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PREFACE

Rivers, in India, a crucial part of the hydrological cycle, are in a perilous state. In order
to draw attention to the conservation of rivers in a holistic manner a consortium
of non-government organizations, namely, INTACH (Indian National Trust for
Art, Culture and Heritage), WWF (Worldwide Fund for Nature) India, Toxics Link,
SANDRP (South Asia Network on Dams, Rivers and People) and PEACE Institute
Charitable Trust, came together in 2014 to organize an annual India Rivers Week
(IRW). Laterin 2016, the Dehradun-based People’s Science Institute (PSI) joined the
consortium, which was further expanded in 2021 to include Bengaluru based ATREE
(Ashoka Trust for Research in Ecology and Environment), IIHS (Indian Institute of
Human Settlements), SOPPECOM (Society for Promoting Participatory Ecosystem
Management), Pune and Veditum India Foundation, Kolkata.

River Ganga is much more than a river for the people of India. Over millennia, it
has been India’s civilizational identity. She is worshipped as an all-forgiving goddess
capable of washing away a believer’s accumulated sins and as a mother without
whose amrit (nectar) the life journey of a believer from birth to death is incomplete.
Little wonder then that River Ganga is immortalized in prose, poetry, songs, art and
timeless rock sculptures. In more recent times, to its devotees its divinity appears to
have been reaffirmed by scientific confirmation of its unique self-cleansing ability
and curative health properties.

The theme for the event in 2018, was ‘Can India Rejuvenate River Ganga?’ This book
is a result of that event. Much delayed owing to successive years of pandemic the
book is a serious effort to promote and strengthen holistic efforts to rejuvenate
River Ganga. The book highlights several facets including the geo-morphological
and biological diversities of the Ganga basin and their rapidly expanding disruptions
with a larger question in mind, which is, its likely future as a physical entity.

The book should be of interest to a wide spectrum of readers and stakeholders
including lay persons, researchers, journalists, activists and policy makers. We
hope that the readers will find the book informative and useful and that the
authorities tasked with rejuvenating River Ganga will find the issues raised and the
recommendations made worthy of serious consideration.



MESSAGE FROM CHAIRMAN, INTACH

The emasculation of the holy Ganga began in the mid 19th century with the
construction of the Ganga canal system. Since then, the river has gradually been on the
decline impacted by human interventions such as dams and barrages, groundwater
depletion and sand mining. The more visible aspect of human impact has been the
pollution of the great river and this is what has drawn attention to the plight of the
river we worship.

Every crisis spurs its own resolution and thus the sorry state of the river has
attracted massive efforts to restore its aviralta and nirmalta. However, the massive
efforts being made by government authorities are alone not adequate. Civil Society
has ventured into the field and evolved several insights into what ails the river and
possible remedies.

This report is the result of a building upon the erudite inputs of several river experts
and activists during India Rivers Week, 2018. It is my hope that it will help both
researchers and decision makers in shaping their actions in the quest of revival of
the Mother River to its pristine glory.

Maj. General [Retd] LK Gupta [AVSM]
Chairman, INTACH
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Ravi Chopra
Manoj Misra
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A Narrative of The Ganga

1.1 INTRODUCTION

aa, mighty, majestic, mythical - are common descriptors Indians use for
their national River Ganga.! It is the most revered river in the world. Most

Hindus worship river Ganga, the consort of Lord Vishnu, the progenitor in the
Hindu trinity along with Brahma the creator and Shiva the destroyer, as a goddess. Its
spiritual sanctity has been the essence of Indian culture across millennia. Its devotees
respectfully refer to it as ‘Ganga ji’ and not simply as Ganga.

River Ganga is India’s civilizational identity. It binds India emotionally. Jawaharlal Nehru
wrote in his will and testament, “The Ganga, especially, is the river of India, beloved of
her people, round which are intertwined her racial memories, her hopes and fears, her
songs of triumph, her victories and her defeats. She has been a symbol of India’s age-old
culture and civilization, ever-changing, ever-flowing and ever the same Ganga.”

Her devotees, regard the river as a physical manifestation of the goddess and her water
as possessing magical healing powers. According to Hindu scriptures a mere drop of
Gangajal (Ganga water) or the sight or even memory of R. Ganga can cleanse the faithful
of all sins. Its spiritual pull draws millions of worshippers every year. This chapter tries
to understand what has sustained the faith of millions of Indians in River Ganga across
ages.'

1.2 GANGA MYTHOLOGIES

Indian scriptures contain hundreds of myths about goddess Ganga and the river. The
most popular myth, narrated during childhood over millennia to most Indians, is told
in the Ramayana, the Mahabharata and many Puranas. It describes Brahma releasing
goddess Ganga from heaven to descend to Earth in response to the prayers and penances
of King Bhagirath to liberate the souls of his ancestors by sweeping over their ashes. In
this narrative, Shiva tames the tempestuous energy of the descending Ganga by trapping
her in his matted locks and gently releasing her on Earth.! Thereafter King Bhagirath'’s
chariot creates a channel through Himalayan gorges, their foothills and the plains to
lead Ganga over his ancestor’s ashes at Ganga Sagar and her ultimate merger with the
sea. Thus, the Ganga is holy from its origin to the sea.

But the oldest myth of River Ganga is the one in the Rig Veda, narrated centuries before
the later epics and Puranas.? In this myth, Indra frees the celestial waters of heaven -
containing the immortality-bestowing nectar of the gods, amrita -- from the coils of the
serpent Vritra for the nourishment of Earth. Amrita in Ganga waters may be seen as
giving Gangajal a divine purity, its unmatched self-purification property and its ability
to cure illnesses.
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In the Vaishnava tradition, River Ganga’s true headwaters are in heaven itself, where she
emerged from the foot of Vishnu. She was collected in the water pot of Brahma. As she
descended from heaven to Earth, in fulfillment of the boon granted by Brahma to King
Bhagirath, Shiva received her on his head to tame her turbulence. Since in this version
Ganga is seen springing from Vishnu’s foot, she is also known as Vishnupadi.*

When Ganga realized that she would have to descend to Earth and carry away the sins
of her devotees, she became fearful of becoming unclean herself. It is said that Brahma
promised her then that, “... sages and saints would live along her banks, and their
bathing would purify her waters just as quickly as sinners could taint them”>

River Ganga is known by over 100 names, each recalling a different legend and creating
a different image in the mind. Among the commonly known ones are Jahnvi (daughter of
the sage Jahnu), Mokshadaayani (provider of salvation), Paapharini or Paapvinaashini
(sin-cleansing), Sursari (river of the gods), Tripathagamini (one who traverses the three
worlds, heaven, earth and the netherworlds) and Vishnupadi (emerging from the foot of
Lord Vishnu). (See Box: 108 Names of Goddess Ganga).

108 Names of Goddess Ganga

35 TSI 35 RIVUMS T 11 35 YA R RIO@ETHI 35 STgqd 01 35 UTIg-aRa
13> WEIUTAHARIE 9135 TafdiquRiE T913 Wiagaqd W 3 WRuA-@
13> auUTEEaRYard 913> auRsHaraard T3> AU Tm13
YD 7SS GavuIgd TH1 3> JRARFTR 77135 AgIo-d A013> Hgamd 79135
HAURETTRAEE 015 Saue@aard Tq13 ofqamd 9w sfqaumafamf@
135 GAHRTIRE A013> AgTRaade @ au1d> URiRYA 79135 Waqd 79135
TETHISRYRETAE 71135 AYTSINTAR TH 3> YGUTA TH1 35 THaa-arai-a 79135
AT 135 UNTEaqd 9013 JUITH-GeR-@ T913 TgUIed I8013> YU
13> RAGAGERE 013 URAqd THIS MfAudd TWi1d> AfaiRwrareard
T35 IAHREETHLETETE 70 35 ARTAR™ 771 35 TRTAA™ 7171 35 AgThque1a3d
13 WEIYRE AW WqRAIE 913 RAaeauEaTd Wi R T9ids
TRUIGRGHHERUO@ 013 TqUsaadrd 03 ARIUNE 71135 SeHa ™ 79135
ABTTREPIARA TS5 INAAGSATRE 713 grEiafed 7w1ds aRE 19135
TR 9IS IARARPE THIS REAUEHME TS REAFAUETHATaad
T3 MNUNEER@ 915 Yo ARavMeea-@ TS safquRiad 9913
TIRARTARAERE 77135 TRAEHYUTE TH1 3> agUuasa T71 35 qa@rids gria-m=i-a
T:| & TRRGaR 701 IFURSAAE 99135 TMIERPE T0135 Tar@ 99135
FrafiRE 771 35 FRUGIRUTE 791 35 HIUMA T4 35 TR 701 35 TRRMRRE
135 BTG IRYTHYATE 771 3> ATH HITRRITE 717135 3ieard 71 35 R e
13> RAFARMATAND 717135 TRUIRYGaURA 707135 WY 77135 AEIRYT
135 YU 9135 TqRASHYD 113> WA 77135 ufqaquaieraf @ 713> wfaerd
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13> TfargSEerf-@ 713> ARTaaurd 9913 duHat-@ 793 R 989135
RREAEFRAT 015 I(@YR™ 77135 MaEd T9135 TRFGIARE T89:135
ARG 7135 GARER 99135 FTgIaruRYE A 991 3> THIHUTa 1135 WRaard
135 WRAUARIROE 797135 oA 98913 THydiquaieraf-@ 79135 Tareaard

IS FHEHYd WIS AfqE@FEed AHIS TIYSad AW Aacardfea:

RUSEUSHSTA T

1.3 GANGA SABHAYATA (CULTURE): THE RIVER
AS GODDESS

1.3.1 Rituals

The story of River Ganga flowing over the ashes of Prince Bhagirath’s ancestors and
reviving them by cleansing their sin is strongly imprinted in the Hindu mind. Even
today most Hindus, including non-believers, desire that their ashes be immersed in
River Ganga. Jawaharlal Nehru, a confirmed agnostic, wanted a small portion of his
ashes to be immersed in the Ganga. He wrote in his will, “I have been attached to the
Ganga and the Jumna rivers in Allahabad ever since my childhood and, as I have grown
older, this attachment has also grown.............. the Ganga has been to me a symbol and
a memory of the past of India, running into the present, and flowing on to the great
ocean of the future. And though I have discarded much of past tradition and custom...
<] do not wish to cut myself off from that past completely. I am proud of that great
inheritance that has been, and is, ours, and I am conscious that I too, like all of us, am a
link in that unbroken chain which goes back in the dawn of history in the immemorial
past of India. That chain I would not break, for [ treasure it and seek inspiration from
it

Ganga’s descent or avtarana is recalled at river banks all over India during the shraadha
season when Hindu families ritually commemorate their ancestors every year. The
ritual of her descent from heaven to Shiva’s head is enacted every day in many Indian
homes and temples by pouring Gangajal, or just water, on a replica idol of Shiva linga.

Every day, in fair weather or foul, all along the Ganga’s course lakhs of devotees worship
the river goddess at its banks. They offer ritual obeisance to the river, the sun and the
Almighty. Devotees face the dawning sun to perform aachaman, the purification sip
before praying, firm in their faith that Gangajal is pure. They take dips or bathe in the
river even at Gangotri where the water is icy cold. Most devotees make floral offerings
atthe banks while some travel in boats to the middle of the river to offer their flowers or
garlands. The main worship ritual at many pilgrim towns is the evening aarti (prayer)
when the faithful gather en masse on the river banks and pray. At the end of the prayer,
they release colorful floats of flowers and diyas mounted on leaves into the river water.
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People of other faiths in India also revere the Ganga.!* Muslim artisans make kaanwars
for millions of Hindu devotees who gather at Haridwar and other towns on the river
banks during the annual kaanwar yatra festival. Many of these artisans revere the river.
In recent years hundreds of burga-clad Muslim women in Bhagalpur have begun taking
partin the kaanwar yatra. Hindu and Muslim boatmen in some parts of Bengal are known
to worship Maa Ganga. Guru Amar Das, the third Sikh Guru, visited Haridwar regularly
during his lifetime to pray on the banks of the Ganga. Buddhist narratives also make
references to the holy Ganga.

Like the Ganga’s basin which extends into Nepal, Bangladesh and Tibet, its influence too
stretches far beyond India. Most Nepalis being Hindus, also worship the Ganga as a holy
river, though for them their own Bagmati river is holier. A statue of river Ganga adorns
the royal palace at Mul Chowk in Patan, Nepal.

1.4 A SACRED GEOGRAPHY

Though the entire length of River Ganga is considered holy, a few locations are considered
more sacred than others.

r-.

{

Image 1 : Goddess Idol in Gangotri Temple
Photo Cr: Devraj Agarwal
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1.4.1 Gangotri

Gangotri is the small temple town near its source -- at an elevation of over 3000
metres. It is visited by around a million people every year. It is one of the four sacred
Hindu shrines in Uttarakhand state. After a ritual cleansing dip in the icy Ganga waters,
devotees pray inside the Gangotri temple before a golden idol of the goddess on a silver
throne embossed with her vehicle, the makara, the Gangetic crocodile and bearing a
water pot and a lotus in her hands that symbolize her giving nature.

1.4.2 Haridwar

Descending from the Himalayan mountains River Ganga enters the plains at Haridwar,
once known as Gangadwar, ‘Ganga’s Gate’. A Puranic verse says, “The Ganga is easy
to reach all along its banks. But three places are precious: Gangadwar, Prayag and
Ganga Sagar. Those who bathe in these places go straight to heaven and are never born
again”.'? It is also the site for the auspicious 12-yearly Kumbh Mela (See later).

The Bhimgoda barrage on the Ganga at Hardwar diverts most of its water into a channel
with ghats on either side. Railings and iron chains are fixed into the steps for visitors
to grip and take a ritual dip in the river. The evening Ganga aarti performed in the
presence of thousands of visitors is a daily highlight. Pujaris from many temples in the
town come to the ghats with oil wicks burning brightly in five-tiered brass candelabras.
With clashing cymbals and ringing of bells the aarti is recited, as the pujaris wave
their candelabras in a circular motion. At the end thousands of people gaze in wonder
as devotees release hundreds of broad-leaf rafts holding their offerings of diyas and
flowers to the goddess flowing rapidly past them.

1.4.3 Allahabad

Sangam is the confluence of two rivers or streams. It is a sacred site, a teertha, as one
stream is regarded as purifying the other.” The holiest of sangams in India, the teertha
of teerthas, is the meeting of the Ganga and the Yamuna at Allahabad, also known
as Prayag, or ‘the place of sacrifice’. The latter refers to a yagya that Lord Brahma is
said to have performed here. After the great Mahabharat battle, Rishi Markandeya
recommended to King Yudhisthir that he bathe in the waters here to wash away the
sins of killing his kin and Brahman guru.

The Triveni at Prayag symbolizes the Tripathagamini Ganga as a river flowing in the
three realms - the heavens, Earth and the netherworlds. It also seems to express the
ecumenical nature of Ganga mythologies, which associate her with the entire Hindu
trinity - flowing from Vishnu’s foot into Brahma’s pot, and then falling on Shiva’s
head. This triple divinity may be seen manifest in the Prayag Triveni. The white Ganga
is Shiva’s Gauri, the dark Yamuna is Krishna’'s wife Kalindi and Brahma’s wife is the
invisible Saraswati.

