focusing forces in magnets; transverse focusing (betatron)
oscillations; betatron frequencies.

General design of a cyclic accelerator.

Linear Beam optics, Beam transport systems: bending magnets, quadrupole lenses; Solenoidal lens; drift spaces;
Matrix techniques in beam optics; first order transfer matrix of dipole, quadrupole, transfer matrix of a drift space;
quadrupole doublet;

Phase-space ellipse; beam emittance; Liouville’s theorem; emittance matching, Twiss parameters

Introduction of normal (room temperature) DC and pulsed magnets, construction features. Superconducting coils,
magnets and their construction features.

Momentum compaction; Phase stability, phase (synchrotron) oscillations; frequency of synchrotron oscillations.
Synchrotron radiation sources; spectrum of emitted radiation; critical wavelength; energy lost by an electron per
revolution; total power radiated; number of photons emitted in a given bandwidth — Physics of wiggler magnets;
undulators.

RF Linacs (12)
Introduction to Linacs

Generation of an electric field in the loaded cavity; damping of waves; dispersion relations; frequency evaluation;
application to the different types of linacs including traveling and standing wave types.

Limitations of DC accelerators, acceleration using time varying fields, principle of successive acceleration,
Isochronism, concept of phase, Wideroe and Alvarez linac

Transit time factor and the energy gained in a linac.

Linac focusing devices; quadrupole doublet focusing; stability criteria; phase advance and stability in linacs, etc.
General ideas of Q value; power loss; surface resistance; shunt impedance, etc; room temperature RF structures.

Proton Linac

Linac structures: Radiofrequency Quadrupole linac, DTL, CCDTL, CCL, IH linac, CH linac.

RF superconductivity & introduction of superconducting RF structures, effects of RF frequency selection,
Advantages of SC systems over room temperature ones, Breakdown mechanisms in superconducting cavities.
Introduction to Space charge effects.

Beam diagnostics for measurement of beam current, position, profile, energy and emittance.

Accelerator Driven Systems & RF electron accelerators
Electron beam generation, propagation and applications in generation of microwaves. RF electron accelerators.

Accelerator Technology (13)

General

Material selection for Accelerator components

Mechanical Design and fabrication issues; tolerances, surface finish, etc

Thermal management in accelerator systems

Alignment requirements of accelerator magnets and RF structures, methods and instruments for alignment and
surveying in accelerators.

Ultra High Vacuum Systems
Basic concepts in Vacuum

The ideal gas law, Throughput and pumping speed, Leak rate, Outgassing, Adsorption, Desorption, Mean free path,
Gas flow regimes, Conductance.

Pumps: Oil sealed rotary vane type pump, Diaphragm pump, Roots pump, Cryosorption pump, Oil diffusion pump,
Hydrocarbon free vacuum, Turbomolecular pump, Sputter ion pump, Cryopump, Getter Pumps

Basics of low pressure measurement techniques, McLeod Gauge, Thermocouple gauge, Pirani gauge, Cold-
cathode/Hot-cathode gauge. Leak rate, Real leak, Virtual leak, Helium mass spectrometer, leak test, Sealing
materials and lubricants, Pump fluids and sorbents, Special materials, Outgassing rates of materials, Stainless steel,
OFHC Copper, Aluminum, Glasses, Ceramic, Sealing materials, Diffusion pump fluids.

Cryogenics Systems
Introduction to Cryogenic Engineering

General and basics, Cryogenic properties, Basic cycles
Large Cryogenic Systems for Accelerators

Cryogenic Equipments



Process compressor, High speed Turboexpanders, Compact high effectiveness, Heat Exchangers, Cold Box and
Piping, Dewars and Storage Vessels, Vacuum Systems, Cryomodules, Cryogenic Instrumentation and Control
systems.

References

1. Principles of RF Linear Accelerators, T. P. Wangler, (John Wiley & Sons Inc., 1998)
Introduction to Accelerator physics — Arvind Jain
Electron Beam Technology, S. Shiller, U. Heisig and S. Panzer, (John Wiley & Sons Inc., 1982)
An Introduction to the Physics of Particle Accelerators - M. Conte, W.W. Mac Kay.
Handbook of Accelerator Physics and Engineering - A. Chao, M. Tigner.
Particle Accelerator Physics (Vol 1 and Vol 2) - Helmut Widemann.
Principles of Charged Particle Acceleration — Stanley Humphries.
Fundamentals of Beam Physics - James Rosenzweig.
An Introduction to Particle Accelerators - E. J. N. Wilson.

. Accelerator Physics - S. Y. Lee.

. The Physics of Particle Accelerators, An Introduction - Klaus Wille.

. The Principles of Circular Accelerators and Storage Rings - Philip Byrant.

13. Introduction to Vacuum Technology-Compiled by K.G. Bhushan, BARC
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EN 502:Engineering Maths-1I (15) ( All Engg)

Overview of arithmetic errors in computations

Desirable features of an algorithm with respect to speed, accuracy, computer memory, stability etc.

Linear systems solutions by direct methods, iterative methods and acceleration techniques.

Linear systems: matrix inverse, ill conditioned matrices, sparse matrices.

Linear systems: Eigen values.

Non -Linear systems: Newton-Rapson & Successive Approximation methods

Data Approximation: curve fitting, Lagrange & Hermite interpolations, Least Square & Chebyshev fittings
Numerical Integration: Newton Cotes quadratures, Gauss quadratures.

Solution of Ordinary Differential equations: Methods of Euler, Adams, RK, Predictor-Corrector,
Stability of solutions, solutions of Stiff Equations.

References:
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Issacson E., Keller H.B., "Analysis of Numerical Methods", Wiley, 1966.

Todd R.J., "Survey of Numerical Analysis", McGraw Hill, 1962.

Dabhlquist et al, "Numerical Methods".

Sastry S.S., "Introductory Methods of Numerical Analysis", Prentice Hall, 1981.

Scheid F., "Numerical Analysis: Schaum Outline Series", McGraw-Hill Book Co., 1983.
Rajaraman V., "Computer Oriented Numerical Methods", Prentice Hall, 1971.

Williams P.W., "Numerical Computation", Nelson, 1972.

Bajpai A.C., "Numerical Methods for Engineers and Scientists: A Students’ Course Book", London, Taylor
and

Francis, 1975.

Chapra S.C., "Numerical Methods for Engineers: International Edition", McGraw Hill, 1989.

10. Scarborouth B., "Numerical Mathematical Analysis", Calcutta, Oxford and IBH Pubhshers 1968.

11. Conte S.D. "Elementary Numerical Analysis: An Algorithmic Approach", Tokyo, McGraw Hill, 1972.

12. Press W.H., "Numerical Recipes: The Art of Scientific Computing", Cambridge University Press, 1986.
13. Salvatori M.G., "Numerical Methods in Engineering", New Delhi, Prentice Hall, 1952.

14. Gerald C.F., "Applied Numerical Analysis", Addison Wesley, 1984.

15. Rajsekaran S., "Numerical Methods for Initial and Boundary Value Problems", Wheeler, 1987.

16. Rajsekaran S., "Numerical Methods in Science and Engineering: A Practical Approach", Allahabad,

Wheeler, 1987.

17. Jain M.K., "Numerical Methods for Scientific and Engineering Computation", Wiley Eastern, 2nd Edition, 1991.
18. Krishnamurthy E.V., "Computer Based Numerical Algorithms", East West Press, 1976.
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EN 503: Engineering Maths-11 (20) (ME Group)

Introduction to discretization methods and approximate solution of differential equations (FDM, FEM and FVM), Finite
Difference Approximations in 1-D, Solution of steady and unsteady heat conduction equations, wave equation
Formulation of the matrix methods by equilibrium concepts (1D-heat conduction, 2D-truss and 1D-hydraulic flow
examples).

Approximate solution of differential equations — Weighted residual method, collocation, least squares and Galerkin’s
methods, Piecewise approximations. Basis of Finite Element Method, energy principles in structural mechanics and
principles of minimum potential energy, assembly concept.

e Solution of steady and unsteady heat conduction equations with finite element method, Implicit and explicit methods.

e Finite element formulations of convection dominated problems using classical Galerkin methodology and need for
alternate trial functions and upwinding,

¢ Finite element formulation for laminar and turbulent flows.

e Modern Iterative Techniques Conjugate Gradient Method, Krylov Subspace Method, Preconditioning

e Finite Element Method, Energy Theorem and integral equations, Weighted Residual Approximations, Point and sub
domain collocations, Galerkin Method, Variational Principles, Lagranges multipliers

¢ Interpolation Function, Lagranges interpolation, B-spline, Bezier curves

e Response Surface Method 2K+1, factorial design, 3k factorial design

e  Monte Carlo Method

e Probability Distribution: continuous and discrete random variables, commonly used probability distributions, Extreme
value distributions.

e Artificial Intelligence and Genetic Algorithm

e Artificial Neural Network

e  Gram-Schmidtt Orthogonalization

e  Transformation of matrix

References:

1. Issacson E., Keller H.B., "Analysis of Numerical Methods", Wiley, 1966.

2. Todd R.J., "Survey of Numerical Analysis", McGraw Hill, 1962.

3. Dahlquist et al, "Numerical Methods".

4. Sastry S.S., "Introductory Methods of Numerical Analysis", Prentice Hall, 1981.

5. Scheid F., "Numerical Analysis: Schaum Outline Series", McGraw-Hill Book Co., 1983.

6. Rajaraman V., "Computer Oriented Numerical Methods", Prentice Hall, 1971.

7.  Williams P.W., "Numerical Computation", Nelson, 1972.

8. Bajpai A.C., "Numerical Methods for Engineers and Scientists: A Students’ Course Book", London, Taylor and Francis,
1975.

9. Chapra S.C., "Numerical Methods for Engineers: International Edition", McGraw Hill, 1989.

10. Scarborough J.B., "Numerical Mathematical Analysis", Calcutta, Oxford and IBH Publishers, 1968.

11. Conte S.D., "Elementary Numerical Analysis: An Algorithmic Approach", Tokyo, McGraw Hill, 1972.

12. Press W.H., "Numerical Recipes: The Art of Scientific Computing", Cambridge University Press, 1986.

13. Salvatori M.G., "Numerical Methods in Engineering", New Delhi, Prentice Hall, 1952.

14. Gerald C.F., "Applied Numerical Analysis", Addison Wesley, 1984.

15. Rajsekaran S., "Numerical Methods for Initial and Boundary Value Problems", Wheeler, 1987.

16. Rajsekaran S., "Numerical Methods in Science and Engineering: A Practical Approach", Allahabad, Wheeler, 1987.

17. Jain M.K., "Numerical Methods for Scientific and Engineering Computation", Wiley Eastern, 2nd Edition, 1991.

18. Krishnamurthy E.V., "Computer Based Numerical Algorithms", East West Press, 1976.

EN 504:Engineering Maths-II (20) (MT)

Applications in Materials Science:

Use of matrix in crystallography. Stereographic analysis, lattice correspondence, orientational relationship,
applications to twinning and martensitic. transformations,

Tensor analysis in phase transformation and deformation studies

Analysis of diffusion data, Solutions of diffusion equations - error function and Eigen value analysis, Polynomial fitting
of diffusion profiles.

Application in thermodynamics of metallurgical systems:

Temperature dependence of thermodynamic quantities, graphical and analytical integration of Gibbs-Duhem equation.
Introduction to database for thermodynamic tables

Analysis and synthesis of phase diagrams, introduction to first principles calculations of phase diagrams with computer
demonstration, cluster variation and Monte Carlo methods

References:

Issacson E., Keller H.B., "Analysis of Numerical Methods", Wilev, 1966.

Todd R.J. "Survey of Numerical Analysis", McGraw Hill, 1962.

Dabhlquist et al, "Numerical Methods.

Sastry S.S., "Introductory Methods of Numerical Analysis", Prentice Hall, 1981.

Scheid F., "Numerical Analysis: Schaum Outline Series", McCraw-Hill Book Co. 1983.

Rajaraman V,, "Computer Oriented Numerical Methods", Prentice Hall, 1971.

Williams P.W., "Numerical Computation", Nelson, 1972.

Bajpai A.C. "Numerical Methods for Engineers and Scientists: A Students' Course Book", London, Taylor and Francis
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1975.
9. Chapra S.C., "Numerical Methods for Engineers: International Edition", McGraw Hill, 1989.
10. Scarborough J.B,, "Numerical Mathematical Analysis", Calcutta, Oxford and IBH Publishers. 1968.
11. Conte S.D,, "Elementary Numerical Analysis: An Algorithmic Approach", Tokyo,McGraw Hill. 1972.
12. Press W.H., "Numerical Recipes: The Art of Scientific Computing", Cambridge University Press, 1986.
13. Salvatori M.G,, "Numerical Methods in Engineering", New Delhi, Prentice Hall, 1952.
14. Gerald C.F., "Applied Numerical Analysis". Addison Wesley, 1984.
15. Rajsekaran S,, "Numerical Methods for Initial and Boundary Value Problems”, Wheeler, 1987; ¢
16. Rajsekaran S., "Numerical Methods in Science and Engineering: A Practical Approach", Allahabad, Wheeler, 1987.
17. Jain M.K., "Numerical Methods for Scientific and Engineering Computation' Wiley Eastern, 2nd Edition, 1991.
18. Krishnamurthy E.V., "Computer Based Numerical Algorithms", East West Press, 1976.-¢ ¢
19. Acton, "Numerical Methods That Work"
20. Forsythe et. al,, "Computer Methods for Mathematical Computations"
21. Forsythe et. al,, "Computer Solution for Linear Algebraic Systems"
22. Golub Gene H., "Matrix Computations"
23. Griffiths D. V., "Numerical Methods Engineers: A Programming Approach"
24. Williams P. W, "Numerical Computation.
25. Strang G,, "Applied Mathematics"
26. Crank J,, "Mathematics of Diffusion"
27. Worked Examples in the Geometry of Crystals: MKDH Bhadesh
28. Materials Science & Technology, Vol.4; Rudman.

EN 50S5: Engineering Maths-11 (20)( EE Group)

e Transforms: Laplace & solution to ODE, Bilinear & Z transforms, Discrete cosine transforms & compression, Entropy
& Haufman coding for compression
Solution of Matrix Differential Equation: Existence & uniqueness of solutions, Solution of Non-Linear continuous time state
equation, Solution of Linear time varying continuous time state equation, Solution of linear time invariant continuous time
state equations
e Basic Procedure for Designing Conservational Logic: Quine McCluskey method, Iterative consensus method, Design
example
e Design of Sequential Circuit Using Sequential Machine Flow Chart: Sequential machine flow chart, Reading reduced
dimension maps, Output function synthesis, Next state function synthesis, State assignment & design examples
e Counting Statistics and Error Prediction: Statistical models -Binomial, Poisson and Gaussian distributions, Application
of statistical models: Error propagation, Optimization of counting experiments, Limits of detectability, Distribution
of time intervals
References:
F R Grantmacher, "The Theory of Matrices", New York: Chelsea Publishing Co., 1960.
R Bellman, "Introduction to Matrix Analysis", Il ed., New York, McGraw Hill, 1970.
E Kreyszig, "Advanced Engineering Mathematics, Sth ed., Wiley Eastern Ltd., 1985.
Paul R Halmos, "Finite Dimensional Vector Spaces", and New York: D Van Nostrand Co. Inc., 1965
Bajpei et.al, "Numerical Methods for Engineers and Scientists"
Dahlquist et.al, "Numerical Methods"
G Strang, "Applied Mathematics"
Golub Gene H, "Matrix Computations"
Numerical Methods for Scientists and Engineers, By H.M.Antia, Hindustan Book Agency,New Delhi.
10. Numerical Methods for Mathematics, Science and Engineering, Mathews(IInd Ed), Prentice Hall of India.
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EN 506:Health Physics and Radiological & Industrial Safety (20)
Health Physics

Introduction
e Radiation sources, its interaction with matter and units: Natural and Induced radioactive sources,
e  Units of radioactivity, half-life and decay constant, specific activity.
e Basic interaction mechanism of a) alpha b) Beta c¢) Gamma/X-rays d) Neutrons with matter.
Definition of various dosimetric terms (exposure, absorbed/equivalent/effective dose, concept of radiation/tissue weighting factors
and their importance (stress should be given to use only SI units however for continuity sake old and new units relation can be given).
e Exposure measurement: Free air and Air wall chambers (concept of wall thickness should be given),
e Exposure-dose relationship, Bragg-Gray principle.
Biological effects, Radiation Protection and Regulation:
e  Human body: Cells, tissues and organs, structure of cell, cellular effects.
Factors, which influence the damage of cell. Interaction of radiation with biological matter.
Radiation effects: stochastic and deterministic.
Acute and delayed effects.
Importance of radiation protection programme in DAE.
Types of exposure (natural, occupational, medical and public).
National and International regulatory bodies, their role and responsibilities.
Dose limits stipulated by these bodies.
Dose limits observed in India.
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Radiation protection philosophy,
Principles of radiation protection, concept of ALI & DAC (with suitable problems).
Fundamentals of ICRP respiratory model, entry through ingestion, GI track model.
Changes in latest ICRP recommendations.

e Nature of duties and responsibilities of Radiation Safety Officer/Health Physicist.
Principles of radiation detection and monitoring

e Basic operating principles ofa) Gas b) Scintillation (including thermo luminescence detectors) and c)
Semiconductors detectors.

e Type ofRadiation monitors/Radioactivity measurement methods adopted for radiation protection should be taught.

Radiation protection and measurement (External and Internal)

e Control of external exposures (with problems in each case).

e Buildup concept, shielding from alpha, beta, gamma and neutron sources. Shielding from mixed sources. Routes of
intake of radioactive material, radiotoxicity and classification of laboratories, design of laboratory for radioactive
work, radioactive waste classification and management.

e Personal monitoring, area-monitoring, air monitoring, contamination monitoring, Bioassay, whole body counting
techniques.

e Use of personal dosimeters (TLDs, pocket dosimeters)

Radiation Protection procedures:

e  Procedures followed in radiation work places, work permits, zoning concept, contamination control methods, and rubber
areas, spill pack (contains gloves + absorbing paper),

e Decontamination techniques. Precautions during radioactive source storage and handling, safety during
transportation, Protective equipments

Nuclear Accidents, Emergency Preparedness and Management:

e Reasons for accidents, classifications of accidents, International Nuclear Events Scale. Types of emergency,

emergency preparedness.
INDUSTRIAL SAFETY ASPECTS
Introduction:

e Recognition of Workplace Hazards: Chemical Agents, Physical Agents, Biological Agents, Ergonomic Factors,
Mechanical hazards: Safe working with machines, Tools and equipment, Electrical hazards, Accident prevention
techniques

Hazards due to physical agents:
e UV and IR radiation, Lasers, Microwave radiation; noise, heat
Chemicals hazards:

e (lassification of chemicals, fire and explosion hazards, health hazards: airborne chemical contaminants, routes of entry,
types of exposures, harmful effects of toxic substances — pneumoconiosis, irritants, asphyxiants, anaesthetics and
narcotics, systemic poisons and cancer causing chemicals

Evaluation:
o Instrumental methods, air sampling methods, liquid effluent monitoring
Occupational exposure limits:

e Threshold Limit Values- TLV-TWA, TLV-STEL, TLV-Ceiling; IDLH, LD50/LC50
Handling, storage and control:
e Engineering control measures and safety features,
e Safety management techniques such as safety audit, Personal/ administrative control, and Medical control
Fire and explosion hazards:
e Fire pyramid, classification of fires, hazardous operations, explosion hazards - dusts, flammable liquids - explosive
limits,
e USNFPA Classification of Flammable/combustible liquids: flammable gases;
o Engineering safety for prevention of fire and explosion,
e Hazard area classification, selection of equipment, detection and extinguishing systems.
Hazard identification, assessment and control:
e Hazard identification: Concept of risk and Risk management
e Formal methods of hazard identification and assessment:
e Process/ System Check-Lists, Safety Review, Preliminary Hazard Analysis (PHA), "What If" Analysis, Hazard and
Operability (HAZOP) Studies
¢ Relative Ranking - Dow and Mond Indices, Failure Modes, Effects and Criticality Analysis (FMECA), Fault Tree Analysis
(FTA), Event Tree Analysis (ETA), Cause-Consequence Analysis, remedial measures and implementation.
Management of major hazard Installations:
¢ Plant Layout and Engineering Design Consideration
e Leakage of Flammable Material, Explosions, Fires, BLEVE, Toxic Releases,
e Major Hazard Control Plan: Identification, Risk Assessment, Environmental Impact Assessment,
e Emergency Planning Guidelines, Development of Emergency Plan

Health and safety regulatory aspects:
¢ Statutory bodies, AERB, BSC, CCE, CPCB, State PCB, Electrical Inspectorate, DGFASLI, Boiler Inspectorate.
e EPA-1986 and Rules, Factories Act, Atomic Energy (Factories) Rules 1996, Gas cylinder and SMPV rules, Indian
Electricity rules 1956.
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References:

—

. Introduction to Health Physics — Herman Cember

2. Introduction to Radiation Protection —Alan Martin

. IAEA Regional Basic Professional Training Course on Radiation Protection (Course jointly organized by BARC and
TAEA), October 26-Dember 18, 1998

. Nuclear Radiation Detection - W.J. Price

. Radiation Detection and Measurement - G.F. Knoll

. Biological Effects of Radiation — J.E. Coggle

. Guide Lines for Hazard Evaluation Procedures — American Institute Of Chemical Engineers

. Risk Analysis in The Process Industries: The Institute of Chemical Engineers, England.
9. Loss Prevention in The Process Industries: Hazard Identification, Assessment And Control; Vol-1, 1996 2 Edition,
Frank P Lees.
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EN 507:Material Science in Nuclear Engineering (EE) (20)

Materials classifications in terms of structure, electronic configuration, nature of bonding, type of disorder and
dimensionality (nanostructured materials).

Free electron theory, MB and FD statistics, electrons in periodic potential,

Bloch’s theorem, Basics of electron band structure, density of states and Fermi surface.

Crystal structure and symmetry, Bravais lattice, Reciprocal lattice, Bragg’s Law,

Diffraction methods --- X-rays, Electron and Neutron scattering.

e Electronic processes in solids, Bonds and Bands in semiconductors, ANB8-N compounds, basics of intrinsic and extrinsic
semiconductors (donor and acceptor levels, carrier generation and recombination, mobility, drift and diffusion, etc.)

Hall effect, physics of p-n junction, semiconductor heterostructures and Superlattices.

Material characterization techniques --- XRD, RBS, SEM, TEM, EDAX, XPS, IR and Raman Spectroscopy.
Microstructure-property relationship, thermodynamics and phase diagram (binary) of materials, mechanical properties
and measurement techniques, strength and ductility, creep, fatigue and wear testing

Dielectric, optical, magnetic and superconducting materials and properties

Dielectrics, piezoelectrics, ferroelectrics

Optical and Non-linear optical materials, laser materials, fiber optics

Ferromagnetic, Antiferromagnetic, Ferrimagnetic materials

Type-I and Type-II Superconductors, Josephson junctions, SQUIDS

Nano-technology, MEMS and nano-phase materials, sensor technology and applications.

Nuclear Materials and processing

Reactor core materials, Zircalloys, Zr-Nb alloys --- fabrication, properties and applications in reactors
Nuclear fuels: Metallic, ceramic (Oxides, MOX and Carbide fuels) --- fabrication, properties and applications.
Chemistry of fuel materials: Production of Uranium, Plutonium and Thorium.

Heavy water: Production process, purification, properties and applications.

References:
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“Introduction to Solid State Physics”, Charles Kittel (Wiley Eastern)

“Band theory of metals”, Simon Altman (Pergamon Press)

“Solid State Physics”, Adrianus Dekker (Macmillan Press)

“Electrons in Metals and Semiconductors”, R.G. Chambers (Chapman and Hall)

“The Physics and Chemistry of Materials”, Joel Gersten and Fiedenick Smith (Wiley, Canada)
“Electronic Processes in Matters”, Leonid Azaroff and Janes Brophy (McGraw Hill)
“Physical Metallurgy: Principles and Practice”, V. Raghavan (Prentice Hall)

“Introduction to Materials Science for Engineers”, James Shackelford (Maxwell Macmillan)
“Fundamentals of Materials Science and Engineering”, D. Callister (Wiley, Europe)
“Materials in Nuclear Applications”, C.K. Gupta (CRC Press)

EN 508: Nuclear Fuel Cycle Technology(35)

An overview (1)
FRONT END
Mining, Milling and Associated Processing of Indian Uranium Resources(1)

General Introduction
Uranium Resources and Mining Technology

e Processing Concepts —(a) Mineralogy, (b) Leaching, (c) Solid-liquid Separation, (d) Solution Purification, (¢) Product
recovery, (f) Waste management.
Case Studies (1)

Jaduguda and Turamdih Uranium Ore Processing
Tummalapalle Uranium

Metal Purification using Hydro-Metallurgical Processes (1)

Process, Equipment, Quality control

Metal Production by Metallothermic Reduction Processes (1)

Process, Equipment, Quality control

WasteManagement and Safety (1)

Associated wastes, characterisation and management
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BACK END
Reprocessing (4)
e Nuclear fuels and generation of Pu239 & U233
Spent fuel management options.
Characteristics of spent fuel (RR, PHWR, AHWR ,FBR&LWR).
Reprocessing by PUREX -Head end operations, solvent extraction cycles including the conversion of nitrates to oxides.
Reprocessing of AHWR and FBR spent fuels.
e Prevention of criticality in reprocessing plants.
Waste Management (3)
e  Waste sources.
Radioactive waste classification.
Management of low and intermediate level wastes.
Vitrification of high level liquid waste.
Schemes for partitioning of high level waste including recovery of valuable fission products.
Storage and disposal of radioactive wastes.

e Various decontamination techniques to address alpha bearing materials.
Instrumentation & Control (3)
e Measurement techniques for level, pressure, temperature, interface density and flow Instrumentation and control associated
with transfer devices—steam jets, pumps and air lift pots
e Interlocks related to major equipments like pulse column, dissolver, evaporator, joule melter and ion exchange column
e Computerised data acquisition and control system
Radiation Monitoring System (2)
e Area monitoring instruments, stack monitors, criticality alarm systems, effluent monitors,PCW & steam condensate
monitors
¢ Single line diagram for Class-4, Class-3 and UPS

o Earthing, cabling, lightening protection system, VF drives
Civil (1)
Design aspects of back end technology facilities- Design classification and seismic categorization, considerations for external
events, Standards/codes for design
Metallurgy (2)
e Corrosion aspects and material of construction for reprocessing and waste management plants.
e Degradation modes of SS 304L in nitric acid.
e Welding techniques, quality assurance and special requirement for in cell equipment.
Mechanical (7)
e  Spent fuel transportation- shipping cask design and regulatory requirement.
Spent fuel storage. Spent fuel charging and chopping system. Hull transfer and disposal system.
Remote handling system in reprocessing.
Automation in plutonium powder handling.
Mechanical design aspects of dissolver, thermo-syphon evaporator, feed clarifier and pulse column.
e Sampling system. Transfer devices and valves for radiochemical plants.
Features of Radiochemical Plant (7)
e Layout considerations and design philosophy for back end operation.
Control of radiation exposure including shielding and barriers.
Ventilation aspects and Off gas handling and treatment.
Utilities requirement for back end.
Mechanical design aspects of metallic and joule melter.
Radiation shielding windows.
Remotisation and remote handling in vitrification plants

EN 509: Nuclear Power Plants Engineering & Advanced Reactor Concepts (40)
Module 1: Thermal Reactors (22)

e Description of schematic of NPP: site requirements; Layout of Nuclear Power plant-Zoning requirements, layout within
Reactor Building: Reactor components / systems: Calandria, End shield, Coolant Channel and End fitting.
e Reactivity control mechanisms: Zone control / Regulating rods, Absorbers, Shut down System.
¢ Primary Heat Transport System including Steam Generators, Shut Down Cooling, Emergency Core Cooling System,
Moderator System.
e Auxiliary systems: Ventilation, Annulas gas, Process water & Fire water systems.
e Secondary System: Description of flow sheet and major components, comparison of operating conditions; Thermal
Cycles and Major components of thermal and nuclear units.
e SGPC and AT correlation, base load operation. Control and protection channels with typical examples.
e Electrical Systems: Electrical power systems for a nuclear power plant with relevant definitions; Key single line diagram
for various classes of power supply system.
e Nuclear Power Plant Safety: Design principles for providing nuclear safety: Basic Principles (Reliability, Single failure,
Redundancy and Diversity), Process systems, Safety Systems and Support Systems, Defence in depth approach, Design
basis accidents, Beyond DBA.
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e Safety Evaluation and Safety Criteria: Description of Deterministic and Probabilistic approaches.
e Safety Monitoring of Operating Plants: IAEA Classification, NUSS Codes, Safety systems, Description of role of defence
in depth, Exclusion zone, Design Principles - Reliability, Single Failure, Redundancy, Diversity.
¢ PWR Module: PWR core & important design parameters, core components, major primary system components, safety
philosophy for handling LOCA / station black out etc.
References:

1. Wakil M.EI, "Nuclear Power Engineering", McGraw- Hill.

2. Strosal and Vapet, "Power Plant Engineering & Economics".

3. Lewis E.E., "Nuclear Power Reactor Safety", Wiley Inter Science.

4. Glasstone S. and Sesonske A., "Nuclear Reactor Engineering", 1977, Von-Nostrand, 1981.

Module 2: Fast Breeder Reactors (12)

o Fast Reactor Physics: Characteristics of fast reactor, breeding ratio, internal / external breeding, doubling time.Reactivity
coefficients, concepts of fuel expansion and bowing, core slumping, sodium void and Doppler effects
o Fast Reactor Core Design: Requirement of core materials: Coolant, structural material and fuel. Design: Specific power,
linear rating, burn up, fluence, operating conditions, constraints, maximum temperatures of clad and coolant, coolant
velocity, pressure drop in core, core height / diameter ratio, blanket thickness. Fuel pin diameter, number of pins per
subassembly and reactivity worth of subassembly

e Heat Transport System: Coolant: Requirements of fast reactor coolant, comparison of various coolants & choice of sodium
as coolant, properties of sodium, purification & purity control, corrosion and mass transport. Heat transfer in liquid
metal. Primary sodium circuit, secondary sodium circuit and inert gas system. Sodium pumps: Mechanical pump and
electromagnetic pump. Intermediate heat exchanger and steam generator. Safety: Decay heat removal, steam generator
tube leak detection and sodium water reaction discharge circuit

e Fuel Handling System: On-line Vs Off-line refueling, salient features & safety requirements, In-vessel & Ex- vessel
handling & storage, Sodium cleaning and decontamination

References:
1. Walter A.E., & Reynolds A.B., "Fast Breeder Reactors", Pergamon Press
2. Yevick J.G., "Fast Reactor Technology", Plant Design, M.L. T, Press.

Module 3:Advanced Reactor Concepts (6)
Introduction(1)
e Need for Advanced Reactors and in what way these are different from conventional reactor
International initiatives — INPRO, GIF etc.
Definition of sustainability and INPRO areas of sustainability
Brief Description of the INPRO Guidelines and Methodology to Evaluate INES
Basic principles, User requirements, Key Indicators, Allowable parameters etc.

Directions of Development in the World(1)
e GIF and other advanced reactor concepts
Indian Programme on Advanced Reactors and Associated Challenges (2)
e AHWR
e AHWR-LEU
e CHTR, IHTR, MSBR etc.
Reactor Physics Design Challenges(1) ADS and applications(1)

EN 510:Reactor Physics & Engineering (55)
Module 1 :Nuclear Reactor Physics (33)

Properties of Nuclei
Binding energy-formula and interpretation, nuclear forces, nuclear structure.
Fission Process
e Fission rate and reactor power
o Fission neutrons, delayed neutrons, fission gammas, fission products energy balance, photo neutrons
e Fissile, fertile and fissionable materials
e Fission product activity after shut down —decay heat.
Interaction of Neutrons with Matter
e Production of neutrons
Concept of microscopic cross section:
¢ Inelastic and elastic scattering
Variation of cross-section with energy
o Fast, resonance and thermal ranges
1/v law of neuron cross-section
Resonance absorption, Doppler effect.
Eta vs E curve conversion & breeding concept
Thorium utilization
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Diffusion of Neutrons
e Fick’s law and its validity
e Steady state neutron diffusion equation
¢ Concepts of neutron flux and current, interface conditions, diffusion coefficient, diffusion length and extrapolation distance.
Chain Reaction
e Four Factor formula
e Conceptual treatment of diffusion of one group neutrons in non multiplying and multiplying media Infinite and effective
multiplication factors
e Bare homogeneous reactor-concepts of material and geometric buckling, sub criticality and super criticality, critical mass,
non leakage probabilities in bare homogeneous cores, neutron cycle and lifetime in finite reactor,
Slowing Down Process
¢ Neutron slowing down
¢ Slowing down power/ moderating ratio of moderators

Slowing down with spatial migration
Fermi age concepts, migration length
Multi zone reactors
o Ideas of reflectors/blankets, reflector savings, form factor.
Heterogeneous Reactors
e  Multigroup neutron diffusion with special reference to 2 group approach
e Heterogeneous reactors, comparison with homogeneous reactors, unit-cell concepts.
Reactor Kinetics
e Time dependent neutron diffusion equation, one group kinetic equation
¢ Role of delayed neutrons, prompt neutron life time
e Point kinetic model to illustrate importance of delayed neutrons
e Reactor period, reactivity and its units.
Core Burn Up
e Burn up equations including fission products, neutron poisons
e  Burnup dependent lattice parameters and their variation.
Neutron Poisons
e Xenon and Samarium Poisons
e Xenon loads (operating and post shutdown), Variation of xenon load with power and enrichment
e  Xenon oscillations and their control.
Reactivity Coefficients
e Temperature coefficients of reactivity and void coefficient of reactivity, their relevance to reactor safety.
e Techniques to control reactors, typical reactivity balance, long-term burnup, fuel management. Reactor control system —
requirements of physics aspects. Reactor shutdown mechanisms and neutron monitoring during operation and shut down.
e  Approach to criticality, physics measurements and calibrations/validations.
o Physics design aspects of PHWR and AHWR. Differences in the physics design of research reactors, PWRs, BWRs, PHWRs
and AHWR

Module 2: Reactor Engineering & Radiation Shielding (22)
Reactor Engineering (14)

e Introduction to reactor system & Indian Nuclear power programme

e Station schematic line diagram to indicate interlinks between reactor, turbine, generator, grid & auxiliary systems

e C(lassification of reactors, characteristics of research, test & power reactors with examples. Core configuration & cycle

diagrams thermal reactors (BWR, PWR, PHWR),

e Fastreactors;

e Research reactors (DHRUVA) characteristics, selection criteria & comparison of different reactor materials & structural

materials for reactor internals.

e Basic principles of heat generation, heat sources and distribution; Steps involved in heat removal from reactor systems.
Heat flow & temperature distribution in solid cylindrical, fuel elements; temperature distribution in clad for the above type of fuel
elements and assessment of film drop temperature in each case with a solved example in each case; significance of KdT with example;
Axial clad surface & coolant temperature distribution in fuel channel; maximum clad surface temperature and its location with a
solved example.

e Brief description of various types of fuel; metallic (DHRUVA) Oxide (PWR, BWR, PHWR, AHWR) & Coated Fuel

(HTGR); Design requirements & limitations for various types of fuel element design.
¢ Economic comparison of differ coolants based on pumping & heat removal capability; Boiling in reactor system critical heat
flux & Burnout phenomena in water reactors; Heat transfer coefficient & assessment in reactor systems; Brief data of coolant
(pressure, temp) in various reactors.
Nuclear Fuel Cycle (2)

e Concept of Nuclear Fuel Cycle % open and closed fuel cycles.

e Global options of fuel cycles; Issues related to Resources, Proliferation, and Advanced Technologies.

e  Mineral resources and nuclear fuel cycle strategies of Indian Nuclear Power Programme, 3-stage nuclear fuel cycle,

e Advanced fuel cycles
Radiation Shielding (6)

e Source of various neutron & Gamma radiation within the reactor system

e  Attenuation of neutrons & gamma rays
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Dose rates for gamma rays for various source geometries
Buildup factors for homogeneous & multiple layer shields
Removal diffusion theory for neutron attenuation

Coolant activation, heat generation

Streaming of radiation through gaps & void in the shield
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CORE COURSES

E601: Advanced Chemical Reaction Engineering (25)

Review of basic concepts of reaction engineering

Non ideal flow in reactors, distribution of residence times, experimental RTD studies, RTD Modelling, application. Micro-
mixing and segregated flow, boundaries to micro-mixing, modeling segregation, experimental results, design strategies.
Non-isothermal effects, dynamic behaviour of chemical reactors, steady state multiplicity and oscillations
Heterogeneous reactions, transport and heat effects, reactions in the continuous phase; fluid, solid-fluid reactions, design
procedures incorporating flow non-idealities in each phase.

Reactor design: counter-current moving bed reactors, fluidized bed reactors.

Advanced topics in reaction engineering- three phase reactors, photochemical reactors, integral reactor-separators,
complex systems.

Examples from nuclear chemical engineering.

References:

1. Chemical Reactor Design and Operation — K.R. Westerterp, W.P.M Van Swaaij, AACM Beenackers, John Wiley & Sons,
1984.

2. Elements of Chemical Reaction Engineering — H.S. Fogler, 2nd ed, Prentice Hall, 1987.

3. Chemical Engineering (vol.3): Chemical Reactor Design, Biochemical Reaction Engineering including Computational
Techniques and Control. — Coulson & Richardson 2nd ed., Pergamon Press, 1979.

4. Chemical Reaction Engineering — Octave Levenspeil, 2nd ed., John Wiley and Sons, 1995.

5. Research and Technological Studies on Liquid Phase Oxidation Reaction Process : Hazardous Toxic Chemical Mitigation

Techniques. — T.V. Subramanian, Chennai: Emerald Publishers, 1997. (Class No. : 66.094.3-936.35 A97 at Central
Library)

EN602: Advanced Electrical Engineering Design-1 (20)

Materials: Soft Magnetic Materials and their properties and applications, Permanent Magnetic Materials and their
properties and applications, Super conducting Materials and their properties and applications. (5)

Special Electrical Machines and their applications: Servo motors, their design and application in control rod mechanisms,
Hysteresis motors, Switched Reluctance motors, Canned motors, High speed motors (5)

Control Machines: Conventional control, Vector control (5)

Special Techniques of Magnetic Circuit Design: Finite Difference Methods, Finite Element Methods, Their applications,
design of machines and Transformer, chokes and other Electromechanical Equipment.

NDT Methods: MFL Technique, Eddy current Technique, Remote Field eddy current Methods. (5)

References:

(Reference materials will be provided during the course)

EN603: Advanced Electronics Circuit Design Techniques (30)

Silicon Processing: Various steps involved in fabrication of Silicon devices (2)

Semiconductor Detectors: Theory, design, fabrication and applications (2)
Micro-Electro-Mechanical Systems (MEMS): Theory, design, fabrication and applications (2)
Programmable Logic Devices: PLD, CPLD and FPGA, Technology architecture (4)

Hardware Description Languages: VHDL — language details (6 )

Digital Circuit Design using VHDL: Design methodology and optimization, Design of a multiplexer, counter, finite state
machine etc., test bench (4 )

RF Electronics: RF system for particle accelerator (1)

RF System Components: Transmission lines, waveguides, circulators, resonators, power couplers (3)
RF Power Amplifiers: Theory, design (2)

RF Signal Processing: Low level RF controls, beam diagnostics, measurement and protection (4)

References:

1.

2.
3.
4

®

VLSI Technology by S. M. Sze, McGraw-Hill, 1988

VLSI Fabrication Principles by S. K. Gandhi, Wiley International Publication, 1994

Fundamentals of Microfabrication by Marc J. Madou, CRC Press

Fundamentals of Digital Logic with VHDL Design, 2nd edition, by Stephen Brown and Zvonko Vranesic, Published by
Tata McGraw-Hill.

VHDL for Programmable Logic, 2008 edition by Kevin Skahill, Published by Pearson Education.

Actel HDL Coding Style Guide, 2009 edition, Published by Actel Corporation, Mountain View, CA 94043. Free softcopy
available on Actel website (www.actel.com).

Microwave Devices and Circuits by Samuel L. Liao, Published by Prentice Hall

RF Circuit Design by Reinhold Ludwig and Pavel Bretchko Published by Person Education

Proceedings of CERN Accelerator School 2005-003, Topic- RF Engineering
Editor- Miles

26


http://www.actel.com/

BARC TRAINING SCHOOL-MUMBAI: COURSE WORK SYLLABI-2018

10. Proceedings of CERN Accelerator School 2009-005, Topic- Beam Diagnostics

Editor- D. Brandt

EN604: Advanced Mass Transfer (25)

Theories of mass transfer with and without chemical reaction with examples from gas-liquid, liquid-liquid, and liquid-
solid systems;
Rate based approaches for design.

Selection and design of contacting equipment in nuclear chemical industries-Spray, packed and tray columns trickle bed
reactors.

Extraction equipment: mixer settlers, centrifugal contactors, pulsed extractors, hollow fibre extractors.
Adsorption and ion exchange equipment.

Membrane separation and other advanced mass transfer processes.

Process intensification approaches.

References:

1.

NNk wW

L.K. Doraiswamy and Sharma

Laddha and Degaleesan

Danckwerts

Hancook

Hansen and Reid

Handbook of Membrane Processes

Chemical Engg. Journals (By Course Instructors)

EN605: Advanced Nuclear Instrumentation (40)

High Resolution Energy Spectroscopy: Types of Pre-Amplifiers, Noise in Pre Amplifier, Optimum time constant,
Resolution, Cooled detector Pre-Amplifier, Spectroscopy Amplifier, Gated Integrator, Triangular Shaping Amplifier,
Pulse peak stretcher, Different types of Nuclear ADC’s, Multi Channel Analyzers and their different modes. Particle
identification by pulse shape analysis, DSP techniques for nuclear pulse spectroscopy.

Timing Spectroscopy: Walk, Jitter, and methods of time pick-off, Resolving Time and Coincidence units, Timing single
channel Analyzer, Experimental set-up for measurement of Absolute activities using coincidence, Time to digital
converter, Time to amplitude converter and biased amplifier.

Nuclear Laboratory Instruments: Isotope Calibrator, Low level alpha, beta and gamma counting systems, Liquid
scintillation counting systems ,Nuclear medical instruments, Gamma Camera Spect.

Miscellaneous Topics: Accelerator Instrumentation, Introduction to CAMAC, Application of CAMAC and VME for
Beam-line and Control Instrumentation, Application of Nuclear Instrumentation in different fields.

Reactor Instrumentation:

Fundamental Considerations / Philosophies, requirements, and scope.

Measurement ranges of reactor neutron flux and considerations

Types of neutron detectors FC,10B, BF3, CIC and SPND for in-core and out-of-core use.

Signal processing blocks in Pulse, Campbell, DC range of measurement and generation of various signals (LCR,LR, Lin,
LinR and p)

Noise reduction techniques, considerations and practice: EMI Interference, Grounding and shielding.

Interfaces of Reactor instrumentation to other relevant plant systems like Reactor Regulating System, Flux Mapping
System, Failed Fuel Detection System, Stack Monitoring System, Area Gamma Monitors, Neutron Monitors,
Contamination Monitors, including networking and RADAS.

References

1.

nhwn

Radiation Detection and measurement -G.F. Knoll

Nuclear Electronics - P.W. Nicholson

Selected topics in Nuclear Electronics, IAEA-TECDOC-363 (CC library Acc no: 123583)
Nuclear Power Reactor Instrumentation Systems Handbook, Vol: 1 J.M. Harrer, J.G. Beckerly
The Technology of Nuclear Reactor Safety Voll, T.J. Thompson, J.G. Beckerly

EN606: Advanced Operating Systems (25)

General Overview: Basic Components, Structures, Comparison between Unix & Windows NT, Security

File Subsystem: File System Data Structures, Concepts of NFS/ VFS /NTFS

Processs Subsystem : Processes & Threads, System calls for creating and managing processes & threads, Signal handling,
Scheduling

Memory & 1/O Subsystem : Memory Management Policies, Virtual Memory, I/O System Structure, Synchronous &
Asynchronous 1/0, Device drivers, Kernel I/O data structures, Plug & Play I/O [1][4]

Interprocess Communication : Message Queues, Shared Memory, Semaphores, Mailboxes, Sockets, Fundamentals of
Socket Programming, Remote Procedure Calls [1][6]

Multiprocessing: Fundamentals, Symmetric and asymmetric multiprocessing, Features of distributed Unix, Logical time,
Concurrency Control [1][5]
Unix Shells: Unix Shell Commands & Fundamentals of Shell Programming [1][2]
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Linux: Packaging and Distribution, Loaders, Virtual Terminals, Internal and External Drivers, Threads, Interfaces, X
Window System, Hard Disk Partitions, File System Enhancements, Extended File Systems, Virtual File System, System
Tuning. 3, 9, 10]

References:

1.

The Design of Unix Operating Systems : Maurice J. Bach, Prentice Hall

2. Unix Programming Environment : Kerninghan & Pike, Prentice Hall
3. Linux Internals : Rubini, O'Reilly & Associates

4. Operating Systems Concepts: Silberschatz, Galvin, John Wiley

5. Distributed Operating Systems : Tanenbaum, Prentice Hall

6.
7
8
9.
1

Unix Network Programming : W. Richard Stevens, Prentice Hall

. Xlib Programming : Adrian Nye, O'Reilly & Associates
. Inside Windows NT , David A. Solomon, Microsoft Press

Demblon & Spitzner, http://learnlinux.tsf.org.za/courses/build/internals/internals-all.html

0.Tigran  Aivazian, http://www.fags.org/docs/kernel 2 4/lki.html or http://students.mimuw.edu.pl/SO/Linux-

doc/LinuxKernel-2.4.pdf

EN607 Applied Process Instrumentation (40)

Design, selection, typical specifications, calibration standards, installation, testability and diagnostics of measuring
instruments of following process variables:

Flow: Differential pressure flow elements: Orifices , venturies, flow nozzles, pitot tube, annubar, elbow flowmeter.
Different standard pressure taps for orifices, sizing calculations, straight length requirements. Applicable codes for design
of Orifices , venturies and flow nozzles. Orifice flanges, Jackscrews, carrier rings, flow straightners, square root extractors,
flow totalisers. Variable Area Flowmeters- Glass tube rotameters; Armoured rotameters; Bypass rotameters; Density
correction factors. Magnetic, Turbine, vortex flowmeter; Ultrasonic flowmeters- transit time, Doppler type, Clamp on
type ultrasonic flowmeters, Coriolis and thermal mass flowmeters. Applications and limitations of various flowmeters.
Two phase flow measurements.

Pressure: Manometers-U tube, well and inclined manometers, pressure gauges, hydraulic and pneumatic dead weight
testers- ranges and factors affecting the performance of dead weight testers. Pressure Transducers and transmitters- strain
gauge, capacitance, LVDT, piezoresistance type and piezoelectric type pressure transducers, transmitters with remote
diaphragm seal, high temperature pressure transducers, Smart pressure and differential pressure transmitters. Vacuum
measurement- Pirani and thermocouple gauges, cold cathode and hot cathode ionization gauge, Mcleod gauge.

Level: Hydrostatic pressure and differential pressure methods, wet legs- cold reference leg and hot reference leg,
condensing pots, density compensation in boiler level measurement, zero elevation and zero suppression. Gauge glass,
Purge system, capacitance probes, displacer, ultrasonic, nucleonic, hydrastep level gauge and radar level gauge. Level
switches- conductivity, capacitance, ultrasonic, displacer, float type.

Temperature: Thermocouples- Types of thermocouples, ranges, sensitivity and their limits of error and applications,
mineral insulated thermocouples, types of hot junctions- grounded, ungrounded and exposed junction, thermocouple
extension and compensating cables, high temperature thermocouples, cold junction compensation techniques. Applicable
standards. RTDs- Wire wound and thin film RTDs, limits of error, self heating error, matched pair of RTDs. Applicable
standards for RTD. Thermistors -performance and applications. Thermowell - Design considerations, Applicable design
code for thermowell, thermowell installation aspects. Surface temperature measurement techniques.

Temperature transmitters- Head mounted temperature transmitters, isolated temperature transmitters, Smart
temperature transmitters. Radiation thermometry- Optical pyrometer, total radiation pyrometer, two colour pyrometer,
factors affecting the performance of radiation pyrometers.

Analytical Instrumentation: Conductivity, pH, ORP and Turbidity measurement.

Other Measurements: Relative humidity; viscosity and density measurement

Control valves: Valve types, construction and applications, Valve sizing calculations, Applicable standard for sizing
calculations, Control valve rangeability, Valve characteristics-inherent and installed, selection of valve characteristics,
Cavitation and flashing in control valves, Valve capacity testing, Valve actuators- pneumatic, hydraulic and electric,
selection of actuator, Typical specifications for control valve, Smart valves, valve positioner, I/P converter, P/I converter,
volume boosters, Solenoid valves, Pressure regulating valves, Installation aspects of control valves, Quality of air for
pneumatic valves.

Instrument Impulse lines and instrument fittings: Tubes- materials and sizes, tube fittings- materials, types of fittings,
instrument isolation valves, guidelines for routing of impulse lines, considerations for impulse line response time.
Applicable standards for tubes and fittings.

P & I Diagrams, loop and hook up diagrams: P &ID symbols, Applicable ISA standard for P &ID symbols, typical
loop diagrams, typical instrument hook up diagrams.

EN 608 Civil Engineering Design of Concrete and Steel Structures

EN 608.1Civil Engineering Design of Concrete and Steel Structures-I (30)
Introduction to various structures of nuclear facilities Classification of structure and design basis
Radiation protection objectives, defense in depth, safety functions, safety classification,
seismicclassification, quality classification, design classification, design for natural and man induced events.

28



BARC TRAINING SCHOOL-MUMBAI: COURSE WORK SYLLABI-2018

Design Loads:

* Normal Loads: Dead Load, liveload, equipment load, test pressure and test temperature load, prestress load, operational
thermal and pressure load, earth pressure loads, hydrostatic pressure loads, estimation of temperature variation in
structures due to solar radiation.

* Abnormal Load: Hydrostatic load due to internal flooding, design accident pressure, design accident temperature.

» Severe Environmental Loads: operating basis earthquake,severe windincluding gust effect and aerodynamic
instability, design basis flood load,tsunami.

* Extreme Environmental Loads: Safe Shutdown Earthquake, cyclone, extreme wind loads, wind- induced
missile

Design of RC structures:

* DesignofRC structures as per IS456,AERB standards (AERB/SS/CSE-1), ACI 318/ ACI 349
,designloadcombinations,design of beam, column, slab, walls etc., design of plates & shell structures, Wood’s
criteria, serviceability design checks of crack width and deflection, case studies

Design for shrinkage, creep & heat of hydration:
Shrinkage & heat of hydration, different types of shrinkage, codal aspects, case studies..
Foundation design

» Engineering layout and selection of type of foundation, foundation stability, safety against bearing, overturning,
sliding & uplift; shallow foundations, Winkler model, pile foundation.

* Machine Foundation - Introduction, evaluation of design parameters, analysis and design of block foundations
and frame foundations, foundations for misc. machines, vibration isolation, and construction details of machine
foundations, turbo generator foundations.

*  Fracture mechanics approach- Introduction to fracture mechanics concepts in RCC structural design

EN 608.2 Civil Engineering Design of Concrete and Steel Structures-II (30)

Introduction to Prestressed Concrete structures
Introduction to prestressed concrete structures, Design of pre-tensioned and post-tension prestressed concrete
structures, losses in prestress — short term and long term.

Design of lined and unlined containment structures
Lined RC and prestressed containment, Introduction to various codes viz. - RCC-G/BPEL/BAEL, ASME
Section-3 Div-2, load combinations, allowable stresses, design criteria against limit state of serviceability and ultimate
limit state, case study of design of RB inner/outer containment structure, case studies.

Design of steel structures of nuclear facility
Design of truss and framed structures as per IS 800: 2007, AERB standards, AISC standards etc., design of
connections,design of embedded parts and anchor boltsas per AERB and ACI standards, case studies.

Design of water-retaining structures
Design of overhead and underground tanksusingun-cracked section, design for static and hydrodynamic
load, serviceability checks, case studies.

Design of cooling towers
Estimation of waste heat for power plants, once through & closed loop water circulation system, selection
of design parameters for cooling requirements, Introduction to thermal and structural design of Natural Draft
Cooling Tower (NDCT), case studies.
References
1. IS 456 (2000) “Plain and Reinforced Concrete — Code of Practice .
2. ACI 318 (2014) “Building code requirements for structural concrete”.
3. ACI 349 (2013) “Code requirements for Nuclear Safety related concrete structures”.
4. RCC-G “Code of Practice for Design of Prestressed Nuclear Containment Structures”. 5. ISO
14000
6. Raju, N. K. (20006), “Prestressed concrete”, Tata McGraw-Hill Education.
7. ACI 207 (1995) “Effect of restraint, volume change and reinforcement on cracking of massive
structures”.
8. Bowles, J. E. (2001) “Foundation analysis and design”, Tata McGraw-Hill Education.
9. Rao, N.S.V.K. (1988),“Vibration analysis & foundations dynamics”, Wheeler publishing.
10. IS 2974-1, 1984,“Code of practice for design and construction of machine foundations”.
11. Arya, S. C Oneill, M.W. and Pincus, G. (1979), “Design of structures and foundations for vibrating
machines”, Gulf Publishing Co.
12. Manohar, S. N. (1984) “Tall Chimneys design and construction”, Mcgraw-Hill Book Comp.
13. ANSI/AISC N690 (1984), American and National Standard — Nuclear facilities, “Steel safety related structures
for design fabrication and erection”.

EN 609 Earthquake Engineering and Structural Dynamics(45)

Introduction to Seismology
* Structure of the earth, plate tectonics and faults, seismic waves & wave propagation, seismograph, locations of
earthquake, intensity, magnitude, iso-seismal curves, attenuation, identification of capable fault, estimation of
magnitude potential, determination of Peak Ground Acceleration (PGA),Design Basis Earthquake,Concept of
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Response spectrum, Generation of Artificial Time History, Power Spectral Density, IS 1893 Response Spectra
e Seismic instrumentation for micro-earthquake and strong motions.
Structural Dynamics
» Introduction to dynamic loading, different types of dynamic loadings, concept of damping,derivation of equations of
motion, effect of gravity/static loads on equation of motion, equation of motion for support excitation
» Single degree of freedom of system (SDOF)-undamped& damped system, free & forced vibration; Response to
harmonic and impulse loading,concept of transmissibility and vibration isolation,estimation of damping of
structural system using free & forced vibration approach;response to impulse loading-shock spectra, response to general
dynamic loading using Duhamel Integral.
* Numerical procedure to determine dynamic response of SDOF, acceleration-impulse extrapolation, evaluation of
dynamic response by direct integration
e Multi degree of freedom system (MDOF) — Equations of motion for lumped mass system, evaluation of Eigen values
(natural frequencies)& eigenvectors (mode shapes), orthogonality property of normal modes, response to ground
motion, Fourier analysis and response to generalized periodic loading
* Introduction to dynamics of continuous system
Seismic Response Analysis of Structures
»  Seismic response analysis using response spectrum and time history approach
*  Modal superposition method, Modal combinations and spatial combinations, missing mass correction
» Time history analysis using direct time integration,
»  Accidental torsion, soil-structure interaction, fluid structure interaction, equipment structure interaction
Random vibrations
*  Fourier analysis and evaluation of power spectral density function, response of structures in frequency domain.
Special Seismic Design Considerations
Failure of structures during earthquake, Layout and irregularities of structures, Concept of ductility-strain,
curvature and displacement ductility, design guidelines for achieving ductility in reinforced concrete structures;Seismic
Design Optimization, Principles of performance based design, dynamic response control techniques such as base isolation,
dampers etc.
Seismic Requalification of Existing Installations
Need and methodology for seismic requalification, seismic walkdown, health assessment, data collection,
review basis ground motion, evaluation of seismic margin capacity, retrofitting.
Case Studies
Dynamic analysis of a typical RC and steel structures, requalification and retrofitting of safety related nuclear
installments.

References
1. Chopra, A.K. (2007), “Dynamics of structures: Theory and application to earthquake engineering”, Prentice Hall.

2. Clough, R. W. and Penzien, J. (1993). “Dynamics of structures”, McGraw Hill, Inc.

3. Mario Paz and William Leigh (2006), "Structural Dynamics-Theory and Computation", Springer.

4. Thompson, W. T. (1972),“Theory of Vibrations with Applications” Prentice-Hall, Englewood Cliffs.

5. ASCE 4-98 (1998), “Seismic Analysis of Safety related Nuclear Structures and Commentary on standard for
seismic analysis of safety related nuclear structures”.

6. AERB/SG/S-11, “Seismic Studies and Design Basis Ground Motion for NPP Sites”.

7. TAEA SAFETY STANDARDS SERIES No. NS-G-3.3 (2002), “Evaluation of Seismic Hazards For Nuclear

Power Plants”.
8. IS 1893-1(2002), “Criteria for Earthquake Resistant Design of Structures”.
9. 1S 13920 (1993),“Ductile Detailing of Reinforced Concrete Structures Subjected to Seismic Forces”.
10. Dowrick D.J., “Earthquake Resistant Design”
11. Park and Pauley, “Reinforced Concrete Structures”
12. Pankaj Agrawal, Manish Shrikhande, (2006), Earthquake Resistant Design Of Structures
13. AERB monograph, (2008), SEISMIC SAFETY OF NUCLEAR POWER PLANTS

EN 610: Code Design for PVP (60)

Membrane theory for thin shells, stresses in cylindrical, spherical and conical Shells. Dilation of above shells. General
theory of Membrane stresses in vessel under internal pressure and its application to ellipsoidal, and torispherical end
closures.

e Thick cylinder and sphere and derivation of Lame’s equations. Derivation of ASME Sec. VIII Div. 1 and Div - Il equations
for cylindrical / Spherical shell and conical, ellipsoidal and torispherical end closures.

o Bending of circular plates and determination of stresses in simply supported and clamped circular plate. Basis of ASME
equation for flat closures.

¢  Openings, nozzles and external loading. Stress concentration in plate having circular hole due to bi-axial loading. Theory
of reinforced opening and reinforcement limits. Beam on elastic foundation and its application to thin- walled pressure
vessels. Extent and significance of load deformation on pressure vessel. Reinforcement Rules for ASME, Sec.VIII Div.1.
Local Stresses in shells due to external loadings from nozzles and lugs etc.

¢ Bolted Flanged joints. Types of flange joints. Types of Gasket and their selection. Bolting design. Flange loads and
moments. Design of flange as per ASME Boiler and Pressure Vessel and B 31.3 Code.

e Supports for vertical and horizontal vessels. Design of base plate and support lugs. Types of anchor bolt, its material
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and allowable stresses. Design of saddle supports.

Buckling of vessels under external pressure. Elastic buckling of long cylinders, buckling modes, Buckling (collapse)
coefficients. ASME procedure for design of vessels under external pressure. Design for stiffening rings. Design of shells
for axial compression.

Derivation of TEMA Design equation for tube sheets. Background of the ASME Design rules for tube sheets.

Piping thickness as per ANSI/ ASME B31.1 and B31.3 piping code. Flexibility factor and stress intensification factor.
Design of piping system as per B31.1 piping code. Design of piping for hazardous fluid as per B31.3

Design consideration for pressure vessel. Design pressure and temperature, Allowable stresses, Impact toughness
requirement as per ASME Sec.VIII Div.1 code. Non-destructive Examination of welds as per ASME Sec.VIIL, Div.1
code. Difference between Sec. VIII Div.1 and Div.2.

Difference between metallic pressure vessel and FRP pressure vessels

Nuclear Pressure Vessels and Piping (30)

Monotonic and Cyclic Stress-Strain Curve, Strain hardening rule, Theory of failure, yield condition and flow rules,
Tresca and Von-Mises criterion.

Limit analysis of beams and cylindrical shell under pressure and moment loading.

Failure modes of pressure vessels, Ratchetting and shakedown.

Organization of Boiler and Pressure vessel Sec. Ill code. Safety classification and Criterion for selection of ASME sec. Ill
classes. Design loadings and service loadings as per NCA 2140.

e Types of stress, their significance and derivation of stress Intensifies in vessel and piping.

o Allowable stress limits for various service levels for vessels, bolts and pipings.

e Definition of B, C and K stress indices.

o Design of Nuclear piping as per Sec. Ill div.1. Design rules for standard support as per NF 3400, Design rule for piping
support - NF 3600.

e ASME code rule for component support

o Design rule for Plate and shell- Type support as per NF 3200, Design rule for Linear-type support - NF 3300.

e Design rule for component support - NF 3500, Core support structure Design - NG 3300.

o Fracture Toughness requirements for materials for pressure vessels, pipings and boltings.

o Failure Analysis Diagram.

o Protection against Nonductile Failure - Appendix G, Basis of Low Cycle fatigue Design. Fatigue evaluation of vessels.

e Strain concentration factor ' Ke', Local strain approach: Neubar and Zarka rule, Elastic and elastic-plastic fatigue analysis
of nuclear pipings, Leak-Before-Break Design Concept.

e Pre and Post weld heat treatment requirement for vessels and pipings as per ASME code sec. Il1.

e NDE requirements, Examination of welds, Acceptance standard.

References:

1. Harvey J.F., “Pressure Vessel Design”, CBS Publication

2. Brownell L.E., and Young E.D., “Process Equipment Design” Wiley Eastern Ltd., India

3. ASME” Pressure Vessel and BoilerCode”, Sec. VIII, Div. I and Div. II, 1985

4. American StandardCode for Pressure Piping”, - B31.1, 1972

5. American Standard Code for Pressure Piping”, - Petroleum, Refinery Piping, B31.3, 1972

6. “Standard of Tubular Exchanger Manufactures Association”, 7th Edition, 1988.

EN 611: Computational Fluid Dynamics & Heat Transfer (50)
Basics of Fluid Flow, Heat Transfer and Numerical Analysis (5):

Kinematics of fluid flow: Streamline, streakline and pathline; streamfunction, vorticity and deformation of a fluid element.
Basic equations governing heat conduction, fluid flow and mass transfer (viz. the continuity, momentum and energy'
equations) with special reference to Navier-Stokes and Bernoulli equations.

Classification of Partial Differential Equations (PDEs)

Discretization of conduction equation with Dirichlet, Neumann and periodic boundary conditions, by ADI and TDMA
methods.

Temporal integration: explicit, implicit scheme

Discretization of convection, upwinding, Streamline-Upwind Petrov Galerkin method

Discretization of convection-diffusion problem: exponential scheme, power-law scheme

Laminar Boundary Layer and Forced Convective Heat (5):

Formulation of differential equation for hydrodynamic and thermal boundary layer

Different analytical method of reduction of boundary layer equations and theoretical formulation of boundary layer
thickness.

Study of jets and inlet flow and flow separation in the light of Boundary Layer Theory

Convective heat transfer for internal and external flows

Low and high Prandtl number limits and different thermal boundary conditions

Numerical Solution of Reduced Boundary Layer Equations: BVP, Keller box method

Turbulent Flow and Heat Transfer (5):

Reynolds decomposition for turbulence

Prandtl's mixing length theory, Mixing length models

Structure of turbulent boundary layer over flat plate and through circular cylinder
Calculation of friction factor and drag coefficient

Analytical and semi-analytical correlations for calculating heat transfer coefficients
Analogy between heat and momentum transfer
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Reynolds analogy, von Karman-Prandtl analogy, Martenelli analogy, Lyons analogy
Turbulence Modeling:
Eddy diffusivity models: k-¢ and k-®) models, RNG based k- € model

Reynolds stress models: algebraic and differential models
Low Reynolds number models
Large eddy simulation: Smagorinsky and Dynamic sub-grid scale models
Natural Convection (3):
Basic Equations of natural convection
Boussinesq approximation
Derivation of Dimensionless groups from basic equations
Analytical approximations

¢ Numerical solution of approximate equations
Numerical Solution of Complete Fluid Flow and Energy Equation (10):
Formulations of governing equations used in numerical simulation:
Streamfunction-temperature formulation
Streamfunction-vorticity-temperature formulation
Velocity-vorticity-temperature formulation: Poission, Cauchy-Riemaim and Biot-Savart form
Primitive-Variable (P-V-T) formulation
Pressure velocity coupling for incompressible flow:
Staggered, Non-Staggered Grid (momentum interpolation, pressure-weighted interpolation)
Discussion on MAC, PISO, SIMPLE and SIMPLEN family of Methods
Simple grid generation techniques for structured grid:
Elliptic, parabolic and hyperbolic equation method
Grid adaptation
Domain decompositions in CFD and heat transfer

e SIP and preconditioned conjugate gradient methods for solution
Reactor Heat Transfer (12):

e Pressure drop in rod cluster fuel element friction, local acceleration and elevation pressure drop in wire-wrap & grid
spacers; effect of creep and bundle misalignment on PHWR bundle pressure drop. Flow orificing objectives & methods;
effect of orificing in BWR.

e Hot spot factors: Classification, basic statistical relationship, determination of subfactors, multiplicative & statistical
methods of combining subfactors.

Subchannel analysis of rod cluster mixing mechanisms, mixing parameters, introduction to computer codes.

e low loops: Determination of operating point during forced and natural circulation; Loss of flow accident; Decay heat
generation and flow coast down in primary loop. Transition to thermosyphon cooling; steady state theory of thermosyphon
loops. Transient and stability behaviour of the thermosyphon loops.

e Loss of coolant Accident; Events during blow down, description of emergency core cooling system; flooding and
sputtering.

e Radiation heat transfer: Introduction; Reflection, absorption, transmission and emission; concept of black and grey body;
total emissive power and Stefan-Boltzmann constant. Kirchoff’s law. Radiation heat transfer between two bodies: shape
factor & law of reciprocity; radiation heat transfer between two grey bodies.

¢ Heat Transfer With Phase Change (10):

e Introduction of two phase flow and basic relations; flow regimes in adiabatic and diabatic vertical co-current flow and in
adiabatic co-current horizontal flows.

e Basic equations of two phase flow; Homogenous & separated flow models for two phase flow; void fraction & phase
velocity ratio (Zivi’s model)

e Introduction to boiling heat transfer and bubble nucleation; Regimes in boiling heat transfer (a) pool boiling (b) flow
boiling: Heat transfer correlation for pool boiling (Rohsenow’s correlation) and flow boiling (Chen’s correlation)

e Condensation heat transfer: Nusselt’s theory and its limitations: Jet condensation fundamentals and its application in
containment cooling.

e C(ritical heat flux: Various models of critical heat flux, CHFR, MCHFR. Critical power concept. Post dryout heat transfer:
Various models available for calculation of heat transfer coefficient.

e Critical Flow: Models for single — phase and two-phase critical flow.

References for CFD:

Knudsen, J.G. and Katz, D.L. (1958): Fluid Dynamics and Heal Transfer, McGraw-Hill: NY.

Bird. R.B., Stewart, W.E. and Lightfoot, E.N. (1960): Transport Phenomena, John Wiley & Sons: NY.
Schhehting, S. (1979): Boundary' Layer Theory, 7* ed., McGraw-Hill : NY.

Tennekes, H. and Lumley, J.L. (1972): A First Course in Turbulence, MIT Press: Cambridge.

Piquet, J. (1999): Turbulent Flows: Models and Physics, Springer-Verlag: Berlin.

Holman, J.P. (1997): Heat Transfer, 8"" ed., McGraw-Hill : NY.

Kays, W.M. and Crawford, M.E. (1993); Convective Heat Transfer, McGraw-Hill: NY.

Gebhart, B., et al. (1988): Buoyancy-Induced Flows and Transport, Hemisphere.

9. Barret, K. (1982) Numerical Modelling in Diffusion-Convection, Pentach Press : London, Polymouth.
10. Hussaini, M.Y. et al. (1997): Up-wind and High Resolution Schemes, Springer-Verlag : Berlin.

11. Warsi, Z.U.A. (1998): Fluid Dynamics: Theoretical and Computational Approaches, 2"" Ed., CRC Press.

12. Cebeci, T. and Bradshaw, P. (1984): Physical and Computational'Aspects of Heat Transfer, Springer-Verlag.
13. Quartepelle, L. (1993): Numerical Solution of the Incompressible Navier-Stokes Equations, Birkhauser Verlag.
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14. Patankar, S.V. (1982): Numerical Heat Transfer and Fluid Flow, Hemisphere.

15. Versteeg, H.K. and Malalasekera, (1996): An Introduction to Computational Fluid Dynamics: the Finite
16. Volume Method, Addison-Weslev.

17. Gresho, P.M. et al.. (1999): Incompressible Flow and the Finite Element Method, John Wiley & Sons.
18. Comini, G., et al. (1994): Finite Element Analysis of Heat Transfer, Taylor &Francis : Washington DC.
19. Canuto, C., et al. (1988): Spectral Methods in Fluid dynamics, Springer-Verlag :NY, 557pp.

20. Thompson, J.F., Soni, B. and Weatherill, N.P. (1998): Handbook of Grid Generation, CRC Press.

21. Glowinski. R., et al. (Eds.) (1997): Domain Decomposition Methods in Science and Engineering, Wiley.
22. Turek, S. (1999): Efficient Solvers for Incompressible Flow Problems, Springer-Verlag.

23. Wesseling, P. (1992): An Introduction lo Multigrid Methods. Wiley : NY.

24. Wagner, S. (1995): CFD on Parallel Systems, Friedrich Wieweg & Sons.

EN 612: Computer Based System Design- I (25)

Hardware Design

e Overview of microprocessors and peripherals: 8086, 68000, Digital Signal Processor (TMS320) DMA controller, serial
communication controller and timer/counter.

¢ Personal computer architecture, memory organization, industrial PC

e Standard bus: Overview of PCI and VME bus, mechanical, electrical and functional specifications

e Programmable Logic devices: Introduction to PAL, CPLD and FPGA, Introduction to Hardware Description Language
(VHDL)

e Case Study: Design of a single board computer with shared memory interface, I/O board design using ADC, DAC etc with
emphasis on signal conditioning and isolation

e System design concepts: Fault tolerance, hot standby, live insertion, triple modular redundancy and safety issues

EN 613 Computer Graphics and Visualization (35)

Introduction overview, Graphics software/hardware and types of graphics applications (1)

e 2D/3D Geometric Transformations, Affined transformations-Translation, Rotation, Scaling, Shear and reflection. (3)

¢ Homogeneous coordinates, composite transformations, rotation with qutenion, current transformations and matrix stacks.
3)

e Two dimensional viewing 2D viewing — window, viewport, viewport transformations, clipping operations, line clipping
algorithms — Cohen-Sutherland, Liang-Barsky, polygon clippimg algorithm — Sutherland-Hodgman. (4)

e Three dimensional graphics — Planer geometric projections — parallel and perspective, Mathematics for projections,
classical three-dimensional viewing, specifying views, viewing transformations, 3D clipping operations. (4)

e Hidden surface removal, object space and image space approach, back face culling, z-buffer algorithm, LOD.(2)

o Illumination and shading — Basic illumination models, light sources, material properties, polygon shading methods — flat,
gouraud and phong shading, ray tracing methods. (2)

e Color - Color perception, color models — RGB,CMY,HSV (1)

e Visual Realism — Depth cuing, texture mapping, transparency, shadow, steropsis. (2)

e Curves and surfaces — Representation of curves and surfaces, Algebric and geometric form, Blending functions,
interpolation, Hermite, Bezier, B-spline curves and surfaces, Rational polynomials, NURBS (5)

e Modern Graphics Architecture — Graphics Pipeline, GPU, PCI Express (2)

e Case Study — Using OpenGL (3)

o Scientific Visualization — Introduction, Geometry (Structured & Unstructured Grids), Data Representation (Scalar,
Vectors), Volume Rendering (Marching Cubes, Ray Casting) (3)

EN 614 Construction Materials, Management and Quality Assurance (30)

Construction Materials
* Concrete: Ingredients, properties of concrete, mix design of normal, heavy density and serpentine concrete,
High Performance Concrete with mineral admixtures (micro-silica, fly ash etc.)
* Reinforcement: Passive and active (Prestressing)
*  Structural Steel, High Strength Friction Grip Bolt, Mechanical Couplers
* Paints
*  Water-proofing materials & membranes
Shuttering/Formwork
Design philosophy, different design requirements, climbing shutter design, slip form work.
Prestressing system
Cable ducts, anchorage and grouting, qualification of Prestressing system
Quality Assurance (QA)
* QA in Civil Engineering design
* QA in materials
* QA in construction
* QA in operation & maintenance
* Inspection during construction, Regulatory inspection
Construction Procedure & Construction Safety
* Dewatering, rock excavation, consolidation grouting
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»  Construction safety, Job Hazard Analysis.

Contract Management
Introduction, Basics, preparation of tender, mode of tendering, contract and its clauses, discharge of contract, dispute
adjudication

References:

1.
2.

3.

Singh, K. A. N.“ISO 9000-Quality Systems”, Dolphin books, New Delhi.

Quality systems requirements (QS 9000) — Chrysler Corporation, Ford Motor Company, General Motors
Corporation — 1998, 3" edition

Quality system assessment (QSA) Chrysler Corporation, Ford Motor Company, General Motors Corporation —
1998, 2" edition

CPWD Works Manual (2012), Central Public Works Department, Government of India, Published by DIRECTOR
GENERAL, CPWD, NIRMAN BHAWAN, NEW DELHI-110 011.

. Manual of Internal Inspection/DAE Works Procedure (2010), Department of Atomic Energy,

Government of India.
ATOMIC ENERGY (FACTORIES) RULES (1996), Atomic Energy Regulatory Board, Government of India.

EN 615: Corrosion (15)

Definition and importance of corrosion, corrosion principles; thermodynamic and electrochemical aspects; electrode
potentials; polarization and corrosion rates; passivity, mixed potential theory, environmental effects: Dissolved Oxygen,
temperature, pH, Velocity bacteria, dissolved salts and metallurgical variables, composition and heat treatment. (3
Lectures)

Forms of corrosion: uniform attack; corrosion rate measurements, Galvanic corrosion, pitting and crevice corrosion;
selective leaching; erosion corrosion; intergranular corrosion, low temperature sensitization, corrosion of weldments;
stress corrosion cracking (SCC), irradiation assisted SCC; hydrogen embrittlement, hydrogen attack, corrosion fatigue;
oxidation; microbiological induced corrosion (MIC), Corrosion testing procedures, failure analysis, specification tests,
advanced methods for on-line corrosion monitoring. ( 7 Lectures)

General principles of corrosion control — anodic and cathodic protection, inhibitors and passivators, corrosion protection
by alloying, surface treatment and surface modification. (1 Lecture)

Corrosion in the nuclear industry — Corrosion in nuclear fuel reprocessing, waste management and heavy water plants.
corrosion in fluoride and ammonia containing environments; liquid metal corrosion. low alloy steels, stainless steels
and Ni and Cu base alloys, protective magnetite formation on carbon steel, stress corrosion cracking of stainless
steels and nickel base alloys. high temperature oxidation and hydriding of zirconium alloys, materials for fast breeder
reactor system. Effects of radiation on corrosion (4 Lectures).

References:
1.Corrosion Engineering — M.G. Fontanna, McGraw Hill Series in Materials, Second Ed. 1978.
2. Corrosion and Corrosion Control — H.H. Uhlig and R.-W. Revie, Wiley Interscience, Third Ed. 1985.
3. Corrosion in Nuclear Applications — W.E. Berry, Wiley, London, 1971
4. Corrosion — L.L. Shrier (Ed.) Vol.I & II, 1963.
5. ASM Handbook, 9th Ed., Vol. 13 on Corrosion, 1988.
6. Modern Electrochemistry, Vol. 1 & 2 —1J. O.M. Bockris and A.K. Reddy
7. Corrosion of Stainless Steels — A.J. Sedricks.
8.Stress Corrosion Cracking — Materials Performance and Evaluation — Ed. Russel H. Jones, ASM Int., 1993
9. Principles and Prevention of Corrosion — D. A. Jones, MacMillan, 1996.

