BEFORE THE NATIONAL GREEN TRIBUNAL, PRINCIPAL
BENCH, NEW DELHI

Appeal No. 23 of 2016
In the matter of:

Delhi-110052
‘Mob. 9350023553

Dated: 16.11.2018

Dr. Vijay Verma ... Appellant
' Versus
Uttrakhand Forest Development
Corporation & Ors. ... Respondents
INDEX
. . N.D.O.H.: 19.11.2018
SL-No. |Particulars Page Nos.
1. Interim Report on deposition of River
Bed Material (Study conducted in 2018)
by Respondent No. 4.
(i) Background Ubl— Ub3
i) Introduction be3- o]
(iif) Study Site Y10~ U7e
(iv) Activities y78- Ys/
(v) Findings ' |ue 9 —8S08 |
(vi) Summary goy—SIR|
(vii) Minutes of visit to the mining area of |
Ganga River and its tributaries at _
Haridwar on 04.11.2018; ls13- 8 /6
(viii) Annexures .
(Quantity estimation of deposited river 32
bed material (RBM) after rainy session) ST~
" FILED BY:
kv 4
SANJAY KATYAL
' Advocate for the Réspondent No. 4
New Delhi A-53, Ashok Vihar Phase-III,



Interim Report on Deposition of
River Bed Material
(Study conducted in 2015)

~ Under the project

b

" REPLENISHMENT STUDY OF RIVERBED MATERIAL FOR GANGA
' RIVER AND ITS TRIBUTARIES




R A A4 d AR RN

GENERAL INFORMATION

i

1. | Project Title
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data is not justifiable the project may be extended for consecutive one or two years with extra

cost if required.



SR
e

,*
S5

N,
Rar

,\‘p
5

&

= I F 2 F B N EENEEKE L

T TP e

%o

1. Background =~

In Appeal No. 23 of 2016 and 49 of 2016 in the matter of Dr. Vijay Verma vs Uttarakhand
Forest Development Corporatibn & Ors., the Hon’ble NGT restrained the mining activity on
seven rivers viz. Bishanpur, Bhogpur, Chidiyapur, Kotwali,r'Rawa?éﬁ I, Rawasan II and
Shyampur for which Environment clearances were granted to UFDC. The Hon’ble NGT
observed that the previous reports provide insufficient insight on whether mining can be allowed
to continué or not because the data of the River Bed Material given was based on one time data
collection. Also, Thé Hon’ble NGT directed Forest Research Institute on 26-02-2018 to conduct
the replenishment study for the seven rivers and restrained the mining licenses till the study

report is received.

In compliance with the NGT order dated on 26-02-2013, Forest Research Institute submitted a
proposal to UFDC for carrying out Replenishment Study of River l'Bed Material in River Ganga
and its tributaries sg# which was approved on 21% June 2018. It was proposed to study the .
replenishment of RBM for three years. This report being submitted includes the study of .
deposition for fhe first year for three rivers i.. Kotawali, Rawasan-I, and Rawasan-IL In
remainirig four rivers, it was not possible to conduct study at present as the rivers were flooded |
after monsoon. The study in these rivers will be conducted once the water recedes and conditions

become favorable to conduct it.

2. Introduction

The state of Uttarakhand has great importance in the local, regional, national and international
perspectives due to its distinct physiographic conditions i.e. Himalayas, Shivalik and planes
having altitudinal variation ranging from 300 to 3500 meters. It is endowed with diverse
vegetation types, ranging from tropical to subtropical, temperate and alpife including riverine,
grasslands and wetlands. The state has 64.79% of its total geographical area asl forest area against
India’s forest and tree cover of 23.4% of the total geographical area. Many rivers originate from
Himalayan and Shivalik regions which supply water in down streams. The greatest sediment

yields are generally associated with rivers draining areas of intensive tectonic activity therefore,
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Himalayan rivers causes’ tremendous erosion and carries large amount of sediment. The
sediment load of a river commonly considered to be a pollutant that is aesthetically displeasing
and environmentally degrading. Sediment load can be divided into bed load and suspended load
based on the méde of transport. Bed load is transportéd close to the bed where particles move by
rolling, sliding, or jumping (Adegbola, 2012). Xlaoging (2003) explained that bed load transport

in natural rivers is a complicated phenomenon. Its movement is quite uneven in both the
transverse and longitudinal‘ directions, which varies considerably. Some sediment particles roll or
slide along the bed mter.mitiéntly and some others saltate (hopping or bourdcing along the bed).
The material transponéd in one or both of these modes is called ‘bed load’ (Figure 1). Finer
particles (with low fall velocities) are entrained in suspenéion by the fluid turbulence and
tranéportcd along the channel in suspension. This mode of transport is called ‘suspended load’.
Sometimgs finer particles from upland catchment (sizes which are not present in the bed
material), called ‘wash load’, are also transported in suspension. The combined bed material and
wash load is called ‘total load’. A summary of mode of sediment transport is given in Figure
1&2 (Nalluri & Featherstone, 2001). Bed load ranges from a few percent of total load in lowland
rivers to pethaps 15% in Mountéin Rivers to over 60% in some arid catchments. Although a .
relatively small part of the total sediment load, the arrangement of bed load sediment constitutes

| the architecture of sand bed and gravel-b.ed chanﬁels. The rate of sediment transport typically

increases as a power function of flow; that is, a doubling of flow typically produces more than a |

doubling in sediment transport and most sediment transport occurs §uring floods (Kondolf,
1997).
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Figure 1: Sediment Load in Rivers ——
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Totai Bed Material Load
% Figure 2. Pattern of Sediment Transport in River
& 2.1 Significance of study:
: % %  Sediment load (sand and gravel) in the river water as valuable natural resource for use, by the
society. The potential usefulness of the sediment is enhanced when it is composed of different
o '

%
£y

particle sizes, found in deposits on the riverbed (Figure 2). Replehishment of river bed material -
takes place is the deposition of the sediments of different size carried by the stream. Many
| factors such as topography, soil type, bedrock type, climate and vegetation cover influence input,
output and transport of sediment and water in a drainage basin (Charlton, 2008). Sediment
transport knowledge is important in river réétoration, ecosystem protection, navigation,

watershed studies and reservoir management. These factors also influence the natural pattern and
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carrying capacity of water bodies (Twidale, 2004). Di-siltation (removalB of excess sand and
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stone from river bed) of the river helps to maintain the carrymg capacity and provides protection
from flooding during monsoon season. However, in the subsequent rainy season grain/particle
size distribution analysis of bed load samples must be done to define the size composition of the -

material in transit.

The purpose of carrying out this study is to understand the behavior and quantity of deposition in
the River Ganga and its tributaries. In these rivers river bed material extraction activities have
been carried out. In this scenario it is important to study the replenishable material and amount of
deposition taking placebefore and after monsoon. This study will help in determining the
deposition at the mining sites and also thié extent of extractable amount of river bed material
from the river if any. Further, continuous flow of river is essential for ecological and economical
needs such as irrigation and biodiversity etc. Therefore, replenishment stud¥ of the river helps to

understand potential carrying capacity of water during monsoon season.

