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SYNOPSIS

Many important water resources projects in the past have failed due to
improper assessment of the hydrological conditions. Therefore, the hydrological
analysis for a water resources project should of necessity precede structural and other
detailed design studies. It involves the collection of relevant data and analysis of the
data by applying the principles and theories of hydrology to seek solutions to
practical problems. The probabilistic analysis of hydrology data is an important
component of present day hydrological studies and enables the engineer to take
suitable design decision consistent with economic and other criteria to be taken in a

given project.

In many hydrological studies, the average rainfall over a specified area due
to a storm, or due to number of storms, is required. For determination of the average
precipitation over an area, a large number of raingauges are installed. The rainfall
data of various raingauges is used to estimate the Mean Areal Precipitation over a

catchment area.

It is well-known that streamflow varies over a water year. One of the
popular methods of studying this streamflow variability is through flow duration
curve. Flow Duration Curves find considerable use in water resources planning and
development activities. One of the important uses is evaluating various dependable

flows in the planning of water resources engineering projects.

~ In planning water resources projects, the peak magnitude of the flood have
to be adopted properly. If the selected design flood is too high, it results in a
unnecessary costly structure while adoption of a low design flood can results in the
loss of the structure itself causing thereby a disaster to the people residing

downstream, besides damaging valuable immovable properties.



Sedimentation of reservoir is a natural process, since large part of the silt
eroded from the catchment and transported by the river, gets deposited on the bed of
the reservoir. The deposition of the sediment will automatically reduce the water
storing capacity of the reservoir, and if this process of deposition continues longer, a
stage is likely to reach when the whole reservoir may get silted up and become
useless. Therefore, it becomes necessary to estimate the sedimentation rates in
planning and executing suitable measures for controlling sedimentation in order to

prolong the life of the reservoir and its benefits.

This dissertation deals with a hydrological analysis approaches for the case
study in planning a Multi-purpose Water Resources Project on Gola river near
Kathgodam in district Nainital at Jamrani in the state of Uttarakhand, India. The
study has been carried out to estimate Mean Areal Precipitation (MAP) over the
given catchment , derive discharge data for Dam site, determine 75 % dependable
annual water availability at Dam site by Flow Duration Curve, estimate Design Flood

at Dam site and to estimate sedimentation flow rate at the Dam site.
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1.1.

CHAPTER 1

INTRODUCTION

GENERAL

All life on earth is dependent, one way or another, on water. The study
of the science of water is, therefore, important. Water occurs on the earth in
all its three states, viz. liquid, solid and gaseous, and in various degrees of
motion. Evaporation of water from water bodies such as oceans and lakes,
formation and movement of clouds, rain and snowfall, streémﬂow and
groundwater movement are some examples of the dynamic aspects of water.
The various aspects of water related to the earth can be explained in terms of a

cycle known as the hydrologic cycle.
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Fig. 1.1 Model of a Hydrologic Cycle

A convenient starting point to describe the cycle is in the oceans. Water
in the oceans evaporates due to the heat energy provided by solar radiation.
The water vapour moves upward and form clouds. While much of the clouds
condense and fall back to the oceans as rain, a part of the clouds is driven to

the land areas by winds.



There, they condense and precipitate onto the landmass as rain, snow, hail,
sleet, etc. A part of the precipitation may evaporate back to the atmosphere
even while falling. Another part may be intercepted by vegetation, structures
and other such surface modifications from which it may be either evaporated

back to atmosphere or move down to the ground surface.

A portion of the water that reaches the ground enters the earth's surface
through infiltration, enhance the moisture content of the soil and reach the
groundwater body. Vegetation sends a portion of the water from under the
ground surface back to the atmosphere through the process of transpiration.
The precipitation reaching the ground surface after meeting the needs of
infiltration and évaporation moves down the natural slope over the surface and
through a network of gullies, streams and rivers to reach the ocean. The
groundwater may come to the surface through springs and other outlets after
spending a considerably longer time than the surface flow. The portion of the
precipitation which by a variety of paths above and below the surface of the
earth reaches the stream channel is called runoff. Once it enters a stream

channel, runoff becomes stream flow.

The variation of streamflow in space and time plays an important role in
the design and operation of water-resources engineering projects, such as
those for irrigation, water supply, flood control, water power and navigation.
In all these projects hydrological investigations for the proper assessment of
the streamflow is necessary. The hydrological study of a project should of
necessity precede structural and other detailed design studies. It involves the
collection of relevant data and analysis of the data by applying the principles

and theories of hydrology to seek solutions to practical problems.

Many important projects in the past have failed due to improper
assessment of the hydrological factors. Some typical failures of hydraulic
structures are:

*  Overtopping and consequent failure of an earthen dam due to an

inadequate spillway capacity,
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. Inability of a large reservoir to fill up with water due to overestimation
of the stream flow. Such failure, often-called hydrologic failure
underscore the uncertainty aspect inherent in hydrological studies, and

. Failure of bridges and culverts due to excess flood flow.

Various phases of the hydrological cycle, such as rainfall, runoff,
evaporation and transpiration are all non-uniformly distributed both in time
and space. Further, practically all hydrologic phenomena are complex and at
the present level of knowledge, they can at best be interpreted with the aid of
probability concepts. Hydrological events are treated as random processes and
the historical data relating to the event are analysed by statistical methods to
obtain information on probabilities of occurrence of various events. The
probabilistic analysis of hydrologic data is an important component of
present-day hydrological studies and enables the engineer to take suitable
design decisions consistent with economic and other criteria to be taken in a

given project.

OBJECTIVE AND SCOPE OF STUDY

The main objective of this study is to collect and carry out the
hydrological analaysis for planning a proposed Multipurpose Water Resources
Project on Gola River near Kathgodam in district Nainital near Jamrani

village in the state of Uttarakhand, India.

The study has been carried out with following scope :
- to estimate Mean Areal Precipitation (MAP) over the Gola river
catchment based on rainfall data recorded at a number of raingauges

installed in the area.

- to derive relationship between the discharge at Jamrani Dam site and the

discharge at Gola Barrage by regression analysis.
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- to determine 75% dependable annual water availability at Jamrani Dam

site and to draw a Flow Duration Curve at Jamrani Dam site.

- to estimate flood at Jamrani Dam Site based on annual peak flow from

the derived data at Jamrani Dam site.

- to estimate sedimentation flow rate at Jamrani Dam site based on the

observed sediment data and the derived discharge at Jamrani Dam site.

SOURCES OF DATA

The main components of the hydrological cycle are rainfall
(precipitation), evaporation, transpiration, infiltration, runoff and ground
water. Depending upon the problems at hand, a hydrologist would require
data relating to the various relevant phases.

The hydro-meteorological data normally required are :
Weather records : temperature, humidity and wind velocity,
Precipitation data,

Stream-flow records,

Evaporation and transpiration data,

Infiltration characteristics of the area,

Groundwater characteristics, and

Physical and geological characteristics of the area under consideration.

In India, meteorological data, including weather and rainfall data, are
collected by the India Meteorological Department (IMD) and by some state
government agencies. Stream flow data of various rivers and streams are
usually available with the state irrigation department. Flow in major rivers are
monitored by Central government agencies such as the Central Water
Commission (CWC). Groundwater data is normally available with the
Central Groundwater Board and State Government groundwater development

organisations. Data on evaporation, transpiration and infiltration is available
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with State Government organisations, such as the Irrigation Department and

Department of Agriculture. The physical data of the basin can be obtained

from the study of topographical maps available with the Survey of India. The

geological characteristics of the basin can be obtained from Geological

Survey of India and the State Geology Directorate.

ORGANISATION OF DISSERTATION REPORT

The study is presented in seven chapters. The contents of these chapters

are briefly outlined below.

CHAPTER 1 :
CHAPTER 2 :

CHAPTER 3 :

CHAPTER 4 :

CHAPTERSS :

CHAPTER6 :

CHAPTER 7 :

It deals with the general introduction of the subject and
highlights the objective of the study.

It presents theories which are adopted in a hydrological
analysis for water resources planning.

It describes details of the study area on Gola River near
Kathgodam in district Nainital, Uttarakhand, India and the
data availability of its hydro meteorological data.

It deals with estimation for Mean Areal Precipitation, water
availability and the correlation between Jamrani Dam and
Gola Weir. It further determines dependable annual flow at
the dam site.

It deals with the estimation of the Design Flood which can be
used in the water resources project planning.

It discusses a process of the deposition of sediment in the
reservoir is known as Reservoir Sedimentation, and to
estimate annual sedimentation rate of the proposed reservoir
at the dam site.

It gives the summary and the conclusion of the study.
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CHAPTER 2

HYDROLOGICAL ANALYSIS IN
WATER RESOURCES PLANNING

INTRODUCTION

The water resources structures that we normally come across in practice
are storage structures like dams, barrages, regulators, irrigation conveyance
channels, bridges, etc. To plan these structures we need one or more of the
following informations :

(i) Rainfall data of the catchment,

(ii) Catchment characteristics and the land use pattern,

(iii)  Daily stream flows for determining the storage capacity of a reservoir,
(iv)  Flood of certain frequency,

) Intake rate of sedimentation to estimate useful life of the reservoir.

As rainfall and general climatic condition affects our daily lives more
directly than does streamflow, the other data in the form of records of rainfall,
temperature, humidity, and pressure etc. are initiated long before stramflow
records are obtained. Furthermore rainfall and general climatic records
require little skill and training on the part of the observer, whereas reliable
streamflow records demand the services of an engineer or at least of a skilled
technician. Consequently, long-term data is available in respect of rainfall
and climatic records for most of the drainage basins in India, whereas
streamflow records are comparatively few and far between. Sometimes, good
records are available on the main stream, whereas the problem at hand calls
for a knowledge of the water availability of a tributary from the site of the

available records or vice versa.

In planning water resources projects, the peak magnitude of the flood
that have to be adopted in the design of irrigation, hydro-power and flood-
control projects are of great importance to an engineer. If the selected design

flood is too high, it results in a conservative and costly structure while

6
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adoption of a low design flood will cause damage. It will result in the loss of
the structure itself causing thereby untold misery to the people residing
downstream, besides damaging valuable immovable properties.  The
catchment characteristics helps in knowing the sediment rate and hence the

useful life of the reservoir.

MEAN AREAL PRECIPITATION (MAP) ESTIMATION

The Rainfall recorded by a raingauge represents only the rainfall at that
station. It is also called the Point Rainfall. In many hydrological studies, the
average of rainfall over a specified area due to a storm, or due to a number‘ of
storms, is required. For determination of the average precipitation over an
area, a large number of raingauge are installed. To convert the point rainfall
values at various stations into an average value over a catchment the

following three methods are in use :

1. Arithmetic Mean Method
2. Thiessen Polygon Method
3. Isohyetal Map Method

1. Arithmetic Mean Method

This method is suitably applied for a basin where the gauges are
uniformly distributed and the individual gauge catches do not vary much
from the mean. The basin should be a reasonably flat area. The
assumption made is that all gauges weight equally. This method gives
fairly good results if the topographic influences on precipitation and
aerial representativeness are considered while selecting the gauge site.
It is the simplest form in which the average of precipitation over the

- basin is obtained by taking simple arithmetic mean of all the gauged

amounts within the basin : Py, = ot 22t P _Lshpi
h nia




where PI, P2, ......., Pn are the precipitation recorded by » number of
gauges located within the basin. This method gives a rough estimate of
the average precipitation. It does not account for the topographic and
other influences. For use of this method, no gauge station located
outside the boundary of the watershed should be considered. This
methods does not give accurate results and hence is rarely used in

practice.

Thiessen Polygon Method

In the Thiessen Polygon Method, the rainfall recorded at each rain gauge
stations is given a weightage on the basis of the area which it represents.
This method is better than the Arithmetic Mean Method which gives

equal weightage to all the stations. The following procedure is used.

Procedure :

(i) The positions of the rain gauge stations are marked on the plan of
the catchment area over which the average rainfall depth is
required.

(ii) The adjacent rain gauge stations are joined by straight lines; thus
the entire area is divided into a series of triangles (see Fig. 2.1).
The rain gauge stations which are outside the catchment area but
are in its neighbourhood should also be considered.

(iii) Perpendicular bisectors are then drawn on the connecting lines to
form polygons around stations. Each polygon contains only one
rain gauge stations. The entire area of a particular polygon is
nearer to the rain gauge stations contained therein than to any other
rain gauge stations. Thus, each polygon represents the area of the
influence of that rain gauge station.

(iv) For determination of the average of rainfall, the boundary of the
catchment is taken as the outer limit of the Thiessen polygons.
The areas of the polygons are determined either with a planimeter

or with an overlay grid.



(v) The average precipitation of the area is given by

PiA + Py Ay + ..., + Py An
P = A+ A+ + 4, (2.2)
or
Py = Eﬁ, A = Z P A; (2.2a)
2 A A 4

where 41, A4, .....A, are the areas of the Thiessen polygons representing the
stations 1, 2, .......n and Py, Py, ...... P, are the corresponding

precipitations, and A is the total area.

Sometimes above equations are written as Py, = > P; (‘j’ ) (2.2b)

The ratio ( 4j/ A ) is called the weightage factor for the stations.

Thus, weightage is given to various stations according to the influence
areas. In this method, the stations situated outside the catchment area are
also effectively used. Once the weightage factors have been determined, the
computation of the average precipitation for different storms becomes easy.
However, the method has one drawback that it is inflexible. A new
Thiessen polygon network is required when there is a change in the location
of the raingauges or when new rain gauge stations are set up. Moreover, no
adjustment can be méde for variations due to altitudes and other factors.
However the advantage of this method is that, it is much more accurate than
the previous methods and the procedure of computation becomes simple,
once the areas of the polygons are measured. This method is popularly

applied to most of the field problems.



Fig.2.1 Typical Thiessen Polygon map

Isohyetal Map Method

Isohyets are the contours of equal rainfall depth. For plotting of an
isohyetal map, rain gauge stations are marked on the plan of the
catchment. The rainfall recorded at these stations is also marked on the
plan. The rain gauge stations located outside the catchment but in its
neighbourhood are also marked. The isohyets of various rainfall depths
are then drawn by interpolating the values of the rainfall. Generally, a
linear variation of rainfall depth is assumed between the two rain gauge
stations. The procedure is similar to one used for drawing of the
elevation contours from the spot levels in surveying. Fig. 2.2 shows a
typical isohyetal map. For determination of the average rainfall depth,
the catchment area ‘between adjacent isohyets are measured. The
catchment boundary is taken as the extreme limit of the areas. The
average depth of the rainfall of an area between two adjacent isohyets is

usually taken equal to the mean of the two isohyets values.

For the area between the last isohyet and the boundary of the catchment,

a suitable value of the average depth should be taken, depending upon

10



the distance of the cutside isohyet and the actual boundary. The average

of the rainfall of the entire catchment is given by

P, = PioAio+Po3 Az + oooeee.  Poyn, Atn-tyn (2.3)
Apt+Axn+ ... + A-1),n
or
EP'- A
Pa = > ALU ’ (2.3a)

where P, is the average precipitation over the area 4, between two
adjacent isohyets marked 1 and 2 and so on.

The isohyetal map method is the most accurate method. In this method,
all the relevant data is fully utilised and properly interpreted. Moreover,
the method can be used to make adjustments for variations in altitudes of

the stations due to ortographic influences.

Hence while constructing the isohyetal map for a hilly region, the
interpolation between gauge stations can be done according to the
difference in elevations of two stations, and not according to the distance
between them. This is more logical because the precipitation generally
depends upon the altitude. However, the method has disadvantage that

it is laborious and not easily adaptable to a computer.

Reinfaltsn on

Fig. 2.2. Typical Isohyetal Map

11



2.3. REGRESSION ANALYSIS

The technique of regression analysis is a procedure for fitting an
equation to a set of data. This techniques are used to identify the mathematical
dependence between the observed values of physically related variables and
thus can account for the additional information contained in the correlated
sequences of events. However, the correlation between the desired statistical
parameter as the dependent variable should be attempted only with the other
physically and climatically related variable of the basin or region as
independent variables. The procedure is certainly better than using relatively

short historical sequences in hydrologic analyses.

Regression anélysis determines the relationships between a dependent
variable and an independent variable. The general regression formula between
the independent variable x, and the dependent variable y, is given as

y=bo+bix+bhx*+ .coovriiinn... +bx"+ & (2.4)

The constraints by, by, ......... , b, are unknown parameters to be determined

from available data. The random error & has zero mean and a constant standard

deviation. The simplest form of the regression model assumes that the
dependent variable varies linearly with the independent variable, that is,

y¥*=a+ bx 2.5)

The constant a and 6 are determined using the least-square criterion, which

minimizes the sum of the square of the differences between observed and

estimated values. Given the /-th raw data point (y,x), i = 1,2, ...... ,n, the sum

of the squares of the deviations between observed and estimated value is

defined as
§= Z(yi_a_bxi)z (2.6)
i=]

The values of a and & are determined by solving the following necessary

conditions for the minimization of .S :

B 33y, —a—bx)=0 2.7)
Oa i=l
%:-22(% —a-bx,)x, =0 (2.8)
i=l
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After some algebraic manipulations, we obtain the following solution :

Zyixi —nyx

b= (2.9)
Zx,.z —nx’
i=1

a=y—bx (2.10)
where

in Zyi

X = i=l ’J_}z——i:l (Z.Il)

n n

The equations show that we need to compute b first, from which a can

be computed. The estimates of  and & are valid for any probability distribution

of y. However, if y; is normally distributed with a constant standard deviation,
a confidence interval can be established on the mean value of the estimator at

x=x"(@.e.,y’=a+bx%as

(a+bx°)tt,,, , || o

[ (2.12)
2 e n x? —nx?

For future (predicted) values of the dependent variable, y, we are
interested in determining its prediction interval (rather than the confidence
interval on its mean value). As would be expected, the prediction interval of a
future value is wider than the confidence interval on the mean value. Indeed,

the formula for the prediction interval is the same as that of the confidence

. 1 . .
interval except that the term —under the second square root is replaced with
n

(n+1)
R
We can test how well the linear estimator y* = g + bx fits the raw data by
.computing the correlation coefficient, r, using the formula
Zyixi —nyx
r= = (2.13)
n h
Qo x! —rE ) y] =)
i=] i=l

where -1 <r <1.
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2.4.

If r = £1, then a perfect linear fit exist between x and y. In general, the closer
the value of || to 1, the better the linear fit. If » =0, then y and x may or not be

independent, in the sense that two dependent variables may yield » = 0.

RAINFALL RUNOFF MODELLING

Rainfall is the source of water for runoff generation in the channel.
During occurrence of rainfall, a part of it is intercepted by the vegetations,
buildings and several objects lying over the ground surface, which does not
reach the land surface. Few portion of rainfall also infiltrates into the soil, and
lastly the rest amount of rainfall makes some depth of water over the ground
surface, which tends to move from one place to another under effect of land
gradient is called overland flow, which ultimately meets to the streams,
channels etc. is known as runoff. Thus, runoff may be defined as that portion of

rainfall which flows through the rivers, streams, nala etc.

Runoff Computation.

The commonly used methods to compute runoff rate are :
1. Rational Method,

2. SCS-Curve Number Method,

3. Hydrograph Method.

1. Rational Method
It is a common method for computing the peak runoff rate from small
catchments. The peak runoff refers to the discharge rate used for design of
hydraulic structures, that must carry the runoff. Rational method involves
following formula for computing the peak runoff :

C.l.4

0, = Seo (2.14)
where, @O, = peak runoff (m>/s)
C = runoff coefficient
| = rainfall intensity (mm/hr)
A = area of catchment (ha).
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2. SCS Curve Number Method

This method also known as Aydrologic soil cover complex number
method, was developed by Ogrosky and Mockus (1957) for determining
peak rate of runoff from small catchments. A runoff curve number (CN) is
developed through field studies by measuring runoff from different soils at
various locations. The antecedent moisture condition and the physical
characteristics of the watershed are correlated to give hydrologic soil
groups. Soil of any catchments can be classified into the following four
hydrologic soil groups.

Group A : It is characterized by low runoff generating potential. This
group of soils are mainly constituted by sands or gravel
particles. These soils involve high infiltration rate.

Group B : Soils of this group have moderate infiltration rate, even if
they are thoroughly wetted. Soils are composed of
moderately fine to moderately coarse particles.

Group C : This group of soil contains low infiltration rate. The soil may
be composed of a thin hard layer which impedes the
downward movement of water. Soils are generally
constituted with moderately fine to fine particles.

Group D : This group of soils are characterized by high runoff potential
due to very low infiltration rate. Clay soil is the example of

this group.

Antecedent Moisture Content (AMC) is wetness status of the catchment.
There are following three levels of AMC.
AMC-I : It refers to the lowest runoff generating potential of the

catchment because of dryness of the soil.

AMC-II : Average moisture status regarding runoff generating
potential.
AMC-III : It refers highest runoff generating potential of the catchment,

because of saturation of soil from antecident rains.
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In India, most of rain gauges are non-recording type. Rainfall data obtained
from such non-recording gauges have been used to establish rainfall runoff

relationships. The following relation is normally used for small catchments:

Actual retention of rainfall = Direct runoff
Potential max. retention Rainfall — Initial abstraction
o P-1,-0, __0,
S pP-1,
P-1,)° —0.25)?
o o, - P=L) _(P—025) 2.15)

C(P-I,+8) (P+0.8S)
where : O, is the runoff depth (cm) over the catchment,

P is the mean rainfall (cm) over the catchment,
S is the potential maximum retention (cm),
I, is the initial losses consisting of interception, depression
storage and infiltration.
For black soil, 7, is taken as 0.1 S for AMC-II and Il type, Z, is taken as 0.3

S for AMC-I type. For all other types, I, is 0.2 S. In general the value of 7,

is taken as 0.2 S. For all soil regions of India, except black soil region of

_(P-035)?

AMC-II and 111, Qy is calculated as Q, = —m (2.16a)
_ 2
For black soil of AMC-ITand Il @, = (P=0.15)" (2.160)
(P +0.95)
Now, S (cm) is related to curve number (CN) as follows :
N = 2540 2.17)
254+ S8

The peak discharge in m?/s can be calculated from the following relation

Qp(m3/S) _ 0.0208x AxQ), 2.18)

P
where for small catchments, time to peak #, in h is obtained as
t,= 0.6, +1t.'* (2.19)
where A is the catchment area (Ha), Qd is the depth of runoff (cm) is

obtained from equation (2.15) or (2.16) depending on the type of soil and 0,
is the peak discharge (m?/s).

Hydrograph Method

Hydrograph is the graphical presentation of instantaneous runoff rate
against time. It is used for computing the runoff from the catchment. The
unit hydrograph is mainly used for the purpose. The hydrograph will
described in detail in sub-Chapter 2.6.2.
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2.5.

FLOW DURATION CURVE

A Flow Duration Curve can be drawn if a continuous record of daily
flow (or average weekly or average monthly flow) is available for a long period.
The flow duration curve represents the data in a condensed form and is
extremely useful for the estimation of the available power.

The flow duration curves drawn from the record of the daily flow will be
somewhat different from that obtained from the record of the average weekly
flow or average monthly flow. It is observed that the shape of the curve
depends upon the variability of the flow data. Because the variation of the daily
flow is larger than that of the weekly flow, the flow duration curve computed
from the average daily flow will show greater variability than the one from the
average weekly flow. Likewise, the flow duration curve computed from the
average weekly flow would show greater variability than that from the average

monthly flow.

The flow duration curve drawn from the mean weekly flow rates will be
more approximately than that drawn from the mean daily flow, because there is
considerably variation in the flow which is not indicated in the mean weekly
flow rates. Likewise, the error involved in the use of mean monthly flow rates
is more than that in the use of mean weekly flow rates. The error in the use of
the monthly flow rates may vary from 5 to 15 percent, depending upon the
characteristics of the stream and the extent of utilisation of flow. However, the
difference between the daily flow-duration curve and the monthly flow-duration
curve will be negligible for a stream with a constrant steady discharge. On the
other hand, the difference would be quite large for very flashy streams.
Procedure for drawing flow-duration curve

A Flow duration curve is a plot between the discharge as ordinate and
the percentage of time that discharge is equalled or exceeded as abscissa (see
Fig. 2.3). Before drawing the flow-duration curve, the stream flow data are
collected, as explained earlier. Let us assume that the average daily flow data
are available for one year (365 days) for which the flow-duration curve is to be
drawn. The following procedure is used for plotting the flow-duration curve

from the daily flow.
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1. From the available record, the mean daily flow rates differing by a
convenient magnitude. These flow rates are entered in column (1) of Table,
in the o;der of descending magnitude.

2. The number of days a particular discharge has equalled or exceeded out of
365 days is entered in column(i) of the table. Of course, the lowest
discharge would be equalled or exceeded all the 365 days.

3. The percentage of time a particular discharge is equalled or exceeded .is

computed from the relation.

P=| —= | x100 (2.20)

n
Where # is the total number of events, m is the nﬁmber of times a particular
event (in this éase, discharge) has equalled or exceeded. The value of m is
obtained from column (2) of the table. The values of p are entered in
column (3).

4. A plot is then made between the discharge Q as ordinate and the percentage
of time p as abscissa (Fig. 2.3). The lowest discharge would of course be
exceeded 100% of time.

Similar curves can be prepared using the mean weekly, mean mohthly or
mean annual flow rates. This method of computation is known as the Total

Period Method.
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Fig. 2.3. Typical Flow Duration Curve
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2l6l

FLOOD ESTIMATION

A Flood is an unusually high stage in a river, hormally the level at which
the river overflows its bank and inundates the adjoining area. The damages
caused by floods in terms of loss of life, property and economic loss due to
disruption of economic activity are all too well-known. Crores of rupees are
spent every year in flood control and flood forecasting. The hydrograph of
extreme floods and stages corresponding to flood peaks provide valuable data
for purposes of hydrologic design. Further, of the various characteristics of the
flood hydrograph, probably the most important and widely used parameter is
the flood peak. At a given location in a stream, flood peaks vary from year to
year and their magnitude constitutes a hydrologic series which enable one to
assign a frequency to a given flood peak value. In the design of practically all
hydraulic structures the peak flow that can be expected with an assigned
frequency (say 1 in 100 years) is of primary importance to adequately
proportion the structure to accommodate its effect. The design of bridges,
culvert waterways and spillways for dams and estimation of scour at a hydraulic

structure are some examples wherein flood peak values are required.

To estimate the magnitude of a flood peak the following alternative
methods are available :
1. Empirical Method,
2. Unit Hydrograph Technique,
3. Flood Frequency Analysis.
The use of a particular method depends upon
(i) the desired objective,
(ii) the available data,

(iii)the importance of the project.

1. Empirical Method
The empirical method used for the estimation of the flood peak are

essentially regional formulae based on statistical correlation of the observed
peak and important catchment properties. To simplify the form of the
equation, only a few of the many parameters affecting the flood peak are

used. For example, almost all formulae use the catchment area as a
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parameter affecting the flood peak and most of them neglect the flood
frequency as a parameter. In view of these, the empirical formula are
applicable only in the region from which they were developed and when

applied to other areas they can at best give approximate values.

Flood-Peak-Area Relationships
By far the simplest of the empirical relationships are those which relate the
flood peak to the drainage area. The maximum flood discharge Qp from a

catchment area A is given by these formulaes as

Op =f(A4) (2.21)
While there are a vast number of formulae of this kind proposed for various
parts of the world, only a few popular formulae used in various parts of
India are given below,
- Dickens Formula (1865)

Op = Cp. A** (2.22)

Where Qp =maximum flood discharge (m?/s)
A = catchment area (km?)

Cp = Dickens constant with value between 6 to 30

The following are some guidelines in selecting the value of Cp :

Value of Cp
North-Indian plains 6
North-Indian hilly regions 11-14
Central India 14 —28
Coastal Andhra and Orissa 22 - 28

For actual use the local experience will be of aid in the proper selection of
Cp. '

Dickens formula is used in the central and northern parts of the country.

- Ryves Formula (1884)
Qp = Cr A (2.23)

Where QOp =maximum flood discharge (m>/s)

A =catchment area (km?)
and Cr =Ryves coefficient
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This formula originally developed for the Tamil Nadu region, is in use in
Tamil Nadu and parts of Karnataka and Andhra Pradesh. The values of
Cpr recommended by Ryves for use are :

Cr = 6.8 for areas within 80 km from the east coast
= 8.5 for areas which are 80 — 160 km from the east coast
= 10.2 for limited areas near hills

However, various major reservoir projects built in Tamil Nadu since 1950

have adopted considerably much higher values of Cg than the above.

- Inglis Formula (1930)
This formula is based on flood data of catchment in Western Ghats in
Maharastra.
The flood peak Qp in m*/s is expressed as

124 4
o = Ju+ 104 (2:24)

where 4 is the catchment area in km>.

Above equation with small modification is the constant in the numerator

(124) is in use Mabharasthra for designs in small catchments.

- Other Formulae
There are many such empirical formulae developed in various parts of

the world.
There are some empirical formulae which relate the peak discharge to
the basin area and also include the flood frequency. Fuller’s formula

(1914) derived for catchments in USA is a typical one of this kind and is

given by _ .
Qrp=Cs A*(1 + 0.8 logT) (2.25)
where Qrp = maximum 24-h flood with a frequency of T years in m°/s,
A = catchment area in km?,
Cr = aconstant with values between 0.18 to 1.88.

2. Unit Hydrograph Technique (UH),
An Unit Hydrograph is the hydrograph of direct runoff resulting from

unit depth of 1 cm of rainfall excess generated uniformly over the basin for

a specified duration (D-hours). The term unit depth of rainfall excess means
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excess rainfall over and above all losses in the basin under consideration.
The duration is the period of rainfall excess which is assumed to be
uniformly distributed over the basin area. The specified duration is
important as the shape and the peak of unit hydrograph of a basin depends
on it. Thus for period of 3-h rainfall excess over the basin, the unit
hydrograph is named as 3-h unit hydrograph. Sketch of an UH is shown in
Figure 2.4, A watershed can have as many unit-hydrographs depending on
the number of corresponding periods of rainfall excess. Ah unit
hydrographs of 2, 6 or 12 h indicates that it is the duration of rainfall excess
giving rise to the unit hydrograph. It never means the duration of the
occurrence of unit hydrograph. -

The concept of unit hydrograph was originally put forth by Sherman in
1932. The present definition is more refined and an universally accepted
one based on the following principles and assumtions.
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Fig. 2.4. Sketch of an Unit Hydrograph
Assumptions and Conditions in Unit Hydrograph

1. The principle of time invariance applies to the unit hydrograph, which
means that a given rainfall excess will produce the same direct runoff
hydrograph whatever may be the season of the year.

2. The principle of linearity is that when a D-hour rainfall excess of 1 cm
depth over the basin produces a direct runoff hydrograph of 1 cm, then x
cm depth of rainfall excess of the same duration (D-hour) over the same
basin will produce a runoff of x cm depth. Conversely, the ordinates of

the direct runoff hydrograph of D-hour duration may be brought to unit
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4.

hydrograph of D-hour by dividing the ordinates of DRH by (x/1).
Similarly, if x; cm of rainfall excess produces y; cm of runoff and x, cm
produces y» cm,'the'n (x; + x3) cm of rainfall excess will produce (y; +
y2) cm of DRH.

A stdrm of duration of rainfall excess ¢ hours will always produce. a
surface runoff hydrograph of base T3-hours regardless the intensity of
rainfall in the period #,. Time base 7% of runoff is sum of . and ¢, where
t; is the time of concentration of the watershed upto the desired outlet. |
An unit hydrograph is a lumped response of the catchment at the basin
outlet.

The area of DRH due to unit hydrograph is the area of the basin
multiplied by 1 cm. |
When the duration of rainfall excess is D-h, the excess rainfall intensity
is 1/D-cm/h. This is because the total rainfall producing a UH is 1 cm.
For 1 h duration of rainfall excess, the intensity of rainfall excess is 1
cm/h.

Since the consideration for UH is the rainfall excess, the antecedent or

subsequent storm conditions have no action to present derivation of UH.

" Limitations of Unit Hydrograph
1.

The maximum catchment limitation for derivation or application of unit
hydrograph theory is upto 5000 km?. For catchment exceeding this area,
the basic assumption of uniform rainfall distribution over the basin due
to the storm may be violated. However, the limitation on size of
catchment area should also take into account the orographic features of
the basin.

The application of UH is not suitable for very long basins.

The lower limit on the size of a basin to which the UH concept apply
should preferably be more than 2 km?.

When a large portion of basin is covered with snow, the UH principle
should not be applied.

The duration of rainfall excess should preferably be 1/3 to 1/5 of basin
lag.
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6. UH should not be derived from a catchment where large storage exists.
7. If there is high variation in the rainfall intensity over the basin then for

such storms UH should not be derived.

Fluctuations of intensities of rainfall in D-hour is taken care of by the
catchment characteristics producing runoff. Total affect of variation of
intensity on unit hydrograph is usually neglected. However it is not possible

to quantify this limitation of variation in UH.

Uses of Unit Hydrograph -

The important purposes for which a unit hydrograph can be used are :

1. Computation of flood hydrograph for design of structure : When the
Probable Maximum Precipitation (PMP) or the Standard Project Storm
(SPS) for a basin is known, the UH is convoluted over the excess rainfall
of the histogram blocks of PMP or SPS to obtain the design flocd at the
project site.

2. Extension of the flow records at a site : The method is more or less the
same as (1). All storm precipitation depths, i.e. rainfall excess for the
entire period under consideration are multiplied successively by UH
ordinates and added up to compute the runoff volumes. The work is
enormous and cannot be handled manually. Use of a digital computing
machine is necessary to calculate the runoff values for each storm.

3. Flood forecasting models : Unit Hydrograph developed for a basin are
stored in a computer. Knowing the excess rainfall depths from telemeter
gauges, flood can be forecasted for the basin by convoluting the UH
over the excess storm rainfall and carrying out the channel routing if
necessary.

4. Comparing the catchment characteristics : Two unit hydrographs of the
same unit durations derived from two adjoining basins can be used to

compare the hydro-meteorological cxharacteristics of the basins.

Flood Frequency Analysis

Flood frequency analysis considers the annual peak flows at a site for all

the years. The method of analysis and predicting flood from the data runoff
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peaks is called flood frequency analysis. It gives only the magnitude of
flood peak of desired recurrence interval or return period, but doesn’t
provide information about the complete hydrograph or the flood volume.
Predication of flood peaks from the flood data of recorded maximum series
are reliable when is carried out for return periods of less than the data
length. However, when data is to be extrapolated, for example when flood
peaks of 1000 or 10000 years are required to be predicted from an annual
maximum services of say 30-40 years, then the prediction should be carried
out with caution as the sample data may not be true representative of the
population. There may be long term trend or a cycle associated with the
system. For such predictions, confidence bends or limits are to be estimated
at 95% or other acceptable percentages, depending on the precision
requirement.

Frequency analysis for some important theoretical distributions are given

below.

Gumbel’s Distribution Method
This extreme value distribution was introduced by Gumbel (1941) and is

commonly known as Gumbel’s distribution. Gumbel probability
distribution is widely used for extreme value analysis of hydrologic and
meteorological data like floods, maximum rainfalls, maximum wind speed
and other events. Gumbel defined a flood as the largest of the 365 daily
flows and the annual series of flood flows constitute a series of largest
values of flows. According to his theory of extreme events, the probability
of occurrence of an event equal to or larger than a value xp is

PX=x0)=1-e" (2.26)
In which y is a dimensionless variable given by

y=ax—a)

a=Xx-045005 o«

a=1.2825/ o«

_ 1.2825(x—%)
oxX

Thus +0.577 (2.27)
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where X = mean and o x = standard deviation of the variate X. In practice it
is the value of X for a given P that is required and as such Eq. (2.26) is
transposed as yw=-In[-In(1—-P)] (2.28)
Noting that the return period T = 1/P and designating yr = the value of y,

commonly called the reduced variate, for given T’

yr=-[In.In (T/(T-1))] (2.29)
yr=-[0.834 +2.303 log log (T/(T-1))] (2.29a)
Now rearranging Eq. (2.27), the value of the variate X with a return period T
is xr=x+K ox (2.30)
where K= OT-0577) (2.31)
1.2825

Further, Egs. (2.30) and (2.31) constitute the basic Gumbel’s equations and
are applicable to an infinite sample size (i.e. N — o).

Since practical annual data series of extreme events such as floods,
maximum rainfall depths, etc, all have finite lengths of record, Eq.(2.31) is
modified to account for finite NV as given below for practical use.

Gumbel’s equations for practical use.

Equation (2.30) giving the value of the variate X with a recurrence interval T

is used as xr = x+ K o1 (2.32)

where ;.1 = standard deviation of the sample size of size N

_ /Z{x—f)z
N -1

K = frequency factor expressed as = LS_J’E (2.33)
n
in which yr=reduced variate, a function of 7" and is given by
T
= -|In.l ' 2.34
yr [ n.n_— J (2.34)
T
or yr= - |:0.834 +2.303loglog 7 1]

yn = reduced mean, a function of sample size N and is given in
Table 2.1 ; forN —>oc0, yn — 0.577

S, = reduced standard deviation, a function of sample size N and is given
in Table 2.2 ; forN — o, Sn—>1.2825
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These equations are used under the following procedure to estimate the

flood magnitude corresponding to a given return based on an annual flood

series.

1. Assemble the discharge data and note the sample size N. Here the
annual flood value is the variate X. Find ¥ and o .| for the given data.

2. Using Tables 1C and 2C of Appendix-C to determine prmand Sk

approriate to given N.
Find yr for a given T by Eq. (2.34).
4. Find K by Eq. (2.33).
Determine the required x7 by Eq. (2.32).

Gumbel Probability Paper

The Gumbel prdbability paper is an aid for convenient graphical
representation of Gumble’s distribution. It consists of an abscissa specially
marked for various convenient values of the return period 7. To construct
the T scale on the abscissa, first construct an arithmetic scale of yr values,
say from -2 to +7. For selected values of 7, say 2, 10, 50, 100, 500 and
1000, find the values of yrby Eq.(2.34) and mark off those positions on the
abscissa. The 7-scale is now ready for use.
The ordinate of a Gumbel papér on which the value of the variate, xr (flood
discharge, maximum rainfall depth, etc.) are plotted may have either an
arithmetic scale or logarithmic scale. Since by Eqs (2.29) and (2.30) xr
varies linearly with yr, a Gumbel distribution will plot as a straight line on a
Gumbel probability paper. This property can be used advantageously for
graphical extrapolation, whereever necessary.
To verify whether the given data follow the assumed Gumbel’s distribution,
the following procedure may be adopted. The value of xr for some return
periods T < N are calculated by using Gumbel’s formula and plotted as x7 vs
7 on a convenient paper such as a semi-log, log-log or Gumbel probability
paper. The use of Gumbel probability paper results in a straight line for xr
vs T plot. Gumbel’s distribution has the property which gives 7" = 2.33
years for the average of the annual series when N is very large. Thus the

value of a flood with T = 2.33 years is called the mean annual flood. In
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graphical plots this gives a mandatory point through which the line showing
variation of xr with 7 must pass. For the given data, values of return periods
(plotting positions) for various recorded values, x of the variate are obtained
by the relation 7, = (N + 1)/m and plotted on the graph described above.

A good fit of observed data with the theoretical variation line indicates the
applicability of Gumbel’s distribution to the given data series. By
extrapolation of the straight line xr vs 7, values of x for T > N can be

determined easily.

Fig. 2.5. Gumble’s Probability Paper

Log-Pearson Type I1I Distribution

This distribution is extensively used in USA for projects sponsored by
the US Government. In this the variate is first transformed into logarithmic
form (base 10) and the transformed data is then analysed. If X is the variate

of random hydrologic series, then the series of Z variates where

z=logx (2.35)
are first obtained. For this z series, for any recurrence interval T, gives
zr=z+ K, o, (236)

where Kz = a frequency factor which is a function of recurrence interval T

and the coefficient of skew Cs,

o , = standard deviation of the Z variate sample

(2.36 )

and
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2.7.

Cs = coefficient of skew of variate Z

_ N> (z-z)
(N =1)(N -2)(oz)’

(2.36 b)

z = mean of the z values
N= sample size = number of years of record
The variations of X, = f{Cs, T) is given in Table 3C of Appendix-C.
After finding z7 by Eq. (2.36), the corresponding- value of xT is obtained bi/
Eq. (2.35) as '
xp= antilog (z7) (2.37)

Sometimes, the coefficient of skew C;, is adjusted to account for the size of

the sample by using the following relation proposed by Hazen (1930)

és =C\(1+85j (238)
N

where CA‘XA——— adjusted coefficient of skew. However the standard procedure

for use of log-Pearson Type III distribution adopted by US Water Resources
Council does not include this adjustment for skew.

When the skew is zero, i.e. C; = 0, the log-Pearson Type Il distribution
reduces to log normal distribution. The log-normal distribution plots as a

straight line on logarithmic probability paper.

SEDIMENT SAMPLING & ANALYSIS

2.7.1. Sediment Sampling

Sediment is fragmented material that originates from chemical or physical
disintegration of rocks. Sediment sampling involves collection of known
volume of water-sediment mixture from the stream which is further analysed to
determine the quantity of sediment yield. In case bed load is not measured, 2.5
to 15 % of the suspended load is generally added depending upon bed material
to arrive at the total sediment yield. Sediment sampling can be taken through :
(a) depth integration sediment sampling method '

(b) point integration sediment sampling method.
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a. Depth Integration Sediment Sampling

Depth integrated samples are taken with a sampler that has an intake
which points directly into the current. The sample is collected as it traverse the
depth of the stream at a uniform speed. For stream less than 5 metre deep, the
sampler is lowered to the bottom of the stream at a uniform rate and raised back
to the surface at a uniform rate, but not necessarily the same rate. Streams from
5 to 10 metre deep are usually integrated in one direction only. Deeper streams
are integrated in more than one sampling trip.
This method is advantageous to the fact that a single sample provides a
discharge weighted concentration or a complete sampling vertical or for major
fraction of a sampling vertical in very deep streams. However, it leaves an
unsampled zone at the bottom which may required separate computation of

unmeasured suspended sediment.

b. Point Integration Sediment Sampling
This method involves lowering the sampler to the sampling point, opening
the valve for the desired sampling time, then closing the valve at the end of

sampling period. It is useful to determine sediment distribution.