EN 616: Distributed Computing (45)

Advanced Computer Architecture

Advances in CPU Architecture
a. Advancements in CPU architecture — Dynamic Instruction level parallelism, Branch prediction, register

renaming

b. Static instruction level parallelism - EPIC, VLIW

c. Hyperthreading

Multi core architectureAdvances in Memory

a. SDRAM, DDR, DDR-2

b. Registered ECC, FB-DIMM

c. CPU - Memory Interfacing techniques - FSB, Hypertransport, Quickpath
Advances in /O interfaces

a. Shared I/O bus

b. Switched I/O fabric

c. Serial and parallel I/O bus

d. Case studies - PCI, PCI-X, PCI-Express, PCI-Express Gen2
Advances in Interconnect techniques

a. Shared and switched networks

b. Interconnect fabrics
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c. Approaches for improving interconnect performance
d. Case studies — Ethernet, Infiniband, SCI
e Cache
a. Associative, Direct mapped
b. Write through, Write back
c. MESI
d. Shared caches
e Advances in storage systems
Direct attached storage, Network attached storage, Storage Area Networks
File level and block level accesses
Storage protocols
Case studies - ATA, SATA, SCSI, SAS, Fiber channel
Case studies - FC, iSCSI, iSER, SRP
Parallel Computing
¢ Introduction to High Performance Computing
a. Need for HPC
b. Applications of HPC
c. HPC Overview — Conventional Supercomputers, Parallel Computers, Classification (SISD, SIMD, MIMD)
¢ Pipelining, Vector processing, SIMD
Pipeline, Speedup and Efficiency of pipeline
Pipeline stalls, out of order execution
Techniques to improve pipeline efficiency
Superscalar, Superpipelined, VLIW, EPIC architecture
. Vector processors, vector instruction sets, registers
e MIMD Architecture
a. Classification of MIMD machines
b. UMA, NUMA, CC-NUMA, COMA, NORMA
e Interconnection networks and topologies
a. Interconnection Concepts — Bandwidth, Latency, Network Diameter, Bisection Width, Node degree, Static and Dynamic
Networks
b. Various topologies — Ring, Hypercube, Torus, Mesh, CLOS, Fat tree etc.
e Current Parallel Architectures
Parallel Vector processor
Symmetric Multiprocessors
CC-NUMA
Massively Parallel Computers
Clusters of workstations
o  Clusters
a. Classification of clusters
b. Cluster software
c. File systems for clusters
e Software concepts of High Performance Computing
a. Parallelism — Algorithmic, Geometric, Event, Data
b. Granularity — Coarse and Fine grains
c. Speedup, Efficiency, Amdahl’s and Gustaffson’s Laws
e Parallel Programming Models
a. Shared Variable Model
b. Message Passing Model
c. Threads Model
d. Data parallel Model
e Design of parallel algorithms
Data dependencies

oac o

o oo o

o a0 o

Data partitioning
Communication patterns
Synchronization
Load balancing
e Parallel Programming Environments
a. Parallel Languages
b. Parallel Extensions to Sequential Languages
c. Parallel APIs — MPI, OpenMP
e Parallelization of example programs — Dot product, Matrix Multiply, etc. at the pseudo code level
e Message Passing Interface (MPI)
a. Introduction to MPI
b. MPI constructs
c. Example programs in MPI
e Benchmarking
e (Case studies — ANUPAM series of parallel computers

opo o s
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Grid Computing

Introduction to Grid Computing

a. Evolution of Grid Technology comparison with contemporary technologies,

b. Issues of virtualization, events that have lead to grid computing, client-server, peer-peer, operating system perspective,
c. Overview of Grids: Formal definition of Grids - how do they work?

d. How are they different from clusters? Computational Grids, Data Grids, Production Grids worldwide -

Applications of Grid.

Components of Grid

a. Grid Security- concepts of single sign on, How the security requirements are met?
b. Concept of Digital certificate- How RSA works? - Working of Kerberos

c. Concepts of Myproxy services

Grid Resource management

a. Issues in Grid Resource management

b. Abstract model for Grid Resource Management

Grid Scheduling

a. Issues in Grid Scheduling

b. Taxonomy Of Grid Schedulers

c. Resource Discoveryissues

Visualization and interactivity in Grids, High Performance Computing in Grids- Grid enabled MPI - MPI-G2
Grids Services

a. How are they different from Web services?

b. Concepts and their implementation

e Data Management in Grids
o Information services- Building information services in Grids
o Grid Portals, Their Purpose, Issues in Portal design, discussion on portlets
o Grid Workflow
a. Concepts
b. Taxonomy of Grid Workflow
e Semantic Grids
e Virtualization
a. Concept
b. Itsutility in Grid Computing
¢ Grid Enabling Applications
a. Issues
b. Implementations
¢ Discussion about GRID standards
a. OGSA
b. OGSA-DAI
e Comparative study of different Grid Middlewares
a. Lacuna in current Grid Architectures
b. Grid as operating system of operating systems
e (Case study of Middlewares:
a. GT4,
b. Glite
c. DAE Grid
e Future of Grids - Concepts of Cloud Computing
References
1. Advanced Computer Architecture, Kai Hwang
2. Scalable Parallel Computing, Kai Hwang, Zhiwei Xu
3. Introduction to Parallel Computing, Ananth Grama, George Karypis, Vipin Kumar and Anshul Gupta
4. High Performance Computing — Paradigm and Infrastructure, Laurence T.Yang, Minyi Guo
5. Storage Networks Explained, Ulf Troppens, Rainer Erkens, Wolfgang Muller
6. Computer Organization and Architecture: Designing for Performance, William Stallings
7. Grid Computing — Making the Global Infrastructure a Reality, Fran Berman, Geoffery Fox, Anthony J. Hey
8. The Grid2 Blueprint for a new Computing Infrastructure, Ian Foster, Carl Kesselman
9. Grid Computing for developers, Silva
10. Current Journal Articles in the area of Parallel Computing, Computer ~ Architecture and Grid Computing

EN-617

EN 618 Electrical Systems for Nuclear Power Plants (30)

Interaction of Nuclear Power Station With The Grid Number of evacuation lines; Optimum size of NPP in grid; Brief
introduction to Power System Analysis - Short circuit, load-flow and stability studies, Tariff and Capacity factor.

Ehv Switchyard Design Switching schemes; Clearances; Com parison between types of svvitchyards; Brief
introduction to equipments in switchyard and their functions; Lightning arresters and insulation co-ordination;
Lightning protection.
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e Protection Line protection; Generator protection; Transformer protection; Motor protection.

e Selection of Transformers Accessories; Types; Specifications and testing; Voltage regulation calculations.

e Selection of MV & LV Switchgear Types; specifications and testing, MCCS; Distribution boards; Generator circuit
breaker; ELCB.

e  Motors In NPP Types of motors; Radiation withstand requirements; Performance requirements.

o Station Auxiliary Systems of NPP Class 1, 11, Ill and IV systems classifications; Nature of electrical loads and supply
voltages; Effect of voltage variation on Electrical equipments and remedial measures; Emergency transfer system; Load
shedding scheme; Auto transfer schemes; synchronizing schemes.

e C(lass 1 e requirements Cabling, lighting & grounding Specific requirements for safety related electrical equipments &
systems in NPR Cabling, Lighting, Grounding systems in NPP; Bus ducts. Introduction to seismic qualification of
electrical equipments., Electrical system control from Control Room. Introduction to [)G sets, UPS & Batteries.

e Billing and metering scheme for a typical NPP. Introduction to brushiess and static excitation systems for
Generators. Introduction to SCADA systems.

References:
1. Introducing Nuclear Power Plants into Electrical Power Systems of Limited Capacity :. CBProblems and Remedial
Measures. IAEA Report - Technical Reports Series No. 271.

2. Elements of Power System Analysis - W.D. Stevenson

3. Electrical Transmission & Distribution Hand Book - Westinghouse Electrical Co., USA

4. Protective Relays - Application Guide, GEC Measurements.

5. Manual on Layout of Substations - CBIP, New Delhi

6. The J & P - Transformer Book

7. The J & P - Switchgear Book

8. Utilization of Electrical Energy - E. Openshaw Taylor

9. Cabling - Siemens Hand Book

10. Illumination Engineering Society - IES Lighting Hand Book

11. Modern Power Station Practice - Volume D - Electrical System & Equipment, British Electrical International.
12. Standard Hand Book for Electrical Engineers - Donald G. Fink and H. Wayne Beaty

13. IEEE-80 - IEEE Guide for Safety in AC Substation Grounding

14. IEEE-308 - Criteria for class 1E Equipments for Nuclear Power Generating Stations

15. IEEE-323 - Qualifying class 1E Equipments for Nuclear Power Generating Stations

16. Indian Nuclear Power Programme with PHWR - Published by Directorate of E & P A, NPCIL, Bombay

17. 1S-3716 - Application Guide for Insulation Coordination

18. IS-2309 - Code of Practice for the Protection of Buildings and Allied Structures Against Lightning

19. Handbook of Batteries and Fuel Cells - McGraw Hill Book Company

EN 619: Embedded & Computer Based System Design (45)
Module I [22]
Part A - Microprocessor based Design [10]
e 8086 Microprocessor: Hardware architecture, memory and I/O interfacing and handling of interrupts;
e Introduction to Microcontrollers and comparison with Microprocessors
e Introduction to DSP Processors
Part B|[12]
e ARM processor: architecture details and introduction to programming
e Board level buses: 12C and SPI
e Introduction to USB

Module IT [23]
Part A — Computer based hardware design [ 8]
Overview of PC Architecture, Industrial PC and Embedded PC, SBC architecture
Industry standard bus systems: ISA, PCI, VME: Mechanical, electrical, functional and procedural specifications
Multi processing, bus arbitration and Plug and Play
System design considerations: thermal, EMC and signal integrity analysis; Design accommodations for testability,
reliability and maintainability.

e Design Case Study:

¢ 1/O Board design, bus interface (ISA, PCI) FIFO and shared memory interfaces.
Part B - Computer Communication and Networks [7]
Overview of asynchronous and synchronous communication standards
Encoding (NRZ, Manchester),
Ethernet, Industrial networks, Field Bus, CAN bus
Networking hardware: Cables, Hubs, switch and routers.
Part C - Software development for embedded and PC based systems (8)

¢ Basic RTOS concepts

e C programming for ARM based applications

e Programming for PC based systems:

o Interface between applications & device drivers
o Windows: Programming of /O, ISR, DMA

References:
1. Computer Networks. By: A.Tanenbaum
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Principles of Communication. By: Taub and Schilling.

Microprocessors and Interfacing. By: D.V.Hall

CAN Application Note: Robert Bosch GmBH

Microcomputer System 8086/8088 family- Architecture, Programming and Design.

Yi -Cheng Liu & Glenn.A.Gibson.

6.

7.
8.

9.

The Intel Microprocessors 8086/8088, 80186/80188, 80286, 80386, 80486 and Pentium series: Architecture, Programming
and Interfacing. By: Barry.B.Brey.

The Scientist and Engineer's guide to DSP. By: Steven.W.Smith

High speed digital design: A handbook of black magic. By: Howard Johnson & Martin Graham

Interference control in computer and microprocessor based equipment. By: Michel Mardiguian

10.Interfacing to the IBM Personal Computer. By: Lewis C. Eggebrecht

11.PCI bus system architecture — Mindshare publication

12. VME bus standard document

13.USB complete. By: Jan Axelson

14. ARM System Developer’s Guide. By: Andrew Sloss, Dominic Symes, Chris Wright
15.Designing Embedded Hardware. By: John Catsoulis

EN 620: Extractive Metallurgy (40)
Principles of Metallurgical Thermodynamics (15)

Thermodynamic Functions: Enthalpy, Entropy, Free Energy, Chemical Equilibria

Graphical Representation of Thermodynamic Information, Ellingham Diagrams, Predominance Area Diagrams, Phase
Diagrams

Solution Thermodynamics, Integral and Partial Molar Thermodynamic Properties

Experimental Methods- Methods for Determining Thermodynamic Properties, Presentation of Thermodynamic Data,
Examples of Calculations.

Computation of predominance area diagram and Phase diagrams

Kinetics(5)

Principles of Chemical Kinetics, Homogeneous Reactions, Effect of Concentration, Effect of Temperature
Theory of Reaction Rates, Heterogeneous Reactions, Reaction Models, Mass Transport Phenomena, Heat Transport
Phenomena.

Process Metallurgy (25)

Methods of attaining High Temperatures,Measurement of Temperature,

Vacuum Metallurgy Principles and Equipments,

Process Metallurgy of Rare and Refractory Metals,

Resources of Special Metals, Beneficiation Methods, Physical, Chemical, Separation Methods, Halide Metallurgy, Vacuum
Metallurgy, Electro Metallurgy, Reduction Processes, Refining Processes, Ultrapurification Processes,

Preparative aspects of Special Materials and Alloys,

Advanced Materials Processing Techniques,
Reprocessing of irradiated nuclear fuels, Process Metallurgy of - Uranium, Thorium, Plutonium, Beryllium,
Zirconium, Hafnium, Niobium, Tantalum, Rare Earths.

EN 621 Finite Element Techniques (35)

Introduction to FEM: Weighted residual method, Galerkin’s methods, Weak form formulation, Piecewise
approximations. Basis of Finite Element Method, Variationalprinciples, energy principles in structural mechanics,
Element libraries 5

Element shape functions: Generalized co-ordinates, General requirements for shape functions, Lagrangean,
Hermitian interpolation functions, CO and C1 continuity, Natural coordinate system; derivation of shape functions for 1-D
elements. 15

Bar element: Derivation of elemental stiffness matrix and load vector; transformation from element to global
coordinate system; assembly of global stiffness matrix and load vector; solution of typical 2D-plane truss problems to
evaluate displacements and member forces/stress; thermal stress evaluation in Bars/Truss

Beam element: Derivation of elemental stiffness matrix and load vector; solution of simple beam problems to evaluate
deflections/rotations; BM/SF distribution and determination of stresses shear deformation in beams.

2D plane elements — 3 noded triangular element: Derivation of elemental stiffness matrix and load vector, Plane stress/
Plane strain & Axi-symmetric elements; Evaluation of strain/stress.

2D isoparametric formulation — 4 and 8 noded quadrilateral elements, mapping of parent element to global space,
Jacobian matrix; necessary and sufficient conditions for existence of inverse of Jacobian; Derivation of elemental
stiffness matrix and load vector for plane and axisymmetric elements; evaluation of strain/stress at Gauss points,
numerical integration, Newton-Cotes and Gauss quadrature.

Incompatible displacement model: Bending deficiency in the linear strain quadrilateral element; Incompatible
quadrilateral elements.

Introduction and Application to 3D elements: Strain-displacement and stress-strain relationship; Tetrahedron
elements; Triangular and prism elements and hexahedron elements.

Plate bending elements: Thin and Thick plate theory; elements based on Kirchoff’s theory, Elements based on Mindlin
theory; Shear locking and reduced integration
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Shell element: Strain-displacement relation; Flat shell element; 4 and 8 noded degenerated thick shell elements, basic
assumptions, degree of freedom, shape functions and shear locking.

Introduction to Nonlinear problems: Sources of nonlinearity, Material non-linearity, Geometric non-linearity, Newton-
Raphson method

Finite element applications for design:Finite element modelling and discretization criterion, h & p refinement, sources
of potential error in the finite element solution of design problems, order of convergence, patch test, adaptive meshing,
error analysis, stress categorization as per ASME.

References:

1.
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Bathe K.J., Finite element procedures in engineering Analysis, Prentice Hall of India, 1990

Cook R.D., D.S. Malkus and M.E. Plesha, Concepts and Applications of finite element analysis, John Wiley, 2000.
Reddy J.N., An Introductions to Finite Element Method, 4th Edition, McGraw Hill, 1993.

Seshu P., Finite Element Method, Prentice Hall of India, New Delhi, Fourth printing, 2006.

Zeinkiewicz, O.C., and K. Morgan, Finite elements and approximation, John Wiley, 1983.

Zeinkiewicz, O.C., and R.L. Taylor, The Finite Element Method, Vol. 1 & 2, Tata McGraw Hill.

M. Asghar Bhatti, Advanced Topics in Finite Element analysis of Structures, John Wiley, 2006.

EN 622: Fracture Mechanics (40)

Linear Elastic Fracture Mechanics (5)

History and need of fracture mechanics

Griffith’s energy balance theory

Stress analysis of cracks and concept of ‘Stress Intensity Factor’ (K)
Relationship between K and global energy release rate (G)

Various modes of fracture

Superposition of K

Plastic zone correction - Irwin’s approach

Basic design principles in LEFM

Plane stress vs. plane strain - Variation of toughness (Klc and Kc)

Elastic-plastic Fracture Mechanics (5)

J-integral as energy release rate

J-integral as amplitude of HRR singularity

J-integral as contour integral

Laboratory measurement of J-integral - | factor approach

Fracture resistance of materials — J-R curve and JIc and possible explanation for shape of J-R curve
Stable and unstable crack growth — Tearing Modulus approach

J-controlled fracture

Basic design principles in EPFM

J-estimation schemes

Laboratory measurements of material fracture properties (2)

Common specimens — CT, SE(B) or TPB specimens

Fatigue pre-cracking

Chevron notch, Side-grooving

Instrumentations

Klc testing as per ASTM standard

J-R curve determination as per ASTM standard

Determination of JIc from J-R curve — blunting line equation and SZW

Limit load (2)

Definitions of limit load
Global and local limit load
Basic expressions of limit load of some common geometries

R6 method (2)

Basic principles of R6 method
Sensitivity analysis

Fatigue (7)

Conventional high and low cycle fatigue — S-N diagram, Coffin-mansion relation

Fatigue crack growth under constant and variable amplitude loading

Rainflow algorithm

Environmental effects on fatigue crack growth

Fracture Mechanics approach to fatigue — Paris Power law

Crack closure effect and modification of Paris law

Experimental determination of Paris law constants as per ASTM procedure Fracture assessments of welds (2)
Basic aspects of fracture assessment of welds — residual stress effect

Special considerations in fracture toughness determination of welds

PTS and ASME reference/Master curve (6)

Relevance of PTS event in nuclear reactors (PWR)
Safety assessment procedure during PTS
Warm pre-stress effect
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e Reference ASME curve in assessment of PTS
e  Master curve concept
e Determination of Master Curve as per ASTM 1921
Computational Fracture Mechanics(4)
e Barsoum’s crack tip element and showing the singularity from shape function
e Evaluation of SIF by displacement correlation technique from FEM
e Evaluation of 2-D J-integral by contour integral technique
e Evaluation of 3-D J-integral by domain integral technique
Fracture Mechanism (4)
e Basic mechanism of ductile fracture — Void nucleation, void growth and coalescence
e Cleavage fracture- Mechanism of cleavage initiation
e Mathematical model of cleavage fracture toughness, explanation for scatter in cleavage fracture toughness, RKR model
Application of Fracture Mechanics Principles to Leak-Before-Break (1)
e History of LBB
e Basic concepts of LBB — three levels
e Application to Indian reactors

EN 623: Mechanical Metallurgy (30)
Elasticity and Plasticity
o Concept of stress at a point, stress tensor, state of stress and strain in an elastic continuum.
¢ Equations of equilibrium.
e Principal stress, hydrostatic & deviatoric stress. Elastic stress-strain relations, compatibility equations. Yield criteria
Dislocations:
o FElastic stress field of edge and screw dislocation.
o Selfenergy of dislocations.
e Forces on dislocations (Peach-Koehler equation), dislocation Interactions/reactions, Slip systems in FCC, BCC and
HCP
Deformation Behaviour

e Single crystal deformation, critical resolved shear stress, Schmidt’s factor, Thermally activated deformation,
Strengthening mechanisms.
Creep of Metals and alloys
e Various stages of creep and creep laws
o Types of creep tests, evaluation of parameters of a creep test and its use
e Factors influencing creep resistance
e Deformation mechanism map and identification of creep mechanisms, Irradiation creep
Fracture Mechanics
e  Concepts of ductile and brittle failure: Griffith’s criterion of brittle failure
e Concepts of compliance, triaxiality of stress, Linear Elastic fracture mechanics, Elastic-plastic fracture mechanics
e Concepts of R-curves, Evaluation of various fracture parameters, fracture control
Fatigue of Metals:
e High cycle and low cycle fatigue
o Factors contributing to fatigue failure and its mitigation
e Various stages of fatigue damage and Fatigue life improvement
e Fracture mechanics approach to characterize crack growth behavior
References:
1. Engineering Fracture Mechanics - S. A. Meguid.
. Mechanical Metallurgy - G. E. Dieter
. Mechanical Behaviour of Materials - T. H. Courtney
. Elementary Dislocation Theory - J. Weertman & J. R. Weertman
. Introduction to Dislocations - D. Hull
. Mechanical Metallurgy : Principles and Applications - M. A. Meyers & K. K. Chawla
. Deformation and Fracture Mechanics of Engineering Materials - R. W. Hertzberg

EN 624: Mechanics of Solids (40)

Introduction to Theory of Elasticity Mathematical Frame Work (2)

o [llustration of concepts of elasticity, Stress-strain curve, Isotropy, Homogeneity

e [llustration of equilibrium equation, Cauchy equation and stress strain relation in 1-D

e Solution of 1-D boundary value problems using theory of elasticity equations: (a) Natural frequency
determination. (b) Solution under external excitation force to show resonance condition, stress wave etc.

e Tensors algebra : Definitions Scalar, Vector, Matrix, Tensor; Index Notations, Kronecker Delta, Permutation symbol
; Coordinate System Transformation, Tensor Algebra, Tensor Calculus.

Analysis of Stress (3)

e Description / Notations of Forces

e Description / Notations of Stress

o  Component of stress

e Reciprocity of shear stress in 3D

~N N D AW
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Stresses Transformation using direction cosines
Stress Traction Vectors or Traction Vectors
Stress component on an arbitrary plane
Principal stresses

Stress Invariants

Mohr’s Diagram for 3D state of stress
Hydrostatic and Deviator components of stress
Principle planes and their orthogonally
Octahedral plane, Octahedral stresses

State of pure shear

Analysis of Strain (2)

Description / Notation of Strain in 3D
Components of strain

Strain Transformation using direction cosines
Principle Strains, Strain Invariants

Cubical Dilation

Strain Deviator Tensor

Maximum and Octahedral Shear Strains

Principles and Fundamental Equations of Elasticity (8)

Two

I~

Strain and displacement relations (Cauchy’s equations)
Compatibility equations (Saint-Venant’s Equations)
Generalized Hook’s Law

Anisotropy and Isotropy of elastic behaviour

Stress and strain relationship

Equations of equilibrium (Navier’s Equations , Lame’s equations)
Strain Energy

Uniqueness theorem

Bounds on elastic constants

Superposition Principles

Saint-Venant’s Principle

General Solution Procedures for a elasticity problem

nd Three Dimensional Formulation (8)

Elasticity equation for Plane strain

Elasticity equation for Plane stress

Biharmonic equations

Airy’s Stress Functions

Solution for beam bending problems

a) Special cases by use of polynomials

b) General solutions using fourier series method

Solution in polar co-ordinates

a) Tube subjected to internal and external pressure (Lame’s problem) ; shrink fit
b) Stress Concentration due to a circular hole in stressed plate (Kirsch’s problem)

Stress in spherical shell under internal and external pressure

Thermal Stresses (4)

Thermal stress definition and their significance

Thermoelastic stress-strain equations (Duhamel-Neumann’s equation)
2D thermal stress analysis

a) The problem of circular disk

b) The problem of circular cylinder

3D thermal stress analysis : The problem of sphere

Transient thermal stress

Introduction to Plasticity (4)

Stress-strain curve, Examples of Multiracial stress

Different Yielding Criteria and their significance

Yield Surface , Tresca and von-Mises

Path dependence of Plastic Strains

Isotropic and Kinematic Hardening (subsequent yield surfaces, loading, unloading)
Prandtl-Reuss Equations

Incremental or flow theory

Deformation theory of plasticity, Hencky equations

Plasticity Relations (plastic strain and total strain)

Theory of Plates

Introduction, Small deflections of laterally loaded thin plates, governing differential equations for rectangular and circular

plates

Boundary conditions, Navier type and Levy type solutions, applications to rectangular plates, axisymmetric circular

plates. Shear deformation theories.
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e Introduction to analysis of Thick Plates
Theory of Shells
e Introduction to shell theory.
e C(Classification of shells, Membrane theory of shells of revolution and translation.

e Application to spherical, conical and cylindrical shells.

e Bending analysis of cylindrical shells and symmetrically loaded shells of revolution.
e  Application to cylindrical shells, spherical and conical shells.
References
Advanced Mechanics of Solids, L. S. Shrinath, Tata McGraw-Hill Publishing Company Limited
Elasticity — Theory, Application and Numerics, Martin H. Sadd, Academic Press, Elsevier Publisher
Theory of Elasticity, S.P. Timoshenko and J. N. Goodier, McGraw-Hill Publisher
Advanced Strength of Material, Enrico Volterra & J. H. Gaines, Prentice Hall Publisher
Theory of Thermal Stresses by Bruno A. Boley & Jerome H. Weiner, Dover Piblications, Inc.
Plasticity Theory and Application, Alexander Mendalson, The Macmillan Company
. Theory of plates and shells- S.P Timoshenko and S W Krieger McGraw-Hill Publishing Company Limited.
Theory of Plates- K .Chandrasekhara, University Press
Stresses in shell- W.Flugge
10. Structural analysis of Shells- E. H. Baker
11. Thin Elastic shells- H. Krauss, Wiley International
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EN 625 Modern Control Systems Design and Simulation (35)

Introduction, Examples of Dynamic Systems, Elementary definitions, Analyti- cal methods of modeling.

e State Space Characterization State SPaCe representation, solution of state equation, state Transition matrix, properties
of STM, computation methods, Companion form, Diagonal and Jordan form representation of linear models

e Controllability and Observability State transfer and Kaiman Controllability criterion, Algebraic controllability and
Observability criteria, Gilbert's criterion, Eigenvalue controllability, Duality, Control- lability and observability of Discrete
data systems.

e  Stability liapunov,s stability criterion, Application to linear models, Extension to non-linear models.

e Control System Design Guillemin-Truxal design Procedure, pole placement by state feedback. H,” meth- od,
Ackermann's formula, Bass and Gura formula, optimal control formulation, LQR theory, Matrix Riccati equation.

e Linear Observers Luenberger observers, Kaiman filter as OPtimum observer.

e  Other Modeling Approaches Energy approach of modeling, Empirical modeling - impulse and frequency re- sponse
methods, Recurise Least square Identification technique.

e Introduction to Adaptive and Robust control.

References:
(Reference materials will be provided during the course)

EN 626 Design Basis Hazards and Geotechnical Engineering (40)
Design Basis Hazards (Natural)

Role of civil engineering in achieving overall nuclear safety: Considerations made in siting of nuclear facilities, plant and
building layout, safety functions, and functional roles of buildings/ structures vis-a-vis safety requirements.

Introduction to hazard evaluation:
Hazard due to internal and external events, case studies.

Seismic Hazard
Source models, recurrence relations, frequency dependent attenuation relations for inter plate and intraplate regions,
Deterministic Seismic hazard, data continuity checks, uniform hazard spectrum

Flood hazard
» Inland site: Collection of meteorological data and extreme Value Analysis for Precipitation and floods, Design basis

floods including dam break, flood routing and protection
* Cyclone induced flooding for coastal sites: Storm Surge (pressure and wind induced), wave set-up and wave run-up
* Tsunami: Causes of Tsunami, Tsunami hazards, Tsunami characteristics (velocity, wave period, wave run up and
inundation), and tsunami induced flooding

Wind hazard
Wind rose diagram, Basic wind speed, Hourly mean wind, evaluation of design wind speed (wind speed map of
India,Risk factor, height and structural size factor, Topography factor, cyclonic factor etc.),

Solar radiation
Temperature map(Summer and Winter) of India, direct solar radiation, diffused radiation, radiation from ground surface,
Total solar radiation, estimation of surface temperature, minimization of solar radiation effect. Assessment of surface
temperature using ASHARE handbook, design of insulation for building roofs/walls (exposed surfaces)

Snow hazard
Design snow load, shape coefficients for various types of roof, ice load on wires, effects and Mitigation Ground
subsidence, Landslide and mudslides

Design Basis Hazards (Human-Induced)
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Aircraft/missile impact (determination of load-time function, evaluation against impact, fire and vibratory loads),

Explosions/Blast (Identification of sources, characterization and impact assessment), Toxic gas release (Identification

of sources, characterization and impact assessment)

Geotechnical Engineering
Soil Mechanics

* Soils and their classification based on USCS, IS 1498, AASHTO systems, Grain size distribution, Plastic limits

etc.

»  Compaction of soils — Laboratory and Field compaction, Selection of compaction equipment on soil characterization,

Dynamic compaction, Ground improvement techniques -Vibroflotation, Stone columns etc.

» Tests on soil and rock — Laboratory tests — UCS, Tensile test, Petrography, E value, Permeability; Field tests —
Permeability (Packer tests), Vane shear test, Static penetration test, Cone Penetration tests, Pressure meter tests,

pile load tests etc.
*  Bearing capacity — Determination of bearing capacity for soils and Rock.
Geotechnical and Geophysical investigations:

* Geotechnical investigations: Different Stages of investigations, Scheme of investigations, Soil sampling (Disturbed
and Undisturbed), Rock sampling, Core Recovery (CR), Rock Quality Designation (RQD), Rock mass Rating

(RMR). Direct and In-direct explorations, Trial pits, Borings etc.

*  Geophysical investigations : Seismic waves — Compression, Shear, Rayleigh and Love waves, Seismic refraction
survey, Cross-hole, Up-hole and Down-hole seismic surveys, Electrical resistivity, Acoustic logging, Advantages and

Disadvantages
Soil Dynamics and Liquefaction

Deformation & strength characteristics of soil under dynamic loading; soil Damping — material & Radiation

damping; liquefaction studies, evaluation of liquefaction potential of site.
References:

1. Kramer . S (2007) "Geotechnical and earthquake engineering".

2. USNRC-RG-1.132 - Site investigation of Nuclear Power Plants

3. IS 875(Part 3) (1987) ““ Code of practice for design loads (other than earthquake) for buildings and structures:
Wind load

IS 875(Part 4) (1987) “ Code of practice for design loads (other than earthquake) for buildings and structures.:
Snow load

Hydrology and Water Resources Engineering (2005) by S. K. Garg, Khanna Publishers.

Engineering Hydrology (1994) by K. Subramanya, Tata McGraw-Hill Publication.

ASHARE Handbook (2005) — Fundamentals. Solar Heat Gain and Visible Transmittance”

Bowles J.(2007) " Foundation analysis and Design"

GopalRanjan, ASR Rao — “Basic and applied soil mechanics”.

10. Milutin Srbulov (2014) "Geotechnical Earthquake Engineering: Simplified Analyses with Case Studies and

b
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examples (Geotechnical, Geological and Earthquake Engineering)".
11. All relevant IS codes.
12. Design Basis flood for NPPs on Inland and Coastal sites (AERB/SG/ 6A and 6B)
13. Manual on Rock mechanics, Central Board of irrigation and Power
14. AERB/SC/S rev.1, Site evaluation of Nuclear Facilities’
15. AERB/SG/S-7, Human induced events and establishment of design basis
16. AERB/NPP/SG/CSE-2, (2008), Geotechnical Aspects and Safety of Foundation for Buildings and Structures
Important to Safety of Nuclear Power Plants
17. AERB/NF/SG/S-3, (2008), Extreme Values of Meteorological Parameters

EN 627: Networking and Information Security (40)
Networking
General Issues in the transport of data traffic over networks of digital transmission media.
e V.24,V.35 Modems, xDSL, Multiplexing
Circuit switching & Packet switching
e ISDN (BRI), PRL
Datalink Layer
e Data link layer protocols, Medium access method, Flow control, Error Control
o Ethernet technologies, Bridge, Switching, Analysis of collision domain, Layer 2-based network attacks
Introduction to Satellite communication
o Satellite orbits, VSATs, VSAT network Topologies
Network Layer
e [P, IP Fragmentation, ARP, DHCP, Classes of IP address, CIDR, Layer 3 based network attacks, ICMP
e [P Routing algorithms, RIP, OSPF, BGP.
Transport Layer
e TCP & UDP, TCP Call establishment & Call termination, Sockets, TCP state machine, TCP timers
e  RTP, Layer 4 based network attacks
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Firewall
e Layer 3 firewall, Layer 4 firewall, Application based firewall
Network Applications
o FTP, DNS, Mail, application based attacks
Network Security
o Data security, type of possible attacks on data etc?
e Ecurity services for secure data communication?
o Like Identification, Authentication, Authorization, Data Integrity, Confidentiality, Non-repudiation, Replay, Availability
etc.
e Cryptography and its services Cryptology, cryptanalysis.
e Components of cryptology like algorithms, Keys, Message Digest, Digital signature, Digital Certificates etc. with block
diagram.
Types of Algorithms
e Symmetric and Asymmetric.
Symmetric Algorithm
e stream cipher algorithms
e Type of stream ciphers, Unconditional security with stream ciphers, one time pad, LFSRs, Linear complexity in LFSRs,
Shanon’s concept of perfect secrecy
e Type of possible attacks, Conversion of block ciphers onto stream ciphers etc.
Asymmetric Algorithms
e Diffie-Hellman, RSA with detail mathematics and applications.

¢ Key management methods for symmetric and asymmetric keys.
e PKI infrastructure, Digital certificates, digital signatures for asymmetric key managements. CRL (certification
revocation list)
e Symmetric key certificates. Difference between symmetric and asymmetric key certificates etc.
References:
1. Mastering network Security (Author: Chris Brenton)
TCP/IP Guide (Author: Charles M Kozierok)
Computer Network (Author: Andrew S Tanenbaum)
Cryptography and Network Security: Principles and Practice By William Stallings
Planning for PKI By Russ Housley, Tim Polk

EN 628: Nuclear Chemical Engineering (35)

Intoduction

Role of chemical engineering in the nuclear industry

Recovery & processing of nuclear materials from ores / intermediates (5)

e Uranium ore processing: Ores and their classification, options available and production of Uranium concentrates from

Indian ores. Recovery of Uranium from non-conventional sources , New developments, uranium refining.

e  Thorium: Occurrence, importance and production of Thorium from Monazite by solvent extraction process involving

separation of Thorium, Uranium and Rare Earths.

e  Zirconium: Occurrence, importance and production of Zirconium from Zircon. Zirconium and Hafnium separation and

production of nuclear grade zirconium.

e Rare Earths : Occurrence, importance and separation.

Uranium Conversion / reconversion (6)

e Conversion of nuclear grade uranium to UO2, production of UF4 and reactor grade U metal / UC from concentrates,

process and equipment choices; flow sheets of refining plants. Metallothermic reduction, process choices, applications.

e Electrochemical technology for production of Fluorine, UF6: choice and problems, Fluorination of UF4,

Purification and collection process for UF6, Conversion to UO2.

Isotope Separation (9)

o Isotope Separation : SWU and value concepts; Cascade theory; Process for separation of Uranium; Gas centrifuge,

Diffusion; Optimisation of separation cascades.

e Processes for heavy water production and their comparative evaluation, Pre-enrichment process; Chemical- exchange:
H2S-H20, NH3-H2, monothermal and bithermal process, salient features of equipment like contacting towers, tower
internals. Heavy water plants in India. Final enrichment and upgradation plants. Distillation and electrolysis, Tritium
removal.

Laser based separation and new processes (2)

A brief description of laser based isotopic separation processes.

Fuel Reprocessing (6)

Fuel Reprocessing: Introduction to Radiochemistry, Differences between a conventional chemical plant and radio

chemical plant- Process and equipment limitations, criticality, safety and other hazards, numerical examples,

ventilation, shielding, Typical compositions and burn-up of irradiated nuclear fuels.

e Thermal Reactor Fuel Reprocessing: Spent fuel storage planning at reactor sites, cooling before reprocessing;
decontamination, product specification and recovery requirements. Evolution of solvent extraction process fore
reprocessing, 'PUREX' and ‘THOREX’ processes in detail; Head-end process, flow sheet, co-decontamination and
partitioning cycles.

e Fast Reactor Fuel Reprocessing and Introduction to reprocessing of Thorium based fuels.

ANl
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Nuclear Waste Management (7)

Sources, characteristics and classification of radioactive wastes; general philosophies of management.

Method of treatment for low, intermediate and high level- solid, liquid and gaseous wastes with examples.

Discussion of the various chemical engineering operations involved. Use of desalination and membrane separation
techniques in waste management.

Conditioning of radioactive waste- cementation, bituminisation, use of polymers and vitrification methods.

Storage for primary and secondary solid wastes, ultimate disposal; options in the Indian context.

Chemical Engineering in Decommissioning of nuclear facilities.

References:

L.
2.
3.

Benedict and Pigford 'Nuclear Chemical Engineering' McGraw Hill. 2nd ed.
Uranium Extraction Technology, Tech. Rep. Series,JAEA,Vienna 1993
Laser Isotope Separation, Ed. J.A Paisner, SPIE vol.1895 (1993)

EN 629: Nuclear Materials (50)
Melting & Casting (10)

Introduction to vacuum measurement units and types of vacuum pumpsincluding diffusion pump & turbo- molecular
pump. Vacuum melting & casting processes, including general descriptions of vac. ind. melting, vac arc melting, electron
beam melting, plasma arc melting & inductoslag refining with process parameters and comparative studies.

Relevant curves for variation of vacuum, temperature, fluidity etc. during vacuum melting with their effects on
purification, homogeneity, grain-size control. Magnetic stirring in vacuum arc melting, effect of vibration during
solidification on grain sizes. Sacrificial deoxidation under EB melting. Control of defects in castings. Discussion of
vacuum melting process of uranium, zirconium alloys and Ti-alloys with relevant flowsheets.

Solidification process, calculation of rate of solidification, parameters affecting solidification process with special
reference to formation of defects during solidification under vacuum, and methods to overcome such problems.
Introduction to continuous casting processes and other special casting processes and their relative merits

Mechanical working of Metals (10)

Microstructural Evolution during cold and hot working of Metals, Equilibrium equations, Levy-Von Mises plasticity
equations, Methods of solving problems in mechanical working. Evaluation of workability Deformation mechanism maps.
Dynamic recovery and recrystallisation, miscellaneous fabrication processes with special reference to fabrication of
metallic fuel elements and production of thin walled fuel clads with texture and microstructure control.

Powder Metallurgy & Advanced Ceramics (30)

Introduction: Particulate materials — Metallic and ceramic powders, Difference between advanced ceramics and
traditional ceramics. Different types of advanced ceramics and applications

Phase equilibria and phase diagram: Reaction Kinetics and example of important ceramic systems.

Structure: Crystal structure, defects in ceramics, Defect chemistry

Principles of main powder production methods, Techniques of fabrication of metal powders, ball-milling and high energy
milling

Solid state and wet chemical route of powder preparation of nuclear fuel materials — oxides, mixed oxides, carbides,
intermetallics

Powder processing, Blending, granulation and process aids, Agglomeration and deflocculation, role of surfactants and
binders in processing of powders

Characterization of powders: Particle size and size distribution, particle shape, surface area, porosity, pore size
distribution, pycnometry, zeta potential measurement

Sintering: Solid state, liquid phase and sintering in presence of viscous liquid. Sintering of both oxides and non- oxide
materials including nuclear fuel and control rod materials etc. Sintering under pressure. Spark plasma sintering,
Microwave sintering

Shape fabrication: Pressing (cold and hot pressing), iso-pressing (cold and hot); slip and tape casting, powder extrusion,
gel casting, powder injection molding, colloidal processing and spray techniques and different new techniques.
Properties: Mechanical — Effect of defects, Toughening, Super plasticity etc. Electrical — Dielectric, Superionic
conductivity and HTSC. Magnetic — Ferrimagnetism. Optical; Thermal. Role of powder metallurgy techniques in
imparting specific properties

e (ase studies and applications of powder metallurgy with emphasis on applications relevant to DAE
References:

1. Nuclear Reactor Fuel Elements Metallurgy and Fabrication - A. R. Raufmann

2. Reactor handbook - Vol. I Materials - C. R. Tipton

3. Nuclear Fuel Elements - Brian R. T. Frost

4. Zirconium in Nuclear Industry - ASTM Special Technical Publications 939

5. The Metallurgy of Zirconium - D. L. Douglass

6. Laser & Electron Beam Processing of Materials Edited by C. W. White & P. S. Peercy

7. Corrosion and Wear Handbook for Watercooled Reactors - Edited by D. J. Depaul

8. Metals Handbook - Vol 7 Powder Metallurgy, American Society for Metals

9. Powder Metallurgy Principles and Application MPTF - F. V. Lenel

10. “Introduction to Ceramics” by Kingery et al.

11. “Ceramics Through Chemistry” by Brinker et al.

12. “Electroceramics” by Buchanan

13. “Ceramics Fabrication Processes” by Wang.

14. Powder Metallurgy: Science, Technology and Materilas, A. Upadhyaya and G.S. Upadhyay, Universities Press

15. Ceramic Processing and Sintering, M.N. Rahman
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Sintering Theory and Practice, R.M. German
Tape casting: Theory and Practice, Richard E. Mistler, Eric R. Twiname.
’Ceramics Fabrication Processes” by Wang.

EN 630 Nuclear Metallurgy (30)

Nuclear Fuels Fabrication and Characterisation Introduction: Research reactor and power reactor fuel types- plates,
pins, kernels etc. Indian scenario, fissile and fertile isotopes, fuel cycles and reactivity, fuels of different types- metallic,
alloy and dispersion fuels for research reactors, ceramic (oxide, carbide and nitride) fuels for thermal power reactor
and fast reactors.

Fabrication of fuel: Fabrication of oxide, mixed-oxide and mixed-carbide fuel for power reactors. Fabrication,
characterization and property evaluation of advanced fuel type such as AHWR fuel and particle fuel. Processes
encountered in fabrication, fuel property evaluation- thermal and physical properties.

Handling of Pu: Health physics, radioactivity and safety aspects. Equipment and laboratory facility for Pu fuel
fabrication.

Irradiation Behaviour and Post- Irradiation Examination of Fuels and Structural Materials Introduction: Design aspects
of fuel elements/ bundles and in-core components in power reactor operating environment and criteria for material
selection for reactor components.

Irradition effects in nuclear fuels: Irradiation behaviour of metallic uranium - irradiation growth, thermal cycling, swelling,
adjusted uranium, blistering in uranium rods. Irradiation effects in ceramic oxide and mixed oxide fuels,definition and
units of fuel burnup, main causes of fuel element failure in power reactors and remedies to avoid failures. Modelling of
fuel element behaviour. Behaviour of fuel under off normal and accident condition, criteria for fuel failure during LOCA:
oxidation, deformation, stored energy.

Irradiation effects in structural materials: Irradiation hardening and embrittlement, corrosion and hydriding of Zr alloys
under irradiation, enhancement factor, blister fomation in cladding and pressure tube, Delayed hydride cracking,
irradiation- creep and growth in Zr alloy components, life assessment of pressure tubes in PHWR, Irradiation effect
in stainless steel cladding: Sodium corrosion, helium embrittlement, void swelling etc.

PIE Techniques for fuel and component Hot cell facility for irradiated material examination, purpose of PIE, NDT and DT
techniques for fuel examination, informations obtained on irradiated fuel, pool side inspection of fuel, PIE of pressure tubes
and other fuel channel components, Failure analysis of reactor components.

References:

1.

ANl

“Materials in Nuclear Applications” — C.K. Gupta

“Nuclear Reactor Materials and Applications” — Bengamin M. Ma

“Nuclear Reactor Fuel Elements, Metallurgy and Fabrication” — A.R. Kaufman
“Nuclear Fuel Elements” — Brain R.T. Frost

“Fundamental Aspects of Nuclear Reactor Fuel Elements” — D.R. Olander

EN 631 Physical Metallurgy (40)

Crystallography and Crystal Defects: Crystal Structure, Lattices, Point groups and Space groups Reciprocal lattice and
Structure factor Stereographic projection, X-ray, Electron and Neutron diffraction Common Crystal structures and quasi
crystals, Crystal Defects, Point defects and Point defect clusters, Generation and annihilation during irradiation,
Dislocations, Stacking faults in Ordered and Disordered structures and Antiphase boundaries, Interfaces and Grain
Boundaries

Thermodynamics and Phase Equilibria, Fundamentals of Thermodynamics, One component system: Polymorphism and
Effect of Pressure, Two component System:- Free energy of dilute, ideal and real solutions -Quasi-chemical calculation
of miscibility gap,-Spinodal decomposition and Order disorder reactions -Free energy-composition plot, phase equilibria
and phase diagrams, Reaction kinetics

Diffusion and Related phenomena: Mechanisms of Diffusion, Interstitial diffusion, Substitutional diffusion, Diffusion
equations and solutions. Steady and non-steady diffusion.

Phase Transformations: Classification of phase Transformations, Kinetics and Crystallography, Nucleation, growth and
coarsening, Solidification, Diffusionless phase transformations: Precipitation, Spindal, Ordering and Massive
transformations, Diffusion less transformations: Martensitic transformation and Omega transformation, Hybrid
Transformation: Bainitic transformation. Ordered omega and Hydride formation.

Recovery, Recrystalization and Grain Growth

References:
1. Physical Metallurgy Principles - R. E. Reed-Hill
2. Modern Physical Metallurgy - R. E. Smallman
3. Introduction to Metallurgy - A. H. Cottrell
4. Physical Metallurgy - P. Haasen
5. Introduction to Physical Metallurgy - S. H. Avner
6. Structure of Metals - C. S. Barrett & T. B. Massalski
7. Crystallography and Crystal Defects - A. Kelley and G. W. Groves
8. Principles of Phase Diagrams in Materials Systems - P. Gordon
9. Thermodynamics of Alloys - C. Wagner
10. Introduction to Metallurgical Thermodynamics D. R. Gaskel
11. Physical Chemistry of Metals - L. W. Darken and R. W. Gurry
12. Metallurgical Thermochemistry- O.Kubuschewski
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The Principles of Chemical Equilibrium with Applications in Chemistry and Chemical Engineering - K. Denbigh
Modern Chemical Kinetics - H. Eyring

Kinetics of Phase Transformations in Metals - J. Burke

Transformation in Metals - P. G. Shewmon

Phase Transformations in Metals and Alloys - D. A. Porter and K. E. Easterling
Diffusion in Solids - P. G. Shewmon

Modern Metallography - R.E. Smallman and K.H.G. Ashbee

Electron Optical Applications in Materials Science - L. E. Murr

Electron Microscopy and Analysis - P. J. Goodhew and F. J. Humphreys
Defect Analysis in Electron Microscopy - M. H. Loretto and R. E. Smallman
Thermoanalytical Method of Investigation - P. D. Garn

Thermal Analysis - T. Daniels

Methods of Surface Analysis - A. W. Czanderna (Ed.)

EN 632: Process Control and Instrumentation (MT)(25)

Principles of Measurement (2)

Basic definitions like Accuracy, Precision, Hysteresis, Resolution, Sensitivity, Time  constant etc; Force balance
and Motion balance, Instrument Selection criteria, Primary Instrument Standards and their Traceability.

Sensors, Transducers and Transmission methods for parameters (10)

Temperature:  Filled systems, Bi-metallic sensors, Thermocouples, Resistance Temperature Detectors,
Thermistors, Optical& Radiation Pyrometers.

Pressure and Vacuum: Manometers, Diaphragms, Capsules, Bellows, Bourdon tubes (C-Type, Spiral and helical), McLeod
gauge, Pirani gauge and Thermocouple gauges, Differential Pressure Transmitters.

Flow: Bernoulli’s Theorem, Constant areca and Variable area type flow meters, Ultrasonic flow meters,
Electromagnetic Flow meters, Turbine type flow meters and Target type flow meters.

Level: Direct type (Gauge glass, Float, Piston tube, Torque tube) level indicators and Indirect Type (Pressure gauge,
diaphragm type, purge method, Differential Pressure type, Ultrasonic type, electrical conductivity type, Capacitance
type and Nuclear radiation type) level indicators.

Analytical Measurements: Density, Conductivity, pH, Humidity.

Principles of Automatic Control Systems ( 8)

Feedback and Feed forward control as applied to Process Instrumentation, Modes of control, Generation of control modes,
Selection criteria.
Final Control Elements, Control Valves and their characteristics, Valve positioners, Actuators and Dampers.

e Fail Safe Principles, Simple logic circuits, Ladder Circuits for control action.
References:

1. Instrument Technology, Volumes [ to V, by E.B.Jones

2. Measurement Systems, Application and Design by Earnest Doeblin

3. Automatic Process Control by Donald P. Eckman

4. Principles and Practice of Flow meter Engineering by S.L.Spink

5. Process Instruments and Control Handbook Edited by Douglas M. Considine

6. Handbook on applied Instrumentation, Edited by D.M.Considine and S.D.Ross

7. Instrument Engineers Handbook, Part I & II by Bela. G. Liptak

8. Mechanical and Industrial Measurements, by R.K.Jain

9. Fundamentals of Temperature, Pressure and Flow measurements by Benedict

EN 633 Process Control & Instrumentation (EE)(30)

General Concepts Definition of Accuracy, Linearity, Repeatability, Hysterisis, Deadband, Resolution, Sensitivity.
Calibration of instrument, Error analysis of a system, Standards and their traceability.

Measurement, Transmission and indication of following process variables

Flow: Differential pressure flow elements: Orifices, venturies, flow nozzles, pitot tube, annubar, elbow flowmeter,
Different types of standard pressure taps for orifices. Variable Area Flowmeters- Glass tube rotameters, armoured
rotameters, bypass rotameters,

Magnetic, Turbine, vortex flowmeter, Ultrasonic flowmeters- Transit time, Doppler type, clamp on type ultrasonic
flowmeters, Coriolis and thermal mass flowmeters.

Temperature: Thermocouples- Types of thermocouples, ranges, sensitivity and their limits of error and applications,
mineral insulated thermocouples- construction and applications, types of hot junctions- grounded, ungrounded and
exposed junction, thermocouple extension and compensating cables, cold junction compensation techniques. RTDs- Wire
wound and thin film RTDs, self heating error, differential temperature measurement by using RTDs. Thermistors -
Construction, performance and applications, Filled system thermometers. Thermowell, Temperature transmitters., Optical
pyrometer, total radiation pyrometer, two colour pyrometer.

Pressure and Differential Pressure: Manometers-U tube, well and inclined manometers, mechanical pressure gauges-
Bourdon, Diaphragm, Bellows, Dead weight testers. Pressure and differential pressureTransducers and transmitters,
Smart pressure transmitters, Vacuum measurement- Pirani and thermocouple gauges, cold cathode and hot cathode
ionization gauges, Mcleod gauge.

Level: Hydrostatic pressure and differential pressure methods, wet legs- cold reference leg and hot reference leg,
condensing pots, density compensation in boiler level measurement, zero elevation and zero suppression. Gauge glass,
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Purge system, capacitance probes, displacer type, ultrasonic type, nucleonic type and conductivity type level gauge.

¢ Conductivity, pH, Relative humidity and viscosity measurement

e Automatic Control and Control Valves Feed back control as applied to process control, Modes of Control, PID
controllers, Cascade control, Feed-forward control, Control Valves, Valve actuators, Valve Coefficient, Valve sizing,
Valve characteristics, Cavitations and flashing in control valves, Valve positioner.

¢ Distributed Control System: Programmable Logic Controllers, Smart Transmitters Control room concepts.

o P & IDiagrams: P &ID symbols, Typical P &ID.

e C(lass 1E Instruments in nuclear power plant: Definition of Class 1E equipment, various tests for Class 1E equipment
qualification.

References:

1. ‘Fundamentals of Temperature, Pressure and Flow Measurements” — Bendict

2. “Instrument Technology”, Vols. 1 to 5, - E.B. Jones, Butterworth and London

3. “Mechanical and Industrial Measurements” - R.K.Jain, Khanna Publishers, New Delhi

4. “Measurement System, Application and Design”, Ernest D. Deophhlin.

5. “Fluid Meters” - ASME Publication

6. “Principles and Practice of Flow meter Engineering” - L.K. Spink, Published by the Foxboro Company

7. “Process Instruments and Control Handbook” - Edited by D.M. Considine, McGraw Hill

8. “Handbook on Applied Instrumentation”: Edited by D.M. Considine and S.D. Ross, McGraw Hill

9. “Instrument Engineer’s Handbook”, Part I & II: Edited by Bela G. Liptak, Chilton Book Company

10. “Instrumentation for Process Measurement and Control”, Norman A. Anderson, Hilton Co.

11. “Manual on the use of Thermocouples in Temperature Measurements” (ASME Publication by subcommittee 4).

12. “Process Control Systems: Application Design and Tuning”. F.G. Shinskey, Mcgraw Hill.

13. “Fluid Meters - Their theory and Application” Edited by H.S. Bean. ASME Publication

EN 634: Process Dynamics & Control (45)
Instrumentation , Controls & Computers(20)

e General requirements of Instrumentation, sensors/transducers for various process parameters, viz. pressure, flow, level,
temperature, conductivity, pH, vacuum, etc., pneumatic & electronic signals, functioning of electronic transmitters,
specifications & installation practices, RTDs & Thermocouples, use of thermowells, insertion lengths, etc.

e Introduction to process control & control loop dynamics, controller actions, viz. P, PD, PI & PID, tuning of

controllers, cascade, feed-forward, split-range & ratio controls, selection & sizing of control valves.

e Use of PC for data acquisition & control, add-on cards 7 types, concept of a scheduler and use of PC for real- time
control applications.

Advanced Process Control (25) Background theory

o Introduction to state-space controls, state & measurement equations, general solution of the state equation, state- transition
matrix, casting differential equations & transfer functions into state space form, controllability & observability,
introduction to the pole-placement problem, introduction to Luenberger observer & parameter estimation, knowledge
of Z-transforms, conversion from continuous domain to discrete domain and understanding of the state-space
framework in discrete domain.

Introduction to Advanced Process Controls

e Introduction to multi-variable controls, de-coupling, relative gain array (RGA), etc. System identification, model-

predictive control (MPC), data processing & introduction to design of experiments.)

EN 635: Process Modelling, Simulation & Optimization (45)
Simulation
e Introduction: Introduction to process modelling, simulation and optimisation. Deterministic versus stochastic models.
Dynamic and steady state models.
e Flowsheet Analysis: Degrees of freedom (DOF), DOF of individual units including reactors, heat exchangers etc. DOF
analysis of cascades/flowsheets with examples.

e Approaches To Plant Simulation: Sequential modular; Equation oriented; simultaneous modular

e Steady State Sequential Modular Simulators: Concepts of partitioning, tearing and nesting as applied to flow sheets;
Methods of representation of plant topology-, recycle detection and calculation ordering algorithm; recycle convergent
methods.

e Steady State Equation Oriented Simulators: Strategies for formulation of plant models, sparse systems and Solution
procedures; Solution methods for simultaneous modular approach.

e General Approaches for Non-Linear Systems: Conversion promotion criterion, Wegstein's method, Broyden method.
Dominant eigen-value method. Examples of solving non-linear systems.

e Commercial Simulators: Use of commercial simulator as a design aid. Introduction to Aspen Plus, Hysim, Process etc.
[Mustrative example from process plants and nuclear power plant to demonstrate problems solving using commercial
simulators.

Optimization:

e C(Classification of optimization problems. Necessary and sufficiency conditions for optimum, Search procedures for
unconstrained optimization problems, Non - linear programme: Complex box; Reduced gradient; Penalty function;
Sequential quadratic programming, Optimization using a simulator,

e CASESTUDY: Simulation and modelling of heavy water cascade, use of lumping and de-lumping
strategies.Decomposition of complex, topology, rate base model versus equilibrium base model for tower
internals,evaluation of transport coefficients using mass transfer with reaction models, use of analogies for evaluation
of interface coefficients.
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Recent Developments: Multi-objective optimisation, Plant optimisation by Genetic Algorithms and Neural Nets.
nces:
Bisio, A and R.L.Kabel, 'Scale-up of Chemical processes', Wiley-Interscience,NY (1985).
Crowe, C.M., AE. Hamielec, T.W.Hoffman, A.LJohnson, D.R.Woods and P.T.Shannon, Chemical Plant
Simulation, Prentice Hall Inc., Englewood Cliffs, N.J (1971).
Davis, M.F., Numerical Methods and Modelling for Chemical Engineers, Winley, NY. (1984).
Denn M. M, Process Modelling, Wiley, N.Y. (1986)
Husain,A., Chemical Process Simulation, Wiley Eastern limited, New Delhi (1986)
Luyben, W., Process Modelling, Simulation and Control for Chemical Engineers. McGraw - Hill (1990)
Szucs,E, Similitude and modelling, Elsevier, Budapest (1980).
Westerberg, A.W., H.P.Hutchinson, R.L.Motard, and Wirter, Process Flowsheeting, Cambridge University Press,
Cambridge (1979).
Edgar J.F & D.M.Himmelblau : Optimization of Chemical Process McGraw Hill 1989
Rekliatis G.V., A. Ravindran, K.M.Ragsdell, Engineering Optimization Methods & applications, John Wiley,N.Y (1983)

EN 636: Reactor Control and Instrumentation and Human Machine Interface (40)

Mod

Mod

Mod

uleI

Control and Instrumentation Power Supplies: Class I, II, III, IV power supplies, Centralized 24V/48V DC power supply,
distributed power supplies, quality of power supply, Isolation transformer, grounding/earthing aspects in C & I systems.
Control Room, Control Panels and Cabinets: Conventional control rooms, Modern control rooms, Control room layout,
Environmental specifications for control room, Control room lighting, Control room cabling, Communication systems for
control room. Control Panels- Panel types, Panel layout, Panel construction materials, Human Engineering principles in
control room and panel design- relevant standards (EPRI; NUREG), Components of control panel, Panel wiring, Power
distribution in panels, Wiring and terminal identification. Control Cabinets- Sizes, Materials, Degrees of environmental
protection, EMC protection, Standard accessories for mounting and cable routing. Seismic qualification of control panels
and cabinets. Alarm Annunciation System-Functions of alarm annunciation; Types of annunciation (audio/visual); Alarm
Sequences; applicable standard (ISA S18.1); Modern alarm displays; Grouping and Coding of alarms.

Instrumentation for design of Reactor Regulating System and Reactor Protection System: Introduction to Reactor Protection
System and Reactor Regulating System: Elements in RPS/RRS, from sensor to Reactor Protection/Control Devices, Design
Principles, Typical list of Reactor Trip parameters, Seismic qualification, Class-1E qualification, EMI/EMC qualification.

ule I

Relay & Control Interlock Logic Circuits: Relay Terminology and general application: Criteria for relay selection, Pickup,
hold and dropout voltage, Contact type and arrangement, Contact protection, latched relay, Electromechanical versus Solid-
State Relay characteristics and comparison. Typical control logic circuits for control of process equipments, Interfaces with
electrical Control gear

C & I Cables: Types of cables, Conductor materials, insulating materials, Sheath materials, Shielding, armouring, FRLS
and Fire Survival cable, mineral insulated cables, cable sizing, noise reduction, cable layout, cable trays, panel wires,
conductor identification, Cable Testing, wiring practices.

Distributed Control System (DCS) and Computer Based Systems: Distributed Process Control, DCS configurations,
Components of DCS, Data Highways, Human machine interface, Operator Stations, Presentation of information on operator
station. Programmable Controllers (PLC) - Basic PLC architecture, PLC Programming Languages, Typical PLC
Specifications, Redundant PLC architectures, relevant communication protocol and standards.

PC based process control system, Supervisory Control and DATA Acquisition System (SCADA), Features of SCADA
software. Concept of Fieldbus, fieldbus standardization, Industrial networks and Protocols.

ule II1

Overview of plant automation.

Design of HM], Soft Console versus Conventional control panels

Guidelines for design of HMI displays

Case study of a commercially available Professional HMI package.

Building HMI systems, Creating and using process databases, managing databases, Implementing an alarm strategy,
Configuring and displaying alarms and messages, Security features, Creating process mimics, Trending historical data,
Methods of passing data to HMI package.

Practical

EN 637: Reactor Control Engineering & Instrumentation -1(15)

Physics of Reactor Control -Revisit

Reactor Kinetics - Point kinetic model, Reactor Response to step and ramp reactivity inputs, Stable reactor period.
Reactor as a Control Element: Basic zero energy state space model and transfer function, Feedback loop transfer functions,
Effect of temperature and voidage, Poisoning due to xenon and samarium, Fuel burn-up, Reactor system stability analysis
from transfer function and state space model.

Large Reactor Control: Modeling techniques for large reactors - modal, nodal and quasistatic methods (introduction only)
Flux Tilt, Spatial instability.

Typical Reactor Control System: BWR, PWR, PHWR and Fast reactor control RRS of a research reactor, 235 MWe PHWR
and 500 MWe PHWR

Reactor Operation: Approach to criticality, Re-start up, Operation in power range, Shutdown.

Power Plant Control: Power plant programming - constant Tav program, constant pressure program, Boiler level and
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pressure control, PHT pressure control, Bleed condenser pressure and level control, Pressurizer pressure and level control.

References:

SN el e

M A Schulz, "Control of Nuclear Reactors and Power Plants"

J M Harrer, "Reactor Control Engineering"

D L Hetrick, "Dynamics of Nuclear Reactors"

L E Weaver, "Dynamics of Nuclear Reactor Systems"

L E Weaver, "Reactor Kinetics and Control”

W.M. Stacey Jr., ““ Space Time Nuclear Reactor Kinetics”, Academic Press, New York 1969.

EN 638 Reactor Control Engineering & Instrumentation-2 (20)

Fundamental Considerations / Philosophies, requirements, and scope of reactor and health physics instrumentation.

Reactor Instrumentation

o Measurement ranges of reactor neutron flux and considerations

o Principles of detection and types of neutron detectors: in-core and out — of —core

o Modes of signal processing: Pulse, Campbell, DC

o Introduction of nuclear systems in reactors for safety, safety related and monitoring.

Health Physics Instrumentation

o Type of radiation detectors in health physics instruments and basic principles- Gas-filled, Scintillation,
semiconductor and misc.

o Signal Processing - Pre-amplifier, Count rate meters, Scalar timers, Nuclear ADCs, SCA, MCA.

o Introduction to wvarious radiation monitors - Personal monitors, Area Monitors, Neutron Monitors,
Contamination Monitors

References:

L.

AN

Radiation Detection and measurement -G.F. Knoll

Nuclear Electronics - P.W. Nicholson

Selected topics in Nuclear Electronics, IAEA-TECDOC-363 (CC library Acc no: 123583)
Nuclear Power Reactor Instrumentation Systems Handbook, Vol: 1 .M. Harrer, J.G. Beckerly
The Technology of Nuclear Reactor Safety Voll, T.J. Thompson, J.G. Beckerl

EN 639: Reliability Engineering (EE)(20)
Introduction: Reliability Engg Applied to C&I Systems

Explain the course coverage and the general issues related to the reliability and safety of the current C&I Systems. The
reliability of computer based C&I system as a function of circuit hardware, software and human errors experienced in the
NPPs and research reactors.

Terms and definitions with adequate explanation and giving examples from electrical, electronic and computer based
systems.

Quality, Reliability, Availability, Maintainability and supportability, MTBF, Failure and hazard rates, CCF, CMF, Failure
Modes, FMEA, FMECA, Fault tolerance, Confidence and Risk Factors etc.

Reliability Maths/Statistics

Mathematical and statistical expressions required for reliability study.

Types of failures in electrical, electronic and computer components

Failure probability concept, statistical distribution models_

Binomial, Poisson, Exponential, Normal, Lognormal, Weibull distributions

Chi-square distribution and its use in confidence and risk factors

Baye’s theorem

Reliability or life characteristics of hardware electronic circuit components, and comparison with the characteristics of
mechanical/electro-mechanical components and computer software.

Bath-tub curve and explanation of different parts of the life characteristic curve, and corresponding failure distributions.
-Derivation of exponential reliability expression

R(t)=[exp-(1t)] for electronic components and systems.

Examples to solve

Fault Tolerance and Systems Reliability:

Fault tolerance concept for electronic and Computer based C&I systems.

Circuit hardware redundancy concept to enhance system reliability, types of redundancy
Series, parallel, active, passive, and voting redundancy

Redundancy and other fault tolerance methods for software

FMEA, FMECA concepts for C&I and Examples to solve

Concepts for the analysis of System Reliability, availability, and maintainability.
System reliability and availability analysis methods:

Boolean logic

Digraph, cutest-tie set method

Fault tree model, and consideration of CCF, CMF, software errors

Markov Model

Example from C&I system in the NPPs

QA/QC Concepts in Brief:

QA/QC Concepts in the components, systems procurement, manufacture and
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site installation for C&I systems in the NPPs.

Environmental Qualification and Reliability Testing:

Environmental qualification, testing of the C&I systems.

Effects of various environments on the electrical/ electronic components

Climatic Qualification tests: Temperature, Humidity

Special environments: EMI/EMC tests on C&I Systems, Gamma radiation/LOCA Qualification tests

Reliability Testing of the electronic components, equipment and C&I systems.

Reliability screening tests for electronic components

Accelerated environmental tests

Failure terminated and time terminated tests

Estimation of MTBF (q)/Failure Rate(1) of electronic components and systems using c2 distribution for confidence level.
Few examples to solve

PSA/PRA Concepts in NPPs:

Probabilistic Safety (Risk) Assessment: PSA/PRA methods or safety/ risk assessment in the NPPs.
Explain Event Tree

Fault-Tree-Fault Tree method for risk assessment in terms of core damage frequency.

Level-1, Level-2, Level-3 PSA studies (Brief introduction only).

Additional safety concepts:

Defense-in-depth, fail-safe concepts in the design of C&I, and other safety critical systems in the NPPs.
Single failure criteria, engineered safety systems in the NPPs

Safety Classification and Seismic categorization of C&I Systems

Target reliability goals, reliability allocation to safety systems as per their safety importance in the NPPs
Reliability and safety aspects for the integrated C&I systems

(hardware, software, human errors considerations)

IEC, IAEA, AERB, IEEE standards relevant to C&I in the NPPs

Human Factors (man-machine interface) reliability, and human reliability issues in the NPPs
Current research topics in reliability and safety analysis such as Fuzzy Logic, Neural Network Methods, etc.

References:
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Reliability Engineering for Nuclear and other High Tech Systems By Lakner and Anderson, Elsevier Applied Sci. Publ.
(1985)

Reliability Engineering for Electronic Systems By R.H. Mayers et al, John Wiley, NY (1964)

Practical Electronics Reliability Engg By Jerome Klion, Van Nostrand, NY (1992)

Reliability and Risk Analysis By Norman J McCormick, Academic Press (1981)

Fault Tolerant and Fault Testable Design By Parag K. Lala, Prentice Hall, (1985)

Dependability of Critical Computer Systems, Vol.1&2 By F.J. Redmill, Elsevier Applied Sci. Publ. (1988)

An Introduction to Reliability and Maintainability Engg By Charles E. Ebeling, Tata-McGraw Hill Publ. (1997)
Reliability Technology By A.E. Green and Bourne, UKAEA, John-Wiley (1972)

IEC Standards: 880, 987, 1225, 1226 on C&I Systems

AEA Safety Standard/Guide G:1.3, Instrumentation & Control for the safety of Nuclear Power Plants (2002)
IAEA-TECDOCS: 780, 790 on Computer based C&I Systems.

MIL-Std-217F: US Military Handbook: Reliability Prediction of Electronic Equipment (1993)

Reliability of Computer and Control Systems by Viswanadham et al, North-Holland/ Elsevier Publ.(1987)

Software Reliability Methods, by Doron A.Peled (Bell/Lucent Labs), Springer Publisher (2001), (‘Formal Methods’
has been explained).

Handbook of Reliability Engg Ed. Igora Ushakov & R. Harrison John Wiley & Sons (1994)

Burn-in by Fenn Jenson Failure Models by I.B. Gertsbakh

System Reliability Concepts & Applications by K.B. Klassen (1989).

EN 640: Software Engineering and Formal Methods (40)
Software Engineering (20)

Formal
[ ]

Importance of Software Engineering (1)

Life cycle, Phases and Work-Products of different Phases, traditional models, agile models, Extreme programming (1)
Project Management: Relationship to lifecycle, planning, control, Risk Management, Cost Models.(1)

Requirements: Gathering, Categorization, Analysis, and Specification.(1)

Software Architecture and Design: Architectural Styles, Design Notation, Design principles. (5)

Object oriented Design: OOAD, Design Patterns (7)

Testing: Principles of program Testing, Test Coverage, Static Analysis, and Tools for testing. (2)

Support Activities: Configuration Management, Verification and Validation, Software Engineering Standards,
Documentation formats, Tools and environments for Software Engineering (2)

Methods (20)

Introduction to Formal Methods, Role of Formal Methods in Software Life Cycle — development and Verification (1)
Formal Specification and Modeling: Specifications & Proofs, Specification Techniques

Behavioural Modeling: Concurrent & Reactive Systems. Asynchronous and Synchronous models, Synchronous languages,
Example Specifications in CSP, Statecharts, Lustre and Esterel (8)

Formal Verification: Propositional and Predicate Logic and proof system, Program testing - Assertions and their verification
(dynamic and Static), Need of Formal Verification, Sequential Program Correctness, Safe-subset of Programming
Languages (7)
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Verification by Model Checking: Concurrent and Reactive systems, System properties and their specification in logic,, Case
study from hardware and software, model cheking tools (SPIN, NuSMYV etc.) (4)

References:

P N~ wN

Software Engineering: Roger S. Pressman McGraw Hill

Software Engineering: lan Sommerville, st edition, Adison-Wesley

Unified Modeling Language User Guide: G. Booch, J. Rumbugh, 1. Jacobson, Addison-Wesley

UML Distilled: Martin Fowler

Design Patterns: Erich Gamma

Specification and Verification of Reactive Systems Vol [ & II, Zohar Manna & Amir Pnueli, McGraw Hill, 1995
Science of Computer Programming: David Gries, Springer, 1981

Symbolic Model Checking, K. McMilan, Kluwer, 1993
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ELECTIVE COURSES

EN 701: Advanced Computational Techniques (30)

Programming Language C++
e C: General concepts of programming, Basic data-types and variables, Arrays, Strings, Pointers, Data typecast, Operators,
Simple and compound expressions, Simple and compound statements, Functions and arguments, Data scope and lifetime,
Dynamic allocation of data, User defined data-types (enum, struct, union), Pre-processor directives and macros,
Declaration versus definition of data and functions, Header files and C-library.
e (C++: All the features of C++ not available in C, Class and objects, their members, scope and lifetime, Constructors
and destructors, Function argument initialisers, Function signatures and overload, Inline functions, Operator functions,
Class hierarchy and inheritance, Exception handling, Templates.
Advanced Computational Techniques
e Discretization technique using Finite Difference, Finite Volume, Finite Element, Orthogona Collocation,Meshless, Spectral
Method.
Grid Generation - Transfinite Interpolation, PDE based techniques, grid adaptation

Artificial Neural Network- Its taxonomy, application for mapping, quantization, prediction & optimisation using
Backprogation ANN .
e Optmization - Using traditional Gradient based techniques, population based GA & ACO

Applications using above all methods to DAE related problems.
Parallel Programming
e Introduction to parallel computers, classification, technologies, ratings
e Parallel programming concepts, examples, terms and definitions,parallelism, parallel programming models
¢ Different examples of parallel programs and parallelization strategies
e Message Passing Interface (MPI), concepts of MPI, MPI Library calls
e MPI Point to Point communication calls
e MPI Collective communication calls
Scientific Visualization
e Geometry Classification - 2D & 3D grids.
o Structured & Unstructured grid development.
o Data storage techniques for 1D, 2D & 3D grids.
o Data visualization techniques for scalar & vector data.
e Common pitfalls in programming

e (Case Studies

EN 702: Advanced Electrical Engineering Design-1 I (25)

Special Electrical Machines
e Special Electrical Machines and their applications : Vector Control of PM Synchronous Servo Motor
e Variable reluctance stepper motor (VRSM), Switch reluctance motor (SRM) and Hysteresis Motor
e Materials: Soft and Permanent Magnetic Materials, their properties and applications: Pulse Transformer design, Ferrite
Pulse sharpening.
Pulse Power Technology
e Breakdown in gases, Vacuum, liquid and solids
¢ Concepts of Pulse Power storage, Compression and switching
e High Voltage Generation and measurement
e Transmission line theory and pulse forming networks
¢ Non-linear pulse circuits Capacitive and inductive pulse generation
¢ Non-linear pulse circuits

® Special transients (NEMP, HPM, & UWB) Compact generators

EN 703: Artificial Intelligence Methods & Applications (30)

e Al BasicsIntroduction, Problem solving through search, search strategies, A* search, Heuristic functions, Robot path
planning — visibility algorithm, wavefront algorithm, sub-division algorithm, probabilistic roadmap planner.
e Automated reasoning — propositional logic, predicate logic, resolution-refutation, Knowledge Base and Expert
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Systems.

Genetic Algorithm (GA): Introduction, terminology, operators and working principle, encoding and decoding of decision
variables, selection mechanisms, selection pressure vs. population diversity, premature convergence, fitness scaling,
Elitism, Real-coded Gas, Multimodal function optimization, Multiobjective optimization, Dominance and Pareto-
optimality, Multiobjective Gas.

Artificial Neural Network (ANN) Biological neurons and artificial neurons, types of neurons, activation functions,
single layer perceptrons and linear separability, training, perceptron convergence theorem, Multi layer perceptrons, back
propagation and related issues, speeding up backpropagation, Unsupervised clustering and classification methods,
ANN applications.

Data Mining Knowledge Discovery in Databases and Data Mining, Data Mining tasks — Association,
Classification, Clustering.

Reinforcement learning Dynamic programming, Value iteration and Policy iteration, Temporal difference method, Q-
learning, ANN implementation of reinforcement learning algorithms, Applications in Robot control.

