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Preface

On 15 January 2016, Ministry of Environment, Forest and Climate
Change, Govemment of India issued a notification and in which Para 7(iii) (a)

and Annexure (x) purpose and structure of District Survey Report has been
discussed. District Survey report (DSR)

will

be prepared in every district for

each minor mineral. The District Survey Report

will

guide systematic and

scientific utilization of natural resources, so that present and future generation

may be benefitted at large. The purpose of District Survey report (DSR)
"ldentification of areas of aggradations or deposition where mining can be

allowed; and identification

of

areas

of

erosion and proximity to

infrastructural slructures and installations where mining should

be

prohibited

and calculation of annual rate of replenishment and allowing time for
replenishmenl after mining in thal area". The District Survey report (DSR)

will contain mainly

data published and endorsed by various departments and

websites about Geology of the area, Mineral wealth details of rivers, Details

of

Lease and Mining activity

in the District

along with Sand mining and

revenue of minerals. This report also contains details of Forest, Rivers, Soil,

Agriculture, Road, Transportation and climate etc.

District Jalaun is rich in occurrence of natural mineral like Road
ballast,

Baji,

Boulder, sand and morrow . By the side of major river Betwa

Yamuna morang (sand)

material

for

is avoiloble in abundance, which is a basic raw

arry civil construction work. The area is mostly covered by

alluvium with exposures

rl

&

of

weathered Bundelkhand Granitic Gneisses
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confined to the southern part. Treo sets of lineaments run along the western
boundary of the district trending N-S and NE-S\|/.

Disclaimer: - The data may vary due to flood, heavy rains and other
natural calamities. Therefore,

consideration all

its

it is recommended that DEIAA may take

relevant aspects

/ data

while scrutinizing and

recommending the application for EC to the concerned Authority.

sl
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Introduction

District Jalaun forms the most northerly portion of the Trans Yamuna tract of the
country. In the north Yamuna divides

it adjoins Madhya

Dehat and Auraiya. On the west

Betwa separates

it from

it from the districts of Etawah , Kanpur
Pradesh and to the south-east

Jhansi and Hamirpur. The area is mostly covered by

alluvium with exposures of weathered Bundelkhand Granitic Gneisses confined to
the southem part. Two sets of lineaments run along the westem boundary of the
district trending N-S and NE-SW.
The district is named after town ofJalaun, which was the former headquarters
a Maratha

of

governor, but the administrative headquarters of the district is at Orai.

Other large towns in the district are Kalpi, Konch, and Madhogarh. the HQ. of the

District is at Orai, a city on the Kanpur-Jhansi NH25.In early times Jalaun

seems

to have been the home of two Rajput clans, the Chandelas in the east and the
Kachwahas in the west. In 1806 Kalpi was made over to the British, and in 1840,

on the deatlr of Nana Gobind Ras, his possessions lapsed to them also. Various
interchanges

of territory took place, and in

1856 the boundaries

of the British

district were substantially settled, with an area of 1477 square miles. Jalaun was
the scene of much violence during the Revolt

of

1857. When the news of the rising

at Kanpur reached Kalpi, the men of the 53rd Native Infantry deserted their
oflicers, and in June the Jhansi rebels reached the district, and began their murder
ofEuropeans. It was not until September 1858 that the rebels were finally defeated.

In the later l gth century, the district suffered much from the invasive kans
grass (Saccharum spontaneum),

owing to the spread of which many villages were

abandoned and their land thrown out of cultivation. The population of the district

el
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was 399,726

in 1901, and the two largest towns

are Konch and Kalpi (pop. 10,139

in l90l). The district was traversed by the line of the lndian Midland railway from
Jhansi to Kanpur.
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Fig 1: Location map of Jalaun
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General Profile of the district
Jalaun district is surrounded in all four directions by rivers Yamuna, Betwa, Pahuj
and Dhasan. The normal rainfall is about 862 mm per annum. The net sown area is

3.50 lakh ha and 1.95 lakh ha as net irrigated area with cropping intensity of
118.82%. Small and marginal farmers contribute 7 4%o
52.7 60/o

of l-2

holdings.

of farmers have land holdings less than I ha and 21.69% have land holding

of

ha. Jalaun District is a part ofJhansi Division. The district has an area

4565 km'?, and a population

of

of total farm

of

16,89,974 (201I census), with a population density

370 persons per krn?. The district lies entirely within the level plain

of Bundelkhand, north of the hill country, and is almost surrounded by the Yamuna

River, which forms the northern boundary of the district, and its tributaries
the Betwa, which forms the southem boundary of the district, and the Pahuj, which

of

forms the westem boundary. The central region thus enclosed is a dead level

cultivated land, almost destitute of trees, and dotted with villages. The southem

portion presents an almost unbroken sheet of cultivation. The Non Riverflows
through the centre of the district, which it drains by innumerable small ravines'

The districts

of Etawah and Kanpur

while Jalaun District lies

lie to the north across the

to the east and southeast,

Yamuna,

Jhansi District lies

to

the

southeast, and Bhind District of Madhya Pradesh lies to the west cross the Pahuj.

The distict has been under severe drought for the last four years with the average

rainfall being about 399 mm which is way behind the average of about 800 mm.

Climate Condition:- The average annual normal rainfall in the district is 862 mm.
The climate is sub humid and it is characterised

by

hot summer,humid monsoon

and cold winter seasons. About 90% of rainfall takes place during monsoon period

rl
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from the month June to September. During the monsoon surplus water is available

for the deep percolation to ground water. After February temperatures begin to
increase rapidly. May and early June is hottest part

of the year. The mean daily

maximum temperature in May is 42.60 C, mean daily minimum temperature is 27.I
0

o

C and on individual days the maximum temperature sometimes reaches over 4'J

C.

*ith

the onset of the monsoon in June, the day temperature drop appreciably

bu nights continue to be warm as in summer season , January is the coldest month

with mean daily minimum temperature is 8.4 0 C The mean monthly maximum
o

temperature is 32.4 C and mean monthly minimum temperature is 18.80 C.

Air

is

very humid in monsoon season and the humidity decreases in the cold season. The

mean monthly morning relative humidity

is

57%o and mean

relative humidity 42o/o. The mean wind velocity

monthly evening

is 703 Kmph. The potential

evapotranspiration is 1603.3 mm.

Topography

& Terrain:-

The topography of the district also plays a key role in

locational analysis for any provision of services and facilities. Jhansi is located in

the plateau of central India, an area dominated by rocky reliefs and 6 minerals
undemeath the soil. It has an average altitude of284 meters. The city has a natural
slope in the north as

it lies on the south westem border of the vast Tarai plains of

Uttar Pradesh. The elevation rises on the south. The land is suitable for citrus
species fruits. Main crops grown

in the district include wheat,

pulses, peas

&

oilseeds. The region relies heavily on Monsoon rains for irrigation purposes.

Water Course

&

Hydrology:- The area is chiefly drained by three perennial

rivers namely, Yamuna, Betwa, and Phuja. There are many minor ephemeral
tributaries, viz. Non Nadi, Kunchamalanga Nadi which drains central parts of the

district area. Jamuna and Betwa are flowing towards east and Pahuja from south to

sl
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north. The overall drainage of the area forms dendritic pattern. Besides, there is
good network ofcanal system draining from Betwa river through Kuthaund and

Jalaun branches. The entire area

of

Jalaun district

is underlain by

quaternary

alluvium, comprising mainly clay, Kankar, sand, and gravel over the basement of
Bundelkhand granites. The thickness of alluvium increases towards north which
has good potential. Ground water potential in granites is poor as they have littile

porosity. The weathered zone in the granite rock usually hold good quantity of
water. The ground water in the alluvium occurs under water table conditions in
phreatic zones and under semi confined to confined conditions in the lower zone.