2.7.2. Analysis of Sediment Sample

The sediment samples collected from a stream/river are analysed by two
methods namely : (a) Gravimetric method and ; (b) Hydrometric method.
Hydrometric method needs trained staff and is mostly adopted where laboratory
has been set up aﬁd equipped for analysis.
Based on soil particle size the following standards are adopted for classifying

coarse, medium and fine sediment particles :

i)  Coarse sediment = ----- Particles above 0.2 mm in diameter.
ii) Medium sediment ----- Particles between 0.075 to 0.20 mm.
iii) Fine sediment =~  ----- Particles below 0.075 mm.

In addition, there are various kinds of salts dissolved in water along with
organic matters. In case of low sediment concentration, the estimation of

suspended sediment, particularly the fine sediment is difficult by hidrometric
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2.8.

method and may give inaccurate results, the while same can be estimated easily

by adopting gravimetric method of sediment analysis.

CONCLUSION

In Water Resources Structures Projects Planning, we need the following
information :
(i) Rainfall data of the catchment,
(ii) Catchment characteristics and the land use pattern,
(iii)  Daily stream flows for determining the storage capacity of a reservoir,
(iv)  Flood of certain frequency,

(vi)  Intake rate of sedimentation to estimate useful life of the reservoir.

For determination of the average precipitation over an area, a large
number of rain gauges are installed, and to convert the point rainfall values at
various stations into an average value over a catchment (Mean Areal
Precipitation), the following three methods can be used :

(i) Arithmetic Mean Method
(ii) Thiessen Polygon Method
(iii)  Isohyetal Map Method
Thiessen Polygon Method is the most popular applied to most of the field

problems.

Regression Analysis technique is a procedure for fitting an equation to a
set of data. This techniques are used to identify the mathematical dependence
between the observed values of physically related variables and thus can
account for the additional information contained in the correlated sequences of
events. This procedure is certainly better than using relatively short historical

sequences in hydrological analyses.

Computation of accurate runoff rate or volume due to any storm from

the catchment is a difficult task, because it depends on several factors related to
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the catchment and atmosphere, p}'ediction of whom is not easy. However, the
commonly used methods are given below :

() Rational Method

(i1) SCS — Curve Number Method

(iii)  Hydrograph Method

A Flow Duration Curve can be drawn if a continuous record of daily
flow (or average weekly or average monthly flow) is available for a long period.
The flow duration curve represents the data in a condensed form and is

extremely useful for the estimation of the available power.

The Design Flood is considered as inflow at the upstream of the
structure which the structure should pass safely. To estimate the magnitude of a
flood peak, the following alternative methods are ;

(D) Empirical Method
(i1) Unit Hydrograph Technique
(iii)  Flood Frequency Analysis

Sediment sampling can be taken through :
(a) - depth integra:tion sediment sampling method
(b) point integration sediment sampling method.
The sediment samples collected from a stream/river are analysed by two
methods namely :
(a) Gravimetric method and ;

(b) Hydrometric method.

32.






CHAPTER 3

STUDY AREA AND DATA AVAILABILITY

3.1. BACKGROUND

Jamrani Dam Project is a Multi-purpose Water Resources Project to be
executed in Kumaon region in the state of Uttarakhand, India (Fig. 3.1).
Jamrani Dam Project consists of a diversion system (Gola Barrage) in its first
phase on Gola River at Kathgodam in district Nainital, Utrarakhand and 130.6
metres high Roller Compacted Concrete Dam in second phase across river
Gola about 10 kilometres upstream from Kathgodam near Jamrani village. It
was sanctioned by Central Water Commission (C.W.C), Government of India
in 1975. The first phase of the project was completed in 1982 and side by side

investigations were continued for the main dam (the second phase).
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Fig. 3.1 Index Map of Proposed Jamrani Dam Site.

Gola river originates and flows through south eastern Kumaon Himalaya
in the State of Uttarakhand. It is fed largely by the runoff during monsoon
season, when its discharge is high but progressively gets reduced in winter

and summer season.
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3.2.

Haldwani town is the gateway of Kumaon hills and a number of
industrial units like sugar, cotton, soya oil, yarn, dairy, paper, electric goods
and watches have been established around the town and other commercial
units are proposed to be set up soon.

The growth and improvement has lead to an acute water shortage in the
area of Tarai and Bhaber. Tarai and Bhaber areas mainly constitute of fertile
agricultural land for which there is an acute shortage of water. At present
there is no dependable source of water to meet the drinking water of the
Haldwani town and nearby villages and as well as the need of irrigation water
for agriculture. Though number of tubewells have been constructed and are in
construction to meet this requirement but due to huge extraction of water, the
water table has gone down considerably. Most of the surface water sources

are either dried up or the discharge of them has been reduced which has

affected the assured supply of water. On the other hand, a large quantity of

water flows away during Monsoon period in Gola river.

THE PROJECT

Jamrani project consist of constructing a 130.6 metres high roller
compacted concrete dam on river Gola near Jamrani village, about 10
kilometres upstream of Kathgodam in district Nainital, Uttarakhand. The
latitude and longitude of the dam site are 29°16°15” N and 79°37° E
respectively.

This dam will creates a storage reservoir of 208.6 MCM capacity, out of
this 144.3 MCM as live storage and 64.3 MCM as the dead storage. Water for
irrigation is proposed to be released through an outlet provided in the body of
the dam. The water stored in the reservoir is to be utilised in the lean period
for irrigation. This is to be picked up at Gola Barrage, already completed
against this project as phase one, and diverted to two main feeders from left
and right banks of the barrage. This project also provides for constructing of
about 36 kms of feeder channels to augment the supplies in the existing
channels of Tarai and Bhabar area, which are mostly completed except two

feeders.
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Salient Features of the Project :

1. Type of Dam Roller compacted concrete gravity
dam
2.  Height above river bed 130.6 metres
3. Top level 765.6 metres
4. Type of spillway Ogee type
5. Waterway 4 bays of 13.25 metre each
6.  Width of piers 3.75 metres
7.  Crest level 749.00 metres
8. Gates Radial of size 13.25 x 13.5 metres
9.  Catchment area at dam site 450 km?
10. Catchment area at Gola Barrage site 600 km?
11. Normal rainfall in the catchment 1540 mm
12. ‘Reservoir capacity at Full Reservoir
Level (762.0 M) 208.6 MCM
13. Reservoir capacity at dead reservoir
Level (716.63 M) 64.3 MCM
14. Total live storage 1443 MCM
15. Water spread at full reservoir level 450 Hectares
16. River bed slope 14 m/km
17. River bed level at Dam site 635.00 metres
18. Maximum tail water level 643.00 metres
19. Gola Barrage (completed 1982)
a) Length 81.00 metres
b) Crest level of water way 506.50 metres
c) Crest level of sluice bay 506.50 metres
d) D/S floor level 502.00 metres
e) Design discharge 3250 cumecs
) Pond level 510.75 metres

(source : 1989 - Report on Hydrology)
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3.3.

Fig. 3.2 Upstream view of Gola Barrage at Kathgodam

ADVANTAGES OF THE PROJECT

This project will help in providing an additional irrigation of 12993
Hect. in Uttarakhand and 47607 Hect. in Uttar Pradesh and the irrigatidn
potential will increase from 52.4% to 92.7%. Construction of this Dam will
help in solving the main problem of drinking water in Haldwani and Bhaber
area, also ground water tal;le in the Bhaber area will increase considerably

causing the increase in continuous discharge of tubewell.

At present the flood of Gola river erodes the valuable agricultural land,
damages other valuable property including human life. Construction of Dam
will check the erosion, damages of property and meandering of river. Thus by
constructing Dam the losses in crores will be saved. Construction of Dam
will help in providing the facilities to rowing, yatching, boating and will
develop the area for tourism, which also help in providing employment to
local persons and will ultimately be helpful in changing the living standard
and style of the peoples. The proposed generation of 30 MW eleciricity is
being taken as indirect profit as electricity generation though will depend

solely on the availability of water in the reservoir.
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3.4.

After the construction of the Dam, this entire area will have sufficient
water for irrigation, drinking purpose. Thus the construction of Dam is the

only solution to fulfill the developing needs of people and area.

Fig. 3.3 Site for the proposed Jamrani Dam,
 located 10 km upstream of Gola Barrage

CLIMATE

The region has a dry season from October till May and a wet season
from June to September when approximately 90% of the average rainfall of
1542 mm is received. May and June have very high temperatures (average
maximum temperature between 35° to 40°C and average minimum
temperature varying between 16° to 25° C), whereas December and January
are cooler months average maximum temperature between 17° to 24°C and
average minimum temperature varying between 3° to 10° C). The relative
humidity at Pantnagar varies from 75 to 80 in July to September, whereas it is
lowest (40 to 50) in April. At Dam site, it varies between 62 to 66 in July to
September and 32 to 40 in March. The maximum wind velocity at dam site is
observed as 80 km/hr in April and 15 km/hour in January (1989 report). The
pan evaporation at Pantnagar (from data of 2002-2006) is minimum in
December-January (1 to 2 mm/day) and maximum in April-May (8-9
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3.5.

3.5.1.

mm/day). Due to development activities around Nainital and the adjoining
areas, there is an overall ecological change and, the area is now considered to

be good and prosperous from all angles.

HYDROLOGICAL AND METEOROLOGICAL DATA

Catchment Area

The catchment area at the proposed Jamrani dam site is 450 km?
drained by the Gola River and its tributary called Kalsa river. The catchment
area is hilly and valley is narrow with sides having steep slopes. A number of
nalas drain off the basin into the river. The hills are bare with cultivation on
the terraces here and there. There are no storage tanks or lakes in the
catchment. The shape of the catchment is somewhat ‘D’ shaped. The
compactness factor of the catchment (perimeter of catchment/circumference
of a circle having area equal to catchment) is 1.27. The form factor of the
catchment (average width of the catchment/axial length of the catchment) is

1.3. The catchment area plan is shown in Fig.3.4.

River Gola faces problems of flash flood during rainy season. The river
flowing through mountaineous terrain, descends into plains at Kathgodam.
Extensive ﬁood plain deposits comprising of sand and boulders are present
downstream of Kathgodam. Gola river originates and flows through
southeastern Kamaun Himalaya in district Nainital. It is not a snowfed river.
The river is fed largely by the runoff during monsoon season when its
discharge is high but progressively gets reduced in the dry season. The flow
is not sufficient to meet even the existing demand of drinking water. The
river bed slope varies from 14 m/km at the dam site to 23 m/km in the upper
reaches and that of its tributary Kalsa from 13 m/km to 23 m/km. The

longitudinal section of river Gola is shown in Fig 3.5.
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3.5.2.

3.5.3.

3.5.4.

Precipitation data

In the year 1979 some Symon type rain gauges were installed in
catchment area at Jamrani Dam site, Lugar, Okhalkanda, Paharpani and
Champi. In the year 1984, three self recording rain gauges or pluvioéraph
stations were established at dam site, Gunialekh and Khansu. However, the
simultaneous short interval rainfall data for the flood events is only available
at dam site. Some (4 years) of all ten-daily observed rainfall data (27 years)
within catchment are given in Table-1.A, Table-2.A, Table-3.A & Table-4.A
of Appendix-A.

Stream flow data at Dam site

Automatic river gauge recorder was established at dam site in 1984. It
has been reported that the Gauge and discharge measurements were taken
three to four times during the day and average discharge measurement were
recorded as the daily discharge till 1993. The discharge site washed away
during flood in 1993. After 1993, the discharge at dam site is measured in a
very crude way by float method. During the visit to the dam site, it was
informed that the discharge is taken by throwing a wooden piece in the river
an at a fix section and then by measuring the time of reaching the same at
some downstream section (about 100 m downstream). Further, the time of
travel is related to average velocity and by multiplying with the average cross- |
sectional area, the discharge is measured. This discharge is further converted
to 10-daily discharge data and is provided as the stream flow data at Dam site.
Ten daily discharges observed at dam site since March 1977 till June 2006 are
tabulated in Table-5A of Appendix-A.

Stream flow data at Gola weir

Long term gauge data of river Gola are available only at Gola Weir
(now barrage) where it is being observed at 8 A.M. daily since 1948 till date.
For the computation of discharge at Gola weir, the existing weir has been
considered as broad crested weir with a vertical fall of about 2.5 to 3 m
downstream. The observed 10 daily discharges since July 1948 till June 2006
are tabulated in Table-6.A of Appendix-A.
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3.5.5.

Temperature, humidity, wind velocity and Pan Evaporation
data

Since temperature affects evaporation and snowmelt, it is needed in
many water resources study. It is a measure of the ability of the atmosphere
and water to receive and transfer heat. Temperature varies primarily with the
magnitude of solar radiation and follows diurnal and seasonal cycles.
Relative Humidity is the ratio (in %) of mixing ratio to the saturation mixing
ratio has a significant influence on evapotranspiration. Relative Humidity
does not vary drastically over a short time. Wind velocity is inputs in
calculation of evapotranspiration, controlled by local pressure anomalies
which in turn is influenced by the temperature and local topographic features.
Evaporation is an important component of the hydrologic cycle. Pan
evaporation provides an estimate of open water evaporation.

The apparatus of pan evaporation was fixed in 1975 at dam site and
observations recorded are shown in Table-7.A of Appendix-A.
The data of maximum and minimum temperature, humidity and wind velocity

is being observed since 1981 are also available.
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4.1-

CHAPTER 4

MEAN AREAL PRECIPITATION AND

ANNUAL FLOW ESTIMATION FOR JAMRANI PROJECT

MEAN AREAL PRECIPITATION ESTIMATION

In this study, the Thiessen Polygon Method is adopted to estimate Mean
Areal Precipitation (MAP) over a catchent area for Jamrani Dam site. In the
Thiessen Polygon Method, the rainfall recorded at each rain gauge stations is
given a weightage on the basis of the area which it represents. This method is
better than the Arithmetic Mean Method which gives equal weightage to all the
stations. This method is popularly applied to most of the field problems.

In the catchment area, since year 1979 some Symon type rain gauges
were installed at Jamrani Dam site, Lugar, Okhalkanda, Paharpani and Champi.
After that, in the year 1987,- three self recording rain gauges or pluviograph
stations were established at Jamrani Dam site and two other locations viz. at
Gunialekh and Khansu. According to above information on Catchment Area of
450 Km? for Jamrani Dam site there were five rain gauge station since year
1979 until year 1987, and there are seven rain gauge stations since year 1987 till

date.

The following is procedure for delineating area for each station in the

catcment area based on seven rain gauge stations basis.

(a).  All the gauges in and around the catchment area are accurately marked
on a map drawn to scale.

(b). Consecutive stations are joined by dotted straight lines, forming
triangles. |

(c). Perpendicular bisectors are drawn to these dotted lines such that the
bisectors form a polygon around each station.

(d).  Each station on the map is thus enclosed by a polygon. A polygon

represents an area for which the station rainfall is the representative.
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(e).

().

(2.

(h).

Area of each polygon is measured by a planimeter. Sum of the areas of
all the polygons must be equal to total area of the catchment area.

Areas of each stations are indicated on Fig. 4.1.

Thiessen weights are computed by dividing the area of each polygon by
the total area of the basin. Thus, sum of Thiessen weights for all stations
should be equal to unity. If there are seven stations in and around the
catchment area then seven thiessen polygons are drawn. Sum all the
seven thiessen weights must be equal to unity.

The average precipitation is computed from the relation

AP+ AP+ AP+ +A,P

P nl
“ A+ A+ Ay F e, +4,

or P, =PW +PW,+ PW, +...... +P W,

in which P ,P,,.......... , P, represents precipitation at stations 1, 2, 3,

...... , n, and A, A4,,.....,A,, represents the area of polygons

representing the corresponding stations, A4 is the total area of basin

which is the sum of all the polygons and W, W,......... , W, are Thiessen
weights computed as W, = 4,/ 4,W, = 4,/ 4,......,.W, = A,/ A such that

W, +W, +...+W,=1.00.

These calculations are indicated in examples on Table-1A, 2A, 3A & 4A
of Appendix-A.

Mean Annual Precipitation for each year from 1979-1980 to 2005-2006
are tabulated in Table-4.] and Fig. 4.2, is found the average
Precipitation P,, = 1541.83 mm and Standard Deviation S, =334.36.
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Table-4.1

Catchment Annual Rainfall in (mm)

Year Weighted Annual
No. ( July to June ) Rainfall
(mm)
1 1979 - 80 1166.60
2 1980 - 81 1759.90
3 1981 - 82 1204.15
4 1982 - 83 1422.96
5 1983 - 84 1558.99
6 1984 - 85 1024.55
7 1985 - 86 1920.20
8 1986 - 87 1283.48
9 1987 - 88 1149.21
10 1988 - 89 1458.02
11 1989 - 90 1461.26
12 1990 - 91 1912.27
13 1991 - 92 1170.72
14 1992 - 93 1553.29
15 1993 - 94 2191.90
16 1994 - 95 1292.60
17 1995 - 96 1955.32
18 1996 - 97 1597.21
19 1997 - 98 1768.68
20 1998 - 99 2078.55
21 1999 - 2000 2071.17
22 2000 - 01 1828.01
23 2001 - 02 1039.78
24 2002 - 03 1471.67
25 2003 - 04 1527.25
26 2004 - 05 1389.92
2005 - 06 - 1371.65

1,541.83
334.36

see Table-1.A - 4.A for some example from detail calculations

mm
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4.2. TEN-DAILY DISCHARGE CORRELATIONS

The 10-daily discharge observed at Gola Barrage during 58 years (1948
— 2006), whereas 10-daily discharge observed at Jamrani Dam site only 29
years (1977 — 2006). The aim of the sudy is to derive 10-daily discharge at
Jamrani Dam site during 1948 until 2006 based on 10-daily discharge observed
at Gola Barrage. The technique of Regression Analysis is adopted to derive that
data by both Direct Linear Regression method and Log Deviation Regression
Method.

The 10-daily discharge observed at both Gola Barrage and Jamrani Dam
site are plotted for 36 separated periods namely for each ten-daily in a year.
The water year has been considered to commence from 1% July every year to
30" June of the next year.

To develope correlation for the above 36 periods in a year, two approaches were
basically used, viz :
(1) Direct linear regression

(i1) Log deviation method

The data for the period 1977 to 2006 are used in the analysis. For direct
linear regression ten daily discharge (Q;) at Jamrani are plotted against
corresponding ten daily observed discharge Q_Q_G) at Gola weir for the different
periods as examples shown in Fig. 1B of Appendix-B. Similarly for log
deviation method, logaritmic deviations Qjp and I()_G_D_ .about its mean of 10 daily
observed discharges at the two sites are plotted as shown in Fig. 2B of
Appendix-B. These figures show that the scatter in case of logaritmic
deviations relation is larger than linear relation. The results of the correlation
and correlation coefficient using the two approaches (Direct Linear Regression
and Log Deviation Regression) are for illustration purpose, one set of
computation are shown in Table-1B and 2B of Appendix-B and tabulated in
Table-4.2.

The correlations used are :
Q = 2 Qc+b (Direct linear regression) ...............oveerinnnns 4.1

Q= aQopit+ b (Log deviation regression) .............ccceeevnnnen. 4.2



4.3.

where
Qs is ten daily discharge in cumecs day at Jamrani Dam.
gc_}j is ten daily discharge in cﬁmecs day at Gola weir.
Qm is logarithmic deviation of ten daily discharge about its mean at
Jamrani Dam.
QGP) is logarithmic deviation of ten daily discharge about its mean at Gola
weir.

a and b are the coefficients.

r is the coefficient of correlation.

It can be seen from the table-4.2 that relation derived using the first
approach is better because the coefficient of correlation in each pefiod are
mostly higher than that of log deviation. It can also be seen that a physically
meaningful relation in respect of river reach losses are obtained only using

direct linear regression.

The relations obtained as above are used to derive the ten daily yield
series at Jamrani Dam site from observed long term ten daily discharge at Gola
weir from 1948 to 1976. From 1977 onwards observed flows at Jamrani site are
included in the annual yield series. Table-4.3 and Table-4.4 show the up-to-
date 10 daily, monthly and annual yield series at Jamrani Dam site using Linear

and Log deviation correlation respectively.

DEPENDABLE FLOWS

Dependable flows have been estimated on annual basis by drawing flow '
duration curve. To draw this curve the annual yield series is arranged in
descending order and ranking is done by assigning the first rank to the highest
value and last rank to the lowest value. The probability of exceedance of a
particular value is obtained by dividing its rank by (N + 1), where “N” is the
total number of values. The use of (N + 1), ensures that the low flow can be
lower than the lowest observed flow and the probability of exceeedance of

lowest flow in series is 100%. Table-4.5 and Table-4.6 show the annual yield
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series in descending order together with rank, derived by linear and log
deviation methods respectively. A flow duration curve is shown in Fig. 4.3.
The 75% dependable annual flow is estimated as 355.9 MCM and 412.9 MCM

by linear and log deviation method respectively.

50



=
n

§8°0 09°0 080 L0 L0 §9°0 98°0 LE0 880 §9°0 ¥8°0 10 4
£6°0 ¥9°0 680 vo°L 8v'0 640 LL0 220 88’0 960 LLC \Z0 q uojssaibay uoneiaag 6o
00’0 000 000 000 000 000 000 000 000 000 000 000 e
+6°0 yZ°0 840 2870 69°0 £8°0 ‘06°0 20 a6’0 020 98’0 L0 4
820 ¥2'0 ¥S'0 6.2 810 14 19'0 PAN] 850 or'o €90 120 q uojssaibay Jesup
L1 9.°/8 8cy SE'90L- 22l 24504~ _£90 [44d) £€'2 129 ¥8'0 €06l e
ETEILY) ejeq sJa|pno eleq EYELE) ejeq sJajpino ejeq sJaLpno eeg SI3IIN0 eleq
Buiaowal 1ayy jeuibuo Buiaowal sayy 1eu)buo Bujaowas sayy jeulbuo Bujaowas sayy reujbuo Bujaotual 1ayy JewbuQO Bujaowal 2ayy JeutbLoO
€ Z € z L uo}ssauBay Jo adA ),
ANN AVIN
19°0 150 €0 zl0 980 90°0- 180 §5'0 <60 | 74) 26°0 00 4
€20 290 890 V10 280 $0°0- 08'0 :GG'0 90l ¥6°0 pil 280 q uoissaibay uoneirag 6o
00°G co'0 000 go¢ 000 Q00 000 000 00’0 000 000 go0c e
89°0 65°0 L0 €10 18°0 91°0- 58'0 59'0 £6°'0 08'0 6670 6.0 4
8v’0 €50 250 Zlo 290 €0°0- 650 050 €80 ¥8'0 G6°0 S6°0 q uojssaibay Jeaul
99’y 18'E 661 20°LL 1€ £€8°C2 [4: X4 80'9 |4l 629 G2~ 166" e
EIELT) eleq EYETLT) eied siano ejeq [SETLE ejeq sJaIno ejeq SI3I[IN0 ejeq
Buiaowas Jayy rewibuo BGuiaowas sayy reuibuQ Gujacwai zayy {eulbuQ Bujaowal Jayy 1reuluQ Bulaotual Joyy reuibuQ Bujaowal zayy rewbug
£ 4 3 4 ] uojssaiboy Jo adA),
q1ydd HOMYVRA
£6’0 L0 98°0 €20 280 o0 _£8°0 vyo 5.0 j24] 980 o 4
(49" 90} 280 880 280 Jads) 1680 080 680 50 860 190 q uojssaibay uopeiaag 6o
000 0600 00’0 000 000 000 000 000 000 000 o000 Q00 e
960 ¥8°0 60 £5°0 88°0 Ze0 680 op0 210 9%°0 06°0 9’0 4
180 er'l 8r'0 880 290 oz 0 080 8v'0 890 60 99’0 250 q uoissaibay seau
02'g- 8l'9¢- 059 yis 9g'L 16'8L £8'G- 90k 420 198 86°0 {18 e
s23{1}n0 g3eqg SETTIE) eiedq suaijino ejeq si1agjno ejeq ss3ljyno ejeqg s431fIno ejeq
Buinowai Jayy leusbup Buiaowal sayy leuibug Bulaowas Jayy leuibuQ Bujaowal sany [euibuQ Buiaowal Jayy 1euibuQ Bujaowal Jayy leuibuO
3 FA € F4 1 - uolssaibay jo ad4)
Advnyg3d AMVANVYYSP
82°0 150 £8°0 . 110 9.°0. $9°0 £8°0 SL0 980 180 €6°0 060 4
480 G8'0 680 Lo’L €60 280 G660 16°0 680 60°L ey 8Ll q uojssalbay uonelaag 6o
000 000 000 000 000 000 000 000 Qo0 000 000 000 e
‘1870 £5°0 180 S8°0 08°0 840 18°0 8L°0 06°0 060 56°0 260 4
190 ¥.0 950 60°) £9°0 280 G9'0 060 120 101 1oL 20l q uojssaibay Jeaur
1EC \2'c- 65T 28'eC- ££0 998~ 82T ¥l 'Gl- G6°'0- LBl - 982z 6e'22- e
EELE) ejeqg sJafno ejeq sismno ejeq sIaIInoc eyeq sJaIpno ejeq siaipno Bjeq
Buiaowas Jayy leujbuo Bujaowss Jayy 1euibuo Bujaotuaa Jayy [euibuo Bujaousas Jayy rewibuO Bujaowal Jayy reuibuo Bujaowal Jayy leulbuo
[ z € z 1 uojssaibay jo adh)
CEETEREL] YIGWIAON
60 §8°0 €60 ¥8°0 260 050 960 - 65°0 ¥6'0 690 §6°0 Lo 4
c0’} 60°} 10} €0°} 660 680 0L 280 401 €60 860 0L’} q uo|ssaibay uoyejasg 6o
000 00’0 00’0 000 000 000 000 000 000 000 000 000 e
860 . 160 0oL 660 S6°0 . 24Y 660 €L'0 00} 88°0 860 0 4
280 G60 660 20°L G9'0 650 vLo Y90 190 ¥9'0 690 260 q uojssaibay Jeaup]
£6'0L- 66°0- £6'95- 107~ $6°0- ob'é0L 18'9- 09'Li2 orilL 60'GLL 18'8l 6v°vS e
sJ9)j3n0 ejeg sJ3a[ino ejeq sJa|no ejeq s1aIIno ejeQ sIdI[In0 ejeq EYEI0TY eleq
Bujaowas Jayy reujbuo Buiaowal Jayy 1eujbuO Bujaowal Jayy reuibuQ Gujaowal Joyy jeujbuo Bujaouwal Jayy JeuiblLO Bujrowad sayy leuibuo
£ z € z 1 uojssaiboy 4o adA)
3380100 ¥38gW3Ld3AS
60 0L0 Z6°0 650 €80 0s'0 6’0 +9'0 £6°0 590 260 08'0 4
0z'y S0’} 8z} 9.0 L0°) 050 80} 9.0 62’1 180 060 280 q uojssaibay uonelaaq o
000 000 000 000 000 000 00'0 000 000 000 000 000 e
86°0 690 960 $6°0 £6°0 200 86°0 69°0 _S6°0 §5°0 - 160 880 4
160 LL0 G8'0 S8°0 280 €00 080 6.0 €40 080 €50 260 a uojssaibay Jeauj]
19°LEL- ¥.'20L 9Z'GE}- 60'LL 19'65- 69' by 61 'v5- 08'lcl PO°pe- 89'09 G6'9 $0'L6- e
sJ9|)jno ejeqg saa)no ejeq sJa|no eeg ssapno eeq sJapno ejeq sJa|pno BlRq
Buiaowas sayy 1eulbuO Bujaowal Jayy [euibuo Bujaowad Jayy eu)buQ Bujacwas Jayy leuibuo Bujaowal so)vy 1eulbuO bujaowad Jayy leuibpo
€ F3 € z 1 uojssalbay jo adA)
lsnNonv A0l

AIIM Y109 ANV WVa _Z<~=>_.<q. 1Y H3A V109 JO 3DUVYHISIA AIATISH0 ATTIVA-NIAL 04 SISATVNV NOISSTAO3IY 40 SLINS3H
ar-3angvl .



6r'eer's | s€'TL r'ovT 8C'ts EEYIT 0E'VCT SE'TLT 91" 60¢ TLETE LY'ELE 68'869'T | 06'€S8 SS'Y0ET V101
8v'e16 1 £0°b 76'6¢ L1'ST 12°EE GE'OE Sb'E9 104 08'v9 vZ 10T #0'p81 6T'TEE L1756 £

8£°960'C h°'9C vLTL 8L°LT LS 8b'6€ LS°6b 1£°08 9£'8L £8°SET LT | 48T 80°042 4 8S6T-/S6T
€2°0¢k'T 06’17 ST'ZE €61 Ob'Eh '8 £€'85 $0°'85 95°0/1 09°9€T £9'bbE ¥8'Or 0028 1 .
STLLTYT | 6L°6L £6'18 TTELT 64'Z0T 0°60T 80'SYC 08'05C 78'8v8 TO'EST'E | 6£'v69'T | STzt | SY'SOT'E TV10L
¥Z'09T'C 90°2E €I'IE bL'9C [aa (y'9T {528 £8°€L P8 OET 657849 19°68€ - 16'60L 3

96’160 0897 68/t 97°09 69'Gy 8F'EE 7798 Z4 b6°502 76°68L'T 9/°'108 91°159 L7685 [4 LS6T-956T
50°520°S 26°0C 5622 1£'98 99'bp 60°6Y 62°9L $£°907 $0'271S TS YIL TH'£08 8E'TLL SLT98'T 1

S9THY'9T | oY’ THLT | ££94S 90'00T tv'8rT LO'TET £9'07¢ 60'bbE 18'SEL 66'Stb'S 90'689'T | TZ'ZLE'E | SY'TEG'T V10L
WY 9/°6£9 98'405 bp'ST ¥5'6h /6'0p ET'TL 26'20T 97’ 78'819 £9'529 S7'£S8 18°S49 £

86°TET9 £1°969 9L'9% TTHE ¥2'SS 60'6E £0'89 60801 0E'¥61 Ob'9EEC £0'SED 98°68b'T 08829 4 9G6T-SS6T
97'€96'S £8°S0b [1R74 OF 0 19'ly 10°'TS £b'18 L0°EET TE'86E LL°06b'C 9£'829 TT'vE0'T 58179 I

80801 | 60'9tC 68'98 £1'S9 YI'SET [8'8TT 89°STC 80'1CC YO'VLY 19'006c | 28'8TE'T | 09'9TS’E | 68'STI8T 101
STVEG'E LLH6T ¥6°'8E 92°0¢ 179 S9°LE 1576 7969 ebL6 ST'98¢ 0b'TLE 65 9bE'T 19°ZHET 3

T1'89C°E bh'6C a'se 6817 5Ly 6Ty v'19 789 66'8ET 0T'thl 1.°05b 90'¥22'T 0£°9TH Z SS6T-YS6T
9v'8/5'E 88°1¢ £8'2¢ 86'CC SE'1S 6265 LETY YT'E8 29'LET 97'8ES'T 0496 96'G¥6 8695 I

15'8b0°0T | £8°ST¢ LL'E€6 S9°/6 LE'18T €T 10°20Z cH'6TT 8EPIT LTESE YE'OT8'T | 98'ECS'T | EE6V0'S V101
66’110y G8pbI SS°bE 6P bL'ES S/'8b [5°0S L6'6E §£°95 bE'0TT 69°99¢ ) G8'9EE'T €

0L065'€ 8679 v0'TE 8¥'6¢C 86°95 09'SS Wiy TH'9€ 112 LT £0°56E 89°'81¢ 99°€/4'C 4 PS6T-ES6T
78'Skb'T $0'81 81'87 ST'EY 99°0/ 8879 £0'STT $0'Eh 76'G8 29'521 29'8yT'T | 9409 £8°8EC 1

ob'zgt’cT [ 99'952'T | 9°08 +5°19 80'¢L ob'0L 0S5'€CT L1'S6 TE'9TC LT'Y6T YT'I9ET | TTTHY9 | T9'60'T WIO0L
Y615 b 19'€TT'T Y267 8981 £8'pC 6281 LLSP EP'TE 1S 59'90% 1€'902 £L'IvH'T 6b'SEY €

6T ThL'Y ELETT 80'82 8£°0C 61'6C 5967 €6 6005 YLV pi's8 ST8HT'T | 66'8bT'C £5°188 H £S6T-TS6T
€6'TIZ'E ZE'6 EE'ET 8h'cC 90°7Z 9p°'9¢C 05°8¢ 99°EE 9£°06 60°201 89'900°T | 6EbHL'T 09°26 1

LE'E95'8 SS'EE8 TO'0ET v£'60T €L'P9T 08'ZCT 89'99T 07'S9T 1E'L1T 68'LEV 89'6TT S6'C0E’S | £8°T6L VL0l
89'S8€'9 8C'EEL 8T'Sh y9'CE 6v'6b 089 S0'6S LL'SS 16°09 ¥y 611 10°SC 6E'S2LY T0°EED £

88'600'T 1ChL 9T Sp'9E bL'SS £1°8E 85'¢s S9'1S $9'99 0z'621 bbb 6£'96 TEZ1E z TS6T-TS6T
182911 5092 86'Ty 59°0b 05'68 (8L Y0'¥S 6L'LS 9T°06 SZ'681 YTy LL'08Y 182 1

£8'£56'8T | £CT LT bS'ECT 95°'88 T8'80T £9'T2T 09°29T LL'60T 29't0E 647785 vS'68C°C | 00'888'8 | TL0E6'Y VIOL
¥L'G18'9 0b'S6 $9'Ge LT /68 1£'92 178 £L°59 LE'L £6°6ET vb'296 8T'TILC £1°965'C €

8T°18b'9 £L'ST €€ 65°6C 1S°'SE $0'6E 80'SS Tr'b9 6€°L6 75'991 69'v8T'T | OL'VEE'E 0T'96€'T 4 TS6T-0S6T
16'099°S §0°9Z [S°'Sh 0Z'vE 19'%E 16'G5 IE'4S 8564 98'0ET $£'9/2 [T24% B A2 T K4 8b'8£6 1

08'€S9'sT | £8'98E’T | TS'TTIX 0T'S8 8S'LSP 00'EET 95" THT 67'8ST 68°85T TE'TE0'T | TT'TIT9'E | TT'0£8'S | 09'604'C V.01
¥9'Shb'L 90°£9 9Z'1S 00°¥¢ £0'78¢ 6LCE £6°'1S L9'bS G2'89 SE'LTT SE'SSL'T | 86'6bL'C £6°06C'T £

£4°920'S 6£°'96G 0b'bE YT 90°LE [T 11°€ 8T’ Ly 75'(8 £4'¥52 26'026 00°066'T L1 TY6 [ 0S6T-6V6T
6181 BE'TC §8'G2 S6'EE Sp'8E 6b'ES 759 yE'98 60°€0T £2°'68S S8'PE6 £T'0ET'T 08241 1

y0°2ZS YT | 68'SPY 98" ZbY 91'16 TEL2T §9'LEE 00'61T £0'P6T 6¢'09E 07°L68 S0'S06'T | Z0'ZSL’9 | 8S°¢vb WLOL
mo.ovmwo ¥E'TS 6999 [9'€T 9Z'1¢ bZ Ob [T'8E 656 11'26 06'861 8TvIp 70'T5T'S £6°9L1 3

05°828 ¢ £T'6C EY Sp'9g 9I°€e 62°bE 108 95'19 S9'bCT 97'65¥ 0b°€95 9Z'1ST T0HST 4 6V6T-8Y6T
6b'85E°C TEY9 S6'LE $0°'TE 06'79 T1°€92 8'Th 7678 $5°8ET p0'6£T £b'1T6 YL 'HSE $9°ETT 1

Twilol NNC AVIN UdY YW 934 NVC o= 4| AON 100 d3s ony mne AVQ-0T | uv3A

(Aep 29Wwnd)

poyIs uoissaliboy Jeaury buisn Aq 23S weq juelwer je J9A1Y ejoo jo abieydsiq Ajieq - 0T paALiag

€'y-olqel

52



65°CZTY 09'+8 LE'9TT ST°6L 17°L6 0£'001 6L°6VT 80°EST 0€'€rC L0°ZTE 89°459 LS'I6ET | £¥'TO¢L WIO0L
AR 2R 6CLE Se 12504 962 S6'6¢ 59°0S §9'SS 91°98 S6'¢L 15°19¢ 10°09S 60°55¢ €
vm.vwm“.ﬁ ST°9¢ [4%8%44 £8'9¢ $8°0€ E6°EE 9E"¢s 78S T+°69 LE°Z8 19°€0¢ RTA4A% [44°TX4 [4 696T-896T
£9°€ECTT 9T°1¢ 69'6¢C 81°6¢ 149 bb 9 849 1915 bl L8 947197 §5°¢61 SE'66T 99°0€Z s
18°0¢6'8 £5°CE8 L8°E€0T 8516 €8'VST ve'TLY $S'8LT P9'SLT SS'€9¢C 6L'C6Y v0'299'T | €8'I6T'E | LT'86V'T 101
Nv.mmHV YCvL9 650 6642 Y424 £p'89 1072 £5'09 0059 00°£5T C6'VEE L1'S50'C 58°88S €
mm.vmv\w 85°ZET S9'€E L1'6C b6'9h ¢5'Sh 60°¢S 60°¢5 6C°LL £072ST 8E£'9¢Y ceLn9 S£°6E9 [4 896T-L96T
$9'9£T¢C |YAT4 £9'6¢ Ev'LE 61°€9 6E'8S Pb'bS 20°e9 L2121 £L°€81 bL°00L by'6C9 £9°69C 1
Sb'650't €L0TT £6'0TT EETIT 09°IET 6/£'S6 EV'CET SO'0ET SP'661 8P'E9¢ 11°88S5 6S'TIV'T | 96'TLL LATe]
b1'ZSP'T 19°6v PE0P 66'EE 01°8S S8°L¢ £6°Sk 808y pr6b 80°06 19'8C1 15882 68°165 €
b6'Z€0'T ¢5°9E 68°'s€ £8'6E $9°8¢ 88°0€ 11244 L6'SE 15799 90°€L ET'ETC CE0be L0'b8 4 296T-996T
BEHLS'T 09'%c ELVE [ N4 98'bE 90°LE PEbb 00'Sy 1848 £€'00T LE9%T 9L'€8L 0046 T
Yo'obZ'y 84092 S9bL S8'99 +S'I8 1S'vL 00°'E0T TL'6TT ET'LLT 8€°99¢ LP"88L L8°'TSLT 9T'18% V1oL
6¢'668'T L0'TT1e 86°TE L8'8T 99'9¢ Sb'8T T0'vE [5°8E (404 68°T6 8t'6v1T 0£°850'T 6°SLT €
NN.mom\ €5°8¢ 08¢ ST°¢C 89°LC 8v°8¢ 89°vE 65'LE LSS L87CL [4: W44 SO'TET 96'¥0Z 4 996T-S96T
BY'EPP T 81°T¢ 4861 £8'SZ 02'4LT 85°LC IEPE SS'Ep $0'8L €9°101 L0°T0F 25°79S 147001 T
s £88'6 1888 w96 90°L1T SO0vT S8'9€T €5'L0T 14°L8T SO'STE L8°69L T6'£9L'T | ETTLTT | #1688 NIOL
50091 SE'9E 06'LE 6162 80°TS 886 58'68 6'vS SE'LL €€°4917 €T 26'99L £6°789°T £
26°€65'T 88°6¢ 19°¢E 61°9¢ JAN4 4 (4344 1S9 0E'¥9 T 09°861 85'599 £9°L1S 05°008 [4 S96T-V96T
LSEET'E 85'¢C 16°S¢ 69'1S 099 $9°Ch 9r°ZS 05°89 96'0bT S6°E0b 20’586 657988 89°90¢ I
88°'bot's 10°09T OE°ETT T9°€6 0T°6ST 6L'6ET 90°'96T EETET 9C'I8€ ov'LL9 TTCLTC | 0L°LZb'E | OT'ESL w101
08'580'% L1°56 (41514 $0'62 SP'/E 9495 1804 8b°'£9 GE'S6 £0'602 STy S$'209'C SO'9VE €
69'€9C'C Tv'0b L1°88 EV'6C 18'95 [V X4 69729 £6'8L S8'vIT EP'PET 0L°ZEB [ X514 1S°€SC 4 $96T-£96T
6£'S11°C Eb'Pe 1€°9€ ET'SE ¥8'v9 £9'6S 9579 88'48 90141 16°€EC 91°£58 bo'TEE SSEST T
£8'V6E'9 94T TS'9TT T6°£0T 8T°9ST <8'6TT L¥'89T £T°S8T E£y'00E 6C°56S £6'86V'C | TE'99C'T | €6'PSL V10l
10%1L'E 6€°0S S7'9€ £9'6T 10'8p 0E'SE 60°29 £T'85 1S°€L £8'TST 00'S0T'C Ly'E6y 12045 €
L8b'T L9°8y 9t'TY 9¢'5E 95'8S 06°8¢ C6ES 1€°8S 60°66 07'81¢ TP'SLT 68'EYS 9/4°STT [4 €96T-296T
OF'E6T'T 69'5¢ 68'8€ 88ty 19'6t (414 9b'es 69°89 €8°4¢T 9¢°52¢ L5812 §56'8¢¢C 96°89 I
$9°050°0T | SL'9EE 09°S6 8C'H0T (V)41 43 8P°TIC 9€'L0€ ST ov'zob 89°£96 TT'PL6 +¥1°600'> | 00'T86'T Vi1OL
66'88E'E 6C°€6Y 89°9€ 9982 20'6¥ b'08 S0°SLT (441 6¢°001T 69°'€8¢ | ZAA44 1€°02H'T E1°804 €
08'2£9'C 8E°0¢T [474T4 6v'EE 1719 96°¢s L8°V9 60798 S0°0ET EE'TES 29'86C $9'805'T S£'SSL [4 T96T-T961
G8'886'C 80°€T 15°6C 1444 L1'SET 01’6 b¥'L9 £9°/L 90°Cee 99°¢sT SL°CSh 610807 ETL1S I
85°68L'8 EC'LEE [44°]7 19°2ZL 8S°SPT 0S'96T 9ETTL LO0°TVT 90°68€ LO'VZET b8'Z0E'C | ¥'8LT'C | TO'WLZT V101
£5'7€9'C PS'P6T LS°8E 08'T¢ 85T 25°65 60°%9 91°0S 12°€6 61°89¢ £0'64P £L°9L6 LT'SLE €
8L°691'E 02°STT LECE S9'%C 6v'PS 09°'19 859 ET'6b 29'L1T EOEEY 65°208 16°C19 SL°S6L [4 TS6T-096T
£2°£86'C 6b’LT 8¢HC 9T’1e 15'6b 8E'SL 6£°26 8L'TY EC8LT Sb'EC9 97'150'1 08°889 60°€0T T
69°'S€6'9 S6'T8 £8°88 vL'€E6 80°CCT ¥T'STT 8T'99% 0£'86T £9'v8Y 7E£'988 8Y'E9C'T | €8'680C | EIPPE'T IvioL
L8'66E'C 00°€E 95°1¢ 5592 08¢ 60°TE 6029 €5°09 9¢'v0T )N A2 1S'8% 86'985 69°2EL €
$8'412'C [I444 ZS'0E {5°0€ 6L°CYy €78 9€°ZS 80°£S S6°£ST 0C’LIE £8°S6Y 1CLL LE'0SC [4 096T-6S6T
L6'L1E'T ETTC 08'9¢ 29°9¢ L0'Th €6'Sh £L'TS 01°18 LP'2eT | 74742 0T'61E §9'58/ L5°T9E T
70°859'8 18°S0T 9€°66 ST°'16 18°'SHT (4414} 8C°L8T L8'TET 88°€0S 8G'9SE'T £8'SLS'T | 00'I8E'T | TT'PER'Z VLOL
LLL06'E ETsy 6b°'6€ 12°9¢ €6'LE £C°6b LE'TL LTT8 PP STT 85°56¢ 85'¥8 05°066 S0°8ZET €
Nm.mmoum 90°SE (4543 16'82 82'SP Sb'8p £9'bS 6¥°09 0€'85T SCTLE 87°8tE PE'EQT LY'eLL 4 656T-856T
£H'H69°Z ¢9°¢¢ S§°L2 ¢1'9¢ 19°C9 PS'Ly . bC'E9 11°06 4 5/'689 T0°ETY £1'48C 85924 I