References:

1. Artificial Intelligence: a modern approach, by Russell & Norvig

2. Genetic Algorithms in Search, Optimization, and Machine Learning, by David E. Goldberg
3.

4. Reinforcement Learning: An Introduction, by Richard S. Sutton and Andrew G. Barto

Neural Networks: A Comprehensive Foundation, by Simon Haykin

EN 704: Computer Based System Design- II (25)

Communication, Networking, Realtime systems, RTOS and Software

Asynchronous and synchronous communication
Standards like RS232, RS422, RS485

USB

Encoding schemes

Local Area Networks

OSI 7 layer model and TCP/IP reference model
Standards like Ethernet, Token bus, Token ring, Wireless LAN and Bluetooth
Networking hardware — cables, hub, switch, router, etc
Role of fibre optics in communication

Fieldbus standards

Deterministic communication techniques

Case study: various techniques used in NPP for communication and networking
Realtime Systems, their characteristics and applications
Realtime Operating Systems:

Concepts of

Process and threads

Concurrency

Latency, context switching

Scheduling policies

Inter process communication

Semaphores

Priority inversion

Shared memory

Common systems calls, Communication features in RTOS
Comparative study of various RTOSs

Integrated S/W development environment

EN 705: Data Base Management System and Web Technology(30)
Advanced RDBMS

Architecture of Oracle RDBMS (3)

Recap of SQL language(5)

Introduction to PostgreSQL and MySQL(3)

Data warehousing concepts (2)

Concepts of clusters, distributed databases, grid enabled databases, database replication(2)
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Web Technologies
¢ Introduction to Web Technology(2)
e DHTML (3)
e CGI/PHP (4)
e Web services and XML (2)
o Ajax(1)
¢ Content Management Systems(1)
e Web 2.0/ Semantic Web(2)

EN 706: Digital Signal Processing and Image Processing (30)

Digital Signal Processing
¢ Introduction
Basic elements of a digital signal processing system, Fourier series and Fourier transform, z-transform, Convolution,
Correlation, Sampling theory, Aliasing, Antialiasing filter, Quantization noise, Signal reconstruction.
¢ Discrete Fourier Transform
Interpretation of DFT, Properties of DFT, DFT of real signals, Periodic & linear convolution and correlation using DFT.
o Fast Fourier Transform
Efficient computation of DFT using decimation-in-time and decimation-in-frequency algorithms, Computation of Inverse DFT
using FFT algorithm, Efficient computation of the DFT of two real sequences and a 2N-point real sequence, Spectrum analysis
using the FFT, Windows in spectrum analysis, Use of FFT algorithm in linear filtering and correlation.
o Digital filters
FIR and IIR filters, Design techniques for FIR and IIR filters, Realization of FIR and IIR systems, Overview of DSP processors.
e DSP Applications
Applications of digital signal processing in nuclear and other fields.
Image Processing
¢ Introduction
Digital image model representation, Image sensor, Digitizer, Computer, Standard file format;
¢ Image Enhancement
Spatial domain methods, Frequency domain methods, 2-D Fourier Transform, Filtering, Image smoothing &
sharpening, Histogram Modification, Colour image processing;
o Image Segmentation andAnalysis
Detection of discontinuities, Edge linking and boundary detection, Thresholding, Segmentation; Boundary extraction and
representation;
e  Morphological operations
Image Restoration-PSF, Deconvolution, Restoration using inverse filtering, Wiener filtering & maximum entropy- based
methods;
Image Compression Models, Error free compression, Lossy compression, Standards;
References:
1 Johnny R. Johnson, Introduction to Digital Signal Processing, Prentice- Hall of India,2000.
John G. Proakis and Dimitris G. Manolakis, Digital Signal Processing- Principles,
Algorithms and Applications, Prentice- Hall of India,1995.
Allan V. Oppenheim and Ronal W. Schafer, Digital Signal Processing, Prentice- Hall of India,1988.
Rafel C Gonzalez, and Richard E Woods, Digital Image Processing, Addison Wesley, 1999.
Milan Sonka, Vaclav Hlavac & Roger Boyle, Image Processing, Analysis, and Machine
Vision, Vikas Publishing House,2003.
William K Pratt, Digital Image Processing, John Wiley & Sons, Inc. 2004
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EN 707: Embedded Electronics Software(25)

Programmable Digital System Design, Representation & Synthesis [8]

e Introduction to HDLs, Introduction to PLD, FPGA, ASIC. Hardware Design Methodologies. Programming languages &

their Semantics for digital systems, Handel-C, VHDL. Introduction to Design Flows and EDA Design Tools.
Real-time Software [11]

e Hard & Soft Real-Time Systems, Task Model of Real-Time Systems, Periodic, Aperiodic, Execution Times, Release
Times, Deadlines, Precedence Graphs, Context Switch and Interrupt latency, Schedulers and Schedule: Scheduling
paradigms, static schedules, dynamic scheduling, Round robin, Priority, Rate Monotonic Scheduling, EDF, Optimality of
EDF. Sufficient Static Schedulability Conditions, Liu & Layland Theorem, Issues with Priority Scheduling: Inversion,
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Priority Inheritance
Real Time Operating System Services, Examples of RTOS for embedded systems, Overview of Device Driver
Development

Introduction to Microprocessors / Microcontroller and Interfaces [ 6 |

Introduction to Microprocessor and microcontroller, Synchronous and Asynchronous Standards, RS232C, RS485,
FieldBus (Profibus, Foundation FieldBus, CAN, Ethernet , MIL-STD-1553B), TTP

References

1.
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The Guide to ARM: by Trevor Martin

Advanced Microprocessors & Microcontrollers: by B.P.Singh & Renu Singh
Fieldbus Technology: by N.P.Mahalik

Designing with FPGAs & CPLDs: by Bob Zeidman

VHDL: Analysis and modeling of digital systems by Navabi

Real-Time Systems by Jane W. S. Liu, Pearson Education

MicroC/OS-II: The Real-Time Kernel by Jean J. Labrosse, CMP Book

EN 708: Feedback Control Systems (25)

Introduction: The control systems, Basic elements of FIB control systems, Types of FIB control systems.

Transfer Function: Transfer function of linear systems, Impulse response, Block diagrams, Signal flow graphs, Mason's
gain formula, Polar plots, Bode plot.

State Variable Characterization: State concept, State equation, Standard representation, State transition matrix and solution
of state equations, relationship between state equations and transfer functions, Characteristic equation, Illus- trative
examples of some electrical, mechanical, electromechanical systems.

Time Domain Analysis: Test input signals, Time domain perform- ance characteristics, Transient response of a typical
second order system, PID controllers

Stability: Definition, Routh-Hurwitz criterion, Nyquist criterion. Relative stability, Gain and Phase margins.

EN 709:Fluid Power Technology (25)

Basic Fluid Power & Components
Basic principles of Hydraulics and pneumatics

Fluid power introduction and fundamentals of fluid mechanics

principle of pneumatics, basic definitions

pressure — gauge, vacuum, absolute; flow

Pressure loss, Power, torque, energy — mechanical, hydraulic etc. , power, force, speed, viscosity, hydraulic terms in fluid
power, resistances, bulk modulus, Pascal’s Law, law of conservation of energy

Transmission and multiplication of force, Momentum theorem, Angular momentum theorem, continuity equation, Euler's
equation of motion, Bernoulli’s theorem, laws of compression, forces developed by jets on plates (curved plate, moving
plate, etc.) orifice flow formula, flow measurement, pressure measurement, comparison of Pneumatics with
Hydraulic power transmissions.

Hydraulic Fluids and pneumatic air

Basic properties of hydraulic fluids and pneumatic air, compressibility, pour point, flash point, fire point,
Desirable properties of fluid, undesirable properties of fluids,

Types of fluid, composition of fluids, effects of additives to hydraulic fluids,

Advantages of various types of oil.

Advantages of oil vs. air as working fluid.

Fluid power pumps and compressors

Function and purposes of pumps and compressors

Classification of pumps: roto-dynamic pumps - Centrifugal pumps; positive displacement pumps - (i) Rotary pumps - external
gear pump, internal gear pump, gerotor pump, sliding vane rotary pump, lobe pump, screw type rotary pump. (ii) Reciprocating

piston pumps - radial piston reciprocating pump, rotating barrel type axial — piston pump, bent axis type axial - piston pump,
wobble pump, simplex, duplex and triplex reciprocating pumps (iii) Pressure head and energy in pump system, pump
characteristics, Types of compressors, selection of compressors and efficiency of compressors.

Fixed displacement pumps, variable displacement pumps, pressure compensated pumps, load sensing pumps;
advantages of pressure compensated and load sensing pumps.

Advantages of various pumps, advantages of positive displacement pumps Vs. centrifugal pumps, Pump flow and
pressure, Pump drive, torque, power and efficiencies — mechanical, hydraulic, volumetric, overall efficiency.
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Hydraulic and Pneumatic pressure control
Pressure Control Valves, construction and working principles of relief valves- direct acting and pilot operated relief valves,
counter balance valves, sequence valves, unloading valves, pressure reducing valves, Hydraulic fuse, pressure switch,
Pneumatic Pressure regulating valves.
Flow control valves
Basic two way valves, non-compensated flow control valves, throttle valves, restrictor valve, needle valve, ball tip valve,
check valves, control valve circuits, pressure compensated flow control valve, demand-compensated flow control,
pressure, temperature-compensated, flow control valve, methods of speed regulation in pneumatics.
Directional control valves
Application of directional control valve (DCVs),, designs, construction and operation of check valves, pilot operated check
valves, rotary and spool type valves, two way valves, shuttle valves, three way valves, diversion valves, four
way valves, solenoid operated, control valves, operation of directional control valves, mounting interfaces, designation,
type of actuation of DCVs, pneumatic direction control valves — two way, three way, four way valves, etc., solenoid
operated, push button operated, lever operated pneumatic DCVs.
Actuators
Definitions, linear actuators — Hydraulic cylinders, Plunger type, , piston type, Single acting, double acting cylinders, spring
return type, tandem and telescopic cylinder, construction of hydraulic cylinders, cylinder seals — piston seal, rod seal, wipes,
wear pads, etc. mounting style of cylinders, Pneumatic reciprocating actuators.
Rotary actuators —motors and limited rotation rotary actuators, their types, construction, advantages, vane type single
and double vane rotary actuators, rack and pinion type rotary actuators, gear motors — external and internal, gerotor motors,
vane motors, Radial piston motors, non-rotating barrel type axial piston motors, advantages of hydraulic motors. Pneumatic
rotary actuator, radial piston, vane, and axial piston type air motors etc.
Seals
Application and type of hydraulic and pneumatic seals, dynamic and static seals, O-rings, their advantages, O- ring face
seals, O-ring radial seal, application of o-rings, installation of O-rings, O-ring failures, labyrinth seals.
Pipes, Tubes and Hoses, fittings
Definitions, designations, construction of hoses, hose end connections — permanent and reusable type, threads in hydraulic
applications, BSP, NPT, UNF etc., types of connectors, definitions, adjustable, non adjustable fittings, tube fittings, type of
fittings — flared and ferrule type pneumatic tubing and connections.
Accessories
Hydraulic and pneumatic filters, their applications, working principles and designs, beta ratio, absolute filtration, nominal
filtration, selection of filters, heat exchangers — types, hydraulic accumulators, Reservoirs, pressure gauges, fillers, breathers,
pressure switches, temperature indicators, sight glass, level indicators and switches, types of
pneumatic filters, regulators, lubricators, mufflers, dryers, reservoirs etc.
Hydraulic Circuit Design
. Introduction to fluid Power Symbols, Overview of IS 7513,
e (lassification of hydraulic circuits, Criteria for designing open loop hydraulic circuits, Analyzing resistive loads,
overrunning loads and inertial loads, Heat generation and control.
e Flow control circuits, Pressure control circuits, Direction control & check valve circuits, Cylinder circuits, Pump circuits,
Hydraulic motor circuits, Accumulator circuits, Intensifier circuits, Regeneration circuits.
¢ Sizing of Hydraulic circuit components :
e Reservoir.
e Heat Exchanger: Oil to air heat exchanger, Oil to water heat exchanger.
o Filters: Sizing of suction filter, return line filter, pressure line filter, Beta ratio, Necessary sizing information for filters.
e Fluid Conductors: Flow v/s Pressure drop, Pressure losses, tube/ hose sizing, Pressure rating, Hose/ Tube
designation, Calculation of pressure drop in straight lines, bends, fittings etc.
e Pumps: Fixed displacement, variable displacement pumps, Design of suction side and pressure side of pump
e Hydraulic cylinders and motors.
e Accumulator: Isothermal &Adiabatic charging / discharging of accumulator. Sizing of accumulator for various
applications i.e. energy storage, shock absorber etc.
e Valves sizing: Direction, pressure & flow control valves.
Hydraulic Circuit Dynamics considerations: Bulk modulus, Spring rates, natural frequencies, Transmission line dynamics, Pulses
in transmissions, Energy controls, Load energy output interaction, system stability, damping, time constant, system response,
hydraulic system parameters i.e. resistance, capacitance, impedance.
Advanced Hydraulic Control Circuits
e Various pilot operated valves, construction features, operation, and advantages.
e Modular valves, Stacked type direction control wvalves, flow control valves, pressure control valves and
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combinations.

Electrically modulated pressure control valves, flow control valves. Pulse width modulation,

Proportional controls, Servo controls, construction, Uses, differences, operation, advantages and disadvantages.

Cartridge Valves: Design and construction features of cartridge valves, Types and Operation of cartridge valves,
Advantages of cartridge design.

Advanced pump controls, load sensing, pressure compensation.

Integrated Hydraulic Circuit:Construction , Advantages of integrated hydraulic circuit, Case study of PVG32 valve,
Various modules of PVG 32 valve block, Features of integrated hydraulic circuit of PVG 32, Electronic control
capabilities.

Pneumatic control circuits, proportional and servo valve, proportional and servo actuators

Water Hydraulics and Component Design

Merits and demerits of water as working fluid, Cavitation in hydraulic components, Seals.
Case Study-1: Differential Pressure Reducing Valve: Conceptual design and sizing

Case Study-2: Auto Differential Pressure Control Valve - Conceptual design and sizing.
Case Study-3: Pressure Compensated Flow Control Valve - Conceptual design and sizing.
Case Study-4: Pilot Operated Pressure Control Valve - Conceptual design and sizing

Electronics and Instrumentation for Hydraulics:

Current/ Voltage Sources and its measurements, Electronic components —resistance, capacitor, transistors, Opamps
etc. Basic circuits for Addition multiplication, division using Opamps. Digital electronics, Logic gates.

Analog to Digital converters (ADC) and Digital to analog controllers (DAC), Signal conditioning circuits, filters.
Sensors-Pressure measurement, pressure switches, Position measurement, limit switches-proximity switches, Velocity
measurements, Temperature measurement, temperature switches, Viscosity, density measurement, Force, torque, strain
measurements.

Controllers, Closed loop and open loop controllers, Proportional, Integral, derivative controllers and its uses and
characteristics. Analog and digital controllers, comparison between digital and analog controllers. Programmable logic
controllers, different I/O modules, wiring sensors to PLC. Introduction to microcontrollers, Applications, programming,
Data Acquisition, Communication buses RS232,RS485, CAN bus, MODBUS, CANOpen bus uses and
applications.

Fluid Logic & Control:

Need for Fluid Control.
Building Basic Elements for Control Logic (AND, OR, NOT, NAND, NOR).
Function Implementations using Control Logic.

Experiments :

1.

A BN O T

—_ =
_— O

_—
W N

Tuning of PID controller in rotary actuator test facility.

Speed control of hydraulic motor using PLC.

Measurement of cleanliness level of hydraulic oil samples using particle counter.
Qualitative analysis of oil samples using Ferrograph.

Establishing position control using frictionless hydraulic linear actuator.

Finding characteristics of Differential Pressure Reducing Valve.

Finding characteristics of Auto Differential pressure control valve.

Finding characteristics of Pressure Compensated Flow Control Valve.

Finding characteristics of Pilot Operated Pressure Control Valve.

. Study of Rexroth/Bemco oil hydraulic power pack and carrying out pressure setting, flow setting etc. in the same.
. Experiments on ROHY TAM

Testing of oil hydraulic filter using filter test set-up.

. Dismantling & assembling of various valves and actuators.

EN 710: Image Processing & Machine Vision (30)

Image Processing

Introduction: Digital image model representation, Image sensor, Digitizer, Computer, Standard file format;

Image Enhancement: Spatial domain methods, Frequency domain methods, 2-D Fourier Transform, Filtering, Image
smoothing & sharpening, Histogram Modification, Colour image processing;

Image Segmentation and Analysis: Detection of discontinuities, Edge linking and boundary detection,
Thresholding, Segmentation;

Boundary extraction and representation;

Morphological operations;

Image Restoration-PSF, Deconvolution, Restoration using inverse filtering, Wiener filtering & maximum entropy-based
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methods;
e Image Compression: Models, Error free compression, Lossy compression, Standards;
Machine Vision
e Imaging model, Scene radiance and image irradiance, Reflectance model of a surface, Lambertian and specular
reflectance, Photometric stereo;

Early Vision: Low level processing for noise suppression, Segmentation by thresholding; Edge detection,
Boundary representation,Mathematical Morphology;

Intermediate Vision: Line, Circle, Ellipse and Polygon detection, Hough Transform for detection, Corner detection,
The Generalized Hough Transform;

e High Level Vision: Scene interpretation;

e Texture — Statistical, Structural and Spectral approaches;

Stereo vision and correspondence problem; Structured light; Optical flow;

o Image representation: Invariants;

Unstructured objects: Snakes;

e Recognition & Interpretation: Patterns & pattern classes, Classifiers in general, Distance metric, Classification and
recognition, Various methods of recognition & interpretation, Template matching and area correlation, Matched filtering;

Introduction to image understanding;
¢ Robotic applications of machine vision, Camera calibration;
References:
1. Rafel C Gonzalez, and Richard E Woods, Digital Image Processing, Addison Wesley, 1999.
5. Milan Sonka, Vaclav Hlavac & Roger Boyle, Image Processing, Analysis, and Machine ,  Vision,Vikas Publishing
House,2003.
William K Pratt, Digital Image Processing, John Wiley & Sons, Inc. 2004.
Davies E.R., Machine Vision Theory Algorithms Practicalities, Academic Press.
D.A. Forsyth & J. Ponce, Computer Vision A Modern Approach, Prentice Hall,2003.
Horn B.K.P., Robot Vision, The MIT press, 1987.
10. D. Ballard and C. Brown, Computer Vision, Prentice Hall, 1982.
11. Wesley E. Snyder & Hairong Qi, Machine Vision, Cambridge, 2004.
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EN 711: Machine Design (25)

Principles of Machine Design:
e Objectives of machine design, general design rules, design methods
e Lightening of' parts and rational design schemes,
e Rigidity of structures, Cyclical/ Contact/ Thermal strengthening, Surface finish, special machine elements bearings.
Expansion bellows and springs.
e Introduction to inventive problem solving.
Design and Drawing Practices
e Drawing standards, selection of tolerances, fits, and positional tolerances.
e Introduction to Drawing Practices: (matter from various drafting standards),
e Introduction to CAD (including introduction to various drafting and solid modeling softwares)
Sealing Methods
e Static, dynamic, metallic and non-metallic seals, pipe threads, seal materials and their selection, elastomeric ‘O’ rings,
mechanical seals, labyrinth, valve packings.
e Methods of sealing for high and ultra high vacuum.
Special Dimensional Inspection Techniques
e Description of special dimensional inspection techniques, gaging techniques including composite and paper gauging,
Advanced inspection tools including co-ordinate measuring machines and form measuring machines.
Advanced Manufacturing Techniques:
e Precision machining, super finishing, advanced manufacturing
e Micro machining.
References:
1. “Mechanical Engineering Design” by Joseph E. Shigley.
2. “Machinery's Hand Book” (24th edition)
. “ISO Standards Hand Book™ 18.
. “SKF Bearing Catalogue.”
. “Relevant IS standards.”
. “Friction, Wear, Lubrication, Tribology Hand Book™ edited by Prof. I.V.Kragelsky & V.V Alisim.
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7. “Gear Hand Book by” Dudley.
8. “AGMA Standards 218.01” Dec. 1982.
9. “Industrial Sealing Technology” by HHUGO BUCHTER

EN 712: Material Science in Nuclear Engineering (ME) (20)

Mechanical properties of materials and their evaluations as per ASTM or equivalent standards, tension test, hardness
test, creep, fatigue (low and High cycle) and Impact toughness measurement.

Non destructive Examination Techniques: LPT, Magnetic particles, UT, Eddy current, Neutron, Gamma ray, X- ray
Radiography, etc. for welds.

Corrosion

Basic principles, types of corrosion and their mechanism, chemical corrosion, cathodic protection of pipelines and vessels,;
bio-fouling; prevention by monolithic coatings, standards, evaluation of corrosion, test methods, NACE/ASTM/IS
standards

Metallurgy of steels

Classification of carbon steel, low alloy, carbon molybdenum, ferritic, austenitic and martensitic stainless steel.
Selection and application of advanced alloys.

Nuclear M aterials

Fabrication, properties and application of Zircaloy, Zr-Nb alloys
Metallic fuels, ceramic fuels (oxide, mixed oxide, mixed carbide) their properties and applications.

Advanced Polymeric materials and Composites

Physical and Chemical Properties, corrosion, mechanicalproperties
Equipment design with polymeric materials
Fabrication principles; standards for design, fabrication and testing.

References:
1. “Introduction to Materials Science for Engineers” - James Shackelford

2.

3
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6

“Physical Metallurgy Principles & Practice” - V.Raghavan

. “Introduction to Solids” - L.V.Azaroff

. “Structure and Properties of Materials” - Wulff Series, Wiley Eastern, New Delhi
“Materials in Nuclear Application” - C.K.Gupta

. “Nuclear Chemical Engineering” - Benedict and Pigford

EN 713: Materials Characterisation (20)

Microscopy Techniques

Scope of metallographic studies in materials science, Understanding image formation, resolution of a microscope, numerical
aperture, magnification, depth of field and depth of focus, Important lens defects and their correction, principles of phase contrast.
Bright field and dark field contrast, sample preparation, Optical microscopy, interference and polarized light microscopy,
quantitative analysis using optical microscopy (inclusion analysis, size distribution etc.).

Optical Microscopy, Scanning electron microscopy, transmission electron microscopy, X-ray diffraction and analysis,
thermal characterization, Chemical analysis by X-rays.

Construction and working principles of transmission electron microscopes, Image formation, resolving power,
magnification, depth of focus, elementary treatment of image contrast. Bright field and dark field images, sample
preparation techniques. Selected area diffraction, reciprocal lattice and Ewald sphere construction, indexing of selected
area diffraction patterns, High reolution electron microscopy

Scanning electron microscopy: interaction of electrons with matter, construction and working principle of scanning
electron microscopes. Secondary and back scattered electron microscopy, resolution depth of field and depth of focus,
Other modes of operation, Applications in failure analysis, fracture surfaces etc.

Other microscopy techniques: Atom force microscope, scanning tunneling microscope, EBSD, Field ion
microscopes.

X-Ray Diffraction and Applications

Properties of x-rays: continuous and characteristics x-rays, absorption, filter, production and detection of x-rays.
Diffraction of x-rays. Intensity of Diffracted beams - Scattering by an electron by an atom, by a unit cell, structure-
factor calculations: factors to be considered in calculating the intensities.

Experimental methods in x-ray analysis; Laue methods, powder photographs diffractometer and spectrometer
measurements.

Applications: orientation of single crystal, crystal structures of polycrystalline materials, precise lattice parameter measurements,

phase diagram, order-disorder transformation, chemical analysis, residual stress, texture, structure of polycrystalline Aggregates,
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crystal size crystal perfection, crystal orientations:
Chemical Analysis (with applications in materials science).

e Basics of spatial-analytical techniques, classification of analytical techniques based on sources, requirements of samples
for various technique, precautions required for thin film chemical analysis,

e Principles of energy dispersive and wave dispersive spectrometry
Basics of Analytical Transmission Electron Microscopy,

e  Concept of interaction volume and its relation with atomic number and accelerating voltages, Fundamentals of different
correction parameters like ZAF correction, 1lllcorrections

e  CIliff Lorimer factor, thin film correction

Basics of SIMS, RBS and their Derivatives

e Advantages and shortcomings, concept of analytical images, different modes of analytical information,
resolutions and limitations, concept of electron energy loss spectra, Zero loss, plasmon, near edge spectrum

o Fundamentals of energy filtering and its uses in life sciences

e Near edge and far edge fine spectrum and their applications in determining energy states of material at atomic level.

o Case studies for metallic bulk samples, life science samples, nano-materials

Physical and Thermal Characterization Techniques

e Thermal expansion: Methods and their principle, Type of Dilatometers and their application for sintering studies,
Estimation of Phase diagram

e Thermal Conductivity: Methods and their principle, advantages and limitations of each method, data of nuclear Fuels

o TGA/DTA/DSC: Methods and their principle and application for estimation of properties like Melting point,
Transition Temperatures, Heat Capacity, Heat of Reaction, Oxidation behavior, Measurement of (O/M) ratio ,

o FElastic Properties: Methods and their principle and application for estimation of different properties like Elastic
Modulus, Shear Modulus, Poisons Ratio, Bulk Modulus_ application of these properties for estimation of other
parameters

e Hardness: Different methods and their principle and application for estimation of different properties like Softening
Coefficient, Intrinsic hardness, Activation Energy of creep, Indentation Creep. Estimation of Fracture toughness of
ceramics by indentation method

EN 714: Membrane Technology (35)

Fundamentals and Overview of Membrane Processes: (5)
e Introduction, Membrane definition & characteristics of membrane Processes
e  Merits and Demerits over conventional unit operations
e  Growth Potential, Classification and description of membrane processes
e  Pressure driven membrane processes (MF, UF, NF and RO)
o Electro-membrane processes (Electro-dialysis, Bipolar Electrolysis)
e Membrane processes with phase changes (Pervaporation, Membrane distillation).
Novel Membranes
o  Features, transport mechanism and application areas
o Polymeric membranes, Inorganic Membranes, Nano-composite membranes, Membrane Bio-reactor, Fuel cell
membranes, Membrane sensors, lon-exchange membranes, Gas Separation membranes
e Carbon nano-tubes based membranes for water desalination and purification.
Membrane Materials, Preparation and Characterization: (10)
e  Material selection
e Physico-chemical properties, Mechanical and Chemical stability, Polarity and non-polarity Molecular weight and
molecular architecture
e  Membrane preparation techniques- Phase-Inversion, In-situ polymerization, Track-etching, Slip-casting, Sintering
¢ Membrane Casting Aspects for continuous casting
o (Casting parameters — its monitoring and adjustment, Types of defects and identification, Preparation chemistry of charged
membranes.
e Membrane Characterization & Diagnostic Tools and Techniques
e Surface characterization -pore size, roughness, in-homogeneities, and hydrophilicity
e Bulk characterization -porosity, permeation study through flux and solute rejection.
Engineering and Design Aspects of Membrane Technology (10)
o Transport through membranes-Preferential sorption-capillary model,Solution Diffusion model, Irreversible
thermodynamics model
e Derivation of basic transport equation for RO membranes
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Application of basic transport equations and solute transport parameters for predicting RO membrane performance
Module designs and analysis — tubular, plate and frame, spiral wound and hollow-fiber, Concentration polarization and its
effects on performance.
Design Aspects of Membrane based plants
Pretreatment considerations, Water chemistry- turbidity, alkalinity, pH, hardness, dissolved silica and residual chlorine
Fouling and Scaling — types and control,Scaling assessment parameters ( SDI, MFI)
Materials of construction
Process design and system design for water desalination-Cascade arrangements of modules, High pressure pumps
Energy considerations and Energy Recovery devices -pelton wheel, turbo-charger and pressure exchanger

Effect of operating parameters on membrane performance

Membrane cleaning and protocols

Trouble-shooting analysis of operating plants

Post-treatment techniques

Membrane autopsy, Reject disposal techniques and brine management.

Membrane Technology Applications (10)

Techno-economics of membranedesalination plant - seawater / brackish water

Design aspects of water recovery & recycle from spent streams including sewage Application potential and design
considerations of membrane processes with regard to aqueous streams of nuclear fuel cycle

Hybrid membrane systems, Combo systems -membrane + conventional- for separation application

Nuclear Desalination

Membrane based water purification systems-RO/UF application in food processing, pharmaceuticals and Bio-
technology

Fractionation & Value Recovery.

Zero Liquid Discharge (ZLD)

References

L.
2.
3.

Membrane Technology & Applications by Richard W Baker (2008)
Membrane Handbook by Ho and Sircar (1992)
Transport Phenomena in Membrane by K. Lakshminarayanaiah (1970)

EN 715: Multi-Scale Material Modeling (20)

Introduction

Spatial and temporal hierarchy of microstructure and dynamics in materials
Types of models: quantum mechanical, atomistic, mesoscopic, continuum
Multiscale approaches

Short review and elements of differential equations (numerical solution)

Differential equations in discrete and continuum simulation methods
Ordinary differential equations for particle dynamics
Partial differential equations, conduction/diffusion equation

Atomistic models: Molecular dynamics

The basics of classical molecular dynamics

Initial conditions, creating lattice structures, introducing defects

Defining and maintaining temperature and pressure

Boundary conditions (periodic, stochastic, conducting, non-reflecting)
Methods for constant temperature or/and pressure simulations

Tricks of the trade (neighbor lists, force/energy tables, potential cutoffs, etc.)

Monte Carlo methods

The basics of Monte Carlo

Monte Carlo integration, thermodynamic averages
Importance sampling, Metropolis scheme

Lattice Monte Carlo, Ising model

Multi-state Potts models (grain coarsening, recrystallization)
Kinetic Monte Carlo (surface processes, thin film growth)

Interatomic potentials

Introduction, Born-Oppenheimer approximation
Pair potentials and their limitations
Calculation of elastic constants from potential function

62



BARC TRAINING SCHOOL-MUMBAI: COURSE WORK SYLLABI-2018

e Potentials for ionic systems, ceramics
e Many-body potentials for metals
e Many-body potentials for covalently bounded systems
e Forces from “first principles”
Analysis of the simulation results
e  Equilibrium properties (energy, temperature, pressure, velocity distributions)
e  Structural properties (geometrical tessellation, pair correlation functions, atomic level stresses)
e Dynamic properties (diffusion, time correlation functions)
Mesoscopic methods

e Discrete dislocation dynamics
e  Strain and stress fields for edge and screw dislocations in an isotropic medium
e The equation of motion in Newtonian Dislocation Dynamics
e Examples from 2D and 3D simulations

e  Current problems

e Coarse-grained models

Bridging the scale gaps between different simulation levels

e Simultaneous integration of the models

e Sequential integration of the models (hierarchical approach)

e Examples of combined methods (MD-FEM, MD-MC, etc.)

Modeling at microscale

e  Mechanism of ductile fracture and cleavage fracture

e  Gurson constitutive law for modeling ductile damage

e Roussiler constitutive law for modeling ductile damage

e Beremin’s model for cleavage fracture

e Modeling of material under transition temperature

e Case studies

EN 716: Preparedness & Response to Nuclear Emergencies (35)

e Nuclear Fuel Cycle, Reprocessing of Plutonium & Uranium enrichment

e Radiation Shielding & Study of Criticality parameters and control

e Nuclear Waste Management

e Nuclear Accidents/emergencies

e Transport of Radioactive material

e Radiological accidents/emergencies

o Effects of Hiroshima & Nagasaki bombing

e Detection of Nuclear detonation

e Nuclear weapons: effect (Blast, heat, Radiation and EMP)

e Medical decontamination with demonstration

e  Nuclear weapon tests (atmospheric)

e Nuclear & Radiological terrorism (Method to contain and control)

e Chemical warfare & Biological warfare (Method to contain and control it)
e Emergency Response methodology/ Philosophy

¢ Systems and methodology for Radiological impact assessment

¢ Emergency Response Centres (Requirement in terms of instruments, manpower and communication facilities
e Emergency Monitoring & Shelters

e Civil defence WEB plan for Nuclear attack on major cities

e Monitoring of High radiation field area

e Lab Visits

EN 717: Project Management (25)

Definition of a Project, type of project, cost & schedule of Nuclear Power Projects.
* Definition of Planning, importance of planning in a Project
o Resources of project.
o Project Organization Chart, functions of different units of construction
» Contract packages: Types of, Tendering requirements action steps, delegation of power in a project.
* Scheduling in a project by PERT: resource requirements, resource allocation for an activity, constraints for an
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activity, earliest start time EST, latest completion time LCT.

o Scheduling in a project by critical path method, CPM

o Scheduling in a project by Precedence Diagram Method.

o Use of Project Management Software for project planning, scheduling & monitoring.

o Preparation of master control management milestone network, Level-1,2, 3 & 4 network.
Preparation of Target Plan, updating of progress, monitoring variance & reporting

o Constraints of project and its effective management o
Development of Six Monthly Plan and its review process o Resource
based planning

o Physical & Financial Monitoring of project, Use of S-curve

o Capital Budgeting & expenditure control in a project

o Daily, weekly & monthly progress reporting

Verification of project data and their analysis, type of float/slack, critical path and near critical path.
Agenda for the daily, weekly & monthly meeting, record of the meeting.

Contingency plan.

Construction Interface with different Units of Construction.

Construction Management, Project Management, Project management Software Tools.
Management Milestones, Incentive Milestones.

Daily work plan. Target evaluation. Supervision. Target review meet. Mid course correction. ERP, ERM. Analysis
methods, SWOT analysis.

Problem Solving techniques, RCA, Activity network preparation.

References:

1.

2.
3.
4

NPCIL NU-Power publication on Effective role of Planning in TAPP-3&4

IAEA technical report series no 279: Nuclear Power Project Management-A Guidebook
Primavera Project Planner/MS project Reference Manual

Applicable training manual

EN 718: Reliability Engineering (ME) (25)

Reliability Mathematics — Fundamentals of probability, Random Variables and their probability distributions, common
distribution functions, Uniform, Normal, Lognormal, Exponential and Extreme value distribution, correlations,

Regression analysis, Bayesian Methods, Functions of Random Variables, Central Limit theorem

Elements of Component Reliability — Definition of reliability, Availability and risk, Basic Component reliability model,
Failure rate & hazard rate, Life testing, Component reliability.

Reliability in Engineering Design — Limit state, Probability of failure, Monte Carlo simulation method, Generation of
Uniform Random Number, Generation of Normal Random Number, General procedure of generating random numbers
from an arbitrary distribution, Accuracy of probability estimates, Reliability Index, First Order Second Moment Reliability
Index, Hasofer Lind Reliability Index, Rackwitz Fiessler procedure, Correlated random variables.

Probabilistic Fracture Mechanics — Brief overview of failure modes for flawed structures, linear elastic fracture mechanics,
net section collapse, R6 method, fatigue analysis, crack growth analysis, Application of PFM to nuclear structural
components.

System Reliability Analysis — Elements and systems, series and parallel systems, Reliability bounds on structural systems,
Failure mode and Effect analysis, Reliability block diagram, Redundancy techniques in system design, Fault tree and Event
tree analysis, Reliability and availability of repairable systems.

Application of Reliability - PSA of Nuclear Plants, Identification of initiating event, Event sequence modeling, system modeling,
input data analysis including common cause failure and human reliability data quantification, determination of Core Damage
Frequency and its significance. Internal and External events, Reliability centered maintenance, Risk based in-service inspection
strategies, Important measures, Risk based ranking matrix.

References:

1.

Al

Mishra, K.B., “ Reliability Analysis and Prediction”, Elsevier, 1992.

Shooman, Martin L., "Probabilistic Reliability: An Engineering Approach", McGraw Hill, 1968.
Modarres, M.,Reliability& Risk Analysis, Marcel Dekker, 1993.

Kapoor, K.C., and Lamberson, L.R., “Reliability in Engineering Design”, John Wiley & Sons, 1977.
Balaguruswamy, E., “Reliability Engineering” Tata Mcgraw-Hill, 1984.

Provan, J.W., “Probabilistic Fracture Mechanics & Reliability”, Martinus Nijhoff, 1987.

. Nowak, A. S. and Collins, K. R., “Reliability of Structures” McGraw Hill, 2000.

Ayyub, B. M. and McCuen, R. H., “Probability, Statistics and Reliability for Engineers”, CRC Press, 1997.
Haldar, A. and Mahadevan, S., “Probability, Reliability and Statistical Methods in Engineering Design”,

. John Wiley and Sons, Inc. 2000.
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EN 719: Signal Conditioning, Recovery & EMI Aspects (25)

Review of Analog Signal Conditioning & Recovery Techniques
e Conditioning raw signals from transducers, signal extraction from a common mode reference, Error budget in Signal
Conditioning circuits, Recovery of Signal buried in Noise, Phase Lock Loops, Lock-in Amplifiers, Noise Equivalent
circuits of Pre-amplifiers, Pulse Amplifier designs, Active Filter Design, Types ofA/D and D/A converters, nature
of errors in the devices, advances in A/D and D/A technology, Sigma-Delta converters.
Theory of Quantization
e Theory of analog to digital conversion, analysis of quantization errors, theory of digital to analog conversion,
application of decimation and interpolation to A/D and D/A conversion, over-sampling, design of digital anti- aliasing
filters, fast algorithms for implementation.
Theory of Signal Analysis and Reconstruction
o Function space, orthogonal basis functions, Limitation of Shanon’s theorem, Reconciliation by approximation in shift
invariant space, generalized basis functions, analysis and reconstruction with B-spline basis, wavelet basis, bi-orthogonal
wavelet (dual) basis, consistent estimate (sampling), Interpolating wavelets, perfect reconstruction with wavelets, over-
sampling, multi-scale characterization from extremas in wavelet domain.
Review of EMI Aspects
Introduction to Electro-Magnetic Interference, EMI sourcing circuits, Capacitance Coupling, Inductance Coupling,
Shielding, Shielding materials for electro-static coupling & electro-magnetic coupling, Shielded Cables, Use of Twisted cable pairs,
Equipment Shields, Grounding, Various grounding schemes, Schemes for Instrumentation Grounding in Reactors, Design for
Electro-magnetic Compatibility, Overview of EMI Test Standards for Systems in Nuclear Installations, Testing Standards for
Emissivity & Susceptance, Anechoic chambers.
EMI Modeling
e Propagation of EM waves, Antenna theory, Synthesis of Radiation Patterns, Waveguide theory, Coupling &
Reflection, Reflective Surfaces, Source-term modeling, Susceptance Modeling, EM Topology.

EN 720: Software Engineering (25)

e Introduction: Importance of software engineering, software characteristics, life cycle and models, phases, processes, work-
products of different phases (1)

e  Analysis and Design I: Data models, Functional modeling, structured analysis and design, design attributes and metrics.

CASE tools.(3)

e Analysis and Design II: Object oriented methods, Unified Modeling Language (UML), notion of objects, classes,
attributes, methods, interfaces, associations, generalisation, composition, polymorphism. Modeling structure and
behavior.

o  Use case diagrams, class diagrams, state diagrams, sequence diagrams. architectural and detailed design. Modeling real-
time software. Introduction to Object Oriented languages. CASE tools.(10)

e Software Quality Assurance: Quality attributes, metrics, reliability, SQA activities(3)

e Verification and Validation: Reviews, inspection and walk-through, Static analysis, formal methods Testing principles,
unit testing, integration testing, acceptance testing Unit testing: black box testing, white box testing — coverage criteria,
Equivalence class partitioning, boundary value testing(2)

e Software Configuration Management: Configuration items (with examples), baselines, libraries, version control. (2)

e Software engineering standards (2)

EN 721: Vibrations (25)

Single-degree-of-Freedom (SDOF) Systems: Free vibration - equation of motion; Concept of natural frequency; Solution of equation
of motions for undamped and damped free vibrations - underdamped, overdarnped and critically damped systems; Material and
structural damping - evaluation of damping in SIDOF systems; Response to harmonic loading - complementary solution and
particular solution; Response to periodic loadings using Fourier Series, Response to general dynamic loading — Duharnl’s Integral.

e  Multi-Degree-of-Freedom (MDOF) Systems: Equations of motion - Lumped mass and distributed parameter systems;
Eigen value problem, concepts of Eigen values and eigenvectors; Normal mode vibrations - Free and forced; Orthogonality
conditions; Mode superposition method & Direct integration methods; Vibration of continuous systems; Vibration
absorption, vibration isolation and dampers, transmissibility and isolation efficiency.

Response of Systems To Ground Motion: Earthquake motion - Safe Shutdown Earthquake (SSE) and Operating Basis Earthquake
(OBE); Magnitude and Intensity of an earthquake; Design basis earthquake - Design Time History and Design Response Spectra;
Response Spectrum Method and Time History Method of Analysis - Concept of Mode participation factor, modal Combination and
spatial combination rules; Aseismic design of equipments and piping systems as per ASME Sec.III Appendix-N

e Rotor Dynamics: Basic Concept: a) Critical speed, b) Unbalance response; Whirling of rotating shaft - Jeff Cott rotor;
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Phase-amplitude relationship, effect of damping; Amplitude build up at critical speed; Effect of support flexibility;
Performance verification of rotating rnachinary.

e Dynamic Balancing: Static and Dynamic unbalance; Single plane and two plane balancing; Sources of unbalance; Method
of mass correction and balancing practice; Balancing quality standards and specification for rotors; Classification of rotors
and type of balancing required.

e Flow Induced Vibration: Fluid-Flow across smooth circular cylinder and in an array of cylinders; Strouhal number, Added
Mass; Models and analysis for vortex-induced Vibration; Sources of Vibration in pipes containing fluid; Codes and
standards applicable for flow induced vibrations.

e Vibration Measurement and Signal Analysis: Types of transducer, their principle and application ranges; Accelerometer,
Eddy current transducer and LVDT, Modes of vibration measurement (Displacement, Velocity and acceleration);
Characterization of periodic, aperiodic and random signals; Fourier Spectrum, Power spectrum, Cross-power spectrum,
Coherence, auto and cross - Correlation and significance of these parameters; Application of vibration for condition
monitoring and diagnostics; Vibration standards for acceptance.

References:

1. Den Hartong J.P., "Mechanical Vibration", Mc-Graw Hill Book Co., 1956.
Meirovitch L., "Elements of Vibration Analysis", McGraw Hill Book Co., 1986.
Meirovitch L., "Analytical Methods in Vibration", MC Millan Co., 1967.

Rao J.S., "Rotor Dynamics", John Wiley and Sons, 1991.
Blevins R.D., "Flow Induced Vibration", Von Nostrand Co., 1977.
Clough R.W., and Penzian J., "Dynamics of Structures", McGraw Hill Book Co., 1989.
"ASMEBoiler and Pressure Vessel Code", Sec.IIl, Appendices 1986.
"Vibration Measurement", By Gheorghe Buzdugan.
"Machinery Vibration Measurement and Analysis", By Victor Wowk.

. "Vibration for Engineers", By A.D Dimahogones.

. "Vibration Analysis and Measurement", By J.D.Smith.

"Vibration Analysis", By Steve Goldman.

. "Vibration Primar", By M.Jackson.

"Vibration in Rotating Machinery", By H.R. Martin.

. "Mechanical Vibrations", By Singiresu S.Rao.
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EN 722: Safety and Reliability of Civil Engineering Structures (25

Introduction to Probability Theory
Set theory, statistics and probability, failure and success, reliability terminology, safety and reliability,
maintainability, availability, ProbabilityDistributions: continuous and discrete random variables, Binomial, Geometric,
Poisson, Normal, Lognormal, Exponential, Weibull, Gumbel.

Structural Reliability
Loads and strength, concept of probability failure and structural safety, Limit State, Monte Carlo Method, simulation of
random variables, Cornell Reliability Index, Mean Value First Order Second Moment Method, Hasofer Lind Reliability
Index, Rackwitz Fiesseler Method, Treatment of correlated random variables, Partial Safety Factors and their estimation,
system failure probability, case studies.
Probabilistic Safety Assessment
Probabilistic Seismic Hazard Assessment, Source models, Ground motion prediction models, Seismic fragility
analysis of components, system analysis for seismic risk, safety assessment with respect to external events such as
Tsunami & Flood
Industrial Safety
Consideration of industrial safety aspects in layout and design of buildings, fire hazard analysis, fire protection, fire
prevention and firefighting, safety in handling machinery, equipment and tools, organizational aspects of
industrial safety, fitness and protection of personnel.
Safety assessment of existing structures:
Health assessment of concrete and steel structures, rehabilitation and retrofitting of structures, service life prediction.
Introduction to decommissioning of structures
References:
1. Hahn, G. J.and Shapiro, S. S. (1994), “Statistical Model in Engineering” Wiley-Interscience.
2. Ranganathan, R. (2000), “Reliability analysis and design of structures”,Jaico Publishing House.
3. PRA procedure guide NUREG/CR2300/Vol. 1&2 (1983), “A Guide to the Performance of Probabilistic Risk
Assessments for Nuclear Power Plants”, The American Nuclear Society.
4. AERB(1990), Code of Practice on Design for Safety in PHWR based Nuclear Power Plants,
AERB/SC/D
5. AERB (1998), Civil Engineering Structures — Important to Safety of Nuclear Facilities, Safety Standard No.
AERB/SS/CSE.
6. AERB (1996),“Atomic Energy (Factories) Rules”.
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7. AERB (1991), “Safety Guide for Works contract”, Safety Guide No. AERB/SG/IS-1
8. AERB (1996), “The guidelines for refurbishing work of Civil Engineering Structures of CIRUS Reactor
Complex”, Report prepared by Civil Engg. Safety Committee for Operating Plants (CESCOP),AERB
9. ASCE 43-05 (2005) “Seismic Design Criteria for Structures, Systems, and Components in Nuclear
Facilities”.
10. Regulatory Guide 1.165 (1997), “Identification and Characterization of Seismic Sources and Determination
of Safe Shutdown Earthquake Ground Motion”, U.S. Nuclear Regulatory Commission.
11. AERB/NPP/SM/CSE-2, (2004), In-Service Inspection Of Civil Engineering Structures Important To Safety
Of Nuclear Power Plants
12. AERB/SM/CSE-1, (2002), Maintenance Of Civil Engineering Structures Important To Safety Of

Nuclear Power Plants
EN723: Welding Science and Technology (MT) (25)
. Overview of welding processes
. Cold Bonding/Solid State Bonding
. Arc Welding Processes
. BeamWelding Processes
. Arc-Beam Hybrid WeldingProcesses
. Study of welding arc characteristics
. Metal transferduringarcwelding
. Heat flow during welding
. Gas-metal and slag-metal reactions
. Weld pool solidification
. Effect of welding process parameters on themacro-andmicro-structure of
weld metal
. Thermal cycles in the heat affected zone
. Phase transformations in the weld metal and the heat affected zone
. High power density processes such as laser and electron beam welding
. Welding metallurgy under high coolingrates
. Phenomena of hot-crackingand coldcracking
. Residualstresses anddistortion duringand afterwelding
. Residual stressmeasurements
. Application ofaboveprinciplesto welding ofcarbon and alloy steels, cast

irons, stainless steels, aluminium and titanium alloys.

EN724: Advanced Structural Dynamics and Earthquake Engineering(CE) (30)

I. Introduction to Structural Dynamics and Earthquake Engineering

I1. Performance Based Design of structures, systems and components subjected to earthquake loading
Concepts of performance bases, Seismic demand, Capacity of structures, systems and components, performance levels, energy
dissipation and damping.

II. Seismic and Vibration Control
Concepts of seismic and vibration control, Passive control using Yielding dampers, friction dampers, tuned mass dampers,
Tuned liquid damper, etc., Semi active and active control strategies.

I11. Base Isolation Techniques
Concepts of vibration and seismic isolation, laminated rubber bearings, Lead plug bearings, Friction Isolation System etc.
V. Testing and Modal analysis
Need of testing, Methods of testing, qualification of systems by testing, data processing using FFT and Wavelets, modal
analysis for frequency, mode shapes and damping. Causes and types of experimental error, statistical analysis of data.
V1. Seismic and Vibration Instrumentation
Measurement Methods and Applications: Measurement of displacement, velocity, acceleration, pressure, forces, strain and
optical methods of measurements; Data Acquisition and Processing.
Types of inputs: analog and digital signals, calibration and uncertainty, Measurement System: Performance characteristics,
linearity, dynamic range, sensitivity, stability, accuracy, bandwidth, noise, repeatability, hysteresis- threshold- resolution,
readability and span.

VII. Fluid-structure interaction techniques
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Coupling of fluid with structure, Dimensionless numbers in fluid-structure interactions, Added mass and added stiffness, Fluid
sloshing, Flow induced vibration, Flow over bluffed bodies, Vortex shedding.

VIII. Multibody Dynamics
Rigid-Body Kinematics, Kinematics for General Multibody Systems, Modelling of forces in multibody systems, contact
forces, friction effect, Equations of Motion of Multibody Systems.
Numerical integration methods for free standing objects, spring-mass system with friction, Runge Kutta methods, error
estimation, Computer programs.

Text / Reference Books
1. A.K. Chopra, “Dynamics of structures”, Prentice Hall, 4‘[h edition, 2007.
2. S.S. Rao, “Mechanical vibration”, Prentice Hall, Sth edition, 2014.
3. Holman, “Experimental Methods for Engineers”, 6e, McGraw-Hill, 1994.
4. Doeblin, Engineering Experimentation, McGraw-Hill, 1995.
5. Hans-Joachim Bungartz Michael Schifer, “Fluid-Structure Interaction Modelling, Simulation, Optimization”,

Springer-Verlag Berlin Heidelberg 2006.
Soong, T.T. and G.F. Dargush, “Passive Energy Dissipation Systems in Structural Engineering”, Wiley &
Sons, New York, 1997

7. Farid Amirouche, “Fundamentals of Multi Body Dynamics, Theory and Applications”, Springer Science,
2006

a

NON-SUBJECT ASSIGNMENTS

EN 591: Viva Voce

In addition to the formall assessment carried out by the mehod of written examinations, a viva voce examination
is also conducted in each semester. The objective of the examination is to assess the grasp of the basic concepts
in the courses covered and also to examine the aptitude of the student to apply the knowledge gained in
individual subjects to establish linkages and solve problems across domains.

EN 592.1: Process Control Trainer (15)

This module is aimed at introducing the trainees to the Feedback Control Systems and providing them with
hands-on experience on a process control trainer. It comprises a series of experiments as detailed below.

Expt 1

Introduction to typical process under control — a boiler with drum pressure as feedback parameter and fuel
flow as controlled parameter.

Elements of control loop. Sensor, controller, final control element. Study of process response with P, PI and
PID control.

Expt 2

Optimisation of process control - using ultimate sensitivity method.

Critical gain and critical period for the process is found by increasing controller gain till sustained
sinusoidal oscillations are set with constant amplitude.

Optimum gain and integral / differential time constants are calculated using empirical formulae.

Expt 3

Feed forward control configuration - study of process response in comparison with normal feedback control.
Steam flow is used as an additional parameter to implement feedforward — feedback configuration.

Expt 4

Smart Differential Pressure transmitter.

Study the transfer characteristics — pressure v/s current output. Calibrate transmitter for a given pressure range.
Re range transmitter using HART communicator.

Re configure transmitter for linear and square root characteristics.
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Expt 5

Final control element - Linear pneumatic control valve.

Study of transfer characteristics - percentage of flow rate v/s opening of valve. Discussion on types of control
valve and salient specifications.

Virtual instrumentation and wireless data communication between controller and PC.

EN 592.2: Nuclear Detectors (15)

A series of experiments are carried out by the trainees to make them conversant and proficient in the handling
of equipment for ‘Nuclear Radiation Detection and Measurements’.
Nal(Tl) y- Ray Scintillation Detector

This experiments imparts training on the use of Nal(Tl) detector using known y- Ray sources (Co60 & Csl37)

, plotting of calibration curves and identification of unknown sources.
a-Particle spectroscopy using a Solid State Detector
This experiment imparts training on the use of the Solid State Detector using known o-Particle

source (Th229), plotting of calibration curves and determination of the thickness of a Mylar Foil using the
experimental setup. Gieger-Muller Counter

This experiment imparts training on the use of the G-M counter using known sources, studying plateau
of the G-M counter , testing counting statistics of the counter and studying absorption behaviour of B-rays

emitted from TI204 for finding the Half Value Layer thickness of Al.

EN 593: Mini-Project Work (300)

The 11 week Mini-Project is prescribed as an integral part of the training school curriculum. It is carried out
in the third trimester on completion of the foundation and core courses. The principle objective of carrying
out a Mini- Project is to provide a hands-on experience to the trainee of working in an ongoing project of
the Department. If feasible, the mini project is linked to the M.Tech. Project and the future work profile of
the trainee, thus providing a meaningful synergy between the training, M Tech Project and work profile of
the trainee. The experience gained in formulating and executing a scientific/technical problem and the
possible pathways to its solution serves as value addition to the training provided. Interactions with senior
scientists/technologists during the project work provides useful insights into the methodologies of research,
development and deployment adopted by the BARC scientists and technologists.

The trainee compiles a project report highlighting the scope, methods and deliverables of the project followed
by a seminar presentation to an expert committee of the work carried out. The Mini-Project carries a
weightage of 300 Marks, 225 being awarded by the expert committee and 75 by the guide.). Project runs on a
part time basis for 11 weeks from mid May to Mid July.
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Course No.: 102
Subject: Nuclear Physics and Radiation Detection

S. No. Topics Chapters

1 Nuclear Physics Structure of nucleus - Atom, Electron, Proton and Neutron, the Proton-Electron hypothesis of the constitution of the
nucleus, Proton-Neutron hypothesis
Magnetic and Electric property of the Nucleus
Additional Properties of Atomic Nucleus
Natural Radioactivity - Basic theory of Radioactive disintegration, disintegration constant, Half-life, Mean-life
Radioactive equilibrium, Units of Radioactivity
Alpha decay - Velocity and Energy of Alpha Particle, Absorption of Alpha Particle, Range, lonization and Stopping
Power, Range-Energy curve, Nuclear Energy Levels and the Theory of Alpha Decay;
Beta decay - Velocity and Energy of Beta Particle, Absorption of Beta Particle, Range, lonization and Stopping Power,
Range-Energy curve, Nuclear Energy Levels and the Theory of Beta Decay, Symmetry law and Non-conservation of
parity in Beta Decay
Gamma decay - Gamma decay, Internal Conversion, Nuclear energy levels theory, Absorption of gamma ray with
matter; Interaction of radiation with matter - Interaction of charged particles, Interaction of gamma rays: Photoelectric
effect, Compton scattering, Electron-Positron pair-production;
Natural decay series - Uranium Series, Thorium Series, and Actinium Series
Radioactive growth and decay: Mathematical explanation of growth and decay curve
Disequilibrium: Secular Equilibrium, Transient Equilibrium, Ideal Equilibrium
Nuclear fission: Discovery of Nuclear fission, Fission cross-section and threshold, Neutron emission in fission and
theory of fission process, Energy distribution in fission process
Nuclear fusion: Discovery of Nuclear fusion, theory of fusion process, Energy distribution in fusion process; Counting
statistics: Explanation of Binomial
Distribution, Poisson Distribution and Gaussian Distribution
Propagation of errors; Artificial radioactivity: Explanation of Induced Radioactivity, Radioactivity cross-section.

2 Radiation General properties of detectors - Efficiency, Resolution, Dead time of the detectors; Gaseous detectors - lonization

detection and
measurement

Chamber, Proportional Counter

Geiger-Muller Detector etc; Scintillation detectors

1




S. No. Topics Chapters
The basic function of a scintillation detectors, photo multiplier tube and its function
Various types of Scintillation detectors, Detection mechanism of Nal(Tl); Semiconductor detectors
The Basic principle of Semiconductor Detector, Energy Gap, Various types of semiconductor detectors and its
principles, Resolution, Fano factor; Neutron detectors
Slow and Fast Neutron detection methods
Nuclear Reaction of Interest in Neutron Detection
Counters based on Neutron Moderation
Other detectors - Explanation of Cherenkov Detectors, Photographic Emulsions, Thermoluminescent Dosimeters,
Track Etch Detectors etc. Pulse processing and measurements - Pre amplifier, Amplifier and MCA etc.
3 Lab
3.1 Gamma ray | Measurement of gamma ray energy for the estimation of Ra(eq), ThO2 & %K
spectrometry Beta-Gamma technique
Explanation and practice of technique used for the estimation of U308 in the sample
Gamma ray logging & core analysis
Explanation and practice of technique used for Gamma ray logging
Shielded Probe Logging, and analysis of core samples
3.2 Instrumental Principle and operation of INAA
Neutron Activation
Analysis (INAA)
3.3 Radon Methods for the measurement of Radon: CCT-Method, SSNTD Method, and ROAC Method
Emanometry
4 References Radiation Detection and measurement — By G.F.Knoll.

Nuclear Physics- By D.C.Tayal.

The Atomic Nucleus- By R.D.Evans.

Measurement and Detection of Radiation- By N. Tsoulfanidis.
Nuclear Physics -by Irving Keplan

Basic Electronics, - Bernard Grob
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S. No.

Topics

Chapters

Course No : 103
Subject: Basic Geophysics for Geologists

S. No.

Topics

Chapters

Introduction

Geophysical methods and the associated physical properties

Classification of geophysical methods

Role of geophysical methods in mineral exploration

Effectiveness and limitations of various geophysical techniques with special reference to uranium exploration

Geophysical signatures of uranium deposits

Magnetic and
gravity methods of
prospecting

Magnetic Method - Earth’s magnetic field and its variations

Magnetic properties of materials, Remnant magnetization

Instruments for measuring magnetic field

Field surveys, Corrections Reduction of magnetic data

Magnetic anomalies due to bodies of simple geometry

Gravity Method -Earth’s gravity field and its variations, Figure of Earth, Isostacy, Absolute and relative measurements of
gravity field

Instruments for measuring gravity field, Field surveys, Reduction of gravity data Interpretation of gravity and magnetic
data

Anomaly patterns, Characterization of anomalies. Anomalies due to bodies of simples geometry (1D, 2D and 3D).

Variation of magnetic anomaly in relation to magnetic latitude, azimuth and dip of the body, Ambiguity in interpretation
of data, Forward and inverse modeling

Applications and field examples

Electrical methods

Classification of electrical geophysical method

electrical properties of rocks

Self Potential method: Origin of self potentials field equipment and survey, anomalies due to bodies of simple shape

3




S. No.

Topics

Chapters

Interpretation, field examples and applications

Resistivity method: Ohm'’s law,

True and apparent resistivity

Geoelectrical sections, Different electrode arrays, resistivity profiling and sounding

Field equipment

Interpretation of field data

typical resistivity profiles over simple geological structures, use of Master curves for interpretation of data over
multilayered medium

Applications and Field examples

Induced Polarization method: Origin, Membrane polarization, Electrode polarization, Time domain and frequency
domain measurements, Parameters measured, Field equipment

Typical profiles, Interpretation, Applications, Field examples

Electromagnetic methods: Classification of methods

Elementary theory of propagation of electromagnetic waves.

Primary, Secondary and Resultant fields, Skin depth

Frequency domain methods: Fixed source method, Moving source-moving receiver method, Very low frequency (VLF)
method

Ground penetrating radar technique, Parameters measured

Field equipment

Presentation of data

Applications and field examples

Time Domain method: Principle, Merits and demerits

Survey configuration, Field procedure and equipment, typical profiles

Applications and field examples Natural source EM methods.

Telluric and magnetotelluric methods: Sources and the frequencies studied, Typical profiles, Applications and field
examples.

Seismic methods

Elastic constants, Longitudinal, Transverse and Surface waves
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S. No.

Topics

Chapters

Hooke’s law, reflection, refraction and diffraction from multilayered media

Seismic energy sources and detectors

Refraction seismic: Principle, Critical angle, critical distance, Velocity inversion, Refractions at parallel and non-parallel
interfaces. Source-detector arrays, Fan shooting, applications and case histories

Reflection seismic: Principle, Acoustic impedance. Time-distance graph, Reflections at parallel and non-parallel
interfaces, Field procedures, Common Depth Point technique

Applications and field examples.

Borehole logging
methods

Obijectives, different logging techniques, Principles

Instrumentation and operational procedures of Self Potential, Electrical resistivity, Induction, Magnetic susceptibility,
Sonic, Caliper, density, I.P. and radiometric logging techniques

Applications and field examples

Tutorials

Computation of magnetic and gravity anomalies over regular shaped bodies;

Smoothing of data by filtering techniques

Estimation of mass from gravity data

Interpretation of vertical electrical sounding curves

Preparation of pseudo-sections of resistivity and IP data

Interpretation of HLEM data using standard curves

Interpretation of seismic refraction data by graphical and analytical methods

Identification of formational boundaries from well logs.

References

1. Ramachandra Rao, M.B., 1975 Outlines Of Geophysical Prospecting - A Manual For Geologists, Prasaranga,
University Of Mysore, Mysore,.

2. Bhirnasankaram V.L.S. 1990. Exploration Geophysics An Outline , Association Of Exploration Geophysicists,
Osmania University, Hyderabad,.

3. Telford W.M., Geldart L.P., Sheriff, R.E. and Keys D.A. 1976, Applied Geophysics By Oxford And Ibh Publishing
Co. Pvt., Ltd., New Delhi,.

4. Rama Rao, B.S. and Murthy, I.V.R. 1978, Gravity And Magnetic Methods Of Prospecting Arnold Heinemann
Publishing, New Delhi,




S. No. Topics Chapters

5. L.L. Nettlton, 1976, Gravity And Magnetic In Oil Prospecting , Mcgraw Hill

6. Dobrin, M.B An Introduction To Geophysical Prospecting 1984, Mcgraw Hill.

7. Telford W.M., Geldart L.P., Sheriff, R.E. And Keys D.A. 1976, Applied Geophysics By Oxford And Ibh Publishing
Co. Pvt,, Ltd., New Delhi.

8. Parasnis, D.S. 1997 Principles of Applied Geophysics. Chapman & Hall

9. Sumner, J.S.1976, Principles of Induced Polarisation for Geophysical Exploration. Elsevier.

10. Philip Kearey 2007, An Introduction To Geophysical Exploration, Michael Brooks, lan Hill Blackwell.

11. Electromagnetic Methods In Applied Geophysics.Applications Ed. Misac N Nabighian, Society Of Exploration
Geophysicists 1997

12. Dobrin, M.B., 1984.An Introduction To Geophysical Prospecting By Mcgraw Hill, New Delhi,

13. W.M., Geldart L.P., Sheriff, R.E. And Keys D.A. 1976. Applied Geophysics By Telford Oxford And Ibh Publishing
Co. Pvt,, Ltd., New Delhi,

14. C.L. Liner, 2004, Elements of 3d Seismology, Pennwell Corporation, U.S.

15. R.E. Sheriff and L.P. Geldart, 1995 Exploration Seismology, Cambridge University Press.

16. E.S. Robinson and C. Coruh, 1988. Basic Exploration Geophysics, John Wiley And Sons, New York

17. O.Serra, 2003. Well Logging And Geology, Technip, Paris

18. O. Serra, 1984. Fundamentals of Well Log Interpretation, Elsevier.

19. R.M. Bateman, 1985, Open hole Log Analysis And Formation Evaluation, Reidel, Dordrect.

20. G. Asquith and C. Gibson, 1982. Basic Well Log Analysis for Geologists, Academic Press, London

Course No.: 104
Subject: Basic Geology for Geophysicists

S. No. Topics Chapters
1 Introduction to The origin and internal structure of the Earth
geology Composition of crust mantle and core

Surface and internal processes: geomorphic processes and sedimentation; orogenic processes, mountain building,
volcanism, metamorphism and rock deformation
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S. No.

Topics

Chapters

Rock structure: folds, faults and joints, brittle and ductile deformation, lineation and foliation

Principles of stratigraphy

Geological Time Scale, correlation and geochronology

Elements of Indian stratigraphy

Precambrian shield areas

Important Phanerozoic successions, elements of Himalayan geology.

2 Introduction to Maijor rock forming silicates and common ore minerals
minerals and Brief introduction to the formation and classification of common igneous, sedimentary and metamorphic rocks
their identification | primary igneous and sedimentary structures, unconformity, dip and strike.
3 The dynamic Continental drift, theory of plate tectonics
earth different types of plate margins, association of metallic deposits in different tectonic settings
4 Introduction to Epigenetic and syngenetic deposits. Classification of ore deposits
ore forming Orthomagmatic processes and examples of orthomagmatic deposits
processes and
mode of Pegmatitic and pneumatolitic deposits
occurrence of ”_ . _ _
common ore Classification of pegmatites, skarn and metasomatic deposits
deposits Hydrothermal processes Examples of modern ore solutions, aqueous transport of metals and deposition of metals from ore
solutions, meteoric and juvenile solutions and their discrimination
Hydrothermal deposits forms and classifications
Weathering, supergene enrichment and residual deposits.
Sedimentary deposits, deposits formed by mechanical transport and by chemical precipitation, Eh-pH diagrams
Metamorphic and metamorphosed ore deposits.
5 Lab Identification and interpretation of geological features in topographic maps

Identification and interpretation of structural elements in geological maps: Faults, folds, unconformities
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S. No. Topics Chapters

Construction of geological cross-sections, stratum contours, isopach maps

Stereographic plotting of planes and lines

Study of stratigraphic maps of India

Analysis of folds, Analysis of faults, Strain measurements

Identification and description of hand specimens of common silicate minerals, common igneous, sedimentary and
metamorphic rocks, common sulphides and oxide ore minerals and economic rocks

Introduction to optical identification of minerals

6 References 1. Evans, A.M. Ore Geology and Industrial Minerals - An Introduction, Oxford Blackwell Scientific Publ, London, 1993.

2. Guilbert, J.M.andPark, C.F.Geologyof Ore Deposits, Freeman, W.H, 1986.

3. Jensen M.L. and Bateman, A.L. Economic Mineral Deposits, Wiley, 1979. B.J.Skinner, and S.C.Porter, The Dynamic
Earth — An introduction to Physical Geology, Wiley, 1989

4. G.W. Tyrrel, The Principles of Petrology: an introduction to science of rocks, Bl Publications, India. 1985.

o

D.R.Prothero and F.Schwab, Sedimentary Geology: An introduction to sedimentary rocks and stratigraphy, Freeman
and Co., New York

B.J. Skinner and S.C.Porter, the Blue Planet, Wiley, 1995.

P.D. Duff, (Ed). Holmes, Principles of Physical Geology, 4th Edition. ELBS, 1992.

H.H.Read, and J.Watson, Introduction to Geology | and Il. Macmillan, 1978.

G.H.Davies, Structural geology of rocks and regions, Wiley, New York, 1996
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Course No.: 105
Subject: Uranium Geology, Survey , Prospecting

S. No.

Topics

Chapters

Introduction

Objectives and challenges

Geological considerations, time and project value estimation, terrain, legal, political and local issues

Uranium in the
crust

Distribution of uranium - crustal abundance

Time bound character

Uranium in different rocks and minerals with some examples;.

Classification of uranium deposits; uranium deposits in the world

Exploration
guides

Controls of mineralization — stratigraphic, structural, lighological and other controls;

Stratigraphic guides: earl

Lithological guides

Structural guides - fault, fracture, foliation and their intersections, fault-breccia systems;

Geochemical guides - Indicator/pathfinder elements,

Mineralogical guides - Poly metallic mineralisation- Pb, Cu, Ni, Co, Se, As, Au, Ag, Te and Zn and sulphide
mineralization

Weathering and alteration, diffusion aureole, leakage anomaly, dispersion and mobility patterns, K20/ MgO, U, Ni, As,
V, Mn and B abundances,

Geochemical association of uranium with other trace elements

Proterozoic basal Quartz- Pebble Conglomerate (QPC) type

Proterozoic unconformity type

Porous, permeable carbonaceous matter rich Mesozoic sandstone type

Intrusive and reactivated granites

Carbonaceous/ graphitic metapelites

Graphitic schists, black shales

Calcrete

Exploration
methodology

Literature survey and conceptual modeling - study of available maps, identification of favourable parameters and
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S. No.

Topics

Chapters

geological environments;

Reconnaissance and detailed survey — geological mapping from exploration point of view by remote sensing and
ground surveys, narrowing down the target area;

Uranium mineralogy — primary and secondary uranium minerals, their field identification.

Geochemical
techniques

Stages of geochemical survey (Planning, deciding parameters for exploration, Orientation survey, Reconnoitory survey,
detailed surveys)

Hydrogeochemical techniques (Uranium and radium in surface and ground water, sampling);

Lithogeochemical and pedogeochemical techniques (choosing grid pattern, sampling techniques),

interpretation of analytical data

Radiometric
techniques

Ground radiometric survey, gross gamma and spectometric measurements, demonstration of field equipments,

Traverse planning, background radiation and anomaly detection, evaluation of anomaly

Isorad mapping, channel sampling, shielded probe logging and radiometric assay of grab samples

radon emanometry - isotopes of radon, migration, sampling techniques (CCT, SSNTD, ROC) and limitations

Helium survey - principle, diurnal variation, sampling system, uses

Prospecting for
uranium

Sampling: point, grab, grid samples; channel sampling; sample volumes; Sampling by drilling,

stratigraphic, reconnoitary, exploratory and evaluation drilling;

Planning of boreholes, choosing location and grid pattern,

Borehole plan, selection of type of drilling(non-core/core),

Lithological and geophysical logging

Drift/deviation

Borehole correlation sections,

Preservation core, core skeletonization, sampling of boreholes sludge/core, comparative study of physical and chemical
assay results of boreholes

Estimation of disequilibrium.

Assaying, rock density;

Averaging of assay values from one location — samples of equal length/unequal lengths

Averaging of assay values from different locations — evenly spaced samples, unevenly spaced samples;

10




S. No. Topics Chapters

Compensation for varying rock density; erratic assays;

Recent trends in uranium exploration

Present status of uranium supply and demand, new discovery of uranium deposit in the world and in India; Case studies
using different exploration techniques with examples from India and World.

8 References: 1. Economic Mineral Deposit-Alan M. Bateman

Uranium Supply and Demand-Michael J.Spriggs, Uranium Inst London

Uranium resources, production and demand summary-OECD-NEA and IAEA

World uranium deposits: uranium exploration geology; Proceedings of a panel, IAEA, Vienna-S. H. U. Bowie
Uranium Geology and Exploration -Richard H. De Voto

Classification of Uranium deposits-F. J. Dahlkamp

N o g s~ DN

Radioactivity in geology: principles and applications- E.M.Durrance

Course No.: 106
Subject: Surveying, Drilling and Mining

S. No. Topics Chapters

1 Surveying Types of surveys and applicability

Principles and methods of surveying & mapping

Surveying Equipment — Compass, The Transit, Optical Distance Measuring

Modern surveying electronic equipments - Digital levels, Digital theodolites, EDMs and Total stations

Principles, working and applications

Survey Methods - Co-ordinate methods, Bearings, Traversing and Trilateration (Topo)

Detail Survey, Orientation and position, Determination of True bearing, Horizontal and vertical control, Accuracy standards;

Positioning — Introduction, Differential positioning,

GPS instruments, Global Positioning Augmentation Systems; Errors in measurements — Blunders, Systematic errors, Random
errors, Most probable value, Average error, Standard deviation

Analysis and adjustment of measurements

Distribution, Adjustment of errors by Approximate method and Least squire method

11



S. No.

Topics

Chapters

Coordinate System in Geodesy - Geocentric Cartesian Coordinates, Topocentric Cartesian or local geodetic Cartesian
Coordinates, Geodetic Coordinates, Planimetric Cartesian coordinate

Datums - Horizontal datums - Everest spheroid, WGS - 84, datum transformation; Vertical datums - Mean Sea Level, Geoid, EGM
96

Projection — Polyconic projection, Traverse Mercator projection (TM Projection), Universal Transverse Mercator Projection

Tutorials

Adjustment of instrument errors by approximate method and Least square method. Datum transformation exercises.

Drilling

History of Drilling; Methods of soil sampling - Auger, Drive sampling;

Rock Drilling — Percussive, Attritive, Rotary Cutting, Shearing etc.,

Rotary reverse circulating, Rotary with down hole motors, Cable tool method;

Diamond Dirilling - Diamond quality, types of diamond bits, natural and synthetic diamonds, Rotary core drilling equipment, Drilling
standards, circulating media, Drilling fluid properties

Controlled Directional Drilling - Deviation in drilling, Measurement of deviation and control, Tools for directional drilling, Downhole
motors

Various types of drills in use in AMD

References:

1. Drilling Technology by C.P. Chugh

Drilling Technology Part 1 & 2 by British Drilling Association

Thomas, L.J. An Introduction to Mining, Methuen, Brisbane, 1978.

Sinha, R.K. and Sharma, N.L. An Introduction to Mineral Economics, Wiley Eastern, 1993.

ok~ wN

Chatterjee, K.K. An Introduction to Mineral Economics, Wiley Eastern, 1993.

Course No.: 107
Subject: Theory of Fields

S. No.

Topics

Chapters

Mathematical and physical fields, Continuity, Scalar and Vector fields.

Static fields in free space, Coloumb’s law, Newton’s law, Field intensity, lines of force, charge density, Curl of vector,
Stoke’s theorem, Gauss’s law, Gauss’s divergence theorem, Poisson’s and Laplace’s equations, Electrical dipole, Double
layer. Dielectrics and conductors, Polar and non-polar dielectrics.
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S. No.

Topics

Chapters

Harmonic functions, orthogonal curvilinear, spherical and cylindrical co-ordinates, Method of images, Green’s theorem,
Green’s function, Green’s equivalent stratum, Dirichletand Neumann problems

Electric fields in conductors, Ohm’s law in integral and differential forms. Magnetic fields, Magnetic flux, Magnetic vector
potential, Induction in magnetic media, Relation between gravity and magnetic potentials. Electromagnetic induction.

Laws of induction, Electric and magnetic energy densities, displacement currents, Poynting’s theorem

Electromagnetic radiation from an oscillating dipole.

References:

1. V.L.S. Bhimasankaram And S.V. Seshagiri Rao, 1973, Theory Of Fields, Osmania University, Hyderabad,
2. Alexander A. Kaufman, 1992, Geophysical Field Theory And Method: Gravitational, Electric And Magnetic Fields.
Academic Press.

Course No.108
Subject: Geochemistry and Geochemical Exploration

S. No.

Topics

Chapters

Geochemistry

Geochemistry as a branch of Chemistry, Brief understanding of the periodic table and inter-relationships between various
elements, Hunds rule, Aufbau principle, Pauling’s exclusion principle, lonisation energy, electron affinity, electronegativity
etc

Primary geochemical differentiation, Geochemical classification of elements, geochemical associations

Distribution of Major and trace elements in primary and secondary environment,Partition coefficient/ distribution coefficient
and separation constants, Stable isotopes, Geochemical cycle of Uranium, Geochemistry of uranium, REE Geochemistry

Eu and Ce anomaly interpretations

Geochemical
thermodynamics

Equilibrium thermodynamics, state functions, ideal and real gases, equations of state, properties of vapours and solutions

Laws of thermodynamics, reversible and irreversible processes, internal energy, enthalpy, heat capacity and entropy,
calorimetric measurements

Gibb’s free energy in relation to temperature and pressure. Chemical potential, Gibb’s-Duhem equation, heterogeneous
equilibria and phase rule

Standard states, activity and fugacity. Ideal solutions, Henry's law, Roults law
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Topics

Chapters

Non-ideal solutions

Phase diagrams.

Water chemistry

Solutions and solubilities, solute-solvent, solubility product and ion activity product

lonic strength of the solution, Debye-Huckel theory, Davies equations, units of concentration- molarity, molality, mole
fraction, equivalents and normality

pH and Eh concepts, Nernst equation (derivation), Geochemical fences, Limits of water stability

Ore Genesis-Physico-chemical environment of ore genesis, Major theories- Origin due to Internal processes, Magmatic
segregation, Magmatic deposits, Sublimation

Hydrothermal deposits, metamorphic deposits, Contact metasomatism and wall rock alterations. Origin due to surface
processes-Evaporation, residual and mechanical concentration/accumulation

Origin due to secondary processes-Oxidation and Supergene enrichment.

Geochemical
Exploration

Geochemical surveys-litho geochemical, hydro geochemical, pedo geochemical, Geobotanical /biogeochemical and
Atmo geochemical techniques, Pathfinder and indicator elements

Dispersion - Primary dispersions-Zonality, Wall rock alterations

Secondary dispersions-mechanical, Gaseous, Residual, outcropping concealed and superimposed

Hydro geochemistry- Significance of Eh, pH, T°C, Ec. solubility index and its significance in the secondary environment

Eh-pH Diagrams constructions and their Significance

Soil geochemistry, ionic potential and geochemical separation. Geochemical maps

Tutorials

Evaluation Analysis & Interpretation of Geochemical Data (litho- pedo- hydro- biogeo & atmo- geochemical data) using
conventional techniques and through use of various geo-software

Derivation and interpretation of Partition coefficient/ distribution coefficient and separation constants.REE data
normalisation using different rock standards, Eu and Ce anomaly interpretations

Gibbs free energy in relation to temperature and pressure

Gibbs- Duhem equation, construction of phase diagrams, solubility product and ion activity product, derivation of solubility
index, Nernst equation (derivation), Calculation of limits of water stability using thermodynamic data, Geochemical fences,
construction of Eh-pH Diagrams, Preparation of various geochemical maps

References

1. Mason, B. Principles of Geochemistry, Wiley Eastern, 1982.
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Topics

Chapters

2. Krauskopf, K.B. and Bird, D.K. Introduction to Geochemistry, McGraw-Hill International Edn., 1995.

3. Anderson, G.M. and Crerar, D.A. Thermodynamics in Geochemistry- the Equilibrium Model, Oxford Univ. Press, NY,
1993.

4. Wood, B.J. and Fraser, D.G. Elementary thermodynamics for geologists. Oxford, 1977. Nordstrom, D.K. and Munoz,
J.L. Geochemical Thermodynamics, The Benjamin/ Cummings Publishing Co., Inc. 1985.