Ground Water Devlopment:- Agriculture is the main sourse of populace of the
district. To meet the requirement of the irrigation, ground water and surface water
are being utilized. Ground water irrigation is under operation through 592 state

government tube wells, 3014 dug wells. Almost 30.14
irrigation is covered by ground water and 68.24

o/o

% of the area

under

area is irrigated by canals water

and 0.68 "/o area is irrigated by other sources. Out of the net sown area of 343574
ha, only 209609 ha area has been brought under irrigation andnleaving 133965 ha

The average of the stage of ground water development for the district is 38.78 %.
The maximum stage of ground water development is in Jalaun block i.e. 51.46

%o

and minimum in Kadaura block i.e. 23.54 %. Other Seven blocks have the stage

of

ground water development i.e. Dakore 29.19 %, Konch 48.29 %, Kuthond 47.87

%, Madhogarh 50.43% and Mahewa 46.75%, Nadigaon 35.29% and Rampur
45.85%. Therefore all the 9 blocks are in safe category. So that all blocks having

good scope to further develop ground water through shallow and moderately deep
tubewells.
Ground Water Oualittti

Ground water of the district is colourless, odourless and very slightly alkaline in
nature. Electrical conductance ranges from 400-500 micromhos/cm. at 250 C. Out

10l
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of the total

samples, I 8%

of water

samples analyzed have high NO3 (above

permissible limit of 45 mg/l). Fluoride is within permissible limit ranging from
0.08-1.0 mgll. Phosphate is not found in the district.

It is observed that ground

water quality is suitable for drinking and irrigation purposes. The As (Arsenic)
content has been found within permissible limit (10ppb)

Drainage System
The main physical features of the district are largely determined by the three

rivers-

tle

Yamuna, the Betwa and the Pahuj, which nearly encircle it. The same

characteristics are common to all, varying in proportion to their respective sizes.
They are surrounded by a deep network of ravines running one to three kilometers

from the streams. These ravines are succeeded by

a

bank or belt of higher land the

surface of which gradually falls the further the river is left behind. The high lands

border on the khadir Valleys of the Betwa and Pahuj, while the low lands occupy

the central tract. The latter is thus a wide flat basin encircled by a narrow rim of
higher ground which break up into a network of ravines along the river banks,
stretching for some kilometers inland from the streams. The levels are clearly
indicated from the siruation and direction of the branches of the Betwa canal which

follows the watersheds closely. The drainage of the central tract is supplied by two

minor streams, the Non and the Melunga which flowing north-eastwards unite
some l2 kilometers from the Yamuna bank and join that river at an equal distance

to the north of the town of Kalpi, Like the larger rivers they too have carved deep
ravines which increase in extent the nearer the Yamuna is approached and as

a

consequence of their action, the Kalpi Tahsil is cut by a tracery of ravines which
have scored the greater portion of soil and having more barren and sterile land than

in any other part of the district.

11 I
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The natural divisions into which the district falls are clearly marked. Along
the outer edge is the ravine belt fringed here and there, by rich alluvial soil, but for

most part consisting of low hummocks thickly strewn with Kankar . The upland

which succeeds the ravines is poor in quality. It has a light coloured hard soil, to
the north there is a tract of loam, the characteristics of which resemble those of the

doab, but practically the whole of the south and centre of the district beyond the

upland, excluding, the area in tahsil Kalpi affected by the Non and Melunga is
occupied by the dark kakar and the black cotton soil mar. With the exception

of

two rocky outcrops near Saiyidnagar in tahsil Orai, here are no hills in the district
and the red soil which is found in the hilly tracts of Jhansi is also absent but in
other respects the district is a typical part of Bundelkhand.

Table

l:

S.No.

Drainage System with Description of main rivers

Area

Name of River

Covered oh Area Covered

(Sq.Km.)

I

Yamuna

21.2

0.46%

2

Betwa

l4

0.30%

3.

Pahuj

r.65

0.036%

Table 2: Salient features of Important rivers and streams
S.No.

Name of River /

Total

stream

in the District Origin

of Altitude

length Place

Origin

(in Km)
Yamuna

I

56

Yamunotri

glacier

near
Banderpoonch
peaks
the
Mussourie

in

12 I

6387 m

at

District

range
Betwa

2

28

of

l3

Pahuj

3

the

lower
Himalayas
Vindhya

Range

alaun

S

396.24 m
near

Bhopal district
Jhansi District 285 m
Uttar

of

Pradesh

Drainage of Jalaun:-

Yamuna River Yamuna enters in Jalaun District at village Kanjusa
passes through Marhepura and Shivganj. Subsequently

Dasses

Name of Place/Village

Elevation

4

Kanjusa
Marhapura
Shivganj
Mahmudpur

132 above
132 above
132 above
132 above

5

Himmatpur

6

Gudha

'7

Mahroli

8

Patrahi
Silaua
Kota Diwara

S.No.
I
2
J

9
10.

ll.
13.

Motipur
Tulakpur
Bujuwapur

t4.

Paren P.F.

15.

Romai Dewara
Khera Mustaqil
Sipura Mustaqil
Baghwali Mustaqil

12.

16.
17.
18.

13 I

NF

further

river flows through various

villages and the exit from district, near village Ikauna.

Table 3: List of Villaees throush w ch River Yamuna

It

msl
msl
msl
msl
132 above msl
132 above msl
132 above msl
132 above msl
132 above msl
132 above msl
131 above msl
l3l above msl
13 I above msl
13 I above msl
l3 I above msl
l3l abovemsl
l3 I above msl
13 I above msl
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19.

20.
21.
22.
23
24.
25
26.
27

28.
29.
30.
31.
32.
JJ

Abdullapur Mustaqil
Shankarpur Gaon Mustaqil
Harshankarpur Mustaqil
Bhadekh Diwara
Karmukha MustaqiI R.F.
Karmukha Diwara
Lohai R.F.
Jitamau R.F.
Raipur R.F.
Marhiyaon kalan
Manpur R.F.
Khargai Diwara
Khargai Mustaqil

40.

Deokali Mustaquil
Shekhpur Balda
Kalpi
Rova Diwara
Surauli
Gulauli
Madra Lalpur R.F.
Abhirwa R.F.
Pipariya

41.
42.
43.
44.
45.
46.

Jhagrahi
Pali
Ikauna (W) R.F.
Nidhan
Ikauna
Ikauna (E) R.F.

34.
35.

36.
37.
38.

39.

I
I
13 I
l3 I
13 I
13 I
l3
l3

above msl
above msl
above msl
above msl
above msl
above msl
130 above msl
130 above msl
I 30 above msl
130 above msl
I 30 above msl
I 30 above msl
I 30 above msl
130 above msl
I 29 above msl
129 above msl
I 29 above msl
129 above msl
129 above msl
129 above msl
128 above msl
128 above msl
128 above msl
128 above msl
127 above msl
127 above msl
127 above msl
127 above msl

Betwa River Yamuna enters in Jalaun District at village Kanjusa situated 120 m
elevation.

It

further passes through Marhepura and Shivganj. Subsequently river

flows through various villages and the exit from district, near village lkauna.
Table 3: List of Villaees throush whi ch River Betwa passes
S.No.
47.

L4l

Name of Place/Village

Elevation

Dhera R.F.

132 above msl

Disria
48.
49.
50.
51.
52.
53.

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64
65.
66.
67.
68.
69

70.

7t.
72.
'73.

74.
75.
76.
77.

1sI

Maruna-ke-khod
Sala R.F.
Thurat R.F.
Rukhana R.F.
Rukhana
Amror R.F.
Raiapur
Saidnagar
Sudhauli R.F.
Karthara R.F.
Kishor R.F.
Kotra
Sati
Nandha R.F.
siki R.F.
Kamtha
Shri Kahta P.F.
Kahta

Makechha P.F.
Airpatti R.F.
Mohana
Haidalpur P.F.
Bindaula R.F.
Gurha
Simhariya
Tikua
Kharka
Kuruana
Dadri
Sonahata

78.
79.

Kahta Hamirpur

80.

Almari

81.