Based on Eck D.L., p.149
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Eck suggests that the Rig Veda is referring to this confluence, when it says, “Those
who bathe at the place where the two rivers, white and dark, flow together, rise up to
heaven.”’3 She cites the poet Kalidasa’s description, about a thousand years later that
the Sangam of the Ganga’s white water with the Yamuna'’s blue waters is like ‘a string of
pearls and sapphires combined, or a garland of white and blue lotuses.’ The significance
of the Ganga-Yamuna sangam is enhanced by their supposed merger with the great
invisible Vedic River Saraswati, their triveni being more auspicious than the sangam of
two rivers.

The huge flat sandy plain at Allahabad hosts several lakh worshippers during the month-
long Magh Mela starting on January 14% every year. The Ardh Kumbh Mela at Allahabad
in 2019 was said to be the largest ever human congregation anywhere in the world!

1.4.4 Varanasi

Hindus cremate their dead at river banks, followed by a ritual purifying bath. The
most sacred sites are the many ghats, or stone-stepped embankments, by the Ganga
in Varanasi. The city’s origins go back to 11" century BC. Hindus and Jains believe that
dying here and getting cremated along the banks of the holy Ganga leads to moksha
or salvation from the otherwise unending cycle of birth and death, making it a major
pilgrimage center. Pilgrims perform ritual ablutions at the ghats, particularly at the
Dashashwamedh, Panchganga, Manikarnika and Harishchandra ghats. The last two
are where Hindus cremate their dead and Hindu genealogy registers at Varanasi are
maintained.

1.4.5 Ganga Sagar Island

Itis a smallisland at the mouth of the river Hooghly, one of the many distributaries in the
great Ganga delta of the Bay of Bengal. Being a deltaic island, its shape is continuously
modified by the onrushing sea and the frequent cyclones.

According to mythology, sage Kapila burned to ashes the sons of King Sagara, when
they disturbed his meditations in his ashram here. Prince Bhagiratha, Sagara’s grandson
brought the celestial Ganga to revive them. It is also a teertha that symbolizes the
marriage of the river with the sea. Bathing at the river and sea sangam (confluence) and
praying at Kapila’s temple are two important rituals at Ganga Sagar Island.

1.5 GANGA FESTIVALS

A variety of festivals and fairs throughout the year sustain the legends of river Ganga
and people’s faith. Over millennia they have made rivers in the Ganga basin cradles for
several important pilgrimage locations. These festivals and fairs are “. a small mirror of
the whole society, in which its energy and force, its beauty and its bad qualities, as well,
are reflected”.!* They transform riversides into vast assemblies of devotees, preachers,
traders and pilgrims.
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1.5.1. Kumbh Mela

The most famous festival is the Kumbh Mela. It is held every four years by rotation at
Haridwar and Allahabad (both on the Ganga), Nashik on the Godavari and Ujjain on the
Kshipra river. Bathing in these rivers during the festival is said to cleanse a person of
all sins. Once in six years, an Ardh Kumbh (half Kumbh) Mela is held between the two
Kumbhs at Allahabad and Haridwar.

In recent years, increasing religious fervour attracts hundreds of millions of visitors
from all over the globe as part of a larger revival mission that makes the Kumbh Melas
the largest human gatherings on Earth. As millions collect to create a spectacular
gathering the religious fervour reaches a crescendo.

Official records showed thatin the 49-day 2019 Ardh Kumbh Mela that began on January
14th, just over 240 million people visited Allahabad, the highest number in the Mela’s
history, including almost a million foreigners and the ambassadors of 71 nations.'®

1.5.2 Magh Mela

The first festival during the calendar year is the Magh Mela. It is held annually in Magh
month from January 14th, the Makar Sankranti festival day at major pilgrimage sites
in India, including the banks of River Ganga and its hundreds of tributaries and feeder
streams. Every 12 years the Magh Mela becomes the Kumbh Mela. Mass ritual bathing
in the river is the main feature. It is said that Indra the king of gods, cursed by rishi
Gautama for lusting after his wife, was freed from the curse by the holy Magh snan.

The Magh Mela celebrations on the banks of the Ganga at Prayag , Uttarkashi, Haridwar
are more well-known. The Magh Mela at Prayag (Allahabad), now reputed to be one
of the largest fairs in the world, is organized on the banks of the auspicious sangam.
Bathing there during the Magh period, from Makar Sankrantito Maha Shivaratri, is said
to free one from rebirth.

In Uttarkashi district of Uttarakhand, people from various villages bring dolis
(palanquins) bearing idols of their local deities and immerse them in River Bhagirathi
at Manikarnika Ghat in Uttarkashi town. Various groups perform traditional dances and
songs while the Bhotia traders sell their handicrafts.

The Uttarayani mela at Bageshwar on the banks of Uttarakhand’s Saryu river is another
version of the Magh Mela. It is a week-long fair beginning on January 14 every year.

1.5.3 Ganga Dussehra

Every year in the month of Jyeshtha (May-June) the Ganga Dussehra, observed all along
the river’s course, celebrates the descent of Ganga to Earth.
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1.5.4 Kaanwar Yatra

Twice every year there is the kaanwar yatra, a smaller one around Shivrartri (around
March) and then the major one during the monsoon month of Saawan (July-August).
During the kaanwar festival Ganga worshippers walk back to their homes carrying
Gangajal, without allowing the pot to touch the ground, to anoint a local Shiva lingam. In
recent years the number of kaanwariyaas visiting Haridwar during Saawan has swelled
into millions adding substantially to the local economies as well as civic tumult.

1.6 CELEBRATING GANGA

Across millennia, philosophers, writers, poets and singers have eulogized River Ganga’s
virtues and powers and kept alive its glory.!® But some, looking at the river’s reality have
transcended faith to also question the blind beliefs of the masses.

10 Maa Ganga




A Narrative of The Ganga

The Rig Veda has only limited references to the Ganga, focusing more on the now lost
Saraswati river. But in the myth about Ganga’'s descent from heaven, the Rig Veda
describes its water as life-nourishing. The ancient poet, Valmiki, author of the Ramayana
epic, vividly described River Ganga as full of whirlpools, flowing gently sometimes
and becoming braided at other times. Its banks were extolled as celestial playgrounds
frequented by devas (gods), danavs (demons) and gandharvas (heavenly singers) among
others. Its body was home to cranes, swans, other birds and lotuses.

In an octet of praise for River Ganga, the poet Kalidasa wrote that its water was
perennially clean. He called Ganga, Akash Ganga, a reference to the Milky Way. Tulsidas
the 16th century poet-saint who translated Valmiki’s Ramayana from Sanskrit into the
vernacular Ramacharitmanas, lived on the banks of the Ganga in Varanasi. For him the
Ganga represented devotion to Rama.

Adulation for the Ganga transcended time and religions. Zafar Khan Ghazi, a 13th century
AD proselytizing Islamic warrior, became a Sufi mystic in later life. In an eight stanza
Sanskrit ode to River Ganga, he likened her to ‘the most compassionate mother of all’'”
Kabir, the great 15th century weaver-poet who lived in Varanasi, often visited the Ganga
ghats at dawn and watched the sunrise. In one doha (couplet) he compared the purity
of Gangajal to nirmala mana or a pure mind.!® But he was amused by the unquestioning
faith of her devotees. Guru Nanak, the founder of the Sikh religion, also found it difficult
to follow the rituals of a devotee when he visited pilgrimage spots by the Ganga river
banks. On a visit to Benaras in 1827-28, Mirza Ghalib the celebrated Persian and Urdu
poet, expressed his wish to pass away his remaining life on the Ganga ghats in Benaras.

Many Bengali thinkers have written about River Ganga. For Swami Vivekananda the
Gita and Ganga constituted the essence of Hinduism. Ganga featured prominently in the
works of Nobel laureate Rabindranath Tagore. To him River Ganga symbolized India.
Amitava Ghosh among modern Indian writers, while celebrating the Ganga, is also
critical of the Indians’ blind faith in the river. Authors like Manik Bandhopadhyay and
Humayun Kabir, poets and musicians with roots in today’s Bangladesh have celebrated
the Padma, a well-known channel of River Ganga, which merges with River Meghna in
Bangladesh.

River Ganga has been held in utmost esteem and reverence throughout India since
ancient times. It is the gold standard which people in south India use to praise their
own local rivers. People in Telangana refer to Godavari as Dakshin Ganga. In Karnataka
and Tamil Nadu, the Kaveri becomes the Ganga of south India. In Manimekalai, a famous
Tamil epic, the poet Sathanaar describes the Goddess Sambapathy welcoming Cauvery
refer to it as ‘the Ganges from the blissful sky’.!?
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1.7 GANGA ICONOGRAPHY?°

Agricultural surpluses in the vast Ganga and Yamuna plains sustained imperial dynasties
from the Gupta era through the reigns of King Harsha, the Sultans of Delhi and the
Mughals. Many of them demonstrated their gratitude by making the river goddesses
emblems of their power. Coins and battle flags bore their images. The extent of reverence
for the Ganga and Yamuna can thus be inferred from historical iconography.

During the Gupta era (c. 300-550 CE)" goddess Ganga became a symbol of prosperity and
imperial power that lasted over two centuries across large parts of India. Kings, queens
and prosperous traders issued coins depicting Ganga as a goddess of good fortune and
imperial power. Sinuous images of goddesses Ganga and Yamuna astride their mounts, a
crocodile and a tortoise respectively, were carved in temples and caves during the Gupta
period, though images of Lakshmi were being used on official seals.

The goddesses appear as guardians at the fifth century CE Parvati temple of Nachna
Kuthara, near Khajuraho. Such images appear often as far east as Tezpur in Assam. In the
west sculptures of the river goddesses can be seen in the Ajanta caves near Aurangabad
and the Elephanta caves near Mumbai. As the southern Pallava, Chalukya and Rashtrakuta
dynasties began extending their reach beyond the Vindhyas into the Ganga heartland,
there was a diffusion of Ganga myths, knowledge and iconography in the south. Ganga
and Yamuna sculptures began adorning South Indian temples during their dominance.
One of the most well-known sculptures is a massive mural showing Ganga’s descent from
heaven at the 10th century CE Pallava temple in Mahabalipuram on the southern tip of
the Deccan peninsula. Battle flags of the southern dynasties often sported images of the
goddesses Ganga and Yamuna.

The Rashtrakuta kings immortalized their worship of Ganga by sculpting her idol in the
Kailashanatha rock cut temple in Ellora, adding to similar imagery by the earlier Vakataka
kings at the nearby Ajanta caves. The expansion of the Chola Empire took the Ganga
image as part of the Nataraja sculptures to various temples in Tamil Nadu. Rajendra, a
Chola king, is said to have brought vast amounts of Gangajal to be stored in the massive
Brihadeshwara temple in Tamil Nadu during the eleventh century CE.

Sprinkling or dousing with sacred Gangajal to enhance the life of the ruler may have
been a coronation ritual prescribed in the Atharva Veda. Two copperplate inscriptions
of a Vakataka king Pravarasena II, found in Berar (Deccan) and Seoni (Madhya Pradesh)
indicate that during the coronation of a king his forehead was sprinkled with the pure
Gangajal obtained by his own valor. Kalidasa's poem Raghuvamsa ends with a description
of a queen being doused with Gangajal poured from golden jars. A similar ceremony
using golden vessels was also performed during the crowning of King Harsha. By the
second century CE the sacred waters of river Ganga became an indispensable part of
meal-time rituals of kings in northern India.
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1.8 GANGA BASIN DOWN THE AGES: THE RIVER AS
CAPITAL?

Alarge part of India’s history since the ancient period is located in the Ganga basin. The
Ramayana and Mahabharata epics, which also contain stories of the origins of River
Ganga, are largely centered in this region.

Buddha attained enlightenment in Bodh Gaya, located on river Nairanjana, a tributary of
River Ganga and early Buddhism left a significant cultural imprint in the middle Ganga
plains. Important Buddhist monastic orders were based in Vaishali, Kaushambi and
Sarnath (near Varanasi). Many Buddhist stories (jatakas) allude to Varanasi by the Ganga.

The Arthshastra described the Ganga plains region as a landscape with arable land beside
forests full of elephants and timber and pastures for cattle. Floods would devastate
this idyllic landscape in the monsoon season. Extensive agriculture began producing
surpluses that sustained urban centers in the Mauryan Empire. By Ashoka’s reign several
towns and cities emerged along the Ganga (and Yamuna) banks even as the forests still
contained hunting and gathering tribes. Vidisha, at the confluence of the Bes and Betwa
rivers, was an important town on the trade route connecting the Ganga valley to central
India.

The sanctity of the Ganga continued to grow even later when Jainism and Buddhism
spread, since the masses adopting these religions continued to immerse the ashes of
the dead in the Ganga. Despite political upheavals for more than two centuries after
the collapse of the Mauryan Empire, the anthropogenic utility of river Ganga and its

TRANSFORMING THE RIVERSCAPE

The compositions of Banabhatta, the 7th century CE Sanskrit scholar and King Harsha's
court poet, contain elaborate descriptions of lush forests in the Ganga valley and their
wildlife.?? Literature of the early second millennia CE describes a delicately balanced
agrarian ecology. The Matsya Purana compiled between the 8th and 13th century CE
recounts verdant forests, pastures, lakes and marshes in the Ganga plains. Babur (16th
century CE), who had a keen eye for the natural landscape, wrote about the abundant
diversity of flora and fauna in northern India. He wrote of hearing the roars of lions and
rhinos at night from his campsites. Near Allahabad herds of wild elephants were being
domesticated. Among smaller fauna he saw local and migratory birds. Babur wrote that
in Jaunpur and Benaras the Ganga was full of crocodiles, alligators and dolphins.

As late as in the 18th century CE in the eastern Ganga valley tigers, rhinos, bear, deer and
peacocks and roamed the jungles of today’s Jharkhand. Reed jungles between the cities
of Munger and Pipra were dominated by tigers, rhinoceroses and wild buffaloes.
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tributaries grew as they provided transport routes for agricultural surpluses and urban
centres flourished on their banks. Some of the well-known towns were Patliputra on the
Sone near its confluence with River Ganga, Vaishali on the Gandak and Kosambi and Bhita
on the Yamuna. The latter towns had brick houses and grids of broad thoroughfares, not
unlike the images of Mohenjo-Daro. During this time Patliputra was perhaps the largest
city in the world.

Mahmud of Ghazni was perhaps the first Islamic ruler who crossed the Ganga, in the
11th century CE, and pushed into its heartland by conquering the rich city of Kannau,.
His governor, Ahmad Tigin of Lahore, reached as far as Varanasi a few years later. In the
early 12* century CE the Gahadavala king Govindachandra endowed the famous Kashi
Vishwanath temple and the ghats in Varanasi after he had subdued Turkish invaders.

At the end of the 12% century CE, Muhammad Ghori defeated Prithviraj Chauhan and
Jaichand and firmly established Turkish rule in the Ganga heartland. Later, sculptures and
artifacts, including Ganga and Yamuna images were reused in the Qutab complex (Delhi)
by Qutubuddin Aibak and Iltutmish.