Course No. : 109
Subject: Seismic methods

S. No.

Topics

Chapters

Basic concepts, Hooke’s law, Elastic wave propagation Wave equation, Elastic constants, Elasticc waves, Huygene’s and Fermat's
principles, Snell’s law, Reflection, refraction and diffraction from multilayered media; Factors affecting seismic wave velocities, Partition
of energy at an interface, acoustic impedance, Reflection and transmission coefficients, Zoeppritz’s equation, Structure of Earth;
Seismic refraction method - Head wave refraction, critical angle, Time distance curves, Critical distance, Geometry of refraction paths —
two layer and multilayer media; Velocity inversion/hidden layer problem, Field lay outs, Fan shooting, Interpretation of refraction data —
graphical and analytical approaches; Seismic reflection method- Principle, Time-distance graph, Geometry of reflection paths —
horizontal reflector, dipping reflector; Common depth point technique, Stacking chart and CDP diagram for normal and crooked profiles,
Static corrections, NMO, Velocity analysis, Migration, Wavelet propagation, attribute analysis. Wide angle reflections; Deep seismic
soundings; Field procedure; Vertical seismic profiling; 3D and 4D seismic exploration, Seismic tomography, Basic concepts; Data
acquisition; Energy sources — dynamite, vibroseis, hammer, airgun, Detectors — geophone, hydrophone; Grouping of geophones, Noise
profile analysis, Source-detector arrays, Directional shooting, Instrumentation, Digital seismic recording- general lay out, pre-amplifier,
filters, multiplexers, A-D converter, AGC, SEG formats; Telemetry systems;

Tutorials

Construction of wavefronts for two and three layer cases, Interpretation of refraction data —graphical approach (Mean minus T and
Hale’s methods) and analytical approach (Generalised reciprocal method).; Construction of CDP diagram and stacking chart for normal
and crooked profiles; NMO correction; Determination of velocity and interface from reflection data; Plotting of reflection points on
dipping reflecting layers; Noise profile analysis and optimum group spacing; Seismic data processing from demultiplexing to migration
using standard software package; Simulation of seismic responses by finite element and finite difference methods.

References:

1. C.L. Liner, 2004, Elements Of 3d Seismology, Pennwell Corporation, U.S.
2. R.E. Sheriff And L.P. Geldart, 1995 Exploration Seismology, Cambridge University Press.
3. E.S. Robinson And C. Coruh, 1988. Basic Exploration Geophysics, John Wiley And Sons, New York
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4. Dobrin, M.B., 1984. An Introduction To Geophysical Prospecting Mcgraw Hill, New Delhi,
5. Encyclopedic Dictionary Of Exploration Geophysics. Sheriff, R.E. Society Of Exploration Geophysicists, 1984
Course No. 110
Subject: Remote Sensing and GIS
S. No. Topics Chapters
1 Introduction Fundamental concepts of Remote Sensing — Electromagnetic Spectrum, Energies available for sensing, Interaction of EMR
with the atmosphere and terrain features
. Mineral and Rock spectra. Application of energy bands for Geological studies
2 Imaging Sensors in space today- Radiometric, Spectral and Spatial resolutions
systems  and | Selection of spectral and spatial resolutions for different geological themes
sensors Identification of the satellite data product, product codes, browsing of quality, product availability and procurement
procedure
3 Elements of | Fundamentals of image interpretation and geological applications-Tone, Texture, Drainage patterns and anomalies, colour,
remote sensing | size and Object to background relationship
and data | Applications of geomorphology. Lithological and structural interpretation from satellite data
interpretation
4 Digital image Objective of Digital Image Processing, Georectification, Image mosaicing
processing Image enhancement: Single band enhancement - Contrast stretching — Linear contrast stretching, Multiple linear stretching,

Logarithmic or functional stretching, Gaussian stretching, Histogram equalization stretching and Density slicing

Application of stretching techniques for geological interpretation and for anomaly zone extraction from airborne radiometric
images; Edge enhancement — Anisotropic Kerenels (Linear edge), Gradiant image (1st Derivative), Laplacian image (2nd
Derivative), Image smoothening

Application of different edge enhancements to radiometric images; multiple Image Enhancement - Addition and substration
of Images, Principle component Transformation, Image ratioing.

Application of these transformations for Geological and radiometric interpretation; Spectral and spatial resolution merging —
different methods, and its application to geological studies
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S. No. Topics Chapters
5 Digital Image Supervised classification, unsupervised classification, Application of classification for geological studies
classification
6 Geographical Introduction to GIS, Basic map concepts and Data layer generation, Topology building and Attribute Table generation
Information Getting spatial data into GIS and making spatial data usable
Systems (GIS) | Getting attribute table in GIS and making it Linked and usable
Defining real world coordinate system and Map projections to multi-coverage database
Performing GIS analysis — Spatial operation, generating buffers, manipulating spatial features, polygon overlay and Tabular
analysis
7 Geo-modelling | Introduction, principles of various modelling techniques in mineral exploration; concepts of mathematical modelling
Vector and Raster geographical information system
Geological, geophysical and geochemical data used in modelling
Presentation of case study- nature of data, grid file generation, interpolation algorithms, validation of surface fitting,
mathematical equations of trend surface, estimation of parameters of surface equations, goodness of fit, preparation of
residual maps for variables and uranium accumulation trend analysis
8 Lab Handling data products: different sensors and scale; procedure of browsing and selecting data; Interpretation of satellite
data based on elements of Remote sensing - sedimentary, Igneous and Metamorphic terrain; Interpretation of structural
features.
Digital Image Processing: Georectification and Mosaicing; contrast stretching, edge enhancement, multiple image
enhancements, Merging images, and image classification, using both satellite and radiometric data.
GIS: working on ERDAS DIPS and ArcGIS for spatial data creation; defining real world coordinate system and Map
projections; working on ArcGIS for some GIS analysis; Map Presentation
9 Reference Remote Sensing and Image Interpretation - Thomas M, Lillesand and Ralph, W.

Remote Sensing Application for Mineral Exploration - Ed.William L. Smith

Remote Sensing data Book — 1999 - Gareth Rees

Remote Sensing for Geologists — a Guide to image interpretation - Gary L. Prost (2001)
Remote Sensing for Earth Sciences. Ed - Andrew

Remote Sensing Geology - Ravi P. Gupta

N o

17




Course No.: 202
Subject: Exploration for Beach sands

S. No. Topics Chapters
1 Placers and the | Classifying the environments,
placer Environmental change, the placer geological time-scale,
environments Types of placer minerals
2 Placer sediments | Energy balance, Process-response elements, Sedimentary processes - Mechanical agents of weathering, Chemical
and agents of weathering, Biological agents of weathering, susceptibility of minerals to change, resistance of minerals to
sedimentation change, Erosion;
Properties of sediments- Particle size, Particle shape, Particle density;
Characteristic properties of placer minerals
Sedimentation - flow of solids through fluids-sediment transportation and settling, Transitional marine sedimentation.
3 Placers and their | Provenances and related minerals, Time related provenances, Tectonically related provenances, Regional aspects of
formation: provenance and placer mineral distribution ,Connecting provenance with minerals characteristics;
Placer formation- Continental placers, Transitional placers, marine placers
Transitional (Beach) Placers
Beach terminology, beach morphology, common HMs on the beaches
4 Exploration and | The placer exploration model- Programme logistics, Exploration tools, Remote sensing and satellite imagery, aerial
prospecting photography, geophysical and geo-chemical methods
Prospecting — Reconnaissance, close testing, drilling methods,sampling,analytical methods
5 Placer valuation: | Classification of ore reserves and resources - geometrical and geo-statistical methods - cut-off grade, blending, dilution,
feasibility studies
6 Placer mining | Mining methods- Mechanical mining - wet and dry methods — dredging, ecological consideration; Mineral processing:
and placer | Gravity concentration, magnetic and electro static separation
mineral
processing:
7 Economic value

of placer
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resources — world
scenario

Course No.: 202
Subject: Rare metals and Rare Earths

S. No.

Topics

Chapters

Introduction to Rare Metal & Rare Earth minerals and their significance in Modern Technology

Geochemistry and mineralogy of RM RE minerals

Geological characteristics of Rare Metal bearing granites, pegmatites ,carbontites and alkaline rocks

Potential Rare Metal bearing of pegmatite belts of India and world scenario

Rare metal bearing carbonatite-alkaline rock complexes of India and World scenario

Geologic characteristics and genetic problems associated with development of granite hosted deposits of Tantalum and
niobium

Exploration Techniques for rare metals minerals

Geochemical methods in exploration of Rare Metals and their ore reserve estimation

Gravity Technique for Recovery of Rare Metals

References

1. Alluvial Mining by Eoin H. Macdonald (1983), Chapman and Hall, London and New York. pp. 508

2. Macdonald, E.H. (1973) Manual of Beach Mining Practice, Exploration and Evaluation, 2nd Edition, Canberra

3. Techniques in Mineral Exploration by J.H.Reedman(1979) pp515

4. Cerny Peter 1992 Rare element granitic pegmatites part-1, Anatomy and internal evolution of pegmatite deposits,
Geoscience Canada, vol 18, no.2

Heinrich, E.W. 1958 Economic geology of the rare earth elements. Canadian mining journal, 1979

6. Henderson, P. 1984 Rare earth element geochemistry

o

7. Moller, P. 1986 Rare earth mineral deposits — Lanthanides, tantalum and niobium. Proceedings of a workshop, Berlin.
Springer-Verlag
8. Cermy, P. 1989. Characteristics of pegmatite deposits of Tantalum. In Lanthanides, Tantalum-Niobium spl. Publication
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vol.7, pp271-299
9. Ginsburg, A.l., Trimofeyer, I.N., and others 1979. Principles of geology of granitic pegmatites, Nedra, Moscow.
10. Ginsburg, A.l. 1984. The geological condition of the location and the formation of granitic pegmatites, proceedings of 27th
international geological congress, vol. 15.
11. Teertstra, K.K., Cermy, P. and Howthrone, F.C. 1998. Rubidium feldspars in granitic pegmatites, vol. 36, part-Canadian
Mineralogist
Course No0.:203
Subject: Inversion methods in Geophysics and signal processing
S. No. Topics Chapters
1 Inversion Fundamental concepts, Inverses with discrete and continuous models
techniques Inverse methods based length, generalized matrix,
inverses and maximum likelihood methods
Non-uniqueness, applications of vector space, resolving kernels
singular value decomposition, non-linear inverse problems
Optimization techniques and algorithms, Marquardt algorithm, Parametric, generalized and constrained inversion
procedures
Backus-Gilbert Inverse problem, Applications of inverse theory to geophysics
2 Signal Signal processing in geophysics, Periodic function, Even and odd functions; Delta function Step function, Analog to Digital
Processing conversion; Integral transforms, Fourier transform, Discrete Fourier transform, Fast Fourier transform; Hilbert transform,
Hankel transform, Walsh transform, Laplace transform, Z transform; Impulse response, Transfer function, Digital filtering;
Convolution, Deconvolution; Auto correlation , Cross correlation; Sampling and reconstruction, Statistical Signal processing;
Auto regression, Moving average. Auto recursive moving average filters; Weiner least square method for designing shaping
and spiking filters, Butter worth filter, Applications in geophysics
3 References: 1. W. Menke, 1989, Geophysical Data Analysis: Discrete Inverse Theory, Academic Press.

2. J.A. Scales, M.L. Smith and S. Trietel, 2001, Introductory Geophysical Inverse Theory, Samizdat Press.
3. D. Gubbibns, 2004, Tgime Series Analysis and Inverse Theory for Geophysicists, Cambridge University Press.
4. E.A.Robinsonand S. Trietel, 1980. Geophysical Signal Analysis. Prentice Hall, New Jersey
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5. Ronald N. Bracewell, 1999, the Fourier Transform and Its Applications, Mcgraw-Hill.
6. John F. Clearbout, 1985, Fundamentals of Geophysical Data Processing With Applications To Petroleum Prospecting.
Blackwell Scientific Publications
7. P.S.Naidu & M.P.Mathew, Advances in Exploration Geophysics 5: Analysis of Geophysical Fields. A Digital Signal
Processing Approach..Elsevier. Amsterdam
8. M.Bath, Spectral Analysis in Geophysics. Elsevier. Amsterdam
Course No.: 204
Subject: Ore Reserve Estimation
. No. Topics Chapters
1 Ore Reserve | An overview and outline, Exploration and Data Collection (Resource database) - Survey information, Geological data,
Estimations Geological model, Density factor, Sampling issues

Analytical procedures, Digital databases and validation, Audits of the resource database

Geological interpretation and Geological modeling

Role of geological interpretation

Interpretative techniques, Geological interpretation and modeling for mineral resource estimation

Ore reserve estimation- Area of Influence methods, Estimation for flat lying deposits

Uniform area of influence method

Variable area of influence method

Polygonal method

Triangular method

Cross-section method

Isopach method and General outline method;

Estimation method for steeply dipping deposits;

Inverse distance method

Geostatistical methods
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Topics

Chapters

Variography, Variography and data validation, Optimization of sampling grid and Domaining, Semivariogram, Kriging

techniques (linear and nonlinear); Conditional simulation

Mineral sands — Evaluation, resource estimation and reporting

Reserve categories: Measured/indicated/Inferred, RAR/EAI/EAIll/Speculative

Feasibility studies: Environmental issues and Ore reserve estimation

Tutorials

Calculation of ore reserves by different methods

References:

1. Edwards, A.C., (Ed) (2001). Mineral Rersource and Ore reserve estimation — The AusIMM Guide to Good Practice

(Monograph 23). Published by The Australiasian Institute of Mining and Mettallurgy, Carlton Victoria Australia.

2. International Atomic Energy Agency (1985). Methods for the estimation of Uranium ore reserve, An instruction Manual.

Technical Reports series no0.255.

Course No.: 205
Subject: Gravity and magnetic methods

S. No.

Topics

Chapters

Gravity method

Earth’s gravitational field , Gravitational potential, Potential field equations, Derivatives of potential

Poisson’s equation Geoid

Figure of Earth, Isostacy, ,Geodetic measurements Density estimations from field data

Absolute and relative measurement s of gravity

Theory and principle of gravimeter, zero length spring, Super conducting gravimeter, Calibration of gravimeter, Field
procedure, Reduction of gravity data, Free Air, Bouguer and Isostatic anomalies,

Gravity anomalies due to regular bodies- Sphere, vertical and horizontal cylinders, sheet, step/fault and bodies of arbitrary
shape, Simple interpretation methods using thumb rules, characteristic curves, curve matching , excess mass estimation,
location of mass centre, over burden effects, maximum-depth rules.

Magnetic
method

Geomagpnetic field, Magnetic field of external and internal origin,

Van Allen radiation belts, diurnal variation, magnetic storms, Dipole-nondipole fields and their origin, Secular variation

Magnetic petro physics

Factors affecting magnetization of rocks and magnetic minerals, magnetism of igneous , metamorphic and sedimentary
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S. No. Topics Chapters
rocks
magnetic signatures in different ore environments
Remnant magnetization
Magnetic character of continental and oceanic crusts, reversals of magnetic field, sea floor spreading and plate tectonics
Theory and principles of magnetometers -Flux gate, Proton precision, Optical pumping and SQUID. Gradiometers
Measurement of remanence and magnetic susceptibility
3 Processing of | Regional-residual separation, graphical method, Polynomial fitting, Spectral analysis, Average depth estimates

gravity and | Smoothing and enhancement techniques, wavelength filtering, matched filtering,

magnetic data Werner Deconvolution, Euler depth estimates, Upward and downward continuation, derivatives, reduction to pole for
magnetic data, analytical signal, susceptibility mapping, direct and inverse methods of interpretation.

4 Lab Computation of gravity and magnetic anomalies due to two dimensional and three dimensional regular shaped bodies

Study of variation of magnetic anomaly with magnetic latitude, azimuth and dip of the body
Application of spectral analysis for interpretation of field data
Computation of radially averaged spectrum
Average depth estimates, upward, downward continuation of data
Regional-residual separation
Computation of vertical derivatives,
Reduction to pole for magnetic data
Computation of analytical signal
Euler depth estimates
Inversion of gravity and magnetic anomalies,
Estimation of anomalous mass from gravity data,
Modelling of gravity anomaly over a outcropping sedimentary basin

References 1. M.B. Dobrin and C.H. Savit, 1988. Introduction to Geophysical Prospecting, Mcgraw Hill.

2. L.L. Nettlton, 1976, Gravity And Magnetic In Oil Prospecting , Mcgraw Hill
3. W.M. Telford, L.P. Geldart and R.E. Sheriff, 1990, Applied Geophysics, Cambridge University Press.
4. 1.V. Radhakrishna Murthy, 1998, Gravity and Magnetic Interpretation in Exploration Geophysics, Geological Society of
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India, Bangalore.
5. B.S.R. Rao And I.V. Radhakrishna Murthy, 1978, Gravity And Magnetic Methods Of Prospecting, Arnold-Henniman
Pub. Co.
6. D.S. Parasnis, 1979, Principles of Applied Geophysics, Chapman and Hall.
7. B.Bhattacharya, 1965, Two Dimensional Harmonic Analysis as a Tool for Magnetic Interpretation. Geophysics Vol. 30,
Pp 829-857.
8. Paterson, N.R. And Reeves, C.V. Geophysics 1985 Applications of Gravity and Magnetic Surveys: The State Of The Art
in 1985. Geophysics, Vol 50 Pp 2558-94,
Course No.: 206
Subject: Petro-graphic techniques in uranium exploration
S. No. Topics Chapters
1 Optics and Electromagnetic spectrum, light, double refraction; Polarised light microscopy,
Mineralogy
2 Transmitted Minerals in plane polarized light — shape and cleavage, relief, colour, pleochroism/diachroism, opacity, vibration direction,
light birefringence
microscopy Minerals in cross polarized light — anisotropism, interference colors, extinction angle, twinning, mineral identification;
Interference figures — significance; sign of elongation
Unitarian optics — determining optic sign with gypsum plate, quartz wedge
Biaxial optics — determining optic sign with optic axis figure and acute bisectrix figure, determining 2V/Mallards method
Becke’s lines, oblique illumination method for determining relief, determination of plagioclase compositions using the Michel
Levy method;
Modal analysis, norm calculation
3 Reflected light Colour, bireflectance and reflection pleochroism, anisotropism, internal reflections

microscopy:Pro
perties to be
studied under

Structural and morphological characters — crystal form and habit, cleavage and parting, twinning. Mineral identification

Qualitative methods —; Colour — quantitative measurement of colour, reflectance, microindentation hardness, standard
measure of Vicker’s hardness, Knoop’s hardness, standards, factors affecting microindentation hardness values for minerals;
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S. No. Topics Chapters
reflected light polishing hardness, scratch hardness; paragenesis
4 Petrography Petrography, petrology, petrogenesis
Igneous petrology — rock classification-plutonic and volcanic rocks, textures, alkaline rocks and carbonatites
Sedimentary petrology — clastic rocks, classification and origin, provenance of accessory minerals in sandstones, significance
of glauconite, tectonics and sandstone compositions, climate and sandstones, diagenesis of sandstones, cementation,
sandstone interpretation guide
Chemical and biochemical sedimentary rocks — carbonate mineralogy, classification
Tectonic setting
Texture as an indicator of energy levels
Metamorphic petrology — definition, grade, types, classification, nomenclature, textures and metamorphic settings.
5 Radioactive, . Uranium mineralogy, different stages of formation of uranium minerals, occurrence of radioactive minerals in different rock
Rare earth types
element and Thorium: Mineralogical expression of radioactivity
rare metal Types of radioactive minerals/phases, location and identification of radioactive minerals, optical properties of radioactive
bearing minerals — colour, reflectance, bireflectance, reflection pleochroiism, anisotropism and isotropism, internal reflection, micro
minerals indentation hardness
primary uranium minerals, complex oxides of uranium and thorium
6 Presentation Entry in registers, database, slide cataloging, photomicrography and report writing
and
preservation of
data and
assessment
7 Lab

Petromineralogi
cal techniques

Preparation of polished slab, polished thin section -advantages, araldite mount (cold setting), Bakelite mount, preparation of
wafers for fluid inclusion studies

Determination of specific gravity

staining techniques - feldspars and carbonates
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S. No. Topics Chapters
Density separation of mineral grains — coarser than 200 mesh sieves and finer than 200 mess sieves; unconsolidated
sediments,
Identification of minerals, special techniques for radioactive minerals — chromogram test
CN-85 film autoradiography/SSNTD study, fission tract studies, separation of secondary uranium minerals
8 Parts of the Objective lenses, ocular lenses, illuminating systems, accessory plates and their uses, monochromators, photometers, stage
microscope micrometers, sample holders
Resolution, numerical aperture calibration of the micrometer, field of view, centering of the objectives
9 Transmitted Minerals in plane polarized light — shape and cleavage, relief, colour, pleochroism/diachroism, opacity, vibration direction,
light birefringence
microscopy Minerals in cross polarized light — anisotropism, interference colors, extinction angle, twinning, mineral identification
Interference figures — significance; sign of elongation; Unitarian optics — determining optic sign with gypsum plate, quartz
wedge
Biaxial optics — determining optic sign with optic axis figure and acute bisectrix figure, determining 2V/Mallards method
Becke’s lines, oblique illumination method for determining relief, determination of plagioclase compositions using the Michel
Levy method; Modal analysis,
10 | Reflected light | Mineral identification, Kalb’s line. Qualitative methods Colour — quantitative measurement of colour, reflectance
microscopy Microindentation hardness, standard measure of Vicker's hardness, Knoop’s hardness, standards, factors affecting
microindentation hardness values for minerals; polishing hardness, scratch hardness
11 | Petrology Study of thin sections of common igneous, sedimentary and metamorphic rocks
12 | Radioactive, Mineralogical expression of radioactivity; types of radioactive minerals/phases, location and identification of radioactive
Rare earth minerals
element and Optical properties of radioactive minerals — colour, reflectance, bireflectance, reflection pleochroiism, anisotropism and
rare metal isotropism, internal reflection, micro indentation hardness
bearing Primary uranium minerals, complex oxides of uranium and thorium, common accessory radioactive minerals, labile uranium
minerals along grain boundaries, secondary uranium minerals
uranium minerals in igneous, sedimentary and metamorphic environments.
References 1. Berry, L.G., Mason, Brian 1959. Mineralogy — concepts, descriptions and determinations, W.H.Freeman and
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Co.,California 612p.

2. Deer, Howie, Zussman — Rcok forming minerals, vol. 1 to 5.

3. Kerr, F.P. 1959. Optical mineralogy, McGraw-Hill Book company Inc., 441p.

4. Nesse, W.D. 1991. Introduction to optical mineralogy, Oxford University press Inc., New York, 335p.

5. Winchell, A.N. and Winchell, H. 1951. Elements of optical mineralogy — an introduction microscopic petrography, John
Wiley & sons Inc., New York, Vol. 1 & 2, 551p.

6. Lecture notes: Internet. Prof. Stephen A. Nelson, Petrology, Tulane University — updated on 12th August, 2008.

7. Cameron, E.N. 1961. Ore microscopy, John Wiley & sons Inc., New York

8. Craig and Vaughan, Ore Microscopy

9. Ramdohr, P 1980. The ore minerals and their intergrowths, 2nd edition, vol. 1 & 2, Pergamon Press, Oxford.

10. Uytenbogaart, W. and Burke, E.A.J.1971. Tables for microscopic identification of ore minerals, Elsevier, Amsterdam,
430p.

11. Frondel, C. 1958. Systematic mineralogy of uranium and thorium, Geol. Sur. Bull. 1064, U.S.Government Printing Office,
Washington, D.C., 400p.

12. Heinrich, E.W., 1958. Mineralogy and geology of radioactive raw materials, McGraw Hill Book Company, New York,
654p.

13. Hutchison, C.S. 1973. Laboratory handbook of Petrographic techniques, John Wiley and sons, New York, 527p.

14. Verma, H.M. 1994. Petrographic study of radioactive minerals and the relevance of petrological data to exploration and
extraction of uranium, Geotutorials, vol.1, pp1-23, Atomic Minerals Division, Govt. of India, Hyderabad.

Course No. 207
Subject: Electrical and electromagnetic Methods
. S. No. | Topics Chapters
1 Electrical Classification of electrical methods, Natural and artificial source methods,
Methods Conduction in rocks, Electrical properties of rocks and minerals and their measurement
2 Self Potential Origin of self potentials, Electro-filtration, Diffusion, Adsorption, Mineral potential occurrence and stability ,
method- Field procedure, equipment, non-polarizable electrodes, Interpretation of anomalies due to simple shaped bodies.
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. S. No. | Topics Chapters
3 Resistivity True and apparent resistivity, Current flow and potential in homogenous and non homogenous media, Potential at a plane
method- interface, Surface potential due to horizontal beds, Effect of anisotropy and topography.
Geo-electrical parameters- Longitudinal conductance, Transverse resistivity, longitudinal resistivity
Various configurations and their geometric factors, Comparison of electrode arrays, Principle of reciprocity, Electrode effect,
Depth of investigation, Field about a point, Dipole field region, Concept of image in potential theory, analytical continuation of
potential fields, numerical methods in potential theory, Resistivity profiling and sounding.
Typical profiles across contacts, dykes
Expressions for apparent resistivity over layered earth, Principle of equivalence and suppression, Resistivity transform and
linear filter theory, Interpretation of vertical electrical sounding curves. Applications and case histories
4 Induced IP phenomenon, electrochemical theory, over voltage, fixed layer, double layer, Faradaic and non-Faradaic paths, Warburg
Polarization impedance, equivalent circuits, IP phase angle, mathematical formulation of IP response, Factors affecting IP phenomenon,
method Time domain, frequency domain and Spectral IP measurements and their equivalence
Complex resistivity, Cole-Cole model, Discrimination of minerals, Negative IP, Field procedure and equipment, EM and
capacity coupling, Computation of theoretical IP curves, IP soundings and interpretation, Magnetic Induced Polarization
method, Field procedure and equipment, advantages, Applications and case histories
5 Electromagneti | Classification of electromagnetic methods, Sources for EM waves, EM wave propagation
¢ methods Maxwell’ s equations, Boundary conditions, wave equation, self and mutual inductance
Electromagnetic energy and power, Poynting vector
Diffusion equation and its solution, skin effect and skin depth, Reflection and transmission of electrical and magnetic fields,
elliptic polarization
radiation from dipole, retarded potential, near and far fields, radiation resistance, Field due to a rectangular loop, horizontal
wire, horizontal circular coil, vertical straight wire, Phasor diagram, Electric circuit analogy for an EM system
Negative screening, overburden effect, current channeling and current gathering.
EM response over bodies with high magnetic permeability.
EM scale modeling. Cagniard’s resistivity
6 Frequency | Dip angle, Compensator method, Turam method, Horizontal and vertical loop EM methods, Controlled source audio magneto
domain EM | telluric method
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Topics

Chapters

methods-

Frequency and geometric soundings, Very low frequency (VLF) method- VLF station, parameters measured Ground
Penetrating Radar method

Field procedures and equipment

Processing of Turam data Interpretation of HLEM data and Turam data using standard curves

Fraser and Hjelt filters, Derivation of Current density cross section from VLF data

7 Time Domain | Comparison of FDEM and TDEM methods
EM methods Survey configuration, Impulse and Step response measurements, Diffusion time, Transient EM response over confined
targets, homogenous half-space, layered earth, thin sheets
Field procedure and equipment. Interpretation using plate model
Interpretation of sounding data over layered earth.
8 Natural source | Magneto-telluric, telluric and AFMAG methods. Source and the frequencies investigated
EM methods
Field procedure and equipment. Interpretation of the MT soundings. Applications and case histories
Lab Construction of two, three and multilayered VES curves, Interpretation of two ,three and multilayered VES curves using
auxiliary point charts and master curves, Interpretation of VES curves by direct and inverse methods, Preparation of
pseudo-sections, Current density cross sections from VLF data, Interpretation of HLEM data using master curves, Processing
of Turam data and interpretation by using characteristic curves Interpretation of TEM profiles using plate mode, interpretation
of TEM sounding data using inversion
Course No.: 208
Subject: Mineral process Engineering
S. No. Topics Chapters

Ore preparation

Significance of mineralogy in ore/mineral beneficiation

Mineral liberation, locking factor, image analysis, Particle size analysis

graphical representation of the results, number, mass, surface area, volume distributions as function of particle size

statistical distributions, Laser particle analyzer

Crushing and grinding of ores, operating principles, work index of ores, grinding efficiency and various grinding mills, mathematical

treatment of grinding operation, design of grinding circuits
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Topics

Chapters

Classification of ground ores, various types of classifiers, classifier performance, classifier efficiency

Ore processing
by physical
beneficiation

Principles of physical beneficiation of ores, qualitative and quantitative separation efficiencies, metallurgical accounting methods
applicable to ore processing

Gravity separation using the differences in specific gravities of mineral constituents, flow of particles in fluid medium, free and
hindered settling, terminal velocity

Introduction to various gravity separators, such as jigs, shaking tables, spiral concentrators, FLOATEX separators

Electrostatic and high tension separation, the operating principle and applications in processing of atomic and strategic minerals,
Froth flotation, basic principles, significance of surface properties in determining the floatability of heavier-than-water minerals,
flotation equipment

Magnetic separation, Principles of operation, magnetic separators Case studies with respect to processing of ores of atomic and
strategic minerals such as those of uranium, beach sand minerals (thorium and zirconium), niobium-tantalum, tin, tungsten,
molybdenum, cobalt etc

Fine particles processing, challenges and techniques of separation, introduction to commercially available fine particle processing
machines/techniques such as multi-gravity separator (MGS), Knelson concentrators, column flotation and other novel methods

Ore processing
by chemical and
bio-processing
methods,
hydro-metallurgi
cal operations

Principles of leaching, acid and alkaline leaching, atmospheric and pressure leaching, factors affecting leaching behaviour

Solid-liquid separation, various types of filters, filtration efficiency

Hydrometallurgical unit operations, ion exchange, solvent extraction, principles of ion exchange and solvent extraction, process
equipment to carry out these operations,

Recovery of metals from the concentrated/purified solutions including precipitation

Bio-processing of minerals, bacterial leaching, Case studies of flow sheets for processing uranium ores including those of Jaduguda,
Narwapahar, Turamdih, Tummalapalle and Gogi

Uranium recovery from secondary sources like phosphate ores, copper plant tailings and monazite

Pilot Plant studies, scale-up and design of industrial size uranium recovery plants and project planning, management and execution

Material and energy balancing. Process engineering, synthesis and flow sheet design.

Tailing
processing,
effluent
treatment and
disposal

Dewatering operations, thickening and drying and material handling.

Significance of tailings and effluent processing in uranium ore processing Tailings neutralization, mine backfilling, tailings pond, fixing
of deleterious heavy metal ions and radioactive ions, Bioremediation and impact analysis.
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5 Lab Size reduction of ores in laboratory ball and rod grinding mills. Screen analysis of ground ore, data presentation, by graphical
methods using standard models and interpretation of data
Settling characteristic for mineral particles in ground ore slurries and determination of parameters for dewatering of slurries
Determination of Bonds Work Index in Ball mill, estimation of power requirement and sizing a mill for specific design specification
Gravity separation of heavy minerals using spirals, jigs, shaking table, estimation of valuable mineral content, calculation of recovery
and grade
Magnetic separation of heavy mineral concentrates from beach sands on low and high intensity magnetic separators
Froth Flotation of sulfide minerals, generation of kinetic curve of flotation determination of optimum grade and recovery from the
graphical plots. Agitation chemical leaching of uranium ores by acid / alkaline leaching methods and computation of leachability.
6 References 1. Mineral Processing Technology, B.A.Wills, Pergamon Press, New York.
2. Introduction to Mineral Processing, Kelly and Spottiswood.
3. Chemical Engineering, Coulson and Richardson, Pergamon Press.
4. Mineral Comminution Circuits, T.Napier Munn, Univ. Of Queensland Press.
5. Hydrometallurgy, S.Venkatachallam.
6. Laboratory Experiments in Mineral Engineering, S.Venkatachallam and S.N.Degaleesan, Oxford & IBH.
7. Mineral Bio-processing, Smith and Misra, TMS.
8. Extractive Metallurgy of Uranium, R.C.Merrit.
9. Uranium Ore Processing, John W.Clegg and Dennis D.Foley, Addison-Wesley.
10. Significance of mineralogy in the development of flowsheet for processing uranium ores. Technical Reports Series. 196, IAEA,
1980.
11. Current practices for management and confinement of uranium mill tailings, Technical Report Series 335, IAEA, 1992.
Course No.: 209
Subject: Airborne geophysical methods
S. No. Topics Chapters
1 Introduction Procedures for obtaining needed licenses for flying in an area
2 Survey Survey design, and fixation of survey parameters- flight height, flight line spacing and direction, and selection of suitable
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Topics

Chapters

designing and
implementation

geophysical methods.

3 Airborne survey | Magnetometer, Gravimeter, Electromagnetic system, Gamma Ray Spectrometer and their working principles.

instruments

4 Navigation DGPS, Radio-altimeter and Barometer. Types of platforms. Precautionary measures in flying — weak link mechanism,

aids- airworthiness of equipment.

5 Data Selection of base frequency, pulse duration in case of EM methods, Sampling interval, format of output data. Types of noise

acquisition in different sets of data. Quality control, data validation. Calibration procedures.

6 Processing of | Application of attenuation coefficients, stripping coefficients, gridding, interpolation procedures, contouring

data
7 Presentation of | Profiles, contour maps, images, ratio maps, conductivity —depth sections, DTM. Qualitative interpretation- Characterization of
data gravity and magnetic anomalies and delineation of lineaments, identification of structures
Delineation of zones of anomalous distribution of radio-elements and identification of alteration zones. Marking positions of
conductors and their extent.
8 Quantitative Depth estimates using radially averaged spectrum of gravity and magnetic anomalies, Euler depth estimates. Forward and
interpretation inverse modeling of different sets of data using available software. Modeling of conductors using plate model. Integration of
various geophysical data sets and surface geological data in order to refine geological maps.

9 Tutorials Quality control and validation of various data sets, Processing of radiometric, gravity and magnetic data, after applying the
needed corrections, Presentation of data in the form of profiles, contour maps, images using available software. Qualitative
interpretation to identify various litho-units and structural features. Computation of derivatives, analytical signal, Quantitative
estimates using radially averaged spectrum, Euler depth estimates. Delineation of alteration zones, younger intrusive from
processed radiometric data. Forward and inverse modeling of gravity, magnetic and electromagnetic data using available
software. Preparation of a refined geological map after integrating various data sets.

References 1. M.B. Dobrin and C.H. Savit, 1988. Introduction To Geophysical Prospecting, Mcgraw Hill.

2. L.L. Nettlton, 1976, Gravity And Magnetic In Oil Prospecting , Mcgraw Hill
3. W.M. Telford, L.P. Geldart and R.E. Sheriff, 1990, Applied Geophysics, Cambridge University Press.
4. 1.V. Radhakrishna Murthy, 1998, Gravity and Magnetic Interpretation In Exploration Geophysics, Geological Society Of
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India, Bangalore.
5. B.S.R. Rao And I.V. Radhakrishnal Murthy, 1978, Gravity And Magnetic Methods Of Prospecting, Arnold-Henniman Pub.
Co.
6. Parasnis, D.S. 1997, Principles Of Applied Geophysics. Chapman & Hall
7. Proceedings of Exploration 97: Fourth Decennial Conferrence on Mineral Exploration. Toronto 1997 Ed. A.G. Gubin
8. Proceedings of Exploration 07: Fifth Decennial Conferrence on Mineral Exploration. Toronto 2007 Ed. B. Milkcreit
9. Proceedings of International Conference on Airborne Electromagnetics, Sydney. Exploration Geophysics Vol 29 No. 1 &
2 1998
10. Electromagnetic Methods In Applied Geophysics. Applications Ed. Misac N Nabighian, Society Of Exploration
Geophysicists 1992
11. Guidelines for Radioelement Mapping Using Gamma Ray Spectrometry Data. International Atomic Energy Agency,
Technical Report July 2003.
Course No.: 210
Subject: Analytical techniques in geosciences
S. No. Topics Chapters
1 DC Arc | Dispersion of light - Basic operating principle, Dispersion devices used for spectral analysis, Prism and grating, Linear
spectroscopy dispersion, Fundamental principles of prism dispersion, Deviation angle, Snellins — Descartes law, Prism dispersion ,
instrument main components, Littrow and Cornu prisms
Optical spectra - classification of spectra, structure of line spectra, Instrumentation, Overall arrangement, Arc and spark
discharge, Electrodes
Sample preparation - General aspects, Sampling and preparation of non conducting solid substances, Spectroscopic buffer
Behavior of elements in an arc discharge
Simultaneous multi element analysis, Method development, Major and minor element analysis, Trace element analysis,
Photo plate detection
Measurement of the intensity of spectral lines, Straightening of the characteristic curve, Determination of the density of
spectral lines, Semi quantitative/ quantitative reconnaissance analysis
Lab Sample  preparation-weighing-filling of standards and samples in electrodes; arcing; photo plate
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development-computation-reporting
2 X-Ray Principles and methods of X-ray diffraction, Preparation of different types of geological samples for XRD studies
Diffraction Use of search-match methods for identification of primary and secondary uranium and associated minerals
Use of search-match methods for identification of rare metal and rare earth and related minerals
Use of search-match methods for identification of iso-structural, metamict and clay minerals
XRD techniques for determination of unit cell parameters of atomic minerals
Lab Sample preparation-sample diffraction-data output-search and match method-study of diffractogram-identification of
minerals-reporting
3 Electron X-ray generation by electron bombardment of a sample, the detection of x-rays by WD Spectrometers, qualitative
Microprobe microanalysis
(EMP) Standards-based quantitative WDS microanalysis, detection limits, precision and Accuracy, methods for assessment of data
quality
technique of electro microprobe Analysis, imaging, qualitative and quantitative data acquisition, Processing & documentation
Lab Sample preparation and operation of EPMA Instrument for both qualitative and quantitative microanalysis.
4 X-ray Qualitative and quantitative rock analyses; Standards-based quantitative WDS XRF analysis; detection limits, precision and
fluorescence Accuracy

Analysis (XRF)

methods for assessment of data quality

technique of XRF [WDS & EDS] Analysis, qualitative and quantitative data acquisition, data Processing and documentation.

Lab Sample preparation and operation of WDS XRF Instrument for both qualitative and quantitative analyses of major and minor
elements, in major rock types
5 Chemical Introduction to chemical analysis/characterization of geological materials
Analysis Whole rock analysis - Major, minor, trace and ultra trace analysis; Sample types

Conventional and Modern instrumental analytical techniques

Sample preparation - Solid sampling, Solution methods for rocks, soils, water, minerals and concentrates, HF & other mineral
acid dissolutions(open & closed), Fusions & fluxes

Field measurements - pH, conductivity, TDS, Eh and Titrimetry for anions, ferrous etc

Optical emission techniques - Flame Emission - theory, instrumentation, merits, limitations & applications
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Fluorimetry - Laser & Pellet methods, theory, instrumentation, merits, limitations & applications
Atomic Absorption Spectrometry - Flame Hydride Generation and Electro thermal - theory, instrumentation, merits, limitations
& applications
UV-Visible Spectrophotometry - theory, instrumentation, merits, limitations & applications
ICP-AES - theory, instrumentation, merits, limitations & applications
ICP-MS - theory, instrumentation, merits, limitations & applications
Data Quality Assurance - Errors - types, minimization
figures of merit like accuracy, precision; standard reference materials, statistical criteria for accuracy, precision.

Lab Sample solution preparation for Whole rock analysis, beach minerals, niobate-tantalate

Determination of uranium in water samples by laser fluorimetry using Scintrex analyzer and solid samples by pellet
fluorimetry

Determination of Na, K by flame photometry and Si, Ti, P by Spectrophotometer

Determination of Fe, Mn, Al,
Cu, Co etc. by FAAS

Determination of rare earths etc. by ICP-AES; Analysis of hydro-geochemical samples for major cations & anions

Geochronology
and Isotope
Geochemistry

K-Ar system, Rb-Sr system, Sm-Nd System, U-Th-Pb System, Zircon Dating, U-Decay Series Dating, Other Decay Systems

Analytical Methodology Radiogenic Isotope Geochemistry

Radiogenic Isotope Geochemistry of the Mantle, Isotopic Evolution of the Mantle and models, Isotope Geochemistry of the
Continental Crust

Isotope Geochemistry of Subduction Zone

Magmas Stable Isotope Geochemistry

Stable Isotope Theory - Equilibrium Fractionations, Kinetic Fractionation and the Hydrologic Cycle Isotope Fractionation in
the Biosphere

Stable Isotope Applications - at High Temperatures, Oxygen Isotopes as An Indicator of Assimilation

High Temperature Applications in Subduction zones, Hydrothermal Activity, Metamorphism, and Ore Deposits

Lab

Sampling and sample preparation; Sample dissolution techniques and ion exchange separation for Rb/Sr, Sm/Nd, U and Pb

Isotopic analysis using TIMS; Stable Isotope (C,S and O) analysis using IRMS
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References

1.

©® N o g bk wd

10.
11.

12.

13.

14.
15.
16.
17.
18.
19.

The Powder Method in X-Ray Crystallography by Leonid V. Azaroff and Martin J. Buerger, McGraw-Hill Book Company,
Inc., New York, U.S.A.

X-Ray Diffraction Methods by E.W. Nuffield, John Wiley & Sons, Inc., New York, U.S.A.

Elements of X-Ray Diffraction by B.D. Cullity, Addison-Wesley Publishing Company, Inc., Massachusetts, U.S.A.
X-Rays in Theory and Experiments by H. Compton & S.K. Allison, D. Van Nostrand Company, Inc., New Jersey, U.S.A.
X-Ray Diffraction Procedures by H.P. Klug & L.F. Alexander, John Wiley & Sons, New York, U.S.A..

Mika, J., and Torok, T (1974): Analytical emission spectroscopy. London Butter worths. pp 529

Torok, T., Mika J., and Gegus, E., (1978): Emission spetrochemical analysis., Adam Hilger, London pp. 692.

Willard, H.H., Merritt, L.L., Dean, J.A. (1965): Instrumental methods of analysis, affiliated East West press pvt. Itd. 4th
edition pp 784

Brode,. W.R. (1958) Chemical spectroscopy. Johnwiley & Sons pp. 677

ASTM committee E-2 (1982) Methods for emission spectro chemical analysis pp.1098

Winefordner, J.D., (1972) Trace analysis, spectroscopic methods for elements. Johnwiley & Sons pp 484.Pott, P.J.- A
handbook of silicate rock analysis, “arc and spark source optical emission spectrometry”, chapter-6 . Blackie —
pp.198-212.

Goldstein, J., Newbury, D., Joy, D., Lyman, C., Echlin, P., Lifshin, E., Sawyer, L. and Michael, J., 2003. Scanning
Electron Microscopy and X-Ray Microanalysis 3rd Ed. Kluwer Academic/Plenum Publishers.

Reed, S.J.B., 2005. Electron Microprobe Analysis and Scanning Electron Microscopy in Geology 2nd Edition. Cambridge
University Press.

Faure, Gunter and Mensing, Teresa. Isotopes: Principles and applications, 3rd edition. John Wiley.

Dickin, Alan P. Radiogenic Isotope Geology, Cambridge university press, 1997

Faure, G and Powell, J.L. Strontium Isotope Geology, Springer Verlag, 1972.

DePaolo, Donald, J. Neodynium Isotope Geochemistry, Springer Verlag, 1988

Aggarwal, S.K. and Jain, H.C. (Eds.) Introduction to mass spectrometry, 1997

Hoefs, J. Stable Isotope Geochemistry, 4th edition, Springer Verlag
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Course No.:
Subject: Borehole Logging methods

S. No. Topics Chapters

1. Objective, Basic concepts- Archie’s equation, Humble’s equation, borehole conditions, Principles, operational procedures,
equipment, applications of various well logging techniques
Self-Potential Logging.- Sources for S.P. Use of Self Potential Logs for Oil exploration Shale base line, Sand base line
Interpretation of SP logs Use of Self Potential Logs for mineral exploration
Single point resistance log
Resistivity Logging - Normal resistivity logging Lateral resistivity logging Microlog resistivity logging Focussed —current
logging Induction logging
Interpretation of logs
Sonic Logging -Elastic waves in boreholes Estimation of porosity. I.P. Logging
Nuclear Logging Nuclear Processes Gamma Ray Logging Neutron Logging, Pulsed neutron logging. Magnetic Susceptibility
Log
Nuclear Magnetic-Resonance Log. Borehole gravity log. CalliperLog
Qualitative and quantitative interpretation of well logs. Determination of reservoir parameters. Delineation of lithology and
fractures from logs
Saline water-fresh water interface from log data. Applications. Field examples.

2. Lab Computation of normal and lateral log responses. Identification and delineation of sub-surface formations from well log data.
Calculation of formation factor, porosity, permeability, resistivity, fluid saturation, correlation of rock units. Saline water-fresh
water interface rom log data.

3. References 1. 0O.Serra, 2003. Well Logging And Geology, Technip, Paris

2. 0. Serra, 1984. Fundamentals of Well Log Interpretation, Elsevier.
3. R.M. Bateman, 1985, Open Hole Log Analysis And Formation Evaluation, Reidel, Dordrect.
4. G. Asquith and C. Gibson, 1982. Basic Well Log Analysis for Geologists, Academic Press, London.

37




Course No.: 212
Subject: Nuclear Reactor: Theory, Types and Nuclear Fuel Cycle

S. No. Topics Chapters
1 Introduction The need for nuclear energy, power scenario in India, Atomic Energy establishments in India and programmes of DAE.
2 Nuclear reactor | Scientific fundamentals of fission and fusion processes and resultant release of energy
theory and | Interaction of sub-atomic particles and ionization radiations with matter
types of | Nuclear structure and functions of the reactor systems
reactors Various types of reactors
Moderator and coolant
Typical reactor control system
Steady and dynamic behavior of reactors
Requirements of safety systems in nuclear power plants
2 Nuclear  Fuel | Nuclear fuel cycle options for PHWR, BWR, PWR and FBR: Nuclear materials, Nuclear fuel cycle in India, specifications of fuel
Cycle Mining, processing, enrichment, manufacturing, usage and burning of fuel
Quality control aspects
Storage and safe transportation of spent fuel bundles
Nuclear fuel enrichment; fuel reprocessing ; generation and management of radioactive wastes
3 Environmental Need for environmental protection
issues Indian legislation and controls related to environment, environmental impact assessment clearances related to setting up of a
nuclear power plant and its operation
Environment survey requirements
References 1. P.D. Wilson (Editor) 1996, The Nuclear Fuel Cycle from Ore to Wastes, Oxford University Press.

2. C.K. Gupta (1989) Materials in Nuclear Energy Applications, volume 1 & 2, CRC Press, Inc. USA.

3. D. Bhaskar Rao (Editor) 2001, Nuclear Materials Issues and Concerns, Volume 1 & 2, Discovery Publishing House, New
Delhi.

4. Lawrence Berkeley National Laboratory, university of California, Geological Problems in Radioactive Waste isolation; A
World Wide Review (Proc. 28th Int. Geological Congr. Washington, DC, 1989), Lawrence Berkeley Natl Lab. Berkeley, CA
(1991).

5. International Atomic Energy Agency, Radioactive Waste Management: An IAEA Source Book, IAEA, Vienna (1992).
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S. No. Topics Chapters

6. International Atomic Energy Agency, Report on Radioactive Waste Disposal, Technical Reports Series

procedures, Preparation of MT master curves , Detectability and resolution studies in electrical and EM methods.

References:

1. Dobrin, M.B 1984, An Introduction To Geophysical Prospecting. Mcgraw Hill, New Delhi.

2. Telford W.M., Geldart L.P., Sheriff, R.E. And Keys D.A. 1976, Applied Geophysics By Oxford And LBH Publishing Co. Pvt.,
Ltd., New Delhi,.

3. Parasnis, D.S. 1997, Principles of Applied Geophysics. Chapman & Hall.

4. Sumner, 1976, J.S Principles Of Induced Polarisation For Geophysical Exploration.. Elsevier.

5. Philip Kearey, 2007, An Introduction To Geophysical Exploration.

6. Michael Brooks, lan Hill Blackwell.

7. Electromagnetic Methods in Applied Geophysics. Applications Ed. Misac N Nabighian, Society Of Exploration
Geophysicists 1997

8. Proceedings of International Conference On Airborne Electromagnetics, Sydney. Exploration Geophysics Vol 29 No. 1 & 2
1998

9. Proceedings of Exploration 97: Fourth Decennial Conferrence On Mineral Exploration. Toronto 1997 Ed. A.G. Gubin

10. Proceedings Of Exploration 07: Fifth Decennial Conferrence On Mineral Exploration. Toronto 2007 Ed. B. Milkcreit

11. Appliciations Of Transient Electromagnetic Techniques Technical Note Tn 7 Geonics Limited, Canada 1980

12. Overvoltage Research and Geophysical Applications. Ed J.R. Wait. Pergamon 1959

Course No.: 101 & 201
Subject: Basic Mathematics for Geoscientists | and 11
S.No. | Topics Chapters
1 Basic Concepts of a Set, Functions and Relation
mathematical Graphs of Functions,
concepts Trigonometric Functions, Basic Trigonometry
Hyperbolic Functions and summation of Trigonometric series
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S. No.

Topics

Chapters

De Movire’s Theorem

Mathematical Induction

Quadratic Equations

Permutations and Combinations,

Binomial Theorem

Concept of a Sequence, Series

Exponential, Logarithmic and Power series

Convergence, Divergence tests

Equations of Lines and Circles in 2-Dimensional Geometry and Basics of 3-D Geometry Spheres, Cones, Cylinders

Calculus

General, Limits and Continuity

Differentiation- Basic concepts

Curve stretching, Maxima and Minima

Exponential functions and Exponential models

Differentiation of Trigonometric

Logarithmic and Exponential Functions

Integration- Basic Concepts

Indefinite and Definite Integrals ,Area and integration, Numerical Integration

Ordinary differential equations- First Order Equations,

Homogeneous and Non homogeneous equations

Multiple Integrals

Functions of several variables

Double integral, Limits at infinity and Improper Integrals

Matrices

Concept of Matrix, matrix operations, determinant,

Inverse of a Matrix

Orthogonal Hermition, skew-Hermition and unitary matrices,

rank Solution of simultaneous equations, quadratic forms

Linear dependence and independence of vectors
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S. No.

Topics

Chapters

Linear and orthogonal transformations

Eigen values and Eigen vectors

properties of Eigen values, Caley-Hamilton theorem

Numerical
methods

Solution of non-linear algebraic and transcendental equations

Newton-Raphson, iterative, false position and bisection method

Generalized Newton’s method for multiple roots

Numerical intergration by Taylor series

Finite difference operators and their relations

Factorial notation of a polynomial, data smoothing

Newton-Gregory and Lagrange’s interpolation formulae

Inverse interpolation by Lagranges and interactive methods

Numerical differentiation and integration — trapezoidal

Simpson and Weddle rules, Gaussian quadrature formula

Matrix and system of linear equation- Pivoting, Triangular factorisation, eigen value problem solving

Statistical
concepts

Concept of frequency distribution, moments, skewness and kurtosis

Probability- various approaches of probability- classical, frequency, statistical, subjective and axiomatic, theorems on
probability, conditional probability, Independence

Bayes theorem random variable — discrete and continuous

Distribution functions and their properties

Central tendency, probability mean and density function

Mathematical expectation / moment generating function and its properties

Probability distribution,Bernoulli’'s, Binomial

Poisson and Gaussian distribution Theory of least squares and curve fitting

Regression Analysis Variance, SD,Covariance

Correlation — regression lines, regression coefficients Test of significance, normal test, t-test, Chi-square test and f-test

Filters and smoothening functions

Moving Averages, Kriging
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S. No.

Topics

Chapters

Trend surfaces Distribution of points, Contouring, Splines, Semi variograms Discriminant functions, Cluster analysis, Eigen
values and Eigen vector methods

Methods of Factor analysis — Prinicpal component analysis

Course No.: 106
Subject: Surveying, Drilling and Mining

S. No.

Topics

Chapters

Surveying

Types of surveys and applicability

Principles and methods of surveying & mapping

Surveying Equipment — Compass, The Transit, Optical Distance Measuring

Modern surveying electronic equipments - Digital levels, Digital theodolites, EDMs and Total stations

Principles, working and applications

Survey Methods - Co-ordinate methods, Bearings, Traversing and Trilateration (Topo)

Detail Survey, Orientation and position, Determination of True bearing, Horizontal and vertical control, Accuracy standards;

Positioning — Introduction, Differential positioning,

GPS instruments, Global Positioning Augmentation Systems; Errors in measurements — Blunders, Systematic errors,
Random errors, Most probable value, Average error, Standard deviation

Analysis and adjustment of measurements

Distribution, Adjustment of errors by Approximate method and Least squire method

Coordinate System in Geodesy - Geocentric Cartesian Coordinates, Topocentric Cartesian or local geodetic Cartesian
Coordinates, Geodetic Coordinates, Planimetric Cartesian coordinate

Datums - Horizontal datums - Everest spheroid, WGS - 84, datum transformation; Vertical datums - Mean Sea Level, Geoid,
EGM 96

Projection — Polyconic projection, Traverse Mercator projection (TM Projection), Universal Transverse Mercator Projection

Tutorials

Adjustment of instrument errors by approximate method and Least square method. Datum transformation exercises.

Drilling

History of Drilling; Methods of soil sampling - Auger, Drive sampling;

Rock Drilling — Percussive, Attritive, Rotary Cutting, Shearing etc.,
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S. No. Topics Chapters

Rotary reverse circulating, Rotary with down hole motors, Cable tool method;

Diamond Drilling - Diamond quality, types of diamond bits, natural and synthetic diamonds, Rotary core drilling equipment,
Drilling standards, circulating media, Drilling fluid properties

Controlled Directional Drilling - Deviation in drilling, Measurement of deviation and control, Tools for directional drilling,
Downhole motors

Various types of drills in use in AMD

References: 1.Drilling Technology by C.P. Chugh

2.Drilling Technology Part 1 & 2 by British Drilling Association

3.Thomas, L.J. An Introduction to Mining, Methuen, Brisbane, 1978.

4.Sinha, R.K. and Sharma, N.L. An Introduction to Mineral Economics, Wiley Eastern, 1993.
5.Chatterjee, K.K. An Introduction to Mineral Economics, Wiley Eastern, 1993.

3. Mining Introduction to Mining

Mining Terminologies

Types of mining

Techniques in Open Cast mining

Techniques in Underground Mining

Stages of mine development

Blasting technique

Economic feasibility studies andMining, milling and waste disposal etc.
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CHEMICAL ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSEYS)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Engineering Mathematics EO1 E02-CMEI-30 30 4 125
2 Nuclear and Reactor Physics NE 2-E07-CMEI-45 35 4 150

Reactor Engineering and Radiation Shielding QIOE 03-E 13-CMEI- 30 4 125
4 Health Physics, Chemical Plant safety and NEM - FC02, E06, 30 3 195
Environmental Engineering CC09-CMEEI-25
5 Nuclear Power Plants Engineering NE 05- CMEI-30 30 3 125
6 Material Science in Nuclear Engineering NE 06 —-CMEI-25 25 3 100
7 Nuclear Fuel Cycle and Water Chemistry | & 11 NE 7FCO7 FCO8- 45 5 175
CMEI-50
Foundation Total 225 26 925
CORE ENGINEERING (CHEMICAL)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Computational fluid Dynamics and Heat Transfer | CEM:E 21:CM-40 40 5 150
2 Basic Process Instrumentation and Control CEM:CCO03-M - 20 20 3 75
3 Process Dynamics and Control CEM:E31 E29:50 40 5 150
4 Advanced Mass Transfer, Solvent Extraction and | CEM-04:E32 6 200

Equipment Design ACO03:C 45 45
5 Process Modeling, Simulation and Optimization CEM-5:E 33:C20 20 3 75
6 Advanced Chemical Reaction Engineering CEM:E 30:C-25 25 3 100
Core Total 190 25 750
ELECTIVES (CHEMICAL)
Sr.No Subject Title Course No Hours | Credits | Marks
System Management C Elect
:AC06,AC08,
CC10: CEEIM:50
A)Project Management: 10 ACO06
1 B)Maintenance Management :10 CC10 45 5 200
C)Operations Management :10 ACO08
D)Quality Management: 5
E)Reliability Engineering: 10
5 Electrical Englpeerlng Practices in CElect:FCO9-E -20 20 9 75
Process Industries
Energy Conservation and Demand CElect: AC07-CMI-
3 . 20 2 75
side Management 20
#Vacuum Technology/ gilgct ‘M-13 :New-
4 | Statistics for Engineers/ CElect 10:New M 20 2 75
Corrosion Engineering/ .
Design of Experiments for Chemical Engineers €:20
CElect: C
Electives Total 105 11 425
#Optional Subjects (One out of three Subjects to be selected)
Theory Total | 520 62 | 2100
NON-SUBJECT ASSIGNMENTS
Subject Title Credits Marks
All Viva Voce (2/150) ; Practical (1/150) ; Project (12/200) ; Internal Assessment (125) 15 625
Grand Total | 77 | 2725




ELECTRICAL ENGINEERING
NUCLEAR ENGINEERING (FOUNDATION COURSES)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Engineering Mathematics EO01 E02-CMEI-30 30 4 125
2 Nuclear and Reactor Physics NE 2-E07-CMEI-45 35 4 150
Reactor Engineering and Radiation Shielding lgIOE 03-E 13-CMEI- 30 4 125
4 Health Physics, Chemical Plant safety and NEM - FC02, EO06, 30 3 125
Environmental Engineering CC09-CMEEI-25
5 Nuclear Power Plants Engineering NE 05- CMEI-30 30 3 125
6 Material Science in Nuclear Engineering NE 06 -CMEI-25 25 3 100
7 Nuclear Fuel Cycle and Water Chemistry | & 11 NE 7FCO7 FCO8- 45 5 175
CMEI-50
Foundation Total 225 26 925
CORE ENGINEERING (ELECTRICAL)
Sr.No Subject Title Course No Hours | Credits | Marks
1 Applied process Instrumentation CEM :E 50:CEEI-45 45 6 200
2 Progr_am_mable Logic Controllers and CEM:EEI-40 30 4 195
Applications
3 Electrical Engineering Practices-1 AC13:E-30 35 5 125
4 Electrical Engineering Practices-11 EEP-II: E:20 30 4 100
5 Networking Communications (Z:(I)EM_Q:EM: Etrn-1- 20 3 75
6 quern Electronic Control of AC and DC CEM:INTU:30 o5 3 125
Drives
Core Total 185 25 750
ELECTIVES (CHEMICAL)
Sr.No Subject Title Course No Hours | Credits | Marks
System Management C Elect
:AC06,AC08,
CC10: CEEIM:50
A)Project Management: 10 ACO06
1 B)Maintenance Management :10 CC10 45 5 200
C)Operations Management :10 ACO08
D)Quality Management: 5
E)Reliability Engineering: 10
5 Electrical Englpeerlng Practices in CElect:FCO9-E -20 20 9 75
Process Industries
Energy Conservation and Demand CElect: AC07-CMI-
3 . 20 2 75
side Management 20
Industrial Instrumentation and Human Machine CElect 17:E581
4 Interface E:50:1-30 20 2 7
Electives Total 105 11 425
#Optional Subjects (One out of three Subjects to be selected)
Theory Total | 515 62 | 2100 |
NON-SUBJECT ASSIGNMENTS
Subject Title Credits Marks
All Viva Voce (2/150) ; Practical (1/150) ; Project 15 625
(12/200); Internal Assessment (125)
Grand Total | 77 | 2725




ELECTRONICS ENGINEERING
NUCLEAR ENGINEERING (FOUNDATION COURSES)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Engineering Mathematics EO01 E02-CMEI-30 30 4 125
2 Nuclear and Reactor Physics NE 2-E07-CMEI-45 35 4 150
Reactor Engineering and Radiation Shielding lgIOE 03-E 13-CMEI- 30 4 125
4 Health Physics, Chemical Plant safety and NEM - FC02, EO06, 30 3 125
Environmental Engineering CC09-CMEEI-25
5 Nuclear Power Plants Engineering NE 05- CMEI-30 30 3 125
6 Material Science in Nuclear Engineering NE 06 -CMEI-25 25 3 100
7 Nuclear Fuel Cycle and Water Chemistry | & 11 NE 7FCO7 FCO8- 45 5 175
CMEI-50
Foundation Total 225 26 925
CORE ENGINEERING (ELECTRONICS)
Sr.No Subject Title Course No Hours | Credits | Marks
1 Applied process Instrumentation CEM :E 50:CEEI-45 45 6 200
2 Progr_am_mable Logic Controllers and CEM:EEI-40 30 4 195
Applications
3 Embedded and Computer based System Design [%EM:E 54:Electrn- 40 5 150
4 D!g_ltal Signal, Image Processing & Machine CEM ‘NEW 30 4 100
Vision
5 Networking Communications (Z:(I)EM_Q:EM: Etrn-1- 20 3 75
6 Mc_)dern Electronic Control of AC and DC CEM:-INTU:30 o5 3 125
Drives
Core Total 190 25 775
ELECTIVES (ELECTRONICS)
Sr.No Subject Title Course No Hours | Credits | Marks
System Management C Elect
:AC06,AC08,
CC10: CEEIM:50
A)Project Management: 10 ACO06
1 B)Maintenance Management :10 CC10 45 5 200
C)Operations Management :10 ACO08
D)Quality Management: 5
E)Reliability Engineering: 10
Mechatronics / Robotics CElect AC14:EEMI
:20
2 CElect:MI-14:New- 20 2 S
EC:20
3 Modern Control Systems goEleCt:ESZA-EC - 20 ’ 75
4 Industrial Instrumentation and Human Machine CElect 17:E581 20 2 75
Interface E:50:1-30
Electives Total 105 11 425
#Optional Subjects (One out of three Subjects to be selected)
Theory Total | 520 | 62 | 2125
NON-SUBJECT ASSIGNMENTS
Subject Title Credits Marks
All Viva Voce (2/150) ; Practical (1/150) ; Project (12/200) ;
15 625
Internal Assessment (125)
Grand Total 77 2750




MECHANICAL ENGINEERING
NUCLEAR ENGINEERING (FOUNDATION COURSES)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Engineering Mathematics EO01 E02-CMEI-30 30 4 125
2 Nuclear and Reactor Physics NE 2-E07-CMEI-45 35 4 150

Reactor Engineering and Radiation Shielding lgIOE 03-E 13-CMEI- 30 4 125
4 Health Physics, Chemical Plant safety and NEM - FC02, EO06, 30 3 125
Environmental Engineering CC09-CMEEI-25
5 Nuclear Power Plants Engineering NE 05- CMEI-30 30 3 125
6 Material Science in Nuclear Engineering NE 06 -CMEI-25 25 3 100
7 Nuclear Fuel Cycle and Water Chemistry | & 11 NE 7FCO7 FCO8- 45 5 175
CMEI-50
Foundation Total 225 26 925
CORE ENGINEERING (MECHANICAL)
Sr.No Subject Title Course No Hours | Credits | Marks
1 Computational fluid Dynamics and Heat CEM:E 2I:CM-40 40 5 200
Transfer
2 Basic Process Instrumentation and Control CEM:CCO03-M - 20 20 3 125
Pressure Vessel and Piping Design CEM-13:E 20
3 pIng g CC08-M-30 30 4 150
4 Engineering Design and Finite Element CEM:ACO09 45 6 100
Methods
S Computer Aided Design and Manufacturing CEM-14: M-35 35 3 75
6 Vibrations C EM :E26: M:20 20 3 125
Core Total 190 25 775
ELECTIVES (MECHANICAL)
Sr.No Subject Title Course No Hours | Credits | Marks
System Management C Elect
:AC06,AC08,
CC10: CEEIM:50
A)Project Management: 10 ACO06
1 B)Maintenance Management :10 CC10 45 5 200
C)Operations Management :10 ACO08
D)Quality Management: 5
E)Reliability Engineering: 10
2 Mechatronics C;I(E)Iect AC:14:EEMI 20 2 75
3 Welding and Quality Assurance of Welds g:(;Elect :CC06-M- 20 2 75
CElect :M-13 :New-
C-20
#Vacuum Technology | C-Elect-INTU,M -
4 Manufacturing and Industrial Engineering/ 20 20 2 75
Design of High Temperature Components | CElect 11:New
Statistics for Engineers Mech-20
CElect 10:New M
C:20
Electives Total 105 11 425
#Optional Subjects (One out of three Subjects to be selected)
Theory Total | 520 62 | 2125 |
NON-SUBJECT ASSIGNMENTS
Subject Title Credits Marks

All Viva Voce (2/150) ; Practical (11150) ; Project (12/200) ;

15 625

Internal Assessment (125)

Grand Total 77 2750




QUALITY ASSURANCE ENGINEERING

NUCLEAR ENGINEERING (FOUNDATION COURSEYS)

Sr.No Subject Title Course No Hours | Credits | Marks
1 Engineering Mathematics EO01 E02-CMEI-30 30 4 125
2 Nuclear and Reactor Physics NE 2-E07-CMEI-45 35 4 150
Reactor Engineering and Radiation Shielding QIOE 03-E 13-CMEI- 30 4 125
4 Health Physics, Chemical Plant safety and NEM - FC02, E06, 30 3 125
Environmental Engineering CC09-CMEEI-25
5 Nuclear Power Plants Engineering NE 05- CMEI-30 30 3 125
6 Material Science in Nuclear Engineering NE 06 -CMEI-25 25 3 100
7 Nuclear Fuel Cycle and Water Chemistry | & 11 NE 7FCO7 FCO8- 45 5 175
CMEI-50
Foundation Total 225 26 925
CORE ENGINEERING (QUALITY ASSURANCE)
Sr.No Subject Title Course No Hours | Credits | Marks
1 Statistical Quality Control for QA CEM:QA-01 30 4 100
2 NDT and QC of Nuclear Fuel and Structural CEM:QA-02 40 5 150
components
3 Design of PHWR Fuel and Structurals CEM:QA-03 30 4 100
4 Engineering Design and Finite Element Methods | cEM:AC09 45 6 200
5 Materials Characterization and Applications CEM:EN713 35 3 100
6 Basic process instrumentation and control CEM:CCO03-M - 20 20 3 100
Core Total 190 25 750
ELECTIVES (QUALITY ASSURANCE)
Sr.No Subject Title Course No Hours | Credits | Marks
System Management C Elect
:AC06,AC08,
CC10: CEEIM:50
A)Project Management: 10 ACO06
1 B)Maintenance Management :10 CC10 45 5 200
C)Operations Management :10 ACO08
D)Quality Management: 5
E)Reliability Engineering: 10
2 Corrosion Engineering CElect: C 20 2 75
3 Image Processing and Machine vision CElect:EN-710 20 2 75
# Data Base Management System and Web CElect EN-705
4 Technology / CElect EN-701 20 2 75
Advanced Computational Techniques )
Electives Total 105 11 425
#Optional Subjects (One out of three Subjects to be selected)
Theory Total | 520 | 62 | 2125 |
NON-SUBJECT ASSIGNMENTS
Subject Title Credits Marks
All Viva Voce (2/150) ; Practical (11150) ; Project (12/200) ;
15 625
Internal Assessment (125)
Grand Total 77 2750




BARC Training School
NFC, Hyderabad
Syllabus

Subject: Project Work Code: P-NFC-BARC-01

Discipline: Chemical, Electrical, Mechanical and Quality No. of Lectures: 175
Assurance

Following Placement in various DAE Units, the Trainee Scientific Officers will
carry out project work at their respective places of posting under the guidance of their
Reporting officers, on a well-defined project/problem for a period of 7-8 weeks. The Project
work will commence immediately after the Placement Committee meeting leading to the
placement of TSOs in various DAE Units. The TSOs shall submit a project report at the end
of the project duly certified by the project guide.

ol ohe ol o e ke e

General Lectures

1) Series of Invited Lectures by Eminent Speakers on various programmes of DAE
(about 4-6 talks to be arranged during the year)

2) Lectures on

a)
b)
c)

d)
€)

f)
g)
h)
i)

Public Speaking & Presentation Techniques (2 Hrs)
Administrative Procedures (2 Hrs)
Vigilance & Service Conduct Rules (2Hrs)

Financial & Accounts Procedures (2 Hrs)
Purchase Procedures (2 Hrs)

Contract/Works Procedures (2 Hrs)

Role of Official Language In Central Government Offices (2Hrs)
Fire Safety (2 Hrs)

Security (2 Hrs)
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Engineering Mathematics Code: E01 E02-CMEI-30

Discipline: Mechanical, Chemical, Electrical, Electronics
and Instrumentation Engineering

No. of Lectures: 30

Part— A

Overview of arithmetic errors in computations

Desirable features of an algorithm with respect to speed, accuracy, computer memory,
stability etc.

Linear systems solutions by direct methods, iterative methods and acceleration techniques.
Linear systems: matrix inverse, ill conditioned matrices, sparse matrices.

Linear systems: Eigen values.

Non -Linear systems: Newton-Rapson & Successive Approximation methods

Data Approximation: curve fitting, Lagrange & Hermite interpolations, Least Square &
Chebyshev fittings ,

Numerical Integration: Newton Cotes quadratures, Gauss quadratures.

Solution of Ordinary Differential equations: Methods of Euler, Adams, RK, Predictor-
Corrector, Stability of solutions, solutions of Stiff Equations.

Part - B

Finite Difference Approximation in 1-D and 2-D

Solution of steady and unsteady heat conduction equations

Modem Iterative Techniques Conjugate Gradient Method, Krylov Subspace Method,
Preconditioning '

Finite Element Method, Energy Theorem and integral equations, Weighted Residual
Approximations, Point and sub domain collocations, Galerkin Method, Variational
Principles, Lagranges multipliers

Interpolation Function, Lagranges interpolation, B-spline, Bezier curves

Response Surface Method 2K+1, factorial design, 3k factorial design

Monte Carlo Method

Artificial Intelligence and Genetic Algorithm

Artificial Neural Network

Gram-Schmidtt Orthogonalization

Transformation of matrix

Probability Distribution: continuous and discrete random wvariables, commonly used
probability distributions, Extreme value distributions.

Reference Books

1. Issacson E., Keller H.B., "Analysis of Numerical Methods", Wiley, 1966.

2. Todd R.J., "Survey of Numerical Analysis", McGraw Hill, 1962.

3. Dahlquist et al, "Numerical Methods".

4. Sastry S.S., "Introductory Methods of Numerical Analysis", Prentice Hall, 1981.

5. Scheid F., "Numerical Analysis: Schaum Outline Series", McGraw-Hill Book Co., 1983.
6. Rajaraman V., "Computer Oriented Numerical Methods", Prentice Hall, 1971.

7. Williams P.W., "Numerical Computation", Nelson, 1972.

8. Bajpai A.C., "Numerical Methods for Engineers and Scientists: A Students’ Course
Book", London, Taylor and Francis, 1975.

Contd....
16



9. Chapra S.C., "Numerical Methods for Engineers: International Edition", McGraw Hill,
1989.

10. Scarborough J.B., "Numerical Mathematical Analysis", Calcutta, Oxford and IBH"

Publishers, 1968.

11. Conte S.D., "Elementary Numerical Analysis: An Algorithmic Approach", Tokyo,
McGraw Hill, 1972.

12. Press W.H., "Numerical Recipes: The Art of Scientific Computing", Cambridge
University Press, 1986.

13. Salvatori M.G., "Numerical Methods in Engineering", New Delhi, Prentice Hall, 1952.
14. Gerald C.F., "Applied Numerical Analysis", Addison Wesley, 1984.

15. Rajsekaran S., "Numerical Methods for Initial and Boundary Value Problems", Wheeler,
1987.

16. Rajsekaran S., "Numerical Methods in Science and Engineering: A Practical Approach",
Allahabad, Wheeler, 1987.

17. Jain MLK., "Numerical Methods for Scientific and Engineering Computation", Wiley
Eastern, 2nd Edition, 1991.

18. Krishnamurthy E.V., "Computer Based Numerical Algorithms", East West Press, 1976.
19. Ramana,B.V., “Engineering Mathematics”, McGraw Hill, 2006

20. Desai& Abel, “ Introduction to the finite Element Method: QA numerical Method for
Engineering Analysis”, CBS, 2002

21. Grewal, B.S. and Grewal, J.S., “Higher Engineering Mathematics” , 39" Edition, Khanna
Publications, 2005

22. George F Simmon & John S Robertson, “Differential Equations with Applications and
Historical Notes”, 2" Edition, Tata McGraw Hill, 2003

&



BARC Training School
NFC, Hyderabad
Syllabus

Subject: Nuclear and Reactor Physics Code: NE 2-E07 -CMEI-45

Discipline: Mechanical, Chemical, Electrical,

Electronics and Instrumentation Engineering ook Lesturss 33

NUCLEAR AND REACTOR PHYSICS (35)

1. Properties of Nuclei:
e Binding energy-formula and interpretation, nuclear forces, nuclear structure.
2. TFission process:
e Fission rate and reactor power
¢ Fission neutrons, delayed neutrons, fission gammas, fission products energy
balance, photo neutrons
e Fissile, fertile and fissionable materials
e Fission product activity after shut down —decay heat.
3. Interaction of Neutrons with Matter
e Production of neutrons
4. Concept of microscopic cross section:
e [nelastic and elastic scattering
5. Variation of cross-section with energy
Fast, resonance and thermal ranges
1/v law of neuron cross-section
Resonance absorption, Doppler effect.
Eta vs E curve conversion & breeding concept
Thorium utilization
6. Diffusion of Neutrons
e Fick’s law and its validity
e Steady state neutron diffusion equation
e Concepts of neutron flux and current, interface conditions, diffusion
coefficient, diffusion length and extrapolauon distance.
7. Chain Reaction
e Four Factor formula
e Conceptual treatment of diffusion of one group neutrons in non multiplying and
multiplying media Infinite and effective multiplication factors
e Bare homogeneous reactor-concepts of material and geometric buckling, sub
criticality and super criticality, critical mass, non leakage probabilities in bare
homogeneous cores, neutron cycle and lifetime in finite reactor,
8. Slowing Down Process
e Neutron slowing down
e Slowing down power/ moderating ratio of moderators
¢ Slowing down with spatial migration
e Fermi age concepts, migration length
e Multi zone reactors
e Ideas of reflectors/blankets, reflector savings, form factor.

[ ]

Contd...




9. Heterogeneous Reactors

o Multigroup neutron diffusion with special reference to 2 group approach

e Heterogeneous reactors, comparison with homogeneous reactors, unit-cell
concepts.

10. Reactor Kinetics

e Time dependent neutron diffusion equation, one group kinetic equation

e Role of delayed neutrons, prompt neutron life time

e Point kinetic model to illustrate importance of delayed neutrons

e Reactor period, reactivity and its units,

11. Core Burn Up _
e Burn up equations including fission products, neutron poisons
e Burnup dependent lattice parameters and their variation.

12. Neutron Poisons

e Xenon and Samarium Poisons

e Xenon loads (operating and post shutdown), Variation of xenon load with
power and enrichment

e Xenon oscillations and their control.

13. Reactivity Coefficients

e Temperature coefficients of reactivity and void coefficient of reactivity, their
relevance to reactor safety.

e Techniques to control reactors, typical reactivity balance, long-term burmup,
fuel management. Reactor control system — requirements of physics aspects.
Reactor shutdown mechanisms and neutron monitoring during operation and
shut down.

e Approach to criticality, physics measurements and calibrations/validations.

e Physics design aspects of PHWR and AHWR. Differences in the physics
design of research reactors, PWRs, BWRs, PHWRs and AHWR

Reference Books:

1. S Glasstone and M C Edlund, "Elements of Nuclear Reactor Theory", Van
Nostrand, 1952.

2. K S Ram, "Basic Nuclear Engineering", Wiley Eastern, 1977.

3. J R Lamarsh, "Introduction to Nuclear Reactor Theory", Addison Wesley, 1960.

4. S Glasstone and S Sesonske, "Nuclear Reactor Engineering", Van Nostrand, 1963.
5. A M Weinberg and E P Wigner, "Physical Theory of Neutron Chain Reactors",
Chicago University Press, 1958.

6. H S Isbin, "Introductory Nuclear Reactor Theory", Reinhold Publishing Corp., NY,
1963.

7. P P Zweifel, "Reactor Physics", McGraw Hill, NY, 1973.

8. R V Meghreblian and D K Holmes, "Reactor Analysis", McGraw Hill, 1960

9. Suresh Garg, Feroz Ahmed & L. S. Kothari, “Physics of Nuclear Reactors”, Tata
McGraw-Hill,1986.

10. Weston M. Stacy, “Nuclear Reactor Physics”, John Wiley & Sons, Inc.

I1. Ronald Allen Knife, “Nuclear Energy Technology — Theory and Practice of
commercial Nuclear Power”, Hemisphere Publishing Corporation.