Purwa Kunheta

Parason
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132 above msl
132 above msl
I 32 above msl
132 above msl
I 32 above msl

above msl
above msl
above msl
above msl
13 I above msl
l3l above msl
13 I above msl
l3l above msl
l3[ above msl
l3l above msl
l3l above msl
13 I above msl
l3l above msl
l3l above msl
13 I above msl
l3l above msl
13 I above msl
l3 I above msl
130 above msl
130 above msl
130 above msl
130 above msl
130 above msl
I 30 above msl
I 30 above msl
130 above msl
129 above msl
I 29 above msl
129 above msl
32
132
132
132
I
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Land form & Seismicity: - The district falls in seismic zone III, and lies in low to
moderate hazard risk zone. No earthquake has been observed in the district during

last 200 years. The district has, however experienced on a few occasions'
earthquakes

.

Soil:- The soil of Jalaun is broadly categorized as Ravenous, upland and center
plain soils. Based on the texture and colour soils are classified into Rakar, Parwa,
Kabar and Mar soil in Iocal parlance. Govt. of lndia has developed the watershed
map of the district. There is more than 1 Lakh ha. of land with shallow and deep

of more than 2.5%.Govt. of India has developed the
map of the district. There is more than I Lakh ha. of land with shallow

ravines having a slope
watershed

and deep ravines having a slope of more than 2.5%o.

Cropping Pattern:- In Jalaun district the main crops are wheat and rice. Some
area is cultivated under pulses also like Arhar and Urad. The principal sources

of

irrigation are canals and tubewells. The production and productivity of the major
crops in the district are summarized below in Table

:

Production

Productivity

(40

(Qt/ha)

3279

'75940

23.16

Urd

361

t940

5.37

J

Moong

06

20

J.JJ

4.

Arhar

930

'7930

8.53

5

Wheat

51320

1827505

35.61

6

Total pulses

280

2629

9.39

'7

Total Oil Seeds

1980

23385

13.92

8

Sugarcane

76047

490503 t5

773.04

Crop

Area (ha)

1

Rice

2

S.No.

16 I

Fbil-
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9

Jawar (Grain)

50

402

8.05

Maize

24

530

22.08

10.

Social Economics:-

An offrcial

Census

20ll

detail of Jalaurl a district of Uttar Pradesh has been

released by Directorate of Census Operations in Uttar Pradesh. Enumeration of key

persons was also done by census officials

ln

2011, Jalaun had population

of

906,092 and 783,882 respectively.
1,454,452

in

1,689,974

Jalaun District

of Uttar Pradesh.

of which male and female

In 2001 census, Jalaun had a population of

of which males were 786,@l and remaining 667,811 were

There was change

of

were

females.

16.19 percent in the population compared to population as per

2001. tn the previous census of India 2001, Jalaun District recorded increase

of

19.28 percent to its population compared to 1991.

Rural Urban Distribution:-

Population Distribution:-

Populatron ol Jalaun Dlstrrcl
2C,0(x,00

r8000.}1

Eural Urban Jalaun

r6(tr000
14000m
r

200000

r

(too000

I
I

7\
\

SCOOOI

i::t

6CUrOt

I

,/

f

(a) Male
(b) Female

1,689,974 Population growth
906 092
Area Sq. Km.
783,882
Densig'iKm2

L7l

h)V

r

Llix.r

4COOfi

Actual population

Hr-r

16.190/o

4,565
370

Distr-ict Survey Report=Ia]aun

Total child population (0-6

Average literacy

73.7 5

(a) Male literacy
(b) Female literacy
Literates
(a) Male
(b) Female

years)
(a) Male(0-6 years)
83.48
(b)
Female(0-6 years)
62.46
I 0 75 I 96 Sex ratio( per 1000)
653,,430
Child sex ratio (0-6 years)
421,766
Child Proportion

231,991

t23,342
108,655
865
881
13.73%

Rainfall & Humidity:- The average annual normal rainfall in the district is 862 mm.

The climate is sub humid and it is characterised

by

hot summer,humid monsoon

and cold winter seasons. About 90% of rainfall takes place during monsoon period

from the month June to September. During the monsoon surplus water is available
for the deep percolation to ground water.
Fauna:

The wild animals which are found in this district include the nilgai (Boselaphus
tragocamelus), antelok (Anelok cervicapra), pig (Sus scrofa), wolf (Canis lupus),

jackal (Conis aureus), fox (Vulpes bengalensis), hare (Lepus ruficandatus),
monkey (Macaca mulatta), wild cat (felis bengalensis) and the porcupine
(Hystric leucura). The game - birds of the district include the usual varieties
found throughout the plains. Among them mention may be made of the peafowl
(pavo cristatus), the black partridge (frencolinus francolinus)

and the

gray

partridge (francalinus pondicervanus). Basti is famous for the number and
variery of water fowls which visit it during the winter season. The goose (Anser
anser), comon teal (Anas crecca), red-cristed pochard duck (netta rufina), whiteeyed pochard (aythya rufa) and widgeon (mareca penelope) visit the district only

in winter and inhabit the fringes of rivers lakes and swamps.

Snakes are

common in the district especially in the rural areas, the chief being the Cobra

(Naja Naja), karait (Bungarus caeruleus), and rat-snake (ptyas mucosus).
Indian crocodile or naka (Crocodilus pulustris), and the ghariyal (gavialis

t8l
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gangeticus) are also found in the river Ghaghra. Fish of almost all the varieties
that occur elsewhere in the state are found in the rivers, lakes and ponds

of

the

district, the common species being rohu (lebeo rohita), bhakur (Catla catla),

nain (Cinhina mrigala), parhin (Wallagonia attu), krunch (lebeo calbasu),
tengan (Mystus seenghla) and etc.
Flora:

In the former days a large part of the district was covered with forest of sal and
other trees, but since then most

of it

has been cleared and brought under the

plough. Though the district is no longer rich in timber, it can still be described as

well-wooded, owing

to the numerous clumps of mango (Mangitera indica),

mahua (Madhuca longifolia), sal (Sorea robusta), and bamboo (Bambusa
arundinacea).

Plantations

of fast growing

species such as bamboo, Eucalyptus (Eucalyprus

teritromis), mango and shisham (Dalbergia sissoo) have been raised
district.

Table
S.No.
I
3
5

7
9

I

l.

13.

15.

17.
19.

21.

: Forests in Jalaun
Name of Place/Village
Sultanpura R.F.
Billaur P.F.
Bhitaura P.F.
Mahtauli R.F.
Silaura R.F.
Kota Diwara

otipur
Tulakpur
Bijwapur R.F.
M

Paren P.F.
Nainapur R.F

23.

Karmukha Mustqil R.F.

25.

Tikri R.F.

1eI

S.No.
2

4.
6
.3

10.

12.
14.
16.
18.

20.
22
24
26.

Name of Place/Village
Makrana R.F.
Makrecha R.F.
Sikri Kahra R.F.
Sikri R.F.
Kotra R.F.
Nanda R.F.
Kishor R.F.
Karthara R.F.
Sudhauli R.F.
Amror R.F.
Chirauli R.F.
Rukhna R.F.
Thurat R.F.

in

the

Disda
2',7.

29.
31.
33.
35.
37.
39.
41

.

43.
45.
47.
49.

5l
53.
55.

57.
59.
61.
63.
65.
67.
69

Lohari R.F.
Raipur R.F.
Jitamau R.F
Malthua R.F.
Manpur R.F.
Khargoi Mustqil P.F.
Sareni Mustquil R.F.
Pal R.F.
Semra Shiekhpur R.F
Narihan R.F.
Imli R.F.
Chhunik R.F.
Vyas R.F.
Kalpi R.F.
Alampur R.F.
Dhamna R.F.
Surauli R.F.
Gulauli R.F.
Madra Lalpur R.F.
Abhirwa R.F.
Ikauna R.F
Dadri R.F.
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28. Sala R.F.
30. Dhera R.F.
32. Budhera R.F.
34. Dang Khairai R.F.
36. Dang Khaijor R.F.
38.
40.
42.
44.
4t)
48.
50.
52.
54.
56.
58.
60
62.
64
66.
68.