TV1OL NNC AVH Udv YUYW 934 NV J3a AON 100 d3s onv ant Ava-ot AVIA

53



19°800°€ £1°68 0z'0s 69°09 118 EV'TL 8v'8L 69'08 90°9TT £L°26T EB"ESE S6'E0T'T | LT0EL V101
¥STZI'T £6'8¢ 85°ST 9861 SL'1C 18°61 v0"9Z 92°8¢ Wee (4% 4] $9'46 90°0LE S0'96€ €
£0°8€2’T S8'0¢ 8S°9T £0°0¢ 58'9¢ 8/L'EC £b'be 90'S¢C ST°6E £b'SS SE'LIT £0°£09 SE'ISC 4 086T-646T
00°'6¥9 6E'61 v0'8T 9L°0¢ JAA P8LL 10°8¢ LEL2 LEEY 43} P8'8ET 28°9¢r LL'z8 I
12 156'S €S9YT 0T'¢6 0cce 8L'VST 00°bST 9L'TT 99'v9T T6°STC 69'68E TE'Y9S'T [ 99'729T 00°CIZ’T IV10L
6S'ELE'T 00'96 £5°CE (XX 4474 p9'ES 9L’SS 1’6k £9'69 £2°C01 00°'0£Z 00°ZSE 00°'602 €
560741 89'1¢ LLLE 60°0¢ bl LY LP'18 LLEy 20'pS 0L 69'9T1 0G6'SYE 00°6€€ 00'ESS 4 6L6T-846T
£9'906'C 5881 081 8LHE 2819 68’8t EB'Ch £b'19 20°08 LL0LT 28'886 99°926 00°0Sk )
0£990'% €9°0€T 9T’Ts £9'08 ¢L'S6T £8°0CT L8'VET 8T'T9T T0°TCT 9C'ECE CI'SEL ov'STZ'T | 19°S69 V.LOL
(TUSPE'T iv'66 SE6l £9°VC Ly'yS 8/°8¢ £8'Sp bL’eS S0°'19 PS'66 0C'9LT 89'81C 85°€9% €
£6'84L"7 {8'9T 8b°91 $9°8¢ £e°e8 85°ES oE'vb i vyl £9'56 66'1S€E 0r'eIs £8°99T [4 8L6T-LL6T
00'£p6 PE'T £p91 0S°£LC 26°LS 1S°8¢ 89'b 0r°es LS8 S0°8CT £6'90¢ Z9'b8T 0T'sL T
68'8TT'Y IS LYT LS'¥6 L6°£9 S9'T8 89°64 96°¢6 VO'LET E£L°68T 86'VIE 99°6T9 S9'v08'T 8t"88Y gLATeIN
96'9L2'T ST'76 15'bE [4 K44 04be 8'0¢ ET'TE 6E8P 44 6576 98'8L1 CE'88¢ | 4 4y4:T4 €
68'878'T 89°TE 6E'0E A R44 60°S¢ 8 LT L1°6¢ S6°0v 1S'¥9 12°88 SLLTE ST'E60'T bLTST [4 £L6T-9L6T
SO'EI0T 89°ET L9'EC 88°7¢C 98It ELT1E 99'ce 1L Ly <09/ 8T°CET S0°€CC BO'ECE ES'Hy 1
$9°7Z'S £6°00T 16’48 E£9'TL $8°£6 St'PIT 8S'TCT £6'6PT £0°0ST 19125 LE'TLLT | 88'T6T'T | SH'8Y6 vioL
EEERTT €E'VE 8S°S¢ 09°'0¢ 10792 [4: 054 LLTY S48 809 60°9ST LL°S0E SH'LLL £S'bPC €
et v'sh £6°PE 97'9¢ SC'0€ 9/'6E L5°6E gr'6h £L°18 TELLY $S5°168 A4 X4 £8°'bLE 4 9L6T-SL61
61'91+'C 81°'T¢C LA74 8L'pC 85°/E 60'EE ¥ 1b 66'TS £p'L0T 12°881 L0'b/8 S1'€89 80°62€E T
€1°0SS'C C0'I6E (4% 4] 86°09 £S°00T C9°0ET 68°6¥T 6£'86 CTEOT 61'SYT 98'T8E 6£'89F $8°59¢b V10l
br'62L'T 0L°6EE 88°0C 16°47 ST'6C SO'TY LE'S9 Sb'8E 15°6¢ 854S 6£'68 80°8TT EE'68E £
18655 SS'TE SE'LT L6617 66'EE 8 18°LE 9L°0E 89'9¢ 08'6< ETHET 8T°CTT £8°CE [4 SZ6T-vL61
LL°09L L1761 60°9T 0T'EC 6T LE EL'SP (4414 816 £6°9¢ 1809 £€29T ET'8EC 89°Er 1
00°SST’E [44:7 4 ¢6'1S 65709 LE'Y9 (4 %3] CE'TIT TT'E9T £8'T6C 10°S6¥ 8E°659 69'669 6T v6E WIOL
6E°6¢6 6602 vZ'6T 1841 LLET £0°02 £E€°9E 96°cS ¥0"99 LEBST 71081 60°€9T 19°pLT €
20966 £0°9¢ PE'8T L1°0C 9T cEle 05°CE +9°0S Sb'98 9€£'CST ST'2LT £E°8ST LT911 4 PL6T-EL6T
656221 §C61 SE'LT 19'¢¢ ST'6T €L'7€ 8v'ey 1965 SE'6ET 8¢°881 1T°£02 Le8lE [4:20]8 T
09°'6S8'E EC'TVE 8C'89 vT°8s 14°'8L 90°€9 L1°80T 6T°6TT 09°Z6T 90°STY 96'T0C'T | v1'6ZS £8°599 WI0L
852917 18TV 9e°6L 0087 00’2 P41 'y EE'SE 9tk 18°€L1 819871 98'LPT 12°90¢ €
ETTLLT eC’18 1€°0¢ 9867 EE'EE JAVR {4 LLTE 9L'LE 99 SLETT S0°/8L 6V"PEC OE'0LE 4 EL6T-TL6T
16'S¢6 61°T¢ 1981 8E'0C. 8E'1C SEVC 66'CE 61°9% SL'88 05221 Eb'87¢ 847901 9E"6vI 1
LYOTTY £9'59 8L'ES EEES v8'cL IE°6L 88°8CT 08'6ET +0°2eT T8°E8C TV061'T | bT'168 8°'626 WIOL
LT'9€6 L0°4¢ Ly 81°9T ¢8'1¢ €91 S2'H9 06°2y €988 SZ°001 6¥ 11 $1°92¢ SZ°€0C €
[IRLI4 S0°0¢ 8T°1C 68°LT IT've 162 ETCE S0°9p ¢e09 $2’S8 €5'vEE 00°88€ 10°402 ¢ 1 | TL6T-TLET
65'T16'T SS'8T EB'PL 92°6T 16'92 8L°EE 0b"ZE 98°0S 60°€0T ¢E'86 ob'¥IL 00°4L2 ee'ees T
0E°8TIY'Y St'v0S LT'99T S8°'1S L6"9L ¢E'6S STZL I8'TTT CT'I6T ¢L96T 98'9¢8 Z0'09ET LL'S69 TV1OL
VLGOE'T 81'9v1 I1°€6 9'ST £¢'lC Le'vl 10°8¢ £8°7¢ 8LEP E0'E8 EL'T6] bS'L6E L1°L6C £
ANER 0c'¢TE 8899 €941 0z'¢e 08°0¢ €6'EC beSE 98'59 9z°e8 h'86C 0S°8€9 p1'L0T [4 TL6T-0L6T
EF'0TH'T 86°Sk 4] 9481 bS'CE SS'EC 0e'Se YL ED 8818 EV'OET 12°9LE 66'ECE SH'T6C T
96°0IT'8 9L LI0T | 8T'EL E£E'E9 SL'Z8 0S°'90T <0'L8T 0S§°'SLY [44:14 89°9TL 88°€19'c [ 6¥'9TLT S9°'%90°T V101
b'060'p 96°LEL IETE ¢L8T 8v'9¢C €0°0€ £6'€9 0£°8S 00'0L 88°'b61 18'£65"7 Sb'T08 L1°6SP €
W'SL0'T Op'EET E6'TC 10°1¢C SE'9C €9°vE £9°vL 9T1°ES 8148 4 14 L6°'SLY scLLe Lp'09S [4 0L61-696T
60'56'T 6E'9% £6°61 09°€ 26'6C v8°'1H £5°8F S9°E9 v0'6¢T S52°61E 11°0bS 08°LES 00°5b I

TYLOL NNC AV Udv v g3 NVC 0=l4 AON 120 d3s onv anc Ava-ot YVIA

54



vE 0’6
. 6C"
99°//Tt %.Nmmn ot ot
ET'bPe'e 8’ s o 4 |
cCBT6’ € 0 T8° 7t e g .
i . ¥ 7 77 : LY'LXT g
80°65Z" 61 8 61 op' £aE : s .
6SLY 90" ST ¢ 8¢ : heis : v |
. - : X S FiHge . ¢S : SO'T9Y o
J08'T o 0L oc" 9€ : +6'1E X st : o .
b9ZET'T £.08 3897 - €8 TLELT 56°T¢ &y 60°0E 691G A T oo
90528’ 0981 55 78°0C T €9°641 = 97°9¢ ; £2.2¢1 X . . :
76°862° I'1e 5 £97 : 8819 - SO'T0T : e . ool . |
e ’ 42 7 Sy : 78'9¢ : 68°LET 5 00208 : 00°S.S
% £'€6 <o L'sg e 98p0 : 617E J OreSE i ovoce T —
Y26 . 9ty 2 giegt ; §7°97 . SIth . 00°esyT | 08° sessy o
/€ 1°26 : 60'TS = 68°¢C : L0°CE : 193¢ A 0 . ﬂ
6'T08 9c'cs GE'ST 7851 €429 77'89 b4 W44 62°9¢ L B v i i3
A ; sE31 i} 860z - TH°8CT ; 76b : 00°b0b : 00°16S TW10L
LT €96°E 9'sl 8T LY b6 Tz 07’81 1T EE 1C'S6 LV'ECT Ls Qs o0 i |
i - | iy i e . oTce - 0T°'£9¢ . 00°Shb : [4 066T-
o 5 28 e P : SI'v : €0tk - 79'09% = £1°0b 686T
BeE" 99¢ o 785 ! 5°5z , 9667 , 26,62 : 573 . ﬁ
mh = : 4 L 2665 - SLTE : LETL . 00'T4T = .
288 8y ST 0 b4 < L0°6L T CEY ' 2L : oces -
/5776 i 5 3 i £8°LT . £r's8 £ BL1OET : i . :
te . i oy 775 ; 0T - 84°80T : ZH'6ET : 0S°€91
- i : 2 ot s : 8E'/T ; o1’ TL1 ; 0S'0bE : [4 686T-
6Zh'E : Z'06 2 6°0¢ : 15°ST : 8E€°CE : s : o s
el 6L o 815 ) bG°T7 : 9c'gz : 4604 : s . ﬂ
o : z0 : 7097 s $8'9¢ - 08°9€ : 00041 : 2’896
0b 107 202 Bo- 1)) 86 Z0'191 a 6b'6C : S : e .
T0T'E & 9'G¢ BT 6'CC : 1E8YT . Lo . i . - =
95 ZED L08 9¢ T'L1 ; G8'6E - 86'8ZY 2 T : G . |
w cz i e : 9/°9/ : Tr'rEr : 0S'ESE : 0I°'9eS .
Y6 666" 8'6vT T0" 6°81 5T 66'€9 : #6151 e 95°'110'T : o . ; -
66'C 55 0L 90" 6¢ : LL'T8 : 75201 : fozere : e -
TobI6" 526 i 0°0Z = 81'/S . GT'G8T : s : s . ﬁ
bI6'y T8 8T o T0'10T = 84’88 : LEPHT : A : e
1T 7 8'bE 10° [44 [ SS9ET o e : e . - | \ 1_
o . o T TE 7 05°6%T - 75°/81 . LT 3 17°E€STT V101
easy a4 i T'E7 : VhE ) STELZ . L4314 : st S :
Tt o1e et SETE : b'vb - 69'9LE - [ : 6L°T8T'T
7o 116" T°SS 75 9t ey 88'/9 ; 6L°TL . 59190y . o . ; -
TI6'E 10 £LE 65" S'/E : [ ANL ; £5°'48 : BEsos : e s
focel” 0TE = SIE . A : 7578 , gL by : o . H
i - = : i i e . +8'80T : 65°C8E - 81T
T5219" GbT £ 3 = £L5h . b8l : 0861CE : o . .
i : 2 i 87T o 9829 ; 7E£'E81 : £G°GE9 : 86°CC6 10L
€0'0€L’S .m €671 .S 16T w.NH 7161 66'89 61'S6 e b sows i |
<7020 S8'EEY 09 1811 78" €E9T : 1622 : L1'868 : 89°809 ; [4 986T-
443 7R A4 79 pd? e [441H4 : ¥ LT R Lyse0': : L o
+9'7S6 .wom 7961 e 6€ 9T IV 691 7eer 9b'2e b8'6e Tote B s o ﬂ
$9-95¢” 86°SE 87 blET (TR £6'0£T = 79°6¢ : £ 8ax X 25ies it 4
95€'T GT 4] 7T Lv1 : €TC¢LI = Tb'8E : L 2 s -
$92£6" & o €1 P 0588 . SLTLT ¢ EE'589 : i . :
it " it i EET . 50°79 - CEE6T = 05°290°1 oy 95°8bE
Ty vl | ST £ Z 90/¢/ , b'LS . 8v'289 : 7573 . ==
A T 15 TET : goce : 709 . 609evT | vl Tros o
- i . o o TET : 12°LS ; 9T'6ET —— v ovY : 1
= $. i L5 50L F=D 60'SS : 0Z'v9 v 88°618'1 - TT'0S8
T2°980° [44 EF 44 Y% v = 0£'/S : 35 881 . b5 . .
B om. I 3 777 ; STP6 : 1689 : 01°80€ 3 b/°5S9 101
09° 7 ¥4 P2 8'Ep 99" ¢6'0¢ * oy . =on . = . m
oty | €z 13 57 5°07 £ 65EE . BECET : 1789 . =
69°ZSY C'IST oL 81 pi 08¢ : 79'GE 2 SS°09Z : o : : -
5T 00" LTZT 00" €€ . 88'/¢ . 12°L€ - Tzosoc o e -
05969 0’9 o 0°'TO0T 0s' 1€°5¢ ; $9'0€ ;s £8°89 = 612212 - T
o697 |66 SE o0 STET : §/°%¢ , SLEL , i o e
= = 8. o o5 0000 5 TH'EE : 20'6bC : 60°655'T : .
19¢'T &7 o o S'Sh - ST'0TT : 86°0S ’ o : e o
ez Sb Pt bE 60" 00'+¢ - 0S'TIT ; 99eby i T . :
TR W Ob o 07h . 38°6E ] 00'EET : sy . .
- A 3 i ) Ghi6E s 05°SE . 00°522 : 8¢'16¢ g [4 £86T-
= N. 0 o5 el : 66'€E : 00°0S - 81'88€E - 1T'L Z86T
- = : e o' g : 00'T€ . 00°8L : 00106 5 1
SOb'T oy 61 - €'vL = 0€°9€ : 00'Eh ) g : o5
0b'819" 1'9T 6e 90'1¢C e bL b8 : osi . o . . . ._
8191 SO°/T o [44 Fyi5s om 74 9717 S6'9CT 09°€0T e 007 i o = m -
8T . ‘€T : 15°89 (2 A4 XA oz
1VL0L 2544 G 16'8¢ , S0'GE LYY 00'Z8Y ; 00°2Zb : 7 | zs61-
NNC [4 : 08'2¢ : 66'9E : LT . 7or -
AVIW dv S'bE b9°0F LT'EE E6hp feer e - ~
: £y [0
UV a4 £eE pEs & a2l ol o T o
= [b'STT : S : :
— 9¢°L1S $5°'T0S s :
= : A T86T-086T
d3s onv ,
nc AVa-0T
UVaIA

55



8E'TIT'S £2'69 v9'TS £1'SS 1696 64"v0T 85°(S 99'59 0E'80T §1'95¢ 86'C6Z LLTVL’T | 61°608'T IVi0L
L9TL'T 19T SY'LT S8°6T 0902 2L 91 S6°0¢ 1912 ‘19'S¢ £E°89 L6'LZE 09°'62¢ TC'6VL €
90'6£9'1 89°€C 1E'91 £6°91 Sb'61 £S89 or'gT (44 ¥4 LTeE YL bE 0b'10¢ £9'069 89°GES C 200Z-T00T
696821 26'0¢C 88'81 6€'8T 98'95 £2'61 Lb'8T Y44 Zb'0s p0'EST 85'€9¢C 05'229 09°¥2S 1
S6'99T°LT | Zs'09¢ YE'IY sty 64'9b ¥S°0S 99°79 SL'{8 8t'ced ¥1'790'T 62°9v5y | 98'¢5T°9 | 90°08EY IW.LOL
60'66€’S 09°ZTH 88°pl 88°CT $S'ST or'v1 bS'1Z 60°9¢Z 66'6E (AT 62'15L 05'CIEC ¥6°€95T £
80'291'9 6361 ST Stbl 60°ST 7C'8Y 1C L0°6C S7'6S 80T ¢L'€80'T b 6£8'C TL°6E8'T [4 T00Z-000T
8£'409'S £0'8¢ 1271 61'bT 91’97 26'L1 12ve 65°CE ve'tel 76'9v9 81122 21°T00'T Tb°946 1
ET'T0L°0T | EP'PE8'E | v6°8Y 01’9t €148 55'C8 0269 ¥6'v0T 20'[TT £8'808 06'€Y8’T | £9'88Z°T | T6'T6L°T 10L
Sb'289°¢ P8 ISH T TELT 89'ST €9°LT 25°0¢ 05°T¢ 8LCE SE'Ip LT L0T €7°28S 99'bh 89598 €
79°981'€E £2°96 0SbT 79°ST (XA 1L'LT 81'2Z £0°9¢ £T°SL SLHST 88'918 S8°86% L1°65b [4 000Z-666T
90°/28E 9£'9EH'T [ A 08°%T £0'61 TEbE 20'9¢ 60°9€ pr 0T 18°9v€ 6Ly 9T'5v8 £0°89% T
60°0SS'TT | TT'SCT 89'6€ 09'18 0S°STT 6T'CIT S$'65T £0°'8TZ §6°699 8t'ebl’T 91’8051 | 8+'E6Tv | SE'TIS'T YLOL
61°960% LL91T 681 LEPT 18'9€ 6 1€ pL'LS GG°LS 8E°€0T €8'LL5 78'SH9 S0°899°T 8bELL €
74620y LE'T6 LEVT 6/'ST £TTH Ob'9€ 98°6¥ 66°€9 £1°002 ¥6'p58 Ly'6LE I 1SL'E 70°TES [4 666T-866T
81'veb's 80°LT (XAl Sh'1e 90y 0E'bb G8'1S 6'96 6E'99¢ 12'60€ 98'Z8b 6T bLL 58'90Z'T 1
£9'TE0T SE'99T Z2°€6 80'10T 20°20T 'S8 90'2ZT ST'6ST 85°THT 06'667 0t'€ZT 08'62¢ 65'907 IV.LOL
9t'0p9 05°20T or'ze 86'67 0E'SE LV 98'9¢ Z5°St £67¢k 06'L9 00'TL 0S°Z8 0T'6L €
¥E289 00°5% 88°8C 8b'bE bS'EE 00°0E SH'TH SG6°T9 $E'8b 00'€9 08°S/ OT'8ET 0’18 4 8661-L66T
£8°80L 68'/T $6°TH 79°9E £2'EE 00'TE SL'tY 80°2S 1E'1S 00'69 0992 02'602 629 T
+0'826'C §C'89 20'yS £L°L9 98°'€9 £5'¥9 1248 90'86 96'CCT ¥L'L6T Lt'9T6 £0°65Z YTIEY IViOL
¥6°106 09'pE L5791 2981 1T £L9T v6'6¢ 98°TE 78°4E 5009 $SEET {5°9.E 9T'bZT 3
£0°£56 L0°8T L0741 ¥0°0¢ 75°T¢ b7 Sb'9Z 6CIE 16'th 6819 96°'19¢ £9°ChT 99°58T C £66T-966T
L0'EL0'T 85'GT 8E°0C 10'6C 06'07 92'6¢ 81T 16°bE £ 08°S/ 16'025 £8'8ET 12T T
89'T0EY LE'66T 81 8t'0S YTEL 6£'8Z 96'6Z 8C/8 90°S0T 98'94T 9Z'8c+’¢ | 60'599 LT'9ET TV.LOL
LLEEL 80°0bT 9/°€l 6E'HT 6EFC S8°/ 9'L2 69°8¢ 65°TE £1°89 6ESST 18°6ET L0279 €
#6°£8T'T 08°0F 20°bT 01°91 11°2¢ bL'92 15°8¢ T1°8¢ 69'EE 9/°0/ 79'TCE L6'H9 18°02T |4 9661-S66T
L6'6LET 6b'8T vLET 6661 +9°9¢ 08’€e £8°€C 8°0¢ 8L'6E £6°(0T ST'196'T 1€°09 69'€q I
09'T96'T 68'88 0z'es 6T°T9 90'vL 1527 51'Z8 8L ST'T0T 19641 [ A1 44 0E'0vL SE'L6T V.LOL
L5'€T9 P1°€9 88°91 0v'6T S0 LS°'T¢C 14°L2 0492 81'6¢ 18°Ly $8°65 67 E6T 006 €
y1°LeL [ay4? 8791 59°0¢7 £0°S¢C G6'Pe £G°TE 08"HC 79°'¢E ££°66 20'8L SCEEE 00°£9 4 S66T-V66T
68°019 19'ET 05°8T1 $1°'T¢ 86'C 66'SC 16'4C 1£°9Z GE'8E Lyl 9b'16 9L°€T¢ GE'9F 1
9T'€66'9 6LvS 89'6Y €E'IS ¥1'0L vE'SL 61'96 99'T0T TZ'8PT 65'06T 9b°£10’S | S6'209 Z8'$ES IY.LOL
LS'ISTT SE'9g b o1 6S°ST PL'TT €87 1£°2E 0L'€E 19°LE 04+8 01°0C€E £€8°£71 L6°L0Y €
£5°249°E LLET 87°8T (A 8t'CC H2'6C LbE 19°2€ 65'LY £b'65 0S'80T'€E 68°H6T YZ'b6 [4 Y66T-£66T
90'69E'Z £9'bT 96'T 70'6T 26'PC £2'02 9/'8¢ 62'SE 10'€9 9b'9t 98'885'T £2°08¢ 19°2€ 1
0T'EES'T £6'TH S8'St 19°'9S 96'LL 25'TS 21'29 20°69 2701 SS'/LIT ov'obT SL'EEY LLEEE TV.LOL
[44°1) S0'9T Yo' b1 88°ST £8°0 0S°ST S8°0¢ L6'SC 8’1 20'pS 9F'S¢ 96°£0T ¥6°59¢ €
LP'E0F STET Y291 66'£L1 €£°'8T 29'8T 9b'0¢ P4 6E'TE 60°LY 01’9 68°98 vE0b [4 £66T-T66T
15'v6b £9°2T 19°V1 (244 0b'8T Ob'81 18'0¢ 89°/T 1S°L€ bb'oT P8°Lp 06'6EC 6b'L¢C 1
8T'6E9'T LT'TTT 89'6E o'ty 85°Z5 19'98 £2'98 8T'T6 2296 ¢S'LST SE'STE 9605t 8€'20T WLOoL
20'609 GE'69 ET°P1 ELET 61'61 1+'02 61°0€ 9E'6E 92'6¢ 8¢ Th £9°'96 91°28T EE'ES €
vT'S8P 1v'2C LETT 16'L ZE°8T b 1€ 98'/7 L0'HC £6°LE 99°/4 b6'L6 8T'bel £1°97 [4 T66T-T66T
20'5b5 T¥'6T 81'€T 9/'St £0°0C bl bE 81'8C (Y4 £0°6C 8589 80T | C9'bbT 26'CC 1

TWIOL NNC AV dv Uvl 934 NVC Jaa AON 170 d3s onv nc AVQ-0T UYIA

56



AN
10'64L'Y Z8'vS €2'0S n
: ST'LY 28'8S . .
(r'296°C 06'61 0C'ZT . 4 ET’CS T6°99 20°'86 ST Y "
MM.ONO.H 85°bT 97°61 WMMW WMWM MMNM U4 96 <959 {4 mh%%nm.mm WNm.m_Mmmﬂ N.vmomHNNﬂm Wm.m&.v VIoL
96/ bE 07 : : X 09°¢¢ e : : . 9977 £
0£'85Y'5 . LLEL €891 018} 6T pias A peLL Lrest TR AR ]
9ETo7E %Mm% 8L6E £ETh 9§'€S 90°'€8 09°ZZ 85°0b 9518 §0°94¢ 06°06 7619 81°bET M 300z-500z
£ 98'cT el oT’ 2 EV'6L LT'SST 61569 - —caT
TE'SOT'T 80°FT S5t : %41 cr8t GLbE T d - BS'6£6 SE'TS9'Z | 89'69S WIOL
- 9L€T LT : : 6€.0% ¥8'50C 66181 e :
€0°2E0T EEET : : X 0L°vE 99°¢e LGe : " . 80’6t C .. 1.90°4LT €
CVATA 5 6CET ST'S1 £T61 bEoF 2t : 1868 bO'£8C 29°20¢ 69997 TEEss Z :
[s02165 [oves €28y vS'Lb 755 oT'b9 (T80 e 4649 16°90z fEes T e EeT ot e
i * . TV ‘80T o . .
ittt 1 12 7S 1t et
9p'661'T b6b7 : : X 8'1¢ 79°T¢ 61bE : : . 6L b6'9€T €
92'602'5__ | 09" o bl vC 81 4224 67 , 65651 18°6¢¢ PO'LTY 0£°698 OB 85T Z y
Lo 'EY TETY PE0S 60°30E 15055 o 9% bb 80°SE1 E°0EE bbbt Y P $00Z-£00Z
YORLET WW.MH wm.% w www 9507 26712 oe M%mwn Mﬂe..mwmg M%.ﬂnmmm 1648CC | 8T6V0'T | 8£209 3 -
79" : : : : : 1SE ceehe 16'0/ :
TR G =5 2, 8E'6h 6/°8Th i5'1e S8y : : £ 9£°0/1 £
€81 SCeET £5'a7 5 0y Sb'L6¢ 76°068 b0'E :
9'EC b : . 258 IS 85°b/T 7 .
wioL NNC AVW ¥V UKW 34 e [TE5 75'c8z FECTT R ST bics ¢__|e00erco0z
NVE 53a AON
100 d35 onvy M |AVa-0T| uvaa

57



YT LIE'8 £8'96 0S°'S8I (A8 7] £8'09T T9'89T S6'TET 18°662 LT'62Y SS'PYS T0'TLSC | 6T'£9S'T | 85900 W10L
vL'018"2 0Z’LE v0'vb 66'ST 0Z'T 9Ly 00'¥8 6096 $0°86 £0°6ET 12°89¢ 96°6LS 0F'6SET 3

98686’ 6b°'9€ 61°E0T €91 S8'€S 80°65 £5'H9 85°811 15°66 $0'961 vO'TP8T [ 8T'T8E bL'618 2 8S6T-LS6T
§5'910C bT'EC LT'8E 0b'12 8/'69 1619 s 61°58 TLTET 8607 9.7 T9% 50°909 vh L2l I

£5'99£797 Y7 P0T £6'70T 09'65T EPPT £E'LYT TC6TE T 09E TLP60'Y | TT'E6L°E | 90°ShY'T | Z9'TIb'T | 68°TLT'S WIOL
8V LCTE 8499 05°8¢ 8G'EE bO'ET LT9E 6T L0T 65001 95 H6T 88°618 1S°1SS 80°bST T9°1€0"T €

£1'%99'S 1T°LE ov'LE ST'ZL 20'%9 ££°8 05211 89'201 GE'65C G5°£88'T 0S°ELL 98T T 76'680'T 7 LS6T-9S6T
8evLS'L $5°0C £0°/L2 18°Sh 9Z'/9 €479 #5601 80°/ST 78°0v9 69°680'T y0'02T'T | $E¥B0'T SE'IST'E 1

99°Z89°cZ L8°£56'C | 8L'0EL TT6IT £6'v0C 85'9LT £0°66¢ 80°86% £0'796 66'8T0°2Z | SS'IZ¥'T | 0Z°00T'S | DS'E6T'E WIOL
1£°188°S bETLL 8b°9£9 19°1€ 76'[S 76°C5 TE'€6 8641 1L 58778/ 68888 08°S2CT 05°586 €

0470858 LCOPT'T {1799 TTSE 12°9L 6£°85 ££°88 $1°091 SLvhe L0'THb'T £6°999 €T LbY'T G9'EST'T 7 9S6T-SS6T
59°072'6 9Z'0b0'T | 8T'6C 87'6% 6/°0L 1759 70°/11 S6'S6T £S°p08 L0'S6L'E £/'598 AVETA SE'YS0T 1

T8'9%b'ST $E'SOE £9'80T L0°CL 8981 SE'T9T 19°Z8¢C 6b'91¢E TZ'EE9 TO'SZS’E | 9TTO6'Y | vT'S6T'S | LL8YLT V1O0L
TU68ES 8/°0b¢C o¢'8Y £/’ 9g'sy 01’6V TE6IT 8b'b6 €L°SPT $0°69€ S TES 71°9E8°T 89'588"1 3

Y0'P16'Y LTy TP'EE 0T'ee 9£'99 IV'E9 9%'08 7966 W'SLT L9°'P18 (6’169 86°9v0'C E1'8L/ T SS6T-YS6T
95°Eb1'S 60°CT 18'92 ¥T'9 £1°sL L6 ¥8°/8 44 90°CIE TEPPET S.'8L9 yTCIET 96'v8 1

L9'VPE'ST 98'06¢ TIE8TT 68'STT 62'ShZ Ov'LET <1 88C 65991 65'20E 9Z°0ZS 60'C6S°C | 68'9Z¥' | 6£°SE08 V.LOL
§6°695'S 9Z'181 18T 18°0E +0'69 58’19 6€'89 07'cS 69°G8 G£°05T 8£°pBE 88'PIC’T 06°LTC€ 3

96°092'9 ¥1'96 80Tk £0'¢E bb'8L 86°/8 G8'ES bE'TS 85°16 ST'LLY S0°€09 66°CES YLETH Y 4 YS6T-£S6T
9T'¥IS'E 98't1 W'EE SO'€S 18'L6 85°/8 68591 S0'E9 ZE'0ET SL°T6T S9'409'T | 20'649 SL'E6E 1

88'TE0'8T 9Y°6bS'T | YE'TOT £0°£9 8€'80T 66'€6 89'99T S6°0ET 0/'80€ TE' LYY £€5°80S'E | 9271’6 | SLO0V'T TYLOL
$6'GE6'S CEOEET | TT9E ETL ¥8'6¢ 88°9¢ 1529 20°0F 618 9L'SpT 75°66C 9£'86T'E £0'799 €

088997 £8'961 bL'LE A4 $8°/€ 1E°pE 80'+9 bLTY [8¥6 £9°bbT G6'508'T | ov'06S'E SC009'T 4 £S6T-TS6T
ETLTVY 1291 6V [T 86°'S¢C 04°0% 08°CE £0°0p 07’6 ¥9°'SET 76°95T 20°€0b'T | 00'p5ET Ly 1

89°LS9°TT €€'2E0’T | 68°'SOT TEEET £8'pTC 8T'H9T €9°S7T T0vEe 06'TTIE 79'0%9 £0'EET S9'0£0°L | 1€ TZET v.LOL
£0°0£2'8 68'788 9¢£'95 95T 8Z°E9 19°65 1984 €LVl 11’16 19°T91 WUy 80°9709 TLI89 c

86°£94'1 9¢'ST1 SZ'6S bLTh 68'9/ /9795 8/'69 o b/ €Lv8 LT68] ¥6'LY bh6bE 0Z'€09 z TS6T-TS6T
£9'659'T TTPE 8205 19°61 0L'v8 68°LY 8T'LL 288 0b'SET £9°682 8£°0b £1°60L 6£'09 T

LS'v8S°LT 6°161 1S°6ST £8'E0T 60'SST T9'99T 68'0C¢ ¥8°66C 8E'TTY +6'9£8 8T'TC8Y | £0°9ESTT | ¥E'699°L V.10l
80°961°6 44 (ST 65°0E 8b'8p GS'OE 65°'T4 00°68 G6'P1T 99°081 6T°C9ET | 8Z'p2S'E £6'2L5°E 3

15°S9€°0T W'SE LTEL or'zE 60'15 1£°8S €L b8'E6 LTETT SE LT ST¥98'T | pEsee’s [5'608°C 4 TS6T-0S6T
86°C20'8 TTHE £9°VS 80°'TH 75'SS SLTL 1§'LL 66°'0TT 9181 £6'Cth £8°666'T | 14°98L°E $8'185'T 1

90'295°te €26’ | SP'TIIT Y1°66 07229 YT P8T YET6T £9'€TC 98'¥9¢€ 86'ESP'T 05'0ZZ’s | €T'sCE8 [ LT TI8E V101
69°896°6 e 16°€9 T'6C YT IS S'eh £0°04 LVEL 80°€0T 9b'E8T §s'9/v'e | 8TTisE 16'G18"T €

86'£L08 68'G/6 102 £6'8C 00°€S 10T £0°9§ €849 68°0TT YE'LIE 06'2v+'T | 8£'002'E $9'S0/'T 4 056T-6V6T
6£°025'y £b'HT £S°0E SL'0b 9665 G5°89 ¥2'99 89°'28 68051 81°€58 SO'TOET | 9pTss’T 29°68C 1

TV'L66'ST SE'8hT /9°88T S6'90T LTSLT 66'SSY 19°€9T 6T'LLT G0'96% T0'eST’Y | orvsL’e | sT1L1’e | 18°Z08 VIOL
78558 96'0L 6£'E8 16'82 95'8¢ L9 GE'ES 98'G9 97'6b1 16°09¢ 99°165 ¥9'TH5'9 1071 €

PS5 PEE D Ty £6'65 YTy 20°'8% sb'Ly ob'6b 15°68 PP LST 10°925 v6'TL8 $6'£80°C E9'bTE 4 6Y6T-8V6T
£0°L0b'E LT'9E] GE'Sh 06°9€ 69'88 64'SbE 98'09 76121 9£"E61 16°G9€ 95°06C'T | £9°0bS L1181 1

TYLiOL NN AV Udv AW a34 NYC oz 14| AON 1o d3s onv ne AYa-0T AYIA
{Aep d3wnd)

poyis uoissaibay uoneinag 607 Huisn Aq 21§ weq lueswer je J9ARY e[oo jo abieydsia Ajied - 0T pPaALIRG
vP-oiqel