12.Cohen Bernald, “Concepts of Nuclear Physics”, McGraw Hill, 2002

13. Kaplan Irving, “Nuclear Physics”, 2" Edition, Narosa Publications, 2002



BARC Training School
NFC, Hyderabad
Syllabus
Subject: Reactor Engineering & Radiation Shielding Code: NE 03-E 13-CMEI -30

Discipline: Mechanical, Chemical, Electrical,
Electronics and Instrumentation Engineering

No. of Lectures: 30

Introduction to reactor system & Indian Nuclear power programme; station schematic line
diagram to indicate interlinks between reactor, turbine, generator, grid & auxiliary systems,
classification of reactors, characteristics of research, test & power reactors with examples. Core
configuration & cycle diagrams thermal reactors (BWR, PWR, PHWR, AGR, HTGR, AHWR
etc,.), Fast reactors; Research reactors (CIRUS, DHRUVA etc.) characteristics, selection
criteria & comparison of different reactor materials & structural materials for reactor internals.

Basic principles of heat generation, heat sources and distribution; Steps involved in heat
removal from reactor systems. Heat flow & temperature distribution in plate & solid
cylindrical, fuel elements; temperature distribution in clad for the above type of fuel elements
and assessment of film drop temperature in each case with a solved example in each case;
significance of KdT with example; Axial clad surface & coolant temperature distribution in

fuel channel; maximum clad surface temperature and its location with a solved example.
(10Hours)

Brief description of various types of fuel; metallic (DHRUVA, CIRUS) Oxide (PWR, BWR,
PHWR, AHWR) & Coated Fuel (HTGR); Design requirements & limitations for various types
of fuel element design.Economic comparison of differ coolants based on pumping & heat
removal capability; Boiling in reactor system critical heat flux & Burnout phenomena in water
reactors; heat and mass balance in a BWR; boiling height in a BWR core; Heat transfer
coefficient & assessment in reactor systems; Brief data of coolant (pr, temp) in various
reactors.

Nuclear Fuel Cycle:

Concept of Nuclear Fuel Cycle % open and closed fuel cycles.

Global options of fuel eycles; Issues related to Resources, Long-lived radioactive waste,
Proliferation, and Advanced Technologies.

Mineral resources and nuclear fuel cycle strategies of Indian Nuclear Power Programme,
3-stage nuclear fuel cycle, Thorium utilization; Indian capabilities in: managing nuclear waste,
long lived radio active waste and fuel cycle technologies.

Advanced fuel cycles; Role of ADS. (10 Hours)



Radiation Shielding

Source of various neutron & Gamma radiation within the reactor system; Attenuation of
neutrons & gamma rays; Dose rates for gamma rays for various source geometries; Buildup
factors for homogeneous & multiple layer shields; Removal diffusion theory for neutron
attenuation; coolant activation, heat generation. Streaming of radiation through gaps & void in
the shield; description of various shielding arrangements of Indian reactors. (10 hours)

Reference Books:

l. Introduction to Nuclear Reactor Theory - J.R. Lamarsh, Wasley Reading Mass.

2. The Technology of Reactor Safety, Vol. 1 & 2 - T.J. Thompson & J.G Backerley, Eds.,
M.L.T. Press.-Cambridge, Mass.

3. Nuclear Reactor Engineering - S. Glasstone & A. Sesonske, D. Van Nostrand Co. Princeton,
New Jersey.

4. Engineering Compendium on Shielding - Vol.l, II & III- R.G. Jaeger, Editor-in-chief,
Sponsored by International Atomic Energy, Vienna.

5. Reactor Shielding Design Manual - Theodore Rockwell ILL

6. Indian Nuclear Society(INS), “Nuclear Technology Challenges in 21* Century:12" Annual
Conference of INSAC-2001”, INS Publications, 2001

7. Glasstone S and Sesonske A, “ Nuclear Reactor Engineering : Reactor Design Basics”, 4%
Edition, Vol.1, CBS, 1998

8. Glasstone S and Sesonske A, “ Nuclear Reactor Engineering : Reactor System
Engineering”, 4" Edition, Vol.2, CBS, 1998
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BARC Training School

NFC, Hyderabad
Syllabus
Subject: Health Physics, Chemical Plant Safety And Code: NEM - FC02, E06,
Environmental Engineering CC09-CMEEI-25

Discipline: Mechanical, Chemical, Electrical Electronics and

Instrumentation Engineering i

Health Physies (8 Lectures )

Radiation Sources, Quantities & Units: Natural & Technologically enhanced radiation sources,
Radiometric quantities, Interaction coefficients, Dosimetry, Radioactivity, Exposure-dose relationship.
Calculation of dose from alpha, beta, gamma & neutron sources.

Fundamentals of Radiation Protection: Objectives of radiation protection, ICRP system of dose
limitation, radiation protection standards, annual limit of intake, derived air concentration. Exposure
and absorbed dose, equivalent dose, effective dose and their units (old & new), Limits of intake for
radio nuclides including radon, accidental & emergency exposure, Atomic Energy Act, Radiation
Protection Rules, Safety organization, Regulatory aspects of radiation protection.

Non- stochastic or immediate effects: Acute radiation sickness - LD 50 / 60, radiation effect on
gonads, blood & blood, storming organs, lung, thyroid & skin.

Stochastic or Delayed effects: Cancer, life shortening linearity of dose effect:

Effects on embryo & foetus, genetic effects, doubling dose. Human data for calculating risk
coefficients.

Operational Radiation Protection: Modes of exposure, Exposure control.

1 .External: time, distance & shielding

2.Internal: containment, ventilation, plastic suits, respirators. Design of hot laboratories, zoning of
areas, personal control, medical control, concept of controlled area, supervised area, radiation
protection procedures, special work permit, barrier rubber stations.

Radiation Protection Monitoring: Work place monitoring for external radiation levels, air born
contamination, surface & personnel contamination, monitoring instruments, collection of air & swipe
samples & their counting, Individual monitoring of external exposure - TLD, film badge, monitoring
for internal exposure - whole body counting, bioassay, dose records, collective dose equivalents.
Radiation emergency; onsite and offsite procedure of handling emergencies, early phase, intermediates,
late phase and counter measure.

Industrial Safety (8 Lectures)

Introduction: Recognition of Workplace Hazards: Chemical Agents, Physical Agents, Biological
Agents, Ergonomic Factors, Mechanical hazards: Safe working with machines, Tools and equipment,
Electrical hazards, Accident prevention techniques

Hazards due to physical agents: UV and IR radiation, Lasers, Microwave radiation; noise, heat
Chemicals hazards: Classification of chemicals, fire and explosion hazards, health hazards: airborne
chemical contaminants, routes of entry, types of exposures, harmful effects of toxic substances —
pneumoconiosis, itritants, asphyxiants, anaesthetics and narcotics, systemic poisons and cancer causing
chemicals

Evaluation: Instrumental methods, air sampling methods, liquid effluent monitoring

Occupational exposure limits: Threshold Limit Values- TLV-TWA, TLV-STEL, TLV-Ceiling; IDLH,
LD350/LC50

Handling, storage and control: Engineering control measures and safety features, Safety management
techniques such as safety audit, Personal/ administrative control, and Medical control

Fire and explosion hazards: Fire pyramid, classification of fires, hazardous operations, explosion
hazards - dusts, flammable liquids - explosive limits, USNFPA Classification of
Flammable/combustible liquids: flammable gases;.Engineering safety for prevention of fire and

explosion, Hazard area classification, selection of equipment, detection and extinguishing systems
Contd....
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Hazard identification, assessment and control: Hazard identification: Concept of risk and Risk
management; Formal methods of hazard identification and assessment: Process/ System Check-Lists,
Safety Review, Preliminary Hazard Analysis (PHA), "What If" Analysis, Hazard and Operability
(HAZOP) Studies, Relative Ranking - Dow and Mond Indices, Failure Modes, Effects and Criticality
Analysis (FMECA), Fault Tree Analysis (FTA), Event Tree Analysis (ETA), Cause-Consequence
Analysis, remedial measures and implementation. Specific hazards in HWPs and various facilities of
NFC. Area classifications for hazardous chemicals, types of protection & Protective equipments.
Safety work permit system

Management of major hazard Installations: (6 Lectures) Plant Layout and Engineering Design
Considerations, Leakage of Flammable Material, Explosions, Fires, BLEVE, Toxic. Releases, Major
Hazard Control Plan: Identification, Risk Assessment, Environmental Impact Assessment, Emergency
Planning Guidelines, Development of On-site & off site emergency preparedness plans

Health and safety regulatory aspects: Statutory bodies, AERB, BSC, CCE, CPCB, State PCB,
Electrical Inspectorate, DGFASLI, Boiler Inspectorate. EPA-1986 and Rules, Factories Act, Atomic
Energy (Factories) Rules 1996, Gas cylinder and SMPYV rules, Indian Electricity rules 1956.

Environmental Engineering & Environment Protection: (8 Lectures)

PRINCIPLES: Population, economic growth, industrialization, urbanization and energy-use, as
causes of environmental pollution. Application of environmental principles (technical and non-
technical) to: water resource management, water and wastewater treatment, air pollution control, solid
waste management, environmental impact assessment, and environmental ethics. Thermal pollution,
noise pollution, greenhouse effect, acid precipitation, ozone depletion, air toxics, and ground-level
ozone and fine particulates (photochemical smog). Sustainable development, life cycle analysis, and
principles of environmental quality objectives, standards and guidelines.

Environment Impact assessment, various effluents generated from HWPs & NFC and their treatment
methods strategies, Limiting concentration of pollutants and pollution control measures. MSDS, toxic
releases; Emission & dispersion

Reference Books:
1. Introduction to Health Physics — Herman Cember
2. Introduction to Radiation Protection —Alan Martin
3. IAEA Regional Basic Professional Training Course on Radiation Protection
(Course jointly organized by BARC and IAEA), October 26-Dember 18, 1998
4. Nuclear Radiation Detection - W.J. Price
5. Radiation Detection and Measurement - G.F. Knoll
6. Biological Effects of Radiation — J.E. Coggle _
7.Guide Lines for Hazard Evaluation Procedures — American Institute of Chemical Engineers
8. Risk Analysis in The Process Industries: The Institute of Chemical Engineers, England.
9. Loss Prevention in The Process Industries: Hazard Identification, Assessment and Control; Vol-1,
1996 2 Edition, Frank P Lees. '
10. Source Book of Atomic Energy - Gtasstone
11. Introduction to Atomic & Nuclear Physics H. Semat & J.R. Atbright
12. Introductory Nuclear Physics - D. Haliday
13. Introduction to Nuclear Physics & Chemistry G.G.Harvey
"14. Nuclear Physics - 1.Kaptan
15. Nuclear Radiation Detection - W.J. Price
16. Perspectives of Modern Physics - A. Beisser.
17. Radiation Detection & Measurement - G.F.KNOLL.
18. Principles of Instrumental Analysis (2nd Ed.) - D.A. Skoog & D.M. West
19. Atomic and Nuclear Physics - K. Gopalakrishnan.
20. Goel P.K., “Advances in Industrial wastewater Treatment”, ABD Publishers, 2005
21. Arvind, Goel P.K., “Industrial Environment & Pollution” , ABD Publications, 2003
22. Masters, Gilbert M, “Introduction to Environmental Engineering & Science”, 2" Edition, Prentice
Hall of India :
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BARC Training School
NFC, Hyderabad
Syllabus
Subject: Nuclear Power Plant Engineering Code: NE 05 -CMEI-30
Discipline: Mechanical, Chemical, Electrical,
Electronics and Instrumentation Engineering

a) PHWRs (12 Lectures)

No. of Lectures: 30

Description of schematic of NPP; siting requirements; Layout of Nuclear Power plant-
Zoning requirements, layout within Reactor Building; Reactor components / systems:
Calandria, End shield, Coolant Channel and End fitting. Primary Heat Transport System
including Steam Generators, Shut Down Cooling, Emergency Core Cooling System,
Moderator System.

Reactivity control mechanisms - Zone control / Regulating rods, Absorber rods and shim
rods; Shut down System.

Fuel Transfer System.

Auxiliary systems - Ventilation, Annular gas, Process water & Fire water systems.
Secondary System - Description of flow sheet and major components, Comparison of
operating conditions, Thermal Cycles and Major Components of thermal and nuclear units.
Power Plant Control and Instrumentation: Reactor Power control (neutronic and thermal
signals), Coolant and Steam pressure control, Integration with grid for base load operation.
Control and protection channels with typical examples.

Electrical Systems: Electrical power systems for a nuclear power plant with relevant
definitions; Key single line diagram for various classes of power supply system. Brief
description of systems components like Bus bar, Switchyard, Circuit Breakers, Switchgear,
Bus duct, Generator, Transformer, Cables and their selection, Layout and Scaling.

Nuclear Power Plant Safety: Design principles for providing nuclear safety :-Basic Principles
(Reliability, Single failure, Redundancy and Diversity), Process systems, Safety Systems and
Support Systems, Defence in depth approach, Design basis accidents, Beyond DBA.

Safety Evaluation and Safety Criteria Description of Deterministic and Probabilistic
approaches. Safety Monitoring of Operating Plants- JAEA Classification, NUSS Codes.
Safety systems, Description of Safety Systems (shutdown system, ECCS, Containment and
Engineered Safety Description of features) Exclusion Zone, Design Principles - Reliability,
Single Failure, Redundancy, Diversity.

Description of a typical Design Basis Accident Scenario - build up event tree to describe
sequential role of safety features. Broad description of TMI, Chernobyl accident, NAPS fire

incident.

Advanced reactor concepts with passive safety features.

Nuclear Architecture: Design of integrated layout of Equipment, Piping, Electrical/
Instrumentation Cables etc. to provide Operation and Maintenance Convenience (to
minimize man rem and meet safety objectives), Non propagation of incidents/ accidents.

Contd. ..
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b) PWRs/BWRs (8 lectures)

Pressurized Water Reactors : Reactor pressure vessel and internals, reactor core and fuel,
methods of reactivity control, reactor coolant system & equipments, pressurizer, Engineered
Safety features, reactor auxiliary systems including turbine & generator.

Boiling Water Reactors; Introduction, reactor vessel and internals, neutron monitoring,
reactor coolant recirculation systems including secondary steam, reactor protection system,
turbine generator.

¢) Fast Breeder Reactors (10 Lectures )

INTRODUCTION: Breeding, definition & reactions; Breeders as an Inexhaustible Energy
Source; Fast reactors as breeders: Classification of power reactors; Characteristics & types
of fast reactors: Comparison of some characteristics of fast and thermal reactors; Role of
Fast Reactors in Indian Nuclear Power Programme.

Fuel: Fuel pin diameter, number of fuel pins per sub-assembly, reactivity worth of sub-
assembly, Sub-assembly outlet temperature.

Shielding Principles: Special features of sodium cooled reactor shielding, reactor shielding,
shield for activation products, shielding for fuel management.

Thermal analysis: Sodium heat transfer coefficient (empirical relation), calculation of
temperature of fuel pin, hot spot analysis (brief outline).

Coolant for fast reactor: General requirements for fast reactors coolant; Comparison of
various coolants & choice of sodium as coolant; Properties of sodium: Physical & chemical;
Methods of sodium purification & purity control: Cold & hot traps; Oxide measuring &
indicating devices.

Reference Books

. WakiL M.EL, “Nuclear Power Engineering", McGraw - Hill.

. Strosal and Vapet., "Power Plant Engineering & Economics”.

. Lews E.E., "Nuclear Power Reactor Safety", Wiley Inter Science

Glasstone S. and Sesonske A., "Nuclear Reactor Engineering”, 1977, Von- Nostrand,
1981.

5. Walter A.E., & Reynolds A.B., "Fast Breeder Reactors, Pergamon Press.

6. Yevick J.G., "Fast Reactor Technology”, Plant Design, H.I.T, Press.

7. John R Lamarsh, “Introduction to Nuclear Engineering”, Addison Wesley, 1975

8. Rajan Babu V, “Fast breeder Reactor™

9. Glasstone S and Sesonske A, “ Nuclear Reactor Engineering : Reactor Design Basics”,
4" Edition, Vol.1, CBS, 1998 '

10. Glasstone S and Sesonske A, “ Nuclear Reactor Engineering : Reactor System
Engineering”, 4™ Edition, Vol.2, CBS, 1998
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BARC Training School
NFC, Hyderabad
Syllabus
Subject: Material Science In Nuclear Engineering Code: NE 06 -CMEI-25

Discipline: =~ Mechanical, = Chemical,  Electrical,
. . . y s No. of Lectures: 25
Electronics and Instrumentation Engineering

g

Yty P
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Properties of Engineering Materials: (21 Lectures)

| Metals, alloys, ceramics, metal cladding semiconductors, polymers, and composites.
Mechanical properties and their evaluation as per ASTM or equivalent standards. Stress-
strain diagram, Principle stresses, Biaxial stresses, creep, fatigue and fracture toughness.
Material testing for tensile strength, hardness, fracture, creep, fatigue wear.

Material Processing: Metal forming, casting, cutting and joining: ASTM standards, quality
control during processing.

Metallurgy of Steels: Classification of carbon steel, low alloy, carbon molybdenum, ferritic,
Austenitic and Martensitic S.S. Selection of Steel for hydrogen services, different types of
corrosion aspects in heavy water plants (Ammonia based & Sulfide based); their protection
method and the selection of structural material. Selection of steel for high temperature and
radiation environment, Welding and heat treatment. Powder Metallurgy for fuel fabrication

&

-
£
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¥
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1

" [“Nuclear Materials: Fabrication, properties and application of nuclear materials like
5 | Zircoloy, Zr-Nb alloys, Metallic fuels, ceramic fuels (oxide, mixed oxide, mixed carbide)

/| their properties and application.

U ‘ Decontamination, radiolysis, specification for chemistry parameters in process systems of
" .LLBWRs & PHWRs.
_ < ~Corrosion Engineering: Corrosion, activation of corrosion products.
Chemical properties: Oxidation, corrosion, gaseous corrosion, stress corrosion, corrosion
prevention, chemical degradation.
Basic Corrosion principles, types of corrosion & their mechanism and prevention; Crevice
corrosion, SCC, IGSCC and other under deposit corrosion, Electro- chemical corrosion and
erosion corrosion, cathodic protection of pipelines and vessels; Corrosion in chemical
..process industries and their prevention methods.
"'+Non Destructive testing: (4 Lectures)
.| Covering basic aspects of various types of NDT Techniques like UT, Radiography,
. ' Edycurrent, Magnetic Particle testing, Dye penetrant testing & Visual Inspection Methods.

Reference Books

1. "Introduction to Materials Science for Engineers, James Shackelford

2. "Physical Metallurgy Principles & Practice", V. Raghavan

3. "Introduction to Solids", L.V.Azaroff

4. "Structure and Properties of Materials, Wultff Series, Wiley Eastern, New Delhi

5. ‘Materials in Nuclear Application’-C.K.Gupta

6. Carter G F and Paul D E G, “ Material science and engineering”, Published by ASM,
1991

7. Baldev Raj et al, Practical Nondestructive Testing”, 2" Edition, Narosa, 2005

8. Fontana, Mars G, “Corrosion engineering” 3" Edition, McGraw hill, 1987

9. Uhlig, Herbert H and Revie R Whniston, “Corrosion and Corrosion Control- An
Introduction to Corrosion Science Engineering”, 3" Edition, John Wiley, 1984
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BARC Training School
NFC, Hyderabad
Syllabus

Code: - NE 7-FC07 FC08-

Subject: Nuclear Fuel Cycle And Water Chemistry CMEI-50

Discipline: Mechanical, Chemical, Electrieal,

Electronics and Instrumentation Engineering Nox of Hours: 43

Nuclear Fuel Cycle: (19 Hours) General description for different types of reactors. Front
end and back end processes. Three stage Nuclear Power Programme of DAE.
Basic considerations of Fuel Design. Types of Nuclear Fuels, Research/Power Reactors
Fuels, Thermal/ Fast Reactor Fuels. Metallic, ceramic fuels, cermet and dispersion fuels,
Advantages/ disadvantages. Cladding Materials, zirconium alloys,stainless steels, aluminum
and alloys.
Manufacturing processes for Uranium. Uranium ore mining and milling, Production of
Uranium metal, alloying of U, Fuel for CIRUS & Dhruva; their properties and fabrication
methods, methods of fuel plate fabrication. Uranium oxide powder preparation, compaction,
sintering. Problems with U Fuel, Oxide Fuels, Mixed Oxide and Carbide fuels, properties of
Pu Fuels, U & Pu Carbide fuel plate fabrication, FBTR fuel pin fabrication method,
Manufacturing processes for production of nuclear grade zirconium
Production of nuclear grade Zirconium Oxide, lodide Process and Kroll process for
_production of sponge. Thermal decomposition, electrolysis etc., Specification of Zr-Sponge
in Nuclear reactor applications. Melting Practices: Arc Melting, plasma melting and Electron

beam melting methods for producing zirconium alloy ingots.

Fabrication: Cold working & hot working, Forging, rolling, extrusion, pilgering, tube
drawing, rod fabrication, wire drawing and metal joining (Resistance welding, TIG welding
and EB welding), Heat treatment of Zirconium alloys; Vacuum annealing & Stress relieving,
Pickling & finishing of zirconium alloys. Manufacture of Fuel Tubes, Coolant Tubes,
Calandria Tubes and other structurals

Irradiation effects in fuel and cladding materials. Pellet Clad Interaction & Stress Corrosion
Cracking. Delayed hydride cracking, Performance of pressure tubes Advanced Fuels,
Canflex, Dupic, thorium utilisation

Heavy Water Production (8 Hours)

Heavy Water: Properties and importance of Heavy Water in Nuclear Power Generation,
scenario of D20 requirement, Unique features of deuterium separation, details of various
methods of production, distillation and electrolysis processes of D20 and their comparison.
Chemical exchange processes: H2S - H20, NH3-H2 processes, description of sulphide
process, separation factor, flow sheet, utilities, effluent treatment, special components.
Ammonia - H2, mono-thermal and bi-thermal processes description, flow sheet, effluents,
NH3 — H20 front end process, salient features of equipments like ejector tray towers, etc.
Ammonia-Hydrogen Front end process

Reprocessing of spent Nuclear Fuels. (4 Hours) Introduction to radiochemistry, difference
between conventional & radiochemical plant, process and equipment limitations, criticality,

safety and other hazards, ventilation and shielding. Spent fuel storage, decontamination,
solvent extraction, Purex process, Reprocessing of thorium based fuels.

Contd. ..
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Nuclear Waste management: (4 Hours) Sources, Characteristics and classification of
radioactive waste, general philosophy of radioactive waste management. Methods of
treatment for low, intermediate and high level solid, liquid and gaseous wastes with
examples. Conditioning of radioactive waste, cementation, bituminisation and vitrification
methods. Storage for primary/secondary solid waste and ultimate disposal.

Aspects of Heavy Water and its Analytical Chemistry (6 Hours)

Fundamentals of analytical chemistry, IR, UV, Neutron scattering, atomic absorption
spectrophotometry, GC, GLC, HPLC, Mass spectrum.

Specific analytical instruments used in process & mineral plants, Measurements of
impurities in gas / liquid like CO, CO2 , SO2, H2S, NH3 etc.

Measurement of SPM in stack, ambient air etc.

Online measurement of 02, sulfides (for H2S), pH etc.

Water source and Impurities, External treatment: Aeration, chlorination, clarification,
filtration, precipitation softening processes, [on exchange and DM water production

Boiler water systems & treatment

Cooling water systems & treatment

Industrial waste water treatment

Isotope separation Process (4 Hours)

Equilibrium and non Equilibrium Processes,
Thermodynamic minimum work for separation

Value function separative work

Cascade theory, Ideal cascade and squared of cascade.
Various reversible separations processes

[sotopic separation systems

Reference Books

Fundamentals of Analytical chemistry- Douglas, A.S.; Donald, M. W_, Fourth edition
BETZ handbook of Industrial Water conditioning, eighth edition, 1980

Chemical engineer’s Handbook- Perry J.H. and Green, Seventh edition

Nuclear Reactor Engg — Reactor Design basics 4™ edition, Vol. 1

Nuclear Reactor Engg — Reactor Systems Engg 4 edition Vol.II

By Glasstone, Samuel , Pub: Sesonske, Alexander, Pub: CBS, New Delhi

Nuclear Radiation Detectors by Kapoor S.S. & Ram Murthy, V.S. Pub: New Age, New
Delhi

Advances in Industrial waster water treatment by P.K. Geoel Pub: Jaipur

Essentials of Nuclear chemistry 4™ edition by H.J. Arnikar Pub: New Age, New Delhi
Technology of Zirconium by Miller.

Villani , Stelio, “ Isotopic separation (An ANS Monograph )”, American Nuclear Society,
1976

Skog , Douglas A et al, “ Principles of Instrumental Analysis “5% Edition , Harcourt Asia ,
2001
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Advanced Chemical Reaction Engineering Code: CEM:E 30:C-25
Discipline: Chemical Engineering No. of Lectures: 25

Review of basic concepts of reaction engineering

Non ideal flow in reactors, distribution of residence times, expenmental RTD studies, RTD
Modelling, application. Micro-mixing and segregated flow, boundaries to micro-mixing,
modeling segregation, experimental results, design strategies.

Non-isothermal effects, dynamic behaviour of chemical reactors, steady state multiplicity
and oscillations

Heterogeneous reactions, transport and heat effects, reactions in the continuous phase; fluid,
solid-fluid reactions, design procedures incorporating flow non-idealities in each phase.
Reactor design: counter-current moving bed reactors, fluidized bed reactors.

Advanced topics in reaction engineering- three phase reactors, integral reactor-separators,
complex systems.

Examples from nuclear chemical engineering.

Reference Books:

1. Chemical Reactor Design and Operation — K.R. Westcrth) W.P.M Van Swaatj, AACM
Beenackers, John Wiley & Sons, 1984.

2. Elements of Chemical Reaction Engineering — H.S. Fogler, 2nd ed, Prentice Hall, 1987.
3. Chemical Engineering (vol.3): Chemical Reactor Design, Biochemical Reaction
Engineering including Computational Techniques and Control. — Coulson & Richardson 2nd
ed., Pergamon Press, 1979.

4. Chemical Reaction Engineering — Octave Levenspeil, 2nd ed., John Wiley and Sons, 1995.
5. Research and Technological Studies on Liquid Phase Oxidation Reaction Process :
Hazardous Toxic Chemical Mitigation Techniques. — T.V. Subramanian, Chennal Emerald
Publishers, 1997. (Class No. : 66.094.3-936.35 A97 at Central Library)

6. Hartland, Stanley, “Counter-current Extraction: An [ntroduction to Design & Operation
of Counter-current Extractors”, Pergamon Press, 1970

7. Smith Robin, “Chemical process Design, MGH (New York), 1995

8. H. Scott Fogler, “ Elements of Chemical Reaction Engineering” 4™ Edition, Pearson, 2006
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BARC Training School

NFC, Hyderabad
Syllabus

Subject: Advanced Mass Transfer, Equipment
. Design and Solvent Extraction

Code: CEM-04:E32 AC03:C 45

Discipline: Chemical Engineering

No. of Lectures: 45

Theories of mass transfer: 15 Hrs

Theories of mass transfer with and without chemical reaction-with examples from
gas-liquid, liquid-liquid, and liquid-solid systems; Rate based approaches for design.
Selection and design of contacting equipment in nuclear chemical industries-Spray,
packed and tray columns trickle bed reactors. Extraction equipment: mixer settlers,
centrifugal contactors, pulsed extractors, hollow fiber extractors. Adsorption and ion
exchange equipment. Membrane separation and other advanced mass transfer
processes. Process intensification approaches.

Mass Transfer Equipment Design: 10 Hrs

Different types of mass transfer equipment for gas l1qu1d operations. Selection
criteria for tray v/s packed columns. Design of cross flow and multiple d/c type sieve
trays, Ejector Trays Hydro dynamics of trays & packed columns, Structured &

random packings Performance evaluation of plate & packed column, spray, packed
& tray columns trickle bed reactors.

Solvent extraction: 20 Hrs

Introduction to liquid-liquid extraction: Molecular and eddy diffusion, inter phase
mass transfer, Lewis-Whitman theory calculation of No. of stages for cross flow and
counter current flow, selection of solvent. Three component system. One pair partially
soluble, two pairs partially soluble Binodal solubility curve, Representation in
equilateral triangular coordinates, interpretation of equilibrium curves, extraction in
multi component systems, use of “pinching “ in extraction & scrubbing operation.

Dispersion & Coalescence: axial and radial dispersion, Factors influencing
dispersion, Primary and secondary break ,types of impellers, dispersion in spray
columns, sieve plate column packed column and in agitated systems. Factors affecting
coalescence, coalescence in spray column, packed column in settlers.

Equipment for solvent extraction: Selection criteria for contractors, classification of
contractors, contractors effectiveness, spray columns, packed columns, sieve tray,
pulsed sieve plate column, mixer-settlers, centrifuge.

Contd...
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Design of mixer settlers: Design from 1% principles, Batch and continuous equipment,
(Design of batch mixer settler), Principles of scale up of designs, mixer and scale up
hydrodynamic balance and location of aqueous ,mixed and organic parts.

Chemistry of Uranium Extraction: Different solvents, Mechanism of Uranium
extraction, diluents, third phase formation, Phase or diluents modifiers.

Extraction processes in Nuclear industry: Ore concentration, DDPA process,
DEHPA, AMEX process,TBP-UO; (NO;)2 refining ,PUREX process, Thorex
Process, TBP-Zr(NO3)4 process

Reference Books:
1. L.K. Doraiswamy and Sharma
2. Laddha and Degaleesan
3. Danckwerts
4. Hancook
5. Hansen and Reid
6. Handbook of Membrane Processes
7. Chemical Engg. Journals (By Course Instructors)
8. Treybal, R.E., “Mass Transfer Operation” 3" Edition, Tata McGraw Hill, 2005
9. J.M.Coulson et al, “Coulson & Richardson’s Chemical engineering- Fluid Flow, Heat
Transfer & Mass Transfer” 6™ Edition, Vol.1, Oxford Univ. 2007
10. Hartland, Stanley, “Counter-current Extraction: An Introduction to Design & Operation
of Counter-current Extractors”, Pergamon Press, 1970
11. Joshi M.V., “Process Equipment Design” McMillan, New delhi, 1976

12. Perry Edmond S.Ed. et al, “Separation & Purification Methods”, Marcel Dekker, New
York, 1974 :
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Basic Process Instrumentation and Control | Code: CEM:CC03-M - 20
Discipline:Mechanical, Chemical & QA Engineering | No. of Lectures: 20

Instrument terminology, symbols & performance:
[nstrument terminology: Accuracy, Precision, Resolution, Repeatab[hty, Reproducibility,

Drift, Dead band, Flow sheet symbols Instrument performance, Standard unit of
measurements, P&l diagrams. -

Measurements: Flow measurement:
Mechanical type flow meters: Orifice meter, Venture meter, Pitot tube, Elbow meters.

Variable area flow meters, Magnetic flow meters, Turbine flow meters, Ultrasonic flow
mefters

Level measurements:
Level gauges, floats, Differential pressure type level detectors, Displacer type level
detectors, Conductivity type, Capacitance type, Ultrasonic type, Radiation type

Temperature measurement: Filled-bulb and glass type thermometers, Bimetallic type,
Resistance temperature detectors, Thermocouples, Pyrometers

Pressure measurement:

Bourdon & helical type pressure sensors, Bellow type pressure sensors, Diaphragm type,
Differential transmitters, Manometers, Vacuum sensors.

Panel display instruments: Indicators, Recorders, Controllers
Signal transmission methods & Annunciations.

Automatic control theory: Control basics, Control modes, Closed loop response, Feed back
& feed forward control, Tuning of PID controllers.

Final control elements: Control valve sizing, Control valve types, Actuators, Accessories &
positioners

Control & Instrumentation, Sensors and Transmitters

Final control elements. Control valves, actuators, and positioners Controllers Automatic
controllers

Distributed Digital Control System

(a) Signal conditioning, (b) Data acquisition system (c¢) PC based instrumentation
(d)Organisation of distributed control system; (¢) Control software and qualification aspects
(f) Data processing and SCADA.

Contd....
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Reference Books:

P P e S e

16.
478

18

19.
20.
21.

Fundamentals of Temperature. Pressure and Flow Measurements — Benedict
Measurement Engineering — Stein P.K. Pub-fished by Stein Engineering Services
Mechanical Measurements — T.G. Backwith and N. Leins Suck, Addison Wesley
instrument Technology, Vols. 1 to 5, - E.B. Jones, Butterworth and London
Experimental Methods for Engineering — J.P. Holman, McGraw Hill

Measurement in Applied Physics — A.A. Burr K.J. Dean, Chapman and Hall
Mechanical and Industrial Measurements — R.K. Jain, Khanna Publishers, NewDelhi.
Instrumentation for Scientific Research — Kurt S. Lion, McGraw Hill

Industrial Instrumentation Fundamentals — A.E. Fribance, Tata McGraw Hill

. Measurement system, Application and Design, Emest D. Deophhlin, McGraw Hill
11.

12.
13.
14.
13.

Process control — P. Harrict, Tata McGraw Hill ,
Automatic Process Control — Donald P. Beckman, Wiley Eastern Ltd., New Delhi
Industrial [nstrumentation — Donald P. Beck-Man, Wiley Eastern Ltd. New Delhi
Fluid Meters — Their Theory & Application Edited by H.S. Bean, ASME Publication
Principles and Practice of Flow meter Engineering — L.K. Spink, Published by the
Foxboro Company.

Manual on the use of Thermocouples in Temperature Measurement, ASSE Publication
Process Instruments and Control Handbook Edit-by D.M. Considine McGraw Hill

. Handbok on Applied Instrumentation : Edited by D.M. Considine McGraw Hill and

S.D. ROSS McGraw Hill

D.Patranabis, “Principles of Process Control” McGraw Hill, 2007

Harriott, Peter, “Process Control”, TataMc Graw Hill, New Delhi, 1998

Seborg, Dale. E, “Process Dynamics & Control” 2™ Edition, Wiley, Singapore, 2005



BARC Training School
NFC, Hyderabad
Syllabus

Subject: Computational Fluid Dynamics and Heat Transfer | Code: CEM:E 21:CM-40

Discipline: Mechanical and Chemical Engineering No. of Lectures: 40

Basics of Fluid Flow, Heat Transfer and Numerical Analysis: 15 Hrs

Kinematics of fluid flow: Streamline, streakline and pathline; streamfunction,vorticity and
deformation of a fluid element.

Basic equations governing heat conduction, fluid flow and mass transfer (viz. the continuity',
momentum and energy' equations) with special reference to Navier-Stokes and Bernoulli
equations.

Classification of Partial Differential Equations (PDEs)

Discretization of conduction equation with Dirichlet, Neumann and periodic boundary
conditions, by ADI and TDMA methods.

Temporal integration: explicit, implicit scheme

Discretization of convection, upwinding, Streamline-Upwind Petrov Galerkin method
Discretization of convection-diffusion problem: exponential scheme, power-law scheme

Laminar Boundary Layer and Forced Convective Heat:

Formulation of differential equation for hydrodynamic and thermal boundary layer
Different analytical method of reduction of boundary layer equations and theoretical
formulation of boundary layer thickness.

Study of jets and inlet flow and flow separation in the light of Boundary Layer Theory
Convective heat transfer for internal and external flows

Low and high Prandtl number limits and different thermal boundary conditions

Numerical Solution of Reduced Boundary Layer Equations: BVP, Keller box method

Turbulent Flow and Heat Transfer:

Reynolds decomposition for turbulence ; Prandtl's mixing length theory, Mixing length
models

Structure of turbulent boundary layer over flat plate and through circular cylinder ;
Calculation of friction factor and drag coefficient ; Analytical and semi-analytical
correlations for calculating heat transfer coefficients ; Analogy between heat and momentum

transfer ;Reynolds analogy, von Karman-Prandfl analogy, Martenelli analogy, Lyons
analogy

Turbulence Modeling:

Eddy diffusivity models: k-€ and k-w) models, RNG based k- € model

Reynolds stress models: algebraic and differential models,Low Reynolds number models
Large eddy simulation: Smagorinsky and Dynamic sub-grid scale models

Natural Convection :
Basic Equations of natural convection : Boussinesq approximation : Derivation of
Dimensionless groups from basic equations : Analytical approximations : Numerical
solution of approximate equations

Contd.....




Numerical Solution of Complete Fluid Flow and Energy Equation : 6 Hrs
Formulations of governing equations used in numerical simulation:
Streamfunction-temperature formulation

Streamfunction-vorticity-temperature formulation

Velocity-vorticity-temperature formulation: Poission, Cauchy-Riemaim and Biot-Savart
form

Primitive-Variable (P-V-T) formulation

Pressure velocity coupling for incompressible flow:

Staggered, Non-Staggered Grid (momentum interpolation, pressure-weighted interpolation)
Discussion on MAC, PISO, SIMPLE and SIMPLEN family of Methods

Simple grid generation techniques for structured grid:

Elliptic, parabolic and hyperbolic equation method

Grid adaptation

Domain decompositions in CFD and heat transfer

SIP and preconditioned conjugate gradient methods for solution

Reactor Heat Transfer : 10 Hrs

Pressure dmp in rod cluster fuel element friction, local acce:leranon and elevation pressure
drop in wire-wrap & grid spacers; effect of creep and bundle misalignment on PHWR bundle
pressure drop. Flow orificing objectives & methods; effect of orificing in BWR.

Hot spot factors: Classification, basic statistical relationship, determination of subfactors,
multiplicative & statistical methods of combining subfactors.Subchannel analysis of rod
cluster mixing mechanisms, mixing parameters, introduction to computer codes.

low loops: Determination of operating point during forced and natural circulation; Loss of
flow accident; Decay heat generation and flow coast down in primary loop. Transition to
thermosyphon cooling; steady state theory of thermosyphon loops. Transient and stability
behaviour of the thermosyphon loops.

Loss of coolant Accident; Events during blow down, description of emergency core cooling
system; flooding and sputtering.

Radiation heat transfer: Introduction; Reflection, absorption, transmission and emission;
concept of black and grey body; total emissive power and Stefan-Boltzmann constant.
Kirchoff’s law. Radiation heat transfer between two bodies: shape factor & law of
reciprocity; radiation heat transfer between two grey bodies.

Heat Transfer With Phase Change : 9 Hrs
Introduction of two phase flow and basic relations; flow regimes in adiabatic and diabatic
vertical co-current flow and in adiabatic co-current horizontal flows. Basic equations of two
phase flow; Homogenous & separated flow models for two phase flow; void fraction & phase
velocity ratio (Zivi’s model); Introduction to boiling heat transfer and bubble nucleation;
Regimes in boiling heat transfer (a) pool boiling (b) flow boiling: Heat transfer correlation
for pool boiling (Rohsenow’s correlation) and flow boiling (Chen’s correlation) ;
Condensation heat transfer: Nusselt’s theory and its limitations: Jet condensation
fundamentals and its application in containment cooling. .
Critical heat flux: Various models of critical heat flux, CHFR, MCHFR. Critical power
concept. Post dryout heat transfer: Various models available for calculation of heat transfer
coefficient.Critical Flow: Models for single — phase and two-phase critical flow.

Contd....
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Reference Books:

1. Knudsen, J.G. and Katz, D.L. (1958): Fluid Dynamics and Heal Transfer, McGraw-Hill:
NY.

2. Bird. R.B., Stewart, W.E. and Lightfoot, E.N. (1960): Transport Phenomena, John Wiley
& Sons: NY.

3. Schhehting, S. (1979): Boundary' Layer Theory, 7* ed., McGraw-Hill : NY.

4. Tennekes, H. and Lumley, J.L.. (1972): A First Course in Turbulence, MIT Press:
Cambridge. '

5. Piquet, J. (1999): Turbulent Flows: Models and Physics, Springer-Verlag: Berlin.

6. Holman, J.P. (1997): Heat Transfer, 8"" ed., McGraw-Hill : NY.

7. Kays, W.M. and Crawford, M.E. (1993); Convective Heat Transfer, McGraw-Hill: NY.
8. Gebhart, B., et al. (1988): Buoyancy-Induced Flows and Transport, Hemisphere.

9. Barret, K. (1982): Numerical Modelling in Diffusion-Convection, Pentach Press : London,
Polymouth. '

10. Hussaini, M.Y. et al. (1997): Up-wind and High Resolution Schemes, Springer-Verlag :
Berlin. :

11. Warsi, Z.U.A. (1998): Fluid Dynamics: Theoretical and Computational Approaches, 2""
Ed., CRC Press. )

12. Cebeci, T. and Bradshaw, P. (1984): Physical and Computational'Aspects of Heat
Transfer, Springer-Verlag.

13. Quartepelle, L. (1993): Numerical Solution of the Incompressible Navier-Stokes
Equations, Birkhauser Verlag.

14. Patankar, S.V. (1982): Numerical Heat Transfer and Fluid Flow, Hemisphere.

15. Versteeg, H.K. and Malalasekera, (1996): An Introduction to Computational Fluid
Dynamics: the Finite

16. Volume Method, Addison-Weslev.

17. Gresho, P.M. et al.. (1999): Incompressible Flow and the Finite Element Method, John
Wiley & Sons. . :

18. Comini, G, et al. (1994): Finite Element Analysis of Heat Transfer, Taylor & Francis :
Washington DC.

19. Canuto, C., et al. (1988): Spectral Methods in Fluid dynamics, Springer-Verlag :NY,
557pp.

20. Thompson, J.F., Soni, B. and Weatherill, N.P. (1998): Handbook of Grid Generation,
CRC Press.

21. Glowinski. R., et al: (Eds.) (1997): Domain Decomposition Methods in Science and
Engineering, Wiley.

22. Turek, S. (1999): Efficient Solvers for Incompressible Flow Problems, Springer-Verlag
23.John D Anderson, “ Computational Fluid Dynamics: The Basics with Application”

24. Bernard, Jng C.J., “ handbook of Fluid flow Metering”, The Trade & Technical press,
1988

25. Kern, Donald Q, “Process Heat Transfer”, Tata McGraw Hill, 2000

26. Mc Adam, W H, “Heat Transmission”, McGraw Hill, 1954

27. * Fundamentals of Two-phase Heat Transfer”, Chapter 10

28. j.H.Ferziger & Milovan Peric, “Computation Methods for Fluid Dynamics™ John Wiley
Sons, 2006

29, J.M.Coulson et al, “Coulson & Richardson’s Chemical Engineering-Fluid Flow, Heat
Transfer & Mass transfer”, 6" Edition, Vol.1, Oxford Univ., 2007

30. Sengupta Tapan K, “Fundamentals of Computational fluid Dynamics”, New Delhi,
Elsevier, 2006
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Process Dynamics, Analysis and Control Code: CEM:E31 E29:50

Discipline: Chemical Engineering No. of Lectures: 40

Review of Basic Control: 40 Hrs

Dynamic models, Transfer function Transient analysis - Rouths criteria etc., Stability,
Frequency analysis - Nyquist criteria with examples using MATLAB etc., Discrete models,
z-transforms, Sampled data control, Introduction to state space control, State feed back, Pole
placement, Controllability, Observability, Stochastic Processes, Kalman filtering. Process
identification from plant data; SISO with PID control, Inadequacies; Cascade, feed forward,
dead time compensation; Introduction to adaptive control, non-linear control; Poorly defined
system, and fuzzy control. Multivariable systems, Model predictive control: internal model
control, Dynamic matrix control, multivariable control, and optimal control. Introduction to
Fault Detection and Diagnosis. The assignments include problem solving with simulation
software.

Reference Books:

1. W.L. Luyben, Process Modeling Simulation and Control for Chemical Engineers,
McGraw Hill, 1990.

2. D. Burghes and A. Graham, Introduction to Control Theory including Optimal Control,
John Willey & Sons,

3. Stephanopoulos, Advanced Process Control

4. Coughanowr and Koppel

5. K. Ogata, Modern Control Systems, Prentice Hall (India)

6. K.S. Astrom and B. Wittenmark, Computer Control Systems, Prentice Hall (India)

7. Douglas Considine, Handbook of Process Instrumentation and Control,

8. E. O. Doebline, Instrumentation and Measurements
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Process Modeling, Simulation and
Optimization
Discipline: Chemical Engincering No. of Lectures: 20

Code: CEM-5:E 33:C-20

Process Simulation: 10 Hrs

Introduction to process modeling, simulation and optimization. Deterministic versus
stochastic models. Dynamic and steady state models.

Flowsheet Analysis: Degrees of freedom (DOF), DOF of individual units including reactors,
heat exchangers etc. DOF analysis of cascades/flowsheets with examples.

Approaches to Plant Simulation: Sequential modular; Equation oriented; Simultaneous
modular '

Steady-State Sequential Modular Simulators:

Concepts of partitioning, tearing and nesting as applied to flow sheets: Methods of
representation of plant topology; recycle detection and calculation ordering algorithms;
recycle convergent methods.

Steady State Equation Oriented Simulators:

Strategies for formulation of plant models; sparse systems and Solution procedures; Solution
methods for simultaneous modular approach; General Approaches For Non-Linear Systems;
Conversion promotion criterion, Wegstein’s method, Broyden method. Dominant eign-
value method. Examples of solving non-linear systems; Commercial Simulators ;Use of
commercial simulator as a design aid. Introduction to Aspen Plus, Hysim, process etc.
Ilustrative example from process plants and nuclear power plant to demonstrate problems
solving using commercial simulators.

Optimization: 10 Hrs

Classification of optimization problems, necessary and sufficiency conditions for optimum;
Search procedures for unconstrained optimization problems; Non-linear programme:
Complex box; Reduced gradient; Penalty function; Sequential quadratic programming,
Optimization using a simulator; Case Study: Simulation and modeling of heavy water
cascade, use of lumping and de-lumping strategies, application on Optimisation techniques.
Decomposition of complex topology, rate base model versus equilibrium base model for
tower internals, evaluation of transport co-efficients using mass transfer with reaction
models, use of analogies for evaluation of interface co-efficient introduction, Recent
Developments: Multi-objective optimization, Plant optimization by Genetic Algorithms and
Neural Network.

Reference Books:
1) Process Modeling, Simulation And Control for Chemical Engrs. 2™ Edition: Luyben
William L, Publisher: McGraw-Hill, New York .
2) Optimization of Chemical Processes ; Edgar, Himmelblau & Lasdon



BARC Training School
NFC, Hyderabad
Syllabus

Subject: Applied Process Instrumentation and Control

Code: CEM :E 50:CEEI-45

Discipline: Electrical, Electronics and Instrumentation
Engineering

No. of Lectures: 45

Design, selection, typical specifications, calibration standards, installation, testability and
diagnostics of measuring instruments of following process variables: 15 Hrs

Flow: Differential pressure flow elements: Orifices, venturies, flow nozzles, pitot tube,
annular, elbow flowmeter. Different standard pressure taps for orifices, sizing calculations,
straight length requirements. Applicable codes for design of Orifices, venturies and flow
nozzles. Orifice flanges, Jackscrews, carrier rings, flow straightners, square root extractors,
flow totalisers. Variable Area Flowmeters- Glass tube rotameters; Armoured rotameters;
Bypass rotameters; Density correction factors. Magnetic, Turbine, vortex flow meter;
Ultrasonic flow meters- transit time, Doppler type, Clamp on type ultrasonic flow meters,
Coriolis and thermal mass flow meters. Applications and limitations of various flow meters.
Two phase flow measurements.

Temperature: Thermocouples- Types of thermocouples, ranges, sensitivity and their limits
of error and applications, mineral insulated thermocouples, types of hot junctions- grounded,
ungrounded and exposed junction, thermocouple extension and compensating cables, high
temperature thermocouples, cold junction compensation techniques. Applicable standards.
RTDs- Wire wound and thin film RTDs, limits of error, self heating error, matched pair of
RTDs. Applicable standards for RTD. Thermistors -performance and applications.
Thermowell - Design considerations, Applicable design code for thermo well, thermo well
installation aspects. Surface temperature measurement techniques; Temperature
transmitters- Head mounted temperature transmitters, isolated temperature transmitters,
Smart temperature transmitters. Radiation thermometry- Optical pyrometer, total radiation
pyrometer, two colour pyrometer, factors affecting the performance of radiation pyrometers.

Pressure: 15 Hrs

Manometers-U tube, well and inclined manometers, pressure gauges, hydraulic and
pneumatic dead weight testers- ranges and factors affecting the performance of dead weight
testers. Pressure Transducers and transmitters- strain gauge, capacitance, LVDT,
piezoresistance type and piezoelectric type pressure transducers, transmitters with remote
diaphragm seal, high temperature pressure transducers, Smart pressure and differential
pressure transmitters. Vacuum measurement- Pirani and thermocouple gauges, cold cathode
and hot cathode ionization gauge, Mcleod gauge.

Level: Hydrostatic pressure and differential pressure methods, wet legs- cold reference leg
and hot reference leg, condensing pots, density compensation in boiler level measurement,
zero elevation and zero suppression. Gauge glass, Purge system, capacitance probes,
displacer, ultrasonic, nucleonic, hydrastep level gauge and radar level gauge. Level switches-
conductivity, capacitance, ultrasonic, displacer, float type.>Analytical Instrumentation:
Conductivity, pH, ORP and Turbidity measurement.
Automatic Control Theory: Control busses, Control Modes, closed looping response, PID
controllers, feed back & feed-forward control, timing of PID controllers. Auto tuning and
self adaptive controls. Operational amplifiers and its applications.

Contd...
Instrumentation Field Busses: HIRE Foundation Field Bus, profi bus, mod bus, TCP/IP,
Industrial Ethernet, device net' & CAN

Introduction of Advance Sensor Technology: Wireless sensors.
Basics of Pneumatics : Instrument Air Quality, Air requirement, Flaper nozzle mechanism,
signal booster.

Other Measurements: Relative humidity; viscosity and density measurement ik
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Introduction to Neural Network and Fuzzy Logic : S Hrs

Control valves: 10 Hrs ‘

Valve types, construction and applications, Valve sizing calculations, Applicable standard
for sizing calculations, Control valve range ability, Valve characteristics-inherent and
installed, selection of valve characteristics, Cavitation and flashing in control valves, Valve
capacity testing, Valve actuators- pneumatic, hydraulic and electric, selection of actuator,
Typical specifications for control valve, Smart valves, valve positioner, I/P converter, P/
converter, volume boosters, Solenoid valves, Pressure regulating valves, Installation aspects
of control valves, Quality of air for pneumatic valves.

Instrument Impulse lines and instrument fittings: Tubes- materials and sizes, tube fittings-
materials, types of fittings, instrument isolation valves, guidelines for routing of impulse
lines, considerations for impulse line response time. Applicable standards for tubes and
fittings; P & 1 Diagrams, loop and hook up diagrams: P &ID symbols, Applicable ISA
standard for P &ID symbols, typical loop diagrams, typical instrument hook up diagrams.

Reference Books:

1. Principles & practice of flow meter Engineering by L. K. Spink. The Foxboro Company.
2. Fluid Meters. ASME publication

3. Manual on the use of thermocouples in Temperature Measurements (ASME Publication
by subcommittee 4)

4. Measurement Systems: Application and Design, Ernest O Doeblin

5. Process Control Systems: Application, Design and Tuning, F. G. Shinskey, Mcgraw Hill.
6. Applied Instrumentation in the Process Industries, Volume I & 11, Edited by W.G. Andrew.
7. Process Control Engineering, M. Polke

8. ISA Handbook of Control Valves, Editor-in-Chief J. W. Hutchison

9. British Standard Code of practice for Instrumentation in Process Control Systems:
installation design and practice (BS 6739)

10. Handbook on Applied Instrumentation: Edited by D.M. Considine and S.D. Ross,
Mcegraw Hill

11. Process Instruments and Control Handbook: Edited by D. M. Considine, Mcgraw Hill
12.Murthy, D.V.S ,“Transducers and Instrumentation “, Prentice Hall, 1995

13. Liptak, Bela G.Ed, “Instrumentation Engineers Hand Book: Process Measuring &
Analysis”, 3" Ed., Buter Lurth

14, Nakra, B.C & Choudhary K.K. “Instrumentation, Measurements™ Tata Mc Graw Hill,
2004

15. ECK Man, D.P. “ Industrial Instrumentation Measurements” , CBS, 2004

16. Anderson, Norman A, “Instrument for Process Control”, 3™ Ed., CRC Press, 2005



BARC Training School
NFC, Hyderabad
Syllabus

Subject: Electrical Engineering Practices- I Code: CEM:AC13:E -30

Discipline: Electrical Engineering No. of Lectures: 30

1. EHV Switchyard Design: Switching schemes; clearance; Comparison between
types of switchyards; Brief introduction to equipments in switchyard and their
functions; Lighting arrestors and insulation co-ordination; Lightning protection,
Maintenance of Switch yards, Selection of instrument transformers for measurement
and protection.

2. Selection Of Transformers: Types & classifications; Special design features;
Accessories; Specifications and testing; Voltage regulation calculations,
Maintenance, Transformer oil, requirements, specifications and maintenance.

3. Motor & Their Applications: Types of motors; System requirements; Performance

requirements, Drives, Selection of starters, Installation and maintenance, Insulation

classes and maintenance. ;

Station Auxiliary Systems: Class 1, II, IIl and IV systems classifications.

Introduction to DG Sets, Ups & Batteries: DG sets: Engine, auxiliaries, Generator,

Electrical equipment, brush-less and static excitation systems and introduction to

SCADA

UPS: Types, different configurations, selection.

Batteries: types, selection criteria, charging methods, Testing methods

Cabling, Lighting & Grounding: Cabling: Types, sizing, laying and de-rating

factors, terminations, fault location Grounding systems; Bus ducts.

9. Selection of MV & LV Switchgear: Types ; specifications and testing MCCs;
Distribution boards; EL.CB, Internal protection, Maintenance.

10. Electrical Equipment: Requirement In Hazardous Areas: Specific requirements for
safety related electrical equipments & systems in Chemical Industries. Fire wall,
barrier and stops.

11. Electrical Control Circuits: Symbols, development of control circuit, Single-
line/schematic diagram Latest Trends In Electrical Engineering

12. Protection: Line protection; generator protection; Transformer protection; Motor
protection.

o

oA

Reference Books:

Electrical Engrs. Ref book 5™ edition by G.R.Jones & others, Pub:Newnes

Standard Handbook for Elec. Engrs. 14" edition, Donald Fink & HW.Beaty,Pub:McGraw
Hill, New York

Hand book of Basic Electronic Trouble shooting by Lenk John D, Pub: Prentice Hall, New
Jersey, Directory of Electronics Circuits with a glossary of terms by Mandal, Methew, Pub:
Prentice Hall, New Jersey

Encyclopedic dictionary of Electronic terms by Traister, John & Traister, Robert J

Prentice Hall, New Jersey

Source book of Electronic circuits by Markus John, Pub: McGraw Hill, New York"
Electrical control for machines 3™ edition, by Rexford, Kenneth B, Pub: Delmer

Elec Engg materials by A.J. Dekker, Prentice Hall, New Jersey

Basic Elec. Engg 2™ edition by D.P. Kothari & 1.J. Nagrath Pub: Tata McGraw Hill, New
York
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BARC Training School

NFC, Hyderabad
Syllabus
Subject: Electrical Engineering Practices - II Code: CEM: EEP-II: E:20
Discipline: Electrical Engineering No. of Lectures: 20

Electric Drive: Advantages of electric drive; Factors governing selection of motors; Nature of
electric supply; Nature of the drive: Individual drive, group drive: Nature of load: Starting torque,
behavior of load with respect to speed, high inertia loads, Electrical characteristics of motors:
Starting Characteristics, running characteristics, speed control, braking characteristics

Size and rating of motors: Sizing calculation, Duty cycle of motor, continuous, intermittent, over
load capacity and pull out torque: Mechanical considerations: Type of enclosure, type of bearings,
transmission of drive, noise level Cost: Capital cost, running cost.

Electric Heating: Advantages of electric heating Methods of heating
Resistance  heating;  direct resistance  heating; indirect resistance  heating;
types of heating elements, selection of heating elements, requirements of a good heating material,
causes of failure of heating elements, temperature control resistance furnaces, introduction to
design of heating element. Introduction to refractory materials for furnaces.

Ilumination Engg: Fundamentals of radiation, visible range of light, colour temperature, Eye end
vision. Laws of illumination and units. Various light sources: incandescent and discharge lamps.
Illumination system: Luminnaire, Ballast and starters. Colour and glare, Interior and exterior
lighting applications and controls. Lighting calculation and design. DC Power surfaces for
industrial applications

Electric Are Furnaces: Definition and Characteristics of arc, power supply and control of arc
furnace.

Plasma furnaces: Definition and characteristics of plasma, start plasma, power supply and control
of plasma furnace.

Electron beam  melting: Introduction, generation of electron beam, power
supply and control of electron beam

High frequency heating Induction heating: skin effect, aspects of power supply
Di-electric heating, Introduction, advantages

Electric Welding: Electric arc welding, Electric resistance welding, Electron beam welding

Contd....
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Electrolytic Processes: Laws of electrolysis, electroplating,
Earthing & lightening protection-effect of current to human body.
Introduction to power quality:

Perspective on power quality--Categories and origin of power quality--
Power system harmonics--Non linear loads--

Effect of power quality on industrial loads--

Motor issues--Electro magnetic interaction--

VED issues

Reference Books:
Electrical Engrs. Ref book 5% edition by G.R.Jones & others, Pub:Newnes
Standard Handbook for Elec. Engrs. 14" edition, Donald Fink & HW.Beaty,Pub:McGraw Hill,
New York
Hand book of Basic Electronic Trouble shooting by Lenk John D, Pub: Prentice Hall, New Jersey,
Directory of Electronics Circuits with a glossary of terms by Mandal, Methew, Pub: Prentice Hall,
New Jersey
Encyclopedic dictionary of Electronic terms by Traister, John & Traister, Robert J
Prentice Hall, New Jersey
Source book of Electronic circuits by Markus John, Pub: McGraw Hill, New York
Electrical control for machines 3" edition, by Rexford, Kenneth B, Pub: Delmer
Useful IS Codes for Electrical Engrs.
a) Code of practice of earthing : IS 3043:1987
b) Chart and treatment of electric shock : SP 31:1986
¢) Guide on effects of current passing through human body: IS 8437 (Part 1 & 2)
d) Three phase induction motor: IS 325 '
e) Power transformers : IS 2026 (Part 1 to 5)
f) Code of practice of industrial lighting : IS 6665
g) Code of practice for interior illumination : IS 3646 (Part 1 to 3)
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Modern Electronic Control of AC and DC Drives | Code: CEM:JNTU:30

Discipline: Electrical Engineering, Electronics Engineering

and Instrumentation Engineering Dt hechirens 45

A. Power Control of DC Drives

UNIT-I Three phase naturally commutated bridge circuit as a rectifier or as an inverter
Three phase controlled bridge rectifier with passive load impedance, resistive load and ideal
supply — Highly inductive load and ideal supply for load side and supply side quantities,
shunt capacitor compensation, three phase controlled bridge rectifier inverter.

UNIT-II  Phase controlled DC Motor drives
Three phase controlled converter, control circuit— Two quadrant, Three phase converter
controlled DC motor drive — DC motor and load, converter

UNIT-III  Current and Speed controlled DC Motor drives
Current and speed controllers — current and speed feedback — Harmonics and associated
problems — sixth harmonics torque. '

UNIT -1V  Chopper controlled DC motor drives

Principle of operation of the chopper — Four- quadrant chopper circuit — Chopper for
inversion — Chopper with other power devices — model of the chopper — input to the chopper
— rating of the devices — Pulsating torque.

UNIT-V  Closed loop operation of DC 'motor drives
Speed controlled drive system — current control loop — pulse width modulated current
controller — hysterisis current controller

B. Power Control of A.C. Drives

UNITI Introduction to AC Drives

Introduction to motor drives — Torque production — Equivalent circuit analysis — Speed-
Torque Characteristics with Variable voltage operation, Variable frequency operation,
constant v/f operation — Variable stator current operation — Induction motor characteristics
in constant torque and field weakening regions

UNIT II Control of Induction motor drives at Stator side
Scalar control — Voltage fed inverter control — Open loop volts/Hz control — speed control
slip regulation — speed control with torque and flux control — current controlled voltage fed
inverter drive — current-fed inverter control — Independent current and frequency control —
Speed and flux control in Current-Fed inverter drive — Volts/Hz control of Current-fed
inverter drive — Efficiency optimization control by flux program

Contd. ..




UNIT III Vector control of Induction Motor Drives

Principles of Vector control — Vector control methods — Direct method of vector control —
Indirect method of vector control — Adaptive control principles

Techniques of motor drive configuration.

Reference Books:

1. Power Electronics and motor control — Shepherd, Hulley, Liang — II Edition,
Cambridge University Press _
2. Electric motor drives modeling, Analysis and control — R.Krishnan — I Edition,
Prentice Hall India

3. Power Electronic circuits, Devices and Applications — M.H.Rashid — PHI - I Edition

— 1995

Fundamentals of Electric Drives — G.K. Dubey- Narosa Publications -1995

Power Semiconductor drives — S.B.Dewan and A.Straughen - 1975

Electric Motor Drives Pearson Modeling, Analysis & Control — R.Krishnan —

Publications — 1% edition — 2002

7. Modern Power Electronics and AC Drives — B.K.Bose — Pearson Publications — 1%
edition :

8. Power Electronic control of AC Motors — MD Murphy & FG Turn Bull Pergman
Press(For Chapters II, III, V) — 1% edition

9. Power Electronics and AC Drives — B.K.Bose — Prentice Hall, Eagle wood diffs New
Jersey(for chapters I, II, IV) — 1** edition

10. Power Electronic circuits, Devices and Applications — M.H.Rashid — PHI - 1995

11. Fundamentals of Electrical Drives — G.K.Dubey — Narora publications - 1995 (For
Chapter II)

12. Power Electronics and Variable frequency drives — B.K.Bose — IEEE Press —
Standard publications -1% edition — 2002

13. Sen P.C., “ Power Electronics”, Tata McGraw Hill, 1988

£ Laichs
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Networking Communications Code: CEM-9:E61: Etrn-1-20

Discipline: Electrical, Electronics and
Instrumentation Engineering

No. of Lectures: 20

Data Communication Topics: Basic Concepts, V.24 and V.35 standards, Dial up modems, xDSL
technology, Techniques of Flow Control, Error Control, Switching, Multiplexing, and Routing. (4)

Digital Networks: ISDN BRA, ISDN PRA, Introduction to Frame Relay and ATM. (2)

Topologies: OSI Layer Model

Link Layer Communication: Types of Local Area Networks, Types of Ethernet, Ethernet frame
structure, CSMA/CD, Hubs, Switches, Wireless LAN, Point-to-point Protocol. (3)

Internetworking: Repeater, Bridge, Router, Spanning tree Algorithm, Tunneling, Packet
Fragmentation. (3)

TCP/IP: 1P packet format, IP Addressing, Subnets, Introduction to CIDR and DHCP,
[Pv6,TCPsegment format, TCP Call Control. (3)

IP Routing: IP Routing Algorithm, ARP, and ICMP. IP Routing Protocols: RIP, OSPF, and BGP.
Domain Name System. (2)

Network Application and Security: Half/full Association, Client Server and peer-to-peer

working, Unix socket programming, E-mail, http, concepts of firewall and proxies, Encryption,
Digital signatures. (3)

Reference Books:

1. Data and Computer Networks: William Stalling. Prentice Hall of India

2. Internetworking with TCP/IP — D.E Comer, Vol. 1. Prentice Hall of India

3. Unit Network Programming — W.R Stevens. Prentice Hall of India.

4. Practical Data Communications: Roger L. Freeman. John Wiley and Sons

5. Basandra, Suresh K, “Local Area Networking”, Galgotia, 1995

6. A.S.Tanenbaum, “Computer networks”, 4" Edition, Pearson, 2003

7. B.A.Forouzan etal, “Data Communications & Networking”, Tata McGraw Hill, 2001
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Programmable Logic Controllers and
Applications

Code: CEM:EEI-40

No. of Lectures:
30includes Practical
Demos

Discipline: Electronics, Electrical and Instrumentation
Engineering

20 Hrs

Unit 1: PLC Basics: PLC system, VO modules and interfacing, CPU processor, programming
equipment, programming formats, construction of PLC ladder diagrams, devices connected to VO
modules. :

Unit 2: PLC Programming: Input instructions, outputs, operational procedures, programming
examples using contacts and coils. Drill press operation.

Unit 3: Digital logic gates, programming in the Boolean algebra system, conversion examples.
Ladder diagrams for process control: Ladder diagrams & sequence listings, ladder diagram
construction and flow chart for spray process system.

Unit 4: PLC Registers: Characteristics of Registers, module addressing, holding registers, input
registers, output registers.

Unit 5: Sensors as input devices to PLC- Various types of proximity sensors: Inductive, capacitive,
photo electric, magnetic, laser, UV and ultra sonic sensors. Brief discussion on other input devices
like pressure switch, flow switch etc.

20 Hrs

Unit 6: PLC Functions: Timer functions & Industrial applications, counters, counter function

industrial applications, Arithmetic functions, Number comparison functions, number conversion
functions.

Unit 7: Data Handling functions: SKIP, Master control Relay, Jump, Move, FIFO, FAL, ONS,
CLR & Sweep functions and their applications.

Unit 8: Bit Pattern and changing a bit shift register, sequence functions and applications,
controlling of two axis & three axis Robots with PLC, Matrix functions.

Unit 9: Analog PLC operation: Analog modules & systems, Analog signal processing, multi bit
data processing, analog output application examples, pm principles, position indicator with pm
control, pm modules, pm

Unit 10: Introduction to CNC controls

Reference Books:

1. Programmable Logic Controllers - Principle and Applications by John W. Webb & Ronald A.
Reiss, , Fifth Edition, PHI

2. Progranunable Logic Controllers - Programming Method and Applications by JR. Hackworth &
F.D Hackworth Jr. - Pearson, 2004.
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BARC Training School

NFC, Hyderabad
Syllabus
Subject: Digital Signal Processing and Machine Vision Code :CEM : New
Discipline: Electronics and Instrumentation Engineering No. of Lectures :30

Digital Signal Processing:

Introduction : Basic elements of a digital signal processing system, Fourier series and fourier
transform, Z-transform, convolution, correlation, sampling theory, aliasing anti-aliasing filter,
quantization noise and signal reconstruction. (4 Hrs)

Discrete Fourier Transform(DFT) : Interpretation of DFT, Properties of DFT, DFT of real signals,
convolution and correlation using DFT (2 Hrs)

Fast Fourier Transform (FFT) : Efficient computation of DFT, Inverse FFT algorithm, Use in linear
filtering and correlation. (2 Hrs)

Design of Digital Filters : IIR & FIR filters, design techniques and realization. (2 Hrs)

Overview of DSP Processors : Harvard architecture, pipelining, general purpose, fixed point and
floating point processors. (2 Hrs)

DSP Applications : in Nuclear and other fields (2 Hrs)

Image Processing:

Fundamentals of Image Processing : Image acquisition, Image model, sampling, quantization,
relationship between pixels, distance measures, connectivity, Histogram : definition, decision of contract
basing on histogram, image stretching, sliding, histogram equalization. (4 Hrs)

Image transforms, Image enhancement by spatial domain methods and frequency domain methods
(1Hrs)

Applications of digital image processing. (1 Hrs)
Machine Vision:

* [mage Model, Scene radiance and image irradiance, Reflectance model of a surface, Lambertian
and specular reflection, Photometric sterco;

e Early Vision: Low level processing for noise suppression, Segmentation by thresholding; Edge
detection, boundary representation, Mathematical Morphology ;

e Intermediate Vision: Line, Circle, Elipse and Polygon detection, Hough Transform for detection,
Corner detection, Generalized Hough Transform;

e High level Vision: Scene interpretation;

o Contd....

49



e Texture - Statistical, Structural and Spectral approaches;

e Stereo vision and correspondence problem; Structured light; Optical flow;
e Image representation: Invariants;

e Unstructured objects: Snakes;

» Recognition & Interpretation: Patterns & Pattern classes, Classifiers in general, Distance Metric,
Classification and recognition, various methods of recognition & interpretation, Template
matching and area correlation, matched filtering;

¢ Introduction to image understanding;
* Robotic applications of machine vision, Camera calibration;

Reference:

1. Johnny R Johnson, Introduction to digital signal processing, Prentice-Hall of India, 2000

2. John G. Proakis and Dimitris G. Manolakis, Digital Signal Processing- Principles, Algorithms
and Applications, Prentice-Hall of India, 1995

3. Allan V. Oppenheim and Ronal W. Schafer, Digital Signal Processing, Prentice-Hall of India,
1988 .

4. Fundamentals of Digital Image Processing — A.K. Jain, Prentice Hall of India.

5. Digital Image Processing — R.C. Gonzalez & R.E. Woods.

6. Refel C Gonzalez, and Richard E Woods, Digital Image Processing, Addison Wesley, 1999.

7. Milan Sonka, Vaclav Hlavac & Roger Boyle, Image Processing, Analysis and Machine Vision,
Vikas Publishing House, 2003.

8. William K Pratt, Digital Image Processing, John Wiley & Sons, Inc.2004.
9. Davies E.R., Machine Vision Theory Algorithms Practicaltities, Academic Press.

10. D.A. Forsyth & J.Ponce, Computer Vision A Modern Approach, Prentice Hall, 2003.
11. Horn B.K.P., Robot Vision, The MIT press, 1987.

12. D. Ballard and C. Brown, Computer Vision, Prentice Hall, 1982.
13. Wesley E. Snyder & Hairong Qi, Machine Vision, Cambridge, 2004.
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BARC Training School

NFC, Hyderabad
Syllabus
Subject: Embedded and Computer Based Systems Code: CEM:E 54:Electrn-40
Design
Discipline: Electronics Engineering No. of Lectures: 40

Microprocessor Based Hardware Design: 14 Hrs

Overview of Microprocessors: Comparative study of Intel and Motorola family
microprocessors (80186, 80486, Pentium series, 68XXX), Overview of 16 bit
Microcontrollers (e.g. 80196), DSPs (e.g. TMS320, SHARC family) and ARM processor.
Personal Computers: Architectures, Memory organization, Industrial PC, Embedded PC
Industry Standard Bus Systems: ISA, PCI, VME, PXI: Mechanical, electrical, functional &
procedural specifications, multi-processing, bus arbitration, plug & play.

Design Case Study: Single board computer architectures, circuit design, and logic design,
application of FPGA and CPLDs, ac/ dc analysis, timing analysis, thermal, EMC and signal
integrity analysis. Design accommodations for testability, reliability and maintainability.
Physical design and design tools.

IO board design, bus interface (ISA, PCI), FIFO and shared memory interfaces, Analog and
Discrete IO interfacing, signal conditioning, isolation and protection issues, and testability.
Embedded computer system design example.

Computer Communication and Networks: 7 Hrs

Asynchronous & synchronous communication standards, RS232C, RS485, USB, encoding
(NRZI, Manchester), Modems, SDLC, Local area networks, Ethernet, Token passing
principles, TCP/ IP, Fibre optic communications for LANs, wireless LANs (WAP, Blue
tooth), Industrial networks, Field bus standards, Real-time issues in networking, Networking
hardware (cables,hub,switch,routers etc.)

Fault Tolerant and Distributed Architectures : Principles of fault tolerance, Hot- standby and
Triple Modular Redundant (TMR) configurations, software implemented fault tolerance,
reliability, and availability and safety issues; Principles of distributed systems, architectures,
Distributed control systems, Impact of Internet technology, Web enabled devices.

Real-Time System Design: 15 Hrs

Real-time system concepts, Timeliness Vs speed, hard Vs soft real time systems, scheduling
methods, concurrency, process and thread concepts, inter process communication and
synchronisation, Case study of Real Time Operating Systems, development tools, real time
programming, device drivers. Validation and performance evaluation of Real-time systems.
Overview of LINUX and Embedded NT.

Introduction to VLSI Design: 4Hrs

Reference Books:

1. Microprocessor and interfacing: D. V. Hall - McGraw Hill

2. The Advanced Intel Microprocessors: 80286, 80386, And 80486: Barry. B. Brey, -
McGraw Hill

3. Microprocessor, Microcontroller and DSP Handbooks: Motorola, Intel, Texas Instruments,
Analog Devices

Contd...
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4. Hardware Bible: W.L Rosch- Tech Media

5. VME Bus specifications: IEEE 1014- 1987

6. Embedded System design — A Unified hardware/ software introduction: Frank Vahid /
Tony Givargis — John Wiley and sons

7. Computer networks: A.S. Tanenbaum, Prentice Hall

8. Internetworking with TCP/ IP: Vol I to III: D.E.Comer, Prentice Hall

9. Complete guide to networking: P. Norton & Kearns — Tech Media

10. Wireless communication & networks: W. Stallings — Pearson education

11. Fault-tolerant computing — Theory & Techniques: D.K. Pradhan (Ed), Vol I & II —
Prentice Hall

12. The theory and practice of reliable system design: D.P. Siewiorek & R.S. Swarz, Digital
press

13. Modern Operating Systems: Andrew S Tanenbaum, Prentice Hall

14. Distributed Operating systems: A .S. Tanenbaum — Pearson education

15. Windows NT device driver development: P.G. Viscarola & W. Mason — Tech Media

16. Real-time systems: Jane W.S. Liu — Pearson education Hill -

17. Hofacker, W., “Microcomputer Hardware handbook™, 1982

18. Leventhal, Lance A, “Introduction to Microprocessor: Software, Hardware
programming”, Prentice Hall, 1986

19. Basandra Suresh K, “Local Area Networks”, Galgotia, 1995

20. James F Kurose & Keith W.Ross, “ Computer Networking: Atop Down Approach
Featuring the Internet” 2™ Edition, Pearson, 2003



BARC Training School

NFC, Hyderabad
Syllabus
Subject: Computer Aided Design and Manufacturing Code: CEM-14: M-35
Discipline: Mechanical Engineering No. of Lectures: 35

Introduction to CAD & CAM: 35 Hrs

Extensive definition of CE - CE design methodologies - Organizing for CE - CE tool box
collaborative product development. IT support - Solid modeling - Product data management
-Collaborative product commerce - Artificial Intelligence- Expert systems - Software
hardware co-design. Life-cycle design of products - opportunity for manufacturing
enterprises - modality of Concurrent Engineering Design - Automated analysis idealization
control - Concurrent engineering in optimal structural design - Real time constraints.
Manufacturing competitiveness - Checking the design process - conceptual design
mechanism — Qualitative physical approach - An intelligent design for manufacturing system
- JIT system - low inventory - modular - Modeling and reasoning for computer based
assembly planning - Design of Automated manufacturing Lathe Machining, Milling
Machining, EDM Wire Cut, Turret Punch Press, Absolute & Incremental Prog., Canned
Cycle, Tool Selection, G / M code programming, CNC maintenance & macro programming,
Generative machining. FEA, Mechanisms and Sheet Metal, CNC Technology, Robotics.
Life Cycle semi realization - design for economics - evaluation of design for manufacturing
cost concurrent mechanical design - decomposition in concurrent design - negotiation in
concurrent engineering design studies - product realization taxonomy - plan for Project
Management on new product development — bottleneck technology development.

Modeling : 3D Solid Modeling, Surface Modeling, Advance Surfacing, Assembly &
Animation, Drafting & Detailing. Model Generation, Loading & Solution, Post Processing,
Structural Analysis, Thermal Analysis using I-deas code for 2-D and 3-D cases using
ANSYS.