70.

Dang Gatiyar R.F
Angaura R.F.
Atrauli R.F.
Manpura R.F.
Gopalpura Rudawali R.F.
Mahaoi R.F.
Karmara R.F.
Asahna R.F.
Galampura R.F.
Megni R.F.
Rampura R.F.
Naraul P.F.
Ata R.F.
Ukasi R.F.
Ragauli R.F.
Bidhauli R.F
Haidalpur R.F.

Physiography
The main physical features of the district are largely determined by the three

rivers- the Yamuna, the Betwa and the Pahuj, which nearly encircle it. The same
characteristics are corlmon to all, varying in proportion to their respective sizes.
They are surrounded by a deep network of ravines running one to three kilometers

from the streams. These ravines are succeeded by a bank or belt of higher land the
surface

ofwhich gradually falls the further the river is left behind. The high lands

border on the khadir Valleys of the Betwa and Pahuj, while the low lands occupy
the central tract. The latter is thus a wide flat basin encircled by a narrow rim

of

higher ground which break up into a network of ravines along the river banks,
20l

District Suwey Report-Ia]aun
sfetching for some kilometers inland from the streams. The levels are clearly
indicated from the situation and direction of the branches of the Betwa canal which

follows the watersheds closely. The main physical features of the district

are

largely determined by the three rivers- the Yamuna, the Betwa and the Pahuj,
which nearly encircle it. The same characteristics are common to all, varying in
proportion to their respective sizes. They are surrounded by a deep network of
ravines running one

to three kilometers from the streams.

These ravines are

succeeded by a bank or belt of higher land the surface of which gradually falls the

further the river is left behind. The high lands border on the khadir Valleys of the
Betwa and Pahuj, while the low lands occupy the central tract. The latter is thus a
wide flat basin encircled by a narrow rim of higher ground which break up into

a

network of ravines along the river banks, stretching for some kilometers inland
from the streams. The levels are clearly indicated from the situation and direction

of the branches of the Betwa canal which follows the watersheds closely.

The

drainage of the central tract is supplied by two minor streams, the Non and the

Melunga which flowing north-eastwards unite some 12 kilometers from the
Yamuna bank and join that river at an equal distance to the north of the town

of

Kalpi, Like the larger rivers they too have carved deep ravines which increase in
extent the nearer the Yamuna is approached and as a consequence of their action,
the Kalpi Tahsil is cut by a tracery ofravines which have scored the greater portion

of soil and having more barren and sterile land than in any other part of the district.
The natural divisions into which the district falls are clearly marked. Along
the outer edge is the ravine belt fringed here and there, by rich alluvial soil, but for

most part consisting of low hummocks thickly strewn with Kankar . The upland

which succeeds the ravines is poor in quality. It has a light coloured hard soil, to
the north there is a tract of loam, the characteristics of which resemble those of the

2tl
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doab, but practically the whole of the south and centre of the district beyond the

upland, excluding, the area in tahsil Kalpi affected by the Non and Melunga is
occupied by the dark kakar and the black cotton soil mar. With the exception

of

two rocky outcrops near Saiyidnagar in tahsil Orai, here are no hills in the district
and the red soil which is found in the hilly ffacts of Jhansi is also absent but in
other respects the district is a typical part of Bundelkhand.

Land utilization pattern of the district
The land use pattem (2013- l4) in the State has been indicated in the Table 10. The
total cultivated area of the state is 454400 ha. Ard the goss cropped area is
409500 ha. The cropping intensity in the state is 118 %.. Land use Pattem in

Jalaun districts is given below:
Land use pattern is largely influenced by the available irrigation facilities, which

ultimately affect the economy of the area. Irrigation facilitates the intensive use of
land resources and results in the increase of Gross Cropped Area and also improves
the intensity.

Table l0: Land

use pattem

ofJalaun

Particulars

Jalaun

I

Total Geographic area (,000 ha.)

454.4

2

Forest (,000 ha.)

28.2

J

Cultivable area (,000 ha.)

377.3

4.

Land non agricultural use (,000 ha.)

39.0

5

Permanent Pasture (,000 ha.)

0.2

6

Cultivable Wasteland (,000 ha.)

1.5

SI. No.

22/
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7

Land under misc. use (,000 ha.)

1.6

8

Barren and uncultivable land (,000 ha.)

9.8

9

Current Fallows (,000 ha.)

20.7

10.

Other fallows (,000 ha.)

6.8

ll.

Net sown area(,0@ ha.)

346.7

t2.

Area sown more than once(,000 ha.)

62.8

r3.

Gross cropped area (,000 ha.)

409.5

14.

Crop intensity

r18%

Land use Pattern
6(D
E

o
tm
o
o

s

2m
0

)

Geology
Geolory:Jalaun district in the southwestern part

ofthe Uttar Pradesh lies between 250 07"

and 250 57" north latitude and 780 10" and 790 25" east longitudes. Total
Geographical areas of the distict is 5024 sq. km. District headquarter is at Jhansi

and there are four number
Mauranipur.

zrl

of

Tehsils namely Jhansi, Moth, Gauratha and
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The rocks mapped in the area are variety of granites having xenoliths
metasediments and metabasites. The granites are intruded

by aplite,

of

pegmatite,

granite-porphyry, quartz-reefs, dolerite dykes, and secondary veins of quartz and
epidosite.

Geological formation of the district consists more or less entirely of alluvium
which consists of konkar sand, ballast, maurang and brick-earth.
Kankar is available in significant quantity in Konch, Orai and Kalpi tahsils
of the district. It is used for metalling the roads and making lime.
Large deposits of sand and maurang are found on the bank of the Yamuna.
Ballast is found in Orai tahsil.

Geologically, the area is underlain by Bundelkhand granite and complex (BGC)

with

a capping

of quatemary deposits. The setup is as follows:

Younger Alluvium Recent channel

fill

deposits and present-day flood plains

of

streams.

Older Alluvium

Older flood plain deposits, which includes bad-lands/
shallow ravines.

The Bundelkhand granites (BGC) and the banded gneisses of Archaean age,
display heterogeneity in texture and composition and are pegmatite in places. They

are at certain localities traversed by quartz reef i.e. near Kabrai (80'00'15":

25"23'l5*) and basically intrusive of deloritic composition i.e. SW of Kharka
(80"05': 25"20'45"). A few typical basic dykes trending ENE- WSW originating

from the south-western exhemities of the area continue towards

Mahoba

(79"52'30": 25"17'30). The major bulk of metamorphic rocks are exposed

as

isolated hills in the southem fringes of the area mapped. The older alluvium on the
other hand, comprises finer grained, well-compacted and more mature sediments

occupying extensive stretches at relatively higher elevations. These sediments,
related
24

to some earlier fluvial

episodes, have been at most places stabilized by
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vegetation and majority of the badlands are sculptured within it. These sediments

characteristically display red and brown colour and are richer
content. These older alluvium deposits range from

a

in

femrginous

few metres in the south and

increase progressively in thickness up to 70 m to 80 m or so in the northern part

of

the area under study. The older alluvium supports most of the vegetation in the
terrain because of its higher moisture retaining capabilities. The younger alluvium,

which is confined to the recent channel fill deposits and present day flood plains or
rivers/streams, occurs as narrow strips at lower levels. The sediments are light

colored, coarse

to very

coarse and gravely, poorly sorted and not too well

inundated. These immature sediments are relatively deficient in claylsilt fractions
and also femrginous matter.

Geomorphologically the area can be sub-divided into four major units (Plate VIII):

I. Recent channel-fill and present-day flood-plain deposits and adjacent lowland
areas

II. Upland areas/river terraces (older alluvium surface).
II

I. Badlands/ravenous tracts

IV. Residual hills.

I.

