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385 Annexure No. 1

NATIONAL INSTITUTE OF HYDROLOGY
ROORKEE
National Institute of Hydrology Roorkee (NIH) vide letter no 769/Chief
Engineer (Design)/camp dated 16/3/2016 received work from the Irrigation
Department, Uttarakhand with the objective of flood plain zoning Ganga River
from Chandipul to Kalasia (State Border) (50 Km).

The study focused on delineating floodplain boundaries based on channel
configuration, geometry, bed form and profile characteristics of the identified
stretch i.e. Haridwar to Laksar, length 50 km of river Ganga together with their
hydraulic characteristics and to identify areas/stretches where the stream flow is
likely to have adverse impact on human interests during spells of high discharge
caused by flood or flash flood. It also included flood plain zoning based on the
modelling results for the characteristic discharges calculated for the said streams
(flood frequencies of Syr, 10yr, 30yr, 50yr, 100yr return period). The
methodology followed is as depicted in Figure 1:

In the present study, numerous data inputs including historical discharge, satellite

Tune series
data

Callection and 1) Toposheer (5OD
computarization of tune 1) Google earth : Field survey
series data (Dhscharge data) i22) Satellite pnagery & DEM
Annlysin-of sutenlite dnta for River sections at
extracting the river flow N .
dan deli . different locations
Processing of data peths an °1d linestion
Flow analysis and
maodeliling
Flood frequency analysis l

Water surface at different
retum periods
Computation of floods of l

A ¢ rerurn periods Preparation of inundation
ifferes maps High resolution DEM

H

Report preparntion

Figure 1.1 Flow chart of the methodology

data, Digital Elevation Model (DEM) and cross-section (through field survey) data
have been employed for the modelling. The details of the various data used are
described below.
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(a) Discharge data

Discharge data for the above-mentioned stretch have been collected from
the Irrigation Department Uttarakhand. The data length for the Haridwar stretch is
available from 1987 to 2014 (28 years) at Bhimgoda was provided as a hard copy,
which was later on converted into digital form.

(b) Satellite Data

Space technology especially from Remote Sensing helps in better
assessment and management of water resources, due to the synoptic coverage and
possibilities of revisit from the EO constellation of satellites. Hence in the present
study advanced technique of Remote sensing incorporating the satellite data and
Digital Elevation Model (DEM) were the required inputs used to study and
understand the before and after effect of the flood. In this region, the flood
occurred in June 2013 hence the cloud-free satellite data for two dates i.e. pre and
post-flood of 2013 (29/05/2013 and 16/09/2013) have been downloaded and used
in this study.

For the terrain information, Cartosat DEM at 10 m spatial resolution was
procured from NRSC, Hyderabad, thereafter processed and used in the present
study.

(¢) Channel Cross Section

Channel cross-section information refers to geometry and feature
information that is collected for natural stream channels at selected locations. This
information is one of the key elements of hydraulic floodplain modelling as it is
directly used to assess the flood-carrying capacity of a channel. The cross sections
can be taken either by field survey or from the Digital Elevation Model (DEM).
The available DEMs are not at high resolution; therefore it was decided to get the
cross-sections from the actual field survey. For carrying out the field survey, M/s
Satya Pal Singh was entrusted with the task of preparation of cross sections
through the field survey.

The fieldwork was carried out by the above agency. Scientists from NIH
also visited stretch, the Haridwar stretch in May and August 2016. The field survey
for the Haridwar stretch was carried out during May-June, 2016 by the survey
agency. Some of the cross-sections have been provided by the Irrigation
Department Uttarakhand.

(d) SOFTWARE USED ‘

ArcMap software, version 9.3 a GIS software has been used in this study.
ArcMap is the main component of ESRI’s ArcGIS suite of geospatial processing
- software. Most of the GIS tasks were performed based on the functionality of the
ArcMap extensions HEC-GeoRAS. These GIS extensions are used to prepare a
consistent model input file for both HEC-RAS within the ArcMap software



387

environment. In addition to that, HEC-GeoRAS can be used for the v' salization
of the hydraulic modelling results in the form of inundation depth maps, ERDAS
8.7 was used for image processing activities on satellite images. Software
developed at NIH has been used for flood frequency analysis. Finally, the flood
inundation maps have been prepared in GIS.

(e) The flood frequency analysis

Flood frequency analysis is important for river hydrology studies. It is
essential to interpret the past record of flood events in order to evaluate future
possibilities of such occurrences. The estimation of the frequencies of flood is
essential for the quantitative assessment of the flood problem, The knowledge of
the magnitude and probable frequency of such recurrence is also required for the
proper design and location of hydraulic structures and for other allied studies. The
gauge data which are random variables follow the law of statistical distribution. A
large number of statistical distributions are available in literature. Among these
the Normal, Log Normal, Gumbel, General Exireme Value, Pearson Type 111, Log
Pearson Type 1II, Generalized Pearson, Logistic, Generalized Logistic and
Wakeby distributions have been commonly used in most of the flood frequency
studies. Flood frequency analysis was performed in this study by selecting annual
maximum discharge at Bhimgoda barrage site located in the catchment area. Two
methods of statistical distribution i.e. Gumbel’s extreme value distribution and
Log Pearson type III distribution were attempted by selecting peak discharge data.
(f) FLOOD INUNDATION MAPPING

In the present study satellite images of Landsat 7 sensor of 2013 ETM,
which were acquired on May 29 and September 16 respectively, (with a map
projection of UTM__ zone 37, spheroid and datum WGS_ 84) have been used for
the flood mapping and change detection processes. These images were stacked in
the ERDAS IMAGINE 8.7 software and subset by the boundary of the study area.
The objective of flood mapping is to identify the water-flooded versus non-water
areas for both images. The detection of water features using multispectral imagery
involves discriminating between water and other surface types. Surface water
extent can be delineated by using the spectral reflectance differences.

(g) HYDRAULIC MODELLING

The flood inundation mapping for this study was done with ArcGIS, HEC-
GeoRAS, and HEC-RAS. The methodology used in the present study consists of
three steps: (i) Pre-processing of geometric data for HEC-RAS, using HEC-
GeoRAS; (ii) Hydraulic analysis in HEC-RAS; and (iii) Post-processing of HEC-
RAS results and floodplain mapping, using HEC-GeoRAS. Geometric input data
for HEC-RAS models were created using HEC-GeoRAS software, which is an
extension of ArcGIS computer package for spatial analysis. HEC-RAS Model has
been simulated for the flood values for S, 10, 30, 50 and 100 years including 25
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years retumn period. To run the flood simulation in HEC-RAS, the subcritical
drainage regime has been chosen, under the Steady Flow Analysis memu, :

which the "Compute" option has been clicked. The results have been displayed as
an array of cross sections of the corresponding river, which extends its active
surface, depending on the flow rate values. The verification can be made according

to each cross-section, individually, and the oscillation of the water level can be
observed on each section.

(h) Flood inundation mapping

Flood inundation mapping results are achieved by applying the water
surface elevations computed by RAS to the interpolation surface. The water
surface elevation surface is converted to a grid and differenced from the ground
surface to create a continuous depth surface. The result is positive where the water
level is higher than the topographic level and negative where the terrain remains
dry.

The flood depth map is an important output of the model showing the
vulnerability of the area by indicating the water depths (levels). The result shows
inconsistency in the flood water depths of the inundated area, which depends on
geometry, topography and the hydraulic conditions of the river. Generally, water
depth is higher along the main channel and lower at the floodplains. The depth of
water can be calculated by subtracting grid maps of water surface and terrain.

Finally, flood inundation mapping maps for different flood frequencies and
satellite data and Digital Elevation Model (DEM) have been prepared for the flow
value corresponding to the return period namely S5yr, 10yr, 30yr, 50yr, 100yr
return period. For the terrain information, HECRAS model incorporates DEM
only (Not contours), thus Cartosat DEM at 10 m spatial resolution was available
and procured from NRSC, Hyderabad, thereafter processed and used in the present
study.