Reference Books:

1) Proceedings of the 4™ International Conference on CAD, CAM, Robotics & Factories by
Indian Istitute of New Delhi : Edited by Juneja B L : Pub: Tata Mc Grew Hill, New Delhi,
Vol. I, I, I1I
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Engineering design and FEM Code: CEM:ACO09,

Discipline: Mechanical & Quality Assurance Engineering | No. of Lectures: 45

Introduction (2 lectures):

Failure modes of pressure vessels and heat exchangers: yielding Tensile
instability,creep effects,fatigue,flow induced vibration, uckling,etc. Type of stress,
significance of stress, theories of failure, stress intensities, ASME Sec.VIII Div. I and
ASME Sec.111 omparisons

Theories of failure, Stress invariants and yield surfaces (3 lectures):

Mohr's circle, state of stress and invariants (2 D and 3 D) Hydrostatic state (dilatational) and
distortional (Pure shear) state. Vonmises failure theory based on second invariant of
distortional stress tensor and based on distortional energy theory; Tresca theory and
comparison with Vonmises theory. Yield surfaces of Vonmises theory and Tresca theory in
3 - D with respect to O1, O2 and O3 axes.

Collapse load assuming elastic perfectly plastic material (3 lectures)

Long thick cylindrical shell under internal pressure. Pressure at I which yielding starts,
pressure at which interface radius is p and collapse pressure (full section yielding) by
Vonmises and Tresca theories. Limiting moment or collapse moment of beams of various
cross sections (Rectangular, circular) and reduce shape factor. Collapse moment of a
straight pipe (Treating as a beam) and deduce shape factor for pipe section.

Design aspects of cylindrical pressure vessel ( 3 lectures)

Major design options: Vertical, horizontal, choosing length and diameter of a vessel,
support options ( Lug! Bracket Vs skirt support), choice of closures. Formulae for thickness
as per Sec. VIII, Div.  and numerical problem. Background to external pressure charts, effect
of ovality / imperfection and plasticity, factor of safety for cylinders and factor of safety for
sphere under external pressures. Sizing of stiffening ring. Flange design as per code: Bolt
design and flange thickness calculation.

Heat exchangers: (3 lectures):

Shell and tube plate types heat exchangers. Tubesheet

thickness as per TEMA, Sec VIII Div 1 and see III (including concept of equivalent solid
plate and modified elastic constants). Effect of axial rigidity of tubes in tubesheet thickness.
Methods of joining tube to tubesheets. (rolled/expansion joints and welded joints);
Pullout load. (strength of tube to tubesheet joint) Accomodating differential expansion
among tubes and shells: Bend tube, U tube and Bellows. Buckling strength of tube and FIV
of tubes (FIV mechanisms: Vortex shedding (lock-in), Fluid elastic instability and a
acoustic resonance.

Stress and Strain concentration factors (Ka and K €) - 3 lectures:

Importance of local strain (peak strain) variation - fatigue damage rules (Coffin Mansion
and Cumulative fatigue damage). Stress concentrations (i) elliptical holes in the center of a

Contd....
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large plate subjected to uniaxial load (ii) circular hole in a plate subjected to
uniaxial/biaxialloading (iii) circular hole in a cylindrical shell subjected to pressure loading.
Stress and strain uncertain due to a small hole in an infinite plate subjected to hydrostatic in
plane loading (based on thick shell formula for external pressure) and based on component
stress and equivalent stress. (Elastic factors) and plastic stress and strain concentration
factors. Approximate methods to obtain local plastic strain at point of interest: Nueber's rule
and Molshy-Glinka rule. (Analytical equations and graphical representation and
comparisons); Introduction to simplified elastic plastic analysis as per ASME.

Fracture Mechanics, Non ductile failure and Hydrostatic test (3 lectures):

Introduction to fracture mechanics, stress Intensification factors, fracture toughness, Paris'
Law, concept of plastic domain at crack tip, J - integral, JIC, Transition temperature,
(RTNDT), Methods to prevent brittle fracture, Integrity assessment diagram, appendix: G
of ASME, Sec III Div 1, Maximum postulated defect, allowable pressure as a function of
(T -RTNDT) and Hydrostatic test temperature.

Introduction to FEM and Modelling: 25hrs:

Historical Background - Weighted Residual Methods - Basic Concepts of FEM - Variational
Formulation of B.V.P - Ritz Method - Finite Element Modeling - Element Equations —
Linear and Quadratic Shape functions - Bar, Beam Elements - Applications to Heat Transfer.
Basic Boundary Value Problems in 2 Dimentions - Triangular, quadrilateral, higher order
elements - Poissons and Laplace Equations - Weak Formulation - Elements Matrices and
Vectors - Application to Solid mechanics, Heat transfer, Fluid Mechanics. Natural Co-
ordinate System - Lagrangian Interpolation Polynomials - Iso- parametric Elements -
Formulation - Numerical Intergration - 1D -2D Triangular elements — rectangular elements
- Illustrative Examples. Introduction to Theory of Elasticity - Plane Stress - Plane Strain and
Axisymmetric Formulation - Principle of virtual work - Element matrices using energy
approach. Dynamic Analysis - Equation of Motion - Mass Matrices - Free Vibration analysis
- Natural frequencies of Longitudinal - Transverse and torsional vibration - Introduction to
transient field problems. Non linear analysis. Use of software - h & p elements - special
element formulation.

References Books:

0.C. Zienkiewicz., & R.L. Taylor., "The Finite Element Method", VoL.1 and Vot.2,
McGraw-Hill, 4™ Edition, 1991.

R.D. Cook., D.S. Malkus., & M.E.Plesha., "Concepts and Applications of Finite Element
Analysis", John Wiley and Sons, 3rd Edition, 1989.

C.S.Desai & J.F.Abet., "Introduction to Finite Element Method", Affiliated East West Press
Pvt. Ltd., 1972.

Larry J. Segerlind., "Applied Finite Element Analysis", John Wiley & Sons, 2nd Edition,
1984.

K.I.Rate., "Finite Element Procedures in Engineering Analysis", Prentice-Hall of
India, Pvt Ltd., NewDelhi,1990.

Mendleson A, 'Plasticity 'theory and Application'

Harvey J.F Pressure Vessel Design' CBS Publication

Process Equipment Design by 'Brownell and Young'

ASME Pressure Vessel and Boiler code Sec VIII Div 1., Div II, Div 111,Sec III Divl
(Including appendices)

. Reddy, J.N., “Introduction to Finite Element Method”, 204 Edition, tata McGraw Hill, 2003
11.

Rao Singiresu S., “ The Finite Element Method in Engineering” 4th edition, Butterworths,
2005. 5A



BARC Training School

NFC, Hyderabad
Syllabus
Subject: Pressure Vessel and Piping Design Code: CEM-13:E 20 CC08:M-30
Discipline: Mechanical Engineering No. of Lectures: 30
20 Hrs

Membrane theory for thin shells, stresses in cylindrical, spherical and conical Shells. Dilation
of above shells. General theory of Membrane stresses in vessel under internal pressure and
its application to ellipsoidal, and torispherical end closures. '
Thick cylinder and sphere and derivation of Lame’s equations. Derivation of ASME Sec.
VIII Div. 1 and Div - II equations for cylindrical / Spherical shell and conical, ellipsoidal
and torispherical end closures.

Bending of circular plates and determination of stresses in simply supported and clamped
circular plate. Basis of ASME equation for flat closures.

Openings, nozzles and external loading. Stress concentration in plate having circular hole
due to bi-axial loading. Theory of reinforced opening and reinforcement limits. Beam on
elastic foundation and its application to thin-walled pressure vessels. Extent and significance
of load deformation on pressure vessel. Reinforcement Rules for ASME, Sec.VIII Div.1.
Local Stresses in shells due to external loadings from nozzles and lugs etc.

Bolted Flanged joints. Types of flange joints. Types of Gasket and their selection. Bolting
design. Flange loads and moments. Design of flange as per ASME Boiler and Pressure
Vessel and B 31.3 Code. :
Supports for vertical and horizontal vessels. Design of base plate and support lugs. Types of
anchor bolt, its material and allowable stresses. Design of saddle supports.

Buckling of vessels under external pressure. Elastic buckling of long cylinders, buckling
modes, Buckling (collapse) coefficients. ASME procedure for design of vessels under
external pressure. Design for stiffening rings. Design of shells for axial compression.
Derivation of TEMA Design equation for tube sheets. Background of the ASME Design
rules for tube sheets.

Piping thickness as per ANSI/ ASME B31.1 and B31.3 piping code. Flexibility factor and
stress intensification factor. Design of piping system as per B31.1 piping code. Design of
piping for hazardous fluid as per B31.3

Design consideration for pressure vessel. Design pressure and temperature, Allowable
stresses, Impact toughness requirement as per ASME Sec.VIII Div.1 code. Non-destructive
Examination of welds as per ASME Sec.VIII, Div.1 code. Difference among Sec. VIII Div.1,
Div.2. and Div.3

Difference between metallic pressure vessel and FRP pressure vessels

Contd...
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Piping Design & Engg :10 Hrs

Fundamentals of piping, pipe sizing and their economics, selection of pipe diameter, Pipe
design pressure and input parameter.

Selection of pipe materials, Galvanizing of pipes, piping lining techniques & uses

Pipe classification, piping specification, and pipe schedule, ratings

Pipes and pipe fittings, branch connection criteria

Evaluation of bill of materials in piping & estimation

Pipe flexibility analysis, Expansion loops, Bellows

Pipe stress analysis

Pipe safety in two-phase flow and other flow induced vibrations

Valves

Insulation & painting of pipe lines, costing of piping schemes

Pipe supporting arrangements

Spring hangers, spring boxes, Pipe jointing, C.I. pipe caulking, Threaded piping,
Construction welding of piping, Isometric drawings preparation & reading, Piping GA
drawing preparation & reading, Inch-dia, Inch-M concept, Rack piping philosophy, under
ground piping, coating-wrapping of underground pipe line, Holiday detection of coating &
wrapping.

Reference Books:

1 Harvey J.F., “Pressure Vessel Design”, CBS Publication

2 Brownell L.E., and Young E.D., “Process Equipment Design” Wiley Eastern Ltd., India
3 :ASME” Pressure Vessel and BoilerCode”, Sec. VIIL, Div. I and Div. II, 1985

4 “American StandardCode for Pressure Piping”, - B31.1, 1972

5 “American Standard Code for Pressure Piping”, - Petroleum, Refinery Piping, B31.1,
1972

6 “Standard of Tubular Exchanger Manufactures Association”, 7th Edition, 1988.

7 Chemical engineer’s Handbook- Perry J.H. and Green, Seventh edition

8 Plant design and economics for Chemical engineers- Peters and Timmerhaus, 2nd
edition., McGraw-Hill, New York, 1968
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Vibrations Code: C EM :E26: M:20
Discipline: Mechanical Engineering No. of Lectures: 20

Single-degree-of-Freedom (SDOF) Systems: Free vibration - equation of motion; Concept
of natural frequency; Solution of equation of motions for undamped and damped free
vibrations - underdamped, overdarnped and critically damped systems; Material and
structural damping - evaluation of damping in SIDOF -systems; Response to harmonic
loading - complementary solution and particular solution; Response to periodic loadings
using Fourier Series, Response to general dynamic loading — Duhaml’s Integral.

Multi-Degree-of-Freedom (MDOF) Systems: Equations of motion - Lumped mass and
distributed parameter systems; Eigen value problem, concepts of Eigen values and
eigenvectors; Normal mode vibrations - Free and forced; Orthogonality conditions; Mode
superposition method & Direct integration methods; Vibration of continuous systems;
Vibration absorption, vibration isolation and dampers, transmissibility and isolation
efficiency. '

Response of Systems To Ground Motion: Earthquake motion - Safe Shutdown Earthquake
(SSE) and Operating Basis Earthquake (OBE); Magnitude and Intensity of an earthquake;
Design basis earthquake - Design Time History and Design Response Spectra; Response
Spectrum Method and Time History Method of Analysis - Concept of Mode participation
factor, modal Combination and spatial combination rules; Aseismic design of equipments
and piping systems as per ASME Sec.III Appendix-N

Rotor Dynamics: Basic Concept: a) Critical speed, b) Unbalance response; Whirling of
rotating shaft - Jeff Cott rotor; Phase-amplitude relationship, effect of damping; Amplitude
build up at critical speed; Effect of support flexibility; Performance verification of rotating
rnachinery. '

Dynamic Balancing: Static and Dynamic unbalance; Single plane and two plane balancing;
Sources of unbalance; Method of mass correction and balancing practice; Balancing quality
standards and specification for rotors; Classification of rotors and type of balancing required,
vibrations with special reference to vibrations of reciprocating systems.

Flow Induced Vibration: Fluid-Flow across smooth circular cylinder and in an array of
cylinders; Strouhal number, Added Mass; Models and analysis for vortex-induced Vibration;
Sources of Vibration in pipes containing fluid; Codes and standards applicable for flow
induced vibrations.

Vibration Measurement and Signal Analysis: Types of transducer, their principle and
application ranges; Accelerometer, Eddy current transducer and LVDT, Modes of vibration
measurement (Displacement, Velocity and acceleration); Characterization of periodic, a
periodic and random signals; Fourier Spectrum, Power spectrum, Cross-power spectrum,
Coherence, auto and cross - Correlation and significance of these parameters; Application of
vibration for condition monitoring and diagnostics; Vibration standards for acceptance.

Contd....



Reference Books:

1. Den Hartong J.P., "Mechanical Vibration", Mc-Graw Hill Book Co., 1956.

2. Meirovitch L., "Elements of Vibration Analysis", McGraw Hill Book Co., 1986.

3. Meirovitch L., "Analytical Methods in Vibration", MC Millan Co., 1967.

4. Rao J.S., "Rotor Dynamics", John Wiley and Sons, 1991.

5. Blevins R.D., "Flow Induced Vibration", Von Nostrand Co., 1977.

6. Clough R.W., and Penzian J., "Dynamics of Structures", McGraw Hill Book Co., 1989.
7. "ASMEBoiler and Pressure Vessel Code", Sec 111, Appendices 1986.

8. "Vibration Measurement", By Gheorghe Buzdugan. )

9. "Machinery Vibration Measurement and Analysis", By Victor Wowk.

10. "Vibration for Engineers", By A.D Dimahogones.

11. "Vibration Analysis and Measurement", By J.D.Smith.

12. "Vibration Analysis", By Steve Goldman.

13. "Vibration Primar", By M.Jackson.

14. "Vibration in Rotating Machinery", By H.R. Martin.

15. "Mechanical Vibrations", By Singiresu S.Rao.

16.S.Kraham Kelly, “Fundamentals of Mechanical Vibrations”, 2™ Edition, McGraw Hill, 2000 (CD
is available)

17. Victor Wowk, “Machine Vibration: Alignment”, McGraw Hill, 2000
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Syllabus

Subject: Design aspects of Nuclear Fuel and Structurals Code: CEM:QA-03
Discipline: Quality Assurance Engineering No. of Lectures: 30

Fuel Bundle Design Approach (10 hrs) :

Design basis, Applicable codes, Material selection, Bundle design and analysis, Physics calculation,
Radial flux depression across the bundle, Axial flux peaking, Engineering of the fuel bundle assembly,
Pellet design, Dimensional requirements, Surface finish, UO2 chemical composition, UO2 density,
Oxygen to Uranium ratio, UO2 microstructure and visual standard, Sheath (clad) design, Collapse
behavior of sheath, Mechanical properties, Corrosion, Hydriding, Manufacturing process, Graphite
coating, End plug design, Fuel bundle assembly design, End plate design, Bearing pad, Bearing spacer
and Spacers design, Fuel bundle packing, Design analysis of fuel assembly, Thermo-mechanical
analysis, Temperature distribution, Fission gas, Fuel thermal expansion, Stresses and strains in sheath,
Sub channel analysis, CHF estimation, Stress analysis, Fuel bundle assembly, Analysis of end plate,
Bundle droop, Fuel sheath collapse, Power ramp analysis, Fuel temperature during spent fuel transfer,
Built-in safety features, Testing requirements and Type testing

PHWR Fuel Bundle operation (8 hrs):

Environmental condition, Primary coolant system requirements, Coolant channel / Linear tube region
requirements, Fuel movement in Fuel handling system, Normal operation, Operational transients, Fuel
thermal power, Fuel bundle power envelopes, Duty envelopes, Bundle power operating limit envelope
derived from design, Linear heat ratings (LHR) and [Kdt (Integral Kdt), Fuel burnup, Fuel residence
time in the reactor, Power ramps, Fueling machine compressive loads on fuel bundle, Refueling impact
load on bundle, Defueling, Fuel bundle decay heat, Shutdown refueling, Fuel bundle operation during
upset condition, Abnormal thermal power, Abnormal fueling machine loads, Sheath overheating,
Sheath over-straining.

Pressure Tube Operation and design approach (8 hrs):

Operating Environment for fuel Channel, Material Selection for Pressure tube, manufacturing process
for pressure tubes, degradation and failures modes for pressure tube like irradiation diametric and axial
Creep, Growth, corrosion, Delayed Hydride Cracking, Design approaches based on degradation and
failure mechanisms, Leak before Break (LBB) criteria, mitigation irradiation changes in the pressure
tube, interaction of pressure tube with fuel bundle during operation.

Calenderia tube and Garter Spring (4 hrs):

Operating Environment, Material Selection for calandria tube and garter spring, manufacturing process,
Failures modes, PC-CT contact, irradiation induced changes, Design approach, mitigation irradiation
changes, corrosion mechanisms, interaction of pressure tube with Calanderia tube and Garter Spring.

Reference:

Corrosion of Zirconium Alloys in Nuclear Power Plants, JAEA-TECDOC-684, January, 1993
Assessment and Management of Ageing of Major Nuclear Power Plant components Important to
Safety: Candu Pressure Tubes, IAEA-TECDOC-1037

Materials in Nuclear Energy Applications, Volume-I & II, C.K.Gupta, 1989

Nuclear Reactor Engineering, Samuel Galsstone

Thermo Physical Properties Data Base of Materials for Light Water Reactors and Heavy Water
Reactors, IAEA-TECDOC-1496,2006

Structural Materials for Liquid Metal Cooled Fast Reactor Fuel Assemblies-Operational Behavior,
IAEA Nuclear Energy Series No.NFT-4.3, 2012 L

Advanded Fuel Pellet Materials and Fuel Rod Design for Water Cooled Reactor, IAEA-TECDOC-
1654, 2010

Handbook of Nuclear Engineering, Volume-I, Dan Gabriel, 2010

Status of Fast Research Reactor and Technology Development, IAEA-TECDOC-1691, 2013 59






BARC Training School

NFC, Hyderabad
Syllabus
Subject: Materials characterization and Applications Code: CEM:ENT713,
Discipline: Quality Assurance Engineering No. of Lectures: 25

Microscopy Techniques (10 hrs)

Scope of metallographic studies in materials science, Understanding image formation,
resolution of a microscope, numerical aperture, magnification, depth of field and depth of
focus, Importance lens defects and their correction, principles of phase contrast. Bright field
and dark field contrast, sample preparation, Optical microscopy, interference and polarized
light microscopy, Sample preparation, Etching of samples and Etchants for various
materials. Quantitative analysis using optical microscopy (Grain Size, Inclusion Analysis-
Size and Distribution etc.) , Interpretation of Micrograph for defects.

Optical Microscopy, Scanning electron microscopy, transmission electron microscopy, X-
ray diffraction and analysis, thermal characterization, Chemical analysis by X-rays.

Construction and working principles of transmission electron microscopes, Image formation,
resolving power, magnification, depth of focus, elementary treatment of image contrast,.
Bright field and dark field images, sample preparation techniques. Selected area diffraction,
reciprocal lattice, and Ewald sphere construction, indexing of selected area diffraction
patterns, High resolution electron microscopy.

Scanning electron microscopy : interaction of electrons with matter, construction and
working principle of scanning electron microscopes. Secondary and back scattered electron
microscopy, resolution depth of field and focus Other modes of operation, Application in
failure analysis, fracture surfaces etc.

Other microscopy techniques: Atom force microscope, scanning tunneling microscope,
EBSD, field ion microscopes.

X-Ray Diffraction and Applications (10 hrs)

Properties of x-rays: continuous and characteristics x-rays, absorption, filter, production, and
detection of x-rays. Intensity of diffracted beams - scattering by an electron by an atom, by
a unit cell, structure-factor calculations; factors to be considered in calculating the
intensities.

Experimental methods in x-ray analysis; Laue methods, power photographs diffractometer
and spectrometer measurements.

Applications: orientation of single crystal, crystal structure of polycrystalline materials,
precise lattice parameter measurements, phase diagram, order-disorder transformation,
chemical analysis, residual stress, texture, structure of polycrystalline aggregates, crystal size
crystal perfection, crystal orientations:

Analytical Techniques: (5 hrs)

Methodologies of Chemical Characterization of Nuclear Materials by Wet chemical and
instrumental methods. Introduction on principles of spectroscopic techniques Analysis of
Uranium based materials produced at NFC for metallic impurities by spectroscopic
techniques Analysis of Zirconium based materials produced at NFC for metallic impurities
by spectroscopic techniques Analysis of steel based materials produced at NFC for metallic
impurities by spectroscopic techniques '

Contd...
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Introduction on principles of wet chemical methods, Analysis of Uranium based raw
materials and process intermediates by wet chemical methods, Analysis of Zirconium based

raw materials and process intermediates by wet chemical methods, Analysis of steels by wet
chemical methods

Introduction to Gas Analyzers, Analysis of Uranium based materials produced at NFC for
non-metallic impurities by Gas Analyzers, Analysis of Uranium based materials produced
at NFC for non-metallic impurities by Gas Analyzers, Analysis of zirconium based materials
produced at NFC for non-metallic impurities by Gas Analyzers, Analysis of steels for non-
metallic impurities by Gas Analyzers

Reference:

1.

W

il

10.

s

12

13.

14.

15.

Physical Metallurgy Principles and Practice, V.Raghavan, III Edition

. Transmission Electron Microscopy by David B.Williams, C.Barry Carter

Electron Microscopy and Analysis, Peter J.Goodhew, John Humphreys, Richand
Beanland

Introduction to Optical Microscopy, Jerome Mertz

Metallography Principles and Practice, Vander Voort

Vogel’s Quantitative chemical analysis: J. Mendham, R.C. Denney, M. J. K.
Thomas, David. . Barnes, (2009), 6™ edition, Pearson.

Vogel's Text book of Qualitative inorganic analysis (2013), G. Svehla, B.
Sivasankar, 7" edition, Pearson.

Principles of instrument Analysis(2014), 6™ Edition, Douglas A. Skoog, F. James
Holler, Stanely R. Crouch, 6™ edition, Cengage

Skoog and West’s fundamental of analytical chemistry(2012), F. James Holler,
Stanely R. Crouch, 9" edition, Cengage

Analytical chemistry, Qualitative analysis; F.P Treadwell, William. T. Hall, S.B ,
Volume 1, John Wiley and sons; London

Chemical Analysis, Modern Instrument methods and Techniques; Francis Rouessac
and Annick Rouessac; University of Le Mans, France, 2™ edition,; John Wiley and
Sons, London

Modem Analytical Chemistry (2000), David Harvey; McGraw Hill Publication;
Analytical chemistry of zirconium and hafnium, Anil K. Mukherji, (1970), 1%
edition, Pergaman press

Determination of Gaseous elements in Metals, Chemical Analysis (1974), P.J.Elving
and I.M

Analysis of Non-Metals in Metals- Proceedings of International Conference Berlin
(West), June 10-13, 1980; Editor Gunther Krafi, Walter de Gruyter.



BARC Training School

NFC, Hyderabad
Syllabus
Subject: NDT and QC of Nuclear Fuel and structural Code: CEM:QA-02
components
Discipline: Quality Assurance Engineering No. of Lectures: 40

NDT Techniques for Inspection of Materials: (28 hrs)

Ultrasonic testing (UT) : Principle and propagation of ultrasound, Properties of Ultrasound,
Types of Transducers, Ultrasonic Testing Methods, UT Techniques, Calibration of
Equipment, Instrument Control, Method for Evaluating Discontinuities, UT Procedures for
casting, forging, tubes, bars and welds, Limitation, Code Requirement, Acceptance Criteria
for Weld Metals.

Eddy current testing (ECT) : Physical Principles, Electricity, Magnetism, Electromagnetic
Induction, Factors effecting Induction, ECT probes, Practical Characteristics of Probes,
Design of Probes, Instrumentation of ECT equipment, Testing Procedures, Reference
Standards, Applications, Presentation of Results

Radiography (RT) : Type of Industrial Radiation sources and Application, Radiographic
Exposure Factors and Technique, GAMA Ray and X-Ray Equipment, Type of film and
Screens, Image Quality Indicators Section, Radiographic Techniques, Film Processing,
Viewing of Radiographs, Radiograph Interpretation, RT Procedure Qualification, RT
Procedures for welds, RT Acceptable Level of Welds and radiation safety Codes.

Leak testing : Theory and Principle of Leak Testing, Equipment, Techniques and Calibration,
Interpretation and Evaluation of Results, Leak Testing Procedures, Leak Testing
Specifications.

Visual testing and Liquid Penetrant testing (LPT): Overview, Physics of light, Light
Sources, Optical Aids, Measuring/Inspection Equipment, Surface Condition, Interpretation
of Results and Evaluation. Principle of LPT, Equipment, LPT Procedures, Materials,
Evaluation of Indication, Application of LPT, Hazards Precautions, Code Requirements.
Magnetic Particle Testing (MPT) : Principle of MPT, Type of Magnetization, Type of
Magnetizing Current, MPT Equipment, Method of De-Magnetization, MPT, MPT, MPT
Procedures, Evaluation of Indications.

Applicable Codes and Standards for NDT

Quality Checks during Fabrication of Tubes, Components, Fuel and Structurals (5
hrs)

Fuel Fabrication: Qualification of machine, material and men, Quality checks during PHWR
fuel fabrication, viz Powder, pellet and Fuel bundles, Quality checks during BWR fuel
fabrication, Quality checks for Fast reactor fuel and components.

Zircaloy Tubes and Components: Process Qualification, Types of Defects and Origin,
Testing Procedures, Inspection of Ingot, Billets, Blanks, Dimansional and visual Inspection
of Tubes,

Pressure Tubes and calandria Tubes: Process Qualification, Types of Defects and Origin,
Testing Procedures, Inspection of Ingot, Billets and blanks. Specifications, relevance and
final Inspection of tubes, Report Generation and Documentation.

Contd...



Introduction to Metrology (5 hrs):

Drawing symbols and methods of measurement, Linear metrology instruments viz. vernier
caliper, vernier height gauge, micrometers, bore gauges etc., Measurement of straightness,
flatness, squareness, parallelism, roundness, surface finish, Taper measurement, angle
measurement, radius measurement, end squareness measurement, Introduction to CMM and
non contact measurement system, Documentation

Advanced NDT Techniques (2 hrs)
Acoustic Emission, Infrared Thermography etc

References:

1. General dynamics (NDT techniques), ASNT Level-III Study Guide,

2. Handbook on NDT, Volumes 1 to 10, III and IV Editions, ASTM & ASME Hand
Books

3. Practical Non-destructive testing, Baldev Raj etal, 1997

4. Practical radiography-Baldev Raj, B.Venktraman, 2004

5. Non-destructive testing of Welds-Baldev Raj, T.Jayakumar, 1999

6. Practical Eddy Current Testing, BPC Rao, 2007

7. Eddy Current Testing, Theory & Practice, ASNT reference Manual 1995

8. General Dynamics, Non-destructive Testing, General Dynamics, IV Edition

9. ASNT Level-IlI Study Guide, Electromagnetic Testing, Radiography, Ultrasonic
Testing, Visual Testing

10. Acoustic Emission Testing, Leak Testing, Materials and Processes for NDT
Technology, III Edition.
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BARC Training School
NFC, Hyderabad

Syllabus
Subject: Statistical Quality Control for QA Code: CEM:QA-01
Discipline: Quality Assurance Engineering No. of Lectures: 30

Introduction and Planning for Quality (3 hrs)

Concepts of quality, Inspection , Quality control , Quality Assurance, Total Quality
Management, Cost of quality. Quality Policy, Quality plans, Quality control Instructions,
Quality Audit and Surveillance.Factors Effecting Quality, Tools for quality improvement
viz. Pareto Analysis, Cause and Effect Diagram, Failure Mode & Effect Analysis, SQC tools
and Six sigma. Report generation and documentation

Descriptive statistics ( S hrs)

Sample, population, parameter, qualitative and quantitative  characteristics etc.,
summarization of data; frequency distributions; histograms; visual methods of representation
of data; measures of central tendency and dispersion; Skewness and Kurtosis; regression and
correlation.

Probability Theory ( 2 hrs)

Classical definition of probability, conditional probability, independence, random variables,
expectation, Hypergeometric, Binominal, Poisson and Normal distributions.

Inference (6 hrs)

Sampling distributions : Chi-square, t and F. Estimation of parameters; point and interval
estimates standard error of estimates. Tests on proportions, means and standard deviations,
simple non-parametric tests, introduction to analysis of variance.

SQC Techniques (6 hrs)

Theory Control Charts Concepts of quality and meaning of control, basic philosophy and
principle of rational subgrouping. Different types of control charts (Xbar-R, np, p and c-
charts). Specification and process capability. Economic centering of the process; Setting
approval, statistical concepts of fits and tolerances. Modification of Control Charts - Group
control charts, sloping control charts, modified control charts, median and midrange charts,
narrow limit gauging, Control Chart to eccentricity, Cumulative sum charts, Master control
charts.

Contd...

BA



Acceptance Sampling (5 hrs)

Sampling Vs. 100 percent inspection, basic concepts of sampling inspection, conflicting
interests of producer and customer, attributes inspection, producer’s and consumer’s risk,
AQL, LTPD, OC curves, AOQL, ATI, Single, Double, Multiple and Sequential sampling
plans. Published sampling plans —, MIL-STD 105D, IS-2500 (Partl), variables inspection
plans, MIL-STD 414, IS-2500 (Part-II), Hamilton Lot-Plot Method.

Industrial Experimentation ( 3 hrs)

Principles of experimentation: randomization, replication, local control. Introduction to
factorial experiments and Orthogonal Array Designs.

References :

1. Montgomery, Douglas C (2013). Introduction to Statistical Quality Control, 7th
edition. John Wiley & Sons (ISBN: 978-1-118-14681-1).

2. Statistical Quality Control, McGraw-Hill Series, Eugene L.Grant, 1996 Edition

3. Juran's QUality Handbook, J.M.Juran & Joseph Defeo, Indian Edition, VI Edition,
2017

4. Juran's Quality Handbook, Joseph Defeo, VII Edition, 2016
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BARC Training School
NFC, Hyderabad
Syllabus

Code: C Elect :AC06,AC08,

Subject: Systems Management : AB CD and E | ¢C10: CEEIM:50

Discipline: Chemical, Electrical, Electronics &

Instrumentation and Mechanical Engineering WNo-of Legtures: 45

A: Project Management: 10 Hrs

B: Operations Management: 10 Hrs

C: Maintenance Management: 10 Hrs

D: Quality, Environment, Health & Safety Management: 5 Hrs
E: Reliability Engg. : 10 Hrs

A) Project Management ACO06 (10 Lectures)
[ntroduction, terminology, definitions: Differences between Project Management and other
functions management: special safety aspects for Nuclear Projects., legal requirements.

Project life cycle — important stages, activities in each flow-chart of clearances/ approvals at
each stage: Project conceptualization, pre feasibility, Techno economic feasibility report
(TEFR): Detailed Project Report (DPR) — major contents.

Time value of money, Investment Criteria, Economic evaluation methods for Project
alternatives/ investments —(ROI, IRR, DCF): cost estimation methods — unit rates, factoring,
data capture fran close-out reports : Items of cost in procurement of major equipments
(imported) (duties, customs’ clearance, receipt, octroi, insurance etc): Site selection for
project — quantitative and qualitative aspects numerical problems using Brown — Gibson
model for choice.

Organisation structure for projects — Matrix type —adv/limitations, responsibility allocation,
team building, HR aspects.

Project scheduling: Gantt charts, Network diagrams, PERT — CPM, Numerical problems,
Float, Crashing, Work breakdown structure, time monitoring / contour.

Resource planning, optimization, leveling, monitoring, control through budgets, ‘S’ curves,
Bell curves, histograms, use of milestones, reports, meetings, communication

Use of computer software like MS Project, PRIMAVERA, Capabilities, reports, decision
support / monitoring & control tools hands on working of simple projects.

Analysis of failures / delays of earlier projects — reasons, case studies, recommendation to
avoid repletion for future.

Presentations by small groups of small typical project including PLC stages, CPM, resources,
monitoring / control reports.

Contd....
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B) Operations Management CC10 (10 Lectures)

Quality Management System (QMS) as per ISO.9001-2008
Environment Management System (EMS) as per ISO.14001

Principles of Auditing of QMS & EMS

Operations (systems) function in the organization, conversion process, operations
management-definition, different views- classical, behavioral and modeling views of
management. Frame work of managing operations - planning, organizing and controlling,
operations objectives.

Planning: Strategic Planning for Production! Operation, Forecasting in operations,
forecasting models, forecasting requirements, constraints setting production targets! capacity
planning, materials requirement planning, MRP objectives, MRP system components -
Master Production schedule, inventory status, Bill of materials manpower, maintenance
spares, scheduling of production targets.

Organizing: Implementation of operations plans, startups, shut down of process systems
under normal & abnormal conditions. Operations procedures, Technical specifications,
safety manuals, emergency preparedness plans. Monitoring of plant parameters, evaluation
of plant performance indicators, plant trips/ failures analysis and feed back, energy & utility
consumptions, Inter group coordination for plant maintenance, prioritizing the maintenance
activities, safe handling of process system for maintenance safety work permit system &
ensuring safety during maintenance, handling emergency conditions.

Controlling: Controlling the conversion process inventory control fundamentals, inventory
concepts, multistage inventories, multiechelon inventories, inventory systems, inventory
costs, inventory models managing for quality, product quality, quality management system,
analysis for improvement, quality costs or pay. (2 Hr)

C) Maintenance Management ACO08 (10 Lectures)

Meaning of the term ‘Maintenance’ - nature of failures of components and systems in
different contexts like civil, electrical, electronics (both hardware items and software
systems), instrumentation, and mechanical engineering. Objectives of the Maintenance
function. '

Manufacturing process and production equipment - study of relation between failure rate of
a component population and the related component life-time - causes of failures, remedial
strategies for different periods of the component life (infant mortality / useful life / wear-out
periods).

Concept of availability and related definitions, failure statistics, repair statistics - various
terms used in maintenance engineering and their definitions / explanation.

Study of various maintenance techniques — Break Down Maintenance (or Reactive /
Unplanned / Run-to-failure / Emergency Maintenance), Preventive Maintenance, Planned
Maintenance, Routine Maintenance, Predictive Maintenance (or Condition-Based
Maintenance - CBM), Reliability Centred Maintenance (RCM), Total Productive
Maintenance (TPM), Total Quality Maintenance (TQMain).

. Contd. ..
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Spare parts management.

Computerized Maintenance Management Systems (CMMS).

Maintenance organization, fundamentals of maintenance planning, work scheduling, safety
in maintenance - work permit system, work flow and control, establishing basic values in
maintenance, maintenance audit, performance metrics in the maintenance function - the role
of management & leadership.

Organization of the Maintenance Function at NFC.

D: Quality & Environment Management: 5 Hrs
[SO Systems

Systems Standards vs product standards

ISO 9000 Family of Standards for Quality Management System

Genesis, Purpose, Scope, Quality Management Principles, First release, Revisions,
Terms and definitions, clauses of ISO 9001:2008, Customer satisfaction, continual
improvement, Documentation requirements, Policy Manual, Control of documents,
Control of records, Responsibility, authority and Communication, Management review,
Human resources, product realization, Design & Development, Purchasing, Control of
Production, Validation of processes, Identification & traceability, Monitoring &
measurement, Calibration, Analysis of data, Corrective and preventive actions etc.

1SO 14000 family of Standards for Environmental Management System

Ozone depletion, Global warming due to Green House Gases, Pollution, Social
responsibility, Sustainable development, Statutory requirements Public hearing,
Environmental policy, conservation of resources; control of discharges to air, land and
water bodies; Environmental aspects, evaluation of impact of environmental aspects,
Environmental objectives, Management programs for prevention of pollution,
Emergency preparedness and response, Environmental monitoring, Management review
of environmental performance, Continual improvement of environmental performance
etc.

OHSAS 18001:2007 Specification for Occupational Health & Safety Management
System:

Statutory requirements, Hazards, Evaluation of risk associated with hazards, Safety
indices, Incidents, Accidents, Near Misses, Loss prevention, designing for safety, PPEs,
Management programs for minimizing risk, Safety training, Mock drills and Emergency
handling

3 party certification of the Management Systems of an organization as per the
international standards (ISO 9001, 14001, 18001 etc...)

Internal audits, external audits, certification, validity of certificate, need and benefits of
certification.

Contd....



E: Reliability Engg: 10 Hrs

Reliability mathematics: Probability, Distribution functions, some discrete and continuous
distributions in Reliability, Definitions of Reliability, Availability, Life characteristic curve,
Exponential Law of reliability.

System Reliability: Systems with components in series/parallel, Redundancy techniques,
failure Mode & Effect Analysis (FMEA),Boolean methods, Cut-Set Tie Set methods, Fault-
Trees and Event Trees, Design for Reliability including Fail Safe concepts, single failure
criteria etc.

Probabilistic Risk/Safety Assessment: Risk, PSA of Nuclear Power Plants, identification of
initiating Events, dominating IEs.

Reliability Testing: Environmental Testing, confidence interval Estimation, Time
Terminated, and failure terminated tests.

Human Reliability Analysis: Human errors, Skill, Rule and Knowledge Based Actions,
Human Reliability during Emergency conditions, cognitive errors.

Economics of Reliability Engineering: Manufacturer’s cost, consumer cost, life cycle cost,
Economic Decision Models.

Reference Books:

1. Reliability Engineering for Nuclear and other High Tech Systems by Lakner and Anderson,

Elsevier Applied Sci. Publ. (1985)

2. Reliability Engineering for Electronic Systems By R.H. Mayers et al, John Wiley, NY (1964)

3. Practical Electronics Reliability Engg by Jerome Klion, Van Nostrand, NY (1992)

4. Reliability and Risk Analysis by Norman J McCormick, Academic Press (1981)

5. Fault Tolerant and Fault Testable Design by Parag K. Lala, Prentice Hall, (1985)

6. Reliability for the Technologies by Leonard A. Doty, 2" edition

7.Environmental Engineering :Peavy. Howard.5 - MC Graw Hill, New York

8. Introduction to Environmental Engineering & Science 2™ Edition: Masters Gilbert M - Printice

Hall of India, New Delhi

9. Industry Environment & Pollution: P K Goel & Arvind Kumar - ABD Publishers, Jaipur

10. ISO-9001 - 2008 standard

11. ISO-14001 - 2004 standard

12. OHSAS-18001-2007 standard

13. Production & Operations Management

14, Essentials of Mgt — An international perspectives 7" edition Harold, Koontz Tata McGraw Hills,
New York

15. Practical Project Management: Ghattas. R G and Mckee Sanda L — Pearson Singapore

16. Project Management with CPM & PERT. 2™ Edition: Moder Joseph J & Philips Cecil R - Van

Nostrand, Newyork

17. Project Management Vol-1, 2, 3, 4, 5: ICFAI - The Indian Institute of Chartered Financial

Analysis of India

18. Project Planning Scheduling and Control: Hands on Projects in on time and Budget: 3™ Edition:

James P Lewis - MGH, New York

19. Project Planning Scheduling and Control: Hands on Guide to Bringing Projects in on Time and

on Budget - James P Lewis - MGH, New York

20. Rase Howard F & Barroe M H, “Project Engineering of Process plants”, John Wiley, 1968

21. S.N. Chary, “Production & Operation Management”, Tata McGraw Hill, 2009

22. Richard B Chase et al, “"Operations management for Competitive Advantage”, 11 Edition,

Tata McGraw Hill, 2009

23. Maintenance Engineering Handbook, by Keith Mobley & others, McGraw Hill Education, 8"

edition (2014)

24, Handbook of Maintenance Management and Engineering, by Mohamed-Ben-Daya & others,

Springer, 2009,



BARC Training School

. NFC, Hyderabad
Syllabus
Subject: Electrical Engineering Practices in Process . _ T
| Industries Code: CElect:FC09:E -20
Discipline: Chemical Engineering No. of Lectures: 20

Fundamentals of electricity: DC/AC , Concepts of Active, reactive & apparent power
Power factor & methods to improve the system power factor, Electricity tariff, Maximum
demand, average demand, Load and capacity factor

Power Supplies: Classification of power supplies (Class LILIILIV) — batteries and their
types, battery chargers, invertors & uninterrupted power supply system, diesel generator,
protection to be given to batteries, UPS and DG sets.

Electrical Machines : Transformers, losses in Transformers, efficiency, Induction &
Synchronous Motors, Technical Specifications, Characteristics Operations & Maintenance,
Motor Starters calculation of percentage loading of motors, Motor efficiency calculations,
factors affecting performance of motors,

Variable Speed AC drives: Need & selection, advantages

Industrial Electrical Heating Systems: Types of furnaces, Selection of heating elements,
Thermal Insulation & System heat losses.

Classification of electrical equipment in hazardous areas, properties of hazardous gases,
selection and installation of electrical equipment in hazardous areas, standards applicable for
electrical equipment in hazardous areas.

Circuit Brakers : Types and applications

Safety Aspects: Electrical Shock ---- Various definitions-Let Go Current, Touch Voltage,
Time current curves/zones for AC and DC currents, Effect of frequency, Resistance of the
human body

Likely effects of current flow through human body, Risk of electric shock from various
sources such as batteries, domestic mains, industrial mains, power distribution system and
lightning, protection against electric shock, Methods of earthing, Earth grid, Soil resistance,
Use of ELCBs on appliances.

Cables & Cables Trays: Types of cables, Power & Control Cables, PVC, HRPVC & XLPE
cables, FRLS cables (their properties), Fire survival cables.

Reference Books:

Electrical Engrs. Ref book 5" edition by G.R.Jones & others, Pub:Newnes

Standard Handbook for Elec. Engrs. 14" edition, Donald Fink & HW.Beaty,Pub:McGraw
Hill, New York Contd......
Hand book of Basic Electronic Trouble shooting by Lenk John D, Pub: Prentice Hall, New
Jersey, Directory of Electronics Circuits with a glossary of terms by Mandal, Methew, Pub:
Prentice Hall, New Jersey

Encyclopedic dictionary of Electronic terms by Traister, John & Traister, Robert J

Prentice Hall, New Jersey

Source book of Electronic circuits by Markus John, Pub: McGraw Hill, New York
Electrical control for machines 3™ edition, by Rexford, Kenneth B, Pub: Delmer

Elec Engg materials by A.J. Dekker, Prentice Hall, New Jersey

Basic Elec. Engg 2" edition by D.P. Kothari & 1.J. Nagrath Pub: Tata McGraw Hill, New
York S.Rao, “Testing, Commissioning, Opcratlon & Maintenance of Electrical Equipment”,
Khanna Publishers, 2008

70




BARC Training School
NFC, Hyderabad
Syllabus

Subject: Energy Conservation and Demand Side | Code: CElect: AC07-CMI-20
Management
Discipline: Chemical and Electrical Engineering | No. of Lectures: 20

Energy Scenario: Primary energy sources, commercial energy production in the world and
in India, energy needs of growing economy, long term energy scenario, energy security,
energy conservation & its importance, Global environmental concerns, UN Framework
convention on climate change (UNFCC), sustainable development, Kyoto Protocol, Clean
Development Mechanism (CDM), Energy Conservation Act — 2001 and its features.

Thermodynamic Analysis: Concept of energy, energy analysis, min. energy requirements,
energy flow diagram/sankey diagram, Bench marking of energy consumption in the
chemical process units...etc. Energy Economics, energy saving and cost involved,
evaluation through pay back period, cost-to—benefit ratio.

Energy Conservation Techniques:

Energy efficiency in thermal utilities:- Boilers, steam distribution system, Furnaces,
insulation & refractories, cogeneration, waste heat recovery, heat exchanger Networking,
Energy saving potential & identification.

Energy Efficiency in Electrical utilities: Electric load management & maximum demand
control, power factor improvement, distribution & transformer losses, energy efficient
motors. Losses in compressed air system, Refrigeration system, pumping systems, cooling
towers, lighting system. Energy efficient technologies — max. demand controllers, automatic
Power factor controllers, energy efficient motors, variable speed drives, and energy efficient
transformers. ;
Energy Audit: Purpose of Energy Audit, steps involved in energy audit, measurement of
important parameters, collection of data & analysis, preparation of audit reports, energy
index calculation, recommendation.

Reference Books:

1)Energy Auditing made simple by P.Balasubramanyam: Aug 2004 : Bala Consultancy
Services '

2) Electrical Engrs. Ref book 5™ edition by G.R.Jones & others, Pub:Newnes

3) Standard Handbook for Elec. Engrs. 14™ edition, Donald Fink & HW.Beaty,Pub:McGraw
Hill, New York

4) Hand book of Basic Electronic Trouble shooting by Lenk John D, Pub: Prentice Hall, New
Jersey, Directory of Electronics Circuits with a glossary of terms by Mandal, Methew, Pub:
Prentice Hall, New Jersey

5) Encyclopedic dictionary of Electronic terms by Traister, John & Traister, Robert J
Prentice Hall, New Jersey



BARC Training School
NFC, Hyderabad

Syllabus
Subject: Vacuum Technology Code: CElect :M-13 :New-C-20
Dlsc.lplim;:: Chemiecal and Mechanical No. of Lectures: 20
Engineering

1. INTRODUCTION TO YACUUM
Basic terms and concepts in vacuum, Units used Pressure ranges in vacuum and their
characterization.

2. VACUUM PHYSICS

Gas laws and models. Continuum theory. Kinetic gas theory. Types of flow and
conductance.

3. VACUUM GENERATION & IMPORTANCE OF SEQUENCE OF OPERATION

Classification of pumps based on the operating Principle. Compression pumps. Water ring
pumps, steam ejector pump, mechanical rotary pumps (rotary vane and rotary piston),
diffusion pumps, mechanical booster pump, oil vapor booster pump, turbo molecular pumps,
seals for vacuum pumps. Condensation and getter type pumps. Cryopumps, sputter ion
pumps, sorption pumps.

- 4, VACUUM MEASUREMENT

Fundamentals of low-pressure measurement. Classifications of different gauges.
Hydrostatic gauges. McLeod gauge, bourdon tube, capsule gauge and u-tube manometer.
Thermal energy gauges. Thermocouple and pirani gauges. Electrical energy gauges
Hot cathode and ionization gauge, cold cathode ionization (penning gauge)

5. CONSIDERATIONS IN SYSTEM DESIGN
Calculations of conductance values. Gas and vapor load. Matching pump combination.
6. LEAK DETECTION OF SYSTEMS & MEASUREMENT

Leak location by rough methods.Penetrant dye, spark tester etc. Leak location by over
pressure methods. Bubble methods, halide torch etc.

Leak location by vacuum methods. Discharge tube, mass spectrometer etc.

7. APPLICATIONS

Low-pressure applications (e.g. mechanical handling based on rubber suction pads)

Low molecular density applications (e.g. removal of impurities during chemical processes)
Vacuum metallurgy. Decrease in energy transfer applications (e.g. thermal insulation,
electrical insulation) Large mean free path applications (e.g. electron tubes, nuclear physics)
8. QUALIFICATION OF VACUUM SYSTEMS
9. INTER LOCKS & SAFETY IN VACUUM SYSTEMS
10. VACUUM CASE STUDIES
Reference Books:

1) Guide to the measurement of Pressure and Vacuum : The Institute of Measurement
and Control, London

2) Introduction to Vacuum Technology by Dr. K G Bhushan under the Indian Vacuum
Society

3) A.Chambers et al, “Basic Vacuum Technology”, 2™ Edition, Oversees Press, 2005
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Statistics for Engineers Code: C.Elect 10:New M C:20

Discipline: Chemical and Mechanical Engineering | No. of Lectures: 20

L

e

Treatment of data — Graphical methods: Stem — and — Leaf, Box plots, etc.
Descriptive methods: Sample mean, median, mode, variance, percentiles

Basic probability: Counting, basic laws, and elementary theorems; independent
events

Discrete random variables and distributions — Binomial , hyper geometric, poisson,
mean and variance, poisson process

Continuous random variables and distributions — normal , normal approximation to
binomial, gamma exponential , probability plots

Random sampling and sampling distributions : “t” distribution, chi square and “F”
distributions

Estimation: Confidence intervals, sample size determination, prediction and
tolerance levels

Tests of hypothesis for one and two means, sample sizes, paired sample tests
Simple linear regression: Curve fitting, Linear correlation, and models

Control charts : X- bar , R and “p” charts

Reference books:

1. Probability and statistics for engineers and scientists (7" edition by Walpole ,
Myers and Ye-2002)
2. Minitab software
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BARC Training School
NFC, Hyderabad
Syllabus
Subject: Industrial Instrumentation Practices and
Human Machine Interface
Discipline: Electrical, Electronics and
Instrumentation Engineering

Code: CElect 17:E51 E50:1-30

No. of Lectures: 20

Control and Instrumentation Power Supplies: Class I, II, III, IV power supplies,
Centralized 24V/48V DC power supply, distributed power supplies, quality of power supply,
Isolation transformer, grounding/earthing aspects in C & I systems. Relay & Control
Interlock Logic Circuits: Relay Terminology and general application: Criteria for relay
selection, Pickup, hold and dropout voltage, Contact type and arrangement, Contact
protection, latched relay, Electromechanical versus Solid-State Relay characteristics and
comparison. Typical control logic circuits for control of process equipments, Interfaces with
electrical Control gear C & [ Cables: Types of cables, Conductor materials, insulating
materials, Sheath materials, Shielding, armouring, FRLS and Fire Survival cable, mineral
insulated cables, cable sizing, noise reduction, cable layout, cable trays, panel wires,
conductor identification, Cable Testing, wiring practices. Control Room, Control Panels and
Cabinets: Conventional control rooms, Modern control rooms, Control room layout,
Environmental specifications for control room, Control room lighting, Control room cabling,
Communication systems for control room. Control Panels- Panel types, Panel layout, Panel
construction materials, Human Engineering principles in control room and panel design-
relevant standards (EPRI; NUREG), Components of control panel, Panel wiring, Power
distribution in panels, Wiring and terminal identification. Control Cabinets- Sizes, Materials,
Degrees of environmental protection, EMC protection, Standard accessories for mounting
and cable routing. Seismic qualification of control panels and cabinets. Alarm Annunciation
System-Functions of alarm annunciation; Types of annunciation (audio/visual); Alarm
Sequences; applicable standard (ISA S18.1); Modern alarm displays; Grouping and Coding
of alarms.

Instrumentation for design of Reactor Regulating System and Reactor Protection System:
Introduction to Reactor Protection System and Reactor Regulating System: Elements in
RPS/RRS, from sensor to Reactor Protection/Control Devices, Design Principles, Typical

list of Reactor Trip parameters, Seismic qualification, Class-1E qualification, EMI/EMC
qualification. :

Distributed Control System (DCS) and Computer Based Systems: Distributed Process
Control, DCS configurations, Components of DCS, Data Highways, Human machine
interface, Operator Stations, Presentation of information on operator station. Programmable
Controllers (PLC) - Basic PLC architecture, PLC Programming Languages, Typical PLC
Specifications, Redundant PLC architectures, relevant communication protocol and
standards.

PC based process control system, Supervisory Control and DATA Acquisition System
(SCADA), Features of SCADA software. OPC Concept of Fieldbus, fieldbus
standardization, Industrial networks and Protocols.

Contd....
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Overview of plant automation. (1 lecture)

Design of HMI, Soft Console versus Conventional control panels (1 lecture)

Guidelines for design of HMI displays (1 lecture)

Case study of a commercially available Professional HMI package. (10 lectures)

Building HMI systems, Creating and using process databases, managing databases,
Implementing an alarm strategy, Configuring and displaying alarms and messages, Security
features, Creating process mimics, Trending historical data, Methods of passing data to HMI
package. '

Practical (2 lectures)

Reference Books:

i

2.
3

o

Biomedical Instrumentation and Measurements : Cronwell Leslic - Prentice Hall, New
Jersy

Tranducers and Instrumentation: Murthy DVS — Prentice Hall, New Delhi
Instruments Engineers Handbook: Process Measurement: Liptak, Belag —Chilton
Books

[nstruments Engineers Handbook: Process Measurement & Analysis: Liptak, Belag
Butter Worths

Instruments Engineers Handbook Vol - II: Process Control - Liptak, Belag —Chilton
Books

Process / Industrial Instruments & Control Hand Book : Considne DM — MGH, New
York

Considine, D A, “Process Instruments and Controls Handbook”, McGraw Hill, 1957
A.D Helfric & W.D.Cooper, “Modern Electronic Instrumentation and Measurement
Techniques”
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Mechatronics Code: CElect. AC14:EEMI :20

Discipline: Electrical, Electronics, Mechanical and

; ; No. of Lectures: 20
Inst Engineering

Pneumatic control engineering: - Introduction, compressed air line installation, Pneumatic
equipment like cylinders, seals, control valves and accessories. Graphical symbols for energy
conversion, control valves, energy transfer and conditioning, actuators, converters, counters
and sensors. Classification of cylinders based on operating medium, functions performed;
basic construction, mounting style etc., various types of seals, materials, usage. Different
type of directional control valves, classifications based on usage, functions and actuation,
flow control valves and pressure control valves. Pneumatic circuits, electro-pneumatic
circuits, bi-selector systems. Cycle times, Applications of pneumatics and trouble shooting.

Standard vendor list.

Hydraulic control engineering: - Introduction, Pump, reservoir, valves and actuators.
Selection of pump, tank, Air breather, Baffle plate, pipelines, relief valves, Simple valves,
Directional control valves, Flow control valves, special valves, un loading valves, counter
balance valves, pressure reducing valves. Filters, selection and location. Hydraulic circuits,
basic, regenerative, sequencing and counter balancing circuits. Rotary motion. Hydraulic
accessories like accumulator, hydraulic intensifier, pressure switches Pressure gauges and
flow meter. Introduction on Hydro pneumatics and electro-hydraulic (servo) systems.

Trouble shooting. Standard vendor list

Electrical/electronics control engineering: Introduction and applications of diode,
transistor, thyristor, LED's, Opto-isolators, etc. Solenoid valves DC and AC selection of
solenoid valves, rating, stepper motors, servo motors, encoders: rotary and linear,

transducers, positional sensors.

Cont. ..
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Mechanization: Introduction. Handling: gripping, feeding, Forging, Inserting, positioning,
clamping, working, removing, transferring Etc., Orientation: Position contfol, turning,
rotation, division. Feeding, Assembly operations, linear indexing, rotary indexing, Door
control. Bulk feed like Conveyors, industrial vehicles, over head equipment's, Containers

and supports, Positioning weighing and control equipment.
Introduction to Industrial Robotics: CNC

Reference Books:
1. Mechatronics: Electronics in Products and Processes:Bradeley. DA - Eswar Press,
Chennai / Chapman Hall, U K
2. Mechatronics : HMT Ltd — Tata MGH. New Delhi

(5}

Mechatronics : Electronics Control Systems in Mechanical and Electronical Engg.

3% Edition : W.Bolton - Pearson



BARC Training School

NFC, Hyderabad
Syllabus
N . Code: Celect:M14:New-
Subject: Robotics EC:20
Discipline Electrical, Electronics, Inst Engineering No. of Lectures: 20

Pneumatic control engineering: - Introduction, Pneumatic equipment like cylinders, seals,
control valves and accessories. Graphical symbols for energy conversion, control valves,
energy transfer and conditioning, actuators, converters, counters and sensors. Classification
of cylinders based on operating medium, functions performed, basic construction, mounting
style etc.,

Different type of directional control valves, classifications based on usage, functions and
actuation, flow control valves and pressure control valves.

Pneumatic circuits, electro-pneumatic circuits, bi-selector systems.

Applications of pneumatics and trouble shooting. Standard vendor list.

(2 Lectures) :

Hydraulic control engineering: - Introduction

Simple valves, Directional control valves,

Flow control valves, special valves, un loading valves, counter balance valves, pressure
reducing valves.

Hydraulic circuits, basic, regenerative, sequencing and counter balancing circuits.

Pressure gauges and flow meter. Introduction on Hydro pneumatics and electro-hydraulic
(servo) systems. Trouble shooting. Standard vendor list

(2 Lectures)

Electrical/electronics control engineering:

Solenoid valves DC and AC selection of solenoid valves.

Stepper motors, Servo motors, encoders: rotary and linear, transducers, positional sensors.
(1 Lecture)

Mechanization: Introduction. Handling: gripping, feeding, Forging, Inserting, positioning,
clamping, working, removing, transferring Etc., Orientation: Position control, turning,
rotation, division. Feeding, Assembly operations, linear indexing, rotary indexing, Door
control. Bulk feed like Conveyors, industrial vehicles, over head equipment's, Containers
and supports, Positioning weighing and control equipment.

(3 Lectures)

Industrial Robotics: Fundamentals. Classification of Robots. History of Robotics.
Advantages and Disadvantages of Robots. Robot Components. Robot Degrees of Freedom.
Robot Joints. Robot Coordinates. Robot Reference Frames. Programming Modes. Robot
Characteristics. Robot Workspace. Robot Languages. Robot Applications. Social & Safety
[ssues

(8 Lectures)

Trajectory planning: Path vs. Trajectory. Joint Space vs. Cartesian-Space. Basics of
‘Trajectory Planning. Joint space trajectory planning, Cartesian space trajectories.
(4 Lectures)
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Modern Control Systems Code: CElect:ES2A-EC -20

Discipline: Electronics and Instrumentation

i . No. of Lectures: 20
Engineering

State Variables Descriptions Introduction, The concept of State, Elementary Definitions,
State space Representations of continuous-time and discrete-time systems, State diagrams,
[llustrative examples, Solution of state equation, State transition matrix, Properties of state
transition matrix, Computation methods of state transition matrix, relationship between state
equations and transfer functions, , Characteristic equations

Controllability and Observability: Introduction, definitions of Controllability and
Observability, Controllability and Observability tests, Kalman Controllability Ccriteria,
Principle of Duality, Controllability and Observability of discrete-time systems

Control System Design: Introduction to state feedback, Controller design using pole
placement technique, Stabilizability, LQR Technique

Reference Books:

1. John J.D’Azzo and C.H.Houpis, “Linear Control System Analysis and Design-
Conventional and Modern” , 2™ Edition, McGraw Hill Book Co., 1986

2. Chi-Tsong Chen, “Linear System Theory and Design”, CBS College Publishing, Holt,

Rinehart and Wintson, 1984

M.Gopal, “Modern Control System Theory”, 2™ Edition, Wiley Eastern Ltd., 1993

4. Gene F. Franklin et al, “ Feedback Control of Dynamic Systems”, 3™ Edition,

Addison- Wesley Publishing Co., 1994

B.Friedland,  Introduction to State space Methods™

K.Ogata, “ Modern Control Engineering”, Prentice-hall

fad
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Design of High Temperature
Components

Discipline: Mechanical Engineering No. of Lectures: 20

Code: CElect 11: New : Mech-20

Introduction: Plasticity, Viscoplasticity and mechanism of creep deformation
Deformation & fracture behavior at high temperature (HT), Creep curve, Creep rupture, Life
estimation parameters, Low cycle fatigue, creep-fatigue interaction.
Material selection for HT application: Thermal stability, strength, oxidation, carburization
etc.
Design codes & standards: ASME codes historical background, loading categories, stress
classification,
Sub-section NB & NH: Low & High temperature failure modes and limits, Design and
construction rules of RCC-MR, Efficiency diagram and Bree diagram, Life assessment as
per CEGB-RS.
NDE & ISI: Surface and volumetric examinations
Models for creep crack initiation and growth
Design by analysis: FEM analysis, stress categorization, time & strain rate dependent stress-
strain relations, unified treatment of plastic, creep & thermal strain, theory of viscoplastic
flow, elasto-plastic and creep analysis of simple geometries, time stepping algorithm etc.
Life assessment: Remaining life prediction, API 579, inspection & interval determination,
integrity of steam pipes, reheat pipes and bends, super heater tubes, gas turbine parts etc.
Reference books :

1) High Temperature Component life assessment. : George A Webster, R A Ainsworth

1994 — Technology & Engg.

2) Creep & Fracture in High Temperature Components. Design & Life assessment
issues, : [ A Shibli & S R Holdsworth

3) Welding Technology & Design By V M Radhakrishnan

20



BARC Training School

NFC, Hyderabad
Syllabus
Subject: Welding and Quality Assurance of welds Code: C-Elect :CC06-M-20
Discipline: Mechanical Engineering | No. of Lectures: 20 '

Introduction To Soldering, Brazing & Different Types Of Welding Like: Arc Welding,
Gas Welding, Resistance Welding, Thermit Welding, Electron Beam Welding, Plasma
Welding, Laser Welding, Explosion Bonding, Ultrasonic Welding.

Manual Metal Arc Welding: TIG/MIG & Submerged Arc Welding

Weld Joint & Geometry: (Lap/Butt/Fillet/Corner Joints: Square Butt, Single-V, Double-
V, Single-U, Double-U, J-Joint, Special Joints)

M.S. Electrodes & Filler Wires: (Designation, Codes & Classification, Specifications,
Fluxes & Electrode Coating — their effect on weld quality)

S.S. Electrodes: (Designation, Codes & Classification, Specifications, Electrode Coating,
their effect on weld quality)

S.S. Welding: (Inter-Pass Temperature, Sensitisation & Inter-Granular Corrosion & its
control, Delta Ferrite & its effect on hot cracking & Sigma Phase, Delta Ferrite
Measurement — Schafflar / Delong Diagram / Magna Guage / Magnetic Saturation Method,
Hard facing, Stelliting, Carburizing, Nitriding

Welding Technology:

Polarities (AC, DC(+), DC(-), Pre Heating & Carbon Equivalent , Inter-Pass Temperature,
Post Weld Heat Treatment & Hydrogen Embrittlement, Stress Relieving &

Solution Annealing, Distortion Monitoring, Weld Sequencing & Balanced Welding
Parameters & their effect on weld quality, Weld Defects - their causes & Acceptance
Criteria. Role of flux on weld quality improvement. Welding of dissimilar materials.

- ASME Code Section IX
Welding Procedure Specification, Welding Procedure Qualification, Procedure
Qualification Record, Welders’ Qualification, Welding Machine Specification, Essential &
Non Essential Variables, Positions of Welding & Their Importance

Non Destructive Testing of welds:
Radiography & Ultrasonic Examination of butt welds

Destructive tests:
All Weld Tensile Test, Transverse Tensile Test, Bend Tests, Ferrite Test, Corrosion Test,
Creep Test, Micro & Macro Examination / Etching Test, Metallography Examination.

Maintenance Welding: Limitations, Difficulties, Selection of Welding
Consumables. Cold welding, Powder metal spraying, underwater welding.

Reference Books:
1) Welding Metallurgy: Kou, Sindo : John Wil, New York
2) Practical Non-Destructive Testing — 2" Edition: Baldev Raj : Narosa
3) Principles of Welding Technology-3" Edition:Gound LM:Viva Books,New Delhi




BARC Training School
NFC, Hyderabad
Syllabus

Subject: Manufacturing And Industrial
Engineering
Discipline: Mechanical Engineering No. of Lectures: 20

Code: C-Elect- JNTU, M -20

Fundamentals of hot and cold working processes: Forging, extrusion, wire drawing, sheet
metal working, punching, blanking, rolling, pilgering, bending, deep drawing.

Machining Processes and Machine Tool Operation: Mechanics of metal cutting, single
and multipoint cutting tools, geometry and machining aspects, tool life, machinability, and
economics of machining.

Inspection: Limits, fits and tolerances, linear and angular measurements, comparators,
gauge design, interferometer, form and finish measurement, measurement of screw threads,
alignment and testing methods.

Tool Engineering: Principles of work holding, design of jigs and fixtures, design of press
working tools.

Machine Design: Machine development concepts

Advanced Manufacturing Processes: E-Manufacturing,  Fundamentals  of
Nanotechnology, Micro-machining and High Speed Machining,.

Reference Books:
1) Sensors and Control Systems in Manufacturing : Soloman, Sabrie — Mc Graw Hill,

New York
2) Precision Engineering in Manufacturing : R K Murthy — New Delhi



BARC Training School
NFC, Hyderabad
Syllabus

Subject: Corrosion Engineering Code: CElect: C

Discipline: Chemical Engineering No. of Lectures: 20

BASICS OF CORROSION: Electrode processes — free energy, electrode potential, emf
series, Pourbaix diagrams and their practical use, Chemical Vs electrochemical mechanisms
of corrosion reactions, Introduction to corrosion — Wet and dry corrosion — Theories of
corrosion - corrosion rate expressions; Passivity, factors affecting passivity.
(4 h)
CORROSION AND ITS FORMS: General corrosion — atmospheric corrosion, galvanic
corrosion, biological corrosion, High temperature corrosion; Localized corrosion— pitting
corrosion, crevice corrosion, Intergranular corrosion, de-alloying; Mechanically assisted
corrosion — erosion corrosion, cavitation corrosion, fretting corrosion, corrosion fatigue,
stress corrosion cracking and hydrogen embitterment.
. (5h)
CORROSION IN REACTOR SYSTEMS: Corrosion in various reactor systems; Effect of
high temperature water, cooling water, sea water; nitric acid — effect of flow, environment
and metallurgical variables of materials.
@h)
PREVENTION AND CONTROL OF CORROSION: Corrosion control by design;
Selection of corrosion resistant materials — alloying, coatings and surface treatments;
Oxidation resistant materials, control of high temperature corrosion; Cathodic and anodic
protection methods; Use of inhibitors-types.
| G h)
CORROSION MONITORING & INSPECTION: Ccorrosion coupons, Electrical
resistance, linear polarization resistance, electrochemical noise analysis; Inspection - liquid
penetration inspection, ultrasonic testing, radiography testing, eddy current testing.
(4 h)
BOOKS FOR STUDY AND REFERENCE:

1. Herbert H. Uhlig and R.Winston Revie, “Corrosion and corrosion control”, Third Edition,
John Wiley & Sons, 1985.
2. Mars G. Fontana, “Corrosion Engineering”, Third Edition, Mc Graw Hill Inc., 1987.

. D.A.Jones, Principles and prevention of corrosion, Second Edition, Prentice Hall Ingc,
1996.

4. ASM hand book — Vol 13: Corrosion, ASM International, 2001.
5. Philip A. Schweitzer, “Corrosion and corrosion protection handbook”, USA, 1983.

("]
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Image Processing and Machine Vision Code: CElect:EN-710

Discipline: Quality Assurance No. of Lectures: 20

Image Processing & Machine Vision (20 hrs)

Introduction : Digital image model representation, Image sensor, Digitalizer,
Computer, Standard file format;

" Image Enhancement: Spatial domain methods, Frequency domain methods, 2-
D Fourier Transform, Filtering, Image smoothing & sharpening. Histogram

Modification, Colour image processing;

Image Segmentation and Analysis: Detection of discontinuities, Edge linking
and boundary detection, Thresholding, Segmentation;

Boundary extraction and representation;
Morphological operations;

Image Restoration-PSF, Deconvolution, Restoration using inverse filtering.
Wiener filtering & maximum entropy-based methods:

Image Compression: Models, Error free compression, Lossy compression,
Standards;

Machine Vision:

Imaging model, Scene radiance and image irradiance, Reflectance model of a
surface. Lamberitan and specular reflection; Photometrix stereo;

Early Vision : Low level processing for noise suppression, Segmentation by
thresholding; Edge detection; representation, Mathematical Morphology;

Intermediate Vision: Line, Circle, Ellipse and Polygon detection, Hough
Transform for detection, Corner detection, Generalized Hough Transform;

Contd....
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High level vision: Scene interpretation;

Texture - Statistical, Structural and Spectral approaches;

Stereo vision and correspondence problem; Structured light; Optical flow;
Image representation: Invariants;

Unstructured objects: Snakes

Recognition & Interpretation: Patterns & pattern classes, Classifiers in
general, Distance metric, classification and recognition; Various methods of
recognition & interpretation, Template matching and area correlation,
Matched filtering; '

Introduction to image understanding;

Robotic applications of machine vision, Camera calibration.

Reference Books:

1. Rafel C Gonzalez, and Richard E Woods, Digital Image Processing.
Addison Wesely, 1999.

2. Milan Sonka, Vaclav Hlavac & Roger Boyle, Image Processing, Analysis,

and Machine, Vision Vikas Publishing House, 2003.

. William K Pratt, Digital Image Processing, John Wiely & Sons Inc.2004.

4. Davies E.R.Machine Vision Theory Algorithms Practicalities, Academic
Press.

5. D.A.Forsyth & J.Ponce, Computer Vision A Modern Approach, Prentice
Hall, 2003.

6. Horn B.K.P.,Robot Vision, The MIT Press, 1987,

. D.Ballard and C.Brown, Computer Vision, Prentice hall, 1982.

8. Wesley E.Snyder & Hairon QI, Machine Vision, Cambridge, 2004.
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BARC Training School
NFC, Hyderabad

Syllabus
Subject: Data Base Management system and Web Code: CElect:EN-705
Technology
Discipline: Quality Assurance No. of Lectures: 20

Data Base Management System and Web Technology
(20 hrs)

Advanced RDBMS
* Architecture of Oracle RDBMS (3)
« Recap of SQL language(5)
 Introduction to Postgre SQL and MySQL (3)
« Data warehousing concepts (2)
» Concepts of clusters, distributed databases, grid enabled
databases, database replication(2)

Web Technologies
« Introduction to Web Technology(2)
- DHTML (3)
+ CGI /PHP (4)
»  Web services and XML (2)
«  Ajax(!)

» Content Management Systems(!)
«  Web 2.0 I Semantic Web(2)

Reference Books:

1. Fundamentals of Database Systems Sixth Edition Ramez Elmasri,
Shamkant B. Navathe, Addison-Wesley Publication 2010

2. Database Systems: A Practical Approach to Design, Implementation
and Management 2014 by Thomas Connolly , Carolyn Begg

3. An Introduction to Database Systems 8th Edition by C.J. Date

4. Web Technologies: A Computer Science Perspective 1st Edition
by Jeffrey C. Jackson

5. Web Technologies Paperback 2010 by Uttam K. Roy

(et
o
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BARC Training School
NFC, Hyderabad
Syllabus

Subject: Advanced Computational Techniques | Code: CElect: EN-701

Discipline: Quality Assurance No. of Lectures: 20

Advanced Computational Techniques (20)

Programming Language C++

C:  General concepts of programming, Basic data-types and variables,

Arrays, Strings, Pointers, Data typecast, Operators, Simple and compound

expressions, Simple and compound statements, Functions and arguments,

Data scope and lifetime, Dynamic allocation of data, User defined

data-types (enum, - struct, union), Pre-processor directives and macros,

Declaration versus definition of data and functions, Header files and C-

library.

s All the features of C++ not available in C, Class and

objects, their members, scope and lifetime, Constructors and destructors,

Function argument initializers, Function signatures and overload, Inline

functions, Operator functions, Class hierarchy and inheritance, Exception

handling, Templates. .

Advanced Computational Techniques

» Discretization technique using Finite Difference, Finite Volume, Finite
Element, Orthogonal Collocation,Meshless, Spectral Method.

* Grid Generation - Transfinite Interpolation, PDE based techniques,
grid adaptation

« Artificial Neural Network- Its taxonomy, application for mapping,
quantization, prediction & optimisation using Backprogation ANN .

* Optmization - Using traditional Gradient based techniques, population
based GA & ACO

Contd....
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» Applications using above all methods to DAE related problems.

Parallel Programming

» Introduction to parallel computers, classification, technologies, ratings

» Parallel programming concepts, examples, terms and definitions,
parallelism, parallel programming models

* Different examples of parallel programs and parallelization strategies

» Message Passing Interface (MPI), concepts of MPI, MPI Library calls

» MP! Point to Point communication calls

» MPI Collective communication calls

Scientific Visualization :

* Geometry Classification -2D & 3D grids.

» Structured & Unstructured grid development.

« Data storage techniques for ID, 2D & 3D grids.

« Data visualization techniques for scalar & vector data.
* Common pitfalls in programming

» Case Studies

8%



BARC Training School
NFC, Hyderabad
Syllabus

Practicals on Material Science & Engineering and Corrosion Engg.

Sl. No. Name of the Experiment
j To evaluate the hardness of materials
2, To evaluate the Tensile properties of materials
3 Preparation of specimen for Metallography for

microstructure evaluation

To detect susceptibility to inter granular attack
4. (associated with the precipitation of chromium
carbide)in S.S. samples (Corrosion Test)

5 Measurement of wall thickness by Ultrasonic test

Familiarisation of Procedure and interpretation of
indications in liquid penetrant test principle

34



BARC Training School
NFC, Hyderabad
Syllabus

Practicals on Health Physics

SL.No. Name of the experiment
1 o — particle counting
2 p- particle counting
3 - particle counting
4 Whole body counting

90



BARC Training School
NFC, Hyderabad
Syllabus

List of Experiments to be carried out in Process Control &

Instrumentation Lab

SL.No Name of the Experiment Branch
Study of Flow and Level control system All
a) Mention different types of
instruments/equipments used in the system
1 with their tag nos. specifications and
applications
b) Write the details of different material used for
the system (structure & pipe lines etc).
Study of control system (PLC & Control Panel) All
a) Control system architecture
2 b) PLC Unit (configuration & specifications)
¢) Control Panel (Instruments used with
specifications)
3 Calibration of Control Valve All
4 Calibration of Level Transmitter All
5 Calibration of Flow Transmitter All
6 Calibration of Differential Pressure Transmitter | All
7 Studying the characteristics of Control Valves All
g Single tank liquid level control using PID All
controller '
9 Calibration checking of RTD/Thermocouple all
10 | Study of Field instruments All

J




BARC Training School
NFC, Hyderabad
Syllabus

List of Experiments on PLC Demo unit

SI.LNo

Name of the Experiment

Direct On Line (DOL) Starter

2 | Star Delta starter

3 | Up-Down Counter

4 | ON - Delay Timer

5 | OFF — Delay Timer

6 | Arithmetic Functions

7 Number Comparison Functions

8 Paint Spray process system

9 Speed control of AC Motor through MODBUS
Communication

10 | Temperature controlling using PID controller of PLC

3z




BARC Training School
NFC, Hyderabad
Syllabus

List of Experiments to be carried out in Structural Dynamics &Vibration Laboratory

SL.No Name of the Experiment

1 Dynamics of a three storied building frame subjected to harmonic
base motion

2 Dynamics of a one-storied building frame with planar asymmetry
subjected to harmonic base motions.

3 Dynamics of a three storied building frame subjected to periodic
(non-harmonic) base motion.

4 Vibration isolation of a secondary system

3 Dynamics of a vibration absorber.

6 Dynamics of a four storied building frame with and without an open
ground floor

7 Dynamics of one-span and two-span beams.

8 Earthquake induced waves in rectangular water tanks

9 Dynamics of free-standing rigid bodies under base motions

10 | Seismic wave amplification, liquefaction and soil-structure
interactions.




IGCAR

PGD in ENGINEERING SCIENCES
(PROGRAM CODE: ENGG00)

MECHANICAL ENGINEERING

NUCLEAR ENGINEERING
(All subjects are Compulsory)

BACK TO MAIN

Course Code Course Name Hours Credits
NR Nuclear Reactors 50 6
EM Engineering Mathematics 35 4
MM Materials and Metallurgy 25 2
RP Fast Reactor Physics and Shielding 35 4
RE Reactor Engineering 40 4
HP Health Physics and Radiological Safety 25 3
PM Project Management 20 2

Total 230 25
CORE ENGINEERING
(All subjects are Compulsory)

Course Code | Course Name Hours | Credits
ME1 Code Design for Pressure Vessels and Piping 30 4
ME4 High Temperature Design and Inelastic Analysis 25 2
ME6 Computational Fluid Dynamics 30 4
MES8 Finite Element Method 30 4
ME10 Advanced Heat and Mass Transfer 30 4
ME13 Reliability Engineering 20 2
ME14 Manufacturing Technology 40 4

Total 205 24
SPECIALISED/ELECTIVE COURSES
(Any three of the seven listed courses)
Course Code | Course Name Hours | credits
ME3 Machine Design 25 2
Structural Integrity Assessment Methods and NDE 30 4
Vibration Engineering and condition Monitoring 20 2
ME5 Seismic Design of Nuclear Reactors and Facilities 20 2
Plant Dynamics 20 2
Experimental Mechanics 20 2
ME15 Process Control and Instrumentation 20 2
PROJECT /SEMINAR
Course Code Course Name
02ENGGO04-001-P | Project Duration : 9 Weeks
02ENGGO04-001-S | Seminar -1,2,3

Total

12




NUCLEAR ENGINEERING

1. Engineering Mathematics (EM) (35 hours)

SI.No. Course content

1

Computer arithmetic and errors . Types of errors, error estimates and its propagation, Data
analysis : Difference tables, Interpolation methods of Lagrange and Hermite, Chebyshev
polynomials and Pade’s approximation with rational functions.