Recent Channel

fill

and Dresent dav flood-olain: It is constituted from

the deposits carried out by the rivers and all its active network of stream

and its periodically inundated contiguous low-lying ffacts.

It

has been

designated as younger alluvium.

II.

The higher alluvial Dlain: Tracts borderin g both the banks of Ken river

with extensive lateral continuity have been

designated as

the older

alluvium surface.- This unit has a low northerly gradient, in conformity
with the basement configuration

III.

Badlands or Ravines: These are noticed to be essentiall y confined along
the courses of both the Ken river and its network of streams, the former

2sI
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accounting for better defined and

well
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dissected ravines viz. 3 to 4 m in

height. Hummocky ridges and rolling topography characterize badlands
areas.

IV.

Low residual hills of granitic composition are noticed and they tend to
form domes and have steep slopes because ofspheroidal weathering.

26|.
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Clay and sand

Ordinary earth / Brick Clay
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Several kinds

of soils are found across Hamirpur. Broadly, the soils fall

into

following categories:
Maar:
and

It is a variety of black soil. This type of

soil contents high organic matter

clay, hence it is good for cultivation without using fertilizers.

precious soil,

it is mostly found in Muskara. By proper handling it is suitable for

cultivation
Kabar:

It is most

It is a black

of

gram

and

jowar.

cotton soils and found in three different color.

It is highly

adhesive due to the clay content. Hence it retains moisture, and quickly tums to dry

and into hard blocks.
Muskra

It is mostly

found in Hamirpur sub lands as in Sumerpur,

of the area.
of ravine land along river banks. It is

and Gahrauli. Wheat, gram and rice are main crops

is found on sloping surfaces
a variety of loamy, alluvial type soil which is suitable for cultivation
Rankar: It

where

irrigation is available. It is a degraded kind of coarse soil found mostly in Rath and
Gohand.

Purwa: It is a variety ofred soil, sandy in nature and has some clay content which

easily absorbs water. It is suited for cultivation of

wheat.

Kachhar: Dark soils found along river beds and naalas, known as kacchar

/

tari

soils, suitable to grow water melons and vegetables.
The above types of soils suffer from over-drainage due to a large number of rivers
and streams.

parts

A number of nalas are flowing

across the district, which makes some

of land worthless. During floods fast-flowing water

leads

to loss of top

surface soil.

Texture and mineralogy of clay
The soil of the district is formed through rocks (sands) and alluvial deposits carried
by the river systems, generally rich in iron (Fe) and aluminium (Al) contents which
28|,
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form clay minerals like kaolinite, illite and montmorrillonite. The major textured
group of the soil in the district is sandy loam, black soil, alluvial and clay loam.
Soil here is rich in iron, calcium, potash, aluminium and magnesium carbonates but
poor in nitrogen, phosphorus and organic matter. These clay minerals are suitable
for brick manufacturing.

Texture and mineralogy of sand at Jalaun, Uttar Pradesh
Yamuna sand: In Yamuna river, medium to coarse grain sand is mainly
constituted of quartz and feldspar mineral with little micaceous minerals. It
contains very little amount of clay minerals.

Betwa sand: On the banks of river Betwa lies the "coarse sand", which derive their
feldspar from granitic gneisses of the Bundelkhand complex. Based on its coarse
grain size, high feldspar content, and gravel class types, the red sediment was
derived from Betwa river.

Description of river
The chief river of the district are Yamuna, the Betwa, the Pahuj and several minor
sfieams minor streams among which the Non and the Melunga are notable.

2sI
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The Upper Ganga plain is the part of the Great Plains lying approximately between

the Yamuna in the west covering the parts of Uttarakhand and Uttar Pradesh. The
region is delimited in the north by 300m contour which separates it from the Garh-

Kum Himalay4 west of Sarda while the tntemational boundary of Nepal marks the

limit towards the east. In the south the Yamuna demarcates its border with

the

of the topographic trough paradoxically lies nearer

the

Bundelkhand. The axis

peninsular block

or along the Ganga which

traverses the area

in a

south-

southeastern direction. Thus there is, though not perceptible, a tract adjacent to the

foot hills where the slope is higher and has resulted in the preponderance of
numerous small streams, assigning a somewhat medium to fine texture to this part.

The southern counterpads, particularly north of the Ganga are characterized by the

sluggishly-flowing streams like the Ramganga and the Ghaghara studded with oxbows, sandy stretches (the Bhurs) etc. The topographic diversities produced by the

changing river courses are predominantly observed

in the Ramganga and the

Ghaghara valleys, particularly in their flood plains. The streams such as the Kali,

the Hindan, and the Pandu etc. have to go a long way parallel to their master
streams

to empty themselves. Distinct, though are insignificant, in topographic

expressions is the Yamuna par or the Yamuna-lower Chambal tract. The deep

valley separated by sharp spurs and buttresses are the main features of Upper
Ganga Plain. Topographically most sigrrificant and complex part of the region is

the submontane belt, running at the foot of the Siwaliks from west to east across
the area on the northem border consisting of the two parallel st-ips

-

the piedmont

zone, the bhabar (the doab region) and the adjoining relatively gently sloping tarai

belt.
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Yamuna: The Yamuna river is the biggest tributary of the Ganga river. It is also
considered as sacred river

in India. The

Yamuna river originates

in the

Tehri

Garhwal district of Uttarakhand from the Yamunotri glacier near Banderpoonch
peaks (38o 59'N 78' 27'E) aI the elevation of about 6,320m above the sea level in

the Mussoorie range of lower Himalayas. Arising from the source, the Yamuna

river flows through a series of valleys for about 200 km in lower Himalayas and
then emerges into Indo-Gangetic plains. In the upper reaches, the gradient of the

river is steep and the entire geomorphology of the valley has been carved by the
erosive action of the river water. In the headwater reach of 200 km, the Yamuna
draws water from several major streams. The combined stream flows through the

Shivalik range of hills of Himachal Pradesh and Uttarakhand states and enters into

the plains at Dak Pathar in Uttarakhand. From Dak Pathar, the Yamuna flows
through the famous Sikh religious skine of Poanta Sahib. Flowing through the

Poanta Sahib,

it

emerges

from the foothills of Kalesan, north of

Hathnikund/Tajewala where the river water gets diverted into Westem Yamuna
Canal and Eastern Yamuna Canal for irrigation. The Yamuna river enters Delhi
near Palla village after traversing for about 224 km. Further downstream, Yamuna

flows through the Agra city which is famous for Taj Mahal. Shortly afterwards, it
passes through another historical city, Mathura. The total length

of Yamuna from

its origin to Allahabad (confluence with Ganga) is 1,376 km and the drainage area

is 3,66,223 Sq.km. The Yamuna is a mighty river in itself and has a number of
tributaries. In its first 170 km stretch, the tributaries the Risiganga, Hanumanganga,
Tons and Giri join the main river. Later big rivers, such as the Chambal, the Sind,
the Betwa and the Ken join it. The catchment of the Yamuna river system covers

the parts of Uttar Pradesh, Uttarakhand, Himachal Pradesh, Haryana, Rajasthan,
Madhya Pradesh and De1hi. The tributaries of Yamuna account for 70.9 percent

of

the catchment area, the balance of 29.1 percent area is directly drained by the
321
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Yamuna. Further the catchment area of Yamuna amounts to 40.2 percent of the
area of the Ganga basin and 10.7 percent of the land in our country. The important

tributaries of Yamuna river are the Tons, the Chambal, the Hindon, the Sarda, the

Betwa and the Ken. The main Yamuna and Tons are fed by glaciers, viz., the
Banderpoonch glacier and its branches that originate from the Great Himalayas.

Other small tributaries include the Risiganga, the Hanumanganga, the Unta, the
Karan, the Rind and the Giri. The Risiganga a tributary of the Yamuna rises 3 km

further north-west and joins the Yamunotri stream on its right bank near Banas

while ottrer two streams the Unta and the Hanumanganga rising from the Jakhal
glacier and the Chhaian Barmak glacier respectively to the south of Bander poonch
meet the main stream on its left bank.