1.8.1 Expansion Into The Middle Ganga Valley

Mongol armies repeatedly attacked the northwestern territories of the Sultanate. Hence
the expansion of the Sultanate Empire took a south-easterly route along the Ganga.
The fertile middle Ganga valley held potential for increased agriculture production and
revenue generation. Technology, taxation and markets aided the evolution of the middle
Ganga valley over a few centuries into one of the world’s most densely packed peasant
settlements.

New technologies like the shaduf for lifting water out of an irrigation canal or a well, the
animal-powered and geared water wheel called saqiya and the noria, a vertical water-
powered wheel for harnessing water increased agriculture production. Firoz Shah Tughlak
brought water via the Western Yamuna Canal to Hisar town in the semi-arid west.

The eastward push first began in the Ganga-Yamuna Doab and later towards the head
of the Bengal delta during the 13" century CE. Loot and plunder of new territories by
earlier raiders was gradually replaced by systematic taxation of agricultural produce. It
enriched the Sultanate treasuries, enabling new conquests, extension of cultivation and
greater revenues that helped extend and strengthen the Sultanate Empires. Later, in the
16th century Sher Shah Suri, the Afghan ruler from Sasaram (Bihar) reformed taxation.
Most of the taxation was in the form of a fraction of the farm produce. What was left
over was first for subsistence and the surplus was for the markets. Banjaras or traders
provided access to the markets. They travelled in huge caravans ahead of ten to twenty
thousand pack animals carrying household provisions from farmers to distant markets.
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The eastward expansion, however, transformed the middle Ganga valley landscape. It
led to felling of vast stretches of thick jungles teeming with wildlife. The conversion of
the forested alluvial Gangetic plains to agriculture fields had begun in the first millennia
CE but it gradually gathered pace in the second millennia. The latter conversion too was
often a halting process. The forests would be cut and settled under favourable conditions,
but the fields could also be swiftly abandoned during famines, floods or forest fires. With
good rains, the forests would quickly regenerate again. Abandonment of cultivated land
meant revenue losses for the state. Hence the Sultanate rulers, particularly Alauddin
Khilji, introduced reforms and punitive laws to stabilize crops production and prices.

Benaras enjoyed great prosperity during the first 150 to 200 years of the Delhi Sultanate.
The grand Vishweshwar temple, a predecessor of the Kashi Vishvanath temple, was
built with a large donation by a Gujarati merchant during the reign of Iltutmish. The
Padmeshwar temple on Ganga’s bank was constructed during the reign of Alauddin
Khilji and the Manikarnikeshwar temple during the Tughlak dynasty.

1.8.2 Expansion Into the Lower Ganga Basin

Bengal at the eastern end of the Islamic Empires presented a different picture. Rainfall
and, therefore, water was plentiful. But for several hundred years the Ganga had been
shifting eastward, reducing the flow in the Hughli-Bhagirathi channels. In the early 13®
century CE the Delhi Sultans established their regional capital at Lakhnauti located in the
Mahananda and Ganga river valleys, in today’s Malda district. By then Saptagram on the
Saraswati river had become the busiest port in Bengal. It also became an administrative
base for the Islamic rulers.

Zafar Khan Ghazi, the proselytizing Turkish warrior, conquered Saptagram and deposed
local rulers in the region to establish the rule of the Delhi Sultanate, before he himself
was Kkilled in a battle. His tomb is located at Tribeni, near Kolkata in Hooghly district
that is said to have once been the meeting point of three holy rivers Ganga, Jamuna and
Saraswati. Zafar Khan is remembered by Hindus and Muslims for his deeds of piety and
as a Ganga worshipper. Sen states that late in his life Zafar Khan became a Sufi mystic,
wrote evocative Sanskrit poems and became much loved even by the local Hindus he had
tried to forcibly convert to Islam. Other Sufi Ghazis are also venerated by local Hindus
and Muslims. Pir Badaruddin or Badar Ghazi is regarded as the protector of boatmen and
fishers and Bara Khan Ghazi as a protector against tigers in the region.

The military expansion into Bengal was accompanied by the transformation of forests
into agricultural lands for rice cultivation by peasants. By the end of the 15 century
CE such colonizers had reclaimed many parts of lower Bengal, into Jessore and Khulna
districts of the present-day Bangladesh.
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1.8.3 Ganga in the Mughal Period

After ascending the throne of Hindustan in 1526 CE, Babur and later his son Humayun,
ruled from Agra on the banks of the Yamuna. Babur quickly took control over the revenue-
rich tracts from the Ganga-Yamuna Doab to Saran in Bihar. He noted the abundance of
water in the river and its underground flows which the peasants lavished on their crops.
But he and Humayun also learnt firsthand that the Ganga and her tributaries in flood
could be the bane of kings, armies and warriors.

Akbar consolidated and expanded the Mughal Empire to its zenith in the 16% century CE.
Raja Todar Mal, who had regulated the land tenure system under Sher Shah, laid the fiscal
foundations of Akbar’s Empire. Akbar considered the Ganga-Yamuna sangam at Prayag
to be a most peaceful place. But the practice of ritual suicide by sorrowful devotees, who
flung themselves from a huge banyan tree into the river at Allahabad, disconcerted him.
He then built the Allahabad fort around this melancholy spot to end the notorious practice
and to serve as a reminder of Mughal authority in the region.

Dr Ram Nath, an Agra-based historian, wrote in his book “Private Life of the Mughals
in India” that after the first Battle of Panipat, the wounds of the nobles and prominent
generals like Bairam Khan were washed with Ganga water.?® Babur missed the cool
streams of Kabul when he settled in India after 1526. The alternative he found was Ganga
water. Babar and Humayun were said to have been convinced of the purity of Gangajal
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because it could be stored for long periods without putrefying. They likened it to Aab-
e-Hayat, the water of paradise. Akbar always drank Ganga water. Jahangir too preferred
Gangajal** Shah Jahan drank Jamuna water in Agra, though Ganga water was brought
on special occasions.

1.8.4 Ganga in the Colonial Age?’

The Ganga-Brahmaputra delta (See Chapter 5 for details) is one of the largest in the
world.?® It drains rivers and carries the world’s highest sediment load from India,
Bangladesh, Bhutan, Nepal and Tibet. Each year the rivers expand the land with their
sediments while the sea fights back through the estuaries to reclaim a part of the
shallow land formations. Thus, the delta is a constantly shifting and changing landscape.
Portuguese and Dutch explorers’ maps of the 16" century CE show a maze of sea inlets
and low-lying islands or mudflats in the delta.

Besides farmers, the delta region of Sunderbans is home to fishers and boatmen. The
Sundarbans forests cover an area of about 10,000 km?. They contain a wide diversity
of flora and fauna and also contain the world’s largest contiguous stretch of mangrove
forests (More details in Chapters 5 & 6).

Rivers have been used as trade routes since ancient times. For example, the Uttarapatha,
first mentioned by Panini, was the major trade route of northern India. It was a land-
cum-river route. The Ganga, Yamuna, Ghaghra and the Saryu were part of this route.?’
[t swept down from north-west India, across the Indo-Gangetic plains, down to the port
of Tamralipti in the Bay of Bengal. From ancient times, kingdoms devised systems for
collecting tolls and taxes from river traders. In return they kept the waterways safe. But
when authority collapsed, rivers became waterways to wealth for local powers, rent
collectors and raiders.

The Ganga and its many branches in Bengal were major transport routes for taking the
produce of Bengali weavers and farmers to various parts of India and abroad to nearby
nations. The water traffic generated handsome annual revenues for the Nawabs of Bengal
who then paid a tribute to the Mughal Court in Delhi.

In the 16™ century CE European traders and maritime powers opened up the Ganga
delta region along with other coastal areas in India to international trade. It resulted in
massive ecological, economic and demographic changes in the delta.

In the early 16" century CE the Portuguese, who then controlled most of the sea trade
routes in the Indian Ocean from the Far East to the Persian Gulf, established themselves
along the littoral Ganga delta with two important ports, Hugli in the west and Chittagong
in the east. Their presence along the coast kept a growing crowd of seafaring looters out
ofthe large dense forest tract between Hugli and Chittagong hills which was then infested

Maa Ganga 17




A Narrative of The Ganga

with crocodiles, tigers and other wild animals. In 1579 Akbar issued a farman (a decree)
to the Portuguese allowing them to trade throughout India without paying any duties. The
major items of trade were cotton textiles, jute, rice, sugarcane and minor forest products.

In 1602 CE Dutch merchants set up the Dutch East India Company and soon Dutch
factories and ships began to appear in the lower delta. By 1665, the Dutch were the
main exporters of all kinds of textiles to Europe and Japan. By the mid-18™ century CE,
the Dutch owned factories at all major trading centres in Gangetic Bihar and Bengal.
They also dominated international trade from China through Japan, Indonesia, India, Sri
Lanka and Europe.

The British East India Company began operations in Surat and obtained a farman
from Emperor Jahangir around 1612 CE to trade freely in India. In 1690, Job Charnock
established the British East India Company’s headquarters at a place on the Hooghly
river that could be more easily defended. He called it Calcutta. Dense tiger-infested
forests were cut down to build Fort William in Calcutta.

The British gained complete control of the enormous revenues of Bengal in 1764, after
the Battle of Buxar, having defeated the French and the Dutch earlier. Before the end of
the 18th century CE, the British East India Company, after edging out its Portuguese,
Dutch and French rivals from almost all of India, ventured north of the Ganga delta to
Benaras and beyond. In the process forests were felled and swamps cleared to expand
the area under cultivation.

During the 1768-1770 famine, millions perished in a few months and Ma Ganga received
their skeletal bodies in her bosom. Warren Hastings, the first British Governor-General
in India, estimated that one-third of Bengal’s population had disappeared by 1772. Much
of Europe and England found it hard to believe that such a famine could occur in fertile
Bengal, watered by River Bhagirathi (Ganga) and hundreds of small water courses. The
fault lay not so much in rainfall failure as in rapacious tax collection and poor or no relief
measures.

Thomas Macaulay wrote later, “No part of India possessed such natural advantages,
both for agriculture and commerce.” Bengal was blessed by the Ganges, which, “rushing
through a hundred channels to the sea, has formed a vast plain of rich mould......that
rivals the verdure of an English April,” enabled rice, spices, sugar and oils to grow easily.

Thereafter the British Parliament passed the Regulating Act of 1773 and took over direct
governance of the Indian territories managed by Company officials. Warren Hastings was
appointed the first British Governor-General under the direct supervision of the British
Parliament. Major reforms in the tax collection system followed. Rahadari - the system of
waterway tolls -- was abolished. An estimated 30,000 boats ferried merchandise between
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Dhaka and Benaras. Duties levied on the pilgrims also enriched the government.

Later Governor-General Charles Cornwallis abolished collection of local tolls by
zamindars and merchants so that the products of Bengal and imports from Europe could
be transported freely from the sea via the Ganga. Cornwallis also legalized a system of
land revenue collection in Bengal, Bihar and Orissa by zamindars, “who were seen as
amenable instruments in the creation of a colonial agrarian order”

With the rapid reduction in the Mughal Emperors’ authority during the 18" century
CE, safe travel and revenue generation from the roads along the Ganga and on the river
itself became hazardous. Powerful religious orders fought to secure rent collection for
themselves at pilgrimage centres like Hardwar, leading to bloody conflicts. In the 16" &
17% century CE, Rajput chiefs had overseen the maintenance of the ghats and temples
in Benaras. Now, powerful Marathas came to rule the destiny of Benaras. In 1765, after
the Battle of Buxar, the Mughal Emperor ceded Prayag to the English in the Treaty of
Allahabad.

By 1781 CE, Major James Rennell, the first Surveyor-General of British India, had
mapped the Ganga to determine the extent of its navigability for commercial and military
purposes. Discovery of steam engines and mining of coal brought steam ferries to River
Ganga in 1828. They were first used as military transport and then for common people,
up and down the river and sometimes across its wide width as from Patna to Hajipur in
Bihar. As the East India Company gained more territories in the Ganga basin, the river’s
physical management was entrusted to engineers who renovated or constructed bunds,
barrages, reservoirs, aqueducts and canals to generate more revenues for the Company
through irrigation and navigation. Its officials saw canals as better investments rather
than spending money on famine relief.

In the early 1850s, Sir Proby Cautley oversaw the construction of the great Ganga Canal
from Kankhal, just downstream of Har-ki-Pauri in Hardwar to Kanpur, 325 miles away.
With a possible extension of the canal to Allahabad the Company hoped to transport
goods from Hooghly to Hardwar."! The Ganga Canal was inaugurated in April, 1854
and the canal authorities took over the lucrative pilgrimage sites in the name of easing
the performance of daily rituals. Charles Norton wrote in the North American Review
that people had come from different parts of the country to see that their “revered
Ganges ...... leave her ancient and hallowed channel for one formed for her by the hand
of strangers.” Eventually the Ganga canal system under the British totaled 898 miles!

Even as the British pillaged the Ganga valley’s natural environment, their artists and
photographers travelled in the region producing masterpiece representations of a
countryside that was gradually disappearing.
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1.9 GANGA THROUGH FOREIGN EYES

River Ganga, its worship, size, discharge, water quality, riverside towns, valleys,
plains, forests, wildlife and character, have fascinated foreign travelers, conquerors,
ambassadors, civil servants, traders, missionaries, authors, artists and photographers
over the ages.

Before the start of the Common Era (CE), much of the world had not been explored.
The Greeks who came with Alexander’s army around 326 BCE (Before Common Era)
may have first pronounced Ganga as Ganges.?® The early statements of Greek historians
were based on very sketchy knowledge provided by travelers who went beyond the
northwestern part of India conquered by Alexander. Thus, Strabo wrongly asserted that
the Ganga was the largest river in all of Europe, Asia and Africa. Arrian also made a
similarly incorrect assessment of the Ganga, which he described as the greatest river in
India, “with which not even the Egyptian river Nile or the European river of the Danube is
to be mentioned in the same breath.” Megasthenes, the ambassador of Seleceus Nicator
in the Mauryan court determined the Ganga’s width (presumably at Pataliputra) to be
about 30 stadia or about 3 miles.?’ He too described the Ganga as the greatest river in
the world.

In the second century CE, Ptolemy the cartographer in Alexandria, created a map of
India showing the Ganga as flowing south to south-east from the Himalayan mountains
to the Bay of Bengal.*® As early as the 5th century CE, Fa Xian, a Chinese Buddhist scholar
who visited India, identified Tamralipti as the main port at mouth of the Ganges. He also
wrote about Buddha preaching on the banks of the Ganga at Kannauj. Xuanzang, the
well-known Chinese traveler of the 7th century CE - better known in India by the earlier
spelling of his name as Hiuen Tsang - called Ganga a “river of religious merit” that could
wash away sins.

Abu Al-Biruni, an Uzbek traveller in the 11% century CE, and Ibn Battuta, a Moroccan
visitor in the 14™ century CE, wrote about the importance of the Ganga for Hindu death
rituals.®! In the 13" century CE, Darap Khan Gaji the warrior -turned- mystic considered
Ganga water to be the only water pure enough for the ritual ablutions of the Muslims.
Ziya-ud-din Barani, an eminent historian of the 14" century CE, found the Ganga and
Jamuna nearly impassable during the peak monsoon season.

