Dedicated to my
Family



CERTIFICATE

It is certified that the work contained in the thesis titled
“Hydrogeomorphological Study of Forms, Patterns and Processes
of Development of Badlands' by ‘NIKHILESH SINGH" 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 Comprehensive Examination, Candidacy and
SOTA for the award of Ph.D. Degree.

(Dr. Medha Jha) (Dr. B.N. Singh)

Supervisor Co-Supervisor

Engineering Geosciences Division Engineering Geosciences Division
Department of Civil Engineering Department of Civil Engineering
Indian Institute of Technology (BHU) Indian Institute of Technology (BHU)

Varanasi Varanasi



DECLARATION BY THE CANDIDATE

I, Nikhilesh Singh, certify that the work embodied in this thesis is my own bonafide work
and carried out by me under the supervision of Dr. Medha Jha and co-supervision of Dr.
B.N. Singh from July-2016 to December-2021, 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.

| declare that | have faithfully acknowledged and given credits to the research workers
wherever their works have been cited in my work in this thesis. | further declare that | have
not willfully copied any other's work, paragraphs, text, data, results, etc. reported in
journals, books, magazines, reports dissertations, theses, etc. or available at websites and

have not included them in this thesis and have not cited as my own work.

Date : Signature of the Student
Place: Varanasi (Nikhilesh Singh)

CERTIFICATE BY THE SUPERVISORS

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

my/our knowledge.

Dr. Medha Jha (Supervisor) Dr. B.N. Singh (Co-Supervisor)
Engineering Geosciences Division Engineering Geosciences Division
Department of Civil Engineering Department of Civil Engineering
Indian Institute of Technology (BHU) Indian Institute of Technology (BHU)
Varanasi Varanasi

H.O.D

Department of Civil Engineering
Indian Institute of Technology (BHU)
Varanasi



COPYRIGHT TRANSFER CERTIFICATE

Title of the Thesis: Hydrogeomorphological Study of Forms, Patterns and Processes of

Development of Badlands

Name of the Student: Mr. Nikhilesh Singh

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” degree.

Date : Signature of the Student

Place: Varanasi (Nikhilesh Singh)

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.



Acknowledgement

I would like to express my deep sense of gratitude to my Supervisor Dr. Medha Jha,
Department of Civil Engineering, Indian Institute of Technology (Banaras Hindu
University), Varanasi, for her valuable guidance, constant support and motivating
comments throughout the completion of this research work. I would also like to thank
my Co-supervisor Dr. B.N. Singh, Department of Civil Engineering, Indian Institute of
Technology (Banaras Hindu University), Varanasi, for his valuable guidance and
constant support. | offer my sincere gratitude to Professor Sanjay Tignath, Department
of Geology, Government Science College, Jabalpur, for his precious guidance and
motivation. It has been my great honour to work with such renowned researchers and
academicians. | gained a lot of experience in my area of research as well as improved
my communication and writing skills. It is my pleasure to express my deepest
admiration and heartiest thanks to all of them for helping me to learn the subject and

to develop an interest in further research in this area.

Very special gratitude goes to Professor P.K.S. Dikshit (Head), Professor P.K.
Singh (Ex-Head), Department of Civil Engineering, IIT (BHU), for their support and
making resources available to me. I would like to acknowledge the University Grants
Commission (India) for providing financial support for the research work. 1 am also
thankful to my RPEC members Professor S. B. Dwivedi (internal expert) from the
Department of Civil Engineering and Professor Rajendra Prasad (external
expert) from the Department of Physics, fortheir valuable suggestions throughout the
work. | would also like to thank Dr. Anurag Ohri and Dr. Shishir Gaur for helping me
in several stances during my thesis work. | would also like to offer my thanks to the
Head, Department of Soil Science and Agricultural Chemistry, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi, Director, Birbal Sahni Institute of
Palaeosciences (BSIP), Lucknow and Professor In-charge, Central Instrument Facility,



IIT (BHU), for their cooperation in analysing my samples.

I am also thankful to all technical staff, teaching, and non-teaching staff,
especially Mr. DineshSingh, Mr. Basanta Prasad, Mr. Shankar Ram and Mr. Akhilesh
Kumar Jaiswar of the Department of Civil Engineering, for their support during the
research work. Finally, my sincere regards and thanks to those who have supported me

one way or the other during my entire Ph.D. period.