58



TL°0S¥'9 ZC'0TT L'6Y1 TI'16 9E'6ET 8E'SET 8Z°£0C 88'STC 0T 90E T £6Y ZT'TZ6 99°'96£’2 | 06'82£T FWLOL
TH'002°C T0°€S 1978 11'8C 0b'9¢ LT'0 8b°89 952 1$'S8 ¥8°E0T 0T°ZLE ¥0'£98 €5°LTY 3
pE'89S'C G0'9E ¥5'T9 95°8¢Z S0'SP 11°6p £1'89 79'59 07'88 0S'THT SE'L6C 1£'SST'T 8h'TES 4 696T-896T
£6'189'T (11T LTSE vhbE 16°LS 00'9% 79'99 0L'SL 05°2ET 08'LbC 9/°9%C 16°LEE 68'6LE T
66°'0V6°CT ¢C°LS0'T | ZS'TET YTt SY'IIC 6E°6CC 96'6EC 61 6b¢ LO"69E ST'COL eETLY'T | t6'62L’y | €T L8P'T TV1OL
1E°€86°S Sb'ZI8. $p'0S 8y'SE 08°95 b b8 8E'v6 75'18 £€'86 6£°80¢C [T°08Y walL't 07°898 3
A4S 9% 11C 06'Sh 79'TE 19°59 76'69 78'L9 b1'SL 80'86 197212 S°TL6 80°811°T 00°ELT'T z 896T-£96T
26'STT'E TE'EE 61'GE SE'SH £0°68 £0'6Z 9Ll $5'Z6 L9°2LT 9Z'T8¢ £6°896 Z1°668 £1°9bb T
£0'68T°9 LTI IST 89°0T 69'SET- TL'S8T 9E°8ZT 99°08T 06181 vt [8T or'TIIY £0'9T8 IS'EPET | L1911 VLOL
9/'161°¢ 0749 €105 09'b¥ 96°¥L Sg'/E 97729 LLE9 ST'SZ ST'SCT 06T 91°LTS 12°2L8 3
LE°E8L°T £T°€S £1'6b Eop 10°SS 69°ch Z8'bS 6128 0£'€E8 10°CET SS°TIE 91'91L SO'T6T 4 L96T-996T
€6°c1CC ¥E°0E iy 94705 5/°85 78°9b £0°E9 $6'59 66821 YT PST 07°ECE 05°001°'T 16°CST I
TE'ELED 6E'TCE v8'C6 90'vL 80°0ZT €7°00T Z8'ThT 191 88'85¢C SV'STY TLVIT'T | 1€269'C | S6°'E€Z8 V101
8C°489'C T209¢C 89'6E 19°TC TETE 90°/2 18 0Z°0S 0p'89 0p°LTT S9'6TT 8b 6.1 L0°01E €
12°059°T 96'6€ 10°0E vbTT 0T 6E°6E £0°SH £T'ES 09'69 18°1€T $1°CGE 20'T0F L[9'b0F 2 996T-S96T
78'850C Wi STEC 10°0E VL% 8THE 8t'8Y 08'€9 88'021 7T'95T T6°THS 18118 T2'65T T
YS'EVOYT Y0°'6TT 90'ccY TETVT 9L'V6T [AET) 68'SLT 19°£9C 0T'SEY 86'L60°T 87 L86't | ¥89cL’s | S96LpY WLOL
59'vE8’S 68'1S S0lb 0E'LE ) ST'E9 10°911 S'EL 8E°91T v 1CC 98°6/S'T | 006IT'T T8°EPET 3
SE16CY 61Tk SV 08°0F 8L°6S 1149 00's8 19'E6 ob'zel 80°08C CI'SE0T | Z1°€86 90°/5H'T z S96T-b96T
b LIS 96'bC S9°0E 159 $S°69 0T'bS 88°vL £9°00T 9Z'961 £9°9T19 62CLET | L9pET'T 81°8£9 I
SS'SST'CT 9" TIC TL9ST 9E'IIT 9T'91C 66 LLT 0492 ST'TEE £1'02S 8V ZC6 [S'OTT’E | STLv8Y | ¢2'6LLT W1O0L
0b'8IH'S 20'Zet £8°09 80°/E 96°9F S0'TL £6'26 ¥'16 69°ZHT ST'ELC /17019 9/'68E°E TE0bS 3
66'8E0'E #5'65 £5°¢S 96°'TE £T'8L LZ'0E 0418 $6'GTT 91°Gp1 $9°96¢ 00°0TE'T | 95°9%6 9y°06¥ 4 $96T-£96T
9I'8E0’E 06'6C SE'Eh 1€ 16706 [9°9/ /5°68 18'v¢1 ({434 69°£SE 0L°061'T | £6°01S ¥6'8bC I
ST'SHY'6 90'SLT 80°SHT TEOET T8'YIC 09°Z9T sS4t 8L°€9T 0L'9TV §5'0¢8 L6'E0S'E | £6'641'C | 8T'S6T'T IVLOL
ZEVTE’S £9'89 6Py £0'8E 87’19 1’9 GE'78 0E'8L LL0TT 96'70Z S6'/96'C_ | ¢/°08L ¥6'r8 £
16'06E°C oT'EL 148 1L°6E - Sb'08 S0°'8S 0L 85’48 ob'Sel £0°08¢ 1£°25¢C 2’7201 y0'/bT 4 £96T-C96T
£6'62L'T 9z’ 15°9 952§ L0'EL v1'88 88'bL 16'00T £6°08T 28'bbE 1L°E8C £5°9/E 0£'S0T [ .
0£'09SvT 99°95t YZ 0TI YE'SCT Y9 LEY £8°E8T $5'00V £1°S9E TS 619 SP'66T'T TO'88ET | #T°068'S | SY'ELT'E WLIOL
12029 10°6€2 15°Sk 0S'9E ¥9°29 12'86 ZE'612 85°bCT 16'6V1 86°G9E 19°C2E TELC6T £1°620'1 £
T10°€1L°S GE'T61 06 97'LE G8'E8 GT'E8 85'p8 vL'9TT 12491 ¥$°668 80'6b1 IS'SLY'T 86°LLE'T 4 T96T-T96T
85'9zZ¢'b 0£'9¢ $0°'SE 86°'TS 91'16¢ 20T £9°96 IT1T 0b'S0E ¥6°EET 7£'919 0E'/8F'T ¥£'998 [
8Y'CI0ET LETOY £5°0CT £8'88 8£°00C 0L L9'E0E 95°86T 01°625 $6'96L'T £8'89E'E | I8'I8Y'E | £S'T6T°C VLOL
28'L19°E 05'0b¢C 68'Lb 90°9C 95°2§ TChL 8L'p8 ££°99 95°6€ET 04°9p€ $9°0b9 9S'8LE'T #9645 €
95'£90°S 18'Z81 £0'vb 0/°ST 92'SL £L'86 GE'S8 $9°04 £9'8%1 YT 66V S8°7192'T | 99°9Z1'T L98bY'T 4 T961-096T
60'L92'% 90'8€E ¥9'8¢ 90°LE 96°2L 05'/6 b5 EET 6119 16°0bC 66'056 L£'99b'T | 65°9/6 97'€9T I
€0'ELT'OT 88°£0T LO0TTT CO'TIT 9E'TLT £6'9ST SE'YTT SY'EBT 08'8t9 STV6T'T 0S'0€8'T | £0'€8Z’E | 6E'6PTC TVLOL
60'SP'E 06'Lb $0'6E 6CEE 00'8t (ST SE'T8 7518 T£'SST 4933 16°6€9 0v'968 62'290'T 3
Ob'¥64°E £9°8E 1ETh Ob'EE 1£°09 §8'05 /1'89 T8 81'661 L0°'T8E 60'9L TL°€82T 16'p8p T 096T-65S6T
GS'EEE’E 9E'Te TLIE 8T bt $0°€9 55'8S Z8'EL ET6IT 16°E6¢C 66°S6F 0S°92P 96°701'T 61209 1
75'958°CT TLIPT $9°SCT 89°Z0T 66T ST 86T S'ZST IS5 IEE 8L'vZ9 96'898'T vZ'ove'e | 0v'Z0C'C | S6'Z0SY IVIOL
SE'SHH'S ¥6'69 S0'6b 8LCE 09'2b 0b'29 19'€6 0T'11T S0'2LT LL08E v 8911 09°S6E’T 20'998'T 3
LT'ISEE €L°0S S6'EY 8TIg 67'€9 91'SL 0C'TL 68'48 £9'661 TTIEY WS 0E'6SE 06'61H'T [ 6S6T-856T
10°090"% 90°'s7 §9°CE 9°cP GE°88 89°09 59'/8 £5°ZE1 TT'E0E /6'1S0'T /8658 05°Z5H 70°zeT’ ] [3

WI10L NNC AV ydv AV 934 NYC 230 AON 100 d3s ony nec AVa-0T dvaA

59



T9'800°E
. 4 h.ﬂ- i
$S'TET'T mm.mm% ey Soor
L0'8ET’T : e 2 e =
00" S8'0E : g 2 1 |
0'6b9 : 85°91 : i : 0% .
1Z-156" 6E°61 : £0°02 &g 1881 : 43 |
E . . 0 ; 55 : $0'9¢ 5 90'9TT ;
s ezt €5'9bT < 94702 P BLEC : s . 8 .
[543 - 01°Z6 ; [43 : Y : b EE e £8'ESE —
- . . o . 4 . 5ies : [A¥S = S6'€0T'T 5
56'024'T : £5°2E - L' bST o 10°8¢ ; S76E . $9°L6 - LT'0EL
= 89°'1€ : EE/C 7z 00"vST . L : it . . . 5
£9'906'C : LLLE : 2’5t ; 9E'ZHT " £ . b5 . 1 :
225 6881 : 60°0E B ¥9'€5 : 99'49T Z aas : irous i m
0£'990't = 08'T¢ ; L'y : 9/'SS < 16'STZ : 264 o o
= €9°0ET . 8LbE E7% 'S : 12'6% . 69'68€ 2 L L ; o
LTSPE'T - 9Z'¢S - 8’19 : LL'EY . £9°59 ’ ool e oe -
SbE 7566 . 1908 L 655 , 7055 : £C.COL : o ﬂ
s . sce ) ZL'S6T N £8°Ch v 2C0L : 00°0£C . K454
; £8'9T ; £6°bC I £8°02T ; £b'T9 : o : o 00 -
00°'EP6 - 85'91 : A : L8'VET r 20708 " S o5 o F
e PE'YT : $9'8¢ £ 84°8¢ : 8T'T9T : L : s o :
82°682°0 } €51 : ¢ieg , €8Gh . Lk i1 : erserTov -
T TS'LbT = 0S°L¢ : 8G°€S : bL'ES : 9Z'ECE E S5 % N -
19'£68'T : LSb6 ; 6'4S . 9E'bb g S0'T9 : o Ste = Ema
T ST'Z6 - L6'L9 c 15°8E : Y'bb : b2.95 : AN H
e . s : 5018 ; 89'bb v Yo 'vl : 0T 9L] 0 9°569
— 89'T¢ : W't oL vL'90T . e : o . - . 2
SEZEY'T : 6E°OC : YT > TL8TE 3 o . o . . ._.
4181 85'E7 , 9% P 667 . L5761 - 0’821 i 2ot o :
IT'¥bE’'S = L9ET P 0'SC - 18'vb - ILSLT : seot 6 e
T€'896°T IS'8ET 90'80T 8'7C 981§ 85°LE €8°/¢ 1°H9 vZSl SLOEY oohe sus e | e
2£'988°7 8t'6b &b 1€ no..ow 69 PET 11765 80°9% m~”mm 90'78 ﬁk”omﬁ b6 03¢ mm..ammﬁ 55 ﬁ
= 7849 ; | 444 P €8'$ST ; $6°69 - b Lil i GGt ey s
80°68F'C - [P - P 1E ; TL 9T - 9p"8TT g o e oo lr
68b £ i . 1822 : 99°Es . 1712 . L0z : co |1 m
86°E50'D L 08°82 : TEbb : 7015 . L0ZSE : T o
= 66'SLY s 798¢ 6" 09'6S - £2°%9 . TLEEL "0LS” L e N -
5'958°T - TZ°99 ; 6'8S : +H'1S - STT6 ’ S o6 = -
358 [SEIY : vT'99 e 15T : ol : 9 £0c : T :
YT L80°F : 95°'SC . TEbT ! 9585 : 69°£01 : awats (v e
. = . s % L5Th : 920l n 9£°8€C n PETS I VL
STOTT'T : 20’2 : 8'SE : 66"T0T . Sy = iz i . :
5 'L - 85'61 : T0'ES ; LE'SEY : e bat = i m
v6°S86'0 = £9'8T - 80'6b - ££°98 : ¢ S9F 16 twets T -
. .2 . o . s . €006 = 6'29¢ : 696 70" 4 9/61-
B . =i : 985 ; £1°6b ; 9b"9p - 78'6TS S 220" LYS SL6T
YO8 LS EE . 19'59 o 1965 . oy : 66'08 : ot o7 ﬁ
£9°00°T : BrEC 0 786 £ €599 . A¥24 : éE 50 is =
et s EETS . 00z T 9TENT : 652h i £8£8 : 7 o -~
S'ELL'T - 9'EC ; p'82 - €1°SST 5 EI1L : T . =
e 80'97 ; 98'61 20" 26'8¢ - LUTET : 306 i Zeioe 5 :
YT IO1’0 £ L1702 o 0°EE = 7115 . ELEOY , se9ts T ov -
07°08L71 S6' b £E'v8 L5¢ 8T LE L4 6TCh L0 <866 TT'90Z 96'9€6 = e : B
=T 98'967 - $5°C9 o L1 '6E ; €62 ; cLa0e i oozt :
68°266'C ; LT9E 67 S8'9TT 8T <819 ; 95 601 16 1550, i i
€66 £8071 : 70z 7 Tv8 L 1528 g eete : o 55 -
SI'88E'T : SE'9C < £'82 69" 6S"LPT : EEP6T - oy = 1 »
B88E L 91T . b6l & 9L J £9°99% L 61 88¢ i 7 o :
159559 1 A = oS = LR O s sverT [ oc -
T ({1 1] - 8°¢¢ 06’ b TE ; GGt = 9809 8617 773 & : s
19'¥0S°T - 9€'99 ; 6'6E ; STk ; §9°69 i oy e s =
LN £3°0b . 0L'SS : TO'0€ : 8E'ES : Ot 6ec : et ﬁ
e . 5] . 70°801 5 95°9b ; 6148 s S9'1/2 oT" Y8T'T
g - . s 5 0D . T TR CLERT 11620 T'€SE bS5 10,
i . 1L . Sz e 0S°TLY . L'EET 79° 1'62¢'T 08" 15¢ L
; 1241 - 98'91 ; L' : T6'96T g o : oo v |
20:526'0 . R 9v'0€ v 168 ] TR LoLoe | CE o
'ST6 s Te £17 2 Sop . 8605 . veeh T eroorT TorLoT s =
01°/b0°C : TH'SIT : vt ; £8'TH ; 70°68 - LT0CY | Oeily st =
LE0, $3'Z81 . 19'€S : 8b'Th : 96'59 : o87/el : i i H
0678/ . /911 . 9CETT . 0USy : 189 : a0 |6 =
Loy 99'/0S : €497 7 ¥9'LL = 65'vL ; e bl 14 i o s
£9's¢1’e : 066/ ; €92 %0 $TLOT - o . o 4 : _,
: oc'/8 : 591 o 0Ez . S9'SST ¢ L1151 : s 5 m
ZTE06'1T . 68T : 0bE : 0Tk J TT 9.2 i veeLrT | i 1
== ZS'PSET = 99'0¢ 107 £9'SC - 202k - 18'8St LT, o = ; -
£5°659°S - 6£°06 5 0'ES ; 16°0E ; 88°99 : PUULUL | LLleE o c
6E8SH'E £,888 | £L8E 6E°69 PETLT S6'8¢ £reE 956k </ 8911 E06Le i ﬁ
oYL £9'LLE . 6£'T¢C 80° 68°'EYT 5 80'b9 : vl LR sréor i o
1£'68L°C ; £4'8C ; 0'CE ; 66"05¢C : 8b'S2T . S ek BT <01 e P
9v'88 coee ¥6°'0¢ £E6E SE'0p 8578 £T'6vC YEV6E s e s Gl m
TV10. 90/ ; 0b0S : 1682 . 0S'ZT0’T LTl 25 00 < N -
L NN £6'6b ; 6146 - $9°507 : ALk a6 % o
c AV ddv bI'ES 7769 wn 9L 12901 Mm s e mwm il ﬁ
. . _ ] L£
i g4 b'E6 86°181 £bic L2472 T e s
- - 19°[8Y 6€°0vL vw.ms S0 M
o 3 : 2 st z 0£6T-696T
3S Ny ne A
<
a-0T YvaA

60



YEOrY'6 6C°¢L ST'vS LLvs 58°88 £9°69 LY°LTT LETHT T¥°65T S0°'T9¢Y 0020’z [ 00'CT0’E | 19°Z8T°E TvIO0L
99'2£2'C 687 96'vC EL9T 214 74 L8'ET 8642 (4572 Sy ¢v68 00°€9¢ 000911 00'¥0F €
ETvbL'e 8E"0E 18°€T £L°61 9v'8¢ b $6'1€ 60°0€ §9°'IS £9°0b1 00'/58 00'SEY 00'S/S [4 T66T-0661
SS'816'Y 06T 8E°ST TE'8T 1T°9¢ 9E°T¢ STLS 91°9¢ SE'C9 00°SZ¢ 00°208 004147 19'802°C T
80'65L'y 90°0L LZ'oL 9E'E8 CLELT £9°6VT Y208 SO"T0T 68'LET OT'ESE 00°ESY'T | 08'0EE'T | 96°S59 VIOL
8E'T08'T 9E"0E ¥89¢ ¢8'0¢ ITEy 8819 £8'9¢ 6I'CE SLEY 19'S/2 00°98¢ 00'£95 00'T6S £
¥9'ZET'T 09°8T 4434 S/'9¢ £e'sy 98'+9 87°9¢ L0¢e LL'YY 61°66 00°v01 08'¢ce £8'¥¢ 4 0661-686T
90'678'T 01°12 12°0¢ 6L'SE bE'S8T 68'¢C | AWA4 6L°9€ LE6Y 0E°8LT 00°€9L 00'Stb ET0F T
£6'86L'C 8£'E6 S9'Eh 60°1S €L'T9 LL°89 I'8ZT 1T'S6 LV'ECT 0T'€9T ¢9'09% 0S'SEL YO'EL9 IOL
16946 91°¢S SE'ST 28'ST 8€°0¢ 0T8T ITEE OT'EE €0y 56'65 18°26T 00°'TLI 00°TZ€E €
£6'T08 95°S¢ 8vEl S0'LT b6'T¢C Z6'EC 8T'vb 9E'6C [444'1 JANAA 6E£'8C1T 00°'¥CC 05°€91 4 686T-886T
60'220°T 99°ST [4:54" (441! 1b°0¢ §9'9¢ 49 SL'TE (444 8/4°0ET P'6ET 0S'0bE $S'88T T
LTE96'E £S'L9 rs'L8 £€C'8S GO'ETT CE'6S L0°6L E€P'S8 81'80T OT'TLT 00°£89 00'84v'T | Z4'896 WIOL
£8'T69'T 99'9¢ +591 SZ'61 66°%C £8°L1 [AV A4 8E°LT ge'ce CE'0L 00041 00°£56 05°¢6C €
S9'88€T 6E'ST bE'ST £0°61 149 SH'0¢ 15°S¢ 95°8¢ 08'9¢ 1899 05°€9T 00°H6E 0r-9es [4 886T-L86T
SL'Z88 8'ST 99°'s§ 16'61 86°0C $0°TC $5°9¢ 6b"6C 0£'6E E0'VE 0S'ESE 00°/21 Z8'6ET I
£9'22E'01 96'8TT 62'06 E8’IS €084 20191 TE8LT 86°8Ct TV veEY 95'I10°T 60°CHI‘C | TE£'99+'C | 68°Z60°E JLATeIY
96'6Zh € [4:¥A" SE'8T PLST 86'¢C S8'6E 9,94 P6'1S1 [AsgAL)! b6'82¢ €4°509 €968 TT'ESTT £
TET6L'E ST°0T 89'S¢ pILT 98'€C 66'€9 LL(8 S¢'S8T LEVhT 8v'beE 2LTCI'T 10°665 6L'78T'T 4 £86T-9861
0r'TOT'E 64°08 9T'9% S6°8T 8T°6¢ 8T°4S 84°88 6L16 ¢S°LBT 1°85p ¥6'bTY 86046 68959 I
9S5'ZE0'0T 98'6VT 1004 90°0L T0°10T SS'OET 0S'6t1 ST'ETZ 69°9LE S9°190't 8E°G9S'T [ 9T'SZ6'T | vb'8ILT V1ol
b6'666'C 65°C6 £1'8¢ 81°7C SS'TE Ly'bE 'Y 6L'TL €598 £TH0b 057¢8¢ 6b'088 g67¢te £
W'hI6'y I8°VE 10°12 6I'ce 61e 88'/9 ULy 2979 +8'80T 08'6T2 € AR 60°9¢t 96'veT [4 986T-S86T
TTELIT IA44 L8°02 69'%C bS'LE 0T'¥e LE'LS PL'8L CETERT 9'/EY CTLYS 89°809 05'0L T
7S'65¢°0T yT'ss LE'LE 6S°IE S8°0 EL'SE 98'¢9 66'89 61’56 LL'868 Ly'8Y0’E | LS'6V9'E | 65'VTTT V101
H'TI6 € L0°TE IvCT 166 [4:84} E€r'Cl 451 16°C¢ veic LLYS 66096 8Y'S6E'T [TTSET €
6Y'SEL'T S9'p1 £V'CT Z5°01 543! £E°9T (44114 9b'CC $8°6¢ £9'8ST 86'%¢0'T 79°£90'T 95'8pE [4 S86T-V86T
19°219’E 256 £5°C1 9T'1T 484" £6'9T CS'ET (42 X4 Ty8¢ £€°389 05'290°T Ly'06T°T /A XA I
£0°0EL'S SB'EEV 09'Lb £9°6E 9TV €6'0ET E€TTLI SLTLT CE'EGT 8’89 60'9¢b'2 | vL'ovb 1T°0S8 V10L
SL0TH'E AR £9°61 4% SLvT 0E"88 S0°Z9 ¥TLs 12°09 91'6EY 88'618'T 06'TZT $L'689 €
¥9°¢56 86°SE 8L°b1 LTET 9E'ET 90°SZ 60°'SS 1248 0'v9 95'881 0T'80€ v8'9L 62°0S 4 +861-£86T
$9°95€T 91°6C ST'ET 9e'El ST'ET L5°L9 6055 048 1689 9L'bSE 11°86< 00°¢rc 80'bP1 T
T9'££6'9 96'vLT ST'8TT 157201 88'9L vevL ST°v6 89°66 8E'TET §S°094 128992 | 6T°LZT'Z_ | T9°€E0S Wi10L
TTHITE 98°0€ET 618 XN 44 84CC 26°0¢ 65'tE ¢9'St A4 £8°89 £8'8¢8 60'655'T $0'0LE €
8I'ZEY'T v1°ee 61'GE 08'ch 99'0Z 10°8¢ 88°'LL $9°0€ 1944 coere LE'C08 28'9LC 9b'95 [4 €86T-C86T
12'980'C 96°1C LV'1E 8/°81 br'EEe TE'ST 8L°TE TEE 86°05 99kt 20'L20T 8C°16¢ ITLL I
090314’V E€T'IST 0L'1TT 00101 0S'TVT 00°00% ST'0TT 0S°'CTT 00°EET 00'STT 81°88¢€ 00°T06 $0'ST6°T TVIOL
69°CSH'T 00°9% 0/'SE 00°ze 0S'Sy 00'v¢C 98'6€ 0§'SE 00°0S 00'84 95°'TS 00°86T £5°918 £
05'969'T 00709 00°9% 0S'vE 00°¢h 00°9€ 66€E 00'1€ 00’ey 00°0Z 95°ZST 00°'TEC SH'916 4 T86T-T86T
TH'192'T £CSk 00°0F 0S'vE 00°bS 00°0% 0€°9¢ 009 00°0p 00°4L 9E'y81 00°ZLb 20°'z61 I
hveL'y LLYVIE 6T'T9 ¢E'S9 {4 74 vLv8 S6°9¢CT 09°€0T ' LbT 00'L8t T6'EPE'T | 6v°'¥00'T | 89°0T6 WIOL
150071 29'182 95'61 90'TZ vE'ST 9C'T¢ 15°89 SO'SE 66°9¢ ¢9'STI CI'E6E L0'8LT LE'H0S €
v’ S0bT 01’91 66'CC (4% 44 00°€e 16'8¢ 08°4L2 LT EE 68'v 76'SST Eveey 88°pCE T LT [4 T86T-086T
0p'819°T S0°/1 $9'8T p1°CC 86°GC £5'PE $9°0€ 8E'SE 95°99 Ly'STT 9¢'/1S $S'10S £0'PET T

Tvi0L NN AVH udv YV 434 Nv( J3a AON 100 d3s onv nt AVYQ-0T UvIA

61



8E'TIT'S £2'69 +9'¢S LT°SS 16’ A - -
BeRs e e as L %%Nm Mv. mwﬁ mm%onmm 8. 59 om..a.: ST'9SC S6'C6L LLTvL's | 6v'608°% IVLIOL
90°6/9'T 89°ce 1£°97 £6°91 Sb'6T ¥5°89 9181 s o oy G T e :
et BEe L et sk ok o £2'1c Leee YL'bE 0p'10C £9'069 89°GEG 4 700Z-100T
S6'S9T'LT T5'09Y YE'TY ST 64'9% 505 99'/L o ey i o Seas o :
oL 09 et e oL 150 vm.aw mh. L8 8y (X434 S..Go# 62'9vS't | 98'¢St’0 [ 90'08c™r V101
80°291°9 6861 ST bl [ 60'ST '8t 1H'T¢ e e B et Eet B :
ol 2L 26 i o sl LA £0°62 mN.mm 8/°10¢ e80T | veEs’e T/°6£8°T C T7002-000T
€1 102°0T Er'vE8’'E | v6'8Y 01’9 €I'vS SS'C8 0£'6 ~ .Nm toa e e e !
£TT0/ Evpige | ros s £, o om.no Y6401 0422 £8'808 06'€P8’T | £29'884'T | Z6'T6Z°T V101
79°981'¢E £2°9¥6 0S°bI ¢9'sT (A 1/°[¢C 8T'2C wm.Nm T i o e e :
90°£28°C 9c'0eb’T | €741 08'v1 10'61 TEPE 20'9¢ mo.wm e s Srol Srers i : 000C°665F
69°STZ'9T 09'T0€ 'Ly 0T°ES €£°99T 01°851 £6°'STT " o mu 7 Fote ! Sars Too T !
STy 09710 L OT £ £L: ors: Lo (24T 88'7/8 69'vET'C | 0S'pST'C | ¥9'291T9 | 8L'SETD Iv.10L
bR S 8Ll : . ) . L ¥ £b'bST 98'TEL 12216 18°€£2°2 LTT
20’ ¥9'L1 [4%3] ZE'8S 80'TS 06'+9 6T°E6 T ' ’ i Srone :
v co £ boil R LSS 8012 069 i ‘252 L9'6T6 12845 69°0v8'C 68°086 [4 666T-866T
e . . i z . 96'Tb1 £€'99% ST'ELb 60°659 $1°880'T (5 [£0°
CTEG 80°TOT £0'20T Iy'S8 90'7Z1 " - " S0 :
Lo Se 99 4 80T 407 Ly 507 ST'6ST 8S'ZYT 06°66T ov'eet 08'6¢Y 65'90¢ TVIOL
bE'789 00°9% 88'8¢ 8bbE ¥5'EE 00°0E mt:m mm.mw s e o e bErs :
v o 289 ey ek 0.0 2 519 be '8y 00'€9 08'SZ 0T°8ET 0c'18 4 866T-L66T
$0'826'C ST'89 [R5 £L°L9 98°€9 LS9 HN.mw o .Nm oo it o Sorcs e !
PO 5 oz 0% £ e 5w vm.mmu 90°86 96227 YL LET Y916 £0'65Z YL IED TV10L
£0°ES6 £0°8T 10°(1 $0'02 [N 14 Y5'TC [ wm.ﬁm Nm.nm mo.om B s St :
. (81 0.4 He Gl ke e 6¢ 1€ 16°¢h 68'19 96'T9¢ £9°ch¢ 99°G8T 4 L66T-966T
89°T0EY LE66T STV 81°0S YT EL 6E'SL 96'6L - 7 e oFs Srac Cveo ot :
B9 0 Loes AL S v oe 9 8T'L8 90°S0T 98°'9bT 9Z'8Eb'c | 60'599 LT'9ET WI0L
$6'L81°T 08°0p w0bl 0T'91 11°¢C $/'0T ﬁm.mw mo.ww St i i e T -
poesLl e oL o2t e e 128 182 69°€€ 9/°0/ 79°TZE 16°b9Y 16°0¢1 [ 966T-S66T
09'T96'T 68'88 0z'cs 61'T9 90"vL 1S°ZL ST’ : = T o .m ? oo s e :
9919 £e' o L St 5z HES 8'LL STT0T T19°6L% TE'6TT 0E'0bL SE'L6T VIOL
YT L2 $1°eT 7891 8907 €0'GZ S6'FC mm.ﬁm WN.@N o e e e 0 :
ne Ha @ h ot Stk Sl gbe C9EE £€°65 20'8L GC'EEE 00°£9 4 S66T-V66T
9T'£66'9 6L'vS 89'61 €E'1S ¥1'0L YE'SL 61'9 5 .oN T m : S0 o 2o o :
STEee oL o £ 10 yes &1 6 99'T01 LIAT]) 65'06T o9t"'L10'S | S6'209 T8'bES Iv.LOL
£6°2L9E LLET 8¢'81 291 8h'eZ ¥2'6C ﬁ.mm Mx.mm e e e et Fre :
Sy bt e et A be s S %.NH 68 LY £b'60 05°80T € 169761 bTb6 Z Y66T-£66T
0C'EES'T £6'TY S8'Sh 199§ 96'LL z§'TS [A%7) : .mu 7 .m 7 o~ .o ; vosr T eree s :
DLEe £ e 19%: ] ] . <069 TL'T0T SS'ZIT ov'obT SLEEY LL'EEE
. £8°0p 0S°ST S8°0C 16'5T j ' ’ : 0L
[Y'E0b SC'ET vZ91 66721 €181 79'81 95°0¢ iy e S Y iR R :
15°b6b - £9°71 19°b1 [Tardd 0b'8T 0b"8T 1807 wo.wm P tver i i e : FoeT-zee
8T'6E9T LT'TTT 89°6E o't 86°LS 19'98 £2'98 i - .R 7 .w : e b s !
Bz 68 ar Bo.6t T 8L To%! £ 8T'16 £2'96 ¢S'LST SE'STIE 96'0St 8E'70T W10L
e 252 g . : . 0€ 9E'6E 97'6¢ ST T £9'96 91781 EE°ES 3
bS8 L £l WMM Mm.mﬁ 9p'TE 98°'/7 L0'be £6°LE 99ty ¥6'£6 8T'bel £1°07 T Z66T-T66T
= 0C bL b 81°8¢ [Yx4 £0°6¢C 85'89 84°0C1 29'bb1 26'CC 1
NNC AV Udy W
vl 934 NVC J3d AON 100 d3s onv nc Ava-ot yvaA

62



T0'6LL"Y i8'vs £L'0S SCT'LY c8'8s 1 54"} T6°99 <0'86 11 {44 LV'0SS 66'08L'C | YO'TTE BE'ELY Iv.10L
LP'796'C 06'61 0TLT IS'PL 0b°0¢ [494" I'€e 96'b¢C §9'59 S6°vIT 1TI0P'C sect $9'9T1 €
61°020'T 8S'HT 9’61 16°ST (44 68'81 09°¢¢ 8y°CE YCLL Ly 6ST 84°68C 09°9¢1 958°'¢cc [4 9002-S00C
SE'964 bE'02 LLET £8°91 01°8T [49) 06°0¢ 85°0F 95718 S0°9LC 00°06 649 8IHET T
0L85t'S £L'69 8L°6E X N4 9S'€ES 99'€8 09°LL EV'6L LT'SST 6L'569 85°6E6 S£'7S9°C | 89°69S V10L
9£'19C’E 9L'th 98'tT el OT'LT [4%:]" SLYE 6E'ET 6£°0p $8°S0C 6518 802612 90°'ZLT €
TE'S9T'T 80°¢CY £9°CT 9L€T €CLT 0L°%€ 99°€C ¢L'ST 18°6% P0°E8¢C 9'z0z 69'99¢ LE'€L Z S00Z-v00Z
£0°ZE0'T E6'ET 6Z'El ST'ST €61 ¥8°0€ 61°61 CE0E L1679 16°90¢ LE'SST 85°€6T S2'69T T
80°LTL'9 8t'EL EC'8Y 12 WA 4 LL'ES 9T°v9 £7°89 LT'80T Ly'99Y v6'cvL TT'SELT_| L0°668'T | £9°90b'T WIOL
08'THS'C 1102 ST'6T I€°LY 66°LT L8°LT 0L'eC 7562 08°TST 9/'c8l EL'BL0T 6°6hL b6°9€¢ €
78'S6'C £b'8C bO'ET 65'v1 PS'LT £8'1C 79'1¢ 61'pE 65'6GT 18°6CC ANAS4 0£°698 Ob'8YT T [4 v00T-£002
9'661'T ¥6'be p0'9T ¥9'ST 4] [4 444 §6'CC 95°bb 80'SST LE'OEE b obe Sb'6LC EE'TC I
97'602'9 09°EY IETY YE0S 60°80€E v£'099 59°89 E6'VL ob'8CT £9'C68 16'L8T'C | 8T6¥0'T | 8£'Z09 IV10L
bL'909'T 8101 SO'vT SEST 9r'9¢ 67Tt 0S°EC 99°'ce LT'EE 99°TSE CC'ThE 16'9LE 9E'0LT €
v0'8LE'2 19'€T 95’€el 8991 8€°6Y 64811 [A) ¥4 98'b¢C 90°¢ch S¥'LSC ¢5'0£8 ¥0'SIS 8SbLT Z €00¢2-200T
8b'bee’e IS'ET 0Lb1 1€°81 SC'CET £9°8¢C £9'€¢ 92 L1'€S CS'EBC LT'SIT'Y £€°LST b8'LST 1.

V10L NNC AV Udv UV g3 NYC J3a AON 120 d3s onv nc AVa-0T dvaa

63



Table-4.5

ANNUAL SERIES ARRANGED IN DESCENDING ORDER
(By Linear Regression Method)

, Percentage Annual flow Annual flow in
Year Rank of Time (%) | in cumecs day | million cubic metre (MCM)
1 2 3 4 5
1950 - 51 1 2 18,957.83 1,638.0
2000 - 01 2 3 17,165.95 1,483.1
1955 - 56 3 5 16,442.65 1,420.6
1949 - 50 4 7 15,653.86 1,352.5
1952 - 63 5 8 12,482.46 1,078.5
1998 - 99 6 10 11,550.09 997.9
1948 - 49 7 12 11,527.04 995.9
1956 - 57 8 14 11,277.25 974.4
1954 - 55 9 15 10,780.84 931.5
1999 - 2000 10 17 10,701.13 924.6
1986 - 87 11 19 10,322.67 891.9
1984 - 85 12 20 10,259.52 886.4
1961 - 62 13 22 10,050.64 868.4
1953 - 54 14 24 10,048.51 868.2
1985 - 86 15 25 10,037.56 867.2
1964 - 65 16 27 9,887.54 854.3
1990 - 91 i7 29 9,440.34 815.6
1967 - 68 18 31 8,920.81 770.8
1960 - 61 19 32 8,789.58 759.4
1958 - 59 20 34 8,658.02 748.1
1951 - 52 21 36 8,563.37 739.9
1963 - 64 22 37 8,464.88 731.4
1969 - 70 23 39 8,110.96 700.8
1993 - 94 24 41 6,993.16 604.2
1982 - 83 25 42 6,937.61 599.4
1959 - 60 26 44 6,935.69 599.2
2003 - 04 27 46 6,717.08 580.4
1962 - 63 28 47 6,394.83 552.5
2002 - 03 29 49 6,209.26 536.5
1978 - 79 30 51 5,951.21 514.2
1983 - 84 31 53 5,730.03 495.1
2004 - 05 32 54 5,458.70 471.6
1957 - 58 33 56 5,429.49 469.1
1975 -76 34 58 5,422.64 468.5
2001 -02 35 59 5,211.38 450.3
2005 - 06 36 61 4,779.01 412.9
1989 - 90 37 63 4,759.08 411.2
1980 - 81 38 64 4,724.41 408.2
1970 - 71 39 66 4,418.30 381.7
1981 - 82 40 68 4,410.60 381.1
1995 - 96 41 69 4,301.68 371.7
1965 - 66 42 71 4,246.04 366.9
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Percentage Annual flow |. Annual flow in
Year Rank of Time (%) | in cumecs day | million cubic metre (MCM)
i 2 3 4 5
1968 - 69 43 73 4,122.59 356.2
1976-77 ) - 44 - 75 | -4aue89) - - - 355.9
1971-72 45 76 4,110.47 355.1
1977 -78 46 78 4,066.70 351.4
1966 - 67 47 80 4,059.45 : 350.7
1987 - 88 48 81 3,963.27 342.4
1972 - 73 49 83 3,859.60 333.5
- 1973 -74 50 85 - 3,155.00 . 272.6
1979 - 80 51 86 3,008.61 259.9
1996 - 97 52 88 2,928.04 253.0
1988 - 89 53 90 2,798.97 241.8
1974 - 75 54 92 2,550.13 ~ 220.3
1997 - 98 55 93 2,031.67 175.5
1994 - 95 56 95 1,961.60 169.5
1991 - 92 57 97 1,639.28 141.6
1992 - 93 58 98 1,533.20 132.5
NOTE : 1. 75% dependable water availability year 1976 - 1977

2. The 75% dependable annual flow = 355.90 MCM
3. Irrigation year has been assumed to commence from 1st July every year to
30th June of next year.

\
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ANNUAL SERIES ARRANGED IN DESCENDING ORDER

Table-4.6

(By Log Deviation Regression Method)

Percentage Annual flow Annual flow in
Year Rank of Time (%) | in cumecs day |million cubic metre (MCM)
1 2 3 4 5
1950 - 51 1 2 27,589.32 2,383.7
1955 - 56 2 3 23,690.76 2,046.9
1949 - 50 3 5 22,572.60 1,950.3
1952 - 53 4 7 18,035.77 1,558.3
2000 - 01 5 8 17,165.95 1,483.1
1998 - 99 6 10 16,715.69 1,444.2
1956 - 57 7 12 16,371.70 1,414.5
1948 - 49 8 14 15,997.42 1,382.2
1954 - 55 9 15 15,453.90 1,335.2
1953 - 54 10 17 15,353.22 1,326.5
1964 - 65 11 19 14,653.59 1,266.1
1961 - 62 12 20 14,576.49 1,259.4
1960 - 61 13 22 13,023.05 1,125.2
1967 - 68 14 24 12,954.99 1,119.3
1958 - 59 15 25 12,865.78 1,111.6
1963 - 64 16 27 12,168.65 1,051.4
1969 - 70 17 29 11,909.12 1,028.9
1951 - 52 18 31 11,667.22 1,008.0
1999 - 2000 19 32 10,701.13 924.6
1986 - 87 20 34 10,322.67 891.9
1959 - 60 21 36 10,278.88 888.1
1984 - 85 22 37 10,259.52 886.4
1985 - 86 23 39 10,037.56 867.2
1962 - 63 24 41 9,451.93 816.6
1990 - 91 25 42 9,440.34 815.6
1975- 76 26 44 8,352.30 721.6
1957 - 58 27 46 8,324.12 719.2
1993 - 94 28 47 6,993.16 604.2
1982 - 83 29 49 6,937.61 599.4
1970 - 71 30 51 6,928.54 598.6
2003 - 04 31 53 6,717.08 580.4
1971 -72 32 54 6,547.64 565.7
1968 - 69 33 56 6,456.66 557.9
1965 - 66 34 58 6,377.01 551.0
1976 - 77 35 59 6,293.54 543.8
2002 - 03 36 61 6,209.26 536.5
1966 - 67 37 63 6,194.77 535.2
1972 -73 38 64 6,164.41 532.6
1978 - 79 39 66 5,951.21 514.2
1983 - 84 40 68 5,730.03 495.1
2004 - 05 41 69 5,458.70 471.6
2001 - 02 42 71 5,211.38 450.3
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Percentage Annual flow Annual flow in
Year Rank of Time (%) | in cumecs day |million cubic metre (MCM)
1 2 3 4 5
1973 -74 43 73 4,989.78 431.1
2005-06 | . 44 .| 75 - 4,779.0t | - 4129
1989 - 90 45 7 4,759.08 411.2
1980 - 81 46 78 4,724.41 408.2
1981 - 82 47 80 4,410.60 381.1
1995 - 96 48 81 4,301.68 371.7
1977 - 78 49 83 4,066.70 351.4
1974 - 75 50 85 4,061.78 350.9
1987 - 88 51 86 3,963.27 342.4
1979 - 80 52 88 3,008.61 259.9
1996 - 97 53 90 2,928.04 253.0
1988 - 89 54 92 2,798.97 241.8
1097 - 98 55 93 2,031.67 175.5
1994 - 95 56 95 1,961.60 169.5
1991 - 92 57 97 1,639.28 141.6
1992 - 93 58 98 1,533.20 132.5
NOTE : 1. 75% dependable water availability year 2005 - 2006

2. The 75% dependable annual flow = 412.90 MCM
3. Irrigation year has been assumed to commence from 1st July every year to
30th June of next year.
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CHAPTER 5

DESIGN FLOOD ESTIMATION

DESIGN FLOOD

A Flood is an unusual high stage of a river that overflows the natural or
man made banks spreading water to its flood plains that are thickly populated
due to the obvious advantage of water supply and irrigation. It is possible to
predict and contain a flood to reasonable extent with the forecasting models and
technologies. The first information required to predict a flood at a particular
place and time is the measurement of all the floods for maintaining a good
record. Analysis of flood records gives an in-depth knowledge based on which
flood prediction and protection measures can be carried out. However, for
urban areas where catchments sizes are small, flood prediction may be carried

out on empirical relations.

The Design Flood is a flood used for the design of a structure on
considerations of its safety, economy, life expectancy and probable damage
considerations.

The Design F lood is considered as inflow at the upstream of the structure which
the structure should pass safely. The problem of computation of design flood

for a sructure is carried out under the following methods :

(1) For ungauged catchment (2) For gauged catchment
(a) Rational approach (a) Flood Frequency analysis
(b) Empirical equations (b) Unit Hydrograph approach

(c¢) Envelope curves
Catchment Area for Jamrani Dam site is gauged catchment, so that methods that

used to estimate Flood Design are Flood Frequency Analysis and Unit

Hydrograph approach.
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5.2.

5.2.1.

FLOOD FREQUENCY ANALYSIS

Flood Frequency Analysis considers the annual peak flows at a site for
all the years. The method of analysis and predicting flood from the data of
runoff peaks is called flood frequency analysis. It gives only the magnitude of
flood peak of desired recurrence interval or return period, but doesn’t provide
information about the complete hydrograph or the flood volume.

In this study, methods of flood frequently analysis are used are :
1.  Gumbel’s extreme-value distribution,

2.  Log-Pearson Type III distribution.

Gumbel’s Method
Gumbel defined a flood as the largest of the 365 daily or 10-daily flows and
the annual series of flood flows. Flows used are derived discharge data by
using direct linear regression in Table-4.3. Following steps are used for
estimating the flood illustrated in Table-5.1 and 5.1a.
a). Maximum flood of every years in size N years are arranged in
descending order, from the largest flood to the lowest flood. |
Here the annual flood value is the variate X.

b). Then find mean x and standard deviation o,_, for the given data.
c). Using Table-1.C and 2.C of Appendix C to determine y,and S,

appropriate to given N years.