After the timely completion of the report, NIH handed over the report in
November 2016 along with data to the irrigation department. Moreover, the
methodology was also briefed in the National Green tribunal (NGT), New Delhi
before the start of the work along with the representatives of the irrigation
department.

(Dr. . v, 1 pakuraiy

Scientist-E, NIH Roorkee
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Figure 6.8 Selection of layer setup 81
Figure 6.9 Select DEM under Grid type 82
Figure 6.10 | Cross section profile from DEM 82
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~ Figure 6.13 84
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Figure 6.15 Tributaries joining Uttarkashi stretch 86
Figure 6.16 View/Edit geometric data tool 87
| Figure 6.17 import U1 database in HEC sofi 87
rigure 6.18 | Insert and eait ueometric data 88
Figure 6.19 | Insert steady flow data 88
Figure 6.20 | Run for steady flow analysis 89
Figure 6.21 Water surface in different cross section 89
Figure 6.22 | water surface along the main channel 90
Figure 6.23 Export output results 90
Figure 6.24 | Water surface 91
Figure 6.25 | Flooded area (Blue colour) 91
Figure 6.26 | Flood depth 92
Figure 6.27 | Flood inundation mapping by automatic process 92
Figure 6.28 | Flood inundation mapping (after editing and corrections) 93
Figure 6.29 | Flood depth map in Haridwar stretch 94
Figure 6.30 | Flood inundation map overlaid on satellite data (Haridwar 95
stretch) (Post flood period, 2013)
Figure 6.31 Flood inundation map overlaid on Google Earth (Haridwar 96
stretch)
Figure 6.32 | Flood inundation map of Uttarkashi stretch for 5 year return 98
period
Figure 6.33 Flood inundation map of Uttarkashi stretch for 10 year return 99
period
Figure 6.34 | Flood inundation map of Uttarkashi stretch for 30 year return 100
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Table 5.3 (a) | Return period floods (Maneri site) 64
Table 5.3 (b) | Error statistics for L-Moment based distribution for flood 64
frequency analysis
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period flood. It was found that on both the banks, no built up land is inundated, and only some

agriculture land is submerged.

The flood value corresponding to 5, 10,25, 30,50 and 100 year return period for Maneri
and Gangori sites have been computed. The flood value corresponding to 25 year return period
has been taken as 979.75 cumec and 1045.32 cumec. As per the available discharge data, the
highest value of discharge is 1241 cumec on 17, 2, 2013 at Maneri site. This discharge value
was transferred to Gangori site and it comes out to be 1396 cumec. Flood inundation mapping
was carried out for 1396 cumec and also corresponding to 5, 10, 25, 30, 50 and 100 return period
flood values. For this flood value, it is observed that the flood is not submerging any area on both

the banks. The limitations and recommendations of the study have also been reported.

Viii
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Non-structural measures such as flood forecasting and warning, flood plain mapping,
flood hazard mapping, and flood plain zoning may prove to be quite effective in reducing
losses from floods. The concept of flood zoning recognises the basic fact that the flood plain
of a river is essentially its domain and any intrusion into or developmental activity therein
must recognise the river’s ‘right of way’. Flood-plain zoning measures aim at demarcating
zones or areas likely to be affected by floods of different magnitudes or frequencies and
probability levels, and specify the types of permissible developments in these zones, so that
whenever floods actually occur, the damage can be minimised, if not avoided.
Unfortunately, while all generally endorse this approach in principle, scant attention is given
to it in actual practice, leading to increased flood damages. The Central Water Commission
(CWC) has continuously impressed upon the states the need to take follow-up action to
implement the flood plain zoning approach. A model draft bill for flood plain zoning

legislation was also circulated by the union government in 1975 to all the states.

Embankments (including ring bunds and protection works) confine the flood flows
and prevent spilling, thereby reducing the damage. These are generally cheap, quick and
popular methods of flood protection and have been constructed extensively in the past.
These are reported to have given considerable protection at comparatively low costs,
particularly in the lower reaches of large rivers. In many places, embankments may be the
only feasible method of preventing inundation. Embankments are designed and constructed
to afford a degree of protection against floods of a certain frequency and intensity or against
the maximum recorded floods till the time of their planning only (in the absence of detailed
hydrological data for longer periods) depending upon the location protected and their
economic justification. The raising and strengthening of existing embankments have also
been taken up in many of the flood prone States. In order that this work is done adequately,
it is necessary to adopt the flood frequency approach in their redesign, taking into account
the data of historical floods. A number of committees constituted in various countries as
well as in India have deliberated upon the utility of embankments as a means for flood
protection. As experienced, some embankments have provided positive benefits by ensuring
sustained protection against floods and river spills while on the other hand, some
embankments in certain reaches of the river have aggravated the flood problem by rising
river bed levels, decreasing their carrying capacity, causing drainage congestion in the

countryside and distorting the levels/gradient of the outfall points.
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The scope of work in the light of objectives discussed above shall include stipulated

tasks under following heads:

> Calculation of characteristic flood discharges based on flood frequency analysis.
Tabulation of flood plain boundary limit in various cities/towns, villages in general
depending on desired waterway to pass the characteristic discharge.
Preparation of digital/GIS map showing the defined flood plain boundary limit which
shall be the guiding factor for any construction to the proposal near river banks.
Any other task necessary to achieve the objectives.

To achieve the above objectives, the methodologyadopted is given below in flow chart.
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The various steps used in the present study are given in the flow chart of Figure. 1.1.
The study area and data used are described in chapter 2. DEM analysis and generation is
given in chapter 3. The model used in this study is HEC RAS which is described in
Chapter 4. To obtain flood values at various intervals, the flood frequency analysis have
been carried out and described in chapter 5. In chapter 6, flood mapping and modelling
has been presented and the results obtained are given. In the last chapter 7, conclusions

of the study are presented.
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This data is available from 1997 to 2013(18 years) at Maneri site.
2.2.2 Satellite Data

In the present study satellite data are required before and after flood to see the effect
of flood. In this region, a flood occurred in June, 2013 therefore the satellite data used in this
study have been downloaded for two dates i.e. pre and post flood of 2013. The dates for
which cloud free data was available are 29/05/2( 3 and 16/09/2013. These satellite data for

botht :stretchesare own in Figure 2.4 and 2.5.

2.2 h: el ross tion

Channel cross section information refers to geometry and feature information that is
collected for natural stream channels at selected locations. This information is one of the key
elements of hydraulic floodplain modelling as it is directly used to assess the flood carrying
capacity of a channel. The cross sections can be taken either by field survey or from Digital
Elevation Model (DEM). The available DEMs are not at high resolution; therefore it was
decided to get the cross sections from actual field survey. For carrying out field survey, M/s
Satya Pal Singh was entrusted the task of preparation of cross sections through field survey.
The field work was carried by the above agency. Scientists from NIH also visited both the
stretches, Haridwar stretch in May and August, 2016 and Uttarkashi stretch in August, 2016.
The field survey for Haridwar stretch was carried out during May-June, 2016 while field
survey for Uttarkashi stretch was carried out after monsoon during September, 2016 by the
survey agency. Some of the cross sections have been provided by the sponsoring agency.
The locations of the cross sections for Haridwar stretch are given in Table 2.1 and for
Uttarkashi stretch in Table 2.2. The cross sections were drawn on the basis of field survey.
The location of cross section is plotted on Google Earth and also the photographs of the site
of cross section have been taken from the field. The location of cross sections alongwith
photographs are shown in Figures 2.6 for Haridwar stretch and in Figures 2.7 for Uttarkashi
stretch. These cross sections at regular interval are shown in Figure 2.8 for Haridwar stretch

and Figure2.9 for Uttarkashi stretch.