With a special thanks to my colleagues Dr. Sachin Mishra, Dr. Ashwani Kumar
Agnihotri, Mr.Shiwanshu Shekhar, Dr. Ravi Ranjan Kumar, Mr. Prashant Modi, Mr.
Neelendu Das, Mr. Arghya Chottopadhyay, Mr. Sandeep Maddheshiya, Mr. Ravi
Ranjan Sharma, Mr. Vikash Pandey, Miss. Pratigya Pathak, Miss. Shivani Gond, Mr.
Ankit Tewari and many more for their valuable support, suggestion and healthy

discussion on my research area.

I am forever obliged to my father Shri Dilip Kumar Singh and my mother Smt.
China Singh andmy family for giving me the opportunities and experiences to make me
who | am. | would like to say a heartfelt thanks to them for always believing in me and
encouraging me to follow my dreams. This journey would not have been possible
without them, so | dedicate this milestone to my family. My sisterMrs. Lipi Singh for her
love and encouragement; she selflessly encouraged me to explore new directionsin life
and seek my destiny. Very special thanks to Miss. Shromona Sinha for her
understanding and encouragement during all these years of research work. I also thank

family and friends for their supportduring this thesis.

Date: Nikhilesh Singh
Research Scholar
Engineering Geosciences Division
Department of Civil Engineering
Indian Institute of Technology (BHU)
Varanasi 221005, India



Content

Title Page No.
ACKNOWIBAGEMENT. ... i
CON BNt e, iii
LISt Of FIQUIES .o e, Vi
LISt OF TaDIS oo Xi
PO aCE. . ..ot Xii

L. INTRODUCTION. . tttttttttiiieeeeeeeeeseesssseseesecssesssssssscsssssnimmisssssssees 1
L.L INTRODUCTION. ..ot e, 1
1.2 DEFINITION OF THE BADLANDS. ... oottt 2
1.3 FORMATION OF THE BADLANDS. ......ooeoe et 2
1.4 RESEARCH OBIECTIVES. ..ot 6
1.5 THE BENEFIT TO THE SOCIETY ..o oot 6

2. LITERATURE REVIEW.auuitiiiiiiiiiiiitttiiiiiiinnssteeessssnssssssecsssnnninns 8
2. L PREVIOUS WORK . . ..o 8
2. 2 RESEARCH G A P. .. e 20

3. ABOUT THE STUDY AREA ...t iiiiiiiiiiiiiitttiiiiisssttetseesnssssssescnnns 22
L L O C ATION e 22
3.2 CLIMATIC CONDITIONS . . ..ot 22
3.3 GEOMORPHOLOGY OF THE AREA . ... oo 23
3.4 GEOLOGY OF THE AREA . ..o 24
3.5 LAND USE AND LAND COVER. ... .ot 25

4. MATERIALS AND METHODS. .cciiiiiiiiitiiiieetteeteennssseeeceseennnns 29
4.1 MATERIALS AND METHODOLOGY ... e 29
A2 FIELD VIS T . e, 31

5. MORPHOMETRIC CHARACTERISATION OF THE BADLANDS....35
DL INTRODUCTION . ..o 35
B2 METHODOLOGY ... 36

5.2.1 Delineation of the Watershed. ........ooovve e, 36
5.2.2Description of the Morphometric Parameters............ccoovvevivieiiiniinannnn. 37
5.2.3 Statistical Methos. . ..o e, 40
B B RESULT S oot 41
5.3.1 Determination of the Morphometric Parameters................cccocoiiviiiiininn, 47
5.3.2 Statistical ANAIYSIS. ... ...ouiriiii e, 60
5.3.2a Pearson’s Correlation Coefficient..........oooeeeei i, 60
5.3.2b Hierarchical Clustering Dendrogram..............ccooiiiiiiiiiiniininn. 64

B DISCUSSIONS. ... 67
BB CONCLUSIONS. . .o e 70



6. MORPHOTECTONIC SIGNATURES OF THE NEOTECTONIC

CONTROL ON THE BADLAND FORMATION...ccutetetiueereececerennennnns 73
6.1 INTRODUCTION. ..ottt 73
6.2 TECTONIC AND DEPOSITIONAL HISTORY OF THE AREA..........oooiiiiiiiiiiiiiieien, 74
6.3 METHODOLOGY ..ottt 78
8.4 RESULTS. ... e 79