European traders set up bases in the Ganga delta region in the 16" century CE. Maps
prepared by their cartographers showed a shifting delta coastline. Missionaries and other
European visitors to the area wrote accounts of the huge, dense wilderness of the delta
area, infested with human-eating tigers and crocodiles. Ralph Fitch, an English merchant
and emissary from Queen Elizabeth to Emperor Akbar, travelled down to Saptagram in
Bengal, “in the companie of one hundred and fourscore boates laden with Salt, Opium,
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Hinge (asafoetida), Lead, Carpets and divers other commodities down the river lemena
(Yamuna)”.?

In the early 17" century CE, Thomas Roe, England’s ambassador in the court of the
Mughal Emperor Jahangir was fascinated by banjaras leading thousands of grain-
carrying buffaloes in the Ganga plain. A few decades later, Jean Tavernier, a French
traveler was also, “astonished ... to behold caravans numbering 10,000 or 20,000 oxen
together for the transport of rice, corn and salt”3?

European surveyors in the 18% century CE extensively mapped the Ganga basin. South
of the main stem of the river they recorded vast tracts of dense deciduous forests full
of wild animals including tigers, rhinoceroses and bears. Forest-dwelling adivasis were
seen hunting with bows and arrows. Villages by the banks of the Ganga were terrorized
by tigers and bears. Up north, in the region of the Gandaki-Ganga confluence, were
coniferous jungles. Even a hundred years later these regions were home to nearly
impenetrable grasslands and jungles full of wild animals.

Major James Rennell produced his mammoth Bengal Atlas in 1781. In it he mapped all
the meanders along the Ganga’s course, the elevation of its banks, the river’s velocities
atvarious locations and seasons, water levels during the driest and wettest months, the
spread of its monsoon floods, its discharges in every season, the soil quality of its banks
and the area of its surrounding jungles, among other parameters. A few years later G.H.
Barlow, an emissary of Governor-General Cornwallis, informed the directors of the
Company of the huge potential for transporting goods via the Ganga, “from the sea to
its source”?* To William Hodges, an itinerant artist, who travelled along the Ganga in
the 1780s, the fleets of boats, ancient wayside temples with steps leading to the river
and the lush forests of its valley were an ‘inexpressible grandeur’.®* Landscape artists,
Hodges, Thomas Daniell and his nephew William, who also came to India in the late
18™ century, created the first ever visual pictures of the Ganga and the surrounding
countryside.®¢

James Fraser was the first Englishman to reach Gangotri in 1815. He described the
scenery in the Bhagirathi valley, “Fir trees of immense size, and large fragments of
others, are seen half buried in sand and gravel; and huge masses of earth and rock lay
in wild confusion at the mountain feet”?” Fanny Parkes, a 19th century diarist in India,
learnt Hindustani and referred to the Ganga and Yamuna with the honorific suffix i’.

Thomas Macaulay’s description in the first half of the 19th century CE, of the Bengal
plains as being formed by the Ganga, “rushing though a hundred channels to the sea,”
indicates the tremendous discharge of the river then, in a flat region. 3%, Dietrich Brandis,
the pioneering forester in the latter half of the same century, was impressed by the vast
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virgin sal forests in the Himalayan foothills. In the late 19th century, Edward Lockwood,
a civil servant and a wildlife buff marveled at the abundance of flora and fauna on the
southern banks of the Ganga, around Munger in Bihar, an intensively cultivated area
today. Observing swarms of ducks in the marshes and swamps of abandoned channels
he remarked that they were, “so close together that they almost hide the water......”*8

James Prinsep, the 19th century British Orientalist, artistand lithographer was fascinated
by the ghats along the Ganga in Varanasi. He wrote, “.... along the ghats passes the
busiest and happiest hours of every Hindoo’s day: bathing, dressing, praying, preaching,
lounging, gossiping or sleeping...... In no city of the world is the population invited to a
single street or place of recreation by so many distractions”’

Visiting Varanasi almost a century later, Aldous Huxley refused to be taken in by the
holiness of the river or its devotees. Watching over a million worshippers descend by the
riverside on Makar Sankranti day (January 14th) 1926, he wrote, “The Hindus counted
their beads and prayed, made ritual gestures, ducked under the sacred slime, drank (it)
and were moved on by the police...”. *°

By the middle of the 19th century CE the East India Company officials had become
aware of the tremendous irrigation revenue generation potential of River Ganga. When
the Upper Ganga Canal was inaugurated in 1854, the Lieutenant Governor John Colvin
bragged that the British had finally left, “A permanent mark on the soil of India to attest
to the power, the wealth and the munificence of their nation”. *

1.10 CONCLUSION

The tremendous hold of river Ganga on the hearts and minds of Indians has been
nurtured by myths, legends, mythology passed on from generation to impressionable
succeeding young generations, arts and literature -- often embedded in timeless rock
iconography. It is sustained by daily rituals, periodic fairs and festivals around the river,
nourishing livelihoods across millennia. It is reaffirmed by scientific confirmation of its
unique self-cleansing ability and curative health properties. All of these have combined
to create an ever-lengthening cultural history of the river and an eternal and living faith
in its divinity.

1.11 END QUOTES

i.  Several portions of this chapter are based on readings of D.L. Eck (2012) and S. Sen (2019)

ii. In present times Shiva’s locks are understood as being the Himalayan forests that tame the
Ganga and her myriad headwaters.

iii. The Sanskrit word teertha has multiple meanings - a sacred place, a river crossing or a ford,
among many others. In Indian scriptures it often refers to pilgrimage sites connected to
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iv.

viil.

sacred waters.

CE refers to Common Era or what used to be A.D.

Adapted from S. Sen (2019): GANGA:The Many Pasts of a River, Penguin Random House India
Pvt. Ltd., Gurgaon, p. 284.

It appears that the Indian government now wishes to pursue this dream.
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2.1 RIVER GANGA BASIN

iver Ganga is one of the several large rivers that originate in the Himalaya-Tibetan
Ruplift and is joined by a number of major Himalayan tributaries such as the

Yamuna, Ramganga, Ghaghra, Gandak, Kosi and Mahananda before meeting the
sea in the Bay of Bengal (Sinha R,, et al 2005).

D Coastline u Boundanes D Ganges Basin m Capital

P R = Major cities

Elevation (meters)
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Sources: Elevation (USGS SRTM 4.0 (gap-filled), CGIAR 2009), state boundaries (ML Infomap 2009), basin
boundaries and rivers (IWM 2009), other administrative layers (World Bank 2010).

Map 1 : Extent and Topography of the Ganga Basin and its Hinterlands

From the south, several tributaries (primarily of River Yamuna) like the Chambal, Sindh,
Betwa & Ken originate from the Vindhyan craton to join the Ganga on the right bank.
Rivers Tamas (Tons), Sone and Punpun also join it from the south. River Damodar and
its tributaries meet the Ganga (in its lower stretch) from the west after draining the
highlands (Hazaribagh plateau) of Jharkhand state (Map 1).
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2.2 THE MOUNTAINS

The mountainous catchment of the Ganga river system in India falls in the Garhwal and
Kumaon Himalaya which form the western end of the Central Himalaya in northern
India. The entire region, lying in the state of Uttarakhand, has been undergoing rapid

uplift and intense fluvial' and glacial incision? manifested in steep gullies and deep
valleys and large-scale erosion. It is estimated that over 40 per cent of Uttarakhand state
faces severe (8.84%) to very severe (32.72%) erosion (Mahapatra S.K,, et al, 2018). The
mean erosion rates for the Ramganga, Ganga, Alaknanda, Kali, Bhagirathi and Yamuna
river basins were estimated to be 14.64, 22.22, 31.23, 33.24, 36.86 and 38.00 t/ha/yr,
respectively (George J., et al 2021).
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Map 2 : The Alaknanda and Bhagirathi Rivers Join at Devprayag to Become the Ganga

Source: Mohanta H., 2018

The Alakananda river draining the Uttarakhand Himalaya is one of the major tributaries
of the Ganga system. Rising at the Mana Pass, it joins the Bhagirathi River - originating
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from Gaumukh in the Gangotri glacier - at Devprayag to jointly become R. Ganga (Map 2).
Several abandoned channels, abrupt swings in channel courses, entrenched meanders,
valley floors dropping as much as 1000 m in elevation and the terraces standing several
meters above the present river level provide eloquent testimony of rapid uplift (~5 mm/
yr) and variable fluvial incision (2-12 mm/yr) (Sinha R., et al 2005).

2.3 ALLUVIAL PLAINS

The Ganga alluvial plain is about 1000 km long in the east-west direction and 300-500
km wide south of the Himalayan Ranges. Rather flatlooking, it has a gentle southeasterly
slope followed by numerous Himalayan and alluvium-fed rivers. The alluvial Ganga
plain is densely populated and highly cultivated. The western part of the Ganga plains
is occupied by River Yamuna. River Ganga, which is the trunk river of the basin before
entering into the Bay of Bengal, forms the largest delta in the world, the Ganga-
Brahmaputra-Meghna delta, after the confluence with the Brahmaputra-Meghna rivers
(European Space Assn., 2009).

Map 3 : River Ganga and its Major Tributaries
Source: Mohanta H., 2018

2.4 GANGA BASIN AND ITS MAJOR TRIBUTARIES

The alluvial stretch of R. Ganga (Map 3) is characterized by significant diversity in
channel form and floodplain characteristics. In the following sections, diagnostic
features are discussed in stretches for the sake of clarity. They do not represent any
firm zoning (Sinha R., 2017).
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2.4.1 Haridwar to Narora

The Haridwar to Narora stretch of R. Ganga has a considerably wide valley on either side
of the river. The river channel in this stretch is highly braided. As a result, mid-channel
braid bars form a significant geomorphic feature followed by lateral bars, and point bars.
In this stretch, wide flood plains are composed of sand, gravel, silt and clay.
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Map 4 : Geomorphic Map of the Stretch from (a) Haridwar to Mawana and (b) Mawana to Narora

Map 4 shows a geomorphic map of the stretch from Haridwar to Mawana in which the
river first flows along the eastern edge of the upper valley and later swings alternately
to the western and eastern parts. An extremely wide valley immediately downstream of
Haridwar is due to a sudden decrease in the slope as the river debouches into the plains
and forms a large depositional area (piedmont fan). A large number of paleochannels
(old inactive channels filled with younger sediment) on the western side of the main
channel suggests an eastward migration of the river in recent times. There is a major
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Image 2 : A Drone Image Showing the Stretch of the Ganga River Around Haridwar Between
Bhimgoda Barrage and Chandipur Bridge

Source: II'T-Kanpur

intervention in this stretch. The Bhimgoda barrage at Haridwar has impacted the channel
morphology majorly. Image 1 shows that while the reach upstream of the barrage has
inundated most of the bars, the downstream reach is heavily silted with large bars and
alluvial islands. Further downstream, the Chandipur bridge also obstructs the flows and
causes further sedimentation deposition.

The reach upstream of Bijnor has a large alluvial island that splits the channel into two
parts. Downstream of Bijnor, the river has a wide floodplain on both sides. However,
this situation changes dramatically downstream of Garhmukteshwar. The river now
flows close to the western edge of the valley and has developed a wide valley on the
eastern side (Map 4). The active floodplain is much narrower compared to the valley all
the way to Narora where a barrage is located. Such confined settings are indicative of
incisional processes which make the river less mobile and hence restrict the floodplain
development. The river channel as well as its active floodplain has simple forms
composed of a few mid-channel bars and fewer meander cut-offs.

2.4.2 Narora to Fatehgarh

This stretch of the river has a significantly wide valley on both sides of the river but the
river itself is quite narrow with a very thin water line (Map 5) with a clear causal link to
the Narora barrage. The latter has transformed the channel morphology in a significant
way over the years primarily due to a modified flow regime. The Narora barrage, together
with the Bijnor barrage located 135 km upstream, has altered the flow in the Ganga
River and has isolated a major Gangetic River Dolphin habitat in this region (Sinha et al,,
2010). Sonkar and Gaurav (2020) have documented the morphological changes in the
Ganga River between Bijnor and Narora barrage and have shown that the river changed
from braided to meandering type in several reaches which provided a favorable habitat
for the dolphins. As a result, even though the isolation of a subspecies of dolphins may
have limited their extent, their population increased from 22 to 56 during the period
1993-2010 (Sinha and Kannan, 2014).
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The river is highly braided but with significant sinuosity in several reaches. As a result,
abandoned braid bars form a significant geomorphic feature followed by lateral bars.
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Map 5 : Geomorphology of the Ganga River Between Narora and Fatehgarh
Source: Mohanta H., 2018

A number of abandoned channels are mapped which bound the abandoned braid bars,
therefore representing the secondary channels of the Ganga. Some of them probably
become active during high flows. Frequent sand patches on the southern side represent
flood deposits suggesting a reasonable lateral connectivity in this stretch.

2.4.3 Fatehgarh to Kanpur

Between Fatehgarh and Kanpur two important tributaries, the Ramganga and the
Garra, join from the northern side and the river Kali joins from the southern side
around Kannauj. R. Ganga flows along the southern margin of the valley (Map 6) and is
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incised in most reaches with a cliffline varying in height from 10-15 meters. As aresult,
a wide floodplain runs along the northern bank and a very narrow floodplain along
the southern bank. The confluence points of the Ganga-Ramganga as well as Ganga-
Garra have been very dynamic on a historical time scale and have moved upstream and
downstream (Roy N.G. and Sinha R., 2007).

In terms of channel morphology, the Ganga channel is multi-threaded with frequent
and large mid-channel bars and infrequent lateral bars. Abundant meander cutoffs,
scrolls and abandoned meander loops in the active floodplain on the northern side
suggest that the river has been gradually shifting towards the south. The presence of

an abandoned meander loop upstream of Kanpur is conspicuous because of which the
.
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Map 6 : Geomorphology of the Ganga River Between Fatehgarh and Kanpur
Source: Mohanta H., 2018
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active floodplain suddenly widens. Limited investigations have suggested that this large
meander lies in a low elevation area and has remained connected with the main channel
during high flows even though the river has shifted westward. So, this large meander
loop is still a part of a wide active floodplain along the left bank while the right bank is
incised by 10-15 m with a narrow floodplain. A barrage was constructed at Kanpur in
2000 to augment the water supply of the city. Downstream of this large meander belt and
upstream of the Kanpur barrage, the active floodplain is reasonably wide, and intensive
urban development is planned here under the Smart City Mission. Given that most of this
area falls in low lying active floodplain area and also that the river has been historically
dynamic in this stretch, these development plans need to be reexamined carefully.

2.4.4 Kanpur to Prayagraj

Downstream of Kanpur, the river continues to flow along the western edge of the valley
for ~ 30 km and 12.8 km further downstream the valley narrows considerably (Map 7).
The river starts swinging to the northern and southern edges within the limited space
and narrow floodplains have developed alternately on both sides.
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Map 7 : Geomorphology of the Ganga River Between Kanpur and Prayagraj
Source: Mohanta H., 2018
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From a point ~ 71 km downstream of Kanpur, the river flows in an east-west trend for ~
21.2 km and then resumes the NW-SE trend at Dalmau. The river valley is very narrow
downstream of Dalmau and attains a minimum width of ~1 km at Unchahar. A wide
abandoned meander belt is mapped at Dalmau but apart from this, there is very little
evidence of channel migration suggesting this to be a relatively stable stretch. The valley
starts widening again downstream of Unchahar and attains a width of ~ 7 km at Prayagraj.
Pockets of wide floodplain have developed in the stretches upstream of Prayagraj that
are as wide as the valley margin in this region. The frequency of abandoned channels and
meander cut-offs also increases and a large abandoned meander belt is very prominent
at Prayagraj. Here, River Yamuna meets Ganga on the latter’s right bank.