2.2.4 Digital Elevation Model (DEM)
As stated earlier also, topographic data, such as digital elevation models (DEMs), are
essential input in flood inundation modelling. DEMs can be acquired from many sources of

topographic information ranging from the high-resolution and accurate, but costly, LIDAR
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HA ER3:DEl ANALYSIS AN MODIFICATI™Y

The details of available DEMs have been given in Chapter 2. Some of the available
DEMs are not at standard vertical datum. Therefore, correction of vertical datum is required
to get the true values of elevation. The DEMs are not having good quality; therefore certain
modifications of the DEMs are required to get better results. All these aspects are presented

in the following sections.
3 I 'ORF N

Datum is a point, a line, or surface used as a reference in surveying and mapping. A
geodetic datum is a mathematical model of the earth used to calculate the coordinates on any
map. Simply put, a datum is the mathematical model of the Earth. All coordinates reference
some particular set of numbers for the size and shape of the Earth. The many countries use
their own datum when they make their maps and surveys--what we call local datums. There
are two types of Datum: Horizontal Datum for location and Vertical Datum for elevation.
Almost all maps and charts use mean sea level for elevation, but they might use any of over
hundred different horizontal position datum. Sometimes, a map will have more than one grid

on it. Normally, each grid is for a different datum.
3.2 CONCEPT OF GEOID

The Geoid is the equipotential surface of the Earth's gravity field which best fits, in a
least squares sense, global mean sea level. The Geoid is a representation of the surface of
the earth that it would assume if the sea covered the Earth. The Geoid is often described as
the true physical figure of the Earth, in contrast to the idealized geometrical figure of a
reference ellipsoid. It is that equipotential surface which would coincide exactly with the
mean ocean surface of the Earth, if the oceans were in equilibrium, at rest (relative to the
rotating Earth), and extended through the continents (such as with very narrow canals). The
Geoid surface is irregular, unlike the reference ellipsoid which is a mathematical idealized
representation of the physical Earth, but considerably smoother than Earth's physical

surface.

38

61



441

62



442

63



443

64



444

65



445

66



446

67



447

68



448

69



449

70



450

71



451

72



452

73



453

74



454

75



455

76



456

300

) (m)

1t

to
[o))
[an]

L

v T T T T T T T T T T T T T T T

0 250 500 750 1000 1250 1500 1750 2000
Locations

Figure 3.6Actual elevations and DEM elevations ( ridwar stretch)

12201 ]

1140

1120

Elevation (m)

1100

1080

1060 J| A LA S A S AR R E S IR RS B | J
0 25 50 75 100 125 150 175 200 225 250

Points

Figure 3.7 Actual elevations, Cartosat and SRTM elevations (Uttarkashi stretch)

52

a4



457

/8



458

mathematical way. These equations are based on three basic laws of physics, which are
the continuity of mass, the continuity of energy and the continuity of momentum. Flow
models simulate the flow through an open channel in a way that satisfies these basic

equations for open channel flow or simplified versions of them.

In one-dimensional flow routing, flow through the river channel and the
floodplains is treated only in ¢ longitudinal direc )n parallel to the conduit. Even
though in reality, the »wi n  al channel is never truly 1-D, these flow models were
found to deliver acceptable results for predicted hydraulic parameters in many
applications. In the 1-D HEC-RAS flow model, the geometry of the channel and the
floodplains is represented by a series of cross sections along the reach. In general, 1-D
models are subdivided into steady and unsteady-flow models. In steady-flow
simulations, a constant inflow is modelled so that the depth of flow at any specified
location does not change over time. In comparison to that, a discharge hydrograph is
applied as the inflow into the modelled reach in unsteady-flow simulations resulting in
changes in depth at specified locations over time. The appropriate choice between these

two basic approaches highly depends on the situation that is intended to be modelled.

Another relevant aspect that is important for the modelling of open channel
flow is the distinction between subcritical and supercritical flow. This distinction is due
to the fact, that for a fixed discharge, there is a critical flow depth, for which the specific
energy of the flow is at its minimum. The specific energy of a flow is defined as the
energy of the flow with reference to the channel bed as the datum and thus only depends
on the depth and the velocity of the flow. If the specific energy is not at its minimum, there
are two possible flow depths for a fixed discharge. If the flow depth is higher than the
critical depth, the flow is subcritical; if it is lower the flow is supercritical. A practical
distinction can be made based on the fact that in supercritical flow, a wave resulting from
any type of disturbance cannot propagate upstream compared to subcritical flow. In
consequence, water surface computations from one cross section to another are done in
downstream direction for supercritical flow and upstream direction for subcritical flow.
Situations in which both flow types occur in the modeled reach are referred to as mixed-

flow regimes.
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4.1.3 Cross-Section Data:
Cross sections are located at intervals along a stream to characterize the flow
carrying capability of the stream and its adjacent floodplain. They should extend across the

entire floodplain and should be perpendicular to the anticipated flow lines.

The data to be entered in XS editor is:
Station elevation data along the XS from left bank to right ban.
! n channel bank stations: eral distance (these distances are measured
pe 1 cular to the flow direction)
Roughness coefficient: for left overbank, main channel and ROB. Required for
friction losses between cross-sections.
Reach distance: reach distances for left overbank, right overbank and main
channel. These are measured along the direction of flow. These are indicative of
path of flow between cross-sections. X-sections that bound a junction should be
placed as close together as possible to minimize the error in the calculation of

energy losses across the junction.
4.1.4 Flow data:

Flow data represents the discharge conditions which would be run by HEC-RAS on the
prepared geometric file for analysis purpose. Flow data in HEC-RAS can be Steady Flow
Data or Unsteady Flow Data.

e To perform steady water surface profile calculations. The data consists of flow
regimes, boundary conditions and peak discharge information.

e Profile computations begin at a cross section with known or assumed starting
conditions and proceed upstream for subcritical flow or downstream for supercritical
flow. The flow regime (subcritical, supercritical, or mixed flow regime) constraints
the program to — above critical depth for subcritical regime; bellow critical depth for
super critical depth.

e Boundary conditions are necessary to establish the starting water surface at the ends
of the river system (upstream and downstream). For subcritical flow regime d/s end
boundary condition (BC) is required; for supercritical BC at u/s end is required. For
mixed flow regime, BC is to be entered at all the ends of the river. The BC can be

either: a known water surface elevation, critical depth, normal depth or rating curve.
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calculations are performed at each XS to compute water surface elevation, critical depth,
energy grade elevations and velocities. Output can be viewed as cross-section plots, profile
plots, stage and flow hydrographs, detailed table, summary tables, etc. The user can also

customize the output table to display the required fields from an array of options.
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distribution i.e. Gumbel’s extreme value distribution and Log Pearson type III distribution
were attempted by selecting peak discharge data.

The problem of flood frequency prediction i.e. estimation of the relationship between
the magnitude of peak flow and corresponding return period is a central one in the field of
applied hydrology. Attempts to solve this problem are usually based on (a) the analysis of a
record of peak flow data at the site in question and (b) use of previously established
relationship between the characteristics of other catchments in the region and the parametric
values of the corresponding magnitude return period relationship. The latter approach is
known as regional frequency analysis used for estimating floods at sites v ere there is a

very short peak flow  :ord or no record available.

52 + CASSUMP] ] OODFEF UENCY ANALYSIS

Three assumptions are fundamental to the flood frequency analysis. Those are:

Sample is Representative of Population:
Hydrologic data are mostly available as samples of limited sizes. Using statistical
principles we extract the needed information from the available sample data and
conclude about the characteristics of the population. Since any survey or any attempt
cannot exhaust all possible events of a variable, we assume that the sample is
representative of population.

Independence of Peak Flows:
We assume that that the sample of peak flows available is independent of each other and
they are assumed to be evolved from a purely random process.

Homogeneity of Peak Flows:
When a series of events arranged in time show no systematic variations in time (e.g., a
seasonal variation or an increasing or diminishing trend) so that we may say that the
probability of an event in a period (t) is independent of the location, the series is said to
be homogeneous The factors which affect the homogeneity of peak flows are the
development in the catchments over time such as deforestation, urbanization, flood
control works, earthquakes etc.