6.4.1 Tectonic Parameters/Factors. .........ooviiiriii e, 79
6.4.1a Elongation Ratio (RE).........c.ovviiiriiiii e 79
6.4.1b Hypsometric Integral (HI)...........coooiiiiii e 80
6.4.1c Channel SINUOSILY(S)......oviriirii e, 81
6.4.1d Basin Asymmetry Factor (AF - indeX)............ccooviiiiiiiiiiinnn., 82

6.4.1e Basin Shape INdeX (BS).......ooviriiiii i e 83

6.4.2 Neo-tectonic Features inthe Study Area.............cooevviiiiiiiiiiiiiieen.n. 87

6.4.3 Morphotectonic Events SEqUENCING.........ooviiiiiiiiiii e, 92

B.4.4 INtErPretationS. .. ...t 94

6.5 DISCUSSIONS. ...ttt 96
6.6 CONCLUSIONS. ...ttt 97

7. INTERDEPENDENCE AND MUTUAL IMPACT OF THE PHYSICO-
CHEMICAL PROPERTIES OF THE SOILS AND THE BADLAND

PROGCESSES. . uiuiiiiiiiiiiiiiiiieiiinieesesssesssssasasssssssssssssssssssssssssssns 100
T LINTRODUCTION. ..ottt 100
T2METHODOLOGY ..., 100

7.2.0 SampPliNg. ... 100
7.2.2 Description of the Methods. ..o, 101
7.2.3 Statistical Methods. ..........c.oovrii i 102
T3 RESULTS. ... 105
7.3.1 Grain Size ANalYSiS. .......ouiiri i 105
7.3.2Clay MINeralogy........ccoouiiriii i 109
7.3.3 Bulk Density and Total POroSity...........c.ccoeviiiiiiiiiiieiieeeen 111
7.3.4 Atterberg LImitS. ... ... 112
7.3.5 Chemical Properties. ... ....c.ouiiriie i 114
7.3 5 A NULTIBNES. .ttt 117
7.3.6 Overlay Analysis. .......c.oriiiii 118
7.3.7 Statistical ANAIYSIS. ... ...ouiiriii e 120
7.3.7a Principal Component AnalysiS...........ovviiiiiiiiiiiiiiiceeeae 120
7.3.8 Comparison of Key Parameters of Soils of Different LULC Sites............ 123
TADISCUSSION. ..ottt 126
T 5 CONCLUSIONS. ...t 129



B2 METHODOLOGY ...t 132

8.2.1 Description of the Multifractal Parameters...............coooviiiiiiiiiiinnn, 134
8.2.2 Description of the Lacunarity...........c.oiveiiiiiiiii e, 137
B B R E S UL TS .t 138
8.3.1 Multifractal Analysis of the Badlands Sites..................ccooiiiiiiiiinn.n. 138
8.3.2 Lacunarity Analysis of the BadlandsSites................ccooiviiiiiiiiiiinnnn, 141
B DISCUSSIONS. ... e 142

B D CONCLUSIONS. . ...t 149
9. ECO-RESTORATION OF THE BADLANDS. ..ccciiiiiiitiiiiiiinnneeennnn.. 151
9.1 INTRODUCTION . . et e e e, 151
9.2 SYSTEMS APPROACH FOR RESTORATION ......oeeieee e 153
9.3 VEGETATIONAL AND BIOLOGICAL APPROACHES. ......ueie e, 155
9.4 ENGINEERING APPROACHES. . ...t 157
9.5 RECLAMATION PLAN . ...ttt 158
9.6 GEOTOURISM. . ...t e 161
10. SUMMARY AND CONCLUSIONS . i ttttttttttteteinnsseeeeesesnnsssscecasn 164
10.1 SUMMARY AND CONCLUSIONS OF THE WORK.......ooiie e, 164
10.2 FUTURE PROSPECTS. . oottt 170
RETEIENCE LiSt. ..ttt 172

List Of AppendiX.........ooouiiniiiiii i 203

LiSt Of PUDICAtION. ..o, 211



List of Figures

Figure No. Title Page No.
Figure 3.1 Location map of the study area............cccoeverieiieiiie e 23
Figure 3. 2 (a) Digital Elevation Model (b) Geomorphological map (c)