For N =58 years — y,=0.5515and §,=1.1721

d). See Table-5.1a to find yr appropriate to a given 7' by equation

yr= -[0.834 +2.303 loglog TT J :

e). Find K appropriate to a given yr by equation

K= Yr _jin
S,

f).  Last, determine the value of the variate x with a return period 7" by

x, =x+ Ko,
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TABLE-5.1

GUMBEL'S METHOD CALCULATION OF
DERIVED DISCHARGE OF GOLA RIVER AT JAMRANI DAM SITE

(DERIVED DISCHARGE DATA BY LINEAR REGRESSION)

Year Max. flood- Order number Tp = (N+1)/m
(mals) m (years)
1948 - 49 5151.02 1 59.00
1951 - 52 4725.39 2 29.50
1950 - 51 ~3334.70 3 19.67
1985 - 86 3219.80 4 14.75
1993 - 94 3108.50 5 11.80
2000-01 2839.24 6 9.83
1949 - 50 2749.98 7 8.43
1963 - 64 2602.45 8 7.38
1955 - 56 2490.77 9 6.56
1953 - 54 2473.66 10 5.90
1952 - 53 2447.73 11 5.36
2005 - 06 2401.21 12 4.92
1990 - 91 2208.61 13 4.54
2004 - 05 2192.08 14 4.21
1962 - 63 2105.00 15 3.93
1967 - 68 2055.17 16 3.69
1995 - 96 1961.25 17 3.47
1956 - 57 1862.75 18 3.28
1983 - 84 1819.88 19 3.11
1998 - 99 1751.14 20 2.95
1964 - 65 1681.97 21 2.81
1969 -70 1597.81 22 2.88
1982 - 83 1559.09 23 2.57
1954 - 55 1538.26 24 2.46
1961 - 62 1508.64 25 2.36
1999 - 2000 1451.84 26 2.27
1984 - 85 1395.48 27 2.19
1958 - 59 1328.05 28 211
1986 - 87 1253.21 29 2.03
1957 - 58 1170.22 30 1.97
2003 - 04 1148.40 31 1.90
2002 - 03 1115.17 32 1.84
1976 - 77 1093.25 33 1.79
1965 - 66 1058.30 34 1.74
1960 - 61 1051.26 35 1.69
1978 -79 988.82 36 1.64
1987 - 88 957.00 37 1.59
1981 - 82 916.45 38 1.55
1975 -76 874.07 39 1.51
1977 -78 812.10 40 1.48
1972 -73 787.05 41 1.44
1959 - 60 785.65 42 1.40
1966 - 67 783.76 43 1.37
1989 - 90 763.00 44 1.34
2001 - 02 749.21 45 1.31
1971 -72 714.40 46 1.28
1970 - 71 638.50 47 1.26
1968 - 69 632.21 48 1.23




Year Max. flood Order number Tp = (N+1)/m
(m%/s) m (years)
1979 - 80 607.07 49 1.20
1996 - 97 520.97 50 1.18
1980 - 81 517.36 51 1.16
1974 -75 389.33" 52 1.13
1973 - 74 378.27 53 1.11
1988 - 89 340.50 54 1.09
1994 - 95 333,25 55 1.07
1992 - 93 265.94 56 1.05
1997 - 98 209.20 57 1.04
1991 - 92 182.16 58 1.02
N = 58
X = 1510 m’/s
on-1 = 1055.2 m%/s
Y, = 0.5515
s, = 1.1721
TABLE-5.1a
Results of Computation at Jamrani Dam Site by Gumbel’s Method
T Y, K X
2.33 1510 m/s
5 1.49994 0.81 2364 m°/s
10 2.25037 1.45 3040 m’/s
20 2.97020 2.06 3688 m°/s
50 3.90194 2.86 4527 m’Is
100 4.60015 3.45 5155 m’/s
150 5.00729 3.80 5522 m’/s
200 5.29581 4.05 5781 m’/s
500 6.21361 4.83 6608 m°/s
1000 6.90726 542 7232 m’Is

Note :

T, .33 = The Property of Gumbel's distribution for the average of the annual series
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5.2.2.

Graphical Method using Gumbel Probability Paper

The Gumbel probability paper is an aid for convenient graphical

representation of Gumbel’s distribution. Purpose of this method is to check

the calculations of Gumbel’s Method by a graphical means.

For such plottings, the recurrence interval is taken on abscissa and the event

magnitudes as ordinate. The ordinate of Gumbel paper on which the value, xr

(flood discharge, maximum rainfall depth, etc) are plotted may have either an

arithmetic scale or logarithmic scale whereas recurrence interval T years on

arithmetic scale. Gumbel distribution will plot as a straight line on a Gumbel
probability paper. This property can be used advantageously for graphical
extrapolation, wherever necessary.

The following procedure may be adopted for graphical method using Gumbel

probabilty paper.

a). The value of xr for some return periods 7 < N = 58 are calculated by
using Gumbel’s formula and plotted as x7 vs 7 on Gumbel probability
paper. In this case, T =5, 10, 20, and 50 years are appropriate for in
which x7= 2364, 3040, 3688, 4527 cumecs respectively. These values
are plotted on Gumbel’s probability paper.

b). Gumbel’s distribution has the property which satisfied T = 2.33 years
for the xr is the average of the annual series when A is very large. With
this rule, for T'=2.33 years, x7= X = 1510 cumecs. Thus, the value of a
flood with T = 2.33 years is called the mean annual flood. In graphical
plots this gives a mandatory point through which the line showing
variation of xr with 7" must pass.

¢). The use of Gumbel probability paper results in a straight line for xr vs T
plot. By extrapolation of the straight line x7 vs T", values of xr for T> N
can be determined easily. In this study, values of x7 for 7 > N = 58
years are T = 100, 150, 200, 500, and 1000 years. The corresponding
value of x7 are 5250, 5600, 5900, 6800 and 7500 cumecs respectively.

Graphically, the results are shown in Fig.-5.1.
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5.2.3.

Log Pearson Type HI Distribution

This distribution is widely used in United States, India and other countries as

the standard distribution for flood frequency analysis of annual maximum

floods. Stepwise procedure to fit Log-Pearson type III distribution to the

observed series are outlined below.

a).

b).

Transfer the observed data series to the logarithmic values. Generate

x;series as z,= log,, x; and the transferred data is then analysed.

Find number of years of record (N), meah of the z values (Z), standard

deviation (o, ) and coefficient of skewness (C,) for the log transferred

series.

_ NY (z-z)’
(N -D(N-2)o,)’

o, =\/Z:(z—2)2 /(N-1)  and

To compute flood of required return period 7, find frequency factor K;
from Table 3C of Appendix C corresponding to the skewness coefficient
of the log transferred series.

After get this X, find zy = z+ K, o, for any recurrence interval 7.

By taking antilog of zr, find x7 which is desired value of the event for
the return period 7. For more clear explanation of calculation, please

refer to Table-5.2 and 5.2a.
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TABLE-5.2

LOG PEARSON TYPE Ill DISTRIBUTION'S METHOD CALCULATION OF
DERIVED DISCHARGE OF GOLA RIVER AT JAMRANI DAM SITE

(DERIVED DISCHARGE DATA BY LINEAR REGRESSION)

Max. flood
Year (cumecs) z = log X (z-Z) (z-2)? (z-2)°
x
1948 ~ 49 5151.02 3.7119 0.6416 0.4117 0.2642
1949 - 50 2749.98 3.4393 0.3691 0.1362 0.0503
1950 - 51 3334.70 3.5231 0.4528 0.2050 0.0928
1951 ~ 52 4725.39 3.6744 0.6042 0.3650 0.2206
1952 - 53 2447.73 3.3888 0.3185 0.1015 0.0323
1953 -~ 54 2473.66 3.3933 0.3231 0.1044 0.0337
1954 - 55 1538.26 3.1870 0.1168 0.0136 0.0016
1955 - 56 2490.77 3.3963 0.3261 0.1063 0.0347
1956 ~- 57 1862.75 3.2702 0.1999 0.0400 0.0080
1957 - 58 1170.22 3.0683 -0.0020 0.0000 0.0000
1958 - 59 1328.05 3.1232 0.0530 0.0028 0.0001
1959 - 60 785.65 2.8952 -0.1750 0.0306 -0.0054
1960 - 61 1051.26 3.0217 -0.0485 0.0024 -0.0001
1961 - 62 1508.64 3.1786 0.1083 0.0117 0.0013
1962 - 63 2105.00 3.3233 0.2530 0.0640 0.0162
1963 - 64 2602.45 3.4154 0.3451 0.1191 0.0411
1964 - 65 1681.97 3.2258 0.1556 0.0242 0.0038
1965 - 66 1058.30 3.0246 -0.0456 0.0021 -0.0001
1966 - 67 783.76 2.8942 -0.1761 0.0310 -0.0055
1967 - 68 2055.17 3.3128 0.2426 0.0589 0.0143
1968 - 69 632.21 2.8009 -0.2694 0.07286 -0.0196
1969 - 70 1597.81 3.2035 0.1333 0.0178 0.0024
1970 - 71 638.50 2.8052 -0.2651 0.0703 -0.0186
1971 -72 714.40 2.8539 -0.2163 0.0468 -0.0101
1972 - 73 787.05 2.8960 -0.1742 0.0304 -0.0053
1973 -74 378.27 2.5778 -0.4924 0.2425 -0.1194
1974 - 75 389.33 2.5903 -0.4799 0.2303 -0.1105
1975 - 76 874.07 2.9415 -0.1287 0.0166 -0.0021
1976 - 77 1093.25 3.0387 -0.0315 0.0010 0.0000
1977 - 78 812.10 2.9096 -0.1606 0.0258 -0.0041
1978 - 79 988.82 2.9951 -0.0751 0.0056 -0.0004
1979 - 80 607.07 2.7832 -0.2870 0.0824 -0.0236
1980 - 81 517.36 2.7138 -0.3565 0.1271 -0.0453
1981 - 82 916.45 2.9621 -0.1081 0.0117 -0.0013
1982 - 83 1559.09 3.1929 0.1226 0.0150 0.0018
1983 - 84 1819.88 3.2600 0.1898 0.0360 0.0068
1984 - 85 1395.48 3.1447 0.0745 0.0055 0.0004
1985 - 86 3219.80 3.5078 0.4376 0.1915 0.0838
1986 - 87 1253.21 3.0980 0.0278 0.0008 0.0000
1987 - 88 957.00 2.9809 -0.0893 0.0080 -0.0007
1988 - 89 340.50 2.5321 -0.5381 0.2896 -0.1558
1989 - 90 763.00 2.8825 -0.1877 0.0352 -0.0066
1990 - 91 2208.61 3.3441 0.2739 0.0750 0.0205
1991 - 92 182.16 2.2605 -0.8098 0.6558 -0.5310
1992 - 93 265.94 2.4248 -0.6455 0.4166 -0.2689
1993 - 94 3108.50 3.4926 0.4223 0.1783 0.0753
1994 - 95 333.25 2.5228 -0.5475 0.2997 -0.1641
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[T ™= these values are from interpolated

.

TABLE-5.2a
Results of Computation at Jamrani Dam Site by Log Pearson type-lil Distribution

Max. flood
Year (cumecs) z=log x (z-2Z) (z-Z)° (z-2)°
X
1995 - 96 1961.25 3.2925 0.2223 0.0494 0.0110
1996 - 97 520.97 2.7168 -0.3534 0.1249 20.0442
1997 - 98 209.20 2.3206 -0.7497 0.5620 -0.4214
1998 - 99 1751.14 3.2433 0.1731 0.0300 0.0052
1999 - 2000 1451.84 3.1619 0.0917 0.0084 0.0008
2000 - 01 2839.24 3.4532 0.3830 0.1467 0.0562
2001 - 02 749.21 2.8746 -0.1956 0.0383 -0.0075
2002 - 03 1115.17 3.0473 -0.0229 0.0005 0.0000
2003 - 04 1148.40 3.0601 -0.0102 0.0001 0.0000
2004 - 05 2192.08 3.3409 0.2706 0.0732} 0.0198
2005 - 06 2401.21 3.3804 0.3102 0.0962 0.0298
TOTAL 178.0746 6.1482 -0.8430
N = 58
Z = 3.0703
C, = 0.3284
Cs = -0.432
047 . =0 0.5
_ 10 1.231 1.216
c 20 LT 382 1,356
2 50 1.834 1.777
& 100 2.029 1,655
g 150 2418 T 210318
s 200 2.501 174 2.108
g 500 52,328 32,292 v ¢ 2,218
1000 254015 n IR 2.400

Return Period Kz Z; X1
T from table Cs =-0.432l K, 0, [=2Z+K, O, = antilog Z7
(vears) (cumecs)

20 1.373 0.4511 3.5213 3322

50 1.816 0.5963 3.6665 4640
100 2.005 0.6585 3.7288 5355
150 2.088 0.6857 3.7560 5701
200 2171 0.7130 3.7832 6070
500 2.292 0.7528 3.8231 6654
1000 2.495 0.8193 3.8896 7755
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5.3.

Unit Hydrograph Principle

In the early years, the design flood were calculated by well known
empirical formulae viz : Dickens, Ryves, Inglis and Ali Nawaz Jung etc. In
these formulae, flood discharge is related to catchment area only and all other
factors are included in a constant which is to be decided by the designer from
his experience. Even intensity of the storm rainfall which is a prime factor
responsible for the flood and which varies substantially from place to place is
not indicated in the above formulae. The need to evolve a method on
estimation of design flood peak of desired frequency knowing the physical
characteristics of the catchments and design rainfall has been recognised and a
committee of engineers under the Chairmanship of Dr. A.N. Khésla have
recommended Systematic and sustained collection of hydro-meteorological
data of selected catchments in different climatic zones of India for evolution
of a rational approach for determination of flood discharges. The committee
felt that design discharge should be maximum flood on record for a period not
less than 50 years. Where adequate records are available extending over a
period of not less than 50 years, the design flood should be 50 year flood
determined from probability curve on the basis of recorded floods during the
period. In case where the requisite data, as above are not available, the design
flood should be decided based on the ground and meteorological
characteristics obtained on the basis of design storm. In this study, a method
has been based on unit hydrograph principle to derive the design flood.

The various steps necessary to estimate the design flood / design flood

hydrograph are as under :

1). Preparation of catchment area plan of the catchment in question.

2). Determination of physiographic parameters viz; the cathment area (A),
the length of the longest stream (L) and equivalent stream slope (S), see
Fig. 1C of Appendix-C.

3). Determination of 2-hr synthetic unit hydrograph parameters (for the
specified unit duration) i.e. the unit peak discharge (qp), the peak
discharge (Qp), the basin lag (ty), the period of U.H. (Tm), widths of the
U.H. at 50% and 75% of Qp (Wso and Wys), widths of the rising limb of
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1),
5).

6).
7.

8).

9).

U.H. at 50% and 75% of Qp (Wgrso and Wgss) and time base of U.H.
(Ts), see Fig. 2C of Appendix-C.

Preparation of a synthetic unit hydrograph.

Estimation of design storm duration (Tp).

Estimation of point rainfall and areal rainfall for design storm duration (Tp).
Distribution of areal rainfall during design storm duration (Tp) to obtain
rainfall increments for unit duration intervals.

Estimation of rainfall excess units after subtraction of design loss rate
from rainfall increments.

Estimation of base flow.

10). Computation of design flood peak.

11). Computation of design flood hydrograph.

The details of the calculation are as follows :
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FLOOD ESTIMATION BY USING UNIT HYDROGRAPH METHOD
FOR 50-YEARS RETURN PERIOD

Step 1

Step 2

Preparation of Cathment Area Plan

A Cathment Area Plan (Fig. 3.4) showing main rivers was prepared.

Determination of Physiographic Parameters

The following physiographic parameters were determined from the catchment area plan & long-section of
Gola river (Fig. 3.5).

1.
2.
3.
4,

A
L
s
LIVS =

nun

-450
23.5
13.16
6.48

Km?
Kms
m/Km

(known)
(known)

(get from the below computation)

TABLE-5.3 CALCULATION OF EQUIVALENT STREAM SLOPE (S)

S Distance from Bed Level Length of Height
é gauging site of River each segmenfabove datum| (D;4+ D) | L. (D;4 +Dy)
E| (Kms) (m) L D
& (Km) (m) (m)
1 0.0 509.685 7 10.00 0.00 0.00 0.00
2 0.5 513.735 1 10.50 4.13 4.13 2.07
3 1.0 519.915 0.50 10.31 14.44 7.22
4 1.5 526.215 0.50 16.61 26.92 13.46
5 2.0 531.385 0.50 21.79 38.40 19.20
6 2.5 537.475 0.50 27.87 49.66 24.83
7 3.0 542.110 0.50 32.51 60.38 30.19
8 35 548.460 0.50 38.86 71.36 35.68
9 4.0 555.970 0.50 46.37 85.22 42 .61
10 45 560.975 0.50 51.37 97.74 48.87
11 5.0 567.675 0.50 58.07 109.44 54.72
12 5.5 574.035 0.50 64.43 122.50 61.25
13 6.0 578.730 0.50 69.13 133.56 66.78
14 6.5 583.320 0.50 73.72 142.84 71.42
15 7.0 589.885 0.50 80.28 154.00 77.00
16 75 508.145 0.50 88.54 168.82 84.41
17 8.0 604.840 0.50 095.24 183.78 91.89
18 8.5 611.965 0.50 102.36 197.60 98.80
19 8.0 619.875 0.50 110.27 212.63 106.32
20 9.5 624.135 0.50 114.53 224.80 112.40
21 10.0 631.335 0.50 121.73 236.26 118.13
22 10.5 637.955 0.50 128.35 250.08 125.04
23 11.0 643.830 0.50 134.23 262.58 131.29
24 11.5 650.820 0.50 141.22 275.44 137.72
25 12.0 659.530 0.50 149.93 291.14 145.57
26 12.5 669.660 0.50 160.06 309.98 154.99
27 13.0 680.400 0.50 170.80 330.85 165.43
28 13.5 685.030 0.50 175.43 346.22 173.11
28 14.0 692.840 0.50 183.24 358.66 179.33
30 14.5 700.800 0.50 191.20 374.43 187.22
31 15.0 707.905 0.50 198.30 389.50 194.75
32 15.5 714.855 0.50 205.25 403.55 201.78
33 16.0 721.470 0.50 211.87 417.12 208.56
34 16.5 728.110 0.50 218.51 430.37 215.19
35 17.0 740.030 0.50 230.43 448.93 224 47
36 17.5 748.815 0.50 239.21 469.64 234.82
37 18.0 757.150 0.50 247 .55 486.76 243.38
38 18.5 762.995 0.50 253.39 500.94 250.47
39 19.0 770.935 0.50 261.33 514.72 257.36
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s | Distance from Bed Level Length of Height

é gauging site of River each segmenfabove datum| (Dj4+ D) | L. (Dj4+D)

[

E (Kms) (m) L D;

3 (Km) (m) (m)

40 19.5 778.680 0.50 269.08 530.41 265.20

41 20.0 782.620 0.50 273.02 542.09 271.05

42 20.5 789.160 0.50 279.56 552.57 276.29

43 21.0 797.270 0.50 287.67 567.22 283.61

44 215 806.520 0.50 296.92 584.58 292.29

45 22.0 816.000 0.50 306.40 603.31 301.66

46 22.5 827.710 0.50 318.11 624.50 312.25

47 23.0 841.330 0.50 331.73 649.83 324.92

48 23.5 858.070 0.50], 348.47 680.19 340.10
total 23.50 7265.01

S= SLi(Di-1+Di) = 7265.01 = 13.16 m/Km
L? 552.25

Step 3 Determination of Synthetic Unit Hydrograph (SUH) parameters
2-hr UH is UH produced 1 ¢m RE in 2 hour duration
2-hr UH parameters may be found out by using one of the following approaches :
i. by using the synthetic relations
ii. by using coaxial diagram

i. By using the synthetic relations

dp =2.03/(L/ {5)*% = 0.604 ~ 0.60 cumec/Km?
Qp =g, xCA = 270.00 ~ 270.00 cumecs
t, =1.858/ (q,)"*® = 3.16 > 3.00 hours
Tm =tp+(tr/2) = 4 ~ 4.00 hours
Weo =2.217/(q,)° = 3.68 » 3.70 hours
Wys =1.477 1 (q,)"*"® = 2.31 ~ 2.30 hours
WR;,  =0.812/(qy)*"” = 1.29 ~ 1.30 hours
WR;;  =0.608/(g,)"" = 0.91 ~ 0.90 hours
Ts =7.744 x ()" = 18.22 » 18.00 hours
tr (unit duration 2 hours

ii. By using coaxial diagram
The synthetic relations have been transferred on one graph sheet in Fig.-3C of Appendix C in such a way
that with the known values of L, S, L/ V'S, the values of g, can be found out.

Similarly with the known value of g, the other parameters like t,, Wsq, Wys, Wgso, W75 can be
directly read from the respective relation (curves).

Again with the known value of tp, the value Ty is read from the respective relation.
The values so obtained are similar to the calculated are as shown above.

Step4 Preparation of 2-hr Synthetic Unit Hydrograph
The parameters got in Step-3 were plotted to scale on a graph paper as shown in Fig.-5.2.
The points were joined to fit a trial synthetic Unit Hydrograph.
By definition, the volume of the unit hydrograph must be equivalent to 1.0 cm depth of direct runoff
over the entire catchment (A) in Km?.
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Step §

Step 6

Step 7

Step 8

Estimation of Design Storm duration
The design storm duration is

To =11xtp = 11x3 = 3.30 hrs ~ 4.00 hours

Adjusting the design storm duration to nearest even hour, adopted design storm duration is 4 hrs
Estimation of Point Rainfall and Areal Rainfall

Point rainfall estimated for 50-year =
return period for duration of 24-hr

44 cm from isopluvial map reading

in Fig.-4C of Appendix C
Design storm duration ( Tp ) for the catchment = 4 hrs. get value of ratio = 0.607
from Fig-6C of Appendix C

50-yr, 4-hr point rainfall = 44 x 0.607 = 26.708 cm

Area = 450 Km? and 4-hr point rainfall, we get areal reduction factor = 0.76 from Table-4C of Appendix C

So, above point rainfall = 0.76 x 26.708 = 20.30 cm
Time distribution of Areal Rainfall

Areal rainfall estimated for 50-yr Return Period for a Design storm duration of 4-hrs got in Step 6
above was distributed to give 2-hrs gross rainfall units as shown in the following table by using
Fig. 7C of Appendix C.

TABLE-5.4
Hr Y%age of storm cumulative % cumulative 2-hr gross
duration of total rainfall rainfall rainfall incrementsj

1 2 3 4 5

0 0.00 0 0.00 0.00

2 50.00 82 16.64 16.64

4 100.00 100 20.30 3.65
total 20.30

Estimation of Rainfall Excess Units
Col.5 of the Table-5.4 in Step-7 gives the 2 hourly gross rainfall units.

Design value of loss rate of 0.3 cm/hr is subtracted from each of the units to give the rainfall excess units.

For 2-hrs, the loss rate is to be subtracted =2 x 0.3 =0.6 cm
The table below iilustrates the procedure for calculation of rainfall excess units :

TABLE-5.5
Hr Gross rainfall Loss / 2-hrs 2-hr Rainfalil
{col.5) of Step 7 cm excess (cm)
0 - - -
2 16.64 0.60 16.04
4 3.65 0.60 3.05
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Step 9 Estimation of Base Flow

Model value of base flow for this subzone = 0.05 cumecs/Km?

So, total base flow for the catchment of 450 Km? = 0.05 x 450 = 22.5 cumecs
However, from flood of 1986, the base flow is 35.48 cumec, hence the adopted base flow is 35.48 cumec.

Step 10 Estimation of Design Flood (peak only)

For estimation of the peak discharge, the rainfall excess units have to be re-arranged against
the unit hydrograph ordinates such that maximum rainfall excess is placed against the maximum
unit hydrograph ordinate the next lower value of rainfall excess comes against the next lower
value of unit hydrograph ordinate and so on.

In this case, the maximum peak discharge ordinate of UH was occuring at 4 ™ hour.

The UH ordinates at 2-hr interval from the peak hour of 4 th were read from Fig.5.2 of 2-hr UH near
the neighbourhood of the peak and tabulated as under. The maximum 2-hourly rainfall excess

unit was placed against the peak discharge of UH. Likewise, the next lower rainfall excess unit
was placed against the next lower UH ordinate in the following table and so on.

Summation of the products of cols (2) and (3) gives the total direct runoff to which base flow is
added to get the total peak discharge.

TABLE-5.6
Time SUH 2-hr Rainfall Direct Runoff
Hr ordinates excess (cm) (cumecs)
{cumecs) (after rearranged)
1 2 3 4=(2)x(3)
2 65.0 3.05 198.49
4 270.Qr <y 16.04 4331.99
Total 4530.48
Add Base Flow from Step-9 35.48
Total Peak Discharge 4565.96

Step 11 2-hr Rainfall Excess sequence

The 2-hour rainfall excess sequence shown in col.3 of Table-5.6 in Step 10 was reversed to obtain
critical sequence as shown below :

TABLE-5.7
Time Critical |
Hr |2-hr rainfall excess
sequence
2 16.04
4 3.05
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FLOOD ESTIMATION BY USING UNIT HYDROGRAPH METHOD
FOR 100-YEARS RETURN PERIOD

Step 1to Step 5 are same with Flood Estimation for 50 Years Return Period.

Step 6 Estimation of Point Rainfall and Areal Rainfall
Point rainfall estimated for 100-year = 48 cm from isopluvial map reading
return period for duration of 24-hr in Fig.-5C of Appendix C
Design storm duration ( Tp ) for the catchment = 4 hrs. get value of ratio = 0.607
from Conversion ratio = (100-yr 4-hr rainfall / 100-yr 24-hr rainfall} in section 4.2 page 61 of
Flood Estimation Report for Upper Indo-Ganga Plains (sub zone-1e).
100-yr, 4-hr point rainfall = 48 x 0.607 = 29.136 cm
Area = 450 Km? and 4-hr point rainfall, we get areal reduction factor = 0.76 from Table-4C of Appendix C
So, above point rainfall = 0.76 x 29.136 = 22.14 cm
Step 7 Time distribution of Areal Rainfall
Areal rainfall estimated for 100-yr Return Period for a Design storm duration of 4-hrs got in Step 6
above was distributed to give 2-hrs gross rainfall units as shown in the following table by using
Fig. 7C of Appendix C.
TABLE-5.9
Hr %age of storm cumulative % cumulative 2-hr gross
duration of total rainfall rainfall rainfall increments
1 2 3 4 5
0 0.00 0 0.00 0.00
2 50.00 82 18.16 18.16
4 100.00 100 22.14 3.99
total 2214
Step 8 Estimation of Rainfall Excess Units

Col.5 of the Table-5.4 in Step-7 gives the 2 hourly gross rainfall units.

Design value of loss rate of 0.3 cm/hr is subtracted from each of the units to give the rainfall excess units.

For 2-hrs, the loss rate is to be subtracted =2 x 0.3 =0.6 cm
The table below illustrates the procedure for calculation of rainfall excess units :

TABLE-5.10
Hr Gross rainfall Loss / 2-hrs 2-hr Rainfall
(col.5) of Step 7 cm excess (cm)
0 - N -
2 18.16 0.60 17.56
4 3.99 0.60 3.39
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Step 9

Step 10

Step 11

Estimation of Base Flow
Model value of base flow for this subzone = 0.05 cumecs/Km?

So, total base flow for the catchment of 450 Km? = 0.05 x 450 = 22.5 cumecs
However, from flood of 1986, the base flow is 35.48 cumec, hence the adopted base flow is 35.48 cumec.

Estimation of Design Flood (peak only)

For estimation of the peak discharge, the rainfall excess units have to be re-arranged against
the unit hydrograph ordinates such that maximum rainfall excess is placed against the maximum
unit hydrograph ordinate the next lower value of rainfall excess comes against the next lower
value of unit hydrograph ordinate and so on.

In this case, the maximum peak discharge ordinate of UH was occuring at 4 " hour,

The UH ordinates at 2-hr interval from the peak hour of 4 th were read from Fig.5.2 of 2-hr UH near
the neighbourhood of the peak and tabulated as under. The maximum 2-hourly rainfall excess

unit was placed against the peak discharge of UH. Likewise, the next lower rainfall excess unit
was placed against the next lower UH ordinate in the following table and so on.

Summation of the products of cols (2) and (3) gives the total direct runoff to which base flow is
added to get the total peak discharge.

TABLE-5.11
Time SUH 2-hr Rainfall Direct Runoff
Hr ordinates excess (cm) (cumecs)
(cumecs) (after rearranged)
1 2 3 4= (2 x(3)
2 65.0 3.39 220.08
4 270.@‘ o —»17.56 4740.54
Total 4960.62
Add Base Flow from Step-9 35.48
Total Peak Discharge 4996.10

2-hr Rainfall Excess sequence
The 2-hour rainfall excess sequence shown in col.3 of Table-5.6 in Step 10 was reversed to obtain
critical sequence as shown below :

TABLE-5.12
Time Critical |
Hr |2-hrrainfall excess
sequence
2 17.56
4 3.39
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6.1.

CHAPTER 6

SEDIMENTATION OF RESERVOIR

INTRODUCTION

The development of water resources involves the construction of storage
reservoir for storing water during the floods so that it may be used during
periods of low supply for various purposes such as power generation,

irrigation, domestic supply etc. The ultimate destiny of all reservoirs is to get

filled with sediment. If the sediment inflow is large in comparison to the

reservoir capacity, the useful life of the reservoir may be very short.

Sediments are the fragmented materials, originated either due to chemical or
physical disintegration of rocks. Sediments are transported by the water and
air. The size of sediment may vary from big boulders to colliodal. Amongts
various agents causing transportation of sediments, the flowing water is one of
the main. Therefore, sediment transported by water is generally considered in

general view.
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Fig. 6.1 Sediment deposit in a typical section of reservoir

Every river carries certain amount of sediment load. The sediment
particles try to settle down to the river bottom due to the gravitational force,
but may be kept in suspension due to the upward currents in the turbulent flow

which may overcome the gravity force. Due to these reasons, the river carries
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6.2.

fine sediment in suspension as suspended load, and larger solids along the
river bed as bed load. When the silt laiden water reaches a reservoir in the
vicinity of a dam, the velocity and the turbulence are considerably reduced.
The bigger suspended particles and most of the bed load, therefore, gets
deposited in the head reaches of the reservoir. Fine particles may travel some
more distance and may finally deposit farther down in the reservoir, as shown
in Fig. 6.1. Some very fine particles may remain in suspension for much
longer period, and may finally escape from the dam along with the water

discharged through the sluiceways, turbines, spillway, etc.

The deposition of sediment in the reservoir is known as Reservoir
Sedimentation. The deposition of the sediment will automatically reduce the
water storing capacity of the reservoir, and if this process of deposition
continues longer, a stage is likely to reach when the whole reservoir may get

silted up and become useless.

RESERVOIR AND CATCHMENT CHARACTERISTICS

The reservoir of the Jamrani dam will spread between elevation 635 and
761.3 m for a distance of 9 km along Gola river and for approximately 4.5 km
in the Lugar-gad. In the reservoir area, there are only three slides. These occur
on the left bank of Gola river varying in width from 120 m to 168 m at the river
level and in a height from 50 to 61 m. Two of these are in rock slides while the
third is the debris slide. All the three slides are in granite prophyey. Since these.
slides are of small dimension and do not appear to be deep there would be no
stability problem. The lithology of the entire catchment area has been compiled
from the geological maps. The catchment is well dissected by numerous
streams and the main drainages are Kalsa river, Gola river and Lugargad. The

relief varies between elevation 635 and 2296 m.
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6.3.

SEDIMENTATION DATA

Available Sediment data observed at a proposed Jamrani Dam site from
1985 to 2006, observed from 15 June until 15 October during Monsoon season.
Those sediment data observed as shown in Table-6.1.
Average sediment at Jamrani Dam site is shown in Fig.6.2.
In estimating sediment rate occurred at Jamrani Dam site, relationships were
made betweeﬁ 10-daily observed discharge at Dam site and 10-daily observed
sediment at Dam site as shown in Table-6.2 and its calculation of Sediment Rate
is indicated in Table-6.3
Then, also calculation of sediment rate is divided in 5 years basis are :
- Sed. Rate during 1985 to 1990 : 49.64 Hect.m/100 Km?/year (Table-6-4a).
- Sed. Rate during 1991 to 1995 : 31.89 Hect.m/100 Km?/year (Table-6-45).
- Sed. Rate during 1996 to 2000 : 226.02 Hect.m/100 Km?/year (Table-6-4c).
- Sed. Rate during 2001 to 2006 : 100.19 Hect.m/100 Km?*/year (Table-6-4d).
Average Sediment at Jamrani Dam site for different years are shown in Fig. 6.3.
From above results of calculation, annual sediment rate at Jamrani Dam site is
more high than average of some reservoirs in India because of several factors

namely a landslide ever taken place in 1993 and mining practices at that site.

93



94

$6°2069 299y 5) 867584 $§99976 2V 9L8 1979001 €E89°66 Y13 | €95 CED 6'EBOL Lravel SISV’ 2L _mv,cm_ SL80°C8 LSEYISY 5149 STHE 2P [
£r'9z66 CEE6YS 902524 Citere 890°99L 5688 CErTss 290'58) 59902 90k Trsiz 5297’8y SL8T0L SLELL 5299’6 S11°969 5012 ot
€16922 L1001 oo szzzee 2597461 oo zee 105099 L1EMIE 2190018 915024 96992 £18°061 S295'05) $€95101 706’594 659 6519 [
£L'gerl L99Y'SS 1908w 19v'90¢ LEP00L £90'168 £91°€08 £e9992 tve ez 862941 199997 866'06C SZZ929 Y6 5191£09 529292 555122 82
25620 £990Z2 SYIvSe oore raorLL 1156 co'coct ceL'LLs 50192 296908 1i6ee vew 5290'96 o c2e'05 szt i3
nLems crev'ee 184169 sTecer SOLILL 9558 802621 206112 co0e 2i9tee e8'z2z1 520'508 Gv2y 0 SL26Y 5291 9
16'5091 |L1ov'1s [so'avl [29z'92) [ovo0c [€ZSolt fsgooce [LBZvZ [ISYYLL [OZTILL 6r'con |z5or  |cwosm [wooot |sysevz [2o0met |1a0sz |L1099Z |OF'ELYL |C8SSKL |ZELOLL (€9TSER 0LZST  [STMLE svorz  |seei'ooz|ersie [szek  [ersos [szeTsstiesst  [sz9h  [seOze sz
uve 512 "wrosk sz €CE'199 £56651 22 0¥0E vsze 19439 5EL04 o gy 51859 €952 Ly S169') 23
SEEEL €eLTeh L s L9E'65L 56626 w0z 199w61 cr'e06z evzoit o 5269°C01 529762 szvz ey, 559 €
S8L6L sar'618 ceze6L €966l seZIGY 91'0¢9 cs62e2 vezL 2914 52695 s19'Gey 1255999 si'g z
55551 sries viLe 299628 vzit 197194 ecvosz 52508 SLTE $299'56 [ 518599 szaze ovoL T3
G €6 700 Ties 29T 022 V6250t S5E0T EB1TL EJ SIBEYE 529z ZrY 0 SELYOSL 62551 oI oz >
5L9V'95 5] 51168 cozo'2L 5 00LvL SUsLe 209451 €0'z92L 9CL 621 909'6051 0 5201°19)| size £91°120Z| &t c
29815 SYOLI 219167 s 2ree) 94961 15 L0E) g90SLL 51199 SEHIEZ 0 SZIEPIE SI92E 895081 [
g YR 294953 EE6YEY €816 OB 198202 892598 £97SEE €9 SiEoLes SLe9Y ereziL o ®
£897)9 SOOPIE [22424] 9Zvy 96 0551 givic sZoit szom'92E stegy Se19vZ] szare S299'158 8k
szzal ertey [szzis |zisies [evzeoz [ccosth |ceevry {szicsz [2o0c2z [srsesh |za'ssib [suecic [26°6sv1 [co'o9 |cesewi [oo'sses [eousiz [enzack |ecaiol |lee9sz [G0zez (avosos [2rzuz srors  |aeze |svies  |szovzorfus  |ewv  [ostor [szzes fisus |66 19°05TH st c
Ssecit wse eecvee (Y7173 E3 €9001Z z5'seez viiey £0'2099 o 95e0L 0 €909051L S0 51265 »
£1°Z80) £0r25T STIY0Z 292625 6009 92041 rovee co9zry 1’1809 o s929L 0 g935'¢22] stue aRie2LL < w
ewv'161 I15%9rz fttsey 0’1207 e 2621 sy eve eeoe 000012 59'5262 0 288229 o e810°62¢ SLeSESL yees o —
o SY'5081 6e9e ©L¥656 eoseaz £ 518508 10208 [SETA) ) vty ste9t £9092v¥ o csy'Esss 1)
g STIVEE T ELE SISavL STV £TEeSC 55 565C T52V0r ravil 0 SLTEYE 0 €900 805 | SEY SL8voar o
Q 555694 uosez viez 912028 96102 e To0es cegory ) stezL sir's 520962 Sic5'9 sisiaze 5
7198 oot8zz 16v'2v5 119952 £Z60%9 £0'990L Wz S16LY) £1g'een 5295'9 5L9°9L 0 9e6E 192 sze zssic 8
Ly 0921 199995 nroie Zio191 Lot szvezy sTotel 312773 szIEY 5299'18 5290°8%1 c1cet s295'9 £4Z160%| 1
8s96T) 52591 sresz ST'9LOT sevst €811z woses 262ck1 sozL sieLe s6Tsh SLEYS vce5' ¥l st [
zezey (190199 |izasst |seve |ieest (evesz |spestz eribis [sozzse [vamize |zzecez [soasue |civese lesiecy (zeisel |srisel [siose [sEsie |eedze 0zL 0 cimrl  |sevose feror  |szoey |wvor |eieossz|ess [0 oogyse |cvorzy H
89955 ecosye viery ceeers 191269 [ [24] 951 SOl sz59 e295°61Y S5 wotze v
E£1'50L SEEOLS 1TYSYS 75 2551 121k €60L8 L6308 SI5r SZOBIE [ ST 50| ¥6 B4 €
€C9'929 861522 rzocs: 521881 S9rST Voo ot ] sz2Iz® S23'ZL sZze av szes1e z
ews062 851°49C eseze 20202 sz 529 €91 756 ) 52292 529550}, £159'509, o vz 3
Livvyy E3 STOPLL ¥6500 s [ 196608 STzt © SIIEEEL Veor 99Z| 0 Lsszz 3
eewses 23620k rsise 155842 (244 L9172 55E66 559 STy 19E £9YCSOY vz size 295'125€ oc
215v58 o ¥eost 16'518T cess'yz o S305E1 [ 50952 £OLIVOL cIEr I szLroeL 62
LovE'vS o " Loz cesrly srez co'oz1 £8v'pL [ 5232°S0E, STIOEY 5295 L€E| 5199'262, EistezL 114
116659 0 SZOYS i 199C°8L 299922 191782 ceescy 0L 0 sv2 ST50 S29C'169 S29E'SEE| €11-735H, @
58298 ] k244 z L9695 2e96Er £9ESHE 01975 50206 [ STOTLLL o ML S180°962 2
6ULOE (I [GEERE |0 EE |9 &7oush |69 sre |aee 95'60r 1499418 |60igs lov's04z |sv'essl ¥z 566 zgtez  |szoer  (re9ey |szzer {oo'kre |sTiL |sKZLL LUGISL (S16°81Y (=4
P o o 3 v6c 5519t LULLEE ° 52955 £reEraz sLeLvT 52958 eoverol <3
toreot o o 2 ceeves 2111°99 €519 [ 5219'99) €1iv'96E 5295098 ss08 Cogtd €
Lirovt 10759 ey i a1 59031 ZLesL6 Loy 521 cot0'ols, €hee'50Z| s2aze SOELSL 2
2165593 [ Lexidd ot esez La1608 carezz 85b022 szore 521229 904°9557| 29LroLL _|sziey 5156222 84
FEE 0] 0 PIE00C €TS1 b SLS0Y SEESLL SITE STSRIT 559 WL o BELTHOZ| (3
200111 o o 1T¥90p cesT L Y vz €122y [ 5159 o EI8Y'YIb o £ EZ92| 6
TILYLL SITET (314 51555 852151 TERLP2 2V LGLY SToLY 99 559 o E9T9EEL L E
= 51z sLzZee i Lz ooy ccrran z99822 saath SLEVEL £956°694 SzeiE o cog 99cZ| 143 c
192064 eeeoee wTyee L0694} cessie Fi1:1 cLEBsh szz vy 229681 S1IZ sie910L| 952680 sh
000 sverz |iowszz |seezs |09 16LLy  [961129 Ysg6LIT zvssss |svoos [everor |s90z0 feuzsir 210592 | 2157208 5609 vist fse'ler  lsmgivclioese |ortozeifzrete (esizezzfisoos  |eemeosi|zeoosl [ecsisel st —
tec Ly £66652 855EvL zoveL cotest suce ] 520'599 €5'902 9507024 56505 0202 vl <
20°21E Lo gt €1leee SLP09L ceven SEESZL 98z 52LEYVL s65 12 SIYTYIE s2et geEI6Es 3%
0 £0L'09L 155558 9009 SLo8ve gt 26'6E9T SavY €99'8L01 SEEYS 52r'sTez| g4 Ghe=y k43
0 100752 6EERC SS6249 565256 2LsLr with 510787 Zyhz 525896 52999} 9069628, sz0EL szasz0s i
g Ziowe cezest (3 Terit ZTE0ee sT062 It 561901 TO1°76%9. 52071 SITVELY, S1953 =7 oF
£91'007 6112682 o2 262 €cy'093 ossit s TR ool srest SOSYor ez aezy S1E86 £185Y92| SL8TIEE szicol Sov'ivy [
[ 5CYi0) 25Tk 555003 zevoc) Gz 'e9zs 90991 cczeee it vs'2281 SLEYE 520}'352| c2Lys StogetL! SvL'S0L (]
299'T0C iz SLvYL $6'6582 S9GOYE 196951 2E°1281 2y LLEE EECTIE wsLl 52'624€ SL£9'1T sLeeot o9 cote] S1esL S15L°20C 2
eersyz LTI o L2 Lee 912 €8L'S589 TNner 152961 L21a%Y 19TSLE S0'1191 SLEVIYE SLEED'D PTTTSLS| SLO'LY SLLTOLL ]
000 sser [EELiel |cTTesT oless [0 S1¥9ST [LTSLiv |sryeeL |ZoEsze 869908 |cewers (yzsar |SZTINT |ozezoe [Z04REL |6M'EEM (0L |s9'9z9k (86'6STL |£7MZS [290°€2S 19708 {SLVPT [9T69  |SZOL'GH [veMESh [€961ZZT[ERTIE |Sewmer |MrEST [Si6TO6 F]
269290 0 ey Z0E8EL SEYSY Lr9ael SCTELL o T coc6oL 520'%6 9IT9ZY 0 v
Ly o £9ZreE riszL L1z6ES £806°06 szerze 2993°Ch 18024 1998y 0 52966 09| STVTLOY $25'59 zz6s <
o3y o 1y 1261 evrpoct 11504 15°€s1 v L6y 199¥'sS 59466 €97 LLY o 5£8292¢| reil 0 s1E5T6Y| z
RERPOE CEEHPY SYOEL} ¥ A LE°0zpL it SLBEDZL 286 Cl {3 1
18'806} 0 296'k85 1522y L ' 1ZEE £898'981 50162 EEEZ'SS raue b5zt 0 BEEPOZZ SLEY BE 0 £9167°96 3
L7615 0 260089 | 19'2602 520165 50694 LEVSOE LL'0tRL TE'7506 55'890E 0 599'598 §L10Sk o 62
30°L12) 199'924 BN BE6ZYE €'920€ £80'005 29'582) 8T 6088 L E'held §L896'CS 4589 SLLet o €e06'09¢ 14
b9y 51T 59655} £6'6L65 LE6rIL L6L°60L 209'00Y ceeel's £0%6 L9v'688 54896'69 SYO'L5T s29'h Lig [y iid f24
TSS2LE eCYILY gl SCOITY 2b1IEr CELSIT 0 L8801 869504 B8'0L6L o 925'S9L1 0 o £8SU055) 92
8C1984 86989 6908 {L¥6ES6 (LL5S08 [6CLI90 |L6TEL (SLOIL (ZL'L94T {£999I6 {Lg'emy (LOSLLL (8L%58 (O Tze6s  (L996'ck [bYENS (LE6'LSE (Beig9L [exaOLe e fo e85y {crevRor(cess (o evo o 19628 6050528 24 [N
955558 £0'6891 z60Z1 556904 €8'7L0s [ ccay'sh €2°0504 62Ey o ] ] 291081 "
L0L'S8S 569631 86'26€) 229011 19666 2999'86 £'0L [24.1734 ECL'8LY 0 51978 o SY'ors 24 n
UYLy 209°C5¢ 490261 228752 195259 0 eee0d L 55-265E 55 605 SLETET 0 0 2190254 z zZ
L16989 0 LELY 952668 euz VYT (1578 291618 $9'9969 21 ¥8Es SL6TE 0 0 2918812 i\
GIESH $55555 S INT €0SIEL SSTSIY SELHIE Bz 0 166657 o g 4mﬂ§ 3 m
120eee <8982z 1z 808z izzaie 21€€82 1950v¥) o 14848 o 0 o csze 6t
555552 sov'Laz HT 590106 967992 51978 o 138%99 S2v'aT ° o szseol (TS
cresy sgesz |0 zuze [eiie |cvoosz [evesss [comiez |VvezL |evivs [rszzet [sewor |wsoez fooo o oZyeis |cereoL 6e'5T Sv'os 0 0o |o oz (2916961 o
o 91’845 11SLEy o122 ey 55008 o 5'ocy 528918 0 U] 29168701 [
o eczz D'50ZE SIS iT £z st
[EP-OL_[infoa A | KIED-OL _|Runfon Aa| Aop-0y_|wanion A | NIep-01_eunyon Aa| Aiep-01_usnoa | K T ) L T et T T ) LT K| Xepo1_punros K| Aiep0)_jwunmon Aa| Kiep-oi [runian Al Kiepgy[rainer EPgL_ punor Kl Kiep01_rinien K4 & Keep-01 Ry REp01_pooea s Aepoy_pumoa i
9007 S00C | 00T [ T00T | 00T 3 0007 3 (G 166+ 9661 Se61 0 1561 0651 S8l 56 £ Sk o | wwon