5.3 DATA REQUIREMENT

All the frequency analysis techniques are data dependent. An assumption must be
made of a theoretical frequency distribution suitable for the population events and the
statistical parameters of the distribution must be computed from the sample data. Annual

peak flood series is arrived at from the recorded flood peaks by picking up only one event
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M= Bo ...(5.4)
A= 2B - Po ...(5.5)
Az = 6PB2-6Pi+Po ...(5.6)
A= 20Bs - 30B2+ 12P1 - Bo (5.7

Hosking (1990) defined L-moment ratios as:

L-coefficient of variation, L-CV (12) = A2/ A ...(5.8)
L-coefficient of skewness, L-skew (13) = A3/ A2 ..(5.9)
L-coefficient of kurtosis, L-kurtosis (14) = A4/ A2 .. (5.10)

5.5ANZ YS ) ISC SSIONC F TS

Flood frequency analysis was performed using two frequency distributions: viz.
Extreme value (EV1), Generalized extreme value (GEV). Screening of the data, testing of
regional homogeneity, identification of the regional distribution and development of

regional flood frequency relationships are described below.

Annual maximum flood series has been extracted from the daily flow series of two gauging
sites i.e. Bhimgoda barrage and Maneri Bhali provided by the Irrigation Dept. In case of
Haridwar stretch, the data was available at Bhimgoda barrage. In case of Uttarkashi stretch,
the data of Maneri Bhali was provided which is upstream of the Gangori from where this
study has been carried out. The statistics of the two data sets have been computed and given
in Table 5.1. The catchment of river Ganga was drawn upto Maneri and upto Gangori. Now
the discharge values at Maneri have been modified on the basis of the area of catchment at
Maneri and at Gangori. After making these modifications, the flood frequency analysis has
been carried out. Flood frequency analysis for the annual peak flood series of the sites have
been carried out using L-Moments for various distributions. Performance of EVI and GEV
were found to be better than the other distributions, hence results of the EV1 and GEV
distributions are fitted on the annual peak flood series of the gauging sites. It is evident from
the tables that in most of the cases, GEV distribution has better performance in comparison
EV-1 based GEV. At site floods for the two gauging sites for different return periods are
presented in Tables 5.2 to 5.4.
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After applying NDWI through manual delineation, water features have been
identified more clearly. The flood inundation maps for Haridwar stretch are shown in
Figures 6.1. Similarly, the maps have been prepared for Uttarkashi stretch and shown in

Figures 6.2.

6.2 DR/ ICM' EIl 3

The flood inundation mapping for this study was done with ArcG 2C-GeoRAS,
and :C-RAS. The methodology used in the present study consists of three steps: (i) Pre-
processing of geometric data for iC-RAS, using HEC-GeoRAS; (ii) Hydraulic analysis in
HEC-RAS; and (iii) Post-processing of HEC-RAS results and floodplain mapping, using
HEC-GeoRAS. Geometric input data for HEC-RAS models were created using HEC-
GeoRAS software, which is an extension of ArcGIS computer package for spatial analysis.
The procedure applied and results obtained are presented in the following sections. This
procedure has been applied for both the stretches but the detail is given for Haridwar stretch

in the following sections.
6.2.1 PREPROCESSING

The pre-processing stage consists of the creation of attributes for layers that will be
exported from ArcGIS, into the HEC-RAS software, and they will build the geometry file.
The HEC-RAS Hydraulic Reference Manual provides the following general guidelines

for the placement of the cross sectional cut lines along a reach (HEC, 2010):

o Cross sections are required at representative locations along the modelled reach
and at locations where changes occur in discharge, slope, shape or roughness.

e Cross sections should span across the flow channel and the entire floodplains.

e At locations where abrupt changes occur in the channel geometry, cross
sections should be placed close enough to describe the changes accurately.

e Cross sections should be placed perpendicular to the expected flow paths in

the channel as well as in the left and right overbanks.

As mentioned earlier also, the cross sections have been generated through field
survey. Main stream line or center line, bank lines, flow paths and cross section XS cut-

lines have been created using HEC GeoRAS. Here, flow path represents a set of lines along
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6.2.2 Hydraulic analysis

After the project has been made, it is exported from ArcGIS into the HEC-RAS
software, and in the Geometry Data menu, verification has been made, regarding the quality

of the data.

Flood frequency analysis for the two stretches has been carried out and results of the
flood frequency analysis are already presented in chapter 4. In Haridwar stretch, the
discharge data is available at I imgoda barrage, the starting point of the stretch. There are
three tributaries which are joining main stream on the left side as shown in Figure 6.14. The
area of the Ganga River at Bhimgoda barrage and three tributaries are given in Table 6.1.
On the basis of drainage area ratio method, the value of three tributaries has been computed
corresponding to the discharge of different year return periods. The drainage-area ratio method
is based on the assumption that the streamflow for a site of interest can be estimated by
multiplying the ratio of the drainage area for the site of interest and the drainage area for a
nearby streamflow-gaging station. The values corresponding to 25 year return period are
given in Table 6.1 and these values have been impinged at the respective locations.
Similarly flood values corresponding to other return periods S, 10, 30, 50 and 100 years
have been computed.

In case of Uttarkashi stretch, the discharge data was available at Maneri and the
study stretch starts from Gangori town just after meeting with Asiganga. The area of these
two sites have been computed and given in Table 6.2 and shown in Fig.6.15. In this stretch
two tributaries are joining the river Bhagirathi. The Indrawati river is joining upstream of
Joshiara barrage on left site while river Varuna is joining after Joshiara barrage on right
side. The area of these two streams have been computed and given in Table 6.2. The value
of discharge of the two tributaries have been computed for the all the returns periods 5, 10,
30, 50 and 100 years and given also in Table 6.2.

Computation engine of HEC-RAS is based on the solution of the one-dimensional
energy equation. Energy losses were evaluated by friction (Manning’s formula), contraction,
and expansion. Selecting the appropriate Manning’s » value is very important for accurate
computation of water surface profiles. The value of Manning's » is variable and depends
upon a number of factors including: surface roughness, channel irregularities, channel
alignment, size and shape of channel, scour and deposition, vegetation, obstructions, stage
and discharge, seasonal change, temperature, suspended materials and bed load

(USACE,2002). The n value decreases with increases in stage and discharge. When the
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Open HEC RAS software and click on View/Edit geometric data tools. The window
is shown in Figure 6.16. Import all data created from Arc GIS software using GIS format
under Import Geometry Data tool from file option (Figure 6.17). Manning’s n value has
been inserted at every cross section (Figure 6.18). Steady flow data boundary conditions
have been selected for this model (Figure 6.19). Then model has been run in the steady flow
analysis, but saved the file as Plan before running the software (Figure 6.20). The output
results at different cross section (Figure 6.21) and the water surface along the main channel
(Figure 6.22) have been obtained and checked. The results along with surface elevation are
given in able 6.3. All output result has been exported in Arc GIS for flood inundation

mapping (Figure 6.23). Flood inundation mapping is presented in the following section.

6.2.3 Post Processing - rod inundation mapping)

Flood inundation mapping results are achieved by applying the water surface
elevations computed by RAS to the interpolation surface. The water surface elevation
surface is converted to a grid and differenced with the ground surface to create a continuous
depth surface. The result is positive where the water level is higher than the topographic
level and negative where the terrain would remain dry.

Flood depth map is an important output of the model showing the vulnerability of
the area by indicating the water depths (levels). The result shows inconsistency in the
flood water depths of the inundated area, which depends on geometry, topography and
the hydraulic conditions of the river. Generally, water depth is higher along the main
channel and lower at the floodplains. The depth of water can be calculated by subtracting
grid maps of water surface and terrain. The methodology and results of both the stretches
are given below.