Geological map (d) Land use and land cover of the study area.............ccccceevvveneee. 26
Figure 3. 3 Field photographs showing network of rill, gully and channels in
badland tOPOGIraPNY ......coiueiiiie e 27
Figure 3. 4 Field photographs showing (a) Shallow gully with 1m depth (b)
headward erosion showing the advancement of the gully in badland area ............. 27

Figure 3.5 Field photographs showing piping features in the badland area ....... 28

Figure 4.1 Flow chart of the methodology of the present study................cc...... 29
Figure 4. 2 Field photographs showing badland topography...........ccccccccveivnnnn 31
Figure 4. 3 Field photographs showing various stages of Badland formation (a)

Shallow gully; (b)Headward erosion; (c) Shallow holes; (d) and (e) Piping .......... 32
Figure 4. 4 Field photographs showing measurement of gully in the area.......... 33

Figure 4.5 Field photography showing eroded road due to the rejuvenation of a

Figure 5. 1 Drainage extraction and watershed delineation methodology........... 37
Figure 5. 2 Map of (a) Third order sub-watershed; (b) Fourth order sub-

WALEISNEA ..ottt 37

Vi



Figure 5. 3 (a) Semi-log plot of stream order and stream number; (b) Semi-log
plot of stream orderand total stream length ...........cccoooiiiii i 48
Figure 5. 4 Distribution of bifurcation ratio (Rb 1&2) in the third and fourth-
order subwatersheds; f- frequency; rcp- cumulative relative frequency percent......49
Figure 5.5 Distribution of drainage density (Dd) in the third and fourth-order
sub-watersheds; f-frequency; rcp- cumulative relative frequency percent .............. 50
Figure 5. 6 Spatial map of the drainage frequency (FS) ......cccccovvrriieiiiiiiennnnnn, 51
Figure 5. 7 Distribution of drainage frequency (Fs) in the third and fourth order
sub-watersheds;f- frequency; rcp- cumulative relative frequency percent .............. 52
Figure 5. 8 Distribution of constant of channel maintenance (C) in the third and
fourth-order sub-watersheds; f- frequency; rcp- cumulative relative frequency
PEICENT ...ttt ettt e e e e e et et e e e e e e st bbbt e e e e e e e e e bbb e e e e e e e e e e nnrnees 55
Figure 5.9 Distribution of elongation ratio (Re) in the third and fourth-order sub-
watersheds; f-frequency; rcp- cumulative relative frequency percent..................... 57
Figure 5. 10 Distribution of form factor (Rf) in the third and fourth-order sub-
watersheds; f-frequency; rcp- cumulative relative frequency percent..................... 58
Figure 5. 11 Distribution of ruggedness number (Rn) in the third and fourth-order
sub-watersheds; f- frequency; rcp- cumulative relative frequency percent ............. 59
Figure 5. 12 Distribution of dissection index (Di) in the third and fourth-order
sub-watersheds; f-frequency; rcp- cumulative relative frequency percent .............. 60
Figure 5. 13 Hierarchical clustering dendrogram of morphometric parameters of

third-order sub- watershed of the study area............cccccovvveiiiee e, 65

Figure 5. 14 Hierarchical clustering dendrogram of morphometric parameters of

fourth-order sub-watershed of the study area............cccceeeiiiiie i, 66

Vii



Figure 6. 1 (a) Sub-surface ridge, depression in the Gangetic basin and their

surface massif (after:Valdiya, 1976); (b) Location of study area over the Faizabad

Figure 6. 2 Structural map of the Vindhyan Sedimentary basin (after

Srivastava et al., 2009)adjoining to the Study area ...........c.ccoeovviienieiiieniennnn 77
Figure 6. 3 Lineament map of the study area ...........cccovvvevieiiieniie s 78
Figure 6. 4 Hypsometric curve of the Mandakini River in the study area........... 81