2.2 General Description:
The study was undertaken to investigate the quahty and quantity of river bed material in

7 different rivers distributed in Haridwar district of Uttarakhand (Figure 3). These rivers ate |
tributaries of River Ganga (i.e. Kotawali, Rawasan-I, Rawasan-1I, Ganga Shyampur, Ganga
Chiryapur, Ganga Bisanpur and Ganga Bhogpur) which confluence in Ganga at Haridwar. The
overall catchment area of the study site is 2281.34sq km with a perimeter of 201.196 km. The

catchment consists of both plainsand steep slopes which vary up to 66 degrees (Figure 4). The

elevation range of the catchment is from 182 m to 2232 m. Geographically, the area lies in
between 78° 1°00” E to 78° 29°30” E longitude and 30° 1813 N to 29° 41°00” N latitude. The
geomorphological patterns such as stream orders were delineated using ArcGIS tool. The area

poses streams with the six level of stream order (Figure 5).
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Figure 3 Drainage network of the catchment area of Ganga River and its tributaries
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3. Study site:
3.1 Kotawali

— M“zo

The Kotawali River, a tributary of Ganga River comes under Haridwar Forest Division. The
basin length is 27.30 km. Geographically, the River lies between 78° 11.5” 30"E and 78° 20°00"E
longitude and 29° 52"'30"’N to 29° 46.5’ 00” N latitude. The overall catchment area of the
Kotawali River is 207.96 sq. km and perimeter is 63.51km (Figure 6). The catchment consists of
both plains and steep slopes up to 66 degrees. The elevation range of the catchment is from 187m
to 2232m above msl. The ‘area posesses streams upto the fourth level of stream orders. The
stretch of mining area is 1:58km (Figure7) in the tributary. |
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Figure 6 A) Slope map B) DEM C) Land Cover D) Stream order of river Kotawali
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3.2 River Rawasan-I
The Rawasan-I River, a tributary of Ganga River flows through Haridwar Forest Division. The
basin length is 15.07 km. Geographically, the River lies between 78° 12 30”E and 78° 20°00"E
longitude and 29°-52'30"N to 29° 46.5° 00” N latitude. The overali™tatchment area of the
Kotawali river is 20.44 sq. km and perimeter is 24.86 km (Figure 8). The catchment consists of
both plains and steep slopes up to 21.82 degrees. The elevation range of the catchment is from
214m to 325m above msl. The area posesses streams upto the fourth level of stream orders. The

stretch of mining area is 4.15km (Figure 9) in the tributary.
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3.3 River Rawasan-II ,
The Rawasan-II River, a tribptary of Ganga River flows through Haridwar Forest Division. The
basin length is 18.18 km. Geographically, the River lies between 78° 14’ 37”E and 78° 16’31
longitude and 29° 48’ 37"N t0 29° 49’ 34” N latitude. The overall catchment area of the Kotawali
river is 192.53 'sq. km and perimeter is 82.91 km (Figure 10). The catchment consists of both
plains and steep slopes up to 61degrees. The elevation range of the catchment is from 269m to
1707m above msl. The area posesses streams upto the fourth level of stream orders. The stretch
of mining area is 3.35km (Figure 11) in the tributary. '
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4, Activities:

U
17

The river usually transform to wide river and transport high sediment 4nd bed load during high

flow events in the monsoon season after reaching a plane drainage course. Quantification and

estimation of River Bed Material (RBM) to establish safe limit for extraction/ removal of

deposited (RBM) available in the selected rivers was carried out by adotping two pronged

scientific approach viz.,, mapping of watersheds by using ArcGIS software, grain size distribution

and survey using total stationtat the river beds for estimating the total deposition in the river and

undefstanding grain size distribution of River Bed Material. The river bed material was measuted

during pre/post monsoon. Overall, the major and minor components of this study which will lead

to estimate deposition of RBM generated on the river bed are mentioned below (Table 1, Figure

12). The activities carried out for conducting the study are morphometric analysis, grain size

distribution study and analysis of deposition of RBM before and after monsoon.

\

Table 1: Compoﬁent of study

Major compmient

Study of deposition in river stream annually

Minor component

Mapping of catchment area

Study of grain size distribution

Study of morphologjcal parameters of the river

Meteorological data acquisition

16
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4.1 Morphometric Analysis V
The catchment area of the river is estimated by using spatial analysis tool of ArcGIS

10.3software for the river Rawasan-I, Rawasan-I1 and Kotawali. The total catchment area of the
river, its stream order, morphological parameters are quantified using todl kit of ArcGIS
software 10.3 as well as by adopting conventional ground-based survey. The geometric as well
as marphomefric parameters such as area, perimeter; length, mean width, length area relation,
form factor ratio, elongation ratio, stream frequency, drainage density, drainage intensity etc.
were determined using ArcGIS tool by adopting the suggested methods. The forest density cover |
w  inthe study area has beén mapped using the satellite imagery of the study river catchments. The
method for identifying very dense, moderately dense, and ‘other density covers have been

delineated by following the methods suggested by Forest Survey on India (FSI).

4.2 Grain size distribution
- The analysis of grain size distribution of RBM was carried out with an cbjgctive to analyze the

distribution of grains of various size in the sediment deposited in the river streams. The
estimation of distribution of grain size in river bed material (RBM) in the selected river was
carried out by pitA digging (Table 2) and sarﬁpling the river stretch for analyzing grain size
distribution. Pits with size of 2m x 1m x 1m (Figure 13) per segment weré made at different
intervals within cross sections throughout the stretch of the river. The sampling depth (1m) is

further divided into two profiles i.e.0-50 cm (above 50 cm) and 50-100 cm (below 50 cm). The

& o o S i CaanTntatatetetet e e’

analysis of RBM was carried out to estimate different grain size distribution in sediment

deposition. The profiles (0-50 om and 50-100 cm) were selected to minimize the distribution

feadd

ar
=

errors for grain size and remove the biasness between upper and lower depth of RBM. Th(;

5

w  sampled RBM from each depth was weighéd in iron bucket by using field balance. After that,the
weighed material was filtered through various grades of sieves (<2mm, 2-5Smm, 5-10mm, 10-

20mm, 20-25mm and >50mm). Again, the screened material of each sizy of RBM was wéighed

and actual RBM fractions percentage was calculated.

Table 2 Number of cross sections and total number of pits

St. No. Mining Site No. of Cross Section Total No. of Pits

L Kotawali i 3 10

17
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4.3 Deposition of RBM

undertaken:

i.e. Kotawali, Rawasan-I, Rawasan Il in Haridwar District, Uttarakhand.

a) Identifying and establishing the benchmarks
b) Collection of Ground Control points

¢) Plotting of the field Data ~ Contouring

d) Preparation of River cross sections

Figure 13, Sampling pits for study of grain size distribution

In the present study, amount of deposition in the river during the rainy season has been
calculated by surveying the river bed using Total Station. Total Station was used for both
seasonal and perennial rivers. Also, already installed pillars (Figure 14) were utilized for
énalyzing the difference in deposition in the river bed material before and after rainy season.