2.4.5 Prayagraj to Varanasi

The 245 km river stretch between Prayagraj and Varanasi (Map 8) is a unique segment of
River Ganga as it nearly approaches (~7 km; near Meja) the peninsular shield. The river
exhibits a strong basement/tectonic control with a maximum sinistral shift of about 16
km towards SSE (Prayagraj). In addition, these two cities are the most popular religious
centers along the mid-river course.
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Map 8 : Geomorphology of the Ganga River Between Prayagraj and Varanasi
Source: Mohanta H., 2018
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ECO-GEOMORPHIC ASSESSMENT OF THE VARANASI TURTLE SANCTUARY AND ITS
IMPLICATION FOR GANGA RIVER CONSERVATION.

The eco-geomorphology of the Varanasi Turtle Sanctuary (VTS) located on the Ganga
River in Uttar Pradesh, India was examined for its stability using hydraulic geometry of
the channels, such as width, depth and discharge acquired from an Acoustic Doppler
Current Profiler, and the mapping of planform morphology from remote-sensing images.
Planform maps were generated using Corona and Landsat satellite images for the period
1965-2018. The assessment suggests a well-defined, stable cross-section profile along
this stretch of the river. It provides conclusive evidence that the geomorphology of the
Ganga River within the VTS has remained stable for the past 50 years, except for some
minor changes in the form of bar growth and erosion both upstream and downstream
of the sanctuary. Construction activities along the bank, movement of large vessels,
sand mining in the sanctuary or dredging of the main channel may destabilize the river
geomorphology that will negatively affect the integrity of the VTS as well as the ghats
at Varanasi.

The mapping of the river course based on remote sensing data with limited field checks
has shown the various geomorphic units with their respective numbers and areal
coverage which includes mid-channel bars, point bars, alluvial islands, lateral bars,
meander scrolls, flood channels, and vegetation patches. The width of the flood plain
varies between 1.4 km (SE of Handia) and 8.4 km (near Mirzapur). The maximum (14.2
km) and minimum (1.8 km) valley margin width have been noted ~ 63 km downstream
of Prayagraj and Varanasi, respectively. The Ganga has a very distinctive morphology
between Prayagraj and Varanasi. It is characterized by several meanders in sharp
contrast to the braided morphology in the upstream reaches. The valley width is also
much narrower compared to other reaches. One possible explanation for this is that a
large part of the river in this stretch falls in a partly confined valley setting, bounded
by cratonic rocks along its southern valley margin which restricts large scale lateral
migration except for local meander migration as manifest in several meander scars.

2.4.6 Varanasi to Munger

For the sake of clarity, the geomorphic map in this stretch has been presented in two
parts, one from Varanasi to Madhubani and then from Madhubani to Munger (Map 9).
The minimum width of the floodplain in this stretch is 1.8 km downstream of Varanasi,
while the maximum width is as high as 28 km near Ara. The minimum valley margin
width is 7 km downstream of Varanasi, while the maximum valley margin width
increases to 36.1 km at the location 23 km d/s of Buxar. Alluvial islands are the most
significant geomorphic characteristic in this reach of the Ganga river.

While the first island, 30 km downstream of Buxar, is only 3.0 km in width, 2 major
islands of over 12 km maximum width are present upstream and downstream of Patna.
There are 2 more islands further downstream between Mokama (5.5 km max. width)
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Map 9 : Geomorphology of the Ganga River Between Varanasi and Munger

Source: Mohanta H., 2018

and upstream of Munger (2.0 km wide). Alluvial islands seem to gain prominence in
width/area downstream of the confluence of Ghaghra and Gandak rivers from the
North and Sone river from the South, probably due to the contribution of a large
sediment load from the Himalayan terrain as well as the cratonic highlands. Two
major areas of meandering belts, one each on the northern and southern banks of
river Ganga, downstream of Varanasi have been identified. Another stretch between
Buxar and Ara (downstream) and confined only to the southern bank of river Ganga, is
a zone of meander scrolls, meander scars and ox-bow lakes. In recent years, the Ganga
River around Patna has shifted away from the ghats. This has caused serious concern
amongst river scientists and has caused hardships to the local communities dependent
on the river.

2.4.7 Munger to Farakka

The total channel length of this reach is about 330 km. The southern valley margin
is confined by basement rocks of the craton whereas the northern valley margin is
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unconfined and merges with the alluvium of the Kosi and Mahananda rivers. The
maximum floodplain width in this reach is about 23.3 km and minimum width is 7.2 km.
The sinuosity of the stretch has increased a little bit as compared to the immediately
upstream stretch, but the river is braided all through in this stretch with many mid-
channel bars or large islands and lateral bars, etc. The increase in sinuosity is possibly
related to irregular configuration of the basement block on the southern margin of the
valley (e.g., Munger-Bhagalpur-Sahibganj stretch).

The major geomorphic characteristic of the river in this stretch is the braided-sinuous
pattern, with numerous fine-grained sandy bars in the channel. These channels are
extremely mobile and the active channel has migrated more than a km within a year.
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Map 10 : Geomorphology of the Ganga River Between Munger and Farakka
Source: Mohanta H., 2018

The active floodplain is marked by abandoned meander and braided bars. Abandoned
channels and bar accretion surfaces at places are marked by fine-grained sediment.
Levees, active channel bars and many abandoned slough channels (flood channels) over
braid bars are marked by dry sandy patches. Most of these abandoned bars (now a part
of the floodplain) and in-channel large islands are now agricultural fields (Shukla U.K,,
2016). The Farakka Barrage is a major intervention in this stretch which has triggered
increased channel siltation that has caused significant morphodynamics and frequent
migration of the river in the reaches upstream and downstream of the barrage (Rudra,
2010; Sinha and Ghosh, 2012; Sonkar and Gaurav, 2020). In particular, large-scale
siltation upstream of the barrage in the post-1965 period has modified the channel
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Image 3 : The Yamuna River Basin and Channel Morphology
Source: Bawa et al. (2014)

morphology dramatically. The problem is so acute that there are apprehensions of the river
flanking the barrage, forcing more and more interventions in recent years. Also, excessive
siltation and loss of connectivity have encouraged macrophyte growth and degradation of
the dolphin habitat in the river around Farakka (Sinha, 2000, 2013; Sonkar and Gaurav,

2020).

2.5 RIVER

YAMUNA

River Yamuna and its morphological changes over time in its upper basin were studied by
ajoint team led by Prof. Brij Gopal of Jawaharlal Nehru University (Delhi) and Prof. Patrick
Martin of University of Guelph, Ontario (Canada). The land use and land cover (LULC)
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changes in Yamuna floodplain were studied over a period of 32 years from 1970 to 2002
(Martin P, et al 2007).

2.5.1 The Drainage Basin

The total drainage basin of R. Yamuna extends over 366, 233 sq km (42.5% of the Ganga
basin) distributed over the states of Himachal Pradesh, Uttarakhand, Haryana, UP, Rajasthan,
Madhya Pradesh and Delhi. The Yamuna is characterised by two hinterlands namely, the
Himalayan orogen in the north and the cratonic highlands in the south. Its Himalayan
headwaters’ area (above 600 m) comprises 3.38% of the total Ganga basin. The Upper
Yamuna basin (upto Okhla in Delhi) accounts for less than 20% of its total basin (Martin P,
et al 2007). The average annual discharge of the Yamuna River is 96.1 x 10° m? and the total
sediment load at Prayagraj is 107 x 10° tons (Jha PK,, et al 1988). The Yamuna is mainly a
rainfed river receiving most of its water from rainfall and groundwater and very little (9%)
from glacial/snow melt (Bookhagen and Burbank, 2010).

Along its 1,170 km stretch through the Gangetic plain, the average slope of the river bed
decreases from about 0.56 m/km between Tajewala and Delhi to less than 0.20 m/km
between Delhi and Agra and becomes less than 0.05 m/km thereafter (Martin P, et al 2007).
The Yamuna is relatively shallow with an average depth of about 3 m during the monsoon
season. [ts channel width ranges from about 30 m in the Himalayan stretch to more than 200
m in the plains. But at several places within the Himalayan stretch, the river passes through
very wide valleys (Martin P, et al 2007). Alluvial reaches of the Yamuna river in the plain
are fairly incised and bounded by interfluve® areas (Tandon S.K. et al 2008). This valley-
interfluve landscape setting is characterised by a wide river valley bounded by fine-grained
thick sediments forming the interfluves (Gibling M.R,, et al 2005). The downstream reaches
are characterised by badland topography formed by extensive gully erosion.

Table 1 : Sinuosity Index

Sinuosity : Sinuosity
Index Length Length Index
(km) (km)
| 12.4 9.3 1.33 I 10.5 9.3 1.13
n 16.4 9.3 1.76 11 12 9.3 Fioy
m 14.2 9.3 1.52 111 13.6 2.3 1.46
w 112 9.3 1.2 v 11.4 9.3 128
LY 11.6 9.3 1.25 v 14.4 9.3 1.54
VI 13.5 9.3 1.45 VI 13.5 9.3 1.45
Vi 12,5 2.3 1.34 VII 10.7 2.5 1.15
VIl 16.2 9.3 1.74 VIII f FE 9.3 1.19
X 15.2 9.3 1.63 IX 13.6 9.3 1.46

Source: (Martin P, et al 2007)
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2.5.2 Floodplain Channel Morphology

A detailed geomorphic analysis of the Yamuna River carried out by Bawa et al (2014) shows
significantreach-scale variability (Image 3). Reach 1 (R1) thatliesin the intermontane*setting
is characterised by a braided river with occasional floodplain pockets in a confined, bedrock
valley setting. Reaches downstream of the mountain front are characterised by depositional
landforms and hence formation of floodplain. Different types of planform morphologies
play an important role in defining the geomorphic characteristics. The downstream Reach
(R2) records a sudden increase in channel and floodplain width, appearance of continuous
floodplains and significant increase in bar area. Reaches 3 to 5 are again quite distinct in

terms of their combination of valley setting, channel confinement, floodplain bounding and
by significant decrease in bar area and channel width in downstream reaches. A relatively

short stretch of braided river with unconfined channel and confined floodplain marks Reach
R6. Yamuna river then enters a zone of badland topography (Reach R7) where the river is
characterised by a confined sinuous channel without a floodplain in the badland area but
with significant increase in bar area. Lower downstream in Reach R8, a floodplain starts
reappearing in an alluvial setting with channel widening in a partly confined channel setting.
The channel becomes less sinuous with a higher bar area and with a variety of bar types.

The sinuosity index for analyzing the changing pattern of Yamuna River was calculated for
about 80 km stretch in different reaches (Table 1) for two different years, 1970 and 2002
(Martin et al, 2007). The whole stretch was divided into nine parts to analyze at the micro
level. In the intervening 32 years period between 1970 and 2002, the course of Yamuna
was shortened from 123.2 km to 110.8 km. A value of 1.5 for the sinuosity was used as the
criteria for differentiating the meandering channels from the straight channels.

The overall analysis of sinuosity parameters of the river revealed a significant change in its
pattern over the period of study. The river had straightened over the period studied and it
had lost a number of complex features like meanders, lakes, water bodies and side channels,
etc. Such loss in geomorphic complexity has profound negative impacts on river ecology and
it tends to reduce the biodiversity.

2.5.3 Human Impacts

Changes in the flow regime and pattern have altered the morphological feature of Yamuna
and its floodplains. Although the flow of Yamuna has been diverted into two canals at
Tajewala (and subsequently Hathnikund) for over a century, increasingly more water is being
abstracted for irrigation in Haryana and UP upstream of Delhi. Most of the embankments in
the river stretch between Hathnikund and Agra have been constructed after Independence,
restricting the lateral spread of the river to a narrow corridor.

River Yamuna has been confined between embankments at different locations since 1974 but
there is a tendency of eastwards migration of the river. Reduced flow, enormous sediment
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deposition and encroachment by human activities mainly for farming and construction
of bridges and barrages are the major factors that have influenced and changed the
morphology of Yamuna and the land use land cover of the floodplain (Martin P, et al
2007).

In a more recent work, Bawa et al. (2014) made an effort to assess the impact of
anthropogenic disturbance in the alluvial reaches of the Yamuna using a stream power-
based approach. They classified the Yamuna River into three distinct parts based on
stream power data: (a) high energy ‘natural’ reaches in the mountainous region, (b) low
energy ‘anthropogenically altered’ reaches in the midstream part and (c) ‘rejuvenated’
high energy reaches because of contributions from tributaries downstream. This
research clearly demonstrated that the there is a significant loss of flow in the low
energy ‘anthropogenically disturbed’ reaches primarily attributed to the barrages and
excessive groundwater abstraction. Consequently, the channel slope has been reduced
and discharges have been significantly modified resulting in exceptionally low values of
stream power. The authors opined that it is crucial to augment discharge and maintain
the environmental flows in such stretches for the river’s proper geomorphological and
ecological functioning.

2.6 CHANNEL MOVEMENT

Channel movements through avulsion® and cut-offs, like those reported above for the
Ganga and Yamuna main-stem, have also been recognized in most rivers of the Ganga
river system albeit with a difference in scale and frequency. The Kosi river draining
through the plains of north Bihar has displayed the most dramatic channel movement in
historical time period. The river has moved about 150 kilometers in the last 200 years as
documented through maps and satellite images (Gole and Chitale, 1966; Chakraborty et
al, 2010). A west to east migration of River Gandak across its megafan over a distance of
about 105 km in a period of 5000 years has been reported (Mohindra, 1994). Similarly
migration of several smaller rivers such as Burhi Gandak, Bagmati, and Kamla-Balan in
the Gandak-Kosi interfluves has been found (Phillip G., et al 1989; Phillip G. and Gupta
R.P, 1993; Sinha R., 1996). One of the most comprehensive data on the hyperavulsive®
Bagmatiriver over a period of ~250 years has attributed this to neotectonic perturbances
and sedimentological readjustments (Jain V. and Sinha R., 2003; Jain V. and Sinha R,,
2004). Such rapid movements are known to cause havoc in several regions due to large
scale inundation. In recent years, many rivers have been embanked resulting in large
scale siltation within the embankments leading to breaching and flooding. One of the
most recent breaches that occurred in the Kosi river in August, 2008 at Kusaha impacted
more than 3 million people in north Bihar and Nepal (Sinha R., 2009).

The rivers of the Ganga system draining the UP plains are not as dynamic as the north
Bihar rivers but they do show some channel movement over a long time period. In the
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stretch between Bithur and the Kanpur railway bridge, the Ganga river’s main channel
has recorded major movements in the historical period (1857-present) between its left
and right bank (Hegde M., et al 1989) attributed to the highly irregular shape of the
valley in the area. The Ghaghra river in the UP plains has also shifted by ~5 km at certain
places, on either side of the active channel over a 7-year period of (1975-1982) which
has been related with the neotectonics in the area (Tangri A.K.,, 1986). An avulsion of
Rapti river near Baharaich due to aggradation’ process in the old channel has been noted
(Chandra S., 1993) which caused the SW diversion of the Rapti river. The Sarda river is
characterized by several westward lateral shifts in different reaches (Tangri A.K., 1992).
An upstream migration of the confluence of the major rivers such as Ghaghra, Gandak,
Ganga, Sone and Punpun rivers perhaps in response to the change in water budget of
source area catchment (Himalaya) has been suggested (Tangri A.K., 1992).