Yamuna in Jalaun
The Yamuna forms the northem boundary o[the district. It first touches the district
at the village of Sitoura in the erstwhile jagir of Jagamanpur, at the point where

is joined by Sindh river.

It

it

flows with a gently curving course forming the

boundary with Etawah district as far as Shergarh ferry on the road from Jalaun to

Auraiya. Then

it turns south continuing to form the district limit till it

leaves

it

some 16 kilometers south east of Kalpi town on the border of Baoni. With the
exception of a sudden loop north of the old city of Raipur and near Mainuptu, its
courses is not characterized by any abrupt curves or bends. It's total length within
the district limit is approximately 83 Kilometers.

Tributaries of Yamuna- The Yamuna receives water of several tributaries
during its course along the border of the district but few are ofany importance.

33
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The Non rises in the tahsil of Orai and drains the southem portion of the

district. The Melunga starting not far from the town of Konch flows due north

as

far as Hadrukh and tuming near that town abruptly east holda a course parallel to
the Yamuna

till it unites with

the Non at Mahewa in Kalpi. Both the streams are,

for the most part deep-bedded and meraly serve to carry off the drainage of the
central black soil tract, during the rainy season and then dry up. In the upper
portion of their courses they have low and shelving sides, but as they approach the
main river they cut more abruptly and have scored out their banks to a considerable
extent. Near the junction with the Yamuna which is about 13 kilometers north

of

the Kalpi town, they have been responsible for more extensive erosion and
deterioration.

In the extreme south flows a small but deep bedded stream called the
Manmesari nullah which has caused a certain amount of deterioration in the
villages that border it. To the south of the tahsil Kalpi flow two small streams, the
Rayar and Jondhar which

join the Yamuna near Kalpi starting in uneven and

undulating but not actually uncultureable land, the two are flanked by ravines
before reaching their destination.

A brief

description

of

important tributaries

of the Yamuna is given in

the

following sections:

Betwa: The Betwa river is also a tributary of Yamuna river. Its basin

l.

extends from longitude 77oto 81'Eand latitude 23o8' to 26"0'N. The

Betwa river originates at an elevation of 470 m in the Bhopal District in
Madhya Pradesh. After traversing a distance of 590 km, the river joins
the Yamuna River near Hamirpur at an elevation

of

106.68 m. The total

catchment area of the Betwa river is 46,580 sq km of which 31,971 sq km
34
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(68.64%) lies in M.P. and 14,609 sq km (31.36%) lies in U.P. The basin
is saucer shaped with sandstone hills around the perimeter. The river has

14 principle tributaries out

of which I I are completely in

Madhya

Pradesh and 3 lie partly in Madhya Pradesh and partly in Uttar Pradesh.

The Halali and Dhasan rivers are the important tributaries of the Betwa
nver.

Betwa in Jalaun: The Betwa forms the boundary with Jhansi along the
southem border from a point a few kilometers east of the town

of

Erichh

to its junction with Dhasan. Its course, which up to the junction runs due
east tends then somewhat

south-eastem side

to the north-east and it meanders along the

of tahsil Orai and Kalpi,

Hamirpur. Like the Yamuna

it

separating them from

It

leaves the district on Baoni border.

flows in a tortuous channel with many loops and bends. Its total length
along the district border is approximately 96 kilometers, but from point to

point

it

does not exceed 64 kilometers. Both the banks are fringed for

some distance inland by uncultureable ravines.Pahuj

Pahuj river rises

in Gwalior district of

in Jalaun -

The

Madhya Pradesh and flows

through Jhansi, enters Jalaun in the south-western comer of tahsil Konch
at the village

of Savaiya-Buzurg. The river forms the westem boundary,

except at few points where the district projects here and there beyond the

stream.

It is a much

smaller river than the Betwa and flows in a deep

channel between high banks in a sinuous course along the western side

of

that tahsil and pursues its way north wards along the border of
i

Madhogarh. Within 10 kilometers north-west of this town it flows though
the erstwhile jagir of Rampura and the village

3sI

of

Jaghar

joins the Sindh
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Fig 8: District Jalaun (part of Yamuna lower basin)
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river. On both sides of the river the banks are to a considerable distance
cut up into ravines and nullahs.

The Pahuj has no tributaries in the district except, Dhumna, a small stream

which rises in Kailia and joins it near Maheshpur.

Process of deposition
Sediment transport is critical to understanding how rivers work because it is

the set of processes that mediates between the flowing water and the channel
boundary. Erosion involves removal and transport of sediment (mainly from the
boundary) and deposition involves the transport and placement of sediment on
the boundary. Erosion and deposition are what form the channel of any alluvial

river as well as the floodplain through which it moves. The amount and size of
sediment moving through a river channel are determined by three fundamental

controls: competence, capacity and sediment supply. Competence refers to the
largest size (diameter) of sediment particle or grain that the flow is capable

of

moving; it is a hydraulic limitation. If a river is sluggish and moving very slowly

it simply may not have the power to mobilize

and transport sediment of a given

size even though such sediment is available to transport. So a river may be
competent or incompetent with respect to a given grain size.

If it is incompetent it

will not transport sediment of the given size. If it is competent it may transport
sediment of that size

if such sediment is available (that is, the river is not supply-

limited). Capacity refers to the maximum amount of sediment of a given size that

a stream can transport in traction as bedload. Given a supply of

sediment,

capacity depends on channel gradient, discharge and the calibre of the load (the
presence of fines may increase fluid density and increase capacity; the presence

of large particles may obstruct the flow and reduce capacity). Capacity ftansport
is the competence-limited sediment transpo( (mass per unit time) predicted by all
37 I
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of which we will

sediment-transport equations, examples

examine below.

Capacity transport only occurs when sediment supply is abundant (nonJimiting).
Sediment supply refers to the amount and size of sediment available for sediment

transport. Capacity transport for a given grain size is only achieved

of that calibre of

sediment

if

the supply

is not limiting (that is, the maximum amount of

sediment a stream is capable

of transporting is actually available). Because of

these two different potential constraints (hydraulics and sediment supply)
distinction is often made between supplyJimited and capacity-limited transport.
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Fig

ll:

Floodplain Excavation Pit Geometry for Streamlined Floodplain

Most rivers probably function

in a

sediment-supply limited condition

although we often assume that this is not the case. Much of the material supplied
to a stream is so fine (silt and clay) that, provided it can be carried in suspension,

almost any flow

will

transport it. Although there must be an upper limit to the

capacity of the stream to transport such fines,

never reached in

is limited by supply. In

contrast,

of coarsq material (say, coarser than fine sand) is largely

capacity

natural channels and the amount moved
transport

it is probably

limited.
Modes of Sediment Transport
The sediment load of a river is transported in various ways although these
distinctions are to some extent arbitrary and not always very practical in the sense
that not all of the components can be separated in practice:

l

Dissolved load

2. Suspended load
3. Intermittent suspension (saltation) load
4. Wash load
5. Bed load

Sediment Transport in Rivers

The loose boundary (consisting of movable material) of an alluvial channel
deforms under the action of flowing water and the deformed bed with its changing

t-

roughness (bed forms) interacts with the flow.

boundary may be expected when
3sI

a

A dynamic equilibrium state of the

steady and uniform

flow has developed
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(Nalluri

& Featherstone, 2001). The resulting movement of the bed material

(sediment) in the direction of flow is called sediment transport and a critical bed
shear stress (t) must be exceeded to start the particle movement. Such a critical
shear stress is referred as incipient (threshold) motion condition, below which the

particles

will

be at rest and the flow is similar to that on a rigid boundary.

Sediment Influx Rate
Sediment influx in Ephemeral streams is generally confined to the beginning of the

rainy season as velocity of the water washes down medium to fine sand and silt
depending on the velocity and gradient of land. Cobbles, pebbles and boulders

wll

be hansported buy only over short distance. Boulders are normally 256 mm and
above are normally transported either by dragging action or by saltation.
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Recharge is in two forms, one general deposition of coarse, medium and fine sand

when the velocity of the river water decreases below the carrying capaciry.