Haridwar stretch

The water surface elevations corresponding to 5, 10, 25, 30, 50 and 100 years return
period obtained using modelling are given in Table 6.3. The water surface elevations are
also shown in graphical form in Annexure-1 corresponding to flood values corresponding to
all return periods. The water surface values corresponding to 25 year period have been .
interpolated for continuous surface (Figure 6.24) in Arc GIS. Elevation value has been
subtracted from water surface value to get the flood inundation area (Figure 6.25). Positive
values have been considered as actual flood depth (Figure 6.26). Flood inundation model is

also available in HEC GEO-RAS in Arc GIS software for automatic process (Figure 6.27).
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four sections and these four sections are shown in Figures 6.31. The total flood inundation
area and depth wise inundation areas are given in Table 6.31. The area under river and
flood inundated area comes out to be 124.98 km?and out of this total flood area comes out
to be 59.42 km?. The flood inundation maps of other returns periods have also been
prepared and shown in Figures 6.32 to 6.36 for 5, 10, 30, 50 and 100 year return period
respectively. 1 2 inundation maps have been ove id on toposheets and shown in

Figures 6.37 to 6.42.

In Utta ashi stretch the details of cross sections and flood values have been
presented earlier. The discharge data for the Maneri site was provided and on the basis of
area ratio method, discharge at Gangori site has been obtained. The flood value
corresponding to 25 year return period for Maneri and Gangori sites are 979.75 cumec and
1045.32cumec. As per the available discharge data, the highest value of discharge is 1241
cumec on 17", June, 2013 at Maneri site. This discharge was value was transferred to
Gangori site and it comes out to be 1396 cumec. The flood value for Gangori site was taken

as 1396 cumec.

The procedure as described for Haridwar stretch has been followed for this stretch
also. After simulation, the water surface elevations have been obtained and given in Table
6.5 for Q values corresponding to different return period. The water surface elevations are
also shown in graphical form in Annexure-II for Q values of 1396 cumec. For this value,
water surface elevations and the flood inundation maps have been prepared using DEM. The
DEM was not available at a high resolution, therefore the flood inundation maps was not
presented well using this DEM. Therefore, water surface elevation was marked at each cross
section and these points on cross sections were joined to get the flood inundation maps. The
flood inundation map of this stretch is shown in Figure 6.43. The flood inundation map is
also overlaid on Google map and shown in figure 6.44. The map on Google earth is further
shown in three sections in Figure 6.45. From the graphs shown in Annexure II for different
return periods (cross section from right to left), it is evident that for values corresponding to

all the return periods the flood is within the banks.
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Figure 6.32 : Flood inundation mapping for 5 year return period
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Figure 6.34 : Flood inundation mapping for 30 year return period
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CHAPTER 7: CONCLUSIONSAND LIMITATIO! 3

7.1 CONCLUSIONS

Determining flood zones for water streams is very important part of the process of
preventing and reducing the negative impacts of floods. The main task of the present study
was to determine the flood hazard areas (floodplains). Flood frequency analysis of peak
hydrological data yielde the return periods of each major peak discharges and the
magnitude and probability of occurrence of flood peaks of specified return periods so as
to help preparedness to cope with such peaks. The present study has been carried out by
integration of GIS technology with computer based flood modeling technique to identify
flood inundation areas. Hydraulic modelling using GIS technique proved useful in
simulating flood water depth and inundation areas for various return periods in the study
basins. HEC-RAS model was applied to assess flood inundation corresponding to peak
discharge witha return period of 25 years for the study areas.

The flood inundation maps in this study have been prepared for the flow value
corresponding to return period of 25 years and this value is 11654 cumec for Haridwar
stretch. The flow value corresponding to the flood of 2013 (June) was 11541 cumec. These
two values are very close. Hence it can be seen that the post flood map of 2013 represents
the map corresponding to 25 years return period flood. The flood map obtained in this
study is matching more or less with the flood map produced using satellite data. The area
under river and flood inundated area comes out to be 124.98 km? and out of this total
flood area comes out to be 59.42 km?. The flood inundation maps have also been overlaid
on Google earth maps. All the maps are shown in previous chapter. It was found that on
both the banks, no built up land is inundated, and some agriculture land gets submerged.

The flood value corresponding to 25 year return period for Maneri and Gangori sites
have been taken as 979.75 cumec and 1045.32 cumec. As per the available discharge data,
the highest value of discharge is 1241 cumec on 17". June, 2013 at Maneri site. This
discharge value was transferred to Gangori site and it comes out to be 1396 cumec. The
flood value for Gangori site was taken as 1396 cumec. Flood inundation mapping was
carried out for 1396 cumec. For this flood value, it was observed that the flood is not

submerging any area on both the banks.
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. If possible a LIDAR surveying and cross sections from LIDAR data is
recommended. It has been reported in the literature that LIDAR collected data
produce more accurate results. Even with LIDAR data it is still necessary to do
surveying within the river in conventional ways in order to incorporate the river

