LARGE-SCALE SIMULATION OPTIMIZATION FOR
SUSTAINABLE RIVER-AQUIFER EXCHANGES

Thesis submitted in partial fulfillment for the
Award of Degree

Boctor of Philosophy
By

SHREYANSH MISHRA
27T fAreT

DEPARTMENT OF CIVIL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY
(BANARAS HINDU UNIVERSITY)
VARANASI - 221005
INDIA







CERTIFICATE

It is certified that the work contained in the thesis titled “LARGE SCALE SIMULATION
OPTIMIZATION FOR SUSTAINABLE RIVER-AQUIFER EXCHANGES” by
SHREYANSH MISHRA has been carried out under my supervision
and that this work has not been submitted elsewhere for a degree.

It is further certified that the student has fulfilled all the requirements of Com-

prehensive Examination, Candidacy, and State of the Art (SOTA) for the

award of Ph.D. Degree.

}\o\’/ L

Prof. Anurag Ohri Dr. Mariem Kacem-Boureau

(supervisor) (co-supervisor)
Department of Civil Engineering Laboratory of Tribology and Dynamics of
Indian Institute of Technology ) Systems,
(Banaras Hindu University) Ecole nationale d'ingénieurs de Saint-
Varanasi, India — 221005 Etienne, Centrale Lyon, St Etienne,
Supervisor France — 42023
Department of Civil Engineering

Indian Institute of Technology,(BHU)

Varanasi-221005

i|Page






DECLARATION BY THE CANDIDATE

|. SHREYANSH MISHRA, certify that the work embodied in this thesis is my own bona
fide work and carried out by me under the supervision of Prof. Anurag Ohri and Dr.
Mariem Kacem-Boureau from Dec 2020 to Dec 2024 at the Department of Civil
Engineering, Indian Institute of Technology (BHU) Varanasi. The matter embodied in
this thesis has not been submitted for the award of any other degree/diploma. I declare that
I have faithfully acknowledged and given credits to the research workers wherever their
works have been cited in my work in this thesis. I further declare that 1 have not willfully
lifted up any other's work, paragraphs, text, data, results, efc., reported in journals, books,
magazines, reports dissertations, thesis, efc., or available at websites and included them in

this thesis and cited as my own work.

4//
/

Date: |8] | 2/ 2D K Signature of the Student
Place: Varanasi (SHREYANSH MISHRA)

CERTIFICATE BY THE SUPERVISOR(S)

It is certified that the above statement made by the student is correct to the best of our

knowledge.
k@ Vel , "L:’ =

Prof. Anurag Ohri Dr. Mariem Kacem-Boureau
Department of Civil Engineering LTDS, Ecole nationale d'ingénieurs de
Indian Institute of Technology (BHU) Saint-Etienne, Centrale Lyon, St
Varanasi, India Etienne, France

Supervisor

Department of Civil Engineering é/‘
Indian Institute of Technology,(BHU) )2 ] J
Varanasi-221005 Signature of Head of the Depart

TR Fa‘m
‘.)élpa Cwn Engmeennq
areds ” ~?~ 5 e (@44 N
inds ‘r fTechno\ooy (B H.U.) ag
ZT;U'(M .22 }"ﬁ’ N aranas At 10N5






COPYRIGHT TRANSFER CERTIFICATE

Title of the Thesis: Large Scale Simulation Optimization for Sustainable River-Aquifer

Exchanges

Name of the Student: Shreyansh Mishra

Copyright Transfer

The undersigned hereby assigns to the Indian Institute of Technology (Banaras Hindu
University) Varanasi all rights under copyright that may exist in and for the above

thesis submitted for the award of the DOCTOR OF PHILOSOPHY.

Ak

Date: 27/12/2024 Signature of the Student
Place: Varanasi (Shreyansh Mishra)

Note: However, the author may reproduce or authorize others to reproduce material
extracted verbatim from the thesis or derivative of the thesis for author's personal use

provided that the source and the Institute's copyright notice are indicated.

vil






ACKNOWLEDGEMENT

I am deeply indebted to my PhD supervisor and professor, Prof Anurag Ohri, for his
incredible support during my PhD journey. His patience, kindness and timely guidance
were invaluable.

I am indebted to my co-supervisor, Dr Mariem Kacem, for contributing and sharing her
immense knowledge with me. She has constantly supported my work and guided me
wherever required.

I bow down to Dr Shishir Gaur for his belief in me. Apart from sharp technical knowledge,
he has instilled in me the confidence I have today. His profound knowledge about
everything and impeccable management skills have shaped my career and view of life in
general.

My heartfelt thanks also go to all the members of my Research Performance and Evaluation
Committee: Prof Anurag Ohri, Dr Mariem Kacem, Dr Medha Jha, and Dr Shreyans
Jain. Your relentless professional guidance has been a cornerstone of this thesis, and I will
never forget your support.

I want to thank my department, Civil Engineering, I[IT-BHU for the constant support
regarding my research work. The collaboration between IIT-BHU and CNRS helped me
immensely with the field visits and attending conferences. This work was performed within
the framework of the EUR H20’Lyon (ANR-17- EURE-0018) of Université de Lyon
(UdL) through the ‘Investissements d’ Avenir’ programme operated by the French National
Research Agency (ANR) and through a joint Indian-French International Research Project

(IRP-CNRS) on ‘Effects of River-Aquifer Exchanges on Riverine Ecosystem Resilience to

X



Global Change Comparative Approach of the Ganga and Rhone River Basin Networks’
(2021-2026).

To my Advanced Computing Lab amigos, your morale and comfort were my anchors
during challenging times. I thank God for you. I will be grateful to my friends Lilian Bosc,
Mayank Bajpai, Ankit Tewari, Ranveer Kumar, Rajarshi Bhattacharjee, Parul
Rawat, Ankit Bara, and Barun.

My parents, Mr. Chandra Shekhar Mishra and Mrs. Pushpa Mishra, you are truly
remarkable. You taught me the values of hard work, trustworthiness, and reverence for God.
Your sacrifices, including your comfort, to support my education are deeply appreciated. It
is my prayer that the Almighty God blesses you abundantly. To my sisters and brothers,
thank you for your encouragement and financial and material support. My grandmother,
Rajkumari Mishra, is someone I look for leadership skills and a sense of curiosity.

I also thank all my friends, staff, and faculty at the Indian Institute of Technology, Banaras
Hindu University, Varanasi. I sincerely thank the Almighty God for His provisions,

guidance, and protection.

Shreyansh Mishra



DEDICATED TO MY PARENTS

(Mr Chandra Shekhar Mishra & Mrs Pushpa

Mishra)