2.7 FLOOD PROTECTION

The plains of north Bihar have the dubious distinction of recording the highest number
of floods in India in the last 30 years (Kale V.S., 1997). The flood protection measures
have largely failed. One of the important reasons for this has been that floods have
long been considered as purely hydrological phenomena. A geomorphic understanding
of floods is lacking. The overall hydrological response of the basin depends upon its
geomorphometric characteristics, neotectonics and fluvial processes, apart from the
rainfall intensity and duration. The dynamic behaviour of river channels and frequent
avulsions caused by sedimentological readjustments often divert the flow into a newly
formed channels with low bankfull capacity causing extensive flooding. Often, people
are not prepared for flooding along such newly formed channels and the flood damage
later is quite severe (Sinha R., et al 2005).

One of the most important geomorphic considerations in understanding the flooding
behaviour of the rivers is the channel-floodplain relationship. In areas of modern
sedimentation with continuous subsidence, such as in the north Bihar plains, most of
the rivers carry a very high suspended load and the frequency and extent of overbank
flooding is considerable. A simultaneous rising of the channel bed and the floodplain
surface increases the probability of flooding (Sinha R., et al 2005).

The most favored flood protection strategy in the Gangetic plains is to embank the
rivers. In most cases, this measure has proved to be a very short-term solution and
has merely transferred the problem from one region to another. Apart from interfering
with the natural fluvial processes in the region, these embanked areas have developed
severe water-logging problems. Large fertile areas have been destroyed due to drainage
congestion and increased soil salinity (Sinha R., et al 2005). Some examples of this are
given later in Chapter 8.
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2.8 GANGA DELTA

After draining the alluvial plains of UP and Bihar, the Ganga enters the lower basin’s plains
area and delta region and finally meets the sea in the Bay of Bengal. The Brahmaputra
River draining from the northeast joins the Ganga and together they constitute the
largest delta in the world (European Space Agency, 2009). The Ganga-Brahmaputra
together transport a billion tons of sediments per year and this puts them among the
world’s largest sediment load carrying systems. The Bengal Basin acts as a large sink
for these huge sediments deposit, about 80 per cent of which is delivered during the
monsoon (Goodbred and Kuehl, 2000).

Lo L

Delhi

Eajaithan

Map 11 : The Drainage Network of the Ganga Basin
Source: Neostencil

Increased influx of sediments brought by the Himalaya-born rivers made the
sedimentary lobes® grow seawards in the form of deltas. During the time of the Last
Glacial Maximum, when the sea level was low, there was a strong dissection of the
upland surfaces. Sediments were deposited between 12,000- and 10,000-years BP in
the Bengal Basin, which was then a part of the sea. By the late Holocene® (ca 4200 years
before present), broad peat land and marshland had formed even as rivers deposited
their load vigorously in the channels. In consequence, mangrove-vegetated islands and
peninsula grew in front of the prograding, i.e., advancing deltas (Umitsu M., 1993 and
Allison M., et al 2003).
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Map 12 : Geology of the Vindhyan Basin

MALWA PLATEAU

Drained by the northeast-flowing Banas and Chambal rivers, the Malwa Plateau is a 500
- 600 m high terrain of flat-topped hills and rolling plains of late Cretaceous (100-66
Ma) lavas. It embraces the 250-300 m undulating terrain of the Aravalli Range in eastern
Rajasthan. To the north east is the Bundelkhand Upland, made up of Late Archean
(2500 Ma) gneisses and granites and 300-600 m above the mean sea level. Through
the undulating terrain of the Bundelkhand, the Chambal, Betwa and Dhasan rivers have
carved their valleys, cutting deep gorges and developing spectacular ravine land - the
Chambal Badland - before joining the Yamuna river.

Source: (Goodbred, S.L., et al, 2002)

Apart from the sediment supply, the stratigraphic development'’ in the delta has
been controlled by active subsidence. The interplay between the two has resulted in
unique and differing stratigraphies, spatially as well as temporally (Goodbred S.L., et
al 2002). Areas of active subsidence have preferentially stored fine-grained sediments
whereas high energy conditions such as turbidites have favoured the preservation of
coarse-grained sediments. Additional controls are applied by riverine processes such
as avulsions and episodic earthquakes. A long history of delta switching in the Bengal
basin has been related to channel avulsion of the Ganges and Brahmaputra rivers (Sinha
R., etal 2005).

2.9 GEOMORPHOLOGY OF SOUTHERN
TRIBUTARIES ORIGINATING FROM THE
VINDHYAN CRATON

The key southern tributaries of R. Ganga include the Chambal, Sindh, Betwa, Ken,
Baghain and Paisuni rivers (all first meeting R. Yamuna) and direct Ganga tributaries
like the Tons, Sone and Punpun rivers.
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CHAMBAL BASIN

Map 13 : Drainage Network of the Chambal Basin and its Surrounding

Source: Watershed Atlas of India, CGWB
All these rivers with the exception of River Punpun in Bihar and River Sone (also meeting
Ganga in Bihar) originate from the Vindhyan basin in central India. The Vindhyan basin
is geologically associated with two mega tectonic elements: the Great Boundary Fault
(GBF) to the northwest and the Sone-Narmada Lineament (SNL) to the south (Map 12).
The Bundelkhand Massif, located in the north-central part of the basin, divides it into
two sectors: Chambal Valley to the west and Sone Valley to the east (Mahanti S., et al
2015).

2.9.1 River Chambal

The Chambal river system drains the Malwa plateau region in central India. It has Banas,
Kali Sindh and Parbati rivers as its key tributaries. The Sip and Kuno rivers, which arise
from the Guna plateau are two direct tributaries from the south of River Chambal. Kuno
forms a wide valley within the Kuno Wildlife Sanctuary before meeting River Chambal.
The course of R. Chambal comprises of the following three sections:

1. The upper valley or the course in the Vindhyan Hills and the Malwa plateau

2. The middle valley through the concentric triple scarps and the 32 km long gorge
(upstream of Kota) in which potholes, rapids and waterfalls are frequently found.

3. The lower valley in the plain country before Chambal joins Yamuna
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River Banas

The Banas river basin is located in the eastern part of Rajasthan and occupies a
significant area east of the Aravalli mountain range. It stretches between 24° 17’ 14.22”
to 27° 18’ 15.24” North latitudes and 73° 20’ 54.84” to 77° 00’ 36.49” East longitudes.
It is bounded in the east by the Chambal river basin, in the north by the Gambhir and
Banganga river basins, in the west by the Shekhawati and Luni river basins and in the
south by the Sabarmati and Mahi river basins (Anon, 2013).

Originating in the Khamnor Hills of the Aravalli Range, about 5 km from Kumbhalgarh
in Rajsamand district, River Banas flows entirely through Rajasthan. It flows
northeastwards through Rajasthan’s Mewar region, and meets River Chambal near
Rameshwar village in Khandar block of Sawai Madhopur district. [ts major right bank
tributaries include Berach and Menali rivers whereas the left bank tributaries are the
Kothari, Khari, Dai, Dheel, Sohadra, Morel and Kalisel. The river is about 512 km long
(Anon, 2013).

The western part of the basin is marked by hilly terrain belonging to the Aravalli chain.
East of the hills lies an alluvial plain with a gentle eastward slope. Ground elevations
in the western hilly part range from about 850 m above mean sea level (m amsl) to
about 1,291 m amsl, while the alluvial plain elevations range approximately from 176
m amsl to 450 m amsl where the Banas meets River Chambal. Formations ranging in age
from Archaean to recent periods are present in the basin represented by the Bhilwara,
Aravalli, Delhi and Vindhyan Super Groups of rocks along with Deccan volcanics and
alluvium (Anon, 2013).

The total Banas catchment area of about 51,779 km? falls in 13 districts of Rajasthan
namely Sawai Madhopur, Jaipur, Ajmer, Tonk, Rajsamand, Banswara, Chittaurgarh,
Udaipur, Bhilwara, Dausa, Sikar, Nagaur and Karauli. Morphometric analysis has found
5856 streams from which 2819 are first order streams, 1839 are second order, 753 are
third order and 445 are fourth order streams (Dubey S.K,, et al 2015).

River Kalisindh

River Kalisindh rises at an elevation of about 610 m from the Barjiri hill near Bagli
village in Dewas district (M.P.) and traverses a northerly course for its entire length of
351 km till it joins River Chambal. It flows about 180 km in Madhya Pradesh through
Dewas and Shajapur districts and the remaining 171 km through Jhalawar and Kota
districts of Rajasthan. A number of tributaries, the more important of which are the
Lakhundar, Ahu and Parwan (NWDA-A, undated) join the Kalisindh.

The catchment is mainly plain and cascades northwards, interspersed by two hill
ranges viz. Mukandwara and Ratibar. The altitude in the catchment falls from 600 m
amsl in the upper reaches (Malkidesh physiographic section) to 300 m in the lower
reaches (Mukandwara and Ratibar ranges). The lower part of the catchment covers
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Map 14 : River Basins in Madhya Pradesh, Central India
Source: ENVIS, M.P.

the northern parts of Shajapur, Rajgarh, Guna and southern parts of Jhalawar districts
which forms parts of the Jhalawar plateau having an average elevation of 300 m amsl
to 450 m. The catchment area is bounded by the Narmada sub-basin in the east and the
upper Chambal basin in the west. The land slopes gently from south to north and has the
characteristics of the Malwa Plateau (NWDA-A, undated).

River Parbati

River Parbati rises from the Vindhyan ranges at an elevation of about 609 m amsl. Its sub-
basin lies in the Malwa Plateau physiographic region. The river originates in the Bhopal
Plateau, a sub-section of the Malwa Plateau. The Parbati sub-basin comprises of upland,
eastern ranges, western ranges and a valley portion. The upland areas are either plain
rolling land or gently rolling series of mounds and valleys. They cover parts of Sehore,
Bhopal, Shajapur and Vidisha districts in Madhya Pradesh. The three eastern ranges are
well defined and continuous. They separate the high table land of Sindh sub-basin and
the western ranges of the Kalisindh sub-basin. At many places in the sub-basin, there are
isolated hills rising up to 600 mamsl (NWDA-A, undated). Banganga and Aheli are the key
tributaries of the Parbati.
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DHOLA CRATER
There is an interesting geological formation that lies within the Sindh basin. The tiger-
paw shaped Dhala (actually Dhola) crater in Shivpuri is an extremely rare meteorite
impact structure. Instead of a crater, the meteor penetrated the crust and magma
oozed out to form a plateau, The maroon-brown plateau stands out dramatically on the
otherwise flat terrain.

Dhola Crater ety ’ : T Legend
Witz & descrption for your map i < " ol ¥ Dhala crater

Google Earth ¥

Researchers have estimated that the Dhola crater was created between 2.5 and 1.6
billion years ago and that when the collision occurred, life had just begun on Earth.
Source: (Lal P, 2016)

2.9.2 River Sindh

The Sindh river basin (dark purple in Map 14) in MP is squeezed between that of River
Chambal (green) in the west and River Betwa (light purple) in the east. River Sindh originates
in Vidisha district of Madhya Pradesh. Its total catchment area of 26,699 km? and nearly all
of it lies in Madhya Pradesh. A length of 461 km of the river falls in Madhya Pradesh and the
remaining 9 km are in Uttar Pradesh. The major tributaries of the Sindh are Mahuar, Parbati,
Pahuj and Kunwari (Gajbhiye S., et al 2015). It drains areas in the Malwa region and Shivpuri
plateau in the districts of Vidisha, Guna, Shivpuri, Sheopur, Morena, Gwalior, Bhind and Datia
in central and north-west Madhya Pradesh.

River Kunwari

River Kunwari originating near Sabalgarh in Morena district (M.P.) runs almost parallel to
river Chambal (on its right bank) till its confluence with the Sindh and thereby captures
all the drainage from Gwalior region which would have otherwise fed River Chambal and
transfers its captured runoff to R. Sindh. Consequently, River Chambal for almost 120 km of
its later stage flows without any tributary of note, jacketed within its famous badlands (the
Chambal ravines).
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2.9.3 River Betwa

The River Betwa originates in Raisen district of Madhya Pradesh near Barkhera village,
south-west of Bhopal at an elevation of about 576 metres amsl. It is an interstate river
between Madhya Pradesh and Uttar Pradesh. It flows in a northeasterly direction
through Madhya Pradesh and enters Uttar Pradesh near village Bangawan of Jhansi
district. The total length of the river from its origin to its confluence with the Yamuna is
590 km, out of which 232 km lie in Madhya Pradesh and the remaining 358 km in Uttar
Pradesh. It joins River Yamuna near Hamirpur in Uttar Pradesh at an elevation of about
106 m (NWDA-B, undated).

The river basin lies between 22° 54’ N and 26° 00’ N latitudes and the longitudes of 77°
10’ E and 80° 20’ E. Out of its catchment of 43895 km?, 30217 km? lie in Madhya Pradesh
and the remaining 13678 km? lie in Uttar Pradesh. (NWDA-B, Undated).

The Betwa basin is saucer-shaped with sand stone hills around its periphery and clays
underlain by Deccan trap basalts. Its elevation ranges from 63 m to 724 m above msl.
The river drains the areas of Bundelkhand uplands, eastern Malwa plateau and the
Vindhyan scarp lands in the districts of Tikamgarh, Sagar, Vidisha, Raisen, Bhopal, Guna,
Shivpuri and Chhatarpur of Madhya Pradesh and Hamirpur, Jalaun, Jhansi and Banda
districts of Uttar Pradesh. In its course, from the source up to the confluence with the
Yamuna, the Betwa is joined by a number of tributaries, the important among them
being Bina, Jamini, Dhasan and Birma on the right bank and Kaliasote, Halali, Bah, Saga,
Narain and Kaithan on the left bank (NWDA-B, Undated).

Stream Order

The flow in River Betwa becomes significant at Bhojpur where its uppermost tributary
(Kaliasote) from the Vindhyachal range joins it, along with other streams from the
Bhopal plateau. Thereafter near Vidisha, after the 5th order Halali Nadi merges with it,
the Betwa broadens and comes out of the plateau (Ahlawat R., 2011).

In its undulating terrain, Bina and Narain are two important 5th order tributaries
from the Bhander range, which girdles the region as a semi-circular central plateau. In
the middle reaches, Orr Nadi on the left bank and Jamni Nadi on the right bank bring
significant runoff. In the Betwa mid-reach, the Jamni’s drainage area is second largest
after Dhasan and it is dammed at various places in Bundelkhand, near Jhansi (UP). The
Dhasan, after leaving the Sagar plateau where two 5th order streams join, becomes the
lifeline of Bundelkhand.