channel cross sections results into analysis of LIDAR data.
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347 719 0.615 Y - ~ea—
348 7714 0.615 B - —T—
349 77 /1R 0.615 EAi - —8d~
350 43 /4 0.615 R - -
351 7T/1® 0.615 T - ~dde—
352 43/4% 0.200 Y - — -
353 81./1,/48 0.686 Eat - -~
354 81,/1 /374 0.650 Eaid - —Tag--
356 77 /19 0.650 B - —-
356 81/1/37m™ 0.650 oy - e
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as7 a1/ 173 0.650 Bl ~TaY—
368 /1 0615 @Y --TE—
369 81,/1,/374, 73/ 267 0.6150 B ~qdg-
360 719, 779 0.6150 B ~a-
361 81/1/377 0.650 B ~aRa—
.362 81/1/379 0.636 fy —qeg—-
363 81,/ 1/37% 0.650 iy R
364 a1/1,/379 0.650 En -G~
85 77/ 1 0.650 E e ~ T
366 81,/1,7374 0.650 ] ~T4g~-
387 a1,/1 /379 0.650 By ~TET-
368 a1,/1 /874 0.650 Eai ~E~
369 77720 0.409 B ~qag—
370 67 /&% 0.615 B ~qRa-
a7 73, 78 /19, 77 /1% 6.6210 iy ~TE—
372 77,/ 19, 77,/ 39 0.6150 Y —T
373 81,/1/25 0.686 =Y —Taa-
374 81,/1/3r% 0.650 Bk —Taa-
75 7771 0.650 B ~Ta-
are 81 /1/31% 0.650 iy —~ta—
377 714 0.650 LR -~
a78 77718 0.650 iy A
379 81 ,/1,/319 0.650 B —ad-
380 81,/1/379 0.650 P ~adE-
381 a1 ,/1,/87M, 77/ 3% 1.2650 B —Tg-
3az 80,/ 19 0.650 FN -
383 719 0.615 B ~T-
384 63/ 17 0.615 iy —qga-
385 TN, 77/4W 0.6150 B A
386 719, 70% 0.6150 Bl ~eE-
287 81,71, 377, 76 /39 0.6150 By —~qa—
368 a3 /4% " 0,409 By et
399 81/1,/3m% 0.686 By T
390 81,/1/3m 0.650 EoL] ~adg—
381 81,/1/5% 0.686 Y e
392 81,/1/11 0.686 Lot ~dag--
393 81,1 /379 01.686 B2t ~q_d~
394 81/1 /a7 0.650 B ~TRE-
Y 77/ 0.650 Hh ~FRT~
296 ST/ A 0.650 oy ~4g-
397 81 /1 /310 0.500 EHE -
Y 81,71 /574 0.650 By Y-
399 81,/1 /374 0.650.. g —aa-
400 80,/ 14 0.650 E —e-
401 77/3 0500 T —q%T-
202 81/4, 71 /17 06150 ] -
403 69,/ 19 0615 Eid ~5¢g~
404 69,/ 14, 81/1,/37 " 0.8200 By ~ada-
405 714 0.409 iy ~Tia-
408 §1,/1,/374, 73 /69 0.6150 Euk] ~qeg-
407 81,/1,/379, 73,/ 269 0.6150 B ~ -
408 74/ 1 0.615 EAi —waa-
a9 77 /1% 0.615 B ~ada-
210 80,71 71 0.686 Y ~ T~
411 g1/1,/374 0.650 By —ad-
412 81,/3, 77 /1% 0.8490 T ~TET-
413 g1/ ,/37% 109 0.6150 @l -
414 81,/1,/ 31% 0.650 fe —Td-
415 171712 09530 iy ~ea--
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416 8t/ 1/arm 0.686 EL] ~E-
497 81,/1/370 0.686 Bk ~ e
438 81/1/377 0.650 o -
419 81/1/874 0.650 7y —eRE—
430 81/ 17379 0.650 @y —Ta—
421 81/1,/3m4 0.650 Bk — AT
422 81/1/37% 0.500 Bk —Ea—-
423 81/1,/379 0.650 Eitl ~ R —
424 72,25 0.615 oy —dea-
425 81/1/379, 71 /1% 0.6150 Y G
426 69,/ 19 0615 - oy L
427 a1,/1 /379, 73/8, 13/ 264 0.6150 EE) 8-
428 71 0.615 % ~ TG
429 7773 0615 Pk —E-
430 65,/ 1, 74 /11 0.6340 Eni ~E—
431 717, 73 /18, 73/43, 73 /42 0.6670 Eil a9~
432 76,/ 19, 76 /3, 77/ 12, 10 0.6040 iy T
433 81,/1/37% 0.650 HR -
434 81/1/37, 73/ 26A 0.6150 B —aRT-
435 7 /22, 77723 06140 By —GNT—
435 799 0.686 iy ~TE-
437 799 . 0.686 Bl ~qT-
438 81,1 /379 0.636 TN LTS
438 81 /1 jarw 0.650 iy —wéa-
440 81 /1,977 0650 E) -
441 81,/1/3r4 0.650 BTk " e
442 76/148, 77 /12, 77 /15 0.5630 oy —Teg—
443 77/ 0.650 EALl —ax-
444 g1/ 1/ 38 0.650 ErE ~TRY-
445 77 /% 0.650 Y -
246 g1 /1/3r% 0.650 Yy Rt
447 81/18 © 0.410 B3t e~
448 81/1 /374 0.650- ) o
449 89,/ 17 0615 Elid R
450 69 /14 0615 Y —e-
451 81/4/37m 749 0.6150 . Eaiy ~iFaT-
452 81/1/379, 77,/ 0.6150 Ik — -
453 81/1/37% 18/ 14 0.6150 . @Y ~ -
454 77/ 17 0615 Ekl ~Hen-
455 81/1/579, 66 /1% 0.6150 e -
456 43 / 4% 0615 EaclE R cEe
457 61/1 /974, 17/ 0.6150 3 ~TRe—
58 81/1/378, 11% 0.6150 Eii —eg-
459 7/ 1% 0.615 Y -
460 75798 0,615 Bt ~g-
461 8174/ 37H, 76/ 11 0.6270 3y ~TaY-
463 374 0410 7t —E-
463 704 0500 iy —TRa-
“ag4 89,/ 19  0.615 Ekd - R
485 77/ 3% 6,615 B e
466 74,/ 147 T 0.615 Bk —ai-
467 81,/1,/ 27 ~0.686 Eais —t-
468 81,/1/3m8 0.686 Ak —aT-
469 69,/14 0.615 Bt —aae-
470 81,/1 /379, 737269 0.6150 iy e
471 81,/1 /379, 1iv 0.6150 B ~qde-
472 81,71 /374, 73/8, 71,/43, 73/ 44, 0.6190 oy ~Gat-
73 /45
an 81/1,/87%, 71/1% 0.6150 Ei ~ e
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474 81 /1,574 0.686 Bk - ~TRT-
476 81/ 1/ 9790 0.650 iy - ~uda-
476 66 ,/1 0.410 EaLl - -~
277 B1 71,/ 378 0.650 By - -
478 81/1/3m% 0,686 i - R
279 43 /47 0.123 oy - —ady-
480 81./1 /379 0.686 e = e
481 81,/1,/370 0.685 By - —TTRd-
2a2 81,1 /374 0.686 EL] - ~Tea-
483 81,/1,/3r7 0.650 EaL] - T
464 63 / 1% 0.650 i -~ ~RR-
455 81/1 /877 0.650 T - ~qea--
) 81/ 1,374 0.650 - - ~ TS
487 81/1/574 0.650 iy - -
"488 a1/1,/ar 0.650 B - R
459 81,/1,/97% 0.650 N - ~eE-
290 81 /1,/37% 0.650 BT - ~TA-
491 81,71/ 57 0.650 T -~ g
492 81,717579 0650 Y - —aaa--
493 77/20 0,409 EAL] - —qg-
294 68/ 11 0.650 g - —HT-
435 51,2 0.500 B - ~—
496 8171 /574 0.500 TR - i
497 81 /17374 73/8 0.6150 it - —dE-
498 4t/ 1,/ 37, 73 /264 0.6150 i - —d%-
499 7% 0.615 E - -
500 81/1,/37%, 719 0.6150 Y - ~T—-
501 81/1/374, 73 /260 -0.6150 B - —aag-
502 71, 73/ 267 0.6530 Bl - TN
503 81/1/37%, 73 /267 0.6150 B - a0~
504 81/ 1,/37%, 719 0.6150 Y - —T-
505 81/1/575, 78 /19 0.6150 i - -
508 81/+/37%, 78 /1A 06150 L] - ~qa-
507 78 /19 0.615 HE — ~Fag—
508 - 75 /97 0415 iy - ~Haa-
509 81/1/374, 61,/3, 62,2, 66,23 0.6740 Ty - AL
510 74/ 119 0.615 oy - ~Tad—
511 74 /117 0.615 Y - -
512 71, 73 /46W, 73 /43 0.6350 Bt - —a4T-
513 62/3 635 iy - ~Tad-
514 43 /4 0.615 G - ~-i14-
515 70% - 0.410 Y - -
516 B1/1,/37%, 78,714 06150 Eid = -~
517 &1 /1,374 0.650 iy - ~a-
S8 |72/6, 72795, 72,75, 72 /20, 72 /25| 0.6150 GfY - -
519 - 77 /4 L0615 By - -
520 69,/ 1% 0,599 B - -
521 81/1/374, 18 /119 0.6150 Eak - -
w22 77 /99 0615 TR - -
523 7274 /29 0.650 Y ~ —aT-
524 80 /1 /17 0.686 Y - ~T
525 1/9 0.410 Ny = e
526 81,/1,/378 0.650 of - ~aT
527 72/1/ 29 0.686 By - —aRa-
528 40 /1/ 32 0.686 iy - ~RR-
52g 1/8 9 0.717 Bkl . —a3g—
| 520 80,/ /14 0.686 Bt - —aae-
531 72/1/2 0.686 i - ~aRa-
532 72/1/28 0.650 B - -~

«
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799, 80,/ 1/32%, 80 /156 & 17, 72 /3