(wdd) 9002 - $86} ‘LIS WYA INVYINVT LY AIANIASE0 V.LVA LNIWIGIS ANVA-NIAL ANV AYa

'9-318V.L



95

0 [] [J 0 0 [ 0 0 _nﬂn—,mm 0 4 [] [] rer o SZizel Tovveczz| st
o 0 0 o o 0 o o co1'6LL o o o 5159 0 156304 o steosh zeseazy| v1
00 [0 Ctam 00 |0 wo o str  |ecolkyy [0 o oo o g0 |wr  |wwl [sssi [ooo o wo o oo [0 e |sisioaloco o over [szar [ooo o woz sttt |csesiz  [eowosse| €1 @)
0 =171 U] 0 81192 o 0 0 ey 2oz & ] o o 0 STICTLL 0 STOTIE [izarie 3 Y
0 BY'EEBE 0 0 1'15% 0 u 0 S1'gR o 0 0 1] 0 STTET 0 2'2C IrPOEeD) 1) o
0 0 LLLET 0 EE5'552 0 0 0 199°962 o 0 Ol 0 o SLEYO'ST ] CLEL 601 °05ES o l
0 0 LB 0 SeT 0 0 ol 196B)E o ] 0 0 0 52999°L 0 T90'BLE SZOTPOT &
0 L] 557’526 o tereLz 0 0 0 TR0y 0 o 0 - 551 0 ST 1] 189922 S2902°LL) 8 O
0 0 SICRUS o 8520y 0 Py o SYE9L o o o 5099} 0 2918l o sza1'02) 959 ]
0 0 cBL'ize 0 sIEr o 29519 o cos9sL o o o o o 581982 o e 1995604 © [e0)
000 [0 zz o vesm [0 oz [0 errc Joomors fooo o sess [0 sazs  [ceovvr [soss [wiie feon [0 wo |o wo |0 'S o oo o oriy lszovel (80 o sgmz [szicovi[wesr  fearzzi | s m
0 ] seysze o 51022 199099 vz o o o o 0 AL o S19T69) 5959 v
o ww 826°905 ] coLces o Lz o o o stoey o SLTYR 52993 T2 5276 [ 0
o 0 5002y 0 19011 ccortz ceozer o o o o 0 SIEZES cc szEast coezes| @
0 0 199922 o 0 1595ty V2 295701 o o 5298 0 SIT6CT siizyi] b
0 VZLis 17 g 0 i EEL B 0 S700¥CY 3
] [ 2L o o 0 1698 cot SzT B2 8
EZE 08 La¥B6L 559 U 0 SL6'Y SLE59 0 SIS USY [14
o0zL ursz 6657 o 0 o 5294°29 b Sz1r1L9 z
78] 212721 B o o 0 SLACH ] STOYRET 53
9’6y o 000 S9'PLIL |Z9Y'868 [SETTIT |YL'DOZE |2L'6EY S¥'558  |5TW6  (86T8 Zh'sy 2991|000 0 260 0 oz'r8 SIIEL  |"V6 SLESE8L 28718y 36'66Y |SLE9OI} k14
uzas 1E VSRS B s9'e22 o o 5209'9E2 0 SLev'28 [
195208 wswse vt sL'6L o 0 518620 0 sLhoe) 24
we v 52604 99221 65's5 0 o EdYied 0 STIEZSE 24 w
w 88006 1608 150'148 08016 0 o SLO¥EL SZIT'L 519958 [}
o serus Syech €L 150 ZEh 0 0 ElD 0 fereszer (3 m
SZZ9 o e SL4ce) o 0 o SZ5Y 0 ] 6t Ro]
SECE6 I y6'seai VIl o 0 5L8Z¢ szze S:0ev) T
() sv00cs PRt o 518059 sz o |
00z 698001 14418 Svoml 0 109l Lo o Sz eTy 8 m
1oyL |epvezs |ovost |66l [wrom 257508 [1Taize [agssie oeuez [ccair [seo o wesl  [suus [evez  [szesuwe[sso o 00'6hL ] sz |swesz st
wetel e eovosL £86'169 £E8561 sV STO6LYY 52151 502 ”n =
Ji%-r1-4 0 SEMZL 1’969 [E13% 24 VEL 66T 0 [}
(81 0 STEL 159'92C 56t 0 59955 0 sizeez 2 o
[ 0 Vo 508 98 52199 LY tw_u._ g6z 1
SL99'95 KoL 292°209 S50y £ELE8’e 529} H<E] 529b'ThL 5258 o 3
£ESY'SE iy sL2c oLzl 99909 o soue ez STEYLs s1e9') s1e492 [ -
LT £00L'68 ITe00L 26'6EE1 956TC 0 SLE'6ZT 529') 59°45 SLevy L2y 9
55505 ) SUL1g TSIz teozze 58 S295YSH B 52952'09 o S5 2
LEVeT Q igr-] reset Lymi SICTS L1103 SZSTE SL9T%S SLE9'L STIr' sk a
WIS |LLE9IZ |¥IXZL  [CROELS [MOVTT T5LZ6  |L14°T8T |06°08ET 66'vaLZ [STTIGL [BY'IOL [SGSH STt 9UT'10} [59'6L) SLIET |Te0Lz  |STSY sLyal  [91°11)  [906€T Szoy'lL {2ZZCH [OF S
UBEIS 199 998 11vy0 fEChes ol SZ90°M9T sz5'y vezy B sz v
92T95E o 52956 1T o szaryh szi90tw LISy seve EUNEY €
ZL'YeT 0 S99°5pL 1’8901 LIS'51 COOVEL o STIELE TLEIPIL ST9T ISt SLEL'YL $9°8EE z
\92ist s501 SreveS 195204 seeeh 551'5H o szarez s29') 1998097 |szsceze 5925 1
TEP-01 [ainion A AIEp-0L_ puinion K| ATEp-08 [puinion A Arce-0L_PUunios Q| Aiep-0b_unior Aa] Acp-03_pwinroa k| Kiep-0b_Puinion Aq] Atep-Gh_Painios A KepG) 5] LT A 7G| KiEp-01_ponion A | Aiep-o1 ] P01 PUon k| RiER-gr_[rumion Gl Riep-0)_[ianion R Aiep-o1 [oumon A Keep-03_PUinic A Aep-0) punion A Riep-0r EP0L_ puinon
9002 5007 002 £00Z 002 1002 000 666l BESE 166} £ _ 5665 — 6l 166 0661 636} 8ack 4884 9861 5863 eieg




(900Z-5861) LIS NVA INVYAVF 1V LNIWIA3IS 3OVHIAY  2'9 Pid

HLNOIN

1snonv Alnre anNnr

¥380100 YIHNILdIS

000

S

g iy

‘, &= | ™

1 vp ™l
»

]
¥
in

@ 2T
-
4% '
®
- =4 [y il
@® f A YKl ige iX
S P | 5 (=
v &..; »
~ @ -
& “
re
% aps
.................................................................... - -t} T
@ ¥
9 @
@
<

(ybram Aq 0 % 06G) swnjon Aq wdd —m—

Wwblem Aq wdd ——

- 00°0001

- 00°000¢

- 00°000€

- 00°000¥

00°000S

(wdd) jusunpag



97

31IS NVQ INVINYF LV LNIWIQIS a3A¥ISE0 ATva-0L NV 3DuVYHOSIA A3AY3SE0 A1iva-0t
'9-31av.l

5Ll 00°0 68°ETH 000 000 6EbL 000 000 880 PO'PLT 00'0 000 000 £9'TvC 000 0¢°61 000 120t £5°09T°Z 4 Jagozap
Le'lll 000 (4444 Y69kt £0ze SV HEE 00’0 S0'89 S9l 68'059 €01 00°0 00’0 £E'S 000 ov'1y £8°0 S8'1ve #8881 3
99'cep pS6F 000 £5°bL9'T | 9872’2 | £1°6€9 8T°H8E Sb°S59 L8878 |9L.729v TCH8T 9L (4914 000 280 0Z'v8 61 £8'18Y 84T 96°66b €
61eel 28'Gkl | 9¥°0S€ bLOpre 78'80€'z | 05'4Z5°C | 59848 £6'90€'T | 98'991'E |1¥SZ PT’S9L 06’046 06'18Z 58'9 19’661 | 69'62Z 590 00677 081 LLESE Z J3quaydas
95'€L6 9Tves | yTETT {18244 £4°029 6SSHR'E | 0p'80ET | £5°/¢6 £6'08€'C |9z°08 Z8°01€ L0"121'S | 66'H9E°Z | 89101 SELT 98'61T 28'042 94481 90°'6E LTIET L
SEUSL'L  |/6°S181 | SO'8bT Op0L0'E | SS'€0E'E | 19'%H1°T | 69°500'T | 627688 £€'99¢ [9F'S8bC | T9°08T 0S'61H'T | 26'20L'T 0T'eSz | Sb'0ET 6£'ST6 8v'S0€ €554 58076 €
YIOES', [BZZOL | 6LZ6b | Z1ST91 | EC06TT | J7/E87 | 1268ST | GLEELE | €0105 |00LS85 | CUELET | L6BIEZ | OTOS0E E°0LT | 8v'/66 | L | 05€0p _|1645 19°0EET z 1snbny
BUPL9T TEC8h_ | [CZIST | 1699C | /BGOET | 66719 | 6LIILE | bObTCS [0c08Y) | BSTBLY | Gbba6'] | GG SIR {071 | 6Tev1 | 6r0v | /8oy [80S 00859E 1
1068 60°L0€ 6697 JAN Y44 L2925 | 8Te6'e | €5290'T | YOVOS'T | LLEVE 86'60b 60°Z6€ 0¥'S0L'C ST I5'¢eT bE'969 00°THE 1A W44 116161 €
25512 000 8r8ve | +8'8Z€ ¥4 9B'6TT'T | (bV3CE | bTTZI'T | SBESS 2E'SSL'T [ 68601 | 68°ZST'D | £T0SS°T S6°09 £6°TbE L8'ELE 24088 £6°00E 750081 Z Ainp
180517, |00 €266 £2°298'z | 01°€88 ST$95' | 524787 | 86°990'T | v2'SSL 0Z°€20's | 61661 §5'979°1 | €9'1Z5'T L5768 97'69 PETLET [88TIT 147252 2
01°0£0'L SETHB'T | 867989 65°0LE L0550 | s6°e€€' | 24°491°7 | 25°88S 8/°€S8 22669 LT'VEY'E | BETSS'T | ¥o'81 LE'86F  |€8'SS 60 19°6TE €
8E°5¢8 BLBSy | o866 | ezrze | €600 | €96/8'7 |t | 96604 | 000 | OTHELE BEST (971|000 000 p8021 z sunr
abeloay 9002 5002 002 £002 2002 1002 0002 6661 8661 1661 9661 S66) ¥661 1661 0661 6861 8861 1861 9861 5861 ANVG-OL] HINOW |
3LiS WYQ LV LNIWIQ3S a3ANISEO0 ATIVa-0L
66°¥81 . S6¥IT $8'S0C [ 94281 - | 99'TSE ££°89 RiEiT4 | LTLOT  |€8°ALS8 | [ 0629 S0'09 €1'89 18 8T 68 19'SL S6'65 TE0L 1 yeBee €THOP €
y87zve Lb'6ST $0°€8¢ 18'62C Sb'LST PLHE 847407 SLPST [pEvSe 00°€9 6819 9L04 €€'65 99'Lb €991 6166 LETU 1899 8Y"y2E 08'672°E 14 4240320
91'2eZ §0'8LZ 16'90Z LE'OEE 75°€82 POEST 6°9¥9 189bE |12 608 00°69 08'SZ £6°401 JA R4 8589 00’522 0E'841 8¢ 0ET €0°PE y1'85k [4*NAYY 2
65840 12T0K2 | 65°T8b ELPL0T | TTTHE 16°L2E 62 1SL €C7SS  [28'Sv9 00'TL PSEET 6€°S5T PB'6S £9'96 00°€9€ 00'98¢ 18°261 00041 £b°S09 6S°C8E €
Ly'oby 84768C <9'20T ¥0° LT C5'0E8 0F'10¢ CLE80'T | 88818 |Z¥6LE 08'SL 96°19¢ 29°1CE 20'8L 6’46 00°/S8 00'¥0p 6821 0S'€9T TLITVY | £578€9 14 Jaquieydag
157109 00°06 LE'SST 248144 LV'STTT | 8SE9C 8TI1IL'T_| 642y  [e828y 09°9L £6°02S STIS6'T | 9b'16 8£'0Z1 00'708 00°€9L Zh'6ET 05°€SE 14 R484 TTLYS 3
98'LEL 25621 80°C61° | z6°6bL 16°9LE 09°6Zb 0S'ZIEZ | 99'bb  [S0'899L | 05°Z8 45948 18°'6ET 62°E61 91'¢81 00'091'T__[ 00'E9S 00°141 00°456 2E'968 6°088 €
1E°E65 09°0CT [ 69957 | 0/698 | BO'STS | /9059 | be6e8c | S@86b |yl Gl | OT'GE] | €9°ebz | Z6WOb | GZEEE | 8Tbel | Q0SEy | 0822c | 00%Te  [00¥6E | 10°%665 | 6095k 2 1snbny
BEESY 60 _ 18561 | Sheiz | EEZST | 0S7ed | ZXI007 | OTShe leewz. | 0760z | €8BEY | 109 | 021z | 2ovkr | 00ZI'T | 00Skh | O5OvE [00Z21 | 86026 | 89°809
1059% 9911 19041 | v6'9ez [OF0/T | Tebys | t6€55T |89%oR | ebiesd | OTeL | OTber | /0€9 | 006 [ €e€s | 00%0p | 00165 | 00Tz [0swer | 1zesl | 86¢26
10°8EY 522 | LE€LT | Ov'8VI'T | BSVi1 | 89°'SES | 1/668T | Z1'6Gb | 20°TeS | OZT8 | 99°8T | 150z | 00/5 | €19r | 00S/5 | e8bc | 05€91  [01°9€s | 6,811 | 96bzZ 2 Ainp
05'98E BT bel | Sr691 | €6 e | vB¢sz | 09weS | 1w'9/6 | 089k | 580021 | 6rov | cE el (69€s | Se9c | e6¢z | 1990z | €10y | vGe9T  |286ET | 68950 | 0507 L
zeer  loser Torey TTror  [evor — | Z9bz | o09zib | bBSHT | 22917 | 05203 | 09%E | 80ObT | bTE9 | GE0¢ 682z | 9E0e | ores  |99°9E 6L 6526 | L01E €
1ozL 8GbT_|'8071 b8z |19€T | B9Cc | 686l | €cove | Jc¥6 | 009k | 081 _ | 080v | bTer | ZL€T | 8cOc | 09®1 | 9562 [sE%ST 207 {18%E |91 z sung
616 bEOZ | E6ET [W6¥e | TGEl |60z [ c0ec | ocoey't | 80ZE | Ge/t [ §9aT [ 6ver | T9EL [ /W1 [ ¢06T 0TIz | 994r {8vst _ [eL08  |over 256 !
eBeioAy 2002 5002 $002 £00Z 2002 1002 0002 6661 8661 1661 9661 5661 y661 1661 0661 686L 8861 1861 986 1 5861 ATIva-0L] HINOW

31IS WVQ 1V 398VHISIa 03AY3S80 AIVa-0F



TABLE-6.3
CALCULATION OF SEDIMENT RATE

Average Discharge

Average Sediment

MONTH | 10-DAILY (1985 - 2006) (1985 - 2006) Sediment load Sediment load
(cumec) (ppm ) (m°/day) m’

June 2 72.01 836 5,201 26,004

3 137.82 1,030 12,270 122,699

1 386.50 1,151 38,432 384,320

July 2 438.01 1,216 46,002 460,020

3 465.77 891 35,846 368,460

1 453.38 1,674 65,577 655,771

August 2 593.31 1,631 78,469 784,690

3 731.86 1,157 73,181 731,811

1 601.51 974 50,596 505,961

September 2 440.47 733 27,803 279,030

3 478.59 434 17,932 179,320

October 1 232.16 117 2,353 23,530

2 342.84 173 5110 25,551

Annual Sediment Load 4,537,167.82 m°/year

Sediment Rate

100.83 Hect.m/100 Km?/y!
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TABLE-64a
CALCULATION OF SEDIMENT RATE AT JAMRANI DAM SITE (1985-1990)

Average Discharge

Average Sediment

m*lyear

49.64 Hect.m/100 Km?/year

MONTH ] 10-DAILY (1985 - 1990) (1985 - 1990) Sediment load | Sediment load
(cumec) ( ppm ) (m°/day) m®
2 21.54 33.13 62 308
June 3 43.46 180.59 678 6.781
1 550.75 -547.69 26,062 260,618
July 2 451.20 729.60 28,442 284,423
3 630.78 67243 36,647 366,473
1 651.53 848.47 47,762 477,617
August 2 401.82 558.65 19,395 193,946
3 771.30 489.54 32,623 326,230
1 503.35 149.35 6,495 64,953
September 2 551.70 120.98 5,767 57,668
3 333.31 217.65 6,268 62,677
1 243.98 79.71 1,680 16,802
Gotober 2 654.88 407.03 23,030 115,152
Annual Sediment Load  2,233,649.50
Sediment Rate
TABLE-6-4b
CALCULATION OF SEDIMENT RATE AT JAMRAN! DAM SITE (1991-1995)
Average Discharge { Average Sediment
MONTH | 10-DAILY (1991 - 1995) (1991 - 1995) Sediment load Sediment load
(cumec) (ppm) (m°/day) m’

June 2 18.76 25.39 41 206
3 37.46 1,551.38 5,021 50,211
1 37.65 1,521.83 4,950 49,503
July 2 71.21 1,355.56 8,341 83,405
3 69.80 1,353.97 8,165 81,654
1 139.56 413.81 4,990 49,898
August 2 307.47 1,625.29 43,176 431,761
3 171.75 980.01 14,543 145,429
1 724.50 828.01 51,830 518,305
September 2 165.86 162.79 2,333 23,328
3 103.95 15.31 138 1,375

1 83.01 - - -

October ) 56.25 - - -
Annual Sediment Load  1,435,074.66

Sediment Rate

m®/year

31.89 Hect.m/100 Km?/year
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TABLE-6-4c

CALCULATION OF SEDIMENT RATE AT JAMRANI DAM SITE (1996-2000)

Average Discharge

Average Sediment

m°lyear

226.02 Hect.m/100 Km%year

MONTH | 10-DAILY {1996 - 2000) (1996 - 2000) Sediment load | Sediment load
(cumec) (ppm) (m°Iday) m®
June 2 228.49 1,572 31,027 155,135
3 369.16 1,549 49,396 493,956
1 563.79 1,334 64,092 649,921
July 2 619.35 1,728 092,486 924,856
3 681.07 754 44,397 443,972
1 593.72 3,566 182,916 1,829,164
August 2 1,094.19 2,745 259,543 2,595,430
3 976.86 1,187 100,195 1,001,951
1 852.90 1,764 129,999 1,299,990
September 2 523.97 1,257 56,909 569,088
3 430.78 447 16,637 166,373
October 1 289.65 148 3,692 36,918
2 288.47 35 872 4,360
Annual Sediment Load 10,171,113.41
Sediment Rate
TABLE-6-4d
CALCULATION OF SEDIMENT RATE AT JAMRANI DAM SITE (2001-2006)
Average Discharge | Average Sediment
MONTH | 10-DAILY (2001 - 2006) (2001 - 2008) | Sediment load | Sediment load
(cumec) (ppm) (m°/day) m’
June 2 18.71 02155 1,490 7,449
3 89.59 1,257.74 9,735 97,353
1 221.44 1,438.91 27,530 275,298
July 2 460.92 1,146.59 45,661 456,611
3 290.04 1,060.04 26,564 265,642
1 263.56 1,112.07 25,323 253,233
August 2 493.74 1,297.08 55,332 553,324
3 775.61 1,748.08 117,143 1,171,428
1 © 394.11 1,074.37 36,584 365,838
September 2 388.27 1,092.01 36,633 366,333
3 925.54 811.71 64,910 649,102
1 249.98 179.14 3,869 38,690
October 2 192.90 97.66 1628 8.138
Annual Sediment Load  4,508,439.07

Sediment Rate

m°lyear

100.19 Hectm/100 Km*/year
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CHAPTER 7

SUMMARY AND CONCLUSION

7.1. SUMMARY

1.

The average precipitation for Jamrani Dam site based on rainfall data
recorded from five and seven rain gauge stations since 1979-1980 to
2005-2006 is 1541.83 mm.

10-daily observed discharge data available at dam site only from 1977 to
2006 while at Gola Barrage has long term data 10-daily observed
discharge since 19483 till to date. Based on above condition, derived 10-
daily discharge data for dam site from 1948 to 1977 has been carried out
by regression analysis either by direct linear regression method or log
deviation regression method.
Direct Linear Regression method is more appropriate than Log
Deviation Regression method because the coefficient of correlation in
each period of the first method are most higher than of the last method.
Therefore, for dependable flow and design flood estimation, derived
data by using Direct Linear Regression is adopted.
Result of direct linear regression are tabulated as follows :
TABLE-7.1
RESULTS OF DIRECT LINEAR REGRESSION

FOR 10-DAILY DERIVED DISCHARGE AT JAMRANI DAM SITE

1% July 2™ July 3" July
a=6.95 b=0.53 | r=0.97 a=-24.04 b=0.73 | r=0.95 a=-54.19 b=0.80 | r=0.98
correlation : Q;=0.53 Qg+ 6.95 correlation : Qy=0.73 Qg -24.04 correlation : Q;=0.80 Qg —54.19
1* August 2™ August 3" August
a=-59.61 b=0.82 | r=0.93 a=-13526 | b=0.85 | r=0.94 a=-137.61 b=0.97 | r=098

correlation : Q;=0.82 Qg —59.61

correlation : Q; = 0.85 Qg-135.26

correlation : Q;=0.97 Qg — 137.61

1% September

2" September

3" September

a=18.81 b=0.69 | r=0.98

a=17.42 b=0.67 | r=1.00

a=-6.81 b=0.74 | r=0.99

correlation : Q;=0.69 Qg+ 18.81

correlation : Q;=0.67 Qg +17.42

correlation : Q;=0.74 Qg —6.81
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1*' October 2" October 3" October
a=-0.94 b=0.65 | r=095 | a=-56.33 b=0.99 |[r=1.00 |a=-10.53 b=082 | r=0.98
correlation : Q;=0.65 Qg - 0.94 correlation ;: Qy;=0.99 Qg -56.33 correlation : Q;=0.82 Qs—10.53

1** November 2" November 3" November
=-22.86 |b=1.01 |r=0.95 =-0.95 b=071 |[r=090 |a=-2.28 b=0.65 | r=0.87
correlation : Qy=1.01 Qg - 22.86 correlation : Qy=0.71 Qg - 0.95 correlation : Q;=0.65 Qg —2.28
1* December 2"’ December 3" December
a=0.33 |1 b=0.63 | r=0.80 a=12.59 b=0.56 |r=0.87 a=3.37 b=0.61 |r=0381
correlation : Q;=0.63 Qg +0.33 correlation ;: Q;=0.56 Qg +2.59 correlation : Q;=0.61 Qg +3.37

1* January 2" January 3" January
a=0.98 b=0.66 [r=090 |a=0.27 b=068 |r=0.77 |a=-583 b=0.80 | r=0.89
correlation : Qy=0.66 Qg + 0.98 correlation : Q;=0.68 Qg + 0.27 correlation : Q;=0.80Qg-5.83

1 February 2" February 3" February
a=166 b=0.62 [r=0.88 |a=6.50 b=048 |r=092 |a=-520 b=0.81 | r=0.96
correlation : Q;=0.62 Qg+ 1.66 correlation : Q;=0.48 Qg+ 6.50 | correlation: Q;=0.81Qg-5.20

1* March 2" March 3" March
a=-12.57 b=095 [r=099 |a=-444 b=0.83 |r=093 |a=2.82 b=059 |r=085
correlation : Q;=0.95 Qg - 12.57 correlation : Q;=0.83 Qg-4.44 correlation : Q;=0.59 Qg +2.82
1% April 2" April 3" April
a=3.14 b=0.62 |r=0.87 |a=4.99 b=0.52 | r=077 (a=4.66 b=048 |r=0.68
correlation : Q;=0.62 Qg+ 3.14 correlation : Q;=0.52 Qg +4.99 correlation : Q;=0.48 Qg+ 4.66
1 May 2" May 3" May
a=0.84 b=0.63 |r=0.86 |a=233 b=0.58 | r=090 |a=0.63 b=0.61 | r=0.90
correlation : Q;=0.63 Qg+ 0.84 correlation : Q;=0.58 Qg+2.33 correlation : Qy=0.61 Qg+ 0.63
1 June 2" June 3" June
a=13.22 b=0.18 | r=0.69 |a=428 b=054 |r=078 |a=-7.17 b=0.78 | r=0.91
correlation : Q;=0.18 Qg+ 13.22 | correlation : Q;=10.54 Qg +4.28 correlation : Q;=0.78 Qg-7.17
3. 75% dependable annual flow at Jamrani Dam site is estimated as 355.9
MCM.
4. Design Flood Estimation is carried out by the following methods :

- Gumbel’s Method and then checked by Gumbel Probability

paper

- Log Pearson type III Distribution

- Unit Hydrograph principle
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Comparison of result obtained by four methods are tabulated in Table-

7.2.

TABLE-7.2
CALCULATION RESULTS OF FLOOD ESTIMATION
AT JAMRANI DAM SITE
( cumecs)
Return METHODS
Period Gumbel's Graphical by | Log Pearson Unit
(T years) prob. paper type III Hydrograph
20 3688 3688 3322
50 4527 4527 4640 4566
100 5155 5250 5355 4996
150 5522 5600 5701
200 5781 5900 6070
500 6608 6800 6654
1000 7232 7500 7755
5. Sediment data at Jamrani Dam site is observed from 1985 to 2006,

between 15 June and 15 October for each year.

Sediment Rate during 1985 to 2006 is 100.83 Hect.m/100 Km*/year.
Then, also calculation of sediment rate is divided in 5 years basis are :

- Sed. Rate during 1985 to 1990 : 49.64 Hect.m/100 Km?*/year.

- Sed. Rate during 1991 to 1995 : 31.89 Hect.m/100 Km?/year.

- Sed. Rate during 1996 to 2000 : 226.02 Hect.m/100 Km?/year.

- Sed. Rate during 2001 to 2006 : 100.19 Hect.m/100 KmZ/year.

From above results of calculation, annual sediment rate at Jamrani Dam
site is more high than average of some reservoirs in India because of
several factors namely a landslide ever taken place in 1993 and mining

practices at that site.
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7.2. CONCLUSION

Hydrology finds its greatest application in the design and operation of water

resources engineering projects. Many important projects in the past have failed

due to improper assessment of the hydrological factor.

Therefore the Hydrological Analysis of a project should of necessity precede

structural and other detailed d esign studies.

It involves the collection of relevant data and analysis of the data by applying
' the principles and the theories of hydrology to seek solutions to practical

problems.

105



REFERENCES

10.

11.

12.

13.

14.

Arora, K.R. : 2004, ‘Irrigation, Water Power and Water Resources Engineering’,
Standard Publishers Distribution, New Delhi.

Garg, S.K. : 2005, ‘Hydrology & Water Resources Engineering’, Khanna
Publishers, New Delhi.

Garg, S.K. : 2004, ‘Irrigation Engineering and Hydraulic Structures’; Khanna
Publishers, New Delhi.

Gupta, S.P. : 2004, ‘Statistical Methods’, Sultan Chand & Sons, New Delhi.

Hydrology North Directorate : May 1989, ‘Report on Hydrology (Revised) of
Jamrani Dam Multipurpuse Project’, Central Water Comission, New Delhi.

Hydrology (Small Catchment) Directorate : Dec 1984 , ‘Flood Estimation
Report for Upper Indo-Ganga Plains (Sub Zone-le), A Method Based on Unit
Hydrograph Principle’, Central Water Commission, New Delhi.

Hydrology (Small Catchment) Directorate : 1994 , ‘Flood Estimation Report
for Western Himalaya (Sub Zone 7)’, Central Water Commission, New Delhi.

Irrigation Department Uttaranchal : Dec 2005, ‘Jamrani Dam Multipurpose
Project, Volume-III (Drawing)’.

Jain, SXK. & Singh V.P. : 2006, ‘Water Resources System Planning and
Management’, Elsevier, the Netherlands.

Learning Hydrology, ‘National Institute of Hydrology-Roorkee Internet
website’, www.nih.ernet.in.

Mutreja, K.N, : 1986, ‘Applied Hydrology’, Tata Mc Graw-Hill Publishing
Company Ltd, New Delhi.

Patra, K.C, : 2002, ° Hydrology and Water Resources Engineering’, Narosa
Publishing House, New Delhi.

Singh, V.P. : 1994, ‘Elementary Hydrology’, Prentice-Hall of India Private Ltd,
New Delhi.

Subramanya, K. : 2004, ‘Engineering Hydrology, Second Edition’, Tata Mc
Graw-Hill Publishing Company Ltd, New Delhi.

106



15. Suresh, R. : 2005, ‘Watershed Hydrology’, Standard Publisher Distribution, New
Delhi.

16. Taha, H.A. : 2005, ‘Operation Research, An Intoduction, Seventh Edition’,
Pearson Education Pte, Ltd., New Delhi.

17. Technical Series No. 3/H & S/1987, ‘Guidelines-Data-Analysis’, Ministry of
Agriculture, New Delhi.

18. USBR, : 1974, ’Design of Small Dams’, A Water Resources Technical
Publication, Oxford & IBH Publishing Co, pp. 334.

107



APPENDIX — A

AVAILABLE DATA



10 - Daily observed Rainfall data within the Catchment Area = 450 Km?

Table-1.A

The weight Jamrani (J) = 39.00 Km2
Lugar (L) 87.00 Km2
Okhalkanda (O ' 151.00 Km2
Paharpani (P ) 66.00 Km2
Champi (C) = 107.00 Km2
Total = 450.00 Km2
1979 - 80 . - RAINOFALL 5 - MAP
Month. | Ten-daily (mm) (mm) (mm) (mm) (mm) (mm)
1 119.00 92,71 2.00 25.50 34.80 40.92
JuL 2 230.57 257.81 182.90 101.60 137.20 178.72
3 326.00 250.19 115.60 147.30 143.90 171.23
1 21.60 40.64 41,20 59.70 62.60 47.19
AUG 2 725.60 69.80 159.00 128.30 139.00 181.60
3 21.60 93.90 6.40 - - 22.17
1 1.60 13.90 - 11.40 - 4.50
SEP 2 31.20 42.40 27.70 16.50 18.00 26,90
3 - - - - - -
1 - - 4,30 - 4.00 2.39
ocT 2 8.00 1.50 : 1.20
3 - - - - - -
1 - - - - - -
NOV 2 - - - - - -
3 7.60 11.43 11.40 - - 6.69
1 2.40 - 1.50 - - 0.71
DEC 2 - - - - - -
3 14.40 36.60 27.90 19.70 55.90 33.87
1 16.80 7.62 8.90 10.10 20.30 12,22
JAN 2 - - - - - -
3 - - - - - -
1 30.40 18.30 33.53 7.60 14.40 21,96
FEB 2 12.80 18.80 19.00 5.55 6.30 13.43
3 1.30 2.80 8.90 2.90 2.90 4.76
1 56.00 8.90 104,10 13.50 84.40 63.55
MAR 2 - - 10.30 1.30 4,30 4.67
3 8.80 10.90 16.20 8.90 15.20 13.23
1 7.20 8.26 7.40 - 12.70 7.72
APR 2 - - 3.80 - - 1.28
3 - - - - - -
1 0.40 15.72 6.80 - - 5.36
MAY 2 24.00 - 6.90 12.70 48.30 17.74
3 - 16.80 5.80 41.90 - 11.34
1 184.80 124.70 55.60 44.50 91.19 86.99
JUN 2 93.48 185.90 78.50 95.30 139.90 117.63
3 74.56 65.90 76.70 73.70 45.70 66.62
TOTAL OF MAP = 1,166.60

SOURCE: FROM 1979-80 TO 1986-87 RECORDS OF EXISTING 5 RAIN GAUGE STATIONS
INSTALLED IN THE CATCHMENT AREA




Table-2.A
10 - Daily observed Rainfall data within the Catchment Area = 450 Km?

Jamrani (J) = 39.00 Km2
Lugar (L) = 87.00 Km2
Okhalkanda (O ; = 151.00 Km2
Paharpani ( P ) = 66.00 Km2
Champi (C) = 107.00 Km2
Total = 450.00 Km2
1986 - 87 - . RAIN;ALL 5 - MAP
Month. | Ten-daily (mm) (mm) (mm) (mm) (mm) (mm)
1 405.00 27.50 278.75 193.50 236.50 218.57
JuL 2 111.75 170.12 322.00 146.25 43.75 182,48
3 173.68 175.12 160.00 93.50 118.50 144.49
1 160.96 44,00 37.50 31.75 29.75 46.77
AUG 2 129.92 221.37 27.50 62.25 107.00 97.86
3 89.96 117.75 11.25 46.75 31.50 48.68
1 - 7.50 - 1.00 - 1.60
SEP 2 134.75 - 162.50 206.25 121.25 125,29
3 49.75 90.50 62.50 65.75 46.61
1 10.35 - - 15.50 17.50 7.33
oCT 2 18.40 20.00 7.50 13.75 26.50 16.30
3 11.20 - - - - 0.97
1 - - - - -~ -
NOV 2 - - - - ~ -
3 11.20 10.12 11.20 11.20 10.25 10.77
1 - - - - - -
DEC 2 108.00 42.62 46.25 108.00 99.25 72.56
3 3.20 - - 3.20 - 0.75
1 - - - - - -
JAN 2 20.00 17.62 26.30 17.70 13,21
3 - - - - - -
1 40.00 - - 3.25 - 3.94
FEB 2 - 5.12 37.50 70.25 87.25 44.62
3 - - - - 0.50 0.12
1 15.00 - 8.75 7.00 ~ 5.26
MAR 2 - - 12.50 7.75 ~ 5.33
3 12.00 - 3.75 13.75 13.00 7.41
1 - 10.00 13.75 36.75 10.75 14.49
APR 2 19.20 - - - ~ 1.66
3 59.20 43.75 28.75 46.37 19.80 34.75
1 14.24 40.50 48.76 76.50 102.00 60.90
MAY 2 - 2,87 31.25 15,25 11,75 16.07
3 132.00 - - 9.00 2.00 13.24
1 2.40 53.98 25.90 54.86 59.30 41.48
JUN 2 - - - - ~ -
3 - - - - -~ -
TOTAL OF MAP = 1,283.48

SOURCE: FROM 1979-80 TO 1986-87 RECORDS OF EXISTING 5 RAIN GAUGE STATIONS
INSTALLED IN THE CATCHMENT AREA




Table-3.A
10 - Daily observed Rainfall data within the Catchment Area = 450 Km?

Jamrani (J) = 47.00 Km2
Lugar (L) = 73.50 Km2
Okhalkanda { O ) = 77.00 Km2
Paharpani (P) = 49.50 Km2
Champi (C) = 60.00 Km2
Gunialekh (G) = 69.00 Km2
Khansual (K) = 74.00 Km2

Total = 450.00 Km2

1987 - 88 RAINFALL
o ] L 0 P C G K ( MAP)
Month. | Ten-daily (mm) (mm) (mm) (mm) {mm) (mm) (mm) (mm)
1 146.00 86.98 45,72 32,51 61.22 68.50 108.20 77.31
JuL 2 277.20 214,76 144,78 111,25 96.01 184.75 265,43 185.82
3 121.14 153.03 33.02 54.35 55.37 38.00 77.47 75.22
1 39,11 20.45 18.54 10.15 17.78 12.00 29.72 20.81
AUG 2 171.70 168.12 213.36 89.92 143.51 77.72 143.51 146.44
3 296.42 181.73 138.43 95.48 169.60 34.29 362.29 182.28
1 66.04 73.15 24.84 44,45 22.86 33.13 20.06 39.41
SEP 2 12.44 - - 10.92 2.54 12.70 1,27 5.00
3 12.70 26.92 - 8.12 - - - 6.62
1 - - - 12.19 12,19 - 7.62 4,22
ocT 2 12.70 50.16 - 28.45 11.43 - 6.35 15.22
3 - - Z - - z z z
1 - - - - - - - -
NOV 2 - - - - 15.24 - - 203
3 - - - - - - - -
1 - - - - - - - -
DEC ) - 15.24 17.70 23.60 - - 20.32 11.35
3 - - - - - - -
1 - - - 1.27 - - - 0.14
JAN 2 2.54 - 8.89 20.07 1,52 - 8.64 5.62
3 - - - 0.76 - - - 0.08
1 - - - - - - - -
FEB 2 8.13 - 6.35 13.21 7.37 1.26 10.67 6.32
3 9.75 7.62 69.85 63.50 74.93 6.10 70.61 43.74
1 39.88 30.48 21.59 71.88 - 29.97 21.84 28.93
MAR 2 45.47 35.56 69.85 56.39 - 5.08 83,06 43.15
3 2.54 - 8.89 6.10 - - - 2.46
1 Co- ) - - - - - - -
APR 2 7.11 27.94 38.10 25.40 40.89 4,32 36.83 26.79
3 2.03 6.98 - 15.74 13.72 2.79 11.94 7.30
1 12.23 8.89 64.77 60.96 - 6.35 35.56 27.34
MAY 2 25.15 4.32 8.89 8.13 - - 33.57 11.27
3 11.18 13.20 - 10.67 - 3.05 29.97 9.89
1 11.43 40.51 36.58 38.86 40.64 17.78 29.67 31.37
JUN 2 148.94 21,08 8.89 36.83 6.86 53.38 19.81 36.93
3 221.12 101.09 - 73.91 95.76 148,59 78.23 96.15
TOTAL OF MAP = 1,149.21
SOURCE :

FROM 1987-88 TO 2005-06 RECORDS OF EXISTING 7 RAIN GAUGE STATIONS INSTALLED IN THE CATCHMENT AREA




Table-4.A
10 - Daily observed Rainfall data within the Catchment Area = 450 Km?