Birmais another large 5th order stream in the lower reaches of Betwa after its confluence
with the Dhasan. There are more than 4000 ephemeral first order streams and four out
of forty five 4th order streams are ephemeral till their mouths (Ahlawat R., 2011). River
Betwa at the point of its confluence with Yamuna is a 7th order stream (Ahlawat R.,
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2011). This is the result of the confluence of Betwa and Dhasan, both being sixth order rivers
at their point of confluence.
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Map 15 : Map Showing the Location of the Ken Basin

2.9.4 River Ken

River Ken originates from a site close to Rithi village in Katni district. It makes a wide
N-E-W arc and creates a gorge as it descends into Panna district from the Katni plateau,
meeting river Patne near the town of Pawai after which it turns north. Two of its major
tributaries namely, Sonar and Bearma, drain the districts of Sagar and Damoh in a
northeasterly direction before meeting Ken at Kamtana village upstream of the mytho-
historical site of Pandavan. The Ken river basin is spread across Katni, Satna, Chhatarpur,
Panna, Damoh and Sagar districts in Madhya Pradesh and Banda, Mahoba and Hamirpur
districts in Uttar Pradesh (Map 15).
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Image 4: a) River Ken Rift Wzth A Large Number Of Pothles B) Ken Close Up In zft Valley
With Large Pot-Holes In Boulders
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River Ken and its tributaries drain almost the entire Panna district. Physiographically
Panna district forms a part of the Vindhyachal ranges in the south followed by
Bundelkhand upland in the north. The Vindhyachal ranges contain two linear steps-like
tablelands trending ENE-WSW separated by an uneven narrow valley having an average
elevation of 440 m amsl. The Bundelkhand upland, having an average elevation of 170
m ams], is a peneplained! surface dotted with mesa'? and linear ridges (Anon, 2013).

The basin and sub-basins comprise a dendritic drainage pattern with the highest stream
order varying from third order to sixth order. A mean bifurcation ratio (2.09) showed
that the drainage pattern was not affected by structural disturbances. Coarse texture,
low relief, elongated shape of the basin and gentle terrain condition were found to be
the dominant morphometric parameters (Panda B., 2019).

2.9.5 River Baghain

River Baghain has its source in Panna district. It then enters UP in Banda district and
flows in a northeast direction, separating Banda from Chitrakoot district, before it meets
the Yamuna. Geomorphologically the basin exhibits smaller patches of mesa and butte!?
with gentle slopes in the remaining part (Sharma A.K. and Shukla J.P, 2015).
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2.9.6 River Paisuni (aka Mandakini)

River Paisuni (See also section 6.5 in Chapter 6) is a perennial river, most famous for
Chitrakoot, the religious town on its banks. It originates from the central part of Satna
district and flows from south west to north east direction and finally joins River Yamuna
near Rajpur in Chitrakoot district of UP.

Topographically the basin is hilly in its southern part. The northern part is undulating
to plain. Ravines have formed around both sides of the river channel (Rajpoot P.S. et al
2015). Sandstone, limestone and conglomerates are the main rocks exposed in the area.
The Paisuni’s drainage pattern is dendritic and the runoff is moderate to high. The
drainage density and frequency are more and the fine drainage texture shows that the
basin is impermeable and has a low ground water recharging character with sparse
vegetation. The basin shape is elongated. The basin’s longitudinal profile shows high
reliefin the first order drainages and as the drainage order increases, the relief decreases
and finally converts into flat basin at the outlet (Rajpoot P.S., et al 2015).

2.9.7 River Tons (aka Tamas)

The Tons river basin is a sub-basin of the Ganga basin. It spreads across the two states
of Madhya Pradesh and Uttar Pradesh and lies between 23°57'N to 25°20'N latitudes
and 80°20'E to 83°25'E longitudes. The total catchment area is 17,617 km?, out of which
11,974 km? are in MP and the remaining 5643 km? lie in UP (Singh S.K,, et al 2018).

River Tons (See also section 6.5 in Chapter 6) originates from a tank “Tamakund” in
the Kaimur hills in Satna district (MP) at an elevation of 610 m. The basin lies in the
districts of Satna and Rewa in MP and Chitrakoot, Prayagraj and Mirzapur districts in
UP. It is surrounded by Kaimur range in its south - east and east and Panna plateau and
Vindhyachal range on its west and north-west. Plains of river Ganga make up its north.
Satna, Bihar and Belan are the key tributaries of R. Tons. The basin is marked by a
number of falls (Chachai, Keuti kund, Purwa and Odda), which are the result of river
Tons and its tributaries negotiating the Purwa plateau in its lower basin before the river
descends into the Gangetic plains.

The geology of the basin is predominantly Precambrian (Archean and Proterozoic),
with patches of Quaternary base rock. These are further subdivided into three series
namely the Bhander, Rewa and Kaimur (Singh S.K,, et al 2018).

2.9.8 River Sone

The 784 km long Sone (See also Chapter 6) is one of the longer rivers of India and the
longest of the southern tributaries feeding into the River Ganga (Khan A.A. and Aziz M.,
2016). Out of 784 km about 500 km lie in MP, 82 km in Uttar Pradesh and the remaining
202 km in Bihar (Joshi K. D., et al 2014). The total catchment area of the river is spread
over 71,259 km? (Joshi K. D, et al 2014).
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“Itflows, as does the Narmada River, along the line of a major E-W tectonic lineament........
(Williams M.A. ]. and Royce K., 1982). Geologically, the lower valley of the Sone is an
extension of the Narmada Valley, and the Kaimur Range an extension of the Vindhya
Range (Khan A.A. and Aziz M., 2016).

Originating in Madhya Pradesh, just east of the Narmada River, the Sone flows north
northwest and cuts through Middle Proterozoic limestone and shale of the Vindhyan
Super Group and Middle-Pleistocene and Holocene alluvial plains, before turning
eastwards to encounter Middle Proterozoic sandstones of the Kaimur Range (Morad
et al,, 1991). The modern channel has incised the metamorphic bedrock to a depth of
about 30- 35 m, forming deposits of fluvial sand (Williams M.A. ]. and Royce K., 1982).
Throughout its history, the passage of River Sone has been strongly influenced by
climatic factors (reflected in changes in its floodplain deposition and channel down-
cutting), since the river is constrained laterally as a consequence of its geological setting
(William & Clarke M.F, 1995).

The Sone has a steep gradient (35-55 cm per km) with quick run-off and ephemeral
regimes. [tbecomes a roaring river with the rainwaters in the catchment area but quickly
turns into a fordable stream. The wide and shallow lower Sone exhibits disconnected
pools of water in the remaining part of the year. The Sone’s channel is very wide (about
5 km at Dehri-on- Sone) but its floodplain is narrow, only 3 to 5 km wide (Khan A.A. and
Aziz M., 2016).

The major tributaries of River Sone emerge from the highlands and flow in a northward
direction to join the main river. The major tributaries are Rihand, North Koel, Gopad,
Banas, Mahanadj, Johilla and Kanhar (Joshi K. D., et al 2014).

The Sone’s alluvial basin includes terraced surfaces flanked by floodplains, point bars
and alluvial fan deposits. The main river channel is bounded by a series of Middle and
Late Pleistocene and Early-Holocene sedimentary terraces that are often 30 m high and
deeply incised seasonal channels (Khan A.A. and Aziz M., 2016). The terrace, incised
by the modern R. Sone, has been intensively studied due to the presence of the YTT*®
marker and the coincidence of archaeological sites, where Middle Palaeolithic and
Neolithic artefacts have been found (Williams M.A. ]. and Royce K., 1982; Williams M.A.
J. and Royce K., 1983).

Four formations have been historically ascribed to the alluvial deposits of the Sone
Valley. In chronological order they are: Sihawal Formation, Patpara Formation, Baghor
Formation and Khetaunhi Formation (Williams M.A. J. and Royce K., 1982; Williams M.A.
J. and Royce K., 1983). The geological context of the incised terrace is unclear, mainly
due to the absence of absolute dates and robust stratigraphic correlation (Jones S.C. and
Pal J.N,, 2009).

56 | Geo-Morphology of Ganga Basin




A Narrative of The Ganga

Several models have been proposed for the geomorphological evolution of the alluvial
plain of the Middle Sone Valley through the Early Pleistocene to Late Holocene period
(Williams M.A.]. and Royce K., 1982; Williams M.A. ].and Royce K., 1983). These authors
analysed the large-scale evolution of the river based on differences between the four
formations and distinct climatic regimes. A stratigraphical model (at 1 km scale) of
the emplacement of all the four formations within the river basin was also proposed
(William & Clarke M.F,, 1995) and modified (Williams M.A.]., et al 2006).

2.9.9 River Punpun

River Punpun is a direct tributary of the Ganga. It originates from the Chota Nagpur
Plateau in Palamu district of Jharkhand at an elevation of 300 metres and flows mostly
in a north-easterly direction through the districts of Chatra (Jharkhand), Aurangabad,
Gaya and Patna of Bihar. It has a total catchment area of 8,530 km? and has three main
tributaries namely Butane, Madar and Mohar. This 200 km long river is mostly rain fed
and carries little water in the dry season. However, during rains, it often causes heavy
floods in east Patna district.

2.10 CONCLUSIONS AND RECOMMENDATIONS

2.10.1 Conclusions

Rivers write their own histories. Geomorphological features like palaeochannels, the
forms, sizes and colours of sediments, the variety of sediment bars, meanders, oxbow
lakes, active and inactive flood plains are markers that make up a script. It is left to us
humans to decipher what stories the rivers tell us.

The Ganga basin spans the greatest altitudinal, and hence climatic, range of all river
basins in the world - from the peak of Mount Everest to the Bay of Bengal. Its ancient
river system has carved a large diversity of natural landforms. As human population
has grown and spread in the basin, human interventions over millennia have altered
the natural processes and imprinted new morphologies. Morphological changes lead
to ecosystem alterations in the rivers and their adjoining valleys. Human-induced
morphologies have often had deleterious impacts on the river ecosystems (See
Chapters 6 and 8).

Tremendous regulation of rivers in the last two centuries or so, encroachment of their
floodplains and unprecedented scale of sediment mining have, perhaps, wrought more
rapid and severe morphological changes than at any time in the past. The northern
sub-basins and the main stems of the Ganga and the Yamuna have been heavily
transformed. In their southern sub-basins, the western tributaries like the Chambal,
Banas and Betwa have witnessed more serious human-induced changes, than the Ken,
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Paisuni and the Tons in the east. But the Sone sub-basin has been significantly interfered
with. The Farakka barrage on the Ganga has greatly reduced the huge sediment loads
brought down by the Himalayan tributaries of Bihar from reaching the Ganga delta in
the Bay of Bengal.

2.10.2 Recommendations

The geomorphic diversity of the Indian rivers is striking. It is a manifestation of variable
geologic and climatic settings. The rivers have attained distinctive morphologies in
response to the ‘imposed’ boundary conditions such as geology, valley setting, and
topography and ‘flux’ boundary conditions such as flow, sediment load and vegetation
cover. Flux boundary conditions are essentially embedded within the imposed boundary
conditions; determined by the energy conditions under which the rivers behave. They
also fashion the flow, sediment and vegetation interactions along a river and determine
its character and behaviour. Human interventions in several rivers have altered the
flux boundary conditions significantly resulting in large-scale modification in channel
morphology and hydrological regime. The following recommendations emerge from
this review:

1. The management and restoration of such degraded rivers should focus on (a)
identification of baseline (pre-disturbance) conditions, (b) mapping of ‘hotspots’
of degradation and (c) development of site-specific and nature-based mitigation
measures.

2. There is a paucity of geomorphic studies and data for rivers in the southern Ganga
basin. This deficiency must be made up first to ensure a process of rational river
management.

3. High sediment yield has emerged as the most crucial issue in several Himalayan
rivers. Modelled soil erosion rates and sediment load values are essential inputs for
quantifying sediment balance and understanding the overall sediment dynamics of
these river basins which in turn influence river related hazards such as landslides
and floods. Given the spatial inhomogeneities, this should be done periodically at a
higher resolution.

4. Sediment management should become an essential part of river management
strategies and this has to be based on a strong understanding of sediment dynamics.
In particular, the framework should be based on estimates of silt accumulated,
identification of hotspots of aggradation, mechanisms and techniques for desilting
and finally a plan for utilizing the excavated silt. In this context a wider network
of sediment load measurements should be established, and periodic surveys of
critical sections must be a part of the standard operating protocol (SOP) for river
management.

5. Strategic desilting of river channels in several Himalayan rivers may be necessary
to increase their water holding capacities and lower the flood risks. However,
desiltation in the river channel should be done carefully to avoid any disturbance in
the hydro-geomorphic regime and loss of riverine biodiversity.

6. All efforts should be made to involve the local community in river management.
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Regular programmes for capacity building should be organized by experts at
regular intervals. Knowledge dissemination should become an essential part of the
standard operating procedure for river management and success stories should be
advertised to instill confidence in the local community.
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2.12 END NOTES

10.
11.

12.

13.

14.

15.

Fluvial: refers to process or action produced by a flowing river or stream.

Incision is the process of cutting into a surface or something. In the context of rivers incision
is the narrow erosion caused by a river or stream that is far from its base level. It may be
caused by a tectonic uplift of the landscape.

Interfluve is an area of higher ground between two rivers in the same drainage system.
Intermontane: location between mountains or mountain ranges.

Avulsion is the natural process by which the flow diverts out of an established river channel
into a new course on the adjacent floodplain. Avulsions are primarily features of aggrading
floodplains. Their recurrence interval can range from as low as 28 years for the Kosi River to
up to 1400 years for the Mississippi.

Hyperavulsive river is one that has frequent avulsions like the Kosi or Bagmati.
Aggradation is the process of raising the level of a surface like a river bed by the deposition
of material like sediments.

Lobe: a roundish and flattish hanging part of something, or one of two or more such parts
divided by a fissure.

Holocene is the most recent part of Earth’s geologic history covering the last approximately
12,000 years.

Stratigraphic development refers to the successive formation of geological strata or layers.
Peneplain: a gently undulating, almost flat plain, in principle, produced by fluvial erosion in
the course of geologic time, so that more erosion is unlikely to occur.

Mesa is a relatively isolated flat-topped elevated landform with steep sides, found in
landscapes with horizontal strata. It is smaller than a plateau but bigger than an isolated
small hill or a butte.

Butte: an isolated, flat-topped hill or mountain with steep sides that is smaller in area than
a plateau or a mesa.

Precambrian refers to the earliest part of Earth’s history from the time of its formation about
4.6 billion years ago till the Cambrian period (about 541 million years ago). It includes the
Archean eon (about 2.5 billion years ago) and the Proterozoic eon (about 2.5 billion years
ago to 541 million years ago).

YTT refers to Youngest Toba Tuff the youngest eruption from the Toba crater on northern
Sumatra island that occurred about 75,000 years ago
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forms, land uses and cropping patterns. Topographic extremes in the basin are the

largest compared to any other basin on Earth. Within barely 200 km, the elevation
plunges from the highest mountain in the world at 8,848 m (Mt Everest peak in Nepal) to
about 100 m, the elevation of the flat Ganga Plains in India (Bharti L., et al 2016).