S ZYEVEL 0.650 My — ~Fa—
~sa 43,/59, 44 / 20 0.5120 iy - -
555 7271,/ 2% 0.630 iy - T
536 72/1/%9 0.650 iy - —ate~
5a7 72,1,/ 24 0.650 EE] -~ ~ T
538 72/1/2% 9.650 [y - -~
39 72/4 /24 '0.650 Y — T
540 72/ /29 0.650 i — ~TeE—
541 72 /4 /29 0.650 R - —gda—
542 - 3/4,3/5 1.0560 oy - —Ied
543 80,74 /25 0.686 gy - -
544 “80/1/29 0.686 G - —Tg-
645 /89 0.717 Ciis - —TaT-
546 72/1 /2% 0.650 B - ~T-
T et 72/ /2 0.650 i - —wa -
548 72/1/2% 0.650 Ensd - —TRe—
549 80,/ 1/32 0500 Ik - ~aa—
550 72,/4 /2% 0.650 iy - =
551 - /70 0.256 B - —dE-
552 72 /1 /28 0.650 By — ~TRg-
553 72/1/28 0.650 Y — ~aqu—
554 BO/1/4 1.024 e - e
555 Bo/1/18 0.686 R - ~qaa-
558 B0 /1 /329 0.650 it - -
557 797 0.630 Ea . ~a-
558 7aw 0.500 oY - —Ra-
559 80/1,/32 0.500 Bt - T
560 72 /1, 2% 0650 il - —TRg—
581 72/1/2% 0,072 Y - ~Ta-
562 - 80,/ 1,/2% 0.277 iy - ~Rg~
563. 80 /1,/5 1024 P - T
564 72/1/W 0.630 @7 - T
565 72/4 /2% 0.650 R - -~
566 80,/1/27 _0.686 . BN - eI
567 - 72,74/ 0.650 R - T~
568 72/1 /24 0.650 By - -
569 72/4 /2 0.686 P - -
570 72/1/29 0.650 iy - ~aT--
574 T 80/1/11 1024 il — -~
572 80,/1/329, 86 /10. 80 /15 /16 0,6140 R — ~ TG~
573 80/ /7 1.024 S - —ed -
574 sa/1,0. 1.024 Y - ~de-
575 BO/1/26 0.686 B - ~T3e-
576 72/1/289 0.650 Y - —aa-
577 B0/ /19 0.686 B - ~ T
578 72 /1 /28 0.686 Bk - ~TE-
579 80 /1,/82 0.650 R - ~Te-
530 72,/1/2% 0.650 Y ~ -
581 72/1/ 2% 0.650 Bt - ~ T~
682 75 /12 0.512 Y — e
563 60 /7% 0.686 Ty - T
584 1/10 0.205 EAL - ~a3-
505 | 1/13, 1147, 3/20, 43/59 66/2,| 34490 Y - ~eF-
56/4, 56,/5, 56,/ 6, 86 /10, 707,
7AH, T3 /1, 73/2, 73 /269, T4 /11,
75/9 75/16, 75 /17, 15/ 18,
77 /5%, 79 /1%, 81/1,/877%,
586 66/4/1, 67 /7, 67 /8, 72 /1 /29, 67.3990 Eal - ~TT-
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87 60,1 0.583 B ~ —ea—
588 12/5.22/3, 23/1 1.1270 7fg - — -
589 80/1,/12, 66,/25, 75/ 14, 80 /13, 4.7020 Bt - —TE—

80 /9, 66 /26, 66/4 /2, 73 /267,
72/22, 75 /10, BB /27, 73 /47,
80 /14, 66 ,/9, 8076, 80,/1 /13, 71,5270
75 /13, 1,/14, 22/4, 713 /35, 75/ 11,
76 /16, 77 /11, 66/37, 717/9,
80/8, 17 /7. 66,/29, 73/38,
a0,/1/3, 75 /15, 72/1 /1, 80 /12,
74 /14, 80 /1 /1, 81 /18, 712 /1 /29,
79M, 72 /1 /29, 19¥, 8o /1 /329,
T2/1/729 12/1 /29 T2 /4 /2W,
80/1 /24, 72/1/29, 72 / 24,
80,11, 80/ 1,/329 a0/ 1/ 32%
72/1/2R, 12/1/9R, 12 /1 /27,
72 /1 /29, 80 /1 /32%, 80/ 1/ 32,
80/t /329, 80/1 /28, 80/ 1,/329,
80 /1 /32%, 72/1/2% 794,
72/1/20 72 /1/29, va /1 /29
72/1/ 29, 80/ 1/89 798, 7979,
TT/14, 801 /324, 12 /1 /29,
80/1/10, 80 /1 /329, 72 /1 /29,
72/1 /2% 80,/1/30%, 80 /1 /21,
80/1,/22, 80,/1/324, 72 /239,
77 /13, 799, 80 /1 /15, 60 /1 /16,
80/1/21, 80,/1,/26, 90 /1 /ar%,
BO/ 1 /23%, 60 /1/6, 80 /1 /37,
80,/ 124,
) 61,/1 0.102 g qfH
T AGE qEEd | 192 188/t 0.8440 L - s e
TREEH 193 174, 3687 £,9020 fr - wmr e
%
104 219724 /27 0.4100 oy - Bty AT
105 219/24/8 0.4100 R - A
106 219 /24 /22 0.4100 Gk —- TEFI AT
107 219,/ 24 /563 0.4100 Yy — i e
108 219,/ 19 2.4590 Eit - Hpi iR

109 289, 292, 293 1.2190 B - ATy AR
310 50, 51 £.3480 Ciil - Wi R
111 75/1, 76,/ 14, 101 /% 0.4480 By - HAHUR SRR
112 193 /1, 20974 0:5940 Y — T PR
116 4 0,7990 By c - HHTAR T
117 48,/5, 74 06560 e [T - T a e
124 25/3, 26,/2, 91/3 0.7070 mﬁf — W"ﬂ‘q ey
125 118, 417 1.1170 Ei - Wl ARy

RE 219 /24 /65 0.4100 %y - iR o

127 219 /24 /57 0.4100 Y - R R
128 218,/24 /72 0.4100 Eatl — HHI R
129 27/4/4, 218/11,71, 314 71 /8, 6.4330 Eail - S e

381 /10/5

-130 _ 154 0.5840 o - - RiEt TR
131 47/3,49,/2, 49,73, 187, 383/1 | 26320 EAL] — el eI
132 55/2 49 /15 T 0.2450 i - . HEAG HEER
132 Ve 0.2660 o] = el g
134 213 /5, 221, 325, 326 16810 Y - ST e
135 49/ 20 0.2050 Ty - WP Ry
136 212 /1, 47076, 183 /2, 967 /2, 17380 Bl — warmha AR