However, flash floods due to heavy rains in the upper reaches often causes
rapid transportation ofboulder, sand etc., along with silt which can never deposit.
Recharge Rate: It is dependent upon the following 4 factors

.
2.
3.
4.
1

Velocity of the water and change of velocity
Size of particles

Temporary increase in density of carrying media due to presence of silt load.

Artificial or natural barriers being encountered within the river course, where
due to the sudden check in velocity, materials are deposited.

The numerical sedimentation rate varies from 50cm medium sand to as much

as

3m of medium and fine sand where the slope of the river bed is less than l00 slope
per season. For silt and clay, these only be deposited in the flood area and normally
varies between I -5m over 6 months period.

4f

Dish-ict Survey Re port:Ta]aun
S!rrr

?,I\ EP SUA\

t\

SEDRIE:(T ST\IDLI{C

REPT.EMSH RATE

DETERIIf\.{TIOS

TIIGH FLOW PEN,IOD

DETET.\fi,TATIO:{

L\TRACNON

I'OLUIE
DtTEI.NI!'AT}OX

\TA)i GT:.II

}.,

T PI

,\I\

Eod
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Estimation of Sedimentation
The sedimentation rate in India is estimated using empirical formula, actual
observed data and reservoir sedimentation survey. The recommended BIS (12182-

1987) method have been widely used

for reservoir planning. In addition

the

sediment data is also collected by the state governments on river systems in their
respective territories. Thus there is enough data to estimate both the average annual

sediment yield and also the distribution of amual sediment yields. There are also

situations where the gauging stations provide nested systems
421

of

catchments. In
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these situations data can be used to identify the contribution to the total sediment

yield from individual sub-catchments. Though this data is extremely useful and

is

recommended to be fully used for estimation of sediment rate, the data need to be

interpreted with care. The sediment measurements are, in general, based on bottle
sample taken from near the water surface.

In

general, the suspended sediment

concentration varies with depth, with the sediment concentration being greatest at

the lower levels. This means that the measurement may under estimate

the

suspended sediment concentrations. The data provides an excellent resource lor

estimating sediment yield directly. The sediment yield depends on catchment area,

the average catchment slope, the lithology of the catchment, the land use, the
drainage density, the annual/seasonal precipitation and storm events etc. There are

a number of empirical methods developed in USA and still used worldwide to
assess sediment erosion, including the Universal

Soil Loss Equation (USLE),

MUSLE, Revised Universal Soil Loss Equation (RUSLE). Some work has been
done in India and certain empirical relations have been developed linking annual
sediment yield with some of these parameters (CWC, 2010)

Estimation of sediment yield from the catchment area above the reservoir is
usually made using river sediment obsewation data or more commonly from

the experience

of

sedimentation

cf

existing reservoirs with similar

characteristics. On adopting the first procedure,

it is usually necessary (

though often not complied within practice ) to evolve proper sediment water
discharge rating curve and combine it with flow duration ( or stage duration

curve

)

based on uniformly spaced daily or shorter time units

in

case

of

smaller river basins. Where observed stage/flow data is available for only
shorter periods, these have to be suitably extended with the help of longer
data on rainfall to eliminate, as far as possible, the sampling errors due to

shortness
43
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of records. The sediment discharge rating curves may also be
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prepared from hydraulic considerations using sediment load formulae, that

is, modified Einstein's procedure but this has not yet become popular.

lt

is

also necessary to account for the bed load which may not have been
measured. While bed load measurement

is preferable; when it is

not

possible, it is often estimated as a percentage generally ranging from 5 to 20
percent of the suspended load. However, practical means of measuring bed
load of sediment needs to be undertaken particularly in cases where high bed
loads are anticipated. To assess the volume of sediment that would deposit in

the reservoir,

it is further

necessary

to make estimates of

average trap

efliciency for the reservoir in question and the likely unit weight of sediment
deposis, time averaged over the period selected. The trap efficiency would
depend mainly on the capacity inflow ratio but would also vary with location

of controlling outlets and reservoir operating

procedures. The density

deposited sediment would vary with the composition

of the deposits,

location of the deposit within the reservoir, the flocculation characteristics

of
the

of

clay and water, and the age of the deposit. For coarse material ( 0.0625 mm
aod above), variation of density with location and age may be unimportant.

For silt and clay, this may be significant. Normally, a time and

space

average density of these fractions, applicable for the period under study is

required for finding the overall volume of deposits. For this purpose, the
trapped sediment for the period under study would have to be classified in

fractions by corrections

in inflow estimates of the fractions by trap

efliciency. Most of the sediment removed from the reservoir should be from
the silt and clay fraction. In some special cases, local estimates of densities
4

at a point in the reservoir may be required instead of average density over
the reservoir. Estimates of annual sediment yield/sedimentation rate assessed

from past datz are further required to be suitably interpreted and where
44l.
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necessary,

the unit rates which would apply to the future period

are

computed by analysing data for trends or by making subjective adjustments

for the likely future changes. Where the contributing drainage area is likely
to be reduced by upstream future storages, only such of the projects as

are

under construction or which have the same priority of being taken up and
completed as the project in question are considered for assessing the total

sediment yield. Sediment observation data (see
necessary

IS:

l8QO-1968*

)

is

if the yield is being assessed from hydrometric data. If

observational methods are inadequate, the possibility of large errors should

be considered. For drawing conclusions fiom reservoir re-surveys,

it

is

important that reduction of at least l0 percent or more has been observed in
the capacities of the nvo successive surveys;
in the successive surveys
between the surveys.

if this is not done,

inaccuracies

will distort the estimation of the capacity reduction

If the loss of capacity is small, useful conclusions may

not be forthcoming, and in such cases, river sediment measurements with its
large observational errors may still provide a better estimate. It is essential to

make a proper assessment of sediment yield for reservoir under study taking
relevant factors into account (BlS

:I

2 I 82- I

987)

A proper assessment of the effects of sediment
measures that may be necessary
processes

of

for its control requires

of the
a knowledge of the

transport and

sediment erosion, transportation, and deposition, and

of

their

interaction with the hydrological processes in the catchment.

Erosion of catchments The most significant agent for eroding sediments
from land is running water. Other agents of land erosion include wind, ice, and
gravity. The processes by which water degrades the soil are complicated and
depend upon the rainfall properties,

soil properties, land slope, vegetation,

agricultural methods, and urbanization process. The last two factors account for the
4sI
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most important effects of man's activities on erosion. Empirical equations have
been developed for the determination of soil loss (sheet erosion) from agricultural
lands. One of them, developed by Musgrave for conditions prevailing in the United

States, is given as an example:

E:

IRS1.35 10.35 pI.75 (59.1) where E is the

mean annual soil loss, in millimetres,

I

is the inherent erodibility of the soil, in

millimetres, R is a land-cover factor, S is the land slope, in per cent, I is the length

of the slope, in

metres, and

p is the 3O-minute, two-year rainfall depth, in

millimetres. The values of the parameters I and R are determined empirically from
regional studies.

Channel erosion Channel erosion
concentrated

is

caused

by the forces of

the

flow of water. Its rate depends on the hydraulic characteristics of

channel flow and on the inherent erodibility of channel materials. In non-cohesive
I

materials, the resistance to erosion is affected by the size, shape, and specific

gravity of the particles and by the slope of the bed. In cohesive materials it also
depends on the bonding agents. The relationships between the hydraulic variables
and the parameters influencing the erodibility of channels are not fully understood

and are often expressed by empirical formulae. Stream- and river-control works
may have a serious local influence on accelerating channel erosion if they cause an
increase

in

channel depth, flow velocity, change the direction

of the flow, or

reduce the natural sediment load. The latter effect occurs frequently below dams

and may persist for many kilometres downstream. Bare land and badlands may
develop gullies with rates of advance that can be computed by empirical formulae
containing such parameters as the drainage area of the gully, slope of the approach
channel, depth ofrainfall, and clay content of the eroding soil

Transportation of sediments

in

.

channels Fine (suspended) sediments

transported in rivers originate mainly from the topsoil of the catchment and from
the banks of the channels. However, fine sediments also originate from sewage and
46 I
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other return flows, e.g., such sediments comprise about onethird of the suspendedsediment load in the lower Rhine river. A large portion of the transported material
comes to rest on flood plains [4], especially upsteam from hydraulic structures.