River Ganga drains a basin of extraordinary variation in altitude, climate, land

The South Asian monsoon largely determines the hydrology of the Ganga river basin. Each
year from June to September, monsoon rain clouds sweep over large parts of the basin
and deliver 70-80 percent of its annual rainfall (World Bank, 2013). Water availability
in the Ganga basin is high, as on an average around 1,200 BCM (Billion Cubic Meter)
precipitation falls in the basin. An estimated 600 BCM (~50%) or so, become stream flow,
with the rest directly recharging groundwater or returned to the atmosphere through
evapotranspiration (World Bank, 2013).

3.1 LONG TERM AVERAGE ANNUAL FLOWS IN THE
RIVER GANGA SYSTEM

Rivers Ganga and Yamuna are the two axial rivers in the Upper Ganga Basin till their
confluence at Prayagraj. Post Prayagraj, Ganga receives major contributions from the
Tons, Sone and Punpun (all right bank tributaries) and Gomti, Ghaghara, Gandak, Burhi
Gandak, Kosi (all left bank tributaries) before it reaches Farakka on the Indo-Bangladesh
border. Many of the left bank tributaries have parts of their upper catchment in Nepal, or
in some cases even Tibet.

Table 2 : Average Annual Flow

River Average Annual Flow Comment
(MCM)

Ganga (Haridwar) 23,900 Drainage Of Founder Ba-
sin in Uttarakhand

Ganga (Narora) 31,400 Accrual From Minor Trib-
utaries & Groundwater

Ramganga 15,620 Left Bank Tributary

Yamuna (Hathnikund) 10,750 Drainage Of Founder Ba-
sin in Uttarakhand & HP

Yamuna (Delhi) 13,700 Accrual From Minor Trib-
utaries & Groundwater

Chambal 30,050 Right Bank Tributary of
Yamuna

Sindh NA Right Bank Tributary of
Yamuna
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Betwa 10,000 Right Bank Tributary of
Yamuna

Ken 11,300 Right Bank Tributary of
Yamuna

Ganga (Allahabad) 58,980 At Confluence

Yamuna (Allahabad) 93,020 At Confluence

Ganga (d/s Allahabad) 152,000 Post Confluence

Tons (Tamas) 5,910 Right Bank Tributary of
Ganga

Gomti 7,390 Left Bank Tributary of
Ganga

Ghaghara 94,400 Left Bank Tributary of
Ganga (Part Sub Basin In
Nepal)

Gandak 52,200 Left Bank Tributary of
Ganga (Part Sub Basin In
China And Nepal)

Burhi Gandak 7,100 Left Bank Tributary of
Ganga (Part Sub Basin In
Nepal)

Kosi 68,340 Left Bank Tributary of
Ganga (Part Sub Basin In
China And Nepal)

Ganga (Farakka) 525,040 Total Indian Basin

Source: Modified from Jain S.K., et al (2007)
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3.2 SOURCES OF WATER

3.2.1 Snow and Glaciers

Unlike other nearby river systems like the Indus, glaciers contribute a relatively small
share of the total river flow in the Ganga basin. Recent studies show that the glaciers’
contribution to the MAF (Mean Annual Flow) for the entire Ganga basin, is only about
4-6% (Savoskul O. and Smakhtin V,, 2013). Even at Devprayag, less than 200 km from
Gaumukh, the glacial source of the Bhagirathi, the contribution from snow and glaciers
to the MAF in R. Ganga is estimated to be only about 28% (Anon, 1994). Much of the
glacier melt occurs during the early monsoon when the rainfall can be quite heavy
(Alford D. and Armstrong R., 2010).

There is greater uncertainty about the timing and overall contribution of snowmelt.
Snow and ice together are estimated to contribute about 9 percent (almost 2/3 from
snow) of the MAF in the Ganga, though they contribute much more in some tributaries
(e.g, 30% of the MAF in the Burhi Gandak) and in small upstream catchments
(Immerzeel WW, et al 2010).

Importantly, glaciers and snow provide valuable natural water storages that help ensure
the perennial flow of the Himalayan tributaries, and enhance dry season flows in the
Ganga. Estimates of their contribution to the low flows at Farakka in March-May vary
greatly, ranging between 12 and 18 percent (Siderius C., 2013).

3.2.2 Ground Water

Base flows form a crucial but often invisible part of India’s water resources. Base flows
in rivers like the Ganga are influenced by a complex set of factors such as groundwater
abstraction through wells and the natural discharge through springs. Base flow character
is a consequence of the nature of interactions between groundwater and surface water.
The Gangabasinis India’s largestriver system and modern data shows that groundwater
contribution in the form of base flows to the Ganga river basin is three to four times the
contribution by snow melt, clearly underscoring the importance of understanding base
flows in the basin. Understanding groundwater therefore becomes an important aspect
for reviving and rejuvenating R. Ganga (Kulkarni H. and Patil S., 2018).

One of the first lessons in a study of the Ganga river basin [GRB] is its hydrogeological
diversity. Much of the discourse on groundwater in the GRB has been around the deep
and extensive alluvial aquifer systems that have more recently caught global attention
for being one of the biggest hot-spots of groundwater exploitation in the world (Rodell
M., et al 2009). Incidentally, more than half of the GRB is underlain by non-alluvial
geological formations including hard-rock aquifers that are far smaller than alluvial
aquifers in both lateral and vertical scales. These formations have seen a somewhat
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different trajectory of groundwater development when compared to that in the alluvial
aquifer systems. Moreover, a part of the non-alluvial aquifer systems is represented by
the Himalayan morpho-geological system, which is not only the source region for snow
and glaciers but is also a host to millions of springs that feed water into the Himalayan
tributaries of Ganga. Contrary to popular belief, nearly 20 % of the flow in the Ganga
basin is base flow (Mukherjee et al, 2018) - contributed by springs and seeps - while
only about 5 % is snow melt (Savoskul O. and Smakhtin V. 2013; Siderius C.,, etal 2013).
The GRB presents us with a unique pattern of diverse geological formations, providing
a window for gauging how variable the aquifer systems and resultant groundwater
conditions are (Map 16).

Some 10 of the 18 major sub-basins in the GRB are underlain by a mixed geology while
eight sub-basins occupy major areas of alluvial deposits (Map 17).

3.2.3 Hydrogeology

All the six typical aquifer systems found in India occur in the GRB. Not only are these
aquifer systems diverse, but their functional scale and the resultant socio-economic
dimensions are also quite varied. Historically, nearly all of these diverse aquifer systems
were tapped by shallow sources. Hence, for many centuries, groundwater from the
shallow, phreatic (unconfined) aquifers through dug wells (also called ‘open wells’) was
tapped in many parts of the GRB. Evidence for this historical narrative can still be found
in continuity of usage through these shallow sources or in the form of relics left behind
in pursuit of more modern, often deeper sources - the step-wells, for instance. Whether
it is the case of ‘naulas’ - spring-wells in the Himalayan region, or the ‘rahat’ driven
dug well (a version of the Persian wheel driven wells) in many areas of the Southern
Ganga River Basin, or even the modern dug wells with energized pumps, the tradition of
accessing shallow phreatic aquifers still persists. This long-standing tradition, however,
has been overtaken by rapid transitions in the form of deep bore wells and tube wells
through the call and clamour for development and modernity (Kulkarni H. and Patil S,,
2018).

The crowding of shallow and deep sources of groundwater is not uncommon, particularly
in the western parts of the GRB. It is not uncommon to find 10 wells within a stretch of
50 to 100 m along the stretch of a small stream channel in many such areas.

Depleting base flows in the GRB are not as simple to understand as in many other river
basins of India. Therefore, the question of ‘aviralta’ or perennial flow in the GRB must
be understood in the context of the interaction between surface water and groundwater.
Aquifers are the missing elements in understanding the significance of base flows in
the concept of ‘aviralta’ in the GRB. Estimates on the basis of a range of specific yields
(based on various studies by ACWADAM) for different aquifers were used to understand
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Depletion of aquifer storage required to induce a 2 m drop in the aquifers adjoining a
stream channel, leading to depletion of base flow (over a common catchment of 1000
ha) - in million m3

Alluvial system

Consolidated sedimentary system ‘

Hard-rock system ’

Himalayan system ‘

0.000001
0.0001
0.01

100
Millions

Image 6 : Base Flows In Aviralta”: The Missing Element Of Aquifers
Source: Kulkarni H. and Patil S., (2018)

the volumes of pumping required to deplete these aquifers for inducing a 2 m drop in
groundwater levels in close proximity to stream channels. It is assumed here that this 2 m
drop will lead to a significant drop in groundwater discharges to these streams, thereby
resulting in a depletion of the base flow of the stream. The 2 m drop in groundwater
levels in a shallow unconfined aquifer adjacent to a stream or river channel implies
various degrees of depletion in aquifers from different hydrogeological settings. This
variability in aquifer storage depletion is estimated to be over 5 orders of magnitude
(Image 6). Such a complex relationship between groundwater and surface water in the
GRB calls for a robust system of groundwater management and governance, beginning
with an understanding of local groundwater-river water dynamics.

Shallow unconfined aquifers are now grossly over-exploited, and in a state of great
decline almost throughout in large parts of the GRB, particularly in the western part
of the basin. Reviving and protecting them is an essential priority for maintaining and
reviving base flows, which in turn will help rejuvenate the GRB in general and River
Ganga in particular (Kulkarni H. and Patil S., 2018).

Surface and groundwater resources within a river basin are highly inter-connected.
Floods recharge the aquifers. Ground water provides the base flow which is critical
for sustaining river flows in the dry season. The contribution of aquifers to maintain
river flows is not adequately quantified. It is, however, well-known that ground water
extraction - referred to as ground water ‘development’ by officials and politicians --
reduces base flow and therefore there is a possibility that the environmental (ecosystem)
requirements may be compromised.
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While public investments since Independence have largely focused on surface water, over
the last three decades, groundwater has emerged as the main source of both drinking
water and irrigation, based almost entirely on private investments by millions of atomistic
decision-makers. The relative ease and convenience of its decentralised access has meant that
groundwater is the backbone of India’s agriculture and drinking water security. Groundwater
is used by millions of farmers across the country. Over the last four decades, around 84 per
cent of the total addition to the net irrigated area has come from groundwater (Shah M., 2016).
India is by far the largest and fastest growing consumer of groundwater in the world. But
groundwater is being exploited beyond sustainable levels and with an estimated 30 million
groundwater structures in play, India may be hurtling towards a serious crisis of groundwater
over-extraction and quality deterioration (Shah M., 2016).
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Water Balance

A study led by IIT Delhi utilized the SWAT (Soil and Water Assessment Tool) hydrological
model developed by USDA (US Department of Agriculture) to simulate the hydrology of
the Ganga River Basin (Anand ., et al 2018). It quantified the Annual, Monsoon Season
(June, July, August and September) and Non-Monsoon Season (October, November and
December) hydrologic components for the GRB (Table 3).

Table 3 : Hydrology of Ganga River Basin

Season Rainfall Water Snow Evapo- Baseflow | Ground water
(mm) yield Melt transpiration (mm) recharge
(mm) (mm) (mm) (mm)
Monsoon 975 459.3 3.7 253.7 111.3 2714
Non-Monsoon | 65.9 87.2 1.2 102.1 60.8 -
Annual 1167.5 |[601.6 12.2 496.5 202.4 274.8
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snowpack, snowfall and snowmelt events are always estimated by the model as soon as
the temperature drops below the threshold of stipulated snowfall temperature. SWAT
also enables these processes to be spatially distinguished as a function of elevation that
allows users to add lapse rate for both precipitation (PLAPS in mm H,0/km/yr) and
temperature (TLAPS in °C/km), which is very essential in the study region considered.

Source: Extracted from Anand J., et al (2018)

The water yield (87.2 mm) obtained during the non-monsoon season is higher than the
rainfall (65.9 mm) during the corresponding period, due to the high amount of return
flow (60.8 mm) inside the catchment because of large areas under irrigation.

Analyses of results for the entire Ganga river basin show that water yield has the
maximum share of water balance with approximately 51% (601.6 mm) annually of the
total precipitation (1167.5 mm) with evapotranspiration having the next highest share
(496.5 mm) which is 42.4% followed by groundwater recharge (274.8 mm).

The assessment of water yield contribution for different sub-basins during the
monsoon and non-monsoon seasons reveals that on an average 70% of the water yield
is contributed during the monsoon season. The contribution of sub-catchments to
water yield varies widely. The, maximum contribution of 4505 mm is from a sub-basin
dominated by glacier and snow, with almost 65 percent of this contribution (2900 mm)
being made during the monsoon season. The minimum contribution of a sub-basin to
the water yield, however, is less than 50 mm showing the huge variation within the GRB.
A total of 653 billion cubic meters (BCM) (average annual) of water was estimated
by the SWAT model as the potential water yield of the Ganga River basin between the
simulation periods of 1990-2013. Analysis for the different sub-basins reveals that the
unregulated Ghaghra and Gandak River systems make the largest contribution to the
water yield in the basin while the heavily regulated Chambal and Sindh River Systems
make the smallest contribution in the total water yield.

In addition, precipitation, water yield and evapotranspiration were found to be higher
in the forested and mountainous and comparably unexploited upper areas. However,
moving downstream or towards non-perennial systems dominated by agriculture and
highly irrigated areas, the value of evapotranspiration increases (Anand J., 2018).

The SWAT model provides an opportunity to generate scenarios that can help in
understanding the water resources availability under the virgin or pre-development
condition. To develop the virgin scenario, the IIT Delhi study assumed that all the
cultivation is rain fed, i.e., there is no irrigation withdrawal within the catchment. Hence
all structures, such as reservoirs and canal diversions, were removed from the calibrated
SWAT model.
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The comparison of water balance between the virgin scenario and present scenario
(business as usual) for upper Ganga basin, Yamuna basin, Chambal basin and Sindh
basin showed that on an average the present annual water yield is 25%, 30%, 35% and
35%, respectively lower than in the virgin condition for the Ganga basin (upstream of
Prayagraj), Yamuna basin (up to Agra), Chambal basin and Sindh basin respectively.

3.3 CONCLUSION

The Indian part of Ganga river basin (GRB) is the most populated, large river basin in
the world. But R. Ganga is very highly regulated in its journey to the sea. Four important
tributaries, the Yamuna, Ghagara, Gandak and Kosi provide about 60 per cent of the
annual flow at Farakka, where the main R. Ganga branches and a part flows into
Bangladesh. The Yamuna is also highly regulated in its upper stretch and is rejuvenated
by its Vindhyan tributaries. Hence the maintenance of the integrity of R. Ganga’s
tributaries is a sine qua non for a healthy R. Ganga.

The Ganga is a perennial river. The Indian GRB is estimated to receive over 80 per cent
of its annual rainfall in the monsoon season (Anand J. et al 2018). Base flows and glacial
and snow melt, though comparatively small in volume, remain crucial for sustaining
river flows in the non-monsoon months.

Recent studies, however, show that massive over-extraction of ground water for
irrigation in the alluvial plains of the GRB is rapidly depleting the adjoining aquifers,
leading to a sharp decrease in the base flows - about 59 per cent between the 1970s and
2016 -- in parts of the lower basin. The resulting decline in the river water availability
threatens the survival of the basin’s ecosystems and water security for hundreds of
million people. Climate change impacts pose additional undetermined threats.

Though enough knowledge exists in India to undertake effective corrective actions, the
political mobilization required to begin implementing them is weak.
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