368,/ 4 ‘

a7 47 /2, 47/ 8672 0.5640 By - wEpol YRR
138 163 /7] 0.3280 Eal - HpAY HRT
139 a7 /2 0,1640 i — TP R
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140 218,710 ‘ 0.9390 Eb] ~ WP R
143 3702, 371,/2, 380 /4, 381 /1 3.7480 iy — oY AfRR
144 230 0.6356 Bk — | v PR
145 92/2/3 1.1780 i - WP AR
146 218 /24 /9 0,400 G - weHE e
147 219 /24 /10 , 0.4100 L - HEHT i
148 219 /24 /24 0.4100 i - FEHHUTG AT
149 219 /24 /37 0.4100 e -~ wraita e
150 217 /3, 217 /5, 366 /2 0.8310 Eab - . i
151 184 0.2050 iy - T PRR
152 388 /1 0.5430 Eiii — FEFAWR A
153 381,/11, 382/5 2.2740 Y — AT
154 175,77, 178, 188/2, 41/1,/2 a8/1] 110100 e - T T
155 163 /134 0.1950 Y - O PR
156 125,/ 4 | o320 Pl - wpeia e
157 125 /5% 0.2020 o - HeTNG AR
158 - | 191, 196, 197, 198, 204 /102, 368 /6,]  6.1850 iy - wEAE AR
. 73 /2, 351/3¥ '
159 569 - 0.0120 iy - ARy FrRR
160 307 /1 05500 Pie ~ wPHeR YRR
163 238,/2 03380 B — .| deEi e
164 235,72, 332 /3, 353/2, 353 /3, 355,  3.8170 iy - g e
353, 354 /2, 370 /8¥9
1 217 /7, 83274, 358,71, 359, 360 /1|  1.3720 ErL] - HHAN AN
1 113 0.4710 oy - el R
Y : 52 0.4520 Y — Y e
18 228/ 2, 272 /1 0.3480 i - wEY
20 218 /24 /4, 218724 7 6 . 0.8200 R - Tl e
21 140, 141, 143,71 07990 iy - Wi AR
2 42 05220 iy —~ wAi PR
28 144 /1, 145 /1, 155 /2, 163,/ 10, 328, 1.8230 f - wpHT e
49 /12, 218 /%
24 142 1.0040 fe - B SRR
25 | 182,71, 200,83, 211,/2, 368 /2. 30910 C - RO e
: 200 /6
26 36 0.2360 Tl - - wmA R
27 " 163 /12, 166,13 06150 Y - HBHG R
28 151 13620 ELil ~ TR R
29 76,73, 100 /3, 76 /3 . 02250 Y — FHANG HRER
3z 218,/20, 220/, 125/1, 226/2 | 10100 Eai - HAA R
R 381,/9, 382/4 23570 iy - i e
R 150 /10 0.1020 B — | e e
| 27, 43; 105 131540 Ei - i
a8 21g /24 /30, 218,/24 /49 0.8200 Y - SR B
ag i 219,/ 107 1 o230 wfy - THHI YRR
a0 120/2, 193 /3, 200,/8, 49,22, 1.1780 R - WP PR
219/8
59 150,72, 214, 216, 21776 | 19560 it - WY RN
52 83 » 0.4000 Y — TR R
53 | 232 /1, 288, 307 /3, 518, 320, 39956 Ty - I R
358 /29, 360 /2, 3611, 266,/2 : _
55 161 0.3480 iR - wTiE B
56 49/18 05530 EoL] - wpne R
57 165/ 14, 165 /15, 167 /2, 166, 22440 g - WU R
169,71 171,/2, 167 /1 )
56 47 /13 05120 iy - wepeaita e
59 382/ 1 _ 0.8190 R - s R
60 47 /6, 48,/4, 165 /4, 165 /17, 2.7300 Bt - wp Y
165,/ 18, 283 /7
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64 46/2, A7 /14, 8/2, 49 /11 0.8700 - EAl - WETOY YPRR
62 351 /3 06150 iy - WHermolta yfRerR
63 203 0.3380 Eat — wHaohT it
& 216 / 47 0.0410 il - Sty e
65 2 0.4300 Ei - weviy Y
74 163 /7 0.3280 E — Ao PR
72 35, 6a, 85, 148 47120 T Z W R
74 218/8, 338 /1 0.2620 il - BRI R
75 137, 162 1.6200 i - ST AR
. 409 48 /5, 245/ 4, 245 /5 2.8480 e - R e
410 20/2, 274/2 0.0410 R - ey G
411 351 /1 0.615 Y - wprira it
412 1807, 351 /4 1.8340 & - W
a3 12, 38, 67, 96,4, 16379, 200 /7, 6.2280 B - wwaha e
22/2, 242 /3, 218 /7, 218,/7, '
218 /9, 322, 370, 381, 382
214 219 /2 /24, 165720, 220 /4, 46 /4, 4.0480 i - TG e
167 /3, 167 /4, 165 /26, 200 /12,
a7 /15, 165 /23, 219/ 24 /57,
165 /22, 129 /2, 162 /19, 49 /5,
147 /2, 322 /9, 47 /18
204 %0 1.1880 Bt — el AT
205 219 /13, 220 /8 0.5630 iy - HEERy HfRET
208 338 /2, 347 /1 0.2660 iy - A R
200 219 /21, 282 /2, 358 /3, 361 /2, 2.9500 B - WA JfFE
362 /4, 372 /2, 374 /1, 379 /4,
380 /1
198 368 /3, 47 /19, 165 /71, 1.5270 Bl - wrReTY T
219 /24 /24, 367 /3 '
198 158 /2, 47 /13% 0.8710 i - EHHT YRR
198 121 0.9830 iy - HgrToTrE e
97 75,2, 76 /2, 100,2, 223 7 4 0.3650 Cats — MR R
190 219/24 / 40, 47 /3%, 49 /67, 1.3840 Y - HepmAT R
219 /24 /62 .
191 49 /19 0.3380 Y - HFEolg A
192 299,/2, 300 /1, 301 / 4% 0.3890 W - A IR
188 350, 353 /1 0.5020 EALT ~ wEA R
189 A7 /139, 193/2, 219./24 /29 1.1270 Eat - wER YR
182 317 /1, 317 /2, 322 /1 0.6350 iy - BECE T T
183 219 /24 /a4 0.4100 S — il ] ‘iﬁﬂﬂ
184 270 - 05630 e - g qeR |
181 218 /24 /70 0.4100° iy - AU HRe
178 219 /24 /7 0.4160 i) — -'ﬁ'iﬁqﬁh’ﬂ AR
[ 479 219,724 /34 0.4100 Eil = Hoha SR
180 219/24 /20 0.4100 EiL - A R
185 189,/3%, 190 /34 1.1030 iy - it e
166 233 /2 0.4920 T - Tepeg
167 188 /39, 190737, 23574, 27372, 1.3660 Eil - wpaE qFER
274 /313, 205 /29, 307 /1W, .
354 /2H, 370/89
168 163 /138, 219 /24 /36 0.8200 By - WY AT
169 163 /138, 219 /24 /35 0.8200 LAk - HF AR
170 747 73, 254 /1 02870 oY = P e
174 175 /3, 175 /10, 175./11, 176, 185, 3.0720 MY - HERy YRR
186, 164 .
175 219 /2 13720 B - T YRR
176 46 /4, 218 /12. 291 /7W, 0.9730 F - Hep I AR
219,/24 /76 .
177 219 /24 / 19 0.4100 A - A YR
76 114, 123714, 128 /1, 185 /2 1.5990 Y - i YR
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77 219,18/, 218 /18/2 17930 Bt —- HeERviE HFER
78 56 0.1640 g - WP e
79 234 /1, 285 1 0.6660 iy - S e
&1 33, 181/2 1.7000 Ty - wEr R
g2 378 /510 1.7210 Y - Hwrmeiy HfeR
83 245 /3, 307./4, 322 /4 0.5640 il - wHAVHT AR
B¢ 40, 101, 220 /1 0.6050 Y - T O
85 133,71, 136, 187 /2, 15775, 163,23 ] 24590 HY - i qfer
86 181,71, 163 /3% ~ 0.3590 EAi] — WFEIY R
87 357 /2 .4000 Y — WEHRTE HER
a8 219 /24 /1 8.4100 ] - ARG RN
8% 159,/3/7 1.3730 ETe - METE R
80 159 /2 0.5430 i - A R
a1 219 /24 /16 04300 Eriid — HpAha e
92 219,24, 25 0.2050 Y - Wi R
a3 210 /3 0.8710 oL - AT HRER
93 150,/3, 156 /5 /3,/9, 160 /1 0.7570 TR - HENY R
a5 157 /1. 192 /2, 193 /1 0.8400 mﬁ - | FerRuir e
96 26 /1 " 0.2660 J/E - wgrmoha AR
57 188,73, 190 /3, 283 72, 135 7 117, 2.0843 = - A
373 ,/3, 274 /3 /2, 205 /2, 307 /1,
354 /2, 320 /8
98 1217 /44, 314 /178 381 /10, 150 /8] 0.7410 Eni - AR fher
377 218 /24/3 0.410 FY — ST sfRe
a78 218 /24 /8 0,410 iy - B eIETE
380 364 /1 0369 3L - AT R
ag 2287 0.410 o - EE AR
" a2 1 0.471 ki - U e
383 219 /24 /43 0.410 B - HEeia eT
384 219 /24 /1 0.205 wmE - Y R
- 385 218 ,/24 /3 0.378 Bl — HEAona PR
286 218 /24 /'3 0378 B — weraiiE iReR
ag7 47 /13, 47 /10, 47 /12 /18 0.4730 Ty - i A
288 363 /2 0.246 TN - HEAhg e
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