The settled material undergoes compaction and other physical and chemical
changes that can sometimes prevent its re-erosion by flows that would have carried

it previously. A decrease is usually found in the mean annual sediment transported

per unit area

of the catchment

as the area

of the catchment

increases. The

concentration of suspended sediment in runoff is described by formulae such as [2,

5l: log

cs:

C log Q + B (59.2) in which cs is the concentration expressed in weight

per unit volume of water, Q is the water discharge, C is a dimensionless
coefficient, and B is a function of the rainfall depth, of the antecedent discharge, or

of

other meteorological and hydrological variables. The concentration of

suspended sediment varies within the channel crosssection.

It is relatively high in

the lower portion and may also be non-uniform laterally . so that its sampling at
several points or along several verticals of the cross-section is often necessary for

obtaining its mean. The mean concentration should be evaluated to yield the total
sediment weight per unit time when multiplied by the water discharge. The graph

of

a peak that does not occur
simultaneously with the peak discharge. This lag is a result of the specific
suspended sediment against time usually has

conditions in a watershed, and no generalization has yet been formulated for the
evaluation of this dilference.

BedJoad transport Coarse sediments (bed load) move by sliding, rolling,
and bouncing along channels and are concenftated at or near the channel bed. The

variables that govem transport are the size and shape

of the particles and

the

hydraulic properties of the flow. As a consequence of the interaction between the

hydraulic forces and the coarse sediment, the channel bed assumes different
configurations known as plane, ripples, dunes, flat, standing waves, and antidunes.
47 I
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They exert resistance to the flow of water that varies within a wide range and
assumes a maximum value for the dune configuration.

Sedimentation When approaching its mouth, the flow velocity of a river
decreases along

with its ability to carry sediment. Coarse sediments deposit first,

then interfere with the channel conveyance, and may cause additional river
meanders and distributaries. The area
decreases, the velocity

of the flowing water expands, the

depth

is reduced, and eventually even fine sediments begin to

deposit. As a result, deltas may be formed in the upper portion of reservoirs. The
deposited material may later be moved

to

deeper portions

of the reservoir by

hydraulic processes within the water body. Sediments are deposited in accordance

with their settling velocity. A significant concenfation of suspended sediments
may remain in the water column for several days after its arrival in a reservoir.
This may interfere with the use of the stored water for certain purposes, e.g., for
water supply or recreation.
deposits in a reservoir.
watershed, some

is

A

It

should be emphasized that not all of the sediment

large portion of

it

remains in the upper zones of the

deposited upstream from reservoirs, and some

is

carried

downstream by the released water. The sediment-trapping efficiency in a reservoir
depends upon the hydraulic properties of the reservoir, the nature of the sediment,

and the hydraulic properties

of the outlet. The density of newly

deposited

sediments is relatively low but increases with time. The organic component in the

sediment may undergo changes that may reduce

its volume and enhance

biochemical processes in the stored water(WMO, 1994).
Some of the famous sediment transport equations are:-

l.

Dandy

-

Bolton Equation

2. Modified Universal Soil Loss Equation (MUSLE) developed by
Williams and Berndt (1977)

3.

Yang Equations

48 I
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4.

Engelund-Hansen Equation

Dandy - Bolton formula is often used to calculate the sedimentation yield because

.
.
.

The formula uses catchment area and mean annual runoff as key determinants
Itdoes not differentiate in basin wide smaller streams and their characteristics.

Dandy and Bolton equation calculates
Sheet and

rill

all types of

sediment yield i.e.

Erosion, gully Erosion, channel Bed and bank erosion and

mass movement etc.

DANDY-BOLTON EQUATION
1

. Dandy Bolton formula is often

used

to

calculate the sedimentation

yield.

2. However Computed sediment yields normally would be low for highly
erosive areas and high for

well stabilized

drainage basins

with

high

plant density because the equations are derived from average values.

3. The equations

ofi

express the general relationships between sediment yield, run

and drainage area.

4. Many variables influence sediment yield from a drainage basin.

They

include climate, drainage area, soils, geology, topography, vegetation
and land use.

5. The effect

of any of

geographic location

these

to

variables may vary greatly from one

another,

and the relative importance

of controlling factors often varies within a given land resource area.

of the sedimentation surveys varied, ranging from
reconnaissance true measurements of sediment deposits to

6. The accuracy

detailed surveys consisting
4eI

of

closely spaced cross-sections

or

contours.
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Sediment Yield vs. Drainage Area: - On the average, sediment yield is
inversely proportional

to the 0.16 power of drainage area between 1

and

30,000 square miles.

Sediment Yield vs. Runofft Sediment yield increased sharply to about 1,860 tons per square mile per

year as run-off increased from

0 to about 2

inches. As runoff increased

from 2 to about 50 inches, sediment yield decreased exponentially. Because
sediment yield must approach zero as runoff approaches zero, a curve

through the plotted points must begin at the origin. The abrupt change in
slope

of a curve through the data points at

development

of

a

Q equals 2 inches precluded the

continuous function that would adequately define this

relationship. Thus, there are two equations derived

for when Q was

less

than 2 inches and when Q was greater than 2 inches ( Dandy &Botton, 1976)
Method of Mining
a) Extracting gravel

from an excavation that does not penetrate the water table and

is Iocated away from an active stream channel should cause little or no change to
the natural hydrologic processes unless the stream captures the pit during periods

of flooding. The exception is that changes in evapotranspiration, recharge, and
runoff may create minor changes to the ground-water system, which may in tum
affect stream flow.

b) Limiting extraction of material in floodplains to an elevation above the water
table generally disturbs more surface area than allowing extraction of material

below the water table.
c) In-stream extraction ofgravel from below the water level ofa stream generally

t

causes more changes to the natural hydrologic processes than limiting extraction

to a reference point above the water level.

sol
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Fig 14: Aggregate ext'actioo can take place in

a mrmber of in-strearn and near-stream environments

d) ln-stream exmction of gravel below the deepest part of the channel

(the

thalweg) generally causes more changes to the natural hydrologic processes than

limiting extraction to

a reference

point above the thalweg.

e) Excavating sand and gravel from a small straight channel with a narrow
floodplain generally will have a greater impact on the natural hydrologic processes
than excavations on a braided channel with a wide floodplain.

f) Extracting sand and gravel from a large river or stream will generally create less
impact than extracting the same amount of material from a smaller river or stream.

Table 13: Annual Rainfall ofJalaun
Year

Jan.

Feb.

Mar,

April

May

2004

19

0

0

6.4

2m5

5.5

I

6.5

0

20(r

0

0

N.A.

2Ut7

0

3.7

2fiI8

N.A.

N,A.

2009

0

2070

0.3

s1

I

June

Iuly

Aug.

3.8

30

2-5

4L.6

15t.4
242

0

0

14.3

14

0

0

0

0

0

0

o.4

N.A-

N.A.

0

13.8

0

0

t.1

5.8

Annual

s€p

Oct.

160.9

190

67

270.5

105.1

0

0

252

ffi.4

36.2

19.3

0

77.5

82.9

88.2

57.1

0

N.A.

N.A,

N.A.

L76.2

3@.5

135.2

106.8

8.7

0

0

tl.A.

732.2

r54.2

105.4

108.5

27 .5

4.8

N.A.

243.4

L77

2t6

0

47.5

1

700.5

.9

Nov

Dec

0

0

629.4

0

674.7

0

N.A.

Total