Numerical differentiation of interpolating polynomials.

Numerical Integration : Trapezoidal, Monte-Carlo and Gaussian Quadrature methods

Solution of algebric and transcendental equations, Newton-Raphson method, Graffe’s root
squaring method; Data approximation by method of least square, curve fitting

2 Linear vector space and subspaces, Basis, Gram-Schmidt orthogonalization, Linear system of
equations: LU decomposition, Cholesky factorization and Gauss-Jordan technique. Iterative
techniques using the methods of Jacobi, Gauss-Seidel and over relaxation. Convergence criteria
and error estimation. Matrix inverse, 1l conditioned and sparse matrices.

Bilinear forms, Principal axes transformation and eigen values, Determination of eigen values
and eigen vectors. LU and QR algorithms, Singular matrices and singular value decomposition.

3 Ordinary differential equations, Different types of differential equations,

Lipschitz theorem and conditions for existence and uniqueness of solutions,
Numerical methods for solving differential equations. Method of Euler, Adams and Runge
Kutta, Predictor corrector method, Solving stiff equations

4 Probability and Statistics:Probability and Random variables, Binomial, Poisson and Normal
distributions, Moments of a distribution, Counting experiments
Estimation of model parameters, Confidence intervals, Testing of hypotheses, Goodness of fit,
Chi-square test.

5 Integral Transforms: Laplace transform, Linearity of LT, LT of derivatives and integrals,
Solution of differential equations using LT, Response of electric circuits, Response of damped
oscillator to a square wave, Differentiation and integration of LT.Periodic functions, Fourier
series representation of functions, Even and odd functions, Determination of coefficients,
Fourier integrals. Data compression, Hauffman coding and wavelet transforms.

6 Partial Differential Equations, Finite difference method in one and two dimensions, Solution of
steady and transient heat conduction and diffusion equations.

7 Finite element method, Energy Theorem and integral equations, Weighted residual
approximations, Point and subdomain collocation.

Galerkin method, Variational principles and Lagrange multipliers
B-splines, Bezier curves, Response surface method, different levels of factorial design.
Book suggested
1. Davis, H. T. and Thompson, K., Linear Algebra and Linear Operators in Engineering: with
Applications in Mathematica, Academic Press, 2000.
2. Chapra, S.C. and Canale, R.P., Numerical Methods for Engineers, McGraw-Hill, 1985.
3. R. L.Burden and J. D. Faires, Numerical Analysis, 6th ed., PWS-Kent Publishing, 1997.
4. Krishnamurthy, E. V., Computer based numerical algorithms, East West Press, 1976
5. Gupta, S.K., Numerical methods for Engineers, Wiley (1995).
6. Press, W.H.; Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P., Numerical Recipes in Fortran
(or C), Cambridge University Press (1992).
7. Scarborough, J. B. Numerical Mathematical Analysis, Oxford and IBH Publishers, 1968



2. Materials and Metallurgy (MM) (25 hours)

S.No.

1.

2.

Course content
Classification of Materials: Structure, Ferrous and non-Ferrous metals, Polymers, Ceramics,
Composites, Electronic materials, Nano-structured materials.
Selection of Materials: Classification of carbon steel, low alloy, carbon molybdenum, ferritic,
austenitic and martenistic stainless steel. Selection and application of advanced alloys, stainless
steels, Cr-Mo steels, Ti-alloys
Heat Treatment and Mechanical Testing of materials including standards and
specifications: Mechanical properties of materials & their evaluations as per ASTM or
equivalent standards, tension, hardness, creep, fatigue (low & high cycle) & impact toughness
tests.
Metal Forming, Welding Science & Technology: Metal fabrication technologies, rolling,
forging, extrusion, deep drawing and introduction to material modelling. Welding metallurgy
for stainless steels, ferritic steels, dissimilar metal welds and Ti-alloys, hard-facing and repair
welding.
Metallographic Examination: Experimental techniques for characterization of microstructure
(Optical, TEM/SEM and microscopic techniques) specimen preparation and evaluation of
microstructure of different materials.
Corrosion: Galvanic, Uniform, Crevice, Stress corrosion cracking, Corrosion fatigue,
Corrosion fast reactors and re-processing plants, Corrosion test methods and standards.

Non-destructive evaluation techniques for materials and components: Visual, LPT, MPT,
UT, Eddy current, X-ray Radiography, Neutron, Gamma ray etc. for quality assurance and in-
service inspection.

Nuclear Fuels: Production, fabrication, properties and application of nuclear fuels (metallic
fuels, ceramic fuels (oxide, mixed oxide, mixed carbide)) and heavy water. Radiation damage
and post irradiation examination of core materials.

Books Suggested:

1.Introduction to Materials Science for Engineers - James Shackelford

2.Physical Metallurgy Principles & Practice - V.Raghavan

3.Introduction to Solids - L.V.Azaroff

4.Structure and Properties of Materials - Wulff Series, Wiley Eastern, New Delhi
5.Materials in Nuclear Application - C.K.Gupta

6.Nuclear Chemical Engineering - Benedict and Pigford

7.Physical Metallurgy, Reed - Hill

8.Heat treatment of steel - Avener

9.Introduction to Solid State Physics - Charles Kittel (Wiley Eastern)

10. Physical Metallurgy: Principles and Practice - V. Raghavan (Prentice Hall)

11. The Physics and Chemistry of Materials - Joel Gersten and Fiedenick Smith (Wiley, Canada)
12. Fundamentals of Materials Science and Engineering - D. Callister (Wiley, Europe)

3. Introduction to Fast Reactor Physics (RP) (35 hours)

S.No.

A
1

Course content
NUCLEAR THEORY BASICS :
Properties of Nuclei: Size, shape and density of the nucleus, nuclear forces, nuclear
structure, binding energy, stability of nucleus, radioactivity



Fission Process : Spontaneous and induced fission, liquid drop model, fission neutrons,
delayed neutrons, fission gammas, fission products, fission product yield, FP mass
asymmetry, formation and removal of FPs in a reactor

Concept of Nuclear Reactor Fission energy, fission rate and reactor power, energy balance,
fissile, fertile and fissionable materials, reactor materials: fuel, coolant, structure, control
and shield, fission product activity after shutdown — decay heat, types of reactors
Interaction of Neutrons with Matter Production of neutrons, elastic and inelastic
scattering, radiative capture and their significance in reactors, production of photo neutrons,
transmutation

Concept Cross-section Microscopic and macroscopic cross-section, mean free path,
Maxwell-Boltzmann distribution and its departure, structural changes caused by neutron
reactions

Variation of Cross-section with Energy Fast, resonance and thermal ranges, 1/v law of
neutron cross-section, resonance absorption, Breit-Wigner formula, Doppler effect

Capture to fission ratio, Eta vs E curve, conversion and breeding concepts, Thorium
utilization

BASIC REACTOR PHYSICS-STATIC

Diffusion of Neutrons: Fick’s law and its validity, steady state neutron diffusion equation,
concepts of neutron flux and current, interface conditions, diffusion coefficient, diffusion
length and extrapolation distance

Chain Reaction :Four factor formula, conceptual treatment of diffusion of one group of
neutrons in non multiplying and multiplying media, infinite and effective multiplication
factors, bare homogeneous reactor concepts, material and geometrical buckling, sub
criticality and super criticality, critical mass, non leakage probabilities in bare homogeneous
cores, neutron cycle and life time in finite reactor

Slowing Down Process: Neutron Slowing down, slowing down power and moderating ratio
of moderators, slowing down with spatial migration, Fermi age concepts, migration length,
multi zone reactors, ideas of reflectors/blankets, reflector savings, form factor

TIME DEPENDENCE

Reactor Kinetics: Time dependent neutron diffusion equation, one group Kinetic equation,
role of delayed neutrons, prompt neutron life time, point kinetic model to illustrate
importance of delayed neutrons, reactor period, reactivity and its units

Core Burnup and Neutron Poisons: Burnup equations including fission products, Xenon
and Samarium poisons, Xenon loads (operating and post shut down), variation of Xenon
load with power and enrichment, Xenon oscillations and their control

Reactivity Coefficients and Reactor Experiments: Temperature and void coefficients of
reactivity, their relevance to reactor safety

Techniques to control reactors, typical reactivity balance, long term burnup, fuel
management, reactor control system — requirements of physics aspects, reactor shutdown
mechanisms and neutron monitoring during operation and shut down

Approach to criticality, physics measurements and calibrations/validations



FAST BREEDER REACTORS

Introduction: Fast reactors as breeders, comparison of fast and thermal reactors, types of fast
reactor, role of fast reactors in Indian nuclear power program

FBR Neutronics: Neutron spectrum, reaction cross-section, core characteristics, blanket
characteristics, breeding potential, breeding ratio and breeding gain, doubling time, Multigroup
diffusion theory methods and summary of steady state computational methods for FBR

Effective delayed neutron fraction and prompt neutron life time, fuel expansion and bowing,
sodium void reactivity effect, Doppler reactivity effect, long term reactivity effect - in FBR

FBR Core Design: General features of FBR core, specific power, linear rating, burnup,
fluence, requirement and choice of core materials (fuel, coolant and structural materials), test
reactors, commercial fast reactors, pin diameter, core height/diameter ratio, blanket thickness.

Salient physics aspects of FBTR and PFBR

Reactor Shielding: Source of various neutron & Gamma radiation within the reactor system;
Attenuation of neutrons & gamma rays; Dose rates for gamma rays for various source
geometries; Buildup factors for homogeneous & multiple layer shields; Removal diffusion
theory for neutron attenuation; coolant activation, heat generation. Streaming of radiation
through gaps & void in the shield; description of various shielding arrangements of Indian
reactors

Books suggested:

NogakrowhE

S. Glasstone and S. Sesonske, Nuclear Reactor Engineering, Van Nostrand, 1963.

S. Glasstone and M.C. Edlund, Elements of Nuclear Reactor Theory, Van Nostrand, 1952.
J. R. Lamarsh, Introduction to Nuclear Engineering, Addision Wesley, NY, 1960.

M. EI-Wakil, Nuclear Power Engineering, McGraw-Hill

P.P. Zweifel, Reactor Physics, McGraw-Hill, 1973.

Weston M. Stacy, Nuclear Reactor Physics, John Wiley & Sons, Inc.

A.E. Walter & A.B. Reynolds, Fast Breeder Reactors, Pergamon Press.



4. Health Physics & Radiological Safety (HP) (25 hours)

S.No.
1.

6.

Course content

Introduction: Radiation sources: Natural and Induced radioactive sources, units of
radioactivity, half-life and decay constant, specific activity.

Basic interaction mechanism of a) alpha b) Beta ¢) Gamma/X-rays d) Neutrons with matter.
Definition of various dosimetric terms (exposure, absorbed/equivalent/effective dose, concept
of radiation/tissue weighting factors and their importance (SI units & new units). Concepts of
Exposure measurement: Free air and Air wall chambers, Exposure-dose relationship, Bragg-
Gray principle.

Biological effects of Radiation:

Human body: Cells, tissues and organs, structure of cell, cellular effects. Factors, which
influence the damage of cell. Interaction of radiation with biological matter. Radiation effects:
stochastic and deterministic. Acute and delayed effects. Types of exposure (natural,
occupational, medical and public).

Radiation Protection and Regulations:

Importance of radiation protection program in DAE, Atomic Energy act, National and
International regulatory bodies, their role and responsibilities., Radiation Protection Rules, Dose
limits stipulated by these bodies. Dose limits observed in India.

Radiation protection philosophy, Principles of radiation protection, concept of ALI & DAC
(with suitable problems). Fundamentals of ICRP respiratory model, entry through ingestion, Gl
track model.

Principles of radiation detection and monitoring: Basic operating principles of a) Gas b)
Scintillation (including thermo luminescence detectors) and ¢) Semiconductors detectors.

Type of Radiation monitors/Radioactivity measurement methods adopted for radiation
protection.

Radiation protection and measurement (External and Internal):

Control of external exposures (with problems in each case). Buildup concept, shielding from
alpha, beta, gamma and neutron sources. Shielding from mixed sources.

Routes of intake of radioactive material,

Radiotoxicity and classification of laboratories, design of laboratory for radioactive work,
Radioactive waste classification and management. Personal monitoring, area-monitoring, air
monitoring. Bioassay, whole body counting techniques. Use of personal dosimeters (TLDs,
pocket dosimeters)

Radiation Protection procedures:

Procedures followed in radiation work places, work permits, zoning concept, contamination
control methods, and rubber areas, spill pack (gloves + absorbing paper), Decontamination
techniques. Precautions during radioactive source storage and handling, safety during
transportation. Nature of duties and responsibilities of Radiation Safety Officer/Health
Physicist.

Nuclear Accidents, Emergency Preparedness and Management:

Reasons for accidents, classifications of accidents, International Nuclear Events Scale. Types
of emergency, emergency preparedness.



7. Radiological aspects and Environmental Impact of FBRs
Radiological aspects of Fuel Cycle Facilities

8. Industrial Safety Aspects: Introduction to Industrial Safety (accident prevention technique,
Job safety analysis, control measures), Factories Act, 1948 & Atomic Energy Factories
Rules, 1996, industrial safety aspects (Physical and Chemical Hazards),Industrial safety
aspects (safety in Machineries, hand tools & Material handling equipments, personal
protective equipments, etc)Construction safety (includes Electrical Safety & Work Permit
System)

Books suggested:

LN
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10.
11.
12.

Introduction to Health Physics — Herman Cember

Introduction to Radiation Protection — Alan Martin

IAEA Regional Basic Professional Training Course on Radiation Protection (Course jointly
organized by BARC and IAEA), October 26-Dember 18, 1998

Nuclear Radiation Detection - W.J. Price

Radiation Detection and Measurement - G.F. Knoll

Biological Effects of Radiation — J.E. Coggle

Nuclear Radiation Detectors by S.S. Kapoor and V.S. Ramamurthy (Publication: New Delhi, Wiley
Eastern Ltd, 1986)

Atoms, Radiation and Radiation Protection by James E. Turner 1986

Problems and solutions in Radiation Protection by James E. Turner, 1988

Guide Lines for Hazard Evaluation Procedures — American Institute of Chemical Engineers

Risk Analysis in the Process Industries: The Institute of Chemical Engineers, England.

Loss Prevention in The Process Industries: Hazard Identification, Assessment and Control; Vol-1,
1996 2 Edition, Frank P Lees.

5. Nuclear Reactors (NR) (50 hours)

S.No.
A.

Course content
Mechanical Aspects of Power Plant Engineering:

Basic thermal Cycle used in NPS, means of Improving cycle efficiency, Major components in thermal
and Nuclear stations, Heat Balance typical calculations, Details of equipment — Steam Generators,
Turbines, Condensers, Feed Water heaters, De-aerator feed pumps, condensate and other pumps:
condenser cooling water system: C&lI; steam pressure control, steam discharge and steam dumping
features.



Thermal Power Reactors :

Layout of Nuclear Power Plant; Zoning requirements: layout of typical PHWR; description of layout in
the reactor building; Special requirements for'; nuclear components regarding material selection, reliable
operation with examples of pumps, valves, heat exchangers etc. operating environment (including
capabilities to withstand seismic loads). Description of calandria, end shield and coolant channel
(including fitting). Description of reactivity control scheme and related hardware e.g. zone control,
regulating rods, absorbers, shutdown systems etc. Fuel and Fuel transfer system; Primary Heat
Transport System; emergency core cooling system; Moderator system; Auxiliary System; Description
of process Water, Fire Water and Ventilation system (emphasis on role played as safety support
systems); Containment and associated safety systems to mitigate consequences of accidents and contain
reactivity release; ultimate heat sink and heat removal paths.A brief overview of PWR, BWR and
AHWR

Fast Power Reactors :

Fast Reactor Physics and Safety: Role of FBR’s, breeding ratio, doubling time, core design
features - Static and Dynamic, control rod design, shielding principles, Fuel management,
safety.

Overview of FBR: FBTR and PFBR. Comparison of FBRs: Core & important design parameters,
comparison of core components, major primary and secondary system components.

Core Engineering: Description, choice of core materials, Engineering design of core, High
temperature design methods.

Heat Transport Systems: Introduction, Design of IHX, SG, sodium pump, sodium piping, Decay
heat removal system.

Instrumentation & Control: FBR instrumentation requirements, Neutronic Instrumentation and
failed fuel detection methods, Reactor protection instrumentation and process instrumentation.

Sodium Technology (NRST)

Properties of Sodium: Physical and chemical properties, ( Hazardous nature and sodium-air,
sodium-water reactions), heat transfer properties, Manufacture of sodium, Heat transfer in liquid
metals, Hartman effect in liquid metals

Sodium Systems — General Description: Components of a sodium system, process, cover gas
system etc.

Impurities in Sodium, Purification Methods: Impurities in sodium, purification methods,
impurity monitors, (plugging indicator, on-line hydrogen, oxygen and carbon monitors)

Sodium System: Components, piping and Quality Control Materials, design aspects, tanks,
valves, vapor traps and other mechanical engineering aspects, sodium centrifugal pumps, high
temperature piping for sodium, fabrication aspects, quality control

Sodium Pumps and flowmeter: Electromagnetic pumps and flowmeter for sodium systems

Electrical Systems for Sodium Loops: Electrical supply, heating systems, heater control, types
of power supply

Instrumentation and Control: Level, leak, flow and temperature monitoring, pressure
measurement, control of process parameter in sodium systems, under sodium viewing.

System Operation Aspects: Sodium system pre-commissioning checks, methods of checking all
components, limiting conditions of operation, surveillance checks etc.

Sodium component cleaning, fire and safety

Sodium removal and sodium disposal methods, sodium fire and extinguishment methods,
system and industrial safety aspects.



Books suggested:
1. Nuclear Power Engineering, M. EI-Wakil, Mcgraw Hill Book Co., New York.
. Steam Power Station, G.A. Gassort.
. Power Plant Engineering & Economics, Strosal & Vapet.
. Central Electricity Generating Board (London), Modern Power Station Practice, Nuclear Power
Generation Ed 2, Oxford, Pergamon, 1971.
. Weisman. J. Modern Power Plant Engineering, Englewood Cliffs, Prentice Hall, 1985.
. IAEA Directory of Nuclear Reactors, Vol. IV, Power Reactors, Vienna.
. Fast Reactor Technology: Plant Design, J. G. Yevick, M.1.T. Press.
. Fast Breeder Reactors, A.E. Waltor & A.B. Reynolds, Permagon Press.
. Status of liquid metal cooled fast reactor technology, IAEA-TECDOC—1083
10. Material for Sodium Technology portion will be provided during the course.
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6. Reactor Engineering (RE) (40 hours)

S.No.
A.
1.

10.

11.

12.

Course content
Core design

Introduction - Role of FBR, Main Characteristics of LMFBR, Sodium as coolant, Core
Configuration, Definition of NSSS & BOP, Pool & Loop Type Design.

Fixing Size & Parameters of LMFBR - Test Reactor, Commercial & Prototype Reactor, Unit
energy cost, Hot Spot temperature of Clad, Optimisation on Pin Diameter.

Definition of Smear Density, DPA & Burn up.

Fast Reactor Core — Fuel, Basic Requirements, Choice of fuel material, Candidates for Fuel,
Swelling, Fabrication cost, Reprocessing, Negative Doppler coefficient, Thermal expansion,
Burnup.

Absorber — required features, candidate materials.

Structural Material in Core - Requirements of Core Structural Material, Effect of Neutron
Irradiation on SS, Radiation Hardening, Embrittlement, VVoid Swelling, Irradiation Creep,
Effect of Swelling & irradiation induced creep, Efforts to reduce swelling

Sub-Assembly (SA) Design - Basis for Number of pins in a fuel SA, Pin spacers, Gas Plenum,
Duct considerations, Volume Fraction, Assembly Length.

Other Subassembly design - Blanket, CSR, DSR, Reflector, Inner B4C, Outer B4C and Steel
Shielding subassemblies.

Thermal Design of Fuel Pin - Thermal Analysis, Causes for fuel restructuring, Developing
Analytical Model, Necessary physical parameters, Na Heat Transfer coefficient, Hot spot
Analysis, Calculation of temperature distribution across fuel pin.

Mechanical Design of Fuel Pin - Failure Criteria for Pin, Strain Limit Approach, Cumulative
Damage Fraction, Stress analysis, Cladding wastage.

Hydraulic Design of Core - Factors to be reviewed for Core Hydraulic Design - Hydraulic
lifting force, Mixing studies, Power flattening & flow zoning, Vibration.

Handling of core subassemblies - Inherent problems associated with on-line fuel handling,
Fresh SA Handling, Spent SA Handling.

Coolant circuits

Selection of coolant for FBRs, thermal, transport, nuclear, chemical and other considerations.
comparison between various coolants. Special characteristics of sodium. Its impact on heat
transfer and structural mechanics considerations. Selection of structural materials, basis and
important alloying elements

Main heat transport system: primary and secondary sodium system, necessity of intermediate
loop. Safety Grade decay Heat removal system, Decay heat, necessity for independent system.

Features of major components such as intermediate heat exchangers, steam generators, sodium
to air exchangers, sodium pumps, electro magnetic pumps, sodium tanks, support design for
sodium components from thermo mechanical and seismic considerations, sodium valves and
types

Design criteria, Loadings to be considered, Analysis method and validation methodology
Special characteristic of sodium piping, sodium leak, sodium fire, various types of leak
detectors, continuous and discontinuous level detectors etc.

Sodium purification loop, oxygen control, plugging indicator, cold trap, characteristics and
features

Operating experiences of fast reactors, failures and sodium leaks reported for Phenix, Monju,
PFR and other fast reactors, reasons for leak and remedy.

Books suggested:



1.Fast Breeder Reactors - Walter, A.E. & Reynolds, A.B., PERGAMON Press.

2.Fast Reactor Technology - Plant Design - Yevick, J.G., M.I.T. Press.

3.Fundamental Aspects of Nuclear Reactor Fuel Elements - Donald R. Olander, U.S.Department of
Energy, 1985.

CORE ENGINEERING

1. Code Design for Pressure Vessel & Piping (ME1) (30 Hours)

S.No. Course content

1. Membrane theory for thin shells, stresses in cylindrical, spherical and conical shells, dilation of
above shells, general theory of membrane stresses in vessel under internal pressure and its
application to ellipsoidal and torispherical end closures.

2. Thick cylinder and sphere and derivation of Lame's equations. Derivation of ASME Sec. VIII
Div. 1 & Div -2 equations for cylindrical spherical and conical shells, ellipsoidal and
torispherical end closures.

3. Bending of circular plates and determination of stresses in simply supported and clamped
circular plate. Basis of ASME equation for flat closures.

4., Openings, nozzles and external loading. Stress concentration in plate having circular hole due
to bi-axial loading. Theory of reinforced opening and reinforcement limits.

5. Beam on elastic foundation and its application to thin-walled pressure vessels. Extent and

significance of load deformation on pressure vessel. Reinforcement rules for ASME, Sec. VIII
Div.1. Local Stresses in shells due to external loadings from nozzles and lugs etc.

6. Bolted Flanged joints. Types of flange joints. Types of gasket and their selection. Bolting
design. Flange loads and moments. Design of flange as per ASME Boiler and Pressure Vessel
and B 31.3 Code.

7. Supports for vertical and horizontal vessels. Design of base plate and support lugs. Types of anchor
bolt, its material and allowable stresses. Design of saddle supports.

8. Buckling of vessels under external pressure. Elastic buckling of long cylinders, buckling
modes, Buckling (collapse) coefficients. ASME procedure for design of vessels under external
pressure. Design for stiffening rings. Design of shells for axial compression.

9. Derivation of TEMA Design equation for tube sheets. Background of the ASME design rules
for tube sheets.

10. Piping thickness as per ANSI ASME B31.1 and B31.3 piping code. Flexibility factor and stress
intensification factor. Design of piping system as per B31.1 piping code. Design of piping for
hazardous fluid as per B31.3

11. Design consideration for pressure vessel. Design pressure and temperature, Allowable stresses,
Impact toughness requirement as per ASME Sec. VIII Div.l1 code. Non-destructive
examination of welds as per ASME Sec.VIII, Div.1 code. Difference between Sec. VIII Div.1
& Div.2.

Books suggested:

1. HarveyJ F, ‘Pressure vessel design” CBS publication
2. Brownell. L. E & Young. E. D, ‘Process equipment design’, Wiley Eastern Ltd., India



3. ASME Pressure Vessel and Boiler code, Section VIII Div 1 & 2, 2003
4. American standard code for pressure piping , B 31.1
5. Standards of Tubular Exchanger Manufacturers Association, Eighth Edition ,1998

2. Finite Element Method (MES8) (30 hours)

S.No. Course content
1. Introduction to FEM as applied to solid mechanics. Energy principles in structural mechanics
and principles of minimum potential energy
2. Element Shape and Shape Functions: Generalised co-ordinates. General requirements of

shape functions; Lagrangian and Hermitian interpolation functions — CO, C1 continuity;
Natural coordinate system; Derivation of shape functions for Bar, Beam, Plane, Brick and
Plate elements.

3. Bar Element: Derivation of elemental stiffness matrix and load vector; Transformation from
element to global coordinate system; Assembly of Global stiffness matrix and load vector;
Solution of typical 2D-plane Truss problems to evaluate Displacements and Member
forces/stress; Thermal stress evaluation in Bars/Truss.

4, Beam Element: Derivation of elemental stiffness matrix and load vector; Solution of simple
Beam problems to evaluate Deflections/rotations; BM/SF distribution and determination of
stresses, Shear deformation in beams. Curved Beam Element: Derivation of elemental
stiffness matrix and load vector; Derivation of stiffness matrix for elbow.

5. Axisymmetric Thin Shell Element: Strain-displacement and stress-strain relationship;
Derivation of stiffness matrix and load vector for 2 noded axisymmetric thin shell element.
2D Plane Elements — 3 Noded Triangular Element: Derivation of elemental stiffness matrix
and load vector, Plane Stress/Plane Strain & Axisymmetric elements: Evaluation of
Strain/Stress.

6. 2D Isoparametric Element — 4, 8 and 12 noded quadrilateral Element: mapping of parent
element to global space; Jacobian matrix; necessary and sufficient conditions for existence of
inverse of Jacobian; Derivation of stiffness matrix for plane & axisymmetric elements;
Evaluation of strain/stress at Gauss points.

7. Introduction and Application of 3D Elements: Strain displacement and stress-strain
relationship; Tetrahedron, Triangular prism and Hexahedron elements.

8. Plane Bending Elements: Thin and Thick plate theory; Elements based on Kirchoftf’s Theory;
Elements based on Mindlin Theory; Shear locking and Reduced Integration.

9. Shell Element: Strain-displacement and stress-strain relationship; Flat plate and curved shell
elements; 4 and 8 noded degenerated thick shell Elements, basic assumptions, degree of
freedom, shape functions and shear locking.

10. Incompatible Displacement Model: Bending deficiency in the linear strain quadrilateral
element; Incompatible quadrilateral element.
11. Introduction to Nonlinear Problems. Meshing and Errors: Finite Element Modeling and

Discritization Criterion, Adaptive meshing, classification of FEM stresses per ASME code,
sources of potential error in the finite element solution

Books Suggested:

1.Finite Element Procedures-K.J.Bathe, Prentice Hall, 1996.

2.Concepts and Applications of Finite Element Analysis, R.D.Cook,D.S.Malkus & M.E.Plesha, 4™ Ed.,
Prentice-Hall India, 2003.

3.An introduction to the Finite Element Method-J.N.Reddy, 2" Ed., McGraw Hill Education (ISE
editions)-1993.

4.Finite Element Method-O.C.Zienkiewicz & R.L.Taylor, 5" Ed., Vol.1, Butterworths-Heinemann,2000.
5. Finite Element Method-O.C.Zienkiewicz & R.L.Taylor, 5" Ed., Vol.2, Butterworths-Heinemann,2000.



6.The Finite Element Methods: its basics and fundamentals- O.C.Zienkiewicz ,R.L.Taylor &J.Z.Hu,
Elsevier,2005.

7.The Finite Element Method: Linear,Static and Dynamic Finite Element analysis-T.J.R.Hughes, Dover
Publication,2000.

8.Fundamentals Finite Element Analysis and Applications-M.Ashghar Bhatti, John-Wiley & Sons,
NJ,2005.

3. Advanced Heat and Mass Transfer (ME10) (30 hours)

S.No. Course content

1. Basic equations: Kinematics of fluid flow. Streamline, streakline and pathline; stream
function, vorticity & deformation of a fluid element. Basic equations governing heat
conduction, fluid flow & mass transfer (viz. the continuity’, momentum and energy' equations)
with special reference to Navier-Stokes & Bemoulli equations.

2. Laminar Boundary Layer and Forced Convective Heat: Formulation of differential
equation for hydrodynamic and thermal boundary layer. Different analytical method of
reduction of boundary layer equations and theoretical formulation of boundary layer thickness.
Study of jets and inlet flow and flow separation in the light of Boundary Layer Theory.
Convective heat transfer for intemal and extemal flows. Low and high Prandtl number limits
and different thermal boundary conditions Numerical Solution of Reduced Boundary Layer
Equations: BVP, Keller box method.

3. Turbulent Flow and Heat Transfer: Reynolds decomposition for turbulence. Prandtl's
mixing length theory, Mixing length models. Structure of turbulent boundary layer over flat
plate and through circular cylinder. Calculation of friction factor and drag coefficient.
Analytical and semi-analytical. correlations for calculating heat transfer coefficients. Analogy
between heat and momentum transfer. Reynolds analogy, von Karman-Prandtl analogy,
Martenelli analogy, Lyons analogy

4. Turbulence Modeling: Eddy diffusivity models: k-£ and k-w) models, RNG based k- £ model.
Reynolds stress models: algebraic & differential models. Low Reynolds number models Large
eddy simulation: Smagorinsky and Dynamic sub-grid scale models

5. Natural Convection: Basic Equations of natural convection. Boussinesq approximation.
Derivation of Dimensionless groups from basic equations. Analytical approximations
6. Principles of heat transfer in porous media: Single phase flow in porous medium Darcy

Moment, porosity, permeability etc.., homogenization method, continuity equation & energy
equation, introduction to 2 phase flows & heat transfer in fluid flows.

7. Heat Transfer With Phase Change : Introduction of two phase flow and basic relations; flow
regimes in adiabatic and diabatic vertical co-current flow and in adiabatic co-current horizontal
flows. Basic equations of two phase flow; Homogenous & separated flow models for two phase
flow, void fraction & phase velocity ratio (Zivi's model). Introduction to boiling heat transfer
and bubble nucleation; Regimes in boiling heat transfer (a) pool boiling (b) flow boiling: Heat
transfer correlation for pool boiling (Rohsenow's correlation) and flow boiling (Chen's
correlation). Condensation heat transfer: Nusselt's theory and its limitations: Jet condensation
fundamentals and its application in containment cooling. Critical heat flux: Various models of
critical heat flux, CHFR, MCHFR Critical power concept. Post dryout heat transfer. Various
models available for calculation of heat transfer coefficient.. Critical Flow. Models for single -
phase and two-phase critical flow.

8. Radiation heat transfer: Radiation heat transfer. Introduction; Reflection, absorption,
transmission and emission; concept of black and grey body; total emissive power and Stefan-
Boltzmann constant. Kirchoffs law. Radiation heat transfer between two bodies: shape factor
& law of reciprocity; radiation heat transfer between two grey bodies.

Books suggested:
1. Fox.J. A, Introduction to Engineering Fluid Mechanics, New York, Mc Graw Hill, 1974
2. Frank M White, Fluid Mechanics, 5th Edition, Boca Raton, CRC Press, 2000.



4, Com

Cengel Y.A, Introduction to Thermodynamics and Heat Transfer, New York, Mc Graw Hill, 1997.
Frank P. Incropera, David P. DeWitt, Fundamentals of Heat and Mass Transfer, 5th Edition, New
York, John Wiley & Sons, 1996

Adrian Bejan, Convection Heat Transfer, New York, John Wiley & Sons, 2004.

Wilcox. D.C, Turbulence Modeling for CFD, California, Dcw Industries, 1993.

Pope S.B, Turbulent Flows, Cambridge, Cambridge University Press, 2000.

Stephan K, Heat Transfer In Condensation Boiling, Berlin, Springer Verlag, 1992.

Tong. L.S, Boiling Heat Transfer And Two Phase Flow, New York, John Wiley & Sons, 1966.

. P.B. Whalley, Two-Phase Flow and Heat Transfer, Oxford Press, 2005.

. Hetsroni G, Handbook of Multiphase Systems, Washington, Hemisphere, 1982.

. Hewitt. G.F, Process Heat Transfer, Boca Raton, CRC Press, 1994.

. Collier. J.G, Convective Boiling and Condensation, London, Mc Graw Hill, 1972.

putational Fluid Dynamics (ME6) (30 hours)

S.No. Course content

A Basics of Fluid Flow, Heat Transfer and Numerical Analysis:

1.

w
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Kinematics of fluid flow. Streamline, streakline and pathline; streamfunction, vorticity and
deformation of a fluid element.

Basic equations governing heat conduction, fluid flow and mass transfer (viz. the continuity’,
momentum and energy' equations) with special reference to Navier-Stokes and Bemoulli
equations.

Classification of Partial Differential Equations (PDES)

Discretization of conduction equation with Dirichlet, Neumann and periodic boundary conditions,
by ADI and TDMA methods.

Temporal integration: explicit, implicit scheme

Discretization of convection, upwinding, Streamline-Upwind Petrev Galerkin method.
Discretization of convection-diffusion problem: exponential scheme, power-law scheme
Numerical Solution of Complete Fluid Flow and Energy Equation:

Formulations of governing equations used in numerical simulation:

Stream function-temperature formulation

Stream function-vorticity-temperature formulation

Velocity-vorticity-temperature formulation: Poission, Cauchy-Riemaim and Biot-Savart form
Primitive-Variable (P-V-T) formulation

Pressure velocity coupling for incompressible flow.

Staggered, Non-Staggered Grid (momentum interpolation, pressure-weighted interpolation)
Discussion on MAC, PISO, SIMPLE and SIMPLEN family of Methods

Simple grid generation techniques for structured grid:

Elliptic. parabolic and hyperbolic equation method

Grid adaptation

Domain decompositions in CFD and heat transfer

SIP and preconditioned conjugate gradient methods for solution



14.

15.

16.

Numerical Solution of Reduced Boundary Layer Equations: BVP, Keller box method for laminar
and forced convective boundary layer problems.

Numerical solution of approximate equations for natural convective heat transfer problems
including porous medium.

Mathematical formulation and numerical solution of compressible flows and heat transfer.

Books suggested:

1.

2.
3.

4.
5.

An Introduction to Computational Fluid Dynamics: The Finite Volume Method - H.K. Versteeg and W.
Malalasekera, Addison-Wesley Longman, Limited, 1995, Reprinted in 1996.

Numerical Heat Transfer and Fluid Flow - S.V. Patankar, McGraw-Hill, 1981.

Computational Fluid Flow and Heat Transfer — K.Muralidhar, T.Sundararajan, Narosa Publishing -
New Delhi, 2003 (IT Kanpur series of advanced texts).

Heat Transfer- J.P.Holman, 9" Ed., McGraw Hill, NY.

Convective boiling and condensation- J.G.Collier, McGraw Hill, London,1972.

5. Reliability Engineering (ME13) (20 hours)

S.No.
1.

Course content

Reliability Mathematics- Fundamentals of probability, Random Variables and their probability
distributions, common distribution functions, Uniform, Normal, Lognormal, Exponential and
Extreme value distribution, correlations, Regression analysis, Bayesian Methods, Functions of
Random Variables, Central Limit theorem

Elements of Component Reliability — Definition of reliability, Availability and risk, Basic
Component reliability model, Failure rate & hazard rate, Life testing, Component reliability.

Reliability in Engineering Design — Limit state, Probability of failure, Monte Carlo simulation
method, Generation of Uniform Random Number, Generation of Normal Random Number,
General procedure of generating random numbers from an arbitrary distribution, Accuracy of
probability estimates, Reliability Index, First Order Second Moment Reliability estimates,
Reliability Index, First Order Second Moment Reliability Index, Hasofer Lind Reliability
Index, Rackwitz Fiessler procedure, Correlated random variables.

Probabilistic Fracture Mechanics — Brief overview of failure modes for flawed structures, linear
elastic fracture mechanics, net section collapse, R6 method, fatigue analysis, crack growth
analysis, Application of PFM to nuclear structural components.

System Reliability Analysis — Elements and systems, series and parallel systems, Reliability
bounds on structural systems, Failure mode and Effect analysis, Reliability block diagram,
Redundancy techniques in system design, Fault tree and Event tree analysis, Reliability and
availability of repairable systems.

Application of Reliability — PSA of Nuclear Plants, Identification of initiating event, Event
sequence modeling, system modeling, input data analysis including common cause failure and
human reliability data quantification, determination of Core Damage. Frequency and its
significance. Internal and External events, Reliability centered maintenance, Risk based in-
service inspection strategies, Important measures, Risk based ranking matrix.

Books Suggested:

1. Reliability and Maintainability Engineering, Charles.E.Ebeling, Tata- McGraw Hill, 2000.
2. Fracture Mechanics- Fundamentals and Applications, T.L.Anderson , CRC Press, 2005.



3. Lecture Notes-Topics in Solid Mechanics-Reliability Analysis and Design, Sharit Rehman, 1999.

4. Structural reliability analysis and prediction-R.E.Melchers, Ellis Horwood Limited, 1987.\

5. Probablistic Safety Assessment in Chemical and Nuclear Industry-R.R.Fullwood, BH, Oxford, 2000.
6. Probability, reliability and statistical methods in engineering design — Halder. A and Mahadevan.S.,
2000, John Wiley & Sons, Newyork.

7. Introduction to reliability engineering - E.E. Lewi, John Wiley, NY, 1987

8. An introduction to reliability and maintainability engineering, Tata-Mcgraw hill, New Delhi 2000.
9. Probabilistic structural mechanics handbook — C(Raj) Sundararajn, 1995, Chapman and Hall, NY.

6. Manufacturing Technology (ME14) (40 hours)

7.

S.No.

1.

w

Course content

Curriculum for Metal Forming
Uniaxial tensile test:
a. Engineering stress, engineering stain, true stress, true strain;
b. Extraction of plastic stress-plastic strain data from load — elongation data of uniaxial
tensile tests; Hollomon type and Voce type constitutive relations;
c. Tensile instability and significance of strain harkening exponent;
d. Determination of strain rate sensitivity index and the significance of strain rate
sensitivity;
Stress matrix and the derivation of the Cauchy relation from the law of conservation of linear
momentum; concept of principal stress;
Small strain matrix and rotation matrix obtained from the displacement functions;
Elements of the theory of plasticity:
a. Decomposition of stress matrix to hydrostatic and deviatoric matrices;
b. Yield surfaces as a function of the second and third invariants of the deviatoric matrix
with von Mises and Tresca criteria being examples; concept of equivalent stess;
c. Normality flow rule and convexity of the yield surface; concept of equivalent strain
Curriculum for Materials Joining
Welding Processes
a. Fusion Welding Processes: Arc Welding Processes like SMAW, GTAW, GMSE,
GVSE etc. and Beam welding process like EB welding and Laser Welding
b. Solid state Welding Process like Friction Welding, Friction Stir Welding, Diffusion
bonding, Explosive welding
c. Resistance Welding Processes
Thermal Cycle during welding
a. Weld Thermal Cycle, Dependence of bead shape with welding speed, prediction of
weld thermal cycle
Residual Stress and Distortion
a. Generation of residual stress, Effect of residual stress on performance, removal of
residual stresses, measurement of residual stresses
b. Origin of Distortion, Control of distortion

High Temperature Design & Inelastic Analysis ME4: (25 hours)

S.No.
1.

2.

Course content
Introduction: Modes of failure, material selection, criteria to assess creep effect, creep law,
creep-fatigue interaction, thermal striping
Design Practice: Loading category, primary, secondary and peak stress intensity, allowable
stress intensity (Sm), assessment of basic wall thickness, strain limits



3. Analysis: strain range under multi axial state of stress, Nuber’s rule, triaxiality, elastic
followup, fatigue damage, allowable numbers of cycle, creep damage, creep life prediction,
creep rupture strength, creep fatigue interaction, ratcheting, efficiency diagrams and creep
buckling

Fracture mechanics, creep crack growth, introduction to RCC-MR A16

In elastic Analysis: General principles for constitutive models, non unified model (plastic +
creep ), flow rule, creep strain hardening, classified models, viscoplastic material model,
non-linear kinematic hardening, isotropic hardening, plastic strain memory, finite element
Implementation, automatic time integration

Books Suggested:

1.Creep Analysis — H.Krauss

2.Mechanical Metallurgy-G.E. Dieter

3.Creep in Structures-A.R.S.Ponder and Drkhayhurst

4.Advances in Creep Design-Ed.A.l1.Smith and A.M.Nickelson

5.ASME Section3 Subsection NH-1

6.French Design Code-RCCMR-Subsection RB

SRR

SPECIALISED/ELECTIVE COURSES
1. Machine Design (25 hours)

S.No. Course content

1. Principles of Machine Design: Objectives of machine design, general design rules, design
methods, variable loads, Lightening of parts and rational design schemes, Rigidity of
structures, Cyclical/Contact/Thermal strengthening, Surface finish, special machine
elements bearings. Expansion bellows and springs. Introduction to inventive problem
solving.

2. Design and Drawing Practices: Drawing standards, selection of tolerances, fits, and
positional tolerances. Introduction to Drawing Practices: (matter from various drafting
standards), Introduction to CAD (including introduction to various drafting and solid
modelling softwares)

3. Sealing Methods: Static, dynamic, metallic and non-metallic seals, pipe threads, seal
materials and their selection, elastomeric O’ rings, mechanical seals, labyrinth, valve
packings. Methods of sealing for high and ultra high vacuum.

4. Special Dimensional Inspection Techniques:  Description of special dimensional
inspection techniques, gauging techniques including composite and paper gauging,
advanced inspection tools including co-ordinate measuring machines and form measuring
machines.

5. Advanced Manufacturing Techniques: Precision machining, super finishing, advanced
manufacturing, Micro machining.

Books suggested:

1) Mechanical engineering design (In SI Units) - Joseph E Shigley & Charles R Mischke, New Delhi,
Tata Mcgraw Hill, 2001.

2) Design Of Machine Elements Edition 7 - Spoots (M F), Shoup (T E), New Jersey, Prentice Hall,
1998.

3) Machine Elements in Mechanical Design - Mott (R L), Columbus, Charles E Merril, 1985.

4) Design of machine elements — V B Bhandari, Tata Mcgraw Hill.



5) Mechanical Engineering Design (In SI Units) — Joseph E Shigley & Charles R. Mischke, New
Delhi, Tata Mcgraw Hill, 2001.

6) Design of Machine Elements - Ed. 7 — Spoots M F, Shoup T E, New Jersey, Prentice Hall 1998

7) Machine Elements in Mechanical Desgin — Moot R L, Columbus, Charles E Merril, 1985.

8) Design of machine elements — V B Bhandari, Tata Mcgraw Hill.

9) Fundamentals of machine design — Oriov, Mir Publishers, Moscow.

10) Fluid power applications — Anthony Esposito, Pearson education

11) Precision engineering manufacturing — Murthy R.L., New Age International

12) MEMS and Microsystems design and manufacture — Tai-Ram Hsu, Tata McGraw Hill.

2. Structural Integrity Assessment Methods and NDE (ME3) (30 hours)

S.No.
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Course content

Fracture Mechanism in Metals

Linear Elastic Fracture Mechanics

Elastic Plastic Fracture Mechanics

Low Cycle Fatigue

Assessment of Creep damage and creep-fatigue interaction

Creep crack growth models

Experimental determination of fatigue and creep curve CTOD, KIC, Kla, J-R curve and C*
Basis of ASME Sec. XI Reference Curve and its use in Pressurised Thermal Shock
CTOD design method

J-Estimation Schemes and J-based failure assessment diagram

Net Section Collapse Criteria and Reference Stress approach

R-6 method and its application

Thermal background of international assessment procedure
RCCMR code/A-16 method and its application

CEGB codes

Application of R-5/R-6 for design of high temperature components
Failure Assessment Diagram of PD-6493 and BS-7910

J-Estimation Schemes and J-based failure assessment diagram

Leak-Before-Break design method

Analysis of numerical techniques/Computational fatigue, Fracture and creep
Probabilistic Fatigue, Fracture and creep

Bench Mark solutions

Manufacturing and process-induced defects that influence structural integrity -
Principles, capabilities and applications of surface examination NDE techniques
Principles, capabilities and applications of volumetric examination NDE techniques

Quality assurance of nuclear components with relevant codes and standards and quality
concepts

Structural integrity, in-service inspection and life assessment of nuclear components using
NDE

NDE Lab visit and Practicals



Books Suggested:

1. Practical Non-destructive testing- Baldev Raj, Jayakumar.T. and Thavasimuthu. M., Narosa
publishing house, New Delhi, 1997

2. Advances in NDE for structural integrity, - Nichols. R.W., Applied Science Publishers, London,
1982.

3. Non destructive Evaluation: A tool in Design, Manufacturing and Service and Francis — Don
E.Bray and Roderick K. Stanley, Taylor, CRC Press, New york, 1996.

4. Non-destructive testing, R. Halmshaw, Edward Arnold, 1991.

5. Electrical and Magnetic Methods for Non-destructive testing, - J. Bllitz, Adam Hilger, Bristol,
1997.

6. Ultrasonic testing of materials, - Josef Krautkramer, Herbert Krautkramer, Springer-Verlag.
January 1983.

3. Vibration Engineering and Condition Monitoring (20 hours)

S.No. Course content

1. Single-degree-of Freedom (SDOF) Systems: Free vibration equation of motion; Concept of
natural frequency; Solution of equation of motions for undamped and damped free vibrations
—underdamped, overdamped and critically damped systems; Material and structural damping
— evaluation of damping in SIDOF systems’ Response to harmonic loading — complementary
solution and particular solution; Response to periodic loadings using Fourier Series, Response
to general dynamic loading — Duhaml’s Integral.

2. Multi-Degree-of Freedom (MDOF) Systems: Equations of motion — lumped mass and
distributed parameter systems; Eigen value problem, concepts of Eigen values and
eigenvectors; Normal mode vibrations — Free and forced; Orthogonality conditions; Mode
superposition method & Direct integration methods; Vibration of continuous systems;
Vibration absorption, vibration isolation and dampers, transmissibility and isolation
efficiency.

3. Response of Systems to Ground Motion: Earthquake motion — Safe shutdown Earthquake
(SSE) and Operating Basis Earthquake (OBE); Magnitude and Intensity of an earthquake;
Design basis earthquake — Design Time History and Design Response Spectra; Response
Spectrum Method and Time History Method of Analysis — Concept of Mode participation
factor, modal Combination and spatial combination rules; Aseismic design of equipments and
piping systems as per ASME Sec.l1l Appendix-N

4. Rotor Dynamics: Basic Concept: a) Critical speed, b) Unbalance response; Whirling of
rotating shaft — Jeff Cott rotor; Phase-amplitude relationship, effect of damping; Amplitude
build up at critical speed; Effect of support flexibility; Performance verification of rotating
machinery.

5. Dynamic Balancing: Static and Dynamic unbalance; Single plane and two plane balancing;
Sources of unbalance; Method of mass correction and balancing practice; Balancing quality
standards and specification for rotors; Classification of rotors and type of balancing required.

6. Flow Induced Vibration: Fluid-Flow across smooth circular cylinder and in an array of
cylinders; Strouhal number, Added Mass; Models and analysis for vortex-induced Vibration;
Sources of Vibration in pipes containing fluid; Codes and standards applicable for flow
induced vibrations.

7. Vibration Measurement and Signal Analysis: Types of transducer, their principle and
application ranges; Accelerometer, Eddy current transducer and LVDT, Modes of vibration
measurement (Displacement, Velocity and acceleration); Characterization of periodic,
periodic and random signals; Fourier Spectrum, Power spectrum, Cross-power spectrum,



coherence, auto and cross — Correlation and significance of these parameters; Application of
vibration of condition monitoring and diagnostics; Vibration standards for acceptance.

Book suggested:

1.

2.

IS A

Theory of Vibration with Applications, William T. Thomson, CBS Publishers & Distributors,
1988.

Mechanical Vibration Practice with basic theory — V. Ramamurti, Narosa publishing house,
Chennai.

Vibration measurement and analysis - B.C. Nakra, G.S.Yadava, L.Thuestad, National
Productivity council.

Flow-induced vibration — Robert D. Blevins, Krieger publishing, Latest edition.

Machinery vibration - Victor Wowk, Tata Mcgraw hill publishers, Latest edition

Machinery malfunction diagnosis and correction — Robert C. Eisenmann, Pearson education
publications, Latest edition.

Practical machinery management for process plant — H.P. Bloch, vol 2, Gulf publishing
company, London, Latest edition.

Engineering applications of correlation and spectral analysis — Bendat J.S. and Piersom A.G.,
John wiley publications, Latest edition.

4. Seismic Design of Nuclear Reactors and Facilities (MES5) (20 hours)

S.No.

1.

Course content

Introduction to Earthquakes: Tectonic features, faults e.g., plate boundaries, intra faults,
horizon of earthquakes, Definition of various terms e.g., focus, epicenter distances, energy
release, relations of magnitude v/s energy, magnitude v/s peak ground accelerations, definition
of various waves generated e.g., p-waves, recording of earthquake motions, strong motions,
attenuation relations.

Design Basis Ground Motion and IS 1893 Spectra: Selection of design magnitudes of
earthquakes, Evaluation of peak ground accelerations, return/recurrence periods, spectral
shapes, synthetic time histories, peak ground accelerations for various zones of India.
Introduction to Earthquake Engineering: Equations of motion for simple systems,
importance of inertia forces, elastic forces, energy dissipation and damping, natural frequencies,
mode shapes, modal participation factors, evaluation of seismic forces for single and two degree
freedom systems.

Analysis Procedures for multi degree freedom systems: Formation of matrices for stiffness,
mass and damping. Frequency evaluation methods-subspace iteration, lanczos. Response
spectrum analysis-modal combinations. Time history analysis- Wilson-g, Newmark-b

Soil-Structure Iteration: General requirements, types of foundations, evaluation of subsurface
material properties such as shear modulus, material damping ration, Poisson’s ration etc.
Analyses- direct method, impedance method, foundation uplift analysis.

Analysis and design of Structures: Modeling of structures considering soil-structure
interaction, structure-equipment interaction, damping of the structures, analysis of structures,
evaluation of seismic forces, design of structures for seismic loads.

Analysis and design of Equipment: Modeling of equipment, structure-equipment interaction,
equipment-piping interaction, damping of the structures, analysis of structures, evaluation of
seismic forces, design of structures for seismic loads.



8. Analysis and design of Piping: Modeling of piping, equipment-piping interaction, damping of
the piping, analysis of piping, evaluation of seismic forces, and design of piping for seismic
loads.

9. IS 1893, 2002, Indian Standard Criteria for earthquake resistant design: Seismic
Coefficient method, Importance factors for industrial systems, response reduction factors,
ductility design provisions, seismic design of chimneys, towers as per IS 1893.

10. Testing: Pseudo-dynamic testing, shake table testing, in situ testing, ambient testing, testing
for functional requirements, determination of natural frequencies and damping.

11. Response Control and Retrofitting: Merits of response control design, passive (EPD, LED,
base isolation etc) and active control, various devices of active and passive control, various
retrofitting techniques, FRP wrapping, steel plate wrapping.

12. Seismic Design of Nuclear Facilities: Earthquake resistant design of nuclear facilities with
limited radioactivity inventory such as Research Reactors, "Waste Management Plants suing
IAEA-TECDOC-348, Design of nuclear fuel cycle facilities using IAEA-TECDOC-1250.

13. Seismic re-qualification of old plants: Inelastic response spectra, push over analysis,
retrofitting techniques.

14. Tutorials: Simplified models for structures like towers, chimneys, simple frames, equipment
like heat exchangers, pressure vessels and piping considering various support conditions like
fixed-fixed, fixed-free, pin-pin, evaluation of seismic responses using first fundamental modes
or peak values of design response spectrum.

Books Suggested:
1. Chopra, A.K., “Dynamics of Structures, Theory and applications to Earthquake Engineering”, Pearson
Education Inc., 2003.

2. Ray W.Clough and Joseph Penzien, Dynamics of Structures”, New York, McGraw-Hill Book
Company.

3. Mariopaz, “Structural Dynamic (Theory and Computation)”, CBS Publishers and Distributors, Delhi.

4. Bathe, K.J., and Wilson, E.L., “Numerical Methods in Finite Element Analysis”, Englewood, N.J.,
Prentice-Hall.

5. ASCE 4-98, “Seismic Analysis of Safety Related Nuclear Structures and Commentary”, ASCE, New
York.

6. United States Nuclear Regulatory Commission (USNRC), 1990, Standard Review Plan

7. P.N. Agarwal, “Engineering Seismology”, IBH Publishers, New Delhi.

8. Safety Guide, AERB/SG/D-23, “Seismic Qualification of structures, Systems and Components of
PHWRS.

9. AERBJ/SG/S-11, 1990, “Seismic Studies and Design Basis Ground Motion for Nuclear Power Plant

Sites”. AERB, Mumbai, India.

10. 1S: 1893 (Part 1,2 & 4) 2002, criteria for Earthquake Resistant Design”, BIS, New Delhi.

5.

Plant Dynamics (20 hours)

S.No. Course content

1. Pressure drop in fuel Subassembly, friction, local acceleration and elevation
pressure drop in wire-wrap. Flow zoning

2. Hot spot factors: Classification, basic statistical relationship, determination of
subfactors, multiplicative & statistical methods of combining subfactors.
Subchannel analysis of fuel subassemblies, mixing parameters, introduction to
computer codes.



Event analysis: General safety features, General Considerations on Design Basis
Events, Thermal and Hydraulic Modeling for Analysis, Safety Criteria, Design
Criteria for Selection of SCRAM Parameters, Sympathetic Safety Actions, Primary
Sodium Flow Halving Time, Maximum Permissible Absorber Rod Speed.

Results of Analysis of Major DBE: One Primary Sodium Pump Acceleration,
Both Primary Sodium Pumps Acceleration, One Secondary Sodium Pump
Acceleration, Both Secondary Sodium Pumps Acceleration, Feed water Flow
Increase Events, Continuous Withdrawal of One CSR, One Primary Sodium Pump
Trip, One Primary Sodium Pump Seizure, Off-Site Power Failure with Emergency
Backup for PSP, Primary Pipe Rupture, One Secondary Sodium Pump Trip, One
Secondary Sodium Pump Seizure, One Boiler Feed Pump Trip, Loss of Feed Water
Flow to Steam Generator, Intermediate Heat Exchanger Sleeve Valve Closure, Loss
of Heating in High Pressure Feed water Heaters, Spurious SCRAM. Reactor start-
up, BFP Trip and over speeding at full power, Turbine Generator -Trip and
subsequent plant operating actions, power setback.

Decay Heat Removal: Decay Heat Removal through OGDHRS, Decay Heat
Removal through SGDHRS, Need for Forced Convection Core Flow, Decay Heat
Removal during Station Blackout Situation, Adequacy of SGDHRS Capacity.

Energy Release In Beyond Design Basis Events: Local Events: Subassembly
Accident, Whole Core Events: Pre — disassembly Phase, Disassembly Phase,
Mechanical Energy Release / System Response Phase, Analysis of Transient Over
Power Accident, Computer Codes, Analysis of Loss of Flow Accident (LOFA),
Sodium Void Worth, Consequences of Fuel - Coolant Interaction

Books Suggested:
Material will be provided during the course

6. Experimental Mechanics (20 hours)

S.No.
1.

Course content

Stress & Strain: State of stress, strain, plane stress, plane strain, Thermal stress,
Hydrostatic & Deviatoric Component of stress, Elastic stress-strain relationship, Elastic-
Plastic strain relations, Von-mises plasticity criteria, plastic flow rule, strain hardening
law, perfectly plastic material, Isotropic strain hardening material, kinematic strain
hardening, combined strain hardening stress concentration, cyclic stress, Fatigue,
Endurance limit, Creep, Larson Miller parameter.

Photo elasticity: Polarisation, polariscope, diffused light and lense polariscope, stress
optics law, plane polariscope, circular polariscope, criteria for model material selection,
Isochromatic fringe pattern, Iso fringe pattern, scaling model to prototype stress.

3D photo elasticity: locking of model deformations, scaling model and interpretation of
the resulting fringe pattern, effective stresses, Birefringent coating, scattered light and
its relation to photo elasticity, scattered light polariscope.

Strain  measurement methods: strain gage, basic characteristics, types of strain gages,
factors in gage selection, electrical resistance strain gage, potentiometer for strain
measurement, strain gage circuit, wheat stone bridge



5.  Recording Instrument: galvanometer with oscillograph, transient response galvanometer,
frequency response of the wheatstone bridge and galvanometer, cathode ray oscilloscope
and potentiometer recorder.

Books Suggested:

1.Mechanical engineering design (In SI Units)’, Joseph E Shigley & Charles R Mischke, New Delhi,
Tata Mcgraw Hill, 2001.

2.Design Of Machine Elements Edition 7, Spoots (M F), Shoup (T E), New Jersey, Prentice Hall, 1998.
3.Machine Elements In Mechanical Design, Mott (R L), Columbus, Charles E Merril, 1985.
4.Experimental methods for engineers- J.P.Holman, McGraw Hill.

5.Theories of engineering experimentation-Hilbert Schenck, McGraw Hill.

7. Process Control & Instrumentation (Co-ordinator: A. Venkatesan) (20 hours)

S.No. Course content

1.  Basic Concepts

2. Units of measurements, Definitions (accuracy, precision, repeatability, span, range,

hysterisis, drift, sensitivity, resolution, lag etc.) -- Sensors, transducers, Transmitters, Pl

diagrams, Symbols., Digital and analog devices.

Sensing, Transmission, Receiving of the following Process Variables

Temperature: classification, thermocouples, RTD, Thermistors, Pyrometers.

Flow: Direct type, inferential type, constant area sensors, differential pressure meters,

variable area meters, magnetic, ultrasonic, vortex type flow meters, and mass flow meters.

6. Level: Direct type (Float, gauge glass, torque tube, piston tube, reflex etc) indirect type
(Pressure gauge, purge, d/p with open/closed tanks, Ultrasonic, nucleonic, capacitance &
conductivity).

7. Pressure: Manometers, Bourdon, bellows, diaphragms, D/P Tx, (electronic & pneumatic),
strain gauges, load cells.

8.  Analytical: pH, viscosity, conductivity, humidity, isotopic purity, and turbidity.

9.  Control System: Feedback Control theory, Modes of control, generation of control modes,
Controllers, feedback & feed forward control, final control elements and valve positioners.

10.  Safety principles: Trip logic, annunciators, simple logic circuits, and smoke/fire detectors.

11.  Current Trends In Instrumentation: Smart transmitters, Instrumentation for a process loop,
Paperless recorders, DAS, PLC, DRS, etc.

g w

Books Suggested:

Instrument Technology Vol. | to V E.B. Jones.

Mechanical & Industrial Measurements, R.K. Jain

Automotive Process Control, Donald P. Eckman

Measurement Systems Application & Design, Ernest Doebelin.
Process Instrument & Control Handbook, Douglas Considine.
Instrument Engineers Handbook, Vol. I&Il, Dela G. Liptak
Instrumentation for Process Measurement & Control, N.A. Anderson

NogakrowhE



BARC Training School at IGCAR Campus
SYLLABUS SUMMARY

ELECTRONICS AND INSTRUMENTATION ENGINEERING

NUCLEAR ENGINEERING
(All subjects are Compulsory)

Course
Code Course Name Hours | Credits
NR Nuclear Reactors 50 6
EM Engineering Mathematics 35 4
MM Materials and Metallurgy 25 2
RP Fast Reactor Physics and Shielding 35 4
RE Reactor Engineering 40 4
HP Health Physics and Radiological Safety 25 3
PM Project Management 20 2
Total 230 25
CORE ENGINEERING
(All subjects are Compulsory)
Course Code | Course Name Hours | Credits
EL2 Reactor Control Engineering 20 2
EL3 Nuclear Instrumentation 20 2
EL4 Reliability Engineering 20 2
EL5 Software Engineering 20 2
EL8 Human Machine Interface for Reactor Control Instrumentation 45 6
EL10 Modern Control of Dynamic Systems 30 4
Total 155 18
SPECIALISED COURSES
Course Code | Course Name Hours Credits
EL6 Artificial Intelligence and Digital Signal Processing 40 4
EL7 Process Instrumentation 35 4
EL9 Embedded and Computer based systems Design 45 6
EL11 Analytical Instrumentation 25 2
Total 145 16
PROJECT /SEMINAR
Course Code Course Name
1. 02ENGGO04-002-P | Project Duration : 9 Weeks
2. 02ENGGO04-002-S | Seminar -1,2,3
Total 12




NUCLEAR ENGINEERING

1. Engineering Mathematics (EM) (35 hours)

SI.No. Course content

1 Computer arithmetic and errors . Types of errors, error estimates and its propagation, Data
analysis : Difference tables, Interpolation methods of Lagrange and Hermite, Chebyshev
polynomials and Pade’s approximation with rational functions.

Numerical differentiation of interpolating polynomials.

Numerical Integration : Trapezoidal, Monte-Carlo and Gaussian Quadrature methods

Solution of algebric and transcendental equations, Newton-Raphson method, Graffe’s root
squaring method; Data approximation by method of least square, curve fitting

2 Linear vector space and subspaces, Basis, Gram-Schmidt orthogonalization, Linear system of
equations: LU decomposition, Cholesky factorization and Gauss-Jordan technique. Iterative
techniques using the methods of Jacobi, Gauss-Seidel and over relaxation. Convergence criteria
and error estimation. Matrix inverse, Il conditioned and sparse matrices.

Bilinear forms, Principal axes transformation and eigen values, Determination of eigen values
and eigen vectors. LU and QR algorithms, Singular matrices and singular value decomposition.

3 Ordinary differential equations, Different types of differential equations,

Lipschitz theorem and conditions for existence and uniqueness of solutions,
Numerical methods for solving differential equations. Method of Euler, Adams and Runge
Kutta, Predictor corrector method, Solving stiff equations

4 Probability and Statistics:Probability and Random variables, Binomial, Poisson and Normal
distributions, Moments of a distribution, Counting experiments
Estimation of model parameters, Confidence intervals, Testing of hypotheses, Goodness of fit,
Chi-square test.

5 Integral Transforms: Laplace transform, Linearity of LT, LT of derivatives and integrals,
Solution of differential equations using LT, Response of electric circuits, Response of damped
oscillator to a square wave, Differentiation and integration of LT.Periodic functions, Fourier
series representation of functions, Even and odd functions, Determination of coefficients,
Fourier integrals. Data compression, Hauffman coding and wavelet transforms.

6 Partial Differential Equations, Finite difference method in one and two dimensions, Solution of
steady and transient heat conduction and diffusion equations.

7 Finite element method, Energy Theorem and integral equations, Weighted residual
approximations, Point and subdomain collocation.

Galerkin method, Variational principles and Lagrange multipliers
B-splines, Bezier curves, Response surface method, different levels of factorial design.
Book suggested

8. Davis, H. T. and Thompson, K., Linear Algebra and Linear Operators in Engineering: with
Applications in Mathematica, Academic Press, 2000.

9. Chapra, S.C. and Canale, R.P., Numerical Methods for Engineers, McGraw-Hill, 1985.

10. R. L. Burden and J. D. Faires, Numerical Analysis, 6th ed., PWS-Kent Publishing, 1997.

11. Krishnamurthy, E. V., Computer based numerical algorithms, East West Press, 1976

12. Gupta, S.K., Numerical methods for Engineers, Wiley (1995).



13. Press, W.H.; Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P., Numerical Recipes in

Fortran (or C), Cambridge University Press (1992).

14. Scarborough, J. B. Numerical Mathematical Analysis, Oxford and IBH Publishers, 1968

2. Materials and Metallurgy (MM) (25 hours)

SI.No. Course content

1.

Classification of Materials: Structure, Ferrous and non-Ferrous metals, Polymers, Ceramics,
Composites, Electronic materials, Nano-structured materials.

2. Selection of Materials: Classification of carbon steel, low alloy, carbon molybdenum, ferritic,
austenitic and martenistic stainless steel. Selection and application of advanced alloys,
stainless steels, Cr-Mo steels, Ti-alloys

3. Heat Treatment and Mechanical Testing of materials including standards and
specifications: Mechanical properties of materials & their evaluations as per ASTM or
equivalent standards, tension, hardness, creep, fatigue (low & high cycle) & impact toughness
tests.

4. Metal Forming, Welding Science & Technology: Metal fabrication technologies, rolling,
forging, extrusion, deep drawing and introduction to material modelling. Welding metallurgy
for stainless steels, ferritic steels, dissimilar metal welds and Ti-alloys, hard-facing and repair
welding.

5. Metallographic Examination: Experimental techniques for characterization of
microstructure (Optical, TEM/SEM and microscopic techniques) specimen preparation and
evaluation of microstructure of different materials.

6. Corrosion: Galvanic, Uniform, Crevice, Stress corrosion cracking, Corrosion fatigue,
Corrosion fast reactors and re-processing plants, Corrosion test methods and standards.

7. Non-destructive evaluation techniques for materials and components: Visual, LPT, MPT,
UT, Eddy current, X-ray Radiography, Neutron, Gamma ray etc. for quality assurance and in-
service inspection.

8. Nuclear Fuels: Production, fabrication, properties and application of nuclear fuels (metallic
fuels, ceramic fuels (oxide, mixed oxide, mixed carbide)) and heavy water. Radiation damage
and post irradiation examination of core materials.

Books Suggested:

13. Introduction to Materials Science for Engineers - James Shackelford

14. Physical Metallurgy Principles & Practice - V.Raghavan

15. Introduction to Solids - L.V.Azaroff

16. Structure and Properties of Materials - Wulff Series, Wiley Eastern, New Delhi
17. Materials in Nuclear Application - C.K.Gupta

18. Nuclear Chemical Engineering - Benedict and Pigford

19. Physical Metallurgy, Reed - Hill

20. Heat treatment of steel - Avener

21. Introduction to Solid State Physics - Charles Kittel (Wiley Eastern)

22. Physical Metallurgy: Principles and Practice - V. Raghavan (Prentice Hall)

23. The Physics and Chemistry of Materials - Joel Gersten and Fiedenick Smith (Wiley, Canada)
24. Fundamentals of Materials Science and Engineering - D. Callister (Wiley, Europe)



3. Fast Reactor Physics and Shielding (RP) ( 35 hours)

S.No.

A
1

Course content
NUCLEAR THEORY BASICS:

Properties of Nuclei: Size, shape and density of the nucleus, nuclear forces, nuclear
structure, binding energy, stability of nucleus, radioactivity

Fission Process : Spontaneous and induced fission, liquid drop model, fission neutrons,
delayed neutrons, fission gammas, fission products, fission product yield, FP mass asymmetry,
formation and removal of FPs in a reactor

Concept of Nuclear Reactor Fission energy, fission rate and reactor power, energy balance,
fissile, fertile and fissionable materials, reactor materials: fuel, coolant, structure, control and
shield, fission product activity after shutdown — decay heat, types of reactors

Interaction of Neutrons with Matter Production of neutrons, elastic and inelastic scattering,
radiative capture and their significance in reactors, production of photo neutrons,
transmutation

Concept Cross-section Microscopic and macroscopic cross-section, mean free path,
Maxwell-Boltzmann distribution and its departure, structural changes caused by neutron
reactions

Variation of Cross-section with Energy Fast, resonance and thermal ranges, 1/v law of
neutron cross-section, resonance absorption, Breit-Wigner formula, Doppler effect

Capture to fission ratio, Eta vs E curve, conversion and breeding concepts, Thorium utilization

BASIC REACTOR PHYSICS-STATIC

Diffusion of Neutrons: Fick’s law and its validity, steady state neutron diffusion equation,
concepts of neutron flux and current, interface conditions, diffusion coefficient, diffusion
length and extrapolation distance

Chain Reaction :Four factor formula, conceptual treatment of diffusion of one group of
neutrons in non multiplying and multiplying media, infinite and effective multiplication
factors, bare homogeneous reactor concepts, material and geometrical buckling, sub criticality
and super criticality, critical mass, non leakage probabilities in bare homogeneous cores,
neutron cycle and life time in finite reactor

Slowing Down Process: Neutron Slowing down, slowing down power and moderating ratio
of moderators, slowing down with spatial migration, Fermi age concepts, migration length,
multi zone reactors, ideas of reflectors/blankets, reflector savings, form factor

TIME DEPENDENCE

Reactor Kinetics: Time dependent neutron diffusion equation, one group Kinetic equation,
role of delayed neutrons, prompt neutron life time, point kinetic model to illustrate importance
of delayed neutrons, reactor period, reactivity and its units

Core Burnup and Neutron Poisons: Burnup equations including fission products, Xenon
and Samarium poisons, Xenon loads (operating and post shut down), variation of Xenon load
with power and enrichment, Xenon oscillations and their control



3 Reactivity Coefficients and Reactor Experiments: Temperature and void coefficients of
reactivity, their relevance to reactor safety

Techniques to control reactors, typical reactivity balance, long term burnup, fuel management,
reactor control system — requirements of physics aspects, reactor shutdown mechanisms and
neutron monitoring during operation and shut down

Approach to criticality, physics measurements and calibrations/validations
D FAST BREEDER REACTORS

1 Introduction: Fast reactors as breeders, comparison of fast and thermal reactors, types of fast
reactor, role of fast reactors in Indian nuclear power program

2 FBR Neutronics: Neutron spectrum, reaction cross-section, core characteristics, blanket
characteristics, breeding potential, breeding ratio and breeding gain, doubling time,
Multigroup diffusion theory methods and summary of steady state computational methods for
FBR

Effective delayed neutron fraction and prompt neutron life time, fuel expansion and bowing,
sodium void reactivity effect, Doppler reactivity effect, long term reactivity effect - in FBR

3 FBR Core Design: General features of FBR core, specific power, linear rating, burnup,
fluence, requirement and choice of core materials (fuel, coolant and structural materials), test
reactors, commercial fast reactors, pin diameter, core height/diameter ratio, blanket thickness.

4 Salient physics aspects of FBTR and PFBR

Reactor Shielding: Source of various neutron & Gamma radiation within the reactor system;
Attenuation of neutrons & gamma rays; Dose rates for gamma rays for various source
geometries; Buildup factors for homogeneous & multiple layer shields; Removal diffusion
theory for neutron attenuation; coolant activation, heat generation. Streaming of radiation
through gaps & void in the shield; description of various shielding arrangements of Indian
reactors

Books suggested:

8. S. Glasstone and S. Sesonske, Nuclear Reactor Engineering, Van Nostrand, 1963.

9. S. Glasstone and M.C. Edlund, Elements of Nuclear Reactor Theory, Van Nostrand, 1952.
10. J. R. Lamarsh, Introduction to Nuclear Engineering, Addision Wesley, NY, 1960.

11. M. El-Wakil, Nuclear Power Engineering, McGraw-Hill

12. P.P. Zweifel, Reactor Physics, McGraw-Hill, 1973.

13. Weston M. Stacy, Nuclear Reactor Physics, John Wiley & Sons, Inc.

14. A.E. Walter & A.B. Reynolds, Fast Breeder Reactors, Pergamon Press.



S.No.

4. Health Physics and Radiological Safety (HP) (25 hours)
Course content

Introduction: Radiation sources: Natural and Induced radioactive sources, units of radioactivity,
half-life and decay constant, specific activity.

Basic interaction mechanism of a) alpha b) Beta ¢) Gamma/X-rays d) Neutrons with matter.
Definition of various dosimetric terms (exposure, absorbed/equivalent/effective dose, concept of
radiation/tissue weighting factors and their importance (SI units & new units). Concepts of Exposure
measurement: Free air and Air wall chambers, Exposure-dose relationship, Bragg-Gray principle.

Biological effects of Radiation:

Human body: Cells, tissues and organs, structure of cell, cellular effects. Factors, which influence
the damage of cell. Interaction of radiation with biological matter. Radiation effects: stochastic and
deterministic. Acute and delayed effects. Types of exposure (natural, occupational, medical and
public).

Radiation Protection and Regulations:
Importance of radiation protection program in DAE, Atomic Energy act, National and International

regulatory bodies, their role and responsibilities., Radiation Protection Rules, Dose limits stipulated
by these bodies. Dose limits observed in India.

Radiation protection philosophy, Principles of radiation protection, concept of ALI & DAC (with
suitable problems). Fundamentals of ICRP respiratory model, entry through ingestion, Gl track
model.

Principles of radiation detection and monitoring: Basic operating principles of a) Gas b) Scintillation
(including thermo luminescence detectors) and ¢) Semiconductors detectors.

Type of Radiation monitors/Radioactivity measurement methods adopted for radiation protection.

Radiation protection and measurement (External and Internal):
Control of external exposures (with problems in each case).

Buildup concept, shielding from alpha, beta, gamma and neutron sources. Shielding from mixed
sources.
Routes of intake of radioactive material

Radiotoxicity and classification of laboratories, design of laboratory for radioactive work,
Radioactive waste classification and management. Personal monitoring, area-monitoring, air
monitoring. Bioassay, whole body counting techniques. Use of personal dosimeters (TLDs, pocket
dosimeters)

Radiation Protection procedures:

Procedures followed in radiation work places, work permits, zoning concept, contamination
control methods, and rubber areas, spill pack (gloves + absorbing paper), Decontamination
techniques. Precautions during radioactive source storage and handling, safety during
transportation. Nature of duties and responsibilities of Radiation Safety Officer/Health Physicist.

Nuclear Accidents, Emergency Preparedness and Management:

Reasons for accidents, classifications of accidents, International Nuclear Events Scale. Types of
emergency, emergency preparedness.

Radiological aspects and Environmental Impact of FBRs
Radiological aspects of Fuel Cycle Facilities



8. Industrial Safety Aspects: Introduction to Industrial Safety (accident prevention technique, Job
safety analysis, control measures), Factories Act, 1948 & Atomic Energy Factories Rules,
1996,ndustrial safety aspects (Physical and Chemical Hazards), Industrial safety aspects (safety in
Machineries, hand tools & Material handling equipments, personal protective equipments,
etc)Construction safety (includes Electrical Safety & Work Permit System)

Books suggested:

13. Introduction to Health Physics — Herman Cember

14. Introduction to Radiation Protection — Alan Martin

15. IAEA Regional Basic Professional Training Course on Radiation Protection (Course jointly
organized by BARC and IAEA), October 26-Dember 18, 1998

16. Nuclear Radiation Detection - W.J. Price

17. Radiation Detection and Measurement - G.F. Knoll

18. Biological Effects of Radiation — J.E. Coggle

19. Nuclear Radiation Detectors by S.S. Kapoor and V.S. Ramamurthy (Publication: New Delhi, Wiley
Eastern Ltd, 1986)

20. Atoms, Radiation and Radiation Protection by James E. Turner 1986

21. Problems and solutions in Radiation Protection by James E. Turner, 1988

22. Guide Lines for Hazard Evaluation Procedures — American Institute of Chemical Engineers

23. Risk Analysis in the Process Industries: The Institute of Chemical Engineers, England.

24. Loss Prevention in The Process Industries: Hazard Identification, Assessment and Control; Vol-1,

1996 2 Edition, Frank P Lees.