* Topographical survey of the mining area was catried out along the Gaﬁga River and its tributary

While carrying out the topographical field survey following are the major activities which were

18
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a) Identifying the benchmarks
The nearest GTS benchmark has been taken near the project site and is the starting point. The

location and values of all thg GTS benchmarks are given in GTS booklets and maps published by
Survey of India, Déhra Dun. A baseline point “B” has been selected about 100 meters away from
point “A” for azimuth purpose. The geographical positions of “A” is known and that of “B” is
obtained accurately in WGS-1984 UTM co-ordinates using TS (Total Station) instrument with
respect to “A”. T.S has been set up over Point “A” and all initial settings such as levelling, etc.
has been done according to the methodology. The U.T.M. (Universal Transverse Mercator) co-
ordinates and elevations‘of both “A” and “B” have been entered in the T.S console. The T.S
pointer was aimed towards a point, say “C”on top of a hill, which was meters away from “A”,
towards the survey area. By aiming the point “C” accurately and releasing the laser pulse, both
geographical position as well as the elévation value have computed by the instrument and
recorded into the memory. The elevation of Point “C” is now known with respect to the GTS
benchmark point “A”.

b) Collection of ground control points ‘ V
All the required details of the survey area are collected with 5 m spot level qonéidering the cross
sections at every 50 m along the river longitudinal section covering tétal width of the river upto
top of the bank left and right bank of the river. The required area has been surveyed by simple -
traversing in about 1200 hectare of the mining area. It was required to collect the required
ground points once before the monsoon period and other after the monsoon period. Thus,
obtaini'ng the required qﬁantity of the flood deposition to be mined/ excavated. Total survey area
is mapped with total station and graduated ranging rod.

C) Plotting' of the field data - contouring |
All the survey data has been dowrloaded from the total station through set of software’s in the
excel format. The field data has been plotted in CIVIL 3D in the proper format and the surface
has been generated. Thus, by proper processing of the field data contours of thg desired/ required

intervals have been generat’ed.

19
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d) Preparation of river cross sections
In the river cross sections are prepared at intervals of 50 m along the river. At each cross section,
points have been made on both the side of the river at distance of 10m from the center of river
% + bed. Negative (-) shows left side of bark and Positive (+) value is right side of river bank from
y the center of the river. At each point, elevation was taken before and after monsoon, These cross

% sections make the grid of 50mx10m for the whole stretch of mining area.

-

Outer Pl Ilay

Outer Plllay
. . ‘ ' 3 s -
Afterraing | | TemecPillar fonerpitar
season | 2 %ares 25% area
Deposition
Before raihy
season

S - - % .y ks
. _— .
. o

Figure 14: Schematic diagram showing deposition of river bed material and location of inner pillars
at different cross sections of the river bed

Y EEEEEXXCTrET L L

o , . . o
Difference in elevation was calculated for each point in the grid of 50mx10m for the whole
stretch of mining area. The difference in elevation depicts the deposition at each cross section of
the river. For estimation of the average deposition at each cross section, the average of
Deposition at each point was done for every cross section.
020 ’
i
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For quantity estimation of the RBM, the composite area (product of elevation and distance
between two points across the river i.e. 10m) of each cross section was calculated and multiplied
with distance between the two cross sections i.e. 50m. The total deposited RBM for the whole

mining area was calculated by using formula

AL442  A2+43 A(n=1) + A(n)
:Z > * D+ ; * D+ e 5 *D

Where, S

Q= Quantity of deposited river bed material
Aqn= Composite area of n™ section

D = Distance between the cross sections

This provides the estimate of deposited RBM for one year in which the study has been carried
out. '
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5. Findings
5.1 River Kotawali

a) Morphometric Analysis

The geomorphological patterns such as stream orders were delineated using ArcGIS tool,
The river posses four levels of stream orders where the length of I order stream was 96.48 km

followed by II, Il and IV orders i.e. 69.40 km, 32.25 km and 20.19 km, respectively (Table

S

A

3). The total length of the stream of the Kotawali River was approximately 218.32km with

A
e

2%

mean bifurcation ratio of 2.33 and stream length ratio of was 0.72, 0.46 and 0.63 respectively
for each order. The geometric parameters i.e. area, perimeter, length; form factor, elongation
ratio and circulatory ratio, etc. were estimated and provided in Table 3. The stream

frequency, drainage density, drainage intensity and length of overland flow were 0.84, 1.05,
0.80 and 22700.91, respectively (Table 4). '

Table 3 Linear aspects of Kotawali River j

Stream | No of Length Mean | Stream | Bifurcation | Mean

T T N NN

Order, | Streams | of Stream | Length ratio Ry Bifurcation
Su Ny stream | Length | Ratio ratio Ry,
% (km) | (km) |R, -
@ § Ly il -
- ,§ I 100 : 9648 1096 1072 1208 2.33
&h 11 48 . 16940 1145 1046 253
I 119 3225 1170 063 238
v, 18 12019 252
Table 4 Morphological parameters of river Kotawali
- - | Aspects Parametérs o 4 — ; Kotawali ‘
Linear No. of Stream o | 175
Total Length 21832
~{ MeanBifurcation Ratio 11 0.69
Geometric | Area (kn?) A 207.96
Pter‘ime\ter (km) P _ 65‘51 o
Length (km) L, 27.30
Relative perimeter (P,) 3.17
o&, ,MeanWidth(W‘?) o 7.62’ |
@ Length arearelationkm (Lar) . | 3443
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Form factor ratio (R 0.28
Elongation ratio (Re) 0.60
) Circularity ratio (R) 0.61
Relief | Basin Relief () _ T [ 2045.00

Relief Ratio (Ry) 007
Relative Relief (Ry) 131
; Ruggedness NumbeAr‘(Rn) 2.15
Morphological | Stream frequency (Fs) 0.84
~ | Drainage density (Dd) 1.05
Drainage Intensity (Di) 0.80
Constant of Channel Maintainace (C) | 0.95

Length of overland flow (Lg) 2270091

H

b) Grain size distributién:

Six different categories of the grain sizes were found on the sampled pit viz. <2mh1 2-5mm, 5-
10mm, 10-20mm, 20-25mm and >50mm (Figure 15). The grain size of 2-5 mm was calculated
minimum (9%). <2 mm, size grain dominated the sampled RBM with the share of 30% followed
by was observed for (30%) followed by >50 mm s1zc (20%), 20-25 mm size (15 %) and |

minimum for 2-5 mm size (9%) (Figure 15).

>50mm

20-25mm -

10-20mm

3-10mm

2-5mm

<Imm

Figure 15: Distribution of grain size of RBM in river Kotawali
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¢) Deposition of Riverbed Material (RBM)

The length of the mining stretch in the river is 1.68km. The cross sections have been made at
interval of 50m alehg the river and 10 m across the river. The ele\-/ation difference has been
calculated at each cross section which represents the deposition of RBM in river. During the
survey, the river was divided into 34 cross sections for measuring the depith of deposited river
bed material before and ‘faféter rainy season. Quantity of river bed material has been calculated
at each cross section (Annexure I). The elevation difference has been recorded at various
points along the river at difference of S0m and actoss the river at difference of 10m.
Elevation difference was recorded at total 435 points along and across the river as given in
Plan Map (Annexure II). Across the river, number of points for recording data varied
according to the width of the river. The maximum and minimum number of points across the
river for recording elevation difference is 17 and 10 respectively in the mining stretch of
river Kotawali. The elevation varied pre and post monsoon at almost every cross section due

to deposition of river bed material as shown in Figure 16,

©

Acreage survey:

To analyze the totali river bed (study) area the length (ff Tiver was etlually di{fided into three
sections i.e. Upper, Middle and Lower section (Table 5). The Ieﬁgth of each section is
approximately 550m for river Kotawali. The mining area in upper, middle and lower section
is 7,20 ha, 7.70 ha, 6.85 ha respectively.