Jamrani (1) = 47.00 Km2
Lugar (L) = 73.50 Km2
Okhalkanda ( O ) = 77.00 Km2
Paharpani ( P ) 49.50 Km2
Champi (C) = 60.00 Km2
Gunialekh (G) = 69.00 Km2
Khansual (K) = 74.00 Km2
Total = 450.00 Km2
2005 - 06 RAINFALL
o J L 0 P C G K ( MAP)
Month. | Ten-daily | () mm | em | em | em | mm) [ mm) (mm)
1 172.72 83.40 240,03 10.16 119.89 184.66 99.06 136.94
JuL 2 100.86 116.33 154.94 107.19 71.88 138.94 76.21 114.74
3 119.38 127.00 114.30 55.12 98.55 137.32 20.32 100.17
1 38.10 76.81 113.03 34.37 43,18 72.90 12.70 60.97
AUG 2 218.44 218.68 88.90 88.90 39.70 85.09 - 108.41
3 97.79 59.92 30.48 7.62 15.24 29,21 - 34.36
1 64.77 92.44 - 30.64 6.86 - - 28.92
SEP 2 123.17 166.11 204.47 41.87 179.83 309,88 10.41 157.77
3 299.72 381.76 257.05 328.00 298.45 437.38 320.04 344.65
1 - - - - 1.52 - - 0.20
oCT 2 - - 13.97 “ 3.81 - - 2.90
3 - - - - - - - -
1 - - - - - - - -
NOV 2 - - - - - - - -
3 - - - - - - - -
1 - - - - - - - -
DEC 2 - - - - - - - -
3 1.27 1.78 15.24 2.5¢4 5.08 11.43 5.08 6.63
1 - - - - 5.08 - - 0.68
JAN 2 - - - - - - - -
3 - - - - - - - -
1 . _ _ - - - - .
FEB 2 - - - - - - - -
3 - - - - - - - -
1 5.08 - 22.86 33.02 - - 8.84
MAR 2 29.72 41.65 77.47 38.10 52.07 130.05 39.37 61.96
3 - - - - 1.27 - - 0.17
1 - - - 2.29 - - - 0.25
APR 2 - - 13,97 2.54 - 5.08 2.50 3.86
3 - 6.60 - - - 3.81 3.81 2.49
1 33.02 - - 22.86 3.81 - 6.35 7.52
MAY 2 - 16.76 - - 50.80 - 12.70 12.10
3 38.10 47.61 - 12.70 27.94 - - 18.30
1 88.90 54.35 100.33 11,43 72.39 90,17 - 61.69
JUN 2 10.16 8.38 24.13 3.81 8.13 - - 8.31
3 42.16 138.17 123.19 76.20 81.28 87.63 24.13 88.81
TOTAL OF MAP = 1,371.65
SOURCE

FROM 1987-88 TO 2005-06 RECORDS OF EXISTING 7 RAIN GAUGE STATIONS INSTALLED IN THE CATCHMENT AREA




095°££0°0T | 98°6¢T 10°0L 90°0L T0°'T0T SSOFET 05'6VT ST'ETC 69°92E S9'190’y | 8£'69S'T | 97'sz6’T | vv'81ZT WI1OL
0b6'666'2 65°26 €1'8¢C 81°7¢C GG'IE L'YE bbb 6L'TL €598 £TH0Pp 65'78€ 61'088 86'776 3
0T+'b16'F 18°vE 10°'T¢C 6I'ET 26°1E 88'/9 (442 79'79 $8'80T 08'61C°E /G'GEY 60°9ch 96°4C7 4 986T-S86T
0TC'ECL’C 9b'Ce (802 69°¥C pG'LE 0Z'vE LE'/S (2414 ZE'E8T 79'/EY bS] 89°809 05'0/ 1
07S'6SC°0T | vI'Ss LE'LE 65 1€ S8'0v €L5Y 98'79 66'89 61'S6 L1868 LV'8PO'E | LG'6V9'E | 65'bTCT TVLOL
0Zr'TI6E L0°TE Ip'Cl 16'6 78T x4l 21’61 16°CC yT'LT L0195 66096 8b'G6E'T LT'TSET €
06t'GEL'T 59'bT XA 7607 TZET £€°07 (4414 95'7C ¥8'6¢ £9'8GT 86°520°T 79'£90°T 95°gpE 4 S86T-v86T
0T9°Z19°E 75'6 £6°21 9T'1T 28'b1 £6'91 T5'EC 79°€¢ TH'8E ££°989 05°¢90'T LY'06T'T 9/°'¢es 1
0E£0'0EL’S | SR'EED 09'Lp £9°6E 9T’ Th £6'0£T €TTLY SLTLT TE'E6T 8789 60'9ZY'C | vLObY 11'0S8 TVLOL
0SZ'0ZY'E 1/'89¢ [9'61 vT°ET S b1 0€'88 S0'29 YT LS 12°09 9I'6£1 88°618'T 06Tl ¥£'559 €
0b9°¢S6 86°GE 8L’ bE LTET 9E°ET 90'S/ 60°S5 1C°LS 0Z'+9 9G°88T 01°80¢ $8°9L 62 05 4 ¥86T1-£86T
0b9°9SE’T 9T'6¢ STEL 9f'ET ST'ET 15°19 6055 0£°/S 16'89 9/ 'pSE 11°86¢ 00'¢he 80'v¥1 1
019°££6'9. | 96'VLT ST'SIT 1S°£0T 889 (2423 ST'b6 89°66 8E'TET S5'09Z T2'899°C | 6T°'ZZT'C | 19°€0S WLOL
0CTHICE 98'0ET 6V 1S £6'v1 8/°C¢C 26'0¢ 6SEE 79°SE 17'LE /889 78°8E8 60°655'T ¥0'0/E €
081°ZE9°T %4 61°SE 08°€h 99°0¢ 10°'8¢C 88°/¢ $9°0F 61°vb 20°'6bC £€°708 78'9/¢C 9595 [4 £86T-T86T
01¢'980°C 96'T¢ T 8/°81 PYEE 1€°6¢ 84°7¢ (4333 8605 99'Zhb 70'/20'1 8 16C 1172 T
009°0TY'Y | €CIST 04'12T 00°I0T 0S'THT 00'00T ST0IT 0S'TIT 00'EET 00'STT 81'88¢ 00°T06 ¥0°ST6'T VIOL
069751 00°9% 0/'SE 00°ZE 0S°SY 00°'¥C 98'6€ 05°GE 00'0G 00°8Z 95°'15 00'861 £5'918 3
005°969'T 00'09 00'9p 0§°bE 00°ck 00°9¢ 66°CE 00°TE 00°Cy 00°0/ 95251 00'TEZ 54'9T6 4 T86T-T86T
0T+'192T £e'sh 00°0b 05'vE 00°'bS 00°0% 0£°9€ 00°0b 00'0% 00°/4 9¢"H8T 00°Z2b 20°761 I :
OTr'veLy | LLVIE 61°19 ZE°59 EYL vL'P8 S69¢T 09°£0T T LYY 00°Z8b T6'EVE'T | 6V 00T | 89°016 TVLOL
0/5°00£°T 79'18¢ 95'61 90'Tz bE'ST 9Z'1¢ 15°89 G0'GE 66'0E 79'STT ¢ 'E6E L0'81 LEH0S €
0bb'SOb'T 0191 66°7C FAly 44 00°€Z 16'87 08°/2 LT'EE 68’ 16°65T (X330 98¢ YTl 4 T86T-086T
00’8191 G021 ¥9°81 [A44 86°S¢C LS'VE ¥9°0E 8E°aE 95'59 Lb'STe 9EL1S S T0S LOBET I
019'800°c | 168 02'0S 69'09 LT'T8 er'IL 8t°8. 69°08 90°'91T LLT6T €8'ESE S6'E0T'T | LT0EL WIOL
0PSTCIT £6°8¢ 85°ST 9861 SLTE 18°61 ¥0'9¢ 92°8¢ PEE rvs ¥9'/6 90'04E S0'96€ 3
0L0°8EC'T S8°0F 85°91 £0°02 $8°9¢ 8l'EC £b'bC 90°'5¢ SC'6E £b°65 SELITL £0°£09 SE'TSC 4 086T-626T
000'6¢9 6e'61 ¥0'81 9/'0¢ [S'TE y8'Le 10'82 [€'12 LE'ED [44x:] [ 78'9¢71 1078 1
012'1S6'S | £5°9VT 01°'C6 07°26 8LVST 00'bST 9EZYT 99'$9T 16°'S1T 69°68€E EY9ST | 99'Cz9'T | oo'zie® WIOL
065'€ZE’T 0096 €62 €E°LT WSy $9'€G 9/°6G 126 £9°'S9 £2°70T 00°0€Z 00°£GE 00602 3
0S6°022"T 89'1¢ LLLE 60°0€ vl'lh P18 LLEY c0°bs ¢ ol 69'9T1 05'SHE 00'6EE 00'€56 4 6£6T-8L6T
0£9'906"C G8'8T 08'T2 84°bE 78'19 68'8b £9'Ch £b'19 70'08 L1001 79'886 99°976 00'05Y T
002'990'y | £9°0¢T 9z'ts £9°08 TL'S6T £8°0TT L8'VET 8T'T9T 10'TZT 9Z'€TE CT'SEL ov'SIZ'T | 19'669 Tv10L
0LT'SHE'T '66 GE'61 €55 Lb'bS 8/'8¢ €9°SY vl €S S0'T9 $5°66 0C'9LT 89'81¢ 85°€op 3
0€5°8/L°T £8°01 8b'91 $9°8¢ EE°ER 85°ES 9F b bbb ve bl £9'G6 66'T5€ 01°2I8 £8'0ST 4 8L6T-LL6T
000'E¥6 beb1 £b'o1 05°/¢C 26°LS 15°8¢ 89 0T°£9 TL'S8 S0'8¢1 £6'90¢C 29'p81 0C's. T
- TS LYE L5'P6 £6'L9 §9'18 - - - - - - - - IVIOL
5126 16°bE W 0L'bC 3
89'1¢ 6£°9E 19T 60'5¢ 4 LL6T-9L6T
89'CC [9°8C 88°c¢ 98'1€ T
V1oL NNC AV Udv YW €34 NV 23a AON 120 das snv ne AVG-0T YvY3A

(soawin)) ays weq je paatasqo abieydsig Ajeq - o1

v's-olqeL




0v0'876'c | ST'89 T0'vS [FT) 98°'€9 LS'Y9 T8 90'86 96'¢TT VL L6T LV'916 €0°'65Z YTIEY WVIOL
056'106 09'bE 16791 79'8T vbTT LL°9T $6°6C 9g°1¢ 78°LE S0'09 VS EET £5°9L€ 9T'bel €
0E0°ES6 £0'81 YA $0°0¢C A ¢4 v5'Te SH'9T 6C 1€ 16°¢h 68'19 96'197 €9°CHT 99°G8T 4 L66T-966T
0£0°€L0'T 85'ST 8£°0¢ LO'6C 06°0¢ 9¢'S¢C 8L T6'bE €'ty 08'SL £6'0¢S £8'8ET 43 ¥4 T
089°'TOEY | ZE66T (8% 8t°'0S YTEL 6E'8. 96'6Z 87’8 90°S0T 98'9T 9Z'8EY'C | 60°S99 LT 9ET IVAOL
0LL'EEL 80°0bT 9/'E] 6E'bT 6E°4T S8'/T 79°LT 60'8¢C 65 TE €1°89 6€°G5T 19'6ET L0279 €
0b6°£8T'T 0g°0% 20'b1 01°91 11°¢C vL°9¢C 15°8¢ 11°8¢ 69°EE 9/°0L 29'T¢E £6'Ob 15°0¢T 4 966T-5S66T
0/6'6/E'C 6t°8T PLET 66'61 +9°97 08'€ £8'EC 8b'0¢ 8/'6¢ £6°L0T GZ'T96'T 1£'09 69°ES T
009°'T96'T | 68'88 0T'es 61'19 90°'vL 15°C2L ST'Z8 8L ST'I0T T9°64T ZE'6CT 0E'0VZ SE'L6T WIOL
0/5°€79 PTEY 8897 0v'61 SObC I5°T¢C TLLT 0479 87°6¢C 18°Lb ¥8'65 6C €61 00°b6 3
ob1°/2/ 4 78°91 5907 £0'G7 C6'bC £6°I¢ 08'be 79°€E £€°65 20'8/ GZ'EEE 0029 4 S66T-Y66T
068019 19°€T 0581 Y1 1C 86°b¢ 66'SC 16°4¢ LE°9¢ GE'8E el 9%'16 9L'ETe GE9E I
09T'€66'9 | 6LvS 89'6Y €IS +T°0L YE'SL 6T'96 99'T0T TSI 65061 9'L10°S | S6'209 T8'VES W10L
0/5° 1511 SE'9C $1°91 65°ST vl £8'S¢ A 0/°€EE 19°/€ 0L b8 01’ 0cE egLeT [6°L0b 3
0ES CLO'E LIET 8¢ 81 ¢L9] 8b°CC (74 T4 Ve £9°2€ 65'Lb €b'65 05°80T'E 68'b6T v b6 4 Y66T-£66T
090°691'2 9T 96'b1 20'61 26T £2°0C 9L°8¢ 6¢ S 10°€9 9b'5p 98°885'I £2°08¢ 19°2€ T
00Z'€EES'T | £6'TF S8'St T9°9§ 96'LL 75'CS [4%%) Z0'69 TLT0T SS'ZTT or'ovT SLEED LLEEE WI0L
0ZC'GE9 SO'97 ¥6'bT 88'ST £8°0F 0S°ST S8'0C 16'ST Z8'1€ 20'vS YT 96°/0T ¥6'59¢C €
0/b'E0Y STEL v o1 66'/1 £7°81 79'81 9t'0¢ LESC [543 60'Lt 01°£9 68'G8 pEOF 4 €66T-T66T
015'b6b £9°2T L9'b] (A4 0581 0b'81 18°0C 89°/1 16'L€ bb'o1 (504 06'6EC 6b'/¢ I
08T'6€9'T | LT TIT 89°6E or'yd 85°LS 19°98 €298 8T'T6 ZT'96 ¢S'LST SE'STE 96'0St 8ET01 V101
020°609 SE°69 ETPT €L'ET 61°61 TH°0¢ 61'0E 9E"6E 97'6¢C 8T’ I £9'96 9T'Z8T £C°ES €
0be'S8H Tb'CC LE°2T 16'b1 €81 op'T¢ 98'/¢C L0Ve £6°LE 99'/p ¥6'£6 8T'bet £1°9¢ T Z66T-166T
0Z0°SbS TH'61 8T°CT 9/°q1 £0°0¢ bL e 81°8¢C St £0'6¢ 85°89 8/°0¢1 29'bb1 62C )
oreovt’s | eT'eL ST'VS LLPS 58'88 £9'69 LT LTY LETPT I¥'65T S0'19b 00TZ0C | O0'TT0’'E | 19°Z8TE V10L
09924272 68°CC 96'bC €97 8T I8'EC 862 A1 'Sy 7’68 00°E9E 00°09TT 00'v0v €
OEIbbe ¢ 8E°0F 19°ET £/'61 9'87 b be $6°TE 60°0E S9'Ig £9'0hT 00°£S8 00°SEH 00°5/S 4 T661-066T
085°816'Y 20°67 8e'aT 7E°81 11°9¢ 9E'TZ §C'LS 91'9¢ GE'T0 00'52¢2 00°208 00'/1+'T 19'802°C I
080°65L'y | 90'0Z LT'0L 9E'E8 TLELT £9'6¥T 208 SO'T0T 68°LET OT'ESE 00°'ESY’T | 08'0EE’T | 96'559 WI0L
08E°T08°T 9E'0E $8'07 78'0C TT'EY 88'19 892 61°CE SLEY 19°G/ 00°982 00°£95 00°168 €
0b92ET’T 09°81 CCET S£°9¢ (TSP 98'p9 8297 L0°CE L 61'66 00'+0% 08'2ZE £'bT 4 066T-686T
090°5¢8’T 01'1¢ 1¢°0¢ 6L°SE pE'S8T 68°2¢ 4 A4 6498 LE6b 0£'84T 00'£9Z 00°Sp £1°0b I
0£6'862'C | 8E'E6 S9'tP 60'1S €L'79 £L°89 '8CT TZ'S6 LYETT 01°£9¢ 29'09% 0S'SEL Y0'ELY Tv10L
016'bL6 91z SE'ST 78'ST 8£°0C 02’81 TT'EE OT'EC €0’y 66°6S 18°261 00'TLT 00°TCE 3
0£6°108 95°5¢7 8b'El SO'LT b6'TC 76°CC 8T bt 9¢°6¢ CC8E i} 6E'8¢T 00'bee 05°€91 4 686T-886T
060°C20'T 99'ST 78'b1 7’81 10 S9'9¢ [4 55 SLCE ey 8£°0ET '6ET 05 0bE 5881 I
0£LZ'€96'c | £5°£9 +5°L8 £C'8S 60’ETT ZE'6S £0°6Z £1°S8 85'80T 9T'TLT 00°'/89 00'8Z¢'t | ¢¥'896 WIOL
0£8'169'T 99°9¢ ¥5°91 SZ'61 66'bC £€8°/1 70'42 8€'/C 8E°CE 2E0L 00°04T 00°£S6 05°26T 3
0S9°'88E’T  ]6E'ST PEST £0'61 P4 ] SH0z 155 95°8¢ 08'9¢ 18'99 0S°€9T 00°b6E 01°9£S 4 886T-£86T
05/°288 8b'aT 99°G§ 16°'61 86'0¢ $0°12 ¥5°9¢2 6b°67 0£°6€ £0'bE 05°€5€ 00°2¢T 28651 1
0£9'CZE'OT | 96'8TT 62°06 £8'IS T0'9Z T0'191 TE'8HT 86°8ZY TV'YEY 95'T10'T | 60'ebT’C | TE'99Y'C | 68'260'E VLOL
096'6CH'E 76'L1 SE'8T v/°GT 867CC S8°6€ 9/°9/ $6° 167 75207 v6'87¢ £4'509 7£'968 TZ°EST'T €
0IE16L°E S2°0¢ 89°S7 WA 0g°cy 66°€9 7178 G7'58] LE'PbT 8b b [ T44 10°665 672911 4 /86T-986T
00b'TOT'E 6/°08 97°9 56°81 81°6¢ 81°LS 8788 616 75'/81 b1'85% b6'b1h 86'06 68°959 I

Tv.L0L NNL AVIH udv AUYKW 934 NV 930 AON 120 das anv nt Ava-01 UVIA




0T0'6LL"y | T8'VS £2°0S ST'b ¢8'85 €1'CS 16'99 20'86 Sb'vee Lb'08S 66'08£’C | ¥0'TCE 8c'sLY WIOL
0/+'796'C 0661 0z’ L1 15°p1 0v'07 AR TH'ET 96'be 6969 56T T2100'C 25°6¢1 $9'9TT 3
061°020'T 86°pT 9/'61 16'GT 4314 68°81 09°'¢¢ 8bee ve Ll L¥'68T 8/°68¢ 09°9¢1 95°eee 4 900¢-S00¢
05€'96/ bE'0C L1761 £8'01 01°81 7161 06°0Z 85D 095'T8 §0°9/¢2 00°'06 26'v9 8I°bEL I
00£'85t'Ss | LL'69 8L'6€ £eTY 9G'ES 99'€8 09°ZL €b'6/ L1'SST 6£°569 85°6£6 SE'7S9'C | 89'69S WIOL
00E'T92'€ 9/'ch 98'cT Wl 0T'4T AR SLBE 6E°CC 6E 0 $8'50C 65° 18 807C61¢ 90°L/1 3
0T€'69T'T 80°¢T £9'71 9/'¢T €CLT 0L'bE 99°c7 2L'St 18°6% $0'€8e 797207 69997 LEE2C 4 $00Z-5002
0£0°2£0'T €6°ET (41 Q161 £T61 ¥8°0¢E 6161 €0 £6'9 16902 LE'SSC 89°E6T Ge'691 1
080°£1Z'9 | 8V'EL £T'8h yS Y LL'ES 9T'H9 £7'89 LT'80% LY'99Y Y6 TVL TT8eL’s | £0'668"T | 29'90p°T W.LI0L
008'T¥5¢ 11°02 ST'6T 1€°/1 66°£1 [8'[1 0L€T 7567 08'1GT 9,78 SLHL0TT 26'6hL b6'9ET €
0¢8'546'C £b'8¢ H0'ET 65'b1 y8° L1 (8T 29'T¢C 61 bE 65 651 18'62¢C Y0 L1 04698 0b"8rT'T 4 +00Z-£00¢
0946617 v6°be $0'01 $9°6T ve'8T [AR 24 S6°CC 95°b 80°54T LEOEE P 9be Sb 6L €e'Te 1
097'602'9 | 09'Ep 1£Th $E'0S 60'80E YE'099 59'89 £6'vL 0v'StI £9°C68 16'£8T'Cc | sT'6v0'T | 84709 "IV10L
0b£'909°T 8p°o1 50°pT SE'ST 95°9Z 6'TIC 05'€7 99°c¢ LTEE 99°T5€ L0 THE 16°9/€ 9E0/T €
0b0'BLE'C 19°ET 95°cT 89°97 86 6L°81H 75'1C S8'be 90°2h Sb'L6C 75°0£8 b0'STS 89°b/1 4 £00Z-200C
08b'He'C 16°€1 0L'bT 1681 [Yardard £9°8¢ £9°EC (A2 LTES 75°E8¢C LTSTTT £E°/5T p8'/5¢C I
08€'TTC'S | LT'69 $9'ZS £1°8S 16'96 64'b0T 8G6°'Z5 99'G9 0£'80T ST'96Z G676/ LUTH'T | 69'608'T W.10L
0L9°ThLT L9V LT 5861 09°0¢ 9T 56°0C 917 19'ST LE°89 16'LTE 09°6Ch 126/ £
090°6/9'T 80°€¢ 197 £6'91 Sh'6T $5°89 97'g1 €C'Te Leee bLYE 0’102 £9'069 89°GES 4 700T-T00T
059'68/'T 76'0¢ 88°81 5£'8T 98°'95 £2°61 P81 9/°2¢ ZH05 bO'EST 85°£97 05229 09425 1
056'59T'ZT | €509 VE'TH ST 6L'9Y $5°0S 99°£9 SL'L8 81'ClT +1'£90'T | 6C'9ys't | 98'eST9 | 90’08t V.LOL
060'66€ S 09°¢1y 88'b1 88°€] bG'ST 0b'bL $S'TC 60°97 66°6€ AT 6015/ 0571E°C b6'£95T 3
080°291'9 68°61 Sepl Sb'b1 60'ST [44]! Ip'1C £0'67 SZ'6S 8'L0C 7LE80'T HZ'6E8'C T/°658'T 4 T00¢-0002
08£'$09'S £0'8¢ 17T 6141 9197 (YA R 74 65°2¢ peeel 26°959 8CITL'C 217001 16°9/6 I
OET'T0L'0T | £b'bE8’s | v6'sp 01°9% E€T'vS SS'Z8 0£°69 16'v0T T0'LTT £8'808 06'€v8't | £9'884°T | T6'T6L'T WIOL
0SH'£89'C b8 1SH'T TE'LT 89'ST €947 25'02 05T 8L'2E SE'TH LTL0T €225 99°pbb 89°y98 €
0¢9'981'¢ £2'9b6 06'bT 29'ST 3 7AY 10102 81°¢C £0°9E £¢'SL SLP5C 89'818 58°86V L1°6Sh 4 000Z-666T
090°'£28'S 9E'9EH'T £1'L1 08'b1 £0°'61 TEVE 70'9¢ 6095 bb 01T 18°9bE 6Ly 91'SH8 £0°89% I
WLOL
€
4 6667-866T
1
0£9'1£0'c | S€°99T ZTE6 80'70T £0'20T [t'S8 90'CCT ST'6ST 85°THT 06'66T ob'€TT 08'6Zt 65°90¢ 101
095°0b9 05°207 0v'ze 86'6C 0€'SE TR 44 98'9€E 75°Sh €6°Ch 06'£9 00°TL 05°28 01°6Z €
0bE'289 00'9% 88°87 8b'bE pS'EE 00°0€ Sh'Th 6519 bESh 00°€9 08'SZ 01'8ET 07°18 4 866T-L66T
0/8'80/ 5841 b6°Th 29°9E £CEE 00°'TE SL'Eb 80°28 1€°75 00'69 09'9/ 07°60¢ 62°9 T
vioL NNC AVI Udv YK 934 NVL J3aa AON 120 d3s any nec AVQ-0T UvaA




08'2T6'L 0T'6¢T 0£°'8¢T 09°CL 00°09T 0v"S6T 00°'9t¢ 0S° IvE 0t'90Y 00'cHS 0£°0Sb'C | 0S'ZvE'T | 0Z'E08'T TV10L
07'859C 00°0b 0C /S 06'T¢C 05°TS 07’18 09'98 0F'0TT 0C'£0T 0E°9ET 06'ZS¢C 0E'E8b 048501 3
09°GbZ’E 00'Ib 0’121 09'b 08'05 0/°89 052/ 05°'6E1 0/ 111 0T'b61 09'024'T 09°262 06°20% 4 8S6T-/56T
00'610'C 0Z'8h 0’6 07'9¢ 028 056/ 06°98 09'T6 05'T61 09°'TT¢ 0cely 01995 09'TvT I
00'£60'9T | 08'PET 0T°6CT 09°502 0L'SET 0L'TLT 00°'TSE 0Z'S0b 08's20'T | 0t'692'E | OT'96ET | 00°'£90 09'T0E’s VIOL
01°050'€ 0£°0S 00°0§ 00°9b 0£'9T 00°6€ 0S°0TT 09'STT 08'p0¢ 08°£08 0£"0€ES 0b'8ZT 02556 3
06'¥0C'S 0L TY 00 bt 01°90T 0v'09 0¢'9S 0b'9¢T 08°0¢T 0b'16¢ 06'598'T 06°¢eL 07'SZ6 06'bH8 4 LS6T-9S6T
00°8€8°2 08°¢h 0T'6E 05°€S 0065 05'9. 0Tv11 068971 09'625 0£°00T'1 06'Zb1'T 0F'€10'T 05°T0S'E T
0S'ZTT’v¥T | 0E06Ty | OT'TP6 09°6ST 0v'90Z ov'v0T 08'[1E 0€'29S 06'ST6 08'Z10°2 [ ov'19eC | 07 £9T% 0£'8767C 1oL
01'898°S 0b'628 09°928 0E'EY v 06°95 0296 0C'€91 06°E€CC 05'/9/ 0/'¥58 051201 05216 3
0£°€96'L 021801 09°9/ 02°95 06'T/ 06'£9 0/°66 0b'881 00'S/¢ 06'9TH'¢C 0£'€e9 06'T16'T 0E#68 4 9S6T-SS6T
0T'16£ 0T 0£641°C 06'LE 07°09 01°29 09'6Z 06’121 07012 00°L1Y Ob'EES'E 0b'£88 08'EEE’T 0S'TLT'T 1
08'9TH'vT | 09'ESE 00°LET 0026 0Z'S8T 0E£8T 06°'Y0E Ob'LSE 0v"809 0v'9eS’€ | ov'0S8°T [ 09°SSEV 09T WIOL
0L'L66'Y 06°85¢ 0829 05°¢€ 04’95 0825 00°€eT 09°80T 0b'€ST 08'19¢ 0T'TIS OT0ES'T 00°9bL'T €
0Z'SIE ¥ 09°9b 0£°6E 05°CE 09°¢9 08'EL 0r'06 0C'L1T 01'Z61 09'908 0£'9t9 07'665'T 02°€09 4 SS61-YS6T
06'c0T'S 01°8% 06¥E 00°CE 06'59 0/'09 05°16 09'TET 06'/5T 00'89€'C 09°269 0£'92C'T 0b'v6 I
0.9v6'T | ov'oEE 05'8bT 00°PST 0T'9bT 09°S/T 08'€0E 02'88T 08'00€ 0S'Z1S 09'0/5C | OV'E90C 08'/Lt89 W101
0v'¥8I’S 06661 09'SS 0z'th 0£'98 05'99 05°0 0009 02'06 0v b1 09°69€ 0p'ZI0T 08'886'C 3
0E'Z8T'S 080T 05°6b 01 ¥ 00°'F/ 0201 05°09 0b'09 06°C0T 0b°6/] 09°£95 0p'9TH 05 TZh's 7 PS6T-E£S6T
00°085'E 08'9¢ oF'EV 0L 9 08'S8 08°90T 08'241 08°L9 0£'£01 04'b6T OF LEQ'T 09'bES 0S°LED I
0£'062'9T | 00'Z69'T | 00'ZTT 0006 0.'80T 08'80T 0T8T 00°8bT 00" TOE 09°tbt 0S5 Z0p’c | 0£°0£9’2 | OCTYI0T WIOL
0E'08%'S 06°9Eb’T 06'9% 07'6C 0E°LE 06'8T 05°%9 00°9b 0E78 06°ZbT 00882 0£°699'C 0T°C19 €
00°'S/+9 0z’ 12 0b' bt 09'6C 0/°GE 06'6E 00'¢/ 0T'6b 09°90T 0C'EPT 08°/89'T 00°508'C 05°0bZ'T [4 £S6T-TS6T
00°'SEEy 06°€E 0/'SE 071 0£°GE 00°0% 04Tk 06°¢S 0T'ZIT 05°8ST 0L TEP'T 00°002'C 09°T91 I
0891901 | oT'0ST'T | 0Z°802 0E'64T 06'STe 0v'88T 06'6€¢ 0L'v9Z 0L'E€0E 05'8€9 00°6ZT Ob'St6’s OL'EVT'T IVIOL
0S'TIEL 0£'6b6 0CEL 0£'85 0164 01'49 01’18 06'S8 09'96 0S'8ST 00°St 0b'eI0’S | 00609 €
14 0S°6¢T 0469 05°09 0522 06'S9 0b'8Z 09°/8 02'S6 0b'£81 08'bb 00°ELC 09°'L9% 4 ZS6T-TS6T
0Z'€/9T 0E'1L 0£'G9 05°09 0Eb/ 0b'85 0y°'08 02'16 06’111 09°¢6¢ 0Z' T+ 00659 01°/9 1
0T°£00'SZ | 09°THT 0Z°86T 0E'6ET 0S°ZST 09461 0Z'SET 0S°8EE 0L'TIY 0£'SES 0r'089°Y | 06°LSS'0T | 06'STO’Z Wi0L
00'pSES 06'IET 00'IP 06'¢ 09°09 0E'6€ 08'€L 0£°Z01 00'T21 00°€8T 08'60E'T 06'9£6'C 06'CIE’E €
08°€19'8 08'6E 02'98 0E'LY 02’8y 08'/9 09'08 0b'011 05°8ET 01'See 0C'ehl't 0£'280'% 0b'Sb6'T 4 1S6T-0S6T
0£°6£0'8 0E'1/ 00T 01°'08 0L°8v 05°/8 08°08 08'SZT 0C'eST 0c'ich 0v'829'1 0L'8ES'E 094541 |4
08'686'0¢ | 00'0¥T'C | 00'8LT 09°CET ot'sbL 0T ¥Iz 0Z$02 08'2SZ 08°LSE 06'€SY'T | 0t'£S0°S | 01'8¢6%0 Ob'SZE’'E TV.i0L
08°'L8E’6 09°266 00°€8 0E0F 08'2b9 08'9p 0CeL ) 05°80T 06°LLT 0£'18E°C 06'9L6°C 0v'189'T €
08°080°Z 05'960'T 0€'GS 092y 00°09 08°c8 00°€9 08'64 09'FC1 0Z'p1E 0S'8pE'T 0£'005'C 02'22E T Z 0S6T-6P6T
02'1¢5' b 0605 0/'6E 0/'6% 0975 09°c8 00'69 06'88 0L'¥21 08'T98 09°£2¢€'T 06'05H'T 08'TCE 1
09'0+9'¢T | ot'90¥ 0L LET 0T'SPT 0E'TLT 09°SES 06°ELT O0T'TIE 09°68Y OY'SYT'T | 02°00£'C | 0£'88S"L 0T'PEL V1OL
b LLVL 0€'0/ 0£°80T 09'6€ 0Z'8v 00°95 00°SS- 04°SL 06'Z5T 0b'S5¢ 06°89S 02'756'S 06°88¢ €
06'828'¢ 0Z'ob 05°0/ 05°09 0E'Sp 06'L5 05°65 0E'S0T 06°9LT 08'0¢S 06'v18 02'1€9'T 06°EHC 4 66T-8V6T
0E'PEQ'E 06°€8¢7 06'8S 00°St 08°ZZ 0/'1¢h 0b'€9 0T'IET 08'65T 0Z'69E 06°91E'T 0E'S05 0£°102 1

TWi0L NAC AVI UdY AV g34 NvVC o3aa AON 100 d3s anvy mc Ava-ot YVIA

(soawn)) abelieg ejon je paa1dsqo abieydrsiqg Ajeq - Ot

- V"9-9jqeL




05'8079 09°THT 09'98T 0S'2¢T 08'SET 05°9ST 09'9T7 OE'bHT 05'867 0T'Z6Y 0£'Z68 06'LE6'T 020221 WIO0L
01°690C 00°4S 0v'89 05°8E 05'Sp 0t 09°0L 0458 0668 08'T0T 09°29¢ 0T'6TL 09'98¢ €
oc'ore’e 05°0% o'l 00°¢k 0S°Zh 0T°(S 099/ 024l 01’66 01°0bT 06°4LT 06°206 00°2IY 4 6961-896T
01'6EL'E 0T'bb 08'S 00°Zk 08°0S 01°95 0b'69 0b'18 05°601 0£°0S¢ 08152 08'STE ()443 T
ov'voT'eY | 09°08T'r [ oT'sor 0P'0ST 00'TTC 09°€9C 0S'¥ST 09°'I8C 0t°'95€E 06869 00'6SE'C | OV'VL6'E 08802t TVIOL
0S'bLT'S 09°€/8 05'G9 09'8 00°TZ 08°06 0E'L6 04'C6 05'€0T 0£'b0¢ 08’19 09°092¢ 08°€08 3
0£'859'¢ 09°/E7 00°bS 0S°9% 06°I9 0E°18 029 0b'88 0Z°011 05°01¢ 06806 05°€/8 0£°'606 b4 8961-/96T
09°'1L2°E 0b'69 04°Sp 0£'65 0T'82 0576 0018 05’66 0L ThT 01°p8¢ 0£°886 0E 0P8 04'S6Y T
0L°TY6’S 0£'S6T 0L'9LT 0£'T8T 05'v6T 09'8PT 00'T6T 09°S0T 0£'6/C 0Z°'60F 06108 0£°£20C 09'SZT'T WIOL
0T’€01’? 08'27Z 01'S9 0119 04°€6 0L°0F 019 0E'EL 01’6 Y44 00°€8T 0E'6EY 09°£08 €
05'929'T 04'65 08°/S 0£°65 06°1¢S 08°05 0979 0b'T9 09°t6 04°0ET 01°26¢ 05°65S 01°8b1 4 Z96T-9967
01°e1e'’e 02'€9 08°€S 06'T9 06'8% 01°/8 0£°59 06'0L 09'901 08°SST 08°'6¢CE 06°820'1 06'69T I -
0410079 06'89€ 06'9TT 0266 01021 0'9TT 06°0ST 08'88T 07°05¢ 0Z'ETY 0E'V60'T | 06'P0E'T (Y773 IVIOL
06'69bC 08°'6/¢ op'1S 09'62 0b'op 01'6C 08°6p 04°LS 00°CL 06'vZ1 0C’ITC 06°CEC 1 01282 €
09°S/%' 1 06’ 0£°SE 00°cE 04°8¢ 08'SH 09°08 05°79 0Z'8/ DS'DET 0T'6ZE DE'ETE 0L°EIE z 996T-5967
020902 02 vb 0C0E 09°9¢ 00°'1H 08Tt 05°0S 09'89 06'66 08°£ST 00°#5S 0/°8SL 06'941 I
0s'0Z8’er | oz'ssT 0T EST 0+'68T 0T66T 08'TIT O0T'E6T 06'T0E 0EZLr 0£'Z60'T | 08'988°€ | 0S'¥S8'T 06'£S0'Y IV1OL
00°E8b’S 08°GS 01’19 01'IS 0818 06°29 09°61T 0558 0S°Zer 06'91¢ 0T°615'T 05°7€6 02°0/1C €
09'09.° 0b /¥ 0C°ZS 00°09 0495 08°8 05°S6 02°011 09°ZET 05°/5¢ 0b°£96 01°89/ 05°621'T 4 S96T-Y961
06'9/5'% 00°2S 08°6€ 0£'8Z 00’19 07'99 00'8Z 0Z'80T 02°297 06°CC9 0E'00b'T 06°€ST'T 0T'bSZ I
06'EEE’TT | ot'09z 0T'Z6T or'6bT 0E£TIC 01°'S0T 06°08¢ 0/L'SLE 0£'S0S 08226 00920t | 08'THO'Y OT'LST'T TVIOL
08'926'% 0T TET 00°6Z 08°0S 0.°85 0b'9L 08°S6 01°S01 0Z°0ST 08°£9C 0/°985 08’7287 0£°00S €
0L'€IE’E 06'99 08’19 00°Ly 08°¢L 0C°SE 0816 Ob 9ET %) 0£°€6¢ 0g'+eC'T 0S°6EL 0C°08€ [4 Y96T-£96T
OF'E60'E 0£°29 0£°95 09°'TS 08'6/ 05°€6 0£'E6 0C'bET 00°¢61 0£'T9€E 00°GT¢'1 0S°/1b 09'9/¢ I
0£°0E0’6 0E'STT 01981 09'vLT 09'9T¢C 0£'88T 08'THe 00867 0/'90¢ 0£'€T8 0T'6/£’c | 05'T08'T 00°680°T TVI0L
02°580°S 08°€L 0b'8S 07°¢S 099/ 06°6 06'8 00706 09°9TT 00°86T 08°€G8'C 09°059 05°08< €
0T vL1'? 0228 0£°/9 0b'8S 06'S/, 05°£9 06°87 05°66 06°0%T 0E'ZLC 08'SEC 00°66Z 05161 4 €£96T-796T
06°04LT 0£°'69 0b°09 01'$9 0T'+9 06°0Z 00°8Z 05°80T 0C'6¥T 00°8bE 05°68¢ 06°TSE 00211 s
0L'84b'e1 | 08'9TS 0E'IST 04'Z9T 08'CTY 0E'LTE 08'TTH 00'STH 0L'V6S 0£'88T'T | 08'SSE'T | OT'0E6'V 0L°€E86°C IVIOL
0L'SO0EY 00°/5¢ 01°65 00°0S 0E°87 09°S0T 01°92¢ 0Z°EHT 08°(ST 08'85€ 0Z'0TE 01'909'T 06'256 €
0S'9£6'p 00°ST¢ 049 08°bS 0T'6Z 08'96 00°S6 0T'6¥1 05481 09°E6S 0/'61% 00'HE6 T 02'890°T 4 Z96T-T96T
0T'E¢Y 08'bS 05°Gb 06'29 0b'65¢ 06'bCT 04'00T 0/'zer 0b'2S¢C 0£'9£¢C 06'8¢9 00°06ET 09296 1
09°£sz'zy | ogers 0Z'IST 0L'8TT 0£°00C 0S'ETE [TX443 09'STT 00'ETS 08'v6L'T | 09'T6T'E | OL'TY6'C OT'TH8'T W.IOL
0b'PSH'E 09°85¢ 07'29 0L'SE 0£°S9 08°6/ 0b'L8 04797 06°9pT 06°6E€ 00°919 08'8PT'T 0L'9ES 3
09'€0S"b . 0b"50¢C 08°TS 08'LE 00'T/ 08'bTT 06°S6 0T'€8 00°£9T 0£'b6b 0£'6/T'T 02°088 00°€CI'T 4 T96T-096T
09'662'1 0£'64 0C°LE 0Z'Sv 00'%9 06'8TT 01'6ET 08'59 01°661 09°096 0£°96%'1 0.'C16 01181 1
or'veL’s OV’ 6ET 05°0PT 08'8PT 0C'TLT 0Z'Z8T 0b'8ET 0C'61E 09°0£9 0C'68T'T | 09'¥9L"T | 0£'08L'C 09°820°C IV.IOL
08'1S2°E 0S'1S 0£'08 09°SH 00°09 04’b 06’18 04°€6 06°€oT 06°0T€E 0€°GT9 00°LbL 09'€86 €
OT'ZET’E 0b'th 09'8% 0C 6V 06°95 01°99 09°9/ 0£'Z6 08°cze 0£°LLE 0T'bI/ 06'200T 06°GZE 4 096T-656T
05°'05£°E 05 bt 0¢' T 00°bS 0£°SS b’ 1L 06°9Z 0C’871 06°Che 00°T0S 0Z'GED 08°0£0’T 01'699 1
01'662°2T | OT'08T 08°ZST oT'tbY 06'96T 05'8TZ 08'29C 09'ELE 06'659 08'298"T | OL'€LT'T | 09'998°T 0£'981p IV.LOL
00°660°S 06'0Z 04'€9 06'bb 0S°65 01°£9 05°96 0.°L2T 0T8T OE'ELE 0S'ECT'T 00°€9T'T 08°2¢lT 3
06'T00°E 00°£S 0/°'1S 00°9% 06'65 0%'£8 00°08 0b'€£01 0E'bee 06'TEY 06°8/% 0/°08¢ 0£°00T'T 4 656T-856T
07’861 b 0Z°25 (A4 02°€S 0S'Z¢ 00'bL 0£°16 0S°ZbT 06°0S¢ 09°290'T 0E'T/S 06°CCh 08'/8E'T I