Figure 6. 5 Spatial map of (a) Elongation ratio (Re); (b) Hypsometric Integral
(HI); (c) Basin Shapeindex (Bs); (d) Basin Asymmetry Factor (AF); (¢) Channel
SINUOSItY (S) IN the STUAY Area .........ooiiiiiieiiiee e 86
Figure 6. 6 (a) DEM (Digital elevation model) of the river course; (b) The slope
along the river course (width of the river course varies from 300-600m)............... 88
Figure 6. 7 Different River profiles along the Mandakini River (master stream) in
LTI (00 Y LT OSSPSR 89
Figure 6. 8 Field photographs (a) (b) (c) showing high cliff in the study area.... 90
Figure 6.9 Field photographs (a) (b) (c) showing undulation in topography
(drumlin shapestructure) in the Study area............ccoeevivieeiiieeiiee e 91
Figure 6. 10 3-D DEM model of the study area, manifesting undulating

100] oo -1 ] 1)V 91
Figure 6. 11 Spatial map showing assigned classes for overlay analysis of (a)

Elongation ratio (RE); ...cvvee ittt 94

Figure 7. 1 Methodological flow chart of spatial mapping...........ccccccevvvvereennne 105

Figure 7. 2 Soil textural classifications (Soil Survey Staff, 1951, USDA) of the

viii



SOIIS OF the STUAYAIEA. ......ccuvieiieiiieiie e 109
Figure 7. 3 XRD data of (a) soil sample L-1; (b) L-9; (c) L-9.1;FTIR data of (d)
L-1 and L-9; ()L-23 aNd L-24 .......ccueiiiieiiieiie e 110
Figure 7. 4 (a) Calcrete nodules; (b) Calcrete horizon; (c) and (d) Microscopic
FIDIE OF CAICTIE ... 111
Figure 7.5 Spatial distribution map of (a) Bulk density (b) Total porosity (c)
Plastic limit (d)Liquid limit and () PlastiCity iNdeX .........ccccevvvriiieniiiiiiiiiiciinns 113

Figure 7. 6 Plasticity chart of the soil samples of the study area (after Casagrande,

Figure 7. 7 Box plot of (a) Electric conductivity (b) Soil organic matter (SOM) (c)
PH (0) SAR .....ooveeeeeeeeee ettt 116
Figure 7. 8 Box plot of nutrient value of soil (a) Ca, Mg; (b) Na, K, N, P ......... 118

Figure 7.9 Spatial map showing assigned classes for overlay analysis of (a)

Liquid limit (b)Plasticity index (c) Bulk density (d) Drainage frequency............. 119
Figure 7. 10 Spatial map of the badlands prone areas.............cccccceveeviiveeviineennnen. 120
Figure 7. 11 Component plots of PC1 and PC2.........cccccocvveiviee v 123

Figure 7. 12 Field photographs showing (a) and (b) Levelling of land by cut and fill
method; (c)and (d) Rejuvenation of rills and gully in freshly reclaimed land by cut
aNd FIHE MELNOA ... 125
Figure 7. 13 Comparison of (a) Bulk Density; (b) Total Porosity; (c) Available

Calcium; (d) pH ofsoil at various land use Classes ...........ccceevvvveeiiieeiiiec e, 126

Figure 8. 1 Map of the study area showing the gully sites S1, S2, S3 and S4.....133

Figure 8. 2 Multifractal and fractal spectral curve of gully site S1, S2, S3, and



Figure 8. 3 Histogram of Aa. (a-c), Af (o) (d-f), Dq (g-1) and Ag (J-1)..cccvvenneen. 142
Figure 8. 4 Precipitation history from 2000 to 2018 of the study area (Source:
India MeterologicalDepartment) ..........cooiveiiiiiiieiie e 146

Figure 8.5 Representation of SPI at different time scale of 3, 6, 9 and 12

Figure 9. 1 Interdependence and influence of the various components of the
DAAIAN SYSTEM ... s 152
Figure 9. 2 Field photographs showing (a) and (b) Scarp-headed gully, native
vegetation, lackingvegetational diversity in terms of variety of plants and trees. (c)
and (d) Tall trees with huge canopy are completely missing in most of the badlands
INTHE STUAY AIrEA. ...evvvee e et e e e e e a e e naaeeaneeas 157
Figure 9. 3 Identified locations for the constructions of various check-dams in the
(00 )V 1= VPR UTSSURR 160

Figure 9. 4 Eco-restoration plan of the badlands area..............ccccceevveeiieennen. 163



List of Tables

Table No. Title Page No.