Table 5 Acreage survey of Kotawali River

|

River Section ! Average width, m | Segment length, m | Net mining area, ha

Middle section 140 550

cotCetultsPESE B B B
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 Estimation of Riverbed Material (RBM):

In Kotawali, deposition of river bed material was analyzed before and after rainy season by
carrying out topographic?l survey in each cross section. Deposition in the river has been
calculated by averaging deposition found in different segments (Table 6). Negative values in
deposition at few éit'es(represent the scouring of material from the Cross section hence, lower
the elevation of the point from the initial value, In segment I, deposition varied from 0.04
m to 1.09 m with th,e“average deposition in this section is 0.47 m. In segment I, the
average. deposition‘ is 0.12 m and it varied cross section wise fi6f -0.05 m to 0.39 m.
Deposition of the RBM has decreased in the segment I which varied from -1.25 m to 0.44
m with the average deposition in this section is -0.55 m. In Iowef section, segment I
deposition values are in negati% which depicts runoff of the river. This can be because
depositions have occurred on the sides of the river and deposition in the river has been
washed off beyond the bank of the river,

Quantity of RBM:

The quantity of RBM has been estimated for each cross section and the vol__umé varied from
0.00m3' to 6016.83 m’. The total amount of deposited RBM is 68310.60 m’ for the river
Kotawali. The cross sections with O’ depositions indicate the wash off of the river bed B

material from that particular cross section.
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Figure 16: Elevation difference of riverbed at different cross-section along river (Kotawali)
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- Table 6: Deposition of RBM in different section of Kotawali River

T T TR EER R LR e

1 50 007
2 100 0.58
3 150 0.53
4 200 0.41
5 250 067
6 300 0.04
7 350 0.12
8 400 0.25 Average deposition is
9 450 041 I measurable and it may
10 500 0.50 replenishable RBM
11 550 0.31 e '
12 600 0.32
13 650 0.88
14. 700 083
15 750 1.09
16 800 0.54
17 850 0.04
18 900 -0.05
19 950 033
- 20 1000 0.39
21 1050 0.14 In this segment
7 1100 0.12 e deposition was
3 1150 0.08 insignificant
24 1200 0.00
25 1250 0.00
26 1300 0.18
27 1350 -0.18
28 1400 -0.92
29 1450 0.4 In this segment
30 1500 0.18 o ) dep%sition ;fvas i
- : nd observed negative an
g; 12(5)2 gzg HI‘ .| shows that diplace the
: RBM previously
33 1630 140 deposited
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Déposition of RBM at different cross-section of river
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Figure 17: Deposition of RBM in Kotawali River at different cross sections
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Figure 18 Deposition of RBM in upper section of river Kytawali
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Figure 20: Deposition of RBM in lower section of river Kotawali
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5.2 River Rawasan I ,
a) Morphometric Analysis

~ The geomorpholégical patterns such as stream orders were delineated using ArcGIS tool.

The river posses four levels of stream orders where the length of I order stream was 6.48 km

followed by II, III and IV orders i.e. 6.38 km1.44 kin and 6.48 km respectively (Table 7). The

total length of the stream of the Rawasan-I River was approximately 20.78 km with mean
bifurcation ratio of 1.72 and stream length ratio of was (.98, 0.23 and 4.50 respectively for
each order. The geometric parameters ie. area, perimeter, length, form factor, elongation
ratio and circulatory iatio, etc. were estimated of the river watershed provided in in Table 8.

The stream frequency, drainage density; drainage intensity and length of overland flow were

¢ ‘

i 0.83, 1.02, 0.82 and 212.35, respectively (Table 8).
5; Tai:le 7: Linear aspects of Rawasan-I River
| Stream | Noof | Length | Mean | Stream | Bifurcation | Mean
Order, | Streams | of Stream | Length | ratioRb | Bifurcation
Su Nu stream |-Length | Ratio " |ratioRb
5 (km) | (km) |Ry
g Lu Lm |
AR 7 648 1093 098 | LI7 172
%[ 638|106 1023|300 |
JUE 2 1.44 0.72 4.50 1.00
v 2 6.48 3.24

§
%
y
¢
&
#
&
@
@
4
*%%
U

Table 8: Morphological parameters of river Rawasan-I

.
| Aspects Parameters Rawasan 1

Linear "Streara Order 17
Total Length 12078
Mean Bifurcation Ratio 1.72

Geometric Area (km®) A 2044
Perimeter (km) P | 24.36
Length (km) L, ‘ 10.}8
Relative perimeter (Py) 0.89
Mean width (Wy) 12,01

30




Length area relation km (Lyy) 8.56
Form factor ratio (Ry) 0.20
Elongation ratio (Re) 0.50
Circularity ratio (R,) 042
Relief Basin Relief (H) 111.00
Relief Ratio (Ry) 0.01
| Relative Rehef (th) 0.45
< Ruggedness Number (Rn) 0.11
| Morphological | Stream frequency (Fsr)\ 0.83
' - | Drainage density (Dd) 1.02-
Drainage Intensity (D) - 0.82
| Constant of Cﬁannel Maintenance (C) | 0.98
Length of overland ﬂow (Lg) 212.35

b) Gram size dlstnbutmn'

W)

Six different categor;es of the grain sizes were found on the sampled pit viz. <2mm, 2-5mm,

5-10mm, I'O-ZOm_m, ‘20-25mm, and >50mm (Figure 21). The grain size of 10-20 mm was

calculated minimurn (5%} Overall average grain size distribution, the maximum percentage

of grain (Figure 21) was observed for <2 mm 51ze (33%) followed by >350 mm size (31%) '

20-25 mm size (16 %) and for 5-10 mm size (8%) i

>AMmm

Wimm

18-20mm

S Himm

2Amm

: m<imm B25mm w5 10mm 10-20mm w20 25mm &>50mm

$] <2mm

Figure 21: Distribution of grain size of RBM inriver Rawasan-]
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¢) Deposition df Riverbed Material (RBM)

The length of the mining stretch in the river is 4.15km. The cross sections have been made at
iﬁterval of 50m along the river and 10 m across the river. The elevation difference has been
calculated at each cross section which represents the deposition of RBM in river. In survey,
the river was divided into 83 cross sections for measuring the depth of deposited material
before and after rainy season. Quantity of river bed material has been calculated at each cross
section (Annexure I). Tﬁe elevation difference has been recorded at various points along the
river at difference of “SOm and across the river at difference of 10 m. Elevation difference was
recorded at total 153é points along and across the river as giveﬁ in Plan Map (Annexure II).
Across the riyér, number of points for recording data varied according to the width of the
river. The maximum and minimum number of points acrgss.the river for recording elevation
difference is 33 and 8 respectively in the mining stretch of river Rawasan-I. The elevation
varied ﬁre and post monsoon at almost every cross section due to deposition of river bed

material as shown in Figure 22.