5. Nuclear Reactors (NR) — (50 hours)

S.No. Course content

A

Mechanical Aspects of Power Plant Engineering:

Basic thermal Cycle used in NPS, means of Improving cycle efficiency, Major components in thermal
and Nuclear stations, Heat Balance typical calculations, Details of equipment — Steam Generators,
Turbines, Condensers, Feed Water heaters, De-aerator feed pumps, condensate and other pumps:
condenser cooling water system: C&lI; steam pressure control, steam discharge and steam dumping
features.

Thermal Power Reactors :

Layout of Nuclear Power Plant; Zoning requirements: layout of typical PHWR; description of layout
in the reactor building; Special requirements for'; nuclear components regarding material selection,
reliable operation with examples of pumps, valves, heat exchangers etc. operating environment
(including capabilities to withstand seismic loads). Description of calandria, end shield and coolant
channel (including fitting). Description of reactivity control scheme and related hardware e.g. zone
control, regulating rods, absorbers, shutdown systems etc. Fuel and Fuel transfer system; Primary
Heat Transport System; emergency core cooling system; Moderator system; Auxiliary System;
Description of process Water, Fire Water and Ventilation system (emphasis on role played as safety
support systems); Containment and associated safety systems to mitigate consequences of accidents
and contain reactivity release; ultimate heat sink and heat removal paths. A brief overview of PWR,
BWR and AHWR

Fast Power Reactors :

Fast Reactor Physics and Safety: Role of FBR’s, breeding ratio, doubling time, core design
features - Static and Dynamic, control rod design, shielding principles, Fuel management,
safety.



2 Overview of FBR: FBTR and PFBR. Comparison of FBRs: Core & important design
parameters, comparison of core components, major primary and secondary system components.

3 Core Engineering: Description, choice of core materials, Engineering design of core, High
temperature design methods.

4 Heat Transport Systems: Introduction, Design of IHX, SG, sodium pump, sodium piping,
Decay heat removal system.

5 Instrumentation & Control: FBR instrumentation requirements, Neutronic Instrumentation and
failed fuel detection methods, Reactor protection instrumentation and process instrumentation.

{w)

Sodium Technology (NRST)

1 Properties of Sodium: Physical and chemical properties, (hazardous nature and sodium-air,
sodium-water reactions), heat transfer properties, Manufacture of sodium, Heat transfer in
liquid metals, Hartman effect in liquid metals

2 Sodium Systems — General Description: Components of a sodium system, process, cover gas
system etc.

Impurities in Sodium, Purification Methods: Impurities in sodium, purification methods,
impurity monitors, (plugging indicator, on-line hydrogen, oxygen and carbon monitors)

Sodium System: Components, piping and Quality Control Materials, design aspects, tanks,
valves, vapor traps and other mechanical engineering aspects, sodium centrifugal pumps, high
temperature piping for sodium, fabrication aspects, quality control

Sodium Pumps and flow meter: Electromagnetic pumps and flow meter for sodium systems

Electrical Systems for Sodium Loops: Electrical supply, heating systems, heater control,
types of power supply

3 Instrumentation and Control: Level, leak, flow and temperature monitoring, pressure
measurement, control of process parameter in sodium systems, under sodium viewing.

System Operation Aspects: Sodium system pre-commissioning checks, methods of checking
all components, limiting conditions of operation, surveillance checks etc.

Sodium component cleaning, fire and safety

Sodium removal and disposal methods, sodium fire and extinguishment methods, system and
industrial safety aspects.

Books suggested:

11.Nuclear Power Engineering, M. EI-Wakil, Mcgraw Hill Book Co., New York.

12.Steam Power Station, G.A. Gassort.

13.Power Plant Engineering & Economics, Strosal & Vapet.

14.Central Electricity Generating Board (London), Modern Power Station Practice, Nuclear Power
Generation Ed 2, Oxford, Pergamon, 1971.

15.Weisman. J. Modern Power Plant Engineering, Englewood Cliffs, Prentice Hall, 1985.

16.1AEA Directory of Nuclear Reactors, Vol. IV, Power Reactors, Vienna.

17.Fast Reactor Technology: Plant Design, J. G. Yevick, M.I.T. Press.

18.Fast Breeder Reactors, A.E. Waltor & A.B. Reynolds, Permagon Press.

19. Status of liquid metal cooled fast reactor technology, IAEA-TECDOC—1083

20.Material for Sodium Technology portion will be provided during the course.



6.

S.No.
A.
1.

10.

11.

12.

Reactor Engineering (RE)

Course content
Core design

Introduction - Role of FBR, Main Characteristics of LMFBR, Sodium as coolant, Core
Configuration, Definition of NSSS & BOP, Pool & Loop Type Design.

Fixing Size & Parameters of LMFBR - Test Reactor, Commercial & Prototype Reactor, Unit
energy cost, Hot Spot temperature of Clad, Optimisation on Pin Diameter.

Definition of Smear Density, DPA & Burn up.

Fast Reactor Core — Fuel, Basic Requirements, Choice of fuel material, Candidates for Fuel,
Swelling, Fabrication cost, Reprocessing, Negative Doppler coefficient, Thermal expansion,
Burnup.

Absorber — required features, candidate materials.

Structural Material in Core - Requirements of Core Structural Material, Effect of Neutron
Irradiation on SS, Radiation Hardening, Embrittlement, Void Swelling, Irradiation Creep,
Effect of Swelling & irradiation induced creep, Efforts to reduce swelling

Sub-Assembly (SA) Design - Basis for Number of pins in a fuel SA, Pin spacers, Gas Plenum,
Duct considerations, Volume Fraction, Assembly Length.

Other Subassembly design - Blanket, CSR, DSR, Reflector, Inner B4C, Outer B4sC and Steel
Shielding subassemblies.

Thermal Design of Fuel Pin - Thermal Analysis, Causes for fuel restructuring, Developing
Analytical Model, Necessary physical parameters, Na Heat Transfer coefficient, Hot spot
Analysis, Calculation of temperature distribution across fuel pin.

Mechanical Design of Fuel Pin - Failure Criteria for Pin, Strain Limit Approach, Cumulative
Damage Fraction, Stress analysis, Cladding wastage.

Hydraulic Design of Core - Factors to be reviewed for Core Hydraulic Design - Hydraulic
lifting force, Mixing studies, Power flattening & flow zoning, Vibration.

Handling of core subassemblies - Inherent problems associated with on-line fuel handling,
Fresh SA Handling, Spent SA Handling.

Coolant circuits

Selection of coolant for FBRs, thermal, transport, nuclear, chemical and other considerations.
comparison between various coolants. Special characteristics of sodium. Its impact on heat
transfer and structural mechanics considerations. Selection of structural materials, basis and
important alloying elements

Main heat transport system: primary and secondary sodium system, necessity of intermediate
loop. Safety Grade decay Heat removal system, Decay heat, necessity for independent system.

Features of major components such as intermediate heat exchangers, steam generators, sodium
to air exchangers, sodium pumps, electro magnetic pumps, sodium tanks, support design for
sodium components from thermo mechanical and seismic considerations, sodium valves and

types
Design criteria, Loadings to be considered, Analysis method and validation methodology

Special characteristic of sodium piping, sodium leak, sodium fire, various types of leak
detectors, continuous and discontinuous level detectors etc.



6. Sodium purification loop, oxygen control, plugging indicator, cold trap, characteristics and
features
7. Operating experiences of fast reactors, failures and sodium leaks reported for Phenix, Monju,
PFR and other fast reactors, reasons for leak and remedy.
Books suggested:

1.Fast Breeder Reactors - Walter, A.E. & Reynolds, A.B., PERGAMON Press.

2.Fast Reactor Technology - Plant Design - Yevick, J.G., M.L.T. Press.

3.Fundamental Aspects of Nuclear Reactor Fuel Elements - Donald R. Olander, U.S.Department of
Energy, 1985.

CORE ENGINEERING

1. Reactor Control Engineering (EL2) (20 hours)

S.No. Course content

1.  Physics of Reactor Control

2. Reactor Kinetics — Point kinetic model, reactor response to step and ramp reactivity inputs,
stable reactor period.

3. Reactor as a control element: basic zero energy state space model and transfer function,
feedback loop transfer functions, effect of temperature and voidage, poisoning due to xenon
and samarium, fuel burn-up, reactor system stability analysis from transfer function and state
space model. Manual and computer control.

4.  Large reactor control: Neutronically decoupled cores. Modeling techniques for large reactors-
modal, nodal and quasi-static methods (introduction only) flux tilt and spatial instability.

5.  Typical reactor control system: BWR, PWR, PHWR, Fast Reactor, research reactor and
235MWe PHWR, FBTR and PFBR.

6.  Reactor operation: Approach to criticality, re-start up, operation in power range, shut down.

7. Power plant control: Power plant programming. Constant Tay program, constant pressure
program, boiler level and pressure control. PHT pressure control. Pressuriser pressure and
level control. Secondary circuit and feed water control.

Books Suggested:

1. Nuclear reactor physics — W.M. Stacey. John Wiley and sons. 2001.

2. Nuclear reactor kinetics — Ash. M. Mcgraw Hill, Newyork, 1979.

3. Nuclear reactor kinetics and control, Weaver. L.E. American Elsevier, 1968.

4. Optimal control of nuclear reactors, Mohler.R.B. and Shen.C.N., Academic Press. 1970.

2. Nuclear Instrumentation (EL3) (20 hours)



S.No. Course content

1.  Fundamental considerations/philosophies, requirements and scope-Reactor and Health Physics
Instrumentation

2. Principles of detection and types of radiation detectors: in-core and out — of —core. Consideration
in reactor start-up (cold & hot) and normal operation, GM counters, Scintillators, Gamma lon
chambers

3. Detector signal conditioning (Pulse, Campbell and DC modes) and generation of logarithm &
period signals

4.  Block Schematics of Pre-amplifier, Count rate meters, Nuclear ADCs, MCA, Low-voltage and
High voltage Power supplies, Scalar timers.

5. Introduction to various reactor instrumentation and radiation monitors:

6.  Start-up, Intermediate and Power Range Instrumentation, Reactor Regulating System, Flux
Mapping System, Failed Fuel Detection System, Stack Monitoring System, Area Gamma and
Neutron Monitors, Contamination Monitors, GM Survey meters, Gun monitors, Neutron REM
monitors, RADAS

Books Suggested:
1. Radiation Detection and measurement -G.F. Knoll
2. Nuclear Electronics - P.W. Nicholson
3. Selected topics in Nuclear Electronics, IAEA-TECDOC-363 (CC library Acc no: 123583)
4. Nuclear Power Reactor Instrumentation Systems Handbook, Vol: 1 J.M. Harrer, J.G. Beckerly
5. The Technology of Nuclear Reactor Safety Voll, T.J. Thompson, J.G. Beckerly

3. Reliability Engineering (EL4) ( 20 hours)

S.No.
12.

13.

Course content

Introduction: Reliability Engg. Applied to C&I Systems

Explain the course coverage and the general issues related to the reliability and safety of the
current C&I Systems. The reliability of computer based C&I system as a function of circuit
hardware, software and human errors experienced in the NPPs and research reactors.

Terms and definitions with adequate explanation and giving examples from electrical,
electronic and computer based systems.

Quality, Reliability, Availability, Maintainability and supportability, MTBF, Failure and
hazard rates, CCF, CMF, Failure Modes, FMEA, FMECA, Fault tolerance, Confidence and
Risk Factors etc.

Reliability Maths/Statistics:
e Mathematical and statistical expressions required for reliability study.
Types of failures in electrical, electronic and computer components
Failure probability concept, statistical distribution models_
Binomial, Poisson, Exponential, Normal, Lognormal, Weibull distributions
Chi-square distribution and its use in confidence and risk factors
Baye’s theorem
Reliability or life characteristics of hardware electronic circuit components, and
comparison with the characteristics of mechanical/electro-mechanical components and
computer software.
e Bath-tub curve and explanation of different parts of the life characteristic curve, and
corresponding failure distributions.
e Derivation of exponential reliability expression_
e R(t)=[exp-(It)] for electronic components and systems.
e Examples to solve



14. Fault Tolerance and Systems Reliability:

Fault tolerance concept for electronic and Computer based C&I systems.

Circuit hardware redundancy concept to enhance system reliability, types of redundancy
Series, parallel, active, passive, and voting redundancy

Redundancy and other fault tolerance methods for software

FMEA, FMECA concepts for C&I and Examples to solve

Concepts for the analysis of System Reliability, availability, and maintainability.
System reliability and availability analysis methods:

Boolean logic

Digraph, cutest-tie set method

Fault tree model, and consideration of CCF, CMF, software errors

Markov Model

Example from C&I system in the NPPs
15. QA/QC Concepts in Brief:

QA/QC Concepts in the components, systems procurement, manufacture and
Site installation for C&I systems in the NPPs.

16. Environmental Qualification and Reliability Testing:

Environmental qualification, testing of the C&I systems.

Effects of various environments on the electrical/ electronic components

Climatic Qualification tests: Temperature, Humidity

Special environments: EMI/EMC tests on C&l Systems, Gamma radiation/LOCA
Qualification tests

Reliability Testing of the electronic components, equipment and C&I systems.
Reliability screening tests for electronic components

Accelerated environmental tests

Failure terminated and time terminated tests

Estimation of MTBF (q)/Failure Rate(l) of electronic components and systems using c2
distribution for confidence level.

Few examples to solve

17. PSA/PRA Concepts in NPPs:

Probabilistic Safety (Risk) Assessment: PSA/PRA methods or safety/ risk assessment in
the NPPs.

Explain Event Tree
Fault-Tree-Fault Tree method for risk assessment in terms of core damage frequency.
Level-1, Level-2, Level-3 PSA studies (Brief introduction only).

18. Additional safety concepts:

Defense-in-depth, fail-safe concepts in the design of C&lI, and other safety critical
systems in the NPPs.

Single failure criteria, engineered safety systems in the NPPs

Safety Classification and Seismic categorization of C&I Systems

Target reliability goals, reliability allocation to safety systems as per their safety
importance in the NPPs

Reliability and safety aspects for the integrated C&I systems

(hardware, software, human errors considerations)

IEC, IAEA, AERB, IEEE standards relevant to C&I in the NPPs

Human Factors (man-machine interface) reliability, and human reliability issues in the
NPPs

Current research topics in reliability and safety analysis such as Fuzzy Logic, Neural Network
Methods, etc



Books Suggested:

1.
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9.
10.

11.
12.
13.

14.
15.

16.
17.

Reliability Engineering for Nuclear and other High Tech Systems By Lakner and Anderson, Elsevier
Applied Sci. Publ. (1985)

Reliability Engineering for Electronic Systems By R.H. Mayers et al, John Wiley, NY (1964)
Practical Electronics Reliability Engg By Jerome Klion, Van Nostrand, NY (1992)

Reliability and Risk Analysis By Norman J McCormick, Academic Press (1981)

Fault Tolerant and Fault Testable Design By Parag K. Lala, Prentice Hall, (1985)

Dependability of Critical Computer Systems, Vol.1&2 By F.J. Redmill, Elsevier Applied Sci. Publ.
(1988)

An Introduction to Reliability and Maintainability Engg By Charles E. Ebeling, Tata-McGraw Hill
Publ. (1997)

Reliability Technology By A.E. Green and Bourne, UKAEA, John-Wiley (1972)

IEC Standards: 880, 987, 1225, 1226 on C&I Systems

AEA Safety Standard/Guide G:1.3, Instrumentation & Control for the safety of Nuclear Power Plants
(2002)

IAEA-TECDOCS: 780, 790 on Computer based C&I Systems.

MIL-Std-217F: US Military Handbook: Reliability Prediction of Electronic Equipment (1993)
Reliability of Computer and Control Systems by Viswanadham et al, North-Holland/ Elsevier
Publ.(1987)

Software Reliability Methods, by Doron A.Peled (Bell/Lucent Labs), Springer Publisher (2001),
(‘Formal Methods’ has been explained).

Handbook of Reliability Engg Ed. Igora Ushakov & R. Harrison John Wiley & Sons (1994)

Burn-in by Fenn Jenson Failure Models by 1.B. Gertsbakh

System Reliability_ Concepts & Applications by K.B. Klassen (1989).

4. Software Engineering (EL5) ( 20 hours)

S.No. Course content

1. Introduction: Importance of software engineering, software characteristics, life cycle and
models, phases, processes, work- products of different phases

2. Analysis and Design I: Data models, Functional modeling, structured analysis and
design, design attributes and metrics, CASE tools.

3. Analysis and Design Il: Object oriented methods, Unified Modeling Language (UML),
notion of objects, classes, attributes, methods, interfaces, associations, generalization,
composition, polymorphism. Modeling structure and behavior, Use case diagrams, class
diagrams, state diagrams, sequence diagrams, architectural and detailed design.,
Modeling real-time software. Introduction to Object Oriented Languages. CASE tools.

4. Software Quality Assurance: Quality attributes, metrics, reliability, SQA activities.

5. Verification and Validation: Reviews, inspection and walk-through, Static analysis,
formal methods. Testing principles, unit testing, Integration testing, acceptance testing.,
Unit testing: black box testing, white box testing — coverage criteria, Equivalence class
partitioning, boundary value testing.

6. Software Configuration Management: Configuration items (with examples), baselines,
libraries, version control

7. Software Engineering Standards



Books suggested:

1. Software Engineering by Roger S. Pressman, McGraw Hill International Students Edition
2. Software Engineering by lan Sommerville, 5th Edition, Addison Wesley

3. An Integrated Approach to Software Engg. by P. Jalote, Springer/Narosa Publishers

4. Unified Modeling Language User Guide by G. Booch, J. Rumbaugh, I. Jacobson, Addison
Wesley

5. Real-time UML, second edition, Bruce P. Douglass, Addison Wesley

5. Human Machine Interface for Reactor Control Instrumentation (EL8) (45hours)

S.No. Course content
A . Reactor Instrumentation:

1. Instrumentation for design of Reactor Regulating System and Reactor Protection System:
Introduction to Reactor Protection System and Reactor Regulating System: Elements in
RPS/RRS, from sensor to Reactor Protection/Control Devices, Design Principles, Typical
list of Reactor Trip parameters, Seismic qualification, Class-1E qualification, EMI/EMC
qualification

2. RPS &RRS for FBRs : Core Temperature Monitoring System, Diversified Safety Logics,
Control Logics for CSRDM & DSRDM

3. Supervision Systems : Startup systems, Discordance supervision systems for SCRAM
signals & CSRs, Alarm Generation system, ESR & PDA

4. Component Handling Systems: | & C for Rotatable plugs, Transfer Arm, IFTM, CTM,
Under Water Trolley and Storage Bays, HMI in HCR for Component handling and fuel
movement monitoring.

5. Relay & Control Interlock Logic Circuits: Relay Terminology and general application:
Criteria for relay selection, Pickup, hold and dropout voltage, Contact type and
arrangement, Contact protection, latched relay, Electromechanical versus Solid-State
Relay characteristics and comparison. Typical control logic circuits for control of process
equipments, low selector, high selector, median selector, voting logics, Interfaces with
electrical Control gear.

6. C & | Cables : Types of cables, Conductor materials, insulating materials, Sheath
materials, Shielding, armouring, FRLS and Fire Survival cable, mineral insulated cables,
cable sizing, noise reduction, cable layout, cable trays, panel wires, conductor
identification, Cable Testing, wiring practices.

7. Incident monitoring & mitigation systems : RCB Isolation, 1&C for SGDHR, Seismic
Instrumentation, Post Accident monitoring system, Video monitoring system
Special systems: Fire Alarm System, Physical protection systems, Biometric Sensors, etc.

Distributed Control System (DCS) and Computer Based Systems: Distributed Process
Control, DCS configurations, Components of DCS, Data Highways, Human machine
interface, Operator Stations, Presentation of information on operator station, DDCS for
PFBR. Programmable Controllers (PLC) - Basic PLC architecture, PLC Programming
Languages, Typical PLC Specifications, Redundant PLC architectures, relevant
communication protocol and standards, PLCs for package systems.

10.  PC based process control system, Supervisory Control and DATA Acquisition System
(SCADA), Features of SCADA software, SCADA for substation. Concept of Fieldbus,
fieldbus standardization, Industrial networks and Protocols.



11.  Control Room, Control Panels and Cabinets : Conventional control rooms, Modern
control rooms, Control room layout, Environmental specifications for control room,
Control room lighting, Control room cabling, Communication systems for control room.
Control Panels- Panel types, Panel layout, Panel construction materials, Human
Engineering principles in control room and panel design- relevant standards (EPRI;
NUREG), Components of control panel, Panel wiring, Power distribution in panels,
Wiring and terminal identification. Control Cabinets- Sizes, Materials, Degrees of
environmental protection, EMI & EMC protection, Standard accessories for mounting
and cable routing. Seismic qualification of control panels and cabinets. Alarm
Annunciation System-Functions of alarm annunciation; Types of annunciation
(audio/visual); Alarm Sequences; applicable standard (ISA S18.1); Modern alarm
displays; Grouping and Coding of alarms.

Human Machine Interface (HMI)

Overview of plant automation.

Design of HMI, Soft Console versus Conventional control panels.
Guidelines for design of HMI displays.

Case study of a commercially available Professional HMI package.
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Building HMI systems, Creating and using process databases, managing databases,
Implementing an alarm strategy, Configuring and displaying alarms and messages,
Security features, Creating process mimics, Trending historical data, Methods of passing
data to HMI package

6. Practical.

Books suggested:
1. Intellution Ifix documentation
2. NPC Guidelines for development of soft consoles.

6. Modern Control of Dynamic Systems (EL10) (30 hours)

S.No. Course content

1. 1 State Variable Descriptions Introduction, The concept of state, Elementary definitions,
. State space representations of continuous-time and discrete-time systems, State diagrams,
illustrative examples, solutions of state equation, state transition matrix, computation
methods of state transition matrix, relationship between state equations and transfer
functions, characteristic equations.
2. . Controllability and Observability: Introduction, definitions of Controllability and
Observability, Controllability and Observability tests, Kalman Controllability Criteria,
Principle of Duality, Controllability and Observability of discrete — time systems

3. . Control System Design: Introduction to state feedback, Controller design using pole
placement technique, Stabilizability, LQR technique.



Books Suggested:

1.John J.D’Azzo and C.H.Houpis, “Linear Control System Analysis and Design- Conventional
and Modern”, 2" Ed. McGraw Hill Book C0.1986.

2.Chi-Tsong Chen, “Linear System Theory and Design”, CBS College Publishing, Holt,

Rinehart
and Winston, 1984.

3.M.Gopal, “Modern Control System Theory”, 2", Wiley EasternLtd.,1993.

4.Gene F. Franklin et al, “Feedback Control of Dynamic Systems”, 3rdEd., Addison-Wesley
Publishing Co. 1994.

5.B.Friedland, “Introduction to State-space methods”

6.K.Ogata, “Modern Control Engineering”, Prentice- Hall.

7.H.Kwakarnaak, R.Sivan-“Linear Optimal Control Systems”-Wiley interscience

8.D.G.Schultz,James.L.Melsa- “State Function and linear control systems”- McGraw Hill.

SPECIALISED COURSES

1. Artificial Intelligence & DSP (EL6) ( 40 hours)

S.No. Course content
A. Introduction to Artificial Intelligence
Introduction — Nature of Al problems

Search — State space search

Robotics — Kinematics and dynamics

Knowledge Representation — Predicate logic

Neural Networks — Feed forward vs Feedback
Fuzzy Logic — membership functions

Reinforcement Learning — Intelligent agents

Genetic Algorithm — Solution representation
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Engineering applications including in Robotics
B. Digital Signal Processing

1. Introduction: Basic elements of a digital signal processing system, Fourier series and
Fourier transform, z-transform, convolution, correlation, sampling theory, aliasing, anti-
aliasing filter, quantization noise, signal reconstruction.

2. Discrete Fourier Transform: Interpretation of DFT, properties of DFT, DFT of real signals,
periodic & linear convolution and correlation using DFT.

3. Fast Fourier Transform: Efficient computation of DFT using decimation-in-time and
decimation-in-frequency algorithms, computation of Inverse DFT using FFT algorithm,
efficient computation of the DFT of two real sequences and a 2N-point real sequence,



spectrum analysis using the FFT, windows in spectrum analysis, use of FFT algorithm in
linear filtering and correlation.

4. Digital filters: FIR and IIR filters, design techniques for FIR and IIR filters, realization of
FIR and IIR systems, overview of DSP processors.
5. DSP Applications: Applications of digital signal processing in nuclear and other fields.
Books suggested:

1.Johnny R. Johnson, Introduction to Digital Signal Processing, Prentice- Hall of India,2000.
2.John G. Proakis and Dimitris G. Manolakis, Digital Signal Processing- Principles,
Algorithms and Applications, Prentice- Hall of India,1995.

3.Allan V. Oppenheim and Ronal W. Schafer, Digital Signal Processing, Prentice- Hall of
India,1988.

2. Embedded & Computer based systems Design (EL9) (45 hours)

S.No.
A.
1.

Course content
Microprocessor Based Hardware Design:

Overview of Microprocessors: Comparative study of Intel and Motorola family
microprocessors (80186, 80486, Pentium series, 68XXX), Overview of 16 bit Micro-
controllers (e.g. 80196), DSPs (e.g. TMS320, SHARC family) and ARM processor.

Personal Computers: Architectures, Memory organization, Industrial PC, Embedded PC

Industry Standard Bus Systems: ISA, PCIl, VME: Mechanical, electrical, functional &
procedural specifications, multi-processing, bus arbitration, plug & play.

Design Case Study: Single board computer architectures, circuit design, and logic design,
application of FPGA and CPLDs, ac/ dc analysis, timing analysis, thermal, EMC and signal
integrity analysis. Design accommodations for testability, reliability and maintainability.
Physical design and design tools.

10 board design, bus interface (ISA, PCI), FIFO and shared memory interfaces, Analog and
Discrete 10 interfacing, signal conditioning, isolation and protection issues, testability.

Embedded computer system design example.
Computer Communication and Networks

Asynchronous & synchronous communication standards, RS232C, RS485, USB, encoding
(NRZI, Manchester), Modems, SDLC, Local area networks, Ethernet, Token passing
principles, TCP/ IP, Fibre optic communications for LANSs, wireless LANs (WAP, Blue
tooth), Industrial networks, Field bus standards, Real-time issues in networking,
Networking hardware (cables, hub, switch, routers etc.)



Fault Tolerant and Distributed Architectures

Principles of fault tolerance, Hot- standby and Triple Modular Redundant (TMR)
configurations, software implemented fault tolerance, reliability, and availability and safety
issues.

Principles of distributed systems, architectures, Distributed control systems, Impact of
Internet technology, Web enabled devices.

Real-Time System Design

Real-time system concepts, Timeliness Vs speed, hard Vs soft real time systems, scheduling
methods, concurrency, process and thread concepts, inter process communication and
synchronisation, Case study of Real Time Operating Systems, development tools, real time
programming, device drivers. Validation and performance evaluation of Real-time systems.

2. Overview of LINUX and Embedded NT.

Books Suggested:

1. Microprocessor and interfacing: D. V. Hall — McGraw Hill

2. The Advanced Intel Microprocessors: 80286, 80386, 80486: Barry. B. Brey, - McGraw Hill

3. Microprocessor, Micro-controller and DSP Handbooks: Motorola, Intel, Texas Instruments,

Analog Devices

4. Hardware Bible: W.L Rosch- Tech Media

5. VME Bus specifications: IEEE 1014- 1987

6. Embedded System design — A Unified hardware/ software introduction: Frank Vahid / Tony

Givargis — John Wiley and sons

7. Computer networks: A.S. Tanenbaum, Prentice Hall

8. Internetworking with TCP/ IP: Vol I to I1l: D.E.Comer, Prentice Hall

9. Complete guide to networking: P. Norton & Kearns — Tech Media

10.Wireless communication & networks: W. Stallings — Pearson education

11.Fault-tolerant computing — Theory & Techniques: D.K. Pradhan (Ed), Vol | & Il — Prentice
Hall

12.The theory and practice of reliable system design: D.P. Siewiorek & R.S. Swarz, Digital
press

13. Modern Operating Systems: Andrew S Tanenbaum, Prentice Hall

14. Distributed Operating systems: A .S. Tanenbaum — Pearson education

15. Windows NT device driver development: P.G. Viscarola & W. Mason — Tech Media

16. Real-time systems: Jane W.S. Liu — Pearson education Hill.

3. Process Instrumentation (EL7) ( 35 hours)

S.No Course content

Design, selection, typical specifications, calibration standards, installation, testability and
diagnostics of measuring instruments of following process variables:

Flow: Differential pressure flow elements: Orifices, venturies, flow nozzles, pitot tube,
annubar, elbow flowmeter. Different standard pressure taps for orifices, sizing calculations,
straight length requirements. Applicable codes for design of Orifices , venturies and flow
nozzles. Orifice flanges, Jackscrews, carrier rings, flow straighteners, square root extractors,



10.

11.

12.

flow totalisers. Variable Area Flowmeters- Glass tube rotameters; Armoured rotameters;
Bypass rotameters; Density correction factors. Magnetic, Turbine, vortex flowmeter;
Ultrasonic flowmeters- transit time, Doppler type, Clamp on type ultrasonic flowmeters,
Coriolis and thermal mass flowmeters, air velocity meters. Applications and limitations of
various flowmeters. Two phase flow measurements.

Temperature: Thermocouples- Types of thermocouples, ranges, sensitivity and their limits
of error and applications, mineral insulated thermocouples, types of hot junctions- grounded,
ungrounded and exposed junction, thermocouple extension and compensating cables, high
temperature thermocouples, cold junction compensation techniques. Applicable standards.
RTDs- Wire wound and thin film RTDs, limits of error, self heating error, matched pair of
RTDs. Applicable standards for RTD. Thermistors -performance and applications.
Thermowell - Design considerations, Applicable design code for thermowell, thermowell
installation aspects. Surface temperature measurement techniques.

Temperature transmitters- Head mounted temperature transmitters, isolated temperature
transmitters, Smart temperature transmitters. Radiation thermometry- Optical pyrometer,
total radiation pyrometer, two colour pyrometer, factors affecting the performance of
radiation pyrometers.

Pressure: Manometers-U tube, well and inclined manometers, pressure gauges, hydraulic
and pneumatic dead weight testers- ranges and factors affecting the performance of dead
weight testers. Pressure Transducers and transmitters- strain gauge, capacitance, LVDT,
piezo-resistance type and piezoelectric type pressure transducers, transmitters with remote
diaphragm seal, high temperature pressure transducers, Smart pressure and differential
pressure transmitters. Vacuum measurement- Pirani and thermocouple gauges, cold cathode
and hot cathode ionization gauge, Mcleod gauge.

Level: Hydrostatic pressure and differential pressure methods, wet legs- cold reference leg
and hot reference leg, condensing pots, density compensation in boiler level measurement,
zero elevation and zero suppression. Gauge glass, Purge system, capacitance probes,
displacer, ultrasonic, nucleonic, hydra step level gauge and radar level gauge. Level
switches- conductivity, capacitance, ultrasonic, displacer, float type.

Analytical Instrumentation: Conductivity, pH, ORP , Turbidity dissolved oxygen, silica and
sodium Measurement. Other Measurements: Moisture, Relative humidity; viscosity and
density measurement Turbovisory Instrumentation: Measurement of speed, vibration,
differential expansion, overall expansion, eccentricity, Governor valve position, CIES valve
position, Speeder-gear & load limiting gear position

Sodium Instrumentation: Properties of sodium-special requirement of sodium
Instrumentation-sodium flow measurement- Magnetic flowmeter, Eddy current flowmeter
sodium level measurement-continuous- discrete-resistance type-mutual inductance type-
Sodium Leak Detection-spark plug type & wire type leak detection-Sodium aerosol
detection - Mutual Induction type leak detectors - Steam Generator Leak Detection systems-
Hydrogen in sodium detection- Nickel diffuser based detection-Electrochemical meter based
detection-Hydrogen in cover gas (argon) detection- Failed fuel detection system-
Gammatography etc.,

Signal Conditioning Circuits: Operational amplifiers-instrumentation amplifiers-signal
linearization techniques, isolation amplifiers-two port-three port isolation.



13.

14.

15.

Control valves: Valve types, construction and applications, Valve sizing calculations,
Applicable standard for sizing calculations, Control valve rangeability, Valve
characteristics-inherent and installed, selection of valve characteristics, Cavitation and
flashing in control valves, Valve capacity testing, Valve actuators- pneumatic, hydraulic and
electric, selection of actuator, Typical specifications for control valve, Smart valves, valve
positioner, 1/P converter, P/l converter, volume boosters, air lock relays, Solenoid valves,
Pressure regulating valves, Installation aspects of control valves, Quality of air for pneumatic
valves.

Instrument Impulse lines and instrument fittings: Tubes- materials and sizes, tube fittings-
materials, types of fittings, instrument isolation valves, guidelines for routing of impulse
lines, considerations for impulse line response time. Applicable standards for tubes and
fittings.

P & | Diagrams, loop and hook up diagrams: P &ID symbols, Applicable ISA standard for
P &ID symbols, typical loop diagrams, typical instrument hook up diagrams.

Control and Instrumentation Power Supplies: Class I, 11, I11, IV power supplies, Centralized
24V/48V DC power supply, Linear and switching mode power supplies, Fault Tolerant Dual
redundancy power supplies, distributed power supplies, quality of power supply, Isolation
transformer, grounding/earthing aspects in C & | systems.

Reliability principles, Fail safe design principles, Diversity, active and passive redundancy,
availability, maintainability, MTBF, MTTR, preventive-predictive-proactive-corrective

maintenance-spares inventory control principles, Condition Monitoring etc.

Books Suggested:
1. Principles & practice of flow meter Engineering by L. K. Spink. The Foxboro Company.
2. Fluid Meters. ASME publication
3. Manual on the use of thermocouples in Temperature Measurements (ASME Publication by
subcommittee 4)
4. Measurement Systems: Application and Design, Ernest O Doeblin
5. Process Control Systems: Application, Design and Tuning, F. G. Shinskey, Mcgraw Hill.
6. Applied Instrumentation in the Process Industries, Volume | & 11, Edited by W.G. Andrew.
7. Process Control Engineering, M. Polke
8. ISA Handbook of Control Valves, Editor-in-Chief J. W. Hutchison
9. British Standard Code of practice for Instrumentation in Process Control Systems:
installation design and practice (BS 6739)
10. Handbook on Applied Instrumentation: Edited by D.M. Considine and S.D. Ross, Mcgraw
Hill
11. Process Instruments and Control Handbook: Edited by D. M. Considine, Mcgraw Hill
12. Instrment Engineer’s Handbook, Part I & II: Edited by Bela G Liptak, Chilton Book
Company
13. Instrumentation in the Processing Industries Edited by Bela G Liptak, Chilton Book
Company
14. IEC standard 61131.3 - PLC Programming Languages
15. Human Factors in Control Room Design - EPRI NP 1118 / EPRI NP 3659
16. NUREG-700 Guidelines for Control Room Design Reviews, U.S. Nuclear Regulatory
Commission
17. Eight Open Net works and Industrial Ethernet, (www.industrialethernet.com)
18. Basics of Fieldbus, Rosemount Inc. (www.rosemount.com)
19. MIL-STD-1553B Standard
4. Analytical Instrumentation (EL11) (25 hours)



S.No. Course content
Measurement related issues

Sensitivity, detection limit, signal-to-noise ratio enhancement
Absorption and Emission Spectroscopy

UV-VIS-IR Spectrophotometry

Atomic Absorption Spectrophotometry
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IR absorption methods for detection of Carbon, Sulphur, Oxygen, Nitrogen
Fluorescence Spectrometry

Generation of X-Rays

X-Ray Fluorescence Spectrometry

X-Ray Diffraction Spectrometry
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Laser florescence
10.  Mass Spectrometry
Applications and importance of mass spectrometry
Various types of ion sources
Various types of mass analysers
Various methods of detection
Computer based automation and measurements
11. Thermo analytical methods
Thermal analysers-DTA and TG
Differential Scanning Calorimeters
12. Electro analytical instruments
Voltametry, amperometry and Coulometry
Conductivity and pH

Books Suggested:

1. Instrumental methods of analysis, - Willard & Others, Pub: CBS, New Delhi, 7" Ed.
2. Principles of instrumental analysis, - Douglas A.Skoog and James J. Leary, Saunders
College Publishing, Harcourt Brace College Publishers. (IGCAR Acc. No. 063944)



BARC Training School at IGCAR Campus
SYLLABUS SUMMARY

CHEMICAL ENGINEERING

NUCLEAR ENGINEERING
(All subjects are Compulsory)

Course Code Course Name Hours | Credits

NR Nuclear Reactors 50 6

EM Engineering Mathematics 35 4

MM Materials and Metallurgy 25 2

RP Fast Reactor Physics and Shielding 35 4

RE Reactor Engineering 40 4

HP Health Physics and Radiological Safety 25 3

PM Project Management 20 2

Total 230 25

CORE ENGINEERING (CHEMICAL)
(All subjects are Compulsory)

Course Code Course Name Hours Credits

CE1 Nuclear Chemical Engineering 35 4
CE2 Chemical Engineering Thermodynamics 40 4
CE3 Transport Phenomena 40 4
CE4 Multi Phase Flow Systems 40 4
CE5 Code Design for Pressure Vessels and Piping 25 2
CE6 Computational Fluid Dynamics and Heat Transfer 40 4
CE7 Advanced Chemical Reaction Engineering 25 2

Total 245 24

SPECIALISED COURSE
(All subjects are Compulsory)

Course Code Course Name Hours Credits
CE8 Process Analysis and Control 25 2
CE9 Advanced Mass Transfer 25 2
Total 50 4

ELECTIVE COURSES
(One course amongst the three to be chosen)

Course Code Course Name Hours | credits
CEEL Preparedness &Response to Nuclear Emergencies 30 4
Artificial Intelligence Methods &Applications 30 4
Membrane/ Separation Process and Technology 30 4

PROJECT /SEMINAR

Course Code Course Name

1. 02ENGGO04-003-P | Project Duration : 9 Weeks

2. 02ENGGO04-003-S Seminar -1,2,3

Total 12




NUCLEAR ENGINEERING

1. Engineering Mathematics (EM) (35 hours)

SI.No. Course content

1 Computer arithmetic and errors . Types of errors, error estimates and its propagation, Data
analysis : Difference tables, Interpolation methods of Lagrange and Hermite, Chebyshev
polynomials and Pade’s approximation with rational functions.

Numerical differentiation of interpolating polynomials.

Numerical Integration : Trapezoidal, Monte-Carlo and Gaussian Quadrature methods
Solution of algebric and transcendental equations, Newton-Raphson method, Graffe’s root
squaring method; Data approximation by method of least square, curve fitting

2 Linear vector space and subspaces, Basis, Gram-Schmidt orthogonalization, Linear system of
equations: LU decomposition, Cholesky factorization and Gauss-Jordan technique. Iterative
techniques using the methods of Jacobi, Gauss-Seidel and over relaxation. Convergence
criteria and error estimation. Matrix inverse, 1l conditioned and sparse matrices.

Bilinear forms, Principal axes transformation and eigen values, Determination of eigen values
and eigen vectors. LU and QR algorithms, Singular matrices and singular value
decomposition.

3 Ordinary differential equations, Different types of differential equations,

Lipschitz theorem and conditions for existence and uniqueness of solutions,
Numerical methods for solving differential equations. Method of Euler, Adams and Runge
Kutta, Predictor corrector method, Solving stiff equations

4 Probability and Statistics:Probability and Random variables, Binomial, Poisson and Normal
distributions, Moments of a distribution, Counting experiments
Estimation of model parameters, Confidence intervals, Testing of hypotheses, Goodness of
fit, Chi-square test.

5 Integral Transforms: Laplace transform, Linearity of LT, LT of derivatives and integrals,
Solution of differential equations using LT, Response of electric circuits, Response of damped
oscillator to a square wave, Differentiation and integration of LT.Periodic functions, Fourier
series representation of functions, Even and odd functions, Determination of coefficients,
Fourier integrals. Data compression, Hauffman coding and wavelet transforms.

6 Partial Differential Equations, Finite difference method in one and two dimensions,
Solution of steady and transient heat conduction and diffusion equations.

7 Finite element method, Energy Theorem and integral equations, Weighted residual
approximations, Point and subdomain collocation.

Galerkin method, Variational principles and Lagrange multipliers.
B-splines,Bezier curves, Response surface method, different levels of factorial design.
_Book suggested

15. Davis, H. T. and Thompson, K., Linear Algebra and Linear Operators in Engineering:
with Applications in Mathematica, Academic Press, 2000.

16. Chapra, S.C. and Canale, R.P., Numerical Methods for Engineers, McGraw-Hill, 1985.

17.R. L. Burden and J. D. Faires, Numerical Analysis, 6th ed., PWS-Kent Publishing, 1997.

18. Krishnamurthy, E. V., Computer based numerical algorithms, East West Press, 1976

19. Gupta, S.K., Numerical methods for Engineers, Wiley (1995).

20. Press, W.H.; Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P., Numerical Recipes
in Fortran (or C), Cambridge University Press (1992).

21. Scarborough, J. B. Numerical Mathematical Analysis, Oxford and IBH Publishers, 1968



2. Materials and Metallurgy (MM) (25 hours)

S.No.
9.
10.

11.

12.

13.

14.

15.

16.

Course content
Classification of Materials: Structure, Ferrous and non-Ferrous metals, Polymers,
Ceramics, Composites, Electronic materials, Nano-structured materials.
Selection of Materials: Classification of carbon steel, low alloy, carbon
molybdenum, ferritic, austenitic and martenistic stainless steel. Selection and
application of advanced alloys, stainless steels, Cr-Mo steels, Ti-alloys
Heat Treatment and Mechanical Testing of materials including standards and
specifications: Mechanical properties of materials & their evaluations as per
ASTM or equivalent standards, tension, hardness, creep, fatigue (low & high cycle)
& impact toughness tests.
Metal Forming, Welding Science & Technology: Metal fabrication technologies,
rolling, forging, extrusion, deep drawing and introduction to material modelling.
Welding metallurgy for stainless steels, ferritic steels, dissimilar metal welds and
Ti-alloys, hard-facing and repair welding.
Metallographic Examination: Experimental techniques for characterization of
microstructure (Optical, TEM/SEM and microscopic techniques) specimen
preparation and evaluation of microstructure of different materials.
Corrosion: Galvanic, Uniform, Crevice, Stress corrosion cracking, Corrosion
fatigue, Corrosion fast reactors and re-processing plants, Corrosion test methods
and standards.
Non-destructive evaluation techniques for materials and components: Visual,
LPT, MPT, UT, Eddy current, X-ray Radiography, Neutron, Gamma ray etc. for
quality assurance and in-service inspection.
Nuclear Fuels: Production, fabrication, properties and application of nuclear fuels
(metallic fuels, ceramic fuels (oxide, mixed oxide, mixed carbide)) and heavy
water. Radiation damage and post irradiation examination of core materials.

Books Suggested:

25. Introduction to Materials Science for Engineers - James Shackelford

26. Physical Metallurgy Principles & Practice - V.Raghavan

27. Introduction to Solids - L.V.Azaroff

28. Structure and Properties of Materials - Wulff Series, Wiley Eastern, New Delhi

29. Materials in Nuclear Application - C.K.Gupta

30. Nuclear Chemical Engineering - Benedict and Pigford

31. Physical Metallurgy, Reed - Hill

32. Heat treatment of steel - Avener

33. Introduction to Solid State Physics - Charles Kittel (Wiley Eastern)

34. Physical Metallurgy: Principles and Practice - V. Raghavan (Prentice Hall)

35. The Physics and Chemistry of Materials - Joel Gersten and Fiedenick Smith (Wiley,
Canada)

36. Fundamentals of Materials Science and Engineering - D. Callister (Wiley, Europe)



3. Introduction to Fast Reactor Physics (RP) (35 hours)

S.No.
A

1

Course content
NUCLEAR THEORY BASICS :

Properties of Nuclei: Size, shape and density of the nucleus, nuclear forces,
nuclear structure, binding energy, stability of nucleus, radioactivity

Fission Process : Spontaneous and induced fission, liquid drop model, fission
neutrons, delayed neutrons, fission gammas, fission products, fission product yield,
FP mass asymmetry, formation and removal of FPs in a reactor

Concept of Nuclear Reactor Fission energy, fission rate and reactor power, energy
balance, fissile, fertile and fissionable materials, reactor materials: fuel, coolant,
structure, control and shield, fission product activity after shutdown — decay heat,
types of reactors

Interaction of Neutrons with Matter Production of neutrons, elastic and inelastic
scattering, radiative capture and their significance in reactors, production of photo
neutrons, transmutation

Concept Cross-section Microscopic and macroscopic cross-section, mean free
path, Maxwell-Boltzmann distribution and its departure, structural changes caused
by neutron reactions

Variation of Cross-section with Energy Fast, resonance and thermal ranges, 1/v
law of neutron cross-section, resonance absorption, Breit-Wigner formula, Doppler
effect

Capture to fission ratio, Eta vs E curve, conversion and breeding concepts, Thorium
utilization

BASIC REACTOR PHYSICS-STATIC

Diffusion of Neutrons: Fick’s law and its validity, steady state neutron diffusion
equation, concepts of neutron flux and current, interface conditions, diffusion
coefficient, diffusion length and extrapolation distance

Chain Reaction :Four factor formula, conceptual treatment of diffusion of one
group of neutrons in non multiplying and multiplying media, infinite and effective
multiplication factors, bare homogeneous reactor concepts, material and
geometrical buckling, sub criticality and super criticality, critical mass, non leakage
probabilities in bare homogeneous cores, neutron cycle and life time in finite
reactor

Slowing Down Process: Neutron Slowing down, slowing down power and
moderating ratio of moderators, slowing down with spatial migration, Fermi age
concepts, migration length, multi zone reactors, ideas of reflectors/blankets,
reflector savings, form factor

TIME DEPENDENCE

Reactor Kinetics: Time dependent neutron diffusion equation, one group Kinetic
equation, role of delayed neutrons, prompt neutron life time, point kinetic model to
illustrate importance of delayed neutrons, reactor period, reactivity and its units



2 Core Burnup and Neutron Poisons: Burnup equations including fission products,
Xenon and Samarium poisons, Xenon loads (operating and post shut down),
variation of Xenon load with power and enrichment, Xenon oscillations and their
control

3 Reactivity Coefficients and Reactor Experiments: Temperature and void
coefficients of reactivity, their relevance to reactor safety

Techniques to control reactors, typical reactivity balance, long term burnup, fuel
management, reactor control system — requirements of physics aspects, reactor
shutdown mechanisms and neutron monitoring during operation and shut down

Approach to criticality, physics measurements and calibrations/validations

D FAST BREEDER REACTORS

1 Introduction: Fast reactors as breeders, comparison of fast and thermal reactors,
types of fast reactor, role of fast reactors in Indian nuclear power program

2 FBR Neutronics: Neutron spectrum, reaction cross-section, core characteristics,
blanket characteristics, breeding potential, breeding ratio and breeding gain,
doubling time, Multigroup diffusion theory methods and summary of steady state
computational methods for FBR

Effective delayed neutron fraction and prompt neutron life time, fuel expansion and
bowing, sodium void reactivity effect, Doppler reactivity effect, long term
reactivity effect - in FBR

3 FBR Core Design: General features of FBR core, specific power, linear rating,
burnup, fluence, requirement and choice of core materials (fuel, coolant and
structural materials), test reactors, commercial fast reactors, pin diameter, core
height/diameter ratio, blanket thickness.

4 Salient physics aspects of FBTR and PFBR

Reactor Shielding: Source of various neutron & Gamma radiation within the
reactor system; Attenuation of neutrons & gamma rays; Dose rates for gamma rays
for various source geometries; Buildup factors for homogeneous & multiple layer
shields; Removal diffusion theory for neutron attenuation; coolant activation, heat
generation. Streaming of radiation through gaps & void in the shield; description
of various shielding arrangements of Indian reactors

Books suggested:

15. S. Glasstone and S. Sesonske, Nuclear Reactor Engineering, Van Nostrand, 1963.

16. S. Glasstone and M.C. Edlund, Elements of Nuclear Reactor Theory, Van Nostrand,
1952.

17.J. R. Lamarsh, Introduction to Nuclear Engineering, Addision Wesley, NY, 1960.

18. M. ElI-Wakil, Nuclear Power Engineering, McGraw-Hill

19. P.P. Zweifel, Reactor Physics, McGraw-Hill, 1973.

20. Weston M. Stacy, Nuclear Reactor Physics, John Wiley & Sons, Inc.

21. A.E. Walter & A.B. Reynolds, Fast Breeder Reactors, Pergamon Press.



S.No.

4. Health Physics & Radiological Safety (HP) ( 25 hours)

Course content

Introduction: Radiation sources: Natural and Induced radioactive sources, units of
radioactivity, half-life and decay constant, specific activity.

Basic interaction mechanism of a) alpha b) Beta c) Gamma/X-rays d) Neutrons with
matter. Definition of various dosimetric terms (exposure,
absorbed/equivalent/effective dose, concept of radiation/tissue weighting factors
and their importance (SI units & new units). Concepts of Exposure measurement:
Free air and Air wall chambers, Exposure-dose relationship, Bragg-Gray principle.

Biological effects of Radiation:

Human body: Cells, tissues and organs, structure of cell, cellular effects. Factors,
which influence the damage of cell. Interaction of radiation with biological matter.
Radiation effects: stochastic and deterministic. Acute and delayed effects. Types of
exposure (natural, occupational, medical and public).

Radiation Protection and Regulations:

Importance of radiation protection program in DAE, Atomic Energy act, National
and International regulatory bodies, their role and responsibilities., Radiation
Protection Rules, Dose limits stipulated by these bodies. Dose limits observed in
India.

Radiation protection philosophy, Principles of radiation protection, concept of ALI
& DAC (with suitable problems). Fundamentals of ICRP respiratory model, entry
through ingestion, GI track model.

Principles of radiation detection and monitoring: Basic operating principles of a)
Gas b) Scintillation (including thermo luminescence detectors) and c)
Semiconductors detectors.

Type of Radiation monitors/Radioactivity measurement methods adopted for
radiation protection.

Radiation protection and measurement (External and Internal):
Control of external exposures (with problems in each case).

Buildup concept, shielding from alpha, beta, gamma and neutron sources. Shielding
from mixed sources.

Routes of intake of radioactive material,

Radiotoxicity and classification of laboratories, design of laboratory for
radioactive work, Radioactive waste classification and management. Personal
monitoring, area-monitoring, air monitoring. Bioassay, whole body counting
techniques. Use of personal dosimeters (TLDs, pocket dosimeters)



Book

25.
26.
27.

28.
29.
30.
31.

32.
33.
34.

35.
36.

Radiation Protection procedures:

Procedures followed in radiation work places, work permits, zoning concept,
contamination control methods, and rubber areas, spill pack (gloves + absorbing
paper), Decontamination techniques. Precautions during radioactive source
storage and handling, safety during transportation. Nature of duties and
responsibilities of Radiation Safety Officer/Health Physicist.

Nuclear Accidents, Emergency Preparedness and Management:

Reasons for accidents, classifications of accidents, International Nuclear Events
Scale. Types of emergency, emergency preparedness.

Radiological aspects and Environmental Impact of FBRs
Radiological aspects of Fuel Cycle Facilities

Industrial Safety Aspects: Introduction to Industrial Safety (accident
prevention technique, Job safety analysis, control measures), Factories Act,
1948 & Atomic Energy Factories Rules, 1996,ndustrial safety aspects (Physical
and Chemical Hazards),Industrial safety aspects (safety in Machineries, hand
tools & Material handling equipments, personal protective equipments,
etc)Construction safety (includes Electrical Safety & Work Permit System)

s suggested:

Introduction to Health Physics — Herman Cember

Introduction to Radiation Protection — Alan Martin

IAEA Regional Basic Professional Training Course on Radiation Protection (Course
jointly organized by BARC and IAEA), October 26-Dember 18, 1998

Nuclear Radiation Detection - W.J. Price

Radiation Detection and Measurement - G.F. Knoll

Biological Effects of Radiation — J.E. Coggle

Nuclear Radiation Detectors by S.S. Kapoor and V.S. Ramamurthy (Publication: New
Delhi, Wiley Eastern Ltd, 1986)

Atoms, Radiation and Radiation Protection by James E. Turner 1986

Problems and solutions in Radiation Protection by James E. Turner, 1988

Guide Lines for Hazard Evaluation Procedures — American Institute of Chemical
Engineers

Risk Analysis in the Process Industries: The Institute of Chemical Engineers, England.
Loss Prevention in The Process Industries: Hazard Identification, Assessment and
Control; Vol-1, 1996 2 Edition, Frank P Lees.

5. Nuclear Reactors (NR) (50 hours)

S.No. Course content

A

Mechanical Aspects of Power Plant Engineering:

Basic thermal Cycle used in NPS, means of Improving cycle efficiency, Major components in
thermal and Nuclear stations, Heat Balance typical calculations, Details of equipment — Steam
Generators, Turbines, Condensers, Feed Water heaters, De-aerator feed pumps, condensate and other
pumps: condenser cooling water system: C&lI; steam pressure control, steam discharge and steam

dumping features.



Thermal Power Reactors :

Layout of Nuclear Power Plant; Zoning requirements: layout of typical PHWR; description of layout
in the reactor building; Special requirements for'; nuclear components regarding material selection,
reliable operation with examples of pumps, valves, heat exchangers etc. operating environment
(including capabilities to withstand seismic loads). Description of calandria, end shield and coolant
channel (including fitting). Description of reactivity control scheme and related hardware e.g. zone
control, regulating rods, absorbers, shutdown systems etc. Fuel and Fuel transfer system; Primary
Heat Transport System; emergency core cooling system; Moderator system; Auxiliary System;
Description of process Water, Fire Water and Ventilation system (emphasis on role played as safety
support systems); Containment and associated safety systems to mitigate consequences of accidents
and contain reactivity release; ultimate heat sink and heat removal paths.A brief overview of PWR,
BWR and AHWR

Fast Power Reactors :

Fast Reactor Physics and Safety: Role of FBR’s, breeding ratio, doubling time, core design
features - Static and Dynamic, control rod design, shielding principles, Fuel management,
safety.

Overview of FBR: FBTR and PFBR. Comparison of FBRs: Core & important design
parameters, comparison of core components, major primary and secondary system
components.

Core Engineering: Description, choice of core materials, Engineering design of core, High
temperature design methods.

Heat Transport Systems: Introduction, Design of IHX, SG, sodium pump, sodium piping,
Decay heat removal system.

Instrumentation & Control: FBR instrumentation requirements, Neutronic Instrumentation and
failed fuel detection methods, Reactor protection instrumentation and process instrumentation.

Sodium Technology

Properties of Sodium: Physical and chemical properties, ( Hazardous nature and sodium-air,
sodium-water reactions), heat transfer properties, Manufacture of sodium, Heat transfer in
liquid metals, Hartman effect in liquid metals

Sodium Systems — General Description: Components of a sodium system, process, cover gas
system etc.

Impurities in Sodium, Purification Methods: Impurities in sodium, purification methods,
impurity monitors, (plugging indicator, on-line hydrogen, oxygen and carbon monitors)

Sodium System: Components, piping and Quality Control Materials, design aspects, tanks,
valves, vapor traps and other mechanical engineering aspects, sodium centrifugal pumps, high
temperature piping for sodium, fabrication aspects, quality control

Sodium Pumps and flow meter: Electromagnetic pumps and flow meter for sodium systems

Electrical Systems for Sodium Loops: Electrical supply, heating systems, heater control,
types of power supply



3 Instrumentation and Control: Level, leak, flow and temperature monitoring, pressure
measurement, control of process parameter in sodium systems, under sodium viewing.

System Operation Aspects: Sodium system pre-commissioning checks, methods of checking
all components, limiting conditions of operation, surveillance checks etc.

Sodium component cleaning, fire and safety

Sodium removal and disposal methods, sodium fire and extinguishment methods, system and
industrial safety aspects.

Books suggested:

21.Nuclear Power Engineering, M. EI-Wakil, Mcgraw Hill Book Co., New York.

22.Steam Power Station, G.A. Gassort.

23.Power Plant Engineering & Economics, Strosal & Vapet.

24.Central Electricity Generating Board (London), Modern Power Station Practice, Nuclear
Power Generation Ed 2, Oxford, Pergamon, 1971.

25.Weisman. J. Modern Power Plant Engineering, Englewood Cliffs, Prentice Hall, 1985.

26.1AEA Directory of Nuclear Reactors, Vol. IV, Power Reactors, Vienna.

27.Fast Reactor Technology: Plant Design, J. G. Yevick, M.I.T. Press.

28.Fast Breeder Reactors, A.E. Waltor & A.B. Reynolds, Permagon Press.

29. Status of liquid metal cooled fast reactor technology, IAEA-TECDOC—1083

30.Material for Sodium Technology portion will be provided during the course.

6. Reactor Engineering (RE) (40 Hours)

S.No. Course content
A.  Core design

1. Introduction - Role of FBR, Main Characteristics of LMFBR, Sodium as coolant, Core
Configuration, Definition of NSSS & BOP, Pool & Loop Type Design.

2. Fixing Size & Parameters of LMFBR - Test Reactor, Commercial & Prototype Reactor, Unit
energy cost, Hot Spot temperature of Clad, Optimisation on Pin Diameter.

3. Definition of Smear Density, DPA & Burn up.

4., Fast Reactor Core — Fuel, Basic Requirements, Choice of fuel material, Candidates for Fuel,
Swelling, Fabrication cost, Reprocessing, Negative Doppler coefficient, Thermal expansion,
Burnup.

5. Absorber — required features, candidate materials.

6. Structural Material in Core - Requirements of Core Structural Material, Effect of Neutron

Irradiation on SS, Radiation Hardening, Embrittlement, VVoid Swelling, Irradiation Creep, Effect
of Swelling & irradiation induced creep, Efforts to reduce swelling

7. Sub-Assembly (SA) Design - Basis for Number of pins in a fuel SA, Pin spacers, Gas Plenum,
Duct considerations, VVolume Fraction, Assembly Length.

8. Other Subassembly design - Blanket, CSR, DSR, Reflector, Inner B4C, Outer BsC and Steel
Shielding subassemblies.



9. Thermal Design of Fuel Pin - Thermal Analysis, Causes for fuel restructuring, Developing
Analytical Model, Necessary physical parameters, Na Heat Transfer coefficient, Hot spot
Analysis, Calculation of temperature distribution across fuel pin.

10.  Mechanical Design of Fuel Pin - Failure Criteria for Pin, Strain Limit Approach, Cumulative
Damage Fraction, Stress analysis, Cladding wastage.

11.  Hydraulic Design of Core - Factors to be reviewed for Core Hydraulic Design - Hydraulic lifting
force, Mixing studies, Power flattening & flow zoning, Vibration.

12.  Handling of core subassemblies - Inherent problems associated with on-line fuel handling, Fresh
SA Handling, Spent SA Handling.

B.  Coolant circuits

1. Selection of coolant for FBRs, thermal, transport, nuclear, chemical and other considerations.
comparison between various coolants. Special characteristics of sodium. Its impact on heat
transfer and structural mechanics considerations. Selection of structural materials, basis and
important alloying elements

2. Main heat transport system: primary and secondary sodium system, necessity of intermediate
loop. Safety Grade decay Heat removal system, Decay heat, necessity for independent system.

3. Features of major components such as intermediate heat exchangers, steam generators, sodium to
air exchangers, sodium pumps, electro magnetic pumps, sodium tanks, support design for sodium
components from thermo mechanical and seismic considerations, sodium valves and types

4, Design criteria, Loadings to be considered, Analysis method and validation methodology

5. Special characteristic of sodium piping, sodium leak, sodium fire, various types of leak detectors,
continuous and discontinuous level detectors etc.

6. Sodium purification loop, oxygen control, plugging indicator, cold trap, characteristics and
features

7. Operating experiences of fast reactors, failures and sodium leaks reported for Phenix, Monju,
PFR and other fast reactors, reasons for leak and remedly.

Books suggested:

1.Fast Breeder Reactors - Walter, A.E. & Reynolds, A.B., PERGAMON Press.
2.Fast Reactor Technology - Plant Design - Yevick, J.G., M.L.T. Press.
3.Fundamental Aspects of Nuclear Reactor Fuel Elements - Donald R. Olander,

U.S.Department of Energy, 1985.



CORE ENGINEERING
1. Nuclear Chemical Engineering (CE1) (30 Hours)

S.No. Course content

1. An Introduction to Nuclear Chemical Engineering
General Introduction and course schematics

2. Production of Nuclear Materials
Production of nuclear fuels (i.e.)uranium, thorium and zirconium form ores.
Alternate sources for uranium
Isotope separation technologies for uranium and water
Fuel fabrication technologies for various types of reactors

Less common nuclear materials like Zr, Hf, Th, Be,V, Nb and Ta

3. Solvent Extraction of Nuclear Materials
Introduction to archival extractants and flowsheets
Science and technology of primary extractant (TBP)
Alternate extractants for fuel reprocessing applications
Extractants for nuclear waste management applications
Classical and novel nuclear solvent extraction equipment
Criticality and its prevention. Other safety aspects

4, Nuclear Fuel Reprocessing
PUREX, Advanced PUREX, SuperPUREX processes
Reprocessing of thermal reactor (PHWR and AHWR) Fuels
Reprocessing of fast reactor (FBTR & PFBR) Fuels
UREX process and its variants
Supercritical Fluid Extraction based Superdirex Process
Pyrochemical and other non-aqueous processes for reprocessing

5. Nuclear Waste Management
Characterization of nuclear wastes
Conditioning and remediation.
Post-PUREX and Post-UREX processes for isolation of
important radionuclides (TRUEX, UNEX, ARTIST, SETFICS,
SESAME etc.)
Decontamination and decommissioning

6. Modeling and Simulation in Nuclear Chemical Engineering
Generation of SX data by conventional & AKUFVE techniques
Modeling of solvent extraction data
Computer codes for simulation of nuclear SX
Simulation of solvent extraction process flowsheets
Experimental design based variation analysis of flowsheets

Books Suggested:

1. Benedict M., Pigford T.H. and Lewi H. Nuclear Chemical Engineering, McGraw Hill.
2nd ed. (1981)

2. Long, J.T., Engineering for Nuclear Fuel Reprocessing, American Nuclear Society, IL
(1978)



3. Schulz. W.W, Navratil, J.D. and Talbot A.E., Science and Technology of Tributyl
Phosphate, Vol.1, CRC Press Inc., Boca Raton, FL (1984)

4. Schulz. W.W, Burger, L.L.,Navratil, J.D. and Bender K.P., Science and Technology of
Tributyl Phosphate, VVol.3, CRC Press Inc., Boca Raton, FL (1984)

5. Knief, R.A. Nuclear Energy Technology, Hemisphere Publishing corporation, NY,

(1981)

Vilani, J., Isotope Separation, (IGCAR library)

7. Selected IGCAR Reports Concurrent literature on AFCI, UREX and allied processes

o

2. Chemical Engineering Thermodynamics (CE2) (30 Hours)

S.No. Course content

1. Classical thermodynamics - the scope of classical thermodynamics, basic concepts and

definitions. Laws of thermodynamics and its applications.
Thermodynamic Properties of pure substances and mixtures.

Solubilities of gases in liquids, solids in gases and in liquids.

o > w

Thermodynamics of super critical fluid
Liquid-Liquid equilibria.

Models for Non ideal, Non-electrolyte solutions and ionic liquids.
Solution thermodynamics

© © N o

Multicomponent systems: the chemical potential, fugacity, activities, and activity coefficients.

Vapour liquid equilibria at low and high pressure. (Van Laar, Peng-Robinson equations).

Phase Equilibrium: Phase rule, phase diagrams, the differential approach for phase equilibrium

relationships, pressure-temperature relations, Equilibrium in systems with supercritical

components, phase stability applications.

10. Chemical Reaction Equilibria: Equilibrium constants for Homogeneous and heterogeneous

reactions.
11. Statistical Thermodynamics

Books Suggested:
1.Denbigh, K. G., The Principles of Chemical Equilibrium, Cambridge, 1971.

2.Tester, J. W. and Modell, M., Thermodynamics and its Applications, 3rd ed., Prentice-Hall,
1997.

3.Bejan, A., Advanced Engineering Thermodynamics, Wiley, 1988.

3. Transport Phenomena (CE3) (40 Hours)

S.No. Course content

1. Phenomenological description of continuum approach. Reynolds transport theorem. Basic laws

of conservation of mass, momentum and Energy and Multicomponent systems.



Transport properties. Modeling of Engg systems and the specification of boundary conditions.
Shell balances, Navier-Stokes equations; Momentum, Heat and Mass transfer in steady and
unsteady viscous flows; turbulent flows; shell and differential thermal energy balances; steady
and unsteady conduction; laminar, forced and natural convection; shell and energy balances of
mass of species; diffusion under various driving forces, diffusion with chemical reaction;
convective diffusion in dilute solutions; integral balances. Transport coefficient and the
macroscopic treatment of momentum, Energy and mass transport in complex system.

Books Suggested:

1.Bird, R.B, Stewart, W.E. and Lightfoot, E.N., Transport Phenomena, Wiley, 1994.

2.Denn, M.M, Process Fluid Mechanics, Prentice Hall, 1980.

3.Whitaker, S., Fundamental Principles of Heat Transfer, NewYork, Pergamon, 1997.
4.Cussler, E, L., Diffusion: Mass Transfer in Fluid Systems, Cambridge, 1985

5.Welty, J.R., C.E. Wicks and R.E. Wilson - " Fundamental of momentum, heat and mass
transfer , John Wiley and Sons, 1976.

6.Sissom, L.E. and D.R.Pitts - " Elements of Transport Phenomena ", McGraw Hill, New York,

1972.

7.Brodkey, R.S. and H.C.Hershey - " Transport Phenomena ", A United Approach McGraw
Hill, 1988.

4. Multi-phase flow systems (CE4) (30 Hours)

S.No.
1.

Course content

Multiphase flows and Classification of Multiphase, Flow Patterns (gas-liquid, liquid-liquid and
gas-solid and gas-liquid-solid) - flow pattern and flow regime map with and without phase
change. One-dimensional models for continuity, momentum and energy transfer for different
models: Multi-dimensional and flow regime specific models.

Hydrodynamics of Gas-liquid flow, Homogeneous flow model. Separated flow model. Drift
flux model. One-dimensional waves and their applications, Bubble formation and dynamics.
Mass bubbling and liquid entrainment. (Gas-liquid mixture transport in horizontal and vertical
pipe.), vapour-liquid flow, flow boiling, sub-cooled boiling, critical heat flux.

Applications of two-phase flow in the design of steam generators, thermo-syphon evaporators,
condensers with non condensibles and air lift pumps.

Hydrodynamic of liquid-liquid flow design variables such as holdup, characteristic velocity and
pressure drop.

Hydrodynamics of solid-liquid flow, homogenous and heterogeneous flow. Design equations
for hydraulic transportation. (Liquid-solid mixture transport in pipe: flow pattern, accelerating
length, velocity profile and pressure drop for turbulent slurry flow.)

The phenomena of fluidization and its industrial application. Characteristics of particles.
Principle of fluidization and mapping of various regimes. Two phase theory of fluidization.
Bubbles in fluidized bed. Entrainment and Elutriation. Fast fluidized bed. Mixing, segregation
and gas dispersion. Heat and mass transfer in fluidized bed. Solid-liquid fluidized bed and three
phase fluidized bed. Design of fluidized bed reactors



Books suggested:

1. Wallis, G.B. - " One Dimensional Two phase flow", McGraw Hill Book Co., New
York, 1969.

2. Govier, G.W. and K.Aziz., - " The flow of Complex Mixtures in Pipes ", Van Nostrand
Reinhold Co., New York, 1972.

3. Brodkey, R.S. - " The Phenomena of Fluid Motions ", Addison - Wesley Publishing
Co., New York, 1967.

4. Gad Hestsroni, (Ed.in Chief) - " Handbook of Multi Phase Systems ", Hemisphere
Publishing Corporation, Washington and McGraw-Hill Book Company London,

1982.

5. Two-phase flow in pipe lines and heat exchangers — D.Chisholm, Longman Inc,
NewYork.

6. Fluidization Engineering- Author: Daizo Kunni and Octave Levenspiel, Butterworth-
Heinemann

7. Fluidized bed technology in Materials Processing, -Author: C. K. Gupta and D.

Sathiyamoorthy, CRC Press.

Chemical Reaction Engineering, - Octave Levenspiel, Wiley Eastern Limited.

9. Handbook of separation techniques for Chemical Engineers, - Philip A. Schweitzer,:
McGraw- Hill

®

5. Code Design for Pressure Vessels & Piping (CE5) (25 Hours)
S.No. Course content

1. Membrane theory for thin shells, stresses in cylindrical, spherical and conical shells, dilation of
above shells, general theory of membrane stresses in vessel under internal pressure and its
application to ellipsoidal and torispherical end closures.

2. Thick cylinder and sphere and derivation of Lame's equations. Derivation of ASME Sec. VIII
Div. 1 & Div -2 equations for cylindrical spherical and conical shells, ellipsoidal and
torispherical end closures.

3. Bending of circular plates and determination of stresses in simply supported and clamped
circular plate. Basis of ASME equation for flat closures.

4, Openings, nozzles and external loading. Stress concentration in plate having circular hole due
to bi-axial loading. Theory of reinforced opening and reinforcement limits.

5. Beam on elastic foundation and its application to thin-walled pressure vessels. Extent and
significance of load deformation on pressure vessel. Reinforcement rules for ASME, Sec. VIII
Div.1. Local Stresses in shells due to external loadings from nozzles and lugs etc.



6. Bolted Flanged joints. Types of flange joints. Types of gasket and their selection. Bolting
design. Flange loads and moments. Design of flange as per ASME Boiler and Pressure Vessel
and B 31.3 Code.

7. Supports for vertical and horizontal vessels. Design of base plate and support lugs. Types of anchor
bolt, its material and allowable stresses. Design of saddle supports.

8. Buckling of vessels under external pressure. Elastic buckling of long cylinders, buckling modes,
Buckling (collapse) coefficients. ASME procedure for design of vessels under external pressure.
Design for stiffening rings. Design of shells for axial compression.

9. Derivation of TEMA Design equation for tube sheets. Background of the ASME design rules
for tube sheets.

10. Piping thickness as per ANSI ASME B31.1 and B31.3 piping code. Flexibility factor and stress
intensification factor. Design of piping system as per B31.1 piping code. Design of piping for
hazardous fluid as per B31.3

11. Design consideration for pressure vessel. Design pressure and temperature, Allowable stresses,
Impact toughness requirement as per ASME Sec. V111 Div.1 code. Non-destructive examination
of welds as per ASME Sec.VIII, Div.1 code. Difference between Sec. VIII Div.1 & Div.2.

Books suggested:

1. HarveyJ F, ‘Pressure vessel design’ CBS publication

2. Brownell. L. E & Young. E. D, ‘Process equipment design’, Wiley Eastern Ltd., India

3. ASME Pressure Vessel and Boiler code, Section VI1II Div 1 & 2, 2003

4. American standard code for pressure piping , B 31.1

5. Standards of Tubular Exchanger Manufacturers Association, Eighth Edition ,1998

6. Computational Fluid Dynamics & Heat Transfer (CE6 & CE610)

(40 Hours)
Syllabus for CE6 : Computational Fluid Dynamics (30 hrs.)
S.No. Course content
A Basics of Fluid Flow, Heat Transfer and Numerical Analysis:

Kinematics of fluid flow. Streamline, streakline and pathline; streamfunction, vorticity and
deformation of a fluid element.

Basic equations governing heat conduction, fluid flow and mass transfer (viz. the continuity’,
momentum and energy' equations) with special reference to Navier-Stokes and Bemoulli
equations.

Classification of Partial Differential Equations (PDES)

Discretization of conduction equation with Dirichlet, Neumann and periodic boundary
conditions, by ADI and TDMA methods.

Temporal integration: explicit, implicit scheme
Discretization of convection, upwinding, Streamline-Upwind Petrev Galerkin method.
Discretization of convection-diffusion problem: exponential scheme, power-law scheme
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16.

Numerical Solution of Complete Fluid Flow and Energy Equation:

Formulations of governing equations used in numerical simulation:
Streamfunction-temperature formulation

Stream function-vorticity-temperature formulation

Velocity-vorticity-temperature formulation: Poission, Cauchy-Riemaim and Biot-Savart form
Primitive-Variable (P-V-T) formulation

Pressure velocity coupling for incompressible flow.

Staggered, Non-Staggered Grid (momentum interpolation, pressure-weighted interpolation)
Discussion on MAC, PISO, SIMPLE and SIMPLEN family of Methods

Simple grid generation techniques for structured grid:

Elliptic. parabolic and hyperbolic equation method

Grid adaptation

Domain decompositions in CFD and heat transfer

SIP and preconditioned conjugate gradient methods for solution

Numerical Solution of Reduced Boundary Layer Equations: BVP, Keller box method for
laminar and forced convective boundary layer problems.

Numerical solution of approximate equations for natural convective heat transfer problems
including porous medium.

Mathematical formulation and numerical solution of compressible flows and heat transfer.

Syllabus for CE610 : Heat Transfer (10 hrs.)

Laminar Boundary Layer and Forced Convective Heat:
Formulation of differential equation for hydrodynamic and thermal boundary layer

Different analytical method of reduction of boundary layer equations and theoretical
formulation of boundary layer thickness.

Study of jets and inlet flow and flow separation in the light of Boundary Layer Theory
Convective heat transfer for internal and external flows

Low and high Prandtl number limits and different thermal boundary conditions
Numerical Solution of Reduced Boundary Layer Equations: BVP, Keller box method

Turbulent Flow and Heat Transfer:

Reynolds decomposition for turbulence

Prandtl's mixing length theory, Mixing length models

Structure of turbulent boundary layer over flat plate and through circular cylinder
Calculation of friction factor and drag coefficient

Analytical and semi-analytical correlations for calculating heat transfer coefficients
Analogy between heat and momentum transfer

Reynolds analogy, von Karman-Prandtl analogy, Martenelli analogy, Lyons analogy



Turbulence Modeling:
Eddy diffusivity models: k- and k-®) models, RNG based k- € model
Reynolds stress models: algebraic and differential models
Low Reynolds number models
Large eddy simulation: Smagorinsky and Dynamic sub-grid scale models

E. Natural Convection:
Basic Equations of natural convection
Boussinesq approximation
Derivation of Dimensionless groups from basic equations
Analytical approximations
Numerical solution of approximate equations

F. Reactor Heat Transfer:
Pressure drop in rod cluster fuel element friction, local acceleration and elevation pressure drop
in wire-wrap & grid spacers; effect of creep and bundle misalignment on PHWR bundle
pressure drop. Flow orificing objectives & methods; effect of orificing in BWR.
Hot spot factors: Classification, basic statistical relationship, determination of subfactors,
multiplicative & statistical methods of combining subfactors.
Subchannel analysis of rod cluster mixing mechanisms, mixing parameters, introduction to
computer codes.
low loops: Determination of operating point during forced and natural circulation; Loss of flow
accident; Decay heat generation and flow coast down in primary loop. Transition to
thermosyphon cooling; steady state theory of thermosyphon loops. Transient and stability
behaviour of the thermosyphon loops.
Loss of coolant Accident; Events during blow down, description of emergency core cooling
system; flooding and sputtering.
Radiation heat transfer: Introduction; Reflection, absorption, transmission and emission;
concept of black and grey body; total emissive power and Stefan-Boltzmann constant.
Kirchoff’s law. Radiation heat transfer between two bodies: shape factor & law of reciprocity;
radiation heat transfer between two grey bodies

G. Heat Transfer With Phase Change :
Introduction of two phase flow and basic relations; flow regimes in adiabatic and diabatic
vertical co-current flow and in adiabatic co-current horizontal flows.
Basic equations of two phase flow; Homogenous & separated flow models for two hase flow;
void fraction & phase velocity ratio (Zivi’s model)
Introduction to boiling heat transfer and