Table 3.1  Lithostratigraphy of the Chitrakoot area (after Singh and Pal, 1970;
ANDArASU, 2001) .. .eieiiiie e e e anees 25

Table4.1  Showing different parameters of the soil samples and their reasons for
MNEASUIEIMENTS. ... e 34

Table5.1 Table showing primary and derived morphometric parameters........ 38
Table 5.2  Primary and derived morphometric parameters of the study area .... 43

Table 5.3  Primary and derived parameters of the third-order sub-watershed ... 43
Table 5.4  Primary and derived parameters of the fourth-order sub-watershed. 46
Table 5.5  Pearson’s Correlation Coefficient (= r x 100) for 55 third-order sub-

watersheds Of the STUAY Grea..........cccuviieeiiiiiie i 62

Table 5.6  Pearson’s Correlation Coefficient (= r x 100) for 9 fourth-order sub-
watersheds of the StUAY @rea..........ccceeciveiiiie e 63

Table 6. 1  Derived values of morphotectonic parameters of the third order sub-
WALEISNEA ... 84

Table 6. 2  Summary of morphotectonic analysis of the study area................... 86

Table 7.1  Grain size distribution and physico-chemical property of the studied
SOUl SAMPIES ... e 107
Table 7.2  Carbon-Oxygen isotopic distribution in the calcrete samples of the

S (010 ) =T U PSPPSR 116
Table 7.3 Principal component analysis (PCA) of the physico-chemical

Parameters OF SOIl.........ocviiiie e 122

Table 8.1  Multifractal parameters of the multifractal spectra and lacunarity

values of the gullysites S1, S2, S3, S4 ....ccoviiiiiie e 139

Xi



Preface

Badlands are multivariate, self-enhancing systems of erosive processes which are
characterized by intensely dissected topography with iterative patterns of rill-gully-
channel networks having deteriorated soil properties, reduced soil fertility and sparse
vegetation. They often develop on unconsolidated or poorly consolidated
sedimentary deposits and frequently occur in arid and semi-arid regions, and soils
characterized by slow formation and no nutrient cycling. Badland erosion is a major
sediment source for river systems in dry lands. High erosion rates thus not only
account for a loss of soil productivity but ultimately can also lead to reservoir
siltation. Badlands formation is a challenging problem globally and such erosive
systems may initiate due to varieties of factors related to natural or anthropogenic
causes.

In India most of the work was done in the Chambal sector of the Yamuna-
Chambal ravine zone and there also a holistic approach to encountering badlands
generation and process was missing. There is no standard methodology and guideline
procedure to revive the eco-system of badlands. The present work focuses on a
holistic approach to developing understanding regarding the badlands process in and
around Chitrakoot town along the bank of the Mandakini River. The study represents
the morphology and the intrinsically related characteristic details of the badlands
systems in order to the investigation of causative factors and conditions thereof and
suggestive reclamation plans.

This thesis, structured in ten chapters, has brought together geological,
geomorphological, geo-chemical, geo-technical, hydro-meteorological and

ecological aspects of badlands formation . The first chapter of the thesis describes the

Xii



introduction of badlands, possible causative factors and the objective of the study.
The second chapter discussed a detailed literature review and gathering state of the
art understanding regarding badlands formation, badlands morphology and various
processes of formations. The third chapter describes the location, climatological
conditions, geomorphology and geology of the study area. The fourth chapter deals
with the materials and methods that were adopted for the various studies. The fifth
chapter contains the macro-scale mapping by morphometric analysis, followed by the
indexing of badlands initiating morphometric parameters. The sixth chapter deals
with the tectonic influence over the region with the help of surficial tectonic features
and morpho-tectonic parameters. The seventh chapter deals with the interdependence
and mutual impact of the physic-chemical properties of the soils and the badland
process. The eighth chapter focuses on multifractal analysis of the badland
formations. Based on these investigations and gathered knowledge on the badlands
in and around Chitrakoot town, various reclamation techniques were discussed in the
ninth chapter. The suggested reclamation techniques are self-sustainable and based
on locally available materials containing vegetative and engineering approaches. The
last chapter deals with the conclusions, summary and the future prospects. This work
is an important contribution to the study of the badlands. It may be helpful in the the
monitoring, assessment and reclamation of the existing and emerging badlands for

the benefit and growth of the society.
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