Acreage survey:

To analyze the total river bed (study) area the length of river was equallydivided into three
sections i.e. Upper, Middle and Lower section. The length of each section is 1400 m for
river Rawasan L. The mining area in upper, middle and lower section is 23.45 ha, 23.35 ha
and 30.20 ha respectively (Table 9). |

Table 9: Acreage survey of Rawasan-I River

River Section Avérage width, m | Segment length, m Netumining area, ha -

Middle section

32

Wy 2
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Estimation of Riverbed Material (RBM):
In Rawasan-I, deposition of river bed material was 'analyzed before and‘after rainy season by
carrying out topograpﬁical survey in each cross section. Deposition in the river is calculated
by averaging deposition found in cross sections in upstream, middle and downstream
sections (Table 10). Negative values in deposition at few sites represent the wash off of
material from the cross section hence, lower the elevation of the point from the initial value.
In Segment I, depositfon‘varied from 1.12m to 1.79 m and the average deposition in this
section is 1.49 m. For segment II"', the average deposition is 0.51m and it vaﬁed Cross
- section wise from 0.15m to 0.86 m. In Segment e, deposition varied from 1.0m to 2.52m
and the average deposition in-this section is 1.36 m. In segment IV®, deposition varied from

0.47m to 0.89m and the average deposition in this section is 0.66 m. In Segment V™ VI* &

VI, deposition varied from -0.20 m-to 0.85 m, 0.76 mt0 2.58 m, 1.0 mto 1.93 m and the
averége deposition in each section is 0.64, 1.47 m and 1.35 respectively (Table 10). |
Quantity of RBM:

The quantity of RBM has been estimated for each cross section and’ the volume varied from
2551 m’ to 22231.30 m’. The total amount of deposited RBM is 699420.55 m® for the river

Rawasan-1.

%
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Table 10: Deposition of RBM in different section of Rawasan I River

9§

Distances - RBM
along the DEPOSITION, |
S. No. river, m ‘m - River Segment ‘ Remarks
1 50 163 :
2 100 - 123
3 130 1.74 Aveyage deposition is
4 200 1.79 Ist measurable
5 250 1.27 and significant and it
6 300 1.66 may replenishable RBM
7 |30 L2 _
8 . 400 046
9 450 0.31
10 500 0.38
11 550 0.69
12 600 0.69
13 650 © 086
14 700 0.39
15 750 048,
16 800 0.68 .
17 850 0.56 | Average deposition is
18 900 0.56 Hnd . Mmeasurable
19 950 0.50 ahd significant and it
20 1000 0.38 may replenishable RBM
21 1050 0.21
22 1100 0.49
23 1150 0.15
24 '1200 042
25 1250 0.51
26 1300 0.53
27 1350 . 0.67
28 1400 0.79
29 1450 1.00
30 1500 2.52 —_— :
31 1550 124 Average deposition is
3 1600 - 1% led hig%ler in this segment
3 1650 120 and it may replenishable
e ‘ RBM
34 1700 1.10
35 1750 1.19
35
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37 1850
38 1900 0.67
39 1950 0.71
40 2000 0.66
41 2050 0.60
42 2100 0.89 Average deposition is
43 2150 0.73 vt measurable and it
44 200 0.88 may replenishable RBM
45 2250 - 0.58 -
46 2300
47 2350
48 2400
49 2450
51 2550 0.64 o
52 2600 0.85 | Dvenge deposition s
gative in few sections
33 ‘ 26(5)0 : 02(3) V‘Ch due to washing away
4 2100 O ‘ | of sediments and it may
55 2750 0.85 | replenishable RBM
56 2800 0.82
57 2850 1.03 .
58 2900 0.97
59 2950 1.03
60 3000 131
61 3050 1.26
62 3100 L15 Average deposition is
63 3150 1.86 VIth higher in this segment
64 3200 235 | and it may replenishable
63 . 3250 2.58 RBM
66 3300 2.43
67 3350 1.58 .
68 - 3400 0.83
69 3450 076
70 3500 1.00 Vch Average deposition is
N 3550 1.17 ) | higher in this segment
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5.3 River Rawasan-I]
a) Morphometric Analysis

The geomcrpho.logicval patterns such as stream orders were delineated using ArcGIS tool.
The river posses four levels of stream orders where the length of I order stream was
151.39%m followed by II, Il and IV orders i.e. 77.67km, 24.08km and 33.01km, respectively
(Table 11). The total length of the stream of the Rawasan II River was approximately
286.15km with mean bifurcation ratio of 3.65 and stream length ratio of was 0.31, 1.37 and
8.67 respectively for each order. The geometric parameters i.e. area,}perimeter, length, form
factor, elongation ratio and circulatory ratio, etc. were estimated of the river watershed

provided in in Table 12. The stream frequency, drainage density, drainage intensity and
o length of overland flow were 2,32, 1.49, 1.56 and 275417.19, respectively (Table 12).
Table 11: Linear aspects of Rawasan I River
Stream | No of Lcngih Mean | Stream | Bifurcation | Mean
| Order, | Streagns | of Stream | Length | ratio Rb Bifurcation
— | Su Nu stream | Length | Ratio ratio Rb
“é | &m) |Gm) |RI
% 2 | Lu Lm 4
& 211 299 15139 1026 {031 |2.53 3.65
W Mg Jus |77 lo20 137|513
o il 23 2408 | 144 |867 3.2
& IV |7 |3301 |4038
@ |
8 Table 12: Morphological parameters of river Rawasan-1I'
B Aspects Pararhete:s , Rawasan-II
- Linear .| Stream Order - 447
& " [Total Length 286.15
& B Mean Bifurcation Ratior 365
;g%*“" Geometric | Area (km®) A ' 192.53
= " | Perimeter (k) P | | 8291
i Length (km) L, 12810
&% Relative perimeter (Pr)' | | 232
. Mean width (W) 6.85
é% Length area relation km (Lar) 3287
@ Form factor ratio (R) | - 10.24
@ Elongation ratio (R;) 1056
% : Circularity ratio (Rg) : o 035 )
% Relief Basin Relief (H) 143800
4
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i| Relief Ratio (Rh) 0.05
Relative Relief (Rap) 1.73
Ruggedness Number (R,) 2.14
Morphological Stream frequency (Fs) _ 2.32
' ' Drainage density (Dd) 1.49
Drainage Intensity (Di) 1.56
v Constant of Channel Maintainace (C) {0.67
% [Tength of overlend flow (Lg) 7754719
3

2

R
3
£

b) Grain size distribution:

§

(15 %) and minimum for 2-5 mm size (12%).

Six different categori‘es‘of ‘the grain sizes were found on the sampled pit viz. <Zmm, 2-5mrri, 5-
10mm, 10-20mm, ZQ-ZSmm, and >50mm (Figure 28). The grain size of 5-10 mm was calculated
minimum (5%). OveraHéé giverage grain size distribution, the maximum percentage of grain

(Figure 28) was observed for <2 mm size (38%) foHowed by >50 mm size (24%), 20-25 mm size

>50mm

20-25mm

10-20mm

3-10mm

2-5mm
e
<2mm
c%&
) Figure 28: Distribution of grain size of RBM in river Rawasan-1I
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¢) Deposition of Riverbed Material (RBM):

The length of the mining stretch in the river is 3.35km. The cross sections have been made at

interval of 50m-along the river and 10 m across the river. The elevation difference has been

calculated at each cross section which represents the deposition of RBM in river. In survey,

the river was divided into 68 cross sections for measuring the depth of deposited material

before and after rainy season. Quantity of river bed material has been calculated at each cross

ST

section (Annexure I). The elevation difference has been recorded at various points along the
river at difference of SiOVm‘and across the river at difference of 10 m. Elevation difference was
- recorded at total 1012 points along and across the river as given in Plan Map {(Annexure II).
Across the river, number of points for recording data varied according to the width of the
river. The maximum and minimum number of points across the rive for recording elevation
difference is 21 and 7 féspectively in the mining stretch of river Rawasan-II. The elevation

varied pre and post mohsoon at almost every cross section due to deposition of river bed
material as shown in Figure 29. | ‘

Acreage survey:
: !