V1oL NNE AVI Udv UVH 134 NVC o3a AON 120 d3s anv nc Ava-01 yvaA




00°0Z6'¢ 06'EHT 07 9% 01'S9 06'60T 0£96 00'STT 00'62T 0Z'€9T 09°952 09'8% OY'VIET 0S'T00T W1O0L
0072221 0445 08°91 0781 0167 0£'92 09°9€ 07' 8% 08'99 06'€L 09'/¢T 0F £9€ 0b'STY 3 A
08'2/9'1 01°S5 ov'vl 0v'Te 0ZEE 05'I€ 08'8E 0E°65 09°0b 00°S8 0¢° 15T 0559/ 08°96£ 4 086T-6£6T
02046 01°pE 06'v1 05°S¢e 09'Zp 06'8¢ 09°6€ 05°Th 08'65 0216 08°66T 05°S87 0£°681 I
0S'8tb's Ob'EVvE 0T'6Y1 0S'¥1T 0S'861 05'T02 OT'ZLT oLtbe 06'EEE 06°S18 00'€80' [ 00°'TIET 06'TLY'T 101
09'910'C 08'91¢ 0L'S¥ 00°9€ 00°95 0£°€9 02'0L 0S'TL 00°S0T 0E'0ST 06°C6C 0 0£S 0€'8LE €
0b'162 ¢ 0£°06 0£°69 0€°/€ 08'c9 0£°0Z 05°95 09°6/ 09°60T 06'SCE 0L b5 09°S¥S 0¢ 88¢ 4 6L6T-8L6T
0S°0PTY 0£°9€ 0/°€E 07T 048/ 0529 0b°05 09°€6 0£'611 0£°THE 0'SEC'T 0£'SEC'T 0b'90Z T
0z’ Tr's 0Z'SZe 07'00T ov'TIT 05°507 0C'EET 06'C6T 06°T6T 07'28T 0T'£0S 0T'906 0S'T69'T 09°€68 W.I0L
000897 04201 0E'LE 0/'SE 06'0Z 06T 04'Sp 08'£9 09°78 00°Th1 09°THC 0T"60€ 00918 3
0£'T09 ¢ 08T 06°6¢ 00°LE 0648 01'89 0£°16 00°/S 0696 00991 0T L0b 0L°9bT'1 05°THC T 8/6T-LL6T
06°092'T 0£'05 06T 0L'8E 0L°9% 0CLE 06'GS 0T'£9 0¢80T Ob'H6T 0£°4S¢ 0£°SEC 0191 1
oy'1eL’s 0L'9pT 0E'1CT 0L'E€8 09°86 08'ECT 0L'9ET 0S'LTT 0£'692 00°6LY 06'St8 0z bSH'T oL vbL W10L
0.°€9271 0668 | OCHE oT'/¢ 0L°C€ 09'1€ 029 08'EL 0C°6L 0e'8el 06'052 0Z'THS 00°€Er €
05'915'¢ (1) 3043 0c' LY 06°8¢C 0£'0E 0Lty 05" 05°89 02°26 00'9%T 00°66¢ 0ESHY'T 08°0b¢ 4 LL6T-9L6T
02 THb'T 01°0¢ 08'6E 0/'(t 09'sE 05°8% 00'8k 0z'S/ 06'£6 08'50¢ 00°962 0/°99% 0604 T
08'0£0'8 09°E/T 0S'VET 00°'60T 08°ZET 0L°LLT 0£'8.T 09°6£Z 09'TvE 0Z'0£L 08'S1S'C | 0199271 09°2ZST w101
02288t 07 €S 06°0F 07'EE 0£'6E 0L'LS 05°65 Ob'vl 0T°Z6 02°€0¢ or'zey 06°LTb OV'ELE €
09'c192 079/ 0295 06°0F 08'TH 0E'69 082S 0C'€8 0S°91T 00°9¢€¢ 06998 ObcEb 0b'9bS [4 9£6T-SL6T
00°GES'E 0C'bb 0b'LE 06'E 0415 040§ 00°'T9 0028 00°6C1 00°'T6¢ 0S'6ECT 08506 08209 1
0Z'/96'E 09'TES 0£'cE8 09'88 0S°ZHT 0t'S0T 0S'€1C 09°EST 0T'19T 0b'19¢ 08'90S 08’216 09°T0Z 101
0Lbe8T 0L by 0CEE 09°/T 08'vb 00°£S 0068 05°L§ 06'8b 0b'6L 09kl 09'£9¢ 0b'b5S €
06°ST0'T 0§°08 06'S¢C 08'8¢ 0£°9p 04'SL 0798 0£°0S 00°€S 0048 0C'bLT 0T°16¢ 06°4L 4 SL6T-VL6T
09'921'T 0p'9 02+ 0z'ee 0b'15 0Tl 0£'69 08'SY 07'65 00°56 00802 0T°£9¢ 0£'69 I
oz'v08'v | ob'ser 0E'Y8 0088 0t°66 0E'TET 0591 07'192 08'S8E 00'€0< 0£'S06 Ot'68T°T 02'099 VIOl
ob'eyb'T 01°9€ 05°0€ 0y 05'SE 0T'TE 0475 0£'18 01°S0T 0T'10¢ 09252 00°01€ 00°987 £
0b'€85'T 08°86 09°LT 0¢’6¢C 0C'T€ 04718 0vLy 08'68 0T°€CT 08°0T¢ 0¢°08€E 0b'SHE 0¢'¢6T 4 YL6T-EL6T
0b' 1421 06°E€ 0292 0v'TE 0L'CE 05°8% ob'b9 0T'¥6 09'091 01167 06242 00°¥£S 00281 I
05'088’S 00'90S 0£'90T 0T'v8 or'9TY 09'L6 09'9ST 00°88T oT'viT 0£'v09 0Z'€T.T | 00°186 07'7S0’T V101
00°2pL’T 0C'61E or'ly 082 06'SE 0b'vT 0E'09 0b'28 0169 08°'bZC 02°192 0E'v6¢ 05°62E €
00°€TZ ¢ 0S'2hT 00°'T€E 09°'8¢ 0S°Sp 09°9€ 08'Zb 08'29 09't6 06’187 0L°8bT'T 00°SEV 00'85k 4 €L6T-TL6T
0§°Sey'T 0E'bb 0¢'8¢ 08¢ 00'SE 09°9¢ 058y 08'¢L 05011 09°/61 08'E0E 0£°15¢ 0£'89¢ I
0L°TCE9 0£'C0T 08°¢8 08'vL 0E°£0T 0§'SCY 0Z'Z8T 09'zeZ 0L'P0E 08'0EY 08'189'T | 0T'TOM'T 01'909'T WLOL
0C'EEH'T 06'Ch 01°8¢C 00°'bZ 07'Z€ 09°9¢ 0928 08'b9 0L°€6 OT'SET 0r002 00°SLE 08'T2E 3
07°€26'T 07'6¢ 05°Z€ 08'vC 0b'bE 0T'Ly 00'Zb 09'/L 0¢98 00°EbT 0C'CLp 09°519 0b'CIE 4 TL6T-TL6T
0£'096'C 09°6¢ 1444 0092 0/'0% 08'TS 09'/% 0Z'08 04'bCT 047251 07'800'1 080T 02246 I
0E'6E£L9 00°66 00'04% 00'ZL 0S'TTT 06'68 08'ETT 0S'S/T 07'89T 0T'LSY 0L'9bT'T | 08'6Z6'T 0Z'SST'T WIO0L
0£296'1 09°'96T 09'151 0S'72 06°CE 08'#C 0E'Zy 0F'8t 0v'0L 0T'vT1 0£'897 0£°18S 07 6Eb 3
05°8e5"¢ 0r"0/S 00'b6 0£°be 0T°¢€ 08°6¢C 08'b€ 0£'8S 01°v6 00'1H1 0/'65€ 0£'016 04641 4 TL6T-0L6T
0T'8be’¢ 00281 (R4 07°'S¢C 05°9% 0£'SE 04°9E 06'89 0£°€0T 01°20¢ 0£°818 08°/9% 08°9€S I
08'1eP' 1T | 06°€9S'T | OV'bIT 0T'E6 00'1ZT 08'99T 05'89C 05°'18¢ 0S'T8E 0L'pT0'T | 0£'809°E | 06'E0€’C 0Z'vIS’T W10L
0C'9EL’S 0£'956 0£°0S 0£'6¢C 070 - Ob'EF 0748 04°06 0'TIT 05'05¢ 0b'89T°¢C 0T°896 0L'TH9 3
00°9bT'E 0E'beb 08°cE 09°0€ 0T’ZE 09°85 0¢°601 0£°06 06°61T 09'T/¢ 0b'b89 0£'S8b 0£°008 4 0L6T-696T
09°648'C 0£p8T 0£°0E 00°€E 08°ch 08°F9 0T'¢/ 05007 0061 09°'26b 0665/ 05°058 081/ I

viol NNC AVIN Udv dvi 234 NVE o3a AON 120 das oNv nc AYQ-0T UVIA




9T'LL9’6 0S'CET 02°9L L6'LL TY'vET SS'ETT E€b'98T S8°€0T 8V'6€£C €6'ESS IS'ETLY 91'006'C 98'vvE'E IVIOL
vI'ISTC $8°9¢ ¢61E 10°%C (4473 16°¢E €C’1S VLLL 60'bL bT'0ET ¢6'00% €8'59/ 62°10S £
Y1 ZheE LE'6S L0°C¢ 1€°LT L9°6E P ob ¢Les 69°09 L5792 14291 99'ces 8/°2hS'T 9T'0£0'T 4 T66T-066T
88°E89'E 629 Icee §9°9¢ £5°09 12°0¥ 828 (48] 28°'88 80°95¢ £6'685 G8'16S IFE18'T T
9L LLY'Y vL9EY (44144 LT'9TT cTLIE 66'897T 8E°E0T 80'PET V9'ELT S6'9¢C€E EE'STY'T | ETOTON TL'9€EY V101
0CSSS'T 69°TL CE0S €S°0E 66'8S 96°€8 08'EE 89'Ch £8°'bS 01°S8 L1'vee 8L'EES GE'G8C €
¢ELL0T 99°LE 989t v oe 61'65 LS 9L'EE cey £9°9S £9°201 84%S€ £0'LST €L°C6 [4 066T-686T
v SPR'T 6£°LC PO'TE [4%:14 $0°66T 29°Le ¢8'SE 61°8Y 81°€9 CC6ET 8£°9¥8 I1+'61€ £9'8S 1
ob'TEG’S §ST°6CT bS'19 0899 €518 09°06 85°08T LT9€T C6'E9T 0T°'TYE S0'908 95'886°T _ 0€'S8L'T Iv.LOL
YO 6LL1T 1921 6v'¢C £1°0C £8°9¢ L6°EC S0'sb 42514 Ly'8b 8C'48 80°00€ €9°04S [ANTA 4 €
8b'E/S'T 8409 86°61 89°CC 60°6¢ 00°C¢ 68'TS S0y 91'+S 8101 9LTC 8E'614 A AXS 4 686T-886T
89°8/5'¢ £ £0°6T S0°pC 19°S¢ £9'p€ b9'E8 0E'Sy 6219 86'pST 15°88¢ 959°869 1/°001°1 I
0'0ZE'E S8'THT §9°6S £6'€L S6°8TT SS'8L LS'E6 ovy'9tTTY L4448 6€°TC 61'699 TE'T96 [AX44:) IviOoL
817621 S¢'v6 (X444 £6°LC £9°0€ 0L°vC 80°0E 85°8¢ bo'ch £2°0L 61°¢CI £9°S65 £6'¢61 €
£E£°69T'T 99°EC 981 Iv'ce £5°8S 8¢'/¢ LE°6C S£°LE b9°sH 62°0L 16:80C 9E'TLT ge'rse [4 886T-L86T
68'298 Y6°EC Z9'8T 65°EC 14°62 £5'9C (4923 £0°0¥ 9T'$S £8'18 60°8EE 846 16°L6 1
7T°8S2'8 80T ot°86 LS°'E8 £S'T0T £6'EET C6'€9T 0T'90E ¥ L6C LE'EGS 80'SYE'T | $¥9'8T6'T WTIT'E IV1O0L
69k ¢ 19°0€ ¥C'8¢ ¥6'9¢ 8T'GE £9'hE 68'€S 66'LL £8'88 £6'7PT 8¢€°8bE £1°406 6'569 €
Lb0T6'e L2°CE et 9L'LL ST'2€ 16'9S 6¢'95 SE'DST 16'86 beest [474:174 €L TPE TCEET'T [4 L86T-9867T
£5°898°7 00°0b ¥6'9€ £8°8¢ ¥C'SE SE'CH YL'ES 9LLL 0£'60T 91'SS¢ BZ'8EC 84249 14427 I
6¢'60L'ST | 80'TLT'T | EV'CST v'oct 98'EPT £0'0EC 80°01¢C 09°9Z€ W EvP veThe'y 8E€'TSET €8'S66'E | 66°02C'C 101
9£°06Z'9 LT€60'T ¥6'St 25°6E 414 69°Sh 6£'S9 84'811 ¥o11 6v €6Y 6b°9¥S £9°0LEC 95'90€’T £
¥4 LS6'S TE'6ET S5°69 0T6E SS’SY ST'SET Sp'S9 bE'66 vL6CT 20'pST'E 61'89L pS'C6L 0L'¥1S 4 986T-586T
6E'T9b'E 05°8E $6'9€ 0L’y 61°0S E€C6b ¥l 8F'80T £2°/61 £8'685 0£°£€0'T 29'¢E8 £/°66E T
€£91L's | 89'SbE ST90T 0¥°'S92 SS'v8 LL'L6 8S'SST yS'SvT 10'08T Z'E0E 6C°0vL S5°'9v6 6L'SLET WIOL
T1°9€8°C LTSHC L6'SP 9CTC bS LT - 12°9¢ 0S'vb (X414 99'S5 26'08 96’€ST | Y4E4 54 8C'E/9T €
60°ET0’T €E°SL €T A% 44 86'9¢ 66¥E 9L'9% 149 €9'45 SP'E6 ££°62C 14881 00’91 C S86T-V86T
£5°/98'7 80°SC §6°S€ LT°61¢ €0°0€ £5°9€ CEYI 09'6b 099 50'6¢T 00°45€ €9'SvE 1+°80S I
6T'819°V 08’818 0v°96 0T'v6 os'ovT 6L'VvE 05°89T 09991 0T°'8ST 07°009 00°'TCS 0L'LES 0S°'168 W.IOL
654901 0£’T0F 00°TH 0T°0E 06’vv 6v'L8 06°95 0E'SS 018 A4 08°991 0r'€0¢ 0c'est € .
05'68¢'1 08'b8 06°1E 06°0€ or'TH 0Z°ST¢ 01'4S 0S'€s 0’18 o' IvT 08’181 Oor'981 08’E8T 4 v86T-E86T
0£'T9S'T 0/£'CEE LR X4 0T°€E 0S°'bS oT'ch 0§°bS 08'LE 09°86 0L'STE v eLT 06'LbT 05°8¥¢ 1 )
09'Lb6’€E 09'6TT 0T'SYT 0S'€L 09°SP or'v8 08'pIT 08'T6 08°0vT 0T°Z6T 08'080°1 0T'SP9’t 00°€TT V104
0C'L58'T 00°€9 06°0L 06°ch 06°'TI 0961 09°¢S 0L°S¢ 06°9€ 0b'SL 01°08T 0£'607°1 05'LS €
00°CE6 01°'8¢ 09'ty 0881 0g’61 00°0€ 06'8¢ 05°6¢ (A% 0£°96 0€’LpE 06'80¢ 06'ee 4 €86T-T86T
0v'8ST'T 0S°8¢ 09°0€ 08°01 o'yt 08'vE 0€'EE 09'/¢ 0595 ob'ozT 0b'€SS 05°92¢ 09’1 1 .
0Z'9£0°s 0T'08 0TI 0L°18 0S°TvT 0v°'0L 0z'ss 06°'TET 00°ZLLTY 0L°'LET 01°'20S 06°592°% 0S'0YT'C TviOL
04760€°T 08'S¢C 00°€EE 0E'TE 06’vb 01°02 0z°6¢ 0Ty ov'ob 0E'S9 06'€0T 02'%9¢ 0b'p09 €
0Z'+90'2 0482 06’9 09°EC 00°8y 00°'2¢ 04S¢ 0Tey 02’09 08°89 08’81 08°0S€E 09EVI'T 4 C86T-T867T
0£°299°T 09°5¢ (L3 X4 06°9¢ 09'6% 0E'8¢ 0£'0E 0s'Ly ov'oL 09°€0T Ov'eTe 06°059 05°Z6E T
09'STH’9 0S'ETT'T 00°'SZ 08°ETT 0£'9CT 0S'6ET 0T'98T 00'£8T 0¢'TST 0L'TSY 0L vLTT OL'TYET 09"bST'T TV.1OL
0S°€IS'T 08’701 0r’0g 06'vE 068 OI'€e 09°08 0T'$9 0L'LL 09°ze1 08°Spe Op'vSe 08'9LE £
08'199°T 0C’SE 05°9¢ 06'9€ 09°9€ 0€'6Y 0SS 09'€s 06°08 09'bET Ov'ece 0S'1ZY 06°00b Z T86T-086T
0£°0bC’ ¢ 0S°EC 01'81 00'¢t 0¢'1 01°LS 01°€S 0€'69 09'26 09'v61 08°'669 08'595 06'9LE 1

TvioL NAC AV udvy UV g93d NvC J3aa AON 120 d3s onv nc Ava-or UVAA




WiOL

SL'TIEY | 5026
e Zv'eg .
10T . 00 :
mm.mmm\ﬁ %5 39 6% 8.;3 IEWbe | 8C'80C OTETT
R g6cy : AR 67 LE : TESET | 6TELT
ShpSeT | 86'GE : bTg¢ iy o L9y VS Th 7 S6'6LC | ¢8C6S | O0EZLO'T.
6E'795'8 : 6L'5¢ a3 : EEET 07°5€ : £ €748 . “LLOTE | £9°09Z°F
£L°S0E T SL'1ST I3 £6'bh og° 91°9¢1 YS iy
B0'BEYT | ELE9T GETEE [ 9980 | yTon L ELEE b 2822 10°06 S0t ek £L78ES S
Stevi’c I T66h 2 SEEE ShZE VLTT | 00'06T | YGIEC 4 127667 5785 ek ¢E6S 5
i AT e 05°Sh Baie Mmmm 00'%9 &) mwwmﬂn T R B R, £....| COOCTO0Z
£0°Sz2’L 16'220" : TL'6C TETh . £9°%9 S0'b, : 82791 9/'1¢ 2 16'6CH'T
96'810°C 7% Mmo t_|LvZ0t 6E°E6 06611 0%k LE'LY mH.mm mw.voﬁ €€ 861 ¢m.mnm mm.mwm\ &£ 6L £ W0l
VAR g wN.vm 85°7¢ T MQ SIC v6° 18T 9E0ET .QN.H 16'9¢C SETTT . m.n\ﬂ b0°9%h 5
V671677 EFeE 9°CE 89°6¢ SETE LE°9b vZ'8% 0b97 C6'96¢C vZ'€09 69 55T MN 820 .m YT b6b 7 T002-000C
; 10°0b : €511 : 6528 : TLSET e
TH'82T°G om@.w._mﬂm o_VN 65 ¢S'0L cm.hvoﬂ MN .hm. ZLE9 YR mmwm 95°981 6€79 MNMMN 80'ELS € v.lOL
i Y} SL°0C b . 0Z'SH v - ET'TES 16 T - GE'999 86" 000C-666T
geeee’s | ST 2 ££0¢ 70°¢8 & 3r 6L 7888 5o 6'SITZ | Sav60Z | SLL60° 698/ i
££°029'6 | TZeSE £S1 £6°6¢ 573 c.2 ¢6 2L bo'60} 2 LAl £67188 C£605 [ TGRS0V
yo'6zy'T | 98992 STOVY | I9'SET | LLbOT A 80'LL po°eT Felt £r.9c0 §£°0pS N 65 YO £ AL
[$°029T 60°6H Nw.ov £9°'8¢ S0ZS QQ SET 1S°/8T €591 ()4 .mwm €6'LLY $6°2(9 N.@.mNaN SE'09/ 4
cc1e99 | 919 o5 PO.6Y 76'28 axop LO.Z2 0£°05 Breee | Iveie | Eb/bY o L6'E0C T 5......| 666T-866T
: - : 80" : 0'bL g "LGE'9 :
6L9LLY | 99" (15 bLLY 3 ) IR g €5 : b1'80T cots 2 T0°8TZ
T Lo N AR e o T L e H e S ba e 3 —
AR b 90°0% <7'0h 601 | T64ET | 66491 88 18T e oLy, 10°80% sl o
91699 JST'ey £ £I9F ST'EE R c0.92 0£°SS i | evviy | TyLEZ et TS T o61-L6ot
9008072 | ¥2'29¢ s 801Y 00°GE £ 6L Zh 6£€8 Mm.mm 07501 STI81 ﬁ%. SLET | 60L°8/S T
A R ETSET [ 6508 R OF°Sh G5ee i 98TET FRerees L 12852 g oL
AT A 25 2t 5¢ b SE 'OCT | 9TWPE | ShE5T B STLT §5°769 b ¢6.8e [ X
8600 | ccey P 65.9¢ 81°6€ sl b0 8% 2195 Wmm.%mﬁ vevie T re e T iosseT 2040 i 86T-9661
8 rey €T - SL'8¢ €68 . 8S°1S §7ce , 8E'16 607 - Z0'L0T'T - -
66 EEET oo.omn.h £y LS 76'99 D.Nma e babh 5075 o 12 8ySIL mv.omm mm 28, LEPEE € vlol
2470 S WY 22 65 1¢ o/CE R 97,03 00°9€ QgL Ivise | EeEb e T o6t-seeT
S2'0Z6°01 85 : c0'¥C 10°Z . [4%°1) (] - 95°08 9£°8E = 80°'TEL
o675 mm.owwﬂ wm Sz 9769 oo.ﬁmma wﬁ bE s S.mm MW.W 0268 oo.mw Nmm T6'Ece 3 W10L
ERI A A 6. 3¢ SET €19 09T | Z0°SET | 89'€ZT & SUTTL 15987 o i6'tee 5
6C'889v | SL'/8 sgee 60°64 : gt ob 57'EQ AL 79708 60" 08'£¥6
: § : GZ°0b ; G6°bL : 60:0vC . WIOL
SETILT £6'6 hw. 39 €EE'8L TL0ET . (4444 70°09 - 66'65T 0/°2€9'0 : T¢'€29 5
et o o5 99.£¢ 0L 08 treor T oveer | ocT chive 00°20€"¢ s Ce g8 7 ve
1€ S e st AL o P 901h e oo E8'T90°F wwm%mtﬁ L ! ereeet
LYTSE0’E | OT' : 9z’6¢ 677 . 78'sE prTe : 0C'68 98'/T¢C : S1'8€6
TEGEY'T Séﬂﬂm w.mo mwo 8'sg E.ow vi wwﬂmﬁa THbE e mm.ww 687011 5T WM.MWM b6'9.S 3 Wi0L
1OLEL . L &0 ik TER 805 SV ELIST Mt VO L0 | 88 os st ¢ ec61-z667
£0°0L 6C L1 : gebe 161§ : T 9cCh : ET'SL9 | 56°006 : 1
2R 14414 fig A ZESE e 08 72 CEREL S0 £9355 VIO
wioL NAC AVI ¥ = 153032 b8°6¢ Sl 9¢.0¢ Trces S 8509 3 L
dv v, 606 ; bE'cop
z a3 NvE 53a LOT0E [ REgh e ¢ z661-1661
AON I T
30 d3s any
e |ava-or| uvaa




- - - - - - - - - - £S'S60'T ¥9°29L VIOL
0059 69'61S €
¥8'961 6L°09T [4 £002-900T
£E°84C 91'¢8 I
Zv'0b8’s €0°'191 o'LI1 £9°'86 P0°STT $1°80T 9€TLT TH'8ET £ T 97'S08 29°029v | $8'60°T €9'988 Iv10L
0L 'PES' Y 68°CS SL'EY £8°0E oes 8LLC 68°1S 6C6L L1401 807661 §9'SST'E Y1 0EE L1°0%k €
0p'08E'C 66'Th 09 ES'CE V'S 8€'8¢ IS'%S areL 0€'6LT 20°c01 LP'8H0'T 8L 19 9/'18¢C [4 9002-500T
TE'5C6’T S1°99 85°/C LCSE 6S°TE 861+ 96°59 96'6/ 99891 90°#0S 0591+ C6'C0E 69°'%81 T
81'659°0 8E'86 I'6T1 L1107 8L°LST LLEVT 69'8T¢C LE'6TC T¥°09€ 18809 ¥0'0L6 S6'L6LT 0L°€9L TVIOL
65'589'C S8'SE 19°6€ 95'8¢ 69°¢S €1°09 1€ 10T ¥5L9 ¥S0CT T6'€8T LL Loy 6S'EVEC 60'bST €
02'0T€E’T SE'TE €cge 80°cE (444 18'56 £9°09 FEOL 9¢'S0%¥ 6C€CC 6LeTT ST°85¢ T9'9ET (4 $S002-+00¢
69'€99'T 8T'TE STy €S'6E ALY €8'48 TL9S 6’18 T9%ET 19'T0¢ 8b'65¢ 17661 00°€Ly !
TT0E8L OT'¥ET L9'6TT S8°0L I€°S0T 00°6EX LL08T 9L°t6T ‘88°¢9€ CETTL 0T'TeLT | €LTUYT €9°209 IvIOL
I9'195°E 6C'TH 018 vb'Se e 89 ££°29 I6'ch L60TT 66'SLT SL'T69'1 T1'6v0°T 8C°CTT €
£6'8€9°7 {5'TS 99'TE 1402 a8ve LS'Ly 9T'%S 90°EL 9°01T €1°91¢ 18'68% SH'9/T'T SETEE 4 +00Z-£00¢
LE'629'T e o 16’62 (/A 74 LLLE 56'vS P8'E9 6L°LL LCTET 0Z'62E PS'8ES JAYAL4 66°€S I
EL'EBEY (44144 €7°96 8E'6TT 02’082 8C'ETE TT'6TT 99'SET ¥6°S0C 8E'28¢E vO'EFY'T | TH'€09 LOISY TvIOL
6I'6H1'T 88'€0T 61°9¢ £9°CE 669 S6'GTT 0E’6E L0 6£'79 v6°S0T €9°0€C 42154 89'96 €
S6'EeH'T CLvE 20'0€ €9°LE £0'8L 95'SpT Eb'BE LS’ [4% 4] 86°CCT +8'09% 90°£62 SL'69 4 €002-2002
65'0T8°T 28'6L ¢0°0€ [4%° TLCET LL19 8" Th £8°0S £T6L 9p'8ST 85'TSL $6'06 $9'¥8¢ T
Tviol NNC AV Udv YUYW G:EE NYC J3d AON 120 d3as aonv nc AVQa-0T YVIA




€5's | 00¢ |6 |osTT | LTvr |4ver |69tz |Tvwe | toee | zeer | sesz | est fesewwedsseswy
L9t | 86'VE | €8'8Y | 1SS | LE'TL | [(8'S8 | 998 |TT'TCT | LOOTT | 8599 | Z6'9E [ z9TT V1oL
ScS |69 [ /96 €l | 66wl | 6CST | chOc | ZZSc | bl'tc | 69ST Yoz w6y 9002
V6S |60/ |06 |98l | /6%T |8yl 997c | ¢I'€c | 861 [S9 5S°p 5002
bOb | E€¥S | 206 | OTTT | 96T | O00ST | 9L/8T | 69°'Sc | bv'Te | COST 8v'9 6E'E 00z
vy |259  |056 | S68 | I€TT | €09T |010z |¢c9 | ST0c | 0601 [TL 6v'E £002
€0 |eo6  |eomr |3eer | v/t | /0€c  |8v/c | 8/Tc | 290z |66l 9T'6 (T 200z
230 | AON | 100 | 43S | °onv | Inc NN | AVW ddv A 834 NYC UVIA
(*wd 1) YVHVYNINVC LY VIVA NOILVIOdVAINVd
or8  |0TTT |o€6l  |0S9T | OT9T |0T/z | 00TE  |0ESy |00z |oLTe 0L€T 0E0T  |reetued sbesmny
Ste  |[48L  |889T | 6v'ST | 868 | BEOT |86bz |TELE | 666T | ISEl 106 T0S  |uewer oBeseny
YS'WE | TL'BL | 89'SST | S8'VST | 08'68 | ¥8'E0T | 08'6vZ | OT'ELE | 06'€EZ | 09'TZT | SO'I8 | Lo'St ioL
vOT___ |95v | 0101 |Sb6 |08 |¥EZ |08 |0L0Z |OFSE__ |0e8 019z 0y 861
0SZ | 00T | 080T | 0597 |0TZ  |0Z¥T | O0EbZ | OvZZ | 08%6T | OSST 06'% 00°6 £86T°
08T |[08€ |0/Z |066 |OyZ |0S8C |OT¢E |OCO |oOftce | 0907 08°E 0Lt 861
0S¥ |09 | O0BTE |O08SE |061F |0SZ | OTOE |OLZE | 0§89 | OLET 0£'Z 0E'T T86T
0T |oTpl_ |O0vc | 0T8T |OETT |08Z | O£/ | OC6S | Ob6E | O¥HT 09°9T 0’9 0867
0. | OV'El | OZ€€ | 09€S | 000v | O¥8CZ | OL6v | 088y | 092 | 0L9T 00°Z 0b'S 6467
079 |oT0I |609T |O€y (0T  |OL€ | 0z8E | 0889 | 0562 | 0601 SI's | o0€ 8L6T
0€¢ |09 [0r8  |OWE |[OZ€  |0ST | 00Zz | 09SE |0c6r | 00EZ 0S°T 009 773
0TS |Scv | SEST 0Lt | 9L6T
PPEC_ | 060 | 060 | 09T |0£6 | 018C |0/bC | 058 0’8 02 SZ61
0wz |ocz  |o6v  |06c  |orT  JosT | 09% vL6T
023a | AON | 1O | 435 | onv ne NOC | AW Udv AV 834 NVC UV3IA

(*wo u1) 311S WVA INVIWYC 1V V1Va NOLLYIOdVYAINYd
v'Z-o1qeL




APPENDIX — B

- COMPUTATION SHEET



TABLE-1B

THE RELATIONSHIP BETWEEN JAMRANI DAM (QJ) TO GOLA BARRAGE (QG) DISCHARGE

1%t 10-DAILY IN MONTH OF JULY

FOR THE PERIOD 1976 - 2006 WITH EACH 10-DAILY BY DIRECT LINEAR REGRESSION

MONTH | 10 - DAILY YEAR x Y X2 Y2 XY
GOLA BARRAGE (QG}JAMRANI DAM (QJ)
1976-77 0.00 0.00 0.00
1977-78 136.10 75.20 18,523.21 5,655.04 10,234.72
1978-79 706.40 450.00 499,000.96|  202,500.00  317,880.00
1979-80 189.30 82.77 35,834.49 6,850.87 15,668,36
1980-81 376.90 134.07 142,053 61 17,974.76 50,530.98
1981-82 392.50 192.02 154,056.25 36,871.68 75,367.85
1982-83 0.00 0.00 0.00
1983-84 248.50 144.08 61,752.25 20,759.05 35,803.88
1984-85 0.00 0.00 0.00
1985-86 0.00 0.00 0.00
1986-87 1,277.71 656.80 | 1,632,542.84| 431,504.47|  839,314.92
1987-88 0.00 0.00 0.00
J 1988-89 0.00 0.00 0.00
1989-90 58.63 40.13 3,437.48 1.610.42 235282
U 1990-91 0.00 0.00 0.00
L 1991-92 29.71 22.92 882.68 525.33 680.95
Y 1992-93 35.54 27.49 1,263.00 755.70 976.99
1993-94 35.37 32.61 1,251 .04 1.063.41 115342
1994-95 0.00 0.00 0.00
1995-96 0.00 0.00 0.00
1996-97 0.00 0.00 0.00
1997-98 84.46 46.29 7.133.49 2.142.76 3.909.65
1998-99 0.00 0.00 0.00
1999-2000 786.98 468.07 619,337.52| 219,089.52|  368,361.73
2000-01 0.00 0.00 0.00
2001-02 0.00 0.00 0.00
2002-03 284.64 257.84 81,019.93 66,481.47 73,391.58
2003-04 53.99 21.33 2,914.92 454.97 1,151.61
2004-05 473.00 169.25 223,729.00 28,645.56 80,055.25
2005-06 184.69 134.18 34,110.40 18,004.27 24,781.70
TOTAL 5,354.42 2,055.14 | 3,518,843.16 | 1,060,880.29 | 1,901,616.42
N 17 17
MEAN 314.97 173.83
a = 6.95
b = 0.53

0.97



ORIGINAL DATA OUTLIERS REMOVED
250 250
*
'3 - =0 §2.ooo o
g Q. F Qs
iw aiso
]
E 1000 . Q,=0.92 Qg - 57.04 EEW, ]
o . R=088 : Q.= 0.53 Qg + 6.95
. o = 0. g + 6.
= Lag = R=097
¢ [
500 1,600 1,.';00 2,000 2,500 - 500 I,I;OO 1,500 2,000 2,500
Q Gola Weir {cumec day) Q Gola Weir (cumee day}
1! TEN-DAILY DISCHARGE FOR JULY (1976 - 2006)
ORIGINAL DATA OUTLIERS REMOVED
2,000 2,000
1,800 L 4 1,800
1500 -.Qc 1600 -.Qc
F 140 Qs | S 1400 | Qs
E 1,200 . E’ 1,200 4
E 1000 § oo 1
s Q, = 0.80 Q * 66.68 . )/
i o R=0.55 £ QJ =0.73 QG - 24.04
o & * o R=0.95
40 . 400
200 L 20 | *
200 400 m'm 350 |,l;00 ‘I‘ZTOO 1,400 1,600 1,8‘00 2,000 - 200 41‘10 6(;0 El;ﬂ 1,(;00 1,2‘00 1,;00 1,8'00 T,B’UD 2,000
Q Gota Welr {cumec day) Q Gola Welr {cumec day}
2" TEN-DAILY DISCHARGE FOR JULY (1976 - 2006)
ORIGINAL DATA , OUTLIERS REMOVED
1,800 1,600
1,600 ’ 1,600
g 1,400 ey e o o ,0¢
g 120 . G E 1200 G
& 1000 2 1,000
E X
g 800 4 .‘ ¢ E 800
§ &0 ¢ " Q;=0.79 Qg + 121.8 g a0 Q,=10.80 Qg - 54.19
o g * R=0.69 % R=0.98
200 Y e 4
1 200
¢’ & '
200 400 600 800 1,000 1,200 1,400 1,600 4,800 o 200 40 600 600 1000 1 200 1400 1600 1,800
Q Gola Welr (cumec day} Q Gola Welt (cumec day)
3™ TEN-DAILY DISCHARGE FOR JULY (1976 - 2006)
Fig. 1B PLOT OF 10-DAILY OBSERVED DISCHARGE OF GOLA RIVER

AT JAMRANI DAM & GOLA WEIR (BY DIRECT LINEAR REGRESSION)
FOR MONTH OF JULY



. TABLE-2B
THE RELATIONSHIP BETWEEN JAMRANI DAM (QJ) TO GOLA BARRAGE (QG) DISCHARGE
FOR THE PERIOD 1976 - 2006 WITH EACH 10-DAILY BY LOG DEVIATION REGRESSION

1% 10-DAILY IN MONTH OF JULY

MONTH [ 10-DAILY|  YEAR X Log x X Y Logy Y x? Y? X.Y
GOLA BAR. (QG} (Log x - Lo@i X | JAMRANI DAM (QJ) (Log y-Logy)
1976-77 0.00 0.00 0.00
1977-78 136.10 2.13 -0.11 75.20 1,88 -0.13 0.01 0.02 0.02
1978-79 706.40 2.85 0.60 450.00 2.65 0.64 0.36 0.41 0.39
1979-80 189.30 2.28 0.03 82.77 1.92 -0.09 0.00 0.01 0.00
1980-81 376,90 2.58 0.33 134.07 2.13 0.12 0.11 0.01 0.04
1981-82 392.50 2.59 0.35 192.02 2,28 0.27 0.12 0.07 0.09
1982-83
1983-84 248.50 2.40 0.15 144.08 2.16 0.15 0.02 0.02 © 0.02
1984-85
1985-86
1986-87 1,277.71 3.11 0.86 656.8% 2.82 0.81 0.74 0.65 0.69]
1987-88
J 1988-89
1989-90 58.63 1.77 -0.48 40.13 1.60 -0.41 0.23 0.17 0.20
U 4 [[1ss091
L 1991-92 29.71 147 -0.78 22,92 1.36 -0.65 0.60 0.42 0.50
Y 1992-93 35.54 1.55 -0.70 27.49 1.44 -0.57 0.49 0.33 0.40
1993-94 35.37 1.55 -0.70 32.61 1.51 -0.50 0.49 0.25 0.35
1994-95 '
1995-96
1996-97 \
1997-98 84.46 1.93 -0.32 46.29 1.67 -0.35 0.10 0.12 0.11
1998-99 )
1899-2000 786.98 2.90 0.65 468.07 2.67 0.66 0.42 0.44 0.43
2000-01
2001-02
2002-03 284.64 245 0.21 257.84 2.41 0.40 0.04 0.16 0.08
2003-04 53.99 1.73 -0.52 21.33 1.33 -0.68 0.27 0.46 0.35
2004-05 473.00 2.67 0.43 169.25 2,23 0.22 0.18 0.05 0.09] -
2005-06 184.69 2,27 0.02 134.18 2.13 0.12 0.00 0.01 0.00
TOTAL 5,354.42 38.22 0.00 2,955.14 34.18 0.00 4.18 3.60 3.76
N 17
MEAN 314.97 2.25 0.00 173.83 2.01 0.00
a = 0.00 ~
b = 0.90
r = 0.97
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TABLE-3C K;=F(Cs, T) FOR USE IN LOG-PEARSON TYPE Ill DISTRIBUTION
Coefficient Recurrence Interval 7 in years
of skew, C 2 10 25 50 100 200 1000
3.0 -0.396 1.180 2.278 3.152 4.051 4.970 7.250
2.5 -0.360 1.250 2.262 3.048 3.845 4.652 6.600
2.2 -0.330 1.284 2.240 2.970 3.706 4.444 6.200
2.0 -0.307 1.302 2.219 2.912 3.605 4.298 5.910
1.8 -0.282 1.318 2.193 2.848 3.499 4147 5.660
1.6 -0.254 1.329 2.163 2.780 3.388 3.990 5.390
1.4 -0.225 1.337 2.128 2.706 3.271 3.828 5.110
1.2 -0.195 1.340 2.087 2.626 3.149 3.661 4.820
1.0 -0.164 1.340 2.043 2.542 3.022 3.489 4.540
0.9 -0.148 1.339 2.018 2.498 2.957 3.401 4.395
0.8 -0.132 1.336 1.998 2.453 2.891 3.312 4.250
0.7 -0.116 1.333 1.967 2.407 2.824 3.223 4.105
0.6 -0.099 1.328 1.939 2.359 2.755 3.132 3.960
0.5 -0.083 1.323 1.910 2.311 2.686 3.041 3.815
0.4 -0.066 1.317 1.880 2.261 2.615 2.949 3.670
0.3 -0.050 1.309 1.849 2.211 .2.544 2.856 3.525
0.2 -0.033 1.301 1.818 2.159 2472 2.763 3.380
0.1 -0.017 1.292 1.785 2.107 2.400 2.670 3.235
0.0 0.000 1.282 1.751 2.054 2.326 2.576 3.090
0.1 0.017 1.270 1.716 2.000 2.252 2.482 2.950
-0.2 0.033 1.258 1.680 1.945 2.178 2.388 2.810
-0.3 0.050 1.245 1.643 1.890 2.104 2.294 2675
-0.4 0.066 1.231 1.606 1.834 2.029 2.201 2.540
-0.5 0.083 1.216 1.567 1.777 1.955 2.108 2.400
-0.6 0.098 1.200 1.528 1.720 1.880 2.016 2.275
-0.7 0.116 1.183 1.488 1.663 1.806 1.926 2.150
-0.8 0.132 1.166 1.448 1.606 1.733 1.837 2.035
-0.9 0.148 1.147 1.407 1.5649 1.660 1.749 1.910
-1.0 0.164 1.128 1.366 1.492 1.588 1.664 1.880
-1.4 0.225 1.041 1.198 1.270 1.318 1.351 1.465
-1.8 0.282 0.945 1.035 1.069 1.087 1.097 1.130
-2.2 0.330 0.844 0.888 0.900 0.905 0.907 0.910
-3.0 0.396 0.660 0.666 0.666 0.667 0.667 0.668




TABLE-4C AREAL TO POINT RAINFALL RATIOS (%)

éz:% 1 hr. 3 hr. 6 hr. 12 hr. 24 hr.
50 88 92 95 96 08
100 80 88 91 04 96
150 73 84 88 92 94
200 68 81 86 90 93
250 63 78 85 89 91
300 60 76 84 88 90
350 - 74 83 87 89
400 - 73 82 86 88
450 - > 73 »(76) 81 85 87
500 - 72 80 84 86
600 - - - 82 85
700 - - - 80 83
800 - - - 79 82
900 - - - 78 81
1000 - - - 77 81
1200 - - - 76 80
1400 - - - - 79
1600 - - - - 78
1800 - - - - 77
2000 - - - - 77
2500 - - - - 77
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Equivalent stream slope (m/km)
Length of longest stream course (km)

| ST U CYRORRR I, = Segment lengths (km)
€1, €25 €35 vevrrrnnnns e, = Contour elevations (km)
Dy, D1, Do, ........ D,

(Co — eo), (81 — Co), (62 — Cg), ........... (e,, — Cg) (m)
Catchment Area (km®).

Fig. 1C Physiographic Parameters



{ Qumecs )

0

I

It

o
75 QP
50
wﬁo_"l
—Y

T 8 Ar— ——— —-’

Unit Hydrograph

Unit Rainfall Duration adopted in a specific study (hr)
Time from the start of rise to the peak of the U.H. (hr)
Peak Discharge of Unit Hydrograph (cumecs)

Time from the centre of rainfall excess duration to

the U.H. Peak (hr)

Width of the U.H. measured at 50% of peak discharge
ordinate (hr)

Width of the U.H. measured at 75% of peak discharge
Ordinate (hr)

Width of the rising limb of U.H. measured at 50% of peak
discharge ordinate (hr)

Width of the rising limb of U.H. measured at 75% of peak
discharge ordinate (hr)

Base width of Unit Hydrograph (hr)

Catchment Area (Km?)

Q,/A = cumec per Km”

Fig. 2C Unit Hydrograph Parameters
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Fig. 3C Coaxial Relations Graph
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Fig. 7C  Time Distribution Curves of Storms
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