To analyze the total river bed (study) area the length of river was equally divided into three

sections i.e. ‘Upper, Middle and Lower section. The length of each section is approximately

1050m for river Rawasan-I1. The mining area in upper, middle and lower section is 14.17 ha,

18.06 ha, 19.14 ha respectively (Table 13).

ey

Table 13: Acreage survey of Rawasan-II River

¢ River Section | Average Width, m | Segment length, m | Net mining area, ha

YT EEEEXE L L L L L L

Middle section 172 1050 - 18.06

=
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o
=

3
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Estimation of Riverbed Material (RBM):

In Rawasan-1I, deposition of river bed material was analyzed before and after rainy season by

carrying out topographical survey in each cross section. Deposition in the river is calculated by

- averaging deposition found in cross sections in upstream, middle and downstream sections (Table

14). Negative values in deposition at few sites represent the wash off of material from the cross
section hence, lower the elevation of the point frérh the initial value. In segment I¥, deposition
varied from 0.45 m to 1.05m and the average deposition in this section is 0.71m. In segment [I&III
section, the average depcsition is 0.41m and 0.77m respectively and it varied cross section wise
from 0.25m to 0.61m and 0.38m td 1.14m. Deposition of the RBM has increased in the lower

section, segment V™ which varied from 0.31m to 1.53m and the average deposition in this section
is 1.04m (Figure 29). | .

Quantity of RBM:
The quantity of RBM has been estimated for each cross section and the volume varied from

1241.85 m’ to 21110.20 m’. The total amount of deposited RBM is 344573.50 m’ for the river -
Rawasan-IL. ‘ '
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Table 14: Depo%ition of RBM in different section of Rawasan-II River
Distances
along the RBM River
S. No. . river,m Deposition, m | Segment Remarks
1 0 045 )
2 50 071 —
3 100 0.62
4 150 091
5 200 0.98
6 250 1.05 ‘ o
7 2300 0.81 AVF:ra.ge': depgsm(?n is low
= 150 : 06 Ist ~j but s1gz}1f1cant in th1§ segment
5 20 : 08 ~and it mayI/{ gﬁemshable
10 450 0.62
11 500 0.59
12. 550 0.57
13 600 0.64
14 650 052
15 700 0.37
16 750 0.49
17 800 0.25
18 850 031
19 900 0,27
20 950 0.56
21 1000 0.55
22 1050 049 Average deposition is
23 1100 061 Hnd significant in this segment
24 1150 0,60 - and it may replenishable -
25 1200 061 RBM
26 1250 033
27 1300 025
28 1350 036
29 1400 - 029 i
30 1450 0.25
31 1500 0.35
32 1550 __0.80 Average deposition is
33 1600 1.04 IHrd significant in this segment
34 1650 079 and it may replenishable
35 1700 0.79 RBM
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36 1750 099
37 1800 0.73
38 1850 0.65
39 1900 0.45
40 1950 1.14
41 2000 0.85
42 2050 0.89
43 2100 0.69
44 2150 0.63 i
45 2200 0.72
46 12250 - 0.56
47 2300 0.85
48 2350 - 0.82
49 2400 067
50 2450 0.68
51. 2500 - 0.95
54 2630 1.29
55 2700 0.79
56 2750 0.84
57 2800 0.89
58 2850 0.86
59 2900 0.54 . o
60 2950 0.98 LA;;gragft: .delt);)‘smon is t
e th significant in this segmen
2; ‘ gggg ' ;gz IV _ a%ld it ma§1r{ ;eﬂeniskglable
63 3100 1.53
64 3150 0.95
65 3200 0.65
66 3250 054
67 3300 - 047
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6. Summary | .

The study was conducted during May and September, 2018 to investigate the deposition
of river bed material in different rivers (i.e. Kotawali, Rawasan-I and ijasan-ll) of Haridwar,
district, Uttarakhand. The objective of the study was to understand morphology, grain size

distribution and deposition of the river bed material. Cross-sections were made at distance of 50

m in all the three rivers. Kotawali, Rawasan-] and Rawasan-II were divided into 34, 83 and 68
cross-sections, respectively. Moreover, river Kotawali (1.70 km), Rawasan-I (4.15 km) and
Rawasan-II (3.35km) were divided into various segments by clustering cross sections. River
Kotawali was divided into three segments whereas Rawasan-1 & Rawasan-1I in seven and four -
segments, respeéti?ely. Observation points were made at each cross section on both the side from
the center of river at distance of 10m. Elevation difference of river bed was recorded pre-
monsoon and post-monsoon in river Kotawali, Rawasan-I and Rawasan;l at total 435, 1538 and
1012 points to estimate RBM deposition along and across the river respectively. For ease of data
representation, all three rivers were divided into three sections i.e. upper section, middle section

and lower section. The observations were taken from all the points on the cross sections and river -

- wise findings are narrated below:

- Kotawali

e

. s Ohea
The catchment of Kotawali River is 207.96 km” and the river bed (study)lis 0.74 km®. The river

possesses up to fourth ofder streams. For the purpose of study, the river course was delineated in

S

Y rs Lo

to three segments on the basis of deposition. The averagé deposition in I 11" and 11 segment

o

SERER IR B B B B B o

was 0.47 m, 0.12 m and -0.55 m respectively (Table 6). Significant deposition was observed in
the upper segment where as in I segment it was insignificant. In the 1" segment, value of
deposition was negative which shows that the RBM previously deposited has been displaced
because of scouring during monsoon (Figure 16, 17). After monsoon an increase in particies of
grain size <2mm and >50mm was observed as the sediments from the upstream has got washed
out to the downstream sites. Quantity of estimated RBM deposited it Kotawali River during the
rainy season 2018 was 68310.60 m’ (Annexure I, Table A). |

 In upper section, high deposition was observed in cross sections at 100 m to 250 m and
500 m longitudinal distance (Table 6 & Figure 18).
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o No significant deposition was observed at 300 m (Figure 18) in the tipper section vof' the
river. ' -
¢ In the middle section of river, high deposition (up to 1.09 m) was observed at 600-800 m
while no deposition was observed at 900 m (Figure 19).
o In the lower section from 1250 m té 1700 m, there was no significant deposition rather
the RBM has been displaced from these cross sections due to flow of the river (Figure |
- 20). Only cxceptioﬁ was at 1400 m, where significant deposition was recorded.
o In cross section 75‘0," exceptionally high deposition (1.09 m) was observed at the right
banik of the river (Tzble 6). S
o The qﬁat}tity of deposited RBM was almost negligible at cross section of 850 m, 900 m,
1350 m, 1400 m and from 1550 m to 1700 m (Annexure I, Table A).
Rawasan-l ‘

The catchment of Rawasan-I River is spread over 20.44 km’ area and the river bed (study) area is

0.99 km’. The'river possesses up to fourth order streams. For the purpose of study, the river
course was delineated in to seven segments on the basis of deposition, The average deposition in

@ " Povit segments was 1.49 m, 0.51 m, 1.36 m, 0.66 m, 0.64 m,1.47 mand 1,35 m respectively

é%i (Table 10). As evident significant deposition was observed in all the segments of river Rawasan-
e [ and average deposition increased in downstream (Figure 22, 23). Before monsoon, < 2mm

grain size dominated the RBM followed by boulders which is of >50mm size. After monsoon,
the percentage of fine size particles (<2mm) increased while the percentage of boulders has
decreased. This could be because of the long basin length of the river which was approximately

15.07 km providing sufficient time for settlement of smaller particles. The mining area lies

rE R K

-

downstream approximately 4.5 km. The quantity of estimated RBM deposited during the rainy
season 2018 was 699420.55 m’ (Annexure I, Table B).

¢ Inupper section, high deposition (1.63 m to 1.66 m) was observed at cross sections on 50 m

to 300 m longitudinal distance (Table 10 & Figure 24). y
¢ In the middle section of river, very high deposition (2.52 m) was observed at 1500 m while

high deposition (up to 2.52 m) was observed at 1450 m to 1800 m (Figure 25).

o In the lower section from 3550 m to 4150 m, there was significant deposition of RBM
(Figure 26). |

PR ER D B B D
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o Significant deposition was observed in Rawasan-I and cross-section at 3250 and 3300, high
deposition has been observed (2.58 m, 2.43 m) (Table 10).
o In cross section at 3300, high deposition (2.43-m) was observed at the center of the fiver
(Table 10).
o The quantity of depbsited RBM was, very high at cross section 3200 i.e. 22231.30 m’ and
- lowest deposition was at cross section 2450 i.e. 1790.20 m (Annexure I, Table B).
Rawasan-II . | S
The catchment of Rawasan-Il is 193.53 km® wherein the river bed (stu%y) area comprises 1.00
km?. The river possesses up to fourth order streams. For the purpose of study, the river course
was delineated in to four segments on the basis of deposition. The average deposition in I¥, to
IV™ segment was 0.71 m, 0.41 m, 0.77 m, and 1.04 m respectively (Table 14). Significant
deposition was observed in all the segments of river Rawasan-I and average deposition
increased towards the downstream (Figure 29, 30). Before monsoon, particles with grain size <
2mm- dominated the RBM followed by boulders which is of >50mm size. After moﬁsoon,
perceﬁtage of fine size particles <2mm and boulders (>50) mm was increased as the sediments
from the upstream has got washed out to the downstream. The quantity of esthnatéd RBM
deposited during the rainy season 2018 was 344573.50 m’ (Ar;nexure I, Table ‘C). a
- In upper section, significant deposition was observed in cross sections at 50 m to 300 m .
distance along the river (Figure 31).
o In the middle section of river, significant deposition was observed at 1600 m to 2050 m
(Figure 32).
o In the lower section from 2600 m to 3050 m, there was significant deposition of RBM and
very high deposition (1.05 m 10398 m) at the end of the river at 3000 m to 3050 m (Figure
33).

o High deposition was observed in cross-section at 3100 towards the left side of the bank,
which is 1.53 m (Table 14).

~» High deposition was observed in cross-section at 3050 towards the right"side of the bank,
which is 3.98 m (Table 14). ’ . - '
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Minutes of visit to the mining area of Ganga River and its tributaries !l’t Haridwar on 4"

November, 2018

With reference to NGT order dated 15" October, 2018 0 subrmit an annual/interim report by 19™
Octoﬁer 2018, in continuation to which Forest Research Institute (FRI), Dehradun initiated field
survey for data collection in seven streams of river Ganga and its tributaries. A team of ofﬁmal

from FRI and Uttarakhand Forest Development Corporation (UFDC) visited the mining area on

4™ November 2018 and took a note of the situation prevailing.

Presently, the survey and data collection of three rivers out of seven could only be carried out
due to the fact that the mining area to be surveyed in Ganga River and its tributaries are flooded
with large volumes of water. Water has been diverted in the streams due to construction work -
being carried out by the irrigation department. The water has not receded complétely and it is not

possible for the team to continue with the survey and data collection. )}
Photographs from the sites have been attached along with the minutes at the back side of it.

Name and designation of the team of officials that visited the mining site, with their signatures

are as follows:

SN - Name and Designation - . | Signature'
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Quantity estimation of déposited riverbed material (RBM) after rainy session

Table A: Estimated quantity (m3) of riverbed‘mate'rial (RBM) in Kotawali River

e G O S GRS

=5

~ S.No, | Distances.along | Distancesb/w | Composite:areaof | Volumeof RBM, |
B 'the:..rijv,ér,_gm | cross-section,m | cross-section, 11.1_12' ‘ m"’» _
1 50 50 15.05 752.40
2 100 50 72.34 3870.60
3 150 | 50 8249 3488.40
4 200 50 57.05 3171.95
5 250 50 69.83 233403
6 300 |- 50 123.53 1386.50
7 350 50 3195 2043.75
8 400 50 ©49.82 2893.28
9 450 50 65.91 368348
10 500 50 81.43 3216.73
11 5501 50 47.24 2397.03
12 600 50 48.64 4158.75
13 650 50 117.71 5754.75
14 700 50 112.48 6016.83
15 750 50 128.19 4551.05
16 800 50 53.85 1492.78
17 850 | - 50 5.86 0.00
18 900 50 0.00 [ 0.00
19 950 50 40.89 2757.83
20 . 1000 50 69.42 278445
21 1050 50 41.96 2333.78
0 1100 50 51.40 2429.75
23| - 1150 50 35.80 1996.48
2% 1200 50 34.06 1124.85
25 1250 50 10.93 1019.65
26 | 1300. 50 29.86 0.00
271 1350 50 - 0.00 0.00
28 1400 | 50 0.00 | 1342.90
29 1450 50 53.72 1997.23 |
30 | 1500 50 26,17 654.33
3] 1550 50° 0.00 0.00
R 1600 50 0.00 0,00
33 1650 50 0.00 0.00
o 1700 50 0.00 0.00
Total quantity of RBM (m®) 68310.60
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Table B: Estimated quantity (m3) of riverbed material (RBM) in Rawasan-1 River é:—-——
| Distances along the | Distances b/w cross- Composite area of |- Volume of
S.No. [~ river,m section, m cross-section, m’ RBM, m’
1 50 50 2 186.89 9344.65 |
2 100 50 161.62 11114.60
3 . 150 50 282.97 14316.63
4 . 200 50 289.70 11910.03
5 250 50 186.70 10342.60
6 300 50 227.00 9416.23
7 350 | 50 149.65 5526.48
8 400 ! 50 71.41 348898
9 450 50 68.15 3380.28
10 500 50 67.06 4464.98
11 550 50 111.54 5588.83
12 600 50 112.02 5927.50
13 650 50 125.08 4884.05
14 700 50 = 70.28 4110.63
15 750 50 94.15 5204.65
16 800 50 114.04 5669.43
17 850 50 112.74 5827.80
18 900 50 120.37 5459.08
19 950 50 97.99 4545.73
20 1000 50 $3.84| 323523
21 1050 50 45.57 3764.53
2 1100 50 105.01 3817.60
23 1150 50 . 47.69 314575
24 1200 50 78.14 4135.65
25 1250 50 87.29 4345.55
26 1300 50 86.53 4895.93
27 1350 50 109.30 5734.25
28 1400 50 120.07 6549.45
29 1450 50 141.91 722415
30 1500 50 147.06 7647.48 .
31 1550 50 158.84 8028.10
32 1600 50 162.28 7709.25
33 1650 50 146.09 | 709985
34 1700 50 137.90 - 7109.38
35 1750 50 146.47 6452.28
36 1800 50 111.62 4753.20
37 1850 50 78.51 4324.43
38 1900 50 9447 4864.18
39 1950 50 100.10 4679.20
40 2000 50 87.071  4099.55
41 2050 50 76.91 - 5073.28

I



A

P

IY) 2100 50 126.02 5950.00 |
43 2150 50 111.98 6079.25
44 2200 50 131.19 584228 |
45 2250 50 102.50 4420.65
46 2300 50 74.32 4198.90
47 2350 50 93.63 4313.70
48 2400 50 78.92 3723.50 |
49 2450 50 7002 | 179020
50 © 2500 50 1.58 3076.03
51 2550 50 121.46 7444.78
52 2600 50 176.33 8052.35
53 2650 50 145.76 787353
54 2700 50 169.18 8002.63
55 2750 50 150.92 7256.65
56 2800 50 139.34 8551.60
57 2850 50 202.72 10541.63
58 2900 50 218.94 11235.10
59 2950 50 230.46 10265.88
60 3000 50 180.17] 1057213
61 3050 50 242,71 11521.38
62 3100 50 218.14 14123.33
63 3150 50 346.79 19409.40
64 + 3200 50 429.59 2223130
65 3250 - 50 45967  21270.13
66 3300 50 39114 1541873
67 3350 50 22561 | 833545
68 3400 50 107.81 5469.58
69 3450 50 110.97 7293.65
70 3500 - 50 180.77 11009.38
71 3550 50 259.60 14317.08
7 3600 50 313.08 16079.53
73 3650 50 330.10 16769.50
74 3700 50 340.68 16647.63
75 3750 50 325.23 16693.78
76 3800 50 . 34253 1717555
7 3850 50 7 34450] 1780788
78 3900 50 367.82 16805.85
79 3950 50 304.42 1423745
80 4000 50 265.08 13278.35
81 4050 50 266.05 13335.83
82 4100 50 267.38 9236.15 |
83 4150 4 50 102.07 2551.63 | .
699420.55

Total quantity of RBM (m)
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E@ Table C: Estimated quantity (m3) of riverbed material (RBM) in Rawasan-II River —
@ ‘ Distances along |  Distances b/w’ Composite area of | Volume of RBM, |
.%% ‘ S. No. the river, m . ¢ross-section, m cross-section, m> | m’
; 1 0 ' 50 . 24.84 124185 |
% 2 50 50 _ 38.16 240245
@ 3 100 50 | 57.93 3311.05
%@ 4 150 50 | 74.51 | 425780
é@z‘ 5 200 50 95.80 5279.50
f 6 250 50 116.38 5522.28
| % 7 300 50 105.52 4551.33
% 8 350 50 76.54 4177.20
& 9 400 50 | 90.55 3949.70
i 10 450 50 67.44 3373.98
11 500 50 67.52 3669.68
12 | 550 50 1927 4254.48
13 600 50 | B 90.91 4193.83
14 | 650 . 50 76.84 3589.83
15 700 - 50 66.75 3286.13
16 750 500 64.69 2317.18
17 | 800 50 28.00 1555.48
18 850 50 3422 1597.48
19. " 900 , 50 - 2948 2285.10
20 950 50 61.73 3080.55
21 1000 50 61.49 | 2943.30 |
22 1050 50 56.24 | . 3292.08 |
23 1100 50 7544, 3853.10
24 1150 50 | 78.68 4028.63
25 1200 50 . 82.47 332498 |
26 1250 50 50,53 2043.20
27 1300 50 31.19 . 209353
28 1350 50 A 52.55 2511.13
29 1400 50 - 47.90 2482.78
30 | 1450 50 - 5141 2945.03
31 1500 50 o 66.39 5500.20
32 1550 50 - 153.62 §218.55
33 1600 » 50 k2 7702.03
34 1650 | 50 | 13296 6065.88
35 | 1700 50 ©109.68 552955 |
36 1750 , 50 11151 5210.00
37 | 1800 50 . 9689 4826.40
38 | 1850 50 | 9616 4062.30
39 1900 50 I 66.33 5440,28
40 | 195% 150 - 15128 6817.98

41 | 2000 ' _ 50 12144 6415.63
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4 2050 50 135.19 5862.83
43 2100 50 99.33 5014.93
44 2150 50 101.27 5272.63
45 2200 50 109.63 525190 |
46 2250 50 100.44 6650.85
47 2300 50 165.59 7818.88
48 2350 50 14716 6852.75
49 2400 50 126.95 5856.15
50 2450 50 107.30 6114.13
51 2500 50 137.27 4612.98
52 2550 50 47.25 4320.85
53 2600 50 125.58 6163.68 |
54 2650 50 120.97 6151.60
55 2700 50 125.10 5632.48 |
56 2750 50 100.20 5275.65
57 2800 50 110.83 5379.63
58 2850 50 104.36 4382.00
59 2900 50 70.92 5281.88
60 12950 50 140.36 8133.38
61 13000 50 184.98 19668.80
62 3050 50" 601.77 2111020
63 " 3100 50 242.64 9874.35
64 3150 50 152.34 6270.55
65 3200 50 98.48 4725.15
66 3250 50 9052 - 4585.60
67 3300 50 92.90 3714.48
68 3350 50 55.68 1391.93
344573.50 |

Total quantity of RBM (m3)
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BEFORE THE NATIONAL GREEN TRIBUNAL,

PRINCIPAL BENCH, NEW DELHI
APPEAL NO.23 OF 2016

IN THE MATTER OF:

DR. VIJAY VERMA .. APPELLANT

VERSUS

UTTARAKHAND FOREST DEVELOPMENT
CORPORATION & ORS. ... RESPONDENTS

PROOF OF SERVICE

No.

APPELLANT & RESPONDENTS
DETAILS/PARTICULARS

MODE OF
SERVICE _

Dr. Vijay Verma
S/o Late J.P. Verma,
H.No.86, Bilkeshwar Colony,

' Haridwar, Uttarakhand-249401

Uttarakhand Forest Development Corporation
Through its Managing Director,

Aranya Vikas Bhawan, Dehradun,
Uttarakhand — 248001

Environment Impact Assessment Authority
Through its Secretary

Ministry of Environment Forest & Climate
Change,

Government of India,

Indira Paryavaran Bhawan,

Jorbagh, New Delhi-110003

Mines & Geology Department

Through its Director,

Bhopalpani, Raipur-Thano-Airport Motor
Marg,

P.O.: Dhanyari,

Dehradun-248008

Uttarakhand Environment & Pollution
Control Board

Through its Member Secretary,
29/20, Nemi Road,

Dehradun, Uttarakhand-248001

Central Pollution Control Board
Through its Member Secretary,
Parivesh Bhawan,

East Arjun Nagar, Delhi-110032

NEW DELHI

DATED:- 'CL .11.2018

SANJA%L

ADVOCATE

A-53, Ashok Vihar, Phase-III,

Delhi-110052
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